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Abstract: Objective: To investigate the effect of cigarette smoking on SAA-LDL in Sprague Dawley rats. Study
Design: A randomized control trial. Place and Duration of Study: Army Medical College, Rawalpindi and National
Institute of Health, Islamabad, from July 2014 to January 2015. Methodology: Seventy healthy Sprague Dawley rats
were randomly divided into two groups. Group-I rats were not exposed while group-II rats were exposed to cigarette
smoke for 3months. SAA-LDL levels were determined in both these groups using commercially available enzyme
linked immunosorbent assay (ELISA) kit. Results revealed that higher levels of SAA-LDL were found in smoke
exposed as compared to that of control rats. Mean values of SAA-LDL in control and smoke exposed groups were
1.51 ± 0.29 and 2.99 ± 0.59 respectively. The difference was statistically significant (p < 0.05). Conclusion: Positive
association was found between cigarette smoking and SAA-LDL. This shows that SAA-LDL, an oxidative stress
marker, may be used as an early indicator of oxidative damage in smoke related disorders. 
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INTRODUCTION effects include increased tissue inflammation and the
production  of  high  amount  of  free radicals in smokers

Tobacco use is one of the greatest public health [7, 8].
hazards the world has faced [1]. Tobacco is commonly Reactive oxygen species (ROS) such as superoxide
smoked in different ways including cigarette, cigar and (O ) and hydrogen peroxide (H O ) are continually
waterpipe. Tobacco smoke remains the main preventable produced by endogenous oxygen metabolism in all living
cause of mortality and  morbidity  worldwide.  WHO species [9, 10]. Cigarette smoking is an important
estimates that the number of smokers worldwide will exogenous factor leading to the production of ROS [11].
increase from 1.1 to 1.6 billion by 2025 [2]. Globally more Cigarette smoke itself is a source of free radicals;
than 5 million people per year  die  from  tobacco  use. moreover, inhalation of particles causes recruitment of
According to a report, the prevalence of smoking in inflammatory cells, neutrophils and macrophages, to the
Pakistan was 23% [3]. Cigarette smoking is an important lung tissue. These cells undergo activation resulting in
risk factor for developing heart disease, chronic synthesis and release of ROS and in up regulation of
obstructive pulmonary disease, stroke and acute factors involved in inflammation and fibrosis [12]. One
respiratory diseases [4, 5]; therefore it is important to puff of cigarette smoke contains 10  free radicals [13].
understand  the   mechanisms   through  which  smoking Production of ROS in excess of the endogenous
increases vulnerability to these disorders as it may antioxidant  capacity  of  a  cell  is  referred  to as oxidative
establish new avenues for prevention or  treatment of stress  [14]. Increase ROS cause oxidation of DNA,
complex  smoke  related  disorders [6]. The mechanisms by protein and lipids and are implicated in the pathogenesis
which tobacco smoking might cause these negative health of  several       diseases       including      atherosclerosis.
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ROS are highly reactive and short lived [15] and therefore Blood sample measuring 3 ml was collected from each
the best way to estimate oxidative stress is to quantify the
products of their reaction with lipids, proteins and nucleic
acids [16]. Elevated levels of oxidative stress biomarkers
in smokers are due to both increased ROS production
from smoke exposure as well as an impaired antioxidant
defence system. 

Serum amyloid A low density lipoprotein (SAA-LDL)
is formed by oxidative modification of LDL [17, 18].
Polyunsaturated fatty acid residues of lipids and
apolipoprotein B100 in LDL are the main targets of
oxidation [19]. Oxidized LDL is an accepted oxidative
stress marker [20]. Serum amyloid-A (SAA), an acute
phase protein, is produced in the liver in response to
inflammation, injury, infection, or stress. SAA-LDL
complex is considered a new and unique marker of
oxidatively-modified LDL particles, which is associated
with atherosclerotic conditions [21]. Kotani K et. al
showed that SAA-LDL measurements may be useful for
the assessment of the risk of cardiovascular disease as a
biochemical marker [22]. The aim of this study was to
investigate effect of smoking on SAA-LDL.

MATERIALS AND METHODS

The  study was designed as a randomized control
trial conducted at Department of biochemistry and
Molecular Biology, Army Medical College Rawalpindi in
collaboration with National Institute of Health (NIH),
Islamabad and Centre for Research in Experimental and
Applied Medicine (CREAM), Army Medical College,
Rawalpindi. The protocol of the study was approved by
Ethical Committee of CREAM, Army Medical College,
Rawalpindi. Total number of 70 healthy Sprague Dawley
rats was acquired from NIH, Islamabad. Rats were kept
under  standard  conditions  with a daily photoperiod of
12 hours light and 12 hours dark at animal house. All rats
were fed normal pellet diet (NPD) and water ad libitum,
they were  randomly  distributed among the groups with
35 rats in each group: group I (control) and group II
(exposed). Rats in group-II were placed in smoke chamber
and were exposed to cigarette smoke (10 cigarettes/day)
for 12 weeks. Lit cigarette was introduced into the smoke
chamber. Each  cigarette burnt for 10-12mins. A break of
15 minutes was given before the start of the next cigarette,
to allow the entry of a little amount of fresh air. For
comparison control rats were exposed to only fresh air in
an identical chamber, where cigarette smoke was not
introduced.

rat of both the groups at the end of 12 weeks by
intracardiac puncture. Blood was taken in vacuum tubes
containing clot activator. Serum obtained by
centrifugation was stored at -80 C. SAA-LDL levels were
determined using a commercially available ELISA kit at
CREAM, Army Medical College. All data were analysed
by SPSS version 17 and represented as mean ± standard
deviation. The statistical differences between the smoke
exposed and control groups were calculated by using
independent sample t-test. Significant p value was < 0.05.

RESULTS

The comparison of mean of Serum Amyloid A-Low
Density Lipoprotein (SAA-LDL) levels between two
groups at the end of 12 weeks is shown in table 1. The
mean SAA-LDL level was 1.51 ± 0.29 for control group
rats while it was 2.99 ± 0.59 was for group II rats. The
difference between control group and group II was
statistically significant (p < 0.05). The mean SAA-LDL
level was significantly increased in exposed as compared
to that of control group rats. 

Table 1: Mean of SAA-LDL levels in group I and II

Mean ± SD values of both groups
-------------------------------------------------------

Variable Group I (n = 35) Group II (n = 35) p Value

SAA-LDL 1.51 ± 0.29 2.99 ± 0.59 < 0.05

DISCUSSION

The present study was conducted to ascertain
whether cigarette smoke induces oxidative stress using a
relatively new oxidative stress marker, SAA-LDL.
Biomarkers of oxidative stress can be grouped as
molecules that are modified by ROS and antioxidant
molecules. Molecules that can be modified by interaction
with excessive ROS include DNA, lipids and proteins.
Factors which influence the clinical applicability of a
oxidative stress biomarker include the ease of acquiring a
suitable biological specimen; the stability of the biomarker
throughout specimen preparation steps; the specificity,
sensitivity and reproducibility of the assay used to
measure the modification.

Consistent with previous studies, the present study,
using the new oxidized LDL related marker, SAA-LDL,
increases understanding of smoking-lipoprotein
associations. In this study, we found a strong correlation
between   SAA-LDL   and   cigarette   smoking  (p < 0.05).
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The mean SAA-LDL of smoker group rats is 1.98-fold showed significant increase in oxidative stress markers
higher  than  that of control group rats. The findings like hydroperoxides (HP) and MDA levels with associated
reflect  that  SAA-LDL  levels are high in smoker group decrease in reduced glutathione (GSH), vitamin C, vitamin
rats than in control rats which indicate that cigarette E and antioxidant enzymes [32]. 
smoking leads  to  oxidative  LDL modification thus A study carried out in 2014 showed high levels of
linking oxidized LDL (ox-LDL) with smoke related urinary MDA and down-regulation of expressions of
diseases. It has been proposed that circulating ox-LDL antioxidant  related  genes in smokers as compared to
plays a critical role in cardiovascular diseases such as non-smokers (p < 0.05) [33]. Another study showed
atherosclerosis [23]. Some biological explanations of significant difference (p < 0.001) in the MDA levels in
linking ox-LDL with smoke related diseases can be the control and smoker groups. This study also demonstrated
following. First, an increase in ox-LDL levels activates significant reduction in antioxidant enzymes in smoker
chemotaxis of neutrophils and monocytes [24]. Second, group as compared to healthy controls [34]. A case
ox-LDL has been shown to increase the expression or control study carried out in 2013 revealed decreased
secretion of pro-inflammatory cytokines [25]. Third, superoxide dismutase levels in cases compared to control
oxidized lipids are thought to promote a shift from acute group [35]. Another study showed that smoking habits
to chronic inflammation. Forth, ox-LDL increases independently induces the formation of F2-isoprostanes
intracellular ROS production thereby increasing oxidative and increases the oxidative stress level [36]. Nagamma T
stress [26]. et al observed a significant rise in plasma MDA and low

Most studies observed positive association between levels of antioxidants in breast cancer patients with
cigarette smoking and oxidative stress using different smoking habit as compared to non-smoking breast cancer
oxidative stress markers. Elevated levels of oxidative patients [37]. Wozniak A et. al found that superoxide
stress biomarkers in smokers are due to both increased dismutase activity was 40% higher (p < 0.05) while
ROS production from smoke exposure as well as an glutathione peroxidase was 41% lower (p < 0.001) in
impaired  antioxidant  defence  system.  In  our  study smokers than in controls.
SAA-LDL was used as an oxidative stress marker. Our
results are consistent with findings of most other studies CONCLUSION
that smoking increases oxidative stress. A study
published  in 2011 showed  that  significantly higher The present study concluded that cigarette smoking
SAA-LDL levels were observed in current smokers versus is associated with increased levels of oxidative stress as
non-smokers [17]. Wada H et. al also showed that serum measured by SAA-LDL which can therefore be used as an
levels of SAA-LDL were significantly increased in current oxidative stress marker predictive of smoke related
compared to non-current smokers [18]. Nawrot TS et. al disorders. However, more detailed studies are needed to
showed in his study that plasma oxidized-LDL level was clarify the clinical relevance and the mechanisms
higher in smokers than in non-smokers [27]. Another associated with these findings. 
study showed that smoking oxidizes low-density
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