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Effects of Tianxiangdan Granule treatment on atherosclerosis
via NF-kB and p38 MAPK signaling pathways
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Abstract. The present study aimed to determine the effects
of Tianxiangdan Granule on nuclear factor (NF)-«B p65 and
p38 mitogen-activated protein kinase (MAPK) inflammatory
signaling pathways, and explored the possible mechanism
underlying the effects of Tianxiangdan Granule on prevention
and treatment of atherosclerosis. A total of 48 apolipoprotein
E” mice (age, 8 weeks) were selected and divided into two
groups: The normal control group (n=12) and the modeling
group (n=36). In the modeling group, mice were fed a high-fat
diet and were maintained in an artificial climate box, in order
to stimulate the climate and eating habit characteristics of
Xinjiang. Every morning, ApoE-/- mice in the modeling group
were placed in the artificial climate box at 10:00 am and were
taken out at 09:00 pm and placed back in the room temperature
environment. The temperature of the artificial climate box was
set at 6x2°C, relative humidity was controlled at 25-32.8% and
the light-dark cycle was 12 h/day. The purpose of this method
was to establish the Huizhuo Tanzu type atherosclerosis
model. Following successful generation of the model, mice in
the modeling group were randomly divided into three groups:
Model group (n=10), Tianxiangdan group (n=10) and atorvas-
tatin group (n=10). After 12 weeks, mice were sacrificed and
the serum levels of interleukin (IL)-1p and tumor necrosis
factor (TNF)-a in each group were detected. Furthermore,
the expression levels of NF-kB p65 and p38 MAPK in aortic
tissue were detected. The results indicated that the concentra-
tions of IL-1f and TNF-a were significantly higher in mice in
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the model group compared with in the normal control group
(P<0.01), whereas the concentrations of IL-1 and TNF-a
were lower in the Tianxiangdan and atorvastatin groups
compared with in the model group (P<0.01). Furthermore, the
protein expression levels of phosphorylated (p)-NF-«B p65
and p-p38 MAPK protein were higher in aortic tissues from
the model group compared with in the normal control group
(P<0.01), p-NF-xB p65 and p-p38 MAPK protein expression
was reduced in the atorvastatin and Tianxiangdan groups
compared with in the model group. The present study indicated
that the mechanism underlying the effects of Tianxiangdan
Granule on the prevention and treatment of atherosclerosis
may be as follows: Tianxiangdan Granule may decrease the
expression of the inflammatory cytokines IL-1f and TNF-a,
and suppress activation of the NF-xB p65 and p38 MAPK
signaling pathways.

Introduction

Atherosclerosis (AS) is the pathological basis of
cardiovascular diseases, and is an important cause of
cardiovascular disease-associated mortality (1,2). The Report
on Cardiovascular Disease in China (2014) revealed that the
prevalence of cardiovascular diseases in China continues torise;
in 2014, there were ~0.29 billion patients with cardiovascular
disease in China, and one in every five adults was reported
to suffer from a cardiovascular disease (3). Therefore, the
effective prevention and treatment of AS is of great significance
to prevent the occurrence of cardiovascular diseases. The
pathogenesis of AS has been explained by numerous theories,
including the lipid infiltration theory, the endothelial damage
theory, the inflammatory reaction theory and the oxidative
stress theory (4,5). During the occurrence and development of
AS, various inflammatory cells and inflammatory mediators
serve roles in the formation and rupture of fatty streaks, as
well as fibrous, atheromatous and unstable plaques (6). In 1999,
Ross proposed the concept that AS is a chronic inflammatory
disease (7). Nuclear factor (NF)-xB and mitogen-activated
protein kinase (MAPK) signaling pathways may be involved
in the formation of AS via the regulation of inflammatory
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cytokine-mediated inflammation. Therefore, prevention and
treatment of AS via the regulation of inflammatory signaling
pathways may be considered a novel strategy to control the
inflammatory reaction, and effectively delay plaque formation
or prevent plaque rupture by stabilizing plaques.

Tianxiangdan Granule was developed by Professor
Dongqing An, a doctor in the field of traditional Chinese
medicine. Tianxiangdan Granule was developed according
to the special geographical features and climate of Xinjiang,
China, as well as the diet and lifestyle of the local resi-
dents. Tianxiangdan Granule is composed of Rhodiola,
Ziziphora clinopodioides, Dalbergia and Salvia miltiorrhiza.
It has been used in the clinical prevention and treatment of
AS-associated diseases for >30 years, with good clinical effects.
Previous studies have revealed that Tianxiangdan Granule
exerts the following effects: Regulation of lipid metabolism,
improving endothelial function and energy metabolism of
ischemic myocardia, reducing myocardial cell damage and
reducing oxidative stress (8-11). At present, few studies have
been performed regarding the association between the effects
of Tianxiangdan Granule on the prevention and treatment of
AS, and inflammatory factors and related signaling pathways;
therefore, the present study was conducted. On the basis of the
successful replication of the apolipoprotein E (ApoE)”” murine
model of Huizhuo Tanzu type AS, the present study investi-
gated the effects of Tianxiangdan Granule on inflammatory
factors and inflammatory signaling pathways, in order to
explore the possible anti-AS mechanism underlying the effects
of Tianxiangdan Granule.

Materials and methods

Animals. A total of 48 ApoE” mice [strain C57BL/6J] in the
present study were introduced from the Jackson laboratory in
the United States by the Peking University Medical Laboratory
Animal Center. The mice were purchased as ApoE-/-. All
mice [male; age, 8 weeks; weight, 18+2 g; license no. SCXK
(Beijing) 2011-0012] were maintained in the Medical Animal
Experimental Center of The First Affiliated Hospital of
Xinjiang Medical University (Urumgqi, China). They were fed
normal diet at room temperature (relative humidity: 40-70%,
12 h/d light dark cycle). The present study was approved by the
Animal Ethics Committee of The First Affiliated Hospital of
Xinjiang Medical University.

Drugs and reagents. Tianxiangdan Granule is composed of
four types of Chinese medicine: Rhodiola root, Dalbergia
wood, Ziziphora clinopodioides and Salvia miltiorrhiza.
The drug was prepared by the Traditional Chinese Medicine
Hospital Affiliated to Xinjiang Medical University (batch
no. Z04000820). Tianxiangdan Granule obtained a national
patent in 2009 (patent no. 200910210063.9) (12). Atorvastatin
calcium tablets (batch no. H20051408) were purchased from
Pfizer Inc. (New York, NY, USA). Cholesterol was obtained
from Amresco, LLC (Solon, OH, USA). Propylthiouracil
tablets were purchased from Riemser Pharma GmbH
(Greifswald, Germany). TNF-a (cat. no. 106958008) and
IL-1P (cat. no. 92572000) ELISA kits were purchased from
eBioscience; Thermo Fisher Scientific, Inc. (Waltham, MA,
USA). Radioimmunoprecipitation assay (RIPA) buffer, Pierce
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Phosphatase Inhibitor Mini Tablets, Halt Protease Inhibitor
Cocktail and bicinchoninic acid (BCA) Protein Assay kit were
obtained from Thermo Fisher Scientific, Inc. Triglyceride
(TG) assay kit (cat. no. A110-2), total cholesterol (TC) assay kit
(cat. no. A111-2), low-density lipoprotein cholesterol (LDL-C)
assay kit (cat. no. A113-2) and high-density lipoprotein choles-
terol (HDL-C) assay kit (cat. no. A112-2) were purchased
from Nanjing Jiancheng Bioengineering Institute (Nanjing,
China). The following primary antibodies were purchased
from Cell Signaling Technology, Inc. (Danvers, MA, USA):
Phosphorylated (p)-p38 MAPK (cat. no. 4631S), p38 MAPK
(cat. no. 92128), p-NF-«B p65 (cat. no. 3031S), NF-kB p65
(cat. no. 8242S) and GAPDH (cat. no. 5174S). Alkaline phos-
phatase-conjugated secondary antibody (Anti-Rabbit) (cat.
no. WP0007) and BCIP/NBT Chromogenic Substrate were
purchased from Invitrogen (Thermo Fisher Scientific, Inc.).
Polyvinylidene fluoride (PVDF) membrane was obtained from
Roche Diagnostics (Basel, Switzerland).

Establishment of the animal model. Of the 48 8-week-old
ApoE” mice, 12 were assigned to the normal control group, in
which mice were provided ordinary diets, and were maintained
at room temperature (20-24°C) and 40-70% relative humidity.
The remaining 36 ApoE” mice were assigned to the modeling
group, in which mice were fed a high-fat diet and were main-
tained in an artificial climate box, in order to stimulate the
climate and eating habit characteristics of Xinjiang. Every
morning, ApoE” mice in the modeling group were placed in
the artificial climate box at 10:00 a.m. and were taken out at
09:00 p.m. when they were placed back in the room tempera-
ture environment. The temperature of the artificial climate box
was set at 6+2°C, relative humidity was controlled between 25
and 32.8%, and the light-dark cycle was 12 h/day. The purpose
of this method was to establish the Huizhuo Tanzu type AS
model (13,14). After 12 weeks of feeding, 2 ApoE” mice from
the normal control group and 6 ApoE”" mice from the modeling
group were randomly selected and sacrificed, after which, aortic
roots were obtained and observed under a light microscope
following hematoxylin and eosin (H&E) staining. In samples
from the modeling group, an increased number of foam cells,
cholesterol crystals and atheromatous plaques were observed,
and lumen stenosis was clearly demonstrated. In addition,
the remaining ApoE™” mice in the modeling group appeared
lethargic, their participation in activities was decreased, food
and water intake was reduced, their fur appeared lackluster,
weight growth was not obvious, and they had sticky stools.
These signs confirmed that the Huizhuo Tanzu type AS
model had been successfully established. Furthermore, the
remaining 30 ApoE” mice were randomly divided into three
groups: Model group, Tianxiangdan group [2.7 g-(kg-d)"'], and
atorvastatin group [6.1 mg (kg-d)']; n=10 mice/group. The
aforementioned doses were selected by equivalent conversion,
based on the clinical routine dose used to treat human adults:
Mouse experimental dose [g (kg'd)']=9.1 x human adult
clinical dose [g-(kg-d)"']. To obtain the experimental doses,
drugs were dissolved in distilled water and administered by
gavage once a day (15). Doses were adjusted according to
body weight each week. Mice in the normal control and model
groups were administered an oral gavage of distilled water
(0.2 ml-d™"). All mice were given free access to food and water,
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and their activities were not restricted. Mice in the normal
control group were placed at room temperature (20-24°C)
and 40-70% relative humidity, and were given a normal diet.
Mice in the model, Tianxiangdan and atorvastatin groups were
administered a high-fat diet and continued to undergo inter-
mittent maintenance in the artificial climate box. The high-fat
diet comprised: Basal diet, 72.5%; lard, 10%; sucrose, 10%;
pig bile salt, 0.2%; cholesterol, 2%; propylthiouracil, 0.12%;
egg yolk, 5%; and 21 Super-Vita, 0.1%. The temperature of the
artificial climate box was set at 6+2°C, and relative humidity
was controlled between 25 and 32.8%.

Experimental specimen collection. A total of 12 weeks
following administration of the first gavage, ApoE” mice in
all groups were fasted. After 12 h the following operations
were conducted: i) Mice were anesthetized by 0.1 ml/kg
intraperitoneal injection of anaesthetic composed of 2 ml
diazepam, 2 ml ketamin, 1 ml atropine and 5 ml 0.9% sodium
chloride, and blood samples were collected from the
eyeballs. The samples were placed in microcentrifuge
tubes and were centrifuged at 3,000 x g for 10 min at 4°C;
the serum obtained by separation was maintained at -80°C
for the detection of serological markers. Repeated freezing
and thawing was avoided. ii) Mice were anesthetized by
0.1 ml/kg intraperitoneal injection of anesthetic (injection of
diazepam, ketamine and atropine), then were sacrificed by
cervical dislocation. Thoraces and abdomens were opened;
arterial tissues from the aortic root to the branches between
the iliac and renal artery were obtained and rinsed in normal
saline. A length of ~0.5 cm from the aortic root was obtained,
and fixed in 10% formalin for H&E staining and plaque area
(PA) analysis. Residual aortic tissues were quickly placed
in microcentrifuge tubes, labeled, and placed into liquid
nitrogen and quickly frozen. The samples were then trans-
ferred into an ultra-low temperature freezer at -80°C, and
preserved for detection by western blotting.

H&E staining PA analysis. Aorta tissues were fixed at 56°C for
12 h with 10% formaldehyde and dehydrated, prior to conven-
tional paraffin embedding and dyeing with hematoxylin and
eosin. From the aortic root, uniform slices were obtained
(~5 um); 40 consecutive slices were obtained from each sample.
One slice was obtained from every five slices; therefore, a total
of eight slices were obtained from each sample. After H&E
staining, aortic morphological alterations were observed under
a light microscope; measurement and analysis of relevant
pathological morphological indices were conducted using
the multifunctional image analysis software of Image-Pro
Plus (version 6.0; Media Cybernetics, Inc., Rockville, MD,
USA). Blood vessel lumen area (LA) and PA measurements
were obtained, and the PA/LA ratio was calculated. The mean
values of PA/LA were calculated for statistical analysis.

Triglyceride (TG), total cholesterol (TC), high-density lipo-
protein cholesterol (HDL-C) and low-density lipoprotein
cholesterol (LDL-C) serum levels detected by enzymatic
colorimetry. Prior to detection, serum samples were removed
from the ultra low temperature freezer and were placed in a
refrigerator at 4°C. Subsequently, TG, TC, HDL-C and LDL-C
serum levels were detected according to the manufacturer's
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protocols an automatic biochemical analyzer (cat. no. BS200;
Mindray Medical International Co., Ltd., Shenzhen, China).

Serum expression levels of interleukin (IL)-1 and tumor
necrosis factor (TNF)-a detected by ELISA method. Prior
to detection, serum samples were removed from the ultra
low temperature freezer and were placed in a refrigerator at
4°C. Subsequently, the serum levels of proinflammatory cyto-
kines IL-1p and TNF-a were detected using an ELISA Kkit,
according to the manufacturer's protocol. Absorbance values
were determined using an enzymatic microplate reader at a
wavelength of 450 nm. A standard curve was generated, with
concentration as the horizontal coordinate and standard absor-
bance value as the vertical coordinate. The concentrations of
IL-1f and TNF-a in the samples were calculated using the
standard curve.

Expression levels of NF-xB p65 and p38 MAPK signaling
pathways detected by western blotting. Aortic tissue protein
was extracted using RIPA with a protease inhibitor and phos-
phatase inhibitor, and protein concentration was determined
using a BCA protein assay kit. Protein samples (20 ug) were
separated by 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis at 80 V and were transferred onto a PVDF
membrane by electroblotting. The membrane was blocked in
TBS-Tween 20 (TBST) supplemented with 5% w/v bovine
serum albumin (Beijing Raghan Biological Technology Co.
Ltd., Beijing, China) for 1 h at room temperature. Subsequently,
the membrane was washed three times with TBST, and was
incubated with the following primary antibodies: GAPDH
(cat. no. 5174S), NF-kB p65 (cat. no. 8242S), p-NF-kB p65
(cat. no. 3031S), p38 MAPK (cat. no. 92125) and p-p38
MAPK (cat. no. 4631S) (all antibodies: 1:1,000 of dilution,
Cell Signaling Technology, Inc.), at 4°C overnight with agita-
tion. After washing the membrane with TBST three times,
the alkaline phosphatase-conjugated secondary antibody
(cat. no. WP0007) was added (1:1 of dilution; Thermo Fisher
Scientific, Inc.), and the membrane was further incubated
at 37°C for 1 h. The membrane was then washed with TBST
and underwent visualization in the dark with the BCIP/NBT
Chromogenic Substrate. The blots were scanned and analyzed
using Quantity One v4.62 software (Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Statistical analysis. Statistical analysis was conducted using
statistical software SPSS 17.0 (SPSS Inc., Chicago, IL, USA).
Data were expressed as the mean + standard deviation of
three independent experiments. Intergroup comparison
was performed using one-way analysis of variance, and the
comparison between two groups was performed using the
Least Significant Difference method. P<0.05 was considered
to indicate a statistically significant difference.

Results

Physiological alterations of Huizhuo Tanzu type AS ApoE™"
mice. Mice in the normal control group were lively, irritable and
restless, had a quick response, bit each other frequently, ate a lot
of food and drank a lot of water, gained significant amounts of
weight, had clean and shiny fur, and had dry granular stools.
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Table I. Biological characteristics of apolipoprotein E-/- mice in the various groups.
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Characteristic Normal control group Model group Atorvastatin group Tianxiangdan group
Tongue Pink Bruising, with Purple or dark red, Dark red, with
ecchymosis with ecchymosis ecchymosis
Coating on Thin white coating Thick and greasy Relatively thick and Thin and greasy
the tongue coating greasy coating coating
Fur Clean and shiny Dry and lackluster Relatively dry and dull Relatively clean
and shiny
Emotional state Irritable and agitated Docile Docile Relatively irritable
and restless
Behavioral state Lively, fighting Reduced movement, Reduced movement, Relatively lively,
tired and sleepy tired and sleepy occasionally
biting/fighting
Response to stimulus Agile Slow Slow Relatively agile
Stool state Dry, granular Sticky Slightly sticky Relatively dry,
granular
Food intake Normal Significantly reduced Reduced Slightly reduced
Water intake Normal Significantly reduced Reduced Slightly reduced
Weight change Significant growth Growth not obvious Slightly increased Slightly increased
growth growth

Mice in the model group became lethargic, their participa-
tion in activities significantly decreased, their food and water
intake decreased, their fur was lackluster, weight growth was
not obvious, and they had sticky stools. Characteristics of the
mice in the Tianxiangdan and atorvastatin groups were better
compared with those in the model group, their fur was rela-
tively clean and shiny, and their water and food consumption,
and weight gain, was larger than in the model group, and their
stools were granular but slightly sticky (Table I).

Pathological alterations in the aorta of Huizhuo Tanzu type AS
ApoE" mice. In the normal control group, no obvious smooth
muscle cell hyperplasia was detected, slight hyperplasia of the
intima was observed, and no cholesterol crystal formation or
obvious stenosis was detected in the aortic lumen (Fig. 1A).
In the model group, numerous atherosclerotic plaque lesions
appeared and the thickness of the aortic tube wall was obviously
uneven. In addition, endothelial lesions had a larger PA and a
thin fibrous cap. Large amounts of foam cells and cholesterol
crystals were also detected, lipid cores were larger, and the
majority of plaques did not closely adhere to the tube wall
and some were detaching. Furthermore, calcification occurred
locally, and considerable inflammatory cell infiltration was
detected in the adventitia (Fig. 1B). In the Tianxiangdan
group, atherosclerotic lesions were mainly fibrous plaque
lesions, aortic tube wall thickness was uneven, the intima was
markedly thicker, and fibrous plaques covered with a fibrous
cap were clearly observed. The PA was markedly smaller than
that in the model group. All plaques closely adhered to the
aortic wall, and no detachment was observed. In addition,
fibrous caps were thicker, lipid cores were small, and a small
amount of inflammatory cell infiltration was detected in the
adventitia (Fig. 1C). Pathological alterations were less severe
than in the model group and plaque stability was improved, thus

suggesting that Tianxiangdan increased plaque stability. In the
atorvastatin group, the majority of alterations were detected in
the atherosclerotic fibrous plaque lesions, the thickness of the
aortic wall was uneven, the intima appeared markedly thicker,
and fibrous plaques covered by a fibrous cap were observed.
The PA was markedly smaller compared with in the model
group, and the plaques did not closely adhere to the aortic wall;
however, detachment was not observed. Lipid cores were not
obvious, and adventitial inflammatory cell infiltration was rare
(Fig. 1D). Pathological alterations were less severe than in the
model group, thus indicating that atorvastatin could increase
plaque stability.

Morphological alterations in aortic lumen stenosis of
Huizhuo Tanzu type AS ApoE" mice. The PA/LA ratio was
compared among the groups; PA and LA were measured using
Image-Pro Plus software (version 6.0). Compared with the
normal control group, the aortic PA/LA ratio was significantly
increased in the model group (P<0.01). Compared with in the
model group, aortic PA/LA ratio was significantly decreased
in the Tianxiangdan and atorvastatin groups (P<0.01). There
was no statistically significant difference in aortic PA/LA ratio
between mice in the Tianxiangdan and atorvastatin groups
(P>0.05; Fig. 2).

Alterations in the serum lipid levels of Huizhuo Tanzu type
AS ApoE™" mice. The results indicated that compared with
in the normal control group, TC, TG, LDL-C and HDL-C
content was significantly higher in the model group (P<0.05).
Compared with in the model group, TC and LDL-C serum
content was significantly lower in the atorvastatin and
Tianxiangdan groups (P<0.01). There was no statistically
significant difference in serum lipid levels between mice in
the Tianxiangdan and atorvastatin groups (P>0.05; Table II).
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Figure 1. Hematoxylin and eosin staining of aortic roots from apolipoprotein E” mice in the (A) normal control, (B) model, (C) Tianxiangdan and (D) atorvastatin

groups (magnification, x100 and x400).
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Figure 2. Comparison of the aortic root PA/LA ratio between the groups.
PA/LA ratio is presented by relative ratio. Data are expressed as the
mean =+ standard deviation (n=8 apolipoprotein E” mice/group). A, normal
control group; B, model group; C, Tianxiangdan group; D, atorvastatin group.
"P<0.01, compared with the normal control group; **P<0.01, compared with
the model group. PA, plaque area; LA, lumen area.

Alterations in serum expression levels of IL-13 and TNF-a.
in Huizhuo Tanzu type AS ApoE" mice. Compared with in
the normal control group, serum IL-1f and TNF-a levels were
significantly higher in the model group (P<0.01). Compared
with in the model group, the serum levels of IL-1f3 and TNF-a
were significantly lower in the Tianxiangdan and atorvastatin
groups (P<0.01). There was no statistically significant
difference in serum IL-1 and TNF-a levels between mice in
the Tianxiangdan and atorvastatin groups (P>0.05; Table III).

Alterations in the expression levels of NF-kB p65 and p38
MAPK in aortic tissues of Huizhuo Tanzu type AS ApoE™"
mice. Compared with the in normal control group, the protein

expression levels of p-NF-«B p65 and p-p38 MAPK were
significantly increased in the aortic tissue of the model group
(P<0.01). Compared with in the model group, the protein
expression levels of p-NF-kB p65 and p38 MAPK were
significantly decreased in the Tianxiangdan and atorvastatin
groups (P<0.01). There was no statistically significant differ-
ence in the protein expression levels of p-NF-kB p65 and p-p38
MAPK between mice in the Tianxiangdan and atorvastatin
groups (P>0.05; Figs. 3 and 4).

Discussion

AS is caused by complex pathological alterations, which are
mediated by numerous factors. The pathogenesis of AS cannot
be completely explained by one or two theories; however, it has
been confirmed that the inflammatory response has a critical
role in the occurrence and development of AS (16). Previous
studies regarding signaling pathways and gene transcription
levels have revealed that the cytokine-mediated inflammatory
response is a key factor in the formation of AS; therefore, regu-
lation of the inflammatory response may be important in the
prevention and treatment of AS (17,18). NF-xB was initially
detected in B lymphocytes in 1986 by Sen and Baltimore (19).
NF-«B is a homologous or heterologous dimer transcription
factor formed from the Rel family of proteins, and is composed
of two subunits, p5S0 and p65, which can specifically bind with
the promoter or enhancer kB sequence (GGGACTTTCC) of
the immunoglobulin « light chain gene. Under physiological
conditions, NF-kB is located in the cytoplasm, where the
p65 subunit binds to the kB inhibitor protein (IxB) monomer,
covering the nuclear localization signal of the p50 protein;
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Table II. Comparison of serum lipid levels in apolipoprotein E-/- mice from the various groups.

Group n TC (mmol/l) TG (mmol/1) LDL-C (mmol/1) HDL-C (mmol/T)
Normal control 8 11.87+1.78 1.26+0.19 5.09+1.09 2.03+0.86
Model 8 36.66+1.91° 1.640.19° 33.08+1.61* 7.64+0.98"
Tianxiangdan 8 32.04+0.99¢ 1.46+0.16 18.76+1.44¢ 8.39+1.13
Atorvastatin 8 31.67+2.19¢ 1.60+0.15 19.12+2.39¢ 8.54+1.35

Data are presented as the mean + standard deviation. “P<0.01,°P<0.05, compared with the normal control group; “P<0.01, compared with the
model group. TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Table III. Serum levels of IL-1p and TNF-a in apolipoprotein
E-/- mice.

Group n IL-1P (pg/ml) TNF-a (pg/ml)
Normal control 8 12.33+2.09 8.26+5.04
Model 8 35.39+1.56* 61.74+8.06*
Tianxiangdan 8 25.16+1.17° 26.30+5.08"
Atorvastatin 8 24.60+1.29° 24.24+6.74°

Data are presented as the mean + standard deviation. ‘P<0.01,
compared with the normal control group; °P<0.01, compared with the
model group. IL, interleukin; TNF, tumor necrosis factor.

therefore, the NF-kB complex is in the inactive state, which
cannot enter the nucleus and serve a regulatory role (20). When
the body is exposed to external stimuli, IkB undergoes phos-
phorylation, dissociates from the NF-kB dimers, thus exposing
the nuclear localization signal of the p50 protein, resulting in
NF-«B activation and nuclear translocation. Subsequently,
NF-«B binds with the specific binding site on DNA strands
and initiates gene transcription and protein expression; there-
fore, NF-xB serves an important role in regulation of the
immune response, inflammatory reaction and cell growth (21).
Numerous studies have revealed that activated NF-kB can
be found in atherosclerotic sites and plaques, whereas in
normal blood vessels, little or no expression of NF-kB is
detected (22,23). Once activated, NF-«B is involved in regu-
lation of the activation and transcription of AS-associated
genes, promoting the occurrence and development of AS, thus
suggesting that activation of the NF-xB signaling pathway is
closely associated with the occurrence and development of
AS (24-27). In AS pathology, NF-kB regulates the expres-
sion of numerous genes, including cytokines (TNF-a, IL-1
and IL-6), monocyte chemoattractant proteins and adhesion
molecules, and it participates in inflammation, which can lead
to the formation of atherosclerotic plaques, and can result in
plaque instability and rupture (28,29). It is well known that the
proinflammatory cytokines IL-1 and TNF-a are regulated by
NF-«B; at least one kB sequence is present in their promoters
and enhancers. When NF-«B is activated it binds to the kB
binding site, resulting in activation of IL-1 and TNF-a genes;
therefore, the genetic transcripts of IL-1 and TNF-a are
enhanced, and the production and release of IL-1 and TNF-a
is increased. IL-1 and TNF-a serve an important role in the
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Figure 3. Protein expression levels of phospho-NF-«xB p65/total NF-xB p65
in the aortic tissues of apolipoprotein E” mice in various groups. Data are
expressed as the mean =+ standard deviation of three independent experi-
ments. A, normal control group; B, model group; C, Tianxiangdan group;
D, atorvastatin group. “P<0.01, compared with the normal control group;

44P<0.01, compared with the model group. NF, nuclear factor; phospho,
phosphorylated.

Phospho-p65/p65

inflammatory immune response (30-33), and IL-1 and TNF-a
are activators of the NF-«xB signaling pathway, which results in
further activation of NF-xB, whereas activated NF-xB binds
to the kB binding site in the TNF-a and IL-1 gene promoters,
resulting in enhancement of the transcription and expression
of TNF-a and IL-1; therefore, the inflammatory response is
strengthened. During this process, the inflammatory factors
TNF-a and IL-1, and associated cytokines, are released from
positive and negative feedback loops, and via NF-kB activa-
tion, resulting in the upregulation of cytokines and persistence
of inflammation. These findings indicated that TNF-a and
IL-1 may participate in the occurrence and development of
AS (34,35).

The MAPK signaling pathway is an important pathway
that mediates the information transfer between extracellular
signals, and intracellular and nuclear signals (36). The MAPK
family is predominantly composed of extracellular signal-regu-
lated kinase (ERKI/2), stress-activated protein kinase/c-Jun
N-terminal kinase (JNK) and p38 MAPK. Each MAPK is
activated by a specific MAPK kinase (MAPKK), which is in
turn activated by a MAPKK kinase; through this conservative
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Figure 4. Protein expression levels of phospho-p38 MAPK/total p38
MAPK in the aortic tissues of apolipoprotein E” mice in various groups.
Data are expressed as the mean + standard deviation of three independent
experiments. A, normal control group; B, model group; C, Tianxiangdan
group; D, atorvastatin group. “P<0.01, compared with the normal control
group; **P<0.01, compared with the model group. MAPK, mitogen-activated
protein kinase; phospho, phosphorylated.

tertiary enzymatic cascade, MAPK signaling pathways acti-
vate their downstream transcription factors (37). p38 MAPK,
which is a member of the MAPK family, is an important
intracellular signaling pathway involved in the inflammatory
response, which is closely associated with the mechanisms
underlying inflammatory regulation and control (38). The
p38 MAPK signaling pathway is predominantly involved
in cellular inflammation and apoptosis under stress condi-
tions (39), and activation of the p38 MAPK signaling pathway
is associated with the release of various inflammatory cyto-
kines. It has previously been reported that specific blocking of
the p38 MAPK pathway can reduce inflammation (40). When
the body is exposed to long-term inflammation, p38 MAPK
and NF-kB may be activated; and activation of p38 MAPK
further activates NF-kB via phosphorylation, or inflammatory
cytokine (TNF-a and IL-1) secretion (41-43). In addition, when
NF-«B is activated, it may in turn activate the p38 MAPK
signaling pathway via its products, including the inflammatory
cytokines TNF-a and IL-1. These findings suggested that a
complex mutual activating network exists between p38 MAPK
and NF-«B, ultimately resulting in NF-xB and p38 MAPK
activation, which mediates the inflammatory response and
may participate in the formation of AS (44,45).

The incidence of AS is higher in the Xinjiang area compared
with in the other provinces of China; this is primarily due to
the specific climate, and the lifestyle and dietary habits of the
local people. Professor Dongqing An, a doctor whose expertise
is in traditional Chinese medicine, initially proposed that the
Huizhuo Tanzu type is the main type of AS present in the
Xinjiang region of China, due to the specific climate, and the
diet and lifestyle characteristics of the local inhabitants (46).
Clinical manifestations of this type of AS include: Chest
tightness, chest pain, halitosis, nausea and vomiting, belching,
abdominal distension, gastric distress, dizziness, drowsiness,
poor or smelly stools or constipation, dark tongue, elevated
pulse pressure and thick and greasy hair. A series of
prescriptions, which are clinically effective for the treatment
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of Huizhuo Tanzu type AS, have been successfully developed,
including Tianxiangdan, which has been clinically applied for
the treatment of AS in China for >30 years. A previous study
used an artificial climate box to simulate the specific climate
of the Xinjiang region and fed ApoE’ mice a high-fat diet,
resulting in the successful establishment of Huizhuo Tanzu
type AS animal model (14). Therefore, the Huizhuo Tanzu
type AS model may be used for further experimental studies
on the anti-AS mechanism of Tianxiangdan Granule.

In the present study, ApoE” mice were fed a high-fat
diet to simulate the diet characteristics of Xinjiang residents,
and to simulate the specific climate and environment of the
Xinjiang region the mice were placed in an artificial climate
box. Following successful replication of the Huizhuo Tanzu
type AS animal model, each group of mice received a different
intervention. The aortic PA/LA ratio was significantly higher
in the model group compared with in the normal control group,
whereas the PA/LA ratio was reduced in the Tianxiangdan and
atorvastatin groups compared with in the model group. There
was no significant difference in the PA/LA ratio between
the Tianxiangdan and atorvastatin groups, thus suggesting
that the Tianxiangdan Granule can inhibit the formation of
atherosclerotic plaques and may reduce PA. Serum lipid levels
were determined by enzymatic colorimetry, and the results
indicated that the serum contents of TG, TC, HDL-C and
LDL-C were significantly higher in the model group compared
with in the normal control group. The increase in HDL-C
levels in the model group may be associated with the murine
stress response. TC and LDL-C levels in the Tianxiangdan and
atorvastatin groups were significantly lower than in the model
group; however, there was no significant difference in TC and
LDL-C levels between the Tianxiangdan and atorvastatin
groups, thus suggesting that Tianxiangdan Granule may
regulate blood lipid levels via reducing TC and LDL-C
levels. The serum expression levels of IL-1f and TNF-a were
determined by ELISA; the results revealed that the expression
levels of IL-1p and TNF-a levels were significantly higher
in the model group compared with in the normal control
group, whereas IL-1 and TNF-a expression was reduced
in the Tianxiangdan and atorvastatin groups. These findings
suggested that Tianxiangdan Granule may reduce the serum
expression levels of IL-1f3 and TNF-a in an ApoE” mouse
model of Huizhuo Tanzhu type AS, resulting in inhibition of
the inflammatory response. Aortic tissue protein expression
levels were detected in the ApoE™ mice by western blotting; the
results revealed that the protein expression levels of p-NF-kB
p65 and p-p38 MAPK were significantly upregulated in the
model group. However, following treatment with Tianxiangdan
Granule or atorvastatin, the phosphorylation levels of NF-xB
p65 and p38 MAPK were reduced. However, there was
no significant difference in the phosphorylation levels of
NF-xB p65 and p38 MAPK between the Tianxiangdan and
atorvastatin groups. Previous studies have aimed to determine
the mechanisms underlying the anti-AS effects of traditional
Chinese medicine, and have focused on various inflammatory
signaling pathways, including p38 MAPK, JNK, ERK1/2 and
NF-kB. These studies have revealed that Chinese medicine
may suppress the inflammatory response via its effects on
the phosphorylation levels of p38 MAPK and NF-«B p65;
this may explain how these medicines exert their anti-AS
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effects (47-54). Since these signaling pathways influence
each other, and form complex and changeable networks, the
present study only investigated the effects of Tianxiangdan
Granule on p38 MAPK and NF-«B signaling pathways, and
aimed to determine whether Tianxiangdan Granule exerts
anti-AS effects via related signaling pathways. Our research
group aims to conduct further in-depth studies in subsequent
research.

In conclusion, the present study indicated that Tianxiangdan
Granule is able to reduce AS PA, regulate the level of serum
lipids, and inhibit expression of the inflammatory cytokines,
IL-1f and TNF-a. Therefore, Tianxiangdan Granule may
serve an anti-AS role. These functions may be mediated by
inhibition of the phosphorylation levels of NF-«B and p38
MAPK signaling pathways.
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