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The aim of the present study was to determine whether a severely Mg-deficient diet can modify
blood pressure in rats and whether these alterations in blood pressure are associated with a change
in in vivo cardiovascular reactivity, alteration in plasma lipids and modification of the production

of hormones involved in blood pressure regulation. Weanling male Wistar rats were pair-fed for
40 weeks with control (960 mg Mg/kg) and Mg-deficient (80 mg Mg/kg) diets. At 2 weeks, blood
pressure was lower in Mg-deficient rats, while heart rate was greater than in controls.
Mg-deficiency-induced hypotension was transitory and the administration of antihistamine
agents inhibited the appearance of this hypotensive phase, suggesting that histamine may play
a role in lowering blood pressure. Until 15 weeks, blood pressures were similar for control and
Mg-deficient rats. Thereafter, blood pressure rose gradually until the end of the experiment in
Mg-deficient rats. Heart rate remained higher in hypertensive Mg-deficient rats. After 21 weeks,
in vivo cardiovascular reactivity to noradrenaline was lower and reactivity to angiotensin Il was
unchanged in hypertensive Mg-deficient rats. At 2 and 21 weeks, hypomagnesaemia was
accompanied by higher plasma levels of Ca, triacylglycerols and cholesterol. Plasma renin
activity was higher at week 2, whereas levels of plasma angiotensin converting enzyme were
lower at 2 and 21 weeks in Mg-deficient rats. The plasma aldosterone level was higher at 2 and 21
weeks while the vasopressin level did not change. Plasma corticosterone levels were lower at 2
weeks and higher at 21 weeks. It is concluded that Mg deficiency induced a transitory
hypotension followed by a sustained hypertension in rats. The release of vasodilator inflamma-
tory agents may contribute to the early hypotension. The hypertensive phase may be explained by
the increased sympathetic nervous activity induced by Mg deficiency even though the contri-
bution of several hormonal systems implicated in blood pressure regulation remains to be
elucidated.

Magnesium: Blood pressure: Cardiovascular function

Mg, the fourth most abundant extracellular cation in verte- shown that long-term Mg deficiency elevates blood pressure
brates, is involved in numerous biological processes and isin normotensive rats (Altur@t al. 1984, 1992). In spon-
essential for cardiovascular function. Epidemiological and taneously hypertensive rats, Mg deficiency accelerates the
experimental studies indicate that Mg deficiency may be development of hypertension (Berthelot & Esposito, 1983).
considered as a risk factor for cardiovascular diseasesHowever, in spontaneously hypertensive rats with estab-
(Altura & Altura, 1995; Rayssiguieet al. 1996; Weglicki lished hypertension, a Mg-deficient diet exerts no significant
et al. 1996). effect on blood pressure (@theret al. 1984; Overlaclet

The effects of dietary Mg deficiency on blood pressure al. 1987; Evanst al. 1989; Laurantt al. 1997). Thus, the
are still the subject of much debate and remain contradictory relationship between Mg deficiency and hypertension is
(Durlachet al. 1992). Generally, short-term Mg deficiency complex and remains inconclusive because of differences
in rats induces hypotension, or does not change bloodin experimental design, diet composition, feeding protocols,
pressure (Cantin, 1970; Itokaved al. 1974; Luthringeret levels of dietary Mg, duration of Mg deficiency, strain and
al. 1988; Rayssiguieet al. 1992). Some other studies have age of the rats and/or blood pressure methodology.

Abbreviation: ACE, angiotensin | converting enzyme.
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The mechanisms by which Mg deficiency may increase or Blood pressure determination

decrease blood pressure level have not been clearly invess ; : .
tigated. Although the cellular concentration of Mg falls only Systolic blood pressure was measured in unanaesthetized

slightly in most tissues, secondary effects on other cell restrained prewarmed rats by the indirect tail-cuff method
constituents are well recognized. These include loss of K, Elsmg a sp_)rr;glgLrTé),rAnanTohmete:cf(PE-S.()(#), I\(Ijarcolsslmsystem,
and accumulation of Na and Ca (Tongyet al. 1989). ouston, ! )- The cuff was inflated rapidly at an

Numerous experimental and clinical data indicate that Mg inflation—deflation rate of 15mmHg/s. The lowest and the

deficiency can induce pathophysiological disorders in the highest values were discarded before calculating the mean

cardiovascular system, such as vasospasm, increased Vas(?_ystolic blood pressure of at least six clear readings for each

constrictor activity, elevation in smooth muscle and cardiac at. Heart rate was determined at the same time.
intracellular Ca concentrations (Alturt al. 1984, 1992,
1995), formation of oxygen radicals, proinflammatory Biochemical analysis
agents and growth factors (Busseet al. 1994; Weglicki .
et al. 1996; Maieret al. 1997; Rayssiguieet al. 1997) and At 2 and 21 weeks after the onset of dietary treatment, blood
changes in membrane permeability and transport (Astier samples were drawn. fr_om the aorta of anesthe_’uzed rats and
al. 1996). All these phenomena may certainly contribute to collected into heparinized tubes. Blood was immediately
the modification of blood pressure level during Mg centrifuged at 2009 for 15min at 4. After appropriate
deficiency. dilution .of the plasma, Ca and Mg were analysed py atomic
The present study was undertaken to determine absorption spectrophotometry (Model 420; Perkin Elmer,
Whether Short_ and |Ong_term severe dietary Mg defi_ St-QUenun YVe“neS, Fr-a.nce). Trlacylg|ycer0|s and tOtal
ciency can modify arterial blood pressure in Wistar rats, cholesterol were determined by enzymic methods. Plasma
and whether these alterations in blood pressure arefenin activity was determined by radioimmunoassay of
associated with changes in vivo cardiovascular reac- angiotensin I, as previously described (Safwettal 1991),
tivity, alterations in lipid metabolism and modifications With adjustments to the rat plasma: 360thawed plasma

in production of hormones involved in blood pressure Was incubated for 30min at 37ith 750ul phosphate
regulation. buffer containing 1@l phenyl methyl sulfonyl fluoride.

The pH of the buffer was adjusted t@6 after assays to
determine the optimum pH for renin activity in rat plasma.

Materials and methods Values for intra-run and inter-run precision were respec-
. ) tively 8% and 10%, and the sensitivity of the method
Animals and diets was 002 ng. The serum angiotensin | converting enzyme

Weanling male Wistar rats (3 weeks old) weighing 60g (ACE) was assayed using“Clhippurryl-histidyl-leucine
(IFFA CREDO, L’Arbresle, France) were used. Animal care as Substrate (Ryaet al 1977). Plasma aldosterone and
was in accordance with the applicable guidelines from the corticosterone were determined after dichloromethane
French Ministry of Agriculture. On arrival, the rats were €xtraction by radioimmunoassay using highly specific anti-
housed in stainless-steel cages at a constant temperature dtodies (gifts from Dr Bayard, CHU Rangueil, Toulouse and
23, with controlled humidity (50-60%) and a daily 12h from RousgeI—UcIaf, Paris, France respectively). Value; for
light-dark cycle. The rats were randomly divided into intra- and inter-assay CV with rat plasma were respectively
Mg-deficient and control groups, and pair-fed with the 7% and 9% and the sensitivity was 10 pg/tube for both
appropriate diets for 40 weeks. The synthetic diets (ICN, hormones. Arginine vasopressin was determined by radio-
Biomedicals, Orsay, France) contained (g/kg): casein 200, Immunoassay using specific antlbodles (Penmsulg, Belmont,
sucrose 705, maize oil 50, modified AIN-76 mineral mixture CA, USA) after acetone extraction. Values for intra- and
35, AIN-76A vitamin mixture 10pL-methionine 3, choline  inter-run precision were respectively 10% and 12% and the
2. Mg was given in the form of MgO. The Mg contents of Sensitivity was 2 pg/tube.

the diets determined by analysis were 80 mg/kg (Mg-defi-
cient diet) and 960 mg/kg (control diet). The rats were given
free access to distilled water.

After 2 weeks of dietary treatment, seven Mg-deficient After 21 weeks of dietary treatment, six control and six
and seven control rats were treated with the histamine Mg-deficient rats were anaesthetized with sodium pentobar-
antagonists dexchlorpheniramine (H1 antagoni&n@y/kg bital (40 mg/kg intraperitoneally). Polyethylene cannulas
body weight, subcutaneously) and cimetidine (H2 antagon- (Biotrol, Paris, France) were placed in the trachea (PE-205)
ist, 10mg/kg body weight, intraperitoneally). Another to assist ventilation, in the carotid artery (PE-50) to measure
group of seven Mg-deficient rats and ten control rats blood pressure directly, and in the jugular vein (PE-50) to
received the saline vehicle in the same way. Blood pressureadminister drugs. To minimize spontaneous blood pressure
was measured 2h after histamine antagonist or vehicleregulation, pentolinium (25mg/kg) and atropine sulfate
administration. (025 mg/kg) were administered subcutaneously, and vago-

In one set of experiments, six Mg-deficient rats, which tomy was performed on both sides according to the method
had been fed on the Mg-deficient diet for 21 weeks, were described by Dupont & Sassard (1974). The carotid arterial
givenad libituma supplement of Mg in the form of control  cannula (filled with a solution of sodium heparir 10° U/l
diet. Blood pressure and heart rate were measured during 3n 9 g NaCl/l saline) was connected to a pressure transducer
weeks of Mg supplementation. (model P 1000-B; Narco Biosystem) and coupled to a

In vivo cardiovascular reactivity
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physiograph (MK-IIl; Narco Biosystem) to record blood 200r
pressure and heart rate. Cardiovascular reactivity to nor- __5—>0
adrenaline and angiotensin |l was expressed as the change in 180} 5—°
mean arterial pressure and heart rate evoked bypl00 'g 5
intravenous bolus injections of 125, 250, 500 and E 1g0k P < 0-001
1000ng noradrenaline/kg, and 25, 50, 75, 100ng/kg E
angiotensin Il dissolved in saline, and calculated as = i - 8 g
theg area under the curve (Mnof the mean arterial ﬁ e g
pressure peak (mean arterial pressutlaration of the S 120_!/’
effect for the mean arterial pressure peak). The experi- 9
mental protocol was implemented 30-45 min after blood D_C'a -]
pressure had stabilized.
80 1 L L :
D 0 10 20 30 40
rugs Experimental period (weeks)
The following drugs were used:-noradrenaline hydro-
chloride (Flucka A.G., St-Quentin Fallavier, France), atro-
pine sulfate, pentolinium bitartrate, indomethacin (Sigma, 5501
St-Quentin Fallavier, France), sodium pentobarbital (Sanofi,
Libourne, France), cimetidine (Tagamet; Smith Kline and 500_3
French, Paris, France), dexchlorpheniramine (Polaramine; =
Unicet, Levallois-Perret, France). %
% 450F =
8 " KQ___Q ———2"?/9 Q
Statistical analysis o ‘\
g 400f P < 0-001
Values are presented as means with their standard errors. =
Differences between groups were assessed using one-way E
ANOVA and unpaired Studentistest. AP value less than 3501 N
005 was considered statistically significant. In all experi-
ments,n is the number of rats. 200 ) . . .
0 10 20 30 40
R | Experimental period (weeks)
esults
Effect of magnesium-deficient diet on blood pressure, heart 600
rate and body weight ———3
The classic signs of Mg deficiency (including hyperaemia, 5001 Q—Q—0—9
growth retardation, hair loss, skin lesions, oedema of paws, /Q/
brown pigmented mucus in eyes, nose and mouth, nervous- D 400 Pafres
ness) were observed in Mg-deficient animals. At the begin- E
ning of the experiment (2 weeks), the blood pressure was 3 300
significantly lower in Mg-deficient rats than in control rats i
(P<0001) (Fig. 1). Between 5 and 10 weeks, blood 3 200
pressures were similar in the two groups. After 15 weeks, =
and until the end of the experimental period, the blood ito
pressure of Mg-deficient rats gradually rose and was sig-
nificantly higher than in the control rat® € 0[001). Heart o ) . .
rate was significantly higher in Mg-deficient rats than in 00 10 20 30 40
control rats throughout the experimer € 0001). Body Experimental period (weeks)

weights were similar in Mg-deficient and control rats during

the first 8 weeks. After 8 weeks, Mg-deficient rats showed Fig- L (B';’Od [fressure, hea(;t rate ar(‘d)b(;’dy ‘?’e@ht in rats fefi' on
P : control (@) and magnesium-deficient (O) diets for 40 weeks. Values
Slgnlflcant growth retardatlorP(< 0[05)' are means for seven to ten animals, with their standard errors

represented by vertical bars.

Effect of antihistamine agents on blood pressure and heart

rate of hypotensive magnesium-deficient rats rats, the antihistamine agents did not modify blood pressure

After 2 weeks of dietary treatment, as the Mg-deficient rats (Fig. 2). Independently of the administration of combined

were hypotensive, the administration of the combined anti- antihistamine agents, heart rate remained significantly
histamine agents significantly increased their blood pressurehigher in the Mg-deficient rats than in the control rats

to the control normotensive level, whereas in the control (Fig. 2).
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200 Table 1. Biochemical variables in the plasma of rats fed for 2 weeks
on a control diet or a magnesium-deficient diett
2 (Mean values with their standard errors for ten rats per group)
S 150
E Magnesium-
o Control deficient
2 100} xx
A == Mean SEM Mean SEM
o
- Magnesium (mmol/l) 080 002 oL g*** 0om4
S 50k Calcium (mmol/l) 2130 002 2[B5** 003
m Triacylglycerols (mmol/l) 095 008 3[Q2r+* 0@33
Cholesterol (mmol/l) 129 0010 1[75*** 009
PRA (ng/ml per h) 79 09 16[B3* 308
0 ACE (mU/ml per min) 6809 44 33[@*** 36
Aldosterone (pg/ml) 21812 129 351[4** 402
Corticosterone (ng/ml) 250 12 202* 15
AVP (pg/ml) 886 0B9 1020 0B4
700
PRA, plasma renin activity; ACE, angiotensin | converting enzyme; AVP,
—_ 600 F * ¥ arginine-vasopressin.
= Mean values were significantly different from those for the control group:
£ 500 - = *P <05, *P < 001, **P < 0DO1.
,g J— T For details of diets and procedures, see pp. 244—-245.
8 4001
[ . . .
© 300} vasopressor response to noradrenaline. The increase in sys-
£ 200l tolic blood pressure following the injection of 125 ng/kg
L was significantly smaller in the Mg-deficient rats than in the
100 | control rats P <0[05). The duration of the vasopressive
0 response induced by the injection of 125, 250 and 500 ng

noradrenaline/kg was significantly smaller in the Mg-defi-

Antihistamine cient rats than in the control rats. The Mg-deficient diet did

Saline

Fig. 2. Blood pressure and heart rate measured in rats fed on control
(&) and magnesium-deficient (OJ) diets for 2 weeks, 2h after sub-
cutaneous administration of antihistamine agents or saline solution.
Values are means for seven to ten rats, with their standard errors
represented by vertical bars. Mean values were significantly different
from those for the corresponding controls: *P < 005, *P < 001.

not affect either the increase in blood pressure or the
duration of the vasopressive response induced by the injec-
tion of 25, 50, 75 and 100 ng angiotensin lI/kg (Fig. 3). The
low-Mg diet did not significantly affect the response in heart
rate following the injection of noradrenaline or angiotensin

Il (results not shown).
Effect of magnesium-deficient diet on biochemical variables
Effect of magnesium supplementation on blood pressure and

In the rats fed on the Mg-deficient diet for 2 and 21 weeks, heart rate of hypertensive magnesium-deficient rats

the plasma Mg concentration was significantly lower,
whereas plasma Ca, total triacylglycerol and cholesterol At 21 weeks of dietary treatment, as the Mg-deficient rats
concentrations were significantly higher than in control rats were hypertensive, Mg supplementation for 3 weeks reduced
(Tables 1 and 2). In Mg-deficient rats, the plasma renin

activity was significantly h'ghe,r_ at 2 weeks whereas the Table 2. Biochemical variables in the plasma of rats fed for 21 weeks
plasma ACE levels were significantly lower at 2 and 21 on a control diet or a magnesium-deficient diett

weeks of dietary treatment as compared with controls. The

plasma vasopressin level was not modified whereas the (Mean values with their standard errors for ten rats per group)

plasma aldosterone concentration was significantly higher Magnesium-
at weeks 2 and 21 in Mg-deficient rats than in control rats. Control deficient
The plasma corticosterone level was slightly decreased after
2 weeks of Mg deficiency and was significantly increased Mean  sem  Mean SEM
after 21 weeks (Tables 1 and 2). Magnesium (mmol/l) 075 003  025% 002
Calcium (mmol/l) 2120 002 232+ 005
. o o Triacylglycerols (mmol/l) 100 002 2[@7*** 01
Effect of magnesium-deficient diet mnvivo Cholesterol (mmol/l) 1075 008 307* 0r16
cardiovascular reactivity PRA (ng/ml per h) 86 13 66 11
. . ACE (mU/ml per min) 5802 23 5000* 16
At 21 weeks, after anaesthesia and complete abolition of theAldosterone (pg/ml) 390 413 878+ 69
ability to regulate cardiac and vascular activities by the Corticosterone (ng/ml) 5615 112 1003* 1309
870 0B7 1021 1130

nervous system, the blood pressure fell significantly in both AYP (pg/ml)

groups of rats (61sg 3) v. 144 SE 2) mmHg in control rats,
58 (SE 2) v. 186 GE 2) mmHg in Mg-deficient ratsp <
0001) and values were similar for the control and the
Mg-deficient rats. The Mg-deficient rats displayed a blunted

PRA, plasma renin activity; ACE, angiotensin | converting enzyme; AVP,
arginine-vasopressin.

Mean values were significantly different from those for the control group:
*P < 0[05, *P< 001, **P<0001.

T For details of diets and procedures, see pp. 244—245.
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Fig. 3. Cardiovascular reactivity to noradrenaline and angiotensin Il in terms of systolic
blood pressure in rats fed on control (®) and magnesium-deficient (O) diets for 21 weeks.
Values are presented as mean change in systolic blood pressure (upper panels) and as
area under the curve (lower panels). Values are means of six rats, with their standard
errors represented by vertical bars. Mean values were significantly different for the two
groups: *P << 0[05.

their blood pressureP(< 0[05). However, the blood pres- pressure (Cantin, 1970; Itokaved al. 1974; Luthringeret
sure of these rats remained higher than in the control ratsal. 1988; Rayssiguieet al. 1992), whereas in rats main-
(P < 0@5). The heart rate of the Mg-deficient rats fed on the tained on a Mg-deficient diet for more than 12 weeks,
Mg-supplemented diet was significantly decreased com-increases in blood pressure have been reported (Aétira
pared with that of the Mg-deficient rats, but remained al. 1984, 1992). Accordingly, it was shown in the present
higher than the heart rate of the control raB<{(0[05) study that a chronic severely Mg-deficient diet induced in
(Fig. 4). The growth of the Mg-deficient rats was signifi- rats a decrease in blood pressure at the onset of the
cantly increased by Mg supplementatidh<¢ 0[001). After experimental dietary period and prolonged increase in
3 weeks, the body weight of the Mg-deficient rats supple- blood pressure after the 15th week. Thus, dietary Mg
mented with Mg did not differ from the body weight of the deficiency results in an initial transitory hypotensive phase
control rats. Plasma Mg concentration returned to the normal followed by sustained hypertension.

level of the control rats after Mg supplementation of the
Mg-deficient rats ((F2 (& 0[04) mmol/l, P < 0[001). Magnesium deficiency and cardiovascular function

The precise mechanism by which Mg deficiency induces
Discussion these different effects on blood pressure in rats has yet to be
elucidated. It seems well established that changes in extra-
cellular Mg concentration affect vascular reactivity and
Although the relationship between Mg deficiency and the blood flow. Lowering Mg concentration enhances periph-
level of blood pressure remains to be elucidated, the presenteral resistance and potentiates agonist-induced vasoconstric-
study provides evidence that the change in blood pressuretion (Altura & Altura, 1995). Previous experimental studies
induced by Mg deficiency is related to the time course of have reported that Mg-deficient-induced hypertension in
the dietary experiment. In rats maintained on a severely rats is associated with reduced lumen diameter of mesen-
Mg-deficient diet for a period of less than 10 weeks, most teric microvessels, increased vascular total Ca content, and
studies have reported a decrease or no change in bloodncreased vasoconstrictor activity to endogenous agonists

Magnesium deficiency and blood pressure
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by antihistamine agents was not accompanied by a reduction
in heart rate. These findings indicate that heart rate elevation
is not a compensatory control in response to Mg deficiency-
induced hypotension but may depend on the direct action of
Mg deficiency on sympathetic nervous activity, as has been
previously suggested (Durlaeh al. 1987; Ising & Gunther,
1997). Since the inhibition of histamine activity abolished
hypotension but did not induce hypertension despite an
increased heart rate and an increased vascular reactivity to

several agonists, as has been previously reported (Luth-
ringer et al. 1988), it could be postulated that some other
vasodilating agents released during the inflammatory period
of Mg deficiency may explain the absence of blood pressure
. elevation. Mg deficiency is also accompanied by an increase
Time (weeks) in plasma NO levels (Rockt al. 1995; Maket al. 1996)
which could result in vasodilation. However, because a low
Mg concentration results in a high rate of free-radical
1 formation (Weglickiet al. 1996) and because free radicals
\6_’6 inactivate endothelium-derived relaxing factors, increased
degradation of NO by superoxide anions could play arole in
S the modification of arterial contractile response (Yangl
+ + 1998).

The activation of the sympathetic nervous system would
be the determining factor contributing to the development
and maintenance of sustained hypertension during chronic
Mg deficiency. The observation that arterial pressure
300 . ) . , decreased more in hypertensive Mg-deficient rats than in

0 1 2 3 control rats after anaesthesia and the abolition of extrinsic

Time (weeks) regulation, clearly indicates that the sympathetic nervous

system contributes to Mg-deficiency-induced hypertension.
Although sympathetic nervous activity may be enhanced, it
was shown in the present study that cardiovascular reactiv-
ity to noradrenaline was lower in hypertensive Mg-deficient
rats than in control rats. The decrease of cardiovascular
reactivity to noradrenaline was not due to a difference in
cardiac output but rather to a lowered vascular reactivity.
The origin of vascular hyporeactivity seen in hypertensive
Mg-deficient rats is not clear but could be related to
degenerative changes in blood vessel walls occurring in
such as noradrenaline and angiotensin |l, suggesting thatthe later stages of Mg deficiency. The arterial change
long-term Mg deficiency may elevate blood pressure level resulting from Mg deficiency has been extensively reviewed
by increasing peripheral resistance (Altuea al. 1984, (Rayssiguier & Gueux, 1985). This includes intimal thick-
1992). Enhanced cardiovascular reactivity to noradrenaline ening, thinning and fragmentation of elastic membranes,
has, however, been reported in Mg-deficient rats during the collagen accumulation and calcification. Moreover, Mg
early hypotensive phase, as well as an increased heart rateleficiency can intensify cardiovascular lipid deposition
(Luthringer et al. 1988). Hyperaemia observed during the and lesions in animals fed on atherogenic diets (Altira
early phase of Mg deficiency corresponds to an increasedal. 1990). As shown previously, in the present study, plasma
production and release of circulating proinflammatory cholesterol and total triacylglycerol concentrations were
agents such as cytokines (tumour necrosis factor, interleukingreater in Mg-deficient rats, indicating abnormalities in
1, interleukin 6), prostacyclin and histamine (Wegliekial. lipoprotein metabolism (Nassiet al. 1995). Moreover,
1992, 1996; Rayssiguiat al. 1997). All these endogenous other studies have indicated that Mg deficiency increases
substances can exert vasodilatory activity, reduced myo-the susceptibility of lipoproteins to peroxidation (Rayssigu-
genic tone and diminish blood pressure level (Van de ier et al 1993). Thus, inflammatory events, oxidative
Voorde & Leusen, 1983; McKenna, 1990; Vam¢ al. modification of lipoproteins, free-radical damage, could
1990). In the present study, the combined administration play a significant role in the pathogenesis of vascular lesions
of the antihistamine agents, dexchlorpheniramine and cime-following Mg deficiency (Rayssiguiest al. 1996; Shivaku-
tidine, totally abolished the appearance of the hypotensive mar & Prakash Kumar, 1997). Interestingly, the vascular
phase in Mg-deficient rats, suggesting that release of thechanges observed in Mg-deficient rats resemble those seen
vasodilating agent histamine during the inflammatory during the ageing process, which is accompanied by athero-
period of Mg deficiency contributes to reduced blood sclerosis, hypertension and also by hyporesponsiveness to
pressure. Interestingly, the abolition of hypotension induced some vasoconstrictor agonists (Cohen & Berkowitz, 1976;

125

Blood pressure (mmHg)

100
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400
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'__’__———5\;

¥* %% x%% %% %

Heart rate (beats/min)

Fig. 4. Blood pressure and heart rate measured after 21 weeks of
dietary treatment in rats fed on control (®) and magnesium-deficient
(O) diets, and in magnesium-deficient rats fed on a magnesium-
supplemented diet (A). Values are means for six rats, with their
standard errors represented by vertical bars. Mean values were
significantly different from those for the magnesium-deficient and
magnesium-supplemented deficient rats: ***P < 0[001. Mean values
were significantly different from those for the magnesium-deficient
rats: TP <005, 1P <0D01.
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Haudenschildet al. 1981; Haudenschild & Chobanian, aldosterone synthesis rather than indirect effects via the
1984; Feletouet al 1993; Folkow & Svanborg, 1993; renin—angiotensin system. The precise mechanism by which
Bilato & Crow, 1996). In the present study, however, it Mg deficiency stimulates aldosterone production remains
was shown that the vasoconstrictor activity to angiotensin undetermined. It is known that aldosterone secretion and
Il was not affected by Mg deficiency suggesting that release by the zona glomerulosa of the adrenal gland are
alteration of the receptor-mediated intracellular signalling Ca-dependent processes (Kafundatgl 1979; Guthrieet
pathway could also account for the hyporesponsiveness toal. 1983). In human subjects it has been demonstrated that
catecholamines observed in hypertensive Mg-deficient rats.Mg infusion decreases aldosterone production by inhibiting
The present data also showed that hypertension inducedcellular Ca influx (Ichiharaet al. 1993). Thus, one could
by a low-Mg diet was only partially corrected if the suggestthat Mg deficiency, by facilitating cellular Ca entry,
hypertensive Mg-deficient rats were fed on the control may promote aldosterone production and release. Another
diet for 3 weeks while heart rate was still elevated, suggest- factor which regulates aldosterone production is adreno-
ing that an activated sympathetic nervous system is still corticotrophic hormone (Quinn & Williams, 1988). Plasma
present. It could be stipulated that the severity and/or adrenocorticotrophic hormone concentration was not assessed
prolongation of the Mg deficiency induces some irreversible in the present study. However, plasma corticosterone levels
biological lesions related to cardiovascular function and decreased and increased when rats were fed on the
blood pressure control. Mg-deficient diet for 2 and 21 weeks respectively, while
aldosterone production was increased throughout the dietary
experiment. These findings suggest that the adrenocortico-
trophic hormone—corticosteroids axis does not contribute to
Few studies have investigated the effects of Mg deficiency enhanced aldosterone production in Mg-deficient rats. The
on the hormonal systems which control blood pressure. Thereason for the differential effects of the Mg-deficient diet on
renin—angiotensin—aldosterone system plays an essentiatorticosterone level during the time course of the experi-
role in humoral and haemodynamic regulation (Hackenthal ment remains to be elucidated, as does the contribution of
et al. 1990). In the present study, plasma renin activity was aldosterone to the change in blood pressure observed in
increased in Mg-deficient rats during the early hypotensive Mg-deficient rats. Among the various endogenous vasocon-
phase. No modification was found during the hypertensive strictors, vasopressin has been shown to elicit increased
phase. These observations suggest that lowered systemiwascular responses in hypertension (Larigiet al. 1989)
blood pressure may increase the release of renin by juxta-suggesting that these hormones may play a role in the
glomerular cells. These findings are consistent with early modulation of peripheral resistance and thus in the blood
studies showing that Mg deficiency in rats lowers blood pressure level. However, the present study showed that the
pressure and induces hyperplasia of epithelial juxtaglomer- plasma vasopressin level was not modified at any time
ular cells suggesting that the lower blood pressure observedduring the Mg deficiency treatment.
in Mg-deficient rats would be the main stimulus of juxta- In conclusion, chronic consumption of a Mg-deficient
glomerular cell hyperactivity and that the increased plasma diet induces severe and sustained hypertension in rats.
renin activity observed in Mg-deficient rats can be consid- However, the onset of dietary Mg deficiency is character-
ered as a normal response to hypotension (Cantin, 1970).ized by a transitory phase of hypotension. Although the
Despite a greater plasma renin activity in Mg-deficient rats, sympathetic nervous system contributes, at least in part, to
ACE levels were significantly lower at 2 and 21 weeks of the elevation of blood pressure, the contribution of several
Mg deficiency. ACE converts plasma angiotensin | to the hormonal systems implicated in blood pressure regulation
potent vasopressor angiotensin Il, and inactivates the vaso-and the origin of early hypotension remains to be elucidated.
dilator peptide bradykinin. Therefore, decreased plasma Our observations, however, suggest that vasodilator inflam-
ACE activity would lead to decreased angiotensin Il pro- matory agents (such as histamine) may contribute to the
duction and would stimulate bradykinin activity which lower blood pressure during the hypotensive phase.
would contribute to reduced vascular tone and reactivity
and thus to decreased blood pressure. Whether a decrease in
ACE activity contributes to the lower blood pressure of rats References
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