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Effect of 2-Bromopropane on the Spermatogenesis and
Germ Cell Cycle in Sprague-Dawley Male Rats.

Yong Hyun Chung, II Je Yu, Hyeon Yong Kim, Seung Hee Maeng,
Cheol hong Lim, Jun Yeon Lee, Jeong Hee Han, Kwang Jin Kim, Jae
Hwang Jeong, Yong Mook Lee, Young Hahn Moon.

Industrial Chemicals Research Center, Industrial Health Research
Institute, Korea Industrial Safety Corporation
104-8 Moonji-Dong, Yusung-Ku, Taejon 305-380, Korea

ABSTRACT

To clarify the effect of spermatogesis and germ cell cycle of rat
2-bromopropane (2-BP) has been investigated. 2-BP was tested
through 28 days of repeated dose experiments in male Sprague-Dawley
rats. Ten rats were allocated to each treatment group. Vehicle control
olive oil, 125 mg, 250 mg, and 500 mg/kg body weight of 2-BP were
injected into intraperitoneum daily for 28 days. Sertoli cells indices
(SCI) per tubule of rats had a tendency to decrease depending on the
dose of 2-BP, showing 30.4 for the control group, and 12.2 for the 500
mg/kg group. Testes treated with 125 mg/kg of 2-BP showed some
decreases of cellular associations in seminiferous epithelium at all
stages of spermatogenesis. Testes treated with 250 mg/kg of 2-BP
showed a tubular degeneration with depletion of spermatogonia,
spermatocytes, and spermatids. Vacuoles were present in the germinal
epithelium. The testes of treated with 2-BP 500 mg/kg showed a
significant decrease of seminiferous tubules size and an apparent
increase in interstitial Leydig cells. Multinucleated giant cells derived

from spermatids were observed in the seminiferous tubules. Even if



2-BP administration was stopped and the rat were allowed to recover
from the testicular toxicity, the high dose treated rats did not show
any significant recovery after 62 days. Rats treated with 250 mg/kg
and 500 mg/kg of 2-BP resulted in the cellular damages characterized
by a decreased number of spermatogonia, spermatocytes and spermatids
at all stages. No immunopositive staining of PCNA (proliferating cell
nuclear antigen) and cyclin D3 was observed in rats seminiferous
tubules treated with 500 mg/kg of 2-BP. In conclution, 2-BP affected

the spermatogenesis and germ cell cycle of male Sprague-Dawley rats.



HZ A Aoz FAZE HAWD AAFFINAY] YT AAA ALEH
2-bromopropane (2-BP)ol tid 1 F<te] AF AT o3tH 2-BP7| o
AITEANA HAARIE S FRg FERF, FAZERAA AARLAF, F
BAS T AAEAY AdAdEAY] B oY (Kim et al, 1996; Park
et al, 1997, Yu et al, 1997, Lim et al, 1997, Maeng et al., 1997,
Ichihara et al., 1997, Kamijima et al., 1997; Nakajima et al., 1997), A A
EXd #AI AFAE (Yu et al., 1997, Ichihara et al., 1997)= ¢ 334
Holglew, 53 AAaxAAE Hrtsted /M F8%% 84 F =
oo AAE BAAARA PAAE cycled WA= FEFA B T
e P I B ) =

Abgre]l  AHAd AAEAME dode FIEAE F2Zddd
(chloroethylene)® #Zo] fHzAle] J&E vixE 2 WEHEHE |7}
A
3

O

fr ro

o 2
R St

3
UZd Zgsled ARARAE 7ZAaAFlE dAdH(reserpine), T olAF

(diazepam) Fol Yom, AAYLL FANIE YHARUATA Fol 3
o (Drife, 1987). A48 Aol Sl Agsts BAZA FAF2IRo
FHE Yorle AL ASER ¢ Tl UL, AP 9P FE B
A2 & DBCP7F At (Drife, 1987). Ao A= AHE F& =22 &
FezAo] glom, Ao £F FAE F& AL Un (nicotine),
7}#H Q1 (caffeine) 5°] i (Drife, 1987), =875} A7 5HHE

|

A

FAd  dogE Aem  gEzx  EBFAL dW, EEddsiel=
(formaldehyde), WA, dtHE=z @239 (Dibromochloropropane,
DBCP) 5°] A9 (Amdur et al., 1991).

FoEZFo|y} vlElyl AY E9 ZAHd M E Hiv dFES g T
2+ (Manson and Mauer, 1975). ol =2EZ7 (Estrogen)olyt A H A3

KR
2 & (luteinizing hormone)S F 3 Y EqA Hio FAYWHS}E &




, ATEE T3 HEJME AEZEAHE (Sertoli cel)e FHA7 b
o} (Corrier et al., 1985). &3]3 M E (Leydig cel)d FHL dA2E
< 5o AENA B £ A9 (Rich et al, 1979).



Bhve TE2ES AN, T2 B3 FU|2A 44 AEXREE
BAFAEF7], BAERNE Y EA Jdn F4RAA7] 7ted M =
AWEE 4717 A Zrleld, AAE FASE AEJ gdEy, 528
o Aujol] wE WEE FHoter] ¥, =49 FEr|He] dgx W3
o HFAol AL, AWM ET AA 5o FAAH] dE A
=4 #E Aol U (wIEE & M%ﬁﬁ, 1991)

B dFdME R HEC 2897 2-BPE & F AL AAAME
W ¢ = A A 2 5-E TE A= acrosomeO] g 2-FupEA Y

(PAS-Hematoxylin) & 24| gdMulg oz Holn  AXIHAGA
(spermatogenesis)d 2 A& A1 Je =7 24 YegUe AE €8
ko] (EHEEA, 1994) 2-BP =& % wet HAe FAdudA] 14712 &
HolA] (stage)dZ FAH A= AMNEY DA v 4ES 3
olste] AAo WAARNEE H7Istdth HEAAE 17771 14 LH oA R
TEHM, 157]d 12¢°] 2853 ¢ 4F7|%kol] FA7t A= FAH9
AR L8HE 717 48Y 7‘4E°]‘3} sy o] wi7tAle] AHzte
wE40l fle FHEA HEGAANAN EFTS ZA HZRAdE 14Y
o] A8 AT HAXEAY VTS §< 7lolE 629 A=7F A8 9T
&t (Jones et al, 1987). ol8d ALFA7|HE 13t A4 FHEF

B&E37] feted 2-BP FAHE FA T §F 62Y0] AHg thgol A

gt YA HAE oy, 2-BP7l A4S AAT AEE
716 mAlE FEdS gotEr] Adteq MEY EEF7IA A
A9 PCNA (proliferating cell nuclear antigen)®} cyclin D3¢
Anti-PCNA, Anti-cyclin D3& o] €3l W x23}8= o
AEZELEF7 v 2E 9S AHH AT
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1. A EE4

2-bromopropanes Y9 Tokyo Chemical IndustryolA T¢3+gch
(Lot. FGAO01). 2-BPY <X+ GC-mass (Shimadzu, model
GCMS-QP5000)E& ©]-&3ldq A=Y ¢=7F 9% Hoew, AZEH
o 9% FNELS TAHA FUth. 28 2-BPE L£8E JE (Lot
25613, Yakuri Pure Chemical Co., LTD, Osaka, Japan)ol] 4o} #HE| =
Fo g2 FASIAH

2. ¥ EF=2

103 2] Eol¥ A (SPF; specific pathogen free)o] {1l 7oA A}
=¥ Sprague-Dawley(SD) 3 HEE UAAHFEAElN FTHUSA
O AIdFES A4F A 2F0Y 371 AX AISEAY HSx
2 At TEASAY &EE 20-26°C AEJR, HAFEE 40-60%
Aot FELS FIAYU HAF AEE FYUstA HAFY Zo] HFFo] ¢l
o] FFEA. FTEAISLS ZYJHUJERZ TENA Aolx @ 3-4 v}
A £ ASsAT AF A 15Y Ao AFE s dEzT 10
k2], AFET (125 mg/kg/day) 10vteE], 5 =T (250 mg/kg/day) 107}
g, ¥ X7 (500 mg/kg/day) 1078 S o2 UFArt 2-BPE LB 7]
£ (olive oiloll 4o} F ¥I7l kg B 1 ml FE2=2 8 1d 13 5%
Eo2 1590 63, 4F 54 F9390



T2 A3 #RsY 1, Xéé\_é 10% =4 E‘:—’“]-Eq%"“ﬂ A3 F 3
23 (paraffin)ell Evjsla FvlE Al A3} o) 241 (Hematoxylin and eosin)
9 g A-FulE Al Y (PAS-hematoxyline) &M< 3} 4t}

Ahe] WAAEE #AFy] Astd dE2T, 125 mg/kg FoT, 250
mg/kg 47, 500 mg/kg FATE FAFEERE 712 6 vl 9=
st AL 2 HALGAE BRI ow, 1719 HADG 2HolA FFH
HE 1Y 13709 AMBES Jd9gE AAS AAedo. AAEH S
Z7 % 2-BP FosEd EHE 6719 JAE Y2 A 1749 Fx
F 2HolA FHEZ 13719 AAF(14 2H A F 2-3 2HOX&E 2
ZHOARZ EFIS dYgH oz HdAsn & /Mo FAF (seminiferous
tubule) & AA ME2Ee AXF9 AA wAEF4e vl&E 4008 & 9
Bdatdu|F o2 A 19 AMAUYY AZ2EL M wjdxy 3
T2 T2, WAXEe & A2E AXe 2 YUFo NEEAMEA
T (Sertoli cell indices, SCI)E At&3l3, AAANL] MNEWIIE FoF
Lo A olAHZ 3127] AMFA (247 AA)e HAAEE vy F=
AL, ARAE, ARAL 5o AT WAPES Hrtshd

=2

2-BP7} A9 HAAR HMEEY AZZEF7] vAe 9FS gotE
7] Y8t AlXe] EEF7]0 FASE d¥ A PCNA (proliferating cell
nuclear antigen)®} cyclin D3¢ Eo]&4|¢ Anti-PCNA, Anti-cyclin D3
£ o] &3t AQxAFA N & 3t #HESA



4, BAA

MEZELHEAST (Sertoli cell indices, SCD¢ ZEA A= Student s
t-test® 4 A .



1. Sertoli cell indices

Wz 2 2-BP Fos2dH=E 6719 HALE 492 A3t 1749 A
T ZHolA FRERZ 139 AAFE dYgHoez HAAstn & 9
A M & (seminiferous tubule) &) A Sertoli cellss & A germ cells
ool H&& 4008129 FsdAv|F o2 v Wi SCIE ArE3to] 31270
BAE 247 BL)e] AAAAEE v Frtste & AFE Table 19 2
o] 2-BP¢] RAFE7l EEFE FAA A ol

Table 1. Average numbers of Sertoli cells and germinal cells,

and Sertoli cells indices (SCI) per tubule of rats
treated with 2-bromopropane for 28 days.

Sertoli cells Germinal cells SCI
No. of tubules 78 78 78
Control 176 + 41 5150 * 1174 304 £ 93
125 mg/kg 168 £ 35 4189 £ 930 254 £ 54"
250 mg/kg 136 = 2.7 2812 = 823 21.1 = 60™
500 mg/kg 161 = 2.7 189.0 = 452 122 £ 43"

Values are mean + SD. *x indicates p<0.01 versus control.
SCI = The total number of the germinal cells / total number of Sertoli cells.
Total numbers of testes counted in each concentration = 6

Number of tubules in each testis = 13




HETH FoTe] AAFS wAEe FAHo| L 2HoAEz BEf
std SCIE 4t& 3 ZHIE Table 20149 Zo] R4 o&Hoz §
7b soleon, 500 mg/kg FHFH 250 mg/kg FATAME A 2

SRR 1Y
Ao SCI #el4dol et 2dolx Soldg e 4 gien, 125
mg/kg FATZANME 2Eo]x| VI-VIIIHT SCI #4S tehfo] =

Hol x| Sold& Hrh

Table 2. Sertoli Cell Indices at different stages of seminiferous

tubules.
Control 125 mg/ke 250 mg/kg 500 mg/kg
No. of tubules 78 78 73 78
I-V1 308 = 6.7 270 * 53 223 * 60" 101 = 227
VII-VIII 43.1 £ 135 285 £ 617 278 £ 51 159 * 69
IX-XI 258 £ 42 228 * 48 181 * 34™ 128 = 44”
XII-XIV 258 £ 43 232 * 40 181 + 467 127 £ 24”

Values are mean * SD.

** ndicates p<0.01 versus control.

number of germ cells
Sertoli Cell Index =

number of sertoli cells



2. 7o A x4 W)

FodsEd WA X+ W3 Table 33 #0] 2-BPY Fos:rl &
TE 2T U AEL] ol o elongate spermatidss A9
st7F gld o
A TR AZAME (spermatogonia)s 125 mg/kg FHZoNA= H
75.3%, 250 mg/kg FoTAAE HT 34.0%, 500 mg/kg FATANAT H
T 21.2%=2 iz vste] A3kt

AMBHe] HAEAE (spermatocyte) & pachytened ZE ol o3t
125 mg/kg FAZANME HTF 76.3%, 250 mg/kg FATANANE H
320%=% A om, 500 mgkg FATLAME BT 03%E AT &
28 EY9oH, 500 mg/kg F9T9 leptotene spermatocyte (L) H
6.0%, diplotene spermatocyte (D)= HT 05%=2 A3 7AAsHoH,
preleptotene spermatocyte (PL)$®} zygotene spermatocyte (Z)& 500
mg/kg FATe ALY BE AAMBAA FHotEsE 7t UM

AABANY round spermatidsE WZdd W3t 125 mg/kg T 9
M Hi 79.4%, 250 mg/kg FoTFANAME= HT 52.9%, 500 mg/kg 49
ToAME BT 106%=E FAsATE (Table 3).

o
=
Ll

£



Table 3. Percentages of germ cells in the seminiferous tubules.

125 mg/kg 250 mg/kg 500 mg/kg

No. of tubules 78 78 78
% % %

753 £ 191 340 £ 16.2 212 £ 108
P 76.3 £ 95 320 £ 72 03 £ 05
PL 66.5 = 12.0 205 = 7.8 0
L 737 = 6.0 307 £ 50 6.0 £ 44
Z 805 £ 191 250 £ 14 0
D 970 £ 212 345 + 177 05 * 07
R 794 £ 32 529 = 180 106 + 181
E 8.8 = 134 799 £ 182 832 = 239

Values are mean t+ SD.

Data are expressed as % of mean control value.

spermatogonia (G), pachytene spermatocyte (P), preleptotene spermatocyte (PL),
leptotene spermatocyte (L), zygotene spermatocyte (Z), diplotene spermatocyte (D),

round spermatid (R). elongate spermatid (E).



3. ZH[o|AE WAl E¢] W3

Figure 1914 EEukel 2ol 125 mgkg FAFY AzZAXE
(spermatogonia)®] hEFo did FELL IX X, XI 2HolA A=
60% olst= "ol oy thE 8o M 60% ool Att.

250 mg/kg T T AZAME (spermatogonia)®] txTo] W3t =g
< VI ZH ol A= 40% ©13t2 dgojgoy o E AHOIXgAE
40% °]*olAth.

500 mg/kg FHT o] HZAME (spermatogonia)®] WWETo| thak WE&
< RE ZH oA oA 50% o|3t2 "o}

Figure 1. Percentages of spermatogonia in I-XIV stages of

seminiferous tubles.

Spermatogonia

120 r

g M low
100 1 medium

80 |

(%)

60
40 F

20

| - v Vv Vi Vil ik IX X X1 XI Xl Xiv
Stage of Cycle

Data are expressed as 2% of mean control value.

Low=125 mg/kg, Medium=250 mg/kg, High=500 mg/kg
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Figure 29A XHevlek Zo] 125 mgkg F979Y  pachytene
spermatocytest ETo] e AEEo] XIV AH ol X E 60% o35
2 "ol oy bg& 2 oX o NE 70% ool it

250 mg/kg F T2 pachytene spermatocytes™ wHETol thdt HE&
o] ZE|o]A] I & 40% olFoloyt thE BE AH XM 40% o))
At

500 mg/kg FH9T 9 pachytene spermatocytess A AH|o] X o A Zro}
H7] ofH Kl

Figure 2. Percentages of pachytene spermatocytes in I-XIV stages of

seminiferous tubles.

Pachytene
120 r
Hlow
100 _— O medium |
O high

(%)

| = v Y Vi vk Vil IX X X1 X XiIE XNV
Stage of Cycle

Data are expressed as % of mean control value.

Low=125 mg/kg, Medium=250 mg/kg, High=500 mg/kg



Figure 3°ol4 E&ute}t o] 125 mgkg FoHT9 preleptotene
spermatocytest WET o di§ AEEo] VII 2H ol R| A E 60% o] 4o
Ao VII 2HolxolA = 60% o] d5dch

250 mg/kg T 79 preleptotene spermatocytest WZ T Wi A=
o] 2E ZHo|X oA 40% )3t}

500 mg/kg F 9 preleptotene spermatocytes® X ZH| o] x| A] &
obx7] ojE At

Figure 3. Percentages of preleptotene spermatocytes in I-XIV stages of

seminiferous tubles.

Preleptotene

100

[ M low

80 | B medium| |

1 Ohigh
60 |
5 ;
40 |
20 |

O [ 1 L. H ! 1 1 1

I - v \Y% Vi VIE Vil X X Xt Xl Xl X
Stage of Cycle

Data are expressed as % of mean control value.

Low=125 mg/kg, Medium=250 mg/kg, High=500 mg/kg



Figure 4olx X E=wlel o] 125 mg/kg FAT9 leptotene
spermatocytest WXl g YELL IX, X, XI 2HO|AA BF
60% o] %ol 3t

250 mg/kg 579 leptotene spermatocytesE TZ ol o
o] BE ZH o] 40% o]3tx T},

500 mg/kg F T leptotene spermatocytest EE AH| o] X oA 20%
olate] AEEE B

e

<

riy

e}
=

Figure 4. Percentages of leptotene spermatocytes in I-XIV stages of

seminiferous tubles.

Leptotene
100
» M low
80 | B medium]
i O high
60 |
R
40 |
20 |
O 1 1 1 1 I 1 1 1

| IE1l] 1% \) Vi Wil Vil IX X Xl XH o X XV
Stage of Cycle

Data are expressed as % of mean control value.

Low=125 mg/kg, Medium=250 mg/kg, High=500 mg/kg



Figure 594 EEnlet 2ol 125 mgkg FA9T9 zygotene
spermatocytes® WxTol Wi AEE S XTI 2Ho| XA 80% o]0
Re XII 2H ol A e 70% ©] &3t

250 mg/kg Fo T2 zygotene spermatocytes)
< EE ZH oA A 40% °]3A T}

500 mg/kg T2 zygotene spermatocytes®s EE AH| o] XA A
o] g F7F A

B
BN

o ol

e

¢

N

o
=

Figure 5. Percentages of zygotene spermatocytes in I-XIV stages of

seminiferous tubles.

Zygotene
100 [
[ |How
80 [ Emedium
- DO high
60 |
®
40 |-
20 |
O | 1 L 1 | 1 A 1

| [l I\ \ Vi Vil Vil X X X1 Xl Xl X
Stage of Cycle

Data are expressed as % of mean control value.

Low=125 mg/kg, Medium=250 mg/kg, High=500 mg/kg
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Figure 6914 ®BEnukel ol 125 mgke F979 diplotene
spermatocytes®] WhE T g AEE&L XII, XIV 2H| o]l Aol A 80% o]
gol Ao

250 mg/kg 59 T9 diplotene spermatocytes®] WETdl i WEE
< BE 2HolA A 60% ©]sR T

500 mg/kg FT¢ diplotene spermatocytes®™ R E AH o] XA A
o] & F7 gl

Figure 6. Percentages of diplotene spermatocytes in I-XIV stages of

seminiferous tubles.

Diplotene

120 ¢
| [Wlow
100 B medium
| Ohigh
80

(%)

60 |

40 |

20 |

0 L t L I ! ! I 1 ! L 1
I = v Vv Vi vk vk IX X X1 X
Stage of Cycle

X Xwv

Data are expressed as % of mean control value.

Low=125 mg/kg, Medium=250 mg/kg, High=500 mg/kg
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Figure 794 ®iE=wle} ol 125 mg/kg 5979 round spermatids®]
2ol e AEELS [-VI 2H XA BF 70% °]dolAH.

250 mg/kg o979 round spermatids®] HERFO did AEELS |
VI, VII, VIII 2Ho|AAME 60% oldelRevt M-V ZHo|A M=
50% ©lste] AEES HATh

500 mg/kg F91¢ round spermatids= VII, VI Z2H|o]A]o| A=
30% ©lde AEES Yoy -V 2 AAqAE A9 & F7F gl
At

Figure 7. Percentages of round spermatids in I-XIV stages of

seminiferous tubles.

Round Spermatid

100 |
1 M iow
80 | M medium |-
B Ohigh
60 :
® ‘B
40 |
20 [
O 1 ). i
Lo v VM Ve v X X X X X XV

Stage of Cycle

Data are expressed as % of mean control value.

Low=125 mg/kg, Medium=250 mg/kg, High=500 mg/kg



Figure 814 HEwkel 2ol 125 mg/kg T2 9 elongate spermatids
o dHET e HEEL A 28R A 60% o] Ao 2Tt

250 mg/kg FATFH 500 mg/kg FT9 elongate spermatids= A
ZH o)A A 50% ol 42 vERUIY T

Figure 8. Percentages of elongate spermatids in [-XIV stages of

seminiferous tubles.

Elongate Spermatid

160

140 Hlow o

medium

120

= v \ Vi vl il IX X1 X0 X X
Stage of Cycle

Data are expressed as % of mean control value.

Low=125mg/kg, Medium=250mg/kg, High=500mg/kg
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3. 224 g

Zx (Figures 9)o ®l&to 125mg/kg S FAAE vl Ee] WA
(degeneration)® 44 (disappearance)°e] ¥ojut7] A &A3tATH (Figure
10). 250 mg/kg FHT9 AHIMe F83 AMB  (seminiferous
tubule)e] WA} BIEY ZlA o] Yelyr] AFstgn, WA WAE
Aege] AEY H4S B ¢ ddod, Az HAF A4o] 33
ettt (Figures 11, 12, 13). 500 mg/kg T 79 AL oA =33 A
Al bAgds wEd JIA o] AstA Yewon, sl e A=
BEY AxEe B¥EE E F AR, AT WA 2ao] FEd] UEeyt
o, FX (vacuoles)} THANME (multinucleated giant cell)7} e}
Stk ZbE XA (interstitial tissue)dl & o]t ME (Leydig cell)<]
<A (hyperplasia)©] &&= At} (Figures 14, 15, 16).

2-BP 18 FA3% 629 ¥ L5 =z Aool g 2yl
AAE stgou, Aad AABe A8 ABHA . FHo] WA

ey, ZAFAWe e S Fd A2ZEY AX 9 Foldn, HxA
(spermatogonia), =M E (spermatocytes), B A}H X (spermatids) = HJ
AEE &3] 2AFHNAY. HE2E oME Zolrs] AEY ZHL B
T AR (Figure 17).

= W




4 A zAB A 74}

289 F<F 2-BPE 500 mg/kg FH& T HAd Cyclin D39} PCNA
o BolFAE ol &3t WHRHIHA JAME slo] BRI A}
Anti-PCNAE °] &% thzT9 Ao AM#AAE spermatogonia o
%7] spermatocyteo] T2 A oYU 2-BPE 500 mg/kg o2 A3t
RES Hao AMBAME HFE spermatogonia 7F FALE o] @A
= MEZF @43 ZAFH e (Figure 18), Anti-cyclin D3Z o] &3 o
Z79 HAa9 AM#FAIAME spermatocyte$t round spermatidel FE &
Aol HAA, 2-BPE 500 mgkg 22 X FHEY o HABNA
= WEE<9 spermatocyte®t round spermatid’t A G = A X
7} A3 ZFAa3A T (Figure 19).



Figure 9. (C) Normal cellular associations of seminiferous epithelium at

stage 1, 5, 6, 8 13, 14 of spermatogenesis.

spermatogonia (G,A,B), preleptotene (PL), leptotene (L), zygotene (Z) pachytene (P),
diprotene (DI) round spermatid (R). elongate spermatid (E).
x 400. PAS & Hematoxylin.

_ 21 —



Figure 10. (L) Histopathology of Testes treated with 125 mg/kg
of 2-bromopropane for 28 days.

Cellular associations of seminiferous epithelium at 4, 7, 12 stage of spermatogenesis.
Testes treated with 125 mg/kg of 2-BP showed some decleased cellular associations
of seminiferous epithelium at all stage of spermatogenesis.

spermatogonia (G,A,B), preleptotene (PL), leptotene (L), zygotene (Z) pachytene (P),
diprotene (DI) round spermatid (R). elongate spermatid (E).

x 100. PAS & Hematoxylin.



Figure 11. (M) Histopathology of Testes treated with 250 mg/kg
of 2-bromopropane for 28 days.

Stage 5 seminiferous tubule showed cytoplasmic rarefaction of the Sertoli cells and
tubular degeneration with depletion of spermatogonia (G), pachytene spermatocytes
(P), and round spermatids (R). Vacuoles (V) are present in germinal epithelium.

x 200. PAS & Hematoxylin.

— 923 —




Figure 12. (M) Abnormal cellular associations of seminiferous epithelium

at stage 1, b5, 7 treated with 2-bromopropane 250 mg/kg for
28 days.

Stage 1, 5 seminiferous tubules with cytoplasmic rarefaction of the Sertoli cells and
tubular degeneration with depletion of spermatogonia (A,B), pachytene spermatocyte
(P), step 5 round spermatid (R), and step 17 elongate spermatid (E).

Stage 7 seminiferous tubule with cytoplasmic rarefaction of the Sertoli cells and
tubular degeneration with depletion of spermatogonia (G), preleptotene (PL), pachytene
(P) spermatocytes, step 7 round spermatids (R), and step 19 elongate spermatids (E).

x 400. PAS & Hematoxylin.

24 —



Figure 13. (M) Abnormal cellular associations of seminiferous epithelium
at stage 10, 12 treated with 2-bromopropane 250 mg/kg for
28 days.

Stage 10 seminiferous tubule with cytoplasmic rarefaction of the Sertoli cells and
tubular degeneration with depletion of spermatogonia (G), leptotene (PL), pachytene
(P) spermatocytes, and step 10 elongate spermatid (E).

Stage 12 seminiferous tubule showed cytoplasmic rarefaction of the Sertoli cells and
tubular degeneration with depletion of spermatogonia (G), zygotene (Z), pachytene (P)

spermatocytes, and step 12 elongate spermatid (E). x 400. PAS & Hematoxylin.
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Figure 14. (H) Histopathology of Testes treated with 500 mg/kg of
2-bromopropane for 28 days.

Typical patch appearance of severely depleted atrophic tubules. Apparent increases in
interstitial Leydig cells can be seen. Multinucleated giant cells (arrow) derived from
spermatids are present.

Stage 14 seminiferous tubule with disappearance of spermatogonia (G), zygotene
spermatocyte (Z), pachytene spermatocyte (P), and diplotene spermatocyte (DI) were
observed. x 100. PAS & Hematoxylin.



Figure 15. (H) Abnormal cellular associations of seminiferous epithelium

at stage 1, 8 treated with 2-bromopropane 500 mg/kg for 28

days.

Stage 1 seminiferous tubule with cytoplasmic rarefaction of the Sertoli cells and
tubular degeneration with depletion of spermatogonia(A, B), step 1 round spermatids
(R), and step 15 elongate spermatids (E).

Pachytene spermatocytes (P) and step 1 round spermatids (R) were disappeared.
Stage 8 seminiferous tubule with cytoplasmic rarefaction of the Sertoli cells and
tubular degeneration with depletion of spermatogonia (G), step 8 round spermatids (R),
and step 19 elongate spermatids (E). Preleptotene (PL) and pachytene (P)
spermatocytes were disappeared. Stage 8 seminiferous tubule with a tortuous
basement membrane (arrow) and vacuoles (V) were present in germinal epithelium.

x 400. PAS & Hematoxylin.
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Figure 16. (H) Abnormal cellular associations of seminiferous epithelium

at stage 10, 12 treated with 2-bromopropane 500 mg/kg for
28 days.

Stage 10 seminiferous tubules with cytoplasmic rarefaction of the Sertoli cells and
tubular degeneration with depletion of spermatogonia (G), leptotene (PL), pachytene
(P) spermatocytes, and step 10 elongate spermatid (E).

Leptotene (PL), pachytene (P) spermatocytes disappeared.

Stage 12 seminiferous tubules with cytoplasmic rarefaction of the Sertoli cells and
tubular degeneration with depletion of spermatogonia (G), and step 12 elongate
spermatid (E). Zygotene (Z), pachytene (P) spermatocytes were disappeared.

x 400. PAS & Hematoxylin.
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Figure 17. The testes of rats initialy treated with 2-BP 500 mg/kg for

28 days and allowed to recover for 2 months.

C. Control. x 100. H&E.

H. Rats treated with 500 mg/kg/day for 28 days showed testes cellular shrinkage.
Even if stopping of 2-bromopropane administration for 2 months, spermatogenesis of
testis was not recovered.

Atrophy, the most severe form of seminiferous tubular degeneration, refers to total
absence of germinal epithelium and irreversible.

Only Sertoli cells were present within these tubules.

The diameter of involved tubules was markedly decresed.

Interstitial tissue was usually increased. Leydig cell hyperplasia was present.

x 100. H&E.




Figure 18. Seminiferous tubules immunostained with PCNA

(proliferrating cell nuclear antigen) antibody.

PCNA appeared as intense reddish-brown punctated stains.

C = control. x 1,000.
PCNA was abundant only in the nuclei of spermatogonia and early stage primary
spermatocytes regardless of seminiferous tubule stage.

H = Male rat seminiferous tubules treated with 500mg/kg of 2-bromopropane for 28
days. x 200.

No immunopositive staining of PCNA was observed in seminiferous tubules.
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Figure 19. Immunolocation of cyclin D3 within the male
seminiferous tubules.

Cyclin D3 appeared as intense reddish-brown punctated stains.
C = control. x 200.

Strong cyclin D3 immunopositive staining was located mainly in the cytoplasm of

luminal spermatocytes but undetected in spermatogonis cells and Sertoli cells.

H = Male rat seminiferous tubules treated with 500mg/kg of 2-bromopropane for 28
days. x 200.

There was no immunopositive cyclin D3 in seminiferous tubules.

rat



V. = &

Ao ML ol27]E Q9L 25 U 328 ogaor Z+E K2
A 5 o9 7R 9o (Irby et al, 1984; Enomoto & Akazaki, 1987;
Jones et al., 1987, Behne et al., 1983, 1996), A< M2y HAZL 7}
I F aga AT Aold wEt o 4 A3 (Gary et al, 1990), A%
7b AR HAE YEdE A$E wW$ =29 (Boorman et al,
1990). ¥ AFAHE xFo HioA S FALS #FF 5= U

HE A5 ARAHJ] ALl vEE  JAT, AFJAY AH= 23
Aoz HdEg A HET Hart Aot sen, ofdoy HEE ZH
Fo| dojd HHFFTEAANA E F Y& v& Zo|l A9 % (Mason,
1975)2 AA9 A7|7F §AA o2 AY 50% BEE oS3 HEZEZ
7= =49 (Jones et al, 1987), ¥ AFAAME 500 mg/kg FATS =
o vlgte] AHAo A7 AWMAER EUSH FARI FAY fFol
HFEH AT

FE HioA 71 Bol B F U HHES AAANY wiAxe &
A3 HAolm (Aulikki, 1975, Wright et al., 1982; Chapin et al., 1983;
Jones et al., 1987), A4 2] WAL WA Axo oty 8GAZE YFol &
F AQEH, 1494 EES AAS (germinal epithelium)} XA A X
(Sertoli cell)7} 4o} QoA FEo] 7ted dAIZAQA WAL, 5-8¢Al=
el siHE (germinal element)7t AbEEA A 3] &o] E7Hsd @A ]
t} (Jones et al., 1987).

2-BPE 125 mg/kg T oA
A1ZHE 9tk 250 mg/kg F &

= AT W4T o] Yoju
olAE FRE AR WAH W



=3 ZIAge] vegur] AFEged, widdRiE M2 EE HE
Mg wiAlze Wde] F33 Yelgton, Fxe SAE B &£ I
500 mg/kg T FAoAE FFd AT HAF 8EY 71X o)
Uetston, wWidgue e N2ED AXe HMA4L B+ ddn, #xe
GHARAZZ GeEtdn g8 wAEs} AMgAA 38 Brisd
FHE BHAFa Ao

AAlge] Al e MAE, A2ZEY AEY A ol X
= HEEXHE (testosterone), FSH, LH, 59 3229 3oz AAH
At FAIAAEFY A9 HFo] BFLD ¢ glon, 2] AHYA
A ol gaME ATt 458 § A=Y (Wand and Colin, 1991;
Nagano et al., 1984, Foster et al., 1983; Rich et al, 1979) I =229 &
gl & gojgs] Axe e AAA Alo]o 23 (collections)©]
S AHoln, FX (vacuolated cytoplasm)tt FAHA 3  (eosinophilic
cytoplasm)e] WEtE 4 vt (Kirkman 1972, 1982; Ito et al, 1972;
Jones et al., 1987; Gary et al, 1990). & AT E 2-BP 547 ¥ &
oEH o2 wWAIX/} &2 (Table 3), 2-BPE 500 mg/kg 53 &
EdAie golds] MxEe FHE #FFY + JAS (Figure 17). ol
A2 v Fo] 2-BPE FAPAIZ2E (luteinizing hormone)oll 23k} =}
S5 ZHAAMXE (Bloom and Fawcett, 1986)9} vjA| X o] Multxy oz o3t
= "3HE & F Ut ILEE T PENN A2E Axe Fi=z
71 BAE] $Fo] HolX| vt (Corrier et al, 1985), £ AFdAAE
A2EE AEY BAdL ey oy 2-BP F9%5 X0 v &3t g w
Ae FUTH (Table 1),

2-BPFATAA HAHE FAAEY NEAA7] (debris)9t FHAARNAE
= WA 2714 B £ o9 (Morton et al., 1986 ab; Jones et al,
1987), AN EE AT Axe] AEAAF sl A7, FALE
& (mitotic activity) Ho|x] 2=t} (Cohen et al., 1969).

Aol FAE we AX9 Edo] AHEH HHSHEE FHol B

S AT MASEH FHY AXET B £ A sHed od a4e 27 of
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d AfPojuk a8n JFAF FolA o} B £ AT (Manson et al,
1982), 2-BPE€ T & TolA o83 Falv RolA st

A7 A (testicular infarction)ol 2]3F wHAI A Q A A
bR GAS} FALG FEHE RAFEd, o3 43
BIHA X &4E Y3E JI=F S g3 AioM &
Aoz BAHE A+E A9 ¢t (Jones et al, 1987). 2-BPE %
TIAME o]lg|g o= Ho|x gyt

ool WAL Hriste WHoRZE HALHL ANHAY FE F
© ¥, AE2EY AXe wjMEY B&E vudte ¥ T A8 Horw
Hol gle v (Kumi-Diaka and Dennis, 1978; Carroll and Ball 1970), Y&+
Hoz Ao AN E AAANE, ARMAE, AZAX 281 A2EF A

AR WAool dojuxgt 3stEZA mElAE WM E (germinal
element)®] MEZo|Aoly 2H oA Ho|Ho] & AFE UTH (Teresa
et al., 1992; Federica et al., 1989, Mebus et al., 1989; Foster et al.,
1983).
A4AH PYE ASdE XIV, XIII, I, XII 2Ho|X] So|A vjA X
dol ®ol dojuta II-VI 2= o] Ao A= Aol AL dojuA &
stA =Y (Kerr, 1992) ¥ 7oA e dxvd FoT9 FAF 3127
FoFze AAMEY FAo] L& xHo|AEE EFIY SCIE 4t
S A FA &Y oJEHoR SCIZF ¥olx i (Table 1), 125mg/kg
oo ZEolA VII-VIIAE th& 2Holxd] vlste SCI7t &9
3tE YErY.
2-BP Fo T ety Fodzzol 2HOAEE wjAREY F& HHE
H 2-BPFHFx o9& o2 dxad tidh wjMaEe AE&Eo] Loz
U A FAF A elongate spermatids:= WH3go] 7FF FHAoh 500
mg/kged F94%F FoAe I-VI 2H oA 9 round spermatids”7} %=
A2AHEY ey, VII-VII 2H oA 4 A+ round spermatids7t 2] dol <l
R (Figure 7), pachytene, preleptotene, leptotene, zygotene, diplotene
% 9] spermatocytest A 2Ho|X A A9 #AETL 4+ Ao Y (Figures

’l_l
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i
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2, 3, 4, 5, 6), spermatogoniat I[I-VI A Ho] A ¢} IX-X 2H|o|X A =
T2 20% ©|3tE ZEAdt (Figure 1). Elongate spermatids®= A AH| o]
M Hlx=3 EXE EH (Figure 8). 2-BPE 125 mg/kg 54938 3
250 mg/kg A TL& FAFE EHog wAE ZAa ulgo] U=
T3 vl 3 FAFS BAT (Figures 1-8).

2-BP #4& FTAL 2M€E ¥ AL 3B AL ddstr] Yty
T2 FA FAUY 500 mg/kg T Fao gt 22 e
HALE Sy, A4 FABS A3 EHA gu ZAB] Ao
A3 Ao, AABUd = S0 B3 M=E7] AXY Jo}
AEE &A% 2Ad=Hded, 2AzHNAE Folls] AT =YL B
T UG (Figure 17). BaE vlelyl E AP AoA A8 2T
e EE AEeF3td®E v ABEHx e FASE AT HEY
2oy It ZFAdA B F e AANY Air9 277 50% A=
T BFolE FEI FE AFFHE Fre ANHoR IHEINE HoT
A (Manson and Mauer, 1975).

AE BEF7]0 FASE @M A2 Cyclin D3E 2424 (meiosis)©)

doJu= spermatocyte®t round spermatidol] @3S mx]31, PCNAE

o
k J
=

%
AbE E (mitosis)©] Y oIt spermatogonia®t %7| spermatocyteo] <3<
Pl 2% (Kang et al., 1997), 28Y &<t 2-BPE 500 mg/kg 58 #9
Aaxol Cyclin D39t PCNAS| Eo|@AE o] &3le HYzA3}8AQ o
A& gt #EF 23, Anti-PCNAE o] 43 iz Axe AM B
A= spermatogonia®t %7| spermatocyted] FE FME Yo}, 2-BPE
500 mg/kg <2 A FHE Hx9 AABAME YRR
spermatogonia’t  #AtEo] JAMEE  MEJF A gasigon,
Anti-cyclin D3€ ©°|&% iz Hie AMBIME spermatocytest
round spermatiddl F2 @ Mo] A, 2-BPE 500 mg/kg &2 X3
FES HAY AAAANME HEEY spermatocyte®t round spermatidZ}

Aarstel A E AES dA8 gastgc

]




v.d £

BP= Fosk & o2 HZAE, ARAE, AAAE 5 A2
GAle] HiAE] HwtH oz Jgg vFou AHE=EF HAXIAE F9
FIFE FALH, 125mg/kg FATANME VI-VII 2Ho|RoA 3
SCI 4 & Bt AT o2 GAFAY 500 mg/kg FAT L 62¢
FEAAYN AAPAETY EL o|Foxx Fgtewn 2-BPE 500
mg/kg FHA 9 AL Cyclin D39 PCNAY Eo|gAE o] &3l H
A2 52 IS 3t TR A, dEEY AAHEIL HAE
FAHE AMEF7E A3 FAsA

oir (o ok oZ:

1) Az T AAHE Al E(germ cel)2] FAo] &2
AEE Z73ld SCIE &S 43 548%F JEH oz SCI/b
o, 125 mg/kg FATY 2HolA VI-VIIAME 93 SCI
eSO}

=
2

o WE |
o
¥l

P>
~

2) ZHo|A GAEE v HIE AuEd ZABRH AEAXE
= &Il st 125 mg/kg FATAdAE BT 753%, 250 mg/kg F
AT olME B 340%, 500 mgkg FATAME HT 21.2%=2 FHA3)
At

3) AAM#ANe AREMEZF pachytene spermatocytesS hZ ol of 3o
125 mg/kg FATANME HF 763%, 250 mg/kg FATAME HF
320%%2 #ZAsReH, 500 mg/kg FATANANE FHE 03%E A 7
A8 ¥ 49 2on, pachytene spermatocytesS 2HO|AXHEE Awrd A A
gHolxol A T% g&H o2 A IUT. 500 mg/kg FATe AEAES
leptotene spermatocytesi= 6.0%, diplotene spermatocytest 0.5%Z & 7#

3] 7Z+A 3 2™, preleptotene spermatocytes®} zygotene spermatocytes+



500 mg/kg FoT o A BE AABA FolE 7 UG

4) BABWEY round spermatidst tZwol W3ty 125 mg/kg Fof 7ol
AT Hi 794%, 250 mg/kg FoFAMAE HTE 529%, 500 mg/kg F
TAME BT 106%2 2435929, round spermatidsE AH o)X HE =2
doEd A LHo|AgA TR EHOZ FAFHoY, 250 mgkg F
AT 500 mg/kg FATY 7-8 AH XA = A&l Fko, 500
mg/kg F9T9 1-6 2H oAM= round spermatids® ZropH 7] o)
At

5) AA AN elongate spermatids= HZETo st 125 mg/kg 549
Tl ME He 8.8%, 250 mg/kg FATAAME H 79.9%, 500 mg/kg
FATZAME Ha 832%Z W3/t A9 §ll3, elongate spermatids&
ZHO|AHE ¥ Holx H AH oA A Wt A AT

6) 2-BP FodrEdz HAE AWuEY 125 mgkg FATAAE A
9 WAT 240 dour] Alsisit

7) 250 mg/kg FAT Y Aiolde T FAA WAAR v EL 71A
Tol Uetur] Algstgiod, widde s A2E Axe ¥Ayde &
T Ao, AT WA Lo FHI YEuitt

8) 500 mg/kg FATY AL (testes)d e FE FATe WAL v

d 7Age]l vdelgon widmudiae AE2ED AE ¥MAE B F
AR, WAES] HAHT AHe] FH3| VERon FXe tIAARARE
7} et 2tz A s golud] AT Aol #FAF YT

9) 2-BP o9& $A3l1 62¢ & LT Ao tig 2AREH
A AAE oy, Hao AATLE W FEHA &3 HABY HF



of A8 EAon, FMBRlE SHo AP AEEe ATH ol
1, REAE, ARAZ, FAAE 5 HAE & $Hde) 248U Az
Aol & goltls] AT FHL 2 + AUt}

10) Cyclin D39} PCNA®] 5o]g A& o]&3le] HIxZ3}e 2] JgaS
o] @A AF, Anti-PCNAE o] &3 dlzie Fro AMBdrs=
spermatogonia®} %7] spermatocyted] FE2 GAEROoU 2-BPE 500
mg/kg 22 A2 FE Haro AABANE UREES spermatogonia
7F A o] AR E XS FX 3 a4

11) Anti-cyclin D3& ©]-8% WAx=A 35 AL st RS AT
HzTe Ao AMFAANME spermatocyte®t round spermatidel FE
g0l HAL, 2-BPE 500 mg/kg &2 3 SE Ao AT
M= dF29 spermatocyte®} round spermatid’t #AMSIE QAHE A
X7F @A 8 A3 A.
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