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Summary

In experiments on 2-day-old rats (Wistar strain, our own breed), we studied the effect of altitude hypoxia (9000 m, 60 min) on the proportion
of individual fatty acids in the brain (the cortex + the diencephalon + the cranial third of the mesencephalon). We found that hypoxia
significantly altered the proportion of the various fatty acids, with a significant increase in the proportion of group n-3 polyenoic fatty acids at
the expense of saturated and monoenoic acids. The results fully confirm the conception that one of the most important mechanisms
responsible for the high resistance of new born mammals to oxygen deficiency is the ability of immature nervous tissue to activate, in
particular, elongation (the elongation of fatty acids) and/or lipogenetic processes.
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Introduction

This study is a continuation of a series of
studics of developmental changes of fatty acids in the
rat plasma and brain, including the effect of hypoxia
(Mourck et al. 1986, Smidova et al. 1986, 1990, Mourck
1989 a,b), and in the plasma of full-term or premature
newborns (Mourck et al. 1987, Vizck et al. 1992, in
press).

No explanation has yet been found for the high
resistance of newborn mammals to oxygen deficiency,
although it is considered to be very important from
both the practical and the theoretical aspect and has
also been acknowledged for a very long time. Analyses
of this phenomenon brought to light important facts -
c.g. immature thermorcgulation  (Adolph  1948),
possible better utilization of oxygen (Hahn 1953), lower
oxygen consumption by the young organism in an
environment poor in oxygen (Mourck 1959); high
resistance of respiratory processes in the CNS of
newborn rats to lower pH (Mourck and Trojan 1963)
and, of course, the significance of anacrobic glycolysis
and the genesis of usable cnergy by this route
(Himwich 1951).

In the 1950s, first Raiha (1954) and then Villee
(1957) expressed the hypothesis that lipid synthesis, in
immaturc tissue, could be a way of climinating

hydrogen in the presence of oxygen deficiency. Their
idecas cvoked only a minor response among
physiologists and nconatologists, however. Some
experiments were carried out on newborn rats in an
attempt to find an answer (Villee 1957), but the
methodological facilities at that time did not yicld
uncquivocal results.

We studied this problem step by step, on the
basis of our own cxperiments. In 1961 (Mourck et al.)
we demonstrated that newborn rats, in a nitrogen
environment, survived longer after the administration
of malonate and later (Hrachovina and Mourck 1978,
Hrachovina et al. 1983) we reported high NADP-
dependent enzyme activitics in the brain of newborn
and infant rats. This, together with the finding of
minimal pH changes in the nervous tissue of newborn
rats incubated under anacrobic conditions (compared
with older and adult rats), similarly as its ability to
regencrate reduced  NADP (Mourck  1989a), and
findings on the development of CNS mitochondria (i.c.
of their membrancs and metabolic activities) (Mourck
et al. 1975, Krasinskaya et al. 1985, Dobesova and
Mourck 1986) prompted us to carry out further
experiments, the results of which arce given below.
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Material and Methods

Fatty acids (FA) were determined by gas
chromatography in the brain tissuc of 2-day-old rats
(Wistar strain, our own breed). They were isolated and
determined by the method described by Svennerholm
et al. (1978) and modified by Base (1978). The FA were
detected as methyl esters, using a Carlo-Erba 2351
apparatus (for a detailed description sce Smidova et al.
1984). The FA arc cxpressed as their percentage
proportion in the total amount = 100 %).

Laboratory rats aged two days exposed for 60
min to altitude hypoxia corresponding to 9000 m. The
temperature  in  the low-pressurc  chamber was
maintained at 25 °C. The atmospheric pressure at the
given altitude was 30.7 kPA and the pO; was 6.4 kPA.

Tablc 1
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On terminating hypoxia, the rats were killed
immediately by decapitation. The brains were rinsed in
Ringer solution and were dissected on a cooled block,
scparating the cerebellum, the medulla oblongata and
the caudal part of the mesencephalon from the rest of
the brain. We thus used the brain without the
cerebellum and the phylogenetically oldest parts. The
control mecasurements were performed similarly, but
after the young were removed from the nest they were
decapitated without being exposed to hypoxia. The
number of measurements in both groups was cight
(n=8). In Tab. 1, n stands for the total number of
individual FA in the given group - c.g. saturated (8-12),
8:0 (n=8), 10:0 (n=8), 12:0 (n=8), i.c. the sum total of
all the measurements was 24.

The results were processed by the cybernetics
department of our institute and we wish to thank Mrs
Dohnalova for this part of the work.

Total changes in the proportion of the individual groups of fatty acids in the brain of 2-
day-old rats exposed to hypobaric hypoxia (9000 m, 60 min). n = number of

measurements.  Arithmetical means  (x)

differences. Sigma = sum total.

+ S.E.M. NS statistically nonsignificant

Fatty acids n Control n Hypoxic p
Saturated 24 1.81+0.00 24 2.75+0.99 NS
(8-12)

Saturated 24 4482+132 24 40.17+0.67 <0.01
(14-18)

Saturated 32 1.18+0.13 32 1.15+0.15 NS
(150)

R Saturated 80 47.81+0.50 80 44.07+0.41 <0.01
Monocnoic F.A. 48 18.28+().44 48 16.01+0.41 <0.01
Polycnoic 56 1536+1.13 50 20.96+1.47 <0.01
FA (n-3)

Polycnoic 72 17.28 (.80 72 17.08 £0.40 NS
FA (n=0)

Polycnoic 24 1.00+0.40 24 1.41+£0.53 NS
FA (n-9)

R Polyenoic 152 33.64+0.560 152 39.45+0.50 <(.01
R Sat/ R Mono 2.5 2.6

R n-6/R n-3 1.1 0.8

Results

The results are summarized in Tab. 1. Hypoxia
led to a significant decrease in the proportion of

saturated FA  (in particular of palmitic and stearic
acid). The proportion of short and medium-chain
saturated FA (C 8:0 to 12:0) did not alter significantly.
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Hypoxia caused a significant decrease in the
proportion of monocnoic FA (palmitooleic and olcic
acid). However, it significantly increased (p<0.01) the
proportion of type n-3 polyenoic FA /particulary 20:4
(n-3). The proportion of type n-6 polycnoic FA (17 %)
was not affected significantly by hypoxia.

The proportion of all polyenoic FA (n-3, n-6
and n-9) in the brain of hypoxic rats rose significantly
owing to the increase in type n-3 FA. The index n-6 : n-
3 fell as a result of these changes, while the index satur.
: monocn. remained unaltered.

Table 2

The first ten most represented fatty acids (FA) in the
brain of 2-day-old control rats and of animals exposed
to the action of hypoxia. % = the proportion of the
given fatty acid in the total amount (= 100 %). +
denotes statistically significant differences.

Control Hypoxic
F.A. % F.A. %
1 16:0 283 16:0 25.5"
2 18:0 14.0 18:0 12,7+
3 18:1 13.0 1R8:1 11:5
4 20:4 10.6 22:6 11.0
n-6 n-3
5 22:6 9.8 20:4 10.8
n-3 n-6
O 16:1 4.7 20:4 8.0t
n-3
7 20:4 3.7 16:1 407
n-3
8 14:0 2.4 8:0 23"
9 22:4 1.6 14:8 1.9
n-6
10 8:0 1.0 22:4 1.5
n-6

Tab. 2 shows ten of the most represented FA
in the given part of the brain in the order of their
proportion. We can sce that some unsaturated FA shift
higher up the scale in hypoxic rats. It is worth noting
that hypoxia did not affect the proportion  of
arachidonic acid.

Tab. 3 documents all statistically significant
changes produced by hypoxia in the representation of
individual FA.

Discussion

The increase in the proportion of polyenoic
fatty acids (typc n-3), such the total increase in the
proportion of fatty acids from 33.0 % to 39.4 %, in the
brain of hypoxic rats, arc two findings which fully
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concur with our previous data and with a number of
supporting findings in the literature, showing that the
brain of ncwborn mammals possesses a mechanism for
coping with oxygen deficiency. In our opinion, fatty
acids in the immature tissue are a suitable vehicle for
the removal of hydrogen. It is known that immaturc
nervous tissue is  adequately  equipped  with an
cnzymatic apparatus facilitating clongation (Bourre
1980). We ourselves have demonstrated that NADP-
dependent  enzyme activities, such as  glucose-0-
phosphate dchydrogenase or isocitrate dchydrogenase,
are higly active in the brain of newborn and very young
rats (Hrachovina and Mourck 1978, Hrachovina et al.
1983). Lastly - as was mentioned in the introduction in
carlier studics we already reported findings which
support this hypothesis (the ability to regenerate
reduced NADP by immaturc nervous tissue
homogenates under anacrobic conditions, accompanicd
by only minor changes in the pH (Mourck 1989 a). We
realize, of coursc, that the previously found mechanism
participating in the defence of the immature organism
against oxygen dcficicncy (a decrease in oxygen
consumption, resistance of respiratory processes in the
CNS to a decrease in pH, immature thermoregulation
and the utilization of ATP from accentuated anacrobic
glycolysis) cannot be understimated.  Kieéck and
Stepanck (1953) found that the high encrgy carrier
content of the brain of newborn rats fell only very
slowly during anoxia compared with the rate at which
this decrcasc occurs in the brain of adult animals.

In this situation, i.c. in the presence of oxygen

deficiency, an alternative route - the previously
postulated  "hydrogen-sink effect” and  hence  a
lipogenetic  or, more likely, an  elongation (and

desaturation) route - evidently comes into use. Anyway,
both processes arce included in the prospective plan of
evolution as demonstrated on  many occasions
(Svenncerholm ef al. 1978, Smidovi et al. 1986, Mourck
et al. 1986, ctc). Unsaturated fatty acids actually
accumulate in the brain during carly ontogenesis
(Sinclair 1975). Cook and Spence (1973) demonstrated
a high desaturation capacity and dependence  of
clongation processes on the presence of NADPH (and
NADH) and of malonyl-CoA in the immature nervous
Villee  and (1958) found high
lipogenetic activity in liver slices from foetal rats, under
both acrobic and anacrobic conditions.

More  supporting  cvidence  also  exists.
Goodridge (1973) demonstrated that lactate (formed in
the presence of oxygen deficiency) markedly supported
FA synthests in the immature brain tissuc.

We arc aware that the FA which we identified
have different original localizations and genesis (the
ncuron gla relations, different types of membrancs,
cte). Similarly, the proportional expression of  the
results 1s only relative.

It is cqually conceivable, however, that the
relatively lower  oxygen supply  which accompanics

tissue. Hegerman
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foetal development - and often the perinatal phase  and  clongation  processcs. An  increase in  the
also, as we demonstrated in the rat (Mourck 1976) - proportion of long-chain unsaturated fatty acids is
could actually represent, precisely because of its  regarded as an indication and typical parameter of
nature, the physiological modulator turning at least  structural and functional maturation of the CNS.

some metabolic activities in the direction of lipogenetic »

Table 3
Hypoxia-induced statistically significant differences in the proportion of
individual fatty acids (FA) in the brain of 2-day-old rats. Other details as

in Tab. 1.

FA. n Control n Hypoxic p

8:0 8 1.06 +0.50 8 2.33+0.86 <0.05

14:0 8 2.37+0.25 8 1.89+0.08 <0.05

16:0 8 28.36+0.79 8 25.56+0.48 <0.01

18:0 8 14.08 +0.40 8 12.71+0.17 <0.05

14.0 8 0.17+0.04 8 0.03+0.02 <0.05
150

17:0 8 0.21+0.02 8 0.08+0.02 <0.01
150

16:1 8 4.72+0.16 8 4.01+0.10 <0.01

18:1 8 13.06 £0.26 8 11.53+0.16 <0.01

20:4 8 3.72+1.50 8 8.06+1.0 <0.05
n-3

20:5 8 0.55+0.33 8 0.25+£0.02 <0.05
n-3

22:5 8 0.70+0.10 8 1.58+0.53 <0.05
n-3

22:6 8 0.85+0.49 8 11.00 £0.56 <0.05
n-3

20:2 8 0.08 +0.02 8 0.30+0.07 <0.05
n-6
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