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Neurohypophysial hormones, oxytocin and
vasopressin, and their structural analogs have
natriuretic and antidiuretic effects in the
mammalian kidney (1-6). These peptides
also have a marked natriferic (on sodium
transport) and hydro-osmotic (on water per-
meability) effects on the amphibian urinary
bladder (7-9). There have been numerous
studies of structure-activity relationships of
these peptides attempting to elucidate the
molecular requirements for such specific ac-
tivities. Although a generalized conclusion
cannot be drawn an apparently strong corre-
lation emerges between activities affecting so-
dium transport and the presence of an un-
altered oxytocin pentapeptide ring structure
in the molecule (10, 11). Most previous stud-
ies were done on octapeptide analogs. A num-
ber of cyclic pentapeptides corresponding to
the ring structure of oxytocin or vasopressin
have recently been synthesized (12-14) and
it is now possible to assess directly the rela-
tive importance of the ring structures of oxy-
tocin and vasopressin to their biological ac-
tivities. In this paper, we report our findings
on the water and sodium transport activities
of six pentapeptide ring structures of the neu-
rohypophysial hormones in the rat kidney
and the toad urinary bladder.

Materials and Methods. For determination
of antidiuretic and natriuretic activities in
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rats. Male Sherman albino rats weighing be-
tween 250 and 350 g were used. They were
anesthetized initially with ethyl-(1-methyl-
propyl)-thiobarbiturate (Inactin) 7 mg/100
g ip. Anesthesia was subsequently maintained
by 2.0% ethanol given orally in the hydration
mixture, Atropine 0.2 mg/100 g sc was also
administered. Tracheostomy was performed
and one jugular vein was cannulated for iv
injections. The urinary bladder was cannu-
lated through an abdominal incision. Meth-
ods for induction of maintained water diure-
sis and for antidiuretic assays were described
by Sawyer (15). The oral waterload was kept
constant at 8% of the body weight. The hy-
drating solution was a mixture of 0.3%
NaCl, 0.5% dextrose and 2.0% ethanol. The
USP Posterior Pituitary Reference Standard
was used as the standard in the antidiruetic
assays.

The natriuretic potencies of the cyclic pen-
tapeptides at a fixed dose of 0.7 ug/100 g iv
were compared in rats under water diuresis.
Only one peptide was tested in each animal.
Urine samples were collected at 3 min inter-
vals. Urinary sodium was determined by
flame photometry.

For determination of hydro-osmotic and
natriferic activities in the toad urinary blad-
der. Hydro-osmotic activity was estimated by
Bentley’s method (8) as modified by Sawyer
(16). Toad (Bufo marinus) bladders were
used. Half-bladders were tied onto glass tubes,
forming sacs with the serosal surface out-
wards. Each sac was filled with 5 ml of dis-
tilled water and suspended in a 25 ml bath
of Ringer’s solution equilibrated with room
air at room temperature. Water movement
was determined by weighing each sac every
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15 min until a relatively stable rate was at-
tained. The test peptide was then added to
the serosal medium for a 30 min test period.
The rate of water loss (rate of loss in weight
of the bladder sac) between 15 and 30 min
after the addition of the peptide was taken
as the response.

Natriferic activity was measured by the
“short-circuit” current method as described
by Ussing and Zerahn (17). A half-bladder
was mounted between two chambers contain-
ing 15 ml each of the Ringer’s solution. The
potential across the bladder was monitored
by two calomel half-cells and reduced to zero
by a voltage clamp. The test peptide was
added to the serosal medium. At least 10 min
were allowed for the response to develop. The
intensity of the “short-circuit” current which
indicates the rate of sodium transport across
the bladder was recorded.

A 2 X 2 assay design (18) was employed
in both the hydro-osmotic and the natriferic
assays. Synthetic oxytocin, Syntocinon (San-
doz) was used as the reference standard.

The six cyclic pentapeptides studied in
this report were all generously supplied by
Professor Vincent du Vigneaud of Cornell
University. They were pressinoic acid, pres-
sinamide, tocinamide and their deamino ana-
logs, deaminopressinoic acid, deaminopres-
sinamide and deaminotocinamide. The oxyto-
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cin used was either Pitocin (Parke-Davis) or
Syntocinon (Sandoz).

Results. The six cyclic pentapeptides stud-
ied in this report all correspond to either the
ring structure of vasopressin or oxytocin.
Pressinoic acid corresponds to the ring struc-
ture of vasopressin with a terminal carboxyl
group. Pressinamide and tocinzamide corre-
spond to the ring structures of vasopressin
and oxytocin, respectively, and both have a
terminal carboxamide group. Their chemical
structures are shown in Fig. 1. The deamino
analogs, deaminopressinoic acid, deaminopres-
sinamide and deaminotocinamide differ from
their respective parent molecule only in that
the N-terminal amino group is replaced by
hydrogen.

Antidiuretic and natriuretic activities. Each
pentapeptide was tested in three or more rats
for antidiuretic and natriuretic activities. The
average values from these experiments are
shown in Table I. The antidiuretic activity
was assayed against the USP Posterior Pi-
tuitary Reference Standard. It is clear that
the ring structures, in contrast to the hor-
mones vasopressin and oxytocin, possess lit-
tle or no antidiuretic activity.

Natriuretic activity is difficult to quanti-
tate. Nevertheless, a relative comparison re-
vealed that the oxytocin rings consistently
had a higher natriuretic activity than the

{
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F1c. 1. Chemical structures of the pentapeptide rings of neurohypophysial hormones, Structures
of the deamino analogs are not shown. The deamino analogs differ from their respective parent
molecules only by the absence of their N-terminal amino groups. In the deamino analogs, the

free amino groups are replaced by hydrogen.
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TABLE I. Natriuretic and Antidiuretic Activities of the Ring Structures of Neurohypophysial
Hormones in Rats.®

Urinary sodium exeretion rate

Preinjection Postinjection
Antidiuretic activity
U, U, U, U, U U, U, (U/mg)
Pressinoie acid 98 96 100 96 116 94 85 ~0.03
Deaminopressinoic acid 85 99 100 118 187 183 144 ~0.6
Pressinamide 109 108 100 110 115 210 181 ~0.5
Deaminopressinamide 120 99 100 50 111 206 178 ~1.0
Tocinamide 110 128 100 271 223 121 114 <0.01
Deaminotocinamide 129 118 100 106 353 493 319 ~0.01
Oxytocin® 98 99 100 390 580 370 330 3.0
Lysine—vasopressin 200

¢ All urine samples were collected at 3 min intervals. The cyclic pentapeptides were tested at
« fixed dose of 0.7 ug/100 g. The sodium excretion rates immediately prior to the injections
are taken as 100%. All other excretion rates are expressed as percentage of this control value.
The low value of U, for deaminopressinamide was an artifact resulting from a dead-space error
due to the marked antidiuresis induced by the pentapeptide. The values shown are the aver-

age values of three or more experiments.

® Because of the relative high antidiuretic activity of oxytocin, an equivalent dose could not
be injected. The dose of oxytocin injeeted was a strong antidiuretic dose, 0.05 mU (antidiuretie

activity) /100 g = 0.016 »g/100 g.

vasopressin rings. Deaminotocinamide had
marked natriuretic activity, although this was
still far less than that of oxytocin (Table I).

Hydro-osmotic and mnatriferric activities.
The hydro-osmotic and natriferic activities of
the pentapeptides were assayed in the toad
urinary bladder. Four determinations were
done on each peptide. The average values of
these experiments are shown in Table II. The

TABLE II. Hydro-osmotic and Natriferie Activ-
ities on the Toad Bladder.*

Activity (U/mg)

vasopressin rings were found to have little
hydro-osmotic or natriferic activity in the
toad-bladder. The oxytocin rings on the other
hand retained very high hydro-osmotic and
natriferic activities. The high potency of to-
cinamide was remarkable. In a few experi-
ments, it was observed that the maximal hy-
dro-osmotic and natriferic responses induced
by tocinamide appeared comparable to the
maximal responses induced by oxytocin. Fig-
ure 2 shows the natriferic responses to oxy-
tocin and tocinamide as measured by the
“short-circuit” current method.

Discussion. A number of cyclic pentapep-

Hydro-osmotie Natriferie  tides corresponding to the ring structures of -
Pressinoic acid 070 117 oxytocir.l and vasopre_ssin have recer}tly bee.n
Deaminopressinoic acid ~0.10 ~0.07 synthesized by du Vlgneaufl and his associ-
Pressinamide 3.84 ~6.63 ates (12-14). These investigators also stud-
Deaminopressinamide 1.50 ~3.38 ied the biological activities of these peptides
Tocinamide 232 ~320 and found that they possessed little or no
Deaminotoeinamide 130 ~141 vasopressor, avian depressor and oxytocic ac-
Oxytoein® 450 450 tivities which are characteristic of the neuro-

¢ Each value shown is the average value of four
determinations.

b Oxytocin (Syntocinon) used as reference stand-
ard,

hypophysial hormones. Only tocinamide and
deaminotocinamide were found to retain weak
but significant oxytocic activity.

Our interest here was to assess the impor-
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F1c. 2. Natriferic responses to oxytocin and tocinamide in a toad bladder. The rate of sodium
transport across the bladder was measured by the “short-circuit” current (SCC). The shaded
horizontal bars indicate the periods when test peptides were in the serosal medium. The serosal

bath volume was 15 ml.

tance of the ring component of oxytocin and
vasopressin to the effects of the hormone on
water and sodium transport.

Our assays on rat antidiuretic activity
show clearly that all six cyclic pentapeptides
had detectable antidiuretic activity, although
the level of activity was extremely low com-
pared to the natural hormones. It is interest-
ing to note that the four vasopressin rings
had a higher antidiuretic activity than the
oxytocin rings. The vasopressin ring with a
terminal carboxamide group was more potent
than the vasopressin ring with a terminal car-
boxyl group. The effect of replacing the N-
terminal amino group is of particular inter-
est. It has been shown that replacement of
the free amino group in oxytocin and vaso-
pressin with hydrogen enhances the oxytocic
and the antidiuretic activities (6, 19). The
same effect was found with the ring struc-
tures. The deamino analogs had a higher oxy-
tocic potency (12-14) and a higher anti-
diuretic potency (Table I).

Because of the limited supply of material,
the determination of natriuretic activity was
rather restricted. The relative natriuretic ac-
tivity was compared in rats -at a fixed dose
of 0.7 pg/100 g. At this dose level, pressinoic
acid had no demonstrable natriuretic activity.

Deaminopressinoic acid, pressinamide and de-
aminopressinamide had slight natriuretic ac-
tivity of about the same magnitude. At the
peak of action, each approximately doubled
the urinary excretion rate of sodium. The
natriuretic activity of the oxytocin rings was
higher. Tocinamide and deaminotocinamide
increased the urinary excretion rate of sodi-
um three times and four times, respectively.
Although the natriuretic activity of the oxy-
tocin rings represents only a fraction of that
of oxytocin, nevertheless, it is clear from our
experiments that the ring moiety of oxytocin
retains a high degree of natriuretic activity.

All six cyclic pentapeptides at appropriate
dosage produced the typical hydro-osmotic
and natriferic responses in the toad bladder.
The activities were, however, reduced when
compared to that of oxytocin and vasopres-
sin. Again, as was found in the rat kidney,
the carboxamide ring of vasopressin was more
active than the carboxyl ring of vasopressin.
Replacement of the free amino group in the
ring structure with hydrogen produced a
similar change in activity as that observed
in deaminooxytocin and deaminovasopressin.
The deamino analogs consistently had a low-
er hydro-osmotic and natriferic activity than
their respective parent molecules. The po-
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tency of tocinamide was remarkable and was
nearly comparable to that of oxytocin. The
dose-response curve of tocinamide was simi-
lar to that of oxytocin. Furthermore, it ex-
hibited a similar maximal response. Thus our
experiments indicate that the intrinsic hydro-
osmotic and natriferic activities of oxytocin
reside primarily in the ring moiety. This is
consistent with earlier observations that the
unaltered oxytocin ring structure is highly
important in determining the hydro-osmotic
and natriferic activities of neurochypophysial
peptides.

Our data also appear consistent with the
finding of Morel and Bastide (20) that oxy-
tocin analogs in which glycine or leucine were
deleted from the side chain had greater natri-
feric activity on frog skin than oxytocin it-
self. Our estimate of the activity of tocina-
mide on toad bladders does not agree with
that of Rasmussen ef al. (21) who reported
that the oxytocin ring amide had less than
1% of the hydro-osmotic activity of oxyto-
cin. The reasons for this apparent discrepancy
are not clear.

Summary. Six cyclic pentapeptides corre-
sponding to the ring structures of oxytocin
and vasopressin were studied for water and
sodium transport activities in the rat kidney
and the toad urinary bladder. All six cyclic
pentapeptides had detectable antidiuretic ac-
tivity in the rat, although the level of ac-
tivity was extremely low compared to the
natural hormones. They also had natriuretic
activity. The natriuretic activity of the oxy-
tocin rings was higher than that of the vaso-
pressin rings. All six cyclic pentapeptides at
appropriate dosage produced the typical hy-
dro-osmotic (water permeability) and natri-
feric (sodium transport) responses in the toad
bladder. The activities for the vasopressin
rings were low. The oxytocin rings on the
other hand retained very high hydro-osmotic
and natriferic activities. Our data thus indi-
cate that the intrinsic natriuretic, hydro-os-
motic and natriferic activities of oxytocin re-
side primarily in the ring moiety.
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