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Senescence is associated with decrease in the NADPH-induced lipid peroxidation in liver homogenate as
well as rough and smooth microsomes of female rats. In the microsomal fractions, sensitivity to NADPH-
induced lipid peroxidation is high in young adults (3-month-old), decreases in middle aged (12-month-old)
and reaches lowest levels in senescent (30-month-old) rats. Increasing the concentration of co-factors or time
of incubation does not alter this resistance observed in the senescent rats. Major factors responsible for
this resistance in senescent rats seem to be low levels of substrate in the form of phospholipids, NADPH-
cytochrome ¢ reductase, cytochrome P-450 and high cholesterol:phospholipid ratios besides enhanced levels
of superoxide dismutase, a-tocopherol and reduced glutathione.
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1. INTRODUCTION

Peroxidation of membrane lipids is considered
to be one of the most basic deteriorative reactions
involved in senescence [1,2]. Senescence has been
shown to be associated with an increase in in vivo
lipid peroxidation [3], in the lipid peroxide content
of serum [3], brain [4] and liver [5], in the in-
creased accumulation of lipofuscin in tissues [2,4]
as well as the increased lipid peroxidation in blood
platelets [6] and rat liver mitochondria [7]. The
present paper, however, reports that NADPH-
induced lipid peroxidation in rat liver homogenate
and microsomal fractions is low during senescence.

2. MATERIALS AND METHODS

2.1. Animals and preparation of tissue fractions

Young adult (3-month-old), middle aged
(12-month-old) and senescent (30-month-old) rats
of Wistar strain (all females) were used. Rats were
starved overnight and killed by cervical disloca-
tion. Liver, uterus and kidney were removed and

homogenised in 0.15 M Tris-HCI buffer, pH 7.4.
Hepatic rough and smooth microsomes were
prepared as in [8]. Microsomes and tissue
homogenates were suspended in the above buffer
at 5 mg protein/ml.

2.2. Lipid peroxidation

Malonaldehyde content was estimated in the
freshly prepared tissue fractions using the
modified thiobarbituric acid (TBA) method [8].
The assay system for the NADPH-induced lipid
peroxidation was similar to that described in [8]
and contained 50 I tissue fraction, 50 xuM FeCls,
4 mM ADP, 1 mM KH,PO, and 0.4 mM NADPH
in 0.15 M Tris-HCI buffer, pH 7.4, in a total
volume of 0.5 ml. After incubation at 37°C in a
shaking water bath, the malonaldehyde formed
was estimated [8]. Values were corrected for en-
dogenous malonaldehyde content.

2.3. Factors related to lipid peroxidation
Standard methods, as reported earlier [8,9],
were used for the assay of phospholipids, degree of

Published by Elsevier Science Publishers B.V. (Biomedical Division)

246 00145793/86/$3.50 © 1986 Federation of European Biochemical Societies



Volume 205, number 2 FEBS
unsaturation in lipids, cholesterol, NADPH-
cytochrome c reductase, cytochrome P-450, ascor-
bic acid, reduced glutathione, a-tocopherol and
superoxide dismutase.

3. RESULTS

3.1. Lipid peroxidation in tissue fractions of
young adult and senescent rats

Table 1 presents data on the malonaldehyde con-
tent and NADPH-induced lipid peroxidation in
some tissue fractions of young adult and senescent
rats. Malonaldehyde content in kidney, uterus and
liver homogenates of senescent rats is significantly
higher when compared with that of young adults.
But in the case of hepatic microsomal fractions,
the malonaldehyde content is significantly high in
young adults. NADPH-induced lipid peroxidation
in kidney homogenates is similar in both age
groups whereas in other tissue fractions studied it
is significantly lower in the senescent rats.

3.2. Time course of NADPH-induced lipid
peroxidation in the microsomal fractions

In both rough and smooth microsomes, the

highest levels of NADPH-induced lipid peroxida-

tion, as a function of time, were observed in young

adults followed by middle aged rats and lowest in

the senescent rats (fig.1a,b). The microsomal frac-
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Fig.1. Time course of NADPH-induced lipid peroxidation in hepatic (a) rough and (b) smooth microsomes of (x) young
adult, (&) middle-aged and (e) senescent rats. The incubations were carried out as described in section 2 using full
complement of co-factors with microsomes corresponding to 0.25 mg protein. Each value represents the mean + SE

from 5 rats.

Table 1

Lipid peroxidation in tissue fractions of young adult and senescent rats

Tissue fraction

Malonaldehyde content?®

NADPH-induced lipid

peroxidation®
Young adult Senescent
Young adult Senescent
Kidney homogenate 1.43 £ 0.19  2.33 £ 0.25° 3.80 +£ 0.38 4.06 + 0.24
Uterus homogenate 0.83 + 0.18 1.63 + 0.26° 3.72 £ 0.36  1.75 + 0.30¢
Liver homogenate 0.36 £ 0.07  0.76 + 0.04° 8.37 + 0.43  6.63 + 0.47°
Liver rough microsomes 1.85 + 0.08  0.61 + 0.05° 20.15 + 1.40  8.21 + 0.48°
Liver smooth microsomes 2.12 £ 0.15 1.18 + 0.08° 24.12 + 1.51 8.48 + 0.59°

Values are means + SE from 5 rats and are expressed as ® nmol malonaldehyde/mg protein in the
freshly prepared tissue fractions and ® nmol malonaldehyde/mg protein after incubation at 37°C
for 30 min. ¢ P < 0.05, ¢ P < 0.01 and © P < 0.001 as compared to young adults
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tions of young adult and middle aged rats show
differential response whereas those of senescent
rats do not show any such trend.

3.3. Lipid peroxidation with optimum
concentration of co-factors
Data on lipid peroxidation at optimum concen-
trations of co-factors in the microsomal fractions
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of young adult and senescent rats are given in table
2. The results show that even the increased concen-
tration of co-factors does not alter the resistance to
lipid peroxidation observed in senescent rats, as
compared with that of young adults. In both age
groups malonaldehyde production in the
microsomal fractions is optimum with 4 mM
NADPH and | mM Fe**.

Table 2

248

NADPH-induced lipid peroxidation with optimum concentration of co-
factors in hepatic rough and smooth microsomes of young adult and
senescent rats

Microsomal Co-factor Optimum Lipid peroxidation
fraction concentration
(mM) Young adult Senescent
Rough NADPH 4.0 17.85 + 0.50 10.33 + 0.38
Fe* 1.0 34,78 + 2.62 17.60 + 1,75°
Smooth NADPH 4.0 34.96 + 2.62 14.90 + 1.41°
Fe* 1.0 76.61 + 3.90 17.49 + 2.08*

Incubation mixtures contained the full complement of co-factors as
described in section 2 except for the co-factor mentioned above. 0.01-4 mM
co-factors were used to obtain the optimum concentrations. Lipid
peroxidation values are means + SE from 5 rats and are expressed as nmol
malonaldehyde/mg protein after incubation at 37°C for 30 min. * P < 0.001

as compared to young adults

Table 3

Factors related to lipid peroxidation in hepatic rough and smooth microsomes of young aduit and
senescent rats

Factor Rough microsomes Smooth microsomes
Young adult Senescent Young adult Senescent

Phospholipid® 270 + 41 210 + 32 402 + 50 198 + 41°
Degree of unsaturation

in lipids® 0.95 + 0.08 1.08 + 0.15 1.45 + 0.18 1.23 £ 0.14
Cholesterol : phospholipid

ratio 0.13 0.94 0.18 1.1
NADPH-cytochrome ¢

reductase® 15.14 + 2.12 6.55 + 0.82f 20.44 + 1.85 9.73 + 1.22f
Cytochrome P-450¢ 1.28 £ 0.19  0.71 = 0.06° 2.25 + 0.38 1.16 £ 0.14°
Ascorbic acid® 0.65 + 0.09 1.55 + 0.18f 1.75 £ 020 2.79 + 0.24°
Reduced glutathione® 1.62 + 0.20  4.82 + 0.61f 473 £ 0.50 6.84 + 0.56°
a-Tocopherol® 2.27 £ 0.19  3.51 = 0.33° 2.68 + 0.32  2.29 + 0.31
Superoxide dismutase® 10.66 + 1.70 16.70 + 2.12 9.78 + 1.24 17.31 + 2.05°

Values are means + SE from 5 rats and are expressed as ® zg/mg protein, ® zmol equiv./mg protein,
° units/mg protein and ¢ nmol/mg protein. ¢ P < 0.05 and { P < 0.01 as compared to young adults



Volume 205, number 2

3.4. Factors related to lipid peroxidation

Table 3 presents data on the factors related to
lipid peroxidation in the microsomal fractions of
young adult and senescent rats. Substrate for lipid
peroxidation, in the form of phospholipids, is
significantly lower in the microsomal fractions of
senescent rats. Other factors which enhance lipid
peroxidation such as NADPH-cytochrome ¢
reductase and cytochrome P-450 are significantly
more in young adults whereas inhibitors of lipid
peroxidation like superoxide dismutase, a-
tocopherol and reduced glutathione are signifi-
cantly higher in senescent rats. The cholesterol:
phospholipid ratio which determines the fluidity of
membranes and the amount of ascorbic acid is also
higher in senescent rats.

4. DISCUSSION

Senescence is associated with an overall decline
in the form and function of cells and organs {1—4].
Accumulation of products of lipid peroxidation
such as lipofuscin along with enhanced lipid perox-
idation has been suggested as causative factors
leading to decreased efficiency of cells and
organelles [1-6].

In mammalian liver, the NADPH-induced
system is the major enzymatic system which in-
duces lipid peroxidation [10]. It is mediated by
NADPH-cytochrome ¢ reductase [11], a compo-
nent of the major drug-metabolizing system,
namely the mixed-function oxidase system [12,13].
One of the major reasons suggested for the
decreased capacity of senescent animals to
metabolize drugs is the low levels of NADPH-
cytochrome ¢ reductase and other components of
the mixed-function oxidase system [13]. Based on
this observation one would expect a decline in
NADPH-induced lipid peroxidation in senescent
animals. The present report shows such a trend in
hepatic microsomes as well as homogenate in
female rats. Uterus homogenate, which has been
assayed for comparison, also shows a similar
trend.

Peroxidation of membrane lipids is regulated by
several factors [14]. In the microsomal membranes
polyunsaturated fatty acids of the phospholipids
form the major substrates for NADPH-induced
lipid peroxidation [15]. While cytochrome P-450
enhances lipid peroxidation in microsomes [14],
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antioxidants such as a-tocopherol and reduced
glutathione besides superoxide dismutase, an in-
hibitor of free radical reaction, inhibit lipid perox-
idation [4,14]. Fluidity of membranes, as
determined by the cholesterol: phospholipid ratio,
also influences the extent of lipid peroxidation
[14,16]. Ascorbic acid, depending on its relative
concentration with a-tocopherol, may inhibit or
enhance lipid peroxidation [17].

The present study shows that in the microsomal
fractions of senescent rats, the factors which con-
tribute to the observed resistance to NADPH-
induced lipid peroxidation appear to be low levels
of phospholipid, cytochrome P-450 and NADPH-
cytochrome ¢ reductase. Higher concentrations of
glutathione, a-tocopherol, superoxide dismutase
and cholesterol: phospholipid ratio also seem to
favour the resistance.

Player et al. [7] have observed high levels of
NADPH-induced lipid peroxidation in total
microsomes of 26-month-old rats. Their study also
noted high levels of NADPH-cytochrome ¢ reduc-
tase in old rats, contrary to other reports indicating
low levels of this enzyme in senescent rats
[13,18,19]. Total microsomes contain other
organelles besides rough and smooth endoplasmic
reticulum and as such studies using total
microsomes may not truly reflect age-related
changes in the endoplasmic reticulum [18,19].
Earlier studies have shown that the two
microsomal fractions significantly differ from
each other in their capacity to undergo lipid perox-
idation [8] and in their response to ageing
[18,20,21].

Lipid peroxidation potential has been inversely
correlated with longevity in mammals [22]. The
present study shows that the lipid peroxidation
potential of microsomes as reflected by NADPH-
induced lipid peroxidation in old female rats is low
though the prevalence of a similar trend in the lipid
peroxidation levels in old male rats remains to be
ascertained. Earlier reports have also shown that
lipid peroxide content as well as ascorbate-induced
lipid peroxidation in hepatic microsomes of senes-
cent rats are low [21,23,24]. It is likely that this low
potential for lipid peroxidation observed is a
special adaptation conferred on the microsomes to
circumvent the ill effects of ageing.
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