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ABSTRACT

Studies have shown that angiotensin-converting enzyme (ACE)
inhibitor treatment in young genetically hypertensive rats pre-
vents the full expression of blood pressure and vascular abnor-
malities in the adult. This model provides unique conditions with
which to study the pathogenesis of altered Ca** regulation.
Normotensive (WKY) rats and stroke-prone spontaneously hy-
pertensive rats (SHRSP) received at 6 to 10 weeks of age either
ACE inhibitor (ramipril), hydralazine/hydrochlorothiazide or no
treatment. At 17 weeks of age, rats were anesthetized, and
vascular tissue was excised. Thoracic aorta challenged with 20
mM caffeine in Ca**-free buffer produced a phasic contractile
response. The magnitude of this phasic response was used as
a measure of Ca** released from intracellular stores; a direct
correlation between this phasic response and systolic blood

pressure was observed. A concentration-response curve to Bay
K8644 was performed on carotid arteries; a direct correlation of
force development to Bay K8644 and systolic blood pressure
was observed. All WKY groups showed lower blood pressure
and force development in response to Bay K8644 than did
SHRSP. Treatment with ramipril reduced blood pressure and
force development in response to Bay K8644 in adult SHRSP,
although not to levels of WKY rats, whereas WKY rats were
unaffected by treatment. These data support the hypothesis that
contractile responses to Bay K8644 in carotid arteries and
caffeine in aorta parallel changes in systolic blood pressure. We
conclude that alteration of Ca** regulation in hypertension is
directly related to elevated blood pressure and mediated by an
angiotensin ll-sensitive mechanism during development.

Many studies have documented pathological alterations in
cellular Ca** handling in patients with essential hypertension
and have confirmed the effectiveness of Ca** channel antago-
nists in reducing systemic blood pressure (Ram, 1985; Schwartz
et al., 1984; Scriabine et al., 1988; Urthaler, 1986; Vanhoutte,
1985). Furthermore, investigators report that small changes in
intracellular Ca** concentrations can cause large changes in
vascular tone (Morgan, 1987) and therefore may be responsible
for the enhanced vascular reactivity found in the smooth muscle
of hypertensive animals. Increased permeability to Ca** has
been demonstrated in the plasma membrane of arteries from
hypertensive animals, possibly due to a decreased membrane-
stabilizing effect (Furspan et al., 1986; Furspan and Bohr, 1988;
Rinaldi and Bohr, 1988) and a greater activity of L-type Ca**
channels (Hermsmeyer et al., 1989, 1990). It has also been
proposed that alterations in the storage or release of Ca** from
intracellular stores (SR) may contribute to the increased vas-
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cular reactivity in hypertension; studies report greater release
of Ca** from the SR of vascular smooth muscle in both genetic
(Hermsmeyer et al., 1989b) and experimental models (Perry
and Webb, 1991) of hypertension.

Some controversy exists, however, as to whether this altera-
tion in Ca** metabolism is the cause or the result of increased
vascular tone and reactivity. Recently, an aspect of the genet-
ically hypertensive animal has been reported that provides a
unique opportunity to explore the question of the pathogenesis
of hypertension and its relation to altered Ca** handling.
Several investigators have shown that SHR treated with an
ACE inhibitor during a “critical period” of development (2 to
10 weeks of life) fail to have elevated arterial blood pressure to
the same magnitude as that observed in untreated SHR or SHR
treated with the ACE inhibitor during a noncritical period
(Giudicelli et al., 1980; Harrap, 1992; Harrap et al., 1990; Lee
et al., 1991; Morton et al.,, 1992). This effect has since been
confirmed in the SHRSP. The SHRSP treated with ACE
inhibitors have blood pressures that are significantly lower in
adulthood than their untreated SHRSP counterparts, yet they
retain the same genetic predisposition for hypertension.

This modified model of hypertension in which the full expres-

ABBREVIATONS: ACE, angiotensin-converting enzyme; hydral/HCTZ, hydralazine/hydrochlorothiazide; PSS, physiological salt solution; SR,
sarcoplasmic reticulum; SHR, spontaneously hypertensive rats; SHRSP, stroke-prone spontaneously hypertensive rats; 5-HT, serotonin; WKY,

Wistar-Kyoto.
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sion of high blood pressure is prevented may be particularly
useful in separating vascular alterations that are primary to
hypertension from those that are secondary to development of
high blood pressure. Through the use of this modified genetic
model, we previously determined that increased adrenergic
sensitivity is not related to blood pressure and may be a primary
cause of hypertension. The present study focuses on altered
Ca** handling in hypertension and whether alteration in Ca**
handling or sensitivity is a primary or secondary factor of
hypertension. We used this modified genetic model of hyper-
tension to consider Ca** handling at the level of the plasma
membrane as well as the SR and determine its relationship to
blood pressure. The hypothesis tested was that increased re-
sponsiveness to Ca** channel agonists is reduced in adult
SHRSP treated with ramipril during development and that
reversal of the vascular abnormalities in hypertension is inde-
pendent of the blood pressure-lowering effect of ACE inhibitors.
A non-angiotensin-dependent antihypertensive treatment was
used to test whether long-term changes in vascular reactivity
are dependent on blood pressure lowering during development
or whether changes were specific to ACE inhibition.

Materials and Methods

Animals. Male SHRSP and WKY rats were obtained from a colony
maintained in the Department of Anatomy and Cell Biology at the
University of Michigan (Ann Arbor, MI). All rats were housed in a
light-cycled, temperature-controlled room with ad libitum access to
food and water. At all times excluding the 6- to 10-week age period,
rats received tap water and standard laboratory chow (Purina Mills
Co., Richmond, IN). Systolic blood pressure was measured weekly by
an indirect tail cuff (pneumatic transducer) method in conscious,
restrained rats. Blood pressure values were averaged in sets of two
consecutive weeks, and blood pressure data are reported in 2-week
intervals. Three experimental treatment regimens were included in this
protocol: untreated (WKY, n = 8; SHRSP, n = 8), ACE inhibitor
treated (WKY, n = 8; SHRSP, n = 8), and diuretic/vasodilator treated
(WKY, n=6; SHRSP, n = 6). One diuretic/vasodilator-treated SHRSP
and one untreated WKY rat did not survive the study and were excluded
from the analysis. Rats in the diuretic/vasodilator group received
hydralazine (200 mg/l) and hydrochlorothiazide (200 mg/1) in their
drinking water during the treatment period. Based on an intake of 20
ml of water per day, rats received 4 mg/day of each drug. All other rats
received tap water. Rats in the ACE inhibitor-treated group were given
ramipril in their food (0.0025% ramipril by weight) from 6 to 10 weeks
of age. Measured dosages of ramipril were 2.94 + 0.16 mg/kg/day for
WKY rats and 3.23 + 0.18 mg/kg/day for SHRSP (P > .05). All other
rats received control food.

Experimental protocol. At 17 weeks of age, rats were anesthetized
with sodium pentobarbital (50 mg/kg) and decapitated. Thoracic aortas
and carotid arteries were harvested and placed into cold PSS with a
composition (in mM) of NaCl, 130; KCl, 4.7, KH,PO,, 1.18; MgSO,-
TH;0, 1.17; NaHCO,, 14.9; dextrose, 5.5; CaNa,-EDTA, 0.026 and
CaCls, 1.6 for ~20-hr storage at 3.5°C. Preliminary experiments showed
that no significant change in contractile responsiveness accompanied
this overnight storage. Fatty and connective tissue was removed from
the thoracic aortas and carotid arteries, and the vessels were cut into
helical strips (2 mm X 15 mm for aorta, 0.7 mm X 10 mm for carotid
arteries). The endothelium was removed by gentle rubbing of the intima
with a cotton swab. Vascular strips were mounted on stainless-steel
tissue hangers and suspended in a muscle bath containing PSS main-
tained at 37°C and aerated with 95% 0;-5% CO;. Calcium-free buffer
contained 1.0 mM EGTA and no added calcium. Strips were allowed
to equilibrate for 90 min with a passive force of 1.5 X g and 0.6 X g for
aortas and carotid arteries, respectively. Drugs were added directly to
the bath, and isometric contractile force was measured using Grass

Vol. 267

FT.03 force transducers in Quincy, MA and recorded on a Grass
Polygraph. Between responses, agonists were rinsed from the tissue
bath, and strips were allowed to recover to base-line values. In thoracic
aorta, contractile responses to 5-HT and caffeine in Ca**-free buffer
after loading of a cellular Ca** store were measured by a method similar
to that described by Karaki et al (1979). In addition, cumulative
concentration-response curves to Bay K8644, a calcium channel ago-
nist, were generated using carotid arteries.

Drugs. Bay K8644, caffeine, hydralazine hydrochloride, hydrochlo-
rothiazide, and serotonin creatine sulfate were purchased from Sigma
Chemical Co. (St. Louis, MO). Ramipril was the gift of Upjohn Co.
(Kalamazoo, MI). Laboratory chow containing 0.0025% ramipril by
weight was prepared for this study by Purina Mills Co. Serotonin
creatine sulfate was prepared in 0.1% ascorbate solution in deionized
water, and Bay K8644 was prepared in ethanol. All other drugs were
prepared and diluted in deionized water. Other chemicals used in this
study were of reagent grade.

Statistical analysis. Data are expressed as mean + S.E.M. Un-
paired Student’s ¢t tests were used to determine statistical significance
between SHRSP and WKY rats and within groups. A value of P < .05
was considered significant. The Bonferroni correction was applied to
adjust for multiple comparisons. Correlation of systolic blood pressure
with vascular responsiveness was calculated using linear regression
analysis.

Results

Blood pressures at 16 weeks of age were as follows (mm Hg):
untreated WKY, 131 + 4; hydral/HCTZ-treated WKY, 132 +
3; ramipril-treated WKY, 131 + 3; untreated SHRSP, 217 + 4;
hydral/HCTZ-treated SHRSP, 198 + 6 and ramipril-treated
SHRSP, 168 + 2. Fig. 1 illustrates the effect of early brief
antihypertensive treatment on the development of blood pres-
sure. Ramipril treatment from 6 to 10 weeks of age in the
SHRSP significantly reduced blood pressures at 16 weeks of
age from untreated levels (fig. 1B), although not to WKY levels,
and WKY rats were unaffected by early treatment (fig. 1A).
SHRSP treated with hydral/HCTZ from 6 to 10 weeks of age
also showed significantly lower blood pressures at 16 weeks of
age but not to the magnitude of the ramipril-treated SHRSP
(fig. 1B). The values reported in fig. 1 are a summary of blood
pressure data presented in an earlier study from our laboratory.

Fig. 2 illustrates contractile force development in response
to caffeine in SHRSP and WKY aorta. Aortas were stimulated
with 5-HT (3 uM), and the contraction was allowed to reach a
plateau. Ca**-free buffer was then introduced into the muscle
bath, and the strips were allowed to equilibrate for 10 min; this
period corresponds to the Ca** store-depletion period. Subse-
quently, Ca**-free buffer was replaced by buffer containing 1.6
mM Ca**, and the strips were allowed to equilibrate for 10 min;
this period corresponds to the Ca** store-loading period. After
this period, Ca**-free buffer was reintroduced into the bath,
and aortas were allowed to equilibrate for 30 sec before 20 mM
caffeine was introduced. The resulting phasic response to caf-
feine in Ca**-free buffer reflected Ca** released from intracel-
lular stores.

The absolute magnitude of phasic contractile responses to
caffeine was significantly greater in aortas from untreated
SHRSP than in arteries from untreated WKY rats (fig. 3A).
This relationship held when the phasic contractile response
was also expressed as a percent of the initial response to 5-HT.
(Maximal responses to 3 uM 5-HT in milligrams of force were
as follows: untreated WKY, 426 + 72; hydral/HCT-treated
WKY, 670 + 54; ramipril-treated WKY, 653 + 57; untreated
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Fig. 1. Antihypertensive regimen effects on blood pressure. A, Line graph showing indirect systolic blood pressure of WKY rats from 5 to 16 weeks

of age receiving

no treatment (n = 7), hydral/HCTZ treatment (n = 6) or ramipril treatment (n = 8). B, Line graph showing indirect systolic blood

pressure of SHRSP from 5 to 16 weeks of age receiving no treatment (n = 8), hydral/HCTZ treatment (n = 5) or ramipril treatment (n = 8). Biood
pressures were averaged over 2-week intervals and plotted at the midpoint of corresponding ages. All data are reported as mean + S.E.M. values.
*P < .01 compared with untreated group by t test in week 16.5 of blood pressure measurements. The values reported are a summary of blood

pressure data presented in an earfier study from our laboratory.
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Fig. 2. Cellular Ca** stores in rat aorta. Aortas from SHRSP and WKY
rats were stimulated with 5-HT (3 xM) and allowed to reach a plateau.
Ca**-free buffer was then introduced into the muscle bath, and strips
were allowed to equilibrate for 10 min. After this depletion period, 1.6
mM Ca** buffer was placed into the muscie bath, and strips were
allowed to equilibrate for 10 min. After this loading period, Ca**-free
buffer was introduced into the bath and allowed to equilibrate for 30 sec
before 20 mM caffeine was added. Phasic contractile responsiveness
was greater in aortas from SHRSP compared with aortas from WKY

rats, even when contractile response is expressed as a percentage of
the initial response to 5-HT.

SHRSP, 895 + 47; hydral/HCT-treated SHRSP, 892 + 147
and ramipril-treated SHRSP, 863 + 51). Neither antihyperten-
sive treatment had a significant effect on phasic contractile
responsiveness to caffeine in the WKY rats. All SHRSP showed
significantly greater magnitudes of phasic contractile force than
the WKY rats. Although treatment with hydral/HCTZ in
SHRSP did not significantly change phasic contractile respon-
siveness to caffeine from untreated SHRSP levels, treatment
with ramipril significantly decreased contractile responsiveness
to caffeine from untreated SHRSP levels, although not to WKY
levels. Fig. 3B shows the relationship between terminal systolic
blood pressure and phasic contractile responsiveness to caf-
feine. A positive correlation between blood pressure and phasic
contractile response was observed when linear regression was
performed. None of the animal groups were statistically differ-
ent from the regression line.

Fig. 4 illustrates contractile force development to Bay K8644
in SHRSP and WKY carotid arteries. Carotid arteries were
first depolarized with 100 mM KCl to determine maximal force

development. No significant difference was observed between
the WKY and SHRSP in any of the treatment groups (~260
mg developed force to 100 mM KCl). The KCl was washed out,
and the vessels were allowed to relax to base line before begin-
ning a cumulative concentration-response curve to Bay K8644.
Force development from base line was observed in the untreated
SHRSP at 30 nM Bay K8644 and increased with higher con-
centrations of agonist. Carotid arteries from untreated WKY
animals, however, showed only phasic spikes of force develop-
ment at 300 nM and did not generally show force development
from base line at any concentration. Several WKY rats did
show force development from base line as shown in fig. 5.

Fig. 5A illustrates cumulative concentration-response curves
to Bay K8644 in treated and untreated animals in milligrams
of force. At 1 uM Bay K8644, neither antihypertensive treat-
ment had a significant effect on force development in the WKY
rats. All SHRSP showed significantly greater magnitudes of
force development in response to 1 uM Bay K8644 than the
WKY rats. Although treatment with hydral/ HCTZ in SHRSP
did not significantly change force development from untreated
SHRSP levels, treatment with ramipril significantly decreased
force development from untreated SHRSP levels. Fig. 5B shows
the relationship between terminal systolic blood pressure and
force development in response to 1 uM Bay K8644. A positive
correlation between blood pressure and force development in
response to 1 uM Bay K8644 was observed when a linear
regression is performed. None of the animal groups were statis-
tically different from the regression line.

Discussion

A principal finding of this study was that blood pressure
levels in adult SHRSP can be reduced if the rats are treated
with ramipril at 6 to 10 weeks of age. The observations on
blood pressure confirm the early work of Harrap et al. (1990),
which has been extended in studies by Lee et al. (1991), and
Morton et al. (1992). Harrap et al. (1990) proposed the existence
of an angiotensin II-sensitive genetic program mediating blood
pressure that can be altered by blocking the production of
angiotensin II during a critical developmental period. We have
used this “modified model” of hypertension to explore vascular
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Fig. 3. A, Development of phasic contractile force to caffeine in Ca**-free buffer in aortic strips from SHRSP and WKY (treated and untreated
animals). Contractile force in all SHRSP groups was significantly greater than force development in untreated WKY (*P < .05). Contractile responses
in aortas from ramipril-treated SHRSP group were significantly less than the untreated-SHRSP response (1P < .05). B, Correlation between phasic
contractile force development in all animal groups and terminal systolic blood pressure. A linear regression was performed using all group points,
and it was determined that a positive correlation exists between blood pressure and phasic contractile response to caffeine. None of the groups are
significantly different from the regression line. All data are expressed as mean + S.E.M. values for untreated WKY (n = 7), hydral/HCTZ WKY (n =
6), ramipril-treated WKY (n = 8), untreated SHRSP (n = 8), hydral/HCTZ-treated SHRSP (n = 5), and ramipril-treated SHRSP (n = 8).
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Fig. 4. Responsiveness to Ca** channel agonist Bay K8644 in the carotid
arteries. Carotid arteries from SHRSP and WKY rats were challenged
with 100 mM KCI. Maximal force development in the carotid arteries
from SHRSP was not significantly different from that in WKY rats. Arteries
were allowed to recover, and a cumulative concentration-response curve
to Bay K8644 was performed. Carotid arteries from SHRSP were more
sensitive to the agonist, and force development was observed in these
vessels. Force development was not observed in WKY arteries, and
responsiveness is characterized by phasic contractile spikes in these
vessels. Other WKY vessels did or did not show force development from
base line (see fig. 5).

changes that accompany an alteration in expression of blood
pressure in SHRSP treated with ramipril during development.

The present study confirms previous work demonstrating
that Ca** handling at the level of the plasma membrane (Fur-
span et al., 1986; Furspan and Bohr, 1988; Hermsmeyer et al.,
1989, 1990; Rinaldi and Bohr, 1988) and the SR (Hermsmeyer
et al., 1989b; Perry and Webb, 1991) is altered in hypertension.
Carotid arteries from SHRSP were more sensitive to the Ca**
channel agonist Bay K8644 and developed significantly greater
magnitudes of force compared with carotid arteries from WKY
rats at all concentrations. Furthermore, aortas from SHRSP
showed greater magnitudes of phasic contractile force in re-
sponse to caffeine in Ca**-free PSS than did aortas from WKY
rats.

The Ca** channel agonists Bay K8644 and caffeine activate
different Ca** channels and cause contraction via different
cellular mechanisms. Bay K8644 opens voltage-sensitive Ca**

channels in the plasma membrane (Kanmura et al., 1984).
Extracellular Ca** subsequently enters the cell and causes
contraction in vascular smooth muscle. In contrast, caffeine
enters the cell and acts directly to open ryanodine-sensitive
Ca**-efflux channels that line the SR, releasing Ca** from
intracellular stores and causing a phasic contraction (Rousseau
and Meissner, 1989).

The data presented here extend previous observations by
showing that contractile responses to 1 uM Bay K8644 or 20
mM caffeine (in Ca**-free buffer) in carotid arteries and aortas
from ramipril-treated SHRSP were intermediate between those
of untreated SHRSP and WKY rats. Furthermore, the change
in vascular responsiveness correlated with terminal systolic
blood pressures as seen by linear regression analysis. A change
in vascular responsiveness was not seen, however, in SHRSP
treated with hydral/ HCTZ. Thus, the developmental pathway
that affects blood pressure level and/or contractile responsive-
ness to Bay K8644 and caffeine is related to an angiotensin II-
sensitive mechanism during development.

The present study provides no evidence that the long-term
changes in vascular reactivity are due to the specific capacity
of ramipril to block angiotensin II generation rather than other
effects of the ACE inhibitor. The rationale for the use of this
label derives from other studies involving brief angiotensin II-
blocking treatments during development. Both captopril and
perindopril have been shown to have long-term effects of blood
pressure similar to those of ramipril and therefore, it is as-
sumed, similar changes in vascular reactivity (Harrap et al,,
1990; Lee et al., 1991). Furthermore, the angiotensin II receptor
antagonist losartan has been shown to have similar effects on
long-term blood pressure when administered during develop-
ment (Morton et al., 1992). In the landmark study by Harrap
et al. (1990), this long-term effect on blood pressure was not
observed when angiotensin II was coadministered with ACE
inhibitors during development. Therefore, it seems likely that
these long-term changes attributed to ramipril treatment dur-
ing development are due to the compound’s ability to block
generation of angiotensin II.

We proposed that reduced adrenergic sensitivity and blood
pressure in SHRSP treated with ramipril were associated with
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an angiotensin II-sensitive developmental program and there-
fore was a primary contributing factor in hypertension. Aortic
sensitivity to phenylephrine in ramipril-treated SHRSP was
not significantly different from that in WKY rats, whereas
untreated SHRSP were significantly more sensitive to phen-
ylephrine than were WKY rats (unpublished). Furthermore,
this vascular sensitivity did not directly correlate with terminal
systolic blood pressure. SHRSP animals treated with hydral/
HCTZ showed increased sensitivity to phenylephrine relative
to WKY that was characteristic of an untreated SHRSP.
Therefore, it was concluded that sensitivity to phenylephrine
may reflect a primary defect associated with hypertension, and
the altered sensitivity arises from an angiotensin II-mediated
genetic program activated during development.

In the present study, contractile responsiveness to the Ca**
channel activators Bay K8644 and caffeine in ramipril-treated
SHRSP were intermediate between those of untreated SHRSP
and WKY and correlated with blood pressure. Thus, unlike
phenylephrine, only a portion of the contractile responsiveness
to Ca** channel agonists was controlled by an angiotensin II-
mediated developmental program. This may be due to the fact
that Ca** channel function is mediated and modulated by many
different factors (e.g., G proteins, calmodulin-dependent
kinases, Ca** induced Ca** release) and early angiotensin II
inhibition may influence only some of these factors. Therefore,
a decreased responsiveness to Ca** channel agonists could
explain the reduced blood pressure in ramipril-treated SHRSP.
Other studies have suggested that the regulation of intracellular
Ca** may play a primary role in the augmented vascular
reactivity characteristic of hypertension (Bohr and Webb, 1984;
Kwan, 1985; Morgan and Suematsu, 1990; Sprenger, 1985). An
alternate explanation, however, is that altered Ca** handling
and/or sensitivity was secondary to the elevated blood pressure.
According to this explanation, the reduced blood pressure ob-
served in the ramipril-treated animal could be attributed to
reduced adrenergic sensitivity or to other factors mediated by
the angiotensin II-sensitive program in development. The lower
blood pressure of the ramipril-treated animal could, in turn, be
responsible for the reduced response to the Ca** channel ago-
nists. Studies have shown that several vascular abnormalities
characteristic of hypertension are associated with elevated
blood pressure (Bohr et al., 1991; Rapp, 1982).

Observations by Sada et al. (1989) were relevant to the

Systolic Pressure (mm Hg)

R=0.98 velopment in response to 1 uM Bay K8644. None
. X . of the groups are significantly different from the
180 200 220 regression line. All data are expressed as mean +

S.E.M. values for untreated WKY (n = 7), hydral/
HCTZ-treated WKY, (n = 6), ramipril-treated WKY
(n = 8), untreated SHRSP (n = 8), hydral/HCTZ-
treated SHRSP (n = 5) and ramipril-treated SHRSP
(n=8).

present study and help clarify which of these two explanations
was more likely to be true. They reported that long-term
treatment (20 weeks) with ACE inhibitors (beginning at 23
weeks of age) in SHR suppressed the abnormal contractile
responsiveness to Ca** channel agonists. Furthermore, SHR
treated with hydralazine for a similar period showed the en-
hanced contractile responsiveness to Ca** channel agonists
characteristic of untreated SHR, despite having blood pressures
that were normotensive (133 + 5 mm Hg). This strongly sug-
gested that alterations in Ca** handling were not secondary to
changes in blood pressure. Thus, we propose that the attenua-
tion of blood pressure observed in SHRSP treated with ramipril
is caused by the prevention of abnormal contractile responsive-
ness to Ca**, which in turn is caused by treatment with ACE
inhibitors during development.

The mechanism by which ACE treatment during develop-
ment affects long-term changes in responsiveness to Ca** chan-
nel activators in vascular smooth muscle remains unclear.
Several studies have reported a relationship between angioten-
sin II and voltage-sensitive Ca** channels. Hausdorff and Catt
(1988) have demonstrated that angiotensin II can activate
dihydropyridine-sensitive voltage-sensitive Ca** channels in
the rat. Aguilera and Catt (1986) have shown that a close
correlation (r = .92) exists between nitrendipine-binding sites
and angiotensin II receptors in different zones of the adrenal
in rat, dog and cow. Buisson et al. (1992) reported that angio-
tensin II can modulate T-type Ca** current in certain nondif-
ferentiated cell lines, and several investigators have demon-
strated that angiotensin II can inhibit an anomalous inward
rectifying potassium current in mouse, rat and bovine cells
(Kanazirska et al., 1992; Kurtz and Penner, 1990). Studies have
shown that angiotensin II causes vasoconstriction by directly
inhibiting potassium-induced Ca** signal generation (Balla et
al.,, 1991; Toro et al, 1990). It is possible that blocking of
angiotensin II production during a critical period of develop-
ment alters the responsiveness of vascular smooth muscle to
Ca** channel activators through any of the above mechanisms.

In summary, this study demonstrated that SHRSP show
greater contractile responsiveness and force development to the
Ca** channel activators, Bay K8644 and caffeine; SHRSP
treated with ramipril for a brief period during development
show responsiveness and force development to Bay K8644 and
caffeine in adulthood that is intermediate between untreated
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SHRSP responses and WKY responses, whereas there is no
change with hydral/HCTZ treatment; and intermediate blood
pressures correspond to the intermediate responsiveness to
Ca** channel activators in ramipril-treated SHRSP. These
data support the hypothesis that there is a correlation between
blood pressure and responsiveness to Ca** channel activators
in hypertension. We conclude that a portion of abnormal Ca**
handling in hypertension is mediated by an angiotensin II-
sensitive genetic program activated during development and
that the corresponding attenuation of blood pressure is second-
ary to altered Ca** regulation.
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