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The Toxicity of Fthalide in Rats
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Abstract—The acute toxicity of fthalide in rat was studied in vivo by the observations of the changes in
hematogram. serological parameters. content of cytochrome p-450. activities of NADPH-cytochrom ¢
reductase. glucose-6-phosphatase, and the contents of cholinesterase and carboxylesterase in liver.
Fthalide is a practically non-toxic substance(LD50 is 3.86¢/Kg). but rats were intoxicated with fthalide
at a oral dose of 100 mg/kg for 12 days. WBC were significantly decreased and actlivities of ALT and
LDH. on the cotrary. the content of glucose in serum were slightly increased. Cytochrome p-450 and
lipid peroxide in liver were significantly increased in the fthalide-intoxicated rats. The longer ad-
ministration of fthalide showed further increase of carboxylesterase activity in liver and serum. but de-
crease of activities of glucose-6-phosphatase and cholinesterase in liver and serum. These results
show that fthalide can induce the hepatocellular injury and neurotoxicity.

Keywords | ] Fthalide (4.5.6,7-tetrachlorophtalide). acute loxicity, cytochrome p-450. NADPH-cytochrom
c reductase. glucose-6-phosphatase. transaminase. cholinesterase. carboxylesterase. NADPH-glucose-6-

phosphatase.
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fthande%-@ 210 pg/kg/day?t €lckn W ashelch
& 370 fthalide® 41313 oIv] sololld 71 =
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trobenzoic acid). glucose-6-phosphate disodium
salt hydrate. PB-nicotinamide adenine dinucleot-
ide phosphate.reduced B-nicotinamide adenine
dinucleotide phosphate. propionylthiocholine iod-
ide. quinidine sufate. 2-thiobarbituric acid. tris-
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AHE AAlsETE

Z2HEH 9! ALE microsome B89 22| — &3¢ 7+
2 Azg zA 4ol Potter Elverhjem homo-
genizer & AH&319 0.25 M sucrose&2ol A4 homo-
genizeA A, 10~20%2] 7+ homogenate® Ka-
math3"e] #ha& 7§28k Cintis'"e) whol uhe}
differential centrifugation® 33t} Homogenate
£ 600 goll M 5% st 2 A AS FHsto
2°CollA 12,000 g2 1087+ fARHStE mi-
crosomes ¢d3] AHst7] #3ted 8 mM CaCl, £
% post-mitochondrial supernatantell 713+ & t}A]
2°CollA 27,000 g2 1583 A8t 471¢]
2L 4°Coll A Al3EESI Tt

714 L& pelletE 5% 0.15M KCI& 713t
AlHgE & A 7131 ohA] 27,000 g ol A 1587 €
AE2 s tS 2 pelletS microsomeEE o2 AHE
sheict

Cytochrome P-450 &2}&X — Microsome £8%
9] cyrochrome P-450 #2442 Omura$t Sato'"
o] W& #2351 Matsubaras o] MRl &3}
differential spectrophotmetry2 =33kt Mi-
pelletell 0.2M <Slatdgbzal (107 M
EDTA, pH7.4)& %] microsomal suspensions
e 5 g A S FHE CO gas & 187 bubbling
A7) kg 2709 cuvettedll FE-EIRACE 3R WHE]
$ 2#9] sodium dithioniteE sample cuvetteoll 7}
atar 18 Foll 450 nmet 500 nmell M EREE =
3la 21 2}0]E molar extinction difference® 104
mM'Z &9 cytochrome P-450 o &g #A4ksk9)
=3

NADPH-cytochrome ¢ reductase #24&% - Mas-
terss"” = Mazel'"o] WHo| Fslo] clabdatsol
(10°M EDTA. pH7.6)& AMg3lw NADPH-cy-
tochrome ¢ reductase 454 & et oz AL}
AT} vkl e BH-12 NADPH 5.7 mg, KCN 9.75
mg. nicotinamide 366 mg= 0.05 M <112+3 100
Azt 1 (pH 7.6), &N-1I= cytoch-
rome ¢ 3.68 mgs THFT 1 mlol] o A} &gl on
LA-1112 KCN 9.75 mg. nicotineamide 366 mg-&
0.05M AAZ MG Yol 100 miZ =Ad}o] A&}
At

Sample cuvetteoli= £8-1 2 mI& reference cu-

crosomal

o

mig ¥

vetteol= &2-11 2mlg 7}5}a1 25°CollA] 887 i
WA g 42t cuvetteol SH-1E 0.15 mix
7}skgich o] E3HEE A 25 “CollA] 287 Wi FAlo]
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st 25°CE frAslHA reaction rate”} linearst
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mM ' - em™ 2 sl NADPH-cytochrome ¢ reduc-
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fH0 2 [owry ol whal A sl
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mlol| 8.1% sodium dodecyl sulfate 0.2 m!/Z o]
382121 F pH 3.5¢0 20%2425 1.5ml 2
0.8% 2-thiobarbituric acid (TAB) A1} 1.5m! &
ol 4.0mir} 97 3k} o] AL 95°Cofl A 6057
7Hd g ¥ 5% 1.0ml 2 n-butanol-pyridine &Y
(15: 1D 50miz F&F39rt w2 1.1.3.3tetr-
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2 MAHete] wol i b FAE H#AHET homo-
genizerd AFE-3le] ¥Z+El Tris-maleate &5
(pH 6.2 2= 20% (w/v) 7t homogenateZ 343t
2 upA) v7H5) Tris-maleate 259 (pH 6.2) 0.8 ¢
ARz Mo FE7F 20 mg/miv) H =& 519
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4} (pH 6.2) 0.4 mi2} glucose-6-phosphate< 0.5
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A e

A 37°CE 2083 WA HY o] vEg-& 10% tri-
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Subbarow " oll whz} ¥-71¢19] §HFe Sdeit.
ZF& 81 EA cholinesterase®AN &M - 714 cho-
linesterase®] &4& 4 1g9 0.036 M phosph-
ate buffer(pH7.6) 10 m/Z homogenizerel ¥ 1 =

oA FE3] vidst & F2 buffer? 10 mg/ml=
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gk oS HHE AMEEIR D FHE FHRTE 50~
1008} 843 o2 HA 2 A8stdct. o] HAE Ell-
man$ 9] Wel wel d¥atAck DTNB(5.5-
dithiobis(2-nitrobenzoic acid) buffer (0.42 mM/1,
pH 7.6) 3mlE blank test tube®t sample test
tubedll Ztzh w31 37 °Coll A 587k nja] wietstitt.

sample test tubeol 7122 propionylthioch-
oline iodide &} (10 mM/L) 1 mI & J 11 37°Coll A
Qs 3EZF wiAIZl F RkEE FAIATIZ] s
quinidine £ (14mM/L) 1mi/E 7}3tdch
Blank test tubeolli= quinidine-&<l, HA, 7{&H &
Az 718k oS g 2R o2 sled HE o]ifjoll 410 nmell
AN ERERE FHs

215t 9 ®A carboxylesterase §IAESN — 7+ ca-
rboxylesteterase 4> 7Hd 1gol 0.25M sucr-
ose 10 ml¢ homogenizerell Wi A&l A FE3] v
A3 F 3.000 goll M 7 ARt HAHES A
A F AFAG FAE o, YL FRTE
5~100u0 BAste] HAE 3idvt, o] FAE Nach-
asee) el b} gagyS FAsch & 1
m/e] Al 71HH 6 mlE 7}star 37 °CollA 2083
wjeyAl7] & naphthanil diazo blue B&% 1ml/
(4mg powder/H,O 1 mh& 718l anbatgdvt 3%
% 40% trichloroacetic acid 1 m!, ethyl acetate 10

Table I— Effect of fthalide on body weight gain in rat

mlE 7stn awket vhe A Eelste] ethyl ace-
tateZ-5 F2lskil 540 nmell A & S48k
o) w2 B-naphthol2 AFEEE EFE54E 2Hdslo]
74 Aol 4] %"‘* B-naphthol®] & #Al1tete] &4 &
4319

=) A
*\:T“ol'-’—

7]@"‘1“8— B-naphthyl acetate 10 mI-& 2 mi¢] ace-
toneell o1 & veronal buffer (pH 7.4) 50 mig} ZF
T 48 miE o] ZAEG . veronal buffer= bar-
bital 10.3 g2 SHFll o 500 mIz A 23k * 58.1
miE &} o]7)9l 0.1 N HCl 41.9 mI& 7}ahed 25
shict

A3 ¥ o

LDg,X|

Fthalide® ##ol| Z7FAstn F 2447 9]
A RS {"%PO# Behrebs-Karbert ol /];}04
LDX& 3 Ax LD,A= 3,860 mg/kgol
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Group Day Initial body weight Final body weight Gained(%)
Control 3 215.4 £ 4.95 216.4 + 5.27 0.46
6 2126 + 3.65 219.8 + 4.95 3.39
9 214.2 + 5.23 2253 4 5.21 5.18
_ 12 2106 = 4.75 240.6 = 4.95 14.25
Fthalide 3 2159 = 4.75 217.9 = 5.25 0.93
(100 mg/kg) 6 210.4 + 5.05 220.6 + 4.45 4.85
9 2149 + 4.62 230.9 + 5.72 7.45

Each value is the mean t SE

Table II— Effect of fthalide on liver and kidney weight per body weight ratio(%) in rats

Groups Days Liver weight  Liver Weight/Body weight Kidney Weight Kidney Weight/Body weight
Control 3 6.74 + 0.24 3.11 £ 0.08 1.70 = 0.07 0.78 + 0.05

6 6.82 £ 0.32 3.10 + 0.05 1.76 + 0.09 0.80 = 0.06

9 7.25+0.28 3.11 +0.07 1.81 £0.04 0.80 £ 0.03

12 7.46 + 0.33 3.10 + 0.09 1.84 £ 0.05 0.78 £ 0.05
Fthalide 3 6.84 1 0.29 3.14 + 0.09 1.71 £ 0.07 0.78 + 0,04
(100 ma/kg) 6 6.99 + 0.27 317 + 0. 06 1.74 + 0.10 0.79 + 0.06

9 7.43 +0.21 321 00 1.82 + 0.09 0.79 £ 0.06

12 7621 0.27 3.19 = 0. 06 1.96 + 0.09 0.82 = 0.07
Each value is the mean + SE

Vol. 39, No. 4, 1995
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Table II— Effect of fthalide on total feed intake in
ten rats

Total intake(g) atter administration of fthalide

Groups
oup 3rd day  6th day  9th days 12th davs
Control 349 705 1074 1394
342 (SN 1054 1319

Table IV— Effect of fthalide on blood parameters in rats

Fol 37t Sl whel 0 1 Al S AlF
o Mgk v&L F7tete A o) Uik & g %
T F ol digt AE NES FTAME ¢ 3.11%
ot fthalideFoiwtol M= oF 3.20% 24 <k7he)
717} Ak, ol ekEFodol| osle] iu|thrt dojt
g ele] i ALRE T Bonds'2 4 pyreth-
rin 1.85% mg& &3 o) 9097t v A-r5o 319&
W AF FUHES Fashd e
Bae} olalslitt.

sl 7E tollA] 12¢Tel He Alg A3
Table 1HoA Hi= wiel o] fihalide Fof 7ol A
Aot Al 677 g2 thET 705 goll vigk) i

Ko} K Algtel 4] 2ol 7} Gl

A

Rr_

AR

O]N

Groups Days WBC RBC Hgb Hct MCV MCH MCHC PLT
1 92+217 70+04 13906 397189 542+ 187 20.1 =069 32.7+0.81 729 + 53
Control 2 107+108 73+x05 133+09 410x269 551161 182x0.37 333054 7644 72
3 97418 74+04 141+05 418+291 529+ 121 180 £ 1.21 33,5+ 1.87 810 £ 59
4 100+x234 7502 131+£05 524+178 524+ 1.78 19.7 =047 33.9 + 0.41 806 = 82
1 103+054 80+ 1.13 143+ 071 434 +£244 543+ 299 18.0 = 265 33.3 + 1.17 766 = 21
Fthalide 2 101 £0.38 73x0.09 13.1+091 416 +3.01 53.5+3.01 17.7 £ 3.00 329 £ 3.05 779 £ 29
(100 mg/kg) 3 88091 68x017 132084 419 +£159 5364 1.75 207 =274 3254+ 275 781 =30
4 79+041" 76+0.11 145+ 109 248 +4.03 656+ 4.36 18.8 + 251 335+ 334 799 + 37
Each value is the mean®=SE
Signiticant difference from control (*: p{0.05)

WBC: white blood cell. RBC:
MCV:

red blood cell. Hgb hemoglobin. Het: hematocrit
mean corpuscular volume. MCH: mean corpuscular hemoglobin

MCHC: mean corpuscular hemoglobin concentration. PLT: platelet

*  pd0.05

Table VI— Effect of fthalide on hepatic and renal microsomal cytochrome P-450 contents. NADPH-cytochrome C

reductase activity in rats.

Liver Kidney
X Da

Groups Y P-450 Cyto. C red [>-450 Cyto C red

Control 3 0.795 + 0.043 114.50 + 8.79 0.395 + 0.029 943+ 0.74
6 0.790 + 0.072 119.45 + 7.94 0.396 + 0.034 9.16 £ 0.65
9 0.784 + 0.109 120.38 + 6.43 0.384 + 0.027 9.45 + 0.59
12 0.804 + 0.062 117.84 + 7.52 0.390 + 0.045 954 + 043

Fthalide(100 mg/kg) 3 0.794 = 0.074 136.95 + 895 0.414 = 0.052 921 £ 097
6 0.843 + 0.065 130.49 + 543 0.444 + 0.085 943+ 045
9 0.901 + 0.019 130.59 + 7.62 0.524 + 0.069 9.76 + 0.54
12 1,089 + 0.074" 134.39 * 475 0.532 + 0.045 9.83 + 0.36

Each value is the mean * SE

Significant difference between control & treated group. (% :1p<0.05)

unit: Cytochrome P-450 (n mole/mg protein)

NADPH-cytochrome C reductade {(Cyvt.(" red) (n mole cvt.C.reduced/min/mg protein)

J. Pharm. Soc. Korea
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T 4EE 2909 RBC, Hgb, HetsollM = ¥ A5
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ted Y ALRE HFo 237 ATFFASEE W
Holabol WlE kAt a) ootk B udgon &
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2

gg MBSt W3 - FralideS$ ool whe g3 A
3lslx] M3l= Table VOlM RBE ulel Tk Ag-
partate aminotrnasferate(}s} AST) 9] &4 A3h=
orE- o] Fo Bt FUE £E tjFRgtol v]slo] Hat
F7k o B3] 129 FATAE Fadde &
7+g JERATE Z12iv) alanine aminotransferase
(o138} ALT) o} Al Fol 8427} S71ghel) whet
ofr Frkete WEE Hoy foue At
Dikshith's*" ¢ %41e] 71 hlol 4| Z2)4}8)7} Yol
w7l oldell wHRaAle] wEst A4
saminase #/de] Frtevia B usodE
A& AST7F 57H Aoz wol szt dds)=
707 A} Eict

Latic dehydrogenase(©]s} LDH) Aol 9lojA=
fthalide& Fol% wf T84} 7)) wial f¢
AU Z74¥20el ConishE™'ol ofatm aluko 2
LDHY dFo el B 22 &4} A F 7 e 7+

A% tran-
=) 24180

=7
[<) LU= =

&4 eJai M= LDH isoenzyme?) pattern® ® &
f 8% LDH-5-isoenzyme@4lo] F71%|3 Alzte)
&2l 9lsiA LDH,3 LDH, isoenzyme&Ad o] &7}
Aoty Bt BEAEHAME fthalideE 1297
2oJ3l A1l o] g A0 o] ZrlE AL
ol 71918k Zlo] opdrt Atz Ech ¥
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Table VII — Effect of fthalide on hepatic and renal microsomal protein concentration (mg/g wet weight)in rats

Group Days Liver VP(%)" Kidney VP(%)*
Control 3 21.83 + 0.65 - 18.96 + 0.45 -
6 2279 + 0.54 - 18.75 + 0.25 -
9 23.15 £ 0.87 - 1892 + 048 -
12 23.26 £ 0.73 - 19.04 + 0.56 -
Fthalide 3 2264 + 074 3.24 1943 + 0,36 2.48
(100 mg/ky) 6 2372 + 4.08 4.08 1984+ 0.21 5 81
o 9 25,04 £ 071 8.16 20.01 = 0.40 5.75
12 2553 + 0.92 9.76 20.74 £ 0.56 8.93

Each value the mean t SE
a! variation percent
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Table VIII— Effect of fthalide on hepatic microsomal
TBA-value in rats.

Table IX— Effect of fthalide on hepatic and glucose-6-
phosphatase activity in rats.

Groups Days TBA-value VP(%)" Groups Days G-6-pase VP(%)"
Control 3 1.569 4: 0.043 - Control 3 73.394 + 5.25 -

6 1.604 1: 0.016 - 6 72.747 + 6.45 -

9 1.625 4: 0.045 - 9 73.299 = 3.95 -

12 1.609 +: 0.017 - 12 75.724 = 6.04 -
Fthalide 3 1.572 + 0.035 0.19 Fthalide 3 74.214 + 3.09 -0.24
(100 mg/kg) 6 1.696 4: 0.043 5.61 (100 mg/kg) 6 72.452 + 6.21 -0.40

9 1.732 +: 0.029 6.58 65.856 + 5.43 -10.15

12 1.795 4 0.042" 11.56 12 66.779 £ 4.36 -17.10

Each value is the mean + SE

Significantly different from control (*: p. 0.05)
Unit: nM/min/mg protein

a’ variation percent
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Each value is the mean + SE
Unit: mMpi/min/mg protein
a’ variation percent
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Table X — Effect of fthalide on hepatic and serum cholinesterase activity in rats.

Groups Days Liver VP(%)* Serum VP(%)*
Control 3 3436 +0.24 - 2.556 + 0.14 -
6 3.529 £ 0.21 - 2.605 £ 0.13 -
9 3.504 + 0.35 - 2.596 + 0.19 -
12 3.605 + 0.29 - 2.543 + 0.25 -
Fthalide 3 3.256 + 0.29 -0.32 2.456 + 0.18 -3.19
(100mg/kg) 6 3.425 £ 0.31 -7.74 2243+ 0.16 -13.90
9 3.217 £ 0.43 -8.19 2.209 + 0.20 -14.91
12 3.096 =+ 0.25 ~14.12 2.145 + 0.26 -17.50
Each value is the mean = SE
Unit:liversm min g{wet wt.) Serum: um/min/mi
a! variation percent
Table XI — Effect of fthalide on hepatic and serum carboxylesterase activity in rats.
Groups Days Liver VP(%)* Serum VP(%)"
Control 3 28.49 + 1.69 - 112.43 + 8.30 -
6 28.72 £ 1.57 - 109.85 £ 7.21 -
9 27.91+1.09 - 108.76 + 9.43 -
12 2815+ 1.74 - 110.64 £ 7.92 -
Fthalide 3 29.42 + 1.73 - 115.96 + 7.25 3.14
(100 mg/kg) 6 30.15+ 125 3.26 116.21 + 7.01 491
9 31.35 £ 1.96 4.98 118.21 + 5.96 8.79
12 34.35 + 2.71 6.83 121.49 + 7.06 12.72

Each value is the mean + SE

Unit: Liver um B-naphtho/g (wet wt.)hr
Serum Um B-naphthol/mi/hr.

a’ variation percent

Reihold5*2 cholinesterase®] #4o] 71217
A9t 24o] acetylcholines teraseoll 24 2-8-3)
= SEhEol o3 F2 AAE ThE YRS
Aol T Aty B a3k up ok dkHo g §
Z10A AEAE v EF AFA Z2E o qHH o
Z cholinesterase &/4°] AatAl A= A4 =4
&€ Atk 2t B YA R fthalide®
oz 7+ 2 A chrolinesterase 84J0] AslH+
A2 Reihold5™e] Basl dxlsks Ao Algd
=y

ZH& U EA carboxylesterase 40| His} - 743
2 ¥AFol carboxylesterase?] A W3l Table
XIollA4 5 npe} 7o) 743 homogenastes 9| car-
boxylesterase 8493} fthalide FATE =T
 FAESE A &S JER AL Qo) Fof Sl7t Solzt
of whel Tt Aol AT w3 HAY d4A A
FAE FF HTRAT F FrIAA AFAR]
paraoxons ¥9% w paraoxon® F4& 7AAlT)
L oz2tae ety Rasldsy o) Re Ko A

N

A dEAo] 2dle} 7oA 9] esterase(A-esterase)
o] &Ao) Z71507) wWlFo free paraoxon® Y&
ZAaAF)E Ze) I Ylelabal e A ot

Pthalide®] =
mg/kg® 1293 AF5stn dAshy 2 § o A5t
&HA wisel bR At el WXE JEE JPEA
o, oz 2 el A 2 glucose-6-
phosphatase 84S A8 Mzt A= 9%

£ 438 1. chlinesterase®t carboxylesterase &

A& ZAste] WA vRl= PGS Algsich
o A v 2tk

1. Fthalidet LDyl 3.86 g/KgZ24 254 E4 0]
2R 129 FojFollA] HEFR| 7} t 23t H]sle] f
QA ZaEIR e ALT 2 LDH 2437 3dto]
=) vl o)A U A Skt

2. Fthalide 1290 FoiolM 7+ cytochrome P-

]. Pharm. Soc. Korea



g1zl loJA] Fatalide®l 54 459

4508 o] Fo Al FrtE Y e, fthalided] %
8427} F7hstol] upe} A1 cytochrome p-450 % 7F
Zut A1 2ke] NADPH-cytochrome ¢ reductase &4
o] Z7hsl B2 ot FreAde gk

3. Fthalide 129 S| FollA 1H3e] #atsix]d &
Aol FralddA ERA=EN oY, 7 glucose-6-phos-
phatase £4& fthalide?| Fof 3571 St uf
2} 7 AEE o) g2 glict

4. Fthalide FovelAl v 2 #HF cho-
v AR A ddoy felde ¢l
#HF carboxylesteraseBA & F7}5 =
o feoj gL glgdck
ol Am2 Ho} fthalide:: H&5A E&o|x|gt
Omg/Kg”*‘ 14134 12Y o] o sPH ME
=43 AR Jehdrhiz 48 BeFAct

linesterase
A, 3t

6(;:

1

o,
o 32 >{‘5

°l

5 or F1°

EnEs

1) Chida. T.: Studies on mechanism of controlling
of fthalide aganist Rice Blast Disease. Japan Pes-
ticide Science 14, 363 (1989).

2} Murakami. Y.. Matsumoto. H.. Tanaka. R..
Nakazaea. H. and Fujita. M. Simultaneous de-
termination of organoclorine herbicides and
fungicides in Blue Mussel (Mytilus edulis) by
Gas Chormatography. |. Food. Hyg. Soc. Japan.
27(6). 642 (1986).

3) Sato, R.., Teramoto. S. and Shirasu, Y.: Two-
generation reproduction studies in rats with
fthalide. J. Pesticide Sci. 5. 367 (1980).

4) Morgan, D. P.: Recognition and management of
pesticide poisoning 3rd ed. U. S. Environmental
Protection Agency. Washington. D. C.. p238
(1982).

5) Matsumura, F. and Ghiasuddin S. M.: DDT-
sensitive Ca-ATPase in the axonic membrane.
Neurotoxicology of insecticides and pheromones edit-
ed by Narahashi. T., Plenum Press. New York.
p245 (1979).

6) Narahashi. T.: Nerve membrane ionic channels
as the target site of insecticides. Neurotocixology
of insecticides and Pheromones. edited by Nar-

ahashi. T.. Plenum press. New York, p211 p352

Vol. 39, No. 4, 1995

(1979,

7) Telch, J. and Jarvis. D. A.: Acute intoxication
with lindane (gamma benzene hexachloroide):
CMA]. 126, 662-663 (1982).

8) Dable, W. E. and Gaines. T. B.: Poisoning by
DDT: Relation between clinical signs and con-
centration in rat brain. Science 142, 1474 (1963) .

9) Kamath. S. A., Kummerow. F. A. and Narayan,
K. A1 A simple procedure for the isolation of
rar liver microsomes. FEBS Letters 17, 90 (1971).

10) Cinti, D. L., Mildeus.P. and Schenkman. J. B.:
Kinetic parameters of drug metabolizing en-
zymes in Ca”' sedimented microsomes from rat
liver Biochem. Pharmacol. 21, 3249 (1972).

11) Omura, T. and Sato. R.: The carbon monoox-

ide-binding pigment of liver miclosomes. J. Biol.

Chem . 239, 2370 (1964).

Matsubura, T.. Koike, M., Touchi, A.. Tochino.

Y. and Sugeno, K.: Quantitative determination

of cytochrome P-450 in rat liver homogenate.

Analytical Biorhemictry 75, 596 (1976).

Masters, B. S. S.. Willis.. Jr. C. H. and Kamin,

H.: The preparation and properties of mi-

12

~—~

13

=

crosomal TPNH-cytochrome ¢ reductase from
pig liver. Enzymology (edited by Estabrook.R.W,
and Pullman. M.E). Acadeic Pres. New York. p
565 (1967}
Mazel. P.: Comparison of microsome from con-
trol and phenobarbital treated rats as to NAD-
PH-cytochrome ¢ reductase activity. Fun-
damentals of Drug disposition edited by La Du. E.
N.. Mandel. H. G. and Way, E. L.). P575 (1972).
15) Lowry. O. H.. Rosebrough. N. J., Farr. A. L.
and Randall. R. J.: Protein measurement with
the folin phenol reagent. J. Biol. Chem. 193, 265
(1971),
NI A
(1966).
17) Traiger. G. J. and Plea. G. L.
the potentiation of carbon tetrachloride in rats

14

=

B UIRE BIRE. R, 33, 660

Differences in

by ethanol and isopropanol pretreatment. Tox-
icol. Appl. Pharmacol 20, 105 (1971).

18) Fiske. C. H. and Subbarow. Y.: The colo-
rimetric determination of phosphorus. J. Biol
Chem . 66375 (1925).



460 ez

%

19) Ellman. G. L.. Courtney, K. ., Ander, Jr. V.
and lFeatherstone. R. M.: A new and rapid colo-
rimetric determetric determination of a-
cotylcholinesterase activity. Biochem. Pharmacol
7. 88 (1961).

20) Nachlas. M. M. and Seligman. A. M: Evidence
for the specificity of esterase and lipase by the
use of three chromogenic substrates. J. Biol
Chem . 181, 345 (1949).

21) Bond. H.. Mauger, K. and Defeo. J. J.* In-
teractions in the toxicity of pyrethrum. syn-
ergist and other chemicals to mammals.
pyrethrum, The Natural Insecticide (edited by
Casida. J. E.) Academic Press. New York. pl74
(1973).

29) Parker. C. M.. Patterson, D. R., Van Gelder, G.
A.. Gordon, E. B.. Valerio. M. G. and Hall. W.
C.: Chronic toxicity and carcinogenecity evalu-
ation of fenvalerate in rats. J. Toxicol. Environ.
Health 13, 83 (1984).

23) AR A48 Cypermethrin ¥} piperonyl bu-
toxide7} rat ©] RpiERFEoll vl %3 A KEFELHRE
i, 34, 69-79 (1990).

24) Dikshithm, T. S. S.. Datta, K. K., Raizada. R.
B. and Kushwah, H.S.: Effects of paraquat di-
chloride in male rabbits. Indian journal of Ex-

perimental Biology 17, 926 (1979).

25) Cornish. H. H. Barth. M. L. and Dodson. V. N.:
Isozyme profiles and protein patterns in spec-
ific organ damage. Toxicol. Appl. Pharmacol. 16,
411 (1970).

26) Ray, D. E. and Cremer, J. E.’ The action of de~
camethrin (A synthetic pyrethride) on the rat.
Pestic. Biochem. Physiol, 10, 333 (1979).

97) Hart. L. G. and Fouts. J. R.: Effect of acute
and chronic DDT aministration on hepatic mi-
crosmal drug metabolism in the rat. Proc. Soc.
Exprl. Biol. Med. 114, 388 (1963).

28) Hart, L. G.. Shultice. R. W. and Fouts. J. R.:
Stimulatory effects of chlordane on hepatic
metabolism in the rat. Toxicol. Appl. Pharmacol.
5, 371 (1963).

29) Feuer. G.. Golberg, L. and Le. Pelley. J. R.:
Liver response tests, 1. Exploratory studies on
glucose-6-phosphatase and other liver enzymes.
Fd. Cosmet. Toxicol. 3. 235 (1965).

30) Crice, H. C.: The changing role of pathology on
modern safety evaluation. CRC Crit. Rev. Tox-
icol. 1,119 (1972).

31) Reinhold. J. G.: Measurement of serum CHE
activity. Am. J. Clin. Path. 23, 645 (1953).

J. Pharm. Soc. Korea



