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ABSTRACT. To evaluate an effect of cyclohexane treatment on the degree of liver damage, rats
were induced liver damage with 10 or 17 times CCl, injection (0.1 mi/100 g body wt., 50% CCl, dis-
solved in olive oil) at intervals of every other day. Cyclohexane (1.56 g/kg body wt., i.p.) was adminis-
trated to the animals at 48 hours after the last pretreatment of CCl,. Rats were sacrificed at 4 hours
after injection of cyclohexane. On the basis of histopathological findings, liver weight/body weight (LW/
BW, %), activities of serum alanine aminotransferase (ALT), xanthine oxidase (XO) and akaline phos-
phatase (ALP), and contents of liver protein and malondialdehyde (MDA), CCl,-pretreatment induced
liver damage. And CCl, 17 times treated group showed more severe liver damage than CCl, 10 times
treated group. Administration of one dose of cyclohexane to CCl, 10 times treated animals resulted in
the enhanced liver damage; liver necrosis with proliferation of fibroblast and bile duct abnormality, and
increase in hepatic MDA content and the activities of serum ALP and ALT. But the enhanced liver
damage was not found in CCl, 17 times treated animals. Serum cyclohexanone concentrations at 4
or 8 hours after injection of cyclohexane were higher in all liver damaged groups than normal group
and were somewhat higher in CCl, 17 times treated animals than CCl, 10 times treated ones. Among
the oxygen free radical metabolizing enzymes, hepatic cytochrome P450 dependent aniline hydroxy-
lase (CYPdJAH) activity in cyclohexane metabolizing enzyme system was meaningfully increased by
the injection of cyclohexane to the liver damaged rats, with increased V., and high affinity to aniline.
LW/BW (%) and activities of serum XO and ALT were more significantly increased in liver damaged
groups than normal group by administration of cyclohexanone. In conclusion, it is assumed that an
enhancement of liver damage by injection of one dose of cyclohexane to liver damaged animals
might be caused by oxygen free radicals and cyclochexanone.
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Frankel(1957)] wWhiell whe} A€ kit Al 2HoMA 2k
ARgslgen, A G+ ml B Karmen unit{1955)
2 ZAST. dA £ alkaline phosphatase(ALP) &
XM=& Bessey, Lowry{1946)2] whel FEalod 4319
o, &9E Bessey-Lowry unitE ARt}

Oxygen free radical MM 2 &M 7hxz 2 934
2 xanthine oxidase(X0) 84 =% Yoon(1984)2] W+
of Fslo] &3, k232 F Cytochrome P450
dependent aniline hydroxylase(CYPdAH) ﬂ/‘é.‘i‘:
Bidlack, Lowery(1982)¢] Wl Fslo} 248}, o
H 84 ABe dAZS TR 50 mM tris buffer(pH
7.4-150 mM KCI-10 mM MgCl, &4 wh-goller 712
Ql aniline =& WEAIZIHA CYPdAH 24=& &4
sttt olnf ol AAZFH WREES] AFA(INE,
aga VS EERE 71ZERY AF|(1/S)E Al
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superoxide dismutase(SOD) 4%+ Martin 5
o] HHH  catalase(CAT) ZAA== Aebi(1974)9] ¥,
glutathione peroxidase{GSH-Px) &AlxE Pagliag}
Valenting{1967)2] =il w2t =492, glutathione
S+ransferase(GST)e] BATE Habig 5(1974)2] HHy
o]] T‘:O]‘/\)\q—-
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7hz7 2 GSH &% Ellman(1959)e) kol wa}
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£ 0.1 mM 5,5'—d|th10—b|s(2—n|troben20|c acid) g
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Malondialdehyde(MDA) &2 &3
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Table 1. GC conditions for the analysis of cyclohexanone

Item GC condition
Column HP-FFAP
Capillary
30 mx0.32 mm (1.D)
Temperature Column initial temp. 50°C
initial time 3 min
rate 7°C/min
final temp. 200°C
final time 5 min
Injector 200°C
Detector 250°C
Carrier gas He 1.3 mi/min
Air 450 ml/min
Hydrogen 40 ml/min
Type of injection Splitless
Injection volume 1 mi
Detector FID
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acetonitrilee 7 : 39 H|&=2 £33t £9)E AL

o UAREEe] gge EFEAS GCHP 6890)01] <)
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F mge = VERAATE.

GCel #Ax71& Table 13 7ot

P N
ﬂHN'

|

2stsold ohE

29 Fetdn g HelE AEstr] g8 HE 54
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paraffincll Erjsteich. g 22& 4um $AZ 29
ZHLipshaw, model 45) H, hematoxylin-eosin %4}
8l 3R (Olympus, BH-2)e.2 #4339
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oA 742 Student's ttest(Schefler, 1980)2 3}
Ao fo] 452 0.05 olatz kSl
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Table 2. Effect of cyclohexane treatment on the liver weight/body weight (LW/BW, %), contents of hepatic protein and MDA,

and serum activities of ALT, XO and ALP in CCl,-pretreated rats

Frequency of CCl, injection

Normal
10 times 17 times
Group Control Cyclohexane Control Cyclohexane Control Cyclohexane
LW/BW (%)  2.70+0.25 2.88+0.29 3.71:0.30* 4.05+0.20** 5.07+0.45™*° 4.66+0.231"
Liver Protein'  120.00:9.17  111.19+10.21 107.55+6.30 95.43+4.45 83.5423.56"*°  101.26+9.79
MDA? 3.41+0.24 4.09+0.39 5.8820.43™ 7.7410.50™*° 7.56+0.821 6.78+0.54***
ALT® 19.12+2 67 58.10+1350*°  292.5+36.7™  442.7+50.107*¢ 1023.3+153.812¢ 787.9+179.3**°
Serum xo* 25.80+2.11 31.68+3.30 44.38+2.09™  5502+5.15*" 85.63+5.67™° 58.38+8.91*¢
ALP® 3.70+0.18 4.1110.30 7.78+0.68"™ 9.89+1.70** 15.85+2.191* 22 19+3.06™**

Each value represents the mean+S.E. of 6 rats.

Unit : 'mg/g of liver, nmoles/g of liver, *Karmen unit/ml of serum, ‘umoles uric acid formed/l of serum, *Bessey-Lowry unit/ml of

serum.

3Significantly different from normal control, *Significantly different from normal cyclohexane, °Significantly different from 10 times
control group, “Significantly different from 10 times cyclohexane group, °Significantly different from each control (*; p<0.05, **;

P<0.01, T; p<0.001).

izl Blsle] CCl, 108] Fo2ollM= ztzh <oF 37%
(p<0.05) B 72%(p<0.001) kAl 718k, CCl,
173] FoZoM= bzt 1.94) 2 2.28) A= BT feol
3A(p<0.001) F7takodrh. Bgh 7hx22] 5 oz ek
Bkt ztoll W8] CCl, 108 FoFollMi= 10% &
asle A4S BYon CCl, 173 FolddMe
30% Ax F2dMl(p<0.01) AA=HAUGY EF F AL,
XO 2 ALP &4l 7%, CCl, 108 Foirollae tix
wroll wls] zbzb oF 1538, 1.7q) 2 2.1wje] /el
(p<0.001) Z7F2 Blem, CCl, 173 Fodwe ztz}
53.5u0, 3.3u) 2 438 H= AAEA(p<0.001) 7t
od
AR

Cyclohexane ¥ 2 CCl, 108 AR A& zHzte]
izl vig] AFEd AV oA TRk e, CCl,
173] AARZES 23]8 Fashe S Biv 123
% MDA ¥He cyclohexane 513 CCl, 108 A

HT rlo

Fig. 1. Micrograph of liver tissue in normal rats, H&E, x200.
The tissue structure was intact. C : central vein, P : portal
vein.
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Fig. 2. Micrograph of liver tissue in rats with one time
injection of cyclohexane, H&E, x200. The tissue structure
was similar to normal. C ; central vein, P : portal vein.
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Fig. 3. Micrograph of liver tissue in rats with 10 times injec-
tion of CCl,, H&E, x200. Fatty degeneration was shown in
the central and mid zones of classical lobules. C : central
vein, P : portal vein.

Fig. 4. Micrograph of liver tissue in rats with one time injec-
tion of cyclohexane after 10 times injection of CCl,, H&E,
x200. Proliferation of fibroblasts in the central zone and
necrosis of hepatocytes were shown. C : central vein.
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AN ZE(Fig. 12+ cyclohexane FoJ(Fig. 2)1A
Expazio] BAER g}, CCl, 108 %o
2% (classical lobule)?] FA4lthe} 710l A
WAdol AZEJ(Fig. 3), CCl, 108 Fo & cyclo-
hexane %1 SlaiA 7AIxe] TAlel AgRA T =
2lo] T ATHFg. 4). 3 CCl, 173 Zof2e 7HAIE
o] atel FAAHWES )= ol 7149 (portal lobule)
o 72 Ad-B-3Hcentral fibrosis with bridging)7t
AR=00], o7 A3k ¥iol B Bl B
2] thFig. 5). CCl, 173 ¥4 ¥ cyclohexane ¥
&2 CCl, 1738] Fojibe HUE zjolE HolA| Agke
g sx4xoa 7AE U He) AHo] 218 use

A tHFig. 6).

Fj\i _B".,

Fig. 5. Micrograph of liver tissue in rats with 17 times injec-
tion of CCl,, H&E, x200. Central fibrosis with bridging was
shown through the margin of portal lobules. Duct formation
(arrow) in the fibrotic zone and necrosis of hepatocytes
were shown, and the shape of hepatic cell cords was
changed like glanular acinus. C : central vein, P : portal vein.

Fig. 6. Micrograph of liver tissue in rats with one time injec-
tion of cyclohexane after 17 times injection of CCl,, H&E,
x200. Central fibrosis with bridging and necrosis of hepato-
cytes were shown. Nuclear volume of hepatocytes was
increased in comparison with that of normal hepatocytes.
C : central vein, P : portal vein.
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Fig. 7. Effect of cyclohexane treatment on the serum levels
of cyclohexanone in CCl,-pretreated rats. [] : 4 hours I :
8 hours.
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Table 3. Effect of cyclohexanone on the LW/BW (%) and serum activities of ALT and XO in 10 times CCl,-treated rats

Normal 10 times
Group
Control CH-none Control CH-none
LW/BW (%) 2.7420.15 2.570.16 4.1320.47* 5.53+0.76**°
X0' 12.54+1.14 12.13+0.53 25.59+4.04* 34.73+3.90™
ALT? 20.25+2.10 35.153.35**° 315.10+4.30™ 466.20+49.601

Each value represents the mean+S.E. of 5 rats.

Unit: 'umoles uric acid formed/l of serum, 2Karmen unit/ml of serum.
2Significantly different from normal control, "Significantly different from normal cyclohexane, °Significantly different from each con-

trol (*; p<0.05, **; p<0.01, *; p<0.001).

Cyclohexanone2| & s&

CCILE 108 7 178 HAA|$+ % cyclohexane 13
Fo] A 83 F cyclohexanoned] &3-& 43 A=
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36% Z7HETh Ea €3 2 ALT 24< cyclohex-
anone ¥} CCl, 103) £ F cyclohexanone
o 2F zzte] dizeel Hls) oF 1.79)(p<0.01) %
158 (p<0.05) F-2l8tAl S7F= A
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ZE=X| = Oxygen Free Radical ¥MH &4 =
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%< yehd 3= Table 49 7t} XO 84& CCl, &
o 3lpoll HlEsle] ZUHERNR, A4S cyclohexane

il

Folg oF 35% 7HAhsld o), CCl, 103 2 173 %o
2 cyclohexane FoJ= <13 ztzh oF 25% % 13%
Z71ek5 k. CYPdAH &4¢] 7%, CCl, Tz s 7
AEE e Helo, cyclohexane B9 = zhztel o
7\—_rL°ﬂ vl cyclohexane T+ ¢F 2.1890(p<0.001),

Cl, 108 Ax]x)7o < 2.84)(p<0.05), CCl, 173] A

%1 A& oF 2790 (p<0.01)e] EAT F71H BTt
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Iz=%| & Oxygen Free Radical siSH E4 #4HS
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S Uehd d3e Table 69 2tk SOD 24 CCl,
=Aslae W ok ZrlEle ARwe ngout,
cyclohexaneg Foidto &4 z4zhe] tjzFol| Hlsld &
AqE F7HE EAoH 2 T/ CCl, 178] Tl
°F 54%(p<0.01)2 71 A velsth CAT 248 4
&3-3 CCl, 108] Fojollx] EThe Afo]& Hol#] 5%k
o, CCl, 178] B = oF 36%9] 57Fe HAL
U BAAQ 9o gixieh. GSH-Px #42 CCl, 74171
7H) wel Z74E9 o™, cyclohexaned FoigoeH
Atk CCl, 108] Fojollxe 2hzte] oz Hlal
ok 13% % 22% F7HE Bon, CCl, 173 Fod2
cyclohexane o2 2laf] oF 14% Q3|5 7Ha3tsd

3 GST @49 Aol A4+t CCl, 108 Fo
oA ErkE Aol iolxl ekstont, CCl, 173 ¥4
FolME oF 13% F7Ieklek. 24 F GSH #32
CCLE FoIslie uf Aozl s =% F7ks3l
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Table 4. Effect of cyclohexane treatment on the hepatic activities of free radical generating enzymes in CCl,-pretreated rats

Frequency of CCl, injection

Normal
10 times 17 times
Group Control Cyclohexane Control Cyclohexane Control Cyclohexane
X0’ 0.49+0.09 0.32+0.10 0.55+0.10 0.69+0.05** 0.69+0.15 0.78+0.08**°
CYPdAH? 3.80+0.36 8.07+0.89**° 297+1.17 8.30+1.25" 2.40+1.10 6.51+0.97*

Each value represent the mean+S.E. of 6 rats.

Unit : 'nmoles uric acid formed/min/mg protein, nmoles p-aminophenol formed/hr/mg protein.
agignificantly different from normal cyclohexane, Significantly different from each control (*; p<0.05, **; p<0.01).
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Table 5. Effect of cyclohexane treatment on the hepatic activities of free radical scavenging enzymes and reduced giutathione

content in CCl,-pretreated rats

Frequency of CCl, injection

Normal
10 times 17 times

Group Control Cyclohexane Control Cyclohexane Control Cyclohexane

soD' 50.06+4.80 66.92+7.51 55.62+0.89 76.76+4.17™ 52.7214.16 81.11+4.82*

CAT? 38.41+2.97 38.46+3.98 35.62+2.95 37.99+4.26 27.27+3.02* 37.06+4.14
GSJ-PX® 8.42+0.51 9.49+0.62 10.88+1.24 13.27+0.49™ 12.83+1.36* 11.09+0.72*

GST* 379.79+16.29 374.02+9.32 330.70+4.83* 320.67+17.40*° 296.17+21.83*  334.51+27.70

GSH?® 2.42+0.21 1.9240.20 3.6410.21** 3.35+0.36**° 4.12+0.46** 3.41+0.28**"

Each value represents the meanzS.E. of 6 rats.

Unit : 'Unitymg protein (50% inhibition of autooxidation of hematoxylin), >Reduced H,O nmoles/min/mg protein, *NADPH oxidized
nmoles/min/mg protein, “nmoles 2,4-dinitrobenzene-glutathione conjugate/min/mg protein, *umoles/g of liver.

*Significantly different from normal control, *Significantly different from normal cyclohexane, ‘Significantly different from 10 times
cyclohexane group, Significantly different from each control (*; p<0.05, **; p<0.01, 1; p<0.001).

Table 6. V.., and K, values of cytochrome P450 dependent aniline hydroxylase in cyclohexane-treated rats pretreated with CCl,

Frequency of CCl, injection

Normal :
Group 10 times 17 times
Control Cyclohexane Control Cyclohexane Control Cyclohexane
Voo 11.39 16.23 6.24 13.27 6.84 12.83
K2 8.97 9.84 458 3.92 5.81 2.60

Each value is the mean of 3 experiments.
Unit : 'nmoles/min/mg protein, >1x107° M.
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