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=ABSTRACT =

Effets of Various Anesthetics on the Hepatic Microsomal
Cytochrome System and the Lipid Contents of Albino Rats

Lee, Young Joo

Dept. of Anesthesiology, College of Medicine, Fwha Womans University

Sung, Nak Eung

Dept. of Biochemistry, College of Medicine, Ewha Womans University

The cytochrome enzyme system of hepatic microsomes is important because
of its versatility, being capable of catalysing the hydroxylation as well as ot-
her modifications of variety of lipids and foreign compounds, including dru-
gs, pesticides, carcinogens, and anesthetics. In order to elucidate the effect
of various anesthetics on hepatic microsomal cytochrom P — 450, b,, and AAF
hydroxylation and, on the hepatic lipid contents, inhalation anesthetics, inclu-
ding diethyl ether, halothane, enflurane, and intravenouse anesthetics, inclu-
ding ketamine, thiopental, innovar were administered to albino rats either on-
es or thrice with the following conclusions:

1. Various anesthetics utilized in the present investigation increase the acti-
vities of hepatic microsomal cytochrome P —450 and b,, with concomitant
elevation of AAF hydroxylation in hepatic microsomes,

2. The above various anesthetics increase the cholesterol and triglyceride co-
ntents of liver.

3. The above various anesthetics do not make an influence on the phospho-
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lipid content of liver.

4. Variations in the cytochromal enzyme activity of heps « microsomes have
no correlations with variations in the lipid contents ¢~ liver by the admi-

nistration of various anesthetics, while correlations in the contents of he-
patic triglyceride and cholesterol have statistically significant correlation
with each other by the administration of them.
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g afabEol iAW 45 244 S4AEdz 2E
E givke Aol #47F Ha grh

o] v] haloethane 3} halomethane & 7}3z7 o 4
halidase o] 2]5le] =@ A}zjo] bromide 1} chloride 7}
wraslel s s1gich (Heppel 31 Porterfield, 1948). st
H # 24 &4 Van Dyke ¢ Chenoweth (1965 )%= ch-
loroform, ether, halothane ¥ methoxyflurane %-2
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rane, halothane 59| v}gAld]l 31558 23 &&=
2 v}5 A9 biotransformation o] 7143l ¥ n(Li-
nde 8} Berman, 1971) 7} gl o™, =& o|& w}FA)
o Aol A zlzAu ¥ oAbt -‘%}‘*?}‘3‘1?"4 a2
FHe]4 NADPH 1} 4459 4277 L3 ojd &£
29 §47 §x2H7|5 A olw 7 -9l monoxy-
genase #] 9} terminal oxidase ¢l cytochrome P —450
3 Agsted 2olEd 4 vAsx dokan sdgs
{Van Dyke o} Chenoweth, 1965 ; Van Dyke, 1966
; Conney, 1967 ; Cohen, 1971). 7t 24 4] cytochrome
P -450 3} cytochrome by o 93kg 7% Zxel hy-
droxylation ztz A7} glow 2L & od FF
o oyl Aoz (%, 1980; 5, 1981),
o]% vl Al o} cytochrome P —~450 0|1} by el wigl o
e FA s B4E 9k

Halothane, methoxyflurane, ether, enflurane 5.2

lide ion &

mitochondria W ¢] respiratory chain ] uncoupling
agent £ 4 %}-23)l¢] phosphorylation -& #}8] 5l = A
o2 ok#z o v (Snodgrass 2 Piras, 1966; Cohen
3 Mclntyre, 1972) o]z 4 zZ+% XAz AAF -hy-
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e A4g =x v A w529 780 B FH 9
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AAdstaz Yo A AYeFAE FAF F
F ztzAge] #AF =" o] g3 3, cytochrome P-
450 @ cytochrome bg 2 &4I¥lslel 2 — acetylami-
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A. X =3
1. 49 %%
A F 200g oo wistar strain & T4 & 4}
&3t
2. FAYE

Diethyl ether : Jansei Chemical Co. LTd.

Halothane : §5-oF&-39] 54 8 4}

Enflurane (Ethrane®): Abbott S.P. A.

Thiopental (Pentothal ® y: gl A k4 5] AL

Ketamine (Ketalar ®): §-g-opsy.

Innovar (Thalamonal ®) : Janssen Pharmaceutica.

3. 717 8 Ao

a. 7 T

Potter Elvehjem homogenizer

High Speed Refrigerator Centrifuge: Damon/
Model ice B-20 A
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Ultracentrifuge : Beckman /Model L8 —-80

Spectrophotometer : Varian SP —624

Spectronic 21 Spectrophotometer : (Bausch &
Lomb)

Liguid Scintillation Counter : Packar Tri (CARB
300 C D)

b. A ¢

{9-C"] AAF (Sp activity 40 4 Ci nmoles).
New England Nuclear Corp.

NADPH (reduced nicotinamide adenine dinucleo-
tide phosphate ) : Boehringer Mannbein Biochemi-
cals

Bovine serum albumin: Sigma Co.

B. g =

1. SEF

ol 273 &F91vt3 A £oF3l Ether, Halothane,
Enflurane 5o F3 A= el 34 FojFq] Ketamine,
Thiopental, Innovar FF 5 7THAFo=2 A 75

g3 HE2Te Adgg AL o # = EHAE 4
Zt 13 A8 F 9 33 FoFer THSHoH

2+ AR FEL 1247 F4A9 Foll = FAE
lgdow ZFoletf A= 34 exposure chambero)
72 @3 diethyl ecther, halothane 3} enflurane
IMAC ( & 4= zii) Sx1A 71w 30 EzF =}
sgla ol F o F7E Ty Btk

Ao v} P A Foli= ketamine & H%F v} kg & 75mg
W kg S0mg &

71Ee "

2
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593 thiopental & A&

x
o
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o kg 50pg-& EFEYTh
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3. Zlmicrosome 9| cytochrome 7] A @ zx]=
EREE

a. Microsome %%

Microsome 2] £ Lotlikar 59 ub® (1967) &
Algstel ohest 2ol Astgth  AAR BEFL
Potter Elvehjem homogenizer 5 4835} 0.256 M
sucrose S 2 2 25% 7 #A -GN WE W EL
7 7] (Damon /Model ice B—20A) 2 8000 x gej4 10
27 44¥elshe] ¥ mitochondria ¥ 2N YA LS

AAsGE o] 45L& v} 105000 x gl 4] 1 4]
7t %9} Ultracentrifuge (Beckman /Model 1.8 —80)
2 microsome -& %_ 122]35le 1g/mlz}t 54 0.25
M sucrose 2 F& &4 & 759 t}h

b. mhag Zé%'c

SuAdege Lowry 5o Wai(1951) o2 w4 g
# spectronic 21 spectrophotometer (Bausch and
Lomb) & 4}-83le] 700nmel]4 FHEE Z3sle
vl sl E£599 o2 bovine serum albu-
min & A8 g th

c¢. Cytochrome P —450 423

Microsomal cytochrome P —450 &-gkol Z34.2 Om-
ura 2} Sato (1964) ¢} ¥y
noxide complex 53 % % spectrophotometer (Varian
SP —624) & A}25to] 490nm o} 450 nm o 4 =743}
gl ol= molar extinction coefficient = 91mM
Cm~' 2 s}oivh

d. Cytochrome by &4&34

Cytochrome by 2] 84 Z%¢ Smuckler 5o} 4ty
(1967) ol we} cytochrome b9 Y3t A3y
Aol FF x5 424nm 9} 409nm o} 4 EH sty ch
o]wl molar extinction coefficient:= 185mM Cm~*
2 gk

e. Ring- 3t N -—hydroxy AAF ¢ 23

Ring — 3 N —~hydroxy AAF ¢} Zx .2 Lotlikar
59w (1967) o =jel Al skt

AAF 9] ring — 3+ N — hydroxylation & ¢34} incu-
bation medium o2 50mM HEPES buffer (pH 7.8),
0.1mM (9-C*) AAF, 2mM NADPH % microso-
Ho] 39°Celj4] 3027 incubation
g th(Table 1).

Incubation 3o} 7 A|g o= 4ml 2] ice cold 1
M sodium acetate buffer (pH 6.0) & 7t3lo 18L&

o =2 reduced —~carbon mo-

mal fraction &

Table 1. Incubation medium for AAF hydroxyla-

tion
mM
HEPES buffer, pH 7.8 50.0
NADPH 2.0

AAF containing 0.2 g ci (9 -C* ~AAF) 0.1

Various microsomal fractions as indicated. Water
to a final volume of 1.0ml (incubated in air for
30 min. at 37°C)
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£ Fx 47|32 &2 diethyl ether & 5] hydro-
xylation & o) 41582 £55tgvh Ring - & N —hyd-
roxy AAF =
: HyO7F 18: 2: 2: 18] £ 5 «}-£35le] paper ch-
romatography 2 %2 st liguid scintillation coun-
ter (Packard Tri —CARB 300 CD) & radio activi-
ty & &4 Agaack

f. Z& cholesterol grefo} Ak

Z cholesterol o] # =2 Zak o] ¥4 (1954) & 4}
Shof ohesh 2ol AY s

0.1ml 9] liver homogenate & # 35} 25ml volu-
metric flaske] YW1 10ml & methanol :
9] 1:1 888 Po] boiling water bath ol 4 7] ®7}
dojd w7x] stdstm AedA YAAg F oA &
o2 25ml 74x] AL o} 4lmm Whatman filter
paper 2 oiztshel 1 izt Aol A8tk
o] Wem AW 3AE Fvlste] AR Acle &
et 1ml 2 Bee A4 £%9 1mlE z8la C
o} TF-28 (lmg/ml chloroform) Iml g =z 4
t}4] boiling water bath o] @o] &ej 5 Sx
Ageh AYBE AU A F 24 AP R 9
Ag 2mld A chg B AH(FeCly o 824l
o) 2ml & Hrlsted & EFET F 1587 4L
o] 92417l & )% 540 nm ol 4] spectronic 21
spectrophotometer & o] &3] &2 313 vk

g. Phospholipid 3}eke} A%

Phospholipid %2 Az Connerthy S ¥4
(1961) & Ap&sted vhgst o] AlPapgich

16 x 150mm glass —~ stoppered tube (10m! T4 =

cyclohexane : t —buatanol : acetic acid

chloroform

ooDlo{

i oo B0z R

Table 2. The levels of cytochrome P —450 and cytochrome by

treated with inhalation anesthetics

A1) o] liver homogerate 0.2ml & Y3 5% trichlo-
ric acid 5ml & Hrtshed & B4 ¥ A4F A
A8 A AHsta digestion £ (D-
Hy,O: C—-H,50,: 70 % perchloric acid 2:1:1)
1ml £} glass bead & ¥ digestion A7l th

Digestion o] #¢ & @444 1ml 2F+2 da
15 2 5ot 7tdstgdeh 2% 50% sodium acetate
5 Iml 23 10ml B47x 5F 42 HDow 259%
ammonium molybdate 1ml 2} P — methylaminoph-
Qo] 3 Edsie 1523k WA
7] = spectronic 21 spectmphotometer—g— Ap&5) o
700nm ol 4 EFEE 27519

h. Triglyceride gt &3

Triglyceride 22 Handel 3} Zilversmit 4(1951)
£ AFgsle gl ol Agsigch

Zak ¥ (1954) o] o3 £33 24 1mlE glass -
stoppered tube (15 x 300mm ) o] ¥x alcoholic
KOH 0.5m! = 4 ¢t} (Saponified sample). A 2 4}
¥ Fell = alcoholic KOH =t 0.5ml & ¥ 9]t} (Unsa-
ponified sample). 4}g 3-& 60 -70°C water bath
o] 15 27k wAlg ke 0.2N H,SO, 0.5ml 3 Hr}
5hed E—@'ﬂ ¥ alcohol £ A Az o o] ES A
5] W24 #  sodium metapenodate 0.1m] & €5 10

o4

enolsulfate 1ml &

£ & sodium arsenite & 0.1ml A 7}ste] ALEHab-g
Z2 A7k gox o] Ak E ch-
goi £ £ 100°C A
30 ¥z} stdste] Y2417 5| spectronic 21
trophotometer & }235le] 570nmoj4 FTFHz 2 &
Halglvh

(oxidation ) &

romotropic acid 5ml 2

in the liver microsomes of rats

Cytochrome P —450 (nmoles /mg protein} | Cytochrome bg (nmoles/mg protein)
Group
Control 14 3 HH Control 1 3
Diethyl ether 3.632 4+ 0.297 +| 3.152 4+-0.142% 0.090 --0,001 * | 0.092 = 0.001%
Halothane 2.185 -+0.070 | 1.813 4 0.192 #| 1.978 +0.231%+ 0.057 -+ 0.001 | 0.101 £:0.001 * | 0.106 - 0.001=
Enflurane 3.442 -+ 0.702 | 3.162 - 0.078 = 0.122 +0.012 % | 0.099 =+ 0.001*,

Each value represents mean-+S.D.

of 6 experiments with inhalation anesthetics.

#: 1 time treated with inhalation anesthetics
#4 : 3 times treated with inhalation anesthetics

* : Significantly different from control value P { 0.001
*+ : Significantly different from control value P { 0.01
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N Control Cytochrome P - 450 Cytochrome b5
400
D 1 time treated group
]-:,'.'i 3 times treated group
300 -[ J’_
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o 2, o 'g"‘ N ': by
H Ef E H Ef E 38 Ef
Fig. 1. The level of cytochrome P 450 cytochrome b, and AAF hydroxylation in the liver

microsomes of rats treated with inhalation anesthetics, Each value represents a percentile
compared to control data. E: diethyle ether H: halothane Ef: enflurane

A8 Z2 34
A. FYniEA Fo F 33 zbxA9 microsome
9} cytochrome P —450 3 cytochrome bg 2] A
g}

ZHE FAniEA 13 FodF 9 33 S Fel] glod
33 7tz =9 microsome cytochrome P -4503 cy-
tochrome bg9] ggk.e Table 2 9 Fig. 1oj4 »n:
ulo} 2o

Cytochrome P —450 &-%.2 diethyl ether = 7tz
3.632 -+ 0 297 nmoles /mg protein ( ©}3 nmoles =
Ay 2k5H), 3.152 10 142 nmoles, halothane EoF2&
tzt 3.442 +-0.702 nmoles, 3.162+0.078 nmoles =
o 2F 2.185+0.070 nmoles o] u]5}e] halothane 2
ool oA Frastgow (P ( 0.001, P { 001) diethyl
ether 2} enflurane 2

Cytochrome bg 33F2 diethyl ether: 132} 3
3] Fopof zk7+ 0.090 --0.001 nmoles, 0.092 + 0.001
nmoles, halothane ¥ 7.2 7tz 0.101 +0.001 nmo-
les, 0.106 --0.001 nmoles, enflurane -2 77+ 0.122+
0.012 nmoles, 0.099 + 0.001 nmoles & 4] o =379 O.

_|\!

el Al 2 skskgd ok (P < 0.001).

0570 001 nmoles o] u]sle] 5 22 e HsE
Bod e (P ¢ 0.001).
B. AHetH A Fo F 34 zkx2Z e microsome

cytochrome P —450 3} cytochrome by 9] #4393}

A% RAutaA 139 38 Fol 3 44
9] microsome 2| cytochrome P -450 3} cytochrome
bs @ge] sl Table 351 Fig. 2014 R
o ek

Cytochrome P —450 ¥8k.2 ketamine 5o F-of 4
ztzb 3.053 -+ 0. 109 nmoles, 3.658 4~ 0.424 nmoles, thi-
opental Fo] 72 27+ 3.642 4-0.458 nmoles, 4.421 4
0.448 nmoles 78] 3 innovar FoF.2 Az 3.401 +
0.374 nmoles, 3.160 +0.29 nmoles & ol =79 2.18
+0.070 nmoles o} ¥l 3}o] BT 2o A Zrtsid et
(P ¢ 0.001).

Cytochrome by &2 ketamine % ¢l Fd] glo] A
¥+ 0.081 +0.009 nmoles, 0.096 -+ 0.001 nmoles, thio-
pental Fo 2 zkzb 0.105 4-0.001 nmoles, 0.157 +
0.003 nmoles 28] 3 innovar 7.2 A7 0.072
+0.006 nmoles, 0.127 +0.013 nmoles & u) x7<] 0.
057 £ 0.001 nmoles o] ¥|5le »F 2|9 QA F7}31g

ZkzA
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Cytochrome P —450

K3 Control

300 -

2004+

100 1~

Cytochrome b5

T 1time treated group
3 times treated group

o R AT

1

Fig. 2. The level of cytochrome P—450, cytochrome b, and AAF hydroxylation' in the liver

microsomes of rats treated with intravenous

anesthetics. Each value represents a percentile

compared to control data, K:ketamine T: thiopental I:innovar

Table 3. The levels of cytochrome P 450 and cytochrome bg in the liver microsomes of rats

treated with intravenous anestheiics

Cytochrome P —450 (nmoles /mg protein)| Cytochrome bg (nmoles/mg protein)
Group
Control 14 3 ¥4 Control 1 3
Ketamine 3.053 4= 0.109 | 3.658 - 0.424 = 0.081 - 0.009% | 0.096 4- 0.001 *
Thiopental 2.185 +0.070 | 3.642 4 0.458%|4.421 + 0448 x| 0.057 4-0.001 | 0.105 +- 0.001 % | 0.157 - 0.003 *
Innovar 3.401 + 0.374x%|3.160 4 0.295 * 0.072 -+ 0.006% | 0.127 + 0.013 =

Each value represents mean +S.D. of 6 experiments with intravenous anestheties.

¥ : 1 time treated with intravenous anesthetics
%4 : 3 times treated with intravenous anesthetics

* : Significantly different from control value P ¢ 0.001

(P ¢ 0.001).
C. FvtalAl o £ 24 zxAe| AAF hyde
oxylation o] w|z}& o3k

ZE F=tHAE 134 338 Fo F A g=xA
o} AAF, ring —hydroxylation (R ~-OH - AAF) 5}
N - hydroxylation (N —OH - AAF) o] #3l= Table
42 Fig- 1414 & wbot zoh

Diethyl ether o Fo]4 R —OH — AAF = 77}
0.206 +-0.002 nmoles, 0.510 4+ 0.141 nmoles; halotha-

ne %oF.2e 7zt 0.250 +-0.006 nmoles, 0.572+0.112
nmoles 283 enflurane o F2 7 0.216 +
0.018 nmoles, 0.546 +0.126 nmoles -2 ¥.o] o 29
0.148 +0.021 nmoles =} ¥]5le] nF o9l 215
B (P < 0.01 ~ P ¢ 0.001).

N'-OH —AAF = diethyl ether 132 33 %
Foll 4 Z+7 0.240 4-0.024 nmdles, 0.630 +-0.210 nm-
oles, halothane %72 Z7t 0.348 £-0.073 nmoles,
0.519+0.080 nmoles 22}z enflurane R 72 7t
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o Control Cholesterol Phospholipid Triglyceride
300
D 1 ume treated group
3 times treated group
2004
100 4
E H Ef F H Ef E 31 Ef
Fig. 3. Total cholesterol, phospholipid and triglyceride contents in the liver of rats treated with

inhalation anesthetics, Each value represents a percentile compared to control data.

E : diethyl ether H:halothane Ef: enflurane

Table 4. Effects of inhalation anesthetics of AAF hydroxylation in the liver microsomes of rats

R ~OH (nmoles /mg protein) N - OH (nmoles /mg protein)
Group
Control 14 3 f4 Control 1 3
Diethyl ether 0.206 4+ 0.002% %0510 +-0.141%x* 0.240 +0.024 0.630 +0.210 s
Halothane 0.148 -+0.021 | 0.250 4 0.006% }0.572 4-0.112%*| 0.188 4 0.041 | 0.348 -+ 0.073 #xx| 0.519 +0.080 *+
Enflurane 0.216 + 0.018% %0.546 + 0.126%* 0.244 -+ 0.063 0579 -+0.019 *
Each value represents mean+S.D. of 6 experiments with inhalation anestheties.
#: 1 time treated with inhalation anesthetics
#4 : 3 times treated with inhalation anesthetics

% : Significantly different from control value P { 0.001

x% : Significantly different from control value P { 0.01

x%% : Significantly different from control value P { 0.05
7+ 0.244 4+-0.063 nmoles, 0.579--0.019 nmoles & = hydroxylation (N —OH — AAF) ¢} #i3l= Table 5
Z7° 0.188+0.041 nmoles o} w]wsle] diethyl eth- ¢} Fig- 24 xi= wie} prh

er'= 3& FolZel gle] halothane-2 13 9 3 3 R —OH — AAF - ketamine %ol o] glo] 2z 0.

FoF 223 enflurane 2 33 Fol Fo glof 7z 160 4-0.025 nmoles, 0.295+0.072 nmoles, thiopental
o2lgle =512 ug (P ¢ 0.05~P < 0.001). Fol e 77k 0.1944-0.028 nmoles, 0.332 -+ 0.015
D. AAuAAd 5o % 35 zkzxA o AAF hydr nmoles, 7.8l 3 innovar =of 7.2 2z} 0.188 + 0.019

oxylation o] n]®| L &8k
23 AuulAA 1359 335 B T 83 31249

AAF, ring —hydroxylation(R ~OH -~ AAF) s N -

nmoles, 0.375+0.206 nmoles 24 o) =79 0.148+
0 021 nmoles 9} ¥ w3l ketamine 3} thiopental &

33 FeAnk Aodgle E7E dehigrH P (¢
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Control

©

300 T

1004

Cholesterol

Phospriohipid

Triglicenide

D 1 tune treated group

n 3 times treated group

Fig. 4. Total cholesterol, phospholipid and triglyceride contents in the liver of rats treated with
intravenous anesthetics. Each value represents a percentile compared to control data,

K : ketamine T: thiopental I: innovar

Table 5. Effects of intravenous anesthetics on AAF hydroxylation in the liver microsomrs of rats

R —OH (nmoles /mg protein)

N —OH (nmoles /mg protein)

Group
Control 14 3HH Control i 3
Ketamine 0.160 + 0.025 | 0.295 4-0.072 #x 0.233 +0.053 | 0.230 +-0.001
Thiopental 0.148 +0.021 | 0.194 + 0.028 | 0.332 4 0.015 #**x | 0,188 -+ 0.041 | 0.192 £-0.008 | 0.247 “+0.073
Innovar 0.188 + 0.019 | 0.375 4- 0.206 0.198 -+ 0.033 | 0.341 +0.173

Each value represents mean+S. D. of 6 experiments with intravenous anesthetics.
# : 1 time treated with intravenous anesthetics

¥# -

P

0.05. P ¢ 0.01).

N —OH - AAF - ketamine 139} 33 %ofFo
A Zbzb 0.233 420.053 nmoles, 0.230 + 0.001 nmoles,
thiopental $o #2 ztzt 0.192 4-0.008 nmoles, 0.247
+0.073 nmoles 7 #31 innovar Fo & ztzt 0.198
+0.033 nmoles, 0.341 4- 0173 nmoles 24 WxF9

3 times treated with intravenous anesthetics
#* : Significantly different from control value P ( 0.01
Significantly different from control value P ( 0.05

wk

.
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Cholesterol {mg/g liver wt. wt.)
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254

20 +
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Triglyceride (mg /g liver wt. wt.)

0 1 ] L L 1 i

0.1 0.2 0.3 0.4 0.5 0.6
AAF - hydroxy (n moles)

0.1 0.2

0.3

0.4 0.5 0.6
AAF - hydroxy {n moles)

Fig. 5. Correlation among total cholesterol, phospholipid contents in the liver of rats treated with

inhalation and intravenous anesthetics.

% cholesterol 3 8k2. diethyl ether 13 T3
3 33 Fo 7ol o] 742 10.4940.34mg /g liver
4 2Fat ), 14.71 +0.13mg
/g, halothane Eol .o 7zt 10.59 +0.39 mg /g, 12.
29 +0.65 mg /g, enflurane Fo} 7o zt7b 14.32 +0.13
mg /g, 12.90 +0.65mg /g 2.4 HzxF2 6.314+0.45
mg/go) dl st mF gl FoHE ngek(P (0.
001).

Phospholipid &} 3tgke

wet wt. (o]5} mg/goZ 4

diethyl ether 13 =7

A 33 T F 27 46.80 +1.50mg /g, 48.00 +0.60
mg /g, halothane o7& Z7} 40.40-+1.20 mg /g,
43.60 +2.41 mg/g =83 enflurane $oF& z7}
44.40 +2.40 mg /g, 4640 +1.70mg/g°} gt W =T
o] 42.40+1.20mg/geol ¥}l diethyl ether %o
T3 enflurane Fol o4l =5 22 e S7kst ¢
2o} (P ¢ 0.001, P < 0.01) halothane %ozl 4
= 2 A7t gtk

Triglyceride &Fgke}} 9lo} 4] diethyl ether 1 3]
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Fig. 6. Correlation among total cholesterol, phospholipid and triglyceride contents in the liver of rats
trested with inhalation and intravenous anesthetics.

2 33 EdFaA 12174015 mg /g3 1211+0.68
mg/g Ja halothane Foe] A& 7zt 17.57+ 0.
36 mg/g 17.71 +0.03mg/gelglov enflurane S
FAAE Zz 1371 4+1.69mg/g 1474+ 0.15mg /g
oz2d dlzFe 9.8840.12mg/gd uste 2F =

gt

F. A4et3A 5o 3 383 zA9 25
%

7% A uiAA 139 33 FA T Yol =2A
o} & cholesterol, phospholipid @ triglyceride

F Y9 9E 518 AP ( 0.06~P ( 0.001). .o Table 7, Fig. 4 ol 4 Bk 8le} 72t}
Z ZqlulHAl Eo] £ cholesterol 3 triglyceride & % cholesterol -2k ketamine 13 273 3
aA &75tg o phospholipid &#-2 & wislr} gl 3 B 7o glo] z7t 9.68--0.65 mg /g, 12.90 +0.65
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Table 6. The contents of total cholesterol, phospholipid and triglyceride in the liver of rats treated with inhalation anesthetics
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Each value represents mean—+S.D. of 6 experiments with inhalation anesthetics.

1 time treated with inhalation anesthetics
3 times treated with inhalation anesthetics

%
#4:

Significantly different from control value P < 0.001

* :

Significantly different from control value P ¢ 0.01

T

Significantly different from control value P ( 0.05

*kk

mg /g, thiopental FojF.o zzt 11.354-0.13 mg /g,
1548+ 0.65mg /g 281 innovar Fof-F& Z=t 13.
49+ 0.90 mg /g, 2548+ 16lmg/g o2 s o 279
6.3140.45 mg /g o sl =5 ool glAl Tshgloh
(P < 0.001).

Phospholipid o] & %o ketamine 13 %o F3}

338 FojFel glo} zhzt 56.40 +1.20 mg /g, 47.20
+ 0.60mg /g, thiopental T F2 =ztz} 49.60+3.20
mg /g, 4480-+320mg/g 2831 innover Fo F-&
ztzb 48.00 + 1.50 mg /g, 47.60+140mg/g o 2 A o
ZFo] 4240 +1.20 mg /g ol u|s}el ketamine 3 inn-
ovar ol ARk 2o gAl F7hsbglo{P < 0.001, P ¢
0.01).

Triglyceride gt8F2 ketamine 13 2 33 Fdo
Fo glo} Z7zt 8.104-0.89 mg /g, 11.96 -+ 1.85 mg /g,
thiopental Fo7& 7Z7 10.824+0.01 mg/g, 16.67 +
238 mg /g %3 innovar H§oFe 27 1172 +
210 mg /g, 22.324+0.89 mg/g 24 2T 9.88+0.12
mg /g ol ®lste] ketamine 13| Foj ol glel <fxb
2Aag A% Adstne(P (001) 4F =25 9489
2512 (P < 0.05 ~P ¢ 0.001).

G- ¥4 % A U4 p2AY A3 A
o microsome cytochrome #) 7o} Ar3kaA)

13 e A E F oA S A kA 2 A
289 A% A7l dg 4B $ B Aden
43 2

rir

-

prd

I

=

AA, 2+F 24d3} cytochrome P -—450, cytochrome
by 2}e] zfele] gle] cholesterol 3} cytochrome P —
450 7o} ARAA = E 2 AYekA 4 FAFL
F5 AsdA s ggla (= —0.1, y= —-0.1) choles
torol 3} cytochrome bg 912  slo]dlA & Zg] o
Ao ut A B AgaA st ddet(r =04 7=
0.1).

Triglyceride ¢} cytochrome P —450 z}2] A=l 3l
= &4 9 A vFHA g FAFL oA E FaE)
A3(7r = -02, y = 0.1), triglyceride 2} cytochr-
ome bs 99| AgiAlE 4 2 AW eHA 7 Fo
T A4 FAsgie(r =02, 7 =0.2)

Phospholipid ¢} cytochrome P —450 }o] Abstst
v FdetdA FAEe TR o {7y =0.2),3
AulA FAFL 7= -052 duj# FAA 9
t}. Phospholipid ¢} cytochrome bg 9}= F¢ = 3
HupH A 2 Fo e T FRsHh(r = -0.2, 7
=0.1).
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Table 7. The contents of total cholesterol, phospholipid and triglyceride in the liver of rats treated with intravenous anesthetics
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Each value represents mean+S.D. of 6 experiments with intravenous anesthetics.

1 time treated with intravenous anesthetics
3 times treated with intravenous anesthetics

2
8

* : Significantly different from control value P ¢ 0.001

Significantly different from control value P ¢ 0.01
: Bignificantly different from control value P ¢ 0.05

*%

*k

A, 4% AAzke] AaAd ej A& Fig. 5ol
4 R upel zre] cholesterol 3 triglyceride of 4}
FAA L F oA FAELE =092 FHulg AA
o glch
Phospholipid ¢} triglyceride £} Atmladl = &g
A Fo T2 y=-07, AW FHA FALTL 7 =
-06 02 F35) duld A Z vyt v 3 trigly-
ceride 7} %7}3l% phospholipid 7} 748 el: A2
%3gkch
A, 2% A3 AAF hydroxylation s1¢] 4l
HA A gl A FedretHA T 72 AAF hydroxy-
lation 3= F3kstgl o} Fig 6414 RE ulel zho)
A vl Al Fo 72 cholesterol 3 R —OH - AAF
L r=08 N-OH-AAF L y =055 AHu& I
A2 wgrt Triglyceride 8 R—~OH ~ AAF &=  p=
0.8, N-OH - AAF = 7 =052 AHujg A4 EF
el it} Phospholipid 8} R ~OH — AAF = 7=-0,
602 odule Aol N-OH-AAF o= Rats
gt ( 7=-02). & cholesterol ¥ triglyceride = A
AF hydroxylation 3} Awnj# 4% 283 phosph-
olipid = AAF hydroxylation 3} ouj# A & e}
Wtk
95, R-OH - AAF ¢} N -OH - AAF ¢}2] 4
Ao gel A= R-~0OH - AAF ¢f N-OH-AAF
ote] AgtabAl = FYebEA Tl AE 7 =09
ag 3 AU FAFAAE r=06208  F3
Aele AAE B

k=l
i

A. " A 25t 33 7 microsome 2] cytoch-
rome #| Z4e] Wsl

7} microsome 2] cytochrome 7] 43 hydroxyla-
tion & Zv & B ol g} (Anthony 5 ; 1974; Johnson
=, 1980) A% = o vl 59 biotransformation
of gk Ao WA vl iFol(Brown, 1973)% 4l
Ho| A= F9vtsiA| 2 diethyl ether, halothane =
enflurane & 783 AW nt A 2 ketamine, thiope-
ntal 3 innovar & 3 F e Fojstgw ¥h 7k micro-
some 2} cytochrome P —450 @ bg o] &4 #up o}
Yz} (Table 2, 3) AAF - hydroxylation (Table 4,5)
o zkxjA e (Table 6, 7) 5% o 94 F74413
oh ok 2 A Aga A Tz shel 4
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18 9 33 Folo] mat ok giged §9
whAl A ok Fel mhAA o £ Aol glgieh

53] i3 A 7t cytochrome A| 9] 244 gk A
2 cytochrome A} o] F4 &4 o] ojEu} mixed func-
tion oxidase system © 249 7|58 AZs F= =
o724 7 o2 Brown (1973) o] = A

A5AE AR F 9k

DNA of =% 223t m—RNA ¢} = 4}(transcrip-
st A$5 v|Este & A repressor
o] Z85te A9 xE endoplasmic reticulumed} =t
431 m —-RNA 1} ribosome 9] translation-& Zx]
A Y T4 B9 feedback inhibition -2 wlx] )
A% 2"z 34 T E Adlee B985l

Hub ojvet B 489 cytochromed) E4¢4 F
7t 7t microsome 2| FAo] A Ret A4 o
5 &g e ojia4 &4 FAAE Hegsl HWE
of wh Aol gk g3l £ Aoz AT

o] }zk-2 wiFlAlol 9§ cytochrome P —450 =1l by
o] gAEGstel A4 e 723 (Van Dyke 9} Ch-
enoweth, 1965 ; Hildebrandt ¢} Estabrook, 1970
; Masters 5 1971 ; Gillette £, 1972) 7} 9o} &3
o] of okate]l WA Sshz welgol NADH 9 NAD
PH ¢} Z+2. co —enzyme o] 45717t 2edlda =
zhA wpH A ¢ o Ele] Zhzal ool A A A8l
=okxl et AL A4rsln ¢tk E3] Hildebrandt
9} Estabrook (1970) = cytochrome by o] Iefs}d)
A =z}{electron) 7t NADH = 2 ferrous cytochrome

) %o] 5 7}

tion) & =}

P —450 9] oxygenated complex 2 FEHrlw 354
o] ¥ AFd 45 cytochrome P —-450 3 bg 7} &
w3 wlHAld 95le cytochromer] T4 4
Wil Zleomn Jepxtel (Fig 1, 2). o] 4
me ¢] mixed oxidase system o] NADH .1 NADP
H z¥l3 A43=tsp 283 golok qlo] w3 o
Z1Er oFE5 A7 Was dg 9ol dRelAE &
Ao} e} (Masters 5, 1971 ; Brown 1973).

xg oFE 4 steroid o) hydroxglation x5 cy-
tochrome P —450 o] g4 3 x4 71 9)e4 (Gille-
tte 5, 1972) % m=g « £ AdejAqe AAF hy
droxylation %71 94| (Fig. 1, 2) cytochrome P —
450 2 by o G45vte] adfshks Aoz ot
535l F9#HE A9 B A 72t microsomed]| 4 dold
¥ al ol el (Gray 5, 1980) =}3 =] 2] debromination,
dechlorination 18} w ether 2| g, F3 o a3ls

o] NADPH -O, — dependent microsomal mixed

-2 7} microso-

function oxidase system o 4 Qo] del= 414l (Bro-
wn 3} Vandam, 1971}-2 343 5= Aoz ¥t}

B AN A AHeiFAYd 49 AAF —hydroxyla-
tion =7t F et Al wste] rlvjaigin A F

bR g g ek A Eelsgn S4ol 42 o

B olilg}l 7z Ao} 49 biotransformation o] 4= c}
24| (Chase 5,

1971 ; Berman 3 Green, 1971; Ma-
rietta 5, 1976 ; Livingstone 3 Waterman, 1977 ; 7]
%5, 1979 ; Gurantz ¢} Corriea,1981).

%% 6 — B hydroxycortisol 7} 17 —hydroxycortico-
steroid 9| Fxu] & & sl sy o cytochrome#
%71 £%3% Berman 3 Green (1971) 3 2 4
ol 4 thiopental o] & 3l cytochrome P —450 =}
bs o S7bE Zulgt AH4-g A gcla Y A=
(Table 3).

2 ¥ 4 halothane o] %% 4 v wl cytoch-
tome P —45031 bgo] Fzho] dlzFe] nlsle] okzh
o BA A oefst s Hoz AAskA] ¢§yrH(Tab-
le 2). Halothane & 1~ C" halothane 3} *C —halo-
thane-§ 4184t Van Dyke (1964) o] B3 o|% 2 o}
Z o] 7} microsome o] mixed function oxidase sys-
tem o] 2|34 w4td Eat ofyel w2t CF3 COOH
(trifluoro acetic acid) 7} 2. F dl4}4-5 = WA=
(Cohen 5, 1975) CF;,CH,Cl3 CF,CHCla zte
A4 vAabERs 571F 58 WA " BEul ol
(Mukai 5, 1977), microsome s A= 574 o7 de-
halogenation o] ¢oj 34 CF;COOH »} =+ (Kara-
shima 5, 1977) 4714 kgl 934 = CF;CH,
Cl ® CF,CHClo] 44 ®cke Ro] o 2 oH(Fujii
%, 1980). g2 m 2 halothane 2] C-Cl z g9 &
44 E8 & microsomed|4] dojd AL EEolxm
NADPH ¢} 4k471 o] wigol Mo s o] £slnz
halothane o] 2]8]4 = cytochrome#| #4jo] ==
Aoz o4 v Fookat Frizk5o wel ofdx
a2 Ast ke dAskAlE gvtn dEF gk (Rey-
nolds, 1975). ©}ul cytochrome P —450 ¢} halothane
°| €7]3 dehalogenation & Zwi sl g CF;CH,
Clo] &&a1golety o (Fujii =, 1981) € zHabat o

halothane 4] 4?51- F3E Faste gl g Bk
S wRE Ve AlzAdg dAs 2"l 2 ez
Balrh

gt B xgz'a 01] A AAF ¢! R~ 2 N -hydrozyla-
tion o] v} Al¢] o5l FrlsEgw 53] F9lnhaA)
] AL B —6']‘}11:1 7.2 (Fig. 1) cytochrome b, 2}

{o
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cytochrome bg reductase 3 Axj& 74 o] 4 NADH
2 NADPH dependent hydroxylationo] f4sl s
slelste Aoz A= A&
450 o] s} gowm g o] HAoN4 AHA 5 ie}
3 ubsl o} mpFE Aol ¢5ted cytochrome P-450 g
by Aol Zrhatel 7ol Aelebm A A Th o9
5218 A"z 75t A9 hydroxylation E7kE o] v
3, 4 — benzpyrine ¢ hydroxylation $7t 25 Ra(A-
nthony %, 1974) =1 v} gAY 2k A3 29 FF5AT
Z}E (1980, 1981) = phenobarbital, cholic acid ¥
Vitamine B — complex $ojd 93t 3# ztz:4
AAF 9| hydroxylation kel lalelz 2matgvh
= 3(1979) o) 9 slwyl hydroxylation 5§ o] & AAF
2 3, 4 —-benzpyrine 52 A Fue EA i wi=
Y abs} GojstAl A jeh el f-uelAt (mutagen) 2
2 7s4el gdetm stgo o A7 Ag=z7
A olE EAl7t & 9hok4d (carcinogen) o & AHgghet
E FAE gon ol R A A8 o] mha]7he)
A viFHA Ty o2 cytochrome P —-450 o}
} bgel Frtx AEA gl Aol ohdubF ol & et
AAF ¢ hydroxylation -2 cytochrome P ~450 o]}
by ZAE bl 7loldk dAH Haez Hop €y
Helrl

B. wtF A ojg gtza e A% A ek ws

2 mze A5 oin) Fd ot g o= (Brown,
1973) =i A= 44L& Fxd
the Aol B =xel 2ste] R UHAAYLY &
3 FHwr4l wl#E A 7+ 7} microsome 2} dechlorination
3} ether —cleaving o] o3t T4FA4E 71417
= (Van Dyke, 1966 ; Cascorbi %, 1970), =& #}5
Ao} AR A aba T4 el Aga AR
2 #7lo} 5= 32 (Cohen, 1971) halothane o] #$
7kl w|RE 4 3Eo] 4& A% $€ 47 A (hemor-
rhagic necrosis) &2 4A 4 ¥ (parenchymal cell)
Z2%g # 1 o =H(Reynolds 9}
Moslen, 1974) CCl, of €5t 7k 44+ 4 ( +5, 1968)
o} g Fxo 7S fEsted ol Aol
A3t (peroxidation) 5| B3 BB o} A5-E oA
53 W3 A4 9 (endoplasmic reticulum) g o] F=

cytochrome P -

3k
7} microsome 2}

¢} vacuolization -&

kAl g o] “C —glycerine incorporation o] 3 #] 3§}
4% o 24 Zrmicrosome ] mixed function oxid-
ase system o] 2|3t halothane ¢] dehalogenation o}
9l o} (Van Dyke, 1966) o] it} o] vlo} = diethyl
ether & Eolalml & A% o] 4] & 7ro] 7} microsome

T

W2} cytochrome P ~450 % bg o] &4 FHrls:
AL EE2coln 1 AESEY AFTE d A3 F48 T
ot 4 9lc}(Brown 31 Sagalyn, 1974).

=% halogenated hydrocarbon -2 phenobarbital
2 A8g T2 9lol4 7k microsome 2| £ 3t
2 AatslA oz Balgteles Rax geH(Brown, 1972).
el ofet e o] G2 2 g AsdAq & ups
7+o] (Table 6, 7) ztx==x 2] triglyceride 2t chol-
o=z Rolvk z¥d “C ~diethyl
ether & 87 o] Soisinl “C-CO, 447 o}27
v FEA s abAbEo] mFol &3 st3(Van Dyke, 1964)
o} E AYEEY ZxAge HAEE FHT AP
2] 5}9 (Green 31 Cohen, 1971) o & #}5e A4
45t cholesterol 7% 7 mono-, di-¥ triglyceride
of gtk Aol ¥#A ¥ givh(Cohen, 1971).

o) 9jzre A A RS urvwl diethyl ether = *C
—acetate 2 A 8-¥ 9 acetate = decarboxylate = ¢
CO, 7t B4 5+=
kAo g0l 7% glyceride @ cholesterol 9
BEgAel o]l gy dEojetn & 4 Yrh
ol A 2] diethyl ethero] ¢j3} cholesterol 3} trigly-
ceride o] 442 ol#iE 4 glow halothane o] 7%
= AEd vte o] pxA £ E FIlstE Y g
2 AAHEER oA ¢ CF;COOH = ¥ deca
rboxylation 5] &= 9lg A FA e 2% o} L=  #E
03 B A¥dl4 BE upe} el G4 bz 29 chol-
esterol 3} triglyceride o] &-3ko] FrlglE Aoz R
gith nkdl halothane o} 93te) z7bz A £40] 4o
W CCly 44 ztz7 triglyceride ¢} cholesterol

£ AdaA 2 Foigee s (1968) o %
st Fapgh AaaA 2 o2 Aolz) dhyl v (Fig. 3).
Enflurane 34| Chase = (1871) &} oFd] o3id 5
o zke] 8.1 %7t Br3viy slgdmn 21F 8271188
% 712 =3 24%%E & fluorine sl 3 w4}
ARz wAdRva vk a8le s o] €4 halothane
3 fAgE Aoz B AP A RE el 22 tx
= cholesterol 4 triglyceride 715 z# 3 Holgt
3 o

&% ketamine & =z A AL =7} A-¢ HobA o
ZA | & 4] 4k Ei"‘];’]"('] B R F 1 kel AHm
W) ol=Auk 10 ~20 & ute] FAS Fatshe wnl
-2 vl 25t A, sHE 9 2HAE FAF 5~20
o] olza Aol A Fstmr E Ao 2
1 F9F $Azt A4Foll golA ¥ Marietta T (1975)

esterol o] 713 A

g} acetyl coenzyme A & A

a2 EA4

e L2

O
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O

] Bmg upe} el A9 70 %7t 2+ v EEAAE
Lol EAlet7] ARl o] A1 zhell 4 AF3A Fo
2 7}9] cholesterol ¥ triglyceride & Z714]7] = A
o® RBolth

Thiopental )1} innovar o2} A 43t vt} 2o 7}
A ZAulo 2 ¢ (Verman 3} Green, 1971 ; 73,
1979 : Gurantz ¢} Correia, 1981) o]u] cytochrome
Aol B484L SrHAZ -2 Eak okl AAF 9] hy-
A ZAHE Aoz W AL w3
Aol = A 8% 4 3l%°] cytochromer] 5484 <
712 445 NADH 2 NADPH 7} 21z =2lvjel 4 9
g APAL ExA o triglyceride 9 choles-

4

droxyation
1

terol T4gol S7hE A o ool Wshel xA £4
of ggleh 12 U AnA ol AL AAYF &
4ol Qlelo] Hglodein mRATh 2 ol sy
< triglyceride ¢} cholesterol 8] Z7lel = B-Fsla
phospholipid &gk 5 o]lr nfHAd et s A

£

chel IS ukx] ghghgo] B Ao 2] Hy

Brown 3} Sagalyn (1974) o] =] =38} w} g %]
triglyceride & %57 zhg4te] A %7 2 45 9
g 2 4843 Jelyd triglyceride ) =7k ch-
olesterol 57}% 34'333}-“‘ o 23V olE AR 2
AgA Az 8t A4 24 2zt phospholipid g
ol = Hais} %i?d‘%‘l £ 4% Fz(Table 6, 7) o
olaf ojsi vt aelmz 2 AY¥As Fig 564 »
%o| 7t triglyceride & %3] cholesterol §teke =jw)
| Al gl ubwl Zrphospholipid & uleslge
= AAF hydroxylation 2] =7}¢] sl 4 % choles-
terol 7} triglyceride = ¥4 5tg 21} phospholipid
£ gl sts AL Ak = Aoz vl

rL}L

= =

3] 4] 7} microsome ¢} cytochrome A &4 =&
¥l X3k ok, A EAl, EQwold o wAA 5 4%
#=}9] hydroxylation 3 modification 2 s}z 2 tjek
B A15E Al A el AF F9 @ A

AZ FoAstm o] Ee 9 %}
F hydroxylation o] ut:=
%

of¥ o

%1% 7} cytochrome P
—450 51 by &4 =53 A 1t
Mok ka2 A e 4% e gako] v WsHE
byl ek

Fo48 F4vig A= diethyl ether, halothane =
enflurane o] » %jwj v}#] 4| = ketamine thiopental =

innovar g0 o] % 7z Al 13 =+ 33 o

e ohga e AES dgivh
1. & Adgd Ahg3 2% v

:m

=)
some 9] cytochrome P —450 @ by 42 =547
<+ F7HA7

v}# A= 7} cholesterol 2 triglyceri-

2 7} micro-

s

3 AAF hydroxylation

2. A7 4%
de &g S7HAl 71k

3. Ay] A% wi#H A= 71 phospholipid 33k o
g FR ol 7

4. A7) 2% vig|Alel ol3k 7t microsome 9 cyto-
chrome #] &4 Fztat 7hx = W o Z
AEZRA 7 gort 7k2A triglyceride 3 =21
FAA R 2o AA

AAsre =zre

olesterol &% =712

%zt
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