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Effect of Alphamethrin on Glutathione Redox System in Rats
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Abstract. Data are presented on the hepatic glutathione content and on the activity of two main enzymes
involved in oxidoreduction reactions of glutathione (glutathione peroxidase and glutathione reductase) in the
rat's liver treated with 85 mg/kg (1/10" of an LD s dose) of an insecticide alphamethrin for 2 hours. The
results indicate that the treatment with 1/10" of an LD s, of aphamethrin can affect the glutathione redox
system. However, the exposure to alphamethrin resulted in a 60% reduction (P<0.001) in reduced hepatic
glutathione. The glutathione peroxidase activity, which is involved in the detoxification of peroxide
compounds arising from aphamethrin metabolites, increases by 52% (P<0.05). Similarly, the glutathione
reductase increases by 52% (P<0.001). Despite the increased activity of glutathione reductase, it is not in
correlate with the decrease in glutathione content (60%) to maintain a stable ratio of GSH/GSSG.
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Introduction

Alphamethrin  (alpha-cyan-3-phenoxybenzyl-1,3/2-dichlorovinyl-2-dimethyl  chloro
propane carboxylate) is a neurctoxicant synthetic pyrethroid that has been widely used as
an insecticide and its LD 5, for rat is estimated 850 mg/kg (Shell Company Ltd.). The
majority of these compounds are metabolized in mammals and are readily excreted
through the digestive apparatus or in the milk [1, 2]. Their great lipophilicity makes them
active toxic substances, which have an influence on the liver, kidneys etc. These organs
are distinguished not only by their great lipid content, but they are also organs of
excretion and detoxification [2].

The glutathione defense enzyme system in living cells detoxifies and eliminates
both endogenous materials and xenobiotics, leading to the formation of products easily
soluble in water and to their rapid elimination from the organism. These processes pass
through many stages and interact closely with other enzymes, transforming compounds
such as pesticides, drugs, hormones etc..., which are found in the organism, into non-
toxic or less toxic products [3-5].
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The glutathione redox cycle includes two main enzymes: glutathione reductase
(GR) or NADPH: oxidized glutathione oxidoreductase, EC: 1.6.4.2, which transforms
the oxidized glutathione (GSSG) into its reduced form (GSH), and the glutathione
peroxidase (GPx) or glutathione: hydrogen-peroxide oxido-reductase, EC: 1.11.1.9,
which activates the reaction of transforming the hydroperoxides into a primary acohol.
This enzyme system includes also the glutathione S-transferase (GST), which catalyzes
the reaction between the reduced glutathione and xenobiotic, carcinogenic and
electrophilic compounds with the formation of GSH-conjugates [3]. The tripeptide
glutathione is known for its important role in the detoxification of electrophilic toxic
compounds and xenobiotics through conjugative reactions, catalyzed by glutathione S
transferase with the formation of mercapturic acids [4, 5]. The reduced glutathione is
also involved in the detoxification of many toxic peroxides, by supplying these
compounds with protons, transforming them into primary acohols in the presence of
glutathione peroxidase [6]. In the process of these detoxifying reactions, the reduced
glutathione (GSH) oxidizes into the oxidized form (GSSG), so its level in the cells
decreases. For example, the content of reduced glutathione decreases by 35% for animals
receiving 10 pg/kg buthionine sulfoximine [7] and by more than 50% for rats treated
with 2.5 mg/kg of the synthetic oestrogen vitesterol [5].

The oxidation of reduced glutathione by glutathione peroxidase, which is
connected with the reduction of oxidized glutathione by glutathione reductase, is
important in defining the redox status of glutathione. The regulation of GSH/GSSG ratio
is an important function for both enzymes and it is very high in detoxification organs
such as liver, kidney, intestines, which sustains also the integrity of the cell membranes
against peroxide effects [8].

The aim of this research was to study the glutathione redox system in the liver of
male rats after their treatment with 1/10 of an LD 5, dose of alphamethrin. These
investigations were in relation with the clarification of the metabolism of this pyrethroid
pesticide in the liver as a site of detoxifying reactionsin the organism.

Materials and Methods

All chemicals used in this work were purchased from Sigma Chemical Company.
Laboratory animals, albino Wistar male rats were brought from Algiers Pasteur Institute,
at the age of 10 weeks, with an average live weight of 200 g. They were located in a
room with an ambient temperature 21+1°C and 12 hours of light daily. They have a
standard specified diet for rats and daily water renewal. The experimental animals were
treated once by oral gavage (per os) with 85 mg/kg (1/10" of an LD s, dose) of
alphamethrin in the olive oil solution form. The control group is treated once per os with
olive oil only. Two hours after treatment, the rats were killed by decapitation and the
liver was taken out. Twelve liver organs were used in measurement of glutathione
reductase and glutathione peroxidase activities and glutathione content.
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The reduced glutathione was determined spectrophotometrically, according to the
Weckbercker and Cory method [9]. The glutathione peroxidase activity was estimated by
the Pinto and Bartley method [10], according to which the enzyme activity was
evaluated by the amount of GSSG formed. The level of GSSG was measured depending
on the method of Klotzch and Bergmeyer [11]. The glutathione reductase was
determined by the Horn method [12], and the content of the protein by the method of
Bradford [13]. Statistical analysis was made using Student’st test [14].

Results and Discussion

The results show that the treatment of rats with 85 mg/kg (1/10"™ of an LD s, dose)
of alphamethrin causes a disturbance in the glutathione redox cycle, which leads to the
appearance of toxic electrophilic and hydroperoxide compounds. The effect of
alphamethin on the content of reduced glutathione and detoxifying enzymes in the liver
cytosol are shown in Table 1.

The data show a 60% decrease of the content of reduced glutathione in the liver
(P<0.001) due to its inclusion in the detoxification processes of the active metabolites,
caused by alphamethrin. The liver cells play an important role in the metabolism of
pyrethroid through many reactions, producing toxic intermediary metabolites such as
peroxides and xenobiotics. These compounds enter in oxido-reduction or conjugation
reactions with the participation of reduced glutathione, as a result of this high
consumption; its level decreases in the cells. The reduced glutathione will know for its
important role in the bio-transformation of foreign exogenic substances including
xenobiotics arising from pesticides [15, 16], and lipid peroxides arising from heated oils
and also with its function as a cell protector against their toxic action [17].

The decreased level of reduced glutathione is in accordance with the increased
activity of the first enzyme in the glutathione redox cycle (glutathione peroxidase). The
activity of this enzyme is 52% higher in aphamethrin treated liver cytolsol than in the
controls (P<0.05). The capacity of reduced glutathione to reduce hydroperoxides,
obtained under the influence of alphamethrin through GPx, leads to its oxidation into
oxidized glutathione and this is due to its decreased content. The increased activity of
this enzyme (GPx) shows that the liver cells probably contain a high concentration of
H,0, and peroxides [18, 19]. The degree of aerobic oxidation of glutathione has an
effect on H,0O,, hydroperoxides and glutathione peroxidase activity. Owing to the
participation of H,O, in the oxidation of reduced glutathione, it is possible that the
catalase enzyme also takes a part in the reduction of H,O,. Through the oxido-reduction
reaction of glutathione peroxidase, the reduced glutathione is capable to reduce and
detoxify the hydroperoxides, formed by the metabolizing reaction of aphamethrin,
where it oxidizes to oxidized glutathione. As a result, a significant decrease of its level
was noticed.
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For the maintenance of a normal ratio of GSH/GSSG, which is approximately
100/1, glutathione reductase (as a second enzyme in the glutathione redox cycle) enters
through oxido-reduction reaction by utilizing NADPH+H" for the reduction of oxidized
glutathione to the reduced form. However, the high diminution of the content of reduced
glutathione under the influence of aphamethrin does not allow its level to raise, despite
the increased activity of glutathione reductase with 52% (P<0.001). It is conjugated with
the increased activity of glutathione peroxidase, which is 52% higher for the
alphamethrin-treated animals (P<0.001) than for the control group.

Table 1. Effect of alphamethrin on hepatic glutathione content and detoxifying enzymes in control and
treated rats with 85 mg/kg (1/ 10" of an LD s, dose)

Glutathione content Glutathione peroxidase Glutathione reductase
(nM/mg prot) (mM/mg prot) (U/mg prot)

Control group Treated group Control group Treated group Control group Treated group

49.25 17.70 0.900 1.385 2.23 3.47
39.73 21.41 0.785 1.530 236 294
46.67 17.03 0.905 1.583 218 325
49.20 18.05 1.130 1.252 1.86 3.39
39.80 17.71 0.790 1.078 2.06 317
41.00 15.64 1.008 1.588 1.92 2.95
44.27 +4.60 ' 17.92+191 0.919+0.13 1.402 +0.20 210+ 0.19 3.19+0.22

* Significantly different (P < 0.05) from control group.
*** Gignificantly different (P < 0.001) from control group.
1: means+ SD.

The decreased level of glutathione, compared to the high activity of glutathione
peroxidase shows that the reaction is greatly extended to the right, and is probably
caused by the appearance of considerable quantities of peroxides resulting under the
influence of aphamethrin. The presence of glutathione reductase is essential for the liver
cell defense against hydroperoxides. Through it, the oxidized glutathione (GSSG) is
reduced into its reduced form (GSH).

Conclusion

In conclusion, these findings show that glutathione reductase and glutathione
peroxidase have increased by approximately 52% after alphamethrin treatment with 85
mg/kg (1/10 of an LD s, dose), while the level of reduced glutathione has diminished to
60%, due to its participation in the elimination of toxic effects of alphamethrin.

Finally, we can say that the aphamethrin as a synthetic pyrethroid, has a toxic
effect on the liver, where it influences on the glutathione redox system, increases the
formation of peroxides and inhibits the glutathione biosynthesis.



Effect of Alphamethrinon ... 55

Acknowledgement. This work is a part of a scientific research project authorized by the
Ministry of High Education in Algeria, and concerning environmental pollution, with
regard to anima development and reproduction. We thank members of Algiers Pasteur
Ingtitute for providing us with rats. We also thank Prof. N. Soltani for his assistance.

References

[1]  lvie, GW. and Hunt, W.W. “Metabolism of Cis-and Trans-permethrin in Lactating Goats’. J. Agric.
Food Chem., 28 (1980), 1131-1138.

[2] Saka, S. and Popova, P. “Effect of Tetramethrin on the Activity of the Glutathione Redox Cycle’. C. R.
Acad. Bulg. Sci., 49 (1996), 89-91.

[3] Habig, W.H., Pabst, M.J. and Jacoby, W.B. “Glutathione S-transferase: The First Enzymatic Step in
Mercapturic Acid Formation”. J. Biol. Chem., 249 (1974), 7130-7139.

[4]  Jacoby, W.B. “The Glutathione S-transferase: A Group of Multifunctional Detoxification Proteins’.
Adv. Enzym. Relat. Areas. Mol. Biol., 46 (1978), 383-414.

[5] Saka, S. “Glutathione S-transferase Activity under the Effect of Stylbene Structure Estrogen”. C. R.
Acad. Bulg. Sci., 43 (1990), 99-101.

[6] Dillio, C., Del Boccio, G., Casaccia, R., Aceto, A., Di Giacomo, F. and Fedirici, G. “Selenium Level
and Glutathione-dependent Enzyme Activities in Norma and Neoplastic Human Lung Tissues’.
Carcinogens, 8 (1987), 281-284.

[71 Kang, Y.l. and Enger, M.D. “Glutathione is Involved in the Early Cadmium Cytotoxic Response in
Human Lung Carcinoma Cells’. Toxicol., 48 (1988), 93-101.

[8] Al-Fara, M.A., Saka, S. “The Role of Glutathione Reductase in Living Cell Protection from Toxic
Effect of Lipid Peroxides, Arising from Heated Qils’. C. R. Acad. Bulg. Sc., 50 (1997), 117-120.

[9] Weckbercker, G. and Cory, J.G. “Ribonucleotide Reductase Activity and Growth of Glutathione-
depended Mouse Leukaemia L 1210 Cellsin vitro”. Cancer Lett., 40 (1988), 257-264.

[10] Pinto, R.E. and Bartley, W. “The Effect of Age and Sex on Glutathione Reductase and Glutathione
Peroxidase and on an Aerobic Glutathione Oxidation in Rat Liver Homogenates’. Biochem. J., 112
(1969), 109-115.

[11] Klotzch, H. and Bergmayer, H. “Glutathione”. In: Methods of Enzymatic Analysis. (Bergmayer, H.
(Ed.)), New York: Academic Press, 1965, 363-366.

[12] Horn, H.D. “Glutathione Reductase’. in: Methods of Enzymatic Analysis. (Bergmayer, H. (Ed.)), New
York: Academic Press, 1965, 875-879.

[13] Bradford, M.M. “A Rapid and Sensitive Method for the Quantities of Microgram Quantities of Protein
Utilising the Principle of Protein-dye Binding”. Anal. Biochem., 72 (1976), 248-254.

[14] Bailey, N.T.J. Statistical Methods in Biology. 2nd ed., London: Hodder & Stoughton, 1981.

[15] Gaughan, L.C., Unai, T. and Casida, J.E. “Permethrin Metabolism in Rats’. J. Agric. Food Chem., 25
(1977), 9-17.

[16] Hata, Y., Watanabe, M., Tonda, K. and Hirata, M. “Cellular Glutathione Conjugation of Aziridines in
Isolated Rat Hepatocytes’. Biochem. Pharmacol., 37 (1988), 1351-1355.

[17] Al-Farra, M.A., Saka, S., Guellati, M. and Bouzerna, N. “The Role of Glutathione in the Detoxification
of Lipid Peroxides Arising From Heated Oils”. C. R. Acad. Bulg. Sci., 52 (1999), 91-94.

[18] Little, C. and O'Brien, P.J. “An Intracellular GSH-peroxidase with a Lipid Peroxide Substrate”.
Biochem. Biophys. Res. Commun., 31 (1968), 145-150.

[19] Hu, M.L., Dillard, C.J. and Tappel, A.L. “Aurothio-glucose Effect on Sulfhydryls and Glutathione-
metabolising Enzymes. In vivo inhibition of Selenium-dependent Glutathione Peroxidase”. Res.
Commun. Chem. Pathol. Pharmacol., 59 (1988), 147-160.



56 Aouacheri W., Saka Saad and Djafer R.

Dl U2 2l dnole 2 o] LU D pd ) e beaST s
LI &y agad | TP Slie (Y oo

(_A\ZYT/Y/TL}Ji;UJTB}é.MZYV/h/Y\L:jfi;U(:.\E)

oMels § oS5l G @al blasy 053Ut (gt B Ll sl Gigiad . Coudl jasle
day Dyl O AS 3 GeSloy 058601y 0S5, 053U s 0536 5ol 215591 30SY)
ol o) e (LD 50 0oV 0 /1) a8/ e A0 5 dslall e el

e oo Cizal) 2ol G 4 Sie) LD 50 e V0 /) 5 bl O Lo Jamedl) il Comio s
0 ey S 0 g0 gl (6 gn 2210530 slonl) BV V1 58S Al e o 3T 5 el
LS daes D3 Mol (3 35l @) 2k 5 0550 sk 391 BLES 15 Ly « (P<0.001)
05805l @3Y S 4 ¢ 201 .(P<O.05) 70Y oy S0 (3 cppeldll s il e 2401 Al
oY bl 3 eyeh A dgaliaslsl e o8 by (P<O.001) 7o iy ablis e o1 g1 5515,
Gsee 3 oS ezl Lk, GSHIGSSG ¢y doaall 1l e bliml) 238 S5 o Ll V)
ACATIE WIS IER R JSPW NN

DBl 58155 0 530 sl L 53k 5,0 O 55U sl 0 53U sl 2 Amlitie ledS



Effect of Alphamethrinon ...

57



