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Osmotic and volaemic effects on drinking rate in elasmobranch fish
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Summary

An increase in drinking rate of two species of marine
elasmobranch fish, Scyliorhinus canicula and Triakis
scyllia, acclimated to 80% sea water was observed
following the introduction of 100% sea water to
experimental tanks. The drinking response in both species
was found to be maximal within 6h, and a significant
increase was sustained for up to 24 h ifi. scyllia Plasma
osmolality was significantly increased within 6 h following
introduction of 100% sea water, and this increase was

canicula. However, injection of 20% NaCl was found
to decrease drinking rate significantly in S. canicula
60 min after administration. Controlled haemorrhage of
approximately 5.7 % of total blood volume inS. canicula
induced a rapid 36-fold increase in drinking over basal
levels. The present study demonstrates a physiological
dipsogenesis in response to hypovolaemia in marine
elasmobranch fish as part of their overall iso/
hyperosmoregulatory strategy.

principally due to elevated plasma N& and CI-
concentrations. Administration of 2 mol 1 mannitol, 75 %
sucrose and vehicle (elasmobranch Ringer) did not induce
a significant increase or decrease in the drinking rate d.

Key words: elasmobranch, hypovolaemia, hyperosmoraemia,
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Introduction

Drinking has long been established as an essential compondifte toxicity of urea is counteracted by the retention of
in the homeostatic control of body fluid and ionic balance. Inmethylamines, in particular trimethylamine oxide (TMAO)
terrestrial mammals, a 1-2% deficit in cellular fluid volume igYancey and Somero, 1980). As a consequence of their
sufficient to induce a powerful drinking response, whereasso/hyperosmoregulatory strategy, marine elasmobranchs
8-10% of extracellular fluid loss is required to induceexperience little osmotic water flux, no risk of dehydration,
dipsogenesis (Fitzsimons, 1998). As a consequence, an increaseexperienced by the hyporegulating marine teleosts and,
in plasma osmolality, or hyperosmoraemia, acts as a more actierefore, no apparent reason to drink (Schmidt-Nielsen,
trigger for drinking in mammals than a reduction in extracellula997).
fluid volume or hypovolaemia (Fitzsimons, 1979). However, in Although the majority of elasmobranchs are considered
aquatic vertebrates such as teleost fish, hypovolaemia appearstenohaline  marine species, numerous reports have
be the main drinking stimulus (Takei, 2000). demonstrated that these species successfully acclimate to

In the hypo-osmotic environment of fresh water, osmoticzarying degrees of salinity within the laboratory (Burger, 1965;
gradients favour the passive entry of water across semiHazon and Henderson, 1984; Goldstein and Forster, 1971).
permeable membranes such as those of the gills in teleost fishurthermore, a number of species, such as the bull shark
negating a requirement to drink (Maetz, 1970). However, irCarcharhinus leucaand the Atlantic stingraasyatis sabina
the hyperosmotic environment of sea water, water is constantlghabit both marine and freshwater environments (Thorson et
lost and teleost fish drink to maintain ionic and water balancal., 1973; Piermarini and Evans, 1998). The presence of
(Oide and Utida, 1968), with excess ions being excreted at tletasmobranchs in a range of aquatic habitats and the ability of
gills and/or kidney (Evans, 1993). presumed stenohaline marine elasmobranchs to acclimate to

In contrast to marine teleosts, marine elasmobranchdilute sea water indicates that the group as a whole has, to
maintain blood plasma osmolality iso-osmotic or slightlyvarying degrees, the physiological capacity to survive in
hyperosmotic to sea water (Smith, 1931). This elevation igchanging environmental salinities.
plasma osmolality is achieved through the regulation of three The present study investigated a potential role for drinking
principal components, NaCl-and urea, with each component in marine elasmobranchs during environmental manipulation
constituting approximately one-quarter to one-third of totabnd the osmotic/volaemic control behind the drinking
plasma osmolality (900-1000 mosmotfg (Smith, 1936). response. In the first series of experiments, two species of
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marine elasmobranch, the European lesser-spotted dogfishl. The volume drunk was then replaced into the animaal
Scyliorhinus caniculand the Japanese dogfiBfiakis scyllia ~ the stomach cannula. For the experiments involVingcyllig
were subjected to a change in environmental salinity. Drinkinghe volume of fluid imbibed through the oesophageal cannula
rate was monitored in both species acclimated to a reduceehs assessed by a drop counter, and the volume of fluid drunk
environmental salinity of 80% sea water (SW) and duringvas returned to the fish automatically by a pulse injector
acute exposure to the hyperosmotic environment of 100 % SV8ynchronised with the drop counter.
To determine the physiological trigger for dipsogenesis, a
second series of experiments was conducted in which drinking Series 1: salinity challenge
rate was assessed $ caniculaacclimated to 100% SW In the salinity challenge experiment§, scyllia and S.
during administration of a variety of osmotic and volaemiccaniculawere stepwise acclimated to 80% salinity in their
challenges. respective aquaria (755mosmotkgat the Gatty Marine
Laboratory, 772 mosmol kg at Misaki Marine Station) in a
manner similar to that described previously (Tierney et al.,
Materials and methods 1998). Briefly, fish were held in acclimation tanks for a
Scyliorhinus canicula (L.) of mixed sex weighing minimum of 3 days, after which the salinity of the water was
0.42-0.83 kg were obtained from waters off the west coast afdjusted to 90% for the following 3 days, with the final
the British Isles and transported to the Gatty Maringeduction to 80% occurring 3 days later. Once at 80% SW,
Laboratory aquarium, Fife, Scotland. They were maintained ithe fish were left to acclimate for a minimum of 2 weeks prior
aerated flow-through SW tanks at ambient temperatur surgery. Following a minimum of 2 h of assessment of basal
(16-18°C) for a minimum of 2 weeks prior to experimentationdrinking rate at 80 % SW, 100 % SW was introduced into the
Triakis scyllia (Muller and Henle) of mixed sex weighing experimental tanks, with a complete water change occurring
0.8-1.4kg were collected in Sagami Bay, Kanagawa, Japawjthin 30 min. Drinking rate was then assessed in both species
and maintained at ambient temperature (24—26 °C) in aerated they acclimated to the increase in environmental salinity.
flow-through SW tanks at Misaki Marine Biological Station, Blood samples (0.5 ml) were taken from the coeliac arterial
University of Tokyo, Japan, for a minimum of 2 weeks beforecannulae using pre-chilled syringes 0 and 1.5 and 6 h after the
use. introduction to 100% SW. Each blood sample was centrifuged
at 130Q for 1 min, and the plasma was removed and assessed
Surgical procedures for plasma osmolality (Roebling Osmometer, Camlab,
All procedures outlined below were carried out by licensed€Cambridge, UK) and for Cl(Corning 925 Ci analyser), Na
personnel under the guidelines set out by the Animal§Corning 480 flame photometer) and urea (Sigma kit no. 640)
(Scientific Procedures) Act 1986, UK. Drinking rate waslevels. An equivalent volume of isotonic Ringer was injected
assessed using a preparation similar to that previousinto the fishvia the mesenteric arterial cannula immediately
described for teleost fish (Takei et al., 1998). Dogfish werafter a blood sample had been taken.
anaesthetised using tricaine methanesulphonate (MS-222,
250 p.p.m.) neutralised with sodium bicarbonate (250 p.p.m.). Series 2: osmotic and volaemic challenge
A ventro-lateral incision into the abdominal cavity was made Only S. caniculawas used in series 2. Fish of mixed sex,
just posterior to the pectoral fin. Retraction of the intestinenean mass 0.64+0.33 kg (meas.em., N=15), acclimated to
exposed the stomach, oesophagus and mesenteric artery. T % SW and held in a manner similar to that described above
stomach was cannulated using polyethylene tubing (1.5 mmvere used for the osmotic and volaemic challenge experiments.
outer diameter; Portex tubing, Hythe, Kent), and a tighSurgical procedures were as described above, and all reagents
ligature was placed around the anterior end of the stomach weere purchased from Sigma Chemical Company (Poole,
prevent fluid from enteringvia the oesophagus. The Dorset, UK). The osmotic stimuli [2mofi mannitol,
oesophagus was then cannulated with tubing of similar bor@,19 molt? sucrose (75%, w/v) and 3.4 mo}INaCl (20 %,
and the mesenteric and coeliac arteries were cannulated usinty)] were administered at a dose of 1nttkgody mass to
0.5mm outer diameter polyethylene tubing to allow for theproduce a theoretical percentage cellular dehydration of 0.36,
administration of reagents and collection of blood sample€.33 and 0.47 % respectively. Each treatment was made up in
The incision was closed with 5-6 gauge silk sutures, and thaogfish Ringer (in mmotf): NaCl, 240; KCl, 7.0; Cag) 10.0;
fish were allowed to recover in individual flow-through aquariaMgClz, 4.9; NaHCQ, 2.3; NaHPO.2H20, 0.5; NaSQy, 0.5;
(401) at ambient temperature (16—18°C) for a minimum ofurea, 360; trimethylamine oxide, 60 (pH7.6). In addition,
24h. During times of rest, the oesophageal and stomadaontrolled haemorrhaging of 2.5ml of blood from the coeliac
cannulae were linked to allow imbibation of water and thus tharterial cannula was carried out, constituting 5.7+£0.29 % (mean
maintenance of body fluid homeostasis. For the experimentss.e.m., N=6) of total blood volume in the experimental fish
involving S. caniculathe oesophageal and stomach cannulaéThorson, 1962). Blood samples from the experimental fish
were disconnected, fluid imbibed was collected through thevere taken in a manner similar to that described above at 0,
oesophageal cannula into pre-weighed vials, and the volume @8f5 and 3h after treatment and analysed for the variables
fluid was assessed gravimetrically assuming a specific gravitjescribed above.
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Scyliorhinus caniculaStatistical comparisons were made with time
Fig. 1. Basal drinking rates (mthkg?d) of two species of zero (*<0.05, **P<0.01, ***P<0.001) (Student's-test). Plasma
elasmobranch fish acclimated to 80% sea water (SW) and maximurea concentration did not change significantly during the
responses during acclimation to 100% SW. The filled columnacclimation period. Results are expressed as meagast (N=6 for
represent drinking rates fdBcyliorhinus caniculaand the open each group).
columns represent drinking rates fdriakis scyllia Results are
e_xpr_e_ssed as meanss£M. (N=6 for each group). Column B was canjcula and 3 and 6h foil. scyllia Consequently, only
significantly greater than column A; and Sglumns E and F,We“?naximal drinking rates rather than drinking rate at a specific
ts_ltgeréltf)lcantly greater than column DR%0.05, **P<0.01) (Student’s time point during acclimation are reported (Fig. 1).
' Nonetheless, basal drinking rates in both species acclimated to
80% SW were of similar magnitude (0.1-0.15 mikg™Y),
Statistical analyses although the maximal response observedTinscyllia was
In series 1 experiments, both species demonstrated a delagarly 3.5 times greater than that observed.incanicula
in the drinking response following the introduction of 100 %Furthermore, this significantly higher drinking rate was
SW. Furthermore, the individual variation in this delay wassustained for up to 24h im. scyllia during acclimation to
considerable. Therefore, mean (&&.m.) maximal drinking 100% SW, whereas the increase was transiest tanicula
rates for both species (mitkgl) were assessed as thein which the rate returned to basal levels within 6 h (Fig. 1).
maximum volume of fluid imbibed over a single 30 min period For both species, plasma osmolality was not significantly
during acclimation to 100% SW and compared with basahigher than basal values until 6 h after 100% SW had been
drinking rate in 80% SW. introduced into the holding tanks (Table 1). A significant
For series 2 experiments, values are presented as mean (tdrease in plasma N@&oncentration was observed at 1.5 and
s.E.M.) drinking rates (mlttkg1), which were assessed over 6h after the introduction of 100% SW (Fig. 2). However,
20 min periods following manipulation of the experimentalplasma Ct concentration did not match plasma *Na
fish. Comparisons were made with basal drinking rates priazoncentration until 6 h after the introduction of 100 % SW. This
to injection of test substances or haemorrhaging of the fish. Adlelay in increase in plasma-Gloncentration in the present
osmolalities and body fluid osmolyte concentrations were

compared with basal values in each respective experiment ) )
group. Statistical assessment of the data was carried out usi 1able 1.Plasma osmolality of two species of elasmobranch

analysis of variance (ANOVA) followed by Tukey®st-hoc fish during acclimation from 80 % to 100 % sea water
test with a Student'st-test to provide a final level of Plasma osmolality (mosmolk§
significance. oh 1.5h 6h 24h

T. scyllia(mOsmkg?l) 862+9.3 873+6 907+8*  967.7+7***

Results S. caniculamOsmkg?) 831+22.8 854+15 930+15** -

Series 1: salinity challenge During acclimation seawater osmolality fdriakis scyllia rose
Increases in drinking rate in both species following thefrom 772 to 970 mosmol kg; for Scyliorhinus caniculait rose fran
introduction of 100% SW were not immediate; indeed, ther755 to 950 mosmol kg.
was considerable variation in the delay before both the ons Results are expressed as measg .
of increased drinking rate and the observation of a maxim: Asterisks indicate a significant difference from the Oh value
drinking response. The delay ranged between 2 and 3% for (*P<0.05, **P<0.001; Student'stest;N=6 for each group).
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1mikglbodymass of (A) 20% NaClNE9), 0.091
(B) 2molt! mannitol N=7), (C) 75% sucrose 0.064
(N=7) and (D) vehicleN=4). Results are expressed 0.03]
as means ..M. Drinking rate was significantly . . . . . . . . . . . .
reduced (*P<0.01) below basal levels 60min Basal 20 40 60 120 180  Basal 20 40 60 120 180
post-administration of 20 % NaCl (Studertttest). Time (min) Time (min)

study is difficult to explain. Plasma urea levelsSincanicula the test substances (Fig. 3B—D). However, following injection
6h after the introduction of 100% SW did not show aof 20% NaCl (1 mlkg!body mass), drinking rates were found
significant change from the concentration observed in fistbo be significantly lower than basal values 60min post-
acclimated to 80% SW (Fig. 2), demonstrating a delay in thajection (Fig. 3A). With the exception of plasma *Na

increase in plasma urea levels during acclimation irconcentration, which was significantly lower 30min after

comparison with plasma Nand Ct levels. injection of 75% sucrose (Fig. 4C), plasma osmolality and
_ _ _ plasma osmolyte concentrations did not differ from basal
Series 2: osmotic and volaemic challenge values following administration of the test substances (Table 2;

Drinking rates irS. caniculareated with 2moH! mannitol  Fig. 4).
(1 mlkgtbody mass), 75% sucrose (1 mtkgody mass) and Controlled haemorrhaging of 2.5ml from the experimental
vehicle (1 mlikglbody mass) were not significantly different fish produced a rapid and profound dipsogenic response:
from basal values assessed just prior to the administration dfinking rate was 36 times greater than basal levels within
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Fig. 4. Plasma concentrations (mma)| -% 50 -
of CI5, Na and urea inScyliorhinus & 0l | | | | | |
canicula at Oh (black columns), 0.5h g 350 C - D
(light grey columns) and 3h (dark grey g | suwerose Vehicle N
columns) following administration of 1 ml ,0>3\ 300
kg-lbody mass of (A) 20% NaCN&9), B 20 _ o . B
(B) 2molt! mannitol N=7), (C) 75% g
sucrose N=7) and (D) vehicle N=4). g 200
Results are expressed as meanse. @ 150;
Plasma sodium concentration was @ 100!
significantly (**P<0.01) reduced relative
to the Oh value 30min after 50+
administration of 75% sucrose (Student’s 0. i i i | |

t-test). CI- Na* Urea Cl- Na* Urea
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controlled haemorrhage of approximately 5.7% of total blood ) .
volume (\=6). Results are expressed as meass.#. Drinking rate  19- 6. Plasma concentrations (mmd)lof Na® ([J), CI- (M) and

was significantly (P<0.05) increased above the basal level for up tcU"e@ @) following controlled haemorrhage of approximately 5.7 %
40 min post-haemorrhage (Studenttest). of total blood volume inScyliorhinus caniculgN=6). Results are

expressed as meanss#.M. Statistical comparisons were made with
time zero. Plasma, NaCl- and urea concentrations did not change
20min of haemorrhaging (Fig. 5). This significant responsesignificantly (Student's-test).
was sustained for a total of 40 min and returned to basal leve
within 2h of haemorrhaging. Plasma concentrations of, Na
Cl- and urea and plasma osmolality did not differ from basaCl~ concentrations are increased in the first instance followed
concentrations after haemorrhaging of the fish (Table 2py an increase in plasma urea concentration through decreased
Fig. 6). urea excretion and/or increased hepatic urea production
(Goldstein and Forster, 1971; Armour et al., 1993).
Differences in drinking rate with respect to environmental
Discussion salinity have previously been reportedSn caniculausing a

The present study has demonstrated that, under thiadio-labelled tracer technique. Basal values were significantly
appropriate environmental conditions, marine elasmobranchewer and higher in media more dilute and more concentrated,
will drink the environmental medium as part of their overallrespectively, than the control of 100% SW (Hazon et al.,
iso/hyperosmoregulatory strategy. The adoption of ari999). The drinking responses observed in the present study
iso/hyperosmoregulatory strategy demands an increase \vere maximal between 2—-3 and 3-6 h after the introduction of
plasma osmolality during acclimation from the dilute 80 % SW100% SW inS. caniculaand T. scyllia respectively, and in
to the more concentrated medium of 100 % SW. The increaggneral occurred prior to the observed increase in plasma
in plasma osmolality in botf. scylliaandS. caniculawithin osmolality at 6h. The delay in maximal drinking response
6h of the introduction to 100% SW was attributable to acontrasts with the rapid and predictable responses observed
concomitant increase in plasma*Nand Cf, but not urea, during transfer from a dilute to a concentrated environment for
concentration. It appears therefore, from this and other studies variety of teleosts such as the Japaneserelilla japonica
that in response to increased environmental salinityata  (Hirano, 1974; Takei et al., 1988), the flound®atichthys
flesus (Carrick and Balment, 1983) and the rainbow trout
Onchorhynchus mykigshehadeh and Gordon, 1969)

The differences in maximal responses observed in the
present study, with that of. scylliabeing nearly 3.5 times
greater than that &. caniculamay be reflected in the ambient
temperatures of the two aquaria. During experimentation,

Table 2.Plasma osmolality dbcyliorhinus canicul#ollowing
administration of 1 mlkgtbody mass of 20 % NacCl, 2 mdl|
mannitol, 75 % sucrose or vehicle or after haemorrhage
of 2.5ml of blood

Plasma osmolality (mosmolkj water temperature was 24-26 °C at Misaki Marine Biological
Treatment Oh 0.5h 3h Station and 16-18°C at the Gatty Marine Laboratory.
20% NaCl 895.0+14.9 913.649.7 005.6+8.6 Interestingly, a temperature-related variation in drinking rate
2 mol F mannitol 903.0+8.2 002.3+11.0  899.0+12.3 has previously been reported for the flounder and Japanese
75% sucrose 901.9+12.9 907.9+9.1 915.4+6.2 €el (Carroll et al., 1994; Takei and Tsukada, 2001). The
Vehicle 902.5+8.2 901.0+8.0 907.3+10.2 differences between the two species used in the present study

2.5ml haemorrhage ~ 919.9+13.8  923.6+13.9 923.9+12.4may also reflect a difference in their osmoregulatory capacity.
Indeed, the elasmobranchkleterodontus portusjacksoni
Results are expressed as measg#. and Trygonoptera testacedoth inhabit similar estuarine
There were no significant changes (Studertest) N=6 for eatt  environments in New South Wales, Australia. However,
group). testaceawas recently reported to have greater control of salt
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and water balance in dilute environments, indicating a greater Hypervolaemia is a potent stimulus for rectal gland secretion
osmoregulatory capacity thath portusjackson{Cooper and in elasmobranchs (Solomon et al., 1985) and is also considered
Morris, 1998). Despite the differences between the two speci¢s be the predominant stimulus for CNP secretion into the
observed from salinity challenge experiments in the presemwirculation (Loretz and Pollina, 2000). Interestingly, the rectal
study, it is clear that both have a physiological requiremergland acts as a specific route of excretion of NaCl in
to drink the external medium under the appropriateelasmobranchs, and CNP is known to stimulate rectal gland
environmental conditions. secretionin vitro in both S. caniculaand the spiny dogfish
Drinking studies in mammals have demonstrated thaSqualus acanthiagSolomon et al., 1992; Anderson et al.,
intravascular administration of hypertonic osmotically activel995). It is evident that the inhibitory mechanisms of drinking
solutions, causing hyperosmoraemia and thus drawing water both teleosts and elasmobranchs are very complex
from the cellular compartment, induces a profoundand largely unknown. Clearly, the potential action of
dipsogenesis (Fitzsimons, 1979, 1998). Similar experiments imypervolaemia and, in particular, of the administration of
teleost fish have produced conflicting results. Intra-arteridhypertonic NaCl on the drinking rate of elasmobranchs
administration of hypertonic solutions of NaCl and sucroseequires further research and must be considered alongside the
were shown to inhibit drinking in freshwater-acclimatedstimulatory role of CNP on rectal gland function.
Anguilla japonica(Takei et al., 1988). However, the same The present study has demonstrated that the increase in
study demonstrated a concomitant increase in plasndrinking rate in elasmobranchs acclimating to increased
angiotensin Il concentration, which seemed paradoxical giveenvironmental salinity appears to be mediated by extracellular
the potent dipsogenic action of angiotensin Il in these fiskdehydration or hypovolaemia. Controlled haemorrhage of
(Takei et al., 1979). The cause of the inhibition was elucidate8.7 % of blood volume caused a significant and immediate
by Kaiya and Takei (1996): following injection of hypertonic increase in drinking rate i5. canicula In mammals, an
mannitol and NaCl solutions, there was a transient increase 8-10% deficit in extracellular fluid volume is required to
plasma levels of atrial (ANP) and ventricular (VNP) natriureticinduce dipsogenesis (Fitzsimons, 1998), and in freshwater-
peptide. ANP is known to act as an anti-dipsogen in eels aratclimatedA. japonicaa reduction of as much as 30 % of total
mammals (Brenner et al., 1990; Tsuchida and Takei, 1998plood volume was required before drinking began (Hirano,
indeed, the dose of ANP required to induce anti-dipsogenesi®74). It appears, therefore, tt&t caniculawas particularly
in eels was reported to be 100 times less than the dipsogemsiensitive to a reduction in blood volume. The increased
dose required for angiotensin Il (Takei, 2000). These reportdrinking in the haemorrhaged. canicula was almost
could in part explain the inhibition of drinking, at least in eelsjmmediate in comparison with the delayed drinking response
following intra-arterial administration of hypertonic solutions. observed in the fish presented with a salinity challenge. The
This agrees with a non-specific effect of hyperosmoraemidelay in the drinking response was probably due to a more
leading to hypervolaemia acting as a stimulus for the releaggadual hypovolaemia as the fish acclimated to the increased
of circulating natriuretic peptides in teleost fish (Kaiya andenvironmental salinity, indicating that a threshold of
Takei, 1996; Smith et al., 1991; Westenfelder et al., 1988). extracellular fluid loss during acclimation to the hyperosmotic
In the present study, no significant change in drinkingenvironment of 100 % SW may have to be reached prior to the
rate was observed following intra-arterial administration ofinitiation of drinking.
hypertonic mannitol and sucrose, suggesting the lack of a Undoubtedly, passive movement of NaCl and water across
hypervolaemic effect on drinking in elasmobranchs. Howevertthe gill membranes will occur as elasmobranchs acclimate to
injection of hypertonic NaCl induced a significant decrease ithe more concentrated environment of 100% SW. This study
drinking rate within 60 min of injection, which may suggest ais the first to demonstrate that a drinking response may
specific but perhaps transient effect of NaCl on the drinkingontribute to the observed independent increase in plasma
response 08. canicula Na" and Ct concentrations during acclimation to increased
The only natriuretic peptide in elasmobranchs appears to Evironmental salinities. The reduction in blood volume during
C-type natriuretic peptide (CNP) (Suzuki et al.,, 1994;acclimation to increased environmental salinity, initiating a
Kawakoshi et al., 2001), so it is reasonable to assume that CNlFinking response, is similar to the response observed in teleost
may act in elasmobranchs in a manner similar to ANP in teleofish (Hirano, 1974; Takei et al., 1988), in which it appears that
fish. Recent investigations using homologous CNP havangiotensin Il is the primary modulator of the drinking
demonstrated CNP inhibition of an angiotensin-ll-inducedesponse (Takei et al., 1988). Sequencing of homologous
drinking response i8. caniculaand the dose of CNP required elasmobranch angiotensin | (Takei et al., 1993) and subsequent
to induce this anti-dipsogenesis was 50 times lower than thdentification of angiotensin-II-like receptors ih. scyllia
dipsogenic dose required for angiotensin Il (Anderson et al(Tierney et al., 1997) has indicated that angiotensin Il may also
2001a). However, intravascular administration of homologougplay an important role in elasmobranch osmoregulation.
CNP inA. japonicahad no effect on drinking rate (Tsukada Kobayashi et al. (1983) reported a lack of drinking in
and Takei, 2001), but cerebral ventricular administration oélasmobranch fish following administration of angiotensin II.
CNP in mammals has been shown to induce drinking (Samsdt#owever, that study used a less-sensitive dye-dilution
et al., 1991). technique than that used in the present study and may not have
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detected the low basal drinking rates in seawater-acclimatettzsimons, J. T.(1979) (ed.)The Physiology of Thirst and Sodium Appetite
elasmobranch fish reported in this and other studies (Hazon epp: 1-121. Cambridge: Cambridge University Press. '
al., 1999) Fitzsimons, J. T.(1998). Angiotensin, thirst and sodium appetRéysiol.

o T L Rev.78, 583-686.

Recent investigations have demonstrated a potemoldstein, L. and Forster, R. P.(1971). Osmoregulation and urea
dipsogenic response to homologous angiotensin | that can peanetabolism in the little skat&aja erinaceaAm. J. Physiol220, 742-746.

L . . . . Hazon, N. and Henderson, I. W.(1984). Secretory dynamics ofod
blocked by the co-administration of the angiotensin converting hydroxycorticosterone in the elasmobranch fStyliorhinus caniculad.

enzyme inhibitor captopril and, furthermore, b&hcanicula Endocrinol.103 205-211.
andT. scylliaresponded to the administration of homologousHazon, N., Tiemey, M. L. and Takei, Y.(1999). Renin—angiotensin system

; ; : . . . in elasmobranch fish: A review. Exp. Zool284, 526-534.
angiotensin Il with a dose-dependent increase in drinking ra'i%rano, T. (1974). Some factors regulating water intake in the Asjuilla

(Anderson et al., 2001b). These results, combined with thejaponica J. Exp. Biol.61, 737—747.
present study, indicate that the renin—angiotensin system mg?iya, H. and Takei, Y.(1996). Osmotic and volemic regulation of atrial and
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