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Abstract. The current studies were designed to characterize calcium transport by intes- 
tinal brush border membrane in the spontaneously hypertensive rat (SHR) and normo- 
tensive control, the Wistar-Kyoto (WKY) rat. The biochemical and functional purity of the 
intestinal brush border membranes in SHR and WKY rats was validated by marker 
enzymes and the ability to transiently transport o-glucose in the presence of Na* 
gradient. Calcium transport into duodenal and jejunal vesicles represented a minor 
binding component and transmembrane movement as evident by initial rate studies, 
A23187 studies, and lanthanum displacement experiments. Initial rate and time course 
of calcium uptake was lower in SHR compared with WKY rats. Kinetic analysis of calcium 
uptake by the jejunum (total uptake minus binding component) showed a V,. of 6.98 f 
0.2 and 1.8 f 0.2 nmollmg protein/7 sec in WKY rats and SHR, respectively (P c 0.001), 
whereas K,,, values were 0.76 f 0.04 and 0.87 f 0.1 mM for WKY rats and SHR, 
respectively. Similar kinetic analysis of calcium uptake by the duodenal segments 
showed a Vm.= of 10.3 f 0.8 and 2.8 2 0.2 nmollmg protein/7 sec in WKY rats and SHR, 
respectively (P c 0.01). K,,, values were 0.7 f 0.2 and 0.3 f 0.06 mM (P > 0.05). Vm.= of 
calcium uptake in the 2-week-old rats (prehypertensive period) was 6.0 f 0.3 and 3.53 
f 0.3 nmol/mg protein/7 sec in WKY rats and SHR, respectively (P e 0.001), whereas 
K,,, values were 0.60 f 0.07 and 0.5 f 0.01 mM, respectively. These results suggest that 
calcium binding and uptake by duodenal and jejunal intestinal brush border membranes 
of SHR is significantly decreased compared with WKY rats. The decrease in transmem- 
brane calcium uptake is secondary to decrease in V,,,.= and is present before the 
appearance of hypertension, implying a genetically determined defect in calcium uptake 
in intestinal brush border membranes of the SHR. [P.S.E.B.M. 1991, Vol 1961 

everal epidemiologic studies have established an 
inverse relationship between dietary intake of S calcium and hypertension ( 1-4). Oral calcium 

supplementation in humans resulted in a reduction of 
blood pressure (5). Moreover, a low serum-ionized cal- 
cium level has been reported in patients with hyperten- 
sion (6 ) .  These combined studies suggest a close rela- 
tionship between calcium homeostasis and hyperten- 
sion. 

The spontaneously hypertensive rat (SHR), which 
was developed by Okamoto and Aoki (7), is the most 
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widely used animal model to study human essential 
hypertension. Several in vivo and in vitro studies have 
suggested the presence of altered calcium metabolism 
in SHR when compared with its genetically matched 
control Wistar-Kyoto (WKY) rats (8-1 1). These studies 
showed a low serum-ionized calcium, elevated serum 
parathormone level, and decreased 1 ,25-(OH)2 vitamin 
D3 level in SHR compared with WKY rats. However, 
intestinal calcium transport in SHR has been reported 
to be increased ( 12, 1 3), unchanged ( 14), and decreased 
( 15, 16) compared with WKY rats. The previous studies 
on calcium transport, however, utilized in vivo perfu- 
sion and in vitro gut sacs in which the entry step at 
brush border membrane (BBM), cytosolic movement, 
and exit at the basolateral membranes were studied 
together. In an effort to delineate each of these steps, 
we designed the present studies to investigate calcium 
uptake by intestinal brush border vesicles of suckling 
and adult SHR and WKY rats. 
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Materials and Methods 
Animals. Male SHR and WKY rats were obtained 

from Taconic Farms (Germantown, NY). Adult rats 
(12-1 4 weeks old) and suckling rats (14- f 1-day old) 
were used to prepare the intestinal BBM vesicles. Adult 
rats were fed a regular chow diet that contained 1.2% 
calcium, 0.8% phosphate, and 1700 units/100 g of 
ergocalciferol (Teklad Diet, Madison, WI). Suckling 
rats were allowed to suckle freely from their mother. 
4sCa ( 10-40 mCi/mg) was obtained from New England 
Nuclear. Enzymes and substrates were obtained from 
Sigma Chemical Co. Cellulose nitrate filters were ob- 
tained from Sartorius Filters (Hayward, CA). Blood 
pressure measurements were carried out as described 
previously by us ( 17). Briefly, a tail cuff was used, which 
is connected to a recorder in adult rats, whereas a 
carotid cannula was used in the suckling rats. 

Preparation of BBM Vesicles. The intestinal BBM 
vesicles were prepared from the duodenum and je- 
junum of two to four adult and 12 to 24 suckling rats. 
Rats were killed by cervical dislocation. The duodenal 
segments extended from the pylorus to the ligament of 
Treitz. The jejunal segments extended from the liga- 
ments of Treitz to 20 cm and 50 cm aborally in suckling 
and adult rats, respectively. The segments were re- 
moved, rinsed with ice-cold saline, everted, and placed 
on a glass plate resting on ice. The mucosa was scraped 
off with a glass microscope slide. BBM vesicles were 
isolated at first by sequential precipitation with 0.01 M 
MgC12 and differential centrifugation as described pre- 
viously ( 18-20). To separate plasma membranes from 
adhering terminal web and microvillus core, we used 
potassium thiocyanate at the final step, according to 
the method of Hopfer et al. (21). Briefly, mucosal 
scrapings were placed in 30 ml of Buffer I containing 
300 mM mannitol, 5 mM EGTA, and 12 mM Tris- 
HCl (pH 7.1), and 120 ml of ice-cold water were then 
added. The scrapings were then homogenized for 3 min 

at full speed in a Waring Blendor. The homogenate was 
then treated with 1.5 ml of 1 M MgC12 in 150 ml of 
Buffer I to yield final concentration of 10 mM MgC12. 
The homogenate was left for 15 rnin at 0°C and then 
centrifuged at 3000g for 15 min. The supernatant was 
centrifuged at 27,OOOg for 30 rnin and the pellets were 
resuspended in 30 ml of Buffer I1 containing 60 mM 
mannitol, 5 mM EGTA, and 12 mM Tris-HC1 (pH 
7. l), and homogenized by 10 strokes. The homogenate 
was treated with 0.3 ml of 1 M MgC12 and left to stand 
for 15 rnin at O'C, and then centrifuged at 3000g for 
15 min. The supernatant was centrifuged at 27,OOOg 
for 30 rnin and the resulting pellet was suspended in 10 
ml of mannitol buffer containing 0.1 A4 mannitol, 1 
mM Tris-HC1 (pH 7.4). Potassium thiocyanate was 
then added at 0.52 A4 concentration and homogenized 
for 10 strokes, then diluted to 80 ml with mannitol 
buffer, and left to stand for 10 rnin at 0°C. The homog- 
enate was then centrifuged at 6000g for 10 rnin and the 
resulting supernatant was centrifuged at 34,OOOg for 
25 min. 

Purification of BBM vesicles was assessed by meas- 
urement of marker enzyme activities of brush border 
(leucine aminopeptidase and disaccharidases), basolat- 
era1 membranes (Na+-K+-ATPase), and subcellular or- 
ganelles (cytochrome c oxidase and NADPH cyto- 
chrome c reductase) as described previously (22, 23). 
Protein was measured according to the method of 
Lowry et al. (24). 

Transport Measurements. Uptake of radiolabeled 
D-glucose and calcium was measured by a rapid filtra- 
tion technique. Typically, incubation was initiated by 
the addition of 20 pl of vesicle suspension to 60 p1 
incubation solution. Experiments were conducted at 
25°C unless otherwise stated. After the desired incuba- 
tion time interval, transport was terminated by abrupt 
dilution in 1 ml of ice-cold "stop solution" (100 mM 
mannitol, 150 mM MgC12, and 10 mM Hepes-Tris 
buffer, pH 7.4). The stop solution for D-glucose con- 

Table 1. Specific Activities of Brush Border Enzyme Markers in Crude Homogenate and in BBM Vesicles of SHR 
and WKY Rats 

Leucine arninopeptidase 
(pg BNA hydrolized/pg 

Crude 
hornogenate 

Sucrase (units/rng protein)" Lactase (units/rng protein)" protein) 

BBM BBM Crude 
hornogenate BBM Crude 

hornogenate 
b 7fl 75k lO(l1)" 0.6 f 0.1 5.1 f 1 (10) 

Suckling 
Adult 9.3 f 1 196 f 12 (21) 1.7 f 0.3 30 f 3 (17) 0.7 f 0.1 10 f 2 (14) 

WKY - - 8f1 83 f 7 (10) 0.5 f 0.1 5.2 f 1 (10) 
Suckling 

1 1  f l(l9) Adult 14.3 f 2 204 f 10 (14) 1.5 f 0.2 30 f 2 (20) 

SHR - - 

0.6 f 0.1 
a Each unit is 1 pmol of substrate hydrolyzed/min/mg of protein. 

' Numbers in parentheses, enrichment factors. 
Minimal amounts present (n = 6). 
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tained 100 mM mannitol, 100 mM NaC1, 10 mM 
K3P04, and 0.2 m M  phlorizin. The reaction mixture 
was then immediately pipetted onto a prewetted filter 
(cellulose nitrate 0.45-pm pore size; Sartorius Filters, 
Inc.) and kept under suction. The filter was then rinsed 
with 5 ml of ice-cold stop solution and prepared for 
scintillation counting. Binding of the radiolabeled D- 
glucose and calcium to the filter was determined by 
filtration of incubation media without vesicle protein 
and was considered as background and subtracted from 
vesicle uptake. Results are expressed as nmol of calcium 
uptake per mg of vesicle protein. Each experiment was 
repeated three times on different membrane prepara- 
tions. 

Statistical Analysis. All data were statistically ana- 
lyzed as mean k SE, and the significance of differences 
was determined using unpaired Student’s t test or analy- 
sis of variance for multiple comparisons, K,,, and V,,, 
were determined according to a computer model for 
estimation of Michaelis-Menten kinetic parameters 
(25). 
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Results 
Blood Pressure Measurements. Mean systolic 

blood pressure was similar in suckling SHR and WKY 
rats (100 f 3 and 103 f 4 mm Hg, respectively, n = 
6). Mean systolic blood pressure in adult SHR was 2 10 * 8 mm Hg compared with 120 f 10 mm Hg in WKY 
rats (P < 0.001, n = 6). 

Enzyme Marker Studies. Brush border enzyme 
marker studies showed a 10- to 20-fold enrichment of 
disaccharidase and leucine aminopeptidase in both 
SHR and WKY rats, whereas marker enzymes for 
basolateral membranes (Na+-K+-ATPase), mitochon- 
dria (cytochrome c oxidase), endoplasmic reticulum 
(NADPH cytochrome c reductase) were impoverished 
at 0.8 f 0.1, 0.1 k 0.1, and 0.6 f 0.1 -fold, respectively. 
Table I depicts specific activities of disaccharidase and 
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Table II. Latency of Sucrase and Leucine 
Arninopeptidase in BBM of Intestinal SHR and WKY 

Rats 

SHR 1 9 6 k 1 2  2 0 0 t 1 0  l o t 2  1 0 . 2 t O  
WKY 2 0 4 k 1 0  2 1 0 k 8  11 f l  9 . 8 f 0 . 8  

* Each unit is 1 Fmol of substrate hydrolyzed/min/mg protein 
(n = 3). 
b n  = 6. 

leucine aminopeptidase in both age groups of SHR and 
WKY rats. 

Orientation of the Vesicle Preparation. To deter- 
mine the orientation of the vesicle preparation in both 
groups of rats studied, the latency of sucrase and leucine 
aminopeptidase was determined. The specific activities 
of both enzymes were determined in intact vesicles and 
in vesicles disrupted by freeze-thawing. As seen in Table 
11, no change in the activity of either markers was noted, 
indicating that BBM of both groups are oriented right- 
side out. 

D-Glucose Studies. To provide functional evi- 
dence for our BBM, we investigated D-glucose uptake 
in the presence of inwardly directed sodium and potas- 
sium gradient conditions in both BBM of SHR and 
WKY rats. As seen in Figure 1, a typical “overshoot” 
phenomenon was obtained under Na+ gradient condi- 
tion in both SHR and WKY rats, whereas no overshoot 
was seen under K+ gradient condition. Equilibrium 
values were similar in both groups of rats, indicating 
similar intravesicular size. 

Effect of Calcium lonophore A23187 on Calcium 
Influx. As seen in Table 111, calcium ionophore A23 187 
induced a greater initial rate of duodenal calcium influx 
compared with no A23187, suggesting that the iono- 
phore form lipid-soluble complexes with calcium by 
virtue of their polar nature, and can cross the mem- 
branes (26). 

Effect of Lanthanum (La3+) on Calcium Displace- 
ment from Intact and Disrupted Vesicles. The exper- 
iment was designed to determine whether calcium is 
present in the intravesicular space and therefore inac- 
cessible to La3+ displacement or in the external surface, 
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Table 111. Effect of Calcium lonophore A231 87 on Initial Rate of Calcium Uptake by Duodenal BBM Vesicles of 
SHR and WKY Rats’ 

Time SHR (nmol calcium/mg protein) WKY (nmol calcium/mg protein) 

-A231 87 +A231 87 -A231 87 +A231 87 (sea 

3 0.25 f 0.002 0.43 rf: 0.1’ 0.32 f 0.02 0.5 f 0.01’ 
6 0.3 f 0.1 0.53 f 0.1’ 0.38 rf: 0.01 0.68 f 0.03’ 
9 0.42 rf: 0.1 0.58 f 0.09’ 0.54 f 0.03 0.75 f 0.04’ 

12 0.53 f 0.04 0.68 f 0.1’ 0.63 f 0.03 0.84 f 0.05’ 
15 0.58 f 0.03 0.88 f 0.2’ 1.25 f 0.07 1.9 f 0.1’ 

* BBM were preloaded with 280 mM mannitol and 20 mM Hepes-Tris buffer (pH 7.4). Uptake was initiated by the addition of 
the vesicles to a medium containing 100 mM mannitol, 100 mM NaCI, 20 mM Hepespris (0.1 mM), 45CaC12, and 10 pg of 
A231 87/mg protein. Values are mean f SE (n = 3). 
’ Mean values at both SHR and WKY rats with A231 87 are significantly greater compared with mean values without A231 87 
(P C 0.05-0.001). 

which should be accessible to La3+ displacement. In 
this setting, calcium-preloaded vesicles were diluted in 
a buffered solution containing I mM La3+. As seen in 
Table IV, La3+ displaced a minimum amount of cal- 
cium from intact vesicles. However, when the vesicles 
were disrupted by freeze-thawing, significant displace- 
ment occurred by La3+, suggesting that opening the 
vesicles allows access of La3+ to displace calcium trans- 
ported into the inside of vesicles. 

Initial Rate of Calcium Uptake in the Presence 
of Na+ and K+ Gradients. Figure 2 depicts initial rate 
of jejunal calcium uptake in the presence of inwardly 
directed Na+ and K+ gradients in both SHR and WKY 
rats. There were no differences in calcium uptake in 
the presence of Na+ or K+ gradients in both SHR and 
WKY rats. However, at each time point studied, cal- 
cium uptake was significantly decreased in SHR com- 
pared with WKY rats under both Na+ and K+ gradient 
condition (P < 0.05-0.00 1). Calcium uptake was linear 

Table IV. Effect of La3+ on Calcium Displacement 
from Intact and DisruDted Vesiclesa 

SHR (nmol calcium/ WKY (nmol calcium/ 
Time mg protein) mg protein) 

(min) Intact Disrupted Intact Disrupted 
vesicles vesicles vesicles vesicles 

~~ 

0 17.5f1.2 17 .5 f1 .2  3 1 . 2 f 3  3 1 . 2 f 3  
0.5 16.5 f 1.3 12 .9 f  1.0 3 0 . 8 f 2  3 0 f 3  
1 14.6 rf: 2 12 f 1.0 29.7 f 1.5 23 f 3 
5 15.02 f 2 1 O f  0.8 28.9f  1.0 2 0 f  1.6 
45 16 .0 f  2 8 f 0.6 28.7 f 1.2 15.3 f 1 .O 

“Values represent mean rf: SE of three experiments. Duo- 
denal BBM vesicles were preloaded with 1 mM 45CaC12. 
Vesicles were then either left intact or were subjected to 
freeze-thawing in an effort to rupture them. Vesicles were 
then diluted into an incubation medium containing 280 mM 
mannitol, 20 mM Hepes-Tris, and 1 mM lanthanum oxide. At 
desired time points, membranes were removed and filtered 
over a millipore system, and remaining radioactivity was 
counted. 

until 15 sec under both Na+ and K+ gradients in SHR 
( Y  = 0 . 1 9 ~  + 0.089, correlation coefficient (cc) = 0.85 
and Y = 0 . 0 3 ~  + 0.09, cc = 0.86, respectively) and 
WKY rats ( Y  = 0 . 0 7 ~  + 0.2, cc = 1.0 and Y = 0 . 0 8 ~  
+ 0.29, cc = 0.99, respectively). Initial rate uptake of 
calcium by duodenal BBM of SHR and WKY rats 
under Na+ gradient condition was similarly lower in 
SHR compared with WKY rats as depicted by the 
equation Y = 0 . 3 4 ~  0.25, cc = 0.99 and Y = 0 . 2 5 ~  0.19, 
cc = 0.99 for WKY and SHR, respectively. The inter- 
cept representing the binding component (27) was sig- 
nificantly lower in duodenal and jejunal BBM of SHR 
compared with WKY rats (P < 0.05-0.01). 

Calcium Uptake with Time. Jejunal calcium up- 
take was determined under Na+ gradient condition in 

h .: 3.0 A) Na+ gradient 
)-. 0 SHR e 0 WKY 
a 2.5- 
F 2 2.0- 

5 - 1.5- T I 

B) K+ gradient 

I := I 

10 20 30 40 50 60 10 20 30 40 50 60 
Time (seconds) 

Figure 2. Initial rate of jejunal calcium uptake. Intestinal jejunal BBM 
vesicles WKY and SHR were preloaded with 280 mM mannitol and 
20 mM Hepes-Tris (pH 7.4). Incubations were conducted at 25°C in 
a medium containing either 100 mM NaCl or 100 mM KCI and 100 
mM mannitol, 20 mM Hepes-Tris (pH 7.4), and 0.1 mM CaCI, and 
tracer 45Ca. Values are mean f SE of three separate experiments on 
different membrane preparations. There were no differences in jejunal 
uptake values under Na+ or K+ gradients in SHR and WKY rats. 
Calcium uptake in SHR and WKY rats appears linear up to 15 sec, 
however, the slope of the line representing calcium uptake in the 
presence of Na+ or K+ gradient was significantly greater in jejunal 
WKY rats compared with SHR (P < 0.05). 
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both SHR and WKY rats. As seen in Figure 3 at each 
time point studied, calcium uptake was markedly de- 
creased in SHR compared with WKY rats (P < 0.01- 
0.00 1). 

Kinetics of Calcium Uptake. Calcium uptake was 
determined in both SHR and WKY rats at 7 sec, well 
within the linear phase of uptake at calcium concentra- 
tions between 0.01 and 1.0 mM. The binding compo- 
nent was subtracted from total uptake as determined 
from the intercept of the initial rate of uptake (27). 
Kinetic parameters of duodenal and jejunal transmem- 
brane uptake were calculated from a computerized 
model of Michaelis-Menten kinetics. Kmetic parame- 
ters in the duodenum showed a V,,, of 10.3 f 0.8 and 

.- 
0 
c ~ 0 WKY 

Time (minutes) 

Figure 3. Time course of calcium uptake in SHR and WKY rats. 
Jejunal BBM from adult SHR and WKY rats were preloaded with 280 
mM mannitol and 20 mM Hepes-Tris buffer (pH 7.4). Incubations 
were conducted at 25°C in a medium containing 100 mM KCI, 100 
mM mannitol, 20 mM Hepes-Tris buffer (pH 7.4), and 0.1 mM CaCI, 
and tracer '%a. Values are mean + SE of three separate experiments 
on different membrane preparations. 

2 
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Figure 4. Kinetics of calcium uptake by duodenal BBM of adolescent 
SHR and WKY rats. Duodenal BBM vesicles from adult SHR and 
WKY rats were brought up in mannitol buffer (pH 7.4). Calcium 
uptake was determined at 7 sec. The binding component was sub- 
tracted from total uptake. Calcium concentration in the media ranged 
from 0.01 to 1.0 mM. Kinetic parameters were obtained using a 
computerized model of the Michaelis-Menten kinetics. 

2.8 f 0.2 in adult WKY and SHR rats, respectively (P 
< 0.01); K, values were 0.7 f 0.2 and 0.3 f 0.06 mM, 
respectively (P > 0.05) (Fig. 4). Kinetic parameters in 
the jejunum showed a V,,, of 6.98 f 0.2 and 1.8 f 0.2 
nmol/mg protein/7 sec in both WKY rats and SHR, 
respectively (P < 0.001). K, values were 0.76 f 0.04 
and 0.87 f 0.1 mM, respectively (Fig. 5 ) .  To determine 
whether these changes are present before the appear- 
ance of hypertension, kinetic parameters were con- 
ducted in suckling (2-week-old) SHR and WKY rats. 
As seen in Figure 6, V,,, was 6.0 f 0.3 and 3.53 f 0.3 
nmol/mg protein/7 sec in suckling WKY rats and SHR, 
respectively (P < 0.01). K, values were 0.6 f 0.07 and 
0.5 f 0.01 mM (P > 0.05), respectively. 

Discussion 
The present studies characterize calcium transport 

across duodenal and jejunal BBM vesicles of SHR and 
WKY rats. The biochemical and functional integrity of 
the membrane preparation was validated by marker 
enzyme studies showing marked enrichment with brush 
border enzymes and the ability to transport glucose 
with an overshoot phenomenon under sodium gradient 
condition. The vesicle preparation was right-side out in 
both membranes of SHR and WKY rats as evidenced 
by studies of the latency of brush border enzyme mark- 
ers. Therefore, the current studies utilized a well-vali- 
dated BBM vesicle to determine the entry process of 
calcium across the enterocyte. Previously, we and others 
have validated the utility of BBM vesicles for the study 
of calcium transport in humans and rats (1 8, 20, 28, 
29). The transmembrane movement of calcium is well- 
documented by the A23 187 and La3+ displacement 
studies. A minor binding component is evident by the 
positive intercept of the initial rate uptake studies. 

The current studies clearly demonstrate a decrease 
in initial calcium binding to the BBM as well as in the 
transmembrane movement of calcium in the duodenal 
and jejunal segments of SHR compared with WKY 
rats. The decrease in the transmembrane movement is 
secondary to a decrease in V,,, rather than K,, sug- 
gesting that the transport carrier activity or number is 
decrease in SHR membranes compared with WKY rats. 
Previous studies on intestinal calcium absorption in 
adult SHR rats have been reported to be increased (12, 
13), unchanged (14), and decreased (1 5, 16) compared 
with WKY rats. The previous studies measured calcium 
absorption by several experimental procedures such as 
the recirculation perfusion method (16), in situ duo- 
denal uptake (12), or everted gut sac in vitro (13, 14, 
16). The discrepancy in these results has remained 
unexplained. However, the level of serum ionic calcium 
has been reported to be decreased in SHR compared 
with WKY rats under the conditions of normal intake 
of calcium and vitamin D (9, 1 1, 30, 3 1). Thus, lower 
levels of serum ionic calcium in SHR compared with 
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Vmox = 6.98 k 0.2 nrnoles/mg protein/7s 
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Figure 5. Kinetics of calcium uptake by jejunal BBM of adolescent 
SHR and WKY rats. Jejunal BBM vesicles from adult WKY rats and 
SHR were brought up in rnannitol buffer (pH 7.4). Calcium uptake 
was determined at 7 sec. The binding component was subtracted 
from total uptake. Calcium concentration in the media ranged from 
0.01 to 1 .O mM. Kinetic parameters were obtained using a comput- 
erized model of the Michaelis-Menten kinetics. 

Vmax = 6.0 3 0.3 nmoles/mg protein/7s 

1 K m  = 0.60 k 0.07 mM 
WKY { 

Vmox = 3.53 k 0.3 nmoles/mg protein/7s 

K, = 0.5 f. 0.01 mM 

+ 
0 0.2 0.4 0.6 0.8 1 .0 1 
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Figure 6. Kinetics of calcium uptake in suckling SHR and WKY rats. 
Jejunal BBM vesicles from suckling SHR and WKY rats were brought 
up in mannitol buffer, (pH 7.4). The binding component was sub- 
tracted from total uptake. Calcium uptake was determined at 7 sec. 
Calcium concentration in the media ranged from 0.01 to 1.0 mM. 
Kinetic parameters were obtained using a computerized model of the 
Michaelis-Menten kinetics. 

WKY rats could be attributable to a decrease in intes- 
tinal calcium absorption. 

The relationship between blood pressure and age 
in SHR has been reported by several investigators (7, 
16, 32). Blood pressure was normal in SHR before 4 
weeks of age (32). After 5 weeks of age, systolic blood 
pressure became significantly higher in SHR compared 
with WKY rats ( 1  7). After 10 weeks of age, hyperten- 
sion in SHR was well established (7, 16). Our studies 
confirm these findings relating development of blood 
pressure to age in SHR. Intestinal calcium absorption 
was reported by several laboratories before detectable 
hypertension in SHR (16, 25, 32). At 5 weeks of age in 
SHR, duodenal calcium absorption by the everted gut 
sac in vitro was found to be unchanged (25), decreased 

(16), and increased (32). As seen in Figure 6, V,, of 
calcium uptake was significantly lower at 2 weeks of 
age in SHR compared with WKY rats. These results 
suggest that the abnormality in calcium uptake by BBM 
in SHR was present before the development of hyper- 
tension. The mechanism for the decrease in V,,, of 
calcium uptake by BBM is not known. Abnormalities 
in vitamin D3 metabolism may explain some of our 
results. A low 1,25-(OH)? vitamin D3 was reported in 
SHR compared with WKY rats (33-35). Future studies 
are underway to examine the role of 1,25-(OH)* vitamin 
D3 in calcium uptake by BBM of SHR and WKY rats. 
These studies may shed light on the mechanisms of 
lower calcium uptake in SHR. 

The decrease in calcium binding and transmem- 
brane movement of calcium across the intestine, cou- 
pled with the observation that a similar defect is also 
present is erythrocyte (36), adipoctye (37), hepatocyte, 
and synaptosomes (38) of SHR compared with WKY 
rats suggest that the permeability of cell membranes to 
calcium is altered in hypertensive rats. These findings 
strongly suggest that cell membrane permeability to 
calcium is related to the development of hypertension. 

This study was supported by Grant RFA-86-HL-8-P. 
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