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A Field Test for the assay of

Human Whole Blood Cholinesterase

by
D.R. Davies and J.D, Iicholls

SUMMRY

The field test of Limperos and Ranta for the assay of human whole
blood ChE has been modified to facilitate its more extensive use under
field conditions. 4 chart has been constructed which permits adjust-
ments in the conditions of the test Yo compensate for tempcrature variation
and to relate ChE levels to the degree of poisoninge
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4 Field Test for the assay of

Human Whole Blood Cholinesterase

by

D,R. Davies and J.D. Nicholls

Intr 6d_g_ction

The level of cholinesterase (Cr¥) in the blood is a valuable index
of the amount of anticholincsterase which has been absarbed into the system
and it has in fact been used for this purpose (Metealf 1951, Davies 1952
and iarchand 1952), Since anticholinesterases are boing used extensively
in agriculture and for insect vector control - very often far removed from
laboratory facilities - the determination of such an index under field
conditions would be most useful. The essential requirement of the field
test is simplicity. The procedure and equipment required should be simple,,
the muber of reagents required few and the time taken for the performentz -
of the test reduced to a minimum, Finally the test should be sufficiently
uncomplicated as %o be carried out by non-specialist personncle.

»ldridge and Davies (1952) have discussed the possibility of applying
the generally used techniques for ChE assay to field conditions and they
came to the conclusion that, for reasons given, they wore unsuitable, They
did however suggest that the electrometric method of Miciel (1949) was
satisfactory under certain circumstances. They based their suggestion on
the fact that this technique lent itsclf to the rapid and easy estimation
of considerable mumbers of samples, Whilst subsequent expcrionce has shown
this %o be substancially true, thore are two major disadvantages. - The pH
meter id not sufficiently reliable fo use in the field; and the glass
electrode is most certainly too fragile far this purpose.

Fleisher and Pope (1954) have applied the Hestrin colorimetric method
(1949) to the estimation of' whole blood Chile Uheir mothod possesses the
advantages that it is a colorimetric technique and that single estimations
can be campleted, including the collection of the blood sample, in twenty-five
minutes. Its disadvantages as a field test are (1) the number of tests that
can be porformed in a given time is relatively few and (2) at least six
reagents and an equally large number of manipulative procedures are iuvolved,
Furthermore the technique requircs the use of a spectrophotometer.

Limperos and Ranta (1953) have recently described a test which thoy have
used under field conditions and which approximaies to that which is required,
The principle is the same as that of the electromegtric method. The :
differences are (1) that changes in pH are followed by changes in a brom-
thymol-blue (BIB) solution incorporated in the reaction mixturo and (2) the
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test is carried out in an unbuffered medium, Tho various lcevels of
enzyme cctivity are assessed by the colour of the solution after a fixed
interval of twenty minutes and these colours arc green, olive green,
olive Piéwn and oranges ~~Im practice the distinction between the first
two and the second two -colours is difficult. This is a sorious dis-
advantaege sincs (as will be shown later) this is the imporbant rengce

& socond mejor disadvantage is that under ordinary conditions of illum~
ination the combination of blood and BIB appears to fluoresco, When
this happons colour assecssment ls almost impossibl.. Dospite these
‘difficultics & relatively slight modification of procedurc has been showm
to givc 2 workable and satisfactory tost., If a fixed colour change is
taken (i.e. froa green to orange) and the time for this change to occur
observed these difficultics can be overcone,

Experinental

ipparatus. Tubes 3 x 3/8 in. (one far cach test)
Pipettes 10 ml, graduated in 1,0ml,
5 ml, graduated in O, bhml.
20 c.nvle hacumoglobin pipetive
Rack ~ to hold ten 3 x 5/8 ine tubes.
Watch - to read accurately in minutcs.
Priangular necdles - 1 packeb.
Thermometer,

Reagents Two solutions only are nceded.

“dwetylcholine Chloride ~ .upoulcs = Roche product,

0.6 solution. Dissolve the contents of six 0.1 ampoules in

108 ml. of distilled water. This solution can be stored at 20°C,
for a period of five or six days without deoterioration and provides
sufficient solution flor 200 tostse

Drom-thymol-Blue (B.D.H.)

(a) stock: solution, 0.0k g. of powder is dissolved in 1 ml. of
- N/20 sodiws hydroxide. aspproximately 90 ml. of distilled
water are added and then sodium hydroxide: dropwise until
the solution just turns blue. The total volume is made
up to 100 ml. The pH of this solution should be 7.7 and
if it is possiblc, since this solution cen bec made up ‘in the
laboratary, it should be checked with o pH meter,

(b) For use, dilute two volumes of stook solution with one volume .
of distilled vmtor. '

Technique

Collcot 20 cemie of blood in a haemoglobin pipette and wash it out into
1,0 ml, of dilute B, .B. solution contained in one of the 5 x 3/8 in. tubes,
433 0.5 mle of acetylcholine chloride solution and note the time of addition.
Note the exasct time at which the colour of the reaction mixbure becomes decp
orange. The interval is a measurc of the enzyme activity. To facilitate
the determination of the end point a standard is easily preparud as follows,
Blood and B.,T.B. solubion in the above proportious arc added to a tube and
then 0.15 mle of N/100 acetic acid. The voluuc is made up to 1.5 nmle
(The pH should-be 6.7).

- 2 -
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Results

If the time intorval over vhich the requisite colour change occurs
is determined procisoly, thon the assessmont of whole blood ChE activity
correlatos closely with dotorminations made by the clectrometric method
This is shown in figures 1 and 2, in which thé reciprocal of the time -
(T) taken to offect the given colour chenge ot tomperature (t) is plotted
ageinst the activity of the samplc in ApH/hour, always detcrmined at
25%C, 1n figure 1 ¥ wos debermined between 199C.and 229C. 1In figure
2 the temperaturcs were 30°C aud 329, * Tho close correlation between
spE/hr. and the reciprocal of T is obvicus from the graphse -

In figure 3 the relative activitics of differont specimons at
verying temperatbures have becn plotted against the torperature, the
activity at 20°C being taken as equivalent to 100, The relative activity
inercases with temporature in & non-linsar fashion from 109C to 40°C.
Lbove L4000 results becone uncortain. ut 100C the rolative activity is
about 65 whilst at 30°C it is 132,

The information yiclded by these two scrics of experimunts permits us
to simplify the test for field conditionse If in addition it.is possible
to relate enzyme levcl. bto zoncs which will pormit olear cut oxesutive
action, then a very uscful. Ssst mwy be evolved, This latter idea is
possible for threo cricical levels o vhole blond ChE can be defineds

‘E1)‘ ' The lower lovel of mo.mal whole blood CHE activity.
oo (2) The level of hyperschsitivitys
(3) " The c¢linical danger levsl.
These are as followsi-

(1) The Lower level of Normality: There have heen very meny determinations
of normal wvalues of red ccll, plasme and whole Tlood ChE and the limits
of variation have boen extensively worked out (Oallaway et al 1951;

. Wolfsie and Winter, 1952; TFleisher and Pope, 1954). . These are con-

_ sistent with each other. For the present purpose tho values for the
whole blood ChE as dotermined in this laboratory have buen used to |
definc the lowor limit of normal activity. On a recently detertiined
series the mean valuc of %he whole blood ChEl was 133 (ApH/hr.) with
a standard deviation of 12 éApH/ hr.g. The lower fiducial limit of
normality is therefore 109 (apH/hr.

(2) The level of hypersensitivity. No symptoms of systemic poisoning are
obvious until a vory significant rcduction of the blood ChE has
occurreds = Callavey et al (1954) howover have shown that whon the

" whole blood ChE of rabbits has, by prior exposure to anticholinesmtor-
ase, been reduced tohalf the prow-exposure value, there is a significant
reduction in the LD50, +thns demonstreting that & reduction in the blood
ChE level is indicative of an incrcased sensitivity towards further
doses of anticholinesterase, Their data did not permit an extra-
polation which would have indicated the exact point at which this
dncreased sensitivity is first obvious. In the obsence of such pre-
cise data, and bearing in mind the main purpose for which this test

" is being evolved, we therefore suggest that the level of clinical
significance could be set ut 50;5 of the iwan normal lovel, i.e, at
& Apl/hr. of 67.

-3 -
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(3) The clinical danger level, Davies (1952) noticed that the blood
cholincsterase of animals dosed with anticholinesterascs by the
.intravenous, intrarmscular or percutaneous routes had to be re-
duced to at least 20% of normal beforo the onsct of serious cliniesl
symptoms. In this autlee's cxporience the critieal whole blood
cholinestorase lovel is about 20% of nrawl, although it does not
follow that symptoms automatically appoar when this level of blood
cholincstorase activity is reached (Fowley st al 1953). Tho
clinicael danger level may therefore be set at 20% of the mean normal
level, ise. at ApH/hr. of 25 units,

Fffect of temperaturc

The most difficult problenm has been to evolve a method of temper-
ature corponsation without the use of a constant temperature bath or
incvbator, This was donc as follows, «s indicated above, several
simultareous cbservations were carricd out on the samo sample at various
berperatures, together with electronetric dcterminations at 259,  These
results were thon summarised in a family of straight lines corresponding
to each temperature and relating 1000/T and ApH/hre. (Figure 4), where
T is the time taken for the ccompletion of the colour changes

From these, T was determincd for sach critical level, at varydng
temperatures and a new family of curves constructed rclating T and temper-
aturc. By plotting these on one dicgram, as in figure 5, a chart showing
various zones has been constructed, each corresponding to the interpretation
shovm on the right hand sidoe,

The 'modus operandi' of the test is thereforc as followse The terper-
ature of the armbient air is noted,s i ordinate on the chart is then drawn
corresponding to this texpcraturc, and the time read off at the point at
which it cuts each curvece.

The tubcs are prepared as described carlier (iece 1.0 mle of B.T.B.
20 comms of blood and Q.5 nl. acetylcholinc chloride) and then the colours
noted 'at each of those times obtained from the chart (Figure 5)e In 2ll

.the tubecs in which the colour has changed to docp orange at the time of

inspection the reaction is complete, For exarplc, if tho terperature were
230C, tests with 2ll normal blood.samples would be completc in 21 minutes,
Blood samplcs which changed colour in less than 34 minutes but longor than

21 minutes would possess whole blood ChE levels lower than normal and the
lovel would indicate a slight absorption of anticholinesterase. Such levels
would however be of littlo clinical significance. Thoy would on-the other
hand, irdicate indiffercnt safety procedurcs or personal carelessness on tho
part of an individual.

If the time taken is longer than 34 minutcs, this indicates that the
individual -is hypersonsitive, and will come into the red zonce If even
aftor 72 minutes the test is not complete at leoast 80% inhibition is
indicatod implying danger of clinical symptoms.

It shoudl be emphasised that an oxact colour rmetch with the standard
is seldom nccossary since the criterion at the critical time is whether the
colour éhange is complete at that timo. '

One other point with roforence to tonperaturc needs to be discussed.
The toct.may, in oxtreme circumstances (i.e, at 109C), take 100 minutes to

-L -
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complete, and if no eonstant temperature bath 1s to be used, it is rather
important to kmow what temperature fluctuation may be permitted during |
the period of the ‘test itself, The experimonts on which the relation=
ghip betwoen the fiold test and the clectrometric method (shown in Figure
1) werc based, were carried sut at 199, 20° and 229C; hence a variation
of 38 during the poriod of the test would appear to be permissible,
Lowrey et al (1954) confirms this suggestion for they statc that to
measure vholinesterase to within 3 por cont tho pormissible temperature
range is 3°C. This is however a point that cught o be.checked undér -
a wide varigty of donditions, or at loast kept in mind during the period
of the tests” o ' i S
4 series of experiments was carricd out at different tomperatures
to check the chart which has been produced, The proccdure was cxactly
as deacribed., 48 samples of blood were preparcd by diluting normal blood
with inactivated blood. 30 samplcs (obtained from 8 individuals) were
sxamined on different :occasions in the climatic chamber at 319C and 858
relative humidity., & further 18 samplcs (from 4 individuals) werc tested
in a constant terperature bath at 31°C, The results are shown in Teble 1,

Table 1

The confirmation of Resation Times at 319,

pH/hr, velues and reaction times grouped according to the
slinical zones described in the chart (figure 5)

! Range of Slight Hypersensitive
Normal Rainge absorption Range !
-
Aptl/hr, 109 + pH/hr. 109~67 pH/hry 67-25 |
T34 <18 mins. T3y 18-29 minse T34 29-67 mins, !
130 15 108 20 66 3 :
126 15 104 20 63 32 :
146 14 4103 21 59 42 !
132 15 103 20 58 39 |
123 15 102 20 56 40
140 14 100 22 55 33
129 15 100 22 53 %) |
48 15 96 22 52 b g
136 16 95 23 49 35 i
133 15 88 23 36 L7
127 15 87 25 36 50
146 15 85 26 33 50
116 19 81 25 32 52
116 19 78 27
110 18 76 27
15 27
15 28
3 28
67 27
- 5 L]
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. Of the 48 samples so tested 45 conform precisely to the pattern
desoribed -in the text. Of the discrepant kamples thosze with pH/hr,
116, T31° 19 minutes are only: just outside the expected =omes A ..
sa.mple of Apﬂ/t% should have had a reaction time of- 18 minutes of ;l.ess.

.S.u_r.fnm

. The field test of Limperos and Ranta for the assay of human whole
blood ChE has been modified to facilitate its more extensive use under
field conditions. 4 chart has been eonstructed which perm:.ts adjust-
ments in tho eonditions of the test to compensete for ‘bempera.ture C

variation and to relate ChE levels %o the degree of poisoning.

7

(Sgds) He Cullumbine,
Supt., Medical Division,
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