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SUMMARY Small intestinal lactase, sucrase and alkaline phosphatase activities were measured in
histologically normal peroral intestinal biopsies from 477 individuals. Enzyme activities varied with age,
sex, site of biopsy, and were lowest in post-weaning children and highest in young adults. Lactase activity
does not decrease with advancing age.

Measurement of small intestinal brush border enzymes
has been used in the investigation of a wide range of
diseases. Apart from primary enzyme deficiencies,
abnormalities have been reported in a variety of diseases
including coeliac disease,' giardiasis,4 viral infections,'
amoebiasis, ' Whipple's disease,' ulcerative colitis,5
Crohn's disease, pernicious anaemia,6 psoriatic
enteropathy7 and protracted diarrhoea and malnutrition in
infancy.8 The interpretation of enzyme activities in
disease is dependent upon the availability of control data
where the influence of factors such as race, age, sex, and
site of biopsy of the intestinal mucosa are considered.

This paper presents the results of alkaline phosphatase,
sucrase and lactase measurements from 477 Irish persons
with normal intestinal morphology. Particular emphasis is
given to enzyme differences due to age, sex, and site of
intestinal biopsy. This study is, to our knowledge, the
largest sample of white persons investigated in this way
and affords an interesting comparison with a previous
large study ofNorth Americans that included white, black
and native American Indians.' 3

Material and methods

A total of 477 subjects (256 male, 221 female) were
studied. All biopsies were carried out in the course of
appropriate medical investigation. Informed consent for
biopsy was obtained in all cases. The patients included in
this study were all judged to have normal mucosal
histology-that is, grade 0 of grades 0-3 as previously
described by McNicholl and Egan.9 None of the patients
suffered from diseases known to be associated with
intestinal abnormality
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The biopsy was obtained either from the duodenal bulb
at endoscopy or by using the Watson or Crosby capsules
under fluoroscopic control. Two biopsies were taken at
endoscopy while material obtained with the capsule was
divided into two pieces. One of these was wrapped in dry
wax film and frozen until enzyme assay was carried out.
The second piece was examined by dissecting and light
microscopy studies.
The portion of mucosa used for enzyme assay was

homogenised in distilled water (200 ,ul/mg of biopsy) for
two minutes at 200-300 rpm in a micro Potter Elvehjem
homogeniser. After homogenisation an aliquot (50 ,ul)
was diluted 1/5 with distilled water and all assays were
carried out on the diluted and on the undiluted
homogenate. Protein was rneasured by the method of
Lowry et al,'0 sucrase and lactase by the method of
Dahlqvist" and alkaline phosphatase by the method of
Kelly and Hamilton. 12
The sites of biopsy were divided into three sections as

illustrated in Fig. 1 to facilitate analysis.

Results

Brush border activity of alkaline phosphatase, lactase and
sucrase was measured in all of the 477 subjects studied.
The results are presented in the context of the three main
variables being discussed: age, sex, and site of intestinal
biopsy Data are presented in the form of scattergrams
(Figs. 2-4). In each case the sample means, 5th and 95th
percentiles of the observed distributions are indicated. As
the distribution of results.is not Gaussian and tends to be
markedly positively skewed the sample means fall in the
lower half of the 5th to 95th percentile ranges.
No data are presented on enzyme activities from site I

(duodenal bulb) in the under 18 age groups as the sample
numbers are too small.
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Fig. 1 Diagrammatic representation ofanatomical divisions of
sites 1, 2, and3 ofthe upper small bowel

ALKALINE PHOSPHATASE

Alkaline phosphatase activity increases from site I to site
3 in all groups except females aged 12-18 yr. When age-
and sex-matched comparisons are made (Fig. 2) the
increase is most marked between sites I and 2. In
comparison to lactase the alteration in alkaline
phosphatase activity with age, especially in females, is
not as striking.

LACTASE

Like alkaline phosphatase, lactase activity increases from
site I to site 3 (Fig. 3). Activity varies with age, the lowest
activities occurring in the 3-12 yr age group. After 12 yr,
lactase activity increases towards or exceeds the activities
in the 0-3 yr age group and this change is more striking in
females than in males. No marked decrease occurs in
lactase activity with advancing age.

SUCRASE

Enzyme activity increases from sites 1 to 3 but is less
marked in the 0-3 yr age groups (Fig. 4). The pattern of
change in sucrase activity with age and sex parallels that
of lactase.

Discussion

Lactase activity decreases in the 3-12 yr age group when
compared with the 0-3 yr group. One of the most
interesting findings in this study and one that has not been
previously published to our knowledge is the increase in
the activity of lactase after 12 yr. The extent of this
increase is more marked in females. Another aspect of
both lactase and sucrase is that there is no major decrease
in activity in the over 45 yr age group, about 40% of
whom were over 60 yr. Lactase activities in this present
European population are similar to those described in
North American whites. 13

It is tempting to speculate on the increases in both
lactase and sucrase activities in females over the age of 12
yr. Although the number in this age group is relatively
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Fig. 2 Alkalinephosphatase activities in small intestinalbiopsy
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Fig. 4 Sucrase activities in small intestinal biopsy
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small (17) compared with other age groups similar
alterations occurred at two different intestinal sites. One
possibility is that the increased activity reflects hormonal
changes associated with puberty.
The progressive increase in enzyme activity down the

proximal small intestine has been described
previously.'4 15 The present study is the most extensive
site by site comparison of intestinal alkaline phosphatase,
lactase and sucrase activity. The results indicate that data
from biopsy material from either site 2 or 3 is sufficiently
accurate to diagnose enzyme deficiency states. The study
emphasises the importance of factors such as age and sex
of patient as well as site of biopsy when comparing small
intestinal alkaline phosphatase, lactase and sucrase
activities.

We thank the Medical Research Council of Ireland and the
Wellcome Trust for generous grants.
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