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Abstract. Na*-dependent D-glucose and D-galactose
transport were studied in brush-border membrane vesi-
cles (BBMVs) from kidney cortex isolated from both
spontaneously hypertensive rats (SHR) and their nor-
motensive genetic control Wistar-Kyoto (WKY) rats.
Initial rates and accumulation ratios of Na *-dependent
D-glucose and D-galactose transport were significantly
lower in SHR compared with WKY, the observed de-
creases being similar for both substrates. To explain the
reduction in sugar transport by renal BBM Vs, the density
of Na*-dependent sugar cotransporters was studied in
BBMVs from kidney cortex isolated from SHR and WKY
rats. Phlorizin-specific binding and Western blot analysis
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Introduction

An increasing number of reports associate hypertension
with ion transport defects, in particular with altered
cellular sodium transport. Enhanced sodium permeabil-
ity [1], increased Na*-H ™ exchanger [2, 3] and reduced
Na+-K*-ATPase activity [4] have been reported in
various tissues from spontaneously hypertensive rats
(SHR) when compared to their normotensive control,
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indicated a reduction in the density of the cotransporters
in SHR relative to WKY rats. This reduction was similar
to those found for the initial rates and accumulation ratios
for D-glucose and D-galactose in SHR. Na ™ uptake,
studied using >?Na*, was significantly increased in SHR,
so the observed reduction in sugar transport could be due
to disruption of the Na * gradient between renal BBM Vs
in SHR. Furthermore, a significant decrease in the activity
of Na*+-K*-ATPase was observed in SHR. In conclu-
sion, changes in the density of the Na ™ -dependent sugar
cotransporter and in the Na* gradient across the brush-
border membranes might be involved in the observed
reduction in sugar transport by renal BBM Vs from SHR.

the Wistar Kyoto (WKY) rats. In the kidney in particu-
lar, increased activity of Na*-H™* exchanger [5, 6] and
reduced Na*-K*-ATPase activity [7] have been ob-
served in SHR.

Sugars are actively transported together with Na*t by
two specific carriers (sodium-coupled glucose cotrans-
porters, SGLT1 and SGLT2) across the kidney proxi-
mal tubule in the brush-border membranes [§]. Changes
in renal sodium transport observed in hypertension
might result in modification of the Na*-dependent
transport of sugars in the kidney.
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Changes in glucose homeostasis in hypertension are
often discussed. Essential hypertension is often associ-
ated with insulin resistance states, resulting in an in-
crease in plasma insulin levels in SHR [9].

In the present work, we studied Na *-dependent D-glu-
cose and D-galactose transport in kidney cortex brush-
border membrane vesicles (BBMVs) isolated from SHR
and WKY rats. Possible mechanisms responsible for the
changes observed are also discussed.

Material and methods

Animals. Male SHR and WKY rats were obtained at
the age of 7-8 weeks from Harlan Iberica (Barcelona,
Spain). Food and water were available ad libitum
throughout the study. Diastolic and systolic blood pres-
sures were measured weekly by the indirect method of
tail-cuff occlusion in conscious animals, using an elec-
trosphygmomanometer and physiograph recorder (Let-
ica, Barcelona, Spain). The mean of three or four
successive measurements was used as the estimate of
blood pressure. Body weight was determined on the
same day that blood pressure was measured. All experi-
ments were carried out using 12- to 14-week-old rats,
fasted for 18 h before killing.

Preparation of BBMVs. Renal cortical BBMVs were
prepared from SHR and WKY rats by a MgCl, precip-
itation method [10] with slight modifications. Kidneys
were removed and decapsulated before cutting slices
from the cortex. Cortex slices were homogenized for 2
min in a buffer containing 100 mmol/l mannitol, 5
mmol/l EGTA, 2 mmol/l HEPES/Tris, pH 7.4, using a
Yastral on setting 5. The homogenate was treated with
10 mmol/l1 MgCl, for 20 min and the mixture was then
centrifuged at 1,900 g for 15 min. The supernatant was
collected and centrifuged at 30,000 g for 30 min. The
resulting pellet was resuspended in 30 ml of the above
buffer and the Mg?* precipitation and centrifugation
steps were repeated. The resulting pellets were washed
once in a buffer containing 300 mmol/l mannitol, 0.1
mmol/l MgSO, and 20 mmol/l HEPES,Tris, pH 7.4 and
centrifuged at 30,000 g for 30 min. The final pellets
containing purified BBMVs were resuspended in the
buffer used in transport experiments, whose composi-
tions are reported in uptake studies, and homogenized
with a 25- and 29-gauge needle. The vesicles were frozen
and stored in 50-pl aliquots in liquid nitrogen and used
during a period of 15 days, during which, the integrity
and functionality of the vesicles were not modified. For
each preparation of BBMVs, renal cortex from two rats
was used. BBMVs were always prepared in parallel on
the same day from animals of both strains.

Protein and enzyme activity determinations. Protein de-
termination was carried out by the method of Bradford
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[11] using bovine gamma-globulin as a standard. The
membrane preparation was evaluated by measuring the
specific activities of marker enzymes. Alkaline phos-
phatase was used as the marker enzyme for BBMVs and
estimated by the method of Bretaudiere et al. [12]. The
basolateral membrane marker enzyme, Na*-K*-
ATPase, was measured according to Colas and Maroux
[13]. Succinate dehydrogenase, as marker of mitochon-
dria, and acid phosphatase, as marker of lysosomes,
were also determined as previously described [14, 15].
All enzyme activities were measured at 37 °C.
Monosaccharide transport. The uptake of D-glucose
and D-galactose was measured at 37 °C by a rapid
filtration technique, as previously reported [16]. BBM Vs
were loaded in a medium containing 300 mmol/l manni-
tol, 0.1 mmol/l MgSO, and 20 mmol/l HEPES/Tris, pH
7.4. The incubation medium contained 100 mmol/l
mannitol, 0.1 mmol/l MgSO,, 20 mmol/l HEPES/Tris,
pH 7.4, and either 0.1 mmol/l D-("*C)glucose or D-
(*H)galactose and 100 mmol/l NaSCN or 100 mmol/l
KSCN. Either Na*-dependent D-glucose or D-galac-
tose uptake was determined by the subtraction of the
sugar uptake in the presence of a Na™ gradient from
that with no Na* gradient (K* gradient).

Intra- and extravesicular media were isotonic (320
mosmol/l), except for the experiments in which the
effect of increasing osmolarity on substrate uptake was
determined, where mannitol was added to the incuba-
tion medium to give the indicated osmolarity.
Phlorizin-binding measurements. For phlorizin-binding
measurements, BBMV suspensions containing approxi-
mately 150 pg of protein were quickly mixed with 100 pl
of the incubation medium containing either 100 mmol/l
of NaSCN or KSCN and 5 pmol/l of phlorizin, and an
aliquot of (*H)phlorizin. Specific phlorizin binding was
calculated at 5 s as that bound in the presence of Na ™
minus that bound in the presence of K*, and the
density of phlorizin-binding sites was expressed as pico-
moles of phlorizin bound per milligram of protein at a
phlorizin concentration of 5 uM (Bs).

SDS-PAGE and Western blot analysis. Similar amounts
of protein (100 pg) of BBMVs from SHR and WKY
rats were solubilized in Laemmli sample buffer and
resolved by 8% SDS-PAGE. Proteins were electrotrans-
ferred onto nitrocellulose membranes for 1 h at a con-
stant voltage of 100 V. Immunoblotting and
visualization of SGLT were carried out as previously
described [17, 18]. Blots were incubated with a rabbit
polyclonal antibody (kindly donated by Dr. M. Kasa-
hara) raised against a synthetic peptide corresponding
to amino acids 564-575 of the deduced amino acid
sequence of rabbit intestinal SGLT1 [19]. In experi-
ments carried out in parallel, nitrocellulose membranes
were incubated with the same antibody which had first
been adsorbed with the peptide (1 mg/ml) against which
the antibody was raised (kindly provided by Dr. E. M.



CMLS, Cell. Mol. Life Sci. Vol. 57, 2000

Wright). The anti-SGLT1 antibody was detected by the
enhanced chemiluminiscence (ECL) method using a
peroxidase-conjugated anti-rabbit IgG as second anti-
body. After detection, the samples were measured by
scanning densitometry. To reject the possibility that the
results were influenced by the manipulation, SGLTI
antibody was stripped off the membranes by washing
with PBS-Tween 20 for 30 min at room temperature.
Membranes were later incubated with a mouse anti-
actin monoclonal antibody. The process was performed
according to the previously mentioned protocol [18].
Assay of Na™ transport. BBMVs were prepared and
loaded in a medium containing 100 mmol/l K glu-
conate, 100 mmol/l mannitol, 0.1 mmol/1 MgSO, and
20 mmol/l HEPES/Tris, pH 7.4. Uptake was performed
at 37 °C and initiated by incubation of vesicles with a
medium comprised of 100 mmol/l mannitol, 100 mmol/l
Na gluconate, 0.1 mmol/l MgSO,, 20 mmol/l HEPES/
Tris, pH 7.4, 45 pmol/l valinomycin and tracer >*Na *.
All transport experiments were performed in triplicate,
using membrane prepared from different kidneys.
Materials. All unlabelled reagents were obtained from
Sigma (Madrid, Spain), except for the reagents used to
determine sucrase activity, which were from Boehringer
(Mannheim, Germany) and the reagents used in West-
ern blot analysis, which were from Bio-Rad (Barcelona,
Spain). D-(U-'*C)glucose, D-(1-*H)galactose, anti-actin
monoclonal antibody and the ECL were obtained from
Amersham International (Madrid, Spain). (*H)phlorizin
was from Itisa (Madrid, Spain). 2Na*, as sodium
chloride, was purchased from Dupont NEN (Madrid,
Spain). The membrane filters were obtained from Mil-
lipore (Barcelona, Spain).
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Statistical analysis. Comparison between different ex-
perimental groups was analysed by the unpaired, two-
tailed Student t test, and differences were considered
significant at P < 0.05.

Results

Body weight and blood pressure. Figure 1 shows dias-
tolic and systolic blood pressures for SHR and WKY
rats throughout the study. Both diastolic and systolic
blood pressures were higher in SHR than in WKY rats.
However, no significant differences were observed in the
body weight of both strains from 8- to 14-week-old rats
(data not shown).

Enzyme assays. Table 1 shows the specific activities of
enzymes in homogenate and brush-border membranes
prepared from SHR and WKY rat kidney cortex. The
brush-border marker enzyme, alkaline phosphatase,
was enriched 12-fold in the final brush-border mem-
branes for both experimental rat strains compared with
the starting homogenate, and the recoveries of this
enzyme were high enough (34-40%) in both rat strains.
Since enrichments and recoveries of alkaline phos-
phatase were not statistically different between prepara-
tions of BBMVs obtained from the two groups, these
preparations are suitable for comparison studies in so-
lute transport rates. Enrichments and recoveries of
Na+-K*-ATPase, acid phosphatase and succinate de-
hydrogenase were low, indicating very little basolateral,
lysosomal and mitochondrial contamination, respec-
tively, in both experimental groups. No significant dif-
ferences were observed in the specific activities of acid
phosphatase and succinate dehydrogenase enzymes be-
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Figure 1. Diastolic (squares) and systolic (circles) blood pressure in SHR (closed symbols) and WKY rats (open symbols) throughout

the study. Values represent means + SE of at least ten animals.
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Table 1. Enzyme activities in the homogenate and BBMVs prepared from WKY and SHR kidney cortex.

Homogenate sp ac BBMYV sp ac Enrichment Recovery
WKY SHR WKY SHR WKY SHR WKY SHR
Alkaline 0.34+0.03 0.24 £0.05 31+£0.1 29403 12+1 12+1 34+3 40+4
phosphatase
Na*-K*+-ATPase 12.1+0.4 6.0 + 0.2%* 72401 51+0.3* 0.60+0.01 0.83+0.09 20+0.2 2.1+0.1
Acid phosphatase 4743 49+ 1 115+2 115+ 10 2.0+0.1 2.0+0.1 4+1 5+1
Succinate 25+7 37411 4+1 5+1 0.30+0.01 0.40+0.01 0.20+0.02 0.20+0.02
dehydrogenase

Values are means + SE for at least five different preparations. Specific activity (sp ac) is expressed in pmol p-nitrophenol formed/min
per milligram protein (alkaline phosphatase), nmol p-nitrophenol formed/min per milligram protein (Na*-K*-ATPase and acid
phosphatase), and pmol fumarate formed/min per milligram protein (succinate dehydrogenase). Enrichment = ratio of the specific
activity of the brush-border membrane to that of the homogenate. Recovery = total activity in the brush-border membrane as a
percentage of the total activity in the homogenate. *P <0.05 and **P <0.01 compared with WKY rats.

tween SHR and WKY rats. However, the specific activ-
ity of Na*-K*-ATPase was significantly reduced in
kidney homogenate from SHR relative to WKY rats.
D-glucose and D-galactose uptake by BBMVs prepared
from WKY and SHR Kkidney cortex. Figure 2 shows the
time course of D-glucose and D-galactose uptake into
BBMVs prepared from SHR and WKY rat kidney
cortex. In the presence of a Na* gradient across the
vesicle membrane, there was a transient increase (over-
shoot) in the intravesicular concentration of D-glucose
(at 5 s) and D-galactose (at 15 s) in both groups of
experimental rats. The initial rate and the magnitude of
the accumulation ratio for Na*-dependent D-glucose
and D-galactose uptake were significantly decreased in
SHR compared to WKY rats (see table 2). The over-
shoot for D-glucose and D-galactose disappeared in
both groups of rats when the NaSCN gradient was
replaced by a KSCN gradient. Uptake of D-glucose at
equilibrium (30 min) was identical in the presence and
absence of a Na* gradient and was not altered in SHR,
indicating no difference in the size of membrane vesicles
in the two animal groups (0.74 + 0.001 pl/mg protein vs
0.78 +0.005 pl/mg protein for SHR and WKY rats,
respectively).

Effect of medium osmolarity on Na*-dependent D-glu-
cose and D-galactose uptake by BBMVs prepared from
WKY and SHR Kkidney cortex. To determine whether
D-glucose and D-galactose uptake occur inside an os-
motically sensitive intravesicular space, BBMVs were
prepared from SHR and WKY rats, and the intravesic-
ular space was reduced by increasing the medium osmo-
larity with mannitol. As shown in figure 3, D-glucose
and D-galactose uptakes at equilibrium (30 min) were
directly proportional to the reciprocal of medium osmo-
larity in WKY rats. At infinite osmolarity, there is
minimal binding, indicating that Na *-dependent sugar
transport was due to transport into the intravesicular
space. Although not shown, a similar relationship for

D-glucose and D-galactose uptake was found in
BBMYVs from SHR.

Phlorizin-binding measurements. Phlorizin has long
been recognized as a potent competitive inhibitor of
D-glucose and D-galactose uptake at the brush-border
membrane from kidney cortex [8]. Therefore, measure-
ment of phlorizin binding indicates the density of Na* -
dependent D-sugar transporter. To establish the
appropriate concentration of phlorizin to be used for
phlorizin-binding studies in SHR and WKY rats, the
effect of varying concentrations of phlorizin on 0.1 mM
Na *-dependent D-glucose uptake at 5 s was studied in
BBMVs from SHR and WKY rats. As shown in figure
4, the ICs, values for phlorizin were about 1 uM, with
no differences between SHR and WKY rats. These
values are comparable to that previously reported [8].
The concentration of 5 umol/l phlorizin was chosen for
phlorizin-binding studies because in both groups of
animals, > 80% of binding sites were occupied at this
concentration. A significant decrease in the density of
sugar-protectable binding sites was found in BBMVs
from SHR compared to WKY rats (table 2). When the
initial rates of Na*-dependent D-glucose and D-galac-
tose uptake were plotted against the specific phlorizin-
binding-site density (Bs), a highly linear direct
correlation was found (fig. 5).

Immunoblots. Figure 6A shows Western blot analysis of
SGLTs in BBMVs obtained from renal cortex of WKY
rats (lane 3) and SHR (lane 4). The antibody recognized
a single band of about 67 kDa that was blocked by
preabsorption with the antigenic peptide (lanes 1, 2).
Figure 6B shows the densitometric analysis for SGLT1
of four separate assays. Figure 6C shows the hybridiza-
tion signal obtained when the membrane used in figure
6A was washed and incubated with anti-actin antibody.
This antibody recognized a single band of 45 kDa
without significant abundance differences between BB-
MVs from WKY rats (lane 3) and SHR (lane 4).
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Figure 2. Time course of D-glucose (4) and D-galactose (B) uptake in BBMVs prepared from WKY (open symbols) and SHR (closed
symbols) kidney cortex in the presence of a K * gradient (squares) or a Na™* gradient (circles). Values represent means + SE of at least
ten different preparations. When not given, SE bars were smaller than the symbol used. *P < 0.05; **P < 0.01; ***P < 0.001.

Table 2. Initial rates (IR) and accumulation ratios (AR) for Na*-dependent D-glucose and D-galactose transport, and phlorizin
binding in BBMVs prepared from WKY and SHR kidney cortex.

Rats D-glucose D-galactose Phlorizin binding
IR AR IR AR

WKY 199 + 11 11 +0.9-fold 26+2 2.0 + 0.1-fold 6.3+0.9

SHR 126 £ 5*** 7 + 0.4*-fold 16 +2* 1.3 + 0.1**-fold 43+0.1*%

Results are means + SE of at least ten different preparations. IR and phlorizin binding are expressed in pmol/mg protein per second.
*P<0.05, **P<0.01 and ***P <0.005 compared with WKY rats.
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Figure 3. The effect of incubation medium osmolarity on Na*-dependent D-glucose (4) and D-galactose (B) uptake in BBMVs
prepared from WKY kidney cortex. Values represent means + SE of at least four different preparations. Regression lines were
calculated by the least-squares method. Equations and correlation coefficients (r) were: D-glucose, y =3.21+22.31x, r=0.997;
D-galactose, y = 2.81 + 22.97x, r = 0.999. Similar relationships were noted for SHR.

Na* uptake by BBMYVs prepared from WKY and SHR
kidney cortex. To determine whether changes in Na™*
gradient are responsible for the observed decrease in the
renal accumulation ratio of Na™-dependent D-sugar
uptake in hypertensive rats, ?Na* uptake into BBMVs
was measured in normotensive and hypertensive rats. A
significant enhancement in Na* uptake was found in
BBMYVs prepared from SHR kidney cortex at 5 and 15
s compared to WKY (table 3). A slight increase in Na ™
uptake was found at 1 min, but no significant differ-
ences between the animal groups were observed at 30

min. Because these results were accompanied by a
decrease in the Na*-dependent D-sugar uptake by
BBMVs from SHR, the disruption of the Na* gradient
due to an increase in Na™ transport could be, in part,
responsible for the observed decrease in the renal trans-
port of monosaccharides in SHR.

Discussion

This study demonstrates that Na*-dependent D-glu-
cose and D-galactose uptake are significantly reduced in
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BBMVs prepared from SHR kidney cortex compared to
those from WKY rats. Initial rates and maximal over-
shoot levels of Na *-dependent D-glucose and D-galac-
tose uptake were significantly lower in BBMYVs
prepared from SHR compared with the corresponding
values in WKY rats (table 2, fig. 3). The observed
decrease in both initial rates and the magnitude of the
overshoot in SHR were similar for D-glucose and D-
galactose (1.57-fold and 1.58-fold, respectively). This
decrease in Na ™ -dependent D-sugar uptake in BBMVs
from SHR is not due to variations in vesicle prepara-
tions, because the purification and the size of BBMVs,
as measured from the enrichment of alkaline phos-
phatase and Na*-dependent D-glucose uptake at equi-
librium (30 min), respectively, were similar for
normotensive and hypertensive rats.

These results are consistent with previous experiments
by Morduchowicz et al. [5], in which a decrease in
Na *-dependent D-glucose uptake was noted in renal
BBMYVs prepared from SHR compared with the control
WKY rats. Similarly, a decrease in the ileal transport of
sugars was previously observed in our laboratory [20].
However, Parenti et al. [21] did not find modifications
in D-glucose transport across renal BBMVs of Milan
hypertensive rats.

To investigate whether the reduction in kidney sugar
transport in SHR was paralleled by changes in the
density of Na*-dependent sugar cotransporters, the
binding of phlorizin and Western blot analysis were
performed. Specific phlorizin-binding sites were de-
creased approximately 1.58-fold in BBMVs from SHR
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kidney compared with normotensive rats. This ratio
was similar to that of initial rates and accumulation
ratios for both D-glucose and D-galactose in hyperten-
sive rats compared to normotensive rats (table 2). West-
ern blot analysis of SGLT1 showed a single band of 67
kDa that was blocked by preabsorbing the antibody
with the antigenic peptide. Blot densitometry demon-
strated that the abundance of sugar cotransporters is
reduced in BBMVs isolated from kidney SHR. Western
blot analysis of actin, as a control protein, was per-
formed in parallel, and no significant differences were
found between renal BBMVs from SHR and WKY
rats. Therefore, these results demonstrate that lower
kidney sugar transport in hypertension is in part due to
a lower number of sugar transporters in hypertensive
rats.

Studies of sugar transport by BBMVs were carried out
with an inwardly directed Na* gradient. Changes in the
sodium gradient by BBMVs prepared from SHR might
explain the decreased sugar transport observed in hy-
pertensive rats. To explore this possibility, 2?Na* up-
take was measured into BBMVs from SHR and WKY
rats. As seen in table 3, Na™ uptake was significantly
increased in SHR at 5 and 15 s when compared to
WKY rats, indicating that the observed reduction in
sugar transport at 5 and 15 s in kidney from SHR could
be secondary to differences in the Na* gradient be-
tween SHR and WKY rats. However, at 1 min, the
Na* uptake was only slightly increased in SHR relative
to WKY rats, suggesting that other factors are involved
in the observed decrease in kidney sugar transport. An
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Figure 4. The effect of varying concentrations of phlorizin on 0.1 mM Na*-dependent D-glucose uptake at 5 s in kidney cortex
isolated from SHR (closed circles) and WKY rats (open circles). Data were expressed as percent inhibition of uptake without phlorizin.

Values represent means + SE of at least ten different preparations.
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increase in Na ™ uptake has been previously reported in
renal brush-border membrane from Milan hypertensive
rats [21], in the isolated perfused kidney [22], in erythro-
cyte cell membranes [1] and in vascular smooth muscle
from SHR [23].

Other Na* transport pathways are altered in kidney
cells from SHR that in turn might affect the Na™*

gradient across the brush-border membranes. Thus,
Na+-H™* exchange was stimulated in the kidney cortex
from SHR [5], and as previously reported in several
tissues from SHR [7, 24-26] and in patients with essen-
tial hypertension [27], we found a decrease in the Na*-
K *-ATPase activity in kidney homogenates prepared
from SHR when compared to WKY rats.
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Figure 6. (4) Western blot analysis of SGLTs in BBMVs ob-
tained from renal cortex of WKY rats (lane 3) and SHR (lane 4).
The antibody recognized an immunoreactive protein of about 67
kDa. When the antibody was previously adsorbed with the anti-
genic peptide, no signal was detected (lanes 1, 2). (B) Relative
abundance measured by optical densitometry. Values represent
means + SE of four separate experiments. *P <0.05. (C) Hy-
bridization signal obtained when the membrane used in (4) was
washed and incubated with anti-actin antibody. The antibody
recognized a single band of 45 kDa with no abundance differences
between BBMVs from WKY rats (lane 3) and SHR (lane 4).

Table 3. Na™* uptake into BBMVs prepared from WKY and
SHR kidney cortex.

Rats 22Na* transport (nmol/mg protein)

5s I5s 1 min 30 min
WKY 2242 41+4 88 +7 144 + 8
SHR 33 £ 2%* 60 + 4* 105 + 14 147 +19

Results are means + SE from at least six different preparations.
*P<0.05 and **P<0.01 compared with WKY rats.
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In conclusion, we have found a decrease in the trans-
port of D-glucose and D-galactose in renal BBMVs
prepared from SHR which paralleled a reduction in the
density of Na*-dependent sugar cotransporters, as well
as changes in the Na* gradient across the brush-border
membrane.

Acknowledgements. The rabbit polyclonal antibody raised against
synthetic peptide corresponding to amino acids 564-575 of the
rabbit intestinal SGLT1 sequence and the antigenic peptide were
kindly provided by Dr. M. Kasahara and Dr. M. Wright, respec-
tively. This work was supported by grants from Ministerio de
Sanidad, Fondo de Investigaciones Sanitarias (FIS 97/1143, 99/
1142). M.A. de la Hermosa was supported by a grant from the
Junta of Andalucia (CTS-02557). A. Mate was supported by a
grant from Ministerio de Sanidad, Fondo de Investigaciones
Sanitarias (BEFI 99/9275).

1 Yokomatsu M., Fujito K., Numahata H. and Koide H.
(1992) Erythrocyte sodium ion transport system in DOC-salt,
Goldblatt, and spontaneously hypertensive rats. Scand. J.
Clin. Lab. Invest. 52: 497-506

2 Hoffmann G., Ko Y., Sachinidis A., Gobel B. O., Vetter H.,
Rosskopf D. et al. (1995) Kinetics of Na* /H* exchanger in
vascular smooth muscle cells from WKY and SHR: effects of
phorbol ester. Am. J. Physiol. 266: C14-C20

3 Rosskopf D., Haider N., Quednau B. and Siffert W. (1995)
Expression and activity of the Na* /H™* exchanger NHE-1 in
various tissues of spontaneously hypertensive rats and nor-
motensive Wistar-Kyoto rats. Cell. Physiol. Biochem. 5: 276—
285

4 Sahin-Erdemli 1., Medford R. M. and Songu-Mize E. (1995)
Regulation of Na*-K*-ATPase alpha subunit isoforms in
rat tissues during hypertension. Eur. J. Pharmacol. 292: 163—
171

5 Morduchowicz G. A., Sheikh-Hamad D., Jo O. D., Nord E.
P., Lee D. B. N. and Yanagawa N. (1989) Increased Na™*/
H™ antiport activity in the renal brush-border membrane of
SHR. Kidney Int. 36: 576581

6 Kelly M. P., Quinn P. A., Davies J. E. and Ng L. L. (1997)
Activity and expression of Na*/H™ exchanger isoforms 1
and 3 in kidney proximal tubules of hypertensive rats. Circ.
Res. 80: 853—-860

7 Nguyen A. T., Hayward-Lester A., Sabatini S. and Doris P.
A. (1998) Renal Na *-K *-ATPase in SHR: studies of activity
and gene expression. Clin. Exp. Hypertension 20: 641-656

8 Oulianova N. and Berteloot A. (1996) Sugar transport hetero-
geneity in the kidney: two independent transporters or differ-
ent transport modes through an oligomeric protein? 1.
Glucose transport studies. J. Membrane Biol. 153: 181-194

9 Chen C., Hosokawa H., Bumbalo L. M. and Leahy J. L.
(1994) Mechanism of compensatory hyperinsulinemia in nor-
moglycemic insulin-resistant spontaneously hypertensive rats.
J. Clin. Invest. 94: 399-404

10 Biber J., Stieger B., Haase W. and Murer H. (1981) A high
yield preparation for rat kidney brush border membranes:
different behaviour of lysosomal markers. Biochim. Biophys.
Acta 647: 169-176

11 Bradford M. M. (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilising the
principle of protein-dye binding. Anal. Biochem. 72: 248254

12 Bretaudiere J. P., Vassault A., Amsellem L., Pourc M. L.,
Thieu-Phung H. and Bailly M. (1977) Criteria for establishing
a standardized method for determining alkaline phosphatase
activity in human serum. Clin. Chem. 23: 2263-2274

13 Colas B. and Maroux S. (1980) Simultaneous isolation of
brush border and basolateral membrane from rabbit entero-
cytes. Biochim. Biophys. Acta 600: 406420



174

14

15

16

18

19

20

21

A. Mate et al.

Pennington R. J. (1961) Biochemistry of dystrophic muscle:
mitochondrial succinate-tetrazolium reductase and adenosine
triphosphatase. Biochem. J. 80: 649652

Absolom D. R. (1986) Basic methods for the study of
phagocytosis. Methods Enzymol. 132: 95-180

Vazquez C. M., Rovira N., Ruiz-Gutierrez V. and Planas J.
M. (1997) Developmental changes in glucose transport, lipid
composition, and fluidity of jejunal BBM. Am. J. Physiol.
42: R1086-R1093

Takata K., Kasahara T., Kasahara M., Ezaki O. and Hirano
H. (1992) Immunohistochemical localization of Na * -depen-
dent glucose transporter in rat jejunum. Cell. Tissue Res.
267: 3-9

Garriga C., Rovira N., Moreté M. and Planas J. M. (1999)
Expression of Na*-D-glucose cotransporter in brush-border
membrane of the chicken intestine. Am. J. Physiol. 276:
R627-R631

Hediger M. A., Coady M. J., Ikeda T. S. and Wright E. M.
(1987) Expression cloning and cDNA sequencing of the
Na™* /glucose co-transporter. Nature 330: 379-381

Vazquez C. M., Hermosa M. A., Mate A., Sanchez-Aguayo
I. and Planas J. M. (1998) Monosaccharide transport in ileal
brush-border membrane vesicles of hypertensive rats. J.
Physiol. (Lond.) 509: 25

Parenti P., Hanozet G. M. and Bianchi G. (1986) Sodium
and glucose transport across renal brush-border membranes
of Milan hypertensive rats. Hypertension 8: 932—-939

22

23

24

25

26

27

Sugar and kidney in hypertensive rats

Heckmann U., Zidek W. and Schurek H. J. (1989) Sodium
reabsorption in the isolated perfused kidney of normotensive
and spontaneously hypertensive rats. J. Hypertension Suppl.
7: S172-173

Jones A. W. (1972) Altered ion transport in vascular smooth
muscle from spontaneously hypertensive rats: influences of
aldosterone, norepinephrine, and angiotensin. Circ. Res. 33:
563-572

Lee S. W., Schwartz A., Adam R. J., Yamori Y., Whitner
K., Lane L. K. et al. (1983) Decrease in Na+-K *-ATPase
activity and (*H)ouabain binding sites in sarcolema prepared
from hearts of spontaneously hypertensive rats. Hyperten-
sion 5: 682—688

Chen C. and Lin-Shia S. (1986) Decreased Na*-K *-AT-
Pase activity and (*H)ouabain binding sites in various tissues
of spontaneously hypertensive rats. Eur. J. Pharmacol. 122:
311-319

Sowers J. R., Beck F., Stern N. and Raghavan S. R. V.
(1983) Reduced sodium-potassium dependent ATPase and its
possible role in the development of hypertension in sponta-
neously hypertensive rats. Clin. Exp. Hypertension A5: 71—
86

Edmondson R. P. S., Thomas R. D., Hilton P. J., Patrick J.
and Jones N. F. (1975) Abnormal leukocyte composition
and sodium transport in essential hypertension. Lancet 1:
1003-1005



