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ABSTRACT: Effects of altering hepatic mixed-function oxidase
(MFO) enzyme activities on the metabolism and acute toxicity of
parathion were investigated in adult female rats. In vitro hepatic
metabolism of parathion to paraoxon was increased by phenobar-
bital pretreatment (50 mg/kg/day, ip, for 4 consecutive days)
and SKF 525-A (50 mg/ kg, ip, 1 hr prior to sacrifice} decreased
paraoxon formation indicating that phenobarbital induces that
form(s) of cytochrome P-450 catalyzing conversion of parathion
to paraoxon. Degradation of paraoxon to p-nitrophenol was in-
creased by phenobarbital pretreatment, but not affected by SKF
525-A suggesting that MFO activities play only a minor role in the
detoxification of the active metabolite of this insecticide. The
phenobarbital-induced increase in paraoxon formation was par-
tially antagonized by SKF 525-A. Significant activity for both
parathion activation and paraoxon degradation was also observ-
ed in the lung preparation, however, this extrahepatic parathion
and paraoxon metabolizing activity was not induced by pheno-
barbital or inhibited by SKF 525-A pretreatment. Phenobarbital
pretreatment increased paraoxon level in livers of rats when
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measured 3 hr following parathion injection (2 mg/ kg, ip). SKF
525.A did not alter parathion or paraoxon levels in brain, blood
and liver. Phenobarbital pretreatment decreased the toxicity of
parathion (4 mg/ kg, ip) or paraoxon (1.5 mg/kg, ip) as deter-
mined by decreases in lethality and inhibition of brain and lung
acetylcholinesterases. An additional SKF 525-A treatment failed
to decrease the protective effects of phenobarbital against
parathion or paraoxon toxicity. These results suggest that some
unknown factors other than hepatic MFO induction are involved
in the protective action of phenobarbital against parathion and
paraoxon toxicity.

Key words: Parathion, Phenobarbital, SKF 525-A, Mixedfunc-
tion oxidase (MFO), Acetylcholinesterase (AChE} activity.
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Parathion(diethyl-4-nitrophenylphosphorothioate) #} %2 phosphorothioate Al 7114l 453l Mi-
xed-Function Oxidase(MFO) enzyme systemell 213l desulfuration ¥/ cholinesterase(ChE) % phos-
phorylation 4|71+ oxon analogs& W AMgt} 221} MFO enzyme system<= ©] A4 9] organophospha-
tes®] F-53ubgole #3322 (Fig. 1), ©] SHEEY FAL 7lodghs 719 92 2
o3t

2% APREL A AR oxond 7t £ Yo AsR= 2] non-specific esterases®
ola) F-sli=e] sites of actiondl ¢} soll= =3t X519 parathion®] SA-L o]& FAH2lA
A== paraoxondl 7]alske Aoz FA3t9cH(Neal, 1967 5 Alary and Brodeur, 1969 ; Sultatos et
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Fig. 1. Proposed pathways for the biotransformation of parathion.
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al, 1985). AAZ 7} o]&fo)] He} A T ZAIA% parathion®] paraoxon2 29| thilr} dojrdo)
2315 vl 3l (Poore and Neal, 1972 5 Law ef al, 1974 : Normal and Neal, 1976 ; Forsyth and Cham-
bers, 1989).

Phenobarbital =+ chlorinated insecticides 5-2] MFO system®] inducer 1% 2]+ parathion®] 54
Zr2A1Zl o] od2] A5 &) 3= I Triola and Coon, 1966 : DuBois and Kinoshita, 1968 ; Pu-
rshottam and Kaveeshwar, 1982 ; Sultatos, 1986). Purshottam ¥ Kaveeshwar(1982) ¥ Sultatos(1986)
+ hepatic MFO activity®] induction®l| 2|8} 7tell A19] parathion WA 5718 L 5437149 7|He
Akt & 7ho)| A parathion®] F-5814E-8-2] F7)el] 28} active sitesell ="3h= parathion 5-%=7}
7+4-3= Z1& phenobarbital®] parathion S/doll th¥ 2.3 & 7}9] ynderlying mechanism2-2 F4 3}
ok

22y} Kim 5-(1988)-2 aminopyrine ¥ p-nitroanisole® 7] 2 2213} 7kt Al5-2 9] 1 8}9} parathion
EAUET e AnAd-g BAsA] 531929 phenobarbitaloll 21§ parathion Al ¥ B3 a3l
phenobarbital®] 72t MFO &4del F 233 o]9]] =oiE Ao 23 vifd 7sAd& AAsI
£ A7l A= MFO 84 & A1 EAE2 in vitroo) 419 parathion Aol 5 < 33} parathion®]
ANHAL B Bl = 33-E ZA381o] parathion FAALH 7|dshe 7ke] Hadg FHstuzl
Al 3l o},

Mz 3} 2y
s % A2

A4 Sprague Dawley rats(150-250g) & A3 552 AF&8lgr) £8& 794 & 2% 21+ 1T, light¥}
dark cycleo] 12A170teh vi# = 554l (light - 0700-1900, Dark * 1900-0700) 3 A% 10¢ °]4 A
A F A A Aot AlRE ARFA AAAAL

Phenobarbital sodium< 77 £3lAA vld 50 mg/kgd] &2 447t Foisln HE Fo
2413 A F T8-S Ao A8l SKF 525-A% parathion 9 1417} o]Hel 50 mg/kg2
£75 2513t} Phenobarbital ¥ SKF 525-Ax &<l 481A17.2™ parathion 20% ethanol#}
80% propylene glycol®] N o2 3|A3le] B7h2 FA}slHc)

Aot

Parathion(&£X% 99%)-& Chem Service(West Chester, PA, U.S.A.) 4], paraoxon, acetylthiocholine
iodide, DTNB(5,5'-dithio-bis-2-nitrobenzoic acid), NADPH+ Sigma Chemical Company(St. Louis, MO,
US.A)EY-E] #4319tk Phenobarbital sodium2 Selectchemi AG(Swiss)9], SKF 525-A% Smith
Kline Beckman Corp.(Philadelphia, PA, US.A) 9] 71558 AHEsch 19 £ Ayd 2149 28
Al2F 2 80l reagent grade = 1 oAk SHEE AMEsAT

Enzyme Assays

Cholinesterase(ChE) #4-& Ellman £-(1961)2) 3PS okt A% 2Aslgdct o 2 7 &
7] AA 2] active sites® e A 2B Z o5 29 total ChE B4& Z33} acetylcholinesterase
(AChE) #Xo& FA)sh¢ch
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#Eol parathion® FoI3}3L 120 min AZA] 458 ¥ ¥ 2 A& HE3sleo) Parathion F ¥
12087 AEFA Z3 FEL AF A FHA 9 23E JEste] Al AHgskdth 22E 01 M
phosphate buffer(pH 7.8) el 4] polytron 2 F-4f3ted o} 39 1m/% 30mg, #S 2$ 70mgs
FHEZS 319} 23 homogenate 0.02 m/& DTNB 0.1 m/(10 mM), 0.1 M phosphate buffer(pH 8.0)
3.0 m/, acetylthiocholine iodide 0.02 m/(75 mM) ¥} 413 EFde] FAEE 412nmel4 ZHs¢dc
o] EHES 27CoNA 3087t incubationdt . A Fd FAM FFEE ZAsle] 13 FP=o}e
zlo] 2HE] AChE B4 &3l

7t ¥ 2 ¥ 2329 parathion activation % paraoxon degradation 42 Norman® Neal(1976) 2]
wlS pAste Ak AEF A7) & 7L ¥, 5§ AE3}3 0.1 m! phosphate buffer(pH 7.4)
el 4 homogenization3] homogenates 1 m/3 23] 0.5g°] -5 %= 3} th Tissue homogenates<]
9,000g 45 0.2ml, 0.015M phosphate buffer(pH 8.0) 1.574 m/, NADPH 0.1 mi/(1.3#mole) L
ethanol®ll 3|43t parathion 264/(0.35 #mole)% 1087} 37Tl 2 1003) oscillationd}o] incuba-
tion3tL dyr iceZ w43 WA A 4-3-& FZHA)Z ) Paraoxon degradation & A tissue
homogenates®] 9,000g 4594 0.2 m/, SF 0.5 m/, 0.2 M phosphate buffer 0.2 m/=} ethanolel| #]41gt
paraoxon 0.4¢moleS #19} -2 W 2 2 incubation 31t} Parathion®} paraoxon®] <2 o}# whiiz}
o] HPLCE AHE-3ted &A]5)9 .

3

Jh

Z=%| £ parathion ¥ tHAIE2]

=, 7+ 2 & A 3 parathion, paraoxon, p-nitrophenol®] X+ Sultatos 5(1982) 2] WS 44 3}od
2318t} 7 2 & 0.1 M phosphate buffer(pH 7.4) 514 homogenizationdt¢] homogenates 1 mi®ll
tissue 0.33gS #F31=% 3131t} Homogenates 2 mi == 83 1 mil 1g NaClZ} 2 m/ ethyl acetate &
7V F ARl sle] ethyl acetate layer® ¥-eldtdth. o9& 543k ethyl acetated 7} ANz}
ZZ3lo] 3 F A4 GeiEi e HPLCE 543k}

HPLC system-2 Hitachi 638-50 Liquid Chromatography Solvent Delivery Unit® Hitachi 655A Varia-
ble Wavelength UV monitor, Waters tporasil column(300X4 mm)22 FA=glc} ZAo 21437
HAF-2 290 nmo) it} Mobile phase 2% methylene chloride, acetonitrile, glacial acetic acid(93 : 7 : 0.
02) & AH4-31945L flow ratet= 1 ml/min®] %It} Internal standard 2% p-dimethylaminobenzaldehyde -
AH8-gkg] o}

SHIXz|

A AT = two-tailed Student’s ¢-testd ©]8-3}o v]@3}gith, 211§ Ao A& standard X? analy-
sis® 7} #7ke] A3E wiwslsich w2 71| & & p<0.052 Afol F2He] sie zeolm
A sl o)

2 =

7¥ell A parathion®] paraoxon} p-nitrophenol®2] ©lAl= phenobarbital 2ol 28] #A3s] =
7}stdcH(Table 1). SKF 525-A+ Ztell A paraoxon®] 848 73~} o] Aah= Zhell 419] parathion?]
4 3hk-g-ol MFO enzyme system®] 523 H&& 27 9% ¥.oF 1 3lrh Phenobarbital 43 2]l
2] & 8315 paraoxon¥} p-nitrophenol®] A4d-2 SKF 525-Acl] &J3f $-¥-4 o2 A= qich g4 oM
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Table 1. Effect of phenobarbital and SKF 525-A pretreatment on the formation of paraoxon and p-nitro-
phenol from parathion in vitro®

Liver Lung
Group
p-nitrophenol paraoxon p-nitrophenol paraoxon
Control 1.97+0.03 9.78+0.43 0.06+0.01 0.43+0.06
SKF 525-A 1.38+0.30 6.48+0.64 0.08+0.03 0.32+0.00
PB 22.47+2.80 28.85+4.80° 0.11+0.02 0.64+0.00
PB + SKF 525-A 16.47+3.33 14.15+1.10° 0.19+0.09 0.75+0.16

“Rats were pretreated with phenobarbital (PB; 50 mg/kg/ day, ip) for 4 consecutive days and/ or a sin-
gle dose of SKF 525-A (50 mg/kg, ip, 1 hr prior to sacrifice). A total of 4 rats used in each group. Meta-
bolic activity was determined in 9,000 g supernatant of pooled tissue homogenates from 2 rats except in
the experiments measuring the metabolic activity in the liver of rats treated with PB or PB + SKF 525-A
where each sample was prepared from one rat. Metabolic activity was expressed as g product formed/ g
tissue/ min. Each value represents the mean + S.E.

bSignificantly different from control (Studenf's t-test, p<0.05).

“Significantly different from the group treated with phenobarbital only (Student's test, p<0.05).

Table 2. Effect of phenobarbital and SKF 525-A pretreatment on the formation of p-nitrophenol from
paraoxon in vitro®

Group Liver Lung

Control 17.48+0.10 1.56+0.16
SKF 525-A 16.41+2.53 1.26+0.35
PB 23.25+1.27 1.14+0.31
PB + SKF 525-A 26.93+2.47 0.74+0.34

“Metabolic activity was expressed as «g p-nitrophenol formed/ g tissue/ min. Significant difference was
not observed either between control and SKF 525-A group, or between PB and PB + SKF 525-A group
(Student's t-test, p>0.05). For other details, see Table 1.

parathion®] paraoxon¥} p-nitrophenol®22] tAl&Ade] ZAH= g o} o] EAEA-L phenobarbitalol
oJ#) skl A} SKF 525-Acl] of&l AA =] dskt) Ho A= #| 8} 22 parathion HAMEA ] &
A=)l o1} o] 4] w3}t phenobarbital @ SKF 525-A A2l o]s] ¥ 3}=]#] ¥skrh(data not shown).
Table 2+= 7t Z 2ol 4] paraoxon®] 5 314H-3 &4 & 23511 9lc}, Phenobarbital 3 #] 2]= paraoxon
#3815 Z7}1417 21} phenobarbitalell 213} paraoxon #3153 2] Z71i= paraoxon 453 Z7lel vl
Z7488 oF 1/89) 23l th SKF 525-A% paraoxon 31584 714:417)#] 2381429, & phenobar-
bitaloll o3 5712 paraoxon 35w AL F3| Xslsdch o] A= paraoxon ¥-3jo MFO
F49) 7loizt A} A 98-S AAbeaL glek H 9} el M X paraoxon &l EAL FAE o}
phenobarbitale]v} SKF 525-A HA#l= 48& F3 Fshadch
Parathion& FEol FARIL 3417 AA] £33 7Y =], A A9 parathion WHAMES] FE+
Table 33} 2}, Phenobarbital % 2] 2] paraoxon ¥ p-nitrophenol 2] ZFol| A 8] Fx = th 2ol v]3}e
A 8] ol 99 in vitro MY AHE XX sk ek 22\ in vitro A3 N4 paraoxon A F7HE
‘4 #2y3) & paraoxon?] FEZE7I7} #AE ol AU ME AAEH paraoxond ZHHE
FE 5 wix YrhErt = lellA FalEr] ffeg2 B} SKF 525-A HA e Zhel4]9)
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Table 3. Effect of phenobarbital or SKF 525-A on the levels of parathion and metabolites in liver, serum
and brain®

Liver Serum Brain

Group
Paraoxon p-Nitrophenol  Parathion  Paraoxon p-Nitrophenol Parathion Paraoxon  p-Nitrophenol

Control 0.434+£0.121 0.037+0.014 0.36+0.01 0.09+0.02 0.028+0.005 2.81+0.07 0.01+£0.000 0.05+0.014
PB '1.039+0.1025 0.069+0.005 0.46+0.10 0.09+0.03 0.026+0.004 3.21+0.20 0.01+0.006 0.06+0.003
SKF525-A 0.395+0.006 0.049+0.006 0.39+0.03 0.19+0.10 0.018+0.003 2.72+0.20 0.02+0.006 0.04+0.006

“Rats were pretreated with phenobarbital (50 mg/ kg/ day, ip) for 4 consecutive days or SKF 525-A (50
mg/ kg, ip) 1 hr prior to a challenge dose of parathion (2 mg/kg, ip}. Three hrs following the parathion
treatment rats were sacrificed and the parathion/ metabolites levels were determined. Value given is ug
parathion or metabolites/ g tissue or ml blood. Each value represents the mean + S.E. for at least 4 rats.
®Significantly different from control (Student’s t-test, p<0.05).

Table 4. Effect of phenobarbital and SKF 525-A on the toxicity of parathion®

ACHE acitivity® '
Group Lethality
Brain Lung
Control 62% (8/13)
PB 0.61+0.28 0.29+0.10 8% (1/13)°
PB + SKF 525-A 0.38+0.08 0.18+0.05 8% (1/13)¢

?Rats were prefreated with phenobarbital (50 mg/kg/day, ip) for 4 consecutive days. A group of pheno-
barbital-treated rats was injected with an additional dose of SKE 525-A (50 mg/kg, ip) 1 hr prior to a
challenge dose of parathion (4 mgkg, ip).

bFach value represents the mean + S.E. for at least 5 rats. AChE activity was expressed as nmol substrate
hydrolyzed / mg tissue/ min. The effect of the additional SKF 525-A treatment on brain or lung AChE ac-
tivity was not significant (Student’s +-test, p>0.05).

“Significantly different from control (standard X? analysis, p <0.05).

paraoxon¥ p-nitrophenol®] Fxol & F2| Wol in vito AP AR ¥ AHF Hoivh
Parathion §-o§ 3417t 5ol &A% & 3 HHof| 412 paraoxon} p-nitrophenol®] 5%+ phenobarbi-
talz} SKF 525-A+ oF5-d w3 veh# Z3isdch

Parathion®] 93 #AH-S 2413 A&l A phenobarbital A eli= A 3] parathion® 545 7
A1 ZcH(Table 4). 211} phenobarbital®] X2l ¥l FE-¢l SKF 525-A& 7} F4319%1& o ¥ para-
thionoll 218 2| AHg 2 ], 52} AChE &A= 9144 3= 37} el }A] ¢beof SKF 525-A+ phenoba-
rbital®] parathion SALZHE]S] B3 H A JFE T4 e AR FFHUL

Parathion?] active metabolite! paraoxon®l 23t 241§ % AChE &4 9A1& phenobarbital-& & 43
7t A1tk (Table 5). ©] A3 phenobarbitaloll 218}k paraoxon?] AWeoj 2] EalZ71E Wit oz
Balr}, Ze]v} SKF 525-A+ phenobarbital®] paraoxonell 93t 54 B3 a9& 774712} 238t Table
29] in vitro paraoxon ¥3l5HARY U= AHE ¥k
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Table 5. Effect of phenobarbital and SKF 525-A on the toxicity of paraoxon?

ACHhE acitivity®
Group - activity Lethality
Brain Lung
Control 50% (3/6)
PB 0.45+0.03 0.38+0.09 0% (0/6)°
PB + SKF 525-A 0.58+0.07 0.50+0.04 0% (0/6)°

“Rats were pretreated with phenobarbital (50 mg/kg/day, ip) for 4 consecutive days. A group of pheno-
barbital-treated rats was injected with an additional dose of SKE 525-A (50 mg/kg, ip) 1 hr prior to a
challenge dose of parathion (4 mgkg, ip).

bEach value represents the mean + S.E. for at least 5 rats. AChE activity was expressed as nmol substrate
hydrolyzed / mg tissue / min. The effect of the additional SKF 525-A treatment on brain or lung AChE ac-
tivity was not significant (Student’s t-test, p>0.05).

“Significantly different from control (standard X? analysis, p <0.05).

2 #

¥ A7AYN 4 FA- phenobarbital X2l &’ in vitrool| X9 parathion ZFHAF F7He o
259 Wwel dAghcH(Neal, 1972 5 Poore and Neal, 1972 : Sultatos, 1986). Phenobarbital &
2]+ parathion FAF 3412F A Al EAE 72U paraoxon FE5 F7HAIF SR in vitro parathion
A E o] Axte} A4S Mol vk & SKF 525-A AAM B = in vitro A 7+ paraoxon A5 H &
AslAl Rl o] A3EL phenobarbitale parathiond] desulfuration®l #oish= specific cytochrome
P-450 isozyme(s)-& 831271 o] A48 SKF 525-Acl] &8l oA €& ¥ejF 3 )} g parathion
FAF 3A1ZE Fol] 2R x| o} Hdol| 49 parathion ¥ paraoxon®] F %+ phenobarbitalo]t} SKF 525-
A Axelof &) W= gkt 22y o] dApHSAY = % Hefo A9 parathion/paraoxon
FEo A= gl AF HFAQ ZAEL parathion T4 F A4 228 Fa o]F 2449
elimination curve® T30k 7% 7lolch

Phenobarbitaloll 2]%} parathion S4dol T3 B3 G 3= B dFREol 2] ¥uso] $ke}i(Triola
and Coon, 1966 : DuBois and Kinoshita, 1968 ; Purshottam and Kaveeshwar, 1982 ; Sultatos, 1986).
2 71412 & Alary®} Brodeur(1969)< parathion®] detoxification®l phenobarbitalol] 2J3} $-A4o 2
B35S A A3+ 2, Norman2} Neal(1976) 2 Sultatos(1986)+= parathion®) %432 active sitesoll A1 €]
AL A 3o o s vl s 7] o) Fo B FA s & MFO 8439 34l ¢)s) v w2 k2] paraoxon®]
A=t paraoxon ZF % B 59 esterasesol 213l active sitesd] =} ol =23l7] Aol B85
%7v8 MFO 842 parathion®] F-53ut-g-oint 7]o31A €m) 2 A7 7k HARE AXJR| Y3 active
sites®ll =23 parathion®] oFo] 7Hadke] 1 HAdo] Fajiche /M & AlA 8kt o] 7PAde] A Er)
el A 242 2 parathion S WA A12 4 31+ enzyme system®] active sitesol] T shodok
3t AAZ ¥9} A2A& paraoxond AYAA F e ALBAS TR ddo]l ¥ AYPAAE
=]}

Kim %5(1988)-& SKF 525-A 2} 7} parathionell 2]& X144 % AChE/ChE @4 Al 280l 43S
2 23hg nusig ot 1 7)A-e obd B8] ¢tk O'Brien(1961)-2 in vitroo) A liver sliceel
MFO #&4dAA1a]l SKF 525-A% 7}¥ o parathion®) metabolism® A A|7|v} parathion®] letha-
lityele d3& 74 2348 B3 2 ol in vivool 9] SKF 525-A2] paraoxon degradation
AAle 7]k A2 FAsigch aeju B AgoA] e HAME SKF 525-A% in vitro W
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A& oA paraoxon?] degradationol S FA R-3l9lom parathion A ¥ 3212 24
A% 7} o dlol| 42 parathion® paraoxon®] F=5 W3 7]A] ofgbr}. =&t parathion?] active
metabolite?) paraoxon$ FAHst A&l el 4] 35 phenobarbital®] 2.2 & 35 SKF 525-A+= #H424] 74|
3ledct, whebA] parathion % paraoxon® ®-dllell 7]edsls= MFO &A1Y o3 diwds] WA} 79
e Ao 2 walrh vkl AR5l S8kl 4] SKF 525-A7} 2F o] 9] 2} Z Aol = parathion®] paraoxon.2%.2]
A AR parathion®] S WEE F4] ¥& $% o} £ Ay 4 SKF 525-AF para-
thion®] = 9 M2 jn vitro HAFsHoll o7& 4= Fx X3hgich

Parathiona protein-deficient dietol] 213 S4do] Z7}% 2 (Casterline and Williarms, 1969), ¥k =
Axk dietol] Wls) ©hl A gheko] &2 protein high dietoll 28] EAdo] 7FAx o] B % 9} Purshottam
and Srivastava, 1984). 22t} in vitro®ll 4 37 E paraoxonase B4-S protein high dietell s W 3}=] %]
dsgtom 2 AAEL 7149 nAtY protein? paraoxon®H?] reversible bindingE SA7Ae] 7jHe R
A A1 &F5i e}, B8k parathion®] paraoxons 71X A] 9 AH A H-slol serum albumin’d®] esterase-like
activity?} 71913bo] Sultatos 5ol sl #3= ul 9lck(Sultatose ef al, 1984 5 Sultatos and Minor,
1986). & paraoxond ©l £o]dA] ZHE enzymes ¥ proteins| serine hydroxyl”]& phosphoryla-
tionA] 71 .2 binding®l 2% #37} o] & 4&-& & o2 F25r} o|#] 3t proteins H tissue compone-
nts2+2 non-specific binding®l A== 23E& FHste] U RHEL Fe|ste] XS in vitro A
Ho g A ukeddl = ¢4-& ZAolrh Phenobarbital A2 MFO #49) 31 % olvjz} protein
A Q) 27} L 749} enlargement S A A ool A glu), wbd SKF 525-A« 2 AFA| = tiALEC]
cytochrome P-4502} complexZ #Asle]l MFO 4% dAlsh= 222 d#lx ek (Schenkman ef
al, 1972 : Buening and Franklin, 1984). L8] 2.2 SKF 525-A+= phenobarbital®] MFO #4331 4%
ol9)e] A= A ¢ 9-g Ao FAR) B Al B35 SKF 525-A7} paraoxon®] ZFell 4]
A& A8t parathiond] S48 W3HA7]1#] £33 FAHE phenobarbital®l parathion ¥ paraoxon
EAe) gig BF &) protein FAE7F B 2329 vidls} Soll 2)8 parathion/paraoxon®] -
B R v B o = E L T =
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