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Relationship between the Abnormalities of the
Reproductive Organ and the Accumulation of the
Environmental Disruptors in the Striped Field Mouse,
Apodemus agrarius

Myung Hee Yoon
Department of Biology, Kyungsung University

ABSTRACT

Relationships between accumulations of endocrine disruptors and abnormalities in the
reproductive organs in the adult male striped field mice, Apodemus agrarius, were reviewed. High
levels of phenolic compounds were detected in the mice collected at an agricultural village in
Gaduck island and at a place having a sewage problem in Samdong-myeon, Namhae. High levels
of organo tin compounds were found in the mice collected at Jiri Mt. a tourist resort. Considerably
high levels of phenolic or organo tin compounds were detected in mice with shrunken reproductive
organs accounting for 14~42% of the mice examined in each area, which suggests that the
abnormality of reproductive organs may be induced by the endocrine disruptors. This hypothesis is
strongly supported by histological observations of shrunken reproductive organs, such as necrosis
of testicular germ and epithelial cells. This was found not only in the mice with shrunken
reproductive organs but also in the mice with enlarged reproductive organs, both had accumulated
high levels of endocrine disruptors in general.

Key words : endocrine disruptors, phenolic compounds, organo tin compounds, abnormal
reproductive organ, striped field mouse
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nonylphenol, octylphenol, #7153 FE 53 2L AFFANFES] AAAHc=z @
< IS 2o it ofg) 2 WER[ AN EAEL A AYAL s2F 7%
of oJ&g F HFEAZA, AEHA FFA F AESSolgke A Aol A ¥
AEA N XHAQ g vz o] FA7} F5E7) AR AL 1991 79 v]FelAM
e w3t 3stEAe] g Awrtselst AHH e EuAE mishe e o
7 Foll 2A3IT olom FYAET At oJefg ujA sPsAd el glet. o] Al
FF FA3 FAHEAZ DA sPsAd o] slow dFzAP) asidrehs Age] U
Aol A717}F FHelot. £3F Colbom et al. (1996)¢]] 2}3}e] [Our Stolen Future]7} 2718
5
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"
AE AZIZ o] EAle] T FAAA Aol FolA L U &, o] & 37 59 ¥
A el EAEL ALA, RN oz Ho|dHE vt HEsHEo2HN, 279 o
AAE oA 3ta, e S B3-S AAA NASE FA2A7|H, vie 2|
718} oelollA 71& 438 (Colborn ef al. 1996), ZH-FolME victad s} Sae)
A HY75-& AH3AA MASe] FAaE dod, FuldlA Az} £5 A7z
A A ik 1999). whetA EB| A Aof Bl ol osle opF-Eoll A WA o] 23}
H 3 RA 2] FAagAYe] dod Aoz JAFATL o} ol#dt ¢} A AL F
3] =g

¥ E AFAe d7EUL o] F 28 o ERF] AN A o8
2FYIe delry] H3ted, 19983 KE 20010 AA A 7=, F3 I At
NN FEFE TH ofF AW HEuAANEAY 2AYsg d7s] £ A,
phenol B3HE3} §7|FA 3 Eo] TEFH Al =l$ neEz A S, oS0
78 24Tt HAZIYe = w9 &) LS FAT vl o, B MM E 2
AT AE A &} (Ueda er al. 2002). T8 oPY 5 EoIA GaAE = R4 of3)
E I FEY HANE 7]2E Folof 3luz, A FEF 9 HANYE ET,
ATl FRE FEF S AAA HFo] ¥ AR A, E3] phenol 33HET} #-7]
FA 3] 93l FUHNEA ] R dFle], APL FEAA B 79 F
ol & dAFAlol] ojzted PRl 2AFA A (L)l LA HEIA} 3

SEF|0| Al ek

2L el ANl AARe oF 70%8 AXsh AgFHel 2R oA
A o|27)7HA] de) RESe] Sledl (Won 1967), L3 2Rl HY AEABZNE
g S4Fel B uk AT (& F 2000). FEAS WAL 29 F¢ =X 39 2y
B 109 YAXEA, 29 3¢ £x 390 FW AR Y4o B3] depme Ao
3 3AsolA A7 WA Atk =8 wEAZlE 195 29 5o = 39
27 om0 Al7)e] AL (RA B FHDE e shEsle] dow, WadlNe A
Y4el HA b ¥z e A2} BEHA) YT (Yoon ef al. 1997). Hhehal, 44]
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Table 1. Comparison of the male reproductive organ weight (WMR) and the ratio of the reproductive organ
weight to the body weight (RMR) in adult male striped field mice.

No. WMR (g) RMR (%)
Reproductive N=68 0.43~1.70 1.55~4.70
season (1.00+0.34) (3.39+£0.76)
Non-reproductive N=29 0.016~0.39 0.09~1.51
season (0.076 1+0.09) (0.40+0.39)

49 7 (the weight of male reproductive organs, WMR)$} A4 v]-& (2E8F AHas9)
AL ZA/AF %100, the ratio of right male reproductive organs to the body weight,
RMR)S 4A17]s) B]47]e] weba] 2 sbolg vjehdich 5 4 A4o] delit 444
oM AAF FAHS] AFsRe A71Q 29 B £x 398 WMR % RMRE 27} 043
~0.75 g (N=16)3} 1.55~3.46% (N = 16)2A] (Yoon et al. 1997), AA}7} FHAFE= WAl
o] AL HA S 4 AL vEE 747 043 g7 1.55%T & 4 o) (Table
1. o] F o] FEL A A58l 8Yol: A A& HFe| D3 (WMR, 1.0~1.7
g, N=14; RMR, 3.33~4.51%, N = 14, Yoon et al. 1997), A A wA]7]e] <j38 WMR3FH}
RMR-& 7}7} 0.43~1.7g(N=68), RMR 1.55~4.7% (N =68)2] A wlggl AgAAs 7}
AR, BPAS e AN47 HA Sl3se Aoz 2elA o (WMR 002~04g (N
=29); RMR 0.09~1.51% (N =29)).

SEF Mo HRUIAZHER S WAL HIE

B ZPE gl A 19991 54Y~2001d 114, Fsi2 AFsEa GHalA 1998
49~19999 64, 2 ALAZ Ak A 2lAtelA 19999 109 ~2000d 10 ZA 4
719 &3 E 2390 /9= dEelM 52771 289 Ao AR FHe 57
A2A, FHe A7t A ol 7] A2 2EE $4A UH FME e
o) MR F £ 9 vigA FHeA I FHEH, AHEH Y AeA R #
T8 AFolA EialE sl A g1de] e A He)gl, dH 22 v}
2rE 4 dojx it XAkl M= A FHEA e Q7 AN U3 AFHES
=7t 3 FellA 2ZH

25 FZF s, Ko} vtrx, FAFY] Z7] W AFE 12dtd, R A (@
2] IV~VDug Aelsk & (Koh 1983; Lin and Shiraishi 1992; Yoon er al. 1997), A A7) 2}
78] 4RZ A AT 58NAL 553 AE 3 ANAA A, d237AA (1998)9
A A 2 QdA] Eu a3t e 2API | F3te] ERAANERZ ERE 9
X PCBs, §7194 4% 27&F, phenol§F 10E2F, §7154 3158 457 2 pthalic acid
ester 9375 $A3 A3} PCBe} 7194388 A9 A&HA %A /71543
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FE ZFo|rxlx= MBT< DBT, phenol 338 Fo M= 4t-octylphenol, nonylphenol,
bisphenol A7} ¥4 7325l 1, pthalic acid ester Fl|A]¥ pthalic acid-di~2-ethylhexyl
o] A& g}t 28\t pthalic acid ester:= Al& BE £ 23} 29HE 70 oo
2 3ZelA A sl

A, F8 @ AjaA WAe) 283 $7 §23 A2 HE 7E9 phenol 3}
FEH 47172 2L Fig 1o A 28308z FEd #gEe £
5 vlasid, 7 =9 FEl sl E phenolFt B TEE AEHUE, 71
% (N=12)9)*%= F= bisphenol A (0.55~710.96 ng/wet g)¢} nonylphenol (1.54~337.78
ng/wet g)ol, F3] AE® (N =11)el-¥&= 4t-octylphenol (0~360.13 ng/wet )3} nonylphe-
nol (5.69~771.12 ng/wet g)o] ¥lIA ¥L& ¥rz HEEHUS T F& M=
phenol B¢&5} §71FM3EE 25 vad Y& Fx2 A&FAUT =3 AYAN=
28)o| A} DBT (0~518.97 ng/wet g), MBT (0~ 107.69 ng/wet g) 5 #7525 0]
3 ¥ ez PFEHY

olg} ZFe] Aol wetr] FEHA HFES] FHY =/t 9L Aol Wt 29 A
= 2 ofe}l 249 e dare A AR F Jig =) FE Asded 289 F
EF 2R, AA|, ADZAA, A= D AZA] ol dE] 2e]= phenolivt ¥ =
2 A2 AL, o) AY 329 kA wiER FAMA Tl A% 29do] ddole
I Azt 53] Fa AAeH 2334 F2o| g Aésert ol A4l A
22 RE], YA 27 299 JEsAel W ot AAEe 2eliv dE g
734 phenol AFEFH F71FARFTE 2F vy 2L p=2 P& 748 &
7} 5o 24l P FeuyE, o AYL oF Ny A5kl A 290 A
ge Row Azkd B, X SEAYE $71FHNYE] Hwd §& vEe
AEFAT e AdezA, 7tz 2ele {§71FA3RE] §7 Fo $EHAAW
TRl WA a4 87] 5 FE2E R TEHAUR F71FHBEE) 429 A
2z 544

Table 2. RMR (ratio of the male reproductive organ weight to the body weight) in the striped field mice

examined.

No. Condition RMR (%)
5 S 0.27~1.25
Gk 7 E 2.27~4.04
Samdong-myeon 4 s 0.11~0.8
i 7 E 2.54~3.31

Namhae o : -
Nam-myeon 5 . 205350
in 4 S 0.15~1.52
Jiri Mt. 0 . i

S. shrunken reproductive organs with the RMR less than 1.55%
E. enlarged reproductive organs with the RMR more than 1.55%
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9, 25 AA 527 YAL ¥ RMR)E Table 200 AAIsheh o] A G4
289 52370 WA E 2757 Y4145} ol$ 9422 A7 Bk, RMRo)
1.55% vlgkel A7} 7ol M 42% (5/12), &3] AA5HAA 36% (4/11), FHolA =
0% (0/5), BN 14% (4288 A3 glo) SBHNA Azkt WA ol ao] g3
58 AARET Yok AAL ool Al o)FA B &S fXT A Foz F23
A%} AAG7} AE oy Aoz dawn.

Phenol &3tE ¥ R7I1FM 3820 SEFI HAM oX|= S

J#u| Al Ao B2 £, phenol 31320 <43 bisphenol A<} alkylphenol ethoxylates
(APEs)= F-EA| WA <8t estrogenic activity S Vepieha A2 i} o] F, WA47)
9] ZEAe} X o}o] MEFA] Fog AS-F: bisphenol AE mouse (Nagel ef al. 1997,
Suzuki et al. 2002; Chitra et al. 2003)%} rat (Dodds and Lawson 1998; Steinmetz et al. 1998;
Milman et al. 2002; Chitra et al. 2003)2} A}Z3} AGPA2] whdg 5310, 4o B4
9 BA A, AR 9 $5AdE QIS viXE Aoz oA 9o =3 AA, A
AA, FJE F AxA 52 G4 AF AH-FHE APEsy 3714 = 714 3
S E3 A 9|BE nonylphenold} octylphenolz 235 =+, ] 3 nonylphenol-2 47
rats®] BA 4 BAES 7}4AA] 7| (Hossaini ef al. 2001), Ax}3 Aol ¢ 38F-& F 37 (Benjamin
et al. 2003), testosteronedmf 7}AA]A $£A ratsoll A =83 A3 S ez o
7 9l©} (Laurenzana et al. 2002). i3t &4t A F2] 4718 AEES A7) L, FAFA
£ 7}4A)7)71 = &} (Nagao et al. 2001). Octylphenol®] 4% 7] rate] A W 7 B
S99 9% AAYAY o4 B AAL A% $& S8 Boockfor and Blake
1997), testosteron £-10}2] o] AHS- v}ehin (Blake and Boockfor 1997), F1IA &2 & 7}
A, AL 2ld 2 AP A 7HA (Nagao et al. 2001) H Leydig cell Ml 29 72
w13} (Haavisto et al. 2003) $& 8271 Aoz 4= i

TBT (tributyltin) 9] 37} #7154 382 74, 19703418 AAkgdelA oax
o wtexaz AREE gd, ol2 Qdt s 2Qoz BFZFoIA imposex F
o] Azt WEulAl Aefgate] RuEe] At 372 BEFoll A imposex7t deold
7)12be 3k dAFrF ks zisiE o} e (Oberdorster et al. 1998; Oberdorster and
McClellan—Green 2000, 2002). s TBT: 3132 BEAY PVC HAA £ AL
biocide2 = AME-E T 3low, PVCH Al 4] Fo| = DBT 52| 27} 7154
3523} 3 A o= {A 225 o] (Takahashi er al. 1999; Takahashi and Tanabe 2003),
sz Ry ¥ ¥x9 {7IFMATEE] FEHI U (Fent 1996
Hashimoto ez al. 1998). u}gtr] &AF @ <4 AN E 0|5 {75433 E 23 3]
a7t & Aoz A7Ec =3 74 AJFEEME B4 A9E Veldig 3 dEA
AEd ratol 2] eot AFEFE FTL N, AFAA 5F ol F AT o)A Fol et
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Fig. 1. Comparisons of total residual levels of phenolic (bisphenol A, 4t-octylphenol and nonylphenol) and
organo tin (MBT, DBT and TBT) compounds in the striped field mice collected at Gaduck, Namhae and
Jiri Mt.
S, shrunken reproductive organs with RMR less than 1.55%.
E, enlarged reproductive organs with RMR more than 1.55%.
*, damaged in germ cells and testicular tissues. ¢, normal in germ cells and testicular tissues.
§. not examined due to poor condition of tissues.
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v (Gardlund et al. 1991; Noda et al. 1991), Chinese hamster®] w4 A Zojr] S o]&
doyle Zloz oA QI (Boyer 1989), AR 2 QAZH(F 2ng/g) oA V172 (%F 6.2
ng/g) SollA] TBT7} 7335 v} glo} (Takahashi ef al. 1999).

SEF A 24 AL ¥]E RMR)F 553 AWM HER HEuAF A
(phenol 3H3HE+ {71 FA ) I AHRE 4 Agdz v (Fig. 1), 24 AYupd
RMRe] @2 AANA WEuAZREA ] ¥ FE2 FEHAE AL 9 IS
4 4= Stk ol WEu|AANEA o] FEF Aol YA &S doFs s E
738 AAELR Sl el So] B AAb A e f AR o] 43ty
o] Aol o]4d FEHY A4 A& FAT A}, YA A7} dEE JRANAM = A
A7 A FEEA W%, phenol 3HEFH F71FANYESY R B2UE 73
3 ARG FZ717F A ALY AA P RAL AN, ALazA T JAM 27t
A doglm, 718 AR} o5 REE 5, 24 olAbo] #AH vl o] (v ®), F
Z79) A4 ojite] oj5 WU AR 5t FUHAUL ol s A AR

A oy FEZFAWAAM AN R AN EA ] ofH FAE doT| A AF3I
79387] M E, FEFNAM HEd 4F HERAANEA S SR £ 2o
2 Rosle AYE F3d, A E A 4 de A= 2 QA vA
= o33kg whao} & Foju], Yot FiAldol] x| egel] dsiz QS oo}
g 7ol

g £

AL FEF M RAD AN o)A W20 AA el 24 (phenol 3EEF £7154
el e BAE A=Y A FE2F7 MR A #7e gy &
A e 32 274 w2t B8 o] WA =¥ =] HEH| ARl EA
AER NAAM ML s Fe] BAHT FA7F BRHA] = WA o)ibe] HAHNL
o], JAjae8] =7]7F A4 NAAME phenol £ {71543} g0 2 =2 e
2 AAANE PANZ FAAL 718 A2} g2 )AHE deF)3 9o, phenol e &
71FAA T DRo2, m FihHor 243le] FEF Y WA %L A2 3l
r Aoz A=l wat i &) A T2 vlEo] 14~02%F A3} 9l
o}, okl $EHY A A2l 2 G Fehrt Wl $ AR +EDE AT
At 22 oJd 2HEEe] A ael oS YoFEAE AYS] Y] A, oF
A 5Z2A9N A2 4F WAl EAE F5E2 = Ko R A
& B3l HEvAANE LA 4 A dA%E P AA vAe 9FE 93

of & Aol
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2 el MA3Rs o FEF A HEuAL B st YA o]ite] #
Asle], JA 2 ol st Wen AN AT A sl HE3GUH F A 7Y
=, B3 AReEs dH, 2 Akl 288 £7 AA FEFA SAE e Wi
AN 2R E $MT 23, A7) 7izkel e M =g Asert 4T e dE
AedeM 288 5E3 A phenol 33HE-o], HFA| AN 2 FEF 4
e F71FMEEE] 2 TE2 AEH, RS AAT A A9 290] 499
AP ool Bz T Fal FHE AT A FielA AT v H5H
MAZ} LHH T CF =, 42%; 3 A5, 36 %; A4 14%), ol & WA ZFE ¢ ¥
< %9 phenol AIE == F7IFHELEC] Ed Ho2RE, FEFA B2
A4 o) 52 phenol 33 = F7IFHAFE 59 WEHAZANEALA A8l #
4 Ade] A e go] AT} wl$- A5 A B ohdzh AdaE A iR
sl QAT =] HERAZNEA o] FEH AAAM =, A 2 AAH Ao 7}
AT 7Y A A 5 AL 249 ool AAH, FEF N FEHE
AL ol ibo] WiEn|AA A A fid Aol ZHEHA A I

BIEE
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