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GAS CHROMATOGRAPHIC DETERMINATION OF CHOLINESTERASE 
INHIBITION 

A new enzymatic technique for toxicological study of the inhibition of cholin- 
esterase activity has been developed. The mnount of 2.~,S-trichloroplien_vl acetate 
(used as substrate t-or the tsterasc) andjor of 2.-Q-trichlorophenol (the product of 
enzymatic hydrolysis) is deterniined bv _ gtis chromato~rtlpli;, with use of an electron- 
capture detector selective t-or organochlorinr compounds. This method nxkes possible 
tIlC use 0fsllltilI VC~llilllfZ~ (0-i nil) to enhance the sensilivity of trace analysis ti2r various 
pesticides in tosicological \vork. 

INTRODUCTION 

The application of enzymatic techniques in trace ttnalysis and an enzymatic 
detection of or~anophosphorus, carbttmate and orgunochlorine insecticides in thin- 
layer and paper chromatogaphy has led to substantial progress in tosicologicz1 
;tn;tlysisL-h. Various methods that have been used for determining unkno\vn anwunts 
of inhibitors include potentiometric’, titrimetrics-‘, nxinon~etric’“. calorimetric”-“. 
tIuoresccnce*’ and agar-ditthsion techniques _ IJ Ditlirent substrates l-or esterxcs are 
used in these techniques15-1i; in this work. 2,~.5-tricl~IoropI~cn~l acetate.(TChPX) 
\vas used. The reason for this choice was rhat gas-liquid chrorr7nto~~~ph~ (GLC) 
~~1s used for the tinal evalutttion with an electron-capture detector se&rive t-or or- 
ganochlorine compounds. The technique perniits dotecrion of nanogram ;m~ounts of 
TChPA as well as of the product of enzymatic hydrolysis _ 2,4-S-trichlorophenol 
(TChP). in this \vay. the sensitivity of the enzymatic method R;IS enhnced. 

EXPERIMENTAL 

Solvents and reagents \verc of analytical grade_ The beef liver horno~_enatc 
\v;ts prepared as described by Ackernxtnn3. The solution of TChPA (500 ;fg/ml) was 
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prepared in ethanol, that of fenitrothion (IO,&nl) w;ts prepared in benzene, and 
the oxidation mixture used was g.$u5al acetic acid-30’~0 hydrogen peroxide (5:l). 

. 
Gas chroriiatograph~ 

A Hewlert-Packard research chromatograph (model 5750 G) with a Hewlett- 
Pxkard nickel-63 electron-capture detector (model Z-6195), and equipped with a 
Hewiett-Packard strip-chart recorder (model 7125 A), was used_ The glass column 
(1-S m :-I 3 mm I.D.) was packed with 3 “/o of OV-17 on Chromosorb W HP (SO-100 
mesh)_ The injector block was maintained at 2OY, the column at 190’ and the de- 
tector at X0-_ The flow-rate of the carrier gas (arson) was 50 mIjmin. The detector 
WIS operared at pulse 5 and the electrometer sertinz was kept continuously at range 1, 
attenuation 64 The injection volume was 5,~cl_ 

D~~terzzzizzatiozz of- c-lzolizzcwcraw ac-tit-it-v h>- GiC 
Transfer dilt’erent volumes of beef-liver homogenate (0.0, 0.025, 0.05, 0.10 

and 0.2 ml), bv pipette, into tubes, dilute each to 2 ml with citrate bufler solution of 
pH 4_9* and add 0. I ml of ethrtnolic TChPA as substrate_ Shake each solution for 
I> min at room temperature, then add 5 ml of benzene, mis thoroughly, and shake 
for 10 min_ Dilute I voiume of the benzene layer with 20 volumes ofn-heptane, and 
estimate the content of unhydrolysed TChPA by using the standard solution. 

Strrc[r o~izzJziI..ition of-c-/roIizze_strr~zs~~ actirit!- by- zzsizz_y rzc-til-~tt~~ii_f~zzitrotlziozz azzt I GLC 
The fenitrothion was activated by the following modification of the technique 

of Miskus and co-workers’s-“. 
Add oxidation misture(03 ml) to O-5 ml ofdiluted benzene solutions with difk- 

ent concentrations offenitrothion in glass tubes fitted with stopcocks_ Mis thecontents, 
and !letit the closed tubes in a water-bath at 75 4 I -’ for 20 min. Add 0.5 ml of water 
to the cooled solution. mix the contents of the tube, and, by pipette, introduce 
0-I ml of the separated benzene layer into another tube; in this tube place 0.01 ml 
of 10% (v/v) aqueous glycerine, and evaporate the benzene in ;L srream of-air on the 
water-bath at GO’_ To the residue add 2 ml of liver homogenate (suitably diluted with 
citrate buffer solution of pH 4_9), and incubate for 60 min nt 37;. After cooling to 
room temperature, add O-1 ml of the ethanolic TChPA, shake f-or 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 S). 

Place 0-l ml of the TChPA solution in ;f 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 ofTChPA solution added 
to 2 ml of suitably diluted enzyme; this gives value C_ 

The percentage of inhibition is then given by 

I 
B - S [ --- 
B-C > 

x 100 

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_ l_ Intluence of clddrd liver hornogcnatc on unhydrolysed TChPA. 
Fig_ 1. GLC chrm~ntopmm of a mixture of 0-34 ng of TChP (peak A) and I_ 15 ng of TChPA (peak 
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Fig. X Graph showing inhibition of activity of beef-liwr esttxm by ;1ctivatai fenitrothion. 

that about IO-20 1:;: of unllydrolyscd TChPA remains after enzymatic hydrolysis 
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 cht-omatogram shown in Fig. 2. 
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It was found that hydrolysis of TChPA in aqueous media of pH 3 and 7 took 
place to a marked extent durin g the 15min reaction period. This study UQS undcr- 
taken to ascertain the best buffer solution in whick negligible hydrolysis was detected. 
For this rcason, citrate buk- solution of pH 4.9 was chosen. 

The linearity of the relationship between inhibition and concentration of 
actiwtcd fenitrothion is shown in Fi g. 3: the values of increments of the inhibition 
with conccntrtition (.:11:‘_lc) show ;1 decrease at I;i$-hcr concentrations of inhibitor- 
Determinations in this mngc arc not suitable tbr enzymatic analysis. 

The vohmics of her homogcnatc, TChPA sotution and benzene given in the 
_ procedure for the enzyme-inhibition study cm be substantially reduced, and thus the 

sensitivity of the enzymatic method can be proportionally enhanced. 
This method may find applicrrtion in micro-tosicological studies of cholin- 

csterasc inhibition, c-g_. in the study of insect resistance to some insecticides. 
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