ACID-BASE REGULATION IN AMAZONIAN FISHES
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Introduction

Environmental hypercapnia occurs routinely in aquatic environments. It is most pronounced in tropical waters covered with dense mats of vegetation where CO2 tensions have been reported to rise in excess of 60 mmHg (Heisler et al., 1982). In freshwater, hypercapnia induces a respiratory acidosis in fish that is compensated within 24-96 h. Plasma pH (pHe) compensation is associated with accumulation of plasma HCO3- (in exchange for Cl-), predominantly at the gills, with the kidney playing a relatively minor role (Heisler, 1984). The rate and degree of pHe recovery following exposure to hypercapnia is highly dependent upon water ionic composition (Larsen and Jensen, 1997). Given that Amazon waters are characteristically low in ions (approaching that of distilled water), endemic fishes may be compromised in their ability to regulate acid-base status; however, this has received limited attention. 

The armoured catfish, Liposarcus pardalis, a teleost from the Amazon, tolerates large fluctuations in water oxygen and carbon dioxide tensions and may be routinely exposed to bouts of environmental hypercapnia in the natural environment. In a previous study, L. pardalis did not regulate pHe during exposure to environmental hypercapnia (PCO2 of 40 mmHg), permitting blood pH to fall by up to 1 pH (Brauner et al., 2002). Most vertebrates completely or at least partially regulate pHe during hypercapnia (Heisler, 1984); however this is clearly not the case in L. pardalis. The purpose of this study was to investigate the effect of incomplete pHe regulation during environmental hypercapnia on pHi regulation of the heart, liver and white muscle in L. pardalis to gain insight into the mechanisms through which this species tolerates exposure to hypercapnia.

Materials and Methods

Liposarcus  pardalis, (308 ± 15.5g) were obtained from a commercial fish supplier and held at the National Institute for Research of the Amazon (INPA), Manaus, Brazil, for at least 2 weeks prior to experimentation. Fish were placed in individual 2 L chambers over-night and then exposed to a PCO2 of 14 or 32 mmHg without access to air. At 0, 6, 24 or 72 h following exposure to hypercapnia, fish were anaesthetized with a concentrated solution of buffered MS-222. Within 2-3 minutes, fish lost equilibrium and could be removed from the water. Using a heparinized syringe, blood was drawn from the caudal vein for measurement of pHe, red cell pHi, PCO2, plasma ion levels (Na+, Cl-, Ca2+ concentrations) and osmolarity. Fish were euthanized and 0.5g of heart, liver and white muscle were removed and stored in liquid nitrogen for later analysis of pHi. Sampling was complete within 2-3 mins after the fish had been removed from the water. In a parallel study, whole animal unidirectional Na+ influx (JinNa+), efflux (JoutNa+), net flux (JnetNa+), net Cl- flux (Jnet Cl-), and total ammonia excretion were measured at 0, 6 and 24h following exposure to a PCO2 of 32 mmHg.
Results and Discussion

During exposure to hypercapnia (1, 2 and 6% CO2), L. pardalis exhibit a pronounced extracellular acidosis that, for 24-96 h, remains largely uncompensated. In most vertebrates, pHi is greatly influenced by pHe and the time course of pHi recovery is similar to that for pHe recovery. Despite a large reduction in pHe, heart, liver and white muscle pHi was regulated within 6 h (the earliest time point at which tissue pHi was measured) through accumulation of intracellular HCO3-. Only two other vertebrates have been reported to be capable of complete preferential regulation of pHi in the face of a largely uncompensated extracellular acidosis as observed in L. pardalis. When the salamander (Siren lacertian) is exposed to aquatic hypercapnia (PCO2 = 35 mmHg) with access to normoxic air (Heisler et al., 1982), or when the facultative air-breathing fish Synbranchus marmoratus, is forced to breath air during exposure to aquatic hypoxia, both vertebrates exhibit a large uncompensated respiratory acidosis but completely regulate heart and white muscle pHi by 72 or 24 h respectively (the only time periods measured in those studies; Heisler, 1982; Heisler et al., 1982). 

The magnitude of the extracellular acidosis tolerated by L. pardalis, and the ability to regulate pHi in the face of an extracellular acidosis are the greatest reported for a teleost fish. It is not known whether this pattern of acid-base regulation is associated with the ability to breathe air, with living in water low in counter ions, or with other evolutionary or environmental pressures. The ubiquity of this strategy among Amazonian fishes and the mechanisms employed remain to be investigated.
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