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Abstract

The primary objective of this article is to analyze the
role of tobacco smoke compounds able to damage the
cardiovascular system and, in particular, to interfere
with blood pressure. They are products of tobacco
plant leaves, like nicotine, thiocyanate and aromatic
amines, and a chemical derived from cigarette com-
bustion, carbon monoxide. Of the other thousands of
chemicals, there is no clear evidence of cardiovascular
damage. Nicotine and its major metabolite, cotinine,
usually increase blood pressure by a direct action and
an action stimulating neuro-humoral metabolites of the
body as well as sympathetic stimulation. An indirect
mechanism of damage exerted by elevated carboxyhe-
moglobin concentrations is mediated by carbon mon-
oxide, which, mainly induces arterial wall damage and,
consequently, late rising in blood pressure by a toxic
direct action on endothelial and blood cells. Thiocya-
nate, in turn, reinforces the hypoxic effects determined
by carbon monoxide. Aromatic amines, depending on
their chemical structure, may exert toxic effects on the
cardiovascular system although they have little effect
on blood pressure. A rise in blood pressure determined
by smoking compounds is a consequence of both their
direct toxicity and the characteristics of their chemical
chains that are strongly reactive with a large number
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of molecules for their spatial shape. In addition, a rise
in blood pressure has been documented in individuals
smoking a cigarette, acutely and chronically, with irre-
versible artery wall alterations several years after begin-
ning smoking. Since cigarette smoking has a worldwide
diffusion, the evidence of this topic meets the interest
of both the scientific community and those individuals
aiming to control smoking.

© 2012 Baishideng. All rights reserved.

Key words: Smoking chemicals; Blood pressure; Nico-
tine; Carbon monoxide; Arterial damage

Peer reviewer: George Panagis, PhD, Associate Professor,
Department of Psychology, Laboratory of Behavioral Neurosci-
ence, University of Crete, University Campus at Gallos, 74100
Rethymno, Crete, Greece

Leone A. How and why chemicals of tobacco smoke can induce
a rise in blood pressure. World J Pharmacol 2012; 1(1): 10-20
Available from: URL: http://www.wjgnet.com/2220-3192/full/
v1/i1/10.htm DOI: http://dx.doi.org/10.5497/wjp.v1.i1.10

INTRODUCTION

Growing evidence indicates that over 4000 chemical
compounds are usually concentrated and condensed into
tobacco mixture, A large majority of these have catci-
nogenic effects but there are many with cardiovascular
toxicity, which depends on several factors, partly related
to tobacco smoke and partly due to the environment and
lifestyle of individuals exposed to smoking.

The harmful health effects of tobacco smoke ad-
versely target the cardiovascular system and there is also
evidence that death rates are uniformly higher among
smokers than non-smokers in both sexes and whatever
the age at the death. In addition, reports[z’ﬂ indicate that
the excess mortality in smokers mainly affects smokers
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aged from 45 to 54 years more than those younger or
older in age. It is well known that older age is related to

45 . .
%3 and, consequently, there is evi-

arterial hypertension
dence that smoking usually precedes elevated blood pres-
sure. Moreover, the strong relationship which links smok-
ing exposure to type of response of heart and blood

6-10°
vessels"

may present a variety of patterns and different
severe manifestations.

In spite of the great number of findings which show
the adverse role of smoking compounds on blood pres-
sute without doubt, current opinions on that ate not yet
unanimous. There is a discrepancy in opinions that may
be attributed to the lack of reproducible data, particularly
in epidemiological studies. On the other hand, experi-
mental findings conducted on both humans and animals
give evidence of reproducible results for cardiovascular
events and events related to hypertension. In addition,
high blood pressure has consistently been found to be a
strongly predictive factor for coronary artery disease and
stroke". Undoubtedly, careful control of major cardio-
vascular risk factors'"”, including hypertension, which
should be unconditionally lowered worldwide, is able
to reduce significantly the rate of stroke and coronaty
events.

The purpose of this review is to describe the mecha-
nisms by which the chemicals of tobacco smoke can
cause changes in arterial blood pressure, as well as
explaining the reasons for selecting this subject by an
analysis of chemical and pharmacological properties of
tobacco smoke toxins which adversely affect the cardio-
vascular system, in an attempt to clarify the real potential
of the topic in regard to the scientific community and
health professionals concerned.

TOBACCO COMPOUNDS AND CHEMICAL
CHAINS

A chemical chain of a substance often influences and
determines its mechanism of action. In chemistry, a
chemical chain is a series of linked atoms that form a
molecule, usually of the organic but also the inorganic
type. Different properties and reactions characterize the
chemical chains according to structural shape. There are
closed-ring chains where the atoms in a molecule form
a closed loop, which, consequently, is often a stable and
scarcely reactive chemical; long-chains with relatively long
bindings of atoms in the same molecule; and open chains
ending with an open binding which may interact actively
with atoms of various molecules. In addition, chemical
chains spatially build the geometrical aggregation of con-
stituent elements of a molecule that take part in isomeric
substance composition. Often, more than one reaction
is possible given the same starting materials. The reac-
tions may differ in their stoichiometry according to the
number and atomic concentrations of the molecules, as
well as the substrates that are prevailing, So, a chemical
atom may react actively with another to give a specific
compound if a different atom is not present, while the
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Figure 1 Chemical formula of nicotine. One can see that the molecule is
formed by a closed chain with a binding to an open chain. The latter has an N
reactive atom. Open chain is responsible for major chemical reactions of the
molecule.

same atom may react differently in the presence of other
atoms, choosing to form a compound which differs from
that of the chemical reaction performed in the absence
of other atoms. There is evidence that the knowledge
of these properties of chemical binding will contribute
to better understanding the damaging mechanism of
tobacco compounds, including primarily nicotine and its
metabolites'! and carbon monoxide. These substances
may react differently according to their affinity towards
environmental substrates and, consequently, determine
various levels or type of individual responses.

NICOTINE AND ITS METABOLITES

Chemistry and pharmacodynamics

Nicotine is a natural alkaloid"” obtained from the dried
leaves and stems of tobacco plants. Chemically, the alka-
loid has a basic charge which is responsible for the mech-
anisms of chemical reaction. Nicotine concentration in
the tobacco plant ranges from 0.5% to 8%.

Nicotine has always been identified as the most pow-
erful toxin of cigarette smoking since its harmful action,
either functionally or structurally, can be widely demon-
strated at a relative low concentration in both clinical and
experimental findings involving all body organs. Nicotine
biosynthesis takes place in the roots of the tobacco plant.
Then, it accumulates in the leaves, the particular shape of
which is a basic factor for the harvesting and extraction
of the alkaloid. After manufacturing, each cigarette may
reach nicotine concentrations from 1.5 to 2.5 mg. How-
ever, not all of the smoked substance enters the blood,
which is, in any case, damaged by absorbed nicotine!’

Chemistry

The chemical formula of nicotine is CI0H14N2, equiva-
lent to 3 (1-Methyl-2-pyrrolidinyl) pyridine. Its spatial
shape (Figure 1) shows two chains, one closed chain and
one open chain with an N reactive atom. This structure
is basic to understanding some chemical properties, like
nicotine addiction and toxicity, since it permits identifica-
tion of two types of spatial aggregation of those constit-
uents taking part in nicotine compositionm]: nicotineS (-)
isomer and nicotineS (+) isomer. NicotineS (-) isomer is
the main nicotine isomer'", tasted as pleasant in cigarette
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by smokers but not by non-smokers, whereas the nico-
tineS (+) isomer is unpleasant for both smokers and non-
smokers. This chemical composition helps to explain the
reason for the bad taste for the smoker who starts smok-
ing, even if it changes rapidly when pleasant nicotineS (-)
isomer utilizes its effect. There is evidence that tobacco
manufacturing industries try to reinforce the response
linked to nicotineS (-) isomer.

Nicotine is a hygroscopic liquid miscible in its basic
charge with water. This property makes the alkaloid dif-
fusible on the whole tobacco leaf so that harvesting to-
bacco leaves fills up with the greatest amount of nicotine.
Its chemical formula of a nitrogenous base permits an
interaction between nicotine and acid compounds, form-
ing salts usually soluble in water and, consequently diffus-
ible, some of these characterized by high toxicity.

Pharmacodynamics and metabolism

Absorption of nicotine by individuals occurs very quickly
through several tissues of the body. The oral cavity ab-
sotbs from 4% to 45% of the total dose!™". In addition,
as nicotine enters the bodym], it reaches the blood, acting
on specific receptors. Nicotine-acetylcholine receptors
that feel the level of blood nicotine concentration are de-
puted to permit the biochemical action of the alkaloid. In
the presence of low concentrations of nicotine, the activ-
ity of nicotine-acetylcholine receptors increases, whereas
high concentrations inhibit receptor activity. Therefore,
different pharmacological responses to nicotine may
be seen, from stimulant to depressant effects, on those
structures involved in alkaloid activity.

Nicotine effects are mediated through the interaction
with the sympathetic system, catecholamine release, en-
dothelial function and metabolic profile of the individu-
alsﬂ,l()—ZO].

Nicotine exerts direct and repeated effects on the
sympathetic system which are, initially, transient and
stimulant, but, in the long run, they become of depres-
sant type with severe functional and structural changes in
those organs involved with the nicotine action. For the
heart and blood vessels, there is evidence that nicotine
triggers cardiovascular responses through sympathetic
stimulation and direct and mediated catecholamine re-
720 1n addition, nicotine specifically stimulates
release of norepinephrine from the hypothalamus and
antidiuretic hormone from the pituitary gland®", as well
as chemoreceptors in the carotid arteries™, triggering
different reflexes, which may lead to multiple adverse re-
sponses.

Liver, kidney, lung and oral mucosa are those body
organs involved in regulating nicotine metabolism which
damages the cardiovascular system and endocrine glands.

Metabolites of nicotine, the main one of which is
cotinine, need to be highlighted since they permit analysis
of follow-up studies on selected populations of smok-
ers, more for their toxicity which is similar to that of
nicotine. Nevertheless, differences exist between nicotine
and its metabolites regarding the mechanism of action.

lease
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Nicotine usually acts more rapidly and therefore may be
dosed earlier in biological liquids. On the other hand,
chronic toxicity is better estimated by dosing cotinine in
biological liquids. Large-scale trials assessing the results
of antismoking campaigns dose urinary cotinine. Indeed,

[23,

.. . . . 241 .. . .
it is less expensive than nicotine | Similar to nicotine,

cotinine is also mainly metabolized in the liver.

CARBON MONOXIDE

Carbon monoxide is a gas with the highest toxicity, de-

pending mainly on concentrations in the environment
and body organs. This chemical is not contained in the
fresh leaf of tobacco but produced by a chemical reac-
tion, characterized by decomposition in the burned cone
of a cigarette between environmental oxygen and the
paper of the smoked cigarette. Carbon monoxide derived
from a single smoked cigarette reaches small concentra-
tions which can acutely induce functional but transient
responses, particularly in the lungs and cardiovascular
system, whereas dated chronic smoking often causes it-
reversible alterations. However, carbon monoxide alone
from tobacco smoke may be considered, chronically, a
potentially silent killer even if different levels of carboxy-

hemoglobin are reached after acute smoke exposure[zﬂ.

Chemistry and toxicology

Carbon monoxide is a colotless, odotless and tasteless
gas with high and potentially lethal toxicity. The blood
level of the gas regulates toxic responses.

The chemical formula of the gas is CO, a diatomic
molecule with binding of two atoms, carbon and oxy-
gen[m. Spatially, carbon monoxide outlines a diatomic
linear chain which permits an easy dissociation and, con-
sequently, re-composition in atoms of carbon and oxygen
able to react again together or with other atoms originat-
ing from several different compounds. In addition, new
linking with substances with major chemical affinity, such
as hemoglobin, may occur. Usually, carbon monoxide is
less dense than air and, therefore, is capable of spreading
out more quickly. It is also soluble in water and burns in
air, producing carbon dioxide, a metabolite largely dif-
fused in the environment and the end-point of catabolic
reactions associated with intracellular respiratory metabo-
lism.

However, a little amount of carbon monoxide in a
concentration not harmful for life arises spontaneously
into the body through a chemical reaction involving heme
and an enzyme named heme-oxygenase. Heme is an iron
component of hemoglobin, a molecule strongly reactive
with carbon monoxide.

The toxicity of carbon monoxide produced by cigarette
smoking recognizes several complex reactions consisting of
oxygen removal from hemoglobin and its replacement with
carbon monoxide, formation of carboxyhemoglobin, tis-
sue hypoxia and impairment of cellular metabolism. These
mechanisms are the result of carboxyhemoglobin produc-
tion, but carbon monoxide also acts directly, depending on
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Figure 2 Chemical formula of thiocyanate. There is evidence that the toxin
has a free binding able to react chemically with other molecules to reinforce
adverse cardiovascular effects. SCN: Seattle community network.

its chemical molecule, to morphologically damage the heart
and blood vessels™".

THIOCYANATE

Thiocyanate is the third chemical of tobacco smoke that
exerts adverse cardiovascular effects with consequent in-
creased damage caused by nicotine and carbon monoxide.

The substance is largely diffused in nature in plants of
the genus Brassica (cabbages) and is also a component of
biological liquids like blood, saliva and urine. In addition,
it reacts at different steps of body metabolism™ Y in-
cluding mainly iodine metabolism. Thiocyanate develops
in the vapour phase of tobacco smoke, acting particularly
as a compound able to reinforce chronic damage derived
from tobacco smoke.

Chemistry

Thiocyanate is a colorless, odorless crystalline powder
with a chemical formula that may vary according to the
salt linked with its structure. Spatially, the basic chemical
structure of thiocyanate is shown in Figure 2. It shows
that there can be variability in the type of salt which
bonds the thiocyanate main chain, usually K or Na, and is
free binding, able to react with several other molecules'”.

Toxicity

The main metabolites of thiocyanate formed in the body
have high toxicity, primarily hydrogen cyanide. How-
ever, the metabolite concentration in the vapor phase of
smoking usually does not reach values acutely harmful
for the individual’s life. When cyanide enters the blood,
it forms a stable complex with enzymatic chains, par-
ticulatly with those cytocrome oxidases involved in the
synthesis of adenosine triphosphate (ATP). The result of
the chemical reaction is a reduced ATP synthesis which
causes problems of intracellular respiratory chains and
different degrees of hypoxia. Therefore, thiocyanate in-
creases the hypoxia due to carbon monoxide and nicotine
from smoking. There is evidence that a deep interaction
exists among the main chemical compounds of smoke to
cause damage of heart and blood vessels™.

AROMATIC AMINES

Aromatic amines are chemical compounds with a chemi-
cal formula (Figure 3) containing one or more closed
benzene rings added to aromatic constituents like NH2,
NH or other nitrogen groups. These classes of chemi-
cals, largely concentrated and diffused into the environ-
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Table 1 Factors involved in blood pressure control

Factors Controlled parameters

Cardiac inotropism
Arterial resistance

Heart rate, cardiac output

Arterial stiffness, arterial vasoconstriction,
arterial dilation, endothelial function,
anatomical structure of the arteries

Salt uptake

Red blood cell numbers

Blood volume
Blood viscosity

Table 2 Main factors influencing those parameters that

regulate blood pressure

Factors Influenced parameter

Dietary factors
Salt intake-sodium, potassium
Calcium, magnesium
Vegetarian diet, alcohol
Bio-humoral and hormonal factors

Blood flow and volume

Angiotensin

Vasopressin Arterial wall
Vasodilators Blood flow and volume
Vasoconstrictors Arterial resistance
Catecholamines

Neural factors
Central nervous system
Sympathetic system Sympathetic stimulation
Catecholamine release
Glucose and lipid metabolism
Genetic code

Preventive measures

Genetic and metabolic factors

Lifestyle

NH:

Figure 3 Benzene ring completed by an amine group, like in aniline.
The group NHz may be changed by different nitrogen groups to form different
classes of aromatic amines.

ment from burned tobacco, exert mainly carcinogenic
effects™, even if morphological alterations of heart and
blood vessels have been described. However, their toxic
effect on blood pressute is still to be demonstrated.

FACTORS REGULATING BLOOD
PRESSURE

There are four main factors that regulate blood pressure;

in their turn, they are influenced by a large number of
physiological and pathological responses that determine
the level of blood pressure. Tables 1 and 2 summarize
the main influencing events.

Blood pressure regulation is under the control of
cardiac inotropism, atterial resistance, blood volume and
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viscosity or thickness of circulating fluid. These factors
cause blood pressure levels as a result of a meeting or
engagement between different types of lifestyle and a
genetic code, characteristics of a single individual or his
family. The result may be a normal blood pressure level
or changes in blood pressure, even in the absence of
identifiable triggering causes. This concept of a different
distribution of blood pressure values within populations
as well as establishing the appearance of complications
related to abnormal blood pressure is a basic point of
preventive antihypertensive measures” .

Cardiac inotropism, usually evaluated by assessment
of the amount of blood pumped out in every single
beat by the heart, regulates cardiac output, which is the
result of the heart rate multiplied by the number of each
cardiac systole. As one can easily deduce, this regulating
parameter of blood pressure may often be influenced by
several factors and, therefore, it is difficult to maintain
stable levels.

Arterial resistance plays a strong role in the control of
blood pressure. There is evidence that increased arterial
stiffness””, which is a parameter strongly influenced by
smoking compounds, causes adverse effects on arterial
clasticity. Stefanidis and co-workers”” investigated aortic
clasticity in 48 male patients, most of whom had coro-
nary heart disease. By means of a sonometric catheter,
they measured the diameter of the aorta while simulta-
neously determining arterial blood pressure at the same
location. Increased aortic stiffness, strongly influenced by
exposure to passive smoking, with consequent reduction
in aortic elasticity, augmented left ventricular afterload
and impaired left ventricular function. Vasoconstriction
in systemic arteries, caused by tobacco smoke™*"! in the
presence of a stiffer aorta necessarily also worsens myo-
cardial ischemia in individuals suffering from ischemic
heart disease and among those with hypertension whose
aortic elasticity is already compromised. Endothelial
function is a basic parameter able to control blood pres-
sure, functionally or morphologically. An excellent paper
by Deedwania® specifically analyses the role and signifi-
cance of endothelium, stressing the importance of this
structure as a new target for cardiovascular therapeutics.
It has been well established that vascular endothelium has
a pivotal role in maintaining vascular tone. In addition,
endothelial dysfunction is an early marker of impend-
ing atherosclerosis, also induced by smoke compounds
and strongly related to hypertension™*. By its chemical
compounds, endothelium modulates artery dilation under
normal conditions.

The patent arterial lumen, with its cylinder shape that
progressively reduces the caliber along the entire length
from the origin to the end, determines a different degree
of resistance to blood flow. Blood flow resistance is low-
er at the origin of the arterial vessel"”! while increasing
significantly at the end.

Finally, blood flow and viscosity change their power
in the control of blood pressure according to a large
number of factors'' depending on their capacities of in-
fluencing the cardiovascular system.

K
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The above parameters are significantly changed by
a large number of factors that stimulate or reduce their
activity. The main factors which influence the param-
eters regulating blood pressure may be classified into
five groups: dietary factors, bio-humoral and hormonal
factors, neural factors, genetic and metabolic factors and
factors associated with lifestyle. Table 2 analyzes the most
important of them.

Salt intake strongly influences blood pressure by in-
volving several mechanisms like blood flow and volume,
s, Smoking
compounds exert little or no effects directly on these

parameters, although indirectly their effect is mediated by
152]

kidney function and acid-basic balance

those changes induced by neuro-humoral stimulation

Among bio-humoral factors, angiotensin and renin-
angiotensin-aldactone are primarily associated with devel-
opment of hypertension, either through isolated or com-
bined activity with other structures, like the sympathetic
system and catecholamine release that are stimulated by
the renin system.
Angiotensinmsﬂ is one of the major stressing sub-
stances at any vascular district, increasing vascular tone
and consequently arterial resistance. Plasma angiotensin
levels are increased by several hormones, like plasma
corticosteroids, estrogens, thyroid hormone concentra-
tions as well as its metabolite Angiotensin II, which is
the most potent pressor known. Among the angiotensin
family, which has several compounds like angiotensin 1,
II, Il and IV, differing in both type and number of
constituents of amino-acids, angiotensin Il is of great
importance to vascular tone control, particularly for cor-
onary circulation. Studies”" concluded that angiotensin
II is one of the most potent substances for increasing
vascular tone and arterial resistance by a direct action on
the arterial wall mediated by angiotensin Il receptors. In
addition, a significant increase in myocardial oxygen con-
sumption exists because of increased heart rate, systemic
blood pressure and left ventricular wall stress. There is
clear evidence that a close and complex interaction links
angiotensin II to the responses of other factors that
modulate vascular tone, whether they exert vasoconsttic-
tor or vasodilator effects®. Sympathetic stimulation also
correlates its effects with angiotensin II, strongly rein-
forcing their powerm.

A large number of substances with vasoconstrictor
effects, like vasopressin or some prostaglandins and vaso-
dilator effects like nitric oxide or relaxing factors, directly
or indirectly regulate vascular tone causing increased or
lowered blood pressure, respectivelywm.

Some observations on the effects of the sympathetic
nervous system and catecholamine release are as follows.

The role of these structures for blood pressure con-
trol seems to be limited to a short time, whereas the kid-
neys have a long-time control”,

Indeed, the major hypothesis for the development of
rising blood pressure involves the kidney with an abnor-
mal excretory function'. However, cigarette smoking
poortly influences this mechanism of blood pressure con-
trol.
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Sympathetic nervous system

Increased catecholamine release

Renal vasoconstriction

Reduced renal excretion

Figure 4 Schematic graphic showing the mechanism by which the in-
teraction between sympathetic stimulation and endocrine response may
alter kidney function.

Increased sympathetic nervous system activity has
been identified as a factor able to adversely influence
renal excretory function and smoking has been recog-
nized as exerting a strong action on the sympathetic sys-
tem[l,73—75j.

In turn, sympathetic activity triggers a wide number
of endocrine responses capable of inducing a short-
term increase in blood pressure followed by a long-term
increase’ ™. In addition, there is evidence that the intet-
action between sympathetic stimulation and endocrine
metabolism influences renal function, determining renal
vasoconstriction and, therefore, reduced renal excretion
(Figure 4).

The increased sympathetic activity determines a ma-
jor renal tubular absorption of sodium and, therefore,
sodium retention. In addition, decreased renal blood flow
and glomerular filtration rate as a consequence of vaso-
constriction, increases renal vascular resistance and, finally,
stimulation of the renin-angiotensin-aldosterone system
with an increased renin release. That leads to major angio-
tensin production. The primary result of these combined
actions is a decrease in renal excretory function.

The sympathetic nervous system also stimulates aortic
baroreceptors capable of inducing an increase in blood
pressure.

Catecholamines induce a sympathetic responsem’m.
There are several catecholamines: epinephrine primarily
modulates those responses linked with acute stress be-
cause of its prompt availability. On the other hand, nos-
epinephrine acts primatily as a neurotransmitter of sym-
pathetic postganglionic neurons. In practice, epinephrine
induces acutely elevated blood pressure that, chronically,
norepinephrine release contributes to maintain. There-
fore, it is hard to establish whether rising blood pressure
depends on one or the other hormone, explaining how
the interpretation of the regulation of blood pressure
linked to two hormones would be very complex. How-
ever, plasma concentrations of epinephrine and norepi-
nephrine usually reflect adrenal medullary secretion and
sympathetic nerve activity, respectively. Several factors re-
lated to exercise, mental stress, electrolyte balance, smok-
ing and agel "™ can stimulate the feed-back mechanism
of catecholamine production, metabolism, uptake and
excretion.
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A third catecholamine, dopamine, the immediate met-
abolic precursor of norepinephrine, exerts sympathetic
activity .

The effects of catecholamine release, primarily epi-
nephrine, are very quick if compared with hormonal
activity of other endocrine glands. Therefore, changes in
target organ function may occur acutely after exposure to
a standard stimulus, such as smoking a cigarette or pas-
sive exposure[go'gzl.

The effects of catecholamine release depend strictly
on the type of catecholamine adrenoreceptor involved.
Two types of adrenoreceptors play a strong role in
modulating catecholamine response: oi-adrenoreceptors
and B-adrenoreceptors. B-stimulation causes an in-
crease in heart rate and myocardial contractility, whereas
a-stimulation is responsible for vasoconstriction. Noz-
epinephrine induces a rise in both systolic and diastolic
blood pressure as a consequence of increased vascular

79
tOIlC[ ]

, while epinephrine usually acutely raises only
systolic blood pressure. Finally, catecholamine release
induces changes in lipid and glucose metabolism™"” with
evident impact on blood pressure levels. There is clear
evidence that tobacco smoke directly affects the meta-
bolic profile of glucose and lipidsm’%’w.

In conclusion, a large number of factors control or
are involved in regulating blood pressure, determining
changes in baseline values that are the result of deep and
complex interactions. External and modifiable stimuli, in-
cluding cigarette smoking, play a strong role in maintain-
ing blood pressure changes.

SMOKING COMPOUNDS AND BLOOD
PRESSURE

Two groups of individuals need to be identified to bet-
ter interpret how and why cigarette smoking influences

blood pressure: active smokers and passive smokers. Past
smokers may be included into one of the two groups, de-
pending on when they quit smoking;

Blood pressure in active smokers
Active smokers display blood pressure values which vary
widely according to a great number of individual, racial,
social and lifestyle factors'®. In addition, changes in
blood pressure characterize the same smoker whether he
was smoking a cigarette or not”. There is evidence that
while a smoker smokes a cigarette, more elevated values
than baseline measures in systolic blood pressure and
heart rate are usually observed. This fact should prove
that a smoking individual triggers transient but effective
sympathetic responses, which acutely raise blood pressure
levels. There is evidence that smoking is a chemical toxi-
cosis™ able to cause both acute and chronic detrimental
effects and, similar to toxic diseases, exerts a double
mechanism of acute damage which may be superimposed
onto previous chronic damage caused by smoking itself.
Findings[87’88] documented that cigarette smoking in
males was inversely related to systolic blood pressure, with
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a reduction of 1.3 mmHg in 1.1% of light smokers, 3.8
mmHg in 3.1% of moderate smokers and 4.6 mmHg in
3.7% of heavy smokers when smokers were compared
with non-smokets. On the other hand, diastolic blood
pressure did not seem to undergo these changes. Both
western and oriental populations participated in these
studies so that the observed response did not relate to ra-
cial factors and, moreover, reduction probably character-
ized mainly young smokers since not enough time elapsed
from starting smoking. Consequently, vascular damage

" would

did not clearly appear. Epidemiological surveys'”
confirm these results, identifying a lowering of blood
pressure in smokers compared to non-smokers, although
the observations concern particularly young smokers
and adolescents, frequently with loss in body weight.
Therefore, unanimous opinions do not exist about that
assessment. There is evidence, however, that chronic older
smokers usually display elevated blood pressure™”>”,
The role of active smoking on blood pressure is still being
debated but evidence indicates that older smokers display
systolic blood pressure values significantly higher than
those experienced by systolic hypertension of old agem]

The different opinions about the behavior of blood
pressure in smokers may be explained by the phenom-
enon of masking the damage as the result of the com-
bined action of nicotine and carbon monoxide on the
vessel wall, as suggested by Leone™ and Landini ez a/™.
Nicotine, after an early and transient vasoconstriction
with a consequent increase of systolic blood pressure
and heart rate, has vaso-paralytic effects followed by a de-
crease of these two parameters. At the same time, carbon
monoxide exerts its pathological action of a structural
type on the arterial wall resulting, within several years,
in irreversibly anatomical damage of the arteries with a
steady increase in blood pressure. This is routinely ob-
served in older individuals who have been heavy smokers.

Hypertension exacerbates the cardiovascular risk thus
previously thought to be linked only to cigarette smoke,
with an obvious increased incidence of stroke and coro-
nary artery disease which sometimes can pre-exist the
hypertension. Ex-smokers show a progressive reduction
in blood pressure levels only in the event that carbon
monoxide has not arrived to determine irreversible dam-
age to the arterial wall. At this level, the damageﬂ’ﬂ‘ssl is
also not tied to functional responses evoked by the vaso-
constriction due to activation of the sympathetic nervous
system, altered sensitivity of the nicotine-receptors, circu-
lating catecholamines and vasoconstrictor endothelium-
mediators, including primarily endothelin.

Therefore, an acute rise in blood pressure observed
while an individual is smoking a cigarette is due primarily
to nicotine as a consequence of sympathetic stimulation,
while carbon monoxide chronically damages arterial wall,
causing morphological lesions that, in time, become it-
reversible and induce a change in arterial blood pressure
with the appearance of hypertension™,

There is evidence that inter individual variability in
blood pressute response in active smokers depends on a
wide number of factors, which exert their effects, time by
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time, prevailing one on the other according to anatomical
and functional health status.

Blood pressure in passive smokers

Passive smoking causes blood pressure changes which
are a result of two main factors: type of exposure and its
duration.

Acute exposure usually causes a transient increase in
systolic blood pressure”” due to adrenergic and sympa-
thetic stimulation, as a heart rate increase also demon-
strates. These changes accompany transient endothelial
dysfunction that is strongly related to passive smoking
exposure, even in healthy people and it is the door to
atherosclerotic lesions™”™. In addition, it is assumed
that endothelial dysfunction has a strong association with
hypertension'””. Acute exposure to passive smoking does
not initially cause morphological alterations of the arterial
wall. They ate a result of ditect action of carbon mon-
oxide on endothelial cells and platelets and will appear
later, becoming responsible for the rise in blood pressure.
However, when structural lesions induced by smoking
appear, they do not differ from those caused by other
factors that cause hypertensive disease or its complica-
tions, as well as those from pre-existing atherosclerotic
diseases. Therefore, anatomically, one can observe the le-
sions of the atherosclerosis and its complications, even in
cases of rising blood pressure.

In summary, blood pressure in passive smokers shows
transient and acute increases followed by chronic lower-
ing in its values and, again, late increase when irreversible
morphological alterations of the arterial wall appear.

Clinical implications

The chemical structure of smoking compounds influ-
ences the functional and pathological response of hyper-
tensive individuals, although clinical implications depend
primarily on the degree and severity of cardiovascular
damage.

Substantial evidence” """ indicates that hyperten-
sion associated with pleasure-loving habits, including cig-
arette smoking and alcohol consumption, tend to main-
tain or increase blood pressure and are also predictive of
hypertension in normotensive individuals. Therefore, an
incorrect lifestyle associated with hypertension certainly
helps to damage body organs with a more elevated risk
of complications.

Among the body organs, heart and blood vessels,
brain, kidney, eyes and genitals primarily feel the adverse
effects caused by association of smoking and hyperten-
sion.

Clinically, symptoms related to reduced coronary and
cerebral perfusion dependent on vascular narrowing, of-
ten a high degree of narrowing of the coronary, cerebral
and carotid artery can be demonstrated in hypertensive
smokers with a rate significantly higher than those ob-
served in hypertensive non-smokers and former smok-
ers”™. Therefore, ischemic chest pain, arrhythmias and
late clinical signs due to congestive heart failure can be
documented in hypertensive smokers""” ",
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Table 3 Main clinical involvement caused by smoking

compounds

Body organ Clinical picture
Heart Coronary artery disease
Heart enlargement
Congestive heart failure
Brain Transient ischemic attack
Stroke
Cognitive decline
Kidney Arteriolosclerosis
Chronic renal failure
Eyes Artery vessel alterations
Genital system Sexual dysfunction
Bone Osteoporosis

Clinically, the brain alterations consist of transient
ischemic attack, stroke and cognitive disorders, character-
ized by varying degree of memory disturbances to vascu-
lar dementia! ™",

The kidney normally responds with reduced glomeru-
lar filtration responsible for oliguria due to arterioloscle-
rotic narrowing of resistance arteries' . Extreme com-
plications of renal disorders can develop to chronic renal
failure which, in a few cases, requires dialysislmj.

This colourful mosaic of alterations that can be iso-
lated or variously combined with each other, lead to a
range of clinical, diagnostic and therapeutic implications
in patients affected by the above pathological pictures,
making it difficult to control. It follows that a correct
approach to the pathological aspects that relate smoking
and hypertension is far from being achieved and, there-
fore, all the innovative factors depending on findings that
may help to clarify this phenomenon should be accepted
and carefully evaluated. In this context, the most recent
data on a possible mechanism of damage related to the
chemical structure of compounds in cigarette smoking
should be taken into account.

Eyes, sexual function and often calcium metabolism in
bone, followed by osteoporosis or enhanced pre-existing
osteoporosis in both women and men'""”, may be altered
as a result of the combined action of smoking and hyper-
tension with a development of serious clinical implica-
tions requiring a close physician-patient interaction.

Studies conducted to translate obtained data in differ-
ent findings to all populations worldwide do not always
come to the expected results. That also characterizes
large scale trials' """, Therefore, evident discrepancies
exist between research and clinical practice, so patients
do not always get appropriate treatment for their disease.
For example, it would seem useless to choose one drug
over another if the goal is to achieve a reduction in blood
pressure which can be achieved with a different lifestyle
and therapy.

Table 3 analyses the main clinical picture which may
result from the combined action of smoking and hypet-
tension.

These observations suggest without doubt that a rou-
tine assessment of smoking habits in patients suffering
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from hypertension is warranted in an attempt to avoid or
reduce the rate of serious pathological events.

CONCLUSION

In conclusion, a rise in blood pressure in smokers, al-
though there is no clear causal relationship between these
two factors, depends on four main factors: the toxic ef-
fect of smoking compounds on the arterial wall, sympa-
thetic stimulation, adrenergic stimulation and the spatial
shape of chemical chains that constitute smoking com-
pounds able to damage heart and blood vessels.

The toxic effect is primarily due to carbon monoxide
that deeply alters arterial wall cells. Sympathetic and ad-
renergic stimulation mainly activated by nicotine and its
metabolites trigger all those responses that characterize
atherosclerotic progression.

Finally, the observations that chemical chains of
smoking compounds, particularly nicotine, are more
strongly reactive according to their spatial shape provide
study material on a subject not yet well investigated but
potentially of positive impact. In my opinion, changing
the molecular reactivity of smoking compounds towards
the production of less toxic substances could open un-
expected positive results for a better control of damage
from smoking.
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