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Scutellarin protects against Aβ-induced learning 
and memory deficits in rats: involvement of nicotinic 
acetylcholine receptors and cholinesterase
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Aim: To examine the protective effects of scutellarin (Scu) on rats with learning and memory deficit induced by β-amyloid peptide (Aβ).
Methods: Fifty male Wistar rats were randomly divided into 5 groups: control, sham operation, Aβ, Aβ+Scu, and Aβ+piracetam groups.  
Aβ25–35 was injected into the lateral ventricle (10 μg each side).  Scu (10 mg/2 mL) or piracetam (10 mg/2 mL was intragastrically 
administered per day for 20 consecutive days following Aβ treatment.  Learning and memory was assessed with Morris water maze 
test.  The protein and mRNA levels of nicotinic acetylcholine receptor (nAChR) α4, α7, and β2 subunits in the brain were examined 
using Western blotting and real-time PCR, respectively.  The activities of acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) 
in the brain and plasma were measured using Ellman’s colorimetric method.     
Results: In Aβ group, the escape latency period and first platform cross was significantly increased, and the total number of platform 
crossings was significantly decreased, as compared with the control and the sham operation groups.  Both Scu and piracetam treat-
ment significantly reduced the escape latency period and time to cross platform, and increased the number of platform crosses, but 
there were no significant differences between Aβ+Scu and Aβ+piracetam groups.  In Aβ group, the protein levels of nAChR α4 and α7 
subunits in the cerebral cortex were significantly decreased by 42%–47% and 58%–61%, respectively, as compared to the control and 
the sham operation groups.  Scu treatment caused upregulation of α4 and α7 subunit proteins by around 24% and 30%, respectively, 
as compared to Aβ group, but there were no significant differences between Aβ+Scu and Aβ+piracetam groups.  The protein level of 
nAChR β2 subunit had no significant difference among different groups.  The mRNA levels of nAChR α4, α7, and β2 subunits were not 
significantly changed.  In Aβ group, the activities of AChE and BuChE in the brain were significantly increased, but were significantly 
decreased in the plasma, as compared to the control and the sham operation groups.  Scu or piracetam treatment restored the activi-
ties in brain and plasma nearly to the levels in the control group.
Conclusion: The results suggest that Scu may rescue some of the deleterious effects of Aβ, possibly by stimulating nAChR protein 
translation and regulating cholinesterase activity.
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Introduction
Herba Erigerontis (HE), a Chinese medicinal herb derived 
from Erigeron breviscapus (vant) Hand-Mazz, has been used 
to effectively treat brain and cardiovascular disorders[1].  Fla-
vonoids, a large group of natural compounds found in HE, 
have been considered as substitutes for estrogen[2] and proven 
to have neuroprotective effects[3–6].  Interestingly, scutellarin 
(Scu) is a major component of flavonoids in HE (over 40% of 
the total flavonoids: 5,6,4’,7-glucuronyl oxyflavone).  Several 
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basic research and clinical studies have shown that Scu plays 
an important role in combating neurotoxicity[1, 7, 8].  

Alzheimer’s disease (AD) is one of the most devastating 
diseases of the central nervous system (CNS).  Neuropatho-
logically, it is characterized by amyloid plaques composed pri-
marily of β-amyloid peptide (Aβ) aggregates, neurofibrillary 
tangles comprised of hyperphosphorylated tau protein, and 
extensive neuronal loss that is particularly pronounced in the 
cholinergic system[9].  Aβ, a protein fragment derived from 
sequential proteolytic cleavage by β- and γ-secretases on amy-
loid precursor protein (APP), is one of the key events leading 
to neuronal dysfunction and cognitive decline in the progres-
sion of AD[10].  It has been hypothesized that the altered pro-
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cessing of APP results in the accumulation and aggregation of 
neurotoxic forms of Aβ[11] that induces neurotoxic effects via 
signaling cascades[12].  

The cholinergic neurotransmitter system in the brain is 
critical for the processing of information related to cogni-
tive function[13].  Indeed, AD dysfunction is marked by con-
spicuous decreases in choline acetyltransferase activity and 
acetylcholine (ACh) release, significant loss of cholinergic 
neurons and depletion of cholinergic acetylcholine receptors[9, 

14].  Within the cholinergic system, nicotinic acetylcholine 
receptors (nAChRs), which are members of the superfamily of 
ligand-gated ion channels, are important components involved 
in a wide range of brain activities and functions, including 
cognitive enhancement and neuroprotection[15].  Within the 
last decade, experimental evidence has accumulated support-
ing nAChRs as direct therapeutic targets to improve cogni-
tive function and slow neurodegenerative progression in AD 
patients[16].  Accordingly, some of the interventions to prevent 
or treat the development and progression of AD have focused 
on enhancing cholinergic transmission, either through increas-
ing ACh synthesis or inhibiting the activities of acetylcholin-
esterase (AChE) and butyrylcholinesterase (BuChE), enzymes 
responsible for ACh hydrolysis[17, 18].

At present, there are no effective pharmacological interven-
tions that prevent or stall AD.  In researching alternative ther-
apeutic agents against the disease, HE was found to inhibit 
aggregation of Aβ[19], and Scu may prevent neuronal death 
induced by Aβ[3].  In this study, we investigated the poten-
tial mechanisms underlying the effects of Scu on learning 
and memory, expression of nAChRs and the activity of ChE 
by using the dementia model of rats produced by intracere-
broventricular (icv) injection of Aβ.

Materials and methods 
Preparation of Scu
HE, whole grass of the perennial Erigeron breviscapus (vant) 
Hand-Mazz, was collected from the Leisan County, Guizhou 
Province in China, and the identity of plant materials was 
verified morphologically.  A voucher specimen was deposited 
in Guiyang Medical College (accession number EB20070730).  
Plant material was sun-dried and ground.

Scu was derived from extraction of HE, and its purity above 
95% was determined by ultra performance liquid chromatog-
raphy (UPLC).  Each killogram of air-dried powder produced 
from whole HE was decocted with 10 L of water 3 times for 

30 min each, for a total time of 1.5 h.  Individual batches of the 
decoction were combined, filtered, and concentrated to obtain 
a relative density (or specific gravity) of 1.10 (50 °C) and then 
adjusted to an ethanol content of 55% with 95% ethanol.  The 
resulting mixture was stirred for 30 min and then kept at 50 °C 
for 12 h.  The filtrate thus obtained was first concentrated 
under reduced atmospheric pressure to yield a relative den-
sity of 1.11 (50 °C) and then adjusted to pH 2 with hydrochlo-
ric acid.  The mixture was kept at 55 °C for 6 h, filtered, and 
finally vacuum-dried to yield Scu used in subsequent studies.

Chemicals
The chemical reagents including Aβ25–35, mouse monoclonal 
anti-β-actin antibody, and AChE and BuChE were purchased 
from Sigma-Aldrich Co (St Louis, MO, USA).  Goat polyclonal 
anti-α4 and -β2 antibodies, mouse monoclonal anti-α7 anti-
body, and secondary anti-goat and anti-mouse IgG conjugated 
with horseradish peroxidase were purchased from Santa Cruz 
Biotechnology Inc (Santa Cruz, CA, USA).  Piracetam was 
purchased from the Hangzhou Minsheng Pharmaceutical 
Group Co (Hangzhou, China).  Hyper Performance Chemi-
luminescence film and ECL Plus reagent were obtained from 
Amersham (Uppsala, Sweden).  Real-time PCR reagents were 
obtained from Promega Co (Madison, WI, USA) and the Taq-
man probe was from Applied Biosystems Co (Foster City, CA, 
USA).

Aβ aggregation 
Aβ25–35 was dissolved in 10% dimethyl sulfoxide (DMSO) to 
a final concentration of 5 μg/μL (4.7 mmol/L), and the solu-
tion was incubated at 37 °C for 3 d to induce a conformational 
transformation from a soluble form to insoluble β-sheets, thus 
increasing the neurotoxicity of the peptide.

Experimental animals
Male Wistar rats [Grade II; Certificate No :  SCXK (Q) 
200220001], 300–350 g, were purchased from the Experimental 
Animal Center in Guizhou province, China, and the experi-
ments were approved by the regional ethical committee for 
animal studies in Guizhou.  The rats were acclimated for one 
month in a controlled housing facility (humidity 30%–55% and 
temperature 22–25 °C) prior to use in experiments.  

Surgery and drug administration
Fifty rats with similar learning and memory ability as 
determined by the Morris water maze test were randomly 
divided into 5 groups: control (no operation), sham opera-
tion, learning and memory deficit model (Aβ icv), Aβ+Scu 
and Aβ+piracetam (which received Aβ icv before treatment 
with Scu or piracetam) groups.  Ten animals were used for 
each group.  During the study, the rats were given water and 
food ad libitum.  The learning and memory deficit model with 
AD-like dementia was produced by bilateral icv injection 
with Aβ25–35.  Rats were anesthetized with chloral hydrate (0.3 
g/kg, ip) and placed in a stereotaxic apparatus.  Referring 

                               Chemical structure of scutellarin.
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to the atlas of Paxinos and Watson[20], the coordinates were 
located for lateral ventricle injection (anterior-posterior, 3.0 
mm; medial-lateral, 2.0 mm; dorsal-ventral, 3.3 mm from the 
bregma).  Two microliters of Aβ25–35 (10 µg) were gradually 
delivered into each lateral ventricle via a microsyringe with a 
stainless steel needle within 5 min.  The sham operation was 
identical except sterile saline was used in place of Aβ25–35 solu-
tion.  No procedure was performed on the control group.  The 
rats in the Aβ+Scu or Aβ+piracetam group were treated with 
the same protocol as the learning and memory deficit model, 
but five days after icv the animals were additionally treated 
with 10 mg/2 mL per day of Scu or piracetam by intragastric 
administration (ig) for 20 consecutive days.  At the end of the 
experiment, the rats were assessed with the Morris water maze 
test and then sacrificed by femoral artery exsanguination.  
Blood samples were collected, and brains, including whole 
cerebral cortices, were removed and stored at -80 °C for later 
analysis.

Examination of spatial learning and memory
Spatial learning and memory was evaluated with the Morris 
water maze test[21].  As described previously[22], each rat was 
placed facing the pool from different quadrants at the start of 
a trial and subjected to 4 trials each day with a 30-min inter-
val of rest between trials for a training period of 4 d.  Their 
movement was monitored with Videotrack Software (View 
Point).  During the navigation test, the time required to locate 
the escape platform (escape latency) was determined.  The 
4 trials on each individual day were averaged for statistical 
analysis.  Furthermore, on d 5, the platform was removed, and 
the time that the animal first crossed the platform site and the 
total number of crosses within 60 s were recorded.  All of these 
behavioral tests were conducted in a quiet environment with 
subdued lighting.

Protein levels of α4, α7, and β2 nAChR subunits detected by 
Western blotting
The cerebral cortices were homogenized, and the protein con-
centrations of the resulting supernatant were determined[22].  
The proteins in the solubilized membrane fraction recovered 
in the supernatant were separated by 10% SDS-PAGE and 
transferred to polyvinylidene difluoride (PVDF) membranes.  
For the quantification of nAChR subunits and β-actin, the 
PVDF membranes were incubated with appropriate antibod-
ies for corresponding proteins: nAChR subunit α4 (1:300), α7 
(1:500) and β2 (1:300) and β-actin (1:10000) at 4 °C overnight.  
After washing, the membranes were incubated with HRP-
conjugated anti-goat IgG (1:5000) or anti-mouse IgG (1:3000), 
respectively, for 60 min.  Finally, these membranes were incu-
bated in ECL Plus reagent for 5 min and the signals were visu-
alized by exposure to Hyper Performance Chemiluminescence 
film.  For the calculation of Western blotting results, we used 
β-actin (a housekeeping gene) as an internal standard.  The 
resultant values (as compared with β-actin) were expressed as 
a percentage of the average value for controls.

The mRNA levels of α4, α7, and β2 nAChR subunits determined 
by real-time PCR
Total RNA in the cerebral cortices was isolated by TRIzol 
reagents (Invitrogen, Carlsbad, CA, USA).  cDNA was gener-
ated from 3 μg of total RNA by utilizing a cDNA synthesis 
kit (Promega, Madison, WI, USA)[23], and the reaction mixture 
was incubated in a Mastercycler 5700 (Eppendorf, Hamburg, 
Germany) at 37 °C for 1 h, then at 70 °C for 15 min and at 4 °C 
for 1 min.  The primers and probes for α4 (Rn 00577436), α7 
(Rn 00563223), β2 (Rn 00570733) nAChR subunits, and β-actin 
(4352931E; as an internal standard) were purchased from 
Applied Biosystems (Foster City, CA, USA) (Table 1).  Reac-
tions were performed with the Universal TaqMan 2X PCR 
master mix (Applied Biosystems, Foster City, USA) in a 20 
μL reaction volume.  The detailed procedure was performed 
as described in the manufacturer’s protocol.  After an initial 
denaturation at 50 °C for 120 s, 40 cycles were performed 
consisting of 95 °C for 600 s, 55 °C for 15 s followed by a final 
extension at 60 °C for 60 s.  The experiments were repeated 
at least three times.  The results are expressed as the ratio of 
detected signal for each nAChR subunit to the β-actin signal, 
and the CT values were calculated as percentages of the con-
trols (as 100%).

AChE and BuChE activities in brain and plasma 
The cerebral cortical tissues were homogenized 1:9 (w/v) of 
0.9% saline.  The resulting brain homogenate supernatants 
were diluted with PBS by 1:15, and plasma was diluted 
1:13.  Activities of AChE and BuChE in these solutions were 
determined by an improved Ellman’s colorimetric method[24], 
employing acetylthiocholine (ATC) and butyrylthiocholine 
(BTC), respectively, as substrates for the reactions.  Activities 
were calculated with the following formula: 

ChE (nmol·min-1·mL-1)=OD (sample–control)×0.588×diluted multiple 

The data were normalized to the amount of protein measured 
by the Lowry method, using the Bio-Rad DC protein assay 
and bovine serum albumin as the standard.

Statistical analysis
The results were expressed as the mean±SD.  Groups were 
assessed for significant differences with analysis of variance 
(ANOVA) and Tukey-Kramer post-hoc tests using SPSSv11.5 
software (SPSS Inc, USA).  P<0.05 was considered statistically 

Table 1.  Sequences of PCR primers and product length.   

       Gene	                             Primers sequences	                      Length  
 
	 nAChR α4	 CTCAGCTCATTGACGTGGACGAGAA	 65
	 nAChR α7	 TGCTGCACGTGTCCCTGCAAGGCGA	 72
	 nAChR β2	 ACCAGAGTGTGAGGGAGGACTGGAA	 63
	 β-actin	 CCTTCCTTCCTGGGTATGGAATCCT	 91
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significant.

Results
Learning and memory dysfunction in response to Aβ treatment 
Rats given Aβ icv had increased values for the escape latency 
period and first platform cross, and the total number of plat-
form crossings was significantly lower than the control and 
the sham operation groups (Figure 1).

Effect of Scu on the rats treated with Aβ
Compared to the learning and memory deficit group, rats 
additionally treated with Scu showed decreases in escape 
latency period and time to cross platform, as well as a higher 
number of platform crosses.  There were no significant differ-
ences between Aβ+Scu and Aβ+piracetam treatment groups 
(Figure 2).

Protein and mRNA levels of α4, α7, and β2 nAChR subunits
The protein levels of the α4 and α7 nAChR subunits in the 
cerebral cortex were significantly decreased by 42%–47% and 
58%–61%, respectively, in the learning and memory deficit 
model group as compared to the control and the sham opera-
tion groups (Figure 3).  Interestingly, Scu treatment resulted 
in an upregulation by 24% and 30% in α4 and α7 nAChR sub-
unit proteins, respectively, as compared to the learning and 

memory deficit model group, while no significant difference 
of these receptor levels was observed when compared to the 
piracetam treatment.  There was no change in β2 nAChR sub-
unit protein level among different groups (Figure 3).  No sig-
nificant changes in the mRNA levels of α4, α7, and β2 nAChR 
subunits were observed (Figure 4).

Activities of AChE and BuChE in brain and plasma 
The activities of AChE and BuChE in the brain were signifi-
cantly increased in the learning and memory deficit model 
group as compared to the control and the sham operation 
groups.  However, the activities in both enzymes in plasma 
were significantly lower in the learning and memory deficit 
model group than those in the control and the sham operation 
groups.  However, treatment by Scu or piracetam restored 
the activities in brain and plasma to near those of the control 
group (Figure 5).  

Discussion
Aβ, the major component in amyloid plaques of AD brains, 
is a 39- to 43-amino acid peptide derived from APP.  Numer-
ous groups have demonstrated that icv injection of several 
types of Aβ, including Aβ1–42, Aβ1–40, and Aβ25–35 (the neuro-
toxic domain of the full-length Aβ), into rats or mice impairs 

Figure 1.  Spatial learning and memory of rats with cerebroventricular 
injection of Aβ and the rats as sham operation and control.  Spatial 
learning and memory were tested in a Morris Water Maze involving a 
circular pool 180 cm in diameter.  Following four trials daily for 4 d, 
the average escaping latency of rats in different groups during training 
session was conducted (A); on d 5 the platform was removed, and latency 
trials (B) and the number of times the central platform was crossed was 
counted (C).  Values in the bar graphs are means±SD of 10 rats.  bP<0.05 
as compared to normal groups and sham operation groups, as determined 
by an analysis of the variance ANOVA with Tukey-Kramer using SPSS15.0 
software. 

Figure 2.  Effects of Scu and piracetam on spatial learning and memory 
of rats treated previously with Aβ injection.  Spatial learning and memory 
were tested in a Morris Water Maze involving a circular pool 180 cm in 
diameter. Following four trials daily for 4 d, the average escaping latency 
of rats in different groups during training session was conducted (A); on 
d 5 the platform was removed, and latency trials (B) and the number of 
times the central platform was crossed was counted (C).  Values in the bar 
graphs are means±SD of 10 rats.  bP<0.05 as compared to normal groups 
and sham operation groups.  eP<0.05 as compared to model groups, as 
determined by an analysis of the variance ANOVA with Tukey-Kramer using 
SPSS15.0 software. 
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learning and memory[25–28].  We have previously reported high 
levels of apoptosis in neuronal cultures induced by Aβ1–40 and 
Aβ25–35, while the reversed sequence Aβ35–25 had no effect[29].  In 
this study, we observed that the rats treated with Aβ25–35 icv  
exhibited impaired learning and memory, as demonstrated by 
increases in the escape latency period and the time required to 
pass the platform, and the decrease in the numbers of crossing 
the platform.  

The nAChRs are ligand-gated ion channels consisting of 
five subunits that form a central, cation-permeable chan-

nel[30].  The nAChRs are generated from α (α2–α10) and β 
(β2–β4) subunits[31] and the most abundant nAChR subtypes 
in brains are α4β2 and α7[32].  A number of studies have indi-
cated that deficient numbers of nAChRs play an important 
role in AD pathogenesis, specifically, a resultant decrease in 
α7, α4, and α3 nAChR subunit proteins, but the amount of β2 
does not change in models of AD or AD brains[33].  Interest-
ingly, changed α3 and β2 nAChR subunits, but not α4, were 
observed in the brains of patients with Parkinson disease[34].  
For this study, goat polyclonal anti-α4 and -β2 antibodies and 

Figure 5.  Activities of AChE and BuChE in the rat brains (A) and plasma 
(B). The activities of AChE and BuChE were determined by the improved 
Ellman’s colorimetric method.  bP<0.05 as compared to normal and sham 
operation groups.  eP<0.05 as compared to model group as determined 
by an analysis of the variance ANOVA with Tukey-Kramer using SPSS15.0 
software. 

Figure 3.  Expressions of α4, α7, and β2 nAChR subunits at protein level in 
the rat brains. The nAChR α4 (A), α7 (B), and β2 (C) subunit proteins in the 
rat brains as well as β-actin (as an internal standard) were measured by 
Western blotting. For the calculation of Western blotting results, β-actin (a 
house-keeping gene) was used as an internal standard, and the resultant 
values (as compared with β-actin) were expressed as a percentage of the 
average value for controls (as 100%).  bP<0.05 as compared to normal 
group and sham operation group.  eP<0.05 as compared to model group 
as determined by an analysis of the variance ANOVA with Tukey-Kramer 
using SPSS15.0 software. 

Figure 4.  Expressions of α4, α7, and β2 nAChR subunits at mRNA level 
in the rat brains.  The mRNAs of nAChR α4, α7, and β2 subunits as well 
as β-actin (as an internal standard) were measured by real-time PCR.  The 
results are expressed as the ratio of detected signal for each mRNA of 
nAChR subunit to their respective β-actin signal and then the CT values 
were calculated as the percentages of controls (as 100%).  The data were 
analyzed by an analysis of the variance ANOVA with Tukey-Kramer using 
SPSS15.0 software. 
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mouse monoclonal anti-α7 antibody were purchased from 
Santa Cruz Biotechnology Inc to detect the level of nAChR 
proteins.  In our previous publications, the specific immuno-
reactivity of these antibodies has been well characterized and 
could identify the different nAChR subunits[33].  In this study, 
decreased expression of α4 and α7 nAChR subunits was 
observed in the brains of rats treated with Aβ, suggesting a 
toxic effect of Aβ on the receptors.  Meanwhile, consistent with 
previous reports, no change occurred in β2 nAChR subunit[35], 
in which the mechanism may be related to that the β subunit is 
considered as a structural rather than functional part and less 
influenced by Aβ[35].  In addition, despite differences in protein 
levels, we did not find any significant changes of α4, α7, or 
β2 nAChR subunit mRNA among the different groups, sug-
gesting that the Aβ-mediated effect on nAChRs may be post-
translational[36].  

ChEs are a group of serine hydrolases with two major 
forms, AChE and BuChE.  The two enzymes differ in substrate 
specificity, kinetics and activity in different brain regions[37], 
but they work synergistically to terminate ACh signaling by 
hydrolyzing, and thereby inactivating the transmitter.  It has 
been proposed that AChE may interact with Aβ to promote 
fibrillogenesis and the deposition of amyloid plaques[38], which 
might induce ACh downregulation and the degeneration 
or death of cholinergic neurons[14].  BuChE is biochemically 
related to AChE, and in particular, catalyzes the hydrolysis 
of ACh along with AChE, and thus serves as a co-regulator 
of cholinergic transmission[39].  Activities of both AChE and 
BuChE were reduced in plasma from AD patients.  In our 
previous study, we also found the decreased activity of AChE 
in plasma of AD patients, which may reflect the altered cen-
tral cholinergic function[40].  However, it has been reported 
that despite an overall decrease in the amount of AChE, the 
activity of the enzyme is increased around Aβ plaques in AD 
brains[41, 42].  This paradoxical finding may be due to the toxic 
Aβ affecting the catalysis of ACh.  In this study, the activities 
of AChE and BuChE were significantly decreased in plasma 
but increased in brain tissues of the rats from the learning and 
memory deficit group, findings that correlate with previously 
reported results.  

To date, there are no effective pharmacological interven-
tions for AD, a fact that has stimulated interest in alternative 
therapies[43], including traditional Chinese medicines[44].  HE is 
produced mainly in the Chinese regions of Hunan, Guizhou, 
Yunnan and Tibet and has been extensively used to treat brain 
injury, cardiovascular disorders and other diseases.  It has 
been reported that a commercial herbal extract of HE, brevis-
capine (in which Scu is a major active principle), can improve 
learning and memory and protect against brain injury[45, 46].  In 
addition, flavones, one of the major components of HE, have 
been shown to possess neuroprotective effects[9] and inhibit 
formation of reactive oxygen species[47–50].  Furthermore, Scu 
can inhibit Aβ aggregation and prevent cell death induced by 
Aβ in cultured PC12 cells[1, 3].

In this study, the rats were injected with Aβ to induce 
learning and memory dysfunction and then treated with Scu 

extracted from HE in order to investigate the effects of the 
compound on learning and memory function, expression of 
nAChRs and the activity of ChE.  The results we obtained 
here showed that Scu rescued behavioral deficits induced by 
icv injected Aβ.  This treatment also prohibited the decreased 
expression of α4 and α7 nAChR subunit proteins and recov-
ered the activities of AChE and BuChE to normal levels in 
the AD animal model.  Because the functions of nAChRs and 
ChE are believed to be integral to the processes of learning 
and memory, the results here indicate that Scu may stimulate 
cholinergic neuroprotective effects to ameliorate learning and 
memory dysfunction.  Another possibility is that the positive 
effect of Scu on the cognitive deficits of the animals might 
be mediated via a direct or indirect effect through nAChRs 
against Aβ toxicity[29], a hypothesis we plan to investigate in 
future studies.  

Preclinical research suggests that piracetam, a neurotropic 
drug, may improve cognitive functions in AD patients[51], 
possibly due to its ability to bind several central nervous sys-
tem neurotransmitter receptors to protect against neuronal 
damage[52].  Therefore, we utilized the drug as a positive drug 
control in the study.  The results here also showed that Scu 
and piracetam had similar effects.  For some of the results, 
such as the rescue of cognitive deficits and enhanced activity 
of ChE, Scu was more effective than piracetam.

In summary, an acute Aβ treatment can induce learning and 
memory dysfunction in rats, inhibit expression of nAChR sub-
unit proteins in the brain, and affect activity levels of AChE 
and BuChE in the brain or plasma.  Importantly, Scu may 
reverse some of these outcomes.  The results suggest that the 
mechanism concerning the protective effect of Scu on learning 
and memory deficit of rats induced by Aβ might involve stim-
ulating expression of nAChRs and regulating activity of ChE, 
an insight that may provide an important therapeutic strategy 
for AD.
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