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CALCIUM SUPPLEMENT ENHANCES BAROREFLEX
SENSITIVITY IN SALT-LOADED SPRAGUE-DAWLEY RATS
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SUMMARY: Dietary calcium is kriown to prevent salt-induced hypertension, although the exact
mechanism responsible for this remaing vnknown. One of the proposed mechanisms of the pathogenesis of
salt-induced hypertension is the impairment of barereflex sensitivity. Hence we investigated the effect of
calcium supplement on barorpceptor in salt-foaded rats. The experiment was performed in male Sprague-
Dawley rais fed with measured salt snd/or caleium diets and given tap water ad libitum for 6 weeks. Blood
pressure and heart rate measurements were done in anaesthetised animals through direct invasive method
using Grass Polygraph. Bilateral carotid occlusion test was used to determine the baroreflex sensitivity in
the rats. There was increase in mean arterisl pressure (MAPY of -salt-loaded rats relative to control
(1326423 vs. 90. 1 = |.5mmHg; w+8; p<0.05), while distary calcium alone did not have any significant
effect on the MAP (84.5 =1 7TmmiHg; n=8). During the feding period, the salt consumed by salt-loaded
rats was significantly higher than those of control but lower than that of salt-loaded-fed rats. Also, water
ntake was highest in salt-loaded rats compared with other experimental rats. However, the volume of
urinary excretion was higher iv salt-loaded-calcium-fed rats than salt-loaded rats but both were higher than
control. These resulted in-atienvated baroreflex sensitivity of sait-loaded rats relative to control (0.55+ 0.2
vs. 1.25% 0.1 beats/min/mmHg, n=7; P<0, 05). However, dietary calcium enhanced baroreflex sensitivity
in sali-loaded-fed rats (2.2130.2 beats/min/mmHg, n=7; P<0.05) compared with control and salt-loaded
rats. The study shows that salt-loading led to hypertension probably through alteration of haemodynamic
function and impairment of baroreflex sensitivity, Calcium supplement prevention of sali-induced
hypertension seems to reverse these, thus resulting in maintenance of water balance and baroreceptor
integrity. B :
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Introduction

Although the precise mechanism which calcium
* prevents hypertension is vet to be established, it
‘appears that salt-induced hypertension is the
model of hypertension that is most sensitive to
the effect of dietary calcium (Saito et al., 1989;
Resnick, 1999), Experimental studies have
shown that impairment of baroreesptor
sensitivity in salt-loaded rats is responsible for
the geneésis of hypertension (Miysjima and
Bunag, 1987; Sofola et al, 1991). There is
evidence that abnormality in baroreceptor
function precedes and contributes to elevation in
arterial pressure (Mark, 1991). The reseiting of
the barorecoptor over a prolonged period is
probably to enable it cope with the sustained
elevation of the arterial pressure (Gordan et al.,
1981; Miyajima. and  Bunag,  1986).
Cardiopulmonary barorecptors have been shown
to participate in control of renal sodium and.

water excretion, as well as renin release (Perrari
et al, 1984).. This is due to the dimvinished

" inhibitory = effect - that  cardiopulmonary

baroreceptors have on renal sympathetic nerve
activity, leading to net increase in sympathetic
nerve activity (Ueno et al, 1988). However, the
mechanism. by which a high salt diet” might
sensitize arterial baroreceptors is not clear but
could - conceivably involve ionic or humoral
adjustments (Mark, 1991). Thus, we thought it
might be . worthwhile to investigate the
impairment of arterial baroreceptors in salt-
induced hypertensive rats and the effect of
dietary calcium on it from the same the
perspective. ' '

Methods

Animal preparation
Male in-bred Sprague-Dawley rats (90-110g)
were randomly divided into four groups ie.
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control, salt-ivaded; saltloaded-calciom-fed and

calcimm-fed group, respectively, The control rats

{NR) Were ff:(i mrmai rats dwws coptaining ]

aroup (SR} ‘had a diet of 8% N&Cl and 0.9%
calcitm,  while the salt=loaded-calcium-fod'

{(NaCaR} raty had an 8% NaCl and 2. 5%
calcium-fed rats: (€aR) received a dist of 0.3%
NaCl and 2.5% calcium. The salf and/or caleium

diets were prepared from the normal rat foed by -

adding appropriate quantities of salt andlor

caicium {as CaCl, ) ‘to it.  Measured food:

regimen and tap water for each group were

provided' ad 'libitum for 6 weeks, . Urinary

excrefion was collected and measured. At the
end of the pericd, the fni!omng expm*:ments
were carried out . -

Blood pressire measurémenr

After the feeding period, rats from each group
were randomly picked and anaesthetized by
intraperitoneally injection of a mixture of
25%(wiv) urethane and 1%. (wiv). -alpha-

chloralese at a dose of Smbkg body weight, The . .

unconscious animal was fastened to the Small

Operating Table {Bmsczeacé Sheerness, UKY -

with its temperature maintained at 37°C. The

trachea, and right and left carotid arterjes were -

exposed by blunt d:ssectmﬂ The ﬂ'aciwa was
cannulated for - spontaneous respiration’ while
threads were passed under the camfid arter:%‘ fm

0.7mm; length -- 15cm, Portex Ltd, England) for
blood pressure (BP) measurement.  Heparin

(500in/kg-body - weight): was infused into the =~

cannulated artery immediately fo  prevent
intravascular coagulation. The catheter was then

connected to a Statham P23Dc-blood pressure :, o
wansducer (Hato Rey, ~ Puerto’ Rico,s USA)

coupled to a grass poiygraph (inodel ?D Grass.

Instrument, Quincy, MA, USA). At the end of
cannulation, the rats were aiiowed 30, minutes for .

the'” Bi’ to sta’B:l_iz:edﬂ e ccmmencmg the.
experimmt ?has;c blood pressure  were

* US piﬂsié pres le

o eiectrocardmgram (ECG} glétrodes

Heart rate measurement
After fastenmg the animat to the wnall operating
table, spﬁc;aiiy adapted - platinum
: 5}%@ 2183,
- Grass Instramerits Co.) were place a5 the Timbs
of the animal. These were passed o an ECG
coupler (Model 796C; Grass Insttuments Co.)
~unto another channel of the Grass Polygarph,
The R-R interval was obtained ‘Fom the ECG
tracings, which was used 1o deduce'the heart rate
(HR). "Thus, as the blood pressure measurement
was' recorded, the ECE ©vay . measured
simultaneously.. s

Bilateral carotid ocelusion test -
Baroreceptor reflexes were investipated using the'
bilateral carotid ooclusion (BOOY tést. This was:
done by applying bulidog clips ata point on the
right. and - left- cotomon caretid” arteries dbedt

10mm below the: earotid bifureatiort. " BCO was
“carried out thrice in each rat at 10 minutes

mtervai vnth each occlusmn 3imtit | minate;

Data reperted in this study is pre:sented as mean
+ SEM Al “data were ang_lys_ed using a
%oaded with Statvaew 4.5 séatast:cai software
package. One way anaiysis of variarice was used
to assess for difference _among group P<0.05.

: 'j' was constd@red szgmﬁcant
exposed and cannuiated w;th cameter (BFG oD

Results
Mean body weight, food . consumpiion, - salt- -

" intake, calctum intake, _waler. mz‘ake and urinary
- otitpt exper:mental groups

~-- . During the feeding period, salt-foading
ied to decreass in food consumpﬂan and body

‘weight ‘than SR, Salt " intake was greatest

" (P<0.05% in NaCaR, while NaCaR consumed

szgmﬁcantly higher calcium than NR and SR

oA Tables D I addition, - salt-leading isd to7
.5¢ahamed»,m£ake of water and‘incrase i drinary

autput. SR consumed more (P<0.05) water than

NaCaR, while NaCaR excreted more (?<0 05) _

urine ikan SR.
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Table 1. Average body weight, food consumption, water intake and urinary output in experimental groups:

NR T SR

Body wesght ® | 147, 3633 ) 1232+415% 1 1327+2.0% | 1430425
Food consumption | 87.7+27 | 452 +3.5% LR S LR I A
(gkg/day) . - S SO (A
. Saltintake a5+01 48.1+ 3.5* 62. 4+ 3.6% 3.9+ 0.1
(mmol/Kg/day. . AT I : ' g L ﬁ
Calejum intake | 71202 | 37+03* | [1.1x04% | 16.0+ (.5%
_(mmeing/day) o) . cL R : R
~Waterintake . | 101.8£3.4 | 152.764.9% T 140.144.5% 104,04 2.7
. (mlﬂ{g/day) R . L . : _
Urinary output 32,402 0 F 87.7+40% | 1062 j—w 5_4‘*’* 1356+ 1,4”' o
(ml/Kg/day) R B

Data are presented as mean +° SEM *P<G 65 compared wath control rats (ANO\/’A) while” P<0.05
compared with- salt-loaded rats.’ NR, normal rats (contrel); SR, sait-loaded rats; Na‘CaR, salt- ieadeﬂﬂ

caleium-fod rats. N = 8 in each Sroup:

stle 2: Blood Pressure (MAP) and Heart Rate (HR) changes due to baroreﬂex response to btfatera! camt;é

occlusmn test in. expermamtai gmups

Blaeci Pressum

Control Peak MAP T Changein | Control | Peak IR | Change |

THR o i InHR

[N [9025 18 | 1360¢ i3 [358-3.9 [ 4994771 | 35356182 64103

SR [ 1326+2.7 | 18884179 [883+13.0 | 438+11.7 | 488230 | 504103 | .

"NaCaR | 94.8 £7.6 “-1"2(_9:41@2 1341440 1474440 | 488+ 11,5 63 £11.3 .

--CaR s45+19 '1"05'1%5'2 1222441 [ 5404102 ssmzaz --8+;23

Data’are presented s mean :E: SEM N& nemza! rats (control) SR, sait«!eaded ratsj NaCaR saEt-!oaded«»
calcium-fed rats, CaR, calciuiri-fed rats, n = 8 in each group, -

Table 3: Multiple r regrwsmn of the i mcreases in mean arterial pressure (MAP) and heart rate (l-IR}

iniduced by bllatera} carotrd occius;on with time

- ,NR[ TSR

bf;af,:aR} ,Q;j.car.i:z —

AP 107103 0630

05502 ] -0+02

HR S -0*.223;‘-:.0;2 S ea7+es

0*34'94‘ ‘ 0001+03

Data are pmsmted as mean -+ SEM 8p<0 05 compared with other expmmmtal groups NR, nonnai rats )

(cos:_trol}, SR, mlt-ioaded rate; NaCaR, saltt»loade&cafcmm-&d rats; CaR, ca]cmmuted rats n= 8 in etwh _

B‘ioéa bresszéfe and héart ra!é‘ méasuremnt S
MAP of SR was significantly higher
(132.6= 2.3 mmHg; P<0.05) than those of NR

- (90.1+_1.8mmHg), CaR (84.5 + L.9mmHg) or
NaCaR 94.8+2.5mmHg). there wasno

s:gmﬁcani difference in ‘the MAP of NR and .
NaCaR. * However, salt‘loadmg significantly -
(P<0.05) reduced the heart rate of NaCaR (379 +

15 beats/min) compared with NR (418 + 15
beats/min), while it did not affect the heart rate
of SR (396 + 12 beats/min). Calcium alone has

: noeffectmheartrat(CaR,MB *+ 9 beats/min).
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Bilaterdal carotid occlusion test

Figure [ shows MAP response of expenmentaf'
rats to BCO. There was significant increase i

MAP due to BCO m all experimental groups,
which was greatest (P’<O 05) in SR (Table 2).
The muttlple regressions of the slopes.-from the
increase in MAP induced by BCO .with time
were significantly greater in SR (Tab]ee 3.
Although, there was enhanced HR response due
to BCO in all experimental groups, these were
not regular. Hence, there was no significant
difference in the multiple regression of their
slopes  (Table 3). Calenlating  baroreflex
sensitivity from the ratio of AHR /AMAP
showed that sait-loaded rats had the lowest
(P<0.03) baroreflex sensitivity in NaCaR and
CaR compared with INR.

Biscussion

The results of the present study show
that salt loading increased the arterial pressure of
nrmotensive rats, while the elevation of arterial
pressure was prevented by concurrent dietary
calcium supplement in salt-loaded-calcium-fed
rats. These observations confirmed reporis that
salt-loading may lead to hypertension
{Adegunloye and Sofola, 1997, Hirawa et al,
1999; Quaschning et al, 2001) while calcium
supplement prevents the hypertensive effect of

salt-loading (McCarron, 1989, Oparil et al,

1991). Although salt loading fiad no effect on
heart rate, the antihypertensive effect of dietary
calcium seems to be compensated with reflex
bradycardia as reflected in the decrease of heart
rate by salt-loaded-calcium-fed rats compared

with controls. Earlier study {(Adegunloye and
Sofola, 1997) suggested increase in heart rate-of
salt-loaded rats compared with sa]t~Eﬂaded~7

calcium-fed and calcium —fed rats but sumlar'
heart rates with control,

Salt loading in this study led to decrease :

in food consumption but enhanced water intake,

which was demonstrated by decreased “body

weight in salt-loaded and sale-loaded-calcium-

fed rats compared with control. Thus, loss of '

weight in these rats may be attributed to large
water consumption at the expense of food intake.
This indicates that the thirst centre overrides
those of hunger during salt loading. Brum et al
(1991) reported the stimulation of the thirst

centre in the brain of salt-loaded rats. This.

probably might be due to the mediating action of
angiotensin 11, which has been reported as acting
on the central nervons  system  to stimulate
drinking (McCarron < al, 1985; Jackson et ai,
2000). The fact the. sait-loaded-calcium —fed

w5 consumed more food, salt and calcium but
less water than . salt-loaded rats suggest that
dictary calcium intake blocked the effect of salt
on the fecding and thirst centres.

Also,  salt-loaded-calcium-fed  rats
consumed less water but excreted more urine
than salt-leaded rats. Hence, indicating retention
of water by salt-Toaded rats. This is in line with
reports that salt-induced hypertension is due to
salf and water retention (Cowley Jr. and liard,
1986; Osborn, 1991), while the antihypertensive
effect of dietary calcium is through the
enhancement of sodium and water excretion
(McCarron et al, 1985; Luft et al, 1986). Urinary
excretion of water iz through secondary active
transport” with sodium -(Osborn, 1991).  Thus,
retention of water partly implies that sodium was
retained,” however, the mechanisms through
which high calcium  supplement  promotes
urinary excretion remains uncertain, although
some have been proposed (Lahera et al, 1990;
Hatton and McCarron, 1994). ,

it was demonstrated in this study that
saltdoading led to attenuation of baroreflex
sensitivity in  salt-loaded rats but this was
abotished by concurrent calcium
supplementation. Thus, it seems that dietary
caleium improves baroreflex sensitivity in rafs
because baroreflex sensitivity in salt-loaded-

~ calcium-fed rats was higher than control and salt-

loaded rats.© Thizs suggests that calcium
supplerented diet might reverse the proposed
inability of baroreceptor mechanism - to lower
péripheral resistance and heart rate in respotise fo
the increase of cardia¢ output which has been

. 'assm.lated with salt- ioadmg (Weinstock et al,
p 1996)

The preatest increase in MAP response

to BCO by salt-loaded rats is therefore attributed

to the inability of arterial baroreceptor to detect
and regulate the rise in blood pressure. The role
of calcium in the effectiveness of baroreflex

“ mechanism was demonstrated in the earlier

detection of rise in blood pressure and its prompt
reduction by rats fed o dietary calcium. Earlier
studies have shown that salt-loading impaired

 baroreceptor function (Miyajima and. Bunag,

1987; Sofola et al, 1991).

In conclusion, the results of this study
indicate that dietary calcium  supplément
enhanced baroreflex sensitivity in salt-loaded
rats to prevent their hypertensive effect. This
was associated with the prevention of enhanced

thirst centre and inhibited renal - function

resulting in water retention by salt loading.

T‘-vy!rvv‘nvo‘A¢“&NV“NN&\%&WN%%W\:;‘:C%%‘.C%&M:»Jnr':_.{:{m,(:‘ﬁ,,:\rfok,(f‘f‘_b‘,r‘(h‘&uV.»,"g,ﬁ,‘!‘,»“*‘»‘K_‘l‘,rt“l’;g\l»{_)t,"&}:}’;}":)r;v.:vu';v"g&‘»{‘f&'\@(ﬁ\‘}s}g&g5&?5&&%}‘%%&:’%&:\&\.&&&’_‘»ﬁs’_’n‘v’\?\}w’“«“v?“u’\'»’;?'\(ﬁ”;ﬂ‘;&(*wﬁ';“;w}%ﬁ*m%%\}ﬁx&"‘:@:“z“x\xm%:@:@:‘:“:”mﬁ?‘:*?“&ﬁ‘}?‘r‘&&?‘&&&&?

LR



P

24
Dietary calciom and baroreflex

10@”A »7Figure 1: Line graph showing the cf};;wc{ c;
B arterial pressure (MAP) with timie 1n BOTID
i QU w1l (NaCaRy aid calcitim-fed (CaR) vats,

Fhilateral carotid ocelision on shange inmean:
al (NR), salt-loadag (SRS, sali-loaded-zaloium-
Each poim fepresents mean of six observations..
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