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1 p-Amyloid peptide (Af), a 39—43 amino acid peptide, is believed to induce oxidative stress and
inflammation in the brain, which are postulated to play important roles in the pathogenesis of
Alzheimer’s disease. Ferulic acid is an antioxidant and anti-inflammatory agent derived from plants;
therefore, the potential protective activity of ferulic acid against Af toxicity in vivo was examined.

2 Mice were allowed free access to drinking water (control) or water containing ferulic acid
(0.006%). After 4 weeks, Af1-42 (410 pmol) was administered via intracerebroventricular injection.

3 Injection of control mice with Af1-42 impaired performance on the passive avoidance test (35%
decrease in step-through latency), the Y-maze test (19% decrease in alternation behaviour), and the
water maze test (32% decrease in percentage time in platform-quadrant). In contrast, mice treated
with ferulic acid prior to Af1-42 administration were protected from these changes (9% decrease in
step-through latency; no decrease in alternation behaviour; 14% decrease in percentage time in
platform-quadrant). Af1-42 induced 31% decrease in acetylcholine level in the cortex, which was
tended to be ameliorated by ferulic acid.

4 In addition, Af1-42 increased immunoreactivities of the astrocyte marker glial fibrillary acidic
protein (GFAP) and interleukin-1§ (IL-1f) in the hippocampus, effects also suppressed by
pretreatment with ferulic acid.

5 Administration of ferulic acid per se unexpectedly induced a transient and slight increase in
GFAP and IL-1§ immunoreactivity in the hippocampus on day 14, which returned to basal levels on
day 28. A slight (8%) decrease in alternation behaviour was observed on day 14.

6 These results demonstrate that long-term administration of ferulic acid induces resistance to Af1-
42 toxicity in the brain, and suggest that ferulic acid may be a useful chemopreventive agent against
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Alzheimer’s disease.
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Introduction

A pathologic hallmark of Alzheimer’s disease is the
formation of senile plaques (Glenner & Wong, 1984). f-
Amyloid peptide (Af), a 39—-43 amino acid peptide, is a
major component of these plaques. Af was shown to have
the potential to induce oxidative stress and inflammation in
the brain, which are postulated to play important roles in
the pathogenesis of Alzheimer’s disease (Behl, 1999; McGeer
& McGeer, 1999). For example, Af induces the production
of hydrogen peroxide and lipid peroxide in neurons (Behl et
al., 1994). In addition, Af has been reported to induce
superoxide (Mcdonald et al., 1997) and proinflammatory
cytokines (Araujo & Cotman, 1992; Gitter et al., 1995) in
astrocytes as well as in microglial cells. Antioxidants such as
a-tocopherol protect against cytotoxicity in vitro (Behl et al.,
1992) as well as learning and memory deficits induced by Af
(Yamada et al., 1999). Furthermore, a-tocopherol and anti-
inflammatory agents such as indomethacin reportedly slow
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the progression of Alzheimer’s disease (Sano et al., 1997,
Rogers et al., 1993).

Ferulic acid (4-hydroxy-3-methoxycinnamic acid), a phe-
nolic compound present in a variety of plants, has potent
antioxidant (Graf, 1992; Scott et al., 1993) and anti-
inflammatory activities (Fernandez et al., 1998; Ozaki,
1992). Therefore, we hypothesized that ferulic acid may have
beneficial effects in Alzheimer’s patients. To address this
hypothesis, we investigated the potential preventive effect of
long-term oral administration of ferulic acid against Af1-42-
induced toxicity in vivo.

Methods
Materials

Male ICR mice weighing 18—-26 g at the beginning of
experiments (Myung-Jin, Inc., Seoul, Korea) were used in
all the experiments. The mice were housed five per cage in a
room maintained at 22+ 1°C with an alternating 12 h light-
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dark cycle. Food was available ad libitum. Af1-42 (American
Peptide Company, U.S.A.) and Ap42-1 (Bachem, Switzer-
land) were prepared as stock solutions at a concentration of
37 ug/ul in sterile 0.1 M phosphate-buffered saline (pH 7.4)
and aliquots were stored at —20°C until use. Ferulic acid
(Sigma) was dissolved each day in tap water at concentra-
tions of 0.002%, 0.004%, and 0.006% (w v~'). Assay with
high performance liquid chromatography with electrochemi-
cal detection showed 11% loss of ferulic acid (0.006% w v—')
in tap water in 24 h at room temperature.

Experimental design

Mice were allowed free access to normal drinking water or
ferulic acid solution for 1, 2, 3 or 4 weeks. Subsequently,
Ap1-42 was administered via intracerebroventricular injection
and the behavioural tests were started 1 day after injection
(see Figure 2). Control animals were injected with Ap42-1.
Each group consisted of 10 mice. Learning and memory
capacity was assessed using three separate tests: passive
avoidance, Y-maze and Morris water maze tests.

Intracerebroventricular injection of f-amyloid peptide

The administration of Af1-42 was performed according to
the procedure established by Laursen & Belknap (1986).
Briefly, each mouse was injected at bregma with a 50 ul
Hamilton microsyringe fitted with a 26-gauge needle that was
inserted to a depth of 2.4 mm. The injection volume was 5 ul.

Passive avoidance performance

One or 7 days after Af1-42 injection, mice were trained on a
one-trial step-through passive avoidance task. The passive
avoidance box was divided into two compartments, one
illuminated and one dark, equipped with a grid floor. During
the training trial, each mouse was placed in the lighted
compartment; as soon as it entered the dark compartment,
the door was closed and the mouse received an inescapable
shock (0.25 mA, 1 s). In the testing trial, given 1 day after the
training trial, the mouse was again placed in the lighted
compartment and the time until it re-entered the dark
compartment was measured (the step-through latency max-
imum testing limit was 300 s).

Y-macze task

Immediate working memory performance was assessed by
recording spontaneous alternation behaviour in a Y-maze
(Sarter et al., 1988). The Y-maze task was carried out on
days 3 and 4 after AP1-42 administration. The maze was
made of black-painted wood and each arm was 25 cm long,
14 cm high, 5 cm wide and positioned at equal angles. Mice
were placed at the end of one arm and allowed to move freely
through the maze during an 8-min session. The series of arm
entries was recorded visually and arm entry was considered to
be completed when the hind paws of the mouse were
completely placed in the arm. Alternation was defined as
successive entries into the three arms on overlapping triplet
sets. The percentage alternation was calculated as the ratio of
actual to possible alternations (defined as the total number of
arm entries minus two), multiplied by 100.

Water maze task

The Morris water maze was performed as described
previously (Morris, 1984). The experimental apparatus
consisted of a circular water tank (diameter=100 cm;
height=35 cm), containing water at 23°C to a depth of
15 cm and rendered opaque by adding powdered milk. A
platform (diameter=4.5 cm; height=14.5 cm) was sub-
merged 0.5 cm below the water surface and placed at the
midpoint of one quadrant. The pool was located in a test
room containing various prominent visual cues. Three
training trials per day were conducted for 5 consecutive days
post AB1-42 injection, with an inter-trial interval of 5 min.
Mice were placed in the pool at one of four starting
positions. In each training trial, the time required to escape
onto the hidden platform was recorded. Mice that found the
platform were allowed to remain on the platform for 10 s and
were then returned to the home cage during the inter-trial
interval. Mice that did not find the platform within 120 s
were placed on the platform for 10 s at the end of trial. The
probe test was carried out on day 6 post-injection. For this
test, the platform was removed from the pool and the trial
was performed with the cutoff time of 90 s. The time spent in
the quadrant that previously contained the platform was
recorded as a percentage of the total time in the pool.

Measurement of acetylcholine levels

Mice were sacrificed 5 days after Af1-42 injection. Sections
of cortex were collected, rapidly frozen and stored at —80°C.
Acetylcholine levels were determined as described by Israel &
Lesbats (1982). Briefly, brain tissue was extracted with 5%
trichloroacetic acid, washed in ether to denature proteins and
centrifuged. After allowing the residual ether to evaporate,
the protein pellets were dissolved in 1 M NaOH and the
solution neutralized and buffered. Fifty ul of sample and
reaction buffer (100 ul of 250 units ml~' choline oxidase,
50 ul of 2 mg ml~! peroxidase and 100 ul of 1 mM luminol)
were mixed together. Subsequently, 5 ul acetylcholinesterase
was added to trigger the hydrolysis of acetylcholine and light
emission was measured with a luminometer (Lumat LB
9507).

Immunocytochemistry

Five days after injection of Af, all mice were transcardially
perfused and post-fixed for 3 h in 4% paraformaldehyde.
Brains were cryoprotected in 30% sucrose, sectioned
coronally (45 um) on a freezing microtome and collected in
cryoprotectant for storage at —20°C. Floating sections of
brains were processed as described previously (Baker &
Farbman, 1993). After five 10-min rinses in PBS, sections
were placed in cryoprotectant, pre-incubated for 30 min in
0.1 M PBS with 1% bovine serum albumin and 0.2% Triton
X-100 and incubated overnight with the following primary
antisera: rabbit anti-GFAP (1:2000; Chemicon) and rabbit
anti-IL-1§ (1:250; R&D). On the following day, sections
were incubated for 1h in biotinylated rabbit secondary
antibody obtained from Vector laboratories. After incubation
with the Vector Elite ABC kit, antigens were detected with
3,3-diaminobenzidine tetrahydrochloride (DAB) as the chro-
mogen.
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Statistical analysis

Statistical analysis was carried out by two-way analysis of
variance (Figures 1 and 3e) or one-way analysis of variance
(Figures 3a—d,f, and 4); the Newman-Keuls test was used for
post hoc comparisons with P<0.05 considered to indicate
statistical significance.

Results

Effect of intracerebroventricular Af1-42 on passive
avoidance performance

Intracerebroventricular administration of Af causes memory
deficits (Flood et al., 1991; Maurice et al., 1996; Nabeshima
& Nitta, 1994; Nitta et al., 1994) and decreases choline
acetyltransferase activity (Nitta e al., 1994; 1997); therefore,
this method of Af exposure is a useful in vivo model for Ap
toxicity. To determine the dose of Af1-42 sufficient to cause
memory impairment in mice, two different doses (205 and
410 pmol per mouse) of Af1-42 were injected intracerebro-
ventricularly and mice were subjected to a passive avoidance
task on days 2 and 8 post-injection. Control animals were
injected with non-toxic reverse fragment Af42-1. As shown in
Figure 1, mice injected with 410 pmol Af1-42 exhibited a
significant reduction (35% decrease; P<0.01) in the step-
through escape latency on day 2 post-injection compared to
Ap42-1 treated controls. This effect persisted for up to 8 days
post-injection. Thus, the passive avoidance task was
performed on day 2 post-injection of 410 pmol Af1-42 in
subsequent experiments.

Effect of ferulic acid on ABI1-42-induced memory
impairment

In a separate experimental series, mice were treated with
ferulic acid in the drinking water at various concentrations
for up to 4 weeks prior to Af1-42 administration. This
treatment protocol is summarized in Figure 2. Because the
average water intake per mouse per day was approximately 6
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Figure 1 Effects of AS1-42 given by intracerebroventricular injec-

tion on passive avoidance performance in mice. Various doses of
Ap1-42 were injected and on day | post-injection, mice were
subjected to the training trial; testing trials were conducted on day
2 and day 8 post-injection. Control animals were injected with Af42-
1 (410 pmol per mouse). The data are expressed as mean +s.e.mean,
with n=10-20 mice per group. ** P<0.01 compared to Ap42-1-
treated control.

to 8 ml, the amount of ferulic acid consumed by mice
receiving 0.006% ferulic acid in the drinking water ranged
from 360 to 480 pug mouse~' day~!, which is approximately
14 to 19 mg kg~ ' day~'. All mice treated with ferulic acid
gained body weight normally (32.240.9 g for control mice
versus 31.84+1.3 g for mice treated with ferulic acid for 4
weeks) and did not show any signs of toxicity during the
experiment (data not shown).

As shown in Figure 3a, treatment of mice with ferulic acid
for 4 weeks (Figure 2a) attenuated the Af1-42-induced
impairment of passive avoidance performance in a dose-
dependent manner with maximal effects observed at a
concentration of 0.006%. Thus, this concentration was used
in the subsequent experiments. To determine the length of
ferulic acid pretreatment necessary to yield optimal protec-
tion, a time-course study was performed (Figure 2b). The
results indicated that 4 weeks of pretreatment effectively
prevented the Af1-42-induced decrements in the passive
performance test (Figure 3b).

Spontaneous alternation behaviour, which is regarded as a
measure of spatial memory (Sarter er al., 1988), was
investigated using the Y-maze test. Mice injected with Af1-
42 displayed significantly impaired spatial working memory
(19% decrease in alternation behaviour), when measured on
day 4 post-injection (Figure 3c); pretreatment with ferulic
acid blunted the Ap1-42-induced decrease in alternation
behaviour with the greatest protection observed in mice
pretreated for 4 weeks (Figure 3c). In contrast, the number of
arm entries did not change among all the experimental
groups, demonstrating that general locomotor activity was
not affected by Af1-42 (Figure 3d).

In the water maze test (Figure 2c), Af1-42 impaired place
learning and this change was significantly different from
Ap42-1 treated controls after 5 days of training (Figure 3e);
this effect was also ameliorated by ferulic acid. Similarly,
Af1-42 adversely affected performance in the probe test (32%
decrease in percentage time in platform-quadrant) (Figure
3f); ferulic acid effectively inhibited reductions (14%
decrease) in this parameter.

Ap1-42 decreased acetylcholine levels by 31% (P <0.05) in
the cortex (Figure 4). Pretreatment with ferulic acid tended to
inhibit the Ap1-42-induced decrease in acetylcholine levels,
but the inhibition did not reach statistical significance.

Daily administration of various doses of ferulic acid
in drinking water

| 1T
2 (Day)

-28 0 1
v
AB Passive
injection avoidance
b Daily

of [ferulic acid

{0.006%} in drinking water for various
durations (1, 2, 3, and 4 wk-pretreated
ﬁ groups)
|
5

I | T I
01234

-28 =21 -14 -7 o (Day)
¥ ¥ v
AB Passive  Y-maze Perfusion

injection avoidance or ACh assay
¢ I Daily ion of ferulic acid (0.006%} in drinking water
! 17T 1 17 1T 171

-28 0 I 2 3 4 5 6 (Day)
v v
Ap ‘Water-maze Water-maze

injection training trials probe trial

Figure 2 Experimental schedules.
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Figure 3 Protective effect of ferulic acid on the Af1-42-induced impairment in learning and memory in mice. After injection of Af8
(410 pmol per mouse), each behavioural test was performed as shown in Figure 2. Passive avoidance task (a,b): On day 1 post-
injection, mice were trained on a one-trial step-through passive avoidance task. The testing trial was given 1 day after the training
trial. (a) Dose-dependent effect of ferulic acid. (b) Time-dependent effect of ferulic acid. Y-maze task: Spontaneous alternation
behaviour (c) and the number of arm entries (d) were measured during an 8-min session. Water-maze task: The training trials (e)
and probe trial (f) were carried out on days 1—5 and on day 6 after Af injection, respectively. The latency showed the mean of a
block of three trials per day (e). The data are presented as means+s.e.mean (n=10-20). Control mice were injected with A[42-1

(410 pmol per mouse). * P<0.05, ** P<0.01, *** P<0.001 vs Ap42-1-treated control, # P<0.05, ## P<0.01 vs Af1-42 alone.
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Figure 4 Effect of ferulic acid on the Af1-42-induced decrease in
acetylcholine levels. Mice were allowed free access to the drinking
water containing ferulic acid (0.006%) for up to 4 weeks prior to
410 pmol Af1-42 or Ap42-1 injection. Acetylcholine level in the
cortex was measured on day 5 after Af injection. Control animals
were injected with 410 pmol Af42-1. The data are means+s.e.mean
(n=10). * P<0.05 vs Ap42-1-treated control.

Effect of ferulic acid on Af1-42-induced increase in
GFAP and IL-1f immunoreactivity

Glial fibrillary acidic protein (GFAP) and interleukin-14 (IL-
15) immunoreactivities in the hippocampus were markedly
enhanced on day 5 post-injection of Af1-42 (Figure 5b,e).
The IL-1p-immunoreactive cells appeared to be astrocytes. In
animals pretreated with ferulic acid for 4 weeks, the Af1-42-
induced increases in hippocampal GFAP and IL-1§ im-

munoreactivities were effectively blocked (Figure 5c,f). To
determine if Af1-42 induced apoptotic neuronal death, the
TdT-mediated dUTP nick-end labelling (TUNEL) procedure
was performed in the hippocampus. Apoptosis was not
induced by Af1-42 (data not shown). Furthermore, there was
no acid fuchsin-stained degenerating neuronal cells in mice
injected with Af1-42 (data not shown).

Effect of ferulic acid per se on the immunoreactivity of
various neurotrophic factors, GFAP, and IL-1§

To study the possible mechanisms of the protective effect of
ferulic acid against Af1-42 toxicity, expressions of various
neurotrophic factors in the hippocampus were examined at
various time points (1, 5, 14, and 28 days) after administra-
tion of ferulic acid per se. Administration of ferulic acid did
not affect the immunoreactivity of nerve growth factor
(NGF), brain-derived neurotrophic factor (BDNF), and basic
fibroblast growth factor (bFGF) (data not shown).
Unexpectedly, a transient and slight increase in GFAP
immunoreactivity in the hippocampus was observed in the
ferulic acid-treated animals. The ferulic acid-induced increase
in GFAP immunoreactivity, which was much less intense
than that induced by Af1-42 injection, was apparent on day
S, peaked on day 14, and returned to basal levels on day 28
(Figure 6a—e). Similarly, hippocampal IL-1§ immunoreactiv-
ity was transiently and slightly increased in the ferulic acid-
treated animals on day 14, which returned to basal levels on
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Figure 5 Blockade of the Af1-42-induced increase in GFAP and IL-1f immunoreactivity by ferulic acid. Mice were allowed free
access to normal drinking water (a,b,d,e), or water containing ferulic acid (0.006%) (c,f) for up to 4 weeks prior to Af injection.
GFAP (a—c) and IL-1p (d-f) immunoreactivities in the hippocampus were examined on day 5 after injection of 410 pmol Ap42-1
(a,d) or Af1-42 (b,c,e,f). Mice injected with 410 pmol Af42-1 (a,d) served as controls. Scale bar, 100 um.

day 28 (Figure 6f—j). The IL-1p-immunoreactive cells
appeared to be astrocytes. A slight but not significant
decrease in avoidance performance was noted on day 14
(200+16 s for control mice versus 171 +17 s for mice treated
with ferulic acid for 14 days, P=0.19, n=20), which had
recovered to control levels on day 28 (211+18 s for control
mice versus 203423 s for mice treated with ferulic acid for 28
days). A slight decrease (8%; P<0.05) in alternation
behaviour in the Y-maze test was noted on day 14
(72+2% for control mice versus 66+2% for mice treated
with ferulic acid for 14 days).

Effect of post-treatment with ferulic acid on
AP1-42-induced impairment of passive avoidance
performance

To examine the therapeutic effect of ferulic acid on the Ap1-
42-induced impairment of passive avoidance performance,
ferulic acid began to be administered to mice either
immediately, 2 days, or 8 days after an intracerebroven-
tricular injection of Af1-42 (410 pmol per mouse). As shown
in Figure 7, post-treatment of ferulic acid tended to alleviate
the Af1-42-induced impairment of passive avoidance perfor-
mance, especially for the group treated with ferulic acid
immediately after Af1-42 injection, but the inhibition did not
reach statistical significance.

Discussion

An intracerebroventricular injection of low nanomolar doses
of AB25-35 (Maurice et al., 1996) or Af1-28 (Flood et al.,
1991; Maurice et al., 1996) impairs avoidance behaviour and
Y-maze alternation behaviour in mice. Similarly, continuous
intracerebroventricular infusion of Af1-40 (Nitta et al., 1994)
or AP1-42 (Yamada et al, 1999) induces learning and
memory impairment in rats. In this study, a single
intracerebroventricular injection of a picomolar dose of
Ap1-42 effectively impaired learning and memory behaviour

in mice. Furthermore, this behavioural abnormality was
accompanied by decrease in cortical acetylcholine levels and
increase in hippocampal GFAP immunoreactivity, supporting
previous reports in rats that continuous infusion of AfS1-40
blunts choline acetyltransferase activity and increases GFAP
immunoreactivity (Nitta et al., 1994; 1997). Further, this
study showed that Af1-42 injection induced a marked
increase in IL-1§ immunoreactivity in the hippocampus. Af
has been reported to induce IL-1 release from astrocytes in
culture (Araujo & Cotman, 1992). IL-1f inhibits long-term
potentiation in the hippocampus (Katsuki et al., 1990;
Bellinger et al., 1993; Cunningham et al., 1996; Murray &
Lynch, 1998). Thus, in addition to the decreased acetylcho-
line levels, Af1-42-induced increase in IL-1§ immunoreactiv-
ity may have contributed to learning and memory deficit
observed in this study. Taken together, results from the
present study illustrate the validity of this animal model for
at least some aspects of Alzheimer’s disease.

The results presented here demonstrated that long-term
administration of ferulic acid effectively protected against
Af1-42 toxicity in vivo. Because ferulic acid has both
antioxidant (Graf, 1992; Scott et al., 1993) and anti-
inflammatory activities (Chawla et al., 1987, Fernandez et
al., 1998; Hirabayashi et al., 1995; Ozaki, 1992), it should be
ideal for protection against the oxidative stress and
inflammation induced by Af1-42. Interestingly, long-term
administration of ferulic acid per se induced transient
activation of astrocytes in hippocampus on day 14, as shown
by GFAP immunostaining. Transient and slight increase in
IL-1f immunoreactivity in hippocampus was also noted on
day 14, when animals displayed a slight decrease in Y-maze
performance. Correlation between the number of astrocytes
immunoreactive to GFAP and the impairment of spatial
memory has been reported (Onozuka et al., 2000). Because
IL-1f inhibits long-term potentiation in the hippocampus
(Katsuki et al., 1990; Bellinger et al., 1993; Cunningham et
al., 1996; Murray & Lynch, 1998), the slight increase in IL-1/
may be related to the slight impairment in Y-maze
performance.

British Journal of Pharmacology vol 133 (1)
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Figure 6 Ferulic acid induces transient increase in GFAP and 1L-1p
immunoreactivities in hippocampus. Mice were allowed free access to
water containing ferulic acid (0.006%) for 1 (b,g), 5 (c,h), 14 (d,i) and
28 (e,j) days before being examined for GFAP (a—e¢) and IL-1f (f—))
immunoreactivities in hippocampus. Mice not exposed to ferulic acid
(a,f) served as controls. OML, outer molecular layer, DG, dentate
gyrus. Scale bar, 50 um.

The time required for hippocampal astrocytes to be
stimulated and then to return to the basal state took 4
weeks, which was required for full protection against in vivo
Ap1-42 toxicity by ferulic acid. Thus, the protective effect of
ferulic acid against in vivo Af1-42 toxicity may be related, at
least in part, to the ferulic acid-induced activation and
subsequent recovery of hippocampal astrocytes. Although the
hippocampal astrocytes returned to the apparently basal state
in 4 weeks, these cells may have been altered to show
suppressed response to Af1-42 injection. The ferulic acid-
induced biochemical changes which are responsible for the
resistance to Af1-42 toxicity remain to be identified.

a
Daily admini ion of ferulic acid ~

(0.006%) in drinking water for various
h durations after AP injection

J I
0 2 8

2829 (Day)
T T
AB Passive
injection avoidance
b
Q 2504
oy
€ 2004
2
]
= 150 .
=
=)
3
S 1001
£
Kk
& 504
S
»
O Control = AB,.4o+ FA (mmediately after A injection)
B ARy 42 (ITIT] ABq.ao* FA (2 days after Ap injection)

XY AB1.42+ FA (8 days after A injection)

Figure 7 Therapeutic effect of ferulic acid on the Af1-42-induced
impairment in passive avoidance performance in mice. After injection
of Af (410 pmol per mouse), ferulic acid was administered to mice
after either immediately, 2 days, or 8 days after an i.c.v. injection of
Af1-42. On day 28 post-injection, mice were trained on a one-trial
step-through passive avoidance task. The testing trial was given 1 day
after the training trial (a, Experimental schedule). The data are
presented as means+s.e.mean (n=10-11). Control mice were
injected with Af42-1 (410 pmol per mouse).

It is well established that preconditioning of the brain with
mild stresses, including sublethal ischaemia (Kitagawa et al.,
1990), hyperthermia (Chopp et al., 1989; Kitagawa et al.,
1991), systemic administration of lipopolysaccharide (Tasaki
et al., 1997), and cortical spreading depression (Kawahara et
al., 1995; Kobayashi et al., 1995) induces tolerance to the
subsequent ischaemic insult. Activation of astrocytes by
preconditioning stimulus was postulated to be responsible
for the induction of ischaemic tolerance (Kato et al., 1994
Matsushima et al., 1998). This phenomenon is apparently
similar to the results of the present study. Thus it is suggested
that activation and subsequent recovery of hippocampal
astrocytes by ferulic acid somehow induces resistance to the
subsequent Af1-42 insult to the brain. Because astrocytes are
source of various neurotrophic factors, activation of
astrocytes with accompanying expression of neurotrophic
factors was postulated to be responsible for the induction of
ischaemic tolerance (Kato er al., 1994; Kawahara et al.,
1999). However, when we examined the immunostaining of
NGF, BDNF, and bFGF, ferulic acid did not induce
significant changes in any of these neurotrophic factors.
Thus, it is suggested that other neurotrophic factors or other
mechanisms may be involved in the ferulic acid-induced
protection against Af1-42-induced toxicity in vivo. Further
study is needed for the molecular mechanisms of the ferulic
acid-induced activation and recovery of astrocytes and
subsequent neuroprotection to Af1-42.

Although less effective than pretreatment, post-treatment
with ferulic acid tended to ameliorate the Apf1-42-induced
toxicity in vivo. Because there is a progressive accumulation
of Af in brains of Alzheimer’s disease, long-term adminis-
tration of ferulic acid may effectively inhibit toxic effects of
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newly accumulated Aff and consequently blunt the slope of
deterioration of dementia.

In conclusion, we propose a novel prophylactic strategy
against in vivo Af1-42 toxicity. Long-term administration of
ferulic acid induces a transient and slight increase in GFAP
and IL-1f immunoreactivity in the hippocampus with slight
impairment in memory behaviour, which returned to control
levels in 28 days, despite continued administration. This
transient activation of astrocytes may be related to the
subsequent resistance to Af1-42 toxicity. How long does the
resistance persist after discontinuation of ferulic acid remains
to be determined. In fact, ferulic acid has been reported to
have various other beneficial effects, such as chemopreventive
effects on carcinogenesis (Huang et al., 1988), hepatoprotec-
tive effects (Wang & Peng, 1994), antithrombotic effects (Gao
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