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ABSTRACT

Cigarette smoke is a complex mixture of about 7,000 different toxic
substances, many of which are generated during the burning of the
tobacco leaf, some in the gas phase and others in the particulate
matter. The gas phase represents approximately 60% of the smoke
from the burning of tobacco, 99% of this phase is composed of
nitrogen, oxygen, carbon dioxide, carbon monoxide, hydrogen,
argon, and methane. Atherosclerosis associated with smoking is not
necessarily an effect of nicotine, but probably the joint action of the
various constituents of cigarette smoke. ROS from the gas phase of
tobacco contributes to the onset and progression of atherosclerosis.
Bupropion and varenicline are used for smoking cessation despite the
side effects; however, we are still far from effective treatment to assist
the definitive discontinuation of the habit of smoking. This review
discusses the main mechanisms associated with vascular damage from
the smoking.
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Introduction

The casual act of lighting a cigarette and
sucking the smoke has its origin lost in time. It is
practically impossible to determine how and when
someone first had the idea of burning dried tobacco
leaves and sucking up their smoke. Long before
Europeans arrived in America, smoking was a daily
part of the native Americans’ daily lives, and its
function was much more related to their religious
beliefs than to the pure and simple pleasure of
tobacco consumption.

In Europe, it was Jean Nicot, the French
ambassador to the Portuguese court, who
introduced and disseminated tobacco. Nicot’s
initiative later caused the botanist De La Champ to
baptize tobacco, scientifically, as herbanicotiana,
giving the name of the ambassador to all kinds of
plants to which tobacco belongs.

In adult non-smokers, there is a greater risk
of cardiovascular disease caused by smoking, in
proportion to the time of exposure to smoke, and
the risk of myocardial infarction is 30% higher than
in  nonexposed non-smokers . Smoking is
responsible for approximately 45% of deaths in
men younger than 65 years old and more than 20%
of all deaths due to coronary disease in men over
65 years old. In addition, male smokers between 45
and 54 years old are almost three times more likely
to die from myocardial infarction than non-smokers
from the same age group2.

The percentage of smokers of other
tobacco products (cigars, pipes, cigarillos, Indian
cigarettes, and hookah) is low: 0.8% on average?3-
8, Thus, we will concentrate our attention on
cigarettes in this update. There are two ways to
inhale cigarette smoke: (1) when the smoker sucks
by absorbing toxic substances (primary stream)
through the mouth; and (2) when smoke is released
freely from the burning tip of the cigarette or other
tobacco derivatives into ambient air endangers the
health of non-smokers (second-hand)®.

Cigarette smoke is a complex mixture of
about 7,000 different toxic substances, many of
which are generated during the burning of the
tobacco leaf, some in the gas phase and others in
the particulate matter0. The gas phase represents
approximately 60% of the smoke from the burning
of tobacco, 99% of this phase is composed of
nitrogen, oxygen, carbon dioxide, carbon
monoxide, hydrogen, argon, and methane. The
remaining 1% is represented by 43 other
components. The aromatized hydrocarbons present
in tobacco smoke considered carcinogenic contain
four to six condensed rings, the main representative
of which is benzopyrene. Other toxic components

Smoking and Endothelial Dysfunction

less studied are nitrosamines, radioactive
substances, polonium 210 and carbon 14, DDT
pesticides, benzene, heavy metals (lead and
cadmium), nickel, hydrogen cyanide, ammonia, and
formaldehyde0-13,

According to a report from the World
Health Organization, smoking was ranked second
as a leading cause of premature death and
disability worldwide'4. This is because tobacco
smoke generates reactive oxygen species (ROS)
that cross the alveolar epithelium to reach blood
circulation and promote cytotoxic lesions in the
different tissue targets. Interaction among cigarette
smoke components, the endothelium, and the
vascular  wall is demonstrated by vascular
morphological changes, such as those observed
experimentally in cultures of endothelial cells and
isolated organs, characterized by endothelial
disruption,  endothelial cell  desquamation,
apoptosis, cell repair, and cell proliferation' a key
process in maintaining vascular integrity16.17,

Structural and Functional Changes of the
Vascular Wall

Experimental evidence in humans and
animals shows that smoking promotes functional
changes (endothelial dysfunction (ED)) and structural
changes in the wall of conductance arteries (large
arteries), muscular arteries (medium arteries), and
resistance  arteries  (microcirculation).  These
alterations include changes in compliance and
stiffness of the vascular wall'819 with a significant
reduction of the elastic properties of the vascular
wall probably mediated by stimulation of the
sympathetic nervous system, responsible for the
effects on blood pressure, pulse pressure, and pulse
wave profile amplification in the aorta with
increased central systolic pressure20-23, Contributing
factors to this manifestation are endothelium
dysfunction (ED), vascular remodeling by increasing
the thickness of the intima and media layers of
medium-sized arteries and microvascular beds, and
reduction of lumen/wall thickness ratio24.

Coronary Vascular Reactivity

Changes in coronary vascular tone take
place 5 minutes after the consumption of a cigarette
and are characterized by a 7% decrease in flow
speed and increased coronary resistance by 21%,
regardless of changes in heart rate and blood
pressure. Coronary vasoconstriction induced by
smoking is mediated by alpha-adrenergic
stimulation, which causes immediate proximal and
distal constriction of these arteries and an increase
of tonus in resistance vessels?5. This effect is
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attributed to the action of nicotine, which promotes
local (norepinephrine) and systemic (epinephrine)
release of catecholamines. There is also a reduction
of prostacyclin levels (PGI) since nicotine decreases
its synthesis in the endothelium of the coronary
arteries without affecting TXA22¢6-28,

Microcirculation Responses

Evaluation of the vasodilatory
microcirculation response, by infusing nicotine into
fragments of human skin properly prepared for this
purpose, has demonstrated an accentuation of the
vasoconstriction induced by norepinephrine?s.
Experimental studies of arteriolar circulation in oral
mucous of hamsters show a change of endothelium-
dependent vasodilation during nicotine infusion,
which is prevented by infusion of superoxide
dismutase (SOD), suggesting that the formation of
oxygen-free radicals contributes to decreasing the
endothelium-dependent vascular response in the
microcirculation?9.

Gaseous Tobacco Smoke

The main ROS present in the gaseous phase
of tobacco smoke is superoxide anions, hydrogen
peroxide, hydroxyl, peroxynitrite, and free
radicals of organic compounds, which are highly
reactive substances. Due to their short half-life, they
are readily inactivated by antioxidants, such as
catalase, GSH, and SOD, both cellular (SODI1
CuZnSOD  cytoplasmic and SOD MgSOD
mitochondrial), and extracellular (SOD3 CuZnSOD),
also known as extracellular- The mechanism by
which nicotine induces pathological angiogenesis
involves the endothelial cholinergic pathway. It is
known that the endothelial cell, which has
acetylcholine receptors (Ach), synthesizes ACh from
acetyl-coenzyme A and choline via
acetyltransferase from choline (ChAT). Choline
reuptake is essential for ACh synthesis. The presence
of a transporter with a high affinity for choline has
been demonstrated in endothelial cells and vascular
smooth muscle SOD30,

Cardiovascular and Atherosclerosis -
Mechanisms

Atherosclerosis associated with smoking is
not necessarily an effect of nicotine, but probably
the joint action of the various constituents of
cigarette smoke. ROS from the gas phase of
tobacco contribute to the onset and progression of
atherosclerosis.

Exposure of endothelial cells to tobacco
smoke, which contains oxygen-free radicals,
inactivates NO, which is converted into peroxynitrite
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promotes protein nitrosylation, reduced activity of
endothelial NO synthase (eNQOS), increased
expression of uncoupled eNOS, activation of
NADPH oxidase (higher endogenous source of
ROS), and increased oxidative stress. As a
consequence of reduced NO bioavailability and
increased oxidative stress, stimulation of the tumor
necrosis factor NF-kB and immediate increase in the
expression of adhesion molecules (ICAM, VCAM,
etc.), selectin  (E-selectin, P-selectin), an
inflammatory  cytokine, recrviting platelets,
macrophages, and lymphocytes, as well as
activation and endothelial cell dysfunction and
subsequent loss endothelial cells by apoptosis or
necrosis, occurs. The reduction of NO-derived
endothelial cells promotes the contraction of
vascular smooth muscle cells (VSMC) of the medium
layer of the vascular wall (vasoconstriction)6:31.32,

Smoking has an adverse effect on lipid
metabolism, especially in heavy smokers (>25
cigarettes per day), such as increasing VLDL-
cholesterol and triglycerides levels and decreasing
HDL-cholesterol (HDL mainly -2) and apolipoprotein
A levels, actions that promote increased Changes in
lipid profile can be reversed after one year of
smoking cessation33:34. Oxidation studies in vitro by
incubation of LDL cholesterol with nicotine and/or
cotinine and monitoring of lipid peroxidation
markers confirmed the hypothesis that smokers’ LDL
is highly susceptible to oxidation353¢ particle
oxidized LDL cholesterol, with greater atherogenic
potential33.36,37,38,

Hypercoagulability and Thrombogenicity and
mechanisms

Smoking causes a hypercoagulability state
by (1) increased circulating levels of procoagulant
factors; (2) reduction of anticlotting factors; (3)
increased blood viscosity; (4) increment in
circulating levels of fibrinogen; (5) increase in
plasma levels of von Willebrand factor; and (6) the
activation of factor VIl and coagulation cascade
and tissue factor derived macrophages.
Furthermore, there is a decrease due to reduced
fibrinolysis inhibitor of the expression of tissue
factor, decreased tissue plasminogen activator, and
increase of tissue plasminogen activator inhibitor
that is positively correlated with the number of
cigarettes smoked per day [Clinical and
Therapeutic Aspectsyugar|.

The relevance of cardiovascular
involvement in active or passive smokers is based on
robust epidemiological data. It should be added
that tar smoking, even after declining between
1980 and 2010, has been gaining market share
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again among adolescents. From the
pharmacological point of view, it is well known the
means used by cigarette manufacturers to cause
and maintain addiction: lower concentrations of
nicotine in cigarettes leads to a progressive need
for a greater number of cigarettes for the consumer
to gain initial pleasure (tolerance mechanism). The
Association of these findings creates a high risk of
atherothrombosis32.

Smoking Cessation — Bupropion and Varenicline
Bupropion, previously used as an antidepressant,
has been employed for the same purpose, with a
therapeutic success of 30%%2’. This drug can trigger
convulsions in smokers with a history of epilepsy and
in those cases, it is contraindicated. Few small
studies exist on the two therapies used
simultaneously, and the results point to no more than
50% smoking cessation in 6 months36.39,

Varenicline, a partial and selective agonist of the
nAChR alpha4 beta2 (a4pf2-nAChR) which involves
enforcement  mechanisms and  dependence
associated with nicotine, is a new drug developed
specifically for smoking cessation.  This drug
partially stimulates nicotinic acetylcholine receptors
alpha4 beta2 (432-nAChR), promotes the release
of dopamine in the brain center of the clearing, and
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blocks the action of nicotine on these receptors40.
For this dual mechanism, varenicline showed greater
efficacy on the urgent need to smoke (crack) on
withdrawal  symptoms (depression, irritable
accounting, frustration, anger, anxiety, and
difficulty concentrating) and the effects of reward,
satisfaction, and reinforcement associated with
smoking.

However, more studies are needed to confirm the
efficacy of this new therapeutic method3e.
Therefore, we are still far from effective treatment
to assist the definitive discontinuation of the habit of
smoking.

Acknowledgments: B.R., and HMJ are fellowships
from Brazilian National Council for Scientific and
Technological Development (CNPq, BPQ) [grant
number #307646/2019-0].

Disclosure statement: The authors report there
are no competing interests fo declare.

Medical Research Archives | https://esmed.org/MRA/index.php /mra/article /view /3105 4



https://esmed.org/MRA/index.php/mra/article/view/3105
https://esmed.org/MRA/mra

Medical
Research
Archives

References

1. Barnoya J, Glantz SA. Cardiovascular
effects of secondhand smoke: nearly as large as
smoking. Circulation. 2005;111(20):2684-2698.
doi:10.1161/CIRCULATIONAHA.104.492215

2. Teo KK, Ounpuu S, Hawken S, et al.
Tobacco use and risk of myocardial infarction in 52
countries in the INTERHEART study: a case-control
study. Lancet. 2006;368(9536):647-658.
doi:10.1016/S0140-6736(06)69249-0

3. Kannel WB, D'Agostino RB, Belanger AJ.
Fibrinogen, cigarette smoking, and risk of
cardiovascular  disease:  insights  from  the
Framingham Study. Am Heart J.
1987;113(4):1006-1010. doi:10.1016/0002-
8703(87)90063-9

4. Glantz SA, Parmley WW. Passive smoking
and heart disease. Mechanisms and risk. JAMA.
1995;273(13):1047-1053.

5. Glantz SA, Parmley WW. Passive smoking
and heart disease. Epidemiology, physiology, and
biochemistry. Circulation. 1991;83(1):1-12.
doi:10.1161/01.cir.83.1.1

6. Giovino GA, Mirza SA, Samet JM, et al.
Tobacco use in 3 billion individuals from 16
countries: an analysis of nationally representative
cross-sectional household surveys. Lancet. 2013 Jul
13;382(9887):128. doi:10.1016/S0140-
6736(12)61085-X

7. Ng M, Freeman MK, Fleming TD, et al.
Smoking prevalence and cigarette consumption in
187 countries, 1980-2012. JAMA.
2014;311(2):183-192.

doi:10.1001 /jama.2013.284692

8. Centers for Disease Control and Prevention
(CDC). Health-care provider screening for tobacco
smoking and advice to quit - 17 countries, 2008-
2011. MMWR Morb Mortal  Wkly  Rep.
2013;62(46):920-927.

9. Tsai J, Homa DM, Gentzke AS, et al.
Exposure to  Secondhand Smoke  Among
Nonsmokers - United States, 1988-2014. MMWR
Morb Mortal Wkly Rep. 2018;67(48):1342-1346.
Published 2018 Dec 7.
doi:10.15585 /mmwr.mmé748a3

10. Baker RR. The generation of formaldehyde
in cigarettes--Overview and recent experiments.
Food Chem Toxicol. 2006;44(11):1799-1822.
doi:10.1016/j.fct.2006.05.017

11. Barua RS, Ambrose JA, Saha DC, Eales-
Reynolds LJ. Smoking is associated with altered
endothelial-derived fibrinolytic and antithrombotic
factors: an in vitro demonstration. Circulation.
2002;106(8):905-908.
doi:10.1161/01.cir.0000029091.61707.6b

Smoking and Endothelial Dysfunction

12. Baker RR, Pereira da Silva JR, Smith G. The
effect of tobacco ingredients on smoke chemistry.
Part ll: casing ingredients. Food Chem Toxicol.
2004;42 Suppl:S39-S52.
doi:10.1016/j.fct.2003.08.009

13. Baker RR, Pereira da Silva JR, Smith G. The
effect of tobacco ingredients on smoke chemistry.
Part I: Flavourings and additives. Food Chem
Toxicol. 2004;42 Suppl:S3-S37.
doi:10.1016/50278-6915(03)00189-3

14. GBD 2017 Risk Factor Collaborators.
Global, regional, and national comparative risk
assessment of 84 behavioural, environmental and
occupational, and metabolic risks or clusters of risks
for 195 countries and territories, 1990-2017: a
systematic analysis for the Global Burden of

Disease Study 2017. Lancet.
2018;392(10159):1923-1994.
doi:10.1016/S0140-6736(18)32225-6

15. Michael Pittilo R. Cigarette smoking,

endothelial injury and cardiovascular disease. Int J
Exp Pathol. 2000;81(4):219-230.
doi:10.1046/j.1365-2613.2000.00162.x

16. Rahman MM, Laher |I. Structural and
functional alteration of blood vessels caused by
cigarette smoking: an overview of molecular
mechanisms. Curr Vasc Pharmacol. 2007;5(4):27 6-
292. doi:10.2174/157016107782023406

17. Hsu PP, Li S, Li YS, et al. Effects of flow
patterns on endothelial cell migration into a zone of
mechanical denudation. Biochem Biophys Res
Commun. 2001;285(3):751-759.
doi:10.1006/bbrc.2001.5221

18. Esen AM, Barutcu |, Acar M, et al. Effect of
smoking on endothelial function and wall thickness
of brachial artery. Circ J. 2004;68(12):1123-
1126. doi:10.1253 /circj.68.1123

19. Poredos P, Orehek M, Tratnik E. Smoking is
associated with dose-related increase of intima-
media thickness and endothelial dysfunction.
Angiology. 1999;50(3):201-208.
doi:10.1177,/000331979905000304

20. Ghiadoni L. Smoking and central blood
pressure: a metabolic interaction?. Am J Hypertens.
2009;22(6):585. doi:10.1038 /ajh.2009.76

21. Minami J, Ishimitsu T, Ohrui M, Matsuoka H.
Association of smoking with aortic wave reflection
and central systolic pressure and metabolic
syndrome in normotensive Japanese men. Am J
Hypertens. 2009;22(6):617-623.
doi:10.1038/ajh.2009.62

22. Santarelli MF, Landini L, Positano V, Landini
L. Can imaging techniques identify smoking-related
cardiovascular  disease?.  Curr Pharm  Des.

Medical Research Archives | https://esmed.org/MRA/index.php /mra/article /view /3105 5



https://esmed.org/MRA/index.php/mra/article/view/3105
https://esmed.org/MRA/mra

Medical
Research
Archives

2010;16(23):2578-2585.
doi:10.2174/138161210792062911

23. Takami T, Saito Y. Effects of smoking
cessation on central blood pressure and arterial
stiffness. Vasc Health Risk Manag. 2011;7:633-638.
doi:10.2147 /VHRM.S25798

24, Chalon S, Moreno H Jr, Benowitz NL,
Hoffman BB, Blaschke TF. Nicotine impairs
endothelium-dependent dilatation in human veins in
vivo. Clin Pharmacol Ther. 2000;67(4):391-397.
doi:10.1067 /mcp.2000.105153

25. Hung MJ, Hu P, Hung MY. Coronary artery
spasm: review and update. Int J Med Sci.
2014;11(11):1161-1171. doi:10.7150/ijms.9623
26. Sabha M, Tanus-Santos JE, Toledo JC,
Cittadino M, Rocha JC, Moreno H Jr. Transdermal
nicotine mimics the smoking-induced endothelial
dysfunction. Clin Pharmacol Ther. 2000;68(2):167-
174. doi:10.1067 /mcp.2000.108851

27. Tanus-Santos JE, Toledo JC, Cittadino M,
Sabha M, Rocha JC, Moreno H Jr. Cardiovascular
effects of transdermal nicotine in  mildly
hypertensive smokers. Am J Hypertens. 2001;14(7
Pt 1):610-614. doi:10.1016/50895-
7061(01)01301-2

28. Yugar-Toledo JC, Tanus-Santos JE, Sabha
M, et al. Uncontrolled hypertension, uncompensated
type Il diabetes, and smoking have different
patterns  of  vascular  dysfunction.  Chest.
2004;125(3):823-830.

doi:10.1378 /chest.125.3.823

29. Mayhan WG, Patel KP. Effect of nicotine on
endothelium-dependent arteriolar dilatation in vivo.
Am J Physiol. 1997;272(5 Pt 2):H2337-H2342.
doi:10.1152/ajpheart.1997.272.5.H2337

30. Fowles J, Dybing E. Application of
toxicological risk assessment principles to the
chemical constituents of cigarette smoke. Tob
Control. 2003;12(4):424-430.
doi:10.1136/1c.12.4.424

31. Messner B, Bernhard D. Smoking and
cardiovascular disease: mechanisms of endothelial
dysfunction and early atherogenesis. Arterioscler
Thromb Vasc Biol. 2014;34(3):509-515.
doi:10.1161/ATVBAHA.113.300156

32. Csordas A, Bernhard D. The biology behind
the atherothrombotic effects of cigarette smoke.

Smoking and Endothelial Dysfunction

Nat Rev Cardiol. 2013;10(4):219-230.
doi:10.1038 /nrcardio.2013.8

33. Gepner AD, Piper ME, Johnson HM, Fiore
MC, Baker TB, Stein JH. Effects of smoking and
smoking cessation on lipids and lipoproteins:
outcomes from a randomized clinical trial. Am Heart
J. 2011;161(1):145-151.
doi:10.1016/j.ahj.2010.09.023

34. Johnson HM, Gossett LK, Piper ME, et al.
Effects of smoking and smoking cessation on
endothelial function: 1-year outcomes from a
randomized clinical trial. J Am Coll Cardiol.
2010;55(18):1988-1995.
doi:10.1016/j.jacc.2010.03.002

35. Puri BK, Treasaden IH, Cocchi M, Tsaluchidu
S, Tonello L, Ross BM. A comparison of oxidative
stress in smokers and non-smokers: an in vivo human
quantitative study of n-3 lipid peroxidation. BMC
Psychiatry.  2008;8  Suppl 1(Suppl 1):54.
doi:10.1186/1471-244X-8-S1-54

36. Pentel PR, LeSage MG. New directions in
nicotine vaccine design and use. Adv Pharmacol.
2014;69:553-580. doi:10.1016/B978-0-12-
420118-7.00014-7

37. Kim SK, Kim HC, Shim JS, Kim DJ. Effects of
cigarette smoking on blood lipids in Korean men:
Cardiovascular and Metabolic Diseases Etiology
Research Center cohort. Korean J Intern Med.
2020;35(2):369-382.

doi:10.3904 /kjim.2019.133

38. Szkup M, Jurczak A, Karakiewicz B, Kotwas
A, Kopeé J, Grochans E. Influence of cigarette
smoking on hormone and lipid metabolism in women
in late reproductive stage. Clin Interv Aging.
2018;13:109-115. Published 2018 Jan 17.
doi:10.2147 /CIA.S140487

39. Barn P, Giles L, Héroux ME, Kosatsky T. A
review of the experimental evidence on the
toxicokinetics of carbon monoxide: the potential
role of pathophysiology among susceptible groups.
Environ Health. 2018;17(1):13. Published 2018 Feb
5. doi:10.1186/512940-018-0357-2

40. Eisenberg MJ, Filion KB, Yavin D, et al.
Pharmacotherapies for smoking cessation: a meta-
analysis of randomized controlled trials. CMAJ.
2008;179(2):135-144.
doi:10.1503/cmaj.070256

Medical Research Archives | https://esmed.org/MRA/index.php /mra/article /view /3105 6



https://esmed.org/MRA/index.php/mra/article/view/3105
https://esmed.org/MRA/mra

