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Opposite changes in the content of LPO products and products of oxidative modification
of proteins were detected in human brain structures in the course of postnatal develop-
ment. A clear-cut ontogenetic reduction of LPO products was observed in field 17 of
the cortex, archicortex structures, and in the hypothalamus. Age-specific increase in the
levels of products of oxidative modification of proteins was recorded in all compartments
of the brain; it peaked by the age of 12-21 years and was most pronounced (4-6-fold)
in the visual cortex, hippocampus, diencephalic and pontobulbar compartments of the
brain.
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Aging is associated with reduction of CNS resist-
ance to oxidative stress and increase in the content
of LPO products in cerebral and spinal structures
[3]. This regularity is assumed to result from age-
specific increase in activity of monoamine oxidase
B, concomitant reduction of Cu,Zn-dependent SOD
activity, and insufficient compensatory increase in
activities of catalase and ceruloplasmin in the brain
and thoracic compartment of the spinal cord [2,4].
H2O2, a substrate-independent product of mono-
amine oxidase reaction, is characterized by Cu,Zn-
SOD-inhibitory effect and LPO-inducing activity.

Early age-specific changes in cerebral activity
of monoamine oxidase B and antioxidant defense
enzymes qualitatively do not differ from the corre-
sponding shifts during aging [5]. On the other
hand, postnatal development, in contrast to late
ontogeny, is associated with not a drop, but an
increase in the resistance of the rostral compart-
ments of the brain to LPO induction in vitro [5].

Early dynamics of cerebral levels of lipoperoxides
and products of oxidative protein modification
(OPM) remains unstudied.

We analyzed age-specific changes in the con-
tent of LPO and OPM products in different com-
partments of the brain during different stages of
human postnatal ontogeny.

MATERIALS AND METHODS

Brain preparations were obtained during autopsy
from 96 human cadavers of subjects dead at the age
of 1 day to 21 years from diseases or injuries not
directly involving the brain. The material for ana-
lysis was obtained from Chelyabinsk Regional Bu-
reau of Forensic Medical Expert Evaluation and
from Regional Bureau of Pediatric Pathology. The
most frequent causes of death were traumas (30
cases), mechanical asphyxia (17 cases), and in 49
cases death was a result of pneumonia, drowning,
and poisoning. Fetal brain preparations were ob-
tained at autopsy of 10 fetuses dead as a result of
medical abortions at gestation weeks 28-35. Brain
samples were obtained for analysis no later than
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12 h after death in all cases. The preparations with
signs of ischemic, hemorrhagic, and traumatic inju-
ries were excluded from the study.

In accordance with universal periodization of
childhood [1], brain samples were divided into 8
groups: fetuses of the 2nd half of pregnancy, new-
borns (1-10 days), nursing babies (11 days to 1
year), infancy and early childhood (1-3 years),
childhood period 1 (3-7 years), childhood period 2
(8-12 years for boys, 8-11 years for girls), adoles-
cence (13-16 years for boys, 12-15 years for girls),
and youth (17-21 years for men, 16-20 years for
women). Each group included 10 brain prepara-
tions (5 samples for each gender).

The levels of LPO and OPM products were
measured in the cortex (fields 6 and 17), dentate
gyrus and hippocampus, neostriatum (caudate nu-
cleus), diencephalic structures (thalamus, hypotha-
lamus), cerebellum, pons, midbrain, and medulla
oblongata.

The content of LPO products was measured
spectrophotometrically; lipoperoxides in heptane
and isopropanol phases of the lipid extract were
measured separately. The results were expressed in
oxidation index units: E232/E220 (percentage of con-
jugated dienes) and E278/E220 (levels of ketodienes
and conjugated trienes). The levels of the final LPO
products (Schiff’s bases; SB) in both phases of the
lipid extract were evaluated by the E400/E220 ratio
[7]. The content of OPM products was measured as
described previously [6] and expressed in mmol
protein-bound 2,4-dinitrophenylhydrasones/g protein.

The significance of differences between the
groups was evaluated using Mann—Whitney U test.
The relationships between the parameters were eva-
luated using Spearman correlation coefficient (r)

RESULTS

The content of LPO products decreased during post-
natal development in the majority of studied brain
compartments, especially in the endbrain structures,
where changes in the content of LPO products du-
ring ontogeny were the most pronounced (Table 1).
The level of isopropanol-soluble conjugated dienes
in field 6 of the cortex decreased significantly in
comparison with fetal values as early as during the
nursing age and remained decreased during infancy
and early childhood and in adolescence and youth.
Similar shifts in the sensory cortical regions (field
17) were observed only in adolescence and youth.
On the other hand, field 17 was characterized by
most pronounced reduction in the content of se-
condary isopropanol-soluble LPO products (keto-
dienes and conjugated trienes). The level of this

category of lipoperoxides in the visual cortex nega-
tively correlated with the calendar age (r=-0449;
p=0.021). The same relationship (r=-0.338; p=0.049)
was detected between the age and content of iso-
propanol-soluble SB in the visual cortex.

Less bright ontogenetic changes were noted for
heptane-soluble lipoperoxides in endbrain struc-
tures (Table 1). The content of heptane-extracted
ketodienes and conjugated trienes in field 17 in-
creased significantly in infancy and early childhood
in comparison with the fetal level and again redu-
ced to the prenatal values by adolescence. The age-
associated dynamics of heptane-soluble SB in the
visual cortex was identical. A significant reduction
of heptane-soluble ketodienes and conjugated tri-
enes in the caudate nucleus was observed only in
adolescence. No significant correlations between
the calendar age and levels of heptane-extracted
lipoperoxides were detected in any of the above
structures of the endbrain.

The ontogenetic dynamics of the archicortex
lipoperoxides deserves special discussion (Table 1).
The hippocampus and dentate gyrus were charac-
terized by a pronounced increment in the levels of
primary and secondary lipoperoxides in the new-
borns in comparison with fetuses. Later the lipo-
peroxide content decreased in the archicortex. A
deviation from this regularity was observed for the
dynamics of heptane-soluble conjugated dienes in
the hippocampus: their level remained elevated in
nursing babies and during childhood period 1. The
content of isopropanol-extracted SB in the dentate
gyrus also remained high from the age of 11 days
to 3 years and during childhood period 2. Only
heptane-soluble LPO products in the archicortex
demonstrated a significant negative correlation with
the calendar age: hippocampal and dentate gyrus
SB (r=-0.497; p=0.0052 and r=-0.512; p=0.0045,
respectively) and dentate gyrus ketodienes and
conjugated trienes (r=-0.484; p=0.0067).

The level of lipoperoxides in diencephalic com-
partments of the brain also decreased during the
postnatal development (Table 2). This was parti-
cularly demonstrative in the hypothalamus, where
a significant reduction of the content of heptane-
soluble conjugated dienes and SB was observed in
infancy and early childhood and in adolescence.
The content of heptane-extracted ketodienes and
conjugated trienes in the hypothalamus decreased
by youth. Only in nursing babies, the level of iso-
propanol-soluble conjugated dienes was lower than
in fetuses. The content of isopropanol-soluble SB,
ketodienes, and conjugated trienes in the hypo-
thalamus transitorily increased in infancy and early
childhood and decreased in adolescence to a level
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below the fetal. The level of SB continued to de-
crease and reached the minimum by youth. The
hypothalamic levels of secondary LPO products in
both extract phases and of heptane-soluble conju-
gated dienes and isopropanol-soluble SB negatively
correlated with calendar age: r from -0.434 to
-0.507 (p=0.027-0.008). A similar relationship in
the thalamus (r=-0.454; p=0.038) was observed only
for isopropanol-soluble SB: their content decreased
significantly in comparison with the prenatal values
by adolescence (Table 2). Other LPO parameters in
this brain compartment did not correlate with age
and were characterized by transitory increase at the
age of 11 days to 3 years with subsequent reduction
in adolescence and youth. The only exclusion was
the dynamics of heptane-soluble conjugated die-
nes: their level in the thalamus increased signifi-
cantly by adolescence.

Postnatal changes in LPO parameters in the
mesencephalic and pontobulbar compartments of
the brain in general corresponded to shifts in the
endbrain structures and its diencephalic compart-
ments. The level of heptane-soluble conjugated die-
nes in the midbrain decreased significantly during
infancy and early childhood and during adoles-
cence in comparison with the prenatal values (Ta-
ble 2). The mesencephalic levels of isopropanol-
soluble SB were characterized by a three-phasic
postnatal dynamics with a significant reduction in
nursing babies in comparison with the fetal values,
subsequent increase in infancy and early childhood,
and repeated reduction at the age of 12-21 years
(Table 2). The levels of heptane-soluble SB, keto-
dienes, and conjugated trienes in the midbrain in-
creased significantly in infancy and early childhood
and reduced to the prenatal level by the age of 12-
16 years. Similar age-associated dynamics of iso-
propanol-soluble conjugated dienes, ketodienes, and
conjugated trienes was detected in the medulla oblon-
gata and pons (Table 3). Similar age-specific chan-
ges in heptane-extracted ketodienes and conjugated
trienes were detected in the medulla oblongata.

The midbrain was the only brain compartment
where the content of some LPO products directly
correlated with age. For example, the content of
isopropanol-soluble conjugated dienes (r=0.543;
p=0.004): in adolescence decreased in comparison
with infancy and early childhood and increased in
youth in comparison with nursing age, infancy, early
childhood, and adolescence (Table 2). Similar age-
associated changes in heptane-soluble conjugated
dienes were seen in the medulla oblongata (Table
3). Contrary to this, a significant increase of this
category of LPO products was observed in the pons
and cerebellum at the age of 11 days to 3 years and

12-21 years (Table 3). A significant decrease in the
level of isopropanol-soluble ketodienes and conju-
gated trienes was observed in the cerebellum at the
age of 11 days to 3 year and of SB in adolescence.
The levels of heptane-soluble SB in the cerebellum
and medulla oblongata decreased significantly in
adolescents. The medulla oblongata was the only
structure of the hindbrain, for which a negative
correlation between the content of LPO products
and age was detected. This relationship was demon-
strated for isopropanol-soluble SB (r=-0.441; p=0.024),
the level of which reduced 2-fold in youth in com-
parison with the prenatal level (Table 3).

The results of correlation analysis indicate that
the content of LPO products decreased most sig-
nificantly in the course of postnatal development in
the sensory cortical field 17, ancient cortical struc-
tures, and hypothalamus. This regularity is in good
agreement with previously revealed postnatal in-
crease in the resistance of these brain compartment
to oxidative stress in vitro, which is largely asso-
ciated with the ontogenetic increase in catalase and
ceruloplasmin activities [5]. A transitory increase in
lipoperoxide levels and their subsequent reduction
in the majority of stem structures of the brain in
different terms of the period between 11 days and
3 years (Tables 2, 3) is also in line with a pre-
viously detected transitory drop of catalase activity
in these brain compartments and concomitant re-
duction of their oxidative stress resistance [6].

It cannot be excluded, that LPO limitation in
the course of postnatal ontogeny can be associated
with not only increase in activities of catalase and
ceruloplasmin, but also with predominant redistri-
bution of active oxygen forms to the OPM proces-
ses. This probability is illustrated by obviously oppo-
site postnatal changes in the levels of LPO and OPM
products in the brain structures (Tables 1-3). The
level of OPM products tended to increase starting
from the newborn age in the majority of cases (Ta-
bles 1-3). This parameter somewhat decreased du-
ring the nursing period and infancy and early child-
hood, after which is again increased, reaching a
statistically significant maximum in the majority of
brain compartments in adolescents. The archicortex
formations (Table 1) and the medulla oblongata
(Table 3) were exclusions: in these structures the
initial statistically significant increment in OPM
levels was observed during the nursing age. The
hippocampus was the only compartment of the brain,
in which the OPM content reached the maximum
level in youth. All the hindbrain structures and the
diencephalic compartments of the brain and the
midbrain were characterized by a direct relationship
between OPM characteristics and the calendar age
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(r=0.429-0.639; p=0.025-0.0003). Among the
endbrain structures such a correlation (r=0.438;
p=0.022) could be detected only for the cortical
field 6.

The results of this study demonstrated opposite
changes in LPO and OPM in the brain during hu-
man postnatal development. Limitation of LPO
should be regarded as a result of ontogenetic stren-
gthening of the mechanisms of antioxidant defense
of the brain [5], providing protection of cell mem-
branes from oxidative stress and the structural and
functional maturing of human cerebral structures.
The maximum accumulation of OPM products in
the brain stem structures and archicortex at the age
of 12-21 years can be regarded as a possible me-
chanism of ontogenetic development of the neuro-
endocrine regulation systems. It is assumed that the
process maturation of these systems is linked with
free radical modification of the hypothalamic and

hippocampal receptors and reduction of their
sensitivity to the “negative feedback” endocrine
signals.
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