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Abstract

Sesamol is a component in the nutritional makeup of sesame that was identified as an antioxidant. In recent years, the importance of the

plasminogen activator (PA) and its adjustment factor, plasminogen activator inhibitor-1 (PAI-1), in the prevention of atherosclerosis has

gradually received recognition. The objective of this in vitro study was to demonstrate the effects of sesamol on PA and PAI-1. We also

compared the effects of sesamol with two well-known antioxidants, vitamins C and E, by using human umbilical vein endothelial cells as

an experimental model and by treating them with the above-mentioned three nutrients with doses up to 100 Amol/L. After 24 h, cells and

cultural medium were collected for analysis. The concentrations of tissue PA (tPA), urokinase PA (uPA) and PAI-1 were measured by an

enzymatic immunity method. Northern blot method was used to analyze the expression of mRNA of these three types of proteins. The

results showed that sesamol increased the production of uPA and tPA significantly and also up-regulated the mRNA expressions of these

proteins. On the other hand, vitamins C and E could induce tPA but not uPA. As for PAI-1, none of the nutrients induced any evident

response. These findings suggest that the overall vascular fibrinolytic capacity may be enhanced by using sesamol to regulate PA

gene expression.

D 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Sesame seeds, from Sesamum indicum, are one of the

most important edible oil seeds. Sesame seeds and sesame

oil have been known as traditional health foods and have

been used in ancient Chinese medicine for a long time.

However, the scientific evidence of their miraculous

functions, especially in the prevention of aging—as the

food has often been prescribed for in traditional medicine,

has not been well established. Sesamol is a potent phenolic

antioxidant found mainly in roasted sesame or in processed

sesame oil [1]. The biological effects of sesamol on health

have been determined as follows: sesamol exhibited

powerful inhibitory effects on lipid peroxidation [2], carried
0955-2863/$ – see front matter D 2005 Elsevier Inc. All rights reserved.

doi:10.1016/j.jnutbio.2004.07.008

* Corresponding author. Department of Bioscience Technology, Chung

Yuan University, Chungli 320, Taiwan. Tel.: +886 3 265 3500; fax: +886 3

265 3599.

E-mail address: jtsai@cycu.edu.tw (C.E. Tsai).
out the synergistic suppression of carcinogenesis and

combined with other antioxidants [3]. An in vitro study

indicated that sesamol inhibited the mutagenicity of

mutagens in various tester stains of Salmonella typhimurium

[4]. Sesamol could also attenuate the production of nitric

oxide and hydrogen peroxide and reduce monoamine

oxidase (MAO) activity in glial astrocyte cells [5]. Since a

distinct relationship exists between MAO activity and the

development of neurodegenerative diseases associated with

aging such as Alzheimer’s disease and stroke, sesamol might

play a role in the prevention of these types of diseases.

Fibrinolysis defects play a pivotal role in cardiovascular

diseases such as atherosclerosis and atherothrombosis.

Furthermore, it is considered as a risk factor for severe

cardiovascular diseases such as myocardium infarction and

stroke [6–8]. The blood fibrinolytic system is composed of

an active enzyme, plasmin, which degrades fibrin into

soluble fibrin degradation products. The plasmin is con-

verted from its inactive proenzyme, plasminogen, by a
ochemistry 16 (2005) 59–64
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plasminogen activator (PA) [9,10]. Two major forms of PAs,

tissue type [tissue PA (tPA)] and urokinase type [urokinase

PA (uPA)], have been identified. Tissue PA-mediated

plasminogen activation occurs upon the dissolution of fibrin

in the circulation whereas the main role of uPA appears to

be in the induction of pericellular proteolysis. The fibrino-

lytic system is regulatively inhibited by PAI-1, a high level

of which is associated with myocardial function and

coronary artery disease [11,12]. Therefore, it is crucial to

understand the interaction between these fibrinolytic regu-

lated proteins and to study the correlation of their activity

with occurrences of cardiovascular diseases. The aim of this

in vitro study was to demonstrate the effects of sesamol on

the gene and protein expression of PAs and PAI-1 in human

umbilical vein endothelial cells (HUVECs). While sesamol

and vitamins C and E antioxidantal properties have been

well documented, their effects on PA and PAI have not been

verified by recent studies. As such, the objective of this

report is twofold: to demonstrate the effects that these three

antioxidants have on PA and PAI and to further explore

sesamol’s medicinal values.
2. Materials and methods

2.1. Cell culture

Human umbilical vein endothelial cells (HUVECs) were

isolated from umbilical cord vein by collagenase treatment

as described previously [13]. Human umbilical cords from

normal deliveries or cesarean sections were collected. In a

tissue culture hood, both ends of each cord (1 cm long)

were excised with a sterile scalpel to expose a sterile

surface. The umbilical vein was perfused with 1� PBS

and was then perfused with 0.2% collagenase (Boehringer

Mannheim) in PBS solution until the vein was distended.

The two ends of the cord were clamped with sterile clamps

and the cords were incubated for 30 min at 378C. Then,
the cords were gently massaged to facilitate endothelial

cell detachment from the vessel wall. The solution was

flushed out and the lumen of the vein was washed with

M199 medium (containing 1% penicillin–streptomycin).

The cell suspension was collected and centrifuged at 1000

rpm for 5 min at 48C. The pellet was resuspended in

medium M199 (containing 10% serum and 1% penicillin–

streptomycin). The cells were plated on a 10-cm culture

plate and were incubated in 378C and 5% CO2 overnight.

After attaching overnight, the cells were washed with 1�
PBS and grown in endothelial cell growth medium

(BioWhittaker, #CC-3121) supplemented with 12% fetal

bovine serum (Gibco). After they have fully grown,

HUVECs were divided or stored in liquid nitrogen

(medium containing 20% DMSO when stored). Before

treatment, the cells (at a density of 5�105 cells/plate, 6-cm

dish) were seeded in the medium containing 2% fetal

bovine serum (Gibco, #10270-106) overnight. HUVECs

between passages 3 and 7 were used for experimentation.
2.2. Cell treatments

Sesamol (Sigma, #S-8518) was predissolved in ethanol

with concentrations of 1, 10 and 100 mmol/L and then

diluted with culture medium to obtain three final concen-

trations of 1, 10 and 100 Amol/L. a-Tocopherol (Sigma,

#T-3251) was predissolved in ethanol with 100 mmol/L and

then diluted into the final concentration of 100 Amol/L with

medium, whereas l(+)-ascorbic acid (Merck, #100127) was

diluted directly in the culture medium with 100 Amol/L.

The cultured medium and cells with various concentrations,

solvent control (ethanol) and control treatments were

isolated after 24 h.

2.3. Enzyme-linked immunosorbent assay

Imubind enzyme-linked immunosorbent assay kits, PAI-

1 (American diagnostica no. 821), uPA (no. 894) and tPA

(no. 860) were used for measuring the concentrations of the

three proteins in cell extract and culture medium. These

concentrations were adjusted by total protein of cell

extracts. Total protein of cell extract was measured by

Bradford protein assay (Bio-Rad, #69466A) [14].

2.4. Probes

Probes for Northern blot analysis were synthesized by

reverse transcriptase polymerase chain reaction (PCR). The

oligonucleotides PAI-1-5V (gtctttggtgaagggtctgct) and PAI-

1-3V (ctcgtgaagtcagcctgaaa) were used to amplify the PAI-1

complementary DNA (cDNA) with 943 bp. The oligonu-

cleotides uPA-F (gccaccatgagagccctgct) and uPA-R (cctgta-

gatggccgcaaacc) were used to amplify the uPA cDNA with

600 bp. The oligonucleotides tPA-5V (ttccgccccaccacctgacg)

and tPA-3V (gaggagtcgggtgttcctgg) were used to amplify the

tPA cDNA with 622 bp. The oligonucleotides glyceralde-

hyde-3-phosphate dehydrogenase (GAPDH)-5V (tggtatcgtg-
gaaggactca) and GAPDH-3V (agtgggtgtcgctgttgaag) were

used to amplify the GAPDH cDNA with 370 bp. The PCR

conditions for those probes were the same. The initial

denaturation phase lasted 5 min at 948C and was followed by

a 35-cycle amplification phase consisting of 1 min at 948C, 1
min at 608C and 3 min at 728C. Amplification was

terminated after 7 min at 728C. After PCR, the DNA

fragments were purified with a QIA quick gel extraction kit

(Qiagen). Twenty nanograms of DNA fragments was labeled

with a-32P-dCTP (Amersham) by a random prime labeling

system (Rediprime, Amersham) for Northern blot assay.

2.5. Northern blot analysis

In order to detect the expression level of uPA, tPA and

PAI-1 genes, Northern blot assay was used for detecting

gene expression. Total RNAwas isolated by the method that

was described in the Tri-Reagent’s protocol (Molecular

Research Center). Ten to 20 Ag of total RNA was separated

on 1% agarose/formaldehyde gels as described previously

[15] and was then transferred onto nylon membrane

(Hybond-N+, Amersham). Hybridization was performed at



Fig. 1. The % changes compared with their control of uPA in the cells (A)

and medium (B) treated with three dosages of sesamol after 24 h. Values are

meansFS.D. of three independent experiments. Asterisk indicates that the

treatment group is significantly different from its control. Columns not

sharing a common superscript are significantly different, P b.05.

ig. 3. The % changes compared with their control of tPA in the cells (A) and

edium (B) treated with sesamol, vitamin C or vitamin E after 24 h. Values

re meansFS.D. of three independent experiments. Asterisk indicates that

e treatment group is significantly different from its control. Columns not

aring a common superscript are significantly different, P b.05.
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658C for 16 h in a hybridization buffer (Rapid-hyb buffer,

Amersham). The membrane was then washed once with

solution A (5� SSC, 0.1% SDS) at 658C for 20 min and

twice with solution B (0.1� SSC, 0.1% SDS) at 658C for 20

min. Finally, the membrane was put into autoradiography.

2.6. Statistical analysis

Statistical analysis was performed using the SPSS 8.1

statistical software system (SPSS). The significance of

differences among groups was tested by one-way ANOVA,
Fig. 2. The% changes comparedwith their control of uPA in the cells (A) and

medium (B) treated with sesamol, vitamin C or vitamin E after 24 h. Values

aremeansFS.D. of three independent experiments. Asterisk indicates that the

treatment group is significantly different from its control. Columns not

sharing a common superscript are significantly different, P b.05.
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and least significant difference procedure was used for post

hoc testing. Differences were considered significant when

Pb.05. Data shown in the figures were calculated to %

change of control and expressed as meanFS.D. of three

independent experiments.
3. Results

Since it is important to determine the correlation between

the regulation of fibrinolytic proteins and the occurrences of
ig. 4. The % changes compared with their control of PAI-1 in the cells (A)

nd medium (B) treated with sesamol, vitamin C or vitamin E after 24 h.

alues are meansFS.D. of three independent experiments. There are no

gnificant differences between treatments and their controls. Also, there are
F
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no significant differences between treatment groups, P b.05.
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cardiovascular diseases, we performed in vitro experiments

to test the effect of various doses of sesamol on endothelial

cells and to check the % changes of uPA, tPA and PAI-1

compared with their control in the cell lysate and medium.

Twenty-four hours after the HUVECs were treated with

100 Amol/L sesamol, the uPA protein concentration

increased significantly with more than 200% in cell lysate

and 150% in medium (Fig. 1A and B). We also compared

sesamol-treated cells with those treated with other antiox-

idants, vitamins C and E, in the same concentration of 100

Amol/L. As shown in Fig. 2A and B, only sesamol

significantly enhanced the production of uPA in both cell

lysate and medium. Neither vitamin C nor vitamin E had

any significant effect on uPA production.

As for tPA, sesamol also induced its production in both

cell lysate and medium (Fig. 3A and B). We further

discovered that both vitamins C (compared with blank)

and E (compared with blank ethanol) significantly increased

tPA concentration in cell lysate. However, in cultured

medium, no significant changes in tPA concentration were

detected in cells treated with either vitamin C or vitamin E.

For the PAI-1, we did not observe any of these tested

nutrients having any significant effect of PAI-1 induction

either in cell lysate or in cultured medium (Fig. 4A and B).

From Northern blot assays, sesamol induced the mRNA

expressions of uPA and tPA dose dependently (Fig. 5A and

B). In the sesamol-treated cells, the ratio of tPA mRNA

induction was higher than that of uPA. Vitamin C, on the

other hand, had no effect on uPA mRNA induction while
Fig. 5. The Northern blot of uPA, tPA and PAI-1 mRNA expressed in cells

treated with sesamol, vitamin C or vitamin E after 24 h (A). Above signals

were quantified by a densitometer and normalized with GAPDH and

control (B).
vitamin E induced uPAmRNA expression only slightly. Both

vitamins C and E induced tPA mRNA expression just as

effectively as sesamol did. All three nutrients only slightly

induced the mRNA expression of PAI-1, but the ratio of PAI-

1 was less than the ratio of uPA or tPA mRNA induction.
4. Discussion

Many reports provide evidence showing that the con-

centration of PAI-1 is correlated with occurrences in

diseases such as type 2 diabetes [16], diabetic nephropathy

[17], myocardium infarction [18] and hyperlipidemia

[19,20]. Low-density lipoprotein (LDL) particle size was

inversely related to PAI-1 levels, thus providing one

possible explanation for the atherogeneity of small dense

LDL particles [21]. Hypofibrinolysis was present in

hemodialysis patients with diabetes [22] and in patients

with chronic renal failure, renal dialysis and transplantation

[23]. Generally, patients with these chronic diseases have

the trend to develop atherosclerotic complications.

Since an imbalance between PA and PAI-1 levels is an

indicator of a fibrinolytic defect, low levels of PA or

excessive levels of PAI-1 cause hypofibrinolysis. Fibrino-

lysis defects are related to thrombotic complications and

therefore contribute to the development of atherosclerosis.

Evidence shows that decreased fibrinolytic capacity (in-

creased PAI-1) was likely to occur in fatty streak lesions and

zones of severe atherosclerosis during observations of the

human arterial wall [24].

Because of the correlation between hypofibrinolysis and

PAI-1, several conditions such as the fact that a high glucose

concentration [25] leads to an induction in PAI-1 mRNA

would modify PA or PAI-1 production. Drugs such as

valsartan (angiotensin type I receptor antagonist) [26] and

rosiglitazone (hypoglycemic agent) [27] could decrease PAI-

1 levels and even increase tPA levels [26]. Except for tPA,

some studies revealed the relationship between PAI-1 and

nutrition; high fiber intake was inversely associated with PAI-

1 levels in epidemiology [28] and in an animal (baboon) study

[29]. Vitamins C and E attenuated PAI-1 expression in a

hypercholesterolemic porcine model of angioplasty [30]. A

clinical study showed that the high dose of a-tocopherol

supplementation (1200 IU/day) decreased PAI-1 levels in

type 2 diabetic patients [31]. It can be seen from the above

studies that foods or nutrients that play a potential role in

fibrinolytic functions might serve as medicines in an

adjunctive therapy to prevent atherosclerosis.

In the present in vitro study, we found that sesamol

increased the production of uPA and tPA in endothelial cells

but did not influence PAI-1 production. The regulation of

these proteins was also confirmed by their mRNA expression.

We also compared sesamol’s effect on uPA, tPA and PAI-1

protein and gene expressionwith that of vitamins C and E.We

found that all three nutrients induced more tPA production in

endothelial cells. However, sesamol induced uPA signifi-

cantly while vitamins C and E did not. None of the three
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nutrients induced PAI-1 evidently. Tissue PA had been used

in medical treatment as a thrombolytic agent, such as in acute

myocardial infarction [32,33]. From our study, we demon-

strated that sesamol increased PAs significantly but left PAI-1

largely unaffected. As a result, we predicted that sesamol

might play a role in antiatherosclerosis and antithrombosis.

We remained open-minded to opposing findings as we

used the nutrition method to enhance the fibrinolytic

functions. Urokinase PA is a serine protease that activates

the zymogen plasminogen and is potentially responsible for

initiating a cascade of fibrinolysis and extracellular proteol-

ysis. Although Falkenberg et al. [34] proposed that a gene

therapy employing local uPA overexpression might be

applied as a strategy to prevent intravascular thrombosis,

their follow-up study found that elevated uPA expression in

atherosclerotic arteries contributed to intimal growth and

constrictive remodeling leading to lumen loss. High uPA

values were also observed in patients with somemalignancies

[35]. Overexpression might increase the risk for aneurysm

formation due to activated metalloproteinase and might cause

extracellular matrix degradation. Proteolysis might indeed

play a role in the neovascularization and rupture of plaques or

in the ulceration and rupture of aneurysms [36]. For this

concern, we have performed the 3-(4,5-dimethylthiazole-

2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) test and cell

growth assay to demonstrate the effects of sesamol on the

proliferation of endothelial cells. Results showed that

sesamol inhibited endothelial cell growth even at the

concentration of 1 Amol/L. However, sesamol did not induce

cell death when the concentration level approached the 100

Amol/L (data not shown) level. Vitamin C up to 100 Amol/L

had no effect on endothelial cell growth, but vitamin E could

slightly promote cell growth when concentration was more

than 10 Amol/L. From these results, we suggest that the main

characteristic of sesamol is that it is antithrombotic.

In conclusion, we have found that sesamol may enhance

overall vascular fibrinolytic capacity through regulating

gene expression of PA. Sesamol performed more effectively

than vitamins C and E. Confirming its antithrombotic

effects, however, lies outside the scope of this study and

further in vivo study is recommended.
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