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SUMMARY

Vasopressin markedly stimulated the water permeability of bilayer lip@d
membranes: a two-fold increase was measured at 25° in presence of 1.7-10°7 M
(50 punits/ml) vasopressin. Oxybocin and a mixture of the amino acids compri-
sing the vasopressin molecule could not substitute for vasopressin at compara-
ble concentration. The experimental activation energy of water transport was
reduced in the presence of vasopressin from 14 to 4 kcal/mole, in agreement
with the effect of the hormone on water permeability of toad bladder.

Vasopressin, the antidiuretic hormone, increases water flow and sodium
transport along osmotic gradients. Frog skin and toad bladder were commonly
used for studying the biological effects of vasopressin, and several proposals
for the mode of action of the hormone were advanced (1,2,3,4). Owing to the
complexity of the biological membrane, it is not surprising that the mechanism
of the vasopressin action is not clear., The availability of an experimental
system for studying bilayer lipid membranes (5,6) and the similarity of such
model membranes to biological membranes (7,8) focused our attention on the
water permeability of the lipid membranes as affected by vasopressin. This
commmication describes a stimulatory effect of the hormone on osmotic wabter
flux across artificial lipid membranes. The stimulation bears similarities to
the biological effect of vasopressin. An abstract of part of this report has

appeared (9).

MATERIALS AND METHODS

The osmotic water flux across thin lecithin membranes was measured accor-
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ding to described procedures (10,11). In principle, a thin lipid membrane was
formed between an open (100 ml) and a closed (0.2 ml) compartment and the net
volume flux produced by a NaCl gradient was measured. The thin membrane was
generated from a solution of egg phosphatidyl choline (1%, w/v in n-decane) in
a medium of 0.3 molal NaCl at 37°. At this temperature, the membrane usually
turned black within less than 10 minutes, while longer periods were required at
lower temperatures. The NaCl concentration of the open compartment was then
raised to 0.6 molal. A Hamilton syringe (#701) attached to the closed compart-
ment and equipped with a calibrated micrometer allowed measurement of volume
changes of 0.005 Pl' The sequence of temperature change(s) and the addition of

vasopressin to the open compartment was as indicated in Fig. 1. P the

os?
osmotic permeability coefficient, was computed from the linear plots of volume
changes according to Price and Thompson (11).

Egg phosphatidyl choline was prepared as described (12). The following
vasopressin preparations were used: a) L-8, lot 67018 from Sandoz, Basel;
b) L-8, lot 60C-3410 from Sigma-Israel, Ramat Gan; c) Pitressin, lot 344551
from Parke, Davis & Co., Detroit, Mich. Oxytocin ("Synthocinon™), lot 67091

was obtained from Sandoz, Basel. The peptide concentration was determined

according to Lowry et al (13), using tyrosine as standard.

RESULTS AND DISCUSSION
The water permeability of lecithin bilayer membrane is temperature depen-—

dent (11,14). Fig. 1 substantiates this observation and shows that vasopressin
added at 1.7+1077 M (50 Punits/ml} increases the water permeability of the lipid
membrane. The increased rate of water movement could be discerned within 2
minutes following the addition of vasopressin. The membranes were commonly
stable for over 2 hours, facilitating measurement of the effect of several
vasopressin concentrations on the same membrane., Fig. 2 shows that the hormone
is effective in promoting water permeation of lipid membranes at concentrations
close to the physiological range (4).

Stock solutions of vasopressin diluted in distilled water and kept at 4°
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Fig. 1. Vater permeability of a thin phosphatidyl choline membrane as affected
by temperature and vasopressin (1.7-10"9 M, 50 pU/ml). Membrane formation was
taken as zero ’cime1 Values of the osmotic permeability coefficient, expressed
in wnits of }1osec' s are included.

log VASOPRESSIN CONCN, pU.mi”
! 2
'_—H T T T T

| 1 1 L
10 9 8
-log VASOPRESSIN CONCN, M

Fig. 2. Effect of vasopressin concentration on P,5, the osmotic permeability
coefficient, of thin phosphatidyl choline membranes. The results of two exper-
iments are included. Temperature: 31.7°.

lost gradually their activity of promoting membrane permeability, activity
declining by about 50% every 36 hours. The use of freshly diluted preparations

taken from sealed ampules assured the reproducibility of vasopressin activity

in the model system.
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A vasopressin preparation showing effective antidiuretic activity on human
patients with diabetes insipidus (Prof. G.M. Berlyne, The Central Wegev Hospital,
Beersheva, personal communication), was simultaneously analyzed in our system
and found effective in elevating the water permesbility of lecithin membranes.
An older preparation (origin unknown), which had a questionable antidiuretic
activity, was also found ineffective with respect to water movement in the lipid
system.

An equimolar mixture of the 8 amino acids comprising the vasopressin mole-
cule (cystine, tyrosine, phenylalanine, glutamine, asparagine, proline, lysine
and glycine) added at 10'-9 to 1078 M exerted no effect on the water permeability
of the artificial membranes. A 13% increase of water movement was measured
following the addition, at 1077 M, of the mixture of the 8 amino acids or of
bovine serum albumin. In contrast, vasopressin added at 1.7-10"9 M increased
the water permeability of the lipid membranes by up to 250%, depending on the
temperature. An oxytocin preparation, which was biologically active in promo-
ting milk ejection in rats, did not stimulate water transport in the model
system when added at 1077 M (100 Pinternational wnits/ml). A stimulation of 10%
and 20% of water transport were apparent in presence of 5¢1077 M (500 pIU/ml)
and 5°10-8 M (5000 PIU/ml) oxytocin, respectively. This indicates a striking
specificity in the effect of the vasopressin on water permeability of bilayer
lipid membranes. The availability of a great number of synthetic analogues
and homologues of the neurohypophysial hormones (15), allows an extensive
study of structure-function relationship with respect to the water permeability-
promoting activity in the model system.

Fig. 3 shows thal vasopressin changes significantly the temperature depen-
dence of Pog+ The experimental energy of activation (Ea) of the osmotic perme-
ability coefficient computed from Fig. 3 is decreased from 14.3 kcal/mole to a
value of 4.0 kcal/mole following the addition of 50 pU/ml of vasopressin. A
decrease in Ea of water permeability from 9.8 to 4.1 kcal/mole due to vasopres—

sin was already reported for toad bladder (1). Furthermore, in both the bio-
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Fig. 3. Temperature dependence of water permeability.of thin phosphatidyl
choline membranes as affected by vasopressin (1.7:107 " M, 50 pU/ml). The loga-
rithm of Pog is plotted versus the reciprocal of absolute temperature.

logical system (1) and in the model system, the effect of vasopressin on water
permeability was hardly noticeable at temperatures close to 37°.

It has already been shown that lipid bilayer membranes are similar to
cellular membranes with respect to thickness, electrical capacitance, inter--
facial tension (16), permeability to urea, glycerol and mamnitol (17), as well
as water permeability and activation energy of water permeation (6,14). The
present data further emphasize the similarity of the bilayer and the biological
membranes, and point to some interesting implications. For example, cyclic
31,5'-AMP (cAMP) has been suggested to function as an intracellular mediator of
the effect of vasopressin (18,19). Conversely, it has been claimed that the
effect of vasopressin on cell membrane permeability is independent of cAMP (20).
The direct action of vasopressin in the bilayer lipid membranes supporis the
latter claim. The model system employing artificial lipid membranes could
further assist in elucidating the mode of action of vasopressin on molecular

level.

325



Vol. 45, No. 2, 1971 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ACKNGWLEDGMENTS
We wish to thank Prof. G.M. Berlyne and Dr. M. Morag for valuable discus-

sions and for supplying some of the vasopressin preparations.

REFERENCES

1. Hayes, R.M. and Leaf, A., J. Gen. Physiol. 45, 933(1962).
2. Bentley, P.J., Biol. Rev. L1, 275(1966).
3. Hayes, R.M,, J. Gen, Physiol. 51, 385(1968).
L. Windhager, E.E., Ann. Rev. Physiol. 31, 117(1969).
5. Mueller, P., Rudin, D.0., Tien, H.T., Wescott, W.C., Nature 194, 979(1962).
6. Henn, ReA., Thompson, T.E., Ann. Rev. Biochem. 38, 693(1969).
7. Bangham, A.D., Prog. Biophys. Mol. Biol. 18, 29(1948).
8. Levine, Y.K. and Wilkins, M.H.F., Nature New Biol, 230, 69(1971).
9. Livne, A. and Graziani, Y., Israel J. Chem. (1971) (in press).
10, Cass, A., and Finklestein, A., J. Gen. Physiol., 50, 1765(1967).
11. Price, H.D, and Thompson, TeE., J, Mol. Biol., li4, 443(1969).
12. Pangborn, M.C., J. Biol. Chem., 188, 471(1951).
13. Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J., J. Biol.
Chem. 193, 265(1951).
14. Hanai, T. and Haydon, D.A., J. Theoret. Biol. 11, 370(1966).
15. Berde, B. and Boissonnas, R.A., in Hand. Exp. Pharm. (B. Berde, ed.)
vol. 23, p. 802, Springe Verlag, Berlin (1968).
16. Tien, H.T. and Diana, A.L., Chem. Phys. Lipids 2, 55(1968).
17. Vreeman, H.J., Ned. Akad. Wetensch. Proc. B69, 564(1966).
18. Handler, J.S., Butcher, R.W., Sutherland, E.W. and Orloff, J., J. Biol.
Chem. 240, 4521 (1965).
19, Handler, J. S., Petersen, M. and Orloff, J., Am. J. Physiol. 211, 1175(1966).
20. Cuthbert, H.W. and Painter, E., J. Physiol. 199, 593(1968).

326



