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EXTENDED ABSTRACT ONLY – DO NOT CITE

Morphometric data of respiratory structures provide a reference point for the interpretation of physiological parameters and also a starting point for further studies on adaptation (Perry et al., 1994). The Australian lungfish, Neoceratodus forsteri, a facultative air breather, is usually considered more primitive than sister group Lepidosirenidae, which contains two genera: the African (Protopterus) and South American (Lepidosiren) lungfish.
For Protopetrus and Neoceratodus there are several functional and morphological studies on the gills and lungs, however, for the South American lungfish, L. paradoxa aside from a single morphometric study of the lungs (Hughes and Weibel, 1976), only brief descriptions or comparisons with the respiratory structures of the other two genera exist. The main goal of the present study was to determine the morphometric diffusing capacity of the all respiratory organs (gills, skin and lungs) for O2 and CO2 in the South American lungfish using modern stereological techniques.

Adult  L. paradoxa (Body mass = MB = 864 ± 169 g) obtained near Cuiabá, MT, Brazil, were kept at 25°C. Following anesthesia  (0.5% Benzocaine), the heart was exposed and the fish was perfused through the ventral aorta with 0.1M phosphate buffer (pH 7.4, 300 mOsM) containing Heparin. When the drained venous return was nearly colorless, the perfusion solution was changed to 2.5% glutaraldehyde in phosphate buffer as above (15-20 min) The animal was then decapitated and the entire gill apparatus was removed to the same fixative. The lungs were filled with fixative through the glottis and tied off, and the fish was left in fixative overnight at 4ºC for complete fixation of lungs and skin. The right lung was used for light microscopy (LM) and the left was sampled for transmission electron microscopy (TEM). For skin analysis, the fixed fish was transected by 12 equidistant cuts, the location of the starting section being determined at random within the first increment. The sections were labeled and placed in glutaraldehyde storage solution, consisting of 0.5% glutaraldehyde in phosphate buffer (see above).

Stereological measurements were carried out according to standard techniques (Howard and Reid, 1998). The reference volume (V) of gills , lungs and skin were determined using the Cavalieri principle and the respiratory surface areas (SR) were calculated using the vertical section method (Costa et al., 2001; Howard and Reed, 1998). The barrier thickness (harmonic mean = (h) of gills and skin (water-blood distance = (h) were determined using LM and the diffusion barrier thickness of lungs (air-blood distance = (h) were determined using TEM. These determinations were employed in calculation of the anatomical diffusion factor (ADF = surface area/harmonic mean barrier thickness) of each respiratory structure and the diffusing capacities for O2 and CO2, as the product of ADF and the appropriate Krogh’s diffusion constant. 

The percentage of the total surface present in gills, skin and lungs are shown in Figure 1. The ADF and diffusion capacity for O2  and CO2 of the gills, lungs and skin are shown in Table 1.


[image: image2.wmf]

Figure 1. MB-specific surface area (S/MB) of the respiratory organs: gills, lungs and skin, of L. paradoxa. 

	Respiratory Organ
	ADF

(cm2m-1kg-1)
	DO2
(cm3min-1mmHg-1kg-1)
	DCO2
(cm3min-1mmHg-1kg-1)

	Gills
	8.16± 1.19 (10-3)
	1.48 ± 0.21 (10-6)
	2.83 ± 0.4 (10-5)

	Lungs
	443.39 ± 44.97
	0.11 ± 0.01
	2.10 ± 0.23

	Skin
	4.84 ± 0.24 
	8.49 ± 0.82 (10-4)
	0.016 ± 0.0016


Table 1. Anatomical diffusion factor (ADF), and diffusion capacity for O2 and CO2 of gills, lungs and skin of L. paradoxa.

In conclusion the lungs (with 99.1% of the diffusing capacity) are the main respiratory structure. Only 0.85% and 0.0013% of the diffusing capacity lies in the gills and the skin, respectively. Thus, the skin may be potentially important for CO2 excretion, but the diffusing capacity of the gills is negligible, raising the question as to their function. 
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