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SUMMARY

A new enzyvmatic technique for toxicological study of the inhibition of cholin-
sterase activity has been developed. The amount of 2,4 5-trichlorophenyl acetate
used as substrate tor the esterase) and/or of 2.4 5-trichlorophenol (the product of
enzyvmatic hydrolysis) is determined by gas chromatography, with use of an electron-
capture detector selective for organochlorine compounds. This method makes possible
the use of small volumes (0.1 ml) to enhance the sensitivity of lmc; analvsis for various
pesticides in toxicological work.
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INTRODUCTION

The applicaton of enzyvmatic techniques in trace analvsis and an enzymatic
detection of organophosphorus, carbamate and organochlorine insecticides in thin-
laver and paper chromatography has led to substantial progress in-toxicological
analysis’ . Various methods that have been used for determining unknown amounts
of inhibitors include potentiometric?; titrimetric®-?, manometric!®. colorimetric?!-!2,
fluorescence’ and agar-diffusion techniques®*. Diflerent substrates for esterases ure
used in these techniques'™~!7; in this work, 2,4 3-trichloropheny! acetate (TChPA)
was used. The reason for this choice was that gas-liquid chromatography (GLC)
was used tor the final evaluation with an electron-capture detector selective for or-
ganochlorine compounds. The technique permits detection of nanogram amounts of
TChPA as well as of the product of enzymatic hyvdrolysis. 2.4.5-trichlorophenol
(TChP). 1n this wayv. the sensitivity of the enzymatic method was enhanced.

EXPERIMENTAL
Reagents

Solvents and reagents were of Andl\ucul erade. The beef liver homogenate
was prepared as described by Ackermann®. The solution of TChPA (500 reg/ml) was
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prepared in ethanol, that of fenitrothion (10 ug/ml) was prepared in benzene, and
the oxidation mixture used was glacial acetic acid-30%;, hydrogen peroxide (3:1).

Gas cliromatograply
A Hewlett—-Packard research chromatograph (model 5750 G) with a chlett—

Packard nickel-63 electron-capture detector (model 2-6195), and equipped with a
_ Hewlett-Packard strip-chart recorder (model 7128 A), was used. The glass column
(1.8 m = 3 mm L.D.) was packed with 39 of OV-17 on Chromosorb W HP (80-100
mesh). The injector block was maintained at 205°, the column at 190° and the de-
tector at 259°. The flow-rate of the carrier gas (droon) was 50 ml/min. The detector
was operated at pulse 5 and the electrometer setiinz was I\ept commuously atrange I,

attenuation 64. The injection volume was 5 ul.

Derermination of cholinesterase. activity by GLC

Transfer different volumes of beet-liver homogenate (0.0, 0.025, 0.05, 0.10
and 0.2 ml), by pipette, into tubes, dilute each to 2 ml with citrate bufler solution of
pH 4.9, and add 0.1 ml of ethanolic TChPA as substrate. Shake ecach solution for
15> min at room temperature, then add 5 ml of benzene, mix thoroughly, and shake
for 10 min. Dilute | volume of the benzene layer with 20 volumes of n-heptane, and.
estimate the content of unhydrolysed TChPA by using the standard solution.

Sty of inhibition of cholinesterase activity by using activated fenitrothion and GLC

The fenitrothion was activated by the following moditication of the technique
of Miskus and co-workers'S-1%. )

Add oxidation mixture (0.3 mi) to 0.5 ml of diluted benzene solutions with differ-
ent concentrations of fenitrothion in glass tubes fitted with stopcocks. Mix the contents,
and heat the closed tubes in a water-bath at 75 -~ 17 for 20 min. Add 0.5 ml of water
to the cooled solution. mix the contents of the tube, and, by pipette, introduce
0.1 ml of the separated benzene laver into another tube: in this tube place 0.01 ml
of 10% (v/v) aqueous glycerine, and evaporate the benzene in a stream of air on the
water-bath at 40°. To the residue add 2 ml of liver homogenate (suitably diluted with
citrate bufler solution of pH 4.9), and incubate for 60 min at 37°. After cooling to
room temperature, add 0.1 ml of the ethanolic TChPA, shake for 15 min, add 5 ml
of benzene, mix, and continue as described for the determination of cholinesterase
activity. Measure the amount of TChPA by the GLC method (value X).

Place 0.1 ml of the TChPA solution in a tube containing 2 ml of the citrate
buffer solution, and continue as described for diluted liver homogenate; the GLC
estimation gives value B. Repeat this procedure with 0.1 ml of TChPA solution ddded
to 2 ml of suitably diluted enzyme; this gives value C.

The percentage of inhibition is then given by

RESULTS AND DISCUSSION

The dependence of the cholinesterase activity on the added volume of liver
homogenate is shown in Fig. I ; the amount of concentrate added should be so chosen
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Fig. 1. Influence of added liver homogenate on unhydrolvsed TChPA.
Fig. 2. GLC chromatogram of a mixture of 0.44 ng of TChP (peak A) and 1.135 ng of TChPA (peak
B). :
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Fig. 3. Graph showing inhibition of activity of beef-liver esterase by activated fenitrothion.

s 3.
that about 10-20%; of unhydrolvsed TChPA remains after enzyvmatic hvdrolyvsis
for 15 min.

The inhibition of cholinesterase activity can be evaluated either by deter-
mination of unhydrolysed TChPA or of TChP (the product of the hydrolysis): this

can be seen from the resolved peaks on the chromatogram shown in Fig. 2.



173 ; - J. KOVAC, V. MARKOVA, P. KRALIK

It was found that hydrolysis of TChPA in aqueous media of pH 3 and 7 took
place to a marked extent during the 15-min reaction period. This study was under-
taken to ascertain the best buffer solution in which negligible hvdrolysis was detected.
For this reason, citrate buller solution of pH 4.9 was chosen.

The linearity of the relationship between inhibition and concentration of
activaied fenitrothion is shown in Fig. 3: the values of increments of the inhibition
with concentration (:1//:1¢) show a decrease at higher concentrations of inhibitor.
Determinations mn this range are not suttable for enzymatic analysis.

The volumes of liver homogenate, TChPA solution and benzene given in the
procedure for the enzvme-inhibition study can be substantially reduced, and thus the
sensitivity -of the enzyvmatic method can be proportionaliv enhanced.

This method may find application in micro-toxicological studies of cholin-
esterase inhibition, e.g.. in the studv of insect resistance to some insccticides.
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