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It is generally believed that the length of
the amino acid side chain in position 8 of the
vasopressin hormones (Fig. 1) plays little or
no role in the rat pressor activity of these
hormones while the degree of basicity of the
amino acid moiety in position 8 of these neu-
rohypophyseal peptides is thought to be the
primary structural determinant of the con-
strictor potency of these molecules (1-4).
Recent findings, however, on a variety of iso-
lated canine blood vessels question such a
tenet and suggest that: (i) side chain length
may be quite important in determining con-
tractile action on arterial smooth muscle; and
(ii) maximal basicity alone in position 8 of
the vasopressin hormones does not, usually, in
itself result in maximal contractile activity
(5). Overall, these latter in vitro studies sug-
gest that optimum contractile activity at the
effector vascular smooth muscle cells, as well
as hormone-receptor affinity, may be the re-
sult of an optimum combination of a certain
degree of basicity and length of the amino
acid side chain in position 8.

Presumably, the blood pressure responses
obtained with rat pressor assays are reflec-
tions of the constrictor actions of the vaso-
pressin hormones on arterioles. But, to my
knowledge, no direct, quantitative structure-
activity data are, as yet, available for either
the vascular smooth muscle effector cells of rat
arteries or arterioles. The latter information is
critical in view of the recent, aforementioned
in vitro observations on canine blood vessels.
The present experiments, using isolated rat
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aortas as well as direct, quantitative in vivo
microscopy on rat mesenteric arterioles, were
therefore undertaken to gain insight into the
relationship between the chemical structure
of the amino acid moiety in position 8 and
contractile activity of the vasopressin hor-
mones on the effector vascular smooth muscle
cells.

Methods. Thoracic aortas were obtained
from male rats (Wistar strain, 200-370 g),
cut helically into vascular strips (1.3-1.5 mm
in width by 25 mm in length) and set up iso-
metrically #n vitro under a resting tension of
1.5 g, essentially similar to that described
previously for rabbit thoracic aorta (6). All
vascular strips were equilibrated for 2 hr in
muscle chambers containing Krebs-Ringer
bicarbonate solution, the composition of
which has been given previously (7). Mag-
nesium (1.2 mM) was utilized since this con-
centration is essential for optimum neurohy-
pophyseal hormone action on these isolated
blood wvessels [(8), unpublished data]. The
Krebs—Ringer bicarbonate solution was oxy-
genated continuously with a 95% O2:-5%
CO2 mixture and kept at 37° (pH 7.2-7.5).
Complete, cumulative log dose-response
curves, similar to that described previously
(5), were obtained for five different synthetic
vasopressin analogues (9). The results for
these experiments are expressed in percentage
of maximal [8-arginine]-vasopressin contrac-
tile responses since the latter is the native rat
pituitary hormone. ’

In vivo quantitative microscopic observa-
tions were carried out on rat mesenteric ar-
terioles by means of an image-splitting tele-
vision microscope recording system (10). For
the latter male rats (Wistar strain, 135 ==
20 g) anesthetized with im pentobarbital
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Fic. 1. Chemical structures of naturally occurring mammalian vasopressin hormones. [Arg®l-
vasopressin is found in posterior pituitary glands of most mammals, including rats and man.
[Lys®]-vasopressin is the naturally occurring hormone in the pig, peccary and hippopotomus.

(Nembutal, 3 mg/100 g body weight) were
utilized. Only male rats were employed in
these in vitro and in vivo studies, since estro-
genic hormones are known to affect not only
the blood pressure response to the systemic
administration of vasopressin hormones (11)
but to the local administration of these pep-
tides as well (12). The rat mesentery was
prepared and kept under physiologic condi-
tions according to procedures described pre-
viously (13). Measurements for changes in
arteriolar lumen size were made before (con-
trol) and after topical application of graded
doses (8 to 12 in number) of the pure, syn-
thetic vasopressin peptides (9). In vivo mi-
croscopic observations for discrete drug ef-
fects were made at magnifications up to 4000
X using the image-splitting television micro-
scope recording system (10). The Ringer
gelatin irrigation (13) of the mesentery was
temporarily interrupted during topical drug

applications. The effects of the vasopressin
hormones and analogues on lumen diameter
were recorded for at least 2--3 min after topi-
cal application either to the point where the
contractile response stabilized or until com-
plete lumen occlusion. Complete lumen occlu-
sion is defined here as a touching of both in-
ternal walls of an arteriolar vessel and was
simultaneously observed visually on the TV
monitor and recorded on the polygraph.
Leitz-Ultrapak water immersion objectives,
32 and 55X, were used in conjunction with
10X Bausch and Lomb oculars on a Bausch
and Lomb Dyna-Zoom microscope equipped
with a trinocular head. The use of the image-
splitting device allows one to make measure-
ments with an accuracy 10 times that of the
resolving power of the light microscope (10).
Such a system has very recently been effec-
tively used to make rapid #z vivo micromet-
ric measurements from which complete log
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dose-response curves have been constructed
for drug, as well as peptide, effects on vari-
ous kinds of muscular microvessels, including
arterioles (12, 14-16).

Results and Discussion. 1f the degree of
basicity of the amino acid residue in position
8 is critical for optimizing contractile activ-
ity on blood vessels, then [8-arginine]-vaso-
pressin (with arginine exhibiting a pK3 of
13.2) (17) should not only elicit the great-
est maximal contractile (or constrictor) re-
sponse but, in addition, should show the great-
est affinity (or lowest EC;o, EDgo) for the
vasopressin receptor on all rat blood vessels.
However, a glance at Figs. 2 and 3 (as well
as Table I) reveals that although [8-argi-
nine |-vasopressin does show the greatest af-
finity for the vasopressin receptor (indicated
by greatest parallel shift of log dose-response
curve to left) on rat mesenteric arterioles
(e.g., Fig. 3), it: (i) exhibits two and one-
half times less affinity for the vasopressin
receptor than does [8-ornithine]-vasopressin
on isolated rat aorta (Fig. 2 and Table I),
and (ii) elicits a significantly smaller maxi-
mal contraction on rat mesenteric arterioles
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(Fig. 2) than does [8-ornithine]-vasopressin.
This is especially interesting in view of the
fact that ornithine in [8-ornithine]-vasopres-
sin is much less basic (e.g., pK3 = 10.76)
(17) than arginine. Although' the basicity of
lysine (pK; — 10.28) (17), in [8-lysine]-
vasopressin, is not appreciably different from
ornithine, its dose-response curves (on both
rat arterioles and aorta) are shifted almost
twofold to the right of [8-ornithine]-vaso-
pressin (Figs. 2 and 3). In addition, the
maximum responses elicited by [8-lysine]-
vasopressin are approximately 80% of [8-
ornithine]-vasopressin on both types of blood
vessels. It is important, however, to note that
although the side chain length in position 8
of [8-lysine]-vasopressin is approximately
equivalent to that of [8-arginine]-vasopres-
sin it is longer than that of [8-ornithine]-
vasopressin (Table I). These present findings
could be used to suggest that while basicity
in position 8 might be very important in affin-
ity of the hormone for its receptor on mam-
malian vascular smooth muscle, an optimum
side chain length in position 8 may be criti-
cal in determining maximum biologic activ-

[ I}

1o 10°'0 1079

108 107 10°¢ 1075

NEUROHYPOPHYSEAL PEPTIDE (Molar conc.)

Fic. 2. Cumulative dose-response curves of vasopressin hormones and analogues on in wvitro
rat aortic strips mounted isometrically in Krebs—Ringer bicarbonate solution containing 1.2 mM
magnesium. Maximal contractile response to [8-arginine]-vasopressin is taken as 100%. All
other contractile responses are expressed as a percentage of this value. Values are mean responses
+ 1 SEM. Numbers in parentheses are numbers of aortas studied from different male rats.
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Fic. 3. Graded contractile responses of rat mesenteric arterioles to wvasopressin hormones and
analogues. Each point represents the mean value obtained from measurements on vessels of
different male rats (indicated by numbers in parentheses). One type of vasopressin peptide was
tested on each rat mesentery. The bars represent one SEM. The mean control lumen sizes for
the arterioles (wm) were: Arg®-vasopressin (28.9 == 1.0), Orn®-vasopressin (30.8 == 1.8), Lys’-

vasopressin (33.5 =+
(334 = 2.4).

ity (i.e., degree or magnitude of contraction).

If the latter hypothesis is correct, then one
might not expect vasopressin analogues hav-
ing no or very little basicity in position 8
together with side chain lengths equivalent
to that of lysine or longer than ornithine
(e.g., [Ne—for—lys]8-vasopressin) to exhibit
any significant change in maximal contractile
response (see Figs. 2 and 3). Such molecules
would be expected to exhibit marked losses
in affinity for the vasopressin receptor on
blood vessels (indicated by parallel shifts of
log—dose-response curves to right). Figures
2 and 3 do, indeed, show that the dose-re-
sponse curves for [Ne-for—lys]8-vasopressin
are shifted markedly to the right of the par-
ent hormone, [8-lysine]-vasopressin, sugges-
tive of losses in hormone-receptor affinity.
But the ability of this hormone analogue (de-
void of basicity in position 8) to induce a
near maximal contraction is not impaired.
The finding of reduced hormone-receptor af-
finity could explain the marked reduction in
rat pressor activity seen with [Ne-for-lys]s-
vasopressin when it is compared to [8-lysine]-
vasopressin (18). Interestingly, lengthening
the side chain of [8-lysine]-vasopressin by a

2.2), Homolys®-vasopressin (28.7 = 1.6), and (N°®for-lys)*-vasopressin

single carbon atom (e.g., [8-homolysine]-
vasopressin) (4) does not result in a change
of either hormone-receptor affinity or maxi-
mal contractile response when compared to
the parent hormone (Figs. 2 and 3). (Since
[8-homolysine]-vasopressin has the same
basicity as [8-lysine]-vasopressin its affinity
for the hormonal receptor should not change
if the above hypothesis is correct.)

In this context, it is of interest to note
that a combination of reduction in side chain
length and loss of basicity in position 8 (e.g.,
[3-isoleucine, 8-leucine]-vasopressin)  not
only results in 1000- to 21,000-fold shifts of
the dose-response curves to the right of [8-
arginine]-vasopressin (indicative of marked
losses in hormone-receptor affinity) on these
rat blood vessels (19) as well as on canine
blood vessels (5) but, in addition, marked
losses in ability to induce maximal contrac-
tile responses (5, 19). Although the latter
findings, with [3-isoleucine, 8-leucine]-vaso-
pressin, could also be reflections of steric
changes, alterations in hydrophobicity, etc.
(5), preliminary findings with [8-a,y-di-
aminobutyric acid]-vasopressin (an analogue
with a side chain one carbon atom skorter
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than ornithine, 30% shorter than lysine, and
basicity approximately equivalent to lysine)
(20) on rat mesenteric arterioles and aorta
indicate that this vasopressin analogue also
exhibits losses in maximal contractile activity
even though its hormone-receptor affinity
approximates that of [8-lysine]-vasopressin)
(unpublished data). Such in vitro and in vivo
findings on rat arterial and arteriolar smooth
muscle, thus, lend further support to the con-
cept that an optimum interaction between
length of side chain and basicity in position
8 may, indeed, be necessary for maximizing
vasopressin-induced contractile responses in
mammalian somatic vascular muscle (5).
Although the present preliminary observa-
tions tend to suggest that a degree of basicity
in position 8 of vasopressin may be extreme-
ly important in maintaining hormone-recep-
tor affinity, while an optimum length of side
chain may be critical in determining maxi-
mal biologic (contractile) activity on mam-
malian somatic blood vessels, further work
with more synthetic analogues (especially
analogues with isosteric or isofunctional sub-
stitutions) (21) will be required to buttress
this hypothesis. These findings indicating
widely divergent degrees of relative hormone—
receptor affinities and maximal contractile
responses for a variety of vasopressin hor-
mone analogues on rat aorta versus rat mes-
enteric arterioles (Table I) could be used to
explain some or all of the structure-activity
relationship discrepancies observed between
previous in vifro (5) (and present) observa-
tions and crude rat pressor assay. For ex-
ample, since the blood pressure responses ob-
tained with rat pressor assays are reflections
of the overall average effects of the vasopres-
sin molecules on many different small arteries
and arterioles in many vascular beds, it is
distinctly probable that blood vessels from
different regions exhibit slightly different
structure-activity relationships for a given
series of vasopressin peptides. The present
data when taken together with previous ob-
servations (5, 12, 15, 19, 22-26) emphasize
the importance of direct studies on peripheral
blood vessels rather than indirect pressure
assays if one desires to gain insight into the
relationship between chemical structure and
contractile activity of the vasopressin hor-
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mones at the effector vascular smooth muscle
cells.

It was recently demonstrated, by the im-
age-splitting TV microscope recording sys-
tem, that rat mesenteric metarteriolar ves-
sels respond (4.e., constrict) to arginine-vaso-
pressin in physiologic concentrations (15).
The present study demonstrates that not only
do arterioles also respond to physiologic doses
(Fig. 3) of vasopressin® (27) but are, on the
average, 10 times more sensitive to this natu-
rally occurring posterior pituitary hormone
than are the metarterioles (15). In view of
these quantitative data, one must consider
the possibility that vasopressin plays an im-
portant role in control of arteriolar and met-
arteriolar pressure in the microcirculation.

Summary. The present quantitative results
demonstrate that although an optimum inter-
action between length of side chain and a
certain degree of basicity of the amino acid
residue in position 8 is necessary for maxi-
mizing vasopressin-induced contractions of
both rat aortas and mesenteric arterioles,
basicity in position 8 is definitely not an ab-
solute requirement for vasopressin-induced
contractions of rat blood vessels, The length
of the amino acid residue in position 8, in
contrast to what is currently believed, may
be quite important in determining the
strength of vasopressin-induced contractions
on both macro- and microscopic rat blood
vessels. In view of the extremely low doses
of arginine-vasopressin required to elicit ar-
teriolar constriction, one must entertain the
possibility that vasopressin plays an impor-
tant role in control of arteriolar blood pres-
sure. :

The author is deeply indebted to the late Dr.
R, Bircher and Dr. B. Berde (Sandoz Ltd.), Dr.
R. Walter (Mt. Sinai School of Medicine), Dr.
F. Sorm (Czechoslovak Academy of Sciences), and
Dr. M. Bodanzsky (Case Western Reserve Univer-
sity) for generously supplying the peptides used in
this study. The author also expresses his thanks to
Mr. C. F. Reich, Mr. R. W. Burton and Miss M.
K. Nicodemus for their excellent technical assistance.

3 Since 0.1 ml volumes of Ringer gelatin were
superfused over the entire rat mesocecum, the
actual threshold doses must be appreciably less.
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