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The Serum or Urinary Levels of Cyclohexane Metabolites in
Liver Damaged Rats
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To evaluate an effect of pathological liver damage on the cyclohexane (CH) metabolism, rats were pretreated with
50% carbon tetrachloride (CCL;) dissolved in olive oil (0.1 ml/100 g body weight) 10 or 17 times intraperitoneally at
intervals of every other day. To these liver damaged animals, CH (a single dose of 1.56 g/kg body weight, i.p.) was
administered at 48 hr after the last injection of CCly. The CH metabolites; cyclohexanol (CH-ol), cyclohexane-1,2-diol
(CH-1,2-diol) and cyclohexane-1,4-diol (CH-1,4-diol) and cyclohexanone (CH-one) were detected in the urine of CH
treated rats. After CH treatment, the serum levels of CH-ol and CH-one were remarkably increased at 4 hr and then
decreased at 8 hr in normal group. Whereas in liver damaged rats, these CH metabolites were higher at 8 hr than at 4 hr.
The excretion rate of CH metabolites from serum into urine was more decreased in liver damaged animals than normal
group, with the levels of excretion rate being lower in CCly 17 times injected animals than 10 times injected ones. It was

interesting that the urinary concentration of CH metabolites was generally more increased in liver damaged animals

than normal ones, and the increasing rate was higher in CCl, 17 times injected rats than 10 times injected ones. Taken
all together, it is assumed that reduced urinary excretion rate of CH metabolites in liver damaged rats might be resulted
from deteriorated hepatic and renal blood flow, and an increased urinary excretion amount of CH metabolites in liver
damaged rats might be caused by reduced expiration amount of the metabolites due to lung damage.
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&3 (Ellenhorn and Barceloux, 1988)2 = &&i#] Qlvh &
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iy P EARIRP B AT A (NIOSH, 1985)9)41E CH7F
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2 FRetlen, A F2 A, 9178 (Longacre, 1987), 41
7} (Bemard et al., 1989) 2 21737 (Naskali et al., 1994)9} &+
ool QEo] ¥R AZHES (Longacre, 1987; Iyadomi et al.,
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(CH-ol)Z thA} (Nordblom and Coon, 1977; Senler et al., 1985)
¥ d¥ = B-glucuronide FE|Z EFF o] 48 Fol wjd
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t} (Skakata et al., 1989; Perico et al., 1999). 2|3 CH9] o
AR ABAE CH-ol 2 CH-oneell ©)3l] A& o) 54 =
£o| frEciar ol (Smyth et al, 1969; James and Waring,
1971) (Fig. 1).
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Fig. 1. GC-FID chromatogram of standard solution.
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Fig. 2. Micrograph of liver tissue in normal and CCly-treated
rats, H&E stain. a) Normal, The tissue structure was intact (<200).
b) 10 times injection of CCl,, Fatty degeneration was shown in the
margins of portal lobules accompanying central necrosis of hepa-
tocyte (><100). ¢) 17 times injection of CCl,, Central fibrosis with
bridging was observed along the margins of portal lobules. Proli-
feration of new ducts (arrows) in the fibrotic zone and necrosis of
hepatocytes were shown (><100). C: central vein, P: portal vein.
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Fig. 3. Changes in the serum levels of cyclohexane metabolites
in cyclohexane-treated rats. Each value represents the mean of 3
experiments.
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Table 1. Urinary concentration of CH-ol, CH-one, CH-1,2-diol
and CH-1,4-diol during 8 hr in CH-treated rats

g/g of creatinine (1<107)

Metabolites : .
CH-ol CH-one CH-1,2-diol CH-1,4-diol
Total 869.22 2.50 25.84 5.00
(96.3%)  (0.3%) (2.9%) (0.5%)

Each value indicates the concentration of CH metabolites in pooled
urine of each group. ND: not detected. CH, cyclohexane; CH-ol,
cyclohexanol; CH-one, cyclohexanone; CH-1,2-diol, cyclohexane-
1,2-diol; and CH-1,4-diol, cyclohexane-1,4-diol

Table 2. Effect of CH treatment on the serum levels of CH meta-
bolites in CCly-pretreated rats

Frequency of CClyinjection

Normal 10 times 17 times
Hours 4 8 4 8 4 8
CH-ol 1488 684 884 1350 896 11.12
CH-one 464 288 494 6.74 5.76 6.96

Fach value indicates the concentration of CH mietabolites in pooled
serum of each group. Unit: mg/l of serum. CH, cyclohexane;
CH-ol, cyclohexanol; and CH-one, cyclohexanone

Table 3. Effect of CH treatment on the urinary concentration of CH-ol, CH-one, CH-1,2-diol and CH-1,4-diol in the CCly-pretreated rats

Frequency CCl, of injection

Normal 10 times 17 times
Hours 4 8 4 8 4 8
CH-ol 279.00 869.22 37421 872.73 881.53 978.15
CH-one 1.69 2.50 2.63 3.05 5.07 6.45
CH-1,2-diol 3.36 25.84 6.06 22.16 25.70 28.44
CH-1,4-diol N.D 50 N.D 2.99 N.D 4.88

Each value indicates the concentration of CH metabolites in pooled urine of each groups. Unit: g/g of creatinine, ND: not detected. CH,
cyclohexane; CH-ol, cyclohexanol; CH-one, cyclohexanone; CH-1,2-diol, cyclohexane-1,2-diol; and CH-1,4-diol, cyclohexane-1,4-diol
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5. 2 & CH tjARMES S=HS

Table 32} A= 447 2 8AIZHAS] CH-ol, CH-one, CH-1,
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CCLS dA&HQ1 Fojol] oJgh 7t Wk ofuje) 2e]
715 A3 711" AJRAE dotry] Hste] Y F S}

=
Hth= BUNY creatinine 558 =33 Zo] Table 49} 2t}

CCLel % 7H3 AR T EONA ol vsiA AF 2
AZFAE Bkl nlsf 173 Fowte] 9% F7kskla
BUNZ Ao vlaiA 103 2 173 Fofdto] 22 oF
51% 2 31%9 #o3 (P<0.05) 2712 VEIRlen 1 &
74 173 B B} 103] FoiFo] 15% vﬂo}%ﬂt}.
5 creatinine kT gl HEIA] 103] 2 178 Fo
o] Frkshe AEgE Hrh

Table 4. Kidney weight/body weight (KW/BW, %) and serum
levels of urea nitrogen (BUN) and creatinine in CCls-pretreated
rats

Normal 10 times 17 times
KW/BW (%) 0651002 0653002  0.71£0.02
BUN" 19.10+0.18  28.771431"  25.05%2.60"
Creatinine” 0.6910.07  0.781£0.08  0.79£0.07

Each value represents the mean & S.E. of 6 rats. Significantly
different from normal group. (*; P<0.05). Unit: "mg/dl

Table 5. Lung weight/body weight (LuW/BW, %) and contents
of pulmonary protein and MDA in CCly-pretreated rats

Frequency of CCly injection

Normal 10 times 17 times
LuW/BW (%) 0441003  0.62+0.05  0.5410.04
Lung protein”  79.50£4.95 52812412 56.67+4.10™
Lung MDA? 4.1440.14 4534032  5.0940.44

Each value represents the mean * S.E. of 6 rats. Significantly di-
fferent from the normal group ( P<0.05, ; P<0.01). Unit: 1)mg/g
of lung, ¥ nmoles/g of lung
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2 178] 713t veske] Zhzt of 34% A 29% frelst
A (P<0.01) Z235329 CCl, 108 FolFe] cal, 173] &

Foslog o,
=7} 7—‘*114_& F7H
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Fig. 4. Micrograph of lung tissue in rats, H&E, X100. a)
Normal, The tissue structure was intact. b) 10 times injection of
CCly, Atelectasis, perivascular edema (black arrow), and fat accu-
mulation in capillaries (line arrow) were shown. ¢) 17 times in-
jection of CCl,, Fat accumulation in capillaries (line arrow) and
peri-bronchiolar edema (black arrow) were shown.
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