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FOREWORD

The work described in this report was authorized under Task 1W062116AD1904,
_ Techniques of Evaluating Effects of Chemicals, Mew Methods for Biological Assays. The 3
- experimental work was started in rebruary 1970 and completed in June 1971. The experimental
] data are contained in notebooks MN-2147 and MN-2368. %’
) :

- Reproduction of this document in-whole or in part is prohibited except with permission

: of the Commanding Officer, Edgewood Arsenal, ATTN: SMUEA-TS-R, Edgewood Arsenal,
Maryland 21010; however, DDC and The National Technical Information Service are authorized to
reproduce this document for United States Goversiment purposes. 3
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DIGEST

Cholinesterase activity units obtained by the more commonly used Levine automated
systems are not valid, as the standard calibration curve for the method.is determined with anartificial
standard--glatathione, either in the presence or absence of the substrate acetylthiocholine. In the
preserice of the substrate, glutathione reacts with the substrate via a transesterification mechanism.
The stope of the calibration curve, and consequently activity units, would. vary, depending on the
rate of interaction. In rhe absence of substrate, as glutathione dialyzes-about one-third as rapidly as
thiocholine; activity units are obtained that are approximately three times greater than valid values.

An acceptable automated procedure is recommended. Utility and sensitivity of selected
automated cholinesterase systems are discussed.
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AUTOMATED-METHODS FOR MEASURING BLOOD CHGLINESTERASE:
A SELECTIVE‘COMPARISON AND-A NOVEL ARTIFACT

I. INTRODUCTION.

The possible- restriction of DDT and othet organochlorides probably wiil lead to the more
extensive use of organophosphorus.compounds as pesticides; consequently, an increased demand for
testing acetylcholinesterase- (AChE) activily in bidod by clinical laboratories should be anticipated.
Because of the large number of samples that can be.expected and the problems arising from the
manual analysxs of red blood cell AChE, an automated analytical system that is accurate, rapid,
and precise- would be most desirable. Automated equip'nent can be run.at the rate of 60 or more
samples per hour, and precision in.such systems is exceptional.

Numerous reports have described automated systems for the quantitative measurement of
AChE in blood. An automated colorimetric system involving a pH change of a buffer with- the
indicator, phenol red, was first apphﬂd to the analysis of serum cholinesterase.! A more ‘sensitive
automated procedure for measuring blood AChE was introduced by Levine, Scheidt, and Nelson2
and then by Humiston and Wright3 Both investigating teams employed Ellman4 reagent,
5,5’-dithiobis-{ 2-nitrobenzoic acid) (DTNB). The latter, on reacting with thiocholine, the hydrolytic
product of the substrate acetylthiocholine, releases the highly colored thionitrobenzoate anion. In
another automated procedure, Groff, Mounter, and Sim® chose the Hestrin® method, which uses
acetylcholine as substrate, to determine AChE activity.

Onga of the principal problems of the automated Ellman technique is the advocated use of
an artificial standard in the nature of reduced glutathione. The true standard should be thiochchne
iodide However, the purity of this compound, purchased from a reliable commercial source, was
totally unacceptable.* Other investigators indicated they used either glutathione alone or
glutathione in the presence of acetylthiocholine for preparing standard calibration curves.?-8
Difivrent calibration curves were obtained, depending on the conditions emplayed, enzyme activity
vaiues varied from one lsboratory to another.

IWinter, G D Cholinasterase Autiaty Determunstion in an Automated Analysts System. Ann. N.Y. Acad. Sct. &7,
6249 (1980

2evine. J B, Schendt. R A, anid Nebwn, J. A, An Automated My ro Determination of Serum Cholinesterase.
Autemiation i Anal, wad Chemestry, Technicon Sympusism. pp 582-585. Mediad, Inc., New York, New York.
furd

MHumnton, € G, and Weght. G J An Autemated Methed for the Determination of Chuolinesterase Actnvaty.
Toxcol Appl. Pharmacel J14, 4071 1%67)

$Fllman, & L, Coustney. K. D Andres, J . Jr . and Featherstone, R. M. A New and Raped Colorimetne Deter-
nupdhn of Acetyb hlvdinesterase Acinaty  Bushem Phanaacol 7, RK(1961)

orett WA Mounter, I A and S, V.M A Moltichannel Anady nical System for Contiuous Moattoning of
Blood Cholinestersse  Autumgbion m Ay el Chemistry, Teshnioon Symposium Vol 1, pp 498.502. Mediad,
Ine . New York, New Yesk 1906

fHeutrin, 8 The Rewetion ot Acetylsholine and Gther Carboxylic Actd Denvatives Wath Hy droxylamme and Its
Anialy twal Application J Biol Chem J¥v, 249{1949)

TFowler P R and McKenzie, 1 M. Detection of Mild Patsoning by Organophosphorus and Carbamate Pesticides
Using an Autemated Methed for Chalinesterase Activity . Automation i Analy tial Chemistry, Techmeon Sympo-
wum. Vol [ pp 155150 Meduad, Inc., New York, New Yurk 1966,

8Ward. F P.andHess, T 1, Jr Amomated Cholinesterase Measurements, Canine Ery throcy tes and Plasma. Amer.
J Vet Res, 12, 499197

*The elemental analysis of carbon, hydmgen. iodine, and sulfur was unaceepiable. The compound did not react with
DTNB at pH values of 4.4 or 8.3
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We find that the activity units obtained by the Levine-modeled automated systems are
not valid. Reasons are presented, and proper methodelogy is recommended. Other parameters, such
as utility and sensitivity of selected systems and the upiform reporting of activity units, are
discussed.

II. PROCEDURES.
A. Automated Systems.

The Levine? method probably is-used in a majority of laboratories. Sample, buffer, and
acetylthiocholine substrate are mixed as a sample stream and dialyzed against the recipient stream
containing Ellman reagent. In the Humiston3 method, buffered Ellman reagent is added to the sample
stream and mixed with enzyme and similar substrate prior to dialysis against a recipient buffer
solution. Voss? used the Ellman reagent, but did not use a dialysis module, In the Groff5 method,
sample and substrate are mixed and incubated prior to dialysis. The unconsumed acetylcholine
substrate dialyzes into a recipient stream, where it is mixed with alkaline hydroxylamine, acidified,
and then.reacted with ferric chloride.

B. Standard Calibration Curves for Glutathione and Thiocholine Iodide.

Solutions of glutathione (GSH) were prepared to give final concentrations ranging from
6 X 10-4M to 5 X 10-3M both in water and ‘buffer at pH 7.0. To prepare a standard calibration
curve for thiocholine, a stock concentration of acetylthiocholine was prepared in 0.2-N sodium
hydroxide. Hydrolysis to thiocholine occurred instantly. The basic solution was neutralized with
hydrochloric acid to pH 5 and brought to volume with water. Aliquots then were diluted with
either water or buffer to obtain desired concentrations. Thiocholine icdide and GSH were assayed
in the absence and presence of substrate by both the Humiston and Levine methods. Standard
calibration curves in the Levine method are shown in figure 1. (Thiocholine was also prepared by
treating acetylthiocholine with a 5% final concentration of hemolyzed red cells. Hydrolysis was
complete within 20 minutes.)

C. Dialysis Manifold.

An automated system (figure 2) was constructed to measure the separate dialysis rates of

* GSH and thiocholine iodide (SChI). One can measure the sulthydry! content of the sample stream

before dialysis or the recipient stream after dialysis. Volumes, and consequently flow rates, of
samples entering the sample side of the dialyzer were identical to the volumes and flow rates of
material entering the recipient side. Similar volumes of color-forming reagent were added to
dialyzed material exiting the recipient side of the dialyzer when dialysis occurred, or directly to the

sample when there was no requirement for dialysis. [ialysis rates were compared from resulting
absorbance values.

D. Thin-Layer Chromatography.

To 9.2 mg of reduced GSH and 29 mg of acetylthiocholine was added 1 ml of buffer, pH
8.3. Final concentrations were 1.5 X 10-2M and S5 X 102 M, respectively. After 2 minutes a
l-ul sample was placed on a silica gel thin-layer plate (purchased from Quantum Industries,
Fairfield, New Jersey). An equivalent amount of reduced GSH, acetylthiocholine, and S-acetyl-
glutathione were spotted separately on the same plate. The plate was developed for 2.5 hours with

9Voss, G. The Fundamental Kinetics of Cholinesterase Reaction With Substrate and Inhibition in an Automated
Continuous Flow System. Residue Rev, 23, 71 (1968).
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Figure 1. Calibration Curves for. (A) Thiocholine in pH 7 Tris Buffer, Assayed in the Presence of 20 mmoles
Acetylthiocholine,(B) Glutathione in Water, Assayed in the Presence of 20 mmoles Acetylthiocholine; and
(C) Glutathione in Water, Assayed in Absence of 20 mmoles Acetylthiocholine
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Figure 2. Special Manifold to Measure Percent Dialysis
As shown, measures dialysate. To measure before dialysis, connect A to B, by passing the dialyzer,

developing solvent, consisting of an equal- mixtare of butanol, pyridine, and water. Iodine vapors,
1% Ninhydrin reagent, and 0.5% Ellman reagent were used as spray visualization reagents.

E. Reaction of Glutathione With Acetylthiochoiine lodide
I.  Glutathione With Excess Acetylthiocholine lodide.

Stock solutions of 10-3 M GSH and 10~2 M acetylthiocholine iodide were prepared in
distilled water. Initial concentrations to be assayed were prepared by diluting the stock solutions
fivefold with Tris buffer, pH 8.2, and adjusting the final pH to 8.2, where necessary, using a 10%
solution of sodium hydroxide. The buffered solutions were agitated for 15 minutes at 37°C before
sampling and during the ensuing S-minute sampling period. Assays were performed using the
manifold shows in figure 2. Concentrations calculated from absorbanciesof reactants and solutions
shown in table I were investigated to determine whether or not a reaction had occurred.

2. Acetylthiocholine Iodide With Excess Glutathione.

Stock solutions of 10-3 M acetylthiocholine and 10-2 M GSH were prepared in distilled
water. Conditions and procedures for the reactions were identical to those described previously.

F. Bimolecular Rate Constant of Transesterification.

An automated system was constructed to study the possible interaction between GSH and
acetylthiocholine. Glutathione was mixed with Tris buffer at pH 8.2 and then with acetylthio-
choline. After a 2.5-minute incubation at 37°C, the reaction mixture was dialyzed against a
recipient stream of Ellman reagent in pH 8.2 Tris buffer. A rate constant for the reaction between
GSH and acetylthiocholine was found by maintaining the GSH concentration constant at
1.8 X 10-4 M and varying the acetylthiocholine concentration as shown in table II. The reaction
that followed, in a 15-mm flow cell at 420 nm, was a result of changes in absorbance related to the
formation of thiocholine. The remaining GSH concentration was calculated and conscquently
substituted into the bimolecular rate equation: k, = 2.3/A¢ loga/a - x, where A is the acetylthio-
choline concentration, ¢ is time, and a - x/a is the remaining GSH.

10
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Table I, Absozbance Values for Reaction Betwezn Glufathione
and Acetylthiocholine (at 420 nm)

Solution Concentration? Absorbance
M

Acetylthiocholine iodide 1X 1072 0.197

and glutathione 1X10-3 )
Acetylthiocholine iodide 1X 10°2 0.027
Acetylthiocholine iodide 3

and 2% red cellsb 1X 107 0.160
Red blood cells (2%) - 0
Acetylthiocholine iodide 1X10-3 0.620

plus glutathione 1X10°2
Glutathione 1X 10-2 0.540

I nitial concentrations,
reparation of thiocholine.

Table I. Conditions for the Reactiun Between Acetyithiocholine
and Glutathione

Glutathione concentzation, 1.8 X 1074 M; absorbance, 0.165; thiocholine
1.8 X 10‘4; absorbance, 0,480; temperature, 37°Ci'pH, 8.2; time, 2.6 mjn; and k5 is
the bimolecular rate constant, averaging 3.7 X 10¢ liters/mole/min.

Concentrstion Thiocholine } Glutathione
. . Absorbance . . Rate
acetylthiocholine forsned remaining
M % ky X 102
32X%10°8 0.175 3.2 96.8 -
8X 10~5 0.185 6.4 93.6 3.3
16X 1073 0.210 14.3 85.7 3.8
8X 104 0.335 44 56 38
$2% 1073 0.438 87 13 4.0
4% 10-3 0.480 100 0 -

IIl. RESULTS.

The slopes of the standard curves for GSH in the presence of acetylthiocholine iodide and
thiocholine iodide are identical in the automated Humiston method, however, the values differ in
the Levine method. If one assumes the standard calibration curve for thiocholine (figure 1) to be a
straight line passing through the origin, although it is curved, then the slope for the thiocholine
calibration is 2.5 times greater than the calibration slope for GSH. The difference in the slope values
is directly proportional to differences in their respective rates of dialysis. About 10% of the total
thiocholine present and 3.5% of GSH dialyze across the membrane. The slope of the standard
calibration curve for GSH in the presence of acetylthiocholine is 1.9 times greater than that of GSH.
Our results show conclusively that the latter phenomenon occurs because of an interaction between
the two compounds to form thiocholine and acetylglutathiore.

e e
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Table I. Absorbance Values for Reaction Between Glutathione
aad Acetylihiocholine (at 420 nin)

Solution Concentration® Abso: bance
M
Acetylthiocholine iodide 1 X 10°4 6.197
and glutathione 1X10°3 )
Acetylthiccholine iodide 1X 102 0.027
cetylthiocholine 10dide 3
.16
and 2% red cellsP X 10 6.160
Red bloed cells (2%) - 0
Acetylthiwenoline iodide 1X10°3 3
. . b 0.620
plus glutathione 1X 10
Glutathione 1x10°2 0.540

Jnitial roncentrations.
bi’tcp:uatxor. of thiocholine.

Table 1. Conditions for the Reaction Between Acetyithiocholine
and Glutathione

Gietathtone  conceritration, 1.8 X 1074 M absorbance, 0.165: thiochcline
1.8 x i®9; absorbance, & 480: temperature 37°C; pH, 8.2 time, 2.6 nun;and k4 15
the bimolecs:las rate constant, averaging 3.7 X 102 liters/mole/run.

Concentraticn . Thiccholine | Glutathione
. f Absorbance Y. Rate
acesylthiocholine for.ned remaining
M % ky X 10?2
3.2X 103 0.175 3.2 96.8 -
8X 1073 0.i85 6.4 93.6 33
1.6 ¥ 1073 0.210 143 85.7 38
8X 104 0.335 44 56 38
2X 1073 0.438 87 13 I 40
4% 103 0.480 100 0 i

IIi. RESULTS.

The slopes of the standard curves for GSH in the presence of acetylthiocholine 1cdide and
thiocholine iodide are identical in the automated Huiaiston riethod, however, the values differ in
the Levire method. If one assumes the standard calibration curve for thiocholine (figure 1) 1o t¢ a
straight line passing through the origin, although it is curved, then the slope for the thiocholine
calibration is 2.5 times greater than the calibration slope for GSH. The difference in the slope values
is directly proportional to differences in their respective rates of dialysis. About 1077 of the total
thiocholine present and 3.5% of GSH dialyze across the membrarie. The slope of the standard
calibratioui curve for GSH in the presence of acetylthiocholine is 1.9 times greater than that of GSH.
Our results show conclusively that the latter phenomenon oceurs because of an interaction between
the two compouiids to form thiocholine and acetylglutathione.




Reactions between GSH and acetylthiccholine iodide were carried out first with an excess
of acetylthio holine, then with an excess of GSH. In experiments using excess avetylthiocholine,
: the absorbance values of the products resulting from the reaction were compared with that resulting
3 fromthe enzymatic hydrolysis of anequivalent concentration of acetylthiocholine. Table I shows the
’ following results. (1) absorbance from thiocholine iodide produced by the transesterification
reaction and spontanecus hydrolysis of acetylthiocholine, (2) absorbance from the spontancous
hydrolysis of acetylthiocholine iodide at pH 8.2; (3) absorbance of thiocholine produced by
enzymatic hydrolysis, (4) absorbance of 2 vol % red blood cells, (5) absorbance resulting from both
thiocholine iodide formed by transesterification and the excess GSH, and (6) absorbance _ as
measure of 10-2 M GSH.

Using the absorbance values shown in table I, observed results agreed to within 6% of k-
those calculated when excess acetylthiocholine was reacted with GSH and to within 477 when excess ¢ )
GSH was reacted with acetylthiocholine. After completion of the latter reaction, red bloud cells 3

were added. No additional thiocholine, which would form by the enzymatic hydrolysis of
acetylthiocholine, was produced.

The course of the reaction between GSH and acetylthiocholine was followed by
thin-layer chromatography. Of eight developing solvent systems tested, an cqual mixture of butanol,
pyridine, and water gave the best separation of the products from the ensuing reaction. Our
preliminary experiments showed that the developing solvent could separate GSH from S-acety Iglu-
tathione, however, the small separation of 0.05SRF units was not considered sufficient for positive
identification. The Ellman reagent, however, can distinguish between the two as it produces a :
yellow color with GSH and no color with S-acetylglutathione. Additional spray reagents, such as 177 1
Ninhydrin (which gives a violet color with both glutathione and S-acetylglutathione)and iodine
vapors that give color with all initial reaction compounds as well as reaction products were also
used for identification. Our results showed the disappearance of GSH with the concomitant
appearance of S-acetylthiocholine. The biomolecular rate constant for the reaction between
acetylthiocholine and GSH at pH 8.2 and 37°C was calculated to be 3.7 X 10? liter/mole/minutc
(table II).

1V, DISCUSSION AND CONCLUSIONS.

In order to construct a versatile and universally acceptable automated system for !
measuring blood AChE activity, one that could be used for red cell and plasina enzyme and tor
blood samples that are drawn from a vein or fingertip, the most commonly used automated sy stems
and procedures have been studied and evaluated. Most automated systems use a dialy zer assembly
with a cellophane membrane to prevent protein from interfering with the spectrophotometric
absorbance of the substance being measured. The importance of the dialysis step has buen grossly
underestimated and should be considered as thouroughly as any other part of the ., stem. Most of the
methods investigated include the dialyzer module, the Voss method dues not. Concentration and
hemical composition of materials on the sample side of the dialy zing plate and sclected tlow tates
have decided effects on amountsdialyzing across the cellophane membrane.!? Had calibration cunves
of both GSH and acetylthiocholine been more thoroughly investigated, interaction between the two
to form thiocholine and S-acetylglutathione could probably have been resolved years ago.

*
- RAT ARt . A ettt B et

The method described by Levine, Scheidt, and Nelson? is most commonly used. It has
good precision and good sensitivity, and it provides low blank values. The weakness of this
procedure lies in the preparation of a standard calibration curve. The substitution of GSH for the
true standard, thiocholine, creates a problem. If an investigator chooses to obtain « standard curve

R . . S P

10Groff, W. A., and Ellin, R. . A New and Rapid Determmation of Py nidintum Oximes i Blood and Unine. Clin. ;
Chem. 15, 22 (1969). §
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using GSH in the absence of substrate,8 the slope of the resulting calibration curve is approximately
one-third that of the calibration curve of thiocholine. If GSH is measured in the presence of
substrate, the calibration curve could measure the sulfbydryl product remaining, as well as those
products by the transesterification reaction. Consequently, the slope of standard calibration cusves
would depend upon conditions that control the rate of interaction. Resulting data and acceptable
normal and average cholinesterase values would vary from laboratory to laboratory. A similar
observation was reported by Fowler and McKenzie.” These authors ruled out chemical interaction
because manually performed experiments did not support this assumption. In the manual
transesterification reaction, thiol equivalents do not change, regardless of how complete or
incomplete the interreaction. Thus, a manual method would not show changes in absorbance. This
problem can be resolved by using thiocholine, enzymatically or chemically converted from
acetylthiocholine for a standard in a calibration curve. Thiocholine purchased from a commercial
laboratory was not thiocholine. Fowler and McKenzie? suggest the use of chemical hydrolysis of
acetylthiocholine and report stability at ~20°C for months.

The other problem, which cannot be remedied as easily, is the possible interreaction of
either dialyzable or nondialyzable sulfhydryl material present in biological samples. A reaction of
the latter with acetylthiocholine would result in higher values in a red cell AChE assay. A similar
error could result with dialyzable sulfhydryl because the proper correction factor depends on its
rate of interaction with substrate as compared to its rate of dialysis and the interaction with DTNB.
Neither of these potential sources of error can be corrected for in this procedure.

As Voss? did not use a dialyzer, the color of the DTNB and aiso red cells caused the
blank readings to be high. Even in a 1:1200 aqueous dilution of red cells, the absorbance, because
of enzyme activity after 16 minutes, was less than twice that of the blank absorbance. The inherent
high blanks rule out the use of the procedure for red cell enzyme activity. This method car be used
to moenitor the enzyme in serum or tissues, which after homogenization is relatively low in
sulfhydryl content.

Blank values caused by red cell interference are nil in the Groff® method—so much wo
that duplicate determinations to measure interference from the red cells do not huve to be run The
method using the Hestrin® procedure is much less sensitive than the Ellman method becaine of the
fower substrate speciticity and lower molar extinction of color-producing reagent A disady autage of
the Hestrin system that may be more disconcerting in an automated system than in g manual system
is that it is a difference methed and involves hydrolysis of 4 significant portion of substrate.
Another problem that has not been resolved is that the method does not show changes in activity of
red cell AChE after approximately 80% to 857% of the enzyme has been inhibited.

In the Humiston3 method, the color-forming reagent is on the sample side of the dialyzer.
The slopes of the standard calibration curves for GSH or thiocholine, even in the presence of
substrate, are identical. Both dialyzable and nondialyzable sulfhydryl compounds react pnor to
dialysis. One could obtain reliable blank values in whole blood and red cell AChE determination.
Blank values in this method are not nearly as large as that of the Voss method in which a dialyzer
assembly is not used. The relatively high blank in the Humiston method can be subtracted from
sample values. Consequently, we feel that this system is the method of choice.

Cholinesterase values may differ for each laboratory, not only because of the vanous
ways enzyme activity is reported, but also because of the use of different experimental conditions.
Temperature, pH, the nature of substrate, and substrate concentration should be uniform in order
to obtain comparable data, even if all laboratories adopt the international unit for reporting their
data. The international unit would be expressed as: one unit of enzyme catalyzes the
transformation of 1 umole of substrate per milliliter of sample per minute. Time 15 determined by
measuring the total time that the sample and substrate react, measuring the time it enters the
incubator bath and when it leaves the dialyzer plate. We suggest that conditions as near to pH 8.2,
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Reactions between GSH and acetylthiccholine iodide were carried out first with an excess
of acetylthiocholine, then with an excess of GSH. In expuriments using excess acetylthiocholine,
the absorbance values of the products resulting from the reaction were compared with that resulting ]
fromthe enzymatic hydrolysis of anequivalent concentration of acetylthiocholine. Table I shows the .
following results. (1)absorbance from thiocholine ivdide produced by the transesterification B
reaction and spontanecus hydrolysis of acetylthiocholine, (2) absorbance from the spontancous
1 hydrolysis of acetylthiocholine iodide at pH 8.2, (3) absorbance of thiocholine produced by
< enzymatic hydrolysis, (4) absorbance of 2 vol % red blood cells, (5) absorbance resulting from both
L thiocholine iodide formed by transesterification and the excess GSH, and (6) absorbance _ as
measure of 10-2 M GSH.
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Using the absorbance values shown in table I, observed results agreed to within 6% of
those calculated when excess acetylthiocholine was reacted with GSH and to within 477 when excess ¢
GSH was reacted with acetylthiocholine. After completion of the latter reaction, red bloud cells
were added. No additional thiocholine, which would form by the enzymatic hydrolysis of k
acetylthiocholine, was produced.

The course of the reaction between GSH and acetylthiocholine was followed by
thin-laver chromatography. Of eight developing solvent systems tested, an equal mixture of butanol,
pyridine, and water gave the best separation of the products from the ensuing reaction. Our
preliminary experiments showed that the developing solvent could separate GSH from S-acety lglu
tathione, however, the small separation of 0.05RF units was not considered sufficient for positive
identification. The Ellman reagent, however, can distinguish between the two as it produces a
yellow color with GSH and no color with S-acetylglutathione. Additional spray reagents, such as 177 1
Ninhydrin (which gives a violet color with both glutathione and S-acetylglutathione)and iodine
vapors that give color with all initial reaction compounds as well as reaction products were also .
used for identification. Our results showed the disappearance of GSH with the concomitant 5
appearance of S-acetylthiocholine. The biomolecular rate constant for the reaction between
acetylthiocholine and GSH at pH 8.2 and 37°C was calculated to be 3.7 X 102 liter/mole/minute
(table II).

1V. DISCUSSION AND CONCLUSIONS.

In order to construct a versatile and universally acceptable automated system for ’
measuring blood AChE activity, one that could be used for red cell and plastna enzyme and for
blood samples that arc drawn from a vein or fingertip, the most commonly used automated sy stems
and procedures have been studied and evaluated. Most automated systems use a dialy zer assembly
with a cellophane membrane to prevent protein from interfering with the spectrophotometric
absorbance of the substance being measured. The importance of the dialysis step has buen grossly
underestimated and should be considered as thuroughly as any other part of the ., stent. Most of the
methods investigated include the dialyzer module, the Voss method does not. Concentrativn and
chemical composition of materials on the sample side of the dialy zing plate and selected tlow rates
have decided effects on amountsdialyzing across the cellophane membrane.!® Had calibration curves
of both GSH and acetylthiocholine been more thoroughly investigated, interaction between the two
to form thiocholine and S-acetylglutathione could probably have been resolved years ago.

The method described by Levine, Scheidt, and Nelson? is most commonly used. It has E
good precision and good sensitivity, and it provides low blank values. The weakness of this
procedure lies in the preparation of a standard calibration curve. The substitution of GSH for the
true standard, thiocholine, creates a problem. If an investigator chooses to obtain a standard curv

10Gyoff, W. A., and Ellin, R. I. A New and Rapid Deternuaation of Py ndinum Oximes m Blood and Unne. Clin.
Chem. 15, 22 (1969).
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37°C, and 1mM acetylthiocholine substrate bu used fos red cell uneyme, and that enzyme activities
be expressed as micromoles of substrate hydrolyzud per snrate per milliliter of sample. We will
then have the semblance of 8 methad thet will provide enss e activity data that can be compared
with those of other laboratories.

On the basis of this report, ¢ moditicd astefoanated sy<dent has beent developed in our
Iaboratory. 1t is precise and accurate; van be used for wiwle blowd, red woll, und plusma enzyme
with autodilution; and can handle sampies as small as 20.giters when diluted manuddly. A detailed
report on this procedure has been submitted for publication
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