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Abstract—1. Systemic administration of angiotensin II (10 ug/kg) to fully hydrated toads decreased urine
production but did not affect natripheric or hydrosmotic water fluxes across the skin.
2. The antidiuretic response was not modified by the simultaneous x-adrenergic blocking with

tolazoline (5 mg/kg).

3. In a similar way, single intracerebroventricular injections of 1 z1 10~*M angiotensin II, decreased

urine production but did not affect water uptake.

4, Finally, systemic injections of the angiotensin blocker salarasin (100 ug/kg) did not affect the
cutaneous hydrosmotic response of dehydrated toads.

5. We conclude that angiotensin Il has no effects on water uptake in this species. The antidiuretic
response to angiotensin II, and the involvement of adrenergic mechanisms are discussed.

INTRODUCTION

Intravenous or intraperitoneal injections of angio-
tensin II triggers drinking behaviour in fishes (Hirano
et al., 1978; Takei et al., 1979; Malvin et al., 1980;
Carrick and Balment, 1983; Kobayashi et al. 1983;
Beasley et al., 1986), reptiles (Fitzsimons and Kauf-
man, 1977), birds (Evered and Fitzsimons, 1976,
1981; Snapir et al., 1977; Takei, 1977; Schwob and
Johnson, 1977) and mammals (Fitzsimons and
Simons, 1969; Epstein and Hsiao, 1975; Trippodo et
al., 1976). The intracerebral injection of angiotensin
IT in doses much lower than the systemic ones,
induces drinking in birds (Wada et al., 1975; Evered
and Fitzsimons, 1976; Snapir et al., 1976; Schwob
and Johnson, 1977) and mammals (Epstein et al.,
1970 for review see Fitzsimons, 1979) suggesting the
existence of an angiotensin dipsogenic receptor in the
forebrain of vertebrates.

Dehydrated amphibians normally do not drink,
but rehydrate by absorbing water across their per-
meable skin, a process that can be considered as
“cutaneous drinking” (Bentley and Yorio, 1979).
Some amphibians appear to seek water in which to
lie in order to rehydrate. It has been suggested
that this process may constitute a primeval thirst
(Fitzsimons, 1975) which is slaked by the absorption
of water through the integument, instead of more
conventional oral drinking.

There is good evidence of the existence of a renin-
angiotensin system in several species of amphibians
(Wilson, 1984 for a review). However, the role of
angiotensin II in water intake and water balance is
not clear. Intravenous angiotensin II does not pro-
duce drinking in frogs (Hirano et al., 1978) and
intraperitoneally injected aniotensin II fails to stimu-
late the ingestion of water in tadpoles and newts
(Kobayashi et al., 1979). However, it has been found

that isolated toad skins present an angiotensin-
dependent increase in osmotic water prermeability,
short-circuit current and cyclic AMP levels (Coviello
and Brauckmann, 1973; Coviello et al., 1976; 1978;
Soria et al., 1987).

In Bufo arenarum, a renin-like enzyme in kidney,
an angiotensin-like substance in plasma (Nolly and
Fasciolo, 1971) and an angiotensin converting en-
zyme in serum, kidney and skin (Fernandez-Pardal et
al., 1986) have been found. The aim of this study is
to evaluate the involvement of the renin angiotensin
system in the water balance control in this species.

MATERIALS AND METHODS

Animals

Adult male toads (Bufo aremarum) weighing 80-150 g
were collected near Buenos Aires and used after 2-3 weeks
of captivity. During this period they were kept in large cages
with free access to tap-water and fed once a week with ox
liver.

Water balance measurements in hydrated toads

Animals were kept in opaque individual plastic boxes
(12 x 12 x 8cm) containing 150 ml of distilled water for
24 hr to ensure hydration. At this time their urinary blad-
ders were emptied by inserting a glass probe into the cloaca
and applying suprapubic pressure, and the standard weight
(the weight of the hydrated animal with its bladder empty,
Ruibal, 1962) was recorded. The animals were then kept in
distilled water for another 2 hr. During this time they were
weighted every 15 min before and after bladder emptying.
The gross weight gain over each period was assumed to be
due to water uptake, whereas the weight loss produced by
emptying the bladder was assumed to be due to the urine
production during that period.

In the experiments on peripheral administration, at the
end of the first hour, the animals were injected with 115 mM
NaCl, Asn', Val’ angiotensin II (Sigma) 10 ng/kg, tolazoline
(Sigma) 5 mg/kg or angiotensin II (10 ug/kg) plus tolazoline
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(5 mg/kg). The drugs were dissolved in 115 mM NaCl and
the solutions were administrated through the dorsal linfatic
sac. In all groups the volume injected was 1 mi/kg of body
weight.

In the experiments of central administration, at the end
of the first hour, the animals received 1 z1 of 115 mM NaCl
or 10~*M angiotensin II. The hormone was dissolved in
115mM NaCl and the solutions were injected with a 5 ul
Hamilton syringe through a stainless steel cannula which
had previously been implanted stereotaxically into the third
ventricle of the brain.

The angiotensin II used both in systemic and in intra-
cerebroventricular experiments was homologous to the am-
phibian (Rana catesbeiana) endogenous peptide (Hasewawa
et al., 1983).

Water uptake measurements in dehydrated toads

The toads (» = 10) were dehydrated to 79.89 + 0.54 per
cent of their standard weight. During dehydration the
animals were kept in individual open containers (mesh 2 cm)
at room temperature. In these conditions they lost 20% of
their body weight in the course of 2448 hr.

Fifteen minutes before rehydration started, the animals
were injected with 115 mM NaCl or Salarasin (Sar', Val®
Angiotensin I1, Sigma) 100 ug/kg through the dorsal linfatic
sac.

The toads were rehydrated in opaque individual plastic
boxes containing 150 ml of distilled water for 3 hr. During
this period they were weighed every 15min in a Ohaus
Dial-O-Gram balance with a precision of 0.1 g. The weight
gain over each period was assumed to be due to water
uptake and expressed as mi/100 g/hr. Generally, toads do
not urinate during rehydration. However, the animals which
showed body weight decrease at any time during the experi-
ments were excluded from the analysis.

In all cases, rehydration experiments were made between
48 and 72 hr after dehydration started.

Surgery

The animals were anesthetized by exposure to ether. The
skin on the frontoparietal bone was removed and a hole
(o.d. = 0.5 mm) was made on the sagital plane 2 mm ahead
of the line that passes through the auditory capsules. Then,
by means of a micromanipulator a stainless steel cannula
(0.28 mm external bore, 1 cm long, 0.1 11 inner volume) was
lowered 3.5 mm deep from the upper surface of the bone.
The cannula was cemented into place with dental acrylic
attached to the skull with a jeweller’s screw (0.d. = 0.8 mm).
The animals were allowed to recover from the surgery at
least 72 hr before testing began.

Analysis

All the results are presented as mean + SE of the mean.
In experiments with hydrated animals, within group com-
parisons were made using a paired ¢-test (2 tail) whereas in
experiments with dehydrated animals, between groups com-
parisons were made using 2-way Analysis of Variance for
repeated measures.

RESULTS

The systemic administration of 10 ug/kg of angio-
tensin II to fully hydrated toads kept in distilled water
decreased the urine production (P < 0.02) but did not
modify (P < 0.34) the water uptake across the skin
(Fig. 1). When the toads were kept in 23 mM NaCl,
angiotensin II again did not produce any changes in
water uptake (P < 0.65) and the decrease in urine
production (P < 0.05) was similar to the observed in
the group kept in distilled water.

To evaluate the role of catecholamines in this
antidiuretic response, the a-adrenergic blocker tol-
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Systemic

Water Uptake (mi/100g*h)

115 mM NaCl Al (H20) All (NaClh

Urine Production (mi/100g*h)

115 mM NaCl  All (H20) All (NaCl)

Fig. 1. Water uptake across the skin and urine production

before (empty bars) and after (filled bars) the systemic

administration of 115mM NaCl (n = 4) or angiotensin II

(10 ug/kg). To evaluate the effects of angiotensin II on

hydrosmotic and natripheric water fluxes the hormone was

assayed in toads kept in distilled water (n = 11) or in 23 mM
NaCl (n = 5). *2P <0.05.

azoline was injected simultaneously with angiotensin
I1. Tolazoline plus angiotensin II decreased the urine
production (P < 0.05) in a similar way to angiotensin
IT (Fig. 2). Besides, the increase in water uptake
produced by tolazoline (P <0.02) was reduced
by the simultaneous angiotensin II administration
(P <0.36).

On the other hand, angiotensin II (1 ul, 100 ug/m!)
injected intracerebroventricularly produced a de-
crease (P <0.003) in urine production but again
was not effective in increasing water uptake

“ (P <0.48) (Fig. 3). There were no observed changes

in water uptake either at the biggest dose assayed
(1 ul, 1 mg/kg). In this case, water uptake before and
after intracranial injection was 3.79 +0.49 and
3.30 +0.33ml/100 g/hr (n =5, P <0.38). No volu-
metric effects on urine production (P <0.91) and
water uptake (P < 0.48) were observed in the control
group injected intracerebroventricularly with 1 ul of
115mM NacCl (Fig. 3).

To evaluate the involvement of angiotensin II in
the cutaneous hydrosmotic response, toads dehy-
drated to 79.89 +0.54% of their standard weight
were injected with the competitive angiotensin
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Systemic

Water Uptake (ml/100g*h)

Tolazoline Tolazoline+All

Urine Production (ml/100g°h)

Tolazoline Tolazoline+All

Fig. 2. Water uptake across the skin and urine production
before (empty bars) and after (filled bars) the systemic
administration of tolazoline 5 mg/kg (» = 6) or tolazoline
5mg/kg plus angiotensin IT 10 ug/kg (n = 5). *2P < 0.05.

blocker salarasin 15 min before the rehydration be-
gan (Fig. 4). No significant differences in water
uptake values (P <0.59) between the control
(115mM NaCl) and the experimental (salarasin
100 pg/kg) groups were observed during the 3 hr of
rehydration.

DISCUSSION

Our results suggest that systemic treatment with
exogenous angiotensin II produces a catecholamine-
independent antidiuretic response. Angiotensin II-
induced catecholamine release has been shown in
amphibians and other vertebrates (Carroll and Op-
dyke, 1982). Adrenaline and o-adrenergic agonists
affect renal function, producing antidiuresis (Gal-
lardo et al., 1980; Reboreda and Segura, 1988).
However, the angiotensin II-induced antidiuretic re-
sponse ‘was not affected by the simultaneous adminis-
tration of the a-adrenergic blocker tolazoline, thus
suggesting that it is not mediated by catecholamines.

With reference to the glomerural or tubular effects
of systemically injected angiotensin II, in previous
experiments in Bufo arenarum, it was observed that
the intravenous injection of this hormone in doses
between 0.5-5ug/kg produced a long-lasting
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Water Uptake (ml/100g*h)

115 mM NaCl Angiotensin Il

Urine Production (mi/100g*h)

115 mM NaCl

Fig. 3. Water uptake across the skin and urine production

before (white bars) and after (dotted bars) the intra-

cerebroventricular injection of 1 ul of 115 mM NaCl (» = 4)
or 10~*M angiotensin 1I (n = 6). **2P < 0.01.

Angiotensin |l

(10-20 min) hypertension. Although this result would
indicate that the angiotensin II antidiuretic response
has a glomerular component, possible tubular effects
of this hormone cannot be rejected.

In addition, intracerebroventricular injection of
angiotensin II in doses 10 (1 u/, 100 xg/ml) and 100

20 +
=
'g, <0~ NaCl115 mM
3 151 -%  Salarasin
=
£
2 10+
a
]
]
& 57
=2
o L4 L) L] L] T -
(] 30 60 90 120 150 180
Time (min)

Fig. 4. Changes in water uptake across the skin during 3 hr

of rehydration in toads dehydrated to 80% of their standard

weight. The toads were injected 15min before the re-

hydration started with 115 mM NaCl (n = 5) or salarasin
100 png/kg (n = 5).
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(1 zl, 10 ug/ml, data not shown) times lower than
systemic doses produced a similar antidiuretic re-
sponse. This result suggests that the mechanism
involved must be different, since the doses used in the
intracranial experiments have no effect if injected
systemically. In that respect, an angiotensin II-
induced vasotocin release similar to the one shown in
mammals (Keil et al., 1975) could be involved.

Angiotensin II injected both systemically and intra-
cerebroventricularly did not increase water uptake in
toads kept in distilled water. Furthermore, changes in
water uptake when toads were kept in 23 mM NaCl
were not observed either. These results indicate that
angiotensin II has no effect on hydrosmotic and
natripheric water fluxes across the skin.

Further evidence suggesting that angiotensin II is
not involved in the control of water skin permeability
is the failure of salarasin to modify the cutaneous
hydrosmotic response in dehydrated animals. Water
uptake across the skin increases between 4 and 6
times in 20% dehydrated toads as a consequence of
the increase in plasmatic osmolarity and skin perme-
ability. This cutaneous hydrosmotic response is not
modified by the angiotensin II antagonist, salarasin,
as it could be expected if the skin permeability were
modulated by angiotensin.

As it was mentioned before, dehydrated amphib-
ians seek water in which they rehydrate and this
behaviour could be controlled by angiotensin II.
However, toads (Bufo arenarum) kept in a terrarium
with free access to water and injected intracere-
broventricularly with angiotensin II (1 1, 100 xg/ml)
did not show any differences in latency or time spent
in water from the control group (unpublished data).

We conclude that angiotensin IT has no effects
neither on water uptake nor on drinking behaviour in
this amphibian species. In that respect, mechanisms
controlling ‘“cutaneous drinking” in amphibians
appear to be different from the ones in other
vertebrates.
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