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Abstraet —The aim of this experiment is to observe the toxicity of cypermethrin[S, R- <yano-3-phe-
noxybenzyl-(1R, ls, cis, trans)-2,2-dimethyl-3-(2,2-dichlorovinyl) cyclopropane carboxylate] and to investi-
gate the synergistic effect of piperonyl butoxide on the cypermethrin toxicity.

In cypermethrin (CYP) treated group, the biochemical parameters such as ALT, LDH, glucose in
serum were remarkably elevated. The content of cytochrome P-450 and activity of NADPH-cytochrome
¢ reductase in renal microsomal fraction were increased but those in hepatic microsomal fraction were not
significantly increased. The activity of aniline hydroxylase and ATPase in liver were decreased.

In the case of CYP plus piperonyl butoxide (PB) treated group, AST, ALT, LDH and glucose were
more increased. Cytochrome P-450 and NADPH-cytochrome ¢ reductase in liver and kidney were
supressed and aniline hydroxylase and ATPase in liver were more decreased.

Especially, in the case of CYP plus PB 100 mg/kg treated group, hepatic TBA value was increased but
activity of glucose-6-phosphatase was remarkably depressed.

Keywords (] c¢is-Cypermethrin, piperonyl butoxide, biochemical parameters, cytochrome p-450, NADPH-
cytochrome C reductase, aniline hydroxylase, ATPase, TBA value glucose-6-phosphatase
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Table I—Effect of cypermethrin and piperonyl butxide on body weigh, and liver and kindey weight per body

weight ratio (%) in rats.

Groups Final b.w. Gained (%) Liver wt/b.w. Kidney wt/b.w.

Contrel 1week 236.3+3.64  +10.16 3.16+0.097 0.70+0.018
ontro 2 weeks 264.4+44.01  +19.52 3.14+0.100 0.72+0.021
1week  244.6+3.55 +8.86 3.12+0.106 0.72+0.024
PB (100 mg/kg)* only 2 weeks 269.8+3.62  +17.36 3.13+0.097 0.73+0.029
1week  232.3:+3.42 +7.40 3.15+0.104 0.71+0.022

% b t e
CYP (10 mg/kg)” only 2 weeks 243.2+43.95  +13.54 3.1040.094 0.70+0.020
1week  226.0+3.54 +7.31 3.2140.098 0.69+0.023

b pung -
CYP (100 mg/kg)’+PB (50 mghkg)® o 1o 95864443  +13.22 3.17+0.091 0.72+0.022
1week 224.9+4.18 +17.66 3.20+0.104 0.73+0.020
CYP b *

(10 mg/kg)®+PB (100 mglkg)t o oo 241.144.40 +8.26* 3.29+0.106 0.70+0.024

Each value is the mean+ SE of 8-10 rats.

Significant difference between control and treated group. (*, p<0.05)

a; piperonyl butoxide, b; cypermethrin, b.w.; body weight

Table I1—Effect of cypermethrin and piperonyl buto-
xide on average feed efficacy for 2 weeks in

rats.
Total Net Efficac,

Groups . - ¥

P intake (g) gain (g)  (g)
Control 1527 344 22.5
PB (100 mg/kg) only 1617 319 19.7
CYP (10 mg/kg) only 1456 232 15.9
CYP (10 mg/kg) 1408 242 17.2
+PB (10 mg/kg)
CYP (10 mg/kg) 1321 147 11.1

+PB (100 mg/kg)
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A& PB wh5-Foi ¢ HHEb) giglov CYP
FRole Frtsle] 273olE oAl Fobskt.
PB 50mg/kg % .PB 100mg/kg EFFATE #
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o FollA 25 Fol dAg F7b7t ekt 46k

J. Pharm. Soc. Korea



Cypermethrin® Piperonyl butoxide”} rat®] SAwSol wxje 4 73

Table III — Effect of cypermethrin and piperonyl butoxide on biochemical parameters in serum of rats.

Groups AST (U/L) ALT (U/L) LDH(U/L)  ALP (U/L)  Glucose (mg/dl)
Contron 1 week 115.9+3.29 54.842.26 372.2+22.21  199.6+ 9.44 96.2+ 2.83
2 weeks 117.5+45.07 55.6+2.09 369.9+19.21  212.3:+10.24 96.7+ 3.84
PB (100 mg/kg) only 1 week 116.9+5.39 57.0+3.08 363.5:+28.18 204.2+13.81 965+ 8.43
2 weeks 116.3+4.17 56.8+2.57  369.4+33.97 201.5+16.77  96.1+10.80
1 week 118.24+1.31 68.7+1.72** 437.1+28.57* 201.2+12.52 122.3+ 8.70*
CYP (10 mghkgl only 5 o ois 12024651 71.642.90** 458.4425.83* 208741267 12964 6.81%*
CYP (10 mg/kg)® 1week 123.2+5.71 69.6+2.12** 467.6+21.51* 218.6+20.52 125.3+ 8.00**
+PB (50 mg/kg)e 2 weeks 122.9+2.88 76.4+3.03** 463.24+30.09* 219.1+12.59 131.4+ 8.17**
CYP (10 mg/kg) 1 week 131.6+3.93* 82.5+3.24** 470.8+25.16* 221.5+15.68 135.8+10.99%*

+PB (50 mg/kg)e 2 weeks

139.31+5.40* 85.9+3.14** 493.9+21.88** 233.4+17.99

157.3+ 7.60**b

Each value is the mean+ SE of 8-10 rats.

Significatant difference between contol and treated group. (*, p<0.05, **, p<0.01)

a; piperonyl butoxide, b; eypermethrin.
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Table 1V — Effect Qf cypermethrin and piperony! butoxide on hepatic and reenal microsomal cytochome P-450 con-
tents, NADPH-cytochome ¢ reductase activity in rats.

Liver Kidney
P-450 Cyt.cred. P-450 Cyt.cred.
control 1 week 0.749+0.0287 115.1+6.54 0.252+0.0181 10.96+0.662
2 weeks 0.743+0.0333 121.0+6.19 0.259+0.0158 10.52+£0.546
PB (100 mg/kg)* only 1 week 0.686+0.0322 98.415.72 0.227+0.0139 10.45+0.572
‘ 2 weeks 0.66140.0313 99.1+66.11* 0.219+0.0146 9.662+0.550
CYP (10 mg/kg)? only 1 week 0.758 +0.0345 123.2+6.73 0.315+0.0176* 11.24+0.665
2 weeks 0.752+0.0362 138.416.65 0.321+0.0179* 12.86+0.578*
CYP (10 mg/kg)® 1 week 0.746 +0.0356 118.51+4.69 0.304+0.0146 11.124+0.622
+PB (50 mg/kg)® 2 weeks 0.739+0.0324 120. +7.04 0.287+0.0153 11.88+0.627
CYP (10 mg/kg)? 1 week 0.710+0.0310 116.5+5.49 0.292+0.0160 11.20+0.595
+PB (50 mg/kg)e 2 weeks 0.607 +0.0288* 117.745.90 0.301+0.0204 11.07+0.601

Each value is the mean + SE of 8-10 rat.
Significant defference control group (*p<0.05)

Unit; cytochrome P-450 (n mole/mg pretein), NADPH-cytochrome ¢ reductase (cyt.c red.) (n mole cyt.c. reduced/

min/mg/protein), a; piperonyl butoxide, b; cypermethrin.
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Table V— Effect of cypermethrin and piperony! butoxide on hepatic microsomal aniline hydroxylase activity in rats.

Groups 1 week VP(%)° 2 weeks VP(%)e
Controls 1.192+0.0539 - 1.219+0.0630 -
PB (100 mg/kg)* only 1.174+0.0587 ~151 1.182+0.0527 -7.14
CYP(10 mg/kg) only 0.863 +£0.0476 ~27.60 0.807+0.0363* -33.80
CYP (10 mg/kg)® +PB (50 mg/kg)® 0.845+0.0431* -29.11 0.786+0.0365* -35.52

CYP (10 mg/kg)® +PB (100 mg/kg)e 0.813+0.0392* -31.80 0.655+0.0277* -46.28

Each value is the mean+ SE of 8-10 rats.
Significant difference between control and treated group. (*, p< 0.05)
Unit; p-aminophenol formed n mole/mg protein/hr a; piperonyl butoxide, b; cypermethrin, b.w.; body weight

Table VI—Effect cypermethrin and piperonyl butoxide on hepatic TBA value in rats.

Groups 1 week VP(%)e 2 weeks VP(%)°
control 1.28+0.074 - 1.26 £ 0.069 -
PB (100 mg/kg)e only 1.27+0.058 -0.78 1.43+0.062 +13.49
CYP(10 mg/kg)® only 1.31+£0.070 +2.34 1.30+0.065 +3.17
CYP(10 mg/kg)® +PB (50 mg/kg)e 1.30+£0.065 +1.56 1.44+0.073 +14.29
CYP(10 mg/kg)® +PB (100 mg/kg)® 1.29+0.063 +0.78 1.49+0.059* +18.25

Each value is the mean+ SE of 8-10 rats.
Significant difference between control and treated group. (*, p<0.05)
Unit; n mole/min/mg protein, a; piperonyl butoxide, b; cypermethrin, ¢; variation percent.
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Table VII—Effect of cypermethrin and piperonyl butoxide on hepatic microsomal membrane ATP ase activity

in rats.

Groups total ATP ase Mg2+ ATP ase Na+K+ ATP ase

Control 1 week 0.655 1+ 0.0346 0.271+0.0142 0.384+0.0182
2 week 0.649 +0.0289 0.270+0.0135 0.379+0.0164

PB (100 mgflg) oy sweks OoSTiD0o  Oomos00®  0s6ss00s
CYPQ0 mghkgh ony swes Obisome Dm0 0313500180
CYPOOmgEP PR GVMBKES 5\ oaps0ee  0aa00us  Da19s00lse
CYPQOmekep +PB GOMGMEY 5 ucuis  ougaoomo  01Sa000R"  0298s00148

Each value is the mean+ SE of 8-10 rats.

Significant difference between control and treated group. (*, p<0.05, **, p<0.01)

Unit; «Mpi/mg protein/min, a; piperonyl butoxide, b; cypermethrin.
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Table VIII—Effect of cypermethrin and piperonyl butoxide on hepatic glucose-6-phosphatase activity in rats.

Groups 1 week VP(%)e 2 weeks VP(%)e
control 4.48+0.216 - 4.51+0.224 -
PB (100 mg/kg)* only 4.42+0.241 ~1.34 4.29+0.234 -4.89
CYP (10 mgrkg)? only 4.43+0.232 +1.12 4.04+0.227 -10.42
CYP (10 mg/kg)® +PB (50 mg/kg)e 4.45+0.217 -0.67 3..96 +0.236 -12.20
CYP (10 mg/kg)® +PB (100 mg/kg)e 4.41+0.225 -1.56 3.77+0.220* -16.41

Each value is the mean+ SE of 8-10 rats.

Significant difference between control and treated group. (*, p<0.05)
Unit; n mole/min/mg preotein a; piperonyl butoxide, b; cypermethrin, ¢; variation percent.

® PB E¢Fele] o8t ofAlst ez »
of ZHA|Z &Abo| AlFAL o & 9o}
7. Zt& glucose-6-phosphatase &AJuis}

7 O
% homogenate 59| glucose-6-phosphatase
4= Table VIIIolA ¥ njo} o] 13
ATollA = 7 Agde] bzl vis] HHast
et 25 Foliol o PB mhEFo 7o
H3lrl gloley CYP %5 o PBobe) &3%
of T8 FHaslhe 7] AN 53 PB 100mg/
E3hele] Foigh FollAl ol wls A
8] Z+a-3tgdc), glucose-6-phosphatase = endo-
plasmic reticulum & A7} gl o] T34
Adl= organelle o] £AMS Eo|xoz upeld}
o}, 4 Feuer %“9& 1059 7=4E4L ratol
Folalgs w &= glucose—6—phosphatase 4]
= JA g 4-% WA w) Qle}, ma Traiger
<° ’—?: C14 ] 94311 ZHA 2] Eabe] FubE|gl S
o
2}A] o] ;@’__L%’%‘" o S kAl g st
Ag2A o] &=y gt
100mg/kg # &3sted Foidh of] ZhA|lEate] £}
o] AAFA vehte Zos Algdr),

“?‘1
>
ek
N
A

2 B
Cypermethrin(CYP) % piperonyl butoxide
(PB)& ratoll &5 2 &3 77Fosle] FAA
BehA wighe}l R Ui E A vlXE 3L 24}
shoict, et 7he] AlZute] mlAe J e Bo)
HAste]  #abstx| At ATPase %
-phosphatase #+32] W35 A3},

glucose-6

Vol. 34, No. 2, 1990

PB 100 mg/kg & &E¥sted 257 FeAg
AST, ALT, LDH &4 9 glucose &
%th, PB 100mg/kg & £33l 2577k Foidh &
ol4] 7% cytochrome P-450 &gko] 7bA3dlodx
CYP wl=-FoiFol4 A% NADPH-cytochrome
¢ reductase o] F7Ist3ich, =3 74 aniline
hydroxylase 842 CYP 5 o PB &£3d5o1
oA thzto] Zh4Blct, PB 100mg/kg-5 £33
of 257 Fdg oA FAbSRIAL FokEge
{, 7% glucose-6-phosphatase £43-& 743519
o}, =3 754 ATPase 84 CYP w5 1 P
E3Foioll A thRto] ZhAsgict,

olale] Az Hol CYPS th5og Fold uf
Rr} PBeb E35oigle] wel Zhasist oS- Als)
€ Aeg A 4 qlot,

d

w

R}

e

[—]
L

1) John E, Casida: Pyrethrum flowers and pyrethroid
insecticide, Environ. Health Perspect.,
189-202 (1980).

2) W.N. Aldridge : Toxicology of pyrethroids. Pesticide
chemistry, vol. 3, pp. 484-490 (1982).

3) Elliot, M.: Properties and application of pyrethroids.
Environ. Health Perspect. vol. 14, pp. 3-13 (1975).

4) R.D. Verschoyle and M.N. Aldridge: Arch. Toxicol.
vol. 45, pp. 325-329 (1980).

5) David H. Huteon, Laretta C. Gaughan and John E.

Casida: Metabolism of the cis-and trans-isomers of

vol. 34 pp.

cypermethrin in mice. Pest. Sci. vol. 12, pp. 385-398
(1981).
6) Wauroen J. Grawford, Andrew Crouchor and David



78

AT BAS

7
8

9

=

10

=

11)

12

~

13

~

14)

15)

16

=

17)

18) KEHTF BERILIEHE B,

H. hustion: The metabolism of the pyrethroid insec-
ticide cypermethrin in rats.: Excreted metabolites.
Pest. Sci. vol. 12, pp. 399-411 (1981).

Wach, H., Science. vol. 105, p. 530 (1947).
Yamamoto, I. et al. J. Econ. Entomol. vol. 59, p. 1542
(1967).

Cinti, D.I., Moldeus P. and Schenkman, S.: Kinetic
parameters of drug metabolizing enzyme in Ca®*
sedimented microsome from rat liver. Biochem. Phar-
macol. vol. 21, pp. 3249-3256 (1972).

Omura, T.

binding pigment of liver microsomes I Evidence for

and Sato R.: The carbon monoxide-

its hemoprotein nature. J. Biolo. Chem. vol. 239, pp.
2370-2378 (1964).

Carson P. and Schoenig G.P.: Induction of liver
microsomal NADPH-cytochrome ¢ reductase, cyto-
chrome P-450 by some new synthetic pyrethroids.
Toxicol. Appl. Pharmacol. vol. 52, pp. 507-512 (1980).
Kamath, S. A., Kummerow, F.A. and Narayan,
K.A.: A simple procedure for the isolation of rat liver
microsomes. Febs. Letters. vol. 17(1), pp. 90-92
(1971).

Takashi, M., Mashiro, K., Akira, T., Yoshihiro, T.
and Koichi S.: Quantitative determination of cyto-
chrome P-450 in rat liver homogenate. Ana. Bio-
chem. vol. 75, pp. 596-603 (1976).

Masters B.S.S., Williams Jr. C.H. and Kamin H.:
The preparation and properties of microsomal
TPNH cytochrome ¢ reductase from pig liver. In
method in Enzvmology vol. 10, pp. 565-573. Ed. by
Estabrook, R.W. and Pallman, M.E., Academic
Press. New York, (1967).

Mazel, P.: Comparison of microsome from control
and phenobarbital pretreated rats as to NADPH-
cyte, ¢ reductase activity. In Findamentals of Drug
Metabolism and Drug Disposition. pp. 575-577, Ed. by
La Du E. N., Mandel, H.G. and Way, E.L. (1972).
Ryuichi Kato and Tames R. Gillete: Sex differences
in the effects of abnormal physiological states on the
metabolism of Drug by rat liver microsomes. 7he
Journal of pharmacology and FExperimental Thera-
peuitics, vol. 150, No. 2, pp. 285-291 (1965).

Imai, Y., Ito, A. and Sato, R., J. Biochem. in Press
(1966).

BT, 33

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

3D

32)

660(1978).
Katz, A.l. and Epstein, F.H.: The role of Na*+K+* ac-

tivated AT Pase in the reabsorption of sodium by kid-
ney. J. Clin. Invert. vol. 46(12), pp. 1999-2011 (1967).
Boyer, J.L.. and Reno, D.: Properties of (Na+-K+)-
activated ATPase in rat liver plasma membrane
enriched with bile canaliculi, Biochem. Biophys. Acta,
vol. 502, pp. 69-72 (1975).

Fiske, C.H. and Subba Row, Y.: The colorimetric
determination of phosphorous. J. Bio. Chem. vol. 66,
pp. 375-400 (1975).

Traiger, G.J. and Plaa, G.L.: Differences in the
potentiation of carbon tetrachloride in rats by
ethanol and isopropanol retreatment. Toxicol. Appl.
Pharmacol. vol. 20, pp. 105-112 (1971).

J.m. Barnes and R.D. Verschoyle: Toxicity of new
pyrethroids insecticide, Nature (London) Vol. 248,
pp. 710-711 (1974).

D.E. Ray and J.E. Cremer: The action of decame-
thrin on the rat. Pest. Biochem. Physiol. vol. 10, pp.
333-340 (1979).

{2 BEE2ER (Japan) | Unpublished Data,
Bond Howard, Mauger Karen, Defeo John, J.: In-
teractions in the toxicity of pyrethrum, synergists
and other chemicals in mammals. Pyrethrum. Natur.
Insectic. Pap. Int. Svmp., pp. 177-194 (1972).
Dikshith, T.S.S., Datta, K.K., Raizada, R.B. and
kushwah, H.S.: Effect of paraquat dichloride in male
rabbits. Indian Journal of Experimental Biology, vol.
17, Sept., pp. 926-928 (1979).

Edward, A. Lock and Pamela, N. Berry: Biochemical
changes in the rat cerebellum following cyperme-
thrin and administration. 7oxicology applied Pharma-
cology. vol. 59, pp. 508-514 (1981).

J.E. Cremer and M.P. Seville, Toxicol. Appl. Phar-
macol., submitted (1982).

Gray, P. Carlson and Gerald, P. Schoenig: Induction
of liver microsomal NADPH and cytochrome P-450
by some new synthetic pyrethroids. 7oxicologv and
Applied Pharmacology. vol. 52, pp. 507-512 (1980).
J.L. Riviere, Jocelyne Bach and G. Grolleau: Effect
of pyrethroid insecticides and N-(3,5 dichlorophenyl)
dicarboximide anes quail. (Coturnix coturnix) Bull.
Environ. Contan. Toxicol. vol. 31, pp. 479-485 (1983).
Springfield, A.C., Carlson, G.P. and Defeo, J.J.;

J. Pharm. Soc. Korea



Cypermethrin® Piperony! butoxide”} rate] EAurgof vzl 43 79

33)

34)

37)

38)

39)

40)

41)

Liver enlargement and modification of hepatic mi-
crosomal drug metabolism in rats by pyrethrum.
Toxicol. Appl. Pharmacol. vol. 24, pp. 298-308 (1973).
Casida, J.E., Engel, J.L., E.G., Kamienski, F.X. and
Kuwatsuka, S., Science, vol. 153, p. 1130 (1966).
John, E. Casida: Mixed-function oxidase involvment
in the biochemistry of insecticide synergist. /. Agric.
Food Chem. Vol. 5, No. 5, pp. 753-772 (1970).

Yun Pei Sun and Johnson, E.R., J. Agric. Food
Chem., Vol. 8, p. 261 (1960).

Fukuto, T.R., Metcalf, R.I., Winton, M.Y. and
Robert, P.A., J. Econ. Entomol., Vol. 55, p. 341
(1962).

Lichtenstein, F.P., Schulz, K.R. and Cowley, C.T.. /.
Econ. Entomol., Vol. 56, p. 485 (1963).

Brooks, G.T. and Harrison, A., Biochem. Pharmacol.,
vol.13, p. 827 (1964).

Esaac, E.G. and Casida, J.E. (1969). Metabolism in
relation to mode of action of methylenedioxyphenol
synergists, in houseflies. /. Agr. Food. Chem., Vol. 17,
pp- 539-550.

Wilkinson, C.F. and Hicks, L.J. (1969). Microsomal
metabolism of the 1,3-benzodioxole ring and its
possible significance in synergistic action. J. Agr.
Food. Chem.. Vol. 17, pp. 829-836.

Hansch, C. (1968). The use of homolytic, steric, and
hydrophobic constants in a structure activity, study
of 1,3-benzodiorole synergists. J. Ned. Chem. Vol. pp.
920-924.

Vol. 34, No. 2, 1990

42)

43)

44)

47)

48)

49)

Hennessy, H.]. (1965). Hydride-transferring ability
of methylendioxylbenzenes as a basis of synergistic
activity. /. Agr. Food. Chem. Vol. 13, pp. 218-220.
Wilkinson, C.F. (1971). Insecticide synergists and
their mode of action. Proc. Int. Congr. Pestic. Chem.,
2nd. (1971) vol. 2, pp. 117-159.

Brody, T.M. and Akera, T. {(1977). Relations among
Na+*, K*+-ATPase activity transmembrane sodium
movement, and . ardic contractility. Fed. Proc., Vol.
36, pp. 2219-2224.

Nechay, B.R. (1977): Biochemical basis of diurcctic
action. J. Clin Pharmacol., Vol. 17, pp. 626-641.
Ahmed, K. ad Thomas, B.S. (1971): The effects of
long chain fatty acids on sodium plus potassium ion
stimulated adenosine triphosphatase of rat brain. /
Biol. Chem. Vol. 246, pp. 103-109.

F. Matsumura: Influence of chlorinated and py-
rethroid insenticides on cellular calcium regulatory
mechanisms. Festicide Chemistrv. Vol. 3, pp. 3-39
(1982).

Recknagel, R.D. and Glande, F.A., Jr (1973): Carbon
tetrachloride hepatotoxicity: An example of lethal
clearage, C.R.E. Crit.. Rev.
263-297.

Feuer, G., Golberg, I. and Le Pelley, J.R. (1965):

Liver response tests, L

Toxicol., vol. 2, pp.

Exploratory studies on
glucose-6-phosphatase and other liver enzymes. Fd.
Cosmet. Toxicol., vol. 3, pp. 235-249.



