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ABSTRACT

In the experiment on rats with osteoarthritis induced by sodium monoiodoacetate in knee cartilage tissue we
found an increase of gene expression of inflammatory mediators - cyclooxygenase-2 (Ptgs2 gene) and inducible nitric oxide
synthase (Nos2 gene), an activation of reactive oxygen species (ROS) (O, H,0;) synthesis and high xanthine oxydase
activity, an increased content of TBA-active products of lipid peroxidation and activation of antioxidant enzymes
(superoxide dismutase and catalase). After the therapy with the drug "Drastop" based on chondroitin sulfate these
biochemical parameters were brought close to norm: the gene expression of pro-inflammatory enzymes was reduced, the
synthesis of ROS and lipid peroxidation products was inhibited and the activity of antioxidant enzymes lowered. The results
indicate that chondroprotector "Drastop" possess anti-inflammatory and antioxidant properties that make it effective in
the treatment of osteoarthritis.
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INTRODUCTION

Osteoarthritis (OA) is a degenerative joint disease characterized by inflammation of the synovial
membrane, erosion of cartilage, and resorption of subchondral bone [1]. The degeneration of cartilage starts
with biomechanical and biochemistry pathological changes: injury, muscle weakness or obesity, genetics,
dietary intake, estrogen use and bone density [2]. These factors can cause the excess synthesis of
proinflammatory cytokines interleukin-1-beta and tumor necrosis factor-alpha that stimulate the expression of
cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS), two potent proinflammatory enzymes
that lead to increased synthesis of prostaglandin E2 (PGE2) and nitric oxide (NO) [3]. Enzymes and metabolites
of arachidonic acid cascade, including enzyme COX-2 (encoded by the gene - Ptgs2) and its product - PGE2, are
known to be important mediators of inflammatory response. A rapid change in expression level Ptgs2 and the
content of proinflammatory cytokines is specifically shown human synovial tissue samples in early OA [4]. It
was detected that iNOS ex vivo in cartilage samples of patients with OA is active even without additional
stimulation by interleukin-1 or lipopolysaccharide, NO inhibits collagen and proteoglycan synthesis, enhances
apoptosis, and inhibits B1 integrin-dependent adhesion to the extracellular matrix [5]. Activated articular
chondrocytes produce as much, if not more, NO than any other cell in the body [6]. Pharmacological therapy,
including nonsteroidal anti-inflammatory drugs, immunosuppressive agents, and tetracyclines, attenuate the
activity of NO and PGE2. These pleiotropic mediators and enzymes that produce them are targets for
pharmacologic intervention [7]. Enzymatic peroxidation is carried out by heme-containing cycloxygenase and
non-heme iron lipoxygenase, which substrate is arachidonic acid. The heme-containing cyclooxygenase forms
endopereoxides of arachidonate in the biosynthesis of prostaglandins, prostacyclins and thromboxanes. The
reactivity of the reactive oxygen species (ROS) can vary depending on the place of their generation. Thus, the
activity of the superoxide anion radical increases in the hydrophobic environment. Biological activity of
reactive forms of oxygen is associated with the synthesis of prostaglandins, leukotrienes, thromboxanes, as
well as with oxidative modification of proteins, nucleic acids, lipids and articular chondrocytes are likely to be
the major intraarticular source of ROS synthesis. Peroxides and nitric oxide cause peroxide oxidation of
membrane phospholipids, which causes pronounced disturbances of membrane transport and leads to
oxidative stress. The degree of expression of the oxidative modification of macromolecules under the influence
of ROS depends on the ratio of the capacity of the antioxidant system and the intensity of pro-oxidant
formation [8, 9].

Modern treatment with non-steroidal anti-inflammatory drugs has pronounced side effects on the
digestive and cardiovascular system [10]. That’s why today therapists and OA patients try to consider
complementary approaches to control pain and to improve quality of life. Drugs based on chondroitin can
suppress inflammation, lipid peroxidation and restore antioxidant system in the cell. Chondroprotectors are
used in medicine for a long time, but the raw material for them present a mixture of molecules of chondroitin
sulfate with different lengths and variations in the position of sulfated groups and have different levels of
purification, which causes different effects that you need to keep in mind when assigning original products and
generics [11, 12]. That’s why the purpose of the study was to determine changes in the expression level of
mediators of the inflammatory response and the state of oxidative-antioxidant system in the cartilage tissue of
rats with sodium monoiodoacetate induced OA and after using chondroitin sulfate as a therapy.

RESEARCH METHODS

White nonlinear rats of both sexes weighing 180-240 g were used in the experiment, animals were
kept on a standard diet. While working with animals we complied with the general ethical principles of animal
experiments approved by the First National Congress of Ukraine on Bioethics (September 2001) and
international agreements in this field. Each group consisted of 7 animals of each sex. The experiment was put
under the scheme: the group "Control" - control rats that on the first day were injected with stabbed 50 ml 0.9
% solution of NaCl in both knees through knee ligaments; the group "MIA" (sodium monoiodoacetate) - rats,
that on the first day were injected into the right knee with 3 mg of sodium monoiodoacetate dissolved in 50 ml
0.9% NaCl solution, in the left knee - 50 ml 0.9% NaCl solution through the knee ligament; the group "Drastop"
served as the negative control where animals on the first day were injected with stabbed 50 ml 0.9% NaCl
solution in both knees through knee ligaments and further got intramuscularly the drug "Drastop" 1time per
day during 25 days; animal group "MIA + Drastop" on the first day was injected into the right knee with 3 mg
sodium monoiodoacetate dissolved in 50 ml 0.9 % NaCl solution, in the left knee - 50 ml 0.9 % NacCl solution
through knee ligaments and got the therapy with "Drastop" 1 time per day during 25 days. Conversion factors
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dose (mg/kg) to the animals from humans were used to calculate the dosage for animals [7]. The slaughter of
rats was performed 30 days after the experiment began. The hyaline cartilage of the knee were removed and
stored at -20 ° C prior to the study.

In cartilage homogenate the following parameters were determined. The protein content was
measured by Lowry [13]. The content of superoxide anion radical was determined using spectrophotometrical
method with HTT (2,3-bis (2-methoxy-4-nitro-5-sulfofenil) -2H-tetrazol-5-karboksanilid) as the electron
acceptor [14, 15], the activity of xanthine oxidase was determined by the formation of uric acid with xanthine
[16], the content of hydrogen peroxide was measured spectrophotmetrically using ksylenol orange [17]. The
content of diene conjugates was determined in heptane-izopropanol extract using spectrophotometric
method, schiff bases — using fluorescence method [18, 19]. The content of TBA-active products was
determined by reaction with thiobarbituric acid [20].

Real-time reverse-transcription polymerase chain reaction (RT-PCR). RNA was obtained by the
method of Chomczynski [21]; The synthesis of cDNA and quantitative polymerase chain reaction in real time
(real-time gPCR) with the help of commercial set «Thermo Scientific Verso SYBR Green 1-Step QRT-PCR ROX
Mix» («Thermo Scientific», Lithuania), using Mmol / L of each primer, was carried out under the temperature
witch was recommended by the manufacturer: synthesis of cDNA 50 ° C - 30 min; initiating denaturation 95 ° C
- 15 minutes; then 40 cycles: denaturation of DNA 95 ° C - 15 c; hybridization of primers 502 C - 35 sec;
completion of the chain 72 ° C - 30 sec ; final elongation 72 ° C - 5 min.

In the reactions the following sequences of primers were used: for Ptgs2 - forvard -
TGCTGTTCCAACCCATGTCA and reverse - TGTCAGAAACTCAGGCGTAGT; for Nos2 - forvard -
GTGTTCCACCAGGAGATGTTG and reverse - CTCCTGCCCACTGACTTCGTC; for Actb (B-actin gene was used as an
internal control of the reaction due to its constitutive expression) - forvard - TGGGACGATATGGAGAAGAT and
reverse - ATTGCCGATAGTGATGACCT. The results of amplification were tested in parallel repeating
experiments of qPCR on samples of the RNA from all animals using each primer at least three times. After each
amplification cycle fluorescence dye SYBR Green | was detected, and after reaction melting curve was built to
control the formation of dimers and primer specificity of the reaction. The initial amount of mRNA was
calculated using comparative Cr method «AACr Method», the effectiveness of PCR reactions was similar Ex =
(10°1/slore) -1 slope <0,1. The relative amount of mRNA of these genes was normalized to mRNA Actb.

Statistical analysis of research results. Mathematical and statistical analysis of research results was
carried out using a computer software package «GraphPad Prism 5.04» ( «GraphPad Software Inc.», USA).
They were tested for normal distribution using the Shapiro-Wilkie test. Further calculation was performed
using unidirectional analysis of variance (one-way ANOVA) with Tukey post-test. The results are shown as the
arithmetic mean * standard deviation (variance) - SD. The results considered significant when p < 0,05.

RESULTS

We found that in the group of rats with MIA - induced OA in homogenates of rat cartilage the content
of superoxide anion radicals increased in 3.1 times, the activity of xanthine oxidase - in 3.2 times, and the level
of hydrogen peroxide - 1.7 times respectively, compared with controls (Table. 1). After the therapy the content
of superoxide anion radical decreased 1.6 times, the activity of xanthine oxidase decreased by 2 times and the
amount of hydrogen peroxide decreased 1.4 times relative to the respective parameters group "MIA". The
negative control confirmed that the drug based on chondroitin sulfate didn’t affect the shift of prooxidant-
antioxidant balance in animals, the study showed no changes in the contents of superoxide anion radical,
activity of xanthine oxidase and quantity of hydrogen peroxide in the cartilage of animals from the group
"Drastop" regarding the relevant indicators of the control group.

We found the growing content of lipid peroxidation products in rat cartilages after administration of
sodium monoiodoacetate: the content of TBA - active products increased 2.3 times relative to control (Table.
2). Negative control on the drug didn’t show an increase in the content of TBA - active products relative to the
control. The drug "Drastop" in cartilage homogenates reduced the content of secondary lipid peroxidation
products 1.5 times relative to the group "MIA".
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Table 1. The content of ROS and xanthine oxydase activity in the cartilage of rat knee joints with OA(M +m, n=7)

Indicator 02- content, Xanthine oxydase activity Content of H,0,,
Groups of animals pmol x mg proteint nmol x min'1 - mg protein-1 pumol x mg proteint
Control 8,03%0,76 2,0240,18 12,83+1,15
MIA 24,95+2,17* 6,3940,54* 22 39+2,08*
Drastop 9,21+0,85* 2,51+0,23* 11,96+1,07*
MIA + Drastop 15,3241,384# 3,18£0,29# 15,711,534

* - p<0,05, relative control
# - p < 0,05, relative to group "MIA"

Table 2. The content of TBA - active products in the cartilage of rat knee joints with OA (M tm, n=7)

Indicator TBA-active products, nmol x mg
Groups of animals protein?
Control 65,21+6,18
MIA 149,97+12,36*
Drastop 72,83+6,95*
MIA + Drastop 98,359,514

* - p < 0,05 relative to control
# - p < 0,05 relative to animals injected only with MIA

We established that in rat cartilages affected with chronic joint inflammation the activities of
antioxidant enzymes - superoxide dismutase and catalase significantly increased: superoxide dismutase activity
showed 4 times increase and catalase activity - 4.7 times increase compared to control. Negative control
showed a weak growth of superoxide dismutase activity in rat cartilage - 1.2 times relative to control. After the
therapy with chondroitin sulfate enzyme activities decreased, superoxide dismutase activity - 1.9 times,
catalase activity - 3.1 times compared to MIA group (Table. 3).

Table 3. The activities of antioxidant enzymes in the cartilage of rat knee joints with OA (M +m, n=7)

Indicator | Superoxide dismutase activity units x min-1 x Catalase activity,
Groups of animals mg protein-1 nmol x min-1 x mg protein-!
Control 0,321 + 0,029 14,21 +1,25
MIA 1,281 +0,105 * 67,49+6,38 *
Drastop 0,383 +0,035* 12,92 +1,23*
MIA + Drastop 0,672 +0,064# 21,87 +£2,09%#

* - p<0,05, relative to control
# - p < 0,05, to animals injected only with MIA

The experimental studies have shown that the level of Ptgs2 gene expression in the group of animals
with disorders was higher by 8 times (p < 0,001) compared to intact animals (Fig. 1). The levels of expression of
this gene in the first and second (negative control: the introduction of saline intramuscularly and orally with
distilled water) group of rats were not significantly different.

At the same time, after the introduction of both MIA and Drastop the corresponding mRNA level was
3,9 (p £0,001) times lower than in the third group of animals.

Further experimental studies have shown that the level of Nos2 gene expression in the group of
animals with disorders was 5.8 times (p < 0,001) higher compared to intact animals (Fig. 2). The levels of
expression of this gene in the first and second (negative control: the introduction of saline intramuscularly and
orally with distilled water) group of rats were not significantly different.

At the same time, after the introduction of both MIA and Drastop corresponding mRNA level was 2,8
(p <0,001) times lower than in the third group of animals.
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Fig.1. level of Ptgs2 gene expression in the cartilage of rat knee joints with OA and with the treatment of Drastop. 1 -
intact; 2 - positive control; 3 - MIA; 4 - MIA + Drastop; *** - p < 0,001 relative to intact animals (control); ### - p < 0,001
relative to animals injected only with MIA.
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Fig. 2. Level of Nos2 gene expression in the cartilage of rat knee joints with OA and with the treatment of Drastop. 1 -
intact; 2 - positive control; 3 - MIA; 4 - MIA + Drastop; *** - p < 0,001, ** - p < 0,01 relative to intact animals (control);
### - p < 0,001 relative to animals injected only with MIA.
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DISCUSSION

It has been reported that ROS (0% and peroxynitrite) directly injure the guanine repeats in the
telomere DNA, indicating that oxidative stress directly leads to telomere erosion, regardless of cell active
division [22]. These findings suggest that oxidative stress could induce chondrocyte telomere instability,
leading to chondrocyte senescence.

In the articular cavity damaged and necrotic cartilage and bone fragments are subjected to
phagocytosis by leukocytes with the release of inflammatory mediators, ROS (superoxide anion (02-e),
hydroxyl radical (¢OH), hydrogen peroxide (H202), and hypochlorous acid (HOCI)) and lysosomal enzymes,
which is clinically manifested by synovitis of the joint and the development of immunological reactions on
decay products [23]. In chondrocytes ROS regulate intracellular signaling molecules such as receptor tyrosine
kinases, the MAP kinases (ERK1/2, INK, p38), lipid pathways (phospholipases, PKC, and the PI3-kinase/Akt
pathway), phosphatases, and transcription factors (NFIB, p53, and AP-1) that are involved in signaling
networks that regulate cartilage matrix synthesis and degradation, ROS can promote the extended activity of
certain signaling through reversible inactivation of specific phosphatases and increased ROS level activate
catabolic signaling, cause oxidative stress and inhibit anabolic signaling through inhibition of IGF-1 depended
proteoglycan synthesis [24, 25]. Xanthine oxidase plays a crucial role in ischemia-reperfusion injury. During
ischemia, ATP is degraded to hypoxanthine and xanthine dehydrogenase is converted to xanthine oxidase.
During reperfusion, xanthine oxidase catalyses the reaction of hypoxanthine or xanthine and molecular oxygen
to superoxide radicals. These radicals rapidly react with nitric oxide, peroxynitrite, and other reactive species
[26].

ROS although can cause peroxidation of polyunsaturated fatty acids in the membrane and produce
lipid peroxidation products: malonaldehyde as well as 4-hydroxy-2(E)-nonenal are common markers of
oxidation in cells [27].

The production of endogenous ROS (generated by NADPH oxidase, xanthine oxidase (XO), or
cytochrome P450, etc) are balanced by the actions of cellular antioxidant defense systems, including enzymes
(superoxide dismutase (SOD) and catalase (CAT) [28].

The study showed an increase in the activity of xanthine oxidase, an increase in the content of free
radicals and TBA-active products in OA. Also, a high activity of antioxidant enzymes was observed, which
indicates the development of oxidative stress in cartilage tissues. The use of the drug based on chondroitin
sulfate reduced biochemical manifestations of oxidation and reduced the burden on the enzymes of the
antioxidant system.

The results indicate significant activation of Ptgs2 and Nos2 expression which is typical for the
development of inflammation in cartilage tissues. Normally iNOS is active in immune cells and provides
antimicrobial and tumoricidal activity but when overexpressed, iNOS-generated NO can cause tissue injury by
its cytotoxic effects on resident cells [29]. It is known, that human OA-affected cartilage release substantial
amounts of nitrite for up to 72 h in ex vivo organ cultures but authors predict that OA-NOS may be a unique
isoform expressed by the chondrocyte under pathological conditions [30]. NO was shown to suppress
proteoglycan synthesis, by decreasing metabolic incorporation of sulfate (3°504%) into glycosaminoglycans|
31], to activate matrix metalloproteinases in cartilage and chondrocytes [32] and to inhibit collagen Il synthesis
[33] . iNOS is upregulated by IL-1 and TNF-a. Without cytokine stimulation, basal OA cartilage controls did not
express messenger RNA for Nos2 when analyzed by real-time reverse-transcription polymerase chain reaction
(RT-PCR) [34]. COX or prostaglandin H (PGH) synthase, like NO synthase, is although regulated by IL-1. It was
shown, that COX in bovine chondrocytes can be activated by NO through interaction with the iron catalytic site
but after specific inhibition of iINOS COX still remained active and PGE2 levels were further elevated [35, 36].
As the administration of the drug based on chondroitin sulfate reduced the expression of Nos2 and Ptgs2
genes, it may be considered as a suppressor of inflammation and the development of OA.

Chondroitin sulfate is the main component of proteoglycans, a component of the cartilage matrix. It is
a sulfated glycosaminoglycan, which consists of long unbranched chains of repeating residues of N-
acetylgalactosamine and glucuronic acid. Most acetylgalactosamine have N-sulfated residues in the 4th and
6th positions. Chondroitin sulfate molecules are involved in the processes of water, amino acids and lipid
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transport in the areas of avascular cartilage [37]. On animal models of chronic OA it was observed that the
therapy with chondroitin sulfate reduced gene expression and synthesis of cyclooxygenase-2 and chemokine
ligand 2, decreased infiltration of the synovial membrane by immune cells and lowered the degree of
proliferation in the synovial membrane [38]. It is known that inflammatory cytokines IL-1 B and TNF - a
stimulate the synthesis of IL-8 and -6, activate matrix metalloproteinases 1, 8 and 13 that destroy cartilage
collagen type 2, cytokines activate cyclooxygenase 2 in fibroblast-like synoviocytes and chondrocytes, which
generates inflammatory mediators prostaglandins, that increase inflammation. Some studies in vivo showed
that chondroitin sulfate may reduce concentrations of IL-1 B in joint tissues [39] and other inflammatory
mediators (IL-6, nitric oxide synthase, prostaglandin E2) and inhibit induced expression of matrix
metalloproteinase 3 9 and 13 in chondrocytes [40, 41]. Chondroprotectors protect cells by inhibiting oxidation
of proteins, lipids and synthesis of free radicals. Some studies suggest the inhibition of apoptosis of
chondrocytes [42, 43]. Chondroitin sulfate inhibits the activation and nuclear translocation of factor NFkp in
chondrocytes and synoviotcytes. NFkB, binding to the promoter of corresponding gene activates the
transcription of proinflammatory cytokines, nitric oxide synthase, cyclooxygenase 2, phospholipase A2, matrix
metalloproteinases, which deepens the destructive processes in deformed osteoarthritic joints. Chondroitin
sulfate inhibits the expression of RANKL and activates the synthesis of osteoprotegerin regulating the
subchondral bone remodeling [44].

CONCLUSIONS

The biochemical analysis of rat cartilage tissue with monoyodatsetat-induced OA showed an increase
in the expression levels of Ptgs2 and Nos2, an increase of ROS production and activation of xanthine oxidase,
high levels of TBA-active products and increased activities of antioxidant enzymes - superoxide dismutase and
catalase compared with the corresponding control groups of animals. This indicates the activation of
inflammatory processes, abuse redox balance and the development of oxidative stress and lipid peroxidation
in the tissues. The usage of the drug based on chondroitin sulfate brought the specified biochemical
parameters closer to normal compared with experimental OA, indicating the anti-inflammatory and
antioxidant properties of the drug "Drastop" that make it effective in the treatment of OA.
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