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TKAHEBOE JBIXAHUME ¥ TOMOJIOTUSI TOBEPXHOCTU
TUMOIIUTOB KPBIC TP OJHOKPATHOM OBIIIEM
v-OBJIYYEHUU

Llenb. OueHka BAUAHWA OQHOKPATHOTO 06LWero Y-06/1y4eHNs Ha NOKa3aTenu MUTOXOHAPUANBHOTO OKUCIEHUSA U TOMO-
NOTWI0 NOBEPXHOCTU TUMOLMTOB,
Marepuansl u metopbl. iccnepoBarie npoBeaeHO Ha NONOBO3peNbIX Genbix 6ecnopofHbix Kpblcax-camuax. Mocne
OAHOKpaTHOro obuwero y-06ayyeHns B fo3e 1,0 [p yepes 3, 10, 40 1 60 cyToK onpefensnm COCTOAHNE IHEPreTUYecKo-
ro o6MeHa no CKOpoCTU NOTpebNeHns KNCIOPoaa TKAHAMM TUMYCA HA IHAOTEHHbIX CyGCTpaTax B NpMCYTCTBUM Pa3o6-
wuTens TkaHesoro Abixanus (T[) n okucantenbHoro pocdopunuposanuna (09) 2,4-guHutpoderona. Tononoruto kne-
TOK TUMYCA OLEHWUBAIN C NMOMOLLLID METOA0B aTOMHO-cuNoBo Mukpockonuu (ACM) u pacTpoBoi 31eKTPOHHOW MUK-
pockonuu (PIM).
Pesynbrartbl. Ha 3-u 1 10-e cyTku nocnie obuwero y-06nyyeHus B go3e 1,0 p B TKAHAX TUMYCA ONpPefensiny 3HaUUTENb-
HOE CHUXXEHWE [bIXaTeNIbHO aKTUBHOCTU HA 3HAOTEHHbIX cy6cTpaTax. OAHOBPEMEHHO, HA 3-W CyTKM, HAbNtoAaNu Tak-
K€ BbIPAXXEHHbIE U3MEeHEHUA MOPGONOrNYECKUX MAPAaMeTPOB TUMOLMTOB (BbICOTbI, 00bEMA, NIOLWAAN KOHTAKTA C NOJ-
NIOXKKOI1) 1 Tononorum ux noBepxHoctu. Ha 10-e cyTkn nocne 06nyyeHuns 60NbWHUHCTBO MOPGONOrMYECKUX NapameT-
pOB TUMOLMTOB, 33 UCKOYEHUEM UX 0ObEMA, XapaKTep130BaNMCh BOCCTAHOBNIEHWEM 10 HOPMbI. B oTAaneHHble cpo-
Ku (Ha 30-e 1 60-e cyTKM Noce BO3AeNCTBMA) HabNO4ANN NOCTENEHHOE, HO He NMOJIHOE BOCCTAHOB/IEHWE AblXaTeNb-
HOM aKTUBHOCTM TUMOLUTOB, COMPOBOXAAIOLLIEECS YBEMYEHUEM CTeneHn pa3obweHus T n 00,
BbiBopabl. [TonyyeHHble JaHHbIE OTPAXAIOT M YTOUYHAIOT MEXaHM3Mbl NOCTAYYeBOI penapaLum numdono3sa, NoKa3sbiBas
HaNMyme CONpsKEHHbIX M3MEHEHUI NapaMeTpoB a3pobHOro IHEpPreTMYeckoro o6MeHa TMMOLUTOB, MOPdOAOTUN 1 TO-
noaornm ux noBepxHoCTu. CUHXPOHHOCTb U3MEHEHUIA M3yYaeMblX MAPAaMETPOB ABAAETCA OTPAXKEHUEM COCTOSHUA LM-
ToCKeneta, hyHKLMOHaNbHasA aKTUBHOCTb KOTOPOTO BO MHOTOM 33aBUCHT OT YPOBHA 1 3 (EKTUBHOCTU MUTOXOHLPUASb-
HOr0 OKUCNEHUS.
KnioueBble coBa: Y-06/1y4yeHne, KpbiCbl, TAMOLMUTbI, MUTOXOHAPUANIbHOE OKUCIEHIE, aTOMHAA CUI0BAs MUKPOCKOMNMS,
TOMOJIOTUA MOBEPXHOCTH.
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Tissue breathing and topology of rats thymocytes surface under acute total
y-irradiation

Objective. Assessment of the effect of single total y-irradiation to the parameters of mitochondrial oxidation and
the topology of the thymocyte surface.

Materials and methods. The study was performed in sexually mature white outbreeding male rats divided into three
groups: two experimental and one control. The states of energy metabolism were determined by the rate of oxygen
consumption by the thymus tissues on endogenous substrates at the presence of 2,4-dinitrophenol, uncoupler of a
tissue breathing (TB) and oxidative phosphorylation (OP) after a single total y-irradiation at a dose of 1.0 Gy at 3,
10, 40 and 60 days. The topology of thymus cells was assessed using atomic force microscopy (AFM) and scanning
electron microscopy (SEM).

Results. On the 3™ and 10" days after total gamma irradiation at a dose of 1.0 Gy, a significant decrease in respira-
tory activity was determined in thymus tissues on endogenous substrates. Simultaneously, on the 3" day, pro-
nounced changes in the morphological parameters of thymocytes (height, volume, area of contact with the sub-
strate) and the topology of their surface were also observed. On the 10" day after irradiation, most of the morpho-
logical parameters of thymocytes, except for their volume, were characterized by restoration to normal. In the long-
term (on the 30" and 60™ days after exposure), a gradual but not complete recovery of the respiratory activity of
thymocytes was observed, accompanied by an increase in the degree of dissociation of TD and OP.

Conclusions. The obtained data reflect and refine mechanisms of post-radiation repair of lymphopoiesis, showing
the presence of conjugated changes in the parameters of aerobic energy metabolism of thymocytes, morphology
and topology of their surface. The synchronism of changes in the parameters under study is a reflection of the state
of the cytoskeleton, the functional activity of which largely depends on the level and efficiency of mitochondrial

oxidation.

Key words: y-irradiation, rats, thymocytes, mitochondrial oxidation, atomic force microscopy, surface topology.
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BBEJIEHUE

Pacimmmpenue macitaboB M HaIlpaBJIeHUI HMCITOJb30Ba-
HUS VMOHU3BUPYIOIIUX W3IYyYEeHUIl 4eT0BEKOM, B TOM
YHUCJIe U MIMPOKOE NCTIOTb30BAHUE METOI0B MEIUIIHC-
KOM PEHTI€HO- M PaAMOU30TOITHOM IUAaTHOCTUKU HEU3-
OEeXHO ITOBBIIIAIOT PUCK YBEJIMUYEHUST PaaMOTEXHOICH-
Holt Harpy3kH [1]. MoHu3upyloliee uaaydyeHue v Apyrue
COITYTCTBYIOIIVE€ HEOIATONPUSATHBIE (DAKTOPHI BHEIITHEN
cpellbl — XUMMYECKOE 3arpsi3HeHNe, MOBbIIeHUE (PoHa
3JIEKTPOMArHUTHBIX ITOJIEN U T. I. — MPSIMO WUJIM KOCBEH-
HO OKa3bIBaIOT HETaTUBHOE BIMSHUE HAa COCTOSIHUE Ha-
nboJiee YyBCTBUTEIBHON K JAaHHBIM BO3IEUCTBUSAM UM-
MYHHOM CHCTEMBI YEJIOBEKA, YTO B 3HAYUTECIILHOU MEpe
OIpenesIsIeT Ka4eCTBO U IPOJOIKUTEIbHOCTD XKU3HU.

C mo3uuuii COBpeMeHHOU paaroOMONIOTuN paavalu-
OHHOE BO3JIEHICTBHE MOXHO PaCCMaTPUBATh KaK «PEIOKC-
TpaBMy» MOCKOJIbKY HanboJjiee YyBCTBUTEJIbHBIM K 00JIy-
YEHUIO0 META00JIMYECKUM 3BEHOM B XKMBOI CUCTEME SIBJISI-
IOTCSl OKMCJIUTEIbHO-BOCCTAHOBUTEIbHBIE PEeaKIIUU, SIB-
JIFIOIIKECS OCHOBOU PHEPreTUYeCKOro OOMeHa 1, Tpex-
JIe BCEro, ero a3po0OHOro 38eHa. B cBs13u ¢ 3TUM HU3ydeHUue

INTRODUCTION

Expansion of the scope and directions of the use of
ionizing radiation by humans, including the wide-
spread use of methods of medical X-ray and
radioisotope diagnostics, inevitably increase the
risk of increasing the radio-technical load [1].
Tonizing radiation and other accompanying unfa-
vorable factors of the external environment —
chemical pollution, increasing the background of
electromagnetic fields, etc. — directly or indirectly
have a negative impact on the state of the human
immune system most sensitive to these effects,
which largely determines the quality and life
expectancy.

From the standpoint of modern radiobiology, the
radiation effect can be considered as a «redox trau-
ma» because the most sensitive to radiation meta-
bolic link in the living system is the oxidation-
reduction reactions that are the basis of energy
metabolism and, above all, its acrobic link. In con-
nection with this, the study of the molecular
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MOJIEKYJISIPDHBIX MEXaHU3MOB JEUCTBUSI paguallii OCTa-
eTcsl aKTyaJlbHOM MeAMKO-OMOJOrn4eckoi MmpobaeMoi,
pellieHre KOTOPOi OTKPBIBAET MEPCHEKTHBBI pa3padOTKHU
bosiee 3(pHEeKTUBHON cTpaTerny MPOMWIAKTUKA U Jieue-
HUS paauallMOHHO-UHIYLIUPOBAHHON MaTOJIOTUU.

C Halei ToYKy 3peHusi, HauboJjiee MOJIHYI0 U MHTEr-
PaJIbHYI0 XapaKTePUCTUKY CTPYKTYPHO-(PYHKIIMOHAJIb-
HOI'O COCTOSIHMSI TAMOLIMTOB IOl BO3AEUCTBUEM MOHU-
3UPYIOIIETO U3YYEHUST MOXKHO MOJYUYUTh MMyTEeM HU3yue-
HUSI TMoKaszarejieil MUTOXOHAPUATBLHOIO OKMCICHUS U
TOMNOJIOTMH KJIETOYHOM MTOBEPXHOCTH.

HEJIDb

OueHka BIMSIHUSI OOHOKPATHOTO OOILIETO Y-00Jy4YeHUsT
Ha MOKa3aTeJiMi MUTOXOHAPUAJIBHOTO OKUCJIEHUS U TO-
TTOJIOTUIO TTIOBEPXHOCTU TUMOLIMTOB,

MATEPUAJIBI 1 METO/IbI

PanpoMu3npoBaHHBIM OTOOPOM OBIITO chopMUpPOBa-
HO TpU TPYIIbl XWBOTHBIX: JBE OMNBITHBIX M OAHA
KOHTpPOJIbHAsI II0 5 XMBOTHBIX B KaXIOW TpyIIIIeE.
ONBITHBIX XUBOTHBIX MOABEPIIM OJHOKPATHOMY 00-
memy y-obsiydeHuio (akcno3uiimoHHas nosa 1,0 Ip)
Ha ycraHoBke «UT'YP-1» (ucrounuk *’Cs, MOIIHOCTh
aKCcIo3umoHHOoM 10361 0,92 Ip/MuH). UccaeqoBanus
nposoauau Ha 3, 10, 30 u 60-e cyTku mocie obyye-
HUSI.

CocTosIHH€ SHEePreTUIECKOro 0OMeHa OIpeaeIsid 110
CKOPOCTH MOTPeOeHUST KUCTOPOaa TKaHSIMU TUMYyca Ha
SHAOTeHHBIX cyocTpaTax (Vouy) ¢ MCIOIB30BAHUEM 3aK-
PBITOTO TUIATMHOBOTO 3jeKTpona Kilapka M ycTaHOBKM
Record 4 (UTOb PAH, Ilymuno, Poccus). YyBcTBu-
TEJTbHOCTb METO/Ia TO3BOJISIET OINpeAessaTh KOHIEHTpa-
o Kucjiopona no 1 HM/n. [l 6osee TIOJTHOM Xapak-
TEPUCTUKU COCTOSTHUSI SHEPTeTUIECKOro 0OMeHa n3yJa-
JIN CKOPOCTbh IOTpeOJIeHUsI KUCI0poaa B IPUCYTCTBUU
pazob1uTess TkaHeBoro abixanus (TI) u okucaute b-
Horo dochopunmupoBanusg (OD) 0,1 MM 2,4-mMHUTPO-
denona (Vug). PaccuntsiBanm KoahGULIMEHT CTUMYIIH -
pytomiero neiictBust (CJI) Kak OTHOIIIEHUE CKOPOCTHU
MoTpedJeHUsT KUCIopoa NP MCIOJb30BaHUU pa3o0-
LIUATENIST K CKOPOCTH TTOTpeOIeHUS KUCI0poaa Ha DH/IO-
reHubix cyocrpaTtax (Clluug).

Torojioruio KJiaeToK TUMyca OLEHUBAJIU C ITOMOIIbIO
METOAOB aTOMHO-CUJIOBOW MUKpockonuu (ACM) u
pacTpoOBOM 371€KTPOHHOI MUKpocKonuu (POM).

s mpoBenenust POM ucmonb3oBaan pacTpPOBBIN
aneKTpoHHBIH Mukpockon «VEGA-L-HII» (TESCAN,
Yexus), a ACM-uccienoBaHus TPOBOIWIN C UCITOIb30-
BaHMEM AaTOMHO-CHJIOBOro Mukpockoma <«HT-206»
(«MukpoTectMammnusl», bemapycs). ACM-ckaHupo-

mechanisms of the action of radiation remains an
actual medical and biological problem, the solu-
tion of which opens the prospect of developing a
more effective strategy for the prevention and
treatment of radiation-induced pathology.

From our point of view, the most complete and
integrally description of the structural and func-
tional state of thymocytes under the influence of
ionizing radiation can be obtained by studying the
parameters of mitochondrial oxidation and the
topology of the cell surface.

OBJECTIVE

Assessment of the effect of acute total y-irradiation
to the parameters of mitochondrial oxidation and
the topology of the thymocyte surface.

MATERIALS AND METHODS

The study was performed in sexually mature white
outbreeding male rats. Three groups of animals
were formed by random selection: two experimental
ones and one control group for 5 animals in each
group. Experimental animals were subjected to a
single total y-irradiation (exposure dose of 1.0 Gy)
at the IGUR-1 facility (**’Cs source, exposure dose
rate 0.92 Gy / min). The studies were carried out on
the 3%, 10", 30" and 60" days after irradiation.

The states of energy metabolism were determined
from the rate of oxygen consumption by thymus
tissues on endogenous substrates (Vend) using
Clark’s closed platinum electrode and Record 4
setup (ITEB RAS, Pushchino, Russia). The sensi-
tivity of the method makes it possible to determine
the concentration of oxygen to 1 nM /1. For a more
complete characterization of the state of energy
metabolism, the rate of oxygen consumption in the
presence of a tissue respiration uncoupler (TD) and
oxidative phosphorylation (OP) of 0.1 mM 2,4-
dinitrophenol (Vanp) was studied. The coefficient of
stimulating action (SA) was calculated as the ratio
of the rate of oxygen consumption when using the
uncoupler to the rate of oxygen consumption on
endogenous substrates (SAdnp).

The topology of thymus cells was assessed using
atomic force microscopy (AFM) and scanning
electron microscopy (SEM).

The scanning electron microscope VEGA-L-HII
(TESCAN, Czech Republic) was used for the SEM,
and AFM studies were performed using the NT-206
atomic-force microscope (MicroTestMachines,
Belarus). AFM scanning was carried out in a
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BaHUE OCYIIECTBISIIM B KOHTAKTHOM PEXMME C UCIOJIb-
3oBaHueM uri tuna CSC38 («MicroMashy).

s mogroroBku 06pa3ioB K ACM 1 POM HecKobKo
Kameiab CYCIeH3MM KJIETOK ITOMeIalyd Ha O0e3KMpPeH-
HOE TIpeIMETHOE CTEKJI0, U MHKYOUPOBaIU MPU KOMHAT-
HOI1 TeMItepaType B TeueHue 60 munyt. [Tocie mepuona
MHKYOaIuM KJIETKW ITOABEprajii XMMHYECKON (uKca-
1 1 % rayTapoBbIM albAeruaoM B TedeHue 20 MUHYT.
ITocne xumuyeckoit pukcauu oopa3ibl KIeTOK OTHOK-
paTHO NpoMbIBaiu B pochaTHOM Oydepe U TpoeKpaTHO
B IUCTWUIMPOBAHHOM BOME M BBHICYIIMBAIM Ha BO3IyXe
IpU KOMHATHOM TeMIIepaType.

ITo nanHpiM ACM paccUuTHIBAIM PsIT TTapaMeTPOB,
XapaKTepU3YIOIIUX CTPYKTYPHbIE CBOMCTBA KJIETOK: BbI-
COTY, MKM; AMAMETP, MKM; 00beM, MKM"; TLIOLIAAb CBO-
0OIHOI MOBEPXHOCTU KIIETKHU, MKM?,

CpaBHeHUE CpeIHMX BLIOOPOYHBIX Pa3HBIX BHIOOPOK
MPOBOIMIM C TIOMOIIBIO KpuTepusi MaHHa- YUTHH ISt
HE3aBUCHMBIX II€peMEHHBIX. Paznmuume cpeagHux BbIOO-
POYHBIX IMPU3HABAJIOCH CTATUCTUYECKU 3HAYUMBIM IIPU
p < 0,05. st BBISIBAEGHUSI CTATUCTUYECKM 3HAUMMOTO
pasinurs B BHIOOPOUHBIX XapaKTepUCTUKAX MTapaMeTpOB
IBIXaHUS IIPU pa3HBIX CPOKaX MOCIe 00ydeHsI ObLT C-
nonb3oBaH TecT ANOVA Kpackena-Yonnuca.

PE3VYIJIBTATBI 1 OBCYXK/IEHUE

YpoBeHb 3HEPreTuYecKoro Metadoau3mMa sIBasieTcsl UH-
TerpajibHbIM ITOKa3aTeleM, OMpeaesisiouM (QYHKIIMO-
HaJIbHYI0 aKTUBHOCTb TKaHU, 00Ilee COCTOSTHUE OCHOB-
HBIX MeTa0OJIMIEeCKIX ITyTei 1 IIPOLIeCCOB B KJIeTKe. Ha-
1M KUCCAEAOBAHMS MOKA3aJM, YTO MHTEHCUBHOCTb T]I
TKaHel TUMYyca MHTAKTHBIX MOJIOBO3PEJIbIX KPBIC HA DH-
JoreHHbIX cyocTpaTax (Vsuy) OTHOCHTENILHO BbICOKA
(taba. 1). BeposTHO, 3TO 00YCIOBIEHO BHICOKMM YPOB-
HEM OKCHUTEHAIIUM 3a CUeT MHTEHCUBHOI'O KPOBOCHA0-

Ta6auuya 1

contact mode using needles such as CSC38
(«MicroMash»).

To prepare the samples for AFM and SEM, a
few drops of the cell suspension were then
placed on a defatted slide glass, and incubated at
a room temperature for 60 min. After a period of
incubation, the cells were chemically fixed with
1% glutaraldehyde preparation for 20 min. After
chemical fixation, the cell samples were washed
once in phosphate buffer and three times in dis-
tilled water and dried in air at a room tempera-
ture.

According to AFMdata, a number of parameters
characterizing the structural properties of cells
were calculated: height (h), um, diameter (D), um,
volume (V), um’, free cell surface area (Sca), wm?.

A comparison of the average sample from different
samples was carried out using the Mann-Whitney
test for independent variables. The difference in the
mean sample was considered statistically significant
at p <0.05. To detect a statistically significant differ-
ence in the selective characteristics of breth parame-
ters for different periods after the action of Al, the
Cruskel — Wallis ANOVA test was used.

RESULTS AND DISCUSSION

The level of energy metabolism is an integral
indicator that determines the functional activity
of the tissue, the general state of the main meta-
bolic pathways and processes in the cell. Our
studies have shown that the intensity of TD of the
thymus tissues of intact sexually mature rats on
endogenous substrates (Vend) is relatively high
(Table 1). Probably due to a high level of oxy-
genation due to intensive blood supply, as well as

WHTEHCUBHOCTb TKAaHEBOro AbIXaHWA HA 3HAOrEHHbIX CyOCTpaTax TKaHel TUMYyca B pasHble CPOKU nocne

OAHOKpaTHOro ob6ujero y-o6ny4yenuns B gose 1,0 Ip
Table 1

Intensity of tissue breathing on endogenous substrates of thymus tissues at different times after a single

total y-irradiation at a dose of 1.0 Gy

YpoeeHb T (Vaug), HMOSIb O2 - MuH' - 1 mr 6enka / TB level (Vend), nmol Oz - min'' - 1 mg of protein

Bpems nocne o6nyyeHus, cytku / time after exposure, day

KonTponsb / control

3-n/3"

10-e / 10"

6,6 (5,61-8,10)

3,1 (2,46-3,99) ***

4,5 (3,91-4,64)**

MpumMeyanme. [laHHble NpuBeLeHbl B dopmate: MeamaHa (HUKHUA KBapTub — BEPXHUIA KBApTUIb); * — pasnnyms CTaTMCTUYECKN 3HAYMMbI B CDAaBHEHUW C COOTBETCTBYIOLLMM
napaMeTpoM B KOHTpone, kputepuii ManHa-Yuthn (** p < 0,0005); * — pa3nuums cratucTuyecky 3Haummbl Mexay 3-mu u 10-mu cytkamu nocne 06nyyenus, kputepuii MaHHa-

Yuthm (p < 0,05).

Note. Data are given in the format: median (lower quartile - upper quartile); * — the differences are statistically significant in comparison with the corresponding parameter in the
control, the Mann-Whitney test (** p <0.0005); * — the differences are statistically significant between the 3" and 10" days after irradiation, the Mann-Whitney test (p < 0.05).
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SKEHUsI, a TAKXKe aKTMBHO ITPOTEKAIOIINX SHEpro3arpar-
HBIX TIpolleccoB npojudepannu, MMpdepeHINPOBKU 1
CO3peBaHUs KJIETOK UMMYHHOI CUCTEeMHI [2].

JaHHble TUTEpaTyphl CBUIAETEILCTBYIOT, UTO 1032 00-
nyuyenus 1,0 Ip, BeI3bIBalolias y 4deynoBeka I cTerneHb
KOCTHOMO3TOBOI (pOpMbI JTy4eBoii 00e3HHU [3], He mpu-
BOJIUT K CMJIbHO BBIPaxk€HHBIM ITOCJICACTBUSIM Y KphIC. B
TO X€ BpeMs 3TOH J03bl TOCTATOYHO JIJIsI MPOSIBJICHUS
psiia U3MEHEHWIl B OpraHM3Me J1abopaTOPHBIX KUBOT-
HbIX. Hammm ncciaenoBaHus moKasaiu, 9YTo Ha 3-1 CYTKH
nocijie o0Jyd4eHUsI CKOPOCTb MOTpebJieHUsT KUCJIopoaa
TKaHSIMJ TUMYyca CHMXKaeTcsl 0oJjiee yeM B JBa pa3a 1o
cpaBHeHHIO ¢ KoHTpojieM. K 10-M cyTkam CKOpOCTb
MOTPeOICHUST KUCJIOpOoAa HECKOJIbKO BO3pacTacT IIo
CPaBHEHUIO C IIPEAIISCTBYIOIINM CPOKOM HAOIIONeHMUS,
OCTaBasiICh JTOCTOBEPHO HIMXKE KOHTPOJbHBIX 3HAYEHUI
(Tabu. 1).

Pe3koe cHukeHUe ypoBHST Vouy Ha 3-u U 10-e cyTku
nocJe o0JlydeHUsI yKa3blBaeT Ha 3HAYUTEJIbHOE Hapyllle-
HUE€ CUCTEMBbI KJIETOYHOIO rOMe0cTa3a B TKaHSIX TUMYcCa,
00ycIOBIEHHOE, TIPEX/Ee BCETO, ero BHICOKOM pajinovy-
BCTBUTEJBHOCTBIO (pucC. 1).

YrueTeHre aKTMBHOCTM MeMOpaHOCBSI3aHHBIX (hep-
MEHTOB MOXET OBbITh CJIEICTBUEM KauyeCTBEHHBIX U KO-
JINYECTBEHHBIX M3MEHEHUII MeMOpaH He TOJBKO BCIIE/I-
CTBUE MHUIIAALIMM TIEPEKNCHOTO OKUCIICHUS JIUTINIO0B,
akTuBauuu ¢ocdoaumas, MOAYIMPYIOIIUX UX arperar-
HBIE CBOWCTBA M T. 1., HO U OOYCJIOBJIEHO (hOPMUPYIO-
IIMMCS HU3KO3HEPTeTUYECKUM COCTOSIHMEM KIIETOK W

active energy-consuming processes of prolifera-
tion, differentiation and maturation of cells
immune system [2].

The literature data indicate that the dose of 1,0
Gy irradiation, which causes a first degree of
bone marrow form of radiation sickness in a
human [3], does not lead to severe consequences
in rats. At the same time, this dose is sufficient for
the manifestation of a number of changes in lab-
oratory animals. Our investigations showed that
on the third day after irradiation, the rate of oxy-
gen consumption of the thymus tissues decreases
more than twice as compared with the control.
By the 10th day, the rate of oxygen consumption
slightly increases compared to the previous obser-
vation period, remaining significantly lower than
the control values (Table 1).

By the 30" day after the total acute y-irradiation
of animals, the level of oxygen consumption on
endogenous substrates (Vend) in thymus tissue is
restored to normal values, and by the 60™ day sig-
nificantly exceeds the control level (Figure 1).

Thus, the inhibition of the activity of mem-
brane-bound enzymes can be a consequence of
qualitative and quantitative changes in mem-
branes, not only because of the initiation of lipid
peroxidation, activation of phospholipases, mod-
ulating their aggregate properties, etc., but also
due to the emerging low-energy state of cells and

10—
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PucyHOK 1. luHaMMKa U3MEHEHUI MHTEHCUBHOCTU TKAHEBOrO0 AbIXaHWUA HA IHAOreHHbIX Cy6CTpaTax TKaHew
TUMyCa B pa3Hbie CPOKMU NoC/Ie ORHOKPATHOro obuiero y-o6ny4eHus B pose 1,0 Ip.

Tect ANOVA Kpackena-Yonamca cBMOeTENbCTBYET O HAIMYMN CTATUCTUYECKN 3HAYMMON 3aBUCUMOCTU MEXAY CPOKaMm
nocne 06/ly4eHnst U CKOPOCTbIO 3HAOMEHHOr0 AbIXaHUS.

Figure 1. Dynamics of changes in the intensity of tissue breathing on endogenous substrates of thymus tis-

sues at different times after a single total y-irradiation at a dose of 1.0 Gy.
An ANOVA Kraskel-Wallis test indicates a statistically significant relationship between the time after irradiation and the rate
of endogenous respiration.
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nedunrutoM B HUX Makpoapros. K 30-m cyTkam mocie
OJTHOKPATHOTO OOIIIero Y-00JydYeHUsI XUBOTHBIX YpO-
BeHb MMOTpeOJIeHUS KMCI0POAa Ha 9HIOTeHHbIX CyOCTpa-
TaX (Vsuz) B TKAHU TUMYCa BOCCTaHABIMBAETCS IO HOP-
MaJIbHBIX 3HAYE€HU, a K 60-M CyTKaM JOCTOBEPHO Ipe-
BBILIAET YPOBEHb KOHTPOJs (puc. 1).

Takast mMHAMUKA BOCCTAHOBJIEHUS Vs OOBSICHSIETCS
HE TOJbKO YBEJUUYEHUEM KOJMYECTBA U aKTUBHOCTHU
(bepMeHTOB, yJacCTBYIOIIMX B IOCTIyUeBOI pemapaluu
TKaHEW TUMyca, HO U CTUMYJISILINE B HEM MepPeKUCHBIX
npoiieccoB. CHmkeHMe cTertieHn conpsizkennst T u OD
M HapacTaHHue MPOLECCOB Pa3o0IeHMsT B 3TOI CUCTeMeE
saBJigeTCsT 3(PPEKTUBHBIM CIIOCOOOM ITPOTHUBOCTOSIHUSI
MOBPEXKIAIOIIEMY OSUCTBUSI IIEPOKCUIHBIX IIPOIIECCOB,
0 UYeM KOCBEHHO CBMIETEJIbCTBYET AMHAMMKa MU3MEHE-
Huil Cl g (TAOMI. 2).

Takum o0Opa3oM, HopMaau3auus YpOBHSI V,u; Ha
30—60-e CyTKM CONPOBOXIAETCSI HEMOJHBIM BOCCTa-
HOBJeHUEM cucteMbl TI TKaHel TUmyca 00JIyUYeHHbIX
>KMBOTHBIX, UTO, BEPOSITHO, CBUAECTEJILCTBYET O HATUUMNU
HU3KO3HEPIeTUYECKOTO COCTOSTHUS TKaHMU.

Hannbsie ACM u POM Kj1eToK TUMyca JaioT BO3MOX-
HOCTb OILICHUTb OCOOEHHOCTHM TOIIOJIOTMU KJIETOYHOM
MOBEPXHOCTU M HaJW4YMe XapaKTePHBIX CTPYKTYPHBIX
oOpa3oBaHMii B nepudeprudeckoit odaactu — ¢GuIoIno-
Iui (puc. 2).

YCcTaHOBIIEHO, YTO HAa 3-M CYTKHU MOCJIEe OAHOKPAaTHOIO
00111ero Y-001y4eHus KUBOTHbIX B fo3e 1,0 Ip, y TuMo-
LIUTOB, B 30HE aATre3UH, IIOJTHOCThIO OTCYTCTBYIOT (hHIIO-
nonuu (puc. 2 b).

B aTu ke cpoku HabogaeTcsl CyleCTBEHHOE YMEHb-
ILIEHHE ITapaMeTPOB TUMOLIMTOB; BBICOTHI KJIETOK — 00-
Jiee, UueM B TpM pasza, oobema — 6oJiee, ueM B 4 pasa, Iio-
1aau cBOOOIHOM MOBEPXHOCTU — B 2 pa3a (Tadi. 3).

Ha 10-e cytku mociie o0aydeHnsT OOJBITMHCTBO MU3Y-
yaeMbIX MOpP(OJOrnyecKux IapaMeTpoB THUMOIIMTOB

Ta6nauua 2

the lack of macroergs in them. By the 30" day
after the single total y-irradiation of animals the
level of oxygen consumption on endogenous sub-
strates (Vend) in thymus tissues is restored to nor-
mal values, and to 60" day significantly exceeds
the level of control (Fig. 1).

This dynamics of Vend’s recovery is explained not
only by the increase in the number and activity of
enzymes involved in post-radial repair of thymus
tissues, but also by the stimulation of peroxide
processes in it. Reduction in the degree of conju-
gation of TD and OF and the growth of dissocia-
tion processes in this system is an effective way of
counteracting the peroxide processes damaging
the action, which is indirectly evidenced by the
dynamics of changes in CBgyr (Table 2).

The normalization of the Venqg level on 30—60™
days is accompanied by an incomplete restoration
of the TB system of the thymus tissues of irradiat-
ed animals, which probably indicates the pres-
ence of a low-energy tissue state.

The ACM and SEM of thymus cells make it
possible to evaluate the features of the topology of
the cell surface and the presence of characteristic
structural formations in the peripheral region —
filopodia (fig. 2).

It was established that on the 3™ day after a sin-
gle total gamma irradiation of animals at a dose of
1.0 Gy, in the thymocytes, in the adhesion zone,
there are no filopodia completely (Fig. 2B).

At the same time, a significant decrease in thy-
mocyte parameters were observed: cell height
more than three times, volume more than 4
times, free surface area — in 2 times (Table 3).

On the 10" day after irradiation, most of the
studied morphological parameters of thymocytes

WHTEHCUBHOCTb TKAHEBOr0 AbIXaHWA HA 3HAOrE€HHbIX CYy6CTpaTax TKaHel TMMYCa B pa3Hble CPOKU NOC/Ie OAHOK-
patHoro o6uero y-o6nyyenus B po3e 1,0 p npu ucnonbzoBanuu pasobwmutens - 2,4-guHutpodenona (Chaug)

Table 2

Intensity of tissue respiration on endogenous substrates of thymus tissues at different times after a single
total y-irradiation at a dose of 1.0 Gy using the uncoupler - 2,4-dinitrophenol (SAqnp)

Chang / SAdnp

Bpems nocne o6nyyeHus, cytku / time after exposure, day

KouTtpons / control 3

30 60

(1,2-1,5) 1,4 (1,5-1,9) 1,6*

(1,1-1,2) 1,2

(0,8-1,1) 0,9* (0,8-1,1) 1,0*

Mpumeyate. [JaHHble npuBeaeHbl B GopMare: MeayaHa (HUKHUI KBapTuilb — BEPXHUI KBAPTWb); * — Pasfinims CTaTUCTUYECKN 3HAYUMBI B CPABHEHWW C COOTBETCTBYIOLIMM

napameTpoM B KOHTpone, kputepuii MaHHa-Yutm (* p < 0,05).

Note. Data are given in the format: median (lower quartile - upper quartile); * — the differences are statistically significant in comparison with the corresponding parameter in the

control, the Mann-Whitney test (* p < 0.05).
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PUCYHOK 2. TumouuTbl Kpbicbi: KoHTponb (A), 3-u (B) u 10-e (B) cyTku nocne 0AHOKPATHOro TOTaNbHOIO Y-
o6nyyenus B pose 1,0 Ip. 9 x 9 Mkm, PIM.

Figure 2. Rat' thymocytes: control (A), 3™ (B) and 10™ (C) day after single total y-irradiation at a dose of 1.0
Gy. 9 x 9 um, SEM.

BOCCTaHaBJIMBACTCS OO0 KOHTPOJBHBIX 3HaueHUii. Toab-  are restored to control values. Only the volume of
KO 00beM TMMOIINTOB HE3HAUYMTENILHO Bo3pacTaiommii, thymocytes is slightly increasing, compared to 3
110 CpaBHEHMIO ¢ 3-MU CYTKaMU ITocjie 00aydeHus1, octa-  days after irradiation, remains significantly lower
€TCsl TOCTOBEPHO HUXKE KOHTPOJIbHBIX 3HaueHuii. Takoe  than the control values. Such incomplete corre-
HEIIOJIHOE COOTBETCTBME Mopdoormyecknx mapamer- — spondence of morphological parameters of thy-
POB TUMOILIMTOB KOHTPOJBHBIX M OOJNIyIEHHBIX XKMBOT-  mocytes of control and irradiated animals, appar-
HBIX, TIO-BUAMMOMY, CBSI3aHO CO CTaausIMM BocCTaHOB-  ently, is associated with the stages of restoration of
JleHus: auMmdornonsa. 1o naHHBIM JuTepaTyphl u3BecT-  lymphopoiesis. It is known from the literature that
HO, 4T0 K 10-M cyTKaM T1ociie oonydeHUS aktuBupytor- 10 days after irradiation, the processes of post-
¢S TIPOLIECCHI TTOCTIIYIeBOTO BOCCTAHOBUTENIbHOTO TMM-  radiation restorative lymphopoiesis are activated
¢omonza 3a cyeT 3MMMUHALMU Haubojiee paguouyB- by eliminating the most radiosensitive population
CTBUTEJILHOU MONYJISILMU U TTosIBIeHUsI Oosiee paauope-  and the appearance of more radioresistant thymo-
3WCTEHTHBIX TUMOIIMTOB. DTO OOBSICHSET ycTaHOBIeH-  cytes. This explains the established fact of the cor-
HEBIN B paboTe hakT COOTBETCTBUS psima Mmopdoiorudec-  respondence of a number of morphological
KMX MapaMeTpoB TUMOILIUTOB XMBOTHBLIX Ha 10-¢ cyrku  parameters of thymocytes of animals on the 10th
rnocJyie o0MyYeHMsT KJIeTKaM HeoOJlydeHHbIX (KOHTpoJib-  day after irradiation to the cells of unirradiated
HBIX) )KMBOTHBIX (TabI. 3). (control) animals (Table 3).

Ta6amua 3
Mopdonoruyeckue napameTpbl TAMOLUTOB KPbIC B B Pa3Hble CPOKU NOCJIE€ OAHOKPATHOrO 06Lero y-06yyeHus
B ose 1,0 Ip

Table 3
Morphological parameters of rat thymocytes at different times after a single total y-irradiation at a dose
of 1.0 Gy
NapameTpyi / parameters KoHTpons / control Bpems nocne o:nyqeuua, cytku / time after e;(gosure, day
Beicota, mkm / Height, um 2,53 (2,32-2,66) 0,78** (0,62-1,24) 2,33+ (1,77-2,45)
Jvawmetp, mkm / Diameter, um 6.87 (6.31-7.63) 6.36 (4.92-7.49) 6.26 (5.28-8.08)
O6bem, Mkm3 / Volume, pim? 59,77 (49.85-73.09) 13.03** (8.39-23.90) 41.32** (39.16-57.56)
Mnotwaab CBOBOAHONM NOBEPXHOCTH, MKM? 58.10 (53, 91-72,80) 35.79** (23,19-,18) 46.75 (35,84-3,85)

Free surface area, um?

Mpumeyanme. [laHHble NpuBefeHbl B GpopmMate: MeavaHa (HUXHUIA KBapTUib — BEPXHUIA KBAapTWMb); ** — pa3nnyms CTaTUCTUYECKM 3HAYMMbI B CPABHEHWM C COOTBETCTBYIOLVM
napaMeTpoM B KOHTpone, kputepuii MaHHa-Yuthn (* p < 0,005); ** — pasnuuus CTaTMCTMYECKM 3HAYMMbI B PasHble CPOKM nocre 06nyyeHus, kputepuii ManHa-Yuthu (p < 0,005).
Note. Data are given in the format: median (lower quartile — upper quartile); ** — the differences are statistically significant in comparison with the corresponding parameter in the
control, the Mann-Whitney test (* p < 0.005); *+ — the differences are statistically significant at different times after irradiation, the Mann-Whitney test (p < 0.005).
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BbIBO/IbI
[TomydyeHHbIE JaHHBIC OTPAXKAIOT Y YTOUHSIIOT MEXaHMU3-
MBI TIOCTJIYYEBOI perapanuu JUMQOII033a, ITOKa3bIBast
HaJu4yue COIIPSDKEHHBIX M3MEHEHMI MapaMeTpoB as-
POOHOrO 3HEPreTMYECKOro OoOMeHa THMMOLIMTOB, MOp-
(oIoruM M TOMONIOTUM UX TOBEPXHOCTH.
CHHXPOHHOCTh M3MEHEHMII M3y4aeMBIX I1apaMeTPOB
SIBJISTIOTCST OTPaXKEHUEM COCTOSTHUSI LIMTOCKeeTa, (PYyHK-
LMOHAIbHAsl aKTUBHOCTb KOTOPOTO BO MHOTOM 3aBHUCHUT
OT ypoBHS U 3(pGEeKTUBHOCTH MUTOXOHAPUAIBLHOIO
OKUCJICHUSI.
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CONCLUSION
The obtained data reflect and refine mechanisms
of post-radiation repair of lymphopoiesis, showing
the presence of conjugate changes in the parame-
ters of aerobic energy metabolism of thymocytes,
morphology and topology of their surface.
According to the authors, the synchronism of the
changes in the parameters under study is a reflec-
tion of the state of the cytoskeleton, the function-
al activity of which largely depends on the level
and efficiency of mitochondrial oxidation.
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