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Effects of Lysine-Vasopressin (LVP)

and 1-Deamino-8-D-Arginine-Vasopressin (dDAVP)
upon Electrical Potential, Short-Circuit Current

and Transepithelial D.C. Resistance of the Frog Skin
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Abstract. The synthetic analogue of vasopressin, 1-deamino-8-D-arginine-vaso-
pressin (dDAVP), possesses a protracted antidiuretic activity while having practi-
cally no pressoric activity as compared to arginine-vasopressin (AVP) or
lysine-vasopressin (LVP). The effects of LVP and dDAVP were studied on the frog
skin (Rana temporaria) sodium transport as reflected by the short-circuit current
(SCC) level, on an Ussing apparatus. The application two different equimolar
doses of LVP or dDAVP (approx. 9.4 x 10 *mol . 1"" and 18.8 x 10 * mol . 1' ") to
the inner surface of the skin resulted in identical maximal increases of sodium
transport. However, the maximum transport stimulation after the application of
dDAVP was delayed by about 30 min as compared to the stimulation by LVP
(P<0.01). In addition, a protracted recovery of SCC towards its original levels was
observed in experiments with dDAVP application after the hormone removal
(P<0.01).

It is concluded that dDAVP stimulates Na“ transport through the frog skin
despite its lacking pressoric activity. Thus, the natriferic activity of vasopressin is
related to its antidiuretic rather than pressoric activity. Maximum increase in the
sodium transport following dDAVP application was delayed and more protracted
as compared to the effect of LVP.
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Introduction

The synthetic analogue of vasopressin, 1-deamino-8-D-arginine-vasopressin
(dDAVP), has a protracted activity while having practically no pressoric effects
when applied systemically (Zaoral et al. 1967). In comparative studies of structure
and function of LVP and dDAVP it has been found that the building-up of the
cortico-papillary osmotic gradient in the kidney and stimulation of both the
Na-K-ATPase (Michajlovskij et al. 1980) and the adenylate cyclase activities
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(Dousa et al. 1975) in the renal medulla are predominantly bound to the
antidiuretic activity of the vasopressin molecule. On the other hand, the stimula-
tory effect of vasopressin on ACTH secretion (Andersson et al. 1979 ; Laszlo et al.
1983) and its ability to increase growth hormone secreation (M. Vigas, B.
Lichardus, unpublished results) may rather be ascribed to its pressoric activity since
dDAVP does not stimulate the secretion of these hormones. Aimed at extending
comparative studies of LVP and dDAVP the effect of the hormones on sodium
transport in the frog skin were studied in the present work.

It was found that sodium transport as determined by short-circuit current
measurements was stimulated by equimolar doses of both LVP and dDAVP. The
maximal increase in the sodium transport following dDAVP application was
delayed and the effect was protracted as compared to that of LVP.

Materials and Methods

Ammals and experimental setup: The experiments were performed on isolated abdominal skin of the
frog Rana temporaria of both sexes (n = 24). The animals were kept at 4 °C in containers continually
perfused with tap water. They were transferred 1o the laboratory (room temperature) and immediately
used for the experiment. The spine was dissected and the abdominal skin removed. For the estimation of
the active sodium transport through the skin the method of the short-circuit current was used (Ussing
and Zerahn 1951). The isolated skin was stretched between two half-chambers filled with recirculating
aerated Ringer's solution for Amphibia. Both compartments of the chamber were filled with Ringer's
solution of identical concentration (in mmol . ] '): NaCl 112; KCI 1.9; CaCl:1.1; NaHCO, 2.4:
pH =8—8.3. Each compartment of the chamber had a volume of 15 ml. The active surface of the skin
was 1.33 em’. The skin transepithelian potential difference (U) was measured continually by a pair of
Ag-ApCl electrodes mounted into agar bridges. The tips of these potential measuring electrodes were
placed as close to the skin surface as possible. Another pair of Ag-AgCl electrodes, principially of the
same construction as those used to measure the potennal, were placed at a distance of 2 ecm from the
skin. The latter pair of electrodes was used for short-circuiting the skin potential difference. The eleetric
current measured under condition of short-circuiting the skin potential to zero (the short-circuit
current: SCC) 1s considered to be a reliable reflection of the active jon (mamly Na® ) transport through
the skin epithelium (Ussing and Zerahn 1951), Recordings of the short-circuit current were performed
at 15 min intervals. The electric D.C. resistance (R.) was expressed as the ratio of the transepithelial
potential difference and the short-circuit current at zero transepithelial potential. The skin potential
difference was measured by a high input resistance device (TESLA MULTIMETER BM 518) and the
short-circuit current by a sensitive microampermeter (TESLA). The voltage necessary to short-circuit
the skin potential was supplied by dry batteries, the circuit being regulated manually with a 10 kohm
potentiometer. Hormone application: After an equilibration period of 1—2 h to stabilize the electric
parameters of the skin the hormones tested were applied into the Ringer's solution bath at the inner
surface of the skin (corium) in two different final concentrations: LVP 9.5x 10 *mol .1 '. dDAVP
94x10 *mol.1'" lower concentration; LVP 189x10 " mol .l ", dDAVP 18.7x10 *mol.1"'
higher concentration. After reaching maximal stimulation of the transport, the hormone was washed out
from the chamber by the same volume of fresh Ringer's solution after an additional 15 min interval. The
washing was repeated with the first volume being discarded. and the electric parameters of the frog skin
were recorded during the next 2 hours. The results were statistically evaluated using Student’s 1-test.
The experimental groups comprised 6 animals cach, the results were expressed as means + S.E.
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Fig. 1. Effects of lower dose of hormones upon the transepithelial potential difference (U). Time course
of the effects of 9.4x10 "mol . 1"" dDAVP (— — — —) and 9.5x10 *mol .1"" LVP ( —)
upon the electric parameters of sodium transport expressed in actual values (A) and in % of respective
control values (B). The hormones were applied at 0 min to the inside bath solution. Fifteen minutes
after having reached maximum stimulation of the transport the hormones were washed out from the
chamber by the same volume of fresh Ringer's solution. Asterisks denote statistical significance
(P<0.05—P<0.01). Bars indicate the respective values of parameters which were compared and found
statistically significant.

Results

Lower doses of the hormones: The application of dDAVP (final concentration
9.4x10%mol.1™") or LVP (9.5%x10 *mol.1"") resulted in similar values of
maximal increase in the skin potential difference, short-circuit current and electric
D.C. resistance, respectively (Figs. 1, 2 and 3). However, the maximal increase in
bath the potential difference and the short-circuit current were delayed by about
30 min after the application of dDAVP. Also, significant differences in the
parameters under investigation were found between the groups following the
removal of the hormones. A more prolonged stimulation of the skin by dDAVP
was observed following the removal of the hormone as compared to LVP. No
change in the skin resistance was found after dDAVP application or dDAVP
removal, while the application of LVP led to a decrease in the maximal electric
direct current (D.C.) resistance (P < (0.005); following LVP removal the resistance
restored to basal levels (Fig. 3).

Higher doses of the hormones: Contrary to lower doses of the hormones the
maximal increase in both the skin potential and the short-circuit current occurred
more rapidly following the higher LVP concentration (18.9x 10™* mol . 1"") than
following an equimolar concentration of dDAVP (18.7 x 10~* mol . 1""). There was
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Fig. 2. Effects of lower dose of hormones upon the short-cireuit current (SCC).
(For symbols see Fig. 1 P<0.05-P<0.001).
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Fig. 3. Effects of lower dose of hormones upon the transepithelial D.C. resistance (R.). (——FP

statistical significance of the parameter in maximum as compared to its basal level ; other symbols are
the same as in Fig. 1; P<0.05-P<0.02).

no difference in the magnitude of the stimulation obtained by the two hormones.
As with the lower doses, a protracted stimulation by dDAVP occurred following
the removal of the hormones from the bathing solution (Fig. 4 and 5). These
changes occurred under conditions of unchanged skin D.C. resistance after the
application of dDAVP. No differences in the resistance were found between the
groups or in the groups after the application of removal of dDAVP (Fig. 6). LVP
application on the contrary decreased the transepithelial skin D.C. resistance, after
both the lower (P <0.001), (Fig. 3) and the higher dose (P<0.05), (Fig. 6), as
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Fig. 4. Effects of higher dose of hormones upon the transepithelial potential difference (U). Time course
of the effects of 18.7x 10 " mol .1 ' dDAVP (— — — —)and 18.9x 10" mol .1 ' LVP (————)

upon the electric parameters of sodium transport.) (For other symbols, see Fig. 1;P<0.05-P<0.01).

A B
dDAVP LVP
:‘dDAVP"__WI max max
=
SCC 60 ‘;"
pAx1L 33 em?
40 |
20 - -
o L 1 L 1 L 0 \. |

-1 0 1 . 3 hrs

Fig. 5. Effects of higher dose of hormones upon the short circuit current (SCC) (For symbols see Fig. 1;
P<0.05-P<0.001).

shown by comparing the maximal decrease to the initial level of the epithelial
resistance.

Both the doses of dDAVP resulted in identical increase in short-circuit current
and potential difference. However, the higher dose of LVP as compared to the
lower one exerted a significantly more pronounced increase the short-circuit
current (Table 1, Figs. 2 and 5).
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Fig. 6. Effects of higher dose of hormones upon the transepithelial D.C. resistance (R,). (—FP
Fig. 3). (For symboals see Fig. 1).
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Discussion

As confirmed by our results both LVP and dDAVP, a synthetic analogue of
vasopressin, stimulated the active transport processes through the frog skin
epithelium. Following the application of corresponding doses of LVP and dDAVP,
both the stimulation of the transepthelial skin potential and that of the short-circ-
uited current were practically equal. However, there was a delay in stimulation
following the application of dDAVP and the time to reach maximum stimulation
was prolonged by about 30 minutes. It is well documented that dDAVP has
a protracted antidiuretic effect when applied systemically (Vavra et al. 1968;
Némethovd and Lichardus 1974 ; Marek et al. 1978). This may be result of its
longer biological half-life (t 1/2 for dDAVP in the fast and slow phase are 7.8 min
and 75.5 min respectively; t 1/2 for LVP in the fast and slow phase are 2.5 min and
14.5 min respectively ; Edwards et al. 1973). This may reflect the fact that the new
molecule also proves to be more resistant to enzymatic cleavage (Zaoral et al.
1967). This quality of dDAVP may also be responsible for its protracted effect
observed in our in vitro experiments.

The ratio of antidiuretic to pressoric activities of LVP equals 1. As compared
to LVP, this ratio is higher for dDAVP (about 79 at lower doses of dDAVP and
2500—4500 at higher doses; Vavra et al. 1968). Thus at antidiuretic doses the
pressoric effect of dDAVP may be considered as minimal. The substitution of
D-arginine for L-arginine in the vasopressin molecule minimizes the pressoric
activity of dDAVP (Zaoral et al. 1967). Based on these and our present data
showing equal stimulation of Na™ transport by both LVP and dDAVP, it may be
concluded that the stimulatory effect of vasopressin on the active transepithelial
sodium transport is bound to the antidiuretic activity of the vasopressin molecule.
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Table 1. The effect of a lower and a higher dose of lysine-vasopressin (LVP) on the short-circuit current
(SCC). The hormone was applied to the skin at zero time interval and its effect was registered in 15 min
intervals for 1 hour. The values are means + S.E. n=6.

SCCpA x1.33 cm ?

9510 *mol . 1" 2554196 2534180 4254283 446+281 46.0x3.08 47.0+3.15
LVP
189% 10 *mol .1"! 28.1 162 28.0%1.55 536%321 S56.1%£3.14 57.1+£320 578+3.13
P< NS NS 0.05 0.05 0.05 0.05
Time in min =18 i 15 30 45 60

The previously documented hydroosmotic activity of vasopressin on amphi-
bian bladder (Hays and Leaf 1962; Carasso et al. 1966) does not seem to be
pertinent to our present experiments. As shown by isolated cells of toad bladder
(Eggena 1979) vasopressin does not show a significant hydroosmotic action. In
addition, dDAVP has proven a poor hydroosmotic activity when tested on the frog
bladder (Barth et al. 1975). All the above experiments were performed under
conditions of different outside and inside concentrations of bathing Ringer’s
solutions. Thus, hydroosmotic activity of the hormones under investigation, if
present at all, could not have been expected to influence substantially the effects
described in our experiments.

According to a hypothesis of Koefoed-Johnsen und Ussing (1958), the frog
skin epithelium may be considered as a two membrane system, the outer
membrane being selectively permeable for sodium ions and the inner one compris-
ing Na/K exchange mechanism.

As shown by others, vasopressin enables sodium to enter epithelial cells across
the outer membrane and an increased intracellular Na* concentration stimulates
the Na/K exchange pump in the basolateral membrane (Andreoli and Schaffer
1976). The receptors for vasopressin are sited on the inner (basolateral) plasma
membrane of the epithelial cells. Hormone — receptor interaction stimulated the
formation of intracellular cAMP by an action on the membrane-bound enzyme
adenylate cyclase (Orloff et al. 1962).

In microelectrode studies, vasopressin decreased the resistance of the outer
membrane of the epithelial cells with small change in the inner membrane (Civan
and Frazier 1968; Rawlins et al. 1970); Nagel 1978).

In our experiments with LVP and a synthetic analogue of AVP, dDAVP,
a relatively small decrease in transepithelial resistance was found ; this may be due
to opposite alterations of the outer and inner membrane resistance. Similar small
decrease in transepithelial resistance was described by Nagel (1978) who found
that the decreased outer membrane resistance after vasopressin application was
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partially counteracted by an increase in the inner membrane resistance. Since in
our experiments the decrease in the transepithelial resistance following dDAVP
application were small or even absent we conclude that any probable decreases in
the outer membrane resistance was counteracted by a compensatory increase in the
inner membrane resistance. On the other hand, the decrease in D.C. resistance
after LVP application may have been due to a decrease in the outer membrane
resistance (Nagel 1978).

Finally, it is noteworthy that the increase of short-circuit current exerted by
two different doses of LVP was found dose-dependent whereas the effect of two
different doses of dDAVP was identical. This finding suggests that the sodium
transport mechanisms of the frog skin may be more sensitive to the stimulation by
dDAVP than by LVP.

In conclusion, 1) dDAVP, a synthetic analogue of vasopressin, when studied in
an in vitro system shows a similar protracted effect as observed previously in vivo ;
2) since the pressoric activity of dDAVP is very small compared to natural
vasopressin, the stimulatory effect of vasopressin upon the active sodium transport
through epithelia could be ascribed to the antidiuretic activity of the vasopressin
molecule; 3) a possible decrease in the outer membrane resistance was probably
counteracted by the same increase in the inner membrane resistance since small or
no changes in transepithelial resistance were found after dDAVP application; 4)
the sodium transport mechanisms seem to be more sensitive to the stimulation with
dDAVP than with LVP.
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