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The effects of magnesium on the tension of isolated canine coro-
nary arterial strips were studied.

In the solution containing K+ of 20 mEq-l71, Ca’t of 4 mEq~l'1,
and Nat of 127 mEq-l"', the tension was 811 * 111 mg with Mg2™
of 1 mEq-1™!, 494 *+ 135 mg with Mg?" of 10 mEq-/~}!, 272 * 126 mg
with Mg?t of 20 mEq-{~!, —52 * 63 mg with Mg?" of 30 mEq-I"!, —69
+ 80 mg with Mgt of 40 mEq-/"'. In the solution containing K+ of
20 mEq/~!, Nat of 12 mEq!~! and Ca’" of 0 mEqI~!, the tension
was 102 * 22 mg with Mg?" of 1 mEq- "}, 3 * 35 mg with Mg?" of 10
mEq-l"!, —49 * 33 mg with Mg?" of 20 mEq-I"!, —~59 * 49 mg with
Mg*t of 30 mEq-I"!, —65 = 54 mg with Mg2+ of 40 mEq-[~1.

The data demonstrated that Mg?t above 30 mEq-/~! inhibited the
increase in tension caused by Ca’t and Mg?*t above 20 mEq~l_1 inhib-
ited the increase in tension caused by low Na' concentration. (Key
words: coronary artery, contraction, magnesium, calcium, sodium)

(Yoshida K, Usui A, Hibi M, et al.: Effects of magnesium on iso-
lated canine coronary arterial tension. J Anesth 7: 184-188, 1993)

The electrolyte composition is the
important factor which affect the ten-
sion of the smooth muscle. In the ear-
lier study, we confirmed that in high-
K* solution, an increase in Ca?* and
a reduction in Na't produces a dose-
dependent increase in the tension of
the isolated canine coronary artery':2.
On the other hand, it is known that
Mg?*t successfully competes with Ca?*
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for the Ca-binding site on myosin3.

In this study, the effects of Mg?**t
in the extracellular fluid on the ten-
sion caused by Ca?t and low-Na'
on isolated canine coronary artery
were studied.

Methods

The preparation of muscle strips and
the experimental procedure were the
same as those described in the earlier
study!2. The anterior descending coro-
nary arteries taken from dogs (10 ~ 14
kg, either sex) anesthetized with thi-
amylal natrium (25 mgkg™', i.v.). The
coronary artery was dissected and its
surrounding tissue was removed under
a microscope. Helical strips of about
3 mm in width and 15 mm in length
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Fig. 2. Mg concentration-tension curve in
the high-K, 4 mEq-l_1 Ca solution.

Wilcoxon rank-sum test was adopted.

Mg
dependent manner, but there was no statistical
significance between 30 and 40 mEq-{~! Mg.

suppressed the tension in a dose-

were excised from the segments of
coronary artery of 0.8 to 1.2 mm in di-
ameter. Each strip was mounted in an
organ bath (37°C) through which the
normal solution (see below) was per-

fuse at a constant rate of 2 ml-min~1.

0 Ca(mEg/t)

10min

The tension was isometrically recorded
by using a strain gauge. After 30 min
or more equilibration, the strip was
stretched by the tension of approxi-
mately 0.5g and the normal solution
was changed to high-K*, Ca?*-free so-
lution (see below).

In the first experiment, external
Ca’?t concentration was increased to
4 mEqi~! and Mg?" concentrations
were varied between 1 mEq-/~! and 40
mEq-l~! after the tension was stabi-
lized. In the second experiment, exter-
nal Na' concentration was reduced to
12 mEq{"! and Mg?t concentrations
were varied between 1 mEq/~! and
40 mEq-~!. In both experiments, the
changes in the tension were measured
in each solution.

The composition of the normal so-
lution was as follows: Na 127 mM, K
5.9 mM, Ca 4.7 mM, Mg 1.0 mM and
11.8 mM glucose. The high-K+, Ca?*-
free solution was made by removing
Ca?t with 0.5 mM EGTA from the
normal solution and adjusting K* to
20 mEq-/~!. When Na?* concentration
decreased, Na?t was replaced with sac-
charose on an equiosmolar basis (337m
0 sm-171).

Statistical evaluation was performed
by using Wilcoxon ranksum test. A
probability value less than 1% was
regarded as statistically significant.
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Table. The tension at various Mg concentration with 4 mEq-1™" Ca or 12 mEqg-1~! Na
Mg (mEq1™")
Electrolyte 1 10 20 30 40
Ca 811 + 111 494 + 135 272 = 126 —52 = 63 —69 + 80
Na 102 + 22 3% 35 —49 + 33 —59 £+ 49 —65 = 54
The values are mean + SD (mg), and n=20 (Ca) or 22 (Na).
Mg suppressed the tension caused by Ca or low-Na.
1 10 20 30 40 Mg(mEa/?)
r T T T T 1
j’ 20mg
Fig. 3. Effects of Mg in the high-
K, 12 mEq-I"! Na solution.
127 | 12 [ ’
! s ' 121 Na(mEa/t) The tension was suppressed by cu-
10min mulation of Mg.
Results 22 mg with Mg?* of 1 mEq-l"!, 3 * 35

As shown in figure 1, the tension
increased in Ca?" of 4 mEq:~!. The
tension decreased in proportion to
the increases in Mg?t ranging from
1 mEq{™' to 40 mEq-{~!. The tensions
were 811 £ 111 mg with Mg?t of 1
mEq-I7!, 494 * 135 mg with Mg?t of
10 mEq-I"!, 272 * 126 mg with Mg?*
of 20 mEq-~!, —52 * 63 mg with Mg?t
of 30 mEq-/~! and —69 * 80 mg with
Mg?* of 40 mEq-!"! (table). Negative
values mean relaxation. The statistical
significance was found between Mg?*
of 1 mEq-l"! and 30 mEq:/~!, but not
between Mg?t of 30 mEq./~! and 40
mEq-~! (fig. 2).

The tension increased in the solution
containing Nat of 12-mEq- ™!, and de-
creased gradually with the increase in
Mg?* (fig. 3). The tensions were 102 *

mg with Mg?* of 10 mEq-[™!, —49 * 33
mg with Mg?t of 20 mEq-[~!, —59 * 49
mg with Mg?t of 30 mEq-/~! and —65
* 54 mg with Mg?* of 40 mEq-l ! (ta-
ble). The statistical significances were
found between Mg?* of 1 mEq-/~! and
10 mEq-l7!, and between Mg?t of 10
mEq{~! and 20 mEq./"!. There were
no statistical significance Mg?t above
20 mEq-(7! (fig. 4).

Discussion

The tension of the coronary artery
is affected by electrolyte composition
of extracellular fluid. We reported that
an increase in Ca or a decrease in Na
produced a dose-dependent increase in
the tension of the isolated canine coro-
nary artery in high-K solution!-2,

The initial phasic response of K-
contracture of teania coli is insepara-
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Fig. 4. Mg concentration-tension curve in
the high-K, 12 mEq-{~! Na solution.

Wilcoxon rank-sum test was adopted.

Mg suppressed the tension, and the relax-
ation was occured above 20 mEq-l~! Mg.

bly associated with the spike potential
and hence with the Ca-influx, which
functions as the trigger and somehow
liberates the bound Ca into the muscle
fibres®. A portion of the ensuing tonic
phase is dependent upon the inward
movement of Ca from the extracellular
space, while the rest is brought about
by the release of bound Ca due to the
sustained membrane depolarization®. It
is generally agreed that the concentra-
tion of free intracellular Ca?* is the
main determinant of the degree of ac-
tivation of the contractile apparatus in
smooth muscle®. Therefore, in high-K
solution, an increase in extracellular
Ca develop tension.

It has been reported that in Ca-free
solution or in the presence of vera-
pamil, Na removal can still produce
some mechanical response. The mag-
nitude of this response remains nearly
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constant when Na removal is repeated
in Ca-free solution containing 0.1-0.5
mM-EGTA, and it is independent of
the duration of pre-treatment with
Ca-free solution®. Na removal might
increase the sensitivity of postsynap-
tic receptors to vasoconstrictive agents
and might alter permeability to Ca?*7.

Mg probably stabilize the cell mem-
brane by binding to the outer surface
of the membrane and increasing the
electrical potential gradient in the re-
gion of the activating gates for the
voltage-dependent Na channels®. Ex-
tracelular Mg?* can modulate mem-
brane permeability to Ca?t and their
distribution and exchange in wvascular
smooth muscle®. Therefore the dilator
effect of Mg may not the results of
a direct action on (-adrenoreceptors,
histamine H; or cholinergic receptors,
and this effect may require the pres-
ence of an intact endothelium. It has
been suggested that Mg exerts relax-
ant activity by interfering with not
only Ca permeability in the cellular
membrane but also translocation of
Ca within the cell, and there may be
an interaction between Mg and Ca
during the activity of the contractile
proteins'®. Indeed, Mg in hign concen-
tration can compete with Ca in bind-
ing to actomyosin of chicken gizzard®.
Mg relaxes the contractile proteins of
skeletal and cardiac muscle by com-
peting with Ca for their Ca binding
sites'!, These mechanisms are probably
true in arterial smooth muscle.

In conclusion, Mg?*t suppressed the
increase in tension caused by Ca?t
or low-Na't. And high concentration
Mg?t completely inhibited this in-
crease in tension, above 30 mEq- ™!
Mg?t inhibited the increase in tension
caused by Ca?' and above 20 mEq:[~!
Mg?t inhibited the increase in tension
caused by low-Nat concentration.

(Received Oct. 24, 1992, accepted for
publication Jul. 16, 1992)
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