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Abstract: Propranolol (PRN) has recently been recommended as the first-line medicine for complicated infantile
hemangiomas (IHs), because of the significant effect. However, no pharmacokinetic parameters have ever been
reported for infants who receive PRN treatment for IH. In this study, we show that plasma PRN concentration is af-
fected by the frequency of administration of PRN. A single daily administration of PRN (1 mg/kg/d) resulted in an
early elevation of plasma PRN compared to a twice a day administration of the same dose. In contrast, the twice a
day application resulted in a more prolonged expression at a later time-point. Our findings provide pharmacokinetic

parameters of PRN action in IH for clinic.
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Introduction

Infantile hemangioma (IH) is the most common
benign tumor of childhood (Figures 1 and 2),
affecting 10% of newborns, especially females
[4]. Approximately 60% of IH commonly occur in
the head and neck [2]. IHs are biologically
unique, there is two proliferating phase during
the first year following birth, followed by a slow
spontaneous involutional phase occurring with-
in a period of 5 to 10 years [3]. However, ulcer-
ation, blood, deformity even threatens to life
when the tumors are great or location on key
part. Many patients require treatment to avoid
permanent sequelae such as chromatosis tel-
angiectasias and scarring. Propranolol (PRN)
has been reported by Léauté-Labréze et al [4]
since 2008, and shows promise effect on IHs
(Figure 3), has substituted the corticosteroids
for the first line of treatment [5]. However, at
present, there is no standard protocol for dose
or frequency of PRN administration [6], as the

pharmacokinetic parameters of the drug have
yet to be established. Clinicians must make pre-
scriptions based on their personal experience.
In the present study, PRN was orally adminis-
tered at two different frequencies and the plas-
ma concentration of PRN was subsequently
measured at different time points after the oral
administration of PRN.

Materials and methods

We obtained patients’ venous blood under a
human-subject protocol approved by the ethics
committee at Ninth People’s Hospital, Shanghai
Jiao Tong University. All parents of participants
approved the study and the plasma sample col-
lections by written informed consent.

Reverse phase high-performance liquid chro-
matography (RP-HPLC)

12 patients were randomly divided into 2
groups (Table 1), gd (n=6) and bid (n=6). PRN
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Figure 1. Age 2 month, no treatment.
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Figure 2. A coronal T2-weighted MRI reveals the le-
sion.
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Figure 3. Age 12 month, 10 month after starting pro-
pranolol.

was orally administered to both groups at a
dose of 1 mg/kg/d. Group qd received the full
dose once a day, while the dose for group bid
was halved and given twice a day; the interval
between first and second administration was 8
hours. After the first administration, the
patients’ venous blood was collected at the
selected time points of 2, 6, 10, and 24 hrs,
and the plasma was extracted and stored at
-20°C. The method of RP-HPLC was carried out
according to the description of Salman et al [7].
Briefly, the freed bases of PRN were extracted
with 3.5 mL of the extraction solvent (isoamyl-
alcohol 1.5 ml: n-heptane 98.5 ml) and were
separated using a mixture of a mobile phase
consisting of 160 mL water, 180 mL methanol,
70 mL acetonitrile, 2.5 mL acetic acid, and 125
uL triethylamine (v/v). A flow rate of 0.5 mL/min
was employed throughout with a 15 pL injec-
tion volume. Plasma PRN was measured using
a UV Detector (Agilent 1260, USA) at 291 nm.
The concentrations of PRN selected for the cali-
bration curve were 15, 30, 60, 120, and 180
ng/mil.

Results

The peak concentration of PRN in plasma of IH
patients was observed at approximately 5 min-
utes when the peak of PRN plasma concentra-
tions were found (Figure 4). For the total dose
of PRN was same every day (1 mg/kg/d), the
highest peak concentration was observed in
383 ng/mL, lowest in O ng/mL. Patients in
group qd (n=6) whose plasma concentrations
of propranolol on 2 hr, 6 hr, 10 hr, 24 hr after
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Table 1. The data of patients who received propranolol treatment at two different dosage

Group Quantity Male Female Mean age (month) Age (month) Weight (kg)
qd 6 3 3 2-12 7+0.6
bid 6 3 3 2-5 7.6+0.3

qd: once a day; bid: twice a day.
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8
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Figure 4. PRN concentration in plasma of IH patients
following oral PRN administration. The time of peak
concentration; Mean plasma concentrations after
a single (group qd, n=6) and twice daily (group bid,
n=6) PRN application (*P<0.05).

oral administration of propranolol (1 mg/kg/d)
were C, :207.8+33.9 ng/mL, C, : 150.5+
35.6 ng/mL, C  : 61.8+17.1 ng/mL, C,, :
35.8412.9 ng/mL respectively, and the
number in group bid (n=6) were C, : 155.2+

40.6 ng/mL, C_ :92.5+33.8 ng/mL, C

6hb” 10hb”

109.4+18.7 ng/mL, C,, . 16.2+8.2 ng/mL,
respectively. The mean plasma concentra-
tions of PRN on 2 hr, 6 hr and 24 hr following
oral administration of PRN were higher in the
group given a single daily dose (qd, n=6) com-
pared with the group that was administered the
same dose twice a day, (bid, n=6, P<0.05).
However, at 10 hrs, the concentration was
lower for the qd group compared to the bid
group (P<0.05). Therefore, mean plasma con-
centration of PRN was maintained for a longer
time in group bid compared with group qd,
which decreased over time (P<0.05). The peak
of propranolol concentration was achieved at 2
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hr in groups, 207.8+33.9 ng/mL and 155.2+
40.6 ng/mL for group’s qd and bid respec-
tively.

The elimination half-life (t1/2) were longer than 6
hr in the two groups (P>0.05). The mean plas-
ma concentration of group qd decreased with
the time; the plasma concentration was high in
the prime 6 hr.

Discussion

There is currently very little research about
plasma concentrations and pharmacokinetics
of PRN for treatment of IH. Clinical questions
such as frequency of PRN administration (i.e.,
once a day or twice a day) and the exact dose
required to achieve an effective plasma con-
centration remain un-answered. In this study,
examination of the plasma concentrations of
PRN in IH patients after oral administration of
PRN demonstrated that the plasma concentra-
tion fluctuating from O ng/mL to 383 ng/mL
(~1.39 uM); although the total dose of PRN was
same every day (1 mg/kg/d).

Comparison of the two different administration
regimes, (a single daily dose, group ‘gqd’ and the
same dose halved and administered twice a
day, group ‘bid’), showed that there were bene-
fits and drawbacks in both groups, respectively,
plasma concentrations are higher in group qd
at first 6 hours. After the elimination half-life,
the mean concentration of PRN was significant-
ly decreased in this group. In contrast, higher
plasma concentrations can be maintained in
group bid for more than 10 hr. Therefore, in
terms of time-effectiveness of plasma PRN, a
twice a day administration would be preferable.
It should also be noted that the B-adrenergic
antagonist elimination half-life of pharmacody-
namics is longer than the time of pharmacoki-
netics [8], when the PRN cannot be detected in
the blood, it may still be present in the head,
heart and lungs [9]. This implies that group bid
would have a more prolonged action on the car-
diovascular system than group qd. It is impor-
tant for the patients with cardiovascular sys-
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temic disease to administer PRN once a day.
The twice a day application may be better than
the single daily administration.
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