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OCOBJINBOCTI BIINBY JOBI'OTPUBAJIOI'O TAMMA-
OINPOMIHEHHSA MAJIOI IIOTY2KHOCTI HA PO3BUTOK
JJABOPATOPHMUX IIIYPIB TA IX CHEPMOYTBOPEHHA

MeTa: BMBYMTH BNAMB [LOBrOTPMBANOrO raMMa-onpOMiHEHHSA 3 Manotlo NOTyxHicTio fo3un (13x10° clp/c) Ha po3BUTOK
nabopaTopHUX WypiB, iXHiX CTaTEBMUX OPraHiB, @ TAKOX Ha KiNbKiCHi NOKA3HMKW CNEPMOYTBOPEHHS i KiHETUYHI Xapak-
TEPUCTUKM CNepMaTo30ifiB.
Marepianu Ta MeTogu: gocnian npoBoaMAK Ha NabopaTopHMx GinuxX Wypax Bikom 2,5 Micsus. TBapuH onpoMiHioBa-
nn Ha ycTaHoBUi “ETanoH” 3 ramma-nonem Co-60 B go3ax 0,1-1,0 Ip. Y AeKkaniToBaHMX TBApUH BUAYYaANu TECTUKYNY,
enignanMmicu Ta BeHTpanbHy npoctaty. Ha nabopatopHux Barax BU3Hadyanu cepefHio Macy TBapuH Ta iX CTaTeBUX Op-
raHiB 15 KOXHOT eKCno3uLiiHoi o3n onpoMiHeHHs. KinbKicTb cnepmMaTo30iaiB B enigManmicax Ta TeCTUKYIax Bu3-
Havyanu 3a gonomoroto ¢ha3oBo-KOHTPACTHOT MiKPOCKONii Nicns npoBeAeHHs roMmoreHizauii TKaHUHM B hizionoriyHo-
My PO34MHi, Wo MicTuB Takox TpuToH X-100 i NaNs. KiHeTuuHi xapakTepucTuKM cnepmMaTo30ifiB aHanisyBanu 3a fo-
nomoroto oto3nomMku npu Temneparypi 37°C.
Pe3ynbTraTu: BCTaHOBNEHO, WO AOBrOTPMBaNE raMMa-oONpOMiHEHHA He MO3HAYAETbCA HA MaCi AK Tina TBapuH, TakK i
ixHix eniguaumicie. OgHaK NOMiYeHO 3MEHIIEHHS MacK TecTukyn npu go3ax 0,1; 0,3; 0,6 Ta 1,0 Ip, a Takox 36inbleH-
Hs Macu npocTati npu ao3i 1,0 [p. Y onpoMiHeHux TBapWUH 3MEHIYBANNCh 3araibHa KifbKiCcTb CNepMaTo30ifiB B f€Y-
Kax i leHHa NpofyKLis cnepmaTto30iaiB. BigmiueHo 36inblweHHs NpsmMoniHiiiHOT Ta KpMBONTHIHOT WBMAKOCTI cnepMma-
TO30i4iB, @ TAKOX YaCTOTM iX XBOCTOBUX KOJIMBAHb.
BWCHOBOK: 0BroTpMUBane ToTajbHE raMMa-0NpoOMiHEHHS Maioi NOTYXXHOCTI NnLe B fiesKiil Mipi N0O3HAYAETbCA HA PO3-
BUTKY CTaTeBUX OpraHiB 1abopaTopHMX LYpPiB — TECTMKYNAX i NPOCTaTi, @ TAKOX NPOSABNAETLCSA B HE3HAYHOMY NPUTHi-
YeHHi CNepMOYTBOPEHHA i 3pOCTaHHI KIHETUYHUX XapaKTePUCTUK CNepMaTo30ifiB.
KniouoBi cnoBa: foBroTpuBasse onpoMiHeHHs, HU3bKa MOTYXKHICTb, CNEPMOYTBOPEHHS, KPUBOMiHIIHA Ta NPAMONiHiliHa
WBMWAKICTb, TECTUKYNAPHUIA THOEKC.
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Impact peculiarities of long-term gamma-irradiation with low-dose rate on

the development of laboratory rats and their sperm production

Objective: To study the influence of long-term gamma-irradiation with low dose rate (13x10° cGy/s) on the body,
testes and ventral prostate development of laboratory rats, as well as quantitative parameters of sperm production
along with kinetic characteristics of spermatozoa.

Materials and methods: The experiments were performed on laboratory white rats of 2.5 months in age. Animals
were irradiated in gamma-field of “Ethalon” device in a dose range 0.1-1.0 Gy. Testicules, epididymices, ventral
prostate were retrieved from decapitated animal, each organ weight being determined for every exposure dose.
Sperm quantities in testicules and epididymices were identified with aid of phase-contrast microscopy after tissue
homogenization in saline containing Triton X-100 and NaNs. Kinetic characteristics of spermatozoa were analyzed
by video recording at 37°C.

Results: The long-term gamma-irradiation with low dose rate was shown to cause no effect on the dynamics of ani-
mal weight and weight of epididymices changes. However the testes weight was noticed to diminish at doses 0.1,
0.3, 0.6 and 1.0 Gy, the latter dose being stimulative for the ventral prostate growth and weight accumulation. Total
sperm quantities in testicules and epididymices along with daily sperm production declined in gamma-irradiated
rats compared to control. However curvilinear and straight line spermatozoid velocity as well as the frequency of tail
oscillations tended to increase.

Conclusions: Long-term gamma-irradiation of the rat whole body with low dose rate just insignificantly affects the
development of testes and ventral prostate. Apart from this, radiation effects showed up in sperm production slight
suppression, from the on hand, and sperm velocity along with tail oscillations intensification, from the other hand.
Key words: long-term irradiation, low dose rate, sperm production, curvilinear and straight line velocity, testicular

index.
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BCTVYII
BararopiuHi gocnigkeHHs Ail TOCTPOro peHTreHiBChKO-
ro Ta raMMa-oIpOMiHEHHS Ha Pi3Hi BUAU TBApUH BCTa-
HOBUJIM 3HA4YHi BiAMiHHOCTI B paliOuyTJIMBOCTi Y Pi3HUX
TUIIiB YOJIOBIUMX CTaT€BUX KJIITUH, KOTPi 32 LIMM T1OKa3-
HUKOM MOXYTh Ha OAMH abo JeKiJibKa TIOPSAKiB
BiIpi3HATHUCH MiX coboto. Tak, B-criepMaToroHii riHyTh
micJist orpoMiHeHHs B 103i 1 Ip, Toxi 1k cToBOYypOBi As-
criepMaToroHii BUTpUMYIOTh 1031 B 10 Ip i gemro Ginb-
1Ie, a CIepMaTo30idu 3AaTHi 30epiraTh pPyXJUBICThb
HaBiTh Micjs onpoMiHeHHs y no3ax 100—1000 Ip [1-3].

IToka3zaHo, 1110 Ba>KJIMBUM YMHHUKOM, KOTPUIA 3yMOB-
JIIOE peaxliilo CTaTeBUX KJIITUH Ha pajliallilo Ta iX BUXKU-
BaHHS, € TIOTY>XKHiCTb J03U. 3i 3MEHIIIEHHSIM MOTY>KHOCTI
O3 palioYyTIMBICTh CIIEPMATOTOHIIB Ta MyTaOUTbHICTh
MapKepHHUX JIOKYCiB iX T€HOMY, SIK BUSIBUJIOCH, TEXK
3MEHINYEThCS [4, 5], 110 Ma€e BKAa3yBaTH Ha CYTTEBY aK-
THUBALLiI0 MOJIEKYJISIPHOI i CYOKJIITUHHOI pernapailii, a Ta-
KOX Ha MPUCKOPEHHS KJIITMHHOI PEITOITYJISILII.

VY nonepeaHix pobortax [6—8] HaMu OYJI0 AOCTiIKEHO
JIit0 10HI3y10UO1 pajiallil Ha CIePMOYTBOPEHHS y KPOJIiB

INTRODUCTION
In investigations which were held during several last
years of acute roentgen- and gamma-irradiation on
different strains of animals significant differences in
radio sensitivity of different types of man's germ cells
were established, and according to this radio-sensitiv-
ity these cells may differ one from another by several
times. So, B-spermatogonia die after irradiation with
dose 1 Gy, but stem As-spermatogonia endure doses
10 Gy and more, and spermatozoa can keep motility
even after irradiation in doses of 100—1000 Gy [1-3].

It was shown, that important factor, which deter-
mines germ cell reaction on radiation and their
survival is dose rate. With decrease of dose rate
radio sensitivity of spermatogonia and the muta-
bility of marker loci of their genome, as it was
found, also drop [4, 5], that may point out on sig-
nificant activation of molecular and sub-cell repair
and on acceleration of cell repopulation too.

At previous works [6—8] we studied influence of
ionizing radiation on sperm production in rabbits
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Ta IIypiB, a TAKOX BCTAHOBJIEHO KiHETUYHI XapaKTepuC-
TMKH 1XHiX CIIEpMaTO30iliB K MPU OMPOMiHEHHI raMerT,
TaK 1 IiCJSl TOTaJbHOTO OMPOMIiHEHHSI TBapuH. Y LUX
JocIizax OINMPOMiHEHHS 3IifCHIOBAJIOCh MPU TOTYXK-
Hocti 1031 B 0,2 Ip/c (y-npomeHi) Ta 0,28 a6o 0,58 clp/c
(peHTreHiBChbKi MPOMEHI).

META

Mera gociimKeHHs ToJiaTaja y BUBYEHHI BILIMBY JIOB-
TOTPUBAJIOrO raMMa-OIPOMIHEHHST 3 MaJIOI0 TOTYXKHiC-
10 1031 (13x10¢cIp/c) Ha PO3BUTOK J1aOOPATOPHUX LIIY-
piB, IXHIX cTaTeBMX OpraHiB, a TaKOX Ha KiJIbKIiCHi ITO-
Ka3HUKU CIIEPMOYTBOPEHHS Ta KiHETUYHI XapaKTepuc-
TMKHU CIIEPMAaTO30iMdiB.

MATEPIAJIA 1 METOAUA JOCJITI2KEHHS

Hocnign mpoBoauad Ha JiabopaTOpHMX OLTUX Iypax.
TBapuH yTprMyBaau Ha IITYYHOMY CBIiTJIOBOMY JIHi (12-
TOOWHHUI NeHb/12-ToAMHHA HiY) Ta 3BUYAiiHOMY Xap-
YOBOMY pallioHi, 1110 CKJIagaBCs 3 CyXOro KOpMY Ta ITUT-
HOI BOAY B HEOOXigHiM KiTbKOCTi. XpOHiYHE OIPOMi-
HeHHs 3[iiicHIOBaIM raMMa-TipoMeHsiMu “’Co Ha ycra-
soBui “Eramon” Incturyry smepanx mocrmimkednb HAH
YkpaiHu 11i101000B0 3 moTyxHicTio 1o3u 0,72 clp/moba
(0,0008 pan/xB). [unst YHUKHEHHSI OyIb-sIKOTO OII-
POMiHEHHSI TBapMH KOHTPOJIBHOI TPyl BUKOPHCTOBY-
BaJIU cneliaJlbHUM 3aXUCHUI eKpaH 3i CBUHIIIO.

ExcnepuMeHTH 31iliCHEHO Y BilMOBIAHOCTI JO KOH-
BeHIlii Pagu €Bponu 111010 3aXUCTy XpEOETHUX TBApUH,
SIKNX BUKOPHUCTOBYIOTh Y HAYKOBUX IILJISIX.

IMicas nakonuyeHHs po3u 10 0,1; 0,3; 0,6 ta 1 Ip, 1o
BimOynock 3a 14, 42, 84 ta 145 ni0, BigmoBigHo, Bindupa-
JI 110 6 TBAPUH Pa30M 3 YOTMpPMa KOHTPOJbHUMMU IIypa-
MM, 1X 3BaXXyBaJI1, a MOTiM AeKamiTyBaau 3a JOIIOMOIOI0
TiIABHOTWHU Mif JIeTKUM eipHUM HapKo3oM. 3 BiAIpe-
NapoBaHUX TBAapMH OTPUMYBaJM TECTUKYJIM, EITiau-
JIVMiCU Ta BEHTPaJIbHY MPOCTATY, KOTPi 3roloM 3BaxKyBa-
JIN i BUKOPUCTOBYBAJIM B MOIAJBIINX €KCIIEpHMMEHTaX.
Tectuxkynsapunii ingexc (T1) BU3HAYAIM MUISIXOM TIOIITY
cepelIHboi BarM TECTUKYJIM Ha Macy Tija.

BuzHayeHHS KiJIBKOCTi CIEPMIiiB Y TECTUKYJIaX ITPOBO-
Iuin 3a MeToaukoro [9, 10]. 3rigHo 3 MPOTOKOJIOM, Jie-
KarCyJIbOBaHi TECTUKYJM CIIOYaTKy IOApiOHIOBaIM, a
MOTIiM TOMOTEHI3yBalu 2 XB Ha MaKCUMAaJbHil IIBUJI-
KOCTi 1abopaTopHUX OJIeHAEpiB y CyMillli, 1110 CKJaga-
nack 3 150 MM NaCl, 3,8 MM NaN; ta 0,05 % Tpurony
X-100 (v/v). TectukyasipHMiI TOMOIeHaT 30epirajd mpu
5°C oany no6y. [TpoTsirom 11bOro rnepioay MPOBOANIIN ITijl-
PaxyHOK TOJIiBOK CIIepMaTH/I, 10 3aTUIIWINCh Y PO3UYMHI.
HoBeneHo, 1o auiie cnepmatuad 17—19 cragiit cnep-
MioreHesy, KOTpi croctepiratoTbcsi mpotsrom [V—VIII

and rats. In addition, we established kinetic char-
acteristics of their spermatozoa either in direct
radiation effect on gametes or after total irradia-
tion of animal body. In that investigations irradia-
tion was made with dose rate 0.2 Gy/sec (y-rays)
and 0.28 or 0.58 cGy/sec (X-rays).

OBJECTIVE

Research aimed in studying the influence of long-
term gamma-irradiation with low dose rate
(13x10° ¢cGy/s) on the body, testes and ventral
prostate, development of laboratory rats, as well as
quantitative parameters of sperm production along
with Kinetic characteristics of spermatozoa.

MATERIALS AND METHODS

Investigations were made on white laboratory
rats. Animals were maintained on artificial light
(12 hour day / 12 hour night) on usual food for-
mula, which consisted from dry food and water
ad libitum. Chronic irradiation was made by
gamma rays of ®*Co through whole day in the dose
rate 0.72 cGy/day 0.0008 (rad/min) on device
“Etalon” in the Institute for Nuclear Research of
Academy of Sciences of Ukraine. To avoid any
irradiation of control rats special protective lead
shield was used.

Experiments were performed in accordance to
European Union convention on protection of verte-
bral animals which are used for scientific purposes.

After accumulation of doses 0.1, 0.3, 0.6 and 1 Gy,
that happend after 14, 42, 84 and 145 days, respec-
tively, animals were taken off in amount 6 animals
from every experimental and control group, then
weighed and decapitated with the help of guillotine
under light ether narcosis. Testis, epididymices and
ventral prostate were received from dissected ani-
mals and then were used in the consecutive experi-
ments. Testicular index (TI) was calculated through
dividing of mean weight of testicula on body weight.

Sperm number in testicules was detected by pro-
cedure [9, 10]. According to protocol, decapsulat-
ed testicules first were chopped, then homoge-
nized for 2 min. at laboratory blenders on maximal
speed in solution mixture containing 150 mMol
NaCl, 3.8 mMol NaN3 and 0.05% Tryton X-100
(v/v). Testicular homogenate was stored over
whole day at 5°C. During this period number of
spermatozoid heads which had remained in solu-
tion was counted. It was proved that only sper-
matids of 17—19 spermiogenesis stages, which are

(1) 502



ISSN 2304-8336. lpobnemn paniauiiinoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

EKCMNMEPUMEHTAJIbHI

AOCNIAXKEHHA

CTaflilf LMKy CIIEpMaTOTEHHOIO eMiTeito, 31aTHi Mpo-
TUCTOSITA HE TUIbKW PYUHIBHIN CUJIi TypOYJEHTHUX IO-
TOKiB, 1110 BUHUKAIOTh PU LIBUAKOMY O0epTaHHi OJIeH-
JIepiB y BOJHOMY CEepelOBMINi, aje I cojobimizailrii
meM6paH Tputonom X-100.

3arajbHy KiJIbKiCTb PE3UCTEHTHUX OO TOMOTeHi3allii
cIiepMaTy BU3HAYalIu 3a JOIIOMOrol KaMmepu lopsieBa
Ta (pa30BO-KOHTPACTHOI MiKpPOCKOITii. 3arajbHy KiJlb-
KiCTh CIIEpMaTO30i/iB Y eNiAuAMMIici BUSHAYaI aHaJIO-
TriYHUM YMHOM ITicJisg Oro roMoreHiszailii y ¢iziojoriu-
HOMY po3unHi pa3om 3 NaN3 ta Tputonom X-100.

JleHHy MPOIYKIIiI0 CIIepPMAaTO30iliB SIEYKOM Migpaxo-
BYBaJIU LIJISTIXOM TTOJITY 3araJIbHOI KiJIBKOCTi TYpOYJIeHT-
HOPE3UCTEHTHUX CIEPMiiB Y TECTUKYJIi HA TPUBAJIICTb iX
3HAXOKEHHS TaM, KOTpa JOPiBHIOE [UIs LLypiB 6,1 100u
[11]. AHani3 KiHETMYHUX XapaKTepPUCTUK CIIepMaTo-
30iiB 3IiliICHIOBAJIM BiAINOBiAHO A0 MeTonuku [12]. 3a
OPOTOKOJIOM, 3 JPYroro emiguaumica I HeBEJIUMKUM
TUCKOM BUTUCKAJIM KayJaJdbHi CIIepMaTO30id1 Y TTOXNB-
He BOIHe cepemoBuile 3 Temieparypoio 37°C, koTpe
MicTuio po3unH Xemy (Sigma) Ta 0ikapOOHAT HaTpilo Yy
KijbKocCTi 9,8 Ta 1,2 r/71, BinmoBigHO.

CrocrepexXeHHsI 3a PYXJIMBUMHU CIEPMaTO30idaMM
3MiAICHIOBAIM 3a IOIOMOIo (a30BO-KOHTPACTHOIO
mikpockona “NU” (Kapna-Leiicc, HimeuunHa), ocHa-
ILIEHOTO BicOKaMepolo Ta TEPMOCTATOBAHOIO TLIAT(OP-
Moio 3 TemriepaTypoto y 37°C. Bimeo3anuc rmpoBoauin B
pexumi 50 kagpiB/c mpoTIrom 2—5 XB TIpU TPUBAJIOCTI
eKCIo3ullii KOXKHOTo odpaHoro moJs 30py B 10 ¢. Y npe-
naparti aHaiizyBajau He MeHIe 200 criepMaTo30idiB, 1S
KOTpUX BUW3HaYaaMd KpUBOJiHiMHY mBuakicts (KII),
npsiMoJtiHilHy mBuaKicTs (IT1) Ta yacToTy XBOCTOBUX
konuBaHb (YXK).

CratucTuuHy 00po0OKY JaHUX IIPOBOIUIN 3a JOIIOMO-
roto gucriepciiinoro aHamizy “ANOVA” ta tecty CTblO-
JeHTa 3 rormnpaBkolo boHdeponi [13]. Po36ixkHOCTI MixX
cepelHiMU BeJIMYMHAMU BBaXkKajlyd CTaTUCTUYHO 3HAYy-
My nopu p < 0,05. JaHi npeactaBiaeHi y BUIISIIL ce-
pelHiX 3HaueHb 3 JOBIpUMMHU iHTEepBajlaMu, 10 JOPiB-
HIOIOTh MOABIMHIN cTaHIapTHIi moxuoi (= SE).

PE3VYJIBTATU TA OBTOBOPEHHA

ITpoBeneHi mocmimkeHHS! MoOKas3ajad, 110 JOBrOTpUBalie
ramma-ornpoMiHeHHs B n1o3ax 0,1—1 Ip HisIKkuM YMHOM He
BIUIMBAJIO Ha 3MiHM MacW TiJla B Tepiof ONpPOMiHEHHS,
OCKIJTbKY 1€ MOKAa3HWK 3aJIUIIABCS Ha KOHTPOJBHOMY
piBHi Bci 145 qHiB ekcriepumeHTy (puc. 1). 3 IbOTo IIPUBO-
Iy CJIif 3ayBaKMTH, 1110 I 32 YMOB TOCTPOTroO JIOKaJIbHOI'O
OIPOMiHEHHSI TECTUKYJ IIypiB He3HayHi BiAMIHHOCTI y
Maci TiJla MixX JOCTiAHUMU Ta KOHTPOJIbHUMU TBApUHAMU
3’ IBISIACH JINIIE TIPU 3HAYHO OUTBIINMX 103aX OIPOMi-

observed during IV—VIII stages of spermatogenic
epithelium cycle can resist not only destroying
power of turbulent flows which has appeared dur-
ing fast rotation of blenders in water media, but the
solubilization of membranes by Triton X-100 too.

Total number of resistant to homogenization
spermatids was detected with the help of Goryayev
chamber and phase-contrast microscopy Total
number of spermatozoa in epididymis was deter-
mined in similar way after homogenization of the
latter in saline containing NaNs and Triton X-100.

Daily spermatozoa production by testis was calcu-
lated through dividing total number of turbulent-
resistant sperms in testicula on the duration of their
presence there, which for rats is equal to 6.1 days
[11]. Analysis of spermatozoid kinetic characteristics
was made according to method [12]. According to
protocol, from the second epididymis caudal sper-
matozoa were pushed into culturing medim by small
pressure at 37°C, which was made up by adding bidis-
tilled water Hem solution (Sigma) and sodium bicar-
bonate in amounts 9.8 g/L and 1.2 g/L, respectively.

Observations of motile spermatozoa were done
by phase-contrast microscope “NU” (Carl-Zeiss,
Germany), equipped with video-camera and ther-
mostatic platform maintaining the temperature
37°C. Video-recording was made in regime 50
cadres/sec during 2—5 min with exposition dura-
tion of every chosen field of observation for 10 sec.
In preparations not less than 200 spermatozoa
were analyzed, to define curvilinear velocity
(CLV), straight line velocity (SLV) and frequency
of tail oscillations (FTO).

Statistic data processing was held by disperses
analysis “ANOVA” and Student’s test with
Bonferroni correction [13]. Differences between
mean values were considered statistically signifi-
cant at p<0.05. Data are presented as mean values
with confidence intervals which are equal to dou-
ble standard error ( = SE).

RESULTS AND DISCUSSION

Our studies showed that long-lasting gamma-irradi-
ation in doses 0.1—1 Gy had no effect on body
weight changes in irradiation period, because this
parameter remained on control level all 145 days of
experiment (Fig. 1). If taking this into account it
should be mentioned that even in conditions of
acute local irradiation of rat's testicules insignificant
differences in body mass between experimental and
control animals appeared only in much higher
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mm CiM'AHUK / testis

s TBapvHa / animal  mmmmm enigugumic / epididymis
=——"1 BeHTpanbHa npocrata / ventral prostate

Bara (% Big KOHTpOJIIO)
Weight (% of control)

2 TxHi / weeks

TpuBanictb onpomiHeHHs / duration of irradiation

6 TnxHIB / weeks

12 TxHiB / weeks

21 TmxaeHs / weeks

PucyHok 1. Bnnaue ramma-pagiauii 4oBrotpmeanoi gii 3 Manow noTyKHiCTIO 4031 HA PO3BMTOK N1abopaTopHUX

WypiB Ta ix cTaTeBUX OpraHiB

Figure 1. Effect of long-term gamma-irradiation with low dose rate on the development of laboratory rats

and their sexual organs

HeHHs, 30kpema 15—20 Ip [14], Toni sIK 32 YMOB IOBTOTPU-
BaJIOTO TOTaJbHOIO OMNPOMiIHEHHS IIYpiB 3 MOTYXKHICTIO
JIO31 Ha MopsTIoK Buiolo (7—12 clp/moba) HiX Ta, 1110 BU-
KOPHUCTOBYBa/Iach B Hammx ekcriepumenTax (0,72 cIp/mo-
0a), pO3BUTOK TBAapMH 3a KPUTEPIEM MacH Tija BigOyBaB-
csl B €KCIIEpMMEHTI Ta KOHTpOJIi ogHakoBo [15].

Hamu BinmMiyeHO yroBiIbHEHHSI POCTY TECTUKYJI, IPU-
yoMy saKkio Tipu 1o3i y 0,1 Ip gepe3 2 TukHI ekcriepu-
MEHTY Maca TeCTUKYJ eKCIIEpUMEHTaJIbHUX TBapuH
BiZIpi3HsJIaCh Bill KOHTPOJIIO Jiniine Ha 6 %, TO 3romom
npu HakoruueHHi go3u y 0,3; 0,6 Ta 1 Ip ug pisHuLs
3pociia 10 13, 10 Ta 9 %, BinnmosigHoO.

3MEHIIIEHHS MacHu TeCTUKYJISIPHOI TTapeHXUMM € TUTIO-
BUM SIBUIIIEM TIPY TOCTPOMY OITPOMiHEHHI, OHAK 32 YMOB
JIOBTOTPUBAJIOTO OIPOMiHEHHSI 11e#1 MOKa3HUK CYTTEBO 3a-
JIESKUTD Bill MOTY:KHOCTI 7031. CaMe TOMY B eKCIIepUMEH-
tax EpikcoHa [5] Ha mrypax pamiope3dCTeHTHOI MOpoau
Sprague-Dawley i3 3acTocyBaHHSIM IOTY>KHOCTI 103U 3a
BEJIMYMHOIO OJIM3BKOI 0 Ti€l, 110 BUKOPUCTOBYBAIACH Y
Hammx ekcriepuMmenTax (1 clp/mo6a), 3MiHM Macu TeCTU-
KyJ1 BiIOyBaauCh Maiixke aHaJOTiUYHMM YMHOM, TOMi SIK Y
nociinax ITinona-Jlaraitiana i ciBaBT. [15] 3 TOTYKHICTIO
no3u 7—12 clp/moba BimMiHHOCTI y Maci TECTHKYJISIPHOI
napeHXiMU OyJIM 3HAYHO Oibll BUpPaK€HUMU, MTPUUOMY
micns 70 gid orpoMiHeHHST Maca TECTUKY JOCTiTHUX TBa-
pyYH OyJ1a Maiike B 3 pa3u MEHIIIO0, HiXXK Y KoHTpouti. Llika-
BO, 110 IPY TOCTPOMY OIPOMiHEHHi B 1031 9 Ip 3 moTyx-
HicTio o3 B 5 clp/c Maca TecTuKy y IicasipamiariitHuii
nepiof, MOCTyNoBo 3MeHIIIach 3 90 % KOHTPOJIIO B Tiep-
LW TYeKaeHb 10 40 % KoHTposio Ha 26-1 TvkaeHsb [16].

JloBrorpunaje raMmma-onpoMiHEeHHSI, 1110 OYJIO 3aCTOCO-
BaHe B HAIIIMX €KCIIEPUMEHTaX, HiIKMM YMHOM HE MO3Ha-
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exposure doses, e.g. 15—20 Gy [14], and animal
development was equal in control and experiment
according to weight criterion in conditions of long-
lasting total irradiation of rats with dose rate about
10 fold higher (7—12 cGy/day) than that one used
in our experiments (0.72 cGy/day) [15].

We noticed retardation of testicule growth. At that
at a dose 0.1 Gy within 2 weeks of experiment, testic-
ular mass of experimental animals differed from con-
trol for 6% only, but after with consequent dose accu-
mulation 0.3, 0.6 and 1 Gy — this differences changed
from 13% to 10% and then 9%, respectively.

Lowering of testicular parenchyma mass is typi-
cal in acute irradiation, but in conditions of long-
term irradiation this parameter significantly
depends on dose rate. Due to this in Erickson
experiments [5] on rats of radio-resistant strain
Sprague-Dawley, where dose rate similar to our
experiments was used (1 cGy/day), changes of tes-
ticular weight went on the same way, however in
investigations of Pinon-Lataillade et al. [15] with
dose rate 7—12 cGy/day differences in testicular
parenchyma weight were much more pronaunced,
and after 70 day irradiation testicular weight of
experimental animals was three times less than in
control. It is interesting that in acute irradiation
with dose 9 Gy and dose rate 5 cGy/sec testicular
weight subsequently decreased in post-irradiation
period reaching 90% of control in a week and 40%
of control on 26™ week [16].

Long-term gamma-irradiation in our experi-
ments had no effect on epididymis weight (Fig. 1).
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YUJI0Ch HA Maci eniauauMicis (muB. puc. 1). Ha BiamiHy Big
JaHux [15], orpyuMaHux B JOCTigaxX 3 JOBIOTPUBAIUM OIl-
POMiHEHHSM IIypiB Spraque-Dawley 3 mOTy>KHICTIO 1031
7 1a 12 cIp/no0y, ne moMiTHa pi3HULIS Y Maci emiauaIuMiciB
MiX JOCHiAHUMU Ta KOHTPOJBLHUMMU TBapUHAMM Mouaja
3'IBIIATUCH BXXe Ha 60-Ty 100y eKCIEPUMEHTY i Jocsria
MaKCHMaJIbHOTO 3Ha4eHHs Ha 90-Ty 100y MicJisd HaKOIU-
yeHHs 1034 B 6,3 ta 10,8 Ip, BinnosigHo. [Ipu 1ipomy 1ie-
PEBUILIEHHS MaCH EITiAUANMICIB Yy KOHTPOJi TTOPiBHSIHO 3
nociimoM ctaHoBuIo 60 % s 6,3 Ip ta 105 % mst 10,8 Ip.
Bapro 3a3HaunTH, 1110 IpY TOCTPOMY raMMa-OIPOMiHEHHi
3 MOTYXHiCTIO 103U 5 clp/c 1IypiB Ti€l XX MOPOaU CIIOC-
TepirajJoch MepeBUILIEHHS B 2 pa3d Macu eIiguauMiciB B
KOHTPOJIi MOPiBHSIHO 3 AOCTIAHMMU TBapUHAMM BXe Ha
17-1y moby nocrpagiauiitHoro nepioay [16].

OnHoOYacHO HaMU MOMIYEHO AesIKe 3pOCTaHHs Macu
BEHTpaAJbHOI MpPOCTaTU MpU ONpPOMiHEHHi B n03i 1 Ip.
AHaJOriyHO, MPU TOCTPOMY OIPOMIHEHHI PEHTI€HiBCh-
KMMH TIPOMEHSIMHU 3 TOTYKHicTIO no3u 2,4 Ip/xB, ado 4
clp/c, Takox crocTepiraaoch nesike 30iIbIIeHHS Macu
MpoCcTaTH Ha 24-i TVXKAEHb MicaspaaialliiiHOro mepioy,
a npu no3i B 2 Ip Maca mpocTatu 3ajMiuaiach Ha piBHi
KOHTPOJI0. 3aCTOCYBaHHS OiJIbIII BUCOKMX 103, HABITa-
KM, 3yMOBJIIOBAJIO 3MEHILIEHHST Baru IIPOCTaTH.

3MEHIIeHHST Bark TeCTUKYJ 32 YMOB JIOBTOTPUBAJIOTO
ramMma-ornpoMiHEeHHSs MO3HAYaJIOCh HA BEJIMYMHI TECTU-
KYJISIDHOTO iHIOEKCY, KOTpMI IS OOCIiZHUX TBapuH
MOPIBHSIHO 3 KOHTPOJIEM 3MEHIIUBCS MPUOIN3HO Ha §-
12 %, ockinbKM Maca ix Tija IMpY BCiX eKCITO3ULIMHUX
J03ax He BiIpi3HsIACh Bil KOHTPOIO. Y NOCIiTHUX TBa-
PUH TaKOX €10 3MEHIIMIach 3arajbHa KiJIbKiCTb CIIep-
MaTO30i1iB SIK B I€EYKaX, TaK i B emiguaumMicax, o mpo-
SIBWIOChH y MPUTHIYEHHI NEeHHOI MPOAYKIii criepMaro-
30i1iB sieukoM. OnHaK 1Ii BiAMiHHOCTI He HaOyIu cTa-
TUCTUYHO AOCTOBipHOI 3HAUymIoCTi (Tadm. 1).

Ta6nuua 1

In contrast, in experiments with long-lasting irra-
diation of Spraque-Dawley rats with dose rate 7
and 12 cGy/day [15] notable difference between
weight of epididymises of experimental and con-
trol animals began to appear on the 60" day of
experiment and reached maximum on 90" day
after accumulation a radiation doses 6.3 Gy and
10.8 Gy, respectively. Furthermore, weight of epi-
didymices in controls exceeded that of experimen-
tal ones by 60% for 6.3 Gy and 105% for 10.8 Gy.
It is noteworthy that in acute irradiation of rats of
the same strain by gamma-rays with dose rate
5 ¢Gy/sec two-fold weight exceed for control epi-
didymices was registered already on the 17" day of
post-irradiation period [16].

Simultaneously we found slight ventral prostate
weight increase of irradiation dose 1 Gy. Similarly,
in acute roentgen irradiation with dose rate 2.4
Gy/min., or 4 cGy/sec, some prostate weight
extra growth was observed on 24th week of post-
irradiation period, though at dose 2 Gy prostate
weight remained on the control level. In contrast,
use of higher doses led to decrease of prostate
weight.

Testicular weight drop during long-term gamma-
irradiation influenced value of testicular index,
which decreased in experimental animals by 8-
12% in comparison to controls, because in the for-
mer case body weight did not differ from control at
all exposure doses. Total number of spermatozoa
in testis of experimental animals also slightly
dropped as well as in epididymices that manifested
in suppressing daily spermatozoa production by
testis. However, these differences did not reach
significant level (Table 1).

Bnaue AOBroTpMBanoro raMma-onpoMiHeHHA 3 MaJiol0 MOTYXKHICTIO [03M HA CnepMmaToreHe3 Ta YTBOPEHHsA

cnepmaro3oigis
Table 1

Effect of long-term gamma-irradiation with low dose rate on spermatogenesis and spermatozoa production

TpuBanictb onpomiHeHHs, TwXHi / duration of irradiation, weeks

Mapamer, arameter lpyna \ grou
p p/p pyna \ group 2 6 12 21

TecTukynapHuit inaexc, x103 koHTponb / control 4,03 £ 0,11 419+0,12 431 0,14 4,02 +0,12
Testicular index, x103 pocnig / experiment 3,72 £ 0,09 3,74 0,10 3,78 £ 0,11 3,64 0,09
3aranbHa KinbKicTb CriepMaTo30ifiB B sIE4KY, MIH KoHTpOnb / control ~ 214,4 + 20,5 230,2 + 19,8 265 + 26,8 295,3 £ 37,4
Total number of spermatozoa in testis (min.) nocnip / experiment  200,6 = 15,4 205,7 + 20,2 2376 + 27,5 272,3 + 36,7
[leHHa npoayKuis CnepmaTo30ifiB TECTUKYNaMM1, MH KoHTponb / control 35,11 £ 3,4 37,7+3,.2 434+44 48,4 + 6,1
Testicular daily production of spermatozoa (min.) nocnin / experiment 32,9 £2,5 33,7+£3,3 39,0 £45 446 £ 6,0
KinbkicTb CnepmaTo30ifie B eniguauMici, MiH KOHTpOnb / control ~ 272,6 = 24,4 288,7 + 32,4 310,1 = 28,5 345,8 + 34,8
Spermatozoa number in epididymis (min.) nocnig / experiment  253,7 £ 19,9 269,1 + 25,3 305,8 £29,5 3442 £ 37,3
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Ta6nuua 2
Bnnue poBroTpMBanoro raMmma-onpomMiHeHHA Ha KiHeTMYHi XxapaKTepUCTUKK eniguaMManbH1X cnepmaro3oifiss

Table 2
Effect of long-time gamma-irradiation with low dose rate on kinetic characteristics of epididymal spermatozoa

TpuBanictb onpomiHeHHs, TuxHi / duration of irradiation, weeks

MapamerT arameter I'pyna \ grou
P pP/p pyna \ group 2 6 12 21

KpuBoniHiiiHa LWBMAKICTb, MKM/C KOHTpONb / control 487+18 490+5 502+11 500£152
Curvilinear velocity, um/sec nocnig, / experiment 49116 493+7 501+8 508+11
MpsMoniHifHa LWBMAKICTb, MKM/C KOHTPOAb / control 118+3 1216 125+3 1217
Straight line velocity, um/sec nocnig, / experiment 117+£5 127+8 132+4 130+5
YacToTa XBOCTOBUX KOMMBaHb, I KOHTpOb / control 26,3+0,2 28,5+0,2 27,4+0,5 28,1+0,4
Frequency of tail oscillations, Hz nocnig / experiment 27,2+0,4 29,1+0,3 31,5+0,3* 30,2+0,3*

[MpumiTka. * — CTATUCTUYHO JOCTOBIPHI PO30IXHOCTI 3 koHTponeMm (p < 0,05).
Note. * — statistically significant differences with control (p < 0,05).

VYV T1abnuui 2 HaBeAeHi KiHETWYHi XapaKTepUCTUKU
eniguauManbHUX crnepmaro3oimiB. g mocaimkeHux
TBapUH BiIMiU€HO JesiKe 3POCTaHHS KPUBOJIiHIAHOI
IIBUAKOCTI CIIEPMAaTO30idiB TOPiBHIHO 3 KOHTpPOJIEM
npu onpoMiHeHHi B go3ax 0,3 ta 1 Ip, Tomi Sk 1t 103U
B 0,6 Ip 11eit Moka3HWK OyB Maiike TaKuM, SIK Y KOHT-
podi, aipm 0,1 Ip HaBiTHL MeHIIIE.

HatomicTb, BetnurHa MpsAIMOJTiHIHOI IIBUIKOCTI CIIep-
MaTo30i/1iB MoKa3ajia MOCTYyINOBE 3pOCTaHHS ITOPiBHSIHO 3
KOHTPOJIEM TpU 30iIbIIEeHHI 1031 onpoMiHeHH: 3 0,3 10
1 Ip. BogHouac BuUsIBIIEHO, 1110 YACTOTA XBOCTOBUX KOJIU-
BaHb CIIEPMATO30iliB TOCHIZHUX TBaApWH IepeBUIIyBaja
3a BEJWYMHOIO 1€ MOKa3HUK Y KOHTPOJBHUX TBAapWH
MPU BCiX €KCMO3ULIIMHMX J03aX, a TPU ONIPOMiHEHHI B 10-
3ax 0,6 ta 1 Ip — HA CTATUCTUYHO JOCTOBIPHOMY PiBHi.

B npomy 3B'SI3Ky ciim Big3HAUMTH, IO TOPME3UCHI
e(eKkT crocTepiraiuch TaKOX IPU XPOHIYHOMY OII-
pOMiHEHHI cobaK MPOTSATroM 6 POKIB, 1110 BigoOpa3uaoch
y IpUCKOpeHill mpomidepaltrii A-criepmaroroHiis [17].
VY Toii Xe yac MocuJIeHHsI KiHEeTUYHOI aKTUBHOCTI CIlep-
MaTO30i/iB 3a TaKMX YMOB MOMiueHO He OyJo [18].

TakuM 4YMHOM, IIPOBEICHI €KCIEPMMEHTH B YMOBaX
JOBrOTPUBAJIOTO TaMMa-OIIPOMIHEHHSI 3 MaJIol0 IIO-
TYXHICTIO JTO3U JIaOOPAaTOPHUX 1IyPiB BUSIBUJIU BiICyT-
HiCTb OyIb-SIKOTO e(PEeKTy pajiallii Ha IPUPIiCT 3araJIbHOI
MacH TiJla Ta eriauauMiciB, Xo4a [isl TaMMa-ONpOMiHEeH-
HS Ha TECTUKYJIM MaJla IIPUTHIUYIOUMii XapakTep, a Ha
MpoCTaTy CrpaBisijia cTuMyaioodnii edpekt. Kpim Toro,
BCTAaHOBJIEHO 3POCTaHHS YaCTOTU XBOCTOBUX KOJWBaHb
CIepMaTo30idiB, TOMi SIK CepeaHi 3HAaYeHHS IX Kpu-
BOJIIHIMHOI Ta OPSIMOJiHIMHOI LIBUAKOCTI 30i/blIyBa-
JINCh, aJIle He Ha CTATUCTUYHO JOCTOBipHOMY piBHi. OT-
puUMaHi paaiobiosioriyHi (pakTy JO3BOJSIOTh CTBEPIKY-
BaTH, IO 3MEHIICHHS MOTYXXHOCTI JO3M MPU OIIPOMi-
HEHHI TBapWH i YOJOBIYMX CTATeBUX KJIITUH COPUYUHSIE

Kinetic characteristics of epididymal spermato-
zoa are presented in Table 2. Some elevation of
curvi linear velocity was noticed for experimental
animals in comparison with control at irradiation
doses 0.3 and 1 Gy, but for dose 0.6 Gy this param-
eter was similar to control, and at 0.1 Gy even a lit-
tle lower.

In contrast, straight line velocity of spermatozoa
showed subsequent surge compared to control
while exposure doses elevating from 0.3 Gy to 1
Gy. At the same time it was revealed that frequen-
cy of spermatozoa tail oscillations in experimental
animals exceeded this value in controls at all expo-
sure doses, and at 0.6 Gy and 1 Gy — on statistical-
ly significant level.

In this connection it should be mentioned that
hormesis effects were observed also in chronic irradi-
ation of dogs during 6 years that was manifested in
elevated proliferation of their A-spermatogonia [17].
At the same time there was no up-regulation of kinet-
ic spermatozoid activity under such conditions [18].

Thus, experiments with long-term irradiation
of laboratory rats by gamma-rays with low dose
rate revealed absence of any radiation-induced
effect on surplus of total body and epididymis
mass. However, gamma-irradiation had suppres-
sive effect on testicules, but stimulation effect -
on prostate. Besides, an increase of frequency of
spermatozoa tail oscillations was found, and
mean values of curvilinear and straight line sper-
matozoid velocity elevated but not significantly.
Of course, our data allow postulating that dose
rate diminishing at irradiation of animals and
human germ cells is directly associated with
weakening of opposite reaction — response from
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npsIMO  3aJIeXXHe Tocab/ieHHsI 3BOPOTHBOI peakliii —
Binmmosigi 3 00Ky o0'ekrta-minreHi. Lle Moxe BKasyBaTu
Ha 3MEHIIEHHS pagiouyTIMBOCTI Ta, BiAIMOBIAHO, 3pOC-
TaHHS PE3UCTEHTHOCTI 00’ €KTa-MillleHi 70 30BHILIIHHOTO
orpoMiHeHHs. Ha MOXJIMBIiCTh iCHYBaHHSI TaKoro e-
HOMEHY Mpu Aii pilKOiIOHI3yIOUMX BUIIPOMiHIOBaHb B
MaJluxX 403aX BKa3ylOTb pe3yJbTaTu I0CHiIKEeHb 3 MiKPO-
epero (micro-array) ¢iopo0acTiB JIOAWHU, SIKi ITOKa3a-
JIM, 110 MaJti 103U pafialii iHAyKylOTh eKCIIPecito oKpe-
MUX FeHHUX KJacTepiB, SKi BiAMOBiAAlOTh 32 OKMCIIO-
BaJibHe (pocOpMITIOBAHHS Ta PETYJISIIiio arnomnTo3y [19].

IlincymMoBylouM BUIlIEHaBENEHE, BapTO TaKOX 3ayBa-
>KUTH, 110 JJISI TOTO, 11100 YHUKHYTU OyIb-s1IKOI HEBU3HA-
YEHOCTI y TPaKTOBI €KCIEPUMEHTAJIbHUX OAHUX, BCi
JOCHiAn SIK 3 TOCTPOro, TaK i JOBrOTPUBAJIOrO OMPOMi-
HEHHs MpU Pi3HUX MOTYXKHOCTSX M03MU CJIill IIPOBOIUTHU
Ha OJHIll KOHKPETHO 0OpaHili JiHii JabopaTOpHUX TBa-
PMH, OCKiJIbKY Pe3yJbTaTh OCTAHHIX POKiB MPSIMUM YK -
HOM BKa3ylOTb Ha iCHyBaHHSI CYyTTEBUX BiAMiHHOCTEM 1K
B padiouyTJIMBOCTI, TakK i peamizauii ¢izionoriyHux
(byHKIIi1 32 YMOB OIpOMiHEHHS TBApUH Pi3HUX MOPiJ Ta
JiHii ogHoro Buay [20].

BUCHOBKU

1. BctaHOBJIEHO, IO TOBroTpUBaJie TaMMa-OIPOMiHEH-
Hs 1a00paTOpHUX OiMMX 1IypiB 3 MO0 MOTY>XKHICTIO
no3u (0,72 cIp/moba) He BUKJIMKAE TTOMITHUX 3MiH y Maci
TiJla Ta emiguAMMICiB, TOAi SIK 3MEHIIEHHS cepeaHbOl
Macu TECTUKYJI pa3oM 3i 30UTbIIEHHSIM CEPENHbOI Macu
MIPOCTATH BiIOyBa€THCS HE HA CTATUCTUYHO JOCTOBIPHO-
MY piBHi.

2. 3MeHIIIeHHSI MacU TeCTUKYJISIPHOI MapeHXiMU ITPU BCiX
ekcno3uuiitnux poszax (0,1—1 Ip) moBroTpuBajioro om-
POMiIHEHHSI 3yMOBJIIOE JIesIKE YIMOBITbHEHHS 3arajibHOl
OPOAYKIil CIepMaTo30idiB S€YKOM, IO HEraTUBHO
BILUIMBAE SIK Ha 1000Be CIIEPMOYTBOPEHHS, TaK 1 Ha 3a-
rnacy CrepMaTo30iiB y emiguaumMicax.

3. IIpu nOBroTpuMBajioOMy OIPOMiIHEHHi Ja0OpaTOPHUX
LIYPIB 3 MaJI0I0 MOTYXXHICTIO 1031 CHOCTEPIra€ThCsl Mo-
CUJICHHS TIOCTYITAIbHOT pyXJIMBOCTI ONPOMiHEHUX CIep-
MaTO30i/iB Ta 30iIbIIEHHS IBUIKOCTI iX TIEpeCyBaHHS Y
npoctopi. IToMiTHO 3pocTae YyacToTa XBOCTOBUX KOJIM-
BaHb CIIEPMAaTO30i1/1iB, KOTpa BUSIBMJIA CTATUCTUYHO J10C-
TOBipHi P030i>KHOCTI MOPIBHSIHO 3 KOHTPOJIEM.

CMUCOK UCNOJIb3YEMOW JIUTEPATYPbI

1. Erikson B.H. Effect of ®Co gamma-radiation on the stem and differentiat-
ing spermatogonia of the postpubertal rat / B.H. Erikson // Radiat. Res. —
1976. — Vol. 68. — 433—448.

2. Oakberg E.F. Mammalian gametogenesis and species comparisons in
radiation response of the gonads / E.F. Oakberg // Effects of Radiation on

target object. This may suggest a lowering of
radiosensitivity and, respectively, a growth of
radioresistance of target object for external radia-
tion effect. On possibility of such phenomenon in
conditions of irradiation by low-doses of gamma-
radiation point out results of investigations with
micro-array of human fibroblasts, where it was
shown that small radiation doses induce expres-
sion of separate gene clusters, which are respon-
sible for oxidative phosphorilation and apoptosis
regulation [19].

Summarizing all mentioned above, it is necessary
to say that in order to avoid any uncertainty in exper-
imental data explanation, all experiments either with
acute, or with long-term irradiation at different dose
rates should be performed on one specially chosen
strain of laboratory animals, because the results of
recent years directly suggest the existence of essential
differences either in level of radio-sensitivity, or in
degree of physiologic functions realization in condi-
tions of irradiation of animals of different strains and
breeds of one species [20].

CONCLUSIONS

1. Our experiments showed that long-term
gamma-irradiation of white laboratory rats with
low exposure dose 0.72 cGy/day does not lead to
noticeable changes in body and epididymis weight,
whereas decrease of testicular mean weight togeth-
er with growth of mean weight of prostate takes
place at not statistically significant level.

2. Drop of testicular parenchyma weight at all
exposure doses (0.1—1.0 Gy) of long-term irradia-
tion leads to retardation of total testicular sperma-
tozoa production that negatively influences either
daily sperm production, or resources of spermato-
zoa in epididymis.

3. In conditions of long-term irradiation of labora-
tory rats with low dose rate, elevation of straight
line velocity of irradiated spermatozoa and up-reg-
ulation of their movement in space are observed.
Moreover, frequency of spermatozoid tail oscilla-
tions increases, and statistically significant differ-
ences with control were found for this parameter.
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