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Introduction

In recent years, young generations have used to be either 
cigarette smokers or water pipe (WP) smokers which made 
this issue becomes prominent in societies, especially in 
the USA.[1] WP smoking has more effect than the cigarette 
smoking; each 40 puffs of WP smoke will be equal to smoking 
about two packs of 20 cigarettes in the same time.[2] The 
Health Consequences of Involuntary Exposure to cigarette 
smoke which prepared by the Office on Smoking and Health, 
National Center for Chronic Disease Prevention and Health 
Promotion, and Centers for Disease Control and Prevention 
has estimated of 20.8% of all adults  (45.3 million people) 
who smoke cigarettes in the USA.[3] Smoke contains many 
chemicals that can quickly irritate and damage the lining of 
the airways. Even brief exposure can result in upper airway 
changes in healthy persons and result in more chronic 

bronchitis symptoms. Oxidant species derived from cigarette 
smoke and toxic chemicals that combine to form of a long 
lifetime free radicals are known to promote many changes in 
the biochemical properties of human nature mainly as vascular 
disease.[4] Furthermore, it has been reported that cigarette 
smoke is highly related to the risk factors of neurological 
disorders which associated with increasing levels of oxidative 
stress.[5] Free radicals are initiated or catalyzed by smoking 
through an active redox system that is capable of reducing 
molecular oxygen to produce superoxide, eventually leading 
to hydrogen peroxide and hydroxyl radicals. These are then 
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propagated in a chain reaction generating more free radicals 
and further reaction products from the substrate.[6]

Oxidative stress has been identified as a common denominator 
of many cardiovascular risk factors which is mainly caused 
by an imbalance between the activity of endogenous 
pro‑oxidative enzymes such as  Nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase, xanthine oxidase, 
the mitochondrial respiratory chain, and antioxidative enzymes 
such as superoxide dismutase, glutathione peroxidase, heme 
oxygenase, and thioredoxin.[7]

Xanthine oxidase is a form of xanthine oxidoreductase, an 
enzyme that generates reactive oxygen species (ROS) such as 
superoxide radicals and hydrogen peroxide when it catalyzes 
the oxidation of hypoxanthine to xanthine, and can further 
catalyze the oxidation of xanthine to uric acid. Therefore, it 
might be involved in a variety of pathological states ranging 
from hyperuricemia to ischemia‑reperfusion injury. Its readily 
donates electrons to molecular oxygen, thereby producing 
O2− and hydrogen peroxide. This enzyme plays an important 
role in the catabolism of purines in some species, including 
humans. ROS can be produced by mitochondria, NADPH 
oxidase, and xanthine oxidase under hyperglycemia. The 
source of xanthine oxidase is not completely clear, but 
increased cholesterol levels have been shown to stimulate the 
release of the enzyme from the liver into the circulation.[8]

On the other hand, ecto‑5’‑nucleotidase (5’NT) is an enzyme 
localized on the cell surface and catalyzed the metabolism 
of the extracellular simple and complex signaling molecule 
nucleosides into bioactive nucleoside intermediates by 
hydrolysis the phosphate moiety at carbon 5 of the sugar 
portions of nucleotides.[9]

Pathophysiological alteration of 5’NT becomes increasingly 
valuable in clinical biochemistry and in the considerable number 
of diseases due to their metabolic functions. For instance, in 
nervous systems, 5’NT further to their role as a metabolic 
compartment of extracellular nucleotides, ectonucleotidase is 
a multifunctional protein as active catalyze, especially at the 
early neural development.[9] Gene polymorphisms of 5’NT also 
reported to have a crucial role in the end‑stage kidney disease 
patient by affecting the development of calciphylaxis. As an 
immunosuppressive molecule, 5’NT has been reported also 
to be involved in the responding of the adaptive and innate 
immune system. It has suspected that 5’NT might inhibit the 
expression of characteristic microglial anti‑inflammatory 
polarization markers.[10]

Recently, 5’NT enzymes have been assessed as a good 
biomarker for the renal cell carcinoma. Results have indicated 
that high 5’NT level cells are highly tumorigenic.[11] Further 
studies reported the roles of xanthine oxidase enzyme in the 
hyperuricemia[12] and in atherosclerosis and cardiovascular 
disease. Previously published studies were limited to local 
surveys; the studies would be more useful if they included 
an examination to the effect of proposed enzymes on the 
smoker populations. Due to the presence of these enzymes 

in most cells also their excess generation of ROS it might 
cause many damages to different biomolecules and resulting 
in lipid peroxidation. Thus, the activity of antioxidants and 
scavengers or the inhibition of the generation of free radicals 
is important. This study was aimed to investigate the effect of 
these enzymes’ activity as a ROS generates and the response 
levels of antioxidant manifested by Glutathione (GsH) in young 
men with cigarette smoking and WP smoking.

Materials and Methods

Blood samples were collected from three groups of 60 cigarette 
smokers, 60 WP smokers, and 60 nonsmokers (control group) 
whose ages ranged between 18 and 26  years, apparently 
healthy. The medical history was taken. None of the 
participants who had any chronic diseases, history of alcohol 
intake, and taking potent antioxidant were excluded from the 
current study. Venous blood samples were drawn about 10 mL 
of venous blood was aspirated by disposable syringe, 2 mL of 
this blood was transferred to ethylenediaminetetraacetic acid 
container tube and then mixed gently using blood shaker to 
prevent clotting of the blood. The rest of the blood was allowed 
to clot at room temperature for 10–15 min then, centrifuged 
for (10) min at (3000 rpm) to separate serum which then 
transferred into a new tube and frozen at (−20°C).

The hemoglobin  (Hb) was measured by hematocrit. Serum 
urea, creatinine, protein, albumin, and uric acid levels were 
measured by spectrophotometric methods supplied by human 
diagnostic.

The 5’NT activity was measured in serum according to Wood 
and Williams’s method.[13] Xanthine oxidase activity was 
determined by Ackermann method.[14] The malondialdehyde 
was determined according to the modified method of Satoh.[15] 
Vitamin C levels were estimated by Tietz method.[16] Vitamin E 
levels were determined according to a modified of Hashim and 
Schuttringer.[17] The total antioxidant status (TAS), Total oxidant 
status (TOS), and oxidative stress index (OSI) in sera of patients 
and control groups were measured as previous studies.[18] Serum 
sodium, potassium, and chloride were measured by Olympus 
AU2700 analyzer; serum nitric oxide (NO) was determined 
according to the method described by Navarro‑Gonzalvez 
et al.[19] The Peroxynitrite (ONOO)‑mediated nitration of phenol 
was measured as described by van Uffelen et al.[20]

All statistical analysis in the study was performed using SPSS 
version 21.0 for Windows (Statistical Package for the Social 
Sciences, Inc., Chicago, IL, USA). The expressive analysis 
was presented the mean and standard deviation of variables. 
The significance of differences between mean values was 
assessed by Student’s t‑test. The probability P  <  0.05 was 
considered statistically significant, while P > 0.05 was referred 
to statistically insignificant.

Results

Hematological data (white blood cells [WBCs], Hb, and platelet 
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counts) observations were examined by testing the blood serum 
of the study groups. Table 1 shows the demographic data of 
the studied groups.

A number of important biochemical factors were also 
performed to examine their relation to both studied groups. 
Table 2 shows these parameters compared to controls.

Further analysis was performed; the activity of suggested 
enzymes (5’‑nucleotidase, xanthine oxidase, and glutathione 
S‑transferases) was measured as shown in Figures  1‑3, 
respectively.

To provide important insights, analysis of some oxidation 
products and antioxidant levels was performed and the results 
were shown in Table 3.

Discussion

Smoking damages nearly every organ of the body, causing 
many diseases and generally reducing the health of people 
who are smoke or passive smokers which they suffered from 
carbon monoxide poisoning. A  significant effort made to 
examine the issue of exposure young men to cigarette and WP 
smoking. The list of diseases usually linked to smoking are 
cardiovascular disease, cancer respiratory disease, and many 
others. Therefore, for environmental and health concerns, 
young male smokers were a subject of this study.

In both smoker types, results have shown a significant 
association to the measured hematological parameters. The 

mean values of WBCs were increased significantly in both 
groups of participants A and B with P  <  0.05 and 0.01, 
respectively, compared to the nonsmoker group. WBC might 
be increased due to the possibility of chronic inflammation 
of respiratory tract which results from the defect in releasing 
catecholamines and steroid hormones under the effect of 
nicotine or any other derivatives.[20]

On the other hand, the mean values of Hb were almost equal 
in Groups A and B, but it was significantly higher in WP than 
cigarette smokers compared to nonsmoker groups.

Table 1: Demographic comparison of hematological data between studied groups (mean±standard deviation) in Group 
A  (water pipe smokers), Group B (cigarette smokers), and Group C  (nonsmokers)

Characteristic Smoker groups Control group

Group A (n=60) 
WP smokers

Group B (n=60) 
Cigarette smokers

Group C (n=60) 
Nonsmokers

Age (year), mean±SD 23.45±6.25 24.40±5.75 23.80±6.59
WBC (×103 cell/mL), mean±SD 5.75±1.2a,b 5.33±1.10a 4.85±1.20
Hb (g/dL), mean±SD 17.00±1.55a 16.50±1.20 14.00±1.00
PCV (%), mean±SD 48.25±1.60a 45.30±1.55 40.45±2.00
Results were expressed as the mean±SD. aP<0.01 compared with control group, bP<0.05 compared with control group. SD: Standard deviation, WBC: White 
blood cells, Hb: Hemoglobin, PCV: Packed cell volume, WP: Water pipe

Table 2: Representation of biochemical parameters for different studied groups (mean±standard deviation) in Group A 
(water pipe smokers), Group B (cigarette smokers), and Group C  (nonsmokers)

Characteristic Smoker groups Control group

Group A (n=60) 
WP smokers

Group B (n=60) 
Cigarette smokers

Group C (n=60) 
Nonsmokers

Blood urea (mg/dL) 38.25±6.50a 35.00±6.30 32.25±5.55
Serum creatinine (mg/dL) 1.14±0.40 1.10±0.25 1.00±0.20
Serum protein (g/dL) 7.35±0.35 7.46±0.32 7.40±0.30
Serum albumin (g/dL) 4.41±0.52 4.55±0.50 4.59±0.50
Serum sodium (mmol/L) 140.00±1.45 140.80±1.30 141.45±1.25
Serum potassium (mmol/L) 4.15±0.30 3.96±0.21 3.98±0.25
Serum chloride (mmol/L) 101.98±1.60 101.25±1.20 101.45±1.55
Results were expressed as the mean±SD. aP<0.05 compared with control group. SD: Standard deviation, WP: Water pipe

Figure   1 :  The  mean  and  s tandard  dev ia t ion  o f  se r um 
ecto‑5’-nucleotidase (U/L) in different studied groups in Group A (water 
pipe smokers), Group B (cigarette smokers), and Group C (nonsmokers)
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In general, the reason behind that could be a compensate 
mechanism which proposed as a part of increasing the blood 
intensity due to carbon monoxide exposure that results in 
an inactive form of Hb  (carboxyhemoglobin) with limited 
oxygen‑carrying capacity. Wherefore, smokers preserve 
higher Hb to maintain the oxygen delivering[21] among two 
types of smokers regarding the mean concentrations of Hb, 
and packed cell volume (PCV) could be due to the high‑level 
exposure which associated to the toxic substances in WP than 
in cigarettes.[22]

Furthermore, the Hb and PCV have severed adverse effect 
on the hematological parameters among study population. It 
was found that the elevated of PCV and Hb levels were highly 
recommended to be used as a biomarker of smokers thrombosis 
causes.[23] The mean values of both Hb and PCV count levels 
were increased significantly in WP smokers (P < 0.01), which 
are highly indicate to develop secondary polycythemia in the 
future based on well reasons reported by.[24]

Analysis of serum biochemical parameters showed no 
significant difference in both smoker groups comparing to 
nonsmokers except the blood urea concentration of WP smoker 

group which was indicated a significant increase (P < 0.05) 
as shown in Table  2. Smoking is a common reason which 
might result in deterioration of renal functions and glomerular 
filtration rate  (GFR).[25] Inefficiency of GFR could lead to 
detraction the rate of distal tubular flow and in this case will 
result in increasing of urea reabsorption. Many mechanisms 
might be involved in renal vasoconstriction and vascular 
damage. Previously, it has reported that blood levels of 
catecholamine, arginine, and vasopressin might be increased 
by nicotine.[26]

Further analysis was performed; the activity of suggested 
enzymes was measured. The results demonstrated that 
5’‑nucleotidase and xanthine oxidase activities were higher 
in both smoker groups as compared to nonsmoker group. The 
values of 5’‑nucleotidase activity were 40.5 U/L, 32.55 U/L, 
and 15.25 (U/L), while the activity of xanthine oxidase over 
study groups was 69.55 U/L, 51.05 U/L, and 17.05 U/L, 
respectively, as shown in Figures 1 and 2.

The results suggested that these alterations in the activity 
of enzymes from the purinergic system are associated with 
an increase in platelet aggregation due to smoking effect. 
Both enzyme families play a crucial role in the maintenance 

Table 3: Representation of some oxidation by‑products and antioxidant for different studied groups (mean±standard 
deviation) in Group A (water pipe smokers), Group B  (cigarette smokers), and Group C (nonsmokers)

Characteristic Smoker groups Control group

Group A (n=60) 
WP smokers

Group B (n=60) 
Cigarette smokers

Group C (n=60) 
Nonsmokers

TAS (mmol Trolox Eq/L) 1.75±0.45a 1.94±0.40a 2.15±0.15
TOS (µmol H2O2 Eq/L) 17.88±1.98a 15.60±1.55a 12.80±1.45
OSI (arbitrary unit) 9.85±1.90a 7.55±1.75a 6.55±2.00
MDA (nmol/mL) 2.55±0.46a 1.90±0.35a 1.24±0.21
Vitamin E (µmol/L) 16.06±3.50 15.26±3.50 15.55±2.70
Vitamin C (mg/dL) 0.70±0.06b 0.68±0.08b 0.78±0.15
Nitric oxide (µmol/L) 130.50±9.50b 126.60±6.75 124.95±7.20
Peroxynitrite (µmol) 6.35±0.65a 5.50±0.60b 3.45±0.52
Results were expressed as the mean±SD. aP<0.01 compared with control group, bP<0.05 compared with control group. SD: Standard deviation, TAS: Total 
antioxidant status, OSI: Oxidative stress index, MDA: Malondialdehyde, WP: Water pipe, TOS: Total oxidant status

Figure 2: The mean and standard deviation of xanthine oxidase (U/L) 
in different studied groups in Group A (water pipe smokers), Group B 
(cigarette smokers), and Group C (nonsmokers)

Figure  3: The mean and standard deviation of glutathione 
S‑transferases (U/L) in different studied groups in Group A (water pipe 
smokers), Group B (cigarette smokers), and Group C (nonsmokers)
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of thermogenesis and vascular hemostasis, based on the 
regulation of platelet aggregation. However, smoking makes 
these enzymes promote changes in their activity. Based on  
the effect of smoking, increased the activity of these enzymes 
might be due to increase the generation of ROS. This process 
enhances the level of Adenosine Diphosphate  (ADP) and 
causes the release of thromboxane A and serotonin, which in 
turn lead to platelet aggregation.[27]

As an anticarcinogens, it is well‑known that glutathione 
S‑transferases play an important role as an xenobiotic 
metabolizing enzyme required for activation the metabolic of 
carcinogenic effect result from the polycyclic hydrocarbons 
and their derivatives which presence in tobacco and other 
smoking substances.[28] This detoxification pathway required 
a highly activity of the enzyme to make them in inactive form 
and facilitate their excretion.[29]

Therefore, total enzyme activity was measured to examine 
the effect of smoking exposure. Results were showed a clear 
deficiency in their activity in both smokers compared to the 
nonsmoker group as shown in Figure 3.

Normal activity of glutathione S‑transferases is one of the 
crucial ways to enhance the toxicological defense system, thus 
likely, exposures to oxidative stress could be highly possible. 
That might lead to more molecular damage in many cells 
subsequently to more diseases including cancer.[30]

Smoking, as a well-known source of ROS[31] it is an expected 
result to find a deficiency in the activity of glutathione 
S‑transferases enzyme due to the generation of endogenous ROS 
during the metabolism of xenobiotics as a result of smoking 
exposure.

Serum antioxidants were compared also among the study 
groups as needing to elucidate the role of relevant serum 
scavenging capacity. The clear contributory effects of 
antioxidants were found toward both types of smoking. 
Analysis of research results has shown a significant increased 
in all oxidation products as shown in Table 3.

Low levels of antioxidants can give rise to high oxidation 
products. In this study, serum total oxidation status (TOS) and 
OSI (the ratio of TOS to TAS) levels were significantly higher 
in both smokers (P < 0.01), while TAS levels were significantly 
lower in both smokers (P < 0.01) compared to control group. 
Smoking exposure is one of the most responsible factors 
considered to be associated with oxidative stress.

On the other hand, some individual antioxidant compounds 
such as Vitamins E and C were determined. As can be seen 
from Table  3, both smoker groups reported significantly 
lower Vitamin C (P < 0.05) than the nonsmoker group, while 
no significant differences in Vitamin E were found between 
smokers and nonsmokers, whereas other studies reported a 
deficiency of Vitamin E through smoking.[32]

Many reasons for the discrepant results could be due to the 
fact that a lipid soluble vitamin E has high affinity to all 

lipoprotein fractions in man, mainly with lipoproteins which 
contain (apo B), and most of lipid soluble vitamin will be 
stored in liver and less in adipose tissue and skeletal muscle. 
This reason behind why the serum level not changed due to 
the clinical evidence which confirms increasing the oxidation 
of alpha-tocopherol (precursor of Vitamin E) when the body 
in exposure to free radicals.[33]

Both vitamins’ combination could act with each other as 
defense mechanisms against oxidation damage. In the same 
time, it has been known for some time that cigarette smoking 
reduces blood levels of Vitamins C and E through the defense 
process can be made into a radical, but the data were less 
clear.[34]

Previous studies evaluated the reactive nitrogen species 
inconsistent results on whether it is related to nitrate 
γ‑tocopherol in vivo.

Increased nitrate and/or nitrite  derivatives (NOx) could be 
another reason to affect the storage Vitamin E not the serum 
levels. That could be based on the proposed mechanism 
that reported by Wurzel et al.[35] which suggested increased 
nitration of γ‑tocopherol yielding 5‑NO2‑γ‑tocopherol by 
exposure to cigarette smoke, while the blood Vitamin E level 
was unchanged.[36]

The mean level of NO was significantly higher in WP smokers 
than cigarette smokers  (P < 0.05). The results were agreed 
with many other studies that reported the association of high 
NO level with smoking.[37] Furthermore, many researches 
have been linked between NO and the activity of clinical 
disease. However, production of NO could be contributed 
by diet and some treatments  (such as treatment with 
methylprednisolone)[38] also found that the NO production 
was much higher at sites of inflammation. Wherefore, the 
levels of peroxynitrite (the more stable markers than NO 
which result from the reaction between NO and superoxide 
radical) were measured and it was found that the concentration 
is about two times higher in the both smokers than in 
nonsmokers (P < 0.05); peroxynitrite has a long‑term action in 
the chemistry of oxidative which was reported in long details 
by Ischiropoulosd et al.[39]

After a long‑term action, smokers with high levels of NO 
and peroxynitrite are likely to have more complicated than 
nonsmokers in term of multiple sclerosis,[40] defect in synaptic 
transmission in motor and sensory pathways,[41] and also a 
damage in axonal degeneration due to the correlation between 
the extent of axonal injury and the extent of inflammation.[42]

Conclusion

The evidence of prevalence smoking established that smoking 
is the single greatest avoidable cause of disease and death. The 
health consequences of involuntary exposure to the smoke have 
shown that short exposures to active or passive smoke can 
cause many health problems such as blood platelets to become 
stickier, damage the lining of blood vessels, decrease coronary 
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flow velocity reserves, and reduce heart rate variability, 
potentially increasing the risk of a heart attack and many others.

In conclusion, the most obvious finding to emerge from this 
study is that the WP smokers were associated with exposure to 
toxic substances and produced more of the effects as cigarettes. 
These results should be used to resolve the associated risks 
with using of WP. All young smokers must be aware about 
the potential adverse effects of their habit on cardiorespiratory 
quality and metabolic levels.
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