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Abstract Extracellular deposition of Beta-amyloid peptide
(Aβ) is the main finding in the pathophysiology of
Alzheimer’s disease (AD), which damages cholinergic neu-
rons through oxidative stress and reduces the cholinergic neu-
rotransmission. Satureja bachtiarica is a medicinal plant from
the Lamiaceae family which was widely used in Iranian tradi-
tional medicine. The aim of the present study was to investi-
gate possible protective effects of S. bachtiarica methanolic
extract on Aβ induced spatial memory impairment in Morris
Water Maze (MWM), oxidative stress and cholinergic neuron
degeneration. Pre- aggregated Aβ was injected into the hip-
pocampus of each rat bilaterally (10 μg/rat) and MWM task
was performed 14 days later to evaluate learning and memory
function. Methanolic extract of S.bachtiarica (10, 50 and
100 mg/Kg) was injected intraperitoneally for 19 consecutive
days, after Aβ injection. After the probe test the brain tissue
were collected and lipid peroxidation, Acetylcholinesterase
(AChE) activity and Cholin Acetyl Transferees (ChAT)
immunorectivity were measured in the hippocampus.
Intrahipocampal injection of Aβ impaired learning and mem-
ory in MWM in training days and probe trail. Methanolic

extract of S. bachtiarica (50 and 100 mg/Kg) could attenuate
Aβ-induced memory deficit. ChAT immunostaining revealed
that cholinergic neurons were loss in Aβ- injected group and
S. bachtiarica (100 mg/Kg) could ameliorate Aβ- induced
ChAT reduction in the hippocampus. Also S. bachtiarica
could ameliorate Aβ-induced lipid peroxidation and AChE
activity increase in the hippocampus. In conclusion our study
represent that S.bachtiarica methanolic extract can improve
Aβ-inducedmemory impairment and cholinergic loss then we
recommended this extract as a candidate for further investiga-
tion in treatment of AD.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative disease pre-
dominantly characterized by memory deficits. The impair-
ment of memory in AD is associated with hypofunction of
cholinergic system in forebrain resulted from the loss of basal
forebrain cholinergic neurons which play an important role in
memory formation and cognition. (Schliebs and Arendt 2006,
Kar et al. 2004) Extracellular deposition of beta-amyloid
peptid (Aβ) is the main finding in the pathophysiology of
AD and is considered a critical event in initiating the synaptic
loss and finally neuronal cell death (Carter and Lippa 2001,
Hardy and Selkoe 2002).Several mechanisms were proposed
for Aβ- induced neurotoxicity (Cavallucci et al. 2012, Luquin
et al. 1997). but much evidence suggested that oxidative dam-
age plays a pivotal role in Aβ -induced toxicity (Chen and
Zhong 2014). Increased production of reactive oxygen species
(ROS) was reported in the brain of animal model of AD.
Oxidative damage induced by ROS, includes protein, DNA,

* Maliheh Soodi
soodi@modares.ac.ir

1 Department of Toxicology, Faculty of Medical Sciences, Tarbiat
Modares University, Jalal-Al Ahmad street, Tehran, Iran

2 Medicinal Plants Research Center, Faculty of Pharmacy, Tehran
University of Medical Sciences, Tehran, Iran

3 Department of Pharmacology and Toxicology, Faculty of Pharmacy,
Tehran University of Medical Sciences, Tehran, Iran

4 Department of Traditional Pharmacy, School of Traditional
Medicine, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

Metab Brain Dis (2016) 31:395–404
DOI 10.1007/s11011-015-9773-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s11011-015-9773-y&domain=pdf


RNA oxidation and lipid peroxidation, have been described in
the AD brain also treatment with antioxidant could ameliorate
Aβ –induced memory deficit and antioxidants such as vitamin
C and natural polyphenols were considered in AD therapy
(Heo et al. 2013, Butterfield 1997). Current curative for treat-
ment of AD are the acetylcholinesterase inhibitors such as
donepezil and N-methyl-D-aspartate (NMDA) receptor antag-
onist such as memantine. These medicines have mild to mod-
erate effectiveness and cannot prevent of disease progression
(Birks 2006).

The therapeutic limitations and pharmacological side
effects of these medicines along with this fact that prev-
alence of AD is steadily increasing, have led to further
studies for finding new agents for the management of
AD. Because of complex pathology of AD, new research
are focused on therapeutic agent that can prevent disease
progress through different pathways (Tayeb et al. 2012).
Herbal medicines which contain several components with
different pharmacological effects are considered for treat-
ment of AD by the several studies and also traditional
remedies have been used for treatment of dementia for
several years (Perry and Howes 2011, Howes and
Houghton 2012).

Lamiaceae family is the one of the largest family between
plants family. There is 81 genus in this family used as herbal
medicine. These plants were widely used in Iranian traditional
medicine for neurological, cardiovascular and gastrointestinal
disorders. Several plants from this family have been studied
for their effectiveness in AD. Neuroprotection and memory-
inhancing activity have been reported for some plants in this
family (Orhan et al. 2012, Singhal et al. 2012, Topcu and
Kusman 2014, Soodi et al. 2014, Sepand et al. 2013).
Satureja species are medicinal plants from the Lamiaceae fam-
ily which were widely used in Iranian traditional medicine as a
tonic, carminative and digestive, also in several studies anti-
inflammatory, anti-oxidant, anti-diabetic, anti-bacterial, anti-
viral, anti-leishmanial and anti-hyperlipedimic activity have
been reported for plants of Satureja species (Naghibi et al.
2005; Tepe 2015). S. bachtiarica is one of the endemic species
from Iran. There are few studies about the pharmacological
effect of this plant. Anti-bacterial and anti-leschmania activity
was repor ted for essen t ia l o i l o f S .bacht iar ica
(Mohammadpour et al. 2012, Ahanjan et al. 2011). In our
previous study we screened the methanolic extract of some
plants from Lamiaceae family against Aβ –induced toxicity in
cell culture. Our results indicated that S. bachtiarica metha-
nolic extract significantly ameliorated Aβ –induced toxicity in
PC12 cells (Balali et al. 2012). This finding implies to
neroprotective activity of this extract and possible effective-
ness in AD. In the present study, the protective effect of S.
bachtiarica methanolic extract on Aβ-induced spatial memo-
ry impairment inMorris water maze(MWM) and against Aβ –
induced toxicity in primary neuron culture were investigated,

in addition the effect of this extract on oxidative stress and
cholinergic system were studied.

Materials and methods

Materials

Dulbecco’s modified Eagle’s Medium (DMEM), fetal bovine
serum (FBS), penicillin–streptomycin (10,000 U/ml) and
trypsin (%0.25) were taken from GIBCO, VectaStain Elite
ABC Kit obtained from Vector Laboratories, Rabbit anti-
Goat IgG biotin conjugate and Goat Anti-Choline
Acetyltransferase (ChAT) antibody were purchased from
Millipore. Aβ (25–35) was obtained from Alexis
Biochemicals. All other chemicals were obtained from
Sigma-Aldrich.

The plant materials (flowered aerial parts) were collected
from wild growing areas of Iran (Chaharmahal-va-Bakhtiari
Province) in June (2008) during full flowering stage. The
plants were identified by Dr. Yousef Ajani. The voucher her-
barium specimens were deposited at the Herbarium of
Institute of Medicinal Plants, ACECR.

Preparation of plant extract

Extraction was performed by percolation method. Dried and
milled aerial part of plant was extract with ethyl acetate and
methanol respectively. At each step, after 24 h, the mixture
was filtered and new solvent was added to the plant powder.
The combinedmethanolic extracts were concentrated in rotary
evaporator and dried in freeze drier. Methanolic extract was
used in this study.

Preparation of stock solution for extract and Aβ

The Aβ (25–35) was dissolve in sterilized and deionized dis-
tilled water, and was stored in sterile microtubes at −20° C

until use. Before injection aliquots were incubated for 4 days
at 37° C for producing aggregated form of peptide.

Stock solution of methanolic extract was prepared by dis-
solving of 1 g in DMSO and further diluted by PBS before
each experiment. The final concentrations of DMSO in behav-
ioral test and cell culture were 1 % and 0.1 % respectively.

Antioxidant activity evaluation (FRAP assay)

The key solutions for performing FRAP assay were prepared
as followed: a) Acetate buffer 300 mM pH 3.6; b) TPTZ (2, 4,
6-tripyridyl-striazine):10 mM in 40 mM HCl; c) FeCl3.
6H2O:20 mM. The FRAP solution were prepared by mixing
a, b and c in the ratio of 10:1:1 just before testing. Standard
was FeSO4.7H2O: 0.1–1.5 mM in methanol. FRAP solution
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(3.6 mL) was incubated at 37 °C for 5 min. Then the solution
was mixed with 0.4 mL distilled water and certain concentra-
tion of the plant extract (80 μL) and incubated at 37 °C for
10 min. The absorbance of the reaction mixture was measured
at 593 nm. For plotting of the calibration curve, five concen-
trations of FeSO4.7H2O (0.1, 0.4, 0.8, 1, 1.5 mM) were used
and the absorbance values were measured as for sample solu-
tions. Vitamin C was used as positive control (Hajimehdipoor
et al. 2014a).

Determination of total phenolics content

The total phenolics contents of the extracts were determined
spectrophotometrically according to the Folin-Ciocalteu
method using chlorogenic acid (concentrations, 0.05, 0.1,
0.2, 0.3, 0.4 and 0.5 mg/mL) as the standard. The reaction
mixture was prepared by mixing the methanolic solution
(1 mL) of the extract, distilled water (9 mL), Folin-
Ciocalteu’s reagent (1 mL) and sodium carbonate (10 mL,
7 %). Incubation at room temperature was down for 90 min
and the absorbance was determined at 765 nm. The total phe-
nolics content was expressed as chlorogenic acid equivalent in
milligram per 100 g dried extract (Manayi et al. 2012).

In vitro AChE activity assay

The experiment was conducted according to modified micro-
plate method. The sample was dissolved in methanol in con-
centration of 3 mg/mL. In the 96-well plates, 125 μL of 3 mM
DTNB, 25 μL of 15 mM ATCH and 50 μL of phosphate
buffer (pH 8), 25 μL of sample dissolved in methanol were
added to the wells. The absorbance was read at 405 nm every
13 s for 65 s. 25 μL of 0.22 U/mL of AChE enzyme was then
added and the absorbance was again measured every 13 s for
104 s using a microplate reader (BIOTEK) at 405 nm.
Absorbance was plotted against time and enzyme activity
was calculated from the slope of the line and expressed as a
percentage compared to an assay using a methanol without
any inhibitor. Any increase in absorbance due to the sponta-
neous hydrolysis of the substrate was corrected by subtracting
the rate of the reaction before adding the enzyme, from the rate
after adding the enzyme. Inhibition percentage was obtained
by comparing the rates for the sample to the blank (methanol).
Donepezil was used as the positive control (Hajimehdipoor et
al. 2014b).

Assessment of protective effect of extract in cell culture

Primary cultures of cerebellar granule neurons (CGNs) were
prepared from 7-day-old mouse pups, as previously described
(Kramer and Minichiello 2010). Briefly, cerebella freshly dis-
sected and briefly minced then were incubated with 0.025 %
trypsin solution for 15 min at 37 °C. After inhibition of trypsin

by serum, single cell suspension prepared by mechanically
disruption of digested tissue. Then, they were cultured on
PDL coated cell culture plates in DMEM containing 10 %
FBS,4.5 g/l glucose, 25 mM KCl, insulin (100 mU/L), peni-
cillin and streptomycine 1 % (v/v). Cells were maintained at
37 °C in a humidified atmosphere with 5%CO2. The growth
of non-neuronal cells was inhibited by addition of 20 μm
cytosine arabinofuranoside 48 h after seeding and the medium
was not changed during the culture period. After 7 days of
growth in vitro (DIV7), more than 95 % of cells in culture
were neurons which characterized by MAP2 protein immu-
nostaining. Then experiments done on DIV 7.The CGNs
plated onto PDL coated 96 well plate (1 × 105cell/well)
were pre-incubated with different concentration of extract
(0.1-100 μg/ml for 24 h, then Aβ peptide was added to the
medium at final concentration of 20 μM.cell viability was
assessed after 48 h by MTT assay. Briefly, after incubation
the medium was replaced with fresh medium containing
MTT solution (final concentration 0.5 mg/ml) and incubat-
ed for 4 h in 37 °C. Then the medium was removed and
100 μl DMSO was added to each well and mixed properly
until blue formazan product completely dissolved.
Absorbance was measured at 570 nm in an automated plate
reader (BIOTEK) against 630 nm as reference wavelength.
The results were reported as percentage of control.

Behavioral tests

AnimalsMale Albino Wistar rats (200–220 g) were obtained
from faculty of pharmacy, Tehran University of Medical
Sciences. Animals were housed in cages (five/cage), having
access to food and water ad libitum. They were maintained on
a 12 h-light-dark cycle at 20–22 °C temperature. All efforts
weremade to avoid animal suffering and reduce the number of
animal used and all animal experiments were approved by
ethical committee of the Tarbiat Modares University.

Treatments The animals were randomly divided into the fol-
lowing groups, with 8 rats in each group: the control group,
the Aβ injected group, Aβ + extract groups and extract group.
The Aβ was bilaterally injected into hippocampus through
Stereotaxic surgery and the animals were trained in Morris
Water Maze 14 days after injection. Three doses of extract
(10, 50 and 100 mg/Kg) were daily injected intraperitoneally.
Extract injection were began on the day of surgery and con-
tinued until the end of training (19 days) The control group
received DMSO (1 %) similarly. In order to investigate just
extract effects, highest dose of extract (100 mg/Kg) were ad-
ministrated to non-surgical animals in a similar manner.

Stereotaxic surgery Before surgery rats were anesthetized by
interaperitoneal injection of Ketamin (100 mg/Kg) and
Xylazine (10 mg/Kg). They were placed into stereotaxic
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device (Steolting, USA). Lidocaine and epinephrine solution
(0.2 ml) was injected around the midline and a section was
made along the midline. Bilateral injection was made by the
10-μl Hamilton syringe at the CA1 area of hippocampus,
3.8 mm posterior, 2.2 mm lateral to bregma and 2.7 mm ven-
tral to the surface of the skull, consistent with the atlas of
Paxinos and Watson (1997). During 10 min, rats received
volume of 2 μl/side of Aβ (10 μg/rat). After injection, the
incisions were sutured.

Behavioral training and testing Fourteen day after surgery
all experimental groups were trained in Morris Water Maze,
for four consecutive days, as described in our previous stud-
ies (Soodi et al. 2007). Black-painted water maze was a
circular pool by 136 cm diameter and 60 cm height, filled
by 22 ± 2 °C water to a height of 40 cm. It divided to four
equal quadrants, hypothetically. A hidden platform by 10 cm
diameter was located in center of North-west quadrant
(target quadrant) in order to be 1 cm under the water surface.
Four trials in one block were done in each training day, at
about the same time of morning. In each trial the rat was
randomly placed in one of quadrants facing the nearest wall.
The animal was allowed to swim in maze during a period of
90 s to find the platform, using three visual ques. mounted
on the walls of the room. If an animal could not find the
platform within this period, it was manually guided to plat-
form by researcher and was allowed to rest 30 s between
two consecutive trials. Directions of the animals were
recorded by a video camera located just above the center
of maze. The camera was linked to a computer. Spatial ac-
quisition was evaluated by Ethovision video tracking system
(Noldus Information Technology, Wageningen, Natherlands)
through measuring escape latency (time to find the platform)
and swimming speed (Azami et al. 2010). The probe test
was performed on the fifth day. In the probe test, the hidden
platform was removed, and the animal was released from the
opposite of target quadrant and allowed to swim freely for
90 s. Time spent in target quadrant was measured. The vis-
ible test was performed in order to assess motivation and
vasomotor coordination. For visible test evaluation, the plat-
form was elevated above water in the center of opposite
quadrant and the same measures for acquisition evaluation
were assessed in this test.

Immunohistochemical staining procedure Brain tissue was
obtained and processed according to standard protocols
(Hosseini-Sharifabad et al. 2011). Briefly, animals were deep-
ly anesthetized and then transcardially perfused with 100 mL
of phosphate-buffered saline (PBS), followed by 300 mL of
4 % paraformaldehyde in 0.1 M phosphate buffer. The brains
were then postfixed in the same fixative overnight followed by
incubation in a PBS solution containing 30 % sucrose. After
being embedded in optimal cutting temperature (OCT), the

brains were sectioned at 40μm intervals. These tissue sections
were immunostained to determine the expression of ChAT
protein. Free-floating tissue sections were made permeable
in PBS containing 0.4%TX-100 and 1% normal rabbit serum
for 45–60 min followed by incubation for 30 min in PBS
containing 0.3 % hydrogen peroxide solution. After washing
the tissue in PBS the sections were blocked for 60 min in PBS
containing 0.3 % TX-100 and 3 % normal rabbit serum. The
sections were then incubated for 48 h on a shaking platform at
4 °C with Anti-ChAT polyclonal antibody (diluted 1:100 in
PBS containing 1 % normal rabbit serum and 0.3 % TX-100).
The sections were then washed extensively 8 times for 5 min
each with 1 % normal rabbit serum in PBS, followed by in-
cubation with biotinylated anti-goat IgG secondary antibody
diluted 1:200 in PBS and 1 % normal rabbit serum for 60 min
at room temperature. The sections were incubated for 45 min
at room temperature in avidin-biotin complex detection solu-
tion (ABC Elite Kit, Vector Labs) diluted 1:150 in PBS then
the sections were incubated for 5–15 min with a PBS solution
containing 0.02 % diaminobenzidine–4HCl (Sigma), 0.3 %
nickel sulfate, and 0.03 % hydrogen peroxide until the desired
staining intensity was achieved. Staining was stopped by
washing the sections 3 times with PBS. The sections were
then mounted on gelatin-coated glass slides and coverslipped.
These tissue sections were analyzed with a BX51 Olympus
microscope.

Preparation of brain tissue samples for biochemical analysis
After training, the animals were sacrificed by decapitation under
ether anesthesia, and the hippocampuses were dissected out and
homogenized in ice cold 0.1M phosphate buffer saline (pH 7.4)
with 1 % TritonX. The homogenates were then centrifuged at
3000 × g for 10 min at 4 °C, and the supernatant was used.

Measurement of brain AChE activity The AChE activity
was measured as described earlier by Ellman (Ellman et al.
1961). Briefly, 0.1 M phosphate buffer saline (pH 8.0), acetyl
thiocholine iodide (ATCh, 75 mM) as a substrate, and 5, 5-
dithiobis (2-nitrobenzioc) acid (DTNB,10 mM) in a ratio of
150:2:5 were mixed. Absorbance was then measured imme-
diately after the enzyme source (10 μl) was added to the reac-
tionmixture during 6 min at 412 nm using a microplate reader.
The supernatant of brain homogenate was used as the enzyme
source. Protein concentration in the supernatant was measured
using the Bradford method (Bradford 1976).

Measurement of lipid peroxidation

The levels of malonyldialdehyde (MDA), the most abundant
lipid peroxidation product, were determined by thiobarbituric
acid reaction (TBAR) colorimetric assay. One volume of brain
hemogenate was mixed with two volume of TBA reagent
(containing 3.75 % TCA and 0.0925 % TBA) and the mixture
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incubate at 90 °C for 60 min. After cooling, centrifuged at
1000 g for 10 min and optical density of supernatant was
measured in 540 nm in plate reader. MDA standard curve
was established with using the stable MDA precursor,
Malondialdehyde bis (dimethyl acetal).

Statistical analysis Differences in water maze performance
(escape latency and speed) were analyzed by Two-way repeat-
ed measures analysis of variance (ANOVA) followed by
Benferroni post test. Other data were compared by one-way
ANOVA, followed by Newman-Keulz multiple comparison
post hoc test.The p values of 0.05 and less were considered
as statistically significant.

Results

Antioxidant, total phenol and in vitro AChE activity

The results of FRAP assay, total phenol content and AChE
activity of the methanolic extract of S. bachtiarica have been
summarized in Table 1. The data were obtained according to
calibration curves of FeSO4.7H2O (y = 1.0436×−0.0183,
r2 = 0.9972) and chlorogenic acid (y = 2.0912×−0.0227,
r2 = 0.9989). The results of in vitro AChE inhibitory assay
showed that the methanol extract of this plant displayed no
inhibitory activity at 300 μg/ml concentration. It is revealed
that polarity and chemical structure of the constituents of the
plant extract could make a lot of difference in binding to
AChE.

Protective effect of S. bachtiarica extract on Aβ-induced
cell toxicity

The effect of S. bachtiarica extract against Aβ-induced tox-
icity in cultured CGNs was evaluated by MTT assay.

Treatment of cultured CGNs in DIV 8 with Aβ for 48 h sig-
nificantly decreases cell viability as compared with control
group. Pretreatment of cultured CGNs with different concen-
tration of S. bachtiarica extract before Aβ incubation protect
them dose dependently fromAβ induced toxicity (Fig. 1). The
0.1 μg/ml of extract could slightly increase cell viability how-
ever 100 μg/ml of extract completely reverse the Aβ induced
toxicity and increase cell viability up to control level.
Treatment with extract (0.1-100 μg/ml) alone did not affect
the cell viability as compared to control (data not shown).

Effects of S. bachtiarica extract on learning and memory
deficits induced by Aβ25–35

According to the results, intra hippocampal injection of 10 μg
of aggregated Aβ (25–35) after 14 days could impair learning
ability of animals that was shown by increased escape latency
during training days. (Fig. 2a) also Aβ-injected group spent less
time in target quadrant in the probe test which demonstrate
memory impairment in this group in compared to control group
(Fig. 2b). Intraperitoneally injection of S. bachtiarica extract
after Aβ injection for 19 days, at the dosages of 50 mg/kg

Table 1 The results of FRAP assay, total phenol content and anti-
cholinesterase activity of the methanolic extract of S. bakhtiarica

Plant material Antioxidant
activity
(FRAP assay)a

Total phenol
contentb

Acetyl choline
esterase inhibitoryc

Satureja bachtiarica
(Methanolic extract)

153.0 ± 5.5 16.0 ± 0.2 Not detected

Vitamin C 2003.1 ± 6.7 − −
BHT − 265.2 ± 0.4 −

a FRAP values are indicated as mmol of FeSO4.7H2O equivalent in 100 g
of the dried extract
b Total phenolics content was calculated on the basis of the milligram of
chlorogenic acid per 100 g of the dried extract (ChAE/100 g EXT)
c Acetylcholine esterase inhibitory activity wasmeasured on 300μg/ml of
the plant extract

Table 2 Acetylcholinestrase activity andMDA level in the hippocampus

Groups AchE activity
(μ mol/min/mg
protein)

MDA
(n mol/mg protein)

Control 0.273 ± 0.02 0.67 ± 0.12

Extract(100 mg/kg) 0.204 ± 0.03* 0.75 ± 0.18

Aβ 0.635 ± 0.06*** 4.6 ± 0.23***

Extract(100 mg/kg) + Aβ 0.278 ± 0.01+++ 1.2 ± 0.14+++

*Represent significant differences versus control group (*p < 0.05,
***p < 0.001)

+Represent significant differences versus Aβ-treated group (+++
p < 0.001)

Fig. 1 Protective effect of S. bachtiaricamethanolic extract against Aβ-
induced toxicity in primary cerebellar geanulare neuron culture. * Repre-
sent significant differences versus Aβ-treated group (**p < 0.01). + Rep-
resent significant differences versus control group (++p < 0.01, +++
p < 0.001)
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and 100 mg/kg significantly protected against Aβ25–35-in-
duced learning and memory deficits, as indicated by the de-
creased escape latency during training days. Also, these groups
spent more time in target quadrant in the probe test, compared
with that in the Aβ-injected group (Fig. 2a, b). The learning
measures during training day and probe test were not affected
by administration of extract (100 mg/kg) in naïve rats alone
(data not shown). The swimming speed was not affected in all
treated groups of animals (Fig. 2c), as well as, Assessment of
visio-motor coordination toward the visible platform showed
no significant difference in escape latency between treated
groups and the control group (Fig. 3).

Immunohistochemical evaluation of ChAT expression
in hippocampus

The rat brains were collected immediately after behavioral
experiments and immunostained with anti-ChAT antibody to
evaluate and compare expression of ChAT protein between
control, Aβ- injected and Aβ + extract (100 mg/kg)-injected
groups. As observed in Fig. 4 expression of ChAT protein has
been reduced in Aβ-injected group in compared with the con-
trol group, while treatment of animals with extract (100 mg/
Kg) after Aβ injection could ameliorate Aβ- induced reduc-
tion in ChAT expression.

Effecst of S. bachtiarica extract on brain AChE activity
and lipid peroxidation

The AChE activity and lipid peroxidation were measured in
the hippocampus of animals in control, Aβ-injected, Aβ +
extract (100 mg/kg)-injected and extract alone groups.
Results indicated in Table 2. The injection of Aβ in the hip-
pocampus significantly increased the AChE activity and
MDA production in compared to control group. Treatment
with S. bachtiarica extract after Aβ injection significantly
attenuated the Aβ-induced AChE activity increase and lipid
peroxidation. Also treatment with S. bachtiarica extract alone
significantly inhibited the AChE activity in the hippocampus.

Discussion

In the present study the protective effect of S. bachtiarica on
Aβ-induced toxicity in primary cell culture and in animal
model of AD were investigated. In our previous study we
had shown that S.bachtiarica methanolic extract protect
PC12 cells against Aβ-induced cytotoxicity and then to con-
firm in vitro protective activity of this extract on Aβ-induced
cytotoxicity, CGNs culture was used in the present study.
CGNs culture has widely been used as a model for studying
cellular and molecular mechanisms of neural cell apoptosis,

Fig. 2 The effect of S. bachtiarica methanolic extract on Aβ - induced
memory impairment in Morris water maze task: Escape latency during
training days (a), Time spent in target quadrant in probe test (b), speed
during training days (c). * Represent significant differences versus Aβ-
treated group (**p < 0.01, ***p < 0.001). + Represent significant differ-
ences versus control group (+++ p < 0.001)

Fig. 3 The performance of animals in visible platform test
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survival , neurodegenerat ion and neuroprotect ion
(Contestabile 2002). The Aβ-induced cytotoxicity in CGNs
culture was used for studying of effectiveness of agents which
are proposed for use in AD (Wei et al. 2000). Our result indi-
cated that S. bachtiarica methanolic extract significantly pro-
tect cultured cerebellar granule neurons against Aβ-induced
cytotoxicity and confirm the in vitro neuroprotective activity
of this extract.

Then for further investigation of neuroprotective activity
and usefulness of this extract in treatment of AD, in vivo
animal model of AD was used. It has been shown that single
injection of Aβ (25–35) in cerebroventricular or hippocampus
induces learning and memory impairment in Morris Water
Maze, radial arm maze and passive avoidance in rat (Sun
and Alkon 2002, Yamaguchi and Kawashima 2001,
Ghahremanitamadon et al. 2014) Also cholinergic deficit, ox-
idative stress and neuronal cell loss in the hippocampus have
been reported as a result of Aβ (25–35) administration
(Stepanichev et al. 2004). Then several studies have been used

Aβ- injected animals as an in vivo model of AD. In our study
administration of S. bachtiarica extract for 19 days could
ameliorate Aβ-induced memory deficit in MWM. On the oth-
er hand increased level of lipid peroxidation and AChE activ-
ity were observed in Aβ-injected animals which were attenu-
ated following S. bachtiarica extract administration. These
results indicate that S. bachtiarica extract ameliorate Aβ-
induced oxidative stress in the hippocampus. The oxidative
stress plays important role in the pathogenesis of AD and Aβ-
induced toxicity. It has been shown that cerebroventricular Aβ
administration increases ROS production and decrease antiox-
idant enzyme level resulted in oxidative stress and leads to
oxidative damage in neurons such as lipidperoxidation and
protein oxidation (Parks et al. 2001). It is reported that natural
antioxidant ameliorate Aβ-induced oxidative stress in both
cell culture and brain tissue may be through free radical scav-
enging or metal ion chelating activity.

Our study indicated that S. bachtiarica methanolic extract
shows antioxidant activity in FRAP assay and also contain
polyphenolic compounds. It is reported that plant polyphenols
have potent antioxidant activity and as a result, have a bene-
ficial effect in various diseases such as cancers, cardiovascular
diseases, diabetes, osteoporosis and neurodegenerative dis-
eases (Pandey and Rizvi 2009). The neuroprotective activity
of natural polyphenols was reported against various neuronal
injury and neurological disorders. Several polyphenols such
as resviratrol, quersetine and rosmarinic acid and also plants
which contain polyphenols ameliorate Aβ-induced oxidative
stress and neural cell death through scavenging of free radicals
or up regulation of cellular antioxidant defenses. Beyond the
antioxidant activity, polyphenols protect neural cells through
activation of cell survival signaling pathways sach as MAP
kinase and PI3K/Act (Vauzour 2012). Then it is suggested that
polyphenols in S. bachtiarica methanolic extract is responsi-
ble for its antioxidant and neuroprotective activity also the role
of the other compounds is not ignored and needs further in-
vestigation. The phytochemical investigation has indicated
that the main polyphenols in the S. bachtiarica methanolic
extract are luteolin, naringenin and rosmarinic acid
(Khodabakhsh et al. 2010). The neuroprotective activity was
reported for these compounds in several studies. Luteolin has
the antioxidant, anti-inflammatory and radical scavenging ac-
tivity and protect neural cells against H2O2-induces DNA
damage (Cheng et al. 2010). Also luteolin reduce Aβ produc-
tion an Aβ-induced apoptosis in SHSY5Y cell culture (Liu et
al. 2011). In addition luteolin ameliorate Aβ-induced memory
deficit in MWM performance and passive avoidance through
activation of antioxidant defense and restoring the Aβ-
induced oxidative stress (Tsai et al. 2010). Naringenin prevent
neural cell death in cerebral ischemia with activation of anti
inflammatory mechanism (Bai et al. 2014). Naringenin ame-
liorate iron-over load induced oxidative stress and neurotox-
icity (Chtourou et al. 2014) also, it improve cognition function

Fig. 4 Photographs of ChAT immunostaining in the dorsal hippocampus:
control (a), Aβ-treated group (b), Aβ + Extract (100 mg/kg) treated group
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and reduce Aβ production in streptozocine- induced dementia
model of rat (Yang et al. 2014). Rosmarinic acid is a natural
polyphenol with neuroprotective activity which was mostly
found in lamiaceae family. Protective effect of Rosmarinic
acid against chromium VI induced neurotoxicity has been
reported (Dashti et al. 2014). It protects PC12 cells against
Aβ-induced toxicity and oxidative stress (Iuvone et al.
2006). Rosmarinic acid ameliorates Aβ-induced memory im-
pairment by proxynitrit free radical scavenging activity
(Alkam et al. 2007). It is a potent mito-protectant and im-
proves mitochondrial dysfunction in neurodegenerative dis-
eases (Camilleri et al. 2013). Also Rosmarinic acid and
luteolin inhibit beta-secretase activity an enzyme involves in
Aβ production (Choi et al. 2008).Then it is suggested that
these polyphenols may be have a role in the neuroprotective
activity of S. bachtiarica methanolic extract.

Degeneration of the cholinergic innervations in the septo-
hippocampal pathway is the common pathological feature in
AD (Schliebs and Arendt 2006, Kar et al. 2004). It is reported
that impaired memory function are associated with reduction
of ChAT activity and immunorectivity in the animal model of
AD (Yamaguchi et al. 2002). In our study, Aβ-injected direct-
ly into the hippocampus resulted in learning and memory im-
pairment which associated with reduced ChAT immunostain-
ing in the hippocampus, indicate cholinergic neuron loss.
Treatment with extract in concentration which improvesmem-
ory impairment could increase ChAT immunostaining re-
vealed increase cholinergic neuron survival. In addition
AChE activity, which was increased in Aβ-injected group,
decreased in extract treated group. Also AChE activity was
decreased in extract alone treated animals. Then it is deduced
that S. bachtiarica methanolic extract has inhibitory effect on
brain AChE activity, but interestingly extract did not show any
direct inhibitory effect on pure enzyme activity. Then it is
suggested that extract may be reduce the AChE protein ex-
pression in the hippocampus. The AChE is a key enzyme in
the cholinergic nervous system which hydrolysis acetylcho-
line and terminates its action. Current pharmacotherapy for
AD is using AChE inhibitors which increase Achetylcholine
level through inhibition of the cholinesterases and improve
AD symptoms by facilitating cholinergic neurotransmission
(Lleo et al. 2006). but alternative functions of AChE unrelated
with the hydrolysis of acetylcholine are supposed in AD. It is
reported that AChE activity was increase around the amyloid
plaques and the expression of AChE protein is increased in
AD brain. AChE protein interacts with Aβ peptide and in-
creases its toxicity and deposition to form plaque. Then
AChE is the target of several study for finding new therapeutic
agent for treatment of AD (Campanari et al. 2014, Garcia-
Ayllon et al. 2011).

In conclusion our results indicate that S. bachtiarica meth-
anolic extract improve Aβ-induced memory impairment, ox-
idative stress and cholinergic dysfunction. These effect of

extract at least as part could be attributed to the polyphenolic
compounds. According to this finding it is suggested that S.
bachtiarica methanolic extract can be a candidate for further
investigation as therapeutic agent in AD.
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