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INTRODUCTION 
 

Atherosclerosis (AS), caused by abnormal lipid 

metabolism, is a disorder featured by the plaque 

formation in large and medium-sized arterial walls [1]. 

AS is the major pathological basis of chronic 

cardiovascular diseases such as myocardial infarction 

and stroke [2], and there is an increased prevalence of 

AS, which has seriously affected the health of aging 

population. Recent studies have suggested that AS is a 

form of inflammation mainly caused by inflamed 

vascular smooth muscle cells (VSMCs) [3, 4]. The 

activation, migration, and proliferation of VSMCs from 

the media to the intima of the arterial wall are necessary 

steps in the formation of atherosclerotic plaques [4]. 

Therefore, suppressing inflammation in VSMCs may be 

a potential strategy to inhibit AS progression. In 

addition, compelling evidence has demonstrated that 

vascular oxidative stress participates in the pathogenesis 

of AS [5, 6]. Besides that, more recent studies have 

suggested that mitochondria [7], endothelial dysfunction 

[8], and interplay between inflammation and immune 

cells [9, 10] are associated with AS progression. 

However, the complicated pathogenesis of AS has not 

been fully understood. Therefore, in-depth study of the 

pathogenic mechanism of AS and searching for effective 

treatment are needed. 

 

Honokiol is a small-molecule polyphenol, extracted 

from the Chinese herbal medicine, Magnolia officinalis. 
Honokiol possesses various pharmacological activities, 

such as anti-inflammatory, anti-thrombotic, and anti-

tumor activities [11]. A series of recent studies also 

show that honokiol may have anti-atherogenic potential 

through anti-platelet [12], lowering blood pressure [13], 

and hypoglycemic action [14]. A previous study has 

www.aging-us.com AGING 2020, Vol. 12, No. 9 

Research Paper 

Honokiol inhibits carotid artery atherosclerotic plaque formation by 
suppressing inflammation and oxidative stress 
 

Yuan Liu1, Peng Cheng1, An-Hua Wu1 
 
1Department of Neurosurgery, The First Hospital of China Medical University, Shenyang, Liaoning, China 
 

Correspondence to: An-hua Wu, Peng Cheng; email: wuanhua@yahoo.com, chengpengcmu@sina.com 
Keywords: atherosclerosis, honokiol, inflammation, oxidative stress, NF-κB 
Received: July 13, 2019 Accepted: March 30, 2020  Published: May 4, 2020 
 

Copyright: Liu et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and 
source are credited. 
 

ABSTRACT 
 

Honokiol is a natural active compound extracted from Chinese herbal medicine, Magnolia officinalis. In this 
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weeks, a perivascular collar was surgically placed on the right common carotid arteries of the mice. Then, WD-
fed mice were intraperitoneally injected with honokiol (10 or 20 mg/kg) or administrated with 10 mg/kg 
atorvastatin calcium by gavage once a day for eight weeks. After that, the right common carotid arteries were 
excised for further experiments. The result showed that honokiol substantially inhibited the development of 
atherosclerotic lesions. Furthermore, honokiol downregulated the expression of pro-inflammatory markers, like 
tumor necrosis factor-α, interleukin (IL)-6, and IL-1β. Additionally, honokiol treatment decreased reactive 
oxygen species level and enhanced superoxide dismutase activity. Nitric oxide level, inducible nitric oxide 
synthase (iNOS) expression, and aberrant activation of nuclear factor-κB pathway were also significantly 
inhibited by honokiol treatment. Together, these findings suggest that honokiol protects against atherosclerotic 
plaque formation in carotid artery, and may be an effective drug candidate for the treatment of carotid artery 
atherosclerotic stenosis. 
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showed that honokiol inhibits tumor necrosis factor-α 

(TNF-α)-induced neutrophil adhesion and vascular cell 

adhesion molecule-1 (VCAM-1) expression in cerebral 

endothelial cells by downregulating nuclear factor-κB 

(NF-κB), an inflammatory transcription factor [15]. 

Moreover, honokiol inhibits TNF-α-induced migration 

of VSMCs by suppressing the activation of NF-κB 

signaling pathway [16]. Honokiol has also been 

reported to ameliorate endothelial dysfunction in 

atherosclerotic cells [17]. However, it is not yet clear 

whether honokiol could inhibit atherosclerotic lesions in 
vivo. Therefore, in this study, we employed an in vivo 

carotid artery atherosclerotic plaque model in ApoE-/- 

mice, and investigated the effect of honokiol on the 

formation of atherosclerotic plaque and its potential 

biological mechanisms. This study may help us to 

develop new strategies for the treatment of carotid 

artery atherosclerotic stenosis. 

 

RESULTS 
 

Honokiol alleviated the formation of carotid 

atherosclerotic plaque in ApoE-/- mice 
 

To determine the effect of honokiol on the progression 

of atherosclerotic plaques, the sections of carotid arteries 

were subjected to HE staining. As shown in Figure 1A, 

the presence of atherosclerotic plaques and thickening of 

the artery walls were observed in the carotid artery of 

ApoE-/- mice fed with Western-type diet (WD). These 

changes could be alleviated by the treatment with 

honokiol or Atorvastatin calcium (ATV). Moreover, 

aortic collagen was detected by Masson trichrome 

staining. The result showed that the collagen deposition 

highlighted in blue by Masson trichrome staining was 

significantly enhanced in mice with AS (Figure 1B). As 

expected, honokiol and ATV treatment effectively 

inhibited collagen formation in arterial walls. Phenotypic 

switching of VSMCs by inhibiting the expression of  

α-smooth muscle actin (α-SMA) has been identified as one 

of the major causes of atherosclerotic plaque formation 

[19]. Thus, the formation of atherosclerotic plaque was 

further evaluated by immunohistochemical staining of  

α-SMA (Figure 1C, 1D). The data demonstrated that the 

expression of α-SMA was significantly decreased in the 

WD group. This also could be inhibited by honokiol  

or ATV treatment. Collectively, these data suggested 

that honokiol could alleviate the formation of carotid 

atherosclerotic plaque induced by WD in vivo. 

 

Honokiol inhibited the inflammatory response and 

oxidative stress in AS mice 

 

Inflammatory response plays important roles in the 

occurrence and development of AS. To determine  

the effect of honokiol on inflammatory response, we 

measured the expression of three pro-inflammatory 

cytokines, including tumor necrosis factor (TNF)-α, 

interleukin (IL)-6, and IL-1β, in carotid tissue. As shown 

in Figure 2A–2C, compared with the normal diet (ND) 

group, the mRNA levels of TNF-α, IL-6, and IL-1β were 

significantly increased in the carotid tissues of ApoE-/- 

mice fed with WD. Treatment with honokiol or ATV 

significantly down-regulated the elevated expression of 

TNF-α, IL-6, and IL-1β induced by WD (Figure 2A–2C). 

Oxidative stress is triggered by inflammation during AS. 

Therefore, we further investigated the effect of honokiol 

on reactive oxygen species (ROS) production and 

superoxide dismutase (SOD) activity. As shown in 

Figure 2D, 2E, in comparison with the ND group, the 

level of ROS was increased, while the activity of SOD 

was decreased in the carotid tissues of AS mice. These 

changes could be reversed by honokiol or ATV 

treatment. In addition, there was a dose-dependent 

relationship with the therapeutic effect of honokiol, and 

20 mg/kg honokiol had beneficial effects comparable to 

that of 10 mg/kg of ATV. Taken together, honokiol 

inhibited the inflammatory response and oxidative stress 

in AS mice. 

 

Honokiol suppressed nitric oxide (NO) production 

and inducible nitric oxide synthase (iNOS) expression 

in carotid tissue of AS mice 
 

Next, we investigated whether honokiol influenced the 

production of NO, an important chemical messenger, in 

carotid tissue. As shown in Figure 3A, in comparison 

with the ND group, the level of NO was markedly 

upregulated in ApoE-/- mice fed with WD. This effect 

could be attenuated by honokiol or ATV treatment. 

Since the synthesis of NO is catalyzed by iNOS, we 

further investigated iNOS expression in carotid tissue. 

As shown in Figure 3B, iNOS mRNA expression was 

increased in mice with AS. As expected, the data 

confirmed that honokiol or ATV treatment could down-

regulate the increased protein level of iNOS in carotid 

tissue of mice with AS (Figure 3C, 3D). In addition, the 

effect of honokiol was dose-dependent, and 20 mg/kg 

honokiol had stronger beneficial effects than 10 mg/kg 

of ATV. Together, honokiol suppressed NO production 

and iNOS expression in carotid tissue of AS mice. 

 

Honokiol inhibited the activation of NF-κB signaling 

pathway in AS mice 

 

The NF-κB signaling pathway has been reported to be 

involved in the regulation of inflammatory response 

[20]. Based on this observation, we sought to examine 

the effect of honokiol on NF-κB signaling pathway. As 

shown in Figure 4A–4C, compared with the ND group, 

WD group had an increased p-IκBα and NF-κB 

expression in the nuclei. Meanwhile, the expression 
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Figure 1. Effect of honokiol on the formation of carotid atherosclerotic plaque in ApoE-/- mice. (A) Representative HE staining 
images showing the formation of atherosclerotic plaque and vascular morphology changes (black solid scale bar: 100μm for 200×; black solid 
arrows point to the thickened intima and plaque). (B) Representative Masson trichrome staining images showing aortic collagen formation 
(black solid scale bar: 100μm for 200X; hollow scale bar: 50μm for 400X; black solid arrows point to the thickened intima and plaque; hollow 
arrows point to blue stained collagen). (C) The expression of α-SMA in carotid tissue was assessed by immunohistochemical staining (hollow 
scale bar: 50μm for 400X; black solid arrows point to the thickened intima and plaque; black dotted arrows point to brownish colored  
α-SMA). (D) The average integral optical density of α-SMA in carotid tissue was quantitatively analyzed by Gel-Pro Analyzer 4.5 software.  
(n = 6; *P < 0.05, **P < 0.01, ***P < 0.001, vs. the ND group. # P < 0.05, ## P < 0.01, ### P < 0.001, vs. the WD group; one-way ANOVA).  
ND: normal diet; WD: Western-type diet; α-SMA: α-smooth muscle actin. 
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levels of IκBα and NF-κB in the cytoplasm were 

reduced in ApoE-/- mice fed with WD. These changes 

could be suppressed by administration with honokiol or 

ATV (Figure 4A–4C). Moreover, the EMSA assay was 

performed to assess the DNA-binding activity of NF-

κB. As shown in Figure 4D, the DNA-binding activity 

of NF-κB was enhanced in mice with AS. This effect 

could be attenuated by honokiol treatment. The effect of 

honokiol was still dose-dependent, but 20 mg/kg 

honokiol had less beneficial effects than 10 mg/kg of 

ATV. Together, honokiol had a protective effect against 

the activation of NF-κB signaling pathway in AS mice. 

 

 
 

Figure 2. Effect of honokiol on inflammatory response and oxidative stress in the carotid tissue of atherosclerotic mice.  
(A–C) The mRNA expression of TNF-α (A), IL-6 (B), and IL-1β (C) in carotid tissue was detected by real-time PCR. (n = 6; * P < 0.05, ** P < 0.01, 
*** P < 0.001, vs. the ND group. # P < 0.05, ## P < 0.01, ### P < 0.001, vs. the WD group; one-way ANOVA). (D, E) The ROS level (D) and SOD 
activity (E) in carotid tissue were detected by commercial kits in the indicated group. (n = 6; * P < 0.05, ** P < 0.01, *** P < 0.001, vs. the ND 
group. # P < 0.05, ## P < 0.01, ### P < 0.001, vs. the WD group; one-way ANOVA). TNF-α: Tumor necrosis factor-α; interleukin-6: IL-6; and 
interleukin-1β: IL-1β; ND: normal diet; WD: Western-type diet; ROS: reactive oxygen species; SOD: superoxide dismutase. 
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Figure 3. Effect of honokiol on NO production and iNOS expression in the carotid tissue of atherosclerotic mice. (A) The 
amount of nitric oxide in carotid tissue from the indicated experimental groups. (n = 6; * P < 0.05, ** P < 0.01, *** P < 0.001, vs. the ND 
group. # P < 0.05, ## P < 0.01, ### P < 0.001, vs. WD group; one-way ANOVA). (B) The mRNA expression of iNOS in carotid tissue obtained 
from the indicated groups was detected by real-time PCR. (n = 6; * P < 0.05, ** P < 0.01, *** P < 0.001, vs. the ND group. # P < 0.05,  
## P < 0.01, ### P < 0.001, vs. the WD group; one-way ANOVA). (C) Western blotting was performed to evaluate iNOS protein expression in 
carotid tissue obtained from the indicated groups (upper panel). β-actin was served as a loading control. Quantification of the band density is 
shown in the right panel. (n = 6; * P < 0.05, ** P < 0.01, *** P < 0.001, vs. the ND group. # P < 0.05, ## P < 0.01, ### P < 0.001, vs. the WD 
group; one-way ANOVA). (D) Representative immunohistochemical staining images of iNOS in carotid tissue obtained from the indicated 
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groups (hollow scale bar: 50μm for 400X; black solid arrows point to the thickened intima and plaque; black dotted arrows point to brownish 
colored α-SMA). The average integral optical density of iNOS in carotid tissue was quantitatively analyzed and shown in the right panel.  
(n = 6; * P < 0.05, ** P < 0.01, *** P < 0.001, vs. the ND group. # P < 0.05, ## P < 0.01, ### P < 0.001, vs. the WD group; one-way ANOVA). NO: 
Nitric oxide; iNOS: inducible nitric oxide synthase; ND: normal diet; WD: Western diet. 

 

 
 

Figure 4. Effect of honokiol on the activation of NF-κB signaling pathway in mice with carotid artery atherosclerosis. (A–C) The 
protein levels of p-IκBα, IκBα (A), cytoplasmic NF-κB (B), and nuclear NF-κB (C) were assessed by western blotting analysis. β-actin or histone 
H3 was used as a loading control for cytoplasmic or nuclear protein, respectively. (n = 6; * P < 0.05, ** P < 0.01, *** P < 0.001, vs. the ND 
group. # P < 0.05, ## P < 0.01, ### P < 0.001, vs. the WD group; one-way ANOVA). (D) The DNA binding activities of NF-κB in carotid tissue 
from the indicated groups were detected by EMSA assay. (n = 6; * P < 0.05, ** P < 0.01, *** P < 0.001, vs. the ND group. # P < 0.05,  
## P < 0.01, ### P < 0.001, vs. the WD group; one-way ANOVA). NF-κB: nuclear factor-κB; IκBα: inhibitor of NF-κB; ND: normal diet; WD: 
Western diet; EMSA: electrophoretic mobility shift assay. 
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DISCUSSION 
 

As the recommendation of clinical guidelines in many 

countries [18], the effects of statins on the prevention  

of atherosclerotic cardiovascular and cerebrovascular 

accidents have been confirmed by a variety of studies 

[19–21]. However, statins related complications in 

clinical, such as rhabdomyolysis, new-onset diabetes 

mellitus and hemorrhagic stroke are dose-dependent 

[22]. Thus, new drug candidates to replace statins or at 

least reduce its dosage need to be further investigated. 

 

The occurrence of AS is a complex pathological process 

that involves a variety of inducing factors. Honokiol has 

been demonstrated to have broad pharmacological 

activities [11]. In this study, we provided evidences  

on the anti-atherosclerosis effect of honokiol with  

an ApoE-/- mouse model and compare its effect  

with statins for the first time. ApoE-/- mice were first 

created in 1992, and may spontaneously develop 

hypercholesterolemia and AS [23, 24]. The pathological 

course, histopathologic distribution, and structure of 

ApoE-/- mice are very similar to those in humans;  

thus, ApoE-/- mouse is an ideal model for AS research 

[25]. According to our data, honokiol significantly 

suppressed the formation of atherosclerotic plaque in 

ApoE-/- mouse fed with WD. In mechanism, honokiol 

inhibited the inflammatory response and oxidative stress 

in AS mice by suppressing the activation of NF-κB 

signaling pathway and decreasing nitric oxide (NO) 

production. 

 

In comparison to previous reports via cell models  

[15–17], the present work is an in vivo model study. 

Compared with the only published study of honokiol  

on its antiatherogenic effects in vivo which used carotid 

artery balloon injury model with perivascular honokiol 

application [26], we employed the WD-induced 

arteriosclerosis model with intraperitoneal injection of 

honokiol. Since our modeling method did not directly 

damage the integrity of vascular intima, the 

atherosclerotic vessels obtained were more in line with 

the real pathophysiological process of atherosclerotic 

development. Besides, the pharmacokinetics study 

indicated that part of the pharmacological activity  

of honokiol might be generated by its conjugated 

metabolites [27]. Therefore, the clinical relevance of 

current data, obtained by intraperitoneal administration 

of honokiol, is closer to the actual clinical situation. 

 

Growing evidence has indicated that AS is a chronic 

inflammatory disease [1]. Inflammation and a variety of 

pro-inflammatory cytokines play important roles in the 

occurrence and development of AS. TNF-α is an 

important pro-inflammatory cytokine expressed in 

atherosclerotic lesions [28]. The level of TNF-α is 

closely related to carotid intima-media layer thickening, 

dyslipidemia, and AS [29]. Ohta et al. showed that 

knockdown of TNF-α expression significantly 

decreased the atherosclerotic plaque area in ApoE-/- 

mice [30]. IL-6 is another representative inflammatory 

cytokine and its expression is significantly elevated in 

local plaques of AS [31]. Furthermore, it has been 

confirmed that IL-6 is a risk factor for AS, which is 

comparable to blood pressure and cholesterol level [32]. 

An injection of recombinant IL-6 can promote 

atherosclerotic plaque formation in ApoE-/- mice [33]. 

Moreover, an anti-mouse IL-6 receptor antibody 

(MR16-1) could suppress the formation of atherosclerotic 

lesion in LDLr-/- mice [34]. IL-1β has also been proved 

to contribute to the progression of AS [35]. Bhaskar et 

al. showed that XOMA 052, an anti-IL-1β antibody, 

inhibited the secretion of atherogenic cytokines and the 

release of degradative enzymes in vitro, and suppressed 

atherosclerotic lesion formation in vivo [36]. Our results 

showed that honokiol treatment effectively inhibited the 

expression of TNF-α, IL-6, and IL-1β in carotid tissue 

of ApoE-/- mice fed with WD, even better than ATV. 

This suggested that honokiol might be a potential drug 

for the treatment of AS. Furthermore, oxidative stress  

is considered to be involved in the pathological 

processes of AS. ROS production, due to an oxidative 

and anti-oxidative imbalance, may cause endothelial 

cell damage and monocyte activation to macrophages 

[37]. Moreover, excessive generation of ROS can 

induce the proliferation and migration of VSMCs, which 

aggravates intimal hyperplasia [38]. Therefore, 

excessive ROS production promotes AS progression. 

Our results showed that the ROS level in AS mice was 

markedly downregulated by honokiol. This also 

indicated a promising future for honokiol in the 

development of therapeutic strategy for AS. SOD is a 

native antioxidant enzyme that can eliminate ROS and 

protect the body from oxidative damage. It has been 

reported that enhancing SOD activity may delay the 

development of AS [5]. In the present study, the activity 

of SOD in the carotid tissue was enhanced by treatment 

with honokiol. This may be one of the mechanisms for 

the anti-AS activity of honokiol. 

 

NO, is an important bioactive molecule and widely exists 

in various cells and tissues. Under physiological 

condition, NO has a variety of functions, including 

mediating vascular smooth muscle relaxation, preventing 

platelet aggregation, and reducing pulmonary circulation 

resistance [39]. However, under the pathological 

condition, excessive production of NO may cause tissue 

damage [40]. In recent years, the role of NO in the 

formation of AS has aroused extensive attention of 

researchers. It has been shown that iNOS-mediated NO 

production plays a key role in AS progression [41]. 

Knockout of iNOS significantly decreased lipid 
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peroxidation level in serum and the atherosclerotic lesion 

area in ApoE-/- mice [42]. Our results demonstrated that 

the increased NO production and iNOS expression during 

AS progression were significantly inhibited following the 

administration of honokiol. This may be another 

mechanism for the anti-AS activity of honokiol. 

 

It has been reported that NF-κB as a transcription factor 

regulates the expression of various inflammation-related 

genes. Under normal conditions, NF-κB binds to its 

inhibitory protein, IκBα, and exists in the cytoplasm in 

an inactive state. However, in response to inflammatory 

stimuli, NF-κB may translocate into the nucleus and 

bind to the promoters of its target genes to mediate their 

expression. A previous study has shown that NF-κB 

played a crucial role in regulating the expression  

of inflammatory mediators during AS [43]. Recent  

data have also demonstrated that NF-κB had a major 

impact on all stages of plaque formation [44]. 

Therefore, specific inhibitors of NF-κB may provide 

new therapeutic strategies to control the chronic 

inflammatory process of AS. According to a previous 

study, honokiol inhibited the activation of NF-κB 

pathway via suppressing pentraxin3 expression in an 

atherosclerotic cell model [17]. Furthermore, honokiol 

was demonstrated to restrain TNF-α-mediated NF-κB 

activation via repressing IκBα degradation and IκB 

kinase activation in rat aortic smooth muscle cells [16]. 

Consistent with these observations, the present study 

demonstrated that honokiol treatment effectively 

inhibited NF-κB pathway activation through enhancing 

IκBα expression and suppressing the phosphorylation of 

IκBα. Therefore, honokiol may relieve atherosclerosis 

by blocking NF-κB pathway in AS mice. However, 

whether suppression of PTX3 expression is implicated 

in honokiol-mediated NF-κB inhibition needs to be 

investigated in the future. 

 

In summary, our findings suggest that honokiol could 

significantly suppress the formation of carotid artery 

atherosclerotic plaque in AS mice. Inhibition of the 

inflammatory response, oxidative stress, excessive 

production of NO, and the activation of NF-κB 

signaling pathway contributes to the protective effect of 

honokiol against AS. we provide evidence that honokiol 

may be a potential drug for preventing the formation 

and development of AS. 

 

MATERIALS AND METHODS 
 

Drugs 
 

Honokiol was obtained from Aladdin Bio-science  

and Technology Co., Ltd (Shanghai, China) and 

dissolved in corn oil. The purity of honokiol was more 

than 98% as assessed by High Performance Liquid 

Chromatography. The molecular formula of honokiol 

is C18H18O2 and the molecular weight is 266.33. 

Atorvastatin calcium (ATV) was purchased from 

Meilun Biotech Co., Ltd (Dalian, China) and dissolved 

in saline before use. 

 

Animals and experimental protocol 
 

Male ApoE-/- mice (six weeks old) were purchased 

from Vital River Laboratories Co., Ltd. (Beijing, 

China). The mice were fed with ND or WD 

(containing 0.25% cholesterol and 15% cacao butter) 

for ten weeks. Carotid artery plaque formation was 

induced by surgical placement of a perivascular collar 

on the right common carotid arteries according to a 

previously published method after WD feeding for two 

weeks [45]. Briefly, the mice were anaesthetized by 

intraperitoneal injection of 10% chloral hydrate  

(3 ml/kg). The right common carotid artery was 

exposed, and then a disinfectant collar (length, 3 mm; 

diameter, 0.3 mm) was placed and fixed around the 

right common carotid artery. The mice in the ND 

group underwent the same procedure except for collar 

placement. The WD-fed mice were randomly divided 

into four groups, which were treated with an 

intraperitoneal injection of vehicle (0.02 ml corn oil),  

10 mg/kg honokiol, 20 mg/kg honokiol, or oral gavage  

of 10 mg/kg ATV once a day for eight weeks, 

respectively. The given dosage and duration of 

honokiol was under the reported safe dose [46], in 

which there was no significant accumulation or 

clinical parameters increasing in mice treated with 

6.5mg magnolol and 2mg honokiol daily for less than 

3 months. The ND-fed mice were intraperitoneally 

injected with vehicle (0.02 ml corn oil) to serve as a 

control. Eight weeks after the surgery, the mice were 

sacrificed by intraperitoneal injection of pentobarbital 

sodium (100 mg/kg). The right common carotid 

arteries were excised, and then fixed in 10% 

formaldehyde or quickly frozen in liquid nitrogen for 

further tests. All animal experiments were approved by 

the Medical Ethics Committee of China Medical 

University. 

 

Hematoxylin-eosin (HE) and Masson trichrome staining 
 

The fixed carotid artery tissues were dehydrated, 

embedded in paraffin wax, sliced into 5-μm sections, and 

mounted on glass slides. Routine HE and Masson 

trichrome staining were performed according to standard 

histopathological methods. Vascular morphological 

changes and atherosclerotic plaque formation were 

observed by HE staining. Collagen formation in carotid 

arteries was assessed by Masson trichrome staining.  

The sections were photographed under a microscope 

(Olympus, Japan). 
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Immunohistochemical staining 
 

The expression of α-smooth muscle actin (α-SMA) and 

inducible nitric oxide synthase (iNOS) in carotid artery 

tissues was determined by immunohistochemical 

staining. In brief, 5-μm paraffin sections were immersed 

in antigen retrieval solution and heated for 10 min in a 

microwave oven. Then, the sections were then incubated 

with 3% H2O2 for 15 min at room temperature. After 

blocking with goat serum (Solarbio, Beijing, China) for 

15 min at room temperature, the sections were incubated 

with primary antibodies separately at 4°C overnight (anti-

α-SMA, 1:200, BOSTER, Wuhan, China; or anti-iNOS, 

1:200, Proteintech, Wuhan, China). Biotinylated Goat 

anti-Mouse or Goat anti-Rabbit IgG (1:200, Beyotime, 

Haimen, China) were then added to the sections for 30 

min at 37°C. After development with DAB and 

counterstaining with hematoxylin, the sections were 

photographed by a light microscopy. 

 

Detection of total nitric oxide (NO) in carotid tissue 
 

Total NO level (μmol/g prot) was measured by a 

commercial NO Assay kit (Nanjing Jiancheng 

Bioengineering Institute, China), according to the 

manufacturer’s instructions. 

 

Detection of ROS and SOD activity in carotid tissue 

 

The level of ROS and SOD activity in carotid tissue 

were determined by a ROS Assay Kit (Nanjing 

Jiancheng Bioengineering Institute, China) and a SOD 

Assay Kit (Nanjing Jiancheng Bioengineering Institute, 

China), respectively. The ROS level was shown by 

fluorescence intensity and the SOD activity was 

expressed as “U” of SOD/mg prot. 

 

Real-time polymerase chain reaction (PCR) analysis 

 

The mRNA expression in carotid tissue was detected by 

real-time PCR. Briefly, total RNA was isolated from 

carotid tissue using the RNApure extraction kit (BioTeke 

Corporation, Beijing, China) following the manufacturer’s 

instructions. The RNA was reversely transcribed to first-

strand DNA using Super M-MLV reverse transcriptase 

(BioTeke Corporation, China). The PCR experiment was 

performed using the SYBR Green method on the 

ExicyclerTM 96 Real-Time Quantitative Thermal Block 

(Bioneer Corporation, Korea). The primer sequences are 

listed in Table 1. The results were calculated using the 2-

ΔΔCt method and β-actin was used as a control. 

 

Western blotting analysis 
 

The protein sample of carotid tissue was prepared with 

RIPA lysis buffer (Beyotime, China). The cytoplasmic 

and nuclear protein was extracted with a Nuclear and 

Cytoplasmic Protein Extraction Kit (Beyotime, China). 

The protein concentration was determined with a BCA 

Protein Assay Kit (Beyotime, China). Forty μg protein of 

each sample was separated by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE), and 

then transferred to PVDF membranes. After blocking 

with 5% skim milk for 1 h, the primary antibodies of 

iNOS (Sangon Biotech, China, 1:1000), inhibitor of 

nuclear factor kappa-B (IκBα) (Bioss, China, 1:500), 

phosphorylated (p)-IκBα (Bioss, China, 1:500), NF-κB 

(Sangon Biotech, China, 1:1000), and β-actin (Bioss, 

China, 1:500) were added to the membranes, 

respectively. Then the membranes were incubated at 4°C 

overnight. Then the HRP-conjugated secondary antibody 

(Beyotime, China, 1:5000) was added. The bands were 

visualized by BeyoECL Plus reagent (Beyotime, China) 

and the band densities were quantitatively analyzed by 

Gel-Pro Analyzer 4.5 software (Media Cybernetics, 

Bethesda, USA). 

 

Electrophoretic mobility shift (EMSA) assay 

 

The EMSA assay was performed with a NF-κB EMSA 

kit (Viagene, China). In brief, the nuclear protein in 

carotid tissue was isolated as mentioned above. After 

assessment of the protein concentration by the BCA 

method, the samples were mixed with a labeled NF-κB 

probe and loaded onto a 6.5% non-denaturing gel. The 

electrophoresis was performed at 180 V for 80 min. The 

proteins were then transferred to a nylon membrane, 

crosslinked under UV radiation for 30 min, and detected 

by chemiluminescence. 

 

Statistical analysis 

 

All statistical analyses were performed with GraphPad 

Prism 6 software. The experimental data are presented 

as means ± standard deviation (SD). The differences 

among experimental groups were determined by  

one-way analysis of variance (ANOVA) followed  

by Newman-Keuls Multiple Comparison Test. A 

statistically significant difference was identified when 

the P value was less than 0.05. All experiments results 

shown are representative of at least three independent 

experiments. 

 

Ethics approval and consent to participate 

 

This study was approved by the Medical Ethics 
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Table 1. Primer sequences used for real-time PCR. 

Name Sequence (5'-3') Length 

TNF-α F AGAAAGCATGATCCGCGAC 19 

TNF-α R TTGTGAGTGTGAGGGTCTGG 20 

IL-1β F TTGGGCCTCAAAGGAAAGAAT 21 

IL-1β R TGCTTGTGAGGTGCTGATGTA 21 

IL-6 F GCCCACCAAGAACGATAGTCAA 22 

IL-6 R CATTTCCACGATTTCCCAGA 20 

iNOS F GCAGGGAATCTTGGAGCGAGTTG 23 

iNOS R GTAGGTGAGGGCTTGGCTGAGTG 23 

β-actin F CTGTGCCCATCTACGAGGGCTAT 23 

β-actin R TTTGATGTCACGCACGATTTCC 22 

 

AUTHOR CONTRIBUTIONS 
 

L. Y. and P. C. conceived and designed the study. L. Y. 

performed the experiments and collected data; L. Y. 

performed statistical analysis. L. Y., P. C., and A.H. W. 

contributed to draft the manuscript. P. C., and A.H. W. 

obtained the funding. All authors read and approved the 

final manuscript. 

 

ACKNOWLEDGMENTS 
 

We thank all the members in Dr. A. H. Wu’s laboratory 

for helpful discussion on our study. 
 

CONFLICTS OF INTEREST 
 

No potential conflicts of interest were disclosed by the 

authors. 

 

FUNDING 
 

This work was supported by 1. National Natural 

Science Foundation of China (Grant no. 30901781, 

81172409, 81472360, 81872054, and 81872057); 2. 

Liaoning Science and Technology Plan Projects (Grant 

no. 2011225034). 

 

REFERENCES 
 

1. Ross R. Atherosclerosis—an inflammatory disease. N 
Engl J Med. 1999; 340:115–26. 

 https://doi.org/10.1056/NEJM199901143400207 
 PMID:9887164 

2. Weber C, Noels H. Atherosclerosis: current 
pathogenesis and therapeutic options. Nat Med. 2011; 
17:1410–22. 

 https://doi.org/10.1038/nm.2538 
 PMID:22064431 

3. Chistiakov DA, Orekhov AN, Bobryshev YV. Vascular 
smooth muscle cell in atherosclerosis. Acta Physiol 
(Oxf). 2015; 214:33–50. 

 https://doi.org/10.1111/apha.12466 PMID:25677529 

4. Bennett MR, Sinha S, Owens GK. Vascular Smooth 
Muscle Cells in Atherosclerosis. Circ Res. 2016; 
118:692–702. 

 https://doi.org/10.1161/CIRCRESAHA.115.306361 
 PMID:26892967 

5. Yang X, Li Y, Li Y, Ren X, Zhang X, Hu D, Gao Y, Xing Y, 
Shang H. Oxidative Stress-Mediated Atherosclerosis: 
mechanisms and Therapies. Front Physiol. 2017; 8:600. 

 https://doi.org/10.3389/fphys.2017.00600 
 PMID:28878685 

6. Förstermann U, Xia N, Li H. Roles of Vascular Oxidative 
Stress and Nitric Oxide in the Pathogenesis of 
Atherosclerosis. Circ Res. 2017; 120:713–35. 

 https://doi.org/10.1161/CIRCRESAHA.116.309326 
 PMID:28209797 

7. Yu EP, Bennett MR. Mitochondrial DNA damage and 
atherosclerosis. Trends Endocrinol Metab. 2014; 
25:481–87. 

 https://doi.org/10.1016/j.tem.2014.06.008 
 PMID:25034130 

8. Vanhoutte PM, Shimokawa H, Feletou M, Tang EH. 
Endothelial dysfunction and vascular disease - a  
30th anniversary update. Acta Physiol (Oxf). 2017; 
219:22–96. 

 https://doi.org/10.1111/apha.12646 PMID:26706498 

9. Gisterå A, Hansson GK. The immunology of 
atherosclerosis. Nat Rev Nephrol. 2017; 13:368–80. 

 https://doi.org/10.1038/nrneph.2017.51 
 PMID:28392564 

10. Wu MY, Li CJ, Hou MF, Chu PY. New Insights into the 
Role of Inflammation in the Pathogenesis of 
Atherosclerosis. Int J Mol Sci. 2017; 18:E2034. 

https://doi.org/10.1056/NEJM199901143400207
https://www.ncbi.nlm.nih.gov/pubmed/9887164
https://doi.org/10.1038/nm.2538
https://www.ncbi.nlm.nih.gov/pubmed/22064431
https://doi.org/10.1111/apha.12466
https://www.ncbi.nlm.nih.gov/pubmed/25677529
https://doi.org/10.1161/CIRCRESAHA.115.306361
https://www.ncbi.nlm.nih.gov/pubmed/26892967
https://doi.org/10.3389/fphys.2017.00600
https://www.ncbi.nlm.nih.gov/pubmed/28878685
https://doi.org/10.1161/CIRCRESAHA.116.309326
https://www.ncbi.nlm.nih.gov/pubmed/28209797
https://doi.org/10.1016/j.tem.2014.06.008
https://www.ncbi.nlm.nih.gov/pubmed/25034130
https://doi.org/10.1111/apha.12646
https://www.ncbi.nlm.nih.gov/pubmed/26706498
https://doi.org/10.1038/nrneph.2017.51
https://www.ncbi.nlm.nih.gov/pubmed/28392564


 

www.aging-us.com 8026 AGING 

 https://doi.org/10.3390/ijms18102034 
 PMID:28937652 

11. Lee YJ, Lee YM, Lee CK, Jung JK, Han SB, Hong JT. 
Therapeutic applications of compounds in the 
Magnolia family. Pharmacol Ther. 2011; 130:157–76. 

 https://doi.org/10.1016/j.pharmthera.2011.01.010 
 PMID:21277893 

12. Lee TY, Chang CC, Lu WJ, Yen TL, Lin KH, Geraldine P, Li 
JY, Sheu JR. Honokiol as a specific collagen receptor 
glycoprotein VI antagonist on human platelets: 
functional ex vivo and in vivo studies. Sci Rep. 2017; 
7:40002. 

 https://doi.org/10.1038/srep40002 
 PMID:28054640 

13. Zhang GS, Wang RJ, Zhang HN, Zhang GP, Luo MS, Luo 
JD. Effects of chronic treatment with honokiol in 
spontaneously hypertensive rats. Biol Pharm Bull. 
2010; 33:427–31. 

 https://doi.org/10.1248/bpb.33.427 
 PMID:20190404 

14. Sun J, Fu X, Liu Y, Wang Y, Huo B, Guo Y, Gao X, Li W, 
Hu X. Hypoglycemic effect and mechanism of honokiol 
on type 2 diabetic mice. Drug Des Devel Ther. 2015; 
9:6327–42. 

 https://doi.org/10.2147/DDDT.S92777 
 PMID:26674084 

15. Chen PJ, Wang YL, Kuo LM, Lin CF, Chen CY, Tsai YF, 
Shen JJ, Hwang TL. Honokiol suppresses TNF-α-induced 
neutrophil adhesion on cerebral endothelial cells by 
disrupting polyubiquitination and degradation of IκBα. 
Sci Rep. 2016; 6:26554. 

 https://doi.org/10.1038/srep26554 PMID:27212040 

16. Zhu X, Wang Z, Hu C, Li Z, Hu J. Honokiol suppresses 
TNF-α-induced migration and matrix metalloproteinase 
expression by blocking NF-κB activation via the ERK 
signaling pathway in rat aortic smooth muscle cells. 
Acta Histochem. 2014; 116:588–95. 

 https://doi.org/10.1016/j.acthis.2013.11.005 
 PMID:24360976 

17. Qiu L, Xu R, Wang S, Li S, Sheng H, Wu J, Qu Y. Honokiol 
ameliorates endothelial dysfunction through 
suppression of PTX3 expression, a key mediator of 
IKK/IκB/NF-κB, in atherosclerotic cell model. Exp Mol 
Med. 2015; 47:e171. 

 https://doi.org/10.1038/emm.2015.37 
 PMID:26138903 

18. Nayor M, Vasan RS. Recent Update to the US 
Cholesterol Treatment Guidelines: A Comparison 
With International Guidelines. Circulation. 2016; 
133:1795–806. 

 https://doi.org/10.1161/CIRCULATIONAHA.116.021407 
 PMID:27143546 

19. Alfon J, Guasch JF, Berrozpe M, Badimon L. Nitric oxide 
synthase II (NOS II) gene expression correlates with 
atherosclerotic intimal thickening. Preventive effects of 
HMG-CoA reductase inhibitors. Atherosclerosis. 1999; 
145:325–31. 

 https://doi.org/10.1016/S0021-9150(99)00084-2 
 PMID:10488960 

20. Kitahara M, Kanaki T, Ishii I, Saito Y. Atherosclerosis 
induced by chronic inhibition of the synthesis of nitric 
oxide in moderately hypercholesterolaemic rabbits is 
suppressed by pitavastatin. Br J Pharmacol. 2010; 
159:1418–28. 

 https://doi.org/10.1111/j.1476-5381.2009.00630.x 
 PMID:20233214 

21. Kapelouzou A, Giaglis S, Peroulis M, Katsimpoulas M, 
Moustardas P, Aravanis CV, Kostakis A, Karayannakos 
PE, Cokkinos DV. Overexpression of Toll-Like Receptors 
2, 3, 4, and 8 Is Correlated to the Vascular 
Atherosclerotic Process in the Hyperlipidemic Rabbit 
Model: The Effect of Statin Treatment. J Vasc Res. 
2017; 54:156–69. 

 https://doi.org/10.1159/000457797 
 PMID:28478461 

22. Collins R, Reith C, Emberson J, Armitage J, Baigent C, 
Blackwell L, Blumenthal R, Danesh J, Smith GD, DeMets 
D, Evans S, Law M, MacMahon S, et al. Interpretation 
of the evidence for the efficacy and safety of statin 
therapy. Lancet. 2016; 388:2532–61. 

 https://doi.org/10.1016/S0140-6736(16)31357-5 
 PMID:27616593 

23. Plump AS, Smith JD, Hayek T, Aalto-Setälä K, Walsh A, 
Verstuyft JG, Rubin EM, Breslow JL. Severe 
hypercholesterolemia and atherosclerosis in 
apolipoprotein E-deficient mice created by 
homologous recombination in ES cells. Cell. 1992; 
71:343–53. 

 https://doi.org/10.1016/0092-8674(92)90362-G 
 PMID:1423598 

24. Zhang SH, Reddick RL, Piedrahita JA, Maeda N. 
Spontaneous hypercholesterolemia and arterial lesions 
in mice lacking apolipoprotein E. Science. 1992; 
258:468–71. 

 https://doi.org/10.1126/science.1411543 
 PMID:1411543 

25. Getz GS, Reardon CA. Do the Apoe-/- and Ldlr-/- Mice 
Yield the Same Insight on Atherogenesis? Arterioscler 
Thromb Vasc Biol. 2016; 36:1734–41. 

 https://doi.org/10.1161/ATVBAHA.116.306874 
 PMID:27386935 

26. Wang Y, Zhao D, Sheng J, Lu P. Local honokiol 
application inhibits intimal thickening in rabbits 
following carotid artery balloon injury. Mol Med Rep. 
2018; 17:1683–89. 

https://doi.org/10.3390/ijms18102034
https://www.ncbi.nlm.nih.gov/pubmed/28937652
https://doi.org/10.1016/j.pharmthera.2011.01.010
https://www.ncbi.nlm.nih.gov/pubmed/21277893
https://doi.org/10.1038/srep40002
https://www.ncbi.nlm.nih.gov/pubmed/28054640
https://doi.org/10.1248/bpb.33.427
https://www.ncbi.nlm.nih.gov/pubmed/20190404
https://doi.org/10.2147/DDDT.S92777
https://www.ncbi.nlm.nih.gov/pubmed/26674084
https://doi.org/10.1038/srep26554
https://www.ncbi.nlm.nih.gov/pubmed/27212040
https://doi.org/10.1016/j.acthis.2013.11.005
https://www.ncbi.nlm.nih.gov/pubmed/24360976
https://doi.org/10.1038/emm.2015.37
https://www.ncbi.nlm.nih.gov/pubmed/26138903
https://doi.org/10.1161/CIRCULATIONAHA.116.021407
https://www.ncbi.nlm.nih.gov/pubmed/27143546
https://doi.org/10.1016/S0021-9150%2899%2900084-2
https://www.ncbi.nlm.nih.gov/pubmed/10488960
https://doi.org/10.1111/j.1476-5381.2009.00630.x
https://www.ncbi.nlm.nih.gov/pubmed/20233214
https://doi.org/10.1159/000457797
https://www.ncbi.nlm.nih.gov/pubmed/28478461
https://doi.org/10.1016/S0140-6736%2816%2931357-5
https://www.ncbi.nlm.nih.gov/pubmed/27616593
https://doi.org/10.1016/0092-8674%2892%2990362-G
https://www.ncbi.nlm.nih.gov/pubmed/1423598
https://doi.org/10.1126/science.1411543
https://www.ncbi.nlm.nih.gov/pubmed/1411543
https://doi.org/10.1161/ATVBAHA.116.306874
https://www.ncbi.nlm.nih.gov/pubmed/27386935


 

www.aging-us.com 8027 AGING 

 https://doi.org/10.3892/mmr.2017.8076 
 PMID:29257208 

27. Jun-Jun W, Xiao-Lei M, Jing-Ya C, Yong C. The 
Pharmacokinetics and Tissue Distribution of Honokiol 
and its Metabolites in Rats. Eur J Drug Metab 
Pharmacokinet. 2016; 41:587–94. 

 https://doi.org/10.1007/s13318-015-0281-6 
 PMID:25956504 

28. Moss JW, Ramji DP. Cytokines: roles in atherosclerosis 
disease progression and potential therapeutic targets. 
Future Med Chem. 2016; 8:1317–30. 

 https://doi.org/10.4155/fmc-2016-0072 PMID:27357616 

29. Skoog T, Dichtl W, Boquist S, Skoglund-Andersson C, 
Karpe F, Tang R, Bond MG, de Faire U, Nilsson J, 
Eriksson P, Hamsten A. Plasma tumour necrosis factor-
alpha and early carotid atherosclerosis in healthy 
middle-aged men. Eur Heart J. 2002; 23:376–83. 

 https://doi.org/10.1053/euhj.2001.2805 
 PMID:11846495 

30. Ohta H, Wada H, Niwa T, Kirii H, Iwamoto N, Fujii H, 
Saito K, Sekikawa K, Seishima M. Disruption of  
tumor necrosis factor-alpha gene diminishes the 
development of atherosclerosis in ApoE-deficient mice. 
Atherosclerosis. 2005; 180:11–17. 

 https://doi.org/10.1016/j.atherosclerosis.2004.11.016 
 PMID:15823270 

31. Lin B, Feng DG, Wang F, Wang JX, Xu CG, Zhao H, 
Cheng ZY. MiR-365 participates in coronary 
atherosclerosis through regulating IL-6. Eur Rev Med 
Pharmacol Sci. 2016; 20:5186–92. 

 PMID:28051250 

32. Danesh J, Kaptoge S, Mann AG, Sarwar N, Wood A, 
Angleman SB, Wensley F, Higgins JP, Lennon L, 
Eiriksdottir G, Rumley A, Whincup PH, Lowe GD, 
Gudnason V. Long-term interleukin-6 levels and 
subsequent risk of coronary heart disease: two new 
prospective studies and a systematic review. PLoS 
Med. 2008; 5:e78. 

 https://doi.org/10.1371/journal.pmed.0050078 
 PMID:18399716 

33. Huber SA, Sakkinen P, Conze D, Hardin N, Tracy R. 
Interleukin-6 exacerbates early atherosclerosis in mice. 
Arterioscler Thromb Vasc Biol. 1999; 19:2364–67. 

 https://doi.org/10.1161/01.ATV.19.10.2364 
 PMID:10521365 

34. Akita K, Isoda K, Sato-Okabayashi Y, Kadoguchi T, 
Kitamura K, Ohtomo F, Shimada K, Daida H. An 
Interleukin-6 Receptor Antibody Suppresses 
Atherosclerosis in Atherogenic Mice. Front Cardiovasc 
Med. 2017; 4:84. 

 https://doi.org/10.3389/fcvm.2017.00084 
 PMID:29312959 

35. Libby P. Interleukin-1 Beta as a Target for 
Atherosclerosis Therapy: Biological Basis of CANTOS 
and Beyond. J Am Coll Cardiol. 2017; 70:2278–89. 

 https://doi.org/10.1016/j.jacc.2017.09.028 
 PMID:29073957 

36. Bhaskar V, Yin J, Mirza AM, Phan D, Vanegas S, Issafras 
H, Michelson K, Hunter JJ, Kantak SS. Monoclonal 
antibodies targeting IL-1 beta reduce biomarkers of 
atherosclerosis in vitro and inhibit atherosclerotic 
plaque formation in Apolipoprotein E-deficient mice. 
Atherosclerosis. 2011; 216:313–20. 

 https://doi.org/10.1016/j.atherosclerosis.2011.02.026 
 PMID:21411094 

37. Madrigal-Matute J, Fernandez-Garcia CE, Gomez-
Guerrero C, Lopez-Franco O, Muñoz-Garcia B, Egido J, 
Blanco-Colio LM, Martin-Ventura JL. HSP90 inhibition 
by 17-DMAG attenuates oxidative stress in 
experimental atherosclerosis. Cardiovasc Res. 2012; 
95:116–23. 

 https://doi.org/10.1093/cvr/cvs158 
 PMID:22547655 

38. Kattoor AJ, Pothineni NV, Palagiri D, Mehta JL. 
Oxidative Stress in Atherosclerosis. Curr Atheroscler 
Rep. 2017; 19:42. 

 https://doi.org/10.1007/s11883-017-0678-6 
 PMID:28921056 

39. Förstermann U, Sessa WC. Nitric oxide synthases: 
regulation and function. Eur Heart J. 2012; 33:829–37, 
837a–837d. 

 https://doi.org/10.1093/eurheartj/ehr304 
 PMID:21890489 

40. Lee J, Bae EH, Ma SK, Kim SW. Altered Nitric Oxide 
System in Cardiovascular and Renal Diseases. Chonnam 
Med J. 2016; 52:81–90. 

 https://doi.org/10.4068/cmj.2016.52.2.81 
 PMID:27231671 

41. Lind M, Hayes A, Caprnda M, Petrovic D, Rodrigo L, 
Kruzliak P, Zulli A. Inducible nitric oxide synthase: Good 
or bad? Biomed Pharmacother. 2017; 93:370–375. 

 https://doi.org/10.1016/j.biopha.2017.06.036 
 PMID:28651238 

42. Kuhlencordt PJ, Chen J, Han F, Astern J, Huang PL. 
Genetic deficiency of inducible nitric oxide synthase 
reduces atherosclerosis and lowers plasma lipid 
peroxides in apolipoprotein E-knockout mice. 
Circulation. 2001; 103:3099–104. 

 https://doi.org/10.1161/01.CIR.103.25.3099 
 PMID:11425775 

43. Dąbek J, Kułach A, Gąsior Z. Nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB): a new 
potential therapeutic target in atherosclerosis? 
Pharmacol Rep. 2010; 62:778–83. 

https://doi.org/10.3892/mmr.2017.8076
https://www.ncbi.nlm.nih.gov/pubmed/29257208
https://doi.org/10.1007/s13318-015-0281-6
https://www.ncbi.nlm.nih.gov/pubmed/25956504
https://doi.org/10.4155/fmc-2016-0072
https://www.ncbi.nlm.nih.gov/pubmed/27357616
https://doi.org/10.1053/euhj.2001.2805
https://www.ncbi.nlm.nih.gov/pubmed/11846495
https://doi.org/10.1016/j.atherosclerosis.2004.11.016
https://www.ncbi.nlm.nih.gov/pubmed/15823270
https://www.ncbi.nlm.nih.gov/pubmed/28051250
https://doi.org/10.1371/journal.pmed.0050078
https://www.ncbi.nlm.nih.gov/pubmed/18399716
https://doi.org/10.1161/01.ATV.19.10.2364
https://www.ncbi.nlm.nih.gov/pubmed/10521365
https://doi.org/10.3389/fcvm.2017.00084
https://www.ncbi.nlm.nih.gov/pubmed/29312959
https://doi.org/10.1016/j.jacc.2017.09.028
https://www.ncbi.nlm.nih.gov/pubmed/29073957
https://doi.org/10.1016/j.atherosclerosis.2011.02.026
https://www.ncbi.nlm.nih.gov/pubmed/21411094
https://doi.org/10.1093/cvr/cvs158
https://www.ncbi.nlm.nih.gov/pubmed/22547655
https://doi.org/10.1007/s11883-017-0678-6
https://www.ncbi.nlm.nih.gov/pubmed/28921056
https://doi.org/10.1093/eurheartj/ehr304
https://www.ncbi.nlm.nih.gov/pubmed/21890489
https://doi.org/10.4068/cmj.2016.52.2.81
https://www.ncbi.nlm.nih.gov/pubmed/27231671
https://doi.org/10.1016/j.biopha.2017.06.036
https://www.ncbi.nlm.nih.gov/pubmed/28651238
https://doi.org/10.1161/01.CIR.103.25.3099
https://www.ncbi.nlm.nih.gov/pubmed/11425775


 

www.aging-us.com 8028 AGING 

 https://doi.org/10.1016/s1734-1140(10)70338-8 
 PMID:21098861 

44. Yu XH, Zheng XL, Tang CK. Nuclear Factor-κB Activation 
as a Pathological Mechanism of Lipid Metabolism and 
Atherosclerosis. Adv Clin Chem. 2015; 70:1–30. 

 https://doi.org/10.1016/bs.acc.2015.03.004 
 PMID:26231484 

45. von der Thüsen JH, van Berkel TJ, Biessen EA. Induction 
of rapid atherogenesis by perivascular carotid  
collar placement in apolipoprotein E-deficient and 

low-density lipoprotein receptor-deficient mice. 
Circulation. 2001; 103:1164–70. 

 https://doi.org/10.1161/01.CIR.103.8.1164 
 PMID:11222482 

46. Sarrica A, Kirika N, Romeo M, Salmona M, Diomede L. 
Safety and Toxicology of Magnolol and Honokiol. 
Planta Med. 2018; 84:1151–64. 

 https://doi.org/10.1055/a-0642-1966 
 PMID:29925102 

https://doi.org/10.1016/s1734-1140(10)70338-8
https://www.ncbi.nlm.nih.gov/pubmed/21098861
https://doi.org/10.1016/bs.acc.2015.03.004
https://www.ncbi.nlm.nih.gov/pubmed/26231484
https://doi.org/10.1161/01.CIR.103.8.1164
https://www.ncbi.nlm.nih.gov/pubmed/11222482
https://doi.org/10.1055/a-0642-1966
https://www.ncbi.nlm.nih.gov/pubmed/29925102

