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Physiological Activity of ® 3 Polyunsaturated Fatty Acids
in Dark Fleshed Fishes
IT. Antioxidative Effect on Lipid Peroxidation in Rats
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Department of Nutrition and Food Science, National Fisheries University of Pusan,
Pusan 608-737, Korea

To compare antioxidant action of @ 3 polyunsaturated fatty acid (PUFA) on lipid peroxi-
dation in rats, the formation of malondialdehyde (MDA) and membranes of liver and brain
and activities of antioxidant-related enzymes such as catalase, glutathione peroxidase, and

superoxide dismutase (SOD) in blood, were studied. Malondialdehyde contents of w3
PUFA and sardine oil groups were significantly decreased compared with lard group as
control (p<0.05). Catalase and superoxide dismutase showed higher activities in © 3 PUFA
and sardine oil groups than those of lard control group. These findings suggest that fish

oil has a inhibitory effect on formation of lipid peroxides in blood and membranes of rats.

INTRODUCTION

Up to date, numerous theories have been offerec
to explain the causes and biological changes ot
aging, but the principal mechanism of aging has not
been elucidated because of difficulties in obtaining
experimental evidence and related complicated fac-
tors.

In 1956, Harman (1) proposed a hypothesis that
a major cause of the aging process is deleterious
free radical reactions occurring in normal aerobic
metabolism. Since these free radicals are known to
preferentially attack lipids and lipid molecules in
cell membrane structures (2).

In many human diseases, there often occurs me-
mbrane damage in some organ or tissue, which
provokes lipid peroxidation in the membrane and
accelerates the disorder in structure and function
of the membranes. When the lipid peroxides for-
med accumulates to a certain degree, they leak
from the organ or tissue into the blood stream and
increase the lipid peroxide level in the serum and
plasma. Thus, the increased level of lipid peroxide
obviously indicates the degree of some membrane
damage in cells provoked by diseases (3). For this

reason, the blood peroxide level often indicates the
severity of diseases.

The presence of a large amount of unsaturated
lipids in cells, high susceptibility of these lipids to
peroxidation and the toxicity of resultant lipid
peroxide make us suggest the possible role of lipid
peroxidation in various pathological states. It is
known that many works on lipid peroxidation in
biological system have primarily focused on various
pathological conditions and aging process (4).

Superoxide dismutase (SOD) levels in various
diseases are attracting the attention of clinicians.
SOD was directly related to the scavenging of free
radical such as superoxide anion (5).

Because of the diversity of age-related pheno-
mena, this paper mainly deals with the following
two points: The first is to compare the lipid per-
oxidation in blood, liver and brain by malondialde-
hyde. The second is to compare the antioxidant-
related enzyme activities such as glutathione
peroxidase, catalase and superoxide dismutase in
blood and liver cytosol.

*This study was supported by the research grant
from The Korean Science and Engineering Foun-
dation.
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MATERIALS AND METHODS

Animal and Diets: Male Sprague-Dawley rats
(160~180 g) were maintained in our animal facility
and fed semi-synthetic diets for 6 weeks as pre-
viously described (6). The semi-synthetic diets
were prepared to be the same calorie level.

Isolation of Serum and Membranes: Serum-
from blood, mitochondrial and microsomal fractions
from liver and brain were isolated according to the
previous paper (6). Cytosol fraction was isolated
from supernatant which obtained after centrifuga-
tion at 105,000Xg for 60 min to yield microsomal
fraction. Purity of mitochondria and microsomes
was assessed with the following marker enzymes:
glucose-6-phosphatase (7), citrate synthase (8) and
NADPH cytochrome C (P 450) reductase (9). Pro-
tein was determined by the method of Lowry et al.
(10).

Determination of Malondialdehyde(MDA): The
MDA contents (n mole/mg protein) on lipid peroxi-
dation in serum, mitochondria and microsomes
were measured by modification of the TBA-positive
material reported by Ohkawa et al. (11) using
malonaldehyde bisdiethy! acetal as a standard. 1.5
ml of 20% acetic acid, 200 4 of 81% SDS and
1.0 ml of 1.2% TBA were added to 20 £ of serum
and membranes, and boiled for 30 min. MDA
contents by TBA value were measured with
spectrophotometer at 532 nm.

Determination of Enzyme Activity: Specific acti-
vity (unit/mg protein) of enzymes such as gluta-
thione peroxidase, catalase and superoxide dismu-
tase in serum, mitochondria and microsomes were
measured by the method of Oyanagui (12), Rigo et
al. (13) and Hafeman et al. (14), respectively.

Data were statistically analyzed by Student t-test.

RESULTS

Effects of Dietary Lipid on Lipid Peroxidation:
All lipid peroxides produced from blood and mem-
branes in liver, kidney, brain and lung undergo
reaction with malondialdehyde (15). Malondialdehy-

de also has been used as the most popular marker
for lipid peroxidation.

Table 1 shows the changes in MDA contents in
serum, liver mitochondria and microsomes, and
brain homogenate of rats. MDA contents of ®3
PUFA and sardine oil groups in liver microsome
were remarkably decreased to 27.3% and 224%,
and followed by perilla oil group (13.3%) compared
with control group. Similar data also were obtained
in liver mitochondria. MDA contents of © 3 PUFA
and sardine oil groups in liver mitochondria also
were decreased to 236% and 19.0% compared
with control group (p<0.05), whereas MDA contents
of plant oil group such as perilla and corn oils
showed a slight decreasing effect compared with
control group. MDA contents in brain homogenates
were decreased in order of ®3 PUFA (30.3%),
squalene (24.5%), sardine oil (13.8%) and perilla
oil (8.3%) compared with control group. It is
interested that fish oil such as ®3 PUFA and
sardine oil is more effective than plant oil and/or
animal oil for inhibitory lipid
peroxidation in liver and brain of rats.

effects on

From the inhibitory effects on lipid peroxidation
in serum, fish and plant oil groups were more
effective than control group (p<0.05~0.001). But
there is no significant difference between fish and
plant oils.

Effect of Dietary Lipid on Enzyme Activity: It is
known that glutathione reductase activity may be
related to the redox state of GSH and NADP, and
the effects on the concentration of free CoA which
has a possible action on ketogenesis and lipogene-
sis (16).

As shown in Table 2, catalase activity (%) of
perilla oil group in liver cytosol was the highest
(32.7%), and followed by w3 PUFA (20.1%) and
sardine oil (154%) compared with control group (0.
05~0.001). It is observed that catalase activities of
fish oil and plant oil groups were higher than that
of control group. Similar data on glutathione pero-
xidase activity also were obtained in liver cytosol
of rats (Data not shown). This is in accord with ea-
rlier report that GSH peroxidase activity increased
in tissues of rats fed with diet containing 15.7% of
codliver oil (17).
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Table 1. Changes in malondialdehyde contents in blood, liver and brain

(n mole/mg protein)

Liver Brain Blood

Diet group - -

Microsome Mitochondria Homogenate Serum*
Lard (control) 2.86%0.38 2.42%0.35 6.04t 042 4.74% 052
Corn oil 2521 0.56 2.36%0.20 7.21£ 056 3.82+0.38b
Perilla oil 248+ 0.28 2.26%0.16 5.54+0.26¢ 3.03%0.42a
Sardine oil 2.22%0.26¢ 1.96%0.12b 5.25% 0.23b 2.99% 0.45a
Squalene 2.72%0.36 232+ 0.24 4561 0,322 343+ 0.40b
® 3 PUFA 2.08%0.22¢ 1.85% 0.25b 421%0.18a 3.62£0.32b
*MDA content: n mole/m! serum. a: p<0.001,  b: p<0.05,  c: p<0.0L.

Table 2. Changes in catalase activity of liver cytosol

Diet group (unit?rzfgal;iztein) % Activity
Lard (control)  155.54% 18.20 -
Corn oil 17150+ 16.82¢ 10.3
Perilla oil 206.40% 19.56a 32.7
Sardine oil 179.45% 16.82b 154
Squalene 165.03+ 10.20 6.1

@ 3 PUFA 186.77+ 12.62b 20.1

a: p{0.001,  b: p<0.05, ¢ p<0.01

Table 3 shows the changes in superoxide dismu-
tase (SOD) activities in serum and liver cytosol of
rats. SOD activities (%) of w3 PUFA, sardine and
perilla oil groups in serum were increased to 18.9
%~29.8% compared with control group (p¢0.05~
0.001). SOD activities in liver cytosol showed al-
most same the trend as in serum; SOD activities
(%) of ® 3 PUFA, sardine and perilla oil groups in
liver cytosol were increased to 15.6%~204%
compared with control group (p<0.05).

Table 3. Changes in superoxide dismutase activity in serum and liver cytosol

Diet group ot ncreased (unit/mg. protein) Trcremmed
Lard (control) 187.0% 26.0 - 141%£22 -
Corn oil 198.1%£ 18.2 ' 5.8 16119 13.9
Perilla oil 242.3% 235a 29.2 168t 1.8b 192 .
Sardine oil 230.1£ 15.7b 23.2 17.0£2.7b 20.4
Squalene 192.2% 16.8 28 145+ 2.3 33
® 3 PUFA 222.2% 15.4b 18.9 16.3% 1.6b 15.6
a: p<0.001, b: p<0.05.

DISCUSSIONS the hemolysis in red blood cell, and malondialde-

Numerous studies on lipid peroxidation in biolo-
gical system have primarily been focused on va-
rious physiological conditions and aging processes.
Aging studies so far published suggested that aging
processes were closely connected with lipid peroxi-
dation in membranes. Malondialdehyde (MDA) for-
mation in cell membranes has been held positive
position as very important marker for lipid peroxi-
daiton.

The addition of vitamin E as antioxidant affected

hyde productions in liver homogenates(18). To re-
duce the effect of antioxidant on lipid peroxidation,
we examined the effect on formation of lipid per-
oxides in absence of antioxidant.

In both mitochondria and microsomes, MDA
contents of fish oil groups such as w3 PUFA and
sardine oil were consistently lower than those of
plant oil groups such as corn oil and perilla oil
and/or animal oil control group (p<0.05). MDA con-
tents in brain homogenates of fish oil groups inclu-
ding squlalene were decreased to 13.8% ~30.3%
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compared with control group (p<0.05~0.005). But
in serum, MDA contents of fish oil and plant oil
groups were consistently lower than that of control
group (p<0.05~0.001).

It was found that ® 3 PUFA group was the most
effective for inhibition on lipid peroxidation in mi-
tochondria and microsome of liver and brain homo-
genates. Therefore, ®3 PUFA such as eicosapenta-
enoic acid (EPA) and docosahexaenoic acid (DHA)
may be related to inhibitory action on formation of
lipid peroxides in liver and brain.

MDA contents of tish o1l and plant oil groups in
serum were consistently lower than that of control
group. Plant oil as well as fish oil may be possibly
related to inhibition of lipid peroxidation in serum.
Therefore, new finding in our study is that fish oil
has a strong inhibitory effect on formation of lipid
peroxides in cell membranes. There is a possibility
that @ 3 PUFA in diets directly might affect the
decrease of lipid peroxidation in serum and mem-
branes. It is known that polyunsaturated fatty acid
is converted into lipid peroxidation of hydroper-
oxide and/or endoperoxide by lipooxigenase and
cyclooxigenase, and then prostaglandins and throm-
boxane are produced from endoperoxide by their
synthetase. Therefore, another possibility may be
speculated that the decrease of lipid peroxidation
affected by formation of prostaglandins and throm-
boxane (19~21). It is also believed that the lower
MDA content by fish oil may be related to anti-
aging effects in cell membranes.

It is observed that catalase activity in liver cyto-
sol of perilla oil group was the highest (p<0.001),
and followed by sardine oil and @ 3 PUFA groups
(p€0.05). Similar data also were obtained for gluta-
thione peroxidase activity in liver cytosol. In serum,
SOD activity of perilla group was the highest (p<0.
001), and followed by those of sardine oil and w3
PUFA groups (p<0.05). On the other hand, in liver
cytosol, SOD activity of sardine oil group was the
highest, and followed by periila oil and w3 PUFA
groups (p<0.05).

Therefore, it could not see that antioxidant-
related enzyme activities such as glutathione peroxi-
dase, catalase and SOD are exactlies in accord with
the changes in lipid peroxide contents formed in
serum, and membranes of liver and brain.
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