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LYMPHOCYTIC RNA STIMULATES PHYSIOLOGICAL
REGENERATION AND ENHANCES MICROCIRCULATION
IN THE THYROID GLAND

N.V. Tishevskaya, E.S. Golovneva, R.V. Takhaviev
South Ural State Medical University, Chelyabinsk, Russian Federation

Objective: to investigate the regulatory effects of exogenous lymphocyte RNA on thyroid gland regeneration.
Materials and methods. The study was conducted on 18 male Wistar rats (310-350 g), divided into three groups
(n = 6 per group). Group 1 — intact rats; group 2 — control rats (subjected to 6 weeks of physical activity), group
3 — experimental rats (subjected to 6 weeks of physical activity + RNA injection). Total RNA, isolated from the
spleen of a 30-day-old pig, was administered four times at a dose of 30 pg/100 g body weight, once per week.
Follicular epithelium and vascular structures were analyzed using morphometry, VEGF content was quantified
via immunohistochemistry with specific antibodies, and thyroid microvascular function was assessed using laser
flowmetry. Results. Following RNA administration, the relative thyroid gland mass increased by 16%, the folli-
cular epithelium area expanded 1.5-fold, and the vasculature area doubled. Additionally, VEGF content increased
2.5-fold compared to intact rats, while microcirculation intensity rose by 64%, and vascular resistance decrea-
sed by 21%. Conclusion. Administration of morphogenetically active total RNA under conditions of increased
oxygen demand promotes regenerative hypertrophy of the glandular epithelium and enhances microcirculation

in the thyroid gland.
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INTRODUCTION

Regenerative thyroidology focuses on the ability of
thyroid tissue to renew itself and recover after injury or
resection, and experimental evidence demonstrating the
induction of thyrocyte proliferation and differentiation in
vitro. However, the underlying mechanisms of thyroid
regeneration remain poorly understood. In murine mo-
dels, a distinct cluster of cells expressing the transcrip-
tion factor NKX2-1 — a key regulator of thyroid growth,
development, and functional maintenance — has been
identified within the thyroid gland [1]. These NKX2-
1-positive cells are assumed to represent precursor po-
pulations that, through differentiation and maturation,
give rise to the follicular architecture of the thyroid [2].
Notably, thyroid tissue retains a lifelong potential for
hypertrophic and hyperplastic regeneration, a process
that may be activated in response to increased thyroid-
stimulating hormone secretion from the adenohypophy-
sis during physiological stress or intense physical activity
[3, 4]. During physical activity, the body enters a distinct
hormonal state in which the thyroid gland enhances the
secretion and release of thyroxine and triiodothyronine
into the bloodstream. This increased hormonal output
leads to a reduction in the colloid content within thyroid
follicles. It has been shown that after a single session of
intensive physical exercise, there is a rapid decrease in
follicle size. Moreover, with sustained daily physical

training over a 35-day period, adaptive and compensa-
tory responses are reinitiated within the thyroid gland.
These changes are characterized by a marked increase
in the proliferative activity of the thyroid epithelium [5].

In mammals, tissue growth and development are re-
gulated, in part, by tissue-specific clones of T-lympho-
cytes. Early studies identified T cells within the lymph
nodes of Wistar rats that began to proliferate robustly
upon contact with thyrocytes or after addition of rat thy-
roglobulin to the culture medium [6]. Cloning of these
thyroid-specific T-lymphocytes revealed that all clones
exhibited a CD4"CD8" phenotype. Of the 23 T-cell clo-
nes analyzed, 7 showed selective proliferation in the
presence of thyrocytes alone, while the remainder pro-
liferated in response to both thyrocytes and thymic cells
[7]. Further investigations of T-lymphocytes isolated
directly from the thyroid gland identified the presence of
both CD4" T-helper cells and CD8" cytotoxic T cells, all
expressing of T-cell receptors [8]. CD4" T-helper cells
were found to localize predominantly in the centers of
thyroid lymphoid follicles, whereas CD8" T cells were
primarily distributed along the follicular periphery [9].
Under physiological conditions, both CD4" T-helper cells
and cytotoxic T lymphocytes contribute to thyrocyte hy-
perplasia and proliferation through production of tumor
necrosis factor-alpha (TNF-a). In experimental models,
mice lacking T-helper cells exhibited signs of thyroid
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fibrosis when exposed to the activity of cytotoxic T lym-
phocytes alone [10].

To date, compelling evidence has shown that not only
lymphoid cells themselves, but also total RNA isola-
ted from these cells, can stimulate tissue regeneration
and enhance cell—cell interactions in rapidly renewing
tissues. For example, erythroid cells and bone marrow
macrophages are known to actively form new eryth-
roblastic islets, not only in response to erythropoietin
and macrophage colony-stimulating factor [11], but also
following the administration of exogenous lymphocytic
RNA in experimental animals [12]. Based on this, the
present study aimed to explore the regulatory role of
morphogenetically active exogenous RNA on cellular
processes in a slowly renewing secretory organ — the
thyroid gland — under conditions of enhanced tissue re-
spiration induced by regular physical exercise.

MATERIALS AND METHODS

The study was conducted on 18 male Wistar rats
weighing 310-350 g. All experimental procedures ad-
hered to the principles of humane treatment outlined
in the European Union Directive 86/609/EEC, the De-
claration of Helsinki, and the Order of the Ministry of
Health of the Russian Federation No. 199N dated April
1, 2016, “On the Approval of the Rules of Good Labo-
ratory Practice”. Animals were housed in standard cages
(n =6 per cage) with ad libitum access to food and water,
maintained at an ambient temperature of +24 + 2 °C in
accordance with sanitary regulations SP 2.2.1.3218.

The animals received a daily diet of specialized pel-
leted feed that met international standards for nutrient,
vitamin, and mineral content, in accordance with GOST
R 50258-92 (“Complete feeds for laboratory animals™).
All procedures involving potential pain or distress were
performed under general anesthesia, and euthanasia was
carried out in a designated room, separate from the ani-
mal housing area, using ether anesthesia followed by
cervical dislocation.

The experimental animals were randomly divided
into 3 groups, with 6 rats per group: Group 1 consisted
of intact (non-exercised, untreated) rats; Group 2 inclu-
ded control rats subjected to a 6-week exercise protocol;
Group 3 consisted of rats undergoing the same 6-week
exercise regimen and receiving additional injections of
total RNA.

The training regimen involved swimming exercises
performed in a 200-liter tank filled with water to a depth
of 0.5 meters, maintained at a temperature of +22-23 °C.
The rats swam 3 times per week, with the duration of
each session gradually increasing from 30 minutes to
55 minutes, in 5-minute increments each week.

Lymphocytes, the source of morphogenetically acti-
ve RNA, were isolated from the spleen of a 30-day-old
piglet. The tissue was homogenized in a glass homoge-
nizer, filtered through a capron mesh, and subjected to

3 rounds of centrifugation in sterile 0.9% NaCl solution
to collect the cells. Total RNA was extracted using the
guanidine thiocyanate—phenol—chloroform method. RNA
concentration was determined spectrophotometrically
by measuring optical density at 260 nm. The extracted
RNA was lyophilized and stored in sterile vials at +5 °C.
Stability tests confirmed that the RNA quantity remained
unchanged after lyophilization.

Before injection, lyophilized RNA was dissolved in
sterile 0.9% NaCl, filtered using sterile syringe filters
with a pore size of 0.22 pum, and administered intrape-
ritoneally. Each rat in Group 3 received a total of four
injections, administered once weekly, at a dose of 30 ug
RNA per 100 g body weight in a total volume of 0.5 mL
per injection.

Six weeks after the start of the experiment, the micro-
circulatory status of the thyroid gland was assessed in all
animals using laser Doppler flowmetry with the LAKK-
OP analyzer (NPO “LAZMA”, Russia). The procedure
was performed under general anesthesia (Zoletil, 10 mg/
kg, intramuscularly; VIRBAC, France). After careful
dissection of the skin and adjacent tissues, the device’s
sensor was placed directly on the thyroid tissue and secu-
rely fixed to the lateral skin margins using adhesive tape.

The Doppler flowmetry data were analyzed using
proprietary software from NPO “LAZMA”, focusing
on the following parameters: microcirculation Index —
the arithmetic mean value of perfusion, expressed in
perfusion units (p.u.); shunt coefficient (Sc) calculated
as: Sc = An/Am, where An — is the largest amplitude of
perfusion fluctuations in the neurogenic range (p.u.),
Am — is the largest amplitude of perfusion fluctuations
in the myogenic range (p.u.); the resistance coefficient
of the microcirculatory channel was calculated using the
formula: Rc = (AHF + ACF)/c where is the amplitude
of fast (respiratory) fluxmotion waves (p.u.), ACF is the
amplitude of cardiac (pulse) fluxmotion waves (p.u.), ¢
is the standard deviation of the amplitude of blood flow
fluctuations from the mean microcirculation index. The
amplitude-frequency spectra of perfusion oscillations
were assessed within specific frequency ranges:

— Endothelial oscillations (A(E)): 0.007-0.017 Hz
— Neurogenic oscillations (A(H)): 0.023-0.046 Hz
— Myogenic oscillations (A(M)): 0.06—0.15 Hz

— Respiratory rhythm (A(D)): 0.21-0.6 Hz

— Cardiac rhythm (A(C)): 0.7-1.6 Hz

The amplitudes were then normalized to the stan-
dard deviation () and mean microcirculation index (M),
enabling the assessment of the functional contribution
of each regulatory mechanism to modulation of micro-
circulatory flow. The following normalized parameters
were calculated:

— Endothelial activity (E) = A(E)/3c
— Neurogenic activity (H) = A(H)/3c
— Myogenic activity (M) = A(M)/3c
— Respiratory rhythm (D) = A(D)/3c
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— Cardiac rhythm (C) = A(C)/30

These normalized parameters were automatically
computed by the system after identifying the maximum
amplitude (Amax) within the corresponding frequency
range [13].

After measurement of microcirculation parameters,
the animals were euthanized. Thyroid tissue samples
were fixed in 10% neutral buffered formalin. Standard
histological processing was performed, including paraf-
fin embedding, sectioning, and staining with hematoxylin
and eosin.

Histological evaluation was conducted using a LEI-
CA DMRXA microscope (Germany) equipped with a
LEICA DFC 290 digital video camera and connected
to a personal computer. Microstructural images were
captured in *TIFF format within the RGB color space.
Quantitative analysis was performed using the licensed
ImageScope-M image analysis software (Russia),
measuring the following parameters: total follicle area,

Fig. 1. Follicular apparatus of the thyroid gland. Group 1 (in-
tact rats). H&E stain; 400x; oil immersion

follicular and vascular lumen area, thyrocyte nuclear
area, epithelial height, and vascular wall thickness. The
relative vascular area was calculated as the percentage
ratio of vessel area to total tissue section area.

Vascular endothelial growth factor (VEGF) expressi-
on was assessed immunohistochemically using specific
anti-VEGF antibodies (Biorbyt, USA) and a biotin-strep-
tavidin-peroxidase detection system (DakoCytomation,
Denmark). Integral VEGF index was calculated as the
product of the stained area (relative) and staining inten-
sity (scored), with results expressed in arbitrary units.

Data were analyzed using licensed versions of Mi-
crosoft Excel 2020 and PAST software (version 4.03).
The nonparametric Mann—Whitney U test was applied
to evaluate significance of differences between groups.
Comparative analysis of morphometric data sets was
performed using Wald’s sequential probability ratio test
[14]. Results are presented as arithmetic mean + standard
error of mean (M = m). A p-value of <0.05 was conside-
red statistically significant.

RESULTS

Histological analysis of thyroid tissue in rats from
Group 2 (Fig. 2), which underwent regular physical
exercise, revealed a reduction in follicle size, decrea-
sed colloid content, and morphological changes in the
follicular epithelium, which adopted a cuboidal shape
compared to the intact animals (Fig. 1). In Group 3 ani-
mals, which were exposed to the same physical exercise
regimen but also received total RNA (Fig. 3), a similar
decrease in follicle size and colloid volume was ob-
served. However, the follicular epithelium exhibited a
highly prismatic structure with pronounced papillary
proliferation. This histological pattern is recognized as
indicative of enhanced hormone-producing activity of
the thyroid gland [15]. These findings suggest that total
RNA administration enhanced the functional activity

Fig. 2. Follicular apparatus of the thyroid gland. Group 2
(physical activity). H&E stain; 400%; oil immersion

Fig. 3. Follicular apparatus of the thyroid gland. Group 3
(physical activity + RNA). H&E stain; 400x%; oil immersion
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of the glandular epithelium, thereby supporting an ade-
quate supply of thyroid hormones required to meet the
increased physiological demands associated with regular
physical exertion.

Morphometric analysis revealed that, in the control
group rats subjected to several days of physical activity,
thyroid gland mass did not differ significantly from that
of intact animals (Table 1). However, in rats exposed
to the same physical activity regimen but additionally
administered lymphocytic RNA, both the absolute and
relative mass of the thyroid gland were increased com-
pared to the intact group. Specifically, the relative gland
mass in group 3 was 16.7% higher than in group 1 and
15% higher than in group 2. A marked and statistically
significant increase in the area occupied by follicular
epithelium cells was also observed in group 3 — 1.5 times
greater than in intact animals and 1.4 times greater than
in the control group. These structural alterations were
corroborated by morphometric findings: epithelial cell
height in group 3 animals was 33% greater, while the fol-
licular cavity area was 39% less compared to intact rats.

Morphometric analysis of arterioles and venules in
the thyroid tissue revealed a pronounced reorganization
of the microcirculatory bed in response to exogenous
RNA administration. In group 3 animals, a significant
increase in the thickness of arteriole and venule walls
was observed compared to both intact rats and the control
group. Additionally, the relative area of the vascular bed
was doubled. This expansion of the microcirculatory
network likely resulted from the formation of new capil-
laries, as the luminal area of arterioles and venules remai-
ned unchanged. Supporting the evidence of angiogenic
activation, a marked elevation in VEGF content was
detected in the thyroid tissue gland of animals subjected
to prolonged physical exercise. While VEGF levels in
group 2 animals increased by 1.9-fold relative to intact
controls, group 3 rats, which received exogenous RNA

in conjunction with regular physical activity, exhibited
a 2.5-fold increase in VEGF content.

Previous studies have demonstrated that the angio-
protective effects of lymphoid cells may be attributed
to their elevated expression of hypoxia-inducible factor
1-alpha (HIF-1a), a key regulator that promotes VEGF
synthesis under hypoxic conditions [16]. A dual role
of T-lymphocytes in regulating angiogenesis and cell
proliferation has been documented in renal tissue [17].
It was shown that T-lymphocytes migrating to areas of
tissue injury exerted a pronounced proangiogenic and
proregenerative effect during reparative regeneration.
Conversely, in conditions leading to fibrosis, their role
shifted toward a predominantly proinflammatory profile.
These findings highlight the remarkable functional plas-
ticity of T-cells in morphogenetic processes, a capacity
that remains both underrecognized and poorly explored
in the context of tissue regeneration.

Using laser Doppler flowmetry combined with spec-
tral amplitude-frequency wavelet analysis of blood flow
oscillations in microvessels, we assessed the functional
changes in the thyroid microcirculatory bed induced by
morphogenetically active exogenous RNA (Table 2).
Regular physical activity in rats of group 2 led to a 38%
increase in the microcirculation index compared to intact
controls. Notably, administration of exogenous RNA in
rats subjected to identical physical exertion (group 3)
resulted in a 64% increase in this index. The vascular
shunt coefficient within the microcirculatory network
remained stable across groups. However, a 21% decrease
in the resistance coefficient was observed in group 3 ani-
mals, indicating improved vascular wall elasticity. This
suggests optimal blood supply to the follicular apparatus
of the thyroid gland in animals that received total RNA.

Changes in the normalized parameters of amplitu-
de-spectral analysis (Fig. 4) further indicated enhanced
engagement of both local and systemic regulatory me-

Table 1
Thyroid morphometry
Indicators Intact rats (group 1), Physical activity (Swimming)
n==6 Control (group 2), n =6 | RNA injection (group 3),n =06
Absolute thyroid mass (g) 0.245 + 0.009 0.255 +0.009 0.286 £ 0.012*
Relative thyroid mass (ug/g) 0.74 £0.03 0.75+£0.05 0.86 = 0.04*4
Follicular epithelium area (um?) 1242.1 £ 56.6 1358.4+44.3 1871.7 +40.5%4
Follicular epithelium height (um) 7.6+0.4 89+0.6 10.1 +£0.3%4
Follicle cavity area (um?) 3645.5+99.8 3162.2 +31.4% 2236 +£22.2%4
Thyrocyte nuclei area (um?) 13.2+0.7 13.1+£0.6 12.7+0.7
Arteriole wall thickness (um) 7.6+£0.3 79+0.3 8.7+ 0.3%4
Arteriole lumen area (um®) 121.3+18.8 123.3+14.6 127.8 +£16.2
Venule wall thickness (um) 42+0.1 44+0.3 5.1+0.2%
Venule lumen area (um?) 218.2+16.5 193.2£13.7 191.9+£11.9
Relative vasculature area (%) 42+0.2 4.8+0.3 8.4 +0.2%4
Vascular endothelial growth factor (c.u.) 4.7+0.2 8.9+0.2% 11.9+£0.5%4

Notes: * — differences between groups 2, 3 and group 1 (p < 0.05); * — differences between group 2 and group 3 (p < 0.05).
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chanisms in the thyroid microvasculature of rats that
received exogenous RNA. It is well established that
rhythmic variability of microvascular blood flow is
influenced by several active regulatory components —
myogenic (M), neurogenic (N), and endothelial (E) — as
well as passive components associated with cardiac (C)
and respiratory (D) thythms. The spectral characteristics
of these oscillatory processes not only permitted quan-
tification of the contribution of each of the regulatory
mechanisms but also allowed identification of specific
features in the adaptive responses of the thyroid micro-
circulatory network. Notably, during physical exercise,
the myogenic component remained largely unchanged,
suggesting a stable muscle tone in thyroid precapillaries,
which play a critical role in modulating nutrient blood
flow. At the same time, the endothelial component — re-

flecting the influence of vasodilatory substances such as
nitric oxide, ADP, and VEGF, as well as passive effects
from respiratory and pulse wave modulation — was sig-
nificantly elevated in the thyroid microcirculatory bed
following prolonged physical exercise. In animals that
underwent physical activity and received injections of
morphogenetically active RNA (group 3), the endothelial
component was four times higher than in the control
group. Additionally, the cardiac and respiratory compo-
nents were elevated by twofold and threefold, respec-
tively, compared to rats in the control group.

It is known that stable adaptation and maintenance
of structural and hemodynamic homeostasis in microva-
scular networks at a new functional level are achieved
through the coordinated and balanced involvement of
all regulatory mechanisms. This is characterized by a

Table 2
Amplitude-spectral analysis of the thyroid microvasculature (standard indicators)
Indicators Intact rats (group 1), Physical activity (Swimming)
n=>6 Control (group 2), | RNA injection (group 3),
n==6 n==6
Microcirculation index (p.u.) 143409 19.8 +0.7* 23.54+0.3%4
Shunt coefficient in the microvasculature (c.u.) 0.87 £0.04 1.0 £0.04 1.05+0.12
Microcirculatory resistance coefficient (c.u.) 0.88 £0.01 0.9+0.01 0.69 £ 0.02%4

Notes: * — differences between groups 2, 3 and group 1 (p < 0.05); * — differences between group 2 and group 3 (p < 0.05).

e Group 1 (intact control)

em=s Group 2 (physical activity)
Group 3 (physical activity + RNA)

Fig. 4. Amplitude-spectral analysis of the thyroid microva-
sculature (normalized indicators): endothelial component
(E), neurogenic component (N), myogenic component (M),
respiratory component (R), cardiac component (C). * — diffe-
rences between groups 2, 3 and group 1 (p < 0.05); * — diffe-
rences between group 2 and group 3 (p < 0.05)

uniform increase in amplitude parameters without the
dominance of oscillations in any frequency range [18,
19]. Such a regulatory pattern is referred to as multi-
channel or multistable regulation. In the present study,
exogenous RNA administration in combination with
regular physical activity resulted in the development of
a clearly defined multistable variant of microvascular
blood flow regulation.

CONCLUSION

The administration of morphogenetically active total
RNA, under conditions of increased oxygen demand,
induces regenerative hypertrophy of the thyroid glandu-
lar epithelium and enhances microcirculation within the
organ. This results in a significant increase in both the
absolute and relative mass of the thyroid gland, as well
as in the size of thyrocytes, the number of capillaries,
and the intensity of blood flow in the microcirculatory
channel. Exogenous RNA also leads to marked changes
in the regulatory parameters of tissue blood flow in the
thyroid gland during periods of intensified functional
activity. These changes are associated with a notable
reduction in vascular wall stiffness and an improved
adaptive capacity of the microcirculatory network in the
thyroid gland of rats in group 3.

The authors declare no conflict of interest.

140



REGENERATIVE MEDICINE AND CELL TECHNOLOGIES

REFERENCES

1.

Kusakabe T, Kawaguchi A, Hoshi N, Kawaguchi R, Ho-
shi S, Kimura S. Thyroid-specific enhancer-binding pro-
tein/NKX2.1 is required for the maintenance of ordered
architecture and function of the differentiated thyroid.
Mol Endocrinol. 2006 Aug; 20 (8): 1796-1809. doi:
10.1210/me.2005-0327.

Iwadate M, Takizawa Y, Shirai YT, Kimura S. An in vivo
model for thyroid regeneration and folliculogenesis.
Lab Invest. 2018 Sep; 98 (9): 1126-1132. doi: 10.1038/
s41374-018-0068-x.

Ozaki T, Matsubara T, Seo D, Okamoto M, Nagashima K,
Sasaki Y et al. Thyroid regeneration: characterization of
clear cells after partial thyroidectomy. Endocrinology.
2012 May; 153 (5): 2514-2525. doi: 10.1210/en.2011-
1365.

Dumont J, Lamy F, Roger P, Maenhaut C. Physiological
and pathological regulation of thyroid cell proliferation
and differentiation by thyrotropin and others. Physi-
ol Rev. 1992 Jul; 72 (3): 667-697. doi: 10.1152/phys-
rev.1992.72.3.667.

Krishtop VV, Rumyantseva TA, Nikonorova VG. Peculi-
arities of thyroid morphology in cerebral hypoperfusion
in the complex with short-term exercise in rats with dif-
ferent results in the Morris labyrinth. Journal of Volgo-
grad State Medical University. 2021; 78 (2): 103—107.
doi: 10.19163/1994-9480-2021-2(78)-103-107.

Kimura H, Davies TF. Thyroid-specific T cells in the
normal Wistar rat. I. Characterization of lymph node T
cell reactivity to syngeneic thyroid cells and thyroglo-
bulin. Clin Immunol Immunopathol. 1991 Feb; 58 (2):
181-194. doi: 10.1016/0090-1229(91)90135-w.

Kimura H, Davies TF. Thyroid-specific T cells in the
normal Wistar rat. II. T cell clones interact with cloned
Wistar rat thyroid cells and provide direct evidence for
autoantigen presentation by thyroid epithelial cells. Clin
Immunol Immunopathol. 1991 Feb; 58 (2): 195-206.
doi: 10.1016/0090-1229(91)90136-x.

Sugihara S, Fujiwara H, Shearer GM. Autoimmune
thyroiditis induced in mice depleted of particular T cell
subsets. Characterization of thyroiditis-inducing T cell
lines and clones derived from thyroid lesions. J Immu-
nol. 1993 Jan 15; 150 (2): 683-694.

Zha B, Huang X, Lin J, Liu J, Hou Y, Wu G. Distribution
of lymphocyte subpopulations in thyroid glands of hu-
man autoimmune thyroid disease. J Clin Lab Anal. 2014
May; 28 (3): 249-254. doi: 10.1002/jcla.21674.

141

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Yu S, Fang Y, Sharav T, Sharp GC, Braley-Mullen H.
CD8+ T cells induce thyroid epithelial cell hyperplasia
and fibrosis. J Immunol. 2011 Feb 15; 186 (4): 2655—
2662. doi: 10.4049/jimmunol.1002884.

Tishevskaya NV, Shevyakov SA, Zakharov YuM. Vliyani-
ye eritropoetina i makrofagal’nogo koloniyestimuliruy-
ushchego faktora na proliferativnuyu aktivnost’ eritroid-
nykh kletok v kul’turakh eritroblasticheskikh ostrovkov.
Meditsinskiy akademicheskiy zhurnal. 2003; 3 (3): 67—
72. [In Russ.].

Gevorkyan NM, Tishevskaya NV, Bolotov AA. Effect of
preliminary administration of total RNA of bone marrow
cells on the dynamics of erythropoiesis recovery in rats
after acute gamma irradiation. Bull Exp Biol Med. 2016
Sep; 161 (5): 670-673. [In Russ., English abstract]. doi:
10.1007/s10517-016-3494-z.

Krupatkin Al, Sidorov VV. Funkcional’naya diagnostika
sostoyaniya mikrocirkulyatorno-tkanevyh sistem. Ko-
lebaniya, informaciya, nelinejnost’. Rukovodstvo dlya
vrachej. Moscow: URSS, 2016; 496. [In Russ.].
Tishevskaya NV, Bolotov AA, Zakharov YuM. Matema-
ticheskoye modelirovaniye mezhkletochnykh vzaimo-
deystviy v kul’ture eritroblasticheskikh ostrovkov. Me-
ditsinskiy akademicheskiy zhurnal. 2005; 5 (4): 50-59.
[In Russ.].

Kirillov YuB, Chumachenko AP, Aristarkhov VG, Po-
tapov AA, Panteleyev IV. Rapid morphometric method
for assessment of thyroid functional activity. Problems
of Endocrinology. 1994; 40 (4): 19-21. [In Russ.] doi:
10.14341/probl12135.

Lin Y, Tang Y, Wang F. The Protective effect of HIF-1a in
T lymphocytes on cardiac damage in diabetic mice. Ann
Clin Lab Sci. 2016 Winter; 46 (1): 32-43.

Do Valle Duraes F, Lafont A, Beibel M, Martin K, Darri-
bat K, Cuttat R et al. Immune cell landscaping reveals a
protective role for regulatory T cells during kidney inju-
ry and fibrosis. JCI Insight. 2020 Feb 13; 5 (3): e130651.
doi: 10.1172/jci.insight.130651.

Hu HF, Hsiu H, Sung CJ, Lee CH. Combining laser-
Doppler flowmetry measurements with spectral analy-
sis to study different microcirculatory effects in human
prediabetic and diabetic subjects. Lasers Med Sci. 2017
Feb; 32 (2): 327. doi: 10.1007/s10103-016-2117-2.

Sun PC, Kuo CD, Wei SH, Lin HD. Microvascular reacti-
vity using laser Doppler measurement in type 2 diabetes
with subclinical atherosclerosis. Lasers Med Sci. 2023
Feb 28; 38 (1): 80. doi: 10.1007/s10103-023-03737-x.

The article was submitted to the journal on 11.10.2024




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3386 3386]
  /PageSize [612.000 792.000]
>> setpagedevice


