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ABSTRACT : Recently, we reported (Korean J. Biomed. Lab. Sci., 6(4): 245-251, 2000) that cyclohexane
(1.56 g/kg of body wt., i.p.) administration led to lung injury in rats. However, the detailed mechanism
remains to be elucidated. This study was designed to clarify the mechanism of lung damage induced by
cyclohexane in rats. First, lung damage was assessed by quantifying bronchoalveolar lavage fluid (BAL)
protein content as well as by histopathological examination. Second, activities of serum xanthine oxidase
(X0), pulmonary XO and oxygen free radical scavenging enzymes, XO type conversion (O/D + O, %) ratio
and content of reduced glutathione (GSH) were determined. In the histopathological findings, the vasodila-
tion, local edema and hemorrhage were demonstrated in alveoli of lung. And vascular lumens filled with
lipid droplets, increased macrophages in luminal margin and increased fibroblast-like interstitial cells in
interstitial space were observed in electron micrographs. The intraperitoneal treatment of cyclohexane
dramatically increased BAL protein by 21-fold compared with control. Cyclohexane administration to rats
led to a significant rise of serum and pulmonary XO activities and O/D + O ratio by 47%, 30% and 24%,
respectively, compared with control. Furthermore, activities of pulmonary oxygen free radical scavenging
enzymes such as superoxide dismutase, glutathione peroxidase and glutathione S-transferase, and GSH
content were not found to be statistically different between control and cyclohexane-treated rats. These
results indicate that intraperitoneal injection of cyclohexane to rats may induce the lipid embolism in pul-
monary blood vessel and lead to the hypoxia with the ensuing of oxygen free radical generation, and which
may be responsible for the pulmonary injury.

Key Words : Cyclohexane, Histopathological examination, BAL protein, Oxygen free radical scaveng-
ing enzymes, Xanthine oxidase.
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(Perbellini®} Brugnone, 1980; Yasugi 5, 1994y A33)
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A N2 F5= cyclohexaned FE 7kEAS|A mi-
crosomal cytochrome P-450 dependent monooxygenase®l]
]3] cyclohexanolZ HAFE™ (Nordbloms} Coon, 1977;
Senler 5, 1985), Y¥¥ B-glucuronide Fe) 2 F 3= o]
A28 Zo WA= 3 (Treon 5, 1943; Elliott 5, 1959) 1}
M X+ alcohol dehydrogenase®] Zvllzt-8o] o3 HA &
ZFHAREE-Ql cyclohexanone® 2 AFE}E7] % g (Smyth
5, 1969; James®} Waring, 1971; Sakata 5, 1989). =3}t
cyclohexanone®] U= cyclohexanol® | FHi=|e] =
= B3 9712 AA wiEFH A 1,2-cyclohexanediol 2~
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cytosol #-2-2- xanthine oxidase(XQ), superoxide dismu-
tase(SOD), glutathione peroxidase(GSH-Px) W glutathione
S-transferase (GST) A% &44 A8 ARSs|odct
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(1974)2] ol F3to] Zgstedch

4. Reduced glutathione(GSH) &2t&H

|22 5 GSH ke 3] vpigAde] dAgked] 4%
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Fig. 1. Photographs of lung tissue in rats (i.p. injection), H-E stain.
(2) Normal group. The tissue structure was intact. x100. (b)
Cyclohexane injected groups. Vascular lumen expanded to round or
oval shape (arrowheads). Interstitial edema (arrows) and atelectasis
(*) were showed. Their changes was clearly near the luminal
expansion of capillary. x200.
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Fig. 2. Electron micrographs of cells in lung of cyclohexane
injected group intraperitoneally, uranyl acetate and lead citrate stain.
(a) Lipid droplets filled in vascular lumen. Macrophages increased in
the luminal margin. Interstitium showed edema (*) and that fibro-
blasts increased. x2,500, L: lipid, Mp: macrophage, En: endothelial
cell. (b) Endothelial cells showed very thin lining surface (ar-
rowhead), because the size of lipid droplet in vascular lumen was
more larger than luminal diameter. Fibroblast-like interstitial cells
increased in interstitial space, lipid droplets existing in their
cytoplasm. x3,000, L: lipid, IC: interstitial cell.
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Fig. 3. Effect of intraperitoneal injection of cyclohexane on the
bronchoalveolar lavage fluid (BAL) protein content in rats. Each bar
represents the mean+S.E. of 6 rats. *** Significantly different from
control (p < 0.001). Keys: (L) control and (M) cyclohexane.
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Fig. 4. Effects of intraperitoneal injection of cyclohexane on the
serum and pulmonary xanthine oxidase (XO) activities and type
conversion (O/D + O, %) in rats. Each bar represents the mean+S.E.
of 6 rats and indicates relative percents to the control. * Significantly
different from each control (p < 0.05). Keys: ([J) control and ()
cyclohexane.
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2. XO 8N gl EEE

Cyclohexaneg B = E7}o 2 43] Fof A A3} =
2 2 X0 X 3 xanthine dehydrogenase(type D)24-
E] oxidase(type 0)29] type A3EL 2Tl o3t
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Table 1. Effects of intraperitoneal injection of cyclohexane on the
pulmonary oxygen free radical scavenging enzymes activities and
reduced glutathione content in rats

Group Control Cyclohexane
sopV 16.37+1.50 20.44+ 0.70
GSH-Px” 12.14+1.50 16.76+ 1.90
GST? 82.82+6.20 66.15+13.26
GSHY 0.13+0.01 0.15+ 0.04

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

Dunit*/mg protein (*: 50% inhibition of autoxidation of hematoxylin).
“nmoles NADPH oxidized/mg protein/min.

“nmoles 2,4-dinitro-benzene-glutathione conjugate/mg protein/min.
“umoles/g of tissue.
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Abz S5 B A= 9 GSH 3 M-S el A
o] Table 13} Zt}. Cyclohexane FofFol|A] o &l ]
3] SOD % GSH-Px ZA-& 77+ 25% 3 38% A= F
7Fe} 3 GST A& oF 20% sl 73S By ot
EAA e 9= ¢ledct. 283l GSH g8k 7 27kl
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Iv. 1 &t

o2 ZA2E Za] A HZ F55 )% xenobiotics H
Ale) 8 A7) zkxA|olw, 7} o] ZA]q #, I
A7 2 A317] 5] A7) A% xenobiotics?] WA} T
4 o] FojAelal &1, xenobiotics®] FFroll ulel S
Yep= 9247 & gepElckal shek(Guthrie2} Hodgson,
1987). A 5(2000)%] Hilel] &J3pH =0l cyclohexane
Fol A, g8 A7) F 2R HEAS 7} oF)F
o] cyclohexaneo] 7+EZ|AM HAl=]o] WAIE cyclo-
hexane?] WA} F3F AAEAZA HEFAS o7] A7)
t}= cyclohexanone(Smyth %, 1969; James$} Waring,
1971)0] #2202 By x7] uFolelir slgict. 13t
cyclohexanedl| 9 23] &40 7] M 21
w3l g2lzs 2 Adolr Pl cyclohexane(1.56
gkeye 43] B0 2 Fo3 oy, WA w24 Ao |3
g 71AS F9El] S8 922 nHTFEA WsE 3
At A3}, BEEin)A FA|A cyclohexane T2 &8
3 R ol dae] WEFAR, HAEn) e
A cyclohexane T2 & W7ol B AWK Eol
AN 3 WIH 2= o)F- gl iR FAFHS
o 7hae] ¥ dAba) 71 ) AREME o] F ¥
A= AE o)k 22 HushH W F 53], AR
o) 74 ol 22 - Z(embolismyS 2Ju]3h=
F 3l Ao 2o d 279 3] (ischemia)
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o] g AYE Arel T it weEkA wldRe] A
A AAF) o8l ZAE HYL A2 7AAG 3%
EAF AALTFe] Agez ATP A 9 SAE9 £
A AlE doA gxA] &8 2T ZoE AgHH.
t]go] B AY A 23] 7 &40 23] HHMH
o Z BAL =3 g8kNielsen 5, 1996)°] cyclohexane
T2 27 B dA3] FUie 295 B ), cy-
clohexane o1 A] ZAko 2 I3t slEAte] VehdS &
g 4= Ut

&3 xenobioticsel] €8 ZEA|9] AR o]F xeno-
bioticse} o]2] HHARIEE ¥4} oh{2} xenobiotics YA}
AelA YA oA = F-all kA (oxygen free radical)ell £
M= AFedal o8k k=)l $19]vH(Deneke?} Fanburg,
1980; Leibovitze} Siegel, 1980; Freeman3} Crapo, 1982).
a2)3 #E 2 AAAZE Ale)| oxygen free radical ABA
'4el XO Fe] F7HH oEe] type DEFE type
02| A3bo] o]Feixlcial H =] v)(Yokoyama -5,
1990; Adachi %, 1993). WA cyclohexaned- 5§33}
ob7|€l HdH A} AAF 27 918k 38 A] oxygen free
radicalell 28+ #A) VS FAETE o7t s
7oz Aztee] E Age)rM AFF=l cyclohexane F
of Al A 23] F X0 A= % X0 type A3t
5 £33 A3, szl Bl cyclohexane Fof7ollA]
5 o3 1 Jepisich olgjs Ax &, A
X0 A F7h= 22 &4 A 4" 24 AEY 73 F
A F7EE QlEte] dA F X0 Ae] FrHdee B
(Yoon, 1988)¢} 4855 cyclohexane 7§ A] £4}e]
Z#=e 79 A7171 #4 (ung)elehs AMS 88 &
o), vl #9228 SRS ou)Ehs Aoz A7EH. =
3 #1223 X0 847 XO type A3kl Zvl3t A=
= A 229 AR ZF 28 MAbAF(hypoxia) e & <l
sle] XO ZAo] 57127 vlEe] & 549 Aoz
A% oxygen free radicale] ®|<&Atel] Abdat oJ3kS )
AL AARL F3L 3

ogubH o2 fajatae) T FA|9 £ fjaks
AAA g B 5A o] B3R opy|Rlrhs B (Leibovitz
9} Siegel, 1980; Freemans} Crapo, 19822 #elsl] & o,
2 A& cyclohexane FI2 A= oxygen free ra-
dical®} siEAlo] AHE T4 A Y WIHEALE &
Aoz fejakiel o3 H2A] £ 58-F I
5 S AE AAE] o 2A fafjatka )54 B &
A= w GSH = wee SAsigeh o] AFeA
cyclohexane o1 2. T &7l 88 SOD ¥ GSH-Px 4
2 Z7II9R GST #A4d2 zdslgl et A A 2
ol+= 9lsierm GSH gk 75 F 23kl oE xlol
= Z 4 gsloh wes fajakae] XA e} sS4 &
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A FA AHAE 75 £ o), APFE9) cyclohexane 7
o] A] oxygen free radicalel] ©J&F #| &% &4 F2 oxy-
gen free radical A Tl XO0el o8 A3t o33k
e Zles Y7EG

ol AFANE E8 £, APEE) cyclohexane
Fol A) 922 &AR A 5-(2000)°) 2313} cyclohexane
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