
A

t
i
i
o
o
G
a
f
P

K

T
i
a
i
r
e
f
a
c
m
e
i
n
a

M
f

0
d

Available online at www.sciencedirect.com

Neuroscience Letters  432 (2008) 206–211

NMDA receptors are involved in Ginkgo extract-induced facilitation on
memory retention of passive avoidance learning in rats

Elaheh Nooshinfar a,b, Reza Lashgari a,d,∗, Abbas Haghparast a, Samand Sajjadi c

a Neuroscience Research Center, Shaheed Beheshti Medical University, P.O. Box 19615-1178, Tehran, Iran
b Physiology Department, Paramedical College, Shaheed Beheshti Medical University, Tehran, Iran

c English Department, Paramedical College, Shaheed Beheshti Medical University, Tehran, Iran
d School of Cognitive Science, Institute for Studies in Theoretical Physics and Mathematics, Tehran, Iran

Received 11 May 2007; received in revised form 25 November 2007; accepted 5 December 2007

bstract

Herbal therapies are commonly used to enhance memory and learning. Ginkgo biloba has shown to be one of the most popular herbs that is used
o treat amnesia and retard age related memory deficits. Although, there have been several reports on the memory enhancing effects of Ginkgo,
nvolvement of glutamatergic system that plays pivotal role in learning and memory has not been precisely assessed so far. The current study
ntended to investigate the effect of Ginkgo intake on amnesia while NMDA (N-methyl d-aspartic acid) receptors blocked by the administration
f MK-801. The study used passive avoidance (PA) task to investigate the effect of chronic administration of Ginkgo extract (40 and 90 mg/kg;
ral) on the memory span in male Wistar rats, suffering from MK-801-induced forgetfulness (0.06 and 0.1 mg/kg; i.p.). The results indicate that

inkgo was able to remove MK-801-induced forgetfulness, indicating that Ginkgo can affect memory retention but not effect on passive avoidance

cquisition, using pathways other than glutamatergic system as well. The results might indicate that Ginkgo extract can be effective in removing
orgetfulness caused by inhibiting NMDA receptors from performing their activities.
ublished by Elsevier Ireland Ltd.
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he enhancement of learning and memory is of special signif-
cance in man’s life. Ginkgo biloba extract is widely used as
n herbal medicine or dietary supplement since Ginkgo extract
s effective in facilitation of learning, recollection of memo-
ies and retards Alzheimer-induced forgetfulness. The Ginkgo
xtract possesses several therapeutic properties and is effective
or memory and concentration problems, confusion, depression,
nxiety, dizziness, tinnitus and headache [4,25]. The overall
linical effectiveness of the extract is thought to reflect the
echanisms of action of several individual components of the

xtract which include increase in cerebral blood supply by dilat-

ng blood vessels, reduction of blood viscosity, modification of
eurotransmitter systems, increased capacity to utilize oxygen
nd reduction of the amount of free radicals [4,24]. Meanwhile,
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he psychological and physiological benefits of Ginkgo said to
e based on its primary action of regulation of neurotransmit-
ers, neuroprotective effects, prevention of oxidative damage
o mitochondria and protection against or retardation of nerve
ell degeneration [13,14,27]. It has well recognized that gluta-
atergic, cholinergic and histaminergic systems in brain related

losely to learning and memory [30,31]. On the other part, lit-
le has known about the mechanism of Ginkgo extract action
n enhancement of learning and memory. Yamamoto et al. have
hown that Ginkgo extract improves the spatial memory deficits-
nduced separately by scopolamine and diphenhydramine as
holinergic and histaminergic antagonists, respectively. Their
ndings suggest that the effects of Ginkgo extract on learning
nd memory mediated by both the cholinergic and histaminer-
ic systems [30,31]. Another study showed that Ginkgo extract
educed the density of �-adrenergic receptors in the frontal

ortex and hippocampus, indicating the effects of Ginkgo on
emory mediated via adrenergic system [10]. Some other stud-

es discuss Ginkgo’s role as a competitive antagonist toward
ABAA receptors [11]. It has also reported that compounds

mailto:rezalashgari@ipm.ir
dx.doi.org/10.1016/j.neulet.2007.12.022


ience

i
b
l
s
s
d
t
h
f

r
a
c
u
m
s
e
h
t
t
h
G
t
c
a

t
e
e
o
I
m
a
p

o
T
i
r
w
t
t

m
b
m
i
P
i
s

(

c
r
s
n

u
1
t

d
a
e
(
t
t

t
d
1
a
r
b
d

a
i
r

D
o
T
a

d
e
g
d
P
a

(
w
b
t
c
o
p
s
a
c

b
p
o
(
a
f
p

E. Nooshinfar et al. / Neurosc

n Ginkgo can inhibit the attachment of a ligand to peripheral
enzodiazepine receptor, which indicates the possible modu-
ating effect of Ginkgo on stress [2]. Ginkgo also improves
patial memory in animals with Alzheimer disease [26]. It also
hows that Ginkgo can combat forgetfulness by reducing the
amaging effects of beta amyloids on the cholinergic neuro-
ransmitters [16]. In addition, Ginkgo extract has also shown to
ave anti-cholinesterase properties, useful for the treatment of
orgetfulness [7].

Unlike its memory enhancing effects, Ginkgo may sometimes
emain ineffective or may even reversely affect the memory, by
ltering the level of concentration [13,25,28]. A review of the
linical studies of the effect of Ginkgo on healthy female vol-
nteers indicated the failure of Ginkgo extract in enhancing the
emory [28]. Solomon and colleagues have shown that the con-

umption of Ginkgo by middle age individuals would neither
nhance concentration nor facilitate learning [25]. On the other
and, the consumption of certain doses of Ginkgo can reduce
he speed of concentration [13]. In addition, acute consump-
ion of Ginkgo extract would increase the attention of young
ealthy volunteers [13,14]. Thus, it can reasonably conclude that
ingko extract has both negative and positive effects on cogni-

ive functions such as speed and quality of learning and level of
oncentration, depending on the time of its consumption and the
mount of dose taken [14].

As mentioned above, it is well known that cholinergic, his-
aminergic and adrenergic systems play a crucial role in the
ffects of Ginkgo on learning and memory [23,27,30,31]. How-
ver, previous studies have not precisely tested the involvement
f glutamatergic system with Ginkgo on learning and memory.
n order to elucidate the involvement of glutamatergic system in
emory enhancing effects of Ginkgo extract, we used MK-801,

n NMDA receptor blocker and investigated its effects using
assive avoidance (PA) learning task.

Adult male Wistar rats weighing 180–230 g (n = 140) were
btained from the breeding colony of the Pasteur Institute,
ehran. Rats classified randomly into 14 groups, with 10 rats

n each group. Each cage housed four rats and maintained at the
oom temperature (23 ± 1 ◦C) with a 12:12 h light/dark cycle
ith light on at 7:00 a.m. Food and water were available ad libi-

um in the home cages and the experiment carried out at specific
imes of the day.

The PA task is used as a behavioral task to model learning and
emory in a variety of experimental paradigms. This task is the

ehavioral procedure of choice in many studies of learning and
emory, probably because it requires very little specialist train-

ng of subjects and the results are available quickly [12,31]. The
A apparatus (shuttle box) and behavioral studies were described
n our previous study but in this study, rats received a 50 Hz
quare wave, 0.3 mA constant current shock for 2 s [15].

The drugs used in this study, were pure Ginkgo biloba extract
Tolidaru Co., Iran) and MK-801 (TOCRIS Co., UK).

The aim of this experiment was to determine the effect of

hronic administration of Ginkgo extract on PA acquisition and
etention. Thirty rats divided into three experimental groups:
aline control (n = 10) and Ginkgo groups (40 and 90 mg/kg;
= 10 for each group) receiving orally either saline or Ginkgo

t
a
T
a
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sing Gavage needle (with a 15◦ curved blunt ended needle about
1 cm long) [7,10,15], daily for 7 days before the acquisition
rial.

The aim of this experiment was to determine the effect of
ifferent doses of NMDA receptor antagonist, MK-801, on PA
cquisition and memory retention. Thirty rats divided into three
xperimental groups: saline control (n = 10) and MK-801 groups
0.06 and 0.1 mg/kg; n = 10 for each group) receiving intraperi-
oneal (i.p.) injection of saline (1 ml/kg) or MK-801, 1 h before
he acquisition trial and retrieval test.

The aim of this experiment was to determine the interac-
ion between the chronic administration of Ginkgo (40 mg/kg),
aily for 7 days before testing, and i.p. injection of MK-801,
h (0.06 mg/kg) or 1 day (0.1 mg/kg) before testing, on the PA
cquisition and memory retention. Therefore, the groups both
eferred to as an acute treatment, but differed in the interval
etween injection and testing (i.e. 1- or 24-h delay). Eighty rats
ivided into eight groups in this experiment.

In all the three experiments, the number of trials to PA
cquisition, step-through latency (STL) and the time spent
n dark compartment (TDC) during the retrieval test were
ecorded.

One-way ANOVA was used to analyze the data, followed by
unnett’s and/or Tukey’s tests for multiple comparisons, to find
ut if there were significant differences between various groups.
he significance level was set at P ≤ 0.05. Results are expressed
s mean ± standard error of mean (S.E.M).

One-way ANOVA indicated that there was no significant
ifference in the number of acquisition trials among the three
xperimental groups (the number of trials to acquisition in three
roups = 1). On the other hand, different doses of Ginkgo extract
id not show any significant difference in STL [F(2,29) = 1.408;
= 0.2620; n.s.] and TDC [F(2,29) = 2.421; P = 0.1079; n.s.)

mong three experimental groups on PA retention (Fig. 1).
All experimental groups compared with saline control

saline–saline) group. One-way ANOVA indicated that there
as no significant difference on the number of acquisition trials
etween experimental and saline groups (the number of trials
o acquisition in three groups = 1). Therefore, this result indi-
ates that MK-801 the same as Ginkgo extract has no effect
n PA acquisition. On the other hand, Dunnett’s multiple com-
arison test showed that different doses of MK-801 have a
ignificance difference in the STL [F(2,29) = 29.12; P < 0.0001]
nd TDC [F(2,29) = 94.17; P < 0.0001] as compared to saline
ontrol group on PA retention (Fig. 2).

All groups received daily for 7 days saline or Ginkgo extract
efore PA acquisition and retention tests. Tukey’s multiple com-
arison test indicated that there was no significant difference
n the number of acquisition trials between Ginkgo + MK-801
received MK-801; 0.06 mg/kg; i.p.; 1 h before acquisition test)
nd its saline control group (the number of trials to acquisition in
our groups = 1; not shown in figure). In retention test (the lower
anel in Fig. 3), Tukey’s multiple comparison test indicated

hat there were significant differences among the experimental
nd control groups in the STL [F(3,39) = 66.59; P < 0.0001] and
DC [F(3,39) = 151.7; P < 0.0001]. Nevertheless, there were not
ny significant differences between control (saline; 1 ml/kg) and
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Fig. 1. Effect of Ginkgo on memory retention. Animals received oral adminis-
t
a
p

G
t

n
b
2
n
t
w
t
[

c
w
p
t
o
t

h
h
[
s
L
p
[
r
a

i
t
a
t
m
i
s
p
u
a
fi
learning [22,27] but also oppose some other studies that reported
the enhancing effects of Ginkgo on spatial memory in the rat
model of Alzheimer’s disease [26,31]. However, our findings

Fig. 2. Effect of MK-801 on memory retention. Animals received oral adminis-
ration of saline or Ginkgo (40 or 90 mg/kg) 7 days before retention test. STL
nd TDC during retrieval test were recorded 24 h after acquisition test. Each
oint is the mean ± S.E.M.

ingko (40 mg/kg) groups in saline- and MK-801 (0.06 mg/kg)-
reated rats (Fig. 3).

On the other hand, Tukey’s test indicated that there was
o significant difference on the number of acquisition trials
etween Ginkgo + MK-801 (received MK-801; 0.1 mg/kg; i.p.;
4 h before acquisition test) and its saline control group (the
umber of trials to acquisition in four groups = 1). In reten-
ion test, Tukey’s multiple comparison test indicated that there
ere significant differences among the experimental and con-

rol groups in the STL [F(3,39) = 25.82; P < 0.0001] and TDC
F(3,39) = 78.69; P < 0.0001; Fig. 4].

The present study designed to investigate the effects of
hronic administration of the Ginkgo extract in combination
ith MK-801 on the learning and memory using PA task
aradigm. Our results indicate that the long-term administra-
ion of Ginkgo extract removes the inhibitory effect of MK-801
n memory retrieval in PA task but had no effect on acquisition
est.

The role of glutamatergic system in learning and memory
as been extensively studied, and especially NMDA receptors
ave been implicated in different learning and memory processes
9,12,21]. Involvement of NMDA receptors in learning initially
uggested based on long-term potentiation (LTP) experiments.
TP is a form of synaptic plasticity, widely accepted to be the

hysiological substrate for many forms of learning and memory
1,3,15,17,32]. A number of publications confirmed that NMDA
eceptors play a prominent role in at least some forms of LTP
nd learning, as the blockade of NMDA receptor prevents the
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nduction of hippocampal LTP and impairs learning [6,19]. On
he other hand, Ginkgo extract exerts many pharmacological
ctions such as antioxidant properties and the ability of neuro-
ransmitter/receptor modulation. The significance of Ginkgo as a

emory enhancing herbal drug has already been acknowledged
n several studies [22,26,27,29]. However, the results of our
tudy showed that there were no significant differences in com-
arison with control group, indicating that the doses of Ginkgo
sed in this study had no effect on passive avoidance learning
nd memory retrieval. These results not only contradict earlier
ndings on the facilitative effects of various doses of Ginkgo on
ration of saline for 7 days and different doses of MK-801 (0.06 and 0.1 mg/kg)
ere injected 1 or 24 h before retention test. STL and TDC during retrieval

est were recorded 24 h after acquisition test. Each point is the mean ± S.E.M.
**P < 0.001 different from saline control (saline–saline) group.
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Fig. 3. Effect of interaction between MK-801 (0.06 mg/kg) and Ginkgo extract
(40 mg/kg) on memory retention. Animals received oral administration of saline
or Ginkgo extract for 7 days and also MK-801 or saline were only injected 1 h
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As mentioned previously, Ginkgo intake could directly influ-
ence cholinergic neurotransmitters [8], indicating Ginkgo’s
involvement in regulating the pathways for cellular messages

Fig. 4. Effect of interaction MK-801 (0.1 mg/kg) and Ginkgo extract (40 mg/kg)
on memory retention. Animals received oral administration of saline or Ginkgo
efore retention test. STL and TDC during retrieval test were recorded 24 h after
cquisition test. Each point is mean ± S.E.M. **P < 0.01, ***P < 0.001 different
rom saline control (saline–saline) group.

re in line with previous studies that reported Ginkgo’s failure in
nhancing memory, using other methods than ours to test mem-
ry [20,25]. Our study also showed that injection of MK-801
ecreased memory retention. Therefore, these findings indicated
hat NMDA receptors are actively involved in memory, result-
ng in a decrease in memory retention [12,21]. Meanwhile, doses
f MK-801 and injection times (1 h versus 24 h before instruc-
ion) both resulted in decreased memory retrieval. The recipients
f MK-801 (1 h before the instruction) and ones (24 h before
he instruction) showed that the 1-h delay administration has a
ignificantly greater level of memory disturbance than the 24-
delay administration. This may imply that MK-801-induced

orgetfulness is in a dose- and time-dependent manner.
According to previous studies the memory enhancement

ffect of Ginkgo is brought about by its interference with
eurotransmitters such as the cholinergic, histaminergic and
drenergic systems [23,27,31]. So we investigated the relation-
hip between Ginkgo and glutamatergic system, something that
as not been referred to or investigated in previous studies.
he results on simultaneous application of Ginkgo and MK-

01 showed that the administration of Ginkgo (40 mg/kg) and
K-801 (0.06 mg/kg) 1 h before the instruction cannot remove
K-801-induced forgetfulness while the same dose of Ginkgo

s able to remove MK-801 (0.1 mg/kg)-induced mental dis-

e
t
t
(

Letters  432 (2008) 206–211 209

urbance, given that injection is carried out 24 h before the
nstruction.

There are some reports about the interaction between brain
holinergic neurons and Ginkgo extract in learning and memory.
or instance, studies have reported that Ginkgo extract improved
copolamine-induced memory deficits of passive avoidance
erformance [5,31]. In addition, some previous studies have
eported the direct effect of Ginkgo on cholinergic neurotrans-
itters [8], it was additionally shown that Ginkgo could decrease

he controlling effects of beta amyloids on cholinergic carriers
16] and functions as an active anti-cholinesterase drug that is
seful in treating forgetfulness [7].

On the one hand, NMDA receptors are involved in releasing
cetylcholine from septum and striatum; indicate that gluta-
atergic system controls discharging of acetylcholine in these

reas [18]. It has also indicated that MK-801-induced forget-
ulness may not be confined to disturbance in glutamatergic
ystem only; rather, it can be due to changes in cholinergic,
drenergic and dopaminergic systems [12]. Therefore changes
n glutamatergic system can bring about changes in other neu-
otransmitter systems and vice versa.
xtract for 7 days and also MK-801 or saline were injected 24 h before retention
est. STL and TDC during retrieval test were recorded 24 h after acquisition
est. Each point is mean ± S.E.M. ***P < 0.001 different from saline control
saline–saline) group.
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23] on one hand and its interference with neurotransmitters on
he other hand [27]. Therefore, bearing in mind Ginkgo’s role in
oth activating cholinergic transmitters and reducing their con-
rolling function, one speculation may be that the effectiveness of
inkgo in removing forgetfulness, caused by MK-801, injected
4 h before the instruction, could have been (directly or indi-
ectly) due to its interaction with the cholinergic system. On the
ther part, Ginkgo can regulate the process of genetic expression,
s has been indicated in some previous studies [2,23]. Therefore,
t can suggest that Ginkgo activates the process of expression
he NMDA receptor genes, resulting in the synthesis of new
MDA receptors. Another possibility requiring further investi-
ation is that Ginkgo blocks the attachment of ligands to NMDA
eceptors. As indicated before Ginkgo can prevent ligands from
inding with local benzodiazepine receptor [2].

In summary, it could be said that the intake of Ginkgo alone
ill not bring about memory enhancement, although it can have
positive effect in reducing mental weaknesses and disturbances

n certain conditions. Injection of the various doses of MK-801 at
ifferent times can result in forgetfulness. Ginkgo cannot remove
emory disturbances brought about by the injection of MK-801
short time (1-h delay) before the trial while it will remove such
isturbances caused by the injection of MK-801 at a long period
24-h delay) before the trial. Under such conditions, therefore,
ith the antagonistic affect of MK-801 on NMDA receptors

nd its control over glutamatergic system, it seems likely that
inkgo could not only enhance glutamatergic system but also
ight affect some other pathways, such as cholinergic system

o improve memory.
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