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ABSTRACT: Background: Head and neck neoplasms stand for 6% of all malignant neoplasms worldwide. Chemotherapy has limited
use due to the biological properties of the tumor (in the majority of cases moderately and poorly differentiated squamous
cell carcinoma). The fundamental molecule used in treatment is cisplatin and its derivates, that can be associated with
fluorouracil. The new chemotherapeutic agents are not in common use during the treatment of head and neck malignancies.

However, the use of low molecular weight complexes Pd (II) carries the potential of being more effective in therapy.

Material and Methods: Fifty-one patients, 30 men and 21 women (aged 52.9 + 12.1 years) with head and neck cancer were
included in the study. Fifty-one healthy subjects, 31 men and 20 women, (aged 54.1 + 14.7 years) years formed the control
group. Antioxidant enzymes, superoxide dismutase, and catalase activities in erythrocytes were examined.

Results: An increased level of antioxidant enzymes was seen in the blood samples from patients with head and neck cancer
afterincubation with Pd (II) complex. In the group we obtained a statistically significant result p = <0.001.

Discussion: That project may contribute to the development of new, more efficient head and neck cancer treatment strategies.
In our opinion, the results can be used in the future to develop a valuable prognostic marker of the disease. This is important
because the initial phase of cancer is asymptomatic. The search for factors involved in pathogenesis translates into economic
benefits and makes therapy more effectiveness through the reduction of treatment expenses.

KEYWORDS: antioxidant enzymes, head and neck cancer, oxidative stress, Pd (1) complexes, reactive oxygen species

INTRODUCTION

Cisplatin, or cis-diamminedichloroplatinum (II) is a valuable an-
titumor drug that causes transcriptional and translational impair-
ment by binding to DNA and affects the cell cycle and apoptosis
[1, 2]. However, it is not ideal despite the drug resistance which
was assumed to reduce its effectiveness [3, 4]. Moreover, it has
been proved that cisplatin causes hematologic toxicity entailing
oxidative stress, which manifests itself as a defect in the biologi-
cal function of blood cells [5, 6]. It also has several disadvantages
including side effects such as nephrotoxicity, ototoxicity, neuro-
toxicity, myelotoxicity, peripheral neuropathy and hematological
toxicity [5, 7, 8]. Monitoring the adverse effects of cisplatin cancer
chemotherapy in patients has generated the creation of new areas
of research mainly focused on attempts to find new non-platinum
metal-based complexes displaying low toxicity with improved
therapeutic properties [3, 9]. Although palladium (II) complexes
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are much more labile than corresponding platinum (II) complexes,
the lability of central palladium (II) may be much lower because of
the shielding effect [10]. Pd (II) ions can interact with DNA thus
enabling cross bindings and inhibiting its synthesis as well as in-
ducing apoptosis [11-14].

Coordination chemistry concerns the search for novel compounds
to act as good complexing agents with transition metal ions. One
such group of compounds includes the azole heterocycles repre-
sented by pyrazole and its derivatives.

Pyrazoles are organic compounds whose molecules contain a five-
membered ring with two nitrogen atoms in positions 1, 2. Pyrazoles
show weak acidic and alkaline properties. Their acidic properties
arise from the possibility of detaching a proton from the nitrogen
atom N1 in a strongly alkaline environment. The basic properties
are associated with the presence of a non-binding electron pair
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Tab. I. Effects of complex Pd (I1) (a), (b) and (c) on the activity of CAT and SOD enzymes in HNSCC patients (group A1 compared to group A2).

STUDY GROUP A-HNSCC PATIENTS

ENZYMES

Complex Pd (1I) (a)

CAT [BU/g Hb]

ZnCu SOD [U/g Hb/100ml]
Complex Pd (11) (b)

CAT [BU/g Hb]

ZnCu SOD [U/g Hb/1ooml]
Complex Pd (II) (c)

CAT [BU/g Hb]

ZnCu SOD [U/g Hb/100ml]

15.24+5.93
2192.08+889.46

21.68+17.30

2600.41+643.29

21.66+6.19

2423.28+832.84

on the nitrogen atom. Pyrazol readily forms complexes with metal
ions due to the presence of a free electron pair on the N2 nitrogen
atom. The nature of the metal ion and the proteolytic properties
of pyrazoles determine the composition, structure and durability
of the coordination bonds [15, 16].

Recently published reports have described other systems for the
synthesis of azole complexes with platinum (II), palladium (II), ru-
thenium (III) and copper (II) which demonstrate antitumor and
antioxidant properties. The study has examined the relationship
between the pharmacological action and chemical structure of the
pyrazole derivatives used in medicine [17, 18]. An essential element
of the pharmacological action is the presence of substituents in
the nitrogen atoms in the ring. Most pyrazolone derivatives with
1-phenyl substituents are non-steroidal analgesics. Compounds
with a methyl group at position 2 or 3 also have beneficial phar-
macological effects, and their action can be enhanced by replacing
the groups with branched alkyl substituents. Removing the sub-
stituents from the nitrogen atoms effectively inactivates the drug.

This paper examines the impact of newly synthesized complex com-
pounds of palladium (II) on the antioxidant barrier system. The bio-
logical importance of metal systems with pyrrole ligands has aroused
interest in their properties, and numerous studies have examined
the relationship between their structure and biological activity.

The discovery of new drugs follows the process of structural changes
to design a compound with a modifying function [19]. Although
knowledge of the chemical structure of a certain compound in
a complex can help scientists predict the toxicity of similar sub-
stances, even a small structural change may considerably affect
physicochemical properties and biological activity of the com-
pound. Moreover, the toxicity of the original substance can be
reduced or even eliminated by adding substituents. For instance,
although the 2-aminoimidazole core itself does not exhibit anti-
tumor activity, introducing an imino compound into the system
will provide it with biological activity. Many new anticancer com-
pounds have been obtained by making small changes to the ex-
isting models, for example, transition metal ion complexes. For-
tunately, the identification of biologically active compounds has
been made more effective with the computer-aided drug design,
development of new methods for the synthesis and separation of
compounds, as well as a range of biochemical techniques [20—24].
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A1-GROUP EXPOSURE TO PD (1) COMPLEXES N =51

A2-GROUP DOES NOT HAVE EXPOSURE TO PD (Il) COMPLEXESN =51 PVALUE
14.14+4.77 0.30
1486.36+813,53 <0.001
19.35+17.30 0.50
1752.02+811.05 <0.001
15.75+5.26 <0.001
2348.58+720.04 0.63

MATERIALS AND METHODS

Patients

Fifty-one patients with head and neck cancer (group A) with MO
(no distant metastasis) status, 30 men and 21 women with a mean
age of 52.9 + 12.1 years were enrolled in this study. The main group
was subdivided into two subgroups: A1 (in vitro incubation of com-
plexes with blood sample) and A2 (no incubation of complexes with
blood sample). The control group (group B) included 51 subjects,
31 men and 20 women with a mean age of 54.1 + 14.7 years with
no symptoms of head and neck cancer. The clinical examination
was performed during cervical and supraclavicular palpation of
the lymph nodes and endoscopic screening. The group was also
subdivided into subgroups B1 (in vitro incubation of complexes
with blood sample) and B2 (no incubation of complexes with blood
sample). All the patients and controls were matched for age and
gender. All the patients from the test group were admitted to the
Department of Head and Neck Neoplasms Surgery, Medical Uni-
versity of Lodz. All patients signed an informed consent to par-
ticipate in the study. The studies were carried out in compliance
with the Declaration of Helsinki. The study was conducted with
permission no. RNN/142/09/KB given by the Bioethics Commit-
tee of the Medical University of Lodz, Poland.

Materials

The study material included about 5 ml of peripheral blood obtained
from the patients of the Department of Head and Neck Neoplasms
Surgery, Medical University of Lodz, Poland. Before sample col-
lection each patient was explained the purpose of the procedure
and an informed consent was obtained from them.

Synthesis of complexes

Pyrazole (a), 3-methylpyrazole (b) and 3,5-dimethylpyrazole (c)
with palladium (II) were synthesized.

The reaction was carried out at room temperature. 0.015 mole of
the corresponding pyrazole: a, b, c was dissolved in 1 ml of water
in a 10 ml round-bottomed flask and then dripped into the previ-
ously prepared solution of 0.0075 mol of dipotassium tetrachlo-
ropalladium (II) in 2 ml of water. Samples were intensively mixed.
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Tab. Il. Effects of complex Pd (I1) (a), (b) and (c) on the activity of CAT, SOD in the control groups (group B1 compared to group B2).

CONTROL GROUP (B)

ENZYMES

Complex Pd (11) (a)

CAT [BU/g Hb]

ZnCu SOD [U/g Hb/1o0ml]
Complex Pd (11) (b)

CAT [BU/g Hb]

ZnCu SOD [U/g Hb/1ooml]
Complex Pd (11) (c)

CAT [BU/g Hb]

ZnCu SOD [U/g Hb/1o0ml]

32.86+20.70

2429.03+920.10

36.42+21.59

2181.86+729.56

38.92+23.46

2217.65+741.34

After adding K,PdCl, solutions, the reaction was continued for 12
hours or 4 hours, respectively. The reaction product was precipi-
tated from the solution, washed with water and diethyl ether, and
then crystallized from water. Then, it was dried in a vacuum des-
iccator over calcium chloride.

Complexes a

Dichlorobis (diphenyl pyrazol-N'-ilophosphonate- kN?) palla-
dium (II) (a)

Anal. Calcd. for a C, H, N,O.CL,P,Pd, 777.83 g/mol, C 46.32,
H 3.37, N 7.20, values received: C 46.45, H 3.38, N 7.52. FTIRIR
(KBr, cm™) n:1641 (C=C, C=N), 1287 (P=0), 1060 (POC), 667 (N-P),

734 (Pd-N), 454 (Pd-Cl).*'P NMR (CDCI,) d: -10.60.
Complexes b

Dichlorobis (diphenyl 3-methylpyrazole-N'-ilophosphonate-kN?)
palladium (II) (b)

Anal. Calcd. for b C,, H, N,O,Cl,P,Pd, M = 805.89 g/mol: C 47.69,
H 3.75, N 6.95, values received: C 47.33, H 3.57, N 6.63. FTIRIR
(KBr, cm™) n:1582 (C=C, C=N), 1289 (P=0), 1068 (POC), 620

(N-P), 635 (Pd-N), 456 (Pd-Cl).*'P NMR (CDCIL,) d: -10.85.
Complexes ¢

Dichlorobis (diphenyl 3,5-dimethylpyrazole-N"-ilophosphonate- k\?)
palladium (II) (c)

Anal. Calcd. for ¢ C, H,,N,OCl,P,Pd, 833.99 g/mol: C48.97, H4.11,
N 6.72. values received: C 48.65, H 4.30, N 6.70. FTIRIR (KBr, cm)
n: 1572 (C=C, C=N), 1257 (P=0), 1075 (POC), 669 (N-P), 675 (Pd-N),

431 (Pd-Cl). *'P NMR (CDCl,) d: -10.02.

Methods

Blood samples (5 ml) for examination of catalase (Catalase, CAT)
and superoxide dismutase (Superoxide Dismutase, SOD) for healthy
donors and patients were withdrawn into heparinized tubes from
a cubital vein. Blood was centrifuged 10 min at 3.000 rpm in room
temperature. The sedimented erythrocytes were washed three
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B1-GROUP EXPOSURE TO PD (Il) COMPLEXES N =51

B2-GROUP DOES NOT HAVE EXPOSURE TO PD (1) COMPLEXESN =51 P VALUE
28.00+20.71 0.24
2201.55+700.74 0.16
35.73+20.86 0.87
1768.43+1011.17 0.02
20.08+10.11 <0.001
2161.65+682.79 0.69

times with 0.9% NaCl at the same condition as centrifugation.
The 920 ml of supernatant were removed, and the red blood cells
were then mixed with 80 ml of Pd (II) complex solution. Next it
was added to 1 ml of glucose and incubated at 37°C, after which
the hemolysate was prepared and then frozen at -70°C. Thus, the
prepared hemolysate was used for further experiments. The con-
centration of compounds a—c in the experiment were 25 mg/ml of
blood. The activity of CAT, SOD enzymes value was determined
in erythrocytes treated and untreated by Pd (II) complexes in pa-
tients and control samples using spectrophotometric methods. All
absorbance measurements were performed with a UV/Vis Spec-
trometer Lambda 14P (Perkin Elmer, USA).

Catalase activity

Catalase activity in erythrocytes was determined according to the
spectrophotometric procedure by Beers and Sizer (1952) [25] and
calculated as Bergmeyer units (BU/g Hb). CAT activity was mea-
sured at 25°C by recording H,O, decomposition at 240 nm with
a spectrometer (UV/VIS Spectrometer Lambda 14P, Perkin EI-
mer, USA). One Bergmeyer unit (BU) of this activity is defined
as the amount of enzyme decomposing 1 g of H,O, per min [26].

Superoxide dismutase activity

Superoxide dismutase activity in erythrocytes was measured by
the method of Misra and Fridovich (1972) [27] and expressed in
adrenaline units [U/g Hb/100ml]. SOD activity was determined
at 37°C by the absorbance increase at 480 nm with a spectrometer
(UV/VIS Spectrometer Lambda 14P, Perkin Elmer, USA) followed
by the autooxidation of adrenaline inhibited by CuZn-SOD. One
unit of SOD activity is defined as the amount of enzyme inhibit-
ing adrenaline autooxidation at 50% [28].

Statistical analysis

The data point in this study was calculated for three separate exper-
iments from each analyzed patient or control sample. The activity
of enzymes was expressed as a mean value + standard deviation.
Blinded replicate samples were used for quality control (QC). If no
significant differences between variations were found, as assessed
by the Snedecor-Fisher test, the differences between means were
evaluated by applying the Student’s t-test. Otherwise, the Cochran-
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Cox test was used. The data was analyzed using the STATISTICA
(StatSoft, Tulsa, OK, USA) statistical package.

RESULTS

Tab. L. and II. show an antioxidant status in head and neck squamous
cell carcinoma (HNSCC) patients and healthy subjects measured
as the activity of catalase and superoxide dismutase. The mean ac-
tivity of CAT as Bergmeyer units [BU/g Hb], SOD as adrenaline
units [U/g Hb/100ml]. All the results were produced in triplicate.

Our data emphasizes that the addition of compounds Pd (II) leads
to a statistically significant increase of enzyme activity as compared
to samples without prior incubation of chemicals. The differences
between the two groups (samples with incubation — 1 and with-
out incubation — 2 with synthesized compounds) were calculated
using a t-test for dependent samples.

Tab. I. shows the mean CAT and SOD activity in the head and neck
cancer group A (Al — with prior incubation of blood sample with
Pd (II) complex (a), (b), (c) and A2 — without prior incubation of
blood sample with Pd (II) complex).

Tab. II. shows the mean CAT and SOD activity in the control group
(B1 — with prior incubation of blood sample with Pd (II) complex
(a), (b), (c) and B2 — without prior incubation of blood sample
with Pd (II) complex).

Statistically significant results for the compound a and CAT en-
zyme were obtained for the following groups: A1/B1 and A2/B2
(P < 0.001). For complex a and SOD enzymes significant results
were received in the following groups: A1/A2, A2/B2 (P < 0.01).

We obtained significant results for CAT enzymes after an applica-
tion of complex b for the following groups: A1/B1, A2/B2 (P < 0.001).
Significant results for SOD and complex b were achieved in the fol-
lowing groups: A1/A2 (P<0.001), B1/B2 (0.02), A1/B2 (P = 0.003).

Significant results after the use of complex ¢ and CAT enzyme
were obtained for the following groups: A1/A2, B1/B2 (P < 0.001),
A1/B1 (P = 0.001), A2/B2 (P = 0.008). There are no statistically
significant results for the SOD enzyme.

DISCUSSION

Free radicals, such as O,-, ROO-, OH- are molecules that contain
an unpaired electron. They are produced in many physiological,
as well as pathological processes. The reaction of hemoglobin au-
tooxidation to methemoglobin that occurs in erythrocytes is an
example of a physiological process. As a result of this reaction
a superoxide radical anion is formed. Respiratory burst of neutro-
phils is another process that is natural and very important to our
immune system. When this phenomenon occurs, neutrophils af-
fected by chemotactic factors release O,-, OH- and other reactive
oxygen species (ROS), which enables many microorganisms to be
removed [29, 30]. Free radicals are also produced by the action of
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external factors on living cells, such as tobacco smoke, UV radia-
tion and many others. The elevated level of reactive oxygen spe-
cies is extremely harmful for living systems and causes damages in
lipid membranes, proteins and DNA. The lipid damage occurs as
a result of a non-enzymatic process called peroxidation. The final
products of this reaction can easily react with the thiol group in
proteins and amino acid residues. The consequence of this phe-
nomenon is the impairment of protein function. It also modifies
physical properties of cell membranes affecting the electron trans-
port chain [26]. DNA is vulnerable to ROS as well. It causes DNA
breakage which can lead to carcinogenesis.

Oxidative stress is believed to be one of many factors leading to con-
ditions such as glaucoma and Parkinson’s disease but also diabetes
or atherosclerosis [31]. There are many studies that explain how
oxidative stress contributes to a particular disease. For instance, an
increased amount of ROS causes modifications in low-density lipo-
protein (LDL) particles which stimulate the production of agents
that promote modified LDL uptake by macrophages [32]. Living
organisms have developed protection against ROS — an oxidative
barrier which consists of many biologically active compounds and
enzymes. The enzymatic line of organism defense is mainly built up
of three enzymes: CAT, SOD, and glutathione peroxidase (GPx).
Each of them has several isoformes by which they can completely
fulfill their role. We are also protected by many naturally occur-
ring compounds such as: vitamins, flavonoids, carotene, melato-
nin and many others. The antioxidative barrier is very important
for the proper functioning of living systems and its absence indi-
cates serious disorders. In their study Sakhi et al. (2009) proved
areduced effectiveness of the antioxidative barrier in head and
neck squamous cell carcinoma patients [33]. Our paper confirms
these results: the patients in the study group (A) had reduced cat-
alase and superoxide dismutase levels as compared to the control
group (B). A reduced activity of the antioxidative barrier was also
proven in other diseases. Misiak et al. (2014) showed a decreased
activity of SOD, CAT and GPx in patients with lung cancer [34].
Radical tumor resection caused an increased activity of GPx and
CAT, as well as total antioxidative status. On the other hand, Ma-
linowska et al. (2015) proved an augmented activity of SOD and
GPx in patients with colorectal cancer [35]. Other research con-
ducted by Tas et al. proved that patients with breast cancer have
increased SOD and GPx levels, as well as malondialdehyde (MDA)
level, which is known as a product of lipid peroxidation. What is
interesting, they have also demonstrated a decreased CAT level
[28]. It is interpreted that the activity of antioxidative enzymes
strictly depends on the type of cancer and its stage.

The most popular example of using these elements in anticancer
therapies is cisplatin. Despite its effectiveness and well-established
position in oncology, cisplatin has severe side effects that force
searching for new potential drugs. Pyrazole formation in newly
synthesized compounds is aimed at supporting the antioxidant
barrier. It is an interesting research object because of its properties
as well as the fact that it is widespread in living organisms. There
are also many studies that describe the pyrazole ring as a part of
complex compounds in which elements such as copper (II), palla-
dium (II), platinum (II) are the central atoms. An example of newly
synthesized complex compounds containing the abovementioned
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elements is a study carried out by Kupcewicz et al. (2013) [23].
In their paper on copper (II) complexes they used derivatives of
pyrazole as ligands. The authors showed that some of their com-
pounds increased the activity of SOD, CAT and GPx. Budzisz et
al. obtained a series of compounds containing palladium (II) and
platinum (II). Some of them exhibit a high cytotoxicity towards
the human leukemia cell line (HL-60) and B-cell precursor leuke-
mia cell line NALM-6) and low cytotoxicity towards non-cancer
human umbilical vein endothelial cells (HUVEC) [36].
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