Japan soci ety of Home Economics

J. Home Econ. Jpn. Vol. 58 No. 5 255~260 (2007)
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Intestinal Alkaline Phosphatase in Rats
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Lactose is known to enhance passive calcium absorption independent of vitamin D endocrine system.
However, the effect of lactose on other metabolism is not fully understood. The purpose of this study
was to examine the effects of long-term lactose feeding on intestinal alkaline phosphatase (ALP) activ-
ity. A total of 30 female Sprague-Dawley rats (6 weeks old) were divided into three groups, and fed a
control diet, a 3% lactose or a 10% lactose diet, respectively. After 56 days, intestinal ALP activity in
the ileum from the 3% or 10% lactose group was significantly higher than the control group (p<0.01,
respectively). These data suggest that the long-term lactose feeding influences on intestinal ALP activ-

ity.
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INTRODUCTION

Lactose is a disaccharide contained in milk, and sev-
eral experiments have demonstrated that lactose en-
hances calcium homeostasis and may be beneficial for
bone mineralization.'’"®’ However, the mechanisms of
these actions are still unclear. Moreover, the effect of
lactose on other metabolism such as phosphate is not
fully understood.

Alkaline phosphatase (ALP, EC 3.1. 3.1) hydrolyzes
a variety of monophosphate esters into inorganic
phosphoric acid and alcohol at a high pH optimum
(pH 8-10). In rats, ALP is classified into two types: tis-
sue non-specific (liver/bone/kidney: TNSALP) and in-
testinal ALP.” The level of ALP activity in the
intestine is higher compared with other tissues, and it
is located at the brush border of intestinal epithelial
cells, suggesting the participation of this enzyme in
the transport of nutrients, such as inorganic phos-
phate across the membrane, but little is known about
the physiological function of intestinal ALP.

Previously, we reported that intestinal ALP activ-
ity in the rat intestine was markedly enhanced after
14 days of being fed a 10% lactose diet, and that lac-
tose is one of the factors responsible for intestinal
ALP activity.” In the present study, we examined
the influence of different amount of lactose feeding on
intestinal ALP activity in longer period than previous
study.
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MATERIALS AND METHODS

Experimental animals

The care and use of the rats in the present study
followed the guidelines of governmental legislation in
Japan on the proper use of laboratory animals. Six-
week-old female Sprague Dawley rats (n=30) were al-
lowed to acclimate for nine days prior to any study
procedure. Then, rats were separated into three
groups to be fed an AIN-93M diet® {the control
group), a 3% lactose diet, or a 10% lactose diet (the
3% and 10% lactose groups, respectively). The lac-
tose diets were modified from AIN-93 M and con-
tained 30 g or 100 g lactose/kg as a substitute for
sucrose. The Ca, P, protein, and lipid contents were
identical in the three diets. The animals were housed
individually in wire cages with free access to ion-
exchanged distilled water. Twelve hour light/dark
cycles, constant temperature (23+1%C), and constant
humidity (50+5%) were maintained. All rats were ob-
served each day. Their food intake was monitored
and body weights were obtained every second day.
After 56 days from starting the experimental diet, the
animals were fasted overnight and sacrificed by
bleeding from the abdominal aorta under anesthesia.
Preparation and measurement of intestinal
enzymes

We removed the small intestines from the pylorus
side to the beginning of the cecum and rinsed them
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with ice-cold saline. From the pylorus, we took the
first 3 cm as the duodenum, and then separated the
remaining part into two: jejunum and ileum. Ten cen-
timeters of proximal jejunum and ileum were used for
the assay. The segments were slit open longitudinally,
and the mucosa was scraped with a piece of slide
glass after being rinsed and stored at —30°C prior to
use. The sample was homogenized with 10 mm tris-
buffered saline containing 1% TritonX-100 (pH 7.3)
using a Polytron homogenizer (Kinematica,
Switzerland). The supernatant obtained via centrifu-
gation at 10,000 X g for 5 min was used for the en-
zyme assay. ALP activity was determined with 10
mM p-nitro-phenylphosphate as a substrate in 100 mm
2-amino-2-methyl-1,3-propanediole HCI buffer contain-
ing 5mm MgCl,, pH 10.0, at 37°C, as previously
reported.”” The enzyme activity was determined by
the rate of hydrolysis of p-nitrophenyl phosphate and
expressed in units (U= gmol p-nitrophenol formed/-
min). Protein concentrations were determined using
BCA protein assay reagent (Pierce, Rockford, IL,
USA).

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

Polyacrylamide gel (7.5%) electrophoresis in the
presence of sodium dodecyl sulfate (SDS) was carried
out according to the method of Weber and
Osborn.”” After electrophoresis, ALP isozymes in the
gels were stained by the method of coupling beta-
naphthyl-phosphoric acid monosodium salt with Fast
Violet B salt."”

Statistical analysis

Values are shown as means=S.E. Dunnet’s multi-
ple comparison tests was used after ANOVA to com-
pare the statistical significance of the differences
between control group and each lactose group re-
spectively by using SPSS 13.0] (SPSS Inc,, IL, USA).

RESULTS
Body weight gain and food intake

Vol. 58 No. 5 (2007)

The initial body weights among the control group,
the 3% lactose group, and the 10% lactose group
were not significantly different. As shown in Table 1,
there was also no significant difference among the
three groups in body weight gain (g/day), food intake
(g/day), and food efficiency [body weight gain
(g/day)/food intake (g/day)l Diarrhea was not ob-
served during the feeding of the experimental diet in
any group.

ALP activities in the intestine
As shown in Figs. 1 and 2, the levels of ALP activity
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Fig. 1. ALP specific activity in duodenum
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Fig. 2. ALP specific activity in jejunum

Results are mean=S.E.

Table 1. Body weight gain, food intake, and food efficiency
Body weight gain Food intake .
Groups Food efficiency
P (g/day) (g/day)
Control 1.16£0.06 13.05%0.29 0.089+0.003
Lactose 3% 1.21£0.09 13.93%0.35 0.0870.005
Lactose 10% 1.20£0.05 13.50£0.14 0.089£0.007

Each value represents mean £ S.E. Food efficiency=Body weight gain/

Food intake.
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in the duodenum and jejunum tend to be higher in
the 3% and 10% lactose groups than the control
group. The level of ALP activity in the ileum was sig-
nificantly higher in the 3% and 10% lactose groups
than the control group (p<0.01, p<<0.01, respec-
tively) (Fig. 3).
SDS-PAGE

Further identification of intestinal ALP isozymes
by SDS-PAGE was carried out. In the each three
group, there were two main bands of 110-kDa and 90-
kDa in the duodenum (Fig. 4, lanes 1-3) and the jeju-
num (Fig. 4, lanes 4-6). In duodenum, 110-kDa band
was stronger than 90-kDa band, while 110-kDa band
was weaker than 90-kDa band in the jejunum. It was
determined that the main ALP isozyme in the ileum
was 90-kDa band and long-term feeding of both 3%
and 10% lactose enhanced this isozyme (Fig. 4, lanes
8-9).
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Fig. 3. ALP specific activity in ileum

Results are mean =S.E. *Significant difference between
the 3% lactose group and control group (**: p<0.01).
*Significant difference between the 10% lactose group
and control group (**: p<0.01).
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DISCUSSION

Previously, we reported that intestinal ALP activ-
ity in the rat intestine was markedly enhanced after
less than 14 days of 10% lactose feeding.®”’

In the present study, we clarified that both 3% and
10% lactose feeding increased intestinal ALP activity
in 56 days feeding. We also examined the effective lac-
tose amount and we confirmed that even if the 3%
lactose addition have the same effect on the increase
of intestinal ALP activity.

By SDS-PAGE analysis, we showed that there are
two ALP isozymes in the intestine mainly. As shown
in Fig. 4, 110 kDa band was major isozyme in the re-
gion of intestine of pylorus side. In the region near to
the cecum side, 110 kDa band was weaker and 90 kDa
band was detected. The main ALP isozyme was the
90-kDa band in ileum, (Fig. 4, lanes 7-9), and lactose
feeding apparently increased ALP of 90-kDa isozyme.

From previous reports, two kinds of cDNA clones
for rat intestinal ALP, rIAP-1 and rIAP-2, were
isolate,”* respectively. Their cDNA sequences have
79% homology at the amino acid level. The sizes of
rIAP-1 mRNA is 2.7kb and rIAP-2 mRNA is 3.0
kb.® The larger mRNA transcript, rIAP-2, exists in
the upper part of the intestine,'® while rIAP-1
isozyme expressed mainly in whole area of intes-
tine.IS)U)

It was reported that rIAP-1 carboxyl-terminal pep-
tide is smaller than that of rTAP-2 protein by Western
blotting.”® We considered that the 90 kDa band in the
ileum might correspond to the product of rIAP-1.
However, the ALP molecule contains about 20%
(w/w) carbohydrates," it could not be excluded the
possibility that the isozymes may be glucosylated dif-
ferently depending on the location in the intestine. It
has been also reported that sugar chains play a role in

Fig. 4. Rat intestine ALP isozymes separated by polyacrylamide gel
electrophoresis after two months

S: molecular-size standard (Precision Plus Protein Standards, Bio-Rad Lab.).
Lane 1: duodenum from the control group; lane 2: duodenum from the 3% lac-
tose group; lane 3: duodenum from the 10% lactose group; lane 4: jejunum
from the control group; lane 5: jejunum from the 3% lactose group; lane 6: je-
junum from the 10% lactose group; lane 7: ileum from the control group; lane
8: ileum from the 3% lactose group; lane 9: ileum from the 10% lactose group.
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regulating ALP activity.?”

As a result of the studies on cDNA encoding intes-
tinal ALP and TNSALP, it is known that the primary
structure in the catalytic region is well conserved in
the ALPs of humans, animals and E. coli”” suggesting
that both intestinal ALP and TNSALP may play im-
portant roles in active metabolism by hydrolyzing
phospho-compounds to supply free inorganic phos-
phate (Pi). Although the physiological role of ALP is
unknown, strong evidence for this role is provided by
the rare genetic disease hypophosphatasia (HOPS).
HOPS is an inherited disorder characterized by a de-
fect in skeletal mineralization due to TNSALP defi-
ciency.?® Thus, TNSALP was thought to be
indispensable for bone mineralization. Moreover, we
revealed recently that a significant association be-
tween the 787T>C (Tyr246His) TNSALP gene and
bone mineral density among 501 postmenopausal
women.”

The role of intestinal ALP in vivo is more obscure.
The previous studies indicated that intestinal ALP
was affected by nutritional factors. Intestinal ALP is
known to increasing by fat- feeding,”* and decreas-
ing by green tea powder intake’ or high-salt
feeding® On fat-feeding, the mRNA for rIAP-2 en-
hanced markedly but that for rTAP-1 did not increase
as much.!” These data suggest that rTAP-1 and rIAP-
2 may be regulated in a different way at the
transcriptional level.

Since phosphate is an essential nutrient in nucleic
acids, proteins, lipids, and sugars in all organisms, we
formed the hypothesis that mammalian intestinal
ALP may hydrolyze phospho-compounds and supply
free Pi to the intestinal Pi transport system just be-
fore the use of the intestinal bacterium. However, lit-
tle is known about how the hydrolysis of phospho-
compounds works to increase phosphate absorption.

We suppose that the lactose feeding may elevate
ALP activity at the transcriptional or translational
level, and lead to apply the Pi for mineral metabolism.

Further studies on the mechanism of increased in-
testinal ALP activity induced by lactose is still un-
known, would provide useful data on the clarification
of the physiological function of intestinal ALP.
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Sy MIBWBESY MN—ZAREBREICLZNBTINHAYRZXT 7 2 —EEEANDOE
EEBEF, LUERT, AR-BIRET
(AL FRERBFER)
FRZMATPHRISFEIAILH  BERTEFRI9FE4ATH

FUHYKAT7H—¥ (ALP) &, 7V HICERE pH 28 oW EERET, )V VB
IAFIVEER) VERE TV = VICIKG BT ARG 2 MiE$ 5. /NG ALP 13, /MERIF
BEICEEEICEEL, MNEROER) VEBOB D ARIERIESLTWwEEEZLNTVS
A, RERBEZEHNS. T2 b—A (M) 1, /DB T Ca DFEIEEIC X ARINEEE L
TWBEEZLNTWEDY, ERNOMORBFICRIZTEEIIOVWTIELALHZEINL TR
V. KEFETIE, 527 b AEBERAVNG ALP CRIZTERICOWTKRF 21To72. 68
¥WSDRMET v 30L%E 3BEICHT, AINGSM 252 5a> hua— v, FHEEED 3%,
10%%5 27 b—RICBEWRZ/72T 7 F—A3%8, 57 b= 10%# & L7z 56 HE#AE L
7=, +23E, =B, OB ALP oMliEE2EIE Lz, HEO ALP EHRIE, 57 =2
3%BEB LIV 0%EEN Y - VB VEEEZRLE (FRFPp<0.01). SHEOFHERERLS,
527 b — ARG H/NEG ALP EHICEEEZRIZLTWAE I EPHL NIk o7z,

X—J—R:1S57 b =R, T b, FVAVERAT 75—+, /N
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