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ABSTRACT

From the harmfulness expectation test conducted through a toxicity anticipation program, methylcyclohexa-
ne turned out to be harmful and simulative, but no carcinogenicity was anticipated. In a four-hour acute inhala-
tion toxicity test, the result showed that lethal concentration (LCso) was 3,750 ppm (15,054 mg/L), which was
identified as a harmful substance on the basis of the harmful substance classification standard 2<LCso<20
mg/L)/4 hr (rat) of the Industrial safety and health law. methylcyclohexane fell under the category 4 (2,500 <
LCs0< 5,000 ppm) substance from the GHS standard acute toxicity harmfulness classification. Also, from sub-
chronic inhalation toxicity test that included 6 hours a day, five days a week, and for 13 weeks, we could
observe weight, activity, long term weight, blood and blood biochemical influence from the exposure of test
substance. No-observed effect level (NOEL) was determined below 100~400 ppm inboth male and female.
This material falls under the Category 2 (50 ~ 250 ppm/6 hours/90 days) in the GHS (Globally Harmonized Sys-
tem) standard trace long-term whole body toxicity repeated exposure, and can be classified as a harmful sub-
stance in accordance with the Industrial Safety and Health L.aw harmful substance standard NOEL <0.5 mg/L/
6 hr/90 day (rat).
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Fig. 1. Changes of concentration in inhalation chamber dur-
ing the experiment.
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4) W= ARs % (44] 7}, SD Rat) LCso-2 3,750 ppm
(15,054 mg/L) 2.2 A& gch

3. ojgtd ESHAIH

ANPEA xF T F AREES slglen o
223 100ppm =% W7 2 1ol Wy 4
o Wae mgov AYEA 71o% o=
14 ol a7 9l

s
AV
A
B3
52
X0
(o
i)
4
Yo,
At

[+3

2) MizHst H AIRMAY
Ag7I = -5 &
73} Figs. 5, 6148} Ze] dlz2Z3 vlmste] 5

650 - | —=— Control(0ppm)
—o— Group 1 (100 ppm)
600 - | —a— Group 2 (400 ppm)
550 4 | =#— Group 3 (1,600 ppm)

Body weight(g)

Exposed time (Days)

Fig. 5. Changes of body weight in male rats exposed to
methylcyclohexane for 13 weeks.
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Fig. 6. Changes of body weight in female rats exposed to
methylcyclohexane for 13 weeks.
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Fig. 9. Activity counts of female rats exposed to methylcy-
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Table 1. Hematological results in male SD rats after inhaled methylcyclohexane for 13 weeks

Ttems Control 100 ppm 400 ppm 1,600 ppm
WBC 8.1x1.72 8.5+£2.25 92+£2.12 8.7+£1.37
RBC 9.0+£0.42 9.0+£0.40 9.0+0.31 8.7£0.26
HGB 15.5+£0.41 15.4+0.45 15.34+0.52 14.9£0.35%*
HCT 433%1.11 43.2+1.09 4324155 42.0£0.94
MCV 48.0+£1.49 47.84£1.26 48.0+£0.99 48.3%1.41
MCH 17.24+0.65 17.1£0.43 17.0+0.29 17.1+£0.31
MCHC 35.8+£0.49 357+£0.34 35.440.36 35.44+0.56
RDW 18.0+0.73 18.7£0.94 18.6+0.8 18.24+1.09
PLT 990.9 £ 100.4 1036.6+89.4 1028.7+41.3 1059.7£108.1
MPV 724124 6.4+0.38 6.41+0.62 6.5+0.47
PDW 19.3+£1.46 18.7%+1.00 18.6+£0.72 18.3+0.56

All values are expressed as mean +SD.

Significant differences as compared with control : **p<0.01.

WBC, white blood cell count{10*mm’); RBC, red blood cell count (10%mm?); HGB, hemoglobin (g/dL); HCT, hematocrit (%); MCV, mean
corpus3cular volume (u*); MCH, mean corpuscular hemoglobin (pg); MCHC, mean corpuscular hemoglobin concentration (%); PLT, platlet
(10%u%)



June 2006 Kim er al. : Inhalation Toxicity of Methylcyclohexane 179

Table 2. Hematological results in female SD rats after inhaled methylcyclohexane for 13 weeks
Items Control 100 ppm 400 ppm 1,600 ppm
WBC 4.8+1.08 5.1+1.04 6.8+4.14 53+1.82
RBC 8.0+0.30 8.010.30 7.7x£0.71 8.21+0.41
HGB 15.0+0.38 14.8+0.46 143+£1.71 15.0£0.60
HCT 41.7+0.80 41.3+1.33 40.21+4.52 42.0%x1.52
MCV 524+1.22 51.9+1.09 51.9+£2.02 51.6+1.19
MCH 18.8+0.47 18.6+0.41 18.4+0.84 18.4+0.45
MCHC 35.9+0.56 35.840.39 3554046 35.7£0.31
RDW 15.84+0.84 16.1£0.66 17.0£2.81 16.1+0.66
PLT 1024.3+104.7 946.0+303.2 1188.9+413.9 1031.5+93.6
MPV 6.81+0.86 6.71£0.44 6.75+0.49 6.5+£0.37
PDW 18.4£0.73 18.3£0.43 18.4+0.82 18.3+0.73

Table 3. Biochemical serum values in male SD rats after inhaled methylcyclohexane for 13 weeks
Items Control 100 ppm 400 ppm 1,600 ppm
AST 88.9£12.2 99.2+14.0 97.5+17.7 117.51£62.2
ALT 43.7x£7.54 47.5+6.13 40.01+4091 69.4+70.49
ALP 101.4£17.11 120.9£26.58 105.2+26.26 94.1£14.54
BUN 16.4+1.05 16.6+1.49 17.6+1.15 17.3£1.51
CRE 0.59+0.045 0.60£0.044 0.61+£0.048 0.58£0.040
GLU 176.0£31.05 169.0+29.94 166.4£23.19 174.1+30.52
CHO 68.2+13.12 76.940.22 84.2+14.78* 102.0+£16.74**
PRO 7.0+0.27 7.1+£0.37 7.1+0.19 7.18+0.22
CPK 258.5+150.47 245.4+141.25 25221+167.54 224.2+278.4
ALB 3.7£0.12 3.84+0.10 3.7£0.07 3.7+0.08
TBIL 0.1310.01 0.14+0.01 0.13+0.01 0.14+0.02
TG 103.0£20.34 100.8£20.85 114.8+19.02 146.6+34.02%*
Ca 10.3+0.48 10.4+£0.46 10.5+0.35 10.5£0.30
P 7.0+0.99 7.240.96 7.241.00 6.7£1.28
A/G 1.1+£0.07 1.1£0.11 1.1+0.05 1.1+0.04
LDH 564.21:350.5 619.71452.3 605.7+£448.1 532.1+£659.0
Na 145.6+1.2 1459+1.2 1459+1.1 146.5+0.5
K 4.7+0.79 4.7+0.90 5.4+1.63 4.9+0.89
Cl 108.£1.7 108.8+0.9 109.2£0.9 110.241.5%*

All values are expressed as mean+SD.
Significant differences as compared with control: *p <0.05, **p<0.01
AST, aspartate aminotransferase (W/L); ALT, alanine aminotransferase (W/L); ALP, alkaline phophatase (u/L); BUN, urea nitrogen in blood
(mg/dL); CREA, Creatinine (mg/dL); GLU, glucose (mg/dL); TCHO, total cholesterol (mmol/L); TP, total protein (mg/dL); LDH, lactate

dehydrogenase (u/L); TBIL, total bilirubin (mg/dL).

& YeR s (p<0.05 ¢ p<0.01).

6) 74 & |2
HzZoA #HS A 8152 mass7} 19, max-
illary lymph node*]| A} congestiono] 1], 400 ppm

oA ek FEelo] 19, testisel]A] microorchidia

7 18] A, 1,600 ppmzel A= 2] A
2 W AL 19, A9 Fde) 19, 2 37
ste} $ratel 13 FAHHA 2 1,600 ppm F2)
S5 BAAE 2Tl sl F/AFE et
B

4R A a2l Qe 19, 49
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Table 4. Biochemical serum values in female SD rats after inhaled methylcyclohexane for 13 weeks

J. ENVIRON. TOXICOL.

Vol. 21, No. 2

Items Control 100 ppm 400 ppm 1,600 ppm
AST 106.1+£27.2 147.5£170.2 100.4£31.9 106.2+£28.0
ALT 44.0+15.72 77.6£12591 35.7+12.18 47.3+25.14
ALP 63.0£17.85 64.0£21.06 67.5+£30.99 71.8+£229
BUN 18.6+1.97 18.0+2.32 17.6+£2.58 19.7+4.18
CRE 0.57+0.04 0.58+£0.04 0.57+0.04 0.54%0.03
GLU 114.3+£6.72 116.6+9.59 113.3+9.63 119.1£10.11
CHO 109.4+18.44 115.6£28.72 88.4+18.89 105.0£20.17
PRO 7.3£0.44 7.4£0.25 7.0+£0.47 7.2+0.27
CPK 308.9£147.25 276.9+158.03 245.2+157.54 270.6+£137.10
ALB 4.010.24 40x012 3.61£0.47 3.8+£0.20
TBIL 0.15£0.01 0.17£0.04 0.15+0.03 0.15+0.02
TG 83.0x£25.00 81.3+£28.34 60.1£9.63 75.3124.31
Ca 10.2+0.31 10.1£0.29 9.9+0.36 10.0+£0.22
1P 5.9x0.61 5.4+0.88 57+0.71 5.71+0.85
A/G 1.2£0.04 1.2£0.06 1.1x£0.16 1.1+£0.09
LDH 726.5+375.6 682.3£410.0 656.31£499.5 690.3+363.4
Na 145.9+0.6 145.94+0.7 1445+ 1.3* 144.7£0.5%*
K 42+0.33 4.1+£0.27 4.410.58 4.410.39
Cl 111.3%£19 111508 109.0 £2.0** 108.4 £ 1.5%*

R R VO .Y

LN

Se* R, - o e el it IR

Fig. 10. Focal nephropathy, Note the homogeneous protein-
aceous tubular casts (arrow), inflammatory infil-
trates, and thickened basement membrane of glom-
eruli and renal tubules (arrowheads). H & E. X 200.

o] 28 ¥ = A =mwe] AR 1
#=glen, 100 ppmZAAE Az 32 dA A
F7} 19, 400 ppmZoA A= A #2 AA AF
7v 28, AA-AEe] F-3e] 18 FFEG o,
1,600 ppmZol A FF A4 e AHHe] 13
=g

ANFFLANME $79 A+ 400 ppm 9]

Fig. 11. Interstitial pneumonia (2010), characterized by dif-
fuse alveolar septal thickening by congestion, in-
flammatory cell infiltrates and mild fibrosis. H &
E. x 200.

Aboll Al w7, 417, FAle], 45 400 ppm o] Al
A s,z Bale] 3 o EA el {24 3l
A (p<0.05 2 p<0.01) 27} 31t

7) Wal =R ZHAL
W) 2AAAES £ 100 ppmz AN F
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Fig. 12. Lipomatosis in pancreas (2002), Note the adipo-
cytes in the acinar tissues of the pancreas (arrows).
H & E. x 100.

Fig. 13. Ultimobranchial cysts (1309) lined by flattened
squamous epithelium and distended with keratin
and cellular debris (arrows). H & E. X 100.

2 (interstitial pneumonia)e} 3# (Fig. 11) HAHY
on #HA A= R HFEZ=0] 38 (Fig. 12), 400 ppm
2 AN ozl 29, Fge) 24
A Hol 28, FAANME o}rpu]E4A] (ultimo-
branchial cyst)7} 2% (Fig. 13)el4) #2= o =
g 1,600 ppm Al M= S Fo] 42,
FANME 8 (congestion)e] 17 (Fig. 14), 34
M| olrfu] BAA7} 284 BAFH g
ot#lel 7% 100 ppmT AlAIA 71232 e)
390, HAI A A el 18, RGN E

Fig. 14. Congestion (2002), Note the foci of erythrocytes
present in thymic medulla or cortex. H & E. X 100.

ol7ju|EAaA 287} AAE G 0n, 400 ppmE Al
Aol ol A}m YAl 19, F7] A Fe] 39, )
Aee AR 18 9 dgae] WdFZs}
Z (leukocytosis)o] 1%, AN E o EL
A7} 18 A= =38 1,600 ppmT=] 75 Al
Ao A FAA AR Z 9kA] A M (chronic infarc-
tion), #71 A4z 9 7HalAlqd el Z 14, 2
Az HANME 2284 HF 19, AN =

ol7bu|BAA 187} H2H Yk
o

B Q7 e Heed Ael 09
T2 A7 e d¥e=z AFHNoH
Aol gz g Ae Hgel Bhn AFRTe
| ZF7 ) SRS St A T A
g doz 4 9 Bd=s AYPFTEE ol& F¢
Aoz AR rlA)e fEAAS el EE
dl&slx Z2AF 71737 ouE $18] MSDS (=
8. 1997)8 38 B} A8E AFEaAt
el

238 2 A} (Lehiman, 1943; Lzmerov, 1982; X
B, 1994; =AYb 3, 2004) A5} W™
Ape)Z2dAk AABEA 2 BREE= b 3
713 gEEH BFd vjE FAe] wo} A=
Ao @ FEE HE, =, HAA § ZH Lok}

240 AAAZ AHLDT =3 elole] AP, A

S
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HGGA Az, oA AL BE A=, 25
=3 34 5 $AY AIAA, 71E 712 571388
E ARy SolAM AMgE 542 v
A2] 7 kX Ak (LDso)2 2,250 mg/kg, &34k
42 ARe = (LCso)= 41,500 mg/m*/2 ol ofutAd
EGAFA B A 1037} uhE- Y =33
75} 2,880 ppm A 7k} AlAel| HA] o3 3Fe]
FEEG o™ 1,200 ppm A= HAHgo] <l
AEZA ¢k& Aoz d#A UvH(Treon et al.,
1943).

2 FAFYSAAA AN Treon (1943)2] A+
Ao} g BpRAPsE(LCso)x 3,700 ppme] 9l
om 5000 ppm®] A FYxF 15~24F 7l
5 Abdsla, AMY e 8 283 23l
23t Ao A= gic) FAte] Y3} 2L &
3] Mol WX, Fol} 3EEAL wFo)
U AlRA, $319) 72k AAIEg] W) o]x}A e
2 =S 1F 289 8] Fulsr| = sie

AE TE FoM 98 Ay [T 4
ZAZ A4 F HEZFGE Raol| A Ay zos
FEHE 2702 AE FEIME BEAFHT o
We) A= =it v)okste] APERAANE FA3G A
o2 AgHgIch 2 9o 500 ppm =EF)A &
59925 (Cortical Sinus)®] A2} sty
Ao QA3 AFxAWY EHL pAPA| A3
729 ghatel] o3 ¥} BHo] e Hew #
waled A= Fas Hog daEgeh

=3 ol FSIEAAIHAAM Ao} Se]A
UukZAy-e FAE R Qstor) 2FAH3} Ao
A AFEA 3ol 9% ¢ 4 BF Fx E
Moz $EA9 Aol FAFHGEY ol A¥
EA Flo] wE AlAA Ao 3k A
oz sl

gaghr At AL 74, 1,600 ppm-2
HGBo AT Hizel vis] f2o& 3hart A=

o}, Y@ el w7 B e F-27
W3y AR dsker, g7l ¢ HAtH
3o A 93t Wk glsleh HGBY 79+ +
08k ZHar) AAEHAA T A A9l
AT =3 So)E=Aq] AYgE FAF A oot
A ZEA o8t ofgko 2 Hedslz] eksieh

PAAP3IHA Aol el 719 A4, 400
ppm=ol| A} total cholesterol @l o] dj Lol u]s)

Vol. 21, No. 2

98 Z71E vepiglen (p<0.05). 1,600 ppm
ol A& total cholesterol @™, triglyceride & G4~
Fx=rb Azl vls foi3 FUke dEidla
(p<0.01) 100 ppm==ol| A} = total cholesterol & o]
Z7Yehs Z3ske] A

A 74, 400 ppme] GEF Y AAh FE
7} 2ol vl fog AE ez (p<
0.05 2 p<0.01) 1,600 ppm =2 ZANE JEF
9 94 2ot daz v f2ld Fas o
Pt (331 p<0.01). T2t olAte] el &
HA714 FAARE veille B2 RS 2
2] o532 AEE HAHH (]9, 1991; o
Aoz} o] &< 1993) el U =3t - $74e
AHE = AAFHA ot £ A EAL FYAYs}
A Aol kg FA] Uy Aoz AlRFHAIH
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3}%-9] mass7} 19|, Maxillary lymph nodeol] A
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RANM = 2N & 18], FAS 2
Yol 28] 9 & A4 =2 A o] 19 HAH
27, 100 ppm-of A e A43-2] Bh2 A A7 1
7 B 400 ppmZo M 28] gh2 4
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AAQ) WHoz Yo 4= om (AN B
1991; Boorman et al., 1990; Gary et al., 1990; Farrar,
1997; Greaves, 2000), E3] 2 dFdr= tzx=L
3} x3ee T o SNE Addoe Uept
a7, w3k 43 ojEH o= FAFA] ¢lo} wWHA}e]
FzdAe] FlxEo] ol HA4A offesw
wAA] Adt

olie] Z3E =viz SDRatg o] oA F
UEAAE A werte]E22dAate] 2P =
(NOEL)x= % - 4 2% 100~400 ppm ¢]3}2 ¥
7y=¢lt}. o] GHS 7]3(GHS, 2003)8) T3]
A SA -1 E- e 20l A= Category 2 (50 ~250 ppm
16A17190) Aol s FEslom, Akt nAY
o] §3lEA 7)E(=EH, 1997) NOEL<0.5 mg/L/
6 hr/90day (rat)el] ¢]A ddAlo]lZ2 AL 040~
1.61 mg/L/6 hr/90day (rat) & F-3ll &4 7|F i
1.

z £

EERREEL AR DS R E ST
4 $3465 A7 g4 A3l Y= 22
2 vehstor} Bt e daEAE Qshe) w3 4
At FAEFUFAANEES A Fe = (LCso) s
3,750 ppm (15,054 mg/L) 2.2 H7} o] Ak
e 3l EA E771E 2<LCs<20mg/L)y/4hr
(ratyol] A L3 Exle) 2=, GHS (Global-
ly Harmonized System) 7|& JASA S35
d] A= Category 4 (2,500 < LCsp < 5,000 ppm) 23
o slFE At dY 6417 F 5, 135 of%kd &
HEAAIRAAME AIHEA xFol 3 AFA 3}
$EAT A71FE 8 2 ARt sk
AL 4 Jolem Fd3Fs=(NOEL)E ¢ -
E% 100~400 ppm °]3t2 #AHH. o]&
GHS 71&olA #4737 AASAE- g S0 =
Category 2 (50~ 250 ppm/6A171/90) Aol &3
L, AR RS #3ER 71E NOEL
<0.5 mg/L/6 hr/90day (rat)el] &]7# o] £2-L 0.40
~1.61 mg/L/6 hr/90day (rat)o.2 S-3jEd=z HF
2 Al

4> o w2
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