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ABSTRACT

Introduction: Pediatric data for phenylephrine,
a decongestant used in cold medicines, are
limited. This study characterized the pharma-
cokinetics and metabolism of phenylephrine
HCl in children aged 2–17 years.
Methods: Forty-one children experiencing
nasal congestion were dosed orally with
phenylephrine HCl from 2.5 to 10 mg using a
modified weight–age schedule. Plasma from
blood samples collected up to 4.5 h after dosing
was analyzed for phenylephrine. Urine col-
lected over 24 h was analyzed for phenyle-
phrine and metabolites. Blood pressure and
pulse were measured after each blood sampling,
and electrocardiograms were recorded before
and after dosing. Pharmacokinetic parameters
were estimated using noncompartmental
methods.
Results: Mean phenylephrine total exposure
(AUC?) for children aged 2–5, 6–11, and 12–-
17 years was 672, 830, and 1020 pg•h/mL, and

mean maximum concentration (Cmax) was 477,
589, and 673 pg/mL, respectively. Times to peak
concentration (Tmax) ranged from 0.17 to 1.5 h,
and elimination half-life (t�,b) was short from
1.2 to 1.6 h. Oral clearance (CL/F) increased
with age, but with allometric scaling for body
size, this trend reversed as scaled clearance (CL/
F,scaled) was modestly higher in youngest chil-
dren. No clinically relevant changes in vital
signs or electrocardiograms were observed.
Conclusion: A dosing schedule with additional
weight–age increments would provide more
consistent systemic concentrations as children
age and receive the next higher dose. No
developmental delays in clearance mechanisms
were apparent when oral clearance was scaled
for body size. Phenylephrine pharmacokinetics
and metabolism were consistent with adult
data, although AUC? for the youngest group
and Cmax for all pediatric groups were lower.
Single doses of phenylephrine HCl were well
tolerated.
Trial Registration: Clintrials.gov NCT00762567,
registered 30 September 2008.
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Key Summary Points

Why was the study carried out?

A dosing schedule with additional
weight–age increments can provide more
consistent systemic concentrations as
children age and receive the next higher
dose.

What was learned from the study?

No developmental delays in clearance
mechanisms were apparent when oral
clearance was scaled for body size.

The modest decline in scaled oral
clearance across the ages from 2 to
17 years may be related to differences in
phenylephrine doses administered and
their susceptibility to high-first pass
effects in the gastrointestinal tract.

Single oral doses of phenylephrine in this
pediatric population were well tolerated.

INTRODUCTION

Phenylephrine hydrochloride (HCl) is indicated
for over-the-counter (OTC) use by children and
adults for the temporary relief of nasal conges-
tion due to the common cold, hay fever, or
other upper respiratory allergies. Its mechanism
of action is constriction of blood vessels mainly
located in the nasal passages, resulting in
decreased blood volume and a decrease in the
volume of the nasal mucosa [1, 2]. Although
phenylephrine has been used therapeutically
worldwide for many years, no pediatric phar-
macokinetic data are available. Therefore, this
study was conducted to characterize the phar-
macokinetics and metabolism of phenylephrine
in children and adolescents, aged 2–17 years.

Another purpose of this study was to explore
whether a modified weight- and age-based dos-
ing schedule for phenylephrine achieves similar
systemic exposure (Cmax and AUC?) across this

pediatric age range. Historically, pediatric dos-
ing has been empirically based on age because
pharmacokinetic data were not available. The
US monograph regarding product label direc-
tions for OTC decongestants and other cold
medicines indicates the doses for children aged
2–5 and 6–11 years are � and � the adult dose,
respectively, whereas the dose for adolescents
aged 12–17 years is the same as the adult
dose [3]. However, since 2008, the label on OTC
medicines containing phenylephrine and other
cold medicines intended for children was
changed to state, ‘‘Do not use for chil-
dren\ 4 years of age.’’

METHODS

Study Design and Subjects

Children aged 2–11 years and adolescents aged
12–17 years were eligible if they were between
the[5th and\95th percentile for weight and
had a body mass index[5th and B 90th per-
centile based on age and sex. The protocol
planned to enroll 24 children and 12 adoles-
cents who were experiencing nasal symptoms
due to respiratory allergies, but who were
otherwise healthy. Prospective subjects were
screened by medical history, physical examina-
tion, clinical laboratory profile, and vital signs
(temperature, pulse, and blood pressure).
Females who had reached menarche needed a
negative urine pregnancy test at screening and
before dose administration on the study day.
Prospective subjects were excluded if they had a
history or presence of any clinically significant
disease or other systemic condition; a known
sensitivity or allergy to phenylephrine; taken
any prescription or nonprescription medica-
tions within 7 days or monoamine oxidase
inhibitors within 2 weeks before the study start
date; or a history of drug, alcohol, or tobacco
use.

Clinical Protocol

Children began a food fast after midnight on
the night before dosing. They were permitted to
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drink 4 oz of water or low- or no-fat milk and
consume a specified light breakfast (one or two
slices of toast with a pat of butter or serving of
jelly, or a bowl of nonsweetened cereal) no less
than 2 h before being admitted to the clinical
research unit. Children aged 2–4 years remained
in the unit until at least 6 h after the dose of
phenylephrine, whereas children aged 5–-
11 years and adolescents aged 12–17 years
remained sequestered for 24 h after the dose. A
parent or legal guardian stayed with a child
throughout the study’s duration.

The dosing schedule had five increments of
doses based on age and weight for children aged
2–11 years weighing from 24 to 95 pounds
(11–43 kg) and one dose for adolescents aged
12–17 years (Table 1). This modified schedule
included more weight–age increments than the
US OTC monograph for phenylephrine and
other cough, cold, and allergy ingredients, but
comparable increments to the pediatric dosing
schedule of OTC analgesics. Study personnel
administered the commercial phenylephrine
HCl liquid (2.5 mg/5 mL) using an oral syringe.
Children aged 2–11 years received a single dose
of 2.5–7.5 mg phenylephrine based on actual
body weight, and adolescents received a single
dose of 10 mg phenylephrine HCl as 20 mL
liquid. After swallowing the liquid dose, chil-
dren aged 2–5 years drank 2 oz water, children

6–11 years drank 4 oz, and adolescents 12–-
17 years drank 6 oz.

An indwelling catheter was inserted after
application of a topical anesthetic from which
3-mL blood samples were collected at 10, 20, 30,
and 45 min and at 1, 1.5, 2, 2.5, 3, and 3.5 h
after the phenylephrine dose. For children who
were[6 years of age, an additional blood
sample was collected at 4.5 h. The blood sam-
ples were collected into K3EDTA tubes, gently
mixed, and centrifuged at approximately
3000g for about 10 min at 4 �C. The harvested
plasma was stored in polypropylene cryovials at
-70 �C until assayed. Urine was collected from
children aged C 5 years and adolescents
approximately 15 min before the phenyle-
phrine dose was administered to serve as a
blank. All urine was collected throughout 24 h
after the dose. The total amount collected was
measured by weight, and two 25-mL aliquots
were transferred and frozen at -70 �C until
assayed.

For safety monitoring, blood pressure and
pulse were measured before dosing and imme-
diately after each blood sample. Additionally,
12-lead automatic ECGs were recorded before
dosing and approximately 40 min after the
dose, near the expected maximum phenyle-
phrine plasma concentration. Adverse events
were collected during the study beginning at
the signing of informed consent and ending
when subjects were discharged from the clinic.
They included spontaneous reports from sub-
jects and parents, and reports by asking subjects
to respond to a nonleading question, such as
‘‘How do you feel?’’. Children were clinically
assessed at the end of the study, which was
defined as after the last blood sample (3.5 h
after the dose) for children aged 2–4 years and
after the 24-h urine collection for children and
adolescents aged 5–17 years.

Plasma and Urine Sample Assays

Plasma was assayed directly for unconjugated
phenylephrine using a commercial, validated,
high-performance liquid chromatography
method with tandem mass spectrometry
(LC–MS/MS) by PPD Development (Middleton,

Table 1 Phenylephrine HCl dosing schedule

Weight (lb) Age (year) Dose (mg)

– Under 2 Do not use

24–35 2–3 2.5

36–47 4–5 3.75

48–59 6–8 5

60–71 9–10 6.25

72–95 11 7.5

– 12–17 10

Doses were selected by weight as the primary factor. Any
2-year-old child weighing less than 24 lb (11 kg) was
excluded, and any 10- or 11-year-old child weighing more
than 95 lb (43 kg) received the maximum 7.5 mg dose
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Wisconsin) [4]. The nominal range of linearity
was 10.0–2500 pg/mL. On the basis of quality
control (QC) samples run during validation,
interday variability was B 11.6%, and interday
accuracy ranged from 4.08% to 10.6%. Preci-
sion, expressed as percent coefficients of varia-
tion (%CV) for the standard curves and QC
samples run during the sample assays, ranged
from 4.54% to 7.33% and 3.53% to 6.93%,
respectively.

Urine samples were analyzed for phenyle-
phrine and metabolites using commercial, val-
idated LS–MS/MS methods by PPD
Development: Method P956.00 for unconju-
gated phenylephrine (PE) and phenylephrine-
glucuronide (PE-G), Method P957.00 for 3-hy-
droxymandelic acid (3-HMA), and Method
P958.00 for total PE [5–7]. The nominal range of
linearity for unconjugated PE and PE-G was
2.0–200 ng/mL, and for 3-HMA and total PE it
was 100–5000 ng/mL. The interday variabilities
were B 11.0% and interday accuracies ranged
from -9.43% to 3.9% across the three assay
validations based on assay of QC samples. Pre-
cision for standard curves and QC samples run
during the sample assays ranged from 1.41% to
7.55% and 2.15% to 5.88% for unconjugated
PE, from 2.36% to 9.60% and 5.60% to 9.81%
for PE-G, and from 1.56% to 7.40% and 2.42%
to 8.45% for 3-HMA. Only one standard curve
was generated for total PE.

Pharmacokinetic Analysis

Plasma concentration–time data for phenyle-
phrine were analyzed by noncompartmental
methods using Phoenix WinNonlin, Version 6.3
(Pharsight, a Cetera Company). Actual blood
sampling timepoints were used in the analysis.
Plasma concentrations below the lower limit of
quantitation that occurred before and after the
maximum concentration were imputed as zero
and missing, respectively. A predose blood
sample was not collected to limit the number of
samples taken per child; therefore, the phar-
macokinetic data analysis included the
assumption of 0 pg/mL phenylephrine at zero
time.

The maximum plasma concentration (Cmax)
and the time at which the maximum occurred
(Tmax) were determined from individual plasma
concentration–time profiles. The terminal
elimination rate constant (b) was estimated
using linear least-squares regression of the ter-
minal phase of the log concentration–time
profile. The terminal elimination half-life (t�,b)
was obtained as 0.693/b. Area under the plasma
concentration–time curve up to the last
observed quantifiable concentration (AUCtlast)
was determined using the linear trapezoidal
rule. Area under the plasma concentration–time
profile from zero to infinite time (AUC?) was
the sum of AUCtlast and the extrapolated area
based on the ratio of the last quantifiable
plasma concentration and terminal rate con-
stant (Cp/b).

Oral clearance (CL/F) and terminal volume
of distribution (Vz/F), both uncorrected for
bioavailability (F), were determined as dose/
AUC and dose/(AUC*b), respectively. The doses
of free base phenylephrine were used in the
latter calculations, which were obtained by
multiplying by 0.821. In addition, the observed
CL/F and Vz/F were allometrically scaled by
body weight (BW) to a 70-kg adult using the
approach outlined by Anderson et al.: CL/
F,scaled = (CL/F)/(BW/70 kg)3/4 and Vz/F,scaled =
(Vz/F)/(BW/70 kg) [8].

The amounts of unconjugated phenyle-
phrine and three of its metabolites excreted in
the urine were determined as percentages of the
administered dose (PDx) using the following
methods. First, the amounts of unconjugated PE
and the PE-G and 3-HMA metabolites were cal-
culated by multiplying assayed concentrations
by the total urine volume collected over 24 h.
They were converted into micromoles (lmol)
using the appropriate molecular weights. The
amount of PE-S excreted was estimated indi-
rectly because it could not be synthesized and
assayed directly in urine. An aliquot of urine
sample was digested with sulfatase, and the
concentration of total PE was assayed. After
multiplying by the total urine volume collected
over 24 h and converting to micromoles, the
amount of PE-S was estimated using the fol-
lowing equation: PE-S (lmol) = total PE
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(lmol) – unconjugated PE (lmol) - PE-G
(lmol).

Safety Assessments

Adverse events were evaluated by incidence,
severity, and relationship to study drug. Serial
measurements of blood pressure and pulse were
reviewed as well as ECG recordings before and
after dosing. The ECG device estimated Bazett-
corrected QT interval (QTcB) and automatically
interpreted the ECG data using pediatric set-
tings. The principal investigator reviewed the
ECG tracings for clinical significance. Study
personnel recorded abnormal predose ECG
readings as significant medical history and
abnormal postdose ECG reading as adverse
events. However, if an abnormal postdose ECG
finding was consistent with the abnormal pre-
dose ECG finding, the postdose reading was not
reported as an adverse event.

Statistics

The statistical analysis was conducted using SAS
version 9.2, Windows 10 (SAS Institute, Cary,
NC). Descriptive statistics were calculated for
the pharmacokinetic and safety data, and sum-
marized by three pediatric age groups com-
monly used for dosing OTC pediatric products:
2–5 years, 6–11 years, and 12–17 years. The data
included individual phenylephrine concentra-
tion–time data; plasma (phenylephrine) and
urinary (phenylephrine, PE-S, PE-G, 3-HMA)
pharmacokinetic parameters; screening and
postdose clinical assessment parameters; serial
measurements of blood pressure and pulse; and
ECG parameters. The relationships of observed
and scaled CL/F with age were assessed using
linear regression analysis. Least-squares esti-
mates of the intercept and slope and their
associated standard errors and p values were
obtained. An age-related change was concluded
if the p value associated with the slope was\
0.05 for a two-sided test.

Fridericia-corrected QT interval values
(QTcF), which were obtained by correcting
machine-generated QTcB values using the Frid-
ericia formulae, were tabulated along with

changes from baseline (postdose minus pre-
dose). The number and percentages of children
with QTcF values that fell within adult cate-
gories (0 to B 450 ms,[450 to B 480 ms,
[480 to B 500 ms, and[500 ms) and with
increases in QTcF values that fell within adult cat-
egories (B 30 ms,[30 to B 60 ms, and[60 ms)
were reported by the three age groups.

RESULTS

Subject Disposition

This study was conducted at West Coast Clini-
cal Trials (Cypress, CA) between September and
November 2008. Forty-one children and ado-
lescents with nasal symptoms due to respiratory
allergies were enrolled. The subjects included 16
males and 25 females, of which the majority
were either Black (65.9%) or Hispanic (22.0%).
Consent was withdrawn for one female subject
in the youngest age group after receiving the
phenylephrine dose because she was not able to
comply with the pharmacokinetic blood col-
lections. Demographic information for subjects
who completed the study is summarized in
Table 2. Data from all subjects were included in
the safety analysis.

Pharmacokinetic Analysis

Mean pharmacokinetic parameters of phenyle-
phrine for the children’s age groups (2–5 years
and 6–11 years) and adolescent age group (12–-
17 years) are summarized in Table 3. Mean Cmax

and AUC? increased from the youngest to the
oldest age group, whereas the dose-independent
parameters of Tmax and t�,b were similar among
the groups. Mean plasma phenylephrine con-
centration–time profiles shown in Fig. 1 are
consistent with this trend.

The linear relationships of oral clearance
(observed and scaled) and age are illustrated in
Fig. 2. Observed oral clearance (CL/F,obs)
increased with increasing age owing to larger
body sizes. However, the opposite trend with
age became apparent with allometric scaling of
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oral clearance for body size (CL/F,scaled), [8].
Volume of distribution was scaled for body size
directly by multiplying by the ratio of the
child’s weight to a 70 kg adult (Vd/F,scaled). No
trends with increasing age or among age group
means were observed (Table 3). However, mean
values for the two youngest groups were more
variable, having coefficients of variability of
39% and 49%, than the oldest group, which
also had the lowest mean value after scaling.

On average, about 50% of the phenylephrine
HCl dose was recovered from urine collected
over 24 h. Mean percentages of phenylephrine
and three metabolites per dose are summarized

in Table 4 by age group. Urine excretion data
were obtained from only two 5-year-old chil-
dren in the youngest age group, so data for each
subject are reported in the table without sum-
mary statistics.

Safety

Twelve treatment-emergent adverse events were
experienced by nine children. Eight of the 12
adverse events were obtained from abnormal
postdose ECG readings, and the remaining
included two reports of somnolence and one
report each of vasovagal syncope and nausea.
Using standard regulatory terms to assess relat-
edness to study treatment, the clinical investi-
gator deemed the two reports of somnolence as
related to phenylephrine, whereas she deemed
the remaining ten adverse events as doubtful or
not related to treatment. Only one adverse
event, somnolence, was reported for one child
in the 2–5-year age group.

Mean systolic and diastolic blood pressure
and pulse measured before and up to 4.5 h after
the phenylephrine dose are shown by age group
in Fig. 3. No clinically relevant changes in blood
pressure, pulse, or physical examination find-
ings were observed during the study. None of
the automatic, pre- and postdose abnormal ECG
readings was deemed clinically significant.
From the postdose ECG data, eight observations
for six subjects were reported as adverse events.
In the 6–11-year age group, the events were
sinus bradycardia, right ventricular hypertro-
phy, supraventricular extrasystoles, and ECG ST
segment elevation. In the 12–17-year age group,
the events were sinus bradycardia, supraven-
tricular arrhythmia, ECG ST segment elevation,
and abnormal QRS axis. The investigator clas-
sified these events as not clinically significant
and assessed the causality as not related or
doubtful relationship to phenylephrine. One
subject had a repeat postdose ECG recording to
confirm the investigator’s clinical interpreta-
tion; the latter ECG was normal.

QTcF values were calculated for this study,
because a published study of 781 children aged
10–18 years indicates that QTcB overcorrects QT
data in the pediatric age group, as systematic

Table 2 Demographic characteristics of subjects who
completed the study

Characteristic Age group

2–5 years
(N = 10)

6–11 years
(N = 16)

12–17 years
(N = 14)

Sex (n)

Male 6 4 6

Female 4 12 8

Age (years)

Mean (SD) 3.4 ± 1.2 8.3 ± 1.7 14.6 ± 1.7

Range 2–5 6–11 12–17

Race (n)

Asian 0 1 1

Black 7 9 11

Hispanic 2 5 2

White 0 1 0

Other 1 0 0

Weight (kg)

Mean (SD) 17.3 ± 2.6 32.5 ± 8.5 54.6 ± 8.3

Range 13–21 19–49 45–74

BMI (kg/m2)

Mean (SD) 16.2 ± 0.9 17.3 ± 1.9 20.4 ± 2.0

Range 15–17 15–22 18–25

BMI body mass index, SD standard deviation
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variations in the QTcB with both age and heart
rate in normal children are observed [9]. One
child had a pre- and postdose QTcB of 461 ms
(QTcF of 475 ms); no other child had a pre- or
postdose QTcB or QTcF value[450 ms or an
increase[ 30 ms. Because there is no consensus
on the upper limits of these categories for the
pediatric population, these results should be
considered within this context.

DISCUSSION

Current pediatric doses of OTC cough and cold
ingredients, including phenylephrine, are
1/4 and 1/2 fractions of the adult doses, which
were intended to adjust for differences in body
sizes among adults and children ages 2–5 years
and 6–11 years, respectively. In this study,
which is the first to characterize the pharma-
cokinetics of phenylephrine in children, three
fractional doses were added to the pediatric

dosing schedule (Table 1) to narrow the range of
systemic drug exposure despite a large variation
in body size. The adolescent age group received
the 10-mg adult dose. Indeed, these phenyle-
phrine HCl doses achieved mean total expo-
sures (AUC?) and maximum exposures (Cmax)
that differed only about 1.5-fold across the
pediatric age groups, even though they exten-
ded over a fourfold range (2.5–10 mg) provided
by the modified dosing schedule. The dose-in-
dependent parameters, Tmax and t�,b, reflected
rapid absorption and elimination of phenyle-
phrine, respectively, and they were similar
among groups.

Mean AUC? for children aged 6–11 years
and adolescents were within the range of mean
values (816–1916 pg h/mL) reported for the
10-mg therapeutic dose of phenylephrine HCl
across adult studies; whereas AUC? for children
aged 2–5 years fell below the range despite the
higher dose added for older children in this age

Table 3 Mean (SD, CV%) Pharmacokinetic parameters for phenylephrine

Parameter Age group

2–5 years (N = 10)a 6–11 years (N = 16)b 12–17 years (N = 14)c

Cmax (pg/mL) 477 (187, 39.2%) 589 (169, 28.7%) 673 (229, 34.1%)

Tmax (h)
d 0.42 [0.33–1.5] 0.33 [0.17–0.75] 0.33 [0.17–0.50]

AUC? (pg h/mL) 672e (143, 21.3%) 830f (193, 23.3%) 1020g (249, 24.4%)

CL/F,obs (L/min) 69.7e (15.3, 21.9%) 109f (28.1, 25.9%) 141g (31.7, 22.5%)

CL/F,scaled (L/min) 203e (35.5, 17.5%) 198f (44.4, 22.5%) 171g (36.5, 21.3%)

Vd/F,obs (L) 7000e (3410, 48.7%) 14,300 f (4060, 28.4%) 15,400g (5030, 32.7%)

Vd/F,scaled (L) 29,400e (14,500, 49.3%) 32,900f (13,000, 39.4%) 19,700g (5430, 27.5%)

t�,b (h) 1.2e (0.62, 51.8%) 1.6f (0.73, 44.6%) 1.3g (0.42, 32.6%)

AUC? area under the plasma concentration–time curve from time zero to infinity, CL/F,obs observed oral clearance, CL/
F,obs scaled oral clearance, Cmax maximum concentration, CV coefficient of variation, SD standard deviation, Tmax time to
maximum concentration, t�,b elimination beta half-life, Vd/F,obs observed volume of distribution, Vd/F,obs scaled volume of
distribution
aThree children received 2.5 mg, and seven children received 3.75 mg
bOne child received 3.75 mg, two children received 5 mg, seven children received 6.25 mg, and six children received 7.5 mg
cAll adolescents received 10 mg
dMedian [range]
e(n = 9)
f(n = 14)
g(n = 13)
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group [10–12]. All mean Cmax fell below the
range of mean adult values (874–1600 pg/mL).

The lower Cmax observed in children may be
partially due to fewer blood samples collected

Fig. 1 Mean (SD) phenylephrine plasma concentration–time profiles by age group on regular (top) and logarithmic
(bottom) scales

Fig. 2 Relationship of oral phenylephrine clearance with age without and with allometric scaling: (CL/F,obs = 54.2 ?

6.10 9 age; Pslope\ 0.001; CL/F,scaled = 220.4 - 3.36 9 age; Pslope = 0.021)
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after the dose compared with adults. The rapid
absorption of phenylephrine, reaching maxi-
mum concentrations typically within 20 min,
requires the collection of several samples within
a short period to capture the maximum con-
centration more reliably. Also of note is the
high degree of intersubject variability for both
AUC? and Cmax in children and adults, which is
characteristic of drugs, including phenyle-
phrine, that undergo high first-pass metabolism
and have relatively low bioavailability.

The observed oral clearance, CL/F,obs, of
phenylephrine increased with age mainly
owing to increasing body size. However, devel-
opmental differences in metabolic activities,
especially in very young children, may con-
tribute to age-related differences in oral clear-
ance, whereas fluctuations in sex and growth
hormones may affect metabolic activities in
adolescents [13]. Scaling oral clearance using
the allometric �-power model of body weight is
often informative when comparing clearance
data among pediatric age groups, because dif-
ferences in metabolism, where they may exist,
would become apparent [8]. For phenylephrine,
allometric scaling of oral clearance showed an
inverse relationship with age. CL/F,scaled was
modestly higher for the youngest children,
suggesting no maturation delays in phenyle-
phrine metabolism or other clearance mecha-
nism. Additionally, CL/F,scaled for adolescents
was comparable to CL/F (154 ± 42 L/min) esti-
mated in adults [12].

The modest decline in CL/F,scaled across the
ages from 2 to 17 years may be related to dif-
ferences in the doses administered and their
susceptibility to high-first pass effects in the
gastrointestinal tract. In adults, AUC? increased
more than proportionally and oral clearance
was lower with increasing phenylephrine doses
from 10 to 30 mg [12]. For children aged 2–-
5 years who received the lowest doses
(2.5–3.75 mg), more phenylephrine may be
metabolized when passing through the intesti-
nal wall, resulting in lower bioavailability and
higher CL/F,scaled compared with children aged
6–11 years and adolescents who received higher
doses (5–7.5 mg and 10 mg, respectively).

The principal routes of phenylephrine
metabolism are sulfate conjugation (mainly in
the intestinal wall) and oxidative deamination
by both the A and B forms of monoamine oxi-
dase [14, 15]. Glucuronidation has also been
reported as a metabolic pathway. Overall, the
urine metabolite pattern was similar for chil-
dren aged 6–11 and 12–17 years. Mean per-
centages of the dose excreted as phenylephrine,
PE (0.36% and 0.30%, respectively), were low
and as the glucuronide, PE-G, were negligible
for both groups. Mean percentages for the sul-
fate, PE-S (22.1% and 18.6%, respectively) were
slightly lower than those for 3-HMA (27.6% and
22.3%, respectively). In an adult study, mean
percentages of phenylephrine and its metabo-
lites excreted in urine for the therapeutic 10-mg
dose were 0.44%, PE; 0.033%, PE-G; 46.6% PE-S;

Table 4 Urine excretion of phenylephrine and three metabolites

Urine PDx (%)a Age group

2–5 years (N = 2)b 6–11 years (N = 16) 12–17 years (N = 14)

PE 0.341, 0.081 0.360 (0.090, 25.2%) 0.302 (0.086, 28.3%)

PE-G 0.000, 0.000 0.008 (0.011, 139%) 0.003 (0.006, 199%)

PE-S 28.5, 3.95 22.1 (9.17, 41.6%) 18.6 (7.7, 41.2%)

3-HMA 33.9, 11.3 27.6 (6.34, 22.9%) 22.3 (9.6, 43.0%)

Total dose collected 62.8, 15.3 50.1 (13.4, 26.7%) 41.2 (14.7, 35.8%)

CV coefficient of variation, 3-HMA 3-hydroxmandelic acid, PDx percentage of dose administered, PE phenylephrine, PE-G
phenylephrine-glucuronide, PE-S phenylephrine-sulfate, SD standard deviation
aResults reported as mean (SD, %CV)
bUrine excretion data for each subject are presented
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and 25.3%, 3-HMA [12]. The percentages of
dose excreted as PE, PE-G, and 3-HMA by chil-
dren and adults were within the same range.
However, only about 50% of the administered
dose was recovered in 24 h because total col-
lection of urine is more difficult to achieve in a
pediatric population. The lower percentage of

excreted dose compared with 72% in adults
would account for some of the differences.

A single oral dose of phenylephrine HCl
liquid was well tolerated with few treatment-
related adverse events reported. Because the
mechanism of action of phenylephrine involves
vasoconstriction, subjects were comprehen-
sively monitored for potential cardiovascular

Fig. 3 Mean (SD) measurements of pulse (top) and blood pressure (bottom) by age group, before and up to 4.5 h after the
single dose of phenylephrine HCl
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adverse events in this study. Overall, the car-
diovascular assessments of pulse and blood
pressure up to 4.5 h showed no clinically
important changes following the dose. None of
the abnormal ECG readings was deemed clini-
cally significant or related to phenylephrine.

Evaluation of potential adverse events of
phenylephrine associated with the central ner-
vous system (i.e., headache, dizziness, and ner-
vousness) relied on spontaneous reporting or
responses to the nonleading question, ‘‘How do
you feel?’’. The lack of specific monitoring or
assessment procedures for these adverse events
is a limitation of this study. Given that children
are often treated with multiple doses of cold
medicines containing this ingredient over a few
days, another limitation is that the safety of
phenylephrine was evaluated after a single dose.
Nevertheless, phenylephrine has a short elimi-
nation half-life such that it will not accumulate
systemically with multiple dosing.

CONCLUSION

The modified weight–age dosing schedule for
phenylephrine HCl evaluated in this study
extended over a fourfold range of doses, pro-
viding AUC? and Cmax that increased only
about 1.5-fold across pediatric age groups. More
weight–age increments can decrease oscillations
in AUC? and Cmax exposures across the three
pediatric age groups, providing more consistent
systemic concentrations as children age and
receive the next higher dose. Oral clearance
increased with age, but with allometric scaling
for differences in body size, no developmental
delays in the metabolism or other clearance
mechanisms of phenylephrine were apparent.
Adolescents had comparable systemic exposure,
AUC?, and oral clearance with adults following
the 10-mg dose. The single doses of phenyle-
phrine HCl were well tolerated in this study.
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