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SUMMARY

Corrt, JosepH H., Fri¢, Ivo, CARLSSON, LARs, GILLESSEN, DIETER, BYSTRICKY,
SLAVOMIR, SKOPEOVA, JANA, GUT, VLADIMIR, STUDER, ROLF O., MULDER, JANL. &
BLAHA, KAREL (1976) Biological and chiroptical sequelae of graded alkyl substitu-
tions in the vasopressin ring. Mol. Pharmacol., 12, 313-321.

Using 1-deamino-[8-p-arginine)-vasopressin (IDAVP) as a reference substance because
of its practically pure antidiuretic activity with very little smooth muscle agonism,
substitutions for 4-glutamine were made in the following order: serine, glycine, alanine,
a-aminobutyric acid, valine, isoleucine, and leucine. These substances were assayed for
antidiuretic activity in trained, unanesthetized, water-loaded rats and for antagonism
to the pressor action of arginine-vasopressin and angiotensin II amide in ganglion-
blocked, urethane-anesthetized rats. Some of the 4-substituted analogues were also
tested in normal, consenting human volunteers in water diuresis. Circular dichroic
spectra of the series were measured in 0.02 M phosphate buffer, pH 7.1, and in hexafluo-
roacetone. In the order given, antidiuretic activity decreased from the natural gluta-
mine at position 4 through serine to practically nil at glycine, increased again to a peak
at valine, and then decreased through isoleucine to leucine. Antagonistic action to
arginine-vasopressin on vascular smooth muscle became evident first with 4-a-amino-
butyric acid substitution and increased gradually through valine and isoleucine to
leucine. There was no evidence of competition of any of these molecules with dDAVP or
arginine-vasopressin at the antidiuretic receptor, or with angiotensin II amide at the
vascular smooth muscle receptor. This activity spectrum appeared to be related to both
bulk and hydrophobicity of the side chain at position 4. Analysis of the circular dichroic
spectra showed that while the basic conformation was not qualitatively altered by
substitution at position 4 (with the possible exception of 1-deamino-[4-a-aminobutyric
acid,8-p-arginine]-vasopressin) there were quantitative differences in the separate
bands. There was a suggestive correlation between antidiuretic activity and the ampli-
tude of the positive band at 225 nm.
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INTRODUCTION

The cyclic neurohypophysial nonapep-
tide hormone arginine-vasopressin

1 2 3 4 5 6 17
NH,-Cys-Tyr-Phe-Gln-Asn-Cys-Pro-
I

$ $

8 9
Arg-Gly-NH,

has one of the widest spectra of biological
actions, the lowest threshold for receptor
interaction, and one of the highest poten-
cies of any natural or synthetic substance
(see ref. 1). Because of the approximate
nature and lack of specificity of so many
biological assays, this wide spectrum is a
disadvantage for studies of structure-ac-
tivity relationships. A clinically useful
AVP* analogue results when the NH, ter-
minus is deaminated (to slow 1-2 C—N
cleavage) and p-arginine is substituted for
the L isomer in the COOH-terminal tripep-
tide [which theoretically should render the
7—8 and 8—9 C—N bonds relatively un-
cleavable and, in fact, practically elim-
inates triggering interaction with all
smooth muscle receptors (1-3)]. This ana-
logue, 1-deamino-[8-p-arginine]-vasopres-
sin,

1 2 3
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the “least crowded” in the molecule (see
pIscUssSION) in terms of COOH-terminal
tripeptide interactions with the ring side
chains (10).

In the present work a series of 4-substi-
tuted dDAVP analogues was prepared and
studied, in which the polar extreme was
the parent molecule (dDAVP, X = gluta-
mine) and the substituents at 4-X varied
through a shorter polar side chain (serine),
no side chain (glycine), and side chains of
increasing hydrophobicity, bulk, and
length (alanine, a-aminobutyric acid, va-
line, isoleucine, and leucine). Biological
studies involved estimates of antidiuretic
activities of the entire series in the rat and
of some of the series in man, and measure-
ments of agonist and antagonist smooth
muscle actions in the rat. With the excep-
tion of 1-deamino-[4-serine,8-D-arginine]-
vasopressin, where sufficient material was
not available, circular dichroism was
measured in 0.02 M phosphate buffer, pH
7.1, and in hexafluoroacetone trihydrate.

MATERIALS AND METHODS

Materials. dDAVP and AVP were com-
mercial products of Ferring, Ltd., Malmo,
and were further purified by continuous

4 5 6 7 8 9

H-B-mercap|topropionic acid-Tyr-Phe-(X = Gln)-Asn-Cys-Pro-p-Arg-Gly-NH,
1

Q
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has a much higher peak antidiuretic po-
tency than its parent hormone, AVP, and
because of the above structural changes
has (a) an activity persistence for 7-10 hr
after single doses as compared with less
than 1 hr for AVP and (b) no smooth mus-
cle side effects either for the patient or as a
complicating factor in the present studies.
It has become the treatment of choice for
central diabetes insipidus (4-7). Recently
it has been reported that if polar 4-gluta-
mine is replaced by hydrophobic 4-valine
in dDAVP, the antidiuretic potency and
response persistence are still further in-
creased (1, 8, 9). This latter site is one of

¢ The abbreviations used are: AVP, arginine-
vasopressin; dDAVP, 1-deamino-[8-p-arginine}-va-
sopressin; [4-Abu}-dDAVP, 1-deamino-[4-a-amino-
butyric acid, 8-p-arginine)-vasopressin; All, [5-va-
line}-angiotensin II amide.

S

free-flow electrophoresis. [5-Valinel-angi-
otensin II amide was Hypertensin from
Ciba, Basel. [4-Abu}-dDAVP was prepared
by one of us (D. G.) in Basel; the remain-
ing analogues were prepared by L. C. in
Malmé. The syntheses and analytical data
on these analogues will be published else-
where. Dr. K. Jost of this Academy Insti-
tute supplied three oxytocin antagonist
analogues: [2-tyrosine-O-methyl]-, N-ace-
tyl-[2-tyrosine-O-methyl}-, and N-sarco-
syl-[2-tyrosine-O-methyl]-oxytocin (11-13).
With the exception of AIlI, all peptides
were available as highly purified freeze-
dried powders, with no dimer chromato-
graphically demonstrable, and kept in
sealed tubes at —40°. For biological assays
stock solutions of 100 ug/ml were made up
in sterile 0.9% NaCl at pH 3.5 (added HCI)
from weighed amounts at frequent inter-
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vals. These stock solutions were further
diluted with neutral sterile NaCl freshly
for each assay and used within 20 min, and
the unused remainder was discarded.

Methods. CD spectra were measured at
room temperature in a Roussel-Jouan Di-
chrographe CD 185, model II, as molar
ellipticites [0] (degrees per square centi-
meter per decimole, based on total molecu-
lar weight) under conditions standard for
this laboratory (14) over the spectral range
185-300 nm. The dry powders were dis-
solved in a concentration range of 0.2-0.3
mg/ml in either 0.02 M phosphate buffer,
pH 7.1, or hexafluoroacetone trihydrate.
Peptide concentration was taken as weight
per volume.

Antidiuretic rat assays were carried out
by a modification of the Burn assay on
large numbers of trained, unanesthetized
Wistar male rats (190-250 g) under condi-
tions specified in detail elsewhere (1). All
results were expressed as activities rela-
tive to the parent dDAVP (1.00).

Antidiuresis in the human was tested
under conditions of mild water diuresis on
five volunteers who gave their informed
consent (including two of us, J. H. C. and
J. 8.) by procedures described elsewhere
(1). Increments in (U/P), and U/
P)creatinine [Where (U/P) = the ratio of con-
centrations in urine to plasma) were taken
as measures of peak antidiuretic response
(all related to dDAVP and control water
diuresis tests without peptides in the same
subjects).

Pressor assays were carried out on male
Wistar rats (250-300 g) under urethane an-
esthesia, ganglion-blocked with pentolin-
ium (Ansolysen Wyeth) under conditions
standard for this laboratory (15). The ani-
mals were not nephrectomized. The refer-
ence standards were AVP and AIl, se-
lected because these two highly pressor
hormones apparently have molecule-spe-
cific receptors in vascular smooth muscle
(16, 17).

All measured and calculated data were
analyzed for statistical significance by co-
variance analysis and Student’s ¢-test.

RESULTS

Circular dichroism. Two media were
used for measurements of CD spectra: 0.02
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M phosphate buffer (pH 7.1) and hexafluo-
roacetone, which serves to weaken intra-
molecular interactions (18). Figure 1
shows only a few selected CD spectra to
illustrate the basic bands and the nature of
the changes produced by either substitu-
tion at position 4 or a shift to hexafluoroac-
etone. The amplitudes of the main bands
below 250 nm are given for the entire se-
ries (except for [4-Ser]-dDAVP) in Table 1.
All the changes were relatively small, so
that no qualitative change in conformation
resulted from substitution at position 4. []
values of the positive band at about 225 nm
were used as the basis for comparison of
analogues. This band, resulting from a su-
perposition of the B,, aromatic band of
tyrosine (about 228 nm) and the amiden —
7* band (at about 220 nm) is sensitive to
changes in conformation of the tyrosine
side chain and can serve as an index of its
interaction with other parts of the mole-
cule. In both media the amplitude of this
band was a function of the side chain
at position 4, increasing from glycine
through alanine to valine, then decreasing
again in the order leucine > isoleucine. [4-
Abul-dDAVP was not included in the
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Fic. 1. Sample spectra of analogue series 1-
deamino-(4-X 8-D-arginine]-vasopressin to illustrate
oasic bands and changes due to substitution at X and
transition from 0.02 M phosphate buffer (pH 7.1) to
hexafluoroacetone trihydrate

Ordinate, calculated molar ellipticities [6) in
thousands (note the scale expansion from 245 to 300
nm); abscissa, wavelength in nanometers. Curve 1,
X = valine (buffer); curve 2, X = valine (hexafluoro-
acetone); curve 3, X = glycine (buffer).
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TaBLE 1

Peak wavelengths and [6] values of calculated molar ellipticities (in parentheses) of CD spectra of the
analogue series 1-deamino-(4-X,8-D-arginine]-vasopressin

X AH; Positive complex Amide = — 7* Short-wagzlg:gth aro-
Buffer Hexafluo- Buffer Hexafluo- Buffer Hexafluo-
roacetone roacetone roacetone
nm nm nm nm nm nm
Glycine 0.0 | 226 224 207 205 192 190
(+16,000) (+9,100) (-26,900) (-59,000) | (-101,000) | (—159,000)
Alanine +1.0 | 224 223 205" 202.5 193 190
(+23,000) (+17,900) (—45,000) (-52,000) | (—135,000) | (—102,000)
a-Aminobutyric
acid +2.0 | 227 227 207.5° 201 194
(+17,000) (—10,000) (-60,000) (—89,000) | (—153,000)
Valine +4.4 | 224 224 205" 192 197
(+30,900) (+19,200) (—49,000) (-139,000) | (—160,000)
Isoleucine +5.2 | 223.5 222 203° 202° 192.5 194.5
(+20,200) (+13,600) (—38,000) (-172,000) | (—87,000) (—109,000)
Leucine +5.9 | 224.5 222.5 205" 194.5 192
(+26,900) (+17,100) (-50,000) (—145,000) | (—154,000)
Glutamine -2.7 | 2275 224 203.5 202.5 193.5 190
(+17,100) (+11,500) (-50,000) (—45,000) | (—91,000) (—83,000)
% Minimum at 202.5 nm (-21,000).
® Shoulder.
above comparison because of its excep- " T
tional properties. In contrast with the 300 s s
other analogues, it showed a positive, 2m :
long-wavelength tyrosine band, and its 240 / /
positive complex band disappeared in hex- 20
afluoroacetone, as did the short-wave- 180
length tyrosine band at 193 nm (Table 1). 0
Antidiuretic activity in rats. Figure 2 20
presents a series of parallel log dose-re- It
sponse (T, 5) curves for most of the given *
series of analogues. Because of the e o 0 wyws 0"

crowded, vertical nature of the curves, the
standard error distribution lines have
been omitted, but statistical comparison of
the relative activities [taken from compar-
ison of doses required for a corrected 7', 5 of
excretion of a 2% (v/w) oral water load of
200 min] is given in Table 2. The order of
activities from Fig. 2 is: [4-Val}-dDAVP >
dDAVP > [4-Abu}-dDAVP > [4le}
dDAVP = [4-Ala]-dDAVP > [4-Leu}-
dDAVP > [4-Ser]-dDAVP = [4-Gly}
dDAVP. This takes on a somewhat differ-
ent appearance when the relative activi-
ties are plotted against relative hydropho-
bicities (AH5) of the separate substituent
side chains in Fig. 3 (19). With AHg = O at

F16. 2. Log dose (abscissa)-antidiuretic response
(AT o5 in minutes, ordinate) curves for analogue se-
ries 1-deamino-(4-X ,8-D-arginine]-vasopressin

AT, 5 = corrected (minus control values) time for
50% excretion of a 2% (v/w) oral water load in
trained rats (see ref. 1). X residues for the separate
curves are: R (reference dDAVP) = glutamine; 1 =
valine; 2 = a-aminobutyric acid; 3 = combined data
for isoleucine, alanine, and AVP; 4 = leucine; 5§ =
serine; 6 = glycine.

glycine (no side chain) the curve has its
minimum inflection, equivalent to practi-
cally no antidiuretic activity. With in-
creasing length or bulk of polar side chains
to the left of glycine —in the order serine >
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TABLE 2
Relative antidiuretic activities of [4-X]-dDAVP,
referred to dDAVP = 1.00
For calculation from log dose-response curves,
see ref. 1. n = degrees of freedom.

X Relative activ- n
ity

Glutamine (dDAVP) 1.00 = 0.12 20
(AVP) 0.52 + 0.08 20
Serine 0.02 + 0.01 10
Glycine 0.01 = 0.01 8
Alanine 0.48 + 0.05 10
a-Aminobutyric acid 0.65 + 0.06 12
Valine 1.47 = 0.13 20
Isoleucine 0.49 + 0.04 10
Leucine 0.24 + 0.03 10
RA

5.0 4 X" dDAVP

Val
0] Gin Aby
aAr
05{ AVP_ e
Leu
0.1
005
Ser
oL NGy
-4 -2 0 2 4 aHg 6

Fic. 3. Relative antidiuretic activities (RA, ordi-
nate; see Table 2) vs. relative hydrophobicities of 4-
side chain (AH s, abscissa; see ref. 19) for analogue
series 1-deamino-[4-X,8-D-arginine]-vasopressin

X residues are identified at each point in the
curve. Two reference values for relative activity not
belonging to the analogue series are given on the
left: AVP and deamino-AVP (dAVP) (20).

glutamine —there is increasing activity.
With increasing hydrophobicity and side
chain length to the right of glycine—in
the order alanine > a-aminobutyric acid
> valine > isoleucine > leucine —there is
first an increase in activity, then a maxi-
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mum inflection point at valine, followed
by a decrease through isoleucine to leu-
cine.

The above refers to triggering interac-
tions with the antidiuretic receptor. Inter-
action without triggering —antagonism —
can be reliably tested only when the in-
trinsic agonist activity of a potential anti-
AVP molecule is less than 0.2 (referred in
this case again to dDAVP = 1.00). The two
least active members of the present series,
the 4-serine and 4-glycine analogues, were
tested with AVP and dDAVP in the molar
ratio range 10:1-1000:1. In addition, the
three oxytocin antagonist analogues,
which also show crossover antagonism to
smooth muscle actions of vasopressin (21,
22), were combined with AVP and dDAVP
in the same molar range as above. Each
assay contained three groups: agonist
alone, “antagonist” alone, and the same
doses of both together in the same 0.1-ml
volume. There was no evidence of inhibi-
tion of the antidiuretic action of AVP or
dDAVP by any of these analogues.

Antidiuretic activity in humans. Four
dDAVP analogues (X = valine, a-amino-
butyric acid, isoleucine, and leucine) were
tested in a group of five healthy human
volunteers, along with reference dDAVP,
with both subcutaneous and intranasal ad-
ministration [the latter doses were 10
times the former because absorption from
the nasal mucosa is about 10% (2)]. Table 3
shows that with subcutaneous administra-
tion the same order of potencies was ob-
served as in the rat. Of interest was the
observation that with intranasal adminis-
tration the two most hydrophobic ana-
logues, isoleucine and leucine at position
4, showed a far lower antidiuretic response
than was expected after the subcutaneous
route.

Rat pressor assays. The absolute pressor
activity of dDAVP is only about 0.5 IU/mg,
and hydrophobic substitutions at position
4, such as valine and leucine, are known to
suppress this action still further in vaso-
pressin (8, 23). Thus all 8-p-arginine ana-
logues have such low activities that the
error of measurement is high and large
amounts of peptide are lost. Of greater
interest than agonist actions (which have
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TABLE 3
Comparison of 5-ug intranasal and 0.5-ug subcutaneous doses of dDAVP analogues in five healthy control
subjects, average age 39 * 2 years
D = values at height of water diuresis before peptide; MA = maximal antidiuresis; (U/P) ., concentration
ratio of x between urine and plasma; Cr = endogenous creatinine; OsM = osmolarity.

Analogue (U/P)ce D:MA (U/P)osu D:MA

Control®

D 15.03 + 2.4 0.34 = 0.04

MA 16.85 + 3.5 0.89 0.42 = 0.08 081
dDAVP

Intranasal D 155 + 3.1 0.28 0.40 = 0.03 0.29

Intranasal MA 55.2 + 5.7 ’ 1.39 + 0.43 :

Subcutaneous D 148+ 2.1 0.25 0.38 + 0.05 0.25

Subcutaneous MA 60.3 + 4.6 : 1.54 + 0.54 ’
[4-Val}-dDAVP

Intranasal D 18.2 + 3.8 0.13 0.44 =+ 0.01 0.19

Intranasal MA 136.1 + 15.2 : 2.38 + 0.13 '

Subcutaneous D 14.7+ 0.6 0.12 0.36 + 0.05 0.17

Subcutaneous MA 125.4 + 10.3 ’ 2.13 + 0.20 :
[4-Abu)-dDAVP

Intranasal D 16.3 =+ 2.2 0.38 0.32 = 0.05 0.37

Intranasal MA 43.2 + 2.1 : 0.86 + 0.11 :

Subcutaneous D 13.7 =+ 1.6 0.35 0.44 = 0.07 0.48

Subcutaneous MA 40.6 = 0.9 : 0.92 + 0.12 :
[4-Ile}-dDAVP

Intranasal D 19.3 + 3.3 0.83 0.48 + 0.06 0.85

Intranasal MA 23.2+ 14 : 0.56 = 0.03 :

Subcutaneous D 16.3 = 2.4 0.42 0.34 = 0.04 0.47

Subcutaneous MA 38.5+ 3.6 : 0.72 + 0.20 :
[4-Leul}-dDAVP

Intranasal D 134+ 1.2 0.40 + 0.05

Intranasal MA 20.7 = 1.8 0.65 0.62 = 0.10 0.64

Subcutaneous D 15.8 + 2.2 0.51 0.36 + 0.04 0.53

Subcutaneous MA 31.0 + 3.0 ) 0.68 + 0.06 :

@ Control runs with no peptide administered. MA values were taken from samples collected at same time

as in runs with peptide. For all details, see ref. 1.

not been compared here) is the finding
that the more hydrophobic members of the
present series (starting from 4-a-aminobu-
tyric acid and progressing to 4-leucine)
proved to be partial antagonists to the
pressor action of AVP, but not to AIl. In
these assays the potential antagonist was
given intravenously 30 sec before the
standard pressor peptides (AVP and AIl)
in the molar ratio range 10:1-1000:1 (all in
0.1 ml), or both substances were adminis-
tered together in the same volume. Each
animal first received four repeated doses of
AVP and AIl (2, 5, 10, and 20 ng/rat), and
when repeatable dose-response curves
were established, the 5- or 10-ng standard
doses were combined with increasing mo-

lar ratios of potential antagonist. The
same standards were tested between each
pair of combined injections, and the dose-
response curves were repeated at the end
of the experiment. Table 4 presents a sum-
mary of the molar ratio ranges of the var-
ious 4-X analogues of AVP which resulted
in 50% inhibition of the action of the latter.
No inhibitory action of any of the mole-
cules to the pressor action of AIl was ob-
served. Antagonist to agonist ratios of
3000:1 were tested to find maximal inhibi-
tion, which never exceeded 75% against
AVP.

If responses to the two standards were
compared on an equimolar basis, peak re-
sponse to AVP was 1.3-3.0 times that to
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TaBLE 4

Molar ratios of [4-X]-dDAVP to AVP necessary for
50% inhibition of pressor response to 5 or 10 ng of

AVP per rat
X n Ratio giving Maxi-
50% inhibi- mal in-
tion hibition
at
3000:1
ratio
%
Glutamine
(dDAVP) 5 —e 0
Serine 5 —a 0
Glycine 5 —a 0
Alanine 5 ~d 0
a-Aminobutyric
acid 8 362 + 34 65
Valine 10 210 + 22 68
Isoleucine 15 105 + 14 70
Leucine ~ 15 85+ 8 5

¢ No inhibition.

AIl, and in all cases persistence of the
AVP response was greater than AIl per-
sistence. Comparison of mean integral re-
sponses gave an AVP:All ratio of 5.3 + 1.4.

DisCUSSION

The antidiuretic receptor has been char-
acterized as having an éxtremely high af-
finity for vasopressin but very low stereo-
chemical requirements, a8 compared with
the vascular smooth muscle receptor (1,
16). This view of the triggered receptor-
vasopressin interaction has proved useful
in explaining, for example, why 8-p-argi-
nine-vasopressin analogues have a high
antidiuretic potency and persistence but
very little agonist smooth muscle activity.
The biological data on antidiuretic activity
in rats and humans for the present ana-
logue series confirm and considerably ex-
tend previous reports that two alkyl sub-
stitutions at position 4 in vasopressin and
dDAVP—valine and leucine —result in an
increase and decrease, respectively, in an-
tidiuretic activities (1, 8, 9, 23). The com-
plete series of [4-X]-dDAVP analogues
shows that at 4-valine there is maximum
receptor interaction, possibly with in-
creased triggering affinity (1). It was not
possible to show that binding without trig-
gering, or competitive antagonism, occurs
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in the interaction of any cyclic neurohypo-
physial nonapeptide tested here with the
antidiuretic receptor in the renal medulla.
The human data further suggest that with
sufficient side chain bulk or hydrophobic-
ity (formally, the number of carbon atoms
in the 8 position of the aliphatic side chain)
at this same site, the absorption of these
molecules across the mucosal membrane
may be retarded.

As previously reported (16), the vascular
smooth muscle receptor for vasopressin be-
haves quite differently, with higher ster-
eochemical requirements. Binding with-
out triggering at this receptor has long
been known to be associated with de-
creases in polarity in the ring side chains,
involving the p-hydroxyl group of 2-tyro-
sine in particular (see ref. 22). In the pres-
ent 4-X series of dDAVP analogues, the
glycine and alanine forms showed neither
antagonist nor agonist activity to any de-
gree, but, starting with 4-a-aminobutyric
acid and increasing through valine and
isoleucine to leucine, there was increasing
antagonist potency. Rather than a peak at
valine, a plateau was formed at leucine or
beyond. In other words, these latter
changes resulted in a continuous increase
in receptor binding without triggering.
The effect was specific for vasopressin in
the sense that it did not cross-react with

The conformation of the basic cyclohexa-
peptide ring is roughly the same for all
neurohypophysial hormones. Relatively
drastic changes in the amino acid se-
quence of oxytocin, vasotocin, and vaso-
pressin are reflected by only small changes
in the 220-MHz 'H NMR spectra (24). Even
deamination of the NH, terminus results
in relatively small changes (25). The
COOH-terminal tripeptide appears to
have greater conformational freedom than
the ring [particularly in AVP (10, 24, 26)]
and interacts mainly with the side chains
at positions 1, 2, 5, and 6, rather than 3
and 4. 'H NMR spectroscopy of lysine-
vasopressin has suggested a stacking posi-
tion of the adjacent 2-tyrosine and 3-phen-
ylalanine aromatic side chains (27). These
data indicate that position 4 in the ring, in
the region of the 8 turn (28), is the “least
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crowded site.” Substitution of the 2-carba-
moylethyl side chain of glutamine need
not, therefore, result in excessive steric
strain which would alter the basic confor-
mation. From Walter’s models (10, 24) we
can estimate approximate torsion angles ¢
and  of residues 3 and 4 (¢, about +30°, Y3
about —90°, ¢, about —90°, y;, about +30°),
which, according to quantum chemical cal-
culations (29), are in the permissible range
(including energy minima) in conforma-
tion maps of dipeptides of all the residues
involved here and would correspond to
type II' (B turn) of Lewis et al. (28).

The CD measurements presented here
are in general agreement with the above,
since in almost the entire series we ob-
served only quantitative changes in [6] of
some of the bands. Since these bands in-
volve electron transitions of aromatic nu-
clei, the changes measured will reflect lo-
cal changes in interaction (of the buttress-
ing effect type) of the side chain at position
4 with the benzyl side chains positions at 3
and 2. The hydrophobic character of the
side chains at positions 3 and 4 is impor-
tant for receptor contact. With increasing
hydrophobicity of residue 4 (glycine to leu-
cine) (30, 31), antidiuretic activity was op-
timal at 4-valine, which indicates that this
factor is not the only one involved, and
that bulk and length of the side chain
must also be taken into consideration. The
presence of 8-carbon atoms (1 in isoleucine
and 2 in leucine) would appear to be a
steric blockage of peptide complexing with
antidiuretic receptors.

Comparison of the biological data with
Table 1 suggests that some rough correla-
tions may exist for separate bands of the
CD spectra. Antidiuretic activity showed a
peak at [4-Vall-dDAVP, and the same
molecule also showed the highest positive
[6].-4+ values at about 225 nm, in a spec-
tral region where differences were great
enough to be considered significant (see
Fig. 4). Antagonism to the smooth muscle
action of AVP showed its highest biologi-
cal value at 4-leucine, and there is the
suggestion that this same analogue had
the highest [6],_,. shoulder of the
[4-X])-dDAVP series. [4-Abu]-dDAVP was
the CD exception, despite the fact that
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RA
10 4

Q14

001 4

F1G6. 4. Log-log relation between relative antidi-
uretic activity (RA, ordinate; see Table 2) vs. positive
amplitude of complex band at 225 nm (abscissa,
+ 0, in thousands; see Table 1) in CD spectra for
analogue series 1-deamino-[4-X,8-D-arginine]-vaso-
pressin

X residues are identified at each point. O——O0O,
CD spectra in buffer; ®---@®, CD spectra in hexaflu-
oroacetone (HFA).

biologically it fit into a niche between the
4-alanine and 4-valine analogues. In terms
of the effect of hexafluoroacetone on both
the positive complex and short-wavelength
(193 nm) bands, compared with all other
deamino cyclononapeptides with a basic
residue at position 8 (14, 26, 32), [4-
Abu]-dDAVP behaved more like a de-
amino-oxytocin analogue than a de-
amino-vasopressin derivative. We have no
explanation for this difference. The analyt-
ical data for the analogue were in excellent
agreement with theoretical values, and re-
peated chromatography at different pH
values failed to show the presence of dimer.
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