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ABSTRACT: Metabolic and morphological effects of anoxia were 
studied In alveolar macrophages obtained by lung lavage from guinea­
pigs by means or an original method of cell culture allowing direct contact 
with air without Interposition or liquid medium. After selection by 
glass adherence, alveolar cells were layered on a porous membrane 
applied to the surface of a reservoir filled with nutrient medium. Alveo­
lar macropbages were then cultured In gas phase under either aerobic 
or anaerobic conditions for 24, 48 and 72 b. Cellular adenosine triphos­
phate (ATP) content, an Indicator or cell vitality, significantly 
decreased by 68 and 88% after 48 and 72 h or exposure to anaerobic 
environment, r espectively. Significant Increases In lactate production 
(68 % at 24 h) and In glucose uptake (125 % at 24 b), evidence or marked 
glycolytic activity, occurred before these falls In Intracellular ATP and 
parallel decreases In culture medium pyruvate level (76 and 85% at 48 
and 72 h, respectively). The shift of energy metabolism resulted In cell 
death after 72 b, as noted by morphological degeneration and decreased 
cellular ATP content. Twentyrour hour re-exposure to normoxlc atmos­
phere showed that recovery was possible when duration or anaerobiosis 
did not exceed 48 b. This reversibility Ln anoxic cell Lojury has been 
related to plasma membrane Integrity. The results or these studies Indicate 
that alveolar macrophage resistance to anaerobiosis Is limited as ATP 
content falls and morphological degeneration occurs after 48 h. This 
novel approach or anaerobic effects at the cell level should be adaptable 
to Investigations or activity and, In pa rticular, the mechanisms of 
metabolic activity of antlanoxlc drugs. 
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Macrophages are widespread in the body where their 
surrounding conditions can vary considerably from one 
organ to another. Such environmental circumstances 
appear to modulate them or otherwise are linked to their 
functional and metabolic activities [1, 2]. For example, 
alveolar macrophages (AM), which reside practically in 
direct contact with free oxygen in the alveoli, show 
increased oxidative phosphorylation and decreased gly­
colytic activities compared to macrophages residing in 
the peritoneal compartment [3-5]. 

However, AM offer remarkable resistance to hypoxia 
in vitro which involves effective adaptation mechanisms 
in response to environmental 0

2 
tension variations, 

including increase in pyruvate kinase activity, a key 
enzyme in glycolysis, and diminution in cytochrome 
oxidase activity, a key enzyme in oxidative 
phosphorylation [4, 6]. The latter is associated with 
decreased total mitochondrial structure available for 
respiratory activity [6]. Increase in phosphofructokinase 
activity and corresponding reduction in adenylate 
energy charge have also been reported as adaptive 

responses [7] . The conside rable adaptability to 
hypoxia, or even anoxia, suggested by these findings 
appears to be amazing for those alveolar cells that are 
well adapted to aerobiosis. ln actual fact, the works 
referenced above have been performed using classical 
monolayer cultures with cells adhering to the flask and 
covered with nutrient medium, under conditions very 
far from the in vivo situation. Consequently, it seemed 
worthwhile to ascertain whether or not the AM adapt­
ability to anoxia as noted by many investigors is spe­
cific to this kind of culture. 

The aim of the present study was to investigate the 
effects of anaerobiosis upon morphology and energy 
metabolism of AM under conditions approximate to 
those existing in the lower respiratory tract by means of 
gas phase cell culture previously described by VoiSIN 
and eo-workers [8, 9]. This method has also proved to 
be appropriate for developing a reliable model of 
experimental anoxia, as it allows a direct contact of 
AM with the atmosphere and is, therefore, adaptable to 
a precise evaluation of gas effects on cells. 
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Materials and methods 

Animals 

Experiments were performed in female albino 
Dunkin-Hartley guinea-pigs (Mepal, Montmedy, France), 
each weighing approximately 300 g, which had been 
carefully housed conforming to the guidelines of the 
Official Journal of European Communities. They had 
been allowed to acclimatize in our quarters for at least 
one week before use. 

Alveolar macrophages gaseous phase culture. According 
to MYRVICK et al. [10], AM were obtained by lung 
lavage with Hank's solution from guinea-pigs. After 
centrifugation (800 g for 10 min), cells were resuspended 
in 10% calf serum Basic Eagle's medium (BEM) (Gibco 
Laboratories, Grand Island, NY, USA) within glass 
flasks to obtain purified AM. After 24 h, non-adherent 
cells were eliminated by rinsing, whereas macrophages 
adhering to glass were removed by 0.125% (w/v) edetic 
acid (EDTA) solution in Dulbecco's phosphate buffer 
saline (PBS). Cell numbers were determined manually 
with a standard haemocytometer. The cells were then 
suspended in BEM with glutamine (2 mM) and 10% 
fetal calf serum to obtain 10xl06 cells-ml·1• The cell 
cultures were performed according to the method of 
VoisiN and eo-workers [8, 9]. The AM were layered on 
porous cellulose triacetate membrane Metricel GA 8 
0.2 J.Un (Gelman Sciences Inc., Ann Arbor, Michigan, 
USA). This membrane was applied to the surface of a 
reservoir filled with nutrient medium so as to be satu­
rated by capillarity. A quantity of cells varying from 
0.5-2 million in a volume of 50-200 J.L} were placed on 
the membranes. Under these conditions, cells were in 
direct contact with air without any interposition of liq­
uid medium. In all studies, the cell cultures were main­
tained at 3 7°C in a water saturated environment within 
an appropriate chamber (Lequeux Ltd, Paris, France). 
Thus, when incubated under normoxic conditions, AM 
were able to maintain their metabolic and functional 
activities for 4-6 days [11]. 

Normoxic conditions. Normoxic conditions consisted of 
purified reconstituted air (Alpha Gaz S.A., France), 
saturated with water (37°C) and enriched with 5% C0

2
• 

Anaerobic conditions. Anaerobic conditions were 
achieved by flushing the chamber with a 95% N

2 
and 

5% C0
2 

mixture. Slight traces of oxygen were elimi­
nated by the GasPak system (BBL Microbiology Sys­
tems, Becton Dickinson and Co., Cockeysville, 
Maryland, USA) which consisted of an envelope con­
taining one piece of filter paper, one tablet of sodium 
borohydride and one tablet of sodium bicarbonate plus 
citric acid. }\ and C0 2 were given off by addition of 
tap or clistilled water into the envelope. Palladium chlo­
ride placed within the chamber promoted a H

1 
and C0

2 
reaction to produce ~0 (Laidlaw principle), resuhing 
in the disappearance of 0

1 
and a water saturated envi­

ronment. Anaerobiosis was verified by means of a very 

sensitive calorimetric inclicator: resazurin which became 
colourless when reduced (E0 = -51 mV); i.e. when 
anaerobic conditions were achieved [12, 13]. Several 
experimental trials were performed in which AM were 
exposed to anaerobic conditions for 24, 48 and 72 h. 
Following exposure to anaerobic atmospheres, some cell 
samples were exposed to normoxic atmospheres for 24 
h in order to estimate their recovery ability. 

Cell morphology. Morphological analysis was per­
formed by electron microscopy, after fixing in 2.5% 
glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2 for 
12 h at 4°C and staining with 0.5% uranyl acetate, pH 
5 for 1 h at 4°C, as described previously [9]. The cells 
were examined under a Hitachi type HV 12 electron 
microscope. 

Energy metabolism. Total cell energy metabolism was 
studied by assay of intracellular adenosine triphosphate 
(ATP) through a bioluminescent method using luciferin­
luciferase [9, 14, 15] on a Berthold Biolumat LB 9500T 
(C.L.V. Interbio~. Villeurbanne, France). The analysis 
was carried out on cellular extract in dimethyl sulphoxide 
(DMSO). 

Culture medium pyruvate and lactate were assayed, 
as glycolysis indices, by classic enzymatic methods (kits 
no. 726 U.V. and no. 826 U.V. from Sigma Chemical 
Co., Saint Louis, Missouri, USA) using lactate­
dehydrogenase, at the end of each trial [12]. Measuring 
was performed after incubation with a UV spectrometer 
at 340 nm. 

Glucose uptake. Measurement of 3H-2-deoxy-D­
glucose uptake by cells is regarded as a suitable method 
for determining the uptake of hexoses by cells [16, 17]. 
Deoxyglucose crosses the cell membrane by the same 
carrier mechanism characteristic of facilitated diffusion 
as glucose, but it accumulates in cells as deoxyglucose-
6-phosphate [16-18] . 

In our study, measurements were made in triplicate in 
normoxia at 37°C after either aerobic or anaerobic 24 h 
exposures [12]. Each study sample was randomly 
assigned to 4 equivalent groups (according to the 
schedule 10, 20, 30 and 40 m in) for kinetic examination. 
Radiolabelled deoxyglucose [3H] (specific activity: 
30.4 Ci·mmol·1

; Amersham International plc, Amersham, 
Buckinghamshire, UK) was added to cells (1 
J.LCix10·6 cells) by replacing BEM nutrient medium 
with phosphate buffered saline (PBS) enriched with 0.9 
mM ea••, 0.5 mM Mg•• and the radioactive sugar so 
that all the samples were under standardized conditions. 
Uptake was stopped by gently washing the membranes 
supporting the macrophages with cold PBS at 4°C two 
times. This washing made it possible to reduce non­
specific raclioactivity. Radioactivity of both cells and 
membranes was measured on a Beckman LS 1800 liq­
uid scintillation counter (Beckman Instruments, Inc., Palo 
Alto, California, USA). Results were expressed as 
cpm· l0·6 macrophages in comparison with blank 
cellulose triacetate membranes without any cells and 
treated under identical conditions. Where appropriate, 
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cyLOchalasin B (S igma Chemical Co., Saint Louis, 
Missouri, USA) was added at zero time, along with 
the tritiated deoxyglucose, at a concentration of 5 
~-tg·ml·1 • Radioactivity measurements were processed as 
a function of time on an Apple ID microcomputer 
(Business Graphic Software) using a regression program 
which allowed calculation of transport rate [12]. 

Statistical analysis. All biochemical measurements were 
made in triplicate. Mean data are presented with stand­
ard deviation. Lack of variation of each metabolic pa­
rameter in AM cultured in normoxia was verified by a 
one-way analysis of variance, selecting time as classi­
fication variable, so as to demonstrate stability and 
reliability of cell preparations under the above-described 
conditions. Each individual result recorded under 
anaerobic conditions was compared with data obtained 
from l.he same cell batch (i.e. harvested in l.he same 
animal) cullured under similar conditions but in a 
normoxic environment. Thus, comparisons between 
means were made using paired Student's Hest and 
p<O.OS was considered to indicate significant differences. 
Since recovery consisted of additionally exposing AM 
to normoxic atmosphere for 24 h after an anaerobic 
trial, results of that investigation were compared with 
measurements made in anaerobiosis on the day before. 
Besides Laking into account the perfect time stability of 
metabolic parameters in nonnoxia, these results were 
also compared with corresponding data obtained in 
normal atmosphere. The value obtained for lactate 
production represents overall production observed at the 
end of each trial. Thus, in case of recovery, this cu­
mulative result must be compared with reference data 
of the preceding and same days. 

Results 

Morphological findings 

The morphological characteristics of AM were 
observed after 24, 48 and 72 h in either aerobic or 
anaerobic conditions and their recovery ability was 
estimated after 24 h in normoxia following exposure to 
strict anaerobic environments. In AM cultured anaero­
bically for 24 h, only a few differences were found 
compared to control normoxia cells. There appeared to 
be little grey probably " lipidic vesicles". General 
ultrastructure remained unchanged: nucleus, pilopodia 
at the cell surface and mitochondria were all intact. In 
AM cultured anaerobically for 48 h, pilopodia became 
stunted and concentrated on the two poles of cell bodies 
which were obviously elongated as result of loss of cell 
volume regulation. Increase and spread of "lipidic vesi­
cles" seemed to be in correlation with anaerobiosis 
duration (fig. 1). At this time, decrease in the number 
of mitochondrial cristae and even, on certain fields, 
progressive disappearance of mitochondria could be 
noticed. In AM cultured anaerobically for 72 h, vesicle 
number was greater and the nuclei became pyknotic. 
Some cells lost their plasmalemmal membranes 

(fig. 2). Elongation of cell bodies persisted in the most 
resistant cells, the mitochondria of which had nearly 
totally disappeared. The completely degenerated cell 
popuJation accounted for more than 60%. 

Fig. I. - Electron micrograph of guinea-pig alveolar macrophages 
cultured anaerobically in gas phase: for 48 h (magnification: x12,000). 
Pilopodia are stunted and concentrated on the two poles of cell 
bodies which are elongated. 

With regard to the recovery aspect, after 24 h of 
anaerobiosis, the recovery in normoxia was satisfactory 
and cells exhibited a nearly normal appearance. 
After 48 h of anaerobiosis, "lipidic vesicles" remained 
and the cells, although less elongated, did not recover 
their initial morphology. Owing to the different fields , 
the recovery of a few mitochondria was somewhat 
subjectively noted. ln AM cultured anaerobically for 
72 h prior to normoxic period, no morphological recov­
ery was observed, as seen in figure 3. This finding in­
dicates that, after 72 h in anaerobic environment, alveolar 
cells had entered an irreversible state of anoxic injury 
as they continued to degenerate and become necrotic 
despite reoxygenation. 

Effects on energy metabolism 

Anaerobiosis was maintained during 24, 48 and 72 h 
to test for adaptation and recovery abilities of AM. Table 
I shows that anaerobiosis merely entailed a significant 
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Fig. 2. - Electron micrograph of guinea-pig alveolar macrophages 
cultured anaerobically in gas phase for 72 h (magnification: x l5,000). 
Vesicle number is greater in comparison with f~gure 2 and the nucleus 
is pyknotic. Most cells have lost their plasmalemrnal membranes 
whereas intact mitochondria are missing. Necrotic debris are visible. 

If 

Pig. 3. - Electron micrograph of guinea-pig alveolar macropbages 
wb.ich have recovered in nonnoxia for 24 b after surviving in 
anaerobic environment du.ring 72 h (gas ph.ase culture) (magnifica­
tion: x 15,000). No morphological recovery can be observed relative 
to figure 2. 

68% increase in lactate production as early as 24 h. On 
the other hand, total oxygen deprivation induced 
disturbances of all parameters from 48 h. ATP content, 
considered as an indicator of cell vitality, decreased by 
68% (p<0.04) after 48 h, and by 88% (p<0.02) after 72 
h compared to AM cultured in air (table 2). Culture 
medium pyruvate level correspondingly decreased by 
76% (p<O.OOl) after 48 hand further decreased by 85% 
(p<O.OOl) after 72 h compared to AM cultured in air 
(table 3), while lactate production increased nearly two­
fold by 48 h and threefold by 72 h, relative to that for 
AM cultured in air (p<O.OOl, table 1). As noted in the 
same tables, success of recovery (24 h in normal 
atmosphere after swviving in anaerobic environment) 
was directly linked to duration of exposure to anaerobic 
environments. Especially for A TP content, cells cul­
tured in anaerobiosis for 48 h retrieved a mean value of 
A TP that was not statistically different from that re­
corded in normoxia, contrary to 72 h anaerobically 
cultured AM. With respect to lactate production, the 
sole parameter that significantly varied after 24 h 
anaerobiosis, the recovery value (i.e. after supplemen­
tary 24 h culture under aerobic conditions) was lower 
than that recorded after 48 h anaerobiosis. This reduc­
tion in lactate production, in comparison with anaero­
biosis, clearly indicates a return to aerobic metabolism. 

Table 1. - Effects of anaerobiosis on time course of 
lactate production from guinea-pig alveolar macrophages 
surviving in gas phase 

Time 
h 

24 
48 
72 

Lactate production ~g·10·' cells 

Nonnoxia 

336±110 
403±76 
461±72 

Anaerobiosis 

565*±114 
757•±33 

1351*±121 

Recovery 

650••±78 
1191**±201 
1466**±169 

Data are mean±so for six experiments. •: p<O.OOl compared 
to nonnoxia; ••: p<O.OOl compared to nonnoxia and p<0.01 
compared to anaerobiosis. 

Table 2. - Effects of anaerobiosis on time course of 
ATP content in gu inea-pig alveolar macrophages 
surviving in gas phase 

Time 
h 

24 
48 
72 

ATP content ~g·10·' cells 

Nonnoxia 

2.32±1.14 
2.22±1.59 
2.38±1.19 

Anaerobiosis 

2.23±1.11 
0.72*±0.42 

0.29*•±0.22 

Recovery 

1.98±1.25 
1.3lf±0.54 
0.41 tt±0.32 

Data are mean±so for six experiments. *: p<0.04 compared 
lO nonnoxia; •• :p<0.02 compared to nonnoxia; t: nonsig­
nifjcant compared to nonnoxia and p<0.02 compared to 
anaerobiosis; tt; p <0.03 compared to normoxia and nonsig­
nificant compared to anaerobiosis; ATP: adenosine triphos­
phate. 
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Table 3. - Effects of anaerobiosis on time course of 
culture medium level of pyruvate for guinea-pig alveolar 
macrophages surviving in gas phase 

Pyruvate level Jlg·l0'6 cells 
Time 

h 
Normoxia Anaerobiosis Recovery 

24 12.1±1.3 12.8±1.3 10.4**±0.5 
48 10.8±1.3 2.6*±0.8 6.2'±1.1 
72 10.5±1.7 1.6*±0.7 3.5'±0.1 

Data are mean±so for six experiments. *: p<0.001 compared 
to normoxia; **: p<0.02 compared to normoxia and p<O.Ol 
compared to anaerobiosis; t: p<0.01 compared to normoxia 
and p<0.02 compared to anaerobiosis. 

Table 4. - Influence of anaerobiosis on 3H-2-deoxy-O-
glucose uptake by guinea-pig alveolar macrophages 
surviving in gas phase during 24 h 

Environmental n* Transport rate 
conditions cmp per min ·1 0 '6 cells 

Normoxia 6 76.4±17.2 

Anaerobiosis 6 171.8±23.5** 

Results are mean±so. *: nwnber of experiments performed in 
triplicate; ••: p<0.001 compared to normoxia. 

Effects on glucose uptake 

This investigation has been undertaken to demonstrate 
the shift in energy metabolism in cells exposed to the 
oxygen-free milieu, as well as the membrane integrity 
regarding glucose transport at the very time when ATP 
content was unchanged relative to normoxia. Twenty 
four hour anaerobiosis markedly stimulated 
deoxyglucose transport in the AM. Table 4 shows that 
tritiated glucose analogue uptake was increased by 125% 
(p<0.001) compared to control AM cultured in air, under 
our experimental conditions. This observation is in ac­
cordance with previous findings pertaining to other cell 
types [19, 20] and corroborates concomitant increase in 
lactate production which shows the metabolic deviation 
towards anaerobic pathways. 

An experiment, designed to further examine cell 
membrane integrity, was conducted in triplicate with 
the glucose transport inhibitor cytochalasin B. Figure 4 
illustrates the ability of cytochalasin B to inhibit 
essentially all deoxyglucose transport (more than 95%) 
either in aerobic or in anaerobic environments. These 
inhibitory effects in such different conditions suggested 
that, in both cases, the same transport mechanism was 
affected and, consequently, anaerobiosis specifically 
acted on it. 
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Fig. 4. -Influence of cytochalasin B (5 ~g·mi-') on 'H-2-deoxy-D­
glucose uptake by guinea-pig alveolar macrophages surviving in gas 
phase during 24 h. Values are results of one experiment performed 
in triplicate. 

Discussion 

Prior experiments carried out in our laboratory had 
shown that AM surviving in gas phase could easily adapt 
to difficult hypoxia conditions such as 5% 0 2 or 1% 0

2 
environments during 48 h or 72 h [21]. These findings 
seemed to be rather surprising for such aerobic cells 
practically residing in direct contact with free oxygen 
in the alveoli. The present studies have demonstrated 
that AM can, only in part, endure total anoxia. Indeed, 
strict anaerobic conditions for 48 h brought about a 
significant decrease in energy charge, as well as a 
morphological degeneration, whereas such environment 
during 72 h led to cell death. However, those cell inju­
ries caused by anaerobiosis were reversible if duration 
of trial was limited, as indicated by return of the various 
metabolic parameters to control values when cells were 
exposed to air again for 24 h. 

Modification of metabolic characteristics can readily 
explain the relative resistance of AM to anaerobic 
conditions. Cessation of mitochondrial respiratory ac­
tivity in absence of 0

2 
resulted in an anaerobic glyco-
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lysis stimulation which was reflected in the increases in 
lactate production and glucose uptake at 24 h. It can 
be noted that the latter may be the result of a specific 
effect of anaerobiosis upon glucose transport and/or be 
a consequence of cell membrane injury mediated via 
cell metabolic disturbances. However, the second 
assumption was not supported by experiments involv­
ing inhibition of deoxyglucose uptake by cytochalasin 
B. This agent has proved to specifically inhibit the 
deoxyglucose (and glucose) transport undoubtedly by a 
membrane mechanism [16, 17, 22-27]. The fact that 
anaerobic stimulation of this glucose transport associ­
ated with the cell membrane was inhibited (by more 
than 95%) in the presence of cytochalasin B has been 
considered as an indication of membrane integrity. 
According to FARBER [28], disturbances in membrane 
function in general and in the plasma membrane in 
particular characterize the loss of reversibility in 
ischaemic injury. Thus, defects in cell membranes are 
regarded as an early feature of irreversible, ischaemic 
cell injury. Therefore, the finding that, after 24 h in 
anaerobiosis, the AM membrane appeared to be intact 
as it normally reacted to cytochalasin B, relative to 
normoxia, is fairly consistent with AM abilities to 
maintain their intracellular A TP store at this time and to 
recover aerobic metabolism when exposed to air again, 
as shown by decrease in their lactate production and 
normal morphological appearance. 

Despite the adaptive response by AM, energy deficit 
occurred at 48 h since anaerobic glycolysis produces 
very much less ATP compared to respiratory activity 
and, thereby, cannot completely replace the dependence 
of cells upon oxidative metabolism. The fatal course 
in the current studies, as noted by morphological de­
generation together with loss of cell volume regulation 
and decreased cellular ATP content, has been partially 
interpreted as result of intracellular acidosis (induced 
by excessive stimulation of glycolysis) which has been 
found to inhibit enzymatic systems [29]. Such a 
phenomenon could therefore limit cell adaptability. In 
this respect, it is noteworthy that, under our experimen­
tal conditions, the high concentrations of lactate in the 
culture medium associated with anaerobic situation 
probably play an important role in the time course of 
these events by potentiating the pH effects of 
intracellular acidosis. In other respects, it has been 
established that a membrane mechanism, not yet 
entirely clear and involving a massive free fatty acid 
release, generates irreversible changes during the acute 
phase of ischaemic injury in well-differentiated tissues 
such as heart or brain [30, 31]. A sequence of events 
mediating ischaemic cell death has been proposed by 
FARBER [281 in a study of the pathogenesis of mem­
brane injury and the resulting coagulative necrosis in 
ischaemia. Accordingly, the effects of anoxia on phos­
pholipid metabolism and, therefore, on cell integrity do 
not appear as a direct result of the loss of cellular stores 
of ATP. Actually, as oxygen is also being utilized by a 
number of oxygenases such as cytoplasmic fatty acid 
desaturases, the sensitivity to oxygen deprivation should 
relate to both its function in energy metabolism and the 

synthesis of polyunsaturated fatty acids needed to 
maintain membrane phospholipids. This biochemical 
assumption is in good agreement with our morphologi­
cal findings. 

The effects of anaerobiosis on energy metabolism of 
AM surviving in liquid phase for 96 h have been 
reported previously by BurrERICK et al. [6]. These 
investigators established a shift in energy metabolism 
similar to the one that we observed, without loss of cell 
viability or alteration in total cell cross-sectional 
surface area. This main difference compared to our 
findings appears to be related to the experimental con­
ditions we have employe; i.e. the gas phase culture of 
AM. Quite well adapted to aerobic metabolism in such 
conditions, these cells seemed to be more sensitive to 
the actual effects of 0

2 
depletion. Cell energetics ad­

aptation observed in the previous work can be partially 
explained by an alteration of macrophage behaviour in 
response to the liquid phase conditions as higher pro­
ductions of lactate have been found in AM cultured in 
liquid phase in comparison with gas phase, regardless 
of environmental conditions (unpublished data). This 
transformation might have been facilitated by medium 
replacement in the experimental procedure taken as 
reference. Thus, the glucose indispensable for anaero­
bic glycolysis was c·orrectly supplied and overproduc­
tion of lactate was eliminated, resulting in the absence 
of extracellular pH effects due to this substrate. 

Ultimately, the study of main energy metabolic 
parameters and morphology of AM exposed to anaero­
bic conditions in gas phase provides an experimental 
model of anoxia. Unlike the method of Buuerick, the 
current method is a true model of cellular ischaemia, 
exhibiting moderate glucose supply and overproduction 
of lactate as encountered in pathological situations. As 
the effects of this experimental ischaemia were revers­
ible if anaerobiosis was limited to 24 h or even 48 h, it 
has been successfully used as pharmacological indica­
tor for investigating the ability of various chemicals to 
protect against hypoxia. Moreover, similarities observed 
in vitro between respiratory activities of alveolar cells 
and brain cells [3] enabled us to utilize cultured AM for 
the study of antianoxic drugs endowed with possible 
cerebral protective properties, such as vincamine 
[12, 21]. This alkaloid actually revealed an interesting 
action as it was capable of maintaining cell metabolic 
activity for a longer period of time after the beginning 
of an anoxic trial when compared to the control. Other 
agents are being investigated. 

In conclusion, AM appear to be a convenient model 
for studying ischaemic cell injury as they require large 
amounts of oxygen to provide the energy to support 
their specialized functions. In reality, the effects of 
anoxia and ischaemia are most significant in those 
tissues which share this metabolic characteristic. By 
means of gas phase culture, it is possible to experiment 
with alveolar cells under conditions absolutely favour­
able to their aerobic metabolism. Furthermore, the fact 
that AM are able to tolerate anaerobiosis during a cer­
tain time and exhibit reversible damage until48 h avoids 
an annoying all-or-none response. Thus, the approach 



ALVEOLAR MACROPHAGES CULTURED IN ANAEROBIOSIS 1021 

of anoxia at the cell level should be perfectly adaptable 
to elucidation of mechanisms of metabolic activity of 
antianoxic drugs. 
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Effets de I'anaerobiose sur la morphologie et le metabolisme 
energetique des macrophages alveolaires maifllenus en survie 
en phase gtu.euse. M. Cazin, D. Paluszezak, A. Bianchi, J.C. 
Cazin, C. Aerts, C. Voisin . 
RESUME : Des macrophages alveolaires de cobaye ont ete 
maintenus en survie en anaerobiose durant 24, 48 et 72 h, 
suivant un procede de culture en phase gazeuse assurant un 
contact direct entre les cellules et l'aunosphi'!re environnante. 
Dans ces conditions, la tcneur cellulaire en adenosine tri ­
phosphate (ATP). expression de la vitalite des celulJes, a 
respectivement chute de 68 et 88% A 48 et 72 h. Des aug­
mentations significatives de la production de lactate (68% a 
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24 h) et de la consommation de glucose (125% a 24 h), 
preuves d'une activite glycolytique accrue, ont ete observees 
avant cette chute du contenu en ATP et une diminution 
parallele de la concentration de pyruvate dans le milieu de 
culture (respectivement 76 et 85% A 48 et 72 h). A !'issue 
des 72 h, une lyse cellulaire importante a ete objectivee par 
une analyse morphologique en microscopic electronique et 
les taux extrcmement faibles d'ATP. En repla~ruules cellules 
hypoxiques dans une atmosphere normale pendant 24 h, les 
auteurs ont montre que la recuperation etait possible lorsque 
la duree de 1' anaerobiose n 'excedait pas 48 h. A la difference 

des donnees bibliographiques, les resultats de ces experiences 
demontrent que la resistance des macrophages alveolaires a 
l'anaerobiose est limitec. Ceue approche originate des effets 
de I'anaerobiose a !'echelon cellulaire apparait adaptee a 
I' etude des activites et, en particulier, des mecanismes d'action 
des substances anti-anoxiques. L'analyse de medications a 
visee protectrice cerebrate a meme ete envisagee, compte tenu 
des similitudes observees in vitro entre le metabolisme 
energetique des cellules cerebrates et celui des macrophages 
alveolaires. 
Eur Respir J., 1990, 3, 1015- 1022. 


