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Abstract The antioxidant activity of proanthocyanidins

extracted from the lotus seedpods (LSPC) in vitro and

ameliorative effects on memory impairment induced using

scopolamine in mice were studied. 2,2-diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging ability, oxygen

radical absorbance capacity, and cellular antioxidant

activity assays revealed a potent LSPC antioxidant activity.

Y-maze and step-down avoidance testing showed that

LSPC administration at 30, 60, and 90 mg/kg ameliorated

memory impairment. LSPC improved glutathione peroxidase

and superoxide dismutase activities, inhibited activities of

monoamine oxidase-B, total nitric oxide synthase, neuronal

nitric oxide synthase, and acetylcholinesterase, and had no

influence on inducible nitric oxide synthase and nitric

oxide levels in the brain. LSPC ameliorated scopolamine-

induced memory impairment based on improvement of the

antioxidant system and cholinergic activity, which may be

associated with potent antioxidant ability.

Keywords: proanthocyanidin, lotus, scopolamine, memory,

antioxidant

Introduction

Alzheimer’s disease (AD) is an age-related neurodegenerative

disease concomitant with progressive cognitive impairment,

including memory loss and learning disturbances (1).

Oxidative stress and a cholinergic deficit have emerged as

important mechanisms in AD pathogenesis, in addition to

inammation, and Aβ formation and accumulation (1,2).

Oxidative stress arises due to an imbalance between

production of free radicals and an antioxidant defense (2).

Excess free radicals are highly prone to react with lipids,

proteins, DNA, and RNA, which leads to oxidative

damage that has been implicated in aging and a number of

human diseases, including AD and other related neurological

diseases (2-4). Nervous tissue, including the brain, is

extremely susceptible to free radical damage due to an

abundance of inspired oxygen, easily oxidizable poly-

unsaturated fatty acids, redoxactive transition metal ions,

and a relatively weak antioxidant defense system (3,4).

Many studies have demonstrated that increased amounts of

lipids, proteins, and DNA oxidation products are present in

AD, which strengthens the hypothesis that free radical-

mediated oxidative damage plays a critical role in the

pathogenesis of AD and establishes oxidative damage as

an early event in AD pathogenesis that can be treated as a

therapeutic target (5,6).

Increased oxidative damage in the aging process may be

due to a deficiency of antioxidants (3,5). Moreover, reactive

oxidative species act as a secondary messenger in inammation,

which is an important mechanism in AD pathogenesis (7).

Reactive oxygen metabolites affect binding of ligands to

membrane receptors, such as muscarinic cholinergic

receptors, which indicates that oxidative stress induces

cholinergic dysfunction (8). For these reasons, use of

antioxidants may be helpful in treatment of AD (1,3). It has
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been demonstrated that chronic administration of antioxidants

restores age-related impairment in spatial learning and

memory (9,10). A cholinergic deficit is a major neuro-

pathological feature that is strongly associated with memory

loss, and closely related to the severity of cognitive

impairment in AD patients (11). The neurotransmitter

acetylcholine (ACh) undergoes a hydrolytic reaction in the

presence of acetylcholinesterase, which blocks cholinergic

neurotransmission (10). Currently, the most accepted

treatment for AD is administration of AChE inhibitors,

such as tacrine, donepezil, rivastigmine, and galantamine

for activation of ACh synthesis (11,12). However, these

AChE inhibitors are helpful to only a subset of patients and

cause the side effects of nausea, diarrhea, and vomiting.

For these reasons, new drugs without adverse effects are

urgently required (12).

Proanthocyanidins, a class of polyphenolic compounds,

are widely distributed in plants and have attracted increasing

attention in the fields of nutrition, health, and medicine

largely due to strong antioxidant properties and other

biological activities (13). Recent studies have demonstrated

that proanthocyanidins act as anti-aging agents for protection

against memory deficits, and extend the life span (14,15).

The lotus seedpod, a part of Nelumbo nucifera Gaertn, has

been used as a traditional Chinese medicine for more than

1,000 years for anti-aging, improved learning and memory

abilities, soothing of nerves, and hemostasia (16). Pro-

anthocyanidins, the main active ingredients in lotus

seedpods (LSCP), have demonstrated effective scavenging

of the superoxide anion and the hydroxyl radicals in vitro

(17), and amelioration of cognitive deficits in SAMP8 and

cognitively impaired aged rats (9,10). In addition, mixtures

of LSPC and bilobalide (or L-cysteine) have been demonstrated

to improve behavioral performances in scopolamine-induced

amnesia mice (18,19). However, the ameliorative effects of

LSPC on scopolamine-induced memory impairment and

the antioxidant mechanism have not been studied.

This study was aimed at estimation of the antioxidant

activity of LSPC in vitro based on assays of the DPPH

radical scavenging ability, the oxygen radical absorbance

capacity (ORAC), and the cellular antioxidant activity

(CAA), and investigation of the effects of LSPC on

scopolamine-induced memory impairment in mice based

on Y-maze and step-down avoidance testing. Changes in

the brain antioxidant system and the cholinergic system

were also determined.

Materials and Methods

Chemicals and reagents AB-8 resin was obtained from

Chemical Plant of Nankai University (Tianjin, China). 6-

Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid

(Trolox), gallic acid, quercetin, 2',7'-dichlorofluorescin

diacetate, fluorescein disodium salt, 2,2'-azobis (2-

amidinopropane) dihydrochloride (AAPH), and 2,2-

diphenyl-1-picrylhydrazyl (DPPH) were obtained from

Sigma-Aldrich (St. Louis, MO, USA). Dulbecco’s Modified

Eagle’s Medium (DMEM) and potassium phosphate buffer

(PBS, pH 7.4) were purchased from Gibco (Carlsbad, CA,

USA). HepG2 human liver cancer cells were obtained

from the American Type Culture Collection (Rockville,

MD, USA). Glutathione peroxidase (GSH-Px), superoxide

dismutase (SOD), monoamine oxidase-B (MAO-B),

AChE, nitric oxide synthase (NOS), and nitric oxide (NO)

testing reagent kits were obtained from Nanjing Jiancheng

Bioengineering Institute (Nanjing, China). Scopolamine

hydrobromide injections were purchased from Xuzhou

Ryen Pharm Co. Ltd. (Xuzhou, China).

Preparation of LSPC Mature LSCP of Nelumbo nucifera

cv. Number 2 Wuhan plant were harvested from the Honghu

District in Hubei, China in late July of 2010 and arrived in

the laboratory within 24 h of harvest. Seedpods were kept

in a refrigerator (BCD-186; Siemens, Berlin and Munich,

Germany) at −20ºC prior to extraction. LSCP were identified

by Prof. Xueming Ni from the Department of Botany,

Wuhan Plant Institute of the Chinese Academy of Science

in Wuhan, Hubei province. LSCP (100 g) were subjected

to extraction using boiling distilled water (1 L) (AJY-6000-

U Aquapro Water Purifier; Chongqing Yi-yang Enterprise

Development Co., Ltd., Chongqing, China) for 1 h, then

the filtrate was applied to a column (60 cm×4.0 cm i.d.;

Wuhan Aisipei Scientific Instrument Co., Ltd., Wuhan,

China) packed with AB-8 resin (Chemical Plant of Nankai

University). The resin was washed with distilled water

(10 L) (Chongqing Yi-yang Enterprise Development Co.,

Ltd.) to remove sugar and low Mw materials, then eluted

using a 70% aqueous ethanol (0.6 L) (Sinopharm Chemical

Reagent Co., Ltd., Shanghai, China). The eluant was

concentrated using a rotary evaporator (RE111; Buchi

Labortechnik, Flawil, Switzerland) at 30ºC, then lyophilized

by a Freeze Dryers (ALPHA 1-4LD; Marin Chris, Osterode,

Germany) to recover LSPC (3.8 g) with a purity of 98.7%,

as measured following the method reported by Porter et al.

(20). LSPC was kept in a refrigerator (BCD-186; Siemens)

at −20ºC. Based on electrospray ionization mass spectrometry

analysis, LSPC was comprised of monomers, dimers, and

tetramers of proanthocyanidins, in which catechin and

epicatechin are the base units. The amount of dimers was

greatest (17).

DPPH radical scavenging ability The scavenging effect

of LSPC on DPPH radicals was evaluated following the

method of Sahin and Samli (21) with modification. Briefly,

2 mL of an LSPC solution was added to 2 mL of a DPPH
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solution (0.2 mmol/L) (Sigma-Aldrich) in a test tube. Each

analysis was performed in triplicate. After incubation in the

dark at 37ºC for 30 min, the absorbance of each solution

was determined by UV-vis spectrophotometer (UV1750;

Shimadzu, Kyoto, Japan) at 517 nm. 

ORAC assay An ORAC assay was carried out according

to the method reported by Wolfe and Liu (22). Briefly, 20

µL of an LSPC solution, Trolox (6.25-50 µmol/L) (Sigma-

Aldrich) in a 75 mmol/L PBS (Gibco), or PBS (Gibco) was

added to triplicate wells in a black 96-well microplate

(Packard Instrument Company, Meriden, CT, USA). Then,

fluorescein disodium salt (Sigma-Aldrich) (200 µL, 0.96

µmol/L in PBS; Gibco) was added to each well. The plate

was kept at 37ºC for 20 min in an Infinite® M200 PRO

plate reader (Tecan Austria GmbH, Grödig, Austria).

Subsquently, AAPH (Sigma-Aldrich) (20 µL, 119 mmol/L

in PBS; Gibco) was added to all wells except for a blank

well. The fluorescence value was measured at 485 nm

(excitation spectra) and 520 nm (emission spectra) for 35

cycles (4.5 min/cycle) using an Infinite® M200 PRO plate

reader (Tecan Austria GmbH). LSPC ORAC values were

calculated using a regression equation between the Trolox

concentration and the net area under the Fluorescein decay

curve and expressed as ìmol of Trolox equivalents (TQ)/

mg of LSPC.

CAA assay The CAA value was determined according

to the method reported by Wolfe and Liu (22). Briefly,

HepG2 cells were seeded at a density of 6×104 in 100 µL

of DMEM (Gibco) per well on a black 96-well microplate

(Packard Instrument Company). After 24 h of incubation in

CO2 incubator (Hera cell 240i; Thermo Scientific, Hudson,

NH, USA) at 37ºC, the growth medium was removed and

cells were washed with PBS (Gibco). Cells were treated in

triplicate for 1 h with 100 µL of a standard (quercetin;

Sigma-Aldrich) or LSPC with 2',7'-dichlorofluorescin

diacetate (Sigma-Aldrich) (25 µmol/L) in DMEM (Gibco).

Then, AAPH (Sigma-Aldrich) at 600 µmol/L in 100 µL of

DMEM (Gibco) was added to every treated well, and

immediately the microplate was read using an Infinite®

M200 PRO plate reader (Tecan Austria GmbH) at 37ºC.

The fluorescence value was recorded at 485 nm (excitation

spectra) and 538 nm (emission spectra) for 12 cycles (5

min/cycle). CAA values were calculated following the

method reported by Wolfe and Liu (22) and expressed as

µg of quercetin equivalents (QE)/µg of LSPC. 

Animals Four-week-old male Kunming mice (20±2 g)

were obtained from Hubei Research Center of Experimental

Animals, Hubei, China. Animals were housed 5 per cage

with ad libitum access to food and water, kept under a

controlled temperature of 22±1ºC, a humidity of 55-60%,

and a 12 h light/12 h dark cycle throughout the experimental

period. All experimental procedures involving animals

were conducted in accordance with the animal care and use

guidelines of Wuhan General Hospital of Guangzhou

Military Command Animal Care and Use Committee

(SYXK, Hubei, 2008-0007).

Treatments Mice were randomly divided into 5 groups

with 10 mice in each group. The groups were (1) a control

group (CON), (2) a vehicle scopolamine control group

(SCOP), (3) a low dose LSPC group (L-LSPC, 30 mg/kg),

(4) a middle dose LSPC group (M-LSPC, 60 mg/kg), and

(5) a high dose LSPC group (H-LSPC, 90 mg/kg). The

initial body weights of the mice were not significantly

(p>0.05) different between the 5 groups. After acclimatization

for 3 days, mice in L-LSPC, M-LSPC, and H-LSPC

groups were administered 30, 60, and 90 mg/kg of LSPC,

respectively, at a dosage of 0.1 mL/10 g of body weight via

oral gavage daily for 20 days. The dosage was based on

previous experimental work (9,10,19). LSPC solutions for

L-LSPC (3 mg/mL), M-LSPC (6 mg/mL), and H-LSPC (9

mg/mL) group mice were freshly prepared in 0.9% saline

every day, and administration began at 9:00 a.m. Animals,

except in the CON group, were given scopolamine (3 mg/

kg, i.p.) to induce memory impairment 30 min before a

training course. CON group received 0.9% saline (i.p.) in

the same manner as above.

Behavioral procedures At the end of the treatment period

the learning and memory capabilities of mice was studied

using Y-maze testing following the method described by

Gong et al. (9) with modification. Briefly, each mouse was

placed at the end of an arm of the Y-maze to adapt for 5

min without electric shock, then the mouse ran to the safe

arm under the stimulus of an electric shock and stayed in

the safe arm for adaptation to conditions for 30 s.

Subsequently, another electric shock was applied following

the sequence ABCABC (A, B, and C represent three arms

of Y-maze). Trials were performed 35 times during a

training course then, 24 h after the end of training, the

number of errors in 10 tests was recorded as the memory

ability.

Seven days after Y-maze testing, the learning and memory

abilities of mice were tested using step-down avoidance

testing, as described by Gong et al. (9). Briefly, a mouse

was placed in the testing box to adapt for 3 min without

electric shock. Then, the mouse was placed on the platform

(safe area). A step-down from the platform initiated an

intermittent electric shock (1 s, 0.3 A) and the mouse was

forced to escape back up onto the platform. The number of

errors (mouse step-down from the platform and receiving a

shock) during 5 min was recorded. After 24 h, the mouse

was placed on the platform for retention testing. The
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latency (step-down onto the grid with all 4 paws for the

first time) and the number of errors within 5 min were

measured as learning performance.

Biochemical analysis Following step-down avoidance

testing, mice were killed using cervical dislocation. The

whole brain was dissected, weighed (BL3100 electronic

balance; Sartorius, Göttingen, Germany) and stored at

−80ºC (DW-86L388V ultra-low temperature refrigerator;

Haier, Qingdao, China). Before biochemical analysis, brain

tissue was homogenized with ice-cold 0.9% saline by a

motor homogenizer (IKA T10; IKA Labortechnik, Staufen,

Germany) at 1500 rpm for 10 s at 0ºC. The homogenate

was centrifuged (TGL-16G-A high-speed centrifuge;

Shanghai Jiapeng Technology Co., Ltd., Shanghai, China)

at 2,054×g for 10 min at 4ºC and the supernatant was used

for biochemical analysis. Activities of GSH-Px, SOD,

MAO-B, AChE, and NOS, and contents of NO and protein

in brain tissue were determined following manufacturer’s

instructions (Nanjing Jiancheng Bioengineering Institute).

Statistical analysis Data were expressed as a mean±

standard deviation (SD) and analyzed using a one-way

analysis of variance (ANOVA) followed by Duncan’s test

if significant differences between groups were identified.

Statistical analysis was performed using SPSS 16.0

software (SPSS Inc., Chicago, IL, USA) at p<0.05.

Results and Discussion

Antioxidant activity of LSPC in vitro The antioxidant

activity of LSPC was evaluated using a DPPH radical

scavenging ability assay, an ORAC assay, and a CAA

assay in vitro. ORAC and CAA assays were used herein

the first time for determination of the antioxidant activities

of LSPC. The scavenging effects of LSPC against the

DPPH radical were observed over a concentration range of

2-80 µg/mL (Fig. 1). The scavenging rate rose sharply in a

concentration range of 2-20 µg/mL, increased slowly over

a concentration range of 20-40 µg/mL, then remained

constant at 92% over a concentration range of 40-80 µg/

mL. The median effective concentration (EC50) (defined as

the dose required for a 50% inhibition for LSPC or quercetin)

of LSPC against the DPPH radical was 9.10±0.11 µg/mL.

The ORAC value of LSPC was 52.15±1.42 µmol of TQ/

mg. The CAA value of LSPC was 89.20±2.54 µg of QE/

µg, and EC50 value was 9.03±0.69 µg/mL, which was close

to the EC50 value of quercetin (6.43±0.84 µg/mL). Ling et

al. (17) reported that LSPC effectively scavenged the

superoxide anion and hydroxyl radicals in vitro with EC50

values of 17.6 and 10.5 µg/mL, respectively. Thus, LSPC

had a strong antioxidant activity in vitro.

Effects of LSPC on body weight There were no

significant (p>0.05) differences in body weights among the

5 treatment groups on the same day during 40 days of

treatment (Fig. 2). There were also no significant (p>0.05)

differences in body weights among the 5 groups before

LSPC treatment. Gong et al. (9) reported that administration

of 90 mg/kg of LSPC for 2.5 and 3 months increased the

body weight in SAMP8 rats, compared with age-matched

SAMR1 rats. The results in this study and reported results

of Gong et al. (9) cannot be directly compared due to

differences in treatment times and experimental subjects.

Short-term administration of LSPC apparently had no

effect on changes in body weights of mice.

Effects of LSPC on Y-maze testing The Y-maze is

regarded as an indicator of spatial short-term memory

Fig. 1. The scavenging ability of LSPC against the DPPH
Radical. Data are expressed as a mean±SD (n=3).

Fig. 2. Effects of LSPC (30, 60, and 90 mg/kg) on body weights
of scopolamine-induced memory impaired mice. All data are
expressed as a mean±SD (n=10). CON, SCOP, L-, M-, and H-
LSPC are control, vehicle scopolamine control, low, middle, and
high dose LSPC groups, respectively. Comparisons of mean values
were performed using a one-way ANOVA.
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(9,12). Effects of LSPC on Y-maze testing are shown in

Fig. 3A. SCOP group mice exhibited a significantly (p<0.05)

increased number of errors, compared with CON group

mice, which verified that cognitive deficits induced by

scopolamine were apparent in mice and that memory was

closely associated with the central cholinergic system (9,

19,21). However, the numbers of errors were significantly

(p<0.05) reduced by all LSPC treatments vs. SCOP group

mice. In addition, M-LSPC and H-LSPC treatments

normalized the scopolamine-induced increase in the

number of errors. Gong et al. (9) reported that LSPC

improved the behavioral performances of SAMP8 rats in

Y-maze testing. Thus, LSPC effectively ameliorated a

scopolamine-induced memory impairment.

Effects of LSPC on step-down avoidance testing Step-

down avoidance testing can be used to evaluate the

memory retention ability (7,18,19). Scopolamine resulted

in a significant (p<0.05) increase in the number of errors

(Fig. 3B) in step-down avoidance testing, and a significant

(p<0.05) decrease in the step-down latency, compared with

CON group mice (Fig. 3C), consistent with previous

studies (7,18,19) and with the results of Y-maze testing in

this study. Significantly (p<0.05) reduced error numbers

and significantly (p<0.05) increased step-down latency

times for all 3 LSPC treatment groups was observed,

compared with SCOP group mice. Moreover, the number

of errors in testing trials was decreased to the level

exhibited by CON group mice by all LSPC treatments.

LSPC treatments at 30 and 90 mg/kg normalized the

decrease in the step-down latency, suggesting that LSPC

exerted a cognition-improvement effect, in agreement with

previous reports that LSPC ameliorated cognitive deficits

in SAMP8 rats and cognitively impaired aged rats (9,10).

Effects of LSPC on the brain antioxidant system The

effects of free radicals on memory impairment and many

neurodegenerative diseases, such as AD and other related

neurological diseases, have attracted attention in recent

years (2,3). It is well known that free radical-mediated

oxidative damage is approved in AD pathogenesis and that

antioxidants have served as useful treatments in clinical

AD trials (1,5). Scopolamine-induced amnesia animals

have been widely used for preliminary evaluation of potential

cognition-enhancing activities of herbal and other agents

(7,12,18,19,23). Scopolamine induces cognitive deficits

not only by inducing a cholinergic deficit (7,12,19,24,25),

but also by inducing oxidative stress (7,12,19,23-25).

Moreover, Van der Vliet and Bast (8) reported that reactive

oxygen metabolites affect binding of ligands to membrane

receptors, such as muscarinic cholinergic receptors, indicating

that oxidative stress induces cholinergic dysfunction. Recent

studies have reported that herbal extracts reverse scopolamine-

induced amnesia via antioxidant mechanisms, including

free radical scavenging and ROS/RNS inhibitory activities

(7,12,19,23-25). Thus, the action mechanism of LSPC was

Fig. 3. Effects of LSPC (30, 60, and 90 mg/kg) on behavioral
performance of scopolamine-induced memory impaired mice.
(A): Number of errors in Y-maze testing; (B): Number of errors in
step-down avoidance testing; (C): Latency in step-down avoidance
testing. Values are expressed as a mean±SD (n=10). CON, SCOP,
L-, M-, and H-LSPC are control, vehicle scopolamine control, low,
middle, and high dose LSPC groups, respectively. Comparisons of
mean values were performed using a one-way ANOVA followed
by Duncan’s test. Means with different superscripts above columns
are significantly different (p<0.05).
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evaluated mainly from the perspective of oxidative stress,

including activities of GSH-Px, SOD, MAO-B, and NOS,

and the NO level.

The GSH-Px activity for SCOP group mice was

significantly (p<0.05) lower than for CON group mice

(Table 1). The SOD activity of SCOP group mice was

reduced by 6.3%, compared with CON group mice. GSH-

Px and SOD, both endogenous antioxidant enzymes,

contribute to the cellular defenses against free radical

damage in the brain (4). The decline in GSH-Px activity

induced by scopolamine confirmed that scopolamine-

induced amnesia is associated with the antioxidant system

(7,12,24). However, LSPC treatments at 30, 60, and 90 mg/

kg significantly (p<0.05) increased the GSH-Px activity,

compared with all SCOP group mice. Moreover, no

significant (p>0.05) differences in GSH-Px activity were

found between mice of all 3 LSPC groups and CON group

mice. 

Scopolamine caused an increase in MAO-B activity

(1.16× with respect to CON group mice). MAO-B activity

was significantly (p<0.05) reduced by LSPC treatments at

60 and 90 mg/kg, compared with SCOP group mice, and

compared with CON group mice. H-LSPC group mice

exhibited a significant (p<0.05) increase in the SOD activity,

compared with SCOP group mice. Nevertheless, in this

study, the brain SOD activity in SCOP group mice was not

altered significantly (p>0.05), compared with CON group

mice. Similarly, El-Sherbiny et al. (23) reported that there

was no significant difference in brain SOD activity between

scopolamine-treated and control groups, perhaps because

SOD activity was not significantly different between different

brain regions of AD patients, and declined significantly

only in the cerebellum, frontal cortex, and hippocampus,

compared with age-matched controls (26).

Effects of LSPC on activities of total nitric oxide synthase

(TNOS), inducible nitric oxide synthase (iNOS), and

neuronal nitric oxide synthase (nNOS), and the NO level,

are shown in Table 2. Scopolamine caused increases in

activities of TNOS and nNOS, and the NO level (1.10×,

1.12×, and 1.17× with respect to CON group mice,

respectively). Significantly (p<0.05) reduced TNOS

activity was observed in all LSPC group mice, compared

with SCOP group mice. However, LSPC treatments at

30 and 90 mg/kg significantly (p<0.05) inhibited TNOS

activity in comparison with CON group mice. Compared

with SCOP group mice, the nNOS activity was significantly

(p<0.05) reduced by LSPC treatments at 30 and 90 mg/kg).

Additionally, there were no significant (p<0.05) differences

in brain iNOS activities and NO levels among all 5

treatment groups.

As a free radical, NO reacts with superoxide radicals to

form peroxynitrite and results in neurotoxicity and cell

apoptosis under an abnormal physiological status, which is

involved in the pathogenesis of AD and Parkinson’s disease

(27). Previous study has shown that administration of

LSPC for 3 months resulted in NO inhibition in the

Table 1. Effects of LSPC on brain SOD, GSH-Px, MAO-B, and AChE activities in scopolamine-induced memory impaired mice1)

Group
GSH-Px SOD MAO-B AChE

U/mg protein

CON 59.75±3.35b 57.27±2.89ab 3.52±0.81a 0.67±0.03a

SCOP 53.07±2.35a 53.70±1.65ab 4.08±1.55a 0.70±0.02a

L-LSPC 61.56±4.09b 54.08±4.74ab 3.64±0.89a 0.52±0.06b

M-LSPC 57.80±1.42b 57.06±3.48ab 2.17±1.10b 0.56±0.08b

H-LSPC 57.88±3.70b 58.88±3.83bb 2.22±0.88b 0.51±0.04b

1)Values are expressed as a mean±SD (n=10). CON, SCOP, L-, M-, and H-LSPC are control, vehicle scopolamine control, low, middle, and
high dose LSPC groups, respectively. Comparisons of mean values were performed using a one-way ANOVA followed by Duncan’s test.
Means in the same column with different superscripts are significantly different (p<0.05).

Table 2. Effects of LSPC on brain NOS activity and the NO level in scopolamine-induced memory impaired mice1)

Group
TNOS iNOS nNOS NO

U/mg protein µmol/g of protein

CON 0.97±0.17ab 0.37±0.05 0.61±0.18ab 0.63±0.15

SCOP 1.07±0.11ab 0.38±0.15 0.68±0.15ab 0.74±0.25

L-LSPC 0.71±0.15cb 0.28±0.09 0.42±0.20bb 0.61±0.13

M-LSPC 0.85±0.23bc 0.29±0.07 0.56±0.26ab 0.60±0.32

H-LSPC 0.68±0.17cb 0.25±0.11 0.43±0.11bb 0.40±0.33

1)Values are expressed as a mean±SD (n=10). CON, SCOP, L-, M-, and H-LSPC are control, vehicle scopolamine control, low, middle, and
high dose LSPC groups, respectively. Comparisons of mean values were performed using a one-way ANOVA, followed by Duncan’s test if
significant differences between groups existed. Mean values in the same column with different superscripts are significantly different
(p<0.05).
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SAMP8 rat brain, but a 2 month administration of LSPC

did not (9). Additionally, a 6 month administration of

LSPC exhibited an inhibitory effect on the NO level in the

hippocampus and cerebral cortex in cognitively impaired

aged rats (28). Thus, the results of this study did not

contradict previously reported results, and indicated that

short term administration of LSPC had no influence on the

NO level.

In the central nervous system, NO is produced during

catalysis of NOS, which contains at least the 3 distinct

isoforms of endothelial NOS (eNOS), nNOS, and iNOS

(29). nNOS and eNOS are constitutive isoenzymes (cNOS),

and nNOS is the predominant isoform in the brain

accounting for more than 95% of the cNOS activity. It has

been reported that nNOS is largely responsible for NO

production and is related to learning and memory function

(30), sleep deprivation recovery (29), and neuronal death in

neurodegenerative disorders (31). Recent study has found

that aging is associated with enhancement of nNOS

activity, a lowering of eNOS activity, and no alteration in

iNOS activity (32). However, NOS inhibition showed

memory-enhancing and neuroprotection effects (28,33,34).

In this study, LSPC exhibited inhibitory effects against

TNOS and nNOS activities, but had no influence on iNOS

activity, in agreement with previous reports (9,32). Thus,

LSPC improved the learning and memory abilities of mice

via nNOS inhibition.

This study demonstrated that LSPC has potent antioxidant

activities in vitro and exhibited a protective effect against

oxidative damage induced by scopolamine. Moreover,

LSPC has been reported to scavenge the superoxide anion

and hydroxyl radicals effectively in vitro (17), and to

inhibit oxidative damage in the brain and serum of SAMP8

rats and cognitively impaired aged rats (9,10). Thus, the

protective effect of LSPC may be due to an antioxidant

property that protects brain cells that are otherwise

susceptible to oxidative stress.

Effects of LSPC on brain AChE activity A cholinergic

deficit is a major neuropathological feature that is strongly

associated with memory loss, and closely related to the

severity of cognitive impairment in AD patients and

animals (11,12,19). Cholinergic enhancers ameliorated AD

symptoms and are the current main therapy for AD (12).

As a cholinergic antagonist known to interfere with

acetylcholine transmission in the central nervous system,

scopolamine leads to cognitive impairment based on

induction of a cholinergic deficit (12,18,19). In this study,

brain AChE activity was measured as a marker for a

cholinergic deficit. Scopolamine caused an increase in

brain AChE activity (1.05× with respect to CON group

mice) (Table 1). Many studies have demonstrated that

AChE activity is increased in the whole brain, in the

hippocampus, and the cerebral cortex of scopolamine-

induced mice, and an increase in AChE activity accompanies

memory impairment (12,19). However, several studies

have reported that scopolamine results in a small increase

in whole brain AChE activity with memory impairment

(24,25). AChE is the enzyme that catalyzes hydrolysis of

the ACh in cholinergic neurons and, thus, plays a key role

in blocking cholinergic neurotransmission (35). A small

increase in brain AChE activity can apparently lead to

memory impairment, and a cholinergic deficit is associated

with memory loss (11,35). Significantly (p<0.05) reduced

AChE activities were observed in all LSPC treatment

group mice, compared with SCOP group mice, and no

significant (p>0.05) differences were found among 3 LSPC

group mice (Table 1), which indicated that the cognition-

enhancing activity of LSPC is related to a decline in brain

AChE activity.

In conclusion, LSPC ameliorated scopolamine-induced

memory impairment in mice. The action mechanism of

LSPC was based on improvement of the brain antioxidant

system due to enhancement of GSH-Px and SOD activities,

inhibition of MAO-B, TNOS, and nNOS activities, and

amelioration of brain cholinergic activity due to AChE

inhibition, which may be associated with a potent

antioxidant ability. LSPC may be useful for treatment of

learning and memory impairments caused by aging and

AD.
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