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Succinylcholine, a shorf-acting ruscle relaxant, has .boen
reported ~s the causec of prolonged apnea follovwing administrstion to
sone surgical patients., 4 relationship between increasod
sensitivity te succinylcholine and decreaszod levelo of gserum '
¢holinesterase (pseudecholinesterase) BC.3.1.1.0 has been established.
The cnses of stypical or doficient pseuvdocholinesterase activity have
vecn traced to voriant forms of the enzyne at the zene E1 locus.

The atypical variant of pecudocholinesterage has boen looked
for in 202 control (apparently normal) subjeots amd 28 patients with
sickle=cell diseasce, nll living in Zexin, Wigerin., The typo was
deternined by inhibition tests with dibueaine and scdium flwride;
percent inhibition schieved under gpecificl comditions were ternmed
dibucaine munter (DY) and fluoride nmuber (F.E).

The Frequency of the carricrs of the heterczygous 1 phenotype
anounts to 1.98 percent in the contrel group, The frogquency of the
corresponding Ef‘ eenc ig 0.009. Weither I ner & phehotype has been
detected in the sickle-cell patientz, The froguerer of the carriers
of the heterozygous UF phenotype smounts to 1.5 percont in the control
group, and the frequency of the corrcaponding i 1f gone is 0.0074.
Neither UP nor F phenotype occurred in the sickle—cell patients as
conpared with apparently nornal control subjecis. In the total
population the frequencics of the atypical zone nnl fluwride-
insensitive gene were calculrted to be 0,9 percent and 0.7 percent
respectively., Thus, roughly onc ocubt of 60 personz has an internediate
DY but omly cne out of 12,500 is oxpocted tc have an otypical DN, and
one out of 80 poersons has T the 'Y ™ but only one out of

20,500 is oxpectod to have the 'FP' PN,



Data on esterase levels have becn obtained rns by-product of
the deternination of DN and F¥., The rcan psewdsocholinesterase

activity for sickle-cell subjects is lower then (0,80 + 0,18 1. 0. /L),

but not significantly differcnt fron the control recan

(0.85 + 0,33 1.U./1L).

Mo stetistically aignificant correlation was cbserved between
pseudocho linesterase activity (also DN and FN! ond blood group,

ge notype, age and ethnic origin.
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CHAPTER ONE

INTRODUCTICH AND LITERATURE REVIE]

f.1 INTRODUCTION,

..There arc two recognised types of cholinestersses in the
animal tissucs:
{a) acetylcholinesterase {("truc cholinesterase“), found in
erythrocytes and at the neuromuscular junction, aspecific for the
hydrolysis of acetylcholine, and
() serum cholinesterase ("pseudocholinesterase"), present in
the liver, heart and intestine, with no clenrly defined physiclogic
functien,

While the physiocloedc rele of pseudochnlinesterase is unclarified
and highly controversicl, its phrrmacclosie significance is universally
pecepted. It hydrolyses many choline snd non~choline esters end from
the point of view of the anacstheslologist, the hydrolysis of the
egter type ncurcmuscular-and local snaesthetie agents has the

- greatest importonce. Vhereas the activity of the micresomal enzymes

..of. thae liver, rcsponsible for the metabolic transformation of most

- drugs, -is greater in most mommalinn specics then in man, the ability
of pseudocholinesterase to hydrolyge ester type neuromuscular and
local snamesthetic agents. is much greater in man than in other mammals
(Poldes and Rhodes, 1953). The high pseuwdocholinesterase activity
of human plasms has important implications: It will decrease the
relative potency and even more sc, the duration of action of hydrolysable
relaxants and decreage the systemic toxicity of cster fype local
anacsthetic agents. Hence, any gualitative or quantitative alteration
of plasma pseudocholinesterase activity noy significantly influence

the intensity and
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duration of action anmd toxicity of ester type neuromuscular
blocking and Iocagl. annesthetic agents,

Evans éﬁ_él,‘ (1952) observed low pscudocholinesterase activity
in patients who had received succinylcholine and who had subacquently
romgined in apnea much longer thnon the expected time, (Apnea ig a
transient cessation of respiration caused by certain drugs). ILehmann
and Ryan (1956) pointed out that this low ongyme activity was in
some patients not the result of diseame but of hereditary faector,
and studies by Kalew (1956) showed that the activity was not only
low but qualitatively.changed ewing tc a hereditary alteration of
the onzyme molecwle itself. Thoe adjective "atypical" was then
introduced to designote this altered enzyme., After the administration
of conventional doses, the intensity and duration of action of
hydrolysable relaxents (0.g. succinylcholine) is markedly, but not
excessively, increésaa when pseudocholinesterase activity is low,
but the enzyme is qualitatively normal, and decreased when the
engyme nctivity is sbnormnlly high. In the procnce of the atyplceal
pseudocholinestorase variants, the durgtion of action may be
excegsively increaged afier the administration of conventional
 dgwes Of succinylcholine (Kalow and Gunn, 1957; Poldes et gl. 1963),
and can result—in3reapiratory foilure (Bush, 1964) anl death
(Beccher ond Todd, 1054). !

Kalow and Geucst (1957) hove chown that the atypical variant
can be rcliably distinguished from the usunl serum cholinesterase
by the dibucainc numbor. The dibusnine number (D,N,) is the
percentage inhibition of {he sorum ensyme by 10"5M dibucaine using

benzoylcholine as subsirate., The DN, clearliy differentiates three



3
types of individurls: the normal homozygote with a dibucaine number
of 70 - 85; the ntypiecal homozygeotc with a value below 30; and the
heterozygote with n vnlue between 40 and TO, The three phenotypes
are usual (U), atypieal (A) and Intormediate (I); the corresponding
genotypes are Eju'E’u, .313315 and EquT'g respectively.

Harris and Whittaker (1961) found that sodium fluoride was a
differential inhibitor of the pseudocholinesterase variants in a
manner similar to dibucaine., They defined the percentage inhibition
produced by 5 x 10~° M Sodium fluoride as the fluoride number (F.N.)
and suggcsted that the corrcsponding gene E1f weng allelic to the
E‘1u and E1a genes,

A wide veriety of inhibitors have been uscd to diffcrentiate
the pseudocholincstersse varisnts (Kalow ard Davics, 1958; Harris
and vhittaker, 1963%; Whitteker, 1969; Hanel amd Viby - Moginsen,
1977) and comparnble differentintion has been obtained,

Beside the above mentioned variants detected by kinetic methods,
other molecular varinnts of pascudocholincsterase have buen detected
by electrophoresis, bceeause of a difforence in the net electric
charge of their molccutes (Harris gt al, 19623 Van Ros and Druet,
1966).

What could be done to minimize the incidence and severity of
untoward roactions to drugs metaboliged by pseudocholinesterase?
The most important single factor is awnrencss of the possibility of
such reactions, Ideally, it would be desirable to determine routine
serum pseudocholinestorase activity of all paticnts in whom the use
of such drugs arc contemplatcd, While the knowledge of serum
cholinesternse activity is very useful it should be noted that the

normal level of this enzyme does not necessarily cxclude prolonged



| S .
succinylciholine inducx apner or syateuiec reaction to hydrolyzable
local snnesthetic agonts (Poldos ot al, 1963). The tochnique of
differential inhibition, particularly with dibucaine, unlike the
nere estimation of cholinesterase activity, clearly identifies the
heterozygete. It has therofore become a gtandard technique in the
investigntion of familigés and in populstion surveys. In some cases
it is a combiaation of two differential inhibitors thnt give an
" unambiguous phenotype which can be confirmed by fanily studies.
Whittaker (1977) has recommonded the use of dibuceine and sodium
Fluoride ag differential inhibitors with benzoylcholine as substraté
in phosphate buffer. When atypical phenotype or low lgvel of
pseudocholinesterase value is reported, the technique for annesthesia
is mon:lified, cither by ouiting succinylcholine or by using it with
extreme caution, and warning cards should be isswd to all affected
individuals and rclatives on the basis of guch biochenical findings
(Oropollo, 1978; Whittaker, 1980). | .

The incidence of gickle-cell gnnenia has hoen faported to be
high in the negro race, and the noagrove of Africe have & higher
incidence (14.32 porcont) than thosc of North Ancrica (9.0 percen‘t)
(Shupiro and Foe, 1955), Low pseudocholinesterase lovols have been
implicoted in various pathologic conditions (i.e. rheumatoid arthritis,
chronic haemolytic annemia, pneumonia, tuberculosis, onlarged liver,
heart and spleem, jJeumdice and fever) which are characteristic
gynptons of sickle-cell dipcase. Hilkowitz and Jacobsozr} (1961)
found morkod reduction of pseudocholincsterase sctivity, associated
with hypealbuminermia in patients with sickle-cell discasc., It is

not kmown whether the enzyne present was atypical variasnt. There have

been no gtudics to determine the presence
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of an atypical variant of pesewdocholinesterase in sickle-cell
patients ond oven in apparently ncermal Nigeriens,

The purpese of this work is to investigate the lewvels of.
peaudocholincestorase and the nature of the cnzyme as indicated by
the dibucaine ard fluoride numbers in apporently ncrmal individuals
and in sicklo-cell pntients living in Zarias, Nigeria. Such ..
information will be of ¢linical importance ospecially to the
anacathetist, and will also zlucidnic further any genetie coineidence
betweon abnormal pseudocholinestorase and sickle-cell disease,

HISTORY OF CHOLINESTERASES,

Dale (1914) predicted the existence of cholinegtorascs based
on his observation of the af fect produced when acotylcholine
was injected into an animnl. He wrote, "In the bloed at body

temperature it seens not improbable that an csterase contributes

to the roroval of the aotive ester from the clrculstion and the restoratior

of the original condition of
sensitiveonoss", Stedman gt al (1932) prepared the first crude

extract of cholingsterascs from haorse scrui. In 1937, Mammay and
Nachnansobn showed that alrmost all the cholinesterase prosent in
the tizsuc was locallzed at nerve endings, ~nd that the concentration
was quite adequnte to hydrolysc ccetylcholine with the rapidity
demanded by the thoory of cholinergic transmision (Marnay and
Nachpansohn, 1937; 1938). It thus became esgtablishod that acetyle
cheline acted as & neurotransmitter. | |

During the second world war 197g -~ 1945, cholincstefaaes
acquired a speeial significance in the context of chenical warfare,
Very nany of the agents developed as potential war gagses were

o (8ilver, 1974)
rowerful inhibitors of {hese enzymes./=Soon affer the wer, the study

i}



6
of cholincsterascs rvceived a new stinmulus with the introduetion of a
histochemical mcthod for their detection, This onabled correlations
to be made between biochemical, physiologiecal and norphological
findings. In the lnst decade a varicty of modern techniques have

been used to oxanine the enzymes and eore providing the answews to

some questions,

1.3

Since their discovery, chclinesterases have been described in a
nucber of ways (Mounter and Whittaker, 1950; Augustinsson, 1963,
1971). A corposite definition which incorporates their nain .
characteristics is that cholinesterases are hydrolases which, under
optinal corditions, cntalyse the hydrclysis of choline esters at a
higher rate than that of other estors and which are inhibited by low
concentrations (10~ molar or less) of physostignine (oserine) and
organophosphorous compounds, Some cholincaterascs are not totally
inhibited by oserine even at n concentration of 10™°M, and this lack
of conformity underlines an inmportant point: cholinesterases are
not identical in all species, They constitute a fanily of enzynes
which fall broadly into two types, those which preferentially
hydrolyse acetyl esters such gs ncetylcholine and those with a
preference for other types of choline esters such as butyrylcholine,

Mendel and Rudnoy (19432,b) showed that the serun contained two
enzynes which were capable of hydrolysing acetylcholine, The
greater part of the hydrolytic nctivity of scrun was due to a non=
specific cstcrasc which could split both choline and non-choline estors,

The rcmainder of the activity was attributable to o second enzyme,



1.5

1.6

7
thought to act exclusively on esters of choline. They suggeated
that this latter enzyme should be called true cholinesterasge while
the other, the non-specific enzyme sheuld provisicnally be called
pseudocholinesterase, .

Over the years other names have beon intrrduced, true cholinesterase
has heen wvariously termed ChEI, specifie, erythrocyte~, E-, aceto-
or acetylchclinesterase. In 1964 the enzyme commigsion proposed
acetylcholine acetylhydrolase (BC,3.1.1.7.) as the systematic name
with ncetyl cholinesterase as the trivial name. Names which have
been used for pseudocholinestersse include ChEII, non-specific, serum-
(or plasma-), 8=, butyre- or butyrylchnlinestersse, The Enzyme
Commission (19€4) recommended ncvlcheoline seylhydrolase (B3, 3.1.1.8)
as the systematic name ~nd gimply 'chﬁlinesterasef ag the trivisl
. _ . L

DISTRIBUTION QF PSEUROCHOLINESTERISE,

Psoudocholinesterase is less widely distributed ameng various-
snimel speeies than acetylcheolinestersse. Tt hrs not been detected
in any invertebrate species studied. In mon and othor memmals the
highest activity is present in the plasma (Alles and Hewes, 1940)
end in the liver (Eeobichon and XKalow, 1961). HModerate
pseudccholinesterase activity has heen demonstrated in the brain
{Poldes et al, 1962), retina and milk (Svonsmark, 1965), cerebrospinal
fluid (Foldes and Aven, 1952), muscle and heart (“aith et al, 1963),
intestines (Koelle, 1951), pancress (Augustinsscn, 1948), kidney and
skin (Liddell et al., 1963).

BIOSYNTHRSIS.

It is widely accepted thet in mest animal spocies piasma

peendocholinesterage is synthesized in the liver (Sawyer and Bverett,

1947) ond this nccoumts for the profound offect of liver disease on



blood levels (Gurtner et al., 1963). Pscudocholinesterase may also
be synthesized in other tissucs. Varictions in the properties of
this esterase obtained from differcent tissues of the same animal
supports the agsumpticn (Bergmann and Segal, 16553 Gorebiseff, 1959).

1.7 ISOLATION AND RIRIFICATION

Pgeudocholinesterage, in contrast tc acetylchclinesterase
which is membranc bound, is a soltbilized onzyme presemt in golution
in plagsma, cercbroapinal fluid and milk, and in the nuscle, most
paeudocholinesterase nctivity is recovered only after differential
centrifugation of muscle homogenetes from the supcrmatant,
A variety of methods have been employed for the purificaticon of
pseundochclinesterase, Stesdman and Stendmen (19%5) achicved n 50-
to t100-fold purificntion of herse serum pgseudocholinegterase with
aﬁmoninn sulphate precipitaticn., Surgenor ~nd Bllis (1954) attained
a 3,400-Told purification of human serunm pseudocholinesterase by
an ethanol fractionation procedure, Dns and Liddell (1970) uscd a
three=stage procedure consmisting of chromatography on DEAE - cellulose,
clectrofocusging and gel filtration on sephodex 5-200. The
percentage yield was 54 and the purification focter 13,000, 4
5,000-{Strelitz, 1944) to 14,000~ (Svensmerk, 1965) fold purification
of horve plasma pseudocholincsterase hrs been obtained, Purified
pscudocholinesterase iz vory stable and when gtored at room
temporatuwre retaing most of its activity for seversl yoers ( Code and
Leodbegtor, 1968).

1.8 PROPERTIES OF PSEULOCHOLINES TERASE.

1.8( i) Physienl and Chemical Proportics,

The melecular weight of hunnn pseudccholinesterase was estimated

to be between 300,00C and 365,000 (Surgener and Sllis, 1954; Das and
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Liddell, 1970). Tho cnzyne consicts of tuo or more protomers. BEach
protomer contnins twe polypcptide chains esch of molecular weight
abcut 80,000 (Leuzinger et al 1969; Whittaker, 1980). The
concentration of pseudccholinesterase in hwean plaama is about
2 x 10-611 (Goedde and Altla.md,wﬁ?) anmd the isoelectric point is 3.0
(Svensmark and Kristenscn,. 1563) Pscudocholincsterase appears to Yo a
glycoprotein., As yet, the carbohydrate mwiety has not been precisely
defined but in both man and horse the enzyne is associnted with sialice
acid (N-acetylneuraminidic acid), If this is split off with neura-
minidase, the electrophoretic mobility is deercased and the enzyme
becomes less stable, but its hydrolytic activity is unchanged
(8ilver, 1974).

1.8(11) e activ to Kincticsa.

The active centre of pseudocholincstorasc, ginilar to acetylcholine-
sterasc, has an animanic and zn esteratic sitr:u{'.-.-'ils—.m, 1954). Jansz
et al. (1959) and Oosterbran (1967) have suspcstazd the amino acid
sequence of the active site of pseudocholinestciasc to bes
Phe-Gly-Clu-Ser-Lla-Cly- (Aln, .1a, Ser).

It seens probable that serinc (Cchean et al., 1955) and histidine
(#leon anad Borgnann, 1950; Mounter ot nl., 1957) nrc the besic groups
at the esteratic site, The astrong negetive charge at the anionie
sito is probebly carried by an wOarboxyl group of a dicarboxylic
anmino acid (e.g. glutanic acid) or phosphate grcups which have the
necessary negative charge at physiologic !, The high reactivity of
the esteratic site is-supposed to be the result of the interaction
of hydroxyl group of scrine with the imidnzole group of histidine
(silver, 1974; Foldes, 1978), It scums likcly that although it is
the serinec hydroxyl group which functions as the ultinste acyl

acceptor, the histidine imidanzcle group pleys »n inportant part in
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the catalytic action. Cunningham {1957) hao susgested that
imidamole acts as & reneral base centalyst and enhances the
nucleophilicity of the serine exyren by forming n hydrogen bond

with the hydregxyl sroup (Fig. 1.1).

It is penerally hold that the differonces in the behaviour of :
acetylcholinestierase and pseudocholinesterasce are mainly attributable
to differcnces in-or areund their anionic sites, althoush miner
differonces between the esteratic sites moy contribute. Some
workers have suggestod thet the differences between the two
cholinesterases-could be explained if it weore pogsumed that
pscudocholinesterasce hed only one and seetylcholinestersse two
anicnic sites (Bersmann and Seral, 1954) bergmam, 1955). In
addition to the anionic site, Augustinssop (1966) postulated the
presence of pnother non esteratic gite in psovdochelincsterase bud
not in acciylchelinesterase., Tho dominant forces at this sito were
assumed to be Van der Waal's forccs, IEnbachnil et al.{1970)

have proposed that both the anionic ard estorntic sites may be

virtunlly idonticnl in the two types Wut

-
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structurcs surrcunding or ndjacent to these active sitos are
different and these difforences detormine the characteriatic
behaviour of each engyme, Accoxding to <his schewe a hydrophobie
area surrounds the anicnic site in both enmymes but it exerts o greater
effeet on pseudocholinesterage than in acotylcholinesterase. In |
addition there is a second hydrophcobic group nesr the anionic site
vwhich is thought teo extend further in acetylcholinosterasc than in
paeudocholinegterasc, There are alsn hydropvhobic regions in the
vicinity of the esteratic site, acetylcholincstorase having one and
pseudochﬁlinesterase, two,

1.8(iii) Mochanisn of action.

4t the simplest levol, the events cccuring in hydrdlysis aay be
degsoribed (Silvecr, 1974; Foldes, 1978) ns follows:
(1) +the quaternary nitrogen of butyrylcholine is bound by van der
Weals and coulonbic foreces to the negntively chrrged znioniec site
and so oriented that the carbonyl grovp is prascnted to the
pesitively cherged esterstic sits, mucleophilic group consisting
of histidine and serine and a high-energy unstable conplex is formed
_which con digsocipte inte enzyre sand unchangseld substrote; or
(2) electron shifts ocour at the esteratic site with the result
that choline is liborated leaving an acylengymes

(3) The acylated conzyme is hydrolyzed vory repidly yielding
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butyric acid ~nd resulting in the restoration of the esteratic site

to its inactive state.
Step 1 Step 11 5tep III

E-l-Bu(:h—k-"’—'b ;IB:GI:I —-Q-—*F—l% E 4+ Bu

-1 &
In this equation E = free enzyne; BuCh = substrate; EBuCh = enzyme
substratc complex; Ch = Cheline; Bu = butyrato; k1 and k...‘ are the forward
ond backward reaction rate constants of stcp I, k2 and hj are the
reaction rate constemts of steps 11 and 111y EBu = Acylenzyme,

The turnover number of hunan plasma pseuwdecholincsterase is
considerably lower than that of acetylcholincstorase, It is estimated
to be about 50,000-wwith acetylcholine substrate, while acetylcholine~
sterase is of the order of 2,000,000 to 3,000,000,

.8(iv) Substrate Specificity

Although pseudocholinesterase hydrolyscs gone of the substrates
of acetylcholinesterase (c.g. acetyl—P—r:-..t!-.yl&u-lim;-) at only a
negligible rate it is oapatle of splitting rmch greater varicty of
substrates than AChE. Thus in addition to LCh, pscudocholinesterase
hydrolyses a number of fatty acid and @-anino fatty acid esters of
choline (e.g. PrCh, BuCh, Valeryl-choline, T-anincheptanoylcholine),
dicarboxylic acid esters of choline (e.g. succinylcholine), aronmatic
esters of choline such as benzoylcholine, ester-type local
anaesthotic agents (c.g. procaire, totreeain:, ia-zbucaine), their
halogonated analogucs (c.c. Z-clcroproening snd rany other esters.
The thioc=analopgucs of MCh and BuCh rre hydrclyzod ot o faster rate

than their oxy-analogucs, both by hunen -rl lorsc vlasna pseudocholine-
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sterase, There is wide varietion in the a‘bsolﬁté and relative
hydrolysis rates of varicus subsirates by pseudocholinesterase,

Thug, for example, althoupgh horse plasua pseudscholinestorase
hydrolyacs ACh at sbout the same or foaster rates then hunan plesms
cholinestorase, it hydrolyses procaine or succinylchcline at
significantly lower ratcs than hunan pscudocholingsterase. Of all
msmnalian plesnas investigated, human plasna cholinesterase hydrolysed
suceinylcholine most papigry. It 1o of intereat thot the plasms
pacudocholinesterase of the cat, an oniuel widely usced for the
pharnacologic testing of ncurnihusculrsr blocking agonts, does not
hydrolyse succinyd cheline (Folles end Moldos, 1865).

In contrrst e AChE, crcoss substrate does net inhibit
pscudocholinestorase, The substrate eoncentrations at which
pseudocholinestersse activity is raxiral (v wx) dis cbout 2 x 10-2
rmolar for oliphatic (foldee ¢t al, 1962) and 5 x 10‘5 rolar for
aromatic compounds, w.y. venzoylcholine, precaine (Folacs et nl.,
1955..‘ 1963). In namalian plasnas tle order of the relative
hydrolysia rates of variocus gubshrates is ususlly
BuCh > PrCh > 40k > BeCh > 5Ch S Procain,

The optinmal temperature for pscudocholinesterase activity is
between 3'?'00 ana 40°C. Changes in temperature affect the nctivity
of pseudocholinegterase nuch more than AChE. Decrcaging the
tomperature by 10°C cnuges o 50 percent decreanse nof the reaction rate
of peeudo ChE and only about 15 percent decrcose of that of red cell
LChE, The pH optimum of human pscudecholincsterasc for most

substrates 1s between B and 9 {(Foldes, 1978).
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MULTIPLE FORMS OF PSEUDOCHOLINESTER/SE,
Lgoaneyres.

Pseudocholinesterasc hes been found to exists in scvernl
isocenzynic forms,

Harris gt gl. (1962) used two-dinensional filter paper-starch
gel olectrophoresis to separate hunan plasra pscudocholinesterase
inte four bands Ci' 02, 03, and 04, which wore disceynible in the
region between the ag and F-—r.lcbulino. Of those isocengynes, 04
contained sbout GO percent of the total setivity (Goedde ot al.,
1965). The number of forms prosont in an individunl appears to be
genetical ly deternined ond the occurrcnec of ‘extra' isoenzynes
(c.a. 05) in sone populaticn hag boon reported in the vicinity of
04. Scora conteining C,} usually hove relatively hiizh pseudocholine~
pterase activity. Sore evidonce susgcsts thet thc physiclogical
stete nay also influence the forn of pacwischivlinestcrase which is
detoctable at a perticular ronent, fwoetinssen (1968) using starch
gel found two bands of psculocholinesterssc nctivity in plasma fron
rat during ite pregnancy but only one band after parturition,
Recontly na neny as 12 iscenzyrnes of pseudacholinesterase were
jdentified in hunen plasna (Juul, 1968),

Atypical Varients.

dpart from the nolecular forms differentiated by their
electrophoretic characteristics and their behaviour on columns, other
variants of pacudocholinesterase exist which do 4iffc¢r in their
activity towards substrates anl inhibitors and an 'abnornal' forn
and the nornal form can occur together in one individual,

The socelled 'atypical' or 'Dibucaine-insensitive' varient is
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unable to hydrolyzc a munber of substrates, including succinylcholine,
at the norual rate and is usually reaistant to cholincsterase
inhibitors. Kalow and Genest (1957) expressed tais rosistance in
terns of the Dibucaine nunber which is the parcentage inhibition of
the cnzyne produced bty 10pm Dibucaine.Harris mnd Whittaker (1961)
used SOF sodiun fluoride as an iphibitor in a sinilar way and
showed thot the Dibucainc-resistant variant had a low fluoride number,
In addition they distinguished anotle r variant which had a low fluoride
nunber but a Dibucaine number which was only slightly lower than
noruel; thias they termed the 'flucride-resistent' variant, Its
hydrolytic cctivity towards succinylcholine wes found grecter than
thnt of the Dilucaine=re¢sistant type but wns atill below that of the
nornal enzyne, Lidaell gt al, (1962) reportod - patient whose serun
was apparcntly devoid of pscudccholinesterascs ~n’ dubbed the gene
resyongitble for the condition the 'ailent gene', In sumary, the
four behoaviourelly different psewlocholincsterases vhich have been
recognised are, (1) nornal or usual, (2) atypienl or Dibucaine-
resistant, (3) flucride rcaistant, (4) silent zone type.

The atypical variant occurs in conlination with the normal
type in about 4 percent of European anxd North L erican populations,
It is nore sensitive than the nornal forn to inhibition by
n-butsnol (‘hittaker, 1968) and by fornaldchyde (Vhittaker, 1969).

Inportant-differcnces were foun' between the propertics of
nornal and atypical plasma pscudocholinesterasc, For instance,
plasmas contoining the atypicel cnszyme hydrolyscd ACh and various
other substrates 2 = 10 tines morv slowly than the normal enzyne

(Davics gt al., 19603 Foldes et al, 196%7). The decrocsed rate of
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hydrolysis wns cttributed to the much lower affinity of the wvarious
gubstrates to the atypicel than to the nornnl enzyre,

Begides the lower affinity of the verious suistrntes, there are
other differcncos between the normnl end atypical pscudocholinesterase.
Thus, for exarnple, increasing the ionic gtrongth of the assay nedium
fron 0,TuM to 125nM increased the activity of norminl pseudocholine-
sterase two- to three fold, btut hed no influence on the atypieal
enzyme (swift md LaDu, 1966; Clark ot al,, 1965). Various cationic
activators (e.ge Cef¥, Me??, totremothylamuoniwi, choline) aleo had
less offeet on the atypical then the norpol enzync. It was suggosted
that the different kiPeiics of the novrinl md atypical
pscudocholinesterese aro due to difforences in the structure of the
enionic sitc, which in turn affcet the hylralytic process at the
estoratic site (Kadow and Gonost, 1057; Zlark ¢t al., 1968) .

Fockott ot al. (1968) nre ¢ %he ojinion thot there is no
diffcrence in the apino neid cornprsition of tic netive site of the
nornal nnd stypical enzyre, but the configuration of this site is
distorted by structural chaonges ot sccondary sites in a way that
interfercs with the binding of the substrate,

Genotic Stuliog,

The discovery of the genetically detercdined variants of
psoudocholincsterase started with the cbservetions (Bourne et al,,
1952; Evens et gl., 1952) that aftcr the adninistration of the usual
doses of succinylcholinc, proclonged apnea was occasionglly
cncountered in apparently healthy individunls, Further investigations
showed that not only the paticnts involved, but also some of their

fanily rerbars had abnormally low plasna pscudochclinestcrase (Kalow
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and Lindsay, 1956).

Based on the trimodal distribution of the Dibucain nurmber in
large population sarples, Kalow and Staron (1957) postulated that
the typc of pscudocholinesterase is deter:ined by non-doninant, allelXe,
autosonnl penes, Other investirators sugecsted that the gene
expressivity of the atypical variant is inbctwecn dgoinant and
recessive (41lot ami Thompson, 1956; Lehmamn ot al, 1958). Kalow
and Staron (1957) desirmnted the normal genc by "N" and the atypical
dibucaine rosgiastant gene by "D", Thosc individuals who have two N
eenes (M) arc nornal honozysotes, with quelitatively and
quantitatively nornal pseudocholinesterssc; those with two atypical
penes (DD) are atypical hoiozypotes; and those with one N and one D
gene (M) are heterozyrotes.

It was originally thought that the polynorphisn of pscudo-
cholinestcraso, as indicntod by tho ususnl ad atypieal variants,
auld be accountel -for on the basis of only two nlla2lic renes,

Based on the denonsteated existence of nornal, atyrieel, fluoride
resistant, end silent cholinesterase veriants, Lohnann et al. (1963)
proyosed that the $ype of pseudocheolinesterase present in any
individual is controlled by four allzlic autosonal pcrnes oacting

at the sane site, The four gem:s were originally desisnated as:

N (norna1), D (dibucrine resistent), P (fluoride resistant), amd

S (silent) genes. Yhen beth poncs are identical the individual
('Propositu.s') is n honcgygote; when the two remes ore different
the prorogitus 1s e heterozysote., Thore are at prosent four known
types of honozygotass (MM, DD, FF, ami 83) and six possible

conbinntions of hotercaypotes (MWD, N#, WS, DF, DS, ard W8),
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Bubsequently two other nomenciatures (Table 1.1.) srore rroposed, one
by Motulsky (1964) and the other by Gocdde and Baiteeh (1964). These
systens of classification also distinghush betweon genotype, which
is baged on the preacnce of one or twe of the gunctieally deternined ‘
variants (gones) and the phenotype which is the naniregtation of the
genes Iin the individual,

Cleor=-cut differentintion of the various homozyeotcs from one
another is relatively siuple. The diserdninatiocn between the various
heterozyrotea and between hoterozveotea snd horpzysotes is much
more Aifficult mnd rogquires detailed geonetic studics of the fandily
nenoers of the propesitus.  Thus, heenuse of the wide wariation of |
pseudocholineaterase ~otivity amone rommel subjects this parancter
nay e very ginilar in nornel honezyootea and in nerial - atypical
(1) or nornnl-silent (%) heterozyecton, The dibucaine number of
these heterogyeoten may be so cleze to tint of nornal honozygotes
that difforentiation “otween then is not possivle, Determinining
the ratio of the hydrelysig rates of procaing and tetracaine by
pacudocholinesterasey amd muldiplying the rotio of the two rates by
100 mives o numbor teimed the P/T ratio (Spith and Feldes, 1968,
1972). In one study, the P/T ratio was found to bo 364%7,7 for normal
honozygotos, 203L5.9 for normal-atypicsl (D) heterozycotes and
43.252.8 for atypical homzygotos. Thiz wide divergense of the P/T
ratics allows unequivocal differentiastion Metween the most frequent MY
or N0 and alao between the ND and DD variamts, bui not between the
W and }8 or the DD and DS variants, For siniler roasons,
differentintion betweon the FN, Fﬁ, D and ¥S varieonts may be very

difficult without detailed penctic stwdics of the fanily nemders,
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Baitsch, 1964) (Gene locus 13 Ch1; idlcless 31‘.1U, C’n1D, Ch r’
S
Ch1 !)
Author Lehnonn and Liddell (1964)) letwisly (1964) Goedde and Baitsch(1964ﬂ
Gene locus 1 Gene locus 1 Gene locus 1
Genotype | 01d desipnntion | Gerg Phingm Genptype Phengtype
tyre type
1. NN Usunl B "‘731“ " U Ch1uCh1u Ch, (0)
| o O 8 ! D, D
DL;!)Z?— 2. D=D itypical B, Ia* i L %1 Ch1 Ch1(DD)
e
5 |
3, F=F =S B B ] ¥ o, Fon Y ch, (¥P)
1M | 1 1
4, 8-S Silont hy A LS | COn "Ch° Ch, (38)
.__._--q_-._.ﬂ_{-. o
U, o U
N-D Internediate E, G ‘ Ch1 Gln1 Ch1 (un)
' " v, F
7 v |l B 81 u: C
N . E ¢ By | h, Ch, Ch1 (u®)
Hoterozy- | y 5| i s
gote N-S Usunl B, ESV US Ch, Ch ch, (us)
P51 %y 1 "™ 1
' -
D I | 2% F| 1 on,’cn. T} cn,(0F)
1 1 1 1 1 1
o B Sl D S
D-S Atypical ) 3,871 L Ch, Ch, Ch, (ps)
|
F-S - B PE 8 FS Ch FCh Ch, (FS)
11 1 1 1
*(i) E and Ch refer to cholinesterase enzyme.

(11)

Subscripts (1) refer to gene locus one,

(i1i) Superscripts refer to the variant foms.




1.10 LACTEIVATCRS OF CHOLIINES TERASHS,

Various chonical compountds nay accolurste cholinesterase
activity,
Divalent cations-dnerease the netivity of acetylcholinestersse in

the order Ba?'*, .,”.- 032*

amd I‘In2+. Rolatively high concentrations
of nonovalent ions (t‘:.f,’. Na+, K{; Li'{') are roquired for acecleration
of engyuatic activity.-—-Theiy offeet io ugunlly noi-specific snl nay
be gttrituted to the increage of the icaile stronsth I the noediun,
Cormpounds like tetranctlyle or fetrretlyl mrcaiun activate
acetyldiolinesterasce by incuweirye confovistleanl chusnges in the
enzyue nelecule that faeilitate the ceensg of the substrate to the
ogtoeratic site,

Various omines, such no trircihyls or trixthyleovine, tryptanine,
benzylonine, histamine (Brdcs ok al., 1957, 1958}, vorious nrreotic
analeoeics (Braos st pl., 195¢), ampliotsmine and quuternary
amconiun corpounds (drdes gt al., 19523 Polivs ot ol., 1960) are
capable of significantly accelorating the hydrolysis of aronatie
substrates (e.g. BeCh or procaim) by piastin chclinestornse,

The accclerating offect of substinces containing positively -
cherged nitrogen saton on the hydrolysis of arcnatic substratos by
peouwdocholinesternse hes boen explaim:d (Foldcs, 1978) by the
following hypothesiat It is genmerslly acocpted that the NT of
aronntic subatrates is nttracted by cowlonbic forees to the anionic
and their cster group by coulovbic amd otler forecs to the esteratic
gite of cholinestcrames. Facudocholinosterase also contains a second
non=cgteratic site where Van der Wopl's forces supply the donminant

reactive force, This site may play an important role in the hinding
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of aronstic substrates such as benzoylcholirne or procanine conteining

a relatively large flat benzene riwg., It is conccivable that if the

N' of an aromatic substrate intcrnets with the anionic site and its
benzene ring with the above non-specific site by Van der Waal's forces,
the ester group of the subatrote will net be in o position favourable
for its interaction with the¢ esteratic site an! the rate of hydrolysis
will be relatively slow. Vhcn thoe anionic site is eccupicd by another
group containing N, it g8 concoivable thet the aronntic substrate
will bo ndsgrbed by van der Wanl's fore.s to » non-speecific site of
pseudocholinesternsc molecule: in a woy thit will favowr the interaction

of its ester grour with the osiurc-tic site resultine in inercnsed

rate of hydrolysis obscrved in the rreccrec of gsuch K compounds,
IIIEITORS,
The norurl roncticn between -~ elolincatorsse relecule and its

gubstrate involves the sttachrent of (Lo svbstrate to the enzyme with
the production of an acyl-ted foitvi of ongyov which undergoss rapid
hydrolysis to yield re-usable enzy:x:, .Inticholinestorascs interfere
with this crderly sequence, the point of ~tinck depending on the
nature of the inhibitor. They may block (i) the anionic site, (4i)
the anicnic and esteratic sites,or (iii) the esteratic sitc, but

in alnost all the cases the reaction is to sone oxtent girmilar to
that between substrate and enzyne,

The inhibitors gf cholinesterascs (ChE) nay be reversible or
irrevergible. The reversible inhibitors dissceinte resdily fron the
enzyne and can be easily romoved (c.;.. by dialys:l.a) with full
restoration of enzyme activity Or, in other words, there is a

reversible equillibrum between enzync and inhibitor:

VAR W

E + 1
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In contrast, with irrcoversible inhibitors there is no such equilibria

and the reaction between enzyrc anl imhiilitcr is unidirectional:
E + 1 ———3> [T2177

The binding of enzyncs end irreversiilc inhititers cen only be brokor
up by the use of 'resctivateurs' (Vilson, 1951, 1952), crusine the
return of onzyrne activity,

The reversible inhibitors nay be corpetitive, nonconpetitive,
and unconpetitive, Competitivwe inhiviters compete with the substrate
for the sane site of - the enzrne axd ore usunlly structurally sinilar
to the substrnte, Their presonce fuercssig the Bn of the substrate
but hns no effeét on Vnnx, HNeneo o titise inbilitoars econbine with
the engyno nt another site Jiffurcnt foon the netive site rmeant for
the suwbstrate., They do not influcie T i1, but docrense Vnmax.
Unconpetitive inhibitors coriimx witl the ongyne-substrate complex,

The effect of conpetitive in-ilitors 2 chelincstersse depends
on nunerous factors, These inclule;

(n) the type of cholinesternsc. 3onc inhiditors arc alnost
equally active against acetyleholincstir-sc and pseudocholincsterase,
but nost have relatively grecter inhibiiery effoct on psewdocholino=-
sterese than on acetylchelincstorasc. 48 nlrendy nenticned, the
inherited abnornal varients o pscudocholinesterssc snre, as o rulo,
siznificantly less sensitive to the inhibitory «ffcets ¢f various
cenpounds §

(b) the choice of the substrsic. The inhivitory effect of
verious inhibitors on the hydrolysis of sulstrrtes with a low Kn

(hi(_-h affinity to the onzyr-o) is lco ¢ thnan on thoso which hnve a

high Kn;
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(c) the tire of equililration between cnzyme and inhibitor
befare adding the substrate. Thoe optinal incubation tirc varieca
with the type of enzyme and the inhibitcr. With pseudocholinestcrase
it is 10 minutes for dibuepine ~nd about 2 hours for ncostipnine;

(d) the rclative cancentrations of the inhibitor and substrate..
- With some conpounds, complete dnhibition of onc enzyne is achieved
- oaly by concentrations which couse, in certsin sgpecics at least,
gignificant ihibition.af the other enzyre as well, With other
conpounds there may be little or nc overlaep in effective concentrations
and it is these compounds which arc terncd 'selective';

(¢) Vhether the inhibition is observed in situ or in a
homogenate or solution, If the inhilitar is susceptible to detoxiention
by systers in the lives or other orgsns, it ney prove less toxic than
its performance in vitro would sugsost., On the other hand, sone
compounds nre netabolized in » wey thrt n relatively wenk iphibitor
is pendered noro potent. The netabolism o Molrnthion to Malaoxon
and Pgrathion to Paraoxon cxeuplifly Just such an inerepsce in toxicity:

(f) the presence of certain roeactive conmpounds or groups in the
8860y syaten to which the inhiditor or the gubstrate nay he hound
.reversibly or irreversihly, thereby leaving only n relatively snall -
fraction available in-free form for infoerscticn with the enzyme;

(¢#) the nethodswsed for the purification of the enzyne., Tho
specific interaction forces in the enzynu protein that are regponsi-
ble for its confornation con be troken wp Ly plreine the enzyme into
certain onvironnents. The transition fren the netive confornation
to n 'digordered' rrniev covforrntion is reforred to as denaturation,

Danaturation chenpes the oriontation ~< Iscation of the amino aeid
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residues and therety disrupts the ateric requircnents for catalytic
activity; and (h) the pl, ionic stength, anl teopernture of the

assoy systen, These frctors moy influence the state of ionisation

of the active groups—of the enzync, of the substrate, of the enzyne-
substrate complex, and °f the inhibitor, They nny cause confornational
changes of the chelinestorage nolecule,

The interaction of chelinestorasce and inhibitors dopends on the
chenical structure of the inhibiter, Irorgenic ions, such as F~, are
unconpatitive imhibiters (Cirmasoni, 19663 Krupka, 1966). They becone
attached to sites difforent fron the nctive contro of chelinesterase
and can get adsorbed, not only tc the enzyiie, but also te the enzyne-
substrate conmplex and imterfere with Loth the acylation and deacylation.

Inhibitors like simple tetranllyl-ormoniun corpounds, which contain
a quaterncry emmoniunm group but no est.r group, are adsorbed only to
the anionic site of ChE, The quaterncry nitrogen attaches itself to
the anionic site so renderins it unnvailnile to the substrate, This
inhibitar-enzyme reaction differe fron the sulstrete-cnzyne reaction
in thet there is no direet reaction with the esterntic site. The
orientntion snd dimensiens of the compowrls nny, however, be such that
when the molecule is attachcd to the n~rionic site it extends fer
enough to nask the esteratic site ns well, The inhibiters which
interact prinarily with the anicnic site of cholinesterases have a
greater inhibitary effect on acetylcholincsterase than on
pseudocholinesternse, These finlinga arc in agrecuent with the
obsorvation that the mesotive charre of the anionic contre of
ocetylcholinesterase is prenter then Lt of pseudocholinesterase and
the quaternary anroniun proup is rol tively more inportant for the

binding of inhibitors (an' ~lso subatr:rtos) to ~cotylcholinesterase
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than to pscudocholincstorase (Wilson, 1094).

Neostignine an. other eartanates contnining both an ester snd a
qilatermry amoniun group are adsorhed to both the esteratic and
anionic sites of chclinesterases (Yyers, 1951; Foldes gt al. 1958,
1960). The renction- between the enzyme anl cormpounds of this type
is qualitatively analogous to the renction between enzyne and substrate.
The inhibitery action arises because of the relative slowness with
which the enzyne is regenerated by hydrolysis of the internediante
conplex, Some organephosphorus corpounds (e.z. cchothiophate iodide)
also have a quaternamy amnoniun group and -interact with both the
esteratio and anionic sitec. They yield a phosphorylated enzyme as
intermcdinte conplex..

The najority of organophosphorus corpounds, selenophosphorus
compounds, and organcsulphonates resct with cholinesterases only at
the esteratic site. The phosphorylated enzyme internediate is
extrenely resistant to hydrclysis. Interference, by steric hindrance,
with the adscorption of the ester sroup of an inhititor to cholinesterases
causes n greater loss of pscudocholincsternsc than of acetylcholine-
sterase activity (Foldes ct g1., 1956) indienting thot binding at the
esteratic site is relatively norc inrortant for the inhibition of
pscudocholinesterase than for that of ncetylchelinesterase.

MUSCLE RELUGNTS,

The history of muscle relaxants dates back to the 16 century
when sone English travellers reported the use of poisoned arrow-
heads by natives of -South Anerica. The poison wans nade fron the
leaves and rocts of & local plant 'cursre', Back in England, the
pharmacological effects of curnrc wns investimnted and it was found

that the poison interfered with nerve function ns a nouronuscular

—
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blocker, nnd the victims hal died of asphyzin from parclysis of their
respiratory muscles, The refined drus was later employed as a
relaxant in inducing insensitivity to pnain, tut due to its side cffects
othor drugs were devcloped., The v-ricus drugs uscd as anaesthetic
agents differ in their mode of nction, but esscntinlly all snaesthetic
drus are tissue poisons.

1+12(4) Nozee . Fanotdon -

Nerve fibres consist of = cytoplean cnensced Ly n lipoprotein
penbrane, In the resting state nourons have a negrtive charge of
<5C to =7C nV on the-insile of their cell nenlrane, This charge -
called the resting nembrance potonti~l - is priverily due to the
difforence in concentrationa of T remss the cell menlran®@, the
intrecellular concendyntion lediry %0 *invae nishor than thet of the
extracellular fluid., Cn the cthor hand while the extracollular
concentration of Na® 43 ten tines hisicr thon the intrecellular
concentration, it contributes little to tho resting menbrance potentialj
however, its entry into the cell ~ftcr revwen is excited represents
the prime event in the process of deinlarization.

Under nornal circunstances while the neuron is at rest, both
' ' and Ha+ find the cell membrane rclatively imperneable though the
latter ion has greater difficulty in penctrating the cell because the
calciun ions which are adherent tc the cell membrane obstruct the
rornal pathway of Nat through the pores into the cell, When the
newron is cxeited, the permeability charscteristics are al tered,
allowing the passive but brisk influx of Na' into the cell. The rapid
accunulation of these positively charged ions inside the cell produces

a reversal of menbrane pelarity. Iimedintely following the influx
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of Nn+, K" leave the cell, This rapil nlteraticn of membrane
polarity is termed'depclarisaticn' and is clectrically seen as the
'action potentianl’,

On the arrival of a nerve irmpulse at thc nyoneural juncticn, a
roto® nerve liberntes acetylcholirne fror the dense projections in the
nerve terminal. Acetylcholine crosses the junctional cleft and
becones fixed ot lipoprotein receptors on the junctional folds of the
end-plate membrane. The motor end-plate is specifically sensitive to
acetylcholine and becores depclariced. This current of deplarization
passes along the membrane of the muscle~fibre and is the final
stirulus forcausing the centraction of the wr¥ractile part of the
muscle-fibre. The released acetyvlchcline is neanwhile hydrelyzed by
acetylcholinesterase in the resion of the motor emd-platc, so that
wvhen the excited muscle-fitre has come cut of its refractory state
it will not becone excited agrin Ly 2 “epolsarized end-plate unless a

new nerve inpulse has nrrived and relcrnsed o new supply of

acetylcholine,
- 1412(ii) Neuromuscular Block.

Neumruscular blocking agents interfere with the transmission of
inpulses from motor norves to ouseles at the gkeletal neuromuscular
jlmction; They nay be classified into non-depolarizers and
depolarizers,

The non~depalarizers of the rycncural junction (competitive
inhibitors of acetylcholine) provent necess of acetylcholine to the
receptor protein se that no dopclarizotion, m change ir resting
potential of the motor enl-rlate, o~ no nuscular contrection - with

conscquent paralysis - t2lo pl-ec,
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Demolarizers couse depelariz-ticn of the end plate like that
coused by ncetylcholine which in this caose persists. They do not become
bound to receptor sites., The dejolarization sprends to the muscle
fibres naking then c¢lectrically unrcejonsive to subscquent stimuli,
even after rcpolarizaticn is conplote. L short-ascting depolarizer
clinienlly wsed is suxancthoniun (Zournc ct al. 1652).

Suxanethoniun is the dicholine easter of succinic acid.

?12.8. 00}12. CH,. ¥ (cu
i

z.g. OCE,, i, ¥ (021.5.}3

Suxarcthoniur,
The conpound inhibits ncetrylcholincstninse in addition to its
depolarizing effeet ot the necuriusewlsr junction (Bvans et gl. 1952),
and the reroval of the drus Ty pscu’s clolincsgtcrase nornmelly
curtails its effcet, Tha cnzyratic hydrelysis tokes place rapidly

in two atages:
Suecinylrnonocholine + Choline

[

Succinic ncid + Choline

Suecdinyldicholine + H20 —cen 3

4 few individuals having low or abrmornal pseudocholinestercse activity
are wable to hydrolyse the dru; quickly nnd in consequence a
prolonged apnea occurs after administrstion of suxanethonium.

(141) Loenl sngesthetics.

Local annesthetics, render nourcons inexcitabtle; they prevent a
stinulus fron altering the restine nenbrane potontial suf ficiently to
cause depolarisation. They sre belicoved te de this by displacing the
calciun icns fron their binding aites on the cell nmembrane, thercby

oblitornting the po¥e8 throush which influx of sodiun occurs
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(Oyana and Cohen,1978). Local nnacsthestics further inhibit the
relense of acetylcholine nt the nerve enlins and nlgo inhibit the
cholinesterases. 4 typicsl ¢xonple ig dibueaine (Nupercaine) . Pigure 1.2,

While dibucaine is not hydrolyzed Ly pseudocholinesterase, the
eénzync has oonsiderr:-blo affinity for the annesthetic. This nmutual
attraction is put tc geod use in laborntory tests for certain
atypical forms of the esternse which fail to hydrolyze suceinylcholine,
80 causing prolonged apnes, Dibucaine has proven useful for this
purrose, as its affinity for typiecnl plasna cholinesterase is sone

twenty times greater than for the atypicel forn (Kalow and Genest

1957). o
1e13. Vi S Q TER.SE LIVLS,
1.13(1) Influence of Physiologic States.

Intercsting changes in plasna pscudocholinesterase activity occur
in infancy and childhood, At birth an? within the first six nonths
the activity is low (MeCance At nl. 1949; Bleisch nnd Shwachnman, 1954;
Bﬁ:dy, 1960) compared with 50 percent of mon~prognant adults (Zsigmond
and Downs, 1971), Hutchinson anl Widdowson (1951) reported the nmean
cholinesterase activity level between three and six years te be 30
percent above the adult level, but berins to decrease during the fifth
year and continues to do so until the ndult leovel is reached .,
Zsigrond (1971) observed no sex difference in pseudccholinesterase
activity in the first six ronths. The pscudccholinestcerase in young
infants showed sinilar sensitivity to inhitition by dibucaine and
succinylcholine ss the aluit cnzyne but wns extrcnely resistant to
neogtignine,

Shanor gt ol. (1961) rerorted o decroesc in plasma cholinesterase

activity with nrc in nadult nalea. There isc no differeonce in activity
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of pseudocholinesterase in youn: and aed ferinles.

Conflicting results have beoen rerorted for the influence of
age and sex on the psewdociolinestorase rctivity in normal
healthy adults., Vhoreas m ae or sex offvet was found in 247
adults (Callaway et gl. 1951) and in 120 adults (Vorhaus ond Kark,
1953), others have found n conflictin: corrclation of enzyme
activity with age nerative for 1,200 Canadions (Kalow and Gumn,
1959) =nd positive for 1,154 Australians (¥ roperi amd Brackenridge,
1976) « The nean pzdult pseudochclinesternse sctivity using a
variety of analyticsl procedurcs has heen swnnrized (Wotstone and
LaMotta, 1965). Adult nales appear to have - hi her pseudocholinesterase
activity than ferales (Shamor et al., 1961).

Tlasnn pseudochrlinestcer-se activity deercases in pregnancy
(Shnider, 1965; Hazel and Monier, 1971). Thias dininished activity
probatly represents n deeressed rote of synthesis in the liver,
The activity of the enzyme returng to ncrrin1 levels within a few
woeks aftor delivery.

1.13(4i) Igfluence of Fatholo -ic Conditions.

Chanres of plasne psewdocholinecsterase cctivity have the
grented8t diagnostic and progsmestic si nificance in various pathologie
conditions of the liver. Thus, for exsnple in acute hepatitis or
obatructive jaundice the elevation aof the SGOT nectivity =~nd icterus
precedes the fall of pscudccholinesterrse activity., Similarly low
pseudo cholinesternse activity ray be the first sirym of decreased
liver function in incipicnt eciryviwais of the liver. Low pseuwdo-
cholincstersrgse nctivity is nlse impliented in rcute myocardial
infareticn and ducrensed liver functisn esused by right-sided
cenzestive heart failurc.

Besides liver dyafunction voricw: ~ther eonlitions can also
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reduce pseudocholincstorase levels. Thesc inclule earcinorma
(Vacearezzn anl Willaon, 1965), ccz@n (Trotter and Prirlurn, 1966),
Cancer (Robins et gl., 1969), Secondary snacria (Milstoc and Wolfson,
1972), Mnlnutriticn due to protein poor dict (Bourne et al., 1952)
and sfeke-cell anseria (Hilkowitz and JacObaon, 1961). Plasna
chclinesterase activity may decresse rostoperatively fellowirg the
transient ippairnent of liver function caused by annesthesia,
surgery, and impaired putriticn in the imnedinte postoperative period.
Bush (1964) observed n decrease in pscudccholinesterase aectivity in
burnt children. In these patients the reduced enzyne activity affects
the rate of enzymatic hreakdown of succinylcholine and the effect of
this drug is intensified aml prolongel at the neurorusoular junction
end ¢n the nmyocardiun., Therc is sipnificant incressc in the anount
of potassium ions (X') ®elensed by succinylcholine from the muscle
( &haner gt =1., 1969).. The hyperkalenis combined with the vegotonic
effect of the relr-tively high conccentraticns of succinylcheline
reaching the nyocardiun may result in » high ineidence of cardisc
arrest. The incidence of this complicetion can be decreased by
decreasing the dese of succinylcholine fron 1.1 ng/ke toly weight
(Bourne gt al., 1952) to 0.4 nz/ks (Gronurt et al., 1969).

The najority of conditions which affect pseudccholinesterase
cause a fall in activity but kidney diseases tend to cause
abnornally high serun levels. Sone workers hove suggested that the
increased level night be due to a gencr-l inerease of protein
synthesis by the liver in responsc to protuin loss resulting from renal
failure (Faber, 1943; Levine and Hoyt, 1949, 1950)«Raad (1969)
postulated that in aldition tc an increcsc in synthesis, enzyme night

escape fron the danaged kidney cells and so add tc the level in the
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Seru.
Paewlochalinesternse anctivity ds increascl in hyperthyroidiasn -
end decressed in hypethyroidisn (Thompeen and Whitteker, 1965).
Nekerracher gt gl. (1966) reported raised lavels of pscudocholinesterese
in petients with oental alnornnlities.

1.4, PHYSIOLOGICAL FUNCTICNS OF PSWUDCCHCITIUESTIRLSE,

4 nunter of possible rples for peoulochplirestorese have hean
moted and for each therc ias sone ovidence btut for nene is this
convincing n.nd'unequivo enl. It wns sugrested that its primnry
funetion is thoe hydrolysis ¢f corpounds thaot would ¢thorwise iohibit
the phyaiolopgically irportant acetylch.lr.flincstcrnsc (Lehnann ot al.,
1G61). Paeudochelinesternse achicves this ly its realy avoilability
in the liver, throurh which dngested, an'l in the plasma, through
which ltoth ingeated and parenterally oltdinistered inhilitors psss in
the ccurse of their digtribution to vavicus parts ¢f the Lody. The
fret thnt the 2ffinity of egering ~d west other inhiliters to
poeudocholinegterase is grestor then to ceetylcholinesternse intrenscs
its nbility to protect the functivnnlly inportant ncetylcholinastorase,
Thus, for exanple, in patients treated for glmucona (Pantuck, 1966 )
with ecothiopate, plasnn pseudocholinesterage ray te ccorpletely
inhibited withcut any sign @® sympton of snti-cholinestersse

47

intoxication.

Cther functicns propoged for tile CRBYTC .i;'.r:lude its involveiient
in assindilaticn of food (Gorebtuofs, 1995), in the destruction of
butyryl cheline forned by tutyryl-Coi in the course of fatty neid
netnbolisn in the liver (Clithersw ot al., 1963), in the naintonsnce
of the eptinnl Ch: ACh bninne: in plasnn (Funncll »nl Cliver 1965),
in lipid netatolien in the 1livaer (Clitherew vt ql., 19633 Ballantyne,
1968) and in the regwlaticn of tizsu. rrowth (Ballantyne ard Burwell,

1565) .
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HATERIALS LD METY (DS
JEB SUBJECTS STUDLED.

A1l subjects have been described in the appendix, and have
been grouped into four, (tzble 2.1) based on related ethnic back=
ground. The group ether Northerners include Pulanis, Kanuri, Nupes,

Tivs, ldomas, Igalas, and Southern Zerisns. The Westerners include

the Yorubas and Binis, The Ensternmers include Ibos, Eket and

Ijaws. Unlike the Hausas, these other ethnic groups were not
sufficient for statistical analysis.

The population congisted of 202 blocd donors, apparently
mormal people ns examined by the Department of Haematology before
blood was token from therm (such people have been used by
resenrchers as controla), and 28 paticnts with sickle-cell disease.

After studying the two groups of subjects, sicklers and controls,
independently, =11 their dota were pocled together for the purpose
of studying the prevalence of the «typical and other genotypes
in Zaria.

lpproval for this work was obtained from the Medical Ethical
Committce of the Ahmadu Bells University, Zeoria,

The following chemicals uscd for analysis were obtained from
Signa Chemical Company, St. Louias, MC, U.S.,/3 bonzoylcholine; and
ibucaine free base (2-butoxy-N-/2-diethyl aminoethyl /
cinchoninamide).,

The following chemicals were obtained from Hopkins and Williams,
Chadwell Heath, Essox Englard: di sodium hydrogen orthophospheric

acid (Na2&04); snd sodium dihydrogen orthophosphoric acid

(!IaHzPO4. Hzc).
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Sodiw: flwride was obtained fwon Carlo Erba, Division Chenica,
Kilano, Italy. Other standard laboratory reagents used were obtained
either fror ii and L, Dajcnhan England; or from B,DJH., Poole,
England, and wore of analytical zrade.

111 weigninge wore done with Mettler P.C. 440 balance (Made in
Switzerland), and th pH neter used was obtained fron Pye Uniecan
Ltd., Ensland,

Reagents werc propsred as followsss

{n) 0.05% soliur phosphutc buffer @l 7.4, 6,07¢ disodiun
hrdroren orthoThosphoric acid and 2.00g sediun dihydrogen
orthoprosphoric acid were dissolved in sornc distilled
water in one litre flusk, The volure was nale up to the
litrs nark with ore of the distilled water. _

(b) 40 substrate benzoylcholine chloride, 24.4ng was dissolved
in 100l of distilled water.

(e) 0,2: dibucaine inhibitor stock solution, 6G,Tng dibucaine
(free baso) was dissolved in 10ml of distilled water and
onc nl taken fron this stock solution was diluted to
100nl with distilled water.

(2) 1ri1 sodiun fluoride inhibitor stock molution, 42rg sodiun
fluoride was dissolved in 10ml of distilled watoer and
onz 1 trzken fron this stoek solution was diluted to
1001 wvith distilled watcr,

2.4 SNPLE PIEP,L TION

Dloo sarmlac werc obtainced fron donors at the blood
Lensfusion centre and fror patients at tho sickle-cell elinie,

‘hradu Bello University Teaching Hospital 2aria, without sclection.
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about 5111 of blood was taken from the cubitsl vein of each
gubject and sharod into two sanrle tubes, one witlout any anticoagulant
end the other with anticoagulant B.D.T.A. (soliur salt). The Ylood
sarples in tubcs centaining B,D,T.A. were used fcr ABO=Rh blood typing
and Hb electrophoresis (lacie and Levis, 1975; Flenins, 1983).

The bloo? in tubes without enticoagulant were sllowel to clot for
3 hours ot roon tonperature and later centrifuged at 3,000 ppn for
30 nimites nt 10°C, uging 2 clinical centrifupe., The supernatant sera
were collected and pnalysed within 48 hourg after storage at - 17‘00.

Prclininsry investiyation rovesled that the sauples are stable for

T days.
2.5. BNZINE 4SS.Y, DETERMIN,TION

The sanples obteined as described sbove werc mseayod for

pseudocholinestersse petivity by the nmethed of Knlow and Lindsay (1955)
as rodificd by Fcldes (1973).
4SSLY PRINCIFLE

Certain aronniic esters nbsorb naxinally at longer wavelengsths in
the ultraviclet reosion and have high abserbance conpared with the
hydrolysis preoducts which absort npaxirally at shorter wavelengths in
this region. Thus, benzoylcholine has a greater sbgorbance in the
ultraviolet than its split products,

Benzoylcholine ChE S Choline + Benzoic acid,

Benzoylcheline is hydrelyscd at a great velocity by ChE,_ and the
disappearence of the nhoorption of this ester ot 246 nn was followed,
which gave retc curvas with each aassay.

Pricr tc vse, the sera sarwmles werc dilutc! 10-fold in the phosphate
buf fer, Tablc 2.2 sunrmsrises the conpesition of the assay nixtures. 411
neasurcrients were perferac! nanually in a Becknann Spectrophotoreter
(rodel LB-GT) nt 246nn using silica cuvettes of 10mn light path, with

30l mininun volwie. The aseey nixtures were incubatod at 37°C in a
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waterbath with ¥ 0,1Y errcr.

4 sulstrate blank was used to zerc the instrument. Thereafter
the substrate was added to the experiiental tule 2t zero time. The
pizxture was poured once back an! forth in the test tule, while
fggolgg%bs'gpt mlff‘?na”%?’fﬁa‘uﬁﬁx& gggﬁtgﬁadaeconds after
the mixine, The chanse of optieal density (extinction coefficient)
was nmonitored for 5 rinutes at 30 scconds interval using a stop watch.

Sipilar procedure was used to determine the activity in the
presence of inhibitors., 1In this casc the enzyne and inhibitor were
allowed to equilibrate for 10 rinutes efure the substrate was
added, The inhilbit.r disturlel the substr:te blank, sc 8n inhibited
blank was uscd to Zerc the instrwxnt,

The data obtuined for vach serus: sanple were plotted on graph
paper as decr.use of alsorbance por five ainutes, The best fitting
straisht line was drawn in the linear part of tle gcraph and the slope
of the line gave the onzyue zetivity., The idcercacles of benzoyl-
choline hydrolysei per minute is cne I,U, desulis are expressed as

I.U, per litre cof serun,

ie., L0 litre serun = E 1 L 505 1000
720 T4 7

In the above equation, AE is the olserved change of extinction
coefficient at 246nn; t is the time in minutes during which the
peasured change of the extinetion coefficient cecured; 50 is the
factor that converts the results fron the 0,02nl serun present in
the reaction mixture to one ml; 100C is the factor that converts the
results frono one 1l serun tc one litre; and 720 is the change in the
extinction ccefficient caused by the hydrolysis of one microucle of

benzoylcholine,



30
The dibucaine numbers (DN) and Fluoride nunbers (FN,) were
calculated o8

@nhibitei rote — inhitited rate
uninhitited rate

x 100

The wethod of Richterich 3s cited by Van dos and Vervoourt
(19’?3) was followed for classifyin: dibucaine nuubers, With this
pethod the U phenotype gives ditucaine nunbers above 60, the 1
phenctype between 30 and 60 and the a pheno type Lelow 30, all
determined at 3'?00. Fluoride inhibition stulies were also done at
5%, On the besis of parullelist with dibucaine puubers, it was
considered justifiable to elnssify U phenotype for fluoride nunbers
above 40, the UF phonotype be tween 20 and 40, and the F phenotype
belew 20, The prec edure of Whittuker (1960) for phenotyping wos
followed, enployins & copbination of 1ituezine and sodiun flucride

as differential iphibitors.
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Table 2.1, PERCEWT/GE COMPOSITION OF THE ETHNIC GROUPS IN THE

POPULLTION STUDIED.

Fercentage subjects

Deseription Lpparently norngl Sickle-cell
(control) vaticnts
1. Hauss Ilales T4.26 45,43
Faoralce - 14.29

2. Other Northern

'ales 14436 17.86
Ferales - Tel4
3. Western HMales 8,42 7e14
Forimles - 3457
4., EBastern HMNaleg 2,97 357
Fenales - -




Table 2.2, COMPOSITION OF PSEUDOCHOLINGSTER/SE ASS.Y HI XI'URE
Subatrate Norral Inhibited Inhibited Final
blanl.c reaction subatrate reaction concent~-

Reagent (r1) (r1) blank (r2) ration in
(n1) assay
nixture
Phosphate
buffer
(0.05M) 2.8 2.8 248 2.8 350M
Diluted
serun 0.2 0.2 0,2 0,2 0,02nL
Distilled Water 1.0 0.t 0.8 0.6
Bibucaine
e - G - 2 0] 1 Oun
Inhibitor: |
- - 0.2 0,2 50],:.!‘.
Substrate BeCh - 0,2 - 0.2 50}1!".

(1eM)
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Crg TER TERED

RESULTS 4HD LISCUSSIOR
VE g

Table 3.1 shows sone spectrophotcmetric readings for
benzoylcholine hydrolysis obtained durins assay of a serum sample
in the absence and presence of inhibitor., Figure 3,1, shows plots
of the data to determine pscudocholincsterase activity in the
representative serum before and after inhibition.

The dibucaine number, 75.03 and fluoride number, 51,66 calculated
as described in chapter two show +tne enzyme to be the typical
type of ChE, Detailed result obtained for thc population is
presented in appendix one. The data agree with findings by
other werkers that the DN and FN did nri depond on csterase
level (Kalow azd Genest, 1957; Kalow ard Storon, 1997; Lehmann
and Liddell, 196§; nnd Whittaker, 1970).

DISTEI DUTION OF ACTTVTTY TN A PCPIL,.TION

The frequency distribution «F ChB setivity in the population
studied is shown in table 3.2, The disiri wbion Ter the control
(apparently normsl) zubi-cts and ~ickle-coll patients are
representod in Figurea 3.2(a) md (v) rospociively. The
distribution-pattern is sinilar for boti roups of subjects.

The control subjects hiud o pear activily value of 0.05 + 0,33
I,U./L, while the sickle-ccll priients had 2 mean value of
0.2C + 0.18 1,U, /L, T 5.00 poreert differcnce was not
atatistically significent (t = C.77, t10.95 = 1.645). However,
it should Lo noted that sickle=cell pntionts had a lower

activity mecan ther tho contiol suljects, Such finding had been



Table 3l WEP IES SNT.TIVE 1

F}TR&'!;OPOT-':J':‘ALIS R DINCS Q3T.INED

pURI £SS.Y OF SERUM . PLE POL

120 0,161
150 0,153
120 0145
210 0.14C
240 0.120
270 0.122
300 0.115

ChE Letivity

(1.U./L.) 1.15

D. }I. -

CuB LOTIVITY LT 24601,

0.210
0,208
0.206
0. 204
0,202

(), 200

06193
0191
0,188

0.1E5
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Table 3.2. FREQU ENCY DISTIIIWTICN CF U NI MHI DI TED ?SEBD{EHCLIHESTERJSE

ACTIVITY,
ChE activity Freguency Percentzie .‘—1
(x.0./5.) Control Subjects Sickle=Cell Total
— Fatients Population ]
017 0 0 0
0ulT = 0433 1(2) 0 c.9 (2)
0.34 = 0450 644(13) 7.4 (2) 6,5(15)
0.51 = 0.67 12,9(26) 10.7 (3) 12.6(29)
0.68 = 0483 30.2(61) 46.4(13) 32,2(74)
0.84 = 1.0 24,3(49) 21.4(5) 2349(55)
1,01 = 117 1149(24) 10.7(3) 11.7(27)
1418 = 1.33 7.4(15) 3.6(1) 7.0(16)
1.3 = 1.50 4.5(9) 0 3.9(9)
1,51 = 1.67 1 (2) C 0.9(2)
1.68 = 1.83 a.5(1) 0 0.4(1)
- ER—— S|
Total (202) (8) - (230)
Percentare of
prand total 87.8 1202 100
Letivity range L I 0.T2 1492
Mean ChE Activity 085 + 033 0.80 + 0.18 0,85 + 027

# TFigures in pamnthesin indicate the actual number of subjects.

Control Vs. Sicklers: t = O.T1

tw.gs = 1!645.
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FRENUEICY DISTRIBUITON OF PSEODCCHECLINESTERASE ACTIVITY

Tahle 3-3 .

IN RELLTICH TC BLCOD GROUP OF 23 SUBJECTS WITH CR

WITHOUT 81CKLE-CELL DISEASE. | |

B - Wy A—— l
ChE Frequency Percent Total
activity
(1.v./1.) A B LB ¢
0.17 0 0 a -0 0

0u1T=0033 o 0 0 2.1(2) 6.9(2)
0.34=0,5¢  0.3(5) g,5(7) G 5.1(%) 6.5(15)
0.51~0.67  14.8(8) 14.9011)  © 10.3{10) 12.6(29)
0.68-0,8%  27.8(15)  36.5{27) 2(1} 32(31) 72.2(74)
0.84=1,0 13(7) 21,0016 onl1) 52(31) 23.9(55)
1.04=1.17  16.50a)  12,2(0) ¢ 9.5(9) 11.7(27)
1e18-1.33  11.11(6)  2.7(2)  ac{2) 62(6) 7.0(16)
1.34-1.5C  5.5(%) 1.4(1)  20(4) 4,1(4) 3.9(9)
1.51=1.67 1.9(1) 1.4{1) o] 0 0.9{2)
1.68-1,8% ¢ 0 0 1.0(1} 0.4(1)
Total (54) (74) (5) {97) (230)
Percentage
of grand
tOtal 2305 ’52’2 242 42-2 100
Mean '
aCtivity  0.8740,28 0.8040.21 1.1340,27 0,8640,25 0,85+0,27

* Figures 1n parenthesis indicate
Mean blood group € Ve, Af t = 0u23

(1)

)

(21) Moan blood group © Ve, Lt

(iii) Mean blood group ¢ Ve. At

the actual number of subjects.

46,95 = 14T
.t = 1.65

(.95 = 1.645

t = 2.33
tpC.05 = 1.66






-
- xa

L 2

38 38
- =%

o 3 J— )

- " w
o™ “ = 3 5 @ = a & o

iy

WOl = fiaipe 3 qy

L% oSiTE L't oo ¥6 L9 oF

-~ X
“ s 8 % 3
£
-.J 3 -
; g i
: E ‘l 1]
- > .' & ..I
- nd
01) a o §:
> g
m =
o =]
: Fyr
I . w
- by 3
5 @
' Ey
2
w
w

* TPigures in parenthesis indicate the

(i)

Gemotype

(11) Genotype

actual nurber of

4‘...'.1. "(’:.‘!. _'r;,l'S/‘_C.b t = ( .‘,‘::
tp0.95 = 1.645

AA V

AL 5S/SS+F:  t

tp0.85 =

= 1.2

Se

'ch:

N

subjects,



gcale

s 1080 .o 19 Tt
% axis  11mm = 10 umti

AS AC

AA

o
v B} 0] 1y T §7 Fi3 L]
ChE -1_.::_.
55 /55+ F
mo_ .\
L0
a a0
— a0
@ —_
011 # 50 1 3 ¥ _..._wum

N1 gctvly = qo..tlllllnllll'

-
L9 ]

tl.\ .:—;‘”. =



53

Table 3,6, FUEQUENCY uISTRISUTICN OF rUBUDOCHCLINESIBGLOE &CTIVITY

SICKLE-CBLL SISE.i.E.

IN BELLTION TO ETHNIC GAQUP uh 23C SUBJECTS WITH (s WITHCUT

ChE netivity Frequency jercent kthnic ygroup Total
(L.v./L) ‘ Hauso ;:ﬁ; West Bast
0.17 0 0 0 0 BE
0.17-0.33 0 2.8(1) 5(1) o 0.5(2)
0.3% - 0.50 - m.12)  2.(1) 5(1) (1) L 68(15)
0.51 - 0.67 13,2( 22) 11.41(4) 10(2) 14.51) * 12.6(29)
0,68 - 0.63 - 33.5(56)  36.1(13)  15(3) 26.6(2) 32,2(74)
0.8 ~ 1,0 24(40) 19.44(7)  30(6) 28.6(2) 23,955)
1,01 = 1.17 10.2017)  t9.al7) 15(3) o 11.7(27)
1,18 = 1.33 7.06013)  2.{1) 1u(2) 0 18)
1,34 - 1.50 2.4(4) 5.6(2) te(2) 14,3(1) 3.9(9)
1.51 — 1,67 1.2(2) o 0 o 0.9(2}
1,68 - 1,83 0.6(17 0 0 0 0.4(1)
Total (167) (36) (2¢) (7) (230)
Percentage of |
grand total 72.6 15.7 8.7 3.0 100
Maan activity 0.85+0,25  0.85+0.27  0.9440.30 0.80+0.28 0.85+0.27

* Figures in parenthesis indicate the actual number of subjects,.

t = ©
tpC. 95 = 1,645

Other Fortherner Vs, Hausa:

Other Northerner Vs Westermer: t = 1.12 4
tp0. %6 = 1.67
COther Northerner Vs Basternmer: +t = 1,56

tp0. % = 1,68




Tuble 3.6 Fimre 3.6  FREQUSNCY FERCENTLGE DISTRIDUTION OF

TSEUNOCHOLINFS TER/AR ACTIVITY IN RELATICK TO ETHNIC
GAOUD OF 230 SULTECTS WITH ORl WIMICUT SICKLE~CELL

DISELSE,

H = Hauss
N = Other Morthemer ~  *. .
W = Westerner I' |
B = Dgsterner
-
f
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in these age groups (5444 percen‘t). The hicher nctivity observed

for tho age group 44 - %0 (0,93 + 0,27 iz due to snell nunber

of subjects invelved (5.2 vercent of the populntion). The datn

of table 3.5, dees not revenl any sigmiTicant difference betwecen

the varicus agc groups (0.24 to 1.62, t90.95 1.66) inspite of

the variationsg in nean activity. 1 |
Table 3.6 nnd Figure 3.6 show the Qistribution of ChE getivity

in relaticn to Ethnic group. The 0.80 + 0,20 pean activity foumd

for Bpsterners is lower than, ~nd the 0,94 + 0,3 for Westurners

higher than, but not significantly (iffexent fron (t = 1,2, tp0.95

1.67 for Basterncrs, and t = 1.59, 126,05 1.50 for Heg LornoTs )
the 0.05 + 0,25 for fiousns m' C.85 + 0.27 for other Horthurners.

DISTRIBUTION OF DIBUCLINE MNUiL'ZiS.

Tho digtrilution of dibucrine nunbewe ia shown in table 3,7

and ropreosentod in fijure 3.7(&} for matrel auijnctz and (b)

. for gicklo~cell potiunta. o differcnecs wngo ohacrved in the

mean velucs for the control subjects (75,44 + 7.42) and Sicklers
(74.5 ¢ 5.05) {t = 0.5, tp0.95 = 1.645). .iltogether, 226 sora
(98,26 percent of the populsticn) contoin d the 'usunl! o¥
Viypical' type of enzyne. OF these, 150 scra fron control

subjoets (reprosenting 90.02 percent) and 20 sern Trom pidile-coll

- paticnts (reprasenting 100 perccnt) were involved. The 'usuall

enzyno was described by a vean of 76,01 + .41 Tor controls and
74.5 + 5.5C for sicklers. The diffurence of 1.99 percent in the

occurrence of Tusunl’® type of cnzyne in the twe groups of subjects

" was not aifnificant (¢ = 1.15, tp0.95 = 1.645). It should be

noted that both male and fenole siclde-cell patients had the sanme

oean D.N. .:I -



pable 3.7. FEJUENCT LISTRISUTION UF LIBUC.IN. LUK =31,

Ditucaine Froquency percelia’

BURbeT Control subjocts Sicklo-cell Total

patients Yopulation

0-9 0 0 0
10 = 19 0 0 0
20 - 29 0 0 O
30 - 39 0 0 0
40 - 49 0.5(1) 0.4(1)
50 - 59 1.5(3) 0 1.3(3)
8o - 69 13,4027 17.9(5) 13.9(32)
70 - 19 56. 9 115) 64.3(17) 57.8(133)
£0 - &9 27.2(55) 17.9(5/ 26.,1(60)
90 - 99 G.5(1) 0.4(1)
Total (202) (2¢) (230)

rercentare of granl

total €7 o U 12.2 100

gange of L.N. 44 . EA 24.51 44 .04

Mean 75.4447.42 T4.545 .55 753347 .27

Mean for ‘usual' enzyie 76.0136.41 T4 545 .55 75 .8246.14

Mean for 'I-type' enzyue 52.014-.33 - §2_0:4,33

# Figures in

pnrenﬂwais jndicate the

Controul Vs.

actual nunber of su

Sickle—cell patients:

bjects.

t = 0.6
tp0.PH = 1.645
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Table 3.6, REQUEKRCY QISTUISUTION OF DIDUCLINE WUMlsaL IN KELLPION TO
MLOUY GR.Je UF 230 SUSJECTS WITH Ok wITHOUT SICKLE~CELL

DISkasE.,

Dibucaine l Prequency percentape Jlood group

nuaber A 3 i 0 TOTAL
10 o ¢ 0 G 0
10~19 o o 0 0 0
20 - 29 0 0 0 o C
30 - 39 0 0 0 0 0
40 - 49 0 0 0 1001 0.4(1)
50 - 59 1.9(1) o o 2,1(2) 1.3(3)
60 - 69 9.3(5)  16.2(12) C 15.5(15) 13.9(32)
70 - 79 64.6(35) 58.1(43) sol4)  52,6(51) 57.8(133)
80 - 89 22.2(12) 25.7(19) au1) e, 9(=28) 26.1(60)
90 1.9(1) o 0 0 0.4(1)
o bal, (54) (74) (5) (97) (230)
Yercentage of
grand total  23.5 32.2 2.2 42.2 100

Mean 1.N, T5.6£6.68 T5.346.73  T6.76+4.,16  75.02+8,04 75,3347.27

* Fijures in parenthesis roepresent the actuuel nunber of subjeats,

(1) Jlood proup B Vs, Al t = 0,47
tp0.95 = 1,66
(ii) Bilood group b. Vs, &t £t = 0.41

tpG. 95 = 1.045

(1i1) Slood sreup 2 Vs, 1t = 0.025
Fp0.95 = 1,645
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Table 3,9, FREQUENCY DISTRILUIIUN OUF DISUCLING NUMiEr IN RELATICN TO

GENOTYI'E VF 230 SULJECES WITH Ok VITHCUT SICKLE~CELL DISEL3E.

Ditucaine Prequency pereentoqe genotypo Total
buiber Ad 5570 35/38+F

10 0 0 0 0
10 -~ 19 0 0 D 0.
20 - 29 0 0 0 0
30 - 39 0 0 ¢ 0
40 - 49 o 2(1) 0 0.4(1)
50 ~ 59 2(3) 0 0 1.3(3)
60 ~ 69 13.2(20) 13.7(7) 17.9(5) 13.9( 32}
70 - 79 57.6(57) 54.,9( 26) 64.3(18) 57.8(133)
80 - g9 27.2(41) 27.5014) 17.9(5) 26,1(60)
90 - 99 s 2(1) - 0 0.4{1)
Total (151) (51) (2v) {230)
Yercentame
of grapd total A7,7 22,2 12.2 100
Hean D.N,  75.3647.1C  75.66:8.00  74.5+5.98 75.3347.27

* Figures in parenthesis indicate actual nundier of subjects,
Genotype A4 Vs, u8/i0: t = 0.26
tp0.95 = 1,645
Genutyre A4 Vs, SS/S5+F: t = 0,32

0,95 = 1,645
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Table 35.11;

64

FREQUENCY DISTRIFUTION CF DIBUCATNE NUNMBIR IF RELLTION

70 ETHEIC GiWUP (P 230 SUBJECTS WITH (R WITH(UT SICKLE~CELL

DISEASE,
Dibucaine Frequency percent Total
W Fausa Cthor North  Vest Enst
10 0 0 0 0 0

10 - 19 0 0 0 0 o

20 - 29 0 0 0 0 0

30 - 39 0 0 0 0 0
40 - 49 0 o 5.0(1) 0 0.4(1)
50 = 59 0.6(1) 5.6(2) 0 0 1.3(3)
60 - 69 13.8(23)  19.2(7) 5(1) 15.3(1)  13.9(32)
70 -9 50.1(97)  50(:%) Tc(14) 57.14(4) 57.8(133)
80 - 89 26.9(45)  25(¢) 20(1) 26.6(2) 26.1(60)
90 = 100 0.6(1) 0 0 0 0.4(1)
Total (167) (36) (20) (7 (230)
Percentage of

grand total  T2.6 15.7 8.7 3.0 100
Mean DN,  T5.69+6.90 T3.9%8.15 T4.5+C.3T T5.9546.39  T5.33:7.27

# Pigures in parenthesis indicate the actual number of subjects,

Hausa Vg, COther Northerner: t = 1.33

tw-95 = 10645
Hausa Va. Westerner: t = 0.71
m.gﬁ = 1.6‘45

Hausa Vs, Basterner = 0.09
tpC.95 = 1.645



II.-—*"’“

ROENT
—
s £
=S

uercY FE

FREN

PLRCENT

PREQUENCT

seale
X —axis Dm = 10 wks
.—ﬁi..:_...u _a_“ == W iy nJ m
LX) _ ‘.l‘ll_
_ 50
= I r—7 LD

8

iS5

et

DN.

L]

—




5

f

Only faur sera, reproscnting 1,90 poreent of contrm} su' jects

(and 1.74 of the totsl population) h-? intorreliate DJV. The
nean value for the intericliste~type enzyme wea 52.0 + 4133, o
interradinto D.N. wns rocowled armnr the gickle-cell patfienta
gtulied, and there -3 nmy erse of low or atynicil D.JF.
encauntered in the yapulaniisn atuliod,
The relationship of L P, te V1oad group is shown iz tnlle
3,0 an? figure 3.0. The nighor nonn O0 for Lwad greup(sl
(76,76 + 2.16) iz Juo ¥ tho small nuler of sul joets ifvolved
(2.17 percent of the jopulsti M) .. Landysie ~f verinned choews

545)  In

-l

the difference to Yo dinsi wificant (t = .47 t50,95 =
other worils, ther is 1 corrclation lotween J.N anl ‘.Jpn". FTCUD

Sindilnr analysis Jil Yet revenl any correlaticn fefweon J.N.

ant popotype (£ = 0.26 4o 0,72, 10,95 = 1.645) rc shofm in
table 3.9 and firurc 3.9; wiveen I ant ape (t = 0.?5. to 1.43,
£p0.95 = 1,66) sheum in 4o 1o %410 =2 fimow 3.10, b hisher
nean DE (70,67 + .93) rocerdcd far 49 ~ 50 yoars is dJuo o the
anell muter of subjoets (5,22 percont of the popalatifon); nnd
betweon DN and ethnic proup (& = 0.09 0 1.33, tr0.05)= 1.645)
as shown in talle 3.11 an! fiqure 3.91.
DISTRIDUTION OF FLUCG,IDS MINLER

The frequency distriution of Fluoride nwlers 1.3 rregented
in tallde 3.12 and represonted in ficvre 3.12(a) for dhntrols

and (L) for sickle—cell prticris. The uean values cdleulated

for the two r~roumps of suljects were 54.95 + 7.65 (coftrols) nnd
55«21 + 9.93 (sieklors). ™o diffirence wes ot si-pificant

(t = 017, tp0.95 = 1.545). In other woms, flw:ride had sindlar



Table 3.12

FREQUENCY DISTRITUIICH CF FLUORIDE MNUIBER.

e — ——— — —

Flwride Fr;;s;nc:; percentago
- -——-——-—-*——--_—--——-——-w------w——ﬁ T tal Population
Control Subjects 8ickle-ccll
patients
0=9 0 (o] 0
10 = 19 0 0 0
20 - 29 2(4) -0 1.7(4)
30 - 39 0.5(1) 0 0.4(1)
40 = 49 ¢.9(10) 14.3(4) 9.6(22)
50 = 59 67.6(13T) 64.3(15) 67.4(155)
60 - 69 19.3(39) 21,4(6) 19.6(45)
70 -1 1,5(3) C 1.3(3)
To tal (202) (20) (2%0)
Percentage of
grard totel £ 12.2 100
Renge of F.¥e 54.04 19469 54484
¥ean F.l. 5495 + To 36 55421 4+ 9.93 54.950 + T4

Mean for WF-type'

enzyrc

26-5 ': “HD

26.5 ‘: “r.O

Control Vs Sickle-cell paticgis:

# PFigures in parenthesis indicate

the actual nurber of

gubjects.

t = 017
twvgs = 10645
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Table 3.13. FREQUENCY DISTIOTUTICK CF FIUORIDE NUMBER IN RI

69

L TIOR TO

RLOCD GRCUP OF 230 SUBJECTS WITH Ci WITHOUT SIQKLE-CELL
. DISE/SE.
Fluoride Frequency ﬁ;;centage N Total
nunber L B L3 ¢
10 0 0 0 P 0
10 = 19 0 o 0 0 0
20 ~ 29 3.7(2) 1.4(1) 0 1,0(1) 1.7(4)
30 -39 0 0 0 1.0(4) 0,4(1)
a0 -t9 3.7(2) 12.2{9) 0 11.3(11) 9.6 (22)
50 - 59 75.9(41)  68,9(51)  40(2) 62.0(61) 67.4(155)
60 - 69 16.6(9) 17.6(3) 40(2) 21.6(21) 19.6(45)
T0 = T9 0 0 20{1) 2.1(2) 1.3(3)
Total (54) (74) (5) (57) (230)
Percentsge of
grand total 23.5 32.2 2.2 42,2 100
Mean F.N.,  54.547.70  54.36+5.54 62.547.48  55.3537440  54,90+7,47

# Figures in parenthesis indicatc the actual nwlher of *ubjocts.

(i) Bloed group & Va. i

(ii) Vs, 4B:

Blood group 4

(131) Blood group A& Vs, O:

t Oat2

t
0. 95

2.92

t
‘t17€.‘-95

{1452

1467

14645







!

»

£

y e

rn3"fﬁ:

>
FatuENEY_ PERCEN

0| ,..
“ A
-
“@
¥
W0 | "_
i L A
s 1 Iww x\mm -‘Wif.m..o B %
————=FN
h B 1
e | ,
) ,
wl __
- 1]
3 .”
| |
! -
™ W\L. i |
| ﬂllll.u“ﬂ n.l.l.n?u! .I!u[lluir..ll.?!r
¢ ".







3

» SSSS+ F

€ 5 8

&

FREQUEBNCY PERCENT

.

PERCENT

FREGUENTY

=]

&0 #ﬂs 03 0o W Zé

AS AC

T 0 ml.uﬁl-h.lk 60 I._a mm..m_.r ew o 0ty
————EN. y- -t oot



-

Table 3.15. FREQEL&CI’DIBTRIUUTICN 7 FLUORLIDE MUIMBER IN

RELLTION TO

o pen CF 230 SURJECTS WITH CR WITHCUT SICKLE-CELL DISEASE.

Freguency poroontage of age {Yonrs)

Fluride

mmber f—10 11 =20 21 -3 31 =40 Tw ] ™™
10 0 0 0 o 0 0

16 = 19 0 0 0 0 q 0

20 ~ 29 0 2.5(1) 1.8(2) 1.6(4) g 1.7(4)

30 ~ 39 - v 0 0 1.6(1) q 0.4(1)

40 = 49 0 15(6) 11(12)  6.3(4) ¢ 9.6(22)

5O ~ 59 100(3)  60(24) ceu1(72)  T1.9(26) 66}7(2)  67.4(155)

60 - 69 o p.5(s)  19.3(21)  1c.s(12)  25(3) 19.6(45)

70 - 9 0 0 1.0(2) e al3(1)  1.303)

Total (5) (40) (109) (62) (12) (230)

Parcentnge

of zrand '

total 2.2 1744 8744 27.86 .. fe2 100

% Pigures in parenthesis indic¢

(1)

34 - AO0 Vs. Under 103

ate the actual mumbur of

t - 0074
£p0.55 = 1.66

(1i) 31 = 40 Vg, 11 - 208 bt = 0.8

(iii) 31 - 4C Ve, 21 = 303

(iv) 31 - ¢

Va., 41 - By t =

£p0.95 = 1.66
t = C-OB
twc95 = 1.645

1.74
m- 95 = 1 l66

qubjecise







-
1

>~
o

T oio0 | N o iy
M _
HHJ __ ,
i | |
5 |
i |
0 0 10 3 =0 %0 mm,._.
1 1-20 ]’
.-
| “
gl |
- ® ~
4
(R € M
——»FN.

I T




75

Taﬁlo Ze1be FREQUEMCY DISTRIBUTICN OF FLUORIDE NUIMDBR IN RELATL CH TO
ETHNIC GRCUP OF 230 SULJRCTS WITH G WITHOT 5T G B-CELL
DISE/SE. | |

Flwride Frequc;no:,r porcent Bthnic group#” 1 ] Mot al_—-i

muber Hausa OthO; North West Enst [

10 0 0 0 0 0

10 = 19 o 0 0 0 0

20 - 29 1.8(3) 243(1) 0 c 1.7(4)

30 ~ 39 0.6(1) 0 0 0 0.4(1)

40 = 45 8,4(14) 13,5(5) 15(%) 0 9.6(22)

50 = 59 a.70i08)  To.2(26)  T5(15) a5,7(6) 67.4(155)

60 - 69 2,030y 11.1104) 10{2) 14.26(1] 19.6(45)

70 = 79 1.5(%) 0 o 0 1.3(3)

To tal (167) (36} (20} (7 ( 230)

Porcentage of

grand total 726 15.7 ol 3.0 100

Moon TN 55.46+7.76 57.112T.5  54.0£1.9C 55.95:3:5 5309047, AT

+ Pigures in par

Wast Va. Havenl

West Vs, Cthor Northerner:

West Vs. BEasterner: t =

enthesis indicate the actual nubor of

t = 0.82
tp0.95 = 1.64
t =
0.
.52
tw095 = 10

asrrmmrin e - st

subjecis,

C‘o”lrrf.
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inhititory effect on ChE fron contrel (~pporently nernnd]) suljects

and sickle-ccll patients. Lltorether 225 sera (97.03 pgqreent of

the populatioﬂ had .M. corresponding tc the 'uwunl' tyge of
=* 5

cnzyne. Of these, 197

gor« fron contrel gul jects (représenting

97.52 pcrccnt) and 20 sera fron sickle=cell patients (rbjresenting

100 perccnt) woere involved. The nean FNa. ealculated fpr the

tusual' enzyne were 55.07 i 5.76 for control sul jecta sl

55.21 + 5.93 for sicklers. The difference in the :,cculrrancu of

tusurl' type of enzyne

(t = 0,56 t70.95 = 1.645).

in the twe proups of oul jeets ig.met significant

There were five cascs of the 'UR' fluorilc nuotor ropresenting

2,47 percent of the control sui Juets (and 2.17 percent| of the

populatiun) . The 'UP'

~peup hod o nean FI. f 2645 + [reOe There

wag no 'UF' T recoried onen: the sickle=cell paticnts astulicd.

Also no cese of tho 'Flmri-la--inacmitive' eNZYre wWes cencountered

in the population.

Table 3413 shows the listri uvtion «f FI in relntion te 1lood

proupse The distritution is represente! in firure 3.43. 1

hirshor nean FI (62,5 +

=z - 4 e
he

7./,,‘-) for Llood rouj A7 ig dup to the

grall nunvor of gsubjoets (t = 2.12, tr0.9% = 1.67). Yo other

blood group showod corrolation with F.N, (t = 0.12 to| 0.62,

t10.95 = 1.645). Talle 3.14 shows the listrilution of FN in

velation to cenotype.

The distrilution ia royrosentdd in firure

314 annlysis of vorienco A4 not revenl ~ny sigmificent

differcnce between the

Similar analysis showe

:ITUHUt)'I?I.::! (t = 0.05 to 1-11' 4,’;’0.95 = 1.645)‘

| ne eorrelation letween PN and age (t=0,0C

to 0,74, t10.95 = 1.66) ns shown in table 3.15 and frure 3.15,




tho bkirh velue ebtnincd for 41 « 50 yoars {t = 1.74, tp0.95 = 1.65)
is duc to the small nunher of sarples involved, and hetyeen FN

and Bthnie srewp (3 = 0.47 to 0.92, t10.95 = 1.645 ta 117) as

shown in tabl. 3,16, Tho ¢istributicn of FE in rolatiopm to cthnic
group is repregemted in fisure 3.16.

3.6 DSRUDOCHOLINGSTERSE V/LTLIIS OLSERVE:,

The carriers of the U an? I phenotypes in the two jgroups of
subjects studicd are piven in takle 3.17{a), s well np the
frequency of the Eja allele; no [ vhonctype wes fowl.

Table 3.17{b)} shows the oarricrs of the U and UF phenctypes
and the frequency of tho Eif rlicle: e P ghonostype wes found,

Table 3,17(e) shews the variante fourd in the twg aroups of
subjects and in the totrl pepulaticn weins o corbinetfon of DK
and F¥ as recomcnded by Whitvtaker (1900), The distrfilution o

tho E1u, &

1
E1 Al E1 gones syre anlso given,
3.7 DISCUSSION

Feeudocheolinestornse is an enzyne profuced in tHe liver wnder

genetic contrel. The cngyixe is polyncrrhie, ilnvelvine neny allclos
and isoenzymes. Thoush the engyme hng no clearly defincd biolosical
function, pharracologieally it is necessary fror the gesralation of
succinylcholine, Atypical variants are of intercst o the

elinician because of their asseciation with prolongef) respirctory

ceasation after succinylcholine adninisiration,
The frequencies of the atypical gene (E,R allele) have been

deterninced bty nony authors in various populations apd vary

widely; the highest cre generclly found in European|snd Jewish

ropulation ~ 1.4 to 5,1 purcent (Van Ros and Vervookt, 15735, 2 to

];*- £.5 percent (Garcin and Biesz, 1972}§they are lawer fin Negrocs and







taintic proups - 0 to 0.9 percent(Van Ros an’ Vervoort, 19
Kalow (1964) found r pene frequency of 3.6 percent in 2,04
Caucasinn Cenndinns, while Motulsky ~nd Morrow (1968) repg

lower freguency arong Sesttle Negrees (1,05 perecent heterg

nnd Congolese Nesroes (0.22 percent heterozysotes). Tre

reported for this stuly is much lower than the 3.8 perceni

by Kalow (1964) for Caucasian Canadians, anl sgrecs with

reported by Motulsky anl Morrow (1968) for Seattle Noproe

lies within the ronsCawpcasian range of O to 0.9 percent (

and Vervoort, 197%).

The froquaeney of 0.7 percent calculate? for the flug

ingenzitive ;-ene is hirher than, but not eipnificantly &

fron, the result 0,34 percent obtzinel by Whittaker (1984

Britiah students and 0.56 mercent for randor British por
The experirents were conlucte’ at 2%°C, Cirason’ (1966}
(1980) and Whittoker snd Eritten (1981) have report.d th
inhibition is strongly tenpersiure-dependent, and it is
to recormnise the fluoride-resistant variants when the rq
terperature is nbove 26°C, The inhibition of ChE by fly
ig irmediate an® its degree renrins constant for lon: pq
tire, up to 48 hourﬂ. at ropn-tenperature or for 30 :imf
The higher value obtnined here could be due to the hich
37°C of the nssay nediun,

-y

The findings of this stu'y swrrest that proloned |

succinylchol ine adidnistration nay be expectel to ocour

80
T3)e

{

rted a
zyco tes)
$.9 percent
. reported
the values
It

=

Van Ros

ride-~
ifferent

) for
lation,

. Whittaker
pt fluoride
irpossible
etion
oride ion
riods of
es at 37°C,

tonperature,

onea after

less of ten

atong the Hausas ant other Niceriuns living in Zarin tleu,n other

people of Buropern stock, Based on the dete providel i
frequency of the horopzymous E1"LE1n is _4 an? for th4
E 'E .

1 1

20,500

e astinated

horozymous
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In the present stuly no sisnificant correl-tion wos foupd
between pseudocholinestersse activity, DN or FN and blood rrpup,
genotype, age or Efhnic proup., Althowsh the nurber of sicklp-cell
patients irvelve! wns snall for stetistieal evalusrtion, it ould
be note’ that there was no incidence of the atypicnl enzyne lor
even the intervcdiate type. When corpared with the controlfsubjects,
with nbout ten tines larger aize, the differencec in the disjribution
of pseulocholinestersse veriants is not siznificrnt., The rFsult
shows that a locus resulstins pseudocholinester:se inheritspce and
activity is vot ~enetically linked to the lpocus reulatin: fthe
inheritence of siclle~cell digeas:s In deed, whercrns atyrical
variants of pseulocholinesterase are prevalent in Coucesiags
(Garcia anl Dinz, 1972; Van Ros and Vervoort, 1973), sicklp-cell
disease is proveolent in non-Caucasiang, particularly Africhns
(Shapiro and Poe, 1955).

Further, the works of Gilbertson (1955), Holzmom 2t (21, (1969),
Ocdunten and Isace (1971) and Serrle (1973) reveal that votients
with sickle-cell disesse are nt no preater risk durins anpesthesia
an! surrery than patients with nornal haemoglobin, providpd that
there is nflequﬁ.te ciyg:nntion nnd ventilation that carding output
and circulating blood volune are gatisfactorily naint:indl, =nd
acidosis aveided before, during an’ after sur-ery. Thesd workers
arree that choice of the nneesthetic arent is of lesa iijertance
in patients with esbnornel haemoslobin syndrone; wiet ny| be tore

inportant is the cuality of anaesthetic nanaseiont,

This is » pilot stuly, further stulies involvin: 1o cr

population are nccded to confir: the results prescnted Hore,
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Appendix 1, ChE activity of individual subjocts studicd flor this
"~ presentation, _ | |
(M = Malo, F = Formale, B = Hpuss, Y = Othor Northernor
W = Westerner, and B = Eastc:rner)
S/ NO, Sex=Age~Trihe Gonetj;;\
{Blood Aroup) ChE(I.UI’L.) D, M, F, N.
1. M- 40 -H 28(a) 1.59 91420 52.98
5. M- -X ¢:)) 0.70 %054 50.71
e o5 ~H 44(B) 1.173 8740 68,39
4. M-25-H A4(0) - 0,87 84§16 18.13
5. M3 ~H aa(A) 0,40 65}13 49,83
6. M- 30 ~H LA(B) 0.96 9472 5B.TS
7. i - 25 - H A3(4) 0.99 TBLO2  49.66
8. M2 -4 LA(B) 0.50 72,33 Ad. 14
9. M- 18 - H As(0) 0.47 07T 41.14
10, w19 «H 45(0) 0.76 TA.21  55.51
11, M-25 -5 LA(B) 0.52 61.61 46,13
12, M-24 - N 44{0) 1413 "71.99  64.84
13, M-41 -H AA(4B) 1.39 83.33  T4.94
14 M~30-H AL(B) 0.70 8.1 59.95
15, M35 - W A¢(B) 0. 48 70.98 41 .61
16, M- 36 - H Aa(4) 0.70 80. 1 59.95
17. Mew24~H As(a) 0.44 AB.32 22,52
18, M- 42N £4(B) 1403 86.55 67.90
19. M- 37~ N 14.(0) 0.64 TB.23 59,72
20, M=-3 -~ H £4(0) 1.2 T0.22  72.25
214 M-38-~H 13(0) 0.74 1,18 62.13
22, Ma~235~H 13(0) 0.68 80.1 54,95
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S/NO. Sex—-f-.ge-i‘;:d Genetype o
{Blood group ChE(I.U/L.} DI PN,
23. M- %3 wH 84(B) 0470 801 59.95
24, H=45 ¥ A3(0) 0.80 82460 56439
254 M=~25-8H 13(0) 0.89 84451  55.6
6. -2 -4 tA(B) 0.89 84151  55.6
27. M - 40 - H ~.4(0) 0.70 80p1  59.95
28, M~ 40 - H £4(3B) 0.76 81,68 52,76
29, M- 3 -H 14(0) 1.36 85,27 50.48
30. M- 25 - N 15(0) 1.16 £9.10  54.53
31, M=-19 - X 440} 0.93 89.07 50.90
32. ¥e-o8-H 4a(2) 0,93 849.07 50,90
33. M-20-H A5(B) 0.70 8¢.1  49.88
34. Ha-19-r AL(B) 0.87 84,07 54.32
35. M-40 - B £4(0) C.28 50.30 50,30
36 K =35 11 Lh(a) 0.80 68,99  50.94
37. M -30-H as8(0) - 1.03 BP.1 67,90
38, N -40 - H 2(%) 0.80 70.86 62,05
3. M=-35~-8 +8(B) 0.64 7B.49 56,74
4.0, M-40 -H 45(0) 1.05 M.34  52.13
444 M-35 -8 as(2) 0.74 81,35 53,70
42, M~-20-H Lals) 1.16 13.96  51.94
43, M- 45 - & 46(B) 0462 T7.51 54474
44, M ~3 - B 4s(4) 0.95 10.84 56,29
45, M-26-0X aa(z) 1439 pr.29  57.67
48, Ma26-H 45(0) 0,70 $5.71  51.32
AT, Ma~35 -4 L.4(B} 51432
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s/No. Sex-Age-Tribe Genetype I—
(Blood _.;riup) ch2(1.0/L.) D.N. F.N.
48, M-29 -H £.(0) $.97 8579 69.35
49, M-735 =5 4i(B) 12439 81441 60479
50. M-3-H 1.(B) 0.80 70402  56.84
51 M-32-8 AL(0) 0.70 8041 49,66
52 M-22-H Aa(0) 1,79 L2  44.40
53. M=-35=-V FVAQN) 1,09 744,43 50,63
54 ¢ M-3 -H as(s) 1411 74.96  54.13
55 M- 45 =H a k) 1.19 80.00 60,00
55, M-25-H () 0.95 74.80 53.14
57. Me-35-H an(0) 0.80 67.92 57.44
58, M-25-H AL(B) 0,70 74.34 50.12
59. M-35 -8 A4(0) 0.40 6%.13 29.83
60. M-28-H ai(4) 0.70 7) .46 50.88
61. M-25=-W A(0) 0,99 Bt .4 61.74
624 M-20=-H An(0) 0.54 J4 26,09
63 M-22-H As(0) 0.66 .88 49,80
64. M=-27-%H 43(B) 0.87 23  55.34
65. Me=29 -0 4L(B) 0.80 2,60 56439
66. M-25-N LA L) 0.33 8.5 22,00
674 Me~-28-N an(2) 0,70 7.22  51.79
68, M-27=-N 14(B) 0.52 5.48 46,13
69. M~-730-0X 24(B) 0.89 4,07 57.84
70. N-33~-K 24(0) 0.58 9.14 52.01
T M=-35-H ref ) 0.70 0.1 50,60
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s/vo, Sox~hge-Tribe | Genetype

. {Blood group) ChE(I.U/L.) D.M IR
2 Ma-20H #A(B) 0,42 66.8  57.2
73, M~28 -8 AL(BY 0.70 71446 49,68
74, M2t 42(0) 0.72 80465 61,07
75. M-20-H 24(4) 0052 77442 65.43%
76, M-25-H £4A(0) 0,70 8041 59495
77 M~32 «5 FYAG:) 0.50 68}54 60,26
75. M-35 -8 45(0) 0.58 7601 S1.44
70, M-27~H L1400 0u42 72,00 59.20
80. M-45 - X A4{0) 0.72 69,82 64,39
8. Me-22~N A4(B) 0.80 79.05  56.18
52, AR LR | £A{B) 0.50 72.15 50,95
83.. M -19 - H 13{8) 0,52 61.61 46,13
aa. M~ 40 -0 Ar(B) 0,35 63,29  20.1
85. ¥ 38 - ¥ 1a(B) 0.50 78.15 50,96
86, M. 20 -H 15 B) 0.80 6,47 50,10
87, M -24-F 15(5) 0.48 70.98  52.79
88, M~ 20 - E £4(0) 0,70 70.46  50.12
89, M-2 ~5 An(0) 0,70 86,57 58,99
g0. M~20-0X L4A(B) 0.68 70.75 66,10
91, ¥ - 27 - H £2.(B) 0.70 M6 50.13
92. ¥ w23 -0 25(4) 0.50 15.57 62,42
93. M5 -1 4A(B) R 40.11  66.67
94, Ma-20-H A 0) 0.70 14.34  59.9%
95, M=% -H £4(0) 0,68 13.58 52,84
96. M-19~H AL(B) 0.72 CTe.26  51.52
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by o T
S/NO.  Sex-hge-Trite Genetype
(Blood group) OnE(1,U/L.) D.W. F.N, J
4
97. Me-25-H La( L) 0.54 74122 55.00 I
®, M-20~H 43(0) 0.91 T6409  59.48 :
9. Me-37 =N 48(a) 1,07 580 5241 |
100, M- 30 - W Aa(0) 0.81 79.61  53.69
101, Me2 =W As5(0) 0426 44.45 40,00
102, M.38 -H ar{n) 0.80 83.60 57.44
103, No26-N £4(0) 0.70 73.36  57.58 :
104, Me=3 =N £2(0) 1427 79.69 56.88 |
105. M-35 -0 24(B) 1.02 72.T1  53.26
{106, M. 26 -8 Az(a) 0,70 80.10 60
107. M2 =X an(2) 0.58 6p.90 54.04 |
108, M~23 K 1(B) 0.46 .14 55.04 '
109, M. 50 « H £1408) 0.62 T.75 51.74 |
110, Ho= 21 % 15(0) 0.61 17.26  50.68 ‘
11, M=35-V 1s(0) 1.4 g5.47 53.40 :
112, M~30 ~W ai(B) 0.64 .22 51,96 5
113, M -5 -H 8(.) 0.75 g2.6 55.23 !
114. M.~ 40 - H 55(4) 1.27 Iﬂ.n 58.45
115. M.~ 30 = K 24(0) 0.83 3.4 58.4 |
116, Me-22-H 45(0) 0.80 70.86 51.T8 I
T, Me2 -H 48(4) 097 75.50  54.1 |
118. M-37-H 15(B) 1.56 73.35 49.68 :
19,  M-30-E A8 1,01 7.0 53.06 |
120. Me24 «H £4(0) 0.93 B0.32 62.43 "
i 121, M-22-W £4(0) 0.93 B5.07 56,20 |
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8/%0,  Sex-Age-Trite Genetypé
Blood group)  ChE(I.U/L.) D.N, 3

122, M =20 =W aa(8) 0,64 w39 53.31
123, M-2-H 54 (0} 0.95 7549  50.44
124, M-25-H AL(B) 0.80 82,71 56.46
125. M-20 -H 24(0) 0.83 7.8 58,2
126, M -3 - LA(B) 1431 79,7 60,84
127. M w40 -8 £44{ AB) 1433 71.23  62.14
128, M~18 -H AL(B) 0.87 71.20  53.55
129. M-29-H #5(B) 0495 8%.79 50.84
130. M-39 - N 24(0) 0.95 76.00  50.87
1314 M-23~¥ £0{B) 1,48 Tp.40  53.33
132, M-29 -1 AA(B) 1.14 .63 53.45
133. M-3-H anla) 1.39 %.62  57.33
134, M-19~0N Ax{0) 1,09 12.12  51.60
135, ¥ -3z~ £2(0) G.97 49.52 54,50
136. M - 30 ~ 1 LA(B) 0,56 §7.96 40.12
137, M~22~H £:(0) 0,76 &2.15 56,98
138, M «3 «H As(0) 0.85 $9.60 52.60
139, M~3 -H 48(0) Q.64 15,26 54,69
140, M- 38 - H L0(B) 0.70 80,10 52,04
141, M-30 -1 44(B) 1.01 86,28 50.08
142, M -35 - H AA(B) 0,87 £5.64 43,95
143. M~-26~H £3(0) 1.31 84.10 60,94
144, Mao26 -W 55(%) 0.99 TT.68  57.05
145, M-30 -V 22(0) 1.25 72,97 61,92
146. M-3 - N 25(0) 070 59.95 40,05
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s/NO. Sex-fge-Toile  Gonetype
(Blond group) ChE(I.U/L.) D.N,  P.N,

147, M w~27 X 2al4) 0.74 62,13 39,68
148. M-25-H 24(0) 0.98 'nT.os © 69.60
149. Mep2~H 25(0) 0.70 63,31 45,80
150, M -3 -H 44(0) 0.$9 7].58  54.70
151, M -3 -8 45(0) 1.0% T7.30 51,97
152, M-38 -H A4(0) C.89 75.56  54.78
153, M -39 - N 4a(B) 0459 .98 49.66
154, Ma-d6 ~« H e:) 0.95 M40 56.29
155. M-19 -H 44(0) 0.80 .02 53.46
156, M-23-H 24{0) 1430 T 7t 60433
157 M-28«N 23(0) 0.8 g84.09  43.87
158, Ma-25~H anl ) 0.78 10,11 56.56
159. M3 ~H IACY 0.75 12,22 53.78
160, M ~ 30 - H aa{a) 0.61 T7.38 54.5
161, M -~ 35 ~H AA(0) 0,61 T7.38 52,59
162, Ma-22 - H 44(0) 0.62 $0.16 50,95
163. -3 -8 () 1420 f6.70  61.22
164, M-33-H A5(4) 0.97 ¥5.51 59,93
165, M~ 40 -H A (0} 0.89 58.84 53,36
166, M-3 -H 24(0) 1.14 715.58 62,23
167, Ha-27~-E 4(0) 0,93 70,18 56.78
168, M- 25 -H 15(a) 1.01 81,74 56,60
169, M-30 -H Aa(a) 0.95 7815 58439
170, Me3p.n - pa0) 0.80 70.02  50.94
171, ¥M=-27-H 43(B) 1.00 72,07 50,00
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2/N0 Sex-Age-Tribe  Genetype

(Blood group) CrE(I.U/L.) DN RN
172, M-33~-H £4(0) 0.89 . 48.84 44.40
177 Ma-27-H 42(B) 1.10 ~ T4.T0 60.30
174, M-20~H 14(B) 0493 ¥2.12  55.57
175. M-35~H ﬁA(AJ 0.70 CB0.10 56,59
i M-27=~N a4 0) 0.93 2,12 57.9
1774 Ma-24-W 23(0) 0.99 71.98 56437
17% M-30 -8 AL O) 1535 77,90 56,00
470, M- 42 -E 18(3) 0495 70.80  56.99
181, M-25-H 45(0) 0.70 80,10 59.95
101 M-7% -H 48(0) 0.89 66484 46,64
162. w3t -8 —Aala) f419 74419 53.29 |
183, M~25«H #a(a) 0470 - 50495  45.80
184 ¥~ 42 -8 aa(0) 0.93 69,96 55.76
185. M-3% -K 2A{0) 1.09 74,50 56.64
166, Ma-737~H AA(B) 0.89 68,84 46.64
187. M -26-H A(B) 0.80 77.57 64.99
188. M-25~H aa(a) 1.01 ¢ [ 72,55 56.6
189. ¥-35-H An(a) 1.11 74.96 56.6
190, M-28-H An(a) 0.60 70,03 53.22
191, M.22~H 13(0) .85 71,29 51.17
1nn M=-42-VU 45(43) 1.27 741 55,30
167 Mw23 ¥ L1 0) 1.36 76.56 56,00
194, M-25«-W Aa(L) 1.05 73.53 52,46
197, M~ ~W 4i(0) . 0.99 71,98 59.39
167, -3 -H  -2(B) .99 .98 52.35
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s/xc, Sox—ipge~Trike  Genctype !
(Blood group, ChEfI.U/L.) DN F.N

197. M= 24 -H £4(B) 0sT4 62,13  51.47
198. Me-24-1 £4(B) 1419 7497 55.68
199. M-28~E £3(8) 1,33 76.07 54,01
200, M-o23-H . AMA) 1.8 .66 60,42
201, M-25-H £4(B) 1.0% T.06  56.13
202, M-~-3%5 -H A(B) Q.70 g0.10  55.88
203, F- g-H $S+F(B) 1.15 15.83 51.66
204, M-12 - H 35+ 0) 1.17 3 16.24 64,44
25,  M-12 =B 55+7(0) 1,70 0.0  59.95
206, Ma14 -1 $8+F(B) 0.76 11 L8 63,13
207. M~15 =N SS+F(0) 0.70 [1.46 59423
2084 Me-15 « ¥ $5(0) 0489 72,57 5546
209, -7 -V 55(0) 1.09 . 4,50 53.59
210, M~-21-H SS+F(B) 0476 £35.15  44.81
211 . M=-12 -1 s8(0) 0470 © B9.95 49.16
212, M- §-E S8+F(C) 0.89 B451 55460
213, M~13 « 1 SS+F{0) 0a95 o 75,00 60,48
214 F-19-H §8+F(4) 0.70 - |Bo.10 59.95
215. He 9-1 53(P) .60 76,75 53.22
216. F 30 -1 $5+F(3) 0.50 72013 50.67
217, F -18 - H ss:F(C) 0.89 84.51  55.60
218. F-12-U 5S4+F(0) 0.99 71.98 50.€0
219, F =16 ~ ¥ 85(3) .80 64,99 47.59
220, M-16 - K SS+F(4) 1,01 - |72.53 58.88
o1, Mot -H  S3(B) 0.95 70.80 56,64
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—

S/, Sex=igo-Tribe  Geretypo
(Blood group)  ChE(I.U/L.)  D.F. F. N,

202, M- §«H SS+F(B) €58 6L01 51,73
203, P16 ~ ¥ ss(o) 0470 59.95  47.48
224., M~12~H ss(B) 0.66 79.83 57.51
225, Ma19 -} SS+7() 0T 74.34 54,2
226, M-~15 - H 5547 4B) C.70 : 74.34  59.95
227, M~ 7-X SS+F(B) 0.70 .34 51.32
228, Mei7 -0 SS5+F(0) C.74 67.57 56.68
229, M~22-4 85+F(0) | 0.45 T0.48 51,67
230. Mw {1 ~N ss{0) 0,70 .46 54,20
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APPEDND 1"-75 2

The mean values and standard deviations reperted in

were calculated using Casio Fx-550 Scientific enleulator
Comparison of two mean values to deterwine sijnifie
difference was done using the "student's" t distribution

in Gchaum's seriss (Spiegel, 1961)

GV 17:«11 + 1/1'\12

& = T
/11181 + N8,
By + N, =y

whara

110

this work
(made in Japan),

ane of

as outlined

where X, and X, are mean values of two sauwples

1 2

31 and 52 are the standard devations

N1 and NE dre sanple sizos
A" =N1 4y _ o degrees of freedonm,

and €8 is population standard deviation.

The calculated t value was coupared to a table of perce

tile values

(tp) with V de vees frecdon, Values of t less thon or ggqual to tp

meant the difference between the two mean valuss waa

insignificant {ne. lisible).




