
Clinical i'4oriu for Pscudocholioc~aterase with diatrih:tciou of ,,p 
aty  pica1 rxlzynles i~n Ccvlonese sukrjecbta; $kith 2 fan1ilic.s 
exhibiting abnormal euzyme. 

(PC-cer acciytecl : 28 October 1375) 

~ -. - - ~ .. .. -. 

;%&;tract : The ChE. IPS and F N  OF 135 Ccy!oncsc suk~jccts v,irrc investi~gaicti and a 
clinical noun1 established. Tlie ChE lics bciweert 40.9 and 154.5 with a nleiln cl' 106.6 
and standard dc\,iatio~? (SD) eE 14.1. Thc 3 N  iics be:wcc:-1 21.0 ; ~ n d  iOi> aji!ii ; I  main 
of 73.6 and a S'D of 14.4. Tlic EN lies bc t~cen  10.3 and 58.8 %th a me:m of 48.0 and 
a Sn of 30.7. 

Tbe familics of 2 ii~dividuals sensitive to succinyl chulinc wcrc invcstigalcd Tor 
CkE-: riritl [IN with a \,iew to tracirlg othcr members of tlicir f;ln;ilies w!~o hati low CliE 
and D N  viilues and observing their ink~critancc piittc:.~ls. 

Su~~inetb.ii.ii1.11n was first used as a ~nuscle r~claxant in 1951. and sot?iI iifter Boun~e  
el a!' z7c . i  Evaxs a i d  ~o-work.ers ,~.~ reported prcjlon!;ed activity. 'Tii.cy attributed 
this ~rnusuzl se~~sitivity to suxan'~etire~~ium to low valiies of psc~~tiiiciloli.ncsteras~~ 
(~?c:v'lciroiine-:.cy 1 h.y~rolsse, (C'!?E) in the patiext's bloocl. Lc!~r~ia~ul. rii~d ! . r ; - w i , r k ~ r s , ~ ~ ~ ~ ~  
pijs!~llatec! an ir~l~eriied eiizyll?.c detect. !<a!ow :n-td Ge~lsc:'~' nnd Kn!o\v :I !!I.! S l a r ~ n ' ~  
made it possible b? using an enzyIx?.e inlj.ibitor, ::o s!low t1.e jsrcscllcc of an ' atyiical, 
el:zjl!lze. By meails of dibuc;?ine (:iupcrcai.iic) in!?ibition of t lx  ClrE, i t  \.tias prxsible 
t,o diRerent ia te tllree Ii~heri ted serunx cf~olincsterase p!:.cr;otypes : t Iwcc hOil'lOZ;~g~ll~ 
for ti1.e asual ~ i l ~ j ~ ~ l ~ e ,  those ~ . ~ \ ~ I I ( ~ z Y ~ o u s  fer th.e ' alypica? ' azzy!?:c, and those 
iri<fiv~idusls wko are I;.et~r~zygc:~~?i c r  i~!tcrmcdia.te. Harris and W1.ittakcr6 sI~o\wed 
that fl~or.ic!e coulc! also be used in a si~nilar way ; and  i n  a study of fh~ni!lcs serlsitive 
lo snxan?ethoniunr, th.ey demonstrated t!?.at iluorideinl?.ibition revealcd tli.rce further 

4. ph.esotppes. These were due to  anether gene wl?.ich they tenner1 fluoride resistant. 
EII 1962 LicYdeli, Eehmann and Silkls dcmonstraiccl the prescncc oi; a ' silent ' gz:1ele. 

Not all pr'!!on%e:i crprtoeas following suxa~;iethoniuiti arc duc to ge:~etic,causes. 
G Won-znacsthetic causes may be due to  a, gr.:,ss?y redtlceA 1o'r:ll quantity of C11.z iiz tke 

bl3od. Ti2 n ~ r m s l  individuals the Ch.F activity varies i ; ~  certain discascs hilt U:I~CSS 

tile aciivity fa!is bslow 25 of the origlii;il vzli.:s for ~11::: individual, I?:, abvcrse. 
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reaction is seen to suxa~nethoniu;n.~~ In those persons who hav, the atypical enzyrae, 
apnoea occurs even though the ChE is sornewlrat higher, implying that there i s  a 
qualitative difference in the genetically abnormal enzyme. 

The present rnvest~gatlor; was carried out i~ (a) estdhllsh chni"al norilrs for (1) @hE 
ddivity (2) dibucalne and fluoride nu~nbersof Ceylulnese subjects, (b) detect fhe mode 
of inheritance o f  atypical forms of ChE in ?he families of two patients who were 
sensitive to suxamethor~i-dm. These parameters are useft11 in the treatment of cases 
of swtanxethon~ilrn and in tracing their families. It :s also an index for the screerait~ 
of persons before e m p l o ~ j ~ e ~ t  i:, plxes .,vhere :]key litay o>ale In csntact with csy:li~o- 
phosph~!es or carbamates. and ft,r the later fdc7llow up of these per an;^.^^ 

2. Materials 
ChE activity, dibucaine and fluoride numbers (DN :md FN) were determined in 135 
subjects, comgrising 100 consecutive donors from the blood bank befdre scl.eening 
for Wassernzair reaction, and 35 healthy volunteers. No patients were iz.clucied in 
this series. The families of two patients who suffered from prolosged rtpnoea following, 
the administration of suxamethen.innr were i~vestigitted El)r CilE ant! DN. 

3. Method 
ChE activity was measured by the method o f  Kalow and Linds:iyll usi~zg a Unicaln 
Spectrophotometer Model S.P. 500. The substrate used was benzoyl choline 5 s I@-' 
M. concentation. i n  MI15 phosphate bufFer, at  pH 7.4. The measurei~~ents were madc 
at 240 rnjh  at 26" C or at 37" C. All solutior~s before mixing vrerc pre-incubated a t  the 
desired temperature and during the readings, water at that tcropcrature was circul'tied 
through the cell compartment of the spectrophotorneLer. 

For the determination of the DN, the inhibitcr dibucar:,e wasadded to thc nilxture 
so that the final concentration of' dibucaii~e ~ a : ;  M.'"11e other parameters 
being the same. For the estirnat~oa of the FN the concentr'ttlon of the ~nhibitor 
sodium fluoride in the final mixtare was 5 x 1W5 A teinperature of 26' C was 
chosen for the rezctlon because it  was observed by King that the eEect of ~ 0 d l ~ n l  

fluoride was more rnarked at  or  near 25" C ilzall at a higher ternperatnre. Hence r i i l  
the F N  were done at 26" C and the results corrected to 37' C.lS 

4, Results 
The distribution of the ChE act~vlty 1s shorn In figure I The range oS actlvlty rs 
between 40.9 and 154.5 units with a rnean ~ a l u e  of 106.6 and standard deviation nl 
14.1 (A unit is equal to the number of :nicromoles of benzoyl choline iiydmlysed in 
one hour by one ml. of serum at  37' C).  This range is equivalent to 380-- 1430 T,U 
units with a mean of 986.6 and S.D. of 130.5 as s h ~ i v n  an Fgure 1. The DN lies betwee17 
21.0 and 100 with a mean of 73.6 altd a S.D of 24.4. The FN lies betwee21 
88.8 and 10.3 with a mean of 48.0 and a S.D. of 30.7 (Figure XI Sr; III). The correla- 
tion between DN and F N  is provided i ra  Figure IV. 
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5, Discmsisn 
Tf=izr;. Is conrlderab'ie variatiorr :~ni~sr~Sst c'*i5e:.air,t wor!<ets in thc  n?ocie of expression 
or'tl~eir results,' ::nd :his m?.kcs c~mparis4.m oPvn:uzs far ChE diRcuit. The variation 
in il:e wi:s u.seJ is due to t k  :difY.:rixiz ~ezhniq~ses ;aid differell; s!~bstsates that are 
used< Si:tcc iin i.U.x is defined as the nuznber of nzicroms!es of bei~~cyil ccllolille Ily- 
d.ro!yscc!l pr.;r rr,t.i=~tc by o1.e milliiitrc ; ~ f  ser!rm at 25'C, we couid, by expressing our 
:es:~lts i?:: iiriT/;n; compxc the*-3 with the ri.zr~!ts cf Kalow ancl LilrtJs~y," as co~ivertecl 
by :Ci!;,!:j:.~~ The nor~nsi n:nge .-:r vzfrres obtained by K;l.low and Lindsay1' is 620 tn 
i.370 ;il:i,it:?.i at 25'6. Our TCSU~TS rxise f!l!u:!: 388 to 1468 rnU/ml at 2YC, with a 
711e2n crf' !00S 2 134. It is ;I;;: ;tr~ssible 1.2 c;)npare oilr results with tlrnso of other 
~~! , rkcrs  ;!.s they have used sui.ztrmcs oilier than be~~zoy l  c k o l i ~ ~ e . % ~ , ~ ~  

T4r;: a::ti.vity (?i' bgth et:etyi and azyi hydroiase is rz.:luced in the blood of patient& 
wiih ~;:ri:.:~s t j y a s  of :t~;;aen:ia and r~.t~r;Ls to ii:?rm:~l after treat::?ent.'"Ml~l.utritim 
:i:~! dci>jlit:rtii.ig clise?sc. cre ncco;n~rt~iicd. by I:jtu scram choli;~e;terasc ac t i~i ty .~ ' ,  
Ft h;u bcc: i s ~ ~ g g s i e d  that n;;t s?ril;r are seritm aihliilin a d  seronl d/clincsterase but11 
C<jcni;it is: ii!:- : i i r ~ i :  but il-:r~t their ayr.;ijlesis is carried on iyi pnrnllel. T'llc Io::I level& 
ni' zii:.:l~ni ,l u?;<i Ci;z i rl .  i:~..:,lilue;i<icjn ! ; i y r R ~ ~ i ~  s.t.c  the;^ 2 cofiscq\refi::l: c:: di mi- 

. . ili~hcij pr:.:i~!ctl<..~ 4.irie to ?. I:e !:."zi~t:.:>!l oi ~(IW nl~tci'i~rl ~nl!: syiil:?esisi;lg ::-ieci;anis!-ns.'j 
. . r::esc I';;c';ari ,:;la)? c.-:pi:i~;] way si>mi: ii,\~ value:; 2 : s  i i ~ ~ c r  tilalr li\::loivestva!ucs 

rep 11-I-.: j 519 l<:-..i:,:v 51 ,i.i Li.~.ds<y." Of t!l.t. i 35 s~.iSjccis siujic~.! ;)n?y 6 (4.5 %) ]lad 
v::ii;)es be!~.r.~\\' 6.29 : : I < ! ,  ,?'ill w:>icj.i is :he ]o;vest v a l ~ l c  obtai;leci by l(slo;jA~ ;.l?ld Jjndsa!;.ll 
a;r:.:cl ,,:i:;nyrs r?,re scri:c:;\e<i f<:r j.li>.ci:i,L>pl:>l.,in ~e;ci.!?.t::.ge nnc.1 i t  is u).!li!;c[y tjia$ these 

I;e:i,::is c::::;!id il::,..c bei.:: ;';:;.;n --!:it gi .:2p. 3'iie:,!: s j ,  i;'ers:>ns iil;j:, iiz~je k,een fr.,,;?l 

the . . i i L = i ~  i l l  -~~:i , : i i :  :l:;3 :In~:i :~.;~loGln ~,er~:cntagc: was iiat < l t l ! i ( : .  40% of' the 
g,itpuji;ijoyi in i$'iQ -,.:I::-r: j'rgnt :,Yii: j;j.,,.icr S O C ~ " - C C : ; ) ~ ~ ~ ~ Z ~ ~ C  gri)il;.~.~' i t  t j lel .~fi)r~ 
pcssikle I.Ji.> L tj.:csc six pers.::::s were .iviti:in that group. ?'!.!is aspect Wits not in.vasti- 
gated fiii'tilcr. 

TJlc he<; :.ie;lcb, t>f' ri is!.ri!>utli>z ci-;: c:lii>:tca iae arld i?!.lciielde ?luril!>ers in the populs.tiorp 
is sho1~: i1.1 figures 3. nad I::. 

Figure IL indicates r,?!i?~t 78 % a:' tlzc sinbjczts have DN beriveen 21: .U to 100 with a 
n;euj? of' 73.6 a:;d a S. D. nf' :4.4. It iii the usu;i.I practice to describe BN data 

*, usi~lz  3 groups viz. 

1. FXigh. l~sua.1 or typical 

2. latermediate, 

3. Low, rare or atypical 

the dividing iine ijttwcen the groups being chose:? zit 70.0 arrd 20.0.Ii 111 our results 
\xt3 !IRVC o!?c-irwed t!l:it 97 su5"iects had va.lues aver 70.0 and tilerefore were usual, 
38 sul~jccts wera be iwec !~  20,On ;i!sii 69.n mi.! were intertnediate, wide there were no 
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pcrspns 'tlei3w 20.0. Their s:lr:'ey im:vever did nut miltnin a single c:isc bet;.;eei~ 20.0 
and 43.0.'W~!r resil!ts are not in agreelimit wit5 theirs ; wc did n o t  nl?ser\re any 
cases between 3 i  and 43. 

The frequency of distribution of the F N  i s  sIlown in figure IU.  Tile values are 
coirside:ab!y 1::u'er t hm l110s: obtzined bg ocher :vo~-!ten i l l  spite o!" tile f2c: that the 
FN was cior!r: :!i 25°C for reas!:)ns referred ? , J  earlier. 2'i:e FN lies be~neen i0.3 iil,i 

88.8%. will: ;i .;i:ean of 45.0 and x S. D. c7f 30.7. The piot oi' DN agairist 
F N  is prr-tvide:l i : ~  Figure TV. It is seeil rroin ciie Figure TV that tile scn!ter or :lit. 
F N  was very vide and we were !lot able i..) grcup the F N  iitto three ~'lisiinct- ;;r:r~!x, 
wiiii s~.i;~!l suh-grl_;u?s in ii;e iaaniler of 13arris arid \5!"iiitL;;!Ler.V7'!.:: ~f!:!-kcrs exrlnin 
!heir sgb-p-o~;j>s b, rhe &;ypochesis riiat :~.~n;ii:ys l i d v e  occ-urrcti bc(\:/ce!1 t:je i 
(intermcdlatc) :!lid U (usu;:.i) groups, (Liddell, Lch:iinn n:id Dsvies ;:s qijotc;: 11;; 
Lel~ma~l;i a ::3 i..iti;!cii'4)). 3 i .11 .  SL; i~:ple prob:; bly is mc?re i~crL:ic.,~anouu, i)cil~;: ;!I; ii!~:.!lnl. 

race, thus givir~g (.he witier scatter fr"igu1.e IV).  

I3uring ih.e s:x i i ; ; i i t l i  periuc; :>f' this study, we receivcci ii:any sai!ipics !)f 'b!..~d f(-lr 
(3hE estir~laxic,~. :j!'w!~ich 5 :?yre i'r.?n-i ?dtie,:is v;ho 11nil ::.:~esu.ur!!nt.th( ;! iuii! ::p:ioe:l ; 
they alone :lad  lo^; Ch.G. O f  .these or;tjl two  ,hit~iiies coulcl be iraccti 1:) any  ciegrec. 
l 'hc data (!1' ihc iwcj i:;vt:;tignted famiiies i s  slzown iii deiail i n  iigl!!-es V iind V l ,  :tr!tl 
are compileti i n  ge:;eologic;;l !rces. 'Tile probailcis oi' hot12 eht:se ;i.~i.nilie*, were patie~iis 
who underwe,;! cacs;:ri::r: ~ei:fic~i a<ii; itre i:ldic:;ted 6;~ arrows. 

In Figure V. iiie jirc:k.ai:d I,/ir::. \V iutd ChE c;f 22.5 \\ii!h a Dl.! of I5.0. .Her baby's 
ChE was 12.5y.1 estiinateci by the rapid field test :iicti~oi.':."! We uierc con~pclled to 
use this inetl7i>cl t l . : ~  m:.!ther rerescd permiision ti; draw !nore blood f 'ro~n the haby. 
In view of tlris, I.:!? were i10i able 1.o crirry out the D N  esi:in~atj;~n. 

.Tile pro5and':i brcthei- a!;(? ;>r i i i  a !ow t_'i~E activity of 27.3 with a DN uf 56.7, 
. . c1i~ssiFyi11.g liinl i n  ilie I:lteni~c(.liate groap, w11e the prohan:i hersell' rails i n  the 

at,ypicai g~-oul?. 111 the prevjous generation ([I) the pmband's f ~ t h e r  kippeared liornlai 
with ChE !0+1..0 u11i:s a t ~ d  DN 82.0 while her maternal ulicle was rciund to be iri tile 
intern~eciiaie group with ;t CllE or 104.5 units and 3. DN 01' 69.0. ;The proband's 
mother was ileceased and was probably eii-her atypical or intermediate since tile 
proband's Pdl.her was norn:ai and :he i:iott'mal uncle showed thc sai.iir: defect ; since 
the probarid was al.jrpical i t  ]nay be co~lcluded that her motiicr was atypical. Gene- 
ration 1 could not be studied. 

In Figure VI, Mrs. A the probznd, had a CIE of 15.3 with a DN of 33.3. Iler bzby's 
ChE was 25 7; a d  aiso estilcated by the rapic! Seld test method fur tile sd.me reason 
as in the previous case. Mrs. h falls into the irjterinediate grocp. Mrs. A's brother 
and one sister co::ld not be investigz~ted. Ber other sister :12d a cI~E of 52.7 :viiil a 
DN of 55.0 and lizus was also in the intermediate group. 0 1  the latter's c!~ildrca, 
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f PROBANQ MRS.* 
0 FEMALE 

0 MALE 

- 
NOT DONE 

3 P i :  . '$ GaneolsgicaZ Treo of Mrs. W who had suxamethoniu~n Eipnoea during ii 

caeserian section. y - proband ; - female ; (3 - male ; unshaded -.- 
normal ; half shzded - intermediate ; faHy shaded .- abn01.r-:ral ; ~!.~;sect ones -- 
dece~se!:; - - not done. (eithe:. dead or codd not be :ri;cc:I). 'I'up vaincs ChE; 
bottom values, DiPl 
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Fig. VB Gemec?logieaP Free of Mrs. A %rho had suxamathomiurn spnoea durlny n 
caeserinrn section. 7 - proband ; 0 -.- female ; 11) -- male ; unshaded 
sot normal ; half shaded - intermediate ; fully shaded -- abnormal ; crossed 
ones- deceased; - --not dona, (either dead or could no6 be traced). Top vlaltncs ChE; 
bottom vah~es, DN. 
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two were typical while the third could not be investigated. The proband's other nephew 
was intermediate having @hE of 59.1 units with a DN of 61.0. Since the proband'r 
mother wvas typical with ChE 72.7 units and DN 75.0 the defect was transmitted by 
the proband" father (deceased) who was either intermediate or atypical. 
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