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ABSTRACT : The toxicity of DA-125, a new anthracycline anticancer agent, on the male reproductive
system was studied in Sprague-Dawley rats. Forty male rats were randomly assigned to four groups
with ten rats in each group and given single intraveneous doses of DA-125 at dose levels of 0, 12.5, 25,
and 50 mg/kg body weight. On day 56 after treatment the animals were allowed to mate, and their
male reproductive functions and organs were examined in detail. Copulated females were sacrificed on
day 20 of gestation for examination of embryo-fetal development. One out of ten rats in the 50 mg/kg
group died on day 12 after treatment. Clinical signs such as emaciation, sedation, anorexia, swelling,
dark material around eye, alopecia, and diarrhea were observed in the 25 and/or 50 mg/kg groups.
Reduction in the body weight gain, decrease in the absolute weights of testes, epididymis and seminal
vesicles, and/or decrease in the number of testicular sperm heads were also found. Although his-
topathological changes such as atrophy of seminiferous tubules, loss or decrease of spermatogenic cells,
exfoliation of spermatogenic cells, vacuolization of Sertoli cells, decrease of sperm, and/or increase of
necrotic spermatogenic cells in epididymal ducts were observed, no adverse effects on the motility and
morphology of epididymal sperm, copulation index, fertility index, and embryo-fetal development were
detected in the 25 and 50 mg/kg groups. There were no evidences of male reproductive toxicity in the
12.5 mg/kg group. These results show that single intravenouse doses of DA-125 produce significant
dose-related testicular atrophy, histopathological changes, and oligozoospermia in rats and LD,, for DA-
125 appears to be 50 mg/kg body weight.
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tEgirto] Z# Al 3}tAQ] doxorubicind 3 FF
U Yelzopel vha) S HtEAE viehily] BE
ol 7b 38 AHE T e dstshanAl 39 st
o]m AFE9 9l adriamycin© 2 & d&jx lcH(Blum3}

Carter, 1974). Adriamycin Streptomyces peucetius
var. caesius2HE FE2% AL 2ZA(Di Marco 5,
1969), DNAoY| Z g3} } 53 (template)7] 52 H}3

o= ekl A EX|AFEA (cytocidal activity)S-
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Yeb A =ch(Schmid2} Zbinden, 1979). ¥Fd o]k
EAql 24738 qlsle] Woe|d A (Benetict 5,
1977)=} wtekAl 2 373 A (Thomson Z, 19782 1}
ehle], AAAEoA = G A o]AH(chromosome a-
berration)g- -ftghctar EPE}(Wllhama—} Hsu, 1980). ==
T o FEe) qkERpAle|FAA kA9 mhAH R

B 2ox] oFAWAIs} A]l=Z(cardiomyopathy) -1t
T4 HHAA AASA w ol AR8-gFe] A|ghE e} &)
7t Fol7} Brlsslch(lefark S, 1973; Myers 5,
1977).

A A v ARSAE RSk dtEadE
kA 717] $138) epirubicin, esorubicin ¥ idarubicin &
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o Mg ALEPAIZUA FEASe] Wol A
gov} o}k mtEE ulgl ol o]2X] E3tx
9l A& ol th(Calabresi®} Chabner, 1991).

DA-125% A} FoPAlEF) ATaolM gl
gl EA4E 33 Al 2% adriamycin 54 24 M1
5 C14 $13ofl Bralanineo] AgHE 444 BFEY
(prodrug)2) ¥ 7)&2] adriamycinel] ®]3}e] gt a 7}
Holuhm 84 % o] $abel By RS
s 287 54 9 2434 B9 ¥4EE AR
M2g keehalel2aA BHlolthA S, 1993;
=.1993; o} . 1993),

by Zopel A mel Labrh Hold B o sHetay
AT Fop Y ATFHL2 lsjo] AT Aol
A8 delul= F4(bone marrow), A (gastro-
intestinal tract), ®Z(hair follicles) = 7= (mucous
membrane) 52| 2] X2 AZg ¥A-8-S 2}
7|5 gl AR $4F wgt £3] #EEE= Al
24 dAA e A7l FAAE(azoospermia)ye:
fEsl7) = sh=ul(Wyrobek &, 1983), o= 4™
A= Aubgk ZA7E ol o)A gzt frdehe

2 HAL-So) ule] AA LR | F Ao
o] Apdelct. et ojuldt AT AA|HE
2.2 3= BA UF o WA d3E viAe
won, 3] Al A= ARSI
Ast 72 7159 AR v AlZRE A
et

G A7 B Yl AAIRAE ac
tinomycin D, adriamycin, bleomycin, daunomycin, mi-
tomycin C 5°] 3t} L F QtEAL]ERIA A
¢l adriamycin& DNA Z2}4-E%(DNA-intercalating
agent)ZA4] oj2] £o] AP FENA AT A3
AFAr) Base] g, vhedis HEAE
(spermatogonia)el] A EZEAIE el F7|AE
(stem cellyE APEA]7]w(Lug} Meistrich, 1979), =&+
ZAAe] ¢S (tubular atrophy)s} A4 E(somatic
cell) 2 AWALA| F (germinal cell)ol] FHSAE L4 o7]
(Au$} Hsu, 1980; Hacker-Klom %, 1986), - X| A}
Z-¥ o](dominant lethal mutation)s o}7|gtr} s ke
(Meistrich 5-, 1985). AH=olxE= Hae} A Fale] &
2 Zbael AzAE] Al uhE AAPLA A E
(germinal epithelium)®] 4£A1S {3 (Ward 5,
1988; Matsui 5, 1993), A 2ol Foi& 4 A EE
o Z7|(metaphase) I3} M4 12} & 23} A RA|E
(spermatocytey5o] F43] AbEgiciy Fcl(Parvinen
7} Parvinen, 1978). E7|o| & A RAENA 8|S

e o2 WL kM rfo
ol > rlo & oyl

4] DNA%A] (unscheduled DNA synthesis)2- oF7] 3}
HzA%e) DNATAS olAlstol ARel og &

ubshed (Schmid$} Zbinden, 1979), B]EA|A = 4|
o] WAn AP 95S denm B

(Gralla 5-, 1979).

otezlrjo)Z@ Al S48l DA-125% adriamycin®}
w3712 2 DNAe| 2H-8-3)1e] A 25438 ehll7] of
Toll FAE Q] Holl A AR WS vehll=
o], A EATH SR P} EroA] 7]
Aol ® 3% 9] o (Chung 5, 1995; A 5, 1995), ==
o} v F AN = ALFAE sk Zlo] el vt
ithel 5, 1993; A =, 1994; 7] =, 1997).

B AFdAME M2L gtEziAlo|FA ggAd
DA-1252 &7 gze] vy g 13 Fo3 F
5647 o T A A wjAA FelTHE st
32 ¥ Z2 e Aol HAHEAS A sk 719
AA 7)) wl2E G AR AL B A}
3lsich.

IL 2 X
LAIEEH

® AQel SolAer) ] YAT DA125(Lot No.
DA-125-039, % 961 pg/mg)S AR5ttt DA-125¢]
TF-ZA1-  7-0-(2,6-dideoxy-2-fluoro-a-talopyranosyl)-
adriamycinone-14-B-alaniate HClo] 12, #-2}8k&- 6700]
v AAEREx] FAFA] 1mM lactic acid(in saline,

pH 4.0y8-l ol 834X A 28515t
2. AHEE ¥ AMSE

AP EEL sl 74 AAdAT A
SFANAFGA 74+ FF 1002 FE o
Sprague-Dawley Al£-2] B =(SPF)E A&ttt 55+
Ho) BES o A7 sovkey i
2t F3AES A AERe] 77tk At
2] Q & Aste] A8-stgnt
B AL AaksadRte] NAEZ

L5 23+43°C, AUEE 50+10%, 27 A|ZHLA 84]
~2.% 84]) Y % 200~300 Lux2 AR T2
A AAsth A7 Atse AYEES 1AL
BA YRGS YA ZAH2.0 Mrad) B#3}e], 2
3 B2 AFESTE A4 AR AFAZ

F A4 2 A 2k

gatgion]
H

X



3. S0l MFI AFE 7Y

DA—125—°4 A= FASAAAE(Ahn 5, 1993)0d| 4]
T MR AFF(LDs )= A% kg 61 mg o]k
L_FJ vl QlEd], o8 7|22 3l R FEF U
ojato] AE3IUA] A7 |Fol| FAE epd ZoF
dAE = 50 mgkgS FHgeFo R slo] FH] 284
25 2 125 mgkge| $&%F 2 AT E T2
2 9o AN ETE Fol 418 APTeE T3
At Foidel 24 AFE TAZE 7 7 1071
A AFo] 12A ELIHEE FFFE o) &3le] T2b

Az TEEE s
4. AlESE9 =N ¥ 5Fo0f

Al gL Zh7te] g2ko 2 pH 4.09] 1 mM lactic
acid £0o) SAAAL AHESHch. FES) Foliz 26
Aolx|e] FA7]Z o] 85ked A% ket 1 mie] aleko.
2 A" FARElgl e, dxTde $9E 2
e s Folsisich

5. lHbSAEE

O
NE
™
o)

A1 il T8 i, 5%

5ol thake] B
6. AS5H

729 A 2ol tiste] FolUely FAF 877
AR F 1314 A5& 2shadet.

7. iHf

FoiF 56 A 7R AER 7t T A FEol e
Fdg FH FA4X HAFEH 115 257 57
ajAl ek el A Ao A (vaginal
plug)e|vt A= REA] A=} Eele g wAsigly 1
< HAl 04 = At o, QAT FHEHA S
A GFANA o] JalahA e} 2pFe] FAFEe| whgk
t}. o] A3E ZAR 39 E3 Fe$-8 AHEslT)

8. Mi&&EH

e AR eI, AZAe AF
o] el st

2 ool

9. 5

Zoh AR 7 2 FAEE Hatel AFE

2% F 275l Ao, A2AA, B, AYA 5
o AA71el Shale] S HB} A A7) 2
o

& 2gsiglon], ¥ AFE ol gsted Aug]

&2 AArstsdtt.

ofN o

10. AXHEH

A 29 HAFH-A A Meistrich(1989)2] ]

ge} AR, WA FEEAe] B 4&%*4
Mok AART 12mie) FRA7E BoflE ol
Y& oo 47 (homogenizen)E o]-4ate] 13 o] 4}
83 Ak o] FAAE 2537 (ultra-
sonicatoryS ©]-&3}o] 4~7°Col|lx 3&87}F Azlgt oL
3 vke-g FH3dle] - AlAg(hemacytometer; Neu-
bauer, Germany)ol] 54 HX|E=F F¢lsldct. A=}
7} A4k el A F-2-8] kAol HEF SHE o4 v
I 5o 33H3lv| S o]&3te] 200~4000] &2 FF
el A5 & SRR Adshan A
A€ 3930 A A5 4o vlne) B2

shg 22 AR F Fed B deE FEAL
50mge] bovine serum albumin(Fraction V, Sigma
Chemical Co., St. Louis, MO, USA)°] &% 5 m/9
Dulbecco's phosphate buffered saline(Gibco Lab. Co.,
Grand Island, NY, USA)ell -2 t}-g 37°C uljf7] ol A
15587} wljek3lsdct. o] AHzMkY FTF-e-& 37°C=E
4H9 gojo)= Fehaol BT AW FohaE Poix
o 73_4 8}-2(microwarm plate; MDF-10, Japan)oi]

o The Ao QIR 200~ 400082 7
751‘}314 7 WA 200911 2] bl el S5
o 498 BRI, 052 ko] EFoIRE &
Holnl $54 A2 WA $FH APE
$40) At BASE B & PAael o W
%2 EAsGch B2 Fes AAE g3 A2
Bl gl B AApGelE Sebol= )
PN

Joll 4] 1% eosin Y& 2@ 182 2+ 813 o2 Ay
:LEV\E HolA @RS wEY 7 RAE
200521 2] Ajoll Al Relehn o532 Bake)
9o, WA7|ES Wyrobekd} Bruce(1975) 12|
Fukazawa2} Kotosai(1987)2] vl ol ulgjc}.
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11. Ha | Z53H HAL

Bouin's £-dol|A] 14 St TAE F 70% L2
AR E FO 5 ek ALAAE paraffin A&
wkE-o] Hematoxylin-Eosin %42 3+ % #shaiv|7d o
2 A7

12. EAEHH 24

Aozl Azt g FAEALS SAS T2
(SAS institute Inc., Version 6.04, Cary, NC, USA)2- ©]
S35 en, AAHLs AALES 1% 2 5%¢l|A
ATk A%, P15, A 5 AL B
AHEA1(ANOVA) Dunnett thgd]| 2734 S, BIE4E
ehile a4, 244, AR ElADe, et
T, AEHNALS] Y Hol 52 -Wallis(H) 734
3} Dunnett t}ER|ZAAE, 28lw o9)-&3} SEl§
-2 chi-square AW g2 b7t U273 {3 A
48 AN,

L. & i
1. YBESA

FolF 569 FoF dubEAS #EE A9 50 mg/
kg FoFolxE A FEAA ¢ (emaciation), 1A

ZAro] 7Aastgch. 25 mgkg BT FEES &
9 A FulE3 92 o AEe] HEHA
ot 2 AHxr) oha Arlsksd e, 12.5 mgkg 5o
T 2L dE2TeA s ud oY AAE IAER] o
et

2. /=

Table 1¢]) vtebdl uhe} o] 12.5 mgkg Fo172] %
TES FoF 15ARE 45479 AFo] 2T
o) ujsle] EASPH o 2§24 (P<0.01 or P<0.05)3)
A st ot 2 ol Fols APl AW v}
shligion] APBA Soidelq AR AZ
e A= qum QA= =R okshct. 25 2
50 mg/kg FoATANAE Fol 5 13728 74744
o A AF —0—7}%01 el vt} 247 A
b 0 2 424 (P<0.01)31A| FHadtaiet.

3. mHIA A

Fol¥ sed Aol 2t o] #AFES FAHA IAF
£} 277t A 2ef A1 7] A7 Table 2004 M= nt
o] Zh FolLolA vehd wvlE " FHE2 2
T3 FARHA Vhebitet.

4. Hig&les

(sedation), ++ 9 AN BEu|E, Al&3z
(anorexia), Full-2] JH 3 LA (swelling), AA1A QAEES QA 202U Ao ANt AL Az}
2| & B (alopecia) 2 A4 HAA Al o] 54 = Table 29} 2t} 7+ ZolFollA] et QlAl8kA)<,
o] vebgtth. 53] FoF 12946l HAlgt T Ak, *B%EHZ}—’F —’F LB /‘}“"Eﬂz}(“ﬂﬂh—, AE
& FEe) ot P £HEF A0S g eRe A% 2 A $e| wE A} hag
W, 1 9o FEES A7 AFe wet A 54 AR frelAde] °17‘451 A “ib“/}.
Table 1. Changes in body weights of male rats treated with DA-125
. Treatment (mg/kg)
Period
0 25 50
No. of animals 10 10 10
Week 0 (g) 22224135 222.7+12.2 222.3+10.9 2223+ 9.7
Week 1 (g) 27494145 243.2412.4%* 22524 9.9** 158.1+ 5.6**
Week 2 (g) 319.9+159 293.94+17.9** 271.04+11.9%* 203.6+11.1**
Week 3 (g) 355.1+£21.5 332.2421.9* 308.7+13.9%* 249.6421.5%*
Week 4 (g) 385.6+27.1 357.7+23.9* 330.5417.5%* 279.3422.2%*
Week 5 (g) 410.0+31.8 383.1+27.8 348.1+22.0%* 293.2+20.8**
Week 6 (g) 429.9+33.3 399.4430.5 354.8422.4** 301.5£22.9%*
Week 7 (g) 443.4+38.0 412.61+30.0 332.8437.0%* 306.5+21.6**
Week 8 (g) 462.4+38.8 426.5+33.4 340.0+36.1** 317.5+24.4**
Weight gain (g) 240.2+38.7 203.8+27.9 117.7£30.4** 95.2425.6**

Values are mean+S.D.

*and ** indicate significant difference at P<0.05 and P<0.01 levels when compared with the control group.
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Table 2. Mating performance and cesarean section data when treated males were mated untreated females

Treatment (mg/kg)

Parameter
0 12.5 25 50
No. of treated males 10 10 10 9
No. of untreated fernales 10 10 10 9
Copulation 1ndex (%) 100 100 100 100
Fertility index” (%) 90 90 90 88.9
No. of corpora lutea: mean=+S.D. 16.3+1.2 18.4+23 17.0£1.0 13.8+5.5
No. of implantations: mean+S.D. 13.7+3.7 14.3+3.7 14.4+2.7 10.3+6.6
No. of dead or resorbed fetuses 14 26 10 17
No. of live fetuses: mean+S.D. 122439 11.1+4.6 13.3+2.1 8.1+58
Fetal body weights: mean+S.D. (g) 32+03 33102 32402 3.4+02
No. of fetuses with 0 20 1 0

external anomalies

?: (No. of males with successful copulation/No. of males examined) X 100

": (No. of impregnating males/No. of males with successful copulation)x 100

< thread-like tail, ® : umbilical hernia.

5. 83 A
Aelzb B eREES FAT 29 25 2 50my
kg FoATe] FEEL Aaoh AadA 2 A

f&e] BAE G on, ] AP el om0
a7 = vepA] osith. 12.5 mgkg FolTdlAE
2T A A 2738 vehlgdct.

6. MO % ATH &7I5H

FTAREEY FAA S AR A A
7h= Table 33} 7Fe}. Aiabr| 53] gloiAlE 25 2
50 mg/kg F-oi7-o] A4l A 2 Adade] dx
ol Hlste] §-2]A4 (P<0.01)A Aadhed e AHA
& dlx27 Ao}l FAEHA vrelygel. 12.5 mg/kg F
A7 7 Al 2T oud foA=E fsith
7zt 7)o AdiFEkd o= A Foide A3}
2T FATEA fojAde] AA=A] ket

Table 3. Reproductive organ weights of male rats treated with DA-125

7. HRHRA AT

@7t R FALEL FAG AAE 2R
A3} Table 494 R whs} 3Fo] 50 mg/kg Fof T
N 2wt AAFGT) Tl e EASH oz
914 (P<0.0LGIA sl om 7 $]9) FolFolA
Rl Aot faleh AaabAl vela A
AR $EAL A Foi e ATy} A2 A1
A9e vhelyon A1) Welsta R E 2 5
AFolA FHe| W, F¥e] wlYH, T Axele)
zhiol, v o) Y 59 ol4kaze] 4~6% el
AT o ETH fAR ARZA Fol7t A
) 233keh.

8. Ha| =X o

Aa " AL WA Al A
Table 5ol Q2F=|e] glc}. 2T} 12.5 mgkg FoI
AAE AT A1 EAA oW el EA e o)y

Treatment (mg/kg)

Parameter

0 12.5 25 50
No. of males examined . 10 10 10 9
Body weights (g) at sacrifice 471.1+40.7 436.3+£33.7 359.1+28.6** 316.3+22.6%*
Testis-left g 1.6+0.10 1.5+0.11 1.3£0.17** 1.1£0.17**
(g%) 0.3+0.04 0.4+0.02 0.4+0.05 0.41+0.04
Testis-right (®) 1.6x0.10 1.5£0.15 1.3£0.16** 1.1+0.16**
(g%) 0.3+0.04 0.41+0.02 0.4+0.05 0.3+0.04
Epididymis-left () 0.6+0.08 0.540.05 0.4+£0.07** 0.440.03**
(g%) 0.1+0.01 0.1+£0.01 0.1+0.01 0.1+0.01
Epididymis-right  (g) 0.6+0.07 0.54+0.07 0.4+0.07** 0.44-0.08**
(g%) 0.1+0.01 0.1+0.02 0.14+0.02 0.1+0.02
Seminal vesicle (g) 1.1+0.23 1.1+0.26 0.940.20* 0.8£0.16%*
(8%) 0.2+0.04 0.31+0.06 0.2+0.06 0.21+0.05
Prostate gland (g) 0.6+0.17 0.6+0.19 0.6+0.23 0.5£0.22
(g%) 0.1+£0.03 0.1+0.04 0.24+0.06 0.2+0.07

Values are mean+S.D.

*and ** indicate significant difference at P<0.05 and P<0.01 levels when compared with the control group.
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Table 4. Findings of sperm examination of male rats treated with DA-125

Treatment (mg/kg)

Parameter
0 12.5 25 50
No. of males examined 10 10 10 9
Sperm head count (X 10%testis) 24931293 246.8136.0 227.6+13.8 119.0+28.1**
Sperm motility (%) 72.6+ 89 703+ 85 743+ 6.8 71.8+11.1
Sperm abnormality (%) 31+ 1.7 43+ 2.8 55+ 23 40+ 1.1
Values are mean+S.D.
** indicates significant difference at P<0.01 level when compared with the control group.
Table 5. Histopathological findings in male rats treated with DA-125
Treatment (mg/kg)
Parameter 0 12.5 25 50
Grade* - + o+t HHE - + o+ - + o+ - + o+
No. of animals examined 10 10 10 9
Testes
Atrophy of seminiferous tubules 10 0 0 0 10 O 0 0 8 2 0 0 0 7 2 0
Decreased number of spermatogonia 10 0 0 0 10 O 0 0 8 2 0 0 0 7 2 0
Decreased number of spermatocyte 10 0 0 0 100 O 0 0 8 2 0 0 0 7 2 0
Decreased number of spermatid 10 0 0 0 10 0 0 0 8 2 0 0 0 7 2 0
Exfoliation of spermatogenic cells 10 0 0 0 10 0 0 0 8 2 0 0 0 9 0 0
Degeneration of spermatogenic cells 10 0 0 0 10 0 0 0 10 O 0 0 3 6 0 0
Formation of giant cells 10 0 0 0 100 O 0 0 10 O 0 0 5 4 0 0
Vacuolization of Sertoli cells 10 0 0 0 10 O 0 0 8 2 0 0 0 6 3 0
Hyperplasia of Leydig cells 10 0 0 0 10 O 0 0 10 O 0 0 7 2 0 0
Epididymides
Decrease of sperm in ducts 10 0 0 0 10 O 0 0 8 2 0 0 0 6 3 0
Exfoliated spermatogenic cells in ducts 10 0 0 0 10 0 0 0 5 5 0 0 0 7 2 0

*: Grades are as follows: -, no change; +, slight; ++, moderate; +++, severe.

WA A WtchFig. 1, 2). 25 mgkg Fol FellAE

gt g x| x] A E(Sertoli cell)?] FE3 A (vacuoliza-

=

R3] FEE] AR 2ALAE b oy
Ao M 284 olAdATe] #RF=H, olF
ZA) o= ) FE9] A F(seminiferous tubules)ol]
A gl AApdAe] o] Fo] X1 gl ot FaH e
2 7 AR JAAT H5H AXAE, A=A
¥ g AA}A FE(spermatid) 2] 7ta, AR A F 2]

Fig. 1. Testis from a control rat, showing the normal appearance.
H-E stain, x200.

tion) 5-o] A= Ach(Fig. 3). TZH A AAFA v F-oll A
= A= ARG Zhav) 28 ela HAR AP
AE2] EAa7e] 59 FEEcHFig. 4). 50 mgkg
FoAroAdes A FEY Aol AAPEAAIAE
o] gelo 2 qola] X|AJA|FExte] AE(Sertoli cell only
syndrome)3l= )&% FARHo] A A FAAF] oF

Fig. 2. Epididymis from a control rat, showing no abnormalities.
H-E stain, X 200.



Fig. 3. Testis from a rat treated with 25 mg/kg of DA-125, show-
ing slight atrophy of tubules, decrease of spermatogenic cells, ex-
foliation of round spermatid, and vacuolization of Sertoli cells in
occasional tubules. H-E stain, X 200.

Fig. 4. Epididymis from a rat treated with 25 mg/kg of DA-125,
showing slight decrease of sperm and increase of necrotic sper-
matogenic cells in epididymal ducts. H-E stain, X 200.

Fig. 5. Testis from a rat treated with 50 mg/kg of DA-125, show-
ing moderate atrophy of tubules, decrease of spermatogenic cells,
exfoliation of spermatid and spermatocyte, vacuolization of Sertoli
cells, and hyperplasia of Leydig cells. H-E stain, X 200.

20~30% FE2 BHAA ekon 1 99 24
AT S B Aol o)) A1 9
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Fig. 6. Epididymis from a rat treated with 50 mg/kg of DA-125,
showing moderate decrease of sperm and increase of necrotic sper-
matogenic cells in epididymal ducts. H-E stain, X< 200.

o} dro] FAAFANNE AZAE, ARAE Z
AR E 52 F1a, AAPEAAA 2] ST A A AE
o] YA & BA= Y ch(Fig. 5). L vtell AL A
¥ 9] W) (degeneration)e] 63|, t}3lA o)A F (multinu-
clear giant cell)2] &3] 43, 18]a ZHA Z(Ley-
dig cell)?] 73] 4] (hyperplasia)o] 28] 2= o). Ha
A A e A FEA 7 $5x9 Azl 3F
2o} 3 AR AP A o] tha A}
(Fig. 6).

v.on &

tEtAlo| ZHA FetAle] AdHY || He
A =X)L DNAo] intercalation®| o] vhel}= Ao
Z Ak dA], DNA Axh, z8li2 DNA poly-
merase®} RNA polymerase 2! topoisomerase Il 52}
DNA B E4E9] o] 5& & 4 dor A=
topoisomerase 112} 7ol 23+ DNA Hvulo] F5 =}
2714 e 2 B sy glcHCarprinco 5, 1990, Kum-
imoto 5-, 1990). kAl A} =t AlAEA S JlAS)
T FFEAE FAAT7] A8 A FotA%E) A
oA AEZEel 3] DA-125% adriamycin®} f-A}
g Az 244 AT gl7] Wil 7 24 Al
FTENEIE= AR AR 73S R 2 & A
2= A=t

Ahn 5(1993)0) A A1gF DA-1259] = FAEA A
ol £AEEY ukpAAlEE AF kg 61 mg o]
2t ¥ v e, & AdedMe olE 71ER 3
o BojZEZ ukpolate] AEsle] A7 FA
< yehd Aoz JAtElE 50 mgkgs HagHFoR
Al on, AFEAL FA% F 56U Al FAH A
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GAEED IS AlA FlleHE Falskl, aul
7b Zel® dell #A5te] ARl vl e S

JukzAF BAA] 25 mgkg Fof FollA] vehd & 5
b B B3 gw, 723 50 mghkg Fol ol
TAE &of, 24, ASFA, £ T Y 2
12;'.4 /Ké/\]_ _t‘—o__o

Aol
=
S

wre} SAFARe]
7S o 5 ddch £ A 5] 71-2-2k2l 50 mg/kg
Fo Tl e 10vte]e] FEF 1vlelrl 559 2oF
¥} A ZEFTEE Jeplichrt o5 1227 s}
slglom, o] $3S B AP 27 27 10% X b
(LDy) o= vfefyiet.

AF SHA 12.5 mgkg FAT FEAA FAF
15428 4FR7HA] epd AF571e] A= A"
FA2 Fojo) 7]0® SR FtE R 7 o] F
£ W2 FARE ASHEE vebd oz F2%
W3te ohd Zl o2 Azbelcl whd 25 % 50 mgkg F
o9 FEoIA FoFRE] FHAA] BEAH AF
Z71e] AdAle AFEAC o8 " 2rigA
(irreversible)q] ¥ s} A2}

5o obsist e WAL Tk A3 AEEA
22 qlale] AlEzEYo] YA dolvte 2, 9
A% 2 F5 59 o8 22 AR B8-S 29
A H=d), B A3 25 2 50 mg/kg FoITelAx
DA-1252] Fofof] ofsf HAIAe] @xr} Fa=E e
o, =3 94T AFS] AE7E S slo] AEFA
3 FW 5ol Jelytorn] o]& qlate] AFFrle] o
A7F ZukE Ao 2 AzbEc) 25 2 50 mgkg FoT
ol 4] FaAE A4, Ao A 2 AdAde] 5 Ay
Zeko] Zlae AEEAY Folo 7" 2R oA
o] 5 AAl7| o] DA-1259] F83F FAA7|Q] HeZ
o) g o] A1 AdEFFS 2L &
AHgt A3 el o] =g ASS7E A el

£ Ajd el Az AlgEcoh

FA THEHE ZT|HAE] d5F el A4
3 o AEZRE E3pshe AP EES] FA4A
Zo 28 g}t AEZSAHERS] xF & B4
(infertility )& x| A}Abo 2 HE] B3l A WA E71X
nh2A AgEct. 2 F el 542 A3 &
1A ZE2] AEFH QA 1eja A HQ
9] AAE A 5 9le AL EE2
Fe-5lo}h. E7|AE AAPAA P A4S 2
S7F i A3 ohefst JeE vepy] wEell o
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o M1
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gz 35t VA xS AEE SAN] AT o
A e 2 s NEFAHEES 5otz dA7|7ke]
At Frol] FAA Tl A ALY ZE2] A A (rege-
neration)®} H]| x| A (non-regeneration)S A-A3}= 7lo]
et Bl AT EST)AEY Al 7=
Ziols M2 AAAH FAA T AHA| G| Holx
sl o)) AEst= E71AE7) sivhe S el
o} Aawd ARFERP oA BN RS
AL E7|NE A2 ARE S5 AAHAA 75
A il o)), lee] A xpukAY (spermatogenesis)y-
AZo) whelr] 48~53Uo] A ¥ty 3l=H|(Creasy
9} Foster, 1991), 5691-8 Z7|A| 7} E3a1A L E3}
o N2 AxLE Sl 83 Azte|H, wit
Q2 FAZA Ao A BRI T2 7
& A7olch. DA-125% Foig A o]v] ¥3hel A
ARYALELS 562 ool H4E Wbl Hee
ofF 56%ol ET H49] BAFHAE DA-I2S %
Ao 2 e EY7|AZALE] WE 5 Qe A Holrh
Adriamycing ol Ao} A3 FEF i
o} AxAE] £ W ARPLYAFI A EL] 24
< s (Ward 5, 1988; Matsui %, 1993), 2 A
o %1% Ay AEEA 27 2 M4 15 8 23}
A B A FEo) F£35) ApgEgicta 3} (Parvinen3} Par-
vinen, 1978). vh-$-2oll A= & A Lol A LB S L}
e E7]|AES APE AT (Lug} Meistrich, 1979)
FAAHTE ATk i (Au®l Hsu, 1980;
Hacker-Klom -, 1986). 4}7]&F u}9} 7zte] adriamycin
& Aol AAA o7 A4ste] A XA dAA L
2 4 913)7] wiiel AR gle BE G

A2} AALAAEG0] E4-E A Hel A 7
22 Qaje] YAA EE FTAY BUFS 2

1 &},

Adriamycins} 947 GEA4Ql DA-1255 Foi3 2
Al ellM= 25 E 50 mg/kg T8 A AollA FAA
I A& AxAE, ARAE 2D AR E 54 A,
AAPLAA EE2] de I A A EL] FEFHA, 18]
I A LA B3N] ARG Ao} WAR AP
Azl EA 59 A7de] et em =3 50 mg/kg
Tl E A7 273 Helx AAPRAAEES] WA,
A ANA EY] 3 2 7HAAEY YA 5o o]
Z7do] TAE =], o] 52 AP EAY Foq 714l
H 7o At}

25 2 50 mg/kg FoTe] Al ]l H5H
TAARST A3 FAADBEL Ao o] FAA AL ql
ot AFAE, ARAE 2 AR 25



zZhglo] ARPRAAZTEL] 740} eAEHg o Als)
A 95" FAGRANNE ZE YABYAEE] &
Age} Ax|AErbe] BAFG =, o] 4L DA-
1259] Sojof o8] £7) 4 E} A2A 27} £AEGE

< vehils Aea2x A 158 vl A4
Sl nE 74|37 AEE Aoz gigdEo

TARTANN AAPAA TS 24E A4
A7 429 27 R ) ade] Hed), &
Al A= 25 mgkg o7 50 mg/kg o 7ol A
Al EA L Fojof 3 AAPEAANEES] A Y &
Ao] vebtow o] 2 Qlate] FAA e 957 A
Ao FeFo] 744 AR JAH).

SR PREE ECI LV B R I
el A5y deo] W2r)S) AT S B3
717t o w3 AAbE AZEE BHE SE A
A A ol A A AN R eebelA] =A% AR}
Az £ A AAE = Aoz HAE A Z}A

= #e] g2 wedsl(chromatin margination)s v}
el AV A EZE3 (cytoplasmic bridge)Z 4% FE
A (syncytial group)y=-2] §3o 7 t} AWM 25 A
gkeh . g} (Creasy2} Foster, 1991). B ]3] 25 &
50 mgkg FoAToAE HAAH AEA L) ARAE
= 798 BFHA @povt AR 2 WA oY 2t
a27% vehigden 50 mgkg Folel = vhElA
A L= oha: BEE ) AR A Eel A= ol2gh |
A = AR AAEZES F2 k] AR ez
FAEE AEAY o] FEPA 2T ey o
5 2 AP EEL AaA ] A elA
= A

Creasy 2} Foster(1991)e]] wj2w 7hdz2]9] Z7l=
A AP 4o ke Ak ab=o] shuea] 71
Z7| 2] nld (hypertrophy), 234 (hyperplasia) e+ =
AR 913l e 4 ) Sow V)
3 b, 2 dalel dalix = #43) wsixl vt glok
T 3} 2 A1) 50 mgkg FolTelAdE AR
o] $&¥ F-RolA AAZY AP FAHTH
AZe o7 A 7} AA = A

7‘47%3%‘“] 50 mg/kg FoiellA] @EE Hao A
AT ZHas DA-1259] A E5A 08 Qlate] Az}
%*E*ﬂi—e*’] “4 , AAL e g o0l Hog
ol 2 late} AAAbA WIS AT A=
ol zefvt AT ES] 2 EF Tl Eole S 7

|
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£ dog]= o] Fal= )

FTEY A AA s A7 eE 2AE)
= AA2] 1084 10008 AH=E 13] ] AR 3}
(Amann, 1986), B2l A AR 90% FFa
off oAM= FefEo] =R Ade=rty drh(Aafjes
o> 1980). Wi Ao AHSoll= AMEd Axl57}
AR Q) Aol HRgE A2 2l o2 A Abet
3] Ay w3t AR-TAS e gejshd e g
= A ALY v ge] FE5 vla Br] 9
of] oF 60%2] A AT T FejAtelr) Tty
gl (Smith, 1978; David %, 1979).

HEAQ] k= Rl FRIA FghA|Ql adriamycin-
AlAFEA] So] Hzlg o 2 ol AFRo] A|gtE = &8
& FA oA ksl FAAS | AR AEE F
HWhelA| &= ot A A7 3 (asthenospermia)} 58l
Z¥40] felo] Hrlar s (Kreuser 5, 1986), t}E A
FEAEAT ELA e AAEEN Y £ 59
At o] A52H-E(synergism)S Hehdrtar k=)
(Da Cunha &, 1983; Bajpai¢} Anderson, 1985), DA-
125% 2 Agelx] #AR AYA7| 3] Faztaet A
ApAy A, 123 Az A 5o Ao v R
o] Mol ARl A FFst 7-9- adriamycin¥} F-AFgF A
2EAS Ve Aoz AlgEh

l]>|'
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FF 27} 3ekets] 284, 19, 47.
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dighojsts] x|, 37, 425-438.
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‘HZYL 37t —*‘“’—F% &3]~ 1, 9-19.

S, whdr], o], 1), ke, 4o, Aldd, o]
%4, (1993): DA-1259] F2A54. $-8<FE3t3]A|,
1, 20-25.

ol 8, My, S, LA, AT, ol - L, 2, o
2], (1993): %Hi—r- Anthracycline 3} DA-1252]
%‘:*ﬂl el 8] olFAFAAT. SEFETEA], 2
226-235.

B, FAEE, A, 2T (1994): 23 tEA}e]
SR #tA] DA-1258] AAFA AT H= Fe5
"*3/‘]34 —%%Q}%i}i]z], 2, 94-102.
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