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Abstract

Background: Currently, there is a growing interest in new local coordination compounds (CC), which demonstrated antitumor properties, but their
influence on the erythrocyte antioxidant system has not been studied. The aim of the study: to study the effects of CC, thiosemicarbazide derivatives
-TIA-160, CMT-67 and CM]J-33 on indices of the antioxidant system indicators in erythrocytes peripheral blood in vivo experiments.

Material and methods: The action of CC on superoxide dismutase, catalase, total antioxidant capacity was evaluated on a group of 34 white rats, randomly
divided into 4 groups: the first control group was injected subcutaneously with saline. The other groups (2 - TIA-160,3 - CMT-67 and 4 - CMJ-33)
were given subcutaneously 3 times a week for 30 days, 0.1uM / kg CC.

Results: It was established that the TIA-160 compound demonstrated the highest capacity to induce the expression of erythrocyte catalase that exceeded
the control level of 1.8, which did not correlate with the enzymatic superoxide dismutase (SOD) activity. Thus, this study showed that there are differences
in the mechanisms of action of thiosemicarbazone derivatives.

Conclusions: The influence of tested CC on the indices of the antioxidant system is selective. This selectivity may be the base to their strong selective
antiproliferative and cytotoxic action on tumor cells, but not on healthy ones.
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Introduction

Extensive research over the past two decades has re-
vealed the mechanism by which continuous oxidative stress
can lead to chronic inflammation, which can lead to a lot
of chronic diseases, including cancer, diabetes, cardiovas-
cular, neurological and lung diseases. Oxidative stress can
activate a variety of transcription factors. Activation of these
transcription factors can lead to the expression of over 500
different genes, including those for growth factors, inflam-
matory cytokines, chemokines, cell cycle regulatory mol-
ecules and anti-inflammatory molecules. The way that oxi-
dative stress activates the inflammatory pathways leads to
the transformation of a normal cell into tumor cells, tumor
cell survival, and proliferation, chemoresistance, radioresis-
tance, invasion, angiogenesis, and stem cell survival is the
focus of this review. In general, observations to date suggest
that oxidative stress, chronic inflammation and cancer are
closely linked. The generation of reactive oxygen radicals in
mammalian cells profoundly affects many critical cellular
functions, and the absence of effective cellular detoxifica-
tion mechanisms that eliminate these radicals can lead to
more human diseases.

Growing evidence suggests that reactive oxygen species

(ROS) in cells act as the second messenger in intracellular
signaling cascades that induce and maintain the oncogenic
phenotype of cancer cells. ROS are tumorigenic due to their
ability to increase cell proliferation, survival, cell migration
and also by inducing deoxyribonucleic acid (DNA) damage,
leading to genetic lesions that initiate tumorigenicity and
support subsequent tumor progression. However, it is also
known that ROS can induce cell senescence and cell death
and therefore function as antitumorigenic agents. Therefore,
the mechanisms by which cells respond to reactive oxygen
species depend on the molecular background of cells and
tissues, the location of ROS production, and the concen-
tration of individual ROS species. Carcinoma cells produce
ROS at high rates in vitro and in vivo, many tumors appear
persistent to oxidative stress. Thus, the finding that a diet
rich in antioxidants or the elimination of ROS by antioxi-
dant compounds prevents the development of certain types
of cancer, provided the framework for further investigation
of the tumorigenic actions of reactive oxygen species. This
review presents current knowledge on the different roles of
ROS in tumor development and progression.

Oxidative stress is defined as an imbalance between the
production of free radicals and reactive metabolites, so-cal-
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led oxidants or ROS and their elimination through protecti-
ve mechanisms, called antioxidants. This imbalance leads to
the deterioration of biomolecules and important cells, with
a potential impact on the whole organism [1]. ROS are pro-
ducts of a normal cellular metabolism and play vital roles in
stimulating signaling pathways in plant and animal cells in
response to changes in intra and extracellular environmen-
tal conditions [2]. Most ROS are generated in mitochondri-
al respiratory chain cells [3]. During endogenous metabolic
reactions, aerobic cells produce ROS, such as superoxide
anion (O*), hydrogen peroxide (H,O,), hydroxyl radical
(OHe) and organic peroxides as normal products of the
biological reduction of molecular oxygen [4]. The transfer
of electrons to molecular oxygen takes place in the respi-
ratory chain, and the electron transport chains located in
the membranes of mitochondria [5, 6]. Under hypoxic con-
ditions, the mitochondrial respiratory chain also produces
nitric oxide (NO), which can generate other reactive nitro-
gen species (RNS). RNS can further generate other reactive
species, for example, reactive aldehydes-malondialdehyde
(MDA) and 4-hydroxynonenal (4-HNE), by inducing ex-
cessive lipid peroxidation [7]. Proteins and lipids are also
significant targets for oxidative attack, and modifying these
molecules may increase the risk of mutagenesis [8].

The adverse biological activities of thiosemicarbazone
(TSC) and Schiff base derivatives (SBD) have been wide-
ly studied in rats and other animal species, using different
doses and routes of administration. However, there are few
studies describing changes in vivo biochemical parameters
that indicate the antioxidant system and oxidative stress in
biological systems and morphological changes in tissues.
In this study, rats were injected subcutaneously with thio-
semicarbazone coordination compounds containing Schiff
bases.

The aim of this study is to determine the effect of TSC
coordination compounds on changes in the erythrocyte an-
tioxidant system in rats that can be used to determine the
efficacy of new indigenous preparations.

Material and methods

The research was approved by the Research Ethics
Committee of Nicolae Testemitanu State University of
Medicine and Pharmacy (protocol No 73 of 26.04.2017).

The study included new local copper coordination
CC, thiosemicarbazide derivatives - TIA-160, CMT-67
and CMJ-33, synthesized at the State University of
Moldova in the Laboratory of Advanced Materials in the
Biopharmaceutical and Technical Field, under the supervi-
sion of Aurelian Gulea [9].

The action of local CC on the antioxidant system was
evaluated in experiments on a group of 34 white male rats of
the Wistar line weighing 180 - 230 g, divided into 4 groups
of 8-9 animals each. The first group - the control, consisted
of 8 animals, maintained on a regular diet of vivarium and
which were injected subcutaneously 3 times a week saline
for 30 days.

()

Animals in experimental groups 2-4 were given subcu-
taneous CC 3 times a week for 30 days, over 30 days in the
following sequence: group 2 - TIA-160 (0.1 uM / kg), lot
3 - CMT-67 (0.1 uM / kg) and lot 4 - CM]J-33 (0.1 uM / kg).

After 24 hours from the expiration of the experiments,
blood was collected to evaluate the parameters of the an-
tioxidant system. The erythrocyte mass, obtained after de-
canting the blood serum, was washed twice with saline.

Total antioxidant capacity (TAC) in erythrocytes was
assessed using the methodology described by Pellegrini N.,
Ying M., Rice-Evans C., adapted to the multimodal rider
with Synergy H1 Hydrid Reader plates (BioTek Instruments,
USA) [10].

This method has been reported as a discoloration assay,
applicable to both lipophilic and hydrophilic antioxidants.
The preformed radical cation of 2,2’-azinobis- (3-ethylben-
zothiazolin-6-sulfonic acid) (ABTS*+) is generated by the
oxidation of ABT'S with potassium persulfate and is reduced
in the presence of such hydrogen-donating antioxidants.
The influences of both, the antioxidant concentration and
the duration of the reaction on the inhibition of radical cat-
ionic absorption have been taken into account in determin-
ing the total antioxidant capacity.

Catalase Assay Kit and superoxide dismutase activity
were performed using reagent kits obtained from local firms
and performed according to the attached protocol.

The statistical evaluation of the obtained data was per-
formed with the use of the computer program StatsDirect.
The arithmetic mean + error of the mean (M + m) was
calculated. The nonparametric statistical test “U Mann-
Whitney” and the significance threshold “p” (p <0.05) were
used to test the significant difference between the studied
indices of the compared groups.

Results

The evaluation results of the antioxidant system indices:
TAC with ABTS, CAT and SOD in erythrocytes when admi-
nistering autochthonous CCs are presented in the statistics
in table 1.

Table 1. Influence of autochthonous CCs,
thiosemicarbazide derivatives, on the indices of the
antioxidant system in erythrocytes TAC with ABTS

Groups of TAC with ABTS Catalase, SOD, unit
study mM/g.Hb uM/s.g.Hb conv /g.Hb
Contol group 38.53+1.35 18.80+0.86 6.72+0.42
(100%) (100%) (100%)
TIA-160 36.08+0.84 33.23+£1.77%**% | 7.12+£0.47
0.1 uM / kg (94%) (177%) (106%)
CMT-67 29.09+0.68*** | 23.69+3.23** | 5,21+0.48%**
0.1 uM / kg (75%) (126%) (78%)
CMG-33 36.58+1.02 27.66+1.81*** | 6.39+0.52
0.1 uM / kg (95%) (147%) (95%)

Note: * — statistically significant difference with the control group
(* = p<0.05; ** = p<0.01; *** — p<0.001).
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The animals exposed to the action of CC, thiosemicar-
bazone derivatives demonstrated a significant increase in
erythrocyte catalase activity exceeding 1.3 - 1.8 times the
control values.

It was established that the compound TIA-160 (0.1 uM/
kg) showed a tendency to increase the activity of TAC and
catalase by 39-51% compared to the control group, and
SOD was found to be maintained within the control group.

The study reveals that SOD decreases statistically con-
clusively by 15% (p<0.05) at the administration of the com-
pound CMT-67 (0.1 uM/kg), and the total antioxidant ac-
tivity decreases by 25%, at the same time, the function of
erythrocyte catalase in this case increases truthfully by 26%.
After the administration of the compound CMG-33 the
CAT level increases by 47%, the changes of the TAC content
and of the SOD activity in this case proved to be inconclu-
sive, these remaining within the limits of the values regis-
tered in the control group.

Discussion

In this study, was analyzed the activity of the antioxi-
dant system in erythrocytes in laboratory animals subjected
to the action of native CCs, thiosemicarbazide derivatives.
TSC derivatives were in the focus of chemists and biolo-
gists due to their wide range of pharmacological effects.
TSC derivatives showed highly effective antitumor proper-
ties in various types of tumors (leukemia, pancreatic cancer,
breast, lung, cervical cancer, and prostate and bladder can-
cer). To obtain a better activity, different series of TSCs were
developed by modifying the heteroaromatic system in their
molecules. Thus, the antineoplastic activity became signifi-
cant at the attachment of the side chain carbonyl at the a
position to the ring nitrogen atom, while the attachment of
the B or y side chain to the N heterocyclic atom led to inac-
tive antitumor agents [11].

Studies in recent years have provided increasing evi-
dence of the fundamental importance of copper for the for-
mation and functioning of several enzymes and proteins,
such as Cu/Zn superoxide dismutase, or cytochrome C
oxidase, which are involved in superoxide oxygen neutral-
ization processes, in tissue respiration, energy metabolism
and DNA synthesis. The coordinating compounds of cop-
per have been shown to be promising antitumor therapeutic
agents that act through various mechanisms [12].

Acting to protect the body against certain harmful pro-
oxidants, in this study was evaluated a complex system of
enzymatic and non-enzymatic antioxidants, which included
the determination of superoxide dismutase, catalase and to-
tal antioxidant capacity.

In this study were obtained significantly low levels of
TAC and SOD activity, compared to the control group, at
the administration of compound CMT-67, while the values
of these indices under the influence of the other compounds
studied did not have any changes with statistical signifi-
cance.

The animals exposed to the action of CC, thiosemicar-

(@2)

bazone derivatives were found to have a significant increase
in erythrocyte calalase activity that exceeded 1.3-1.8 times
the control values, and the compound TIA-160 (0.1 pM/kg)
shows the highest capacity to induce erythrocyte catalase
expression. This indicates existence of an excessive synthesis
of CAT after exposure to these compounds, a very impor-
tant fact, established by us for the first time. On the other
hand, this study showed that there are differences in the
mechanisms of action of thiosemicarbazide derivatives. The
significance and importance of the phenomenon of catalase
induction by CC, thiosemicarbazide derivatives emerge
from the wide possibilities of application of these inducers
in practice. Thus, these inducers could be used as promising
remedies for the treatment and prevention of renal fibro-
sis induced by catalase deficiency [13], or the treatment of
some forms of infertility, because catalase has been detected
in the oocytes of mice, where it probably plays the role of
protecting the genome from oxidative damage during mei-
otic maturation [14].

Taking into consideration the capacity of the thiosemi-
carbazide derivatives so easily penetrate the blood-brain
barrier, along with their stability in the bloodstream, they
may be used for the development of new effective methods
for early diagnosis of severe infections of the brain, such as
brain tumors and their metastasis, as well as visualization of
AP plaques of Alzheimer’s disease.

Similarly, catalase could be extremely useful for the de-
velopment of effective therapy of brain and neurological
disorders, proceeding from the fact that the catalase activity
in the brain is extremely low compared to other tissues and
organs, such as the liver and kidneys. The results of some
studies reveal the importance of transient receptor poten-
tial (TRP) channels as a key component of the neurological
pathway of Ca?*ion entry in response to the harmful action
of ROS. Explorers’ data suggest that catalase may act effec-
tively by suppressing the TRP channel activated by oxidative
stress, showing protective effects on neuronal mitochon-
drial function and neuronal survival [15]. Catalase could
also be extremely useful in the future for the development
of effective therapies for neurodegenerative diseases, such
as Alzheimer’s and Parkinson’s disease, as well as sensory
pain, as the decrease in catalase activity by oxidative stress
plays an important role in the etiopathogenesis of diseases
mentioned above.

It has been established that catalase expression is also
altered in cancer cells, which promotes cell proliferation
by inducing genetic instability and activating oncogenes.
Regulation of catalase expression is to be controlled pri-
marily at transcriptional levels, although other mechanisms
may be involved. In addition to transcription factors, such
as Spl and NF-Y, transcription factors JunB and RARa are
crucial regulators in breast cancer cells by recruiting pro-
teins involved in transcriptional complexes and chromatin
remodeling. Therefore, catalase may be an attractive thera-
peutic target in the context of cancer [16].

Under normal conditions the harmful effect of SOD is
in balance with the antioxidant system. Antioxidant systems
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work together, not in isolation, because there are interac-
tions between hydrophilic and lipophilic antioxidants.

SODs were the first antioxidant enzymes characterized
[17]. Three different types of SOD are expressed in cells: cy-
tosolic copper-zinc SOD (Cu-ZnSOD), mitochondrial Mn-
SOD and extracellular SOD - SOD (EC-SOD), all of which
are able to disperse two O, — anions to H,0, and molecular
oxygen. Catalase is then responsible for detoxifying H,O,
into oxygen and water. These enzymes have specific distri-
butions and functions. Their importance lies in protecting
the tissues from the harmful action of various oxidants —
oxygen free radicals [18].

The function attributed to catalase is dismutation of
H,O, into oxygen and water, which is very important in
the defense of cells against oxidative damage by H,O,.
Hydrogen peroxide is not only toxic by its ability to form
other ROS, such as the hydroxyl radical by the Fenton reac-
tion, but H,0, can act as a second messenger, being involved
in multiple physiological and pathophysiological processes
[19]. In addition, catalase can also act as a peroxidase, thus
contributing to the metabolism of small substrates, such as
methanol, ethanol, azide, hydroperoxides and, in the case
of ethanol, is able to oxidize it to acetaldehyde, contributing
to its metabolism in the liver. Thus, catalase may have addi-
tional roles, such as detoxification or activation of toxic and
antitumor compounds.

In general, endogenous and physiological reactive oxy-
gen species (ROS) are generated mainly in the process of
oxidative reaction of the mitochondrial respiratory chain as
by-products of normal cellular metabolism [20]. ROS have
a comprehensive influence on cell physiology. Moderate
amounts of ROS have positive effects, which include the de-
struction of invasive pathogens, wound healing and repair
processes [21].

It is generally accepted that the cellular maintenance of
redox homeostasis is controlled by a complex network of an-
tioxidant enzymes (superoxide dismutases and glutathione
peroxidases) whose expression is under the control of fine-
tuning the Keapl-Nrf2 signaling pathway [22]. However,
the molecular mechanisms that regulate the expression of
catalase — the oldest known and discovered antioxidant en-
zyme - are independent of this pathway and are not fully
elucidated, which would allow a new approach to modulate
the antioxidant status in cancer cells in particular, in cases
where its expression decreases [23]. Although the mecha-
nisms that control catalase expression have been partially
elucidated, low catalase expression in cancer cells remains
an unanswered question. Under stress, the antioxidant en-
zyme catalase plays a major role in detoxifying H,O,.

As it is known, oxidative stress is an imbalance between
the production of ROS and their elimination through mul-
tiple protection mechanisms, the activation of which can
lead to chronic inflammation. Oxidative stress can activate
a variety of transcription factors, which lead to the differ-
ential expression of genes involved in inflammatory path-
ways. Moreover, the levels of secondary messengers, such as
cGMP, cAMP, protein kinases and calcium ions, transcrip-

tion factors such as NF-kB, AP-1, protooncogenes and some
enzymes (iNOS, COX-2, proteases), cytokines and growth
factors (IL-1p, IL-6, TNF-a, PDGE, VEGE FGF-b, TGF-b,
etc.) are known to be central in inflammatory processes.
Thus, chronic inflammation is induced by biological, chem-
ical and physical factors and is in turn associated with an
increased risk of several types of human cancer and chronic
diseases. The link between inflammation and cancer has
been suggested by epidemiological and experimental data
[24, 25] and confirmed by anti-inflammatory therapies that
show efficacy in cancer prevention and treatment [26].

The fact that continuous irritation for long periods of
time can lead to cancer has already described in the tra-
ditional Ayurvedic medical system (i.e. the science of long
life), written 5000 years ago [27]. Whether this irritation is
the same as what Rudolf Virchow called inflammation in
the nineteenth century is uncertain. Rudolf Virchow first
noted that inflammatory cells are present in tumors and
that tumors occur in places of chronic inflammation [28].
This inflammation is considered a “secret killer” for diseases
such as cancer. For example, inflammatory bowel disease,
such as Crohn’s disease and ulcerative colitis, is associated
with an increased risk of colonic adenocarcinoma [29, 30],
and chronic pancreatitis is associated with an increased rate
of pancreatic cancer.

The exact mechanisms by which a wound healing pro-
cess turns into cancer are the subject of intensive research
[31], and possible mechanisms include induction of geno-
mic instability, changes in epigenetic events and subsequent
inappropriate gene expression, increased cell proliferation,
resistance in apoptosis, aggressive tumor neo-vasculariza-
tion, tumor-associated basement membrane invasion, and
metastasis [32]. The way of oxidative stress modulates these
different stages of inflammation-induced carcinogenesis is
currently the subject of in-depth research. Sources of in-
flammation are widespread and include microbial and viral
infections, exposure to allergens, radiation and toxic che-
micals, autoimmune and chronic diseases, obesity, alcohol
consumption, tobacco use, and a high-calorie diet [33].

In general, the longer the inflammation persists, the hi-
gher risk of cancer. There are two stages of inflammation,
acute and chronic inflammation. Acute inflammation is
an initial stage of inflammation (innate immunity), which
is mediated by activating the immune system. This type of
inflammation persists only for a short time and is usually
beneficial to the host. If the inflammation lasts for a longer
period of time, the second stage of inflammation or chronic
inflammation sets in and may predispose the host to vario-
us chronic diseases, including cancer. During inflammation,
mast cells and leukocytes are recruited at the site of injury,
leading to a “respiratory explosion” due to increased oxygen
uptake and thus increased release and accumulation of ROS
at the site of injury [34].

Indigenous CCs are compounds with antioxidant pro-
perties, therefore they could manifest potential anti-in-
flammatory, antineoplastic, antiaging, antimicrobial and
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antiviral properties. Thus, they can find wide application in
various pathological conditions and processes.

Further clarification and understanding of involved
mechanisms will allow more precise definition of situations
where local CC administration will prove beneficial. Such
an investigation may also be useful for the development of
new compounds with beneficial effects in the medication
and prevention of multifactorial diseases.

Conclusions

The most informative biomarkers of antioxidant system
functionality have been estimated and selected to assess the
level of oxidative stress in erythrocytes on experimental ex-
posure by administering native CCs to laboratory animals
and which can be used to determine the efficacy of new na-
tive preparations.

The influence of tested CC on the indices of the antioxi-
dant system is selective. This selectivity may be the basis of
their strong selective antiproliferative and cytotoxic action
on tumor cells, but not on healthy ones.

The elucidation of the molecular mechanisms underly-
ing the action of CC broadens the theoretical knowledge
about the biological properties of a number of chemical
compounds and, at the same time, offers new possibilities to
explore perspective objects in order to obtain new effective
drug preparations.
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