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ASSAY FOR SERUM CHOLINESTERASE ACTIVITY 

This invention relates generally to 

diagnostic tests to determine the activity of serum 

cholinesterase. More particularly, the invention con­

cerns a dry element and a method for determining serum 

cholinesterase activity in undiluted aqueous liquids. 

The determination of the activity of serum 

cholinesterase (CHE) is important in the early diagno-. 
sis of various disease states such as degenerative 
liver disorders and poisoning caused by toxic agents 

such as insecticides and herbicides containing 
carbamates or organic phosphoric acid esters. These 

compounds inhibit CHE, thus a reduced level of CHE 
activity in a patient's serum might be diagnostic of 

chemical poisoning. In the case of carbamate pesti­

cides, the inhibitory effect of these toxic agents 
might be reversed and cholinesterase activity restored 
if, for example, the patient's serum is diluted and the 
concentration of the toxic agent in the test reagent is 
lowered. In such cases, in vitro measurement of CHE 
activity in dil_uted samples might not truly reflect the 
severity of the in vivo state. 

In determining the activity of CHE in serum 
it is customary to predilute the test serum sample 
because the level of CHE.activity normally present in 
human sera is very high. Because such dilution could 
reverse CHE inhibition.·by toxic agents, it would be 
pref erred to employ a method that is capable of deter-
mining a.range of CHE activity without prior dilution 
of the eest samples. One such rn~thod has been 
dis"c;·l;o~,-~d by ·Thorns.eh··;·Kewitz and Pleul, J. Clin. Chem. 

. . ~"· .. , ... 
Cl ii:t,· .:):~,iochem, vol. 2 6 /No. 7, p. 4 69-47 5 ( 1988) . That 
met~od, however, employs a manual technique that uses 

... ~~~gents in wet -~~elution and is therefore not as 
co·rive.~ient or reproducible as automated methods or 
methods using dry analytical elements. Further, the 
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reagents include radioactive labelled acetylcholine and 

thereby present certain known hazards. 
It would be desirable to have a dry, ana­

lytical element for determining serum cholinesterase 

activity in undiluted aqueous liquids such as 
biological fluids. 

Accordingly, the object of this invention is 
to provide a dry~~ype analytical element for CHE assay 
of diluted and undiluted aqueous liquids such as body 
fluids. Briefly swmnarized, according to one aspect of 
the invention, there is provided a method for assaying 
serum cholinesterase activity in an aqueous liquid 
comprising the steps of: 

A) contacting a sample of the aqueous liquid 
with an analytical element for assaying serum 
chol~nesterase activity comprising a support having 
thereon at leas~· one layer, wherein the element also 
comprises: 

a) butyrylthiocholine; 
b) ferricyanide at a coverage of 0.02 

to 2. 0 g/m2; 
c) a binder material at a coverage of 3 

to 12 g/m2; and 
d) a buffer to establish a pH in the 

range of 7.0-8.5; and 
B) monitoring the rate of change in reflectance 

density to assay the activity of serum cholinesterase 
in the sample. 

In another aspect of the invention, there is 
provided the analytical element described in the above 
method for assaying serum cholinesterase activity. 

One advantageous feature of this .invention is 
that the test can be pe·rformed with undiluted serum, 
thereby avoiding recovery of enzyme activity upon 
dilution. 
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Another advantageous feature is that the 

element of this invention is useful in automated 

analyzers and thereby minimizes the risk of e.rror or 

inconsistency. 

Yet another advantage of this invention is 

that the chemistry is •dry• and offers greater handling 

and storage convenience than the •wet• approach. 

The ass~y provided by the invention is non­

enzymatic and therefore provides better reagent 

stability and cost advantage than comparable enzymatic 
tests. By •non-enzymatic• it is meant that no enzy'me 
is present in the element according to the invention 

although CHE might be present in the sample. 
In order to provide a dry analytical element 

for assaying CHE in undiluted aqueous liquids, several 
problems had to be overcome. It was particularly 
difficult to define the amount of ferricyanide to be 

incorporated in the dry element of the invention 
because of the very broad range of CHE found in 

undiluted human serum. The amount of f erricyanide is 
critical because if too much is present in the web, the 
initial density will be too high and a reading cannot 
be made. If too little is present, the ferricyanide 
will be exhausted before the endpoint of the reaction 
is reached and again an accurate reading cannot be 
made. Prior art methods overcome this problem by 
diluting samples with very high CHE levels; but there 
are problems involved with dilution, as discussed 
above. 

We discovered through research that the range 
of f erricyanide which functions optimally as an 
in~icator of CHE activity in a dry element -Oepends on 
the concentration of the other constituents in the web, 
especially the binder material, for example gelatin. 
We have found that the useful range of f erricyanide in 
the element is 0.2 to 2.0 g/rn2 and the useful range of 



.. ~ ... 
' 

1-J." 
I'·· • 

-4-

binder material that is operable with the above stated 

range of ferricyanide is 3 to 12 g/m2. One skilled in 

the art would be able to arrive at the optimum 

concentrations within these ranges that are suitable 

for particular assays. We are aware of no teaching 

that the amount of binder material in the web would 

overcome the problem described above. It was .. 
unexpected that a .. dry element could be made to 

determine the very broad range of CHE activity in 

undiluted human sera. 

Another problem which can be unexpectedly 1 

solved is interference by bilirubin, a natural 

constituent of serum. It is known that the natural 

yellow pigment in bilirubin causes a bias in the 

density reading. Because this invention assays 

undiluted serum, the system gets the full brunt of 

bilirubin interference. We overcome this problem and 

obtain accurate results by reducing the amount of gel 

cross-linking. We used a small amount of hardener {for 

example 0.02 to 2 g/m2 BVSME). Some cross-linking is 

needed, however, so BVSME could not be totally 

excluded. 
Another unexpected result which can be 

obtained is that coating-to-coating reproducibility is 

greatly improved when an anionic surfactant, p·referably 

Olin lOG™, defined below, is incorporated in the 

layers containing the reagents. 

Figure 1 is a graph of kinetic traces of 

density versus time, showing that the negative slope of 

the kinetic trace increases with increasing CHE 

activity. 

Figure 2 is a graph showing results of assays 

of patient serum sampies using an EKTACHE~l-M 100 

clinical che~istry analyzer. This shows that results 

obtained using the method of the invention corresponds 

This Sheet Has Been Replaced 
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well with results obtained using a reference method for 
assaying CHE activity. 

As used herein, the term •fluid contact• and 

similar terms refer to zones or layers of an element 
which are associated with one another in a manner such 
that, under conditions of use, a fluid, whether liquid 
or gaseous, can pass in the element between these 
layers or zones. Such fluid contact therefore refers 

.• 
to the capability of the element to permit passage of 
at least some components of a fluid sample between 
zones or layers-of the element which are said to be in 
•fluid contact•. Zones which are in fluid contact can 
be contiguous, but they also may be separated by 
intervening zones or layers. Such intervening zones or 
layers however will also be in fluid contact in this 
case and will not prevent the passage of fluid between 
the fluid contacting layers or zones. 

The term •dry• as used herein to describe 
analytical methods refers to analytical methods and 
techniques that are carried out using chemical reagents 
contained in various •dry-to-the-touch• test elements 
such as •dip and read• test strips, multilayer test 
elements and the l_ike. •ory• methods require no liquid 
for reconstitution or analysis. 

The term •dry coverage• as used herein 
indicates that the coating coverage is determined as 
•dry weight• after normal coating and drying processes. 

The term •porous• as used herein means being 
full of pores such that a fluid can be absorbed by 
capillary action and can pass to other layers in fluid 
contact with the porous layer. 

The term •reflective• as used herein means 
that incident light applied to the element would not be 
transmitted through the element but would be reflected 
back to a photodetector where the reflected density can 
be measured. 

This ~beet Has Been RePlaced 
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The chemical basis for this assay is that 
butyrylthiocholine is hydrolyzed by CHE and liberates 

butyric acid and thiocholine. The thiocholine 
liberated then reduces ferricyanide to f errocyanide and 
the rate of change from f erricyanide to f errocyanide is 
measured by reflectance densitometry. Measurement is 
possible because f erricyanide has an absorption maximum 
at 405nm, while ferrocyanide has little absorption at 

·' 
this wavelength. The level of cholinesterase activity 
is then directly correlated to the rate of change in 

absorbance. 
The above-described series of chemical 

reactions are carried out on an automatic analyzer, 
such as the EKTACHEM™ analyzer, using the dry 
analytical element of the invention spotted with a 
sample to be assayed for CHE activity. The dry 
analytical elem~nts useful for the assay of liquids can 
be prepared according to the teachings of US-A-
3, 992, 158 and US-A-4,357,363 the contents of which are 
incorporated herein in their entirety. 

Briefly described, the analytical element of 
this invention comprises one or more layers coated on a 
suitable support. If the element contains more than 
one layer (a multilayer element), the layer most adja­
cent to the suppc;:>rt is a reagent layer upon which one 
or more additional reagent layers may be superposed. 
Any or all reagent layers may contain the constituents 
butyrylthiocholine or ferricyanide. Optionally, both 
of these constituents may be in the same reagent layer. 
In a multilayer element of the type described, the 
layer most distant from the support is a spreading 
layer that rece.ives and distributes the aqueous liquid 
to be assayed for CHE. The spreading layer may also 
contain the constituents butyrylthiocholine or f erri­
cyanide, or both. A buffer is essential to the elemer.~ 
and may be included in any or all layers of the ele-

-iii iii if 
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ment. Optionally, all constituents of the element may 

be in a single layer. Whether contained in.the same or 

in different layers of the element, all constituents 

must be in fluid contact with each other, meaning that 

reagents and reaction products can pass within a layer 

and between superposed· regions of adjacent layers. 

The support can be any suitable dimensionally .. 
stable, and preferably, nonporous and transparent (that 

is radiation transmissive) material which transmits 

electromagnetic radiation of a wavelength between 200 

and 900 run. A radiation-transmissive support is 

particularly preferred to enhance and facilitate deter­

mination. of detectable changes occurring in these ·ele­

ments by use of various radiation detection methods. A 

support of choice for a particular element should be 

compatible with the intended mode of detection 

(reflection, transmission or fluorescence spectro-

scopy}. Useful support materials include polystyrene, 

polyesters (for example poly(ethylene terephthalate)], 

polycarbonates, cellulose esters (for example cellulose 

acetate}, and so forth 

A reagent layer is coated on the support. 

The reagent layer can contain the indicator composition 

comprising one or more reagents (for example, 

ferricyanide or ferricyanide and butyrylthiocholine) 

dispersed in one or more synthetic or natural binder 

materials, such as gelatin or other naturally-occurring 

colloids, as well as different synthetic hydrophilic 

polymers such as poly(acrylamide), poly{vinylpyrroli­

done), poly{acrylamide-~-N-vinyl-2-pyrrolidone), 

copolymers of the above, and polymers or copolymers to 

which crosslinkable monomers have been added. 

The reagent layer can contain a buffer, 

essential to the invention. Useful buffers include 

phosphate, pyrophosphate, tris(hydroxymethyl)amino­

rnethane (TRIS}, 2{[tris(hydroxyrnethyl)methyl)amino}-l-

This Sheet Has Been Replaced 
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ethanesul fonic acid (TES) and other buffers with pH in 

the range of 7.0 to 8.5. The buffer may be included in 

any or all of the layers described above, or it may be 

in a separate layer devoid of f erricyanide and 

butyrylthiocholine. 

Several anionic surfactants such as Olin-

1 QGTK, TX-4QSTK, Zonyl FSN™ (a family of octylphenoxy .. 
polyethoxy ethanol nonionic surfactants sold by Rolun 

and Haas), and so forth, may optionally be included in 

the reagent layer. Several different cross-linking 
I 

agents are also optional, such as 

bisvinylsulfonylmethane, gluteraldehyde, and so forth. 

The spreading layer is a porous, reflective 

layer to uniformly distribute the liquid test sample 

over the element.. The spreading layer may contain the 

constituents butyrylthiocholine or ferricyanide or 

both. Materials for use in spreading layers are well 

known in the art of making dry analytical elements as 

disclosed, for example, in US-A-4,258,001 and the above 

cited patents. 

An exemplary spreading layer is presented in 

Table 1 below. Pigments other than barium sulfate 

could be used, for example, titanium dioxide. Binders 

other than cellulose acetate could be used, for 

example, various polyurethanes and other polymers. 

Surfactants other than TX-405™ could be used, for 

example, TX-100™. Halide ions other than the iodide 

could be used, for example butyrylthiocholine chloride. 

In addition, other thiocholines, such as acetyl or 

propionylthiocholine could be used instead of 

butyrylthiocholine. 

Other optional layers, for exaillple subbing 

layers, radiation-blocking layers, and so forth, can be 

included if desired. The layers of the element can 

contain a variety of other desirable but optional 

components, including surfactants, thickeners, buffers, 
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hardeners, antioxidants, coupler solvents, and other 

materials known in the art. The amounts of these 

components are also within the skill of a worker in the 

art. 
Changes in the element can be detected with 

suitable spectrophotometric apparatus, usually a 

reflectometer, using generally known procedures 

disclosed, for example, in US-A-3,992,158 at Cols. 14-

15 and US-A-4,357,363 at Cols. 27. In an enzymatic 

reaction, the resulting product is determined by 

measuring, for example, the rate of change of reflec-

tion or 
element 
sample. 

transmission density in a finite area of the 

of the invention contacted with the assay 

The area measured is generally from to 5 mm. 

A representative element of this invention is 

presented below. It will be understood by those 

skilled in the art that the principle of the present 

invention can be usefully incorporated into any ana­

lytical element employing the method provided by the 

present case. It will also be understood that CHE 

activity in other samples besides sera can also be 

assayed using this element. 
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Table 1 

~· 

:Immunoassay Element of the Invention 

Dry Coverage 
Cq/m2) 

Xoat Oaeful 

Pref erred Ra.nae 

BaS04 
.. 

105.6 80 - 250 

Cellulose Acetate 10.l 5 - 150 

TX-405TM 2.1 o.s - 10 

Butyrylthiocholine Iodide 2.9 o.s•- 5 

Polvurethane 1.1 

Poly-N-isopropylacrylamide 0.59 

Gelatin 6.46 3 - 12 

KH2P04 2.04 o.s - 10 

K3Fe(CN)6 1.45 0.2 - 5 

TX-100™ . 0.54 0.001 - 2 

Bisvinylsulfonylmethylether 0.05 0.02 - 2 

The names and symbols used in the above 
element and text have the following meanings: 
Zonyl F SNTX : 

TX-lQQTX 

TX-40STX 

Olin-lOGTM: 

BVSME: 

A nonionic, fluorinated surfactant sold 
by E. I. du Pont de Nemoy~s. 

A family of octylphenoxy polyethoxy 

ethanol nonionic surfactants sold by 

Rohin and Haas. 

Bis(vinylsulfonylmethyl)ether gelatin 
hardener. 
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The reagent layer was coated on a subbed, 

gelatin washed poly(ethylene terephthalate) support, 
and the spreading layer was coated over the reagent 

layer. All of the aforementioned layers were coated 

using conventional coating techniques known in the art 
for making dry assay elements mentioned above such as 
those disclosed ip US-A-4,357,363 and US-A-3,992,158. 

The element of the invention is intended for 
use with serum or plasma samples but any fluid that 
sufficiently mimics serum could also be used. These 

include typical control and proficiency fluids. 

No special sample preparation is required 
other than the separation of serum or plasma from whol·e 
blood. Dilution is not required, but is allowed 
provided the diluted activity is sufficient to be read. 
The samples can be frozen and maintain activity for 
long periods of time. They should be thawed and 

allowed to reach room temperature prior to assay. 
The assay of the invention preferably 

utilizes between 5 and 20 µL of sample. Although the 

invention allows for variations in the volume of 
applied samples, 11 µL is most preferred. Different 

calibration curves are required for the different 
sample volumes. Physical contact is made between the 
liquid sample under analysis and the analytical 
element. Such c9ntact can be accomplished in any 
suitable manner, preferably by spotting the element by 
hand or machine with a drop of the sample on the 
spreading layer with a suitable dispensing means. 

After sample application, the element is 
exposed to any conditioni~g, such as incubation heating 
or the like, that may be desirable co quicken o.r 
otherwise facilitate chemical reaction. Such 
conditioning is preferably performed ac 25 - 40°C, most 
preferably at 37°C. The element is moni~ored for any 
change in re:lectance de~sity during the peric:d~o~f'.:___~~~~~~~ 
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conditioning, usually for 3 to 7 minutes, preferably 

for 5 minutes, although changes may occur as soon as 20 

to 25 seconds, or as long as 30 to 60 minutes. 
The method of determining the CHE activity is 

illustrated by the examples below. The analytical 

element used in all the examples is that shown in Table 

1 herein. 

Example 1: C~lculatinq the rate of change CDr/minl 

using samples with known concentrations 

of CHE 
l 

The operability of the invention in testing 

for CHE activity is demonstrated as follows. A pool of 

human serum was treated with acid to destroy endogenous 

CHE activity and then spiked with horse CHE to provide 

a series of fluids with CHE activity of 532, 3388, 

5935, 8303, 11259, 13453 and 15968 U/L. CHE activities 

of the above 7 samples were determined by the 

butyrylthiocholine/Ellman's reagent method. This 

method has been designated by the British Association 

of Clinical Biochemists as a reference method. 

(Proposed Methods for Detennination of Some Enzvmes in 

Blood Serum. News Sheet Assoc. Clin. Biochem., 2..Q.2,, 

31s (1980)). 
The above fluids and water, were all spotted 

on the element of Table 1 and assayed for CHE activity 

on the EKTACHEJoiTH 700 analyzer according to the proce­

dure described above. Reflectance density (Dr) at 400 

nm was monitored during a 5 minute incubation at 37°C 
and the rate of change in Dr determined by the ana­
lyzer. Suitable detection apparatus and procedures are 

known in the art. 
Kinetic traces of reflectance de~sity versus 

time are shown in Figure 1. This shows that the nega­

tive slope of the Kinetic trace (Dr/min) increases with 

increasing CHE activity. 



1 
"<' .. 

-13-

.. ·-

The rate (Dr/min) was determined by linear 
regression through the linear region of the density 
curve. 

Example 2: Assaying test samples on the 
element of the invention 

Thirty-five patient samples were obtained; 15 
from apparently healthy individuals, 10 from 
individuals showing signs of liver dysfunction (high 
bilirubin), 10 from pesticide applicators. All of 
these samples were assayed for CHE activity by the , 
above mentioned Ellman's reagent technique. They were 
then spotted on the element of the invention and 
assayed using an EKTACHEMI'K 700 analyzer. The slope of 
the linear region of the Kinetic curve was calculated 
(Dr/min) as described above. This was plotted against 
the concentration {activity} as reported by the 
reference method. The results are shown in Figure 2. 

As these samples generally fall on one. curve, 
we see that this technique can be correlated to and 
even calibrated by the aforementioned reference 
(butyrylthiocholine/Ellrnan's reagent) method. 
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CI.AIMS: 

1. A method for assaying serum 
cholinesterase activity in an aqueous liquid comprising 
the steps of: 

A) contacting a sample of the aqueous liquid 
with an analytical element for assaying serum 
cholinesterase activity comprising a support having .. 
thereon at least one layer, wherein the element also 
comprises: 

butyrylthiocholine; a) 

b) 
I ferricyanide at a coverage of 0.02 

to 2.0 g/m2; 

c) a binder material at a coverage of 3 
to 12 g/m2; and 

d) a buff er to establish a pH in the 
range of 7.0-8.5; and 

B) monitoring the rate of change in reflectance 
density to assay the activity of serum cholinesterase 
in the sample. 

2. The method as claimed in claim 1 wherein 
the aqueous liquid is undiluted. 

; 

3. The method as claimed in claim 1 or 
claim 2 wherein the preparation is monitored by 
reflectance densitometry at 375-450 nm. 

4. A method as claimed in claim 1 wherein 
the element comprises a support having thereon, in the 
following order; 

a) a reagent layer containing 
ferricyanide at a coverage of 1.5 to 2.0 g/m2, gelatin 
at a coverage of 6 to 10 g/m2, and a buffer to 
establish a pH in the range of 7.0-8.5; in fluid 
contact with 

b) a spreading layer containing 
butyrylthicchcline iodide. 

· 11111111 1111111111111111 fl 1111 
* C I M S * 
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5. Afi ~nalytical element for assaying serum 

cholinesterase activity comprising a support having 

thereon at least one layer, wherein the element also 

comprises: 
a) . butyrylthiocholine; 

"b) ferricyanide at a coverage of 0.02 
to 2.0 g/m2; .. 

c) ·· a binder material at a coverage of 3 
to 12 g/m2; and 

d) a buff er to establish a pH in the 

range of 7~0-8.5. 

6. The element as claimed in claim 5 

comprising.one or more reagent layers and a spreading 
layer wherein (a), (b), (c) and (d) are located in 

i) one or more reagent layers; 

ii) one or more reagent layers and a 
spreading layer; or 

iii) the spreading layer 

7. The element as claimed in claim 6 
c.omprising: 

a) one or more reagent layers 
containing a binder material at a coverage of 3 to 12 
g /m2 and at least one compound selected from the group 
consisting ·of butyrylthiocholine, ferricyanide at a 

coverage of 0.02 to 2.0 g/m2, and a buffer with a pH in 
the range of 7.0-8.5; and 

(b) a spreading layer. 
8. The element as claimed in claim 6 

wherein the spreading layer contains one or more 
materials selected from the group consisting of 
butyrylthiocholine, ferricyanide at a coverage of 0.02 

to 2.0 g/m2, a binder material at a coverage of 3 to 12 
g/m2, and a buffer with a pH in the range of 1.0-8.5. 

9. The element as claimed in any one of 
claims 5 to 8 also comprising a hardener. 

This Sheet Has Been .R. . 
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10. The element as claimed in claim 9 
wherein the hardener is present at a coverage of 
between 0.92 and 2 g/m2. 

11. The element as claimed in any one of 
claims 5 to 10 also comprising an anionic surfactant at 
a coverage of 0.001 to 2 g/m2 

12. The element as claimed in any of claims 

5 to 11 wherein the butyrylthiocholine is 
butyrylthiocholine iodide. 

13. The element as claimed in any one of 
. I 

claims 5 to 12 wherein the binder material is gelatin. 
14. The element as claimed in claim 6 

comprising a support having thereon, in the following 
order; 

a) a reagent layer containing 
ferricyanide at a coverage of 1.5 to 2.0 g/m2, gelatin­
at a coverage of 6 to 10 g/m2,· and a buffer to 
establish a pH in the range of· 7.0-8.5; and in fluid 
contact with 

b) a spreading layer containing 
butyrylthiocholine iodide. 


