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Abstract. Linguizhugan decoction (LGZG), a notable 
prescription in Traditional Chinese Medicine, is a classical 
formula for the treatment of Alzheimer's disease (AD), 
inflammatory injury and fluid retention. The present study 
aimed to investigate the neuroprotective effect of LGZG on 
an amyloid β (Aβ)‑induced AD rat model. Sprague‑Dawley 
rats were administered with Aβ1‑42 to induce AD and 
inflammatory responses, and subsequently with LGZG (4.8, 
2.4 or 1.2 g/kg), donepezil (2 mg/kg) or distilled water for 
30 consecutive days. Learning and memory behaviors were 
evaluated via Morris water maze test. The neuronal impair-
ment of AD rats was observed via hematoxylin‑eosin staining. 
The levels of pro‑inflammatory cytokines, and Aβ in the 
brain tissue were detected with ELISA kits. Protein expres-
sion levels of mitogen‑activated protein kinase and nuclear 
factor‑κB signalling were measured by western blot analysis. 
The expression of lipoprotein receptor‑related protein‑1 
(LRP‑1) and receptor for advanced glycation endproducts 
(RAGE) in the brain were detected by western blot analysis, 
reverse transcription‑quantitative polymerase chain reac-
tion and immunohistochemistry analysis. LGZG was 
demonstrated to significantly improve learning and memory 
ability, and ameliorate neuroinflammation in AD rats. LGZG 

increased the levels of LRP‑1 and decreased the levels of 
RAGE. Furthermore, the present results demonstrated that 
LGZG treatment significantly inhibited MAPK and NF‑κB 
signalling, and reduced the production of pro‑inflammatory 
cytokines and Aβ accumulation in AD rats. LGZG exhibited 
a potential protective effect on Aβ1‑42‑induced AD by regu-
lating Aβ transportation, and inhibiting RAGE/MAPK and 
NF‑κB signalling. These results suggest that LGZG may be 
considered for the treatment of AD.

Introduction

Alzheimer's disease (AD) is a neurodegenerative disorder 
with pathological hallmarks including senile plaques induced 
by abnormal deposition of amyloid‑β (Aβ) and neurofibril-
lary tangles (NFTs) formed by aberrantly hyperphorylated 
tau protein. It is well known that Aβ has a critical role in the 
pathogenesis of AD, as the accumulation of Aβ leads to neuro-
inflammation and induces neuronal damage (1). One of the 
most important mechanisms of Aβ accumulation in the brain 
is transshipment imbalances through the blood‑brain barrier 
(BBB) (2), and two primary influx and efflux receptors have 
been implicated in this process: Receptor for advanced glyca-
tion endproducts (RAGE) and lipoprotein receptor‑related 
protein‑1 (LRP‑1) (3‑5). RAGE acts as an important trans-
porter via regulating influx of circulating Aβ into the brain (6), 
whereas LRP1 mediates the efflux of brain‑derived Aβ into 
the circulation via the BBB  (7). Furthermore, RAGE is a 
multi‑ligand receptor of the immunoglobulin superfamily 
of cell surface molecules, with RAGE ligands consisting of 
advanced glycation end products and Aβ proteins (8). It has 
been indicated that these ligand‑receptor interactions are able 
to activate receptor‑mediated signaling pathways, including 
the mitogen‑activated protein kinase (MAPK) and nuclear 
factor (NF)‑κB pathway (9), and subsequently promote the 
production of pro‑inflammatory cytokines, such as interleukin 
(IL)‑1β, IL‑6 and tumor necrosis factor (TNF)‑α  (10,11). 
Therefore, RAGE/MAPK, the NF‑κB signaling pathway and 
the downstream inflammatory response may be a potential 
therapeutic target for Aβ‑induced brain damage. 
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Lingguizhugan decoction (LGZG) is composed of Poria 
(the dried fungus nucleus of Poria  cocos (Schw.) Wolf), 
Cinnamomi ramulus (the dried twigs of Cinnamomum cassia 
(L.) J. Presl), Atractylodis macrocephalae rhizoma (the fried 
and dried rhizome of Atractylodes macrocephala Koidz) and 
Glycyrrhizae radix et rhizoma (the dried roots and rhizome 
of Glycyrrhizae  uralensis Fisch.), and is widely used in 
Traditional Chinese Medicine. The formula originates from 
Treatise on Febrile Diseases (12), and has been used for the 
treatment of AD, inflammatory injury and fluid retention (13). 
It has previously been demonstrated that LGZG inhibits the 
levels of pro‑inflammatory cytokines produced by Aβ1−42 
induced BV‑2 microglia cells (14). These findings indicate 
the potential of LGZG in the treatment of AD; however, the 
molecular mechanism remains unclear. Therefore, the aim of 
the present study was to investigate the effect of LGZG on 
Aβ‑induced AD rats.

Materials and methods

Animals. All experiments and animal care protocols in the 
present study were performed in accordance with the Guide 
for the Care and Use of Laboratory Animals  (15). Ethical 
approval for these protocols was granted by the Medical Ethics 
Committee of Nanjing University of Traditional Chinese 
Medicine [Nanjing, China; approval no. ACU‑06(20151113)].

Male Sprague‑Dawley rats (n=56; 8  week‑old, weight, 
200‑250 g) were purchased from Shanghai SLAC Laboratory 
Animal Co., Ltd. (Shanghai, China) and allowed 1 week to 
adapt to the laboratory environment prior to experiments. 
Rats were housed at 50±10% humidity, 24±2˚C and a 12‑h 
light/dark cycle with ad libitum access to standard chow and 
water.

Rats were randomly divided into seven experimental 
groups: Control group, sham group (saline + sterile distilled 
water), model group (Aβ1‑42 + sterile distilled water), LGZG 
4.8 group (Aβ1‑42 + 4.8  g/kg LGZG), LGZG 2.4 group 
(Aβ1‑42 + 2.4  g/kg LGZG), LGZG 1.2 group (Aβ1‑42 + 
1.2 g/kg LGZG) and positive control group [Aβ1‑42 + 2 mg/kg 
donepezil hydrochloride (DNP)]. Each group contained 8 rats.

Reagents and administration procedures. Poria (Anhui, 
China), Cinnamomi ramulus (Guangdong, China), 
Atractylodis macrocephalae rhizoma (Jiangsu, China), 
and Glycyrrhizae radix et rhizoma (Xinjiang, China) were 
purchased from Jiangsu Lianshui Pharmaceutical Co., Ltd. 
(Lianshui, China), and prepared in a dry weight ratio of 4:3:2:2 
for the production of LGZG. The constituents were then 
mixed with x10 the quantity of distilled water, decocted for 
2 h and again for 1 h, pressure‑filtered, concentrated using 
a rotating evaporator to obtain a 1 g/ml solution and stored 
at 4˚C prior to further use. Aβ1‑42 (cat no. 107761‑42‑2) and 
monoclonal mouse GAPDH (cat no. 9001‑50‑7) antibodies 
were obtained from Sigma‑Aldrich (Merck KGaA, Darmstadt, 
Germany). Antibodies against LRP‑1 (cat no. 64099), RAGE 
(cat no. 4679), phosphorylated (p)‑NF‑κB (cat no. 3033), NF‑κB 
inhibitor α (IκBα) (cat no. 4812), p‑IκBα (cat no. 2852), extracel-
lular signal‑regulated kinase (Erk)1/2 (cat no. 9102), p‑Erk1/2 
(cat no. 4370), p38 (cat no. 9212) and p‑p38 (cat no. 9211), as 
well as horseradish peroxidase (HRP)‑conjugated anti‑mouse 

(cat no. 7072) or anti‑rabbit (cat no. 7071) IgG secondary anti-
bodies were obtained from Cell Signaling Technology, Inc. 
(Danvers, MA, USA). Rabbit anti‑rat antibodies specific against 
LRP‑1 and RAGE were obtained from Beyotime Institute of 
Biotechnology, Haimen, China (cat no. A0208). ELISA kits for 
TNF‑α (cat no. JEB‑13718), IL‑1β (cat no. JEB‑13503), IL‑6 
(cat no. JEB‑13729) and Aβ (cat no. JEB‑15109) were purchased 
from Nanjing KJI Biological Technology Development Co., 
Ltd. (Nanjing, China). Other chemicals were purchased from 
Merck KGaA.

Following anesthesia with intraperitoneal injection of 
0.45% pentobarbital sodium (40 mg/kg), rats were secured 
on a stereotaxic device. Either peptides (Aβ1‑42; 10  µg; 
Sigma‑Aldrich, Merck KGaA) or vehicle (saline) was admin-
istered into the bilateral hippocampus CA1, according to 
the rat brain in stereotaxic coordinates (‑3.0 mm posterior 
to bregma, ±2.0 mm lateral to midline, and ‑3.0 mm dorsal 
to ventral dura). These were supplied progressively within a 
5‑min duration, followed by a cessation period of 5 min, as 
described previously (16‑18). Rats were subsequently admin-
istered with 200,000 U/ml penicillin‑G once daily for 3 days 
following surgery. Following the procedure, LGZG (1.2, 2.4 
and 4.8 g/kg), 2 mg/kg DNP and vehicle (sterile distilled water) 
were administered orally to the rats twice daily by gavage for 
30 days.

Morris water maze test. The water‑maze test was performed 
25 days following drug administration. This test was performed 
in a circular pool (180 cm diameter x60 cm height). A hidden 
circular platform was submerged 2 cm below the water level in 
one pool quadrant. Rats were allowed two trial sessions each 
day for 4 successive days with an intermission of 5 h between 
trials. A video tracking system was used to view the complete 
procedure. When the rat had located the platform successfully, 
it was permitted to remain there for 10 sec. Rats was physically 
positioned on the platform for 10 sec in cases where they did 
not succeed in locating the platform within 90 sec, wherein 
escape latency was marked as 120 sec. A single probe trial was 
performed on the fifth day.

Hematoxylin‑eosin (H&E) staining. Rats were anesthetized 
with 0.45% pentobarbital sodium, then sacrificed via perfusion 
transcardially with 0.1 mol/l PBS (pH 7.4) and 4% parafor-
maldehyde. Sections of the hippocampi were harvested and 
fixed in 4% formalin at 4˚C for ≥72 h, dehydrated in graded 
alcohol series, and embedded in paraffin. Specimens were 
cut in 5‑µm sections on a rotary microtome and mounted on 
3‑aminopropyltriethoxysilane‑coated glass slides, then stained 
at 4˚C for 20 min with H&E and light microscopic examina-
tion for histopathological alteration was performed (Olympus 
BH2; Olympus Corporation, Tokyo, Japan) as described previ-
ously (19,20). Images were captured using a Nikon Coolpix 
990 camera (Nikon Corporation, Tokyo, Japan) with an 
original magnification of x200.

Immunohistochemistry of LRP‑1 and RAGE. For immu-
nohistochemical analysis, brain tissue was fixed in 4% 
paraformaldehyde at 4˚C for 24 h, embedded in paraffin, 
and then cut into 4 µm‑sections, hydrated and incubated in 
3% hydrogen peroxide at room temperature for 10 min. The 
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sections were washed three times with PBS and then stored 
at 4˚C in PBS supplemented with 3% bovine serum albumin 
(cat no. B2064, Sigma‑Aldrich, Merck KGaA) for 30 min. 
Sections were then incubated with antibodies against LRP‑1 
(1:200) or RAGE (1:200) overnight at 4˚C, and a negative 
control was incubated with PBS. These sections were then 
exposed to biotinylated universal secondary antibodies 
(1:5,000; cat no. A0208; Beyotime Institute of Biotechnology) 
for 1 h and subsequently to streptavidin biotin horseradish 
peroxidase solution (1:1,000) at room temperature for 1 h, 
following washing with PBS. And subsequently stained with 
3,3'‑diaminobenzidine solution for 45 sec at 37˚C. Sections 
were counterstained with hematoxylin at room temperature for 
20 sec. Graded alcohols were then used to dehydrate dehydrate 
section, and they were subsequently fixed in neutral balsam 
(Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) at 
60˚C for 30 min. LRP‑1 and RAGE staining was evaluated 
using Image‑Pro Plus 6.0 software (Media Cybernetics, Inc., 
Rockville, MD, USA).

ELISA of TNF‑α, IL‑1β, IL‑6, and Aβ. Rats were decapitated 
60 min after the behavioral tests. Brains were immediately 
harvested, weighed and homogenized using 0.9% ice‑cold 
saline water. The homogenate was centrifuged at 3,000 x g 
for 10 min at 4˚C and the supernatants were harvested and 
served at 4˚C prior to ELISA analysis. The expressions of 
TNF‑α, IL‑1β, IL‑6, and Aβ in brain tissues of rats were 
measured using ELISA kits according to the manufacturer's 
instructions. 

Western blot analysis. To determine the expression levels of 
LRP‑1, RAGE, p‑NF‑κB, IκBα, p‑IκBα, Erk1/2, p‑Erk1/2, 
p38, p‑p38 in the brain, western blotting was performed as 
described previously (20). The rat brain tissues were homog-
enized (centrifuged at 14,000 x g, 4˚C, 15 min), washed with 
PBS, and incubated in lysis buffer (cat no. P0013; Beyotime 
Institute of Biotechnology) containing protease inhibitor 
cocktail (cat no.  P8330, Sigma‑Aldrich; Merck KGaA) 
to isolate brain protein samples. A total of 30 µg protein 
samples were separated by 10% SDS‑PAGE gels and blotted 
onto nitrocellulose membranes with TBST buffer (10 mM 
Tris‑HCl, 150 mM NaCl, 0.1% v/v Tween‑20) containing 5% 
nonfat milk for 1 h at room temperature. Membranes were 
incubated with primary antibodies against LRP‑1, RAGE, 
p‑NF‑κB, IκBα, p‑IκBα, Erk1/2, p‑Erk1/2, p38, and p‑p38 
(1:1,000) at 4˚C overnight, with GAPDH (1:1,000) was used as 
loading control. Membranes were subsequently washed three 
times in 0.05% Tween 20 in TBS for 5 min and then incu-
bated with HRP‑conjugated secondary antibodies (1:5,000) 
for 1 h at room temperature. Enhanced chemiluminescence 
(cat no. NEL103E001EA; PerkinElmer, Inc., Waltham, MA, 
USA) was used to detect the signals. Quantity One software 
version 4.62 (Bio‑Rad Laboratories, Inc., Hercules, CA, USA) 
was used for densitometry analysis.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR) analysis. Total RNA was extracted 
using TRIzol reagent (cat no.  15596026; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol 
and reverse transcribed to produce cDNA using a TaqMan 

reverse transcription reagent kit (Thermo Fisher Scientific, 
Inc.). cDNA was then amplified via PCR with the following 
primers: RAGE, forward 5'‑GAC​CAC​TCC​TAC​CTA​TTC​
CT‑3' and reverse 5'‑TCC​ACC​TTC​AGG​CTC​AAC​CA‑3'; 
LRP‑1, forward 5'‑CGT​CAC​TTA​CAT​CAA​CAA​CC‑3', and 
reverse 5'‑CAG​CCA​TTC​ACA​TTT​CTT​GC‑3'; and GAPDH, 
forward 5'‑GAG​CTG​AAC​GGG​AAA​CTC​AC‑3', and reverse 
5'‑GGT​CTG​GGA​TGG​AAA​CTG​TG‑3'. The thermal cycling 
conditions included 5 min at 94˚C followed by 32 cycles of 
30 sec at 94˚C, 45 sec at 55˚C, and 45 sec at 72˚C. The abun-
dance of the mRNA expression level was measured according 
to the 2‑∆∆Cq method as described previously (21).

Statistical analysis. Data are expressed as the mean + standard 
deviation. Statistical analysis was performed using the SPSS 
19.0 (IBM Corp., Armonk, NY, USA). Statistical differences 
between groups were determined using one‑way analysis of vari-
ance with Bonferroni's multiple comparison test using software 
EZR version 3.1.2 (Jichi Medical University, Tochigi, Japan; 
www.jichi.ac.jp/saitama‑sct/SaitamaHP.files/statmedEN.html). 
P<0.05 was considered to indicate a statistically significant 
difference. 

Results

LGZG ameliorates memory deficits of AD rats. As presented 
in Fig. 1A, the mean escape latency in the Morris water maze 
declined progressively in all groups throughout the training 
period. No significant difference was observed between the 
control and sham‑operated groups. Aβ‑treated rats spent 
significantly more retentive time on reaching the platform vs. 
controls (P<0.01), which indicated notable cognitive damage 
in Aβ‑treated rats. Furthermore, this increase in escape 
latency was significantly ameliorated by LGZG (1.2 g/kg: 
day 3, P<0.05; 2.4  g/kg: day 2 and 4, P<0.05; 4.8  g/kg: 
day 1, P<0.05, day 2‑4, P<0.01 vs. the model) and donepezil 
(day 1, P<0.05; day 2‑4, P<0.01 vs. the model) treatment. The 
swim routes followed by the rats during the second trial on 
day 2 and day 4 are illustrated in Fig. 1B. The rats seemed 
to show the tendency to enter all four quadrants of the pool 
on day 2. On day 4, the control rats were observed to swim 
in the direction of the platform, whereas Aβ‑treated rats took 
lengthier swimming routes. In the probe test, as shown in 
Fig. 1C and D, the control and sham operated rats spent more 
time in the target quadrant (26.88±5.41 and 26.75±5.55 sec, 
respectively) and exhibited greater crossing times (6.13±1.25 
and 5.25±1.03 sec, respectively) than the model group rats 
(15.13±3.04 sec, P<0.01 vs. control; 1.88±0.83 sec, P<0.01 
vs. control). When compared with the model group rats, 
LGZG (4.8 and 2.4 g/kg) and donepezil treated rats exhib-
ited increased crossing times (P<0.01, P<0.05 and P<0.01, 
respectively). As for time in the target quadrant, a noteworthy 
enhancement was observed in the LGZG group at a dose of 
2.4 (P<0.05) and 4.8 g/kg (P<0.01) as well as the donepezil 
group (P<0.01). This data suggests that LGZG is able to 
improve the memory and learning ability of the Aβ‑induced 
model rats in the Morris water maze test.

LGZG improves brain neuronal damage. In the present study, 
no neuronal damage was observed in the rats in the control 
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and sham groups. However, rats in the model group exhibited 
marked neuronal loss in the hippocampus. HE staining also 
indicated that the number of neurons in the LGZG (4.8 g/kg) 
and donepezil rats was markedly increased vs. the model 
(Fig. 2). These results indicate that LGZG has a neuroprotective 
effect on the nerve cells of the brain in AD rats.

Effects of LGZG on levels of TNF‑α, IL‑1β, IL‑6, and Aβ1‑42 
in the brain. The results of ELISA analysis (Fig. 3) demonstrate 
the anti‑inflammatory and neuroprotective effects of LGZG in 
rats with AD. There was a significant increase in the levels of 
TNF‑α, IL‑1β, IL‑6, and Aβ1‑42 in the model group (P<0.01 vs. 
control). LGZG at doses of 4.8 (P<0.01) and 2.4 g/kg (P<0.05), 
as well as donepezil (P<0.01), significantly decreased the 
levels of TNF‑α, IL‑1β, IL‑6, and Aβ1‑42 compared with the 
model. There were significant differences in the levels of IL‑6 
between the group of LGZG at a dose of 1.2 g/kg (P<0.05) 
and the model group. Notably, LGZG at 1.2 g/kg demonstrated 
a tendency to decrease pro‑inflammatory cytokines levels 

(TNF‑α and IL‑1β) levels, but no significant difference was 
observed. These findings suggest that LGZG is able to inhibit 
neuroinflammation and decrease Aβ1‑42 levels in the brain of 
AD rats.

LGZG modulates the expression of MAPK and the NF‑κB 
pathway in the brain. To evaluate the expression of MAPK 
and the NF‑κB pathway, the protein levels in the brain of the 
rats were analyzed using western blot analysis. As presented 
in Fig. 4, Aβ1‑42 administration significantly increased the 
protein levels of p‑Erk, p‑p38, p‑NF‑κB and p‑IκBα (P<0.01 
vs. control) in rats, which indicated activation of MAPK and 
the NF‑κB pathway in AD rats. However, LGZG treatment 
significantly ameliorated the expression levels of p‑Erk1/2, 
and p‑p38 at 2.4 and 4.8 g/kg (P<0.01) in the brain of AD 
rats, compared with the model. Furthermore, the protein levels 
of p‑NF‑κB and p‑IκBα at 2.4 (p‑NF‑κB, P<0.05; p‑IκBα, 
P<0.01) and 4.8 g/kg (P<0.01) LGZG were also significantly 
downregulated compared with the model. These results 

Figure 1. Effects of LGZG on the spatial learning and memory ability of rats in all groups in the Morris water maze test. (A) Latency to mount the escape 
platform in the water maze during the 4 training days. (B) Representative tracks of the probe trial of rats in the second trial on days 2 and 4. Traces show the 
swim path of all groups of rats. (C) Times of crossing the target platform within 120 sec. (D) Time spent searching for the target quadrant within 120 sec. Data 
are presented as the mean + standard deviation (n=8 per group). ##P<0.01 vs. control; *P<0.05, **P<0.01 vs. model. LGZG, Lingguizhugan decoction.
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suggested that LGZG is able to inhibit MAPK and NF‑κB 
signaling in the brain of AD rats.

Effect of LGZG on the expression levels of RAGE and LRP‑1 
in the brain. RAGE and LRP‑1 are essential in controlling Aβ 
balance in the brain (21). In the present study, the expression 
of RAGE and LRP‑1 in the brain of the rats were analyzed 
by western blot analysis, RT‑qPCR and immunohistochem-
istry. Western blot analysis (Fig. 5A) and RT‑qPCR (Fig. 5B) 
indicated an increased expression of LRP‑1, and a decreased 
expression of RAGE in the brains of LGZG rats compared 
with model rats. As presented in Fig. 6, the mean densities of 
LRP‑1 were lower (Fig. 6A and C), whereas the mean densi-
ties of RAGE were significantly higher (Fig. 6B and D) in the 
brain of model rats compared with controls. When compared 
with the model group, LGZG significantly downregulated 
the reactive expression levels of RAGE and upregulated 

the reactive expression levels of LRP‑1 (2.4 g/kg, P<0.05; 
4.8 g/kg, P<0.01). 

Discussion

AD is one of the most profound neurodegenerative disease in 
elderly people, which affects cognition, behavior and func-
tion (22). In the present study, Aβ administration significantly 
decreased the ability of learning and memory and induced 
neuropathological changes in rats, which is in accordance 
with the results of the previous study  (23). Accordingly, 
it was demonstrated in the present study that LGZG treat-
ment significantly ameliorated learning and memory and 
Aβ‑induced pathologic changes in rats. These results above 
suggested that the administration of LGZG exhibits neuro-
protective effects in AD.

It was recently verified that Aβ accumulation has a key 
role in the mechanism of neuron damage, and learning and 
memory function in AD (24). Aβ levels increase significantly 
in rats following Aβ injection, which indicated the accumula-
tion of Aβ in this model. One explanation is the enhanced 
circulation in brain transportation and the impaired brain 
to‑blood transportation of Aβ across the BBB, which have 
been observed in AD patients and rat models  (25,26). In 
accordance with these reports, the present data demonstrated 
that RAGE, which is a primary transporter of Aβ across the 
BBB into the brain, was upregulated following Aβ admin-
istration. Conversely, LRP‑1, which is the transporter of Aβ 
out of the brain, was downregulated in AD rats. Furthermore, 
these changes were ameliorated by treatment with LGZG. 
Therefore, these results indicated that LGZG treatment 
decreased the accumulation of Aβ in AD rats, possibly by 
regulating the transport receptors of Aβ. 

In addition, RAGE ligation by Aβ is able to activate 
multiple signaling pathways, including MAPK and the NF‑κB 
pathway (9). In the present study, it was reported that AD rats 
exhibited significantly higher phosphorylation levels of MAPK 

Figure 2. Effects of LGZG on the morphology and number of neurons in an amyloid β‑induced Alzheimer's disease rat model. Light micrographs of 
hippocampal neurons from the CA1 region of rats orally administered sterile distilled water (control, sham and model), LGZG at doses of 4.8, 2.4 and 1.2 g/kg, 
or 2 mg/kg donepezil hydrochloride. n=8 per group. LGZG, Lingguizhugan decoction.

Figure 3. Effects of donepezil and LGZG on the expressions of TNF‑α, IL‑1β, 
IL‑6 and Aβ1‑42 in hippocampus tissues of Alzheimer's disease‑model 
rats. Data are presented as the mean + standard deviation (n=8 per group). 
##P<0.01 vs. control; *P<0.05, **P<0.01 vs. model. LGZG, Lingguizhugan 
decoction; TNF, tumor necrosis factor; IL, interleukin; Aβ, amyloid β.
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and NF‑κB, which is consistent with previous studies (10). 
Subsequently, marked increases of pro‑inflammatory cytokines 
were observed in this animal model. However, previous in vitro 
study have revealed the anti‑inflammatory effect of LGZG 
(‑14). In accordance with these studies, the present results 
demonstrated that LGZG significantly inhibited the activation 
of MAPK and NF‑κB, and reduced the Aβ‑induced elevated 
levels of TNF‑α, IL‑1β and IL‑6 in AD rats, which suggested 
that the anti‑inflammatory effect may contribute to the protec-
tive effects of LGZG in AD rats. These findings indicated that 
LGZG attenuates Aβ‑induced AD partially via suppressing the 
activation of RAGE/MAPK and the NF‑κB pathway. 

Donepezil is an acetylcholinesterase/cholinesterase inhib-
itor, which is considered as the standard treatment of AD (27). 

Donepezil has been demonstrated to significantly ameliorate 
memory‑associated behavioral deficits and decrease Aβ 
production (28). In the present study, it was demonstrated that 
the protective effects of LGZG on learning and memory defi-
cits, as well as neuronal impairment were comparable to those 
of donepezil. Previous studies have reported that donepezil has 
cholinergic side effects (29) and induces sleep disturbances (30) 
in patients with AD. Notably, no obvious side effects or toxic 
reactions were observed in the groups treated with LGZG. 
Therefore, the present study suggests that LGZG may be 
considered for treatment of AD.

In summary, the present study demonstrated the protec-
tive effect of LGZG in AD rats. LGZG promoted the ability 
of learning and memory, and reduced neuron damage and 

Figure 5. Effect of LGZG on the protein and mRNA levels of LRP‑1 and RAGE in Alzheimer's disease‑model rats. The expression of RAGE and LRP‑1 in rat 
brains were analyzed by (A) western blotting and (B) reverse transcription‑quantitative polymerase chain reaction. Data are presented as the mean + standard 
deviation (n=8 per group). ##P<0.01 vs. control; *P<0.05, **P<0.01 vs. model. LGZG, Lingguizhugan decoction; LRP‑1, lipoprotein receptor‑related protein‑1; 
RAGE, receptor for advanced glycation endproducts; Aβ, amyloid β.

Figure 4. Effects of LGZG on the expression of MAPK and NF‑κB pathway in Alzheimer's disease‑model rats. (A and B) Representative western blot 
bands and (C and D) quantification of (A and C) MAPK and (B and D) the NF‑κB pathway. Data are presented as the mean + standard deviation (n=8 per 
group). ##P<0.01 vs. control; *P<0.05, **P<0.01 vs. model. LGZG, Lingguizhugan decoction; MAPK, mitogen‑activated protein kinase; NF, nuclear factor; Erk, 
extracellular signal‑regulated kinase; p, phosphorylated; Aβ, amyloid β; IκBα, NF‑κB inhibitor α.
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inflammation in an Aβ‑induced AD model in rats. The 
mechanism may be associated with the regulation of Aβ 
transportation, and inhibition of RAGE/MAPK and NF‑κB 
signaling by LGZG. Therefore, the present study eluci-
dates the potential pharmacological application of LGZG for 
the treatment of AD.
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Figure 6. Effect of LGZG on the expression of LRP‑1 and RAGE in the brain of Alzheimer's disease‑model rats. The expression of (A) RAGE and (B) LRP‑1 in the 
brain were detected by immunohistochemistry. Quantitative analysis of the expression of (C) LRP‑1 and (D) RAGE. Data are presented as the mean + standard 
deviation (n=8 per group). ##P<0.01 vs. control; *P<0.05, **P<0.01 vs. model. LGZG, Lingguizhugan decoction; LRP‑1, lipoprotein receptor‑related protein‑1; 
RAGE, receptor for advanced glycation endproducts; OD, optical density.
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