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similar for practical purposes. 
The aluminum oxide column offers a simple and cheap 

way of preparing samples that can be placed in ampules 
of an automatic injector for continuous analysis during the 
day and night. 
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Automated Method for Determining in Vitro Cholinesterase Inhibition by 
Experimental Insecticide Candidates 

An automated method for the determination of electric eel cholinesterase (ChE) inhibition by experimental 
insecticide candidates was developed. I t  was based on the manual procedure of Ellman et al. [Ellman, 
G. L.; Courtney, K. D.; Andres, V., Jr.; Featherstone, R. M. Biochem. Pharmucol. 1961, 7,88-951 using 
acetylthiocholine iodide (ATChI) as the substrate and 5,5’-dithiobis(2-nitrobenzoic acid) (DTNB) as 
the color reagent. The substrate and color reagent concentrations were individually varied in order to 
determine optimum reaction conditions. The ChE assay conditions were found to be 1.5 mM ATChI 
and 0.38 mM DTNB. The reproducibility of the automated method was evaluated by the simultaneous 
analysis of 10 aliquots from each of three electric eel ChE solutions containing 247,413, and 1054 units/L 
ChE. Coefficients of variation (CV) of 5.9-9.0 were obtained for each sample, respectively. Variation 
between runs was examined by comparing the three electric eel ChE solutions containing 270,513, and 
1247 units/L ChE for 10 different days. A CV of 3.7-7.970 was obtained for each sample, respectively. 
The test requires an initial 30 min of reagent preparation and thereafter as many as 400 samples/h can 
be analyzed. The sample volume requirement is a9 little as 20 mL of enzyme solution. 

Screening for insecticidal activity of experimental car- 
bamates and organophosphates may be done by deter- 
mining the cholinesterase (ChE) inhibition produced by 
the insecticide candidates. As a ChE enzyme source, 
housefly head (Hellenbrand, 1967) and bovine erythrocyte 
(Hastings et al., 1970) are used. Many automated, as well 
as manual, methods are being used for the assay of ChE 
activity. However, a centrifugal analyzer, CentrifiChem 
(Union Carbide Corp.), which is extensively used in hos- 
pital laboratories for automated blood clinical chemistries, 
has not been applied for this purpose. This study reports 
the application of centrifugal analyzer methods for ChE 
inhibition studies using the electric eel enzyme preparation. 
The optimum reaction conditions for ChE assay for the 
centrifugal analyzer were examined and the reproducibility 
of the procedure for ChE assay was evaluated. On the 
basis of this methodology, the Is0 value (defined as the 
amount of chemical required to inhibit 50% of the control 
ChE activity) for thiofanox, 3,3-dimethyl-l-(methyl- 
thio)-2-butanone 0-[ (methylamino)carbonyl]oxime, was 
established. 

MATERIALS AND METHODS 
Reagents. Electric eel (Sigma Chemical Co.; No. C- 

3389; 355 units of acetylcholinesterase/mg) was used as 
the enzyme source for the determination of optimum 
conditions. One milligram was dissolved in 100 mL of 0.05 
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M tris(hydroxymethy1)aminomethane (Tris) buffer (pH 
7.4). This yielded a stock solution of 3.55 units/mL. This 
stock enzyme solution was stable for at least 2 weeks if kept 
refrigerated when not in use. 

The 0.05 M Tris buffer (pH 7.4) was prepared by com- 
bining 6.64 g of NaC1,6.05 g of tris, and 45 mL of 1 N HC1. 
This was diluted to 900 mL with distilled water. The pH 
was adjusted to 7.4 with 1 N HCl and the volume was 
adjusted to 1 L with distilled water. The substrate used 
was a 38 mM solution of acetylthiocholine iodide (ATChI), 
made by adding 109 mg of ATChI to 10 mL of distilled 
water. The color reagent, DTNB [(5,5-dithiobis(2-nitro- 
benzoic acid)], was prepared by dissolving 100 mg of 
DTNB in 500 mL of 0.05 M Tris buffer (pH 7.4). Both 
ATChI solution and color reagents were stable at least for 
4 weeks at 4 “C. 

Apparatus. The CentrifiChem 400 Analyzer was used 
for analyses. The CentrifiChem Pipettor was used for 
delivery of samples, reagents, and diluents. 

Basic Reaction Conditions. All determinations were 
made by using 20 yL of enzyme samples, 50 yL of H20, 
and 350 pL of reagent. An initial absorbance reading was 
taken at 15 s after the start of the reaction, and the second 
reading was taken after an additional 15 s. The wavelength 
used was 405 nm. 

In order to find optimal analytical conditions, the 
analyses were carried out while individually varying the 
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Figure 1. Effect of ATChI concentration in a final reaction 
mixture on ChE activity. 
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Figure  2. Effect of DTNB concentration in a final reaction 
mixture on ChE activity. 

conditions of ATChI and DTNB concentration and buffer 
PH. 

Effect of ATChI Concentration. The activity of 
electric eel ChE as n function of AtChI concentration was 
determined by running final concentrations of ATChI 
ranging from 0.24 to 5.9 mM. The pH and final DTNB 
concentration in reaction mixture were kept at 7.4 and 0.38 
mM, respectively. 

Effect of DTNB Concentration, The color reagent, 
DTNB, was prepared at final concentrations ranging from 
0.076 to 1.52 mM in 0.05 M Tris buffer (pH 7.4). The 
ATChI concentration in the final reaction mixture was 
kept a t  1.5 mM. 

Effect of pH. Tris buffer solutions (0.05 M) were made 
to pH values ranging from 7.0 to 8.0 in 0.2 pH unit in- 
tervals by adjusting the pH of the buffer with concentrated 
HCl. By use of portions of these same buffer solutions, 
the final ATChI and DTNB concentrations were kept at 
1.5 and 0.38 mM, respectively. Nonenzymatic hydrolysis 
of substrate under various pH values was examined 
without enzyme. 

Inhibition of Electric Eel ChE by Thiofanox. Di- 
methyl sulfoxide (Me2SO) was used as a solvent for making 
solutions of thiofanox (DS-15647) ranging in concentration 
from 0 to 1 X lC3 M. The lowest concentration of 
thiofanox used was 1 X M. The incubation at 37 "C 
was conducted by mixing 4.95 mL of electric eel ChE (1.8 
units/mL) with 50 pL of various concentrations of inhib- 
itors for 10 min, resulting in final molar concentrations of 
thiofanox ranging from 0 to 1 X The Im value was 
determined from the plot of the percent inhibition vs. the 
log molar concentration of inhibitor. 

Within-Run Precision. The reproducibility of the 
automated method was evaluated by the simultaneous 
analysis of 10 aliquots from each of the three electric eel 
ChE solutions containing 247,413, and 1054 units/L ChE. 

Day-to-Day Precision. The day-to-day reproducibility 
of the method was examined by comparing the three 
electric eel ChE solutions containing 270, 513, and 1247 
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Figure 3. Effect of pH on ChE activity. 
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Figure 4. Inhibition of ChJ3 by molar concentrations of thiofanox. 

Table I. Precision of Automated Cholinesterase Assay 
cholinesterase act., 

units/L 
~ ~~~ 

coeff 
mean n SD of variation, % 

Within Run 
1054 1 0  70.8 6.7 

4 1  3 10 24.4 5.9 
24 7 10 22.2 9.0 

Between Run 
1247 10 46.1 3.7 

5 1  3 10 40.5 7.9 
270 10 17.9 6.6 

units/L ChE for 10 working days. 
RESULTS 

Effect of ATChI Concentration. The effect of sub- 
strate concentration on ChE activity is shown in Figure 
1. When the concentration of substrate in the final re- 
action mixture was kept from 0.5 to 2.5 mM, relatively 
constant ChE values were found. Therefore, 1.5 mM, the 
midpoint of plateau, was used throughout the experiment. 

Effect of DTNB Concentration. When the enzyme 
and the substrate concentrations were held constant and 
the amount of DTNB in DTNB-buffer reagent was varied, 
a curve shown in Figure 2 was obtained. There were only 
small changes in ChE activity over a wide range of con- 
centrations of DTNB, indicating that the concentration 
of color reagent was not critical. Therefore, the 0.5 mM 
solution of DTNB was used throughout the experiment. 
The concentration of this color reagent in the final reaction 
mixture is calculated to be 0.38 mM. 

Effect of pH. Figure 3 shows that the ChE activity 
increases with the pH values. There was no pH optimum. 
The extent of nonenzymatic hydrolysis of substrate was 
equivalent to 2 and 13 units/L at  pH 7.0 and 8.0, re- 
spectively. The magnitude of this nonenzymatic hydrolysis 
was equivalent to - 1% of the total ChE activity measured. 

Inhibition of Electric Eel Cholinesterase by 
Thiofanox. Thiofanox was used as the inhibitory agent 
with MezSO used as a solvent. The results of the various 
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concentrations are shown in Figure 4, with the I,, value 
determined to be 2 X lo* M. This value agrees well with 
the Im values determined manually by Findak (1979). This 
value also agrees well with I ,  value determined by Magee 
and Limpel (1977) and Chin et al. (1974), who used bovine 
erythrocyte cholinesterase as the enzyme source. 

Wit hin-Run and Day-to-Day Precision. The results 
of the within-run and between-run (day-to-day) precision 
checks are shown in Table I. The within-run CV ranged 
between 5.9 and 9.070, while the between-run CV ranged 
from 3.7 to 7.9%. 

The preceding data demonstrate the establishment of 
a reliable and reproducible automated method for choli- 
nesterase 15, values. In addition to these advantages, high 
rate of throughput (400 samples/h) and low reagent cost 
are typical advantages for the centrifugal analyzer method. 
Therefore, this method can be used to facilitate compound 
development and provide for more thorough structure- 
activity relationship studies. 
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CORRESPONDENCE 

On the Odor of 2-Methylisoborneol 

Sir: In a recent paper in this journal, Tyler et al. (1978) 
described the odor of both enantiomers of 2-methyliso- 
borneol (1,2,7,7-tetramethyl-exo-bicyclo[2.2.l]heptan-2-01 
and 1,2,7,7-tetramethyl-endo-bicyclo[2.2.l]heptan-2-ol) as 
camphoraceous rather than earthy. A similar character- 
ization was earlier reported by Gerber (1969). Since several 
studies mentioned by Tyler et al. (1978) indicate 2- 
methylisoborneol as an agent responsible for a musty or 
earthy odor in water or garden soil (Buttery and Garibaldi, 
1976; Collins et al., 1970; Medsker et  al., 1969; Wood and 
Snoeyink, 1977), an additional note on this seeming dis- 
crepancy is warranted. 

A well-known phenomenon, although generally anec- 
dotically reported, is that the odor character of a chemical 
compound may depend on the concentration of the com- 
pound (Polak et al., 1978). This is also the case for 2- 
methylisoborneol. Persson and York (19781, working with 
synthetic (-)-2-methylisoborneol, reported that the pure 
compound exhibited a camphoraceous odor, but that so- 
lutions of 0.01-10.0 pg of 2-methylisoborneol/L of water 
(twice distilled) exhibited a musty or muddy odor. Many 
judges considered aqueous solutions of 100 pg of 2- 
methylisoborneol/L as clearly camphoraceous, some con- 
sidered solutions of 10.0 pg/L as camphorlike, and a few 
even characterized the odor of 1.0 pg of 2-methyliso- 
borneol/L of water as camphoraceous (Persson and York, 
1978; Persson, 1979). On consideration of these facts, the 
odor characterization delivered by Tyler et al. (1978) fits 
well into the picture, since they worked on the pure com- 
pounds and solutions of 1 ppt and 1 ppm in water. 

It should be noted that Wood and Snoeyink (1977) 
worked on solutions containing 0.1-10.0 pg of 2-methyl- 
isoborneol/L and described these as earthy/musty. 
Medsker et  al. (1969) described the odor of 2-methyliso- 
borneol as camphoraceous, but indicated that the com- 
pound may be responsible for an earthy or musty taint in 
water. Zoeteman and Piet (1973), working with a large 

consumer panel (708 participants) in the Netherlands, 
described the odor of a solution of 0.12 pg of methyliso- 
borneol/L of water as clearly earthy (“bosgrond” = 
woodland; “aarde” = earth, mold), 

Thus, it appears that the discrepancy in the odor 
characterization of 2-methylisoborneol is to some extent 
due to work on different concentrations of the compound, 
although it is evident that experimental conditions have 
varied in other respects, too. Nevertheless, the conclusion 
implied by Tyler et al. (1978) that (-)-2-methylisoborneol 
does not exhibit a musty odor is premature; i.e., it is true 
for concentrated solutions of the compound. It may be 
concluded that odor characterization of compounds in the 
pure state may not be relevant for situations where these 
compounds appear as trace contaminants, exhibiting dif- 
ferent odor characteristics, as is the case for 2-methyliso- 
borneol in natural waters. 
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