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We established a method for estimating pediatric doses of drugs metabolized by cytochrome P450 (CYP) isozymes,
using the free fraction of drug in plasma ( fu), serum protein level (P), liver volume (LV), and CYP activity (Vmax/
Km) as indices of physiological and biochemical development in children up to 15 years old. This method allows the
child/adult dose ratio (DC/DA)＝child/adult oral clearance ratio (CL(PO)C

/CL(PO)A) of drugs mainly metabolized in the
liver to be estimated by the following equation:
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1.176
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Major metabolism of drugs was ascribed to CYP1A2 for theophylline and caŠeine, and CYP1A2 and CYP2D6 for
propranolol and mexiletine. For theophylline and caŠeine, CL(PO)C

/CL(PO)A calculated from the child/adult body surface
area ratio (BSA ratio) and the value calculated by our method were compared, using ÂCL(PO)C

/ ÂCL(PO)A calculated from
the clearance ratio based on population pharmacokinetics (PPK ratio) as a reference. For all drugs, pediatric doses cal-
culated from the Crawford equation and our equation were compared, with predetermined doses as the reference. For
theophylline and caŠeine, the relative accuracy of our method was signiˆcantly higher than that of BSA-based estima-
tion when the PPK ratio was used for reference. For theophylline, caŠeine, and propranolol, the relative accuracy of our
method was signiˆcantly higher than that of BSA-based estimation when predetermined doses were used for reference.
These ˆndings indicate the validity of our method which considers the physiological and biochemical development (i.e.,
fu, P, LV, and CYP activity) for pediatric dose estimation.

Key words―pediatric dose estimation; free fraction of drug in plasma; liver volume; CYP1A2; human serum albu-
min; a1-acid glycoprotein

INTRODUCTION

Since pharmacokinetics and pharmacodynamics of
drugs have not been fully elucidated in children,
pediatric doses have not been established for many
drugs. When using such drugs in pediatric patients, it
is di‹cult for medical professionals to determine the
appropriate doses. Therefore, when a physician
prescribes a drug without a recommended dose for
children, the adult dose is modiˆed based on the age,
weight, and body surface area (BSA) of the child in
question using the Augsberger equation, Young equa-
tion, Clark equation, Crawford equation, or conver-
sion table of von Harnack. Among them, the Craw-

ford equation is based on the assumption that the
pediatric dose is proportional to the child/adult BSA
ratio. Augsberger equation and conversion table of
von Harnack are the simpliˆed expression of the
Crawford equation, and thus used routinely in clini-
cal situations. However, these methods of estimation
do not take the physiological and biochemical de-
velopment of children into account. We previously
reported that pediatric dose estimation incorporating
measures of physiological/biochemical development
was more accurate than conventional estimation for
drugs mainly excreted via the kidneys. Our method
included the free fraction of drug in plasma ( fu), se-
rum protein level (P), glomerular ˆltration rate
(GFR), and tubular secretion clearance (Sc), which
directly aŠect the clearance (CL) of drugs mainly ex-
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creted via the kidneys.1,2) With regard to metabolism
in the liver, the development of various metabolizing
enzymes cytochrome P450 (CYP isozymes) occurs at
diŠerent rates.3) For example, it takes about 3 years
after birth before CYP1A2 reaches 80％ of its activity
in adults. Therefore, variations of CYP activity
should be taken into consideration for pediatric dose
estimation.

In this study, we established a new method of
pediatric dose estimation for drugs metabolized by
CYP, in children aged 15 years or younger that incor-
porated factors to allow for the in‰uence of physio-
logical/biochemical development. We employed fu,
P, LV, and CYP activity as indices of physiological
and biochemical development in children up to 15
years old, and designated this method as the ``method
for estimating pediatric doses based on physiological
and biochemical development'' (ePPBD). For drugs
with the ePPBD and estimation based on the BSA ra-
tio were compared, using the mean oral clearance ra-
tio ÂCL(PO)C/ ÂCL(PO)A (PPK ratio) calculated based on
population pharmacokinetic analysis ( ÂCL(PO)) for
reference. The validity of the ePPBD was also exa-
mined by comparison with the Crawford equation,
using predetermined dose such as those listed in pack-
age inserts or reported in the literature as the refer-
ence.

METHODS

Establishing a Method of Pediatric Dose Estima-
tion that Incorporates fu, P, LV, and Hepatic CYP
Activity (Namely ePPBD) The maintenance dose
(D) is expressed by Eq. (1), which incorporates
bioavailability (F), systemic clearance (clearance:
CL) (l/h/body), mean steady state blood concentra-
tion in (Css), and administration interval (t).

D＝
CL･Css･t

F
Eq. (1)

Equation (2) is derived from Eq. (1), because F is
the production of the fraction of drug absorbed (Fa),
and the fractions of drug which avoids ˆrst-pass ex-
traction through the gut and liver (Fg and Fh, respec-
tively).

D＝
CL･Css･t
Fa･Fg･Fh

Eq. (2)

The clearance of drugs mainly metabolized in the liver
can be approximated by the hepatic clearance (CLh)
CL, so Fg≒1. When it is assumed that FaC＝FaA,
the dose ratio that yields the equivalent Css after oral

administration (with the t being common in child and
adult) can be estimated by Eq. (3), where CL(PO) is
the systemic clearance after oral administration, and
subscripts C and A represent a child and an adult,
respectively.

DC

DA
＝

CL(PO)C

CL(PO)A

(CLhC

FhC )/(
CLhA

FhA )
Eq. (3)

Equation (3) can then be expressed as Eq. (4), be-
cause CLh/Fh＝fu･CLint (CLint: intrinsic hepatic
clearance).

DC

DA
＝

CL(PO)C

CL(PO)A


fuC･CLintC
fuA･CLintA

Eq. (4)

It has been reported that fuC can be expressed in
terms of fuA and the P, as shown in Eq. (5).3)

fuC＝
1

1＋
(1－fuA)PC

PA･fuA

Eq. (5)

Since fuC depends on the type of protein to which a
drug is bound, i.e., it depends on whether a drug
mainly binds to human serum albumin (HSA) or to
a1-acid glycoprotein (AGP), fuC is estimated as
shown below.

For drugs mainly bound to HSA, P is substituted
by the HSA level [HSA]. Then, Eq. (5) can be ex-
pressed as Eq. (6).

fuC
1

1＋
(1－fuA)[HSAC]

[HSAA] fuA

Eq. (6)

It has been reported that the relationship between
[HSAC] and age can be expressed as Eq. (7).3)

[HSAC](g/dL)＝1.1287･ln (Age)＋33.746
Eq. (7)

On the other hand, for drugs mainly binding to AGP,
P is substituted by the AGP level [AGP]. Then, Eq.
(5) can be expressed as Eq. (8).

fuC
1

1＋
(1－fuA)[AGPC]

[AGPA] fuA

Eq. (8)

It has been reported that the relationship between
[AGPC] and age can be expressed as Eq. (9).3)

[AGPC](g/dL)＝
0.887×Age0.38

8.890.38＋Age0.38 Eq. (9)

When the ratio of CYP activity (maximum rate of
metabolism per gram of liver tissue: Vmax) to the
Michaelis-Menten constant (Vmax/Km) and liver
volume (LV) (g) are introduced into Eq. (4), DC

/DA and CL(PO)C/CL(PO)A can be expressed as Eq.
(10), assuming that the drug concentration is lower
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Table 1. Equations Used to Generate Hyperbolic Function
Describing the Development of Individual Cytochrome P450
Activity

Enzyme

Hyperbolic function
(fraction of adult CYP abundance)

(VmaxC/KmC

VmaxA/KmA)
CYP1A2 ( 1×Age1.41

1.13＋Age1.41)
CYP2D6 ( 1.01×Age

0.101＋Age)＋0.036
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than Km and thus the metabolism is considered to be
linear.

DC

DA
＝

CL(PO)C

CL(PO)A

＝
fuC･CLintC
fuA･CLintA

(fuC

fuA)
×(LVC

LVA)･(
VmaxC/KmC

VmaxA/KmA) Eq. (10)

When there are more than one important metabolic
pathways, DC/DA is calculated from the weighted
average obtained as enzyme activity multiplied by its
contribution ratio of Xi, as expressed in Eq. (11).

DC

DA
＝

CL(PO)C

CL(PO)A

( fuC

fuA)･(
LVC

LVA)
×∑

i (
Vmax, iC/Km, iC
Vmax, iA/Km, iA)Xi Eq. (11)

Table 1 shows the child/adult ratio ((VmaxC/KmC)/

(VmaxA/KmA)) of CYP activity per gram of liver tis-
sue for each age bracket according to the literature.3)

It has been reported that LV can be expressed as Eq.
(12) in terms of BSA (m2).3)

LV＝0.722×BSA1.176 Eq. (12)
BSA (m2) is calculated by the Dubois equation (Eq.
(13)), based on the standard height (HT) and stan-
dard weight (Wt) of Japanese children published in
2000.4,5)

BSA(m2)＝71.84×HT(cm)0.725×Wt(kg)0.425

×0.0001 Eq. (13)
The ˆnal equations for calculating the oral clear-

ance ratio and pediatric dose are Eqs. (14) and (15),
respectively.
CL(PO)C

CL(PO)A

(
1

fuA＋(1－fuA)
PC

PA
)･(

BSAC

BSAA)
1.176

×(VmaxC/KmC

VmaxA/KmA) Eq. (14)

DCDA･(
1

fuA＋(1－fuA)
PC

PA
)･(

BSAC

BSAA)
1.176

×(VmaxC/KmC

VmaxA/KmA) Eq. (15)

Evaluation of the New Dose Estimation Method
(ePPBD) Incorporating Physiological Development

Selection of Drugs We selected drugs to evalu-
ate our method according to the following criteria.
(1) Urinary excretion of the unchanged drug (Ae)

is less than 10％.6) (2) The drug mainly binds to HSA
or AGP.710) (3) The drug is metabolized by hepatic
enzymes including CYP1A2, the development of
which is relatively slow compared with CYP2C8,
2C9, 2C19, 2D6, and 3A. For example, about half of

the adult CYP1A2 activity was reached at 1-year after
birth, while about 80％ the adult CYP3A activity was
reached at 1-year after birth. (4) Population mean
clearance data for children and adults have been
published.3,11,12) (5) Doses have been published in
package inserts or literature from Japan or
overseas.3,1317) Theophylline and caŠeine were select-
ed according to criteria (1)(4), while propranolol
and mexiletine were selected according to criteria (1),
(2), (3), and (5) (Table 2).

It was assumed that theophylline and caŠeine are
for the most part metabolized by CYP1A2 (Eq.
(10)). In addition, it was assumed that propranolol
and mexiletine are metabolized by CYP1A2 and
CYP2D6, so the dose was estimated by using the
weighted average contribution of each enzyme (Eq.
(11)). Their contributions were estimated to be
CYP1A2：CYP2D6＝28％：72％ for propranolol
and 18％：82％ for mexiletine.18,19)

For the above-mentioned drugs, estimation by the
ePPBD and estimation by the conventional BSA-
based method were compared, using the population
mean oral CL ( ÂCL(PO)) and standard DC (predeter-
mined dose) for references.

Evaluation of Pediatric Dose Estimation Com-
pared with the PPK Ratio As shown in Table 2,

ÂCL(PO) for adults and for children in each age bracket
were calculated using the population mean oral clear-
ance ( ÂCL(PO)) of theophylline and caŠeine, after
which the ÂCL(PO)C/ ÂCL(PO)A ratio (PPK ratio) was cal-
culated. Standard values of HT (cm) and Wt (kg)
were used for children in each age bracket, while the
age of adults was assumed to be 20. Mean HSAA was
set at 45.5 (g/L)20) and mean AGPA was at 0.60
(g/L).21)

Based on the allometric principle, CL(PO)C/CL(PO)A
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Table 2. Major Enzyme, Urinary Excretion Ratio of the Unchanged Drug (Ae), Unbound Fraction of Drug in Plasma ( fu), Major
Binding Protein, Predetermined Doses for Pedeiatric and Adult, Population Mean Oral Clearance for Pediatric and Adult

Drug Major
Enzyme

Ae
(％)6)

fu 6)

Major
Binding
Protein

Predetermined Dosesa Population CL(PO) (l/h/kg)

Pediatric Adult Pediatric Adult

Theophylline CYP1A2
8

0.44
HSA7)

0.5 to ＜1 age (y)

6 mg/kg/day 13)

115 age (y)

8～10 mg/kg/day13)

400 mg/day13)

0 to ＜1 age (y):
0.0322±0.004711)

1 to ＜2 age (y):
0.0461±0.006211)

2 to ＜3 age (y):
0.0537±0.014911)

3 to ＜4 age (y):
0.0682±0.013511)

4 to ＜5 age (y):
0.0621±0.011711)

6 to ＜10 age (y):
0.0745±0.015811)

10 to ＜15 age (y):
0.0755±0.026711)

13 to ＜53 age (y):
0.0557±0.039412)

CaŠeine CYP1A2
1.1

0.64
HSA8)

0.0830.33 age (y),
0.51.6 age (y)

2～10 mg/kg/day 3)

200～900 mg/day14)

0.0830.33 age (y):
0.034±0.0183)

0.51.6 age (y):
0.102±0.043)

2268 age (y):
0.092±0.0293)

Propranolol
CYP1A2

CYP2D6

0.5

0.13
AGP9)

(maintenance dose
of Arrhythmias)

2～4 mg/kg/day 15)

(maintenance dose
of Arrhythmias)

40～320 mg/day 15)

Mexiletine
CYP1A2

CYP2D6

9.5

0.37
AGP10) 6～15 mg/kg/day16) 300 mg/day17)

a The bold and Italic numbers are the values employed for the prediction of doses.
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can be expressed as Eq. (16), i.e., as the ratio of the
mean BSAA in adults to the standard BSAC for chil-
dren of each age bracket.

CL(PO)C

CL(PO)A


BSAC

BSAA
Eq. (16)

The ÂCL(PO) ratio (PPK ratio) was compared with
CL(PO)C/CL(PO)A calculated from the ePPBD (Eq.
(14)) and with BSAC/BSAA (BSA ratio) (Eq. (16))
to evaluate the relative accuracy of the ePPBD.

Evaluation of Pediatric Dose Estimation Com-
pared with Predetermined Doses The pediatric
dose (DC) calculated from the ePPBD (Eq. (15))
and that calculated from the Crawford equation (esti-
mation based on BSA) (Eq. (17)) were also com-
pared to evaluate the relative accuracy of the ePPBD,
using predetermined doses for reference. The
predetermined dose was deˆned as the minimum dose
when both maximum and minimum doses are stipu-
lated in the package inserts, because the maximum
dose is often determined from the maximum-tolerat-
ed dose.

DC＝DA×
BSAC

BSAA
Eq. (17)

Statistical Validation of the ePPBD In order to
evaluate the relative accuracy of the ePPBD, the rela-
tive root mean squared prediction error (RMSE)22)

was calculated according to Eq. (18).

Relative RMSE (％)＝
1
n

n

∑
i＝1 (

zi－zi

zi )
2

×100

Eq. (18)
The PPK ratio or predetermined dose was used for z,
and estimation from ePPBD or based on BSA was
used for šz. ``i'' in the above equation represents the
age points deˆned in this study.

To calculate relative RMSE (％), 181 age points
were used, which were obtained by equally dividing
the population aged 0 to 15. However, some age
brackets lacked a predetermined PPK ratio or
predetermined dose. Thus, in the case of theophyl-
line, 169 age points were used for the PPK ratio (no
data for age 5), and 175 age points were used for
comparison with the predetermined dose (no data for
age 6 months or younger). In the case of caŠeine, 18
age points were used for comparison with the PPK ra-
tio and with the predetermined dose (data were avail-
able only for ages 0.083 to 0.33 and 0.5 to 1.6). In the
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Fig. 1. Relative RMSE (％) of Clearance Ratios (CL(PO)C
/CL(PO)A

) of Theophylline, CaŠeine Estimated from ePPBD and Allomet-
ric Approach (BSAC/BSAA) in Comparison with the ÂCL(PO)C

/ ÂCL(PO)A
Ratio of Theophylline Calculated from Population Mean

Clearance (po), for Children

617No. 4

case of mexiletine, 84 age points were used for com-
parison with the predetermined dose (data were avail-
able only for ages 7 to 13).

For comparison of estimates obtained from the
ePPBD with BSA-based estimates, the paired t-test
was conducted to assess relative RMSE (％) values
(SPSS11.0 J for Windows, SPSS Inc.). Before test-
ing, the relative RMSE values were divided into 15 to
18 age points, in consideration of the age range.

RESULTS

Evaluation of Pediatric Dose Estimation Com-
pared with the PPK Ratio Figure 1 shows the
relative RMSE of CL(PO)C/CL(PO)A calculated from the
BSA ratio based on the allometric principle and that
calculated with the ePPBD, in comparison with the
PPK ratio. For theophylline, the relative RMSE of
CL(PO)C/CL(PO)A estimated by the ePPBD was lower
than that obtained with the BSA-based method for
boys and girls in every age bracket, except the age
bracket of 6 to 10 years. The relative RMSE of
CL(PO)C/CL(PO)A calculated by the BSA-based method
and that calculated by the ePPBD was respectively
67.3％ and 17.8％ for boys, and 59.5％ and 17.4％
for girls of age 0 to 15. For caŠeine, the relative
RMSE of CL(PO)C/CL(PO)A calculated with the BSA-
based method and that calculated with the ePPBD
was respectively 198％ and 48.8％ for boys, and 181

％ and 50.7％ for girls of ages combining 0.0830.33
and 0.51.6. For both theophylline and caŠeine, the
predictive relative accuracy of the ePPBD was sig-
niˆcantly (p＜0.05) higher than that of the BSA-
based method for both boys and girls. These results
indicated that the ePPBD was superior to the BSA-
based method when the PPK ratio was used for refer-
ence.

Evaluation of Pediatric Dose Estimation Com-
pared with Predetermined Doses Figure 2 shows
the relative RMSE of the pediatric dose (DC) calcu-
lated from the Crawford equation (DA･BSAC/

BSAA) and that calculated by the ePPBD, in com-
parison with the predetermined dose. For theophyl-
line, the relative RMSE of DC calculated by the Craw-
ford equation and that obtained with the ePPBD was
respectively 19.0％ and 13.6％ for boys, and 34.9％
and 17.5％ for girls of age 0 to 15. In the case of
caŠeine, the relative RMSE of DC calculated from the
Crawford equation and that from the ePPBD was
respectively 16.3％ and 4.42％ for boys, and 21.8％
and 5.12％ for girls of age 0 to 15. For propranolol,
the relative RMSE of DC calculated from the Craw-
ford equation and that obtained with the ePPBD was
respectively 41.8％ and 32.3％ for boys, and 33.0％
and 21.3％ for girls of age 0 to 15. For theophylline,
caŠeine, and propranolol, the predictive relative ac-
curacy of the ePPBD was again signiˆcantly (p＜
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Fig. 2. Relative RMSE (％) of Dosages of Theophylline, CaŠeine, Propranolol, Mexiletine for Children Calculated from Crawford
and ePPBD Equations in Comparison with the Dosages Described in the Predetermined Doses

Fig. 3. Age-related Changes in Human Serum Albumin
(HSA), a1-Acid Glycoprotein (AGP), Liver Volume (LV),
Body Surface Area (BSA), and Cytochrome P450 Expres-
sion/Activity as a Fraction of Adult Values

618 Vol. 130 (2010)

0.05) higher than that of the Crawford equation for
both boys and girls of age 0 to 15 when the predeter-
mined doses were used for reference. With mexiletine,
however, the relative RMSE of DC calculated from
the Crawford equation and that from the ePPBD was
respectively 8.97％ and 8.41％ for boys, and 15.0％
and 28.8％ for girls of age 7 to 13. The predictive rela-
tive accuracy of the ePPBD, in the case mexiletine,
was signiˆcantly (p＜0.05) lower than that of the
Crawford equation for girls of age 7 to 13.

DISCUSSION

In general, BSA is well correlated with physiologi-
cal function and thus drug doses can be appropriately
estimated based on BSA values. However, the rate of
development varies among hepatic metabolizing en-
zymes, and a some period is necessary for children to
acquire adult levels of enzyme activity. Therefore,
dose estimation based only on BSA is not adequate,
especially for infants and neonates. This study was
focused on CYP1A2, which takes 3 years after birth
to reach 80％ of adult activity, and we considered that
the pediatric dose could be more appropriately esti-
mated by incorporating fu, LV, and CYP activity in
the calculations. In this study, we estimated the
pediatric dose at each stage of development from the
adult dose.

Figure 3 shows the changes with age of fu (HSA,
AGP), Vmax/Km (CYP1A2, CYP2D6), LV and
BSA, expressed as child/adult ratios.35) HSA, AGP,
and Vmax/Km only vary with age, so that the values
for boys and girls are the same. However, LV and
BSA are calculated from the standard height and
weight of boys and girls, so that the values for boys
and girls are diŠerent. The fu ratio depends on the
adult fu value, so the median value, fuA＝0.5 was
used for this calculation as an example. The value of
fu is higher in children than in adults due to lower
protein levels in children, and there is considerable

variation when dose estimation is attempted for ne-
onates and infants. LV and CYP1A2 are lower in
children than in adults because of their less developed
hepatic function, and LV increases to the adult level
faster in girls than in boys because of the relatively
rapid growth in girls compared with boys. Therefore,
our ePPBD that incorporates these factors may be a
useful method for dose estimation because it allows
for signiˆcant variation of development in neonates
and infants, and for diŠerences in development be-
tween boys and girls.

Theophylline and caŠeine are the only substrates of
CYP1A2 for which PPK values have been reported
for adults and children, to our knowledge at best.
Therefore, the reliability and relative accuracy of the
ePPBD were evaluated by comparing ePPBD and
BSA-based estimates with the CL value of PPK as the
reference. As a result, for both theophylline and
caŠeine, the ePPBD produced estimates closer to the
PPK ratio than the BSA-based method. Especially for
theophylline, the value estimated by the ePPBD was
signiˆcantly closer to the PPK ratio than that estimat-
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ed by the BSA-based method in children aged 5 or
younger. This ˆnding suggests that because BSA-
based estimation does not take the development of
CYP activity into account, BSA-based estimation is
inadequate for infants. The ePPBD method gave bet-
ter estimates of the PPK ratio for theophylline as
compared with the BSA-ratio, suggesting that the
age-dependent changes of theophylline clearance is
relatively close to the CYP1A2 growth curve. On the
other hand, the age-dependent changes of caŠeine
clearance lies approximately in the center between the
ePPBD estimates and BSA-based estimates and thus
the ePPBD method gave similar estimates of the PPK
ratio with the BSA-ratio for caŠeine in terms of the
RMSE comparison. The ePPBD incorporates fu, P,
LV, and CYP activity to estimate the doses of drugs
metabolized by CYP1A2 and thus is more accurate
than the BSA-based method, especially in infants for
whom dose estimation is often di‹cult. These ˆnd-
ings suggest that the ePPBD is superior to the BSA-
based method.

In addition to evaluation by comparison with the
PPK ratio, the relative accuracy of the ePPBD was
evaluated by comparison with the predetermined
dose. As a result, for theophylline, caŠeine and
propranolol, the predictive relative accuracy of the
ePPBD was higher in both boys and girls. The contri-
bution of CYP2D6 is as high as 82％ for mexiletine.
Since the growth of CYP2D6 is rapid (i.e., 90％ of
the adult level at 1-year), our ePPBD method does
not show superiority against the Crawford equation,
in the case of mexiletine. These ˆndings indicate that
the ePPBD could also estimate doses more accurately
when the predetermined dose was used for a reference
instead of the PPK ratio.

In the present study, our method (the ePPBD) was
compared with the population mean CL value or with
the predetermined doses. Accordingly, this study has
a limitation that the relative accuracy and precision of
CL estimates in the literatures will signiˆcantly in-
‰uence the comparison. Also, we used predetermined
doses as a reference for estimating pediatric doses,
but rationale for setting the predetermined doses was
not always clear. Therefore, the relative accuracy and
precision of the predetermined doses may be another
problem with our study. In this study, dose estima-
tion was based solely on pharmacokinetic considera-
tions; however, pharmacodynamics may also diŠer
between adults and children. Thus, it appears, regard-

ing mexiletine, that the predictive relative accuracy of
the ePPBD may be lower in both boys and girls com-
pared with that of the BSA-based estimation. More-
over, our study has a limitation that the number of
drugs surveyed is only four.

The results of this study suggested that our method
for pediatric dose estimation employing fu, P, LV,
and CYP activity is valid because it approximates the
pharmacokinetics of drugs metabolized by CYP1A2
together with other hepatic enzymes. Unlike BSA-
based estimation, which was considered to be an ade-
quate method based on the development of children,
our method incorporating fu, P, LV, and CYP activi-
ty to estimate pharmacokinetics is a novel approach
that has not been tried in practice. However, our
method seems especially useful for neonates and in-
fants, who show marked diŠerences of physiology.
When setting the dose of a new drug that has never
been used in children, our method could be superior
to the conventional method that lacks allowance for
pharmacokinetic property of the drug. Future study
should be performed in order to take pharmaco-
dynamics (i,e., eŠects and toxicity) of drugs into con-
sideration. Moreover, we await to demonstrate the
signiˆcance and usefulness of our new calculation
method in clinical practice.

Acknowledgement This study was supported
by the High-Technology Research Project of Showa
University.

REFERENCES

1) Suzuki S., Murayama Y., Sugiyama E.,
Sekiyama M., Sato H., YAKUGAKU ZASS-
HI, 129, 829842 (2009).

2) Suzuki S., Murayama Y., Sugiyama E.,
Sekiyama M., Sato H., Jpn. J. Pharm. Health
Care Sci., 35, 791798 (2009).

3) Johnson T. N., Rostami-Hodjegan A., Tucker
G. T., Clin. Phamacokinet., 45, 931956
(2006).

4) Investigation Report on Physical Development
of Infants and Early Children in 2000 (Minis-
try of Health and Labor, Japan).

5) Investigation Report on School Health Statis-
tics in 2000 (Ministry of Education and
Science, Japan).

6) Goodman L. S., Gilman A., ``Goodman and
Gilman's the Pharmacological Basis of Thera-



620620 Vol. 130 (2010)

peutics,'' 9th ed., Hirokawa Pub. Co., Tokyo,
1999.

7) Buss D., Leopold D., Smith A. P., Routledge
P. A., Br. J. Clin. Pharamac., 15, 399405
(1983).

8) Krisko A., Kveder M., Pecar S., Pifat G.,
Croat. Chem. Acta, 78, 7177 (2005).

9) Routledge P. A., Br. J. Clin. Pharmacol., 22,
499506 (1986).

10) Kuroda T., Hashimoto Y., Yoshihara Y., Ishi-
do S., Kuroda R., Yano T., Awano K.,
Kurozumi Y., Azumi T., Inatome T., Inoh T.,
Jpn. J. Clin. Pharmacol. Ther., 21, 771776
(1990).

11) Ueno K., Kan E., Uetsuki S., Tada H., Jpn. J.
Hosp. Pharm., 20, 497501 (1994).

12) Manabe K., Murakami N., Tanaka M., Ushio
Y., Kuroki N., Koyabu M., Jpn. J. Pharm.
Health Care Sci., 33, 847849 (2007).

13) Package Insert of Theolong(Eisai Co).
14) Package Insert of CaŠeine (Yoshida Phar-

maceutical Co).
15) Taketomo C. K., Hodding J. H., Kraus D.

M., ``Pediatric Dosage Handbook,'' 15th ed.,

Lexi-Comp., Hudson, 2008.
16) Ogawa A., Okumura N., Matsushima M.,

Nagashima M., Asai A., Nakashima M.,
Kimura T., Maki T., Tauchi N., Tanaka H.,
Kaneko T., Ogura R., Osuga A., Watanabe
T., Hojo Y., Hatano T., Tsuji A, Jpn.
Pediatric Cardiology and Cardiac Surgery, 4,
250254 (1998).

17) Package Insert of MEXITIL (Nippon
Boehringer Ingelheim Co).

18) Nakajima M., Kobayashi K., Shimada N.,
Tokudome S., Yamamoto T., Kuroiwa Y., Br.
J. Clin. Pharmacol., 46, 5562 (1998).

19) Yoshimoto K., Echizen H., Chiba K., Tani
M., Ishizaki T., Br. J. Clin. Pharmacol., 39,
421431 (1995).

20) Yoshioka Y., Tsukada Y., Tetsuou Y.,
Nagasawa K., Murata M., ``Handbook for
Reading Medical Record Cards,'' Jiho,
Tokyo, 2007.

21) Takada A., Takada Y., Nihonrinsyo, 38, 4575
4580 (1980).

22) Sheiner L. B., Beal S. L., J. Pharmacokinet.
Biopharm., 9, 503512 (1981).


