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Systemic damage of the organs, including the thyroid gland, is one of the key factors in
the pathogenesis of burn disease due to thermal skin burns. The aim of this study was
to investigate the indices of the cell cycle and DNA fragmentation of thyroid gland cells
in rats with the use of infusion of 0.9% NaCl solution against the background of thermal
skin burns. Experimental studies were conducted on 60 white male rats weighing 160-
180 g, which was subjected to thermal burns of the skin of 2-3 degrees with a total area
of 21-23% of the body surface. The first 7 days rats were infused with 0.9% NaCl
solution into the inferior vena cava. Animals were removed from the experiment by
decapitation (after 1, 3, 7, 14, 21, and 30 days). DNA content in the nuclei of the cells of
the thyroid gland of rats was determined by flow cytometry. The statistical processing of
the obtained results was carried out in the license package "STATISTICA 6.1" using
nonparametric estimation methods. After 1 day after thermal skin damage and using
0.9% NaCl solution, lower (p<0.05) values of the S-phase index (0.234+0.094) were
found compared to the control group without burn (0.652+0.134). The maximum decrease
(p<0.01) of S-phase indicators (0.622+0.110 and 0.214+0.105, respectively) and a
significant increase (p<0.01) of the SUB-GOG1 interval (5.288+0.840) compared to
similar control group values (2.594+0.628) is observed after 3 days. The S-phase
against the background of the introduction of 0.9% NaCl solution and thermal skin burn
remained significantly lower than those of the similar control groups at 7 (p<0.01), 14
(p<0.05) and 21 days (p<0.05). At 14 days after thermal skin injury, the SUB-GOG1
interval (p<0.05) was lower than in the control group of rats. After 30 days, the GOG1
phase parameters were significantly lower (p<0.01), and the G2+M phase values were
significantly (p<0.01) higher than those in the control group at the same time. Thus, it
was found that 0.9% NaCl solution was not effective enough to correct cell division
disorders during the entire observation period after skin burns.

Keywords: thyroid gland, thermal burns of the skin, DNA cytometry, 0.9% NaCl solution.

Introduction

The urgency of the problem of therapy of thermal burns
of the skin and burn disease (BD) is caused by the increase
in the number of burn injuries in modern society, the lack of
efficiency of existing methods of therapy, the high frequency
of development of complications of a systemic nature [14].
The inefficiency of the proposed methods of treatment is not
least due to the complex pathogenesis of this damage, the
numerous factors responsible for the cascade of pathological
processes in thermal burns [13]. For this reason, the
worldwide study of the mechanisms and pathogenetic factors
of BD at the tissue, cell, subcellular and molecular levels
perform, which deepens knowledge about this process and

identifies potential targets of therapy [3].

One of the key factors in the pathogenesis of burn disease
due to thermal burns of the skin, many researchers [6, 10,
18] are considering systemic damage to the organs of the
endocrine system, which manifests itself both functionally
and at the cellular and subcellular level. A special role in the
pathogenesis of BD according to modern data [18] is given
to the interaction of the triangle pituitary gland - adrenal cortex,
pituitary gland - thyroid gland.

It is known [8] that patients with severe thermal burns of
the skin have decreased plasma triiodothyronine
concentrations, low thyroxine and normal range, or slightly
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decreased thyrotropic hormone concentrations. This
ensemble of change is collectively known as the "non-
thyroid disease" syndrome [1]. The degree of manifestation
of this disease is associated with the prognosis of the
disease, but there is no evidence for the causality of this
association. It is assumed [18] that the development of
this condition is a consequence of the acute phase
response to systemic irritation and microelement
constraints. Thyroid injury pathogenetically is associated
with the level of endogenous intoxication and the
development of general inflammatory response,
established a clear link between changes in thyroid
hormone metabolism and activation of various
proinflammatory cytokines [15].

Today, it is believed [7] that the problem of correction of
thyroid gland damage remains an open question in the
treatment of BD, and a problem that requires an urgent
solution, given the important role of the functioning of this
gland in the metabolism of the skin and other vital tissues
(bone, connective tissue) that provide the restoration of
homeostasis in the body. However, the most accurate
method for assessing cell division is the DNA cytometry
method, which is nowadays defined as a reference for the
establishment of apoptosis markers, and such that allows
dividing the cell phases into separate components [2]. We
did not find any data on studies of thyroid cell division by
DNA cytometry against the background of burn skin
damage.

The aim of the study was to investigate the indices of
the cell cycle and DNA fragmentation of the thyroid gland in
rats using infusion of 0.9% NaCl solution against the
background of thermal skin burns.

Materials and methods

Experimental studies were conducted on 60 white male
rats weighing 160-180 g, conducted at the Research
Laboratory of Functional Morphology and Genetics
Research Center National Pirogov Memorial Medical
University, Vinnytsya. The keeping and manipulation of
animals was carried out in accordance with the "General
Ethical Principles of Animal Experiments" (Kyiv, 2001), also
guided by the recommendations of the "European
Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes"
(Strasbourg, 1985), guidelines of the State Pharmacological
Center of the Ministry of Health of Ukraine on "Preclinical
studies of medicinal products" (2001), as well as the rules
of humane treatment for experimental animals and
conditions approved the Committee on Bioethics of
National Pirogov Memorial Medical University, Vinnytsya
(Minutes No. 1 of 14.01.2010).

Thermal burns of the skin of 2-3 degrees were carried
out by applying to the pre-shaved lateral surfaces of the
trunk of rats four copper plates (each with a surface area of
13.86 cm2) for 10 seconds, which were pre-heated for 6
minutes in water with a temperature of 100?C [9]. The total

area of skin lesions was 21-23%. The first 7 days of rats
were infused with 0.9% NaCl solution into the inferior vena
cava. Animals were removed from the experiment by
decapitation (after 1, 3, 7, 14, 21, and 30 days). Shaving,
catheterization of veins, staging of skin burns, and
decapitation of rats were performed under the conditions
of intravenous propofol anesthesia (calculated at 60 mg/
kg animal weight).

Within the framework of the agreement on scientific
cooperation between the Research Center of National
Pirogov Memorial Medical University, Vinnytsya and the
Department of Histology, Cytology and Embryology of the
Odessa National Medical University, DNA content in the nuclei
of thyroid cells of rats was determined by flow DNA cytometry
on a multifunction flow cytometer "Partec PAS" (Partec,
Germany) [17]. Determined: GOG1 is the percentage of GOG1
phase cells to all cells in the cell cycle (DNA content = 2¢); S
is the percentage of the phase of DNA synthesis to all cells
of the cell cycle (DNA content > 2¢ and < 4c); G2+M is the
percentage ratio of the G2+M phase to all cells in the cell
cycle (DNA = 4c). Determination of DNA fragmentation (SUB-
GO0G1, apoptosis) was performed by isolating the RN2
regions on DNA histograms before the GOG1 peak, indicating
nuclei of cells with a DNA content < 2c.

The statistical processing of the obtained results was
carried out in the license package "STATISTICA 6.1" using
nonparametric estimation methods. The significance of
the difference in values between the independent
quantitative values was determined using the Mann-
Whitney U test.

Results

It is established that the background of the introduction
of 0.9% NaCl solution 1 day after thermal burns of the skin
marked changes in the cell cycle indices of the thyroid gland
- statistically significant decrease in the number of cells in
phase S (p<0.01), which indicates insufficient restoration
of the damaged cell population. Other indicators of the cell
cycle have no significant or trending differences with those
of the group without skin burn (Table 1). No significant or
trending differences for GOG1, G2+M, and SUB-G0G1 were
identified (see Table 1).

On the presented DNA-histogram (Fig. 1) of thyroid cells
1 day after skin burn on the background of the introduction
of 0.9% NaCl solution, the level of DNA fragmentation in
the interval SUB-G0G1 was 3.32%, and phase S - 0.19%,
indicating expressed inhibition of DNA synthesis.

The maximum reduction in the percentage of thyroid
cells in phase S (p<0.01) and, at the same time, a peak
increase in the average level of SUB-G0G1 interval (p<0.01)
was established after 3 days of observation from the start
of thermal skin burn on the background of 0.9% NaCl
solution introduction (see Table 1). No significant or
trending differences were found for GOG1 and G2+M
indicators (see Table 1).

In the presented DNA histogram (Fig. 2) of nuclear
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Table 1. Indicators of the cell cycle in the cells of the thyroid gland
of rats after skin burn with the use of infusion therapy 0.9% NaCl

solution according to flow cytometry DNA (M+0).
Growp Indicators of the cell cycle (%)
s |sucost| coet | coem
1 day
0.9% NaCl 0.652+0.134 | 2.462+0.800 | 91.16+2.41 | 8.192+2.368
Bum + 0.9% NaCl | 0.234£0.094 | 2.732+1.141| 91.90+2.65 | 7.868+2.678
P0.9% NaGl - bum0.9% NaG) <0.01 >0.05 >0.05 >0.05
3 day
0.9% NaCl 0.622+0.110 | 2.594+0.628 | 90.99+2.48 | 8.392+2.375
Bumn + 0.9% NaCl | 0.214+0.105 | 5.288+0.840 | 91.46+2.80 | 8.328+2.711
Poswnac-mmosunacy| <001 <0.01 >0.05 >0.05
7 day
0.9% NaCl 0.650+0.139 | 2.632+0.724 | 90.90+2.17 | 8.448+2.113
Bumn + 0.9% NaCl | 0.350+0.088 | 3.994+1.204 | 88.70+3.13 | 10.95+3.14
Plossnci-bumosrunacy | <001 =0.076 >0.05 >0.05
14 day
0.9% NaCl 0.562+0.153 | 2.304+0.835 | 91.29+1.49 | 8.146+1.520
Bum + 0.9% NaCl | 0.322+0.043 | 3.664+0.239 | 89.15+£3.56 | 10.53+3.54
P 0996 NaC - e 0.9% NaC <0.05 <0.05 >0.05 >0.05
21 day
0.9% NaCl 0.522+0.075 | 2.622+0.677 | 90.60+2.48 | 8.986+2.370
Bum + 0.9% NaCl | 0.3640.092 | 3.250+0.755 | 87.98+3.30 | 11.66+3.27
Posnaci-mmosnacy | <005 >0.05 >0.05 >0.05
30 day
0.9% NaCl 0.592+0.193 | 2.630+0.717 | 91.16+1.82 | 8.252+1.851
Bumn + 0.9% NaCl | 0.408+0.063 | 2.900+1.078 | 83.11+2.14 | 16.50+2.18
P(0.9% Naci- bum#0.9% NaC) =0.060 >0.05 <0.01 <0.01

suspension of cells of the thyroid gland of rats 3 days after
skin burn on the background of the introduction of 0.9%
NaCl solution, SUB-G0G1 (RN2, DNA fragmentation) was
5.33%, indicating the presence of a significant group of cells
who are in the state of apoptosis activation.

After 7 days after thermal skin burns and 0.9% NacCl
solution, a significantly lower (S<0.01) value of S-phase was
observed and a slight tendency (p=0.076) to greater values
of SUB-GOG1 interval compared to the group without skin
burn (see Table 1). No significant or trending differences for
G0G1 and G2+M indicators were detected (see Table 1).

After 14 days after thermal skin burn, significantly lower
(p<0.05) values of the number of cells in the S-phase and
higher (p<0.05) values of the level of the DNA fragmentation
index in the interval SUB-G0OG1 against the background of
the introduction of the first seven days of 0.9% NaCl solution
and compared to similar indicators in animals without burns
(see Table 1). No significant or trending differences were
found for GOG1 and G2+M.

At day 21 after thermal skin burn, significantly lower
(p<0.05) cell counts in the S-phase were observed against
the background of administration of the first seven days of

0.9% NaCl solution and compared with similar indices in
animals without burns (see Table 1). No significant or
trending differences for GOG1, G2+M, and SUB-G0G1 were
identified (see Table 1).

30 days after skin burns, against the background of the
introduction of the first seven days 0.9% NaCl solution tended
(p=0.060) to lower values of the number of cells in the S-
phase, significantly (p<0.01) less than the value of the GOG1
phase and higher (p<0.01) value of the G2+M phase

counts

Fig. 1. DNA histogram of nuclear suspension of thyroid cells 1 day
after burn injury on the background of the introduction of 0.9%
NaCl solution. RN2 (SUB-G0G1, DNA fragmentation) = 3.32%.
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Fig. 2. DNA histogram of nuclear suspension of thyroid cells 3
days after burn injury on the background of the introduction of
0.9% NaCl solution. RN2 (SUB-G0G1, DNA fragmentation) = 5.33%.
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Fig. 3. DNA histogram of thyroid gland cell suspension 30 days
after burn injury on the background of 0.9% NaCl solution
administration. RN2 (SUB-G0G1, DNA fragmentation) = 3.60%.
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compared with similar values in animals without burns (see
Table 1). No significant or trending differences were
observed for the SUB-GOG1 interval (see Table 1).

In the presented DNA histogram (Fig. 3) of a nuclear
suspension of the cells of the thyroid gland of rats 30 days
after skin burn on the background of the introduction of 0.9%
solution of NaCl indicator SUB-G0G1 (RN2, DNA
fragmentation) was 3.60%.

When analyzing the dynamics of changes in the cell cycle
of the thyroid gland within 30 days after skin burns against
the background of the introduction of 0.9% NaCl solution -
GO0G1 phase indicators have significantly (p<0.05-0.01)
smaller values between 1 and 30, 3 and 21, 3 and 30, 7 and
30, 14 and 30, 21 and 30 days, as well as minor trends
(p=0.076 in both cases) to smaller values between 1 and
21, 3 and 7 days of the experiment; phase S indicators have
significantly (p<0.05 in all cases) greater values between 1
and 30, 3 and 21, 3 and 30, 14 and 30 days, as well as
trends (p=0.060-0.076) to larger values between 1 and 21, 3
and 7, 3 and 14 days of experiment; G2+M phase indices
have significantly (p<0.05-0.01) greater values between 1
and 30, 3 and 30, 7 and 30, 14 and 30, 21 and 30 days, and
a slight tendency (p=0.076) to larger values between 1 and
21 days of the experiment; the SUB-G0G1 interval values
had significantly (p<0.01) greater values between 1 and 3
days, and significantly (p<0.05-0.01) smaller values between
3 and 14, 3 and 21, 3 and 30 days of the experiment.

Discussion

Analyzing the obtained data of thyroid cell cycle indexes
against the background of thermal burns of the skin and
infusion of 0.9% NaCl solution and comparing the results
with the data of other similar studies [12, 16] we can make
some generalizations. The most pronounced cell cycle
abnormalities were observed 3 days after thermal skin
damage, although the first signs of these disorders in the
form of a significant decrease in DNA synthesis (p<0.01)
were observed after 1 day. However, established changes
after 1 day are only the initiation of further damage to the
thyroid gland, as changes at the subcellular level precede
changes at the tissue and cellular levels, with subsequent
disruption of the functioning of the organ. There are several
factors that can be explained by the increase in the negative
effect of burn injury due to increased toxicity of products,
the stress of organ depletion and the potential activation of
protective mechanisms, which is known to be often
observed in burn skin damage [1, 11]. The thyroid gland in
this case is included in the systemic damage of the organs
of the endocrine system against the background of burn
injury, which is manifested both functionally and at the
cellular and subcellular levels and has been established
in many studies [16, 18].
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MOKA3HUKU KNITUHHOIO LUMKNY B LUMTOMOAIGHIV 3AN031 Y LWYPIB MPU 3ACTOCYBAHHI IH®Y3Ii 0,9% PO34YMHY NACL

HA ®OHI TEPMIYHOIO ONIKY LUKIPU
Tipox O.1.

OOdHuM i3 KTo4YoBUX ¢hakmopig namozeHe3y 0nikogoi X80pobu 8HacnidoK MepMiHHO20 OrMiKy WKIpU € cUCMEMHE YWKOOXKEHHST Op2aHis,
30kpema wjumonodibHoi 3ano3u. Mema pobomu - docridumu noKa3HUKU KTimuHHo20 yukity ma gppaemenmauii JHK knimuH wumonodibHoi
3an03u y wypie npu sacmocysarHi iHysii 0,9% posquHy NaCl Ha ¢oHi mepmidHO20 oriKy wKipu. ExcriepumermarnbsHi 00CniOxXeHHs
rnpoeedeHi Ha 60 binux wypax-camusx macoto 160-180 e, kompum byro HaHeceHO mepMiyHUU OriK WKipu 2-3 cmyrneHsi 3a2afbHo
nnoweto 21-23% nosepxHi mina. MNepwi 7 0i6 wypam rpogodunu iHgysito 0,9% posduHy NaCl y HUXHIO nopoxHucmy eeHy. TeapuH
8uBo0uUsU 3 eKcriepuMeHmy wiisixom Oekanimauii (4epe3 1, 3, 7, 14, 21 ma 30 8i6). Bmicm [HK e sidpax knimuH wumornodibHoi 3ano3u
wypie susHadanu mMemodoM npomoyYHoi yumomempii. CmamucmuyHa obpobka ompumaHux pe3ynbmamig 6yna nposedeHa 8
niyeHsitiHomy nakemi "STATISTICA 6.1" i3 3acmocysaHHAM Henapamempu4HUx Memodie ouiHku. Yepes 1 0oby nicriss mepmidyHO20
ywkodxeHHs1 wkipu i sukopucmarHsi 0,9% posduHy NaCl ecmaHosneHo meHwi (p<0,05) 3HadeHHs roka3Huka S-gpasu (0,234+0,094)
MopigHSIHO 3 KOHMpPosbHO 2pyroto 6es oniky (0,652+0,134). MakcumansHe 3HuxeHHs1 (p<0,01) nokasHukie S-¢hasu (0,622+0,110 ma
0,214+0, 105 8idnosidHo) ma cymmesge nidsuwieHHs (p<0,01) nokasHuky iHmepsany SUB-GOG1 (5,288+0,840), nopigHsHO 3 aHanoaidyHuMu
rokasHuUKamMmu KoHmposbHoi epynu (2,594+0,628), cnocmepizanu yepes 3 0obu. Noka3Huku S-gha3u Ha oHi esedeHHs1 0,9% po3dHUHY
NaCl i mepmiyHO20 OniKy WKIipU 3anuwanucb 3Ha4HO MEHWUMU 8i0 aHano2i4HUX rMoKa3HUKig 8i0rno8iOHUX KOHMPOIbHUX 2pyr Yepes 7
(p<0,01), 14 (p<0,05) ma 21 0oby (p<0,05). Yepe3 14 0i6 nicnsi mepmi4HO20 YWKOOXEHHS WKipu ecmaHoerneHo meHwi (p<0,05)
3Ha4YeHHs nokasHuka inmepearny SUB-GOG1 nopigHsIHO 3 KOHMPOIIbHO 2pyroto wypie. HYepes 30 8i6 nokasHuku ¢pasu GOG1 suseunucs
cymmeeo meHwumu (p<0,01), a nokasHuku ¢asu G2+M 3HayHO (p<0,01) Ginbwumu 8i0 MOKa3HUKI8, 8CMaHOBNEHUX 8 aHaroaiyHul
mepMmiH y epyni KoHmposo. TakuM YUHOM, 8CmaHoerieHa HedocmamHsi egpekmusHicmb gukopucmaHHs 0,9% posduHy NaCl 3 memoro
KOpeKyii nopyweHb KnimuHHo20 r1odiry rMpomsi2oM 8Cb020 MepPMiHy CrIOCMEPEXEHHS MiCrs OniKy WKipu.

KnrouoBi cnoBa: wumonodibHa 3ano3a, mepmiyHul onik wkipu, JHK-yumomempis, 0,9% pos4yuH NaCl.

MOKA3ATENW KNETOYHOIO LIUKNA B LUUTOBUAHOW XENES3E Y KPbIC MPU MPUMEHEHUU UHOY3WUU 0,9% PACTBOPA
NACL HA ®OHE TEPMUYECKOI'O OXKOIA KOXXU

TupoH O.U.

OOHUM U3 KIto4eabIx (hakmopos namoeeHesa 002080l 60ne3HU 8 pe3ynbmame MepMUYeCKO20 0X02a KOXU SI8/ISIemcsi cucmeMHoe
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rnospexoeHue opeaHo8, 8 MoOM yucne wumosudHoU xenesbl. Lenb pabomsi ucciedogams rokasamesnu K/iemo4yHo20 yuknia u
paemenmayuu [JHK knemok wumoeudHoU xenesbl y Kpbic rnpu npumeHeHuUu uHgy3uu 0,9% pacmeopa NaCl Ha ¢hoHe mepmuyecko2o
OXoea Koxu. OKkcriepumeHmaribHble uccredosaHus rnposedeHbl Ha 60 benbix Kpbicax-camuax maccol 160-180 2, komopbim 6bin
HaHeceH mepMuYecKull 0xoe Koxu 2-3 cmeneHu obwel nnowadsto 21-23% nosepxHocmu mena. Nepebie 7 OHell Kpbicam rposoousiu
uHepysuro 0,9% pacmeopa NaCl e HUXHIO0 oyt 8eHy. KusomHbix 8bi800UnIU U3 3KCriepuMeHma nymem dexkanumauuu (4epes 1, 3,
7, 14, 21 u 30 cymok). Codepxarue [JHK e a0pax krnemok uumosudHoU xene3bl Kpbic onpedensnu MemodoM rpomoYyHoU yumomempuu.
Cmamucmuyeckass obpabomka nosny4yeHHbIX pe3dynbmamos Obina rnpogedeHa 8 nuyeH3uoHHom nakeme "STATISTICA 6.1" ¢
rpUMeHeHUeM HernapamMempu4yeckux Memodo8 OueHKU pesyribmamos. Yepes 1 cymku rnocrne mepmuyecko2o rnoepexo0eHusi Koxu u
ucrionb3osaHusi 0,9% pacmeopa NaCl ycmaHoerneHo docmosepHo meHbwee (p<0,05) 3HayeHue rokasamers S-¢hasbl (0,234+0,094)
o cpasHeHuto ¢ KoHmpornbHoU epynnou 6e3 oxoea (0,652+0,134). MakcumanbHoe cHuxeHue (p<0,01) nokasamenel S-¢ha3sbi
(0,622+0,110 u 0,214+0,105 coomeemcmeeHHO) u cyuwecmeeHHoe nosbiweHue (p<0,01) nokazamens uHmepesana SUB-GOG1
(5,288+0,840), no cpasHeHur ¢ aHano2UYHbIMU fOKa3amesnsaMu KOHmposibHouU 2pynnbi (2,594+0,628), Habnodanu yepe3 3 cymok.
lNokaszamenu S-hasbl Ha poHe esedeHusi 0,9% pacmeopa NaCl u mepmuyecko2o oxoea KOXu ocmasasnuch 3Ha4umeribHO MeHbWUMU,
YyeM aHaroc2uyHble rokazamesu Coomeemcmeywux KOHmMPOobHbIX 2pyrn Yyepe3 7 (p<0,01), 14 (p<0,05) u 21 deHb (p<0,05). Hepes 14
CymOK focrie mepMu4ecko20 nospex0eHuUsi KOXU ycmaHoeneHo mMeHbuwee (p<0,05) 3HayeHue nokasamensi uHmepgana SUB-GOG1 no
CpasHeHUI ¢ KOHmporibHoU epyrnnol Kpbic. Yepe3 30 cymok nokaszamernu ¢hadsl GOG1 oka3anuck cyujecmeeHHo MeHbwe (p<0,01), a
rnokasamernu ¢a3sbl G2+M 3HayumenbHo (p<0,01) 6onbwe nokasamerned, ycmaHOB/EHHbIX 8 aHano2u4HbIU CPOK 8 2pyrine KOHMpPOIs.
Takum obpa3om, ycmaHosrneHa HedocmamoyHas aghgpekmusHocmb ucronb3osaHus 0,9% pacmeopa NaCl ¢ yenbio Koppekyuu
HapyweHul Kiiemo4YHo20 OefleHUs1 8 meYeHue 8ceao cpoka HabmoOeHUs1 ocre 0xo2a KOXuU.

KnroueBble cnoBa: wumosudHas xene3da, mepmuyeckull oxoe koxu, JHK-yumomempusi, 0,9% pacmeop NaCl.
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