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ABSTRACT
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Commentary

Itis generally agreed that age-related increases in arterial blood
pressure (ABP) are mainly a reflection of an increase in systolic

blood pressure (SBP) while maintaining or exhibiting a slight
decrease in a diastolic blood pressure (DBP). This situation results
in a widening of pulse pressure (PP) (i.e., the difference between
SBP and DBP). It is generally thought that a widening of PP can be
due to several different factors:

1.  Valve regurgitation;

2. Aortic stiffening;

3. Severe iron deficiency; and/or
4.  Hyperthyroidism [1,2].

Whatever the exact cause, this often leads to atrial fibrillation
(AF) and is associated with coronary arterial disease or a heart
attack. Often a change in diet and lifestyle changes can ameliorate
the condition. If not, various medications are given to the patient
such as angiotensin Il converting enzyme inhibitors, beta-blockers,
folic acid plus pyridoxine, and a variety of antihypertensive drugs.
However, often these dogs have very little benefit and the situation

is complicated by a developing atherogenesis [1-3].

Approximately 35 years ago, four of us found that under
controlled laboratory conditions, using rats subjected to dietary
deficiency of magnesium (Mg), that we observed a progressive
elevation in ABP with a progressive widening of PP [4-6,
unpublished findings]. Using high-resolution in-vivo TV image-

intensification microscopy (up to 6,400 x normal), we found that
there was a narrowing of arterioles, metarterioles , precapillary
sphincters, and muscular venules concomitant with an increased
vascular reactivity to a variety of vasoconstrictor agents ( e.g.,
norepinephrine, epinephrine, angiotensin Il and several vasoactive
peptides) in intact intestinal and skeletal muscle micro vessels
[4-6]. Years later, other workers confirmed several of our findings
[7,8]. We also found that aged rats showed severe distortion of
the intact endothelial cells lining the arteriolar walls [[9, 10, 11],
unpublished findings]. Feeding the rats diets low in Mg exacerbated
the distortion of the intact endothelial cells; the older the animals,
the greater the distortions [11]. These geometric changes were
highly correlated to the changes in PP (P<0.001) [11].

Our group and that of others have reported, in several studies,
that aging human subjects (from infants to the elderly) demonstrate
a progressive decline in both total and ionized serum Mg ( [Mg?*]o);
with the ionized fraction showing the greatest progressive decline;
the older the test subject, the lower the [Mg?*]0 [12-18]. The ionized
fraction is the most significant as it parallels that of many tissue and
cellular levels of free ionized Mg [19]. Those subjects with either
type 2 diabetes mellitus, coronary artery disease, on renal dialysis,
or hypertension demonstrated the greatest decline in [Mg?]0, in
serum and red blood cells, with age (e.g., see Table 1). Previously,
in multiple human and animal studies, we documented that serum
ionized Ca/Mg ratios are indicative of peripheral vasoconstriction
and increased vascular reactivity [9, 10]. The results in Table
1 clearly demonstrate that as PP rises with age, so does the sera
ionized Ca*/Mg?* ratios, suggesting that PP rises in the elderly
reflect alterations in divalent cation concentrations.

Table 1: Serum and Red Blood Cell Ionized Mg Levels Decline with Age in Human Subjects Whereas Serum Ca?*/Mg?** Ratios Rise.

Group (Ages) (yrs) N RBC Mg* (uM) Serum Mg** (mM) Ca**/Mg?* ratio
25-38 52 252+/-18 0.65+/-0.08 1.96+/-0.016
39-50 18 238+/-12 0.60+/- 0.06 2.20+/-0.012
51-65 22 228+/-10 0.56+/- 0.04 2.40+/-0.010
66-76 16 212+/-11 0.52+/- 0.04 2.52+/- 0,08
77-86 14 208+/-8 0.50+/- 0.04 2.62+/-0.08
Note:

1. Values are means +/- S.E.M. All values with each age group are significantly diff from one another (ANOVA, P<0.05).

2. RBC ionized Mg*" were measured with 31P-NMR spectroscopy whereas the serum ionized Mg* and Ca* were measured with

in-selective electrodes [12,19].

Decreased Dietary Intake of Mg Found in North
American and European Populations and Risks for
Cardiovascular Diseases and Strokes

At the turn of the last century, the North American and
European populations were ingesting about 450-550 mg of Mg/
day [for recent reviews, see 20, 21]. Today, about 70-75% of

these populations are ingesting only about 165-235 mg of Mg/
day [20, 21]. Many drinking waters contain only 5-10 mg of Mg/l.
It has been shown, in multiple studies, that people drinking soft-
water (e.g.,, <10 mg/l of Mg) demonstrate a high risk for coronary
arterial diseases, ischemic heart disease, hypertension, and strokes,
whereas those peoples drinking hard—waters have low risks for

these cardiovascular diseases and strokes [20,21].
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Evidence for Progressive Release of Ceramides and
Platelet-Activating Factor with Widening of Pulse
Pressure in Experimental Mg Deficiency

About 25 years ago, working with isolated cerebral vascular and
aortic smooth muscle cells, and 1H-nuclear magnetic resonance
spectroscopy, our group found that decreased extracellular Mg
resulted in an increase in sphingolipids, particularly ceramides,
(PAF) and PAF-like

lipids [22,23]. All three of these classes of molecules can cause

increases in platelet-activating factor
constriction/contraction of microvascular arterioles and venules
as well as cerebral and coronary blood vessels [24-26].

Approximately 20 years ago, using rats placed on Mg deficient
diets for 21 days, we noted an increased release of ceramides
and platelet-activating factor (PAF) into the blood stream [26,
27, unpublished findings]. Some years later, we found that
cardiovascular tissues and cells excised from these Mg-deficient
animals demonstrated increased levels of ceramides; the greater
the deficit in extracellular and intracellular free Mg ([Mg®*]), the
greater the cellular rise in ceramides [26-30]. A few years later, we
noticed that when primary cultured vascular smooth muscle cells
(i.e., piglet coronary, cerebral vascular and aortic smooth muscle
cells) were exposed to media with low Mg?, there was a rapid rise
in cellular PAF levels which could be inhibited with specific PAF
receptor blockers; the longer the primary cells were kept in low
[Mg? 10, up to a point, the greater the release of PAF-like lipids [31].
In view of such new experiments, we went-on to determine if the
rises in PP in Mg-deficient animals were correlated positively with
incremental rises in ceramides and PAF. We were not surprised that
the answer was “yes” and that these rises in ceramides, PAF and PP
could be significantly ameliorated with inhibitors of ceramide and
PAF synthesis (P<0.01) [31].

Progressive Decrease of Ionized Magnesium Results in a
Progressive Downregulation of Telomerase

Working with rats fed low Mg diets for 21 days, we found that
cardiovascular tissues and cells demonstrated a downregulation of
telomerases and oxidation of DNA [32]. Using specific ELISA assays,
we found that the extirpated cardiovascular tissues and cells showed
that, as the ionized Mg fell in both the blood and cardiovascular
tissues, there was a greater and greater downregulation of
telomerases and oxidation of DNA [31]. As we have previously
suggested [32], these studies would be compatible with the idea
that even short-term Mg deficiency in the aging process could cause
alterations in the genome that would result in atherogenesis and
increases in PP in the elderly.

Conclusions and Future Thoughts

Why there is a widening of PP in the aged has brought forth
numerous hypotheses. More than 30 years ago, our laboratories
noted that Mg- deficient animals subjected to low Mg diets,
demonstrated a widening of PP with age and length of time on

Mg-deficient diets. Since the North American and European

populations are now known, for the most part, to be deficient
in Mg intake, which appears to be correlated to rises in arterial
blood pressure, coronary arterial diseases, ischemic heart
disease, atherosclerosis, and strokes, we believe that our results,
summarized above, implicating synthesis and releases of ceramides
and PAF, as well as a downregulation of telomerases with rises
in PP, in Mg-deficient animals, may be very significant. In view of
our findings, we believe it will be very important to determine,
in the aged population, whether the levels of Mg?* are correlated
to the rises in blood and tissue levels of ceramides and PAF and
downregulation of telomerases. If the latter turns out to be correct,
inhibitors of ceramide and PAF synthesis and release should be
employed to determine if they will ameliorate the rises in PP, in the

aged populations, in North America and Europe.
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