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Reproductive toxicity of 2-Bromopropane

I1 Je Yu, Yong Hyun Chung, Cheol Hong Lim, Seung Hee Maeng, Jun Yeon Lee, Hyeon Yeong
Kim, Soo Jin Lee, Chung Hyun Kim, Tae Gyun Kim, Chang Hyeong Lim, Jung Sun Park, and
Young Hahn Moon

Department of Toxicology, Industrial Health Research Institute, Korea Industrial
Safety Corporation, 34-6 Kusan-dong, Bupyung-gu, Inchon, 403-120, Korea

-Abstract-

To clarify the mass intoxication of workers at an electronic company at Yangsan in
Korea, the possible causative chemical for reproductive toxicity, 2-bromopropane
(2BP), has been investigated. 2BP was tested through a 28 days of repeated dose
experiment in male and female Sprague Dawley rats. 10 rats were assigned to each
treatment group. Vehicle control olive oil, 125 mg, 250 mg, and 500 mg/kg of 2BP were
injected into intraperitoneum for 28 days. Male and female rats showed significant
decreases in body weight depending on the doses of 2BP. In male rats, right and left
testes showed typical weight losses depending on the dose of 2BP. The number of RBC,
hemoglobin, and hematocrit showed some degree of decline in the high dose in both male
and female rats. Red cell distribution width increased significantly in male rats in
the high dose (p<0.01). The mean platelet volume decreased in male rats and
significantly in female rats in the high dose (p<0.05). The number of white blood cell
significantly (p<0.05) decreased in the high dose for male rats. The number of
lymphocytes and monocytes had a tendency to decrease depending on the dose of 2BP,
Histopathology of the testes treated with the middle and the high dose of 2BP showed a
typical patch appearance with severely depleted atrophic tubules, exhibiting germ cell
necrosis of spermatogonia and spermatocytes in the seminiferous tubules, and
thickening of the basement membrane of seminiferous tubules. Leydig cell hyperplasia
or hypertrophy in the interstitial tissue was also noticeable. The epididymis showed
some degree of atrophy with vacuolization of the epididymal epithelium. The testes are
the main target organs tested for 2BP toxicity. 2BP also affected the hematopoietic
system, thus inducing leukopenia, anisocytosis, and normocytic anemia. In addition,
2-bromopropane inhibited the hematopoiesis in bone marrow. Besides the reproductive
organs and the hematopoietic system, no significant toxicity was found in other
organs,
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22 A Fatoll a5t e T Az BEIH A LA §718A] AhFEEA}
efe] o3¥t2Al Z3H= 2-Bromopropane (2-BP)o] o ZZApe] odWIE S Tl HUAZS,
HE 22 BARLF, FEAST T AAEEY dAEAA FHolgke 758 Al
gt (Park et al., 1997: Kim YH et al., 1996). o]E ZEA= tact A%]1X] FHoA Fd
AHEE OIS freong THAISHY] #13] U] HFFLol|A solvent 52000)ehHe EAE ¢
slo] x|y o g A&t =d], o] EALE 99.01% 7} 2-bromopropane 2 ZAJE gt o
B e tact 291X AZRFE 22} 33BF 25W e AFITEAF 17H] F4I7]5H
SHE Ryon 8EF 6 HHITEAI ARGV SAINE HALL, E olF T (o= 6
d, g2 198)2 ZF4715AE 228 8 Ho | EAE 758, AT EAE 63%8] f
HES HYrl olE ZEAEY F27|7HL BAle 1Y oA LA 16714 Z2HS
Holz qlglen, HF Z=2J|e 1071¥ A= RIadz Uch nj ol A =
2-bromopropaneS I EH 9 ERFI|FE Hazard 322 QI¥Ao] gl= BAR EF3I glon,
n]22] 1983 d2] National Occupational Edxposure Survey (NOES)ofl wlE=w 1771¢] 2-BP &
A Aol A 15828 8] 22XVt FABIZ Qi 3RSt Qlr} (NIOSH RTECS, 1995). &
o] Aol VIEHHNEAE EFIII don, aHo T A2XEE A4F AIMFF
Hl =84 o], LEQhALAH AL AWy HE JEEEAN UHEEAE BRI e
FEY, ¥SUSNME AP EAE T/t vt (EIFHUEAL 1992). 1995
17t 100 to] AAro g A3 glor} 1995Woj= 1000 t F=7F At gtz gk
(B2 dLRAL 1992), dEojME olAHES HEEMS 913t SujAlE 2-bromopropane
& trichloroethylene (TCE)S] tiAEE AI2F At} (JE=ZH I, 1988).

2-Bromopropane?] A &G X|F7Ix] A AR A] YUz, FAEEE A cpE
Ede AL oddA]x] ¢4 Alefolct. 2-bromopropane?] EZQA R AR R Z] (MSDS)ojA=
o] B tl4a FAHFAol A% BASA BPFIA] 4837 mg/kg?] LD5O 3t 36 g/m’ (oF
7200 ppm)2] LC50L 7}A|3 1. ©m(NIOSH RTECS, 1995), 2-bromopropane?] ¥ o]{dA1¥ 2
e nABEE o]&Y B EGH] A8 (YR AR)dANE 38 AAE BIAR (B
=3 & FU=f, 1995 TIEIIAFTA FAZAE, 1995), ERF wFHEE o] &3 AN
Aol g AP} AEFES 0|83 2YAHLE 249 AAE Ho ERFAAAE HoldAol
2xoleta BEaEr} (Maeng & Yu, 1997; ZHELE}3tedprAQHAAMAFAME], 1995). 22|
L2l A THollA 3% ICR mouseE o]-E¥F FEFUFLEAE Azt Fefol &l LC50 7200
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ppeE.CF X =2 31,171 ppme] LC 502l= ZAE Lt (Kim HY et al.,, 1996). =uj2]
2] dt4ollA 2-bromopropane?] FARFTEAHAAHE AlAstAxT BFELZANEAN NES
7} oA}t 8 S A5l (decreased locomotor activity), ZTZF4 L4  (decreased
respiratory rate), R.3PAIZX (ataxic gait) W ZFZ (somnolence)F2 HME R gx|gt z}
Ba7Iu ohE Ul it it 580l AY gl AeE RaEdct (LIHIAT
A QAL ATAE, 1995 Y& Hita@dF4, 1995). & JITHoAE 149 HHERASHAY
(B572)E& A%ste] AF, B35, YT FaAL, Y4ty Zater FA7lof iyt =
g e|ety AALE BRI SR FAIU T E Ao tiEt HedE £4E UAsH
R0, it oA AP A gAe] oft Ayt 4& 4 drh

e
o
1

oME AAEE AEE Hslide Y FE2E PASEE ZAAE =837
13l 289 WEFAAEE A|¥Y3te] 2-bromopropaned] BAHAZ} i F4H /FE U
3t

auA
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2-bromopropane &7 3etatd F A F Aol Fstolrl. 2-BP] ¢XE+ GC-massE ©|
&3to] sl €57 9% Arh AIABnEAZIE HARY A3 AFHE Y] 2t
EI B2 uAsR] grh el 2BPe &e|BEIFel Ao StEo] FAsIgitt

2. ddE=

10323 2] Eo|™MAF(SPF: specific pathogen free)o] ¢l BHAAM A" & +
Sparague Dawley SIEE tiRIAUHFEAENA FYstgct AEFTES AEH 2729 ¢
3717vS AR ASBH ] FEIES it FEARRAY 2E& 20-26° C FEA AH)
£S5 40-60% grh FEL Feul AR 24& FYstd FFe Lol FF¥e] glol
ZIstedct. StEL ZFlRUolER wtEola HolxY 3-4nig] FEE AHSSIAch A¥E
A AFL FASI APEEE LA Hol wiel 10 mleld] 4322 et AEEE
Azl Ao FEY AFS 23S P 300g oL, AA2 Y 202g ol%rh 2-BP= &
2|8 7]E0 %o 1Y 13 ERFAE dFdo] 6 Foislo] 435 Fostdt. AATI=}
12 otele] 2o} Lt}

Group Number of animals Treatment
Control 10 male, 10 female olive oil
Low 10 male, 10 female 125 mg 2BP/kg in olive oil
Middle 10 male, 10 female 250 mg 2BP/kg in olive oil
High 10 male, 10 female 500 mg 2BP/kg in olive oil

_3_




md AHEARCH G AUSEY nRAY, TF7|AW, AAILBE P
fRet WEe HiE ZAstAch RS AulRe 3Quitt FFSAL, AEES TUYA, 2
74, 2eD AVEY FoiF 17Ul 28 SRR shEde] st

3. fddel

A AHFEL 16570 T3 38 stEHe] HHUFELS whAsHA shodct.
HEEEES oHEZ nl3ste Ecoigholr BAE AQ3slgrt. VWO L aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alakaline phosphatase (ALP),
glucose, urea nitrogen, F=Hd, F2elE, Zdoleld, FUzFNl 5 TIP3} 2
712 A3, HEY, HEIZN 5k, HutEIIE, BFHELLE, Faus,
g, @R, ARFSEE AFEATIIE S st

1. el 23e)

YA F AEFES A A, b4, B4, AR, =, A%, 6, 2 €59
B71E wWuol B7IFAE FET F, 10% TEUIS PR ANSF e B0 133}
A3, Fa¢ AFHIE HoAFe B7IES vepe] Rujsta, 2AupErI2 wpEste 3
oEART ojeale® @Mt Hn|FoE WHexAHINE WESIL, duFd
A7 2 ARLE Hol 7| F3tgith

5. T4 EURE 34

2] thE]ZE H3F ¥, fetal bovine serum (FBS, Gibco)& AE-3lo] tiE|ZolA
SFARE FE31 15 nl YT Holl B2F 1000 rpmofl A 587 QAlde] AF A5
Ag We|al 432 FBSE MEXE HERAZCE MZHE YL =usie] A0 A=A F
methyl alcohol@ 587t I AFA|ZTE 2AH EEL Giemsa £ 02 FAsle] F3HAnm| AL
2 4008] o]iolrM S FHIIAch AHAFHYEE (vidd HEF (PCE) + FEZHER
(NCE)) 500M& #dste] 13 thEXd AP H]&E offet Zo] A4tsigch

Percent of PCE= 100 x (PCE/(PCE + NCE))

PCE: polychromatic erythrocyte
NCE: normochromatic erythrocyte

HHA ol glo] FEYUE Hols A& tidd HEI=R FESIUR (Figure not
shown) #& Wl A& tldZ{ETY A7 YPUL Asthiixl da Fge=g 2&
ol M= A& FE¥ HYTE Tt (Figure not shwon).

6. BAAz

Student t-test& o] &3ty thzFIt ulaste] 95%2t 99%2) f-o]d& ZFstAch
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1. &34

4F7re] APF 1nj2je] ETF Fo4F Fapnhse] ATl &3 EEE Abgsiach
T AEx2 2BPo FoAH FEZ FoAF T Zu|elol wiA 2nte]e] FEo] M2 A
& ERo] FII¥sA M2 nhe BaglE= JelE HoFArh

2. AR AHE

Figure 1 & 2 ol MolXo] w2of Whe xtmanlae] £33 YAolA &
28] %ol HEIt wE4E ARMAPel Atk Yol YolME A TIE FS Bol
Zolitl ABEAUTY FRol F5E Helf FENTH AR MYl AYW e & 4
Q1gich.




Figure 1. Food consumption for male rats during 28 days of treatment.

Male rats in 12 weeks were treated with 0, 125, 250, and 500 mg/kg of
2-bromopropane for 28 days. 10 rats were assigned to each treatment group. Amount of
food consumed was measured twice per week,

Closed circles, Vehicle control: open triangles, 125 mg/kg of 2-BP: closed triangles,
250 mg/kg of 2-BP: and open squares, 500 mg/kg of 2-BP.
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Figure 2. Food consumption for female rats during 28 days of treatment.

Female rats in 12 weeks were treated with 0, 125, 250, and 500 mg/kg of
2-bromopropane for 28 days. 10 rats were assigned to each treatment group. Amount of
food consumed was measured twice per week.

Closed circles, Vehicle control: open triangles, 125 mg/kg of 2-BP. closed triangles,
250 mg/kg of 2-BP: and open squares, 500 mg/kg of 2-BP.
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% Figure 3 & 40l Ho|Xko] 28¢3te] Foj7|zhael 2BP T Qo] wlE FAFOE
A% (p<0.05) AFo] ATt AL AR ApTe) A EolMe AR AL
BARGR|RE, AtRan]FolA Zule} o] ApEAE|Fo] FEE AZTETl MF
7t B2 Ae & F U4l 22a 3L RE FAEEoM ASHY AFULE R
AR, AR M e AeEd F5= o FEAME A&KAY AFZ7HE B 5 g
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Figure 3. Body weight changes of male rats treated with 2-bromopropane,

Male rats in 12 weeks were treated with 0, 125, 250, and 500 mg/kg of
2-bromopropane for 28 days. 10 rats were assigned to each treatment group. Body wieght
was measured at the grouping and 2 times per week after initiation of experiment.

Open circles, Vehicle control: closed squares, 125 mg/kg of 2-BP: closed triangles,
250 mg/kg of 2-BP: and closed circles, 500 mg/kg of 2-BP.
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Figure 4. Body weight changes of female rats treated with 2-bromopropane.

Male rats in 12 weeks were treated with 0, 125, 250, and 500 mg/kg of
2-bromopropane for 28 days. 10 rats were assigned to each treatment group. Body wieght
was measured at the grouping and 2 times per week after initiation of experiment.

Open circles, Vehicle control: closed squares, 125 mg/kg of 2-BP: closed triangles,
250 mg/kg of 2-BP: and closed circles, 500 mg/kg of 2-BP.
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4. B$"

B3 Table Iof] Uehtgith. @ ZArlojd SAHOE 23 (p<0.05) A7]=
o HFE E 5 ot £FeME 28] Faold AP BTl W Arjzta
= € 7 At Ao AL HAE AERAdANLE 2.7% ($), 4.5% (), ZEToA
T 21.4% (7)), 23% ()] Ao} TeTolM: 36% (), 43% (2})2] 2u7
Att. o] FIIRAE AF 100 goll iyt FhRAS EEsiTels L0 Zargial geo)
3t (p<0.05, p<0.01) THE A7)Hr} F3sle] S TolMl 14-15%2] 749l TeTolA

19-30%2] ZB7I15FA ZAE & 4 T} (Table I11). thE AslojM = o3 EudpLs
FHE 71 QAch ole B4l MY 0% FHAVQE XSl AL & £ g
ol Foszo] utE 49 atrophy: Figure ol ME =& 3514 Lelyic},

2,

B>
i
e
N

ol

SRR AR £7 A HE FUANE BAHCE RO XF PAE B
T ATt (p<0.05) (Table I). Y FAls AxEA o 2718 e B 4 99
3, FEES AR ATeMe 24ay g B 4 gk ] RAE 2550 %%
AlZolM e 4" A& & 5 Addrt (p<0.05). £4l, =, v Ja3n Holx: Szt
728 e 8747 BHEA] YT} (Table I).

f3lol] AN E B, T, w, wlFolAN F3 AVREA WHsl wARR] oot
Z715A E

A3t ALEAHRL AlFe] HioA Btk ARy Aot §2l3t
HE7 BAHAAR, FeTdolds F3 AU RA Wyt BEE=R] ogtt} (Table 11).
HE3 FEY FAME {23t 224 (p<0.05)7F AS=d A% oA g oy
ole AF H4Tt AsEFol FHE Brl 43 o|fujEoleln AlRHLL. 7t AL t)
Z33 Hl2dt A Ao F FAZY (40.05)L BRAFAX T 1T AT
TolME 71T A& 2 4 ddr) (p<0.05). ¥ BAL s AL EAY¥oE &
A% ZaE BHAFAUr} (p<0.05) (Table II),

A|E 100g of i3t YofFAZ F7EAE T2 PUuls, P45 A3 Ay = B
A, A%, Hl, Azl 7 =159 AVoME gAges Zare] Zute AL B 4 9o
th ole UWAZ AF ZaAole XAAEY ZSHEE0] FZ NEULo] 43S Wol ut
i, F8B7IEY MEESE A oy FIZo] BASIE MESo] ol wiRe] 1A
W B wol A gdrtz AZHC} (Table 111 & 1V),




Table I.

Organ weight of male rats treated with 2-bromopropane for 28 days.

Control 125 mg/kg 250 mg/kg 500 mg/kg
(10) (10) (10) (10)
g 8 g g
Initial
body wt. 300.5 + 14.3 300.7 + 12.7 300.3 + 12.7 301.4 £ 13.2
Terminal
wt, 356.7 + 16.1 352.5 + 11.8 330.4 + 10.7 289.8 + 16.0
Adrenal R 0.053 + 0,014 0.045 + 0,005 0.053 £+ 0,005 0.054 + 0.011
Adrenal L 0.043 + 0.010 0.046 + 0.011 0.052 + 0.065 0.047 = 0.010
Testis R 1,716 + 0.115 1.639 + 0.113 1,325 + 0.152%% 1,096 + 0, 219%x
Testis L 1.693 + 0.054 1.647 + 0.110 1.330 + 0.151%% 0,960 = O, 275%*
Heart 1.182 + 0.113 1.258 + 0.402 1.176 + 0.066 0,997 + 0.093%*
Lung R 0.942 + 0.062 1.002 + 0.105 0.930 + 0.066 0.948 + 0.109
Lung L 0.506 + 0.039 0.516 + 0.046 0.506 + 0,016 0.528 + 0.090
Kidney R 1.250 + 0,105 1.305 + 0.074 1.210 + 0.084 1.013 £ 0.106%x
Kidney L 1.234 + 0,092 1.294 + 0.074 1.185 + 0.064 1.013 + 0.114%x
Spleen 0.729 + 0.061 0.728 + 0.017 0.672 + 0.081 0.734 + 0.143
Liver 10.04 + 0.534 10.19 + 0.550 9.513 + 0.658% 9.516 + 0.615%x
Brain 1.975 £ 0.088 1.974 + 0,113 1.906 + 0.089 1.921 + 0.103

% indicates p<0.05 versus control,
#% indicates p<0.01
() indicates number

versus control.

of males on study.



Table II. Organ weight of female rats treated with 2-bromopropane for 28 days.

Control 125 ng/kg 250 mg/kg 500 mg/kg
(10) (10) (10) (9)
g g g g
Initial
body wt. 200.5 + 7.2 202.8 + 6.4 202.0 £ 6.3 202.5 + 6.5
Terminal
wt. 226.3 + 12.2 214.1 + 6.6 217.2 + 4.6 202.1 + 9.8
Adrenal R 0.055 + 0,012 0.056 + 0.009 0.056 + 0.008 0.061 + 0.008
Adrenal . 0.054 £ 0.013 0.051 + 0.006 0.057 + 0.006 0.059 + 0.006
Ovary R 0.079 £ 0.014 0.071 + 0,008 0.070 + 0.008 0.070 + 0.013
Ovary R 0.075 + 0.020 0.069 + 0.013 0.077 + 0.013 0.071 + 0.022
Heart 0.891 + 0.066 0.831 + 0.752% 0.878 + 0.085 0.767 + 0,064
Lung R 0.773 + 0.066 0.749 + 0.061 0.829 + 0.065 0.831 + 0.101
Lung L 0.459 + 0.058 0.392 + 0.021 0.428 + 0.031 0.434 + 0.049
Kidney R 0.808 + 0.056 0.737 + 0.021%% 0.801 + 0.041 0.735 + 0.044x
Kidney L 0.783 + 0.030 0.721 + 0.033%% 0.812 + 0.067 0.736 + 0.053%x*
Spleen 0.611 + 0.056 0.521 + 0.024%% 0.569 + 0.051 0.640 + 0.063
Liver 7.108 + 0,358 6.767 + 0.344% 7.451 + 0.484 7.282 + 0.289%
Brain 1.863 + 0.095 1.808 + 0.041 1.767 + 0,095 1.744 z 0.053%

* indicates p<0.05 versus control.
% indicates p<0.05 versus control,
() indicates number of males on study.




Table III. Relative organ weight of male rats

Control 125 mg/kg 250 mg/kg 500 mg/kg
mg ng g mg

Adrenal R 14.8 + 4.0 128+ 1.6 16.1 + 1.7 18.4 + 3.6
Adrenal L 12.1 + 2.8 130+ 3.3 15,5+ 1.8% 16.3 + 3.5%
Testis L 465.6 + 65.0 465.6 + 38.4 401.3 + 49.0 378.6 + 74.0%
Testis R 475.5 + 30.7 467.9 + 36.7 402.9 + 49 3%x 329.8 + 88, §ux
Heart 334.5 £ 29.8 357.0+ 13.8% 355.8 + 18.3 344.2 + 27.6
Lung L 2640 + 157 284.6 + 34.3 281.3 + 16.6% 327.6 + 38, Tk
Lung R 141.9 + 10.9 146.4 + 12,1 153.2 + 5.7%x 181.2 + 27.8%x
Kidney L 350.4 + 24.3 371.1 + 21.2% 389.9 + 75.0 349.0 + 24,0
Kidney R 345.8 + 19.8 367.1 + 19.0% 359.0 + 23.0 349.0 + 26.1
Spleen 204.5 + 14,1 206.8 + 8.3 203.3 + 23.4 253.2 + 51.0%
Liver 2815.3 £101.2 2899.8 + 100.1 2877.3 +137.9%% 3159.7 + 127. 6%
Brain 554.1 + 25,5 560.3 + 34.2 576.7 :+ 42.1 664.1 + 42, 1%x

% indicates p<0.05 versus control,
% indicates p<0.01 versus control.



Table 1V, Relative organ weight of female rats

Control 125 mg/kg 250 mg/kg 500 mg/kg
ng mg mg mg

Adrenal R 23.9 + 6.3 23.8+ 3.0 26.4+ 2.6 30,4+ 3.7
Adrenal L 24.6 + 5.9 25,9+ 3.9 26.0 + 3.6 30.4 + 3.7
Ovary L 32.9: 9.4 32.1 + 6.2 35.4+ 6.0 34.8 + 10.7
Ovary R 34.8+ 7.0 32.8+ 3.8 32.3+ 3.4 4.4+ 6.2
Heart 392.9 + 23.2 386.6 + 37.5 405.7 + 39.4 410.8 + 44.7
Lung L 187.7 + 66,5 181.8+ 8.0 197.9 + 14.6 2149 + 24.8
Lung R 341.0 + 25,7 347.6 + 24.5 383.3 + 31.1 410.8 + 44.7
Kidney L 345.8 + 18.3 334.8 + 12.8 375.6 + 33.5 364.2 + 18.1
Kidney R 357.2 + 32.3 342.4 + 13.2 368.2 + 21.5 363.5 + 16.2
Spleen 269.6 + 21.0 241.9 + 11.6 266.2 + 24.7 316.3 + 20. 7%%
Liver 3134.9 + 62.9 3144.9 + 149.5 3455.1 £236.8%% 3609.5 + 217. Jix
Brain 822.5 + 45,8 814.4 + 354 817.2 + 50.4 864.2 + 42.6

% indicates p<0.
#*% indicates p<0.

05 versus control.
01 versus control.




5. Foyysietzt A HA

AEENZ & Fold FAHLE folsi YA HBTS HRIUEE, 3
nEIY s 74E B 4 AL, MV E1e) AR Aol wAY 4 Qgloin,
RDWS] ZHe £ROIME RSt 37} Hol AL, PAIMNE F7HE BAFH gairt
(Table V & VI). #2]% BZFUAT §52] ZLE AN & 4 UL, FRANE 99
Al QAT ZAARE B 4 AT (Tble V& V). H2JT HYUF 48] Zh2(p<0.05)
7} DeEA oM BAUNUL, FUU ALE AUToIN B 4 Agoln, Anpre} Oy
FAME 24" A& B 4 U0} (Talbe V). YRAME A BAHLE Fojox 4
gt 2BPS] Aelo] oJ% WHT4 P2 & 4 3ITh (Table VI).

gogsstAsol M= 2BPAEIE o ¢ FEOAM sxol ulE AST9} ALTS] /2%
(p<0.05) HEE & 4 UL, AP 2% Zr4 (p<0.05)% e ¢4 StENA H
A= gict (Table VII & VIII). R4 sl ¥Ze F71 (p<0.05)& BE w=A ] FElA
B 24 9lojr} (Talbe VII & VIII). BUNOJU} Creatinined] ZEAJ} [HE G, FHAHEY
o Ao E AR £ E FVEAE E 4 ATl (Table VIT & VIII),

V. Hematological data for male rats.

Control 125 mg/kg 250 mg/kg 500 mg/kg
WBC 9.73 + 2.14 8.57 + 1.51 7.79 + 2.02 539 + 1.92%
LYMP 8.43 + 1.27 7.38 + 1.11 6.62 + 1.04 488 + 1.70
MONO 0.83 + 0.68 0.67 + 0.39 0.65 + 0.65 0.27 + 0.18
GRAN 0.48 + 0,22 0.52 + 0.13 0.52 + 0.64 0.24 + 0.12%
RBC 7.83 + 2.45 10.00 + 3.80 8.32+ 1.84 6.04 + 2,03
HGB 17.43 + 6.58 19.11 + 4.66 17.36 + 3.36 12,11 + 3.20
HCT 42,89 + 12.97 54.15 + 20.20 45.31 + 10.46 34.06 + 9.46
MCV 54,91 + 1.00 54.29 + 0.95% 54.42 + 1.20 58.21 + 7.88
MCH 21.20 + 1.41 19.24 + 2,59 20.00 + 1.67 21.34+ 2.62
MCHC 38.49 + 2.18 35,42+ 4.46 36.73 + 3.87 36.97 + 3.92
RDW 17.40 + 3.11 18.89 + 3.74 18.11 + 3.76 20.94 + 4.37%x
PLT 995.6 + 311.4 1087.4 + 499.6 941.1 + 321.0 861.2 + 205.4
MPV 6.63 + 0.26 6.72 + 0.34 6.50 + 0.29 5.88 + 0.27
%LYM 87.88 + 6.05 86.51 + 3.34 86.84+ 9.31 91.06 + 2.68
%MONO 7.63 + 4.42 7.42 + 3.06 7.17 + 4.82 4,82+ 1.74
%GRAN 450+ 1.71 6.06 + 1,02 5,59 + 4,58 4,12 + 1.77

* indicates p<0.05.



VI. Hematology data for female rats,

Control 125 mg/kg 250 mg/kg 500 mg/kg
WBC 7.62 + 5.95 7.62 + 4.02 8.77 + 2.87 5.38 + 0.99
RBC 7.14 + 2.24 7.15 + 2.19 8.17 + 2.39 6.60 + 1.72
HGB 16.88 + 5.29 19.68 + 6.23 21.29 + 6.07 15.42 + 3.41
HCT 42,27 + 13.75 42,53 + 13.16 49.10 + 15.68 39.60 + 9.82
MCV 59.08 + 1.80 59.43 + 1.47 59,22+ 1.38 60.18 + 2.06
MCH 23.19 + 0.94 23.50 + 0.73 23.26 + 0.74x 23.56 + 0.60
MCHC 39.18+ 0.72 39.68+ 0.11 39.20x 0.70 39.20 + 0.57
RDW 21,78 + 1.58 19.52 + 3,70 19.35 + 3.14 21.60 + 1.90
PLT 996.5 + 322.8 778.20 + 310.5 1071.0 + 390.4 1144.4 + 237.2
MPV 6.43 + 0.23 6.53 + 0.25 6.27 + 0.31 5.86 + 0.21%
LYM 83.93+ 8.20 81.20x+ 7.46 83.35+ 4.78 86.66 + 3.97
MONO 7.89 + 4.84 9.32 + 3.58 8.28 + 2.92 7.04 £+ 1.99
GRAN 8.17 + 4.05 9.48 + 3.96 8.36 + 3.02 6.30 + 2.50
LYMP 6.07 + 4.05 5,98 + 2.66 7.23 + 2.11 4,66 + 0.78
MONOQ 0.74 + 0.87 0.82 + 0.69 0.79 + 0.50 0.38 + 0.15
GRAN 0.81 + 1.14 0.82 + 0.69 0.76 + 0.46 0.3 + 0.15

% indicates p<0. 05.

WBC, white blood cell count (10°/mm®); LYMP, lymphocyte count (10°/mm’);
MONO, monocyte count (10°/mm®); GRAN, granulocyte count (10°/mm’):

RBC, red blood cell count (10%/mm’);HGB, hemoglobin (g/dl);
HCT, hematocrit (%)

MCV mean corpuscular volume (1%);

MCH, mean corpuscular hemoglobin (pg): MCHC, mean corpuscular hemoglobin

concentration (%): RDW, red cell volume distribution width (%):
PLT, platelet count (103/u3); MPV, mean platelet volume (uaﬁ
%YM, % of lymphocyte; #MONO, % of monocyte: %GRAN, % of granulocyte,




VII. Blood chemistry data for male rats

Control 125 mg/kg 250 mg/kg 500 mg/kg
AST 130.2 + 21.2 104.5 9.9%x 101.9 + 10.7%% 106.5 + 18 7%
ALT 36.0 + 3.1 35.2+ 5.8 33.3+ 4.4 33.0+ 17.7
ALP 90.6 + 19.5 8.7 + 12.2 77.5 + 16.0 48.0 + 11, I%%
Prot 51+ 0.2 51+ 0.2 51+ 0.5 4.9+ 0.3%
Gluc 101.1 + 10.0 114.9 = 11.1% 116.9 + 18.3% 104.2 + 9.7
BUN 145+ 2.6 12.4 + 0.5% 11.4 + 0.9xx 11.8 + 1, 2%x
CREA 0.41+ 005 0.33: 002« 0.37+ 0.04 0.39:+ 0.05
CHOL 22.0+ 3.9 21.8+ 3.0 21,2+ 3.6 29.3 + 4. 1%x
TBIL 0.05+ 001 005z 0.01 0.07+ 0.02 0.05: 0.01

AST, aspartate aminotransferase (u/1):; ALT, alanine aminotransferase (u/1);
ALP, alkaline phosphatase (u/l): Prot, protein (mg/dl): Gluc, glucose (mg/dl);
BUN, urea nitrogen in blood (mg/dl): CREA, creatinine (mg/dl):

CHOL, cholesterol (mmol/1): TBIL, total bilirubin (mg/dl).

VIII. Blood chemistry data for female rats,

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

AST 104.8 + 18.0 106.5 + 31.4 85.9+ 16.7* 99.3 + 19.9
ALT 36.5+ 11.2 35.6 + 22.1 26.9 £+ 9.8k 21,9 + 3. 2%x
ALP 40.1 + 13.6 45.6 + 12.5 42,1 + 15.5 26.6 + 12.6%
Prot 6.0+ 0.3 59+ 0.2 6.0+ 0.4 55+ 0. 2%x%
Gluc 99.8 + 10.0 116.3 + 18.8%x 122.6 + 6.9%x 118.0 + 15.5%x*
BUN 15.6 + 2.2 15.7 + 1.4 12.8 + 1.0« 13.3: 1.9
CREA 0.45+ 0.05 0.43: 0.05 0.40 £+ 0.02% 0.38 + 0.02%x
CHOL 36.3+ 3.2 36.4+ 6.2 36.8+ 8.4 27.3 + 6,9%x
TBIL 0.05+ 0.02 004z 001 0.05+ 003 005+ 0.01




6. ZolA2 Tt dHE T g

2-BPojl Fojo] mhE APl Aol Uiy dyg 2AIs] 9 TSAEE Uty
ZA7Astoich.  2-BPAglo] ¥ TfAMEe ¥} & HHF4S £ polycromatic
erythrocyte (PCE)& A48}y number of PCE/number of RBCE U}ERJQIT}. Table IXojA
Holx uie} o] 2-BPY Foj= HA HYIY il HYT (PCE: polychromatic
erythroyte)?] Hl-&o] Fo] sxof W2 foX & 74 (p<0.05)F ¢, 4 FEoM B
F3 3ith o= 2-BPY] Fo7} Zolde] HET Aol d¥o] AU T FHol
2tal B ZbHct

Table IX. Effect of 2-bromopropane on formation of polychromatic
erythrocytes in bone marrow.

Treatment control 125 mg/kg 250 mg/kg 500 mg/kg

% % % %
Male 39.4 + 8.5 30.6 £ 5.7%x 25,1 + 3.2%x 22.4 + 3, 2%x
Female 36.0 + 6.0 27.6 £+ 5.5% 24,5 1 3.1%x 22,3 + 5, 5%x

* indicates p<0.05 versus control,

%% indicates p<0.01 versus control.

Figire 5 ol Hol& ulet o] H=o] mME F3q F49 atrophyst TUFH AT,
Bolq SN £AS AT gk, |




Figure 5. Atrophy of testes.
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TEE LeEAeEe FAoAHE patch type® severly depleted seminiferous
tubule® spermatogonia®} spermatocytes?] necrosis& & 4 9193 (Figure 6 A, B, C &
D), seminiferous tubuleo|A:= sertoli AE7} £3 dolgigdom o] sertoliA| T L
extensive¥t cytoplasmic vacuolization& HoF3 glglit} (Figure 7 B arrows). b R:1 v
interstitial tissueol A= Leydigal]xe] hyperplasia® & 4 9lt} (Figure 7 A & B,
arrow heads). Epididymisollq& caputfEoja = epididymal epithelium®] vacuolizationo]
BEF S (Figure B, arrows) tjza} H| 32 8}o] wk& sloughed epithelial cells} sperm
aggregates®} occasional inflammatory cell & & 4 gl (Figure 8 B, arrow heads).

22 ¥ pituitary 5] 2A® He|zAAd AAE stgou} =y /g g
2 44& 4Asx] Bsidch




Figure 6. Histopathology of Testes treated with 2-bromopropane,

Male rats in 12 weeks were treated with 125, 250, and 500 mg/kg of 2-BP for 28 days.
The animals were sacrificed, and testes were removed and processed for
histopathology.

A, Vehicle control, B. 125 mg/kg of 2-BP. Showing normal looking seminererous tubules,
C. 250 mg/kg of 2BP. Tubular atrophy with depletion of germs. D. 500 mg/kg of 2-BP for
28 days. Typical pathch appearance of severely depleted atrophic tubules. Note
atrophic semineferous tubues in C & D compared to A. Apparent increases in
interstitial Leydig cells can be seen. 100x objective.




Figure 7. Depleted semineferous tubules with interstitial Leydig cell hyperplasia.

A. Vehicle control. Normal tubules with helathy looking germ cells, B, 500 mg/kg of
2-BP. Severly depleted tubules with only Sertoli cells (arrows). Note extensive
vacuolization of sertoli cells. Interstitial Leydig cell hyperplasia also can be seen

(arrow heads). 400x objective.




Figure 8. Histopathology of Epididymis.

A. Vehicle control. Normal Cauda Epididymis with normal looking spermatids.
B. 500 mg/kg of 2-BP. Vaculoization of epididymal epithelial cells (arrows) with many
cells of spermatids aggregates (arrow heads). 200x objective.
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T 7ol 28U3He] Fojof 3} 2-bromopropaneo] AAEF3 ¥ ol i
Fgrhs A& HojF 3 Ut} 2-bromopropane?] 43 TIE AslRri= A7 e} z2¥ 7|
71 g1 %S T o2 AL ok AVRAL HeHLALE ¢ £ gy,
71 FAL S 100g0] MFoz &3} slgdeul, AV Y] BAJ o E st
718 wol 4" e s, = Helda 47e] YolME 2-bromopropanes] H3ES
= 7] FoME A7 7H A g aAc s FAEe Boishs FUMEe] A
g Ho{Fa 9lorth I 2-BPY B4 TIE 2] & 74, ZEEL AUld= Algk o
¥ 74 gtz A7 Hoh I3 914X P (satellite group)olld 2-bromopropane
4F Tt F, R E FXt ¢ 1 7] HBIDS FAAT FAL AL Ry
AL BA&E BHojF3 gt 2-bromopropaned] 42 ¢ w3 BAE HojFo] 1T
7} Ae= Kot €3 A3 549 FE HojFa gldrl. 223 2-bromopropanesy )3t
48] Pel3a 4L 2-bromopropaneo] F2H WA ZE2xte] A4 biopsy?] =z e}
2l 282 AL FARY £238& BF3 rl. G221 209 eegd A AL atrophic
seminiferous tubules with aspermatogenesis, thickened basememnt membrane, Leydig cell
hyperplasia ¢ £7A& HojFa e, HdUFEAMET olg} 213 Heldty 448 &
oS3 gt} (Personal communication).

0.

4 dlo

AANEEES AT AP ez g AHo] AAFL o], I2F £HY EUAH
AL AR Foll slolde Fxte] Aol 90% o] ztasitials Ualel] mx& o 3rgl
tm, AAte] 5744 Al AETto] A% FEI A5 Ax;|e s B AV A|¥s)
e Ay Mol glem W FAHo| ofy] Hrin R udrt (Amman, 1981:
Meishtrich, 1982, 1989: Robaire et al., 1984). ZejA WA HA5Ae] 713 A8
t SEAEeRE AAY 2R 13, Zof 5o Q@go] o]Fe] Am, HEs}e] g
3 Axto] Jhssichd zA et whgo] M3 YUt S4AEes 23s1 Qr}
(Chapin, 1995: Russell et al., 1990; Takahashi & Matsui: 1993: Zenick & Clegg, 1989).
2] 3 ollo] tiRt b HAg AP S0 AN elzle] FaiE wE A
Aol tiyt AP wAETL oA, w9 Edo] Uizt dFo] Leh}s] sistdME
mating 3713 FHolx 4F7e] ANel§ URE 3l RIE 1Yt} (Takayama et al.,
1995). ol AFAIe} el 2F UREPANEY Bl sl 477 NEFARY

AEE Wsedch

Xoo
f

Atte] A ZEA AN & 5 dd FUBFoIU ¥F FSHU LHY BEF7} 8L
ol Aol BAFA dglth ol AR I BHAPLEE oMY dFmYo)
AYystx] Ydstedl ole AHFTEE A8 SD rate] A FI|7F 492 A (Cooper et al.,
1993) EE FEY BAFIE A3 317] YER, olF TEY ZZY FJo wel Z2E
(FSH, LH, prolactin)®] ¥3&x=7} T2 E ratd] Ffo] ot 2 ol A
o2t Z2Ee F=7F €ehd 5 9l7] wEel oHel AFTIAIoAME T 2B 3
2 A¥EA] Rtk aEla AHFEY dat AV FAZ s B RAE G u}
T atrophyE THY  §ith Ui P 2P AAE BSAAT, v4aY =




A2 A L] YA 3z F follicled] AL WAlst gl 7] (intrinsic)o]o]A
ZTEE AFE YQEFA] o7 ufBo] AL Yt folliclesE AAAQ follicularE
B I5o 2 S e U=, &) corpus leutead] ExIE FAHQ WAV w2
OlTIL AMSIAME ol Hltel, olt FBo| BAZNE BAHE, upxn F7]o] B
® corpus leuteatr 1A we| Eslx] odx 3t AU FehE 237 wiEe ol &
2} E corpus leutea®] Z7|9} wx}o] 4 MW 2P| AW Wike] ujE =
AAH wlae o 5 olfE zAPe|etzy w¥o]l oY:, gt ovarian
interstitial glands®] e 7} P A Aghe] ©&S Fria T}l (Yuan, 1991). & A
Al LYY ¥ JHH oy ME Habgog dao] FHE MRl vacuolation—2
HojF27t, atrophic oMy st HAH e 7AHA 9382 Y /1A M2
7t °“‘V‘"°‘]*‘I dze]der dAEE AEYY YelE BHgFa 9,111}5’- ﬂt} (Yuan,
1991). it 2d7Y ZAYHHA FHoAEs o) Hato] wWAE=A] okttt
secondary follicleZ} Graafian follicle?] zona granulosa®} theca interna®] BH¥3 7
Al®} follicular antrum®] lining?] FZFZI Fel& UAY 4 9dcrl (Figure not
shown). ol ¥e el d F24L ot & d3A YA Yol ol IS E4 4
& T3 A7) FHeojof & Rojrt.

2-bromopropane?] ¥ TIE EAHOZME I 475 AFE & £+ r}l. 2-bromopropane
o gL U2 ZEAEAAM ITFVIeANE & 4+ dded, £ d7FAI}AME
2-bromopropaneo]] 2]3t anemiaE FWIEE leukopeniad ¥ 4= 2lgltt.  o]H anemia:= 'Al“lﬁ
2] &A0] tJrF Bt} Z713t normocyticol A macrocyticO @ WESH= A¥YZ RHoln
dEd, ol MELRYEC Qe AEXEE LI Ue BAPIAAML, AMBEFA ‘ﬂg
(aplastic anemia) #A}oAlA WZAE= macrocytic anemia®} -F-A}3F @Ato|m, P &
AHAEXT rv}okdle anisocytic ¥t ZF3E Holx Qlgirt. AlAME 2-bromopropaned] = EF o]
aplastic anemiaZtil YA E = TEAIAMET o]et vyt WIHY FA4HE& Holil glth
E ZEXJJAAME pancytopenia®t T & FAAHECTE &2 MCV 313t RDW & RAF3
gk E tlEFEILE (% of PCE)Y] ZFRof QojMx, s=of w}E F31% % of PCEY
L8 & °'°“3} ol TIEAE Lol AT AE AN ITARLY FAFE] 539
tho] ® 4 gt AFZ43 (Schmld 1975; Jellema & Schardein, 1975, x2JF 1986) &
wtEH 2-Bromopropaneo] ¥ IrolAe] AP AP} AAY FIFTE AIHE U
Ehle E e A Eehl & ;l?'lt}. 3|3 % of PCEx 14¢ WHESAIE Aol = Vel
ol 983 HApds IT716AE £ ¢ g9, % of PCEE wXol uE §94

AUE (p<0.05) WEE & + =

-|> i 32 o

32
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h

2-bromopropane ¥-52] Z-¢ ABASF9 ofef= DBCPollA RHoAFAW 3t AL vlx
3 PelE HoEria AZETh DBCPY Z- A 442 2d3Y 2P|
A7 A dHls¥ YA Ho{FT 9len (Saegusa, et al., 1982: Saegusa, 1989),
DBCP £8 2 E=}4] follow up studyoﬂ WEWH, DBCP EZ222AE = ZZF 17d0] X
i o] FolE 2 FSHE LHY 55& RoFa glon, dFE &S sl AUE PAarstd
3 o]&5e] APYAME ofFH &]7]#‘*401 AR R] ¢)oit] (Potashnik and Porath, 1995).
o]+= 2-bromopropane?] FolT FEH ZTEAAAN £ H & 5 4L [2E

E



FTLLFo= W2 ZEAAN B4l HEESS 2 4 tis ot DBCPY ZEA
o] ool gloj Azke] BEARY ntogws  whzte] (A|EEA Haj¥F 3-7¢) A
S7do] doltolL} (Saegusa, 1982: 1986), 2-BPY] AL: 2y W ko] EAS 43 =
F RAAEEE B 57 Atk ole 2ERAtEo| AABAA U] &S HE| 2BPo]
71 H2Egleelehs g ¢Sl ot dEo) Bast AY e ALl ofF =
Y BNFES LAA Relgrie A 94 o]d ol HHE ARSI Qo aEm &
TR E2Y T2 AAVs HBo] sis¥ FHolw, 2-BPYt EHFoME SAEAo]
g0l BE AP BARA] 7|¥ote] &4ate] HIT st o yoalaln oAtEC),

2 drolMe FEZZE AA F2 %A FYol ohel BARAZ AL Wty
Tt HEF 20| Aolof mE HPAY ol 9ozl odEL, BAHS HALoH:
AA ZEAPIAA Uehd A7l S4Ude AAsHe 2o EYFAREE 353 3
BE Y AAUE ST wof BRFAR o] o SHAPAM 24U A= FY
S8AIge] Wesitta Az, 23] HERFAE AA Urhue A% Adside
B2 28Po] A7 AN FE3} F47)% AsHs =29 7 givin AgHLh ©er] Ha
o A7 Sl W A E o] 8 6F FUSE AEY AME o] § S|
T AHUE F2ZY T2 @AY 2B atrophyst BHE Y]

50,000-60, 000372 2etE o] BAF o2 A1LE I glon, 6007) FEe] 22 3}
stEdo] sfinfrt AE3 53 gk gaksks 19204 %9 109 m&TolA 19454 200 1}
<E, 19600l 7509 I2=, 1980 ol 20009 HEZof w@yttia o} (Lave and
Ennever, 1990). ol& EE 3ol druht W Edo] FASHS Susts Eddx: 2 ¢
B2 A] Q5L glr}.  Table X oA Hol& uiel o] ZAATA] EstA AHEHE wWe 23
Eol BA54z Tl e Zos A gt 2o IABA ARHT = Y
A EY BHEEL 52T BEAYEY 43 REos & dA A 942 HAMeh. o
gt 7)ol felEolA 7H A ItA] A 1Fo R J|@o|BE wle o] MAEA
= fUsteletn AZEch OECDAlME HEA Frlo] HAAAAAGolEl &3 (MPD:
Minimum Premarketing Set of Data)2] Z R A} (C(82)196)oll = Al F33}E2 o] §EE 7 A
of Az} FA izt APEIIL £38E + AU=F 25 Ao tit 223 FRE 9]
3l S8R E, EdHo] dlold, MelEA dole, FASAuolE, 14-28 U7k wiE
SEABE BI=Fst vk 53] o7]Y wtEEGAP] ool Ate] ZExjolA o
T MAe dFE VT Ha doly fFAldtolela ALEFHTE CECDAM L= 7|23}

A AAAL ZAE HME $Acy AADREY MYe LT =23 BUW M
£2E AR =2 duidrtie] tidt =& Vo] ojy =23, d¥go] TN
A AT AN tfyt Gz} FAo e J3¢e 2 =Fst Qv AtdHR A Yo
= AlFEIEA L RAPBRAY (A 402)7 BAIEo] gix|gt, J|&HetEA Y] {4z}
FAIF olA] ofrh AFEINEAL RAPUAAE L AR Aol Hol AGEe] WAl
tigt o] JIENIEARTRE 3L 4 olvta AZET}.  2-bromopropaneql 7] &3}stE A
A& LY of, APAARAHOE o8 JEIIEAL EFo 23 Z2A} ARS
B3L7] flstel A olo] tidt A3 chdo] W sirtn E}




X. Environmental chemical exposure associated with reproductive function

Males

Females

Carbon disulfide

Chlordecone (Kepone)
Chloroprene
Dibromochloropropane
Ethylene dibromide
Ethylene oxide
Ethanol consumption
Glycol ehters
Hexane

Inorganic lead
(smelter emmissions)
Organic lead
Pesticides

(occupational exposure)

Vinyl chloride

Anesthetic gases
(operating room personnel )
Aniline

Benzene

Carbon disulfide
Chloroprene

Ethanol consumption
Ethylene oxide
Glycol ethers
Formaldehyde
Inorganic lead
(smelter emmissions)
Organic lead

Methyl mercury

Pesticides
(occupational exposure)
Phthalic acid esters (PAEs)

Polychlorinated biphenyls (PCBs)

Styrene

Tobacco smoking
Toluene

Vinyl chloride

C. D. Klassen, Cassarett & Doull’s Toxicology, 1996.
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LG HARE (F)ollA LA™ ZE2 szl 2d¥7] g FHshy] H3)
AtzAL A BAEE fd AMELE I Solvent 52009] F4E<l 2-bromopropane?)
S’d A8 & Sprague Dawley ratE o]&3}o] 285 ¢t B E3t WIBEAEN YL 43
stoitt. 2-bromopropane?] 28U 7te] Foj:= £:312] HA 9] atrophy®} MR atrophy} A
2PBgel Zolg 7Ae A& UHAY 4 ddrh. 2e8lal 2-bromopropaned Z¥ ol 3}
& 7|3 leukopenia®} H¥T2] anisocytosis, normocyticollA macrocytic H$|ojx]2]
anemia, 12|31 F2] JPF o] thgt FolE st} o] 2-bromopropaneo] 2]t
28 7] ol aplastic anemia®} -FARRY FAHE HojFgrt. 22y} 2-bromopropaned] 23}
AM e A7} ZEIE AHAT TE Ao E T3 54 B3z gt
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EAE, 1986, WA 9 EF o] i ZHAR nlXe 4%, RAY Ay =2
2 I

Solvent #5200 Z¥-&7He] HEol Qloln FHAATHAHAIY, 1995, YT tATA
NEREER )

Solvent #5200 EL-8THe] AR WetFS ol 8% HABAUIAY, 1995, VI L
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Solvent #5200 Z-Euhe] CHOKI MEE o] g3 @A o] 4hAl%, 1995, L speted P
QA AT AE
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Objectives To clarify the mass intoxication of workers at an electronic company in
Korea, the possible causative chemical for reproductive toxicity, 2-bromopropane
(2BP), has been investigated.

Methods 2BP was tested through 28 days of repeated dose

experiments in male Sprague Dawley rats. 10 rats were assigned to each treatment
group, Vehicle control olive o0il, 125 mg, 250 mg, and 500 mg/kg body weight of 2BP
were injected into intraperitoneum for 28 days.

Results Male rats showed significant decreases in body weight depending on the doses
of 2BP. Right and left testes showed typical weight losses depending on the dose of
2BP. The number of red blood cells, hemoglobin, and hematocrit showed some degree of
decline in the high dose. The amount of hemoglobin decreased significantly in the high
dose (p<0.05), The mean platelet volume decreased significantly in the high dose
(p<0.05). The number of white blood cells significantly (p<0.05) decreased in the high
dose treated rats. The number of lymphocytes decreased significantly (p<0.05) in the
high dose, while the number of granulocytes and monocytes had a tendency to decrease
depending on the dose of 2BP. Histopathology of the testes treated with the middle and
the high dose of 2BP showed a typical patch appearance with severely depleted atrophic
tubules, exhibiting germ cell necrosis of spermatogonia and spermatocytes in the
seminiferous tubules. Leydig cell hyperplasia or hypertrophy in the interstitial
tissue was also noticeable, The epididymis showed some degree of atrophy with
vacuolization of the epididymal epithelium,

Conclusions The testes are the main target organs tested for 2BP toxicity. 2BP also
affected the hematopoietic system, thus inducing leukopenia, and normocytic anemia.
Besides the reproductive organs and the hematopoietic system, no significant toxicity
was found in other organs,




I. Introduction

A recent case series study on the mass intoxication of workers at an electronic
factory in Korea indicated that 2-bromoproane (2BP; isopropyl bromide) was the
possible causative chemical for reproductive and hematopoietic toxicity (1-3). The
case report indicated that 17 of 25 female workers showed ovarian dysfunction
accompanied by amenorrhea and severe anemia, and 6 of 8 male workers had oligospermia
or azoospermia (1). One worker with azoospermia also had pancytopenia (1). The
duration of 2BP exposure in the workers varied from 4 months to 16 months with an
average duration of 10 months of exposure (1-2). The reproductive and general toxicity
of 2BP has never been documented well.

2BP has been used in operating tact switch manufacturing in the electronic
company as a substitute for Freon 113 (trichlorotrifluoroethane). These workers were
known to be exposed to a cleaning solution which was a mixture (1:180) of a commercial
product SPG-6AR and Solvent 5200. SPG-6AR was composed of mainly 2BP (60.7x%), heptane
(33%), and 1.1 .1-trichloroethane (1.55%), and other chemicals such as
1,2-dibromopropane, nitromethane were detected at a level less than 1%. The main
component of Solvent 5200 was 2BP (99.1%), and it also contained 1.2-dibromopropane
(0.2%x) (2). In addition, this chemical has been used as a substitution for
trichloroethylene to extract content from asphalt mixture, described in the pavement
test method (4). MSDS on 2BP describes 2BP as a rather safe chemical with 4837 mg/Kg
of LD50 and 36 g/m3 of LC50 (5). In our recent study, LC50 of 2BP was 31,171 ppm in
ICR mice (2). Mutagenesis of 2BP has been investigated by using the Ames test, a
chromosomal aberration test and a micronucleus test. Although 2BP was tested positive
in the Ames test, the results proved negative for both the micronucleus test using
experimental animals and the chromosomal aberration test using in vitro cultured
Chinese hamster lung cells (3). Two laboratories conducted acute oral toxicity tests
and found the lethal dose of 2BP to be lower than 2000 mg/Kg, but no reproductive
toxicity was found (6-8).

In this report, we describe our recent findings on the reproductive toxicity as
well as other toxicities of 2BP in a 28-day repeated dose experiment in rats,




II. Materials and methods

Test chemicals: 2BP was purchased from Tokyo Kasei Co. Ltd, (Japan). The chemical
purity tested by mass spectrophotometrical analysis was essentially 99%. The gas
chromatographical (GC/FID) analysis did not detect any extraneous peaks. No
decomposition of the compound was noted during storage. 2BP was mixed with vehicle
olive o0il (Sigma, USA) and injected into intraperitonea of rats. Animals: 10-week old
male specific pathogen—free Sprague Dawley rats were purchased from the Daehan Animal
Center (Korea). The animals were acclimatized for two weeks before initiation of the
experiment. Animal chamber temperature and relative humidity were regulated within
limits of 23 + 20 C and 55 + 7%, respectively in a safety clean rack (MJ-721 CS(P),
Myung-Jin, Korea). The rats were maintained in a 12 hour light/dark cycle. Purina
rodent chow (Korea) and filtered water were offered ad libitum. Sets of 3-4 rats
divided into polycarbonate cages. 10 rats of each set were blocked by body weight
and randomly assigned to 1 of 4 groups (10/sex/group) 7 days prior to the initiation
of the experiment. The dose levels were 0 (control), 125 (low dose), 250 (middle
dose), and 500 mg/Kg body weight (high dose). 2BP dissolved in vehicle olive o0il was
injected into intraperitoneum 6 times per week for 4 weeks. On the day of grouping,
mean body weight was approximately 300 g for each male group. Animals were examined
daily during weeKdays for evidence of any treatment related effects including
respiratory, dermal, behavioral, nasal, or genitourinary changes suggestive of
irritancy. Food consumption was measured every 3 day during the 28 days of treatment.
Body weights were evaluated at the time of purchase, grouping, and twice a week after
initiation of the experiment, and before necropsy.

Biochemistry and Hematology: Animals were nearly 16 weeks old when necropsies were
processed. The animals were fasted one day before necropsy. On the last study day, the
animals were briefly anesthetized with ether, and blood was collected from the
abdominal aorta. The blood was then analyzed for aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase (ALP), glucose, urea nitrogen in
blood (BUN), total protein, cholesterol creatinine, and total bilirubin concentration.
The blood was further analyzed for red blood cell counts (RBC), white blood cell
counts (WBC), hemoglobin concentration (HGB), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), differential smear evaluation, and
platelet counts.

Pathology and organ weight: After the collection of blood, the rats were sacrificed
by cervical dislocation. The adrenals, ovaries, testes, heart, lungs, Kidneys, spleen,
liver and brain were removed and weighed, and fixed in a 10x formalin solution
containing neutral phosphate buffered saline. Aside from liver, Kidney and
reproductive organs, the other organs showing significant weight changes were embedded
in paraffin, stained with hematoxylin and eosin, and examined by light microscopy.




Statistical analysis: Two-way ANOVA and Duncan’s multiple range test were used to
compare the body weight, the organ weight, and blood biochemistry and hematology
values of the control with the other three groups.




III. Results

Animal observation
2BP treated animals fell into a dizzy state showing that two rats were looking

at each other and became lethargic after 15 minutes of the treatment.
Body weight development

The rats treated with 2BP showed significant decreases (p<0.05) in body weight
depending on the dose of 2BP during the 28 days of the experiment (Figure 1). The low
dose treatment showed similar body weight development as seen in the control, while
the middle and high doses of 2BP treatment resulted in a significant decline in body
weight significantly (p<0.05).




Figure 1. Body weight changes of male rats during 28 days of
2BP treatment.

Male rats were treated with 0, 125, 250, and 500 mg/kg of 2BP for 28 days. 10
male rats were assigned to each treatment group. Body weight was measured at the time
of grouping and twice per week after the initiation of the experiment. * indicates
p<0. 05 versus control.
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Terminal organ weight

The terminal organ weights are summarized in Table 1.

showed typical weight losses depending on the dose of 2BP.

significant organ weight loss.

Table 1. Relative organ weights of male rats treated with

2-bromopropane for 28 days.

Several organs showed a
statistically significant (p<0.05) weight loss. In male rats, right and left testes
The dose dependent weight
loss in testes is evident when the testes weight is normalized by 100 g of body weight
(Table 1). The relative weight losses in testes were 14-15% for the middle dose and
19-30% for the high dose (p<0.05). Besides the testes, no other organs showed any

Control 125mg 250 mg 500 mg

(10) (10) (10) (10)

g g g g
Initial
body wt. 300.5 + 14,3 300.7 + 12.7 300.3 + 12.7 301.4 + 13.2
Terminal
body wt. 356.7 + 16,1 352.5 + 11.8 330.4 + 10.7x 289.8 + 16.0%

mg mg mg mg
Adrenal R 14.8+ 4.0 12.8 + 1.6 16.1 + 1.7x 18.4 + 3.6%
Adrenal L 12,1 + 2.8 13.0 + 3.3 155 + 1.8« 16.3 + 3.5%
Testis R 465.6 + 65.0 465.6 + 38.4 401.3 + 49.0x 378.6 + 74.0%
Testis L 475.5 + 30.7 467.9 + 36.7 402.9 + 49.3x 329.8 :+ 88.8%
Heart 334.5 + 29.8 357.0 + 13.8% 355.8 + 18.3x 344.2 + 27.6
Lung R 264.0 + 15,7 284.6 + 34.3 281.3 + 16.6 327.6 + 38.7%
Lung L 141.9 + 10.9 146.4 + 12,1 153.2 + 5.7 181.2 t 27.8%
Kidney R 350.4 + 24,3 3711 + 21.,2%* 389.9 + 750 349.0 + 24.0
Kidney L 345.8 + 19.8 367.1 + 19.0 359.0 + 23.0 349.0 + 26.1
Spleen 2045+ 14,1 2068+ 83 203.3 +23.4 2532+ 51.0%
Liver 2815.3 +101.2 2899.8 +100.1 2877.3 #137.9 3159.7 +127.6%
Brain 554.1 + 25.5 560.3 + 34,2 576.7 + 42.1 664.1 + 42. 1%

* indicates p<0.05 versus control.

() indicates number of male rats on study.

Organ weight was normalized to 100 g of body weight.

Blood chemistry and hematological examination

The number of RBC, and hematocrit (HCT) showed some degree of decline in the high
dose treated rats, though not a significant level (Table 2). RDW increased in male
rats in the high dose, though not a significant level (Table 2). The hemoglobin {(HGB)




and mean platelet vclume (MPV) significantly decreased in the high dose group (p<0.05)
(Table 2). The number of white blood cells (WBC) significantly decreased in the high
dose group (p<0.05) (Table 2). The number of granulocytes and monocytes had a tendency
to decrease depending on the dose of 2BP. This tendency was more apparent in the
analysis of lymphocyte numbers (p<0.05) (Table 2).

Table 2. Hematology data for male rats

Control 125 mg 250 mg 500 mg
WBC 9.73 + 2.14 8.57 + 1.51 7.7 + 2.02 5.39 + 1,92x
Lymph 8.43 + 1.27 7.38 +1.11 6.62 + 1.04 4,88 + 1.70%
Mono 0.83 + 0.68 0.67 + 0.39 0.65 + 0.65 0.27 + 0.18
Gran 0.48 + 0.22 0.52 + 0.13 0.52 + 0.64 0.24 £ 0.12
RBC 7.83 £ 2.45 10.00 + 3.80 8.32 + 1.84 6.04 + 2.03
HGB 17.43 + 6.58 19,11 + 466 17.36 + 3.36 12,11 + 3.20%
HCT 42.89 + 12.97 54,15 + 20.20 45.31 + 10.46 34.06 + 9.46
MCV 54.91 + 1.00 54.290 + 0,95 54.42 + 1.20 58.21 + 7.88
MCH 21.20 + 1.41 19.24 + 259 20.00 + 1.67 21.34 + 2,62
MCHC 38.49 + 2,18 35.42 + 4,46 36.73 + 3.87 36.97 + 3.92
RDW 17.40 + 3.11 18.89 + 3,74 18.11 + 3.76 20.94 + 4.37
PLT 995.6 + 311.4 1087.4 + 499.6 941.1 + 321.0 861.2 + 205.4
MPV 6.63 + 0.26 6.72 + 0.34 6.50 + 0.29 5.88 + 0.27*
%LYM 87.88 + 6.05 86.51 + 3.34 86.84 + 9.31 91.06 + 2,68
%MONO 7.63 + 4.42 7.42 + 3.06 7.17 + 4.82 4.8 +1.74
%GRAN 450 +1.71 6.06 + 1.02 5.99 + 4,58 4.12 + 1. 77

* indicates p<0.05 versus control.

WBC, white blood cell count (103/mm3); Lymph, lymphocyte count
(103/mm3); Mono, monocyte count (103/mm3): Gran, granulocyte count
(103/mm3); RBC, red blood cell count (106/mm3), hemoglobin (g/dl):
HCT, hematocrit (%); MCV, mean corpuscular volume (x3); MCH, mean
corpuscular hemoglobin (pg): MCHC, mean corpuscular hemoglobin
concentration (%):; RDW, red cell volume distribution width (u3):
%LYM, % of lymphocyte: %MONO, % of monocyte: %GRAN, % of granulocyte.

The blood chemical analysis of 2BP treated experimental animals did not show any
significant increase in AST, ALT, and ALP values in a dose dependent manner (Table 3).
In addition, any significant increases in urea nitrogen in blood (BUN) and creatinine
(CREA) were not detected (Table 3). Increases in blood glucose (GLUC) was noticed in
low and middle dose treated rats (p<0.05) (Table 3). Interestingly, the level of
cholesterol (CHOL) increased in the high dose group (Table 3).




Table 3. Blood chemistry data of male rats

Control 125 mg 250 mg 500 mg

AST 130.2 + 21.2 104.5+ 9.9%x 101.9 + 10.7* 106.5 t 18.7%
ALT 36.0+ 3.1 35.2 + 5. 33.3+ 4.4 33.0 + 17.7
ALP 90.6 + 19.5 85.7 + 12.2 77.5 + 16.0 48.0 + 11.1x
PROT 51z 0.2 51z 0.2 5.1+ 0.5 49+ 0.3
GLUC 101.1 + 10.0 114.9 + 11.1* 1169 + 18.3x 104.2 + 9.7
BUN 145+ 2.6 124+ 0.5« 11,4+ 0.9 118+ 1.2¢
CREA 0.41+ 005 0.33+ 002 037+ 004 039+ 0.05
CHOL 22.0+ 3.9 21.8+ 3.0 21.2 + 3.6 29.3 + 4.1x
TBIL 0.05: 001 005+ 001 0.07+002¢ 005z 0.01

* indicates p<0.05 versus control.

AST, aspartate aminotransferase (u/l): ALT, alanine aminotransferase
(uw1): ALP, alkaline phosphatase (u/l): PROT, protein (mgs/dl): GLUC,
glucose (mg/dl): BUN, urea nitrogen in blood (mg/dl): CREA,
creatinine (mgs/dl); CHOL, cholesterol (mmol’l): TBIL, total
bilirubin (mg/dl).Gross pathological examination

An apparent atrophy of the testes was observed in the low dose group to the high
dose group, in comparison to the control. Besides the testes, no other distinct
features in gross pathology were observed.

Histopathological examination

One of organs which displayed a distinctive decrease in body weight gain,
absolute or relative, is the testis. Histopathological examination of the testes
treated with the middle and the high dose of 2BP showed a typical patch appearance
with severely depleted atrophic tubules (Figure 2 C and D), exhibiting germ cell
necrosis of spermatogonia and spermatocytes in the seminiferous tubules (Figure 3 B).
The seminiferous tubules were left with only Sertoli cells which showed extensive
cytoplasmic vacuolization (Figure 3 B, arrows). Leydig cell hyperplasia or
hypertrophy in the interstitial tissue was also noticeable (Figure 3B, arrow heads).
In the epididymis, the caput epithelium showed some degree of atrophy with
vacuolization of the epididymal epithelium (Figure 4 B, arrows). The epididymal duct
contained sloughed epithelial cells with sperm cell aggregates (Figure 4 B, arrow
heads). Occasionally, inflammatory cells were found in the lumen. Although other
organs, such as the Kidneys, the liver, and the pituitary, were examined
histopathologically, no distinct histopathological findings were detected.




Figure 2. Histopathology of testes treated with 2BP.

Male rats were treated with 0, 125, 250, and 500 mg/Kg of 2BP for 28 days. The
animals were sacrificed, and the testes were removed and processed for histopathology.
A. Vehicle control, B. 125 mg/Kg of 2BP. Shows normal appearance of tubules., C. 250
mg/kg of 2BP. Tubular atrophy with a depletion of germ cell. D. 500 mg/kg of 2BP for
28 days. Typical patch appearance of severely depleted atrophic tubules. Note the
atrophic seminiferous tubules in C & D compared with these of A. An apparent increase
in interstitial Leydig cells can be seen. 100x objective.
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Figure 3. Depleted seminiferous tubules with interstitial
Leydig cell hyperplasia.

A, Vehicle control. Normal tubules with healthy looking germ cells. B. 500 mg/Kg
of 2BP. Severely depleted tubules were left with only Sertoli cells (arrows). Note
extensive vacuolization of Sertoli cells. Interstitial Leydig cell hyperplasia can
also be seen (arrow heads). 400x objective,




Figure 4. Histopathology of the Epididymis.

A, Vehicle control. Normal cauda epididymis with normal appearance of spermatid
in the lumen. B. 500 mg/kKg of 2BP. Vacuolization of epididymal epithelial cells (arrow
heads) with many cells of spermatid aggregates (arrows) in the lumen. 200x objective.




IV. Discussion

Our study indicated that reproductive and hematopoietic toxicity were induced
through 28 days of 2BP treatment., The weight loss of testes was most noticeable among
organs when the organ weight was normalized to 100 g of body weight. In addition,
histopathology also showed severe pathological lesions compared with other organs,
including necrosis of spermatogonia and spermatocytes in seminiferous tubules. It was
also suggested that 2BP did not affect other organs such as the liver and the Kkidney.
The toxicity of 2BP presented a dose dependent manner, showing that higher doses
exhibited more severe toxicity than lower doses in our 28-day repeated dose
experiments. Recent our experiment further indicated that 2BP treatment induced a
delay of the estrous cycle in female Sprague Dawley rats (9). 2BP treatment decreased
ovarian weight and fertility, and tended to decrease in the number of pups born,
depending on the dose (9). Therefore, together with our recent experiment in female
rats, our data strongly supports the conclusion that the causal agent for the bone
marrow and reproductive toxicity among the electronic company workers might be 2BP.

The other main toxicity caused by 2BP is an aberration of the hematopoietic
system. In our study, leukKopenia accompanied anemia, which is similar to the workers
who were exposed to 2BP and diagnosed as pancytopenia (1). The anemia noticed in the
workers was macrocytic anemia which increased the MCV and anisocytosis, which in turn
exhibited on increase in RDW (personal communication). These symptoms were usually
noticed in aplastic anemia patients or patients treated with cytotoxic drugs (10). It
has been Kknown that the anemia caused by toxic chemicals showed an increase of
reticulocytes or erythrocyte progenitor cells in the circulating blood of subject
animals and humans (11-12). A micronucleus test carried out simultaneously with the 28
day repeated dose toxicity test for 2BP indicated that there was a significant
decrease in the percentage of polychromatic erythrocytes in the total number of
erythrocytes without increasing in the micronucleus frequencies (3). Together with
this result, our results suggest that there may be bone marrow depression in
hematopoiesis due to 2BP treatment.

It has been shown that exposure to dibromochloropropane (DBCP) caused severe
reproductive functional dahage in several workers. According to the follow-up study of
DBCP, some worKers exposed to DBCP showed that there wefe high levels of follicle
stimulating hormone (FSH) and luteinizing hormone (LH) even after 17 years of the
exposure (13). In the case of 2BP intoxication, the type of reproductive toxicity is
very similar to that seen in DBCP. Many worKers showed high levels of FSH and
demonstrated difficulty in recovering reproductive functions even after the
termination of 2BP exposure (1). Histopathological findings observed in DBCP treated
animals showed severe injuries in the testicles, Kidneys, and lungs (14-17). The
findings showed that the testicles completely atrophied along with irreversible
aspermatogenesis. The renal injury was characterized by proximal tubular necrosis in
the outer medulla (14, 16). 2BP treatment also showed a similar histopathology as that
of DBCP treatment, displaying testicular atrophy with extensive loss of germ cells in




the atrophic seminiferous tubules. In an animal experiment using DBCP, the
reproductive toxicity was induced by 300 mg/kg body weight of DBCP in short durations
(3-7 days) by intraperitoneal injection or 10 ppm of DBCP exposure within air for 14
days (14, 18). In contrast, the reproductive toxicity induced by 2BP required higher
concentration and a longer duration of time than DBCP. In fact, the results of our
satellite experiment, which started at the same time with a 28 day repeated dose
experiment, showed that the atrophy of testes was irreversible, even though the
treated animals (500 mg/Kg) were given a recovery period of 6 weeks after the
experiment (data not shown). Our histopathological findings and the case report data
suggested that 2BP also may cause severe irreversible damage to the reproductive
organs of heavily exposed worKers, similar to that of DBCP.

Since we do not know the actual ambient concentration of 2BP in workplaces, it is
difficult to determine the level of exposure causing reproductive toxicity. Our
epidemiological investigation team measured ambient concentrations of 2BP in simulated
working conditions after the incident. The team found that 2BP concentration from 14
area samples in the tactile switch assembling room was 9.2-19.6 ppm under the
simulated setting (19). Occasionally, the workers might experience a very high short
term exposure level of several thousand ppm during the manipulation of the cleaning
solution baths, and some worKers actually touched 2BP with bare hands during the
changing of the solvent (1). An epidemiological study revealed that the ambient
concentration of 2BP was maintained constantly since the workplace was not equipped
with proper ventilation system and operated 24 hours a day for 7 days a week (19). It
is suggested that the workers showing the symptoms of reproductive and hematopoietic
toxicities might have been exposed to high levels of 2BP for a long duration (4-16
months) of time, as described in the case study.

The route of exposure, intraperitoneal, used in this experiment is not an actual
route of exposure in workplaces. It might be disadvantageous from the risk assessment
aspect when the route of administration is intraperitoneal, because of toxicological
reasons; first-pass effect through liver do not take place in inhalation routes, and
other comparability reasons. Although the toxicology outcome could be changed due to
different routes of exposure, our experiment showed satisfiable reproducible results
shown in actual exposed workers. Inhalation toxicity tests are required if the result
of the intraperitoneal experiment is negative for toxicity. Since many toxicities seen
in workers are reproducible using intraperitoneal exposure, the route of exposure may
not be critical in this case.
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