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SUMMARY Serum alkaline phosphatase levels in normal adolescents were studied in 247
males and 237 females subdivided by sex,age and blood type.lsoenzyme characteristics

in some cases were also studied.
Alkaline phosphatase activity was measured by the kinetic method for sera from 10,13,

16 and 19 years old men and women.No statistically significant influence of blood type on
enzyme activity was observed in all cases.Alkaline phosphatase level at age 19 is essentially

equal to that of adults and shows no significant difference between males and females.The
activities in both sexes at age 10,13 and 16 are in apparent higher level,and the difference

in the activities between males and females are observed at these ages.From the study of
isoenzyme characteristics,it is considered that the high level of alkaline phosphatase in the

serum from adolescent males and females is due to the high bone phosphatase seen during

growth.
The variations in those normal levels and isoenzyme characteristics are of clear importance

in assessing data from individual adolescent patients,for example,in comparison to adoles-
cent with obesty.

Introduction

There are many variables which are

known to influence serum alkaline phos-

phasase activity1)-6).Particular changes

in distribution of normal values exist in

adolescence with regard to age,sex and

blood type,and it is not proved whether

isoemzymes of bone,liver and intestine

alkalime phosphatase contribute to this

changes in distribution.

This makes it difficult particularly to

interpret the laboratoy tests from young

patients with hereditary and acpuired dis-

ordes of bone growth and development .
The purpose of this paper is to report the

preciseievel of serum alkaline phosphatase

activity with age,sex and blood type in

healthy adolescent Japanese as measured

by a newly accepted kinetic method under

attentive quality-control,and to report

the contribution of alkaline phosphatase

isoenzymes by bone ,liver and intestine.

Materials and Methods

Serum samples were obtained from

healthy schoolchildren and students who

were invited to volunteer for the project

in September,1977 on the survey of the

influence of sport on their growth by
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Japan Amateur Sport Association.From

eight schools and one college in Kanazawa

City,247 males and 237 females who were

in a cross-sectionaisocioeconomicback-

grownds participated in the survey.Their

ages were 10,13,16 and 19 years.All

the blood samples were obtained from

ante-cubital veins between 1:00 p.m.and

3:00 p.m. Serum was separated within

2 hours of collection by means of Sure-

Sep separator (General Diagmostics),al-

lowed to refrigerate at 4℃ and was an-

alyzed the following day.All hemolyzed

and lipemic samples were rejected.The

simultaneous screening of the subjects in-

cluded height,weight and skinfold measu-

rements,a physical examination,multiple

blood pressure readings,electrocardiogram,

psychologic assessment,full clinical ex-

amination,and hematological examination.

The subjects with any of the abnormalities

were excluded.

Alkaline phosphatase activity was es-

timated by our kinetic method7) modified

from that of Bowers and McComb.The

substrate mixture had the following com-

position (in m moles/liter):p-nitrophenyl-

phosphate (10),2-amino-2-methyl-1,3-pro-

pandiol buffer pH 10.5(50),and MgCl2

(0.5).The reaction was starsed by ad-

ding 0.1ml of the sample to 2.0 ml of the

substrate mixture,and the initial rates of

reactions were measured with a Hitachi

Model 200 recording spectrophotometer at

25℃,the absorbance at 404 nm being re-

corded for at least 2 min.The enzyme

activities were expressed in IUB units (U)

per liter.The millimoiar absorptiyity

(liter m mol-1.cm-1) of 18.75 was used

for p-nitrophenol.As control sera was

used Moni-Trol I (DADE Co.) dissolved in

20g/dl giycerol which was improved in

our laboratory7).

DISC-electrophoresis on polyacrylamide

Bars indicate±2 S.D.of mean.Solid lines:male.Dotted lines:female.

The enzyme activities are expressed in IUB units (U) per liter.

Fig.1 The relation of sex and blood types to alkaline phosphatase levels in 247 males

and 237 females at various ages.
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Table 1 Serum Alkaline Phosphxtase Activities and Sex Differences in Various

Male and Female Age Groups

n:number in group,M:mean,S.D.:standard deviation

The enzyme activities are expressed in U/liter.

gel was carried out on the basis of the

method of Ornstein8)in order to separate

tissue-specific alkaline phosphatase isoen-

zymes.A physicochemical inhibition test

for the isoenzymes was performed on .the
basis of the methods of Winkelman9)and

O'Carrol10).

Results

The relation of blood type to serum

alkaline phosphatase levels

Serum alkaline phosphatase activities

in four age groups subdivided by sex and

blood type are shown in Fig.1.No statis-

tically significant influence of blood type

on enzyme activity was observed in both

males and females of each of the four age

groups.The following observation was

obtaimed in males aged 13 years,for ex-

ample,by t-test performed to confirm the

validlty of subdivision by blood type:

Between blood type A and B(t=0.19,

df=52,p>0.50)

Between blood type B and O(t=0.05,

df=45,p>0.50)

Between blood type O and AB(t=0.69,

df=30,0.50>p>0.40)

Between blood type AB and A(t=0.46,

df=37,p>0.50)

In femaies and other age groups,no

significant blood type-related diffefences

were also indicated as same as this ob-

servation.

Age and sex differences of values

Table 1 shows mean serum alkaline

phosphatase activity and standard devia-

tion for either sex and age group.In the

same Table,the two sexes were compared

by t-test with respect to mean enzyme

activity for the total sample in each age

group.At age 13 and 16,males gener-

ally had significantly higher mean serum

alkaline phosphatase values than females.

At age 10,contrarily,females had higher

values than males.No significant sex dif-

ference was observed in the age of 19

years.

The mean enzyme activity was highest

in females aged 10 years and in males

aged 13 years.An abrupt decrease in

enzyme activity was observed at age 19

in both sexes.The significamt age-related
differences besween various age groups

were obtained in both sexes.Comparison

of various age groups by t-test is shown

as follows:
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Between age 10 and 13 (t=4.18,df=182,

p<0.001 in male t=8.82,df=165,

p<0.001 in female)

Between age 13 and 16 (t=4 .28,df=116,

p<0.001 in male t=9.22,df=103,

P<0.001 in female)

Between age 16 and 19 (t=7.30,df=64,

p<0.001 in male t=3.11,df=65,

0.001<P<0.01 in female)

Estimation of isoenzyme by electro-

pkoresis and physicochemical test

Physicochemical and electrophoretic

studies of alkaline phosphatase isoenzyme

were conducted with an unselected sera of

boy saged 13 years and girls aged 10 years.

The effects of heat,phenylalanine,EDTA,

imidazole and urea inhibition on alkaline

phosphatase activity of these sera are sum-

marized in Table 2.

On serum alkaline phosphatase from

these boys and girls,L-phenylalanine at

5 mM concentration had little effect.This

alkaline phosphatase was almost comple-

tely destroyed byheating at 56℃ for

Table 2 Differentiation of Serum Alkallne Pho-

sphatase isoenzyme Activity in Adole.

scents by Physicochemical Inhibition

Tests

Parentheses exhibit final concentration or

condition of each inhibitor

5 min.and was inhibited 7.3-37.4% by

urea,EDTA and imidazole.From the

results obtained,this serum alkaline pho-

sphatase was considered to be due to os-

seous isoenzyme.

The polyacrylamide gel electrophoretic

patterns of alkaline phosphatase activity

for one of the sera used avobe are shown

in the Photograph with the migration of

the serum proteins.The predominant

Gels are double stained for enzyme activity

and protein,which are incubated for 60 min.

in 2-amino-2-mnethyl-1,3-propan-diol buf-

fer(pH 10.2)with 5-bromo-3-indolylphos-

phate,p-toluidine salt as substrate and sub-

sequently in 3g/dl Ponceau 3 R.Allows

show the peak of alkaline phosphatase ac-

tivity.A:serum from male aged 19 years,

S:serum from male aged 13 years,P:

placental phosphatase as a marker.

Photograph.DISC-electrophoretic separation of

serum alkaline phosphatase on poly-

acrylamide gel.
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alkaline phosphatase electrophoretic peak

found in the serum was in the haptoglobin

region,wherease the serum from a male

aged 19 years showed a Trxnsferrin peak.

A placental alkxline phosphatase specimen

as the marker showed an intermedixte

peak between the two peaks.

Discussion

Age-,sex-and blood type-reiated ef-

fects relative to serum alkaline phosphatase

have been demostrated by several investi-

gators by the manual method of Kind-
King,and by various other techniques1)-6).

Eastman and Bixler,recently,reported the

normal range of serum alkaline phospha-

tase activity as measured by a newly ac-

cepted kinetic method6).We could confirm

high levels of serum alkaline phosphatase

in adolescence by the improved kinetic me-

thod.There was a significant fall of the

levels at the age of 19 years,and no sig-

nificant difference with sex was observed.

At the age of 13 and 16 years,how-

ever,males generally have higher levels

than females,and at the age of 10 years,

the levels in females were higher than

those in males.Since alkaline phospha-

tase levels at the age of 19 years are

essentially simiiar to those in adults(our

normal adult range=male 19.0-31.4U/

liter,and female 16.0-28.1U/liter),it is

clearly imporsant when using alkaline pho-

sphatase as a diagnostic aid to take into

account this high levels seenn ormxlly in

adolescence.As it is not precise whether

the alkaline phosphatase"flare"is seen in

groups in one-yearly steps,a similar age-
and sex-related study is intended to be

perfcrmed on the same individuals presently
investigated for a further 3 years.

Male and female populations in present

investigation consisted of chiidren from

urban and semirural areas.However,

Round indicated in his cross-sectional

survey of 624 schoolchildren that statis-

sical analysis of alkaline phosphasase data

showed no significant differences within

groups between chiidren from these two

areas4).

Concerning aikaline phosphatase iso-

enzyme,it has been demonstrated that the

significant riseinserum alkaline phosphat

ase levels as compared with adults besween

the ages of 10 and 13 years paralleted the

adolescent growth spurt,and that the

rapid fall to normal adult levels seen after

16 years was due to a reduction in bone

phosphatase levels4)-6).In our investiga-

tion by physicochemical inhibition and elec-

trophoretic sepxration,high serum alkaline

phosphatase levels in boys aged 13 years

and in girls aged 10 years were also con-

sidered to be due to bone alkaline phos-

phatase.As can be seen in the refer-

ences9)-11),L-phenylalanine inhibits the in-

testinal and placental fration markedly.

However,liver and bone alkaline phospha-

tase are equally resistant to L-phenylala-

nine,wherease they are imidazole-sensitive.

Heating and urea have a selective inhibi-

tory effect on bone fraction,compared

with liver fraction.

Electrophoretic separation of tissue-

specific serum alkaline phosphatase also

exhibits the increase in osseous isoenzyme

from a boy at the age of puberty accord-

ing to the zymogram by Smith et al12).

From these observations,it is important

for reduction of the incidence of diagnostic

confusion not only to indicate the precise

normal value at each age but also to

separate tissue specific isoenzyme from

high alkaline phosphatase seen in puberty.

We compared the serum alkaline phospha-

tase levels and isoenzyme characteristics

in children with obesty at the age of 10

years with those in mormal children at the
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same age.They were selected by body

faf volume(more than 30%)and Rohrer

index(more than 160)from large popula-

tions in the present blood examination

project on normal adolescents.Mean value

for 8 boys was 103.8U/liter(range65.0―

159.8)and values for 3 girls were 56.0,

82.9 and 103.8U/liter,respectiveiy.Al-

though high mean acsivity of alkalin pho-

sphatase in adults with obesty has been

reported 13)-14),similar high mean activity

should be seen in puberty,because statis-

tically significant decrease in the activity

was observed after treatment of these boys

and girls with ruhning training for 3

months.From the profile of the physico-

chemical inhibition for serum alkalihe pho-

sphatase activity from one of the boys,

high levels of alkaline phosphatase acti-

vity in sheir sera are also considered to

be due to osseous isoenzyme.

The present data show high serum

alkaline phosphatase levels and sighificant

age and sex differences in normal adoles-
cent japaneses,and also necessities to take
account of alkaline phosphatase isoenzyme
for diagnostic aid.
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