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HelM - 0[2& - Aixyet - MB=Y*
Adgta 3k

%2 : Endosulfan©] 83 Balb c) AN} cytochrome P450 &7 ¢ PixE 9F& =AVE7] 98 endosul-
fang 7.5 mghkg £ 02 BAFASA Endosulfand B4FEA} AE]dte] 48217 F A& FF Y BlAe
cytochrome P-450 3tgfo] 33~424l, cytochrome bs &Fo] 23~384), NADPH cytochrome P-450 reductase
gAo] 53~64u 1831 % haem FFo] 31~3681Y txTFo 2AES M F718t9ch Endosulfan
27 87 79 cytochrome P-450 A AA|9} A3 243t 3 3879} 389 nmoll A FH ] 5718 HoH
H3 407 nmolA H& F5UE A3 #93 P450-CO spectrumS 279 3¢ 73 451 nmof|A
F3x9 ZYE BQ ¥ endosulfan®.E AE|E $F 79 1AL g7 4499 450 nmoAl A FEE Y S E
29} Endosulfan Xel2 §3 7+t A<} aldrin epoxidase #AJo] 2+t 28u9} 214 F713liom
7-ethoxyresorufin dealkylase 842 ztz} 17vf¢} 18818 Z718tgth1995'd 249 209 H4=, 19959 39 21¢
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HaflZzozry AESE B3I M g9
AHg & Jgte] BIloEitta & 4 Qi) A ok
Lo AL HF A Fol= A& ARHA F
NES X33 AFEAC HAE & & ey 1
e AHAIZIA ol& F U

oz Q1 FHEY e FF SANM A
71 ol A9 AZHAAZ Ad Ao g &
5589 ZYdA ¥EE F ok Yy 5 2
3ol oM sAFALAT} WS Fo3TE 9n|olth
old] #HE PEALARE FAE JIFEHAIE
esterase?} 23l 2@ U A)7]+= mixed function oxidase
MFO)AY So] thFEF o]t} o]FdA cytochrome P-450
CEB&A 2 MFOA= ofAlel Wi Ao 3=
#o3= vl F8F dAAZA F2 79 micro-
someol] =AY

Cytochrome P-450 &4:7)9] ¢tAlo] & 332 o9
TAAdolzt & & U= P4509] #Folut cytochrome
bs9] ¥, I#]1 NADPH cytochrome P-450 reduc-
tase®] ¥4 9 F haeme] I3} F™o] ZHovy YH
kAl 93t olg9 AeEI= AU ETHo
g2 v)F ). 2 piperonyl butoxidet} aminoben-
zotriazole Z& 3}FE-S cytochrome P-450 EAAE
4838 At Aoz dHA Qo 1 AF A
N3 =58 E oA A do). ole FAd U =4
g AL Aol i A cytochrome P450 &A1 7} of-¢-
8% 98¢ 3 dE AEFT Uk

=2 : Endosulfan, Cytochrome P-450 enzymes, Mouse(Balb/c)
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B Ao A" FA|%A] endosulfan® cyclodiene
FGEA AFAZA oF HF SAHL u¢ =L

EHFd U 54 e Aoz gEA Jdo o
A7} WA HEELA L] FFol B AT WG
AAolt}, oo B AP = endosulfand FF o] A
sl @83 73 A9l cytochrome P450 #A-7A) €]
T49 2 9% monooxygenase ¥4 W3lE #AF
© 2 A cytochrome P-450 & Z4-7Ald] v]X]= endosulfan®]
FFE 2ABIY EfFolA endosulfano] Zte 543
B 7|2ARE vbdnA .

e N Wy

BAIFH R Al

FA12kA]  endosulfan([14,5,6,7,7-hexachloro-8,9,10-=
trinorborn-5-en 2,3-ylenebismethylene Jsulfite)®} aldrin(l,
2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-he-xahydro-14 : 58 di-
methanonaphthalene), dieldrin(3,4,5,6,9,9-hexachloro-1a,2,
2a,3,6,6a,7,7a,-octahydro 2,7 : 3,6-dimethanonaphth[2,3-b]
oxirene)s 9l EFFEO5 % ©3)e FXATAoNA E
ofulo}l AL} glucose-6-phosphate(G-6-P)s} G-6-P
dehydrogenase(G-6-P DH), nicotinamide adenine dinu-
cleotide phosphate(NADP), NADP reduced form(NA-
DPH), bovine serum albumin(BSA), sodium hydrosulfite,
glycerol, piperonyl butoxide, 7-ethoxyresorufin, resorufin
¢ SigmaUSA) AIES AHESACH T ko) Aloke
Junsei &g (Japan)& AH8-3t3th. 22]3 CO(carbon mo-
nooxide, 9999 % o14}) gast VTHETE AT LA
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A Ftol AE-E g

BAIESE % AHIX ]

SATES Adugn FoAggtir 2Y @
Balb/c male BF (453, 20~27g2A A¥A zHho 7
2% ol €3N F FAFGE o 28X43X18cm(7}
EXAMEXES]) F AMSE stainless A}l 5viE]H
&8t 247 AAAZ g F7IE0) H2 FAHA
endosulfang 75mgkg FTFEOE 13 ERFAEIYEY
Hole AE AH3A & 25g/mlE] FFo2 1Y
33 FEIALH & FES FYFo= PG gz
Tole FAZL HHA e FUIENS A7) ARH
2ol A3t

Microsome2| Z=x|

Microsome?] ZAle FAEFEF AH7t 438 3
FAY TH AFE 4T HLHAA AHE F William
599 WHHE HE3lY o]ES 1mM EDTAV} $4¢
115% KCl &9o02 AAHS §F 5 &9 15mE o]&
3lo] glass homogenizer2 A3 FAAALT #F
P o]F THAE o83 AF|F F 10,000X gl
1083 A4Ee g 2 FFRE oA 105000Xg
A 1AZHEeH YA E S microsome pelletS A
t}. Microsome pellete= 1mM EDTA7} 34%® 1.15%
KCl 894 3m/Z 33] A3 & 1mM EDTAS} 20 % gly-
cerol] FFHE 01M A4 AFLApH 74) 20 miS
o] 83} glass homogenizer2 TASAA FirNow
AFR-3R 2™ microsome T A 3tk BSAS ¥HE T
o2 3 Lowry® Wl o3 Asidct.

Endosulfanoi} 2{¥t cytochrome P-450 & A-#|2| ¥ 8}

Endosulfane] 87 7t3} AAe] cytochrome P450 &
2A9 v 9EE dolr 7] 9Ys) Omuras) Sato?
a3 AP Wi & W35 cytochrome P-4509] g,
cytochrome bs¢] &, NADPH cytochrome P-450 reduc-
tase®] &4, & haem2| 3§}k, aldrin epoxidase 2 7-ethoxy-
resorufin dealkylase &4¢] W3lE zAFSIACH

Cytochrome P-450 #32| £H

Cytochrome P-4509] 35 232 @l 4 3}tako) 0.8~1.
0mg/mi7} =) 01M 14t &F8A(pH 742 micro-
someS HEAZ) & microsome FENS EFPr A
(Uvikon 930, Kontron, USA) cuvetteo] ¥ 3. 10 mg®] so-
dium hydrosulfiteE 713l £33 Ao FFEE 494
ZA34t 94 2A 3 A& cuvetted]] CO gasE 30x 7+
20 &S Eol¥ 3 w4 450 nm} 490 nmol| A FF =S
Z33% F 1 ol & A3l FFES AArett

Cytochrome bs 2| HX
Cytochrome bs9] &2 &3 nlzAd ZAH 01 M
Q14 4F&A(pH 74)9) HEAZ] microsome BEAS

B33 cuvetteo] Yol YHZA & AlF cuvetteo
HZF%= 02mMe| =4 NADPH AAR& Y1 4%
Awke] vtol & L o 18 Fo 33 424 nmo} 409
mmol X FBFE 2olE E3 FFL ARSI

NADPH cytochrome P-450 reductase §42| &%

NADPH cytochrome P-450 reductase?] &4 =H2
01M A4+ =g A(pH 74)9) %< 0.125mM cytoch-
rome C €9 1m/¢} 15mM KCN £ 02m/, micro-
some HEY 0.1mE EFFTA cuvetted] ¥ A|E
cuvette®] & H19l 7|F cuvetted] F Ru7} ztzt 24
m/9} 25 mi7t A $4F8RE 713 o2 parafilmo. 2
ulfE st 377Ce] d2rloAM 387 vrSAH ) w
$o] B 3 Alg cuvetted] TYFH dF LN =<l
10mM NADPH €9 0.1m/E 7}t 54 550 nmol A
30 7HA %2 5% %9} reductase?] ¥ L =A3A

& haem EAS HF

% haem @93 gFe 01M Q4 SEgA(pH 74)
ol #e¥ microsome AEAe] RIS 1% sodium
deoxychlorate 2 &3JAZt} o] £ 1mE FH3) 05N
NaOH £ 01ml, 25 % pyridine £ 05m/st 37
B335 cuvetteo] Wi 12 F AF cuvetted]= 10
mg sodium hydrosulfite & 7% cuvetteol = 12.5 mM ferro-
cyanide €% 10 W& 247} Yo & 42 b 3+ 557 nm
¢} 575 nmol A FB = Aol& T3l FFE AL

Aldrin epoxidase 4o &3

Aldrin epoxidase®] &4 FAL 47] Whioz gL
microsome AE4(0.58 mg/m/ protein)e] 1mM EDTA,
03mM NADP, 3mM G-6-P, 1unit G-6-P DH7} 8%
01M A4 4ZFLAPH 74)S S5mig A FH Y1
HAZ FYE 2miEg WFEF 37T FZoA 287 WHE
A7l )2 acetoneof] =9 20mg2] aldring WhE-Yof
748t tA] 37T oA 3083 s FA AT vkl
2 F e 2miE HUIEHY W FAAZ F
U3 ALE dieldring 10m/ hexanelo® 33 33&3}
Florisil A& & v 4% P34k A5 FA=
2] column(2.2 em 1.d.X50 cm length)ol] Florisil 10 g&
hexane 0.2 %4 2% ¥ 1% acetoneo] ¥ he-
xane 140m/2 §&A1A A3 Hch £47]7]+ GLC(Pye
Unicam series 304 gas chromatograph)Z24 7% 7]+ ®Ni-
ECDg o B8 column® W2 4mm 2 Zo] 2mgl
42 columnd] AR 3% OV-17(on diatomite) o]}
B£X7]719] £+ columno] 210C, injector 250 C L
231 detector7} 270 CO|QA 0™ o] 54 N, gase] &L
51 mi/min®] %t}

7-ethoxyresorufin dealkylase #Ad9 X
7-Ethoxyresorufin dealkylase®] &4 242 cytoch-
rome P-450 #24-71¢] monooxygenased] )& 7-ethoxy-
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resorufin®] hAHEZAQ resorufin®) AL ZAF3t 4
A3} Microsome @&l 5 mMe] G-6-P2} 1 unit9)
G-6-P DH % 05mM2] NADPZ 7}5F ¥ 37C 32
7iol A 287 v BA ] O} 2uM 9] 7-ethoxyresorufins
7Vete] ohA] e 2] grldN 0% Bt S
A A wlgo] Bd & 2mi¢] methanolE 7}3) ¥
ZAAIZ] O 10,000 rpmoil A 1027 A28 sto 3
AES AAsIL 2 4L F s UV/VIS spectropho-
tometer Aol A] resorufine] AL FHQAstch

43 9 g

Endosuifan x{2Joil 2|$#t cytochrome P-450 # &, cy-
tochrome bs #&, NADPH cytochrome P-450 reduc-
tase B4 % & haem B2C| ¥}

Endosifan 2o 213t #FH 2] 7t cytochrome P-450
54719 ¥3}tE Table 19 Yel ) Endosulfan 3 2]
93 cytochrome P-450 &4A¢] P450 §sko] 33~
424}, cytochrome bs2] ¥&fo] 2.3~3.8u)), NADPH redu-
ctase] 4 o] 53~644] 18] £ haem?) 3}eko) 3.1~
364 F718t4ct. £3] endosulfan® NADPH reduc-
tase?] &4E& dASA FVMHELE € F AUk o
3t 23 endosulfano] 33 AUlo]A cytochrome P-
450 5L2AE FEFS JrisRen] ratelxd AP
Tyagi 599 Big} FABIH 2 o] /oA A3 o]
o] Rty g3t} Endosulfang 3t A|l7ha=
cytochrome P450 &A4-Ae] WglE Holx Fig 194
HAE ZAXNE FAE AT F 243 oUole dA
Al F718lthrl 1 olFoles AL dATS & 5 4
Ao o= endosulfan®] FH oA F+ =L Al
Azt #dHo] P& Foz ALHUY. F, AF 7oA
fAl] EEgo] 2 X 2417t o] A& cytochrome
P-450 54419 f= @ A S8k AFL B
olt}7} kAl §4 2 EXgo] Uz & A7 2
AZHA o= Ao tig dAEFHo fFEEeEA 3
A 7S 28l A 243 o)Fde f2d
AL 93 A7 HA 2ol AEY AAH
BE2AN I fFEAF] dFF FFAE NHE F dde
F3& & F AUk 53] endosulfano] Zto| o) &

AY oA A F 2A 7= AAE HE E E33)
71918 cytochrome P450 447 F=8& ¢ &+
on kA e F 2417t & endosulfan A Zjol| o)
cytochrome P450 5459 #5 ¢ 849 F712 A3
endosulfan?] thA} 2 E37} F o]FojA & A7|EA
okAlo ik F-Zo] FAFE AlZtolEt AAHIIY o]
& o] f & s FAAT 2A7F o]FREE o]HY A
© B2t} cytochrome P-450 £49] #%= 2 49 F7t
TgAA e At Jelgg Hojge F3Fo] U}
53tk = 7t F5¥ endosulfane 53] NADPH cy-
tochrome P-450 reductase2] @40l F&&& v|X]= AE
E o) P450 5474 haem @A FA ligandd] 7t
FAoz 4TS vlx AAH P450 HAAY TXE
WAl ng g2840 FUlEEE & Ao A
Zr 5] Aok

o]+ endosulfand] P4503 A3223 spectrumS
ZAE R Y8 35S ¥ 4 A= endosulfan
cytochrome P450 E47] 9} 33283} 57 387~389
nmol| A FFxe F/HE BYow 34407 nm Fo
A Yo FFUE FAStH kA7) cytochrome P-450
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Fig.1. Plot for changes of cytochrome P-450 components from
the mouse liver microsomes exposed to endosulfan. The Compo-
nents were represented as follows: cytochrome P-450 content;
nmol/mg protein, cytochrome bs content; nmol/mg protein, NADPH
cytochrome P-450 reductase activity; nmol/min/m/, total haem con-
tent; nmol/mg protein. All values were means+ SE. of 4 replicates.

Changes of P-450(fold to control)
®

Table 1. Properties of cytochrome P-450 from the liver microsome following endosulfan treatment®

Endosulfan-P-450

Amax of CO-P-450 Content and specific activity of cytochrome P-450 .
absorption spectrum®
Control Induced P-450 content Cytochrome bs content NADPH reductase activity Total haem content — Amax Amin
(nmol/mg protein)  (nmol/mg protein) (nmol/min/mJ) (nmol/mg protein)
451 449450 192+ 0.13 0.78+0.17 4.89+0.34 2.72+0.19 387 407
(0.58+ 0.07y 034+ 0.02¢ (1.32+ 0.17¢ 0.87+ 0.13)' 389

“Means+ SE of triplicates. "The microsomal protein was 052 mg/m/ and 10w of acetone and 10w of acetone containing 245 mmole
to 36.7 mmole of endosulfan were added to reference and sample cuvettes respectively. The absorption was scanned from 350 nm to

550 nm after the base line was adjusted to zero. “‘*‘control values.
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BAaAC HAQA 9FS v type I spectrum 3
e 7HAE & # At} Endosulfan®] o]2 3§ spect-
rume P-450 8/ F4 ligandd] A T2} HH
AL vA 2 A2AIE A= type 0= €d)
g FHoA P450 Ao 7HE 3 9L vxe
e 2 AZ+E %) Endosulfangd 3471 gubd o g
Zte A A type I spectrum® F-AHTO 2 A type 11
spectrum¥}= 22 UVY) energy 97 2 3444
spectrum©] YER} energy 917 B FH P-4509]
%4 ligand7} obd & 9ol P450 EAAY &
Aol S vHS ¢ F dUTk

Cytochrome P450 &4A4¢] #9938 CO spectrum®=

N ZzT2] A Fig 20] HodE AAYE 93 451 nm
NH FFxzol ShE B ¥A endosulfano] HE
iH deole #9% CO spectrumo] ojAx= 2%
449%} 450 nmolA F2x9 FE B4 endosulfano]
Zrel A cytochrome P450 EAAS] M2 FHEAES
FEFHES ¢ & UMh o]= endosulfan©| cytoch-
rome P450 &4Ae] FAAYN v FFAL A
)% AHE Ko endosulfand P-450 E4AY FEA}
2 ZA83E & 5 AATE oA A= EAEL en-
dosulfang AoNA AA=H F83 988 &
o2 AZE At

poiJ

Ymin = ~-0.0140 Ymax = 0.0050
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Fig. 2. Reduced P-4560-CO absorption spectra of control (upper) and induced liver (below) by the treatment of endosulfan. The liver
microsomal suspension (0.56 mg/m/ protein) was reduced with 8~10 mg of sodium hydrosulfite and the reduced P-450-CO absorption
spectra were obtained from CO(20 bubbles/30 sec) gas addition to sample cuvette after base line was recorded. All results had reproducibility

for 4 replicates.

Table 2. Changes in aldrin epoxidase and 7-ethoxyresorufin dealkylase activity in the liver and kidney of the mouse*

Activities(nmol/min/mg protein)

Enzymes Tissues
Control Endosulfan P.B. Endosulfan+P.B.
Aldrin epoxidase Liver 384+4.1 106.7+ 72 123+20 140.85+ 12.7
Kidney 206+ 3.2 432+ 82 41+18 57. 7+ 62
T-ethoxyresorufin dealkylase Liver 18.7+ 32 331+47 84+ 18 5495+ 29
Kidney 256+ 173 46.7+ 4.5 12.8+ 32 84. 9+ 130

*Mean+ SE of 4 replicates.
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Aldrin epoxidase @#42| =%}

Endosulfan®] X 2]¢] & ## 2+<] aldrin epoxidase
4L ZAS 1 AFE Table 20] Yebdt). Aldrin
epoxidase®] EAL lz72 &4] 384 nmol¢lH] B3
endosulfan A& Tl A= 106.7 nmol2A] 28] =713
At £§ AlAe] aldrin epoxidased] BAHLE thzT9
20.6 nmoldl] H])&] endosulfan X 2T A = 214 F71€
432 nmol°] it} o] 23 ZAF}+= endosulfano] BF 713}
A1A}ol| A cytochrome P-450 aldrin epoxidase®] A&
%S AA8EAY Aldrin epoxidased] 42 A%
rxrt oA A YEESH cytochrome P-450
BAAY FRadddA Jepd A2H#XA oM e 27}
A 2L FTYAALE G532 2M endosulfane 71
A L AAERE JHES AARIEE 97N f =
E4EL aldrin epoxidase?] 44 #AE £ e
AZ+E & & YA ¥ o]HF aldrin epoxidase &
Aol W] X]= piepronyl butoxide®} endosulfan®}e] #7
£ A} A3} piperonyl butoxidewHe Xt 7he] o]
549 #4o] 123nmol 183 AAFNAE 4.1 nmolE
A 32%9} 22 %= 7+A3} piperonyl butoxide: aldrin
epoxidase®] @4E& 23] AL ¢ & UYLt 3}
A9t piperonyl butoxide®} endosulfang EA]o) 3 )3}

£ Afdle o] 49 EAo] A+ 140.8 nmol
a8)a A7 dAME 57.7nmolE UERTh o] we) &
AL FAE Tl v ZrlAME 3THj7A] A=
299712 718t} ol endosulfano] cytochrome P-
450 B4 AN 3] FERE FEdthes ZAZ v¥)Fo)
£ o} piperonyl butoxide”} M XA} v} A}o]Z ¢] endo-
sulfan®] £34-& F71AA endosulfan®. 2 3 F cy-
tochrome P-450 &4A|9) E4& oS F57H 3=dA
HZ 5 Aol AZ4=EAct. Kamienski 522 pipero-
nyl butoxide7} %A ] thAtell X 27|l A3 3=
AES JERY UFode 54848 S7M7IEEAN
AFE 238 FIAZIMn B vp Qo) o] 2
A3 Az o)g} Zoge AL

7-Ethoxyresorufin dealkylase @42| 3}

Endosulfan®] X g]o] u} & 33 7+ A& 9] 7-ethoxy-
resorufin dealkylase &4J¢] W3l= Table 20] e
AAE @ 7+ 3% endosulfan H€)77} 33.1 nmol
2ZA Z&7e] 187nmol Rt} 1L7vf F71slgen Al
e A £ 2T 256nmolol] wE] kA A g
Tl A 467 nmol2 4] 1.8¥) Z7}8tch o] AR} =3
endosulfan®] cytochrome P-450 E4AE FE3FS 9
0] 3} 0.8 7-ethoxyresorufin dealkylase®] &4 n]x]
+ piperony! butoxideo] F& % o] G4 E/d] piperonyl
butoxide *2]F-ol|A tZo| H|F A= 45% 2
I AZNA = 0 %2 FATES & 5 ANk AT
endosulfan® piperonyl butoxideE FAle] &3PS
ol 7-ethoxyresorufin dealkylase®] &Ao] 7rell A&
298712 AZo| e 338 74A] 78l aldrin epoxi-

dase ¥Al9) Wale} AR AAE BHAdh olfd 2
HEL 25 endosulfan®] cytochrome P-450 & 27|l
U)X GFo] o] kA7) A Aol FYE I AL
#AAo] & Aoz W7o ™ piperonyl butoxide)
Halo 93 Jeld 4 A+ cytochrome P-450 & 24 2]
A= AU HaFeg FEA GEE 3= endo-
sulfan?] Fgog ZFH3I) FBEH FALEYol ©S
Z7HE9 & Aol F50] 7R

#Al2 2

P =R 19MUE FTALAEAGY ATH(026
0163 Agoz S8 ATATY AR=A oo 7
A=y,
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Effects of Endosulfan on Cytochrome P-450 Enzymes in Mouse(Balb/c.)
In-Seon Kim, Kang-Bong Lee, Jae-Han Shim and Yong-Tack Suh*Department of Agricultural Chemistry, College of
Agriculture, Chonnam National University, Kwangiu 500-757, Kovea)

Abstract : To investigate the effects of endosulfan on cytochrome P-450 enzymes in mouse(Balb ¢), endosulfan was
given by an intraperitoneal dose of 7.5 mg/kg. The treatment of endosulfan increased the cytochrome P-450 content
by 33 to 42 fold, cytochrome b, content by 2.3 to 38 fold, NADPH cytochrome P450 reductase activity by 53
to 6.4 fold and total haem content by 3.1 to 3.6 fold of mouse liver after 48 hrs of intraperitoneal injection. Endosulfan-
cytochrome P-450 absorption spectrum exhibited miximum at 387nm and 389 nm and broad near 407 nm in the
liver microsome. Reduced P-450-CO spectrum of the liver microsome exposed by the treatment of endosulfan showed
maximum at 449 nm and 450 nm compared to that of the control having maximum at 451 nm, which indicated
endosulfan induced cytochrome P-450 new isozymes. Aldrin epoxidase activities in the mouse liver and kidney were
increased by 2.8 and 2.1 fold by the treatment of endosulfan, Also 7-ethoxyresorufin dealkylase activities in the mouse
liver and kidney were elevated by 1.7 and 18 fold by treatment of endosulfan.

*Corresponding author
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