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Summary. The effect of prolonged exposure to 
normobaric hypoxia on the mitochondria of myocard of 
rats exposed for several weeks to 8 and 7% O2 has been 
morphometrically evaluated. Twelve male Wistar rats 
housed in Nalgene cages (2 per cage) with a batch of six 
cages placed in plexiglass chambers were maintained in 
air/N2 mixtures containing different concentrations of 
02. Six animals kept in similar cages under normoxia 
served as  controls. When at day 60  the FIOZ was 
reduced to 8%, the weight increase stagnated and after 
the 81st test day, on which the hypoxic animals were 
subdivided into 8% and 7% groups the weight curve 
showed a decrease in the mean body weight for both 
groups. The arrest and the following loss of weight 
beyond the 85th day may be interpreted as  the 
expression of a limit reached in the compensation 
capacity. In the 8%-group the shape of the mitochondria 
varied more markedly often with budding and furrowing 
of the surface. In the 7%-group bizarre shapes and wide 
variations in size with a decided shift towards larger 
mitochondria were noteworthy. While rats kept under 
8% oxygen exhibited a numerical increase in myocardial 
mitochondria compared to controls, the mitochondria of 
the 7%-group were numerically reduced. The results 
suggest that hypoxia of 8% oxygen is compensatable, if 
only to some extent,  by an increasing surface of 
mitochondrial membranes, and that further reduction of 
oxygen causes compensation mechanisms to fail as seen 
by the severe alterations of the mitochondrial population 
of the cardiomyocyte in the 7%-group. 
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Introduction 

Human tolerance to severe chronic hypoxia has been 
examined in two high altitude studies: one was the 1981 
American Medical Research Expedition to Mount 
Everest and the other the Operation Everest I1 (OEII) 
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undertaken in 1985. OE I1 was a chamber study, in 
which subjects breathed air decompressed to the 
equivalent of 8,848 m for  six weeks. But though 
numerous papers have been published from OE I1 and a 
great amount of data has been obtained on cardio- 
vascular and pulmonary acclimatization of man to 
extreme altitudes, only few experimental studies have 
been performed. 

It has been repeated that morphological changes in 
acute ischemia first manifest in the mitochondria which 
can be regarded as sensitive indicators of hypoxia. The 
importance of mitochondrial ca2+ regulation (Miyata et 
al., 1992; Silverman, 1993) and the protective effect of 
phosphocreatine in acute hypoxia were discussed. 
However, no recent studies on mitochondrial changes in 
chronic hypoxia are available. 

In a model of prolonged exposure to normobaric 
hypoxia (Cerv6s-Navarro et al., 1991; Patt et al., 1997) 
we examined the effect on the myocard of rats exposed 
for several weeks to 8 and 7% 0 2  with special regard to 
changes in mitochondrial morphology. 

Materials and methods 

Eighteen male Wistar rats (Rattus norwegicus) with 
at an initial age of 6 months and a body weight of 
299517.7 g were used. Twelve animals were kept under 
hypoxic conditions, while six animals served as controls. 

Exposure to chronic hypoxia 

The rats were housed in Nalgene cages (2 per cage) 
with a batch of six cages placed in plexiglass chambers 
with a volume of 0.36 m3. Air or  gas mixtures 
containing different concentrations of oxygen were 
pumped into the chambers at a rate of 1800 Ithour. The 
whole gas volume of the chambers was replaced 5 times 
per hour. The flow of the gas mixture including N2 was 
regulated by flowmeters.  The gas  concentrations 
(including CO2), temperature and relative humidity were 
monitored and kept constant with the aid of an oxymeter 
and a CO2-meter (Oxytest, "Uras M"; Hartmann and 
Braun AG, Frankfurt). Chamber concentrations of CO2 
were never higher than 0.5%. Rats of the experimental 
group were exposed to successively higher degrees of 
















