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It has been suggested that extracellular 
magnesium ions ( [Mg2+]o) selectively poten- 
tiate the contractile actions of neurohypo- 
physeal hormones (NHPH) and analogues 
on vertebrate peripheral blood vessels by 
Somlyo et al. (1-3). Moreover, these inves- 
tigators have postulated that [Mg2+]o poten- 
tiates neurohypophyseal peptides by en- 
hancing the ability of these peptides to bind 
at their receptors (i.e. to enhance hormone- 
receptor affinity), similar to the mechanism 
of enhancement postulated by others for 
uterine smooth muscle (4, 5 )  rather than by 
altering events beyond the receptor sites, 
e.g., on excitation-contraction (E-C) cou- 
pling, metabolism or the contractile proteins. 

In sharp contrast to these suggestions, it 
has recently been demonstrated that [Mg2+]o 
can potentiate vasoactive substances other 
than neurohypophyseal peptides on vascular 
smooth muscle, e.g., catecholamines and 
barium ion (6-8). These recent studies col- 
lectively suggest that [Mg2+]o may poten- 
tiate catecholamines and barium ion by 
acting at sites in vascular muscle other than 
the receptors (6-8). In addition, it has been 
demonstrated that different arterial vessels 
within a single mammalian species-the 
dog-show different contractile dependen- 
cies on [Mg2+]o for at least one neurohy- 
pophyseal hormone, [8-arginine]-vasopres- 
sin (9). These observations on different 
canine arteries, employing complete dose- 
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response curves, indicate that [Mg2+]o may 
possibly potentiate the activities of neuro- 
hypophyseal peptides on certain peripheral 
vessels by acting at events beyond the pep- 
tide receptors. This would thus be quite 
different from the tenet promulgated by 
other workers (1-5). 

Since the rat is the mammalian species 
primarily used to assay and standardize 
NHPH and synthetic analogues ( lo) ,  it 
would be interesting to determine the exact, 
quantitative relationships that exist between 
[Mg2+]o and contraction of blood vessels in 
response to neurohypophyseal peptides in 
this vertebrate. But, to my knowledge, no 
such studies exist. Moreover, since different 
concentrations of [Mg2+]o have been shown 
to differentially affect contraction, ion con- 
tent and tone of vascular muscle ( 6 4 ,  it is 
important to examine the actions of a range 
of external magnesium concentrations on 
contraction of neurohypophyseal hormones 
and analogues. The present experiments 
utilizing four different NHPH and synthetic 
analogues, a range of [Mg2+]o, and complete 
dose-response curves, were therefore under- 
taken with isolated rat aortas in order to 
acquire this information. 

Methods. Thoracic aortas obtained from 
male rats (Wistar strain, 200-375g) were cut 
helically into vascular strips (1.3-1.5 mm in 
width by 25 mm in length) and set up iso- 
metrically in vitro under a resting tension of 
1.5 g, in a manner essentially similar to that 
described previously for rabbit thoracic 
aorta (11). Only male rats were employed 
since estrogenic hormones are known to 
affect the reactivity of blood vessels to 
NHPH (12). All vascular strips were equili- 
brated for 2 hr in muscle chambers contain- 
ing Krebs-Ringer bicarbonate solution with 
1.2 mM Mg2+, the composition of which has 
been given previously (13). The Krebs- 
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Ringer bicarbonate solution was oxygenated 
continuously with a 95% 024% C02 mix- 
ture and kept at 37" (pH 7.3-7.5). After the 
2 hr incubation period, certain vascular 
strips were exposed either to Mg2+-free 
Krebs-Ringer solutions or to Krebs-Ringer 
solutions containing various concentrations 
of Mg2+ (0.2, 1.2 or 6.0 mM) for a period 
of 60 min. These incubation media were 
routinely changed every 5-10 min as a pre- 
caution against the production of interfering 
metabolites (14). Complete, cumulative log 
dose-response curves, similar to those de- 
scribed previously (13, 15), were then ob- 
tained for one of four different synthetic 
NHPH and analogues (16). The results for 
these experiments are expressed as: (i) per- 
centage of maximal contractile responses to 
[8-arginine]-vasopressin in 1.2 mM [Mg2+]o 
since (a) the latter is the native rat pituitary 
hormone and (b) 1.2 mM [Mg2+]o approxi- 
mates the rat plasma concentration for 
Mg2+; and (ii) the concentration of the 
NHPH required to elicit 50% of the maxi- 
mal contractile response (i.e. ED50) in dif- 
ferent [Mg2+]o. The latter is a measure of 
hormone-receptor affinity, while the former 
is a measure of the intrinsic activity or 
effectiveness of the drug-receptor complex 

Results and Discussion. If the presence of 
[Mg2+]o potentiates NHPH and analogues 
solely by enhancing the binding of these 

(17). 

peptides to their respective receptors (1-5), 
then one might expect to see a parallel dis- 
placement of the concentration-effect curves 
for the NHPH to the left of those obtained 
in Mg2+-free solutions with no change in 
maximum contractile response. If, however, 
[Mg2+]o potentiates these NHPH and ana- 
logues on certain vascular muscle by act- 
ing at receptors and some other cellular 
site(s), then one should not see a left-ward 
parallel shift of the dose-response curves 
(6-9). The data shown in Figs. 1-4 suggest 
that although different concentrations of 
[Mg2+]o (0.2, 1.2 and 6.0 mM) strongly 
potentiate the contractile actions of NHPH 
and analogues on rat aorta, the concentra- 
tion-effect curves are not shifted in a dis- 
tinctly parallel manner to the left of those 
obtained in Mg2+-free solutions. Instead, 
these findings indicate that the slopes of the 
dose-response curves are steepened and the 
maximum contractile responses are differen- 
tially affected and are dependent upon 
[Mg2+]0, as well as on the type of NHPH. 
In addition, the data in Fig. 4 and Table I 
indicate that although the maximum con- 
tractile response to oxytocin is increased 
almost sixfold by 1.2 mM [Mg2+]o, the 
ED50 is not significantly shifted to the left of 
that observed in Mg2+-free solution as is the 
case with the other NHPH and analogues; 
in fact, [Mg2+]o shifts the ED50)s rightward 
for this peptide (Fig. 4, Table I). It is thus 

8- ARGlNlNE VASOPRESSIN (Molar Conc.) 

FIG. 1. Influence of [Mgz+]o( [ 1)  on [8-arginine]-vasopressin-induced contractions. Cumulative log dose- 
isometric response curves. 100% response = 945.5 & 82 mg. N = 10-30 different strips for each dose-response 
curve. 
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tractions. 100% response = 955.5 f 86.5 mg. N = 10-25 different strips for each dose-response curve. 

exceedingly difficult, if not impossible, to 
interpret such data as supporting the concept 
that Mg2+ solely potentiates activities of 
NHPH analogues on vascular muscle by 
enhancing hormone-receptor affinity (1-3). 
The complex concentration-effect curves for 
the NHPH, observed in the present experi- 
ments, in the presence of [Mg2+]o, rather 
strongly support, at least for rat aorta, the 

idea that Mg2+ potentiates NHPH by acting 
either at cellular sites other than the recep- 
tors for these peptides (E-C coupling, me- 
tabolism, contractile proteins, etc.) or at 
several sites, e.g., receptors, membranes and 
intracellularly (6-8). 

One of these sites for Mg2+ action may be 
intracellular in nature. The increased maxi- 
mum responses observed in the presence of 
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FIG. 4. Influence of [MgZ+]o ([ 1) on oxytocin-induced contractions. 100% response = 942.4 f 69.5 mg. 
N = 12-20 different strips for each dose-response curve. 

different [Mg2+]o could be used to suggest 
that this divalent cation may enhance maxi- 
mal contractile responses by displacing cal- 
cium ions from intracellular sites (6-8). For 
example, although different vasotropic 
agents, including NHPH, are known to 
induce contraction of vascular smooth mus- 
cle by different receptor systems (3), it is 
believed (i) that all stimulants require cal- 
cium ions (Ca2+) for E-C coupling, and (ii) 
the source of activator Ca2+ may be extra- 
cellular or intracellular in nature, depending 
upon stimulant (18). The fact that [Mg2+]o 
has been shown to (i) alter the binding of 
Ca in vascular muscle (6, 7), including rat 
aorta (8), and (ii) enhance the maximal con- 
tractile response of depolarized rat aorta to 
[Ca2+]o (8), supports the idea that Mg ions 
can compete with Ca2+ for certain membrane 
and intracellular sites. A freeing-up of intra- 
cellular ionized Ca for interaction with 
actomyosin could account for the increased 
maximal contractile responses seen in the 
present study. An alternative likely con- 
tributing mechanism is that more actomyo- 
sin is activated by the presence of Mg2+ 
(19). Russell (19) has shown that Mg2+ has 
a direct effect on the physical state of arterial 
actomyosin which is correlated with its 
activation. Although the present data do 

not rule in or out the possibility that [Mg2+]o 
enhances NHPH induced contractions by 
acting on vascular smooth muscle cell me- 
tabolism, previous studies would tend to 
discount this possibility, at least with respect 
to aortic smooth muscle (6). 

The data in Figs. 1-4 and Table I suggest 
that although [Mg2+]o does indeed enhance 
NHPH-induced contractions in arterial 
smooth muscle, there appears to be an 
optimal [Mg2+]o, approximately 1.2 mM 
Mg2+. Concentrations lower or higher than 
1.2 mM not only result in development of 
lower maximal contractions but in less of a 
left-ward shift in the concentration-effect 
curves; [2-phenylalanine, 3-isoleucine, 8-or- 
nithinel-vasopressin may, however, be an 
exception. Hypermagnesemic levels (e.g. 6.0 
mM), although resulting in potentiation 
when compared to Mg2+-free conditions, 
usually result in the lowest hormone-recep- 
tor affinities (high ED~O'S) and smallest 
maximal tensions when compared to 1.2 
mM [Mg2+]o. In this context, it is of interest 
to note that hypermagnesemic levels have 
previously been shown not only to depress 
maximal contractile responses of other vaso- 
active hormones and amines on vascular 
muscle but to shift the dose-responses to 
higher concentration levels as well (6). Such 
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phenomena may also be due to effects on 
translocation of Ca2+ (8). 

It has been suggested by several workers 
that potentiation of structurally different 
NHPH and analogues by Mg2+ on different 
effector systems, e.g., uterus, mammary 
gland, blood vessels, is inversely related to 
potency of the molecules and not to intrinsic 
differences between uterine smooth muscle, 
myoepithelial or vascular smooth muscle 
receptors, per se (3-5, 20). The EDso’s pre- 
sented in Table I (compare values in 1.2 mM 
Mg2+ with Mg2+-free), however, suggest that 
the greater the rat pressor potency of the 
NHPH or analogue, the greater is the shift 
of the concentration-effect curve to the left 
in the presence of [Mg2+]o. These data tend 
to suggest that the degree of potentiation of 
a NHPH or analogue on rat aortic smooth 
muscle by [Mg2+]o may be directly, rather 
than inversely, proportional to the rat pres- 
sor potency of the NHPH molecules. In 
other terms, the more potent the NHPH or 
analogue in raising rat blood pressure, the 
more dependent it is on [Mg2+]o for causing 
contraction of the rat aorta. 

At the very least, the present observations 
indicate that the receptor which subserves 
contraction for NHPH on mammalian blood 
vessels is probably different from the one in 
uterine smooth muscle for vasopressin and 
oxytocin. [Mg2+]o could thus prove useful 
in the characterization of the receptors for 
these posterior pituitary hormones in blood 
vessels. 

Summary. The present quantitative results, 
using isolated rat aorta, demonstrate that 
different [Mg2+]o (i.e. 0.2, 1.2 and 6.0 mM) 
potentiate the contractile actions of a variety 
of neurohypophyseal hormones and syn- 
thetic analogues on vascular smooth muscle. 
[Mg2+]o can alter both the hormone-receptor 
affinities (H-RA) and intrinsic (contractile) 
activities (i.a.) of these peptides on vascular 
muscle; 1.2 mM [Mg2+]o (approximately 
that found in rat plasma) appears to opti- 
mize H-RA and i.a. on rat aortic smooth 
muscle. The presence of [Mg2+]o not only 
steepens the concentration-effect curves to 
the neurohypophyseal peptides but increases 
the maximum contractile responses as well. 
The present findings question that [Mg2+]o 

potentiates responses to neurohypophyseal 
peptides by vascular muscle solely by affect- 
ing H-RA. The present study supports the 
notion that Mg2+ potentiates responses to 
these peptides by acting at sites other than 
the receptor in mammalian vascular muscle. 
In addition, the present experiments suggest 
that the [Mg2+]o dependence of neurohypo- 
physeal peptides on at least one mammalian 
vascular muscle-rat aorta- is directly rather 
than inverseZy proportional to  the rat pressor 
potency of the molecules. Further, the vaso- 
pressin receptor which subserves contraction 
in mammalian blood vessels may differ in 
this respect from that in uterine smooth 
muscle. 
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