MORPHOLOGY OF THE RESPIRATORY ORGANS OF THE AFRICAN LUNGFISH, PROTOPTERUS AETHIOPICUS
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Introduction 

Only three genera of lungfishes (Dipnoi) occur today. They are restricted to separate continental landmasses: Lepidosiren in South America, Protopterus in Africa, and Neoceratodus in Australia. In the genus Protopterus, largely confined to tropical Africa, four species, P. annectens, P. amphibius, P. aethiopicus and P. Dolloi exist. While for some species habitats overlap, for others, they are completely isolated. Lungfishes are of particular biological interest. The main reasons are that they are arguably a direct lineage to the evolution of the tetrapods (e.g. Brinkman et al., 2004) and they present an existing example of the adaptive stratagems of transition from water- to air breathing (e.g. Little, 1990).  We have studied the structure of the lung of Protopterus aethiopicus in an attempt to better understand the design of the early air-breathing organs. 

Materials and Methods

Fifteen specimens of P. aethiopicus were acquired from creeks leading into Lake Victoria, the largest fresh water mass in continental Africa. The Lake forms a common boundary between Kenya, Uganda, and Tanzania. The fish were transported by road to the laboratory where they were killed by injection with EuthatalR (200mg/L pentobarbitone sodium) into the heart. They were weighed and their body lengths measured from the tip of the nose to that of the tail. The lungs were exposed through a ventral incision and cannulated. With the fish in a supine position, the lungs were fixed by instillation with 2.3 % glutaraldehyde buffered in sodium cacodylate (pH 7.6; osmolarity 350 mOsm) from a height of 20 cm. When the fixative stopped flowing, the cannula was blocked and the lungs left in situ for about six hours. Subsequently, the lungs were dissected from their attachments to the vertebral column and their lengths measured. The volume of the lungs was determined by weight displacement method (Scherle, 1970). The left lung was used for light microscopy and scanning electron microscopy and the right one for transmission electron microscopy (TEM). 

The left lung was sampled into five equal parts along its length and the pieces processed for light microscopy and SEM. For analysis, eight micron thick sections were stained with haematoxylin and eosin. The volume density of the air duct and the exchange tissue were determined by point-counting using a 100-point Zeiss integrating graticule at a magnification of x100. At a higher magnification of x400, the volume densities of the components of the exchange tissue, namely air spaces, blood capillaries and interfaveolar septa were determined by point-counting. For TEM, the lung was sampled and tissues processed by standard laboratory techniques. Fifty electron micrographs per specimen were analyzed at a final magnification of x17,500 and structural parameters such as the respiratory surface area and thickness of the blood-gas barrier determined by standard stereological techniques (Weibel, 1979). The diffusion capacities of blood-gas barrier, plasma layer, and erythrocytes were calculated and the membrane and total morphometric diffusing capacity estimated (Weibel, 1970/71).     

Results

In P. aethiopicus, running over about two-thirds of the body length on the dorsal (vertebral) aspect, the lungs are paired, of equal size, and loosely attach to each other (Maina and Maloiy, 1985). An eccentrically located air duct runs along the length of the lung. Internally, prominent septa subdivide the gas exchange tissue of the lung into stratified air spaces. The luminal ones are 1.5 mm in diameter as they decrease in size peripherally (Maina, 1987). Blood capillaries bulge from the surface of the septa. The septa contain smooth muscle, elastic tissue, and collagen fibers. Depressions on the surface of the lung contain perikarya of epithelial cells that possess composite features of type II and I of the mammalian and avian lungs: they contain osmiophilic lamellated bodies, microvilli, and expansive cytoplasmic extensions. The blood-gas barrier consists of an epithelium, a basal lamina, and an endothelium.  

The volume of the lung correlates strongly with body mass: VL = 107.15W0.64, r = 0.78. The air duct constitutes 49.5% and the exchange tissue 50.5% of the lung. The volume density of the lung decreases cranial-caudally. In the exchange tissue, respiratory air spaces constitute 51%, the septa 43%, and the blood capillaries 6%. The harmonic mean thickness of the blood-gas barrier (τht) was 0.370 µm and the mean total morphometric diffusing capacity (DLo2) was 0.0005 mlO2.s-1.mbar-1. 

Compared with Lepidosiren paradoxa on which pulmonary morphometric data are available (Hughes and Weibel, 1976), regarding the thickness of the blood-gas barrier, P. aethiopicus has a relatively thinner one (0.37 µm vs 0.86 µm) and a more extensive respiratory surface area (14 cm2.g-1 vs 0.85 cm2.gm-1). The thickness of the blood-gas barrier in P. aethiopicus compares with that of P. annectens (0.5 µm) (Klika and Lelek, 1967). The weight specific DLo2, respectively 0.003 and 0.002 mlO2.s-1.mbar-1 .kg-1 in Lepidosiren and Protopterus, are however, comparable.  

In conclusion, the lung of P. aethiopicus manifests profuse internal subdivision that may produce a particularly large respiratory surface area. This may be adaptive to a fish that lives in hypoxic habitat. The large disparity between values of Lepidosiren reported by Hughes and Weibel (1976) and Protopterus by Maina and Maloiy (1985), however, call for application of modern stereological methods that are less susceptible to technical bias. 
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