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Abstract-l. Sudden decreases in the osmotic gradient across the skin due to the replacement of water 
of the bath by 115 mM NaCl had no effect on water uptake of intact or hypophysectomized toads. 

2. A concomitant decrease in the urine production was observed in intact but not in hypophysectomized 
animals. 

3. Addition of amiioride chlorydrate (0.25 mM) to the 115 mM NaCl bath induced a significant 
decrease in water uptake both in intact and in hypophysectomized toads. 

4. The osmotic permeability coefficient t&o) increased significantly during the osmotic gradient 
reduction with I15 mM NaCl plus 0.25 mM amiloride or 230 mM sucrose in both groups. 

5. No changes in the plasmatic osmolarity were detected during the development of these responses 
to the osmotic gradient reduction. 

6. These results are consistent with the hypothesis of short-term changes in the natripheric and 
hydrosmotic fluxes of water across the skin and in urine production triggered by the osmotic gradient 
reduction. The possible participation of arginine vasotocin in these responses is discussed. 

INTRODUCTION 

The homeostasis of body fluids is a complex physio- 
logical process in amphibians in which the skin, the 
kidney, and the urinary bladder are mainly involved. 

As is well known, the neurohypophysis participates 
as a basic regulatory factor of these phenomena. For 
instance, the administration of neurohypophyseal 
extracts to toads and frogs kept in water, results in 
an increase of the body weight, the so-called “Brunn” 
or “water balance effect” (Brunn, 1921; Heller. 1941). 
This phenomenon is dependent on the presence of 
arginine vasotocin (AVT) which is known to act in 
several ways. It promotes urinary water reabsorption 
across the wall of the urinary bladder and renal 
tubules of the kidney; it increases the hydrosmotic 
and natripheric water flux across the skin, and it 
reduces the glomerular filtration rate (Bentley, 1974; 
Pang et a/., 1980; De Sousa and Grosso, 1981). The 
circulating levels of this hormone are regulated by 
feedback mechanisms due to changes in blood vol- 
ume and in a lesser degree by changes in the plasmatic 
osmolarity (Bentley. 1969; Sawyer and Pang, 1975). 

However, several works suggested the partici- 
pation of extrahypophyseal-hypothalamic mecha- 
nisms in the control of body fluids. For instance, 
hypophysectomized or hypothalamic Iesioned toads 
showed antidiuretic responses and changes in skin 
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and bladder permeability due to dehydration. hemor- 
rage, or salt load (Middler et al., 1967; Shoemaker 
and Waring, 1968; Jorgensen et al., 1969; Christensen 
and Jorgensen, 1972; Bakker and Bradshaw, 1977). 

In the same way, lesions of the medulla oblongata 
(Adolph, 1934) or the midbrain (Segura et al., 1982a) 
produce an irreversible increase in the rate of water 
uptake across the skin in frogs and toads with 
independence of the neurohypophyseal integrity. 

Moreover, cutaneous permeability appears to be 
also modulated by adrenergic mechanisms. Isopro- 
terenol induces an in vitro (De Sousa and Grosso, 
1982) and in uivo skin hydrosmotic response (Yokota 
and Hillman, 1984). Phenoxybenzamine also increases 
the water uptake of toads (Segura et al., 1982b). 

Besides, some external factors like the osmolarity 
of the external environment that are also involved 
in the water uptake and urine production in toads 
have been only scarcely studied at present. Most 
references in this sense are related to long-lasting 
changes in body fluids and ionic plasmatic concen- 
trations of toads adapted to highly saline environ- 
ments (Ferreira and Jesus, 1973; Katz, 1975; Garland 
and Henderson, 1975; Liggins and Grigg, 1985). Only 
two references deal with rapid changes in water 
balance triggered by the increase of the osmolarity of 
the external bath (Mayer, 1969; Segura et al., 1984). 
However, changes in natripheric or hydrosmotic 
fluxes of water and the involvement of AVT in these 
changes have not been studied yet. Consequently, 
this paper deals with short-term changes in natri- 
pheric and hydrosmotic fluxes of water and the urine 
production of toads submitted to a sudden change 
in the osmolarity of the external bath and the degree 
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of involvement of the neurohypophysis in these 

phenomena. 

MATERIAL AND METHODS 

Anima1.t 

Adult male toads (Bt& arenarutn) weighing 10~-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 water. Twenty-four hours before 
the experiments, they were transferred to opaque individual 

plastic boxes (15 x 15 x IO cm) containing 150 ml of de- 
ionized water. 

Waler balance meusurements 

Water uptake across the skin and urine production were 
measured gravimetrically (Segura e/ ul., 1982a). Toads were 
weighed every 15 mitt, before and after bladder emptying, 
for 2 hr. The results are expressed as ml/hr/lOOg body 
weight with respect to the standard weight (the weight of the 
fully hydrated animal with its bladder empty) (Ruibal. 
1962). Water balance was estimated as the difference be- 
tween water uptake and urine production for a given period. 
The experiments were performed in individual plastic boxes 
containing 150 ml of deionized water. At the end of the first 
hour of measurements water was replaced by NaCl I I5 mM 
(experiment I), NaCl 115 with amiloride 0.25 mM (cxperi- 
ment 2). or sucrose 230mM (experiment 3). 

Osmotic permeability coefficient (L,,) was calculated 
from the non-equilibrium thermodynamics relationship 
(Katchalsky and Curran, 1965) 

J, = L, AP + L,,An (1) 

where J, is the water flow across the skin: L, is the hydraulic 
permeability coefficient; BP, the hydrostatic pressure; and 
Art the osmotic gradient across the skin. An = (0, - O,)R7 
where R is the gas constant; r, the absolute temperature 
(293 K); and 0, and 0, the internal and external osmolarity 
respectively. An 0, value of 245 mosmol/kg H,O was used 
in these calculations. As it follows from equation (1) 

AP =O. 

J, was estimated according to Barker-Jorgensen (1950) by 
the formula 

J w = WU:S = WU/9bw*” 

where WU represents the water uptake in g/hr; S. the body 
surface in cm*; and bw the body weight in grams. 

HR groups (hypophysectomized, postchiasmatic sec- 
tioned, infundibulum lesioned toads). Toads were anesthe- 
tized by exposure to ether. A medial incision was made in 
the roof of the buccal cavity below the parasphenoid bone. 
A small round opening was then made by means of a dental 
drill and the hypothalamic- hypophyseal area was exposed. 
The whole hypophysis was removed and the infundibulum 
lesioned by light suction with a glass capillary (0.8 mm 
external bore) connected to a vacuum pump. A section 
across the width of the diencephalon just behind the optic 
chiasma was then made with a sharp blade. The round 
was gently covered with a small square of absorbable gela- 
tin sponge (Gelfoam. Upjohn) and the mucus membrane 
sutured. 

The toads were used not before 20 days postoperation. It 
is assumed that a complete atrophy of the magnocellular 
complex occurs during this period (Rodriguez and Dellman, 
1970). 

Histolog) 

At the end of each experiment, the HR toads were 
sacrificed by decapitation, the brain removed and fixed in 

25% chloral hydrate, silver impregnated, embedded in 
paraffin and cut in serial sections of 10 p. Complete degen- 
eration of the preoptic magnocellular nucleus of the hypo- 
thalamus and its neurohypophyseal connections were 
certified in all cases. 

Plasmatic osmolarit? measurement.s 

Plasmatic osmolarity was measured with a vapour pressor 
osmometer Wescor 5120C. The blood samples were taken at 
the end of the first and second hour from 6 intact and 6 
hypophysectomized unesthetized toads which had gone 
through the sequence of experiment 1. These samples 
(5G70~1) were taken through a polyethylene cannulae 
(I mm external bore) placed in the dorsal aorta (lateral 
cannulation). The blood was heparinizated with Liquemine 
(Roche) at a final concentration of 50U/ml and then 
centrifugated 15 min at 1000 rpm. 

All the results are presented as mean k standard error of 
the mean (SEM). Comparison within groups are made using 
paired t-test unless otherwise stated. 

RESULTS 

The decrease of the osmotic gradient due to the 
replacement of water by 115 mM NaCl in the external 
bath did not produce significant differences in the 
water uptake of intacts (P < 0.3) or hypophy- 
sectomized toads (P < 0.2). At the same time, this 
procedure resulted in a significant decrease in the 
urine production in intact (P < 0.001) but not in 
hypophysectomized toads (P < 0.2) (Fig. I). 

No changes in plasmatic osmolarity consecutive to 
immersion in II 5 mM NaCl were observed in intact 
toads. By the end of the first hour (water), the 
plasmatic osmolarity was 242.7 &- 4.41 mosmol/kg 
(mean f SEM) whereas by the end of the second 
(1 I5 mM NaCl) it was 246.69 + 4.04 mosmol/kg. In 
the hypophysectomized toads the values observed 
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Fig. 1. Rate of cutaneous water uptake (WU) and urine 
production (UP) (ml H,O/lOOg/hr) of toads immersed in 
water (open bars) and in NaCI 115 mM (striped bars). 
N: intact group (n = 18). HR: hypophysectomized group 
(n = 6). The horizontal dotted line corresponds to the water 
balance (i.e. the difference between water uptake and urine 
prouction). Statistical significance of differences (paired 
t-test) between the values in water and in NaCl 115. *** 

P < 0.001. 
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Fig. 2. Rate of cutaneous water uptake and urine 
production of intact (n = 12) and hypophysectomized 
(n = 6) toads immersed in water (open bars) and in NaCl 
1 IS mM plus amiloride 0.25 mM (striped bars). Statisti- 
cal significance of differences (paired r-test) between the 
values in water and in NaCl 1 IS. *P < 0.05; **P i 0.01; 

***p <0.001 

were 175.42 k 7.50 and 209.75 + 6.33 mosmol/kg, 
respectively (paired t-test 5.74, P < 0.001). 

When 115 mM NaCl plus amiloride (0.25 mM) was 
used to reduce the osmotic gradient a significant 
decrease in the water uptake could be seen in both 
intact (P < 0.001) and hypophysectomized toads 
(P < 0.01) (Fig. 2). In intact toads the water uptake 
during the osmotic gradient reduction was 47.18% 
of the value in water whereas in hypophysectomized 
it was 41.87%. In this case (experiment 2) a signifi- 
cant antidiuresis in the intact (P < 0.05) but not in 
the hypophysectomized group was also noticed. 

Simiiar results to the ones obtained in experi- 
ment 2 were observed when 230 mM sucrose was used 
(Fig. 3). In this case the water uptake in intact 
toads during the osmotic gradient reduction was 
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Fig. 3. Rate of cutaneous water uptake and urine prod- 
uction of intact (n = 6) and hypophysectomized (n = 8) 
toads immersed in water (open bars) and in sucrose 230 mM 
(striped bars). Statistical significance of differences (paired 
r-test) between the values in water and in NaCl 115. 

*P < 0.05;*** P < 0.001. 

Fig. 4. Osmotic permeability coefficient (LPD) (cm/secatm 
x 106) of intact (N) and hypophysectomized (HR) toads 

immersed in water (W); NaCl 115 mM plus amiloride 
0.25 mM (A) and sucrose 230 mM (Sue). Statistical signi- 
ficance of differences (paired f-test) between the values 
in water and the osmotic gradient reduction. *P < 0.05. 

***p <O.Ool 

38.5% of the control value (P < O.OOl), and in hypo- 
physectomized it was 27.8% of the control value 
(P < 0.001). 

As regards the urine production, a significant 
antidiuresis was observed for both, the intact 
group (P < 0.00 1) and the hypophysectomized group 
(P < 0.05). 

When L,, was calculated in experiments 2 and 3 
it was seen that it increased significantly in both 
groups (Fig. 4). During the 115 mM NaCl plus 
amiloride 0.25 mM osmotic gradient reduction the 
L,, increased to 9 times the control value (P -c 0.001) 
in intact toads and 7 times in hypophysectomized ones 
(P < 0.001) whereas when the osmotic gradient was 
reduced by adding sucrose to the bath it increased 
3.7 times (P < 0.001) and 2.6 times (P < 0.05) 
respectively. 

DISCUSSION 

The results reported in this paper on the terrestrial 
amphibian Bufo arenarurn are consistent with the 
hypothesis of short-term changes in the hydrosmotic 
and natripheric fluxes of water across the skin and 
in the urine production which are triggered by 
the osmotic gradient reduction. Changes in water 
fluxes appear to be independent of the hypothalamic- 
neurohypophyseal integrity whereas changes in urine 
production appear to be dependent. 

The development of natripheric fluxes of water 
when the osmotic gradient is reduced is supported by 
several evidences. First of all, there was no cor- 
relation between the water uptake and the osmotic 
gradient across the skin. The water uptake did not 
decrease significantly when the water is replaced by 
23, 46, 69, and 92 mM NaCl (data not shown); and 
115 mM NaCl (Fig. 1) neither in normal toads nor in 
hypophysectomized ones. Besides, when amiloride 
chlorhydrate 0.25 mM was added to the 115 mM 
NaCl solution, a significant decrease in the water 
uptake in intact as well as in hypophysectomized 
toads was observed. 



514 JUAN C. F~EBOREDA et al. 

Finally, the rate of cutaneous water uptake of 
dehydrated toads was similar when they were re- 
hydrated in water or in 115 mM NaCl, but it was 
significantly lower when rehydration took place in 
115 mM NaCl sucrose plus amiloride or in 230 mM 
sucrose (data not shown). 

On the other hand, the hydrosmotic flux across 
the skin decreased during the osmotic gradient reduc- 
tion with I IS mM NaCl plus amiloride or 230 mM 
sucrose, but this decrease was not proportional to 
the osmotic gradient reduction. This appears quite 
clear when the L,, is calculated. These increases in 
L 1 as well as in the natripheric flux, are not depen- 
diit on AVT. The absence of correlation between 
the cutaneous water uptake and the circulating 
arginine vasotocin in anurans is supported in pre- 
vious works. It was shown that administration of 
AVT had no significant effect on the rates of cutane- 
ous water uptake nor in intact (Bakker and Brad- 
shaw. 1977; Yokota and Hillman. 1984) or in hypo- 
thalamic lesioned toads (Bakker and Bradshaw, 
1977). Furthermore, previous experiments in the 
intact toad, Bufo arenarum, showed that the neces- 
sary doses for increasing the rate of cutaneous water 
uptake had to be 100 times higher (I-10 pgg/kg) than 
those necessary for producing a significant anti- 
diuretic response (10 ng/kg). 

Moreover, it is known that the administration of 
adrenergic drugs increases the water uptake in oitro 
(Bastide and Jard, 1968; Jard et al., 1968; De Sousa 
and Grosso, 1982) and in uiuo (Elliot, 1968; Hillyard, 
1979: Yokota and Hillman, 1984). In the same way 
the administration of 6-hydroxydopamine produces a 
body weight increase (Clavers and Morris, 1983) and 
the administration of guanethidine or phenoxibenz- 
amine an increase of the rate of water uptake (Segura 
et al., 1982b) in intact and hypophysectomized toads. 
This would provide an alternative mechanism to 
AVT that could be responsible for the changes in the 
water fluxes shown in this paper. 

With reference to the changes in urine production 
due to the osmotic gradient reduction, they appear 
to be mediated by AVT. Plasmatic AVT levels in 
toads are regulated by dehydration and hypovolemic 
stimuli (Bentley, 1969; Sawyer and Pang, 1975; 
Pang, 1977). However, in this paper no changes in 
volemia or in plasma osmolarity were detected during 
the experiments. This is in agreement with results 
reported by Mayer (1969) who observed changes 
in the tubular reabsorption of water after osmotic 
gradient reduction with Ringer solution or 0.7% 
NaCl, long before any changes in plasma osmolarity 
occurred. 

The existence of changes in the hydrosmotic and 
natripheric fluxes of water and in the diuresis without 
changes in the blood volume or the plasmatic osmo- 
larity brings up the question about the control mech- 
anism involved in this change. A negative feed-back 
mechanism controlling the error of an internal vari- 
able (for example, plasmatic osmolarity or volemia) 
appears not to be enough as explanation in this case; 
for this reason an alternative mechanism that is able 
to prevent future errors in the internal variable could 
be present. 

In a previous paper (Reboreda and Segura, 1984) 

a proportional sensitivity of the skin to electrolytes 

was demonstrated in the same species. This would 
provide a physiological basis for a possible feed- 
forward control mechanism. 

In the same way, anticipatory drinking behaviour 
in response to changes in the osmolarity of the 
external medium has also been reported in the eel 
(Hirano, 1974), and the participation of homeostatic 
and non-homeostatic mechanisms involved in drink- 
ing behaviour has been thoroughly discussed by 
Toates (1979). 

Further studies on the involvement of the skin 
sensitivity of the toad and its relationship with the 
changes in natripheric flux, L,, and diuresis are 
needed. 
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