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Abstract: AIM: Sini decoction (SND) is a commonly 
used herbal formula showing lipid-lowering effects 
and is applied in traditional Chinese medicine (TCM) 
for the treatment of cardiovascular disease (CVD) and 
atherosclerosis (AS). However, the mechanisms behind 
its anti-atherosclerotic effects are still unknown, and will 
be investigated in this study. METHODS: AS was induced 
in rabbits by high fat diet (HFD) and treated with solvent 
(HFD group),atorvastatin (Ator group), or SND (SND group) 
for 12 weeks. Healthy rabbits (Chow group) were used as 
control. Serum and liver homogenates were collected, 
and lipid profiles as well as serum ApoA-I and ApoB were 
examined. Histopathological changes and lipid deposition 
in the proximal aorta and liver were detected by Oil red O 
staining. Western blot was used to detect the expression of 
ABCA1, ApoA-I, ApoB, PPARγ, and LXRα in liver, peritoneal 
macrophages, peripheral mononuclear cells (PMC), and 
adipose tissues. RESULTS: SND significantly attenuated 
the levels of total cholesterol (TC), triglyceride (TG), and 
low density lipoprotein cholesterol(LDL-C) in serum 
and liver. However, high density lipoprotein cholesterol 
(HDL-C) dramatically increased. SND treatment also 
decreased lipid deposition and improved the structure 
of the liver and aorta. Furthermore, SND enhanced the 
expression levels of ABCA1,PPARγ, and LXRα in liver, 

adipose tissues, PMC, and peritoneal macrophages. It also 
upregulated hepatic and serum ApoA-I expression and 
serum ApoA-I/ApoB ratio. CONCLUSIONS:SND treatment 
relieved AS, improved lipid profiles, and increased serum 
HDL-C level. The potential mechanism behind this might 
be the improvement of reverse cholesterol transport (RCT)
involved with enhanced expression of ABCA1, ApoA-I, 
PPARγ, and LXRα.

Keywords: Sini decoction, High fat diet, Atherosclerosis, 
Lipid deposition, PPARγ-LXRα-ABCA1 signaling pathway

1  Introduction
Atherosclerosis (AS) is a major disorder resulting in 
cardiovascular disease (CVD), which contributes to 
morbidity and mortality globally [1]. The main pathologic 
feature of AS is focal lipid accumulation in atherosclerotic 
plaques that injure the arterial wall. This process leads 
to thickening of the vascular wall and stenosis of the 
blood vessel lumen, which then induce cardiovascular 
and cerebrovascular disease. Foam cell formation from 
mononuclear macrophages is the earliest histologic 
hallmark of AS and interacts with lipid accumulation 
closely in the development and complications of AS. 
Inflammation-induced mononuclear cells migrate from 
blood circulation into the intima of blood vessel walls to 
form macrophages. Macrophages internalize lipoprotein 
cholesterol and release free cholesterol outside of the 
cell by reverse cholesterol transport (RCT). The harmful 
imbalance between the uptake and release of cholesterol 
is a major cause contributing to foam cell formation 
and is also an important pathological contributor to AS 
development. Foam cells afterwards release inflammatory 
cytokines to mediate a non-specific immune response and 
initiate the occurrence and development of AS plaque. 
Because RCT is the most classical and major mechanism 
preventing AS, it is considered an important therapeutic 
drug target for the prevention and treatment of AS [2].  
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preventing inflammation and oxidation damage [12, 13] 
as well as antagonizing coagulation and thrombosis. 
Flavonoids and triterpenoids are cardioprotective [14], 
hepatoprotective [15], and antioxidative compounds [16] 
from Glycyrrhizae radix et rhizome praeparata cum melle 
[17]. Ginsenosides [18] and bile acids [19, 20] are also 
common active ingredients and exhibit cardiovascular 
protective effects due to their anti-inflammatory activity. 
These active compounds might constitute the chemical 
basis of SND in treating a large number of different human 
diseases, including AS.

Although SND is widely used clinically and possesses 
multiple ingredients involved in anti-inflammation, 
cardioprotection, anti-coagulation, and anti-thrombotic 
activity, it still needs further study to fully understand 
the fundamental mechanism in preventing CVD and AS 
by SND. In this study, it was determined that SND could 
enhance the RCT process, and the related indexes and 
possible mechanism in RCT were detected.

2  Materials and methods

2.1  SND extract preparation

Aconiti lateralis radix, Glycyrrhizae radix et rhizome 
praeparata cum melle, and Zingiberis rhizome were sliced, 
dried and mixed with a biomass ratio of 3:3:2. Then the 
materials were soaked in water with a biomass to volume 
ratio of 1:10 for 30 min, followed by boiling for 1 h. After 
repeating 2 times, the supernatant was collected by 
centrifugation and evaporated to a small volume (2.5 g 
raw herbs per ml) in vacuo.

2.2  AS rabbit model and treatment

24 New Zealand white rabbits (3 months old, male, 
weighing 1.8 kg ~ 2.2kg) were purchased from Hunan 
Dongchuang Laboratory Animal Center (Changsha, 
China) and were fed separately. 

After a one-week acclimationperiod,24 rabbits were 
randomly divided into 4 groups. “Chow group” was fed a 
normal diet (n=6). 18 rabbits were fed 120 g/day high fat 
diet(HFD)supplemented with1% cholesterol, 8% lard oil, 
and 0.05% cholate for 12continuousweeks. “HFD group” 
was fed HFD(n=6),”Ator group” was fed HFD and treated 
with atorvastatin at a dose of0.94mg/kg(n=6, q.d.), and 
“SND group” was fed HFD and treated with SND extract at 
a dose of0.904ml/kg(n=6, q.d.). Atorvastatin powder and 
SND extract were mixed into HFD and fed first daily.

The counterparts of AS in traditional Chinese 
medicine (TCM) are exhibited as symptoms such as 
phlegm syndrome [3], obesity, dizziness, chest discomfort, 
apoplexy, and amnesia [4]. AS may be caused by Qi-Yang 
deficiency, phlegm, and blood-stasis according to TCM 
theory. Qi-Yang deficiency is the initial status resulting 
in AS and causes endothelial dysfunction. Endothelial 
dysfunction then brings out pathological phlegm and 
blood-stasis, which are counterparts of AS plaque, 
or excessive lipids in body according to TCM theory. 
Furthermore, phlegm and blood-stasis would be able to 
interact and deteriorate each other. Sini decoction (SND) 
is a classic and famous herbal formula, first documented 
in an ancient Chinese medical book named “Treatise on 
Cold-Induced Febrile Disease” (Shanghan Lun) written 
by Zhang Zhongjing in the Han Dynasty. The medicinal 
history of SND usage can be dated back more than 
2000 years. In treating Yang deficiency, SND is effective 
and affirmative; in treating Qi deficiency, it is partially 
effective. In another Chinese medical book named “Shishi 
Milu” written by Chen Shiduo in the Qing Dynasty, it 
documented that tonifying Qi is the initial, basic, and 
fundamental treatment for the combined syndrome of 
Qi-Yang deficiency with phlegm. These books inspired 
ideas that drugs tonifying Qi and Yang might be used to 
treat disorders of lipids metabolism and also offered a 
reliable rationale for SND in AS treatment. Furthermore, 
long-term clinical application shows that SND can prevent 
CVD [5-8] as well as AS. Using SND and AS as search 
keywords, a literature survey of nationwide databases 
including CNKI (http://cnki.net/), VIP (http://qikan.cqvip.
com/) and Wanfang (http://www.wanfangdata.com.cn), 
respectively reveals 36, 27, and 34 Chinese publications 
on SND usage in treating AS in both clinical and basic 
research. The total number of publications combined is 35. 
Additionally, in international databases, Liu et al [9] has 
identified that SND could alleviate intimal hyperplasia 
and thrombus formation in rabbits undergoing balloon 
injury of the iliac artery.  

The main components of SND include Aconiti lateralis 
radix (Fuzi, ranunculaceae), Glycyrrhizae radix et rhizome 
praeparata cum melle (Zhigancao, Fabaceae), and 
Zingiberis rhizoma (Ganjiang, Zingibeaceae) [10]. Chen et 
al [10] delineated the chemical profile of five types of SND, 
identified 83 total medicinal compounds using HPLC/
MS, and furtherly revealed that 55 compounds from SND 
aqueous extracts could be absorbed into the circulatory 
system of rats. Compounds from SND extracts include 
alkaloids, flavonoids, ginsenosides, triterpenoids, and 
bile acids. Alkaloids from Aconiti lateralis radix are major 
compounds [11] in SND and are particularly effective in 
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2.6  Western blot assay

Frozen tissues (adipose or part of the liver), peritoneal 
macrophages, and PMC were separately homogenized 
and lysed by lysis buffer, then proteins were detected by 
western blot for ABCA1 (ATP-binding cassette transporter 
A1), ApoA-I (apolipoprotein AI), Apo-B (apolipoprotein 
B), PPARγ (peroxisome proliferator-activated receptor 
γ),and LXRα (liver X receptor α). Briefly, the total protein 
content in lysates was measured by Coomassie brilliant 
blue assay (Beyotime, Shanghai, China). Equal amounts 
of protein was electrophoresed on 10% SDS-PAGE and 
transferred to PVDF membranes. The membranes were 
blocked with 5% nonfat dry milk, subsequently incubated 
48 h with primary antibodies at 4°C, and then incubated 
with secondary antibodies (Boster, Wuhan, China) for 2 
h. The blots were visualized using ECL detection reagents 
(Beyotime). Primary antibodies to ABCA1 and Apo-B were 
purchased from Abcam (MA, USA); PPARγ antibody and 
LXRα antibody were purchased from Proteintech (IL, USA); 
and ApoA-I antibody was purchased from MyBioSource 
(CA, USA).

2.7  Statistical analysis

Results were expressed as mean ± SEM. Data were 
analyzed by one-way ANOVA, followed by Student’s two-
tailed t-test for comparison between two groups. P < 0.05 
was considered statistically significant.

3  Results

3.1  SND downregulated TC, TG, LDL-C, and 
upregulated HDL-C

Before HFD feeding (Fig.1A), the serum levels of TC, TG, 
LDL-C, and HDL-C were not different (P>0.05), indicating 
the comparability of the four groups. After 12weeksof HFD 
feeding for hypercholesterolemia and AS induction, TC, 
TG, and LDL-C in HFD rabbits were dramatically elevated 
in the serum and liver with significant difference compared 
to Chow rabbits (Fig.1B and 1C). The results indicated the 
successful establishment of an AS rabbit model. During 
treatment with atorvastatin or SND, TC, LDL-C, and TG 
levels in serum and liver tissues were notably decreased 
compared to HFD rabbits, and SND significantly increased 
HDL-C level, which was much higher than that achieved 

Ethical approval: The research related to animals 
use has been complied with all the relevant national 
regulations and institutional policies for the care and 
use of animals. All animal experiments were carried out 
according to Ethical Committee Acts of Hunan University 
of Chinese Medicine.

2.3  Sample collection

After 12 weeks of HFD treatment and drug administration, 
all rabbits were euthanized by isoflurane inhalation 
until unresponsive to painful stimuli. In order to collect 
peritoneal macrophages, 200 ml PBS was injected into 
the abdominal cavity through a single incision, followed 
by gentle rub. Peritoneal fluid was recovered by using 
a plastic syringe, and peritoneal macrophages were 
harvested from it with centrifugation at 1000 rpm for 5 
min. Peripheral mononuclear cells (PMC) in EDTA blood 
samples were isolated by Ficoll gradient centrifugation. 
For pathological assessment, the proximal aorta near the 
top half of the heart was removed. Livers were rapidly 
excised using the surgical apparatus, then the proximal 
aorta and a part of the liver were fixed separately with 
4% paraformaldehyde. To examine biochemical indexes, 
blood samples were obtained from the abdominal aorta, 
centrifuged at 4°C to collect the serum, and stored at -80°C. 
Adipose tissue and a part of the liver were homogenized 
and centrifuged separately, and the supernatants were 
collected to test the lipid profiles of the tissues.

2.4  Measurement of lipid profiles in serum 
and liver 

Total cholesterol (TC),triglyceride (TG), high-density 
lipoprotein cholesterol (HDL-C), and low-density 
lipoprotein cholesterol (LDL-C)concentrations were 
measured using commercial biochemical kits (Jiancheng 
Bioengineering, Nanjing, China) according to the 
manufacturer’s instructions.

2.5  Pathological staining of Oil red O

The fixed liver and proximal aorta were dehydrated with 
gradient ethanol, embedded in paraffin, serially sectioned 
(5 µm), and stained by Oil red O for the detection of lipid 
deposits. Changes in the liver and arteries were observed.
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3.2  Improvement of lipid accumulation by SND

Due to the improvement against dyslipidemia by SND, we 
further explored the location of accumulated lipid in the 
proximal aorta and liver with Oil red O staining. As shown 
in Fig. 2A and 2B, it presented in normal structures of the 
proximal aorta and liver in the Chow group, rather than 
damaged structures in the HFD group. Arteries developed a 
bubble-shaped structure with lipid accumulation, and hepatic 
lobule damage with excess lipid in the liver was also observed. 
However, after SND treatment, lipid droplet clusters stained 
with Oil red O decreased remarkably in both proximal aorta 
and liver, compared to the HFD group. Abnormal structure in 
proximal aorta and liver was also notably decreased. 

by atorvastatin. This result indicated that the anti-AS 
effect by SND might be associated with the improvement 
of lipid metabolism, and HDL-C increase might participate 
in this process. In addition, HDL-C levels in the serum and 
liver were also affected with a moderate increase following 
long-term HFD feeding (P<0.05). Similar findings were 
also obtained in hypercholesterolemia mice fed a HFD [34, 
35, 36]. However, although HDL-C increased with slightly 
statistical significance, the increasing fold of LDL-C was 
more obvious. It was speculated that there might be some 
compensatory increase in HDL-C aimed at removing 
excess cholesterol, but the increase was far less than that 
of LDL-C. Thus, animals are more likely to suffer from AS 
and CVD by long-term HFD. 

Figure 1. Levels of TC, TG, LDL-C, and HDL-C in serum and liver. Before HFD treatment, TC, TG, LDL-C, and HDL-C levels in serum were 
analyzed(A). After HFD feeding for 12 weeks with or without treatment with SND or atorvastatin, TC, TG, LDL-C, and HDL-C levels in serum (B) 
and liver lysates (C) were analyzed. Data shown as mean ± SEM (n = 6). # P<0.05, compared with Chow group; *P<0.05, compared with HFD 
group. 
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(the cell that macrophages derive from) in Fig.3B and 3C, 
respectively. Increased ABCA1 level was also detected 
in adipose tissue in the SND group, indicating that SND 
had an RCT effect in adipose tissue, which is a type of 
tissue that stores cholesterol (Fig.3D). Furthermore, it 
was interesting that atorvastatin did not increase ABCA1 
expression in peritoneal macrophages (Fig.3B), PMC 
(Fig.3C), or adipose tissue (Fig.3D), compared to the HFD 
group.

3.5  Enhancement of ApoA-I/Apo-B ratio by 
SND in RCT

As shown in Fig.3E, serum ApoA-I rose significantly in the 
HFD group compared with the Chow group (P<0.05) and 
continuously increased with SND treatment compared 
with the HFD group (P<0.05). with the HFD group (P<0.05). 
The serum Apo-B (Fig.3F) concentration remarkably 
increased in the HFD group and concentration remarkably 
increased in the HFD group and effectively decreased after 
SND treatment (P<0.05). Since the ratio of ApoA-I/Apo-B 
has been suggested to be highly predictive in evaluating 
cardiac risk [23], this ratio was also measured. Fig.3G 
shows that, regardless of the elevated trends of ApoA-I and 
Apo-B in the HFD or drug treatment groups, compared to 
the Chow group, the ApoA-I/Apo-B ratio in the HFD group 
decreased significantly, and a notably increased ratio was 
observed in both the Ator and SND group, indicating that 
the ApoA-I/Apo-B ratio is a sensitive index.

3.3  Improvement of RCT through increasin-
gABCA1 and ApoA-I by SND in HFD rabbits

Literature[22] has revealed that the ABCA1-dependent 
pathway promotes cholesterol efflux with the participation 
of lipid-free ApoA-I molecules and small dense HDL-C 
particles, leading to increased HDL-C and decreased 
cholesterol. As shown in Fig. 1B and 1C, enhanced HDL-C 
and suppressed TC by SND were found in the serum and 
liver. Thus, we further explored the effect of SND on 
ABCA1 and ApoA-I.

3.4  Increased ABCA1 protein levels in PMC, 
peritoneal macrophages, liver and adipose 
tissue by SND treatment

ABCA1 is broadly expressed in a variety of tissues and 
cells. We detected the effects of SND on ABCA1 expression 
in liver, macrophages, PMC, and adipose tissue. The liver 
is the site of cholesterol decomposition, and high levels 
of ABCA1 are reported in the liver. As shown in Fig.3A, 
atorvastatin slightly increased ABCA1 level with statistical 
significance (P<0.05), whereas SND dramatically enhanced 
the liver ABCA1 level, nearly achieving the normal level 
found in the Chow group. Macrophages mainly export 
free cholesterol out of the cell (cholesterol efflux) through 
ABCA1 in the RCT process. Consistent with the central role 
of ABCA1 in cholesterol efflux, increased ABCA1 protein 
levels in were found in peritoneal macrophages and PMC 

Figure 2. Pathological staining of Oil red O in proximal aorta and liver. (A) Proximal aorta near the top half of the heart was removed and was 
stained by Oil red O. Representative images are shown (n = 6, ×400, Scale bar: 50 μm). (B) The liver was fixed and stained by Oil red O, and 
representative images are shown (n = 6,×200, Scale bar:100 μm). 
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3.6  Induction of PPARγ and LXRα by SND

PPARγ can indirectly upregulate ABCA1 gene transcription 
by activating LXRα, so the expression of PPARγ and LXRα 
were measured. As shown in Fig.4A, hepatic PPARγ 
was significantly elevated in the HFD group. However, 
atorvastatin and SND could further boost the increase of 
PPARγ higher than that in the HFD group. Similar trends 
were also observed in peritoneal macrophages (Fig.4B) and 
PMC (Fig.4C) in that SND significantly increased PPARγ 

Since the liver is the major tissue synthesizing ApoA-I 
and Apo-B, levels of ApoA-I and Apo-B in the liver were 
measured. Although increasing trends in ApoA-I were found 
in the HFD and Ator groups, there was still no statistical 
significance in either group compared to the Chow group 
(Fig.3H). However, the SND group had a statistically 
significant increase in ApoA-I protein level even compared 
with the HFD group. For Apo-B (Fig.3I), HFD, Ator, and 
SND treatment all elevated Apo-B levels, but there was not 
significant difference between any two groups.

Figure 3. Regulation of ABCA1 expression and ApoA-I/Apo-B ratio by SND. After 12 weeks’ HFD feeding and SND treatment, ABCA1 expres-
sion in liver (A), peritoneal macrophages (B),PMC(C), and adipose tissue (D) were analyzed by western blotting. Serum levels of ApoA-I (E), 
Apo-B (F), and ApoA-I/Apo-B ratio (G) were analyzed by biochemical methods. The protein levels of ApoA-I (H) and Apo-B (I) in livers were 
measured by western blot assay. Data shown as mean ± SEM (n = 6). # P<0.05, compared with Chow group; *P<0.05, compared with HFD 
group.
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signaling pathway; and 4) increased PPARγ and LXRα 
protein levels.

Rabbits as a species are capable of both high 
cholesterol absorption and low lipid clearance so that 
plasma cholesterol can be dramatically elevated by dietary 
cholesterol [24]. Long-term intake of excessive cholesterol 
can induce rabbit hyperlipidemia and AS. In this study, 
compared to the Chow group, a variety of blood lipids 
increased significantly in the HFD group, successfully 
establishing an AS model with hyperlipidemia. Statins 
drugs, including atorvastatin, have fully confirmed anti-
atherosclerotic effects [25]. In this study, the observed 
effect of atorvastatin on lipid profiles is consistent with 
the results of previous reports. That is, compared with 
the HFD group, a very significant lipid-lowering effect of 
TC, TG, and LDL-C in serum is observed. SND treatment 
presented a similar efficacy as atorvastatin in regard 
to preventing high cholesterol levels induced by HFD, 
which resulted in significantly lower levels of TC, TG, and 
LDL-C in serum. Moreover, it was interesting that SND 
upregulated HDL-C in liver and serum more effectively 
than atorvastatin, suggesting that an anti-AS-correlated 

expression in HFD rabbits. In adipose tissue (Fig.4D), 
there was not a statistically significant increase of PPARγ 
level in the SND group compared with the HFD group. 
Moreover, although there was an increase in PPARγ in 
the HFD group compared with the Chow group, statistical 
significance was not observed in peritoneal macrophages 
(Fig.4B) and PMC (Fig.4C). 

Both atorvastatin and SND treatment tended to induce 
LXRα expression in liver (Fig.4E), peritoneal macrophages 
(Fig.4F), and PMC (Fig.4G). In adipose tissue (Fig.4H), 
LXRα upregulation was more effective by SND than by 
atorvastatin.

4  Discussion
Using in vivo assays, the present study explored the 
following effects and mechanism against AS by SND: 
1) relief of deteriorated lipid profiles and increased 
HDL-C levels both in serum and liver; 2) improvement 
of structural abnormality and reduced lipid deposition 
in artery and liver; 3) activation of the ABCA1/Apo-AI 

Figure 4. Expression profiling of PPARγ-LXRα signaling to confirm the mechanism of treating AS by SND. The PPARγ (A-D) and LXRα (E-H) 
proteins levels in liver, peritoneal macrophages, PMC, and adipose tissue were measured by western blotting. The relative quantities were 
analyzed by ImageJ software. Data shown as mean ± SEM (n = 6). # P<0.05, compared with Chow group; *P<0.05, compared with HFD group.
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might explain the structure protection in the liver and 
proximal aorta seen in pathological results. 

PPARγ can indirectly upregulate ABCA1 gene 
transcription [30-32] through LXRα activation. The dimer 
of PPARγ and retinoic acid X receptor (RXR) binds to 
the promoter region of target genes for transcription 
activation. Furthermore, PPARγ agonists can remove 
cholesterol from human macrophage foam cells through 
the upregulation of ABCA1 and HDL-C, which decreases 
the ratio of cholesterol ester to free cholesterol [33]. The 
LXRα gene is a target of PPARγ, and ABCA1 promoters 
are regulated by the LXRα/RXR heterodimer [37, 38]. As 
a consequence of this transcriptional cascade, PPARγ 
and LXRα cooperate to promote ABCA1 expression and 
cholesterol efflux from macrophages. In this present 
study, SND significantly enhanced protein levels of PPARγ 
and LXRα in multiple tissues, indicating that SND could 
activate PPARγ and enhance LXRα both intracellularly 
and on an organ level. The results might explain increased 
ABCA1 expression in various tissues, since PPARγ and 
LXRα activate ABCA1 gene transcription.

In addition, we also found that the expression 
of PPARγ and LXRα in the HFD group were slightly 
upregulated in the liver (P<0.05) and remained unchanged 
in peritoneal macrophages, PMC, and adipose tissue, 
whereas the ABCA1 level in the HFD group decreased 
significantly in the liver, peritoneal macrophages, PMC, 
and adipose tissue. This might be explained by the 
proposal that ABCA1 is not only regulated by PPARγ and 
LXRα on the transcriptional level in the HFD rabbits but 
also was affected by other signaling pathways, such as 
the microRNA pathway. Goedeke [39] has summarized the 
microRNA regulation of ABCA1. Considering the abnormal 
decrease of ABCA1 in the HFD group of this study and the 
transcriptional cascade of PPARγ-LXRα signaling, it was 
speculated that SND perhaps not only upregulates ABCA1 
expression through PPARγ-LXRα signaling but also might 
regulate and increase ABCA1 through other mechanisms. 

5  Conclusion
Overall, the study showed that Sini decoction could 
reduce atherosclerosis in rabbits fed with a high fat 
diet by regulating the PPARγ, LXRα, and ABCA1-ApoA-I 
pathways and could reverse the transport of blood lipids 
from peripheral blood and adipose tissue to liver tissue 
to achieve a protective effect against atherosclerosis. 
However, the mechanism is very complex. Further studies 
are needed.

RCT mechanism should be explored, and RCT might be a 
superior mechanism in treating AS by SND. In addition, 
pathological section stained with Oil red O confirmed 
that SND reversed lipid accumulation and structural 
damage both in liver tissue and the proximal aorta. The 
results on the structural protection of the proximal aorta 
were consistent with Liu’s report [9]. In regard to liver 
protection, Luo [26] has reported that modified SND could 
preserve liver function and prolong the survival time of 
acute liver failure rats. 

Due to liver protection by SND, as well as the close 
relationship between the liver and RCT, key molecules 
in RCT were investigated to seek the possible mechanism 
involved in treating AS by SND. HDL-C-mediated RCT 
plays an important protective role against hyperlipidemia 
and AS development [27]. In the RCT process, outside 
HDL-C loads and transports cholesterol into the 
liver for cholesterol decomposition. As a result, the 
process protects peripheral tissues from excessive lipid 
accumulation and the development of atherosclerotic 
plaques. ABCA1 belongs to the superfamily of ATP-
binding cassette (ABC) transporters and mediates the 
efflux of intracellular cholesterol to ApoA-I to produce 
HDL-C, which subsequently controls AS formation 
and lipid metabolism. ApoA-I is the most abundant 
protein in the HDL-C particle and plays the carrier role 
by incorporating cholesterol and phospholipids to 
form the HDL-C particle. Apo-B is correlated with LDL-C 
concentration and clearance [28] because Apo-B, as the 
main component of LDL-C, can remove LDL-C from lipid 
circulation by binding with the LDL-C receptor. In this 
study, ABCA1 expression was elevated by SND in PMC of 
blood, and it was consistent with the increased trend of 
ApoA-I in the serum of the SND group, which indicated a 
relationship between ABCA1 and ApoA-I. Since the liver 
synthesizes ABCA1 and ApoA-I, their expression levels in 
the liver were also investigated, and a dramatic increase 
in the two proteins could be detected in the SND group. 
This proved that SND could upregulate the synthesis of 
ABCA1 and ApoA-I in the liver, potentially accounting for 
its protective effect in the circulatory system. Although 
levels of ApoA-I and Apo-B in serum and liver both rose 
in HFD rabbits after SND treatment, the ApoA-I/Apo-B 
ratio was significantly elevated, which indicates that this 
index is very sensitive. Huang et al [29] found that the 
ApoA-I/Apo-B ratio was strongly and positively associated 
with carotid intima-media thickness in a study with a 
large sample size (6069 participants). It indicated that an 
elevated ApoA-I/Apo-B ratio resulting from SND treatment 
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ABBREVIATIONS
ABCA1: ATP-binding cassette transporter A1; ApoA-I: 
apolipoprotein AI; Apo-B: apolipoprotein B; AS: 
atherosclerosis; CVD: cardiovascular disease; HDL-C: 
high-density lipoprotein cholesterol; HFD: high fat 
diet; LDL-C: low-density lipoprotein cholesterol; LXRα: 
liver X receptor α; PMC: peripheral mononuclear cells; 
PPARγ: peroxisome proliferator-activated receptor γ; RCT: 
reverse cholesterol transport; SND: Sini decoction; TC: 
total cholesterol; TCM: traditional Chinese medicine; TG: 
triglyceride.

Funding: This study was supported by grants from the 
National Natural Science Foundation of China (Grant 
No.81373716, No.81874509, No.81704182), National 
Program on Key Basic Research Project of China (973 
Program, Grant No. 2015CB554502), Hunan Research 
Project of Traditional Chinese Medicine (Grant No. 201518), 
the Planned Science and Technology Project of Hunan 
Province, China (Grant No. 2013SK3090) and Hunan 
Planned Science & Technology & Innovation Project 
(Innovation Platform and Talent) (Grant No. 2017RS3052). 

Conflict of interest: Authors state no conflict of interest

References
[1]	 Saeed A, Dabhadkar K, Virani SS, Jones PH, Ballantyne 

CM, Nambi V. Cardiovascular Disease Prevention: Training 
Opportunities, the Challenges, and Future Directions. Curr 
Atheroscler Rep. 2018;20(7):35.

[2]	 Rohatgi A. High-Density Lipoprotein Function Measurement 
in Human Studies: Focus on Cholesterol Efflux Capacity. Prog 
Cardiovasc Dis. 2015;58(1):32-40.

[3]	 Zhao L, Wei HF, Zhang L, Li YL, Li L. Study on biological basis of 
phlegm and blood stasis syndromes in TCM. Chin J Tradit Chin 
Med Pharm. 2008;23(8):680-683.

[4]	 Deng XF, Xie CG, Zhang HM. TCM review on blood fat abnormal. 
Chinese Journal of the Practical Chinese with Modern Medicine. 
2007;1397-1398.

[5]	 Zhang LF, Wang J, Wang ZJ. Study on clinical intervention 
of Jiawei Shengdan Louxie Sini fang on coronary heart 
disease with depression. Zhongguo Zhong Yao Za Zhi. 
2012;37(20):3150-4. (Chinese)

[6]	 Su H, Zou R, Liu Y, Li X. Study the efficacy of SiNi Jia 
RenShen broth treatment in patients with silent myocardial 
ischemia(SMI) after subacute myocardial infarction. Chinese 
Archives of Traditional Chinese Medicine. 2004;23:1415–1417. 
(Chinese)

[7]	 Qin J, Liu H, Jin M, Wu G, Meng J. Clinic observation of sini 
capsule on treating different syndrome with the same principle 
in angina patients. Zhong Yao Cai. 2005;28(10):962-4. 
(Chinese)

[8]	 Jin M, Qin J, Wu W. Clinical study on “sini” decoction in treating 
stenocardia for coronary heart disease. Zhong Yao Cai. 
2003;26(1):71-3. (Chinese)

[9]	 Liu Y, Qian XX, Wu WK, Zhou B, Chen L, Liu JL. Effects of Sini 
decoction on vascular stenosis after iliac artery balloon injury 
and oxidative stress in rabbits. Nan Fang Yi Ke Da Xue Xue Bao. 
2006;26(11):1559-62. (Chinese)

[10]	 Chen Q, Xiao S, Li Z, Ai N, Fan X. Chemical and Metabolic 
Profiling of Si-Ni Decoction Analogous Formulae by High 
performance Liquid Chromatography-Mass Spectrometry. Sci 
Rep. 2015;5:11638.

[11]	 Singhuber J, Zhu M, Prinz S, Kopp B. Aconitum in traditional 
Chinese medicine: a valuable drug or an unpredictable risk? J 
Ethnopharmacol. 2009;126(1):18-30.

[12]	 Zhou G, Tang L, Zhou X, Wang T, Kou Z, Wang Z. A review 
on phytochemistry and pharmacological activities of the 
processed lateral root of Aconitum carmichaelii Debeaux. J 
Ethnopharmacol. 2015;160:173-93.

[13]	 Zhao D, Wang J, Cui Y, Wu X. Pharmacological effects of Chinese 
herb aconite (fuzi) on cardiovascular system. J Tradit Chin Med. 
2012;32(3):308-13.

[14]	 Fu X, Lu R, Zhao S. Simultaneous quantitation of six 
aconitum alkaloids and three flavonoids in the herb couple 
of radix aconiti lateralis-radix glycyrrhizae (Fuzi-Gancao) by 
UHPLC-ESI-MS/MS. Pharmacogn Mag. 2017;13(51):425-429.

[15]	 Shaw LH, Lin LC, Tsai TH. HPLC-MS/MS analysis of a traditional 
Chinese medical formulation of Bu-Yang-Huan-Wu-Tang and its 
pharmacokinetics after oral administration to rats. PloS One. 
2012;7(8):e43848.

[16]	 Fu Y, Chen J, Li YJ, Zheng YF, Li P. Antioxidant and 
anti-inflammatory activities of six flavonoids separated from 
licorice. Food Chem. 2013;141(2):1063-71.

[17]	 Yang R, Li W, Yuan B, Ren G, Wang L, Cheng T, et al. The genetic 
and chemical diversity in three original plants of licorice, 
Glycyrriza uralensis Fisch., Glycyrrhiza inflata Bat. And 
Glycyrrhiza glabra L. Pak J Pharm Sci. 2018;31(2):525-535.

[18]	 Feng R, Liu J, Wang Z, Zhang J, Cates C, Rousselle T, et al. The 
structure-activity relationship of ginsenosides on hypoxia-
reoxygenation induced apoptosis of cardiomyocytes. Biochem 
Biophys Res Commun. 2017;494(3-4):556-568.

[19]	 Voiosu A, Wiese S, Voiosu T, Bendtsen F, Møller S. Bile 
acids and cardiovascular function in cirrhosis. Liver Int. 
2017;37(10):1420-1430.

[20]	 Mayerhofer CCK, Ueland T, Broch K, Vincent RP, Cross GF, 
Dahl CP, et al. Increased Secondary/Primary Bile Acid Ratio in 
Chronic Heart Failure. J Card Fail. 2017;23(9):666-671.

[21]	 Liu M, Qiang QH, Ling Q, Yu CX, Li X, Liu S, Yang S. Effects of 
Danggui Sini decoction on neuropathic pain: experimental 
studies and clinical pharmacological significance of inhibiting 
glial activation and proinflammatory cytokines in the spinal 
cord. Int J Clin Pharmacol Ther. 2017;55(5):453-464.

[22]	 Du XM, Kim MJ, Hou L, Le Goff W, Chapman MJ, Van Eck 
M, et al. HDL particle size is a critical determinant of 
ABCA1-mediated macrophage cellular cholesterol export. Circ 
Res. 2015;116(7):1133-42.

[23]	 Walldius G, Jungner I, Holme I, Aastveit AH, Kolar W, 
Steiner E. High apolipoprotein B, low apolipoprotein A-I, 
and improvement in the prediction of fatal myocardial 
infarction (AMORIS study): a prospective study. Lancet. 
2001;358(9298):2026-33.



Sini decoction and atherosclerosis     455

[24]	 Rudel LL, Morris MD, Felts JM. The transport of exogenous 
cholesterol in the rabbit. I. Role of cholesterol ester of lymph 
chylomicra and lymph very low density lipoproteins in 
absorption. J Clin Invest. 1972;51(10):2686-92.

[25]	 Pichardo-Almarza C, Diaz-Zuccarini V. Understanding the 
Effect of Statins and Patient Adherence in Atherosclerosis 
via a Quantitative Systems Pharmacology Model Using a 
Novel, Hybrid, and Multi-Scale Approach. Front Pharmacol. 
2017;8:635.

[26]	 Luo J, Zhang Y, Hu X, Zhong S, Chen G, Wang Y, et al. The effects 
of modified sini decoction on liver injury and regeneration 
in acute liver failure induced by D-galactosamine in rats. J 
Ethnopharmacol. 2015;161:53-9.

[27]	 Fisher EA, Feig JE, Hewing B, Hazen SL, Smith JD. High-density 
lipoprotein function, dysfunction, and reverse cholesterol 
transport. Arterioscler Thromb Vasc Biol. 2012;32(12):2813-20.

[28]	 Viney NJ, Yeang C, Yang X, Xia S, Witztum JL, Tsimikas S. 
Relationship between “LDL-C”, estimated true LDL-C, apolipo-
protein B-100, and PCSK9 levels following lipoprotein(a) 
lowering with an antisense oligonucleotide. J Clin Lipidol. 
2018. Pii: S1933-2874(18)30065-5.

[29]	 Huang F, Yang Z, Xu B, Bi Y, Xu M, Xu Y, et al. Both serum 
apolipoprotein B and the apolipoprotein B/apolipoprotein A-I 
ratio are associated with carotid intima-media thickness. PloS 
One. 2013;8(1):e54628.

[30]	 Ikhlef S, Berrougui H, Kamtchueng Simo O, Khalil A. 
Paraoxonase 1-treated oxLDL promotes cholesterol efflux from 
macrophages by stimulating the PPARγ-LXRα-ABCA1 pathway. 
FEBS Lett. 2016;590(11):1614-29.

[31]	 Jiang T, Ren K, Chen Q, Li H, Yao R, Hu H, et al. Leonurine 
Prevents Atherosclerosis Via Promoting the Expression 
of ABCA1 and ABCG1 in a Pparγ/Lxrα Signaling 
Pathway-Dependent Manner. Cell Physiol Biochem. 
2017;43(4):1703-1717.

[32]	 Babaev VR, Ishiguro H, Ding L, Yancey PG, Dove DE, Kovacs 
WJ, et al. Macrophage expression of peroxisome proliferator-
activated receptor-alpha reduces atherosclerosis in 
low-density lipoprotein receptor-deficient mice. Circulation. 
2007;116(12):1404-12.

[33]	 Chinetti G, Lestavel S, Bocher V, Remaley AT, Neve B, Torra IP, et 
al. PPAR-alpha and PPAR-gamma activators induce cholesterol 
removal from human macrophage foam cells through 
stimulation of the ABCA1 pathway. Nat Med. 2001;7(1):53-8.

[34]	 Kolbus D, Ramos OH, Berg KE, Persson J, Wigren M, Björkbacka 
H, et al. CD8+ T cell activation predominate early immune 
responses to hypercholesterolemia in Apoe⁻(/)⁻ mice. BMC 
Immunol. 2010;11:58.

[35]	 Dithmar S, Sharara NA, Curcio CA, Le NA, Zhang Y, Brown S, 
et al. Murine high-fat diet and laser photochemical model 
of basal deposits in Bruch membrane. Arch Ophthalmol. 
2001;119(11):1643-9.

[36]	 Lee J, Narayan VP, Hong EY, Whang WK, Park T. Artemisia 
Iwayomogi Extract Attenuates High-Fat Diet-Induced 
Hypertriglyceridemia in Mice: Potential Involvement of the 
Adiponectin-AMPK Pathway and Very Low Density Lipoprotein 
Assembly in the Liver. Int J Mol Sci. 2017;18(8). Pii: E1762.

[37]	 Costet P, Luo Y, Wang N, Tall AR. Sterol-dependent transac-
tivation of the ABC1 promoter by the liver X receptor/retinoid X 
receptor. J Biol Chem. 2000;275(36):28240-5.

[38]	 Schwartz K, Lawn RM, Wade DP. ABC1 gene expression and 
ApoA-I-mediated cholesterol efflux are regulated by LXR. 
Biochem Biophys Res Commun. 2000;274(3):794-802.39.

[39]	 Goedeke L, Aranda JF, Fernández-Hernando C. microRNA 
regulation of lipoprotein metabolism. Curr Opin Lipidol. 
2014;25(4):282-8.


