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We evaluated the effects of pre-germinated brown rice (hatsuga genmai, PGR) on learning and memory and
compared them with those of polished rice or cornstarch. In mice that were fed pellets of polished rice or PGR
for two weeks, the learning ability in the Morris water maze test was significantly enhanced compared with mice
that were fed cornstarch pellets. In the Y-maze test, the intake of food pellets for two weeks failed to affect spon-
taneous alternation behavior. B~Amyloid,; .5 (AB,s ;¢ 3 nmol/mouse, i.c.v.) protein impaired spontaneous alter-
nation behavior in mice that were fed pellets of cornstarch or polished rice. In contrast, PGR pellets prevented
the AB,; ;-induced impairment of spontaneous alternation behavior. These results suggest that polished rice
and PGR have facilitating effects on spatial learning. In particular, it is surmised that PGR may prevent

Alzheimer’s disease associated with AS.
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In Asian countries, polished rice is one of the main staples
and is believed to contribute to good health. Rice consists of
endosperm, bran layer and germ. Most Japanese like pol-
ished rice and eat it every day. Polished rice, however, has no
bran layer or a germ that is abundant in nutrients including
dietary fiber, vitamins and minerals. On the other hand, pre-
germinated brown rice (PGR) has become popular in Japan.
PGR is brown rice soaked in water to induce slight germina-
tion and is known to contain abundant nutrients, namely, ap-
proximately 13 times the amount of oryzanol and 15 times
that of y-aminobutyric acid (GABA) in polished rice. How-
ever, it remains to be clarified if those nutrients improve
brain function, particularly learning and memory.

Alzheimer’s disease is the most common cause of progres-
sive decline in cognitive function among the elderly, and is
characterized by the presence of numerous senile plaques
and neurofibrillary tangles resulting in neuronal loss. The S-
amyloid (Af) peptide that comprises senile plaques induces
brain dysfunction, as evidenced by neurodegeneration and
learning and memory impairment in rodents.'—® Several re-
ports have demonstrated that AfB, ,,, AB, 4, and AB,s s
proteins impaired learning and memory to the same ex-
tent.!*> Similarly, Terranova et al. have shown that those
three proteins induce the cognitive dysfunction in rats.®)
These changes are reminiscent of the deposition of amyloid
plaques endogenously constituted from Af, ,, and AS, ,,
proteins, but not Af,; s, the extent of which is correlated
with progressive cognitive deficit and memory impairment as
observed in Alzheimer’s disease patients.”

Therefore, we evaluated the effects of PGR on learning
and memory and compared them with those of polished rice
or cornstarch (as standard), by feeding mice pellets contain-
ing each extract. The protective effects of PGR on Af,s ;s-
induced impairment of learning and memory were assessed
in three different tasks.
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MATERIALS AND METHODS

Animals and Foods Five-week-old male ICR mice
(Nihon SLC Co., Ltd., Shizuoka, Japan) were purchased and
food pellets were adequately given to them. The animals
were housed in a controlled environment (231 °C, 50+5%
humidity) and were given access to water ad libitum. The
room lights were on between 7h30 and 19h30. We used
standard food pellet (AIN-93G, Oriental Yeast Co. Ltd.,
Japan) containing cornstarch. Each of the food pellets con-
tained standard nutrients and only cornstarch was replaced
with either polished rice or PGR (Table 1). The experimental
schedule is shown in Fig. 1. All experiments were performed
in accordance with the Guidelines for Animal Experiments
of Meijo University and the Guiding Principles for the Care
and Use of Laboratory Animals approved by the Japanese
Pharmacological Society (1987).

APB,s ;5 Treatment Ap,s ;s (Bachem AG, Budendorf,
Switzerland) was dissolved in sterile distilled water at a con-
centration of 1 mg/ml and allowed to aggregate by incubation
at 37°C for 4d as reported previously.? The peptide and the

Table 1. Standard Ingredients in Food Pellet
AIN-93G Ingredient (%)

Cornstarch 39.7
Casein 20
L-Cystine 0.3
a-Cornstarch 132
Sucrose 10
Soy bean oil 7
Cellulose powder 5
Mineral mix 3.5
Vitamin mix 1
Choline bicitrates 0.25
Butylhydroquinone 0.0014

AIN-93G: standard food pellet (Oriental Yeast Co. Ltd., Japan) Cornstarch is re-
placed by polished rice or PGR. a-Cornstarch is added to solidify food pellet.
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vehicle (3 pl) were administered gradually intracerebroven-
tricularly (i.c.v.) within approximately 20s under light ether
anesthesia. Mice exhibited normal behavior within 1 min
after injection. The site of administration was checked by in-
jecting Indian ink in preliminary experiments. Neither inser-
tion of the needle nor injection of the vehicle had a signifi-
cant influence on survival, behavioral response or cognitive
function.

Water Maze Test® The pool was 1.2m in diameter and
was made of polypropylene polished plastic, and water in the
pool was kept at 18.5%=0.5°C. The test mice were kept in
shelves underneath the pool to eliminate directional olfactory
and auditory cues. The plexiglas platform was 10cm in di-
ameter and its surface was 2 cm below the water surface to
help the mice climb onto it. The room had adjustable indirect
illumination and a camera was fixed to the ceiling. Swim-
ming paths were tracked by the camera and stored in a com-
puter (Target/2 system, Neuroscience Inc., Tokyo, Japan).
The mice were not allowed to swim in the pool before train-
ing (i.e., there was no habituation). During training in the
hidden platform test of the water maze, the platform was not
marked by any cues and it was kept in the same place
throughout training. In one block of trials, the starting posi-
tion of the mice was varied pseudorandomly to ensure that
three starting positions were used. A mouse that found the
platform was allowed to remain there for 30s and then re-
turned to its home cage. For mice that were unable to find the
platform within 90s, the training session was terminated and
a maximum score of 90s was assigned. Training was con-
ducted for seven consecutive days, three times a day. A trans-
fer test was conducted seven days after the Af,s ;5 injection,
and the mice swam for 45 s in the absence of the platform.
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Y-Maze Test” Short-term memory was examined by
monitoring spontaneous alternation behavior in the Y-maze.
The maze was made of wood painted black and each arm was
40 cm long, 12 cm high, 3 cm wide at the bottom and 10 cm
wide at the top. The arms converged at an equilateral triangu-
lar central area that was 4 cm at its longest axis. The appara-
tus was placed on the floor of the experimental room and was
illuminated with a 100 W bulb from 200cm above. Each
mouse was placed at the end of one arm and allowed to move
freely through the maze during an 8-min session, and the se-
ries of arm entries was recorded visually. The alternation be-
havior was defined by the successive entry into the three
arms, on overlapping triplet sets, and such behavior (%) was
expressed as the ratio of actual alternations to possible alter-
nations (defined as the total number of arm entries minus
two), multiplied by 100. After the experiments, we counted
the number of arm entries, urinations and feces.

Step-through Type Passive Avoidance Test® This test
consisted of two trials. In the acquisition trial, the mice were
individually placed in lighted compartments. Ten seconds
later, the door to a dark compartment was opened, and the la-
tency until the mouse entered the dark compartment was
recorded. After the mouse had stepped through the door, the
door was closed and an electric shock (0.2 mA, 2s, Shock-
generator-Scrambler, Neuroscience Idea Co. Ltd., Osaka,
Japan) was delivered via the grid floor. The mouse was re-
moved after receiving the footshock and returned to the light
compartment by the experimenter. The door was re-opened
10s later to start the next trial. Training continued in this
manner until the mouse stayed in the light compartment for
more than 120s in a single trial. Twenty-four hours later,
each animal was placed in the light compartment and the
step-through latency was recorded until 300s had elapsed
(retention trial).

Statistical Analysis All results were expressed as
means*S.E.M. for each group. Statistical analysis of differ-
ence among the three groups was conducted with Dunnett’s
multiple comparison test and that between two groups, with
the Student’s #-test. The level of significant difference was
taken at p<<0.05.

RESULTS

Food Intake and Body Weight Figure 2 shows the aver-
age food pellet intake and changes in body weight during the
experimental period. Although not significant, more corn-
starch pellets were ingested than polished rice or PGR pellets
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Fig. 2. Changes in Food Pellet Intake (A) and Body Weight (B) During the Experimental Period
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Fig. 3. Performance in Morris Water Maze Test of Mice Fed Food Pellets

PGR: pre-germinated brown rice. A and B: Escape latency and total escape latency in the hidden platform test. * p<<0.05; ** p<<0.01 vs. cornstarch group (Dunnett’s multiple
comparison test). C: Swimming speed in the hidden platform test. The moving distances for 90 s were calculated from the recorded swimming paths.
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Fig. 4. Effects of Food Pellets on Af,s ;s-Induced Impairment of Spontaneous Alternation Behavior (A) and Total Arm Entries (B) in Mice (n=17 or 18)

PGR: pre-germinated brown rice. * p<0.05, #* p<<0.01 vs. corresponding saline-treated mice (Student’s rtest), ## p<<0.01 vs. cornstarch+ A f-treated mice (Dunnett’s multiple

comparison test).

(Fig. 2A). On the other hand, both polished rice and PGR
groups gained more weight than the cornstarch group (Fig.
2B).

Water Maze Test Figure 3 shows the performance in the
Morris water maze test. The escape latencies of the corn-
starch group were slowly shortened by repeated training,
whereas those of the polished rice and PGR groups were
rapidly shortened (Fig. 3A). The total escape latencies of
both polished rice and PGR groups were reduced signifi-
cantly compared with that of the cornstarch group (Fig. 3B).
In addition, mice that were fed polished rice and PGR pellets
swam faster than those that were fed cornstarch pellets in all
training days except day 1 (Fig. 3C). Seven days after train-
ing, the mice were subjected to a 45-s transfer test without
the goal platform. In the present study, however, even the
AB,s 55 peptide did not induce any impairment in the trans-
fer test (data not shown).

Y-Maze Test Eight days after the AfB,s ;5 peptide injec-

tion, the Y-maze test was carried out (Figs. 4A, B). There
was no significant difference in the spontaneous alternation
behavior or the total arm entries among the three saline-
treated groups. In the cornstarch and polished rice groups,
the AB,5 55 peptide impaired spontaneous alternation behav-
ior. In contrast, PGR pellets prevented the impairment of
spontaneous alternation behavior without affecting total arm
entries. The numbers of urinations and feces were similar
among the three mouse groups.

Step-through Type Passive Avoidance Test Table 2
shows the results of performance measurement in the acqui-
sition trial on day 1 and the retention trial on day 2 of the
step-through type passive avoidance test. Despite the
Af,s 55 peptide injection, we could not observe any signifi-
cant changes in the acquisition or the retention trial, and
there was little difference in both trials among the three
mouse groups.
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Table 2. Performance of Mice in Multi-trial Passive Avoidance Test

Vol. 27, No. 7

Acquisition trial

Retention trial

Treatment N
No. of trials® Latency (s) on the first trial” Step-through latency (s)”

Cornstarch

Saline 15 3.5+0.3 9.6+2.2 266.1+12.7

ABs s 16 44207 6.5+0.9 235.1+21.9
Polished rice

Saline 8 3.1£04 9.0£1.4 253.6+24.4

ABos s 16 47%0.6 6.520.9 241.7+18.9
PGR

Saline 8 3.0+0.2 10.3£3.3 223.3+30.0

ABs s 17 3.8+0.4 7.4+18 249.2+233

a) Number of trials until the mouse stayed in the light compartment for more than 120s.
c) Step-through latency on day 2 (cut-off time: 300 s).

ment in the first training. N indicates the number of mice used.

DISCUSSION

In this study, we evaluated the effects of PGR on learning
and memory and compared them with those of polished rice
or cornstarch. To our knowledge, this is the first report of the
behavioral effects of PGR on learning and memory.

Polished rice and PGR were found to enhance learning
ability in the water maze test. This test is well used and is
considered to be an important index of spatial learning. The
swimming speed of the cornstarch group is lower than those
of the polished rice and PGR groups. We also compared the
swimming paths among the three groups. The results are
similar to the case of escape latency, while, in other words,
both rice groups swam shorter than cornstarch group on days
4—6. There was no difference in escape latency, swimming
speed and swimming paths on the day 1 among three groups,
suggesting that the memorization in both groups of polished
rice and PGR is faster than that of cornstarch group, and that
mice fed polished rice and PGR are eager to reach the goal
platform. Additionally, the swimming speed of cornstarch
group is similar to that of control mice in our previous re-
port.¥ Taken together, polished rice and PGR enhanced the
learning ability, resulting in faster swimming. During this ex-
periment, the food pellet intake of the cornstarch group was
higher than that of the other two groups; however, the in-
crease in body weight of that group was smaller. As shown in
Table 1, cornstarch was the only ingredient that was replaced
in the PGR and polished rice pellets; thus, it is possible that
the results were dependent on the nutritive value of PGR or
polished rice. In fact, cornstarch we used is purified and con-
sists of amylopectin and amylose, which are carbohydrates,
indicating that this is a merely source of energies. On the
other hand, rice contains vitamins, minerals and amino acids
besides starch. Thus, polished rice and PGR heightened the
ability of learning and memory whereas we cannot specify
the nutritive factor here. We also checked motor coordination
in the rotarod test, but found no significant difference among
the three groups (data not shown), indicating that polished
rice and PGR facilitate spatial learning without any motor
deficits.

Concerning the Y-maze test, which is considered to reflect
short-term and working memory in human, the three groups
treated with saline showed similar spontaneous alternation
behavior. On the other hand, although the spontaneous alter-
nation behavior of both cornstarch and polished rice groups

b) Latency until the mouse entered the dark compartment from the light compart-

was impaired by AB,s 5, no such impairment was observed
in the PGR group without changing total arm entries. More-
over, there were no significant differences regarding the num-
bers of urinations and feces, demonstrating that those food
pellets failed to affect emotional responses.

We could not determine the effects of polished rice and
PGR in the passive avoidance test because this test had a cut-
off time (300 s) so that the ceiling effect occurred. Moreover,
even Af,s ;. treatment did not shorten the step-through la-
tency, and thus we were unable to evaluate the effects of the
food pellets in this test. Altogether, the results suggest that
PGR may be a very useful food for activating brain function.

Several mechanisms may contribute to the apparent posi-
tive effects of polished rice and PGR on learning and mem-
ory. PGR contains a large amount of GABA, which plays a
crucial role in memory processes. One recent work has
shown that GABA receptors regulate calcineurin-mediated
long-term depression (calcineurin is one of the neuronal
plasticity molecules associated with learning and memory),
and this phenomenon underlies the increased excitability of
hippocampal CA1 neurons associated with long-term poten-
tiation.'? Tt is reported that GABA is carried into the brain
through the blood brain barrier.!” It is considered that the
transportation to the brain is important rather than the actual
volume that GABA permeates. Very recently, it has been re-
ported that GABA and its receptor agonist improve cognitive
decline that accompanies aging in monkeys.'? Because the
glutamatergic system is one of most important neuroregula-
tory systems in learning and memory, we attempted to detect
it in the brain of mice fed PGR, and found that CaMKIl«
phosphorylation, which is activated by mediation with
NMDA receptors, was enhanced compared with the other
groups (unpublished observation). Taken together, the large
amount of GABA in PGR may regulate the glutamatergic
system by enhancing glutamate release and/or the sensitivity
of NMDA receptors, resulting in memory enhancement.

PGR contains approximately 13 times the amount of
oryzanol in polished rice. Ferulic acid ester is one of main
components of oryzanol, a phytosterol derived from rice
bran. Recently, it has been reported that the long-term ad-
ministration ferulic acid acts to protect against A, ,,-in-
duced neurotoxicity and memory disturbance'® as well as
learning and memory impairment induced by scopolamine or
cycloheximide.'*!'> Previous reports have hypothesized that
oxidative stress is one of the mechanisms of Apf-induced
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neurotoxicity. /n vitro studies have shown that a-tocopherol,
a representative antioxidant, inhibits Af-induced neuronal
cell death and lipid peroxidation.'*~'® Ferulic acid also pos-
sesses free radical scavenging activity and reduces peroxida-
tive damage.'””” Thus, PGR may ameliorate Af,s ;s-in-
duced learning and memory deficits by scavenging oxidative
stress.

Several years ago, PGR has been reported to inhibit prolyl
endopeptidase (PEP; EC 3.4.21.26) activity in vitro by Dr. H.
Kayahara of Shinshu University, Japan (unpublished results).
PEP is a serine endopeptidase that is widely distributed in
mammalian tissues and specifically cleaves peptide bonds at
the carboxylic end of proline residues of oligopeptides.””
This enzyme has been identified as a putative A[3-generating
enzyme and its activity is increased in Alzheimer’s disease
patients.” These findings indicate that the inhibitory effect of
PGR on PEP may be a direct evidence of memory enhance-
ment in the mice observed in this study. Although we raised
some possible mechanisms above, maybe the combination of
those possibilities but not only one is most important in the
enhancement of learning ability or prevention of the memory
impairment.

It is concluded that polished rice or PGR has facilitating
effects on spatial learning. In particular, it is surmised that
therapeutically PGR may prevent Alzheimer’s disease associ-
ated with A whereas it is unclear whether neuronal dam-
ages are recovered. However, the experimental period may be
too short to examine in detail the effects of rice and there-
fore, further detailed studies are needed. Moreover, a com-
parison of brown rice with PGR as our next step will confirm
present data.
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