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Effect of smoke and non-smoke tobacco
on nitric oxide levels in diabetic patients
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ABSTRACT

Objective: Diabetes mellitus confers an increased cardiometabolic risk in affected individuals.
Several mechanisms underlie this equation, but endothelial dysfunction has been implicated
as the final common pathway by several studies. Endogenous nitric oxide (NO) is one of
the principal molecules mediating normal endothelial vasodilation. This study was aimed at
ascertaining the effects of smoke and non-smoke tobacco, both of which are commonly used
by Indians, on the serum NO levels. Materials and Methods: A total of 208 type 2 diabetic
patients attending the diabetes clinic were enrolled in this study. Data on age, gender,
smoking, and tobacco chewing were collected, and the serum levels of NO determined using
nitrate reductase and Griess Reagent which converts nitrite to a deep purple azo compound.
The amount of the azochromophore accurately reflected the amount of NO in the samples.
Results: The mean value of serum NO in smokers was 54.92 umol/L, as compared to 60.60
umol/L in non-smokers. The mean value of serum NO in tobacco chewers was 57.32 umol/L
and in tobacco non-chewers was 60.61 umol/L. In this study, a near-significant association
was found between the low serum levels of NO in smokers as compared to nonsmokers. But
there was no significant association of serum NO levels in tobacco chewers and non-tobacco
chewers. Conclusion: In this study, the difference in effects of different forms of nicotine usage
on the NO levels was assessed, as it provides an insight into the mechanism of the effects
of oral versus inhaled forms of nicotine use. In conclusion, new facts have been elucidated
in this study, and to the best of our knowledge, this is the first comparison of smoke and non-
smoke tobacco in relation to the serum levels of NO for estimating the burden of vascular
risk with various forms of tobacco use in diabetes.
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INTRODUCTION

in the body and their possible effects
have been a matter of debate since the
discovery of this molecule. The search
got more intensified when its association
with type 2 diabetes mellitus (DM) and its
complications was revealed.!*”!

Cigarette smoking is associated with
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an increased risk of cardiovascular
diseases through increased hypertension
and platelet aggregation.!'”! Both these
symptoms may be caused by decreased
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endogenous nitric oxide (NO) formation.
NO has been shown to be an important
regulator of blood flow and smooth
muscle relaxation.*”! It is a factor that
is essential for normal physiological
regulation of blood flow and nutrient
delivery to tissues. Its absence or deficient
production is considered to be one of the
earliest indicators of disease progression
and development of various vascular
morbidity patterns. The endogenous and
exogenous factors that influence its levels

Always there has been a quest to know the
mechanism of how nicotine, an important
component of cigarette smoke, acts in the
body, culminating into such risk factors.
There are studies indicating that tobacco
in smoke form is more hazardous as a
vascular risk factor than in other forms. In
this study, we tried to evaluate the effect of
smoke and non-smoke tobacco use on the
serum levels of NO in diabetic patients to
establish the link between the deleterious
effects of different forms of nicotine
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use and one of the most important markers of diabetic
endovascular injuries, i.e. NO.

MATERIALS AND METHODS

Study population

The study was conducted in 208 consecutive diabetic
patients who visited the Medicine Department of King
George’s Medical University over a period of 1 year from
August 2012 to August 2013. Informed consent was taken
from all the patients or their relatives before inclusion in
this observational study.

Clinical evaluation of study population

Patients of DM attending the outpatient wards and
admitted in our medical university wards were enrolled in
this cross-sectional observational study and subjected to
our criteria of inclusion. Detailed histories regarding past
illness, treatment, and family history of DM were taken. In
this study, we included all type 2 diabetic patients attending
our hospital, irrespective of the presenting complaints, and
who had known history of diabetes diagnosed eatlier by
qualified doctors or who had documents pertaining to their
diabetic history. We excluded severely ill patients, patients
in shock, and patients of diabetic ketoacidosis.

Evaluation of smoke and non-smoke tobacco
usage in diabetes patients

Current smokers were defined as persons who reported
smoking at least 100 cigarettes during their lifetime or
who, at the time of interview, reported smoking every day
or most days of the week. Chewing tobacco is a type of
smokeless tobacco product consumed by placing a portion
of the tobacco between the cheek and the gum or the upper
lip teeth and chewing to release the flavor and nicotine.
Tobacco chewers were considered to be patients who were
in habit of tobacco chewing in the form of plugs, twists,
or wads, typically sold in pouches of loose tobacco leaves
fashioned into long strands or twists. We considered all
those patients who were using this form of tobacco for
more than 6 months regularly as tobacco chewers.

Assessment of serum NO levels in diabetic patients
After an overnight fast, blood was taken from the
antecubital vein following universal precautions and was
equally distributed in 0.5 M ethylenediaminetetraacetic
acid (EDTA; pH 8.0) and plain vials for enzyme assays
and biochemical estimations, respectively. The blood in
the plain vials was allowed to clot in the aliquot at room
temperature for about an hour and then immediately
centrifuged at 3000 rpm for 10 min to separate the serum.
Serum NO levels were assayed using a colorimetric kit
that provides a convenient measurement of the stable
decomposition product, total nitrate/nitrite, in the serum

by a simple two-step process. The first step was to convert
nitrate to nitrite utilizing nitrate reductase. The second step
used Griess Reagent to convert nitrite to a deep purple azo
compound. The amount of the azochromophore accurately
reflected the amount of NO in the samples.

Statistical analysis

The results were presented in mean ¥ standard deviation
(SD) and percentage. Chi-square test was used to compare
the dichotomous/ categorical variables. The unpaired #test
was used to compare two means. One-way analysis of
variance was used to detect significant differences in the
mean values. P-values <0.05 were considered as significant.
All the analyses were carried out using Statistical Program
for Social Sciences (SPSS) version 15.0.

RESULTS

Demographic profile of diabetes patients

This study was carried outin a total of 208 diabetic patients
who attended our medical university. Patients’ age ranged
from 41 to 87 years, with a mean age of 64.8 £ 9.8 years.
Majority of the patients were males (56.7%). A total of
19.2% were smokers and 18.3% were tobacco chewers
[Table 1]. It was noticed that there were 19 patients who
were both smokers and tobacco chewers.

Association of NO levels with gender in diabetes
patients

The mean values of NO in diabetic males and females were
59.95 wmol/L and 58.92 wmol/L, respectively. There was
no significant association found between the serum NO
levels and gender (P > 0.05) [Table 2].

Table 1: Demographic profile and general characteristics
of patients (N = 208)
Characteristic

Mean age +SD (range), (years)

Statistic (%)
64.8+£9.8 (41-87)

Gender

Male 118 (566.7)

Female 90 (43.3)
Addictions

Smokers 40 (19.2)
Tobacco chewers 38 (18.3)

Table 2: Association of NO levels with gender

Gender Total (N = 208)
n Mean nitric oxide SD
in serum (umol/L)
Male 118 59.95 17.21
Female 90 58.92 18.39
t 0.415
P value 0.679
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Association of serum NO levels with age

in diabetes patients

The mean age of patients was 64.8 = 9.8 (41-87) years, and
when we distributed the patients according to increasing
age in different groups, we found no significant association
between NO and increasing age of the patients (P> 0.05)
[Table 3].

Association between serum NO levels with
smoke and non-smoke tobacco usage in diabetes
patients

The mean value of serum NO in smokets was 54.92
umol/L, as compared to 60.60 umol/L in non-smokers.
The mean value of serum NO in tobacco chewers
was 57.32 umol/L and in tobacco non-chewers was
60.61 wmol/L. In the study, a near-significant association
was found between the low serum levels in smokers as
compared to non-smokers. But there was no significant
association in the serum NO levels of tobacco chewers
and non-tobacco chewers [Table 4][Figure 1].

There was overlap of both smoking and tobacco usage in
19 patients, but we did not exclude those from the study
as we intended to find the relation between smokers and
non-smokers irrespective of other factors, in order to
know the effect of smoking on serum NO levels in those
patients. Similarly, we intended to know the effect of
tobacco chewing only on serum NO levels in respect to
non-tobacco chewers.

DISCUSSION

The study was conducted in diabetic patients to assess the
additive effects of tobacco in vascular dysfunction. What we
found was interesting, as we could assign the role of smoke
tobacco in vascular dysfunction, though not definitely, as there
was only a near association in the results. As we know, cigarette
smoke has been implicated as a major risk factor in chronic
obstructive pulmonary disease, chronic hypoxic cor pulmonale,
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Figure 1: Association of serum nitric oxide levels with smoke and non-smoke
tobacco users

atherosclerosis, and various other related cardiovascular
dysfunctions."” The mechanism for the increased risk of
vascular dysfunction is not well understood, but it is presumed
to be due to the absorption of tobacco smoke constituents
that affect endothelial cell function.'!! Cigarette smoke is a
complex medium containing approximately 4000 different
constituents distributed in gas and particulate phases.? It
contains a variety of oxidants, including nitrogen oxides,
hydrogen peroxide, hydrogen cyanide, and acrolein, which are
capable of affecting endothelial nitric oxide synthase (eNOS)
expression and/or activity."?

NO is a free radical gas, and acts a powerful regulator of
circulation by being an endogenous vasodilator. It plays an
important role as a signal molecule, besides being effective as
an important neurotransmitter, a pain mediator, and an agent
implicated in wound healing and tissue repait.l"’ Since the
discovery of NO about 30 years ago, its field of research has
been rapidly expanding and new aspects of NO chemistry
and biology continue to emerge. Originally identified as a
vasodilator, NO is now known to affect many biological
processes of all organisms, from bacteria and single-celled
eukaryotes to animals and humans." Endothelium-derived
relaxing factor (EDRF) is another name for this pleiotropic
molecule which is critical to a number of physiological and
pathological processes in humans. It not only inhibits the
inflammatory — proliferative reactions in vascular wall
cells, but also exerts anti-thrombogenic and endothelial
cell protective properties in both autocrine and paracrine
fashion. NO initiates and maintains vasodilation through a
cascade of biological events that culminate in the relaxation

Table 3: Association of NO levels with age

Age, years Total (N = 208)

n Mean nitric oxide SD

in serum (umol/L)

41-60 75 60.6 17.3
61-80 121 58.9 18.2
>80 12 59.2 15.8
F 0.214
P value 0.807

Table 4: Association between the serum NO levels in smoke
and non-smoke tobacco usage among diabetes patients

Addiction Total (N = 208)
n Mean nitric oxide SD
in serum (pmol/L)

Non-smoker 168 60.60 17.89
Smoker 40 54.92 16.27
t 1.833
P value 0.068
Tobacco non-users 138 60.61 17.05
Tobacco users 70 57.32 18.83

1.268
P value 0.206
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of smooth muscle cells that line the blood vessels. Unlike
other intracellular molecules, it is freely diffusible and
influences a number of biosynthetic, metabolic, signaling,
and membrane transport processes."” It not only dilates the
vascular tree, but also inhibits platelet aggregation, thrombus
formation, leukocyte adhesion, and vascular proliferation.'!
The concept of smoke tobacco affecting came into being
with growing researches on the diverse actions of NO.
Higman ez al. reported that the release of NO from the
saphenous veins of nonsmokers was significantly higher
than that from the veins of heavy smokers.!'" Using the NO
antagonist, N°-monomethyl-l-arginine, several investigators
have found indirect impairment of endothelium-dependent
vasodilatation in smokers with decreased NO.'"¥ In the
present study, though we found a near association between
tobacco smoke and serum NO levels, in diabetic patients
where NO is known to affect the cardiovascular functions,
with the additional impact of smoking on NO levels in
the body, important deductions could be drawn. But the
nicotine in the piece of chewing tobacco is absorbed through
the mouth tissues. Whether it causes vascular endothelial
dysfunctions is a matter of debate. Our study has shown
that it may not affect vascular endothelial functions as the
tobacco smoke affects the NO levels of the body. This
aspect is important as it may help to formulate strategies
and categorize risk assessment.

There were a few limitations of the study. We did not
compare the results in normal population, taking them as
controls. Also, our sample size was not large and various
confounding factors were not excluded from the study.

CONCLUSIONS

The association between cigarette smoking and vascular
diseases is widely recognized, and there is a general consensus
that cigarette smoke targets the vascular endothelial cells by its
effect on NO. In this study, the difference in associations of
different forms of nicotine usage over NO levels was assessed,
as it would provide an idea of the mechanism of effects of oral
and inhaled forms of nicotine use. In conclusion, new facts have
been elucidated in this study, and to the best of our knowledge,
it provides the first compatison of smoke and non-smoke
tobacco in relation to the serum levels of NO for estimating
the burden of vascular risk with various forms of tobacco use.
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