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Counteraction of genipin to the trauma- and
scopolamine-induced impairment of memory in mice
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Abstract

Administration (4 mg/kg, i.p.) of genipin, a component of the gardenia fruit, for 5 to 7 days was
shown to counteract the impairment of learning and memory of mice after experimental head trauma
and injection of scopolamine in assay methods of an active avoidance task, the latent learning test and
spontaneous alternation behavior. These results suggest that genipin can be preventive against trauma-
induced dementia and age-related memory impairment like senile dementia.
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Abbreviations NGF, nerve growth factor ; FGF, fibroblast growth factor.

Introduction

Nerve growth factor (NGF) and fibroblast
growth factor (FGF) have been known conspicuously
to promote neurite outgrowth in cultured neuronal
cells' ¥ and survival of the neuronal primary cultures
of the brain tissues.”” All of them have a regenerating
effect on injured nerve tissues of the brain vivo,srg)
and infusion of them has been demonstrated to amelio-
rate the memory deficits induced by the brain lesions
and aging in the rodents.”” **

Some herbal extracts and their components have
been recognized to have the neuritogenic effect on the
cultures of embryonal nervous tissuesld) and PC12h
cells,m and some were effective on improvement of
scopolamine-induced 1 and age-related 19 memory
impairment in animals. Therefore effects on neuronal
differentiation and survival in cultures seem to be a
useful index to evaluate neurotrophic or nootropic
activity of test drugs.

We previously demonstrated in PC12h cells that
several iridoid compounds including geniposide and
genipin had notable effects on the cells in induction of
neurite outgrowth in parallel with increase in sensitiv-

ity to carbachol and membrane depolarization as
determined by transition of the intracellular free
calcium concentration.”” We were then prompted to
assess the promotive effect of the iridoid compounds
on the learning and memory ability of experimental
animals. We adopted in the present report three phar-
macological methods to assess the learning - and
memory-ameliorating effect of genipin on experimen-
tally memory-deficient mice. Two of them, the latent
learning and spontaneous alternation tests, are simple,
but excellent, methods because the tests are perfor-
med in comparatively natural conditions, i.e. no use of
intensively aversive reinforcement like starvation or
electric shock in the training, to avoid possible emo-
tional effect of test drugs on the strongly motivating
condition itself such as fear or frustration. These two
methods are important in testing the capacity of
nonreinforced attention and learning " and rudimen-
tary working memory,m respectively. On the other
hand, the active avoidance task using the Skinner box
tests the ability of mice learning to press the lever in
an attempt to avoid electric shock. This method is
very useful to evaluate memory of behavioral habitua-
tion in response to an aversive conditioning.

In this paper we will show in the three different
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paradigms of memory assessment that administration
of genipin to mice can ameliorate the memory impair-
ment caused by a conventional head trauma or injec-
tion of scopolamine.

Materials and Methods

Chemicals : Genipin was purchased from Wako
Pure Chemical Industries, Co., Osaka, Japan, and its
purity was more than 98 9. It was dissolved in saline
and checked for its stability in solution by silica gel
TLC before use. It was repeatedly injected i.p. into
animals at a daily dose of 4 mg/kg as specified in the
results. Scopolamine hydrobromide was also pur-
chased from Wako Pure Chemical Industries, Co. It
was dissolved in saline just before use and injected i.
p. into animals at a dose of 1 mg/kg 30 min before the
start of specified tests.

Animals : Male mice of Std : ddY strain (Japan
SLC, Shizuoka, Japan) weighing 25-30 g were used
for the pharmacological experiments. They were kept
in an air-conditioned room at 23+1°C and 55+5 %
humidity with a 12-h light/12-h dark cycle and free
access to food pellets and drinking water throughout
experiments, unless otherwise mentioned. Cages each
housing 5 mice were isolated by shielding from each
other with cardboard in the breeding room during the
experiment of the latent learning test.

Active avoidance task (Sidman) : Each mouse in
the control and test groups (5 mice per group) were
subjected to the test started by placing it in the
Skinner box (15X 17 cm and 17 cm high), which was
equipped with a press lever attached to the wall and
steel floor grids. An electric shock of current fixed
throughout each session of the test in a range from
0.5-2 mA was repeatedly applied to mice through the
grids, scrambled by an electric shock generator
(MATYS MSG-001, Toyo Sangyo, Toyama, Japan)
connected to the controller (MATYS MSG-002) and
microcomputer, for 0.3 s usually with intervals of 5 s.
When mice pressed the lever during the test period
(30 min for every mouse in each session per day), the
electric shock was temporarily delayed until 25 s after
the lever pressing automatically. Numbers of the lever-
pressing response (active avoidance of shock) and
electric shock (reinforcement) applied were recorded

for each mouse in every session in a series of test for
5 days.

Non-conditioned Y -maze task (spontaneous aller -

nation behavior test) : The method is based principally
on that of Sarter ef al”” Y-maze box with three
radially connected arms (each 40 cm long, 12 cm high
and 3 cm wide in the floor) of V-shaped pathway was
made of plywood, painted black inside. One mouse
was placed in any of the closed ends of three arms at
start and allowed to walk freely for exploration along
the pathway of arms (entries) for 8 min. The arm
entries (marked A, B and C) were sequentially record-
ed for that term and the percent alternation was
calculated as the ratio of the number of consecutive
entries into all three arms without repeat to that of
total alternation opportunities (total entries minus 2)
for each mouse.

Latent learning of water finding : The method is

based on that described by Nabeshima et al®” An
open field (5030 cm and 15 cm high) of the appara-
tus made of plywood and painted gray inside was
marked by thin black lines to divide the floor into 15
blocks (10 <10 cm each). It had an alcove (10X 10 cm
and 10 cm high, open to the field in one side) with a
drinking tube through the ceiling and water reservoir
outside. For training the mouse not deprived of water,
it was placed in the starting block far from the alcove
and allowed to walk freely to explore in the field for
3 min. Mice that did not find the water tube in the
alcove within the test period weve rejected in the
following test trial. In the test trial 48 h after the
training, each mouse, that had been restrained from
drinking water for 20h before the test trial, was
placed again in the starting corner of the apparatus
and allowed to explore in the field to find drinking
water. Four parameters of latency in min, starting
latency (time before movement to another from the
starting block for exploration), entering latency (time
before entering the alcove after start), finding latency
(time before drinking water after entering the alcove)
and drinking latency (time before drinking water
after start) were recorded for each mouse. Explora-
tion pathway in the test trial for each mouse to reach
the water tube (ambulation) was evaluated by count-
ing the blocks it passed. A part of the mice (genipin
group) were injected with genipin for 7 consecutive
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days, and the rest with vehicle, before the training.
Each mouse in the genipin group and trauma control
was given a blow to the head by dropping a 23 g metal
weight from the height of 30 cm above head fixed on
adequate paper cushion 24 h before the training trial.
This produced a coma for about 10 s after the blow.
The above two groups and control received the train-
ing before the test trial, while another group of mice
{naive) did not receive the training.

Statistic analysis . All of the statistic analyses of
the differences between average values of groups
specified in the experimental results followed the
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method of ANOVA/Bonferroni’s test.

Results

The increase in the number of the lever-pressing
response in the active avoidance test with progress of
the session was depressed by daily injection of
scopolamine into mice 30 min before the start of test,
and was significantly low compared with control
(vehicle) at session 5 (Fig. 1). When genipin (4 mg/
kg, i.p.) was administered to mice 1h before start of
the active avoidance test, i.e. 30 min before
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Fig. 1 Memory impairment by treatment of mice with scopolamine in the active avoidance test.
Each group of mice was injected with scopolamine or saline (control) 30 min before the test of each
session. The numbers of lever-pressing response and reinforcement (shock number) for each mouse
in daily sessions shown in the abscissa were counted as described in Materials and Methods. (0)
Control, (@) scopolamine. Each point shows the mean+S.EM. *p <0.05, **$ < 0.01 vs. respective
controls.
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Fig. 2 Improvement of scopolamine-induced memory impairment by treatment of mice with genipin
in the active avoidance test.
Each group of mice was injected with genipin or saline (control) 1 h before the test of each session.
All of the mice were injected with scopolamine 30 min before the test. The test method was as
described in the legend to Fig. 1. (@) Control, {(O) genipin. Each point shows the mean=S.EM (not
shown in the values where each vertical bar is within the size of marks). *p <0.05, **p <0.01 vs.
respective controls.
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scopolamine (1 mg/kg, i.p.), every day, the average
values of the lever pressing response increased
exponentially with progress of the session, to the
levels significantly high at session 3 and thereafter
compared to the group of injection of scopolamine
after injection of vehicle instead of genipin at respec-
tive sessions (Fig. 2). Reinforcement (number of
electric shock) inversely decreased in the genipin
group with progress of the session, to levels signifi-
cantly lower than those in the control (vehicle) group
at respective sessions 3-5. The treatment with genipin
was without effect on normal mice until 5 days of
administration at the same dose as above in the test
(data not shown).

Administration of genipin (4 mg/kg per day, i.p.)
for 7 days to mice before the test significantly in-
creased the percent of spontaneous alternation in the
Y-maze task after injection of scopolamine compared
to the scopolamine control group (injected with
scopolamine after 7 days of treatment with vehicle
instead of genipin), recovering the percent alternation
near the level of control (vehicle for both scopolamine
and genipin) (Fig.3). Total arm entries were not
significantly affected by administration of either
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Fig. 3 Improvement of scopolamine - induced memory

impairment by pretreatment of mice with genipin in the
spontaneous alternation test with the Y-maze.
Saline (M, 8 mice) or genipin (9 mice, @) was injected
for 7 days prior to the test and scopolamine into all of the
mice 30 min before the test. Eight control mice ((J)) were
injected with saline instead of genipin and scopolamine.
Percent alternation and total arm entries were calculated
for each mouse as described in Materials and Methods.
Each value is the mean £ SEM. *p < 0.01 vs. saline-
scopolamine.
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Fig. 4 Improvement of trauma-induced impairment of the latent learning by pretreatment of mice

with genipin in the water finding test.

Saline (trauma control, B, 9 mice) or genipin (&, 7 mice) was injected for 7 days prior to trauma
formation by the head blow. These two groups and control (saline for 7 days, no head blow, [], 10

mice) were subjected to the training and test

trials as described in Materials and Methods. Another

group of 10 mice (naive group, #) was subjected to the test trial without training. See Materials
and Methods for definition of the parameters of latency and determination of ambulation. Each
value is the mean+=S.E.M. *p <0.05, **p <0.01.
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Table I No effect of genipin and trauma on the exploratory behavior of mice
in the training trial of the water finding test shown in Fig. 4.

Genipin Starting Entering No.of approaches Ambulation
Group dose N (s) (s) to water tube (counts)
(mg/kg) (counts)
1 Naive — 10 — — — —
2 Control — 10 7.7£3.2 79.5+14 .4 5.3+1.0 52.7%£10.8
3 | Trauma control — 9 9.8£3.1 66.11+8.8 3.6+0.9 74.7+14.2
4 Genipin 4 9 5.9+1.5 94.6+16.4 5.120.6 58.6+£5.5

Each group (1-4) corresponds to that specified in Fig. 4. Starting and entering times and ambula-
tion were determined within 3 min for each mouse in the same way as those of latencies and pathway
to reach the water tube, respectively, in the test trial described in Materials and Methods. Each value
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is the mean+S.E.M.

genipin and scopolamine or vehicle and scopolamine.

Effect of genipin on the deficit of the latent learn-
ing was examined by the task of water finding. The
average latency in finding and drinking water was
significantly different between genipin and vehicle
(trauma control) groups, showing shortening in
genipin-injected mice (Fig. 4). The latency in finding
and drinking of the genipin group was comparable to
that of control, which had received neither injection of
genipin nor trauma. The latency of trauma control, on
the other hand, corresponded to that of the naive
group in the both parameters. The latency in the other
parameters was not significantly different between
the groups. Ambulation was not found significantly to
be different between the genipin and trauma control
groups. Neither the administration of genipin nor
trauma affected any of the parameters of the explora-
tory behavior of mice in the training trial, as compar-
ed between the three groups subjected to the training
(Table I).

Discussion

Scopolamine is an antagonist of the acetylcholine
receptor and proposed to inhibit acquisition of mem-
ory in the learning process. The short-term depression
of memory by scopolamine is presumably due to its
selective inhibition of the cholinergic neuronal trans-
mission from the basal nucleus of forebrain to the
hippocampus and cerebral cortex.”” Central nervous
system trauma is considered directly to destroy the
local brain tissues and induce edema and the ex-

citotoxicity of glutamate.m

Genipin, given to mice at daily dose of 4 mg/kg,
i.p. for 5 or 7 days, showed counteraction to the
memory deficit induced by head trauma or treatment
with scopolamine in the three kinds of tests that are
mutually complementary in assessment of different
types of ability of learning or memory. These experi-
mental results support a proposition that genipin
could so effectively stimulate the cholinergic system
as to counteract the memory impairment by
scopolamine and trauma. The compound had no effect
on the behavior of mice in the test dose as far as the
ambulation or the number of total entries into arms is
compared between control and test groups in the
latent learning and Y-maze test, respectively.

Several iridoid compounds including genipin were
found to be effective on protection of mice from
acceleration of memory extinction and increase in
failure of memory retrieval induced by repeated expo-
sure to experimental stress at the daily dose of 50 mg/
kg, p.o., in the passive avoidance task according to the
step down method.” The present experiments have
further elucidated that genipin can cause the avoid-
ance of general deficit in ability of learning and
memory after administration of scopolamine or brain
injury due to trauma. Alzheimer’s disease has a fea-
ture of shrinkage of the neuronal network in specific
regions of the brain including the cerebral cortex and
hippocampus in concomitant to dysfunction of
cholinergic projections to the target tissues from the
basal forebrain area. Therefore compounds like
genipin, that counteracts the memory retardation
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induced by scopolamine and head trauma, would rea-
sonably be expected as preventive or therapeutic
against senile and traumatic dementia.

The protein tyrosine kinase is implicated in the
neuritogenic action of genipinm and also NGF* " in
PC12 cells. In memory formation and also induction of
long term potentiation in the hippocampus, tyrosine
kinase activity is considered to play an essential
role.”™*” Therefore the memory-ameliorating effect
of NGF may be induced by its action on the tyrosine
kinase activity of the central neurons, especially those
in the basal forebrain (cf. Ref. No. 30). Based on these
facts it is plausible that the promotive effect of
genipin on memory in mice is dependent on the
tyrosine kinase activity of cholinergic neurons in the
central nervous system. Analysis of the effect of
genipin on the signaling system involving tyrosine
kinase(s) would be a point to solve the relation
between the morphogenesis of neuronal cells and

memory improvement in animals with it.
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