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Summary

The primary aim of this research was to evaluate the oxidative stress markers and the level 
of oxidative DNA damage in the pathogenesis of head and neck cancer. 

Sixty-two subjects matched for age and gender, including 31 patients with head and neck 
cancer and 31 control patients without cancer symptoms, were enrolled in our study. In our 
work, the activity of antioxidant enzymes: catalase (CAT), superoxide dismutase (SOD) and 
glutathione peroxidase (GPX), as well as a total antioxidant status (TAS), were estimated. 
Additionally, an alkaline comet assay was used to measure the level of DNA damage in the 
group of patients with head and neck cancer and the group of healthy control patients. These 
tests were performed on a blood sample with and without prior incubation of dinitratebis 
(1-phenyl-5-(2-hydroxyphenyl)-3-methyl-N1pyrazol-κN2)cooper(II).

Significant increases of SOD, GPX CAT, TAS (P <0.001) were seen in blood from patients with 
head and neck cancer and prior incubation of cooper (II) component compared to blood from 
healthy controls without prior incubation of analyzed chemical. Moreover, we did not observe 
any relationship between the level of DNA damage and the studied component dinitratebis 
(1-phenyl-5-(2-hydroxyphenyl)-3-methyl-N1pyrazol-κN2)cooper(II) in the group of patients 
with head and neck cancer or in healthy controls.

Free radicals such as reactive oxygen species, which induce oxidative stress, may contribu-
te to head and neck carcinogenesis. Therefore, we suggest that modulation of pro-oxidant 
/antioxidant status might be a relevant target for both prevention and therapy.
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CAT, SOD, GPX, head and neck cancer, copper complex

with complexes of copper O2 biomimetic. Ions were  
biologically interesting ligand studied in detail [11].

The aim of the study was to analyze the antioxidant prop-
erties of Cu(II) coordination compound in head and neck 
tumors and their impact on DNA. These coordination com-
pounds play a significant role in removing and reducing 
the creation of free radicals, which defends the body from 
the negative effects of their actions. These coordination 
compounds also aid the antioxidant system, which includes 
among other antioxidant enzymes: superoxide dismutase 
(SOD), catalase (CAT), peroxidase glutathione (GPx), low 
molecular weight antioxidants like reduced glutathione 
(GSH), vitamins A and E, melatonin, and many other com-
pounds. Metal elements do not naturally occur in living 
organisms; however, their complex compounds are widely 
used for medical as well as biological purposes [16, 18, 24]. 
The specific objective of our project is to investigate the 
antioxidant enzymes: SOD, CAT, GPx. Additionally, an alka-
line comet assay was used to determine the extent of blood 
lymphocyte DNA damage under the influence of copper(II). 
The study also tested TAS in the plasma of patients.

MATERIALS AND METHODS

Material 

Patients

Sixty-two patients with head and neck cancer (group A), 
40 men and 22 women, mean age 51.8 ±11.1 years were 
enrolled in this study. The study group was subdivided 
into subgroups A1 (n = 31) and A2 (n = 31). The control 
group (B) consisted of sixty-two subjects, 32 men and 30 
women, mean age 62.1 ±17.7 years, with no symptoms of 
head and neck cancer. The control was also divided into 
subgroups B1 (n = 31) and B2 (n = 31). Blood from A1 and 
B1 group were incubated with dinitratebis (1-phenyl-5- 
-(2-hydroxyphenyl)-3-methyl-N1pyrazol-κN2)cooper(II), 
group A2 and B2 were not subjected to prior incubation.

All patients from both groups were hospitalized in the Head 
and Neck Tumors Surgical Ward of the Second Otolaryngology 
Department of the Medical University in Lodz. Patients in 

INTRODUCTION 

Squamous cell carcinoma is a type of a cancer arising from 
the non-keratizing stratified epithelium. It represents a great 
majority of the neoplasms of the upper respiratory and 
digestive tract. This group of neoplasms is more commonly 
known as head and neck squamous cell carcinoma (HNSCC) 
and it represents 90% of all head and neck neoplasms. The 
remaining 10% of head and neck neoplasms are adenocarci-
nomas, lymphatic malignancies and tumors of the salivary 
glands [1, 32, 33]. HNSCC is one of the most burdensome 
types of neoplasms for suffering patients. The deterioration 
of the upper aero-digestive tract that results from HNSCC has 
a negative influence on the psychological and the sociologi-
cal sphere of life. Despite displaying various clinical courses, 
HNSCCs share many common features. Patients affected 
by cancer of the head and neck region have a 12–35% risk 
of developing a second form of cancer, unrelated to the pri-
mary tumor in this location. Patients suffering from HNSCC 
are the sixth most commonly diagnosed group of patients 
with newly diagnosed neoplastic diseases [17, 37, 41]. 

Statistical data shows that worldwide more than 650.000 
new cases of HNSCCs are diagnosed and 300.000 deaths 
are reported, annually. The regions with the highest can-
cer incidence are South and Southeast Asia [14]. The inci-
dence of head and neck cancer is five times higher among 
male, smokers and alcohol drinking individuals. Moreo-
ver, affected patients are most commonly 50–70 years old  
[8, 20, 21, 29, 48].

Epithelial tumors of the head and neck region constitute 
between 5.5 to 6.2% of all malignant tumors registered in 
Poland, including about 8% men and about 2% women, 
which is approx. 5.500 to 6.000 new cases per year according 
to National Cancer Registry. Moreover, in Poland, head and 
neck neoplasms arise mainly in the larynx. Less common 
localizations are the tongue and the tonsils, rarely the phar-
ynx, the nose and the paranasal sinuses [9, 39, 44]. Copper(II) 
plays an important biological role in all living cells. Cu(II) 
complexes with organic ligands are used as analgesics, 
antipyretics, anti-inflammatory, agents, and anti-platelet 
aggregation compounds. Because of the redox properties 
and interaction between Cu(II)/Cu(I), copper complexes 
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subgroups A1 and A2 of the study were required to have 
histopathologically diagnosed head and neck cancer and 
no family history within relatives of the first and second 
degree. The control group was recruited from patients 
without head and neck cancer syndromes and other forms 
of cancer. All patients and control subjects were Caucasian. 
The study was conducted based on permission from the 
Bioethics Committee (No. RNN/142/09/KB). Blood samples 
were collected in 5 ml EDTA tubes. Before collection, each 
patient was informed of the whole procedure and the aim 
of the project. All the patients and controls were age and 
sex matched (no difference calculated, P > 0.05).

Methods 

Synthesis of complex 1C

Copper(II) nitrate Cu(NO3)2∙H2O (22.5 mg, 0.93 mmol) 
was dissolved in 2 ml ethanol and was added dropwise at 
room temperature to a stirred solution of ligand 1 B 1-phe-
nyl-5- -(2-hydroxyphenyl)-3-methylpyrazole (44.3 mg, 
0.18 mmol) in ethyl acetate (10 ml). The reaction solution 
was stirred for 48 hours at room temperature. The result-
ing green solid 1C was obtained by the diffusion of diethyl 
ether into the mixture. Yield: 28.9 mg, mp 257.5–263.0°C. 
Anal. Calcd. for 1C C30H28N6O8Cu·3H2O (718.1 g/mol) C, 
66.84%; H, 4.73%; N, 11.69%; Cu 8.84%. Found: C, 66.18%; H, 
4.15%; N, 11.13%; Cu, 9.25%. FTIR (KBr, cm−1): ν(O–H) 3286; 
ν(C–CH3) 3089; ν(C N) 1545, 1618.

Blood sample preparation

Peripheral blood lymphocytes from healthy donors and 
HNSCC patients were isolated by centrifugation (15 min, 
280xg) in a density gradient in histopaque-1077 (Sigma, Saint 
Louis, MO, USA). Viability of lymphocytes was determined by 
use of trypan blue exclusion and was >97%. The suspension,  
at a density of 1×106 cells/ml of PBS, was prepared for 

 

N
N

OH CH3

the comet assay. Erythrocytes were separated from blood 
plasma by centrifugation (10 min, 710 g) at 4°C and washed 
three times with 0.9% NaCl before examination.

Comet assay

DNA damage, such as single and double strand breaks and 
alkali labile sites, was measured by the single-cell electro-
phoresis method [23, 43]. In this case, the comet assay was 
performed under alkaline conditions. To assess the level 
of DNA damage, isolated lymphocytes from patients with 
head and neck cancer as well healthy control individuals 
were exposed to different concentrations (20, 30, 40 and 
50 µM) of 1C – 30 min at 37oC (longer incubation did not 
change the level of DNA damage). The control lymphocytes 
were incubated in-free RPMI1640 medium (Sigma, Saint 
Louis, MO, USA). After exposure to 1C, the cells were cen-
trifuged and washed twice by PBS. A suspension of cells in 
0.75% Low Melting Point (LMP) agarose (Sigma, Saint Louis, 
MO, USA) dissolved in PBS was spread onto microscope 
slides (Superior Marienfeld, Lauda-Königshofen, Germany) 
precoated with 0.5% normal-melting agarose (Sigma, Saint 
Louis, MO, USA). 

The cells were then lysed overnight at 4°C in a buffer con-
sisting of 2.5 M NaCl, 100 mM EDTA, 1% Triton X-100, 10 mM 
Tris, pH 10. After lysis, the slides were placed in running 
buffer (300 mM NaOH, 1 mM EDTA, pH > 13) for 20 min-
utes at 4°C, then electrophoresis was conducted at 4°C (the 
temperature of the running buffer did not exceed 12°C) for  
20 min at the electric field strength of 0.73 V/cm (28mA). 
The slides were then neutralized with 0.4 M Tris, pH 7.5, 
stained with 2 μg/ml DAPI, and covered with cover slips. 
To prevent additional DNA damage, all the steps described 
previously were conducted under dimmed light or in the 
dark.

The objects were observed at 200× magnification in an 
Eclipse fluorescence microscope (Olympus OVK-S5-022-FL 
attached to video camera) equipped with a UV-1 filter 
block (an excitation filter of 359 nm and a barrier filter of 
461 nm). To imagine analyses, CaspLab Comet Assay Soft-
ware was used. Two parallel tests with aliquots of the same 
sample of cells were performed for a total of 100 cells, and 
the mean percentage of DNA in the comet tail (Tail DNA %) 
was calculated. This quantity is positively correlated with 
the level of DNA breakage in a cell and was taken as an 
index of DNA damage in each sample.

Spectrophotometric analysis 

The analyzed material was comprised of 4 mL blood sam-
ples collected in vacuum tubes containing anticoagulant 
(EDTA). Part of the blood samples were subjected to prior 
incubation with 1C (A1 and B1), the other part were not 
(A2 and B2). The blood was centrifuged for 10 minutes at 
3.500 revolutions per minute. Plasma was removed, and 
the remaining red cells were rinsed three times with 0.9% 
NaCl solution. The conditions for centrifugation were sta-
ble. Next, after removing the supernatant, 1ml of water and 

Fig. 1. Ligand 1B; 1-phenyl-5-(2-hydroxyphenyl)-3-methylpyrazole
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auto-oxidation of adrenaline inhibited by CuZn-SOD. One 
unit of SOD activity is defined as the amount of enzyme 
inhibiting the adrenaline auto-oxidation at 50%.

Total antioxidant status determination

Determination of total antioxidant status in blood plasma 
was performed via the spectrophotometric method of 
procedure no. NX2332 by Randox (Randox Laborato-
ries Ltd. Ardmore, Diamond Road, Crumlin, Co Antrim, 
United Kingdom, BT29 4QY). In brief, ABTS (2,2’-Azino-di-
[3ethylbenzthiazoline sulphonate]) was incubated with 
peroxide (metmyoglobin) and H2O2 to produce the radi-
cal cation ABTS with a relatively stable blue-green colour. 
Antioxidants, when added in examined sample, suppressed 
this colour production, measured as a decrease of absorb-
ance with a spectrometer (UV/VIS Spectrometer Lambda 
14P, Perkin Elmer, USA) at 600 nm. The total antioxidant 
status was calculated as concentration of antioxidants 
[mmol/l].

Statistical analysis

The data in this study were analysed for three separate 
experiments from each analysed patient or control sample. 
Enzyme activity status and total antioxidant status were 
expressed as mean value ± SD. Blinded replicate samples 
were used for quality control (QC). If no significant dif-
ferences between variations were found, as assessed by 
the Snedecor-Fisher test, the differences between means 
were evaluated by applying the Student’s t-test. Other-
wise, the Cochran-Cox test was used. The values from the 
comet assay were expressed as a mean percentage of DNA 
damage ±SEM (standard error of the mean). An ANOVA 
was performed and, where positive, a t-test was used to 
compare each dose level to the appropriate control. The 
statistical significance was defined as p <0.05. The data 
was analyzed using the STATISTICA (StatSoft, Tulsa, OK) 
statistical package.

RESULTS

Tables 1 and 2 show an antioxidant status in head and neck 
cancer patients (group A) and healthy subjects (group B) 
measured as activity of CAT, SOD, GPx as well as TAS. Our 
data indicates that the addition of Cu(II) compounds (group 
A1 and B1) leads to statistically significant increases in 
enzyme activities in comparison to samples without prior 
incubation of analyzed chemical (group A2 and B2). 

Table 1, 2 shows the mean activity of CAT as Bergmeyer 
units [BU/g Hb], SOD as adrenaline units [U/g Hb/100ml], 
GPX as enzymatic units [U/g Hb], and TAS, calculated as 
concentration of antioxidants [mmol/l].

SOD levels increased in the A1 (2533.84 ± 807.31) study 
group after addition of 1C complex and control group B1 
(2606.51 ±471.62) compared to A2 (1276.73 ±563.80) and 
B2 (1997.42 ±842.78) without Cu(II) complex. Significant 
results were obtained for groups A1 and A2, P <0.001 and for 

1ml of mixture (80 μl of 1Ccomplex and 920 μl of blood) 
were added to the rinsed erythrocytes in a 1:1 ratio, the 
whole mixture was later incubated at 37°C for 15 min, then 
hemolysis was performed (1ml of mixture: 1 ml of water) 
and the solution was frozen at –7°C. These prepared solu-
tions were used for later tests.

Hemoglobin assay

Hemoglobin (Hb) concentration in erythrocyte 
hemolysates was estimated at 540 nm using a spectrome-
ter (UV/VIS Spectrometer Lambda 14P, Perkin Elmer, USA) 
after conversion into cyanmethemoglobin with Drabkin 
reagent (Aqua-Med, Poland). Hb concentration was needed 
to calculate the activity of antioxidant enzymes [47].

Catalase activity

Catalase activity in erythrocytes was determined accord-
ing to spectrophotometric procedure by Beers and Sizer [2] 
and calculated as Bergmeyer units (BU/g Hb). CAT activ-
ity was measured at 25oC by recording H2O2 decomposi-
tion at 240 nm with a spectrometer (UV/VIS Spectrometer 
Lambda 14P, Perkin Elmer, USA). One Bergmeyer unit (BU) 
of this activity is defined as the amount of enzyme decom-
posing 1 g of H2O2 per min.

Glutathione peroxidase activity

Organic cumene hydroxide was used as a substrate for the 
enzyme. The control and test samples were placed into cen-
trifuge tubes, adding 0.1 ml of 50-fold diluted hemolysate 
and 0.7 ml of 50 mM Tris – HCl buffer solution with  
pH = 7.6. The whole solution was incubated at 37°C for 10 
minutes, then 0.1 ml of reduced glutathione in buffer solu-
tion was added to control solutions, while 0.1 ml of reduced 
glutathione and 0.1 ml of 0.05% cumene in Tris – HCl buffer 
were added to the test sample. Both specimens were placed 
in a water bath at 37°C. After that, the samples were cooled 
down to room temperature and 1.0 ml of aqueous 20% ACA 
solution was added, while 0.1 ml of 0.05% cumene solution 
in Tris – HCl were added to control samples. In the next 
stage, the specimens were centrifuged for 10 minutes at 
1400xg. Following centrifugation, the solution was added 
to 1.0 ml of supernatant containing reduced glutathione 
unused in reduction of cumene by the enzyme, which con-
tained 2.0 ml 0.4M Tris – HCl buffer with pH = 10.0 and 0.1 
ml of 1C alcohol solution. These samples were analyzed, 
measuring the absorbance with respect to the control at 
a wavelength of 412 nm. The activity of the enzyme was 
given in U/gHb [28].

Superoxide dismutase activity

Superoxide dismutase activity in erythrocytes was meas-
ured according to a procedure by Misra and Fridovich 
[34] and is expressed in adrenaline units [U/g Hb/100 ml]. 
SOD activity was determined at 37oC by an increase in the 
absorbance at 480 nm with a spectrometer (UV/VIS Spec-
trometer Lambda 14P, Perkin Elmer, USA) followed by the 
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Table 1. Effects of the complex Cu (II) on the activity of CAT, SOD, GPX in HNSCC with (A1) and without (A2) exposure to 1C complex

Patient group (A) N = 62

Enzymes
Study group exposure to 1C (A1)
(N = 31)

Study group does not have exposure to 1C (A2)
(N = 31)

p-value

CAT [BU/g Hb]

ZnCu SOD [U/gHb/100ml]

GPx [U/g Hb]

TAS

16.12 ±7.76

2533.84 ±807.31

64.31 ±15.15

1.49 ±0.33

11.88 ±4.02

1276.73 ±563.80

42.86 ±27.40

1.11 ±0.21

0.009

<0.001

<0.001

<0.001

Table 2. Effects of the complex Cu (II) on the activity of CAT, SOD, GPX controls (B1) and (HNSCC) compared to group (B2)

Control group (B) N = 62

Enzymes
Study group exposure to 1C (B1)
(N = 31)

Study group does not have exposure to 1C (B2)
(N = 31)

p-value

CAT [BU/g Hb]

ZnCu SOD [U/gHb/100ml]

GPx [U/g Hb]

TAS

20.65 ±6.10

2606.51 ±471.62

66.91 ±14.19

1.47 ±0.31

12.64 ±3.41

1997.42 ±842.78

60.84 ±14.21

1.44 ±0.38

0.009

<0.001

0.098

0.737

Table 3. Relationships between patient groups and controls regarding smoking, alcohol consumption and gender

Variable Patients (%)           Control (%)               OR (95%CI)                p – value

Tobacco consumption

Yes 36 (58.06)             8 (12.90)                   Reference

No 26 (41.94) 54 (87.10) 9.35 (3.81–22.93) ↑ <0001

Alcohol consumption

Yes 24 (38.70) 18 (29.03) Reference

No 38 (61.30) 44 (70.97) 1.54 (0.73–3.27) 0.34

Gender

Male 40 (64.51) 32 (51.61) Reference

Female 22 (35.49) 30 (48.39) 1.70 (0.83–3.50) 0.20
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groups B1 and B2, P <0.001. Furthermore, the results among 
the groups A2 and B2, without the use of a copper(II) were 
statistically significant; P <0.001.

Tables 1 and 2 show the mean activity of the enzyme 
group A1 (64.31 ±15.15) as well as the control group B1  
(66.91 ±14.19) after use of the complex compound com-
pared to the activity of the GPX group A2 (42.86 ±27.40) 
and B2 (60.84 ± 14.21). Statistically significant results were 
obtained for A1 and A2 groups; P <.001 and for A2 and B2 
groups; P <0.002.

Tables 1 and 2 also show an average activity of the enzyme 
CAT in groups A1 (16.12 ±7.76), B1 (20.65 ±6.10), enzyme 
activity increased in comparison with reference group A2 
(11.88 ±4.02) and B2 (12.64 ±3.41). For CAT enzymes, statis-
tically significant results were obtained for A1 compared 
toA2; P = 0.009, B1 compared to B2; P = 0.009 and for A1 
compared to B1; P = 0.013.

The total antioxidant status was significantly higher in 
patients with head and neck cancer A1 (1.49 ±0.33) with the 
use of the Cu(II) complex than in A2 (1.11 ±0.21); P <.001, 
and in control group B1 (1.47 ±0.31) in reference to B2  
(1.44 ±0.38). Statistically significant results were obtained 
for groups B1 and B2; P <0.001.

Relationships between patient groups and controls regard-
ing smoking, alcohol consumption and gender are summa-
rized in Table 3. The study reported that the prevalence of 
cigarette smoking among patients with HNSCC was higher 
than in control (P<0001).

Figs. 2 and 3 show the level of DNA damage after incuba-
tion with dinitratebis(1-phenyl-5-(2-hydroxyphenyl)-3- 
-methyl-N1pyrazol-κN2)cooper(II) in 20, 30, 40, and 50 µM 
concentrations, for 30 minutes in 37oC. The results from 
our studies have not shown statistically significant changes 
in the level of DNA damage in groups of patients with head 
and neck cancer or in healthy control patients in each 
tested concentration.

DISCUSSION

The year-on-year increase in cancer incidence makes neo-
plastic diseases one of the most important problems that 
molecular biology must deal with in the beginning of the 
twenty-first century. Despite advancements in treatment 
options, laboratories all over the world are continuously 
running experiments that seek to discover mechanisms 
responsible for the formation and development of cancer. 
In order to develop more effective diagnostic and thera-
peutic techniques, it is essential to understand the molecu-
lar basics of malignant transformation.

Antioxidants are chemical compounds that exhibit pro-
tective effects and suppress oxidation reactions, success-
fully neutralizing the formation of free radicals, which can 
damage our genetic material. If they are regularly provided 
to our bodies, they support our health and lower the risk 

of developing diseases of affluence, including cancer [31]. 
Head and neck cancer is a major problem and its prevalence 
has increased significantly in the past few years. Research 
on the etiopathogenesis of these neoplasms has existed for 
years; however, it was not until the second half of the past 
century that scientists became drawn to the inflammatory 
theory of their origin [3]. There are many various risk fac-
tors for the development of head and neck cancers, includ-
ing carcinogens contained in tobacco smoke, high-proof 
alcohol, improper diet, and insufficient oral hygiene [45]. 
In addition to exogenous factors, oncogenic viruses, such 
as human papilloma virus and Epstein-Barr virus, should 
be considered. These factors are often accompanied by an 
excessive production of reactive oxygen and nitrogen spe-
cies. One of the aftereffects of the overproduction of free 
radicals is the lipid peroxidation process, resulting in dis-
integration of polyunsaturated fat. Aldehydes, ketones 
and hydrocarbons are the products of this process [36]. 
According to Word Health Organization (WHO), smoking 
kills more than 8 million people every year [49]. Smokers 
inhale reactive oxygen species (ROS) present in tobacco 

Fig. 2. The level of DNA damage after incubation with different concentration 
of dinitratebis (1-phenyl-5-(2-hydroxyphenyl)-3-methyl-N1pyrazol-κN2)
cooper(II)  in group of patients with head and neck cancer (A1)

Fig. 3. The level of DNA damage after incubation with different concentration 
of dinitratebis(1-phenyl-5-(2-hydroxyphenyl)-3-methyl-N1pyrazol-κN2)
cooper(II) in control group (B1)



388

Postepy Hig Med Dosw (online), 2020; tom 74: 382-390

smoke and tar. ROS activity has mutagenic effects, which 
may result in oxidative damage of biomolecules, such as  
proteins, DNA and lipids [19, 20, 46]. Drawing on literature data,  
we conclude that smoking affects developing extrapulmonary 
malignant neoplasms, including head and neck cancers [49].

The literature describes indicators of prooxidative-antiox-
idative balance in patients with various diseases, includ-
ing ulcerative colitis, esophageal cancer, and laryngeal 
cancer [7, 10, 38]. In this study, the advantage of oxida-
tive reactions over antioxidative reactions and protecting 
organisms from damaging influence of free radicals was 
observed. These results prove objectives concerning the 
intensity of lipid peroxidation process. Under conditions of 
oxidative stress, which degrade antioxidative protections, 
cells are not able to keep up with repairing damaged and 
modified protein and lipid structures. This results in higher 
occurrence of DNA mutation as well as increased perme-
ability of cell membranes and decreased biological activity 
of many proteins. These changes lead to the development 
and multiplication of genetically unstable cells, which are 
characterized by a partial or complete lack of sensitivity to 
signals that induce programmed cell death via apoptosis. 
The cause of increased mitochondrial DNA mutations in 
head and neck cancer is explained by research that shows 
mitochondrial DNA, which in contrast to nuclear DNA, is 
not protected by histones and, thus, has weaker repair sys-
tems; mitochondrial DNA repair consists of excision of mis-
matched bases [5].

HNSCC is strongly associated with tobacco use. The risk for 
that type of cancer in smokers is approximately 10 times 
higher than that of never-smokers, additionally 70–80% 
of new HNSCC diagnoses are associated with tobacco and 
alcohol use. The number of patients who are active smok-
ers included in this study are statistically significantly 
larger than controls [45].

ROS are incapacitated by an enzymatic antioxidative bar-
rier, the first line of defense, consisting of the enzymes CAT, 
GPx and SOD. SOD, which is found in the cellular cytoplasm, 
catalyzes the dismutation reaction of a superoxide anion 
radical to hydrogen dioxide and molecular oxygen. Next, 
it is reduced by CAT and GPx. Based on literature data, can-
cerous cells in patients with head and neck cancer exhibit 
decreased activity of antioxidative enzymes compared to 
control groups. Gokul et al. [12] describe disorders in pro/
antioxidative balance in patients with squamous cell car-
cinomas of the oral cavity. The authors found free-radical 
reactions to outweigh antioxidative reactions. Decreased 
antioxidative protection was shown via assessment of 
superoxide dismutase and catalase activity. The study 
also stated that an imbalance between pro/antioxidative 
reactions is acknowledged as one of the factors respon-
sible for pathogenesis of cancer in patients. Elsewhere, 
increased concentrations of reactive oxygen and nitrogen 
species were found to result in a decreased presence of 
components of the antioxidative barrier: total antioxida-
tive status and glutathione concentration were reduced by 
excessive generation of free radicals in patients with head 

and neck cancer [26]. Patel et al. [35] compared the concen-
tration of nitrogen oxide and the activity of SOD and CAT 
in patients with erythroplakia, patients with preinvasive  
cancer, patients with invasive cancer, and healthy indi-
viduals with or without tobacco habits. The level of nitro-
gen oxide was higher in both stages of carcinogenesis than 
healthy patients. The lowest erythrocyte SOD and CAT 
activity was measured in patients with advanced cancer, 
particularly those with carcinoma of the oral cavity. Inter-
estingly, smokers and patients with erythroplakia had 
elevated erythrocyte SOD and CAT activity regarding com-
pared to control groups without tobacco habits. Gurudath 
et al. [15] found a statistically significant decrease in SOD 
and GPx activity in patients with two different pre-cancer-
ous conditions of the oral cavity, that is, oral submucous 
fibrosis and leukoplakia, and in patients with invasive can-
cer, compared to healthy individuals.

A significant and fascinating area of modern medical 
research is centered on determining the pro/antioxida-
tive activity of new complex compounds with copper(II) 
ions, which have the potential to be used as drugs for the 
fight against agents causing cancer [6, 13, 40]. These cop-
per compounds occur naturally in living organisms, and 
their synthetic complexes have been applied in medicine 
and biology.

Azoles are heterocyclic chemical compounds that con-
tain nitrogen atoms. The diazole derivatives have antiox-
idative properties that provide protection from oxidative 
stress. Research by Malinowska et al. [31] shows the influ-
ence of a copper(II) diaka-tetra (N1,3-triazol,ĸN2) com-
plex and its antioxidative potential on CAT, GPx, and SOD 
activity in patients with nasal polyps. This study showed 
decreased CAT, SOD, and GPx activity in patients group A2, 
compared to the group A1. It was also shown that enzyme 
activity increases in control group B1, compared to group 
B2. This research demonstrated that the copper(II) diaka-
tetra (N1,3-triazol-ĸN2) complex has an impact on anti-
oxidative enzyme activity. Kupcewicz et al. [27] analyzed a 
number of pyrazole complex compounds and determined 
their electrochemical and antioxidative properties, as well 
as toxicity. The authors stated that these compounds, inter 
alia, lower the concentration of ROS in cancer cells. 

The results of total antioxidative status (TAS) confirmed 
that pyrazole coordination compounds with copper(II) 
ions have a substantial impact on increasing its level. 
Kubiak et al. [25] obtained valuable results in their study 
of the following complexes: dinitrate (V) tetra(3,4,5-
-trimethyl-N1-pyrazole-κN2) copper(II), dichloro 
di(3,4,5-trimethyl-N1-pyrazole-κN2) copper(II), dini-
trate (V) di(1,4,5-trimethyl-N1-pyrazole-κN2) copper(II), 
and dichloro di(1,3,4,5-tetramethyl-N1-pyrazole-κN2) 
copper(II) in patients with colorectal cancer. Patients with 
cancer have statistically significant decreases in SOD and 
CAT activity compared to the control group (P <0.05). It 
was observed that the aforementioned compounds con-
siderably increase antioxidative activity of CAT and SOD in 
patients with colorectal cancer.
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Our results confirm those of Malinowska et al. [30]. In  
a study group of patients with HNSCC, the activity of GPx 
increases in the study group without complex, compared 
to patients from the same group after (Cis-dichloro-bis(N1-
hydroxymethyl-3-methylpyrazol-ĸN2) copper(II) com-
plex administration. In the control group, enzyme activity 
increases after newly synthesized complex compound 
administration) compared to the control group without the 
pyrazole complex. Our findings confirm that a significant 
increase of enzymatic activity takes place in both groups, 
i.e. patient group A1 and control group B1, compared to the 
activity of groups A2 and B2 (P <0.001); (Tables 1 and 2). 

These features are confirmed by the results of the total 
antioxidative status for patient group treated with the 
compound and for the control group with 1-phenyl-5-(2-
-hydroxyphenyl)-3-methylpyrazole with copper(II). To 
conclude, we can state that complex compounds with 
copper(II) ions may have antioxidative properties. The 
findings show that head and neck cancer cells are charac-
terized by highly disturbed oxidative processes, which sug-
gests pro/antioxidative mechanisms play a major role in 
HNSCC cancerogenesis [22, 42].

Our study examines also the relationship between studied 
component and the level of DNA damage. It seems that the 
use of the organic compounds, which would have the func-
tion of the carriers, should minimize the potential toxic 
effect. The possibility of reducing drug toxicity is the main 
reason for choosing the derivatives of the compounds from 
the diazole group.

CONCLUSIONS

Our data shows that the presented cooper(II) complex may 
increase the level of antioxidant enzymes and probably 
does not introduce additional lesions to DNA structure, 
but further studies are needed to confirm these results. 
We believe that our component may present with activ-
ity against cisplatin-resistant neoplastic cells. We took an 
analysis of influence of the copper complex on DNA struc-
ture and activity of antioxidant enzymes. We believe that 
our future studies will help answer the question whether 
and how metal – ligand complex may help in the inhibition 
process of carcinogenesis.

[1] Alsahafi E., Begg K., Amelio I., Raulf N., Lucarelli P., Sauter T., 
Tavassoli M.: Clinical update on head and neck cancer: Molecu-
lar biology and ongoing challenges. Cell Death Dis., 2019; 10: 540

[2] Beers R.F. Jr, Sizer I.W.: A spectrophotometric method for meas-
uring the breakdown of hydrogen peroxide by catalase. J. Biol. 
Chem., 1952; 195: 133–140

[3] Bonomi M., Patsias A., Posner M., Sikora A.: The role of inflam-
mation in head and neck cancer. Adv. Exp. Med. Biol., 2014; 816: 
107–127

[4] Bray F., Ferlay J., Soerjomataram I., Siegel R.L., Torre L.A., Jemal 
A.: Global cancer statistics 2018: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA Cancer 
J. Clin., 2018; 68: 394–424

[5] Challen C., Brown H., Cai C., Betts G., Paterson I., Sloan P., West 
C., Birch-Machin M., Robinson M.: Mitochondrial DNA mutations 
in head and neck cancer are infrequent and lack prognostic utility. 
Br. J. Cancer, 2011; 104: 1319–1324

[6] Ciolkowski M., Paneth P., Lorenz I.P., Mayer P., Rozalski M., Kra-
jewska U., Budzisz E.: Tautomeric forms study of 1H-(2’-pyridyl)-
3-methyl-5-hydroxypyrazole and 1H-(2’-pyridyl)-3-phenyl-5-hy-
droxypyrazole. Synthesis, structure, and cytotoxic activity of their 
complexes with palladium(II) ions. J. Enzyme Inhib. Med. Chem., 
2009; 24: 1257–1268

[7] Devi G.S., Prasad M.H., Saraswathi I., Raghu D., Rao D.N., Reddy 
P.P.: Free radicals antioxidant enzymes and lipid peroxidation in 
different types of leukemias. Clin. Chim. Acta, 2000; 293: 53–62

[8] Dhull A.K., Atri R., Dhankhar R., Chauhan A.K., Kaushala V.: Ma-
jor risk factors in head and neck cancer: A retrospective analysis 
of 12-year experiences. World J. Oncol., 2018; 9: 80–84

[9] Didkowska J., Wojciechowska U., Olasek P.: Cancer in Poland in 
2015. Ministry of Health, Warsaw 2017. http://onkologia.org.pl/
wp-content/uploads/Nowotwory_2015.pdf (13.11.2019)

[10] Dursun H., Bilici M., Uyanik A., Okcu N., Akyüz M.: Antioxidant 
enzyme activities and lipid peroxidation levels in erythrocytes of 
patients with oesophageal and gastric cancer. J. Int. Med. Res., 
2006; 34: 193–199

[11] Festa R.A., Thiele D.J.: Copper: An essential metal in biology. 
Curr. Biol., 2011; 21: R877–R883

[12] Gokul S., Patil V.S., Jailkhani R., Hallikeri K., Kattappagari K.K.: 
Oxidant-antioxidant status in blood and tumor tissue of oral squa-
mous cell carcinoma patients. Oral Dis., 2010; 16: 29–33

[13] Grazul M., Besic-Gyenge E., Maake C., Ciolkowski M., Czyz M., 
Sigel R.K., Budzisz E.: Synthesis, physico-chemical properties and 
biological analysis of newly obtained copper(II) complexes with 
pyrazole derivatives. J. Inorg. Biochem., 2014; 135: 68–76

[14] Gupta B., Johnson N.W., Kumar N.: Global epidemiology of head 
and neck cancers: A continuing challenge. Oncology, 2016; 91: 13–23

[15] Gurudath S., Ganapathy K.D., Pai A., Ballal S.M.: Estimation 
of superoxide dismutase and glutathione peroxidase in oral sub-
mucous fibrosis, oral leukoplakia and oral cancer – a comparative 
study. Asian Pac. J. Cancer Prev., 2012; 13: 4409–4441

[16] Haas K.L., Franz K.J.: Application of metal coordination chem-
istry to explore and manipulate cell biology. Chem. Rev., 2009; 
109: 4921–4960

[17] Howren M.B., Christensen A.J., Karnell L.H., Funk G.F.: Psycho-
logical factors associated with head and neck cancer treatment and 
survivorship: Evidence and opportunities for behavioral medicine. 
J. Consult. Clin. Psychol., 2013; 81: 299–317

[18] Iakovidis I., Delimaris I., Piperakis S.M.: Copper and its com-
plexes in medicine: A biochemical approach. Mol. Biol. Int., 2011; 
2011: 594529

[19] IARC Working Group on the Evaluation of Carcinogenic Risks to 
Humans.: Tobacco smoke and involuntary smoking. International 
Agency for Research on Cancer, Lyon 2004

REFERENCES



390

Postepy Hig Med Dosw (online), 2020; tom 74: 382-390

[36] Pizzimenti S., Toaldo C., Pettazzoni P., Dianzani M.U., Barrera 
G.: The “two-faced” effects of reactive oxygen species and the li-
pid peroxidation product 4-hydroxynonenal in the hallmarks of 
cancer. Cancers, 2010; 2: 338–363

[37] Priante A.V., Castilho E.C., Kowalski L.P.: Second primary tu-
mors in patients with head and neck cancer. Curr. Oncol. Rep., 
2011; 13: 132–137

[38] Roessner A., Kuester D., Malfertheiner P., Schneider-Stock R.: 
Oxidative stress in ulcerative colitis-associated carcinogenesis. 
Pathol. Res. Pract., 2008; 204: 511–524

[39] Rusin P., Markiewicz Ł., Majsterek I.: Genetic predetermina-
tions of head and neck cancer. Postępy Hig. Med. Dośw., 2008; 62: 
490–501

[40] Schepetkin I., Potapov A., Khlebnikov A., Korotkova E., Lukina 
A., Malovichko G., Kirpotina L., Quinn M.T.: Decomposition of re-
active oxygen species by copper(II) bis(1-pyrazolyl)methane com-
plexes. J. Biol. Inorg. Chem., 2006; 11: 499–513

[41] Siegel R.L., Miller K.D., Jemal A.: Cancer statistics, 2018. CA. 
Cancer J. Clin., 2018; 68: 7–30

[42] Singh A.K., Pandey P., Tewari M., Pandey H.P., Gambhir I.S., 
Shukla H.S.: Free radicals hasten head and neck cancer risk: A study 
of total oxidant, total antioxidant, DNA damage, and histological 
grade. J. Postgrad. Med., 2016; 62: 96–101

[43] Singh N.P., McCoy M.T, Tice R.R., Schneider E.L.: A simple tech-
nique for quantitation of low levels of DNA damage in individual 
cells. Exp. Cell Res., 1988; 175: 184–191

[44] Steuer C.E., El-Deiry M., Parks J.R., Higgins K.A., Saba N.F.: An 
update on larynx cancer. CA. Cancer J. Clin., 2017; 67: 31–50

[45] Sturgis E.M., Wei Q., Spitz M.R.: Descriptive epidemiology and 
risk factors for head and neck cancer. Semin. Oncol., 2004; 31: 
726–733

[46] Valavanidis A., Vlachogianni T., Fiotakis K.: Tobacco smoke: 
Involvement of reactive oxygen species and stable free radicals in 
mechanisms of oxidative damage, carcinogenesis and synergistic 
effects with other respirable particles. Int. J. Environ. Res. Public. 
Health, 2009; 6: 445–462

[47] van Kampen E.J., Zijlstra W.G.: Standardization of hemoglobi-
nometry. II. The hemiglobincyanide method. Clin. Chim. Acta, 1961; 
6: 538–544

[48] Vigneswaran N., Williams M.D.: Epidemiologic trends in head 
and neck cancer and aids in diagnosis. Oral Maxillofac. Surg. Clin. 
North Am., 2014; 26:123–141

[49] WHO. Tobacco 2019. https://www.who.int/news-room/fact-
sheets/detail/tobacco (17.12.2019)

The authors have no potential conflicts of interest to declare.

[20] Jethwa A.R., Khariwala S.S.: Tobacco-related carcinogenesis 
in head and neck cancer. Cancer Metastasis Rev., 2017; 36: 411–423

[21] Kawakita D., Matsuo K.: Alcohol and head and neck cancer. 
Cancer Metastasis Rev., 2017; 36: 425–434

[22] Kesarwala A.H., Krishna M.C., Mitchell J.B.: Oxidative stress in 
oral diseases. Oral Dis., 2016; 22: 9–18

[23] Klaude M., Eriksson S., Nygren J., Ahnström G.: The comet as-
say: Mechanisms and technical considerations. Mutat. Res., 1996; 
363: 89–96

[24] Kostova I., Balkansky S.: Metal complexes of biologically ac-
tive ligands as potential antioxidants. Curr. Med. Chem., 2013; 20: 
4508–4539

[25] Kubiak K., Malinowska K., Langer E., Dziki Ł., Dziki A., Majs-
terek I.: Effect of Cu(II) coordination compounds on the activity 
of antioxidant enzymes catalase and superoxide dismutase in pa-
tients with colorectal cancer. Pol. Przegl. Chir., 2011; 83: 155–160

[26] Kumar A., Pant M.C., Singh H.S., Khandelwal S.: Determinants 
of oxidative stress and DNA damage (8-OhdG) in squamous cell 
carcinoma of head and neck. Indian J. Cancer, 2012; 49: 309–315

[27] Kupcewicz B., Sobiesiak K., Malinowska K., Koprowska K., Czyz 
M., Keppler B., Buzisz E.: Copper(II) complexes with derivatives 
of pyrazole as potential antioxidant enzyme mimics. Med. Chem. 
Res., 2013; 22: 2395–2402

[28] Little C., O’Brien P.J.: An intracellular GSH-peroxidase with  
a lipid peroxide substrate. Biochem. Biophys. Res. Commun., 1968; 
31: 145–150

[29] Malinowska K., Morawiec-Sztandera A., Majsterek I., Kacz-
marczyk D.: TC2 C776G polymorphism studies in patients with oral 
cancer in the Polish population. Pol. J. Pathol., 2016; 67: 277–282

[30] Malinowska K., Morawiec-Sztandera A., Majsterek I., Kacz-
marczyk D.: Effect of copper(II) the activity of glutathione per-
oxidase in patients with head and neck cancer. Otolaryngol. Pol., 
2016; 70: 20–25

[31] Malinowska K., Zielińska-Bliżniewska H., Majsterek I., Olszews-
ki J.: Influence of complex deacon-tetra (N1,3-triazole,кN2) copper 
(II) on the barrier and antioxidant pro people with nasal polyps. 
Otolaryngol. Pol., 2013; 67: 228–232

[32] Marur S., Forastiere A.A.: Head and neck cancer: Changing 
epidemiology, diagnosis, and treatment. Mayo Clin. Proc., 2008; 
83: 489–501

[33] Marur S., Forastiere A.A: Head and neck squamous cell carci-
noma: Update on epidemiology, diagnosis, and treatment. Mayo 
Clin. Proc., 2016; 91: 386–396

[34] Misra H.P., Fridovich I.: The role of superoxide anion in the 
autoxidation of epinephrine and a simple assay for superoxide 
dismutase. J. Biol. Chem., 1972; 247: 3170–3175

[35] Patel J.B., Shah F.D., Shukla S.N., Shah P.M., Patel P.S.: Role of 
nitric oxide and antioxidant enzymes in the pathogenesis of oral 
cancer. J. Cancer Res. Ther., 2009; 5: 247–253


