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ABSTRACT

Objectives: The present study aimed to evaluate the potential toxicity of 2-butoxyethanol after intratracheal
instillation in male rats.

Methods: In order to calculate median lethal dose (LDso) of 2-butoxyethanol using Probit analysis with SAS
program, the 2-butoxyethanol was administered with dose levels of 0, 101.64, 203.28 and 406.56 mg/kg by
once intratracheal instillation to male rats. During the test period, clinical signs, mortality, body weights, organ
weights, hematology, and serum biochemistry were examined. At the end of 14 days observation period, all
animals were sacrificed and gross finding and histopathological examination were performed.

Results: All animals of 406.56 mg/kg group died within 2 weeks after the administration of 2-butoxyethanol.
Treatment-related clinical signs, gross observation and histopathological changes (mucous cell hyperplasia,
alveolar macrophage aggregation, and hemorrhage) of lung exhibited an increased in 2-butoxyethanol treated
groups in a dose dependent manner. However, there were no changes in the organ weights, hematology and
serum biochemistry, and histopathology of any other organ except lung.

Conclusions: On the basis of the results, it was concluded that a single intratracheal instillation of
2-butoxyethanol in male Sprague—Dawley rats resulted in some adverse effects on mortality, clinical sign, and
histopathology in the lung. In the experimental conditions, the LDsg of 2—butoxyethanol was considered to be
287.2 mg/kg and lung was founded to be the target organ of 2-butoxyethanol.

Key words: acute toxicity, 2-butoxyethanol, intratracheal instillation, LDso, pulmonary toxicity
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245 °C, 3719} 0.76 mmHg (20 °C) ¥ n-S%&/=
EHAS 0.812 EALE 5ta, ¢FZH oHE, /7]
A 9 FE 7180 5oH 2ok & etk 2-F
EAOgHEE dFulE IYPAL} ofvhd, BRY A, YA
AAA & A HRIES, 22 1 FFA Q] BufA]
2 g9 AREEY, JAA A8A, 398 ==, 59
A=A, GAF dMok AE A8 9 PFFOET A}
|HHNIOSH, 1991; Zhu et al, 2001; IWMB,
2003; HSDB, 2005). "= AFIQEA B A %A4(National
Institute for Occupational Safety and Health,
NIOSH)9] 294 wZZAKNational Occupational
Exposure Survey, NOES)O| W= wm]=ofA] 1981~
1983 % 2-FHEA|fEZ0] Ed LaAte] = oF
299k goletal HEITHNIOSH, 1989; ATSDR,
1998; HSDB, 2015). 2-HIEA]oE&(2-methoxyethanol)

= 2-9EAoek&(2-ethoxyethanol)> 2-FEA]
ogtET AR A2 AR 2EEolEI2R(shorter
chain glycol ethers)A|eF A4l =Ad02 Qg ARE0]
4ot oH(Ghanayem et al, 1990; NIOSH,
1991), HHAIEEA 2-FEAJeHE9] AR S7FH=IS
I A S S7Fsks SAICITHNTP, 2000). 2-+F
EA] oehE2 19924 ml=oflA 185 &, FollAl 15
b Eo] AAEQIttY HEUEQTHSCHER, 2008:;
OECD, 2012). E3, A AlAIZ R 2-FEA &S
208E~509F Eo| A=, BAF F oF 75%= EE
2 Fgof|, oF 18%= AlIgAIol AREETH H s glck
(Rebsdat & Mayer, 2001; NLM, 2014). 33H<Ist 2-
FEAOer=22] ARELE QlISto] 2-REA|eEZZ ]
83 AlFo] sofdol wEt 2-FEA gkl LEE
= S2A] 7t SUFE A o= Al EY, thofFst 3
= 5ot EH 2-FEAEES mRHPSET of
Yzt = 542 B9l AACl 592 7543l Sl

SFAFAOPA B A5 THKorea Occupational Safety
and Health Agency, KOSHA)OIA AlZstal e &=
AR AX&E(Material Safety Data Sheet, MSDS)
o =W 2-REAEEE 557] A= g 2=,
g A= 2 I 7S fdtke ZeE I
nom, 2-FHEA|ogrZo] F5H A S5t
SAE, dAH AbS, AZE @5, dlEIEN T

, SRS D AEAT T2 AR 50 fdE
o1l B E Y Rambourg-Schepens et al.,, 1988;
Gijsenbergh et al, 1989; Litovitz et al, 1991,

>,

.

o

P&
rlot

et
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Bauer et al., 1992). ESt F344 =9} B6C3F1 uf
S20A 237t 2-REAHEE &Y 234X A
F344 A7 HEoA FAl £29] oFd 9 Qg ZAA|
ZEI B6C3F1 3 whAofA ThA|EEat 7He
EEFo] HWRAEJCHNTP, 2000). 2-FEAoferE
< 20069 =A F A+ 7IBWUIARC)IM IF C
(possible human carcinogen)®, 20094 v|= &7
B35 A(United States Environmental Protection
Agency, USEPA)IA 2-BEAeH22 1F3(not
classifiable as to carcinogenicity to humans)=
I ATHUSEPA, 2009).

old Ao WEH AL F4 FYE TEEAAL
FHLCs0)= 2.2 mg/L (4A17h), 90Y &te] ¥hE: S
Z(6A7H/ Y, 59/5)8 HqF2-8(no observed
effect level, NOEL)2 0.37 mg/Lztal EIEHATH
(Bushy Run Research Center, 1980; Dodd et al., 1983).
u] = FAA A A7 21 8l(American  Conference
of Governmental Industrial Hygienists, ACGIH)<]
1Z7|Z(Threshold Limit Value, TLV)o] T2 A}k
oA 5-8El= 2-FEAE22] 1Y 8AIZE AR 7H5
Bt 5 (time weighted average, TWA)E= 97 mg/
m’E BIEY Ejuet @9 7|22 ACGIHS] TLV
off Aot A=FF5AtT AR E Yo 7R eh= 120
mg/m’2 HIEQlr} Sejvek= HaleeiAE 21 ¢
- HAZIE IAE RS (@R 3 A2016
-254%) 2-FHEAogtZo] FFE o0l ALIAIE
of thsto] ShfEt WAIRe] AlEY Aol B 75
4 SRS 71AsHL 54d0] A== FAISk= T 7]
=2 7Fetelitt. EE, AP B AT T2 AFIQt
ARAHF98Z A23)ol whet oAl eE== A
Fof| SAtel= SEARS] A E ol 2-FEAE
25 ERAAHHNAAEAR 5551 o]Qo: 2-
FEAOSEE 27|44 T dRoted
1 AJSAHSHNIELR SS5HUS T A
U HF 759 Al 2 4T gRE Bl =20]
O|Fo A X|qt, 2-FEAOeHZ0] &QJo= It =45}
A JH= ufe- AREH o= A ol F-dol gt /i
A 2AFH H7F At mEE Aot

FASGAE 8 A AEEES AR &5k
oA AGARe] FAAS gHSH] Yot SUEE
Aol gt AEAQ A4 7], ohFet Al 2
H|7} Q7= o|2|gt o|-f&E 1H|-E9 FAIZ} AT

Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(4): 473-483



£71 SHE(Sprague—-Dawley)0flA] 2-5.

£
™

< B AFoA= SA=ZAI™ HIs) A
Ao g 40| 7ty 3}11” s=olA == AEEd
]J:_o]-oq _Q.F’J:/\P_L]-/\é_,] .F{-Uﬂ O]
£olgt 7=y —:—@‘ﬂ | SUEBAES dHASH= U
o7 497 AR JtHKim et al., 2018a; Kim et
al., 2018b; Kim et al., 2018c; Kim et al., 2018d).
E 9= Kim el al.(2019) A+E #alslo] 712y
FoHZ AdEsielon, Avxiel =4 9 =yl A
FERSE fJote] 2-BEA|EEZo] tigh eHdAd Bt
9] gglo g good laboratory practice(GLP) 9157]
S B FHstAT E Y =E A HEE £
NE 95 AAET £ 7]target organ) R
‘ﬂ'—’?—i]/\}%lz-(LDso)g ZARH] flote] 2-FEAJ

AldEEoA &3] 7=y Fo] & AFFRFet A
H]'o F g AlS 2 75T il 9 Hat g
ZAsketA A d HE A5y HARE AAISHIH

L= =

O

RERTETE

1. NS & A=

£ o] ARESE 2-HEAERE(CAS No. 111-76-2)
2 Sigma-Aldrich Co.(Saint Louis, MO, USA)°llA]
T-Usto] AREsFTt.

2. 2 48 Y FOLH

FACoA 2-FEAEZ0] T3] FUkeE HHpAJAL
ZHLCs0)2 2.2 mg/LEAIDE YA 9low, ot
AIE v o2 Alexander et al.(2008)°f 9Jsto] &
A E5E(mg/DE Fo9s5T(mg/kg)Z BHilsto] 2
A &g AAstlon Auale thao (1), 2%
2t

DD = (C x RMV x D x IF) / BW 1)
RMV = 0.608 x BW"8?2 2

DD: delivered dose (mg/kg)

C: concentration of substance in air(mg/L)

RMV: respiratory minute volume or the volume
of air inhaled in one minute(L/min)

D: duration of exposure(min)

IF: inhalable fraction

BW: body weight(kg)
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IJHER ZF 845 HYst [Fe 1, A2

= 200 g
olztal 7Hgshd A(3)2e= A

406.56 mg/kg = (2.2 mg/L x 0.154 L/min
x 240 min x 1) / (0.2 kg) 3)

2-BEAEEZ] FYLE HrAARSE(LCs0)= Al
% ke 406.56 mgS oI5t w=o} ZgtoH IyHER
Aol A= AR S50 g &8 &
o 4 QEE V-8FS 406.56 mg/kglZE AR

FEF

1, 34| 25 #-83}0] 203.28 mg/kg ¥ 101.64 mg/kg
Fol#t BFA| tf2(vehicle control, 0 mg/kg)<

7kttt 2+ AldsE2 ofe|Zek(isoflurane, A
OFFAITIAY, 31, =)o oF 285t v &, A
vt} A& 7|(automatic video instillator)& ARE-S
o(Kim et al., 2018a; Kim et al., 2018b; Kim et al.,
2018c; Kim et al., 2018d; Kim et al., 2019) A&,
&, A&l 4 2-FEEAEE 101.64,
203.28 ¥ 40656 mg/kgE AFEES 7= Y
(intratracheal instillation)= @3] Fo5}9ct iz
o= BdsHTE 712U Fo5t3ial, FoAEE 50 p
L= @7@ O}-Mt’]—~

3. ABEE H A=
2 AlgoA= ERNEH| AL, FHERH Y5
st 65799 A EHAA HAl(specific pathogen-
free) Sprague-Dawley =S ARSI 1597HY
A9 9 &35 AR § A6t ByE AL Al
stof Algof] ARESIHE F=AY ASEHES 2
2243 °C, AEE 50+20%, AT 12477
(08:00 %5~20:00 4 ) 71514 10~203]/A417F &
Z% 150~300 LuxZ A" AREHEoA AH QI
AA %"M‘X}(ZSSWX 465Lx200H mm)oll ARAF
g 3k gotglon, AdsEd IPAE(Lab
Diet® #5053, PMI Nutrition International, USA)S
ARSERAL Fol7lel IPAEE Yol A HFAAR
=2 vAof2r] 9 ZQ]A-E o]8ste] ofIpAIY] A
e AR AFAF AREES 4719 2o
TAastelen, +9 6ut e &2 AMgstlth 74 &
O] AFEES 5o 15900 sPAAT 7] AldE2
= AEERE]05ES](American Association

mEl-l'l
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for Accreditation of Laboratory Animal Care,
AAALAC)EHH QIF5H AlHoA $8=|911, K A
He 71 FEHEAREY Y] (Institutional Animal
Care and Use Committee, IACUC)°] Q& HEE
THIACUC #1704-0157).

4. MSEY & ASTEEE

5. QO0F ZIAI & X7 |Z2F =X
1599 RE HYEFEL olo]
ng AFgsle] niHA)7| T ARt Sl A

AEsto] FEFe S0k, FHA AlFol gt 4

&7 1%5FH organ-to-body weight ratio, %)< AAt

6. oMt At

s A BE AEsEol ot o 16A17E o]
g AAZ AASIY £3 Al A N F 2F 0.5
mLE F32A?] EDTA-2K7F S°i9l= CBC bottle
(vacutainer 3 ml, BD, USA)9| 3t & AF5ENE
Z71(ADVIA 2120, SIEMENS, USA)E ©]&3to] uid
T(white blood cell count, WBCO)2} A& (red
blood cells, RBC), % (neutrophils, NEU), X
Tlymphocytes, LYM), ZAFHXeosinophils, EOS),
S ¥7)7Hbasophils, BAS), HIH|FGAJHNE(arge
unstained cells, LUC), WAIAES(reticulocyte
count, RET), @4%=(platelet count, PLT), d0tEZ]
E(hematocrit, HCT), d2ZZ4I(hemoglobin, HGB),
A E7+E8&(mean corpuscular volume, MCV), &
dAEFLEM AT (mean corpuscular hemoglobin,
MCH) ¥ H#ZETLEMA 5T (mean corpuscular
hemoglobin concentration, MCHC)E =735}t

7. BHYSISY ZAt
AEapr] A mE APFE date] oF 16417 ©f

www. kiha.kr

g AAZ AASEeI 743 Al At @Y 5 2F 1.5
mLe] YL clot activator’F £+ 5 mL 859
vacutainer tube (BD, USA)ol|l FYUstaLl oF 30+ o]
A A2 ®WAJste] SAIZ] £ 3,000 rpmlE 102
7t ARt EEE @32 FAAYSEEAT]
(TBA 120 FR, Toshiba Co., Japan)g ©o|&d}o] ofA
}e}RAL o Aol G A (aspartate aminotransferase,
AST)®} gehd ojn|i-Ho| g4 (alanine aminotransferase,
ALT), &g i iEal a4 (alkaline phosphatase,
ALP), 70} ZFEPIAo| a N gamma glutamyl transferase,
GGT), €%92484A(blood urea nitrogen, BUN), =
ol d(creatinine, CRTN), @J(glucose, GLU),
ZZY AHE(total cholesterol, T-CHO), 2|54
(total bilirubin, T-BIL), ¥ &(total protein, TP),
&dEul(albumin, ALB), ¥RHIZZEHH|(albumin
globulin ratio, A/G), Adotgl <lAtaA(creatine
phosphokinase, CPK), &A% (triglycerides, TG),
Zr(calcium, Ca), F7|%14Kinorganic phosphate,
IP), 91X (phospholipid, PL), HEE(sodium, Na),
ZE(potassium, K) @ F4(chlorine, Cl) =& =

943t & Hematoxylin-Eosin(H&E) FAEES Tt
Eo] FsAu]4(DM3000 LED: Leica, Wetzlar,
Germany)2.& FZo|i} S22 1259 o)

9. 8/4tH E4

AlgZAd Am9 BAEAHLS Pristima  system
(Xybion Medical System Co., USA) ©]&3}itt.
N7 5 SHE ASH 7159 2o B4 ®
SHAR ®I|stolon, dYuiAEAREA (one-way
analysis of variance, ANOVA)& AlAJslo] Fol4]o]
=Y 22 F2HQ1 Zol7t Q= AlEEE &
°1517] Y31o] Dunnett's t-testE AAISIATE HERX]
AFs(LDso) 32 SAS =213 W9] Probit £41%H
= o]&s}3lH
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£71 SHE(Sprague—-Dawley)0flA] 2-EEA|0ELSH

. g1zt

A7 & A= ZIHTable 1),
406.56 mg/kg FolxollA Fol 2of 23, Fof 3Y
of 19, ol 5%of 1], o] 110 1], 18|31 Fof
139 187 AFdstaict. A7 5 dRksids &
2Rt A= Table 10] 8953t AlAE4 2] Foiet
stol  dEAY(panting  breath)¥}
respiration), °F(thin appearance) ¥ AFd(death)
27E0°] 406.56 mg/kg FolTollA TEEU AIH
717 % =9 ASS SHT AIHAER A A, dR
T =2 AR ASS7HE HEIAL, 101.64 ¥
203.28 mg/kg FoZoNME txa AR AES
7Fe YERgIT

A (noisy

BHLAA Y HINFE

| 25 BEsES FHst S8 74
Rt 23KAE v|AA]), 203.28 mg/kg Fo
HAl(discoloration) 1317 =it

(2-butoxyethanol)2| 3] 7|=L FO0f ME S AR

477

g, 2% 101.64 mg/kg Folte] &A=
AldEde Fojof 71Q1H ofumet §9H4 AdE T
HZ] gttt 24 Al 2 A7|9] #AE S4% At
(Table 2), 101.64 ¥ 203.28 mg/kg FojzoA=
23 BluskelS W ST BE A4 A

A
Moz GO WMok BAEA Aot

YIS HAL

gallsky HAFEITable 3), 101.64 E 203.28 mg/kg
FojZo| A MEI(WBC) $7F ti2o] vlsf A
O FSA S71etAtHp0.01). B8t 4
AFA3KTable 4), 101.64 mg/kg FolFoA FHF
HI(T-BIL) ¥ ERRI(ALB) 2|7} tizol| vls) SAst
Aoz FogUAl FASHATHZAZE p<0.01, p0.05).
203.28 mg/kg FoollA= ool EA(AST)S}
Aot JMAEA(CPK) ¥ AA(C) 271 ol
vl oA F7eE whA(ZZ p<0.01, p<0.01,
p<0.05), @ZHGLU)Z FUHFRI(T-BIL), LFTI(ALB)
9 Z5(Ca) A7} ti2atol] Blsl] BASHCRE {24
DA ZAFITHZZ p<0.01, p<0.05, p<0.01, p<0.05).

Table 1. Clinical signs after intratracheal instillation of 2-butoxyethanol in male rats

Groups treated with 2-butoxyethanol (mg/kg)

Perameters 0 101.64 203.28 406.56
No. of rats with clinical signs 6a 6 6 6
Appears normal 6 6 6 0
Panting breath 0 0 0 3
Noisy respiration 0 0 0 2
Thin appearance 0 0 0 3
Death 0 0 0 6
@ A single rat may be represented more than once in listing individual signs.
Table 2. Changes in absolute weights after intratracheal instillation of 2—-butoxyethanol in male rats
Groups treated with 2-butoxyethanol (mg/kg)
Parameters
0 101.64 203.28 406.56
No. of rats 6 6 6 6°
Lung (g) 1.458+0.124° 1.461+0.089 1.462+0.073 -
Liver (g) 16.513£1.810 17.379£0.054 0.829+0.060 -
Spleen (g) 0.77520.134 0.810£0.072 0.744+0.069 -
Heart (g) 1.216+0.073 1.260+0.069 1.189+0.086 -
Kidneys (g) 3.127+0.163 3.105+0.273 2.913+0.248 -

? Six animals in the 406.56 mg/kg dose group died within 2 weeks, for those rats no data were obtained.

® Values are presented as mean+SD.
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Table 3. Hematological values after intratracheal instillation of 2—butoxyethanol in male rats

Groups treated with 2-butoxyethanol (mg/kg)

Parameters
0 101.64 203.28 406.56

No. of rats 6 6 6 6
RBC (10°%/uL) 7.34+0.278° 7.04+0.275 7.18+0.420 -
HGB (g/dL) 14.6£0.41 14.2+0.49 14.6£0.51 -
HCT (%) 46.8+1.42 45.1£1.26 46.5+1.57 -
MCV (fL) 63.7£1.27 64.1£1.57 65.0+2.32 -
MCH (pg) 19.9£0.42 20.2£0.56 20.3£0.80 -
MCHC (g/dL) 31.2+0.45 31.520.27 31.3£0.58 -
RET% (%) 4.12+0.590 4.29+0.318 3.90£0.506 -
RETA (10%/L) 301.7£35.96 301.6£23.98 278.7£23.84 -
PLT (10%/uL) 994.7+70.54 971.3£108.69 992.7169.42 -
WBC (10%/uL) 7.84+1.198 10.27+0.545™ 10.4941.325" -
NEU (%) 12.4£2.14 12.7£1.53 14.3+4.89 -
LYM (%) 80.7£3.15 81.011.61 79.614.54 -
EOS (%) 1.6+0.41 1.5610.34 1.7+0.43 -
MON (%) 1.4+0.66 1.0+0.33 1.1£0.48 -
BAS (%) 0.52£0.20 0.4£0.13 0.5£0.19 -
LUC (%) 3.311.20 3.5620.66 2.8£0.84 -

 Six animals in the 406.56 mg/kg dose group died within 2 weeks, for those rats no data were obtained.
® Values are presented as meanSD.
" X0.01, compared with the vehicle control

Abbreviations: RBC, red blood cells; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RET%, reticulocyte count (%); RETA,
reticulocyte count (absolute); PLT, platelet count; WBC, white blood cell count; NEU (%), neutrophils (%); LYM (%),
lymphocytes (%); EOS (%), eosinophils (%); MON (%), monocytes (%); BAS (%), basophils (%); LUC (%), large unstained

cells (%)

Table 4. Serum biochemical values after intratracheal instillation of 2-butoxyethanol in male rats

Groups treated with 2-butoxyethanol (mg/kg)

Parameters
0 101.64 203.28 406.56

No. of rats 6 6 6 6
AST (IU/L) 106.2£10.53b 99.4+6.89 129.7+11.25" -
ALT (IU/L) 47.4+7.73 48.6£2.69 52.616.22 -
ALP (JU/L) 1271.1£193.21 1109.2+£155.53 1320.6+219.54 -
GGT (U/L) 0.33£0.264 0.37£0.227 0.40£0.253 -
BUN (mg/dL) 19.4+1.63 19.9+1.76 20.0£1.80 -
CRTN (mg/dL) 0.53+0.053 0.54+0.034 0.53+0.056 -
GLU (mg/dL) 178.5£18.23 156.1£28.51 133.3£7.76" -
T-CHO (mg/dL) 72.2+11.30 71.5+13.75 65.7+5.39 -
T-BIL (mg/dL) 0.065+0.0094 0.043+0.0113" 0.046+0.0099" -
TP (g/dL) 6.31£0.110 6.23+0.230 6.1210.151 -
ALB (g/dL) 4.23+0.032 4.12+0.097" 4.08+0.068" -
A/G (ratio) 2.04£0.099 1.9620.094 2.00£0.101 -

www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(4): 473-483
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Table 4. Continued

Groups treated with 2-butoxyethanol (mg/kg)
Parameters

0 101.64 203.28 406.56
CPK (IU/L) 479.3£57.71 427.0£74.14 689.0£117.11" -
TG (mg/dL) 113.4441.82 131.91£30.46 108.1£21.38 -
Ca (mg/dL) 11.88+0.105 11.74£0.350 11.37+0.304" -
IP (mg/dL) 11.4620.371 11.30£0.642 11.7320.842 -
PL (mg/dL) 136.5+14.77 136.2+14.66 125.8+5.31 -
Na (mmol/L) 143.0£0.63 143.5£1.05 144.2+1.60 -
K (mmol/L) 7.24+0.708 7.11£0.308 6.57+0.858 -
Cl (mmol/L) 96.0£0.89 97.3£1.51 97.7+0.82° -

@ Six animals in the 406.56 mg/kg dose group died within 2 weeks, for those rats no data were obtained.
® Values are presented as mean+SD.

™ X0.05, X0.01, compared with the vehicle control
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase: GGT, gamma
glutamyl transferase; BUN, blood urea nitrogen; CRTN, creatinine; GLU, glucose; T-CHO, total cholesterol; T-BIL, total
bilirubin; TB, total protein; ALB, albumin; A/G, albumin globulin ratio; CPK, creatine phosphokinase; TG, triglycerides; Ca,
calcium; IP, inorganic phosphate; PL, phospholipid; Na, sodium; K, potassium; Cl, chlorine

Table 5. Histopathological findings after intratracheal instillation of 2-butoxyethanol in male rats

Groups treated with 2-butoxyethanol (mg/kg)

Findings

Grades 0 101.64 203.28 406.56

No. of rats 6 6 6 6
Lung - 6 6 4 -
Mucous cell hyperplasia + 0 0 1 -
++ 0 0 1 -

Alveolar macrophage aggregation - 6 6 2 -

+ 0 0 4 -

Hemorrhage - 6 6 5 -

+ 0 0 1 -

 Six animals in the 406.56 mg/kg dose group died within 2 weeks, for those rats no data were obtained.
Grades are as follows: — (normal), + (minimal), ++ (slight), +++ (moderate), ++++ (marked), +++++ (severe)
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Figure 1. Histopathological analysis of lung tlssue after 2 butoxyethanol treatment. The image A is representatlve of lung tissue
of rats from control group treated with distilled water by intratracheal instillation. The images B and C are
representative photographs of lung sections from the middle—-dose (203.28 mg/kg of 2-butoxyethanol) group. Black
arrow indicate mucous cell hyperplasia, black arrow head indicate alveolar macrophage aggregation, and white arrow
indicate hemorrhage. Tissues were stained with hematoxyline & eosin, as indicated in materials and methods. Scale
bars represents 100 um.
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He|x
F4 Al S8 Aol TEE HE ZEsto] 248
ol 55 &St AiKTable 5, Figure 1), ti&+3
101.64 mg/kg FofatollAl= owgh 22/eH4 oj4f A7
T IEER] 4deFoL} 203.28 mg/kg Tl Hof A
HAHANEZ SA(mucous cell hyperplasia) 282} H2&
tH2]A|E SR (alveolar macrophage aggregation) 4
& 2 Z3(hemorrhage) 187} 2= Qict. ATt 7H
A 9 oA ojEgh ek TWREA] oitt.

v. o #

£ ATE 2-FEAREE AEEEA 7= F
ofsto] SUEAS ATTO 2N 2-HEA| RS AR
Sk AHRReL 222 9 IH1o] ARESE 93t 7124
2o} 7o B7F 712ARE BAketaAt skelnh

2-REAEE] FAAEAEES RAFSH] Hoto] A
AToA 0, 101.64, 203.28 ¥ 406.56 mg/kg &F
o7 o3 7|Ey o & dugAdd AlE, Stad,
A75%, AH HAL P HAF € R
Aehy HolE kT AlEZET, 2-FEAEE
o] &3 7=y Fo= duA AFFES S ¢
o] e IS Zefiol= AR IRIFEU 2 Al
oA Probit ®AHE Soto] HWAE 2-FEA|&
29 &3] 7=y Fo] ¥pAARSE(LDs)= 287.2
mg/kgol 2™ Miller & Tainter(1944)9} Randhawa
(20097} E3I TS Falste] AAlsti 2-R5
Aol @3] 7|y Fo BEEXANSE(LDso)E
Alexander et al.(2008)°] &5l Foi5x(mg/keg)S
TS 5T (mg/DE AsFE 1.55 mg/LE4AIRHS
2 AFEEYE Bushy Run Research Center(1980)°]
A BHiE 2-FEAORRZY] T3] FULE TEAAL
FHLCs0) 2.2 mg/LEAAIZHI} & A4 HkR] A}
FHLCs0)0] Aol olf= Fof W ztolof 7|JA=A
o7 AtgHr

UuESA; TZ A, 2-FEA g 406.56 mg/kg
FojoA dYAHI Hg E ofyo] HFEGO
o, 71ZW Fo 139 <t 67ty BE5F ARgshth
ESE 2-BEA S 406.56 mg/kg T & AN
3 =9 S A T ZAd o ¢
(discoloration)o] ¥ ZHAloA] HH=ATHAE 1]
A|A]). Bushy Run Research Center(1980)°4 Wi
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H A+Zo] W= F344 HEo] 2-FEASHSS
202, 523 9 867 ppm (2F 0.99, 2.55 ¥ 4.23 mg/L)
OF 4AZFERE @3] AA EQlkE FAd €2 35
(shallow breathing)e] IEEFO™ 523 ppm(eF
2.55 mg/1) &4 6ut] F 39k7L 867 ppm
(9F 4.23 mg/L) &4 ovhe] ¥ SYeE 14
olo] APgsitt. ESH Raymond et al.(1998)3
IARC(2000)7} TH#3t AFZ23o| W=2H S5715 &
stof 2-REAOeRZ0] LEH dEAA = &

7] A=, ARt S8tE Bo] WEAEINY S 3Y

A&E ATt 2 AF9 406.56 mg/kg Fojto|A

B o

FE ANEY D AFES od ATATS} FAH,
UuEAT S RALARI AN EHFY

[¢]

Z =

AASHA YRt 11-8gtollA B AR Hop
HEA 93t 5454 gFo= wH
Ao 2-REAHZEZ 7I=Y Tt Ay
101.64 % 203.28 mg/kg Fol++& txTt H&SE
A5S7He YERHRAATE 406.56 mg/kg T2
U0 R ofgo]l TAEJL AHFo] FAEUCH
Dodd et al.(1983)9] Aol M= F344 HEo
2-FEEAER2-S 202, 523 ¥ 867 ppm(F 0.99,
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ARl Aleart HEENL Astaes =E 7~14%9
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A T AsHas AFEd o3t 5484 v
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T APSSE SEOIA BYe Aol TAE L e
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Ao 8 AtmE
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A
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(Wolford et al., 1986; Kang et al., 1995).
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(2-butoxyethanol)2| =3 7|l £0{0] M2 S SHAY 481
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