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Smoking cigarettes is currently considered a widespread behavioral habit among university students
due to psychological, social, and behavioral factors. Smoking is believed to impair renin-angiotensin system,
blood pressure regulation, endothelial function, and cells viability, particularly in the lungs or blood vessels.
The study aimed to assess the level of angiotensin, vascular endothelial growth factor (VEGF), caspase-3 and
the activity of antioxidants glutathione S-transferase (GST) and superoxide dismutase (SOD) in the blood se-
rum of students at Samarra University (Iraq). The study lasted from 20/2 /2025 to 20/4/ 2025 and involved 100
male students aged 18-28 years. The first group consisted of 30 nonsmoker students and the second included
70 smoker students, whose daily cigarette consumption ranged between 60-100 cigarettes. The results showed
a significant increase in angiotensin, VEGF and caspase-3 levels, measured by ELISA, and a significant de-
crease in GST and SOD activity in the blood serum of smoker students compared to nonsmokers. A high nega-
tive correlation between angiotensin, GST and SOD activity in both smokers and nonsmokers, and a positive
correlation between angiotensin and caspase-3 levels in smokers were observed, indicating the promising use
of studied parameters as indicators of adverse effects caused by smoking.
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saturated with vaping devices available in

many flavors and forms appealing to youth [1].
Tobacco smoking is one of the most lethal drugs
for its users. It is estimated that 1.1 billion smokers
worldwide, approximately 80% live in low- and
middle-income countries. The trend is increasing,
especially among college and university students
[2]. There are many factors, including gender, age,
education, marital status, household income, assets,
and risky behaviors, all of which significantly pre-
dict a person’s likelihood of currently smoking [3].
It is well known that long-term smoking for several
years causes many diseases, and thus complications
increase in smokers, who are more susceptible to
death [4]. Tobacco smoking represents a global pub-
lic health challenge, with estimated costs of US$1.4
trillion, and is a preventable risk through reducing
tobacco use [5]. In May 2018, the WHO Convention

I n the last period, the market quickly became

Secretariat held a meeting to discuss the potential
for reducing tobacco addiction. The meeting focused
primarily on reviewing research findings on the be-
havioral effects of reducing cigarette addiction [6].
The World Health Organization estimated in 2021
that 18.5% of the Iragi population currently use to-
bacco products, therefore smoking rates among Ira-
gi men are about 31% compared to females by 4%
[7, 8], Peers strongly influence smoking behavior
in young people, and smoking is often associated
with having smoker friends or parents [9]. Various
genetic, socioeconomic, and environmental factors
also contribute to the risk of smoking among youth
and young adults [10]. Cigarette smoking is one of
the world’s largest avoidable risk factors for disease
and death. It is linked to many diseases, including
heart disease and high blood pressure [11]. Smoking
has also been linked to the renin-angiotensin sys-
tem, which is one of the mechanisms that control
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circulatory stability by regulating blood pressure and
sodium-potassium balance [12]. Cigarette smoking
enhances the production of angiotensin-converting
enzyme and causes significant changes in inflam-
mation and oxidative stress. This leads to increased
antioxidant activity and lipid oxidation [13]. In ad-
dition, smoking has been associated with vascular
endothelial growth factor. Smoking is believed to
impair endothelial function through decreased nitric
oxide bioavailability, resulting from the activation
of oxidative stress and inflammation. Endothelial
dysfunction can be improved or enhanced through
appropriate interventions, including drug therapy,
dietary supplements, and lifestyle modification
[14]. Smoking has also been linked to the activity
of the caspase-3 enzyme, one of the main caspases
responsible for programmed cell death, which is ac-
tivated and forces the cell to die [15]. Therefore, it
plays different roles such as proliferation and necro-
sis in programmed cell death to protect the organ-
ism from stress signals and pathogenic hybridiza-
tion. These forms of cell death are important [16].
These enzymes act as apoptosis inducers, executors
of apoptosis, and are responsible for programmed
cell death [17]. Despite repeated warnings about
the irreversible side effects of smoking in the pub-
lic media, Cigarette consumption continues to rise
in many countries, both developed and develop-
ing. It has been found that tobacco smoke and its
components cause an increase in the formation of
reactive oxygen species, which leads to the develop-
ment of oxidative stress. This, in turn, leads to lipid
peroxidation, DNA damage, and a decrease in anti-
oxidants, resulting in numerous diseases, including
infertility [18]. Free radical scavenging enzymes,
namely superoxide dismutase, catalase (CAT), and
glutathione peroxidase (GPx), represent the enzyme
segment capable of inhibiting oxidative stress by re-
moving highly destructive free radicals [19]. Oxida-
tive stress is one of the indicators associated with
many diseases, and its association has been found
in isolated platelets, which can be protected from
oxidative stress by the use of antioxidants, including
L-carnitine [20]. On the other hand, a study found
an increase in the activity of superoxide dismutase
in patients with type 2 diabetes and a decrease in
glutathione and glutathione peroxidase in the red
blood cells [21]. Smoking is also linked to cancer
and inflammatory immune diseases. This is because
tobacco smoke contains a mixture of chemicals,
including a group of reactive oxygen and nitrogen
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species , which can damage cellular and subcellu-
lar targets, such as lipids, proteins, and nucleic acids
[22]. The current research aimed to investigate the
relationship between smoking and abnormal stimu-
lation of blood vessel growth by measuring vascular
endothelial growth factor. Additionally, it sought to
determine the relationship between smoking and an
increased rate of programmed cell death, particu-
larly in the lungs or blood vessels, by assessing the
activity of the enzyme caspase-3. Angiotensin con-
centrations are measured to link smoking to the risk
of high blood pressure and heart disease. The study
also aimed to examine the relationship between
smoking and antioxidant levels, including activities
of the enzymes GST and SOD, which work to de-
toxify the body from oxidative substances produced
by smoking.

Materials and Methods

A collection of samples. The sample for the
current study were selected randomly from the Col-
lege of Education and Applied Sciences, Depart-
ment of Chemistry, Samarra University, Iraq. All
participants were interviewed about tobacco use
and were asked about the number of cigarettes they
smoked per day and their exposure to secondhand
smoke. Ethical approval was obtained from them
to participate in this study. The study consisted of
100 samples collected from male students aged 18-
28 years for the period from 2/20/2025 to 4/20/2025.
The samples were divided into two groups; the first
group (G1) included 30 samples of non-smoking stu-
dents (as a control sample). The second group (G2)
included 70 samples of male students who smoked,
and whose daily smoking cigarette on the univer-
sity campus ranged from 60 to 100 cigarettes. Blood
samples from the test and control groups were col-
lected between 8:00 and 9:00 a.m. after an overnight
fast of 10-12 h. Blood samples were centrifuged at
3,000 rpm for 10 min. The samples were separated
and serum was obtained. Then, the serums were
stored at -5°C until the biochemical tests were per-
formed (angiotensin, caspase 3, vascular endothelial
growth factor, glutathione-S transferase, superoxide
dismutase).

Measurement of serum biochemical parameters.
Commercially available ELISA kits from Fin-Test
China (catalog numbers EU3123, EH0546, EH0327,
EHA4706-1, and EH4260, Fine Test-China) were used
to assess the activity of angiotensin, caspase-3, VEGF,
SOD, and GST in serum, respectively.
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Ethics approval. This study was conducted in
the laboratories of the College of Applied Sciences
at Samarra University and several research centers
in Baghdad. Verbal consent was obtained from the
study participants, along with approval from the rel-
evant scientific department, before the study began
on 5/2/2025. All procedures were carried out fol-
lowing the recognized ethical principles of scientific
research, taking into account the privacy of the indi-
viduals involved.

Statistical analysis. Biochemical tests were
analyzed in SPSS for the two groups (smokers and
non-smokers) using the F-test to compare the two
groups at a significance level of 0.05. The correlation
between angiotensin and the studied variables was
evaluated using the correlation test. The area under
the curve was analyzed using Med CalcV.20, while
the figures were drawn using GraphPad Prism V.9.

Results and Discussion

The results of the current study, according to
Table 1, indicate that smoking is associated with
an increase in biomarkers associated with inflam-
mation and vascular changes. The results indicate
that angiotensin, caspase-3 activity, and vascular
endothelial growth factor increased significantly
(P <0.05) in the blood serum of students who smoke

cigarettes (G2) compared to non-smokers (G1). This
indicates greater activity in the pathways of cellular
apoptosis and reflects changes in vascular formation
(Fig. 1, 2).

A significant decrease in SOD and GST ac-
tivities in the blood serum of the smoker group
compared to non-smokers (P < 0.05) was observed
which indicates a weakening of the antioxidant de-
fense system (Fig. 3).

Fig. 4-6 show the potential diagnostic signifi-
cance of serum angiotensin, caspase-3, VEGF, SOD,
GST. The results of ROC curve analysis showed
that the area under the curve (AUC) for the angio-
tensin enzyme was high, reaching (1), sensitivity
(100%), and specificity (100%), which indicates its
efficiency in distinguishing between smoker and
non-smoker students. The AUC value of caspase-3
enzyme reached a high level of diagnostic accuracy,
reaching (0.997), sensitivity (100%), and specificity
(%), which reflects its potential role as a biomarker
for the state of programmed cells. The results of
vascular endothelial growth factor showed a high
predictive value, with AUC values reaching (1), sen-
sitivity (100%), and specificity (100%), indicating
its high predictive ability in assessing the vascular
effect of smoking. Meanwhile, the AUC values for
SOD and GST enzymes were (1), sensitivity (100%),

Table 1. Angiotensin, caspase-3, and VEGF levels in smokers and non-smokers, (mean + SD)

Non-smoking .

Parameters students (G1) Smoking students (G2) P-value
Angiotensin, ng/ml 0.991 £ 0.272 5.832 £ 3.507 >0.0001*
Caspase-3, ng/ml 3.749 + 0.436 13.086 + 4.285 >0.0001*
VEGF, pg/ml 382.356 + 44.560 1506.676 + 424.669 >0.0001*

Note. *P <0.05
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Fig. 1. Activity of angiotensin and caspase-3 in smoker and non-smoker students

57



ISSN 2409-4943. Ukr. Biochem. J., 2025, Vol. 97, N 6

2500 P <0.0001
I 1
E 2000 —-i]'-:—
2 1500 s
L =
¢ 1000 5 o
|
TR0 et
O ) )
Group 1 Group 2

Fig. 2. Concentration of VEGF in smokers and non-
smoker students
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and specificity (100%), indicating the diagnostic ac-
curacy of the effectiveness of these enzymes towards
smoking.

Table 2 shows the correlation of the effective-
ness of the angiotensin enzyme with the parameter
studied. A high positive significant correlation was
found between angiotensin activity and caspase-3.
The value of the correlation coefficient was 0.408 in
smoker students group, while a neactive significant
relationship was found between the angiotensin and
SOD, GST activity in two groups. The values of

P <0.0001
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Fig. 3. GST and SOD activities in smoker and non-smoker students
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Fig. 4. The ROC of angiotensin and caspase-3 in smoker and non-smoker groups
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blood serum of smoking students, which reached a
value 5.832+3.507 ng/ml compared to non-smoker
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ml. Cigarette smoking is a major risk factor for car-
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Fig. 6. The ROC of SOD and GST in smoker and
non-smoker groups

Table 2. Correlation of angiotensin with biochemical parameters

Angiotensin
Parameters Non-Smoking (G1) Smoking (G2)
r \ P-value r \ P-value
Caspase-3 0.191 0.372 0.408* 0.048
VEGF 0.241 0.268 0.353 0.091
SOD -0.987** 0.000 -0.682** 0.000
GST -0.957** 0.000 -0.489* 0.015

Note. *Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
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diovascular disease, as well as respiratory disea-
ses. Although smoking rates have been gradually
declining since ancient times, the advent of e-cig-
arettes about a decade ago has attracted a segment
of former smokers, along with a new generation of
users. Evidence suggests a link between nicotine and
angiotensin-containing training programs, which are
often among the most important biomolecules regu-
lating heart and lung function in civil defense. Nico-
tine disrupts the balance in this system by stimu-
lating ACEI1 receptors, versus the ACE2/ANG(1-7)/
Mas receptor axis, which represents a compensatory
mechanism in this system [23]. A study in labora-
tory animals have shown that the renin-angiotensin
system is activated by cigarettes smoke. Chronic ad-
ministration of nicotine via osmotic minipumps has
been shown to elevate plasma renin activity in rats
fed a high-salt diet [24]. It also raises plasma angi-
otensin-converting enzyme activity with increased
conversion of angiotensin | to angiotensin |1 [25-26].

The results of our current study showed that
smoker students have a family history of smoking
but are not at risk for chronic diseases. Therefore,
continued smoking puts them at greater risk for
many diseases, including cardiovascular and lung
diseases. Thus, a study found a link between smok-
ing and angiotensin-converting enzyme and its po-
tential impact on the cardiovascular system. There-
fore, smoking increases systolic and diastolic blood
pressure [27]. These effects were accompanied by
an increase in the concentration of angiotensin-con-
verting enzyme by disrupting the renin-angiotensin-
aldosterone system. Several epidemiological studies
have revealed that serum ACE activity is abnormally
elevated in patients with CKD and hypertension. It is
associated with coronary artery stenosis. The renin-
angiotensin-aldosterone system plays an important
role in the development of cardiovascular disease
[28]. Therefore, smoking may harm the RAAS sys-
tem, leading to increased angiotensin activity and
exacerbation of cardiovascular problems. This effect
iS more severe in students who smoke due to the ef-
fects of nicotine on the developing body. Therefore,
it is necessary to raise awareness of the dangers of
smoking, especially among young students, and to
encourage them to quit smoking to avoid chronic
diseases later on. Caspase-3 is one of the main en-
zymes responsible of carrying out programmed cell
death. Therefore, it was found that its effectiveness
increases in smoker students, which reached a value
13.086+4.285 ng/ml, compared to non-smoker stu-

60

dents, which reached a value 3.749+0.436 ng/ml. A
study indicated that cigarette smoking leads to dam-
age to the vascular lining, which causes accelerated
programmed cell death by increasing the enzyme
caspase-3. Therefore, excessive programmed cell
death may contribute to the dysfunction of the vas-
cular lining caused by cigarettes smoke, and thus
lead to many diseases, including atherosclerosis
[29]. Neutrophils are the main inflammatory cells in
the lungs of smokers, but little is known about how
cigarettes smoke modulates their function. Neutro-
phils undergo caspase-3-dependent and phagocyto-
sis-induced apoptosis. A study examined the effect
of a cigarette smoke extract on human neutrophils.
The study showed that the extract significantly in-
hibits the activity of caspase-3 without affecting the
processing of procaspase-3 into its active form and
that this inhibition leads to a weakening of the abil-
ity of neutrophils to phagocytose, which indicates
that caspase-3 plays a non-programmed role in the
function of neutrophils and that smoking contributes
to a weak immune response [30]. A study also indi-
cated that cigarette smoke extract can induce apop-
tosis in human gastric epithelial cells by increasing
the activity of caspase-3, and that this effect occurs
through the mitochondrial pathway, leading to the
release of cytochrome C and the activation of cas-
pase-3 [31]. On the other hand, vascular endothelial
growth factor is a major protein in the blood vessels,
so its increased levels in smoking students indicate
the presence of a chronic inflammatory response re-
sulting from smoking.

The results of the current research found
that VEGF levels in the blood serum of smoking
students were higher, which reached a value
1506.676+424.669 pg/ml, compared to non-smoking
students, which reached a value 382.356+44.560 pg/
ml. The results were consistent with the study by
Sarah [32], which indicated that the inflammatory
marker VEGF levels are high in smokers. The study
of Higashi [33] also indicated that smoking is asso-
ciated with impaired endothelial function. It is be-
lieved that smoking weakens endothelial function by
reducing the bioavailability of nitric oxide, resulting
from the activation of oxidative stress and inflamma-
tion. Therefore, endothelial dysfunction can be en-
hanced through drug therapy, dietary supplements,
and lifestyle modification. A study also indicated
that smokers, both healthy smokers and those with
COPD, have elevated levels of VEGF in the airways,
and that this elevation is associated with increased
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inflammatory cells such as neutrophils and elevated
levels of inflammatory cytokines such as IL-18 and
TNF-a, indicating an interaction between VEGF
and inflammatory stimuli [34]. Therefore, it may be
concluded that smoking affects VEGF levels through
several pathways, including the direct effect of nico-
tine, activation of inflammatory pathways, and re-
sponse to hypoxia.

The results of the study showed a significant
decrease in superoxide dismutase activity in the
blood serum of smoking students, which reached a
value 13.516+1.333 ng/ml, compared to non-smokers,
which reached a value 34.780+4.439 ng/ml. Anti-
oxidants are the body’s first line of defense against
the harmful effects of free radicals and may pro-
tect against some of the harmful effects of cigarette
smoking. The study of Suriyaprom et al. [35] found
a decrease in superoxide dismutase activity in the
blood serum of smokers compared to non-smokers.
But the results of study of Diken [36] showed that
SOD activity was higher in long-term smokers com-
pared to short-term smokers. The results of the study
Russo [37] also indicated that acute exposure to high
concentrations of free radicals may lead to inhibition
of gene expression of antioxidant enzymes, while
chronic and continuous exposure to free radicals
may stimulate an elevated this gene expression as
a compensatory mechanism. In the same context,
on the other hand, the study of Mithun [38] found
that cigarette smoking causes many life-threatening
diseases, such as lung and cardiovascular diseases,
and lung cancer. One of its most prominent health
effects is oxidative damage to cell components, in-
cluding proteins, lipids, and DNA. This oxidative
damage is caused by reactive oxygen species found
in cigarette components. One study indicated a
close relationship between tobacco use and disease,
including cancer, as tobacco is considered a major
source of free radicals, which contribute to cellular
changes that may lead to the development of can-
cerous tumors [39]. Cigarette smoke is a potent pro-
inflammatory agent, altering the natural balance be-
tween antioxidants and oxidants, inducing oxidative
stress in both the respiratory system and throughout
the body. This persistent, systemic oxidative state is
reflected within the body by increased levels of oxi-
dative stress and biomarkers of inflammation [40]. A
study also found that smoking reduces antioxidants
and increases levels of oxidative stress, including
malondialdehyde [41].

The results of the study also indicated a sig-
nificant decrease in glutathione S-transferase activi-

ty in the blood serum of smoker students, which
reached a value 13.839+£2.197 mIU/ml compared to
non-smokers, which reached a value 57.699+13.642
mlU/ml. A study found that all smokers had lower
antioxidant capacity than non-smokers [42]. The
results of the current study also indicated that the
area under the curve for the studied variables was
excellent, they can be suggesting important diagnos-
tic variables in smokers, as smoking may lead to an
increase in the activity of the angiotensin enzyme,
which may affect the AUC value. Smoking also af-
fects the activity of the caspase-3 enzyme, which
varies depending on the type of cell and the tissue
involved, indicating the need for further research on
the area under the curve of the caspase-3 enzyme.
Smoking has also been found to affect VEGF levels
in various ways, potentially impacting angiogenesis
in various tissues. It also affects the effectiveness
of antioxidant enzymes, potentially impacting the
body’s oxidative balance. Therefore, studying the
area under the curve is important for understanding
changes between smokers and nonsmokers. The re-
search results indicated a significant positive correla-
tion between angiotensin and caspase-3. The study
demonstrated that the angiotensin Il type 2 recep-
tor (AT2R) can induce apoptosis by activating cas-
pase-3. When the study was conducted on bladder
cancer cells, activation of AT2R led to increased ac-
tivity of caspase-3, indicating that this pathway may
be responsible for apoptosis associated with tissue
damage in conditions such as chronic smoking [43].
A study also indicated that the ACE2/Ang-(1-7)Mas
axis can provide protection against apoptosis in-
duced by cigarette smoke in alveolar epithelial cells
by inhibiting the pathway involving ROS, caspase-3
[44]. Therefore, it is concluded that the relationship
between the two enzymes may help in developing
therapeutic strategies targeting these pathways to re-
duce the damage caused by smoking. The results of
the current study also indicated a highly significant
inverse relationship between the angiotensin enzyme
and antioxidants. This relationship is explained by
the fact that smoking activates the RAS system,
which increases the production of free radicals and
reduces the effectiveness of antioxidant systems, in-
cluding the enzyme superoxide dismutase and glu-
tathione S-transferase.

Conclusion. The results indicate that increased
activity of angiotensin and vascular endothelial
growth factor indicate an inflammatory response
and angiogenesis, while high activity of caspase-3
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reflects increased apoptosis, and low levels of antiox-
idants indicate decreased antioxidant defense mecha-
nisms. Therefore, smoking may enhance the occur-
rence of oxidative stress and thus increase chronic
inflammation that leads to many diseases.
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Kypinns curaper Hapa3i BBa)aeTbCsl TMOIIH-
PEHOI0 3BHYKOIO CEepel] CTYACHTIB YHIBEPCHUTETiB
gepe3 IICHXOJIOTIYHI, COIiaJlbHI Ta TOBEIIHKOBI
YUHHUKU. BBaXkaeTbes, 0 KypiHHS HOTIpIIye po-
00Ty peHIH-aHTI0TEH3MHOBOI CUCTEMH, PEryIISLilo
apTepiaJbHOrO THUCKY, (QYHKIIIO EHIOTEIi0 Ta
JKUTTE3IATHICTD KJIITHH, OCOOJIUBO B JICTCHSX Ta CY-
nrHaX. MEeTOI0 MOCIiIKeHHS OyJI0 OIiIHUTH PiBEHb
aHTIOTEeH3WHY, (aKTOpy POCTY EHAOTENII0 CYIHH
(VEGF), xacna3u-3 Ta akTUBHICTh aHTHOKCHJIAHTIB
rnyTarion-S-tpancdepasu (GST) i cynepokcun-
nucmyTasu (SOD) y cupoBaTiii KpoBiI CTYJCHTIB
yHiBepcutety Camappa (Ipax). JocmimxeHus Tpu-
BaJ10 3 20 moToro 2025 poky mo 20 kBiTH: 2025 poky
i oxoruroBano 100 cryneHTiB-4oNOBiKiB BikoM 18-
28 poki. [lepmia rpymna cknaganacs 3 30 CTyJeHTiB-
HEKypIIiB, a apyra — 3 70 CTyHIEHTIB, sIKi IIOJHS
BuKkyproaiu Bij 60 o 100 curapet. Pesynprarn no-
Ka3allid 3HaYHe MIiIBUIICHHS PiBHIB aHT10TEH3WHY,
VEGF Ta xacmaszu-3, Bumipsaux MetogoM ELISA, a
TaKOX 3HauHe 3HMKeHHs akTuBHOCTI GST Ta SOD y
CHPOBATIL KPOBi CTYJCHTIB-KYPIIiB MOPiBHIHO 3 HE-
KypLsIMHU. BHSIBJICHO BUCOKY HETaTHUBHY KOPEJISLIi0
MIX piBHeM aHTioTeH3MHY, akTuBHIcTIO GST 1 SOD
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SK Y KypIIiB, TaK 1 y HEKYPIIiB, & TAKOX MMO3UTHB-
HY KOPEJSIiI0 MK piBHEM aHTIOTEH3WHY 1 Kacrma-
3u-3 y KypuiB, IO BKa3y€ Ha IEPCIEKTUBHICTH
BUKOPUCTAHHS JOCHIPKYBaHHUX MapaMeTpiB SK
1HIUKATOPIB PO3BUTKY HETAaTHUBHUX €(EKTiB, CIIPH-
YUHEHUX KYPiHHSIM.

Knwo4uoBi crnoBa: KypiHHS, aHTIOTEH3UH,
Kacrasza-3, (akTop pOCTy EHAOTENII0 CY/AHH,
AQHTHOKCHUIAaHTHI MapKepH, CHPOBATKa, CTYACHTH.
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