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IIUTOTEHETUYHI IIOKASHUKHA T'OCTPOI IPOMEHEBOI
XBOPOBU (YOPHOBMJIbCBKWUI TOCBI]I)

Meta gocnigeHHA — ynocKoHaneHHs 6ionoriyHoi fo3umeTpii cepesi XBOPUX Ha rocTpy NPOMEHEBY XBOPOOY Pi3HO-
ro CTyNeHs Ha OCHOBi aHani3y paaiauiliHo-iHAYKOBaHMUX abepauiii xpomocom B nimdounTax nepudepuyHoi Kposi
noCTpaXaanux.
Marepianu i metoau. [locnimxeHHs 6a3yeTbCA Ha BNACHUX LUTOTEHETUYHUX AAHUX, OTPUMAHUX Yy TpaBHi 1986 p.
npu obcTexeHHi 30 nikeigaTopis 3 rocTpoto npomeHeBoto xBopoboio I-III ctyneHs. Bepudikalio fo3 nposoaniu
3a I0NOMOTOI0 METOLY LUTOreHeTUYHoT o3MMeTpii Ha OCHOBI KynbTypu NimdouuTie nepudepmyHoi Kposi 3 MeTa-
ha3HMM aHanizom abepalLiit xpomocom.
Pe3ynbratn. Po3po6seHo HOBMIA cnoCib OLiHKM pe3ynbTaTiB LMTOreHETUYHOTO 0OCTEXEHHS XBOPUX Ha MOYaTKy
cneuianbHoi Tepanii, AKNIN BUKOHYETHLCA 13 3aNyYeHHAM MOAeNT MHOXWUHHOT NiHiINHOT perpecii (Komnnekcy uutore-
HETUYHUX MOKa3HMKiB) Ta 3abe3neyye 3a40BiNbHUIA [iarHOCTUYHMIA piBeHb (BIANOBIAHICTE NEPBUHHO BU3HAYEHUM
KniHiKo-nabopaTopHuM AiarHo3am). 3aranbHa 4acToTa abepaHTHUX KNiTUH i NpOMEeHEBUX MapKepiB 36inblyeTbCA 3
NiABULEHHAM CTYNEHA XBOPoOU. BUABNAETLCA TeHAEHLIA A0 NiABULIEHHSA YacTOTK abepalliii XxpoMaTUAHOro TUNy 3i
3pOCTaHHAM NPOMEHEeBOr0 HaBaHTaXKeHHs. AJeKBaTHICTb 3anNpoONOHOBAHOI METOAWKM Ha OCHOBI perpeciiHoro
aHani3y pesynbTaTiB UMTOrEHETUYHUX 0OCTEXEHD NiIATBEPAKYETLCA 36€PEKEHHAM rPyNoBUX BigMiHHOCTEN OLiHOK
CTyneHs XxBopobu ans oci6 3 BepudikoBaHUMMK fiarHo3amu.
BucHoBOK. LinToreHeTnyHa go3umeTpis 06CTeXEHHA ONPOMiHEHUX 0Ci6 € HEOOXifHUM KOMNOHEHTOM Bepudikayii
CTyneHs NpoMeHeBOi XBOPOOM. PeKoMeHA0BaHUI cNOCIO OLiHKM LUTOFEeHETUYHNX JAHWUX Y XBOPUX A0 Ta HA noyar-
Ky Ae3iHTOKCMKaUiliHOT Tepanii 3abe3neyye 3a40BiNbHNUI [iarHOCTUYHMIA piBEHb.
KnioyoBi cnoBa: roctpa npomeHeBa xBopo6a, aBapisi Ha YopHobunbcbkiin AEC, uutoreHeTuyHa fo3umeTpis, nimgo-
LMTK KpoBi, abepalii XpoMOCOM, MOAENb MHOXWHHOT NiHiiHOT perpecii.
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CYTOGENETIC INDICATORS OF ACUTE RADIATION SICKNESS
(THE CHORNOBYL EXPERIENCE)

The objective of the study was to improve the biological dosimetry approach among patients with acute radiation
sickness of various degrees based on the analysis of radiation-induced chromosome aberrations in peripheral blood
lymphocytes of the victims.
Materials and methods. The study was based on primary cytogenetic data obtained in May 1986 within examina-
tion of the 30 clean-up workers («liquidators») having got stage I-III acute radiation sickness. Dose verification
was performed using the cytogenetic dosimetry based on a culture of peripheral blood lymphocytes with metaphase
analysis of chromosome aberrations.
Results. A new method of evaluating the results of patients’ cytogenetic examination at the beginning of specific
therapy has been developed. Procedure was performed using a model of multiple linear regression (complex of cyto-
genetic parameters) and provided a satisfactory diagnostic level (featuring a compliance with initially defined
clinical and laboratory diagnoses). Overall frequency of the aberrant cells and radiation markers increased in high-
er disease stages. There was a trend of the frequency growth of chromatid-type aberrations with increasing of radi-
ation burden. Adequacy of the proposed method based on the regression analysis of cytogenetic results was con-
firmed through the preservation of group differences in estimates of disease stage in subjects with verified diagnosis.
Conclusion. Cytogenetic dosimetry in the scope of examination of persons exposed to ionizing radiation is an oblig-
atory component of radiation sickness stage verification. The recommended method of cytogenetic data evaluation
before and at the beginning of detoxification therapy provides a satisfactory level of diagnostics.
Key words: acute radiation sickness, Chornobyl NPP accident, cytogenetic dosimetry, blood lymphocytes, chromo-
some aberrations, multiple linear regression model.

Problems of Radliation Medicine and Radiobiology. 2021,26:398-409. doi: 10.33145/2304-8336-2021-26-398-409

BCTYII

YopHoOMIbChKA KaTacTpoda 3aJIMIIAEThCS IXKEPeIOM
YHiKaJIbHOTO MaTepiajly JJIsl ePeoLiHKN ASSIKUX palio-
GioyoriyHMX MapagurM, porHo3iB [1—3]. bixemr Toro,
aBapii Ha YopHoomibebkiii AEC, gk i Ha DykyciMi-1
(AInoHis, 0. XOHCI0) MOKa3au, 1110 SIAEPHI peakTopu He
rapaHTyIOTbh iX aOCOJIOTHO HeOe3neuHy eKcCIllyaTa-
mifo [4]. YMoBHM Ta piBHI OIpOMiHEHHS, III0 BUHUKIIN Y
3B’s13Ky 3 aBapi€to Ha YopHoomiibebkKiii AEC 26 KBiTHS
1986 p., mpu3BeaU 10 PO3BUTKY TOCTPOI MPOMEHEBOI
xBopodbu (I'TIX) B orpoMiHeHUX 0OCi0, SIKi 3HAXOAUIMCh
y O6e3rnocepenHiil 0J1M3bKOCTI 10 aBapiiiHOI 30HU.

VY mepii nHi, TUXKHI i Micsi micis aBapii Ha 4-My
eHeproo6ioni YopHoounscbkoi AEC Bcg yBara Mmeauu-
HUX (axiBLiB Oyja CKOHLEHTpPOBaHA Ha IOCTpaXxaa-
Jmx 3 giarHo3oM I'TIX I-IV cryneHiB, 1110 3HaXOAUIM-
Cs1 Ha IPOMUCIIOBOMY MaliIaHYMKY CTaHIlii: orepaTo-
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INTRODUCTION

The Chornobyl disaster aftermath remains a source
of unique data for reassessing of some radiobiologi-
cal paradigms and forecasts [1—3]. Moreover, the
accidents at the Chornobyl NPP and Fukushima-1
NPP (Honshu Island, Japan) highlighted no guar-
antee of absolutely safe operation of the nuclear
reactors [4]. The conditions and levels of exposure
caused by the accident at the Chornobyl NPP on
April 26, 1986 led to the acute radiation sickness
(ARS) development in irradiated persons who were
in a close proximity to the emergency zone.

In the first days, weeks and months after accident
at the Chornobyl NPP 4th power unit the entire
attention of medical professionals was focused on
the victims with stage I-1V ARS diagnosis, who had
been on the industrial site of power plant, namely

399 &



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

pu 4-ro 00Ky, TpalliBHUKKA YEproBoi 3MiHU i 10O-
MOMIXKHUII TIepCOHAJl, MOXEXHWKH, IIPalliBHUKHA
TypOiHHOro 3ainy. BoHM 3a3HanM 30BHILIHBOTO HEpPiB-
HOMipHOro ramMmMa- i 6eTa-ornpomMiHeHHs, arTikallii ram-
Ma- i OeTa-HYKJi[iB Ha IIKipy Ta CJIW30Bi OOOJOHKH,
iHKOpIopalii pagioHYKJIiiB, BIUIMBY Ha OpraHi3M aepo-
30J1iB MaJaroyoro 0iTymy, ryMu, mjaacTMac Ta iHIIUMX Ma-
TepiaiiB, a TAKOX MiABUIIEHOI TeMITepaTypyu 30BHIllIHb-
oro cepegonuiia [5].

Cnim BKazaTu Ha IICMXOJOTIYHMU CTaH JIIOIEH, sIKi
Opany yyacTb y JIiKBigallii aBapii i po3yMiJIi OCOOUCTY
BiATIOBiZABHICTh 3a pe3yJbTaTh CBOEI poOoTH. Ilcuxo-
JIOTiYHa Hampyra J03BOJIsIJIa 3HAYHIM YacTUMHI MOXEX-
HUX, cHiBpoOiTHUKIB AEC npomoBXyBaTU poOOOTY, ax
MOKUW BOHU HE BTpayaju CBiIOMIiCTb.

Bimomo, 1o miarno3s i nporuos I'TIX 3anexatsb, B riep-
LIy 4epry, Big 3HAHHS BEJIMYMHU IOTJIMHEHOI I03M
[6—11].

Y Bumagkax piBHOMIpHOIO OIIPOMiHEHHSI OpraHi3my
HaoinpIy iHGOPMATUBHICTL MalOTh (Di3MYHI METOAU
no3uMetpii. Ilpore y BHUmagkax HEpPiBHOMIpPHOTO OII-
POMiHEHHS 3a BiICYTHOCTi a00 HEKOPEKTHOCTI MPOBeIe-
HOI i3nyHOi HO3MMETpii 3aCTOCOBYIOTHCS METOIM
biosoriuHoi go3umMeTpii. Taka cuTyalisi BAHUKIIA B MO-
MeHT aBapii Ha YopHoounbcbKii AEC, npu kit y ep-
COHaJly CTaHLii, MOXEXHUX, COTeHb OCi0, BUKIIMKAHUX
Mo TPUBO3i, aBapiiHUX iHAMBIAYyaTbHUX JO3UMETPIB HE
oyno [5].

Hig BuIie3a3HauyeHUX (aKTOpPiB, a TAKOX BiACYTHICTh
IHOIVBiAyaJIbBHOTO JO3MMETPMIHOIO KOHTPOIIIO HE J03BO-
JISLIA B HAMOIVKYMI TepMiH, BXXE B yMOBaX MeICaHYaCTH -
Hu AEC npoBectu MeauyHe COpTYBaHHSI MOCTPAKIATNX
0Ci0 3aJIe>KHO BiJl CTYIIEHST IPOMEHEBOTO HaBaHTaXKeHHS i
CKJIACTU iHOWBiAyaJIbHUIA TIPOTHO3 BUSIBJICHHS IIPOMEHE-
BOI TIaToJIOTii. 3a3HadyeHe CTajJl0 MPUYMHOIO TOTO, IO
TEPMiHU 3BepTaHHS 32 MEAUYHOIO TOTTOMOTOIO OYJIN pO3-
TATHYTI 1 CKJIaJalu Bifl IE€KiUIBKOX XBWIMH HO JEKLIBKOX
Ii0, a B OKpeMHUX BUMAIKax HaBiTh 2—3 TUXKHIB, KOJU MO-
yaam 3’ aBisaTucs cumirroMu MaHidecTarrii ['TIX am mpor-
pecyroue ypaxkKeHHsI IIKipH i CJIM30BHUX 000JI0HOK [6].

Kpim 3aragbHOTO 30BHIITHBOTO HEPIBHOMIPHOTO raM-
Ma-0eTa-ornpoOMiHEHHS, TIOTJIMHEHI 03U SIKOTO MO3Ha-
yanucsa Ha ctyneHi Tsokkocti I'TIX i mpomeHeBux
OITiKax, B TpyMi oci0, SKi 3aMUIIUINCS XKMBUMU, Maja
Miclie iHKopIopallist pagioHykmimiB [6, 12, 13].

ITinpaxoBaHo, 1110 cepenHs ovikyBaHa e(eKTHUBHA 103a
BHYTPIIITHHOTO OTIPOMiHEHHS TSI HUX cKiramana 130 m3B
TpU OUiKyBaHill cepenHili eKBiBaJeHTHIl 1031 B JIEreHsIX
510 m3B [14].

ITicyist YyMCneHHUX YTOYHEHD i TIOBTOPHOI €KCIEPTU3H,
10 CTOCyBaJlaCh MiATBEPAXEHHS AiarHO3Yy IepeBaKHO

the 4th unit operators, shift and ancillary workers,
firefighters, and turbine hall personnel. They were
exposed to external uneven gamma- and beta-
radiation exposure, contact of gamma- and beta-
emitting radionuclides with skin and mucous
membranes, incorporation of radionuclides, expo-
sure to aerosols from burning bitumen, rubber,
plastics and other materials, as well as elevated
environment temperature [5].

It is worthwhile to point out the psychological
state of people who took part in the accident
clean-up activities and understood the personal
responsibility for the results of their work. The psy-
chological strain allowed a significant part of fire-
fighters and NPP employees to continue working
until they were losing consciousness.

It is known that the ARS diagnosis and progno-
sis depends primarily on knowledge of the
absorbed dose value [6—11].

Physical methods of dosimetry are of a greatest
informativeness in case of uniform body irradia-
tion. However, in case of uneven irradiation in the
absence or incorrectness of physical dosimetry the
biological dosimetry methods are applied. This
situation emerged at the time of ChNPP accident,
in which there were no emergency individual
dosimeters in either NPP staff or firefighters and
hundreds of people called on alarm [5].

Impact of the above factors, as well as lack of
the individual dosimetric control made it impos-
sible to perform the triage of victims depending
on the degree of radiation exposure and make an
individual prognosis of radiation injury in the
near future, already at the NPP health facility.
This had resulted in the extended terms of seek-
ing medical treatment ranging from a few minu-
tes to several days, and in some cases even to 2—3
weeks, when symptoms of ARS or progressive
skin and mucous membrane lesions began to
appear |6].

There was an incorporation of radionuclides in
addition to the general external non-uniform
gamma- and beta-irradiation, the absorbed doses
of which were reflected in ARS and radiation
burns severity in the group of survivors [6, 12, 13].

It was estimated that the average expected effec-
tive dose of internal radiation for them was 130 mSv
at the expected average equivalent dose 510 mSv on
the lungs [14].

Upon numerous clarifications and re-examina-
tion concerning the confirmation of diagnosis of
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HaiMEHIN TSKKUX (popM 3aXBOpIOBaHb, y yepBHi 1990 p.
CHeLiaJbHOI0 TPYMNOI0 €KCIEePTiB 3 Pi3HUX iHCTUTYTIB
OyB IMiArOTOBJIEHUI BUCHOBOK MPO 3arajbHe YMCI0 XBO-
pux — 134 ocobu 3 giarHozom I'TIX. Maiixe B TpeTUHU
noTepHinx 3axBoproBaHHs O0yio Tsokkoro (I11) i Bkpait
tskkoro (IV) cryneniB. [liarHOocTMKa MEHII TSXKOI
¢dopmu 1boro 3axsoproBaHHs (I cTyminb) moB’s3aHa 3
NeBHUMM TPYyJHOIIAMU 4Yepe3 BiZHOCHO CJIa0KO BUpa-
>KE€HY KJIIHIYHY CHUMIITOMATUKY i HEOOXiTHICTh peTesb-
HOTI0 J1ab0paTOPHOI0 0OCTEXXKEHHS Ta CIIOCTEPEXKEHHS 3a
XBOPHUMM BIIPOJOBK JEKiIbKOX TUXHIB [15].

Maiixe KoxXHOMY MoTepItijiomy Bif aBapii Ha YAEC 3
nigo3poto Ha ['TIX Oyno mpoBeneHO LMTOreHETUUHY
OLIiHKY MOTJIMHEHOI 103U 3a piBHEM XPOMOCOMHUX abe-
paliii, B OCHOBY $IKOi MOKJIaJIeHO MOJeJb in Vvivo, 110
po3pobiieHa paHillle i BpaxoByBajia 3MiHU B XPOMOCOM-
HOMY amapari py TOTaJbHOMY OIPOMiHEHHI 3 TeparneB-
TUYHOIO METOIO [16].

OnmHak peaxkiisg KpoBi TIpU TeparieBTUYHOMY OII-
POMiHEHHI MOXE CYTTEBO 3MiHIOBATUCS TIiJ, BIUIMBOM
MaTOJIOTIYHOTO TIPOLIECY, Y 3B’SI3KY 3 SIKMM 3aCTOCO-
BYETBCSI IPOMEHEeBa Teparlis. ToMy BU3HaUeHHS 32 LIUMU
JaHUMM 3aJIeKHOCTI «go3a—e@eKT» i modymoBa eMITi-
PUYHUX KPUBUX BMICTYy HeHTpodiniB, JdiM@OLUTIB i
TPOMOOILIMTIB, X04a i Oy BUKOPUCTaHI IJI JO3UMET-
PUYHMX OLIIHOK MOCTpaxkaaarMX BHACIiAOK aBapii, aje 10
noAiOHOI eKCTpamoJisilii BapTO CTaBUTUCS 3 MEBHOIO
KPUTUYHICTIO [9].

V nepiumit THXKIEHb MicJIsd aBapii 1031 3arajlbHOTO raM-
Ma-OIIPOMiHEHHS YTOYHIOBAIM TOJIOBHUM YMHOM 3a KiJlb-
KicTIO JTiM(pOLNTIB epruepruIHOi KPOBi, a B HANTIKIMX
BUITAJKaX — 3a KiJIbKICTIO XpoMOCOMHUX abepariiii. Lle
JTIO3BOJIMJIO PO3MLTUTH MOCTPaXKIaaIuX Ha TPYIX 3a MpOr-
HO30BaHOIO TSDKKICTIO KiCTKOBO-MO3KOBOI'O CHUHIPOMY:
JIETKOI'0, CEPEAHbOTO, TSIXKKOTIO 1 YK€ TSIXKKOIO CTYIICHIB,
a TaKOX BUOKPEMUTH MOCTPaKAAINX, 1032 OIPOMiHEHHS
sakux oyna meHia 3a 1,0 Ip [1, 2,6, 7, 17, 18].

3arajibHa KiJbKiCTh MOCTpaXIaJIUX cepel MepPCOHAY,
mo rnpauoBaB Ha YopHoOuiascekiit AEC 26.04.86 p.,
cknagana 237 ocobu (ToBimoMJIeHHsS Ha 3acimaHHi MA-
T'ATE B ceprnHi 1986 p.), 3 HUMX y creliagizoBaHOMY
cralioHapi 3 Apyroi noou JjikyBaaucs 115 oci6. dude-
peHLiliHy giarHocTuKy Mixk I'TIX I cTymeHs i BincyTHicTio
I'TIX y iHIIMX MaLi€HTIB 3a 3araJIbHOMPUAHATUMU KPU-
TEePisSIMU TTPOBOIIMJIN YIIPOJOBXK BChoro 1986 p.

ITicns peTenbHOro peTpocneKTUBHOro aHasizy (1989 p.)
KiJbKicTh TTocTpaxkmanmx 3 miarHo3oM ['TIX ckmama 134
ocobu. YacTuMu nmpuyMHAMM CMEPTi OyJIM OHKOJIOTiUHi
Ta CEpLEBO-CYIUHHI 3axBoptoBaHHs [7, 10, 20, 21].

3a3zHauMMo, 110 1IKOoAa 3A0poB’10, 3ymMoBiaeHa I'TIX,
BU3HAYAETHCS HacaMIlepe CTyIIeHEM 11 TSKKOCTi, 1110, 3

mostly the least severe disease forms a special
group of experts from various institutes prepared in
June 1990 a conclusion on the total number of
patients, namely 134 persons diagnosed with ARS.
Almost one third of the victims had severe (III)
and extremely severe (IV) ARS stage. Diagnosis of
a less severe form of the disease (stage 1) was asso-
ciated with certain difficulties due to the relatively
mild/weak clinical symptoms and a need for care-
ful laboratory examination and observation of
patients for several weeks [15].

Cytogenetic assessment of the absorbed dose by
chromosomal aberration, based on an in vivo
model developed earlier with taking into account
the changes in hromosomal apparatus during total
irradiation for therapeutic purposes was provided
to almost every ChNPP accident victim with sus-
pected ARS [16].

However, the response of the blood to therapeu-
tic radiation can change significantly under the
influence of disease process for which the radia-
tion therapy is administered. Therefore, although
the determination of the dose-effect relationship
and construction of empirical curves of neu-
trophil, lymphocyte and platelet counts were used
for dosimetric assessments of the accident victims,
such extrapolation however was perceived with
some criticism [9].

In the first week after accident the dose of total
gamma-irradiation was determined mainly by the
number of peripheral blood lymphocytes, and in the
most severe cases - by the number of chromosomal
aberrations. This allowed dividing the victims into
the groups according to predicted severity of bone
marrow syndrome, i.e. mild, moderate, severe and
very severe, as well as to isolate the victims whose
radiation dose was less than 1 Gy [1, 2, 6, 7, 17, 18].

The total number of victims among the Chornobyl
NPP personnel working on April 26, 1986 was 237
people (reported at the TAEA meeting in August
1986), of whom 115 people were treated at a special-
ized hospital from the second day. Differential diag-
nosis between the first-stage ARS and absence of
ARS in other patients was performed throughout
1986 according to the generally accepted criteria.

After a thorough retrospective analysis (1989) the
number of victims diagnosed with ARS was estab-
lished as 134. Cancer and cardiovascular complica-
tions were the common causes of death [7, 10, 21].

Note that the health damage caused by ARS is
determined primarily by its severity, which, on the
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OJHOT0 OOKY, € MipOl0 JECTPYKTHMBHUX, a 3 iHILOTO —
KOMIIEHCATOPHO-BiTHOBIIOBAIbHUX IIPOIIECIB B Opra-
Hi3Mi y TOCTpHi1 Tiepiof i Ha eTanax omykaHHs. CTpyK-
TypHO-(PYHKIIOHATBbHUI Ae(eKT y MisNIbHOCTI OpraHiB i
cUCTeM, 10 30epiraeThbcsl B Mepioj BiggaaeHUX HACIi/-
KiB, 3rofloM y okpemux ocio, ski neperecau I'TIX I cty-
MNeHs TSDKKOCTi, KOMIIEHCYEThCSI, a CTaH IXHbOTO 3/0-
pOB’S B IIiJIOMY OLIIHIOETBCSI SIK CTaOiNbHUI. OgHAK y
OLTBIIOCTI MAlliEHTIB 32 MUHYJIMIA TIepioa chopMyBaIu-
Cs Ti UM iHIII AeTepMiHOBAHi Ta CTOXAaCTUYHI HACiAKMU
ornpomiHeHH4 [8, 10, 18—21].

IxHiit Giomoriunmii Bik (iHTerpanbHMI MOKA3HUK 310-
pOB’sl) BUMEpeIKae TaK 3BaHUU TMOMYJISLiAHUN CTaH-
JIapT B cepeaHboMYy Ha 6,5 poky [22].

AJle nepiioro, roJoBHOIO MPOOIEMOI0, 1110 BUHUKAE Y
pasi pagialiiiHUX iIHIMAEHTIB i aBapiil, € CBOEYacHa jaiar-
HocTtuka ctyneHs I'TIX i3 3amydyeHHSIM MeTomay OioJio-
riyHoi, a came UMTOreHeTUYHO1, Jo3uMeTpii. Po3pobiie-
Hi paHille OL[iIHKM IIPOMEHEBOTO ypaxK€HHsI OpraHizmy
JIIOAVHU 32 XPOMOCOMHUM TE€CTOM Y JiM(pOoLUTaX MepU-
(eprunoi kposi (JITTK) O6ynu po3paxoBaHi Ha «4UCTUIA»
npoMeHeBUll eheKT, 1o Nepeaye ClelialbHii Tepamii
nocTpaxgannx ocio [23—25].

VY Bunagky YopHoOUIbCHKOI aBapii 3a BUILLIEBUKIIAIE-
HUX IPUYMH Oi0JIOTiYHY JO3UMETPit0 MTPOBOAMIIN BXeE Ha
MoYyaTKy MacCMBHOI iHTEHCUBHOI Teparii.

META

Mera nociimkeHHs — yIOCKOHaJeHHsI 0i0J0TiYHOI J0-
3uMeTpii cepen xBopux Ha I'TIX pizHOro cTymeHs TsK-
KOCTi Ha OCHOBI aHaJli3y padialiiiHO-iHAyKOBaHUX abe-
paiiii xpoMmocoM B JiMdouuTax nepudepuuHoi KpoBi
MOCTPAXIAJIHUX.

MATEPIAJIN 1 METOJI

HocnimkeHHs1 0a3yeTbCsl Ha BJIACHUX LIMTOT€HETUYHMX
JNaHUX, OTPUMaHUX y TpaBHi 1986 p. mpu oOCTeXeHHi
rpynu ocid, ski 6paiau y4yacTb B €KCTpEeHUX pobdoTax 3
JmikBigamii HacmigkiB aBapii Ha YAEC Binpa3y micns Bu-
Oyxy i Oynu rocmitanizoBaHi 10 kJiHiku KHiBcbKOro Ha-
YKOBO-JOCJIiTHOTO PEHTI€HO-Pai0OJ0OTIYHOTO iIHCTUTYTY
MO3 Vkpainu (tenep HauioHanbHMiIl iHCTUTYT paky
MO3 VYkpaiun). Ipyny nocnimkenns cknanu 30 ydac-
HUKIB JiKBigamii HachinkiB aBapii (YJIHA) 3 giarHozom
«roCTpa MpPOMEHEBAa XBOPOOa» PI3HOTO CTYIEHS TIK-
KOCTi i HeBigomMumu 3HaYeHHsIMHU 103: 1 (19 ocid), 11 (8
oci0) i III (3 ocobm) crymens. Bepuikaiiito 103 mpoBo-
JUJIM 3a JOMOMOTOI0 METOAY IMUTOT€HETUYHOI T03M-
meTpii. KoHTponbsHy rpyny ckianu 200 mpakTUYHO 3/10-
poBUX 0Ci0 >XKiHOYO1 Ta YOJIOBiUOi cTaTi y Bii Bim 25 no 40
poKiB, sIKi Memikanu B M. KueBi i He Manu cBigoMoOro
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one hand, is a measure of destructive, and on the
other — of compensatory and restorative processes
in the acute period and recovery stages. The struc-
tural and functional defect in the activity of organs
and systems, which persisted during the period of
long-term consequences, was subsequently com-
pensated in individuals who have suffered ARS
stage I, and their health is assessed now as general-
ly stable. However, most patients have developed
certain deterministic and stochastic effects of radi-
ation in the past. death [8, 10, 18-21].

Their biological age (integral indicator of health)
is in advance by an average of 6.5 years to the so-
called population standard [22].

However, the first major problem that arises in
case of radiation incidents and accidents is the
timely diagnosis of ARS stage with the use of bio-
logical, namely cytogenetic, dosimetry. The previ-
ously developed estimates of radiation damage to
the human by chromosomal testing in peripheral
blood lymphocytes (PBL) were designed for a
«pure» radiation effect and are applied before the
special therapy in victims [23—20].

Due to the above reasons in case of Chornobyl
accident the biological dosimetry was performed at
the beginning of massive intensive care.

OBJECTIVE

The aim of the research is to improve the biologi-
cal dosimetry approach among the various degree
ARS patients based on the analysis of radiation-
induced chromosome aberrations in peripheral
blood lymphocytes of the victims.

MATERIALS AND METHODS

The study was based on primary cytogenetic data
obtained in May 1986 within examination of a
group of persons involved in emergency works on
clean-up of the ChNPP accident consequences
immediately after the explosion and admitted to
the Clinic of the Kyiv Radiology and Nuclear
Medicine Research Institute of the Ministry of
Health of Ukraine (Cancer Institute of the
Ministry of Health of Ukraine nowadays). The
study group included 30 emergency workers diag-
nosed ARS of varying stage (stage I — 19 persons,
stage II — 8 persons, and stage I1 — 3 persons) with
unknown doses of radiation exposure. Dose verifi-
cation was performed using the cytogenetic
dosimetry. The control group included apparently
healthy females and males (n = 200) aged 25 to 40
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KOHTAaKTYy 3 AXEpcjaaMU iOHi3YIO‘{OFO BI/IHpOMiHIOBaHHH
Ta iHIIUMU MyTaréHaMHu.

MakpomeTo/ KyJsTuBYBaHHS JiMbonuTis nepudepuanoi
KPOBIi JIIOAMHH
MartepiasioM sl UMTOr€HETUYHUX HOCHTIIKEeHb OYyJIMu
nmim@onutn nepudepmuHoi Kposi (JITTK) mocrpaxkma-
nux i goHopiB. IlpurotryBaHHsI KyabTypu JiM(OLUTIB
3ilicHIOBaIM 3a MoAu(ikoBaHUM MeTonoM Moorchead
Ta CITiBaBT. [26], IKMil KOPOTKO IOJISITAE B HACTYITHOMY.

Eputporutu ocamxkysamu 10 % po3dnHOM KeJIaTUHY.
ITicng ompoMiHeHHs (y BCiX JOCIigax OMPOMiHIOBAIN
HECTUMYJIbOBaHi JiM(POLMTU, TOOTO M1a3My 3 JIEHKOLU-
TaMM TICJISI OCAIXKYBaHHSI €pUTPOLIMTIB) JiM@POLUTH
KYJIBTUBYBaJIX B NOXXMBHOMY cepenoBuili RPMI 1640 3
MiToreHoMm JliMm¢ouuTiB ditoremarmoruHiHoMm (PHA-P,
«Difco», CIIIA) B repMeTMYHUX (PIaKOHAX YIPOMOBXK
50—52 roa (octaHHi 2 rog — 3 KojaxiluMHoOM, «Merk»,
Himeuuunna). ILle mo3Bonuyio aHamidyBaTW KJIITUHU B
nepuioMy micaspagianiiHoMy Mitosi. Iliciasa rimo-
ToHiYHO1 00p0ooKu (0,075 M po3unnom KCl) i Tpupazo-
Boi ikcawii (3 yacTuHuU eTaHoAy i 1 yacTMHA JTbOASTHOL
OLITOBOI KWCJIOTH) TOTYBajJW TIperapaTé MeTada3HUX
TUIACTUHOK IIJISIXOM KparnaHHS CYCIeH3il KITiITUH Ha 3He-
KMPEHi 3aMOPOXEHI MTPeAMETHI CKeJbLIs i BUMaTIOBaH-
Hsl HaJ TToJayM’siM nayibHuKa. [TpenapaTtu rigpoaizyBain
B 5 N HCI npu kiMHaTHi#T TemIiepaTypi 15 XB, a ToTim
BiIMUBaJIU.

dapOyBaHH Npenaparib 3ailicHIOBaIN 2 % pO3YMHOM
bapBHuKa ['im3a («Merk», HiMeuunHa), mpuUroToBJieHO-
ro Ha 0,07 M docdataomy oydepi (pH 6,8). Orpumani
LIUTOTeHETUYHI Tpernapaty mudpyBaau i aHadi3yBalIu
3a «CIIIIMTAM» METOIOM.

IuToreneTunuii aHai3 i Knacudikamisa adepamii
XPOMOCOM
AHati3 TpaauliitHo nodapboBaHUX XPOMOCOM BUKOHY-
Bajy 3a BidyaJlbHUM IpYNOBUM KapioTumyBaHHSIM. Ko-
PUCTYIOUNCH 3araJbHOIIPUHHITOIO Kilacudikali€ero,
BpaxoByBaIu abepallii XxpoMaTuaHOTO (0OOMiHM, JeNelii,
i3omeneltii) i XxpoMOCOMHOTO (MapHi (pparMeHTH, TOUKH,
allEHTPUYHI KiJIbLS, AULEHTPUKM, LEHTPUYHI KiJbLis,
TpaHcJIoKallii a00 aHoMaJIbHi MOHOIIEHTPUKW ) TUTTIB.
AHanizyBanu Tinbku Metadasu, fAKi mictunu 45—47
XpPOMOCOM, OCKiJIbKM MeTada3u 3 MEHIIUM YUCIOM
XpPOMOCOM MOXYTb OyTH HACIiZKOM MEeXaHiYHOTO IIOIII-
KOIXXEHHS B MPOLIECi MPUTOTYBaHHS IIMTOT€HETUUHUX
npenapatis. Takuil miaxia 1o Bigdopy Metadas BUKIIO-
Yyae BipoOTiHICTh HEMOOOJIKY MPOMEHEBUX MapKepiB —
IULEHTPUKIB, sKi HaWyacTille 3ycTpidarTbCs Y
criekTpi abepauiii XpoMOCOM MpU ONPOMiHEHHI HECTU-

years living in Kyiv and having no willful contact
with ionizing radiation or other mutagens.

Macromethod of culturing the human peripheral
blood lymphocytes

PBL from victims and donors were the material
for cytogenetic studies. Preparation of lympho-
cyte culture was carried out by the modified
method of Moorchead et al. [26], which briefly is
as follows.

Erythrocytes were sedimented with 10% gelatin
solution. After irradiation (the unstimulated lym-
phocytes, i. e. plasma with leukocytes after ery-
throcyte sedimentation were irradiated in experi-
ments) the lymphocytes were cultured in RPMI
1640 nutritional medium with lymphocytic mito-
gen phytohemagglutinin (PHA-P, «Difco», USA)
in the air-locked vials for 50—52 hours (for the last
2 hours with colchicine, «Merk», Germany). This
allowed analyzing cells in the first post-radiation
mitosis. After hypotonic treatment (0.075 M KCI
solution) and triple fixation (3 parts ethanol and 1
part glacial acetic acid) the metaphase plate prepa-
rations were prepared by dropping the cell suspen-
sion onto degreased frozen slides and burning over
a burner flame. Preparations were hydrolyzed in
5 N HCl solution at a room temperature for 15 min
and then washed.

Preparations were stained with a 2 % solution of
Giemsa dye («Merk», Germany) prepared on a
0.07 M phosphate buffer (pH 6.8). The obtained
cytogenetic preparations were coded and analyzed
by the «blind» method.

Cytogenetic analysis and classification of
chromosome aberrations
Analysis of the traditionally stained chromosomes was
performed with a visual group karyotyping. Using the
generally accepted classification the aberrations of
chromatid (exchange, deletion, isodeletion) and
chromosomal types (paired fragments, points, acen-
tric rings, dicentrics, centric rings, translocations or
abnormal monocentrics) were taken into account.
Only metaphases containing 45—47 chromo-
somes were analyzed, as metaphases with fewer
chromosomes may be a result of mechanical dam-
age during the handling of cytogenetic specimen.
Such approach in selection of metaphases elimi-
nates the possibility of underestimation of radia-
tion markers — dicentrics, which are most com-
mon in the spectrum of chromosome aberrations
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MyJiboBaHUX JdiMpouuTiB (Go-cTamisa KJIiTUHHOIO LIUK-
y).

Ha koxHe criocTepexXeHHsI aHalli3yBajld B CEpeIHbOMY
400 meTagas.

Jns ouinku ctymneHs TsekkocTi I'TIX Oy1o BUKoprUcTaHO
MoJIeJIb JIIHIHOT MHOXMHHOI perpecii [27] i3 3acTocyBaH-
HSIM KJIACMYHOTO MeToay HaliMeHmmmx kBagpatiB (MHK):

Yy =cixX; tex: t...

ne co, €1, €2, ..., ¢ — MHK-ominkn xoeditieHrin
JIiHiTHOT perpecii,

X1, X2, ..., Xn — MOSICHIOBaJIbHi 3MiHHi (IMTOreHEeTUYHi
TIOKAa3HUKM),

y — 3ajiexxHa 3MiHHa (ouinka crymness ['TIX), 3HaueHHs
SIKOI BUBHAYAIOThCS MO X1, X2, ..., Xn.

TouHicTb Momesi i OJM3bKICTh MPOrHO30BAHUX 3HA-
YeHb 10 iCTUHHUX (y) OLiHEeHi Ha MiACTaBi BU3HAYEHHS
MOXNOKM MoJeli (TaK 3BaHOI 3aJUIITKOBOI CYMH KBaJl-
pariB) [27].

PE3VYJIBTATU TA OBI'OBOPEHHS

Po3pob6eHo HOBUIA CIIOCIO OLIHKM Pe3yJbTaTiB LIUTOTEe-
HeTUYHOro obcrexeHHs xBopux Ha I'TIX Ha mouaTky
MAacHBHOI AE€3iHTOKCUKAIIIHOI Tepallii, SKUil BUKOHY-
€ThCH i3 3aJIyYeHHSIM MOJeJli MHOXKMHHOI JIiHilAHO1 per-
pecii Ta 3a0e3neuye 3aJ0BiIbHUIA JiarHOCTUUHUN piBeHb
(BiIMOBiOHICTh MEPBUHHO BU3HAYEHUM KJIiHiIKO-71a00-
paTOpHUM JAiarHO3aM).

Crnouarky BM3HAYyeHi CIIeKTp i yacToTa paaialiiiHO-
iHaOyKoBaHMX abOepauiil xpomocom B JITTK mocrpaxkna-
Jmx 3 BepudikoBanum nmiarHozom ['TIX I—III crymenis
TSKKOCTi. Pe3yabTaTv LIMTOreHeTMYHOTO OOCTEXEHHS
LIMX XBOPUX, IKi HaBeIeHi B TaOU1li, CBiIYaTh, 110 SIK 3a-
rajibHa 4acToTa adbepaHTHUX KJIITMH, TaK i 4acTOTa Hec-
TabITbHUX i CTAOUTBHUX MapKepiB padialliiiHol Ail (auie-
HTPUKM, UEHTPUYHI KiJIbLIS, TPaHCIOKaLlil) 3pOCTaloTh 3
ninsuieHHsIM ctyneHst I'TIX. TTopiBHSIHO 3 HeompoMi-
HEHMM KOHTPOJIEM BUSBJISIETbCS TEHACHLIS 10 MiABU-
IIEHHS YacTOTH abepalliii XpOMaTUIHOIO TUITY 3i 3poc-
taHHsIM ctynieHs ['TIX — Bix 2,06 mpu ['TIX I ctynens no
4,5 mpu I'TIX 1V ctynens, To6To B 2 pa3u (Tadi. 1).

ITigBuieHunit piBeHb XpoMaTuaHUX abepauiit B JITIK
MOCTPaXIAIUX MOSICHIOEThCS Mi€I0 XiMIYHMX PEYOBUH,
sIKi BUKOPUCTOBYBAJIM TPM TacCiHHI TOXexXi, Me3aKTHh-
Ballil, a TaKOX XiMiYHMUX €JIEMEHTiB, BAKUHYTUX Y HaB-
KOJIMIIIHE CepeaoBUIle MiJ Yac BUOYXY peakTopa.

Hns perpocnekTuBHOI oliHKK cryrneHs ['TIX Hamm
BUKOpPUCTaHA MOJAEJIb MHOXMHHOI perpecii, 1o Bpaxo-
BYE KOMILIEKC LIMTOTCHETUYHUX IOKA3HUKIB. AIEK-
BaTHICThb 3aIlIPOIIOHOBAHOI METOJMKM Ha OCHOBi per-
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upon irradiation of unstimulated lymphocytes
(Go-stage of the cell cycle).

On average the 400 metaphases were analyzed
for each observation.

To estimate the ARS severity a linear multiple
regression model was used [22] applying the classi-
cal least squares method (LSM):

+cuxn t Co

where ¢y, ¢, ¢y, ..., ¢, are the LM S-estimates of the

linear regression coefficients,

X1, X2, ..., X, are the explanatory variables (cytoge-

netic parameters),

yisthe dependent variable (ARS stage assessment);

values are determined according to x;, X, ..., Xu.
Accuracy of the model and proximity of the pre-

dicted values to the true ones (y) were estimated

based on determination of the model error (the so-

called residual sum of squares) [27].

RESULTS AND DISCUSSION

A new method of evaluating the results of cytoge-
netic examination in ARS patients at the begin-
ning of massive detoxification therapy has been
developed, being performed using a model of mul-
tiple linear regression and providing a satisfactory
diagnostic level (featuring a compliance with ini-
tially defined clinical and laboratory diagnoses).

First, the spectrum and frequency of radiation-
induced chromosome aberrations in PBL of vic-
tims with the verified stage 111 ARS were deter-
mined. Results of cytogenetic examination in
these patients shown in Table 1 demonstrate that
both total frequency of aberrant cells and frequen-
cy of unstable and stable markers of radiation
impact (dicentrics, centric rings, translocations)
increase with the ARS stage. There is a trend to
increase of the chromatid-type aberration fre-
quency with ARS stage, namely from 2.06 in ARS
stage I to 4.5 in ARS stage IV compared with the
non-irradiated control (Table 1).

The increased level of chromatid aberrations in
PBL of victims was explained by the action of
chemicals used in fire extinguishing, decontami-
nation, as well as chemical elements released into
environment during the reactor explosion.

A multiple regression model that takes into
account a set of cytogenetic parameters was used
for retrospective assessment of the ARS stage.
Adequacy of the proposed method based on
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Ta6nuusa 1
LintoreHetnuni nokasHuku JINK kposi YIHA Ha YAEC 3 I'MIX I-III ctyneHa (cepepHi 3HaueHHsA)

Table 1
Cytogenetic parameters of peripheral blood lymphocytes in the clean-up workers having ot ARS stage I-III
(average values)

i SakniouHuii KniHiyHuiA aiarHo3 (ctyninb MX)
oreHe oKas3
Huroreneruiti nokasik Final clinical diagnosis (ARS stage)

Cytogenetic parameters

KinbkicTb 06cTexeHnx xsopux / Number of examined patients 19 8 3
KnituHm 3 abepauismu xpomocoM, % / Cells with chromosome aberrations, % 4,86 £ 0,70 8,69 + 1,62 31,27 £ 10,22
3aranbHa yacToTa abepauiii xpomocom / 100 metadas 5,04 £0,79 9,44 £1,99 42,83 + 18,84
Total frequency of chromosome aberrations per 100 metaphases

A6epauii xpomocomHoro Tuny / 100 metadas, BCboro 2,98 £0,83 571219 38,33 £ 18,04
Chromosome-type aberrations per 100 metaphases in total

®parmenTy / Fragments 0,95 £ 0,36 1,21 £ 0,44 10,97 = 5,98
AueHTpuuHi Kinbugs / Acentric rings 0,51 +0,17 1,25 + 0,57 6,50 + 3,75
LleHTpmyHi kinbugs / Centric rings 0,21 £0,12 0,23 +0,15 0,73 0,50
[Lvuentpuku / Dicentrics 1,29 = 0,48 2,63 +1,13 17,57 + 6,59
Tpa+cnokadi / Translocations 0,03 + 0,03 0,40+ 0,18 2,57 +1,32
A6epauii xpomatugHoro tuny / 100 metadas, Bcboro 2,06 0,44 3,23 + 0,81 450 + 0,81
Chromatide-type aberrations per 100 metaphases in total

[eneuii / Deletions 1,61 £0,40 3,08 + 0,81 4,33 +0,92
O6MiHn / Exchanges 0,45+0,16 0,15+ 0,08 017 £ 0,17

peciiiHoro aHaji3y pe3yJbTaTiB IUTOTeHETUYHUX 00cTe-  regression analysis of cytogenetic examination
JKeHb MiATBEPIKYETHCS 30epeKeHHSIM I'pyIIOBUX BinMiH-  results was confirmed by preservation of the group
Hocrteit oriHok cryreHs I'TIX ns oci6 3 BepugdikoBanu-  differences in estimates of ARS stage for persons
MU JiarHOo3aMU XBOpoOU (pUCYHOK 1). with verified diagnoses of the disease (Fig. 1).
IToGynoBa BapialliiiHOro psiay, CKJIaaeHOro 3 MoX1uOoK Construction of a variation series consisting of
3aCTOCOBAHOI MOJIEJi B TIOpSIAKY yOyBaHHS, mo3Bojisse  errors of the applied model in descending order

Perpeciini oyiHku / Regression estimates
O TIcryniub [MX (I degree of ARS) A
@ II ctyninb [MX (II degree of ARS)

A III ctynine [MX (III degree of ARS)
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PucyHoK 1. Ouinku ctynens MX e YIHA Ha YAEC 33 uutoreHeTUYHMMMU NOKA3HMKaMU nimdouuTie
nepucgepuyHoOi KpoBi

Figure 1. Estimates of ARS stage in the clean-up workers according to cytogenetic parameters of blood
lymphocytes
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Ta6auusa 2

BapiauiiiHi paau uMTOreHeTUYHUX NOKA3HUKIB 31 cTyneHem iH(OPMaTUBHOT 3HAYYLLOCTI ANIA PETPOCNEKTUBHOT

Bepudikauii MX i koedinieHTamu Kopenauii
Table 2

Variation series of cytogenetic parameters with informative value degree for retrospective ARS verification

and correlation coefficients

LiutoreHetnuHi nokasuukm / Cytogenetic parameters §? R
X1 4,34659 0,69216
X2 3,71781 0,64728
X3 3,52422 0,64087
X4 3,35664 0,63964
X5 3,17102 0,55337
X6 2,95759 0,52196
X7 2,95435 0,44820
Xg 2,89432 0,22097
Xo 2,89398 0,21422

TMpUMITKU: X7 — YacTOTa YLIKOMKEHNX KIITUH; X2 — 3arasibHa 4actota abepaLliii XpOMOCOM; X3 — YaCTOTa MapHuX GpParMeHTIB; Xz — YACTOTA TOHOK; X5 — YACTOTA LIGHTPUYHUX KiNellb;
Xg — 4AcTOTA MLIEHTPUKIB; X7 — YaCTOTa TPAHCNOKALiA; Xg — 4AcTOTa hparMeHTiB XPOMATUAHOFO TUMY; Xg — YACTOTa OBMiHIB XpOMATUAHOrO TUMy. S2 — cepeHbOKBapaTAUHe

BiXMneHHs, R — koediLlieHT kopenswii Mix nokasHukoMm i cTynenem ITIX.

Notes: x; — frequency of damaged cells; x2 — total frequency of chromosome aberrations; x3 — frequency of paired fragments; x4 — frequency of points; x5 — frequency of centric
rings; xg — frequency of dicentrics; x7 — frequency of translocations; xg — frequency of chromatid-type fragments; xg — frequency of chromatid-type exchanges. S2 — mean square
deviation (standard error/deviation), R — correlation coefficient for the relationship between the parameter and ARS stage.

OLIiHUTH iHPOPMATUBHICTb KOXHOI 3 OLIiHIOBAHUX TTOSIC-
HIOIOYMX 3MiHHUX, TOOTO IMTOIr€HETUYHUX MOKA3HUKIB.
PesynbraTy OLIiHKM 3HAYYIIOCTi KOKHOIO i3 IIMTOTeHEe-
TUYHUX MOKA3HUKIB MPEACTaBICHO B TabJI. 2.

Haii6inemr kopenboBaHumu 3i ctyneHem ITIX e
KiJTBKIiCTh YIIKOMXKEHMX JIiIM(OIIUTIB, 3arajlbHa 4acToTa
abepalliii XpoMOCOM, NULIEHTPUKIB, KiJellb, TPaHCIIO-
Kalliil, mapHux ¢parMeHTiB. BusHayeHHsT KoedillieHTa
kopessuii (R =0,5—0,7) cBiguuTh Npo BiAITOBiAHICTb 3a3-
HayeHUX LIMTOreHETUYHUX MTOKa3HUKIB cTryrneHo I'TIX.

VY T1abnuui 3 HaBelneHO pe3yJIBTAaTU OLIHKM TOUYHOCTI
MHOXWHHOI perpecii IS HaBYaJbHOI BUOIpKU IPU
Pi3HOMAHITHUX KOMOiHALIisSIX TOSICHIOIOYMX 3MiHHUX,
110 BKJIIOYAIOThCS B PO3MJISIA Yy Mipy yOYBaHHSI iXHbOIO
CTyTIeHs 3HauylIocTi. HaiGinbima TouHicTh (Y KOHTEKCTi

allows to estimate the informative value of each esti-
mated explanatory variable, i. e. the cytogenetic
indicators. Results of assessing the significance of
each cytogenetic parameter are presented in Table 2.

The number of damaged lymphocytes, total fre-
quency of aberrations of chromosomes, dicentrics,
rings, translocations, and paired fragments were the
most correlated with ARS stage. Value of correlation
coefficient (R = 0.5—0.7) indicates the correspon-
dence of these cytogenetic parameters to ARS stage.

Table 3 shows the results of estimating the accu-
racy of multiple regression for the training sample
with different combinations of explanatory vari-
ables taken in consideration with their significance
degree decrease. The highest accuracy (in the con-

Ta6nuusa 3
Pe3ynbTtatn petpocneKkTuBHOT ouiHku ctynena MMX 3a gonomoroto MHOXXMUHHOT NiHiHOT perpecii
Table 3
Results of retrospective assessment of ARS stage using multiple regression approach
Moka3uuku / Parameters KinbkicTe noMmmunok BipcoTtok nomunok §?
Number of errors Percent of errors
X1, X7 1 36.667 6.54992
X1, X3, X7 5 16.667 4.45414
X1, X3, X5, X7 4 13.333 3.81872
X1, X3, X5, X7, Xo 3 10.000 3.09612
Xi, X2, X3, X5, X7, X9 4 13.333 2.95482
X1y X2, X3, X5, X6, X7, X9 4 13.333 2.89499
X1, X2, X3, X4, X5, X6, X7, X 4 13.333 2.89398
X1, X2, X3, Xa, X5, X6, X7, X8, Xo 4 13.333 2.89012

Mpumitky: aue. Tabn. 2
Notes: see Table 2.
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MiHiMaJbHOI KiJIbKOCTI MOMWJIOK MPU BU3HAYEHHI CTY-
neHs I'TIX, a He MiHiIMaJIbHOrO cepeIHbOKBAAPATUYHO-
IO BiIXWJICHHSI) JOCSITHYTa UL KOMIUIEKCY IMOKA3HUKIB
x1, x3, x5, x7, x9. Ane npuiiHSITHA TOYHICTh OyJia OTpU-
MaHa BXe IpU TPbOX MOSCHIOBAJbHUX MEPEMiHHUX X/,
x3, x7 (KiIbKICTh YIIKOIKEHMX KJIITMH, (hparMeHTIB i
TpaHCJIOKAlliil) i Hamami, y Mipy JomaBaHHS HOBUX ITTe-
peMiHHUMX, BOHA MOJIIIIIYyBajacs BXe He3HAaYyHO.

3HavyIIiCTh KOXKHOI 3 aHATi30BaHUX TMOSICHIOBAJIbHUX
3MiHHMX JJ11 Bu3HauyeHHs ctyneHs ['TIX ouiHoBaiu
LIUISIXOM BUKJTIOUEHHS ii i3 MOeJli MHOXWHHOI JiHiAHOL
perpecii i 3aCTOCYBaHHSI «yCi4YeHOI» y TaKUI CIIOCiO MO-
Jetti. BUKIoUeHHs MOsICHIOBAJIbLHOT 3MiHHO1 BUKJIMKAE
3pOCTaHHS MTOXMOKKU MOJEi, i BeJUUYMHA L€l MOXUOKHU
3HAXOIUTbCS Y TIPSIMUIA 3aJI€3KHOCTI Bijl 3HAUYILIOCTI BU-
JIydeHOI MOSICHIOBAJIbHOI 3MiHHOI B MoJeJi. BincyTHicTh
HaMOLIBII BaXJIMBOI MOSICHIOBAJbHOI 3MiHHOI CIIPUYM-
HSIE HAWOIBIIY TOXUOKY.

3icTaBlIeHHS JaHUX IIMTOT€HETUYHOI JO3MMETPIi 3 KITi-
HIYHUMU JaHUMU JO3BOJIMIO 3pOOUTU 00’ EKTUBHI BUC-
HOBKM 1100 AUMEpPeHUilOBAHHS CTYIMEHS TSIXKOCTI
MPOMEHEBOI XBOPOOU y MeXKax CTPOKiB, HEOOXiMHUX IS
BUKOHAHHS aJeKBaTHOI JAe3iHTOKCHUKALiHOI Teparil
MOCTPaXIaluX.

3anponoHOBaHY METOAUKY PO3POOJIEHO 3a YMOB, KO-
JIM moCTpaXaanii JKBigaTopu 3 Mepluux AHIB Bil Haa-
XOIIKeHHSI B CTalliOHAp 1O MOMEHTY IIUTOT€HETUYHOTO
00CTeXXEeHHSI OTPUMYBAJIM aKTUBHY Teparlilo i KepiB-
HULTBOM ToJioBHOro paaioiora MO3 VYkpainu npod.
JI.IT. KiHa3eabCchbKoro (EHTepOo- i reMoCcopOLisl, mepesn-
BaHHS KPOBI, Mifcagka KiCTKOBOTO MO3KY TOIIIO).

BUCHOBOK

I[utoreHeTYHE OOCTEXKEHHST OIMPOMiHEHUX OCi0 € He-
O00OXiZTHMM KOMITOHEHTOM BepudiKallii CTyIeHs Impome-
HeBOi XBopoOU. PekoMeH10BaHMIi1 CITOCIO OLIHKY IIUTO-
TeHeTUYHUX AaHuX y xBopux Ha ['TIX mo Ta Ha moyaTKy
Ne3iHTOKCUKaLiiiHOI Tepamii 3abe3nedyye 3ad0BUIbHUIA
IiaTHOCTUIHUI piBeHb (BiNMOBIiIHICTH TTEPBUHHO BU3-
HaYeHUM KJIiHiKO-J1abopaTOPHUM JiarHO3aM).
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text of minimum number of errors in determining
the ARS stage, but not minimum standard devia-
tion) was achieved for the set of x1, x3, x5, x7, x9
parameters. The acceptable accuracy, however,
was obtained already with three explanatory vari-
ables x/, x3, x7 (number of damaged cells, frag-
ments and translocations) and further as new vari-
ables were added it improved slightly.

Significance of each of the analyzed explanatory
variables for determining the ARS stage was
assessed by excluding it from the multiple linear
regression model and applying the «truncated»
model in this way. Exclusion of explanatory vari-
able caused an increase in the model error, and the
magnitude of this error directly depended on the
significance of removed explanatory variable in the
model. Absence of the most important explanato-
ry variable caused the greatest error.

Comparison of cytogenetic dosimetry data with
clinical ones allowed to make the objective conclu-
sions about differentiation of ARS severity within
terms required for adequate detoxification therapy
in victims.

The proposed method was developed under the
conditions when affected liquidators since the first
days of hospital admission till the moment of cytoge-
netic examination were subjected to intensive thera-
py under the guidance of the Chief Radiologist of the
Ministry of Health of Ukraine Prof. L.P. Kindzelsky
(entero- and hemosorption, blood transfusion, bone
marrow transplantation, etc. were administered).

CONCLUSION

Cytogenetic examination of the irradiated persons
is an obligatory component of ARS stage verifica-
tion. The recommended method of assessing the
cytogenetic data in ARS patients before and at the
beginning of detoxification therapy provides a sa-
tisfactory diagnostic level (corresponding to the
initially defined clinical and laboratory diagnoses).
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