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This study was conducted to determine the kinetics of cyclohexane metabolites (the biomarker on cyclohexane
exposure), the changes of hepatic cyclohexane metabolizing enzyme activities and the metabolites of cyclohexane in
urine or serum. The rats were sacrificed at 2, 4, 8, 12 and 24 hr after administration of one dose of cyclohexane (1.56
g/kg body weight, i.p.). The metabolites of cyclohexane in urine were identified as cyclohexanol, cyclohexanone,
trans-1,2-cyclohexanediol and 1,4-cyclohexanediol with cyclohexane metabolite being 124.00, 0.78, 23.28 and 2.75
(g/g of creatinine, 1>X107° ). Most of the cyclohexanol and frans-1,2-cyclohexanediol were determined to be in the form
of B-glucuronide conjugates, whereas cyclohexanone and 1,4-cyclohexanediol were found as free forms. In toxicokinetics
of serum cyclohexane metabolites, cyclohexanol showed a rapid increase, reaching the plateau at 4 hr, after this time
rapidly decreased throughout 24 hr. Changes of cyclohexanone also showed the similar pattern with cyclohexanol
except somewhat lower concentration. Trans-1,2-cyclohexanediol, however, showed a gradual increase until 12 hr with
the continued same levels throughout 24 hr. On the other hand, 1,4-cyclohexanediol was detected as trace levels at 4 and
12 hr, respectively. The administration of cyclohexane led to a significant increase of hepatic aniline hydroxylase activity
from 2 to 8 hr. The activity of hepatic alcohol dehydrogenase showed a significant increase at 4 hr and then were
recovered to the level of the control at 24 hr. On the other hand, there were no differences in liver weight/body weight
between the control and cyclohexane-treated animals. However, there were the changes of aniline hydroxylase and
alcohol dehydrogenase activities on time-dependent pattern after cyclohexane treatment, which influence on the degree
of cyclohexane metabolites both in blood and urine. These results suggest that ditferential determination of cyclohexane
metabolites in urine and serum may be able to be as a biomarker of cyclohexane-exposure in the body. But in this fields
further study is needed.
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Fig. 1. Biotransformation of cyclohexane.
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Table 1. Gas chromatography conditions for analysis of cyclohe-
xane metabolites

Items GC
Instrument HP 6890
GC conditions
Column HP-FFAP
Capillary
30 m<0.32 mm (ID)

Temperature Column initial temp.  50C
initial time 3 min
rate 7C/min
final temp.  200T

. final time 5 min
Injector 200°C
Detector 250°C

Carrier gas He 1.3 mL/min

Air 450 mL/min

Hydrogen 40 mL/min

Type of injection ~ Splitless

Injection volume 1 pL

Detector FID

HAAA 640 nmo A FHEE £ 5‘]— Bldlack-‘/} Lowery
o] WY (1982)°l F3h A EE e AW
S ol TRE w9l 1 mgol 143} P B¢t ¥33ie] V1A
288 A7 p-aminophenold]
232 F ADH A X+ Bergmeyer?] Y (1974)9) ule}
EAa0 & 7129 ethanol®} ZE A NAD'EHE A4
H NADHE 340 nmol|A SA3c} AT wolv vz
1 mge] 187 v-&-ste] AAAIZ) NADHE 942 pmole=
FAEETE o AL Lowry 59 WM (1951)90 whet
BFFLZ A3l EA39ITH

N

bovine albumin<
4. Cyclohexanel| IARME &3

Cyclohexane2] thAMHE 42 Bao 5 (1997)9] Wl
Foto] HA-AA] FEUHoR BAG Jaigith T8
ethyl acetate = acetonitrileS 7:39] H|&Z EFs &oj&
AHE313 T} Cyclohexane THARLIE-2] &£3-& Bao 5 (1997)
o} el Fole] & 9 8 AR 05 mLg F3 YAFE
28 A18H (screw cap tube)ol| Wi FE-41) (ethyl acetate :
acetonitrile =7 : 3) 0.5 mL-& 7}ated 387 niksk § 12,000
pmol| A SE7F L8l AL vialel &30 F ¥HE
F&% 4ede et o] 45N | uLE FID (flame
ionization detector)”} 2%l gas chromatography (GC)*l 4
ST Table 1] 24270 weh Aslqich, 1ela 29 5
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Fig. 2 cyclohexane thAMtE
none, frans-1,2-cyclohexanediol 2 1,4-cyclohexanediol®] 3
FES GCol FYst] B2 chromatogram©] ™, thaw %}
cyclohexane F-o3:7¢) 2 2 % F cyclohexane HAMIE
& 243} chromatogram< Fig. 3 2 49} 2t} Fig. 20141 2t
HZ2E29] retention timeS cyclohexanone®] 9.15%, cyclo-
hexanol©] 11.26%, trans-1,2-cyclohexanediol®] 20272 2 14-
cyclohexanediol & 2236202 Webgth 18]a tlET
cyclohexane 5-¢] 24A17H79] 24413 &S A FHsto] 4
& Z3}, cyclohexaneS Fo13t A% (Fig. 3B) WlAH=9]
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Fig. 3. GC chromatogram of control urine (A) and cyclohexane-
treated urine (B).
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Fig. 4. GC chromatogram of control serum (A) and cyclohexane-
treated serum (B).

8 10 12 14 16 18 20 22

time2 cyclohexanone®] 9.15%-, cyclohexanol®] 1125%, trans-
1,2-cyclohexanediol®] 2026% 2 1,4-cyclohexanediol®] 22.35

2072 FFEZ 9 chromatogram (Fig. 2)¥ Y3 A|71to]

Table 2. Urinary concentration of cyclohexanol (CH-ol), cyclo-
hexanone (CH-one), franms-1,2-cyclohexanediol (CH-1,2-diol)
and 1,4-cyclohexanediol (CH-1,4-diol) in the cyclohexane-
treated rats

g/g of creatinine (1< 107%)

CH-ol CH-one CH-12-diol CH-1,4-diol
Total 124.00 0.78 2328 275
Conjugate 12326 0.06 2171 0.89
Unconjugate 0.74 0.72 1.57 1.86

Each value represents the mean of 3 experiments

~—&— Cyclohexanol

—— Cyclohexanche

10 A —w— Trans-1,2-cyclohexanediol
57— 1,4-cyclohexanediol

mg/L. of serum:

0 4 8 12 16 20 24
Hours after Injection

Fig. 5. Changes in serum levels of cyclohexane metabolites in
the cyclohexane-treated rats. Each value represents the mean of 3
experiments. -@-, Cyclohexanol, -O-, Cyclohexanone; -V-,
Trans-1,2-cyclohexanediol; - V-, 1,4-cyclohexanediol.

o, =T (Fig 4A)2] 3ol A cyclohexanone, cyclo-
hexanol, trans-1,2-cyclohexanediol ® 14-cyclohexanediol®] ¥

Ao)| kS vxE W peak’t GES & T JAh
2. & = cyclohexane THAMMES] &2f

24A)7r X Z cyclohexane UIARMES FH9 dA
Table 29} Zth 4% SollA cyclohexane TIAMHES cyclo-
hexanol (82.22%), trans-1,2-cyclohexanediol (15.44%), 1,4-cyclo-
hexanediol (1.82%)T} cyclohexanone (0.52%) o2 1 &
o] golE it} 28| cyclohexanol (99.40%)3 trans-1,2-
cyclohexanediol (93.26%)> =2 B-glucuronide HEfZ X,
iA=L cyclohexanone (92.31%)3  1,4-cyclohexanediol
(67.64%)y T2 V2% Fe= s =)k

3. & £ cyclohexane H{ARMZO| EHEt

Cyclohexane §o] & 24x)7F Bk @3 F cyclohexane U)
ARYES B WES AAA R #Ee HHE Fig 59

Z+t}. Cyclohexanol3} cyclohexanones cyclohexane T 44|
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Fig. 6. Changes in hepatic aniline hydroxylase activity during’

24 hrs in the cyclohexane-treated rats: The assay procedure was
described in expenmental methods. Each value represents the
mean + S.E. of 5 rats. ; Significantly different from 0 hr (P<0.05).

B3 Al 47 1002 2 743 mg/L of serum S F H X
Ueld & A7k Aol whet 5438 Ak v
ns-1,2-cyclohexanediol®] 73-9-| = cyclohexane F¢ 124]
7t A3 Al 2.88 mg/L of serum . Z Hil FEE HS F 24
A7 A F AR ALHHoR FAFATt 2y 14-
cyclohexanediol®] 7d-%-°ll:= cyclohexane o 4417+ 2 124]
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ZFl A= GC chromatogram “goll A<l Wehx] eksicl
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1.51 nmoles p-aminophenol/mg protein/min®l] H|3l| 23}
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A HES TEs 44
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¥ ADH 84 ¥%& Yeld 442 Fig. 7% 2tk Cyclo-
hexane ¢ 4A]7H7o] 5.5240.17 umoles NADH/mg protein/
minl 2 27" 4.16£0.10 pmoles NADH/mg protein/min®]
HI8) F-2lstA| (P<0.001) SV o1, o] tixwt 7o
2 3FHATY
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Fig. 7. Changes in hepatic alcoho! dehydrogenase activity
during 24 hrs in the cyclohexane-treated rats. The assay procedure
was described in expenmental methods. Each value represents the
mean £ SE. of 5 rats. ; Significantly different from 0 hr (P<
0.001).

Table 3. Change in liver weight per body weight (LW/BW, %)
during 24 hrs in the cyclohexane-treated rats

Experiments
] LW/BW (%)
Times (hr)

3.10£0.19
3.28%0.16
3.23+0.15
3.37£0.16
12 3.25%0.12
24 3.24%0.12

The assay procedure was described in experimental methods.
Each value represents the mean £ S.E. of 5 rats
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