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Summary The senescence-accelerated mouse (SAMP8) is an animal model used in studies of aging. The purpose of this study was to investigate the effect of different types of
dietary lipids on longevity and age-related deterioration in memory in SAMP8 mice. Eightmonth-old mice were fed diets with 5% lard (Lard group), 5% soybean oil (Soy group), 2%
lecithin 3% soybean oil (LecithinSoy group) or 2% fish oil3% soybean oil (FishSoy
group), and learning and memory were examined by passive avoidance test at 8 and 10 mo
of age. At the end of the experiment, the mice were killed, and the brain fatty acid composition was analyzed. The results indicated that the survival rates at 12 mo decreased in the
order: FishSoySoyLecithinSoyLard and were 50, 40, 30 and 20%, respectively.
The rate of the lard group was lower than that of the FishSoy group, but this difference
was not statistically significant. At 10 mo of age, the passive avoidance times of the
FishSoy, LecithinSoy, Soy and Lard groups were 166, 170, 149 and 127 s, respectively.
The passive avoidance times of the FishSoy and LecithinSoy groups were longer than
that of the Lard group (p0.01) at 10 mo. The brain DHA concentration was the highest in
the FishSoy group SAMP8 mice, the linoleic acid levels was highest in the Soy group and
the palmitic acid level was lowest in the Lard group (p0.05). In conclusion, compared with
SAMP8 mice fed a high saturated fatty acid diet, SAMP8 mice given a high poly-unsaturated fatty acid diet had higher brain concentrations of poly-unsaturated acid, better memory and greater longevity.
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Senescence accelerated prone mice, such as SAMprone8 (SAMP8), exhibit several features that make
them interesting models of human aging, including
age-associated early onset of senile amyloidosis, degenerative arthropathy, cataracts, osteoporosis and
osteoarthritis, reduced fecundity and early loss of fertility (1–3). SAMP8 mice have shortened life-spans and
earlier manifestations of senescence, including learning
and memory deterioration, as well as various pathological features of neurodegeneration observed early in life
(4, 5). Thus, when used as a mouse analog of Alzheimer’s disease (AD), SAMP8 models human brain
aging.
Studies on types of dietary lipids in rats and mice (6–
10), suggest that a dietary n-6/n-3 ratio affects lifespan. However, the saturated : monounsaturated : polyunsaturated fatty acid ratio (S : M : P ratio) of the test
fats used in these experiments was not regulated. Thus,

it is not clear whether the lipid-type influence on lifespan was caused by the n-6/n-3 ratio.
Epidemiological (11–13) and animal studies (14–17)
report an association between learning ability and dietary intake of n-3 PUFA. A balance between dietary n-6
PUFA and n-3 PUFA affects the ratio between n-6 PUFA
and n-3 PUFA in the brain (PL) of 7-mo-old SAMP8
mice. These studies suggest a mechanism by which
dietary PUFA influences learning and memory (18).
Previous studies have shown that a diet heavy in butter, saturated fatty acids, or fish oil with n-3 PUFAs,
advances the severity of age-related senile amyloidosis,
whereas soybeans enriched with n-6 PUFAs alleviate
the severity of the age-related disease (19). These findings are contrary to the popular hypothesis that n-3
PUFAs are beneficial to health.
In the present study, we investigated the effect of different types of lipids on longevity, brain lipid fatty acid
and the age-related deterioration of learning and memory in SAMP8 mice.
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Table 1.
diet).1

Composition of the experimental diets (g/kg

Ingredients
Casein2
-Starch
Sucrose
Mineral mix3
Vitamin mix4
Cellulose
Soybean oil
Lard
Fish oil5
Lecithin5

FishSoy LecithinSoy
200
454
226
40
10
20
30
—
20
—

200
454
226
40
10
20
30
—
—
20

Table 2. Fatty acid (FA) composition of the experimental diets.

Soy

Lard

Fatty acid (%)

200
454
226
40
10
20
50
—
—
—

200
454
226
40
10
20
—
50
—
—

SFA
16:0
18:0
MUFA
16:1
18:1
20:1
n-6 PUFA
18:2n-6 (LA)
20:2n-6
20:4n-6 (AA)
n-3 PUFA
18:3n-3 (ALA)
20:5n-3 (EPA)
22:5n-3 (DPA)
22:6n-3 (DHA)

FishSoy group: 2% fish oil 3% soybean oil;
LecithinSoy group: 2% lecithin 3% soybean oil; Soy
group: 5% soybean oil; Lard group: 5% lard.
2
82.3% crude protein, Oriental Yeast Co., Ltd. (Tokyo,
Japan).
3
The mineral composition was (g%) 14.56 CaHPO4·
2H2O, 25.72 KH2PO4, 9.35 NaH2PO4, 4.66 NaCl, 35.09
Ca-lactate, 3.18 Fe-citrate, 7.17 MgSO4, 0.11 ZnCO3,
0.12 MnSO4·5H2O, 0.03 CuSO4·5H2O and 0.01 KI; Kewpie Corporation, Japan.
4
The vitamin composition (mg%) was 100 retinyl acetate, 0.25 ergocalciferol, 500 tocopheryl acetate, 520
menadione, 120 thiamine-HCl, 400 riboflavin, 80 vitamin B6-HCl, 0.05 vitamin B12, 3,000 ascorbic acid, 2.0
D-biotin, 20 folic acid, 500 Ca-pantothenate, 500 p-aminobenzoic acid, 600 niacin, 600 inositol, 2,000 choline
choride, cellulose up to 73,057.7; Kewpie Corporation,
Japan.
5
Kewpie Corporation, Japan.
1

MATERIALS AND METHODS
Animals and diets. Male SAMP8 mice of 8 mo
(n71) were used as a murine model of aging in this
experiment. The mice were housed under controlled
environmental conditions (232˚C, 655% relative
humidity, 12 h dark-light cycles). The mice were divided
into four groups according to the administered dietary lipid as follows: 2% lecithin3% soybean oil
(LecithinSoy group), 2% fish oil 3% soybean oil
(FishSoy group), 5% soybean oil (Soy group), or 5%
lard (Lard group). The composition of the experimental
diet is shown in Tables 1 and 2. Eight-month-old mice
were allowed free access to food and water during the
experimental period. The study protocol was approved
by the Animal Research Ethics Committee at Providence University, Taiwan.
Memory examination. The mice were subjected to
step-through passive avoidance tests as described in a
prior study (20). The cage [351720 cm (width
lengthheight), model E10-15; Coulbourn Instruments] consisted of two equal compartments connected
by a small guillotine door (7.56.5 cm guillotine door,
model E10-15GD; Coulbourn Instruments). One of the
compartments was lighted, and the other was darkened
by covering the top with a black semitransparent plastic. The floor was a platform of steel rods. Each mouse

FishSoy

LecithinSoy

11.9
3.8

Soy

Lard

14.5
6.1

9.9
3.9

22.2
6.6

1.9
22.6

0.4
22.9

0.1
20.7

3.4
51.4
1.2

38.2

48.2

56.9

13.9
0.6

1.0

1.2

5.5
3.1
0.9
11.0

6.7

8.5

0.7

LA: linoleic acid; AA: arachidonic acid; ALA: -linolenic
acid; EPA: eicosapentaenoic acid; DPA: docosapetaenoic
acid; DHA: docosahexaenoic acid.

exposed to this test was placed in the lighted compartment and, after a brief orientation period (10 s), the
partition was raised, allowing the mouse to freely
explore the apparatus. Once the mouse was inside the
dark compartment, the partition was closed, and mice
received a punishing electrical shock (three 50-V
shocks, 0.5 s each). Mice were placed in the lighted
compartment on days 1 and 7 after the punishment,
and the latency (seconds to enter the dark compartment and avoid punishment) was recorded. The optimal
latency was defined as 180 s.
Brain fatty acid analysis. Brain tissue was removed
for fatty acid analysis at 12 mo. Total lipids were
extracted using chloroform/methanol (2 : 1 vol/vol) following the Folch method (21) to increase the final volume 20 times, and butylated hydroxianisole (BHA,
0.002%) was added as an antioxidant. The sample was
homogenized, mixed with saline (0.58% NaCl) at room
temperature and centrifuged (3,000 rpm, 10 min). The
supernatant was collected, evaporated under a nitrogen
stream and subjected to methylation. The methylated
lipid sample was then saponified by 6% K2CO3, mixed
with hexane and extracted. The extracted sample was
dried under a nitrogen stream, and then subjected to a
Hitachi gas chromatographer Model 5000 equipped
with a flame ionization detector and an automatic sampler (Hitachi Ltd., Tokyo, Japan), a 30 m0.25 mm
fused silica capillary column (SP 2330, J & W Scientific,
CA, USA) and a Hitachi D-2500 chromato-integrator
(Hitachi Ltd.).
Fatty Acid Analysis of the experimental diets. Each
sample was analyzed for fatty acid composition by gas
liquid chromatography as described above.
Statistical analyses. The differences between groups
were evaluated using ANOVA, followed by post-hoc

38

UEDA Y et al.

Table 3.

Body weights and food intakes in 8-mo-old SAMP8 mice fed different diets for 16 wk.
Body weight (g)

Group

FishSoy
LecithinSoy
Soy
Lard

n

8 mo

20
18
19
14

10 mo

Food intake
(g/d)

12 mo

Mean

SD

Mean

SD

Mean

SD

Mean

SD

28.3a
27.9a
29.6b
25.1c

0.6
0.8
0.6
1.2

29.9a
26.4b
28.8a
30.9a

1.1
2.9
0.8
1.1

29.5a
27.6b
27.9b
31.6c

1.1
0.8
0.5
0.6

5.24
5.56
5.24
5.97

0.19
1.13
0.30
1.16

Values are meanSD.
a–c
Means with different superscripts in a column are significantly based on the ANOVA (p0.05) test.

Fig 1. Survival rates in 12-mo-old SAMP8 fed diets with different lipids. Survival rate was estimated using Kaplan-Meier
log rank analysis.

Scheffe tests. The survival rates were estimated using
Kaplan-Meier long rank analysis. The results are
expressed as meanSD. A p-value0.05 was considered statistically significant. SPSS 15.0 software (SPSS
Inc., Chicago, IL, USA) was used to perform all statistical analyses.
RESULTS
Food intake and body weight
Changes in food intake and body weight are shown in
Table 3. At baseline, significant differences were observed in food intake only in mice fed lard as the dietary
lipid. Likewise, at baseline, significant differences were
not observed among the four groups. SAMP8 mice in
the Lard group showed the lowest weight at baseline.
Effect of dietary lipids on survival rate
Figure 1 shows the survival rates of the SAMP8
mouse types for each experimental diet. There was no
significant effect of diet on the survival rates (based on
the log rank test, Fig. 1), but the highest survival rate in
the SAMP8 mice was observed in the FishSoy group.

The survival rate at 12 mo was highest in the FishSoy
group and was the lowest in the Lard group (FishSoy
vs. Lard p0.07).
Effect of dietary lipids in cognitive ability
The passive avoidance test was carried out on days 1
and 7 after a punishing electrical shock, and the
latency was measured at 8 and 10 mo age (Fig. 2). For
latency on day-1, the latency significantly declined in
the Lard group at 10 mo but not at 8 mo. The passive
avoidance time in the FishSoy and LecithinSoy
groups were significantly (p0.01) longer than the
time in the Lard group. However, the FishSoy and
LecithinSoy groups did not show improvements in the
passive avoidance time on day 7.
Effect of dietary fatty acids on brain fatty acid
To evaluate the impact of dietary lipids on brain fatty
acid composition, brain tissue was obtained at the end
of the study, and fatty acids were measured (Table 4).
As expected, DHA deposition was increased in the
FishSoy group (p0.05) compared with all other
dietary lipids. However, there were no differences in the
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Table 4.

Fatty acid composition in brain lipids of SAMP8 mice along the experimental period.

Fatty acid composition
16:0
16:1
18:0
18:1
18:2n-6
18:3n-3
20:2n-6
20:4n-6
20:5n-3
22:6n-3

Fish (10)
21.741.20a
0.680.06
21.021.67
20.454.27
0.580.56b
3.260.54
0.520.08
9.080.55b
0.160.07
21.491.28a

Lecithin (5)
21.440.18ab
0.630.32
21.070.86
21.001.62
0.540.13b
3.190.33
0.510.11
10.750.95a
0.440.03
19.620.19b

Soy (7)

Lard (3)

21.011.38b
0.630.07
20.631.47
21.683.44
0.680.52a
3.500.41
0.420.10
10.820.75a
0.200.13
19.321.18b

20.160.29c
0.580.20
21.832.23
22.130.66
0.340.31c
2.570.90
0.420.18
10.590.64a
ND
18.490.66b

a–c
MeansSD (number of mice) for each experiment in row with different superscripts are significantly different by ANOVA
(p0.05).
ND: not detected.

DISCUSSION

Fig 2. Memory measured by passive avoidance test in
8- and 10-mo-old SAMP8 fed diets with different lipids.
Each value is the meanSD. Avoidance tests were performed on the first day as well as on the seventh day of
the study. There are significant differences between the
FishSoy, LecithinSoy and Lard groups based on the
one-way ANOVA (ANOVA followed by the Scheffe test;
p0.01).

DHA levels among the LecithinSoy, Soy and Lard
groups. DHA levels were higher and ARA levels were
lower in the FishSoy group. The linoleic acid level was
highest in the Soy group and the palmitic acid level was
lowest in the Lard group (p0.05).

In the present study, we investigated the effect of different types of lipids (FishSoy, LecithinSoy, Soy, and
Lard) on longevity, brain lipid fatty acid and the agerelated deterioration of learning and memory in
SAMP8 mice. We demonstrated that marine DHA is
incorporated into brain PL, and a diet of n-3 PUFA is
associated with protection against a decline in learning
and memory. Foods high in PUFA are associated with
increased longevity. However, statistical differences
were retained, and it is not clear whether the type of
fatty acid in the feed was associated with the life-span of
mice.
Takeuti et al. showed that variation in the n-6/n-3
dietary ratio between 1 and 16 did not affect Wistar rat
life-span (20). Indeed, no consistent findings have been
reported with regard to the influence of dietary fat on
life-span. Du et al. observed that the life-span of mice
fed a DHA-rich diet was longer than that of mice fed a
lard diet high in saturated fatty acids or a safflower oil
diet rich in linoleic acid (6). However, Jolly et al.
reported that mouse life-span in an autoimmune model
was prolonged when fed fish oil rich in n-3 fatty acid,
compared to a group fed a corn diet (7). Furthermore,
non-obese NIDDM rats, hyperlipidemia model mice and
senescence-accelerated mice have shorter life-spans
than animals fed diets rich in n-3 fatty acids and those
fed a diet rich in linoleic acid safflower oil (8, 9). Ratnayake et al. found a positive correlation between lifespan and a diet high in saturated fatty acids in spontaneously stroke-prone hypertensive rats, but not
between life-span and diets with mono-, n-6, or n-3
unsaturated fatty acids (10). Based on these reports, the
relationship between different fatty acid types and longevity is inconsistent. One reason for this inconsistency
is that the effects of dietary fatty acids on life-span may
vary among animal species or disease models, or by the
type of lipids.
The passive avoidance times in the FishSoy and
LecithinSoy groups were significantly longer than
the Lard group (p0.01). These data suggest that

40

UEDA Y et al.

FishSoy and LecithinSoy consumption improves
mouse cognitive capacities, which may be relevant for
age-related dementia. The effect of different types of lipids at the beginning of 8 mo was not significant. However, we found a significant difference between 10-moold mice, and others have shown that the FishSoy and
LecithinSoy groups have improved protection against
declines in learning and memory compared to the Soy
group. In particular, the FishSoy group had the highest value, and the ratio of n-6/n-3 may account for
these differences. Besides, Yagi et al. reported similar
retention impairment for passive avoidance training,
but the deficit was not detectable until their P8 mice
were at least 8 mo of age (21). Memory deterioration
among mice at 8 mo was not remarkable, and thus,
dietary fat was not expected to influence memory.
Moreover, the fatty acid composition in brain tissue
mirrors the lipids in the assigned diets. The highest
DHA deposition in brain tissue (22:6n-3) was observed
in the FishSoy group. DHA is formed from -linolenic
acid (18:3n-3, ALA), an essential fatty acid that is
obtained either from the diet, or directly by consuming
foods rich in DHA, such as fish or fish oil. The Lard
group had no DHA. Minami et al. reported that fish oil,
including fish oil high in DHA, maintains learning ability (22). Petursdottir et al. showed that dietary DHA
maintains the phospholipids that protect the hippocampus and improves learning and memory. It was also
demonstrated that a low n-6/n-3 ratio is associated with
improvement or protection of learning and memory
(23). Additionally, foods rich in DHA may ameliorate
learning and memory decline by protecting against the
damage from amyloid accumulation or protein oxidation. These reports suggest that fish oil improves learning and memory. However, no significant differences in
brain DHA were found between the LecithinSoy and
Soy groups in the current study. The Soy group showed
the worst memory (though the difference was non-significant) among all groups at all ages (despite the fact
that the LecithinSoy and Soy groups had similar n6:n-3 ratios). Then, there were no differences in DHA
deposition, n-3/n-6 or 22:6n-3/20:4n-6 ratios in brain
tissue between the LecithinSoy and Soy groups. The
LecithinSoy group diet contained 2% lecithin, a
major source of choline, which improves acetylcholine
concentration within the brain. Though all diets
included choline mixed with other micronutrients, the
LecithinSoy group also contained phosphatidylcholine (lecithin) as an extra ingredient to enhance the
production of acetylcholine and thereby improve memory.
This study suggests that SAMP8 mice fed a diet high
in PUFA had higher brain concentrations of poly-unsaturated acids and better memories, and tended to live
longer than SAMP8 mice fed a diet high in saturated
fatty acids. Fish and Soy or Lecithin and Soy consumption may improve the learning and cognitive capacities
of mice, and these animal data are relevant for the field
of age-related dementia. However, the FishSoy and
LecithinSoy groups did not show improvements in the

passive avoidance time on day 7 after testing at 10 mo
in this study. Future studies are necessary to thoroughly understand the mechanisms involved in the
affect of different types of lipids on cognitive impairment.
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