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ABSTRAC!

Current knowledge has brought to light some of the
pharmacokinetic characteristics of phenobarbital
during the neonatal period. We measured plasma levels
of total phenobarbital and its free fraction 24, 48, 72, 96
and 120 h after a single dose of the drug in 12 neonates
with hyperbilirubinemia. The pharmacokinetic charac-
teristics of the samples. which were closer 10 normality
than in most of the reference models used to date, e.g.
anoxia and convulsions, are discussed in the light of

earlier studies.

INTRODUCTION

The mcrease m available pharmacological informa-
tion has made it possible to establish the pharma-
cokinetic profile of a number of drugs in different
age groups. Important ditferences between preterm
infants; term neonares and yonng children have come
to light. However, because it is ofen exeremely diffi-
culr to establish rational dosages in the neonate, sur-
verllance of plasma levels should be considered an
integral part of rtherapy'=. The main problem in
nconatal care is the non-existence of a cohore of
healthy “volunteers’ 1o serve as controls in studies of
pharmacokinetics. The snformation published to date
is based mostly on groups of patients who received
some form of treatment.

Although phenobarbital is widely used in pedi-
atrics, 1ts pharmacokinetic propertics in the nconatal
period have not been thoroughly investigated. The

studies published to date have involved different

treatments and reported different pharmacokineric
patterns and were neither conclusive nor systematic,
Moreover, earher research has been limited o
neonates with convulsions, acute feral discress and/or
anoxia. The administration of phenobarbiral 1o preg-
nant women before delivery has been thought to
decrease the frequency of intracranial hemorrhage in
preterm infants’.

The constant anatomical and physiological madifi-
cations thar take place in the nconate mean that data
from this group are not entirely comparable with data
obtained from children and adults. Characrensuics
such as the increase in blood pressure, the greater
organ volume (macrosplanchnia), acid ptl {tendency
to acidosis), the greater bady water volume and the
smaller adipose panniculus, give rige to pharma-
cokinetic variations in processes of drug absorption,
distribution metabohisin and elimination. Awareness
of these vananons is of prime importance in designing
rational pharmacotherapy for neonartal patients®™”.

The aim of this study was to identfy the principal
pharmacokineric  characreristics  of  phenobarbital

during the neonatal period.

METHODS

The study was carricd out in the Neonatology Service,
University of Granada Hospital. The subjects were 12
neonates with a mean weight of 3121.6 g (SD, 500 )
3120 (524) g, with 38.7 (1.1) wecks of gestational age
and 3.7 (1.3) days of life. None of the mothers had an
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obstetric history of diseases. Birch weight was normal
for gestanional age in 83.3% of the subjects, and was
below and above the normal range for gestational age
in subjects 4 and 3, respectively.

Because of the difficulties inherenc in studies of chis
rype in neonates, and because some of the subjects
had pathological conditions that could affect the
results. we sclected the subjeces on the basis of the
absence of congenital discases, mainly endocrine and
metaholic disorders. The sample included one patient
with cransitory hypoglycemia that did noc affect the
findings of this study. Normal hepatic function was
defined as firsc, the absence of signs and symptoms of
hepatic msufficiency; and second, normal results in
coagulation teses (prothrombin activity). In che entire
sample, neonatal vial signs were normal, with a
S-min Apgar score higher than § in all subjects. Good
hemodynamic status was documented by normal
heart rate, artenal pressurc and diuresis (2.64 ml/ky
per h). Llecerolyte balance was sansfactory i all sub-
jects, as confirmed by adequare hydration and oral
feeding. [n all nconares, thc administration of
phenobarbital was necessary because of hyperbiliru-
binemia, Al subjeces were treated in accordance with
the Declaration of Helsinki, and due authorizanon for
all procedures was obrained from the parenrs and our
haspital’s research ethics committee.

Lach panent was given a dose of 7.5 mp/ky of
phenobarbital intravenously, and blood samples were
drawn 24,48, 72,96 and 120 h lacer. Plasma levels of
phenobarbital were measured with an Autolab 5000
EMIT svsrem specially designed for enzyme immano-
assays i the clinical laboratory. The frec fracrion, i.e.
the amount of drug not bound to protens and hence
pharmacologically active, was mecasured with an
Amicon MPS-1 microparution system based on rthe
scparation, by ultrafileration, ot free and protein-
bouwnd fracnions i small volumes of serum, plasma,
or other biological fluids, at physiological pli.
The protein-free ultrafilirate is obcained by a single
5-10-min centrifugation step. The half-hfe was calcu-
lated as the e needed for the concentration of the
drug to fall by halt. In first-order kinencs, the tume
required for a given amount of drug to be reduced by
halt is always constant. The eliminacion constant was
calculated as the slope of the elimination curve,

and expressed as unit time 1. Clearance (Cl) was

expressed as the amount of plasma that became free
of the drug per unit time, and was calculaced by the

formula:
Cl=KxVy

where K is the eliminaaon constant and Vy the dis-
tribution volume. The apparent distribution volume,
a theoretical concept with no actual physiological
equivalence, represented the theoretical amount of
body water in which the drug was distributed within

the organism.

RESULTS

A standard criterion was used to establish the single
experimental dose of 7.5 mg phenobarbital/kg inera-
muscularly. Depending on body weight, the total dose
ranged from 15.5 mg (subject 4, 2100 g) to 30 mg
{subject 3, 4040 g). The mcan dosc for the entire
sample was 22.6 (SD 3.8) my (Table 1).

The relationship berween plasma concentration of
phenobarbital and time was examined hy correlating
the mean concentranions in the entire sample
(Table 2) and considering five pairs of values, which
were plotied against e (Figure 1), Plasma concen-
tration showed a significant direct lincar correlacion
(r=0.99, p <0.001), trom which we derived a poly-
nomial equation that explained the relationship be-
tween these two vanables: y = 1,023 - 3.26E - 0.3x.
Plasma levels of total (TPB) and (ree phenobarbital
(I'PB) were found from the data in Table 2. The mean
values and standard deviarions of TPK 4t five different
times (in pg/ml) were: Ti, 8.60 (S 1.39); T., 7.47
(SD 1.14); 15, 6.43 (SDD 1.4); Ty, 4.95(SD 1.03); T,
4.29 (SD 0.99). Corresponding values for the free
fracuon (FPB) an pw/ml) were: T,0 6.025 (SD 1.08);
Ty, 5.21 (SD 0.94); 15, 4.54 (SD 1.0) Ta, 3.42 (SD
0.89); Ts, 2.88 (SD 0.92). Figure 2 1s a scattergram
of all determinations of TPB and FPE, with the over-

(r =0.88, p <0.001),

and the regression equation that predicts the values

all  correlation  cocefficient
of the dependent variable as a funcuon of the
value of the independent vanahle {x = toral drug):
y=9.58E - 0.2 + 0.6x. The maximum concentration
at time O (Table 3) was determined by extrapola-
tion of cach of the regression lines that related nime

with ptasma concentration of phenobarbital. Peak
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Table 1 Dose and plasma concentration of phenobarbital (PB)
Welth Dose Plasma total PB Plasmaf(ee PB Diuresis Plasmarurea 8|I|rubi;\
Case (g) (magrkg) {ug/ml) (ng/ml) (mlfkg per h) (mg/al) (mg/d!)
1 3340 75 893 6 66 (67 1%) 25 48 -107
2 2600 75 6 35 4 63(72.9%) 3 20 11
3 4040 75 10.82 6 80(62.8%) 27 5 105
4 2100 7.5 8 05 6 83(84.8%) 25 20 11
5 3200 7.5 713 513(71.9%) 2 25 127
6 3620 7.5 11.04 7.62 (69%) 25 20 135
/ 3250 5 7.81 514 (65.8%) 2.5 20 197
8 2600 75 825 455 (55.2%) 28 14 13
2000 75 875 5.40 (62.7 %) 29 34 17
10 3050 75 7.95 6.70(84.3%) 2.7 30 i3
11 3600 7.5 8.55 7.40 (86 5%) 2.8 35 V7
12 3000 75 8.70 5.45(62.6%) 3 15 13
et 1216 75 801 602 2 64 745 13.5
SO 500 O 139 108 0.27 102 3.05
Table 2 Facrme Lonaemranon (ng/mly of total and tree /totgl,fmu phenobarbital at different tmes
Case 24h 48 h 72h o 96h 120 h o
I 9 03/6 66 8§.31/513 6.38/3.14 4 79/2. 38 44372 38
Z 6 35/4 63 607/4 59 5.67/4.37 3 34/2 87 3.53/2.52
3 10 82/6 80 941/6 18 8 90/S 68 6 55/4 02 6.46/3.82
4 3 05/6 83 16/4.70 7 55/4 83 5 /73/3 71 4.39/2 69
5 713/513 6.36/5 04 5.13/3 62 4077274 3.48/2 31
6 11 04/7 62 8 84/6 18 6.80/5 04 45873 27 4.53/36/
7 /.81/514 613/4 70 517/3 83 326/2 9C 7 61/2 06
& 8 25/4 55 5 75/3.65 525/2.85 500/? 30 385/1 95
9 8 65/5 40 540/4 15 575/3.35 4 90/2 95 375/4 55
1G 785/6 70 7 85/6 35 65 30/5 80 5 80/4 95 5 30/4 55
13 & 55/7 10 8 00/6 65 £.95/5.90 6 15/5 20 £ 00/4.25
17 8 70/5.45 8 35/5 20 740/4 20 4.95/2 95 4 05/2 Q0
Mean 8 60/6 02 7.47/5 21 643/1 14 4.95/1 03 4 29/0.99
N3 1 39/1 08 114/0 94 114/1 00 1.03/0 89 099/0 92
concentranon was expressed as pg/mbat ume 0; the and subject 12 (1.9 Vkp). The mean distribution
mcan value was 10.6 (SD 0.5) pg/ml; with a range of volume was 2.2 (1) 0.1) kg, and ranged from | 5

Qo The chimina-

raubyect 23 to 13,9 wg/mil (subject 6).
on constang (o1 phenobarbital (Table 3) ranged from
0.005/h isubjece 10) 1o 0.012/h {subjecr 7, with mean
values of TU75 < 10 HSD 6 % 10 Fyh,

The
i 1able 31 was 96 (SD 7.7) h, with a range from 58.9 h

{subject 73 to 147.7 h (subject 10).

csumated  hatf-hte of the drug i plasma
The distribution
volume (Table 3) was greater than 2|/kg i all

subjects except subject 4 (1.6 kg, subject 6 (1.5 lVkg)

The mean plasma

107

{subject 6) to 2.7 liky (subjyecr 5)
{Table 3)

range from 0.002 ro 0.006 ml/h.

clearance was 3.67 Yml/h, with a

DISCUSSTON

The differences in the diseribution of drugs at ditfer-
ent ages in pediatric patients arc mediated by a

number of factors, including the relative size of cthe
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Table 3 Pharmacokinetic charactenstcs of phenobarbrtal in the newhorn (single dose of 7.5 mg/kg)

Musioz et al.

Mean plasma clearance

Half-life

Dose Peak concentration  Elimination constant K Distribution
Case (mg) (j1g/ml) (per h) (h) volume (I} (ml/m)
1 25.5 12 4 0 009 76.8 21 0004
2 180 8.2 00607 337 22 0 003
3 300 125 0 006 119.3 2.4 0.002
4 15.5 99 0006 1158 16 0 004
5 240 89 0008 877 2.7 0003
6 210 139 0o 70.6 15 0.006
7 240 108 00t 58.9 2.2 0.005
8 20.0 96 0007 93.8 2.0 0.004
S 225 101 0008 85.8 2.2 0.004
10 230 92 0.005 147 7 2.5 0002
11 26.5 102 0.006 1245 2.6 0.002
12 22.5 119 0 003 81.0 19 0 005
haon 227 05 7 75%x 107 96.3 22 367 %1077
D 38 05 6x 107 77 ¢ 39y 1072
1.5 - 3
r==099 s
r=1521 [
. p»<0.001
3 i ¥y=1.02 3261-03x —
£ : E
€ (15 A \ Z
= | = 41
2
S
e —_—r — =
0 24 48 72 96 120 § 5>
Hours [
Figure 1 Statistical analysis of the relationship bewween mean
concentiziion of phenobarbital (PR) and time {iGgerthm of mean ¢
F& concentration in 12 neonsles in each penod) reveals a sign:fi- 2; (') ; 72
cant neqative correlation (¢ =-099, p < 0001) The equaton . .
that predicied changes in plasma PB concentration as a function lotal phenobarbical (ug/ml)
ot time wasy = 1,02 3 26E-03x Figure 2 Correlalion petween concentiation of total pheno-
barbnal (PBY and free fraction The ponts represent pars of
velues in each of five determimations in 12 neanates, Linear Tit

different organic water compartments, the binding
capaaity of plasma protens, circularimyg facrors, the
sirengrh of the blood=brain barrier and the specificiry
ot TIvSue receprors.

Based on che most clementary model of kineus,
the newhorn organism can theoretically be considered
as a single compartment, where drug distribution is
assumed to occur rapidly in camparison with absorp-
rton and elimination, and to be relatively uniform,
Accordmg to this model, the distrihution volume of

the druyg is that volume which rthe drog would occupy

was guod, with r = 0.88, p < 0 0001. The iinear equation was
y - 9586-02+06x

under condinons of equilibnum if the concentravon
were the same as that in plasima. Thus, at high tssue
concentrations of the drug, the apparent distribunon
volume may be much greater than the toral volume of
body water. In general, the distnbution volume in
neonates is cstimated to be larger than in aduoles,
Many studies have reported the distnbution

volume of phenobarbical in the neonatal period, the
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values given in the litecrature ranging widely from
0.41 pl/kg® to 2.25 pl/kg’. Painter and colleagues'®
and Dilick and colleagues' related  disteibution
volume to gestational age and birth weighe, and found
no significant differences between several groups of
neonates ranging in gestational age from 27 to 40
weeks, who were trcated with phenobarbital for
convulsions. -

The values we obtained were higher than thase
reported by most other authors; with a mean of 2.2
(SO 0.11) ui/kg (95% CJ 1.98-2.41). The cansider-
able difference may be because hyperbilirubinemia in
our sample of neonates limited the binding of
phenobarbital to plasma proteins, making the free
fraction larger; this m turn would increase the dis-
tribution volume. However, carlier studies were not
luminacing on this point.

Other facrors, sometimes overlooked, are also
involved in drug distribution. Such influences include
the panent’s chnical status, blood flow, hemodynamic
status, acid-base equilibrium, hypoproteinemia and
the presence of other drugs. Specifically, the distribu-
tion of phenobarbital (pK, 7.4) can be significantly
affecred by variations in blood pH, as is often the case
in patients with posr-anosic convulsions'?. These
factors are closely refated to the pharmacological and
rherapeutic effects of the drug. The variability in body
compartments i adults, children and mfants leads
to different pharmacokinetic and pharmacological
rcsules. In che neonate, the toral warter content 1s rela-
tively greater, the ratio between extracellular and
intracellular warer is higher, fat cissue is scarcer (15%
in relation 1o muscle mass) and musculoskeleral mass
3 lower than at more advanced ages. In contrast, the
brain and liver are proportonately larger (macro-
splanchnial, bence blood flow 1o the brain is more
rapid than n children and adules. These features,
rogecher with funcnional variations as nored above
(climeal and hemodynamic status, acid-base equilib-
rium or bhypoprotemnemia) should be rtaken into
account when the dose is calculated, 1o opamize the
therapeutic effects.

Significant differences between neonates, children
and adults have also been deseribed in the eliminanion
rare of drugs, this process tending to become faster
with age'". The evidence accumularted ro date suggests

that enzymatic processes related to drug metabolism

Muroz et al.

are less active in the nconate and require varying
periods to reach adult levels of activity. In general, the
neonate’s capacity for drug eliminacion 1s low, a limi-
tation of great climical significance during the firse
weeks of life. Conjugation with glucuronic acid s
dimmished, which is translated as lower concentra-
tions of glucuronyl transferase and uoridine diphos-
phate dehydrogenase, which break down glucuronic
acid. Therefore, the limited production in the neonarte
of the glucuronic acid-conjugated merabolites  of
phenobarbital seems to be compensated by the effi-
crent excretion of unaltered drug and its unconjugated
metabolites. The clinical significance of the decreased
capacity to metabolize the drug may thus depend on
the presence of alternative routes of merabolism and
elimination.

Processes of conjugation with sulfare, in contrast,
appear not to be diminished in che neonate, oxidative
metabolism being the most important pathway for
many drugs. Both hydrolysis and hydroxyfation of
esters are decreased, especially in the preterm infant.
These pathways have been shown 1o be related, to
somce extent, 10 the patient’s degree ot development
and maturation.

In addition to mctabolism and renal excretion,
other factors such as plasma protein binding may also
affect the rate of ehmination. 1n a sample of wn
nconates, Gold and co-workers' found a half-hfe of
238 h and an elimination constant of 0.00029 h after
an intravenous load of 20 mg/kg. According 1o Nau

and associaces'*

, the half-life of pthol)arblta] n
neonates was slightly less than 113 h. Morselli and
co-workers'? emphasized cthe differences in half-
life berween neonates (100-500 h) and adulws (64—
120 h), and Donn and colleagues' recorded a
half-hife of 148 (SD 55} h atter phenoharbital admin-
istrarion at an intravenous dose ot 30 mg/kg, in ren
neonates with severe asphyxia. Jalling’ noted that, in
elimmated by

most phenobarbital  was

first-arder kinerics, the half-life  decreasing  afer

cases,

the first week to approximately 100 h. and falling
to 30-100 h, i.e. significantly shorter than i adulrs,
by 4 weeks after medscation. Shikey' studied
the differences in half-life after a fixed dosc of
phenobarbital as a function of age, and noted a stcady
decrease from 115 h in neonates younger than 7 days

to 78 h in neanates older than 7 days, and a further
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decrease to 67 hin infants between 1 and 12 months
of age.

The elimnacion rate, influenced by the patient’s
chimical status, renal (uncricn and gestational age, as
well as by the administration of other drugs or pH,
varies widely from one day to another. In a sample of
17 preterm nconates and five ferm neanates,
Kossmann and colleagues'™ recorded a half-life of
106 h after a single dose of 10 mg/kg, noting that,
during the first 7 days, eluninaton was variable,
becoming constant thereafter. They concluded that in
nconates the chmination of phenobarhital during rhe
fiest 15 davs of life daes not follow classical lincar
models, hut rather shows a biphasic curve. The rare of
eliminarion is slow during the first phase (4-3 days),
with o halt-Tife of 409 h and probably with zero-order
kinetics, and accelerates during the second phase
{7-15 days), the ehmination rate becoming faster and
showing a lincar relationship proportional to concen-
tranion (first-order kinctics). During the second phase,
the overall elunination constani is 0.0066.

The climination constants found by Royer and col-

leagues'™ in full-term, incrauterine growth-resericeed
(0,008 [-0.007 ml/h) and preterm neonatcs
(0.0063 m¥h]  were  higher  than  oonr  findings

(0.003 ml/h). The authors concluded thar full-term
and preterm aconaces coukld be given the same dase of
phencharbiral. Bareus and co-workers®® found climi-
nadion constanis ranging, from 0.0040 o 0.0133
{mean 0.0073) m four neonares and noted an inverse
relationship between plasma concenteration and renal
excretian. In contrast, the eliminarion constant found
by Gold and coileagues™ was closer to our value; the
halt-life in their group of ten nconates was 238 h.
Butler®! suggested thar hydroxylanion s the mast
important pathway tor the mactivavon of phenohar-
hatal, and showed thar almose half the p-hydroxy-

phenobarbiral recuvered o urine was uncenjugated.
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