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Abstract: Cigarette smoke is known to be an important predisposing factor to many diseased conditions, such as
cardiovascular diseases, liver disease, atherosclerosis and other metabolic disorders. The aim of this study was to
examine the effects of exposure to smoke from burnt cotton wool and cigarette on plasma lipids, liver biochemistry and
histology, in adult Wistar rats. The animals were divided into three groups of Control A: exposed to fresh atmospheric air;
Group B: exposed to cotton wool smoke; and, Group C, exposed to cigarette smoke; and the experiment lasted for 35
days. The animals exposed to cigarette smoke and cotton wool smoke showed higher values of low density lipoprotein
(LDL), and lower values of high density lipoprotein (HDL) compared to the control. The observation of the micro
architecture and enzymes of the liver tissue revealed reduction in the number and size of liver cells, numerous fibrous
tissues, elevated liver transaminases and reduction in endogenous anti-oxidants, with evidence of fatty degeneration, in
animals exposed to cigarette smoke compared to those exposed to cotton wool smoke and fresh atmospheric air.
Cigarette smoke caused accumulation of lipids in the liver cells, with evidence of on-going necrosis and fibrosis, which

indicated the presence of non-alcoholic fatty liver disease.
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INTRODUCTION

Cigarette smoking is a preventable predisposing
factor to many clinical conditions [1]. It is associated
with increased risk of cardiovascular and metabolic
diseases such as alteration in the levels of plasma
lipoproteins and accumulation of lipids in the liver [2].
Many chemically reactive molecular species are
present in cigarette smoke, including reactive oxygen
species and radicals which are toxic to the cell and
various cellular processes [1]. Cigarette smoke
increases the expression of several enzymes, such as
cytochromes and other enzymes involved in drug
metabolism, especially in the liver [3-5], thereby
causing varying degrees of hepatotoxicity. Nicotine, a
major constituent of cigarette smoke, is mainly
metabolised in the liver, and induces lesions
characterised by steatosis and focal or confluent
necrosis, and varying degrees of fibrosis [6].

Tobacco smoking alters lipid metabolism through
increase in lipolysis, insulin resistance and tissue
toxicity [7], leading to increased levels of plasma
lipoproteins. Hyperlipidemia is a metabolic risk factor
which plays a significant role in the process of
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atherosclerosis, characterized by the formation of
atheromatous plaques in the intima of large and
medium-sized arteries [8], 2009). However, with
cessation of smoking, there is the likelihood of some
degree of restoration of lipid metabolism [7].

Gupta and colleagues evaluated the acute effects of
cigarette smoking on serum lipids in apparently healthy
individuals [8], and observed no statistically significant
difference in the levels of triglycerides (TG), very low
density lipoprotein-cholesterol (VLDL), and high density
lipoprotein-cholesterol (HDL) between smokers and
non-smokers; although serum cholesterol and low
density lipoprotein cholesterol (LDL) levels were slightly
higher in smokers than non-smokers, the differences
were also not statistically significant. Other studies,
however, have reported significant differences in
plasma lipoprotein levels between cigarette smokers
and non-smokers [9].

Long-term exposure to cigarette smoke causes
permanent inflammation and an imbalance in lipid
profile [10]. This stimulates the accumulation of lipid in
liver cells (hepatocytes), leading to the development of
non-alcoholic fatty liver disease [2]. Fatty degeneration
is one of the most common pathological changes in the
liver due in most cases to excessive intake of alcohol.
However, non-alcoholic fatty liver disease has been
recognised, and cigarette smoking is a culprit.
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Nicotine increases the circulatory pool of
atherogenic LDL through accelerated transfer of lipids
from HDL and impaired clearance of LDL from plasma
compartment [11], leading to increased deposition of
LDL in the arterial wall [12]. In addition, free radicals
present in tobacco smoke trigger and augment lipid
peroxidation, which causes low-density lipoprotein
(LDL) oxidation and atherosclerosis [13, 14]. The
higher concentrations of LDL, VLDL, TG and lower
concentration of HDL correlate positively with the
development of severe and premature atherogenesis
[15]. Although carbon monoxide is also a component of
cigarette smoke, studies suggested that most of the
effects of cigarette smoke are due more to the actions
of nicotine than carbon monoxide [16].

Cigarette smoke lowers the level of endogenous
antioxidants [17]. The elevation in serum levels of liver
enzymes could be used in assessing the degree of liver
injury. According to [18], cigarette smoke increases the
levels of some liver enzymes, such as alanine
aminotransferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase (ALP), which are
capable of inducing alterations in membrane
permeability properties of the liver. ALT and AST are
commonly used markers of hepatocellular injuries.
Serum elevation of ALP could occur due to blockage of
bile ducts or impairment of bile production in the liver
[19].

Reduction in the level of glutathione, an
endogenous antioxidant enzyme, favours the
hepatotoxic effect of cigarette smoking [20, 21]. The
mechanism of liver injury occurring from cigarette
smoking is probably by enhancing lipid peroxidation
[20]. In order to determine the extent of adverse effects
of tobacco smoke on drug metabolism, biochemical
markers such as cotinine (a metabolite of nicotine) can
be measured in the plasma of smokers [22]. The
current study was aimed at determining the effects of
cigarette smoke on the plasma lipids and liver
histochemistry of Wistar rats.

MATERIALS AND METHODS

Experimental Animals

A total of twelve adult male Wistar rats were used.
They were housed in the Animal House of the Anatomy
Department, University of llorin. They were fed on rat
pellets and water ad /ibitum and allowed to acclimatise
for 7 days. The animals which weighed on the average
160 g were randomly divided into 3 groups of 4 animals
per group.

Treatment of Animals

Group A animals were exposed to normal fresh
atmospheric air (Control Group); Group B animals were
allowed to inhale smoke from cotton wool, while Group
C animals were exposed to smoke from a stick of
Rothmans® cigarette each. The amount of tobacco in
each stick of cigarette was 0.738 g, containing 1 mg of
nicotine. Exposure of the Wistar rats to smoke was
carried out in a Smoking Chamber at 1900 h daily for
35 days.

Blood and Tissue Samples

The animals were sacrificed by cervical dislocation
24 hrs after the last administration. Blood samples
were collected into lithium heparinised bottles for
biochemical studies. The liver was excised and part of
it was weighed, placed in 0.25 M sucrose solution and
homogenized. The homogenate was centrifuged at
5000 rpm for 5 min using a centrifuge (Gallenkomp,
England). Part of the liver was fixed in formol saline
and processed for histological examinations.

Biochemical Studies

The blood samples and supernatants collected were
used in determining the activities of some liver
enzymes and anti-oxidant enzymes. Using biochemical
kits from Randox Laboratories Limited (Antrim, UK), the
enzyme activity of superoxide dismutase was assessed
according to the method of Mistra and Fridovish [23],
and the activity of Glutathione peroxidase in liver
homogenates was also determined by adopting the
method of Paglia and Valentine [24]. The following lipid
parameters were assessed using appropriate
biochemical kits: cholesterol, triglycerides, low density
lipoprotein, high density lipoprotein, and calcium. The
serum activities of alkaline phosphatase, alanine
aminotransferase and aspartate aminotransferase were
also similarly assessed, using the Randox kits.

Histopathological Examinations

Tissue specimens were taken from the liver of each
of the 3 groups of rats and fixed in 10% formal saline
solution for 24 hours. Trimming was done on the fixed
tissue specimens and washed in tap water for 12
hours. Serial alcohols (methyl, ethyl and absolute) were
used for dehydration of the tissue samples. Tissue
specimens were cleared in xylene and embedded in
paraffin. The paraffin blocks were sectioned at 5 micron
thickness by rotary microtome. The obtained tissue
sections were collected on glass slides and stained
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Table 1: Plasma Lipids
Parameters
Groups N
HDL (mmol/l) LDL (mmol/l) TGA (mmol/l) Cholesterol (mmol/l) Calcium (mmol/l)
A 4 1.350+0.14 2.100+0.16 1.400+0.12 3.600+0.29 3.200+0.19
B 4 1.125+0.15 2.300+1.16 1.275+1.13 3.750+0.18 2.453+0.09
Cc 4 1.133+0.09 2.275+0.45 1.175£0.13 3.575+0.43 2.278+0.13

Data presented as Mean+SEM; HDL: high density lipoprotein; LDL: low density lipoprotein; TGA: triglycerides

using Haematoxylin and Eosin stains, and Gordon and
Sweet’s stains [25].

Statistical analyses of data

The biochemical data obtained were expressed as
means + SEM, and analysed using the Student’s t-test.
The level of significance was taken at p values < 0.05.

RESULTS

Biochemical Analyses

Compared to the control group A, HDL levels were
reduced in the experimental animals, while the levels of
LDL increased (Table 1). These reduction and
increase, which were statistically not significant
(p>0.05) were however more in the group exposed to
smoke from burnt cotton wool.

The activities of liver transaminases (ALT, AST)
increased in the treatment groups exposed to cotton
wool smoke and cigarette smoke, with a more increase
in the latter, compared to the control. However, the
levels of serum ALP, SOD and liver glutathione
peroxidase decreased progressively in the treatment
groups, and exposure to cigarette smoke resulted in more reduction
in these enzyme activities (Table 2). These differences were,
nevertheless, not statistically significant (p>0.05).

Histopathological Observation

The liver of the Control Group showed a normal
micro architecture (Plates 1, 4). The hepatocytes

appeared normal, and the lobules and bile canaliculi
were well outlined. There were no fatty degenerations
present, no haemorrhagic reaction observed, and no
evidence of neutrophilic infiltration. The animals
exposed to cotton wool smoke (Plates 2, 5) showed
areas of neutrophilic infiltration, hepatocytes with many
vacuolar spaces, slight distortion of the bile canalicular
network and hypochromic staining of the liver tissue.
Animals exposed to cigarette smoke had degeneration
of the liver parenchyma and disruption of the

canalicular network (Plates 3, 6). There were pigments
present and the capsules were positive for reticulin.
The nuclei were reduced in size, with more vacuolar
spaces in the cytoplasm and areas of necrosis, as well
as neutrophilic infiltrates and numerous reticulin fibres.
Abscesses of eosinophilic bodies were present,
tissue.

preventing proper staining of the
degeneration was also evident.

Fatty

Plate 1: Photomicrograph of a section through the liver of
control rat showing normal morphology of the central vein
(CV), hepatocytes (mono-, and binucleated) (H), sinusoids
(S) and bile canaliculi (BC); H&E x150.

Table 2: Results of Enzyme Analysis
Enzymes
Groups N
ALP (IU/L) ALT (IU/L) AST (IU/L) SOD (IU/L) GPx (IU/L)
A 4 89.75+16.92 36.25+06.60 111.50+£15.68 320+18.91 16650
B 4 84.50+07.93 36.50+04.84 110.25+14.59 271+12.25 14750
C 4 67.00+13.14 37.75+01.44 123.75+10.57 260+27.51 14200

Data presented as Mean+SEM; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; SOD: superoxide dismutase; GPx:

glutathione peroxidase
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Plate 2: Photomicrograph of a section through the liver of
animals exposed to cotton wool smoke showing central vein
(CV) with a wider diameter; slight distortion of the bile
canalicular network (appearing more horizontal) and many
hepatocytes with nuclear spaces (arrows); H&E x150.

Plate 3: Photomicrograph of the liver of animals exposed to
cigarette smoke showing degenerative changes and
hypochromic staining; constricted central vein (CV);
hepatocytes with smaller sized nuclei and nuclear spaces
(H); H&E x150.

I
Plate 4: Photomicrograph of the liver of Control Group
showing normal morphology of the central vein (CV) and
reticulin fibres (RF). G&S x150.

DISCUSSION

There is a strong correlation between cigarette
smoking and hyperlipidemia, a metabolic risk factor
which plays a significant role in the process of
atherosclerosis [26]. Various studies have shown that

Plate 5: Photomicrograph of a section through the liver of
animals exposed to cotton wool smoke showing hypochromic
staining, few reticulin fibres (arrows), and numerous vacuolar
spaces. G&S x150.

Plate 6: Photomicrograph of the liver of animals exposed to
cigarette smoke showing disrupted architecture, neutrophilic
infiltrates (NI) and numerous reticulin fibres (arrows). G&S
x150.

tobacco smoke is associated with adverse plasma
levels of lipoproteins, such that there is increased low
density lipoprotein which has been implicated in
atherogenesis, and decreased levels of high density
lipoprotein [27]. Observations from the current study
were also similar to previous works. However, the
smoke of burnt cotton wool which contained basically
carbon monoxide caused more decrease in HDL and
more increase in LDL than the smoke of cigarette.
Meanwhile, lower levels of triglycerides and total
cholesterol were noticed in the experimental groups
unlike what previous authors noted.

The activities of liver enzymes are altered following
insults to the organ, and these enzymes are used as
markers to determine the type and the extent of such
injuries. The current study revealed an increase in the
activities of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), which are used as
indicators of hepatocellular injuries. Necrosis, toxic and
ischaemic injuries of the liver cells result in the leakage
of these enzymes into the blood circulation [18],
thereby increasing their levels in the body. There was
probably no impairment in the production of bile, as the
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serum level of alkaline phosphatase decreased, as
against the increase levels that characterize blockage
of bile ducts or impairment of bile production in the liver
[19].

Studies by El-Zayadi showed that exposure to
cigarette smoke reduced the levels of anti-oxidative
enzymes [17], and as further observed by Watanabe et
al and Barbaro et al [20, 21], the antioxidant activity of
glutathione is reduced during exposure to cigarette
smoke, facilitating more hepatotoxic damage to the
organ. The endogenous antioxidant function of
superoxide dismutase was compromised in this study,
thereby predisposing the cells to the detrimental effects
of various oxygen radicals and other chemically-
induced oxidative stress that characterise tobacco
smoking. The enzymes activiies were much more
reduced in animals exposed to smoke from cigarette
than from burnt cotton wool. This shows that the
degree of oxidative stress resulting from the other
components of cigarette smoke, especially nicotine,
was more than that caused exclusively by carbon
monoxide, which is also a constituent of cigarette
smoke.

The changes that occurred in the liver enzymes and
endogenous anti-oxidants corroborated the histological
observations of the liver that showed various degrees
of alterations of the hepatocytes and canalicular
network. There were reductions in nuclear sizes,
numerous vacuolations and areas of necrosis, showing
that the damage seen in this study was more of
hepatocellular degeneration of liver parenchyma, for
which the increased ALT and AST served as
biomarkers. The cell membrane marker, ALP, was
lower in the serum of animals exposed to smoke, than
in the animals exposed to fresh air. The activity of ALP
was lowest in the treatment group exposed to cigarette
smoke, and this was confirmed through histological
observations which showed no evidence of blockage of
biliary or canalicular network, although there were
some degrees of disruption. The cell membranes also
increased in permeability to the transaminases, ALT
and AST, resulting in their rising levels in circulation.

The liver of the treated animals revealed higher
degrees of reticulin fibres than those of animals in the
control group. It was however more numerous in the
group exposed to cigarette smoke than those exposed
to smoke from cotton wool. This could probably be
responsible for the degree of fibrosis induced by
nicotine, as noted by previous studies [6]. The
presence of constricted vessels in the liver of cigarette-

exposed group may not be unconnected to the
constrictive activity of nicotine, which was absent in the
cotton wool-exposed group. Only the group exposed to
cigarette smoke showed an evidence of accumulation
of lipids in the hepatocytes, but without clear evidence
of blockage of the ductile system.

Although the enhancement of lipid peroxidation is
part of the mechanism responsible for the tissue
damage seen in non-alcoholic fatty liver disease, this
study probably established the process of necrosis and
fibrosis as part of the mechanisms underlying liver
injuries following exposure to cigarette smoke.

The evaluations of the micro architecture and
enzymes of the liver tissue revealed reduction in the
number and size of liver cells, numerous fibrous
tissues, elevated liver transaminases and reduction in
endogenous anti-oxidants, with evidence of fatty
degeneration, in animals exposed to cigarette smoke
compared to those exposed to cotton wool smoke and
fresh atmospheric air.

CONCLUSION

Exposure to cigarette smoke causes accumulation
of lipids in the hepatocytes, with various degrees of
necrosis and fibrosis. The small sample size might be
responsible for the statistically non-significant results of
some of the biochemical parameters reported in this
study. The use of a larger sample size, therefore, might
be able to give statistically significant data.

REFERENCES

[1 Ueta E, Tadokoro Y, Yamamoto T, Yamane C, Suzuki E,
Nanba E, et al. The effects of cigarette smoke exposure and
ascorbic acid intake on gene expression of antioxidant
enzymes and other related enzymes in the livers and lungs
of Shionogi rats with osteogenic disorders. Toxicological
Sciences 2003; 73: 339-47.
http://dx.doi.org/10.1093/toxsci/kfg082

[2] Yuan H, Shyy JY, Martins-Green M. Second-hand smoke
stimulates lipid accumulation in the liver by modulating
AMPK and SREBP-1. J Hepatol 2009; 51: 535-47.
http://dx.doi.org/10.1016/j.jhep.2009.03.026

[3] Gilks CB, Price K, Wright JL, Churg A (1998). Antioxidant
gene expression in rat lung after exposure to cigarette
smoke. Am J Pathol 1998; 152: 269-78.

[4] Villard P, Hcrber R, Sérée EM, Attolini L, Magdalou J,
Lacarelle B. Effect of Cigarette Smoke on UDP-
Glucuronosyltransferase Activity and Cytochrome P450
Content in Liver, Lung and Kidney Microsomes in Mice.
Pharmacology and Toxicology 1998; 82: 74-9.
http://dx.doi.org/10.1111/j.1600-0773.1998.tb01401.x

[5] Eke BC, Iscan M. Effects of cigarette smoke with different tar
contents on hepatic and pulmonary xenobiotic metabolizing
enzymes in rats. Hum Exp Toxicol 2002; 21: 17-23.
http://dx.doi.org/10.1191/0960327102ht2050a



Lipid Profile and Liver Histochemistry

Journal of Basic & Applied Sciences, 2012 Vol. 8, No. 1 17

(6]

[

(8]

9

[10]

(111

[12]

[13]

[14]

[18]

[16]

(171

Yuen ST, Gogo AR, Luk IS, Cho CH, Ho JC, Loh TT. The
effect of nicotine and its interaction with carbon tetrachloride
in the rat liver. Pharmacol Toxicol 1995; 77: 225-30.
http://dx.doi.org/10.1111/j.1600-0773.1995.tb01017.x

Amalia G, Franco F, Silvia M. Impact of Tobacco Smoking on
Lipid Metabolism, Body Weight and Cardiometabolic Risk.
Current Pharmaceutical Design 2010; 16: 2526-30.
http://dx.doi.org/10.2174/138161210792062858

Gupta V, Tiwari S, Agarwal Cg, Shukla P, Chandra H,
Sharma P. “Effect of short term cigarette smoking on insulin
resistance and lipid profile in asymptomatic adults”. Indian J
Physiol Pharmacol 2006; 50: 285-90.

Lopes PA, Santos MC, Vicente L, Viegas-Crespo AM. Effect
of cigarette smoking on serum a-tocopherol and the lipid
profile in a Portuguese population. Clinica Chimica Acta
2004; 348: 49-55.
http://dx.doi.org/10.1016/j.cccn.2004.04.033

Yuan H, Wong LS, Bhattacharya M, Ma C, Zafarani M, Yao
M, et al. The effects of second-hand smoke on biological
processes important in atherogenesis. BMC Cardiovascular
Disorders 2007; 7: 1.

http://dx.doi.org/10.1186/1471-2261-7-1

Ramsdale, D.R. & Bened D. Smoking & coronary artery
disease assessed by routine coronary arteriography. Brit.
Med. J 1985; 290: 197-200.
http://dx.doi.org/10.1136/bm;j.290.6463.197

Akbari MZA, Bhatti MS, Shakoor M. Lipid Profile in Smoking.
JAMC 2000; 12: 19-21.

Asgary S, Naderi GH, Ghannady A. Effects of cigarette
smoke, nicotine and cotinine on red blood cell hemolysis and
their -SH capacity. Exp Clin Cardiol 2005; 10: 116-9.

Heinecke JW. Is lipid peroxidation relevant to atherogenesis?
J Clin Invest 1999; 104: 135-6.
http://dx.doi.org/10.1172/JC17633

Adedeji OA, Etukudo MH. Lipid Profile of Cigarette Smokers
in Calabar Municipality. Pak J Nutr 2006; 5: 237-8.
http://dx.doi.org/10.3923/pjn.2006.237.238

Zevin S, Saunders S, Gourlay SG, Jacob P, Benowitz NL
(2001): Cardiovascular effects of carbon monoxide and
cigarette smoking. J Am Coll Cardiol 2001; 38:1633-1638.
http://dx.doi.org/10.1016/S0735-1097(01)01616-3

El-Zayadi A, Selim O, Hamdy H, El-Tawil A, Badran HM,
Attia M, Saeed A. Impact of cigarette smoking on response

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

to interferon therapy in chronic hepatitis C Egyptian patients.
World J Gastroenterol 2004; 10: 2963-6.

Padmavathi P, Reddy VD, Varadacharyulu N. Influence of
Chronic Cigarette Smoking on Serum Biochemical Profile in
Male Human Volunteers. J Health Sci 2009; 55: 265-70.
http://dx.doi.org/10.1248/jhs.55.265

Johnston DE. Special considerations in interpreting liver
function tests. Am Fam Physician 1999; 59: 2223-30.

Watanabe K, Eto K, Furuno K, Mori T, Kawasaki H, Gomita
Y. Effect of cigarette smoke on lipid peroxidation and liver
function tests in rats. Acta Med Okayama 1995; 49: 271-4.

Barbaro G, Di Lorenzo G, Ribersani M, Soldini M,
Giancaspro G, Bellomo G, et al. Serum ferritin and hepatic
glutathione concentrations in chronic hepatic C patients
related to the Hepatitis C virus genotype. J Hepatol 1999; 30:
774-82.

http://dx.doi.org/10.1016/S0168-8278(99)80128-7

Pasanen M, Vahakangas K, Sotaniemi EA, Pelkonen O. The
effect of cigarette smoking on drug metabolism in the liver
and placenta: the use of cotinine in verifying smoking status.
European Journal of Drug Metabolism and Pharmacokinetics
1988; 13: 41-5.

http://dx.doi.org/10.1007/BF 03189927

Mistra HP, Fridovich I. The role of superoxide anion in the
autoxidation of epinephrine and a simple assay for
superoxide dismutase. J Biol Chem 1972; 247: 3170-5.

Paglia DE, Valentine WN (1967). Studies on the quantitative
and qualitative characterisation of erythrocyte glutathione
peroxidise. J Lab Clin Med 1967; 70: 158-69.

Banchrof JD, Steven A and Turner D. Theory and practice of
histopathological techniques. 4 Ed. London, Churchil
Livingstone, 1996.

Likun HL, Chao LC, Huang Y, Chen S, Hua L, Qian R. Effect
of hyperlipidemia on the expression of circadian genes in
apolipoprotein E knock-out atherosclerotic mice. Lipids in
Health and Disease 2009; 8: 60.
http://dx.doi.org/10.1186/1476-511X-8-60

Raftopoulos CBM, Steinbeck KS. Coronary heart disease risk
factors in male adolescents with particular reference to
smoking and blood lipids. J Adolesc Health 1999; 25: 68-74.
http://dx.doi.org/10.1016/S1054-139X(98)00130-X

Received on 01-10-2011

DOI: http://dx.doi.org/10.6000/1927-5129.2012.08.01.04

© 2012 Omotoso et al.; Licensee Lifescience Global.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 12-11-2011

Published on 24-01-2012



