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Abstract Memory impairment is the most common

symptom in patients with Alzheimer’s disease. The pur-

pose of this study is to evaluate the memory enhancing

effects of P7C3, a recently identified compound with robust

proneurogenic and neuroprotective effects, on the cognitive

impairment induced by scopolamine, a muscarinic acetyl-

choline receptor antagonist. Different behavior tests

including the Y-maze, Morris water maze, and passive

avoidance tests were performed to measure cognitive

functions. Scopolamine significantly decreased the spon-

taneous alternation and step-through latency of C57BL/6J

mice in Y-maze test and passive avoidance test, whereas

increased the time of mice spent to find the hidden platform

in Morris water maze test. Importantly, intraperitoneal

administration of P7C3 effectively reversed those Scopo-

lamine-induced cognitive impairments in C57BL/6J mice.

Furthermore, P7C3 treatment significantly enhanced the

level of brain-derived neurotrophic factor (BDNF) signal-

ing pathway in the cortex and hippocampus, and the usage

of selective BDNF signaling inhibitor fully blocked the

anti-amnesic effects of P7C3. Therefore, these findings

suggest that P7C3 could improve the scopolamine-induced

learning and memory impairment possibly through

activation of BDNF signaling pathway, thereby exhibiting

a cognition-enhancing potential.
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Abbreviations

AchE Acetyl-cholinesterase

AD Alzheimer’s disease

ANOVA Analysis of variance

BDNF Brain derived neurotrophic factor

CREB cAMP response element-binding protein

GAPDH Glyceraldehydes-3-phosphate dehydrogenase

NAD? Nicotinamide adenine dinucleotide

NAMPT Nicotinamide phosphoribosyltransferase

TrkB Tyrosine kinase B

PD Parkinson disease

Introduction

Alzheimer’s disease (AD), the most common type of

dementia is a progressive neurodegenerative disorder

characterized by a decline in cognitive function and

memory impairment [1, 2]. Characteristic neuropathologi-

cal features of AD are accumulation of amyloid plaques,

formation of neurofibrillary tangles, induction of oxidative

stress and inflammatory responses, and disturbance in

neurotransmission [3]. Particularly, the impairment of

memory and cognitive dysfunction in AD is associated

with cholinergic (acetylcholine-producing) hypofunction

by increasing the acetyl-cholinesterase (AchE) activity [4–
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6]. Conversely, the major treatment for AD is AchE inhi-

bitors, which improve the levels of acetylcholine by

delaying its degradation at cholinergic synapses [7, 8].

However, due to the limitation of current medications for

treating AD such as relatively low efficacy, severe adverse

effects for the long-term use, and in-effectiveness in the

late stage of AD [9], it is very necessary to develop novel

and safe anti-amnesic compounds with neuroprotective

properties. In this regard, one promising new candidate of

interest in this study is P7C3.

Previous studies have showed that learning and memory

is controlled by a lot of proteins and signaling pathways,

especially the BDNF signaling pathway. BDNF is a neu-

rotrophic factor closely involved in memory consolidation,

and the dysfunction of BDNF disrupts the hippocampus-

dependent memory formation [10, 11]. CREB is a tran-

scription factor coupled to the activation of BDNF [12],

and plays important roles in many developmentally regu-

lated processes, such as cell survival, hippocampal neuro-

genesis and long-term memory [13–16].

P7C3 is an identified proneurogenic and neuroprotective

aminopropyl carbazole [17]. Pieper et al. [17] reported that

the intraperitoneal injection of P7C3 could significantly

enhance the hippocampal neurogenesis at a dose of 20 mg/

kg, while hippocampal neurogenesis is closely correlated

with learning and memory [18, 19]. By now, this com-

pound has already been demonstrated to treat several brain

disorders in animal models, including the Parkinson’s

disease, amyotrophic lateral sclerosis and traumatic brain

injury [20–22]. Here, we speculated that P7C3 may have

anti-amnesic effects and exhibit a preventive/therapeutic

potential for treating AD.

Scopolamine is a muscarinic acetylcholine receptor

(mAChR) antagonist which impairs learning acquisition

and short-term memory in rodents and humans [23–26].

The scopolamine-induced amnesia has been widely used to

generate experimental animal models for the screening of

anti-amnesic drugs. In this study, we have utilized the

scopolamine model to assess the anti-amnesic effects of

P7C3, and furthermore, the actions of P7C3 were extended

to the molecular levels by examining the expression of

brain-derived neurotrophic factor (BDNF) signaling path-

way in the hippocampus and cortex.

Materials and Methods

Animals

Adult male C57BL/6J mice (8–10 weeks old) were

obtained from the Experimental Animal Center of Medical

College, Nantong University. Before used, mice were

housed 5 per cage under standard conditions (12 h

light/dark cycle; lights on from 07:00 to 19:00; 23 ± 1 �C
ambient temperature; 55 ± 10 % relative humidity) for

1 week with free access to food and water. Each experi-

mental group consisted of 15 mice. Behavioral experiments

were carried out during the light phase. The experiment

procedures involving animals and their care were con-

ducted in compliance with the National Institutes of Health

Guide for Care and Use of Laboratory Animals and with

the European Communities Council Directive of 24

November 1986 (86/609/EEC).

Drugs and Treatments

P7C3 (purity [99 %), donepezil and scopolamine were

purchased from Sigma (St. Louis, MO, USA). K252a was

purchased from Alomone Laboratories (Jerusalem, Israel).

P7C3 was dissolved in 5 % dextrose (pH 7.0) with 2.5 %

DMSO and 10 % Cremaphor EL [17]. Donepezil, scopo-

lamine and K252a were dissolved in the same vehicle of

P7C3. The dosages of P7C3 (10, 20 mg/kg), donepezil

(5 mg/kg), K252a (25 lg/kg) and scopolamine (1 mg/kg)

were chosen based on previous reports [17, 25, 27]. All

these compounds were administered intraperitoneally (i.p.)

in a volume of 10 ml/kg. Control animals were adminis-

tered with the corresponding vehicle also in the same

volume.

Passive Avoidance Task

The passive avoidance performance was carried out in

identical illuminated and non-illuminated boxes

(20 9 20 9 20 cm). The illuminated compartment con-

tained a 100 W bulb, and the non-illuminated compartment

was equipped with an electrifiable grid floor. The two

chambers were connected by an automatically operated

guillotine door (5 9 5 cm). Each test involved two sepa-

rate trials, a training trial and a test trial. For the training

trial, a mouse was gently placed in the illuminated com-

partment, and after 30 s of familiarization, the light was on

and the door between the two compartments was opened.

When the mouse entered the dark compartment, the door

automatically closed and a 0.5 mA electrical shock of 3 s

in duration was delivered through the stainless steel rods.

The time taken for the mouse to enter the non-illuminated

chamber was recorded as the step-through latency. A test

trial was performed 24 h after the training trial, the mouse

was again placed in the illuminated compartment, and the

time to enter the non-illuminated chamber after door

opening was measured again without electric foot shock.

The step-through latency was recorded up to 300 s. If a

mouse did not enter the non-illuminated compartment

within 300 s, the mouse was removed and assigned a

latency score of 300 s.
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Y-maze Test

Y-Maze is used as a measure of immediate spatial working

memory which is form of short-term memory [25]. Three

arms of the Y-maze (41 cm long, 25 cm high, and 10 cm

wide) were positioned at an equal angle. Each mouse was

placed at the end of one arm and allowed to navigate freely

for an 8-min session. During the 8 min period, the

sequence (e.g., ABC, BCA, CAB) and number of arm

entries were recorded manually for each mouse. The

Spontaneous alternation behavior was defined as entries

into all three arms on consecutive choices (i.e., ABC, CAB,

or BCA but not ABA). Maze arms were thoroughly cleaned

between tasks to remove residual odors. The percentage

(%) of spontaneous alternation behavior was defined

according to the following equation: % alternation =

[(number of alternations)/(total arm entries - 2)] 9 100.

Morris Water Maze

The apparatus consisted of a circular pool with a diameter

and height 100 and 45 cm, respectively. The pool was filled

to a depth of 30 cm with water containing 500 ml of milk

(25 ± 1 �C). A white platform (8 cm in diameter) was

submerged 1 cm below the water surface. The pool was

divided into four equal quadrants and each quadrant was

marked by a different visual cue. The platform was randomly

placed in one quadrant for the duration of the experiment. On

the first day, each mouse was allowed a 120 s habituation

session in the pool without the platform. During the four

subsequent days, each mouse was given four 120 s learning

trials per day with the platform in place. The time interval

between each trials session was 1 min. For each learning

trial, the mouse was placed into the water facing the pool wall

in one of the pool quadrants. The entry point was changed in a

different order for each day. The escape latency, the time

taken to find the submerged platform, was recorded using a

video camera-based Ethovision System (Noldus, Wagenin-

gen, The Netherlands) for each trial. When a mouse located

the platform, it was permitted to remain on it for 20 s. If a

mouse was unable to locate the platform within 120 s, it was

led to the platform and allowed to rest for 60 s, and the escape

latency in these cases was recorded as 120 s. On the fifth day,

all the mice were subjected to a probe trial session in which

the platform was removed from the pool. Mice were allowed

to swim for 60 s to search for the removed platform, and a

record was kept of the swimming time in the pool quadrant

where the platform had been previously placed.

Western Blotting Analysis

The experiment was conducted as we have described [27].

The mice used for performing Morris water maze were

sacrificed 24 h after the probe test. Bilateral hippocampi

were rapidly dissected and homogenized in lyses buffer

[50 mM Tris–HCl, pH 7.4; 1 mM EDTA; 100 mM NaCl;

20 mM NaF; 3 mM Na3VO4; 1 mM PMSF with 1 % (v/v)

Nonidet P-40; and protease inhibitor cocktail], and then

kept on ice for 30 min. The homogenate was centrifuged at

12,0009g for 15 min, and supernatants were then col-

lected. Protein concentration was estimated by Coomassie

blue protein-binding assay (Jiancheng Institute of Biolog-

ical Engineering, Nanjing, China). After denaturation,

30 lg of protein samples were separated by 10 % SDS/

PAGE gel and then transferred to nitrocellulose mem-

branes (Bio-Rad, Hercules, CA, USA). After blocking with

5 % nonfat dried milk powder/Tris-buffered saline Tween-

20 (TBST) for 1 h, membranes were incubated overnight at

4 �C with primary antibodies to cAMP response element-

binding protein (CREB; 1:500; Cell Signaling, MA, USA),

phospho-CREB-ser133 (pCREB; 1:500; Cell Signaling,

MA, USA); brain derived neurotrophic factor (BDNF;

1:500; Epitomics, CA, USA), glyceraldehydes-3-phosphate

dehydrogenase (GAPDH; 1:1000; Santa Cruz, CA, USA).

The antigen–antibody complexes were visualized with goat

anti-rabbit or goat anti-mice horseradish peroxidase-con-

jugated secondary antibodies (1:2000; Santa Cruz, CA,

USA) by using enhanced chemiluminescence (ECL;

Pierce, Rockford, IL, USA). The optical density of the

bands was determined using Optiquant software (Packard

Instruments BV, Groningen, Netherlands).

Statistical Analysis

All analyses were performed using SPSS 13.0 software

(SPSS Inc., USA) and data are presented as mean ± SEM.

Differences between mean values were evaluated using

one-way analysis of variance (ANOVA), and post hoc tests

were performed using LSD test. p\ 0.05 was considered

statistically significant.

Results

Effects of P7C3 on the Scopolamine-Induced

Memory Impairments

We first tested the effect of P7C3 on the scopolamine-

induced memory deficit using the step-through passive

avoidance task which is largely dependent on long-term

memory. P7C3, donepezil or vehicle was administrated

60 min prior to the training trial, and scopolamine was

injected 30 min after the drug administration. Donepezil

was used as a positive control. Data are summarized in

Fig. 1b, it was found that there was no significant differ-

ence in step-through latency time among experimental
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groups in the training trial. However, in the test trial, the

step-through latency of scopolamine-treated (1 mg/kg, i.p.)

mice was significantly lower than that of vehicle-treated

control mice (n = 12, p\ 0.01 vs. Control), and interest-

ingly, the reduced step-through latency induced by

scopolamine was fully reversed by P7C3, especially at

20 mg/kg (n = 11, p\ 0.01 vs. Scopolamine), similar to

donepezil. Then the effects of P7C3 on the spontaneous

alternation behavior were examined using the Y-maze task.

P7C3, donepezil or vehicle was administrated 60 min prior

to the task, and scopolamine was injected 30 min after the

drug administration. As shown in Fig. 1c, the spontaneous

alternation of scopolamine-treated mice was significantly

lower than that of vehicle-treated control mice (n = 12,

p\ 0.01 vs. Control), and similar to donepezil, this change

was also restored by P7C3 at both the 10 mg/kg and

20 mg/kg (n = 10–11, p\ 0.01 vs. Scopolamine). How-

ever, the number of arm entries was similar across all

experimental groups (Fig. 1c), indicating that P7C3 did not

affect the general locomotor activity of animals.

We further investigated the effects of P7C3 on the

scopolamine-induced spatial memory impairments using the

Morris water maze task. P7C3, donepezil or vehicle was

administrated 60 min prior to the first learning trial of each

training day, and scopolamine was injected 30 min after the

drug administration. As shown in Fig. 2a, the mice in the

vehicle-treated control group readily learned and memorized

the location of the submerged hidden platform during the four

training days, which was reached within 30 s by the last day

of the training period. In contrast, the scopolamine-treated

mice exhibited significantly longer escape latency than con-

trol mice (n = 12, p\ 0.01 vs. Control). However, we found

that 10 mg/kg P7C3 treatment significantly reduced the

escape latency of scopolamine-treated mice starting from the

second day of the training period (n = 12, p\ 0.01 vs.

Scopolamine), and 20 mg/kg P7C3-treated group exhibited

nearly similar escape latency to the control group during the

whole training period. On the day following the training

period, the probe test was performed. The swimming time

within the target quadrant in the scopolamine-treated group

were significantly less than those in the vehicle-treated con-

trol group (Fig. 2b, n = 12, p\ 0.01 vs. Control), and this

change was also fully reversed by either P7C3 or donepezil

treatment (Fig. 2b, n = 10–11, p\ 0.01 vs. Scopolamine).

Together, these data suggest that P7C3 could rescue the

scopolamine-induced memory impairments.

In addition, the memory enhancing effects of P7C3 were

investigated in naive mice. However, it was found that

P7C3 treatment did not promote the memory of naive mice

in the passive avoidance task, Y-maze task or Morris water

maze task (Fig. 3, n = 12), indicating that the effects of

P7C3 were limited to amnesic mice.

Fig. 1 Memory enhancing

effects of P7C3 in the passive

avoidance test and Y-maze test.

a The molecular structure of

P7C3. b Protective effects of

P7C3 on the learning and

memory deficit caused by

scopolamine in the passive

avoidance test. c Promoting

effects of P7C3 on the

scopolamine-decreased

spontaneous alternation in the

Y-maze test, while the total

number of arm entries was

similar between all groups. Data

are expressed as mean ± SEM

(n = 10–12); **p\ 0.01 versus

control; #p\ 0.05, ##p\ 0.01

versus scopolamine group.

Comparison was made by one-

way ANOVA followed by post-

hoc LSD test
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Effects of P7C3 on the Expression of BDNF

Signaling Pathway in the Brain

To further investigate the molecular mechanisms underly-

ing the memory enhancing effects of P7C3, we conducted

western blot experiments to examine the expression of

BDNF and activation of CREB in the cortex and hip-

pocampus. As shown in Fig. 4a, b, both the hippocampal

and cortical BDNF expression in the P7C3-treated group

were significantly higher than that in the scopolamine-

treated group (n = 7, p\ 0.01 vs. Scopolamine). Simi-

larly, the scopolamine-decreased expression of p-CREB in

the hippocampus and cortex was also markedly restored by

P7C3 administration, especially at 20 mg/kg (Fig. 4a, b,

n = 7, p\ 0.01 vs. Scopolamine). These results suggest

that the anti-amnesic effects of P7C3 may due to the

activation of BDNF signaling pathway in the hippocampus

and cortex.

Attenuation of P7C3’s Anti-amnesic Effects

by the BDNF Signaling Pathway Blockade

To determine whether the BDNF signaling pathway is

required for the P7C3-induced anti-amnesic effects, the

potent pharmacological inhibitor of BDNF receptor TrkB,

K252a, was used [28–30]. Mice were firstly injected with

K252a, then P7C3 (after 30 min), and lastly scopolamine

(after 1 h). Behavioral tests were then performed. Data are

summarized in Fig. 5a. The passive avoidance task results

showed that the step-through latency of P7C3? K252a?

scopolamine-treated mice was significantly lower than that

of P7C3? scopolamine-treated mice, and nearly the same

level to that of scopolamine-treated mice. Similarly, the

Y-maze task results showed that the spontaneous alterna-

tion of P7C3? K252a? scopolamine-treated mice was also

significantly lower than that of P7C3? scopolamine-trea-

ted mice, and nearly the same level to that of scopolamine-

treated mice (Fig. 5b). Furthermore, the Morris water maze

task results revealed that the escape latency of P7C3?

K252a? scopolamine-treated mice was significantly longer

than that of P7C3? scopolamine-treated mice (Fig. 6a),

and the swimming time within the target quadrant in the

P7C3? K252a? scopolamine group were significantly less

than that in the P7C3? scopolamine group (Fig. 6b).

Together, these results suggest that the BDNF system is

involved in the anti-amnesic effects of P7C3.

Discussion

In this study, the major findings of this study are as follows.

First, P7C3 produces anti-amnesic effects in multiple ani-

mal models screening for anti-amnesic activity, including

the passive avoidance task, Y-maze test and Morris water

maze. Second, the anti-amnesic effects of P7C3 require the

BDNF signaling pathway, since it could be prevented by

selective inhibition of BDNF system in the hippocampus

and cortex. Together, these data identify a novel function

of P7C3 suggesting it could be developed as a potential

treatment for AD.

AD is the most common form of age-related neurode-

generative disorder that is characterized with an insidious

Fig. 2 Memory promoting activities of P7C3 in the Morris water

maze test. a Effects of P7C3 on the scopolamine-induced spatial

memory impairment which was represented by mean escape latency

during the training trials in Morris water-maze test. b Comparison of

swimming time spent in the target quadrant during the probe test in

Morris water-maze test. Data are expressed as mean ± SEM

(n = 11–12); **p\ 0.01 versus Control; #p\ 0.05, ##p\ 0.01

versus scopolamine group. Comparison was made by one-way

ANOVA followed by post-hoc LSD test
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loss of memory, associated functional decline, and behav-

ioral disturbances [31]. Cholinergic deficit is a major fea-

ture that is associated with memory loss and cognitive

dysfunction in AD [4–6], and so it is well known that the

anti-cholinergic agent scopolamine-induced memory defi-

cits are similar to those found in age-related senile central

nervous system dysfunction. Therefore, scopolamine

challenge could serve as a useful tool for selecting com-

pounds with therapeutic potential for treating AD. The

compound, P7C3, was selected in our study by virtue of the

knowledge that it demonstrates robust proneurogenic

activity as neurogenesis is closely involved in learning and

memory [17, 19, 32], and this compound also has neuro-

protective effects while AD is always accompanied with

neuronal loss [33–35]. P7C3 is orally bioavailable,

endowed with a relatively long half life, capable of

crossing the blood brain barrier, and safely tolerated by

mice [17]. Here, we investigated whether P7C3 has anti-

AD potential in the scopolamine-induced memory impair-

ment animal model, and conducted a series of behavior

tests. Firstly, in the passive avoidance test, scopolamine

treatment reduced the step-through latency, which was

effectively restored by intraperitoneal injection of P7C3.

Secondly, in the Y-maze test, the scopolamine-treated mice

showed decreased spontaneous alternation compared with

that of vehicle-treated mice, which was significantly

improved by P7C3 pretreatment. Lastly, in the Morris

water-maze task, the scopolamine-treated animals took

longer time to find the platform than those animals in the

control group, and P7C3? scopolamine-treated animals

easily found the location of the hidden platform. Collec-

tively, these data strongly suggest that P7C3 could be a

novel anti-AD compound.

As a molecular mechanism underlying the anti-amnesic

effects of P7C3, we showed that P7C3 treatment could

enhance the BDNF signaling pathway in the hippocampus

and cortex. We selected BDNF in our study as BDNF is

very important for learning and memory of rodents [36].

Evidences have been accumulated that P7C3 may affect the

BDNF system. For example, it has been found that P7C3

administration could rescue the reduced dendritic length

and branching in the dentate gyrus of NPAS3 knockout

Fig. 3 P7C3 produces no

significant memory enhancing

effects in naive mice. a Effects

of P7C3 on the memory of naive

mice in the passive avoidance

test. P7C3 was administrated

60 min before the training trial.

b Effects of P7C3 on the

memory of naive mice in the

Y-maze test. P7C3 was

administrated 60 min prior to

the test. c Effects of P7C3 on

the memory of naive mice in the

Morris water maze test. P7C3

was injected 60 min prior to the

first learning trial of each

training day. Data are expressed

as mean ± SEM (n = 12).

Comparison was made by one-

way ANOVA followed by post-

hoc LSD test
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mice [17], and BDNF plays a critical role in the growth and

differentiation of neuronal dendrite [37]. P7C3 also

robustly promotes the hippocampal neurogenesis, while

hippocampal neurogenesis is not only correlated with

learning and memory, but also closely controlled by BDNF

[17, 19, 38]. Furthermore, the usage of K252a fully abol-

ished the anti-amnesic effects of P7C3, proving that BDNF

is indeed involved in this response. Interestingly, Garcia

et al. reported that exogenously added BDNF evoke

acetylcholine release in rodent motor nerve terminals via

trkB receptors [39]. Thus we think P7C3 may promote

acetylcholine release in the brain to protect against the

scopolamine-induced cholinergic deficits via activating the

BDNF-trkB signaling, and this needs further study.

Moreover, De Jesus-Cortes et al. [20] showed that P7C3

could block the 1-methyl-4-phenyl-1,2,3,6-tetrahydropy-

ridine (MPTP)-mediated cell death of dopaminergic neu-

rons in the substantia nigra of adult mice, a model of

Parkinson disease (PD). It is known that both the PD and

AD belong to neurodegenerative disorders, and the patho-

genesis of AD also included neuronal death [33–35], fur-

ther implying the anti-AD potential of P7C3.

How does P7C3 affect the expression of BDNF? Wang

et al. [40] reported that P7C3 produces neuroprotective

effects via activating the nicotinamide phosphoribosyl-

transferase (NAMPT), the rate-limiting enzyme which

converts nicotinamide into nicotinamide adenine dinu-

cleotide (NAD?). Previous studies showed that the

Fig. 4 P7C3 treatment reverses

the scopolamine-induced

decrease of BDNF signaling

pathway in the hippocampus

and cortex. a Representative

western blotting of BDNF/

GAPDH and p-CREB/CREB

showed that P7C3 treatment

restored the scopolamine-

induced decrease of BDNF and

p-CREB expression in the

hippocampus.

Scopolamine ? P7C3-treated

mice displayed significantly

higher BDNF and p-CREB

bands than Scopolamine-treated

mice. b In parallel to

hippocampus, P7C3

administration also restored the

scopolamine-induced inhibition

of BDNF and p-CREB

expression in the cortex. Data

are expressed as mean ± SEM

(n = 5); **p\ 0.01 versus

control; #p\ 0.05, ##p\ 0.01

versus CSDS? vehicle group.

Comparison was made by one-

way ANOVA followed by post-

hoc LSD test
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NAMPT in hippocampal and cortical excitatory neurons is

critical for cognitive function [41], and lowering NAD?

levels in mouse cortical neurons led to decreased activity-

dependent BDNF expression by increasing the DNA

methylation of the activity-dependent BDNF promoter

[42]. Therefore it is possible that P7C3 enhances the BDNF

protein level by activating the biosynthesis of NAD?, and

this also needs further research.

In accordance with our findings, a lot of compounds

have been reported to have neuroprotective and memory

Fig. 5 Blockade of BDNF

signaling by K252a abolishes

the anti-amnesic actions of

P7C3 in the passive avoidance

test and Y-maze test. a K252a

pretreatment 30 min before

P7C3 administration prevented

the P7C3-induced increase in

the step-through latency of

scopolamine-treated mice in

passive avoidance test. b K252a

pretreatment also abolished the

P7C3-induced increase in the

spontaneous alternation of

scopolamine-treated mice in

Y-maze test, while the total

number of arm entries was

similar between all groups. Data

are expressed as mean ± SEM

(n = 11–12); **p\ 0.01 versus

Control; #p\ 0.05, ##p\ 0.01

versus scopolamine group.

Comparison was made by one-

way ANOVA followed by post-

hoc LSD test

Fig. 6 Blockade of BDNF signaling by K252a abolishes the anti-

amnesic effects of P7C3 in the Morris water maze test. a K252a

pretreatment 30 min before P7C3 administration prevented the P7C3-

induced decrease in the mean escape latency of scopolamine-treated

mice during the training trials. b K252a pretreatment also abolished

the effects of P7C3 on the scopolamine-treated mice in the probe test.

Data are expressed as mean ± SEM (n = 11–12); **p\ 0.01 versus

Control; #p\ 0.05, ##p\ 0.01 versus scopolamine group. Compar-

ison was made by one-way ANOVA followed by post-hoc LSD test
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enhancing effects via the BDNF-CREB signaling pathway.

For example, Kim et al. found that arabinoxylan, a major

component of dietary fiber in wheat, prevented the

scopolamine-induced amnesia in rats possibly through

activating the expression of BDNF and CREB in the cortex

and hippocampus [43]. Oh et al. also reported that Angelica

keiskei significantly attenuated the scopolamine-induced

cognitive impairment in mice, and recovered the scopo-

lamine-reduced phosphorylation of CREB and expression

of BDNF in the hippocampus [25].

Collectively, P7C3 has wide-ranging biological effects,

and many reveal positive therapeutic indexes. Our results

show that P7C3 possesses anti-amnesic property through

promotion of the BDNF system, providing a new insight to

understand the pharmacological effects of P7C3. More

importantly, this study shed light on the development of

new anti-amnesic treatments with higher efficacy and

fewer side effects.
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