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Effects of VA-045 on learning and memory deficits in traumatic
brain injury (TBI)-induced retrograde and anterograde amnesic

mice

Ya-Ping Tang, Yukihiro Noda, Takaaki Hasegawa & 'Toshitaka Nabeshima

Department of Neuropsychopharmacology and Hospital Pharmacy, Nagoya University School of Medicine, Nagoya 466, Japan

1 No specific regimen has been developed to treat post-traumatic amnesia in man. In the present study,
we examined the effects of (+ )-eburnamenine-14-carboxylic acid (2-nitroxyethyl) ester (VA-045), a novel
derivative of apovincaminic acid, on learning and memory deficits associated with a mild traumatic brain
injury (TBI) in mice.

2 Two kinds of amnesia, TBI-induced retrograde amnesia (TRA) and anterograde amnesia (TAA),
were produced by means of post- and pre-acquisition head injury, respectively, by a simple weight-drop
device. A novel procedure of water-finding task was used to assess learning and memory functions.

3 Both TRA and TAA mice were dramatically impaired in the task performance, with prolonged
latencies for finding and drinking in either retention test or retest, indicating that retention was impaired
in TRA mice while learning and retention were impaired in TAA mice.

4 VA-045 administered 30 min post-trauma in TRA mice dramatically shortened the prolonged
latencies for finding and drinking in both retention test and retest, indicating that VA-045 significantly
improved the retention deficit observed in TRA mice.

5 VA-045 administered 30 min post-trauma in TAA mice dramatically attenuated the prolonged
latencies for finding and drinking in both retention test and retest, indicating that VA-045 significantly
improved the learning and retention deficits observed in TAA mice.

6 Administration of VA-045 30 min pre-trauma in normal mice markedly attenuated the delay of
latencies for finding and drinking after trauma in both retention test and retest, which shows that VA-
045 significantly prevented learning and retention deficits after TBI.

7 Motor activities were not significantly affected by either the TBI or the chemical treatment at the
time of task examination in either experimental model.

8 It is concluded that VA-045 may have potential effects on learning and memory deficits observed in

either TBI-induced retrograde or anterograde amnesia.
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Introduction

Cognitive deficits, especially impairments in learning and
memory, are the major manifestations of the neurologic se-
quelae following mild to moderate traumatic brain injury
(TBI) in man (Binder, 1986; Levin et al., 1987; Levin, 1990;
Rutherford er al., 1977). Although the majority of patients
recover within weeks, some have such severe and prolonged
deficits in learning and memory that they require months to
years to recover from these disabilities (Russell, 1935; Binder,
1986; Levin et al., 1987; Levin, 1990). Any attempts to treat
these problems with pharmacological agents have met with
little success.

Terms ‘retrograde amnesia’ and ‘anterograde amnesia’ have
been used broadly to describe learning and memory deficits
observed in human TBI (Russell, 1935; Rimel et al., 1982;
Squire & Cohen, 1984). Retrograde amnesia is defined as a
memory loss for events occurring before the onset of injury,
and the memory deficits involved in this type of amnesia may
be linked to a retention process because acquired information
is weakened or disrupted at the time of injury (Rutherford et
al., 1977; Squire & Cohen, 1984). Anterograde amnesia is de-
fined as memory deficits following injury and characterized by
profound deficits in the ability to acquire new information, or
in retention after a short delay, despite normal intellectual
capacity (Rimel et al., 1982; Squire & Cohen, 1984). Analytical
approaches to evaluate these kinds of amnesia in the labora-
tory are available to focus on experimental processes (Gabriel,
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1985; Squire, 1986; Gorman et al., 1993). That is to say, the
animal whose head injury is produced after acquisition train-
ing is defined as retrograde amnesia model, while before ac-
quisition training as an anterograde amnesia model.

By using a simple weight-drop device, a mild TBI mouse
model has been recently developed in our laboratory (Tang et
al., 1997a,b). The observations of transient behavioural sup-
pression and long-lasting memory deficits in this model are
similar to the reversible loss of consciousness and persistent
cognitive deficits exhibited in human concussive brain injury.
The technique is simple, readily reproducible and provides
some advantages, such as animal cost, sample size, etc. in the
pharmacological studies of human mild to moderate TBI in the
laboratory. (+)-Eburnamenine-14-carboxylic acid (2-nitrox-
yethyl) ester (VA-045) is a new compound to which a nitrooxy
moiety is introduced at position 14 of apovincaminic acid
(Kawashima et al., 1993). VA-045 has been shown to enter the
central nervous system by crossing the blood-brain-barrier,
selectively dilate canine cerebral arteries, increase the cerebral
blood flow and improve memory deficits observed in aged
animals (Okuyama et al., 1994) or associated with disturbance
in cholinergic activities (Ogawa et al., 1992). However, effects
of VA-045 on TBI-induced learning and memory deficits have
not been assessed. In the present study, we produced two kinds
of amnesia, TBI-induced retrograde amnesia (TRA) and
anterograde amnesia (TAA), by means of post- and pre-ac-
quisition head injury, respectively, and then examined effects
of VA-045 on retention deficit observed in TRA mice and
learning and retention deficits observed in TAA mice, by use of
a novel procedure of water-finding latent learning paradigm.
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Methods

Animals and drugs

Male ddY mice (Nihon SLC, Shizuoka, Japan) weighing be-
tween 30 and 35 g at the beginning of the experiments were
used. The animals were housed in groups of ten per cage and
maintained in a regulated environment (23+1°C, 50+5%
humidity) with a 12:12 h light/dark cycle (lights on between
09 h 00 min and 21 h 00 min). Both laboratory chow and
water were available ad [libitum except during the period of
water-deprivation or testing. The animals were allowed one
week for adaptation to the laboratory conditions before the
experiments. All experimental protocols were conducted with
due regard for the Japanese Experimental Animal Research
Association standards as defined in the Guidelines for Animal
Experiments (1987), and were approved in advance by the
Animal Research Committee at Nagoya University.
(+)-Eburnamenine-14-carboxylic acid (2-nitroxyethyl) es-
ter (VA-045) was obtained from Taisho Pharmaceutical Co.
Ltd. (Tokyo, Japan). The chemical structure is shown in Fig-
ure 1. VA-045 was dissolved in 2.5% (w/v) ascorbic acid so-
lution in distilled water and four doses (0.5-4.0 mg kg™")
were used in this experiment. All injections were made intra-
peritoneally in a volume of 0.1 ml 10 g~! body weight. Dose
and dosing regimens of VA-045 were based on our preliminary
experiments. Solutions were freshly prepared each day.

Apparatus

The apparatus for the water-finding task was constructed as
previously described (Nabeshima & Ichihara, 1993). Briefly, it
consists of an open field (30 x 50 x 15 cm high) with an alcove
(10 x 10 x 10 cm) in the middle of one wall of the enclosure.
The inside was painted gray and the floor of the open field was
divided into 15 identical squares with visible lines for mea-
suring ambulatory activity. A metal drinking tube, identical to
those used in their home cages, was inserted into the centre of
the alcove ceiling.

The simple weight-drop device consists of a cylindrical-
shaped acrylic weight (diameter 1 cm, length 20 cm, weight
21 g), a Plexiglas tube (inner diameter 14 mm), and a silicon
rubber platform (10 x 10 x 0.3 cm high). The weight is held by
a string which is attached to the upper part of the weight and
allowed to made head impact through the tube by a dropping.
Under the lower opening of the tube was the silicon rubber
platform, on which the anaesthetized mouse was mounted by
hand.

Production of mild TBI in mice

The procedures for production of experimental mild TBI in
mice have been described previously (Tang et al., 1997a).
Briefly, the mice were lightly anaesthetized with halothane
(about 3% in air) in a small animal anaesthetizer (Model TK-
4, Bio Machinery, Japan) and then placed in a prone position
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Figure 1 Chemical structure of (+)-eburnamenine-14-carboxylic
acid (2-nitroxyethyl) ester (VA-045).

on the rubber platform. A blunt head shock was delivered by
dropping the weight through the tube from a height of 25 cm,
an injury level previously demonstrated to produce a concus-
sive-like mild TBI without contusions, focal lesions and in-
traparenchymatous haemorrhage in the brain (Tang et al.,
1997b). The duration of loss of righting reflex was recorded as
the index for evaluating the condition of consciousness. Sham-
injured mice were anaesthetized and placed in the prone po-
sition on the platform but did not receive the drop impact.

Procedures for the task examination

Since changes in either learning and memory or motor activ-
ities are sensitive to the measurements in water-finding task, we
employed this task to evaluate effects of VA-045 in the present
study. A novel procedure of water-finding task was used as
described in our previous study (Tang et al., 1997c). Briefly, it
consists of three sessions, acquisition trial, retention test and
retest, with a 48 h interval between each session. In acquisition
trial, the mice, which had not been deprived of water, were
placed individually into one corner of the open field and al-
lowed to freely explore the environment for 3 min. The elapsed
time required to start exploration of the open field was re-
corded as starting latency and the elapsed time required to get
into the alcove was recorded as entering latency. The frequency
of touching, sniffing or licking the water tube in the alcove was
recorded as number of approaches. Throughout the trial,
ambulation was measured by counting the number of times the
animal crossed from one square to another in the open field
(i.e., locomotion count). Mice that did not approach the water
tube during the 3 min test were excluded from the following
experiment.

Following acquisition trial, animals were immediately re-
turned to their home cages and maintained as usual with free
access to water until to about 24 h before the retention test,
which was carried out 48 h after the acquisition trial. In the
retention test, the mice deprived of water for about 24 h in
their home cages were again individually placed into the same
corner of the apparatus and tested for 3 min. Besides starting
latency, entering latency, and ambulation counts, drinking
latency, defined as the elapsed time to start drinking water
after the mouse had been placed into the apparatus, and
finding latency, defined as the elapsed time to find the water
spout after entering the alcove, were also recorded. The
drinking latency of the mice that did not find the water spout
within the 3 min test was recorded as 181 s.

A retest was used in this study to evaluate further the task
performance. Following the retention test, mice were imme-
diately returned to their home cages and maintained as usual
with free access to water until to about 12 h before the retest.
In our pilot studies, we found that a second 24 h water de-
privation could produce to some extent deficits in the feeding-
related motivation in both the normal as well as TBI mice. To
minimize the interference of these deficits, we reduced the
duration of the second water deprivation to about 12 h. In the
retest, mice were individually tested in the open field as for the
retention test and the behavioural parameters were recorded as
for the retention test. In all experimental sessions, the floor of
the open field was cleaned with 95% alcohol followed by water
after each individual test.

Experimental procedures

All experiments were carried out between 10 h 00 min and
19 h 00 min in a sound-proofed room. In each test, mice were
randomly allocated to treatment conditions in such a way that
the investigators were blind to individual treatment. At first,
we examined effects of VA-045 in naive mice to see whether
this compound affects processes of learning and memory under
normal conditions. For this purpose, VA-045 (0.5—
4.0 mg kg™") was given immediately after the acquisition trial
and the memory functions were evaluated in the retention test
and retest.
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Figure 2 Experimental protocols.

After that, as shown in Figure 2, three experiments were
designed to evaluate effects of VA-045 on the mild TBI-in-
duced learning and memory deficits. Expt 1 was carried out to
assess effects on retention deficit observed in TRA mice.
Normal animals first received acquisition training and 24 h
later, were subjected to TBI. Injured mice randomly received a
single injection of VA-045 (0.5-4.0 mg kg~') or vehicle
30 min after TBI and the sham-injured mice were treated with
vehicle. Memory functions were evaluated in retention test and
retest. Expts 2 and 3 were conducted to determine whether VA-
045 attenuates or prevents learning and retention deficits ob-
served in TAA mice, respectively. In Expt 2, animals were first
subjected to TBI and 30 min later, randomly treated with VA-
045 (0.5-4.0 mg kg~") or vehicle. Sham-injury mice were
treated with vehicle. In Expt 3, normal mice were randomly
treated initially with either VA-045 (0.5-4.0 mg kg~") or ve-
hicle and 30 min later, subjected to TBI or sham injury. All of
the mice in the two experiments were allowed to recover for
one week in their home cages and then subjected to the task
examinations including acquisition trial, retention test and
retest.

Gross histological examination (GHE)

Our previous studies have extensively characterized the histo-
logical changes in this model (Tang et al., 1997b). To confirm
the homogeneity of the injury, five injured mice which had not
received the chemical treatment and five sham-injury mice were
subjected to the GHE 1 h after TBI. Following perfusion
fixation, the scalp was carefully shaved for skull fracture ex-
amination. The skull was then carefully removed and every
surface of the brain was examined for evidence of subdural or
subarachnoid haemorrhages and focal brain lesion or contu-
sions. A series of gross coronal and paramedian sagittal sec-
tions was made for a gross intraparenchymatous,
intraventricular and periventricular haemorrhage examination.

Statistical analysis

Results are expressed as means+s.e.mean. The differences in
latencies, ambulation counts, number of approaches between
TBI and the sham-injured mice were determined by one-way
ANOVA test, followed by Dunnett’s post hoc test. The sig-
nificant level of the duration of loss of righting reflex between
each TBI group was determined by Student’s ¢ test. The
number of animals excluded from the acquisition trial was
analysed by use of Fisher’s exact probability test. Data were
considered statistically significant at P<0.05 level.

Results

Effects of VA-045 on learning and memory in naive mice

No significant difference in the general behavioural parame-
ters, including starting and entering latencies, number of ap-
proaches and ambulation counts, was found between each
treatment condition in the acquisition trial (data not shown).
As shown in Figure 3, latencies for finding and drinking but
not for starting and entering of the VA-045-treated mice were
slightly but significantly prolonged in the retention test
(F(4,67)=2.78, P<0.05 and F(4,67)=2.87, P<0.05) and the

retest (F(4,67)=3.16, P<0.05 and F(4,67)=3.02, P<0.05),
compared to those of vehicle-treated mice. Further analyses
indicated that significant effects were observed at doses of
2.0 mg kg~' in the retention test (P<0.05 and P<0.05) and
the retest (P<0.05 and P<0.05) and 4.0 mg kg~' in the re-
tention test (P <0.05 and P<0.05) and the retest (P<0.05 and
P<0.01). Ambulatory activity was not significantly affected at
the doses used in the retention test or the retest. These results
indicate that the higher doses of VA-045 exerted a detrimental
effect on memory functions in the naive mice.

Effects of VA-045 on retention deficit in TRA mice
(Expt 1)

As shown in Table 1, no significant difference in the general
behavioural parameters was found between each group before
TBI in the acquisition trial. The number of animals excluded
from the experiment without approach to the water tube
during acquisition trial was less than 10% and no significant
difference was found between each VA-045-treated group and
the vehicle-treated group (data not shown). There was no
significant difference in the values of the duration of loss of
righting reflex after TBI between each TRA group (data not
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Figure 3 Effects of VA-045 administered immediately after acquisi-
tion trial in the normal mice in the retention test (a) and retest (b).
Latencies for starting, entering, finding and drinking are shown as
means +s.e.mean; the number of animals in each group is shown in
parentheses. *P<0.05, **P<0.01, compared to those of the vehicle-
treated normal mice, determined by one-way ANOVA, followed by
Dunnett’s post hoc test.
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shown). As shown in Figure 4, in comparison with those of the
sham-injury mice, latencies for finding and drinking but not
for starting or entering of the vehicle-treated TRA mice were
significantly prolonged in the retention test (F(1,35)=27.44,
P<0.001 and F(1,35)=31.77, P<0.001) and retest
(F(1,35)=27.43, P<0.001 and F(1,35)=31.12, P<0.001), in-
dicating that in TRA mice their task performance was dra-
matically impaired. VA-045 administered 30 min after TBI
significantly attenuated the prolonged latencies for finding and
drinking in the retention test (F(4,81)=2.64, P<0.05 and
F(4,81)=2.78, P<0.05) and retest (F(4,81)=3.54, P<0.05 and
(F(4,81)=3.96, P<0.01), compared to those of the vehicle-
treated TRA mice. Post-hoc analyses indicated that significant
effects were observed at doses of 0.5 mg kg~ ! in the retention
test (P<0.01 and P< 0.01) and retest (P<0.01 and P<0.01)
and 1.0 mg kg~! in the retention test (P<0.05 and P<0.05)
and retest (P<0.01 and P<0.01), indicating that VA-045 at
the lower doses significantly attenuated the deficits of task
performance observed in TAA mice.

Effects of VA-045 administered 30 min post-TBI on
general behaviour in TAA mice (Expt 2)

There was no significant difference in the values of the duration
of loss of righting reflex after TBI between each TAA group
(data not shown). The general behaviour was evaluated in the
acquisition trial. Following TBI, as shown in Table 2, no sig-
nificant changes were found in the general behavioural para-
meters, except for entering latency (F(1,34)=4.18, P<0.05)
and number of approaches (F(1,34)=5.01, P<0.05), com-
pared to those of the sham-injured mice. VA-045 showed no
obvious effects on these behaviours. Although a significant
effect was observed on the increase in the number of approa-
ches at the dose of 2.0 mg kg~' (P<0.05) in the comparison
between individual group, overall ANOVA analyses revealed
no significant difference in each parameter between VA-045-
and the vehicle-treated TAA mice. Ambulation counts were
not significantly affected by either the TBI or the chemical
treatment. The number of animals excluded from the acquisi-
tion trial without approach to the water tube was less than
10% and no significant difference was found between each VA-

045-treated group and the vehicle-treated group (data not
shown). These results indicate that the general behaviour, as a
whole, was not dramatically affected by the mild TBI or VA-
045.
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Figure 4 Effects of VA-045 administered 30 min post-trauma on
retention deficit in TRA mice in the retention test (a) and retest (b).
Latencies for starting, entering, finding, and drinking are shown as
means +s.e.mean, and the number of animals in each group is shown
in parentheses. ***P <0.001, compared to those of the sham-injured
mice; *P<0.05, 7 P<0.01, compared to those of the vehicle-treated
TRA mice, determined by one-way ANOVA, followed by Dunnett’s

post hoc test.

Table 1 General behaviour during the acquisition trial in normal mice

Dose Latency (s) No. of approaches Ambulation

Group (mg kg'h n Starting Entering to water tube (counts)
Sham-injured

Vehicle 19 8.11+1.51 25.79+5.13 7.26+0.74 31.63+543
TBI

Vehicle 18 8.39+1.32 24.44+5.97 6.78+0.62 32.39+4.96

VA-045 0.5 17 7.18+1.43 18.59+1.68 8.47+0.67 32.18+7.11

VA-045 1.0 18 10.06+1.87 25.00+3.62 6.06+0.38 28.88 +4.41

VA-045 2.0 15 8.18+1.91 26.12+5.52 8.71+1.27 25.18+5.47

VA-045 4.0 18 7.88 +1.09 25.53+2.83 7.47+0.90 31.88+4.12

Values show the means+s.e.mean.

Table 2 Effects of VA-045 administered 30 min post-trauma on general behaviour during the acquisition trial in TAA mice

Dose Latency (s) No. of approaches Ambulation

Treatment (mg kg'h n Starting Entering to water tube (counts)
Sham-injured

Vehicle 19 9.53+1.56 27.95+4.78 6.79+0.80 30.21+4.27
TAA

Vehicle 17 13.94+2.35 44.59 +6.75* 4.53+0.59* 25.76+4.48

VA-045 0.5 18 11.17+1.47 32.61+5.18 6.28+0.76 25.67+3.64

VA-045 1.0 19 9.89+1.52 41.21+6.72 6.324+0.93 27.63+4.44

VA-045 2.0 20 12.50 +2.44 38.75+5.08 6.90+0.71# 23.40+3.06

VA-045 4.0 19 13.63+2.98 44.324+7.86 5.68+0.86 26.47+3.48

Values show the means+s.e.mean. TAA: TBI-induced anterograde amnesia. *P <0.05, compared to those of the sham-injured mice.

#P <0.05, compared to those of the vehicle-treated TAA mice.
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Effects of VA-045 on deficits of learning and retention in
TAA mice (Expt 2)

Compared to those of the sham-injured mice, as shown in
Figure 5, latencies for finding and drinking but not for starting
or entering of the vehicle-treated TAA mice were dramatically
prolonged in the retention test (F(1,34)=39.5, P<0.001 and
F(1,34)=44.64, P<0.001) and the retest (F(1,34)=22.98,
P<0.001 and F(1,34)=23.99, P<0.001), indicated that TAA
mice were dramatically impaired in the task performance. VA-
045 administered 30 min after TBI significantly shortened the
prolonged latencies for finding and drinking in the retention
test (F(4,88)=3.424, P<0.05 and F(4,88)=3.31, P<0.05) and
retest (F(4,88)=4.08, P<0.01 and F(4,88)=3.93, P<0.01),
compared to those of the vehicle-treated TAA mice. Post-hoc
analyses indicated that significant effects were observed, at
doses of 1.0 mg kg™' on the retention test (P<0.05 and
P<0.05) and the retest (P<0.05 and P<0.01), and
2.0 mg kg™' on the retention test (P<0.01 and P<0.01) and
retest (P<0.01 and P<0.01). These data indicate that VA-045
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Figure 5 Effects of VA-045 administered 30 min post-trauma on the
deficits of learning and retention in TAA mice in the retention test (a)
and retest (b). Latencies for starting, entering, finding, and drinking
are shown as means+s.e.mean, and the number of animals in each
group is shown in parentheses. ***P<0.001, compared to those of
the sham-injured mice; #P<0.05, #P<0.01, compared to those of
the vehicle-treated TAA mice, determined by one-way ANOVA,

followed by Dunnett’s post hoc test.

significantly attenuates the deficits of task performance ob-
served in TAA mice.

Effects of VA-045 administered 30 min before TBI on
general behaviour in TAA mice (Expt 3)

There was no significant difference in the values for the dura-
tion of loss of righting reflex after TBI between each TAA
group (data not shown). As shown in Table 3, a significant
decrease in number of approaches (F(1,30)=7.49, P<0.05)
was observed in TAA mice in the acquisition trial, compared
to that of the sham-injured mice. VA-045 showed no obvious
effects on these behaviours, since overall ANOVA analyses
revealed no significant difference in each parameter between
the VA-045- and the vehicle-treated TAA mice, except that a
significant effect on the increased number of approaches was
found at the dose of 2.0 mg kg~' (P<0.05) in the individual
group comparison. Ambulation counts were significantly af-
fected by neither the TBI nor the chemical treatment. The
number of animals excluded from the acquisition trial without
approach to the water tube was less than 10% and no signif-
icant difference was found between each VA-045-treated and
the vehicle-treated group (data not shown). These results in-
dicate that the general behaviour, as a whole, was not dra-
matically affected by the mild TBI and VA-045 had little effect
on this behaviour.

Effects of VA-045 on prevention from learning and
memory deficits associated with TBI in mice (Expt 3)

As shown in Figure 6, similar to the results of Expt 2 (Figure
5), latencies for finding and drinking but not for starting or
entering of the vehicle-treated TBI mice were significantly
prolonged in the retention test (F(1,30)=26.37, P<0.001 and
F(1,30)=27.44, P<0.001) and retest (F(1,30)=33.27,
P<0.001 and F(1,30)=34.03, P<0.001), indicating that mild
TBI dramatically impaired the task performance. VA-045 ad-
ministered 30 min before TBI significantly attenuated the de-
lay of latencies for finding and drinking in the retention test
(F(4,78)=2.90, P<0.05 and F(4,78)=2.51, P<0.05) and retest
(F(4,78)=3.89, P<0.01 and F(4,78)=3.75, P<0.01), com-
pared to those of the vehicle-treated TBI animals. Further
analyses of individual group data indicated that significant
effects were found at doses of 0.5 mg kg ™' in the retention test
(P<0.01 and P<0.01) and retest (P<0.01 and P<0.01),
1.0 mg kg™! in the retention test (P<0.01 and P<0.01) and
retest (P<0.01 and P<0.01) and 2.0 mg kg~' in the retention
test (P<0.05 and P<0.05) and retest (P<0.05 and P<0.05),
indicating that VA-045 significantly protects against TBI-in-
duced deficits in the task performance in mice.

Summary of the effects of TBI and VA-045 on
ambulatory activities in the retention test and retest in
TRA and TAA mice (Expt 1-3)

To test further the hypothesis that motor changes following
TBI or chemical treatment could contribute to the observed

Table 3 Effects of VA-045 administered 30 min pre-trauma on general behaviour during the acquisition trial in TAA mice

Dose Latency (s) No. of approaches Ambulation

Treatment (mg kg n Starting Entering to water tube (counts)
Sham-injured

Vehicle 15 6.89+0.80 22.13+2.73 7.93+0.73 33.87+4.64
TAA

Vehicle 17 8.76 +1.99 27.12+4.30 5.29+0.63* 29.12+5.67

VA-045 0.5 17 9.88+1.92 31414545 5.354+0.80 27.29+4.41

VA-045 1.0 16 8.50+1.31 29.13+4.80 5.38+0.64 30.94 +4.55

VA-045 2.0 17 7.76 +1.35 29.94+5.36 7.65+0.74% 30.12+2.81

VA-045 4.0 16 9.00+1.93 34.64+7.84 5.754+0.65 35.38+5.69

Values show the means+s.e.mean. TAA: TBI-induced anterograde amnesia. * P <0.05, compared to those of the sham-injured mice.

#P<0.05, compared to those of the vehicle-treated TAA mice.
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Figure 6 Effects of VA-045 administered 30 min pre-trauma on
prevention of learning and memory deficits after TBI in mice in the
retention test (a) and retest (b). Latencies for starting, entering,
finding, and drinking are shown as means +s.e.mean, and the number
of animals in each group is shown in parentheses. ***P<0.001,
compared to those of the sham-injured mice; #P<0.05, #P<0.01,
compared to those of the vehicle-treated TBI mice, determined by

one-way ANOVA, followed by Dunnett’s post hoc test.

behavioural effects of the treatment, we measured ambulatory
activities in the same apparatus as the one used for the beha-
vioural task. The effects of the TBI and VA-045 on the am-
bulatory activities are summarized in Table 4. A thorough
statistic analysis revealed no significant difference between TBI
mice and the sham-injured mice, although the insult of TBI
had a tendency to lower ambulation counts in both the re-
tention test and retest. VA-045 administered 30 min post-in-
jury in TRA or TAA mice showed a tendency to increase
ambulation counts in the retention test, while an overall AN-
OVA analysis revealed no significant difference between the
VA-045- and the vehicle-treated TBI mice. In addition, this
tendency disappeared in the retest in either TRA or TAA mice.
These results indicate that the TBI and VA-045 have no sig-
nificant effects on ambulatory activity.

GHE findings

Gross histopathological changes were examined 1 h after
TBI. The brains looked normal without contusion or focal
lesion. No skull fracture was found in any injured mouse. No
focal contusion and subdural or subarachnoid haemorrhage
was found. Examination of a series of gross coronal and
paramedian sagittal sections revealed that there was no hae-
morrhage in the ventricles. Intraparenchymatous haemor-
rhage was not found in the areas examined, including the
cortex, hippocampus, corpus callosum, thalamus, cerebellum
and brain-stem.

Discussion

In the present study, we examined the effects of (+)-eburna-
menine-14-carboxylic acid (2-nitroxyethyl) ester (VA-045), a

Table 4 Effects of VA-045 administered 30 min post- or
pre-trauma on ambulatory activity in the retention test and
retest in TRA and TAA mice

VA-045 administered 30 min post-trauma in TRA mice

Dose Ambulation (counts)

Treatment (mg kg'") n  Retention test Retest
Sham-injured

Vehicle 19 19.344+3.05 16.24+3.45
TRA

Vehicle 18 1821+1.38 14.55+3.19

VA-045 0.5 17 16.38+2.45 18.924+3.89

VA-045 1.0 18 22.89+2.18 11.23+2.09

VA-045 2.0 15 19324285 10.21+£1.73

VA-045 4.0 18 15384275 17.45+3.24

VA-045 administered 30 min post-trauma in TAA mice

Dose Ambulation (counts)

Treatment (mg kg'') n  Retention test Retest
Sham-injured

Vehicle 19 2393+2.30 18.80+2.70
TAA

Vehicle 17 15314+1.06 11.29+1.52

VA-045 0.5 18 18.88+3.81 9.65+1.37

VA-045 1.0 19 2525+2.38 10.06+1.69

VA-045 2.0 20 17414250 14.12+2.38

VA-045 4.0 19 19.69+3.93 13.06+2.07

VA-045 administered 30 min pre-trauma in TAA mice

Dose Ambulation (counts)

Treatment (mg kg') n  Retention test Retest
Sham-injured

Vehicle 15 20434429 15.03+2.66
TAA

Vehicle 17 18.34+3.53 10.47+1.44

VA-045 0.5 17 14.73+2.18 9.67+1.18

VA-045 1.0 16 1528+1.98 10.95+1.07

VA-045 2.0 17 13.454+2.08 9.20+1.15

VA-045 4.0 16 19.74+3.67 8.53+1.15

Values show the means+s.e.mean. TRA: TBI-induced
retrograde amnesia; TAA: TBI-induced anterograde amne-
sia.

novel apovincaminic acid derivative, on learning and memory
deficits associated with mild TBI in mice. The results showed
that VA-045 significantly attenuates or protects against the
TBI-induced deficits in learning and memory without obvious
effects on motor activities. It is concluded that VA-045 may be
useful for the acute pharmacological treatment of post-trau-
matic learning and memory deficits. This is the first study to
demonstrate effects of a compound on retrograde and ante-
rograde memory dysfunction in a mild TBI mouse model.

By definition, retrograde amnesia is characterized by a
deficit in memory retention, whereas anterograde amnesia by
both deficit in learning and a delayed retention process (Ru-
therford et al., 1977; Rimel et al., 1982; Squire & Cohen, 1984).
In this study, retrograde and anterograde amnesic mice were
experimentally reproduced by means of post- and pre-acqui-
sition head injury, respectively. In TRA mice, since the ac-
quisition trial was given before trauma, learning was intact
during the acquisition trial. The poor score of the task per-
formance in retention test therefore resulted from the impaired
retention process but not from the learning itself. However, in
TAA mice, since acquisition trial was given after trauma,
learning might be inhibited by the insult of TBI. The poor
scores of the task performance in the retention test should be
reasoned from either the impaired learning or the delayed re-
tention process. These features are consistent with the defini-
tions of retrograde and anterograde amnesia in the clinical
situation.

Memory functions were further evaluated in a retest in this
study. Since the animals which were previously water-deprived
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received a water reward in the retention test, this will also
engage memory processes and the rewarding effects can be
further analysed by a re-examination, termed retest in this
study. We have reasons to consider that the outcome of the
retest is related to the retention or retrieval system. A poor
score in the retest might indicate a prolonged retention deficit
or impairment in retrieval system in both TRA and TAA mice.
By analysing the data from either retention test or retest, we
concluded that VA-045 is effective for the improvement or
protection from learning and memory deficits observed in this
TBI model. These results provide additional evidence to sup-
port the view that certain suitable pre- or post-trauma che-
mical treatments are beneficial for the recovery from the
cognitive deficits associated with TBI (Hayes et al., 1989;
McLean et al., 1991; Pierce et al., 1993).

It is not clear why administration of VA-045 before or soon
after trauma can get such effects. VA-045 is a derivative of
apovincaminic acid (Kawashima et al., 1993), a major meta-
bolite of vinpocetine in the body (Miskolczi et al., 1990). Since
it is able to produce vasodilatation, vinpocetine was once used
broadly to treat cerebravascular disease (Otomo et al., 1985).
In the laboratory, vinpocetine has been found to reduce
ischaemia-induced neurone loss in the hippocampus (Rischke
& Kirieglstein, 1991). With similar structure to vinpocetine,
VA-045 not only shares some biological activities with it but
also possesses greater potency, such as increase of cerebral
blood flow (Kawashima et al., 1993; Okuyama et al., 1994).
Post-traumatic ischaemia is one of the major cause of the
neurological sequelae (Cortez et al., 1989; Yamakami &
Mclntosh, 1989; Dietrich et al., 1994), the effects of VA-045
observed in this study might be due to its effects on cerebral
blood flow.

However, it should be noted that VA-045 at the higher
doses in this study exerted a detrimental effect on learning and
memory in the naive animals (Figure 3), indicating that this
compound may interfere with the processes of learning and
memory. Therefore, some other mechanisms may exist in the
regulation of the effects of VA-045. Analyses of the dose-effect
responses also support this suggestion. In this study, the effects
of VA-045 were observed only in a narrow dose range in either
TRA or TAA mice, in contrast to the observations in another
experimental paradigm, in which the effects of VA-045 on
aged-related memory deficits were found for a wide dose range
(Okuyama et al., 1994). This finding might imply that the ef-
fects were not mainly due to its action on cerebral blood flow.
In TRA mice, significant effects were observed with the lower
doses used (Figure 4). It is unlikely that the lower doses exert
effects on cerebral blood flow while the higher doses do not. In
addition, the finding that the effects were inversely related to
the doses in a different model do not support the possibility
that an increased cerebral blood flow is responsible for the
effects of VA-045 on learning and memory. Thus, the me-
chanism of action of VA-045 seems rather complex.

It is well known that neurotransmitter systems are involved
in the processes of learning and memory. Following TBI,
changes in these systems can be divided into acute and chronic
responses. During the acute response, over-release of neuro-
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