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Pe3iome. M3BeCTHO, YTO T’MIOKCHSI B3AMMOCBsI3aHA C BOCITAJIEHUEM, a TSKECTh TeYSHUs BOCIIAIUTEIbHBIX
3a00JIeBaHNIT BO MHOTOM 3aBUCHUT OT WHIWBUIYAJIbHON YCTOMYMBOCTU K HEAOCTATKy Kuciiopoma. dakrop,
WHAyHpyeMbIii rutokcueii, — HIF-1, peryimmpyer (yHKIIMOHAIBHOE COCTOSTHHE TUMYCA, a €T0 aKTUBHOCTH
pa3nvacTcsl y OpraHM3MOB C pa3HOM YCTOMYMBOCTBIO K TMIIOKCUM. BeposTHO, pa3inyus B MHAWBUIYAIb-
HOM YCTOMYMBOCTU K TMIIOKCHU M CBSI3aHHOM ¢ HUMU (DYHKLIMOHaIbHOI akTuBHOCTM HIF-1 MoryT BIusiTh
Ha TSDKECTh TEUCHMS BOCHAJINTEIIBHBIX 3a00JIEBAaHMI, TAKMX KaK OCTPHIMA W XpOHWYCCKUI SI3BEHHBIN KOJIUT.
Llenp nccltenoBaHUs — OXapaKTepu30BaTh MOP(MOIOrMUeCKIe N3MEHEHUST TUMYca IIPA OCTPOM U XPOHUUE-
CKOM KOJIUTE Y JKUBOTHBIX C PA3HOM YCTONYMBOCTBIO K TUIIOKCHU. YCTOMYMBOCTh caM1IoB Mblieit C57Bl/6
TUITOKCUY ONPEACSIISIIIN 10 «BPEMEHHU XXMN3HW» XUBOTHBIX «Ha BeIcoTe» 10000 M B 6apokamepe. Yepes mecsin
TOCJIe OTpeaeNICHUS] YCTOMYNBOCTUA K TUITOKCUM SKMBOTHBIM MOACIUPOBAIN OCTPHIA KOJIUT ITyTeM 3aMCHBI
MUTHEBOM BOABI HA 1,5%-HbIil BOOHBIN pacTBOpP JeKCTpaHCyIb(ara HATpUsS Ha 5 CYTOK, JKUBOTHBIX BBIBO-
UM U3 DKCIIEpUMEHTa Ha 7-¢ CyTKU. XPOHUUYECKUI KOJIUT MOACIUPOBAIN MyTeM NOTPeOJIeHUS SKUBOTHBI -
mu 1%-HOro BOOZHOTO pacTBOpa JeKCTpaHCy/abdara HaTpus Ha 1-4-e, 12-14-e u 22-26-e CyTKU, XUBOTHbBIX
BBIBOIMJIM U3 dKCIlepuMeHTa Ha 60-e cytku. [IpoBonwin 3a60p TUMyca, Ha TMCTOJOIMYECKUX IIpernaparax
OLICHUBAI OOBEMHYIO JOJIO CTPYKTYPHO-(PYHKIIMOHATBHBIX 30H TIOJ CBETOBBIM MUKPOCKOITOM METOIOM
TOYeyHOro cyeta. OLEHUBAIM OTHOCUTEIbHOE KOJIMYECTBO PA3HBIX TUIIOB TUMUYECKUX TEJICL: COCTOSIINX
U3 3-5 KIIETOK, 5 1 6oJjiee SIUTEINAIbHBIX KJIETOK, C OTJIOXKECHUSIMU KepaToTHaliHa U TUMUYECKUX TeJlell B
BUJIE KMCTOITOMOOHBIX TToJIocTeil. [ToKa3aHO, YTO IIPU OCTPOM KOJIMTE B TUMYCE TOJIBKO Y HU3KOYCTOMUMBBIX
K TUITOKCHHY MBIIIEH HaOII0MaI0Ch CTATUCTUIECKN 3HAYMMOE CY;KeHME KOPKOBOTO BEIIIECTBA U YBEJIMUCHUE
KOJIMYECTBa TUMUYECKHUX TeJICLl, COCTOSIIMX 13 5 1 6oJiee KiieToK. [1py XpOHUYECKOM KOJIMTE TOJIBKO Y HU3-
KOYCTOMYMBBIX K TMIIOKCUM XKUBOTHBIX IO CPABHEHUIO ¢ KOHTPOJIbHOM I'PYMIIOi CTATUCTUYECKU 3HAYMMO
MOBBIIITAIACh OOBEMHAS JTOJISI KOPKOBOTO BEIIECTBA M OTHOIIEHHE KOPKOBOTIO BEIIECTBA K MO3TOBOMY. Y
HU3KOYCTOMYMBBIX K TUTIOKCUH MBIIIEH YBEININBAIIOCH KOJITMUECTBO TeJIell ¢ KepaTOrMaJIMHOM. Y BBEICOKO-
YCTOMYMBBIX K TMITOKCUM KMBOTHBIX MTOKA3aTe/X He U3MEHSUIMCh. TaKMM 00pa30M, BBISIBJICHBI pa3IM4us B
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peakuuy TUMyca Ha pPa3BUTHUE OCTPOTO U XPOHMYECKOrO SI3BEHHOIO KOJIUTA MEXIY BHICOKOYCTOMYMBBIMU
M HU3KOYCTOMYMBBIMU K THIIOKCUU XUBOTHBIMU. TOJBKO Y HU3KOYCTOMUMBBIX K TMITOKCUM MBbIIIEH MpU
OCTPOM KOJIUTE HAOIIOIAeTCs Cy:KEHHE KOPKOBOTO BEIIECTBA, CBUAETEILCTBYIOIIEE O PA3BUTUU aKIUACH-
TaJIbHOM MHBOJIOLNN, a IPU XPOHUYECKOM KOJIUTE — TUTIEPILIAa3Us KOPKOBOTO BelllecTBa TuMyca. I[lomyueH-
HbIE TaHHbIE HEOOXOIMMO YUYUTBLIBATh IIPU IIPOBEAEHNUU 9KCIIEPUMEHTAIbLHBIX NCCIIENOBAHUI TUMYCA.

Karouesuie crosa: mumyc, ocmpbu? Koaum, XpOHH‘teCKLIL? Koaum, ycmoimueocmb K eunokcuu, eocnansenue, molulu

THYMUS MORPHOLOGICAL CHARACTERISTICS IN ACUTE
AND CHRONIC COLITIS IN ANIMALS WITH DIFFERENT
HYPOXIA TOLERANCE

Dzhalilova D.Sh., Tsvetkov LS., Makarova O.V.

Avtsyn Research Institute of Human Morphology, Petrovsky National Research Centre of Surgery, Moscow, Russian
Federation

Abstract. Hypoxia is connected with inflammation, and the severity of inflammatory diseases predominantly
depends on individual tolerance to oxygen deficiency. Hypoxia-inducible factor, HIF-1, regulates the thymus
functional state, and its activity varies in organisms with different hypoxia tolerance. It is likely that
differences in individual hypoxia tolerance and the associated HIF-1 functional activity may influence the
inflammatory diseases severity, such as acute and chronic ulcerative colitis. The study aim is to characterize the
thymus morphological changes during acute and chronic colitis in animals with different hypoxia tolerance.
The hypoxia tolerance of male C57B1/6 mice was determined by “gasping time” at an “altitude” of 10,000 m
in a decompression chamber. A month after determining hypoxia tolerance, the animals were modeled as acute
colitis by replacing drinking water with a 1.5% dextran sulfate sodium for 5 days; the animals were removed
from the experiment on the 7" day. Chronic colitis was modeled by animals consuming a 1% dextran sulfate
sodium on days 1-4, 12-14 and 22-26; animals were removed from the experiment on the 60" day. The volume
fraction of thymus structural and functional zones was assessed using the point counting method. The relative
number of different thymic bodies types was assessed: consisting of 3-5 cells, 5 or more epithelial cells, with
keratohyalin deposits and thymic bodies in the form of cyst-like cavities. During acute colitis, in the thymus
only in susceptible mice, there was a significant cortex narrowing and an increase in the number of thymic
bodies consisting of 5 or more cells. In chronic colitis, only in susceptible animals in comparison with the
control group, the cortex volume fraction and the cortex to the medulla ratio increased significantly. In
susceptible mice, the number of bodies with keratohyalin increased. In tolerant animals, the indicators did
not change. Thus, differences in the thymus response to acute and chronic ulcerative colitis were identified
between tolerant and susceptible to hypoxia animals. Only in susceptible mice, in acute colitis, was observed
cortex narrowing, but in chronic colitis, cortex hyperplasia. The data obtained must be taken into account
when conducting experimental studies of the thymus.

Keywords: thymus, acute colitis, chronic colitis, tolerance to hypoxia, inflammation, mice

Pabora BEIMOTHEHA B paMKaX TOCYIapCTBEHHOTIO
samanug Ne 122030200530-6 «Kiaerounbie u mMoJie-
KYJISIPHO-OMOJIOTUYECKUE MEXaHW3MBbI BOCHAJICHUS
B PasBUTHM COLIMAJIBHO 3HAYMMBIX 3a00JIEBaHUI Ye-
JIOBEKa».

BeeneHue
WM3BecTHO, 4YTO TPaHCKPUILIMOHHEIN (akTop,
nHayuupyemblii runokcueit, — HIF-1 (Hypoxia-

Inducible Factor-1), akTuBalusi KOTOpOro HaoOJ1O-

JlaeTcsl TPU HEeAOCTaTKe KUCI0pOoAa, B3aUMOCBSI3aH
C BOCITAJIUTEJIbHBIMMU TIpOLiecCaMU, IMTOCKOJIbKY B3au-
MomeicTByeT ¢ ssmepHbIM (pakTopoM NF-kB (Nuclear
Factor-kB), perynupytommm BocmaneHue [20, 25].
IMoBeimienue aktuBHoct HIF-1 u NF-«xB BbIsiBiie-
HO, B YaCTHOCTHM, MIPU TaKOM BOCHAJIMTEIbHOM 3a00-
JIEBaHWU, KaK sA3BeHHBII KoauT [13, 14]. HIF xoH-
TpoJIMpYyeT (YHKIIMOHUPOBAHNE UMMYHHBIX KJIETOK,
U MOXKET CIOCOOCTBOBAaTh KaK IMPOBOCIAIUTEIbHO-
MY, TaK 1 TPOTUBOBOCIIAJIUTEILHOMY OTBeTY. B KJteT-
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Kax BpOXXJIEHHOTO U aganTuBHOro umMmmyHutera HIF
ctumynupyet raukonuns [28]. HIF-onocpenoBaHHbBIM
IJIMKOJM3 CBSI3aH ¢ auddepeHIUpoBKO U pas-
Butuem T- u B-nmumdponuros. B T-knerkax HIF-
3aBUCHMast MHAYKIINS TJIMKOJIN3a CBI3aHa ¢ aKTUBa-
nueid u nuddepeHIIMPOBKON pa3IMYHbIX MTOATUIIOB
T-mamdonuToB, a TakKe ¢ BIMSHAEM Ha UX IIUTO-
TOKCUYHOCTb U NaMsTh [20]. YcTaHOBIEHO BAUSIHUE
HIF-1 na T-peryngropHble JTUM®OLUTHI, nudde-
PEHLIMPOBKA KOTOPBIX Mpoucxonut B Tumyce. HIF-1
YCUJIMBAET OMOCPEAOBAHHBINM Kacrasoii-8 arornro3
TUMOLIMTOB, UTO OMpPEAENsieT MPOLIECChl CEeJeKIUU
T-numponumros [7, 18].

CTepeoTUITHbIE peakluu TUMyca Ha pasiuy-
HbIe OCTPbI€ U XPOHWYECKUE BOCHAJMUTEIbHBIC 3a-
6oeBaHUSI MOP(OJOTMIECKU TIPOSIBIISTIOTCS aKIIM-
JNeHTaJabHOU MHBoMOLMeH [17, 19]. B tumyce mpu
aKIMOCHTAIILHONM WHBOJIONWN HAOJIOHAaeTCSI IIpO-
rpeccupylolliee CHUXXEHHE ero Macchbl U U3MEHEHUE
(YHKIIMOHAILHONM aKTUBHOCTH SMIUTCIUATBHBIX W
JTUMAOONIHBIX KiaeToK [22, 26]. TsxkecTh Bocmaau-
TEJIBHOTIO IIpoIlecca, a TaKKe HMCXOOHOe TeHodde-
HOTUITMYECKU OOYCITOBJIEHHOE (DYHKIIMOHAJTIBHOE
COCTOSIHUE MMMYHHOM CHCTEMBI OIIPEICISIOT BbI-
PaXk€HHOCTb aKI[UI€HTATbHOU WHBOIIOLIMU TUMYCA.

OpraHu3mbl pasUyvaroTCsl I0 YCTOMYMBOCTH K
TUMOKCUU, YTO COIPOBOXIAETCS Pa3HbIM YPOBHEM
askcrnipeccun HIF-1, aktuBHOCTU (DEpMEHTOB aHTU-
OKCUIAHTHOW 3aIlUThI, OCJIKOB TEIUIOBOTO IMOKa W
ap. [4, 10, 11, 12, 24]. PaHee HaMu mOKa3aHO, YTO KaK
OCTpBIii, TAK M XPOHUYIECKUN KOJIMT IIPOTEKACT TSKe-
see y Hu3KoyctoituuBbix (HY) K runokcuu melieit mo
CpaBHEHUIO ¢ BeICOKOycToumBRIMU (BY) [2, 3]. OT0
MOXET OBbITh OOYCJIIOBJIEHO OCOOEHHOCTSIMM PeaKInii
MUMMYHHOI CHCTEMBI, ITO3TOMY 1IEJIbI0 JaHHOTO HC-
cJieoBaHUs ObLTO oXapaKTepu3oBaTh MopdoJiornye-
CKH1E U3MEHEHMSI TUMYCa ITPU OCTPOM 1 XPOHUYECKOM
konute y BY u HY K runokcuu Moliieii.

Matepuansl n MeTogbl

WccnenoBaHre BBITIOJTHEHO Ha caMIilax MBbIIIEH
C57Bl/6 (n = 80) B Bo3pacTte 1,5-2 Mecsilia, Maccoi
Tena 20-25 1, ¢ cobmoneHueM npuHUMnoB EBporneii-
CKOIl KOHBEHLMHU O 3allUTe MO3BOHOUHBIX XXUBOT-
HBIX, NICTIOJb3YeMBIX IS 9KcTtepuMeHToB (ETS 123,
Crpac0Oypr, 1986), u nupektuBsl EBporieiickoro nmap-
namenTta u Coseta EBporneiickoro Coro3sa (2010/63/
EU, Crpacoypr, 2010). Ha npoBeneHue skcrnepu-
MEHTOB ObLIIO MOJIy4eHO pa3pelleHrne OM03TUUYECKO
komuccut ®I'BHY HUUMY um. akan. A.I1. ABLbI-
Ha Ne 33 (9) ot 7 dbeBpans 2022 1.

s oripenesieHns yCTOMYMBOCTA K HEIOCTATKY
KHUCJIOpOo/a MBIIIEH IMOMEIai B BEHTUJIUPYEMYIO
Oapokamepy B YCJIOBUSI, COOTBETCTBYIOIINE KPUTH-
yeckoii «BbicoTe» 10000 M [29], ckopocThb MoabeMa
coctaBuia 80 M/c, TemmepaTypa OKpyxKarolleil cpe-

opl 20-22°C. Onpenelstiin «BpeMsI KU3HW» MBITIeH
B OapokaMepe, KOTOpOe COOTBETCTBYET BPEMEHM OT
MOMEHTA IMOoIbeMa XMBOTHOTO Ha «BBICOTY» 110 TIPH-
HATUS UM OOKOBOTO TIOJIOXeHUs. MBbIIIeit, «BpeMs
KU3HW» KOTOPBIX ObLTO 0onee 10 muHyT (n = 30),
onpenesnstiiv Kak BY k runmokcuu, a Tex, y KOTOPbIX
«BpeMsI KU3HU» ObUTO MeHee 3 MUHYT (n = 22), — KaK
HY. CpegHeycTOiMYMBBIX K HEAOCTATKY KUCJIOpOAa
SKMBOTHBIX CO «BPEMEHEM XKU3HU» OT 3 10 10 MUHYT
B 9KCMEPUMEHTHI HE BKITIOYAIIH.

MpIlIaM TPOBOAMIIM MOJIEIMPOBAHUE OCTPOTO U
XPOHUYECKOTO SI3BEHHOTO KOJIUTA Yepe3 OJMH MECI]
mocjie ompeneyieHUusl YCTOMIMBOCTU K HEIOCTaTKY
kuciaoponaa [5]. B ombiTHBIe Tpynnbl BKIoyaau 20
BY u 12 HY k runokcuu xxkuBoTHbix (BOK u HOK).
OcTpblil KOMUT [23] MOoAEIUPOBAIN TIYyTEM 3aMEHbBI
NUTHEBOM BOABI Ha 5 cyToK Ha 1,5%-HbIii BOIHBIN
pactBOp nekcrpaHcyibdara Hatpus (JJCH, M, 40
k[a). BY u HY K runokcuu Mblilid KOHTPOJbHBIX
rpynn (BK n HK) monyganm nutbeByio Bomy. 2Kui-
BOTHBIX BBIBOAWJIM U3 9KCIIEPUMEHTA Mo 3(UPHBIM
HapKO30M Ha 7-& CYTKM MyTeM IePBUKAJIBHOU TUC-
JoKauyn. XpOHUYECKU1 I3BEHHBIN KomuT [21] Mo-
JIeJIMPOBAJIM C UCHOJb30BaHUEM 1%-HOro BOIHOTO
pactBopa JCH. OnpbitHbie rpynmnsl BY u HY k ru-
nokcum Mmbireir (BXK m HXK) BMecTo muTheBoOit
Boabl nonydanu JCH Ha 1-4-e, 12-14-¢ n 22-26-¢
cytku. BK 1 HK K runokcuu XuBOTHBIE MOJTYYaIu
TMUTHEBYIO BOAY B TCUCHME BCETO MCCaeaoBaHUA. 2K11-
BOTHBIX BBIBOAWJIM U3 9KCIIEPUMEHTA Mo 3(UPHBIM
HapKo30M Ha 60-¢ CyTKU IyTeM LIePBUKAJIbHOM JTMC-
nokanuu. [IpoBoguim 3a60p TuMyca, (GUKCHUPOBATINA
ero B xunkoctu bysHa. Ilociie rucrojiornueckoit
MPOBOAKW TOTOBUJIM CPe3bl, OKpAIIMBAIN UX reMa-
TOKCWJIMHOM ¥ 303WHOM. Ilom CBETOBBIM MHMKpPO-
ckonom Leica DM2000 (IepmaHusi) npu yBeauue-
Hur 200x Ha TMCTOJIOTMYECKHUX Tperaparax TUMyca
B IISITU TOJISIX 3pSHMS OLICHUBAJIM OOBEMHYIO JTOJIO
CTPYKTYPHO-(DYHKIIMOHATBbHBIX 30H METOJOM TOUYEU -
Horo cueTa [ 1], mpu yBennuenuu 400x aHanu3upoBa-
JIA COOTHOINIEHNE TUMUICCKUX TEJICIl Pa3HBIX TUIIOB:
COCTOSIILIMX M3 3-5 KJIETOK, M3 5 u 0oJjiee DIUTEIIM-
aJIbHBIX KJIETOK, C KEPATOTMAJIMHOM M TUMUYECKUX
Tesel B BUAC KUCTOMOTOOHBIX TTOJIOCTE.

IMonyyeHHble JaHHBbIE 0O0padaThIBaIu B IpOrpamM-
Me «Statistica 8.0», aJ1s1 onpeaeseHUsI XxapakTepa pac-
npenesieHus TToKa3aTelei NCITOJIb30BaI KPUTEPUit
Konmoroposa—CmupHoBa. [lokazaTenu ObLin pac-
npeaejieHbl HEHOPMalbHO, O3TOMY JOCTOBEPHOCTD
pas3IMUYUii MEXIYy HUMHU OIIPEACISIIA C ITOMOIIBIO
HerapaMeTpUYeCKUX KputepueB MaHHa—YUTHH,
Kpackena—Yonnuca u JaHHa. JlaHHbIe BbIpaxkasu
B BUIEC MeOWaHbl M WHTEPKBApPTWILHOIO pa3Maxa
Me (Qq15-Qq75)%. Paznumuns cuutanu craTucTuye-
cku 3HauuMbIMU Tipu p < 0,05.
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PesynbTaTthl 1 06CyXaeHMe

Panee HaMu moka3aHoO, YTO Ha 7-€ CYTKHU MOCJe
norpedaeHus 1,5%-Horo BomHoro pactBopa JICH
B TeyeHue 5 cyrok y BY u HY k runokcum mblieit
C57Bl/6 pa3BuBaeTCs OCTPBIM KaTapaJbHO-SI3BEH-
HBIU KOJUT, IPX 3TOM €ro TeUueHHe 0oJjiee TKeIoe y
HY xuBoTHbIX [2]. U3BeCTHO, 4YTO BOCTIAJIUTEIbHbIN
poliecC B 000I0UYHOM KUIIIKE ITPU OCTPOM KaTapasib-

HO-SI3BEHHOM KOJIUTE€ COYeTaeTCsI C CHUCTEMHBIMU
MPOSIBJICHUSIMU BOCHAJIUTEIBHOIO OTBETa, a TakKXKe
pPEaKTUBHBIMU M3MCHCHUSIMHU B IIEHTPAJIBHBIX U TICe-
pudepuIecKUX opraHax UMMYHHOM cUcTeMbl [6, 15].

Hamu mokaszaHo, uto B TuMyce Toabko y HOK
K TUITOKCUU MBIIIIeil HAOJIIOAaTI0Ch CTaTUCTUYCCKU
3HAYMMOE CYyXXEHHE KOPKOBOro BellecTBa (puc. I,
CM. 2-10 cTp. 000kKM; Taba. 1). KonudecTBo u pas-

TABINLIA 1. MOP®OMETPUYECKUE MOKASATENM OB EMHOW JONU CTPYKTYPHO-OYHKLUMOHANBHbIX 30H TAMYCA
M OTHOCUTENBLHOIO KONIMYECTBA TUMUYECKUX TENEL Y BK U HK, BOK U HOK K TMNOKCUX CAMLIOB MbILLEN

C57BI/6

TABLE 1. MORPHOMETRIC INDICATORS OF THE VOLUME FRACTION OF STRUCTURAL AND FUNCTIONAL ZONES
OF THE THYMUS AND THE RELATIVE NUMBER OF THYMIC BODIES DURING ACUTE COLITIS IN TOLERANT (T) AND

SUSCEPTIBLE (S) TO HYPOXIA MALE C57BI/6 MICE

Mpynnbi KoHTponb OcTpbIn KONMUT
Groups Control Acute colitis
MokasaTenu, % BK' HK? BOK? HOK* P
Indicators, % T S2 T3 S4
0,263
KopkoBoe BellecTBO 69,60 68,47 65,80 59,93 0,044
Cortex (65,02-71,97) | (62,38-74,46) | (60,31-69,76) | (58,34-62,15) 0,892
0,094
0,61"
MosroBeoe BellecTBO 32,50 31,53 34,20 40,07 0,0424
Medulla (29,38-35,15) | (25,54-37,62) | (30,24-39,69) | (37,85-41,66) 0,892
0,094
OTHOLWEeHne 06 EMHON NMIOTHOCTU 0,26'8
KOPKOBOrO BellecTBa K MO3roBoMy 2,52 2,42 2,07 1,66 0,03%#
Ratio of the cortex to the medulla (1,96-2,91) (1,89-3,07) (1,63-2,43) (1,51-1,86) 0,892
volume fraction 0,18%*
u3 3-5 0193
o anBHE 47,2 54,2 37,2 28,2 0,012
. _ ~ _ 1-2
of 3-5 epithelial (42,6-49,8) (45,8-59,6) (29,3-46,3) (21,5-34,7) 8,?234
cells ’
13 5 n 6onee 020"
z:::gf"a”"""'x 11,8 15,5 19,9 23,0 0,012
(9,6-15,6) (13,6-20,8) (13,0-29,1) (22,5-29,3) 0,202
DOons ot of 5 or more 0 49
obLero epithelial cells ’
KonuyecTBa
TUMMUYECKUX
Tenevy s
Proportion of 0,48
the total number | € KepaTornanuHom 36,9 28,8 34,2 37,9 0,35%*
of thymic bodies with keratohyalin (31,6-40,6) (25,9-32,3) (25,7-38,4) (25,8-47,6) 0,062
0,594
B Buge 05213
KMCTOMOAOGHbIX 00 00 62 60 0’242_4
nonocten iy . ) N 412
in the form of cyst- (0,0-9,1) (0,0-5,4) (3,8-13,9) (0,0-16,8) (()),;‘113.4
like cavities ’
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Thymus and tolerance to hypoxia

Mepbl TUMMYECKUX TeJell CIyxXaT IMoKa3zaTeJleM MX
BBICOKOI CEeKPETOPHOM aKTUBHOCTH, a TAK3Ke THOSTIN
TUMOoUMTOB [27]. 1o HalIMM JTaHHBIM MIPU aHaINU3E
TUMUYECKUX TeJIell BbISIBJICHO YBEJIUUYEHUE KOJIUYe-
CTBa TeJiell, COCTOSIIIMX U3 5 1 Oojiee KJIETOK, YTO
MOXET CBUAETEIbCTBOBATH O TMOEIU TUMOLIUTOB U
6oJee BBIpaXXKeHHON (DYHKIIMOHAIBHOW aKTMBHOCTU
SIUTEIMAIBHBIX KJICTOK MO3TOBOTO BEIIECTBA THU-
myca. PaHee Hamu 1okasaHo [2], 4TO TpU OCTPOM
koaute y HY K runokcuu Mbliieit HabJ11o1aeTcsl Bbl-

pakeHHOE CHIDKEHWE Pa3IMIHBIX CYOITOMyJISIIIAiA
JMM@OIUTOB B KPOBHU, YTO CBUICTEIBCTBYET O pa3-
BUTUU UMMyHopeduuurta. Takum obOpa3om, Oosee
TSDKEJI0€ TeUYeHUEe OCTPOTo si3BeHHOTo Kojauta 'y HY
K TUIIOKCUM MBbIIIEN Mo cpaBHeHUIo ¢ BY comnpoBo-
KIaeTcs 6oJiee BEIpaXKeHHOM peakieil TuMyca.
Panee nmokasaHo [26], 94TO y ITOJJOBO3PEJIBIX MbI-
meit C57Bl/6 1ipu 3KCHEepUMEHTaJIbHOM OCTPOM
SI3BEHHOM KoJiuTe, uHayuupoBanHom JICH, Ha 7-e
CYTKHU €TI0 Pa3BUTHUs CHIKAETCS Macca TUMyca, Kpo-

TABNULIA 2. MOP®OMETPUYECKUE NMOKASATESNIM OB EMHOWN AONIU CTPYKTYPHO-®OYHKLIMOHANBHbBIX 30H TUMYCA
1 OTHOCMUTENBHOIO KONMYECTBA TUMUYECKUX TENEL, Y BK U HK, BXK M HXK K TUNOKCUW CAMLIOB MbILLEW

C57BI/6

TABLE 2. MORPHOMETRIC INDICATORS OF THE VOLUME FRACTION OF STRUCTURAL AND FUNCTIONAL ZONES OF
THE THYMUS AND THE RELATIVE NUMBER OF THYMIC BODIES DURING CHRONIC COLITIS IN TOLERANT (T) AND

SUSCEPTIBLE (S) TO HYPOXIA MALE C57BI/6 MICE

Mpynnbl KoHTponb XpOHUYeCKUi Konut
Groups Control Chronic colitis
Mokaszatenu, % BK' HK?2 BXK? HXK* P
Indicators, % T S? T3 g4
0,993
KopkoBoe BellecTBO 70,1 63,3 67,8 73,7 0,02%4
Cortex (61,7-71,4) (58,3-65,9) (65,3-78,8) (68,1-77,9) 0,192
0,48%4
0,993
MosroBsoe BeLecTBO 30,0 36,7 32,2 26,3 0,024
Medulla (28,6-38,3) (34,1-41,7) (21,2-34,8) (22,1-31,9) 0,192
0,48%4
OTHOLWeHne 06 EMHON NIIOTHOCTU 0,76'3
KOPKOBOIO BellecTBa K MO3roBOMy 2,8 21 3.1 4,2 0,022
Ratio of the cortex to the medulla volume (1,7-11,4) (1,7-2,7) (2,6-4,8) (3,2-5,2) 0,562
fraction 0,35%*
n3 3-5 anutenunanbHbIX 0,07%
KneToK 56,4 66,7 45,0 28,2 0,034
- - - - 1-2
of 3-5 epithelial cells (51,4-62,8) (64,4-72,9) (33,9-52,1) (23,6-36,7) 3,3?3_4
n3 5 n bonee 099"
z;::s:“a""""'x 16,7 20,8 16,7 23,0 0,602
_ _ - _ 1-2
DOons ot of 5 or more epithelial (14,9-21,8) (16,7-26,7) (11,1-30,3) (22,7-31,5) 8,213_4
obuwero cells ’
KoriM4yecTBa
TUMMYECKUX
Teney
Proportion 0,063
of the total C KepaTormanuHom 16,6 8,7 33,3 28,6 0,034
number of with keratohyalin (11,3-24,1) (8,3-10,6) (22,3-38,9) (25,7-42,5) 0,062
thymic bodies 0,90%4
B BUAe KUCTONOA00HbLIX 0,95'8
nonocrten 7,7 0,0 7.1 10,7 0,14%4
in the form of cyst-like (1,8-14,6) (0,0-4,2) (2,5-19,6) (2,1-24,7) 0,142
cavities 0,613
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Me TOTO, B HEM YMEHBIIIAETCS YMCJIO TUMOIIUTOB,
npu 3ToM y Mbieit BALB/c uHBomonus tumMyca
He BbigBisieTcs. [1o manHbM [6] y Mmbieit C57B1/6
OCTPBIM KaTapaJlbHO-SI3BEHHBIM KOJUT COIIPOBO-
XKIAETCSI YMEPEHHOM aKLIMAECHTaJIbHOW NHBOJIIOLIUEN
TUMYCAa, TIPOSIBIISIIOIIEICS OITyCTOILIEHMEM KOPKOBO-
ro BelIeCTBa U YMEHbIIEHUEM €ro 00beMHOMN OOJU,
YBEJIMYEHUEM YUCIa TUMUYECKUX TeJIell C KepaTo-
TUAIMHOM W WX TUTIEPIUIa3ueil, a TakKe TTOSIBIICHM -
€M TUMHWYECKUX TeJIell B BUIE KUCTOIMOTOOHBIX MO-
socteit. OMHaKO B TaHHBIX paboTaxX He YIUTHIBAJIACh
WHIMBUIyaJbHasI YCTOMYMBOCTh K THUIoKcuu. Ilo
HaIlIUM JaHHBIM, TIPU OCTPOM KOJUTE He HabJrona-
JIOCh U3MEHEHUN (YHKIIMOHAIbHBIX 30H TUMYyca Yy
BY K rumoxkcuu Mbliiei, 4To BaKHO YyYUTHIBATD IS
OLICHKHM WHOWBHUAYAJBHBIX PEaKIINi XUBOTHBIX IPU
BOCHAJIUTEIbHBIX 3a0071€BaHUSIX.

IMokazano [9], 4TO TIpU OCTPOM KOJUTE, BbI-
3panHoM JICH, B TmMyce HaOomaeTcss BBIpa-
KEHHasl aKUWACHTaJbHAasg WHBOJIOLUS M THUOETb
T-numdounToB, HO MpU TMepexoje BocHaJeHUs B
XpOHUYECKoe, uyepe3 3 Hemeau Iocje 3aBeplleHUs
uukia mnotpedaeHuss JICH, ctpykrypa (yHKLMO-
HaJIbHBIX 30H TUMYCa BOCCTaHABJIMBACTCSI.

ITo namum nanHbIM, TOoNbko y HXK k rumok-
CHUU XXKUBOTHBIX 1Mo cpaBHeHUIO ¢ HK cTtatucrimueckn
3HAYMMO YBEJINYMBAIaCh 0OBbEeMHAsI MOJIsI KOPKOBO-
IO BEIIEeCTBAa M OTHOIIIEHHE KOPKOBOTO BeIlleCTBa K
mosrosomy. ¥ BXK Kk rumokcum Mbliiein mokasare-
JIV HEe U3MEHSUIMCH (pUC. 2, cM. 3-10 CTp. OOJIOXKKM;
Tta6a. 2). Y HXK kK runokcuu Mbillieil yBeaIuyuBa-
JIOCh KOJUYECTBO TUMUYECKUX TeJIell ¢ KepaTorua-
JIMHOM (pucC. 2, cM. 3-10 CTp. 00JIOXKKHU; TabJI. 2).

BroisiBnennasg namu y HXK k runokcuu Mbiinei
TUTIePIUTIa3usl KOPKOBOTO BEINECTBA COIJIACYETCS C

Crncok nutepaTtypsbl / References

JaHHbIMU [6]. OGHapyXXeHHble HaMU TpHU MOpdo-
JIOTMYECKOM M MOP(HOMETPUIECKOM HMCCIEIOBaHUMI
n3MeHeHus Tumyca y HXK K rumokcum >KMBOTHBIX
CBUIETEJBCTBYIOT O BOCCTAHOBJIEHUM KOPKOBOI'O Be-
IIECTBA 3a CYET aKTUBALMU MPOLIECCOB Tposndepa-
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MaHHBIM JIUTepaTyphl [19] compoBoxmaeT xpoHUYe-
CKUIA BOCHAJIMTENbHbIN MPOLIECC, UHAYLIMPOBAHHbIM
MOJKOXHBIM BBEIECHUEM JIUIOIOIUCaXxapuaa ¢ ya-
cTunamMu cedapo3bl.

CyXeHre KOPKOBOTO BEIIeCTBa MPU OCTPOM KO-
JIUTE U €ro rumnepruiasusi Npyu XpOHUYECKOM, a TakKe
YBEJIMUEHUE YWCia TUMUYECKUX TeJIell, COCTOSIIIUX
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Ha, HaOogaromuecs Tojbko y HY K runokcum mMbi-
111€¥i, MOTYT OBbITh OOYCIOBJIEHbI BBICOKUM UCXOIHbBIM
ypoBHeM akcnpeccur HIF-1y aTux xxuBoTHbIX [4, 8].

3aknoyeHune

TaknM 0Opa3oM, HaMU BBISIBJICHBI Pa3JIMUUsI pe-
aKlMy TUMYyCa Ha pa3BUTHE OCTPOrO U XPOHUUYECKO-
ro si3BeHHoro kojurta Mexay BY u HY k runokcun
XknBOTHBIMU. Tonbko y HY K runokcuu mblieii npu
OCTPOM KOJIUTE HaOJIOJAETCsI Cy>KeHHE KOPKOBOTO
BEIIEeCTBA, CBUAETEJbCTBYIOIEE O PA3BUTUM aKIIU-
JIEHTAJILHOW WHBOJIIOLMH, a TIPU XPOHUYECKOM KO-
JIUTE — TUIEPIJIa3usl KOPKOBOIO BellleCTBa TUMYCA.
IMTonydeHHbIC JaHHBIE HEOOXOAUMO YYUTBHIBATh MPU
MIPOBEICHUMN SKCIIEPUMEHTAIBHBIX WCCIIeIOBAHUIA
THUMYyCa.

[Mybnukanus pa3mellieHa Npyu ydyacTuu bantuii-
ckoro (enepanbHoro ynusepcureta uM. M. Kanra.

1.  Asranpunos I.I. Mopdomerpus B matonoruu. M.: Megnunna, 1973. 248 c. [Avtandilov G.G. Morphometry

in pathology]. Moscow: Meditsina, 1973. 248 p.

2. Dxammnosa [.I0., ITonrskoBa M.A., TuarpontoB M.E., 3onoroa H.A., Makaposa O.B. Mopdonornye-

CKVe M3MEeHEHVs TOICTON KUIIKY ¥ COCTaB IMMGOLNTOB IeprudeprdecKoil KpOBY IIPYU OCTPOM KOJIUATE Y MbIIIEN
C Pa3HO YCTOMYMBOCTBIO K runokcun // MomnexynsapHas Mepuuyaa, 2018. T. 28, Ne 6. C. 46-50. [Dzhalilova D.Sh.,
Polyakova M.A., Diatroptov M.E., Zolotova N.A., Makarova O.V. Morphological changes in the colon and the
composition of peripheral blood lymphocytes during acute colitis in mice with different resistance to hypoxia.
Molekulyarnaya medicina = Molecular Medicine, 2018, Vol. 28, no. 6, pp. 46-50. (In Russ.)]

3. Dxammnosa [I.I11., 3omorosa H.A., ITonsakosa M.A., InarpontoB M.E., lo6pbianza M.T., Makaposa O.B.
Mopddonorngeckre 0cCO6€HHOCTI BOCIA/INTENBHOTO IIPOLIECCa U CYOIIOMY/IAIMOHHBIN COCTAB IMMQOIUTOB IIE€PN-
(depudeckoil KpoBU IIPU XPOHNYECKOM KOJIMTE y MBILIEN C pa3HOI YCTOMYMBOCTBIO K runokcun // Kinmaudeckas u
9KCIIepUMeHTaIbHast Mopdornorus, 2018. T. 28, Ne 4. C. 13-19. [Dzhalilova D.Sh., Zolotova N.A., Polyakova M.A.,
Diatroptov M.E., Dobrynina M.T., Makarova O.V. Morphological features of the inflammatory process and
subpopulation composition of peripheral blood lymphocytes in chronic colitis in mice with different resistance
to hypoxia. Klinicheskaya i eksperimentalnaya morfologiya = Clinical and Experimental Morphology, 2018, Vol. 28,
no. 4, pp. 13-19. (In Russ.)]

418



2024, T. 27, No 3 Tumyc u ycmoiiuugocmeo K eUNOKCuu
2024, Vol. 27, No 3 Thymus and tolerance to hypoxia

4. Kuposa 0.1, Iepmanosa 9.J1., JlykbsiHosa JI.JI. @eHoTunmndeckme 0cCOOEHHOCTY OVHAMMUKI COflePXKaHNs
HIF-1a B HEOKOPTEKCe KPBIC IIPY PAa3/INIHbIX PEXXMMAX TMIIOKCHY // Bro/eTeHb 9KCIIepyMeHTaIbHOI YOOI Y 1
mepunuabL. 2012, T. 154, Ne 12. C. 681-686. [Kirova Yu.l., Germanova E.L., Lukyanova L.D. Phenotypic features of
the dynamics of HIF-1a levels in rat neocortex in different hypoxia regimens. Byulleten eksperimentalnoy biologii i
meditsiny = Bulletin of Experimental Biology and Medicine,2013, Vol. 154, pp. 718-722 (In Russ.)]

5. Jlyxbsauosa J1.J., Kuposa 10.J1. BiusHue runokciyeckoro NpeKOHAUIMOHMPOBAHNA Ha CBOOOTHOPaN-
KajIbHbIE IIPOLIECCHI B TKAHIX KPBIC C PA3/INTIHON TONIEPAHTHOCTHIO K TMIIOKCHY // BIo/leTeHb aKCIIeprMeHTaIbHO
6uomorum v MeguuyHeL, 2011. T. 151, Ne 3. C. 263-268. [ Lukyanova L.D., Kirova Yu.l. Effect of hypoxic preconditioning
on free radical processes in tissues of rats with different resistance to hypoxia. Byulleten eksperimentalnoy biologii i
meditsiny = Bulletin of Experimental Biology and Medicine, 2011, Vol. 151, no. 3, pp. 292-296. (In Russ.)]

6. TIlocrosamosa E.A., Makaposa O.B., Kocsipea A.M., Muxaiinosa JL.II. Mopdomorus tumyca n ocob6eHHO-
CTY €r0 KJIETOYHOTO COCTABa IIPY 9KCIIEPMMEHTAIIBHOM OCTPOM U XPOHMYECKOM sI3BEHHOM Konute // ApXuB mnaTo-
norun, 2019. T. 81, Ne 5. C. 53-63. [Postovalova E.A., Makarova O.V., Kosyreva A.M., Mikhailova L.P. Morphology of
the thymus and the specific features of its cellular composition in experimental acute and chronic ulcerative colitis.
Arkhiv patologii = Archive of Pathology, 2019, Vol. 81, no. 5, pp. 53-63. (In Russ.)]

7. Biju M.P, Neumann A.K,, Bensinger S.J., Johnson R.S., Turka L.A., Haase V.H. Vhlh gene deletion induces
Hif-1-mediated cell death in thymocytes. Mol. Cell. Biol., 2004, Vol. 20, pp. 9038-9047.

8. Dzhalilova D.S., Kosyreva A.M., Diatroptov M.E., Ponomarenko E.A., Tsvetkov LS., Zolotova N.A,,
Mkhitarov V.A., Khochanskiy D.N., Makarova O.V. Dependence of the severity of the systemic inflammatory
response on resistance to hypoxia in male Wistar rats. J. Inflamm. Res., 2019, Vol. 11, no. 12, pp. 73-86.

9. Fredin M.E, Elgbratt K., Svensson D., Jansson L., Melgar S., Hornquist H.E. Dextran sulfate sodium-induced
colitis generates a transient thymic involution - impact on thymocyte subsets. Scand. J. Immunol., 2007, Vol. 65,
pp. 421-429.

10. Ghosh D., Kumar R., Pal K. Individual variation in response to simulated hypoxic stress of rats. Ind. J. Exp.
Biol., 2012, Vol. 50, no. 10, pp. 744-748.

11. Jain K., Suryakumar G., Prasad R., Ganju L. Differential activation of myocardial ER stress response: a
possible role in hypoxic tolerance. Int. J. Cardiol., 2013, Vol. 168, no. 5, pp. 4667-4677.

12. Jain K., Suryakumar G., Ganju L., Singh S.B. Differential hypoxic tolerance is mediated by activation of heat
shock response and nitric oxide pathway. Cell Stress Chaperones, 2014, Vol. 19, no. 6, pp. 801-812.

13. Karhausen J., Furuta G.T., Tomaszewski J.E., Johnson R.S., Colgan S.P, Haase V.H. Epithelial hypoxia-
inducible factor-1 is protective in murine experimental colitis. J. Clin. Invest., 2004, Vol. 114, no. 8, pp. 1098-1106.

14. Kerber E.L., Padberg C., Koll N., Schuetzhold V., Fandrey J., Winning S. The importance of Hypoxia-
Inducible Factors (HIF-1 and HIF-2) for the pathophysiology of inflammatory bowel disease. Int. J. Mol. Sci., 2020,
Vol. 21, no. 22, 8551. doi: 10.3390/ijms21228551.

15. Kim J.J., Shajib M.S., Manocha M.M., Khan W.I. Investigating intestinal inflammation in DSS-induced
model of IBD. J. Vis. Exp., 2012, Vol. 60, 3678. doi: 10.3791/3678.

16. KimS.,Kim Y.K,,Lee H., Cho J.E., Kim H.Y., Uh Y,, Kim Y.M., Kim H., Cho S.N., Jeon B.Y., Lee H. Interferon
gamma mRNA quantitative real-time polymerase chain reaction for the diagnosis of latent tuberculosis: a novel
interferon gamma release assay. Diagn. Microbiol. Infect. Dis., 2013, Vol. 75, no.1, pp. 68-72.

17. Kosyreva A.M., Simonova E.Yu., Makarova O.V. Gender differences in pulmonary and immune response in
acute experimental endotoxicosis. Bull. Exp. Biol. Med., 2012, Vol 153, no. 3, pp. 340-342.

18. Krzywinska E., Stockmann C. Hypoxia, metabolism and immune cell function. Biomedicines, 2018. Vol. 6,
no. 2, 56. doi: 10.3390/biomedicines6020056.

19. Makarova O.V.,, Diatroptov M.E., Serebryakov S.N., Malaitsev V.V., Bogdanova .M. Morphological and
functional changes in the immune system of BALB/c and C57BL/6 mice in chronic bacterial gram-negative
endotoxicosis. Arkhiv patologii, 2012, Vol. 74, no. 3, pp. 43-48.

20. McGettrick A.E, O’'Neill L.A. J. The role of HIF in immunity and inflammation. Cell Metab., 2020, Vol. 32,
no. 4, pp. 524-536.

21. Melgar S., Karlsson A., Michaélsson E. Acute colitis induced by dextran sulfate sodium progresses to
chronicity in C57BL/6 but not in BALB/c mice: correlation between symptoms and inflammation. Am. J. Physiol.
Gastrointest. Liver Physiol., 2005, Vol. 288, no. 6, pp. 1328-1338.

22. Meunier M., Bazeli R., Feydy A., Drape J.L., Kahan A., Allanore Y. Incomplete thymic involution in systemic
sclerosis and rheumatoid arthritis. Joint Bone Spine. 2013, Vol. 80, no. 1, pp. 48-51.

419



Locanunoea J. 1. u op.
Dzhalilova D.Sh. et al.

Poccuiickuit ummynonoecuueckuii scypnan
Russian Journal of Immunology/Rossiyskiy Immunologicheskiy Zhurnal

23. Okayasu L., Hatakeyama S., Yamada M., Ohkusa T., Inagaki Y., Nakaya R. A novel method in the induction
of reliable experimental acute and chronic ulcerative colitis in mice. Gastroenterology, 1990, Vol. 98, no, 3,
pp. 694-702.

24. Padhy G, Sethy N.K., Ganju L., Bhargava K. Abundance of plasma antioxidant proteins confers tolerance to
acute hypobaric hypoxia exposure. High Alt. Med. Biol., 2013, Vol. 14, no. 3, pp. 289-297.

25. Rius J.,, Guma M., Schachtrup C., Akassoglou K., Zinkernagel A.S., Nizet V., Johnson R.S., Haddad G.G,,
Karin M. NF-kappaB links innate immunity to the hypoxic response through transcriptional regulation of HIF-
lalpha. Nature, 2008, Vol. 453, pp. 807-811.

26. Sasaki S., Ishida Y., Nishio N, Ito S., Isobe K. Thymic involution correlates with severe ulcerative colitis
induced by oral administration of dextran sulphate sodium in C57BL/6 mice but not in BALB/c Mice. Inflammation,
2008. Vol. 31, no. 5, pp. 319-328.

27. Sharma H., Moroni L. Recent advancements in regenerative approaches for thymus rejuvenation. Adv. Sci.
(Weinh), 2021, Vol. 8, no. 14, 2100543. doi: 10.1002/advs.202100543.

28. Taylor C.T., Scholz C.C.. The effect of HIF on metabolism and immunity. Nat. Rev. Nephrol., 2022, Vol. 18,
no. 9, pp. 573-587.

29. Vedunova M.V,, Sakharnova T.A., Mitroshina E.V., Shishkina T.V., Astrakhanova T.A., Mukhina LV.
Antihypoxic and neuroprotective properties of BDNF and GDNF in vitro and in vivo under hypoxic conditions.

STM, 2014, Vol. 6, no. 4, pp. 38-47.

ABTOpBI:

Jcaaunosa JI 1. — k.6.1., 6edyuiuii HayuHbvlii cOmpyOHUK
nabopamopuu UMMYHOMOP@DOAO2UU B0CNANCHUSL,
Hayuno-uccaedosamenvckuii uncmumym mopghoaouu
uenoeexa umenu axkademura A.I1. Asyvina PI'bHY
«Poccuiickuil HayunblLil yuenmp xXupypeuu UmeHu aKaoemurKa
b.B. [lempoesckoeo», Mockea, Poccus

Ilesemxoe H.C. — k.0.H., cmapuiuii HAy4HbLI COMPYOHUK
snabopamopuu UMMYHOMOPEOA02UU B0CNANCHUS,
Hayuno-uccaedosamenvckuii uncmumym mopgosocuu
uenoeexa umenu axkademura A.Il. Asyvina PI'6HY
«Poccutickuil HayunblLil yenmp xXupypeuu umenu aKaoemurKa
b.B. Ilemposckoeo», Mockea, Poccus

Makaposa O.B. — 0.m.H., npogheccop, enaéHblil
HayuHblll compyOHUK, 3aeedyrouas rabopamopuell
ummyHomopgonoeuu éocnanenusi, Hayuno-
uccnedo8amenbeKuil UHCMmumym mopgoaoeuu 4ea08exka
umernu akademura A.I1. Asyvina PI'BHY «Poccuiickuii
HAYYHbLI YeHmp Xupypeuu UMeHU aKaoemuka

b.B. Ilemposckoeo», Mockea, Poccus

Authors:

Dzhalilova D.Sh., PhD (Biology), Leading Research Associate,
Laboratory of Immunomorphology of Inflammation, Avisyn
Research Institute of Human Morphology, Petrovsky National
Research Centre of Surgery, Moscow, Russian Federation

Tsvetkov L.S., PhD (Biology), Senior Research Associate,
Laboratory of Immunomorphology of Inflammation, Avisyn
Research Institute of Human Morphology, Petrovsky National
Research Centre of Surgery, Moscow, Russian Federation

Makarova O.V., PhD, MD (Medicine), Professor,

Chief Research Associate, Head of the Laboratory

of Immunomorphology of Inflammation, Avtsyn Research
Institute of Human Morphology, Petrovsky National Research
Centre of Surgery, Moscow, Russian Federation

Ilocmynuaa 31.03.2024
Omnpasnena na dopabomky 31.03.2024
Ilpunama k newamu 16.04.2024

Received 31.03.2024
Revision received 31.03.2024
Accepted 16.04.2024

420



2024, T. 27, No 3 Tumyc u ycmoimugocmo K 2UnoKcuu
2024, Vol. 27, No 3 Thymus and tolerance to hypoxia

WNMIOCTPALIMN K CTATBE «MOP®OJIOMMYECKASI XAPAKTEPUCTUKA TUMYCA MPY OCTPOM U XPOHWUYECKOM KOMUTE
Y XMBOTHBIX C PA3HOW YCTOWYUBOCTBIO K FUMOKCUM» (ABTOPbI: IKANWMOBA [i.LLL., LIBETKOB .C., MAKAPOBA O.B.
[c. 413-420))

ILLUSTRATIONS FOR THE ARTICLE "THYMUS MORPHOLOGICAL CHARACTERISTICS IN ACUTE AND CHRONIC COLITIS IN ANIMALS
WITH DIFFERENT HYPOXIA TOLERANCE" (AUTHORS: DZHALILOVA D.SH., TSVETKOV 1.S., MAKAROVA O.V. [pp. 413-420])

PucyHok 1. Mopdonoruyeckas xapakrepuctuka Tumyca y BK (A) v HK (B), BOK (A, B, 1) n HOK (B, I, E) mbiwen C57BI/6
I'Ipumeqauue. AB- KOHTPOJIbHbIE rpynnbl Mbll.l.lel7l, KOpKOBO€ BeLeCcTBO NOTHO 3acesieHo JWIM(*)OI.IVITaMVI, rpaHulbl MeXay KOPKOBbIM

W MO3roBbIM BELLECTBOM YeTKUKeE. B- OCprIﬁ KONUT, rPaHnLbl KOPKOBOro U MO3roBOro BellecTea o4aroBo-He4yeTkue. r- OCprIﬁ KOnuT,
0CTpasd akunpeHTanbHaa UHBoONOLMUA, CyXXeHne KOPpKoBOro BelecTBa, TMUMU4YeCKue Tenbua B Buge KMCTOHOHOGHI:IX nonocreii B KOPKOBOM
BellecTBe U Ha rpaHuLe KOPKOBOro 1 MO3roBoro BellecTea. }1, E- OCprlﬁ KOJIUT, TUMUYECKUe TenbLa U3 AnuTennanbHbIX KNEeTOK. OKpacKa
réeMaToKCUNMHOM U 303UHOM.

Figure 1. Morphological characteristics of the thymus in adult male C57BI/6 mice with different tolerance to hypoxia in control groups (A, B)
and with acute ulcerative colitis (C-F)

Note. A, C, E, tolerant to hypoxia. B, D, F, susceptible to hypoxia. A, B, control groups, the cortex is densely populated with lymphocytes, the boundaries
between the cortex and medulla are clear. C, acute colitis, the boundaries of the cortex and medulla are focally indistinct. D, acute colitis, acute involution,
narrowing of the cortex, thymic bodies in the form of cyst-like cavities in the cortex and at the border of the cortex and medulla. E, F, acute colitis, thymic
bodies formed by epithelial cells. Hematoxylin and eosin staining.
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PucyHok 2. Mopdonoruyeckas xapakrepuctuka Tumyca y BK (A) u HK (B), BXK (A, B, ) n HXK (B, I', E) Mbiwen C57BI/6
Mpumeyanue. A, B - KOHTpONbHbIE rPYNMbI MbIWEl, KOPKOBOE BELECTBO NNOTHO 3aceNieHo NMMEOLMTaMK, FpaHuLIbl MeXAY KOPKOBbIM 1
MO3rOBbIM BELLECTBOM YeTKkue. B — XpoHUYeCKnin KONKUT, rpaHmnLIbl KOPKOBOTO U MO3TOBOTO BelLeCTBa 04aroBo-HeyeTkue. I — XpoHUYeckuit
KONUT, runepniasus KOPKOBOro BewecTBa, TUMUYECKOe TeNbLe B BUAE KNCTONOA0OHOM NONOCTM B KOPKOBOM BeluecTBe. [, E — xpoHuyeckui
KOMMT, TAMUYECKME TeNbLia U3 ANUTENManbHbIX KneTok. Okpacka reMaTOKCUITMHOM M 303MHOM.

Figure 2. Morphological characteristics of the thymus in adult male C57BI/6 mice with different tolerance to hypoxia in control groups (A, B)
and with chronic ulcerative colitis (C-F)

Note. A, C, E, tolerant to hypoxia. B, D, F, susceptible to hypoxia. A, B, control groups, the cortex is densely populated with lymphocytes, the boundaries
between the cortex and medulla are clear. C, chronic colitis, the boundaries of the cortex and medulla are focally indistinct. D, chronic colitis, hyperplasia
of the cortex, thymic body in the form of a cyst-like cavity in the cortex. E, F, chronic colitis, thymic bodies formed by epithelial cells. Hematoxylin and eosin
staining.
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