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Abstract

Propranolol is o nonselective  adrenergic receptor antagonist with equal affinity for f1 and B2 adrenergic receptors, lacks
intrinsic sympathomimetic activity, and does not block a receptors. Propranolol is absorbed following oral administration
and consists in two enantiomers, the (-) enantiomer is the active form and is cleared from the body more slowly than the
inactive (+) enantiomer. Much of propranolol is metabolized in the liver and the metabolites of propranolol are 4-
hydroxypropranolol, 5-hydroxypropanolol, N-desisopropranol, and propranolol B-D-glucuronide. The oral dose of
propranolol hydrochloride is 250 to 750 pg/kg thrice-daily in infants and in children it is 200 to 500 pg/kg thrice-daily or
4 times-daily. Propranolol has been found efficacy and safe in infants and children but may induce adverse-effects. The
elimination half-life of propranolol is about 15 hours in term and preterm infants and the distribution volume of
propranolol is larger than the water volume. Propranolol interacts with drugs. Halofenate, phenytoin, phenobarbitone,
rifampicin, and ethanol which affect the clearance of propranolol, and chlorpromazine and cimetidine inhibit the
metabolism of propranolol. The prophylaxis, treatment, and trials with propranolol have been extensively studied in
infants and children. Propranolol crosses the human placenta but it does not equilibrate between the maternal and foetal
compartment and migrates into the beast-milk. The aim of this study is to review the published of propranolol dosing,
efficacy and safety, effects, adverse-effects, metabolism, pharmacokinetics, interaction with drugs, prophylaxis, treatment
and trials in infants and children and propranolol transfer across the human placenta and migration into the beast-milk.

Key words: propranolol; dosing; efficacy; safety; effects; adverse-effects; metabolism; pharmacokinetics; drug-
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Introduction

The B adrenergic receptor antagonists are classified as non-subtype-
selective (“first generation”) B selective (“second generation”), and non-
subtype- or subtype-selective with additional cardiovascular action
(“third generation”). These last drugs have additional cardiovascular
properties (especially vasodilation) that seem unrelated to B blockage.
Propranolol is a nonselective 3 adrenergic receptor antagonist with equal
affinity for PB1 and P2 adrenergic receptors, lacks intrinsic
sympathomimetic activity, and does not block a receptors. Propranolol
has membrane stabilizing activity, low lipid solubility, the extent of oral
absorption is < 90%, the oral bioavailability is 30%, and it is bound to
plasma protein to 90%.

Absorption distribution metabolism and excretion of
propranolol

Propranolol is highly lipophilic and almost completely absorbed after oral
administration. Much of the drug is metabolized by the liver during its
first passage through the portal circulation and only about 25% reaches

Auctores Publishing — Volume 3(3)-037 www.auctoresonline.org
ISSN: 2768-0487

the systemic circulation. In addition, there is great interindividual
variation in the presystemic clearance of propranolol by the liver; this
contributes to enormous variability in plasma concentrations (about 20-
fold) after oral administration of the drug and to the wide dosage range
for clinical efficacy. The degree of hepatic extraction of propranolol
declines as the dose increases. The bioavailability of propranolol may be
increased by the concomitant ingestion of food during long-term
administration of the drug. Propranolol readily enters the central nervous
system. Approximately 90% of the drug in the circulation is bound to
plasma proteins. It is extensively metabolized, with most metabolites
appearing in the urine. One product of hepatic metabolism is 4-
hydroxypropanolol which has some B adrenergic antagonist activity.
Analysis of the distribution of propranolol, its clearance by the liver, and
its activity is complicated by the stereospecificity of these processes. The
(-) enantiomer of propranolol is the active form and it is cleared more
slowly from the body than the inactive enantiomer. The clearance of
propranolol may vary with the hepatic blood flow and liver disease and
also may change during the administration of other drugs that affect the
hepatic metabolism. For the treatment of hypertension and angina, the
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initial oral dose of propranolol generally is 40 to 80 mg daily in adults.
For the treatment of angina, the dose may be increased at intervals of less
than 1 week as indicated clinically. In hypertension, the full blood
pressure response may not develop for several weeks. Propranolol may
be administered intravenously for the management of life-threatening
arrhythmias or to patients under anaesthesia. Under these circumstances,
the usual dose is 1 to 3 mg, administered slowly with careful and frequent
monitoring of blood pressure, electrocardiogram, and cardiac function. If
bradycardia is excessive, atropine should be administered to increase
heart rate. A change to oral therapy should be initiated as soon as possible

(1.

Propranolol hydrochloride molecular structure (molecular weight =

259.34 grams/mole)
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4-Hydroxypropranolol hydrochloride molecular structure (molecular
weight = 311.80 grams/mole)

Literature search

The literature search was performed electronically using PubMed
database as search engine and the following key words were used:
“propranolol dosing infants, children®, propranolol efficacy, safety
infants, children”, “propranolol effects infants, children”, Propranolol
adverse effects infants, children”, “propranolol metabolism”,
“propranolol pharmacokinetics infants, children”, “propranolol drug
interactions”, “propranolol prophylaxis infants, children”, “propranolol
treatment infants, children”, “propranolol trials infants, children”,
“propranolol placental transfer”, and “propranolol migration into the
breast-milk”. In 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] were
consulted.

Results

Administration schedules of propranolol hydrochloride to
infants and children

Administration of propranolol hydrochloride to infants [2].
Oral treatment of neonatal thyrotoxicosis
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Infants. Give: 250 to 750 pg/kg of propranolol hydrochloride thrice-daily
to control symptoms with 1 drop of Lugol iodine® trice-daily to control
the transient neonatal thyrotoxicosis.

Lugol iodine® is a British formulation.
Intravenous treatment of arrhythmia

Infants. Try 20 pg/kg by slow intravenous injection over 10 min with
electrocardiogram monitoring and increase this dose in step to cumulative
total of 100 pg/kg if necessary. Give the effective dose intravenous thrice-
daily for maintenance. The same strategy may also work for the “spells”
sometimes seen in severe Fallot tetralogy (with oxygen, morphine, and, if
necessary, sodium bicarbonate, to correct serious acidosis). For sustained
oral maintenance try 250 to 500 pg/kg thrice-daily, adjust the dose
according to response to a maximum of 4 mg/kg daily.

Oral treatment of neonatal hypertension

Infants. Start with 250 pg/kg thrice-daily together with hydralazine and
increase the dose if necessary to a maximum of 2 mg/kg per dose.

Oral treatment of infantile haemangioma

Infants. The target dose for treatment is 1 to 3 mg/kg daily in 3 divided
doses. Begin with the lowest possible dose and titrate upwards according
to the response; many haemangioma will respond to even small doses.
This is the best done under supervision especially in younger infants.

Propranolol is used for the treatment of tachycardia and hypertension. The
preferred therapy for supraventricular tachycardia when is associated with
Wolff-Parkinson-White syndrome. Other uses are the palliation of
tetralogy of Fallot and hypertrophic obstructive cardiomyopathy, and
adjunctive treatment of neonatal thyrotoxicosis. Propranolol is
incompatible with most cephalosporins and penicillins [3].

Administration of propranolol hydrochloride to children
Oral administration for hyperthyroidism with autonomic symptoms

Children. Give initially 200 to 500 pg/kg thrice-daily, adjust the dose
according to the response; increase the dose if necessary up to 1 mg/kg
thrice-daily (maximum dose = 40 mg thrice-daily).

Intravenous administration for
symptoms

hyperthyroidism with autonomic

Children. Give initially 20 to 50 pg/kg thrice-daily or 4 times-daily
(maximum per dose = 5 mg), adjust the dose according to the response,
to be given over 10 min.

Oral treatment of thyrotoxicosis

Children. Give initially 250 to 500 pg/kg thrice-daily, adjust the dose
according to the response; increase the dose if necessary up to 1 mg/kg
thrice-daily (maximum dose = 40 mg thrice-daily).

Intravenous treatment of thyrotoxicosis

Children. Give initially 25 to 50 pg/kg thrice-daily or 4 times-daily
(maximum per dose = 5 mg), adjust the dose according to the response,
to be given over 10 min.

Oral treatment of thyrotoxic crisis

Children. Give initially 250 to 500 pg/kg thrice-daily or 4 times-daily,
adjust the dose according to the response.

Intravenous treatment of thyrotoxic crisis

Children. Give initially 20 to 50 pg/kg thrice-daily or 4 times-daily
(maximum per dose = 5 mg), adjust the dose according to the response,
to be given over 10 min.
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Oral treatment of hypertension

Children aged 1 month to 11 years. Give initially 0.25 to 1 mg/kg thrice-
daily, and then increase the dose to 5 mg/kg in divided doses, the dose
should be increased at weekly intervals.

Children aged 12 to 17 years. Give initially 80 mg twice-daily, and then
increase the dose if necessary up to 160 to 320 mg daily, the dose should
be increased at weekly intervals, slow-release preparations may be used
for once-daily administration.

Oral prophylaxis of migraine

Children aged 2 to 11 years. Give initially 200 to 500 ug/kg twice-daily;
usual dose is 10 to 20 mg twice-daily (maximum per dose = 2 mg/kg
twice-daily).

Children aged 12 to 17 years. Give initially 20 to 40 mg twice-daily;
usual dose is 40 to 80 mg twice-daily (maximum per dose = 120 mg,
maximum dose = 4 mg/kg daily).

Oral treatment of arrhythmias

Children. Give: 250 to 500 pg/kg trice-daily or 4 times-daily (maximum
dose = 1 mg/kg 4 times-daily), adjust the dose according to the response
(maximum dose = 160 mg daily).

Intravenous treatment of arrhythmias

Children. Give: 25 to 50 pg/kg, and then 25 to 50 pg/kg thrice-daily or 4
times-daily if required, and the electrocardiogram monitoring is required.

Oral treatment of tetralogy of Fallot

Children aged 1 month to 11 years. Give 0.25 to 1 mg/kg thrice-daily
or 4 times-daily (maximum dose = 5 mg/kg daily).

Intravenous treatment of tetralogy of Fallot

Children aged 1 month to 11 years. Give initially 15 to 20 pg/kg
(maximum per dose = 100 pg/kg), higher doses are rarely necessary; and
then 15 to 20 pg/kg thrice-daily or 4 times-daily if required, the
electrocardiogram monitoring is required with the administration.

Efficacy and safety of propranolol in infants and children

Propranolol administered at a dose of 3.6 mg/kg daily is safe and
successfully treats infants with supraventricular arrhythmias [5].
Propranolol is well tolerated with minimal adverse-effects in children
with portal hypertension [6]. Propranolol is efficacy and safe in infants
younger than 5 weeks and older than 5 months with infantile
haemangioma [7]. Oral propranolol given at a dose of 2 mg/kg daily is a
safe and effective treatment for infantile haemangiomas [8]. Oral
propranolol administered at a dose of 2 mg/kg daily is well-tolerated and
is an effective treatment for infantile haemangiomas [9]. Oral propranolol
given at a dose of 3 mg/kg daily shows a consistent, rapid, and therapeutic
effect of superficial infantile haemangiomas without significant adverse-
effects [10]. Propranolol administered topically in 1% ointment has a
beneficial effect on superficial haemangiomas of the skin and the
treatment is well tolerated without adverse-effects [11]. Topical
propranolol is safer than oral propranolol though may be less effective.
Topical propranolol may be more suitable for infants with small
superficial haemangiomas [12].

Effects of propranolol in infants and children

Oral propranolol inhibits angiogenesis via down-regulating the
expression of vascular endothelial growth factor in infantile
haemangioma derived stem cell [13]. Early effects of propranolol are
attributable to vasoconstriction due to decreased release of nitric oxide
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and long-term effects are characterized by induction of apoptosis in
proliferating endothelial cells which results in tumour regression [14].
Oral propranolol is highly effective and safe in the treatment of periocular
capillary haemangiomas in infants [15]. Propranolol treatment improves
heart failure scores, shorts lengths of hospital stay, lowers plasma renin
activities, and corrects the diastolic ventricular function [16]. Propranolol
eliminates symptoms attributed to idiopathic hypertrophic subaortic
stenosis in all children and abolished hypoxemic spells in 12 of 17
(70.6%) children. Oral propranolol is an excellent drug for use in
paediatric patients with different types of cardiac disease [17].
Propranolol is able to cross the blood-brain-barrier and induces the
formation-rate of nitric oxide and/or H20z2 in the hypothalamus [18].

Adverse-effects caused by propranolol in infants and

children

When used on very preterm infants, propranolol hydrochloride may have
some temporary effects on the vital functions of these infants; however
no serious adverse-effects are detected that may affect the physical and
mental development in the long run [19]. Intolerable adverse-effects are
rare in infants with haemangioma who are treated with propranolol.
Predictive factors for intolerable adverse-effects include younger age and
lower body-weight [20]. Six of 35 infants (17.1%) who were treated with
oral propranolol underwent retinopathy of prematurity intervention, as
opposed to 14 of 36 (38.9%) control infants [21]. An 18 month old boy
presented caries in the upper central incisors following the use of
propranolol solution for the treatment of an infantile haemangioma [22].

Metabolism of propranolol in human liver microsomes

Propranolol is converted into 4-hydroxy-, 5-hydroxy-propranolol, and N-
desisopropranol whereas 7-hydroxypropranolol appears in trace amounts
[23]. The formation of propranolol 5-hydroxylation as well as 4-
hydroxylation is mainly catalysed by CYP2D6 and the formation of N-
desisopropranol is catalysed by CYP1A2 in human liver microsomes
[23].

HCI

5-Hydroxypropranolol Hydrochloride molecular structure (molecular
weight = 311.80 grams/mole)
NH,

HO

N-desisopropranol molecular structure (molecular weight = 217.26
grams/mole)
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Propranolol
4-Hydroxylation N-
Desisopropylation
Metabolic reaction of substrate | CYP isoform R S R S
Phenacetin O-deethylation CYP1A1/2 0.46 0.10 0.98** 0.77**
Desipramine 2-hydroxylation CYP2D6 0.85** | 0.98** 0.45 0.44
Tolbutamide hydroxylation CYP2C8/9 0.66* 0.46 0.51 0.45
S-mephenytoin 4’hydroxylation | CYP2C19 0.27 0.29 0.43 0.60*
Testosterone 6B-hydroxylation CYP3A 0.54 0.36 0.48 0.30

Table 1: Correlations between the catalytic activity of human microsomes with respect to the ring 4-hydroxylation and side-chain N-
desisopropylation of propranolol enantiomers and metabolic reactions of five selective substrates of distinct CYP isoforms, by Yoshimoto et al. [24].

P-value for correlation *P-value < 0.05. **P-value < 0.01.

This table shows that the side-chain N-desisopropylation of both
propranolol enantiomers is mediated mainly by the CYP1A subfamily and
to some extent by CYP2D6, whereas the ring 4-hydroxilation of the
enantiomers is mediated almost exclusively by CYP2D6. The
contribution of S-mephenytoin 4’-hydroxylase (CYP2C19) to the N-
desisopropylation of propranolol enantiomers appears to be of negligible
importance in human liver microsomes.

The glucuronidation of R- and S-propranolol is catalysed by at least 3
UGT isoforms: UGT1A9, UGT2B4 and UGT2B7. UGT1A9 shows
remarkable stereoselectivity in Vmax and CLint values of R-propranolol
< S-propranolol. These findings demonstrate that the human hepatic UGT
isoforms UGT1A9, UGT2B4 and UGT2B7 play distinctive roles in the
glucuronidation of enantiomeric propranolol [25].

HN./"“-\ r/""-» O

4-hydroxypropranolol $-D-glucuronide (molecular weight = 451.5
grams/mole)

Metabolism of propranolol in human subjects

The oral clearance of propranolol is significantly higher in men (65.7 +7.7
ml/min/kg) than in women (40.2+6.2 ml/min/kg), P-value < 0.02. This

sex difference is mainly attributable to a 137% higher clearance through
the P-450-mediated side-chain oxidation in the men (P-value < 0.001).
There is also a 52% higher clearance through glucuronidation in the men
(P-value < 0.02). In contrast, the clearance through the P-450-mediated
ring oxidation was not different between men and women. After
administration of intravenous dose of hexadeuterium-radioactive (0.1
mg/kg) to 11 subjects, there is no differences between men and women in
volume of distribution or elimination half-life. Moreover, there were no
sex differences binding of propranolol in plasma. Higher plasma levels of
propranolol occur in women than in men after oral dose and suggest that
some drug metabolizing enzymes are regulated by sex hormones in
human beings [26]. The absorption and metabolism of propranolol was
studied in human skin. Between 10.4+3.1% and 36.6+ 2.6% of the applied
dose is absorbed; however, only a small portion (between 4.1+ 0.9% and
16.1+1.3%) of the dose permeated through the skin. 4'-Hydroxypropranol
is formed during percutaneous absorption by skin microsomes and in
addition, the skin microsomes converts propranolol to N-desisopropranol.
The retention of some of the absorbed propranolol and metabolites in the
skin could explain the low plasma concentration and irritation observed
following topical application of propranolol [27].

Pharmacokinetics of propranolol in term and preterm
infants

Filippi et al. [28] studied the pharmacokinetics of propranolol in 36 term
and preterm infants who were suffering from congenital heart disease (N
= 1), hypertrophic obstructive cardiomyopathy (N = 2), supraventricular
tachycardia (N = 3), neonatal thyrotoxicosis (N = 4), Fallot tetralogy (N
= 5), infantile haemangioma (N = 15), and to control hypotension (N =
6). The infants had postmenstrual and postnatal ages of 27.8+4.0 weeks
and 66.5+20.1 days, respectively, and weighed 1,014+710 grams.
Propranolol was administered orally at a dose of 0.5 mg/kg 4 times-daily
to 28 infants and at a dose of 0.25 mg/kg 4 times-daily to 8 infants with
extremely low postmenstrual age.

Pharmacokinetic parameter | Infants treated with high dose (N = 28) | Infants treated with low dose (N = 8) | *P-value
Peak concentration (ng/ml) 71.7+29.8 33.9+19.1 0.006
Trough concentration (ng/ml) 42.2:20.8 18.3:10.5 0.011
Tmax (h) 2.6+0.9 2.3+0.8 0.519
AUCo-6h (ng*h/ml) 3654150 161+88.3 0.004
Average plasma conc. (ng/ml) 60.2_+25.0 26.9_+14.7 0.004
Elimination half-life (h) 14_914.3 15.9:6.1 0.667
TBCIF (mi/kg/min) 7 24139 3134133 0.524

Table 2: Pharmacokinetic parameters of propranolol which are obtained in 36 term and preterm infants. Figures are the mean+SD, by Filippi et al.
[28].

Tmax = time to reach the peak concentration. TBC/F = apparent total body oral clearance. F = oral bioavailability. *Student t test for umpired data.
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This table shows that all pharmacokinetics parameters of propranolol, except for the Tmax, the elimination half-life, and the apparent total body

clearance are different according to the two doses.

Postmenstrual age

Pharmacokinetic parameter 23 t0 26 weeks (N = 11) | 27 to 34 weeks (N =13) | 3510 42 weeks (N = 4)
Peak concentration (ng/ml) 72.1+27.8 73.1+36.3 65.3+12.7

Trough concentration (ng/ml) | 41.5+19.5 42.7+23.5 39.7+8.8

Tmax (h) 2.440.9 2.540.9 3.3+1.1

AUCo-6h (ng*h/ml) 369+142 366+182 344+41.5

Average plasma conc. (ng/ml) | 61.5+23.6 61.1+30.3 57.3+6.9

Elimination half-life (h) 13.8+3.9 15.745.1 15.5+0.7

TBC/F (ml/kg/min) 26.5+12.2 29.2+16.7 24.5+3.1

Table 3: Propranolol pharmacokinetic parameters which are obtained at the steady-state in 28 term infants who were treated with propranolol at a
dose of 0.5 mg/kg 4 times-daily. Data are compared according to the infant postmenstrual age. Figures are the mean+SD, by Filippi et al. [28].

Tmax = time to reach the peak concentration. TBC/F = apparent total body oral clearance. F = oral bioavailability.

This table shows that the pharmacokinetic parameters of propranolol are not different in the three groups of infants. The difference among groups was

tested by Analysis of variance (ANOVA).

Pharmacokinetic parameter Male infants (N = 16) | Female infants (N = 12) *P-value
Peak concentration (ng/ml) 75.9+36.3 66.2+18.8 0.449
Trough concentration | 47.2+23.8 34.9+11.1 0.147
(ng/ml)

Tmax (h) 2.6+1.0 2.6+1.0 0.970
AUCo-6h (ng*ml/h) 3924185 328+84.1 0.323
Average concentration | 65.4+30.8 54.8+14.0 0.323
(ng/ml)

Elimination half-life (h) 16.3+4.5 13.2+3.5 0.081
TBC/F (ml/kg/min) 27.6+16.5 25.2+12.7 0.711

Table 4: Pharmacokinetic parameters which are obtained at the steady-state in 28 infants treated with propranolol at a dose of 0.5 mg/kg 4 times-
daily. Data are compared according to the sex; figures are the mean+SD, by Filippi et al. [28].

Tmax = time to reach the peak concentration. TBC/F = apparent total
body oral clearance. F = oral bioavailability. *Student t test for umpired
data.

This table shows that the pharmacokinetic parameters of propranolol are
not different according to the sex.

Takechi et al. [29] investigated the pharmacokinetics of propranolol in 32

infants and young children (9 males and 23 females) suffering from
infantile haemangioma. Subjects had mean postmenstrual, postnatal ages,
and body-weight of 374 days (range, 317 to 437), 113 days (range, 53 to
150), and 6,115 grams (range, 3,150 to 8,710), respectively. Propranolol
was administered orally at an initial dose of 0.5 mg/kg twice-daily and
then the dose was increased to 3 mg/kg daily and the treatment lasted for
24 weeks.

Original data 1,000 Bootstrap sample data
Parameter Estimate (%RSE) % Shrinkage Median 95% CI
DV/F (L) 146 (26.8) NA 141 64.8 — 228
Ka (h'h) 1.03 fixed NA 1.03 fixed NA
Power AGE  for | 1 fixed NA 1 fixed NA
TBC/F
11V TBC/F (%) 75.9 (29.3) 5.9 75.5 50.7 -99.3
Proportional error (%) | 34.0 (11.9) 20.0 33.5 25.2-42.8
Pharmacodynamic
Baseline | -4.64 (12.6) [ NA | -5.02 | -8.20 to -3.89

Table 5: Pharmacokinetic parameters of propranolol which are obtained in 32 infants and young children, by Takechi et al. [29].

DV = apparent distribution volume. Ka = absorption rate constant. TBC
= apparent total body clearance. F = oral bioavailability. Power AGE for
TBC/F = power exponent of age for TBC/F. %RSE = %relative standard
error. Baseline indicates the intercept coefficient of logistic regression.
NA = not applicable.

This table shows that the distribution volume is larger than the water
volume, propranolol is rapidly absorbed following oral administration,
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and there is a remarkable interindividual variability of the total body
clearance. This variability is accounted by a wide variability in the
demographic characteristics of subjects enrolled in the study.

Interaction of propranolol with drugs

Blood concentration of lithium is increased when it is co-administered
with propranolol [30]. There is a correlation between in-vitro drug
dissolution and in-vivo plasma concentration of propranolol when it is co-
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administered with paracetamol [31]. The absorption, protein binding, and
metabolism of propranolol is affected by the co-administration of other
drugs. Halofenate, phenytoin, phenobarbitone, rifampicin and ethanol
affect the clearance of propranolol and chlorpromazine and cimetidine
inhibit the metabolism of propranolol [32]. Although the propranolol and
nifedipine alone are significantly more effective than placebo, their
combination provides an even greater improvement (P-value < 0.005)
[33]. The combination of 15 pg/L nifedipine with 150 pg/L of propranolol
decreases purine release by 53% (P-value < 0.005 versus nifedipine).
Propranolol and nifedipine have a synergistic effect on ischemic
myocardium [34]. The interaction of propranolol with lidocaine decreases
the cardiac output and the liver blood flow with a resultant reduction in
the rate of delivery of lidocaine to its major site of elimination in the liver
[35].

Prophylaxis with propranolol in infants and children

Prophylactic oral propranolol is effective in preventing severe retinopathy
of prematurity in premature infants [36]. Prophylaxis with propranolol is
efficacy in controlling the progression of retinopathy of prematurity in
preterm infants [37]. Prophylactic propranolol, in the prescribed dose of
1 mg/kg daily, shows a decreasing trend in all outcomes of retinopathy of
prematurity [38]. The use of propranolol prevents the occurrence of
cyanotic spells in preoperative infants with the tetralogy of Fallot [39].
Propranolol is useful for preventing the first and recurrent variceal
bleeding in cirrhotic children [40]. Topiramate and propranolol have the
same efficiency in preventing migraine headaches [41]. Prophylaxis with
propranolol reduces monthly headache frequency up to 3.73+6.11 and
3.34+45.95 after 4 and 8 weeks, respectively [42].

Treatment with propranolol in infants and children

Propranolol reduces the recurrence of supraventricular tachycardia in
70% of infants [43]. There is no difference in supraventricular tachycardia
recurrence in infants treated with digoxin or propranolol [44]. Propranolol
treatment, but not digoxin and diuretics alone, effectively reduce clinical
symptoms of heart failure in infants with congenital heart disease [45].
Propranolol is effective in treating hypoxemic spells in 80% of infants
with teratology of Fallot and the effectiveness is greater with large doses
of propranolol [46]. Propranolol treatment is safety and efficacy in
infantile haemangioma and a higher response-rate can be gained with
early treatment and a prolonged course of therapy [47]. Propranolol is a
useful and safe treatment option for severe or complicated infantile
haemangioma achieves a rapid and significant reduction in haemangioma
size, and no adverse-effects are observed [48]. Propranolol administered
at doses of 1.5 or 2 mg/kg daily, given in divided doses, with stepwise
escalation is safe and effective for treating proliferating infantile
haemangioma [49]. Propranolol administered orally at doses of 2 to 3
mg/kg daily has a consistent, rapid, and therapeutic effect, leading to
considerable shortening of the natural course of infantile haemangiomas
with good clinical tolerance [50].

Trials with propranolol in infants and children

Preterm newborns with retinopathy of prematurity, especially in stage 2
retinopathy of prematurity, were given oral propranolol and have a
reduced risk of disease progression [51]. Oral propranolol in early stages
of retinopathy of prematurity prevents the disease progression and
reduces the need for invasive rescue therapy with laser or bevacizumab
[52]. A trial showed that propranolol is effective at a dose of 3 mg/kg
daily for 6 months in the treatment of infantile haemangioma [53].
Propranolol administered orally at a dose of 2 mg/kg daily reduces the
volume, colour, and elevation of focal and segmental infantile
haemangioma in infants and children [54]. Propranolol is efficacious in
patients with infantile haemangioma. The most pronounced response is
seen in the first 8 weeks and in infants aged 6 months or younger. A
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decline in heart-rate > 20% is an early marker of response to propranolol
[55].

Transfer of propranolol across the human placenta

With recirculation of the fetal and maternal compartments propranolol
rapidly equilibrated in the two perfusion circuits at 35% of the initial level
in the maternal circuit [56]. The ratios of cord plasma to simultaneous
maternal plasma levels of propranolol and its major metabolites are:
propranolol  0.32+0.17, propranolol glucuronide 0.86+0.36, 4-
hydroxypropranolol 1.4+1.0, 4-hydroxypropranolol B-D-glucuronide
0.71+0.45, and naphthoxylactic acid 3.0+1.6 [57]. The maternal
concentration of propranolol is approximately four times that of the
umbilical circulation [58].

Migration of propranolol into the breast-milk

In a woman taking 10 mg thrice-daily of propranolol, the peak of
propranolol in the breast-milk is 30 pg/L at 2 hours after the dose [59].
Five postpartum women taking 40 mg twice-daily have average breast-
milk concentration of propranolol 30 pg/L at 2 hours after the dose [60].
The concentration of propranolol in the breast-milk is 110 to 120 pg/L in
two women 3 hours after an oral dose of 160 mg [61]. A hypertensive
woman was treated throughout pregnancy with propranolol 40 mg daily,
the breast-milk to plasma ratio is < 1, and the estimated daily intake of
propranolol in breast-milk by the infant is about 3 pg [62]. The breast-
milk to plasma ratio of propranolol in three lactating women ranges from
0.33to 1.65. The elimination half-life of propranolol in the breast-milk is
6.5+3.4 hours which is significantly longer than the elimination half-life
of propranolol in plasma which is 2.6+1.2 hours (P-value < 0.01) [63].

Discussion

Propranolol is o nonselective 3 adrenergic receptor antagonist with equal
affinity for B1 and B2 adrenergic receptors, lacks sympathomimetic
activity, and does not block a receptors. Propranolol may be administered
orally or intravenously, the oral absorption-rate is < 90%, and the oral
bioavailability is 30%. Propranolol consist in two enantiomers, the (-)
enantiomer is the active form and it is cleared from the body more slowly
than the inactive (+) enantiomer [1]. The oral dose of propranolol
hydrochloride is 250 to 750 pg/kg thrice-daily in infants [2], and in
children it varies with the disease to be treated and the usual dose is 250
to 500 pg/kg thrice-daily or 4 times-daily [4]. Propranolol has been found
efficacy and safe in infants and children [5-12]. Propranolol successfully
treats supraventricular arrhythmias in infants [5] and it is well tolerated
with minimal adverse-effect in children with portal hypertension [6]. Oral
propranolol, administered at a dose of 2 or 3 mg/kg, is efficacy and safe
in infants and children with infantile haemangioma [7-10] and topical
administration of propranolol is efficacy and safe for the treatment of
superficial infantile haemangiomas of the skin [11, 12]. Propranolol
exerts different effects in infants and children [13-18]. Oral propranolol
inhibits angiogenesis via down-regulating the expression of vascular
growth factors in infantine haemangioma [13]. Early effects of
propranolol are vasoconstriction due to decreased release of nitric oxide
and long-term effects are the induction of apoptosis in proliferating
endothelial cells and result in tumour regression [14]. Oral propranolol is
effective and safe in the treatment of periocular capillary infantile
haemangioma in infants [15], improves heart failure scores, shorts
hospitalization length, lowers plasma renin activity, and corrects diastolic
ventricular functions [16]. Propranolol successfully treats different types
of cardiac disease [17], and crosses the blood-brain-barrier and induces
the formation-rate of nitric oxide and/or H202 in the hypothalamus [18].
Propranolol induces adverse-effects in infants and children [19-22].
Propranolol may affect vital functions in infants although it does not
induce physical and mental adverse-effects in the long run [19].
Propranolol causes rare intolerable adverse-effects in infants with
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haemangioma and the younger age and lower body-weight are the
predictive factors which induce intolerable adverse-effects in infants [20].
Treatment with oral propranolol underwent retinopathy of prematurity in
infants [21] and induces dental caries in a young child [22]. Propranolol
is extensively metabolised into 4-hydroxy- and 5-hydroxy- propranolol
by CYP2D6, into N-desisopropranol by CYP1A2 [23], and 4-
hydroxypropranolol is glucuronidated by UGT1A9, UGT2B4 and
UGT2B7 [25]. CYP2D6 and UGT1A9 catalyse the two enantiomers of
propranolol at different rates. The clearance of propranolol is significantly
higher in men than in women and higher plasma concentration of
propranolol occurs in women than in men [26]. Propranolol is poorly
absorbed by the human skin and a small fraction of propranolol is
converted into 4-hydroxypropranolol by the skin [27]. The elimination
half-life of propranolol is about 15 hours in term and preterm infants, it is
not different in male and female infants [28], and the distribution volume
of propranolol is larger than the water volume [29]. Propranolol interacts
with drugs [30-35]. Propranolol increases the blood concentrations of
lithium [30], and paracetamol affects the dissolution-rate of propranolol
and the pharmacokinetics of propranolol [31]. Halofenate, phenytoin,
phenobarbitone, rifampicin and ethanol affect the clearance of
propranolol and chlorpromazine and cimetidine inhibit the metabolism of
propranolol [32]. The combination of propranolol and nifedipine has a
synergistic effect of nifedipine on ischemic myocardium [33, 34]. The
interaction of propranolol with lidocaine decreases the cardiac output and
the liver blood flow and also decreases the delivery of lidocaine to its
major site of elimination in the liver [35]. The prophylaxis with
propranolol has been studied in infants and children [36-42]. Propranolol
prevents [36] controls [37] and decreases [38] severe retinopathy of
prematurity in preterm infants. The prophylaxis with propranolol prevents
the occurrences of cyanotic spells in infants with the tetralogy of Fallot
[39] and propranolol prevents the first and recurrent varicella blending in
cirrhotic children [40]. Topiramate and propranolol similarly prevents
migraine headaches [41], and propranolol reduces the monthly headache
frequency [42]. The treatment with propranolol has been investigated in
infants and children [43-50]. Propranolol reduces the recurrences of
supraventricular tachycardia in infants [43]. Propranolol and digoxin have
similarly efficacy in treating supraventricular tachycardia in infants [44].
Propranolol treatment reduces the symptoms of heart failure in infants
with congenital heart disease [45], and treats hypoxemic spells in infants
with tetralogy of Fallot [46]. Propranolol treats infantile haemangioma; a
higher response-rate can be gained with early treatment and prolonged
course of therapy [47] and propranolol reduces infant haemangioma size
without producing adverse-effects [48]. Low dose of propranolol is safe
and effective for treating problematic proliferating infantile haemangioma
[49] and shorts the natural course of infantile haemangioma [50]. The
trials with propranolol have been studied in infants and children [51-55].
Propranolol reduces the progression of retinopathy of prematurity in
preterm infants [51]. Oral propranolol reduces the need for invasive
rescue therapy with laser or bevacizumab [52]. A treatment of 6 months
with 3 mg/kg propranolol treats infantile haemangioma [53]. Propranolol
given at a dose of 2 mg/kg reduces the volume, colour and elevation of
infantile haemangioma [54] and propranolol declines the heart-rate in
infants aged 6 months or younger [55]. The transfer of propranolol has
been studied in-vitro using the perfusion of the human placenta [56] and
in-vivo in pregnant women [57-58]. Propranolol crosses the human
placenta but the concentration of propranolol remains higher in the
maternal than foetal compartment. The migration of propranolol into the
breast-milk has been investigated in several occasions [59-63].
Propranolol migrates into the breast-milk in significant amounts, and the
elimination half-life of propranolol in the beast-milk is 2 to 3 times longer
than that in plasma [63]. A newborn infants born to lactating women
treated with 40 mg daily of propranolol receives about 3 pg daily of
propranolol [62].
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In conclusion, propranolol is o nonselective B adrenergic receptor
antagonist with equal affinity for 1 and P2 adrenergic receptors, lacks
intrinsic sympathomimetic activity, and does not block o receptors.
Propranolol may be administered orally or intravenously, the extent of
oral absorption is < 90%, and the oral bioavailability is 30%. Propranolol
consists in two enantiomers, the (-) enantiomer is the active form and is
cleared from the body more slowly than the inactive (+) enantiomer. The
oral dose of propranolol hydrochloride is 250 to 750 pg/kg thrice-daily in
infants and in children the oral dose varies according to the disease to be
treated and the usual dose is 200 to 500 ug/kg thrice-daily or 4 times-
daily. Propranolol has been found efficacy and safe in infants and children
but it may induce adverse-effects. Propranolol is extensively metabolized
into  4-hydroxypropranolol,  5-hydroxypropranolol,  and N-
desisopropranol by different P-450 cytochromes and 4-
hydroxypropranolol is glucuronidated by three glucuronosy! transferases.
The oral clearance of propranolol is higher in men than in women and the
clearance of propranolol through glucuronidation is higher in men. The
elimination half-life of propranolol is about 15 hours in term and preterm
infants, it is not different in male and female infants, and the distribution
volume of propranolol is larger than the water volume. Propranolol
interacts with drugs which may affect the pharmacokinetics or the
metabolism of propranolol. The prophylaxis, treatment, and trials with
propranolol have been extensively studied in infants and children.
Propranolol crosses the human placenta but the transfer is incomplete and
migrates into the breast-milk in significant amounts. The aim of this study
is to review the clinical pharmacology of propranolol in infants and
children.
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