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Abstract

Phenabarbital inhibits seizures by potentiation of synaptic inhibition through an action on the GABAA receptor.
Phenabarbital is an effective agent for generalized tonic-clonic focal-to-bilateral tonic-clonic and focal seizures.
Phenaobarbital may be administered orally or intravenously and following oral dosing phenobarbital is completely
absorbed. In infants, seizures are controlled by an intravenous loading dose of 20 mg/kg followed by a maintenance dose
of 4 mg/kg once-daily. In children, the treatment of all forms of epilepsy, except for typical absence seizures, consists in
an oral phenobarbital and the status epilepticus is treated with intravenous phenobarbital and treatments consist in a
loading dose followed by a maintenance dose. Phenobarbital induces several CYPs, UGT1AL, and CYP2B and CYP3A
genes. In newborns and children, the elimination half-life is 46.9 hours and the distribution volume is 0.49 L/kg. In
children with severe falciparum malaria and convulsions, the distribution volume is 0.79 L/kg. The treatment and trials
with phenobarbital have been studied and phenobarbital interacts with drugs. Phenobarbital is transported into the human
brain where reaches therapeutic concentrations and phenobarbital freely crosses the human placenta. Following
therapeutic treatment with phenobarbital to lactating women, the concentrations of phenobarbital in the breast-milk are
few pg/ml suggesting that phenobarbital poorly migrates into the breast-milk. The aim of this study is to review the
published data of phenobarbital dosing, pharmacokinetics, treatment, and trials in infants and children, and the
phenobarbital metabolism, phenobarbital transport in the human brain, placental transfer of phenobarbital, and
phenobarbital migration into the breast-milk.

Key words: phenobarbital; metabolism; pharmacokinetics treatment; trials; human brain; human placenta; breast-
milk; infants, children

Running title: Phenobarbital in infants and children.

Introduction Therapeutic use of phenobarbital

Phenobarbital was the first effective organic antiseizure agent. It has

relatively low toxicity, is inexpensive, and is still one of the more effective
and widely used antiseizure drugs [1].

Mechanism of phenobarbital action

The mechanism by which phenobarbital inhibits seizures likely involve
potentiation of synaptic inhibition through an action on the GABAA
receptor. Phenobarbital enhances responses to iontophoretically applied
GABA in mouse cortical and spinal neurons, effects that are observed at
therapeutically relevant concentrations of phenobarbital; in patch-clamp
studies, phenobarbital increases the GABAA receptor-mediated current by
increasing the duration of bursts of GABAA receptor-mediated currents
without changing the frequency of bursts. At levels exceeding therapeutic
concentrations, phenobarbital also limits its sustained repetitive firing;
this may underline some of the antiseizure effects of higher concentrations
of phenobarbital achieved during therapy of status epilepticus [1].
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Phenobarbital is an effective agent for generalized tonic-clonic focal-to-
bilateral tonic-clonic, tonic-clonic of unknown onset (generalized tonic-
clonic), and focal seizures. Its efficacy, low toxicity, and low cost make
it an important agent for these types of epilepsy. However, its sedative
effect and its tendency to disturb behaviour in children have reduced its
use as a primary agent. It is not effective for absence seizures [1].
Phenobarbital remains, over 100 years since it was the first introduced
into clinical practice, perhaps the most widely used anticonvulsant in
neonatology and it is still, for many, the first-line treatment for seizures
in cooled and non-cooled infants [2]. Phenobarbital may improve
outcomes in severely asphyxiated infants. Phenobarbital is administered
by an intravenous infusion at a dose of 40 mg/kg over 1 hour, prior to
onset of seizures. Phenobarbital may enhance the bile excretion in infants
with cholestasis before technetium %°m-image display and analysis
scanning. Phenobarbital is incompatible with: fat emulsion, hydralazine,
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hydrocortisone succinate, insulin, methadone, pancuronium, ranitidine,
and vancomycin [3].

Absorption, distribution, metabolism, and
elimination of phenobarbital

Oral absorption of phenobarbital is complete but somewhat slow; peak
concentrations in plasm occur several hours after a single dose. It is 40 to
60% bound to plasma proteins and bound to a similar extent in the tissues,
including brain. Up to 25% of a dose is eliminated by pH-dependent renal
excretion of the unchanged drug; the remainder is inactivated by hepatic
microsomal enzymes, principally CYP2C9, with minor metabolism by
CYP2C19 and CYP2EL. Phenobarbital induces UGT enzymes as well as
the CYP2C19 and CYP2EL subfamilies. Drug metabolized by these
enzymes can be more rapidly degraded when co-administered with
phenobarbital; importantly. Oral contraceptives are metabolized by
CYP3A4. The elimination half-life of phenobarbital varies widely, 50 to
140hours in adults and 40 to 70 hours in children younger than 5 years of
age, often longer in infants. Phenobarbital’s duration of effect usually
exceeds 6 to 12 hours in nontolerant patients [1].

Plasma concentrations of phenobarbital

During long-term therapy in adults, the plasma concentrations of
phenobarbital averages 10 pg/ml per daily dose of 1 mg/kg; in children,
the value is 5 to 7 pg/ml per 1 mg/kg. Although a precise relationship
between therapeutic results and concentration of drug in plasma does not
exist, plasma concentrations of 15 to 35 pg/ml are usually recommended
for control of seizures. The relationship between plasma concentration of
phenobarbital and adverse-effects varies in the development of tolerance.
Sedation, nystagmus, and ataxia usually are absent at concentrations
below 30 pg/ml during long-term therapy, but adverse-effects may be
apparent for several days at lower concentrations when therapy is initiated
or whenever the dosage is increased. Concentrations more than 60 pg/ml
may be associated with marked intoxication in the nontolerant individual.
Because significant behavioural toxicity may be present despite the
absence of overt signs of toxicity, the tendency to maintain patients,
particularly children, on excessively high doses of phenobarbital should
be resisted. The plasma phenobarbital concentrations should be increased
above 30 to 40 pg/ml only if the increment is adequately tolerated and
only if contributes significantly to control of seizures [1].
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Phenobarbital molecular structure (molecular weight = 232.235
grams/mole)

Literature Search

The literature search was performed electronically using PubMed
database as search engine and the following key words were used:
“phenobarbital dosing infants, children”, “phenobarbital metabolism”,
“phenobarbital pharmacokinetics infants, children”, ‘“phenobarbital
treatment infants, children”, “phenobarbital trials infants, children”,
“phenobarbital drug interactions”, “phenobarbital human brain”,

“phenobarbital placental transfer”, and “phenobarbital breast-milk”. In
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addition, the books: The Pharmacological Basis of Therapeutics [1],
Neonatal Formulary [2], NEOFAX® by Young and Mangum [3], and The
British National Formulary for Children [4] have been consulted.

Results

Administration schedules of phenobarbital to infants and
children

Administration to infants [2]

Give 20 mg/kg as a slow intravenous loading dose over 20 min to control
seizures (once any biochemical disturbance, such has hypoglycaemia, has
been excluded or treated) followed by 4 mg/kg once-daily by intravenous
or intramuscular injection or by mouth (when a higher dose may be
needed). Increase this to 5 mg/kg once-daily if treatment is needed for
more than 2 weeks. While higher loading dose have been used, these can
cause respiratory depression in the preterm infant and can cause
prolonged sedation in infants undergoing therapeutic hypothermia.

Administration to children [4]
Oral treatment of all forms of epilepsy except typical absence seizures

Children aged 1 month to 11 years. Give initially 1 to 1.5 mg/kg
twice-daily, and ten increase the dose in steps of 2 mg/kg daily as
required; the maintenance dose is 2.5 to 4 mg/kg once-daily or twice-
daily.

Children aged 12 to 17 years. Give: 60 to 180 mg once-daily.
Slow intravenous injection for the treatment of the status epilepticus

Children aged 1 month to 11 years. Give initially 20 mg/kg, the
dose should be administered at a rate no faster than 1 mg/min, and then
give 2.5 to 5 mg/kg once-daily or twice-daily.

Children aged 12 to 17 years. Give initially 20 mg/kg (maximum
dose = 1 gram), the dose should be administered at a rate no faster than 1
mg/min, and then 300 mg twice-daily.

Induction of CYPs and UGTs by phenobarbital

A distal gene fragment, of about 2000 kb in CYP2B1, CYP2B2, and
CYP2B10, has been shown to be a phenobarbital-responsive enhancer
independent of proximal promoter elements. This fragment contains
several binding sites for proteins and several functional elements,
including an NF-1 site, and, therefore, has been designated as a
phenobarbital-responsive  unit [5]. Patients co-medicated with
phenobarbital had significantly lower plasma clozapine levels than those
of the controls (232+104 versus 356+138 ng/ml, P-value < 0.05). Plasma
norclozapine levels did not differ between the two groups (195+91 versus
172+61 ng/ml), whereas clozapine N-oxide levels were significantly
higher in the phenobarbital group (115+49 versus 53+31 ng/ml, P-value
< 0.01). Norclozapine/clozapine and clozapine N-oxide/clozapine ratios
were also significantly higher (P-value < 0.001) in patients co-medicated
with phenobarbital. These findings suggest that phenobarbital stimulates
the metabolism of clozapine, probably by inducing its N-oxidation and
demethylation pathways [6]. Phenobarbital may activate multiple nuclear
orphan receptors to induce various CYP genes. CYP2B and CYP3A genes
appear to be targets for the orphan receptors CAR and PXR, respectively.
It is also possible that the pleiotropic effects of phenobarbital can, in part,
be explained by the ability of the CAR-RXR heterodimer to bind to a
variety of nuclear receptor binding motifs [7]. Human liver slices display
the same region specificity of CYP2B6, CYP2C9, and CYP3A4
expression as intact liver. CYP2B6 and CYP3A4 mRNA, apoprotein, and
enzyme-related activities were induced by phenobarbital and
cyclophosphamide, whereas CYP2C9 apoprotein was not [8]. In the
layered co-cultured HepG2, expression of the CYP2C and CYP3A family
genes was induced by phenobarbital treatment [9]. The UDP-
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glucuronosyltransferase, UGT1AL, is the critical enzyme responsible for
detoxification of the potentially neurotoxic bilirubin by conjugating it
with glucuronic acid. Phenobarbital treatment for hyperbilirubinemia
increases the expression of the UGT1Al gene in human liver [10].
Patients treated with the phenobarbital had 3-fold higher activity of UGT
towards bilirubin and 2-fold higher towards 4-methylumbelliferone and
1-naphthol [11]. Induction studies using human hepatocytes treated for 48
hours with 2 mmol/L revealed induction of UGT1A1 [12].

Copy rights@ Gian Maria Pacifici et.al.

Pharmacokinetics of phenobarbital in newborns and
infants maintained on extracorporeal membrane
oxygenation with phenobarbital

Pokorné et al. [13] studied the pharmacokinetics of phenobarbital in 7
newborns and 9 infants. Table 1 summarizes the demographic
characteristics of subjects included in the study, table 2 shows the
administration schedules of phenobarbital, and table 3 provides the
pharmacokinetic parameters of phenobarbital.

Parameter | Median | Interquartile range
Newborns (N =7)

Body-weight (kg) 3.5 3.0-3.48
Height (cm) 49 48 -51
Serum creatine concentration (umol/L) 58 41 -89
ECMO duration (days) 6 6-10

Infants (N = 9)

Body-weight (kg) 8.0 6.1-13.0
Height (cm) 77 64 -90
Serum creatine concentration (umol/L) 28 23-34
ECMO duration (days) 16 10-19

All subjects (N = 16)

Body-weight (kg) 5.2 3.5-8.0
Height (cm) 60 5077
Serum creatine concentration (umol/L) 33 25-64
ECMO duration (days) 11 616

ECMO = extracorporeal membrane oxygenation.

Table 1. Demographic characteristics of the newborns and infants included in the study, by Pokorna et al. [13].

Phenobarbital serum concentration 10to 40 mg/L | <10 mg/L | >40 mg/L
(A) Measured LD (6 — 27 mg/kg) 8 (50.0) 6 (37) 2 (12.5)
MD (2 - 23 mg/kg daily 10 (62.5) 0 (0.0 6 (37.5)
(B) Simulated LD (15 mg/kg) 11 (68.7) 0 (0.0 5(31.2)
MD (4 mg/kg daily) 14 (87.5) 0 (0.0 2 (12.5)

Table 2. (A) Proportion of subjects, N (%), with measured phenobarbital serum concentrations after the administration of loading dose (LD) and
maintenance dose (MD) in (10 to 40 mg/L), under (< 10 mg/L) and above (> 40 mg/L) the therapeutic range. (B) Proportion of patients, N (%) with
simulated phenobarbital serum concentrations after simulated administration of optimal LD (15 mg/kg) and MD (4 mg/kg daily) in (10 to 40 mg/L,

under (< 10 mg/L) and above (> 40 mg/L) the therapeutic range, by Pokorna et al. [13].

Parameter | Mean | +SD | Median [ Interquartile range
Newborns (N = 7)

Distribution volume (L) 1.60 | +0.98 1.20 0.99 - 2.31
Distribution volume (L/kg) 0.46 | +0.24 0.46 0.32 - 0.64
Total body clearance (ml/h) 264 | +12.9 20.0 17.4-33.0

Total body clearance (ml/h/kg) | 8.01 | +4.5 6.5 52-9.3

Elimination half-life (h) 46.1 | +27.7 48.0 30.7 -51.7

Infants (N = 9)

Distribution volume (L) 553 | +354 | 4.10 3.20-7.94
Distribution volume (L/kg) 0.56 | +0.23 0.58 0.40-0.80
Total body clearance (ml/h) 80.9 | +45.2 68.4 48.0 — 108

Total body clearance (ml/h/kg) | 8.5 +3.1 8.1 6.0-9.8

Elimination half-life (h) 475 | +18.0 44.4 31.6 —66.5

All subjects (N = 16

Distribution volume (L) 3.81 | +3.33 3.01 1.20-4.36
Distribution volume (L/kg) 0.49 | +0.26 0.46 0.34-0.75
Total body clearance (ml/h) 57.0 | +44.0 44.9 224-713

Total body clearance (ml/h/kg) | 7.8 +41 6.8 54-9.8

Elimination half-life (h) 46.9 | +21.9 46.2 31.5-575

Table 3. Pharmacokinetic parameters of phenobarbital which are obtained in 7 newborns and 9 infants, by Pokorna et al. [13].
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This table shows that the pharmacokinetic parameters obtained in
newborns are not significantly different from those obtained in infants
probably because the wide variability of the pharmacokinetic parameters.

Shellhaas et al. [14] investigated the pharmacokinetics of phenobarbital
in 39 infants with neonatal encephalopathy. Twenty infants had
hypothermia and 19 infants were normthermic. Table 4 summarizes the

Copy rights@ Gian Maria Pacifici et.al.

demographic characteristics of infants included in the study and table 5
shows the pharmacokinetics of phenobarbital obtained in these infants.
Phenobarbital was administered as a loading dose followed by a
maintenance dose. After loading phenobarbital doses of up 35 mg/kg,
seven infants were treated with 2.5 mg/kg maintenance dosing twice-
daily, while the remaining infants received 1.5 mg/kg maintenance dosing

twice-daily.
Parameter Hypothermia (N =20 | Normothermia P-value
Male 14 (70%) 10 (53%) 0.27*
Female 6 (30%) 9 (47%)

Gestational age (weeks) 39.5+1.7 38.7+1.8 0.16**

Birth-weight (grams) 3,493+578 3,450+670 0.83**

5 minute Apgar 3;2 4;2 0.60**
Temperature °C 34.9+1.7 36.8+0.49 < 0.0001**

*Chi-square test. **Two-tailed two sample t-test.

Table 4. Demographic characteristics of the infants included in the study. Figures are the mean+SD, by Shellhaas et al. [14].

Original data set 1,000 Bootstrap replicates
Parameter Estimate | SEM | Mean | 95% CI
Structural model
Total body clearance (L/h) 0.672 0.177 | 0.665 0.388 — 0.958
Distribution volume (L) 64.9 2.05 64.7 58.3-72.6
Interindividual variability
o Total body clearance 0.175 0.0616 | 0.180 | 0.0175-0.469
o? Distribution volume --- --- -
Covariate model
Effect of body-weight on total body clearance | 0.75 (Fixed)
Effect of postnatal age on 221 8.50 21.6 8.61-36.5
Total body clearance
Effect of body-weight on 1.0 (Fixed)
Distribution volume
Residual variability
Proportional error 0.197 0.0194 | 0.187 0.101 - 0.258
Additive error 6.12 0.830 | 5.60 1.19-0.258

SEM = standard error of the mean. CI = confidence interval.

Table 5. Pharmacokinetic parameters which are obtained in 39 infants, by Shellhaas et al. [14].

This table shows that the distribution volume is larger than the water
volume and there is a remarkable interindividual variability of the total
body clearance and the distribution volume. The comparison of the total
body clearance and the distribution volume, obtained in these infants,
with those obtained in infants maintained on extracorporeal membrane
oxygenation (see table 3) is difficult because of the different diseases in
these infants and the different expression units of pharmacokinetic
parameters.

Pharmacokinetics of phenobarbital in children with severe
falciparum malaria and convulsions

Kokwaro et al. [15] studied the pharmacokinetics of phenobarbital in 12
children, aged 7 to 62 months, with severe falciparum malaria and
convulsions. Phenobarbital was administered as a loading dose followed
by a maintenance dose. The intravenous loading dose was 15 mg/kg
followed by a maintenance dose of 5 mg/kg 24 and 48 hours later.

Parameter

Number of children

Mean (95% CI) or median (range)*

Total body clearance (ml/h/kg)

8.8(44-173)

Distribution volume at steady-state (L/kg)

0.79 (0.67  0.90)

AUCo- (ug/ml*h)

4,259 (3,169 — 5,448)

Unbound fraction

0.48 (0.40 _ 0.56)

CSF to plasma phenobarbital ratio

0.66 (0.54 —0.78)

*Peak concentration (pg/ml)

199 (179-279

*Tmax (h)

-
o|oo|~|E |||

0.33 (0.33_ 2.0)

CI = confidence interval. Tmax = time to reach the peak concentration. CSF = cerebrospinal fluid.

Table 6. Pharmacokinetic parameters of phenobarbital which are obtained in 12 children with severe falciparum malaria and convulsions, by
Kokwaro et al. [15].

This tale shows that the distribution volume is similar to the water
volume, phenobarbital is transported into the cerebrospinal fluid in
significant amounts, and there is a remarkable interindividual variability
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in the pharmacokinetic parameter. The comparison of total body
clearance and distribution volume with those obtained in infants (for
infants see tables 3 and 5) is difficult because of the different diseases in
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infants and children and the different units of expression the
pharmacokinetic parameters.

Treatment of infants and children with phenobarbital

Among infants with neonatal opioid withdrawal syndrome receiving
morphine and secondary therapy, those treated with phenobarbital, had
shorter length of hospital stay and shorter morphine treatment duration
[16]. Intravenous administered phenobarbital controls seizures in 77% of
both term and preterm newborns [17]. The mortality-rate caused by
intracerebral haemorrhage in infants is significantly lower in the
phenobarbital-treated group (8.0%) than in the control group (84.8%, P-
value < 0.05). These results suggest that antenatal phenobarbital
administration results in a decrease of mortality and the severity of
intracerebral haemorrhage in the preterm infants [18]. A mean
intravenous or intramuscular loading dose of 15 mg/kg of phenobarbital
safely achieved therapeutic levels within 2 hours of injection and high
therapeutic levels were maintained with a dose of 6 mg/kg once-daily and
this treatment controls convulsions in infants [19]. A loading intravenous
administration of 15 to 20 mg/kg of phenobarbital followed by a
maintenance dose of 5 mg/kg once-daily controls seizures in infants [20].
Prenatal phenobarbital is a practical, effective, and safe method for
decreasing the incidence of neonatal hyperbilirubinemia [21].
Phenobarbital therapy for the management of seizures in infants and
children might be associated with poisoning. Although supportive and
symptomatic treatments are available for phenobarbital overdose, it
should be administered with caution, using drug monitoring to avoid
toxicity [22]. Phenobarbital is still the most cost-effective pharmacologic
treatment for epilepsy and phenobarbital controls seizures in infants and
children [23]. Phenobarbital controls seizure in infants and children aged
2 months to 6.5 years [24].

Trials with phenobarbital conducted in infants and
children

Phenobarbital is more effective than levetiracetam for the treatment of
neonatal seizures [25]. Levetiracetam achieves better control than
phenobarbitone for neonatal seizures when used as first-line antiepileptic
drug and is not associated with adverse drug reactions [26]. Phenobarbital
is associated with more adverse-effects than levetiracetam and the two
drugs were equally but incompletely effective in treating
electrographically confirmed seizures in neonates following cardiac
surgery [27]. The significant difference (P-value < 0.02) in the incidence
of recurrent seizures between children receiving phenobarbital (5.1%) and
those receiving placebo (25.0%) suggests that a single daily dose of
phenobarbital is effective in controlling febrile seizure in children [28].

Interaction of phenobarbital with drugs

Phenobarbital has a great impact on the pharmacokinetics of tacrolimus
over time in paediatric and adult patients. Phenobarbital can reduce the
pharmacokinetic parameters of tacrolimus more effectively than
intravenous phenobarbital [29]. After discontinuation of phenobarbital
effective tacrolimus trough levels are increased [30]. Phenobarbital leads
to a remarkable reduction in the plasma concentration of dolutegravir in
a dose-dependent manner [31]. Phenobarbital co-administration with
midazolam significantly increased midazolam clearance [32]. Tipranavir-
ritonavir is a substrate of CYP3A4 and phenobarbital is an inductor of this
CYP and phenobarbital decreases the plasma concentration of tipranavir-
ritonavir [33]. Phenobarbital reduces the plasma concentration of
chloramphenicol [34]. Phenobarbital lowers the plasma concentration of
warfarin and reduces the half-life of warfarin [35]. Phenobarbital
decreases the plasma concentration of warfarin antagonising the
anticoagulant effect of warfarin [36].

Transport of phenobarbital into the human brain
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In 10 patients, a significant correlation is found between brain and plasma
of phenobarbital concentrations and the mean brain to plasma
phenobarbital ratio is 0.91+0.08 [37]. In 12 epileptic patients undergoing
temporal lobectomy, a significant correlation (P-value < 0.01) is found
between the phenobarbital concentration in brain and plasma and the brain
to plasma concentration ratio of phenobarbital is 0.46+0.12 [38]. A good
correlation was found between the plasma and brain concentrations of
phenobarbital. Similarly, a good correlation was found between the
plasma and cerebrospinal fluid concentrations of phenobarbital [39]. A
significant correlation is found between the concentrations of
phenobarbital in the brain, plasma, and cerebrospinal fluid in 12 surgically
treated epileptic patients. Phenobarbital is uniformly distributed in
different brain areas [40]. In 30 preterm newborns, a comparison of
cerebrospinal fluid and serum concentrations of phenobarbital indicates
that the drug passage of phenobarbital into the cerebrospinal fluid is rapid
and depends on a brain lesion [41].

Transfer of phenobarbital across the human placenta

The placental transfer of phenobarbital was investigated in 35 mother-
infant pairs at birth. The drug was administered prenatally to the mothers
for maternal epilepsy (group A, N = 5), gestational hypertension and
preeclampsia (group B, N = 20) and prophylaxis of intraventricular
haemorrhage in premature deliveries (group C, N = 10). The
phenobarbital levels in arterial cord blood were 100+2.8% in group A,
89+21% in group B and 77+16% in group C with respect to the levels
observed in the mothers. The most important factor influencing the
transplacental passage was the duration of maternal treatment in the infant
of group A (r = 0.80, P-value < 0.01), the gestational age in the infants of
group B (r = 0.74, P-value < 0.01) and the arterial cord pH in the infants
of group C (r = 0.89, P-value < 0.001) [42]. In six term newborn infants
born to epileptic mothers, the cord-to-maternal concentration ratio of
phenobarbital is 0.97+0.04 and the elimination half-life of phenobarbital
in infant plasma is 74+8.8 hours [43]. Fourteen epileptic mothers were
treated with primidone and the concentration of phenobarbital, a
primidone metabolite, equilibrated in the umbilical cord and maternal
plasma [44].

Migration of phenobarbital into the breast-milk

In lactating women taking phenobarbital for 3 days, the average breast-
milk concentrations at 23 hours after the last dose are as follows: 90 mg
daily in 4 women, 0.85 pg/ml (range, 0.8 to 1.0); 150 mg daily in 2
women, 1.25 pg/ml (range, 1.0 to 1.5); 225 mg daily in 2 women, 5.2
pg/ml (range, 2.7 to 5.0). The breast-milk phenobarbital concentrations
are fairly constant during the day, averaging from 5.6 to 6.0 pg/ml at 9
am, 10 am and 8 pm in one lactating woman between days 3 and 7
postpartum. In the others, the phenobarbital concentrations averages to
7.3, 7.8, and 8.8 pg/ml at 6 am, 10 am and 8 pm, respectively, between
days 5 and 11 postpartum [45]. A breast-milk phenobarbital concentration
of 2.7 pg/ml is found 16 hours after the last dose in a lactating mother
taking 30 mg of phenobarbital 4 times-daily from 3.5 to 6 days postpartum
[46]. Eight phenobarbital breast-milk concentrations were measured
between the days 3 and 32 postpartum at unstated times after the dose in
an unstated number of nursing women who were taking phenobarbital and
other anticonvulsants in unstated dosages. Phenobarbital breast-milk
concentration averages to 10.4 pg/ml (range, 0.5 to 33), while the
maternal serum concentration averages to 19.3 pg/ml [47]. Breast-milk
samples were obtained during the first week postpartum from 4 lactating
women who were taking phenobarbital. Their phenobarbital dosages
ranged from 30 to 150 mg daily in 3 divided doses and the breast-milk
samples were obtained 2 to 3 hours after the dose. Breast-milk
concentration of phenobarbital ranged from 4.5 pg/ml in a woman taking
30 mg daily of phenobarbital to 7.6 pg/ml in a woman taking 150 mg
daily. Phenobarbital concentration in breast-milk is less than that in
simultaneous maternal serum samples in all cases [48].
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Discussion

Phenobarbital inhibits seizures by potentiation of synaptic inhibition
through an action on GABAA. In patch-clamp studies, phenobarbital
increase the GABAA receptor-mediated current by increasing the duration
of burst of GABAA. Phenobarbital treats generalized tonic-clonic focal-
to-bilateral tonic-clonic and focal seizures. Phenobarbital may be
administered orally or intravenously, the oral absorption is complete, and
peak plasma concentration occurs several hours after an oral dose [1]. In
infants, the seizures are controlled with phenobarbital intravenous loading
dose of 20 mg/kg followed by a maintenance dose of 4 mg/kg once-daily
[2]. In children, all forms of epilepsy, except for typical absence seizures,
are treated with oral phenobarbital and the status epilepticus is treated
with intravenous phenobarbital, treatments consist in a loading dose
followed by a maintenance dose, and phenobarbital dose increases with
child age [4]. Phenobarbital induces several forms of CYPs and UGT1A
and CYP2B and CYP3A genes [5-12]. Phenobarbital induces CYP2B1,
CYP2B2, and CYP2B2 [5], phenobarbital induces the metabolism of
clozapine increasing the formation-rate of N-oxide clozapine and
demethylation pathway [6], and phenobarbital induces CYP2B and
CYP3A genes [7]. In human liver slices, phenobarbital induces CYP2B6
and CYP3A4 mRNA and apoprotein [8]. In co-cultured HepG2,
phenobarbital induces the expression of CYP2C and CYP3A family genes
[9], and phenobarbital induces UGT1A1 [10-12]. The pharmacokinetics
of phenobarbital have been studied in newborns and infant; the
elimination half-life, the total body clearance, and the distribution volume
of phenobarbital are about 47 hours, 57 ml/h, and about 0.5 L/kg,
respectively [13]. In children with neonatal encephalopathy, the total
body clearance and the distribution volume are 0.672 L/h and 64.9 L,
respectively [14]. In children with severe falciparum malaria and
convulsions, the total body clearance and the distribution volume are 8.8
ml/h/kg and 0.79 L/kg, respectively [15]. The comparison of the total
body clearance and the distribution volume between infants and children
is difficult because of the different diseases in infants and children and the
different units of expression the pharmacokinetic parameters. The
treatment of infants and children with phenobarbital has been extensively
studied [16-24]. Phenobarbital treats the opioid withdrawal syndrome in
newborns and this treatment provides a shorter hospitalization duration
and shorter morphine treatment duration [16], intravenous phenobarbital
controls seizures in the majority of newborns [17], and phenobarbital
decreases the mortality-rate in preterm infants with intracerebral
haemorrhage [18]. A phenobarbital loading dose of 15 mg/kg followed by
a maintenance dose of 6 mg/kg once-daily controls convulsions in infants
[19], an intravenous loading dose of phenobarbital of 15 to 20 mg/kg
followed by a maintenance dose of 5 mg/kg once-daily controls seizures
in infants [20], and phenobarbital decreases the incidence of neonatal
hyperbilirubinemia [21]. Phenobarbital manages seizures in infants and
children but phenobarbital my causes poisoning and phenobarbital should
be administered with caution to avoid toxicity [22], phenobarbital
controls the seizures in infants and children [23, 24]. The trials with
phenobarbital have been conducted in infants and children [25-28].
Phenobarbital is more effective than levetiracetam for the control of
neonatal seizures [25], in contrast with this finding, levetiracetam may
control neonatal seizures more effectively than phenobarbital [26, 27],
and phenobarbital is more effective than placebo in the control of febrile
seizures in children [29]. The interaction of phenobarbital with drugs has
been extensively reported [29-36]. Phenobarbital reduces the
pharmacokinetic parameters of tacrolimus [29, 30], increases the
midazolam clearance [30], reduces the plasma concentration of
dolutegravir in a dose-dependent manner [31], phenobarbital increases the
midazolam clearance [32], induces the CYP3A4 and this enzyme
metabolizes tipranavir-ritonavir thus phenobarbital decreases the plasma
concentration of tipranavir-ritonavir [33], phenobarbital reduces the
plasma concentration of chloramphenicol [34], and lowers the plasma
concentration of warfarin antagonising the anticoagulant effect of
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warfarin [35, 36]. The transport of phenobarbital into the human brain has
been extensively studied [37-41]. The brain to plasma phenobarbital ratio
is 0.91+0.08 [37], and it is 0.46+0.12 [38], a good correlation has been
found between the plasma and brain [39, 40], phenobarbital is rapidly and
uniformly transported into the brain [40], and the transport of
phenobarbital into the newborn brain occurs rapidly and depends on brain
lesion [41]. These results indicate that phenobarbital is transported into
the human brain rapidly and the brain concentration of phenobarbital in
brain equilibrates with that in plasma. Phenobarbital freely crosses the
human placenta; the major factors influencing the transfer-rate of
phenobarbital are the duration of maternal treatment, the gestational age,
and the pH in the arterial umbilical cord [42], the umbilical cord to
maternal concentration ratio of phenobarbital is 0.97+0.04 [43], and
phenobarbital equilibrates between umbilical cord and maternal plasma
[44]. These findings suggest that phenobarbital freely crosses the human
placenta. The migration of phenobarbital into the breast-milk has been
extensively studied [45-48]. Following therapeutic treatment with
phenobarbital to lactating mothers, phenobarbital achieves concentrations
of few pg/ml in the breast-milk indicating that phenobarbital poorly
migrates into the breast-milk, and the concentrations of phenobarbital in
the breast-milk are lower than the maternal ones [48].

In conclusion, phenobarbital is an effective gent for treatment of the
generalized tonic-clonic focal-to-bilateral tonic-clonic and focal seizures.
Phenobarbital may be administered orally of intravenously, and following
oral dosing, phenobarbital is complete absorbed. The treatment of infants
with seizures consists in an intravenous loading dose of 20 mg/kg
followed by a maintenance dose of 4 mg/kg once-daily. The treatment of
children with all forms of epilepsy, except for the typical absence
seizures, consists in oral phenobarbital and the status epilepticus is treated
with intravenous phenobarbital, and treatments consist in a loading dose
followed by a maintenance dose, and phenobarbital dosage varies
according to the child age. Phenobarbital induces different CYPs and
UGT1Al and CYP2B and CYP3A genes. The phenobarbital elimination
half-life is about 47 hours in infants and no results are available for
children. The treatment and trials with phenobarbital have been studied in
infants and children. Phenobarbital interacts with drugs. The transport of
phenobarbital into the human brain, the transfer of phenobarbital across
the human placenta, and the migration of phenobarbital into the breast-
milk have been extensively studied. The aim of this investigation is to
review the clinical pharmacology of phenobarbital in infants and children.
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