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A B S T R A C T

Ethnopharmacological relevance: Huperzia squarrosa (Forst.) Trevis is used in traditional medicine for
improving memory deficits. Alkaloids, triterpenoids, flavonoids are main bioactive compounds of Huperzia
squarrosa (Forst.) Trevis.
Aim of the study: This study aimed to investigate the antioxidant, AChE inhibitory activities in vitro of
differents fraction of Huperzia squarrosa (Forst.) Trevis extract and neuroprotective effects of EtOAc fraction
on scopolamine-induced cognitive impairment in mice.
Materials and methods: Antioxidant activity was measured by DPPH assay. AChE inhibitory effect in vitro and
detail kinetic inhibition mechanism was evaluated by Ellman's assay. For in vivo assay, mice were administrated
orally EtOAc fraction (150 and 300 mg/kg) for fourteen days, and injected scopolamine at a dose of 1 mg/kg
intraperitoneally for four days to induce memory injured. The memory behaviors were evaluated using the
Morris water maze. ACh levels were measured in brain tissue. Superoxide dismutase (SOD), glutathione
peroxidase (GPx) activities, malondialdehyde and protein thiol groups were also evaluated in the brains.
Results: Our data also demonstrated that EtOAc fraction had the strongest antioxidant with an IC50 value of
9.35 ± 1.68 µg/mL and AChE inhibitory activity with an IC50 value of 23.44 ± 3.14 μg/mL in a concentration-
dependent manner. Kinetic inhibition analysis indicated that EtOAc fraction was mixed inhibition type with Ki
(representing the affinity of the enzyme and inhibitor) was 34.75 ± 1.42 µg/mL. Scopolamine significantly
increased the escape latency time, reduced the crossings number, and swimming time in the target quadrant,
while EtOAc fraction reversed these scopolamine-induced effects. EtOAc fraction significantly increased levels
of acetylcholine in the brain. EtOAc fraction also significantly decreased oxidative stress in mice.
Conclusion: Our data suggest that EtOAc fraction of Huperzia squarrosa extract exhibited a strong
neuroprotective effect on cognitive impairment, and may be a potential candidate for the treatment of
Alzheimer.

1. Introduction

Alzheimer's disease (AD) is a neurodegenerative disorder related to
age, which leads to loss memory and cognitive function. The patient
suffered the AD is increasing every day (Blennow et al., 2006).
Cholinergic hypothesis is one of the most important hypotheses which
have been used to explain the pathogenesis of the Alzheimer. This
hypothesis explained that the deficit of the neurotransmitter acetylcho-
line (ACh) in the brain leads to AD. Many drugs for AD treatment are
based on the cholinergic hypothesis (Francis et al., 1999). Many
researchers showed a low level of neurotransmitters in cholinergic

system is responsible for the cognitive decline and memory loss in
Alzheimer patients (Pappas et al., 2000). Acetylcholinesterase enzyme
(AChE) plays an important role in the central and peripheral nervous
systems. AChE degrades the neurotransmitter ACh and subsequently
reduces the Ach level in the brain. The AChE inhibitor can increase
ACh level in cholinergic synapses which have been shown the allevia-
tion of the disease. For that, many study conduct to find new potential
AChE inhibitors which may be served as a drug for the treatment of AD
(Upadhyaya et al., 2010). Drugs such as galantamine, tacrine, done-
pezil, metrifonate or rivastigmine are inhibitors of AChE, enhance the
ACh level, and then improve cholinergic transmission. These drugs
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have been used to alleviate the symptoms of Alzheimer which caused by
degeneration of cholinergic neurons and injured transmission. But
these drugs have several adverse reactions, then are limited to use for
treatment of AD (Williams et al., 2011).

Oxidative stress is characterized by the imbalance in the production
of reactive oxygen species (ROS) and antioxidative defense system
which are responsible for the removal of ROS. Oxidative stress leads to
the age-related neurodegeneration and cognitive decline and is also a
man caused to the development of Alzheimer (Harman, 1981). It has
observed a high amount of protein oxidation, lipid oxidation, DNA
oxidation and glycoxidation in Alzheimer patient (Lovell and
Markesbery, 2007). The previous studies have shown the brain in AD
patients demonstrated the lipid peroxidation amount increased and,
activities of the antioxidant enzymes superoxide dismutase (SOD),
glutathione peroxidase (GPx), and catalase (CAT) decreased (Marcus
et al., 1998). Protein thiol (SH) groups play important role in the
metabolism as antioxidant protectors and in detoxification reactions.
The free protein thiol groups are essential for the function of many
enzymes, such as lactate dehydrogenases and other enzymes in the
respiratory chain (Medina-Navarro et al., 2010). In the antioxidant
enzyme system, the superoxide dismutase (SOD) is the first line of
defense against oxidative stress, it detoxifies O2

•− to O2 and H2O2

(Fukai and Ushio-Fukai, 2011), which H2O2 is subsequently trans-
formed into H2O by catalase (Fukai and Ushio-Fukai, 2011).
Glutathione peroxidase (GPx) is an enzyme which reduces both H2O2

and organic peroxides. They play important role in pathogenesis of AD.
Decreasing lipid peroxidation and increasing antioxidant enzyme may
inhibit disease-promoting of AD. Recently, antioxidants treatment is a
promising strategy for inhibiting AD progression (Grundman and
Delaney, 2002). Some studies showed the treatment with antioxidants
such as vitamin E, vitamin C could inhibit the development of AD
(Staehelin, 2005).

Many medicinal plants have been used to treat cognitive impair-
ment and memory loss. Huperzia squarrosa (Forst.) Trevis have been
used in traditional medicine to enhancing memory and alleviate brain
disorders (Yumkham and Singh, 2011, 2013). This plant is also used to
treat limb numbness, pyrexia, joint pains, adetumescence, and injuries
from falls (Ma et al., 2006). Huperzia squarrosa also contains high
amount of huperzine A, which is potent acetylcholinesterase (AChE)
inhibitor (Sahidan et al., 2012). Some alkaloids have been isolated from
Huperzia squarrosa (Forst.) Trevis such as lycosquarosine A, acetyla-
poserratinine, huperzine A, huperzine B, 8α-hydrophlemariurine B,
huperzinine, squarrosine A, and pyrrolhuperzine A (Chuong et al.,
2014; Nilsu et al., 2016). These alkaloids have been showed strong
AChE inhibitory activity in vitro (Chuong et al., 2014; Nilsu et al.,
2016). However, there are no reports about the effect of Huperzia
squarrosa plants on Alzheimer model in vivo. In this study, we aimed
to investigate the antioxidant, AChE inhibitory activities in vitro of
different fractions of Huperzia squarrosa extract. Then, we evaluated
the effect of EtOAc on scopolamine-induced cognitive deficits in mice
by Morris water maze test and measured lipid peroxidation (MDA),
protein thiol group (SH), the antioxidant enzyme such as SOD and GPx
in mice brain tissue.

2. Material and methods

2.1. Reagents

1,1-diphenyl-2-picrylhydrazyl (DPPH, Sigma-Aldrich, Singapore),
5,5´-dithio-bis-(2-nitro) benzoic acid (DTNB) (Himedia, India),
Scopolamine hydrobromide (Sigma, Singapore), Acetylthiocholine io-
dide (ATCI) (Sigma, Singapore), Acetylcholinesterase (Sigma,
Singapore), Berberine chloride (Himedia, India). Others solvents n-
hexane, ethyl acetate (EtOAc), n-butanol, ethanol (EtOH) were analy-
tical grade (Shouguang, China).

2.2. Plant material

The aerial part of Huperzia squarrosa (Forst.) Trevis were
collected in Ha Giang, Vietnam during 2015 and authenticated by
Department of Pharmacognosy and Traditional Pharmacy, School of
Medicine and Pharmacy, Vietnam National University, Hanoi, Vietnam
(SMP-VNU). A voucher specimen (No. SMP-2015-0012) has been
deposited in the SMP-VNU. Dried samples (3 kg) were extracted with
96% ethanol (10 L) by ultrasonic at 40 °C for three hours for three
times. The extracts were filtered, combined and evaporated under low
pressure to afford the EtOH extract (547.3 g). The EtOH extract was
suspended in water and successively partitioned with n-hexane and
ethyl acetate, n-butanol (3×1 L, each solvent). Combined solvent was
then evaporated under low pressure to obtain the n-hexane fraction
(89.2 g), and ethyl acetate fraction (171.6 g) and butanol (186.4 g).

2.3. Scavenging effect on 1,1-diphenyl-2-picryl hydrazyl radical
(DPPH)

The radical scavenging ability was determined as described pre-
viously (Kedare and Singh, 2011). Briefly, 150 µL of 3.3 mM alcohol
solution of DPPH was added to 100 µL from the samples with different
concentrations of fractions of Huperzia squarrosa (Forst.) Trevis
extract with 2.9 mL methanol. The samples were kept at room
temperature in the dark and after 30 min the absorbance was measured
at 517 nm. The antioxidant capacity was compared with the reference
standard, ascorbic acid. The antioxidant activity (AOA) was determined
by the following formula:

A
c

x%AOA = Ac – t
A − Ao

100

where: AOA is antioxidant activity

Ac: Absorbance of Control (150 µL of 3.3 mM DPPH +3 mL metha-
nol)
At: Absorbance of sample (100 µL sample+150 µL of 3.3 mM DPPH
+2.9 mL methanol)
Ao: Absorbance of blank (using methanol as blank)

Value IC50 was calculated using the graph of log (dose) vs. % AOA.

2.4. AChE inhibitory assay

AChE inhibitory activity of fractions of Huperzia squarrosa (Forst.)
Trevis was evaluated using Ellman's assay with minor modifications
(Ellman et al., 1961). Samples were dissolved in dimethyl sulfoxide
(DMSO). Reaction mixture were 140 µL of 0.1 M sodium phosphate
buffer (pH 8.0), 20 µL of samples and 20 µL of AChE 0.25 IU/mL.
Incubated the mixture for 15 min at 25 °C. Added 10 µL of 5-5′-
dithiobis-2-nitrobenzoic acid (DTNB) 2.5 mM và 10 µL ATCI 2.0 mM
and mixed well. Then incubate the mixture for 10 min at 25 °C. The
absorbance was measured at 412 nm. Each assay was repeated three
times. Berberine chloride was used as positive control.

Percentage of AChE inhibition (% I) was calculated by followed
formula:

I A
c

x% = Ac – t
A − Ao

100

where: I% is the percentage of AChE inhibition

Ac: Absorbance of control (without 20 µL sample)
At: Absorbance of sample
Ao: Absorbance of blank (200 µL of 0.1 M sodium phosphate buffer)

Value IC50 was calculated using the graph of log (dose) vs. % I.
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2.5. AChE inhibition kinetics

The kinetic inhibition of fraction EtOAc was analyzed as a method
described previously (Kamal et al., 2000). The reaction mixture
consisted of 140 µL 0.1 M sodium phosphate buffer (pH 8.0); 20 µL
of EtOAc fraction at different concentration (0; 20; 40 and 80 µg/mL)
and 20 µL enzyme AChE 0.25 IU/mL. Mixed well and incubated
15 min at 25 °C. Added 10 µL of DTNB 2.5 mM and 10 µL of ATCI
substrate at different concentration (1.0; 2.0 and 4.0 mM) and mixed.
Measured the absorbance at 412 nm during 5 min. Each assay was
repeated three times. Lineweaver-Burk graph was plotted from 1/
[ATCI] vs 1/(Absorbance/min)) to determine the type of inhibition
AChE kinetically. Inhibition Ki constant was calculated of intercept in
Dixon - Dixon plot (Concentration of fraction EtOAc vs. 1/
(Absorbance/min)).

2.6. Experimental design for in vivo assay

A total of 40 eight-week-old male C57BL/6 J mice were used in our
study. Animals were housed into enriched environmental conditions in
groups of 5 animals per polycarbonate cage in a colony room under a
12 h light/dark cycle (12:00 A.M.–12:00 P.M.) under controlled tem-
perature (25 ± 3 °C) and humidity. All animals were maintained
accordingly to a protocol approved by the Ethical Committee of the
Vietnam National University, Hanoi and following the international
rules for animal research. Animals were received water ad libitum as
vehicle and standard diet administration.

After adaptation for five days, the mice were randomly divided into
four groups of ten mice each, as follows: The SCP group was treated
with SCP (1 mg/kg). EXT-150 group was treated with SCP (1 mg/kg)
and EtOAc fraction of Huperzia squarrosa (Forst.) Trevis extract
(150 mg/kg). The EXT-300 group was treated with SCP (1 mg/kg) and
EtOAc fraction (300 mg/kg). The normal control (NC) group was
treated with saline at the same volume. The EtOAc fraction was
administrated orally during fourteen days. At the 15th day, after
60 min of administration extract, the SCP was injected intraperitone-
ally to mice for five consecutive days (Fig. 1).

2.7. Morris water maze test

Morris water maze task was performed 30 min after SCP injection
to evaluated memory-related behaviors. After treatment with EtOAc
fraction for fourteen days, the Morris water maze task was used to
assess the spatial and learning memory of the mice in a water maze.
Morris water maze is a large circular tank (150 cm in diameter, 35 cm
in height), filled to a depth of 20 cm with water at a temperature of 25
± 1 °C. Water was made opaque by adding powdered milk to prevent
the mice from seeing the platform. The platform (10 cm×10 cm) was
made of clear acrylic and was hidden 2 cm below the water surface in a
fixed location. The experiment was performed after two weeks of daily
administration of extract. The training of mice was during for four
consecutive days, in each day the mice were given four trials during
which they were allowed to find the submerged platform. The starting
position was randomized over the four days and was the same for all

mice. If the mouse successfully found the platform within 90 s, it was
allowed to rest on the platform for 10 s. The time from the mouse being
placed in the water to finding the platform was recorded as the escape
latency in each trial. If the mouse failed to find the platform within
90 s, its escape latency was recorded as 90 s, and it was physically
placed on the platform for 10 s. On the fifth day, mice were subjected to
a probe trial session in which the platform was removed from the pool
for examining the retention of spatial reference memory. The mice
were allowed to swim freely for 90 s. The number of platform crossings
and swimming time in the ‘target quadrant’, where the platform had
previously been placed, was recorded as indices of spatial memory.
Memory impairment was induced in mice with scopolamine (1 mg/kg,
ip) administered 30 min before training trials.

2.8. Collection and processing of brain samples

The brain samples were collected and homogenized according to
the method described in previous studies, with minor modifications. At
the end of the MWM task, the mice were sacrificed by decapitation
under light anesthesia. Immediately after decapitation, the brains were
carefully removed from the skull and were washed twice with cold
normal saline solution. The tissue of brain was homogenized in 9
volumes of ice-cold tissue lysis buffer containing 150 mM sodium
chloride, 1.0% NP-40, 50 mM Tris, pH 8.0 and 1 mM PMSF (phenyl-
methanesulfonylfluoride) with protease inhibitors (Sigma, Singapore).
Homogenates were centrifuged at 1000 g for 10 min at 4 °C. The
supernatant was used for the estimation of malondialdehyde (MDA),
protein thiol (SH) groups, superoxide dismutase (SOD) and glutathione
peroxidase (GPx) activities. Protein concentration was determined by
Bradford's method (Bradford, 1976).

2.9. Lipid peroxidation assay

Measurement of malondialdehyde (MDA) has frequently been used
to measure lipid peroxidation. Lipid peroxidation assay was performed
by determining the reaction of malonaldehyde with two molecules of 1-
methyl-2-phenylindole at 45 °C (Gasparovic et al., 2013). The reaction
mixture consisted of 0.64 mL of 10.3 mM 1-methyl-2-phenylindole,
0.2 mL of sample and 10 µL of 2 µg/mL butylated hydroxytoluene.
After mixing by vortex, 0.15 mL of 37% v/v HCl was added. The
mixture was incubated at 45 °C for 45 min and centrifuged at
6500 rpm for 10 min. Cleared supernatant absorbance was determined
at 586 nm. A calibration curve prepared from 1,1,3,3-tetramethoxy-
propane (Sigma-Aldrich, Singapore) was used for calculation.
Peroxidized lipids are shown as nmol MDA equivalents/mg protein.

2.10. Determination of protein thiol (SH) groups

Protein SH groups were estimated by Ellman's method (Habeeb,
1972). The assay was performed in a plate 96 wells Sterilin (Fisher
Scientific, UK) where 10 µL of homogenate was transferred to each well
containing 180 µL of 0.1 M buffer sodium phosphate pH 8.0, 1 mM
EDTA; 10 µL of 10 mM 5,5-dithiobis (2-nitrobenzoic acid) (DTNB).
Absorbance was measured at 412 nm in Omega Microplate Reader

Fig. 1. Chronological scheme to study the effects of EtOAc fraction of Huperzia squarrosa extract on memory impairment. Mice were adapted for 5 days. Animals received extract during
experimental for 19 days. Training was initiated at 15th day. At 19th day, mice were subjected to Morris water maze test. Then animals were sacrificed and brain samples were obtained
and processed for determinations.
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(BMG Labtech, Germany) after 15 min incubation at room tempera-
ture. The SH group content was determined from a standard curve in
which the L-cysteine (Sigma-Aldrich, Singapore) standard equivalents
present (0, 25, 50, 100 and 200 nmol) was plotted against the
absorbance. The amount of sulfhydryl group was reported as nmol
per mg total protein.

2.11. Superoxide dismutase (SOD) activity determination

Total SOD activity in tissue homogenates was determined following
the procedure of Marklund and Marklund with some modifications
(Marklund and Marklund, 1974). The method is based on the ability of
SOD to inhibit the autoxidation of pyrogallol. In 970 µL of buffer
(100 mM Tris-HCl, 1 mM EDTA, pH 8.2), 10 µL of homogenates and
20 µL pyrogallol 13 mM were mixed. The assay was performed in
thermostated cuvettes at 25 °C and changes of absorption were
recorded by a spectrophotometer (EVO 210, Thermo-Fisher, UK) in
triplicate at 420 nm. SOD activity was expressed as IU/min/mg protein
where one IU of SOD activity was defined as the amount of enzyme can
inhibit the auto-oxidation of 50% the total pyrogallol in the reaction.

2.12. Glutathione peroxidase (GPx) activity determination

GPx activity was measured with a coupled enzyme assay by method
of Flohé and Günzler with some modifications (Flohé and Günzler,
1984). The 1 mL assay mixture contained 770 µL of 50 mM sodium
phosphate (pH 7.0), 100 µL of 10 mM GSH, 100 µL of 2 mM NADPH,
10 µL of 1.125 M sodium azide, 10 µL 100 U/mL glutathione reductase
and 10 µL homogenate. The mixture was allowed to equilibrate for
10 min. The reaction was started by adding 50 µL of 5 mM H2O2 to the
mixture and NADPH oxidation was measured during 5 min at 340 nm.
One unit of glutathione peroxidase was defined as the amount of
enzyme able to produce 1.0 μmol NADP+ from NADPH per min. GPx
activity was determined using the molar extinction coefficient
6.22 M−1cm−1 for NADPH at 340 nm and reported as IU per mg total
protein.

2.13. Determination of ACh levels

The levels of ACh in the brain homogenates were estimated using
commercial Acetylcholine Assay Kit according to the manufacturer's
protocols. The method consisted in acetylcholine is hydrolyzed by
acetylcholinesterase to choline which is oxidized by choline oxidase to
betaine and H2O2. The resulting H2O2 reacts with a specific dye reagent
to form a pink colored product. The color intensity at 570 nm is directly
proportional to the acetylcholine concentration in the sample. The
levels of ACh in the brain tissues were normalized and expressed as µg/
mg protein. The levels of ACh in the brain tissues was reported as µg
per mg total protein.

2.14. Statistical analysis

All results are expressed as mean ± SEM. Serial measurements were
analyzed by using two-way ANOVA with Tukey's post hoc test using
Sigma Stat 3.5 program and figures were performed by using SigmaPlot
10.0 program (Systat Software Inc). The critical significance level α was
0.05, and statistical significance was defined as p < 0.05.

3. Results

3.1. Antioxidant activity

We evaluated the antioxidant activity of fractions of Huperzia
squarrosa extract by using the DPPH radical scavenging system. As
the data shows in Table 1 and Fig. 2, fractions of Huperzia squarrosa
extract had significant scavenging effects on the DPPH radical by a
reduction in absorbance at 517 nm. Table 1 summarized the IC50

values of fractions from Huperzia squarrosa extract and ascorbic acid.
Antioxidant activities of fractions were dose dependent manner. EtOAc
and BuOH fractions have highest antioxidant activities with IC50 was
9.35 ± 1.68 µg/mL and 16.21 ± 1.47 µg/mL, respectively when com-
pared with standard ascorbic acid IC50 of 0.67 ± 0.05 µg/mL. n-hexane
fraction has lowest antioxidant activity with IC50 was 83.70 ± 1.12 µg/
mL.

3.2. Acetylcholinesterase inhibitory activity

Table 2 summarized IC50 values of different fractions of Huperzia
squarrosa extract and berberine chloride. Fig. 3 presents the relation-
ship between log (concentration) vs % Inhibition of AChE activity. The
AChE inhibitory activity of fractions ofHuperzia squarrosa extract was
dose dependent manner. EtOAc and BuOH fractions have activities
with IC50 was 23.44 ± 3.14 µg/mL and 50.11 ± 2.45 µg/mL, respec-
tively, compared with berberine chloride 0.28 ± 0.06 µg/mL. n-hexane

Table 1
Antioxidant activity of the different fraction of Huperzia squarrosa extract.

Sample LogIC50 (µg/mL) IC50 (µg/mL)

EtOH 1.43 26.91 ± 1.27
n-hexane 1.92 83.70 ± 1.12
EtOAc 0.97 9.35 ± 1.68
n-BuOH 1.21 16.21 ± 1.47
Ascorbic acid −0.17 0.67 ± 0.05

Fig. 2. Antioxidant activity on DPPH assay. A. Different fractions of Huperzia squarrosa extract; B. Ascorbic acid.
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fraction has lowest AChE inhibitory activity with IC50 was 257.03 ±
4.32 µg/mL.

Kinetic inhibition AChE activity of Huperzia squarrosa extract has
not been investigated previously. Because EtOAc fraction exhibited the
strongest AChE inhibitory activity, then we used this EtOAc fraction for
study the kinetic AChE inhibitory activity. Lineweaver–Burk plots
showed the kinetic AChE inhibitory activity of EtOAc fraction
(Fig. 4A). The slope was Km/Vmax, and intercept with ox axis was
−1/Km in Lineweaver–Burk plots. It showed the kinetic type was
mixed. Furthermore, the Ki constant represents for the affinity binding
between enzyme and inhibitor. The Ki value was calculated from the
negative of the x-axis value at the point of the intersection of the three
lines in the Dixon plots. As showed in Fig. 4B, Ki value of 34.75 ±
1.42 µg/mL.

3.3. Morris water maze test results

As shown in Fig. 5A, for all groups, the escape latencies gradually
decreased over the course of the acquisition testing; this indicates that
all groups were able to locate the platform. SCP treatment significantly
slowed the learning speed of mice. The mean escape latency for the
mice in the NC group decreased from 62 s to 30 s over the course of
four training days; however, the mean escape latency of the mice in the
SCP group only decreased from 64 s to 45 s over the same period.
Therefore, cognitive impairment was induced by Scp. The Scp-induced
cognitive deficits were reversed by EtOAc fraction. Treatment with
EtOAc fraction of Huperzia squarrosa extract effectively reduced the
escape latency on the fourth days compared to SCP treatment (p <
0.05).

In the probe trial, the swimming time in the target quadrant and the
crossings number were used to evaluate retention of spatial memory.
The swimming time spent in the target quadrant markedly decreased in
the SCP group compared to the corresponding values of the NC group.
In contrast, EXT-150 and EXt-300 group showed a significantly
increased the swimming time spent in the target quadrant compared
to the results obtained for the SCP group (Fig. 5B). As shown in Fig. 5C,

the SCP group exhibited significantly fewer platform site crossings
number than those exhibited by the NC group. EXT-150 tended to
increase the crossings number and EXT-300 significantly increased the
crossings number (p < 0.05) as compared with SCP group. These
findings indicate that extract significantly ameliorated the cognitive
impairments.

3.4. Lipid peroxidation

Free radical attack to polyunsaturated fatty acids leads to the
formation of highly reactive electrophilic aldehydes, including mal-
ondialdehyde (MDA), 4-hydroxy-2-nonenal (HNE) (Ayala et al., 2014).
MDA has been used as a standard biomarker of lipid peroxidation in
vivo. showed the amount of lipid peroxidation in the four mice groups.
The levels of lipid peroxidation product (MDA) from the liver tissues in
the studied groups were shown in Fig. 6A. An increased in MDA level
was observed significantly in the SCP group when compared with
control group (p < 0.05). A decreased in MDA levels were observed
significantly in a group of EXT-150 and EXT-300 (p < 0.05).

3.5. Protein thiol groups

Protein thiol (SH) groups have an important role in many cellular
function and metabolism. The oxidation of thiol groups protects the cell
in the manifestations of oxygen toxicity (Hansen et al., 2009). As shown
in Fig. 6B, SH levels were significantly lower in SCP group as compared
with Control group. The SH levels tended to increase in EXT-150 group
compared with SCP group. Interestingly, it was found that SH levels
were significantly increased in mice group (EXT-300) as compared
with SCP group.

3.6. SOD activity

Mice in SCP group showed a significantly lower in the brain SOD
activity compared with control group (p < 0.05). The SOD activity
tended to increase in EXT-150 group compared with SCP group.
Interestingly, there was a significant increase in SOD activity in the
EXT-300 groups compared to the SCP group (p < 0.05).

3.7. GPx activity

GPx is an antioxidant enzyme that converts hydrogen peroxide and
lipid peroxides to their corresponding alcohols. The effect of EtOAc
fraction of Huperzia squarrosa extract on GPx activity in the brain was
shown in Fig. 6D. Enzymatic activity of GPx showed a significant drop
by SCP as showed in Fig. 6D. This activity was increased significantly in
EXT-300 group compared with SCP group. In the EXT-150 group, we

Table 2
AChE inhibitory activity of the different fraction of Huperzia squarrosa extract and
berberine chloride.

Sample LogIC50 (µg/mL) IC50 (µg/mL)

EtOH 2.0501 112.20 ± 7.51
n-hexane 2.412 257.03 ± 4.32
EtOAc 1.374 23.44 ± 3.14
BuOH 1.724 50.11 ± 2.45
Berberine chloride −0.544 0.28 ± 0.06

Fig. 3. Acetylcholinesterase inhibitory activity on Ellman's assay. A. Different fractions of Huperzia squarrosa extract; B. Berberine cholride.
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did not find an increase significantly of the GPx activity, but this
activity only tended to increase in compared with SCP group.

3.8. Effect of extract on ACh levels in brain tissue

As shown in Fig. 7, the ACh levels in the brain were markedly lower
in the SCP group than those in the NC group. The treatment with a
dose of 150 mg/kg tended to increase the ACh levels compared to the
levels of the SCP group. Interestingly, this ACh level was increased
significantly in EXT-300 group compared with SCP group.

4. Discussion

AD is a neurodegenerative disease characterized by progressive loss
of neurons. The pathogenesis of the AD is still not completely under-
stood. Cholinergic deficits and accumulation of ROS in the brain have
been considered two factors play important role in the process of AD
(Adalier and Parker, 2016; Zhao and Zhao, 2013). The cholinergic
hypothesis of AD proposed that ACh deficits level is related AD in the
brain is widely accepted (Siegfried, 1993). Then many intentions for
increasing ACh level in the brain have been studied for the treatment of

Fig. 4. Graphical determination of the type of inhibition for the fraction EtOAc. A. Lineweaver-Burk plots for the inhibition of the EtOAc fraction on the AChE inhibitory assay for the
hydrolysis of the substrate (n=3). B. Dixon plots for EtOAc fraction determining the inhibition constant Ki. The Ki value was determined from the negative of the x-axis value at the point
of the intersection of the three lines (n=3).

Fig. 5. Morris water maze test. A. Escape latency of acquisition trial over 4 days; B. The swimming time in target quadrant of probe trial; C. The crossing numbers over the platform
position. The data are expressed as the means ± SD (n=10). *p < 0.05 compared with the control group; #p < 0.05, compared with the SCP group.
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AD by inhibiting AChE. Recently, researchers are agreeing in the
accumulation and aggregation of protein fragments caused to AD.
Amyloid-Beta (Aβ), is known as amyloid plaques on the brain,
destructs the nerve cells then lead AD. Increasing Aβ levels lead to
increase the formation of reactive oxidative species, and in turn of
oxidative stress, it activates the production and aggregation of Aβ
(Allan Butterfield et al., 2002). Therefore, an antioxidant drug may
counteract the damage of oxidative stress have been strategies for
alleviating progress of AD (Grundman and Delaney, 2002).

In the present study, the AChE activity, antioxidant activities in
vitro of different fraction of Huperzia squarrosa extract were investi-
gated. DPPH method is widely used to evaluate the antioxidant activity

of the medicinal plant. Our data showed that EtOAc fraction of
Huperzia squarrosa extract has the strongest antioxidant activity with
IC50 of 9.35 ± 1.68 µg/mL in dose dependents manner. This antiox-
idant activity may be provided from the high amounts of flavonoids,
triterpenoid and alkaloids compounds in EtOAc fraction of Huperzia
squarrosa extract due to their polarity.

AChE enzyme hydrolyze ACh to choline and decrease this neuro-
transmitter in the brain. It has been observed the ACh deficiency in
Alzheimer patients. Increase level of ACh by inhibiting AChE is a
therapy strategy for Alzheimer disease (Asante and Paul, 2016). We
have evaluated the AChE inhibitory effect of differents fraction from
Huperzia squarrosa extracts using Ellman's assay. We demonstrated
that these fractions of Huperzia squarrosa have AChE inhibitory effect
with a dose-dependent manner as shown in Fig. 3. EtOAc fraction also
has highest AChE inhibitory activity with IC50 was 23.44 ± 3.14 µg/mL.

We also studied the kinetic inhibition of EtOAc fraction on AChE
inhibitory activity. Our data showed that kinetic type was mixed-type
inhibition. This could be explained as Lineweaver-Burk plots exhibited
value of Kmax increased and value of Vmax decreased when the
concentration EtOAc fraction increased. The mixed-type inhibition
kinetics is very typical of medicinal plants due to existing many
bioactive compounds in medicinal plants. The inhibition type demon-
strated that EtOAc fraction could compete with ATCI to bind the site
for the substrate of AChE or conjugate at another site of AChE or
conjugate with AChE-ATCI complex. For the binding affinity between
AChE and EtOAc fraction, the values of Ki was calculated and Ki values
of 34.75 ± 1.42 µg/mL.

The bioactive presented in leaves of Huperzia species are mainly
alkaloids, triterpenoids and flavonoids compounds (Armijos et al.,
2016; Chuong et al., 2014; Nilsu et al., 2016; Tong et al., 2003) which
possess antioxidant activity (Czapski et al., 2014), strong inhibitory
AChE effect, improving memory function, and neural cell protection

Fig. 6. Effects of EtOAc fraction of Huperzia squarrosa extract on scopolamine-induced cognitive impairment in mice. A. Lipid peroxidation (MDA) on brain; B. Protein thiol group on
brain; C. SOD activity on brain; D. GPx activity on brain. The bars represent the mean ± SEM (n=10). *Significantly different from control group (p < 0.05). #Significantly different from
SCP group (p < 0.05).

Fig. 7. Effect of EtOAc fraction of Huperzia squarrosa extract on brain ACh levels in
SCP-induced model. The data are expressed as the means ± SEM (n=10).*p < 0.05
compared with the control group; #p < 0.05 compared with the SCP group.
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effect (Ma et al., 2007). In our experimental, these compounds are
mainly remained in EtOAc fractions due to its polarity and solubility in
EtOAc solvents. Therefore the EtOAc fraction of Huperzia squarrosa
extract has potential antioxidant and anti-acetylcholineesterase activity
as our data have shown.

Then we used the EtOAc fraction of Huperzia squarrosa extract for
study the neuroprotective effects on scopolamine-induced cognitive
impairment in vivo because this fractions exhibited highest AChE
inhibitory activity, antioxidant activity in vitro as compared with others
fractions.

In this study, the neuroprotective effect in vivo of EtOAc fraction of
Huperzia squarrosa extract on the memory function of SCP-induced
cognitive impairment. SCP has been widely accepted for using in a
pharmacological model for cognitive impairment (Klinkenberg and
Blokland, 2010). We evaluated the Morris water maze test and also
investigated the antioxidative markers such as MDA, thiol group, SOD
and GPx enzymes in brain mice. The Morris water maze test has been
widely used for assessment of spatial learning and memory of drug's
effects (Morris, 1984). Escape latency, crossing number and swimming
time spent in the target quadrant were used to evaluate cognitive
impairment and spatial retention, respectively. Our results showed that
SCP gradually prolonged the escape latency, indicating that cognitive
impairment was induced by SCP. SCP also reduced the crossing
number and swimming time spent in the target quadrant as compared
with the NC group. But the treatment with EtOAc fraction of Huperzia
squarrosa extract not only increased the escape latency, but also
increased crossing number and swimming time spent in the target
quadrant. This results of the behavioral study demonstrated that EtOAc
fraction of Huperzia squarrosa extract protected mice from Scp-
induced learning and memory impairment.

The neurotransmitter ACh has important role in the regulation of
cognitive function, and memory loss. Ach is hydrolyzed by AChE after
its release. Inhibition of AChE for increasing Ach level is the ther-
apeutic approach for AD (Mukherjee et al., 2007). SCP has been shown
significantly decreases ACh level in central nervous system. In our
study, we used SCP to investigate the effects of EtOAc fraction of
Huperzia squarrosa extract on the cholinergic system. Our study
indicated that treatment with EtOAc fraction of Huperzia squarrosa
extract effectively increased ACh levels, thereby improving cognitive
function.

Oxidative stress is identified as one of the caused the pathogenesis
of AD (Zhao and Zhao, 2013). Prolonged oxidation stress has been
shown in Alzheimer's pathology, leads to high level of lipid peroxida-
tion, protein oxidation and DNA oxidation and reduced antioxidant
enzyme activities in the brain (Marcus et al., 1998). In SCP-induced
cognitive deficits model, SCP has been shown not only induce the
cognitive impairment but also provokes the oxidative stress in the
brains (Goverdhan et al., 2012). Previous studies demonstrate that
generation of ROS and oxidative stress after administration of SCP
(Haider et al., 2016). SCP also decreased the activities of enzymatic
antioxidant systems and increased the products of lipid peroxidation
(Ataie et al., 2010; Fan et al., 2005). In our study, SCP significantly
increased oxidative stress in the brains of mice as evidenced by
decreases in SOD and GPx activities, reduces the protein thiol group
content, and enhances the MDA content. The EtOAc fraction of extract
resulted in a significant attenuation of these alterations.

5. Conclusion

Administration of EtOAc fraction of Huperzia squarrosa extract
attenuated the escape latency time, increased the crossings number,
and increased the swimming time in the target quadrant for mice with
cognitive impairment induced by Scp. EtOAc fraction also showed
strong in vitro antioxidant and AChE inhibitory activities and it can
elevate acetylcholine level in vivo in the brain mice. EtOAc fraction
decreased the content of MDA and enhanced the activity of the

antioxidant enzyme SOD and GPx and protein thiol group level in
brain mice. From our data, we suggest that EtOAc fraction of Huperzia
squarrosa extract exerts potential neuroprotective effects, by increas-
ing cholinergic neurotransmission and decreasing oxidative stress. This
fraction may be a promising candidate for Alzheimer treatment.
Further study is needed to study the detailed mechanism of it's
neuroprotective effect.
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