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Lipid peroxidation in rat liver and brain has been studied to see if it increases
with old age. No significant differences in the level of endogenous, nonstimulated
lipid peroxidation (TBA-RS) is found between 9 month-old (mature adults) and 28
month-old animals in liver or cerebral cortex. Liver homogenates subjected in vitro
to an oxidative stress (ascorbate-Fe++), show a clearly slower peroxidation rate in
old than in young animals. On the other hand, the in vitro peroxidation rate of
cerebral homogenates was similar in young and old animals. The in vitro peroxi
dation rate was much higher in brain than in liver tissue. These results do not sup
port the view that old rats liver and brain are more susceptible to free radical oxi
dative damage than those of young ones.
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Free radicals are currently proposed to
be the principal determinants of the aging
process (10, 14, 20). The main proposal of
the free radical theory of aging (20) affirms
that aging is due to oxidative damage
caused by the continuous generation of
free radicals in biological tissues. Even
though direct demonstration that free rad
icals are at the root of the aging process is 
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still lacking, the present versions of the
theory are based on various indirect cir-
cumstancial evidences. Among them, par
ticular attention has been paid to the
suggestion that old animals are more sus
ceptible to oxidative stress due to a decline
in their endogenous antioxidant defenses.
Perhaps the only animals in which de
creases of antioxidants, together with in
creases in lipid peroxidation in old age,
have been clearly shown (20) in the ab
sence of opposite information, are whole
Musca donicstica flies. Nevertheless, clear 
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decreases in lipid peroxidation during ag
ing of Drosophila melanogaster flies have
been recently reported from the same lab
oratory (21). In addition, in rodents
there are contradictory reports concerning
variations of enzymatic and nonenzymatic
antioxidants in both brain (2) and liver
(13)-

Although it is sometimes assumed that
lipid peroxidation increases in old animal
tissues, nevertheless reports on increases
(15, 19), absence of changes (1, 6) or de
creases (5, 8) in old age can be found in
the literature. The situation is further
complicated since many reports do not
distinguish or state clearly if their lipid
peroxidation values correspond to in vivo
(endogenous) or in vitro stimulated per
oxidation. In an attempt to clarify these
points, we have studied both in vivo and
in vitro lipid peroxidation in the brain and
liver of mature adult rats and old rats. In
vitro lipid peroxidation was studied ki
netically at various time points in order to
gain a wider perspective about the sensi
tivity of the tissues to a peroxidative chal
lenge. Liver and brain were selected as
subjects of study due to their character of
vital organs which show important de
clines of function during aging.

Materials and Methods

Animals. — Male Wistar rats of 8 and
27 months of age were obtained from the
Centre d’elevage Raymond Janvier
(CERJ, France), where they had been
maintained throughout their life span. Af
ter arriving at tlie laboratory, they were
maintained for one month at 23 ± 2 °C
and 50 ± 10 % relative humidity, and
were fed a standard pelleted laboratory
diet (Panlab, Spain) and water ad libitum.
Mean composition of this diet was as fol
lows (in %): carbohydrates, 58.7; cellu
lose, 4.3; protein, 17; fat, 3; mineral-vi-
tainin mix, 5 and water, 12. The age of the
animals was specifically selected to detect 
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changes associated with the part of the life
span during which a decline in physiolo
gical capabilities occurs. Thus, 9 month-
old animals were selected as young adults
in order to avoid the implication of
changes associated with growth and de
velopment involved in lower age animals.
Twenty-eight-month-old rats were select
ed as old in order to avoid the presence of
changes secondary to pathological states
of the tissues, typical in very old animals.

Samples. — The animals were sacrificed
by decapitation and liver and cerebral cor
tex samples were immediately excised.
The samples were rinsed and homogeni
zed in 20 volumes of cold 50 mM phos
phate buffer (pH 7.4) using an automatic
Wheaton homogenizer (teflon-glass) with
three strokes at around 1000 rpm. The
homogenates were sonicated over ice with
a Vibra-Cell ultrasonic processor with a
power output of 38 W. Sonication was
performed in three bursts of 10 s separated
by two time intervals of 20 s. The soni
cated homogenates were centrifuged at
3,200 X g for 20 min at 5 °C and the su
pernatants were used for lipid peroxida
tion assays.

Lipid peroxidation in vivo. — The con
centrations of products of tissue peroxi
dation in vivo in liver and brain super
natants from young and old animals were
estimated by the TBA assay as described
by Uchiyama and Mihara (22) with some
modifications. An aliquot of 0.14 ml of
the supernatants was mixed with 1 ml
of 1 % phosphoric acid, 0.33 ml of 0.6 %
TBA and 0.033 ml of ethyl alcohol con
taining 0.01 % butylated hydroxytoluene
(BHT). BHT was added in order to avoid
an overestimation of lipid peroxidation.
The inclusion of BHT in the TBA mixture
has been reported to prevent a further per
oxidation of the sample during the heating
step of the assay which would lead to ar
tificially high TBA values (17). The ad-.
dition of 3.3 pg of BHT in the assay mix- 
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tore is enough to completely protect the
samples from extra peroxidation during
the assay, and addition of higher BHT
amounts does not provide further antiox
idant protection. The mixture was heated
for 45 min in a boiling water bath and, af
ter cooling, 1.4 ml of n-butanol were ad
ded and mixed vigorously. The butanol
phase was separated by centrifugation at
1,700 g for 15 min. The absorbance was
read at 535 nm, and referred to a standard
curve obtained by performing the assay at
various known concentrations of pure
malondialdehyde (MDA). The results are
presented as TBA-reacting substances
(TBA-RS) and are expressed in nmole
equivalents of MDA/g tissue.

Lipid peroxidation in vitro. — Sensitiv
ity to in vitro peroxidation was estimated
by incubating supernatant samples with
0.4 mM ascorbate and 0.05 mM FeSO4 for
5, 15, and 30 min (brain) or 30, 60, and
90 min (liver) at 25 °C. At the end of these
incubation times an aliquot of the sample
was separated and subjected to the TBA
assay as described in the previous section.

Statistical analyses. — Two-Way Ana
lysis of Variance (ANOVA) were used to
perform comparisons among ages and
times of incubation in the in vitro peroxi
dation system. When significant effects of
age and incubation time were found in the
absence of interaction, a one-way ANO
VA was performed separately in young
and old animals in order to study the in
cubation time effect. After the ANOVA,
Fisher’s least significant difference (LSD)
test was used when necessary to analyze
significance among groups. The 0.05 level
was selected as the point of minimal sta
tistical significance in every comparison.

Results

Levels of endogenous lipid peroxidation
products were measured in tlie liver and

Fig. 1. In vitro peroxidation kinetics (mean ±
S.E.M.) of cerebral cortex supernatants from
young (9 months) and old (28 months) male rats.
Supernatants were incubated during 0, 5, 15 and
30 min at 25 °C in the presence of 0.4 mM as
corbate and 0.05 mM FeSO« in 50 mM phosphate
buffer pH 7.4. Values obtained at time 0 represent
in vivo tissue peroxidation, n = 6 animals. Sig
nificant differences from values at time 0: * P >

0.05; WP< 0.01; *** P < 0.001.

brain of both young and old Wistar rats.
The results are represented in figs. 1 and
2 as points obtained at time 0, without any
in vitro stimulated peroxidation. No sig
nificant differences were found when the
in vivo lipid peroxidation values were
compared between young and old animals
in either brain or liver.

In vitro stimulation of lipid peroxida
tion was very effective in supernatants
from both organs. Brain TBA-reactive
substances (TBA-RS) increased very
quickly as a function of incubation time
and significantly higher values (around a
3CO % increase) were obtained at as early
as 5 min of incubation (fig. 1). The rate of
brain TBA-RS increase was afterwards
slowed, and at 30 min of incubation per
oxidation was almost saturated as shown
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Fig. 2. In vitro peroxidation kinetics (mean ±
S.E.M.) of liver supernatants from young (9

months) and old (28 months) male rats.
Supernatants were incubated during 0, 30, 60 and
90 min at 25 °C as in fig. 1. Values obtained at 0
time represent in vivo tissue peroxidation, n = 6
animals. Significant difference from the previous
time point: * P < 0.05; ** P < 0.01; *l!”> P <

0.001.

by a plateau phase. The one-way ANO-
VA (P < 0.001 in young and P < 0.01 in
old rats) showed a significant increase
from 0 to 5 min in both groups and did
not show significant differences between 5
min and longer incubation times. In liver
samples the peroxidation process was
much slower, but significantly increased
TBA-RS values (300 %) were obtained at
as early as 30 min of incubation. How
ever, in tliis case a significant stimulation
continued to be present at a similar rate
between 30 and 60 and between 60 and 90
min of incubation in animals of both ages
(one-way ANOVA: P < 0.001 in young
and P < 0.01 in old rats). The peroxida
tion process was not saturated even after
such a long incubation period. Total stim
ulation of TBA-RS values (between 0
and 90 min of incubation) was much great

er for liver (1,000 % increase in young
animals) than for brain tissue (350 % in
crease).

When the TBA-RS values obtained after
in vitro peroxidation of brain supernatants
were compared between young and old
animals, no significant differences be
tween them were obtained at any time
point (fig. 1). The two-way ANOVA
showed a P < 0.97 for the age effect and
a P < 0.001 for the incubation time effect.
A very different situation was observed
for liver, where a significantly lower
TBA-RS value was obtained in old ani
mals in relation to young ones at as early
as 30 min of incubation (fig. 2). This dif
ference in the rate of ascorbate-Fe++ per
oxidation was again shown at 60 and 90
min of incubation. The two-way ANO
VA showed highly significant effects due
to age (P < 0.01) ana time of incubation
(P < 0.001). Peroxidation proceded at a
rather constant rate in the liver of both
young and old rats, but this rate was clear
ly slower in old animals.

Discussion

Increases (7, 19), and decreases (5, 9,
11) of lipid peroxidation in vivo during
aging have been described for rat liver.
Similarly, the in vivo lipid peroxidation
either increased (15, 19), decreased (5, 8)
or did not change in smooth endoplasmic
reticulum (7) in old rat brain in relation to
young ones.

Altnougt the TBA assay is convenient
for lipid peroxidation assays because of its
simplicity and high sensitivity, the assay
nevertheless, is not specific for malondi
aldehyde and many other substances pres
ent in biological samples can contribute to
TBA values. In fact, the validity of the in
vivo lipid peroxidation-TBA-test has re
cently been questioned as an indicator of
changes in peroxidative damage during ag
ing (21). However, if the biological sam
ple is peroxidized in vitro, lipid peroxi
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elation produces high amounts of malon
dialdehyde, hydroperoxides and other
substances that give positive results in the
TBA test. This greatly minimizes the con
tribution to TBA values from substances
not related to lipid peroxidation. Liver
TBA values, for instance, increased from
137 to 1375 malondialdehyde equivalents/
g from 0 to 90 min of incubation in our in
vitro lipid peroxidation system. Even as
suming an initial endogenous interference
as high as 50 % for in vivo peroxidation
(at 0 time), this would involve only a 5 %
interference for in vitro peroxidation at 90
min, since the difference between TBA
values at both time points is exclusively
due to the generation of lipid peroxidation
products during the in vitro assay. Thus,
it is suggested that the TBA assay can ac
curately estimate the concentration of lip
id peroxidation products in complex biol
ogical samples only after in vitro stimu
lation, the in vivo values being highly in
accurate.

Fortunately, there have been previous
reports on in vitro lipid peroxidation in
young and old rats, where the previous
contradictions are almost totally resolved.
Thus, clear decreases of in vitro TBA val
ues in old rat liver (7, 9, 12) and brain tis
sue (8) have been described. No signifi
cant changes in rat brain in in vitro TBA
values have been described (1). Our re
sults are consistent with these reports,
since in vitro peroxidation clearly de
creased in the liver and did not change in
the brain with old age. The present results
and those of Devasagayam (7), are the
only ones in which the in vitro peroxi
dation process was followed kinetically as
a function of time, whereas in the rest of
the reports it was studied at a single time
point. The total agreement between De
vasagayam’s (7) results and our concern
ing the kinetics of in vitro liver peroxi
dation in young and old rats, gives further
support to this kind of result. Our data
also extend the decrease of in vitro lipid
peroxidation to the whole liver, since De

vasagayam’s data were obtained using
rough and smooth liver microsomes. It
should be noted that an absence of
changes in in vitro lipid peroxidation as a
function of age has been found in liver and
brain of various animal species and hu
mans ranging from 15 to 80 years of age
(6).

The TBA values obtained after in vitro
peroxidation are subject to many influ
ences, including endogenous levels of an
tioxidants, free radical generation sys
tems, and polyunsaturated fatty acid
(PUFA) content. This last factor can be
important since PUFA are the most sus
ceptible lipids to peroxidation, while im
portant decreases in the unsaturated/sat-
urated fatty acid ratio (3) and corre
sponding increases in the microviscosity of
liver membranes (16) have been shown to
occur in old rat liver. In agreement with
this, a decrease in 6-desaturase activity has
been recently shown to take place in the
liver but not in the brain of old rodents
(4). Furthermore, a high vitamin E con
tent in membranes strongly decreases their
sensitivity to peroxidation. It should be
noted that aging rats progressively accu
mulate diet-derived vitamin E in the liver
(200 % increase) but not in the brain
when they age from 4 to 29 months (18,
23). This could also explain why liver but
not brain in vitro TBA-RS values de
creased in old animals. Thus, the changes
observed can be a reHection of the differ
ent chemical composition of the tissues of
old versus young rats. In any case, even
though the basic causes of the decrease in
liver peroxidation cannot be ascertained at
present, the available data allow us to con
clude that the liver and brain of old rats
are not more susceptible to peroxidative
damage than the homologous organs of
young animals. This conclusion should
not be considered as contradictory with
the free radical theory of aging since free
radical damage can still continuously oc
cur from the mature adult to the aged
animal.
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6.

Resumen 7-
8Se estudia el posible incremento de peroxi

dacion lipidica en funcion de la edad en higado 9
y en cerebro de rata. Los niveles de peroxi
dacion lipidica endogena no estimulada no va- io.
rian significativamente entre animates adultos 11.
maduros (9 meses) y viejos (28 meses) en el hi
gado y la corteza cerebral. Los homogeneiza-
dos de higado, sometidos a un estres oxidativo
in vitro (ascorbato-Fe++), muestran una tasa de
peroxidacion lipidica claramente menor en los
animales viejos que en los jovenes, no encon-
trandose diferencias en homogeneizados cere- 14
brales. La tasa de peroxidacion lipidica in vitro
es mucho mayor en el cerebro que en el higado. 15.
Estos resultados no apoyan que el higado y el
cerebro de las ratas viejas sean mas sensibles
que los de las jovenes al daho oxidativo indu- *7-
cido por radicales libres.

18.

Palabras clave: Envejecimiento, Peroxidacion lipi
dica, Radicales de oxigeno, Radicales libres.

20.
References

21.
1. Ansari, K. A., Kaplan, E. and Shoeman, D.:

Growth Dev. Ageing, 53, 117-121, 1989. 22.
2. Barja de Quiroga, G., Perez-Campo, R. and

Lopez-Torres, M.: J. Neicrosci. Res., 26, 370- 23.
376, 1990.

3. Bordoni, A., Biagi, P. L., Turchetto, E. and

Hreila, S.: Biochem. Int., 17, 1001-1009, 1988.
Bourre, J. M., Piclotti, M. and Dumont, O.:
Lipids, 25, 354-356, 1990.
Cand, F. and Verdetti, J.: Free Rad. Biol.
Med., 7, 59-63, 1989.
Cutler, R. G.: Proc. Natl. Acad. Sci. USA, 82,
4798-4802, 1985.
Devasagayam, T.P.A.: FEBS Lett., 205, 246-
250, 1986.
Devasagayam, T.P.A.: Neurosci. Lett., 103,
92-93, 1989.
Devasagayam, T.P.A. and Pushpendran, C.K.:
Meeh. Ageing Dev., 34, 13-21, 1986.
Harman, D.: J. Gerontol., 11, 298-300, 1956.
Ji, L. L., Dillon, D. and Wu, E.: Am. J. Phys
iol., 258, R918-R923, 1990.
Levitsky, E.L., Gubsky, Y. I., Goldstein, N.
B. and Litoschenko, A. Y.: Biolet. Eksperim.
Biol. Med., 6, 693-695, 1989.
Lopez-Torres, M., Perez-Campo, R. and Barja
de Quiroga, G.: J. Comp. Physiol. B, 160, 655-
661, 1991.
Miquel, J.: Arch. Gerontol. Geriatr., 12, 99-
117, 1991.
Mizuno, Y. and Ohta, K.: J. Nenrochem., 46,
1344-1352, 1986.
Nukobo, M.: J. Gerontol., 40, 409-414, 1985.
Pikul, J., Leszczynski, D. E. and Kummerov,
F. A.: J. Agric. Food Chem., 31, 1338-1342,
1983.
Rikans, L. E., Moore, D. R. and Snowden, C.
D.: Biochim. Biophys. Acta, 1074, 195-200,
1991.
Sawada, M. and Carlson, J. C.: Meeh. Ageing
Dev., 41, 125-137, 1987.
Sohal, R. S. and Allen, R. G.: Adv. Free Rad.
Biol. Med., 2, 117-160, 1986.
Sohal, R. S., Arnold, L. and Orr, W. C.:
Meeh. Ageing Dev., 56, 223-235, 1990.
Uchiyama, M. and Mihara, M.: Anal. Bio
chem., 86, 271-278, 1978.
Vatassery, G. T., Angerhofer, C. K. and
Knox, C.A.J.: J. Neurochem., 43, 409-412,
1984.

Rev. esp. FisioL, 48 (3), 1992


