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Abstract
Objective(s): The present study was designed to provide additional information on the levels of cytokine
responses, endothelial injury, and oxidative stress responses during prolonged cigarette smoking using the serum
levels of interleukin-1β, IL-10, CRP, liver enzymes (aspartate transaminase, alanine transaminase, alkaline
phosphates), creatine kinase-MB, troponin T and malondialdehyde (MDA) on prolonged smokers.
Materials and methods: A total of 204 subjects within the ages of 18 and 55 years were randomly studied.
Among these were 95 smokers (smoking at least 6 cigarettes per day for more than 6 months) and 109 nonsmoking
individuals from Igbinedion University Teaching Hospital Okada Community. Absolute white blood counts were
estimated using Sysmex® Automated Hematology Analyzer whereas; IL-1β, IL-10, CRP, MDA, TT, and CK-MB were
estimated using enzyme-linked immunosorbent assay methods. Liver enzymes (AST and ALT) were estimated using
auto-analyzer.
Results: The levels of IL-10, CRP, MDA, CK-MB, TT, liver enzymes, SBP and DBP were significantly elevated in
the smokers as compared with the non-smoking subjects whereas; the levels of IL-1β, AGC and ALC were
significantly reduced in the smokers as compared with the non-smoking subjects.
Conclusion: The levels of IL-1β, AGC and ALC were significantly reduced in prolonged cigarette smokers which
is indicative of an inhibitory effect on white blood cells. Prolonged cigarette smoking shift of cytokine responses
towards IL-10 pattern which might be a result of an imbalance of the Th1 to Th2 type cytokines. The levels of MDA,
CRP, CK-MB, TT and liver enzymes (AST and ALT) could be used as an index to assess the degree of lipid
peroxidation in prolonged cigarette smoking.

Keywords: Prolonged cigarette smoking; Interluekin-1β; IL-10;
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Introduction
The World Health Organization proposes smoking as a preventable
risk factor for endothelial injury such as cardiovascular disease (CVD)
[1]. Cigarette smoking is harmful to all organs of the human body and
has become the global number two killer after hypertension [2-4]. The
possible mechanism by which cigarette smoking may initiate or
accelerate endothelial injury might be the activation of free radicals,
such as nitric oxide radicals, singlet oxygen, and hydrogen peroxide
[3,5]. It is also possible that oxidative stress promotes a systemic acute
phase response by activation of nuclear factor kappa B (NF-κB), other
cytokines, and adhesion molecules [5]. Several studies have shown the
effect of smoking on the serum concentrations of some inflammatory
markers, fibrinogen, plasma viscosity, and high-sensitivity C-reactive
protein, compared with never smokers, and slightly increased for exsmokers [3-5].
There is growing body of evidence suggesting the relationship
between oxidative stress and cytokine responses. Therefore, in the
current study, the cytokine responses, endothelial injury, and oxidative
stress responses during prolonged cigarette smoking was investigated
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using the serum levels of interleukin-1β, IL-10, CRP, liver enzymes
(aspartate transaminase, alanine transaminase, alkaline phosphatase),
creatine kinase-MB, troponin T and malondialdehyde (MDA) of
chronic smokers compared with non-smokers. This will add to the
exiting level of information about cigarette smoking as the Federal
Ministry of Health in Nigeria has previous warned that cigarette
smokers are liable to die young [6]. Major strides towards national
tobacco control have been made since Nigeria became signatory to the
WHO Framework Convention on Tobacco Control (FCTC) in June
2004 [6]. The Nigeria senate passed a bill in 2011 which when passed
into law will be able regulate and control production, manufacture,
sale, advertising, promotion and sponsorship of tobacco or tobacco
products [6].

Materials and Methods
Subjects
This cross sectional study was conducted at Igbinedion University
Teaching Hospital in Okada Community in Ovia North East local
Government Area, Edo State, Nigeria. Ethical approval was obtained
from IUTH Ethical Review Committee. Informed consent was
obtained from all subjects before the commencement of the study. A
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total of 204 subjects within the ages of 18 and 55 years were randomly
studied. Among these were 95 smokers (smoking at least 6 cigarettes
per day for more than 6 months) and 109 nonsmoking individuals
from Igbinedion University Teaching Hospital Okada Community. The
participants were allowed to rest for at least ten minutes after which
the blood pressure and pulse rate were measured from the left arm as
described by Musa et al. [7] using an automated digital electronic BP
monitor (Omron digital BP monitor, Model 11 EM 403c; Tokyo Japan).

enzyme-linked immunosorbent assay method as described by Digban
and Ehiaghe [11] while the levels of Creatine kinase-MB, Troponin T
were determined using enzyme-linked immunosorbent assay methods
as described by Ehiaghe et al. [12]. Malondialdehyde estimation was
determined using spectrophotometric method as previously described
by Ehiaghe et al. [12].

Blood samples analysis

Tables 1 and 2 shows the levels (mean ± SD) of IL-1β, IL-10, CRP,
MDA, AGC, ALC, CK-MB, TT, liver enzymes (AST and ALT ), SBP
and DBP in the smokers as compared with the with the non-smoking
subjects. The levels of IL-10, CRP, MDA, CK-MB, TT, liver enzymes
(AST and ALT), SBP and DBP were significantly elevated in the
smokers as compared with the non-smoking subjects. Whereas, the
levels of IL-1β, AGC and ALC were significantly reduced in the
smokers as compared with the non-smoking subjects.

Eight milliliters volume of venous blood sample were collected from
the ante-cubital vein of the subjects using standard laboratory
collection technique and shared equally into ethylene diamine tetra
acetic acid (EDTA) vacutainers and an anticoagulant free vacutainers,
subsequently centrifuged at 750 g for 15 min to obtain serum. The
blood samples collected in EDTA were used for absolute lymphocyte
counts using Sysmex® Automated Hematology Analyzer as previously
described by Ehiaghe et al. [8]. The determination of AST and ALT
were done using SelectraProS auto-analyzer as described by Mohadesh
and Abdolali [9] whereas, the levels of IL-1β and IL-10 were
determined using enzyme-linked immunosorbent assay method as
described by Khalid et al. [10]. Serum CRP was determined using

Results

Data analysis
Student’s t-test was used to compare independent variables. The
probability values less than 0.05 were considered significant. The
statistical analysis were done using SPSS version 20.0.

Subjects

Interleukin-1β

Interleukin-10

C-reactive protein

MDA

Absolute
granulocyte
count

Absolute
lymphocyte count

Control

1.03 ± 0.04

0.04 ± 0.05

1.20 ± 0.36

1.4 ± 0.04

3.4 ± 0.84

2.3 ± 0.80

Smokers

0.03 ± 0.05

1.23 ± 0.18

9. 3 ± 2.93

3.0 ± 0.04

2.6 ± 0.07

1.3 ± 0.85

P value

0.001*

0.001*

<0.001*

<0.001*

0.035*

0.046*

ns=non significant; *=significant

Table 1: Levels (mean ± SD) of Interleukin-1β (pg/ml), Interleukin-10 (pg/ml), C-reactive protein (mg/L), MDA (umol/L), Absolute granulocyte
count (Cells/µl) and Absolute lymphocyte count (Cells/µl) in prolonged cigarette smokers as compared with the with the non-smoking subjects.
Subjects

Creatine kinase-MB

Troponin-T

Aspartate transaminase

Alanine transaminase

SBP

DBP

Control

40.8 ± 3.8

0.04 ± 0.06

10.4 ± 0.50

9.5 ± 4.11

184 ± 8.50

80 ± 6.3

Smokers

54.0 ± 2.06

27.6 ± 4.5

32.0 ± 0.60

33.5 ± 0.4

194 ± 9.58

87 ± 0.20

P value

0.03*

0.012*

0.03*

0.04*

0.002*

0.001*

ns=Non Significant; *=Significant; SBP=Systolic Blood Pressure; DBP = Diastolic Blood Pressure

Table 2: Levels (mean ± SD) of Creatine kinase MB (ng/ml), Troponin-T (pg/ml), Aspartate transaminase (U/L), Alanine transaminase (U/L),
SBP(mmHG), and DBP (mmHG) in prolonged cigarette smokers as compared with the non-smoking subjects.

Discussion
This is the first study in Nigeria evaluating the serum levels of
interleukin-1β, IL-10, CRP, liver enzymes (aspartate transaminase and
alanine transaminase), creatine kinase-MB, troponin T,
malondialdehyde (MDA), SBP and DBP of prolonged cigarette
smokers compared with nonsmokers. The levels of IL-1β, AGC and
ALC were significantly reduced in the smokers as compared with the
non-smoking subjects. Thus, confirming the inhibitory effect of
prolonged cigarette smoking on white blood cells. Also, a very
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intriguing finding was the shift of cytokine responses towards IL-10
(an anti-inflammatory cytokine) pattern with the suppression of IL-1β
which is a pro-inflammatory cytokine. This might be a reflection of a
local shift in the Th1 to Th2 type cytokine balance which could suggest
that PCS could be an adjuvant of adaptive Th2 immunity. Ouyang et al.
[13] reported that cigarette smoke contains potent inhibitors such as
catechol and nicotine which can possibly shift the cytokine balance
towards the anti-inflammatory patterns. The major components of
cigarette smoke that may lead to deleterious effects include nicotine,
tar, ammonia, carbon monoxide, carbon dioxide, acetone, nitrogen
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oxides and cadmium [14]. Many of these agents are known to be
immunosuppressive by affecting both innate and adaptive immune
response [15,16]. Also, other studies have observed that the number of
interferon gamma secreting cells was extremely reduced in prolonged
cigarette smokers [17,18]. T-cell activation, proliferation and
expression of the cytotoxic proteins are significantly reduced by
exposure to cigarette smoke [19]. Spleen cells from animals that are
subjected to the heavy dose of cigarette smoke have a significant
reduction in their natural killer cell-mediated lytic activity [20].
Cigarette smoke impairs NK cell-dependent tumor immune
surveillance which further suggests that the immune response to
antigens is altered in these cells [21]. Thus it appears that cigarette
smoke may alter the number and type of lymphocyte population in the
lungs, activation and expression of cytokines. This in turn leads to
functional defects in adaptive immune responses by these cells
predisposing to infections.
Furthermore, the levels of CRP, MDA, CK-MB, TT, liver enzymes
(AST and ALT), SBP and DBP were significantly elevated in smokers
as compared with the non-smoking subjects. This is indicative an
increased oxidative stress during prolonged cigarette smoking. Thus, it
could be extrapolated that prolonged cigarette smoking can
significantly increases the level of lipid peroxidation in smokers. This
may occur due to nitrosative stress which is a condition that occurs
when the production of highly reactive nitrogen-containing chemicals
such as nitric oxide exceed the ability of the human body to neutralize
and eliminate free radicals. Therefore, the levels of MDA in
combination with CRP, CK-MB, TT and liver enzymes (AST and ALT)
could be used as an index to assess the degree of lipid peroxidation in
cigarette smokers. It has been reported that smokers are prone to lipid
oxidation from the inhalation of a large number of gas-phase and other
radicals which gives rise to increase oxidative stress in the hepatic and
cardiac muscles [22-24]. Furthermore, Agarwal [25] opined that
prolonged cigarette smoking can induce oxidative stress by stimulating
NADPH oxidase and decreasing antioxidant defenses.

Conclusion
The levels of IL-1β, AGC and ALC were significantly reduced in
prolonged cigarette smokers which is indicative of an inhibitory effect
on white blood cells. Also, a prolonged cigarette smoking shift of
cytokine responses towards IL-10 pattern which might be a result of an
imbalance of the Th1 to Th2 type cytokines. Furthermore, the levels of
MDA, CRP, CK-MB, TT and liver enzymes (AST and ALT) could be
used as an index to assess the degree of lipid peroxidation in prolonged
cigarette smoking.
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