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ABSTRACT : This study was carried out to evaluate the testicular toxicity of 2-bromopropane (2-BP),
which recently caused occupational intoxication on the reproductive and hematopoietic system in Kore-
ans, using light microscopy, immunohistochemistry and flow cytometry. 10 weeks old male Sprague-
Dauwley (SD) rats were treated with 0.5 g/kg/day of 2-BP orally for 8 consecutive weeks. The testes of
the rats were vascularly perfused with Karnovsky's solution or immersed in Bouin's solution, embedded
in plastic and evaluated with light microscopy. And relative proportions of haploid, diploid, and tetra-
ploid states of DNA ploidy in the testicular cell suspensions of the SD rats were examined by flow cy-
tometry. 2-BP induced severe testicular atrophy, depletion and degeneration of spermatogonia, sper-
matocytes, and spermatids and mild hyperplasia of Leydig cells without significant morphological
changes. The Leydig cell hyperplasia was confirmed by immunohistochemistry using proliferating cell
nuclear antigen (PCNA). The immunopositive cells against PCNA were observed in the nuclei of some in-
terstitial cells. Relative proportions of haploid states of DNA ploidy decreased in the atrophic testicular
cell suspensions comparing with those of the control. In conclusion, 2-BP induced testicular atrophy with
Leydig cell hyperplasia as examined by histopathology, immunohistochemistry and DNA flow cytometry.
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A2Le) = duict 2.1%, A2 542 0.6%4 7
el on, vl AR SE At 0.5% 7k
thar slgdct. ol2dt alol] dial Sharp(1995)= en-
vironmental estrogen®] °3 3-8 W 73} v} gl o, o] o]
o= oJekE, AEHIVE, AsEEA, #7140,
w5324 5 ofg] sbA 29le] wudw gl
(Creasy, 1997).
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Lag =, 1991). © 2|
9 el Sol HA f2ell A1 FaT AFL vIAE
Aoz deld glon], A7 halogens 74w % 7
o]4t2] bromine2 7}2l 4§ HAdo] ZFstA vieldrt
(Lag =, 1991). o] g% & g &4 7L 19559
HE] xﬂx}g}o{ EoFilaA 2 da] AREE 1,2-di-bromo-
3-chloropropane(DBCP) 2. 24] AlAts) w3kol] ofgh =
Aol e M¥e] W E9] o (Torkelson 1961), 2|
742 o] ol x| 3 glch(Kluwe 1981; Heindel &,
1989; Kaplanski 5, 1991; Sod-Moriah -5-, 1989).
2-bromopropane(isopropyl bromide, 3} 2-BP}2 HE-
o] Zgre] = wia) shio] Akl 5 el(CH.CHBICH)
24 Exleke 122.990]0), H]AHE 59.35(60~61)°C,
of =& 89°Colu] FubAo] 7bat BRZA HAHA
HAe obx WakshAl kel 9l 9th(Buckingham
s} Macdonald, 1996). 2-BP= 19951 =W e] & Az}
FETAAA AT FHALE dogd d=A
A2l WA71sh A A7 A SRk e
2 JehdtlKim S, 1996). #] 7oAl 2-BPE
Salmonella typhimurium TA 100-& ©] 83t BFFdH
o] AlgellA @714 3] Fdwleld TR
v, Chinese hamster lung cellsg ©]-8-3F 3 A A o] AHA]
Q5 290G E $42) 2o 2 orHMaeng -
1997) gt#, 2-BP2] SD HEE o] g3k 28¢ B
=01 A 8] (Ichihara %, 1997)3} Wistar EE o]-&
_g_oliﬂA]ﬁ“](Yu =, 199723 8t 287
o] Slek sfel, 3t SD A= o140 14
By HhEEo] A&l faksl AT ol A 2
F717) A 0451041:}1 shedch(Lim 5, 1997). o] o] 2]ql|
2-BPe] £Adol et ALE L B7Eolo] 93k Wk AL
ZH(LDs), Tl 218 WA AFs = (LCy) So1 oA
9)-& HL o}zl wH|gl AAo|r}(Sweet, 1995; Kim &,
1996). maha] B of Foll A= 2-BPol & fiE &
o) $15& WelxAat o g sl 1 A& ot
B3 3} flow cytometry S ©]83t¢] DNA ploidy &
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2-bromopropane[isopropyl bromide, (CH),CHBr; Al-
drich Chemical Co., USA- 3FAlo] 7}gt 75+
gt dAZA S5 99% o]Ake] 718 com oil(Sigma
Chemical Co., USA)} &3tsle] 7 tFod4 Ed
(sonde)Z AF&-3}o] 500 mg/10 mi/kge] S0 3 A5
Ul 63, 2 AT R Shalch AETE $o1 &
715 10 mi/kg 22 Z3A 7 TFotstsich 5 13
2% AFE N1ze ol FolRe dsiele
e ok HAlste] Fofstaich
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H-E phloxine(Marlene®} Castro, 1985), PAS-hematoxy-
linad 4 58 sjo] etaivlz e Basisich

2) oo X|&} A pH&f

et woldk 21 e 5 ume] FAZ wEstel @
o 2R 54ekA ke o]-83slgir). Slide= Henderson
=(1989)2) ¥h ol w2} aminoalkylsilane(Sigma Chem-
ical Co., USAYS A1E-ahed 27)2) 2rehe wha st
3} 3= PCNA(BioGenex, San Ramon, CA, USA)el| }
3 F238HAS o]8-3}91. 21, abidin-biotin system
(ABC Vectastain Elite kit, Vector Laboratorie, Burlin-
game, CA, USA)S ol 83k BEZAIZ1F DAB kit
(Vector Laboratorie, Burlingame, CA, USA)= w5}
of sparal Ao 2 DAL,

5. Flow cytometry ZIA}

Flow cytometry ZAAHE $]8ko] Hirsch £-(1993)2] H}
ol upe} wAE 322 dAT 272 AET v
gajeetols gellA orlle]l HZEE EelAA citrate
bufferel] go] fg v} 4°Coll B3t 284
Fr-sole Coulter® Z1(Coulter Electronics Limited,
Luton, Beds, England)& o]&-3}o] A 245 543
2x 104 Z/mie] F2r} HES At Ffd2
HEZ 0.5% trypsine] &% spermine-tetrahydrochlo-
ride buffer2 Al2ox 1087} A2]3tsitt. Trypsing
#kg.e 22| A7) double-stranded ribonucleic acid<-
A As7] $15ked trypsin inhibitore} ribonuclease A(12
mg/m)E 1087k x]=]s}gic}. Propiodium iodide(50
mg/m/)2} spermine-tetrahydrochloride buffer&- 7}sled
10527} eFAlellA] AAsleirt. #4412 FACSort(Becton
Dickinson Immunocytometry Systems, San Jose, CA,
USA)S o] 83te) A& % & 10,0007 Bs}ted ha-
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o, Az =2 Vehglch
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H-E = PAS d4ste] a3t At A Ao
T Ao diF-E RAEe] dX-S ALl stages
T S ook ARbel AR EE A9 W
o] ATl 2R, AR AAE
o} Aw A ERte] HAE T 459 YA EI BEE
ok, 2 ol AAZEE d¥ WHALAS
Bolon, AT WA E2E AAEEC] v
DaE it QB Al A= Sertolid] b A
2= 9lgle=d, Sertoli A F& 7] A Loz HE WA A
A W7ol AT silen, dee W EFA
stgich. ko) e kg o) e e
FAsA Ezakn dolom, Leydig xS FAo
A5 9l chFig. 1, 2). Leydig Al £9] A E£4-2 34
o2 AsA AR e, 8e TA7|HeE A
dAaElgl o) AEel Fele HAAZ} FrAFEHA
ehiteh. Faratell A+ oligospermiazt Al 3HA Vrebsto.
o, gtebel XA ¥ 5] ol A= GIck(Fig. 3).

Fig. 1. Normal seminiferous tubules in various stages. H-E stain.
Bar=20 pm.

Fig. 2. Seminiferous tubules showing depletion (%) and degenera-
tion of germ cells (arrow) and hyperplasia of Leydig cells in the in-
terstitium. 8 weeks after, 0.5 g/kg/day treatment of 2-bromopropane
orally for 8 consecutive weeks. H-E stain. Bar=20 um.



146

Fig. 3. Epididymis showing oligospermia and exfoliated germ cells
(arrow) in lumen. 8 weeks after, 0.5 g/kg/day treatment of 2-bro-
mopropane orally for 8 consecutive weeks. H-E stain. Bar=20 pm.

Fig. 4. Some Leydig cells showing PCNA Ab positive reaction
(arrows). 8 weeks after, 0.5 g/kg/day treatment of 2-bromopropane
orally for 8 consecutive weeks. Immunohistochemical stain using
PCNA Ab., inset; high magnification of rectangle, Bar=20 yum.

ol 22 5habe el 4] A4l el 4]z PCNA 3
Aol Fduk-g-& Bl AE7F A5 Ao vt S
B ek Pl e reg v AEe] S}
tEsel A FAF A Fghor} FoiFo e A5 B
Aol ol A2 do] IAFY LR LeydighE
s} falsled onl, W F o7} Agstel dehlr®
shsdch(Fig. 4).

3) Flow cytometry Z4A}

Flow cytometryE- o]-8-3le] %4 ¥2] DNA ploidy
= ZA1eE A3 g 2Tl A= haploid A| E7} 56.29+
3.06%, diploid A %7} 27.36+1.73%, tetraploid 4|
7} 8.97+1.48%2] v]§=2 AZHc) 8F Fol T
A& haploid A %7} 39.81+1.65%, diploid A ¥}
35.49+0.83%, tetraploid A *7} 13.444:1.12%2] H]
&2 FEF ] haploidd £2] 7} dX8] 7F4ska

t}(Fig. 5).
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Fig. 5. Relative proportions of cells with haploid, diploid and tetra-
ploid states of DNA ploidy in the testicular cell suspensions of the
Sprague-Dawley rats treated with 500 mg/kg/day of 2-bromopro-
pane orally for 8 weeks. a. control b. 8 weeks after the completion
of administration, showing proportions of decreased haploid cells.

Iv. 1 &t

Ao 2w Rayshel(Lee 5, 1993), 2
d, AL, HE, A ZEA A 2299e A
A&kl (Allan 5, 1987). 9174 who

wE2E T glen, o] F A7 Gl AaE o

AL AESA

o,
oy
ko

o

&7 (ethylene dibromide, carbaryl,
chlordecon), glycoethers(H| Q1 E, o}, &)=z, H-Tol &
o E3}), 714l (styrene, chloroprene), 24, 57.2-,
AA7173H300 kHz-300 mHz) 5 oJ2] 7127} ¢iv}
(Bond, 1993).
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W A Al elste] ARRskaL gle EAe|ch
ol T L&A 7t AstxAlAI FAZZ A} 89
Z 5FellA AA71FAS), 15l F57]53 A7)
TAE 2F fFE e, dAFEA e F
259 F 1194 AAZI5A 8, 6ol E47]63
AR A S BAEe] lAel A% 2 A
AZg ZAalsE fishe ez JEpdoiKim F,
1996). 2-BPe| F-Adof| FH3lo] Zf{-FollA 7} e
213 LDyo] 4839 mgkg, LCy©] 36 gm/m'E <2 %]
9).0. 1 (Sweet, 1995), & oF2-~olA] LCyo] 31,171
ppm(Kim £, 1996)°. 2 & gjr}. w3l Salmonella
typhimurium TA 100214 37)4=| 33 e] FqHo|E
rurslel. 2w, chinese hamster lung cells-2- ©]-8-3F 4
A oV FAH 2AAAE ol 4ol ek 5
tH(Maeng=} Yu 1997). g+ 2-BP2] SD s E & o]-&£3}
28% B-7hj ul¥-2o3 A) & (Ichihara 5, 1997)3} Wistar
HAES o] &3 FUFAAH(Yu 5, 1997) 23} 2-BP
o FAA\7} Azolv] 287 Wel Go) 9lgo] B
m5i5ie). 2-BP2] SD A UEZ o4 14 %7
W HEERo] Agol M= Skt AR YA BT
7} Ad ) edekan shodeh(Lim %5, 1997). ¥ Aol =
g Ak 9l Eo] FAE | e AFAtEe] A}
frArgE 8ke] S48 geldg 4 2dsioh

3ol A Leydigdl£9] W3k 328 o) i &
AEAL A= Tl 23 7Fs3l}. LeydigHl ¥ W3}
of] &l Johnson £(1992)e] 2,3,7,8-tetrachlorodibenzo-
p-dioxin(TCDD)e}| 23} spermatogenesisoll= & w3}
Mol Leydig Al 28] 7} L3434 A ZhastdS
< B3k vp Qlch vk 338 HEo] e AS-
Leydig A% F4lo] fHatew 797} wod, o=
AFALEe] ol Esle] B g vl qlvh(Nelson,
1938; Naka %, 1991). Mitsumori 5-(1994)2 nitro-
benzeneel] 2|3 z7hde] FAE eIl v, Luist
Wysocki(1987)= DBCPFolol o)a) A A3 A AE
o 91531 ool 1e] 2] vehdrha stk
Jonsz2} Pomeranz(1984), Kerrg-(1979), Sod-Moriah 5
(1989) = 22 A5 B g v} gl ¥k Leone 5
(1988y2 10 mgkgS 257t a5 799} w3
Fola 7 3olA] Leydighl£o] 2 Wshe Takspa] %
stgdckz sle] =le]Z Bglvl. Mendis-Handagama
(1992)= 17P estradiol-& 1657} o8k F LeydigH E
o] W3lg of] el ule} vjwsle] 1 Aol &
B yste] b wel xfelrt 9le-S ® gk up
Sleh. ol wake] 9% Wby 7bde] AuHos
FEEe] $71 7R AAYH B ax s Wil
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A AR EA A 2FF o] obd & gl2 olel
He d7e BA ¥k 2y & delsds 2-BPe
o) LeydiglZe] Hefshd wshe WA= gkgke
#4027V} WA 1B %ol 0T Ao
o] Wk ohigicky A7} £ PONA
AU AFS +HZ7bh Bl Leydigh £°)
S7He AR 9 4 itk Naka -5(1991)
-2- ethanedimethanesulfonate(EDS)el] 23t LeydigA| 3
o} W35 BrdUE o)-8-3le] #asle) £ A7 HAe}
AR 23 H3gk vl Qlo) o) E Leydigh Z& A
AZ2 3soh Aol vlg Fashr] wEel AL
A3 ad A9 o5 AT EA] YA
w2 e AFIE Aoz AR ok ool A7l
ol 23] B vl g)ow(Naka 5 1991), £ A7l
Ax 2L A3E A

Flow cytometry(FCM)ell &]3F A A £2] A2 3}
AR e AgHor S eI A5
Aol ojekEo o) futd wshe) AW SIS A&}
3, WAl FAlshedl o]4% 4 3lth(Spanogt
Evenson, 1993). FCM$- o] 8-gt 313t o]Ake] HAl=
#HAFA S5l o8] AlgH(Hittmair 5, 1992; Hirsch 5,
1993; Spano$} Evenson, 1993; Hartmann3} Hettewer,
1983)7} FE&(Evenson %, 1986; Toppari 5, 1986;
Crotty 5, 1995; Scoog =, 1991)e]|4] o] o]Fo] H
o). n3ke] AM T A5ehAlol ulel DNAg ko] &
2}x] 7] wf<tell AAHAFF A L] Ao FCM-E vfj-$-
F83¥Th FCME ol §3te] QA LS vhoa AehS
lagagio® vebd 9 o/l 3709 F2 peak =
veldrt. = haploid, diploid, tetraploid 2 v}¥{ ™, ha-
ploid+ elongate spermatid, round spermatid = AH2}2
TA=le] glr}. Diploid= A A £(G1 phase), AJAFA
71 ArAE, o] 3P RAE H Sertoli A|FE, LeydigH
¥, AgzA AFECZ FAEe] glon, tetraploid
= A ZA)E(G2 phase), A|A}7], AAFA7)] AR =
AEZ FA= o] glr}. S-phase®] A|FE-S diploide}t
tetraploidAle] 2] peakel] tleldc}(Spanaog} Evenson,
1993; Hittmair 5, 1992). wle}r] SA1EA w= &
Al s AATE olite] ofr]El 73 DNA
ploidy®] Aol o]de] vrehtr| wjFof] FCME- o]4-
3to] B}shE-de] spermatogenesisell P13 L 4
Al AL 4 glom, gk A 7ke] Aol w2 WI-E
Aoz FAMNEE FAHE 5 dck(Crotty 5,
1995; Scoog 5 1991; Evenson 5 1986). & X} 3 o] 4]
= A Z2] DNA ploidy 174 u]&o] HA4} v]aLs)
% of haploid | 27} ZhAaste] AR E L AAte] &

N o o T
N o
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