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EFFECT OF METHYLPARATfflON ON GLUTATHIONE 
S-TRANSFERASE ISOENZYMES IN DIFFERENT RAT TISSUES

In this work we exam ined the influence o f the o rganophosphorous insecticide 
(IFO ) m ethy lpara th ion  on the activity  o f  g lu ta th ione S-transferase  in  vivo in 
different m ale W istar ra t tissues. W e exam ined postm itochondria l, cytosol, and 
m icrosom al cell fractions, o f the liver, kidney, pancreas, spleen, and brain . T he 
activity o f  the G ST was m easured according to  each o f  the tw o substrates: C D N B 
and D C N B  respectively, what perm itted us to  differentiate  G ST isoenzyms. We 
observed significant increases o f the  activity o f G ST which depended on  the tissue 
and cell fraction.

IN T R O D U C T IO N

Phosphoro-organic com pounds used as insecticides (IFO ) considerably 
d isturb  cell m etabolism  in near-lethal doses to  which m am m als are generally 
exposed in consequence of using IFO  in agriculture and in households.

IF O  dam age deoxyribonucleic acid and disturb the transfer o f genetic 
inform ation [2-4, 24-26, 28-32]. In vivo they produce m utations and they 
also can be carcinogenic and teratogenic factors (6). The mechanism  which 
leads to  such serious dam ages is no t fully known yet, because the d a ta  in 
investigations in vivo relating to damages to  genetic m aterials are discordant 
and no t uni vocal.

This paper has been devoted to  the investigation o f the influence of 
m ethylparathion (M P) on glutathione S-transferases of different cell fractions 
o f  ra t liver, kidney, spleen, pancreas and brain. The m etabolism  o f M P in 
ra t liver has been presented in Fig. 1 [10].

M ethylparathion is activated by desulfurization to paraoxon  (inhibitor 
o f  acetocholinoesterases in m icrosom al fraction o f the liver). Enzym atic
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Fig. 1. M etabolic  pathw ay  o f m ethyl p a ra th io n  in ra t liver 
1 -  m icrosom al m ixed-function oxidases, 2, 3 -  g lu tathione S-transferase, 4, 5 -  B-esterase, 
6 -  m icrosom al m ixed-function oxidases inhibition, A -  m ethylparath ion , B -  0-m ethyl-0-para- 
n itrophenyl phosphoro th ioate  (or O-methyl-O-para-nitrophenyl phosphate), C -  d im ethylphos- 

phoro th icate , (or dim ethyl phosphate acid), D -  para-n itrophenol, E -  m ethyl paraoxon

decom position M P in the ra t’s organism  is catalised by oxidases o f mixed 
effect, hydrolases and glutathion S-transferases.

G lu tath ione S-transferases (GST -  E. C. 2.5.1.18) are a m ultigene 
enzyme family which perform  protective functions against toxic effects of 
xenobiotics [1, 7, 27], The study seems to  be purposefull, because o f the 
lack o f univocal da ta  on the subject o f possible processes which lead to 
a dam age o f cell genetic m aterial.

M A TE R IA L S AND M E T H O D S

In this experim ent have been used m ale W istar rats which weigh from 
250-300 g. M ethy lparath ion  (0 ,0-dim ethyl-0 ,4-nitrophcnylth iophosphate), 
m inim um  purity 98%  (obtained from the Institute of O rganic Chem istry



in W arsaw), was adm inistered once into the tail vein 0,5 L D 50 (21 m g M P 
in olive oil per 1 kg of body weight).

Exposure time to the insecticide was up to  150 m inutes. The prepared 
ra t tissues: liver, kidney, spleen, pancreas and brain, were kept at the 
tem perature o f  -70°C . From  each of these tissues was m ade hom ogenate 
solution in 0,25 M sucrose in 0,1 M  phosphate sodium -potassium  buffer 
(pH 7,4) on the to tal concentration o f 20% (w/v).

Enzyme activity GST was estimated by the m ethod o f conjugating 
G SH  ( H a b i g  ct al. [8]) with 1,2-dichloro-nitrobenzene (D C N B ) and 
1 -chloro-2,4-dinitrobenzene (CDNB). Activity was m easured in postm ito- 
chondria l, m icrosom al and cytosol fractions ob ta ined  by J a c o b y ’ s 
m ethod [11] using 50 to 300 ng  protein for CD N B and D C N B  respec­
tively.

Protein concentration was estimated by using L o w r y ’ s et al. m ethod 
[13], GST activity was expressed in specific activity units lU /ln m o l S -l- 
-conjugation  form ed within 1 m inute in the conditions o f enzym atic 
reaction in terms o f m g o f protein. The results were analysed by S tudent’s 
t-test and confidential level approxim ation o f a =  0,05.

Changes in GST activity have expressed in % according to the form ula:

S A p o iso n ed - SAcontrol x ioO%
SAcontrol

were SA  -  Specific Activity.

R E SU L T S AND D ISC U SIO N

In our work we have observed a statisticaly significant increase in the 
activity o f glutathione S-transferase tow ards D C N B  and C D N B  in all 
examined cell fractions in rats poisoned with M P in the liver, spleen, 
pancreas, brain and the kidney.

T he degree o f the increase of the activity o f cytosolic GST was different 
in each o f the examined tissues. In the liver, the increase of cytosolic G S I 
tow ards CD N B as a substrate was 47% in the kidney, 53 /o in the spleen, 
19% in the pancreas, and 69% in the brain -  Fig. 2. As regards the 
increase o f cytosolic GSTs tow ards DCN B as a substrate was 25,8 /o in 
the liver, 6,4%  in the kidney, 34% in the pancreas, 18% in the spleen, 
and 50% in the brain -  F ig 3.
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Fig. 2. Effect o f  M P  on G ST  activity  in tissues o f the W istar ra t. 
Enzym e activities were m easured  by the conjugation  o f  G SH  to

C D N B
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Fig. 3. Effect o f M P  on  G S T  activity  in tissues o f  the  W istar ra t. 
Enzym e activities were m easured by the  conjugation  o f G SH  to

D C N B



Cytosolic fraction GSTs o f ra t liver belong to  the best know n enzymes 
o f this type. M any isoenzymes are present there. They are proteins from 
40 to 50 kD a, built o f two different or identical subunits from 22 to 
27,5 kD a. Till now, at least 10 subunits and 15 m olccullar form s o f this 
enzyme have been described in the ra t tissues.

The occurance o f isoenzymes o f overlapping substrate specific qualities 
results from the existance o f a num ber o f double com binations o f subunits.

Varied term inology is used to classify GSTs. In our paper a division 
into 3 classes a, n, n has been adopted according to M a n n e r v i c  [14], 
Specific activity tow ards the used substrates allows, to a certain degree to 
draw  conclusions that the classes a and fx, react m ainly with the substrate 
C D N B , while the isoenzymes 3-3 and 3 -4 o f the class ^  with D C N B  [5], 
It is evident that the increase of the activity in the liver concerned both, 
the isoenzymes o f the class a and the class ¡i. Seven isoenzymes have been 
found in the pancreas [21]. The increase o f GST activity in the pancreas 
related also to  isoenzymes o f the classes a and fi.

In the spleen, the increase of GST activity tow ards C D N B  was 50% 
and tow ards D C N B  18%. On the basis of division on Sepharose 2, two 
m ain form s o f isoenzymes 2-2  (class a) and 7-7 (class n) have been 
characterized in the spleen, so the increase ol the activity related to the 
classes a and n [23],

In the kidney, the increase of cytosolic GST towards C D N B  as a substrate 
was 53% , and tow ards D C N B  6,4% . According to the investigations [22], 
in kidneys there are 8 isoenzymes GST belonging to the classes a, fi and 
n. Our investigations show a particular increase of the enzymes o f the 
a class. Enzymes of the /i class also show a certain increase o f activity.

A n exceptionally high increase of GST activity has been observed in 
the cytosolic fraction of the ra t’s brain. It was 69% in relation to C D N B  
and 50% in relation to D CNB. It m ay be concluded that this relates to 
all classes o f cytosolic enzymes. According to J o h n s o n ’ s et al. paper 
[12], enzymes of all cytosolic GST classes appear in the ra t’s brain.

M icrosom al form of GST has a different structure than  cytosolic forms. 
It has been examined in hum an and ra t livers [15], It is built o f three 
identical subunits about 17,3 kD a. In our investigations, we have found 
inconsiderable 10% increase o f m icrosom al G S I activity in the pancreas 
and liver, and abou t 18% increase in the spleen, while in the kidney, liver, 
and brain we have observed about 50% increase o f the GST activity in 
relation to  to both  examined substrates.

There is very little literature d ata  concerning m icrosom al GST o f the 
b rain , so there is some difficulty in the in terp re ta tion  o f this result. 
Postm itochondrial fraction contains both, the enzymes from m icrosom al 
and cytosolic fractions. The results for this fraction seem to  confirm ,



generally our observations concerning the increase o f GST activity in the 
examined fractions.

The obtained data  clearly prove that the effect o f m cthylparathion is 
an increase in the activity o f one o f the m ain enzymes o f the xenobiotic 
m etabolism  system.

On the, -so far available, literature we haven’t found da ta  related to  the 
influence o f M P on GSTs o f all the fractions and tissues o f the rat.

Several new papers on GSTs are given some d a ta  on the o f m icrosom al 
GST in rat tissues (also o f the brain) [16], the distribution o f G S Il and 
GST in m itochpndria and cytosol o f the nervous system [9, 17], the GSH 
and GSTs activity in the organs and blood o f rats following chronic 
irrad ia tion  at low doses [18], but none o f them uses M P as an inductor 
o f GST activity.

T here is also a paper about the purpose o f using cryopreserved tissue 
to  study the m etabolism  of pesticides in food-producing anim als and rats 
[20] concluding that there is no qualitative differances in the results but 
a quantity  degrease appears.

These studies were supported by University o f Łódź grant Nr 555/255.
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W PŁY W  M E T Y L O PA R IA T IO N U  NA IZ O E N Z Y M Y  T R A N SFE R A Z Y  
S-G L U T A T IO N O W E J W  R Ó Ż N Y C H  TKAN KACH SZ C Z U R A

W niniejszej pracy zbadano wpływ insektycydu fosforoorganicznego -  m ety loparationu  na 
aktyw ność transferaz S-glutationowych w tkankach szczura rasy W istar. Z b adano  frakcję 
postm itochondria lną, cytozolową. i m ikrosom alną w ątroby, nerki, trzustki, śledziony i m ózgu. 
Aktyw ność oznaczano z dw om a substratam i: C D N B  i D C N B , co pozwoliło wyróżnić izoenzym y 
G ST. Stw ierdzono zm iany aktyw ności zależne od tkanki i frakcji kom órkow ej.


