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A possible adaptive control mechanism for urine production 
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Summary. Osmotic stimulation of the skin of the 
toad Bufo arenarum with isotonic (115 mM) or hy- 
pertonic (400 mM) NaCI solutions produced a 
marked and reversible antidiuresis within 5 rain. 
No changes in plasma osmolarity were detected 
in the course of this response. 

Hypophysectomized animals exhibited a lower 
and delayed antidiuresis when exposed to a hyper- 
tonic environment (400 mM NaC1). This antidiur- 
etic response was drastically reduced in normal 
toads after ten consecutive days of administration 
of the sympatoplexic guanethidine. 

The existence of a feed-forward control of urine 
production initiated by cutaneous osmotic sensors 
and involving an adrenergic component is pro- 
posed. 
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Introduction 

The model of the control of water and electrolytes 
in vertebrates is based primarily on the concept 
of error detection in the corresponding parameters 
of the internal environment (Fitzsimmons 1980; 
McFarland 1971). According to this model, chan- 
ges in plasma osmolarity, sodium concentration 
or blood volume (or a combination of these) are 
detected by central or peripheral sensors, produc- 
ing the signal error that actuates different organs 
(hypothalamus, neurohypophysis, adrenals, kid- 
neys, etc.) and promotes the release of hormones 
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that tend to correct the shift (Rolls and Rolls 1981 ; 
Sawyer and Pang 1975). 

Data of different authors (Gallardo et al. 1980; 
Segura et al. 1982a, b, 1984, 1987; Yokota and 
Hillman 1984; Reboreda et al. 1987) have shown 
that the central nervous system has a substantial 
role in the water balance of anurans. Adrenergic 
factors are involved in the control of glomerular 
and tubular mechanisms of urine production in 
Rana catesbeiana (Gallardo et al. 1980). In pre- 
vious papers the existence of central and peripheral 
nervous components in the regulation of the water 
economy of the toad, Bufo arenarum Hensel has 
been clearly established (Segura et al. 1982, a, b; 
1984; 1987). Moreover, Reboreda and Segura 
(1984) also described the remarkable sensitivity of 
the skin of B. arenarum to salt solutions. 

This evidence led us to analyse a possible feed- 
forward control of water uptake and urine produc- 
tion in the toad Bufo arenarum (Petriella et al. 
1986). 

This paper describes a series of experiments to 
investigate the existence of a reflex control of urine 
production by the kidney in response to changes 
in the osmolarity of the external environment in 
the toad, Bufo arenarum. The role played by the 
adrenergic and the hypophysial system in this re- 
sponse is also analysed. 

Material and methods 

Adult male toads (Bufo arenarum), weighing 90-150 g were col- 
lected near Buenos Aires and used between 1 and 3 weeks after 
capture. During this period they were kept in large cages with 
free access to water. They were transferred 24 h before the ex- 
periments to opaque individual plastic boxes (15 x 15 x 10 cm) 
containing 150 ml of distilled water. The following groups were 
studied : 

Group 1. Normal : Animals adapted to distilled water and then 
successively maintained for 30 min in the following media: (a) 



4- distilled water (n = 7), (b) 1J 5 m M  NaC1 (n = 7), and (c) 400 m M  
NaC1 (n = 10). 

Group 2. Normal recovery (n = 8). The following sequence was 
used to assess complete recovery after osmotic stimulation of 
the skin: (a) distilled water, 30 min immersion, (b) 400 m M  
NaC1 30 min immersion, and (c) return to distilled water until 
complete recovery of the control rate of urine production. 

Group 3. Normal animals submitted to sequence a-b of Group 
2 and to simultaneous measurement of plasma osmolarity every 
10 min (see Fig. 2). 

Group 4. Hypophysectomized (n = J 1): animals adapted to dis- 
tilled water and then submitted to the sequence a-b  of  Group 
2. 

Group 5. Guanethidine treated groups. Animals received single 
doses of 10 mg.kg-1  subcutaneously of Ismelin (Ciba) for 10 
consecutive days. Urine production was then measured after 
30 min in distilled water (n = 4), or in 400 m M  NaC1 (n = 5). 

The animals were undisturbed in the experimental boxes and 
the changes of solutions were performed manually by means 
of a simple hydraulic mechanism. 

Surgery. Toads were deeply anesthetized with MS222 (tricaine 
metanosulphonate, Sigma), 0.3 mg-kg-1 subcutaneously. Both 
ureters were exposed laterally to the urostyle. Polyethylene can- 
nulae (1.3 mm external bore) were placed into the ureters and 
sutured to muscle and skin. Hypophysectomies and retrochias- 
matic sections were made as described previously (Segura et al. 
1982, a). 

Animals were not used in experiments for at least 24 h 
after ureteral cannulation or 10 days after hypophysectomy. 
There is clear evidence that in the latter case, a 10-day period 
is sufficient for complete atrophy of the ADH-producing system 
in anurans (Shoemaker and Waring J 968; Rodriguez and Dell- 
man 1970). 

Plasma osmoIarity measurements. Plasma osmolarity was mea- 
sured with a vapour pressure osmometer (Wescor 5500). Blood 
samples were obtained from la intact toads 0, 10, 20 and 30 min 
after distilled water had been replaced by (a) distilled water 
(n = 6) or (b) 400 m M  NaC1 (n = 5). 

These samples (50-70 pl) were taken through a polyethyl- 
ene cannula (1 mm external bore) placed in the dorsal aorta 
(lateral cannulation). The blood was heparinized with Lique- 
mine (Roche) at a final concentration of 50 U/ml and then 
centrifuged for 15 min at 1000 rpm. 

Analysis of results. All results are presented as mean _+ standard 
error of the mean. Comparisons between and within groups 
were made using two-way or one-way analysis of variance for 
repeated measures (Keppel 1973), respectively. Comparisons 
were made using the Scheffe test. 

Results 

The changes in urine production (ml/100 g ' h  -1) 
following the change in the osmolarity of the exter- 
nal bath are illustrated in Fig. 1. During the period 
in distilled water the animals exhibited a stable 
diuresis (C). The replacement of water by a 
400 m M  NaC1 solution induced a significant de- 
crease in urine production (54.2%; P <  0.01) with- 
in 10 min, and a maximum reduction of 84.3% 
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Fig. 1. Responses of urine production to changes in the osmo- 
larity of the external medium in the intact toad. C control 
in distilled water. In the other groups the water was exchanged 
for other solutions indicated at time 0. Note that a significant 
decline of urine production takes place within 5-15 min after 
bath replacement in the experimental groups. See text for fur- 
ther information 
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Fig. 2. Response of urine production to a change of the external 
medium from distilled water (D W) to 400 m M  NaC1 and the 
subsequent recovery 

in 30 min (P<0.01)  in intact toads. It should be 
noted that the replacement of distilled water by 
isotonic (115 mM) NaCI also resulted in a signifi- 
cant antidiuresis in normals. A decrease in urine 
production of 22.7% (P<0.01)  was observed 
15 min after the change (Fig. 1, NaC1 115 mM) 
and a maximum of 39.1% (P<0.01) at 30 min. 

The reversibility of these effects is illustrated 
in Fig. 2, where the changes in the urine flow of 
a group of normal animals following transfer from 
distilled water to 400 m M  NaC1 and back are 
shown. The recovery of normal levels of  urine pro- 
duction within 2 h of the return to distilled water 
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Fig. 3. Response of  urine production to changes in the osmolar- 
ity of the external medium in the hypophysectomized toad. 
A significant decrease in production takes place 20 min after 
bath replacement at time 0. Note the delay of this response 
when compared with those of intact animals showed in Fig. 1. 
C control in distilled water 

4 -  

I" 
O1 
o 3 o 

.s 2- 

10 
o 
O. 

Guanet hidine Group 

NaCl4OOmM 

Time (minutes) 

Fig. 5. Absence of antidiuretic response to cutaneous stimula- 
tion with 400 m M  NaC1 in toads after 10 consecutive days 
of treatment with guanethidine 10 m g . k g - I  subcutaneously. 
C, control in distilled water 
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Fig. 4. Temporal course of the plasma osmolarity of intact 
toads submitted to rapid changes in the osmolarity of the exter- 
nal medium from distilled water to 400 m M  NaC1 at time 0. 
Note that the plasma osmolarity remains constant both in dis- 
tilled water (C) and in 400 m M  NaC1. Ordinates : plasma osmo- 
larity in mosmoles. Abscisae: time in minutes 

is clear. When hypophysectomized animals were 
moved from distilled water to 400mM NaC1 a sig- 
nificant, although less marked, oliguria was also 
observed (Fig. 3). In this experiment the decreases 
of urine production were 23.9% (P<0.01) within 
the first 20 rain, and 32.3% (P<0.01) 30 min after 
the bath was changed. As shown in Fig. 4, no dif- 
ference was observed when the plasma osmolarity 
of animals maintained in distilled water (C) was 
compared with that exhibited by animals in NaC1 

400 raM. No body weight decreases greater than 
3% of initial values were observed. 

No significant changes were detected in urine 
production when guanethidine-treated animals 
were successively exposed to distilled water (C) or 
to 400 mM NaC1 (Fig. 5). 

Discussion 

The possible involvement of nervous factors in the 
control of the water economy of anurans has been 
considered for a long time. However, the experi- 
mental evidence has always been indirect and ob- 
tained under extreme physiological conditions. The 
drastic increases in the uptake of water observed 
after midbrain lesions in Rana catesbeiana (Adolph 
1934) and in Bufo arenarum Hensel (Segura et al. 
1982a), for instance, are strong arguments for this 
hypothesis. Even more persuasive are the experi- 
ments involving the reversible blocking of brain 
areas, the midbrain tegmentum in particular, with 
microinjections of I M KC1, which induce massive 
water intake and antidiuresis both in normal and 
hypophysectomized animals (Segura et al;. 1982a). 
Furthermore, a series of clear demonstrations of 
the basic role played by brain structures in the 
control of water uptake across the skin and urine 
production have also been provided (Segura et al. 
1982b; 1984; 1987). All these data suggest the ex- 
istence of a neuroneural or neuroendocrine mecha- 
nism controlling the water economy of the toad. 
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The hypothesis of a feed-forward loop of con- 
trol initiated in the skin and allowing the animal 
to anticipate a lack of water also appeared particu- 
larly attractive (Segura et al. 1986). 

It is essential to design an experiment which 
preserves the functional integrity of the prepara- 
tion. To accomplish this unanesthetized animals 
were employed and rapid changes in the osmolarity 
of the environment were used as stimuli. The anti- 
diuresis observed in this way was striking for its 
rapid development and its magnitude. The effec- 
tiveness of both hyperosmotic and iso-osmotic 
stimuli, in triggering this response was also clear. 

The first and most simple explanation is to con- 
sider the existence of a neuroendocrine mechanism 
involving the ADH producing system in the effer- 
ent pathway. However, the persistence of the anti- 
diuretic response, even after total hypophysec- 
tomy, demonstrates the need for an alternative ex- 
planation. 

Clear evidence of adrenergic innervation of the 
anuran kidney was provided by histochemical tech- 
niques (Morris and Gibbins 1983). Using Bufo 
marinus they were able to demonstrate the ex- 
istence of a dense network of sympathetic fibres 
covering all preglomerular vessels, from the level 
of the dorsal aorta to the termination of each affer- 
ent arteriole at the glomerular vascular pole. In 
addition, histological studies by Tsuneki etal. 
(1984) established the existence of nerve fibres in 
close contact with the epithelium of renal tubules 
in Rana catesbeiana. 

Concurrently, both electrical stimulation and 
arterial perfusion with cathecholamines have a re- 
markable effect on renal vascular resistance in dif- 
ferent species of anurans (Richards and Schmidt 
1924; Gallardo et al. 1980; Morris 1983). More- 
over, removal of tonic renal vasoconstriction by 
destruction or blockade of the renal nerves also 
results in increased glomerular flow and diuresis 
(Richards and Schmidt 1924; Gallardo et al. 1980). 
On this basis, the possible existence of a sympa- 
thetic efferent component in the production of the 
phenomenon was considered. This presumption 
was reinforced when the sustained oliguresis in- 
duced by osmotic stimulation of the skin was su- 
pressed by guanethidine administration. Both glo- 
meruli and tubuli could be involved in this adrener- 
gic mechanism, since Mayer (1969) observed de- 
creases in both glomerular filtration rate and tubu- 
lar water reabsorbtion in frogs after a long expo- 
sure to a saline environment. 

In our experiments, simultaneous measurement 
of systemic blood pressure (data not shown) dem- 
onstrated that the oliguresis described could not 

be attributed to general circulatory changes, such 
as sustained hypotension. According to McBean 
and Goldstein (1970), no significant variations in 
either the extracellular or vascular compartment 
of Xenopus laevis were evident after 21 days in 
a hypertonic environment. Therefore, changes in 
the relative volume of body compartments follow- 
ing the short-term exposure to a hypertonic bath 
as employed in our experiments would be negligi- 
ble. Consequently, it is evident that mechanisms 
such as circulatory disturbances or increases in 
plasma osmolarity cannot be invoked as direct 
causes of this oliguria, which is primarily related 
to exteroceptive stimulation. These facts suggest 
that there is an interplay of neural and endocrine 
mechanisms in the control of urine production in 
the toad. 
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