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ASSAY FOR SERUM CHCLINESTERASE The present invéhto8Hial-atds

ta c1hnucal chem stry. In particular, it relates to an el enent and

a nethod for determ ning cholinesterase activity and to 5 dlsubstuﬁ#tgd

benzoyl'chol i ne derivatives for use as substrates in the el enent.

Chol i nesterase (specifically serum chol i nesterase or

pseudochol i nesterase) is a serum enzyne useful in the diagnosis of

| i ver” di seases, 10 pesticide poisoning, ang for identifying individuals

unable to nmetabolize the nuggle rel ax xanet honi um
(succi nyl di chol i ne). ASsAY %o%ag]sﬁf[(ﬁs %H%%W‘é& ermning the
activity of chol i nestEraspresenknimventidnarelateshtseckinigal5 net hods

use choline est@fanfs A0S iRl farticulle] 'fe%smégshwQLYAgamahghana

substrat e gener n ho correspon romthe ester.
The nost commmﬂ3mQékQﬂsﬁ%%td%ﬁ%@mlnlngbi?lyneﬁtgﬁﬁéﬁlﬁ@thltY and to

propi onyl t h'soc*mémfstm&@ xb&a»z&%aﬁ@imé daﬁyeawwshfeie Gakegsof

reaction with chol i nest erase he hydrol yzing action of
chol i nest er ase SHPIHERLEH IR fhe pPLRB¥RE- t 00 qui ckly, it is very

difficult to trace thEI%ﬂNbI&négﬁéfaQQ (speexﬂﬁehylyysaﬁﬁmal or mechani cal
oper ati on. 5 difficult to

chollnesterase e %ﬁt?Feﬁ@ﬁ%eﬁgégi5?e§EEEP§8801§hﬁsseFH@
comonl y used suhﬂumaunsefuiunnethbIddagmosistbé léver disepsesyen, naking

th I"t T
it on ars iy el Soblhng ¥ng ok *BARAELEREn, "RAGELTHERLPON
Mor eover , thesénﬁﬂ5%¢r%ﬁeﬁﬁ?ﬁh@l*ﬁ@hfhﬁi@ésﬁie relakanti Auxemehheniymat i c)

hydronS|s (hytwguégaﬂyiagghollngpcurs spont aneousl y under basic
condltlons) requiring t hat bIa eaglngé be taken. Because al kaline
. Varlous met ods or determining the activity
of cholinesterase are known, and all of these known
15 methods use choline esters as substrate.

Cholinesterase hydrolyzes the substrate generating

choline and the corresponding acid from the ester.
§ The most commonly used substrates,

butyrylthiocholine, propionylthiocholine, and

20 benzoylcholine, have very high rates of reaction with
cholinesterase. When the hydrolyzing action of
cholinesterase on the substrate proceeds too quickly,
it is very difficult to trace the rate of reaction
exactly by manual or mechanical operation. It is thus

25 difficult to determine the amount of cholinesterase
present with any degree of accuracy. Thus, the
conmonly used substrates require dilution of the test
specimen, making the results prone to imprecision. The

- reasons for imprecision upon dilution are discussed in

30 commonly owned U.S. Serial No. 763,383.

Moreover, these substrates have high rates of
alkaline (non-enzymatic) hydrolysis (hydrolysis that
occurs spontaneously under basic conditions), requiring
that blank readings be taken. Because alkaline

35 hydrolysis is a strong function of pH, the test is
usually done at near neutral pH, which is suboptimal



35+hydrolysis is a strong function of pH, the test is usual |y done at
near .pneutral pH which is subopti nal

- 2- for the enzyne. Optimal pHis generally regarded to be bet ween 8
and 8:5, Further, serum cholinesterase activity varies

‘consi derably anong individuals. Because of this, 5 together with the

af orenenti oned high rate of hydrol ysis of the substrates, nmany

anal ytical systens do not have a dynampc range broad enough to
accommodat e the range of activity normally found_in patients.

solve this pwcﬁﬁ@wﬁh¢L#¥ﬁEmedlI@P?bﬂélnﬁgt1§egﬁﬁ8€aéﬁy1GEEP§ﬁe§cFPvPﬁy
sanpl es. between &Va@hdig.slesired, then, is a substrate for

determ ni ng chol i nesterase ct|V|t havi Eg conveni eg l% | ow_rate of
chol i nest erase cat al yzedf U¥® ?Hro?§§ ABREPEGT RS aPRELVAEY hYBFORTsI s,
broad 15 dyTwu&@nsidgmabhmdamoﬂgghndégidaamt acBecauge bf this, al so

ag 5 o 5 ebobehl Pl EhE SbolbnBiRiched Rin SR8 Buee e
sybstrate\MtrhydrmwysaseoﬁfthhoSuhesretRSQ manyl aredyRdch}dspbyeims and a
2" Se0 e plad Sk Mkeo Sk hinic SUIE bieda SEedGe pS hoponfotaeert o
err ] the range of act1v1ty normally found in patients. To
solve this problem, further dilutions must be made of
10 high activity samples.
What is desired, then, is a substrate for
determining cholinesterase activity having a
conveniently low rate of cholinesterase catalyzed
hydrolysis, stability to alkaline hydrolysis, a broad
15 dynamic range, and a high degree of accuracy. It is
also desirable that the test operate at or near the pH
optimum range of 8-8.5.
i Accordingly, the present invention provides a
substrate with a low rate of cholinesterase-catalyzed
20 hydrolysis and a high degree of accuracy. Briefly
summarized, according to one aspect of the invention,

there is provided a substrate of the formula:

o
I 1
1 + -
R -—C}~—c-o-cuzcx2 -rlz-cr13 X
R CHy

(1)

25 wherein R and Rl each independently represents alkyl,
alkoxy, amino (-NR2R3), wherein R2 and R3 each
independently represents hydrogen, methyl,‘ethyl, or
propyl, and X~ is an anion.

In another aspect of the invention, there is

30 provided a multilayer analytical element for the
determination of serum cholinesterase comprising a
support having thereon, in order from said support and



(1) 25 wherein R and R err] each independently represents alkyl, al koxy,
am no..(-NR2R3), wherein R2 and R3 each | ndependently represents

hydr ogen, nethyl, ethyl, or propyl, and X- is an anion. In
anot her, aspect of the invention, there is 30 provided a nultilayer

anal yti'cal elenent for the determ nation of serum cholinesterase
conprising a support having thereon, in order fromsaid support and

- 3- in fluid contact, at |east one refgent |ayer and a spr eadi ng

| ayer, and confaipjng.in said reagept |ayer: %% a substrate for
serum chol i nes¥®r %;gscontag%fi%€ 83l ong reageng) la %ﬁd??%eaoxidase;

O o ]p?roxihda_sespreadin? layer, candl esnteimingi iy sadder¢agent layer: e)
a buffer having a pH o . . ef grm ni ng
serum chol i nest erase’ 10 %ségkg%r%ﬁ%v$%5d§erum éhgfigggtéﬁ%%geégynatic rate
of hydrol ysis d¢fimed adbwee; defined substrates is sufficiently | ow so
that the sgrumto y becﬁgf%ﬁgr%gydggeyndi | uted. These substrates are al so

nor e stable to al kal 1 ne ysi s (spontaneous hydrolysis 15 occurring
at basic pH) than oc}ol RSFeRBAR$R: and ot her comonl y used substrates
mentioned above. Thgye i& @bbOr-devéEsSSitgbpéagest) ngh@ition with the

present conpounds than L1h ot her substyates,l] ke
2,3-dinethoxybenzoy?khol?ﬁ@&%éerQhaVlng ap t°§a2 hﬂe%pected that the 1,4-
di -substituted 20 aryl chalmeesodf fohedéterminingwsatdmpehvl iiresbesase
advant ages

(Forexamie. BE ATt PERBreed and 5. 6-di methyl o L oed conpounds
The enzymatic rate of hydrolysis of the above-

defined substrates is sufficiently low so that the serum to
be tested may be undiluted. These substrates are also more
stable to alkaline hydrolysis (spontaneous hydrolysis

15 occurring at basic pH) than o-toluoylcholine and other
commonly used substrates mentioned above. There is also
less substrate inhibition with the present compounds than
with other substrates like 2, 3-dimethoxybenzoylcholine.

' It was unexpected that the 1,4- di-substituted

20 arylcholines of the invention would provide these
advantages, especially since mono- and other di-substituted
compounds (for example, o-toluoylcholine and 2, 6-dimethyl
benzoylcholine) did not work as well.

_ Figure 1 is a graph of kinetic traces,

25 reflectance density versus time, for water and six
fluids containing varying amounts of cholinesterase.
The assay was carried out using the element of the
invention in an EKTACHEM™ 700 clinical chemistry
analyzer. The graph shows that the slope of the

30 kinetic trace increases with increasing cholinesterase
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

35 that, under conditions of use, a f£luid, whether liquid
or gaseous, can pass in the element between these



benzaoyl choline) did not work as well. Figure 1 is a graph of
kinetkc traces, 25 reflectance density versus tinme, for water and six
fluids containing varying anmounts of choli nesterase. The assay was
carried, out using the elenment of the invention in an EKTACHEM err] 700
clinical chemistry anal yzer. The graph shows that the slope of the 30
kinetic trace increases wth increasing cholinesterase activity.

As used herein, the tern1"f|uid contact[e#r] and simlar terns refer to

zones or | ayers, gl gnofl sapol  cubhi e.30°cAseREk AL Al WebBeopaaRgt her i

a manner such I oNnsS ase |qU|d
or gaseous, cawoptke capaheletﬁneﬁttbetaéemenheSQ permit Passage of

- 4- 'ayersaﬁrlé& @ssoxﬁéceo&xbahenegnbaca Ei‘ﬁiéf 8hfiphef Between tO the
capability of t lenent to perm{ | east, sonme conponents

at
of a fluid san%?%e%e?ﬁe%ﬁyers QSnEQe i?ﬁ?EFsWBFCPhErEI§ﬁéﬂttﬂhpéh1&re sai d
to be in 5Sf|UfIiu£>@né@ﬁt tZQHGZOﬁfésChh&E:ﬁ apef idi d1geat aghta@a can be

conti guous, t al so _mmay. Rara interveni zones or
| ayers. Such ﬁh?e??%ﬁ?%ﬁoﬁﬁh ugréﬁ ;§8r§¥¥oR8v§FpﬁF?E Z 8 bein fluid
contact in thlsntervenxngandnaslbrnhayprsvenSuchelpaesagainb bued bftmeen

10 the fluid | r Sh ry" as
used herein to %%éfé %Qwé9¥f él?itéggﬁ tﬁgdglulgefganggn%ﬁ ?ﬁégl nmet hods
and t echni @@e @m@xwa}b %@Frp§§V§0t tbenpasaagecef ﬁéugénégtween

cont ai ned {gn V@ﬁéoyguigraoﬁga&@gn?oygygrgegg gbggents 15 such as "dip and
read" test strips, multilayer tes el ements_and the like. "Dry" nethods

require no liquid f oFN@ cb8F®t [ ABY [ 0RSoRSERaPGERN 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

15 such as "dip and read" test strips, multilayer test
elements and the like. *Dry®" methods require no liquid
for reconstitution or analysis. '

The term "dry coverage" as used herein
indicates that the coating coverage is determined as

20 *dry weight® after normal coating and drying processes.

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

25 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.

30 lThe present invention relates to the
preparation and use of a family of cholinesterase
substrates having a lower rate of cholinesterase
catalyzed hydrolysis than those in common use mentioned
above. The lower rate of hydrolysis means that less

35 choline oxidase, a costly coupling enzyme employed in
the assay of cholinesterase activity, is needed. It



The' term "dry coverage" as used herein I ndi cates that the coating
coverage is determned as 20 "dry weight" after normal coating and drying
processes. The term "porous"” as used herein nmeans 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. 25

The term "refl ective" as used herein nmeans that incident |ight applied
to the el enent woul d not be transmtted through the el ement but would
be reflected back to a photodetector where the reflected density can

be neasured. 3@lso means thte mrmtad:cmmwod\et:eﬂ:mimtionthé

Pover rate of CRAT] e s ey AN A eved ) [hose i conmon

| oner rate of cholinesterase cat
use nentioned above. THhe| ﬁﬂﬁﬁt¥%ﬁ%§cﬁ %%ﬁcﬂ@%#@ﬁﬁﬂ%n%r?hat | ess 35
chol i ne oxi daseanddisliine B+ ENgHSeESARhDYEd i Nn t he assay of
chol i nesterase activity, is needed. It
- 5- al so neans that a nore accuraye determ nation of chol i nest erase
activity can be achieved. _, The sdbstrates of the invention are
aryl chol i ne esters of the ¥&r C-0-Cff;CH,NICH ), X7 [ err
] (n werein R and R1 can be the sane or
different, and can be al kyl, swch as nethyl, ethyl, propyl, butyl,

5 ()

wherein R and Rl can be the same or different, and can
be alkyl, such as methyl, ethyl, propyl, butyl,
isopropyl, and so forth; alkoxy, such as methoxy,
ethoxy, propoxy, butoxy, and so forth; amino (-NR2R3),

10 wherein R2 and R3 can be the same or different, and can
be hydrogen, methyl, ethyl, or propyl, wherein X~ is an
anion, such as halogen (chloro, bromo, or iodo) methyl,
sulfate, nitrate and acetate.

Experiments conducted in our laboratory

15 showed that cholinesterase activity toward 2,6- and
2,4,6-substituted benzoylcholines was either absent or
too low to be useful for our purposes. Similar results
have been reported by J. Thomas and J.R. Stoker, The
Effect of Ortho Substitution in the Hydrolysis of

20 Benzoylcholine, 13 Journal of Pharmacy and Pharmacology
129-138, (1961).

Thus, it appears that di-substitution is not
sufficient to give an advantage as a cholinesterase
substrate. Unexpected results are observed with

25 substitution in the ortho and para positions. Especially
preferred in this family of compounds are: (1) 2-methyl-4-
methoxybenzoylcholine; (2) 2,4-dimethylbenzoylcholine; and
(3) 2,4-dimethoxybenzoylcholine. These compounds are of the
formula described above with substituents as follow:



|sopropyl and so forth; alkoxy, such as net hoxy, et hoxy, propoxy,
but oxy; and so forth; amno (-NRerr]Rerr]), 10 wherein R2 and R3 can be

t he sane or dlfferent and can be hydrogen, nethyl, ethyl, or propyl,
wherein X- is an anion, such as hal ogen (chloro, brono, or iodo) nethyl,
sulfate, nitrate and acetate. Experiments conducted in our

| aboratory 15 showed that cholinesterase activity toward 2,6- and

2,4, 6-substituted benzoyl cholines was eithgr absent or too low to be
useful for our purposes. Simlar results haye been reported by J.

Thomas and J. R Stoker, The Ef fect of T@8Rd&eLSubstitution in the

Hydrol ysis of 20 Benzoyl choline, B3 Journal of Bdharmacy and Bbar macol ogy
129- 138, (1961). Thus, it appears that di -substitution is not
sufficient to gi§%b§ﬁrga§antage as chol i nester substrate.

Unexpected resul ts:ale observed Wi 25 substi T ﬁ@n in the 8:.€Bo and para
positions. Especially preferredH:n this fam-dQHzof conpoundsyare: (1)

2- et hyl - 4- nethoiybenzoylcholqé (2) 2,4- dbaﬁthylbenzoylc ol i ne; and
(3) 2, 4-dinethoxybenzoyl chol i ne. Ede conpounds are of the Iformula
descri bed above wi th substiritai¥ mmefodubstoituted choline substrates

- 6- Tabl e | %qrMe .1

- CH3 _éaﬁ3also knqwnqnﬁor examplﬁ, o-methy bag%pylchollngcig—

3 - OCii®dluoylcholdmdd , o-methoxybenzoy beisohimes (dsdnisibel- chol i ne

substrates 5 B :He0 KAMY-FBpSRAMR Find; BAEYLE RSO ChitkiiFe L O
as shown by the data in Table III, the substrates of
the present invention are better, that is, they have
slower cholinesterase-catalyzed activities, than the
mono-substituted substrates.

10 The substrates of the invention are prepared
by the following general scheme:

0
i
# COOH coci C-0-CH,CH,N(CH,), ﬁ
: R R R * .
1 1 1
(A) R}

(1)
In some cases, the disubstituted benzoic acid

15 starting material (A) is commercially available;

otherwise, it can be synthesized as described in

Example 1. The preparation of 2-methyl-4-

methoxybuzoylcholine iodide, described in Example 1, is .

typical of the method used to synthesize the other 2,4
20 di-substituted benzoylcholines of the invention.

The chemical basis for the cholinesterase
assay of the present invention is that the substrate is
hydrolyzed by cholinesterase in the test sample,
liberating choline. The choline is oxidized by the

25 action of choline oxidase to betaine liberating two
moles of hydrogen peroxide for each mole of choline.



t ol u'qy-J'chQI I ne), 0- et hoxybenzoyl chol i ne (o-anisoyl- 5 choline), and

o- propoxycholine, and so forth However, as shown by the data in Table
11, the substrates of the present invention are better, that is, they
have ~_,slower cholinesterase-catalyzed activities, than the

nmono- substituted substrates. 10 The substrates of the invention
are prepared by the foll ow ng general schene:

0 [ eer ] I ()

In sone cases, the disubstituted benzoic acid 1 art) jrateri al (A)
conmercial |y avAFRaseetipyrineandPh ?r%°]c£+’€bé'- t 53’91&1 %d in

Exarm'g é ThgxB&eﬁ@bamogﬁsobﬂﬁ&tdﬁdé-catammwtmwIpémxﬂﬁasi@d| de,h
escribed in Exa i s t of. t nt hesi ze t he
other 2,4 20 di- ?éblgttﬁpgt &8 fe 6371031’1% “Ilrfl WO%‘%’ gAhr.ﬁ"y

The cheni cal bapesokddathisedlyolcdousstest dye wou,ﬂstel;e oiseihel [ﬂ%@moitmrent i on

Is that the gub : yz I t
sanpl e, I?berargtq’%r}g c%gl In ég&y# ﬁﬂﬁ)?l&eﬁgs) dof;ﬁ zZe y t é@“s act | on of
chol i ne oxi dasemonisexrscndyl |rl9ér1@cqtﬁg>ft wiensitametawfand ektiedSodtre for

each mol e of chehigl8nesterase activity in the sample. The a7ssay is
Am noanti pyri ne_and phenol _are_then oxidatively coupl ed
based on published procedures; ‘see, for example, US-A-

4,271,310,
10 The reaction path is:
CH,
o
CH, +'
II + l cholinesterase HOCHZCHz-N-CH3+202+Hzo
! C-0-CH,CH,-N-CH, —> l
l CH,
R CH, Choline
. CH, o) cH
'!! 3
: +| chobD [ +]

HOCH,CH, ~N-CH;+20,4H,0 —— HO-C- -CH,-N-CH;+2H,0,

CH, CH,

Choline Peroxide

Betaine

POD
2H,0,+AAP+Phenol———p Red Quinoneimine Dye+4H,0

15 AAP = aminoantipyrine POD = peroxidase ChOD = choline
oxidase
The above-described series of chemical
reactions can be carried out in solution as described
in Example 2 below. Preferably, they are carried out
20 on an automatic analyzer, such as the EKTACHEM™ E700
analyzer, using a dry analytical element of the
invention spotted with a sample to be assayed for
cholinesterase activity. Dry analytical elements
useful for the assay of liquids can be prepared



by two ‘nol es of peroxide catal yzed by the peroxidase resulting in a

qui*nonei‘m ne-type pignment. Any peroxi datively coupl ed dye woul d be
useful as a color- 5 developing reagent. The rate of increase of color is
noni tored by reflection densitonetry and related to the chol i nest erase
activity in the sanple. The assay is based on published procedures; see,
for exanple, US A- 4,271, 310. 10 The reaction path is: [ err
] Chol i ne etaine Per oxi de

POD [err] 15 AAP = am noantipyrine er oxi dase ChQOD = chollne
oxi dase accordifse thdihe d‘e%?émm s‘éfl ~Bt3 c9%%i 138 and [ USchrons can
be carried outy,3xBsPes.jon as descri bed |n Exanpl e 2 bel ow. Preferably,

Lhey are cartiod ol 20 ol SLOTEhLSa 2L AZEL ) SUEN, PO S RETACTEL o
spotted with aisiamrerdntivn ampreiksdora spréadingslayescandtonetyr Dry
anal ytical gel iRl S oy et Hdleddod ' SPFENLPL L GHLHS. C3h PeRL epared
reagents may be in a single layer coated on the
support. Preferably, the reagents are coated in two
distinct reagent layers as shown in Table II below.
Whether contained in the same or in different layers of

10 the element, all reagents 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

15 stable, and preferably, nonporous and transparent (that
is, radiation transmissive) material which transmits
electromagnetic radiation of a wavelength between 200

i and %00 nm. A radiation-transmissive support is
particularly preferred to enhance and facilitate

20 determination of detectable changes occurring in these
elements 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-

25 scopy). Useful support materials include polystyrene,
polyesters [for example, poly(ethylene terephthalate)],
polycarbonates, cellulose esters (for example,
cellulose acetate), and so forth.

At least one reagent layer is coated on the

30 support. The reagent layer(s) contain the indicator
composition comprising one or more reagents 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

35 such as poly{acrylamide), poly{vinylpyrrolidone)},
poly (acrylamide-gco~-N-vinyl-2-pyrrolidone), copolymers



-8-" .. éccording to the teachings of US-A-3,992,158 and US- A-

4, 357, 363 Briefly described, the analytical elenment of

this invention conprises a spreading |layer and one or 5 nore | ayers coated
on a suitable support. Al the reagents nay be in a single |ayer coated
on the support. Preferably, the reagents are coated in two di stinct
reagent | ayers as shown in Table Il bel ow Whet her contained in the
sanme or in different layers of 10 the elegent, all reagents nust be in
fluid contact with each other, neaning that reagents and_reaction

product s caPf pele aPeven anfapelyRRYShELWEOROIUPErSos8dWPdGhons of
adj acent | ayer Serosslinkable moAbRie®HPRavE Baénbaddes.suitabl e

o i1 on Transm ssi vERGEPROPE JAVER RARNCRPESIR 2 BREERZGongnetic.
radi ati on of a UseBhbrighBféeswenoliddé phosphdte)OpptopRosphate,

radi ation-transnlssi | . rticular referred to enhance and
facilitate é% %%f%k%§%§§¥2ﬁ5§P§§é?@%?§§F§h§§5n53§1§3curring in these

el ements by use? bitnis (aydroxymathyh)netbyl) sninsthddethanesnléopgort of
choi ce for a paaéi&uk@ﬁs?'§ﬁan_ thBeubHekeys witB TR lah' enW LB Jent ended

node of detection éref ect1on, transm ssion or uorescenceé spectro- 25
scopy). Usef ul7 sQipk@r8- Pt eThal Bufferumaypbey iny pBNe o aldolpyersy 15 f or

exanpl e, poly(ethe! enemést ¢pBEhataimay]l be inpel x@g&&@&@t 28y eteldevoige oFst er s
(for exanplg, cel | ul ose gcetate), and so forth. At | east

one reagent!® ayR¢NPE EBATEATBn the 30 support. The reagent |ayer(s)
contain the indicator Sevepali surfiactaptsssaghoas GlimelOGMeadRH S

di sper sed | foRe 2onffR! Fsﬁ*”t(getfiaﬁlici I3 lbrq%lb&%%?l%rWO S}eac:lfc»a(s

such as gelatin or bt atural I'y-occurring co as -we
dirf ferent synt hethandycnonhbhic purfastents sold by Rohm and Haas),

and so forth may optionally be included in the reagent
15 layer. Several different cross-linking agents are also
optional, such as bisvinylsulfonylmethane,
gluteraldehyde, and so forth.
% The element is provided with a porous,
' reflective spreading layer to uniformly distribute the
20 liquid test sample over the element. The spreading
layer may contain the reagents, but preferably it is a
distinct layer as shown in Table II below. Materials
for use in spreading layers are well known in the art
of making dry analytical elements as disclosed, for
25 example, in US-A-4,258,001 and the above cited patents.
An exemplary spreading layer is presented in
Table II below. Pigments other than barium sulfate
could be used, for example, titanium dioxide. Binders -
other than cellulose acetate may be used, for example,
30 wvarious polyurethanes and other polymers. Surfactants
other than TX-405™ may be used, for example, TX-100™,

' Other optional layers, for example, subbing
layers, radiation-blocking layers, and so forth can be
included if desired. The layers of the element can

3§ contain a variety of other desirable but optional
components, including surfactants, thickeners, buffers,



35 euch as poly(acrylanide),'poly(vinyIpyrroIidone),
pol y(acryl am de-co- N-vi nyl - 2-pyrrol i done), copol yners

-9- of the above, and polynmers or copolyners to which crosslinkabl e
nmononer s have been added. The reagent |ayer may contain a
buffer. Useful buffers include phosphate, pyrophosphate, 5

tri s(hydroxynet hyl)am nonet hane (TRI'S)

2{[tris(hydroxymethyl)nethyl)am no)-1- ethg&esulfonic acid (TES) and
other buffers with pHin the range of O to 8 5. The buffer .may be in
any or all |ayba¥dsners, gptigpd s'orcqucp S(%W‘W‘%f's&%-{ A&eRyer

g]eyoi go%{ 10] 0&n_?§'ézﬁ%d@2%t?@wn in ghe artSN Wra?dofiﬁé&ﬁﬁ&:{cﬁéséurh as

in- err - err on err of octyl phenoxy
pol yet hoxy QPWQH&“tﬁoﬁk?nfal& § "Ig‘esé}ﬂ‘]‘gly a’>s/‘3 Uk and
so forth may optitenal |y be included in the reagent 15 Iayer Sever al

di fferent c§ oss-|inking Eﬂ%ﬂtg% utergh 0 (fmé}gztméy}f’iq %%&Sed with

bi svi nyl sul T onyl net hane, ehy
The el enent |ssp#§aibd@dsmemr@pmt@a@trlc anparaius.e uspadddt iy | ayer to

uni forny di st&!elz%e-twet%(}"wﬁgt QEne e %t&%@éaﬂ%- The

spr eadi ng |.a may, contai n the reagents,. hut referabl is a

di stinct |ayer d&§c§ﬁ’§\ﬁﬁ]'| FOFa8FEMPL &y e 3ty USvil ot 3%y 158 a?'-'orCQﬂe"e- i
spreadi ng | ayeus aha ve-b-nGeT, 363t be @dls. 270 MHKilg eifgrmﬁdt' cal

e! ;arrgntstai?dl §_(élao 1oh f?__i1 25 exg_g'ggblﬁfﬁ i n#ﬁte 4 ﬁgé?q 001 an lﬁ’he ab?vg

cited pate d resented in
Tabl e LI bel owmeBisyrangs dEore examnl ehathenratd aife chango Wil tef lsed, for
exanpl e, ti ta”tﬁ%db(}x't‘}%nsm@ 39255 density'8m WFLARGd WOASPE SEqhal e my be

used, for exa
element of the invention contacted with the assay

sample. The area measured is generally from 3 to 5 mm.

15 A representative element of this invention is
presented in Table II below. It will be understood by
those skilled in the art that the principle of the

§ present invention can be usefully incorporated into any

anaiytical element employing the method provided by the

20 present case. It will also be understood that
cholinesterase activity in other samples besides sera
can also be assayed using this element.



30 “various pol yurethanes and other polyners. Surfactants

TX-405ferr] may be used,
optional |ayers,
| ayers, and so forth can

for exanpl e,

for exanple,
subbi ng

TX-100[err].
| ayers,
be

radi ati on- bl

ot her than
O her
ocki ng

included if desired. The | ayers of the

el enent "can 35 contain a variety of other desirable but optional

conponents,

-10- har dener s,
known in the art.
skill of a worker in the
be detected with suit

refl ectoneter,

i ncl udi ng surfactants,
anti oxi dant s,
The anpunts of these

usi ng generally known procedures
in US- A-3,992,158 at Cols.

t hi ckeners,
coupl er swol-vents,

art.

abl

14-

Chang

ALY LIVl

buffers,

and ot her

:-‘.r’ S
scl osed,

15 and US- A-4, 357,363 at Col.s.

materi al s

Iaﬁﬁﬁﬂffnents are also within the

es in the el enent can
Qus, usually a

for exanpl e,
In an

27.
enzymatic 10 reaction, the resulting product is determ ned by Useﬁﬁésﬁ?Pﬁ@,

for exanple, the rate of
inafinite area of the

change of reflec-

tion orgimZansm ssiog/g@nsity

el enent pf the invention contacted with the

assay sanpl - EH-ex _ ; -

bel ow Tt ui |1 BRERAALRs: ggepyam Bgﬁ%%'g%gg:ﬂed " St that 2800
principle of t averPl €se _QE 8RE; e useful | ¥ orporatg _ o0 any
anal ytical el ene enployﬁg?j g method provided by t tg O presenf_cage. |t
wi |l also be understood tha cholinesterase activity 1n other sanples

besi des sera

Tan arso_De assdyed usitng trnrs el elrert .

Subbing poly-N-isopropyl 0.4. 0.05-5
Layer acrylamide
Reagent Gelatin 6.5 2-15
Layer TX-100 0.5 0.01-2
TRIS 1l 0.5 -5
Choline Oxidase 2500u/m2 1000-
2-methyl-4-methoxy 15, 000u/m2
~ benzoylcholine 0.5
§ Iodide | 0.05 0.2-5
' Bisvinylsulfonylmethyle 0.005-1.0
ther
Reagent Gelatin 6.5 2-15
Layer T™X-100 0.5 .01-2
Alkanol, XC 0.5 .01-2
KS-52 3.2 0.5-5
Leuco Dye 0.32 0.05-0.5
Dimedone 0.09 0-1.0
TRIS 1.0 0.5-5
Peroxidase 32,200u/ 5000~
Bisvinylsulfonylmethyle me 50, 000u/m2
ther 0.05 0.005-1.0
5 u=unit of activity. In the case of choline oxidase, 1

unit causes the formation of 1 micromole of hydrogen

peroxide at 37°C, at pH 8.0.

In the case of

peroxidase, one unit will form 1mG purpurogallin from
pyrogallol in 20 seconds at pH 6.0 at 20°C.



A

-11- .- An El enent of the Invention

Usef ul- Range G nerr]
Gnerr] Spreadi n Titani um Di oxi de 50. 3 10- 200
g - . Cel I ul ose Acetate 398. 3 50- 600 Layer
TX- 405 1. 66 0- 20 Brij 78
0. 83 0- 20 Subbi ng pol y- N-i sopr opyl 0. 4.
0. 05-5 Layer acryl am de Reagept Gelatin
6.5 2-15 Layer TX-100 0.5
0.01-2 -ﬁ&!&e names and symbols used jin the aboge5 -5
Chol i ne Oxi dasglement and €8RPuUha¥e the £4006wing meanings:
2- net hyl - 4- net hoxy 15, 000u/ mf err] _
benzoyl chol i neBrij 0.5 polyoxyethylenedameohol 0.05
0.2-5 5 ~ Bi svinyl sul fonyl met hyl e 0.005-1.0
t her Reagppt100T8l atin A family of octylphen6x§ polyethozyld Layer
TX- 100 0.5 .01- Al kanol ,
0.5 P £o5T™ ethanol nonionic surfactants sold byRohm
and Haas
10
TRIS tris (hydroxymethyl)amino-methane
KS-52 2,4-di-N-pentylphenol
15 Leuco Dye 2-(3,5-dimethoxy-4-hydroxyphenyl)-4,5-

bis (p-dimethylaminophenyl)imidazole

The reagent layer was coated on a subbed,
gelatin washed poly(ethylene terephthalate) support,

20 and the spreading layer was coated over the reagent
layer. All of the aforementioned layers were coated
using conventional coating technigues known in the art
for making dry assay elements mentioned above such as
those disclosed in US-A-4,357,363 and US-A-3,992,158.

25 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

30 other than the separation of serum or plasma from whole
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

35 allowed to reach room temperature prior to assay.

The assay of the invention utilizes between 5
and 20 mL of sample. Although the invention allows for
variations in the volume of applied samples, 11 mL is
preferred. Different calibration curves are required

40 for the different sample volumes. Physical contact is



KS-52-' . 3.2 0.5-5 Leuco Dye

0.32 =~ 0.05-0.5 Di medone 0.09
0-1.0 TRI S 1.0 0.5-5

Per oxi dase 32, 200u/ 5000-

Bi svi nyl sul f onyl net hyl e nerr] 50, 000u/ nf err] t her
0. 05 0.005-1.0 5 wu=unit of activity. 1In the case of choline

oxi dase, 1 unit causes the formation of13t nicronole of hydrogen

peroxi de at 37[ﬂaaLCbeekeaH 8h8. 1k Aubihe seape eOlinderP@n@iydise and & i t

wil forminG purpyrooallid Lhol  BUERIAL hck” 20, B SUtnh Rt ch 0, &

names and synboia aagdsubtébieahenaer, psbéﬁmablgnhytspbthdng tthe f ol | owi ng

A famy of oct SPBRER.GY BRgel R RChiAl ek &7aor" o2 cpE iR 1

sur f act ant s $ol dnbyRehspreading layer with an6UH&ableodlspean89
tris(hydroxynetﬂégh%n1no nmet hane KS- 52 2, 4-di - N-pentyl pheno
15 Leuco Dye 3, 5-di nmet hoxy- 4- hydr.oxyphenyl ) - 4, 5-

bi s(p- d.nethylan1nopheny|§fheaa§am@le application, the element is

exposed to any conditioning, such as incubation heating
or the like, that may be desirable to quicken or

10 otherwise facilitate chemical reaction. Such
conditioning is preferably performed at 25-40°C, most
preferably at 37°C. The element is monitored for any
change in reflectance density during the period of
conditioning, usually for 3 to 7 minutes, preferably

15 for 5 minutes, although changes may occur as soon as 20
to 25 seconds, or as long as 30 to 60 minutes.

The preparation of the compounds and the
method of determining cholinesterase activity are
illustrated by the examples below. The analytical

20 element used in all the examples is that shown in Table
II herein.
EXAMPLE 1 - ‘ = —4- -
holj Todide (C 3 1)
Step 1: Preparation of 4-Iodo-3-methylani-
25 sole (Intermediate A)

NH, N, BF,

Fourteen grams of 4-methoxy-2-methylaniline
(Aldrich) was added neat to a stirred slurry of ice and
concentrated hydrochloric acid (30 mL). A large
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The r€agent | ayer was coated on a subbed, gel atin washed pol y(ethyl ene
t erepht hal ate) support, 20 and the spreading | ayer was coated over the

r eagent | ayer. Al of the aforenentioned | ayers were coated usi ng
conventional coating techniques known in the art for maki ng dry assay
el ements nmentioned above such as t hose di sclosed in US-A-4,357,363 and
US- A- 3,992, 158. 25 The el enent of the invention is intended for
use with serumor plasma sanples but any fluid that sufficiently mmcs
serum coul d al so be used. These |nclude typlcal control and proficiency

f1uids. portion \@f difeianinanprdreeleyide srrystablizeddosb. ot her

than the separ adPunPniXF B BoPhesdR {8 0g INOSE mL ob! weterPidagion is
‘not required, but is alédovﬁﬁ% rovl ded th diluted activity is

sufficient to uT%zenAfolﬁﬁrnﬁ‘ﬂt ain activity
for | ong p@dd]dﬂoﬁ, tum.mﬁttﬁ.yrshmé dfbletéi‘@d\mbmdtﬁé fhltoaed to

nvent] on ubi | s Sy ied ®8 % Veaction flak . FTRREEAN |tk
invention all owsl¥ aal. of a/aQQ%atsmtlmk héaﬁoadrhdoandptpheedlxtaupéesas 11 L
I S preferreg;y '%efdt ‘?ﬁ?’i}ﬁ}&al "ﬂ?é‘té%&ﬂiﬂ@foﬁéfaﬁ@qé'éiedoéotﬂgr the

different sanple unes sical contac
-13- nmade béhﬁgé?mt% qqrmn@%am@r%téﬂqwe@rews. s and the anal yti cal

el ement. Such contact canpqe mnba&whm:waw £111 £ AOE EoNBERE |
preferably by S Ottl;}galﬂgl el enen %f or machlneglgg adrop of the
sanpl e 5 or éﬂ?ﬂ@e 1arR YWeE Jas Y& I%nd?gﬁ\'eﬂ%?n Behns. A
After sanpl e ap@lutdicriof tsediaimnbedide (16 egphse?lstaLany waver|iwasng,
such as | nCUbataiéH]eé]%.%t Ipc(vgrt:Lons to the stirred diazonium solution.
After the addition, the solution was heated to boiling
until nitrogen evolution ceased (about 5-10 minutes).
15 The acetone was removed on a rotary evaporator. Water
(about 300 mL) was added, and the mixture was extracted
with ether (3 times 200 mL). The combined ether
§ extracts were washed 3 times with dilute sodium
bisulfite solution to remove iodine, and the solvent
20 was removed on a rotary evaporator. A thin layer
chromatograph on a silica plate developed with hexane
showed one major product. The material was
crystallized from heptane (about 100 mL) to give 10 g
of vellow crystals of A. Structure determination was
25 done by nuclear magnetic resonance (NMR) .
StebIZ: Preparation of 4-Methoxy-2-
methylbenzoic Acid (Intermediate B)

COOH
OCH, OCH, OCH3

A

A solution of intermediate A (39 g) in
30 anhydrous diethyl ether (100 mL) was added dropwise to



- t : )

or the like, that may be desirable to quicken or 10 otherwse facilitate

chem cal reaction. Such conditioning is preferably perfornmed at

25-40[ err] C, nost preferably at 37[err]C. The elenent is nonitored for
any- “change in reflectance density during the period of condi ti oni ng,
usually for 3 to 7 mnutes, preferably 15 for 5 m nutes, although changes
may occur as soon as 20 to 25 seconds, or as long as 30 to 60 m nutes.

The preparation of the conpounds and the.Jy nethod of deternining

cholinesterase activity are l.ustrate e .exa el ow. The
anal ytical 20 8 BiERBTEsEE WﬁgﬁﬁﬁlPﬁb % 55%%3?&?% n Tabl e I

her ei n. EXARReER{1et Reepdabbutn 200 2&thbwsebwmmmmﬂmbenﬂnﬂl
choline |odi deP gﬁgﬂggggslbn 1m§d aatGeﬁk?l%[rh szera%%.r"i‘{[ ' O%ﬂ:fer the

4-1 odo- 3- net hyfa ol

A adﬂ@nmaentQEamactmmmmmm ﬂgaaa;md umler refAluck i ch)

was added atgp? 8net hbped slurry of ice and concentrated hydrochloric
a

acid (30 n_ rge . . ] -14-
The Grignard solution was poured into a

slurry of dry ice (large excess) and diethylether
(about 200 mL) and allowed to stand until the ice
melted and the mixture warmed to room temperature.

10 Dilute hydrochloric acid (about 200 mL) was added
cautiously. The mixture was shaken by hand to mix and
then filtered through a sintered glass funnel. The
solid on the funnel was washed alternately with ether
and dilute hydrochloric acid until nearly all of the

1§ solid had been dissolved and gone through the filter.
The filtrate was warmed to redissolve the solids, the
water layer was separated, and the ether layer was

] washed with dilute hydrochloric acid (200 mL). The
ether was removed on a rotary evaporator, and the

20 residue was extracted with dilute sodium bicarbonate
solution (3 times 200 mL). The sodium bicarbonate
solution was extracted with diethylether (100 mL) to
remove insoluble impurities. The water layer was then
made acidic with concentrate hydrochloric acid, and the

25 product was collected and washed well with water to
give 10.5 g of intermediate B. A thin layer
chromatograph'on a silica plate developed with toluene,
ethyl acetate, and acetic acid (8,2,1) showed one major.
product. Structure determination was done by nuclear

30 magnetic resonance.
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portion of the am ne hydrochlorlde crystallized out. Sodiumnitrite

solution (8 g in 50 nL of water) was slowy added to the stirred
slurry. After the addition, the mxture was filtered, and the filtrate
5 was transferred to a reaction flask. Fluoroboric acid (15 nL of a 49%
solution) was added and the m xture was chilled in ice. The

tetrafl uoroborate salt of the di azoni um conpound crystallized out.

The solid was collected by filtration and,d0 while still danp was di ssol ved
in acetone (~50 nlL). A sol ution of sodiumiodide 16_g in 25 nL of

wat er) was added i n B&€Pi 8ns P§epﬁ§a§ﬂpmr@§ &ihez Gholinso Estiean.

After the addi {rgReriBaigaekution was heated to boiling until nitrogen
evol ution ceased (about 5-10 mnutes). 15 The acetone was renpoved on a
rotary evaporator. Water (about 300 nmL) was add@gd, and the m xture was
extracted Wt Rgs her (3 tinmescgdP nL). The conb DSQHQﬁhﬁ[cg) extracts

were washed 3 ti
i odi ne, and the_gbhye
chr omat ogr aph oi | i-ea—ptare
product. The nat®y i€

£

bs with dilute sédiu bisulfitd sollutifon to’renove
: et "8n a rotar ator. A thin |ayer

q| oped—w-t+h he showed one nmj or
I1ized from heptarie (about 100 nmL) to

give 10 g of Yyellow crystals.¢f A Structure detjerm nati on was 25 done
by nucl ear nmagnet pEHy esonance ( NVR¥H; Scep 2: Preparation of
4- Met hoxy- 2- met hyl benzoic Acid (I nternedi ate B)

[ err B | A A soluti®n of internediate A
(39 g) in 30 anhydrous diethyl ether (100 nL) was added dropw se to

Solid intermediate B (10 g) was added in
§ small portions to a stirred solution of oxalyl chloride
(100 g). After the addition, the solution was heated
under reflux for 30 minutes, then concentrated on a
rotary evaporator. The residue was dissolved in
acetonitrile (100 mL) and added dropwise to a stirred,
10 cooled solution of dimethylaminoethanol (20 g) in
i acetonitrile (150 mL). After the addition, the
solution was allowed to warm to room temperature and
then stirred for one hour. The acetonitrile was
removed on a rotary evaporator, and the residue was
15 treated with water (100 mL). The aqueous mixture was
extracted with ether (3 times 100 mL), and the ether
solution was washed with cold water (100 mL) several
times. The ether solution was dried (magnesium
sulfate) and used directly in the next step. A thin
20 layer chromatograph on a silica plate developed with
ethylacetate/methanol (9/1) showed one major spot.
Step 4: Preparation of 2-Methyl-4-
methoxybenzoylcholine Iodide (Compound 1)



-152., .a mxture of magnesium netal (4 g) in anhydrous di et hyl et her

(about* 200 nm.), observing the usual precautions on running a Gignard
reaction. After the addition, the reaction m xture was heated under
reflux-5 for one hour. The Gignard solution was poured into a
slurry of dry ice (large excess) and diethyl ether (about 200 nL) and
allowed to stand until the ice melted and the m xture warnmed to room
tenperature. 10 Dilute hydrochloric acidgabout 200 nl) was added
cautiously. The m xture was shaken by hané to m x and then filtered

t hrough a sintereg glass funnel. The solifl on the funnel was washed
alternately with her and dilute hydrochjjoric actd until nearly all of

gﬂ'p}hW@zlﬂq}ﬁeE. The

theecy, water |ayer was

th dilute hydrochloric acid
evaporator, and the 20

the 15 solid had keesrghsuebygd and gone thro€
filtrate was warngd to_redi ssolve the solids,
separ at ed, and %ﬁ3layer was was he#
(200 nL). The t her was—tenpved gn a rp

resi due was ext d with dilute sodi um bi catonat e solution (3 times
200 nlL). The sodi ym bi car bonate sol ution ) extracted with

di et hyl ether (10098} to renmove insol ubl e Tfpurities. The water |ayer
was then made acidic with concentqgkﬁoby@&ochloric acid, and the 25
product was col |l e€ted and washed well with water to give 10.5 g of
intermediate B. A thin |ayer chromat ograph on a silica plate devel oped
wi th toluene, et hyl 58w mstemmplsion m e, 3 )contavminge naj or.

product . Strucﬁﬁk%fﬁﬂdidﬂé“ﬁiﬁHbVEE%&EEEEJE&H“E%&Emeéﬁhﬂ@gﬂﬁtﬁf.refﬂéance-
resulting solution was allowed to stand in a stoppered

§ flask overnight at room temperature. The white solid
product was collected by filtration and washed well
with dry ether to give 18 g of compound 1. A thin
layer chromatograph on a silica plate developed with
ethylacetate/methanol/acetic acid (2,2,1) showed one

10 major spot. Structure was confirmed by nuclear
magnetic resonance. _
EXAMPLE 2 - Kpown Substrates Compared With Substrates

f the I . . soluti
The substrates of the present invention and
15 of the prior art were tested in solution as shown in

Table II:
IABLE IIX

TRIS buffer, 8.0 200 mM
Phenol 30 mM
4-Aminoantipyrine 0.8 mM
Peroxidase 90 U/mL
Choline oxidase 11.2 U/mL
Choline esterase 0.22 U/mL
Substrates - 0.01-50 mM

The substrates of this invention and of the

prior art were tested in solution using the composition
20 shown in Table III. The test was run on a Cobas Fara
II centrifugal fast analyzer at 37°C for a six minute



- 16- Step 3: Préparation of the Choline Ester

(I nteFnmedi ate O [ err ] B Sol i d
intermediate B (10 g) was added in 5 snall portions to a stirred sol ution
of _oxal.yl chloride (100 g). After the addition, the solution was heated
under reflux for 30 mnutes, then concentrated on a rotary evaporator.
The residue was di ssolved in acetonitrile (100 mL) and added dropw se
to a stirred, 10 cool ed solution of dlneiyylanlnoethanol (20 g) in
acetonitrile (150 nl). After the addition, the solution was allowed to

warmto room ténpebation pediod. t habsorbenge readimgsheere Hakemattoni tril e
was femvedseqh&nrsbé&ymvge%ﬁho&ntmah@e [ @i yBewnnelS (reated with

wat er (100 ni ous m xture extracted wth ether, (3 tines

100 m.), and thbséifhéﬂce changei o RAEI Nua Wied SHikavlasied waderelt ﬂf@qwt)

sever al ti ne& tﬁéecﬁbhﬁheseb&hsena%ivfiftwed (mened 4mn thlsle fate) and
used direct in the n il

t st n 20 .chr omat, on a silica
pl ate devel péﬂaﬂﬁ?ﬁ' gﬁ&tﬁ?&&@é?&t&?ﬁ@?h oI°F§Yff d&gh%gﬁ% B or spot.
Step 4: Preparatbstrate’- /st Bhowh- in TadtlleoXvhenzoyl chol i ne | odi de

(CGonpound 1) TABLE IV
Test Results
Relative Activities
Substrate (1 mmolar substrate, pH
8.0)
Control (o-Tolylcholine 18
chloride)
Control {(o-Propoxycholine 40
chloride) .
1 3
2 8
3 12

The data indicate that 2,4-disubstituted
10 substrates have desirably lower enzymatic rates of
§ hydrolysis than the mono-ortho-substituted compounds.

EXAMPLE 3 - Apalvtical Element with Coating of 2-
Methvl-4-Methoxvbenzovl Choline as
15 Substrate
An element was made as shown in Table II and
tested for its performance on an EKTACHEM™M analyzer.
Water and six fluids with varying cholinesterase levels
(48, 359, 650, 946, 1504, and 1895 U/L) were spotted on
20 the element and assayed for cholinesterase activity
according to the method described by Panteghini and
Bonora (J. Clin. Chem, Clin, Biochem, 22, 1984, p.671-
6), modified in that we replaced benzoylcholine in the
reference with equal amounts of o-toluoylcholine. The
25 reading was done at 670 nm.
The results are shown in Figure 1 which is a
plot of the kinetics, reflectance density versus time.
The plot shows 7 distinct slopes corresponding to the 7



-17-. - . . [ err ] Compound | The ester
solutidn fromstep 3 containing internmediate C was treated with

i odonet hane (8 g). The resulting solution was allowed to stand in a
stoppered 5 flask overnight at roomtenperature. The white solid

product was collected by filtration and washed wel | with dry ether to
give 18 g of conmpound 1. A thin | ayer chromat ograph on a silica plate
devel oped with et hyl acet at e/ met hanol /acetic acid (2,2,1) showed one 10
maj or spot. Structure was confirnmed by nuti¥zar magneti c resonance.
EXAMPLE 2 - Knofuiddstested. Comhbs edeMbhbt babesr ehesbroad dynamic  of the

| nventi on and TRe A SO8¥rary gF thecerelifnl R ERRcRngenkigal 0o

Table I1: TABLE 111 TRI'S buffer, 8.0
200 nmM Phenol 30 mM 4- Am noanti pyri ne

0.8 nim Per oxi dase 90 U nL



Chol.i ne oxi dase 11.2 U nL Chol i ne esterase 0.22 UnL
Substrat es 0.01-50 nM The substrates of this

i nvention and of the prior art were tested in solution using the
conposition 20 shown in Table I1l. The test was run on a Cobas Fara I
centrifugal fast analyzer at 37[eer]C for a six mnute

- 18- I ncubation period. Absorbance readi ngs were taken at 500 nm
over 10 second intervals. The rate of gp_sorbance change, DA/ m n, was
cal cul ated and rel ated to the cholinesterase activity. Assayed in this
5 manner, the C3AIMSve rates of activity with the new substrates is

shown in Table IV. 1. A compound of the forﬁ%f&ﬁ v
Test Results Rel at1 ve Activities

Substrate (1 nnnlar‘?ubstrate cpH
8. 0) -Cont Fol -{-0- TonIcthi |18 chlori de)

'n'f oxychol i R C-04@H,CH, "cNF &4 de) ¥” 1
12 ” ”ﬁm""ﬁm”m, dat a i ndi cat e %ghat 2, 4-di SUéSH?Ut ed 10 substrates

have de5|rably | Dwer enzymatic rates of hydrol ysis than the
nono- or t ho- substi t uted conmpounds. E}QYVWPLE 3 - Analytical Element with
Coating of g_ wherein R and Rl each independently represents alkyl,
alkoxy, amino (-NR2R3), wherein R2 and R3 each
independently represents hydrogen, methyl, ethyl, or
propyl, and X~ is an anion.

2. The compound as claimed in claim 1 wherein

10 alkyl is methyl, ethyl, propyl, butyl, or isopropyl.

3. The compound as claimed in claim 1 wherein
alkoxy is methoxy, ethoxy, propoxy.,or butoxy.

4. The compound as claimed in claim 1 wherein X~

r is chloro-, bromo-, iodo-, methyl, sulfate, nitrate or
15 acetate.

5. A reagent composition for determining
cholinesterase activity in an agueous sample
comprising, in combination, a substrate for serum
cholinesterase, choline oxidase, peroxide, a color-

20 developing reagent, and a buffer having a pH of 7 to 9
characterized in that the substrate for serum
cholinesterase is a compound of the formula:

0
1 “ ‘ CH,
R C-0-CH,CH,*-N-CH, X"
R CH,

. (1)

' 25 wherein R and Rl each independently represents alkyl,
alkoxy., amino (-NR2R3), wherein R2 and R3 each
independently represents hydrogen, methyl, ethyl, or
propyl, and X~ is an anion.



Met H_yl s 4-Met hoxybenzoyl Choline as 15 Substrate

An el enent was nmade as shown in Table Il and tested for its performnce
-on an EKTACHEM.err] anal yzer. wat er and six fluids with varying
chol i nesterase | evel s (48, 359, 650, 946, 1504, and 1895 U'L) were

”Mﬁm ”um ,Me el ement and assayed for cholinesterase activity
nmet hod descri bed by Pant eghi ni and Bonora (J. din.
CheM ‘A *n. SBitchem . 22, 1984, p.671- 216), nodified in that we repl aced
benzoyl choline in t ref nce with equa nts of uoyl chol i ne.
The 25 reading was doneAa ué.%. er analy maf% rl‘tes{ﬁ”fsqé Fe shown in
Fi gure 1 whi chdieteamingtlicn aff tserdm reioXineseédtane arompissiag ya ver sus

ti Th [ t
- |1r9na flui dset gsgt%?gwhm%az’d’gir%tﬁg{é?ﬁoi lﬁ ‘%10& ynalnt%Je r ar#g:g@%nda accuracy

of the el ement igf flnd g PontEdn. at least one reagent layer and a - 20-
CLAI M5 5 sbreaditMmeNt ofarddediiididfig in the reagent layer:

a) a substrate for serum cholinesterase;
b) choline oxidase;
c) peroxidase;
4d) a color-developing reagent; and
10 e) a buffer having a pH of 7 to 9
characterized in that the substrate for sexrum
cholesterase is a compound of the formula:

0
CH,
1 + -
R C-0-CH,CH,*-N-CH, X
R CH,

(1I)

15 wherein R and Rl each independently represents alkyl,
alkoxy, amino (-NR2R3), wherein R2 and R3 each
independently represents hydrogen, methyl, ethyl, er
propyl, and X~ is an anion.

7. The analytical element as claimed in claim 6

20 comprising:

a first reagenﬁ layer containing a binder
material, peroxidase, choline oxidase, and a color-
developing reagent which provides a detectable change
in response to the reaction of the substrate with serum

25 cholinesterase;

a second reagent layer containing the substrate;

a buffer having a pH of 7 to 9 in either or both
reagent layers; and

an isotropically porous spreading layer.

30 8. A multilayer analytical element for the
determination of serum cholinesterase, the element



Y !-- ‘

[ l eLr . ] (1) 5 wherein R and Rl each
independently represents al kyl, al koxy, am no (-NR2R3), wherein R2 and
R3 each ‘I'ndependent |y represents hydr ogen, nethyl, ethyl, or propyl ,

and . The conpound as clainmed in claim1l wherein
Lm!lglugﬂtﬂﬂ“l et hyl , propyl butyl, or isopropyl. 3. The
I n cIa|n11 mhereln al koxy is nmethoxy, ethoxy,

propoxy or but oxy. . The conpoupd. as clainmed in claim1 wherein

X- is chloro-, bronp-, |odo- met_hyl sulfate nitrate_or 15 acetate.

5. A reagent aﬂ%%r&qﬁum@ rhﬂﬁmgg heFRAR nelR PEIRT AEFPWi EYei n an
aqueous sanpl e suppgePrdrsd Nch ﬁluiuwﬁbﬁea¢@n, a substrate for serum

chol i nesterase, choll %:‘dase Igterfx i de, _a col or- f m.g gga ent,
and a buffer having% I¥§$ Ieade %ﬁﬁw%ﬁﬂ%ﬁ*&%ﬁplﬂe ﬂafntha YbE€F at e

for serum chadvingste it of 7 aadhpgexbxidadve, fandudminoantipyrine err

] 25 wherein R and Rlerr] each
|ndependentfy réﬁlég%ﬁﬁggtWWPnéﬁal aIkoxy, amno (:NRlerr]Rerr]), wherein

R2 and R3 each |majmmtr§agea}ﬁ X ¢pntaiping ngehgtinet bline
propyl, and X- d)si s&@NiPbuffer having a pH of 7 to 9, and a

substrate for serum cholinesterase; and
an isotropically porous spreading layer
10 characterized in that the substrate for serum
cholinesterase is selected from the group consisting of
2,4-dimethylbenzoylcholine iodide, 2-methyl-4-methoxy-
benzoylcholine iodide, and 2,4-dimethoxybenzoylcholine
iodide.
15 9. A method for determining serum cholinesterase
in an aqueous liquid comprising the steps of:
a) contacting a sample of the agqueous liquid
& with a multilayer analytical element comprising a
suﬂport having thereon in order from the support and in
20 fluid contact, a spreading layer and at least one
reagent layer and containing in the reagent layer:
a substrate for serum cholinesterase;
choline oxidase;
peroxidase;
25 a buffer having a pH of 7 to 9; and
a color-developing agent which provides a
detectable change in response to the reaction of the
substrate with serum cholinesterase; and
b) determining the cholinesterase activity in
30 the sample by means of the detectable change thereby
obtained; characterized in that the substrate for serum
cholinesterase is of the formula:



-21-- . 6. A mltilayer analytical elenent for the

deternlnatlon of serum cholinesterase conprising a support havi ng
thereon, in order fromthe support and in fluid contact, at |east
one'reagent | ayer and a 5 spreading |ayer, and containing in the
reagent |ayer: - a) a substrate2¥or serum chol i nesterase;
b) choline oxidase; c) pgrOX|dase d a

coIor devel opi hg reagent; and sfer having a pHof 7 to
acterlzed kD _J thg §qg§g%at fqr serpym

“H’HMM“{!I&I onpound of Thy , érr ]

@D) een Rand R err] eac |ndependentl represents al kyl,

al koxy, am no (-NR2R3), wherein R2 amtl R3 each 3 i ndependent | y

represents hydrogen, nethyl, ethyl, or propyl, and X- is an anion

7. The analyt|cuheeeeneataad Blaiesct independestly rE@nasqntsnakxyl

a first reagent Agﬁgﬁgcognghglquﬁzgque hFreln rR2BLY B e oxi dase,

chol i ne oxi dase, opl ng reagent mhl provi des a
det ect abl e changéndependentiy sepsesents TWErogas:i SRtdw k. h@téws.t ¥te with

serum 25 ghopi-pggler apd: x- is an aniond second reagent |ayer containing
t he substrate; a buf havi % a pH of t.o 9 in either or

bot h r eagent nger?heaWEt od as © SaMBensity fhe

spreadi ng | ayer. detecB&ble ch8nge Asmant bb&ﬁealam@n)sﬁitﬁﬁlcrﬂmnt for the
determ nation of serum chol i nesterase, the el ement




LT e ewemm e s mmenes

.

-22-. *.» -conprising a support havi ng thereon, in order fromthe suppor t

and in fluid contact: a first reagent layer containing gelatin, a
buf f er having a pH of 7 to 9, peroxidase, and am noantipyrine 5 coupl ed
wi th phenol ; a second reagent |ayer containing gelatin, choline
oxi dase, a buffer having a pHof 7 to 9, and a substrate for serum
chol i nesterase; and an isotropically porous spreading | ayer 10
characterized in that the substrate for sg um chol inesterase is
selected fromthe group consistin 2, 4- di net benzoyl chol i ne

i odi de, 2-net hyl - 4- met hoxy - ASSAY @ﬁ%%l%#%ﬁ%%ﬂ

2, 4- di met hoxybenzoyl chol i ne i odi deabdtoract 9. A nethod for
deternlnlng serun1cholln§§ ?rase in a@.aggeous lJ quid.ca S|ng t he
steps of: RLAPEPRETASSARRTAVEFY e S§hESTENS with

a nmultilayer aneag5|oﬁlthéeuhoﬂinenpbtaﬁngdaby theupptionhadfi ng thereon in
or der fr omg heRUPPRLL. 8REskNoR%f EUIIoRAR' BE' ¢pd $ALEAJLN0 | aver and at

| east one reagen ayer oh nng N e reagent ‘| ayer: a
substrate for serum cholinesterase; © chqhgne oxi dase;

per oxi dase; 25 a buffer Ka g H pH of 7 tjo *9; and a

col or - devel opi ng agent whi 8f &» Ca0-CH cae‘temcabl e effange i n response
to the reaction of the substrgte with serumjchol i nesterase; and

b) determ ning the cholinesterasy activity indi] the sanple by neans of

t he detectabl e change thereby obt ai ned; characterized in that the
substrate for serum (I)

wherein R and Rl can be the same or different, and can
be alkyl, such as methyl, ethyl, propyl, butyl,

10 isopropyl, and so forth; alkoxy, such as methoxy,
ethoxy, propoxy, butoxy, and so forth; amino (-NR2R3),
wherein R2 and R3 can be the same or different, and can
be hydrogen, methyl, ethyl, or propyl, wherein X~ is an
anion, such as halogen (chloro, bromo, or iodo) methyl,

15 sulfate, nitrate and acetate;

The method of the invention ensures a
conveniently low rate of cholinesterase catalyzed
hydrolysis and a high degree of accuracy.

Certain compounds of formula (I) defined

20 above are novel compounds which are claimed per se. .



cholinesterase is of the formul a:

-23- [ err ] wherein R and Rl each independently
represents al kyl, al koxy, am no (-NR2R3), wherein R2 and R3 each

i ndependent|ly represents hydrogen, nethyl, ethyl, or 5 propyl, and X-
IS an ani on. 10. The nmethod as clained in claim9 wherein the

det ect abl e change is an optical density change.

1/1

A = WATER

B = 48 U/L CHOLINESTERASE
C = 359 U/L CHOLINESTERASE
D = 650 U/L CHOLINESTERASE
E = 946 U/L CHOLINESTERASE
F = 1504 U/L CHOLINESTERASE
G = 1895 U/L CHOLINESTERASE
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