Experientia 41 (1985), Birkhduser Verlag, CH-4010 Basel/Switzerland 1047

Vitamin A status, glutathione level and microsomal lipid peroxidation in rat lung

Dietary vitamin A intake

Sufficient Deficient Excess

(n = 20) (n=20) (n=17)
Final b.wt (g) 257+ 8 205 £ 12%* 23746
Total vitamin A in liver (ug/g) 173 +20 (7) 4.7+ 29% (7) 823 + 129%* (7)
Serum retinol (pg/dl) 308+1.1 16.6 £ 2.2%* 47.9 4 3.9%*
Lung wet weight (g) 1.22 £ 0.03 1.21 £ 0.07 1.28 + 0.07
Protein content® (mg/g lung) 80.8+ 1.8 71.2+3.1* 109.2 + 5.1**
Glutathione level® (umol/g lung) 1.55+0.08 0.45 £ 0.08** 0.94 & 0.04**
Microsomal lipid peroxidation® 3.00 + 0.36 13.74 £ 0.90** 1.98 + 0.30*

Results are quoted as mean + SE of the mean. Number of animals, shown above each column, applies except where a different number is shown in
brackets. Serum retinol results in the subgroups where total vitamin A in liver was assayed were respectively 29.5 + 1.5, 13.6 + 1.6 and 46.0 +£ 6.9
pg/dL. ® Includes 4 animals in which total vitamin A in liver was < 0.5 pg/g. ® Determined in 9000 x g supernatant (postmitochondrial fraction) and
expressed in relation to lung wet weight. “nmol thiobarbituric acid-reactive products formed per mg microsomal protein per h. *p < 0.05,

**p < 0.01.

was determined in these tissue digests®; and in blood serum of all
animals by the method of Hansen and Warwick®.

All chemicals used in this study were purchased from Sigma
Chemical Co., St. Louis, Missouri, USA, or E. Merck, Darm-
stadt, Federal Republic of Germany. The unpaired Student’s
t-test (two-tailed) was employed for evaluation of differences
between treated and control groups.

Results and discussion. For details of results, see the table. Final
b.wt in the vitamin A-deficient group was 20% below control,
although the lung wet weights were almost identical. The protein
content of the post-mitochondrial fraction of lung homogenate
was diminished in the deficient group but increased above con-
trol in the vitamin A-loaded group.

Note that glutathione levels were below control in both the
experimental groups, whereas lipid peroxidation was enor-
mously increased in the vitamin A-deficient animals and sig-
nificantly below control in the vitamin A-loaded group.

The results of total vitamin A in liver show that vitamin-defi-
cient and -excess states were in fact achieved.

Dogra et al.” have reported that, in vitamin A-deficient rats, the
supply of glutathione in lung tissues was inadequate for conjuga-
tion of xenobiotics. They proposed that glutathione depletion
may be a causative factor leading to chemical carcinogenesis in
the lung. However, in extending their experimental work to
animals fed with excess vitamin A, which is supposedly capable
of suppressing carcinogenesis'®!', we have found that the gluta-
thione level was diminished rather than elevated or unaltered as
might be expected.

When we consider the relationship of lung microsomal lipid
peroxidation to vitamin A status a different state of affairs is
apparent. Here the vitamin A-deficient and -excess states are
quite distinct: there can be no doubt that peroxidation is en-

hanced in the deficient state and diminished below control in the
vitamin A-loaded animals.

We are obliged to conclude that the protective effect of vitamin
A against lipid peroxidation in lung microsomes is unrelated to
glutathione levels.
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Stereological analysis of lipofuscin in the central nervous system of Torpedo marmorata: correlation with superoxide

dismutase distribution’
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Summary. It was observed that superoxide dismutase activity was inversely proportional to the amount of lipofuscin present in the
various anatomotopographical areas of the Torpedo marmorata central nervous system. These results support the theory that age
pigments are a product of free lipoperoxidation induced by free radicals.
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According to one modern hypothesis?, lipofuscin is an end prod-
uct of a lipoperoxidation process triggered by free radicals. It
has been shown that in the central nervous system of the batoid
selachian T.marmorata which is capable of producing electrical
discharges, lipofuscin is not distributed equally between the vari-

ous encephalic regions; the pigment is particularly abundant in
the electric lobe®.

We have recently determined the activity of superoxide dismu-
tase (SOD), an enzyme that neutralizes the toxic action of super-
oxide radicals, in the central nervous system of 7. marmorata. In
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Table 1. Stereological parameters studied in CNS of T.marmorata. A
higher lipofuscin content is observed in the electric lobe

Forebrain Optic Cerebellum  Electric

lobe lobe
Average area analyzed 294 2.94 2.94 2.94
per animal (um? x 10%)
Total average area 12.00 8.53 3.40 48.13
of lipofuscin granules
per animal (um?)
Percent of cytoplasmic ~ 4.08 2.90 1.16 16.40

area covered by lipo-
fuscin ( x 107

Table 2. Superoxide dismutase activity and percent of cytoplasmic area
covered by lipofuscin in the CNS of T.marmorata. Note the higher lipo-
fuscin content in the areas with lower SOD activity

SOD % of cytoplasmic area
{mU/pg protein) covered by lipofuscin
(x1071Y
Cerebellum 34.0 1.16
Optic lobe 28.0 2.90
Forebrain 29.0 4.08
Electric lobe 225 16.40

the present work we have assessed more accurately the distribu-
tion of lipofuscin in the various areas of the 7. marmorata brain
and in particular we have quantified this by correlation with
SOD activity.

Ten specimens of T.marmorata, of both sexes and, according to
several growth parameters® of between 1 and 2 years old, were
perfused with Ringer solution until totally bled. The four regions
of the CNS were isolated in such a way that half could be
processed for ¢lectron microscopy using standard techniques
and the other half used to determine SOD activity®. From the
former half, using randomly selected samples, we obtained pho-
tographs which were analyzed stereologically to quantify the
lipofuscin. For this purpose we utilized an automatic image
analyzer system (Ibas I, Zeiss).

The assay of superoxide dismutase was based on its ability to
inhibit the autoxidation of epinephrine (0.4 mM) at pH 10.27.
In table 1 we show the results of studies of several stereological
parameters; the average cytoplasmic area studied per animal,
the total average area of lipofuscin per animal and the percent-
age of the cytoplasmic area occupied by pigment. A higher

Experientia 41 (1985), Birkhduser Verlag, CH-4010 Basel/Switzerland

=-0.92

mU SOD/ug protein

0 2 4 6 8 10 12 14 16 18
% of cytoplasmic area covered by
lipofuscin ( x 107)
Correlation between SOD activity and lipofuscin in the four areas of
T.marmorata. CNS. y = 31.89--0.59 x ; SD (shaded area) = +4.5.

lipofuscin content is shown in the electric lobe by the high
percentage of the cytoplasmic area covered by the pigment. This
parameter is the most interesting in that it gives us on the one
hand a relationship between the number and size of the areas of
granulation, and on the other hand the cytoplasmic area. There-
fore this parameter is used in comparison with the SOD activity
of the various regions of the CNS (table 2). To compare these
parameters we have calculated the linear regression and the
correlation coefficient, which show an inverse proportionality
(r = —0.92) between high lipofuscin content and low SOD activ-
ity (fig.). These results support the theory that lipofuscin is a
product of free radicals induced lipoperoxidation®.
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Failure of calcium to stimulate Na, K-ATPase in the presence of EDTA'
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Summary. The effect of calcium on Na, K-ATPase activity of rat brain homogenates and its modification by the chelating agent
EDTA has been investigated. In the absence of EDTA, free calcium (approximately 107 mol/l) stimulates Na, K-ATPase activity; in
the presence of EDTA the same concentration of free calcium is without effect on the enzyme. In the absence of EDTA the
stimulation by calcium of Na, K-ATPase activity is enhanced by the additional presence of calmodulin but in the presence of EDTA,
even when calmodulin is added to excess, calcium still fails to stimulate the enzyme. The possibility that EDTA interferes with an
interaction between a calcium-calmodulin complex and Na, K-ATPase is discussed.
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In a recently published study from this laboratory it was re-
ported that calcium at low concentration stimulates and at
higher concentration inhibits neuronal Na, K-ATPase**, In ad-
dition it was shown that stimulation of the enzyme by calcium is
modulated by calmodulin. As far as [ am aware our report is

unique: of those others who have studied the effects of calcium
on Na,K-ATPase, all have demonstrated only an inhibition of
the enzyme over the effective concentration range of calcium® 1!,
To explain why others have failed to obtain stimulation of
Na, K-ATPase by calcium, we* suggested that use of the chelat-



