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ABSTRACT 

Background: Tobacco smoking is one of the commonest addictions of modern times and 

it is a major source of human exposure to polycyclic aromatic hydrocarbons (PAHs).  

Objectives: This study investigated the level of urinary 1-hydroxypyrene concentration, 

liver and kidney function biomarkers as well as antioxidant status in tobacco smokers 

and non-smokers in Lagos Metropolis, Nigeria. 

Methods: Eighty adult males (30 Active smokers, 10 Passive smokers and 40 Non-

smokers) were recruited form two different locations in Lagos and were given a 

standardized questionnaire. Twenty four hour urine samples were collected and used to 

assay for urinary 1-hydroxypyrene concentration while blood samples were used to 

determine haematological, aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), albumin, total bilirubin (TB), total protein (TP), alkaline phosphatise (ALP), 

creatinine, superoxide dismutase (SOD), catalase (CAT), reduced glutathione reductase 

(GST) and malondialdehyde (MDA) parameters. 

Results: Urinary 1-hydoxylpyrene levels in active and passive smokers were not 

significantly (p>0.05) different but were significantly (p≤0.05) higher than that of non-

smokers. Similarly, AST, ALP activities; TB and creatinine levels were significantly 

(p≤0.05) higher in active and passive smokers than non-smokers. There was also 

significant (p≤0.05) decrease in SOD and CAT in active and passive smokers while MDA 

was increased in active and passive smokers compared to non-smokers. 

Conclusion: The high levels of urinary 1-hydroxypyrene, liver enzymes and distorted 

antioxidant biomarkers in passive smokers are indicators that even passive smoking 

could predispose to adverse health effects because of spending considerable time in 

smoke polluted environment.  
 

Keywords: Tobacco, 1-hydroxypyrene, Liver damage, Antioxidants, Smokers 
 

INTRODUCTION 

Tobacco smoking has been implicated in the pathogenesis of many diseases, which 

include a variety of infections, cancers, heart diseases and respiratory illnesses (Mehta et 
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al., 2008; Zhong et al., 2008; Salhen and Abdalslam, 2014). Tobacco is the single 

greatest cause of preventable death globally and it is one of the most common addictions 

of modern times (WHO, 2008; Alsalhen and Abdalslam, 2014). Researches have shown 

that tobacco smoke is a toxic mixture of more than 5,000 chemicals, some of which are 

known carcinogens (Talhout et al. 2011, Behera et al., 2014). Carcinogenic compounds 

in cigarette smoke are thought to be cause of oral, pharyngeal, lung, esophageal, 

pancreas, kidney, liver, bladder, stomach, and colon cancers (Bassiony et al. 2015).  

 

In addition, among the constituents of tobacco smoke are polycyclic aromatic 

hydrocarbons (PAHs), which are formed primarily as a result of incomplete combustion 

of organic materials such as wood, fossil fuel, petroleum products, automobile exhaust 

fumes, coal, charbroiled meat and tobacco (Rengarajan et al., 2015). Studies have 

reported that about 539 PAHs and their alkyl derivatives have been identified in tobacco 

smoke, some of which are potent carcinogens and tumor promoters (IARC, 2004; Zhang 

et al., 2011; St. Helen et al. 2012). Polycyclic aromatic hydrocarbonshave also been 

shown to cause detrimental effects such as mutagenic, genotoxic, reproductive and 

developmental disorders (Hombach-Klonisch et al. 2005; Rengarajan et al., 2015). 

However, some of the PAHs found in smoke are pro-carcinogens that are converted to 

carcinogens in the course of its metabolism (Hecht, 2002; Melamede, 2005).  

 

Therefore, bio-monitoring of human exposure to PAHs from tobacco smoke is an 

important public health concern with the view of creating more awareness of the adverse 

effect of smoking, facilitating the risk assessment, formulating sustainable withdrawal 

approach and reducing exposure. The parent unmetabolized PAHs and their metabolic 

products have been explored as a means of measuring environmental and occupational 

exposure to PAHs (Buratti et al. 2007; Förster et al., 2008). The conversion of PAH to 

hydroxylated derivatives and ultimately conjugation to glucuronides and sulfates and 

excretion in urine and feces is a major route of PAH metabolism (St. Helen et al., 

2012).These metabolite biomarkers have also been detected in other biological tissues 

such as blood cells, skin, placenta, fibroblasts, liver, intestinal and tracheobronchial 

epithelia (Pohjola et al., 2003; Binková and Srám, 2004; Sexton et al., 2011; Clinton et 

al. 2013; Ramesh et al., 2015). 

 

Nevertheless, there are limited data on PAHs that can be used to discriminate between 

smokers and non-smokers. The detection of benzo[a]pyrene (B[a]P) in tobacco smoke 

and its carcinogenicity has been well documented making it a potential biomarker for risk 

assessment. However, its concentration is low compared to other PAHs even in B[a]P 

exposure in some occupational settings, thus limiting its use as a PAH biomarker in 

tobacco smoke studies (Hecht, 2002; Ding et al., 2005; Helen et al., 2012). Thus 

excretory 1-hydroxypyene, a metabolite of pyrene, has been explored as a biological 

monitoring indicator of body burden of PAHs (Jongeneelen, 2001; Suzuki and 

Yoshinaga, 2007; Tairova et al., 2009; Clinton et al., 2013).  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Binkov%C3%A1%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15013705
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sr%C3%A1m%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=15013705
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The preferential use of 1-hydroxypyene as biomarker of PAHs exposure is because of 

various reasons which include 1-hydroxypyrene being a product of pyrene metabolism, 

representing 90% of its metabolites. The half-life of 1-hydroxypyrene is about 18 to 20 

hours; hence, urinary 1-hydroxypyrene represents the last 24 hours of cumulative PAH 

exposure (Jongeneelen, 2001; Mucha et al., 2006; Clinton et al., 2013). In addition, 

pyrene is the only known precursor of 1-hydroxypyrene,it forms a consistent proportion 

of higher molecular weight PAHs in the environment and tobacco smoke (IARC, 1986; 

Castaño-Vinyals et al., 2004; Ciarrocca et al., 2014). Furthermore, 1-hydroxypyrene is 

found to be clearly elevated in occupational settings with high PAH exposure (Chuang et 

al., 1999; Unwin et al., 2006; Leeand Byeon, 2009; Campo et al., 2012).Thus, Urinary 1-

hydroxypyrene (1-OHPY), a monohydroxylated metabolite of pyrene, has been suggested 

and used as a biomarker of total PAH uptake in smokers and non-smokers (Jongeneelen, 

2001; Hu et al., 2006). 

 

In addition, there has been growing concern on the effect of tobacco second-hand-smoke 

(SHS) exposure on passive smoking where individuals do not directly smoke tobacco but 

inhale smokes from tobacco (Bassiony et al. 2015). This form of exposure has been 

characterised as environmental tobacco polluted smoke (ETS). Therefore, the aim of this 

study was to investigate the influence of active and passive smoking on the urinary 

concentration of 1-hydroxypyrene, haematology, liver, kidney and oxidative stress 

biomarkers in adult male within Lagos metropolis, Nigeria. 

 

MATERIALS AND METHODS 

 

Questionnaire 

Standard questionnaire was developed to assess eligibility of the volunteers to involve in 

the study. The questionnaire identified the socio-demographic parameters of the 

respondents such as age, smoking habit, life style habits, educational status, occupation 

and medical history. The enrolled subjects did not have any diagnosed critical health 

problem; no history of drug usage and none had donated or received blood in last 6 

months. The clinical data and medical history were collected from subjects by personal 

interview via a questionnaire. The participants who met the inclusion criteria and 

volunteered to continue with the study were selected. 

 

Participants 
The subjects of this study were from two locations; Group 1: Idi-Araba Motor Park, 

Lagos and Group 2: Yaba College of Technology Motor Park, Lagos, Lagos State. Group 

1 respondents from Idi-Araba Motor Park (n = 40), were either commercial bus drivers or 

conductors or vendors, they were divided into 2 groups; smokers (n = 20) and non-

smokers (n = 20), the smokers group were further sub-grouped into two, passive (n=10) 

and active smokers (n=10).The passive smokers were those who do not smoke tobacco 

but spent hours in tobacco smoking area. 
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Group 2 respondents from Yaba College of Technology, Lagos (n = 40) were 

undergraduate students, they were divided into 2 groups; smokers (cigarette) (n = 20) and 

non-smokers (n = 20). All participants in this study willingly volunteered to donate 24-hr 

urine and blood samples.  

 

Sample collection 
A 24-hr urine samples were obtained from all the volunteers. The samples were collected 

in sterile dark bottles and kept at -4
o
C. Urine samples were used to determine the level of 

urinary 1-hydroxypyrene in each subject.   

 

Venous blood samples were collected from subjects and placed in plain and heparinized 

bottles respectively. The whole blood samples were used to determine haematogical 

parameters while samples in heparinized bottles centrifuged at 2000xg for 15 min, serum 

was collected and used to assay for liver and kidney function and antioxidant biomarkers. 

 

Determination of 1-hydroxylpyrene in urine 

 

Enzymatic hydrolysis 

Enzymatic hydrolysis of the glucuronide-1-hydroxypyrene conjugates in the urine was 

accomplished with glucuronidase. Each urine sample (1 ml) was mixed with 1 ml of β-

glucuronidase (2000 units) and incubated overnight for 15 hrs at 38 °C. Thereafter, the 

sample was shaken thoroughly to remix the precipitate with the clear solution making a 

homogenous solution. C18 cartridges SPE cartridges were activated with 2 ml of 

methanol, then washed with 2 ml of distilled water and used to clean-up the test sample. 

The sorbent was washed with 2 ml of distilled water to remove water-soluble compounds 

from the sample matrix. The cartridge was desorbed with 2 ml of methanol. The eluates 

were made up to 2 ml each with the eluting solvent. Then methanol in sample was 

evaporated in a 60 °C water bath with air gently blown over the sample. The concentrated 

solution was passed through a 0-20 pm 25 mm syringe filter into an auto sampler amber 

vial and sealed with a Teflon septum for HPLC analysis. 

 

HPLC analysis of urine samples 

Separation of the urine sample constituents was accomplished with reversed phase 

HPLC(Model 1100 WPALS G1367A; Agilent Technologies, Wilmington, DE). 

According to Agilent Technologies Catalogue (2007), a fully automatic sample injector 

was filled with a 20 µl sample loop valve under slight pressure from sealed 20 ml vials 

and injected subsequently into a zorbax SB C8 (750mm x 4.6mm) 5µm column. The 

column temperature was 30°C and the flow rate was 1.000 ml/min. Mobile phase of 

water: methanol (5:95%) for 5 min was used. The chromatograph was equipped with 

ultraviolent spectrophotometer monitored at 242nm. Each sample was injected twice with 

an injection volume of 20 µL. 
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Hematological Analysis 
White blood cells (WBC), red blood cells (RBC), hemoglobin (Hb), hematocrit (HCT), 

mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean 

corpuscular hemoglobin concentration (MCHC), red blood cell distribution width (PDW), 

platelet count (PLT) and platelet distribution width (PDW) were determined. In addition, 

different types of white blood cells – specifically, lymphocytes, monocytes, and 

granulocytes – were also determined. All blood samples were analysed using a Mythic 18 

(Orphée S.A., Geneva, Switzerland) autoanalyser. 

 

Determination of Liver Function Biomarkers 

The estimation of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and 

alkaline phosphatase (ALP) activities was carried out according to Reitman and Frankel 

(1957) method using Randox laboratory test Kit (Antrim, UK). Serum albumin (ALB) 

was determined by the method of Doumas et al. (1971), serum total protein (TP) by the 

method of Tietz (1995) and serum bilirubin by colorimetric method based on the method 

described by Jendrassik and Grof (1938) using Randox laboratory test kit (Antrim, UK).  

 

Kidney Function Biomarkers  

Serum creatinine was determined according to method described by Fabiny and 

Ertinshausen (1971).  

 

Antioxidant Status 

Determination of Superoxide dismutase activity (SOD): The method of Sun and Sigma 

(1978) was adopted. An extinction coefficient for epinephrine at 480 nm of 4020 M
-1

cm
-1 

was used in calculating enzyme activity. One unit of enzyme activity was defined as the 

amount of enzyme needed to inhibit 50 % epinephrine per minute per milligram protein.  

 

Determination of Catalase activity (CAT): Serum catalase activity was determined 

according to the method of Beers and Sizer as described by Usoh et al. (2005). An 

extinction coefficient for H2O2 at 240nm of 40.0 M
-1

cm
-1 

was used for the calculation. The 

specific activity of catalase was expressed as moles of H2O2 reduced per minute per mg 

protein. 

 

Determination of lipid peroxidation index (LPO): Lipid peroxidation was estimated 

based on the formation of TBARS (thiobarbituric acid reactive substances) as an index of 

lipid peroxidation according to the method of Niehaus and Samuelson as described by 

Usoh et al. (2005). Malonaldehyde which is an index of LPO was calculated with 

extinction coefficient of 1.5 x 10
5
 M

-1
cm

-1
. 

 

Determination of Glutathione (GSH): The reduced glutathione (GSH) content of sample 

as non-protein sulphydryls was estimated according to the method of Sedlak and Lindsay 

(1968). 
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Determination of Lipid peroxidation:Lipid peroxidation (LPO) was estimated based on 

the formation of TBARS (thiobarbituric acid reactive substances) as an index of lipid 

peroxidation according to the method of Niehaus and Samuelson as described by Usoh et 

al. (2005). LPO index, malonaldehyde (MDA) was calculated with extinction coefficient 

of 1.5 x 10
5
 M

-1
cm

-1
. 

 

Statistical analysis  

Statistical analysis was carried out using SPSS version 20.0. One way ANOVA and 

Student’s t- test were applied to test the significance of variance (p≤0.05) of the 

parameters under study. All values are expressed as mean ± standard error of mean 

(SEM). 

 

RESULTS 

 

General characteristic of study participants 

The general characteristics of the smokers and non-smokers are shown in the Table 1.The 

mean age of smokers (active and passive) from group 1 was 45.12± and 45.22±1.11 years 

respectively, age of group 2 was 28.12±2.16 while control subjects was 36.11±9.25. The 

mean body weight of smoking subjects from group 1 was 79.82±14.20 and 77.22±10.51 

kg for the active and passive smokers respectively whereas; the mean body weight of 

those from group 2 was 71.82±11.20 while mean weight of control subjects was 

73.13±13.16 kg. All the smokers took at least 10 wraps of cigarette per day while the 

passive smokers spent at least 10hr per day in environmental tobacco polluted smoke 

(ETS). 

 

Urinary 1-Hydroxypyrene level 

The standard calibration plot of 1-hydroxypyrene was linear with a correlation coefficient 

(R
2
) of 0.993. Urinary 1-hydoxylpyrene (1-OHP) was detected in all the subjects 

investigated. In group 1, the level of urinary 1-hydroxypyrene detected in the active 

smokers ranged from 35.61 μg/mol to 252.35μg/mol, while in passive smokers, it ranged 

from 25.30 μg/mol to 166.45μg/mol. The average 1-OHP level was 118.15 ± 72.23 and 

100.05 ± 45.48 μg/mol in the active and passive smokers respectively (Fig. 1). In group 2, 

the level of urinary 1-OHP detected in the smokers ranged from 34.11 μg/mol to 209.614 

μg/mol with average level of 94.06 ± 50.52 μg/mol. The control had urinary 1-OHP 

ranged from 11.68 μg/mol to 142.02 μg/mol with average level of 49.45 ± 31.43 μg/mol. 

There was no significant (p>0.05) difference in the level of urinary 1-OHP between the 

active and passive smokers, however, these values were significantly (p≤0.05) higher 

than the control.  

 

Haematological Parameters 

The effect of tobacco smoking on haematological parameters is shown in Table 2. The 

analysis showed variation in the parameters evaluated amongst the subjects. WBC, LYM, 
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MVC and PLT were elevated in all the smokers compared to control. WBC and PLT 

were significantly (p≤0.05) higher in the active smokers from group 1 compared to all the 

other subjects.  

 

Liver and Kidney function Biomarkers 

The active and passive smokers in group 1 and smokers in group 2 had ASTactivities 

significantly (p<0.05) higher than the control. The ALT activities of active smokers and 

passive (group 1) were significantly (p<0.05) higher than the control.  while ALP 

activities of active smokers (groups 1 and 2) were significantly (p<0.05) higher than the 

control (Table 3). In addition, total protein (TP) of the group 1 and 2smokers were 

significantly (p>0.05) higher than the control and were also in the upper human limit of. 

Similarly, total bilirubin (TB) level of active and passive smokers were significantly 

(p>0.05) higher than the control. There was a significant (p>0.05) increase in the 

concentration of creatinine in the groups 1 and 2 subjects compared to the control (Table 

4). 

 

Antioxidants biomarkers and lipid peroxidation status 

Generally, there was suppression of superoxide dismutase (SOD), catalase (CAT) 

activities and reduced glutathione (GSH) level in the active smokers of group 1. In the 

group 2 subjects, SOD, CAT and GSH were not significantly (p≤0.05) different from the 

control. Malondialdehyde (MDA) levels of the active and passive smokers from group 1 

were significantly (p≤0.05) higher compared to those of group 2 and control subjects 

(Table 5).    

 

DISCUSSION 

Tobacco consumption has remained a significant threat to public health worldwide, 

causing 1 in 10 deaths among adults (WHO, 2008). The adverse effect of cigarette smoke 

has been attributed to the presence of a large variety of toxic compounds in the main and 

side stream smoke (Adam et al. 2010; Slaughter et al. 2011). Mainstream and side-stream 

smoke are qualitatively similar in chemical composition, but may differ in the quantities 

of their constituents due to differences in the heat of combustion, tobacco content, 

additives present, and the type of filter material used (Kane et al., 2010; Sahu et al., 

2013). In the current study, the observed higher significant mean level of urinary 1-

hydroxypyrene in the active and passive smokers compared to the control suggests that 

polycyclic aromatic hydrocarbons present in cigarette smoke may have contributed to the 

elevation. This corroborates previous findings which indicated that the level of 1-

hydroxypyrene in urine of tobacco smokers was higher than the levels found in non-

smokers (Hecht, 2002; Carmella et al., 2009; Leeand Byeon, 2010). Studies have also 

shown reduction in urinary 1-OHP by reducing the number of cigarettes per day (Hecht et 

al., 2004; Ichiba et al., 2006).  
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Furthermore, the non-significant difference in urinary 1-OHP concentration between 

active and passive smokers but were significantly higher than control non-smokers 

indicated that cigarette smoking contributed to ETS. National Toxicology Program has 

stated ETS as 9th on the list of known human carcinogens (US National Toxicology 

Program, 2000) and International Agency for Research on Cancer (IARC) has suggested 

that there is sufficient evidence that passive smoking causes lung cancer in humans 

(IARC, 2004). Researchers have also shown that passive smoking may cause diverse 

health challenges which include endothelial dysfunction of the coronary circulation in 

nonsmokers (Otsuka et al., 2001), acute effect on heart rate and blood pressure in young 

healthy females (Yarlioglues et al., 2010) and increased incidence of wheeze and asthma 

in children and young people by at least 20% (Burke et al., 2012). In addition, exposure 

of pregnant women to ETS during the third trimester was positively associated with 

asthmaandallergy-related symptoms in their preschool age children (Xepapadaki et al., 

2009). 

 

Nevertheless, the detection of 1-OHP in non-smokers in this study may be attributed to 

environmental exposure to PAHs. Studies have indicated that individuals may be exposed 

to occupational and environmental PAHs pollution (Pośniak, 2005; Srogi, 2007; Ayi-

Fanou et al., 2011). As such, the non-smokers may have been exposed to environmental 

PAHs pollution from vehicular exhaust fume, transient cigarette smoke, smokes from 

power generators, and industrial fumes that are very common and predominant in urban 

areas like Lagos State, Nigeria.  This corroborates previous findings on PAHs pollution to 

urban inhabitants and its environs (Xiao et al., 2014; Mishra et al., 2016). 

 

The observed higher level of WBC and LYMP in smokers compared to non-smokers in 

this study corroborates previous studies (Kume et al., 2009; Raval and Paula, 2010). Asif 

et al. (2013) reported that alteration in the level of RBC, WBC and Hematocrit may be 

associated with a greater risk for developing atherosclerosis, polycythemia vera, chronic 

obstructive pulmonary disease and/or cardiovascular diseases as well as be associated 

with blood viscosity and clotting in smokers (Ho, 2004). Moreover, smoking accelerates 

atherosclerosis, which leads to cardiovascular disease (CVD), by affecting endothelial 

functions, cholesterol metabolism and platelet functions and increasing inflammation and 

oxidative stress (Lüdicke et al., 2015). It has also been suggested that nicotine may 

induce an increase in blood lymphocyte counts by inducing the release of catecholamine 

(Calapai et al., 2009; Chang et al., 2010). 

 

The observed significantly higher activities of AST, ALT and ALP in the active and 

passive smokers compared to the control suggests deleterious effects of cigarette smoking 

on the liver tissue (Wannamethee et al., 2005; Alsalhen and Abdalslam, 2014). Cigarette 

smoke propagates lipid peroxidation, which damages the biological cell membrane of the 

liver (Yousif and Amal, 2012). Similarly, the observed significantly higher level of total 

bilirubin in the smokers compared to the non-smokers could be due to inhalation of large 
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amounts of PAHs, which may have possibly resulted in heme catabolism and thus lead to 

bilirubin production (Jee et al., 2004).This is also supported by the findings of Srogi 

(2007), who reported that breathing or swallowing large amounts of naphthalene could 

cause the breakdown of red blood cells.  

 

Among the health risks associated with exposure to PAHs in tobacco smokers, is the 

consequence of the disturbance of the antioxidants defence system. This may result in 

oxidative stress (Pasupathi N et al.,2009a; Kuang et al., 2013; Domej et al., 2014), which 

is one of the important mechanisms behind the initiation of cancer (Burlakova et al., 

2010; Goldkorn et al., 2014). Large amount of reactive oxygen species and many 

electrophiles are generated during the activation of PAHs by CYP450, which bind 

covalently with DNA, and disturb the homeostasis of the cell (Henkler et al., 2012; 

Shimada et al., 2013). The suppressed level of SOD, CAT and GSH in the active and 

passive smokers from group 1 (Idi Araba motor park) compared to the control suggest 

that they may be undergoing oxidative stress (Alberg et al., 2000; Dietrich et al., 2003; 

Pasupathi et al., 2009b). This may be linked to the high number of years of smoking and 

duration spent ETS area. Research has suggested that smokers need more antioxidant 

vitamins for the scavenging of potential harmful free radicals produced by cigarette 

smoke (Kelly, 2003). In addition, malondialdehyde which was increased in all the 

smokers compared to the control indicate lipid peroxidation, this is in agreement with 

previous studies (Nagamma et al. 2011; Ferrari, 2012; Fahang and Fikry, 2013).  

 

CONCLUSION 

This present study showed that both active and passive smokers have higher levels of 

urinary 1-hydroxypyrene compared with non-smokers; this suggest that exposure to 

environmental tobacco polluted smoke (ETS) could have adverse health effects. Moreso, 

smoking was associated with significant rise in the levels of some haematological, liver 

and kidney function biomarkers while there was suppression of antioxidant biomarkers.  

 

Recommendations 

There should be awareness campaign on the adverse effect on passive smoking. Laws 

regulating public smoking should be promulgated and enacted so as to curb the increasing 

rate of smoking-associated diseases. In addition, disciplinary actions should be meted out 

to defiant persons that indulge in public smoking. 
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RESULTS 

 

Table 1: Socio-Demography of study participants 
Characteristics Group 1 Group 2 Control 

Smokers (n=20) Smokers 

(n=20) 

Non-smokers 

(n=40) 
Active Passive 

Age 45.12±1.25 45.22±1.11 28.12±2.16 36.11±9.25 

Body weight (kg) 79.82±14.20 77.22±10.51 71.82 ± 11.20 73.13 ± 13.16 

Education/Occupation Driver Trader Tertiary student Tertiary 

student/Traders 

No. of wraps per day ≥10/day 0 ≥10/day 0 

No. of hours spent in an ETS-

Polluted space 

≥6 hours/day ≥10 hours/day ≥4 hours/day 0 

Length of years of smoking ≥15 years 0 ≥5 years 0 

 

 
Figure 1: Level of urinary 1-hydroxypyrene in respondents 
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Table 2: Effect of Smoking on hematological Parameters 

Parameter Group 1 Group 2 Control 

Smokers Smokers Non-smokers 

Active Passive 

WBC (103/µl) 5.45±1.19a 5.80±1.71b 5.89±1.06c 4.87±1.45d 

LYMP (103/µl) 2.53±0.33a 2.40±0.37b 2.45±0.46b 2.04±0.64c 

GRAN (103/µl) 2.38±0.81a 2.87±1.38b 3.05±0.59 c 2.33±1.03a 

HGB (g/dl) 11.63±1.38a 12.27±1.13a 12.84±0.96a 11.95±1.27a 

RBC (103/µl) 4.25±0.41a 4.60±0.50a 4.92±0.35b 4.42±0.48a 

HCT (%) 36.93±4.15a 38.88±3.18b 40.51±2.27b 37.91±3.74a 

MCV (fL) 88.93±6.84a 90.04±4.57a 89.28±4.74a 86.00±5.54a 

MCH (pg) 27.34±1.74a 26.74±2.60a 28.74±1.10a 27.04±2.17a 

MCHC (g/dl) 31.43±0.62a 31.50±1.08a 32.27±0.76a 31.47±0.86a 

PLT (103/µl) 208.60±46.62a 185.10±48.92b 145.05±1.24c 196.85±1.62d 

* Values with different alphabetical superscripts for the same parameter in a row are significant with respect 

to each other (p≤0.05). White Blood cells (WBC), lymphocytes (LYMP), granulocytes (GRAN), 

Hemoglobin (HGB), Red Blood cells (RBC), Hematocrit (HCT), Mean Corpuscular Volume (MCV), Mean 

Corpuscular Hemoglobin (MCH), Mean Corpuscular Hemoglobin Concentration (MCHC), Platelets (PLT).  

 

Table 3: Effect of Smoking on Liver Function Biomarkers 

Parameter Reference 

range 

          Group 1 

 
Group 2 Control 

                 Smokers Smokers Non-

smokers 

 Active Passive   

AST (U/L) 4-36 60.28±4.72a 34.58±8.53b 42.28 ± 3.99c 26.20±0.93d 

ALT (U/L) 4-32 31.93±2.04a 20.25±6.22b 14.64 ± 1.18c 12.10±0.46d 

ALP (U/L) 45-115 71.92±2.56a 63.73±13.74b 76.92 ± 7.54a 61.14±1.55b 

ALB (g/L) 35-55 46.01±6.23a 44.74±3.99a 46.11 ± 2.23a 43.55±0.85a 

Total Protein (g/L) 60-80 79.56±6.67a 78.72±3.09a 74.65  ± 1.88a 69.93±1.47b 

Total Bilirubin 

(µmol/L) 

≤ 1.25 5.61±3.04a 3.51±2.33b 1.8 ±1.22b 0.61±0.03c 

* Values with different superscripts have significant difference at p≤0.05. Alanine aminotransferase (ALT), 

aspartate aminotransferase (AST) and alkaline phosphatase (ALP) 
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Table 4: Effect of Smoking on Kidney Function Biomarkers 

Parameter Group 1 Group 2 Control 

Smokers Smokers Non-smokers 

Active Passive   

Creatinine (µmol/L) 92.08±3.08a 102.7± 1.59b 96.37±2.41a 72.54±2.20c 

Values with different superscripts have significant difference at p≤0.05 

 

Table 5: Effect of smoking on antioxidants biomarkers and lipid peroxidation status 
Parameter Group 1 Group 2 Control 

Smokers Smokers Non-smokers 

Active Passive   

SOD (U/mg) 

CAT (U/mg) 

1.96±0.17a 

15.38±0.66a 

3.04 ±0.07b 

17.79±0.01b 

4.132 ± 0.272b 

19.529 ± 1.351c 

3.886 ± 0.832b 

 20.699 ± 3.141c 

GSH (U/mg) 0.83±0.03a 0.83±0.03a 1.936 ± 0.0758b 1.867 ± 0.103b 

MDA (U/mg) 1.066±0.07a 0.81±0.02a 0.110 ± 0.099b 0.0221 ± 0.015c 

Values with different superscripts have significant difference at p≤0.05.Superoxide dismutase activity (SOD), 

Catalase (CAT), Glutathione (GSH), malonaldehyde (MDA) 
 


