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P Chronic hypoxia Fig. 6. Changes in proportions of 18:2n-6
Aorta constriction yp (linoleic acid), 20:4n-6 (arachidonic acid) and
22:6n-3  (docosahexaenoic acid) in PC
30 1 PC. 30 1 PC (phosphatidylcholine), PE (phosphatidyletha-
nolamine) and CL (cardiolipin) in the left
25 1 25 1 * ventricle of 60-day-old aorta-constricted rats
(unpublished data) and in the right ventricle of
20 1 20 1 40-day-old chronically hypoxic rats (adapted
18 o 1 from Novak et al. 2004); controls (white
24 columns), load (black columns). Values are
10 1 * 10 1 means + S.E.M. from 5 experiments in each
group. * p<0.05, significant difference vs.
5 * 5 . corresponding controls.
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nearly identical with those observed in our model of
pressure overload induced just after birth. In contrast, the
myocardial concentration of CL and proportion of
20:4n-6 in PC in adults are not influenced by AC (Reibel
et al. 1986). Recently, considerable attention has been
paid to CL remodeling in human and experimental heart
failure. It has been proposed that pathological remodeling
of CL (e.g. loss of tetralinoleoyl-CL and the rise in CL
species containing 18:1n-9, 20:4n-6 and 22:6n-3) relates
to impaired mitochondrial function and thereby may play
a role in the initiation of heart failure (Heyen et al. 2002,
Sparagna et al. 2007). The results presented in Fig. 6A
point to two interesting observations: (i) loss of 18:2n-6
in CL is negligible compared to that of PC and PE, and
(i1) the decline of 18:2n-6 in PC and PE is compensated
by incorporation of 20:4n-6 in PC and 22:6n-3 in PC and
PE. Moreover, our results suggest that this phenomenon

occurs both in pressure-overloaded hearts (AC) and in
hearts of rats exposed to chronic hypoxia (Fig. 6). Xu et
al. (2003) demonstrated a CL remodeling pathway in rat
liver mitochondria that involves the CoA-independent
transfer of 18:2n-6 acyl chains by the transacylation
reaction directly from PC or PE to monolyso-CL. This
energy-independent transacylation exhibits a clear
specificity for the 18:2n-6 acyl chain and was shown to
completely convert tetraoleoyl-CL to tetralinoleoyl-CL.
These data suggest the possible way how to keep
tetralinoleoyl-CL level and symmetry under conditions of
decreased energy production in the overloaded heart.
Thus, we suppose that PC and PE could serve as the
storage of 18:2n-6 for regeneration of fully functional CL
in the myocardium subjected to increased load from the
early postnatal period. Yamashita et al. (1997) observed

in the liver a CoA-independent transacylase, which
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catalyzes the transfer of C20 and C22 PUFA from diacyl-
PL to various lyso-PL. This observation could help to
explain the increased accumulation of 20:4n-6 and 22:6n-
3 into PC and PE observed under various stress
conditions.

Chronic hypoxia

Chronic myocardial hypoxia is the major
pathophysiological feature of various cardiopulmonary
diseases, such as chronic obstructive pulmonary disease
and cyanotic congenital heart defects. It is also naturally
present in fetuses and in individuals living at high altitude
(Ostadal and Kolar 2007). It was shown that the
adaptation to chronic hypoxia leads to a variety of
morphological, biochemical and functional changes in
order to maintain homeostasis with minimum energy
1999). Chronic hypoxia

affects both ventricles that need to adapt to decreased

expenditure (Ostadal et al

oxygen availability but the RV must in addition cope
with increased afterload due to pulmonary hypertension.
Pulmonary  hypertension, RV  hypertrophy and
myocardial remodeling are the characteristic features of
chronic hypoxia. Besides the potentially adverse
influence on the cardiopulmonary system, it is well
established that the heart adapted to chronic hypoxia
exhibits an increased tolerance to acute ischemic injury
manifested as a reduction of myocardial infarct size,
improvement of post-ischemic contractile dysfunction
and limitation of life-threatening ventricular arrhythmias
(Kolai and Ostadal 2004, Ost’adal and Kolat 2007).

We have shown that, in addition to the
remodeling of extracellular matrix, myofibrillar proteins
and metabolic enzymes (Ostadal ef al. 1995, Pelouch et
al. 1993, Bass et al. 1989), the remodeling of cardiac
membrane PL also takes place in the heart of both
neonatal (Novak et al. 2004, Oka et al. 2008) and adult
hypoxic rats (Balkova et al. 2009, Hlavackova et al
2007, Jezkova et al. 2002). Rats exposed to intermittent
hypobaric hypoxia (7000 m, 8 h/day) from postnatal d4
till d40 exhibit RV hypertrophy (36 %) while LV
hypertrophy is less pronounced. The concentration of
myocardial PL is unchanged except for a slight but
significant decrease in mitochondrial CL in the LV (by
9 %). On the other hand, our study on adult rats adapted
to the same hypoxic conditions demonstrates a greater
effect on CL, namely in the RV (decrease by 19 %)
(Jezkova et al. 2002). The relative stability of membrane
PL concentration in newborn hearts exposed to chronic

hypoxia is in good agreement with other studies

indicating higher resistance of newborn rat heart to
oxygen deprivation compared with adults (Ostadal et al.
1999). The absence of a decrease in the concentration of
major PL despite a significant rise in the heart mass,
which was observed in young rats, suggests that
hypertrophy induced by intermittent hypoxia is
accompanied by a proportional increase in the synthesis
of membrane PL. In contrast, the cardiomegaly induced
by LV pressure overload in rats during the early postnatal
period might be an example of disproportion between the
synthesis of myocardial proteins and PL, resulting in a
decrease in PL concentration (Mrnka et al. 1996).

The adaptation to chronic hypoxia leads to a
substantial decrease in 18:2n-6 proportion, which is
compensated by an increase in 20:4n-6 and 22:6n-3 acyl
chains in both PC and PE. In CL, chronic hypoxia causes
an increase in the 22:6n-3 acyl chain proportion (Fig. 6).
No left-to-right ventricle difference in FA composition of
PC and PE is observed in young rats, in agreement with
the previous report on adult rats adapted to the same
hypoxic conditions (Jezkova et al. 2002). It may be
suggested that these changes are due to hypoxia itself
rather than due to increased RV afterload.

During exposure to hypoxia, numerous
metabolic pathways can participate in the remodeling of
FA composition in membrane PL; the deacylation-
reacylation cycle where PLA, and acyltransferases
cooperate, desaturation-elongation processes, and PL de
novo synthesis belong to these pathways. The increase in
the 20:4n-6/18:2n-6 ratio might be caused by activation
of the desaturation-elongation pathway of 18:2n-6. The
presence of both A-6 desaturase and elongase in cardiac
myocytes was reported (Lopez Jimenez et al. 1993). In
our study (Novék et al. 2004), we have shown that the
decreased content of 18:2n-6 was compensated by the
elevation of 22:6n-3, which is a poorer substrate for PLA,
than n-6 PUFA (Nalbone ef al. 1990). Moreover, acyl-
CoA synthetase with preferential affinity for 22:6n-3 was
1990).
Kawaguchi et al. (1991) reported that hypoxia leads to
PL breakdown due to the activation of PLA,. CoA-

independent transacylase with high specificity for C20

found in cardiac tissue (Bouroudian et al

and C22 wunsaturated acyl chains (mentioned in

connection with LV pressure overload) should be also
taken into consideration (Yamashita et al. 1997). We can
speculate that increased oxidative stress could play a role
in the process of membrane PL remodeling. Chronic
associated with

hypoxia is increased myocardial

oxidative stress as evidenced by marked lipid
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