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MMOPIBHAJIbHUM MATEMATUYHN AHAJI3
KOJIOHIEYTBOPIOIOUYOI 3JIATHOCTI KICTKOBOI'O MO3KY
MUIIEN, OITPOMIHEHUX 3 OMTHAKOBOIO MTOTYXKHICTIO ¥
JETAJIBHIN 1 HEJIETAJIBHIN J0O3AX

MeTa: npoBefeHHA NOPiBHANBHOIO aHanily XxapakTepucTuK npouecy hyHKUiOHYBaHHA NonynsLii KOJOHieyTBOpIO-
04MX OMHMLb KICTKOBOrO MO3KY MWULIEN Nicif NPOJAOHIOBAHOrO iX ONPOMiHEHHA Y NeTanbHil i HeneTanbHil fo3ax 3
OAHAKOBOIO MOTYXKHICTIO 403 3a JOMNOMOr00 MaTeMaTUYHOT Mogeni.
Marepianu i metoau. [ocTaBneHa 3agaya po3s’a3yeThCs 3a LONOMOrO0 MaTeEMATUYHOT MOLENT 3MIHU YMCENTBHOCTI KO-
NIOHIEYTBOPIOKOYMX OMHMLIb KICTKOBOTO MO3KY Nic/is HeNepepBHOro onpoMiHeHHs, ONMCaHoi B nonepefHix poboTax, 3
BUKOPUCTAHHAM eKcnepuMeHTanbHux pesynbratie pobit K. C. YepTkosa (1972, 1973). MatematyHa Mogens nobypo-
BaHa Ha OCHOBi CXeMU KPOBOTBOPEHHS, 3anponoHoBaHoi M. J1. Yeptkosum (1984, 1991).
Pe3ynbTaTi Ta BUCHOBKM. 3a JONOMOTOI0 OPUTiHaNbHOT MaTeMaTUyHOi Mofeni, HoBoi cxeMn kposoTBopeHHs 1. J1. YepT-
KoBa (1991) 3 BUKOPUCTAHHAM eKCNEepUMEHTaNbHUX Pe3ynbTaTiB BNAUBY Y-ONPOMiHEHHsA B fo3ax 4 [p T1a 8 Ip 3 no-
TyXHicTio 0,0028 p/XB Ha YMCENbHICTb KONOHIEYTBOPIOOYMX OAMHMLL KiCTKOBOrO MO3KY MULLIEN, @ TAKOX eKcnepu-
MeHTaNIbHUX JAaHMX OO NPOLECiB BiAHOBAEHHS TXHBbOT YNCENBHOCTI, OAEPIKAHUX 3 NITEPATYPHUX JIKEPES, BU3HAYEHO
napameTpy, WO XapaKTepu3yloTb peakuilo KPOBOTBOPHOI CMCTEMM Ha Pi3HMX eTanax NpOUeCiB BifHOBJEHHSA KO-
JIOHIEYTBOPIOYMX OAMHULb KICTKOBOTO MO3KY MiCNs NPUNMHEHHS Aii i0Hi3y040i pagiallii, Ta npoBefeHo NOPiBHANb-
HUI aHani3 OTPUMAHUX pe3ynbTaTis.
KniouoBi cnoBa: ioHi3ytoua pafiauis, netasbHa Ta HeleTanbHa 03U, KiCTKOBUI MO30K, DYHKLiOHaNbHi BNACTMBOCTI,
MaTeMaThyHe MOAENOBaHHS.
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COMPARATIVE MATHEMATICAL ANALYSIS OF COLONY-
FORMING ABILITYOF THE BONE MARROW OF MICE LETHALLY
AND NON-LETHALLY IRRADIATED WITH EQUAL DOSE RATE
INTENSITY

Objective. To perform comparative analysis of the characteristics of population functioning process of mice bone
marrow colony-forming units after their prolonged irradiation in lethal and non-lethal doses with equal dose rate
intensity with the aid of mathematical model.

Materials and methods. Assigned task is solved by means of mathematical model of alterations in the number of
bone marrow colony-forming units after continuous irradiation, described in previous works, with the use of expe-
rimental results of K. S. Chertkov works (1972, 1973). Mathematical model is developed basing on the hematopoiesis
scheme introduced by I. L. Chertkov (1984, 1991).

Results and conclusions. By applying original mathematical model, new scheme of hematopoiesis [6], with the
use of experimental results of y-irradiation influence in the doses of 4 Gy and 8 Gy with the dose rate intensity of
0.0028 Gy/min on the number of mice bone marrow colony-forming units, as well as experimental data concerning
the processes of their number recovery, obtained from literature references, we determined the parameters, which
characterize hematopoietic system reaction on the different stages of recovery processes of mice bone marrow
colony-forming units after the termination of ionizing radiation action; comparative analysis of obtained results
was performed.

Key words: ionizing radiation, lethal and non-lethal doses, bone marrow, functional properties, mathematical mod-

elling.
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BCTYII

Hacnigku onpoMiHEHHSI opraHi3my, sIK BiioMO, BH3Ha-
YalOThCs CTAHOM KPOBOTBOPHOI TKAHWHM, 1110 € OJHIEIO0
3 KPUTUYHUX CUCTEM OpraHi3My ccaBLiB MpU paialliii-
HOMY BIUIMBI. Y 3B’SI3KY 3 IIMM aKTyaJbHUM € BUBUCHHS
3aKOHOMIipHOCTEe! ypaskeHHs i KOMITeHcallii KpOBOTBOP-
HOI CUCTEMHM.

KononieyrBoptoroui onunuii (KYO), mo HanexaTb
IO IIyJl1y CTOBOYPOBMX KPOBOTBOPHUX KJTHH, € IIPO-
BiZTHUM (paKTOPOM Y PO3BUTKY TIPOIIECiB BiTHOBICHHS
reMoIioe3y B OIPOMiHEHOMY OpraHi3Mi, a OTXe, i B Ha-
CJIiIKaxX IPOMEHEBOI0 YpaskeHHSI 3 TepeBaxkaHHIM KiCT-
KOBO-MO3KOBOTO CHHIPOMY. 3aKOHOMIipHOCTI BiTHOB-
nenHs monynsiii KYO kictkoBoro Mo3ky (KM) Mueii
TiCJIs ONPOMiIHEHHS 3HAYHOIO MipOl0 BU3HA4YaloTh HAC-
TYIHUI TIPOLEC BiZTHOBICHHS TeMOIIOETUIHOI CUCTEMU
B LILJIOMY.

MeToa KiabKiCHOTO BU3HAY€HHSI KOJIOHIEYTBOPIO-
I0YMX OJMHUIb HalaB HOBi MOXJIMBOCTI JIsI BUBYEHHSI
CTOBOYpPOBOTO ITyJTy KPOBOTBOPHOI TKAHUHMU.

MatemMaTU4yHa MOAeJb MTOOyJOBaHA Ha OCHOBI HOBOIL
CXeMU KPOBOTBOPEHHS, 3arporioHoBaHoi M. JI. YepTko-

0«J Nadiia M. Bilko, e-mail: nadia.bilko @gmail.com

INTRODUCTION

The effects of irradiation of the body, as it is known,
are determined by the state of hematopoietic tissue,
which is one of the critical systems of the mammalian
organism under the radiation influence. In this
regard, it is important to study the patterns of dam-
age and compensation of the hematopoietic system.

Colony-forming units (CFU) which belong to
the pool of hematopoietic stem cells are a leading
factor in the development of hematopoietic recov-
ery in the irradiated organism, and hence in the
consequences of radiation damage with a predomi-
nance of bone marrow syndrome. Patterns of the
recovery of colony-forming units’ population of
mice bone marrow (BM) after the irradiation to a
large extent determine the further process of
recovery of the whole hematopoietic system.

The method of quantitative determination of
colony-forming units provided new opportunities
for studying the stem pool of hematopoietic tissue.

The mathematical model is based on a new scheme
of hematopoiesis proposed by I. L. Chertkov [1, 2].
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BuM [1, 2]. 3rigHo 3 LIi€I0 CXEMOI0, KPOBOTBOPEHHSI Op-
TaHi3My IIPOTSITOM YChOTO XXUTTS MiATPUMYEThCST 3aKJIa-
JIEHUMU B OHTOI€He3i NPUMITUBHUMU CTOBOYPOBUMMU
KJITUHAMM, SIKi TOCTYIIOBO J03piBalOTh i MOCHiZOBHO,
OJIHa 3a OJIHOI0, MOIOBHIOIOTH nonysniro KYO KM ta
OepyTh y4acThb y MPOILIECi TeMOTIOEe3Yy.

3a teopieto M. JI. Yeprtkosa [1, 2] moTeH1ian cToBOY-
POBUX KJIITMH HE € HECKiHUEHHUM, BiH BUCHAXY€EThCS,
0COOJIMBO B pe3yJbTaTi CTpeciB (Hampukiam, OM-
poMmiHeHHs). CTOBOYpOBi KJIiTHMHM 3aKjaagaloTbCs B
eMOpioreHesi, J03piBalOTh i KOJIOHI3YIOTh «Hillli» B Op-
raHi3aMi HOBOHApPOIKEHOI AUTUHU, SIKi i € mKeperaMu
TeMOITOeTUIHNX CTOBOYPOBUX KJIITUH MPOTSITOM KUTT,
y IepIIy 4epry, lie KiCTKOBUI MO3OK.

META JOCIIJIZKEHHA

Mertoo nmaHoi poOOTH € TPOBEAECHHS IOPiBHSUIBHOTO
aHaJTi3y XapakKTepUCTUK Tpollecy yHKIIOHYBaHHS T10-
nynsuii KYO KM Mutireit miciist mpojIOHTOBAHOTO iX OIT-
pPOMiHEHHS y JIeTaJbHili i HeJeTallbHii J03aX 3 OMHAKO-
BOIO MOTY>KHICTIO 03 3a IOIMTOMOI'0I0 MaTeMaTUYHOI MO-
JeJTi.

MATEPIAJIN 1 METOJIN

[TocraBnena 3amaya po3B’A3yE€ThCS 3a JOTTOMOTOIO MaTe-
MaTUYHOI Moaesi 3MiHM uucesbHOCcTi KYO KM micns
HeMepepBHOro OIPOMIHEHHS, OMMUCaHOI B poboTax [3,
4], 3 BUKOPUCTAHHSIM €KCIIepUMEHTaJIbHUX pe3yJIbTaTiB
pobir K. C. Ueptkosna [5, 6].

SAx npencrasieHo y ctatrax K. C. UepTkoBa, 1oCTiIKeH-
Hs mpoBomwin Ha mumax-riopugax F1 (CBA x C57BI).
HocnifHUK1 ONpPOMIHIOBJIM MUIIEH-TOHOPIB Y 103aX
400 pan (4 Tp) ta 800 pax (8 Ip) y-mpomensamu “’Cs i3
notyxHictio mo3u 0,0028 Ip/xs.

Jl1st BUBHAYEHHS YKrciia KJIiTUH IPOMMBAJIU JIiBY CTEr-
HOBY KicTKy muleid 2—4 mMa 5 % oLTOBOI KUCIOTH i
MiApaxoBYBJIM KiJIbKICTh SAPOBMiICHUX KIITUH. s
BCTAHOBJIEHHS KiJILKOCTi KOJIOHIM, sIKi (pOpMYyBaTUMYTh-
Csl B ceJIe3iHlli TBapUH-PELUITIEHTIB, CTEPUIbHO BUMU-
BajJli KJIITUHU 3 TIPpaBOi CTETHOBOI KiCTKM TBapUH-I0-
HOPiB y cepenoBuili 199, migpaxoByBaau iXHIO KiIbKiCTh
i BBOIWIN Yy XBOCTOBY BEHY JIETAJIbHO OIIPOMiHEHOI TBa-
puHU-peLunieHTa. s 1bOoro ONpoMiHEHUX Y Pi3HUX
JI03ax TBApPUH-TOHOPIB 3a0MBaJIi y Pi3Hi TEPMiHU ITiCs
3aKiHYeHHs BIUIMBY paniauii (Big 0,5 rox mo 30 ai0).

OrnpoMiHeHHsI eKCIIEPUMEHTAJIbHUX TBapUH Y JIeTa/lb-
HUX [103aX, 110 BUKJIMKAIOTh TOCTPY IIPOMEHEBY XBOPOOY
(800 pan), i Thx, 1o € cyoneranbHuMu (400 pam), MOXKHA
MiAPO3AIIUTI Ha KOPOTKOYACHE, 1110 BUMIPIOETHCS CEKYH-
JaMM Ta XBWJIMHAMM, i IIPOJIOHTOBaHE, 110 TPUBAE TOIU-
HU 91 nobu. Asropu myomikamiit K. C. Yeptkos (1973),

According to this scheme, the hematopoiesis of
the organism throughout life is supported by prim-
itive stem cells deposited in ontogenesis, which
gradually mature and consistently, one after
another, replenish the population of BM CFU and
participate in the process of hematopoiesis.

According to the theory of I. L. Chertkov [1, 2]
the potential of stem cells is not infinite, it is
depleted, especially as a result of the stresses (for
example, irradiation). Stem cells are deposited in
embryogenesis, maturate and colonize ‘niches’ in
the organism of new-born child, which are the
sources of hematopoietic stem cells during the life,
first of all, the bone marrow.

OBJECTIVE

The objective of investigation was to perform com-
parative analysis of the characteristics of popula-
tion functioning process of mice bone marrow
colony-forming units after their prolonged irradia-
tion in lethal and non-lethal doses with equal dose
rate intensity with the aid of mathematical model.

MATERIALS AND METHODS

The assigned task is solved by means of mathemat-
ical model of the alterations in BM CFU number
after the continuous irradiation, described in
works [3, 4], with the use of experimental results of
K. S. Chertkov works [5, 6].

As presented in the articles of K.S. Chertkov, the
investigations were performed on hybrid mice F1
(CBA x C57BI). The researchers irradiated donor
mice at doses of 400 rad (4 Gy) and 800 rad (8 Gy)
with ¥"Cs y-rays with a dose rate of 0.0028 Gy/min.

To determine the number of cells, the left femur
of mice was washed with 2—4 ml of 5 % acetic acid
and the number of nucleated cells was counted. To
determine the number of colonies, which will form
in the spleen of recipient animals, cells were asepti-
cally washed from the right femur of donor animals
with 199 medium, counted, and injected into the
tail vein of lethally irradiated recipient animal. To
do this, donor animals irradiated in different doses
were killed at different times after the termination of
radiation exposure (from 0.5 hours to 30 days).

Irradiation of experimental animals in lethal do-
ses, which cause acute radiation sickness (800 rad),
and those which are sublethal (400 rad), can be
divided into short-term, measured in seconds and
minutes, and prolonged, ongoing years or days.
The authors of the publications K.S. Chertkov
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K. C. Yeptkon i C. I1. Xpamuenkona (1972) npociaky-
BaJIM KiHETUKY YPaKeHHSI i BiTHOBJIEHHS Y IMPOJOHTOBA-
HO ONPOMiHEHHMX TBapUH; HA OCHOBI IX JaHUX 34 A0IO-
MOTOI0 MaTeMaTMYHOI MOJENi TPOBEACHO MOPiBHSIb-
HUI aHaJji3 mpolecy (hyHKIIIOHYBAaHHS TOIYJISLl KO-
JIOHIEYTBOPIOIOYMX OOMHMIIH KiCTKOBOTO MO3KY MUIIICH
npu JieTajbHili Ta HeJleTaabHil 4031 OIPOMiHEHHS 3 O/I-
HaKOBOIO MaJjiolo roTykHicTio (0,28 pan/xs) |5, 6].

HaHi om0 KiHeTMKW 3MiHU KOJIOHIEYTBOPEHHS Y
pO3paxXyHKy Ha CTETHOBY KiCTKy MMUIICH-ITOHOPIB
npeacTaBieHi B Tabm. 11 2.

Po3paxyHku, nipoBeneHi 3 ypaxyBaHHSIM 3MiHU YHC-
JIa SIAPOBMICHUX KJTITUH TTOKa3aJIM, 1110 Y CTETHOBI KicT-
i MUIIIi, OTIpOMiHEHOI MpoJioHroBaHo y A03i 400 pan

(1973), K.S. Chertkov and S.P. Khramchenkova
(1972) investigated the kinetics of damage and
recovery in protractedly irradiated animals; based on
their data and using a mathematical model the com-
parative analysis was performed concerning the
functioning of CFU population of mice BM at lethal
and non-lethal doses with the same low dose rate
(0.28 rad/min.) [5, 6].

Data concerning the kinetics of changes in colony
forming per femur of donor mice are presented in
table 1 and 2.

Calculations performed taking into account the
change in the number of nucleated cells showed that
2.3% of the original amount of cells retain their

KiHeTuKa KONOHiEYyTBOPIOIOUMX KNiTUH KiCTKOBOr0 MO3KY MULIEN Mic/iA NPOJIOHFOBAHOrO ONPOMiHEHHA B f03i

Kinetics of colony-forming bone marrow cells of mice after prolonged irradiation with the dose of 400 rad [6]

Ta6naumusa 1
400 pap [6]
Table 1
[o6a nicng noyatky KinbkicTb
ONPOMiHEHHS TBapUH-PELMMIEHTIB
Days after the beginning Number of

of irradiation recipient animals

Kinbkictb KYO B po3paxyHKy Ha CTErHOBY KiCTKY
Number of CFU per femur

abconoTHA KinbKicTb [OBipYMiA iHTEepBan
absolute number confidence interval

131 (102-159)
230 (207-253)
366 (255-473)
662 (431-894)
873 (310—1436)
1120 (624—1616)
2094 (1795-2394)

KiHeTuKa KONOHiEYTBOPIOIOYNX KNiTUH KiCTKOBOrO MO3KY MULIEN Mic/iA NPOJIOHFOBAHOrO ONPOMiHEHHA B f03i

1 16
2 8
3 12
6 5
8 5
13 3
22 5

Ta6auuysa 2

800 pag [5]

Table 2

Kinetics of colony-forming bone marrow cells of mice after prolonged irradiation with the dose of 800 rad [5]

[Do6a nicna noyartky
ONpPOMiHEHHS

KinbkicTb TBapuH
Number of animals

Kinbkictb KYO B po3paxyHKy Ha CTErHOBY KiCTKY
Number of CFU per femur

Days after the beginning AOHOPK peuunieHTn a0CconIoTHA KiNIbKICTb BOBIPYMiA iHTepBan
of irradiation donors recipients absolute number confidence interval
2 5 5 5,2 (1,5-8,9)

3 8 16 20,1 (16,3-23,8)
4 8 17 30,9 (25,8-35,7)
7 8 16 1445 (117-172)

9 5 8 267 (202-332)

11 8 9 1254 (980—1509)
13 8 9 1889 (1524-2244)
16 5 9 2134 (1745-2530)
19 5 11 4774 (4400-5148)
23 5 5 4749 (3360-6137)
30 5 3 5507 (3806-7214)

303 &




EKCINEPUMEHTAJIbHI

AOCNIAXEHHSA

ISSN 2304-8336. [Npobnemu pagiaiiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

(4 Ip), KoNOHIEYTBOPIOIOYY 3MaTHICTh 30epiratoTh 2,3 %
BUXIAHOI KiJIbKOCTi KJIITUH. Jlaji, K BUAHO 3 TaOJIUIb
1 i 2, 9MCIIO KOJIOHIEYTBOPIOIOYMX KITITUH Y KiCTKOBOMY
MO3KY 30iTbIIYETHCS MTPOTSATOM BCHOTO MEPiOaY CIIOCTE-
peKeHHS.

ABTOpY MOKa3aJiv, 10 B PEe3yJIbTaTi TPOJOHTOBAHOTO
OIIPOMiHEHHSI HE PO3BMBAETHCS CTaH TOTAJbHOIO MPH-
THiYeHHs TIpoliecy npoutidepallii KIITUH; YacTMHA KO-
JIOHIEYTBOPIOIOUMX KJIITUH 30eperae BIACTUBHUM iM IO-
CTiliHMi1 puT™M npouidepalii. Came HenepepBHICTb MPO-
LeCy HaKOIIMYEHHSI KOJOHIEYTBOPIOIOUNX KIITUH MOXE
3a0e3MeYnTy TBapuHaM, OIPOMiHEHUM IPOJIOHTOBAaHO,
TMIEBHUI BUTpalll y yaci B Iepiof] BimHOBIeHHs. He3Baxa-
I0OYM Ha Te, IO 3 MOMEHTY eKCIIEPMMEHTaJIbHOTO JOBe-
JIEHHSI 3aKOHOMIipHOCTEIl BiIHOBJIEHHSI KPOBOTBOPHOI
¢yHKIIII MMicas MPOJOHTOBAHOTO OMPOMIHEHHS MPU
HU3bKill MOTYXXHOCTI IMPOMIIUIO MaliKe TTiB CTOJITTS, pe-
3yJIbTaTU IIPOBEICHUX MOCIIIKEHb HE BTPATWIN CBOEI
aKTYyaJIbHOCTI 1 TTIepPEKOHJIUBOCTI.

TonoBHa 0cOOIMBICTh, TpUTAMaHHA MTPOJOHTOBAHUMY
BIUIVBY, IOJISITAE B TOMY, SIK BKa3YylOTh aBTOPH, 11O IIPU
HEe3Ha4yHil MOTYXHOCTI (HyX4e 1 pan/XB), YacTMHA KITi-
TWH He BTpayae 3IaTHOCTI 10 mpodidepaltii. 30epekeHa
KiJIBKICTh CTOBOYPOBUX KJIITUH € TOCTaTHBHOIO JJIsI CTBO-
PeHHS HaIilfHOTO IUIalIapMy IIJisd iHTEHCUBHOTO ITeMO-
noe3y y TBapuH, UMM, HaliMOBIipHillle, i MOSICHIOETbCS
CUHXPOHHICTb Y BiIHOBJIEHHI KPOBOTBOPEHHSI.

ABTOpPH BUCYBaIOTh MPUITYILIEHHS TIPO TE, 110 MPUIUHY
MiIBUIIEHHS PE3UCTEHTHOCTI A0 MPOMEHEBOTO ypaXKeH-
HST Y TBApUH CJIiJI PO3IJIAIATH SIK BillIOBiAb HA IIPOJIOHTO-
BaHe OMPOMiIHEHHS 3 HE3HAYHOIO MOTYXKHICTIO 103M.

PE3VJIBTATU TA OBTOBOPEHHA

Otxe, 3rinHo 3 podotamu [3, 4], piBHSIHHS, IO OMKUCYE
3MiHM BimHOCHOI yncenpHocTi KYO KM micasa mpumnm-
HEHHsI OIIPOMiHEHHsI, MaTUM€ BUIJISI;

colony-forming ability in the femur of a mouse irra-
diated protractedly in the dose of 400 rad (4 Gy).
Further, as can be seen from tables 1 and 2, the
number of colony-forming cells in the bone mar-
row increases throughout the observation period.

The authors showed that as a result of prolonged
irradiation a state of total inhibition of the process
of cell proliferation is not developed; part of the
colony-forming cells retains their inherent con-
stant rhythm of proliferation. It is the continuity of
the process of colony-forming cells accumulation
that can provide the animals with prolonged expo-
sure a certain gain in time during the recovery
period. Despite the fact that almost half a century
has passed since the experimental proof of the
restoration pattern of hematopoietic function after
prolonged irradiation with low dose rate, the
results of the performed research have not lost
their relevance and persuasiveness.

The main feature which is inherent to prolonged
exposure is, as the authors indicate, that at low
dose rate (below 1 rad/min.), some cells do not
lose the ability to proliferate. The preserved num-
ber of stem cells is sufficient to create a reliable
base for intensive hematopoiesis in animals,
which, most likely, explains the synchronicity in
the restoration of hematopoiesis.

The authors suggest that the cause of increased
resistance to radiation damage in animals should
be considered as a response to prolonged exposure
at low dose rates.

RESULTS AND DISCUSSION

So, according to the works [3, 4], equation, which
describes alterations in relative number of BM CFU
after the termination of irradiation, will be written as:

dM (t m d
O YI0) (1)
dt 7,Cp T T
ne M, (t)= ]Z(t) — BimHOCHa yncenbHicTh KYO KM where M (¢) = NG _ relative number of BM
K K

yepe3 MPOMIXKOK 4acy f Micas MPUIIMHEHHST OMpPOMi-
HEHHS;

N(t) — aucenbHictTh KYO KM uyepe3 npoMixKok 4acy ¢
TiCJIsT MPUTTMHEHHST OTIPOMiHEHHS;

Cx — aucenbHicTh KYO KM y HOpMI;

m,
7,Cx

To — TPUBAJICTb MPOMIXKY 4acy, uyepe3 SKUi KITITUHU
HagxonaTh 10 nomysiii KYO;

— BimHocHa mBUAKIcTh HagxomkeHHT KYO no KM;

CFU in the interval of time ¢ after the termination of
irradiation

N(t) — number of BM CFU in the interval of time ¢
after the termination of irradiation;

Cx — number of BM CFU in normal conditions;

m,

— relative incoming rate of CFU to BM;
7,Cy

Ty — duration of the time interval, in which cells come
to CFU population;
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My — KiJbKIiCTb Jpkepe, 3 skux HaaxonasaTh KYO no KM;

P — BiACOTOK KJIITMH, $IKi TP NOAii MOMOBHIOIOTH IMO-

nynsuiro KYO;

d — BiICOTOK KJIiTUH, SIKi TIPU TIOiJIi TTOMTOBHIOIOTH IO~

MYJISLi0 KOMITOBAaHUX IONEPEIHUKIB KPOBOTBOPEH-

HS;

T — CepeaHs TPUBAIICTh KJIiTUHHOTO UKy KYO KM.
Po3p’sa30k piBHsHHS (1) HAa MpoMiKKax yacy, Ie ma-

m,

pamMeTpu BimHoBIeHHs TTonynsaiii KYO KM ik
Tolk

P, d, T HE3MiHHIi, MaTUMe TaKWil BUTJISI;

m,

M) =

ne Lop-d

, M(t,) — BinHocHa uncenbHicTE KYO KM
T

Ha MMOYaTKY CITOCTEPEXEHHS 1y,

3a yMoBU A < 0 BeIMUMHY S = Ha3uBaTH-

0
7,Cy (=4)
MeMO BiTHOCHUM piBHeM cTabimizaiii KYO KM, konu
{ — oo TP HE3MiIHHUX MapamMeTpax QYHKIIOHYBaHHS
nomynanii KYO KM.

PesynbraTu 3minu BinHocHOI ynceabHocTi KYO KM
crerHoBoi Kictku muireir F1 (CBA x C57Bl) micns
MPOJIOHIOBAaHOTO oNpoMiHeHHs y no3ax 4 Ip ta 8 Ip
(tabm. 3 i4) orpuMaHi 3 eKCrepUMEHTaTbHUX PE3yJIb-

Taoauuya 3

—_+e
To CK (_l)

A

t

m,— number of sources, from which CFU come to BM;

p — percent of the cells, which after the division replen-

ish the population of CFU;

d — percent of the cells, which after the division replen-

ish the population of committed hematopoietic pro-

genitors;

T — the average duration of BM CFU cell cycle.
Solution to equation (1) in the intervals of time, where

m,

parameters of BM CFU population recovery C
Ty

. . K
p, d, T are constant, will be written as:

m,

2)

M)+
7oLk

where 4 -2~

, M(t,) — relative number of BM CFU

T
at the beginning of observation #,;

my
7,Cx (=4)
will call the relative level of BM CFU stabilization,
when ¢ — oo in case of constant parameters of BM
CFU population functioning.

Results of the alterations in relative number of femur
BM CFU of mice F1 (CBA x C57BI) after prolonged
irradiation in the doses of 4 Gy and 8 Gy (Table 3 and 4)
are obtained from the experimental results of works

upon condition A < 0the S = value we

MapameTpu maTtemaTuyHoOi Mogeni, Wo onucye 3mMiHy BigHOCHOT yncenbHocti KYO KM muwen nicnsa nposioHro-

BaHOro onpomiHeHHA y A03i 4 p (cy6netanbHa po3a)
Table 3

Parameters of mathematical model, which describes the alteration of relative number of mice BM CFU after
prolonged irradiation in the dose of 4 Gy (sub-lethal dose)

[Ho6u nicng noyatky onpomiHeHHs / Days after the beginning of irradiation

1-wa/ 1% 2-ra /2™ 3-1a /3" 6-ta /6™ 8-ma /8" 13-ta/ 13" 22-ra / 22"
BipHocHa uncensHicte KYO KM y po3spaxyHky Ha cTerHoBy kicTky / Relative number of BM CFU per femur
0,0233 0,0409 0,0652 0,1179 0,1554 0,1994 0,5729

[loGu nicns noyaTky onpoMiHeHHsl, 00paHi Ang BU3HAYEHHS

MapameTpn maTteMaTU4HOI napameTpiB MaTeMaTU4HOi Mmoaeni

mopeni Days after the beginning of irradiation chosen for the determination
Parameters of mathematical of mathematical model parameters
model 1-wa, 2-ra, 3-1a/ 1%, 2, 3¢ 6., 8-ma, 13-1a / 6", 8", 13"
a=pd 0323 0,229
T
m
0.007 0.050
7,Cx
m
AN —-0.0229 0.218
7,Cx (=4)

305 &



EKCINEPUMEHTAJIbHI

AOCNIAXEHHSA

ISSN 2304-8336. [Npobnemu pagiaiiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

Ta6nauusa 4

MapameTpu maTtemaTu4yHOi Mogeni, Wo onucye 3mMiHy BigHOCHOT yncenbHocti KYO KM muwen nicnsa nposioHro-

BaHOro onpomiHeHHA y ao3i 8 p (netanbHa posa)
Table 4

Parameters of mathematical model, which describes the alteration of relative number of mice BM CFU after

prolonged irradiation in the dose of 8 Gy (lethal dose)

Oo6u nicns novatky onpomiHeHHs / Days after the beginning of irradiation

2-ra/2™ 3-19/3" 4-ta/4"™ 7-ma/7" 9-ta/9" 11-ta/11" 13-1a/13" 16-ta/16™ 19-Ta/19" 23-19/23" 30-Ta/30"
BipHocHa uncensHicte KYO KM y po3spaxyHky Ha cTerHoBy kicTky / Relative number of BM CFU per femur
0,001 0,004 0,006 0,026 0,048 0,222 0,336 0,380 0,850 0,850 0,980
[oOu nicng no4yaTky onpoMiHeHHs, 00paHi ANg BU3HAYEHHS NapameTpiB MaTeMaTU4HOI Moaei
MapameTpu Days after the beginning of irradiation chosen for the determination of mathematical

MaTemMaTu4Hoi Mogeni

model parameters

Parameters of 2-ra, 3-19, 4-Ta

4-T1a, 7-ma, 9-ta

9-ta, 11-1a, 13-Ta 16-1a, 23-19, 30-Ta

mathematical model 2/, 39, 4" 4", 7", 9" 9", 11", 13"h 16", 23", 30"
a=L ;d ~0.405 0.204 0210 ~0.180
m,
7.Cy 0.004 0.004 0.120 0.180
m
C D) 0.010 -0.020 0.556 1.030

TaTiB poOiT [5, 6] 3 ypaxyBaHHSIM TOTO (baKTy, mo Cx —
yucenbHicTb KYO KM cTerHoBoi KiCTKU Y HOpMi cTa-
HOBUTb 5616 (5382—5850) xiituH [5].

IIpointocTpyeMo MeTon OOYMCIECHHS TapaMeTpiB
MaTeMaTUYHOI Mojendi, 10 OMUCYE 3pOCTaHHS Bid-
HocHoi yucenbHocTi KYO KM y nepuii go6u micas
MPUIIMHEHHS IIPOJIOHTOBAHOTO ONPOMiHEHHS Y 10-
3i 4 Ip.

3 dopMyan (2), 110 onucye 3MiHY BiIHOCHOI 4M-
cenpHOCTI KYO KM M(%) Big moyaTKy CIOCTepeKEHHS
t, = 1 0o TepMiHy ¢, BUILJIMBAE

[5, 6] taking into account the fact that Cx — number
of femur BM CFU is equal to 5616 (5382—5850)
cells in normal conditions [5].

We will illustrate the method for the estimation of
mathematical model parameters, which describes
the increase of relative number of BM CFU in the
first days after the termination of prolonged irradia-
tion in the dose of 4 Gy.

From the formula (2), which describes the alter-
ation in the relative number of BM CFU M(?) from
the beginning of observation #, = 1 to the period of
time ¢, it follows that

M) - M) = (M(D - ) (1 - &), 0
M) - MG) = (M(]) - $) (@ - &,
ge §=— "0 where §=— "0
7,Cx (=4) 7,Cx (=4)

BpaxoByrouu 3nauenns M(1), M(2), M(3) i3 Taban-
i 3, OoTpUMaEMO

MQ) - MG3) _

ro— _
M) - M(Q2), e =1,3806. Otxe, A = 0,323.
I3 piBHOCTI (4) 3HaxoAMMO

m,

Ty CK (_l)

M)

Taking into account the value of M(1), M(2), M(3)
from the Table 3, we will obtain

MQ) - M3) _

A o— _
M) -M@2), ¢ 1,3806. Thus, A = 0,323.

From the equation (4) we will find
M@2)-M3)

= -0,0229.
o’ _ o
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EXPERIMENTAL

RESEARCH

m, _
=0,007.

Tolk

Toni

AHaJni3 pe3yabTaTiB, HaBeAeHUX Yy Ta0auusgx 3 i 4,
CBiIYUTH, 110 OCHOBHUMM ITOKa3HMKAMM, SIKi BH3HA-
YaloTh PiBeHb BILIMBY OIPOMIHEHHSI Ha CUCTEMY KPO-
BOTBOpeHHs, € uucenbHicTh KYO KM Tta mponec ii
BiTHOBJICHHS ITiCJI TPUTIMHEHHS OIPOMiHEHHSI.

V nepiuuii 1eHb Mic/s IPUITUHEHHS Cy0JIeTaTbHOTO
onpoMiHeHHs y 103i 4 Ip BimHOCHA uKcenbHicTh KYO
KM cranoButh 0,02, BiZHOCHA HIBUIKICTb HAIXO.H-
xkeHHss KYO no KM nopiBHioe 0,007; BoHa He 3Mi-
HIOETHCS MPOTSATroM 3 1i0, a Ha moyaTok 6-1 106U 3poc-
Taey 7 pasis.

V nepuumii geHb micist OpUIIMHEHHS JIeTaJIbHOTO OM-
pomiHeHHs y g03i 8 Ip BimHocHa yucenbHicTh KYO
KM cranoButs 0,001, BimHOCHA LIBUIKICTbh HAAXO.-
xKeHHsI KYO no KM piBHa 0,004; BoHa He 3MiHIOETbCS
MPOTSATOM HACTymHUX 7 ni0, a Ha moyaTtok 9-1 mobm
3poctae y 30 pasiB.

BusnaueHi mapamerpu npoiieciB BigHoBiIeHHsS KYO
KM micns cybeTalbHOro i AeTaJbHOr0 ONMPOMiHEHHS
Jlal0Th MiACTaBy BBaXKaTu, 110 caMme IIpoleC BigHOB-
nenHsa KYO KM micis netaJibHOro onmpoMiHeHHS 3 Ta-
KMMHU TTapaMeTpaMy TPOTSAroM mepmux 9 mioé cras
OPUYMHOIO 3aTPUMKHU 3pocTaHHs yucenabHocTi KYO
KM i, 9K Hac1igoK, NpUUMHO0 3arudesii YaCTUMHU MU-
LIE B eKCOEPUMEHTI.

BUCHOBKU

OTpuMaHi pe3yJIbTaTu TO3BOJISIOTH 3MiHCHUTH TOPiB-
HSJIBHUIN aHali3 mapaMeTpiB, SIKi XapaKTepu3yloTh
npouecu BigHoBieHHS KYO KM muleii, onpomiHe-
HUX Y JIETaJbHil i cyOneTanabHil 103ax, 3a JTOIOMOTOI0
MaTeMaTUYHOI Mojesi,Ta c(POpMYJIIOBaTH BHCHOBOK
1IOJ0 MPUYMH 3arubesli YaCTUHU MMUILEH Micias om-
POMiHEHHS Y JIETAJIbHIN 103i.

BcTaHoBneHHsT HacigKiB Aii iOHi3ylouol pamialii B
3aJIeXKHOCTI BiJl il J03M i ITOTY>KHOCTi IPU MPOJIOHTOBA-
HOMY ONPOMiHEHHI AOLIIBLHO 3AiICHIOBATU HE TiIbKU
B TEOPETUYHOMY, a i B MPAKTUYHOMY BiTHOIIEHHI,
OCKIJIbKA OCTAaHHE CTPOIO OIMMCYEThCSI MaTeMaTUYHO,
a TOMy MOXe€ CJIyTyBaTU HaAiliHMM T€CTOM Y paiobio-
JIOTIUHUX JOCTiIKEHHSIX.

CNMUCOK BUKOPUCTAHUX OAXEPEN

1. Yeptkos W. J1., Typesuy O. . CTBONOBaS KPOBETBOPHAS KeTKa 1 ee
MUKPOOKpYXeHue. M. : MeavumHa, 1984. 240 c.

2. Yeprros . J1., [eptorvna E. U., Neaup P. 1., AGpaxum H. I'. CTeonosast kpo-
BETBOPHas KIeTka: AvddEepeHLIPOBOYHbIA U NPONMdEpaTUBHBIA NOTEHLM-
an. Yenexv copementoit omonormy. 1991. T. 111, Bwin. 6. C. 905-922.

m
Then

Toblk

=0,007.

Analysis of the results presented in Tables 3 and 4
shows that the main indices, which determine the
level of irradiation influence on hematopoietic sys-
tem, are BM CFU number and the process of its
recovery after the termination of irradiation.

On the first day after the termination of sub-lethal
irradiation in the dose of 4 Gy the relative number of
BM CEFU is equal to 0.02, the relative incoming rate
of CFU to BM is equal to 0.007; it does not change
during 3 days and at the beginning of the 6™ day
increases 7 times.

On the first day after the termination of lethal irra-
diation in the dose of 8 Gy the relative number of
BM CFU is equal to 0.001, the relative incoming
rate of CFU to BM is equal to 0.004; it does not
change during next 7 days and at the beginning of
the 9™ day increases 30 times.

Determined parameters of the processes of BM
CFU recovery after sub-lethal and lethal irradiation
give the basis to conclude, that the process of BM
CFU recovery itself after the lethal irradiation with
such parameters during the first 9 days became the
reason for the delay of the increase of BM CFU
number and, as a result, the reason of the death of
some mice in the experiment.

CONCLUSIONS
Obtained results allow performing the comparative
analysis of the parameters which characterize the
processes of BM CFU recovery in mice irradiated in
lethal and sub-lethal doses, with the aid of mathe-
matical model, as well as to formulate the conclu-
sion concerning the reasons for the death of some
mice after the irradiation in lethal dose.
Establishing the effects of ionizing radiation
depending on its dose and rate under prolonged
irradiation should be carried out not only with the-
oretical but also with practical approach, as the lat-
ter is strictly described mathematically, and there-
fore can serve as a reliable test in radiobiological
research.
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