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SINCE SUCCINYLCHOLINE (Sch) is the most commonly used muscle relaxant in 
anaesthetic practice, considerable research has been conducted on its mode of 
action and metabolism. It is known that Sch is hydrolyzed by plasma cholines- 
terase (PChE).  1 Therefore, in the presence of reduced PChE activity, the 
intensity and the duration of the neuromuscular block is prolongedY After the 
discovery of an inherited, atypical PChE variant by Kalow e t  al. ,  3 the cognizance 
of conditions which may influence PChE activity, such as sex, age, and various 
disease states, became indispensable for the anaesthesiologist in the assessment 
of safe doses of Sch. 2,4,5 

Although several reports have called attention to the development of cardiac 
arrhythmias and/or cardiac arrest caused by the intravenous administration of 
Sch in infants, especially in combination with halothane anaesthesia 6,7 a compre- 
hensive review of the literature s on cholinestcrases revealed no baseline infor- 
mation on the PChE activity of newborns and infants. Therefore, a systematic 
investigation of the PChE's of newborns and infants was undertaken. 

MATERL~LS AND METHODS 

PChE activity was determined in freshly-obtained, heparinized, blood from 
the umbilical vein of 22 healthy newborns and from the antecubital vein of 20 
healthy, well-nourished and unmedicated infants from birth to the age of six 
months. All of the newborns were delivered at full term; the one-minute Apgar- 
score was greater than 7 in every instance. To provide a control series of adults, 
the PChE activity of 175 male and 147 female, healthy, unmedicated volunteers 
was also determined. 

The PChE activity was determined with Foldes's modification of Kalow's 
ultraviolet spectrophotometrie technique. 2,3 The substrates used were purified 
benzoylcholine chloride (BeCh) and procaine hydrochloride (Proc). The final 
concentrations of both substrates were 5.0 • 10- ~ M. The final plasma dilutions 
were 1:200 with BeCh and 1:10 or 1:20 with Proc substrate. All measurements 
were made at 37 - 0.2 ~ c and pH 7.4 in a sodium phosphate buffer of 0.025 M 
Na concentration. The determinations were run in duplicate. 
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The inhibitors used were commercially prepared and purified dibucaine 
hydrochloride (Nupercaine hydroehloride), neostigmine bromide (Prostigmine 
bromide), and succinyldieholine chloride (Anectine, Suxamethonium, Quelicin, 
Sueostrin). The inhibitory effect was observed with the inhibitor concentrations 
presented in Tables I and II. Kinetic studies were also carried out with various 
BeCh and inhibitor concentrations to determine whether the inhibition was 
competitive or non-competitive with the three substrates. 

RESULTS 

Because of the sex difference in PChE activity reported by Shanor e t  al., 4 the 
results are grouped and analyzed according to sex, as shown in Tables I and II. 
It is evident that there was no significant difference at the p < 0.05 level~ be- 
tween newborns and infants of identical sex with respect to the hydrolysis rates 
of either BeCh or Proc. 

The comparison of the mean hydrolysis rates of BeCh and Proc by the PChE's 
of infants and newborns with the corresponding means of normal male and 
female adults indicated that the mean PChE activity of infants and newborns 
was found to be about 50 per cent of that of adults. The per cent inhibition of 
BeCh hydrolysis by dibueaine and Sch of neonatal and infant PChE was 
identical with that of adults. In contrast to adults, the PChE of infants and of 
newborns was relatively resistant to neostigmine inhibition. 

Double reciprocal plots of the various concentrations of neostigmine, dibu- 
caine, and Sch versus BeCh hydrolysis rates (Figures 1, 2, and 3) showed a 
competitive inhibition of the BeCh hydrolysis with all three inhibitors tested. 
These findings agree with the results of previous investigations. 2,a,9 

DISCUSSION 

On the basis of the findings, it may be concluded that the PChE of healthy, 
full-terna newborns and infants from birth to six months hydrolyze BeCh and 
Proe at half the rate of that of healthy, unmedicated adults. This observation 
tends to support the earlier findings of Bleisch and Schwaehman 1~ that new- 
borns have a markedly lower PChE activity than adults. The infants studied by 
these authors, however, had severe organic diseases and therefore no valid 
conclusion could be drawn on the PChE activity of healthy, normal infants. 
Our findings further corroborate the results of MeCance e t  al. 11 who found 
40 per cent reduction in PChE level in normal newborns as compared to normal 
adults. Low PChE activity of newborns was also observed by Abderhalden TM 

and Lehman. 13 
The inhibitory effect of dibueaine and suecinyleholine on the neonatal and 

infant PChE corresponds to the former results in adults, 2,3 in contrast to the 
marked resistance of neonatal and infant PChE to neostigmine inhibition ob- 
served in this study. 

With respect to the nature of the inhibition, our results confirm those of 
previous investigators indicating that all three inhibitors, Sch, neostigmine, and 

tStudent t-test 
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FIGURE 1. Lineweaver-Burk plot of inhibition of BeCh hydrolysis by neostigmine. 
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FIOt;BE 2. Lineweaver-Burk plot of competitive inhibition of BeCh hydrolysis by dibueaine. 
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FlCmtE 3. Lineweaver-Burk plot of competitive inhibition of BeCh hydrolysis by succiny]- 
choline. 

dibucaine caused competitive inhibition, since increasing concentrations of 
BeCh reduced the inhibitory effect. The competitive nature of the inhibition of 
human PChE by neostigmine, however, has recently been questioned by Foldes 
e t  al.  14 who showed that the degree and type of inhibition depends not only on 
the concentration of neostigmine but also on the duration of preincubation with 
the enzyme. This point should be further clarified. 

Although Telford and Keats 15 reported that an inverse relationship existed 
between age and the Sch dose required to maintain apnea from early infancy 
to 10 years of age, Lim e t  al. 16 found that infants less than 1 year old are more 
sensitive to this drug. The latter authors found that a dose of 0.33 mg/Kg that 
caused no apnea in children over a year old, did produce apnea in all infants 
under one year. On the other hand, even though recovery time from the neuro- 
muscular block was shorter in infants than in children over one year, the 
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muscle relaxant effect of identical intravenous doses was greater in infants than 
in children. This shortened recovery time may reflect a more rapid dilution of 
Sch in the blood of infants, since their blood volume relative to body weight 
is larger than that of adults or it may be due to the different sensitivity of the 
neuromuscular end-plates of infants to muscle relaxants as reported by Churehill- 
~avidson. a7 The contradictory findings on the sensitivity of newborns and in- 
fants to Seh may further be reconciled by the fact that the patients studied by 
Telford and Keats 15 had had pathologic changes which might have offset the 
fluid and electrolyte balance and the normal metabolic and enzyme funetions. 

Sinee there is a fixed ratio between the hydrolysis rates of BeCh and Sch in 
patients with normal homozygous PChE, 2 and since the measurement of Sch 
hydrolysis rates involves major inaccuracies and technical difficulties, the hy- 
drolysis rate of PChE-Speeifie substrate, BeCh was accepted as an indirect 
measure of Sch hydrolysis rate by PChE. Consequently, it was assumed that 
newborns and infants hydrolyze Seh at about half the adult rate. 

Although no definite conclusions can be drawn from the results of this study 
as to the muscle relaxant requirements or the in vivo metabolism of Sch in 
newborns and infants, it is definitely established that PChE activity per ml 
plasma of neonates and infants is approximately half that of adults. Therefore, 
it is likely that after intravenous infusion of identical mg/kg/min doses of Sch, 
the blood levels of Sch will be higher in newborns and infants than in adults. 
This assumption is corroborated by the findings of Kvisselgaard and Moya is 
that the actual blood level of Sch measured by biologic titration in adult 
patients was primarily dependent on two factors: (1) The rate of infusion of 
Sch, and (2) PChE activity. Since the development of bradyeardia and eardiae 
arrest in infants and newborns will ultimately depend on the blood level of 
Seh attained in the heart, we recommend that the mg/kg/min infusion rate of 
Seh should be redueed twofold as compared to that required in adults for com- 
plete muscle relaxation in order to avoid cardiac arrhythmias. As an alternative, 
the intramuscular route of administration may be chosen. The findings of Lim 
e t  al. is that the intravenous apneie dose of Seh in infants, younger than one 
year, was approximately 0.33 mg/Kg as compared to 0.66 mg/Kg in children 
over one year may serve as a baseline for the calculation of the safe muscle 
relaxant doses of Seh for this age group. 

Studies on the dose-response eurves of Sch with the aid of electromyography, 
PChE, and actual Sch blood level determinations are currently in progress with 
a view toward the objective assessment of Seh sensitivity in newborns and 
infants. 

SUM_~IAI1Y 

In a group of 42 healthy newborns and infants to the age of 6 months, the 
hydrolysis rates of benzoyleholine and procaine by the plasma cholinesterase 
were found to be about half the rates observed in 322 healthy adults. In con- 
trast to adults, a marked resistance of infant plasma eholinesterase to neostig- 
mine inhibition was found. The low plasma eholinesterase activity of newborns 
and infants to 6 months of age should be taken into account in the caleulation 
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of safe doses of succinylcholine in order to prevent cardiac arrest and/or pro- 
longed apnea. 
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t~stwm 

Nous avons 6tudi6 l'aetivit6 eholinest6rasique du plasma chez quarante-deux 
nouveaux n6s et des enfants de six mois. Les taux d'hydrolyse du ehlorure de 
benzoyleholine et du ehlorhydrate de procaine des nouveaux n6s et des enfants 
ont 6t6 de 50 pour cent des taux des 322 adultes nolanaux, males et femelles. 
Par eontraste avec les adultes normaux, une r6sistanee de eholinest6rase du 
plasma ~t l'inhibition par n6ostigmine a 6t6 observ6e. I1 faut tenir eompte de 
l'aetivit6 eholinest6rasique r6duite des nouveaux-n6s et des enfants, quand 
on ealeule les doses de ehlorure de sueeinyleholine qui, en toute s6eurit6, vont 
pr6venir l'apn6e et/ou l'arr& eardiaque. 
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