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Abstract
 
Background: Lung cancer is characterized by uncontrolled cell growth in the lungs, with the potential to spread and affect 
other tissues and organs if untreated. Adenocarcinomas are the most prevalent subtype of Non-Small Cell Lung Cancer 
(NSCLC) and Small Cell Lung Cancer (SCLC). The prevalence of squamous-cell carcinoma has declined due to reduced 
smoking rates and changes in cigarette compositions. Cigarette smoking, radon gas exposure, asbestos exposure, exposure 
to specific chemicals or minerals, diesel exhaust, and air pollution are all potential causes of lung cancer.

Methods: One hundred individuals were divided into two groups. Group 1 had sixty individuals with lung cancer (thirty 
nonsmokers and thirty smokers), while Group 2 had forty individuals (twenty smokers and twenty nonsmokers). The study 
evaluated antioxidant enzymatic activities in relation to smoking status.

Results: our research shows lower vitamin levels (E, C, D3) among both smokers and non-smokers with lung cancer com-
pared to healthy individuals. Similarly, individuals with lung cancer tend to have lower levels of the superoxide dismutase 
enzyme compared to healthy individuals.

Conclusion: our study found that individuals with lung cancer, whether smokers or non-smokers, had lower levels of 
vitamins (E, C, D3) compared to healthy individuals. Particularly, their vitamin D levels were significantly below average. 
Additionally, lung cancer patients, especially smokers, showed reduced levels of the superoxide dismutase enzyme com-
pared to healthy individuals. This suggests a potential connection between lower vitamin levels, especially vitamin D, and 
decreased superoxide dismutase enzyme levels in lung cancer patients.
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Introduction

An unrestrained growth of cells in the lungs characterizes 
lung cancer, a harmful tumor. Without proper treatment, this 
cancerous growth has the potential to progressively spread 
into nearby tissues or even affect other parts of the body [1]. 
Primary lung cancer can be categorized into two main types 
[2]: Non-Small Cell Lung Cancer (NSCLC), which accounts for 
approximately 85 percent of all diagnosed cases, and Small 
Cell Lung Cancer (SCLC) are the two main types of lung cancer. 
Among NSCLC subtypes, adenocarcinomas are the most com-
monly observed. The prevalence of squamous-cell carcinoma, 
which used to be the most frequent histological type, has sig-
nificantly decreased over time. This decline can be partially 
attributed to decreased smoking rates in high-income nations 
and variations in cigarette compositions [3].
The risk factors associated with lung cancer are multifaceted, 
involving the interaction of various variables. These factors in-

clude tobacco use, exposure to radon gas, asbestos, radioac-
tive materials like uranium, inhalation of certain chemicals or 
minerals such as beryllium, cadmium, chromium compounds, 
diesel exhaust, and air pollution. Additionally, having a family 
history of lung cancer can also heighten the risk of developing 
the disease [4].
The lungs can be directly exposed to various factors including 
elevated oxygen pressure, irritants in the environment, and 
pollutants. Among these are oxidant gases, ultrafine particu-
late matter, nanoparticles from industrial pollution, automo-
bile exhaust emissions, and smoking. These exposures result 
in the lungs producing free radicals. As a result of these fac-
tors, the lungs and other organs in the body encounter oxida-
tive stress [5].
The occurrence of lung cancer is connected to nutrition, in-
cluding the consumption of antioxidants. Antioxidants possess 
the ability to counteract free radicals and hinder oxidation 
processes, and this includes vitamins C and E, as well as other 
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phytochemicals. An increased intake of foods rich in antioxi-
dants, Things like fruits and vegetables, has been linked to a 
reduced risk of cancer, particularly lung cancer [6].

Materials and methods

Patients
The procedure involves collecting a total of 100 blood samples 
from both normal individuals and patients. These individuals 
were divided into two groups: Smokers and non-smokers. In 
the patient group, there were 30 smokers and 30 non-smok-
ers, while in the control group, there were 20 smokers and 20 
non-smokers. The blood samples were obtained from Alamal 
National Hospital for cancer treatment and Baghdad Teaching 
Hospital, during the period between October 2022 and April 
2023. The control group consisted of healthy individuals who 
did not have diabetes, hypertension, or any history of cancer 
in their family. To collect the samples, Blood was drawn from 
each subject using a heparinized catheter and allowed to co-
agulate at room temperature for 20 minutes. Then, using a 
micropipette, the serum was transferred to a separate vessel 
after 10 minutes of centrifugation. The transferred serum was 
then frozen at -20 degrees Celsius.

Enzymatic activity of SOD
SOD (superoxide dismutase) activity was assessed using a com-
mercially available ELISA kit (Abcam, USA, Cat No: ab119520). 
This kit enables the accurate measurement of human Cu/Zn 
SOD levels. Utilizing a Cu/Zn SOD-specific antibody pre-coated 
on a plate, followed by the addition of a Cu/Zn SOD-specific 
HRP-conjugated antibody constitutes the assay. Unbound pro-
teins were subsequently removed by washing. Then, a sub-
strate known as TAB was added, which, in the presence of HRP 
(horseradish peroxidase), catalyzed a reaction resulting in the 
production of a blue color. Each well was treated with an acid-
ic stop solution, causing a color change from blue to yellow. 
Using a plate reader, the absorbance of the yellow pigment 
was measured at 450 nm. (PowerWave STM, BioTek®, USA). 
The amount of SOD in the samples (measured in ng/mL) is 
directly related to how bright the yellow color is [7].

Vitamin D 25-hydroxylase immunoassay
Abcam UK's 25 OH Vitamin D Enzyme-Linked Immunosorbent 
Assay (ELISA) kit provides a convenient way to evaluate 25 OH 
Vitamin D3 and 25 OH Vitamin D2 concentrations in human 
plasma and serum. These two vitamin D isomers provide the 
basis for the assay's detection and quantification. Parent vita-
min D3 is synthesized when 7-dehydrocholesterol is exposed 
to sunlight. This precursor molecule is altered to produce vita-
min D3. Vitamin D is also easily accessible from food sources, 
either naturally occurring or fortified, in the form of parent 
Vitamin D2. Once these precursor molecules have entered the 
body, they are taken to the liver, where they are hydroxylated 
to produce vitamin D 25 OH. The kidneys are responsible for 

the final step in this metabolite's transformation into 1,25 OH 
2 Vitamin D. This last metabolite is vitamin D's active form in 
the body. The exact assessment of 25 OH Vitamin D3 and 25 
OH Vitamin D2 levels in plasma and serum samples is made 
possible by the 25 OH Vitamin D ELISA kit, which provides im-
portant insight into vitamin D status in the body [8].

Human Vitamin E
Mybiosource USA's kit makes use of the ELISA sandwich 
method using two different antibodies. The kit's pre-coated 
antibody is a monoclonal anti-human VE antibody, while the 
detection antibody is a biotinylated polyclonal antibody. Af-
ter adding samples and biotinylated antibodies to the wells of 
an ELISA plate and washing with PBS or TBS to eliminate un-
bound compounds, the plate is read. The wells of the human 
Vitamin E ELISA kit are then incubated with avidin-peroxidase 
conjugates. TMB substrate is used for color development after 
a thorough washing in PBS or TBS to eliminate any unbound 
enzyme conjugates. The addition of the stop solution (color 
reagent C) causes the blue product formed by the TMB reac-
tion with the peroxidase activity to change color to yellow. The 
intensity of the color produced is proportional to the concen-
tration of the target analyte in the sample [8].

Statistical analysis
The data was analyzed using GraphPad Prism 6 (GraphPad 
Software Inc., La Jolla, CA).Mean and standard deviation 
(mean SD) were used to represent the data.A t-test was used 
to compare the two groups statistically.Statistical significance 
was assumed when the P-value was less than 0.05 [9].

Results

The findings from our study, as depicted in the table and figure 
below, can be summarized as follows: There was a significant 
statistical difference (p ≤ 0.0001) in the levels of the Super-
oxide Dismutase (SOD) enzyme between lung cancer patients 
who did not smoke (5.38±1.32) and a control group consisting 
of smokers (10.66±2.0). Additionally, noteworthy variations 
in SOD enzyme levels were observed when comparing non-
smoker individuals within both the patient group (5.38±1.32) 
and the control group (10.28±2.14), as well as between smoker 
patients (5.20±1.4) and the smoker control group (10.66±2.0). 
However, no significant differences were found when com-
paring the enzyme levels between smokers and non-smokers 
within the control group or patient group.
In regard to vitamin D3 levels, our study demonstrated a sig-
nificant statistical difference (p ≤ 0.0001) between non-smok-
er lung cancer patients () and a control group consisting of 
smokers (67.74±18.3). Notable variations in vitamin D3 levels 
were also observed when comparing non-smoker individu-
als within both the patient group (29.72±15.1) and the con-
trol group (78.42±21.3), as well as between smoker patients 
(26.9±17.5) and the smoker control group (67.74±18.3). How-
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Parameters
Mean ± SD

Control Patients
Nonsmoker Smoker Nonsmoker Smoker

SOD  (ng/L) 10.28±2.14 10.66±2.0 5.38±1.32 5.20±1.4
Vitamin D3 (ng/L) 78.42±21.3 67.74±18.3 29.72±15.1 26.9±17.5
Vitamin E (µg/mL) 22.10±13.3 19.16±12.03 16.26±7.96 12.5±5.5
Vitamin C  (ng/L) 33.3±5.8 34.65±6.7 22.45±5.65 21.6±6.3

Table 1: Mean ( SD) serum concentrations of superoxide dismutase (SOD) enzyme, vitamin D3 (ng/mL), vitamin E (g/mL) , and vita-
min C (ng/mL) in healthy controls and lung cancer patients who smoked and did not smoke, respectively.

Figure 1: Concentrations of the antioxidant enzyme superoxide dismutase (SOD), vitamin D3 (ng /mL), vitamin E (g /mL), and vita-
min C (ng /mL) are depicted graphically for both healthy controls and patients with lung cancer, broken down by smoking status.
 NS: non-significant. ***: p ≤ 0.001,**: p ≤ 0.01, *: p ≤ 0.05.

ever, no significant differences were found when comparing 
vitamin levels between smokers and non-smokers within the 
control group or patient group.
Our findings indicate a significant and notable difference (P≤ 
0.05) in the concentration of vitamin E solely between lung 
cancer patients who smoke (12.55±SD) and healthy non-smok-
ers (22.10±SD). However, our study did not reveal any signifi-
cant differences when comparing vitamin levels between non-
smokers in the patient group and the healthy group, smokers 
within the healthy group and the patient group, or between 
non-smoking healthy individuals and smoking patients.

Similarly, we observed a significant statistical difference (p ≤ 
0.0001) in the levels of vitamin C between non-smoker lung 
cancer patients (22.45±5.65) and a control group consisting 
of smokers (34.65±6.7). Notable variations in vitamin C levels 
were observed when comparing non-smoker individuals with-
in both the patient group (22.45±5.65) and the control group 
(33.3±5.8), as well as between smoker patients (21.6±6.3) and 
the smoker control group (34.65±6.7). However, no significant 
differences were found when comparing vitamin levels be-
tween smokers and non-smokers within the control group or 
patient group.
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Discussion

SODs are the body's primary line of defense versus ROS-in-
duced damage [10] , Catalytically converting oxygen into hy-
drogen peroxide is the job of SOD, an anti-oxidant enzyme 
[11]. SOD declines with age, and that means more disease-
inducing free radicals [12]. However, the fact that SOD activity 
was found to be lower than expected in the study hints at a 
greater consumption of antioxidative enzymes due to elevat-
ed oxidative stress [13].
In contrast to our study, previous research conducted by Islam 
et al. demonstrated reduced activities of CuZn-SOD and Mn-
SOD in cancer cells, indicating a potential role for SOD in pro-
moting the reversal of cancer cell phenotypes. These findings 
suggested that endogenous antioxidant enzymes could poten-
tially regulate cancer development and be targeted for cancer 
treatment [14]. Similarly, Balaky et al. conducted a study that 
frequently documented the overexpression of Superoxide dis-
mutase 1 (SOD1) in lung cancers. The study highlighted the es-
sential role of SOD1 in the development of lung disease. These 
studies present contrasting results to our findings regarding 
the SOD enzyme levels in lung cancer patients who smoke and 
non-smoke [15].
Cholesterol-derived vitamin D3 regulates the epigenome and 
transcriptome in many different human tissues and cells, in-
cluding cancerous tumor cells. The metabolite 1,25(OH)2D3 
and its high-affinity receptor VDR (Vitamin D receptor) are re-
sponsible for this control [16].
Vitamin D's effect on cancer has been studied in a number of 
in vitro and in vivo experiments. These studies have demon-
strated that vitamin D exhibits anti-metastatic effects, particu-
larly in lung cancer, as well as other cancer types. Vitamin D 
has been found to suppress cell growth and reduce invasive-
ness in lung cancer cells during in vitro investigations. Further-
more, research has established a correlation between vitamin 
D levels and overall survival in individuals with lung cancer 
[17]. A lack of vitamin D has been linked to a higher chance of 
acquiring cancer and a greater probability of dying from the 
condition, according to research by [J. B. Gibbons et al.,] [18]. 
A study conducted by (Muller DC) found no evidence of a re-
lationship between the levels of vitamin D in the bloodstream 
with the possibility of lung cancer at a later stage [19]. This 
suggests that circulating vitamin D concentrations may not be 
indicative of the likelihood of a subsequent lung cancer diag-
nosis.
Apart from its role as an antioxidant that helps reduce oxida-
tive stress and inhibit lipid oxidation, vitamin D3 also plays a 
crucial role in various physiological processes. These include 
cell differentiation, regulation of growth and reproduction, 
support for the immune system, protection against DNA dam-
age in cells, as well as the suppression and prevention of can-
cer cells [20].
Vitamin E consists of eight naturally occurring compounds 
that share similar chemical structures. It serves as a crucial 
dietary antioxidant, found in vegetable sources, nuts, and oils. 
The antioxidant properties of vitamin E have been associated 
with numerous health benefits, including its ability to reduce 
inflammation, fight against cancer, and provide neuroprotec-

tive effects [21].
Our study suggests that individuals who are smokers or have 
lung cancer tend to exhibit lower levels of vitamin E compared 
to healthy individuals. This finding aligns with the research 
conducted by (Zabłocka-Słowińska K,) which reported a reduc-
tion in vitamin E levels among all patients diagnosed with lung 
cancer [22].
Vitamin E is essential because it prevents further oxidative 
damage by neutralizing lipid peroxyl radicals and breaking the 
chain reaction of peroxidation. The significant decrease in se-
rum levels of vitamin E observed may be attributed to oxida-
tive stress, which can be affected by the presence of cancer 
and/or metabolic changes. Another possible explanation for 
the lower concentration of vitamin E is a change in the distri-
bution of alpha-tocopherol. Alpha-tocopherol is predominant-
ly found in the LDL-C fraction of the blood, and as serum lipid 
levels increase, it tends to move from cellular membranes to 
circulating lipoproteins. Insufficient levels of vitamin E can 
make individuals more susceptible to dyslipidemia-related 
factors [22].
L-ascorbic acid, commonly known as vitamin C, has been iden-
tified as a crucial element in the management of scurvy [23]. 
Vitamin C has several significant functions, with its most no-
table roles including neutralizing free radicals, regenerating vi-
tamin E, acting as a cofactor for hydroxylase enzymes involved 
in collagen and neurotransmitter synthesis, and regulating 
gene expression [24]. Those with active inflammation and 
cancer, particularly haematological malignancies, have been 
found to have lower levels of plasma and cellular ascorbate, 
according to research by (L. Zhu and L. Chen). Ascorbate lev-
els drop when a person is sick, and this is thought to be due 
to increased turnover brought on by oxidative and metabolic 
stress [25].

Conclusion

our study indicates that smoking status is associated with sig-
nificant differences in vitamin levels, including the Superoxide 
Dismutase (SOD) enzyme, vitamin D3, vitamin E, and vitamin 
C, in relation to lung cancer. However, no significant differ-
ences were found when comparing vitamin levels between 
smokers and non-smokers within the same group. These find-
ings underscore the importance of considering smoking status 
when studying the relationship between vitamins and lung 
cancer risk. 
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