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Abstract The main purpose of this study is to determine the effect of combined procyanidins extracted from the
lotus seedpod (LSPC) and N-acetyl cysteine (NAC) on the memory impairment induced by scopolamine (3 mg/kg,
i.p.) in mice. The capacities of memory and learning were evaluated by Y-maze test after 20-day administration of
NAC (90 mg/kg BW), LSPC (60 mg/kg BW), and combined LSPC and NAC (60 mg/kg BW + 90 mg/kg BW),
respectively. It was indicated that LSPC and combined LSPC and NAC significantly reduced the number of
incorrect responses compared with that of scopolamine in Y-maze test. In addition, combination of LSPC and NAC
was also found to enhance total antioxidant capacity (T-AOC) level, superoxide dismutase (SOD) and glutathione
peroxidase (GPx) activities in brain and serum, and inhibit acetyl cholinesterase (AchE) activity in brain and neural
nitric oxide synthase (nNOS) activities as well as nNOS relative mRNA level. To be mentioned, the T-AOC level in
brain of LSPC+NAC group increased by 32.46% and 36.04% relative to those of NAC group and LSPC group,
respectively, and the GPx activity increased by 45.79% and 16.17%, while the nNOS activity decreased by 38.24%
and 36.36%. These results demonstrate that combination of LSPC and NAC exhibited better ameliorative effects in
scopolamine-induced memory impairment mice than treated by NAC and LSPC alone, which suggest LSPC and
NAC combination may provide a viable therapy in the treatment for Alzheimer’s disease and other forms of
cognitive impairment diseases.
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established oxidative stress as an early event in AD
pathogenesis that could be treated as a therapeutic target
[10,11]. The increased oxidative damage in the aging
process might be resulted from the deficiency of
antioxidants. Valko et al. [4] and Lee et al. [12] show

1. Introduction

Alzheimer’s disease (AD) is a typical neurodegenerative

disorder characterized by progressive cognitive and
memory deficit, and affects more and more people due to
the increase in life expectancy these days [1,2,3].
Although the mechanisms of AD is complex and still
remain to be clearly illuminated, many studies have
indicated that oxidative stress and overexpressing nitric
oxide synthase are closely associated to learning and
memory impairment in aged persons as well as AD
patients [4,5,6,7]. A great deal of evidence demonstrated
the importance of oxidative stress and amyloid-p (AB)
protein formation and accumulation in AD pathogenesis,
and therefore might play a key role [4,8]. Oxidative stress
was evident in AD brain by markedly increased levels of
protein [8,9], lipid, DNA, and RNA oxidation, which

clearly that administration with antioxidants can noticeably
reverse these alterations. Currently, tacrine and rivastigmine
are the only ones available by prescription for the
treatment of AD, but they are not the ideal drugs because
of those common side effects such as hepatotoxicity and
nausea and vomiting [13]. Therefore, it is well worth
seeking effective antioxidants with low or none toxicity
for the therapy of AD with no damage to the body.
Increasing researches demonstrated that the ability of
phenolic rich plant extract to significantly enhance the
antioxidant efficiency of synthetic antioxidants in vitro.
The use of combined antioxidants, called hurdle
technology, has been accepted and applied to food
preservation [14,15], but synergistic interaction of
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combined antioxidants for ameliorate memory impairment
in vivo is still poorly explored. The mixture of catechin
and epicatechin significantly reversed the AP-induced
neuronal cell death and showed the highest protective
effect and notable synergistic activity [16]. The combined
treatment of memantine (an N-Methyl-D-aspartate receptor
antagonist) and tea polyphenol was more effective in
neuroprotection than either alone in mice excitotoxic
injury [17]. Melatonin and resveratrol exhibited
neuroprotection against oxidative stress in rat primary
neurons and astrocytes by stability control of heme
oxygenase-1 protein via regulation of PI3K/Akt-GSK3p
pathways. The synergistic neuroprotective activity of co-
administration of melatonin and resveratrol may provide
another way to inhibit neurodegeneration while decreasing
the adverse side effects when using single compounds
under high concentrations [18]. For this reason, it is
necessary to evaluate the effect of combined antioxidants
to reduce the learning and memory impairment in aged
persons as well as AD patients.

Procyanidins are ubiquitous and present as the second
most abundant group of natural phenolics after lignin,
widely distributed in fruit, vegetables, cereals, cocoa and
wine [19,20]. As the inedible part of Nelumbo nucifera
Gaertn (Nymphaeaceae), lotus seedpod is used as a
traditional Chinese herbal medicine with hemostatic
function [21]. Our laboratory found that lotus seedpod was
rich in procyanidins, and procyanidins extract from lotus
seedpod (LSPC) was characterized for the first time.
Meanwhile we attested that LSPC had the potent antioxidant
activity in vitro and in vivo, and the ameliorative effect for
oxidative damage and cognitive disorder in memory
impairment mice and aged rats [22,23]. N-acetyl cysteine
(NAC) is the precursor of glutathione that plays a critical
role in oxidative stress [24]. Increasing studies
demonstrated that NAC exhibited the protective effect on
learning and memory deficit rats induced by 2-
cyclohexene-1-one and AB-peptide [25,26]. Actually, both
LSPC and NAC can freely cross the blood-brain barrier
and be detected in the brain [24,27]. However, the
ameliorative effects of combined LSPC and NAC on
memory impairment in mice have not been established.

The present study tried to evaluate the ameliorative
effects of combined LSPC and NAC on learning and
memory ability in scopolamine-induced mice. Moreover,
alterations in antioxidant ability of brain and serum, brain
cholinergic activity, and nNOS activity as well as relative
MRNA level of brain were determined as the possible
mechanisms.

2. Materials and Methods

2.1. Chemicals and Reagents

N-acetyl cysteine (NAC) was purchased from
Simopharm Chemical Reagent CO., LtD. (Shanghai,
China). Piracetam was obtained from Hubei Huazhong
Pharma.CO., LtD. (Wuhan, China). Scopolamine
hydrobromide injection was purchased from Xuzhou
RYEN Pharma.CO., LtD. (Xuzhou, China). Kits for
determination of acetylcholinesterase (AchE), total
antioxidant capacity (T-AOC), superoxide dismutase
(SOD), glutathione peroxidase (GPx), total nitric oxide

synthase (tNOS), inducible nitric oxide synthase (iNOS),
neural nitric oxide synthase (NNOS) and protein levels
were purchased from Nanjing Jiancheng Bioengineering
Institute. (Nanjing, China).

2.2. Preparation of LSPC

Fresh lotus seedpods of Nelumbo Nucifera Gaertn
(cultivar: Number 2 Wuhan plant) were harvested from
Honghu (Hubei, China) in late July 2011 and quickly
stored at —20°C until use. This variety of lotus was identified
by Prof. Xueming Ni from Department of Botany, Wuhan
Plant Institute of the Chinese Academy of Science [22].
The extraction method of lotus seedpod procyanidins

(LSPC) was according to a previous article [21]. The
purity of obtained LSPC with 98.9% was measured by the
method reported by Porter et al. [28]. And LSPC were
stored in a freezer at —20°C. Electrospray ionization mass
spectrometry analysis has revealed that LSPC mainly
contains monomers, and B-type dimers, trimers as well as
tetramers, and the base units of LSPC oligomers are
catechin and epicatechin [29]. The percentage of catechin,
epicatechin, dimers, trimers and tetramers in LSPC is
10.9%, 9.1%, 53.6%, 19.5% and 1.9%, respectively.

2.3. Animals

Male Kunming mice (20 + 2 g) were purchased from
Wuhan  University Research Center for Animal
Experiment (Hubei, China). A total of 60 mice were used
in the experiments and all experimental procedures were
carried out at Medical Experiment Department of Wuhan
General Hospital of Guangzhou Military Command
(Hubei, China). During the experiment, animals were
housed five per cage and kept at a controlled temperature
25 + 1 °C, humidity 55-60% and 12 h light/12 h dark daily
cycle with access normal solid diet and top water ad
libitum. All the mice were cared for strictly according to
the Guiding Principles in the Care and Use of Animals.
The experiment was approved by the ethics regulations of
Animal Care Committee of Wuhan General Hospital of
Guangzhou  Military Command and Huazhong
Agricultural University (Hubei, China).

2.4. Treatments

After adaptation for 3 days, the animals were randomly
divided into six groups with ten mice in each group:
control (CON), scopolamine control (SCOP), positive
drug control (Piracetam), N-acetyl cysteine group (NAC),
LSPC group (LSPC), and combined LSPC and N-acetyl
cysteine group (LSPC+NAC). Mice in CON, SCOP,
Piracetam, NAC, LSPC and LSPC+NAC groups were
given distilled water, distilled water, piracetam (400
mg/kg BW), N-acetyl cysteine (90 mg/kg BW), LSPC (60
mg/kg BW) and a mixture of LSPC (60 mg/kg BW) and
N-acetyl cysteine (90 mg/kg BW) at a dose of 0.1 mL/10 g
body weight (BW) by oral gavage once daily for 20 days,
respectively. The dosage was based on previous
experimental work [3,30].

Solutions of Piracetam (40 mg/mL), NAC (9 mg/mL)
and LSPC (6 mg/mL) were prepared in distilled water.
Solutions of combined LSPC and NAC were composed of
6 mg/mL LSPC and 9mg/mL NAC. All solutions were
freshly prepared every day and administrations began at
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9:00 a.m. At the 20" day, animals except CON group were
administrated with scopolamine (3 mg/kg BW, i.p.) to
induce memory impairment 30 min before a training
course of Y-maze test. Animals in CON group were
treated with 0.9% saline (i.p.) in the same way.

2.5. Y-maze Test

To assess the learning and memory abilities of the mice,
a Y-maze test was carried out at the end of the treatment
experiment as described previously [22,30]. Briefly, the
Y-maze consisted of three arms (30 cmx15 cmx10 cm)
with a lamp at the end of each arm and the bottom of each
arm covered with electric net. The bottom of the arm was
not covered with electric current when the lamp of this
arm was turned on, taken as safe area. At this moment, the
other two arms were covered with electric current (50-70V)
and without lamp turned on, taken as unsafe area. At the
beginning, each animal was placed separately at the end of
one arm to adjust for 5 min without electric shock. Then
one lamp was turned on and electric shock compelled the
mouse to move to the safe arm, where the mouse adjusted
to the condition for 30 sec; and then another electric shock
was switched following the sequence ABCCAB (A, B, C
represent three arms of Y-maze ) to force the mouse to
move to the safe arm. Such trial was repeated 35 times
during the training process and repeated 10 times after 24
h during the test process. During the experiment, it would
be a correct response if the mouse directly moved to the
safe arm within 30 sec; otherwise it would be an incorrect
response. The incorrect response was recorded in the test
process to reflect the learning and memory ability of the
mouse. The less the incorrect responses, the better the
learning and memory ability of the mouse was.

2.6. Determination of T-AOC level, and AchE,
SOD, GSH-Px, tNOS, INOS and nNOS
activities

After Y-maze test, blood of each mouse was obtained
from the tail veins. Then all the mice were killed by
cervical dislocation under anesthesia. The brains were
immediately dissected and washed with ice-cold normal
saline. Five right brain samples in each group were
randomly selected and frozen in liquid nitrogen and stored
at —80 °C for real-time PCR. The rest brain samples were
weighed and homogenized with a 50 mmol/L phosphate
buffer (pH 7.0) containing 0.1 mmol/L EDTA before use.
Brain homogenate was centrifuged at 4000rmp for 10 min
at 4 °C and the supernatant was used for AchE , T-AOC,
SOD, GPx, tNOS, iNOS and nNOS tests. Blood was
centrifuged at 4000rmp for 10 min at 4 °C to obtain serum
for T-AOC, SOD and GPx tests. All parameters were
determined using the respective kits according to the
manufacturer’s specifications.

2.7. Quantitative Real-Time PCR

For nNOS, total RNA of the right brain was isolated
using Trizol reagent (15596-026, Invitrogen) as directed
by the manufacturer’s specifications, and reverse-
transcribed using a RevertAid First Strand cDNA
Synthesis Kit (K-1622, Fermentas) at 42 °C for 30 min
followed by 80 °C for 5 min. Real-time polymerase chain
reaction was conducted with Thunderbird SYBR gqPCR

Mix (QPS-201, Toyobo Biologics), using the real-time
thermocycler (Hangzhou Bioer Technology Co., LtD), and
the cycle conditions were 95 °C for 60 sec and 40 cycles
of 95 °C for 15 sec and 72 °C for 20 sec. The dissociation
curve of each gene was conducted and analyzed using the
SLAN Quantitative Real-Time PCR detection system
(Shanghai Hongshi Medical Technology Co., Ltd), and
the result confirmed the specificity of the product. Each
sample was conducted in triplicate and normalized to -
actin. The relative expression levels of the genes were
analyzed with the 2°24°T method as previously described
[31]. The sequences of the primers (Invitrogen) for the

genes were as follows: nNOS, forward 5'-
GCTTCAGGAATATGAGGAATGG-3,  reverse  5'-
TGATGGAATAGTAGCGAGGTTGT-3'; B-actin,

forward 5-CTGAGAGGGAAATCGTGCGT-3', reverses'-
CCACAGGATTCCATACCCAAGA-3'.

2.8. Statistical Analysis

Data were expressed as mean + standard deviation (SD).
All data were analyzed using a one-way ANOVA,
followed by Duncan post hoc test if difference was
significant (P < 0.05) in groups. Statistical analyses were
conducted by the SPSS 16.0 software, and a difference
was regarded significant when P < 0.05.

3. Results

3.1. The Effect of Combined LSPC and NAC
on Y-maze Test

Effects of combined LSPC and NAC on Y-maze test in
scopolamine-induced memory impairment model were
shown in Figure 1. SCOP group exhibited obviously
increased number of incorrect responses in Y-maze test in
comparison with CON group (P < 0.05). However,
incorrect responses were significantly decreased by
treatments with Piracetam, NAC, LSPC and combined
LSPC and NAC as compared to SCOP group (P < 0.05).
Moreover, incorrect responses of animals in LSPC+NAC
group in comparison with SCOP group and NAC group
were reduced by 50.55% and 34.11%, respectively, but
showing no significant difference relative to CON group
and LSPC group.
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Figure 1. Effects of combined LSPC and NAC on number of incorrect
responses of Y-maze test in scopolamine-induced memory impairment
mice. Bars represent the Mean + SD in each group (n = 10). Groups with
different letters (a, b, c) above the bars are significantly different (P <
0.05), while sharing any same letters mean insignificant differences
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3.2. The Effect of Combined LSPC and NAC
on Antioxidant Capacity and AchE Activity
in Brain

In scopolamine-induced memory impairment model,
ANOVA indicated that obviously decreased T-AOC level,
SOD and GPx activities, and the ratio of GPx to SOD
(GPx/SOD) of brain in SCOP group were observed when
compared with CON group (P < 0.05, Table 1). However,
treatments with Piracetam, NAC, LSPC and combined
LSPC and NAC significantly reversed those declines in
comparing with SCOP group (P < 0.05), the SOD and
GPx activities and the ratio of GPx/SOD reaching to the
level of equal or superior to CON group. Combined LSPC
and NAC treatment exhibited higher SOD activity than the

single LSPC and NAC treatments, but without significant
differences. Importantly, T-AOC level, GPx activities and
the ratio of GPx/SOD in LSPC+NAC group were
significantly better than those in NAC group and LSPC
group (P < 0.05). T-AOC level in LSPC+NAC group
increased by 32.46% and 36.04% in comparison with
NAC group and LSPC group, respectively, and GPx
activity increased by 45.79% and 16.17%, respectively.
ANOVA indicated that the AchE activity in
scopolamine-treated mice brains was obviously higher
than that in CON group (P < 0.05, Table 1). AchE activity
in Piracetam, NAC, LSPC and LSPC+NAC groups was
obviously weaker than that in SCOP group (P < 0.05), but
without significant differences among those groups.

Table 1. Effects of combined LSPC and NAC on the level of T-AOC, the activity of SOD and GPx and AchE, and the ratio of GPx/SOD in

brains of scopolamine-induced memory impairment mice

Group (U1;;11Agop%t) (U/rsnog[E))rot) (U/r?u;;rot) GPx/ SOD (U/Amc;pErot)
CON 125+0.10° 113.36 + 7.75° 53.06 + 4.25° 0.47 + 0.06™ 0.47 +0.05°
scop 0.84 +0.10° 102.72 +2.31° 42.55 + 4.49° 0.41%0.04 058+ 0.07°
Piracetam 111+ 0.06" 119.98 + 5.04% 62.85 + 2.50° 052 + 0,03 0.48 + 0.09°
NAC 114 40,07 112,28 +5.37° 48.94 + 6.83° 0.4 + 0.05® 0.48 + 0.06°
LSPC 111+011° 119.86 + 7.96% 61.42 +3.41° 051+ 0.04° 0.4 + 0.05"
LSPC+NAC 151 +0.06° 125,05 + 10.94° 71.35 + 9.44° 0.57 +0.03° 0.46 + 0.06°

Values are presented as mean + SD in each group (n = 10). Means in the same column with different superscripts (a, b, c, d) are significantly different

(P < 0.05), while sharing any same letters mean insignificant differences.

3.3. The Effect of Combined LSPC and NAC
on Antioxidant Capacity in Serum

As shown in Table 2, T-AOC level, SOD and GPx
activities in scopolamine-treated mice serum were
significantly lower than that in CON group (P < 0.05).
However, treatments with Piracetam, NAC, LSPC and
combined LSPC and NAC significantly prevented those
declines in comparing with SCOP group (P < 0.05), the T-

AOC level and SOD and GPx activities and the ratio of
GPx/SOD reaching to the level of equal or superior to
CON group. Combined LSPC and NAC treatment
exhibited higher SOD and GPx activities than the single
LSPC and NAC treatments, but no significant difference
was observed among all above groups. T-AOC level in
serum of LSPC+NAC group increased by 11.36% and
15.44% relative to those of NAC group and LSPC group,
respectively.

Table 2. Effects of combined LSPC and NAC on the level of T-AOC, the activity of SOD and GPx, and the ratio of GPx/SOD in serum of

scopolamine-induced memory impairment mice

T-AOC SOD GPx

Group (U/mgprot) (U/mgprot) (U/mgprot) GPX/SOD
CON 5.26 +0.41° 195.28 + 12.84° 580.75 + 27.25™ 2.97 +0.22°
SCOP 4,67 +0.28° 172.84 + 16.08° 530.87 + 25.30° 2.79 +0.28
Piracetam 5.20 +0.24° 202.19 + 13.55° 605.33 + 11.22¢ 3.00+£0.19®
NAC 5.37 £ 0.26° 191.09 + 19.13° 562.70 + 25.21° 2.96 +£0.32®
LSPC 5.18+0.19° 190.11 + 16.23° 593.22 + 14.38% 3.14+0.33
LSPC+NAC 5.98 + 0.29° 193.72 + 15.10° 604.51 + 17.69° 3.11+0.28°

Values are presented as mean + SD in each group (n = 10). Means in the same column with different superscripts (a, b, c, d) are significantly different

(P < 0.05), while sharing any same letters mean insignificant differences.

3.4. The Effect of Combined LSPC and NAC
on tNOS, iINOS and nNOS Activities and
NNOS mRNA Level in Brain

As shown in Table 3, scopolamine resulted in visible
enhancements in tNOS and nNOS activities in brain as
compared to CON group (P < 0.05). However, treatments
with Piracetam, NAC, LSPC and combined LSPC and
NAC significantly reversed those increases in comparing

with SCOP group (P < 0.05), declining to the level of
equal or inferior to CON group. Importantly, the activity
of tNOS and nNOS in LSPC+NAC group were
significantly lower than those in NAC group and LSPC
group (P < 0.05). The tNOS activity in LSPC+NAC group
decreased by 25.53% and 27.08% relative to those of
NAC group and LSPC group, respectively, nNOS activity
decreased by 38.24% and 36.36%, respectively. But there
was no evident alteration in iNOS activity in brain to all
the experimental groups.
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Table 3. Effects of combined LSPC and NAC on the activity of tNOS,
iINOS and nNOS in brains of scopolamine-induced memory
impairment mice

tNOS iNOS nNOS

Group (U/mgprot) (U/mgprot) (U/mgprot)
CON 0.48 +0.06" 0.14 £0.02 0.34+0.07°
SCOP 0.60 £ 0.05° 0.15+0.02 0.45 £ 0.05°
Piracetam 0.48 +0.04° 0.15+0.02 0.33+0.04°
NAC 0.47 £0.04° 0.13+0.02 0.34+0.03°
LSPC 0.48 +0.06" 0.15+0.02 0.33+0.07°
LSPC+NAC 0.35 +0.09° 0.14 £0.03 0.21 £0.08°

Values are presented as mean + SD in each group (n = 10). Means in the
same column with different superscripts (a, b, c) are significantly
different (P < 0.05), while sharing any same letters mean insignificant
differences.

The change tend of nNOS activity and relative mMRNA
level in brains were similar to all therapeutic groups. As
shown in Figure 2, SCOP group exhibited significantly
higher nNOS relative mRNA level than CON group.
Nevertheless, after treatments with Piracetam, NAC,
LSPC and combined LSPC and NAC those increases in
mice brains were significantly reversed in comparison
with SCOP group (P < 0.05). Compared with both NAC
group and LSPC group, LSPC+NAC group showed
marked decrease in the nNOS relative mMRNA level (P <
0.05).
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Figure 2. Effects of combined LSPC and NAC on the mRNA level of
nNOS in brains of scopolamine-induced memory impairment mice. Bars
represent the Mean + SD in each group (n = 10). Groups with different
letters (a, b, ¢, d) above the bars are significantly different (P < 0.05),
while sharing any same letters mean insignificant differences

4. Discussion

In our study, the effect of ameliorating learning and
memory deficits of LSPC and NAC was assessed in a
mouse model of memory impairment induced by
scopolamine. Scopolamine is a muscarinic receptor
antagonist, which can impair learning and memory ability
to some degree [32]. In animal models of impaired
learning and memory, scopolamine has been widely
employed to evaluate the potential memory-enhancing
agent [3,33]. In this study, scopolamine resulted in bad
performance in Y-maze compared with the CON group.
These results confirmed marked memory deterioration in
mice, and memory was closely related to central

cholinergic system, which accorded with the previous
researches [30]. However, LSPC+NAC group were able to
ameliorate memory injury induced by scopolamine by
significantly declining the number of incorrect responses.
The incorrect responses of LSPC+NAC group were
decreased by 34.11% relative to those of NAC group,
which indicated that combined LSPC and NAC was more
effective than NAC to reduce scopolamine-induced
memory impairment, suggesting LSPC and NAC
combination had a memory-enhancing activity.

As reported, scopolamine can impair learning and
memory processing in animals caused by cholinergic
deficits and oxidative damage [34,35]. As an important
neurotransmitter in brain, acetylcholine (ACh) plays a key
role in memory and learning processes [36]. It is well
known that choline acetyltransferase (ChAT) is the
acetylcholine synthesis enzyme and AChE is responsible
for hydrolyzing acetylcholine. Both ChAT and AChE are
the critical enzymes in modulation the metabolism of Ach.
Actually, ChAT is not restricting for the rapid synthesis of
ACh under normal conditions [37], but AChE plays an
important role for the rapid hydrolysis of ACh. Thus,
AChE is considered to dominate the ACh level in brain
[3]. Currently, the most accepted treatment for memory
deficit and AD is administration of AChE inhibitors for
activation of ACh synthesis [13]. In this study,
scopolamine not just leaded to more evidently incorrect
responses in Y-maze test, but leaded to higher AchE
activity compared with CON group, which was in
accordance with previous studies [30]. However,
combined LSPC and NAC decreased AchE activity to the
normal level. Consequently, combined LSPC and NAC
improved learning and memory ability in mice induced by
scopolamine via declining AChE activity. The memory
improving effects of NAC and LSPC alone were
consistent with previous researches [3,26].

The age related enhancement in oxidative stress leads to
the significant increase in oxidative damage to central
nervous system. In the brain, antioxidant defense system
performs as a complex team to scavenge free radicals [38].
Oxidative damage is a typical and early feature of AD and
plays a key role in its pathogenesis and progression
[39,40]. It is the cytotoxic consequence of oxyradical and
oxidant formation and the reaction with cellular
constituents. At present, oxidative stress act in target for
therapy of memory impairment and AD. In this study,
scopolamine led to a significant decrease in T-AOC level,
SOD and GPx activities, and the ratio of GPx/SOD in
mice brain and serum compared with the respective CON
groups, which suggested that memory impairment induced
by scopolamine was associated with antioxidant defense
system [30,41]. It is well known that T-AOC reflects the
capacity of nonenzymatic antioxidant defense system. It is
worth to emphasize that the antioxidant enzymes (SOD,
GPx , and catalase) work as a complex team to remove
reactive oxygen species, and a balance among these
antioxidant enzymes is considered to be critical in
antioxidant defense [23,42]. SOD is responsible for
converting superoxide to hydrogen peroxide, then GPx
and catalase convert hydrogen peroxide to water [43].
However, overexpressing SOD with a defined activity of
GPx and catalase may cause accumulation of hydrogen
peroxide, which can also result in oxidative damage.
Therefore, the ratios of activities of GPx to SOD and
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catalase to SOD have been considered as important
indexes to assess oxidative stress [27]. Increasing
evidence (included our study) has confirmed that learning
and memory deficits in the scopolamine-induced animal
model is associated with enhanced oxidative damage in
the brain [4,41,44]. However, combined LSPC and NAC
prevented the declined activities of SOD and GPx caused
by scopolamine, which suggested LSPC and NAC
combination had a strong effect on improving brain
antioxidant defense system. Noteworthily, T-AOC level in
brain of LSPC+NAC group increased by 32.46% and
36.04% relative to those of NAC group and LSPC group,
respectively, and GPx activity increased by 45.79% and
16.17%, respectively. These results indicated that in
scopolamine-induced model of this study, both T-AOC
level and GPx activity were significantly raised by
combined LSPC and NAC when compared with LSPC or
NAC, which might suggest that LSPC and NAC
combination is more effective than LSPC or NAC on
improving brain antioxidant defense of mice and confirm
that combined contributions of two kinds of antioxidants
are more potent than that of a sole antioxidant in
modulation of oxidative stress in memory deficit. Similar
conclusions have been reported previously, LSPC and L-
cysteine combinations and co-treatment of huperzine A
and ligustrazine phosphate could notably ameliorate
scopolamine-induced memory impairment in mice and
rats, respectively [30,44].

Many studies has indicated that NO plays an critical
role in the process of learning and memory [45]. There are
three isoforms of NOS being responsible for the synthesis
of NO, which catalyze the conversion of L-arginine to L-
citrulline and NO. Actually, NO production in the young
brain is mainly regulated by nNOS as well as gene and
protein expression [31]. It is well known that nNOS is
primarily distributed in neurons and overexpressing nNOS
activity can lead to neurotoxicity and cell apoptosis
[46,47]. In the present study, the tNOS activity was
evidently increased in SCOP group, which is primarily
due to significant nNNOS activity enhancement. However,
treatments with NAC and LSPC effectively declined the
nNOS activity and relative mRNA level to the normal
level. Interestingly, the nNOS activity in brain of
LSPC+NAC group decreased by 38.24% and 36.36%
relative to those of NAC group and LSPC group,
respectively, which indicated that LSPC and NAC
synergistically reduced the nNOS activity and relative
mMRNA level in memory impairment mice.

5. Conclusion

In conclusion, NAC, LSPC, and combined LSPC and
NAC ameliorate memory impairment induced by
scopolamine in mice. LSPC and NAC combinations
exhibited better ameliorative effects than treated by NAC
and LSPC alone. This mechanism is maybe due to the big
hydrogen bond of sulfhydryl formed by NAC with
phenolic hydroxyl group of LSPC, thereby, the
antioxidant effect of LSPC was increasing. It is point out
that LSPC and NAC similarly had the synergistic
antioxidant in vivo, and amelioration of brain cholinergic
activity, and inhibition of brain nNOS activity as well as
relative  mRNA level. These findings suggest that

combined LSPC and NAC may have a potential effect on
treatment of learning and memory dysfunction in aging
process and neurodegenerative diseases such as AD.
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