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Ever since du Vigneaud's pioneering work 
on the isolation and synthesis of vasopressin 
and oxytocin, an increasing interest has been 
developing in the chemistry, biology and 
structure-activity relationships of the neuro- 
hypophyseal hormones (NHPH) and their 
synthetic analcgues ( 1 ,  2 ) .  The contractile 
potency and structure-activity relationships 
of these peptides on peripheral vascular 
smooth muscle has, for the most part, been 
developed on the basis of the rat-pressor 
assay ( 3 ) .  But since many of these NHPH 
and synthetic analogues show a predilection 
for the muscular venules and small venous 
vessels in the microcirculation (4-1 1 ), the 
iv rat blood pressure assays (12), used 
routinely to assess pressor (contractile) ac- 
tivity of a particular NHPH or analogue, 
may not accurately reflect its ability or in- 
ability to effect contraction; contraction of 
only muscular venules would not increase 
blood pressure. Furthermore, iv rat-pressor 
assays do not enable one to determine 
whether maximum doses of NHPH peptides 
induce a 20% decrease, 50% decrease or 
100% decrease in diameter of an arterial 
or arteriolar vessel; the latter information 
could be quite important since different 
vasoactive agents (including peptides) in- 
duce unequal maximal contractile responses 

1 This work was supported by Research Grants 
HL-12462 and HL-11391 from the National Heart 
and Lung Tnstitute, U. S. Public Health Service. 

2 This study was done during the tenure of 
Research Career Development Award 5 K 3 - G M -  
38, 603, U. S. Public Health Service. 

on macro- as well as micro-vascular smooth 
muscle (1  1, 13-16). It is also question- 
able as to whether rat-pressor assays allow 
one to accurately assess the relative hor- 
mone-receptor affinity of a particular NHPH 
for its receptor on a blood vessel ( 17-1 9) .  In 
view of these considerations, interpretation 
of the functional importance of amino acid 
residues in the various nine positions of the 
NHPH molecules (Fig. 1 )  to contractile 
activity, on peripheral vascular smooth 
muscle, on the basis of the essentially iv 
crude rat-pressor assays may be rather 
limited ( 17-1 9) .  

Presumably, the blood pressure responses 
obtained with rat-pressor assays are reflec- 
tions of the constrictor actions of the V ~ S O -  
pressin hormones on arterioles. But, to my 
knowledge, only two direct, quantitative 
structure-activity studies, using only a few 
such NHPH, are, as yet, available for either 
the vascular smooth muscle cells of rat 
arteries or arterioles ( 1 1 ,  20). Accumula- 
tion of such quantitative information is 
critical in view of recent in vitro and in vivo 
studies on canine, rat and human blood 
vessels which, collectively, tend to question 
the relationship between rat-pressor potency 
and direct contractile potency on peripheral 
mammalian blood vessels (8 ,  11, 16, 17, 
20). The present experiments employing 12 
NHPH peptides, and using isolated rat aorta 
as well as direct, quantitative in vivo micros- 
copy on rat mesenteric arterioles, were 
therefore undertaken to determine: ( i)  
whether rat-pressor potency is an accurate 
reflection of contractile events on rat periph- 
eral blood vessels, and ( i i )  the functional 
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FIG. 1 .  Chemical structures of naturally occurring mammalian vasopressin hormones. [8- 
argininel-vasopressin is found in posterior pituitary glands of most mammals, including rats 
and man. [8-lysine]-vasopressin is the naturally occurring hormone in the pig, peccary and 
hippopotamus. 

importance of the amino acid residues in 
positions 1-3 and/or 8 of the NHPH to 
contractile activity on rat arteries and 
arterioIes. 

Methods. Thoracic aortas were obtained 
from male rats (Wistar strain, 200-375 g ) ,  
cut helically into vascular strips ( 1.3-1.5 
mm in width by 25 mm in length) and set 
up isometrically in vitro under a resting 
tension of 1.5 g, essentially similar to that 
described previously for rabbit thoracic 
aorta (14) .  All vascular strips were equi- 
librated for 2 hr in muscle chambers con- 
taining Krebs-Ringer bicarbonate solution, 
the composition of which has been given 
previously ( 17) .  Magnesium ( 1.2 mM) 
was utilized since this concentration is 
essential for optimum NHPH action on these 
isolated vessels [ ( 2  1 ), unpublished data]. 
The Krebs-Ringer bicarbonate solution was 
oxygenated continuously with a 95% 0,- 
5% CO, mixture and kept at 37" (pH 
7.2-7.5). Complete, cumulative log-dose- 
response curves, similar to that described 
previously (17), were obtained for 12 dif- 

ferent synthetic NHPH analogues.3 The re- 
sults for these experiments are expressed in: 
( i )  percentage of maximal [8-arginine] 
vasopressin contractile responses since the 
latter is the native rat pituitary hormone; 
and (ii) the concentration required to elicit 
50% of the maximal contractile response 
(i.e., ED,,,). The latter is a measure of hor- 
mone-receptor affinity, while the former is a 
measure of the intrinsic activity or effective- 

:< The pure, synthetic vasopressin hormones 
and analogues used were [8-arginine]-vasopressin 
(approx assay by rat-pressor method = 400 
IU/mg),  [8-lysine]-vasopressifi (270 TU/mg), 
[8-ornithine]-vasopressin (360 IU/mg) , [2-phenyl- 
alanine, 8-ornithinel-vasopressin ( 153 IU/mg), [2- 
phenylalanine, 8-lysine]-vasopressin ( 5 5  IU/mg) , 
[3-isoleucine, 8-arginine]-vasopressin (252 IU/  
mg) , (3-isoleucine, 8-ornithine]-vasopressin ( I04 
IU/mg ) , [8-N~-formyl-lysine]-vasopressin (32 IU/ 
rng ) , [2-phenylalanine, 3-isoleucine, 8-ornithinel- 
vasopressin ( 120 IU/mg) , l-deamino-[8-arginine]- 
vasopressin (370 IU/mg) , l-deamino-[2-phenyl- 
alanine, 8-arginine]-vasopressin (30 IU/mg),  and 
[34soleucine, 8-leucine]-vasopressin (5 IU/mg) . 
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ness of the drug-receptor complex (22). 
In vivo quantitative microscopic observa- 

tions were carried out on rat mesenteric 
arterioles (20-37 pm) by means of an 
image-splitting television microscope record- 
ing system (23) .  For the latter male rats 
(Wistar strain, 135 5 20 g) anesthetized with 
im pentobarbital (Nembutal, 3 mg/ 100 g 
body weight) were utilized. Only male rats 
were employed in these in vitro and in vivo 
studies, since estrogenic hormones are known 
to affect not only the blood pressure re- 
sponse to the systemic administration of 
NHPH (24) but to the local administration 
of these peptides as well (15).  The rat 
mesentery was prepared and kept under 
physiologic conditions according to pro- 
cedures described previously (25 ).  Mea- 
surements for changes in arteriolar lumen 
size were made before (control) and after 
topical application of graded doses (8-1 2 
in number) of the pure, synthetic NHPH 
peptides.:’ In vivo microscopic observations 
for discrete drug effects were made at mag- 
nifications up to 4000 times using the image- 
splitting television microscope recording 
system (23).  The protocol for studying the 
NHPH and analogues was identical to that 
described previously (20). 

Results and Discussion. If rat-pressor 
assays are to be considered as reliable es- 
timates of the ability or inability of NHPH 
and synthetic analogues to stimulate strongly, 
weakIy, etc., the effector smooth muscle 
cells of peripheral blood vessels, and thus 
be a reflection of structure-activity relation- 
ships (SAR’s) at the hormone-receptors ( 3),  
then one might expect to see a parallelism 
between the descending order of relative 
rat-pressor potencies and contractile po- 
tencies of a series of analogues on rat blood 
vessels. If, h’owever, the SAR’s for many 
of these peptides vary with the particular 
type of rat blood vessel (e.g. artery vs 
arteriole vs metarteriole, etc.) (8-1 1 ,  20), 
then one should not see a parallelism be- 
tween rat-pressor potencies and contractile 
potencies. The relative EDr,n’s shown in 
Table I do, indeed, suggest that the relative 
contractile potencies of a series of 12 
NHPH and analogues are widely divergent 
on 2 different types of rat vessels, viz., aorta 

and mesenteric arteriole. These results 
also indicate that the relative descending 
order of contractile potency (i.e., relative 
ED,,’s) for this series of peptides is differ- 
ent for the 2 rat blood vessels. For example, 
( i)  [8-ornithine]-vasopressin is 2.5 times 
as potent as [8-arginine]-vasopressin on the 
aorta but one-ninth as potent as the 
latter on the arteriole, (ii) l-deamino-[8- 
argininel-vasopressin is only the seventh 
most potent analogue on the aorta but on 
the arteriole it is the fourth most potent ana- 
logue, (iii) although [ 3-isoleucine, 8-orni- 
thine]-vasopressin is a fairly potent ana- 
logue on the aorta, it is a very weak 
molecule on the arteriole (Table I ) ,  etc. 

The data presented in Table I1 suggest 
that most of the NHPH and analogues ex- 
hibit relative rat-pressor potencies which 
do not parallel the relative contractile po- 
tencies obtained on rat aortas or  mesenteric 
arterioles. For example, although four neuro- 
hypophyseal peptides-namely, [8-lysine]-, 
[2-phenylalanine, 8-lysinej-, [N~-for-lys]-~, 
and 1 -deamino-[2-phenylalanine, 8-argi- 
nine]- vasopressin-exhibit similar potencies 
relative to [ 8-arginine]-vasopressin in both 
the rat-pressor assay and in contraction of 
rat aorta (Table II), all of the other peptides 
show differences between these. 2 assay 
systems which are statistically significant 
( P  < 0.0 I ,  t test). Furthermore, all of the 
NHPH analogues, when tested on arterioles 
(the major sites of peripheral resistance), 
exhibit potencies relative to [8-arginine]- 
vasopressin which are statistically different 
from those obtained in the rat-pressor assays 
(Table 11). These findings, when taken to- 
gether with previous findings ( 5 ,  7-1 1, 20), 
thus raise a question as to the validity of 
crude iv rat-pressor assays to reflect (or 
assess) contractile activity (or SAR’s) at 
the peripheral effector vascular smooth 
muscle cells, at least in the rat. The in vitro 
and in vivo data in this communication 
clearly show that previously observed dis- 
crepancies between contractile actions on 
isolated canine blood vessels and rat-pressor 
assays (17) cannot be due to: ( i)  species 
(i.e., dog vs rat) ,  (ii) in vitro vs in vivo 
studies (i.e., isolated arteries vs blood pres- 
sure), or (iii) the fact that not enough 
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-1.IBLE I. Kclati1 c Hoimoiie-Keccptor ,\ffinitics ant1 Intrinsic Activities of Neuroh)pophyseal 
Hormones and Synthetic .~nalogues on Rat ,\ortic and  1Clcsentc.ric Arteriolar Sinooth hluscle. 

~~ 

Affinity (x  10 !' hf) Intrinsic activity (i.a.) b 

- 
Pel) t ide 

( -v  asopressin) Aorta A 1 r teri o le Aorti1 Arteriole 

1 .0O 0.03 1 .OO 5 0.06 
0.99 t 0.02 1.18 & 0.00' 
0.89 0.04' 0.99 * 0.04 
0.84 ? 0.05' 0.96 t 0.0.5 
0.79 t 0.03' 1.18 5 0.07' 
0.9(i 0.02 0.53 5 0.10' 
0.91 * O.o.i 0.79 k 0.07' 
O.7.i 5 0.07' 0.97 5 0.08 
1.03 0.03 0.97 2 0.02 
0..5.; .+. 0.04' 0.61 t 0.10' 
0.98 2 0.0; 0.94 2 0.08 
0.87 2 0.04' 0.54 k 0.07' 

'I JIcan concentration of agonist ( r+_ SEM) requirect to produce 5O';;b o f  the maximal contractile 
response to 1 asol)rcssin pcl)tidc [topical yo1 (0.1 nil) for artrrioles convertetl to molc/liter]. N = 

6-30 different vessels for each peptide. KO more tlian one pcptidc was tested on any one vessel 
type. 

I' Il'herc iiaasinial contractile res1)onse to [,\r~~J-vas("1"r('ssin is taken as lOO.i;, (i.e., i.a. = I .00) . 
' Significantl) different from [.~rg."]-\.asol~ressi~l ( P  < 0.02) (Stictlent's t test) . 

l'otency ((%[.\i-fJ -vasol)rcssin) l'otency ratio 

1 .o 
3.5 
0.4 
0.8 
-1 .I, 
o..i 
0 5  
0.5 
0.7 
I .2 
O.(i 
8.1 

1 .o 
37.2 
8.1 
8.7 

KW.0 
38.0 
14.3 
31.2 
28.0 
26.6 
18.7 

(iiO.0 

" I3asc.tL on rat -1)r~'ssor assay potent ies (scc. \II.:'I'HODS) , 

Ell:,,  (a Iiicasurc of lionnone-receptor affinity) 1 alues from Table I were utilized to get 
it ppr( ) S  im ate rc I it ti \'c pot encics . 

'' Significantly different from rat-pressor (I),!') potcncics ( P  < 0.01) . 
If Significantly different from rat-pressor (131') potencies axid aortic strip potency ( P  < 0.01) . 



1058 VASOPRESSINS : PRESSOR VS. CONTRACTILE ACTION 

NHPH and analogues were examined (i-e., 
7 vs 12 peptides). 

I t  becomes apparent from the present 
study that the marked differences observed 
between the SAR’s for contraction of blood 
vessels (Table 11) versus effects on blood 
pressure are in all probability most likely 
due to at least 5 major factors: ( i )  Since 
niany of these NHPH and analogues show 
a predilection for the muscular venules and 
other capacitance vessels (4-1 1 ), the rat 
blood pressure assays ( 12), used routinely 
to assess pressor (contractile) activity of a 
particular NHPH or analogue, may not 
accurately reflect its ability or inability to 
effect contraction; contraction of solely 
muscular venules would not increase blood 
pressure. (ii) Complex autonomic reflex 
actions probably complicate pressor assays 
( 18) .  (iii) Heterogeneity of vasopressin re- 
ceptors which subserve contraction may 
exist with respect to the SAR’s of the 
NHPH on blood vessels (11, 14-18, 20, 
26). The widely divergent relative hormone- 
receptor affinities (i.e., ED-,,)’s) and intrinsic 
activities of 12 structurally different NHPH 
and analogues on rat aorta and mesenteric 
arterioles seen in this study (Table I )  could 
not only be used as support for the latter 
contention but could lend further support 
to our previous suggestion that the vaso- 
pressin receptor may not be identical on 
ail blood vessels (11, 16, 17, 26) .  (iv) 
Extracellular, ionized magnesium concen- 
tration [MgS+] may also be a factor. It has 
recently been demonstrated that [Mg”] is 
not only necessary for NHPH-induced con- 
tractions of mammalian blood vessels (26- 
28) ,  but that different blood vessels within 
a single species may show different [Mg”’] 
dependencies for the same NHPH (26). I n  
addition, preliminary findings in our lab- 
oratory indicate that different NHPH and 
analogues can have different dependencies 
on [MgS+] on the same rat blood vessel 
(21) ,  and that this may be brought about 
through an effect on calcium permeability 
and translocation (28, 29). (v)  Cardiac 
actions in vivo may also interfere in the 
determination of NHPH SAR’s by the rat- 
pressor assay method (18) .  The following 
findings, in this study, also serve to demon- 

strate the difficulties one has in extrapolat- 
ing rat-pressor assay SAR’s to direct effects 
on peripheral rat blood vessels. 

The in vitro and in vivo findings with 
oxytoxin (i.e., [ 3-isoleucine, 8-leucinej-vaso- 
pressin) presented in this study, support a 
recent tenet that basicity in position 8 of 
the NHPH may not be critical for intrinsic 
(contractile) activity on mammalian blood 
vessels (8, 11 ,  16, 17, 20);  prior to these 
studies basicity (on basis of rat-pressor 
assay) was thought to be critical for con- 
traction of blood vessels (30) .  Oxytocin, a 
NHPH lacking a free basic amino group in 
position 8, although showing marked losses 
in hormone-receptor affinity (i.e., high 
ED,,,’s), is capable of eliciting fairly potent 
contractile responses on both rat aorta and 
mesenteric arterioles (Table I ) .  Tt is, thus, 
probably this drastic decrease in hormone- 
receptor affinity which accounts for the low 
specific activity of oxytocin in the rat- 
pressor assay (i.e., 5 TU/mg) rather than 
the intrinsic (contractile) activities which 
are quite high (Table I ) .  It should be noted 
that on human umbilical arteries and veins 
oxytocin cannot only elicit potent con- 
tractile responses but exhibits greater i.a.’s 
and affinities for the NHPH receptor on 
these vessels than does [8-arginine]-vaso- 
pressin ( 16).  The effect of modifying posi- 
tion 8 with regard to side chain length 
(e.g., [8-ornithine]-,[8-lysine]-, and [8- 
homolysine]-vasopressin) on contractile ac- 
tivity in rat aorta and mesenteric arteriole 
has been discussed previously (20) .  

The findings in this report demonstrate 
that modification of the vasopressin mole- 
cule in other than the 8-position can also 
affect its ability to induce contraction on 
rat aorta and mesenteric arterioles. For ex- 
ample, loss of the OH group of the phenolic 
amino acid tyrosine in position 2 (as in 
[2-phenylalanine, 8-ornithine]-vasopressin 
and [2-phenylalanine, 8-lysine]-vasopres- 
sin) or replacement of the aromatic amino 
acid phenylalanine in position 3 by an 
aliphatic amino acid (as in [3-isoleucine, 8- 
argininel-vasopressin and [ 3-isoleucine, 8- 
ornithinel-vasopressin) not only reduces the 
affinity of the altered vasopressin molecules 
to their receptors (see increased ED5{,’s in 
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Table I )  but also results in losses in in- 
trinsic activity (Table I) .  These data thus 
lend firm support to previous suggestions 
that the phenolic and aromatic groups in 
positions 2 and 3, respectively, are involved 
in both the affinity and the intrinsic activity 
of the NHPH on vascular muscle ( 17).  

The absence of only the functional amino 
group in position 1 also results in reductions 
in both hormone-receptor affinity and in- 
trinsic activity in rat aorta and mesenteric 
arterioles (Table I). This is, thus, quite 
different from that which has been reported 
for this functional group in oxytocin ac- 
tivity on uterine smooth muscle (31)  and 
suggests that the amino group may be very 
important for the binding of the hormone 
to the vasopressin receptor in mammalian 
blood vessels. This finding, solely on the 
basis of the rat-pressor assay, would not 
be anticipated since 1 -deamino-[ 8-argininel- 
vasopressin (370 IU/mg) is approximately 
equivalent to [ 8-arginine]-vasopressin (400 
IU/mg) (3) .  Absence of both the func- 
tional amino group and the phenolic hy- 
droxyl (e.g., l-deamino-[2-phenylalanine, 
8 argininel-vasopressin) results in a mole- 
cule which exhibits further losses in both 
affinity and intrinsic activity of the altered 
hormone on rat blood vessels (Table I) .  
These latter findings could aid in explaining 
the rather marked losses previously noted 
in rat-pressor potency (e.g., 30 IU/mg) 
when compared to i -deamino-[8-arginine]- 
vasopressin (3) .  Overall, the present ob- 
servations, when coupled with previous 
observations on canine and rat blood vessels 
(17, 20), indicate that the amino, phenolic 
and aromatic groups in positions 1, 2 and 
3, respectively, are all necessary to interact 
with a basic amino acid residue in position 
8 to promote optimum contractile activity 
on mammalian arteries and arterioles. 

At the very least, the present direct study 
on rat blood vessels when viewed in light 
of previous and recent findings on mam- 
malian blood vessels (4-1 1 , 16-1 8, 20, 21 , 
26, 27) makes it difficult, if not impossible, 
to predict structure-action relationships for 
NHPH (and analogues) on peripheral 
mammalian vascular smooth muscle solely 
on the basis of rat-pressor assays. 

Summary. The present quantitative re- 
sults demonstrate that the terminal amino 
group, phenoIic hydroxyl, aromatic ring and 
basicity in positions, 1-3 and 8, respec- 
tively, of the neurohypophyseal hormones 
are important for optimizing hormone- 
receptor affinity and intrinsic (contractile) 
activity on both rat aortas and mesenteric 
arterioles; basicity in position 8 is, however, 
definitely not an absolute requirement for 
vasopressin-induced contractions of blood 
vessels. The use of 12 synthetic neuro- 
hypophyseal hormones and analogues, and 
direct in vitro and in vivo studies on rat 
aortas and mesenteric arterioles respec- 
tively, indicates many discrepancies be- 
tween hormone potency obtained through 
rat-pressor assays versus those obtained 
through direct studies on peripheral vascular 
smooth muscle. The present findings thus 
question the use of rat-pressor assays in 
assessing structure-activity relationships of 
neurohypophyseal hormones on rat arterial 
or  arteriolar smooth muscle. I n  addition, 
the data supports the notion that a hetero- 
geneity of the vasopressin receptor, which 
subserves contraction in mammalian vascu- 
lar muscles, may exist in different types of 
blood vessels. 
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excellent technical assistance. The author is deeply 
indebted to the late Dr. R. Bircher and Dr. B. 
Berde (Sandoz Ltd.), Dr. R. Walter (Mt. Sinai 
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