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7b. EGmEM A% 8~1083 ICRFR 4HE #HH
shgled FEOD fHFY EEEAA \EFNEA K
Bekgl el

Lb. g RS : BB BTl B 10
kCi Co-60 M4t Hizks FIFske 1.5x10°rad/hr. &
#HeExmz 50rad, 100rad, 200rad @ 600rad & 45
of &5 Ratskl,
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BARN FMEEA BT aids BT g4 B
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Ao glEAo 2N HTE MFstd BESAE. &
FlEH FEF-% st 2ml e
B 22 & 2 A A 304 KET B
MG B2 JEstg ek
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2t. LDH-X 9| ZHeE HxE

% RE A= AR patRd BT % 28, 48,
68 ela 8L KB - BAE doll B elE B
W RE(-20°0)5k4 4 Hb= st BR S
E W& Meistrich £ (1977)%] FHkoll ¥

AR Bl 0.05M sodium phosphate buffer (pH
7.4) 2ml & ¥ a1 glass/teflon homogenizer 2 HH
Az HEEE e 55°Cell 4 3 HAuRaEst
o] LDH-X kel 8¢ A gdom A & BHES
TEHIE AR 25 10,000Xg A 155 ELs
Miste LBWES BERIER HES RS,

LDH-X 9] EE% Fi-2 a-ketoisovalerate & B2
f#EMste] NADH 9] B2{b% 340 nm ol 4] BXSHH=
PEstd et SHBELS 0.05M sodium phosphate
buffer(pH 7.4) 2.7 mle] 0.9mM a-ketoisovalerate
100 g1 9} 4.5mM NADH 100 £l & st 444 2%
100 pl & gk % HWAA 158 #tste 0.D.g:
< WEs ek

BERY TRHEE (units/mb) & wHg5b 28 Kol e}
< k3tgd et

Units/ml=AA340nm per minute per milliliter
X 4.82.
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Sega %(1976)0¢] Jjikdl wie}b A REBHE MK
SHE-S S 195RT DUAY) [Methyl-*H] thymidine
(specific activity 51Ci/mmol Amersharm interna-
tional Pic it #5) 36xCi® & & Zi ¢ Hamilton
syringe & st HHFA.
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EEEAA BTES WEstz ol F 3mlE Bel ®o
SrEEstel 3E PERkstg ow Imle] AFAHKE nst
q £E14 BHEAARDS.

o] 20021 % Hal wlE protosol(NEF 935 New
England Nuclear) 1 ml 7} E¢] g & scintillation vial
o 2A2HA ¥z 50°C=E m@dlte 2 BHT
# scintillation cocktail (4g PPO+0.1g POPOP/
1,000 ml toluene) 10ml &g 3 = liquid scnitillation
counter (Loonan Associates Inc. Type 43-AAE)E
A Hegteed 2054 WES g

% REE BTHRQ0E) A W& FHEEE BENA
#Frskgl el
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B8 2EE Bl 2R FAL REHREC BNt
o] wel Azt Wsle] 600radel A HRER Hl
60%2 WA gon T BE 600rad EAtlAE
A8 WoEe HRES 656%2 RSt KR
AR AHE B E BOHR REe Bind =ek 24
o FA B EHAE RAFT g AE & T
glod WTHE KR RES #md ek Wt
AL o 4 9o} 100rad gf 200rad ) Apelel & £
#e SAG BT By 2 E2RE BAY + Y9
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Table 1. Testis weight and sperm head in mouse after irradiation,
Time after irradiation
Radiation 2 weeks 4 weeks 6 weeks 8 weeks
Dose (rad) Testis wt. Sperm Testis wt. S Testi i S
s . 1 wt. Sperm estis wt. Sperm Testis wt. Sperm
% of  count % of % of count 2 of 2, of count % % of  count %
control  control control control control of control control of control
0 100 100 100 100 100 100 100 100 -
50 93 85 3 65 104 76 122 103
100 77 55 60 58 81 43 105 86
200 73 54 61 57 82 13 80 48
600 60 45 — — 61 7 60 14
Table 2. The percentage of sperm with abnormal shape in mouse after irradiation.
Time after Sperm shape abnormality (%)
Dose (rad) irradiation 2 weeks 4 weeks 6 weeks 8 weeks 10 weeks
50 3.9 6. 05 7.0 6.93 3.9
100 4.1 10.1 10.6 8.71 4.5
200 4.6 11.1 11. 96 10.7 3.7
600 6.1 15.0 30.0 22.09 8.7
Abnormal form
Normal form Hook Attachment Banna-like | Amorphous
Marked hook | No hook [Non-rectangu-|Banna-like | Amorphous
lar midpiece |form form
‘Rectangulaer | Long hook|attachment
midpiece
attachment

Fig. 1. Abnormal head shapes of epididymal sperm in mouse.
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Fig. 2. The percentage of sperm with abnormal shape in irradiated mouse observed at weekly intervals,

Fig. 3. Abnormal head shapes of epididymal sperm in mouse after irradiation (arrows).
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Table 3. Fertility of male mouse following irradiation.
Dose Day of fertili x itter si Mean*
(rad) ay of return to fertility Mean Litter size ean
50 56, 56, 57, 68, 78, 81, (st) 65 15, 12, 14, 9, 10, 11, 9, (st) 11.4
100 56,57,62,67,89, (st), (st), (st), (st), (st) 66  9,9,8,12,15, (st), (st), (st), (st), (st) 10.6
200 57,58, 60, 60, 61, 64, 65,70, 71, 80, 91, (st) 67 10,8,7,5,5,8,3,17,9, 3,8, (st) 7.5
600 66, 68, 83, 96, 111, (st), (st), (st), (st) 85 8,7,8,6,7, (st), (st), (st), (st) 7.2
Remarks: (st); permanently sterillized
*; Means are obtained without counting permanent sterile case.
Table 4. Activity of LDH-X per testis in mouse after irradiation,
™~ Tln;ﬁafter\ LDH-X activity (percent of control)
irradiation
Dose (rad) 2 weeks v 4 weeks 6 weeks 8 weeks
Control 100 100 100 100
50 105.3 98.1 90.6 107.4
100 72.6 73.1 76.2 84.8
200 68.7 49.9 50.7 53.3
600 53.3 25.0 28.0 27.5

A (banana-like). 221 e R oo EEMl
(amorphous) & o 2 F4rste] HIEE o, Fig. 2414
B ubsh xro] MShiEC] EMYTS REHES W
BRE Binste A ¢ 5 g2 59 B R
Gith BRI wtel 2 SREESL HEinste] 200 Tad R
S 7S BAHIES 2BAC 4.6%, 484 11.1%
oltl Aol 6l 11.96% 2 7} & HEE Vet
Wetsh 8B 10.7% 2 BA= o 1084 € 3.7%
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Table 35} 2ch, Tableol = A A rF WAL TH
R 2l 459 TEHERel AT Fasigx |
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o] 50rad, 100rad, 200rad =¥ 600 rad B4 7
S BT THMMe] EEES BN = ERA o
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Table 5. Unscheduled DNA synthesis in meiotic and postmeiotic germ cell stages in caudal epididymis

of mouse,
Time after No. of sperm in million cpm per million sperm
irradiation
(days) Con. 50 rad 100rad  200rad 600 rad Con. 50rad 100rad 200rad 600rad
10 32.9 — 1.0 14.4 — 6.8 — — 2.0 —-
14 31.1 — — 15.2 — 8.4 — - 5.7 —
16 21.5 24.3 12.0 14.9 8.1 6.0 4.0 15.0 14.4 5.8
21 18.7 19.4 7.5 2.4 8.75 14.6 22.2 46.5 51.7 2.9
28 14.1 - — 7.0 — 45.6 — — 162. 2 -
34 9.0 — — 5.3 — 831.0 — — 349.9 —

7% HRE A9 2R dou 6BAdE 90.6%
B EHEL 2 B e A+ ¢ 4 gglon 100rad
Bllo] M oA e SR &
) GRS gl Bdale AL ¢ 4 ek & 200
rad 9] HatR HEAE € Fo= Foslb AL ¢
4 d9o= 43 600rad & WEE A% HSHE Ea 2
Bl £ 53.3% 2 A £@megos HEEANE Bk
E A 28.0%2 e glgieh. B Mo R
6B = FHREST AR BAOHE AL ¢ 4 9
o SHB = FHE T @EEEE HEE 1Y F
gt

5. 3!55@%1& DNA & pt(Unscheduled DNA
synthesis)

A BB A BTHR BRI KRR A
MRS Bhtirel K3 BEIET B 98 BEHER
A% MABNHANZ BTE kkstgn JRgE DNA
RGA = patiiel K% BEIEE dubv & Kk
shesbE Ho) $is) FEMEEIM: DNA &Kol vebE]
B B = R SR AR 16~24H 7R ol
A REFE WEstg ek, Table 5614 B ubs} 7o)
BEHRS BT % 10AAdE KitRe S g
WAl A 6.8 cpm, 200rad [BHBIAE 2cpm o
vetsk o= 14E Aol = $BEE 8.4 cpm, 200rad FES
BS 5.7cpm o eh 4B 7R EGERE B
ER A9k BAHR BAHE 16N BEHE 6
cpm, 50rad 4cpm, 100rad 15cpm, 200rad 14.4

cpm 28] 600rad 5.8 cpm 2.2 i}el} 100 rad ¢
200rad 8] 7S HBR A d7 BhYs B
50rad ¢ 600rad & 7S HEH ¥ R/ A
KGERR Fld =2 KA REREE 2 2R A
= A% ¢+ A9k e AR BA 208 A =
HERo - BatE RAEV =5 Hdiege] s
AL ¢ 5 ded HEH 14.6cpm, 50rad 22.2
cpm, 100rad 46.5cpm 28} 2 200rad 51.7 cpm & &
A AR BEFE wosye s JREM: DNA 450l
debs AL ¢ 5 dged 600radd] A& 2.9
cpm 02 A FLfEE el vk, B DNA &
Bol MR #Es = 28A5]¢] = 45.6 cpm, 200
rad JBSHEES 162.2cpm o2 5 7S B jhfagol
Bimstg.or 3aAR el LIRA 831 cpm, FESHE 350
cpm &.B K EREEEE RAMEE Yepi gl B
A Bl e TS B BHRE BHL-E ol
BeAHR JEAHE KRR BIGRlel AA vehdos
EpRfol igidtel wiel Aol MAHR MHE 25T
BAE AL & 5 A9

z 2

1. 5% A%
HehHR BE & BT 2 2= 205 Ed
e wES d8 #HiEYE gk R BEelA
X AAE 50rad, 100rad, 200rad 28 3 600 rad Mt

R
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AL BFERE BEs gk, a2 ol w4 @
EY HRE BEHR BB ek MTECH Hamee
B AL ¢ + ddes WA E I Bt
WA AR slel £ e 200 rad & K4t
s Ratet 3% 2 4lsdol = BEEC b 24
54%, 57%% hetsbor] g REHE 6o = 13
%2 BKE BAECT sHEA & 48%E mE= &
BHE B Foleh, oled BRE BTHK H
A FBREED £ Bl Bk B kS ks
Zoba £ 4 e ol Meistrich £(1978)29] #%
TR BE-S ZHE] T+ model g1 Oakberg model®
o #E Rz Ye BEaAAe g BMEHE K
B RS B #REA & 5 Q0. 8 EE
2 e AalREMEST S ol & 7.4AH A
Ar-As-AsIn-B 9 wbA & A A4 KMt = e 13,7
ARe MR #ADAS AV 14 1H-S K
Bt sleh. & AN 2 R RS LDo2 i
HAud FEMEE 200~300rad, Aal-& 100rad LI,
A dlA B7A Y HEMEE 25rad, 2@ 3 $EEAKR
T & SHEHEPE EsEtel el ¥ifRHE 200
rad, G5M= 520rad, K4 M= 480rad 28lx #
HAH7A = s60rad o = Blge] Kifie: 1,500 rad LA
b, mhxl=Re] T 60,000 rad b Eolela st w
Aok, A BRdAE BT #hE w3k 2~38%
o Bigshe BlEHo2 N FHTE K& AE
o, HHR B 2804 089 BRE B ER
ol - & JHHMSl XERAENES] ke Kweslgich
3 ¥ 4 ogled 6EEY BRE PR Bkl
S RN ool a glHe EMRY HRE Kuns
thz B 5 glvh ol dk HElA Ed K HERY
Bt 99 model & ItEgy & Hksl F£vln &
9lv}. Harrison £:(1984)7¢] EHERESE RLotx Xeray
AT 488 60rad ol 4 KETEOL HIBREA ks
84% % 200rad )4 45% % WAietm B F3 gl
A4 BER RES w2 P BRe i #@
FHerm Aok Dlko) #RE fiae Bo B4 B
2 27 ohE Bl e AEMARES A4 R K

F10% 5 15 1085 —

B RZIES bl T AEdl Rl B3 5
=T PR Aol —F BN AEE N Mk

Job Wb AL &+ A

2. ¥ BEWE HHEE A

HTY) Er BEEHES NESSEA {LEHHE
vOHGHRS R BYEA &3 BEAES RS
axb sl e REE el #HEY - PH R Y. BT
o BEAES MEshs AL whET fE] o] ol A
T AA wlEel o] S AR A =
A BEWEY BEs Kpsl F= $2 REM S
a glep®,

A EHO A KR e =tel BT EEE
L s glom, olelel HIm-& B RHHE
RRffe e el Bik Bhnstd 6BAd mAE et
webl 8 Y-E AAS HASH T vk ol shRT

B ApkE A KFRR AR & BRh 4
e fegti BREhs TR BES K8 R
RS S & Kpsts Trta # 4 Jeh
Bruce £ (1974) & C5;BL/6 ¢} B,CsF; % - strain ¢]
AF e HsHEs RSty B REEEE AEs
Qid @E B/ whel REMHEL ek KRR
W 5~6% BAE B 28 A3 W
AT gast ek 8 Bk &RE B R
@ilel =& WS BIRMNSY At A4 Bkt
o REPREY KMTE ARdrtz £ 5 s KK
Bol A B HTY REPEs Fie 34 2e oat
o} zre] &/t WE g vehvte ALRA 27
FoFy} w]xoke] FEEHAILL el vt IEWAYL HE
o mOFE fif] el 3 2L Y 4] BHE strain
ol BetAE ERA ITh dHA dot ehvte &
R A W £T BEHE 2AFT v BE?
sel ov}. MR 2l = strain el AR 2 KT
WAEE Vb ol & RS BEREe fFHTHn &
A7 gu®. Bruce %(1973)9-& AN A R
Mol A EEe W E BN BT WRORL
d 9x oW BEReE BRI f@Ete QoA,



Ea TR REHEY BBEHEESD BETRA K
) ATt #HEE 9w Krzanowska(1976) 7=
o2l shA BEMEE BETREY s Xeesid 5
3] Y it REVE MBS BEL AAldn 5
stz 9lth. Ll4lo) = Hugenholtz and Bruce(1973)'®
= XRapE 459 KT BES Jebl e Bk
7 gk st glon Wyrobek £ (1976)'92 o
HAMe HHhE@b B BERE T BREPRE
o] WKl BT A&& #wEstz vk B BT
e B HREE BEN) XYERE 3
el EHRa b SHdHE AL &5 doed,
ol & HMEMERS 7 ohE HRHREZES b
ohn #@iEsta 9ol wlEel B Rbtel K3 ek
U BEMES BEe ol HERTEY MR B
SHE FAMNSE fdden 5 ek

3. B BES1 RE

HEHE BEEA JveldE UM HAHE RSt
= 4rolde EMEol w4l TXWEEHNE BES:
Bz B 4 ot mpel FRO2: KR Rat
of do FEMEE Yy AREE BTEC B
Fpo]l el A FAUY BE T 22T BHH
6 RRBR R 7)) S Eelstn FJEES 8
o} 20 g o] M-S FME Nl S WREA
e BABY BTERE £KT ©A BES = HE
olglz wg 4 glor ol Fiiiue 4FEL HE
oz sl F& AoR TH 45 vk Reid%F
(1981)#2 200 rad MRHIEC = HFEUL EFE 10
%7rA ek EEEE il WRESH 600~900 rad
BatEol = 15%7HA [EIfES ol ofnt Zifge] WHES
T st Yok Bl & EEOl A 600 rad fEHEEA A
R 85H, L LT #EdA 6652 vehd A
o Sl VET BTHE £KT 5 d: HM #
Bol @gel w2} o ERACE AL A& vl
Fa glch o] 9L fERE Meistrich(1978)2¢] &
BAlAE B 5 gl&d CHI/BU &4 600rad, 900
rad 3 1,200rad & SRS BESz 598 %R

©}A 50rad o+ 100rad B4 ASE

—BIER JF 4N HatRel A AMEM WX B ML W

REA 7L #5R 600rad = 85H, 900rad = 195H 28
I 1,200rad & 4008 BDikS FHHES Jebd A
o2 2 & F g

4. LDH-X 2| Ef4Ee

LDH-X %= lactate dehydrogenase ¢] X-isozyme 2.
2 OMTUK BES KRYY e FiEl e
T Fhel BRSO fFESHE BRe® R BIRY
LDH-X ¢ ks WEstA == Rz ke,
Al 22l Fid ARG NS WEE + i
71 wEel HAHRA & FMke BENEE EE
jo2 BT + d=. & ‘RS A9 B i<t
#% 2B%e SEAAX ERR IR BRY BEEE
WEst g el olw Rl vk BEEE ek iE
HEL WAE A ¢ 4 Ao o BEE ERVT
w4 duh. BEHE R4k 28fe v LDH-X
7b S MR SRS RAND-S WAl PhE
HYAw BEMEE FEste ol & Fiilzd ME
MR Bol WA SR Eiikel A4 LDy 7t 500rad
AED} B A EMEEY A2 HEHER
7b wol ARE A ¢elelE 2 e Fefjuel LDH-X
o FHES BA g RAe2 AiEsgen BB
E 600rad FR4TEC A 53.3%¢) BER WEHEE et
Wel Fx gl HHR Mg 4B+ 28A
Byl 24 4o BRY BHEEE Jehia gevl
ol A&l s LDH-X & Az U+ #ilf
= 25 BRiEo] wiels] wl &l oldl el v FillEE
el A= ARA filel AV BEMRE FEsid M
HE2 ¥ £RA FHEAREG BN AL R
2% Fdcin € 4 7] el g 4 I
oh 1ol @TE EREY o KSR BE 6FHR
£ 2AR0) FESE A ZE MlEST B &el
BHEE 42 EARE S &K1 Aelnz LDH-X 8
EHE e ALE 44 BEE 5 Joh. HHRR
Bk 8BS A 6 2oh R EEES ¥
o] Hmast
vl EHA velytel. ol Bl st K3

et
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BES B2 ke RS HoHRS Katua o M
BEE S8 ARE AN EYS AR Hs
{EHES 100rad BT A% AY A4z MES
33 LR HaHR BB AE Rt BEs 2
obAl vrEhv i & FEt T o

5. JE:BEitE DNA &5 M= JAlF

el RS BatetA eBE S kst
W DNA 8 F#7l= o] #fE5 DNA Aa| E
FHES Jebi el Bpfilne] 9ol DNA 2% £4
7b vhebdebs HES BOHEE RBATE-& Hela fifs
Heem 3 BROA MEBMP DNA 45 Bzt
obd Wil A Aol o] FelAlrl: HERA #go
= gH e,

Bl kel AMEMMEN A= A DNA &5
S FBAAG = FEHS ethyl methane sulfonate
(EMS), methyl methane sulfonate(MMS) propyl
methane sulfonate(PMS), isopropyl methane sulf-
onate(IMS), ethylene imine (EI), methyl nitrosourea
(MNU), cyclophosphamide(CP) 8lx hycan-
thone methane sulfonate Zo} 3 FEHAHM DNA G
(Unscheduled DNA synthesis)o] vebytels ZEo]
sl gloe, EsEEESq A BT &
SRl Y X#2-& WMAfeR BRI DNA &l #
Bt FEe HE®s ok AmMEE B
fael wel A9 FfRE Yo KPaAxe Skl
ol gpgstel, A= AL HTEHR BEANA vhR)
= DNA &S RIMGRIN SERe 14555 5 o
oidetz <A g™, DNA Fpkel Bua; o #
BARE S 28~30H Sae BERKE A4 Mk
7 Hel e M#Es 2AE Hd 2 ey
AFEES MBS PFEEA Ak 8 2L g Bl
< BiSh e = Felsl 2~3H# 2ob8 4EE
ol EiSAe] THE 7lx 28 2~30# g o
A Hes fTE REST fEY e Ber B
TR BES WER dt MiaEe mae 55
BEE &% WET + A dAvh. 19z 2434

.A37._‘

ojub i chEHidl o= AMAEES DNA S+
Bl ksl RS wA e JE DNA &5¢
o] AelbAl Hx o] HFEA S (H)-thymidine o
REHE AxEA WED F v ol=ld BEA
e Aoyt A g Fflel & Amim
i, B0 skl EE DNA G5 delvis fidlail
o] MRS el DNA &G FEE I
DNA &olelar 23 4 o=l ol & HMiEL T
RAS BAEREAA S BEE 3200 BB %
of WLl DNA e AX MlgEel ElEhAA
vebdele Bie BEY o KA BEH® 160~248
A velvA Rctm FE 4 ek dd FEERHE
DNA & ¢ autoradiograph & (FFs] B 4
RISl BB A EEMCR JEY  Jdom,
MERLR2E o HEW2 MiEEe] WMTFE W=
AREELR Bol vzl slchglvhsh WA PG FHK
s2(Liquid scintillation counter)® JEL 4 9},
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= Abstract=

The objectives of present study is to investigate genetic damage of radiation in
" mammalian male germ cell and, to establish available screening method for deter-
mining genetic hazard by radiation. Several methods were employed to measure

the genetic damage of radiation as follows:

Sperm head counts, frequency occurrence of sperm with abnormal head shape,
fertility,  activity of LDH-X, and the induction of unscheduled DNA synthesis
(U.D.S.) in male mouse were performed with the passing of time after irradiation
by making use of the sequence of event that occurs during spermatogenesis.

Sperm head counts and activity of LDH-X in testes were gradually reduced by
increased radiation dose and with the passing of the time after irradiation. Fre-
quency occurrence of sperm with abnormal head shape, sterile period, and the
induction of unscheduled DNA synthesis were increased by increased radiation
dose. It is suggested that since germ cell is a direct reflection of genetic com-
plement, the use of male germ cell is rapid and convenient method for measuring

genetic damage by radiation.



