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Metabolic aspects of the toxicology of mixtures of diazinon,
toxaphene and/or endrin in mice
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Abstract : The effects of mixtures of diazinon(DA;Smg/kg), toxaphene(TOX;40mg/kg) and/or
endrin(END; Smg/kg) on the hepatic mixed-function oxygenase(MFO) system were stuided in
ICR mice(18~22g) by oral intubation daily for 7 days. In general, TOX and TOX-containing
mixtures were found to induced the metabolism of aminopyrine(22~60%), aniline(42~85%),
phenacetin(145~194%) and benzo[a]pyrene(158~210%), and pentobaribtal biotransformation in
the 9,000g liver supernatants and to increased the hepatic cytochrome p-450 contents(47~89%).
Results of these may be, at least in part, associated with the MFO system. TOX pretreatment
increased the aliesterase activity in the serum and liver homogenates and supernatants by 23~
145%.

The toxicity of TOX and TOX-containing mixtures would be lower than that of diazinon
because of TOX-induced increase in the metabolism of diazinon(DA) or diazioxon(DO) and
capability of TOX to stimulate the metabolism of diazinon and diazioxon and provide a pool of
non-critical enzymes.

These results suggest that this information might be helpful in the evaluation of the potential

hazard due to occupational and/or environmental exposures to pesticides and their mixtures.

Key words : toxaphene, MFO, mixture.
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AW EZ YA ol Fo] AHEHI = A
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o] W7} f&o target species 2} 23]2 Z-E non-
target speciesd] FEAAL L L3, AABH A F3
go] Ho|Al&g T3t Al 1A S A At
T8 AFES EGolt 7] Bk o o] & APAtet
£ Aoy B FEAANA 25 F2 o FR
EFE 59 g5 FEHE 7157 oA 8l
q_l

A Fe) &5 e 3 EH7F YUY $%E

Egatel A48 o) Yehe S0 giE A7 o=
R 5o} YA’ A EFI dEHVIASG F
NDA2A%) F4E £ AHEE W YHYE FF

L

O

o 3% A7 EE AAolth f7192A e AHE
of Belate 47127 F%e Sl o= AF F2d
B w37} U ol A §7197 S ok BAt

257} 271802 wn|gto} acetylcholinesterase ] 71%
& AqAsE f71UA T E50] A}HUY HE
ojgt &}’ a2y ol F¥Y EFFEHY YxE
a7 A A g 2ye 334 Fi7 o2
FHEL EPAEERE 9 YEdE S5 W@ @
T gasth weba A vlad go] AR H e
38 BF7F 02 F719A 5% diazinon(DA)I}
AN GA2AE 524 toxaphene(TOX), endrin(END)-S- A4
3o o] 345 BE T EEA AMEE 9 hepatic
drug-metabolizing enzyme¥} cytochrome P-450 3} &ol] of
g & 79 toxaphene g AHF & FLHL UE ZL& &
35t 543142 m diazinon thA}e} diazioxon(DO) 2

7b3} @A oA aliesterase activityd] vjX & e ZA
3
U R
Al B AYe| A3 BE 5 Y-S diazinon(Lab.

Dr. Ehrestrob), toxaphene(Lab. Dr. Ehrestrob) endrin(Wako)
& Abgstglen, = 9 A 23| AL

sodium pentobarbital->

A Z-&, nicotinamide adenine dinucleotide phophate, glucose-
6-phosphate, glucose-6-phosphate dehydrogenase, ammonium
acetate, acetylacetone, naphthyl acetate, triton X-100, sodium
hydrosulfide, benzo[a]pyrene amidopyrine, aniline, phenacetin,
com oil& Sigmadl AEL 19 NGB L EFA %S Al
$a9om ZE substrates® 2% FHRFO, BEEFAHE
< com oile] A8 Ao = ALE-EF T

AHEE ICR 7 47 18-22g8 2FF 20| &

0.2 Uol Agagt. AdsES 24-25C 2
Eo} 40-60% £EE FA3UA 1247 AL A%
B, AR} BL AR 2] HAA o, FE2
Ao st glTh

GAEF0 W ABRMH : FEFY 2AFL 82FLE
Yol A, A group diazinon Smg/kg-d, B group tox-
aphene 40mg/kg, C group& endrin Smg/kgS:, D group-2
diazinon Smg/kg¥ toxaphene 40mgkg 9 &,
& djazinon Smg/kg®} endrin Smgkg £ S, F group<
toxaphene 40mg/kg3} endrin Smg/kg EEH &, G group&
diazinon 5mg/kg, toxaphene 40mg/kg3} endrin Smg/kg Al 7}
2 E3Re aela H groupe YEZFOZA com oil
10mlkg s 745 Wl Foatsin

AGFEAA vhA Y} &S Tt 2443 FHF
hepatic microsomal enzyme, pentobarbital tjA}$} hepatic
cytochrome P-450 3R & M AP FES A&
sha e 24 A3

Aliesterase activity 2418 28} toxaphane(40mg/kg)S
A e M2l 183 com ol FAZ 2T S AR
o TUEY UE T 1 SPNEE AFFAHT oHA
o Fol ¥ 24A700) ABY T BRI g A A et
of Aol Lg%,

Hepatic microsomes &=t| : 4P FE S HA L &
2] 7+ B3] 1.15% ice-cold KCl §H o2 HAg
HoAga AZE N8 AARL 1 FAE FHE
e 7t B 4u ¢} KIS #7bshel #AHA AT, 72
8} A)7] sample& 9,000go1 A 3083 YA & 2] (Backman)
3tod AEodg A9 dojA A4F AL hepatic micro-
pentobarbital tiA} 2 cytochrome p-
450 Aol AH&-8H AT

3+H, 0.25% nicotinamide7} {2 10% KCl £402

H2AL FAIFNA ARl IL& sampled di-

azinon, diazioxon T A} 2

E group

o

somal enzyme 4,

aliesterase activityZ 4 3} = H)
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Microsomal enzyme®| £4] : Amidopyrine N-demethy-
lased] EABATE Alieral’s Ali e al®e) uhol
gt} &, amidopyrineo] N-demethylation 3} 7 5o Al A} &)
= formaldehyde S 25} Th. phosphate buffer(0.1M, pH 7.4),
10pmoles glucose-6-phosphate, 0.72pmoles nicotinamide adenine
dinucleotide phosphate(NADP), 15pmoles MgCl,, 20y moles ni-
cotinamide ¢} 1ml 9,000g 45 <1-& E 31 3ml= 233}
o] 37Co| A NADPH7} Z%3] FAHEE 1037 WY
3l & 10pmoles substrateZ A 7182 2087 of w531
t}.

vjF%F 0.4ml acetylacetoneo] ¥ 30% ammonium
acetate 2ml& 7o 2H BHEE FAAML £ 10EF
¢ #BE B Fxd Yol €& e @uds JA
A AM A AT 4150mel A &4 3 At

Aniline hydroxylase 272 Kto$} Gillette’s] 3 of o}
gt} 2, microsome 25mlol] 1.5pmoles NADP, 50pmoles
glucose-6-phosphate, 0.5 unit glucose-6-phosphate dehydrogenase,
25pmoles magnesium chloride, 100pmoles nicotinamide, 280p
moles potassium phosphate buffer(pH 7.4)8} 712 & #7131
37¢ oA 3027 wiekst . ¥ 38 sodium chloride 37}
3}o] p-aminophenole #2312, 1% phenolg #7301
M NaOH 3.0mlZ F%, 5% 9 ether & 3025 ¥A
& ¥ 620 nmoll A =335}

Penacetin O-dealkylase 2% & Kaur$} AL', Behnen et
al"e] W] g F, Yol e TS Aol
t} ethylacetate 2 paracetamol® FZ&3la] Zd, HAZA|7]
¥ akaliz ThA] 3233 2087 @9d mgd WA
paracetamol & A3} ¢ o}

Benzo[a]pyrene hydroxylase 2 Kaurs} Ali"°2] bl o}
ol %, 0.IM phosphate buffer(pH 7.4), 10.6pmoles
glucose-6-phosphate, 0.94pmoles NA<], 24.6pmoles MgCl,,
57.3pmoles nicotinamide, 40pg benzo[a]pyrene} 9,000g mi-
crosome 45 TP AL 37TANAM 108 v Fst
T Triton X-100 1mle H7bsted 182 EHA|7) % 465
2 520 nmoll 4 248910,

Pentobarbital ™) A}= 7 & Chaturvedi®t Kunt'?e] w3 o]
wet 24 E T &, 9,000g 7 microsome A& ool 1.
Spmoles nicotinamide adenine dinucleotide phosphate
(NADP)9} 2mg% 100p! pentobarbital S 3 7}8hed 5, 30,

60, 120%-2F 8E-&- A7l F gas-chromatography 2 24 314
o

DiazinonZ} diazioxon2l CHA} : 9,000g hepatic super-
natantse]] A diazinon3} diazioxon$] thA}:= Benke er al
9] Whiof o} A3 0.5ml, 1.3mM NADP7} A7 H (3
7hek A & A Ao 8% 0.1M phosphate buffer
(pH 7.4), SmM EDTA7} A7} (H718HA 48 A §4)
o 83 3.3mM glucose-6-phosphateE 25ml A} & o
4mlz F Ao Y&F 377, 100 oscillation/min water
batho| A 5& 7t s 3+F ethanold] =< 2mg% diazinon
Z & diazioxon 100p12 #7138l w8 $584 5,
15, 458 EFuFd 0.5mlE ke 10ml A EHYF
Ao V12 28 F AFEHE 10T F24 28
B FRoRH EANEE FANAT BAARA 70
Toll B3¢t

MNEE AN 5UF YEEFEEF lindain(2mg%)
o] A7}¥ Chloroform 10018 A 7}3le] 30 £9 &8
331 SE3F AR FoEN FHHUT FI1EWF
1~2pl& 3]8}o] gas chromatography(Hewlett packard 5890
series II plus)’doll Fabed B4 &,

GC #H4x=H:

Column : HP-5MS(crosslinked 5% PH ME siloxane)
30m x 0.25mm X 0.24pm film thickeness
He flow rate : 1ml/min, Initial temp : 180C, 15 rate/min,
Final temp: 230C, Inject temp : 220C, Detector : ECD, 250C
Injection vol. : 1pl

Cytochrome p-450 24 : Cytochrome p-450 & &
Omura$} Sato'*e] W o wel microsomesE cytochrome
p-450 3 Fx T 7} 0.059) A 5.00uMo] A buffero] H7}
&le] £33l YA A4 E budbling A7) F 450nmet
490nmo M FF 5 2fol & ZA s UE T 22 BHL
2 AXsi

[ (A450-490)observed - (A450-490)baseline] / 0.091

= n mol cytochrome p-450mi-1

Aliesterase activity : Aliesterase activity2 Levine$}
Murphy'*¢} ¥}eo] a2} 9,000 4% 43 &% 2508 0.
1 phosphate buffer(pH 7.4)2 Z}2} 1:999} 1:300.2 84
831 4pmole ¢-naphtyl acetateS H7}3led HEH 7}
AmlE H 2B FA ] 37T A 3087 widEa 40%
trichloroacetic acid 0.5ml-g A 7}sled vjFS FAA7] 2
322nmell A &3 8 3ot
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2+ microsomal enzymed| th$h &1} : Diazinon, tox-
aphene, endrin ©% £ EFAHE RE HAFTAA
AurA o2 FEA E4E ENHE LR YEHYS
™, amidopyrine2 DA% END7} E3HA2lg 258 A ¥
3 94 e F7HE YERdAd e, TOX E7d
7 Azl F7hE 22~59% 1, diazinon, TOX,
END. A7} &g FAA H1 F7HEE el
C}(Table 1).

Diazinon & endrin GE X 7S thxFo & an-
fline] hALS ZAANHAT G4 AF=HA A3k
TOX ©% ¥ TOX7t i€ Edxgd
hydroxylase 4 =7} 29-85%% 94 AUv E7H8 E
% TH(Table 1).

ol A aniline

Phenacetin O-dealkylase &4 F3 TOX ©¢& &
TOX7} &350 gl Al FoA A A o132
o diazinon, TOX, END 37}#] &2 oA+ 194%

A @AEA ZF7 kA TOXE FiatA e di-
azinon, endrin @5 %] &) #3} diazinon+endrin E3H T
ol M ofF vlofat Al F7Ht A o {4 AAH A
9 9k th(Table 1).

Benzofa]pyrene hydroxylase 4 & o2 4253 f4}
A TOX &% £& TOX7t £¢d AeTelA dAs%
A Z7b9len TOX, END e ToAA 7+ 4
YERGTH21%). Endrin @EXH Y2 FAAM o] 549 &
o) 64%74%) Z7+E HA S endrino] FHE-H O gl
diazinon+endrin 32| 21 & A9 E7H&E FoAe] ¢
A5 A ¢ Shrh(Table 1).

Pentobarbital CHAtol olXle &1} :
aphene, endring 2t7 @5 £& Efeto Agsta of
T8 opgo] pentobarbital At oW E G T
X =7bE 24V Y3t 5, 30, 60, 120% Aol uhet
225 An )z A 52 31.6nmol pentobarbital/
mg proteino] 120% ¢l A]+ 24.6nmol pentobarbital/mg pro-
tein2 74k v 1208 F3F 2+ ATl A pento-
barbital/mg protein ¥ 3} 2.7nmolo} A 14.7nmol pentobar-
bital/mg proteine] 3 t}.

Diazinon pentobarbital THA}o] & F &g v K3}
A1 TOX SE=3 g oA 30, 60, 1208 22} 845,
10.3, 13.3nmol& 7+ 4 3}e] pentobarbital thA}7} F:718H=
703 YeEdth Endin BEXNFoA 30, 60F-c
pentobarbital thALE-o} F748kA] gkgtont, 1208 of A
= gAbgo] Frkete A%E JERRT. Diazinon+
TOX, TOX+END, diazinon+TOX+END 2} 32 15
MEJ0RAMEEH AR F7MATIE A LR B E
9ol diazinon+endrin 2| 1E M E 12084 A7t

Diazinon, tox-

Table 1. Effects of 7-day pretreatment with pesticides and their mixture on hepatic microsomal enzymes

Enzymes(mean+ SEM)

Treatment Aminopyrine* Aniline® Phenacetin® Benzo(a) pyrene*

N-demethylase hycroxylase O-dealkylase hydroxylase
Control 60.1+£3.2 12.1+04 35+01 165413
DA 58.4+4.1 129406 37402 160412
TOX 92.349.1° 18.3+05" 884017 475+1.6"
END 87.2434 131403 43401 272+21
DA+TOX 90.5+2.0" 1724117 8.6+02" 42.6+3.0"
DA+END 51.2+3.1 15.740.7" 38403 18.1£04
TOX+END 734+5.1" 2154027 9.2404" 51.3+3.17
DA+TOX+END 959+6.7" 224+08" 103+15" 50.2+23"

a : nmol formaldehyde formed per mg protein per 30min,
¢ : nmol acetaminophen formed per mg protein per 30min,

TLpd005, i p(0OL

b : nmol p-aminophenol formed per mg protein per 30min.
d : change in fluorescence per mg protein 15min.
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Table 2. Influence of 7-day pretreatment with pesticides and their mixture on the hepatic metabolism of pentobarbital

Pentobarbital{nmol /mg protein)(Mean+ SEM)

5 60 120(min)
Control 316+1.2 28.3+0.7 262401 24.6+0.3
DA 322104 30.6+05 29.740.2 29.5+0.2
TOX 285401 201403 1824077 152+08"
END 307407 29.4+0.1 281403 262404
DA+TOX 30.2£05 29.5+12" 242404 21.3+05"
DA+END 321+0.3 304402 30.1+05 274%06"
TOX+END 264+0.6 202+03" 18.4+0.17 16.1+04"
DA+TOX-+END 304404 251404 213+07" 157+0.1"
T pcoos,  Tpcoon

Sheet1

7 Aol FUHA

£2)2] 77} toxaphene2 E§3}o] Az ¢
BE A olAe vl 3085-E pentobarbital T)A}ME
17 222 8= ArHTable 2).

Cytochrome p-460 &t&toll o|x|= A& : Diazinon,
toxaphene, endring 9% & Egsiod 74959 A%
Bo Fod3te] cytochrome p-450 3o wie 4
#2323} diazinon, endrin3} diazinon+endrin £33 g
ol & cytochrome p-450 $Heo] W3lE ARE F %
itk 28U toxaphene @54 2] toxapheneo] ¥
g ¥ FAME cytochrome p-4500] 47~89%7}7]
F7hete Z%& ehl A tHFig 1).

Toxaphene 2|7} diazinon CHAlO| clxle ¥ :
Toxaphened Hzld 289 uwjYgde] NADP E&
EDTAEZ #7138 23} diazinon tALE toxaphened A&
3t o2 izl Hldte FASA F74a% oH (Fig
2a. c), toxaphene # 2|7 o] NADPE #7154 %%S w

Toxaphene T

Table 3. Effect of 7-days toxaphene pretreatment on aliesterase

=

S

PREARCLS: ¥ T s ey

Diatknd 7]

DiatTox|
Tox+End

‘DiatToxtind

|

Fig 1. Influence of 7-days preteratement with com oil(Con),
diazinon(Dia), toxaphene(Tox), endrin(End), and their mix-
tures on hepatic cytochrome p-450 contents in mice.

diazinon A} NADPE #7148 21 Bt} wjeksa o o
27t gty 2715900 diazinon tjAMAFE Q]
diazioxon AT dZ7FET 54 Yt df2FolA

Aliesterase(pmol 1-naphthol formed mg/ protein or ml/ serum)

Control TOX
Source -EDTA +EDTA -EDTA +EDTA
Liver homogenate 89.1+35.1 81.5+4.2 1101£2.7° 103.4+2.8
9,000g liver supernatant 339+12 251162 443116 46.1+14"
Serum( X 100) 12.1+0.4 82+12 264+4.3" 2024317
"ip00s, p(ooL
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1t potei)

Diazinon(Dia) or Diazioxon(Do)

(mmegOQ.(XQg Supes

o =

Diazinon(Dia) or Diazioxon(Do)
(nmol/mg 9,000g supematant protein)

|
-

[
NP Y

e w2

o o o <

Diazinon(Dia} or Diazioxon(Do}
{nmol/mg 9,000g supernatant protein)

UHIMTE

Diazinon(Dia) or Diazioxon(Do)
(nmol/mg 9.000g supernatant, protein)

=~ ConDia |
7~~~ Tox-Dia
Tox-Do
-~ Con-Do

SINTE

Fig 2. Effects of daily toxaphene(TOX) pretreatment for 7 days on the metabolism of diazinon(DA) in mouse 9,000g liver supernatant,
(A.B) the disappearencr of DA with and without NADP, tespectively, as a function of time ; (C.C) the metabolism of DA with and

without NADP, respectively, in the presence of SmM EDTA.
Tip(005,  Tp{0.01

diazioxon 4ol A9 Yel}x] ¥E A & gz
o] % A THFig 2b).

NADPE #7}etA] 91 EDTAT #H7}g Axs wj
& oAb A Jehd I th(Fig 2d).

Toxaphene *2|7} aliesterase0lf 0|%|= &3} : Tox-
apheneg A7 zH FA A, 9,000g 7+ A2, WA A
EF O 23 vl& aliesterase E4J0] %7 Uehdo
(23~145%) 2t 2§32l #o] EDTAZ #7385 ali-
esterase Ao 7itigh Wl 91 % th(Table 3).

e

@

Diazinon, toxaphene, endrin 522 U5 32 5% 3}q
748 F45Hod hepatic microsomal enzyme, pentobarbital
A}, cytochrome p-450, aliestrase AT % 23 23
TOX @532 =& TOX7} &89 & Al EdA
amidopyrine, aniline, phenacetin, pentobarbital, benzo[a]
pyrene3} cytochrome p-4509] hepatic metabolismo] % 3 ¥
= o2 veyo,

ol2]d A= Kuntz er al o] 42 o A pentobarbital-

induced sleeping time 7+4-9} TOX%E &= TOXS %33}
T3t A3 liverbody weigh ratio®] Z7}8 733 Kim et
al®el AR FYH AL vwow, Chu er al', Ki-
noshita et al ** , Trottman et al 0} rate] TOXS 28 3
¥ TOXo] Eoiil &40 4L 2AN7TGE A7
¢ A 8}, Campbell”, Pollock™o] & A] rate] TOXE
A Ane 28 A% YU gl $7)9
2 ## Q) DDT, Chlordane 53} cytochrome p-450 system
21 AQ] phentobarbital 54 ZHo] TOXE o714 xe-
nobiotic thALE el & A FAsh: A0z A7

Diazinono] diazioxon ©2 A% M o] diazioxono] a-
cetylcholiesterase & 772 3} 4 9 A8} diazinond] 253
e debithE A& 2 48 o,

Diazinono] tAL5] o] diazioxon® 2 HBH = B o=
MFO system %+ o}1j2} NADP-dependent dealkylationo)
#o@dta gefa Qo o dealkylationo|u} deary-
lation 5 At} o] %AW diazinono] diazioxon® A
& FAHE Hgo] #aHy] BEo DAY FEo) g
¢3td F dvia I B A¥A9E Bo}l TOX:=
MFO system-$& ¥) % 8l diazinon#} diazioxong)] A} &
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€ FAge Aoz dEnt tEM TOXE #7194t
A< diazinon 5o}t #7194 A 24-D, endrine 53
< 595 9] NADP-dependent THALE Z7}A| A acetylcholi-
esterase?] 7]5< BA3IA7] 024 diazinono|l} 1 of
AFEQ diazioxond] £4 & #3tA7Ith FEE .

TOX @5 & TOX7} £33 28 el o)A aliest-
erase &4J0] F7bH gl ol TOX9 TOX7F £3€
Al ZoAl A BA acetylcholiesterase®] FE7F F713k=
A3 Y34, Aliestrase= diazioxon7} enzymeo| 2
Saleis AL A=A oz vhadbe] non-critical enzyme
o84 9&L 322 A Diazinono]|} diazioxond] =4
& AN 7)) Qo of 29| acetylcholiesterases} alies-
trased] FEE F7HAFI L ¥ 57 £71E o] aliestrase}
TOXZ 3t diazinond] 54 & ZaA 7)1 A &4

2 Yo ARE QoFstd TOX7} diazinonolv} di-
azioxon®] hAIE ZZA]F] 1 non-critical enzymeS A F
& 37| dZol diazinonF- A] Hrh, TOXo] E¢H A&
TAM E4do] B wtgoen, olgdd TOX A2
endrino] &3 acetylcholinesterase 4% Z71A17]1& A
& £ 9 diazinon, toxaphene, endrin o] A7} & E§3}
o A& E 9 Yetue 542 diazinon GEF A
Yeye SHRT 2 A= S o3 43
2 uRo] Hol B AYY AHE EYS vES 1
FHEA =HHAY wEHE FREUE T2 &
T 49 988 Hrhsted B8 E Aol 4L
"k
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