
Int J Clin Exp Med 2016;9(3):5400-5412
www.ijcem.com /ISSN:1940-5901/IJCEM0019702

Original Article 
Tongluoxingnao effervescent tablets ameliorate  
learning and memory impairment in a rat model  
of vascular dementia via the regulation of the  
p38 and ERK MAPK signaling pathways
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Abstract: Tongluoxingnao (TLXN) effervescent tablets consist of Scutellaria baicalensis Georgi, Radix Angelicae 
Sinensis, and Ligusticum chuanxiong Hort that can improve cognitive dysfunction in dementia. This study aimed 
to evaluate the effect of TLXN on learning and memory impairment in vascular dementia (VD) rats’ model, explore 
the effect of the MAPK signaling pathway on chronic ischemia, and determine the underlying mechanism. VD was 
induced in rats by permanent occlusion of the bilateral common carotid arteries. The Morris water maze and histo-
pathological examinations were used to evaluate the effect of TLXN on learning and memory impairment, whereas 
real-time PCR and Western blot analysis were used to determine the levels of mRNA and phosphorylation of mem-
bers of the MAPK signaling pathway, respectively. Compared to rats in the sham group, VD rats exhibited learning 
and memory impairments such as escape latency prolongation and decreases in the times of entrance into the first 
quadrant, valid region and escape platform; however, these conditions improved following TLXN administration. 
Moreover, TLXN may regulate the p38 MAPK and extracellular signal-regulated kinase (ERK) signaling pathways via 
the inhibition of the phosphorylation of p38 MAPK (p38), ERK1/2, MAP kinase kinase 6 (MKK6), and c-jun and a 
reduction in the mRNA levels of p38, ERK1/2, and c-jun. These results suggest that TLXN demonstrates the poten-
tial for development as a drug for vascular dementia and that the underlying mechanism involves the regulation of 
the p38 and ERK MAPK signaling pathways.
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Introduction

Vascular dementia (VD) is a disease with cogni-
tive dysfunction induced by cerebral injury fol-
lowing ischemia, hypoperfusion and hemor-
rhage [1]. VD is the second-most-common 
cause of dementia in the elderly after 
Alzheimer’s disease (AD) [2, 3]. In developing 
countries, the prevalences of VD and AD are 
30% and 60%, respectively [4]. Several studies 
have shown that AD and VD may not represent 
two independent disorders but may overlap or 
interact with each other [5-7]; therefore, VD has 
attracted increasing attention in recent years. 

All members of the mitogen-activated protein 
kinase (MAPK) signaling pathway are phosphor-

ylated and activated to a certain extent by isch-
emia, and they participate in the regulation of 
cellular injury and repair [8-10]. Numerous stud-
ies have indicated that p38 MAPK (p38) can be 
activated by inflammatory cytokines, environ-
mental stresses such as hypoxia and ischemia 
[11] or MAP kinase kinase 6 (MKK6) [12]. p38 
contributes to hippocampal synaptic plasticity 
[13] and tau protein hyperphosphorylation [14, 
15], and its activation may result in apoptosis. 
Additionally, the inhibition of p38 MAPK activa-
tion is thought to protect the brain in focal cere-
bral ischemia models [8, 16] or global cerebral 
ischemia models [17, 18]. Extracellular signal-
regulated kinases (ERKs), including ERK1 and 
ERK2, play a role in cell proliferation, and their 
levels of phosphorylation have been reported 
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to increase in a VD rat model induced by chron-
ic ischemia [19-22]. ERK1/2 activation acti-
vates transcription factors involved in the 
expression of immediate early genes such as 
c-jun, ultimately resulting in irreversible dam-
age. Collectively, studies have shown that alter-
ations in the MAPK signaling pathway, particu-
larly the p38 and ERK signaling pathways, may 
be responsible for the cognitive dysfunction in 
VD or AD [23]. Therefore, targeting the MAPK 
signaling pathway may represent a promising 
approach for the prevention of VD, as in other 
diseases such as melanoma [24], arthritis [25], 
gynecologic malignancies [26], and cancer [27, 
28].

Traditional Chinese medicines (TCMs) have 
often been used to treat VD, with few adverse 
effects [29, 30]. Tongluoxingnao (TLXN) is a 
patent formula based on Xionggui soup docu-
mented in Pu Ji Fang, which consists of Radix 
Scutellariae (Scutellaria baicalensis Georgi), 
Radix Angelicae Sinensis and Rhizoma 
Ligusticum (Ligusticum chuanxiong Hort). We 
have previously shown that TLXN improves 
learning and memory in a scopolamine mouse 
model of dementia. The underlying mechanism 
may be associated with the enhancement of 
cerebral cholinergic function and the promotion 
of acetylcholine synthesis, the level of which 
may be influenced by the ERK signaling path-
way [31]. TLXN also inhibited the expression of 
cyclin-dependent kinase 5 (CDK5) and glyco-
gen synthase kinase-3 (GSK3), which are key 
proteins that regulate tau protein phosphoryla-
tion, in AD rat hippocampus [32]. Moreover, 
TLXN promoted synaptophysin remodeling and 
the expression of insulin-degrading enzyme or 
the Na+-K+-ATPase to alleviate energy failure, 
ultimately improving neuropathological dam-
age [33-35]. As a positive drug of TCM, Fufang 
Congrong Yizhi Capsule (FCYC) has also recent-
ly been shown to improve learning and memory 
[36] to a similar extent as dihydroergotoxine 
mesylate (Hydergine) [37, 38]. The safety and 
efficacy of FCYC in VD were evaluated in Phase 
II and III clinical trials in China in 2002. The pro-
duction of FCYC was approved by the China 
State Food and Drug Administration in 2008.

Considering the key roles of p38 and ERK in 
chronic ischemia and hypotension, we hypoth-
esized that TLXN ameliorates ischemic injury 
via the regulation of the p38 and ERK signal- 
ing pathways. To evaluate our hypothesis, we 

assessed the therapeutic effects of TLXN in a 
VD rat model induced by permanent occlusion 
of the bilateral common carotid arteries (2-VO) 
and explored the underling mechanism using 
real-time PCR and Western blot analysis.

Materials and methods

Ethics statement

This study was conducted in strict accordance 
with the recommendations in the Guide for the 
Care and Use of Laboratory Animals of the 
National Institutes of Health. All animal proto-
cols were approved by the Animal Ethical 
Committee of Chengdu University of Traditional 
Chinese Medicine (CDUTCM). All surgery was 
performed under sodium pentobarbital anes-
thesia. Damage induced by experiments was 
kept at a minimum.

TLXN extract preparation and quality analysis

In the present study, Radix Scutellariae 
(S.baicalensis Georgi), Radix Angelicae Sin- 
ensis and Rhizoma Ligusticum (L.chuanxiong 
Hort) were obtained from the Chengdu branch 
of Beijing Tongrentang Pharmaceutical Co. Ltd., 
China, and identified by Dr. Y.T. Ma, CDUTCM. 
Voucher specimens were deposited in the Sci- 
ence and Technology Building of the College  
of Pharmacy of CDUTCM. Radix Scutellariae, 
Radix Angelicae Sinensis, and Rhizoma 
Ligusticum were mixed at a weight ratio of 
3:1:5. These components were soaked in 
15-fold water for 30 min prior to boiling for 15 
min and then filtered with gauze. Finally, all fil-
trations were freeze dried.

Samples were prepared from freeze-dried pow-
der (100 mg) dissolved in water, which was 
mixed with acetonitrile at a volume ratio of 
0.5:3. The samples were sonicated for 3 min 
followed by centrifugation at 13,000 rpm for 10 
min to obtain the supernatant for a fingerprint 
test. A liquid chromatography (LC) assay was 
performed using ferulic acid, baicalin, baicalein 
and wogonin as standards for quality control 
analysis of the TLXN extract in each experi-
ment. An LC assay was performed using an 
LC-30A (Shimadzu, Japan) liquid chromatogra-
phy system, with aLabSolutions 5.41.20 chro-
matography workstation and an Agilent 
Poroshell 120 EC-C18 column (2.1×100 mm, 2.7 
μm). The mobile phase consisted of acetonitrile 
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(1) and 0.01% phosphoric acid (2), and the fol-
lowing gradient elution was used: (1)/(2)=7/93 
(0 min), (1)/(2)=22/78 (20 min), and (1)/
(2)=70/30 (60 min). The flow rate was 0.5 mL/
min, and the injection volume was 5 μL. Ferulic 
acid, baicalin, baicalein and wogonin were 
detected at a wavelength of 278 nm. The TLXN 

extract was analyzed in 
triplicate, and the ferulic 
acid content was deter-
mined to be approximately 
1.92 mg/g; the contents  
of baicalin, baicalein, and 
wogonin were 45.27 mg/g, 
19.37 mg/g, and 4.04 mg/ 
g, respectively.

Animal model and drug 
administration

One hundred and fifty 
Sprague-Dawley rats (of 
either sex, 3-4 months old, 
200±20 g) were purchased 
from the Experimental Ani- 
mal Center of the Sichuan 
Academy of Medical Sci- 
ences (China, Certificate 
NO.SCXK Chuan 2008-24). 
The rats were housed 
under controlled tempera-
ture (22-24°C) and humidi-
ty (50%±5%) with access to 
food and water ad libitum 
and a regular 12-hour light-
dark cycle for three days 
prior to experiments in the 
animal observation room in 
the College of Pharmacy of 
CDUTCM (Certificate NO. 
SYXK Chuan 2009-124). All 
conditions conform to the 
laboratory animal care gui- 
delines issued by National 
Institutes of Health (NIH), 
USA.

One hundred twenty rats 
were used to establish the 
VD model as previously 
described [19, 39], and all 
of the procedures were 
conducted under sodium 
pentobarbital anaesthesia 
with minimal or transient 

Figure 1. Experimental design. Sprague-Dawley rats were used to establish a 
vascular dementia (VD) model via the permanent occlusion of the bilateral com-
mon carotid arteries. Thirty days post-surgery, TLXN (7.56 g/kg, 3.78 g/kg, or 
1.89 g/kg) was administered for 90 days. All rats were subjected to daily MWM 
tests from Day 86 of administration. Training was provided per day for five con-
secutive days. Rats were sacrificed on the 90th day, and brains were removed 
for histopathological examination, real-time PCR and Western blot analysis.

pain after atropine sulfate (0.1 mg/kg) was 
used to prevent dyspnea by intramuscular 
injection. 

During recovery from anesthesia, gentamicin 
was given intramuscularly for three days to 
avoid complications such as infection. 

Figure 2. LC analysis of the TLXN extract. A. Standards: ferulic acid (18.5 min, 
peak (1)), baicalin (25.2 min, peak (2)), baicalein (33.4 min, peak (3)), and 
wogonin (48.9 min, peak (4)). B. The TLXN extract.



TLXN ameliorate learning and memory impairment via p38/ERK MAPK signal pathways

5403 Int J Clin Exp Med 2016;9(3):5400-5412

Additionally for rats which lose weight without 
water drinking or food or which were shivering 
buprenorphine (0.05 mg/kg) were used to alle-
viate pain or suffering from neck surgery by 
intraperitoneal injection, meanwhile it is wise to 
take warmth retention measures. One month 
following surgery, nearly 40% of the rats died 
due to serious damage caused by ischemia. 
Sixty VD rats were randomly divided into 6 
groups: a model group, a Hydergine group (0.7 
mg/kg, Huajin Pharmaceutical Co., Ltd., China), 
a FCYC group (3.6 g/kg, Liaoyuan Yulongyadong 
Pharmaceutical Co., Ltd.), and TLXN high-dose 
[TLXN(H)], medium-dose [TLXN(M)] and low-
dose [TLXN(L)] groups (7.56 g/kg, 3.78 g/kg, 
and 1.89 g/kg, respectively, CDUTCM). Another 
ten rats in the sham group were randomly 
selected as the parallel control group. The vol-
ume of drug administration for each group was 
10 ml/kg/day for 90 days (Figure 1). During 
drug administration, eight rats died in the treat-
ment groups due to injury from intragastric 
administration or the stress induced by long-
term oral feeding (n=7-10 rats in each group).

Morris water maze test

Spatial learning and memory performance 
were evaluated using the Morris water maze 
(MWM), as previously described [39]. All rats 
were subjected to daily MWM tests from Day 
86 of administration. Four trails were provided 
per day for five consecutive days (Figure 1). 
Rats were gently placed in the water in a ran-
dom quadrant facing the wall of the pool. The 
average escape latencies of each day were 
recorded by an automatic image acquisition 
and analysis system. Spatial memory was eval-
uated on the fifth day using a probe trail in 
which the platform was removed and times of 
entrance into the first quadrant, times of 
entrance into escape platform and times of 
entrance into valid region were recorded. All 
tests were performed at night. 

Histopathological examination

After behavioral tests, the rats were made 
euthanasia via an excess of sodium pentobar-
bital by intravenous injection at the end of the 
trails on the 90th day. Brains were removed 
under sterile conditions, the left brains of which 
were fixed with 4% paraformaldehyde and 
embedded in paraffin. Coronal sections were 
cut and stained with hematoxylin and eosin 
(HE). Additionally, the hippocampus and cortex 

were isolated from the right brain and were 
stored at -80°C.

Real-time PCR

One hundred milligrams of hippocampal tissue 
was homogenized, and total RNAs were isolat-
ed using TRIzol® reagent (Invitrogen, USA). The 
cDNA was produced by reverse transcription 
using the PrimeScript™ RT Reagent Kit (Takara, 
Japan). PCR was performed using the SYBR® 
Premix Ex Taq™ Kit (Takara, Japan) in an ABI 
7300 Real-Time PCR System (USA). The follow-
ing primers were used for real-time PCR analy-
sis: ERK1, 5’-CCAGAGTGGCTATCAAGAAG-3’ (for- 
ward) and 5’-TCCATGAGGTCCTGAACAA-3’ (re- 
verse); ERK2, 5’-TGCCGTGGAACAGGTTGT-3’ 
(forward) and 5’-TGGGCTCATCACTTGGGT-3’ (re 
verse); c-jun, 5’-ATGGGCACATCACCACTACACC-3’ 
(forward) and 5’-TGAAGTTGCTGAGGTTGGCGTA- 
3’ (reverse); p38, 5’-AGCCAATTCCAGTGTTGGAC- 
3’ (forward) and 5’-TTCTGGGCTCCAAATGATGC- 
3’ (reverse); and β-actin, 5’-CTATCGGCAATGAGC- 
GGTTCC-3’ (forward) and 5’-GCACTGTGTTGG- 
CATAGAGGTC-3’ (reverse). The expression of 
the genes of ERK1, ERK2, p38, and c-jun was 
evaluated. β-Actin was used as the endogenous 
control to normalize the levels of the target 
genes. All of the products of the target assays 
and endogenous control assays were amplified 
to detect the expression of specific RNA se- 
quences. Analysis was performed in triplicate.

Western blot analysis

Thirty milligrams of hippocampal tissue and 
cortex was isolated and homogenized in RIPA 
lysis buffer (Puli Lai Gene Technology Co., Ltd.) 
in an ice bath. The homogenate was centri-
fuged for 20 min at 12,000×g (4°C) to obtain 
the supernatant, of which the total protein was 
measured using a BCA assay kit (Puli Lai Gene 
Technology Co., Ltd.). Equal amounts of pro-
teins per gel lane were separated by 10% SDS-
PAGE and transferred to PVDF membranes 
(Millipore, USA). Membranes were blocked and 
incubated with primary antibodies (1:1000 dilu-
tion) against p38, phospho-p38, ERK1, ERK2, 
phospho-ERK1/2, MKK6, phospho-MKK6, 
c-jun, and phospho-c-jun (Cell Signaling 
Technology, USA) overnight at 4°C, followed by 
incubation with a secondary antibody (HRP-
conjugated goat anti-rabbit IgG; Santa Cruz 
Biotechnology, CA, USA) at room temperature 
for 2 h. Immunolabeling was visualized us- 
ing Enhanced Chemiluminescence Plus (GE 
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Healthcare, USA). The relative intensity of each 
protein band was measured using Image J 
software. 

Statistical analysis

All experimental data underwent statistical 
analysis using SPSS17.0 software, and the val-
ues are expressed as the means ± SD. 
Statistical significance was evaluated using a 
one-way analysis of variance (ANOVA) with 
Tukey’s test for post hoc analysis. A level of 
P<0.05 was considered significant.

Results

LC analysis of the aqueous TLXN extract

The quality of TLXN was primarily evaluated 
using ferulic acid, baicalin, baicalein and wogo-
nin, which have previously been isolated from 

TLXN treatment resulted in an increase in the 
times of entrance into the first quadrant and 
valid region compared with the model group, 
and the times of entrance into the escape plat-
form in the TLXN (M) and TLXN (L) groups sig-
nificantly increased (P<0.05 or P<0.01, Figure 
3B). Therefore, TLXN played a callback role, 
indicating that TLXN could alleviate spatial and 
memory deficits.

TLXN ameliorates histopathological damage in 
VD rats

Brains may exhibit histopathological damage 
following ischemia. To determine the extent  
of damage, coronal sections of brains were 
stained with routine HE and observed under a 
microscope. The standard of pathological grad-
ing is provided in Table 1. In the sham group, 

Figure 3. TLXN can alleviate spatial memory impairment induced by permanent 
ischemic insults. A. The escape latency for five days during training. Rats in the 
sham group exhibited reduced escape latency during the training cycle. The rats 
in the model group exhibited little improvement; however, TLXN administration 
clearly rescued learning and memory deficits induced by permanent ischemia. 
B. Times in the probe trail. Rats in the model group exhibited spatial memory 
deficits, whereas TLXN administration increased the times of entrance into a 
particular space or location (n=7-10 in each group; #P<0.05 or ##P<0.01 ver-
sus the sham group; *P<0.05 or **P<0.01 versus the model group).

S. baicalensis Georgi [40] 
Radix Angelicae Sinensis 
and L.chuanxiong Hort 
[41], as standards. As 
shown in Figure 2, four 
peaks were observed at 
the retention times of 
approximately 18.5 min, 
25.2 min, 33.4 min, and 
48.9 min, respectively.

TLXN improves spatial 
learning and memory in 
VD rats

VD is the second-most-
common cause of demen-
tia in the elderly, manifest-
ing as spatial and memory 
deficits [2, 3]. The MWM 
test was used to assess 
the effect of TLXN on learn-
ing and memory in VD rats. 
As shown in Figure 3A, 
compared to the sham 
group, the escape latency 
in the four days following 
training was significantly 
prolonged in the model 
group (P<0.05 or P<0.01). 
Administration of three 
doses of TLXN, particularly 
TLXN (L), shortened the 
escape latency at different 
time points (P<0.05 or 
P<0.01). In probe trials, 
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normal structures of gray 
and white matter and clear 
cellular gradations in the 
gray matter were observed. 
Moreover, pyramidal cells 
and granulosa cells in the 
hippocampal CA1 region 
were regularly arranged 
with normal sizes, num-
bers, shapes and distribu-
tions. The cells were evenly 
stained with cytoplasmic 
processes, blue and clear 
nuclei and pink plasma. No 
edema, necrosis, or frac-
ture of nerve fibers was 

Table 1. The pathological grading standard
Grade Microscopic description
- No lesion. 

It was graded as ‘-’ when conformed to this description above, score of which was 0.
+ 1. Focal edema of gray and white matter, cells dissolved;

2. Focal atrophy of gray and white matter, hyperchromatic nuclei and cytoplasm;
3. Focal slight cellular proliferation (mainly gliacyte);
4. Slight perivascular edema;
5. Slight vascular engorgement and hemorrhage;
6. Slight inflammatory cell infiltration;
7. Slight gray matter atrophy;
8. Slight ependymal cells proliferation.
It was graded as ‘+’ when conformed to one of all above, score of which was 1.

++ 1. Multifocal edema of gray and white matter, cells dissolved;
2. Focal atrophy of gray and white matter, hyperchromatic nuclei and cytoplasm;
3. Focal cellular proliferation (mainly gliacyte);
4. Medium vascular edema and hemorrhage;
5. Medium inflammatory cells infiltration;
6. Medium perivascular edema.
It was graded as ‘++’ when conformed to one of all above, score of which was 2.

+++ 1. diffuse edema of gray and white matter, cells dissolved;
2. Multifocal atrophy of gray and white matter, hyperchromatic nuclei and cytoplasm;
3. Focal mass cellular proliferation (mainly gliacyte);
4. Severe vascular edema and hemorrhage;
5. Severe inflammatory cell infiltration.
It was graded as ‘+++’ when conformed to one of all above, score of which was 3.

Figure 4. TLXN ameliorated the histopathological damage induced by chronic 
ischemia in VD rats. A. Pathological section. B. Pathological scores. The patho-

logical scores in the model 
group were higher than those 
in the sham group; only TLXN 
(M) reduced these scores 
(n=7-10 in each group; #P< 
0.05 or ##P<0.01 versus 
the sham group; *P<0.05 or 
**P<0.01 versus the model 
group).
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observed in the white matter. The interstitium 
was scattered with gliocytes. In the control 
group, cell layers were not clear in the gray mat-
ter and decreased in the hippocampus with a 
sparse and disordered distribution. Neurons 
were partially retrograded to hyacinth bodies, 
whose structure was dense, basophilous, tra-
chychromatic and irregular. The degeneration 
of neurofibers may result in dense and erythro-
cyte-staining white matter. Visible degenerative 
lesions, including lipofuscin granules, neurofi-
brillary tangles and retrogression, occurred in 
neurons. The pathological damage in each 
treatment group was smaller than that in the 
control group. Brain pathological changes were 
significant in the model group compared with 
the sham group (P<0.01, Figure 4A). TLXN (M) 
ameliorated the histopathological damage 
(P<0.05). Although the TLXN (H) and TLXN (L) 
groups exhibited a trend toward an improve-

The effect of TLXN on the level of MKK6 phos-
phorylation in the hippocampus of VD rats 

Similarly, to determine whether MKK6 is phos-
phorylated following permanent ischemia and 
whether MKK6 phosphorylation is reduced fol-
lowing TLXN administration, the level of phos-
phorylated MKK6 (p-MKK6), as an upstream 
activator of p38 [42], was determined using 
Western blot analysis. As shown in Figure 6, the 
level of p-MKK6 was reduced following TLXN 
(M) and TLXN (H) treatment (P<0.01 or P<0.05). 

The effect of TLXN on the levels of ERK phos-
phorylation and mRNA in the hippocampus of 
VD rats 

To determine whether ERK (ERK1, ERK2) is 
phosphorylated following permanent ischemia, 
whether ERK mRNA levels correspond to ERK 

Figure 5. TLXN reduced p38 phosphorylation induced by chronic ischemia. A. 
Representative Western blot analysis of p-p38 (top), p38 (middle), and actin 
(bottom). B. The level of p-p38 increased following chronic ischemia, and TLXN 
reduced the level of p-p38 compared with that in the model group (n=3 in each 
group). C. The level of p38 mRNA increased following ischemia, whereas TLXN 
(H) and TLXN (M) reduced the expression of p38 mRNA (n=4-7 in each group; 
#P<0.05 or ##P<0.01 versus the sham group; *P<0.05 or **P<0.01 versus 
the model group).

ment in the pathological 
scores, this improvement 
was not significant (Figure 
4B).

The effect of TLXN on the 
levels of p38 phosphoryla-
tion and mRNA in the hip-
pocampus of VD rats

To determine whether p38 
is phosphorylated following 
permanent ischemia, whe- 
ther p38 mRNA levels cor-
respond to p38 protein lev-
els, and whether these lev-
els are reduced following 
TLXN administration, the 
levels of phosphorylated 
p38 (p-p38) and p38 mRNA 
were determined using 
Western blot analysis and 
real-time PCR, respectively. 
As shown in Figure 5A, 5B, 
the level of p-p38 clearly 
increased in the VD model 
group compared with that 
in the sham group (P<0.01). 
However, TLXN administra-
tion effectively inhibited 
p38 phosphorylation (P< 
0.05 or P<0.01). This result 
is consistent with the p38 
mRNA levels (Figure 5C).
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protein levels, and whether 
these levels are reduced 
following TLXN administra-
tion, phosphorylated ERK 
(p-ERK1 and p-ERK2) and 
ERK mRNA levels were 
determined using Western 
blot analysis and real-time 
PCR, respectively. As sh- 
own in Figure 7A, 7B, the 
levels of p-ERK1 and 
p-ERK2 were significantly 
higher in the VD model 
group than those in the 
sham group (P<0.01). How- 
ever, ERK1/2 phosphoryla-
tion was reduced following 
TLXN treatment (P<0.05 or 
P<0.01). These results are 
consistent with the ERK1/2 
mRNA levels (Figure 7C).

The effect of TLXN on the 
levels of c-jun phosphoryla-
tion and mRNA in the hip-
pocampus of VD rats

To explore whether c-jun is 
phosphorylated following 
permanent ischemia, whe- 
ther c-jun mRNA levels cor-
respond to c-jun protein 
levels, and whether these 
levels are reduced follow-
ing TLXN administration, 
the levels of phosphorylat-
ed c-jun (p-c-jun) and c-jun 
mRNA were determined 
using Western blot analysis 
and real-time PCR, respec-
tively. As shown in Figure 
8A, 8B, the level of p-c-jun 
clearly increased in the VD 
model group compared 
with that in the sham group 

Figure 6. TLXN inhibited MKK6 phosphorylation induced by chronic ischemia. 
A. Representative Western blot analysis of p-MKK6 (top), MKK6 (middle), and 
actin (bottom). B. The level of p-MKK6 increased following chronic ischemia, 
whereas TLXN (H) and TLXN (M) reduced the level of p-MKK6 (n=3 in each 
group; P<0.05 or ##P<0.01 versus the sham group; *P<0.05 or **P<0.01 ver-
sus the model group).

Figure 7. TLXN reduced ERK1/2 phosphorylation induced by chronic ischemia. 
A. Representative Western blot analysis of p-ERK (top), ERK1and ERK2 (mid-
dle), and actin (bottom). B. The level of p-ERK1/2 increased following chronic 
ischemia, and TLXN inhibited the phosphorylation of ERK1/2, particularly that 

of ERK2 (n=3 in each group). 
C. The level of ERK1/2 mRNA 
increased following ischemia, 
and TLXN reduced the expres-
sion of ERK1/2 mRNA, par-
ticularly that of ERK2 (n=4-7 
in each group; #P<0.05 or 
##P<0.01 versus the sham 
group; *P<0.05 or **P<0.01 
versus the model group).
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(P<0.01). However, treatment with TLXN effec-
tively reduced c-jun phosphorylation (P<0.05 or 
P<0.01). These results are consistent with the 
c-jun mRNA levels (Figure 8C).

Discussion

Chronic cerebral ischemia is a common patho-
logical condition of the nervous system and is 
the primary cause of cognitive dysfunction in 
individuals with cardiovascular disease [5, 43]. 
Studies on VD in cells, organs or tissues have 
not been reported, so the animal model is the 
only way to the experimental study for VD. 
Meanwhile replacing higher animals with lower 
animals (rats) to establish an animal model 
comply with 3R principle of substitution in the 
animal experiments. Bilateral common carotid 
artery occlusion (2-VO) is a valid way to simu-
late the pathogenesis of humane VD perfectly; th- 

bers of the MAPK signaling pathway are acti-
vated to varying extents by phosphorylation 
following transient or persistent ischemia and 
focal or global cerebral ischemia, demonstrat-
ing that cerebral ischemia can rapidly trigger 
phosphorylation and that MAPK signaling path-
ways are involved in the mechanism of cerebral 
ischemia [15-18]. In this study, we further dem-
onstrated that TLXN ameliorates learning and 
memory impairment by targeting the MAPK sig-
naling pathway, and members of this signaling 
pathway were assessed in VD rats. 

Consistent with previous studies [35], our 
results revealed that TLXN protects the brain 
from chronic ischemic injury. Our results sug-
gested that TLXN shortened the escape latency 
at different time points, increased the times of 
entrance into the first quadrant, valid region 
and the escape platform, and ameliorated the 

Figure 8. TLXN reduced c-jun phosphorylation induced by chronic ischemia. A. 
Representative Western blot analysis of p-c-jun (top), c-jun (middle), and actin 
(bottom). B. The level of p-c-jun increased following chronic ischemia; however, 
TLXN (H) and TLXN (M) inhibited the phosphorylation of c-jun compared with 
that in the model group (n=3 in each group). C. The level of c-jun mRNA in-
creased following ischemia, and TLXN reduced the expression of c-jun mRNA 
(n=4-7 in each group; #P<0.05 or ##P<0.01 versus the sham group; *P<0.05 
or **P<0.01 versus the model group).

erefore, rats with 2-VO rep-
resent a “vascular cogni-
tive impairment rat model” 
[44, 45]. In this study, 2-VO 
was used to establish a VD 
model in rats [35]. However, 
the underlying mechanisms 
of the neural insult mediat-
ed by 2-VO that result in  
VD are complex. Several 
reports have shown that 
MAPK signaling pathways 
can be activated and play  
a vital role in this neural 
insult [19-22].

We have previously shown 
that TLXN improves cholin-
ergic nerve function and 
regulates tau protein phos-
phorylation [32] and synap-
tophysin remodeling [33] in 
a rat AD model. TLXN also 
promotes the expression of 
the Na+-K+-ATPase to main-
tain and balance the ener-
gy supply to certain impor-
tant brain regions in rats 
with cognitive dysfunction 
induced by 2-VO [35]. How- 
ever, the underlying signal-
ing pathways have not been 
investigated. Several stud-
ies have shown that mem-
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histopathological damage in the hippocampus 
following intragastric administration at doses 
of 7.56 g/kg, 3.78 g/kg, and 1.89 g/kg TLXN. 
Thus, TLXN may represent a promising anti-
dementia drug.

Studies have shown that the release of inflam-
matory factors, free radical generation and 
accumulation of excitatory amino acids [46] 
may occur in cerebral ischemic areas, which 
can activate the p38 MAPK signaling pathway 
and participate in the process that damages 
target cells. Additionally, p38 MAPK activation 
plays a negative regulatory role in LTP [47], 
leading to a decline in cognition and memory. 
Some reports suggest that p38 MAPK activity 
is increased in AD or VD [48, 49], and the levels 
of MKK6, an upstream activator, have also 
been found to be upregulated in a rat AD model 
[42]. Thus, drugs that inhibit the p38 MAPK sig-
naling pathway can ameliorate learning and 
memory deficits [39]. According to these stud-
ies, p38 mRNA, p-p38, MKK6, and p-MKK6 lev-
els decreased following TLXN administration, 
indicating that the effect of TLXN on VD rats 
may be partially due to the inhibition of the p38 
MAPK signaling pathway.

Several reports have shown that activated 
ERK1/2 may play an important role in regulat-
ing the induction and maintenance of LTP and 
synaptic plasticity, which eventually influence 
learning and memory [50]. Although activated 
ERK1/2 is involved in the memory process, 
overactivated ERK1/2 or its nonspecific phos-
phorylation may be partially responsible for 
behavioral disorders due to an altered signaling 
pathway [51]. On the one hand, activated 
ERK1/2 may result in the release of excitatory 
amino acids [52] to influence cerebral memory 
damage. On the other hand, activated ERK1/2 
may enhance the expression or synthesis of 
pro-inflammatory cytokines such as IL-1 during 
early cerebral ischemia [53], ultimately activat-
ing the p38 MAPK signaling pathway. 
Henriksson et al. demonstrated that the 
MEK1/2 inhibitor U0126 altered the response 
of endothelin receptors to alleviate cerebral 
ischemic injury [54]. Other studies have 
revealed a protective effect via the inhibition  
of ERK phosphorylation. Moreover, c-jun, as a 
downstream transcription factor, reaches peak 
activation [55] following ischemia, likely indi-
cating overactivation of the ERK signaling path-

way. Therefore, targeting the ERK signal path-
way may alleviate the damage induced by isch-
emia. In this study, p-ERK1/2 and ERK1/2 
mRNA levels increased in the VD model group 
compared with those in the sham group. 
However, the levels of p-ERK1/2 and ERK1/2 
mRNA decreased following TLXN administra-
tion, indicating that the effect of TLXN on learn-
ing and memory may also be mediated via inhi-
bition of the ERK signaling pathway to a certain 
extent.

As shown in LC analysis, ferulic acid, baicalin, 
baicalein and wogonin are major constituents 
of TLXN. Baicalin has been reported to exert a 
neuroprotective effect on cerebral ischemia 
[56]. Baicalin inhibits inflammatory factors 
such as TNF-α, IL-1β and IL-6 via the downregu-
lation of p-ERK, p-p38 and p-MEK1/2 or the 
NF-κB signaling pathway [57]; baicalin also reg-
ulates the level of certain apoptotic proteins via 
the ERK/p38 MAPK pathway [58]. Baicalein, a 
free radical scavenging agent [59], ameliorates 
learning and memory impairment [60], sug-
gesting a relationship between the therapeutic 
effect of baicalein on behavior performance 
and the p38 signaling pathway [61, 62]. 
Although wogonin and ferulic acid, which are 
additional constituents in TLXN, have not been 
demonstrated to ameliorate memory impair-
ment, these compounds may balance calcium 
levels between the intracellular and extracellu-
lar environments [63] or inhibit inflammation 
[63] to ameliorate ischemic injury. Collectively, 
we suggest that ferulic acid, baicalin, baicalein 
and wogonin primarily contribute to the effects 
of TLXN on memory deficits via the regulation 
of the p38 and ERK signaling pathways, which 
further inhibit inflammation or apoptosis.

In summary, TLXN ameliorated the memory 
impairment induced by chronic ischemia, sug-
gesting a mechanism that involves the regula-
tion of the p38 and ERK MAPK signaling path-
ways. Thus, TLXN demonstrates the potential 
for development as a drug for vascular 
dementia.

Acknowledgements

This study was financially supported by Science 
and Technology Major Projects for “Major New 
Drugs Innovation and Development” (No. 
2013ZX09103002-008), and the Foundation 



TLXN ameliorate learning and memory impairment via p38/ERK MAPK signal pathways

5410 Int J Clin Exp Med 2016;9(3):5400-5412

of Sichuan Youth Science and Technology 
Innovation Team (No. 2014TD0007).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shijun Xu, The 
Science and Technology Building, Chengdu Uni- 
versity of Traditional Chinese Medicine, No. 1166 
Liutai Avenue, Wenjiang District, Chengdu 611137, 
P. R. China. Tel: +8602861800231; Fax: +862882- 
799671; E-mail: docxu@126.com

References

[1] Román GC. Vascular dementia: distinguishing 
characteristics, treatment, and prevention. J 
Am Geriatr Soc 2003; 51: S296-S304.

[2] Du J, Ma M, Zhao Q, Fang L, Chang J, Wang Y, 
Fei R and Song X. Mitochondrial bioenergetic 
deficits in the hippocampi of rats with chronic 
ischemia-induced vascular dementia. Neuro- 
science 2013; 231: 345-352.

[3] Román GC, Erkinjuntti T, Wallin A, Pantoni L 
and Chui HC. Subcortical ischaemic vascular 
dementia. Lancet Neurol 2002; 1: 426-436.

[4] Kalaria RN, Maestre GE, Arizaga R, Friedland 
RP, Galasko D, Hall K, Luchsinger JA, Ogunniyi 
A, Perry EK and Potocnik F. Alzheimer’s dis-
ease and vascular dementia in developing 
countries: prevalence, management, and risk 
factors. Lancet Neurol 2008; 7: 812-826.

[5] Iadecola C. The pathobiology of vascular de-
mentia. Neuron 2013; 80: 844-866.

[6] Gorelick PB. Risk factors for vascular dementia 
and Alzheimer disease. Stroke 2004; 35: 
2620-2622.

[7] Kalaria RN and Ballard C. Overlap between pa-
thology of Alzheimer disease and vascular de-
mentia. Alzhe Dis Assoc Disord 1999; 13: 
S115-S123.

[8] Jiang M, Li J, Peng Q, Liu Y, Liu W, Luo C, Peng 
J, Li J, Yung KKL and Mo Z. Neuroprotective ef-
fects of bilobalide on cerebral ischemia and 
reperfusion injury are associated with inhibi-
tion of pro-inflammatory mediator production 
and down-regulation of JNK1/2 and p38 MAPK 
activation. J Neuroinflam 2014; 11: 1-17.

[9] Ferrer I, Friguls B, Dalfo E and Planas A. Early 
modifications in the expression of mitogen-ac-
tivated protein kinase (MAPK/ERK), stress-ac-
tivated kinases SAPK/JNK and p38, and their 
phosphorylated substrates following focal ce-
rebral ischemia. Acta Neuropathol 2003; 105: 
425-437.

[10] Sugino T, Nozaki K, Takagi Y, Hattori I, 
Hashimoto N, Moriguchi T and Nishida E. 

Activation of mitogen-activated protein kinases 
after transient forebrain ischemia in gerbil hip-
pocampus. J Neurosci 2000; 20: 4506-4514.

[11] Cuadrado A and Nebreda A. Mechanisms and 
functions of p38 MAPK signalling. Biochem J 
2010; 429: 403-417.

[12] Han J, Lee JD, Jiang Y, Li Z, Feng L and Ulevitch 
RJ. Characterization of the structure and func-
tion of a novel MAP kinase kinase (MKK6). J 
Biol Chem 1996; 271: 2886-2891.

[13] Moult PR, Corrêa SA, Collingridge GL, Fitzjohn 
SM and Bashir ZI. Co-activation of p38 mito-
gen-activated protein kinase and protein tyro-
sine phosphatase underlies metabotropic glu-
tamate receptor-dependent long-term depres-
sion. J Physiol 2008; 586: 2499-2510.

[14] Kelleher I, Garwood C, Hanger DP, Anderton 
BH and Noble W. Kinase activities increase 
during the development of tauopathy in htau 
mice. J Neurochem 2007; 103: 2256-2267.

[15] Sheng JG, Jones RA, Zhou XQ, McGinness JM, 
Van Eldik LJ, Mrak RE and Griffin WS. 
Interleukin-1 promotion of MAPK-p38 overex-
pression in experimental animals and in 
Alzheimer’s disease: potential significance for 
tau protein phosphorylation. Neurochem Int 
2001; 39: 341-348.

[16] Nito C, Kamada H, Endo H, Niizuma K, Myer DJ 
and Chan PH. Role of the p38 mitogen-activat-
ed protein kinase/cytosolic phospholipase A2 
signaling pathway in blood-brain barrier dis-
ruption after focal cerebral ischemia and re-
perfusion. J Cerebral Blood Flow Metabol 
2008; 28: 1686-1696.

[17] Xuan AG, Chen Y, Long DH, Zhang M, Ji WD, 
Zhang WJ, Liu JH, Hong LP, He XS and Chen 
WL. PPARα Agonist Fenofibrate Ameliorates 
Learning and Memory Deficits in Rats Following 
Global Cerebral Ischemia. Mol Neurobiol 2015; 
52: 1-9.

[18] Zhu T, Zhan L, Liang D, Hu J, Lu Z, Zhu X, Sun 
W, Liu L and Xu E. Hypoxia-inducible factor 1α 
mediates neuroprotection of hypoxic postcon-
ditioning against global cerebral ischemia. J 
Neuropathol Exp Neurol 2014; 73: 975-986.

[19] Jeon WK, Ma J, Choi BR, Han SH, Jin Q, Hwang 
BY and Han JS. Effects of Fructus mume ex-
tract on MAPK and NF-κB signaling and the 
resultant improvement in the cognitive deficits 
induced by chronic cerebral hypoperfusion. 
Evid Based Complement Alternat Med 2012; 
2012: 450838.

[20] Hwang YK, Jinhua M, Choi BR, Cui CA, Jeon 
WK, Kim H, Kim HY, Han SH and Han JS. 
Effects of Scutellaria baicalensis on chronic 
cerebral hypoperfusion-induced memory im-
pairments and chronic lipopolysaccharide  
infusion-induced memory impairments. J 
Ethnopharmacol 2011; 137: 681-689.



TLXN ameliorate learning and memory impairment via p38/ERK MAPK signal pathways

5411 Int J Clin Exp Med 2016;9(3):5400-5412

[21] Choi BR, Kwon KJ, Park SH, Jeon WK, Han SH, 
Kim HY and Han JS. Alternations of septal-hip-
pocampal system in the adult wistar rat with 
spatial memory impairments induced by 
chronic cerebral hypoperfusion. Exp Neurobiol 
2011; 20: 92-99.

[22] Lee KM, Bang JH, Han JS, Kim BY, Lee IS, Kang 
HW and Jeon WK. Cardiotonic pill attenuates 
white matter and hippocampal damage via in-
hibiting microglial activation and downregulat-
ing ERK and p38 MAPK signaling in chronic 
cerebral hypoperfused rat. BMC Complement 
Alternat Med 2013; 13: 334.

[23] Haddad JJ. Mitogen-activated protein kinases 
and the evolution of Alzheimer’s: a revolution-
ary neurogenetic axis for therapeutic interven-
tion? Prog Neurobiol 2004; 73: 359-377.

[24] Roesch A. Tumor heterogeneity and plasticity 
as elusive drivers for resistance to MAPK path-
way inhibition in melanoma. Oncogene 2015; 
34: 2951-7.

[25] Criado G, Risco A, Alsina-Beauchamp D, Pérez-
Lorenzo MJ, Escós A and Cuenda A. Alternative 
p38 MAPKs Are Essential for Collagen-Induced 
Arthritis. Arthr Rheumatol 2014; 66: 1208-
1217.

[26] Miller CR, Oliver KE and Farley JH. MEK1/2 in-
hibitors in the treatment of gynecologic malig-
nancies. Gynecol Oncol 2014; 133: 128-137.

[27] Giltnane JM and Balko JM. Rationale for target-
ing the Ras/MAPK pathway in triple-negative 
breast cancer. Discovery medicine 2014; 17: 
275-83.

[28] Sui X, Kong N, Ye L, Han W, Zhou J, Zhang Q, He 
C and Pan H. p38 and JNK MAPK pathways 
control the balance of apoptosis and autopha-
gy in response to chemotherapeutic agents. 
Cancer Lett 2014; 344: 174-179.

[29] Liang J, Li F, Wei C, Song H, Wu L, Tang Y and 
Jia J. Rationale and design of a multicenter, 
phase 2 clinical trial to investigate the efficacy 
of traditional Chinese medicine sailuotong in 
vascular dementia. J Stroke Cerebrovasc Dis 
2014; 23: 2626-2634.

[30] Lin Z, Yan Y, Zhu D, Yu B and Wang Q. Protective 
effects of FBD-an experimental Chinese tradi-
tional medicinal formula on memory dysfunc-
tion in mice induced by cerebral ischemia-re-
perfusion. J Ethnopharmacol 2005; 97: 477-
483.

[31] El Omri A, Han J, Yamada P, Kawada K, 
Abdrabbah MB and Isoda H. Rosmarinus offici-
nalis polyphenols activate cholinergic activi-
ties in PC12 cells through phosphorylation of 
ERK1/2. J Ethnopharmacol 2010; 131: 451-
458.

[32] Xu SJ, Dai Y, Zhang YJ, Xiong M, Ma YT and 
Zhong ZD. Effects of tongluo xingnao efferves-
cent tablet on expression of CKD5 and GSK-3 
in rat model of hippocampus with Aβ injection. 

West China Journal of Pharmaceutical 
Sciences 2013; 2: 11.

[33] Yinjie Z, Shijun X, Dai Yuan XM and Yuntong M. 
Effects of Tongluoxingnao Effervescent Tablet 
on synaptophysin of injecting Aβ in the hippo-
campus rat model. Pharmacology and Clinics 
of Chinese Materia Medica 2012; 3: 31.

[34] Zhang Y, Dai Y, Hu Y, Ma Y, Xu S and Wang Y. 
[Effect of tongluo xingnao effervescent tablet 
on learning and memory of AD rats and expres-
sion of insulin-degrading enzyme in hippocam-
pus]. Zhongguo Zhong Yao Za Zhi 2013; 38: 
2863-2867.

[35] Hu Y, Ju S, Zhang Y, Xiong M, Xu S, Ma Y and 
Zhong Z. [Effect of Tongluo Xingnao efferves-
cent tablets on learning and memory dysfunc-
tion in rats with chronic cerebral ischemia]. 
Zhongguo Zhong Yao Za Zhi 2014; 39: 1908-
1912.

[36] Su R, Han ZY and Fan JP. Effect of Fufang 
Congrong Yizhi Capsule on myristoylated ala-
nine-rich C-kinase substrate (MARCKS) mRNA 
level in hippocampus of old dementia rats. 
China Journal of Traditional Chinese Medicine 
and Pharmacy 2010; 4: 46.

[37] Schneider LS and Olin JT. Overview of clinical 
trials of hydergine in dementia. Arch Neurol 
1994; 51: 787-798.

[38] Banen DM. An ergot preparation (Hydergine) 
for relief of symptoms of cerebrovascular in-
sufficiency. J Am Geriatr Soc 1972; 20: 22-24.

[39] Yang S, Zhou G, Liu H, Zhang B, Li J, Cui R and 
Du Y. Protective effects of p38 MAPK inhibitor 
SB202190 against hippocampal apoptosis 
and spatial learning and memory deficits in a 
rat model of vascular dementia. BioMed Res 
Int 2013; 2013: 215798.

[40] Gong WY, Wu JF, Liu BJ, Zhang HY, Cao YX, Sun 
J, Lv YB, Wu X and Dong JC. Flavonoid compo-
nents in Scutellaria baicalensis inhibit nico-
tine-induced proliferation, metastasis and lung 
cancer-associated inflammation in vitro. Int J 
Oncol 2014; 44: 1561-1570.

[41] Cheng CY, Ho TY, Lee EJ, Su SY, Tang NY and 
Hsieh CL. Ferulic acid reduces cerebral infarct 
through its antioxidative and anti-inflammatory 
effects following transient focal cerebral isch-
emia in rats. Am J Chin Med 2008; 36: 1105-
1119.

[42] Zhu X, Rottkamp CA, Hartzler A, Sun Z, Takeda 
A, Boux H, Shimohama S, Perry G and Smith 
MA. Activation of MKK6, an upstream activator 
of p38, in Alzheimer’s disease. J Neurochem 
2001; 79: 311-318.

[43] Euser S, Hofman A, Westendorp R and Breteler 
MM. Serum uric acid and cognitive function 
and dementia. Brain 2009; 132: 377-382.

[44] Melani A, Cipriani S, Corti F and Pedata F. 
Effect of intravenous administration of dipyri-



TLXN ameliorate learning and memory impairment via p38/ERK MAPK signal pathways

5412 Int J Clin Exp Med 2016;9(3):5400-5412

damole in a rat model of chronic cerebral isch-
emia. Ann N Y Acad Sci 2010; 1207: 89-96.

[45] Xu J, Wang Y, Li N, Xu L, Yang H and Yang Z. 
L-3-n-butylphthalide improves cognitive deficits 
in rats with chronic cerebral ischemia. 
Neuropharmacology 2012; 62: 2424-2429.

[46] Guo Y, Xu X, Li Q, Li Z and Du F. Research Anti-
inflammation effects of picroside 2 in cerebral 
ischemic injury rats. Behav Brain Funct 2010; 
6: 43.

[47] Yuan H, Yang S, Zhou WX and Zhang YX. MAPK 
cascade signaling and long-term potentiation. 
Chin Pharmacol Bull 2006; 22: 769.

[48] Hensley K, Floyd RA, Zheng NY, Nael R, 
Robinson KA, Nguyen X, Pye QN, Stewart CA, 
Geddes J and Markesbery WR. p38 kinase is 
activated in the Alzheimer’s disease brain. J 
Neurochem 1999; 72: 2053-2058.

[49] Li S, Jin M, Koeglsperger T, Shepardson NE, 
Shankar GM and Selkoe DJ. Soluble Aβ oligo-
mers inhibit long-term potentiation through a 
mechanism involving excessive activation of 
extrasynaptic NR2B-containing NMDA recep-
tors. J Neurosci 2011; 31: 6627-6638.

[50] Yang CH, Huang CC and Hsu KS. Behavioral 
stress modifies hippocampal synaptic plastici-
ty through corticosterone-induced sustained 
extracellular signal-regulated kinase/mitogen-
activated protein kinase activation. J Neurosci 
2004; 24: 11029-11034.

[51] Feld M, Krawczyk MC, Sol FM, Blake MG, 
Baratti CM, Romano A and Boccia MM. 
Decrease of ERK/MAPK overactivation in pre-
frontal cortex reverses early memory deficit in 
a mouse model of Alzheimer’s disease. J Alzhe 
Dis 2013; 40: 69-82.

[52] Philip S and Armstead WM. Newborn pig noci-
ceptin/orphanin FQ activates protein tyrosine 
kinase and mitogen activated protein kinase to 
impair NMDA cerebrovasodilation after isch-
emia. Neuroreport 2003; 14: 201-203.

[53] Wang ZQ, Wu DC, Huang FP and Yang GY. 
Inhibition of MEK/ERK 1/2 pathway reduces 
pro-inflammatory cytokine interleukin-1 ex-
pression in focal cerebral ischemia. Brain Res 
2004; 996: 55-66.

[54] Henriksson M, Stenman E, Vikman P and 
Edvinsson L. MEK1/2 inhibition attenuates 
vascular ETA and ETB receptor alterations af-
ter cerebral ischaemia. Exp Brain Res 2007; 
178: 470-476.

[55] Repici M, Centeno C, Tomasi S, Forloni G, 
Bonny C, Vercelli A and Borsello T. Time-course 
of c-Jun N-terminal kinase activation after ce-
rebral ischemia and effect of D-JNKI1 on c-Jun 
and caspase-3 activation. Neuroscience 2007; 
150: 40-49.

[56] Cheng O, Li Z, Han Y, Jiang Q, Yan Y and Cheng 
K. Baicalin improved the spatial learning ability 
of global ischemia/reperfusion rats by reduc-
ing hippocampal apoptosis. Brain Res 2012; 
1470: 111-118.

[57] Zhang P, Hou J, Fu J, Li D, Zhang C and Liu J. 
Baicalin protects rat brain microvascular endo-
thelial cells injured by oxygen-glucose depriva-
tion via anti-inflammation. Brain Res Bull 
2013; 97: 8-15.

[58] Zhou QM, Wang S, Zhang H, Lu YY, Wang XF, 
Motoo Y and Su SB. The combination of ba-
icalin and baicalein enhances apoptosis via 
the ERK/p38 MAPK pathway in human breast 
cancer cells. Acta Pharmacol Sinica 2009; 30: 
1648-1658.

[59] Hamada H, Hiramatsu M, Edamatsu R and 
Mori A. Free radical scavenging action of baica-
lein. Arch Biochem Biophys 1993; 306: 261-
266.

[60] Liu C, Wu J, Gu J, Xiong Z, Wang F, Wang J, 
Wang W and Chen J. Baicalein improves cogni-
tive deficits induced by chronic cerebral hypo-
perfusion in rats. Pharmacol Biochem Behav 
2007; 86: 423-430.

[61] Cui L, Zhang X, Yang R, Liu L, Wang L, Li M and 
Du W. Baicalein is neuroprotective in rat MCAO 
model: role of 12/15-lipoxygenase, mitogen-
activated protein kinase and cytosolic phos-
pholipase A2. Pharmacology Biochem Behav 
2010; 96: 469-475.

[62] Song L, Yang H, Wang HX, Tian C, Liu Y, Zeng 
XJ, Gao E, Kang YM, Du J and Li HH. Inhibition 
of 12/15 lipoxygenase by baicalein reduces 
myocardial ischemia/reperfusion injury via 
modulation of multiple signaling pathways. 
Apoptosis 2014; 19: 567-580.

[63] Koh PO. Ferulic acid prevents cerebral isch-
emic injury-induced reduction of hippocalcin 
expression. Synapse 2013; 67: 390-398.


