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In the small world of the molds from the genus Fusarium
Katerina Todorova

Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences, Sofia, Bulgaria, Acad. G. Bonchev Str., Bl. 25, 1113,
Sofia, Bulgaria

e-mail: katerinagencheva@yahoo.com

Abstract

Molds from the genus Fusarium are fungal species, multi-cellular mycelium organisms,
adapted to almost every corner of our planet including human and animal food and feed
products. Molds can cause two groups of diseases: mycoses - by colonizing the host organism
mycotoxicoses-acute and chronic food —borne diseases and poisonings. The most common in
nature of the representatives of the genus Fusarium are: F. graminearum, F. verticillioides
(moniliforme), F. poae, F. equiseti, F. culmorum, F. sporotrichoides, F. proliferatum, F.
oxysporum, F. solani and others, which are widespread in all climatic zones. Predisposing
factors for their development of these fungi are high temperatures and humidity, problems in
the agronomic measures and crop storage, insects and others. Fusarium molds produce three
main groups of mycotoxins - fumonisins, trichothecenes and zearalenone, which are of a great
ecomonic and health risk value, because of the various effect and diseases and are in the focus
of research priorities of the World Health Organization (WHO) and European Food Safety
Authority (EFSA).

Key words: genus Fusarium molds, fumonisins, trichothecenes, zearalenone, food —borne
diseases

Brief overview:

The Fusarium molds are microscopic widespread filamentous fungi. They inhabit a variety
of resources: plants, higher fungi, organic waste in the soil, including carcasses and use them
in their vital activity as substrates thus participating in their decomposition but also can adapt
to resources provided by human population and can become a treat.

Generally, molds form a mycelium, which is composed of many multicellular filaments
(hyphae) and is considered as an organism, unlike yeast, which are unicellular. Molds
reproduce themselves by spores - asexual (conidia) and sexual, with one or more nuclei. Like
other fungi, molds do not photosynthesize but emit hydrolytic enzymes that degrade the
substrate and absorb the resulting nutrients with their hyphae. These fungi prefer mostly
humid and warm regions, but have adapted to almost every corner of our planet. These
miniature organisms find particularly favorable living conditions in people's homes and
especially in refrigerators and rooms with high humidity.

Molds can cause two groups of diseases: mycoses - by colonizing various tissues in the body
and using them as a substrate and mycotoxicoses - poisonings by the products of their
metabolism, which enter the food of humans and animals.

Mycotic diseases include various diseases: keratitis, endophthalmitis, septic arthritis, catheter
infections, skin and subcutaneous mycoses, mycetomas and generalized tissue infections in
immunocompromised patients with AIDS, diabetes, cancer, neutropenia, etc. The species
Fusarium solani most commonly inhabits homes and is recognized as the cause of 4% of
nasobronchial allergies in humans. These fungi emit substances and spores that cause allergic
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symptoms, expressed in inflammation and tearing of the eyes, chronic cough, headache or
migraine, shortness of breath, runny nose, frequent sneezing and sinusitis, rash, fatigue, etc.
Mycotoxicoses include diseases caused by fungal toxins. Fungi produce different metabolites
in the course of their metabolism and reproduction, and depending on the species and
quantity, can cause a number of adverse effects in humans and animals (Bopucosa, 2009,
Todorova, 2015). Often a prerequisite for the synthesis of mycotoxins are the stressful
conditions in which the fungi fall during abrupt climate change, at various agro-technical
measures and others. For example, drought in early maize and sorghum growth, followed by
cold and humid conditions during flowering and grain development, has been found to favor
the synthesis of high levels of toxins from some mold strains (bopucoga, 2009).

For centuries, diseases in humans and animals have been reported in the literature as a result
of the consumption of food and feed contaminated with molds. Since now, a large number of
mycotoxins produced by them have been isolated, some of which have very strong pathogenic
effects, even can be fatal.

Mycotoxicoses in farm animals are disease of great economic importance worldwide.
Annually, based on reduced productivity, reproductive disorders, infertility, reduced immune
reactivity and increased mortality, huge losses to agriculture are caused. It is known that
maize and wheat, as the main components in the production of feed for farm animals and food
products, are often naturally infested with molds and under certain conditions their toxicity
becomes dangerous to human and animal health. The concentration of mycotoxins above the
maximum permissible levels for the species leads to the appearance of so-called "feed or
food-borne" mycotoxicoses.

The most common causes of mold pollution of grains are the members of the genus Fusarium.
These fungi are common in the soil and plants and were registered in both the southern and
northern hemispheres. They are extremely adaptable to different climatic conditions. Most of
them are harmless saprophytes, but some species can be pathogenic not only to insects and
other fungi, but also to plants, thus causing diseases in humans and animals that consume
them. The products of the most of these fungi are recognized as toxins, growth hormones or
antibiotics. Some species are harmless saprobes, other as Fusarium venenatum have industrial
application as a meat substitute and a source of mycoproteins in vegetarians.

The most common in nature of the representatives of the genus Fusarium are F. graminearum,
F. verticillioides (moniliforme), F. poae, F. equiseti, F. culmorum, F. sporotrichoides, F.
proliferatum, F. oxysporum, F. solani and others. They are spread in all climatic zones. In the
field develop year-round - throughout the period of growth, vegetation and maturation of the
plants, and the production of mycotoxins may continue during grain storage (Bopucosa,
2009). Predisposing factors for their development are high temperatures and humidity, errors
in agronomic measures and crop storage, violation of grain integrity by pests and others.
Because molds infect all parts of plants, their toxins can be found in a variety of foods
intended for human and animal consumption. Natural infection with these molds is most often
found in wheat, corn, rye, sorghum, millet, oats, rice, potatoes, watermelons, bananas,
cucumbers, etc., in fruits and in their green plant parts used for fodder. The toxins in these
products are extremely resistant to high temperatures, so they are not neutralized by heat
treatment. In addition, mycotoxins are found in various vegetable fats and sauces, beer,
cigarettes, etc.

Molds belonging to this genus produce three main groups of mycotoxins - fumonisins,
trichothecenes and zearalenone.

Fumonisins are the most recently discovered group of mycotoxins and as such arouse great
interest among the scientific community. The first scientific description of the fungus, the
main producer of fumonisins - Fusarium verticillioides (F. moniliforme), dates from the late
19th century and was isolated and first studied by the team of Gelderblom in 1988 in South



Africa (Gelderblom et al., 1988), but its study continues and in more recent times. It has been
found that fumonisins are also produced by other members of the genus Fusarium - F.
nygamai, F. anthophilum and F. proliferatum. However, their toxic effects are currently being
studied, not only because of the ubiquity of the fungi that produce them, but also because of
their still unclear pathogenesis. The interest in these mycotoxins is provoked by the fact that
their prevalence and high concentrations are highly correlated with cases of liver and
esophageal cancer in humans, and are therefore considered to be foodborne carcinogen (Van
Rensburg et al., 1985, 1990; Ueno et al., 1996, 1997). Another important point is their
probable participation in the development of malformations in embryos and especially in the
formation of neural tube defects (NTD) with a lethal effect. Exposure of pregnant women to
high levels of fumonisins in South Africa, Central and South America, the United States
(1989-91) and China is thought to be the cause of frequent cases of NTD in embryos.

The formation of toxins from molds depends on their genetic potential and the action of
various predisposing factors. To date, the group of fumonisins includes about 30 compounds
and their metabolites, which are classified into four main categories - FA, FB, FC and FP,
according to the presence of a hydroxyl, methyl or amino group in their formula. Fumonisin
B, has the highest toxicity and is 70-80% of the total fumonisin content found in food
products (J. Gil-Serna et. al., 2014), followed by fumonisin B,, and fumonisin B3 These
mycotoxins mainly have nephrotoxic and hepatotoxic effects, but their effects on the nervous,
cardiovascular and immune systems are not negligible (Kwon et al. 1995, 1997 a,b; Constable
et al., 2000a, b; Todorova et al., 2014).

Acute fumonisin toxicosis in animals is characterized by rapidly developing muscle
weakness, impaired respiration, cyanosis, coma and death within the first 12 hours. In horses
and ponies, equine leukoencephalomyelitis (ELEM) is the most characteristic, which is
expressed in liquefied necrotic lesions in the white matter of the cerebellum (Constable et al.,
2000b). There is a lack of appetite, lethargy and uncontrolled head movements, followed by
convulsions, ataxia and death after a few days. More in-depth studies have found that ELEM
is a secondary result of the cardiovascular toxic effects of fumonisin B;. Pulmonary edema
(PPE) is most common in pigs and is also thought to be provoked by cardiovascular toxicity
of fumonisins and leads to dyspnea, cyanosis, weakness and death (Constable et al., 2000a).
Chronic intake of fumonisins is accompanied by a decrease or loss of appetite, poor digestion
of feed, weight loss, gastrointestinal disorders, malaise, osteopathy and nephropathy. Changes
in the biochemical parameters of the blood have been observed - a decrease in total protein,
albumin and blood sugar and an increase in the levels of some enzymes: ASAT, ALAT, GGT,
AP and LDH (Espada et al., 1994; Ledoux et al., 2003).

Trichothecenes are the other major group of mycotoxins found around 1940 in cereals
(Freeman and Morrison, 1949). They are synthesized not only from molds of the genus
Fusarium (F. graminearum, F. sporotrichoides, F. culmorum, F. poae, F. Equiseti), but also
from other genera of molds: Myrotecium, Trichoderma, Cephalsporium, Verticimonosporium
and Stachybotrys. About 200 compounds were isolated, but only a few of them are found in
foods: deoxynivalenol (DON, DON), nivalenol (NIV), diacetoscripenol (DAS), T 2, HT 2,
neosolaniol and others.

In farm animals and humans, trichothecenes cause acute or chronic poisoning, and the most
sensitive to them are the rapidly proliferating tissues in the affected organism - bone marrow
and intestines. By impairing hematopoiesis, they lower the levels of coagulation factors and
fibrinogen, have hemolytic and hypotensive effects. They also cause immunosuppression by
damaging the bone marrow, spleen, thymus and lead to leukopenia. They act on the central
nervous system and cause nausea, vomiting, anorexia, tremor, dizziness and lethargy.

Acute intoxication, anorexia, gastroenteritis, diarrhea, dyspnea, hypothermia, hypotension,
tachycardia, tremor, seizures, coma and death have been reported after consumption of high



trichothecene levels. Reproductive function is also impaired, leading to abortions and damage
to the fetus. Upon contact, they cause dermatitis, skin lesions, conjunctivitis and damage
respiratory tract mucous membranes. In 1932, in the former USSR, their consumption by
humans caused toxic alimentary alley with 60% mortality. Trichothecenes are believed to
have been used as chemical weapons in Afghanistan and Cambodia in the form of "yellow
rain"(Desjardins, 2009). Diacetoxyscripenol (F. poae) and T2 are considered etiological
factors of Kashin-Beck disease - bone deformities in humans and animals in endemic areas,
where are low the environmental levels of the essential trace element selenium (Wu and Xu,
1987; http://www.kbdfund.org/kashin-beck-disease.html). These toxins cross the placenta and
cause apoptosis in the fetus. Chronic intoxication with trichothecenes leads to growth
retardation, cachexia, decreased productivity in animals, suppression of the immune system
and increased susceptibility to infectious diseases. The mechanism of action of trichothecenes
involves inhibition of DNA, RNA and protein synthesis at the ribosomal level, and lipid
peroxidation in cell and mitochondrial membranes. Experimentally was found that they cause
apoptosis in various cell types, through mitochondrial and non-mitochondrial mechanisms.
After oral administration, they are absorbed and spread rapidly in the body. In 1986, Corley
and his team found that 15-24% of the radiolabeled T2 toxin was found in the gastrointestinal
tract just four hours after ingestion, and 4.7 to 5.2% of T2 accumulated in the muscles and
liver (Corley et al., 1986). Excretion of trichothecenes, in addition to urine and faeces, occurs
through milk and eggs, leading to the appearance of significant residues in these products.
Zearalenone is a nonsteroidal mycoestrogen that is synthesized by the fungi F. graminearum
and F. sporotrichoides (Nakamura and Kadokawa, 2015). It is a resistant and thermo stable
mycotoxin that has an affinity for o- and p-estrogen receptors in various tissues and induce
estrogenic effects in human cells via genomic mechanisms and subsequent diseases (Shier et
al, 2001; Pazaiti et al., 2012). In females, zearalenone causes hyperestrogenism,
nymphomania, abortion and false pregnancy, redness and swelling of the external genitalia
and nipples, vaginal and rectal prolapse, increased secretion, which creates a favorable
environment for the development of bacteria that cause vaginitis and mastitis, persistent estrus
and sterility (Ito and Ohtsubo, 1994). This mycotoxin affects the formation of multiple
follicular cysts of the ovaries as well as leads to atrophy of the latter. In male animals, it
causes feminization, swelling of the nipples, testicles’ atrophy and reduction of sperm
production and serum testosterone concentrations (Yang et al., 2007). Pigs, sheep, cows and
especially young animals are very sensitive and premature puberty can be observed. In
laboratory animals, zearalenone has been shown to cause adenomas of the liver and pituitary
gland, fibrosis of the uterus, mammary glands and bone marrow. There are studies that
compare it with various phytoestrogens and find that it is one of the strongest estrogens found
in nature.

In conclusion, the Fusarium molds are extremely sophisticated organisms that have conquered
all places on the planet and have cultivated various adaptations for survival in nature, part of
which is the synthesis of mycotoxins that can lead to diseases.
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Abstract

The aim of our study was to evaluate the influence of Lovastatin and Fluvastatin on viability
and proliferation of cultured rat sarcoma cells transformed by Rous sarcoma virus strain
Schmidt-Ruppin (LSR-SF-SR) that express v-src gene. The investigations were performed by
short-term experiments (20-72h, with monolayer cell cultures) carried out by MTT test,
neutral red uptake cytotoxicity assay, crystal violet staining, hematoxylin and eosin staining,
double staining with acridine orange and propidium iodide and Annexin V/FITC analysis, as
well as long-term experiments (14 days) with 3D cell colony-forming method. The results
obtained reveal that applied at a concentration range of 1.56 — 200 pg/ml both statins decrease
viability and proliferation of the treated cells in a time- and concentration dependent manner
inducing cell pathological changes and apoptosis. Both compounds completely suppress 3D
growth of sarcoma cells at concentrations > 100 pg/ml (Fluvastatin) u > 200 ug/ml
(Lovastatin)

Introduction

Involved widely in clinical practice at the beginning of 1990" as antihyperlipidemic drugs
that decrease high levels of total and particularly of low-density lipoprotein (LDL)
cholesterol, the 3-hydroxy-3-methylglutaryl-coenzymeA(HMG-CoA) reductase inhibitors
(known as Statins) are one of the most commonly used drugs throughout the world. In
addition, these compounds affect a number of key physiological processes, including
inflammation, nitric oxide synthesis, coagulation cascade, etc. It has been suggested that
statins may be useful in the prevention / treatment of neurological diseases such as
Alzheimer's disease, Parkinson's disease and multiple sclerosis (Alexandrova et al., 2019).
Something more, statins continue to attract the interest of biomedical community by their
potential antitumor properties. They have been found to exhibit antineoplastic activity against
wide variety of cell cultures and animal tumor models as well as the ability to potentiate the
antitumor effects of some chemotherapeutics. There are data that statins reduce the survival
and proliferative activity of cell lines derived from some of the most aggressive human
tumors for which currently available therapeutic strategies are limited or insufficiently
effective such as non-small cell lung cancer (Zhang et al., 2015), triple negative breast cancer
(Shen et al., 2015, Kou et al., 2018), pancreatic cancer (Paskeviciate, Petrikaité, 2017; Gong
et al., 2017), osteosarcoma (Kany et al., 2018), and glioblastoma multiforme (Jiang et al.,
2014; Bayat et al., 2016). For example, Lovastatin is reported to inhibit proliferation of MDA-
MB-231 and MDA-MB-468 human breast cancer cells and induces apoptosis in MDA-MB-
231 (Yang et al., 2016) under both normoxia and hypoxia. Other authors have reported for
Lovastatin-induced apoptosis in subset of squamous cell carcinomas (Dimitroulakos et al.,
2001). In their investigation Anantha Koteswararao Kanugula et al., observed cell death in
MDA-MB-231 cells induced by Fluvastatin (synthetically derived one from mevalonolactone)
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(Kanugula et al., 2014). Fluvastatin inhibits primary tumor growth and spontaneous
metastasis in a mouse melanoma model (Tsubaki et al., 2015). Regulatory mechanisms of
fluvastatin and lovastatin for the p21(an inhibitor of cyclin-dependent kinase, that can
function as an oncogene or tumor suppressor) induction in human cervical cancer HelLa cells
have been discussed (Lin et al., 2019).

As clinically established drugs, statins, and in particular Fluvastatin and Lovastatin, have an
advantage over the group of newly tested compounds referring to proven biocompatibility
and well established pharmakokinetics. The elucidation of their antitumor potential and
mechanism of action requires the accumulation and analysis of experimental data in a wide
range of model systems. According to the literature available, the influence of statins on
viability and proliferation of retrovirus-induced tumor cells is not clarified.

The aim of our study was to evaluate the cytotoxic effect of Lovastatin and Fluvastatin on
viability and proliferation of cultured rat sarcoma cells transformed by Rous sarcoma virus
strain Schmidt-Ruppin (LSR-SF-SR) that express v-src gene.

Materials and Methods

Consumables

Dulbecco’s modified Eagle’s medium (DMEM) and fetal bovine serum (FBS) were purchased
from Gibco-Invitrogen (UK). Lovastatin, Fluvastatin, dimethyl sulfoxide (DMSO), neutral
red, crystal violet, acridine orange, propidium iodide, and trypsin were obtained from
AppliChem (Germany); thiazolyl blue tetrazolium bromide (MTT) and purified agar were
from Sigma Aldrich Chemie GmbH (Germany). Antibiotics (penicillin and streptomycin) for
cell culturing were from Lonza (Belgium). Mayer’s haematoxylin and eosine were from
Leica (UK). All other chemicals of the highest purity commercially available were purchased
from local agents and distributors. Santa Cruz Biotechnology Annexin V detection Santa Kruz
kit (USA) was used for the identification of cell death. All sterile plastic and syringe filters
were from Orange Scientific (Belgium).

Cell cultures and cultivation

Permanent cell line LSR-SF-SR established from a transplantable sarcoma in rat, induced by
Rous sarcoma virus strain Schmidt-Ruppin, was used as a model system in our investigations.
The cells were routinely grown as monolayer cultures in D-MEM medium, supplemented
with 10% fetal bovine serum, 100 U/ml penicillin and 100 pg/ml streptomycin, and
maintained at 37°C in humidified CO, incubator (Thermo scientific, Hepa class 100). For
passages the cells were detached using a mixture of 0.05% trypsin and 0.02%
ethylenediaminotetraacetic acid (EDTA).

Cytotoxicity assays

Lovastatin and Fluvastatrin were dissolved in DMSO and then diluted in culture medium. The
final concentration of DMSO in stock solutions of the compounds tested (where the
concentration of the compound was 1 mg/ml) was 2 % of the total volume.

The cells were seeded in 96-well flat-bottomed microplates for cell culturing at a
concentration of 1x10* cells/well. After the cells were grown for 24 h to a sub-confluent state
(~ 70%), the culture medium was removed and changed by media modified with different
concentrations (0.78, 1.56, 3.13, 6.25, 12.5, 25, 50, 100 and 200 pg/ml) of the examined
compounds. Each concentration was applied into 4 to 8 wells. Samples of cells grown in non-
modified medium served as controls. After 24, 48 and 72 h of incubation, the effect of the
compounds on cell viability and proliferation was examined by thiazolyl blue tetrazolium
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bromide (MTT) test, crystal violet staining (CV) and neutral red uptake cytotoxicity (NR)
assays.

The MTT colorimetric assay of cell survival was performed as described by Mossman (1983).
The method consisted of three hours incubation with MTT solution (5 mg MTT in 10 mL D-
MEM) at 37°C under 5% carbon dioxide and 95% air, followed by extraction with a mixture
of absolute ethanol and DMSO (1:1, vol/vol) to dissolve the blue formazan.

The NR assay was based on the method of Borenfreund and Puerner (1985). To each well
containing corresponding cells a medium consisting of NR (50 pg/mL, 0.1 mL) was added.
The plate was placed in the CO, incubator for 3 h for the uptake of vital dye. Thereafter, the
medium with NR was removed and the cells were washed with phosphate saline buffer (PBS,
pH 7.2-7.4, 0.2 mL/well), followed by the addition of 0.1 mL 1% acetic acid solution
containing 50% ethanol to extract the dye from the cells.

After removal of the culture media from the wells, 100 ul solution of 1.5 g crystal violet with
225 ml distilled H,O and 75 ml methyl alcohol was added to each one of the wells in the 96-
well plate. Cells were incubated for 10 min at a room temperature and the color agent was
carefully removed in water followed by drying for 24 h at room conditions. After the 24- hour
incubation an extracting solution composed of 29.41 g sodium citrate in 500 ml bi-distilled
water and 500 ml 96% ethyl alcohol was added to the each well for a period of 30 min.

All of measurements (MTT, NR, CV) were preceded by a 10 min shaking (Titertek shake
machine, Flow Laboratories) of the plates. Extinction measurement was conducted by
ELISA automatic microplate reader (TECAN, Sunrise™, Grodig/Salzburg, Austria) at
wavelength of 540/620 nm optical density for MTT test and CV assays, and at 540 nm for NR
assay. Relative cell viability, expressed as a percentage of the untreated control (100%
viability), was calculated for each concentration. Concentration—response curves were
prepared and the effective cytotoxic concentration of the compounds CCsy (ug/ml) and CCgg
(ug/ml) causing respectively 50% and 90% reduction of cell viability, was estimated from
these curves. All data points represent an average of three independent assays.

Methods for examination of cytopathological changes and identification of cell death
The ability of the compounds to induce cytopathological changes and the identification of cell
death were performed by hematoxylin and eosin staining (H&E), double staining with
acridine orange and propidium iodide and Annexin V / FITC analysis. The cells were grown
on sterile cover slips (3.0 - 3.5 x 10° cells/well) in 6-well plates in the presence of the
compounds tested. Non-treated cells served as controls (Cell culture control). After 20 h of
incubation, the cover slips were removed and the corresponding method was performed as
described below:

e Hematoxylin and Eosin staining (H&E)
The cover slips were washed with PBS, fixed in methanol (2 x 15 minutes) and stained with
hematoxylin and eosin in a standard procedure. The microscopic preparations were examined
under light microscope (Leica DM 5000B, Wetzlar, Germany).

e Double staining with acridine orange (AO) and propidium iodide (PI)
The cover slips were removed and washed with PBS for 2 min. Equal volumes of fluorescent
dyes containing AO (10 pg/mL in PBS) and PI (10 pg/mL in bidistilled water) were added to
the cells. Fresh stained cells were placed on a glass slide and explored under fluorescence
microscope (Leica DM 5000B, Wetzlar, Germany) within 30 min. before the fluorescent color
started to fade.

e Annexin V/FITC binding assay
The investigations were performed by Santa Cruz Biotechnology Annexin V detection Santa
Kruz kit (USA) according to the manufacturer's instructions. Fresh stained cells were placed
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on a glass slide and explored under fluorescence microscope (Leica DM 5000B,, Wetzlar,
Germany) within 30 min. before the fluorescent color started to fade.

A protein kinase inhibitor Staurosporine was used as a positive control as an apoptosis
inducing agent in concentration 1uM for 4 hours to induce DNA fragmentation and apoptosis
in positive control in AO/P1 and Annexin V/FITC assays.

3D Colony forming method

Tumor cells (10% cells/well) suspended in 0.45% purified agar with D-MEM medium
containing different concentrations of the compounds examined (0.78, 1.56, 3.13, 6.25, 12.5,
25, 50, 100 and 200 pg/ml) and corresponding amount of DMSO as well as culture medium
control were layered in 24 well microplates. The presence/absence of colonies was registered
using an inverted microscope (Carl Zeiss, Germany) during period of 14 days. Colony
inhibitory concentration (CIC, uM) at which the compounds tested inhibit completely the
ability of tumor cells to grow in a semi-solid medium was determined. The number of 3D-
colonies was counted in 3-5 independent fields for each compound/concentration.

Statistical analysis

The data are presented as mean + standard error of the mean. Statistical differences between
control and treated groups were assessed using one-way analysis of variance (ANOVA)
followed by Dunnett post-hoc test and Origin 6.1

Results and Discussion

Short-term experiments

Cytotoxicity assays

The investigations were performed by MTT test known the gold standard among cytotoxicity
assays, neutral red uptake cytotoxicity assay and crystal violet staining. The compounds were
applied at a concentration range of 0.78 5-200 pug/mL for 24, 48 and 72 h and significantly
reduced the percent of viable cells as compared to the untreated control. Concentration-
response curves were prepared on the basis of experimental data obtained (Fig. 1 and 2).
Cytotoxic concentrations 50 (CCsp) and 90 (CCy) calculated where possible from these
curves were presented in Table 1.
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Fig. 1. Effect of lovastatin and fluvastatin on viability and proliferation of LSR-SF-SF rat
sarcoma cells. The compounds were applied at a concentration range of 0.75 -200 pg/ml for
24, 48 and 72h. Cell viability was determined by MTT test.
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Fig.2. Effect of lovastatin and fluvastatin on viability and proliferation of LSR-SF-SF rat
sarcoma cells. The compounds were applied for 72 h at a concentration range of 0.75-200
pug/ml (A) and 1.56-12.5 pg/ml (B, C). Cell viability was determined by MTT test (A) and
MTT test (MTT), neutral red uptake cytotoxicity assay (NR) and crystal violet staining (CV).
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Table 1. Cytotoxic activity (CCso and CCyqyp) of statins (Lovastatin, Fluvastatin) in LSR-
SF-SR rat sarcoma cells

Compound Treatment MTT NR Ccv
interval, h
o4 17?.1 ] ]
Lovastatin 48 1'_16 - -
7 - 2.25 2.89
(185.8) (11.52) (5.91)
24 - - -
18 9.51 ] ]
Fluvastatin (143.6)
3.01 -
2 (17.24) (1.43) )

MTT = MTT Tect; NR = Neutral red uptake cytotoxicity assay; CV = crystal violet staining;
*CCsp and **CCgyp (in brackets) - concentrations (nug / ml) at which the percentage of living
cells decrease by 50% and 90%, respectively, compared to the untreated control; (-) indicates
the cases in which CCso/ CCgyy Were not determined.

Cytopathological changes

The cytopathological changes in rat sarcoma cells cultured for 20 h in the presence of 0.75
pg/mL and 1.56 pg/mL Lovastatin and Fluvastatin vizualized by HE and AO/PI are
presented in Fig. 3 and 4, respectively.

Hematoxylin and Eosin staining H&E

Visualization of morphology changes caused by treating with 0.78 pg/ml Lovastatin after
H&E staining revealed polymorphic and about 70% vital cells. The rest of them had a
swollen and strong vacuolated cytoplasm. A presence of giant multinucleated cells was
observed. (Fig. 3c). Cultivated in the presence of 1.56 ug/ml Lovastatin LSR-SF-SR cultures
formed chain structures of vital rounded cells, whose nuclei fills their volume. Non-vital cells
were enlarged and polygonal in shape (Fig. 3e).

Cells treated by 0.78 pg/ml Fluvastatin were rounded and their nuclei occupy almost entirely
the cell volume. Presence of cells in advanced apoptosis was observed (Fig. 3e). HE staining
in images of samples treated with 1.56 pg/ml Fluvastatin evidences for an absence of mitotic
activity and revealed single cells with formed apoptotic bodies. Round cells with pyknotic
nuclei and groups of cells with edematous cytoplasm are observed. Single cells with formed
apoptotic bodies (Fig. 3f).

After 20 h of cultivation the control of untreated LSR-SF-SR cells remained homogeneous in
shape and size with predominance of rounded cells, but spindle-shaped drains was also
observed (Fig. 3a). Cells in the positive control (Staurosporin) were predominantly in
advanced form of apoptosis (Fig. 3f).

Acridine orange (AO) and propidium iodide (P1)

It was shown that in LSR-SF-SR cultured treated for 20 h in the presence of 0.78 pg/ml
Fluvastatin predominate monomorphic vital cells and no significant difference was observed
with cells under the effect of Lovastatin at the same concentration). Approximately a quarter
of the cells had impaired cell membrane integrity and the cytoplasm was marked by PI with
preserved nuclear integrity. Single giant multinucleated cells were also observed (Fig. 4c, d).
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At concentrations of 1.56 pug/ml Lovastatin and Fluvastatin were presented with about half
monomorphic vital cells. The remaining cells were strongly ballooned (with greatly increased
cytoplasmic volume) with erased nuclear membranes with predominance of vital cells. The
nuclear cytoplasmic index was significantly shifted in favor of nuclei that are activated with
highly fragmented chromatin. Almost half of the treated cells were in various mitotic stages,
expressing mitotic activity. Solitary non-vital cells were observed as well as cells expressing
signs of advanced apoptosis with formed apoptotic bodies (Fig. 4e, f).

Cell culture control was composed of vital monomorphic cells with moderate mitotic activity
(Fig. 4a). A large number of cells in highly advanced apoptosis were observed in the
Staurosporine treated control (Fig. 4b).

Annexin V binding assay

Cells incubated under Lovastatin concentration of 0.78 pg/ml showed predominantly
cytoplasmic localization of Annexin V in difference with those treated with concentration of
1.56 pg/ml where the localization of Annexin V remains in membranes (Fig. 5c, e). Last one
(Membrane localisation of Annexin V) is a definitive characteristic of an early stage
apoptosis. Giant cells were observed at fluvastatin concentrations of 0.78 pg/ml and strongly
ballooned ones (highly enlarged in volume cells) at concentrations 1.56 pg/ml (Fig. 5d, f).
Negative control of Annexin V was composed of homogeneous cells with normal morphology
with no fluorescent signal to react with Annexin V (Fig. 5a). Positive control showed
expected apoptosis that was in advanced phase (Fig. 5b).
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Fig. 3. Hematoxilin & Eosin staining, LSR-SF-SR rat sarcoma cells
a) Cell culture control; b) Positive control — cells cultivated for 4 h in presence of 1

uM Staurosporin; Rat sarcoma cells treated for 20 h by: c) 0.78 pg/ml Lovastatin;
d) 0.78 ug/ml Fluvastatin; e) 1.56 pg/ml Lovastatin; f) 1.56 ug/ml Fluvastatin.
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a) AO/PI, RST Negative Control, x20 | b)AO/PI, RST Positive Control, x20

c)AO/PI, RST, 0.78 ug/ml Lovastatin, x20 | d)AO/PI, RST, 0.78 pg/ml Fluvastatin, x40

e)AO/PI, RST, 1.56 pg/ml Lovastatin, x20 | f)AO/PI, RST, 1.56 pg/ml Fluvastatin, x20

Fig. 4. Double staining with acridine orange and propidium iodide double staining, LSR-
SF-SR rat sarcoma cells

a) Cell Culture control; b) Positive control — cells cultivated for 4 h in presence of 1 uM
Staurosporin; Rat sarcoma cells treated for 20 h by: ¢) 0.78 pug/ml Lovastatin; d) 0.78 pg/ml
Fluvastatin; e) 1.56 ng/ml Lovastatin; f) 1.56 pg/ml Fluvastatin. Early to advanced apoptosis
observed is marked with blue arrows; necrosis is indicated by red arrows.
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a) Annexin V, RST Negative Control, x20 | b) Annexin V, RST Positive Control, x20

c) Annexin V, 0.78ug/ml Lovastatin, x20

Annexin V, 0.78 pug/ml Fluvastatin, x20

e) Annexin V, 1.56 ug/ml Lovastatin, x20 Annexin V, 1.56 ug/ml Fluvastatin, x20

Fig. 5. Annexin V, LSR-SF-SR rat sarcoma cells

a) Cell culture control; b) Positive control — cells cultivated for 4 h in presence of 1 uM
Staurosporin; Rat sarcoma cells treated for 20 h by: ¢) 0.78 pug/ml Lovastatin; d) 0.78 pg/ml
Fluvastatin; e) 1.56 ng/ml Lovastatin; f) 1.56 pg/ml Fluvastatin. Early to advanced apoptosis
observed is marked with blue arrows; necrosis is indicated by red arrows. Early to advanced
apoptosis observed is marked with blue arrows; necrosis is indicated by red arrows.
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Long-term experiments (3D colonies in semi-solid medium)

The long-term experiments lasting 14 days demonstrated that administered at concentrations >
200 pg/mL (Lovastatin) and > 100 pg/mL (Fluvastatin) both compounds completely
suppressed 3D growth of rat sarcoma cells in a semi-solid medium.

The anticancer properties of statins were reported for the first time in early 1990s. Up to now
there are data demonstrating the antiproliferative activity of these compounds and their ability
to induce apoptosis in various tumor cell culture systems (including cell lines established from
cancers of the lungs, breast, pancreas, prostate, uterine cervix as well as glioblatoma
multiforme and osteosarcoma) and animal models (Chan et al., 2003; Vallianou et al., 2014,
Alexandrova et al., 2019).

In this study we present for the first time information about ability of Lovastatin and
Fluvastatin to reduce significantly viability and 2D/3D growth of retrovirus-transformed rat
sarcoma cells expressing v-src oncogene. The members of src protooncogene family of
nonreceptor protein tyrosine kinases perform important roles in cell proliferation, adhesion,
migration, and survival and their expression / function has been found to be disregulated in
many types of human and animal cancers. It is not surprising that Src has been identified as a
promising player in targeted antitumor treatment strategies (Zhang, Yu, 2014; Roskoski Jr,
2015).

The mechanism of antitumor potential of statins can be at least partially explained by
following their characteristics / actions: i) induction of cell cycle arrest in the phase G1-S
which leads to synchronization of tumor cells and increases their sensitivity to the cytotoxic
effect of ionizing radiation; ii) influencing the Bcl-2 family rheostat decreasing expression of
the antiapoptotic protein Bcl-2 and increasing the expression of the proapoptotic protein Bax;
iii) anti-angiogenic effects iv) downregulation of some ensymes that are involved in tumor
progression and metastasis such as matrix metalloproteinase — 2 (MMP-2); v) involvement in
epigenetic control in cancer cells, etc. (Chan et al., 2003; Vallianou et al., 2014; Alexandrova
et al., 2019). Lovastatin has been associated with altered epithelial-to-mesenchymal-
transition-related protein expression (Huang et al., 2018). The chemo-sensitizing (Shojaei et
al., 2018; Palko —Labuz et al., 2019) and radio-sensitizing (Lee et al., 2018) properties of
statins have been established as well as their ability to act additively or synergistically with
some clinically available antitumor agents such as 5-fluorouracil and doxorubicin (Chan et
al., 2003).

Studies on the antitumor activity of statins should continue for at least three reasons: i) There
is evidence that they reduce the survival and growth of cell lines derived from common,
aggressive and socially significant tumors in humans - the results of treatment in these
patients are extremely unsatisfactory; ii) The so-called drug repurposing - a promising
strategy in which drugs that are well known (in terms of their toxicological profile,
pharmacokinetic and pharmacodynamic characteristics) and used for years in clinical practice
are redirected to the needs of oncology (if they have a proven antitumor effect). This approach
significantly reduces the time required to develop new drugs, saves labor and financial costs;
iii) While antitumor activity of statins is widely reported in preclinical studies, the data on
their anticancer efficacy in humans is controversial (Lee et al., 2009; Chan et al., 2003;
Vallianou et al., 2014; Chae et al., 2015; Zhong et al., 2015; Jang et al., 2018). Additional
studies, including in vitro and in vivo investigations and clinical trials are needed to elucidate
better the antitumor potential of statins, their cellular and molecular targets and mechanism(s)
of action, to identify the range of cancers that could be influenced by them, to select the most
appropriate patients, to establish, application regimens.
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Conclusion

Our study presents original data on promising cytotoxic effect of two commercially available
statins (Lovastatin and Fluvastatin) in retrovirus-transformed LSR-SF-SR rat sarcoma cells.
The results obtained are a step forward in better clarification of the potential antitumor
properties of statins and their possible application as repurposed drugs in clinical oncology.
The provided Information on the “relationship” between statins and cells expressing the src
gene will support the development of innovative anticancer therapeutic strategies.
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22.10.2018, National Science Fund, Bulgarian Ministry of Education and Science.

References

Alexandrova, R., D. Dinev, M. Glavcheva, J. Danova, G. Yetik-Anacak et al. Briefly about
Anticancer Properties of Statins. Biomed J Sci & Tech Res, 2019, 17(2), MS.ID.002975.

Bayat, N., S. Ebrahimi-Barough, A. Norouzi-Javidan, H. Saberi, R. Tajerian, et al. Apoptotic
effect of atorvastatin in glioblastoma spheroids tumor cultured in fibrin gel. Biomed
Pharmacother. 2016, 84, 1959-1966.

Borenfreund, E. and J. Puerner. Toxicity determined in vitro by morphological alterations and
neutral red absorption. Toxicol. Lett..1985, 24,119-124.

Chae, Y.K., M. Yousaf, M.K. Malecek, B. Carneiro, S. Chandra et al. Statins as anti-cancer
therapy; Can we translate preclinical and epidemiologic data into clinical benefit? Discov
Med, 2015, 20(112), 413-427.

Chan, K.K., A.M. Oza, L.L. Siu. The statins as anticancer agents. Clin Cancer Res. 2003,
9(1), 10-19.

Dimitroulakos, J., L.Y. Ye, M. Benzaquen, M.J. Moore, S. Kamel-Reid, M.H. Freedman et al.
Differential sensitivity of various pediatric cancers and squamous cell carcinomas to
lovastatin-induced apoptosis: therapeutic implications. Clin Cancer Res. 2001, 7,158-67.

Gong, J., E. Sachdev, L.A. Robbins, E. Lin, A.E. Hendifar, M.M. Mita. Statins and pancreatic
cancer. Oncol Lett., 2017, 13(3),1035-1040.

Huang, Y., J. Zhang, H. Shao, J. Liu, M. Jin et al. miR-33a Mediates the Anti-Tumor Effect
of Lovastatin in Osteosarcoma by Targeting CYR61. Cell Physiol Biochem. 2018, 51(2), 938-
948.

Jang, H.J., H.S. Kim, J.H Kim, J. Lee. The Effect of Statin Added to Systemic Anticancer
Therapy: A Meta-Analysis of Randomized, Controlled Trials. J Clin Med, 2018, 7(10). pii:
E325. doi: 10.3390/jcm7100325.

Jiang, P., R. Mukthavaram, Y. Chao, N. Nomura, |.S. Bharati et al. In vitro and in vivo
anticancer effects of mevalonate pathway modulation on human cancer cells. Br J Cancer,
2014, 111(8), 1562-1571.

Kanugula, A.K., V.M. Dhople, U. Vélker, R. Ummanni, S. Kotamraju. Fluvastatin mediated
breast cancer cell death: a proteomic approach to identify differentially regulated proteins in
MDA-MB-231 cells. PLoS One, 2014, 9(9), e108890.

Kany, S., M. Woschek, N. Kneip, R. Sturm, M. Kalbitz et al. Simvastatin exerts anticancer
effects in osteosarcoma cell lines via geranylgeranylation and c-Jun activation. Int J Oncol,
2018, 52(4),1285-1294.

23



Kou, X., X. Jiang, H. Liu, X. Wang, F. Sun et al. Simvastatin functions as a heat shock
protein 90 inhibitor against triple-negative breast cancer. Cancer Sci, 2018, 109(10), 3272-
3284,

Lee, J., K.H. Jung, Y.S, Park, J.B. Ahn, S.J. Shin et al. Simvastatin plus irinotecan, 5-
fluorouracil, and leucovorin (FOLFIRI) as first-line chemotherapy in metastatic colorectal
patients: A multicenter phase Il study. Cancer Chemother. Pharmacol, 2009, 64, 657-663.

Lee, J.Y., M.S. Kim, J.E. Ju, M.S. Lee, N. Chung, Y.K. Jeong. Simvastatin enhances the
radiosensitivity of p53-deficient cells via inhibition of mouse double minute 2 homolog. Int J
Oncol, 2018, 52(1), 211-218.

Lin, C.K., S.T. Liu, C.C. Chang, S.M. Huang. Regulatory mechanisms of fluvastatin and
lovastatin for the p21 induction in human cervical cancer HeLa cells. PLoS One, 2019,14(4),
e0214408.

Mossman, T. Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity. J Immunol Methods, 1983, 65, 55-63.

Palko-Eabuz, A., K. Sroda-Pomianek, O. Wesotowska, E. Kostrzewa-Sustow, A. Uryga, K.
Michalak. MDR reversal and pro-apoptotic effects of statins and statins combined with
flavonoids in colon cancer cells. Biomed Pharmacother, 2019, 109, 1511-1522.

v —

cancer cell cultures. Drug Des Devel Ther, 2017, 11, 3273-3280.

Roskoski, R. Jr. Src protein-tyrosine kinase structure, mechanism, and small molecule
inhibitors.Pharmacological Research, 2015, 94, 9-25.

Shen, Y.Y., Y. Yuan, Y.Y. Du, Y.Y. Pan. Molecular mechanism underlying the anticancer
effect of simvastatin on MDA-MB-231 human breast cancer cells. Mol Med Rep, 2015, 12(1),
623-630.

Shojaei, S., J. Alizadeh, J. Thliveris, N. Koleini, E. Kardami et al. Statins: a new approach to
combat temozolomide chemoresistance in glioblastoma. J Investig Med, 2018, 66(8), 1083-
1087.

Tsubaki, M., T. Takeda, T. Kino et al. Statins improve survival by inhibiting spontaneous
metastasis and tumor growth in a mouse melanoma model. Am J Cancer Res., 2015, 5(10),
3186-3197.

Vallianou, N.G., A. Kostantinou, M. Kougias, C. Kazazis. Statins and cancer. Anticancer
Agents Med Chem, 2014, 14(5), 706-712.

Yang, T., H. Yao, G. He, L. Song, N. Liu, Y. Wang, Y. Yang, E. T. Keller, X. Deng. Effects
of Lovastatin on MDA-MB-231 Breast Cancer Cells: An Antibody Microarray Analysis.
Journal of Cancer, 2016, 7(2), 192-199.

Zhang, S. and D. Yu. Targeting Src family kinases in anti-cancer therapies: turning promise
into triumph. Trends in Pharmacological Sciences, 2012, 33(3), 2012,122-128.

Zhang, X., Y. Teng, F. Yang, M. Wang, X. Hong et al. MCM2 is a therapeutic target of
lovastatin in human non-small cell lung carcinomas. Oncol Rep, 2015, 33(5), 2599-2605.

Zhong, S., X. Zhang, L. Chen, T. Ma, J. Tang, J. Zhao. Statin use and mortality in cancer
patients: Systematic review and meta-analysis of observational studies. Cancer Treat Rev,
2015, 41, 554-567.

24


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=29115437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ju%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=29115437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=29115437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29115437
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roskoski%20R%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=25662515
https://www.ncbi.nlm.nih.gov/pubmed/25662515
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22153719
https://www.ncbi.nlm.nih.gov/pubmed/22153719

buoJsornyna akTMBHOCT Ha MeEQ
Hecucnar Jlunes, Aoaynkaaup Adymamiex, PagoctuHa Anekcanaposa

1 .
Hucmumym no ekcnepumeHmania mop@ono2usi namoao2us u aHmponoio2us ¢ my3etl —
bAH, Cogus, bvreapus

Pe3rome

Crnen IMHKA | JKENISI30TO, MEITAa € TPETUAT Hal-pa3NpoCTpaHEH MUKPOCIEMEHT B OpraHu3ma.
Menra e 6iaropoaeH MeTai, mo00HO Ha cpedpoTo U 31maToTo. [lone3nure i MHIYyCTpUATHA
CBOMCTBAa BKJIIOYBAT BHCOKA TOIUIO- W EICKTPUYECKa IPOBOJUMOCT, HHCKa KOPO3HS,
Jerupaiia CrnocoOHOCT u  KOBKOCT. [lo-ronsiMata dact oOT MeTajmHaTa MeJ HaMupa
MPUJIOKEHUE B eleKTpoHuKkaTa. YoBek cu HabaBsi MeJ upe3 XpaHaTa U YCBOSIBAHETO € OKOJIO
65-70% B 3aBHCMMOCT OT pa3IWYHH (PAKTOpH, BKIIOUUTETHO XHMMUYHATa (opma,
B3aUMOJCICTBUE C€ Jpyrd MeTalnu M XpaHuTenHu KomrnoHeHTu. Cnopen C30
MPENOPHUYUTEIHHUAT THEBEH MPUEM Ha MeJl ITpU Bb3pacTHU € 900 Mukporpama.

MeTtanbsT y4yacTBa B M3IBJIHEHHUETO HA peauna (U3MOJIOTMYHHU MPOILECH, CPEl KOHUTO
aHTHOreHe3a, HEBPOXyMOpalHa XOMEOCTasa, peryjupaHe Ha reHHaTa €KCIpecus, pa3BUTHE Ha
MO3bKa, MUTMEHTAlMs W (YHKIHOHMPAHE HA MMyHHAaTa CUCTeMa, €JIEMEHTHT MMa Ba)XKHO
3HAUCHUE 332 CHHTE3UPAHETO Ha XeM u abcopOrusTa Ha xens30. [loutu n1Be TpeTn OT MeATa B
TAJIOTO CE€ HATPYIBa B CKeJEeTa U MYCKyIuTe. XpOHMYHA TOKCUYHOCT Ha MeJl ce Hallo/1aBa
PAIKO U 3acsra MpeAuMHO YepHus apoo6. [lo3natu ca HacnencTeBHH AePeKTH B MeTa00IM3Ma
Ha TO3H €JIEMEHT, IPUMEPH 32 KOETO 3a OoNecTuTe Ha YHUICHH 1 MeHkec.

Hcropuueckn aaHHH

Menra e u3noa3Bana 3a mbpBU MbT (0k0s10 8000 T. Mp. H.€.) KaTO 3aMECTUTENT Ha KaMbKa OT
Xopara mnpe3 HeoJuTa (HoBaTa KaMeHHa epa). Metamyprusita ce nosiBsiBa B Mecomnotamus
(okomo 4000 r. mp.H.€.), Korato Meara ce € o0padoTBaiia BbB (popMa Ha pa3IMuHU OPBIUS Ha
Tpyaa, Mecnorammure 3aeaHo ¢ Eruntsaaure, npenu 4000 roquHu ca KOMOMHMpAIU MeJ U
Kanail B OpoH3. PumiisiHuTe ce cHaOasBamu ¢ MeJ MOUYTH M3LsII0 OT ocTpoB Kumbp. Metanst
e Oun u3BecTeH kato aes Cyprium, ,,metansT Ha Kumbp®, cpkpaTeH 10 CYprium u mo-KbCHO
penyuupan 10 Cuprum (https://www.britannica.com/science/copper).

Xumust

Menra (Cu), XMMHYEH €IeMEHT - YePBEHUKAB, H3KIIIOYUTEITHO TUIACTUYEH MeTal oT rpyma 11
(b) Ha mepuoauuHaTa TabIUIA, KOHTO € HEOOMYAHO JOOBDP MPOBOJHHUK HA €IEKTPUUIECCTBO U
TorMHa. B npuposaTa ce Hamupa B CBOOOJIHO METAJIHO ChCTossHUE. Menra 3aema 29™ mscTo
B Tabnuiata Ha MeHenees, a aToMHaTa i Maca e 63.546. MetairsT ce cpelia B TpU CTENIEHU
Ha okucienue — Cu0, Cul+ Cu2+. Mma cBetsiouepBeH IBAT, Thil KaTo abcopOupa 3eseHaTa
W cuHsATa cBemmHa. ILrbTHOCTTA if ¢ 8.96 g/cm®, a Temmeparypara Ha Torene - 1083° C
(JIazapos, 1984). IlomoOHO Ha cpeOpOTO W 37TaTOTO, MEATa € OmaropojeH mertan. Ts ce
OTJMYaBa C KOBKOCT, HHCKa KOPO3HMOHHA CIIOCOOHOCT, JIECHO OOpa3yBa CIUIaBH C JPYTH
Mmetanu. [lo cBouTe enekTpo- M  TOIUIONPOBOJHOCT CE€ HAapeXkJa Ha BTOPO MSCTO Clel
cpebporo. EneMeHTHT He B3auMOJIeIiCTBa C BOJlaTa W HE C€ pa3TBaps B KHCEIHHHU, KOUTO
HE MPOsBSBAT OKUCIUTENHU cBoicTBa (Jlazapos, 1984; Barceloux, 1999).
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Pa3znpocTrpanenne

Menra e emuH OT IIMPOKO paslpOCTpaHEHHTE B 3eMHaTa Kopa mertanu. Cpema ce
npeauMHo nox  Qopmara Ha cynduam, okcumu u - kapOonatu (Jlazapos, 1984).
Konnenrpauusita i1 B 3eMHara kopa € 55 ppm, a B Mopckara Boja — 3 X 10° mg/L
(Krupanidhi et al., 2008).

PasmpocTpanennero Ha Meara B IOYBaTa C€ BIUSC OT KIMMATHYHU, TCONOXKKH H
a"TpororeHHu ¢axTopr. OCBEH T'€0JI0KKH U3TOYHHULIM U UHAYCTPUAIIHO 3aMbpCSIBaHe, IPYTH
AQHTPOITOTEHHH M3TOYHHUIM, CBBP3aHH ChC CEIICKOCTOINAHCKATa JACHHOCT, MOTAT Jia yBelIN4aT
HUBaTa Ha MeJ B MOYBUTE, 0COOEHO B TPAHWUTE HACAKICHUS KAaTO MACIMHOBU TOPUYKU U
no3s (Ballabio et al., 2018). PaznuunnTe NpakTUKK B YIIPABIEHUETO HA CEJICKOTO CTOMAHCTBO
UMaT ChbOTBETHO BIUSHHE BbPXY KOHLEeHTpanusaTa Ha CU. Meara ce U3Moi3Ba TPaaULHOHHO
KaTo (QyHrunua 3a oOpaboTKa Ha HSIKOU MOCTOSHHU KyiaTypu. KoMOumHUpaHuAT eekT Ha
CBOWCTBaTa Ha MMOYBaTa, KaTO BUCOKO pH, HamMune Ha OpraHUyYeH BBIJIEPO]I U TJIMHA OT €HA
CTpaHa M TOIUIUTE M BJIAYKHHU KIIMMATHYHH YCIIOBHS OT Jpyra, OJaronpusTCTBa HATPYIIBAHETO
Ha MeJl B MecTaTa, KbJICTO Ce OTIJIeHIAT JIo3s M JabpBecHH KynTypu. (Panagos et al. 2018,
Orgazzi et al. 2018).

B pactenusitTa Menra € OCHOBHUAT KO(AKTOP HA MHOXKECTBO OeNThUU/€H3UMU. TOUHUAT Opoi
Ha TE3W Taka HApEYCHU KYNPOIPOTEHHHU € HEU3BECTCH, HO T€ U3IIBJIHABAT BAXHU (YHKIIUH B
pPaCTUTETHUTE KIETKU. 32 OCHIIECTBIBAHETO UM € HEOOXOUMO MUHUMAIIHO KojndecTBo CU.
W3nmnmeksT 0T CU MOKE Ja OKaKe BPETHO BIMSHHUE BBPXY IBPBUYHOTO MPOU3BOACTBO HA
pacTeHusTa U JIOpU BBPXY olensBaHeTo uM. [logabpikaHeTo Ha pPaBHOBECHUETO Ha TO3U
SJIEMEHT € OT ChIIECTBCHO 3HAUCHME 33 PACTEHHSTA U € CTPOro Kourposmpano. (Printz et al.

2016).

M3BectHH ca paCTCHUA, KOUTO NPOABABAT CKIIOHHOCT J1a HATpyIllBAT MCH, U3BJIWYANKHA I OT
TEXHHUTE MECTOOOMTaHMs — MoYBa Wik Boja. TakuBa ca: Aeolanthus biformifolius, Athyrium
yokoscense, Azolla filiculoides, Bacopa monnieri, Brassica juncea L., Callisneria Americana,
Eichhornia crassipes, Haumaniustrum robertii, Helianthus annuus, Larrea tridentate, Lemna
minor, Pistia stratiotes u Thlaspi caerulescens (Krupanidhi et al., 2008).

MenTa € OCHOBEH MHKPOEJIEMEHT, KOWTO HEe MOKE Ja ce 00pa3yBa OT YOBEIIKOTO TSUIO, TaKa
ye TpsiOBa Ja ce nmpuemMa OT XpaHUTEIHU U3TOYHUIM Beeku AeH. Crniopen CBeTOBHATa 3/ipaBHa
opranu3anus ca Heooxomumu 1-3 mg Cu Ha jieH, 3a 7a ce MPEAOTBPATAT BCIKAKBH CHMITTOMHU
Ha AeunuT. PasnuyHn OpraHu3aiiiy 1o 3/[paBeolia3BaHe U XPaHEHe 10 CBETa Ca OMPEIeITUITH
JTMETHYHH pe(EepeHTHH CTOWHOCTH, MOYepTaBaliKd 3HAYCHHUETO HAa MeEATa Karo 4acT OT
6anmancupanoto xpanene (Alexandrova et al., 2003).

Ha mpaktika, Bcska KJI€TKa B HAIKS OPraHW3bM H3I0J3Ba MEA U, 3a€HO C XKEISI30TO U
[[MHKA, META € €MH OT TPUTE MUHEPAIIH, KOMTO Ca OT CHIIECTBEHO 3HAUCHHE 3a HOPMATHOTO
(bYHKIIHOHMpaHE Ha YOBEIIKHS OpraHu3bM. Mejra e )KH3HCHOBaKHA 3a 3[PaBETO Ha Xopara
OT Pa3BUTHETO HA IIOJIA J0 CTAPOCTTA.

Menra e oT ChIIeCTBEHO 3HAYEHHE 3a:

e Pa3BuTHe Ha MO3bKa IO BpeMe Ha (PETAIHOTO M MOCTHATAIHOTO pa3BUTHE H
NoJIbp)kaHe Ha (YHKIMOHMPAHETO My TIIpe3 IeNus JKUBOT, BKIIOUYHUTEIHO
OCUTYpsIBaHE Ha e()eKTUBHA aHTUOKCHIATHBHA 3aIlUTa,

EdexTrBHA KOMYHUKAIUS MEXK1y HEPBHUTE KIETKHU;

[TonnbprkaHe Ha 37paBa KOXKa U ChbeTUHUTEIHA ThKAH;

3a3apaBsBaHE HA PaHU;

CTpyKTypHa ISUT0CT U (DYHKIUS HA CHPLETO U KPhbBOHOCHUTE CHIOBE;
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e PacTexx Ha HOBH KPBBOHOCHU ChHJIOBE;

e [lommbpkaHe Ha MpaBUIHA CTPYKTypa W (YHKIUS Ha IHUPKYIUPANIUTE KPHBHH
KIICTKH,

e (OOpa3yBaHeTO Ha KJIETKUTE Ha UMyHHaTa cuctema (0eau KpbBHU KIIETKH);

e TlogabpikaHe Ha 3PABOCIOBEH U €)EKTUBEH UMYHEH OTTOBOP;

e ['eHepupaHe W ChbXpaHEHHE HA CHEPTHS B ,,eJICKTPOLEHTPATUTE  HA HAIIUTE KJICTKH -
MUTOXOHIAPUHUTC.

IpunesHu TbKaHU ¥ OPraHu (pasnpeaejieHne HA MeJl B OPraHu3Ma)

YepHen apod

Cren mormpIaHeTo MeATa ce abcopOupa OT ThHKUTE YepBa B KpbBTa. Tyk CU ce cBBp3Ba ¢
TPAHCHOPTHU TPOTEHHH, KOUTO s IpeHacaT B depHus aApo6. Crnen kato menra Obae
MOT'BJTHATA TS C€ MPEHACS C TPAHCIIOPTHU OENTHIHN 10 YepHUs Apo0 3a eKCKpEeTUpaHe WK 3a
CbXpPaHEHHE B JKIIbUKaTa.

Menra urpae neHTpalHa poisi B IMPEBPBLIAHETO HA KENS30TO B HEroBaTa HM3IOJI3BacMa -
Fe(Ill), u chiio Taka momara 3a TpaHCIOPTHPAHE Ha XKEJIA30TO B TAJI0TO. HegocTursT Ha Men
MOXe J1a JIOBEJIe 10 aHeMUsI U ,,[IpeToBapBaHe" ¢ kelsn30 Ha Thkanute. (Doguer et al. 2018).

Mo3bKbT U HEepBHATA CHCTEMA

Megara e OT pemaBallo 3Ha4€HUE 332 HOPMAJIHOTO Pa3BUTHE HAa MO3bKAa U HEPBHATa CUCTEMA.
Toit urpae poss B MPOU3BOJACTBOTO U MOAABPKAHETO HA MUEIMHA, KOUTO U30JIMpAa HEPBHUTE
KJIETKH, KaTO IO TO3M HA4YMH OCHUTYpsIBa NPABUIHOTO IPENABAHE HAa HEPBHUTE HMITYJICH.
Menra ydacTBa B CHHTE3a Ha HEBPOTPAHCMUTEPU — OMOJIOTMYHO aKTUBHU MOJIEKYJIU, KOUTO
OCBILECTBSIBAT KOMYHHMKAIMATa MeXay HepBHUTE KieTkd. Hemocturst Ha Cu Mmoxe naa
JIOBEJIe 10 Pa3BUTHE Ha JICTCHEPAaTHBHHU TpoliecH B HepBHaTa cuctema (Cheri et al.2017).

Cobpue

Menra e oT ChIIECTBEHO 3HAUYEHUE 32 CHHTE3a Ha KoJjareH. Toil ce cpela B CheJUHUTENHATA
ThKaH, KOSATO € OCHOBHATa IMOJJIbpKalla W CBbpP3Balla THhKaH Ha TsI0TO. Menra e
HeoOxouMa 3a 3[PaBOCIOBHHSI TOHYK M HOPMATHOTO (YHKIIMOHHpaHE HAa MYCKYIUTE H
urpae KU3HEHOBa)KHA POJis B ChpiaeuyHara jaeiHocT. Henocturst Ha CU Moke ma noBese 110
ChpJIeUYHa HEAOCTATHYHOCT.

KpbBoHOCHH cbaOBe

Meara e kodakTop Ha €H3MMH, KOUTO YYacTBaT B IPOIECUTE Ha KPbBOCHCHUPBAHE.
KpbBOoHOCHUTE CBAOBE ca 3a00MKOJICHM M 3alUTEHU OT CHhEJUHHMTENIHA ThKaH, a MenTa
1oMara Jia ce NoJIbpika TAXHATa eJaCTUYHOCT, OCOOCHO 3a a0pTaTa U MO-MaJIKUTE apTepUH.
Henocturst Ha Men Moke Ja JOBeJE 10 MPOoOJIeMHU ¢ KPbBOOOPAIEHUETO U HUCKO KPBBHO
nansrane (Tohru et al.2018).

Koxka

Menara € OT ChIIECTBEHO 3HAUEHHUE 3a OCBHIIECTBIBAHETO HA IIMPOK CHEKTHP OHMOIOTUYHU
(yHKIIMH, KOUTO UTPAAT BaKHA POJIS 3a MOIbPKAHETO HA 3/IpaBara KoXka, a UMEHHO: TOHYC,
3a3/paBsBaHe HA paHU U 3amuTa oT yarpasuoieroBa (UV) cBeTnuHa.

Menra e HeoOXoaMMa 3a MPOU3BOJCTBOTO HA KOJIAT€H M €IACTHH, JBAa KOMIIOHEHTA, KOWUTO
OCHUTYpSIBAT 3[paBHHA W E€IACTUYHOCT Ha KoxkaTa. Karo xodakTop Ha €H3MMa TUPO3HMHA3a,
ME/ITa y4yacTBa B CMHTE3a Ha NMUTMEHTA Ha KOKaTa - MEJIAaHWH, KOUTO OCUTYpsiBa 3alIUTa OT
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UV nbuenne. HenocTursT Ha Mea MOXe J1a JOBEJAE 0 JereHepalys Ha Koxkara U 3aryba Ha
MATMEHTALU.

Koctn

KosareHbT € OCHOBHHUSAT CTPYKTYpEH MaTepuai B KocTute. OMpEXBaHETO Ha MOJIEKYJIMTE Ha
KOJIareHa BJIMsAC BbPXY TSAXHATA 3[paBHHA. B TO3M mpoliec yyacTBaT eH3UMH, YHHTO KODHAKTOP
¢ Mmen. HemocturbT Ha Men MOXe Ja jJoBeae 10 (PaKTypH, CKEJIETHH aHOMAaJIWd U
ocreomnopo3sa (Xinhua et al. 2018).

HNmyHHa cucrema

Menara e HeoOXoaMMa 3a MOJIbPIKAHE HA CTPYKTypata ¥ (YHKIHOHHPAHETO Ha OeIHTe
KPBBHH KJIETKH, MHOTO OT KOUTO MMaT (harorurupania akTMBHOCT. HeoCTUTBT Ha Ml MOXKeE
Ja JoBeje 10 HaMajsBaHe Ha Opos Ha OenuTe KPHBHHM KICTKH, IOTHCKaHE HAa MMYHHATa
CHCTEMa ¥ MOBHUIIIEHA YYBCTBUTEIHOCT KbM HHbekiuu (Alexandrova et al., 2003).

Men n xpaHeHe

Menra ce HabaBsg OT MIMPOK Tpbr MpecHH W npepaborenu xpanu. Cpen Ooratute Ha CU
W3TOYHMUIIA Ca 3bPHEHH XpaHH, SIKH (0COOEHO Opasmiicko Kamry), Meco (4epeH apod u
O0pOpeny), Muau, 6000BU pacTeHus (rpax U 0600) u cemeHa. THMHHAT MIOKOJAI CHIIO € C
BHUCOKO ChAbpkaHue Ha Men. JloOpe OanaHcupaHata W pa3HOOOpa3Ha JuETa OCUTYpsIBa
exxenHeBHuTe HY¥ U oT Men (Alexandrova et al., 2003). [IpenopbYnUTETHUAT THEBEH MIPHEM
Ha Meq npH Be3pactHu € 900 mukporpama (Institute of Medicine, Food and Nutrition Board).

Hepuuur Ha mex

Menra e ecernmaiieH MukpoesieMment. Jlegumurst Ha CU mpuYrHIBA CEPUO3HU 3JPaBOCIIOBHU
mpobiieMu, HO ce cpema psiako. Toll ce MpUUMHSABA MO-YECTO OT TeHETUYHH JedeKTH B
TOENTHIUTE, OTTOBOPHHU 32 TPAHCIOPTHUPAHE HA TO3W METajl, OTKOJIKOTO OT JIU€Ta C HUCKO
chAbpKaHue Ha Men. Mma ciydad, B KOUTO MEATa € HajJuyHa, HO HE MOXE Ja HaBlie3e B
kierkute (Alexandrova et al., 2003).

N3aumbK oT Mej

[IpuemMbT 1 OTAENSHETO HA MEJ] ca CTPOro OajaHCHpaHH, 3a J1a CE OCUTYPSBAT HEMPEKHCHATO
HYXXJWTE Ha opranu3Ma. HarpassiHe ¢ MeJl € pS/IKO CpeliaHo, A0 rojsiMa CTENEeH OrpaHuIeHO
710 CIIy4aifHO MHEeHe Ha Pa3TBOPHU OT MEACH HUTpAT WU MeAeH cyndar, KOUTo TpsOBa aa ce
1as3saT OT JIECEH AOCTHII B A0Ma. Te, KaKTO 1 OPraHu4YHUTC MCAHHU COJIM, Ca MOIIHU CPCACTBA
3a MpeIr3BUKBAaHE HA MOBPBIINAHE U MPUETUTE TOJIEMH 03U OOMKHOBEHO CE€ OTXBBPIAT upe3
pedaykc. CriocoOHOCTTa Ha 3/paBUsl YOBEIIKH YepeH APOoO0 Ja OTAENs MEJa € 3HAuWTeTHA U
XPOHUYHOTO OTpPaBSHE C MEJ € MHOTO DPSAKO, KaTO MAJKOTO CHOOINEHHUS 3a TOBa 3acsAraT
OpeMMHO  TMAIlMeHTH C 4YepHoaApoOHM 3abomsiBanus  (Alexandrova et al.,, 2003,
https://copperalliance.eu/benefits-of-copper/health/).

3a0oss1BaHusA, CBbP3aHU C 00MSIHATA HA Me]

Onucanu ca CJICTHUTE TPU TPYITH aHOMAJIMH ITPU METa0O0JIM3Ma Ha MEJITa:

1. Menen nedunuT — NpuaoOUT BCIEACTBHE Ha OelHa HA Mel aueTa (IbpBUYEH MeeH
nedunnT) WM BiomeHa adcopOuus (BTOpUYEH MeENeH ACPUIINT), KAKTO W TEeHETUYHO
oOycnoBeH (Oonmect Ha Menkec). BTopuuHUAT MeneH AedUIUT MOXKE J1a Ce JIBIDKH Ha
MPUCHCTBUE HA JIPYTH TEKKH METAIA B XpaHaTa, KOUTO HA KOHKYPEHTEH MIPUHITUIT HaMaJIsBaT
ycBosiBaneTo Ha CU B xpaHocMuiatenHusi TpakT. OcOOCHO BHMMAaHHE B TOBAa OTHOIICHUE
3aciry’kaBa MOJIMOJICHBT;

2. HatpynBane Ha Mex — npuoOUT Uik reHeTuaHo ooycnoseH (bonect Ha YuiceH);
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3. AuepynoriasMruHEMHsI — HaMajieHa aKTHBHOCT Ha eH3uMa (epoOKCHIa3a, BOJCHI 10
HaTpymnBane Ha kens30 (Krupanidhi et al., 2008; Trocello et al., 2010).

BoJect Ha YHiICBH

Bonectra Ha YUJICHH, H3BECTHA CHIIO KAaTO XEMATOJICHTUKYIapHA IereHepalus, € aBTO30MHO-
PELIECUBHO T€HETHYHO Pa3CTPOICTBO, KOETO € pe3yiaTaT OT aHOPMaJeH MeTaboIu3bM Ha
menta. (Fei et al. 2016). 3abonsaBaHeTo € CBbp3aHO ¢ MyTalys B XOJOIEPYJIOMIa3MUHA —
0enThK, KOUTO Chabprka MeTan-cBbp3Bamiu motusH. (Pfeil et al. 1999). BxkirouBaneTo Ha Men
B arolepyJIomIa3MuH 3aBucH oT neiictBueto Ha ATdaza ot P-tum, kosTo ce Hamupa B TpaHc-
lNonmku anapara u ce Hapuya ATP7B. benTbkbT uMa 6 MeTanHU CBbpP3BAIllM MOTHUBA B CBOS
N-TtepmuHaneH noMeH. To3M HPOTEMH HAco4YBa BKJIIOUYBAHETO HAa MEATa KAaKTO B amo-
HepyJIoIUIa3MiHa, Taka W B Jm3o3omure. [IpmumHara 3a Myrtamusra Ha NPOTEHHA € OT
mytauusa B reHa ATP/7/B u Bonu 1o HaTpynBaHe Ha MeJ B KJIIOYOBHM OpPIaHM, KAaToO YEpHUS
Ipo0, IeHTpaliHaTa HEPBHA CHCTeMa, ObOpenuTe, POroBUILIaTa Ha OKOTO U IPYTH ThKaHU, IIPH
KOETO HOpMaJTHOTO MM (pyHKIMOHUpaHe ce Hapynraa (Goodman et al. 2009). Otnaranero Ha
MeJl 3alo4Ba BeJHara Mpu pakJaHeTo, KaTO CUMIITOMUTE OOMKHOBEHO CE MPOSBSIBAT B Kpas
Ha IOHOIIECTBOTO. bonecTra Ha YHICHH OOMKHOBEHO Ce MaHH(ECTUPA C JBE YECTO CPEIIaHH
IPOSIBH: YEPHOJPOOHO 3a00JIsiBaHE MM HEBPOJOTWYHU CHUMIITOMATHKA, MOpaId TOJIIMOTO
yuactue Ha yenHus Apod u [{HC B HatpynBaneTo Ha men. [Ipu roHommTe ce Habm01aBaT 10-
YeCTO CHMIITOMH, CBBP3aHH C YEPHOIPOOHU IATOJOTUH, JOKATO BB3PACTHUTE MAIMEHTH
MOKa3BaT MPEIUMHO HEBPOJOTHYHU NMpHu3HAaUU. boiectra Ha YWICHH € psiuko 3a0oisiBaHe,
3acsramo enuH 4oBek Ha 30 000 B moseuero momynanuu (Rodriguez et al. 2015; Pfeiffer,
2016). [IpoyuBanmsi yCTaHOBSBAT HapacTBaHEe Ha 4YECTOTaTa HA Ta3W TCHHAa MyTalus B
u3onupanu nonynanuu kato Kocra Puka u octpoB Capnunus kpaii Uranus. (Rodriguez et al.
2015). OcHoBHHMTE CHMNTOMH Ha OojiecTTa Ha YWICHT ca Hail-uecTo YepHOAPOOHH,
HEBPOJIOTMYHU M IICUXUATPUYHHU, CTETIEHTA Ha N35BaTa UM € OT ChBCEM JIeKa J0 TeXKKa, KOATO,
aKko He OB JieKyBaHa, Moxe Ja Obze paranna (Rodriguez et al. 2015).

YepHonpoOHaTa GopMa MOXKe J1a ce MPOSIBH KaTO aCUMIITOMaTH4YHA, OCThP XeMaTHT, ocTpa /
XpOHWYHA YEPHOAPOOHA HEITOCTATHYHOCT W IUpo3a. JIpyru CUMITOMH, KOMUTO MOTaT Ja ce
HPOSIBAT, Ca XeMOJUTHYHA aHEMHUs1, HUCKOCTEIIEHHa XeMoun3a | xbirenuna (Rodriguez et al.
2015).

HeBpoJorn4HoOTO CHMIITOMaTHKAa MOXE /1a CE€ M3pa3u B aTETOMIHH JBWKEHUS U HECTaOMIIHA
MOXOJIKa, CHhCTOSIHWE, HarmomooOsBamo Oonectra Ha [lapkMHCOH, aTakcusi, IICEBIOCKIEpO3a,
JOMHHHUpaHa OT TPEMOp, W AMCTOHHYEH CHHAPOM, KOWTO YEeCTO BOAM JI0 KOHTPAKTYpH
(Rodriguez et al. 2015).

Jpyru cumntomu ot crpana Ha [{THC BkirouBaT TpeneeHe Ha phlleTe, PUTHIHOCT Ha JIULETO U
myckyaure u au3aptpus. (Goodman et al. 2009).

[McuxuaTpuYHUTE CHMTOMH MOJKE Ja C€ U3SBAT B KOOPAWHALUATA PHKa-OKO, B EMOIIMOHAITHH
Y TIOBEJICHYECKH MTPOMEHH. XapaKTepHH ca T.Hap. npbcTeH Ha Kayser Fleischer. (Rodriguez et
al. 2015).

[Ipu xopara c Oomectra Ha YWICHH MOXE Ja c€ HaOIIOAaBaT MHOXECTBO pa3UYHU
YCIIO)KHEHHSI, KOUTO Ca MPSKO CBBP3aHU C HM3IUIIBKA HAa MeJ B NpPUIETHHTE OpraHu. B
TEXKHUTE CIIydan obade, MOXke Ja ObJaT 3acerHaTH W OpYrd oparHu u cuctemu. OmmcaHo e
NPOSIBICHUETO HAa MYCKYJIHO-CKEJIETHH CMYIICHHS, BKIIOYUTEIHO MYCKYJIHA aTpodus,
KOHTPaKTypH, nedopmaruu, ocreoManaius u natonoruunu ¢paktypu. (Goodman et al.
2009).

JIpyru mo-psKO CpeliaHd CHUMIITOMH, KOMTO MOTaT Jia Ce MPOSBAT Hopaau OojecTTa Ha
YWIChH, ca OCTeOapTPHUT, HAKOM AHOPMAlHM TIOKa3aTreau Ha ObOpeuHa QyHKUIUS u
kapauomuomnarus (Fei et al. 2016).
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boaect Ha MeHnkec

Bonecrra Ha MeHkec e CBBp3aHO ¢ X-XpOMO30MaTa PEIECHBHO HACJICICTBEHO ChCTOSHHE,
KOETO BJIMSE BbPXY HauMHa, N0 KOHUTO opranm3mMa oOpaboTBa HUBaTa Ha Men. [IpuumHsBa ce
myTaruu B rena ATP7A. 3acsra npequMHO HepBHATA CUCTEMAa M CheIMHHUTENIHATA ThKaH ChC
CUMITOMH, KOUTO C TEUEHHWE Ha BpeMeTo ce Biomasar. CumnToMuTe Ha Oonecrra
OOMKHOBEHO C€ MOSBSIBAT MPe3 MbPBUTE HIKOJIKO MECeIla OT )KMBOTA M BKIIFOUBAT PsjIKa KOCa,
3a0aBeH pacTeX W pa3BUTHE, NMPHUIAIBIHM. B MOombIHEHHE MOXKE Ja ce HaOJI0JaBaT HUCHK
MYCKYJICH TOHYC (XUIIOTOHHMS ), OTITYCHATH YEPTH HA JIMIIETO ¥ CMYIICHHS B HHTEJICKTYaJTHOTO
pasButue. [loBedero nemna ¢ 6onectra Ha MEHKeC UMAT TEXKKH CHMIITOMATHKA, BOJACIIA [0
CMBPT B paHHa Bb3pacT. [lo-OnmarompusiTHa € MporHo3ara mnpu T.Hap ,,CHHAPOMBT Ha
OKITUITUTAITHUS POT*, YMSITO M3sBA 3aII04YBa 3a1I0YBa B TOAMHHUTE HA PAHHO JI0 CPEIAHO JACTCTBO.
CbC CpaBHUTCIIHO Hai-JIeka CUMITOMAaTHKa ¢ (hopMara MpU BB3PACTHU XOpa, KOATO 3acsra
MPEIMMHO HEPBUTE W MYCKyIuTe. bomectra Ha MeHKkec 3acsra NpPeIHMMHO MOMYETATA.
PaHHOTO JUArHOCTHUIMPAHE U JICUCHUE Ype3 MPHEM Ha MeJ MOXKE JIa IMOJA00pH IbJITOCPOYHUS
pesyarar npu Hsakou Aena. (Kaler et al. 2016, Vairo et al.2019).

Men-cbabp:Kamm NPOTEHHH U €eH3UMH

Men-cbabpKaluTe €H3UMHU U MPOTEHHU YYacTBAT B OCBIIECTBSIBAHETO HA peauIla >KU3HEHO
BA)KHHU TpoliecH, kato: cuaTe3 Ha AT® (nuroxpom ¢ okcuaasza; EC 1.9.3.1; CCO); oOmsiHa Ha
kucnopon (cymepokcun aucmyraza; EC  1.15.1.1. SOD); TtpancmopT Ha Xemnsi3o
(uepynmomnasmun; Cp; EC 1.16.3.1.); dopmupane Ha HW3BBHKICTHUCH MATPUKC (JIU3UI
okcunasza;, EC 1.4.3.13); HeBpOCHAOKpHMHHM TENTUAX (MENTUIWITIUINH O-aMUIUpaIia
MoHookcurenaza; EC 1.14.17.3; PAM), cuHTe3 Ha HoOpaapeHaJuH (gomamMuH [
MoHookcurenaza; EC 1.14.17.1.) u wmenanun (tuposunaza, EC 4.1.99.2); oOmsna Ha
XMCTaMHUH ¥ momamMunan (auamuHookcuaasza; EC 1.4.3.6. DAO) (Faila, 1999; Alexandrova et
al., 2003).

Men u pakoBH 3200/151BAaHUS

[ToBuiIeHN HHMBA HA MeJ Ca OTKPUTH MPH MHOTO BHIOBE 3JI0KAYECTBEHU HOBOOOpa3yBaHHs
IIpY YOBEKa, BKIIOYMTEHO HA MPOCTaTaTa, MICYHATa JKjIe3a, 1e0enoTo 4epBo, Oenus apob u
Mo3bKka. ChOOIIIECHO €, Ye M3MOJ3BAHETO HA MEIHHM XEJIaTOPH MOXE Ja UMa TepareBTHYHA
CTOMHOCT TIPH JICYEHHETO Ha HAKOU PAKOBH 3a00JIsIBaHMs. Y CTaHOBEHO €, Ye CMECH OT ME/IHU
XeJIaTOPH M MEIHU COJIHM JICHCTBAT KaTo e)eKTUBHH MPOTEa30MHA WHXUOUTOPU U WHIYKTOPU
Ha amnonTo3a, MO-CIEIHaTHO B pakoBHTe KieTku. OT Japyra crpaHa, JOKJIAJABaHO € 3a
AHTUTYMOpPEH e(QeKT Ha peaula MeI-ChAbPXKAIIM ChEJAWHCHUS, HSIKOM OT KOUTO Ce
pasriiexIaT KaTo NOTEHIMATHN aHTUTYMOPHHU areHTu. IHTepechT KbM TAX € TOJISIM, Thil KaTo
MEXaHHM3Ma UM Ha JICHCTBUE € pa3jM4YeH OT TO3M Ha IIMPOOK W3IMOJI3BAHUTE B KIMHUYHATA
NpaKTHKa IUIATUHOBM aHTHHEOIUTACATHYHH JIeKapcTBa. B mombiIHEHUE, MenTa € eceHIHaneH
3a 4OBEKa W KMBOTHUTE MUKPOCIEMEHT M C€ OYaKBa Jia MpOosBsiBa MO-ciada TOKCHYHOCT B
cpaBHeHUe ¢ nucruaruHara Hanpumep (Tisato et al 2010).

Baaropapuocru: IlpoyuBanero e mpoBeneHo ¢ ¢uHaHcoBata moakpena Ha Doy ,,Hayunn
uzcnensanus mpu MOH, bwirapus — lorosop Ne JIKOCT 01/10 ot 22.10.2018 r.
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Buojornyna akTUBHOCT Ha KO0OAJIT
Hecucnar Jlunes, Aoaynkaaup Adymamiex, PagoctuHa Anekcanaposa

Hucmumym no excnepumenmanna mopgono2us namonozus u anmpononocus ¢ myzeti — bAH,
Cogus, bvaeapus

Pe3ome

KobGanTeT € eauH OT Hail-BaKHMTE MUKPOEJIEMEHTH B CBETa Ha >KMBOTHHMTE U xopata. [lox
¢opmara Ha BUTamMuH B12 (koOanmamMuH) TO3M MeTajq Wrpae KJIOYOBa pOJs B pPEIHIA
6uosiornynu npouecu. KobanamunsT € HeoOxonum 3a cunreza Ha JJHK, oOpasyBanero Ha
EpUTPOILMTH, HOPMATHOTO (PYHKIIMOHHUPAHE HA HEPBHATA CHCTEMa, pacTeX a U Pa3BUTHETO HA
neuara. Hepocturst Ha BuTamMuH B12 mpenu3BukBa pasjiMyHM HATOJIOTMYHU ChCTOSIHUSA,
BKJIIOUMTEIHO aHEMHUsI M HEBPOIICUXHMATPUUHU paszcTpoiicTBa. J[oka3aHO € 3HAYEeHUETO Ha
eJleMeHTa 3a HMMyHHaTa cuctema. KoOanThT MMa OTHOCHUTENHO HHUCKAa TOKCHUYHOCT, HO
npoeCHOHATHOTO M3JaraHe Ha BB3JCHCTBHETO HA TO3M EJIEMEHT MOXKE Ja JIOBEeIe [0
HeOJaronpusATHY NOCIEIUIM 32 3PaBETO, 3acsraliKi Pa3IMYHU OpraHyu WK ThKaHU.

KiarouoBun aymm: MukpoeneMeHTH, KkoOant, BuTamuH Bl12, kobamamus, nedunur,
TOKCHUYHOCT

Xumust

KobGanteT € TBBpH, cpeOpucro-Osu1, ibckaB Meran. Toi e uien Ha VIII rpyma or
NepHoMYHaTa cucTema ¢ nopezeH Homep 27 u aromHa maca 58.93. Ko6anTsT uMa IUIbTHOCT
8.9 g/smS, touka Ha TomeHe 1493°C, Touka Ha xunene 3100°C, tBBbpmoctT mo Mooc 5.5,
crieruduyna enexTpornpoBoguMoct 15,5.106S/m. TlputekaBa (pepoMarHUTHH CBOWCTBA U
MOCTaBEH B CHJIHO MarHUTHO TI0JI€ IPUI00MBA MATHUTHH CBOMCTBA, KOMTO Iyom npu 1121°C.
[lo cBoute (u3MUHU CBOICTBAa € MOAOOEH Ha KENSI30TO M HUKena. EJeMEeHThT € akTHUBEH
XMUMUYECKH, KaTo 00pa3zyBa MHOro cheanHeHus. KoOanTsT € crabuieH Ha BB3IyX U HE ce
BJIUSI€ OT BOJIATa, HO CE€ aTaKyBa OT pa3pe/ileHN KUCEINHH.

Ipunoxenuns

KobGantsT BIM3a B CchCTaBa Ha peAMIla CIUIaBU (CyHepcIIaBH 3a YacTH B JBUTaTeNd Ha
ra3oTypOMHHU CaMOJIETH, YCTOWYNBH Ha KOPO3US CIIaBU, T.HAP. BUCOKOCKOPOCTHU CTOMaHHU,
[MMEHTUPAHU KapOWaM), B MarHUTH M MAarHUTHH HocuTenu Ha 3amuc. KobanToBu
ChEIMHEHUSI C€ W3MOJ3BaT KaTro KaTro KaTaJiu3aToOpd B TETpoiHATA M XHMHYECKaTa
MIPOMUIIUIEHOCT, KaTO CYIIWIHA areHTH 3a 6ou u MacTuia. KoGanToBOTO CHHBO € BakKHA 4acT
OT TMaJUTpaTa Ha XYyJOKHHUIIUTE M CE€ M3MOJ3Ba OT 3aHAATYMUTE TPH U3pabOTBAHETO HA
MoplieaH, KepaMuKa, BUTPaXH, MJIOYKHA U OMKyTa OT eMaiI.

Kob6anTsT € eceHIMalIeH €JISMEHT M BJM3a B ChCTaBa Ha BUTaMUH B12, KOHTO HM3IBIHABA
peaniia )KU3HEHOBAXXHHU PO BBB (pU3MoNorusiTa Ha 4YoBeuikus opranu3bm. [loa opmara Ha
M30TOII (GOCO) KOOANTHT C€ M3I0J3Ba B JHhUETEpANuATa, a ChII0 W TMPH 3a oOIbYBaHE Ha
XpaHU CTapuIN3UupaHe / KOHCEpBUPAHE U 3allMTa Ha MOTPEOUTENS.

Jpyrn METUIIMHCKU yHOTpeOM Ha KOOAJIT BKIIOUBAT OTKPHBAHE HA TYMOPH M METacTasH,
CTepWJIM3aIUsl Ha XUPYPTUYHO OOOpyJBaHE M M300pa3siBaHE HA MO3BYHH yBpekaaHus. B
CbCTaBa Ha pPa3jIMYHU CIUIAaBU KOOANTHT HaMHUpa NPUIIOKEHHWE U B TMPOU3BOACTBOTO Ha
pa3NUYHA MEIUIIMHCKU YCTPOWCTBA, HANpmuMep 3a u3pabOTBaHE HA 3aMECTUTENH Ha
Tazo0eapeHaTa 1 KOJITHHATa CTaBa, KAKTO ¥ 3b0OHU TIPOTE3H.
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Pasnpocrpanenue

KobGantsT ce oTkpuBa B IUIOJOPOJHUTE NOYBH, KAKTO U B pacTeHusATa. Toll € cpaBHUTEIHO
psaabK Metai u npeactasisisa okoiao 0.001% ot 3emnara nokpuska. Cpelia ce NpeauMHO 0.
dopmara Ha apcenunu, okcuau u cyndpumu (Angerer, Heinrich, 1988; Barceloux, 1999).
OcHoOBHHTE PYIH, ChAbpXKAIIKW KOOAIT, ca KOOAITUT, EPUTPUT, TJIAYKOJOT, CKyTepyaut. B
Caxenmancka A¢puka, Mo-TOYHO B IOKHaTta vacT Ha Jlemokparuuyna pemyonuka Kowro,
KoHUeHTpauuuTe Ha Co B HSIKOM DPETHOHM MOXKE Jla HAJABHUINAT XWIAIA OBTH Ta3u B
nopmannara mouBa (Lange et al. 2016). Ilpe3 2005 r. Ha#-roIsIM AT OT CBETOBHOTO
MIPOU3BOJICTBO Ha K0OanT ce e manaino Ha [lemokparuuna penyodnauka Konro (40%), cienBano
ot Kanana, 3am0us, Pycus, bpasunus u Kyo6a (http://en.wikipedia.org/wiki/cobalt).

HUcropus

KobanrsT e orkpur mpe3 1735 r. or mBeackus xumuk George Brandt (1694-1768). Toii
JI0Ka3Ba, Y¢ MMEHHO Ha KoOaJiTa Ce JBJDKM CHHHS LBST Ha CTHKJIATa - CBOWCTBO, KOETO 0
TO3M MOMEHT € OMJIO CBB3BAaHO C HAIWYKMeE Ha OucMyT. IMeTo kobaiT uaBa OT HeMcKarta ayma
kobold, — TepmuH, H3M0I3BaH OT MHUHBOPHTE 32 O3HAYABAHE Ha pyzara. EJIeMeHTHT € u3ydeH
otHocuTesHO 100pe oT beprman, Tenap u bepuenuyc. KobanarsT ce u3non3Ba 3a onpeTsBaHe
Ha KepamHKa U CThKJIO OT 1450 r. mp. H.e. OT BaBUJOHLIUTE U ETUITSHUTE, a CBIIO U OT
KHTaiiimMre oT BpeMmero Ha auHactuure Tang (618-907) u Ming (1368-1644). Hanuune Ha
KOOaJIT € J0Ka3aHO B €rMIETCKHU CKYJINTYpU U nepcuiicku Hakutu oT Il xungnonerue m.H.e.,
B pyunure Ha [lomneii (paspymen 79 c.u.e.). Eaa npe3 20-tu Bek € 011 M3110J3BaH KOOAIT B
criaBu. TexHUTE BHCOKM TOYKHM HA TOIEHE, rOJsiMa SIKOCT MPH MOBHIICHH TEMIIEPATypH U
YCTOMYMBOCT Ha OKHUCIIIBaHE OT TOPEIIM ra30Be MOBMIIABA ThPCEHETO HA KoOalTa 3a peaula
MIPOM3BOJICTBA, BKIIOYMTEIHO HA PEAKTUBHH JBHUTATEIH, PAaKETHH IIO3U U T'a30BH TYpOHHH.
Han 75% ot cBeroBHHs 100MB Ha KOOanT ce M3MOJ3Ba B IMPOU3BOJACTBOTO HA CIUIABH.
KobGanteT ce u3nmon3Ba u mon Qopmara Ha IUMEHTHPAHU BOJIPPaMOBU KapOUau U
BHCOKOCKOPOCTHHU cToMaHH. KobanToBuTe cheAMHEHMsI ca MOILHY M3CYIIMIHU OarofapeHue
Ha JICHCTBHETO CH KaTO OKHUCIMTENHH KaTaJu3aTopy 3a MOJMMEpH3als Ha HEHACUTCHU
rnunepuad. KobanTsT € BakeH M3TOUYHUK Ha KaTaM3aTOPH 3a METPOJIHATA MPOMHUIIIEHOCT,
KaKTO | 3a JBUTATEIN C BBTPEIIHO FOPEHE 32 HaMaJsiBaHe Ha aTMOC(EPHOTO 3aMbpCsIBaHE.

DuU3H0JT0THYHA POJIst

N3uucneno e, ye gHeBHaTa HY»*kAa oT koOanT mpu 4oBek e 40-50 ng. B 141010 Ha BB3pacTeH
YOBEK C€ ChIBbpKa OKoio | MQ xobanT, KOEeTo O3HayaBa, Yye METAThT HE Ce HATpPylBa B
opranu3ma. YepHuar apod, OBOpenuTe, CHPIETO W MYCKYIUTE ChIBPKAT MO-TOJISIMO
KOJIMYECTBO KOOANT 3a pasiuka oT Apyru opranu (Angerer, Heinrich, 1988). Ilpuet per 0s
METaIBT ce abcopOupa YaCTHYHO B THHKOTO 4YepBO. EKCKpeTHpaHETO Ha eleMEeHTa CTaBa
riaBHO upe3 gekanuute (okoso 60.95%), a churo u upe3 ypunata (Angerer, Heinrich, 1988).
Kobant, mpumaran caMoCTOATETHO B KOHIEHTparus or 50 uM, Boau 10 3HAYUTEITHO
HaMaJIsiBaHE Ha pacTe)ka Ha pacTeHUsTa W yBeJIMYaBaHe Ha OKCHIATHBHHS CTpeC, a
MEXIYBPEMEHHO KalalMTeThT 3a OTCTpaHSBaHE HAa AKTHBHU KHUCIOPOJIHHU paJWKaId Cce
YBEIIN4aBa, 32 KOETO TOBOPHU MOBHIIECHOOT ChIBPKAHUE HA (PUTOXETATHH U TIyTaTHOH, KaKTO
u ekcripecusita Ha choTBeTHHTE TeHu (HVPCS1 u HvGR1) (Jonas et al., 2020).

Ko0anThsT € 0CHOBEH MHUKPOEJIEMEHT 3a YOBEIIKOTO TSJI0 M MOXKE J]a C€ Cpella B OpraHUYHU U
HeopranuuHu ¢opmu. B opranmunara cu popma KoOANTHT € KOMIOHEHT Ha BUTaMuH B12 u
uUrpae BaXKHA pOJiA 3a OOpa3yBaHETO HAa AMHUHOKHCEIMHU W HSKOU OCNTHIM B HEPBHHUTE
KJIETKH, aKKTO U TPU CUHTE3UPAaHETO Ha HeBpoTpaHcMuTepu. Connte Ha KoOanTa ce mpujarar
B MEIUIIMHATA MU JieueHne Ha aHemus. Heopranmunurte Gpopmu Ha KOOANT, MPUCHCTBAIIN B
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floHHa opMa, ca TOKCHYHU 32 YOBEKA U KOJIKOTO MO-ABJIT0 C€ ChbXPaHABAT B TSIIOTO, TOJIKOBA
MOBEYE MPOMEHU B KJIETKUTE MPUUUHSBAT.

KobanTsT momnana B YOBCIIKHS OPraHU3bM II0 HIKOJKO HadyWHa: 1) ¢ xpaHata; 2) ypes
JMXareyiHaTa CUCTeMa; 3) OT Ko)KaTa; 4) KaTo KOMIIOHEHT Ha OMoMaTepHaid U MEAUIUHCKA
ycroiictBa. KoGanThT M HEroBUTE CIJIaBM HAMUPAT UIMPOKO MPUIIOKEHHUE MPU Ch3IaBAHETO
Ha OPTONEAMYHU UMIUIAaHTU OT oKkosio 40 romumuu. Kopo3usita Ha Merana € OCHOBHHUSAT
npobyiem npu ynorpedbara um. OcBOOOIEHUTE OT MOBBPXHOCTTA HA UMIUIAHTA METATHH HOHU
MOJKE J1a IPUYUHSAT BB3NAJUTEIHU PEaKMu U PeaklMi Ha CBPbXUYBCTBUTEIHOCT OT Tul |V,
NPEIU3BUKBAWKNA ACENTUYHO pa3xyiabBaHe W OTXBBbPJISIHE Ha MMIUIaHTa. Te3n HOHU ce
abcopOupar oT Makpodarure, BIOCIEICTBUE C€ aKTUBHpPAa OCBOOOXKJAaBAaHETO Ha
NPOBB3NAINTEIHA MOJIEKYIH, Kato uHTepieBkuH-1 (IL-1), untepneBkun- 6 (IL-6), Tymop
HekporuueH (axrop - anda (TNF-a) u npocrarmanaunau (Alexandrova et al., 2004; Czarnek
et al 2015., Jonas et al. 2020).

Toxcuunoct

Ko6anTbsT 1 HeroBure CheIUHEHUS MIPOSBABAT CPABHUTEIHO HUCKA TOKCUYHOCT. CHCTEMHHTE
epeKTH BBPXY 3[paBEeTO Ce u3pa3siBaT B KIMHWYCH CHHIPOM, BKIIIOYBAI TJIABHO
HEBPOJIOTMYHU (HAIp. CIYXOBU W 3PHUTEIHU CMYIIEHHS), ChPACYHOCHIOBU W EHIOKPUHHU
MpOsiIBU. YCTAaHOBEHO €, Y€ BOJOPA3TBOPUMHTE COJHM Ha KOOAiTa ce OTIIMYaBaT ¢ MO-BHCOKA
TOKCHUYHOCT OT Hepa3tBopuMute. OcTpu QaraiHM MHTOKCHKAlMM C KOOanT He ca
JTOKyMEHTHpaHU. B MonenHu cuctemMu Ha 0o3aiiHMIM IN VItro € Joka3aHa crocoOHOCTTa Ha
MO-BHCOKM KOHIIGHTPAIlMM KOOAJITOBUTE HOHM M CBOOOJEH KOOAlIT Ja Mpeau3BHUKBAT
MUTOTOKCUYHOCT ¥ J1a HHAYIMPAT aronTo3a U HEKPOo3a C BB3MAIUTEICH OTroBop. MMa nanHu
32 T€HOTOKCHMYHOCT Ha KOOAJITOBH COJIM, KOSITO Hal-BEpOSITHO C€ MPUYMHSABA OT CBOOOJHM
KHUCJIOPOJIHU paJIMKaIM, MOKE€ OM ChYETaHO C MOTHCKaHE Ha Bbh3cTaHoBsiBaHeto Ha J[HK.
JlokazaH € KaHIepOreHHHAT e(peKkT Ha KoOanT M KobanToB cyindar mnpu J1abopaTopHH
’KMBOTHH, HO BCE Ol HE € KaTeropuyHO yCTaHOBEeH mpu xopara (Simonsen et al 2012).
Ipeamonara ce, 4e HSAKOM OT TOKCHYHHTe edekTH Ha koGamra (Co®*) ce mpmkar Ha
TPeIoNaraeMo KOHKYPEHTHO WHXuOupane ¢ Ca’'3a Bwrpexmersunmre Ca’’ -cBbp3Bamm
oentwuu (Alexandrova et al., 2004).

CrocoOHOcTTa Ha ejleMeHTa Ja B3MMa ydyacTHe B OOpa3yBaHETO Ha  E€pUTPOLIUTUTE U
XEeMOTJIO0MHA € M3I0JI3BaHa JBJIT0 BpeMe 3a TepaleBTHYHU Ienu. Ta3u ¢opma Ha JeueHue
obade, MOXe J1a JOBEAE 10 XUIOTUPEOMIU3bM M THUPEOHIHA XHIIEPIUIa3Hsl, THH KaTo
KOOAITOBUTE HOHHU MOTHUCKAT MpPHEMa Ha HOa OT IUTOBHMIHATa skie3a (Angerer, Heinrich,
1988).

3a OCHOBHATa 4acT OT HACEJIEHUETO XpaHaTa M HANUTKUTE Ca OCHOBHUAT HM3TOYHHK Ha
Ko0anT. B mpomumnieHoCTTa 006a4e CHIIECTBYBA MOTSHIMAICH PHCK OT MHTOKCHUKAIUS C TO3H
eNIEMEHT, HalpuMep NpH MPOHM3BOACTBOTO Ha KobanToB mpax (Lauwerys, Lison, 1994,
Barceloux, 1999). /IseTe OCHOBHHM MPHIIETHHA 30HU IIPU MHTOKCHKAIIKSA ¢ KOOAIT ca KoXKara U
auxaTenHara cucreMa. KOHTakThT Ha KoOanTa ¢ Ko)ara MOXe Jja JOBeJe 10 JepMaTHT WU
ek3ema, ocobeHo ako T1enoctra i e HapaneHna (Chiappino, 1994). Ilopa3sBaneTo Ha
JUXaTeHaTa CUCTeMa Ce M3passiBa B AJBEOJIUTH, aCTMATHYHHU CHCTOSIHUSA, UHTEPCTHIIMATICH
cKIepoTnueH Osm apo0 u np. Bw3aeicTBueTO € KOOANT MOXE J1a Tpeau3BUKAa H
kapauomuonaruu (Chiappino, 1994; Alexandrova et al., 2004).

buosioruyna poJst

OcHoBHaTa OMOJIOrMYHA poJis Ha KoOaJiTa B OpraHu3Ma Ha )KUBOTHUTE M YOBEKA € CBBbP3aHa C
y4acTHETO MY B CTpYyKTypara Ha ButamuH B12 (Pwur. 1).
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Buramun B12

Kob6anamunbT (Butamun B12) e enqHa oT Haif-ClI0KHUTE YCTPOSHUTE MAJIKU MosieKysu (Dur.
4), cpeliaiy ce B mpupojaTa U €IMHCTBEHUSAT BUTAMUH, ChIbpiKail MukpoenemeHT (Warren
et al., 2002). Toii ¢ BaxkHa XpaHHUTEIHA J00aBKa, CHHTE3MpaHa CaMoO OT OIpPEICIICHH,
HaMUpanm ce B mouBara, Mukpoopranmsmu (Markle, 1996). M3BectHu ca 1Ba HauuHa 3a
o0pa3yBaHETO Ha KOPHUHOBUS MPBCTEH — aHAEpPOOEH U aepoOeH, KOUTO Ce pa3inyaBar Mpeau
BCHYKO TI0 MSICTOTO Ha BKJIIOUBaHE Ha KobantoBus Hou (Scott, Roessener, 2002).
KobGanaMuubT ce cpemia NpeIuMHO B XpaHUTE OT >KMBOTHHCKU MPOU3XO0J — Meco (0COOEHO
4yepeH apod u OwvOpenm), puba, siina w mieunu npoxykru (Herrmann, Geisel, 2003;
Watanabe, 2007). W3umcieHo e, 4e aHeBHATa Jg03a OT BuTtamuH B12 mpu doBek e 1 pg.
KobGanaMuHbT € royisiMa nojsipHa MOJIEKYJIa, KOSITO CE€ CBbpP3Ba ChC CIIELUAIHU TPAHCIOPTHU
MOJIEKYJIM Ha eHTepouuTuTe. HaBian3aHeTo Ha BUTaMHMHA B OpraHu3Ma Npu (PU3HOJOTUHU
YCIIOBHSI C€ OCBHIIECTBSIBA B WIIEyMa M M3HCKBAa CBHP3BAHETO HA KOOAJIaMUHA ChC CHEIHAICH
dakrop, T. Hap. Intrinsic factor (IF) (Russel-Jones, Alpers, 1999). BuonaauuHocTTa Ha
ButaMuH B12 B opranusma Ha 3/1paB 4OBEK c€ JABJKM OCHOBHO Ha Ipuema Ha pula, oBuUE U
MUAJIENIKO MeCcO — ChOTBETHO 42%, 56%-59% u 61%-66%. B cpaBHeHue c ocraHamute
KUBOTHHCKH MPOJYKTH, HAMUPALIHAT ce B stifiata BuTaMuH B12 ce abcopOupa cimabo (~ 9%).
[Ipenmomnara ce, 4ye OT BKIIOYEHHS B XpaHata BuTamMuH B12, B HopManHO ¢yHKIIMOHKpaIaTa
XpaHOCMMJIaTEJIHA CHUCTEMa Ha 37paB 4oBEeK ce ycBosgBar okojio ~ 50%. IloBeuero ot
U3MOI3BAaHUTE KAaTO  XPaHUTENHU J00aBKM B HAKOM CTPAaHH CHHBO-3€JIEHHM BOAOpaciu
(umaHoOakTepur) ChIABPIKAT NceBnoBUTaMuH B12, koiiTo He ¢ akTuBeH npu vosek (\Watanabe
et al., 2007).

B12 e cnoxHO ycTpoeH opraHoMeTalneH Ko(akTop, KOWTO HMMa BaKHO 3HAYCHHE 32
HOpPMaJTHOTO (YHKLIMOHHMpAHE Ha TPH MOJACEMEICTBa €H3MMHU — aJCHO3MHKOOAIT3aBUCUMHU
U30Mepa3u, METWIKOOANT3aBUCHUMHU MeTwiTpancdepasn u  aexanoreHasu  (Banerjeer,
Ragsdale, 2003). ITpu noBeueTo GakTepuu U MPU BCUYKU 003alHHIM KOOAIAMUHBT Peryinpa
cuntesupanero Ha JIHK kocBeHo, karo moBnusiBa €IuH OT eTanmuTe B MeTabonu3ma Ha
¢donueBara KucenuHa — npeBpbinadeTo Ha N5 MeTunrerpaxuapodoinara B TeTpaxuapodoar,
KOHTO OT CBOSI CTpaHa € CBbp3aH C MPEBPBHLIAHETO HAa XOMOILMCTEMHA B METHOHUH. Ta3u
peakiys NpoTHya B LUTOIUIa3MaTa U ce KaTaJu3upa OT €H3uMa MeTuiTpaHcdepasa, YHUTO
kodakTop e metrikobaramun (Kennedy et al., 1992; Alexandrova et al., 2004).

Henoctur na Buramuun B12

HedpuuutsT Ha BUTaMMH B12 (kobasamMuH) € yecTo cpellaHa MpUYMHA 3a MaKpOIUTHA
aHEeMUs U € 3aMEeCEeH B CIIEKTHP OT HEBPONCUXMATPUUHU paszcTpoiicTBa. Pomnsita Ha nepunura
Ha BUTaMHUH B12 mpu XunepxomMoIucTenHeMHsl 1 HaChbpUYaBaHETO HA aTepOCKIIepo3a € 00eKT
Ha aKTHBHU W3clieIBanus. JnarnoctuimpaneTo Ha nedunut Ha BuTaMuH B12 o6uKkHOBEHO ce
OCHOBaBa Ha M3MepBaHe Ha CepyMHUTe HMBa Ha BUTaMuH B12. TpsbBa na ce orbenexu
obaue, ye okoj10 50% OT marueHTUTe ChC CYOKIMHUYHO 3a00JsiBaHe UMAT HOPMAJIHU HUBA Ha
ButamMuH B12. Ilo-uyBcTBUTENEH MeTOA 3a ompeiensHe Ha JepuuUT Ha BUTaMuH B12 e
M3MEpBaHETO Ha HUBATa Ha CEpyMHa METHUIMAJIOHOBA KHUCEIMHA U XOMOIMCTEHH, KOUTO Ce
yBEJIMYABaT PaHO MPU HEAOCTUT HA TO3M BUTaMuH. M3nomn3BaneTo Ha Tecta Ha lllwimHr 3a
OTKpHUBAaHE Ha IEPHUIIMO3HA aHEMHUS € 3aMEHEHO B IIOBEYETO CIIy4al OT CEpOJOTHYHO
TECTBAHE 3a JI0Ka3BaHE HA HAJIM4YME HAa aHTHUTEJA CPELly NapUETAIHUTE KIETKH U BHTPEIIHUSA
¢dakrop. IIpoyuBanusita mokaspar, 4e NepopaaIHOTO MpHeMaHe Ha BUTaMuH B12 e 6e3omacHo
n e(peKTUBHO JieueHHE 3a CBhCTOSHHUETO Ha JedUUUT Ha To3uW BUTaMHUH. Jlopu korato
BBTPEIIHUAT (PaKTOP HE MPUCHCTBA, 32 J1a TIOJIOMOTHE YCBOSIBAaHETO Ha BUTaMuH B12 (mpu
NEPHULMO3HA aHEeMUs) WM IpU JIpyru 3a00JIsiBaHUs, KOMTO 3acArar oOMYaHUTE MecTa Ha
abcopOuusa Ha BUTaMUHA B KpallHUTE OTIENH Ha WIEyMa, MepopajHaTa Teparus CH OCTaBa
edexTusHa (Brown et al., 2003; Alexandrova et al., 2004).
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Hemocturst Ha ButamuH B12 Hali-uecto ce ABDKM Ha MPOOJIEMH B YCBOSBAaHETO My —
HEIOCTaThUHO BCMYKBAHE; CMYILEHHUS B yIoTpedaTa M CKIAJUPaHETO My; B3aMMOJCHCTBHE C
XPaHHUTEIHH BEIIECTBA, BOACUIO 10 HaMajeHa adCopOIUs W/ MHAKTUBUPAHE HA BUTAMUHA
(Dharmarajan et al., 2003). KM 3acTpaiiieHuTe OT pa3BUTHE Ha JSPUIUT TPYNU CE OTHACAT
BB3PACTHUTE XOpa; NAIMEHTH, TPHEMAIIX TPOTHUBOS3BCHH MEIMKAMEHTH 32 JIBJIBI IEPHOJ OT
BpeMe; BereTapraniuTe (0co0eHO Taka HapEYCHUTE BEraHu, KOUTO U300110 HE puemMar puda
W IPYTH XPaHU OT KUBOTHHCKH mpou3sxo); 6oxaute ot CIIMH; xopa, npersprienu onepanuu
Ha cromaxa win ThHKoTo yepBo (Markle, 1996; WHO u FAO, 2004).

bescniopHo, nepHuio3HaTa aHEMHS € Hali-BakKHATa MPUYMHA 32 HEJAOCTUT HAa BUTaMuH B12.
ToBa chcTOSHHME Ce MpHYWHSBA OT Jumcara Ha BoeTpemHus (akrop (Intrinsic Factor),
JbJDKAIla ce Ha aTpo¢us Ha CTOMAlIHATa JIMTAaBULA BCJIEACTBUE PA3BUTUETO HA aBTOMMYHHU
peaxmuu (Andres et al., 2004).

VY CII0BHO, M3MEHEHUsTA, CHITBTCTBAIIM JIMIIcaTa HAa BUTaMuH B12, ca o6ocobenm B 5 (hasu:
@a3u 1 u 2 ce xapakTepu3upar ¢ HUCKHU IJJa3MEHU HUBa Ha xoMmoTpaHckoOanamun Il. BbB
¢a3za 3 ce oTUMTAT MOBUILIEHN HUBA HA XOMOIMCTEMH U METHIMAIOHOBA KUCEIIMHA MTPH HUCKU
HUBa Ha XOMOTpaHcKoOanaMuH. BbB (a3a 4 KIMHUYHUTE CUMITOMU Ca Hall-CUJTHO U3Pa3eHU,
a BbB (haza 5 ce HabmromaBaT HeoOpaTHMMHU HEBPO-TICUXMATPUYHM cmymieHus (Herrmann,
Geisel, 2003). YcnoxkHensTa, MOPOJCHH OT HEIOCTHIa Ha BUTaMHH B12 ca MHOroob6pasuu,
KaTo BapupaT OT JeTaprus A0 3aryda Ha TEJEeCHO TEerjo W OoTciadBaHEe HAa CIIOCOOHOCTTA 3a
sanametsBane (Dhajmarajan et al., 2003).

Butamun B12 nonpunacs (3aenno ¢ Buramuau A, B6, C, D, E u mukpoenementure Fe, Zn,
Cu u Se) 3a ochIIECTBIBAHETO HA 3alIUTHATa (QYHKIUS Ha KIETKUTE Ha UMYHHATa CHCTEMAa,
BKIIIOUMTEIHO oOpasyBaHero Ha antutena (Maggini et al., 2007). CwoOmieno e, ue
MOBUIICHUAT NPUEM Ha HSIKOM MHUKpPOENEMEHTH, B T.4. BUTaMHH B12, moHmkaBa pucka OoT
yBpexaane Ha renoma (Fenech, 2007).

Manabcopbuusta Ha Bl12 e Haii-uecrara mpuumHa 3a Je@UUUT Ha BUTaMuH B12 mpu
Bb3pacTHU Xxopa. Jepunutsr Ha Bl2 o00uKHOBEHO ce HaOiOJaBa MpU HaIM4YUE Ha
nocTarbueH npueM Ha B12 ¢ xpanata. ToBa chCTOSIHUE Ce XapaKTepuU3upa ¢ HEBb3MOXKHOCT
3a ocBoOOXkaaBaHe Ha B12 or xpanata wiu oT cBbp3Bau B12 mporennu, ocoOeHo B
IPUCBHCTBUETO HAa XUIIOXJIOPXHUIPHS, KbJIETO abcopOiusiTa Ha ,,HecBbp3an~ B12 e HopMaiHa.
60% - 70% or manumeHTHTE B CcTapuecka BB3pacT ¢ aedpuunur Ha B2 crpamatr ot
Mmasiabcop6uust Ha B12 ot xpanara, koeto ce HabIr01aBa MPEJUMHO IIPU CTOMAIIHA aTpodus.
[ToBeue ot 40% ot xoparta Hax 80-roaMIlIHA BB3pAcT ca 3aCE€rHATH OT CTOMAIlHA aTpodus,
KOSTO MOke na Owbae cBbp3aHa ¢ uHpekuus ¢ Helicobacter pylori. dakropure, xouto
JIOTIpUHACST 3a BIIOIIeHaTa aOcopOuusaTa Ha BUTaMUH B12 oT XpaHaTa npu MHaluMeHTHd B
HarpeHajia Bb3pacT, ca: XpoHudeH npeHoc Ha H. pylori u upeBHa MukpoOHa nponmdeparms
cliell TPOABJDKUTEIIHO AHTUOMOTHMYHO JieueHue, aHTaroHuctu Ha H2-penenTtopute u
MHXHOUTOPY HA MPOTOHHATA MOMIIA, XPOHUYEH aKOXOJIU3bM, XUPYprUdHa MHTEPBEHIUS B
o0jacTTa Ha CTOMaxa, YaCTUYHA €K30KPUHHA HEJOCTAaThUYHOCT Ha MaHKpeaca W CUHAPOM Ha
Sjogren. XponnuHusT arpoduueH ractput T B e cBbp3aH ¢ uHdekuusaTa ¢ H. pylori u e
W3BECTHO, Y€ MPUUYWHsABA MajlabcopOins Ha BuTaMuH B12. ToBa 3a0osiBaHe BOJAM O HUCKO
MIPOM3BOJICTBO Ha IENCUH U BiouleH npueM Ha B12 ot xpanara. OcBo6oxaaBaneTo Ha B12
oT Oorata Ha OeNTHK XpaHa € HaMaJEHO B Cllydail Ha MOHMXXEHA CTOMAIlHA KHUCEIMHHOCT
(Herrmann et al., 2003; Alexandrova et al., 2004).
https://www.aafp.org/afp/2003/0301/p979.html?mod=article_inline
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R = 5'-deoxyadenosyl, CH;, OH, CN

®dur. 4. Buramuu B12
(https://bg.wikipedia.org/wiki/%D0%92%D0%B8%D1%82%D0%B0%D0%BC%D0%B8%
D0%BD_B12)

Baaropapuoctu: IlpoyuBanero e nmpoBeneHo ¢ ¢uHaHcoBaTa noakpena Ha Doy ,,Hayunu
nzcnensanus npu MOH, bwarapus — Jlorosop Ne JIKOCT 01/10 ot 22.10.2018 1.

HsnonszBana aureparypa

Ackerman, Ch.M. and J.C. Chang. Copper signaling in the brain and beyond. J Biol Chem.
2018, 293(13), 4628-4635.

Alexandrova, R., R. Tudose, E. Arnaudova, O. Costisor, L. Patron. Cobalt. Exp. Pathol.
Parasitol., 2004, 7/2, 3-14.

Alpers, D.V., G. Russel-Jones. Intrinsic factor, haptocorrin and their receptors. R. Banerjee
(Ed.), Chemistry and biochemistry of B12, Jhon Wiley & Sons Inc, New York, 1999, 411-
440.

Andres, E. et al. Vitamin B12 (cobalamin) deficiency in elderly patients. CMAJ, 2004, 171(3)
251-259.

Angerer, J.. Cobalt [Biomonitoring Methods in German language, 1988] Documentations and
Methods, 1988. 10.1002/3527600418.bi744048verd0009.

38



Banerjee, R. and S.W. Ragsdale. The Many Faces of Vitamin B12: Catalysis by Cobalamin-
Dependent Enzymes Annual Review of Biochemistry, 2003, 72(1), 209-247.

Barceloux D. G. and Dr. D. Barceloux. Cobalt, Journal of Toxicology: Clinical Toxicology,
1999, 37(2), 201-216.

Chiappino, G. Hard metal disease: clinical aspects. Sci Total Environ. 1994, 150(1-3), 65-8.

Czarnek, K., S.Terpitowska, A. Siwicki. Review paper Selected aspects of the action of cobalt
ions in the human body. Central European Journal of Immunology, 2015, 40(2), 236-242.

Dharmarajan, T.S., G.U. Adiga, E.P. Norkus. Vitamin B12 deficiency-recognizing subtle
symptoms in older adults. Geriatrics, 2003, 58, 30-38.

Fenech, M. Genome health nutrigenomics and nutrigenetics — diagnosis and nutritional
treatment of genome damage on an individual basis, Food and Chemical Toxicology, 2008,
46(4), 1365-1370.

Hanmura, T., M. Ichihashi, Y. Watanabe, N. Isomura, T. Kondow. Reactions of Nitrogen

Monoxide on Cobalt Cluster Ions: Reaction Enhancement by Introduction of Hydrogen. The
Journal of Physical Chemistry A, 2007, 111(3), 422-428

Herrmann, W., H. Schorr, R.Obeid, J. Geisel. Vitamin B-12 status, particularly
holotranscobalamin 11 and methylmalonic acid concentrations, and hyperhomocysteinemia in
vegetarians. The American Journal of Clinical Nutrition, 2003, 78(1), 131-136.

Herrmann, W., R. Obeid, H. Schorr, J. Geisel. Functional vitamin B12 deficiency and
determination of holotranscobalamin in populations at risk. Clin Chem Lab Med, 2003,
41,1478-88.

Kennedy, D.G., W.J. Blanchflower, J.M. Scott, D.G. Weir, A.M. Molloy, S. Kennedy, P.B.
Young. Cobalt-vitamin B-12 deficiency decreases methionine synthase activity and
phospholipid methyaltion in sheep. J. Nutr., 1992, 122, 1384.

Lange, B., O. Pourret, P. Meerts, P.Jitaru, B. Cances, Cl. Grison, M.-P.. Faucon. Copper and
cobalt mobility in soil and accumulation in a metallophyte as influenced by experimental
manipulation of soil chemical factors. Chemosphere, 2016, 146. 75-84.

Lauwerys, R. and D. Lison. Health risks associated with cobalt exposure — an overview,
Science of The Total Environment, 1994, 150 (1-3), 1-6.

Maggini, S., E. Wintergerst, S. Beveridge, D. Hornig. Selected vitamins and trace elements
support immune function by strengthening epithelial barriers and cellular and humoral
immune responses. British Journal of Nutrition, 2007, 98(S1), S29-S35.

Markle H.V. and Greenway D.C. Cobalamin, Critical Reviews in Clinical Laboratory
Sciences, 1996, 33(4), 247-356.

Oh, R., D.L. Brown. Vitamin B12 deficiency. Am Fam Physician. 2003, 67(5), 979-86.

Rima, O., J. Geisel, H. Schorr, U. Hiibner, W.Herrmann. The impact of vegetarianism on
some haematological parameters. European Journal of Haematology. 2002, 69( 5-6), 275-279.

Scott, A.l. and C.A. Roessner. Biosynthesis of cobalamin (vitamin B12). Biochem Soc Trans,
2002, 30(4), 613-620.

Simonsen, L.O., H. Harbak, P. Bennekou. Cobalt metabolism and toxicology-a brief update.
Sci Total Environ, 2012, 432, 210-5.

39



Wa Lwalaba, J.L., L.T. Louis, G. Zvobgo, M.E.A. Richmond, L. Fu, S. Naz, M. Mwamba,
R.P.M. Mundende, G.Zhang. Physiological and molecular mechanisms of cobalt and copper
interaction in causing phyto-toxicity to two barley genotypes differing in Co tolerance.
Ecotoxicology and Environmental Safety, 2020, 187, 109866.

Warren, M.J., E. Raux, H.L. Schubert, J.C. Escalante-Semerena. The biosynthesis of
adenosylcobalamin (vitamin B12). Nat Prod Rep, 2002, (4), 390-412.

Watanabe, F. Vitamin B12 Sources and Bioavailability. Experimental Biology and Medicine,
2007, 232(10), 1266-1274.

40



Evaluation of male reproduction in conditions of experimentally induced
hyperglycemia in rat

Pavlova E.', Vladov 1.}, Zapryanova S.2, Petrova, E.}, Gluhcheva, Y.}, Atanassova N.!

YInstitute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences, Sofia, Bulgaria
?Institute of Biology and Immunology of Reproduction, Bulgarian Academy of Sciences, Sofia,
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Corresponding author: Ekaterina Pavlova, e_bankova@yahoo.com

Problem: Male reproduction is sensitive to hyperglycemia and early life is especially
crucial for normal proceeding of spermatogenesis. In this respect our study aimed to evaluate
the effects of Diabetes mellitus (DM) in neonatal or prepubertal period on germ- (GC) and
Sertoli cell (SC) number, expression of marker proteins of Sertoli and Leydig cells (LCs) and
serum testosterone (T) levels on day 25 in rat (puberty).

Methods of study: Male pups were i.p. injected with a single dose of 100 mg/kg b.w.
on day 1 to induce neonatal diabetes (NDM) or on day 10 to induce prepubertal diabetes
(PDM). Diabetic status of animals was confirmed by increased blood glucose, more
pronounced in PDM compared to NDM. On day 25 testes were sampled, fixed in Bouen
solution and embedded in paraffin. 5 um sections were used for standard ABC-HRP
immunohistochemistry for androgen receptor (AR, 1:100, Santa Cruz) and 3p-Hydroxysteroid
dehydrogenase (3p-HSD, 1:500, Santa Cruz). Serum testosterone (T) was measured by
ELISA Kit (Elabcience Inc., USA). Stereological techniques were used to determine the
nuclear volume per testis of GCs and SCs.

Results: On day 25 in control rat testes the spermatogenesis is not completed and 4
types of germ cell associations can be observed. AR is localized in SC, LCs and peritubular
cells with stage-specific manner of expression in SCs. Immunohistochemical investigation
shows weaker intensity of AR reaction and uniform model of expression in SCs of PDM but
not in NDM model. These data correspond to reduction of plasma T levels in PDM (64%
lower than control) and NDM (40% lower) and weaker 3B-HSD expression in steroid
producing LCs. Quantitative study of GC number in PDM demonstrate reduction of total GC
population and in particular mitotic spermatogonia (40 % lower than control) and meiotic
spermatocytes (12 % lower).

Conclusion: Prepubertally induced DM affected androgen production and action in
the rat testis and data suggest different sensitivity of germ cell types to hyperglycemia in
puberty.

Key words: Diabetes mellitus, spermatogenesis, rat
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Trichinella pseudospiralis (T. pseudospiralis) was first isolated in Russia from
raccoon's skeletal muscles. This parasite has a wide geographic range of distribution due to
the migration of its main hosts - birds, although the parasite is limited by low temperatures
(Smyth, J. 1962). Tr. pseudospiralis spends its entire life in one host and feeds on the
intracellular products of muscle histolysis in the early stages of nematode's development,
which is a traumatical process, related with a release of cell contents and fluids. Hemocyanins
(unspecific immunostimulants with a great application in modern medicine) are oxygen-
transporting copper- containing metalloproteins, isolated from blood of some invertebrate
animals and are intensively studied in various therapeutic directions.

The aim of this study was to assess the antiparasitic effect of hemocyanins isolated
from Helix aspersa and Helix lucorum on the developing nematode larvae by s.c. application
in the form of an experimental vaccine.

Materials and methods: Four months old male laboratory mice with average weight
about 30 g. were used in the experiment, infected per os with 250 Trichinella pseudospiralis
larvae. Animals were distributed in groups, each treated three times with 1 mg/kg subunit o —
HaH (hemocyanine from Helix aspersa), subunit fc — HIH (hemocyanine from Helix
lucorum) or Helix aspersa mucus, diluted separately in PBS and Al(OH)3 prepared as a single
component vaccine. After a period of one month of the invasion of T. pseudospiralis, animals
were sacrificed and skeletal muscles were processed for histological observations. Results:
The histological features observed were connected with minor healing of muscle fibers
destroyed during nematode' movements in all three groups. Slight formation of a nurse cell,
reminiscent of the encapsulation in the species-Trichinella spiralis, but without collagenous
structure, composed of collagen type IV and VI -areas with metamorphosis of myocytes
expressed in rounding and centering of nuclei, a change in the cytoplasm/nucleus ratio,
relative to the surrounding cells was also shown. As a general finding there was a lack of
enhanced eosinophilic and lymphocytic infiltration around the larvae in the groups treated
with the hemocyanins from Helix aspersa, may be due to parasite -induced lack of local
immunity or was connected with the free migration throughout the muscle tissues reported by
Pozio E. and Zarlenga D.S. (2005). Only in the group treated with the hemocyanin from Helix
lucorum immune cell reaction was observed. We suppose that this hemocyanin is a stronger
immunomodulator in relation to this parasitic species and overcomes its mechanisms of
concealment. A prominent finding in this group was also the more common areas with
destruction of muscle fibers in the places where a larva has moved and the inflammatory focal
reaction around some larvae. These results may be related to the more pronounced
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antiparasitic properties of subunit Bc — HIH hemocyanin from Helix lucorum, compared to the
ones isolated from Helix aspersa, which will be a targeted study further.

Key words: hemocyanins, Helix aspersa, Helix lucorum, vaccination, T. pseudospiralis
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The effect of exogenously applied auxin-type herbicide 2,4-D (2,4-dichlorophenoxyacetic
acid) on growth and antioxidant defense of young pea plants, preliminary treated with two
synthetic auxin compounds 1-[2-chloroethoxycarbonyl-methyl]-4-naphthalenesulfonic acid
calcium salt (TA-12) and  1-[2-dimethylaminoethoxicarbonylmethyl]naphthalene
chlormethylate (TA-14) was examined. All chemicals were applied by foliar spaying of
seedlings. Applied alone TA-12 and TA-14 had no significant effects, but they modulated the
2,4-D induced changes on most of the investigated biochemical parameters. The shoot fresh
weight reduction, caused by 2,4-D was partially overcome by the use of TAs. Apart from this,
no significant changes were observed in the other biometric parameters. Treatment with 2,4-D
did not enhance lipid peroxidation, and hydrogen peroxide content was slightly increased.
These data indicate that treatment with 2,4-D did not cause severe oxidative stress, which is
also confirmed by the results of the antioxidant defense system. The application of 2,4-D
provoked accumulation of thiol-containing compounds, free proline and phenolic compounds
and increased the antioxidant enzyme activities (GST, SOD, CAT, POD and GR).
Pretreatment with TAs noticeably decreased the non-enzymatic antioxidants (free proline,
total phenolics and total low-molecular thiols) in comparison with plants treated with 2,4-D
only. With exception of GR, TAs pretreatment returned the enzyme values to levels close to
the controls. Based on the results obtained we suggest that the application of both synthetic
auxins could modulate 2,4-D herbicide effects.

Keywords: antioxidants, auxins, 2,4-D, pea, stress markers.
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Drought is an abiotic stress factor seriously disrupting plant development and decreasing crop
productivity. Wheat is relatively tolerant to drought stress during vegetative growth.
Herbicides are commonly used in agriculture against weeds. The Serrate® herbicide
(Syngenta product) is a preparation with two active chemical substances: clodinafop-
propargyl (an inhibitor of fatty acid biosynthesis) and pyroxsulam (an inhibitor of amino acid
biosynthesis) used to control annual cereals and broadleaf weeds in cereal crops. It is systemic
and selective for wheat (being tolerant).

Wheat (Triticum asetivum L., cv. Sadovo-1) seedlings were grown as soil culture in growth
chambers (22°C/19°C, 16 h photoperiod, 60% relative air humidity). Seventeen days old
plants were leaf sprayed with an aqueous solution of Serrate® (according to the
manufacturer's instructions), 72h later drought stress was applied for 7 days (withholding
irrigation to reach a water deficit of 60% below the normally watered control), and then 96h
for recovery (transfer to normal irrigation). Some markers of oxidative stress, non-enzymatic,
and enzymatic antioxidants were analyzed on whole shoots at Oh, 96h, and 168h of drought
stress, and at 96h of recovery. Four variants were monitored: 1) control (C, normally
irrigated), 2) herbicide-treated plants (H, normally irrigated), 3) drought (D, for 7 days) and 4)
plants, treated with herbicide and subsequently drought-stressed for 7 days (DH).
Herbicide-treated plants led to moderate but gradual increase in phenolics, thiol-containing
compounds and H,0O,, but malondialdehyde and proline varied insignificantly during the
experimental period along with enzymatic activities. Drought and DH stressed plants
significantly enhanced non-enzymatic antioxidant defense and oxidative stress markers, being
highest 134-fold for proline in DH at 168h of stress, but tending to reach the respective
control levels in this variant at 96h of recovery.

Compared to the respective control, enzymatic activities of catalase, guaiacol peroxidase,
glutathione reductase, and superoxide dismutase increased in treated (D and DH) seedlings
being highest at 168h of drought then tending to decrease, except catalase at 96h of recovery.
In general, DH treatment caused less alteration of all measured parameters than the drought
stress at recovery period. On the basis of data obtained it can be concluded that the application
of selective herbicide provoked cross-adaptation biochemical responses of wheat seedlings
grown under drought stress conditions.

Keywords: antioxidants, drought, herbicide, stress markers, wheat.
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Plant diseases are one of the major risk factors associated with reduced productivity of
economically important crops. To study the infection process in Xanthomonas euvesicatoria -
Pepper plant (Capsicum annum L.) pathosystem we investigated the changes in a number of
physiological and biochemical parameters in infected plants. The levels of some endogenous
protective compounds (low-molecular-weight thiols, glutathione, phenols and proline) and the
activity of the main antioxidant enzymes (catalase, guaiacol peroxidase, glutathione reductase,
superoxide dismutase) were established. They were monitored in the course of the infectious
process and compared to similar ones in healthy plants (controls). Analysis of the antioxidant
protection system in treated plants under normal and stress conditions lead to the acquisition
of new knowledge of the infectious process in this pathosystem, as well as the ability to
control the phytopathogen infection.
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