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REDUCTION OF REPRODUCTIVE TOXICITY BY MIXED

SOLVENT

Il Je Yu, Jun Yeon Lee, Kwang Jin Kim, Gui Young Cha, Yong Hyun Chung,
Seung Hee Maeng, Chul Hong Lim, Yong Mook Lee, Young Hahn Moon, and Jung
Duck Park.Industrial Chemical Research Center, Industrial Health Research Institute,
KISCO, Taejon, Korea

Abstract

Our recent epidemiological investigation on shipbuilding industries revealed that
some workers experienced a mild decrease of leukocytes. The study further indicated
that the workers had been exposed to various organic solvents such as aromates,
alcohols, esters, ketones and ethylene glycols. In this study, we have attempted to
find out the effect of mixed solvents on the reproductive toxicity induced by
ethylene glycols. These chemicals (T, toluene; X, xylene; E, ethylene glycol mono
ethyl ether), individual or mixed form, were tested through a 28 days of repeated
dose experiment in male Sprague Dawley rats. Vebhicle olive oil, E (150 mg/kg),
T+X (250 + 500 mg/kg) mixed form, and E+T+X (150 + 250 + 500 mg/kg body
weight) were administered orally for 28 days. After the experiment, blood was
analyzed for biochemistry and hematology. Major organs were fixed, and examined
by light microscopy. Although the rats treated with T+X showed a significant
decrease in body weight gain, they did not show significant changes in hematology
and decreases in organ weight gain including reproductive organs. Male rats treated
with E showed significant decreases in body weight and testis weight, showing germ
cell necrosis in the seminiferous tubules. The treatment with E also showed a
significant decrease in the number of leukocytes. However, the rats treated with
E+T+X showed moderate increases in body weight and testis weight without
affecting the hematolog, comparing with the rats treated with E only. This result
suggested that the mixed solvent in our condition may cause an antagonistic effect,
rather than additive or synergistic effect.
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1. 94773

29 =HAAY 2EAEAAN K784 E2o) g3 2¥sFe] B =
FARZAN RaHAT (FALR 1996, ZRAR 1996, ¥AHAE 1996). I
NE 2 T2AEL EFRMo] 53 HPEFRo 2RFHE ZzsA

ethylene glycol ether?& E#sl= EFF78Ad Zaxa Aotz 39 (7



ds 5 199), E3 RYJ|d A& Y& LE2AEL WAL RAFTE Ho|H
o] MYPFo ZAax AFXY lower limite] A AFF FAE RAFHI 3
o ALsAste FHAE RAFAY (AY3E 5, 1996). AT FAFTE BRAF
= 22219 2444 23+E hypocellular marrowe] Ha 3 42748 rAFAY
(BI¥ZE 5, 1996). A8 SAHEAHY 22AEL EF/R7IE8A, & HIFF
3}8t2 A toluene, xylene, ethyl benzene, alcohol§ <! butanol, isopropanol,
ethanol, ketone¥ 9 MIBK, =83 ethylene glycol ether#F5ol Z2H3 A
on, ®Be A% BEFxEAFIt 1§ 2% E A4E Ao #HITF FLaT
o} JAEAQ ethylene glycol ether# ¢ S8&F=E 2HAstA F2HI U+ 7
$E ARG B3R (HEE T 1996).

283 H29 94FH FE SERANANE EFsgEdY T2 FAZ U
FHol AR L thrledel 93 EFRFAEL =2 g A7 I3¥H7}
Z 222 Bd ARAGE PP ed, FE 2AEFH Uk JATFHG Atold
E=33% Ao)rt e, T2 2T Fdx FI3I Aot fldz Bx
39Tt (=%, 1997).

ols} o] BsleEA E2o Ut FEHY AFIE 3 =do] Hof
o} ols EfSEH EFZd g7 FHAdY AHEE additive effect,
synergistic effect, potentiative effect, antagonistic effects YEF A2} olE
252 de) faAde F3e EREY AT A @ g 2 F 37
o] XF IFCSe Az wat ARFs) EA £79 FLE 2000d 7+
A @&zt e OECDY 38239 EFAYPAAME EFE EF W3
ME oA x 3IA AAE Ru A 3tz Yotk (IFCS, 1997).

=ERY BAGARAARY A wRd #F JEAME EFEY F4

of AMzZA NEE A% INEEAFAE FHd] #dte 7122 AR {Zi}
Zo] AR EAARA Y AR/t ANZA ANFHA de S EF=] A2

3 Edo] AAY 1% ol (FAUDE AL Y0 FI EHFEL Zﬂ%’*%ﬁﬂ
243 5498 AZANE YeElE Ao 23 Ju (=FF, 1997). @A &
#TE MSDS AW 1) EFE9 AA FaH4R/tARE ol &3tc WY, 2)
AR EAY A8& ol&dtd EFES MSDSE AAdse WH, 3) D B 2)2
Egatd st WY, 4) FAR EFES S MSDSE st WHE
AAEE Ak AAALR T, 199).



2. A74-57

of dToME ZAPA T2 2¥r] Foe HdUABF= iFole
ethylene glycol ether®] A=A Z¥7] SAHAL 78t APEAR 2
35828 FQ& HUISAHEY  toluene?} xylened} ethylene glycol
monoethyl ether AI7}A] £ BEFZZA dUdEA Z2ZA 9 Hl@sld 2Y7)
U A7 B & V)6 uAe 9 d7stuxt sty
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Ethylene glycol monoethy! ether (EGEE, Cat. No. 054-01066)2 Wako
Chemical Company (Japan) A T93t9 3, Toluene (Cat. No. 50070-0380)3}
xylene (25165-1480)2 Junsei Chemical Company (Japan)olA T3t}
EGEE, toluene, xylene2 2 B 7]& (25613, Yakuri Pure Chemical Co., LTD,
Osaka, Japan)oll 41o] StE ] FALs T,

2. 4% &

10573 9] S8 AT (SPF; specific pathogen free)o] 1 7oA AlSd
47 Sparague Dawley HEE AT EAEA AN FU AT dETES A
A 25379 £371E AA ASBAHN HFSIEE AT TEASAS
LEE 20-26°C AEJYL FHNFEE 40-60% Aok 5EL Fau AXF 24
S T3 AA S o] BEFFo] Qlo] FFEHAT FEASG S IR o
EZ 9rER Ao|XTF 3-4¥ E7 AE3AW. 4F MAH AFE FAHEY
AlgE Urn Al g 10 vgy 722 U5t AEgEE F47444
5E9 AFL AL A 307g o)A EGEE, toluene, xylenes< 282 7]
o Ao 1Y¥ 18] BFFAZ dFdol 63 FH959 455¢ T334 ¥
o]z}l & o} 9] Table 13 2t} Exp 1&2E EGEE 5% ZAAF0)3, Exp
2 toluene + xylene ¥ EZAAFAIPIAUL, Exp 45 £ AUt

Table 1. Experiment for determination of EGEE dose (Exp I).

Group Number of animals Treatment

Control 10 male olive oil (vehicle control)
Low 10 male 250 mg EGEE/kg in olive oil
Middle 10 male 500 mg EGEE/kg in olive oil
High 10 mal 1000 mg EGEE/kg in olive oil
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Table 2. Experiment for determination of EGEE dose (Exp 2).

Group Number of animals Treatment

Control 10 male olive oil (vehicle control)

Low 10 male 62.5 mg EGEE/kg in olive oil
Middle 10 male 125 mg EGEE/kg in olive oil

Table 3. Experiment for determination of toluene + xylene dose

(Exp 3).
Group Number of animals Treatment
Control 10 male olive oil (vehicle control)
Low 10 male 250 toluene + 500 xylene mg/kg in olive oil
Middle 10 male 500 toluene + 1000 xylene mg/kg in olive oil

Table 4. Experiment for EGEE + toluene (T) + xylene (X) (Exp 4).

Group Number of animals Treatment

Control 10 male olive oil (vehicle control)

EGEE 10 male 150 mg EGEE/kg in olive oil

T+ X 10 male 250 T + 500 X mg/kg in olive oil
EGEE + T + X 10 male 150 EGEE + 250 T + 500 X in olive oil

M AFEAFAA g AFFES ALAY, 3F7AS, YA AEE
TR 7 PFo dakE 2AEAT. AFL FEEYA, FTEFA, 2
ANBEE FAF 15U 28] 3 EHol S5t



3. 4444

BAN APYZEL 163H0 T2 B4 8FH AFFES d43HA
dact APEEESL JHzZZ g ZdEddr AL AHsA
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alakaline
phosphatase (ALP). glucose, urea nitrogen (BUN), Fo¥ Z#H2HE, Ao}
g4, 22089 52 FA3set B47] (Cobas Mira Plus)2 FA AL, HE
7, ARZEN 5% JduiEadE, JEIETEH, d420F, 47T, ¥ T
F, FHTFEE AT FAFVE ol&8tq SAsATH

4. -y =439

ALE o8 RA% 24, ¥, B2, 4%, o, A%, 0, 7, 959 3
e qucl B/RAS A4S ¥, 10% F2LAL FHE ANSF 4G
sol nARAYG. FoW AETUSLE BAFE FVSL HHe Toism, =
Hubdylz dste] AnlEARH ojeAos GAsd WrFoz WIzW
s BRAYD, Sold 47 BAA WRA FHY AW/ AABIst
EEE LN

hes
¥,

5. AA

AFFe AF, Z7IEA, A AR, 4 FHXNE HERIL 5
A x]9} ANOVA testZ o]&3td vlnst Yt



1. 4423

1. EGEE sx=4A3A 3

E3F718A7 2L R84S Tt L HA3y] Yt ddH
718A9 H29FsEE T/ A s=Z2AANEE PsAh. EGEEZL A4
Zist 287)e vlAlE H29 9F vEE 7] A8 FHY ratd] T2 250,
500, 1000 mg/kge] FEE 28Y F FoAstd A7 2¥r] 283 g F
719l 8%F& AHE}H Tabel 5914 Roleutst Zo] A Fxo we {3t
(P<O0D) AFTHLE BAFJAY. 28 2@, Fud, A%, 4 A%, 9, ¢
4 AZFA O mAE ¥ 1¥F} Fugdd Az wxe wE {FoAH
(P<001) FTFHALE BAFAR, A%, A, A%, ¥FFde F93% (P<0.01 -
005 #71 FA F718 R9FAt. 282 EGEET A3y AAxz B
of k3t AAFdE AAFE ¢S vIAA &Yt (Table 6). 22 Z¥7)ole 9
Fe WA sk @©E K9 (P<0.05) HPF A JYFY HAE B 5
AR FAH Fo3 (P<0.05) #HAE #FEH I (Table 7).



Table 5. Organ weights of EGEE treated rats

Control Low Middle High
10) (10) 9 (5)
250 mg 500 mg 1000 mg
g g g g
Terminal
body weight 352 20 320 10%* 201 T*x 242F 36%x*
Organ weight mg mg mg mg
testis(R) 489* 44 220+ 197 231+ 267 223+ 30™
testis(L) 491 % 47 223+ 18™ 234+ 34" 236+ 29
epididymis(R) 185+ 27 116+ 267 111+ 157 112+ 60™
epididymis(L) 186 23 119+ 13" 109+ 13™ 113+ 10™
heart 336+ 32 360+ 14 383+ 277 476+ 937
lung(R) 262t 37 310 82 330+ 327 428+ 85™
lung(L) 167% 36 172+ 35 191 54 2721104
kidney(R) 335+ 20 325% 19 303 19" 371+ 87
kidney(L) 337+ 12 328 11 320* 18 376t 86
spleen 194+ 20 200+ 23 182+ 18 276+ 85
liver(9) 2808+ 171 2709+131 2703+ 162 3101941

* indicates p<0.05.
*x* indicates p<0.01.
( ) indicates number of animals.



Table 6. Blood biochemistry data for EGEE treated rats.

Control Low Middle High
(10) (10) (10) 5)
250 mg 500 mg 1000 mg
TB 75+16 69*13 70+13 79 £06
BUN 255%38 28.0t3.6 28119 269 *6.0
CRTN 0.63%+0.1 0.66£0.1 0.61x0.1 0.80+0.0
TBIL 0.36*0.2 0.40+0.1 0.36%0.1 05 *£0.2
GLU 147£31 183+ 34 191£35 17027
TCHO 79+ 26 62*14 6619 883t27
AST 16645 99+ 27" 109+24° 107+21°
ALT 48+ 14 41+10 39+6 60+ 31

* indicates p<0.05.

** indicates p<0.01.

( ) indicates number of animals

AST, aspartate aminotransferase (uw/1); ALT, alanine aminotransferase (w/1);
ALP, alkaline phosphatase (u/1); 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).



Table 7. Hematology data for EGEE treated rats.

Control Low Middle High

(10) (10) 9 Gy
250 mg 500 mg 1000 mg
WBC 52+1.1 48+23 25%09° 17105
RBC 75%0.7 75*13 7.7+09 63104
HCT 51.5+4.9 435+72" 450£5.0" 30.2+35"
HGB 15.8%0.7 149*+16 159+19 139+33
MCV 542+2.2 53.3*+15 53.2%24 545%5.0
MCH 24.0%1.7 17.6+0.7° 17710 174+10°
MCHC 32.7+35 31.4+47 295%6.1 294+93
PLT 768 *266 570 +194 462 +191° 513 £436

* indicates p<0.05.

**x indicates p<0.01.

( ) indicates number of animals.

WBC, white blood cell count (10%mm®); RBC, red blood cell count
(10%mm?); HGB, hemoglobin (g/°]); HCT, hematocrit (%); MCV mean
corpuscular volume (1®); MCH, mean corpuscular hemoglobin (pg);
MCHC, mean corpuscular hemoglobin concentration (%);

PLT, platelet count (10%/1°).



EGEEY HAd¥ =& 47|93 714 EGEE ¥=2AANE L 34
o} 23 625 mg/ke, 125 mg/kgd FEZ 2847 AFEA34 ) Table 8
ol ] Hol= uiel Zo] 625 mg/kg, 125 mg/kgdlAE Ad 5993 (P<0.05) A
FHE B 471 g3, n8oly Ruge Ay BA ZiAE #ZE F A
o, AFE AYTd g2 FArldME F93% (P<0.05) FA F71E I ¢
UAT. AW H HANNAME ) Folv A7 S e Fod JFgS
#FAYE F UAY (Table 9). 23} ZE7dE 9FE vH 125 mg/kgolM =
fFrog (P<O.05)ME T TAE FFY F YAy HET PAAE JFL 1
Ae RS #FE 5 YA (Table 10).

Table 8. Organ weights of EGEE treated rats.

Control Low Middle
(10) (10) 9
62.5 mg 125 mg
g g g
Terminal
body weight 360+ 19 352+ 18 348+ 27
Organ weight mg mg mg
testis(R) 453* 38 443* 29 423+ 31
testis(L) 456+ 39 447+ 32 435 26
epididymis(R) 163 17 160x 17 156% 16
epididymis(L) 161+ 21 148* 15 153+ 12
heart 336 28 348% 17 361 21°
lung(R) 292+ 30 283+ 45 285+ 27
lung(L) 140x= 15 137+ 12 145 21
kidney (R) 324+ 23 325 20 342% 21
kidney(L) 320+ 22 318 21 344+ 24
spleen 200 28 183+ 18 208x 17
liver(9) 29191245 2841 £165 2935+229

* indicates p<0.05.
*x* indicates p<0.01.
() indicates number of animals.

— 11 =



Table 9. Blood biochemistry data for EGEE treated rats

Control Low Middle
(10) 10 (10)
62.5 mg 125 mg
TP 56+0.3 54104 54+04™
BUN 20.1£35 209*4.0 226*25
CRTN 0.53*x0.0 05400 0.49+0.0"
TBIL 0.30x0.1 0.32+0.1 0.33%0.1
GLU 140+ 16 159+ 26 148+ 18
TCHO 57 7 50+ 5 47+10
AST 115+18 122*+19 92+19"
ALT 32t 4 33 6 332t 7
ALP 330£62 267+ 21* 267+55

* indicates p<0.05.

** indicates p<0.01.

( ) indicates number of animals.

AST, aspartate aminotransferase (u/1); ALT, alanine aminotransferase (u/1);
ALP, alkaline phosphatase (u/1); 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).



Table 10. Hematology data for EGEE treated rats.

Control Low Middle
(10) (10) (9
62.5 mg 125 mg
WBC 70£16 6616 46+0.7
RBC 85+04 86+1.2 84+03
HCT 459+15 49.1%6.0 44.1%23
HGB 157+05 160+18 148+04™
MCV 54.2%20 572+40" 525+23"
MCH 186108 187+0.7 17.7+0.8°
MCHC 343%14 329+24 33.7%13
PLT 1151+121 1033£131 996+ 111

* indicates p<0.05.

** indicates p<0.01.

( ) indicates number of animals.

WBC, white blood cell count (10*/mm?®); RBC, red blood cell count
(10%mm?®); HGB, hemoglobin (g/°1); HCT, hematocrit (%); MCV mean
corpuscular volume (1°); MCH, mean corpuscular hemoglobin (pg);
MCHC, mean corpuscular hemoglobin concentration (%);

PLT, platelet count (10°/u®).



2. Toluene®} Xylene? ¥E=Z2AAY

Toluene® Xylened E&F718A4 F49 d&34 =& AA}7 93549
42 A toluene® xylene?] LD50 =& 33239 toluene 250 mg/kg + Xxylene
500 mg/kg (Low)¥ 500 mg/kg + xylene 1000 mg/kg (Middle), =T 5%
2 28497 AFE FA939 FFF71EA 4FE AHRUTE Table 1104 =B
ol H}9} Zo] middle FEANAM F93% (P<0.05) HAFHLE B9 FAY. 1Y
U toluene® xylened E&F71&8A AHe ndd F3 AFF7H (P<001 -
0058 RAFAJx, 53 AFFH 2HFo Fxd o ZFUIFA HFI%
(P<0.01) 712 FUo 28y o8 18 FA9 Zive AHWISH HAE
FAS © FLF AW WIE AFAY ¢ Uz, 1 AFY A F
7He dAA3ety HAXZ Hol ha A A J)Fel Fod JAFE wAA K
Aoz AFRFHAJY (Table 12). 23 Y FZH2HE dollsE FI3 &S R
o F2th 28 2 toluene xylened] EFF7]1LA Aele dA48H HAe 4
B2 Bol 2¥7)dle YFE vAA e AR FFHIJIY (Table 13).

=
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Table 11. Organ weights of TX treated rats.

Control Low Middle
(10) (6) (10)
T=250 mg/kg T=500 mg/kg
X=500 mg/kg X=1000 mg/kg
g g g
Terminal
body weight 360* 19 370 22 322+ 18™
Organ weight mg mg mg
testis(R) 453+ 38 463+ 40 510+ 307
testis(L) 456+ 39 506+ 89 518+ 30™
epididymis(R) 163+ 17 134~ 60 174x= 15
epididymis(L) 161+ 21 159+ 19 173+ 14
heart 336 28 331% 17 378+ 317
hung(R) 292+ 30 300 30 303t 34
lung(L) 140% 15 151+ 15 157+ 17
kidney(R) 324+ 23 378t 18 416+ 33"
kidney(L) 320x 22 370+ 27" 419+ 32%
spleen 200+ 28 197 12 189x 16
liver(9) 2919+ 245 3701 +220™ 4603 +442™

* indicates p<0.05.
*x indicates p<0.01.
( ) indicates number of animals.




Table 12. Blood biochemistry data for TX treated rats

Control Low Middle
(10) (10) (10)
T=250 mg/kg T=500 mg/kg
X=500 mg/kg X=1000 mg/kg

TP 56%0.3 72120 6.7£0.7"
BUN 201£35 19.3+25 17.1£30
CRTN 0.53£0.0 0.67+0.1° 0.60£0.1"
TBIL 0.30£0.1 0.371+0.2 0.23+0.0"
GLU 140*16 212+52" 173+22"
TCHO 57+ 7 80+41 8019
AST 11518 102£32 89+22"
ALT 32+ 4 41£15 43+ 6
ALP 330+62 341+98 380+70

* indicates p<0.05.

=% indicates p<0.01.

( ) indicates number of animals.

AST, aspartate aminotransferase (u/1); ALT, alanine aminotransferase (w/1);
ALP, alkaline phosphatase (1/1); 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).



Table 13. Hematology data for TX treated rats.

Control Low Middle
(10) (6) 10
T=250 mg/kg T=500 mg/kg
X=500 mg/kg  X=1000 mg/kg

WBC 7016 6.91+26 6.7+1.1
RBC 8504 81*1.0 8.4%0.3
HCT 459%15 44.3%58 475%35
HGB 157%05 14804 15.3%06
MCV 542+20 548*1.7 56.5t2.4"
MCH 186*0.8 182104 182£05
MCHC 343*14 333%1.1 323+1.7
PLT 1151£121 1058+ 136 1032+117

* indicates p<0.05.

x* indicates p<0.01.

( ) indicates number of animals.

WBC, white blood cell count (10°/mm?®); RBC, red blood cell count
(10%/mm®);HGB, hemoglobin (g/]); HCT, hematocrit (%); MCV mean
corpuscular volume (1%); MCH, mean corpuscular hemoglobin (pg);
MCHC, mean corpuscular hemoglobin concentration (%);

PLT, platelet count (10%/®).

—17 —




3. EGEE + toluene + xylene B&#7]-8& 49 Fo7l A7)
o} 2879 vA= IF

EGEE¢} toluene + xylened T=ZAA8& F3t4 150 mg/kg ¢ EGEE,
250 + 500 mg/kg9 toluene + xylened Hx& ZAASAL. o] #x9 olfF&E A
H Z2AY AR EFHIIEA F2H|EE o9 HxFow, =X
EGEE®9] A7y z87]d uXE 9&o] toluene + xylene®] EH3F718A F
o 93 ojw dFEL nAEX AR uz 3. EGEE @5 %499 toluene
+ xylene®] o, EGEE + toluene + xylened ¥ EF #¢3 (P<0.01 - 0.05
ANEZA2E B9 FAY A7) FAY wgdAe 23 FAE EGEEY Ao
NEe 93 7|54 7428 BAF oY, EGEE + toluene + xyleneg FAlol
AAALE PRI H T3 E FAY BA2E BAgFAoU, EGEEYRS A
A RTE Z7|FAY A7 £3HAT (Table 14). AFFH e A=
toluene + xylened Hax 73 A9 FAE F7/HA71E &#EE 84, EGEE
9}9] ZAA P E toluene + xylene M BTE 33 AFY FAE HAAIE
AL RaFEQEE (Table 14). EGEE®} toluene + xylene 3 e 7153 A%
NEoE AE 93¢ F2 e HoF Ro| toluene + xylene A= FE
A2EHE2 g 5938 =718 7FA Y EGEE + toluene + xylened A1
2= toluene + xylene M A RutE ZasteE AFE RAFAY (Table 15).
AT AR zAMIAAAE Pt oy FaF e #stE EAF & YU
o} Yot AFdAE EGEES AT AT EAME HE79 A 3
Z2973A MCH, 84%9 74AE 248 4+ ARA T, toluene + xylenes
A3 APQEEAAE Fo3 A8ty wsg #FE 5+ UAAW, EGEE +
toluene + xyleneE EAldl A3 FEoME EGEES A 5U Qg ©
312 27248 5 YA (Table 16).

— 18 —



Table 14. Organ weights of EGEE + toluene + xylene treated rats.

Control EGEE T +X EGEE+T+X
(10) 9 10 (10)
g g g g

Terminal
body weight 385+ 17 364 17x 359+ 20xx* 362+ 18+
Organ weight mg mg mg mg
Adrenal (R) 9.8+ 24 78+ 28 104+ 1.9 108+ 23
Adrenal (L) 12.1% 49 87% 21% 105+ 20 106+ 2.7
testis(R) 425% 28 244+ 32™ 448+ 70 304+ 80"
testis(L) 433+ 25 247+ 38" 469+ 24™ 297+ 78"
epididymis(R) 149+ 22 114+ 15" 137+ 21™ 113+ 19
epididymis(L) 148+ 23 112+ 15" 142+ 26 117+ 13"
heart 314+ 34 328+ 17 320+ 34 317+ 29
lung(R) 281% 49 285+ 31 278+ 16 277+ 32
lung(L) 137+ 28 148+ 24 143+ 12 146+ 16
kidney (R) 291+ 26 280+ 26 343+ 31" 323+ 33"
kidney (L) 292+ 20 283+ 17 331+ 23" 317+ 29°
spleen 187+ 21 180+ 24 195+ 18 185+ 29
liver(9) 2779+ 281 2574 +221 3134+229" 2980+ 141
brain 511+ 23 523+ 44 539+ 38 535+ 33

* indicates p<0.05.
** indicates p<0.01.

( ) indicates number of animals.
EGEE=ethylene glycol monoethyl ether, 150 mg/kg body weight,
T=toluene 250 mg/kg, X=500 mg/kg body weight



Table 15. Blood biochemistry data for EGEE+ T + X treated rats.

Control EGEE T + X EGEE+T+X
(10) 9 (10) (10)

TP 6.6=0.3 59+02" 6.8+03 64 +0.2
BUN 177+15 189+238 161£2.1" 164 +14
CRTN 061+0.0 05000  057£00" 052+0.0™
TBIL 0.20+0.0 0.19%0.1 0.21%0.1 0.19%0.0
GLU 127425 125+12 109+ 15° 139%17
TCHO 50+ 8 B4+ 7 81 17" 68+ 7
AST 137+25 125+ 23 145+23 100+15™
ALT 39+ 3 34+ 6 35+ 4 39+ 5
ALP 377+82 223+76" 218+37" 154+27"

* indicates p<0.05.
** indicates p<0.01.

() indicates number of animals.

EGEE-=ethylene glycol monoethyl ether, 150 mg/kg body weight,

T=toluene 250 mg/kg, X=500 mg/kg body weight.

AST, aspartate aminotransferase (u/1); ALT, alanine aminotransferase (w/1);

ALP, alkaline phosphatase (w/1); Prot, protein (mg/dl); Gluc, glucose (mg/dl);
BUN, urea nitrogen in blood (mg/dl); CREA, creatinine (mg/d});
CHOL, cholesterol (mmol/1); TBIL, total bilirubin (mg/dl).



Table 16. Hematology data for EGEE+ T + X treated rats.

Control EGEE T + X EGEE+T+X
(10) 9) (10) (10)

WBC 5.8%0.1 41£0.8™ 55*1.3 43+08™
RBC 8104 8.3%0.6 84106 85+04°
HCT 49.8+28 456*+36" 455+32" 440+2.2"
HGB 15.2+04 14.2+0.8" 151+0.9 145+05"
MCV 542+20 55.2+35 543+24 51518
MCH 189+0.9 17.3+05™ 18004 17.0+05™
MCHC 30.7£1.1 31317 331+1.3" 331+1.1"
PLT 1010 72 750 £ 144 999+ 98 7971147

* indicates p<0.05.
** indicates p<0.01.

() indicates number of animals.

EGEE=ethylene glycol monoethyl ether, 150 mg/kg body weight,
T=toluene 250 mg/kg, X=500 mg/kg body weight.

WBC, white blood cell count (10*/mm?®); RBC, red blood cell count

(10°/mm®);HGB, hemoglobin (g/°]); HCT, hematocrit (%); MCV mean
corpuscular volume (1%); MCH, mean corpuscular hemoglobin (pg);
MCHC, mean corpuscular hemoglobin concentration (%);

PLT, platelet count (10°/p®).
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IVv. 21 &

o] AFANME ZYY 271A EA EFEY SHATAAA 37HA ER9
23871849 Z27t AAC uxe G dis] AFsdt. ABFEZL 96
W z2A9A 9z AT BAC HAY AP=FRAAN F2 L2771 FHUD
toluene & xylene 59 #7184 7] 549 o422 ¥ F&8A F
718491 ethyleneglycol monoethyl ether (EGEE)E & &3l A¥F &l 28¥Y3
Eostd BFR7)EA7 nAE AAEAY 28y 5HS GUdEA FoAAS
EIEAS I TR b ST e

o] AFoAE Z# o ATFAFS o] EGEEZL 287 49 F& 4
Ed9lo] uE I, ® o] EGEEY toluene, xylene® &4 ZZAldlE Fd
237t AFRsE AT e A=A ¥y 549 4V AL UEA
otk o] AEA FAFAE APAEAHA oA = AEAE (antagonistic
effect) 2 RFEQD, BAEAd] glojxe BEFF7|&AY Z2E AA 79 3l
e 28R4 g8 93 SA4FHE RYFAY old A= EGEES
=33 toluene, xylened EAL thE w7luEe A4 93 LF@HE AL <
2 9t} =AM BAI Y FZH2HELF LS toluene, xylene HE|A FE
gardEZoe] =712 RAgFQRAT EGEESY FAXZAl FZd2HEG) F
= AL #FE & JYUH

Toluene® Xylene& P450 2E19] ¢J3la] tiAlElE ALo& B Hi glor
(Tassanleyakul et al, 1996) &% toluened thAlst7] 993t P450 2El°]
T 5= Aoz gaA 9l toluened benzoic acid & tAFE o hippuric acid
2 A=Y, toluened P450 1A29 <3} benzyl alcohol, o-cresol, p-cresolZ,
9B6, 2E19] 23] benzyl alcohol® p-cresol2 WAHE Aoz AR ot
(Nakajima et al., 1997). Ethylene glycol ether#¢] A4 %42 Nagano (1979
o o3 Lo, HolEAolu teratogenicity®= HIEHATH (Nelson et al,
1984; Andrew et al., 1981). 1] 3 ©] ethylene glycol etherfF & HAFEX:= & F
2 Fo] FEd EXF 20-25%7F =X AF flo] FFEdm o
(Sabourin, 1992). Ethylene glycol ether®9] A4 542 £4 ZAA7L ofvz} 2
9] alcohol dehydrogenaseo] 23} tALE alkoxyactealdehydeol™ (Miller et al,
1983), ©o}¢] Ars}EQl alkoxyacetic acid® A9 2L ZA4E& BAEHD I
(Miller et al., 1983, Moss et al, 1985; Sleet et al., 1988). &\ F7bA] WAL7
27} g 3aEde Zzo o8 AASAelY =¥y 54L& A <A 3
Z gkt



2o AEAARE Hof v AR} JEHE AV = Jo
A3 1) EGEEY AASAI 2¥7] 54, 2) EGEEY g& #A7|d dig F
8k 3) toluene} xylene ¢ F ZH2HE 7 4) 711, AF, 18 FA F7}
5) toluene™ xylenex ol oJ% T3 AAVIT FIIF, =AY F FoHEW
2 o
9] &A: 1) EGEE, toluene, xylene®] &A| Ao 2olsled EGEE @ 2lAl$} d]
w3t AAZEAe A 2) 2y 2¥IIEAFY FHA F9%, 3) toluene,
xylenex} 2] &} EGEE®®] TAAM 2| ¢ vlmste 2t 239 FAFI 4) SAAE
Ao dF F FU2EHEY A4

A7) Ao 2E EGEEY 93 AA=X4L alcohol dehydrogenase 2 o
Atell ethoxyacetic acid2 AZrEd, of EZ9 7 AFA HAHL A9 gledetn
2t} Toluene# xylene® FAIAAIY 23 A%, 18] FAZF/E o /718
AE YJrA717] 913 #H g4 5 (P450 2E], 2B6, 1A2)9] =& = EF &
ZHALHEYSY SR Rol 2AFAHY 27|GA] ARAEIE FEAZNGU
Aztdch 2N FEAY 27idAA A7) B ofF 59 AE AST,
ALTY |, AAEA o] x13#2 blood urea nitrogen©]Y} creatinin®} Z& X Fo
& 7NA7] ARAE AT V1Y E227F dedttn AT, 2AYFe R
T F83 ¥y 2AHA goeggn A

A EHE M9 o2 EGEE, toluene, xylened EA|&x g Ao+ EGEE ©&
ESAg A9 vty YA 5P B4AE B 4 e ol toluene, xylened] X
2o 2l3] alcohol dehydrogenaseol] ¢]3%t ethoxyacetic acid®] AAdo]l Z4A HI
oggta AZEY A FFoE FJ AR BERAY gAIAFAME 371K &
Hol FAAEAZ} EGEE @54 8]A] Bt} dF ethoxyacetic acid®] %ol ZA
7t #2HAY. 28y 7R 49 FAXNEE 287 549 T & 4
< 7IA A Zed ol A9 EolA (tissue specificity) T4 Aozt Azt
g} ol toluened} xylene2] Aol &) 1o hAlEAEO] X Ho A
Z © & alcohol dehydrogenase®] thAlel <3t #AE z#sr] "Wiolgtn Az
Ho, IJIAATAgME T2 YAIELEY HFE=7 ZHA Fol  alcohol
dehydrogenase®] @4 =7} dUldoz Fof AFAY AALE BT F+ glo
g3 AZEd. a8 FAAZA toluene, xylene A A9} wlwate] by
Aol A AT EGEEY A7t AU iAle &4 Fx29 A 4FS
AHYepa AztEd.



ojHel ATAAE PR A HLAZNGH, ZAGA 2AAAA
BALRYE WY LA Z2] 9 EAL Ethylene glycol etherfoln] o]¢ &
alkylbenzene ¥ %718 A<l toluene & xylene® EFAHQ Z 27t 287 EAH S
A7FA 71 A Y (additive effect), 35 A1 71= (synergistic effect) 282 3}x] o
g2t AZtdd. 281 ethylene glycol ether EAEL QA=A EFolnz
A E5Ad g BUEPo] dadttn AzZdEr) G4 22x9 AYEHL @
AZEA EAQY AA7)5A3 Y B a10] 3lojA ol& FAS} A7 Y B
< ool YL Yoy, A Z=A WY ZA dF RUEHHoRE A
A FAe EFA, AAY £5& FAss ol Aoy A8 E AFIS
Asted BL A57t oA & Axdes HA fow Aol A=
Holm o]E AFHLE & ¢ Y& 71FE F53 Holth Z2AE ANE
A€ RUEHYs = wYgozEe 2% Adold S Ax Wdol Jdoy o)k o}F
validation® @Re] H&o] astunz Fo A7/ Bag Wiott HZ A
Al 3stEA A gAY E YEu|A 3 338EF (endocrine disruptor)
9] @}Alo]l Z=idlq o]F sex hormone disruptor®] A7 200003 o] F Aok
3l sEie 2AYE RHolm o (IFCS, 1997), OECD9IA+ sex hormone
disruptor SAAE Jlol=el g HESY fsFd Juk (OECD, 1997). ¢o =2
st Ed £2 22219 YAEHE EUEHEE F v HHY o] AF
sttt o] AFoA e EFFVILA ZZ26 93 EGEEY AAEAHL #as)t
T RoZ yEigg. a#A 287 540 Ued 2229 AAEEE XUH
P A FAHe] dE}R FeEd R Z2Z2AAqAAN BAFHL &
A7 gleggta Bk #A ethylene glycol etheri2l ACGIHS TLV (1993)
5 ppme]Y alkylbenzene <9 EHF7IE&A ZEA 27| FAd e Aol
Qom AAENAE ZAEH/ gonZ AQF A TLV 5ppm o529 o
g7t sty WY, {7184 HFTEAY EFAAIGA] P 3
9] & AQ follow upe] B3ttty AL a28n SFFIAY FHUAEY At

o A

o] ethylene glycol ether #7} X 3ol Hojgled o]& AT EF o] A
3tttz A4Ag. SR 02 glycol etherfe A FHo] F48 =40 74
3t 73%o] Q222 propylene glycol ethero] WialEo] 2L =RFHRE AL

& QEAE AR} T Rolth.
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V. 28 2 Ad

ZAAA AFEAHANN BFdF7 A Z27) v AFIEFS 5]
A3 DRI LAY BRI EA0 Z2d HAFFEL B3l o9 2¥y)
543 AAEH dFgFS FHstuA AT GLdFII A EFSULAY
€FS 832 ANYE T3 AARF F Y =T, ethylene glycol monoethyl
ether (EGEE) 150 mg/kg body weight 2], toluene (T) 250 mg/kg body
weight + xylene (X) 500 mg/kg body weight A ##, EGEE 150 mg/kg + T
250 mg/kg + X 500 mg/kg T2 Uro] 28U FAY ratl A ATE =
A3t 2897 WMEFEGARL P F APE2S RASY FrE Y&
st TFE FAs L, Kool e A e 2w 1A 2 Y sH
AALE st 282 HE AHsl ARG A P A HAx W
B3tAct. dFZE ole 2o

1) EGEE (150 mg/kg)9] Fd& 7)o AT 95FS 714 159 9=
ARZB 9% germ celld] FAAF BRFHYD aln ZE7)AE EHLS By
NPT A 59 FHE RgFA

2) T (250 mg/kg)+X (500 mg/kg) Mgl AP Fa3 HHo
A 02 {Fodt Wzt Uehdx @gkovt 3 A §9% A=
7Hg BRAFAY.

3) 28 EGEE (150 mg/kg) +T (250 mg/kg) +X (500 mg/kg) 37}A] &
AL FA A dFEFENAME EGEE 9= gros QA=A &
% Zart #FFHJoY 287 549 Zare FRHALYC

4) T+ X +EGEE A= T + X AR E 23 A 2 27} A
=g a2 el =

5) o AFZAAR ZAYPAY 2¥7) =49 99 EAo] Ethylene glycol
ether#¢| 38tEHo|n, o] 38t2d (EGEE)® t& 28744 (T + X)9
E3He 22 (T + X + EGEE)E 287] St #98 982 754 go
U A5 HAE BAFT




6) wetd ZAGBANAM EFR7IEAY ZF24FA A 53] Ethylene
glycol ether®9 ZJ#A A7} AAs) S FHY 2R S0 dA AE
TRAZe AZo) §dslodol & AHoln, Ethylene glycol ether® & WAE
AE HAE R o] &oj} sfdo] AlFsTh
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