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Diets containing long-chainn-3 polyunsaturated fatty acids affect
behaviour differently during development than ageing in mice
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The effect of a standard diet providing essential fatty acids enriched in fish oil or palm oil was
studied in young, mature and old mice. Two groups of pregnant and lactating OF1 mice were fed
on diets with or without high levels of long-chair3 polyunsaturated fatty acids. Offspring were
maintained on these diets after weaning. The litter size did not differ. The weight increased more
quickly in fish-oil-fed mice than palm-oil-fed mice. The fish-oil diet induced a significant
increase in exploratory activity in young mice which was not found in mature and old mice. The
level of locomotor activity was significantly higher in young, no different in mature, and lower in
old fish-oil-fed mice than in controls. Habituation, the simpler form of learning, occurred to the
same extent in the two diet groups. For the place learning protocol of the Morris water maze there
was no difference between the two diet groups; however, in the probe trial, the mature fish-oil-fed
mice remembered the situation well compared with the control mice. In the active avoidance test,
on the first day of acquisition the young fish-oil-fed mice made more avoidances than control
mice, whereas in contrast, mature and old-fish-fed mice made less avoidances than control mice.
These results suggest a positive effect on arousal and learning ability of a diet enriched in long
chainn-3 polyunsaturated fatty acids in young mice and a detrimental effect in old mice.

n-3 Fatty acids Learning: Ageing

One of the reasons for studying the effeche8 polyunsatu- have shown higher performance in a brightness discrimina-
rated fatty acid (PUFA) deficiency is the need to determine tion learning task (Yamamotet al. 1987) and in the Morris
whether and to what extent these fatty acids should be addedvater maze (Yonekubet al. 1993) than in rats fed on a
to infant artificial formulas (Foreman-Van Drongelenal. deficient diet containing safflower oil. However, in these
1996; Lucas, 1997). These PUFA, mainly docosahexaenoictwo reports, a diet enriched m3 PUFA was compared with
acid (22:6-3), play an essential role in brain and retinal a diet impoverished im-3 PUFA. Consequently, it is not
physiology. Numerous studies indicate an alteration in fatty obvious whethen-3 PUFA enrichment improves the learn-
acid composition of brain membranes, smaller amplitudes ing performances: true control diets are required. Several
in the electroretinogram, and decreased cognitive perfor- authors have therefore performed experiments comparing
mances in animals fed on a diet deficientrifB PUFA the effects of diets enriched m3 PUFA with true control
(Lamptey & Walker, 1976; Yamamotet al. 1988; Bourre diets. Yamamotoet al. (1988) observed better learning
et al. 1989; Connoet al. 1992; Yehuda & Carosso, 1993). performances in a brightness discrimination task in rats
Our own studies showed a reduction in learning abilities on fed on a diet rich inx-linolenic acid than in rats fed on a
several tests im-3 PUFA-deficient young mice (Frange  control diet. Similarly, Yonekubet al. (1994) using rats fed
etal 1995, 1996). However, Wainwrigkt al. (1994), using on a diet enriched in sardine oil (rich in long-chain3
mice of the third generation in a study including appropriate PUFA) obtained higher learning performances on the
behavioural controls were unable to demonstrate effects of Morris water maze than in rats receiving a control diet.
n-3 PUFA deficiency on diverse measures of learning and Rats fed on a diet enriched in soyabean oil for only 3 weeks
memory. performed better than control rats in the Morris water maze

The effects of dietaryn-3 PUFA deficiency on nervous (Coscinaet al. 1986); however, the same authors could not
system function are well documented, but those of a diet reproduce this result (Coscina, 1997). In spite of some
high in n-3 PUFA are not well known. Rats fed on a diet discrepancies, it seems that a diet enrichedh-B PUFA
enriched in perilla- or soyabean oil (richdalinolenic acid) may have beneficial effects.

Abbreviation: PUFA, polyunsaturated fatty acid.
* Corresponding author: Dr Isabelle Carfigfax +33 (1) 40 34 40 64, email isabelle.carrie@Irb.ap-hop-paris.fr
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These data have been obtained with young animats3If Table 1. Diet composition (g/kg diet)
PUFA can improve learning and/or memory performance, _
they would be of great interest for elderly people since Ingredient g’kg
cognitive deficiency is a major problem of ageing, espe- Casein 220
cially since life expectancy is increasing. Moreover, an Maize starch 3791
epidemiological study performed in elderly men showed SUose 1593
high fish consumption tended to be inversely associated, vethionine 1B
with cognitive impairment (Kalmijnet al. 1997). Thus, Mineral mixture* 40
studies were performed to test the effect of a diet rich in Vitamin mixturet 10
n-3 PUFA in old rodents. Two reports show that old rats DL-a-Tocopherol acetate 14%“

(Yamamotoet al 1991) or senescence-accelerated mice
(Umezawaet al 1995) exhibit improved learning ability  *Composition of the mineral mixture (g/kg of diet): CaHPO,.2H,0 152;

illa-oil- i i i i K,HPO, 96; CaCO; 7(2; NaCl 2[76; MgO 0[8; MgS0,.7H,0 3B; FeSO,.
when fed on a perilla-oil-enriched diet compared with ani TE10 0344, S0 THAO 02 MnSOL L0 02 Cus6 5.0 004, Nak

maIS fedona S_afﬂO\.Ner_-Oil-enriChEd diet. Learn_ing ablllty In 0[032; KI 00016; CoCO, 00008; Na,Se03.5H,0 0[0008; (NH 4)sM0 70 4.
mice fed on a fish-oil diet for 12 months was higher than in ~ 4H,0 0[0008; Crk(SO,),.12H,0 0[02.

_nil di i t Composition of vitamin supplements triturated in dextrose (United States
those fed on a palm oil diet (SUZUkt al 1998)' In neither Biochemicals Corp., Cleveland, OH, USA) (mg/kg of diet): L-ascorbic acid

case was a control equilibrated diet used. We thus decided to 100, choline chiorhydrate 750; p-calcium pantothenate 30; inositol 50;
compare a diet enriched in Iong-chairﬁ PUFA. obtained menadione 1; nicotinic acid 45; p-aminobenzoic acid 50; pyridoxine-HCI

. . . . . . 10; riboflavin 10; thiamine-HCI 10; retinyl acetate 10; cholecalciferol 00625;
by fish 0|.| supplementatlon, with a Pomrd eqwhbrateq diet, D-biotin O[2; folic acid 2; cyanocobalamin 0[0135; bL-a-tocopherol acetate 50.
on learning and/or memory abilities. These experiments i see Table 2.

were conducted in young, mature and old mice.

Diets

Materials and methods The diets were prepared by the Institut National de la
Recherche Agronomique (Jouy en Josas, France). Two
groups received the same basal purified diet (see Table 1)
Female (Swiss OF1) mice originating from IFFA-CREDO enriched in fish oil or palm oil. The two diets were of equal
(L’Arbresle, France) and bred in our laboratory were energy density and provided the essential fatty acids linoleic
divided into two groups 3 weeks before mating: palm-oil acid (18:2-6) and «-linolenic acid (18:8-3). The com-
group (palm-oil diet) and fish-oil group (sardine-oil diet). position of dietary oils is shown in Table 2.

The pups were fed on the same diet as their dams. At

weaning, pups were separated according to sex and Wererable 2. Oil content and fatty acid composition of dietary lipids

Animals

housed in such a way that each home-cage contained six (g/kg diet)
pups from six different dams. As a result, the behavioural
experiment did not include two mice with the same dam in Palm-oil diet Fish-oil diet
the same group. Oils
Mice were housed in an air-conditioned animal room  peanut 150 150
illuminated from 08.00 hours to 20.00 hours and maintained Rapeseed 250 2500
at 21+ 1°. They were given free access to their respective Pam 100 "
diets and water. Experiments were performed between S&dine - 100
Total 140 140
09.00 hours and 17.00 hours in rooms maintained at 21 Fatty acid
A sample of twenty female mice in each diet group was 13':0 12 9B
weighed monthly. Since some deaths occurred, additional 16:0 4711 246
mice taken at random were included in order to keep twenty  18:0 53 512
mice in each group. 20:0 o 08
The tests were performed in different groups of young gzéc'):A 543 48[3
adults (7—11 weeks), mature (9—10 months), and old (17— 161 .7 _ 62
19 months) female mice. For young mice, separate groups 18:1 n-9 566 2603
were used. Each behavioural test was performed with a 18:1n-7 209 30
different group of mice. For mature and old mice, the same ggi Z:g otz (1)@
animals were used but on different tests. For example, the Y yuea 6012 4919
order was open-field (mature) and active avoidance (old) in  18:2 n-6 17 1007
order to avoid a memory effect. Each test was performed 20:4 n-6 - 101
simultaneously in both diet groups and at the same age. The L 6 172 118
; : ; 18:3 n-3 20 20
reason for the use of the female is their lack of aggression. A o "5 . 10
mouse was considered old from 17 months onwards because ;g5 p.3 _ 150
at this age the mortality is 50 % according to the survival  22:5 n-3 - 13
curve. To minimize the influence of age-related physical 22:6 n-3 - 94
incapacitation on performance, old mice were preselected: = /-3 200 sid
Total 1333 1330

animals with visible defects such as tumours or major
incapacitation were discarded. SFA, saturated fatty acid; MUFA, monounsaturated fatty acid.
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The influence of temperature and light on the conservation Probe trial. On the fifth day of the learning test, the
of the diet enriched im-3 PUFA was studied. Five samples platform was withdrawn and the time the mouse swam in
were placed in one of each of the following places: in front of each of the four quadrants of the tank was recorded for
the home-cage (ambient temperature, light of the animal 100s. Learning was defined as a mouse spending a time
room, 3d), in the home-cage (ambient temperature, reducedsignificantly longer than 25s in the quadrant where the
light, 3d), in a drawer (ambient temperature, darkness, 3 platform was located (training quadrant).
months), in a refrigerator+4°, darkness, 3 months), in a
freezer ¢ 18, darkness, 3 months). The fatty acid com-
position of each sample was analysed by GC. The results
showed a decrease of 45% in the levehed PUFA in the A shuttle box consisting of two compartments (26800x
samples exposed to light. In order to minimize any changes in 150 mm) separated by a guillotine-type door €0L5 mm)
sample composition due to fatty acid oxidation, the following was used (Gemini Avoidance System, San Diego Instru-
procedure was adopted: on arrival, diets were put in the cold ments, San Diego, CA, USA). The system is designed to
room 4°) in darkness. In the following 24 h, they were administer a series of trials in which the animal may receive
separated into plastic bags containing nearly 500 g each andseveral stimuli (light, sound signal, electric footshock). The
put in a freezer<{ 18) in darkness. Every day, the required user determines the number of trials, the inter-trial intervals,
number of bags were taken out, the diet placed in mangersthe adaptation period and the shock intensity.
and put in the home-cages. This method was used to protect The test comprised fifty trials per d and lasted 5d. A

Active avoidance

ssa.d Ansseniun abpriquied Aq auljuo paysiignd ##5000005 L LL000S/ZL0L 0L/Bio 10p//:sdny

against bacteriological contamination and oxidation. mouse was placed in the apparatus, the guillotine-type
door open, for 2min adaptation and exploration. After
Open-field 2min, the mouse was placed in the right compartment and

. . ) . the test began. Each trial lasted 30 s with two stimuli: first,
A wooden white painted open-field (58G00x250mm)in 5 gsound signal of 78dB (conditioned stimulus) was
a light- and sound-attenuated chamber was used. The floolgitteq for 55, followed by an electric footshock of
was divided by black lines into twenty-five squares (00 g3 ma (unconditioned stimulus) for 25s. The inter-trial

100mm). A mouse placed in the middle of the open-field iyerya| ranged from 22 to 38s, with a median of 30s.
was observed for 5 min. The number of squares crossed and)uring the trial, the guillotine-type door was open. It

rearings against the walls were counted. closed when the four paws of the mouse entered the
o o opposite compartment or at the end of the trial. The
Locomotor activity and habituation successive trials started in the side where the mouse was

A photocell actimeter (APELEX, 91300 Massy, France) located. There were three possible types of response: (1)
was used. Mice were individually placed in plexiglas cages avoidance: the mouse crossed during the sound signal, (2)
(250 200x 100 mm) equipped with two i.r. photoelectric ~ €SCape: the mouse crossed (_Jlurlng the eleqtrlc footshock, (3)
cells 20 mm above the floor (in the middle of the longer and NO response: the mouse did not cross into the opposite

shorter sides). Cages were located in an aerated cupboarompartment. The results were registered each day. Learning
without illumination. The locomotor activity of mice was Was defined as an increase in the number of avoidances and

recorded daily for 20 min for 5 consecutive days. a reduction in the number of escapes or of ‘no responses’.

Morris water maze Statistical analysis

A white circular platform (60 mm diameter) was placed on a Data are reported as means with their standard errors. The

pedestal 190 mm above the floor of a grey plastic tank, number of mice used in each diet group was twelve for

800 mm in diameter and 300 mm high. The tank was filled behavioural tests.

with water (21+ 1°) to a level of 200 mm. The submerged Body weight (growth), locomotor habituation, Morris

platform was made invisible by adding a white opacifier water maze (place learning) and active avoidance were

(Lytron 631, Norton International, distributed by Brenntag examined by multivariate analysis (Systat software; SPSS

France, Sartrouville, France). Inc., Chicago, IL, USA): two-way ANOVA for repeated
Place learning Each mouse underwent four trials per measures, two factors (diet, age or time). The Bonferroni

day for four consecutive days. For each trial, the mouse wastest was used as post test. Logrank test was used to compare

placed in the water facing the pool wall at one of eight survival curves. Student's tests were performed for

possible starting locations, which were regularly distributed unpaired series of values to analyse the results of the

around the tank. There were visual cues in the room open-field test, the probe trial of the Morris water maze

including posters on the walls, a light and the experimenter, and the first trial session of active avoidance.

who always stood in the same position. Latency to finding

the hidden platform (escape latency) was recorded. If a

mouse did not find the platform after 120 s swimming, it was Results

gently put on it. Once the mouse located the platform (or

was put on it) it was permitted to remain there for 30s. At Growth and development

the end of the four trials the mouse was dried with paper The litter size did not differ between mice fed on the control

towels and returned to a holding cage positioned 400 mm diet (1404 (SE 0B), n 23) and mice fed on the-3 PUFA-

under a lamp. enriched diet (1&2 (SE 0[8), n 25).
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Fig. 1. (A) Effect of age on body-weight of mice fed on a palm-oil (H) or
fish-oil (O) diet; mice (n 20) from each dietary group were weighed
once per month up to 17 months of age. At 18 months, all available
mice were weighed (palm-oil diet n 66, fish-oil diet n 75). Values are
means and standard errors shown by vertical bars. Mean values were
significantly different from that of the palm-oil-fed mice up to 6-months-
old and at 18-months-old, * P < 0[05. (B) Cumulated deaths (%) as a
function of age (survival curve) in mice fed on a palm-oil (W) or fish-oil
diet (O). (---), age at 50 % mortality. For details of composition of diets
see Tables 1 and 2.

Multivariate analysis showed an effect of diet on growth Habituation
(P=0M007), the fish-oil fed mice being heavier (Fig. 1). The
post test indicated that fish-oil group body weight was
significantly higher up to 6-months-old compared with the
palm-oil group. There was no significant difference from 7
to 17 months. When all the available mice were weighed at
18 months of age, theé-3 PUFA-enriched mice were
heavier: 761 (s 1B8) g (0 75) than the mice fed on the
control diet: 6% (SE 1[8) g (n 66), P=0[005.

In both diet groups the body weight was higher than in a
group of mice of the same age fed on a standard laboratory
chow diet. The body weight was 48 (SE 1[2) g in mice and habituation.

fed on a chow diet at 7 months and@dsE 105) g at 18 In old mice, a significant habituation occurred in both

months. ! .
. . . : control andn-3 PUFA-enriched miceR < 0[001); however,
Mortality was registered each month in the two diet groups the level of locomotor activity was significantly lower in

(Fig. 1). The results indicate no effect of diet. When mice fi : ; . . _
i ) . o ish-oil-fed mice than in control miceP(=0[008). These
were 16-months-old, the mortality reached 50%. results are the inverse of those obtained in young mice.

There was no diet habituation interaction.

In young mice, there was a significant habituation in both
control and fish-oil-fed mice, the locomotor activity
decreased with timeP< 0001, Fig. 3). The level of
locomotor activity was higher in fish-oil-fed mice indicated
by a significant effect of dietR=0[03); however, the diet
did not influence the habituation.

In mature mice, the two curves are superimposable: there
was no effect of diet on the level of locomotor activity;
habituation was significant in both control and fish-oil-fed
mice (P < 0[001). There was no interaction between the diet

Open-field

In young mice, dietary enrichment inr3 PUFA signifi-
cantly increased the number of squares crossed (Fig. 2(A))
and the number of rearings (Fig. 2(B)) in the open-fiéld (  In the Morris water maze (Fig. 4) a significant decrease in
< 0[05). These effects were not apparent in mature and old latency to reach the hidden platform was evident in young
mice. control and fish-oil-fed mice {<0001). There was no

Morris water maze
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Fig. 2. (A) Number of squares crossed (motor activity) and (B) Oo 1 2 3 4 5
number of rearings (exploratory activity) in 5min (open-field test; for Time (d)
details see p. 441) by young (7-11-weeks-old), mature (9-11-
months-old) and old (17—19-months-old) mice fed on a palm-oil (CJ)
or fish-oil (1) diet. Values are means and standard errors represented 750 — (C)
by vertical bars (n 12 for each diet group). For details of the com- g
position of diets see Tables 1 and 2. Mean values were significantly 2
different from that of young palm-oil-fed mice. * P<0[D5. o 500 I
O o
£
Q ®©
5 2
effect of diet and no interaction between diet and learning. 5~ 250 I
Thus, there was no effect of the enriched diet on learning in £
this model after sixteen training trials performed over 4d. 3
In the probe trial (Table 3), the performance of young 0 ‘ ‘ ‘ ‘ ‘
palm-oil-fed mice did not differ from that of mice fed on a 0 1 2 3 4 5
Time (d)

diet enriched im-3 PUFA, retention occurring in both diet

groups.

In mature mice, significant learning was observed in the
Morris water maze F<0[001). Learning did not differ
according to the diet. No interaction occurred between
diet and learning. In the probe trial, the time spent swim-
ming in the training quadrant was significantly longer than
25 s for the fish-oil groupR =0[015). So, mice fed on a diet
enriched inn-3 PUFA remembered the platform location in

contrast to control mice.

In old mice, the decrease in latency to finding the hidden

platform (learning) was significanP(< 0[05). This learning

did not differ between control and fish-oil-fed mice. No

Fig. 3. Locomotor activity (habituation; for details of test see p. 441)
measured for 5d in (A) young (7—11-weeks-old), (B) mature (9—-11-
months-old) and (C) old (17—19-months-old) mice fed on a palm-oil
(M) or fish-oil (O) diet. Values are means and standard errors
represented by vertical bars (n 12 for each diet group). For details
of the composition diets see Tables 1 and 2. The locomotor activity
level of fish-oil-fed mice was significantly higher and lower respec-
tively, in young (P=0[022) and old (P=0[008) mice than in the palm-
oil-fed mice.

achieved from the second training session in young mice,
the fourth session in mature mice and was not reached

interaction occurred between diet and learning. This learn- during the last session in old mice (Fig. 5). In young fish-oil-
ing, however, was rather poor since the decrease in mearfed mice, the percentage of avoidance on the first day of

latency between the first and the fourth day wa&206 in

old mice, whereas it was BBB% in mature mice and
7534 % in young mice. In these old mice, the probe trial
did not show any retention in either control or fish-oil-fed

mice.

Active avoidance

The age-induced decline in performance in the active

training was significantly higher than in control mide=
0021). The higher avoidance of electric shocks observed
in young mice during the first training session was not found
in the following sessions and the learning performance with
the two diets regarded as a whole for the 5d of training
did not differ. There was significant learnin@ € 0[001)
and a lack of effect of diet. There was no didearning
interaction.
In mature mice, the learning curve of fish-oil-fed mice

avoidance test was evident because 50% avoidance wasvas below that of control mice; however, the two curves did
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not differ significantly. There was significant learnirg<

Table 3. Time (s) spent by mice fed on a palm-oil or a fish-oil diet in

0001) and no difference between the diets. There was no dietthe training quadrant from which the platform was withdrawn (probe

xlearning interaction. When looking at the scores obtained
for the first learning session, the two diets differ significantly,

avoidance was less good in fish-oil-fed mid@=<0012).

trial of Morris water maze)t
(Mean values with their standard errors)

- | - : - Palm-oil diet Fish-oil diet
This effect is the inverse to that seen in young mice.
In old mice, the learning curve of fish-oil-fed mice was Age of micet Mean SE Mean SE
also below that of control mice, but the difference between
- o Y 329 2@ 3312 107
the two curves was only borderline significa®=0062). M%L:S?f 253 20 300 o5
Effective learning took place in both groupR € 0001). olds 1412 23 206 23

There was no dietlearning interaction. Thus, old fish-oil-
fed mice tended to be slow to acquire avoidance behaviour

compared with palm-oil-fed mice.
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Fig. 4. Performance in the Morris water maze as measured by the
time taken for mice (n 12 per diet group) to find the hidden platform
(escape latency; for details of test see p. 441) in (A) young (7-11-
weeks-old), (B) mature (9-11-months-old) and (C) old (17-19-
months-old) mice. The mice were fed on a palm-oil (H) or fish-oil
(O) diet. For details of the composition of the diets see Tables 1 and 2.
Each point represents the mean group performance in four trials from
day 1 to 4, and standard errors represented by vertical bars. There
was a significant spacial learning for the two diet groups in each age
group (P<001).

Mean value was significantly different from that of palm-oil-fed mice, ** P<0[01.

1 For details of the composition of the diets see Tables 1 and 2; for details of the
probe trial see p. 441.

F Young mice, 7-11-weeks-old; mature mice, 9—11-months-old; old mice, 17—
19-months-old.

§ Both groups of young mice remembered the platform location, whereas there
was no significant retention of the location by the old mice.
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Fig. 5. Active avoidance (for details of test see p. 441) in (A) young
(7-11-weeks-old), (B) mature (9—11-months-old) and (C) old (17—
19-months-old) mice, fed on a palm-oil (M) or fish-oil (O) diet. For
details of composition of diets see Tables 1 and 2. Each point
represents the mean group performance of fifty trials each day (n
12 per diet group) and standard errors represented by vertical bars.
The maximum percentage of avoidances on the fifth day decreased
with increasing age. Mean values were significantly different from that
of palm-oil-fed mice, * P < 0[05.
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studies with old OF1 mice (Cafrigt al. 1999). We observed
no improvement in learning ability with fish-oil-diet in any
These results show that the fish-oil-diet transiently promo- of the three age groups.
ted body-weight gain, induced a positive effect in young  Regarding the effect of the-3 PUFA-enriched diet, our
mice since an increase in exploratory and locomotor activity results do not agree with those of other authors. Nakashima
was observed as well as a greater number of avoidances iret al. (1993) observed an improvement in learning in mice
the first trial of active avoidance (which indicates increased fed on a diet enriched im-3 PUFA in the Morris water
arousal). These advantages were not found in mature fish-maze; however, they compared mice fed on a perilla-oil diet
oil-fed mice, who showed improved performance only on with mice fed on a safflower-oil diet, that is to say an
the probe trial of the Morris water maze. In old mice, the enriched diet with a diet poor in-3 PUFA without equili-
fish-oil diet was detrimental for locomotor activity and the brated controls. Cosciret al. (1986) found an improvement
first trial of active avoidance. in learning in this model but their rats, fed on a diet enriched
In young mice, dietary enrichment m3 PUFA signifi- in n-3 PUFA using soyabean oll, differed from the controls
cantly increased the number of squares crossed and theafter the twenty-fifth training trial only; in addition, they
number of rearings in the open-field. The number of squarescould not reproduce their own results (Coscina, 1997). For
crossed is a measure of locomotor activity which reflects Jenseret al. (1996) diets enriched in-3 PUFA improved
both the desire to explore an unknown place and the fear oflearning in the Morris water maze, but this effect was
being confronted by novelty. Rearings are more representa-significant only from the sixth day of training for diets
tive of exploratory activity. An increase in exploratory enriched in seal oil or vegetable oil, but not fish oil. So, it

Discussion

activity in the open-field was not observed by Cosahal. may be suggested that the duration of training in our mice
(1986) in rats fed on a diet enriched in soyabean oil but the (sixteen trials on 4 d) was perhaps not sufficient to see an
diet was only given for 1 month. Similarly, Wainwrigétal. effect of diet. Alternatively, the positive results having been
(1997) did not observe, in the open-field, a modification in obtained with vegetable or seal oils but not with fish oils
the performance of mice fed on a diet enriched-B PUFA. suggests a possible role of short-chain PUFA.
Contradicting these results, Millst al. (1988) reported a In the probe trial of the Morris water maze, the effect of

reduction in the total number of squares crossed and in theage was also evident since significant retention of the
number of rearings in rats of 26 d old whose mothers had platform location occurred in young and not in old mice.
been implanted with osmotic pumps deliveriaginolenic In mature mice, significant retention of the platform location
acid for 8 weeks. These results, however, are hardly com-occurred in mice fed the-3 enriched diet but not in control
parable because of differences in the species, the duratiommice, indicating a possible favourable effect of the diet.
and means of supplementation. In the active avoidance test, the decline in performance
Interestingly, Ensleret al. (1991) have described the with age is in accordance with the observations of Stavnes
same results with a reciprocal study: exploratory activity & Sprott (1975), Miyamotoet al. (1986), and the results
in rats was reduced by a diet depletedhiB fatty acids. Our obtained in OF1 mice fed on a standard laboratory diet
results are also consistent with the observation by Wilcock (Carrieet al. 1999). The higher percentage of avoidance in
& Broadhurst (1967) that there is a positive correlation young fish-oil-fed mice than in controls on the first day of
between locomotion measured in the open-field and avoidanceraining is in agreement with the results of Milkt al.
latency. (1988) in rats. In addition, it corresponds in the opposite
The increase in exploratory activity of young3 PUFA- direction to results obtained in animals fed on a diet poor in
enriched mice was not found in mature and old mice: one n-3 PUFA, since Bourret al. (1989) in rats and Galkt al.
explanation is that the greater weight of fish-oil-fed mice (1975) in mice, showed that the first two or first one
may be troublesome. Alternatively, and more likely, it may (respectively) training sessions in the active avoidance test
be suggested either that the effect of the fish-oil-diet may be resulted in a reduced percentage of avoidance in animals fed
an advantage after a short duration and a drawback after aon a diet poor inn-3 PUFA compared with controls. All
long duration of consumption, or that the diet is only these experiments, therefore, led to the same conclusion:
beneficial in young animals. enrichment im-3 PUFA increased, and depletion reduced,
Habituation occurred in every age group and for both the scores in the first session in the active avoidance test. For
diets; so the fish-oil diet did not improve this very elemen- young fish-oil-fed mice, the quicker association between the
tary form of learning. The level of locomotor activity was sound signal and the electric shock may result from an
higher in young, equal in mature and lower in a3 increase of arousal as observed in open-field. It may be
PUFA-enriched mice than in control mice. This result for noted that the duration of diet administration does not seem
young mice is in agreement with the results of the open-field to be a determinant factor. Indeed, the rats used by Bourre
test where the score of experimental mice was higher thanet al. (1989) were obtained from the third generation that
that of control mice. The reduced activity of old mice may had received the diet whereas the mice used by @aHi.
be related to their heavier weight. (1975) were born from dams receiving supplementation
In the Morris water maze test, the decrease in mean only during the last week of pregnancy and were themselves
latency to finding the hidden platform between the first fed on a standard diet. The rats used by Métsal. (1988)
and the fourth day of training progressively declined as age were born from dams implanted with a minipump that
increased. This decrease in learning ability with ageing hasprovided the oil supplementation. These pumps were
been described in this test (Gallagher & Pelleymouter, 1988; placed 8 weeks before weaning. From weaning, the rats in
Brandeiset al. 1989; Lamberty & Gower, 1991), and in our the experiment were fed on standard laboratory chow. Our
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mice were fed on the same diet as their mothers who beganet de la Recherche Miécale. We thank M. Debray for the
receiving the diets 3 weeks before mating; so it seems thatstatistical analysis, Alan Strickland for reviewing this manu-
the duration of the diet does not need to be long in order to script and D. Fauconnier and A. Kebir for the maintenance
have a beneficial effect. of animals.
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