MIHICTEPCTBO OCBITU I HAYKH YKPATHI
HALIOHAJILHUN ABIAIIIMHWI YVHIBEPCUTET
®AKYJIBTET EKOJIOI'TYHOI BE3ITEKU, IHXKEHEPII TA TEXHOJIOTTH
KA®EJIPA BIOTEXHOJIOT II

JOIIYCTUTHU A0 3AXUCTY
3aBijyBay BUITYCKOBOI Kadeapu
M.M. bapanoBchkuii

« _ » 2021 p.

JTUNJIOMHA POBOTA

(ITOACHIOBAJIBHA 3AIIMCKA)
3JI0OBYBAYA BMIIIOI OCBITU OCBITHBOI'O CTYIIEHS «BAKAJIABP»
CIIELIAJIBHICTD 162 «BIOTEXHOJIOTITI TA BIOIHXXEHEPIS»
OCBITHBO-TTPO®ECIMHA TIPOTPAMA «DAPMAILIEBTUUHA BIOTEXHOJIOT ISI»

Tema: «TexHoJI0OTisI OTPUMAHHSA XOHAPOITHHY CYJAb(ATIB i3 XPAMOBUX TKAHUH PUO»

Buxonasens: crynentka 404 rp. ®EBIT

TpetbsikoBa A.O.
KepiBHHK: K.C.— T'.H, JOLIEHT ['nymko FO.M.
HopMmokonTponep: HpaxnikoBa A.B.

KUIB 2021



MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
NATIONAL AVIATION UNIVERSITY
FACULTY ENVIRONMENTAL SAFETY, ENGINEERING AND
TECHNOLOGY
DEPARTMENT OF BIOTECHNOLOGY

ALLOWED TO DEFENCE

Head of the graduate department
M.M. Baranovsky
« » 2021

BACHELOR THESIS

(EXPLANATORY NOTE)
OF GRADUATING STUDENT OF EDUCATIONAL DEGREE «BACHELOR»
SPECIALTY 162 «<BIOTECHNOLOGY AND BIOENGINEERING»
EDUCATIONAL PROFESSIONAL PROGRAM «PHARMACEUTICAL
BIOTECHNOLOGY »

Theme: «Obtaining chondroitin sulfates from cartilaginous tissues of fish»

Executor: student of group 404, FESET Tretyakova A.O.
Supervisor of studies: Ph.D., Associate Professor Glushko J.M.
Standards inspector: Drazhnikova A.V.

KYIV 2021



NATIONAL AVIATION UNIVERSITY

Faculty Environmental Safety, Engineering and Technologies
Department of Biotechnology
Speciality: 162 «Biotechnology and bioengineering»

EPP: «Pharmaceutical Biotechnology»

APPROVED

Head of the Department
Baranovsky M.M.

«  » 2021

TASK
to perform a thesis

Tretyakova Anastasiia Alexandrovna

1. Theme of degree work: «Obtaining chondroitin sulfates from cartilaginous
tissues of fish» approved by the Rector «11» of May 2021 Ne 715/ct

2. Term of work execution: from «10» of May 2021 and «20» of June 2021.

3. Content of explanatory note: Introduction. Literature review. Analysis of

methods of obtaining chondroitin sulfate. Analysis of the main areas of application and

prospects for the use of chondroitin sulfate. Conclusions. References.

4. List of necessary graphic (illustrative) material: 8 fig.



HALIIOHAJILHUN ABIAIIIMHWI YVHIBEPCUTET

@daxybTET €KOJOr14YHO O€3MEKHU, IHKEHEPIT Ta TEXHOJIOT1H
Kadenpa 6iorexnomnorii

CrewanpHicTh: 162 «bioTexHosorii Ta 0101HKEHEDI)

OcsitHbo—TIpoeciitHa nporpama "dapmaiieBTHUYHA 010TEXHOAOT 1"

3ATBEP/IXXYIO
3aBigyBau kadeapu
bapanoscekuit M.M.

«_» 2021 p.

3ABJIAHHA
HA BUKOHAHHS JUIJIOMHOI po060TH

TperbsxoBa AnacTacii OnexcanapiBHa

1. Tema murmomMHOT poOoTH: «TEXHOJIOTisl OTPUMAHHS XOHIPOITHHY CYyJbdaTiB i3

XPAMIOBUX TKAHUH pUO», 3aTBEpKEeHA peKTOpoM «1 1» Bix TpaBHsa 2021 p. Ne 715 / cT.

2. Tepmin BukoHaHHs po6otu: 3 «10» TpaBHsg 2021 p. Ta «20» yepBHs 2021 p.

3. 3micT moscHOBaNbHOT pobotH: Beryn. JlitepaTypHuit ormsii. AHali3 METOJIB

OTPUMAaHHI CVJabdary XOHAPOITHHY. AHaII3 OCHOBHUX cdep 3aCTOCYBAHHSA Ta

OCPCICKTUBH BHKOPUCTAHHA CVJ'H)(baTV XOHAPOUTHH. BucnoBku. Crnucku BUKOPHUCTAHHUX

JOKCPCII.

4. Criucok HeoOxigHOTOo TrpadiuHoro (UIFOCTpaTHBHOTO) Matepiany: § puc.



5. Schedule

Ne Task

Execution term

Signature of the head

. Coordination of the content of the 10.05.2021 -
thesis with the thesis supervisor 12.05.2021
_ _ _ 12.05.2021 -
2 | Selection of information sources 17.05.2021
17.05.2021 —
3 Development work concept 20.05.2021
4 | Processing information sources 22092921
g u 25.05.2021
_ _ _ 25.05.2021 —
5 | Registration of the thesis 30.05.2021
_ _ 30.05.2021 —
6 | Formulation of conclusions 05.06.2021
7 | Thesis defense 14.06.2021

6. Date of issue of the task: «10» of May 2021

Supervisor of degree work

Glushko J.M.

Task for execution was taken over by

Tretyakova A.O.




5. Kanennapuuit mnan—rpadix

Ne 3aBoaHHA TepMiH BUKOHAHHS [Tignuc xepiBHUKA

. VY3romKeHHs 3MICTY AUIUTOMHOT 10.05.2021 —

po0OTH 3 TUTUIOMHUM KEPIBHUKOM 12.05.2021
o : 12.05.2021 -

2 | ipbip mxepen iHdopmariii 17.05.2021
17.05.2021 -

3 | Po3poOka koHuemniii pobotu 20.05.2021
: 20.05.2021 -

4 | O6poOka mxepen iHopMmalrii 95 05.2021
) 25.05.2021 -

5 | OdbopmiieHHS TUTIIIOMHOT pOOOTH 30.05.2021
6 | @ : 30.05.2021 -

OpPMYJTIOBaHHSI BUCHOBKIB 05.06.2021

7 3axyCT IUIIOMHOT poOOTH 14.06.2021

KepiBHuk qurioMHo1 po6oTH

3aBaHHs PUMHSTIA 10 BUKOHAHHS

6. [lara Bumaui 3aBnanns: «10» tpaBas 2021 poky

['mymiko FO.M.

TpetpsikoBa A.O.




ABSTRACT

Explanatory note to the diploma thesis « Obtaining chondroitin sulfates from
cartilaginous tissues of fish.», 45 p., 12 figures, 45 references.

Object of investigation — preparation and analysis of chondroitin sulfates isolated
from fish cartilage and its use in medicine.

Subject of investigation — chondroitin sulfates isolated from cartilaginous tissues of
fish.

Purpose of the work — there is an analysis of methods for obtaining and using
chondroitin sulfates isolated from the cartilaginous tissues of fish.

Methods of investigation — analytical, biochemical, physiological.

The results of the thesis can be used during research and in the practice of specialists
— biologists and specialists — biotechnologists.
METHODS OF ISOLATION OF CHONDROITIN SULFATE, CARTILAGE,
ULTRAFILTRATION, CHONDROPROTECTORS, PHARMACOLOGY,
PHARMACOKINETICS, HYDROLYSIS.



PE®EPAT

[losicHIOBasIbHAa ~3amucKa JO AUIUIOMHOT poOoTH «TexHonoris OTpUMaHHS
XOHJPOITUHY CyJb(aTiB 13 XPSIIOBUX TKAaHUH pub.», 45 c., 8 puUCyHKIB, 45 MOCUIIaHHS.

O0'exT HOCHIIKEHHSI — OTPUMAHHS Ta aHali3 XOHJAPOITUH CylIb(aTiB, BUAUICHUX 13
XPALIOBUX TKAHUH pUO, Ta BUKOPUCTAHHS MOTO B MEUIMHI.

IIpeamer pocaigxeHHsi — XOHJPOITHH Cynb(aT, BUAUICHUN 3 XPALUIOBUX TKAHUH
puo.

Meta pobdoTH — € aHaji3 METOJIB OTPUMAHHS Ta 3aCTOCYBAHHS XOHJPOITHHY
cynb(}arTiB BUAUICHUX 3 XPSAIIOBUX TKAHUH puUO.

MeToau a0c/izKeHHsl — aHATITUYHI, 610X1MI4HI, (1310JI0TTIHI.

PesynpTaTt AumuioMHOi poOOTH MOXKYTh OyTH BUKOPUCTaHI Mij Yac MPOBEICHHS
HAYKOBUX JOCIIKEHb Ta B MPaKTUYHINA AISUIBHOCTI (axiBiiB — 010J10T1B Ta PaxiBI[iB —
010TEXHOJIOTB.

METO/I BUJAIJIEHHSA XOHJIPOITUH CYJIb®@ATY, XPAIIOBA TKAHUHA,

VIIbTPA®UIBTPALA, XOHAPOIIPOTEKTOPU, DAPMAKOJIOI'TA,
OAPMOKIHETUKA, I'TIPOJII3.
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INTRODUCTION

Actuality of theme. Development of modern technologies for processing aquatic
organisms is an urgent task of the fishing industry. creation of technologies for the
production of fortified foods, preventive and medicinal products derived from marine
aquatic organisms, includes research of the composition of raw materials, identification
and quantitative analysis of its components, study of physicochemical properties of
biologically active components of raw materials. Natural polysaccharide chondroitin
sulfate (cholesterol), contained in cartilage tissue, is a sulfated glycosaminoglycan, the
macromolecules of which consist of alternating monomer units of sulfated N— acetyl— D—
galactosamine and D— glucuronic acid. Linear cholesterol macromolecules help to make
cartilage more resistant to the pressure exerted on it by body weight, participate in the
formation of bone tissue, ligaments, as well as in maintaining the elasticity and resilience
of blood vessel walls. Cholesterol is a widely used dietary supplement for the treatment of
degenerative dystrophic diseases of the joints and spine, such as osteoarthritis and
osteochondrosis. Currently, commercial drugs of cholesterol are obtained mainly from the
cartilage of mammals. In recent years, aquatic tissue has also been used for its production.
Problems of isolation of cholesterol from various natural objects and its application in
medicine and biotechnology are dealt with by such foreign scientists as A. Kinoshita,. H.
R. Morris, K. Sugahara, M. J. Miller, C. E Costello .; H. Takai,. T. Kono, C. Amornrut, A.
B. Khare, S. A. Houliston, F. Abdel and Russian researchers TN Shkarin, IM Sorokoumov
and others. Modern methods of obtaining cholesterol are multi— stage extraction
processes, and the yield of the final product and its purity are not always high. It should be
noted that the physicochemical properties of cholesterol from aquatic organisms, methods
of their identification and quantitative analysis, quantitative patterns of chemical
hydrolysis have not been studied. In this regard, the development of new and improvement
of known technologies for the isolation of cholesterol from marine aquatic organisms, the
study of their physicochemical properties, methods of identification and quantitative

analysis are urgent tasks.
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Object of investigation — obtaining and analysis of chondroitin sulfates isolated
from cartilaginous tissues of fish..

Subject of investigation — chondroitin sulfates isolated from cartilaginous tissues of
fish.

Purpose of the work — Analysis of the use of chondroitin sulfate isolated from
chondria fish from the literature.

Tasks for execution of the bachelor thesis:

1. To find out information concerning the properties of chondroitin sulfate;.

2. Analyze methods of obtaining of chondroitin sulfates;

3. Analyze the main spheres of application and prospects for the use of chondroitin
sulfate isolated from cartilaginous tissues of fish.

Methods of investigation — analytical, biochemical, physiological.
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BCTYII

AKTyaJIbHicTh TeMH. Po3poOKka cyyacHUX TEXHOJIOTi NepepoOKu riIpoOIOHTIB €
aKTyaJIbHUM 3aBJaHHSAM PUOHOI rany3i. CTBOPEHHS TEXHOJOTr1d BUPOOHMIITBA 30arayeHux
Xap4yOBHUX MPOAYKTIB, MPOPUIAKTUYHUX 1 MEAUYHUX MpenapaTiB, OTPUMAHUX 3 MOPCHKUX
riipoOIOHTIB, BKJIIOYAaE B ceOe MOCHIIHKEHHS CKJIaJy CHUPOBUHHU, IMEHTU]IKAIIIO Ta
KUTbKICHUI aHaii3 WOro KOMIIOHEHTIB, BUBYEHHS (I3MKO— XIMIYHMX BIIACTUBOCTEU
010JIOTIYHO ~ aKTUBHUX  KOMIIOHEHTIB  cupoBuUHHU.  Ilpupoanuii  momicaxapup
xoHapoutuHcynbpar (XC), 1m0 MICTUTBCA B XpSIIOBOI TKAHWHH, SIBISIE COOOIO
CyIb(paTOBaHUX TIIIKO3aMIHOTJIIKAH, MAKPOMOJIEKYJIH SKOTO CKIAMAOThCS 3 UEPTYHOTHCS
MoHoMepHuX naHok CynbdaTtoBani N— anetusn— D— ranakro3aminy i D— rirokypoHOBOIO
kucnotu . JliHiiHI Makpomosniekynu XC gornomMararoTh 3p0OUTH XSl OUTbII CTIIKUM /10
TUCKY, SIKUA YMHUTh Ha HHOT'O Bary Tijla, MPUIAMAaIOTh y4acTh y (OpMyBaHHI KICTKOBOT
TKaHWUHH, 3B'A30K, & TAKOXK Y MIATPUMIIl MPY>KHOCTI Ta €TACTUYHOCTI CTIHOK KPOBOHOCHHUX
cymuH. XC € mHUpOKO BUKOPUCTOBYBAHOI XapyoBOI J00ABKOKO JUIsl JIIKYBaHHS
JereHepaTiBHOAICTPOdiUecKiX 3aXBOPIOBaHb CYrjo0iB 1 XpeOTa, HaNpUKIAA, apTpo3y i
0CcTeOXOHIpo3y. B manuit yac komepuiitai nmpenapatu XC OTpUMYIOTh TOJIOBHUM YHHOM 3
XpAIMIOBOI TKAHWHMU CCaBIiB. B ocCTaHHI POKM Uil HOTO BHUPOOHMIITBA CTalld TaKOX
BUKOPUCTOBYBAaTH TKaHWUHU TiapoOioHTIB. I[IpobGremamu Buaiienns XC 3 pi3HUX
MPUPOJIHUX 00'€KTIB 1 HOr0 3aCTOCYBaHHS B MEIWIIMHI 1 010T€XHOJIOT1I 3aiMalOThCs TaKi
3apyOikHi BueHi Ak A. Kinoshita ,. H. R. Morris, K. Sugahara, M. J. Miller, C. E Costello
.; H. Takai ,. T. Kono, C. Amornrut, A. B. Khare, S. A. Houliston, F. Abdel i pociiicbki
nocmigauku T. H. Hlkapina, I. M. CopokxoymoB i iami. CygacHi Mmetoau orpumants XC €
OaraTocTajiiHi MPOIECH EKCTPAKIlii, a BUXIJ KIHIIEBOrO MPOAYKTY 1 WOro 4YMUCTOTa HE
3aBkau BUcoki. Crmin 3a3HaunTd, Mo ¢Gi3uko— xiMigHi BaacTuBOCTI XC 3 TinpoOioHTIB,
MeTonM iX imeHTHdIKaIii Ta KUIBKICHOTO aHami3y, KUTBbKICHI 3aKOHOMIPHOCTI XIMI4HOTO
TIAPOAI3y MPAKTUYHO HE BUBYEHI. Y 3B'A3KY 3 LIUM, PO3poOKa HOBUX 1 BIOCKOHAJIECHHS

BijoMux TexHoiorii BuaieHHS XC 3 MOPCBKUX TiApoOIOHTIB, BUBYEHHS iX (Pi3uKo—

13



XIMIYHUX BJIACTUBOCTEU, METOMAIB 1MeHTU(IKAIIl Ta KUIBKICHOTO aHANI3y € aKTyabHUMU
3aBJIAHHIMU.

O0'exT nmocJizKeHHs1 — aHali3 METOAIB OTPUMAHHS XOHJPOITHHY CyJb(aTiB 13
XPAILIOBUX TKAaHUH PHO.

IIpeamer gocaigkeHHs] — XOHJIPOITHHY Cyib(aTh, BUAUICH] 3 XPAIIOBUX TKAHUH
puo.

Meta po0oTM — aHali3 BUKOPUCTAHHS XOHAPOITUHY Cyib(dary, BHAUICHOTO 3
XOHJIpiEBUX pUO 3aBSKH JIITEpATypi.

3aB1aHHA HA BUKOHAHHA 0aKaJIaBPCbKOI po0oTH:

1. 3’sicyBatu iH(pOpMAILiIO 1100 BIACTUBOCTEH XOHIPOITHH CYyJIb(aTy.

2. [IpoananizyBatu METOAM OTPUMAHHS XOHIPOITHHY CYJIb(aTH.

3. IIpoananizyBat OCHOBH1 cpepH 3aCTOCYBAaHHS Ta MEPCIEKTUBUA BUKOPUCTAHHS
XOHJPOITUHY CyNb(}aTy, BUAUICHOTO 3 XPSUIOBUX TKAHUH puUO.

MeToau TOCTiAKeHHSI — aHAIITUYHI, 010XIMI4H1, 010 T€XHOJIOT14YH].
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CHAPTER 1
LITERATURE REVIEW

1.1. Chondroitin sulfates

Chondroitin sulfates are polymeric sulfated glycosaminoglycans (Fig.1.1). They are
specific components of cartilage. Produced by the cartilage tissue of the joints, they are
part of the synovial fluid and various chondroprotective drugs. .a necessary building
component of chondroitin sulfate is glucosamine, with a lack of glucosamine in the
synovial fluid, a lack of chondroitin sulfate is formed, which impairs the quality of the

synovial fluid and can cause crunchingjoint.

COOH
O [~0__ H,COR;
OR;
HN, CHs
_ Y,

Fig. 1.1. Chemical structure of one unit in a chondroitin sulfate chain

Glycosaminoglycans, mucopolysaccharides are the carbohydrate part of
proteoglycans, polysaccharides, which include amino sugar— hexosamines. In the body,
glycosaminoglycans are covalently bound to the protein part of proteoglycans and do not
occur in free form.

Drugs based on chondroitin sulfates, positioned by manufacturers as
chondroprotectors, do not differ in their action from placebo and are not recommended for

the treatment of osteoarthritis (osteoarthritis).
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Osteoarthritis (OA) is characterized by progressive structural and metabolic changes
in articular tissues, predominantly cartilage degradation, subchondral bone sclerosis, and
synovial inflammation. Treatment for OA involves a multimodal therapeutic intervention
as no cure has been found to date. Treating OA requires medications that can slow, stop,
or even avoid joint degradation. Many of the recommended interventions have only a
symptom— modifying effect and a few structure— altering effects.

Chondroitin sulfate is used in the complex therapy of osteoarthritis. It is necessary
to take into account that the structure and properties of polysaccharides in the composition
of chondroitin sulfate, as well as the source of its production, significantly affect the
absorption, bioavailability and, as a consequence, the effectiveness and safety of drugsoral
administration.

CS and other compounds, such as glucosamine, have been used for therapeutic
purposes for more than 40 years. CS is sold as an over— the— counter dietary supplement
in North America and is available by prescription according to European Medical Agency
(EMEA) regulations in Europe. In recent decades, CS has aroused much interest as a
potential therapeutic agent against OA. CS is part of the recommendations of the
International Society for Osteoarthritis Research (OARSI) for the treatment of
osteoarthritis of the knee. Cholesterol and glucosamine can be an excellent alternative for
patients with OA.

1.2. Pharmacology

According to drug developers, chondroitin sulfate slows down bone resorption and
reduces Ca?" loss. Improves phosphorus— calcium metabolism in cartilaginous tissue,
accelerates the processes of its restoration, inhibits the processes of degeneration of
cartilaginous and connective tissue. Suppresses the activity of enzymes that cause damage
to cartilage tissue, stimulates the synthesis of glycosaminoglycans, promotes the
regeneration of the articular bag and cartilaginous surfaces of the joints, increases the

production of intra— articular fluid. Reduces soreness and increases the mobility of the
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affected joints. Structurally similar to heparin, it can potentially prevent the formation of
fibrin thrombi in the synovial and subchondral microvasculature [1].

Chondroitin sulfate consists of several fractions with different molecular weights,
while high molecular weight fractions are decomposed in the gastrointestinal tract. In this
regard, the first preparations of chondroitin sulfate were suitable only for intravenous use.
However, over time, technologies have been developed for obtaining low molecular
weight fractions of chondroitin sulfate, which are almost completely absorbed in the
gastrointestinal tract, retaining their structure, and are embedded in cartilage tissue.
Modern biologically active food additives contain low molecular weight fractions of
chondroitin sulfate, obtained mainly from the cartilage of salmonids.

When taken orally, chondroitin sulfate blocks the activity of pancreatic lipase and
slows down the absorption of fats in the intestine. Long— term use of chondroitin sulfate
may result in decreased levels of hyperlipidemia and hypercholesterolemia, and even

weight loss.

1.3. Pharmacokinetics

Natural CS has a molecular weight of 50— 100 kDa. After the extraction process, the
molecular weight is 10— 40 kDa, depending on the raw material. CS is mainly derived
from bovine, porcine or marine (shark) cartilage.

CS is mainly administered orally in doses from 800 to 1200 mg / day. CS is rapidly
absorbed in the gastrointestinal tract. Fully occupied CS reaches the blood compartment in
the form of 10% CS and 90% depolymerized low molecular weight derivatives.

Different bioavailability and pharmacokinetic variables have been reported
depending on the characteristics and origin of CS [2].

The bioavailability of CS ranges from 10% to 20% after oral administration [3]. CS
uptake may depend on sulfation status. CS pharmacokinetic parameters measured in
healthy male volunteers [4] after oral administration showed a significant increase in
plasma CS levels (over 200%) compared to dose levels at 24 hours. The maximum

concentration was observed 2:00 after dosing, and the increase is significant from 2 to
17



6:00 after dosing. First order kinetics were observed at doses up to 3000 mg. Multiple
doses of 800 mg in patients with OA do not alter CS kinetics. Another characteristic of CS
Is its ability to accumulate in the articular tissue [5]. High levels of labeled CS have been
found in articular tissues including synovial fluid and cartilage after ingestion in humans.

It is difficult to assess the correspondence of the maximum concentration achieved
in the blood compartment (Cmax) for this type of drug, since in vivo the response may be
the result of the influence of CS and disaccharides. Moreover, CS is a long— acting drug
that results in a slow onset of action with a maximum effect achieved after a few months.
In addition, CS is a biological drug, which means that its measurements in biological
fluids do not distinguish the drug from endogenous molecules. The maximum effect
(Emax) was predicted using an alternative method [6]. The Emax effect was calculated
based on clinical efficacy. It has been estimated that 50% EMAC is achieved after 35 days
in patients with mild OA. The approximate plasma half— life of CS and its derivatives in
humans is 15 hours. Steady state is achieved in 3— 4 days, and it may take 3— 6 months of
treatment to achieve maximum effect. CS is not metabolized by cytochrome P450. This is
in the interest of the very low risk of drug interactions.

Finally, the carryover effect is described for CS. Indeed, after a delayed onset of

action, the maximum effect persists after cessation of therapy.

1.4. Physical and chemical properties

Chondroitin sulfate chains are unbranched polysaccharides of variable length
containing two alternating monosaccharides: D— glucuronic acid (GlcA) and N— acetyl—
D— galactosamine (GalNAc). Some GIcA residues are epimerized to L— iduronic acid
(IdoA); the resulting disaccharide is then called dermatan sulfate.

Chondroitin sulfate is obtained from natural products with high variability in terms
of chain length and the nature of sulfation. Differences in the composition of chondroitin
sulfate extend to its origin, which distinguishes chondroitin sulfate from terrestrial and
marine sources. One way to look at this difference is the ratio of disaccharide units:

terrestrial chondroitin sulfate consists almost exclusively of unsulfated (O) and
18



monosulfated A and C (carbon 4 of the N— acetylgalactosamine (GalNAc) sugar and
carbon 6 of the GalNAc sugar) units, while marine species have a higher proportion of
disulfated D, E (carbon 2 of the glucuronic acid and 6 of the GalNAc sugar and carbons 4
and 6 of the GalNAc sugar) units. In addition, marine chondroitin sulfate chains tend to be
longer, with a molecular weight of up to 70 kDa in shark chondroitin sulfate, while in
terrestrial animals the molecular weight is usually below 45 kDa [7]

Chondroitin sulfate chains are associated with hydroxyl groups of serine residues of
some proteins. It is not known exactly how proteins are selected to attach
glycosaminoglycans. Glycosylated serine are often accompanied by glycine and have
adjacent acid residues, but this motif does not always involve glycosylation.

The addition of the GAG chain begins with four monosaccharides in a fixed
structure: Xyl — Gal — Gal — GIcA. Each sugar is associated with a specific enzyme,
which allows you to control the synthesis of GAG at several levels. Xylose begins to
attach to proteins in the EPR, while other sugars attach to the Golgi apparatus [8].

The Golgi complex (also called the Golgi apparatus, the Golgi body, and others) is a

single— membrane organelle found predominantly in eukaryotes.( Fig 1.2).

Incoming transport vesicle

Cis face

Outgoing transport vesicles

Fig 1.2. The Golgi apparatus
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It was discovered in 1898 by the Italian physician Camille Golgi and was named
after him. The main function of the Golgi complex is glycosylation and phosphorization of
substances from the endoplasmic reticulum. It is a system of parallel and flattened tanks
and tubes, to which are attached membrane bubbles that transport substances from the
endoplasmic reticulum.

In the tanks of the Golgi apparatus mature proteins intended for secretion,
transmembrane proteins of the plasma membrane, proteins of lysosomes, etc. The reaching
proteins are sequentially moved through the tanks of the organelles, where their
modifications take place — glycosylation and phosphorylation. In O— glycosylation,
complex sugars join the proteins through an oxygen atom. During phosphorylation, an
orthophosphoric acid residue is attached to the proteins. Different tanks of the Golgi
apparatus contain different resident catalytic enzymes and, therefore, with the maturing
proteins in them, different processes take place sequentially. It is clear that such a step—
by— step process must be controlled in some way. Indeed, mature proteins are “labeled"
with special polysaccharide residues (mostly mannose), which obviously play the role of a
kind of "quality mark™. It is not entirely clear how mature proteins move through the tanks
of the Golgi apparatus, while resident proteins remain more or less associated with a single
tank.

The effect of CS on part inflammation has been described in its use in patients with
osteoarthritis. However, anti— inflammatory effects have also been reported in several
organs or systems, including the skin, liver, and digestive system [8]. These effects are
largely mediated by the interaction of CS with proinflammatory enzymes and transcription
factors associated with weakening of the inflammatory response [9]. Jeong— Sook Noh et
al. Have shown that in liver tissues CS— E produces marked protection against
inflammatory and oxidative damage by lipopolysaccharides due to downregulation of the
liver inflammatory factors TNF— a, IL— 1B, COX— 2, and iNOS [10].

H. Kawashima et al. Found that CS— E has a strong binding affinity with both L—
and P— selectin, as well as with some chemokine [11]. The resulting CS interactions
effectively suppress the activity of these proteins when leukocytes are recruited to sites of

inflammation during infection and inflammation. While this is an important immune
20



response for the prevention of infections and some controlled inflammatory processes, it is
also a key factor in the pathology and progression of many autoimmune diseases such as
psoriasis and bowel disease [12]. The balanced activity of inflammatory phenomena is
necessary for the restoration of systemic homeostasis, and this stage is very often not
achieved after some autoimmune reactions or pathological inflammatory processes. In
these uncontrolled events of the immune and inflammatory response, medical intervention
Is needed to regulate the processes down. CS of various types of sulfation was a key factor
in these complications [9].

Determining the mechanisms by which active carbohydrate— protein complexes are
regulated and stabilized, and therefore how they function at different stages of the disease,
is critical for understanding the basic biochemistry and pharmacology of GalAG, as well
as for a complete study of their medicinal properties, especially CS with different models
of sulfation. In this regard, Xu Wang et al. characterized by improved methods of nuclear
magnetic resonance (NMR) binding properties of two CS hexasaccharides: one is
completely 4— sulfated in three disaccharides (CS444), and the other with 6— sulfation
only on a non— reductive final disaccharide (CS644), complexed with the pro—
inflammatory chemokine CCL5 / RANTES [13]. This slight change in the sulfation
structure was enough to cause large changes in the interaction. It has been shown that
CS444 is the best ligand for interaction and consistent structural mapping of the CCL5: CS
hexasaccharide complex.

Chondroitin sulfate is well soluble in water.

1.5. Anticatabolic and anabolic effects

The first anabolic effect of CS was described over 30 years ago. CS increased the
synthesis of hyaluronate in synovial cells [14]. Since then, it has also been demonstrated to
increase the synthesis of collagen and type Il proteoglycan in human chondrocytes [15]
and GAG in bovine chondrocytes [16]. This effect may also be secondary to
downregulation of matrix metalloproteinase (MMP) [17]. CS has also been shown to

inhibit MMP— 1, — 3 and — 13 and ADAMTS— 4 and — 5 (aggrecanases) in human,
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porcine and bovine chondrocytes.Inhibition of MMP— 13 may be due to inhibition of p38
and activation of Erk1 / 2 [18]. Various inhibitory potencies have been demonstrated for
CS— 4 and CS— 6 against MMPs in murine chondrocytes [19]. Differences between CS— 6
and CS— 4 have also recently been shown in human cells. Indeed, CS— 6 (shark origin) can
counteract the inhibition of IL— 1b inhibitor of tissue metalloproteases (TIMP) — 3 in
human chondrocytes and TIMP— 1 in synovial fibroblasts, whereas CS— 4 (porcine trachea
origin) did not have the same effect. CS can up— regulate hyaluronan synthase in
fibroblast— like cells [20] and may be effective as a joint lubricant as shown in bovine
cartilage explants [21]. It has also been reported that CS can influence the resorption
process that occurs in the subchondral bone in OA. CS may well increase the
osteoprotegerin (OPG): receptor activator ratio for the ratio of NF— B ligands (RANKL)
in OA osteoblasts in favor of subchondral bone homeostasis [22]. CS has been
demonstrated to act on most of the articular tissues involved in the pathophysiology of
OA. Finally, a recent in vitro study on bovine cartilage explants treated with CS— 4 and
CS— 6 for 4 weeks showed a negative effect of CS, showing that it decreases GAG [23]. It
Is important to note that this study was conducted with the highest concentration of CS
ever investigated (10— 100 mg / ml).

The anabolic and anti— catabolic effects of CS have also been found in vivo. CS may
increase PG production in the rabbit cartilage degradation model [24], to prevent an
increase in MMP— 9 in Freund's adjuvant arthritis in rats when administered as a dietary
supplement [25] or inhibit MMP— 13 in collagen— induced arthritis in mice [26].

It has been shown that CS has antiapoptotic properties both in vitro and in vivo. It
has been shown that CS (200 (ug / ml) reduces the sensitivity of rabbit chondrocytes to
apoptosis [27]). This effect was associated with a decrease in NF— kB translocation and a
decrease in MAP Kinase signaling. pathways via p38 and Erk1 / 2. Another study indicated
an antiapoptotic effect of CS— 4 and CS— 6 in the articular chondrocytes of mice [28]. In
vivo, this has been shown in a mouse model of spontaneous OA, in which 12— day
treatment with cholesterol (0.3 mg / day) reduces the number of apoptotic chondrocytes

when evaluated after 30 days [29]. It has also been shown to be able to inhibit caspase— 3
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and — 7. activation in collagen— induced arthritis in mice [27]. These results support the
chondroprotective effect of CS.

Antioxidant effects were considered. CS has been shown to have antioxidant
properties in vitro in human skin fibroblasts [30] and in vivo in collagen— induced arthritis
in rats. CS provides protection against hydrogen peroxide and superoxide anions. Indeed,
these studies have shown that it can limit cell death, reduce DNA fragmentation and
protein oxidation, reduce the formation of free radicals and act as a scavenger of free
radicals. It reduces lipid peroxidation and improves antioxidant protection by restoring

endogenous antioxidants, reduced glutathione (GSH) and superoxide dismutase (SOD).

1.6. Conclusions to chapter

Despite the moderate effects of CS on pain and function, CS is an interesting
product for the management of knee OA. Clinical evidence is in favour of a slow— acting
effect on symptoms in moderate knee OA. CS is recommended by the most popular
guidelines. Its safety profile is surely one of its main benefits for the treatment of aging
patient with some comorbidity. There is then no limitation to its use in OA patients, if we
ignore the economical impact. Nevertheless, caution should be exercise with regards to the
type and the formulation of CS. Of course, some questions remain regarding its
mechanism of action. The effect of CS on subchondral bone and synovium inflammation
could be better documented.

The positive effects of chondroitin sulfate on the pathophysiology of osteoarthritis
may be related to its contribution to the right balance between anabolism / catabolism in

joint tissues.
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CHAPTER 2
ANALYSIS OF METHODS OF OBTAINING CHONDROITIN SULFATE

2.1. Method for obtaining chondroitin sulphate from tissue of marine

hydrobionts

The invention relates to biochemistry and biotechnology, in particular to methods
for producing chondroitin sulfate from tissues of marine aquatic organisms, such as
cartilage tissue of fish. The method provides for the preparation of raw materials for
enzymatic hydrolysis. Alkaline hydrolysis is carried out with proteolytic enzyme
preparations with neutralization of the resulting solution to pH 7. Salt is added to the
resulting enzymatic hydrolyzate to a value of at least 0.1 mol / L. Conduct its sequential
ultrafiltration first on a membrane with a retention limit of 50 kDa with the separation of
high molecular weight impurities, then on a membrane with a retention limit of 5 kDa with
a separation of low molecular weight substances. The solution of chondroitin sulfate
retained on the membrane is washed on the same membrane with distilled water until the
salts are completely removed. A final washing with distilled water is carried out on a
membrane with a retention limit of 50 kDa.

The invention relates to the fishing industry, in particular to methods for producing
chondroitin sulfate from tissues of marine aquatic organisms, such as fish cartilage tissue,
muscular— muscular sac of molluscs, etc., and can be used in food, cosmetic industries, in
medicine. The main properties of chondroitin sulfate, which are of decisive importance for
its successful application in various fields, are high bioavailability, biological
compatibility, low toxicity, the ability to selectively accumulate in cartilage tissue.

To obtain chondroitin sulfate, the most widely used method is the dissolution of
chondroitin sulfate in an alkaline medium, enzymatic hydrolysis of proteins, separation of
the high molecular weight carbohydrate fraction by precipitation from low molecular
weight protein hydrolysis products remaining in solution, washing the resulting precipitate

and drying the finished product.
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This generally accepted technology is implemented by different authors in different
ways: the sequence, the number of operations, temperature conditions, the nature and
concentration of the reagents used change. The closest technical solution is a method for
producing chondroitin sulfate using ultrafiltration.

This method of obtaining chondroitin sulfate includes the collection (preparation) of
a feedstock, including connective tissue, hydrolysis of the feedstock with proteolytic
enzyme preparations to obtain a solution of a hydrolyzate and an undissolved substance,
treatment of a liquid hydrolyzate with a reagent containing divalent alkaline earth metal
hydroxide with a pH greater than 10 to precipitate protein impurities from hydrolyzate,
separation of at least part of the precipitate from the hydrolyzate solution and treatment of
the liquid hydrolyzate using a membrane with the formation of a filtrate (permeate) of low
molecular weight substances and a "delayed” concentrate, which contains a high molecular
weight fraction — chondroitin sulfate. The patent proposes to use membranes with a
molecular weight retention limit of 5 to 15 kDa (preferably 8 to 10 kDa).

The product obtained in this way is a concentrate, which, among other substances,
contains chondroitin sulfate. Thus, the degree of purification of the target product is not
high enough. The inventive method is also based on ultrafiltration separation of
hydrolyzate fractions with different molecular weights and uses the property of high
molecular weight molecules of chondroitin sulfate to be separated from — low molecular
weight products of protein hydrolysis on ultrafiltration membranes. The technical result of
the present method is to increase the degree of purification of the target product by using
the ability of chondroitin sulfate molecules to strongly change the hydrodynamic radius
when changing the ionic strength of the solution (electrolyte concentration, for example,
NaCl), which makes it possible to achieve a higher purification of the target product than
the prototype by means of sequential ultrafiltration the obtained hydrolyzate on
membranes with different retention thresholds. As a raw material for obtaining chondroitin
sulfate, raw materials containing cartilage tissue obtained as a result of processing various
marine aquatic organisms can be used.

When using frozen raw materials, it is preliminarily carried out defrosting. The

prepared raw material is crushed and loaded into a reaction vessel, in which alkaline and
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then enzymatic hydrolysis is carried out. Cartilage hydrolyzate contains various products
of protein breakdown, salts, high— molecular polysaccharides (chondroitin sulfate). The
dissolution of alkali— soluble substances, including proteins and chondroitin sulfate, is
carried out at a temperature of 25 to 50 ° C for 3 hours with constant stirring. After the end
of alkaline hydrolysis, the mixture is neutralized to pH 7 and the insoluble precipitate is
separated by filtration or centrifugation. Carrying out alkaline hydrolysis provides a
preliminary separation of undissolved impurities and, as a consequence, helps to increase
the yield of the target product, increase its purity. An enzyme preparation (FP) or a
previously prepared solution of FP with proteolytic activity, for example, an enzyme
preparation obtained from the king crab hepatopancreas, is added to the resulting solution.

Enzymatic hydrolysis of proteins is carried out at the temperature of the incubation
mixture and the duration of treatment that is optimal for a given FP (when using FP from
Kamchatka hepatopancreas, the temperature is from 45 to 55 ° C and the duration of
hydrolysis is from 4 to 8 h), the solid precipitate is separated.

A salt, for example sodium chloride, is added to the resulting solution, bringing the
salt concentration to 0.1 mol. Then the solution is ultrafiltered through a membrane with a
molecular weight retention limit of less than 50 kDa to separate high molecular weight
proteins and suspended particles remaining after hydrolysis. The concentrated solution
containing chondroitin sulfate is washed with a solution of salt, for example sodium
chloride or other salt with a concentration of 0.1 mol / L. For this, sodium chloride or
another salt is added to the resulting solution to maintain its concentration in the solution
to a value of at least 0.1 mol / L. If, after neutralizing the alkali, the concentration of NaCl
Is higher than the indicated one, then no additional amount of sodium chloride is added.
When the concentration of NaCl in the solution is above 0.1 mol / L, the molecules of
chondroitin sulfate are strongly globulated, which does not allow separating the
components of the hydrolyzate. The salt concentration used provides a decrease in the
hydrodynamic radius of chondroitin sulfate molecules and the possibility of their passage
through — membrane with a molecular weight retention limit of less than 50 kDa, while on
the membrane non— hydrolyzed proteins such as collagen are retained. The resulting

solution of chondroitin sulfate, low molecular weight peptides, amino acids and salts is
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subjected to ultrafiltration separation on a membrane with a molecular weight retention
limit of 5 kDa, which ensures the retention of chondroitin sulfate molecules and the
separation of salt molecules, amino acids and low molecular weight peptides. It is known
that when the salt concentration in the solution decreases to less than 0.001 mol / L, for
example NaCl, the chondroitin sulfate molecules but unfold, which leads to an increase in
their hydrodynamic radius.

The maximum radius is observed in distilled water. The chondroitin sulfate retained
on the membrane is washed with distilled water; as a result, the salt concentration
decreases and the chondroitin sulfate molecules, the hydrodynamic radius of which has
increased significantly, can be concentrated on membranes with a molecular weight
retention limit of 50 kDa. On a membrane with a retention limit of 50 kDa, chondroitin
sulfate is finally washed with distilled water from the remaining peptides of average
molecular weight, and its solution is concentrated by ultrafiltration. The high molecular
weight fraction of chondroitin sulfate is concentrated on the membrane, while low
molecular weight peptides and amino acids pass through it. The obtained concentrated
solution of chondroitin sulfate is then used to isolate a dry preparation or as a solution in
the preparation of preparations with chondroitin sulfate. Isolation of dry khodroitin sulfate
is carried out by precipitation with the addition of an excess of a precipitant (for example,
ethyl alcohol) or by drying (sublimation, spray drying, etc.).

For example, the resulting solution is precipitated by adding alcohol in a ratio of 1:
2, kept until complete precipitation of chondroitin sulfate, the precipitate is separated by
filtration or centrifugation, washed with alcohol, acetone, dried in a freeze dryer, vacuum
or other dryer. A preparation of purified chondroitin sulfate is obtained with a mass
fraction of the main substance of at least 90%. The target product — chondroitin sulfate is
a white, odorless, amorphous powder, hygroscopic, the mass fraction of water is not more
than 10%, the mass fraction of chondroitin sulfate is 90— 95% The mass fraction of the
main substance was determined by acid hydrolysis in hydrochloric acid (26% HCI, 100 °
C, 1 h) and determination of the formed glucuronic acid by the Dische method.
Identification was carried out by infrared spectroscopy. As a standard, we used a

preparation of chondroitin 6— sulfate sodium salt from shark cartilage. The comparison
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results showed that the samples of chondroitin sulfate obtained by the inventive method
have practically similar indicators with those of the standard sample, which confirms the
high degree of purification of the target product. The use of ultrafiltration is possible
immediately when the preparation of chondroitin sulfate is isolated after enzymatic
hydrolysis of raw materials or when the preparation precipitated with ethanol is purified

after its dissolution in water.

2.2. Ultrafiltration mechanism features

Ultrafiltration is a process of membrane filtration, similar to reverse osmosis, using
hydrostatic pressure to push water through a semipermeable membrane. The pore size of
the ultrafiltration membrane is usually 103— 106 Daltons. Ultrafiltration is a pressure
barrier for suspended solids, bacteria, viruses, endotoxins and other pathogens to obtain
water of very high purity and low sludge density.

Ultrafiltration is a type of membrane filtration in which hydrostatic pressure causes
a liquid to come into contact with a semipermeable membrane(Fig 2.1.). Suspended solids
and high molecular weight solutes are retained, while water and low molecular weight
solutes pass through the membrane. Ultrafiltration is not fundamentally different from
reverse osmosis, microfiltration or nanofiltration, except for the size of the retained

molecules.
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Fig. 2.1. Ultrafiltration schem
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The membrane, or more precisely, the semipermeable membrane, is a thin layer of
material capable of separating substances by applying a driving force to the membrane.
Once considered a viable desalination— only technology, membrane processes are
increasingly being used to remove bacteria and other microorganisms, solids and natural
organic materials that can impart color, taste and odor to water and react with disinfectants
to form disinfection by— products.

As progress is made in the production of membranes and the design of modules,
capital and operating costs continue to decline. This newsletter covers pressurized
membrane processes such as microfiltration, ultrafiltration, nanofiltration and reverse

0SMOSIS .

2.3. Membrane arrangements vitrification

Depending on the shape and material of the membrane, different modules can be
used for the ultrafiltration process [31]. Commercially available UF module designs vary
depending on the required hydrodynamic and economic constraints as well as the
mechanical stability of the system at specific operating pressures [32]. Key modules used
in industry include:

— Tubular modules

The design of tubular modules uses polymer membranes molded on the inside of
plastic or porous paper components, the diameter of which is usually 5— 25 mm with a
length of 0.6 — 6.4 m [33]. Several tubes are placed in a PVC or steel sheath ... The supply
of the module passes through the tubes, providing a radial transfer of the permeate to the
side of the shell. This design allows easy cleaning, but the main disadvantages are low
permeability, high membrane content and low packing density [33].

— Hollow fiber

This design is conceptually similar to a tubular module with a body— tube
arrangement. One module can be composed of 50,000 hollow fibers and is therefore self—
supporting as opposed to a tubular structure. The diameter of each fiber is 0.2 to 3 mm,

with the feed flowing in the tube and the product penetration being radially collected from
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the outside. Self— supporting membranes have the advantage of being easy to clean due to
the backwash capability. However, replacement costs are high, since a single defective
fiber would require replacement of an entire bundle. Given that the tubes are small in
diameter, this design also makes the system prone to blockage.
— Spiral wound modules

They consist of a combination of flat membrane sheets separated by a thin mesh
spacer material that serves as a porous plastic shield support. These letters are wrapped
around a central perforated tube and installed in a tubular steel casing under pressure. The
feed solution passes through the membrane surface and permeate spiral into a central
collection tube (Fig.2.2).

permeate permeate

feed
(solution)

concentrate

) permeate flux
impermeable sheet N

membrane

impermeable sheet

Fig. 2.2. Spiral- wound membrane module

Spirally wound modules provide a compact and low cost alternative to ultrafiltration
design, offer high volumetric throughput and can also be easily cleaned [32]. However, it
Is limited to thin channels, where the supplied solutions with suspended solids can lead to
partial blockage of the pores of the membrane.

— Plate and frame

For this, a membrane is used, located on a flat plate, separated by a mesh material.
The feed is fed through a system from which the permeate is separated and collected from
the edge of the plate. The length of the canal can be from 10 to 60 cm, and the height of

the canal is from 0.5 to 1 mm [31]. This module provides a low retention volume,
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relatively easy membrane change and the ability to deliver viscous solutions due to the low

channel height, unique to this particular design.
2.4. Hydrolysis

Polymers break down into monomers in a process known as hydrolysis, which
means "water cleavage”, a reaction in which a water molecule is used during
decomposition. During these reactions, the polymer breaks down into two components. If
the components are non— ionized, one part receives a hydrogen atom (H—) and the other a
hydroxyl group (OH- ) from the cleaved water molecule. This is what happens when
monosaccharides are released from complex carbohydrates as a result of
hydrolysis.(Fig.2.3)

CH,OH CH,0OH CH,0OH CH,0OH

OH H O O H O
OH H
+H,O —» -
@)
HO H HO OH HO OH
OH OH OH OH

Fig. 2.3. Hydrolysis reaction, forms non— ionized products.: In the hydrolysis
reaction shown here, the disaccharide maltose is cleaved to form two glucose monomers
with the addition of a water molecule. One glucose gets a hydroxyl group in place of the

former covalent bond, the other glucose gets a hydrogen atom. It is the reverse reaction of

the synthesis of dehydration that combines these two monomers

If the components are ionized after the split, one part gains two hydrogen atoms and
a positive charge, the other part gains an oxygen atom and a negative charge. This is what

happens when amino acids are released from protein chains via hydrolysis.

— Enzymatic hydrolysis is a process in which cellulases are added to hydrolyze

pre— treated lignocellulosic biomass to fermented sugars. The process
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includes several key steps: transfer of enzymes from the main aqueous phase
to the surface of the cellulose,

— adsorption of enzymes and formation of enzyme— substrate complexes,

— hydrolysis of cellulose,

— transfer of hydrolysis products from the surface of cellulose particles aqueous
phase and

— hydrolysis of cellodextrins and cellobiose to glucose in the aqueous phase .
The overall speed of the process is influenced by the structural features of

lignocellulosic biomass, as well as the composition and source of cellulases.

Characteristics of cellulose, which most affect the rate of hydrolysis — is its
crystallinity and available surface area . Cellulose fiber consists of both crystalline and
amorphous regions. The crystallinity of cellulose affects the adsorption of enzymes, the
synergy between the components of cellulases and the processivity of cellulases . When
cellulase binds to crystalline cellulose, the rate of hydrolysis and yields is more than 100
times lower than when binding to amorphous cellulose . Available cellulose fiber surfaces
include both outer and inner surfaces . The surface area is affected by the shape and size of
the cellulose particles, while the inner surface area depends on the capillary structure of
the cellulose fibers, the anatomical structure of the plant cell wall and the method of

pretreatment (Fig.2.4.).

The rate of hydrolysis is also influenced by the sources of enzymes and the
proportions of various enzyme components. A synergistic effect was observed among
different components of cellulases, as well as among different glycosylhydrolases (eg,
cellulases, hemicellulases and ligninases). Cellulase enzymes from different sources have
different resistance to product inhibition, which, in turn, affects the rate of enzymatic

hydrolysis.
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Fig. 2.4. Enzymatic Hydrolysis

2.5. Conclusions to chapter

The technology of obtaining CS from aquatic organisms using ultrafiltration
membranes with different molecular weight retention limits has been analyzed. The
parameters of the stage of precipitation of CS from the solution, close to the optimal ones,
were determined. It was shown that CS obtained by the technology using ultrafiltration
membranes is characterized by a high degree of purification and a narrower molecular

weight distribution in comparison with CS obtained by a known technology.
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CHAPTER 3
ANALYSIS OF THE MAIN AREAS OF APPLICATION AND PROSPECTS
FOR THE USE OF CHONDROITIN SULFATE

3.1. Chondroprotectors

Chondroprotectors are designed to protect the articular cartilage from thinning and
destruction, and also serve as a building material for synovial fluid — a lubricant that is
inside the joints and promotes the sliding of the articular surfaces of the bones relative to
each other.Chondroprotectors include chondroitin and glucosamine. These are the
structural components of cartilage tissue that are essential for the continuous process of
reproducing healthy cartilage.

The purpose of taking them is to reduce pain and stiffness in the joints, restore the
structure of the cartilage.

There are 3 generations in the group of chondroprotectors:

Extracts from animal products (including cartilage of fish, crustaceans): alflutop,
rumalon, mucartrin.

Monocomponent drugs:

— based on chondroitin sulfate: struktum, mucosat, chondroxide;
— based on glucosamine: don, elbon, stoparthrosis.

Combined drugs, which include glucosamine, chondroitin sulfate and additional
components, such as vitamins, non— steroidal anti— inflammatory drugs: teraflex,
arthroguard, geladrink.

Also, drugs differ in the method of administration:

— for oral administration in the form of powders, capsules or tablets, Teraflex

capsules for example (Fig.3.1.)
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Fig.3.1. Teraflex capsules

— for injection of intramuscular or intra— articular solutions;

— for external use — ointments, artiflex cream 40g as an example.(Fig 3.2.)

Fig.3.2. Artiflex cream

3.1. Future of Chondroprotectors

The aging process of the population is steadily accelerating not only in Russia, but
also in most European countries. Already in many regions, people over 60 years old make
up more than 30% of the population. The share of older people in the general population is
growing faster than in any other age group.

One of the most common connective tissue diseases in the elderly is arthrosis (OA).
Osteoarthritis (OA) (synonyms: osteoarthritis, erosive (osteo) arthrosis) is a degenerative—
dystrophic disease of the joints caused by damage to the cartilage tissue of the articular
surfaces. The symptom that primarily characterizes the disease is pain, which can be
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accompanied by difficulties in movement and deformities. The most affected joints are the
hips, knees, and shoulders. OA is the most common joint disease characterized by
progressive cartilage degeneration, changes in the subchondral bone, and chronic synovitis
[34]. Modern treatment of OA is limited to the use of drugs that affect the symptoms of the
disease: analgesics, anti— inflammatory drugs, and treatment devices [35].

It is believed that the development, growth and regeneration of bones occur in the
phases of ossification of the endochondral system. First, the cartilage cells and the
surrounding matrix form a scaffold for bone formation [36]. Osteoblasts then penetrate
this matrix and deposit the mineralized parts of the bone. Despite the long— term
popularity of this model, it does not describe all the circumstances of the regeneration of
the mesenchymal skeleton. A number of studies have shown that primitive chondrocytes
not only form a temporary matrix, but can also differentiate into cartilage, mature bones,
and even into adjacent stromal reticular cells [37]. As the bone lengthens, hematopoietic
stem cells move from the liver to the bone marrow, supporting mature mesenchymal stem
cells of the created population of perisinusoidal niches [36]. The articular cartilage,
sandwiched between the synovial fluid and advanced by the pidchondral bone, becomes
more and more distant from the bone marrow itself with an increase in ossification. This
creates an articular compartment in a unique setting for unique function. Articular
cartilage deserves special attention in the search for new cellular treatments for OA.

OA can be defined as degenerative processes in connective tissue. Degenerative—
dystrophic changes in connective tissue is a disease of the musculoskeletal system and
connective tissue (OA, osteochondropathy, dorsopathy, degenerative— dystrophic changes
in osteochondral structures, consequences of trauma, dysplastic diseases, diseases of soft
tissues (ligaments, tendons, muscles)) , various deformations of the musculoskeletal
system, etc.

The main symptoms are defined by joint pain and stiffness. Joint pathology is
diverse and includes focal lesions, synovial edema and inflammation, osteophytes (bone
spurs), weakening of the periarticular muscles, coherent weakness, abnormal remodeling
and thinning of the articular bone, and loss of articular cartilage It is widely believed that

OA is an age— related dynamic response of a joint to injury or inflammation. All articular
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tissues are damaged by OA, but the most noticeable loss of articular cartilage and changes
in adjacent bone. OA is the destruction of the joint as an organ; in its effect on the body, it
can be compared with renal or heart failure.

The aim of this review is to classify OA according to the severity and to study the

effectiveness of known drugs with chondroprotective properties on the course of OA.

3.2. Bioavailability

As described above, both GL and CH are components of the extracellular matrix of
articular cartilage. Experimental studies have also suggested additional effects on
inflammatory pathways that contribute to the development of OA. Subject to external
input, they have been widely considered as a treatment option for OA.

GL and CH have been used medicinally for almost 40 years [38]. However, their
bioavailability after oral administration in humans remains a matter of controversy. The
key issue would be the absorption of these agents through their release from the Gl tract.

In mammals, the liver is the main site of their metabolism and degradation, but the
exact mechanism is not clear [39]. The published information is quite contradictory. Early
pharmacodynamic studies determined absorption only indirectly. Laboratory studies have
suggested that GL significantly deteriorates in the gastrointestinal tract [40]. Other studies
show that, despite the large molecular size that enters the body, CH is partially absorbed in
the intestine, and some of them can reach the joints [42]. Pharmacokinetic studies in dogs
have shown that GL (hydrochloride) is absorbed from a bioavailability of about 10% —
12% of single or multiple doses [42]. In humans, the serum GL level after taking a dose of
1.5 g of GL sulfate does not exceed 12 mmol / L. Animal studies have also shown that
after ingestion of GL hydrochloride, the concentration of synovial GL is higher in joints
due to synovial inflammation compared to levels achieved in healthy joints [43].

According to CS, different bioavailability and pharmacokinetic variables have been
reported, usually depending on the study methodology or characteristics of the CS .
Previous studies have reported a bioavailability of 10% — 20% [44]. Human studies have

shown significant increases in plasma levels (over 200% compared to the dose level)
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within 24 hours [40]. The use of labeled CS showed a high level of CS, which was
observed in human synovial fluid and articular cartilage after administration. A limitation
of the above studies is that both GL and CS are biologically derived. Thus, their

measurements in biological fluids do not distinguish the drug from endogenous molecules.

3.3. Economic impact of glucosamine application

OA is most common in people over the age of 50, and with the gradual aging of the
population in a number of countries, assessing the cost— effectiveness of treatment and the
impact on health budgets is becoming increasingly important. Economic evaluation
compares different treatment strategies, taking into account costs (costs of intervention and
costs associated with the disease) and consequences, for example, the number of quality—
adjusted life years (QALY's) that a patient received as a result of treatment. A 6— month
cost— benefit analysis showed that pCGS was more cost— effective than paracetamol and
placebo for knee OA in terms of the incremental cost— effectiveness ratio (ICER) [45]. In
addition, a systematic review and economic assessment has shown that the added cost per
QALY of adding GS to existing care throughout the patient's life is about £ 21,335
(approximately US $ 33,346) [45]. Sensitivity analyzes suggest that the cost—
effectiveness of GS therapy is partly dependent on improved quality of life, changes in the
likelihood of knee TJR, and the discount rate.

Observation of patients with OA in routine clinical practice has shown that
continuous treatment with prescription pCGS leads to a decrease in the consumption of
other concomitant OA drugs, the number of medical consultations and examinations in the
long term [45]. Patients with OA who had previously participated in RCTs continued to be
followed in the clinic (on average 5 years after the clinical study), during which the total
average cost of treatment for OA was calculated during the year preceding the follow— up
visit. It was almost 2 times lower among patients receiving prescription pCGS compared
with those receiving placebo (€ 292 vs. € 605; p = 0.024). The total cost of OA drugs
taken by patients in the placebo group (including analgesics and NSAIDs) was almost 2

times higher than that taken by patients in the pCGS group (€ 204 in the placebo group
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versus € 108 in the pCGS group) ), while the number of consultations with general
practitioners, general practitioners (GPs) and paramedics, as well as examinations
(radiographs, gastroscopy and non— OA examinations) performed in the previous year,
were consistently higher for the placebo group, according to compared with patients taking
pCGS [45].

3.4. Conclusions to chapter

In this review, OA is classified by severity, studied the effectiveness of known drugs
with chondroprotective properties in the course of osteoarthritis. The main types of OA
classification are considered. Sources of collagen— containing industrial animal and plant
raw materials have been identified. The mechanisms of action of chondroprotective drugs
(chondroitin  sulfate, glucosamine sulfate or hydrochloride, hyaluronic acid,
glycosaminoglycan, extraction drugs from animal or vegetable raw materials), their
composition and properties are described. It is established that the correctors of bone and
cartilage metabolism on the basis of chondroitin sulfate have chondroprotective and
chondrostimulating effect. Currently, the treatment of OA is shifted towards cell therapy.
Cell therapy has shifted from autologous chondrocytes to the use of readily available,
highly proliferative and multipotent mesenchymal stromal cells. Global studies show that
chondrocytes contain vitamin D receptors, which play an important role in regulating the
production of matrix metalloproteinases and prostaglandin E2. The severity of the problem
of treatment and prevention of degenerative— dystrophic processes of connective tissue

proves the relevance of research on this topic.
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CONCLUSIONS

1. The main effects of chondroitin sulfate are anti— inflammatory, analgesic,
protective. CS improves phosphorus— calcium metabolism in cartilage tissue, inhibits
enzymes that disrupt the structure and function of articular cartilage, inhibits the processes
of degeneration of cartilage tissue; stimulates the synthesis of glycosaminoglycans (GAG),
normalizes the metabolism of hyaline tissue, promotes the regeneration of cartilaginous
surfaces and the articular bag. The appointment of correctors for the metabolism of bone
and cartilage tissue is indicated at any stage of the degenerative process in the joints. By
slowing down the resorption of bone tissue, reducing the loss of Ca?* and accelerating the
processes of bone tissue repair, they inhibit the progression of OA

2. Chondroitin sulfate is obtained from various sources but the main ones are fish.
The main method of production is enzymatic hydrolysis and the next step is superfiltration
to separate the hydrolyzate solution and then neutralization to obtain a precipitate and
subsequent filtration to obtain a pure starting product.

3. One of the promising areas of pharmacotherapy for degenerative— dystrophic
lesions of the joints, such as osteoarthritis (OA), is the use of chondroprotectors (CP). CP
belong to the group of symptomatic delayed— acting drugs. The most acceptable drug
capable of affecting metabolic processes in cartilage, synovial and bone tissue,

suppressing the synthesis of pro— inflammatory mediators, is chondroitin sulfate (CS).
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