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ABSTRACT

Though Calcium is involved in the mechanisms of increase contractility, it has been shown that at
high concentration, calcium ions may cause membrane stabilization in which case the smooth
muscle responsiveness decreases. Theoretically, a decrease in membrane permeability to calcium
ions caused by increased extracellular calcium concentration stabilizes membranes. Apparently,
administration of high level of calcium ion may become useful either by way of preventing or
diminishing pregnancy-induced hypertension (preeclampsia). The goal of this study was to examine
the effect of calcium ion on the sensitivity of blood vessels during pregnancy, especially in salt
induced hypertensive pregnancy. The isolated aorta of Forty (40) adult Sprague Dawley rats [four
(4) groups of ten (10) rats each; with Group 1 = non pregnant fed with normal rat chow, Group 2 =
normal rat chow + 5% CacCl, prior to and during 6 weeks feeding on 1.6% NaCl, Group 3 = normal
rat chow + 8% NaCl for 6 weeks, and Group 4 = pregnant rats (350-380) fed on normal rat chow]
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was cut into 2 mm ring segments and each segment was suspended between two L-shaped
holders. The lower holder was fixed to the base of 20 ml organ baths containing physiological salt
solution, while the upper holder was connected to isometric transducer coupled to Ugo Bassile
recorder. The presence of functional endothelium was ascertained before the start of the experiment
by the observation of at least, 42% relaxation to 10" M acetylcholine in blood vessels contracted
with 107 M nor-adrenaline. Concentration-response tests to phenylephrine, KCI, and CacCl, were
done and result compared. Results show that the maximum contraction to phenylephrine of rings
from pregnant rats fed on calcium chloride diets were insignificantly different from those of rats fed
only with sodium chloride diet. Their sensitivities were however significantly (p<0.05) different. This
observation suggests that the effect of ca® feeding may be limited to the sensitivity, rather than the
maximum contraction. Prior calcium feeding along with simultaneous high salt (sodium chloride)
intake appears to interfere with the enhancement of vascular contractility associated with high salt
intake. Ca®" would therefore be relevant in the prevention and treatment of salt-induced

hypertension in pregnancy.

Keywords: Pregnancy; calcium; contraction; membrane stabilization; preeclampsia.

1. INTRODUCTION

It is generally accepted that a rise in intracellular
free calcium concentration mediates the
contractile responses of all muscle types [1,2,3].
The activating calcium necessary for this
contraction is of dual origin, and is released from
intracellular stores or influx from the extracellular
medium [1,4]. This extracellular flux is
homeostatically maintained by the kidneys,
playing a major role in the regulation of blood
pressure. Kidneys secrete the hormone renin,
which causes arteries to contract, thereby raising
blood pressure (Hypertension). The kidneys also
control the fluid volume of blood, either by
retaining salt or excreting salt into the urine.
When kidneys retain salt in the bloodstream, the
salt attracts water, increasing the fluid volume of
blood. As a higher volume of blood passes
through arteries, it increases blood pressure
[5,6].

Intracellular free calcium is the final trigger in the
regulation of vascular smooth  muscle
contractility. The sources of the activator calcium
are influx from the extracellular medium through
either the receptor-operated calcium channel
(ROC), activated by agonist such as
phenylephrine  [5,6,7] or voltage-operated
calcium channels (VOC), activated by membrane
depolarization [8-13] and release of calcium ions
from the internal stores accounts for phasic
contractions [14] while tonic contractors are
supported by Ca* ion influx from the
extracellular medium. Furthermore, there is
evidence of reduced contractility to stretch
stimulus, which is known to activate the voltage-
operated calcium channels [15] and increased
potassium-induced relaxation of isolated vascular

smooth muscle [16]. These changes could be
due to the direct effect of pregnancy on the
vascular smooth muscle or indirect effect through

blood borne agent [17]. The plasma
concentration of several hormones like
progesterone, estradiol and prolactin are

increased in normal pregnancy. Also, respiratory
alkalosis due to a fall in arterial partial pressure
of oxygen, and a rise in pH to about 7.4 are
features of physiological changes.

Physiological changes occur during pregnancy
[18,19,20] and almost all systems in the body are
affected by pregnancy to varying degrees. Some
of these changes include, increased body weight
[21-25], increased cardiac output in the first
trimester [13], and reduced peripheral resistance
which results from general vasodilation due to
the release of prostacyclin (PG1,) and nitric
oxide. There is also increase in blood volume,
increase in the activity of the angiotensin-
aldosterone system and a decrease in plasma
osmolality in normal pregnancy [21,22,23]. There
is increase renal blood flow due to increased
cardiac output and reduced total peripheral
resistance in the 2™ trimester, as well as a fall in
blood pressure even in a previously hypertensive
subject. Also there is a decrease in vascular
reactivity and moderate decrease in blood
pressure. It is also known that in pregnancy-
induced hypertension, the vascular reactivity is
reversed, and there is increased responsiveness
to vasoactive agents. This increase in
responsiveness has been shown to be
responsible for the hypertension that occurs in
this condition. However, calcium is involved in
the mechanism for increase contractility and at
high concentration, may cause membrane
stabilization [1,2], leading to a decrease in
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smooth muscle responsiveness. A high-salt diet
is one of the major risk factors in the
development and maintenance of hypertension.
Long-term high salt diet causes hypertension and
decreases renal expression of vascular
endothelial growth factor in Sprague-Dawley rats.
The effects of a high-salt diet are related to the
function of the renin-angiotensin system, which is
normally suppressed by a high-salt diet.
Endothelial dysfunction probably plays an
important role in the influence of high sodium
intake on blood pressure, although the exact
mechanisms remain elusive [12].

An increase in blood pressure in pregnancy is
abnormal and this is called pregnancy-induced
hypertension. Salt loading is known to cause
hypertension in human and experimental animal.
It has also been shown that high salt intake
causes an increased blood pressure in pregnant
and non-pregnant states. The mechanism
involved in the raised blood pressure response,
especially in pregnancy has not been well
defined. Some studies have suggested the
involvement of atrial natriuretic factor in the salt-
induced hypertension in human; but this is not
supported by other reports [26]. Other proposed
mechanisms include the impairment of renal
handling of sodium and inhibition of erythrocyte
membrane Na-K-ATPase pump [27].

In view of these ill-defined mechanisms of raised
blood pressure response in pregnancy, there is
need for further examination of the role of salt
intake during pregnancy, and the possibility of
using CacCl, in the prevention and management
of pregnancies complicated by hypertension.

2. MATERIALS AND METHODS
2.1 Ethical Approval

Ethical clearance was obtained from the Bio-
Research and Ethics Committee of the College
of Medicine, Ambrose Alli University, Ekpoma,
Edo State; with rules for handle of laboratory
animals strictly followed.

2.2 Animals

Forty adult Sprague Dawley rats were used for
the study. They were kept in well ventilated
building and grouped accordingly:

Group 1: Ten (10) non pregnant adult virgin rats
(weighing 230 g to 300 g) fed normal
rat chow.

Group 2: Ten (10) pregnant (350-375 g) rats fed
for 3 weeks with normal rat chow
mixed with 5% CaCl, prior to and
during 6 weeks feeding on 1.6%
NaCl.

Group 3: Ten (10) pregnant rats (350-375) fed
with normal rat chow mixed with 8%
NaCl for 6 weeks.

Group 4: Ten 10 pregnant rats (350-380) fed on
normal rat chow.

The rats were fed, ad libitum, on the respective
diets and had free access to clean drinking
water. In the experiment which involved the use
of pregnant rats, pregnancy was achieved by
mixing a male and a female rats for three
consecutive days after which the male rats were
separated from the female rats. The female rats
were monitored for weight change, and palpated
for presence of fetus (es) which were suggestive
of pregnancy. The female rats were mixed with
male rats at the end of the 3 week of salt
feeding, or salt and CaCl, feeding. Pregnancy
was confirmed by the presence of fetus (es) in
the rats when opened upon the 19" day of
withdrawal of the male rats. Any such female rat
would have been pregnant for at least 19 days
out of the 21 days gestation period.

2.3 Tissue Preparation

The rats were killed by stunning and
decapitation. The tissues were prepared using
standard methods for the study of isolated blood
vessels as used by several workers [28]. The
descending aorta were quickly removed, put in a
petri dish containing physiological salt solution
(PSS) and cleared of all adhering connective
tissues. The aorta was then cut into 2 mm ring
segments and each segment was suspended
between two L-shaped holders. The lower holder
was fixed to the base of 20 ml organ baths
containing physiological salt solution (PSS) while
the upper holder was connected to check
transducer coupled to Ugo Bassile recorder.

The aortic rings were studied under standard
organ bath condition of temperature at 37 C, and
pH 7.4 and the PSS was bubbled with 95% O,,
5% CO, gas mixture. In some experiments the
endothelium of the blood vessels were removed
mechanically by gently rubbing the intimal
aspects of the blood vessel rings with a
roughened needle. The presence of functional
endothelium was ascertained b)}/ the observation
of at least 42% relaxation to 10”" M acetylcholine.
A passive resting tension of 1gm was applied to
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each ring, this was the tension at which
maximum responses to 10° M phenylephrine
was obtained (Fig. 1). An equilibrium period of 90
minutes was allowed before the commencement
of the measurements.

During the equilibration period, the aortic rings
were rinsed at about 30 min interval. During this
time the rings were stimulated with 107 M
phenylephrine.

2.4 Concentration Responses Test to
KCI

The experiment was performed on aortic rings
from pregnant rats fed on normal rats chow
(control), and those on high salt diet. The rings
from the rats were exposed to increasing
concentration of KCI 10-100 mM), a higher
concentration of KCI was applied to the bath
when the response to the immediate earlier
application had remained steady. The contractile
responses of the rings of rats in the two different
groups were compared.

2.5 Concentration Response Test to
CaC|2

The experiment assessed the entry of calcium
into the rat aortic smooth muscle cells. The
procedure involved depletion of aortic smooth
muscle cells of intracellular calcium. This was
followed by the readmission of ca® into the
smooth muscle cells. The precise protocol is as
follows. The blood vessels (aortic rings) from the
pregnant rats were stimulated with 10° M
phenylephrine. This produced a sustained
contraction, but the rings were rinsed as soon as
contractions became stable with Ca-free solution
containing 1 mM EGTA for 15 mins. This was to
deplete the bathing medium of Ca2+, and it
caused relaxation of the aortic rings. Fifteen
minutes later, 10° M phenylephrine was applied
to the bath. It induced transient phase
contractions, which were presumed to reflect the
mobilization of Ca®* from intracellular stores. One
minute after this application of phenylephrine to
the bath, the tissues were again rinsed with Ca-
free physiological salt solution containing EGTA:

further stimulation with phenylephrine was
ineffective, suggesting depletion of
phenylephrine sensitive intracellular calcium

stores. Fifteen minutes later, the Ca-free EGTA
solution was replaced with Ca-free PSS without
EGTA, but contained 10° M phenylephrine. The
rings remained in this solution for another 10
minutes. At the end of this period, CaCl, was

applied into the bath by cumulatively increasing
the concentration from 2.5 x 10 to 2.5 x 10 M.
Concentration response curve for rings from both
pregnant and non-pregnant rats were compared.

The above procedure was repeated on intact
aortic ring from pregnant rats on the following
diet:

1. Control rats fed on normal rats chow.

2. Rats fed salt high diet for 6 weeks.

3. Rats fed high CaCl, diet for three weeks
prior to, and during six weeks period of
high salt feeding.

4. Rats fed on three weeks CaCl, prior to six
weeks of high salt feeding.

Phenylephrine induced concentration dependent
contractions in rings from pregnant rats, which
were fed on the following diets.

1. High salt diet for 6 weeks.

2. High CaCl, diet for three weeks prior to,
and during six weeks period of high salt
diet.

3. High CaCl, diet for three weeks prior to
high salt diet.

4. Normal rat chow (control).

The concentration response curve for
phenylephrine of rings from pregnant rats fed on
diet 2 and 3 were not significantly different, that
is rats fed on diet with Ca** prior to salt feeding
and those fed on Ca' prior to, and during salt
feeding.

2.6 Preparation of Solution

2.6.1 Normal physiological salt solution

The composition of normal physiological salt
solution was: NaCl, 119.0; KCI, 4.7 KH, PO,, 1.2;
NaHCogs, 24.9 CaCl,, 1.6; glucose, 11.5; Ca Na,
EGTA 0.03.

2.6.2 Calcium free solutions

Calcium-free solution, with or without 1.0 mMol
ethylene glycol Bis (B-amino ethylene) N, N’
tetra-acetic acid (EGTA) was prepared by
omission of CaCl, in the preparation of the PSS.

The high K*-Calcium free solution was prepared
like Ca-free PSS with equimolar replacement of
NaCl by KCI. The high K" - calcium free solutions
contained 10° M Phentolamine to block the
release of adrenaline from adrenergic nerve
endings in the blood vessel (Vonhountte and
Webb, 1979).
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2.6.3 Drugs

The drugs used in this study were phenylephrine
hydrochloride (Sigma chemical Co. St Louis,
M.O. USA); Phentolamine Mesylate (Rigitine
Ciba); All the drugs were prepared fresh using
distilled water on each day of the experiment and
kept on Ice. Concentrations were expressed as
final molar concentration (Mol/L) in the organ
bath.

2.7 Statistical Analysis

Values were expressed as meant standard

error of mean (SEM). The data were
analyzed SPSS (version 20), a statistical
software for data analysis; using
one-way analysis of variance (ANOVA).
P-values less than 0.05 were considered
significant.

3. RESULTS

These curves were different from those of rings
from pregnant rats on only high salt diet. The
curves show that the maximum contractions of
the rings from the three types of pregnant rats
were not significantly different (Fig. 2). However,
the sensitivities of rings from rats on the salt
alone diet, as represented by the ECspvalues,
were significantly different from those that
received Ca®* diets (Table 2a). Also the
sensitivities of rings of rats, which received ca®
diets, were not significantly different from the
sensitivities of rings from pregnant rats that were
fed on normal rat chow (control) (Table 2a; Fig.
2). High salt diet (diet) significantly increased
both the maximal contractions and the sensitivity
(as indicated by the ECs values) to
phenylephrine of the ring from pregnant rats
(Table 2a; Fig. 2).

Table 1. Showing contraction response of rat aorta to 10°M Phenylephrine following different
levels of stretch

S/IN 250mg 500 mg 750 mg 1000 mg 1250 mg 1500 mg
stretch stretch Stretch stretch stretch stretch
1 880 mg 1200 mg 1580 mg 1600 mg 1200 mg 1360 mg
2 600 mg 800 mg 800 mg 800 mg 680 mg 420 mg
3 340 mg 700 mg 760 mg 760 mg 600 mg 600 mg
4 980 mg 1220 mg 1300 mg 1480 mg 1880 mg 1260 mg
5 520 mg 920 mg 1200 mg 1200 mg 780 mg 820 mg
6 300 mg 1020 mg 1200 mg 1200 mg 700 mg 600 mg
278.1+114.0  976.7+86.3 1140+£127.8  1173.3+140.5 973.3+201.7 843.3+157.5
1400
T 1200
]
S 1000
=
& 800
K]
T 600
-
S 400
&
S 200
0
200mg 250mg 500mg 750mg 1000mg 1250mg 1500mg
Stretch (mg)

Fig. 1. Concentration response curve of rat aorta to 10”7 M phenylephrine following different
levels of stretch
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Table 2a. EC5, values for the response and maximal contraction (mg) to phenylephrine of aortic rings from pregnant rats fed on diet 1, 2, 3, and 4

Rats ECs Max-contraction
Pregnant rat (n=10) 2.7(x0.9)x10° 1610.0+£122.6
Diet 1 (high salt diet alone)

Pregnant rat (n=10) 4.4(+1.08) x 107 1564.0+£105.0
Diet 2 (Ca®* prior to and during salt feeding

Pregnant rat (n=10) 2.9(x0.02) x 10-7 1632.0+172.6
Diet 3 (Ca®* prior to salt feeding)

4 Control rats (n=10) 2.47(+0.31)x107 1139.0+103.4"

* P<0.05; compared with the other ECso values
+ P<0.05; compared with the other maximal contraction values

Table 2b.
ECs, = 2.7(20.9) x 10° ECs, = 4.4(%1.08) x 10™* ECs, = 2.9(0.02) x 10-7 ECs, = 2.47(20.31)x10” Maximum
Maximum Maximum Maximum contraction=1632.0%x172.6 contraction=1139.0+103.4
contraction=1610+122.6 contraction=1564.0%£105.0*
213.0+33.0 4.0£4.0 0 4.0 £2.7
550.0+£34.9 44.0£17.2 24.0+7.5 56 +16.2
1096.7£124.5 420.0£105.1 456+122.1 477+110.6
1460.0£113.3 1108+68.1 1208+£171.8 1007£143.8
1610.0£122.6 1544+78.8 1612+184.7 1139+103.4
1500+101.7 1564+105.0 1632+172.6 1111+170.5
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2000
1800
1600
1400 -
1200 -
1000 A
800
600 -
400 -~
200

Tension (mg)

e 3 Ca2+ prior to salt feeding
e ) Ca2+ prior to and during
salt feeding

1. High salt diet

e /L NOrmal rat chow control

1 2 3 4
Phenylephrine Concentration(mMol)

5 6

Fig. 2. Contraction to phenylephrine of aortic rings from pregnant
rats fed high salt, high salt with CaCl, and normal rat diet
*p>0.05: Compared with corresponding points in the other curves
+p<0.05: Compared with corresponding points in the other curves

Table 3. ECs, values of responses and maximal contractions (mg) to KCI of aortic rings from
pregnant rats fed on normal rat chow and those fed on high salt diet

Table 3a
Rats ECs, Max. contraction
Pregnant (n=10) (Normal rat chow) 25.3+1.7 1859.8+47.9
Pregnant (n=10) High salt diet) 22.3+3.6 2031.7£179.2

Table 3b. Dose response curves to KCI of aortic rings from pregnant rats fed normal and
high—salt diet

ECs5, = 25.38 £1.67
Maximum contraction=1859.0+48.7

ECs5, = 22.55%£3.6
Maximum contraction=2031.7£179.2

46.8+17.7 215.0+53.9
553.61+90.3 816.7+164.4
1193.6+99.6 1376.7+£158.7
1530.9+75.7 1610.0£133.5
1685.4+69.1 1743.3+140.1
1777.2461.2 1886.7+186.1
1829.0+51.2 1976.7£191.0
1854.5+48.7 2018.3+184.6
1859.0+47.9 2028.3+180.5
2031.7£179.2
4. DISCUSSION The results of the present study have accordingly

High salt intake has been severally shown to
induce hypertension in experimental rats [29] and
the hypertension has, at least partly been
attributed to enhanced sensitivity and contractility
of vascular smooth muscles to contractile agents.

shown that both the maximal contraction and the
sensitivity to phenylephrine of the aortic smooth
muscle studied were increased by high salt
intake. The mechanism by which salt enhanced
the sensitivity and contractility of the smooth
muscles seems to be related to the alteration of
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Fig. 3. Dose response curves to KCI of aortic rings from pregnant rats fed normal and high-salt
diet

Ca” influx through the ROC (and not through
VOC) as the concentration-response curves for
KCI of rings from the control rats and the salt fed
rats were not significantly different. Similar
conclusion had been reached on the report that
Nifedipine (a voltage — operated calcium entry
blocker) failed to reduce salt-induced elevation of
blood pressure in rats [30].

However, some other results of the study
showed that calcium feeding prior to and during
high salt intake inhibits the effect of salt intake on
the sensitivity of the aortic smooth muscle to
phenylephrine but has no effect on the maximal
contractions. The maximal contractions remained
unaltered. This observation tends to suggest that
CaCl, could be used in conjunction with other
drugs in the prevention and management of
hypertension, especially during pregnancy. This
would appear to remain the case as a prior
treatment to CaCl, for 3 weeks also decrease the
sensitivity of the blood vessels during
subsequent high salt feeding.

The use of Ca®" for the prevention and, or
management of hypertension had long been
suggested [2] but this suggestion has not really
been backed with much scientific evidence.
Though the precise mechanism by which CaCl,
interferes with the sensitivity of blood vessels
was not specifically studied, it has been
suggested and demonstrated that an increase in
the extracellular concentration of Ca** stabilized
the membrane of vascular smooth muscle cells,
and therefore induced relaxation of the muscle
[1&2]. It is presumed that Ca®" ion binding to
specific loci on the cell membrane will reduce the
permeability to monovalent ions. Thus, by

altering membrane potentials, Ca®" also
influences its own permeability and intracellular
calcium release (Hurwitz, 1965). It is, therefore, a
possibility that high CaCl, intake by the rats prior
to high salt intake as well as during the high salt
diet could have elevated the extracellular Ca?*
concentration and thereby stabilize the
membrane of the aortic smooth muscle cells.

5. CONCLUSION

Within the ambient of vulnerability to possible
errors, this study has found that the use of Ca®*
for the prevention and, or management of
hypertension may be possible. It has been
suggested and demonstrated that an increase in
the extracellular concentration of Ca*" stabilizes
the membrane of vascular smooth muscle cells,
and therefore induces relaxation of the muscle
leading to vasodilation.

6. SOCIETAL BENEFIT OF STUDY

The possible use of ca® supplement as
prophylactic medication in pregnancy, especially
in situation of overt sensitivity to salt.
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