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Abstract : The ChE, DN and FN of 135 Ceylonese subjects were investigated and a

clinical norm established. The ChE lies besween 40.9 and 154.5 with a mean of 106.6
and a stanaard deviation (SD) of 14.1. The DN iics between 21 O and 100 witioa mean
of 73.6 and a 8D of 14.4. The £N lies between 10.3 and 838.8 with a mean of 48.0 and
a SD of 30.7.

The families of 2 individuals sensitive to suceiny! choline were investigated for
CEE and DN with a view (o tracing other members of their famzilies who had low ChE
and DN values and observing their inheritance patterns.

1. Introduction

Suxamethinium was first used as a muscle relaxant in 1951 and soon after Bourne
et al' and Evans and co-workers,3# reported prolonged activity. They attributed
this unusual sensitivity to suxamethonium to low values of pseuducholinesterase
(acylcholine-acyl hydrolase, ChE) in the patient’s blood. Lehmann and co-workers, 16,17
postulated an inherited enzyme defect.  Kalow and Genset'? and Kalow and Siaron!?
mv_:;ie it possible by using an enzyme inhibitor, to show the presence of an * atypical,

1zyme. By means of dibucaine (nupercatie) inhibition of the ChE, it was possible

d ﬁ"crcntlaw three inherited serum cholinesterase r\‘*c“otyp\ s ¢ those homozygous
for the usual cazyme, those hemozygous for the ‘atypical’ enzyme, and those
individuals who are heterozygous or intermediate. Harris and  Whittaker® showed
that flucride could also be used in a similar way ; and in a study of familics sensitive
to suxamethonium, they demonstrated that fluorideinhibition revealed three further
phenotypes. These were due to ancther gene which they terimed fluoride resistant.
In 1962 Liddell, Lehmann and Silk!® demonstrated the presence of a ‘silent ” gene.

Not all prolonged apnoeas following suxamethoniwm are due to genetic causes.
Non-anaesthetic causes may be duc to a grossly reduced total guantity of ChE in the
blood. In normal individuals the ChE activity varies in certain discases but unless
the activity falls below 25% of the original value for that individual, no adverse,

*Departicent of Biochemistry, Medical Research Institute, Colombo.
fDepartment of Anaesthesia, General Hospital, Cclombo.
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reaction is seen to suxametheniuin.?® In those persons who hav. the atypical enzyme,
apnoea occurs even though the ChE is somewhat higher, implying that there is a
qualitative difference in the genetically abnormal enzyme.

The present investigation was carried out to (a) establish clinical noris for (1) ChB
activity (2) dibucaine and fluoride numbers of Ceyloniese subjects, (b) detect the mode
of inheritance of atypical forms of ChE in the families of two patients who were
sensitive to suxamethonium. These parameters are useful in the treatment of cases
of suxamethonium and in tracing their families. [t is also an index for the screening
of persons before employment in places where they may come in contact with crgano-
phosphates or carbamates, and for the later follow up of these persons.?®

2. Materials

ChE activity, dibucaine and fluoride numbers (DN and FN) were determined in 135
subjects, comprising 100 consecutive donors from the blood bank before sereening
for Wasserman reaction, and 35 healthy volunteers. No patients were included m
this series. The farilies of two patients wio suffered from prolonged apnoea following
the administration of suxamethonium were investigated {or ChE and DN.

3. Method
ChE activity was measured by the method of Kalow and Lindsay” using a Unicam
Spectrophotometer Model S.P. 500. The substrate used was benzoyl choline 5 x 10~
M concentation in M/15 phosphate buffer, at pH 7.4. The measurements were made
at 240 mu at 26° C or at 37° C. All solutions before mixing were pre-incubated at the
desired temperature and during the readings, water at that teraperature was circulated
through the cell compartment of the spectrophotometer.

For the determination of the DN, the inhibiter dibucaime was added to the mixture
so that the final concentration of dibucaine was [0~ M,'® the other parameters
being the same. For the estimation of the FN the concentration of the inhibitor
sodium fluoride in the final mixture was 5 x 10~> M.* A temperature of 26” C was
chosen for the reaction because it was observed by King that the effect of sodium

fluoride was more marked at or near 25° C than at a higher temperature. Hence ail
the FN were done at 26° C and the results corrected to 377 C.M

4. Results

The distribution of the ChE activity is shown m figure [. The range of activity 1s
between 40.9 and 154.5 units with a mean value of 106.6 and standard deviation of
14.1 (A unit is equal to the number of micromoles of benzoyl choline tiydrolysed in
one hour by one ml. of serum at 37° C). This range is equivalent to 380—-1430 [.U.
units with a mean of 986.6 and S.D. of 130.5 as shown in Figure I. The DN lies betwee::
21.0 and 100 with a mean of 73.6 and a S.D. of 14.4. The FN lies between
88.8 and 10.3 with a mean of 48.0 and a S.D. of 30.7 (Figure I & I{I). The correla-
tion between DN and FN is provided in Figure IV,
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8. Diiscussion

here is consideraiie variation 4 rz’mng‘ cifierent workers in the mode of expression
rcquits "and this makes comparison of values for ChE difficuit. The variation
nnite used is due to the ’E.f:irm techniques and different substrates that are
. Sr.kc an i U.# is defined as the number of micromeles of benzoyl choline hy-
by one millilitre of spmm at 25°C, we could, by expressing our

ic«‘gmf;ar“% i with the resnlts of Kalow and Lindsay,!  as converted
The normal ranze - values ob med by Kalow and Lindsay'! is 620 to
abat 250, Our results range from 388 to 1468 mU/ml at 25°C, with a
08+ 134 Tt is nit ible to compare our results with thoso of other
iraigs ofher than benzoyl choline, 291!

1

The activity of both acety! and acyl hvdrolase is reduced in the blood of patients
with varicus \*ynw of anaenta and returis to iormal after treatrient.” Malputrition
and ue‘uﬂlf't g diseases are accompanied by low serum cholinesterase activity.
ft has bee s suggosied that not enly are serim albumin and seram cholinesterase both
formed in ihe fiver but ihat their synthesis is carried on in paraliel. The low levels
of albumia und CRE in malnvirition and cirrhosis are then a consequence < dinm-
aisheo producticn due to the depietion of raw material and syathesising mech:anisms. 13
These § fay expiain why some fow values are lowar thuan the lowest values
rep ot ¢ Lindsay.'"t OF the i35 S.llb_jCL:i.S stucied only ¢ (4.5%) had
Vit v Kalow and Lindsay.!!
“hin percentoge 'mrl 115 aalikely that these
- These six persons muy have been from
nar”/"u-‘m(‘ was it done, 409 of the
wer socio-economic groun® {iis thersfore
s were within that group. This aspect was not investi-

pelow 64 “‘:.
Bieod donors are
SiX PErsens wonid |
the volunteers in
populaiion in (%70
puossitde ihat these six per
gated further,

The frequency of <"1i.-"4, nbution of dibucsine and fluoride numbers in the population
is shows in figures il and TIL

ure If indicates that ‘S/ of the subjects have DN between 21.0 to 100 with a
mean oi 73.6 and a 8. D, of 14.4. 1t is the usua! praciice to describe DN data
using 3 groups viz.

—

. High, wusual or typical
2. Tatermediate,
3. Low, rare or atypical
the dividing line between the groups being chosen at 70.0 and 20.0.12  In our results

e have observed that 97 subjects had values over 70.0 and therefore were usual,
ubjects werz beiwesn 20,00 and 69.0 and were mfcrmerhate while there were no
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o
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=
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persons below 20.0. Their survey however did not contain a single case between 20.0
and 43.0.72 Our results are not in agreement with theirs ; we did not ohserve any
cases between 31 and 43.

The frequency of distribution of the FN is shown in figure [{I. The values are
considerably lower than those obtained by other workers in spite of the fact that the
FN was donz ai 25°C for reasons referred to earlier. The FN lies between 10.3 and
88.89, with & sean of 43.0 and a S. D. of 30.7. The piot of DN zazainst
FN is provided in Figure IV. [t is seea ifrom the Figure IV that the scatter of thie
TN was very wide and we were not able to group the FN iato three distine Sroups
witls seiall sub-groups in the manaer of Hdms ind Wiitieker® The workers explain
their sub-groups by the hypothesis that yaaiings may have occurred betwesn t.lc i
(_intermcd?atc) and U (usuzl) groups, (Lmd . Lehiman and Davies as guoted by
Lebmana aad Liddeit’). Our sample probably is more heterogenons, i»cin;v, anfnsular
race, thus giving the wider scatier (Figure iV).

During the six month period of this study, we received many sempies of blood for
ChE estimatic: 5

ol which 3 were from patiei!s who had trae suxamethenium 2 pnoen
they alone had low ChE. Of taese only two famiiles could be iraced 1o any degree.
The data of the two tavestigated families is shown ia detal) in figures V and Vi, and
are compiled 1n geneslogical trees. The probands of both these (amilics were patienis
who underwent cacsirian section and are indicated by arrows.

In Figure V, ilie provand Mrs. W had a ChE of 22.5 with a DN of 15.0. Her baby's
ChE was 12.57] estimated by the rapid field test method.? We were compelled to
use this meth J as the mother sefused permission tu draw more vlood from the baby.
In view of this, we were not able to carry out the DN estimatiin.

The proband’s broitier also had 4 low ChE activity of 27.3 witha DN of 66.7,
classifying iiim in the intermediate group, wiile the proband hersell fails in the
atypical group. In the previons generation (1) the proband’s father appeared normal
with ChE 1840 units and DN 82.0 while her maternal uncle was fsund to be is the
intermedicie group with a ChE of 104.5 units and 2 DN of 69.0. The proband’s
mother was deceased and was probably either atypical or intermediate since the
proband’s father was normal and the maternal uncle showed the saine defect ; since
the proband was aiypical it may be concluded that her mother was atypical. Gene-
ration 1 could not be studied

In Figure VI, Mrs. A the proband, had a ChE of 15.3 with a DN of 33.3. Her baby’s

CihE was 259] and also estimated by the rap d field test method for the same reason
/0 § Pl

as in: the previous case. Mrs. A falls into the intermediate grovp. Mrs. A’s brother

and one sister could not be investigaied. Her other sister had a ChE of 52.7 with a
DN of 55.0 and thus was also in the intermediate group. Of the latter’s children,
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NOT DONE

Geneologicat Tree of Mrs. W who had suxamethoniuin apnoea during a

caeserian section. A = proband ; (3 — female; (7} — male ; unshaded -
normal ; half shaded — intermediate ; fully shaded — abnormal ; crossed ones —
deceased; = - not done, (either dead or could not be traccd). Top values ChE;

bottom values, DN.
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aot normal ; half shaded — intermediate ; fully shaded -- abnormal; crossed
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two were typical while the third could not be investigated. The proband’s other nephew
was intermediate having ChE of 59.1 units with a DN of 61.0. Since the proband’s
mother was typical with ChE 72.7 units and DN 75.0 the defect was transmitted by
the proband’s father (deceased) who was either intermediate or atypical.
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