
Manuscript submitted to:                   Volume 1, Issue 1, 25-39.  

AIMS Bioengineering               DOI: 10.3934/bioeng.2014.1.25 

Received date 17 February 2014, Accepted date 4 August 2014, Published date 13 August 2014 

 

Research Article 

Sappan Lignum Extract Inhibits Restenosis in the Injured Artery 

through the Deactivation of Nuclear Factor-B 

Guang Long 1#, Bo Lin 1#, Lu Wang 1, 2, Lingyan Wu 1 , Tieying Yin 1, Donghong Yu 3 and 
Guixue Wang 1,* 

1  Key Laboratory of Biorheological Science and Technology (Chongqing University), Ministry of 
Education, Chongqing Engineering Laboratory in Vascular Implants, Bioengineering College of 
Chongqing University, Chongqing, China 

2  School of Bio-information Engineering, Chongqing University of Posts and Telecommunications 
3 Department of Biotechnology, Chemistry and Environmental Engineering, Aalborg University, 

Aalborg, Denmark 

* Correspondence: E-mail: wanggx@cqu.edu.cn; Tel: +86-23-65102508; Fax: +86-23-65102507.  

# Contributed equally 

Abstract: The aim of the study was to explore whether Sappan Lignum Extract (SLE) would inhibit 
vascular restenosis in injured artery and its inhibitory mechanism by using a balloon-injured rat 
carotid artery restenosis model. Different doses of SLE were administered to the rats by tube feeding, 
starting from four days before surgery and continuing twice per day for two weeks after carotid 
injury. Injured carotid arteries isolated from rats were embedded in paraffin block and tissue sections 
were stained with H&E to assess restenosis. The Effects of SLE on vascular restenosis, which are 
involved in smooth muscle cell cycle, NF-B p65 expression, and Superoxide (O2

-) production, was 
assessed by RT-PCR, western blot assay, and immunohistochemistry. The results showed that in a rat 
carotid model of balloon dilatation injury, SLE significantly reduced the intimal-to-medial area ratio 
and vascular restenosis after 14 days of the injury. Immunohistochemistry study revealed no 
inhibited PCNA expression caused by SLE. Rat serum containing Sappan Lignum (RSC) was found 
neither anti-proliferative effect in cultured vascular smooth muscle cells (VSMCs) and nor arrest cell 
cycle progress detected by flow cytometry. RSC remarkably decreased the expression of TNF-α 
mRNA and protein in cultured VSMCs. Electrophoretic mobility shift assay proved that RSC 
inhibited the binding of NF-kB to specific DNA sequences in TNF-α treated VSMCs. Western blot 
pronounced that RSC and N-acetyl-L-cysteine (NAC) reduced expression of NF-kB p65 in nuclear 
extracts in TNF-α treated VSMCs. RSC and NAC also attenuated superoxide anion generation in 
TNF-α treated VSMCs. In summary, the inhibitory effects of SLE on vascular restenosis may not be 
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mediated through inhibiting vascular cell proliferation, but through inhibiting vascular inflammation 
instead, which may be attributed to the inhibition of TNF-α and subsequent deactivation of NF-kB, 
which was in part mediated through inhibiting superoxide anion generation. 

Keywords: Sappan Lignum Extract (PubChem CID: 441975); Vascular Restenosis; TNF-α; NF-kB; 
Rat Carotid Model 

Abbreviations list: 

SL=Sappan Lignum; RSC=Rat serum containing SL extract; TNF-α=tumor necrosis factor-α; NF-B 
nuclear factor B; PCNA=proliferating cell nuclear antigen; VSMC=vascular smooth muscle cell; 
TCM=traditional Chinese medicine; NAC=N-acetyl-L-cysteine.  

 

1. Introduction  

Recent experimental and clinical studies suggest that inhibition of inflammation can be a 
promising next-generation approach on prevention of vascular restenosis [1, 28]. NF-B is an 
important element in the activation of the inflammatory cytokines and adhesion molecule genes 
involved in lesion development after vascular injury [2, 29]. Inhibition of NF-B has been 
demonstrated to prevent neointimal formation after balloon injury in a rat carotid artery  
model [3, 30].Thus developing novel pharmacological methods for disruption of NF-B signaling 
pathway holds great promise for the prevention of restenosis. Herbal therapies have been used for 
many centuries in China as treatment for individuals with cardiovascular disease as well as 
inflammatory disease. Many of these claims are based on anecdotes in traditional Chinese medicine 
(TCM). Such Chinese herbs have been used for the treatment of human diseases for thousands of 
years. However, over the past several years, there have been considerable interests in these 
agents in the treatment of human cardiovascular disease. Despite the reported benefits of these 
herbs in individual patients, it still remains unclear whether these agents have cardiovascular 
disease properties and whether there is a molecular basis to their inhibitory effects on vascular 
inflammation. The use of herbs in medical treatment and diseases-prevention has been dramatically 
rising in recent years in many countries including the United States; however, their medicinal actions 
have not been fully elucidated [4]. Sappan Lignum (SL) has been a commonly prescribed TCM for 
many anti-biotic [5] and anti-cancer [4] treatments. It has been proven to inhibit NO production [6] 
and has vasorelaxant activity on rat artery [7]. Although information regarding the preventive effects 
of SLE on restenosis is lacking，several kinds of active components in SL have been demonstrated to 
inhibit vascular inflammation [8-10, 31]. Therefore it is expected that SLE plays an important role in 
preventing balloon injury-induced restenosis. 

TCM come mostly from crude plant extracts. Traditional pharmacological methods 
involving direct addition of drugs to the cell lines have been widely applied in pharmacological 
tests of TCM in vitro. However, recent studies have demonstrated that partial active components, 
which are absorbed in plasma after oral administration of TCM, are rapidly transformed into their 
metabolites and these sometimes are not absorbed in vivo [11, 12], suggesting that validity of 
traditional pharmacological methods used in pharmacological tests in vitro of TCM are 
questionable for several reasons: if the TCM extracts are directly added to the cultured media, 
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many active components and the transformation of theirs, which are not taken up in vivo, may 
generate unexpected pharmacological effects and interfere the experimental results obtained from 
the cell lines. Thus, pharmacological effects in vitro of some TCM using traditional 
pharmacological methods might be inconsistent with their pharmacological effects in vivo [13]. 
Moreover, since the exact components of TCM are usually unknown, equipotent dosage or 
concentration of extracts of TCM are rarely evaluated in vivo according to concentration in vitro. 
A new serum pharmacological method that involves addition of serum obtained from orally 
herbal-medicine treated animals has at least partially solved some of these problems. The 
problem of equipotent dosage or concentration of TCM is easily solved using well characterized 
and reproducible serum; the refined serum contains defined amounts of active components that 
produce pharmacological effects in vivo. The effects using the serum pharmacological method in 
vitro predict better than using TCM. Therefore the serum pharmacological method is now 
regarded as a new testing method in vitro for the TCM [14]. 

The aims of this study were to determine whether SLE attenuates vascular restenosis and 
NF-B associated vascular inflammation in vivo and to investigate whether SLE disrupts TNF-α 
induced NF-B signaling pathway in cultured VSMCs, using the serum pharmacological method. 
Our results were expected to serve as a contribution to the discussion about the molecular 
mechanism of SLE action on cardiovascular system, especially in vascular restenosis.  

2.   Materials and Methods 

2.1. Preparation of SLE and rat serum containing SL 

Sappan Lignum, which is the dried heartwood of Caesalpinia sappan L from legume family, 
was purchased from University Hospital, NanHua China University (HengYang, HuNan, China). 
These samples were authenticated by Department of Pharmacognosy, Hunan University of 
Chinese Medicine (Changsha, China). Voucher specimens have been deposited in Herbarium of 
the Medicinal Plant Garden, Department of Pharmacognosy, Hunan University of Chinese 
Medicine (No.3527). The herbs (100 g) were mixed, minced with a grinder and extracted with 
500 mL of distilled water under reflux for 3h by boiling the formula. The extract was filtered 
with 10 µm cartridge paper. The filtrate was concentrated to about 100 mL with a rotary 
evaporator at 50 C under vacuum. In brief, ten rats were administered a warm water extract of 
SL (SLE) (1000 mg·kg-1·day-1, intragastric administration) daily for 7 days, then RSC was 
collected from the rats. Rat serum (RS) from ten rats that were not administered SLE was also 
collected as a control. Rat serum containing SL (RSC) was prepared by the serum 
pharmacological method [14]. 

2.2. Carotid artery injury model and drug treatment 

Male SD rats (400–450 g) were fed with standard pellet feed and given water. The 
experimental protocol was designed in accordance with Chinese Animal Care and Use 
Committee standards. Animals were anesthetized with sodium pentobarbital (50 mg/kg). The 
right external carotid artery was inserted by a 2F coronary dilation catheter (Goodman 
corporation, Japan), which was advanced to the common carotid artery, inflated to a pressure of 5 
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atm, and rotated in a forward and retrograde direction. The catheter was then deflated, and the 
process was repeated three times. Treatment cohorts were divided into 3 groups (n = 6–8/group): 
the control (sham-operated), the SLE (1000 mg·kg-1·day-1, intragastric administration), and the 
vehical. Drugs were administered daily for 14 days after injury. Two weeks postinjury, rats were 
euthanized by sodium pentobarbital overdose and perfused with 10 % buffered formalin. 

2.3. Histology and morphometry 

The arteries from the treated rats were fixed and embedded in paraffin. Then, the 
paraffin-embedded arteries were cut into 10 sections for analysis. Morphometric analysis was 
carried out on HE-stained arteries; images (20) were transferred to a computer using a video 
camera for quantitative characterization. For rat balloon-injury artery, 10 sections were randomly 
selected for analysis. The relative parameters were determined using the Imaging software by 
selecting appropriate functions. The areas encompassed by the lumen surface (lumen area), 
internal elastic lamina–lumen surface (intima area) and External elastic lamina (EEL) perimeter 
were measured. For the evaluation of the degree of intimal hyperplasia, intima and media wall 
thickness, and the ratio of intimal area to medial area (I/M ratio) were calculated and compared 
using the digital imaging software (Image-pro Plus). 

2.4. Immunohistochemical analysis  

The tissue used for immunohistochemical analysis was embedded in paraffin, and cut into 
5-µm-thick slices. They were subjected to immunostaining with antibodies against rat PCNA 
(Sigma). For quantification of immunohistochemical images of PCNA, at least 5 representative 
images were selected, and the percentage of immunopositive cells per total cells in each image 
was calculated. The average of the 5 images was reported for each rat. Consistent positive 
staining involves: more than 50 % of the vascular wall was recorded as (5); positive staining of > 
35 % to 50 % of the area as (4); positive staining of > 20 % to 35 % of the area as (3); positive 
staining of > 5 % to 20 % of the area; as (2); positive staining of 1 % to 5% of the area as (1); and 
staining of < 1 % of the area as (0). 

2.5. Cell culture and proliferation assay 

VSMCs were isolated from rat aorta [15]. The cells were grown in DMEM (GIBCO) 
containing 10 % newborn calf serum (GIBCO) at 37 °C in an atmosphere of 5 % CO2 in air. 
Experiments were performed on cells cultured for up to 10 passages. Cell proliferation after 24 
hour incubation in medium containing 20 % rat serum was determined in 96-well plates by 
colorimetric assay of methylene blue incorporation [16] under 5-times repeating tests for each 
experiment.  

2.6. Cell cycle analysis 

The cells were harvested. Cells were fixed in 70 % ethanol for 1 h, washed with PBS, 
treated with 100 μg/mL RNase A for 1 h at 37 °C, and stained with 25 μg/mL propidiumiodide 
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(PI). Flowcytometry was performed in triplicate for each experiment on a FACS Calibur system 
(Becton& Dickinson; San Jose, CA, USA). 

2.7. RT-PCR   

Total RNAs were extracted from VSMCs. For semiquantitative RT-PCR assay, 1 µg of total 
RNAs was used to detect mRNA expression by Super-Script One-Step RT-PCR kit (Invitrogen, 
Carlsbad, CA). The reverse transcription reaction was performed at 25 °C for 10 minutes, 48 °C 
for 30 minutes, and 95 °C for 5 minutes. PCR cycles (28 cycles) were performed for 30 seconds 
at 94 °C, 55 °C, and 72 °C, respectively. Primers for amplification of TNF-α and GAPDH are 
listed as follows. The PCR product were subjected to 1 % agarose gel electrophoresis and stained 
with ethidium bromide. The relative levels were quantified by Matrox Inspector V.4.1 software. 

TNF-α: 
Upstream primer: 5’- ACAACCAACTGGTGGTACCA - 3’, 
Downstream primer: 5’- AAGTACTTGGGCAGGTTGAC - 3’. 
GAPDH:  
Upstream primer: 5’- AGTTCAACGGCACCAGTCAAAG -3’,  
Downstream primer: 5’- TACTCAGCACCAGCATCACC -3’. 

2.8. Western blot 

To evaluate the presence of TNF-α and NF-B P65 expression, cells were lysed in lysis 
buffer containing 20 mmol/L Tris-HCl, pH 7.4, 0.4 mol/L KCl, 2 mmol/L dithiothreitol, and 
10 % glycerol. Concentrations of protein were determined with Bicinchoninic acid kit (Sigma). 
Extracted proteins were separated through a sodium dodecyl sulfate polyacrylamide gel, 
transferred to polyvinylidene difluoride membrane (Bio-Rad), and incubated with anti-TNF-α 
and anti-NF-B antibodies. Protein bans were visualized with Vectastain Elite ABC kit (Vector 
Labratories). The density of bands was analyzed with the use of densitometry and Kodak 
software (Eastman Kodak).  

2.9. Nuclear extract preparation and electrophoretic mobility shift assay (EMSA) 

Cell nuclear extracts were prepared from 1 x 106 cells by cell pellet homogenization in two 
volumes of 10 mM HEPES, pH 7.9, 10 mM KCl, 1.5 mM MgCl2, 1 mM EDTA, 0.5 mM 
Dithiothreitol (DTT), 0.5 mM Phenylmethyl sulfonyl fluoride (PMSF) , and 10 % glycerol. 
Nuclei were centrifuged at 1,000 g for 5 min, washed, and resuspended in two volumes of the 
above-specified solution. KCl (3 M) was added to reach 0.39 M KCl. Nuclei were lysed at 4°C 
for 1 h and centrifuged at 10,000 g for 30 min. The supernatants clarified by centrifugation were 
collected and stored at -80°C. Protein concentration was determined with a protein assay 
(Bio-Rad). The NF-B consensus 5'-CAACGGCAGGGGAATCTCCCTCTCCTT-3'[17] 
oligonucleotide was end-labeled with [-32P] ATP (Amersham Pharmacia Biotech) using a 
polynucleotide kinase (Roche). End-labeled DNA fragments were incubated at room temperature 
for 20 min with 5 µg of nuclear protein in the presence of 1µg of poly (dI-dC) in 20 µL of a 
buffer consisting of 10 mM Tris. HCl, pH 7.5, 50 mM NaCl, 1 mM EDTA, 1 mM DTT, and 5 % 
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glycerol. Protein-DNA complexes were separated from free probe on a 6 % polyacrylamide gel 
run in 0.25 x Tris-borate buffer at 200 mV for 3 h at room temperature. The gels were dried and 
exposed to X-ray film (Eastman Kodak).  

2.10. Measurement of Superoxide (O2-) Products  

Superoxide products were measured by means of the SOD-inhibitable reduction of 
cytochrome c [18]. Briefly, being treated for 2 h, VSMC were preincubated in DMEM without 
phenol red for 30 minutes at 37 °C, and then cytochrome c (final concentration, 1 mg/mL) with 
or without SOD (final concentration, 500 U/mL) was added and kept in a CO2 incubator on the 
Flex Unit. At the indicated time points, the medium was removed from the cells; the absorbance 
was read at 550 nm against distilled water as a reference. Reduction of cytochrome c in the 
presence of SOD was subtracted from the values without SOD. The portion of 
superoxide-specific reduction of cytochrome c was between 30 % and 35 %. The optical density 
difference between comparable wells with or without SOD was converted to equivalent O2- 
production by using the molar extinction coefficient for cytochrome c  
[21.0×103 (mol/L)-1·cm-1] [18].Tests were performed in triplicates for each experiment. 

2.11. Statistical analysis 

The data are expressed as mean and SEM. Statistical analyses were performed using SPSS 
software. One way analysis of variance followed by paired t tests were used to determine 
significant differences between treatments, and significance was set at P < 0.05. 

3.   Results  

3.1. Suppression of vascular restenosis by SLE after arterial injury 

On the basis of the in vitro data on the suppression of the proliferation of VSMCs by SLE, 
we investigated the anti-proliferative effects of SLE in vivo using a rat carotid artery balloon 
injury model. Administration of SLE significantly reduced the development of neointimal 
hyperplasia 14 days after balloon injury (Fig. 1a). Quantitative morphometric analysis showed 
that SLE reduced the vascular restenosis (cross-sectional areas of the lumen, neointima and the 
ratios between neointima and media) compared with the vehical. The ratio of intima to media and 
the intima area were markedly reduced, and the lumen area was increased (Fig. 1b). The intima 
thickness was also dramatically reduced after SLE treatment; the media thickness showed no 
changes (Fig. 1c). There was no remarkable change in EEL perimeter between the vehicle-treated 
group and SLE-treated group (Fig. 1d), which might suggest that SLE also have no effects on 
vascular remodelling after vascular injury. 

3.2. Effect of RSC on VSMCs proliferation 

SLE did not inhibit expression of PCNA protein in vascular restenosis compared with the 



31 

AIMS Bioengineering                      Volume 1, Issue 1, 25-39. 

vehicle (Fig. 2a, P > 0.05). In cultured VSMCs, RSC can not inhibit VSMCs growth stimulated 
with 20 % rat serum compared with the control group (Fig. 2b, P > 0.05). RSC can not arrest cell 
cycle progress in cultured VSMCs stimulated with 20% rat serum compared with the control 
group determined by flow cytometry (Fig. 2c, P > 0.05). It indicates that RSC can not arrest cell 
cycle progress in cultured VSMCs. 

 

Figure 1. SL inhibits neointimal hyperplasia in a rat carotid artery balloon injury 
model. (a) Representative sections of the common carotid artery 14 days after injury. 
(b) Ratio of intima to media, intima area and lumen area after balloon injury (n=6 
for control, n=8 for vehicle, n=9 for SL). Values are expressed as mean ± SEM.  
*P < 0.05. 
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b. 

c. 

  

Figure 2. Effects of a warm water extract of SL on VSMCs. Warm water extract of 
SL was administered intragastric administration to the animals at the dose of 1000 
mg/kg per day. (a) The representative immunohistochemistry staining shows the 
effects of a warm water extract of SL on expression of PCNA. Quantification of cells 
stained positively for PCNA. (b) Effects of 20 % serum containing SL on VSMC 
growth induced by 20 % rat serum; c. Effects of 20 % serum containing SL on cell 
cycle progress in cultured VSMCs. RS stands for rat serum. RSC indicates serum 
containing SL extract. Results are mean ± SEM from five different tests. * P < 0.05. 
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3.3. RSC inhibits expression of TNF-α mRNA treated with hydrogen peroxide and LPS in cultured VSMCs 

Cultured rat aortic VSMCs containing trace amounts of TNF-α mRNA was assessed by 
RT-PCR. Exposure of VSMCs to 1.5 mmol/mL hydrogen peroxide for 8 hours resulted in a 5 
fold increased expression of TNF-α mRNA compared with the control group (Fig. 3a), and 
exposure of VSMCs to 10ug/mL LPS for 4 hours resulted in a 3 fold increased expression of 
TNF-α mRNA compared with the control group (Fig. 3a). RSC considerably attenuated the 
increased expression of TNF-α mRNA induced by 1.5 mmol/mL hydrogen peroxide for 8 in 
cultured rat aortic VSMCs (Fig. 3a). In the meantime, RSC similarly reduced the effect of 10 
ug/mL LPS on expression of TNF-α mRNA (Fig. 3a). 

Western blot analysis demonstrated exposure of VSMCs to 1.5mmol/mL hydrogen peroxide 
for 8 hours resulted in a 10 fold increased expression of TNF-α protein compared with the 
control group, and exposure of VSMCs to 10ug/mL LPS for 4 hours resulted in a 4 fold 
increased expression of TNF-α protein compared with the control group. RSC greatly degraded 
increased expression of TNF-α protein induced by 1.5mmol/mL hydrogen peroxide for 8 hours in 
cultured rat aortic VSMCs (Fig. 3b). Meanwhile, RSC also inhibited expression of TNF-α protein 
induced by 10ug/mL LPS for 4 hours compared (Fig. 3b). 

3.4. RSC inhibits NF-kB activation treated with TNF-α in cultured VSMCs  

EMSA demonstrated that exposure of VSMCs to 20 ng/mL TNF-α for 2 hours resulted in 
significant enhance of the density of the shifted bands compared with the control group (Fig. 4a). 
RSC markedly degraded increased the density of the shifted bands treated with 20 ng/mL TNF-α 
for 2 hours in cultured rat aortic VSMCs compared with the TNF-α treated group (Fig. 4a). 
While 10 mmol/L NAC (a kind of ROS scavenger) also inhibited the shifted bands treated with 
20 ng/mL TNF-α for 2 hours in cultured rat aortic VSMCs (Fig. 4a). 

3.5. RSC inhibits expression of NF-kB p65 in nuclear extracts in VSMCs stimulated with TNF-α 

Western blot analysis demonstrated exposure of VSMCs to 20 ng/mL TNF-α for 2 
hours resulted in striking increase of expression of NF- B p65 in nuclear extracts in 　

VSMCs compared with the control group (Fig. 4b). RSC markedly degraded increased 
expression of NF- B p65 in nuclear extracts compared with the TNF　 -α treated group (Fig. 
4b,). And 10 mmol/L NAC also inhibited increasing expression of NF-B p65 in nuclear 
extracts compared with the TNF-α treated group (Fig. 4b). 
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Figure 3. (a) Effect of 20 % rat serum containing SL on TNF-α mRNA in cultured 
VSMCs. Rat aortic VSMCs were cultured with hydrogen peroxide or LPS in the 
presence or absence of 20 % RSC. Intracellular TNF-α mRNA expression levels 
were determined by RT-PCR. Bands represent RT-PCR products of TNF-α protein 
from VSMCs. RS indicates rat serum. RSC indicates rat serum containing SL 
extract. (b) Effect of 20 % RSC on TNF-α protein in cultured VSMCs. Rat aortic 
VSMCs were cultured with hydrogen peroxide or LPS in the presence or absence of 
20 % RSC. Intracellular TNF-α protein expression levels were determined by 
Western blot analysis. Results of TNF-α protein are expressed compared with the 
control for triplicate samples. RS indicates rat serum. RSC indicates rat serum 
containing SL extract. Results are mean ± SEM from five different tests * p < 0.05, 
** p < 0.01. 

3.6. RSC inhibits superoxide anion generation in TNF-α-stimulated VSMCs 

Exposure of VSMCs to 20 ng/mL TNF-α for 2 hours resulted in significant increasing 
superoxide anion generation in VSMCs compared with the control group (Fig. 4c). RSC 
markedly degraded increasing superoxide anion generation in VSMCs compared with the TNF-α 
treated group (Fig. 4c). 10 mmol/L NAC also inhibited increasing superoxide anion generation 
compared with the TNF-α treated group (Fig. 4c). 
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Figure 4. (a) Effect of 20 % RSC on NF-B activation in TNF-α-stimulated VSMCs. 
(b) Effect of 20 % RSC on NF-B p65 expression in nuclear extracts of 
TNF-α-stimulated VSMCs. (c) Effect of 20 % RSC on superoxide anion generation 
in TNF-α-stimulated VSMCs. RS represents rat serum. RSC indicates rat serum 
containing SL extract. Results are mean ± SEM from five different tests. ** p < 0.01 
vs. Control; ++p < 0.01 vs. treated with TNF-α. 
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4.   Discussions 

SL is a botanical that is used today in traditional Chinese medicine for promoting blood 
flow associated with cardiovascular disease. In this study，as presented in Figure 1, when 
applying the rat carotid model of balloon dilatation injury, potent inhibitory effects on vascular 
restenosis has been demonstrated using the warm water extract of SL (SLE) . To characterize the 
mechanism for SLE suppressing vascular restenosis, we investigated the effect of SLE on the 
protein expression level of PCNA. As illustrated in Figure 2a, our results revealed that there was 
no significant change in PCNA protein expression in vascular restenosis after SLE treatment. 
These results suggested that inhibitory effects of the SLE on vascular restenosis in a rat carotid 
model of balloon dilatation injury might not be mediated through an inhibition of vascular cell 
proliferation. The notion was further supported by which we did not observe any effect of rat 
serum containing SLE on vascular smooth muscle cells growth inhibitory or cell cycle arrest.  

NF-B is an important element in the activation of the inflammatory cytokines and adhesion 
molecule genes involved in lesion development after vascular injury [2, 19]. Inhibition of NF-B 
has been demonstrated to prevent neointimal formation after balloon injury in a rat carotid artery 
model [19]. TNF-α, as a proinflammaory cytokine, which is thought to elicit NF-B activation 
[20, 21] has been demonstrated to be released at high levels in proliferating SMCs in the 
balloon-injured rabbit aorta[22], in balloon-injured rat femoral arteries[23]. Thus TNF-α-induced 
NF-B signalling pathway may exert significant action in vascular restenosis. Recently, several 
agents that inhibit the activation of NF-B have been identified from plants. For example, 
Magnolol is a NF-B inhibitor isolated from Magnolia officinalis, a Chinese medicinal herb. 
Magnolol can inhibit TNF-a-induced nuclear translocation of NF-kB p65 [24]. Therefore, 
botanicals represent a potential source for drugs that inhibit the activation of NF-kB. 

Some studies have suggested that ROS facilitate NF-B activation and that hydrogen 
peroxide or other ROS may be a second messenger in TNF and other cytokine signaling 
pathways upstream of NF-B [25]. Several kinds of active components in SL have been 
pronounced to own antioxidant activity [26, 27]. Thus we tested whether SL could block NF-B 
activation induced by TNF-α through scavenging ROS. Our results proved that except inhibiting 
expression of TNF-α, RSC and NAC, which is a kind of ROS scavenger, markedly reduced 
NF-B activation and the amount of NF-B p65 in the nuclei. And RSC and NAC also attenuated 
superoxide anion generation in TNF-a treated vascular smooth muscle cells. Taken together, 
these data evidenced that serum containing the extract inhibits TNF-α-induced nuclear 
translocation of NF-B p65, which, in part, may be attributable to the inhibition of superoxide 
anion generation.  

5.  Conclusion 

The inhibitory effects of SLE on vascular restenosis may not be mediated through inhibiting 
vascular cell proliferation, but through inhibiting vascular inflammation, which may be attributed to 
the inhibition of TNF-α and subsequent deactivation of NF-B, which was in part mediated through 
inhibiting superoxide anion generation. 
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