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Yong Hyun Chung’ - Cheol Hong Lim - Jeong Hee Han

Toxicity Research Team, Occupational Safety and Health Research Institute,
Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: The purpose of this study was to obtain information regarding classification and health hazards that may result from a 13-week
inhalation exposure to 2-methylpentane by Sprague-Dawley rats.
Materials: The testing method was conducted in accordance with OECD guidelines for the testing of chemicals No. 413. The rats were
divided into four groups(ten male and ten female rats in each group) and exposed to 0 ppm, 290 ppm, 1,160 ppm, 4,640 ppm
2-Methylpentane in each exposure chamber for six hours per day, five days per week, for 13 weeks.

Results: No death or particular clinical presentation including weight change and change of feed rate was observed. The relationships
between dose, gender and response were also not significantly changed in urinalysis, hematologic examination, or biochemical
examination of blood(except for total cholesterol being up, total protein being up, and chloride ion being down in males), and blood
coagulation time. For the relative weight measurement of organs, in the male group the weight change of both kidney and liver were
increased in proportion to dose. In histopathological examination, nephropathy in the kidney(cystic change of renal tubules,
regenerative tubule, inflammatory cell infiltration and necrosis in the interstitial tissue) was increased in a dose-dependent manner in
the male group(290 ppm, 1,160 ppm, 4,640 ppm). However, other organs were not affected by the test substance.

Conclusions: 2-methylpentane was estimated as a chemical causing nephropathy in the male group. NOAEL(No Observable Adverse
Effect Level) in the female group is more than 4,640 ppm, while inthe male group it is less than 290 ppm.
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T =385 vl gl 2-Methylpentaneo] -2 AJ7F
et HRo HEHEHW v FA=o] dojd 4 3,
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o AIZE 7)o HEEE Al 7))
Slov] A&AoR W ool it
Aol dojd 4= Qlt} 2-MethylpentaneS:
WPl TR 9 55, 44 Sl Aol
& glom, mugele] v AErt W) vl
47171 1 A9, shet wd, 24
5 A & YdaAo] Qti(Jennifer & Gary, 1999).
SAke] o] 2 AQl n-Hexane> Abgrolu} F=of
Diketone 2,5-hexanedione ©. 2 TA}E]o] xA17
A £ 4o 7] X 9HFrontali et al.,1981; Spencer et
al., 1981), 2-Methylpentane2> Fo% AldFEof A
T2AFA &2 +95HA gal(Frontali et al.,
1981), Fojx =M=9] QofA+= 2,5-Hexanedione©]
eS| gk=th(Jennifer & Gary, 1999). Frontali et
al.(1981)2  2-Methylpentane®] THAFES  2-Methyl-
2-pentanol ¥ 53t v} Tl Egan et al.(1980)>
500 ppmo 2 1Y 22A|7F 67 €7t n-Hexaneo] §l=
mixed Hexane isomersS NT o] w=ZA|7] A|F oA
AHEEE UEbgAl gtekar skgick Ono et
al.(1981) = =7 ;A =(Wistar) H 2|9 AlRAESE
(Nerve conduction velocity) S Z435F A|gofA]
n-Hexane> A& o7 ARFH=HE7F AT
2-Methylpentane-2 -3-2]sF W37} glgich 19914 w]
=7 FAA 1A =71 2] 3] (American
of Governmental Industrial Hygienists, ACGIH)+<= 5%
u]qt n-hexaned 93t EFET A o] WA
(Hexane isomers)2] 8 A|7F AJ7F71553 (Time weighted
average, TWA)Z 500 ppm(1,760 mg/m’) S 2 A5}
om FFAAEAA it fste] dAI=ETE
(Short-term exposure limit, STEL)-2 1,000 ppma &
arskar glck

B QAT oy $eluel ARIFEEAEIA b
Z7]20] A= o] A 942 2-Methylpentane©]] T
& obAl FUSAAES Aol 2-Methylpentane
HEFELZAE Y3t 22 oA B AR R (Material safety
data sheets)E {3t EA47]12 A=2E AFsl7] ¢Ish

of apsteict.
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AlF&E2  2-Methylpentane>  SKoj| 1 X](Lot  NO.

JSTT-104, Korea)o| Al L+t 7tATZnfE O
-AeFE A 7)(Gas chromatographe-mass selective detector,
Hewlett Packard 6890N, USA; Agilent 5973N MSD,
USA)E ol&sto] A/d-2E4|5kaL Gas chromatography,
FID(Hewlett packard 6890 plus, USA)E ©]-&3}o] &
F B A5}lo] 2-Methylpentane(93.63%)3} 7|gf &2 =2
TEE =EYES Felstar ARgsHelh d2Ede
Hepa filter2 3t HH371E5 AHE-5FIch

2 &= MY

2 g 5EE A4 stel AREAS SD
rat (& - = 2} SukE])oll 560 ppm, 2,800 ppm 1]
5,600 ppm O = 4A17F (TH3]) FQF HAOR =FA|
0 A3 AdEd =5 T8 5 149 59 B4
oy e AlFsESAA Solt S-S BEEA
orol ¥ APEAY B AREELCHE 5,600
ppm (20.0 mg/L)o| o= F7EE Itk o3t ofH]
Al ATE aEste] tixw 0 ppm, AlEEt 290
ppm, ST 1,160 ppm, 5T 4,640 ppm O 2

EELEL

=

3AI R

H X318 HAE 77|74 Organization for Economic
Co-operation and Development, OECD)2] 3}s+H&E2
HAE  7lo]=2kel  413(Subchronic  Inhalation
Toxicity, 2009)] @z} GLP(Good laboratory practice)

ALFoR AfEdS HE 1d 6A%L F 5,

1327 AAeE Al

DAREE QAT

Al FEELS SLC Japanof| 4] AALE 657 o] E4
WA EX) SPF(Specific pathogen free)] Sprague-
Dawley Rats =915to] 15:7F =3AX] & AJE S
&F -4 ZHZE 10mke ] g2 0 ppm, AsE RS
290 ppm, 5= w=E+ 1,160 ppm, 5T =S
4,640 ppmo = & FHA5to] 4t FUAH(HF
2% : 1 m', Model No. SIS-20RG, SIBATA Co.,
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LTD, Japan) Wh2] H#0] Z|(W750 mm x L220 mn x
HI80 mmyoll 7 +=&3k3icth.

AR 2% 2243C, AiEE 50£20% (AH
=4 =5 Ae A9, 27134 12~153)/A1%t, =9
(150~300 Lux)& 124]7F 27]& 9x)atqic} Abes
AleZ58 YHHAFE Picolab Rodent Diet 5053
(LabDiet, USA)& 57 AdAet=S stglon, &
gk oAl iz} Ael4l Abgyl} ake g
4= o]3}7] (Model No. WFU-25, SIBATA Co., Japan)
£ olgslo] REE ASEE AGAH AR

2) EA 27 B E

AFEZ =& 7lAEY7|(Model No. VG-4R,
SIBATA Co., LTD, Japan)2 APEHS 713447
Adseds Y3719 44 vler st
SR sEst M W 2=, $=, o
o, S| F W F2HE AlA e s Ao
(Model No. ICS-20RG, SIBATA Co., LTD, Japan)&
o]-g3te] 30&el 134 Z4sAtE AlHEREY =
T AFs MERHAA7E F2HE gas chromatography
(Model No. GCS-14PFFS, SHIMADZU, Japan)& ©]
&5t =277 5 158 HHoR 134 RYEFY
sholch AREd = BUHAS 93 B2 7
+ Ri-gasAo| 4] A 23t 2-Methylpentane ¥ 7}
& Fstel AHgstart

N o

A =F2/WAY o] o]

FAAE AFEA kF SR 15U Ho] AU
A}7](Model No : Portable slit lamp SL-14)} Q14| 7}
w2 (Model No : GENESIS K9L22)E o] &3}o] &9
7t Baslpgel ojg Fejstd Wl SRS B

Ae54S daet &
L
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A7 SRR AR et gl dae) B

o 2|2 st B9 ko] ol fEE B
sheiet.

@) 27t

2 ANE PR =3 27 o1% W R AlF
A](Uriscan strip 10 test) W R X}5E X2 Bio-Gen
10SGLM(Uriscan S-300)& ©]-&3}o] Q2w (Glucose),
2] 249](Bilirubin), #|=X|(Ketone body), 8 H|S(Specific
gravity), Z&(Occult blood), pH, T2l (Protein),
2 98] %= Al(Urobilinogen), o}FAAFA(Nitrite) & =1E
TH(Leukocyte) 5= ARSI

() B, WSt EAL 3 NS TALAA
A= AEEE 23S TR T oo
¢](Isoflurane, Ilsung Pham, Korea)& Al8-3lo] A&

==

B 7] (Hemavet 850, Drew Scientific, USA)Z &
4% 2otk ¢ YAAZE EDTAS A8
Shch BehESIAE H ol s s A 7 Hitachi
7180, Japan)®E HAFSIITE Ml d-2 A A EA7]
(DRICHEM 800, FUJL, Japan)2 Z43}ic}. doi<
TA T AANE JEst HHES Sodium citrateZ X
3lo] M-S T HA|(ACL7000, Beckman; KCL-
MAI-76-01, USA)E Ahgsto] S48t

Eosin (H&E)
st

4. BAHEN
ANRAL AR Betd REARER #7|8Hh
S 5 AS, A= AHE 5}
Aeksha Gab 9 A7|Sgel distels o
A BAS §o4E o=0.052 FAAsA dY
2l

Aol AH AT p<0.05
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A A AENEE Botel Hlolt® Agieistol
ZrolAEAd< AHEsHAT SAE flvt Az

IS SPSS 12KE o] &3t kAL Axkel 7
o] T4 ArR #7|H= HolE ] Feole A=
Mgke @ F ouEsd oFum gAEwel
Kruskal-wallis testE AA|5to] §-o)AL AE3ch

EA54 BAS Agow Y A8 QL B
7] *]2l SPSS 10.1K ¥ Sigmastat 2.032 ©]-&3]
Ak

1. o414 o}

| EQIH U #A rEsE
1357 AREA Bol7|7t F L 23.6~244T,

S = 46.3~51.7%, 42 -9.75~-10.3 mmH,0°] 31

[e]

o, 371 211.1~2152 //mine 2 ZTJHHY|
|20] 1,000 ¢ (1 m)E sk A7k 8] Sl=7}
12.7~12.93] it}

A7 T 2 =&t S W Al EEe
FAEE(ppm)s AEEZ 2812 + 277, FEED
1,163.9 £ 19.15, 1= 4,636.8 = 20.24% JE}SY
CH(Figure 1).
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1500 1163 9+19.15 ppm.

291.2+2.77 ppm

Conc. Of 2-Methylpentane (ppm)

1 15 29 43 57 71 85
Exposed Time (days)

Figure 1. Changes of concentration in inhalation chamber during
the experiment
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2. M B4 AIE M FEE M SEISE QFZAL

HE AdsEolA Apdaet Solgth o]
Rk ARAHF HAARIAE =E7)7E
ol vty FAHOR FOJgt zfol=
EfLA] b Sk th(Figure 2, 3) o - = AR &S Als
L nE oA o3t M= ¢l th(Figure 4, 5).
QF HAF AT M mE oA Bolgt FAo]
ZHE| 2] oottt

3. QUAL
A7 A3 23 FRAME dxgol] v =E
oA o4 e Aok A HA ekskek oA &
40 q
—e— Control
—O— 290ppm
35 4 —v— 1160ppm
—A— 4640ppm

30 4

25 4

Male feed intake(g)

20

Time(week)

Figure 2. Daily mean food consumption of male rats exposed to
2-Methylpentane for 13 weeks

30 4

—@— Control
—O— 290ppm
—w— 1160ppm
—A— 4640ppm

25 4

20 1

Female feed intake(g)
o

12 3 4 5 6 7 8 8 10 11 12 13
Time(week)
Figure 3. Daily mean food consumption of female rats exposed to
2-Methylpentane for 13 weeks
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Figure 4. Changes of body weight in male rats exposed to
2-Methylpentane for 13 weeks
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Figure 5. Changes of body weight in female rats exposed to
2-Methylpentane for 13 weeks

Zoll = 4,640 ppm Z o] T o] Phxto] vl
o folsbAl S71SHE O (p<0.05), LheiA) gl

2-Methylpentane OtZHY EI=4 o172 173

L EAHOE f0% Aol & Wolx) gkrh(Table 1)
4. BT, HUMBISIAAL U HASTAIZIZAL
D @A

o4 BE wBRE gzl vs) Foat Kol
7 glgiek

SR ERELEA

(1) A

2o 1T =39 Total cholesterol2 tf
23, ABE =il v FANCE gelg
Z71E H Y th(p<0.01). Total proteine I5® =
0] Ak, Tk &2l Hst S
ThH(p<0.05). 221} Chloride ionS Il %® =Z-9|
UE A<t Hlste] A dth(p<0.05). 7]Ef
Uz 2Regmo)i EAHoR L3 2ol
el = dRAgsiel dats ¢l 9 th(Table 2).

2) &A

Creatinine®] A% =239 1k ==TH
o FAACR {3 FUHE EATh(p<0.05).
Magnesium ionS 273 A% =0 H|3H
of Arot F5E wET RYHOR Z15)
AtH(p<0.05). Sodium ionS HFE=2 Ak =&
wol Hzgel vkl felden Eioa
(p<0.05). 184} Calcium ione ILF T =ZE o)A
1&Eﬂ~%zzig4wubw4%4ahu¢
5 H FHp<0.05). Potassium ionS A-s%* &t
of Hlgle] Mk =ETAA FoH HAE
% tHp<0.05). E3F A/G ratio= T2 A|F o]
gto] AEE =ETolA Fad &S YERW

o_\gO{N

-

E

¥

Table 1. Urinalysis(Protein) of male & female rats exposed to 2-Methylpentane for 13 weeks

Male Female
Unit Control group 290 ppm 1,160 ppm 4,640 ppm Control group 290 ppm 1,160 ppm 4,640 ppm
N=10 N=10 N=10 N=10 N=10 N=10 N=10 N=10
- 0 2 0 0 6 5 6 0
2 1 0 0 1 1 0 2
1 2 2 2 2 2 3 4
mg/de p
++ 2 1 4 5 0 0 1 3
++ 5 3 3 2 1 2 0 1
e 0 1 1 1 0 0 0 0
Significant differences as compared with control : ~ p < 0.05
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Table 2. Serum biochemical values of male rats exposed to 2-Methylpentane for 13 weeks

Parameter Control(0 ppm) Low(290 ppm) Middle(1,160 ppm) High(4,640 ppm)
ALB (g/dL) 2.630 + 0.106 2.610 +0.088 2.640 +0.108 2.720 +0.063
ALP (IUL) 381.600 + 62.465 418.400 + 61.853 360.900 + 112.858 398.200 +98.610
CA (mg/dL) 8.610 = 0.311 8.530 +0.216 8.740 + 0.241 8.630 +0.295
CHO (mg/dL) 67.600 + 14.431 74.500 + 13.994 91.800 + 19.332" 91.600 + 18.051"
CRE (mg/dL) 0.790 + 0.074 0.780 +0.123 0.800 + 0.047 0.810 +0.568
¥-GT (IU/L) 0.900 + 0.316 0.700 + 0.483 0.700 + 0.675 0.800 +0.422
GLU (mg/dL) 135.100 + 31.445 133.400 + 26.567 143.400 + 31.900 132.300 + 16.540
GOT (IU/L) 99.100 + 32.614 89.500 + 15.813 93.300 +23.138 93.500 +33.929
GPT (IU/L) 57.000 + 18.074 51.000 +9.922 50.900 + 8.279 51.700 + 11.653
IP (mg/dL) 4.820 + 0.951 4.760 + 0.474 4.840 + 0.654 4.530 £0.570
LDH (IU/L) 636.600 + 353.019 624.100 +260.919 517.900 + 366.666 590.100 +433.512
MG (mg/dL) 1.460 + 0.135 1.470 £0.116 1.590 +0.185 1.510 £0.173
TP (g/dL) 5.770 + 0.231 5.630 +0.177 5.640 +0.241 5.890 +0.242
UA (mg/dL) 1.130 + 0.271 1.160 + 0.232 1.090 + 0.203 1.100 £0.170
BUN (mg/dL) 15.970 + 2.089 16.220 + 1.810 16.500 +2.396 16.900 +2.349
TBIL (mg/dL) 0.000 + 0.004 0.000 + 0.003 0.010 + 0.005 0.000 +0.003
TG (mg/dL) 60.500 + 11.816 83.900 +20.621 92.800 + 46.380 81.600 +24.033
CK (IUL) 385.200 + 208.439 364.300 + 154.586 293.500 +206.904 383.600 +277.188
Na (mmol/L) 145.100 + 1.370 145.800 + 1.932 147.700 + 0.675 144.400 +0.699
K (mmol/L ) 4,990 + 0.418 5.030 +£0.134 4.980 +0.305 4.790 +0.296
Cl (mmol/L) 104.60 + 1.430 105.100 + 1.287 104.700 + 1.567 103.100 +2.079"

A/G ratio 0.8420 + 0.05978 0.8650 + 0.0506 0.8810 + 0.0448 0.8610 +0.0549

ALB=Albumin; ALP=Alkaline phosphatase; CA=Calcium; CHO=Cholesterol; CRE=Creatinine; y-GT=Gamma glutamyl transpeptidase;
GLU=Glucose; GOT=Glutamic oxalacetic transaminase; GPT=Glutamic pyruvic transaminase; IP=Inorganic phosphorus; LDH=Lactate
Dehydrogenase; MG=Magnesium; TP=Total protein; UA=Uric acid; BUN=Blood urea nitrogen; TBIL=Total bilirubin; TG=Triglyceride;
CK=Creatine Kinase; Na=Sodium; K=Potassium; Cl=Chloride; A/G=Albumin/Globulin ratio

" p<0.01, Low and high groups vs. control and low groups; !

vs. others groups(Decreased)

cHp<0.01). 7]ek vheiA] 543
oo5t zFol2 UEFY L HAAE}

e 4 AU TH(Table 3).
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: p<0.05, High group vs. low and middle group ; i

: p<0.05, High group

2) ”EH 375%

29 7S FAAE e A FATE
lLE«l»Xq o2 Frkete A BHilon i
oAl thztol Hlste] foF F7Hp<
o 7Fo] FAE FEoEHOR ~7}3}L AGFS B
Qou IEToloAl TRt H|ste] Sol3 =
7Hp<0.0DE Bgeh wge) FAE Asme] of
22 e kEFTo] Hst fojFor FUts)
ATHPp<0.01). o] thE A7|efAe SAHCR &
OJjt #polE HolA| FhtH(Table 4).

YA B BE 7oA FAXCE FoFt
o]Z Holx] ¢roltKTable 5).
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i
e
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2-Methylpentane O}2tAS

Table 3. Serum biochemical values of female rats exposed to 2-Methylpentane for 13 weeks

Parameter Control(0 ppm) Low(290 ppm) Middle(1,160 ppm) High(4,640 ppm)
ALB (g/dL) 2.880 £ 0.175 2.890 + 0.314 2.970 + 0.189 2.700 + 0.133
ALP (IU/L) 238.70 £ 68.775 241.90 + 66.651 168.900 + 48.957 238.300 + 78.058
CA (mg/dL) 8.600 + 0.211 8.660 + 0.458 8.710 + 0.273 8.330 + 0.263"
CHO (mg/dL) 95.10 + 14.216 98.900 + 19.706 105.500 + 20.051 95.600 + 15.721
CRE (mg/dL) 0.780 + 0.063 0.810 = 0.110% 0.740 + 0.084 0.710 + 0.057
¥-GT (IU/L) 1.900 + 0.994 1.600 + 0.699 1.600 + 0.699 1.800 + 0.632
GLU (mg/dL) 120.800 + 18.576 118.700 + 19.906 120.100 + 20.201 125.400 + 22.147
GOT (IU/L) 101.800 + 31.393 85.200 + 20.060 101.300 + 50.940 86.200 + 43.114
GPT (IU/L) 61.100 + 20.409 51.400 + 17.890 54.400 + 22.609 51.900 + 25.287
IP (mg/dL) 4.770 £ 0.540 4.940 £ 0.765 4.700 £ 0.510 4.710 £ 0.197
LDH (IU/L) 366.200 + 139.895 328.500 + 183.866 278.900 + 220.195 298.900 + 308.853
MG (mg/dL) 1.420 + 0.063 1.520 + 0.123° 1.520 + 0.103° 1.410 + 0.110
TP (g/dL) 5.850 + 0.392 6.070 + 0.564 6.180 + 0.301 5.810 + 0.296
UA (mg/dL) 0.940 £ 0.196 0.990 + 0.088 1.120 £ 0.239 1.030 + 0.170
BUN (mg/dL) 20.930 + 4.288 18.610 = 1.752 20.120 + 2.668 18.680 + 2.623
TBIL (mg/dL) 0.020 = 0.010 0.020 + 0.014 0.010 + 0.013 0.010 + 0.008
TG (mg/dL) 37.400 + 11.276 43.300 + 18.252 49.200 + 12.752 47.100 + 20.723
CK (IUL) 229.500 + 86.795 207.900 + 129.911 187.900 + 126.962 195.500 + 172.647
Na (mmol/L) 142.600 + 1.174 145.400 + 3.471° 145.200 + 2.044° 143.600 + 1.075
K (mmol/L ) 4770 £ 0.106 4.850 + 0.310 4.610 £ 0.304 4.500 + 0.359"
Cl (mmol/L) 105.40 + 0.843 106.400 + 1.506 105.800 + 1.476 106.200 + 1.033
A/G ratio 0.9740 + 0.0645 0.9100 = 0.0662 0.9270 + 0.0457 0.8710 + 0.0468"

ALB=Albumin; ALP=Alkaline phosphatase; CA=Calcium; CHO=Cholesterol; CRE=Creatinine; y-GT=Gamma glutamy! transpeptidase;
GLU=Glucose; GOT=Glutamic oxalacetic transaminase; GPT=Glutamic pyruvic transaminase; IP=Inorganic phosphorus; LDH=Lactate
Dehydrogenase; MG=Magnesium; TP=Total protein; UA=Uric acid; BUN=Blood urea nitrogen, TBIL=Total bilirubin;
TG=Triglyceride; CK=Creatine Kinase; Na=Sodium; K=Potassium; CI=Chloride; A/G=Albumin/Globulin ratio

: p<0.05, High group vs. low and middle group(Decreased);  : p<0.05, High group vs. low group; ¥ 1 p<0.05, Low and middle
groups vs. control and high groups; L p<0.05, Low and mlddle groups vs. control group; v p<0.05, High group vs. low

group(Decreased); % p<0.01, High group vs. others groups(Decreased)
6. /82|85 ZAt A Qgkeh. 7k, AR, 9, WOl ofde 2e 4
43 o] ekt (Table 6).

RAL A, 28 A HBAA T URL R ) e
WA, 71, A=, 8, die, &b, kA, agh Az o)A ujoksk(Very slight) AZAE H&
rargh AEA, SaA, g IR A e, F (Inflammatory cell infilteration, LI)o] tfZzot 29 T
& 9 A S, 8 U SR SR gag 0 gujaeligy 43T Feel A%E
2 M, el d= A= o7t o] ¥

2 1Y, 5 25373 9 15 =51
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Table 4. Relative organ weights(%) of male rats exposed to 2-Methylpentane for 13 weeks

Control(0 ppm) Low(290 ppm) Middle(1,160 ppm) High(4,640 ppm)

Body weight 469.770 + 46.185 470421 + 35.188 492.740 + 37.835 477.498 + 26.392
Testis(Left) 0.395 + 0.037 0.384 + 0.039 0.385 + 0.040 0.388 + 0.022
Testis(Right) 0.388 + 0.039 0.374 + 0.043 0.374 + 0.046 0.372 + 0.026
Kidney(Left) 0279 + 0.012 0.295 + 0.028 0.300 + 0.022 0.334 + 0016
Kidney(Right) 0.287 + 0.023 0.296 + 0.019 0.306 + 0.026 0.351 + 0.024"
Spleen 0.137 + 0.015 0.161 + 0.015 0.145 + 0.016 0.148 + 0.016
Liver 2.513 + 0.162 2.587 + 0.124 2.588 + 0.174 2.880 + 0.132"
Adrenal gland(Left) 0.006 + 0.001 0.006 + 0.001 0.006 + 0.001 0.006 + 0.001
Adrenal gland(Right) 0.006 + 0.001 0.005 + 0.001 0.006 + 0.001 0.006 + 0.002
Heart 0.279 + 0.023 0273 + 0.034 0.270 + 0.027 0.287 + 0.010
Thymus 0.078 + 0.027 0.079 + 0.019 0.080 + 0.030 0.081 + 0.018
Lung(Left) 0.100 + 0.004 0.102 + 0.006 0.100 + 0.010 0.099 + 0.008
Lung(Right) 0.183 + 0.016 0.194 + 0.016 0.187 + 0.017 0.193 + 0.018
Brain 0.445 + 0.023 0.454 + 0.026 0.429 + 0.039 0.429 + 0.016

* p<0.01, high group vs. other groups; T p<0.01, High groups vs. control and low groups; t p<0.01, Low group vs. control and
middle groups

Table 5. Relative organ weights(%) of female rats exposed to 2-Methylpentane for 13 weeks

Control(0 ppm) Low(290 ppm) Middle(1,160 ppm) High(4,640 ppm)

Body weight 268.660 + 13.433 266.807 £ 18.068 256.880 + 19.978 264.173 + 23.222
Ovary(Left) 0.013 + 0.002 0.014 + 0.001 0.014 + 0.003 0.012 £ 0.003
Ovary(Right) 0.014 + 0.003 0.016 + 0.003 0.015 + 0.002 0.014 £ 0.003
Kidney(Left) 0.304 = 0.012 0.317 £ 0.031 0.319 + 0.017 0.327 + 0.014
Kidney(Right) 0.307 + 0.011 0.322 + 0.035 0.322 + 0.018 0326 + 0.012
Spleen 0.170 = 0.019 0.177 + 0.021 0.179 £ 0.023 0.171 £ 0.018
Liver 2.284 + 0.157 2.496 + 0.244 2.468 £ 0.156 2418 + 0.175
Adrenal gland(Left) 0.012 + 0.002 0.013 + 0.002 0.013 + 0.003 0.015 £ 0.002
Adrenal gland(Right) 0.011 + 0.002 0.012 + 0.002 0.011 + 0.002 0.012 + 0.002
Heart 0.316 + 0.019 0.336 + 0.035 0.333 + 0.028 0.331 + 0.012
Thymus 0.113 £ 0.015 0.136 + 0.037 0.131 + 0.030 0.112 £ 0.016
Lung(Left) 0.132 £ 0.011 0.140 £ 0.011 0.141 = 0.015 0.137 £ 0.011
Lung(Right) 0.254 + 0.021 0.258 + 0.023 0.264 + 0.033 0256 + 0.013
Brain 0.725 + 0.051 0.726 + 0.046 0.760 + 0.067 0.736 £ 0.072
d7b R A FoHFoca) AAIA (Bile ducholA] mIkE YFHEL Mgo] FHE e
(Necrosis)7} 2, A% wawold 22 18, Fzold 19 wa=Edom, voRkt @ 34
A|Zol 4 F] 24 ¥4 (Glycogen degencration)o]  (Hyperplasia)o] F5E g 17], M tetol
gzl A 2 19, BAE WA Degeneraton)o] A A 22 WaE AT
FE kEFOA 18, Ao XH HAJ(Lipid (2) A% (Kidney)
drople)o] Ag oA 1ol HAHLAL. ST TE gz el viors aAE Fee] thxa 39,
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Table 6. Histopathological findings of male rats exposed to 2-Methylpentane for 13 weeks

Control(G1) Low(G2) Middle(G3) High(G4)
10 10 10 10
Number of Animals
N % N % N % N %
No significant lesions findings 07/10 70  07/10 70 06/10 60 07/10 70
Abnormality 03/10 30 03/10 30 04/10 40 03/10 30
Intestitial very slight 02/10 20  0/10 0 0/10 0 0/10 0
Inflammatory tissue slight 010 0 0110 10 0310 30 01/10 10
i cell infiltration
Liver bile duct very slight  0/10 0  0/10 0 01/10 10 0/10 0
Sign  Necrosis focal 0/10 0 01/10 10 0/10 0 0/10 0
Hyperplasia bile duct very slight 0/10 0 0/10 0 01/10 10 02/10 20
. glycogen very slight 01/10 10  01/10 10 0/10 0 0/10 0
Degeneration - -
lipid droplet  very slight 0/10 0 01/10 10 0/10 0 0/10 0
No significant lesions findings 02/10 20 02/10 20 04/10 40  0/10 0
Abnormality 08/10 80 08/10 80 06/10 60 10/10 100
Inflammatory  Intestitial very slight  03/10 30 04/10 40  03/10 30 0810 80
cell infiltration  tissue slight 0210 20 0/10 0 01/10 10 0/10 0
Kidney Regenerative very slight  03/10 30 0510 50 02/10 20 09/10 90
Sign tubule” slight 0/10 0 0/10 0 0/10 0 01/710 10
very slight 0/10 0/10 0 01/10 10 0/10 0
Cystic -
+ slight 0/10 0/10 0 02/10 20 0/10 0
change
mild 0/10 0/10 0 0/10 0 10/10 100
No significant lesions findings 07/10 70  06/10 60 08/10 80 07/10 70
Lung Abnormality 03/10 30 04/10 40 02/10 20 03/10 30
Sign  Enlargement BALT very slight 03/10 30 04/10 40 02/10 20 03/10 30
No significant lesions findings 10/10 10 09/10 90 08/10 80 04/10 40
Abnormality” 0/10 0 orvio 10 02/10 20 06/10 60
1
T\?:jity Hypertropy goblet cell  very slight 010 0 010 0 010 0 0110 10
Sign very slight  0/10 0 0110 10 02/10 20 04/10 40
Hyperplasia goblet cell -
slight 0/10 0 0/10 0 0/10 0 01/10 10

: : p<0.05, compared with G1 group
: p<0.01 compared with Gl group

A T 47, T8 mEd 39, ek
oA 82 A= Fugt ASAE e
Z1 28, Sk mEwolAl 17F BEE I 1

10 S e

3t YAJA] A (Regenerative tubule, RT)o] t)-

39, Asle mE 59, TE =& 29,
mEol A 9% wEEleH, At A4

I1FE

A ek

of W wHFAA 18] BAEGUL o5 A
Atk iy o] wlsh BAHOR folstg
THp<0.05). 3| Azt 42 A R9]o] mloket g4 w
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SH(Cystic change)7} F5= & oA 12 B
on], Aua PRSI FHE wETolA 28 B
A oFst FARE) R wEEolA 107
BAE|QT o5 4 Ws} AL dixol Hle) B
AR oz §ol5t9rkp<0.01) (Figure 4).

(3) #l(Lung)
7134 BALT(Bronchus-associated lymphoid tissue)
©] 2H(Enlargement) 3 HFA|EZ| 22 Mt
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Table 7. Histopathological findings of female rats exposed to 2-Methylpentane for 13 weeks

Control(G1) Low(G2) Middle(G3) High(G4)
Number of Animals 10 10 10 10
N % N % N % N %
No significant lesions findings 05/10 50 09/10 90 0810 80 05/10 50
Abnormality 05/10 50  01/10 10 02/10 20 05/10 50
Liver very slight 02/10 20 0/10 0 01/10 10 04/10 40
Sign Inflﬁmmatf)ry InFestitial
cell infiltration  tissue slight 03/10 30 01/10 10 01/10 10 O01/10 10
No significant lesions findings 01/10 10 04/10 10 01/10 10 06/10 60
Abnormality 09/10 90  06/10 60 09/10 90 04/10 40
Kidney San i‘;lfllir?;ﬁrz;;y h:it:ss::al very slight 05/10 50 04/10 40 0810 80 03/10 30
Mineralization very slight 07/10 70  06/10 60 06/10 60 02/10 20
No significant lesions findings 08/10 80 07/10 70 09/10 90 04/10 40
Lung Abnormality 02/10 20 03/10 30 01/10 10 06/10 60
Sign Enlargement BALT very slight 02/10 20 03/10 30 01/10 10 06/10 60
No significant lesions findings 10/10 100 09/10 90 10/10 100 08/10 80
Nasal  Abnormality 0/10 0 0110 10 0/10 0 0210 20
cavity ) Hypertropy goblet cell very slight 0/10 0 01/10 10  0/10 0 0/10 0
Sign Hyperplasia goblet cell very slight 0/10 0 0/10 0 0/10 0 02/10 20
A3 Aol wofRt Az 2t 38, Ak =F A, W, Blel A= obelieh e o] YERd T
o 47, SEk ka2, Alsk kEolA 39 (Table 7).
W=

(4) ¥]7¥(Nasal cavity)

v]7}  AHH(Anterior) %Z(Septum) Aru AEZ
(Epithelial layer)2] <%+ A|3Z(Goblet cell)ol| A n] ek
gk H|(Hypertropy)E 2.2l 7HAI7E s e =Skl
A 18 e lew, njofelt FAY(Hyperplasia)S &
A A7 Ase =& 18, S =& 24,
IE% L&A 48 TaMEQ o, Au|st =AY
= Hl AL s mEdtol Al 1 BEE S
o] 59 2 ol Hls| FAALE K5
th(p<0.05) (Figure 4).

2)4A
Al AAL 25, A, AT, AR FAL A
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ZPAZAA vkt GEAE
0, FHE R2T 19, THE
Holom Aue AFAES] Bo
T &5 1Y, s &5
2 1t wEE gl

(2) A% (Kidney)

ZAZHA okt GEAE
g, Axr =S 48, 255 =

EwollA 38 wEE. d2lal v

ZZH(Mineralization)©] 2 74, A5x= =

Eq]’ TOE ig% 6£q]3

St

(3) 7(Lung)

7172 BALTY| 2H W @3A% Hx% A

oﬂ A3 Feo] njopd Hw
wETA 39, %

=
= 6
AEe mEdolA 28 B

L2 djzaolA 2i'%l Xii
E keEdolA 19, 12
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Kidney, Normal Kidney, Regenerative tubules
(Control, H&E, x40) (4,640 ppm group, H&E, x40)

Kidney, Cystic change & Necrosis Kidney, Cystic change & Necrosis
(4,640 ppm group, H&E, x40) (4,640 ppm group, H&E, x200)

Nasal cavity, Normal Nasal cavity, Goblet cell hypertropy
(0 ppm group, H&E, x100) (4,640 ppm group, H&E, x100)

Figure 6. Histopathological findings of rats exposed to 2-Methylpentane for 13 weeks

Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(2): 169-181 http://www.kiha.kr/



180 M8 - AHE - ?

Ofol
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0
ok

EEtol A 68 = Sl

(4) ¥]7¥(Nasal cavity)
HZ A 54 A9 Alx5e] exb AlszoA

ol Al 19 #EE I tK(Figure 4).

[l

v.11

AlstgAtol A 4.54)7F 5<F 101 ppm&] 2-Methylpentane
o =¥ 229 FZ 2-Methylpentane &3j|%
(Solubility)+= 86 ug/L %2, 2-Methylpentane 2] ] %]
H(Retention)+= 15.7%= U THBrugnone et al., 1979).
2-Methylpentane 2] & ol/27| HuljA|<(Partition coefficient)
+= 0.410]%1 91, Hexane isomers®] 83| == X|HF=x
A, W, 77, A, A, 240 T w3kt
(Perbellini et al., 1985). =% F344= =0 2-Methylpentane
£ 1,000~5,000 ppm . & 80~10027F 1=ZA]7] A
o] B282 24.7%ATHAPL 1987). Tsuruta(1982)7}
AT o] o fE o] g3t AlF ol &JsHH 2-Methylpentane
o] THE4SL 0.11 pg/en/hg 2™, n-hexane-2 0.06
pg/em/ho] §let. E5Ql(Toluene) 9] T H-54=& 47 pglen
/hof| H]3}H Hexane isomers®] T F-S== w9

1983 nw|=+A]-G-91 4~ (American Petroleum Institute,
APDOA] 1 22A417F, 5= 74, 671 &3 SHEo &
PAIZ A Aate] oJst, 500 ppm n-Hexane =3
=3} 500 ppm mixed Hexane + 500 ppm n-Hexane
v a4 v gAHel Hel(Gaio] LRt o)
Zo|y 500 ppm mixed Hexane isomers =229
H3lo] AFo] 25-30% 3tk 500 ppm n-Hexane
EdolA= AEA17(Tibial nerve) 153 =4
(Skeletal muscle) $]=9°] 500 ppm mixed Hexane +
500 ppm n-Hexane <Rt} 4AFch 500 ppm
mixed Hexane isomers =&olA= AlFo|u 25
HHo| YepR] oottt - AJE o) A= 2-Methylpentane
< Rato] 0, 290, 1,160, 4,640 ppme] =2 olal 6
Zh 3 5¢, 135 WhE &3 AT, AN et &
gk ddaAE e, kAL AlFHEE AR

L= 5ol Wsrt BEEA gtk =HAL
GoNskal HAk, dAAYSEeRA HAE, EH-G A

S 9

o)
zojzdom tehbs fo5 st
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o =&5e= A ¥
z

[e]
o

et A7 Z7hEtiKang et al, 2001). &
E Hgel aRAZREde  AFEUQ

>
=
>

2-Methylpentanco] 35445 8BS weidt o A
FAgol ofg AgAQ Waer|uots oRATE
A Fo] st vlEolHel HANFS o R ghrtE v

oFst Ao

dE T A FEolA FEEA R YEhd
A FAY S7F 2 AR A Al HA

gt AE Aol AAslch #A A
o A8 S7F= % =] Alpha-2p-globulin
2 et 232 Alpha-2p-globulin
o] ghdR A MEZEHS §2
stk Aol A of%) A ekghrhHard et al.
1993).

S.D. Rato] 2-Methylpentane2- 0, 290, 1,160, 4,640
ppme| FEE AU 647 F 5Y, 135 HHE lEA]
N ANEEE 5 3 AETES 290 ppm 5 EOf A
N SEelEA 0w A4S (Nephropathy)7} Liebd

ou A= A=l ot Solet S4el ¢l
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qich. whebA] 2-Methylpentane 2] F-5-3] 935 =(N
observable adverse effect level, NOAEL)= oM 55
2 4,640 ppmO]golut =51 T2 290 ppm WO 2
TAEITh 2 4-8-5)-8- =K Lowest-observed-adverse-effect
level, LOAEL) 290 ppm ©& meh]Qlc).

References

American Conference of Governmental Industrial
Hygienists. Documentation of the threshold limit
values and biological exposure indices, 6th ed.
Cincinnati, OH: ACGIH. 1991.

American Petroleum Institute. API Med. Res. Pub.
30-32846, 1983. November.

American Petroleum Institute. API Med. Res. Pub.
34-33036, 1987. November.

Brugnone F, Perbellini L, Grigolini L, Apostoli P. Solvent
exposure in a shoe upper factory. II. Methylcyclopentane,
2-methylpentane, and 3-methylpentane concentration
in alveolar and in environmental air and in blood. Int
Arch Occup Environ Health 1979 Jan;15;42(3-4):
355-63

Egan, G., spencer, P., Schaumburg, H., Murray, K. J.,
Bischoff, M. et al. n-Hexane "free" hexane mixture
fails to produce nervous system damage. Neurotoxicology
1980;1:515-524

Frontali, N., Amantini, M. C., Spagnolo, A., Guarcini, A.
M., Saltari, M. C. et al. Experimental neurotoxicity
and urinary metabolites of the C5-C7 aliphatic
hydrocarbons used as glue solvents in shoe
manufacture. Clin. Toxicol 1981;18:1357-1367

Halder, C. A., Holdsworth, C. E., Cockrell, B. Y.,
Piccirillo, V. J. Hydrocarbon nephropathy in male
rats: Identification of the nephrotoxic components of
unleaded gasoline. Toxicol.Ind. Health 1985;1:67-87

Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(2): 169-181

2-Methylpentane OtZHY E2I=4 o172 181

Hard, G. C., Rodgers, I. S., Baetcke, K. P., Richards, W.
L., McGaughy, R. E., and Valcovic, L. R. Hazard
evaluation of chemicals that cause accumulaton of
alpha 2p-globulin, hyaline droplet nephropathy, and
tubule neoplasia in the kidneys of male rats. Environ.
Health Perspect.1993;99:313-349

Jennifer B. Galvin, Gary Bond. 2-methyloentane (isohexane).
Journal of toxicology and environmental health(part
A) 1999;58:1:81-92

Kang JS, Nam KT, Park IS, Park IS, Ahn BW et al., Atras
of experimental toxicological pathology. CKpub
press.;2001. p. 18-40

OECD, OECD guideline for Testing of chemicals : 413
Subchronic Inhalation Toxicity: 90-day study. 2009.

Ono, Y., Takeuchi, Y., Hisanaga, N. A comparative study
on the toxicity of n-hexane and its isomers on the
peripheral nerve. Int. Arch. Occup. Environ. Health
1981;48:289-294

Perbellini, L., Brugnone, F., Caretta, D., and Maranelli, G.
Partition coefficients of some industrial aliphatic
hydrocarbons(C5-C7) in blood and human tissues.
Br. J. Ind. Med 1985;42:162-167

Spencer, P. S., Schaumburg, H. H. Central-peripheral
distal axonopathy the pathology of dying-back
polyneuropathies. Prog. Neuropathol. 3:253. As
cited in Frontali, N., Amantini, M. C., Spagnolo, A.,
Guarcini, A. M., Saltari, M. C., Brugnone, F., and
Perbellini, L. Experimental neurotoxicity and urinary
metabolites of the C5-C7 aliphatic hydrocarbons
used as glue solvents in shoe manufacture. Clin.
Toxicol 1981;18:1357-1367

Tsuruta, H. Percutaneous absorption of organic solvents.
III. On the penetrations rates of hydrophobic
solvents through the excised rat skin. Ind. Health
20:335-345. As cited in Low, L. K., Meeks, J. R.,
and Mackerer, C. R. n-Pentane. In Ethyl Browning's
toxicity and metabolism of industrial solvents, 2nd
ed., Vol. 1, Hydrocarbons, ed. R. Snyder. New York:
Elsevier.; 1982.

http://www.kiha.kr/



