
Copyright © 2014 The Korean Society of Environmental Health and Toxicology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ 
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Page 1 of 6
http://e-eht.org/

Introduction

Cigarette smoking was long time known as a risk factor in ath-
erosclerosis, loss pulmonary function and related cardiovascular 
disease due to the contain of many toxic chemicals [1]. An evi-
dence about cigarette smoking is associated with dose-related 
and potentially reversible impairment of endothelium-depen-
dent dilation was recorded in healthy young adults [2]. Endo-
thelial-derived relaxing factors were found and researched from 
soon for application in vascular related diseases, and nitric oxide 
(NO) is among of them [3]. NO is an important molecule in 

vasculature, it was first time identified as an endothelial-derived 
relaxing factor in 1988 [4] and studied its role in endothelial 
function later [5]. NO acts as an endogenous nitrovasodilator, 
stimulating soluble guanvlate cyclase to increase cyclic guano-
sine monophosphate levels in vascular smooth muscle and 
platelets, with consequent relaxant and anti-aggregatory effects 
[6]. The vascular endothelial cells synthesize NO from L-argi-
nine to via the catalytic reaction of endothelial nitric oxide syn-
thase (eNOS). Some studies figured out that cigarette smoking 
extract (CSE) decreased exhaled NO, suggesting that it may in-
hibit the enzyme NO synthase [7]. This question was answered 

The dependence of nitric oxide synthase inhibition 
caused by cigarette smoking extracton the cellular 
aging of bovine aortic endothelial cells
VuQuynhAnh Le1, Yang-Hoon Kim2, Jiho Min1

1Department of Bioprocess Engineering, Chonbuk National University, Jeonju; 2Department of Microbiology, Chungbuk 
National University, Cheongju, Korea

• Original Article

Open Access
Environmental Health and Toxicology

Volume: 29, Article ID: e2014010, 6 pages
http://dx.doi.org/10.5620/eht.e2014010

eISSN: 2233-6567 

Objectives Cigarette smoking had been recorded as the main cause of impaired endo-
thelium-dependent vasodilation in smokers by reducing nitric oxide (NO), a production 
of endothelial nitric oxide synthase (eNOS). However, the mechanism of NO impair-
ment via eNOS activity is unclear until now. In this study, cell passage is suggested to be 
a relevant factor to eNOS expression under cigarette smoking stress.
Methods Bovine aortic endothelial cells (BAECs) were chosen as the research subject 
with passages ranking from 6 to 9 (6P to 9P). After exposure of cigarette smoking extract 
(CSE) solution, MTT assay and Western blot method were performed to check the cell vi-
ability as well as eNOS protein concentration. In these experiments, four concentrations 
of CSE at 0.5, 1, 2, and 4% were selected for treatment.
Results Our results showed that cells almost died at 4% of CSE. Besides, eNOS protein 
mass had a linear decrease under the increase of CSE concentration. In addition, the ef-
fect of CSE on eNOS expression was dissimilar between different passages.
Conclusions This study indicated that CSE had effect on both cell viability and eNOS ex-
pression. Besides, a reduction in protein mass was matched with the decrease of cell via-
bility due to CSE tress. Last but not least, the response of eNOS protein to different con-
centration of CSE at different passages was disparate, making the hypothesis about cell 
passage related inhibition of eNOS caused by CSE solution.

Keywords Bovine aortic endothelial cells, Cellular aging, Cigarette smoking extract, Endo-
thelial nitric oxide synthase

Correspondence:
Jiho Min, PhD
567 Baekje-daero, Deokjin-gu, Jeonju 
561-756, Korea
Tel: +82-63-270-2436
Fax: +82-63-270-2306
E-mail: jihomin@chonbuk.ac.kr

Received: July 21, 2014
Accepted: August 12, 2014
Published online: September 25, 2014

This article is available from: http://e-eht.org/

http://crossmark.crossref.org/dialog/?doi=10.5620/eht.e2014010&domain=pdf&date_stamp=2015-01-21


http://e-eht.org/Page 2 of 6

Environmental Health and Toxicology   2014;29:e2014010

later in another research to confirm the inhibition of CSE on 
eNOS activity is irreversible [8]. 

However, the mechanism and the effective factors of this pro-
cess were not clearly understood until now. Cell passage is also an 
important factor in cell study. Some authors just tested the eNOS 
expression in endothelial cells at identical passage and no one in-
dicated the connection between cell passage and eNOS expres-
sion under CSE stress. So we did this study to answer the ques-
tion above. Our results showed that CSE had dose-dependent ef-
fect on eNOS inhibition and emphasized that this inactivation of 
eNOS related to cell passage, which was not mentioned before.

 

Materials and Methods

Cell Culture

Endothelial cells were collected from the cardiac aortic of the 
30 months-old cows and maintained in minimum essential me-
dium (Gibco, Grand Island, NY, USA) supplemented with 5% 
newborn calf serum, L-glutamine and 1% penicillin–streptomy-
cin solution in humidified atmosphere incubator containing 5% 
CO2 at 37°C. The 6th- to 9th-passage cells using for all experi-
ments were grown in 100 mm dishes with monolayer and 
changed medium every 2 days.

Cigarette Smoking Extract Preparation

This, commercial cigarettes purchased from KT&G Corpora-
tion was used to prepare CSE solution. For generating 100% 
CSE solution, 3 cigarettes were smoked continuously using a 
vacuum to adsorb all smoke into an erlen contain 30 mL of Dul-
becco’s phosphate buffered saline that was pre-warmed before. 
The whole solution then was filtered using 2 mm Cambridge fil-
ter to generate the gas-phase extract solution [8].

MTT Assay

MTT assays were carried out on different cell passaged to as-
sess the cell viability under the stress due to CSE treatment at 
various concentrations (0.5, 1, 2, and 4%). One hundred percent 
CSE solution prepared in previous step was diluted in treating 
samples to get the final concentrations. Cells were grown in 96 
wells plate with the density of 3×103 cell/well and exposed to 
CSE solution within 24 hours. Three replicates were performed 
for each concentration. The absorbance of colored solution was 
quantified by measuring at 560 nm wavelength using Elisa reader 
(Thermo Electron Co., Shanghai, China) [9].

Total Protein Isolation

To prepare protein samples for western blot analysis, cells were 
starved within 12 hours before a 24 hours CSE solution expo-
sure. After 1 day of treatment, cells from each 100 cm dish were 
lysed in a mixture of lysis buffer (20 mM tris-Cl pH 7.4, 1 mM 
EDTA pH 8.8, 150 mM NaCl, 1 mM EGTA pH 8.5, 1% v/v 
Triton X-100), protease inhibitor cocktail (Roche, Indianapolis, 
IN, USA), and phenylmethanesulfonyl fluoride (Roche) with 
ratio 100: 1:1 using scrappers. Lysates were then agitated by vor-
tex mixer for 10 minutes (at 10 seconds period) and incubated 
in ice during 30 minutes prior to being centrifuged at 13,000 
rpm, 4°C for 10 minutes to yield a supernatant [10].

Western Blot

We applied western blot method to check the expression of 
eNOS protein under the treatment of CSE solution. Protein con-
centrations were measured by Bradford assay using Elisa reader 
machine (Thermo Electron). An amount of 20 µg protein was 
loaded into each well in SDS-PAGE followed by the step of elec-
tronic transferring to nitrocellulose membrane. The protein-
membrane system was then blocked in 5% skim milk for 1 hour 
and incubated over night at 4°C with the appropriate primary 
antibody as followed: eNOS and β-actin (as control) with ratio 
of dilution is 1:500. Subsequently, the membranes were washed 
with wash buffer and incubated with respective secondary anti-
body for 1 hour at room temperature. Antibody complexes were 
visualized by enhanced chemiluminescence using ECL kit (Elpis 
Biotech, Daejeon, Korea) [11]. 

Data Analysis

All data was obtained from three independent samples carried 
out simultaneously for error analysis. The results are reported 
along with the standard deviation. In addition, the correlation 
between the cell viability and several experimental conditions is 
also reported. The statistical significance was determined using 
a Student’s t-test for two points. The p-values < 0.05 were con-
sidered significant.  

Results

Toxicity of Cigarette Smoking Extract Solution Effect 
Cell Viability

The bovine aortic endothelial cells (BAECs) almost were not 
attached into the plastic dishes when treated with higher than 
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Figure 1. (A) The bar chart indicates the decrease of cell vi-
ability after increasingly treating with cigarette smoking ex-
tract (CSE) at higher concentrations. (a) 6 passages, (b) 7 
passages, (c) 8 passages, and (d) 9 passages. (B) Cell shape 
changes of different passages under CSE treatment were ob-
served via microscope.

2% of CSE solution and absolutely floated in medium at 4% 
CSE. As shown in Figure 1, the graphs illustrate the correlation 
between the cell viability and the CSE concentration. The high-
er concentration of CSE we treat, the more cells die. This means 
the BAECs showed its tolerance to CSE solution decreasingly 
along with the increase of CSE concentration in culture medi-
um comparing to the control cells. Besides, the protein quantifi-
cation result also matched with MTT result of each cell passage 
(Figure 2). Total protein concentration was appropriate zero at 
4% CSE.

The Effect of  Cigarette Smoking Extract on the eNOS 
Expression

The effect of CSE solution on the expression of eNOS synthase 
enzyme was confirmed by western blot results (Figure 3). At the 
6th and 7th passage, eNOS showed the up-regulation when in-
creasingly treated with higher concentration of CSE. Meanwhile 
cells from higher passage (8th and 9th passage) went on an in-
verse result that the expression of eNOS protein reduced along 
with the CSE concentration go-up-ward (Figure 3). Additionally, 
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Figure 2. The linear induction of protein mass in all tested cell passages resulted by the growth of cigarette smoking extract (CSE) percentage in treated 
medium. (A) 6 passages, (B) 7 passages, (C) 8 passages, and (D) 9 passages.

most of 4% CSE treated samples did not have the β-actin bands 
because of very low total protein concentration due to lost 
(death) cells.

Discussion

This study demonstrates that exposed BAECs from 6th to 9th 
passage with CSE solution in dose-dependent has a linear 
change in cell viability, protein content, and eNOS expression. 
When treated with CSE in increasing ward of concentration, in 
all passage stages, cell adhesion went down leading to the loss of 
protein content with large amount (2% and 4% of CSE), indicat-
ing that the changes in eNOS protein mass is responsible. May 
be the CSE components absorbed into cells and induced apop-
tosis of BAEC as the mechanism that once described in previous 
study [12]. However, necrosis should be suggested for the rea-
son. A study in 2003 carried out the opposite results that ciga-
rette smoke induces necrosis in alveolar type II cells, endothelial 
cells, and Jurkat cells. Moreover, cigarette smoke condensate in-

hibited caspase (an essential protease for apoptosis) activation 
and apoptosis in A549 and Jurkat cells. This indicates that ne-
crosis but not apoptosis in response to cigarette smoking is sig-
nificant [13].

The important thing to discuss here is how cells responded to 
CSE in different cell passages. They did not show the same feed-
back to CSE exposure as previous suggestion that eNOS con-
tent would decrease. Reversely, we can separate into two dissim-
ilar ways of eNOS response: up-regulation in early passages (6th 
and 7th passage) and down-regulation in later passages (8th and 
9th passage). This can be explained by cell passage-dependent 
regulation system that never be recorded yet in previous studies 
about CSE related disease in endothelial cells. We suggest that at 
lower passages, eNOS protein has stronger response to CSE 
tress for increasing intracellular NO level. In details, at passage 6 
and 7, eNOS expressed more strongly before was down-regulat-
ed or inactivated at high level of CSE while there was just one 
downward of manipulation in eNOS expression at passage 8 
and 9 (Figure 3). In another words, eNOS synthase is more sen-
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Figure 3. (A) Western-blot bands of endothelial nitric oxide 
synthase (eNOS) protein when treated with various concentra-
tion of cigarette smoking extract (CSE) compare between dif-
ferent passages. (B) Analyzed data from western blot was 
demonstrated clearly by graphs of relevant between protein 
expression and CSE percentage. (a) 6 passages, (b) 7 passag-
es, (c) 8 passages, and (d) 9 passages.

sitive with CSE at lower passages more than at later stages. The 
inhibition of eNOS expression in our result is also matched with 
other authors which can be reasoned by the negative - feedback 
regulation of eNOS expression by exogenous NO due to CSE 
solution [14]. Continuous low dose inhaled NO has good effect 
on vascular disease [15], but if smoked cigarette too much, pa-

tients would absorb extra NO into endothelial cells because of 
NO included in CSE constituents [16].

In summary, our work investigated the effect of CSE solution 
at various level of concentration on bovine aortic endothelial 
cells. The results indicate that CSE have dose-dependent influ-
ence on cell viability, protein mass as well as eNOS expression, 
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and they themselves matched each other. Besides, the inhibition 
of eNOS protein had concern with different cell passages. In ear-
lier stages (6th and 7th passages), the inactivation of eNOS just 
appeared at high concentration of CSE whereas it started from 
low level of CSE in later stages (8th and 9th passage). This was 
first time described here to support the theory of research about 
the effect of CSE on endothelial derived vascular disease. Further 
experiments need to be done to confirm the NO concentration 
after exposing to CSE, implementing to the results found in this 
study.

Acknowledgements

This work was carried out with the support of ‘Cooperative 
Research Program for agriculture Science & Technology Devel-
opment (Project title: Development of Target-specific Antimi-
crobial and Neutralizing Agents for Livestock Biological Hazard-
ous Factors, no. PJ01052701)’ Rural Development Administra-
tion, Korea.

Conflict of Interest

The authors have no conflicts of interest with material pre-
sented in this paper.

References

1. Howard G, Wagenknecht LE, Burke GL, Diez-Roux A, Evans GW, 
McGovern P, et al. Cigarette smoking and progression of athero-
sclerosis: The Atherosclerosis Risk in Communities (ARIC) Study. 
JAMA 1998;279(2):119-124.

2. Celermajer DS, Sorensen KE, Georgakopoulos D, Bull C, Thomas 
O, Robinson J, et al. Cigarette smoking is associated with dose-re-
lated and potentially reversible impairment of endothelium-depen-
dent dilation in healthy young adults. Circulation 1993;88(5 Pt 
1):2149-2155.  

3. Angus JA, Cocks TM. Endothelium-derived relaxing factor. Phar-

macol Ther 1989;41(1-2):303-352.
4. Furchgott RF. The discovery of endothelium-derived relaxing factor 

and its importance in the identification of nitric oxide. J Am Med 
Assoc 1996; 276:1186-1188.

5. Bauer V, Sotníková R. Nitric oxide--the endothelium-derived relax-
ing factor and its role in endothelial functions. Gen Physiol Biophys 
2010;29(4):319-340.

6. Griffith TM, Lewis MJ, Newby AC, Henderson AH. Endothelium-
derived relaxing factor. J Am Coll Cardiol 1988;12(3):797-806.

7. Kharitonov SA, Robbins RA, Yates D, Keatings V, Barnes PJ. Acute 
and chronic effects of cigarette smoking on exhaled nitric oxide. 
Am J Respir Crit Care Med 1995;152(2):609-612.

8. Su Y, Han W, Giraldo C, De Li Y, Block ER. Effect of cigarette 
smoke extract on nitric oxide synthase in pulmonary artery endo-
thelial cells. Am J Respir Cell Mol Biol 1998;19(5):819-825.

9. Mosmann T. Rapid colorimetric assay for cellular growth and sur-
vival: application to proliferation and cytotoxicity assays. J Immu-
nol Methods 1983;65(1-2):55-63.

10. Sarry JE, Chen S, Collum RP, Liang S, Peng M, Lang A, et al. Anal-
ysis of the vacuolar luminal proteome of Saccharomyces cerevisiae. 
FEBS J 2007;274(16):4287-4305. 

11. Karimi MH, Ebadi P, Pourfathollah AA, Soheili ZS, Samiee SH, 
Ataee Z, et al. Tolerance induction by CD40 silenced dendritic cells 
through antisense. Iran Red Crescent Med J 2009;11(3):286-294.

12. Wang J, Wilcken DE, Wang XL. Cigarette smoke activates caspase-3 
to induce apoptosis of human umbilical venous endothelial cells. 
Mol Genet Metab 2001;72(1):82-88.

13. Wickenden JA, Clarke MC, Rossi AG, Rahman I, Faux SP, Donald-
son K, et al. Cigarette smoke prevents apoptosis through inhibition 
of caspase activation and induces necrosis. Am J Respir Cell Mol 
Biol 2003;29(5):562-570.

14.  Buga GM, Griscavage JM, Rogers NE, Ignarro LJ. Negative feed-
back regulation of endothelial cell function by nitric oxide. Circ Res 
1993;73(5):808-812.

15. Beghetti M, Habre W, Friedli B, Berner M. Continuous low dose in-
haled nitric oxide for treatment of severe pulmonary hypertension 
after cardiac surgery in paediatric patients. Br Heart J 1995;
73(1):65-68.

16. Church DF, Pryor WA. Free-radical chemistry of cigarette smoke 
and its toxicological implications. Environ Health Perspect 1985;
64:111-126. 


