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J900mmghadno — ddndg dghopgonb dgghn
po dgpn3nbnb dmzo3dnhy

092M6J LVIbIMIJI
03930 §ahgoonb bobgedfoazm 36039hbnBgBn, Jndnab pg3ohBsd968n,
bogohmzgom

madona.samRkharadze@atsu.edu.ge

dgbogomn

Jamoymmgmodns BaMImMaagnbb Jndnym 0gMmoednslb, MmdgmoE gxu3dbgos 3gce-
omzma3mgbymo Jodoob 3M0bE30390L o 3006 nbobogb ddndy dgdHomydooc godm-
63990 06hmgbozsinab dgd3nMgdsL. ddndg dghomagdab (Pb, Hg, Cd, As, Cu s bb3.)
©33MM3900 goMgambLL o MMZeb0d3d0 BaMIMoa70bL baMmomdYE domjndnym o 93m-
mgnym bLoyMmbgL. JgmahMmgMmadnnb sgHpommds P30330MEJdS oMgamML EodNb-
dymgdnb dMaby o 06EYLHMOYE Mganmbgddn hmJbozamo H9omMJdgadab dohgoal,
Mmob 3MbByE 0dME0s IMMbmM3bs 9RgIH00 s doMIgmMo3L700® JgmobhmmMmyddy.

0900500 o godmygbgdnma bogmmgodon
Jamohmmgmadnnb Jodnymo 899060030 9u3dbyds 3mmoabhahamo mngobogdab
960ML, BoMAMJT606 LHsONMYM 3MB3Magdbgdn HMJLzgM FgHomab nMmbydMsb, My
35M3639mymaxzb domo domdgbmzomonb dg330MY00L o MMEsb0dINb odMEI3-
BoL. 3MagdHnldadn BaMmmmE godmnygbgds d90w930 Jomodhmmgdo:
2 9009603806 ghMmos3ghohnb dgs3s (EDTA) — 9399hnsb0s (hy300bs o Joa-
3039380L 0mbgdnb dndsMmm;
2 99%m-2,3-0d9M333hmMmLYJ3nbyMn 83035 (DMSA) — 8odmnyg690s 39MEbaAbL-
Byamobo o 3030730b 06HMJbagsEnnbLLL;
2 ©009M353hmM3Mm3sbman (BAL, British Anti-Lewisite) — 959dh0sb60s 3MLYBALY
©o b3dnmgbdnb d58mbgzg30d0;
2 9bggMmmgbsdnbo (DFO) — gsdmnygbg0s M3060Ls s seYdnbab Jomodn Mamg-
bmdnL MMD.

89093900 v gabbomzs

0060090MM39 33093300  T0dsmmymos  Jgmohmmgoob  bgmagdoymmonl,
00mdgma3LbgooEMONby @ ®IMTs3M30069h033M0 M30090900L ZoydzmogbydnL3gb.
39ML39gdH0gma 3nnhbg30 BobMJgmobhmmgMadng, bawaE Jamobhmmadn Asdngbgdymns
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BobmaodoMygdmgddn, Mg BMEaL 3MY3aMmahgdnlb LEHIONMYMMOSL s F0dDOEMOMN3
dmgodggoob gbmgznmaddn, sbY39, 30MOMEIOs 3MEMNTgMYMO s WN3MAGNMYMO
Jomohmmgon, MMIMgonE dydzmogbgogb  domdgmbgzomosL.  bogommzgmmdn
Jomohmmgmodnob dg0mo, 3Modhozgma, M o  godmaygbgds, ydge
Hmgbogmmmanym s 390shmemanym 396HMYOL dmMab 0dMEYds anbHhgmMmgbyds o3
d0dsMmmmyo00.

003360
Joamohmmgmodns BaMmImoagnbb Jodonbs s 990030b0L nbHaMoabEndmnbymo

06(93Mo300b Bomdohgodye dogomamb. dobo dgdamadn gabznmomgds edm3nydy-
™M0d Jgmohmmos sbasmo omonb dggadbedg, 00mdgmazbgdomonb gondzmogbgdsbs
o 3mnbogym 3Maghnidadn dob Qommm obgMmag30dg. bagommzgmmbmzab 3Mammo-
HadIm0s JamodmmgMmadnab 33w 300, gobsmmgdnbs o godmynbgdob gMmomdmangn
3Myha3mmanb Asdmysmndgds, MaE3 gosdmngmgob Jodnob godmygbgdnm so06dMmgmm-
00b oE30L MbsdgEMmM3zy dngmadgob.

LY3336dM LOO®Y3ION: JgemodHmmgMmadns, 3dndg AghHomgodn,
d9(hom3madmagjbyMma Jodoo, EDTA, DMSA, BAL, 0gbxgmmgbodnbo,
606mJgmobhmMmgdn, 50mIxmo3bxdMOL

Chelation Therapy — The Enemy
of Heavy Metals and the Rlly of Medicine

MADONA SAMKHARADZE
Department of Chemistry, AkRaki Tsereteli State University, Georgia

madona.samRharadze@atsu.edu.ge

Introduction

Chelation therapy represents a form of chemical treatment based on the principles of
coordination chemistry, aimed at reducing heavy metal intoxication in the human body. The
accumulation of heavy metals (Pb, Hg, Cd, As, Cu, etc.) in the environment and in biologi-
cal systems poses a serious biochemical and ecological hazard. The relevance of chelation
therapy is associated with the increasing level of environmental pollution and the growing
impact of industrial toxins, which strengthens the need for efficient and biocompatible che-
lators.
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Methods and Applied Compounds

The chemical mechanism of chelation therapy is based on the ability of polydentate li-
gands to form stable complexes with toxic metal ions, thereby reducing their bioavailability
and facilitating their excretion from the organism. The following chelating agents are most
commonly used:

s Ethylenediaminetetraacetic acid (EDTA) — effective against lead and calcium ions;

s Meso-2,3-dimercaptosuccinic acid (DMSA) — used for mercury and cadmium

intoxication;
s Dimercaptopropanol (BAL, British Anti-Lewisite) — effective for arsenic and copper;
s Deferoxamine (DFO) — used in cases of iron and aluminum overload.

Results and Discussion

Modern studies are directed toward improving the selectivity, biocompatibility, and
pharmacokinetic properties of chelating agents. Promising approaches include nano-che-
lation therapy, where chelators are incorporated into nanocarriers, increasing drug stability
and targeted delivery to tissues. Polymeric and lipophilic chelators are also being developed
to enhance bioavailability. In Georgia, chelation therapy is still not practically applied, al-
though interest in this method is increasing among toxicological and hematological centers.

Conclusion

Chelation therapy is a successful example of interdisciplinary integration between chem-
istry and medicine. Its further development depends on the synthesis of new-generation
chelators, the improvement of their biocompatibility, and their broader implementation in
clinical practice. For Georgia, it is a priority to establish a common platform for research,
education, and clinical application of chelation therapy, which will strengthen the role of
chemistry in modern approaches to health protection.

KEYWORDS: chelation therapy, heavy metals, coordination chemistry, EDTA,
DMSA, BAL, deferoxamine, nano-chelators, biocompatibility
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@mhnabn shamhgobyan dobopqon (LECA),
Amamhg 93mamanyhn dho300031693n3hN
Lbmhogbhqon

0100839MJYD §3NA3NQLN" 3.8.., MIILI6 LBH3NS8IMNJT', 8.8.3.,
8N30 2MLYdJ’, 8.0. 3., 3863960 3339QNdI", 3d3NLEM()

Tbogohmzgomb 8g9g96039hn 36039hb0B9SB0
t.cheishvili@gtu.ge

dMammaobymon, 69690M0300 MMNsbn Mngn Jobo bdoMmo godmnygbgds bmMdYy-
B6(H900bL bobom, sMogmmo g3mmmagnymo 3MmMOmMganb smImboxrbzmMgm. Emgnbom3znb
LOIMYB39MM EVME]OMID o3e3d0MydYMN 93MEMMANYMN bognmbab oobobyzgho
M93M3nbnMydymaos ,,690m0* Jobgdab godmygbgds: J3ndgdn, 3nMJ3mzsbn dobomyg-
00, @oohmadohn, M3mzs, HMg3gmon, mnbgdo, 3gmmomo s bba. 3Maghnzgma, nbobn
doMmomoa® 3edmnygbgos Asdnbomg LobomMAmm Bymgdnb goLobLlyRMO390MIE® O
©3006d7Mgdnm0 605oanL J0bhHMgLN3sENNLSL (Bbsd-Jndnzshgdn, ddndg wmnomby-
00, 63300MO3MMEYJHIO0 © 3.8.). 330 bmMOENYM P6ML dMNMSEI® ZobLIdM3MI3L
09690M030 BMM036MdS s 63NbENL3gMbYM BmAsMmgmodsdn godmygbgds (boysmn
amEgymmonmn Embs 150033/93-d9 Ba3angon). Asdmmzmoann 36modnma bmMogbhgdnL
JofMyma3nm dbomgb BomMmImMoagqbL domon dgdmymymon godmynbgos, Mabog gobbadmgmo-
3L 09690M030 Job6900b Bomsana baysmn s 933sMmahn /63300 bnd33Mn3g (bombyg-
9080 ©smyg3s), @sdsma bmMmoOEngmo 36sMn s MYg69Ma303-3(hnm0dIENLASE -
39300M9073moa 3MmMdmMAdgon.

0M030xyY694307M0 obndbymgonb o domamn bmMmoigogmo 36sMab dotyamgdgao
bMMOg6Hg00L Jobomgda gabbmMEngmes 30dbMdMNZ0 33939, 39MIME, Mngn Lodo-
Mmonzgmmdo sMbgdymo 03690M030 Jobawsb (3gmamomymo Hxn, MOLOENSEN, 390Dy,
39Mmmodn) 3500 dsmom-hgd3gmobhyMmyan 88539000 domgdym ngbs dsmomam-
M0560 abyOYJn dsbomgdn (LECA). bb3swabbas (hgd3gMmahnmgodg cgmdmmsedydszgdym
doLoMy0L EVYE3NbEs doMamon dobobnomgdgmo mznbydgdn: boyomo IMEyMOnm0
Bmbo (y, 33/9%) o6 bggMmoman bndz3mn3g (d, 33/33%); FMMN36MOS BYsINSB6NIdn0 (W,%)
36 3mobmgdymo somab BmbBom (A,%); bodh3nEg 39083097 (P, 33s) o ByYsmdyxEYzMd
3oMO0myd0b 3Mgx30i309600L (€ ) o©aggbnm. 30dbMOMN33 AshaMgdyamn 33my30m
©33nby, MMI MyMIYM0 Ed37Yde3900 MONZoMIMa 33nb Mmmbngzg byoamagmab
330003960 3obobnomgomydL. 3gMmdme, 3gMmmoadob o 399Bab 1100°C-Dg MgMIY0 -
990039000 3000908 BMMN3b0 Fobogs, MMImab §=10-1588 BMdJE0MMONL JoME3MY-
00L m30b90MN30 dobsbnomgdmgdn dgdwagns: y=400-470; P=6,2-6,8; w=18-20; &= 0,75-076.
mOLOENObN 1250°C-B9 06 HgbLOYMI® vRBY3IOS O FnnMYds Joxi3dnbs, MMAMabL M30LY-
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09000: d=180-200; P=120-140; w=0,5-1,0. 330+20°C-%9 009MIME37do390M™M0 39MEM0mMYMn
H3830L 3980b393480 5=3-508 BM1J30IMMONL Bobagab oy 35-75°C nbhHgMmzsadn CO,-
0b 3obmgds 390003960, dgLods30LLE, 3-10%-D.

bo33mg30 Mmmbn Lobymdob byEMYYMNELb domgdyma LECA-bL Mm30bydoms 8939-
9000 dgLbodmodgmn bnds 3908930 MY3MIgboEnnb goEgds: 3gMmadnb s 399Bab
019000 domgogmo dbyOygdn mmasbo doboms dgndmyds godmygbgdym ngbsb o-
006dyMmgo o bombggdnb, booegnb o Asdwnbomg Bymadab gedbdgb bmMObH .
mOLNEN60EO6 Fnmydymn Joxadnbab godmygbgds 30Bs6dgbmbaomns gobmamagn bo-
300Mm03MMEYJHg00L MmmM3ondS300LY o dgLobsb Hg300Mdg0dn bagmmddmmydh -
00b dgsdnmymo smMmogmgdnbaed ©od3e3 bagsMs (hn3dhn3s bysn). MgMIYMIE
3dhngnMmgoyma 3gmemomyMo h3xo ,,bomnodymo JBgdHob" 3godmabzgzn CO,-ab 38sbmg-
99ma (shdmbggMmyan 389M0sb s LaBsMIMM 658630 S0MxdNELB), 890amMad 3bs-
Mhgbm Hggbmanmagngddn godmygbgdno.

0LYI3306dM LOOY3ION: 0x690M030 Jobo, NYMIMEETYTo3500, BMMNS6O
dobomyon, m30L700, beMOg6Ho

330930 bmhEngeegds dmmo hybmo3genb ghmzbyon bodyEbnghm aambenb
®060603ho dbshesgdghom (3hob8n N FR-23 - 15 888).

Porous inorganic materials (LECH]
as environmentally friendly
multifunctional sorbents

TEIMURAZ CHEISHVILI',. PH.D; RAZDEN SKHVITARIDZE', PH.D.,
GIVI LOLADZE', PH.D. MANANA KEKELIDZE', MASTER'S DEGREE

" Georgian Technical University

t.cheishvili@gtu.ge

Inorganic, naturally porous organic materials are often used as sorbents to solve a num-
ber of environmental problems. In particular, to address environmental issues related to
industrial sectors, it is recommended to use ‘raw’ rocks: sands, limestones, diatomites, clays,
trass, clays, zeolites, etc. In practice, they are mainly used for the treatment of industrial
wastewater and the detoxification of contaminated soils (with toxic chemicals, heavy metals,
petroleum products, etc.). Their sorption capacity is mainly determined by their natural po-
rosity and use in a finely dispersed state (bulk density less than 1500 kg/m3). The downside

wodlews@yleay wny wayd
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of these known sorbents is their limited application, which is due to the high bulk and true
density of natural rocks (sedimentation in liquids), low sorption capacity, and problems as-
sociated with regeneration and disposal.

A targeted study was conducted to obtain multifunctional sorbents with high purity.
Highly porous lightweight materials (LECA) were obtained from a number of natural rocks
in Georgia (zeolite tuff, obsidian, pumice, perlite) by heat treatment at different tempera-
tures. Determination of characteristic properties: bulk density (y, kg/m3) or specific (d, kg/
m3) density; porosity by water absorption (w,%) or by mass of absorbed gas (A%); compres-
sive strength (P,MPa) and water resistance by softening coefficient (€). Targeted research has
shown that heat treatment radically changes the physical characteristics of all four types of
raw materials. In particular, heat treatment of perlite and pumice at 11000C results in a po-
rous material with the following quality characteristics: y = 400-470; P = 6.2-6.8; w = 18-20; & =
0.75-0.76. Obsidian swells intensively at a temperature of 1250°C, producing foam glass with
the following properties: d = 180-200; P = 120-140; w = 0.5-1.0. In the case of zeolite tuff, a ma-
terial fraction of §=3-5 mm thermally activated at 330+200C absorbs 3-10% CO, at 35-75°C.

Comparing the properties of LECA obtained from the four types of raw materials stud-
ied, the following recommendations can be made: lightweight porous material obtained by
foaming perlite and pumice can be used as a sorbent for cleaning contaminated liquids,
soils and wastewater. The use of foam glass obtained from obsidian is advisable for local-
ising spilled petroleum products and as a protective coating (float cover) against surface
evaporation of petroleum products in tanks. Thermally activated zeolite tuff is an absorber
of CO, causing the ‘greenhouse effect’ (from atmospheric air and flue gases) with further use
in waste-free technologies.

KEYWORDS: Natural Rocks, Heat Treatment, Pporous Materials, Properties,
Sorbents

Acknowledgement: This work was supported by the Shota Rustaveli National
Science Foundation of Georgia (SRNSFG) (grant number N2 FR-23-15888)
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d3anb bohnb Logydzgabg nbm3apnyhn
onmbodgpnnbm dobopgonb
dnmAoo po dqLbogpo

80MNBI 33328Y3dY'", 019N8IMIB FINI3NCN?

bogdohmzgomb y6039hbnB980,
2bogohmggoemb 8996039ho 36039hbnBgBn

Mar.shavlakadze@ug.edu.ge

0900030600L 8603369mM306 LAgMmMYddn, Jom dmMmab, ydo-bobob JoMmyMmansdo o
bHMIsHmenmgnadn, IdsMEn IMmmbmzbs sMLYOMOL d3zmab Jbmznmab AsdbsE3zmg-
09 o MY3969Moi3nnb P0MYB39mAyma dobomgddy. sbgo dobomgddn Labommoom
©o 989JH0sbMoOnm godmnmAngzs byemmzbymam dnmgdymn mMma babymdob GmbymM-
3993390 dobomo: 00m39Mo303d o 00mdnbs. @Mgabamznb 39Mod03gmn domasbo-
9000036 QoMM 3sdmnygbg0s 3MabHdmyMo 3bagmdnb mma boabgmods - Caz(PO04),
(LB39M 30980360 MOEOMBMLBSHN) s Cas(P0,4)s(OH) (SnMmgbomadshodn). dsmzgsb
3960Lbgv3900m, 0965000 dTMMPYMa domaghHoygmo dnbs godmnmhgzs MEbomo mMgs-
60%3d0L dgzmab Jumzomob 3oMmagn dgmagzLbydab yboMmom: bymb nbymobL nd MyodEngdab
09dh030M79000L, MMIMgd0E 3obybobdggdgmos sbogmn dzmab Jbmgzomab BoMIMJDbo-
99 ©o d3mab ©ax397dHa00L 3EEa]6sdY. 3bndbymab BnbodnmMmmosb J36ob 60mdnbaL
3903960mmds (Bnnmgds Na,0 — Ca0 — Si0, — P,05bobhgds3n) o dnobo 3gdamagbgmo
3M33mbgb®gdnb dgbgmgodymo bLbboMOL. 3bndbyman bgmb 36ymdL nbgmo 3MmEg-
L900L BoaMTsMM3SL, MMIMYO0E gobLLdM3MO396 F0b0L Dya3nMmdY BabmzMabHsyMao
30mmgboodshndhob sgdoymo dMab BoMIMJIBL. sb0dbmn 30MYb3gmymxL bymmm-
36960 083mMob@Hnb-00mTnb0b dgnMmm 3o3dnMmb MmgmmE LodzyMmbomm dzommab, sbg-
39, MO0 JumznMMsb. MMN3g Labgmdnb domBsbamab (3gMsdngls, Bnbs) Bomydab sMbY-
0o Hggbmemanmo 0103009073MYds daMIsmMgmobL ndsdn, MMAT Bomn dnmMgds bEoy
Mo dBm-3gm Hggbmemagnom - Bysmbbbowon dznMmomomgdymo bobynobo bogmo-
960900056 6306 Pnb3gMboymo 30630L FomMgds o d93aMAN Bomam®H9d3gMmatyMy-
ano bobogdom bsbyM3gmo 3xagbomMmmonb s 096500bL (3MaLHIMYMa 36 sBMMAYaNN)
00m3obomab dgebmdnm o6 mmemodnm dnmgds. A396 dngm AohoMmydymn 33ea3s dnd-
6o 0bobs3zEs 3Msbngnman Jgaggboanmonb domdnbab (4555 Bioglass) dnmgodsb 80bab
HMooEngmo Hogdbmmmgnab gedmygbgdom. nbmzsgnymo bhgdbmenmgnnm domdnbob
900900 bLogMdbmoOmMoE goodambhn3zgdws Hgdbmemagnym 3MmMEgLL O FoVMONES dM-
603670 LobgmdnbL doboyddy 63MAsD.

ba33™3 MONgJhHo® dmMadymo 4555 Bioglass 36modnmns MmamMmE sMmadmgbolymo,

wodlews@yleay wny wayd
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00mMmgd0-Hgbhyann, domogdhoyMa s o.3. Fsboms. dobo Igaggbnmmos 899wgans (Bsb.
%): 455i0,; 24,5 Ca0; 24,5 Na,0; 6P,0,. sfMbgoymn hagbmanmans nogsmabBabgob Sio, -
0b939008060bL 56 booEnydab 3oemagbbsgmmgonb, Cal - gnMab MJab, Na,0 - baghMmo-
oL, PO, - mMHomambymMmdgsezal o6 hybhg @moanmbos gmbashgdob gedmygbgosb dab
3d9039600mm0osdn d9ds30m0 mjbogdab dgboyzebow. A396 dngMm smMhAgymo ,,8dMomn
39030bL” dogmdnm, 60m3nbob Lobmgdo gabbmMmEngmEs 30dBNEEL, MMTgmoE domy-
o0yamon 0460 HMooznymn bgomaggmoasb. 3gMmdme, dnbab d50a960mmosdn BomaAm-
©3960m0 mgbngdnb d99339™Mds EI3BoYMBNME.: Si0, - dmab dMmaenn/bgymmzbyma
boaognydob @omgbon; Cald - oMEn; Na,0 - bms 3smEnbaMmyodymao; P,0.~ d3mab
BogMno; dmyszsboma dsbomgdnsb nbmazs3nymMLb/sMmobMmooEnym Bgomagnymb Bo-
M3mo©agbL P,0,-0b 8983390 d3mab bagsma, MmdgmoE domyoymo ngbs dbbznangg-
bs Lagmbanob Eg3MmbgnboMmgdymn d3zmnEsb (BLb3MY3s-sRg300). d3mab BsEMab
Jodoymo Bgagbommods 8990930s (9sL. %): 40,3 P,0; 53,2 Ca0; 2,8; 0,4 Si0,; 0,4 (ALO, +
Fe,0,); 0,3 LOL Aggb dngMm AsthoMmgdamn 1000 s 1300°C MgMIM©adn8s3g0nm dnmgdy-
o dgmab Mybhagabyma sbsndab dnbgywznm, dsbdn ghmsamam 3MHobhasmym i3odob
BoMOmMogqblb 3nMmmgboodshnhn. Lo3zmazoE dMgOYMN s sbomon dgwag60mmdNL
30990006 d0m3nbab LNBMYDN AsGHsMEL 1340 + 20°C-B7 (oym3690s 2 bm), BaObMANL
990aman ©aYsmndg00m s 638B3NL dMB300 (600 + 10°C). sbaann BgmmomanmMannm
domgdymo 00m3nbob 30M30LNBMONL ELYEE)bom dgbbozmaman ngbs nb doMomowo
®300bg0900, MMIMgdnE dMmmbmzbomns dgbadsdnb Tobomnddg sMbdmMo GOST P ISO
13175-3-2015-0b 30bgE300). EEN0b®s, MM LLbgEMYPMM 03BIDY TnMgdymn sbamo
00m3nb0b dobobnomygdgmo m30Lydg00 d9dYzns:

4 b0d®H30E9 39003009 — 510 Do,

2 Jod0ymo 8aMamos (Bmbnb sbs3sMagon 30dnseyM bbbsMABn) - 1,6 %;

2+ b0d33Mn3g -2 660 3gd/03%

A d>bmMOgNymn ybsMmo Byosendn - 0,05 %.

AohoMmgdmo 33M9300 LB YMEs dom3nbaob Tomgonb dgbodmgdmmods sbom
LabgEMgYEMM 05BSdY, HMoognymn dnbob domygdab Hgdbmemmgnab gedmygbgdno.
domgoymo 306900L doMomsa dobobnomgdgmo m30bx0500 MY dgbodsdobmdsdns
ISO LHObIMHNM gom3aMnbBNbgdE TIMMbM3b90Mb, MeE dabo domagdhoyma dobe-
aob baboo godmynbgoab 39ML3gIH0YEMMOLL gobbadMzMogzL.

LY3336dM LOOY3ION: DaMBnbo, boM3gMadngs, d3eab bogoma,
Jommiboododh oo, domogddnymo dobomgdon, bHmAsdHmenmany,
LOdgE0EN6M doMAdLoEgd0
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Production and Study of Innovative Biomedical
Materials Based on Bone Ash

MARINE SHAVLAKADZE', TEIMURAZ CHEISHVILF?

" University of Georgia
2 Georgian Technical University

Mar.shavlakadze@ug.edu.ge

There is a growing demand in important fields of medicine — including maxillofacial sur-
gery and dentistry — for materials that can replace and regenerate bone tissue. Two major
types of synthetic phosphorus-containing materials, bioceramics and bioglass, have proven
to be particularly reliable and effective in this regard.Among the ceramic biomaterials, two
crystalline types are widely used today: tricalcium orthophosphate and hydroxyapatite. In
contrast, bioactive glass, which is amorphous in nature, demonstrates excellent compati-
bility with living bone tissue — it promotes biochemical reactions responsible for new bone
formation and the restoration of bone defects. This property is determined by the composi-
tion of the glass (obtained in the Si0,~Ca0O-Na,0-P,05 system) and the slow solubility of its
constituent oxides. These factors facilitate the formation of a nanocrystalline hydroxyapa-
tite layer on the glass surface, ensuring strong bonding between the artificial implant and
both bone and soft tissues.

The technological particularity of producing both bioceramics and bioglass lies in the
complex sol-gel processes used to obtain a pure dispersed precursor from expensive wa-
ter-soluble reagents, followed by high-temperature synthesis to form the desired crystalline
or amorphous biomaterial through sintering or melting.

Our research aimed to produce bioglass of classical composition (45S5 Bioglass) using con-
ventional glass-making technology. The innovative approach developed for bioglass produc-
tion significantly simplifies the technological process and increases the material’s accessibility.

The studied 45S5 Bioglass is known as a non-toxic, bioresorbable, and bioactive materi-
al. Its composition (wt%) is as follows: 45 Si0,, 24.5 Ca0, 24.5 Na,0, and 6 P,0,. Conventional-
ly, the oxides are introduced using liquid glass or silicon halides (for Si), lime milk (for Ca0),
sodium nitrate (for Na,0), and phosphoric acid or alkali metal phosphates (for P,05).

In our modified “dry batch” approach, bioglass was synthesized from traditional raw
materials: quartz (or synthetic Si0,), chalk (CaCO;), soda ash (Na,CO;), and bone ash as a
source of P,O. The bone ash, obtained by crushing and calcining deproteinized bovine bone,
represents an innovative raw material. Its chemical composition (wt%) is: 40.3 P,0s; 53.2 Ca0;
2.8 Na,0; 0.4 Si0,; 0.4 Fe,0, (+Ti0,); and 0.3 LOLI.

wodlews@yleay wny wayd
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X-ray analysis of the bone ash thermally treated at 1000°C and 1300°C showed that hy-
droxyapatite is the only crystalline phase present. The synthesis of bioglass from the modi-
fied batch was carried out at 1340 + 20°C (2-hour hold), followed by annealing at 600 + 10°C.

To evaluate the quality of the bioglass obtained by this new method, its main properties
were examined according to GOST R 1SO 13175-3-2015 standards. The following results were
obtained:

s Compressive strength: 510 MPa

s Chemical stability (weight loss in aqueous solution): 1.6%

s Density: 2.66 g/cm3

s Water absorption capacity: 0.05%

The research confirmed the feasibility of producing bioglass from a new raw material
base using traditional glass-making technology. The key characteristics of the obtained ma-
terial fully comply with the relevant ISO standards, confirming its prospective application as
a bioactive material.

KEYWORDS: Bioglass, Bioceramics, Bone ash, Hydroxyapatite, Bioactive
materials, Dentistry, Biomedical materials
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qLg3em3hmpgnbqon: dnmpgghopnhgdopn
dmandqhqonb 39AL3gJHnaan Mm3obn
dhogzopdbhngn danmbodgen3nbm godmyqbgonbongnl

606M I3MILIA3NQAN  3IMID 01001dMAIA3NCN MJIFID JOBIMI3Y
obmgnhgoyon 3hmagbmho dognbBhobBgn 3hmagbmhon

bogdohmggomb oghohyon 36039hbnBoBn

N.Zavradashvili@agruni.edu.ge

x3bg3M3MmMHn6g00 (133) BaMIMOan696 9806MAFs33M domdndyhnzos 8603369mm-
306 mzabb - 3omgoab bobmgdYM sb3EMEgoL, MMIMYO0E babNoMgdNsb dsmn b6 63-
mm3060 096MmgabgMmdnm, domamon d0MM3LYdIEMONMS s MdbEsymmamo domem-
309M0 ddhogmonm. ®3-900bL dogmmammgzgmymo sMJohgdbhnme bo3mgdo® smJdsmny
mMagabnd3nbL ndy63M0 bob@HYdab TogMm, ME IOMYD33MYMRBL Tom oM doMMd3LYdIEM-
00L. 0690M0n3 3MMHg0690006 TgEoMYd00, B3-900 M130LBRIWN 3MN3b 3MmMHYnbgdaL
0bgo0 99DMY39000356, MMaMMaEss N3Y6xM0 F9Mo3LYdMMBY, 833®JONL dgbodmmm
HFbLRYMN, 333JOSEMOAS 30MHNNESD oM BT S FxdMYYm Ladsbogmy Mm30byx09-
00, 333L™Mv6, 060MAYDYOY6 3MM®HYN6900L OEIONm MZnLYOYdL, MMEMMYdNEsS oMo
003090000M0s JLM30MxdMb S A-3306MT3x03900L FodMMB30LYRMYOS B0MOIYZMIIB30-
0bob, M3E bgbL Y6YMOL PxMYO0L DML o dgLLdANLYE, JuM30mMgdab MyaabgMmainsb.

33-900L LOBMYBOLOMZ0L L3306dm AMbMIAgMgd0s a-3806MTF03900L0 o OMEYdNL
LOx®yd3z9mMBy Tomgdyn ENd3NbmM-NgbhgMadn. sdnYM 0390006 gMmmoE B3-900 dg0-
dmgods 3903030696 @adathgdnm 3ghgmmgzagzdnmgol, MmammoEss gbhgMmymao, gmgMmywmo,
doMoM306m0, 3MgmMsbymon 63900, ME 30©I3 IBRMM 3330MYOL To0 3gTob MMZaabnd3NL
0336M0 LoLbHHB0L TngM, 530LMV6, 3603369MM3b65© dBIMMNMYOL B3O-7500L Lodobogg m3zn-
bgodsms L3ggmMb.

36030myMmo m30090900306 godmINboMY, i33-900 39ML3gIHon Fsbamydns IMoZo-
mdbMmngn 00mbLLIJENENBM godmygbgd0LbM3nL. 3ob3ymamymo bhgbhob Bsdemab 3MbhHmm-
m0Mgosn godmymanb bogsmn sbymanmas 3mmnbngsdn Royal DSM (3mansbns) Svelte
Medical Systems (533) gfmomdmn3n dsanabbdgzno). dnmgdymns 3manndgm-0sghgMmomasgyg-
0ab 3m33mdadhgon (5x3L3900b s Fgmamgdswn dngmMmbaggmmgdab babom), sbg3g, Mbgzswn
3mabhonmo (bL3Mgn), MMAMYd0E 989IHN3B0s bb3ssLb3s babab EsdB3MMOgdNL, hma3n-
390 Bymyangoob o ad0sbgd7mM0o 3060L LYFZYMbsME. 308NbaMYIMAL 33tMy3900 B3~
0b boxyd3zgmdY JnmydYM0 3MENJNNMYBZNZMMOL MMYOMN EIBRIMIPMO 636M3MbHg-
069M700bLy, MMIMYONE dEaMINS BZMENHMBOL dndsmm s 39ML3gIHImns B3dMxoaL
90bb6moMmngzn d0bmydabom3znb.

wodlews@yleay wny wayd
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LY3336dM LOO®Y3IO0: a-0306MB 73900, 60MB03gH03900,
aby3zEM3Mmbgnbg00, d0mMbLIgOENbm dobommyodn, 6odemydab
606m3mbhgnbgMmagdn

Pseudo-Proteins: Al Promising Family of Biodegradable

Polymers for Versatile Biomedical Applications

NINO ZAVRADASHVILI GURAM TATARASHVILI RAMAZ KATSARAVA
Associate Professor Doctorate Student Professor

Agricultural University of Georgia

N.Zavradashvili@agruni.edu.ge

Pseudo-proteins (PPs) represent an important family within the so-called amino ac-
id-based biomimetics (artificial analogues of natural proteins) characterized by low or zero
immunogenicity, high biocompatibility, and inherent biological activity. Due to their macro-
molecular architecture, which is less recognizable by the immune system, PPs exhibit excel-
lent biocompatibility. Unlike natural proteins, PPs are free from limitations such as immune
incompatibility, potential disease transmission, batch-to-batch variability and restricted
material properties, while retaining key advantages of proteins, including excellent tissue
compatibility and the ability to release a-amino acids upon biodegradation, which promotes
cell growth and, ultimately, tissue regeneration.

The key monomers used to construct PPs are diamine-diester derivatives of a-amino ac-
ids and diols. PPs contain various chemical linkages in addition to peptide bonds, which help
reduce recognition by the body's immune system while enhancing their material properties
and biomedical potential.

Because of their unique properties, PPs are considered promising candidates for various
biomedical applications, including coatings for vascular stents with controllable drug release
(already implemented in the clinic through a collaboration between Royal DSM, Netherlands,
and Svelte Medical Systems, USA), as well as polymer-bacteriophage composites (in the form
of films and gel-forming drug-loaded microspheres), and spray-on wound dressings effec-
tive for the treatment of burns, tropical ulcers, and post-surgical wounds. Ongoing studies
are also focused on PP-based nanocontainers coated with a polyethylene glycol (PEG) cloud,
which are resistant to phagocytosis and show great potential for targeted drug delivery.

KEYWORDS: a-Amino acids, Biomimetics, Pseudo-proteins, Biomaterials, Drug
nanocarriers
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Laghomodmhnbm Lobpohgon po mobodgphm3g
dnpgmdaon Lodzyhbopm Lodyopqgdqgonl bohnbbnbo
po yLoghmbmgonb yBhY6350ymanbznl

N332J MIJdIA3NLN
J0dnnb v3909803h0 emgBmha, 303300000 36039hb0BgBENL 3hmxrgbmho;
bOL ,,00mgdndxzohdnb* bohobbnb gobyman0ndnb byoddmzob0n

imeda.rubashvili@tsu.ge

x30M30393HhIm™0 bamabbob 3mmadngs o 3gMmBIM; bamabbob dommznb bobH9dg-
00 LL33xMBogNM LOdYsxdab bobogmEbm gngendo; bogmmaodmmabm bHobambgdanb
(GXP) o 9Mm367m0 MYagnmsEngdnb dndmboanss; 3sMmdsEg3hmn baMabbab Moblgdnb
060mM0B0 o MOL3x00) EOBYJbgd Mo dngmdgonb godmygbgds Bomdmgdsda, 3mbh-
MMmby o BoMTZMBDYTbY39MMO8d0; dJdHommymn La3nMbydn o godmb393900
bafmobbob 39MY639mymxz0b baygMmmadon.

LY3336dM LOOY3IBN: bogMmadmMmabm bAHoboMmbgdn, BoMIs3I3DIN0
boMobba, boMmabbob JoMmMngzs, MaL3xd0, GXP, BoMTd3MBYTbI3xMMOD

wodlews@yleay wny wayd
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International Standards and Modern
Approaches to Ensuring the Quality
and Safety of Medicinal Products

IMEDA RUBASHVILI

PhD in Chemistry, Professor of Caucasus University,

Head of the Quality Department/Qualified Person (QP) of the pharmaceutical
company JSC “Biochimpharm”

imeda.rubashvili@tsu.ge

Pharmaceutical quality and quality approaches; Quality policy and culture; Pharmaceu-
tical quality management and systems throughout the life cycle of a medicinal product; Re-
view of international standards - good practices GXP and national regulations; Pharmaceuti-
cal quality risk management, risk analysis tools and the use of a risk-based approach in the
production of medicinal products, quality assurance-control, distribution and pharmacovig-
ilance system; Current issues and challenges related to the quality assurance and safety of
medicinal products.

KEYWORDS: International standards, Pharmaceutical quality, Quality
management, Risks, GxP, Pharmacovigilance
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Ladgbnghm 3mdybnzopno pd nbm3gongdn
500po33nL gognghm3gbqanb hgemhdagon
dogo dbmgpnmdn po bodohmnzgaomb gdo

43bd03M 349Y3QN
3hmxgbmhan, omgBmhon

01089M QM63460NdI
30063hmgomonb 893609h90900b bymonb enhgg8mhn

ddMNJI3a AMo346NdI
omgB8mhobgn

bogdohmggomb 36039hbnBoBn
k.jakeli@ug.edu.ge

Mo096039 J39Ys600 3339 6oMBahndnm gobsbmmEngms MYxMMIg0o0 55960oE30L
3330xMm369000L bE3gMmdn, 3o AmMab MmogMmogb dgdwan J39ybadoa:

a4 39M306008 99Jabo doM9xanmMnMydgmMo 33dHg00 O oa®as bddnzgdn Hgmg-
93(h039M0 nbxymsbhMmydhnmab (TI) dgbogddbgmo® s d9Jdbs dMBbAsMgdgmms
L9M30LY00 F36OE30L NZNHITMNBIENOLMZND;

2 069080 LAMYMOE Vd3T0YMBOMY 3946001 F36OE30L LagnMmmgdgdo o dg7-
060 Kanta Services, THL eHealth 3Mmgamasds, MmdganoE dmnEse3Lb 536o330L do-
oML O 3©830356900L AMMbmM3zbsL 39MLMBMNBYOYM F0GMYM™ s B30DZYM
50060003300 bgM30LYOBDY;

4 ©obny, MMAgmdolg 099406s gmmzbymn goxMmymo 36oE30L 3MobhBMMT
Sundhed.dk @s 3m0E3s $3060o330L dgmo dmmbmaby;

a gbhmbgmon, 00 939Yobod mogznbo FoboE30L IMBo390700 o HobsbgMmydn
0mm3hgnbBy osxndbs; - 83990 - 83 J39yobod 899Jabs Vision eHealth 2025
/ Inera AB;

4 309M0006907mM30 LB BMI, 0939M0FNL TIMEIMDY yMEbMdnm, dgJdbs NHS
a3M0N35300 o NHS gogmymo hMmabbammdogns; — bnbgadymo, boog LBMS-
038 3909865 gMm363mn gamgdhmmbyann 536si330L 00ds (NEHR), Smart Nation
eHealth 93mbobh93o; — LodbMmgm 3MMYsd, o3 J39Yyobsd 89948605 nBMPYMO bLov3o-
©@3ymamb 0bgmsbhMmYIbHyMs o K-Health-obs o goxmymo sbsmo dgmabbag-
00b 0b0gnahn3y;

4 003Mb0Y, 9L 939Ysb6s, JMNMBI®, bobIBIYM MY F36 330090 MMNgbHnMgdYMN
9 899060 LdMZIEMYOS 5.0 / 30BMYN Ld3ZIOHML F36330L MgBRMMId;

A 306000, 9M00 goedbamab IMEYMdY 93907maBs 3obsyMds bobdgded dgJ-

wodlews@yleay wny wayd
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365 bLanbgymmadszom Lobhgds, ASIMYSMNOEY 3965NL F36IE30L NbBMads /
306306009M0 30x3MYmM0 F36o330L bHMobhgan..

009M030b dg9M Moo dhahgon 83 bnodo oM 3Mb, Mageb dob oM 3Jmbs ghma-
B0 506o(330L LobHYTd Y, A9LYdBNLY, 983-05 BMdgdxbHYma bobhgdgdo 9Jabe.
09939, 999M0358 domnob 0bmzsEngmMa 63003900 goawae: 3506 Laxydzgmo sgMadab
09039mo0nm dg94dbs o d90amadn bodsmmmgomnzn BmMTgo0 gobosbmmzngms — HITECH
3gho (2009), 21-g bdy3nbaL gsb3yMB700L sgdn (2016) s ONC-0L MB3LgdsEMONL Bybgdn
(2020).

003-0 LEMIGOE 330M3MJOL FBMYM F3bE30L MITMMIZOL o Jabab bgm-
3696 06(maIHdy ©oxeydbgogm 3mnbagyMo gowobyzahomgonb domgonb (Google
Health, IBM Watson, Epic-Al 06hgaMasi30s) bobhgdgol.

oLa39, banbhHgMmgbms 030L VbSb3Y, MY My bgds Anbgmdn, MMIgmMnE PJHIMBDSM
0639LH0E090LY 0L HymydgnEnbodn, 3x8omobL bgmmzbymn nbhgmgdhob nagbm-
LH030LS O 30MYMN LadMBsMYOMN30 F36TMMYEMONL Fgm3emyymMgmodab gobgn-
MoMYdadY, MmgmmMnEss Ping An Good Doctor s AliHealth.

990momb0dbymo nbxzmmMdsznob Loxyydzgmdy, sy30MYdgMNs JoMmmymao Fobo-
3300 Mmmymo BoMmIomm3zs gmgdhmmbymn 306oE30L0 o NZgNHIMNBIENNL3YO.
0339, MmgmmM dmbgds gb? o3 300b3zdg 30L7bab oboEgdo, A396 Aagamomgom sbm-
603yM0 godmznmbgs bogommzgmmb 6o3yYy3060 LosgzsIYMxuMydab bymddmzebymgodL,
©3ManbL 97b3gMHIOLY s 9§ndgdL dmMmabL; gedmaysznm 3mbzMgbymo bhMohggogmo
bg3s, MMIgmoE JoMmmymds 963300 6o anE3sL gmgdbhMmbymo FoboE3nL
xmm@3g00b 9RggH0sb0 gobznmamgdnbmznb.

399m30mbgnb goMmo, A396, sLY39, 39YMBMONM Mgnb madhgmadyMab 33300
©@o dmbBnbogg LLdgEbNgMmM 65MMIYOL, Momy BabzdomdBmm oManL gobznmoMydab
LbAOHMOMHI30, HoJHn3s o 93MbmaBnzyMo babnga.

0LAI3306dM LOO®Y3ION: gegdHMMBEYMO 30633, HIMI536O(33Y,
3060003300 MygRMMAgd0, GoBMYeo dngMmoEns
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Reforms for Healthcare Diitalization around
the World and the path of Georgia

KAKHABER JAKELI
Professor Dr.

TAMAR LOBJANIDZE
Director of the School of Medical Sciences

MARIAM LOBJANIDZE
Doctorate Student

University of Georgia

k.jakeli@ug.edu.ge

Several countries have already successfully implemented reforms in the field of
healthcare digitalization, including the following leaders:

a Germany, this country has created regulatory acts and taken steps to create Telemat-
ics Infrastructure (TI) and created consumer services for the digitalization of health-
care;

» Finland has completely covered the nation's healthcare needs and created Kanta
Services, THL eHealth Program, which covers the healthcare market and people's
demand for personalized digital and physical healthcare services;

»  Denmark, which created the national digital healthcare platform Sundhed.dk and
covered the entire healthcare demand;

4 Estonia, this country has based its healthcare data and records on blockchain; -
Sweden - this country has created Vision eHealth 2025 / Inera AB;

a  The United Kingdom, based on the Beveridge model, has created the NHS App and
NHS Digital transformation;

s Singapore, where the National Electronic Health Record (NEHR), Smart Nation
eHealth ecosystem was quickly created;

a South Korea, this country created a digital hospital infrastructure and the K-Health
& Digital New Deal Initiative;

a Japan, this country focuses primarily on healthcare for the elderly and created Soci-
ety 5.0 / Digital Agency Health Reforms;

s Canada, the Canadian system built on a single-payer model, created an informa-
tion system, the Canada Health Infoway / Pan-Canadian Digital Health Strategy was
formed.

wodlews@yleay wny wayd
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The United States is not on this list because it did not have a national healthcare system
and, accordingly, created fragmented systems like the US. However, America took very
innovative steps; it established the foundation through acts and implemented subsequent
legal measures - HITECH Act (2009), 21st Century Cures Act (2016), and ONC Interoperability
Rules (2020).

Finally, the US is rapidly developing digital healthcare reforms and creating Al-assisted
clinical decision-making (Google Health, IBM Watson, Epic-Al integration) systems.

Itis also exciting to see what is happening in China, which is making massive investments
and research in telemedicine, working on the development of Al diagnostics and digital
public health surveillance, such as Ping An Good Doctor and AliHealth.

Based on the above information, it is essential to lead Georgian healthcare towards
e-health and digitalization. However, how will this happen? To answer this question, we
conducted an anonymous survey among the leaders of Georgia's leading hospitals, experts
in the field, and doctors. We identified a specific strategic vision that Georgian healthcare
should follow for the effective development of e-health forms.

In addition to the survey, we also rely on research into the literature in the field and
through advanced scientific works to clarify the strategy, tactics, and economic part of the
development of the field.

KEYWORDS: E-healthcare, Telehealth, Healthcare Reforms, Digital migration
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doh39mnbgnl Ampn mobadqgphmsy
Lodgbnghm 3mdybnzognodn:

710399mnobn bohognznb gymhdnhqdo po
LoBmgopmgohngn Aohmyamonb godanghgoo

d0MmI6QY d432399dI
2hneobbghn, 8oh39806300bo 0o 00H69LNL gob3nMohgdnb 896939h0

Miranda.shavlakadze@icloud.com

0360390 Mm3g Lodg3bngmm LogMEgdn BoM39MH0630L 3MBEIBRENS MBEIMOD go-
©0b hMmsoEnyma g93mbmadngnmo 3mbhgdbdhob goMmamgob gaMmgm s 0dEg3s 3M©bNL
989JH0s60 3o3ME3gMe00b bHMsMHIans.

Ladg360gMM BoM3gdnban BaMAMawagblb nbLEHMYIgbHL, MMIgoE v9MMNsbyoL
3M3360303000, 3g0(HJbMmMmangdabs o bmEnemym d93609Mx0sms 399Job0dDg-
0L LOBMBIMYONL NbBMMINMYOYEMONLY S AdMHMYMMONL obodMmEgmo. dg3bo-
96M900boAdn 0b6hgMabob dgdnmgodnL, IBNbRMMTdEN0L gozmMEgmgdabs s HgMmdon-
bmanmgogmo doMmogmgdob a3mbBy, doM39Mnbagmo doamadndn Lodyomydsb ndmg3ze
33mM93000 3MmE9LYON S 8993900 oIMNEIL dEI3HNMIOPM, 3aLsggd s §ddnMmo-
Y3 E3LVOYMYOYM MmMIshdon.

396Lo3nMMYdnm 8603369mMmM3060 bgds gb 03 bmEnsmyMm-3xmdMym gomgdmado,
LosE 393609M70s 3ngdq0s, MMamMmE gmodymMo s Yymzgmoemaym 3bmzmgdsb dm-
6939hnma bggmm.

30%30myMo 3mdnbngaznab, bmaosmymao dgwnnb, 3MmE3obdhgdnbs o 8ddnb mbmm-
00l (storytelling) godmygbgods bgmb yBymob LadgEbngmm 9dg00b IdNLHNBRNISENSL
o oo 06(h93M0M7dsL LOdMBsMxOMNg b3yMLAN.

09M0go, LodgEbngmm ToMm3zg®nban Jabab 3B BMMISL FMEbNL ydM3Mathnde-
300bm30L, IBMY639MYMABL BodhHg0dg Eoxiydbgdymo nbammdsznob bgmadobobzom-
dmdsL o 0dengMydL 9EbngMgdab MmMbL LadmMoEmMydMng gosbyzghomgdoms dn-
®900b 3MmEgLAn.

LY3336dM LOO®Y3IBN: bodgEbogmm 3MI6aszoEns, bodgxEbagmm
00M391H0630, bodMmagomMgdMnzn hoMmmnymmody, EIBNbBMMIdE 0,
6oMmohn30b bHMo®hx30900, 3900 o Hadbmemmangdo

wodlews@yleay wny wayd
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The Role of Marketing in Science Communication:
Shaping Effective Narratives and Enhancing
Public Engagement

MIRANDA SHAVLAKADZE
Freelance, Marketing and Business Development Manager

Miranda.shavlakadze@iclould.com

In the contemporary scientific landscape, the concept of marketing extends beyond its
conventional economic framework and emerges as a strategic instrument for the effective
dissemination of knowledge. Scientific marketing integrates mechanisms of communication,
media technologies, and social sciences to enhance public awareness and participation in
scientific discourse. Amid decreasing interest in science, the proliferation of misinformation,
and persistent terminological barriers, marketing-oriented approaches enable the trans-
lation of research processes and results into accessible, comprehensible, and empirically
grounded narratives.

This approach is particularly significant in socio-cultural contexts where science is per-
ceived as elitist and disconnected from everyday life. The utilization of visual communica-
tion, social media, podcasts, and storytelling contributes to the demystification of science
and facilitates its integration into public discourse.

Thus, scientific marketing functions as a platform for the democratization of knowledge,
ensures the accessibility of evidence-based information, and reinforces the role of science
in informed decision-making processes within society.

KEYWORDS: Science communication, Scientific marketing, Public
engagement, Misinformation, Narrative strategies, Media and technology
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000bgmndnd. 6nmdndno po mghdadnyon
nbm3o3nqgdn gmanhpnb dnbahopyhn bypgonl
500dhongomoodg Bgdmdqdgpgonl dnhnoopn
dq4obnddqonb dqLboganb Amon Lod3yhbopm
dgLodpgoamogonb gobhpnbomznl

J3983MN6JI LV6N3NII
00000b0b 0006gmoemgngha 3ghmh@n, 890030600 v390. omg8mha,
0bbY ob. shmagxgbmhao

ekasanikidze@yahoo.com

00%060 - gmgMmoab 6ymgdab LOI3YMbsmM 9gx339hHob Jndoymo 879960DD7d0L dg-
dbBogmagamn dobagdnb IMdngds o EodYd3900 o0 0x690M030 Lodyomydab LadzyM-
Bomm-bamgadagmadoignm 30D65000 Jx3MmM 9i39gH03bo godmygbgdnbom3znb bb3zoob-
b3 ©003390900b CMML O sbomn 33eM93900L EVLYZI30o.

dobogy o 3500MEJ00 - dEZNMMOMNZ0 s bogMmmadmmaobm bhahngdab Tg@Hosboe-
m0do Meta-essentials-o0b godmygbgdoom.

09009300 dbomado - gmgoMmEob mgmdgmo bymgdab LoIZgMboME Fodmyy-
6900 dmgm bmamomdn, doc dmMmab, bagoMmmzgmmadn, Loy3n6990L n3mab. M-
939, bb3zoobbzs MMagabmby s Lobhgdsdg dobo BxdMJdgEIdnL BndagM-JndoymMmo
099960939000 d9LBs3MS gabymo LoY3yxbab dgmMmg Boby3z3mMBEY oM IMIbEIMY O
9000603, doMomoo, bognmbo gmgnMmoab Bymgdab godmygbgdsbs s 83 my nd
LOA3HMTINS ENO6sT035L dMMOL 3MMIMIE300L EaJbnm FgdMmagsMmagms. IEILHY-
Mo, MmMA LodzxMbomm gx399hHob doMoman 3300M3ggbgdyMn 399ob60dT0 dogMmEn-
M39™Ma300L ondsmogbgdss, MdEs B0dZYM0 o Jodoymo BJae3™gbab godnszbo
o 03 Jodogmo M9od30900L BYLHO dMByMY, MMTgmoE gmagnmoab Bymagdob doMmo-
030 3JhoyMmo Immgzmab - gmgnmobysmosmab (H,S) gegamgbom d0donbsmg-
mob MmMagab0daddn, Abmemme dmmm Bmgddn Eonbym ogdHoMo. godmamyzs sbomo
ambodMgogonE 080b dgbobgd, MmE HS 0s8sdmob Lobogbomm Imangsgmabs ©
3Mm@Hgobms bLyMmR3nEMezgnob MmMmb Az960 MMEsbNBTNL Lb3ssLb3y godm3mm-
H99E0®m d60mgodoygm MyedEng0dn, bogmb 3bymodb sMmodambm sMbdYMN Jodnmo-
Mymo bobbmab 808mJEg30L gondzmodgbgdsL, sMedg dngmmEnMmzxmsiEnab sbamo
JLago0b B3MTIMJAbL Lb3oobLb3s MMM 89706093900L ByoMd0m. 3MLYOMOL
0Ma9gMomn 33my3zs, MmMIgmnz ab3zmomgdom smbgmb yzgms 08 Jodoym MgadEnsb,
Bogmmb, 300MmMO90L, D9393™9b0b AMAbYb gogHMmMmgdL, M3 gmgnMmoab dmmy3y-
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ob 06mOnbOB0bssMA®YaM, N3bMIMEYMOE0YM, 3MmMoxsENyM s bb3o ojdon-
3mogobL 30380M@Yd..

©ob3360 - 33m93900L TghHosbogndn sH39690L, MM bognmms gmanmoab bymg-
00L bb3zoobbgs JbMz0Mb o MMZbMdY BgIMJdggdab Jndoymoa 397dob0dBYONL dg-
daman, 1g3mm M3 o LoxrYdzmnabn dgbbagms Lb3sabbgs 30Mmoyddn. 893
dnbg30m 30, 9930090 dH3039079M™MY090%g adYysMmgoyma 3MmBpmzmmgonb dg-
09003900 ©d gManmmnobo LodzYMbomm Bymadob yi3mm gommme, bEMMo© s J0d-
bmOMN300 3odmygbgods. gL 30, goM3zgnm 3500b39g3903d0, bb3oabb3s V300 Y0500L
939MbsmMmMO0L goEnmgd00m M0, N8R0 O d90930360 gds 0196900, Mo3 dby 3603369-
m30600 ©MY306gmn dznMomnmMgdymo z3b6waE3nb 3nMmonddo.

LYO3336dM LO®Y3ION: gMaMmaab LodzxMbocnm Bymgodan, JondoyMmo
09906093900

The Role of Studying the Main Mechanisms
of the Health Effects of Sulfur Mineral Waters
for Increasing Healing Potential

EKATERINE SANIKIDZE
Thilisi Balneological Resort, Acad. of Medicine, Associate Professor of TSMU

ekasanikidze@yahoo.com

Goal - To search and compile materials for studying the chemical mechanisms of the
healing effect of sulfur waters for more effective use of this natural remedy for therapeutic
and rehabilitation purposes in various diseases and to plan new studies.

Materials and methods — Meta - analysis of local and international articles using Meta
- essentials

Analysis of results - The use of sulfur thermal waters for healing all over the world, in-
cluding in Georgia, dates back centuries. However, the study of the physico-chemical mech-
anisms of its impact on various organs and systems did not occur until the second half of
the last century, and even then, the issue was mainly limited to establishing a correlation
between the use of sulfur waters and the dynamics of certain symptoms. It has been proven
that the main pathogenetic mechanism of the healing effect is the improvement of microcir-
culation, although the separation of physical and chemical effects and the precise descrip-
tion of the chemical reactions that occur in the body under the influence of the main active
molecule of sulfur waters - hydrogen sulfide (H,S) - have only been actively pursued in
recent years. New ideas have also been expressed that H,S plays the role of a signaling mol-
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ecule and protein sulfhydration in various cytoprotective biochemical reactions of our body,
contributing not only to the improvement of existing capillary blood circulation, but also
to the formation of new microcirculation networks thanks to various complex mechanisms.
There are a number of studies that describe in detail all the chemical reactions, compounds,
conditions, influencing factors that are associated with the anti-inflammatory, immunomod-
ulatory, proliferative and other activities of the sulfur molecule.

Conclusion - A meta-analysis of studies shows that further, deeper and more thorough
study of the chemical mechanisms of the effect of sulfur waters on various tissues and or-
gans is needed under various conditions. According to the results, it is necessary to develop
evidence-based protocols and use sulfuric waters more widely, correctly and purposefully.
This, in some cases, will be a much easier, cheaper and more effective way to treat various
diseases, which is so important in today's expensive healthcare conditions.

KEYWORDS: Sulfuric medicinal waters, Chemical mechanisms
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Lod3yhbopm opabaon [390mnpgon), AmamAg
3mbdga3nnaahn bgeegyen Lagohmggemadn

6469 3329MNJIBN, 6V6JY 6(M3IARVI3Y, 0139 BI3IQAVF3NLN
bogohmzgomb 89960339hn 36039hb0B9SB0

tea.zakalashvili@gmail.com

LOd3YMBbaM (hagnabgodn (3ganmagdn) 637690M030 BaMmAMAMONL Bagmmgdns, MmImy-
003 0903030 3069MaMgOLY o MMZabyM 3MTI3MBYbHgOL. Bomn godmygbgds Layidnbyg60L
396803mmoOsd0 9uYdbgdmEs MmammE LadgnEnbm-3Mmanmagjhnsdgm, aby 3mbAgH3nm
3MaghH03ob.

39MmM0J0L 3bobNIMxOm IMd30AbMnz0 domemMgagnyMo sgbhngzmds, dsc dmMmab:

a2 3bhomgjboabhymo ImMJdgmgos — Md30LBRIMN MIENISMgOnL bgohMamnds-

309 @ 3960L odgMxdnL 3MmEqbydab d569madY;

4 3b®MndozMmoymo 9xu39dbHo — 3s00magbymo dngmmmmgabnddgonb gobznmamgdnb

d9%03030 s 3060L 09690M030 dombLOL VE3Y;

A ©330MONMY0gm0 o dHID6056900L ybsma - 30600 gEsbhHngmmonbs s hg-

6006M0O0L dEE96;

A M93969Mo3nym0 dmMJ39gds — Jbm30Mydnb sEEg60L bHNIYWMEN s sbMY-

0000 3MMEgLYdNL dgdEnMYdo.

0mb0dbymo 130090900 gobodnMmmogdb dom 0bhgaMoEnsb Mmobsdgmmagg 3mbAg-
3930336 3MmEdhgddo (3Mgdg00, cnmbombydn, 6oMdgdn, ML dm3mob Ladysmy-
0900).

Loagommzgmmb 03y690Mnz0 MaLMLyONESD ZobboggmMmgdnm 860d369mmM30600
Hobho-mgxasb Mygombab cgMmodnyma domobo o 399nbab Hoob oedm3zsbo BHomabo.
00000 3790039000 dgLodmMgogmns Lb3dELLL3s MMINL 3MmMmYJ3nnb doMmgds — Bo-
madmygon, bomdgdn, 3oamnbagodn, 3madmgbgdn, dMz9hHaon, 3Mabymadn o bbgs. gL
vM0b 09Mmodnnb bygmdnbeb3zMAMOLL, Maaeb 339Mbscmds dgbadmgdgmns Mmam-
M3 baggmmmpm, nbg bodobsm 3nMmogodon.

00M0go, Ld3YMboMM Homabgdn BoMIMoanbgb TomamodommmagnyMmo sghnzm-
00b 3gmbg maMmgdm Bgmgymb, MMAab LEMMe® LEHIBIMEHNDSENS O PoTYTFs3]-
00 99MY639mMymxL dom 98399H 06 godmygbgdsb mybsdgmmmazg 3mLbIgHMEMgnsby o
06yLHMOym BoMIMgosdon.

LO3306dM LOG®Y3IBN: 3geMmagxdn, 3MLAY3I3H 03, doMmeManyMo
ddHo3mody, 3990bab BHoo, hobHn-0gxL, 03650M030 bgomyyman
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Therapeutic muds (peloids) as cosmeceutical raw
materials in Georgia

NANA DEVDARIANI, CO-AUTHORS: NANA BOKUCHAVA, TEA ZAKALASHVILI
Georgian Technical University

tea.zakalashvili@gmail.com

Therapeutic muds (peloids) are natural substances composed of minerals and organic
components, traditionally applied in both medical-preventive and cosmetic practices.

They demonstrate diverse biological activities, including:

s Antioxidant activity — neutralizing free radicals and slowing down skin aging;
» Antimicrobial effect - inhibiting pathogenic microorganisms and preserving the
skin’s natural balance;

s Soothing and moisturizing capacity - restoring skin elasticity and hydration;

» Regenerative action - stimulating tissue repair and reducing inflammation.

These properties ensure their integration into modern cosmeceutical formulations such
as creams, lotions, masks, and hair care products.

Among Georgia’s natural resources, the therapeutic mud of the Takhthi-Tepa region and
the laminated mud of Lake Kumisi are of particular significance. Their processing enables
the production of diverse forms — ointments, masks, peelings, compresses, briquettes, gran-
ules, and more. This facilitates the use of mud therapy not only in spa and resort settings but
also at home, thereby increasing accessibility and reducing costs.

In conclusion, therapeutic muds represent valuable raw materials with high biological
activity. Their proper standardization and processing ensure safe and effective integration
into contemporary cosmetology and industrial production.

KEYWORDS: Peloids, Cosmeceuticals, Biological activity, Lake Kumisi, Takhthi-
Tepa, Natural raw materials
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oghadnyon popobgonb dgpohgdnmn dbopndn
Loqdohmnggambo po dypgdhgonb dogopnmbdy

99MN69 843Q2044dI7, 801MM3(N 608MMA3NQAN2 6560 QI323MNJI6()?,
6069 6M3IRVI3Y23 0139 BI39Q333NCN2 3MILLY3 30033,
3MILNANMY LLRI3MBY3 L3IBQAV6I LMLAMLNI63N6Y3

Tbogohmzgomb 36039hb0BgSB0

2 bogohmzgomb 8996039h0 36039hbnBg80
3 090380hgmnb 893609h50000 039098000 M39006momannb nbbBNBYS0

mar.shavlakadze@ug.edu.ge

Le83xMbsaNM Hhomasbgdn (3ganmagdn) BaMAMaagnbb y6nlzsmym dx6g0Magz Myg-
LyMLYOL, MMIMYdNE BoMOME BodMnygbgds domMbymmmanoby o LOdgEoENbm
M9o00mohoE00dn. bojommzgmm o 0xmagamMgmo godmamhAgznsob HomobmgMmadnnb
9Mmo35MBmnsbo hMooEnnms s gabbbgaggdymo ggmmmanym-3modsdhymo 3nmm-
09000, M3 gobLOBM3MO3L Tomn 3geMmNEYd0L BNBNIYM-J0d0M S dommmanyMm
®30090900.

A3960 33m9g30L T0Bsb0s LogoMM3gmmbL 3330L0L HONLY o OymMsMgMObL G-
Aodze HdSL MgMmadogan Homobgdab dgeMmadnmo d9x3obgds domn JodnyMmo d9ds-
©3906mmonb, domgndnymo sJdHn3monbs s MabdsBhHyM-93Mmmanymo Baghmmadab
doby300. 33M935 9BYI690s MadmMabhMmmoygmo 36sndgonb dgwg390L, MMAmMgdn3
06(h9aM0Mydmns ggmnbammasEnym LabHhgdsdg (GIS) oxydbydym 8300MEyOMS6.
399my9bgdgmans dMozambysmmaobn dmbsggdgdno — DEM, Sentinel o Landsat byfMomyg-
00, 33MIM39 HIMOLHIMO 0bBMLHMIYIHIMOL, ESEIW HIMaHMMNgoL, JMmAHIMY-
o MmO09gdHadnbs o 07690M030 MaL3xONL bogmizymon gabsbomgdab My39d0.

3900b0ob oL 3ganmab sbsbnsmgdb domsghnyma gangdgbdgoab (Fe, Co, Ni, Zn, Cu,
Ag) amamn 3mbEgbhMs30g00 s MMasbyma 3md3mbybhgdnb — 338060bs ©s 3bndm-
3060 03039000, JonmMHMROMgo0L o 3oMmbobmogdab — bogoMdy. Homabab modon-
Ym0 BM3gEns, MmAgmaE domydym ngbs mMbLLxabyMNsbn JonmMmmemMmI-g0sbm-
oob 99bdHMog30nb Fgomnm, 0A396900L godmgzzgmam sbhndsghH Moy dmgddggdsb
Escherichia coli-bs o Staphylococcus aureus-ob 3005M0.09™MasMgm0b doamhndze Hnd-
™Mb Homobo doeMas Ba®Mydnb, 3omEnydobs s LYMBHOL 0Mbydom o bob-
3MdmM0300 3odmnygbgds Mx3dshmmman Mo s EIMISHMMMENYM0 33350509000L
933Mboemmonb 3Moghngado.

GIS ©d Mubdsxhymads boemndds 0A396s, MMT MMN3g MISENS godmomAg3s To-
a0 daabgmemgnymo 3mH9binomam, 30Man HMsbLb3mM@H o bymdnbsb3zmIm-
000 o bymboyMmgmo 3mndshyMo 3magmmob dmbgoom. domgdymads 9939000
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390mo3mnbo 3608369mmzs60 GnbgMmommmanymo s domanmagnymo dbge3zbgdgdn, M3
4860b Logydzgmb ogMmadogmo Homobgdob bLogmmodmmobm LHIbaMBHNBIENNLY
(ISO/EN) o bgmhoxoEnmgdab 3MmmEgbydab gobznmsmgdabmanb.

33930 65MAMAa9bL gMmmomng JoMmmym-o3maemyam d93bngmym nbognobo-
300, MMAgmonE Pbymob bgmb dombgmemmanab, gomgadmbsaznmn 353609Mx0900LY
@y 00m®Hggbmaemgannb nbhgmoobEndmnbymo 0ebs3dMMAMMONL gomMmda3zqgosL. ngn
90LbobyMmgds 0bg0Mnz0 LLIZYMbsm MabyMLYONL BaMom godmygbgdobs o do3n
dm30L M9aombab b3s o 39ebaL HMNBINL gob3znmoMmydab.

LJI3336dM LOOY3IBN: MgMd300 hoeabydn, 3gemoaodn,
00mbgmenmgagons, GIS 5bogmadn, domjndnymo ogddhHo3zmos, do3zn Bm3zab
M930mbo, bHoboMmb BNy, 6690M030 LOI3nMBENM MabyMLYOO

Comparative Analysis of Therapeutic Muds
from Georgia and Bulgaria

Marine Shavlakadze’, Giorgi Natroshvili?, Nana Devdariani?,
Nana Bokuchava?, Tea Zakalashvili?, Preslav PeeV?,
Krasimira Slavova’®, Svetlana Solodyankina?

'University of Georgia
2Georgian Technical University
3Institute of Oceanology - BAS

Mar.shavlakadze@ug.edu.ge

Therapeutic muds (peloids) are unique natural resources widely used in balneology and
medical tourism. Georgia and Bulgaria share a rich tradition of mud therapy and diverse
climatic and geological settings that define the distinctive physicochemical and biological
properties of their peloids.

This study presents a comparative analysis of the therapeutic muds from Kumisi Lake
(Georgia) and Balchishka Tuzla (Bulgaria), focusing on physicochemical composition, bio-
chemical activity, and landscape-ecological context.

The research integrates laboratory analyses with GIS-based approaches and maps (ac-
commodation possibilities, technical and social infrastructures, protected natural and cul-
tural areas and objects, sightseeing attractions; natural and anthropogenic risk factors, DEM,
Sentinel, Landsat), combining data on chemical composition, microbiological activity, and
environmental conditions.
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The Kumisi mud is characterized by high concentrations of bioactive elements — Fe, Co,
Ni, Zn, Cu, Ag — along with humic and fatty acids, chlorophylls, and carotenoids. Its lipid
fraction, extracted by a two-step chloroform-ethanol method, showed strong antibacterial
effects against Escherichia coli and Staphylococcus aureus. In contrast, the Bulgarian Bal-
chishka Tuzla muds are rich in sodium, calcium, and sulfate ions and have a long history of
clinical application in rheumatology and dermatology.

GIS and landscape analysis indicate that both sites possess high balneological potential,
accessibility, and favorable climatic comfort zones. The findings reveal strong mineralogical
and biological parallels, supporting future standardization and certification of therapeutic
muds (ISO/EN).

This joint Georgian-Bulgarian research forms a foundation for future interdisciplinary
collaboration in balneology, environmental sciences, and biotechnology, promoting the sus-
tainable use of natural healing resources and strengthening spa and wellness tourism in the
region.

KEYWORDS: Therapeutic muds, Peloids, Balneology, GIS analysis, Biochemical
activity, Black Sea region, Standardization, Natural healing resources
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39m-3963hcngomanbo po oopobmmahoadnnb
dmbopgdmd nblgahnhqdnan obopndn:
39mnbgmhdognyo Lnbhqdgodg (GIS) pogyydbyoyan
dmpgan dogn Bm3nb hggnmbnbm3nl

99MN6J dd3Q3Y4da’, 8NMM3N 638MMA3NAN2Z ICITLYI6LIM 3QV3NY,
0mMBI6 INLIL), 6IBIFI 33NLNV6YT°, bL3ISAI6Y LMAMLNI63N6VS,
3MALNANMY LAI3M3Y°, 3MILAY3 3003,

QNQNY 3960NMEM3J-M3AIMM3Y’

T bogohmggomb y6n39hbnBgB0? bogohmzgomb $ggbnzghn 36039hboBgSs0
393ho0b0b 506003300 bLoBnbNLEhML ,,hgodnonBoEnnbs oo 3ghmh&mghodnab
bodg3b0ghm 330930000 06bLBNBYSBN“

“d0maMoz30mxgMm36900Ld O 3oL E3mMMxd0b LIMY30I0HI0N
99b39MBH-3MbLYMHIObAHO

53mbbLBo63nb M3n001yb0b P6039hbnB9B0dY030hgmMnb 893609hg0000
039090000 m3906momgnnb nbbBnBISB0

’30hbnb bLodgonEnbm pbn3ghbnBgB0

mar.shavlakadze@ug.edu.ge

00 33930L aMamgddn gabbomymo dogzn Dm30b od0b J39yb5d0 — dymasmgmo,
Mydnbgmn, 33Monby, LodoMm3zgmm s MYMJgma - bobnomgds BM30L MygMednymo
M9LyMLYONL YB603omyMn IMO30MBgMM369000: F0bgManBHOYM DM30L Byoma, 39-
m0Eg00, DM30L 3gMmdMMYOn s Lobsdnmm dnzMmzmndohgodn. 3nnbge39® vdnby,
omb0dbymo MgbyMLbydo abhmmoyma dgbbogmomo nym i3Megdnbhymaw, bogMEn-
00 o sboma®ngymo gmmnobo AsmMAML gomgdy. BoMdmagbomo 33mM935 330o30-
dmOL Geo-Health bobhgdob 3MbEI3HYYM dMmEmb, MMTgmoE 99MM0sbgdL GIS-B9
©ox3xdbgom gomgdmboEznm MY3nMmgosb, domgdndonm o 3annbogym dmboEgdgol,
oL939, LHbIMDHNBYOYM Zgm-09®Hodmbs3xag0L. dm@gmab Tndsbons 3Myx39630ymn
0900030600, L3s-8969359706(H0L o Lobs3nMM TEaMon gobznmomydnb godmngMmyde.
0mb0dbymo dmgmon 9u3ydbgds Ld yMmngMonalzezdnMmydym 3ma3dmbabeb:

1. oomabmmgMmodnab GIS-My3s - doMomso ogMmadogmo Bmbgonb bogzmEomo
©9mndnoEns: 3mammany, hHghoMmagoman, 330mb030, 0oemANs-HydM., sbszmno-
3M930-3Mogmmgmn, bobm3n-Mmndy;

2. Geo-Health nbongo®mmgdnb Dashboard — gomgdmbELE3000 S 3mnbogymn Im-
603999000 06HgaMaENS 3MA3MBOBYM0 nbgdLydab godmygbydnom:

« HCI - 3ocofmgndnymo nbygbo

wodlews@yleay wny wayd
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* PBI - 39mm0y00b domagdnymmonb nbgdbo
« CCl - 3amnbogymo 3mMmgmaznob nbgdbo
* TES - o0gMadngamo 93mbobhgdab bhsdomymmodnb nbggLn;

3. bHobomMBHNByOYMO ggM-FghHodmboExdg00L AdmAM — IMbS3YIMS Md3LyddM-
00bL y0MY6b3gmymazs INSPIRE oMmgdhnzobs s ISO 19115/19139 bhsbsmM@pgoab
dgLo03d0LYC.

bado 3mA3mbgbhn, 0bhgaMomgdymn gMmmnsb bobhgdsadan, Jobab Mygnmbymo Geo-
Health 3mbsEgdme 3mohzm®madnb bodoMmzzgmb, Mmagmoi 39MYb3gmymab dh303909-
™M903%9 oxRYdbyoym MaMabMMgMaednal, 30aMI™ HMIOLABMMTSEFNL o HEMLOLOS-
3ombayM 0106038MMAMMOSL Blue Health-ob AsmAmao.

0LAI3306dM LOOY3ION: MoMabMmmgMadns, Geo-Health, GIS-My30M70v,
o0mgjndnymo nbozohmMgdon, 3gemmagodon, Blue Health, dogo 930l
M930mbo, 3gdHodmbo393300L LHoboMmbNdoENY, 3MY396307m0
09003060, bobodnMmmbL daMon gob3znmoMmyods

Integrating Geo-Health and Thalassotherapy Data:
A GIS-Based Model for the Black Sea Region

MARINE SHAVLAKADZE', GIORGI NATROSHVILI?, ALEXANDER PLAKIDA?, IRFAN
UYSAL*, NATASA VAIDIANU>, SVETLANA SOLODYANKINAS,
KRASIMIRA SLAVOVAS®, PRESLAV PEEVS, LILIYA PANAYOTOVA-OVCHAROVA’

'University of Georgia

2Georgian Technical University

3State Non-profit Enterprise "Ukrainian Research Institute of Rehabilitation and
Resort Therapy of the Ministry of Health of URkraine"

“Freelance Consultant on Biodiversity and Climate Change

*Ovidius University of Constanta

SInstitute of Oceanology — BAS

‘Medical University of Varna

Mar.shavlakadze@ug.edu.ge

The Black Sea region, encompassing Bulgaria, Romania, Ukraine, Georgia, and Turkey,
contains a unique diversity of marine therapeutic resources — mineralized seawater, peloids,
marine aerosols, and coastal microclimates. However, these resources have historically been
studied in isolation, without a unified spatial or analytical framework. This study presents a
conceptual model for a Geo-Health System integrating GIS-based environmental mapping,
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biochemical and clinical datasets, and standardized geo-metadata to strengthen preventive
medicine, spa management, and sustainable coastal development. Three interrelated com-
ponents were developed:

1. Thalassotherapy GIS Map - spatial delineation of key therapeutic zones (Pomorie,
Techirghiol, Kuyalnik, Balchik Tuzla, Anaklia-Ureki-Grigoleti, Sinop-Rize).

2. Geo-Health Indicators Dashboard - integration of environmental and clinical data
through composite indices (HCI, PBI, CCI, TES).

3. Standardized Geo-Metadata Framework — ensuring data interoperability according to
INSPIRE Directive and ISO 19115/19139 standards.

Together, these tools offer a foundation for a regional Geo-Health database, promoting

evidence-based thalassotherapy, digital transformation, and transnational cooperation in
the Blue Health context.

KEYWORDS: Thalassotherapy, Geo-Health, GIS-based mapping, Biochemical
indicators, Peloids, Blue Health, Black Sea region, Metadata standardization,
Preventive medicine, Sustainable coastal development

wodlews@yleay wny wayd
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n3honbnb 01650hNn3n Lod3nhbopm Aqbinhbgdn

o d®3nB3090909087 pogwydbgoyan dgennbo
3nhmhmmomanodn

dMLABNV6SN6 636M3N,
090030600 emgBmha, shmagbmho

MJLY6Y BIM3VBN
omgsmhn

JQJ3JLI6LIM 3QV3NY
090030600 emgBmhn, sShmazgbmho
33ho060b 3060033300 bLoBnbnbBhmMbL hgodnonBoinnbs oo 3ghmhdmomgnab

body3609hm 330930000 06LBNBYSE0
aplakida0i@gmail.com

0ybgdMmogn  LLAIPMBoM  MagbMLYON godmanynbgds LLIgENENbM 3Mogdngadn,
Mmgmm3  JLoggmmbm, oMadMadoMmodymn mgMmadns  dddYWaBMmMogmn, b3s o
3afmmdymo 339M6ommonb 9ho390dg. domn bobgmdmngn LodzxmMbomm 3m®HgbEnsmn
390630Mm0o907 MmNy bnzoemymo Jndnymn 8985390 monm. LodznMbommm dnbgMmomymo
Bymgo0 nym gMo-9Mon 300390 ,3MTd3Mmmmanymo badyamyds’,MmMIgmboEoednsbo
04969009s. 83000 EIONMN BoMBszmmmanymo 9539Jdhaon (Jodoyma 398500396mMmMONL
80bg30m) EIHIMYMa© 3Mab smBgMmoann, ML Jg9gssi3 L8dgENENbm 3Magdhnisdn
dnbgmacymo Bymgdnb 9i399H00bmMds 3¢mnb03M© OEILHYMEO.

0000 3LexrMNbMdNL, MNMIOYMgO0LY S 9BIIHN3OMONL OLLILHYMYOMS, dLI3Y,
LYBYEOENEM(BSMBYMMMENYMN) ESL3Z360LANLIMYOI®, S30MYdIMNS AH303I0YMY0gdDY
©ox1dbgdymao bMymo 33eg300m0 303e0b gabbmMmEngmgds, doc dmMmab:

1. 3MmabmbhngyMmn dgxzsbyds: 3nMmggmemmanymn, ndozmjndnymn s dozMmm-

00MEM3nYMo 33eY3900;

2. 3My3mnbogyma (9gb3gM0dabdamn) 333900 MsdMMIBHmMogm 3bm3gmyody
-3bagMmbmyonbL o 3somEMannb ImEamgodo 3mMmgdEoymn dmJjdggdnb dg-
LORLYOM;

3. 3m0b03yMo gabnbgzgdn — bbgomabbze @ov30g00b 339MbsmmdabL 9839dH0obm-
00L EJbYEE9boE, IH3NE0M050 ] axxdbgdymn dgnEnbab 3MNBEN3500L
3om30mnbB0bgdno.

0mb0dbymo 33m933060L 3MI3MggdbyMmo AsdHoMnds gobbadmzMmymns 2003 Bob 2
0360000 3063MMNYMMO0L sE30L LadnbobhHmmL N2243 dMdsbgdnm sdH303909M™0 OY-
690M030 LOI3YMBaM MyLbyMLYOdNL LadgEoEnbm-dommmanymn dgxasbydnbs s domo
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390myg6900L 8900MY00L oEa9)bab 3MmEgMno.

LodgENENBM-00mmagnyMmn  dgx3Lyd0L d9wI3g00Lb Loxyd3zgmdg 0ybgdMmagn
Lad3YMbsm MabyMLYOOL AMBOE3YTg0n d0bBbYds s MYgnbHMnMoads 09bgdMngn
Lod3zxMboem  MagbLyMLYOOL bLobgmdbogm 3Zoobhmdn. ZoobHMmo BoMAIMawagbL
LanbgMmmMIsEnm MYbLYMLL 07690MN30 LLT3YMBbsm MagbyMLYONL JoMmmznL, sMoizbznb,
Mo30MbaMYM0 3gadmygbgonbs o sE30LIM30L.

01.01.2025 dgmdsmgmodnom, PCR LdgEbngMm 33tmM93900L Loxwydzgmdy, 6x6gdMngzn
Lod3yMboem  MoLYMLAOOL Lobgmdboxym 3ZoabHMmdn dg@hobomas nbxymmMIsEn.:
563 - dn0bgMmomyMmn s gmadyma Bymob Bgmbhomdyg, 4 - 6Md0boL ByMBHomdy, 19 -
39mmoEym mongdhdg, 5 — 00dmxyoBhob Bambomdy, 2 — mdM3gMmadhob Md0gdhdy ©o 2
- 00bab LadoEMBY.

09690Mn30 LOTZYMbsMm MaLyMLAOOL LLTgOENbm-dnmmmgnymo dgxisLydNLS-
030b bagomm LMo 33ag3900b AshomMmyds (3nEMmagmmmanymn, Boda3MJndoyMo,
dnzMmmonmmmgnymn, 9JL39MNdg6MHYMN s JmnbozyMo 33amg3900) Bggbodsdgds
93Mm37m bHObEIMAHgOL (Bscm dmMab, g3mm3yma b3s sbmEosEnob 3MgEmbs
baMabbab 3MotgMnydgdl) s dsom 3MnbEn3gdb.

LO3336dM LOO®Y3ION: 61650Ma30 Lod3yMboEM MgbyMbLYdN,
LodgE0ENbM-d0mMmemagnyMmo dgx3oLY0, IH3NEIONMY03D] ORYdbgdmN
090003060, b3o MMgMO300

Natural healing resources of Ukraine:
evidence-based medicine at a resort

KOSTYANTYN BABOV
MD-PhD, Prof

OKSANA TSURKAN
PhD

ALEXANDER PLAKIDA
MD-PhD, Prof

State Non-profit Enterprise "Ukrainian Research Institute of Rehabilitation and
Resort Therapy of the Ministry of Health of Ukraine"

aplakida0i@gmail.com

Natural healing resources are used in medical practice as safe, non-drug therapy at the
stages of outpatient, spa, and resort treatment. Their long-term therapeutic potential is

wodlews@yleay wny wayd
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due to their unique chemical composition. Medicinal mineral waters were among the first
medicines used by humans. Their positive pharmacological effects (due to their chemical
composition) have been described in detail, leading to definitive clinical confirmation of
the effectiveness of mineral waters in medical practice. To confirm their safety, value, and
effectiveness, as well as to obtain a medical (balneological) conclusion, a full range of evi-
dence-based studies is required, including:

1. Predictive assessment: hydrogeological, physicochemical, and microbiological;

2. Preclinical (experimental) studies on laboratory animals to assess safety and the cor-

rective effect in pathology models;

3. Clinical trials to confirm the effectiveness of treatment for various diseases based on

the principles of evidence-based medicine.

The implementation of this set of studies is established within the procedure for the
medical and biological assessment of the quality and value of natural medicinal resources
and the determination of methods for their use, approved by Order No. 243 of the Ministry
of Health dated June 2, 2003.

Based on the results of the medical and biological assessment, data on the natural me-
dicinal resources are entered and recorded in the State Cadastre of Natural Medicinal Re-
sources. The Cadastre serves as an information resource for the management, accounting,
rational use, and protection of natural medicinal resources. As of 01.01.2025, based on the
results of PCR scientific research, information on 563 mineral and thermal water points, four
brine points, 19 peloid points, fife bischofite points, two ozokerite points, and two clay points
was entered into the State Cadastre of Natural Healing Resources of Ukraine.

Conducting a full range of studies (hydrogeological, physicochemical, microbiological,
experimental, and clinical trials) necessary for the medical and biological assessment of
natural healing resources complies with European standards (in particular, the Credo of the
European Spas Association and the Quality Criteria of the European Spas Association) and
principles.

KEYWORDS: natural healing resources, medical and biological assessment,
evidence-based medicine, spa therapy
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3ondomyhn ggodmmhqonb B9dmd4dqgpqonl
JdnAmodg0dn ,,0nh3n 3060hongamod™:
owpobmmahadnyoan hqbyhbgonb dpghopmoo
dogn Bm3nb hgganmbdn

8NMMa30 608MMA3NANT, 3dMN6I 333239 dT? dQIILI6LIM 3CQV3NLY°,
0mMBI6 INLIL), 6IBIFI 33NLNV6YT°, bL3ISAI6Y LMAMLNI63N6VS,
3MALNANMY LAI3M3J°, 3MILAY3 3003,

QNQNY 3960NMEM3J-M3AIMM3Y’

Tbogohmzggomb 8996039ha 36039hbnBoBn

2bogdohmzgomb 36039hbnBgBn

393ho060b 5060033300 bLoBnbNLBhML ,,hgodnenBoinnbs oo 3ghmh&mghodnnb
bodgEbnghm 33093000 06bB0BIB0N“

40nmdho3009hm36900b0 0o 3003080b 330009000 Eo0MY30090900
99L39hB-3mbLICB6SN

53mbbLBobENL M3nenybNb YbngghbonBgBn

°0n080hgmab d93609hg0000 930098000 M3906momannb nbbBNBYBEN
’30h60b bodgeniEnbm ybn39hbnBYB0

natroshviligiorgi35@yahoo.com

0M3M3bmmgmadns — Bm30b Bymgdab, DM30L sgMMmdMMdNDL, LodM3sm 3andshnb
©s dm30L BaMmAMB3mMmdnb 03690M030 Bsbamgdab (Bsgsmoms, 39mma©goab) bs-
933Mbogmm 30Bb0m 3MmbBhMmmamgoymo godmygbgods — sMLYONME dMOL EOTMINWY-
o0y bobodnmm 93mbOLHYTZO0L BEaMTdMIMOSDY. dMMM dMBWgYMgodn do30 DM3Y
06(96L0YMO 10708 s MbbzgoMmoma oA39690L FoMaNdbMdNL F3maEMAsL, My
39630Mm0907M0d 3nbamgms Asdmbowgbnb d5030MY000s o dHIMLBYMM-M390600L
06030300 330mMg09000. 30b0db M0 3MmME3gbgodn dgndmgds 330EIL MvmMsbmmy-
Ma303mo MoLMLyONL BNBOZYM-Jodoym 05BaLL.

0060390Mm39 M3g96MmaMaxzngm madgMmahymedy s Myanmbym d9dmb3zn390%9
©3yMEBbMOnm - bagosMmmzgmm (3Mg30, JMoOymgmn), dOgmasmgmn (3mAmMmag, doaAng
0ydms), MYdnbgmo (hggoMmagoman—3mbLbhobEs), MyMJgmn s J3Monbs (3ymombog-
mEbs) - BaMmIMEagbomns 3mndshdg dgMmdbmonsmg 89ds60B300b bnbmgda, MMA-
™7g003 3o3mgbob sbgbb mgMmodnymo 9x393dH00bMONLY o JLoBMMbMgdaL 30Moa]-
HM90dY.

33935 9xu1dbgds 3amMomonb dgxsbgdob AsmAmML, Mmdgmoz dmogozb LoD
3M33mbgb@L: ©9dmgdngds, 33MdbmdnsMmMds S 3a3haEnnb ybama. sbndbymao Ao-

wodlews@yleay wny wayd
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Mhm 0b@gaMmomgdymos 3Madhnggmo dmbohmmabgnbs o ddsmMmzgmmdnlb dmegun-
™06, MM3genoE dmnEe3b bebbohyMo oMxdmnbonzshmMmdnb a330M39000, GIS-B)
©ax3xydbgonm Mabzgdnb My30MxdsL s 3mnbagyMm-93mmmgnyMo dmbsEgdgo0L o3e-
3d0M9000.

3mM03HM0 3adhoEns Mgamabhymns 0@ dg0mbzazadn, my 3gmmmbgdo Esbymas-
396 30MIMBNBYOYM™ dmBohymMnbgLb (CMEMS/INSPIRE), 3sbbadm3Ma3gb 3ganmngdnbs
o dnbgMmamymo 6Monb500L boamaobbob LAHIbEIMBHIOL o d9906006 TH303909MY0s-
99 ©ox3ydbgdym 3mnbogym 3Mmdmzmangdl, MmAmgonE badmaswmmgdmnzn zobdMmmg-
Mol 36yYy5090m3b6 mbo3dMmMIMmMOn0 399790030900.

0LYI3306dM LOOY3IBON: MOMILMMgMO300, Ao30 B3, 3emndohob
B3mamydy, 930b MOYM0 BHomgdn, JoMmonabmody, 3gemmogodn,
hadbomagamenan, 3mdmMmang, dommhng ndy, 3Ma30, 3gmombagn,
BlueHealth, s@o3d®hoEno

Blue-Health under Climate Pressure: Resilience of
Thalassotherapy Resources in the Black Sea Region

GIORGI NATROSHVILI', MARINE SHAVLAKADZE?, ALEXANDER PLAKIDA?,
IRFAN UYSAL*, NATASA VAIDIANU®, SVETLANA SOLODYANKINAS,
KRASIMIRA SLAVOVA¢®, PRESLAV PEEVS, LILIYA PANAYOTOVA-OVCHAROVA’

'Georgian Technical University

2The University of Georgia

3State Non-profit Enterprise "Ukrainian Research Institute of Rehabilitation and
Resort Therapy of the Ministry of Health of Ukraine"

“Freelance Consultant on Biodiversity and Climate Change

*Ovidius University of Constanta

SInstitute of Oceanology — BAS

’Medical University of Varna

natroshviligiorgi35@yahoo.com

Thalassotherapy - structured therapeutic exposure to marine waters, aerosols, climate,
and marine-derived materials (e.g., peloids) - is tightly coupled to the state of coastal eco-
systems. The Black Sea has warmed rapidly over recent decades while experiencing salinity
fluctuations driven by reduced river inputs and atmosphere-ocean variability, trends that
could alter the physicochemical baseline of thalassotherapy resources.

Using recent oceanographic literature and case evidence from Georgia (Ureki, Kobule-

Ly
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ti), Bulgaria (Pomorie, Balchik Tuzla), Romania (Techirghiol-Constanta), Tiirkiye and Ukraine
(Kuyalnyk-Odesa), this study synthesizes climate-sensitive pathways that may affect thera-

peutic efficacy and safety.
A resilience framework - exposure, sensitivity, adaptive capacity - is integrated with a
practical monitoring and governance agenda (sentinel indicators, GIS risk mapping, clini-

cal-ecological data linkage).
Climate adaptation is feasible if resorts adopt harmonized monitoring (CMEMS/INSPIRE),

quality standards for peloids and brines, and evidence-based clinical protocols co-designed
with public health agencies.

KEYWORDS: Thalassotherapy, Black Sea, Climate change, Marine heatwaves,
Salinity, Peloids, Techirghiol, Pomorie, Balchik Tuzla, Ureki, Kuyalnyk,
BlueHealth, Adaptation

wodlews@yleay wny wayd
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dgomnpgonb onmdqndno po vpadnabnl
500dhongamoo: dmpg3yanhn d9906nB3d90npab
onghadnyo dhodmnzodpg

d9MN69 d43QVY4dI
bogohmzgomb 36039hb0BgB0

390m0Y00 65MIMaagbL 0x690M03 3mmnzMaA3mbgbdnm bobhgdngoL, MmImydai
BoMOmMngdadb9ds dnbgMmomyma Bymgdob, mobmzsbo dnbgmamgdnl, mMmagsbymo bogmo-
9690900Ld O dEgNMMAMNZ0 dngMmdyma 93mbobHgdxd0L bobgmMdmangn ggmgjndonyman
o 0nmgagmgndogymo 3MmEgLYOnL 890H33®. 300 MYMI307xM™0 9RJJHNbMOS gobdn-
MHmMOg0™MNs oMo dbmmme R0d03YMO o MgMIM©NbsdnzgMmn mMm30b505000, sMdT)©
3Ma3maqbymo domgodoymn s IMM33myMn JMhmngMmogdgadg00m 3sdnsbab Jbm-
30mM90006.

dmm93rmyMm MbYdY 39mmoEyMmn mymadns dmJadgadb Medwgbndy 3mmmMonbo-
M09 8994ob0dd0m:

1. HMI6LEYMBYM0 BoMBgmBg39MOY: nbgMsmymn nmbgdan (Ca2*, Mg?*, Na*, Zn2*),
39006000 o 3yM3nb0b 8703900, BgbMeyMo BogMmMxo0 o 380b6MAJa3900 dM-
69396 930009M30LAL AMAL, IMBoBNEamMO906 nMbyMm 33adn, pH-0b MYgamsEne-
d0 o J96330-303a9600m0 3MAgmbEHOBL dgboMmAbgdSa0.

2. 36¢0m7gbosbH Mo bobhgdob AmEmoEny: 338060b bogMmgdn s dngmmdymn
99®Moommn®gdn sdmngmyoab 9bmagbymo sbhomijbnsbhymo i3gmMadgbdmadnb
- by3gMmmgboEENLAYHOBAL (SOD), 3ohamsdab (CAT) s ganyhsmamb3gmmgbo-
©3d0b (GPx) - 8ghn3mosb, Mo 8930MYdL Masghoyama 3363000l babymogdom
(ROS) My3madnbomgdya mn3nym, 30anmM336 s 39690033M ©sBN36750s0.

3. 3ohmznbyMmo o 039x67M0 MYgrmoEns: BYBMmMyMo BMoJ3ng00 MM3nbs396 NF-
KB-L 09 h03533000, M3 9830M70L 3MmmgMadnym 3ohmanbgob (IL-1B, IL-6, TNF-a)
o ¥ME0bL 36Hnbmgdnm IL-10-0Ls S TGF-B-0b EMBAL, 37IZI© dMEE]0s 03Y-
ByMo 3m3gmLEHB0 EodN8bydYM JLmznmyddo.

4. Jbmzomms MY3gabgMoEN: BndMMAMLLEHJONL 3MMEMNRIMIENNLY S 3MEMBZ]-
60b d0mbObmMgdabL bhnTgmomgds sdmMngmMgdb 3o0b0by s dgdsgmmgdgmo Jbm-
30mab s©aqbsL, bgmb 36ymob bMmbhomab oE3sb o 9dbHMoEggmymamymn
dohmogdbob byMYJHaMYmMo T NsbMONL oydzmdgbgdsL.

0mb0d6ymo Immy3xmymo 89906003500 by 0sbbzgmMmedns 3ennboznm oz3nm-
39000006. 3MbHMmMmMoMydown 333900 ohH39690L H3n30mabL, 98939000, 39600mM3560
L3®B30bY s ¥3bMgdamn FoM3xgMgonL d9aEznMydsbL, dnzMmmEnM3YMeEnab gogdzmodgby-
0oL, Labbmgoob AmdmamdNL dEE]6oL o 3obnb daMmogMmymo i3nbg3nab godwmogmyg-
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00L. 390M0Ego0 9x399dH03bo Bodmnynbgds My30shmenmanadn, gMIshMmEmans-
do, bygmmmmanadn, bHMgbmsb sbmEnMmgdym FEgmdsMmgmMdgoLs s gnbgzmmmanym
3Moghngadn. domn nbhgaMmans Mmobosdgommazg 3mbTIEg3HN39d0 9339dbqds 09670Mn3
06MHnmMgLobHYM, 0606000 o IHMJLOZsEYM M30LYdODL.

LAHObIMDHNBIENNL MbsdgMmzg AomAmgdn, dom dmMmab, ISO 21128:2022 019690~
M030 L3> O 3gMmmoEYM0 3MMEYJH0NY gobbadM3Mo3L Jndoymo Loby®M30b, 303-
Mmodommmanymo Jhagmmbmgdob o mgMmadngmn bomobbob dmmbm3zbgdl. dombgm-
omgnygmo MabyMmLbydnm dnsma J§39yb6900bomzal, docm dmmab bagsmMmzgmmbsm3nL,
o0nomgndnymo sbamadab, 3emnbogymo ah303909m™mo0900Ld o 0bYLHMOYEN godmyq-
69000L 06hgaMans Jobob 8603369mMmM306 LoTgEb0gMM, LoTgENENEM o §3MBMIN3yM
3mH9b630omb.

309330M3@, 390MmmM0700 36s AsnmM33Mb oMy 306MmM goggdnm ,bodzxMbammm ho-
mobo@*, 9Mo39gm dommmanyma ogdhoym ggmgodonm bobhgdgdewm, MMIMYO0E obw]-
696 dmmy3gmyMmo 3gBg00L IMEIYMIENSL O JBOMYOB39MYyMa396 3annb03Mo godMA3o
$000MmMgmmoOnb d9953900.

0LYI3306dM LOO®Y3ION: 3genMoEYMO MYMa30v, 339060L O BYM3060L
3303900, HMobLEgMIYa Agbm3zs, 3od™m3nbgdab Imymoiny,
36omgLoLbHMo 37406000900, doeNbgmemagns o 3MLAEI3H 03

Biochemistry of Peloids and Human Health: From
Molecular Mechanisms to Therapeutic Practice

MARINE SHAVLAKADZE
University of Georgia

Peloids are natural polycomponent systems resulting from prolonged geochemical and
biogeochemical processes involving mineral waters, clay minerals, organic matter, and indig-
enous microbiota. Their therapeutic efficacy arises not merely from physical and thermody-
namic properties, but from an intricate network of biochemical and molecular interactions
with human tissues.

At the molecular level, peloid therapy activates several coordinated pathways:

1. Transdermal bioavailability: Mineral ions (Ca%*, Mg2*, Na*, Zn2*) and low-molecu-
lar-weight organic compounds (humic and fulvic acids, phenolics, amino acids) pen-
etrate the epidermal barrier and participate in ion-exchange reactions, pH regula-
tion, and redox homeostasis.

2. Antioxidant defense modulation: Humic substances and microbial metabolites en-
hance endogenous antioxidant systems, upregulating superoxide dismutase (SOD),
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catalase (CAT), and glutathione peroxidase (GPx), thereby attenuating ROS-mediated
lipid, protein, and DNA oxidation.

3. Cytokine and immune regulation: Phenolic fractions suppress NF-kB signaling, re-
sulting in downregulation of pro-inflammatory mediators (IL-1B, IL-6, TNF-a) and up-
regulation of anti-inflammatory cytokines (IL-10, TGF-B), ultimately restoring immu-
nological balance in affected tissues.

4, Tissue regeneration: Stimulation of fibroblast proliferation and collagen biosynthe-
sis promotes dermal repair, chondroprotective effects, and improved extracellular
matrix integrity.

These molecular mechanisms correspond with clinical observations. Controlled studies
report decreased pain, edema, and muscle tension, reduced inflammatory biomarkers, en-
hanced microcirculation, improved joint mobility, and restoration of skin barrier function.
Peloids demonstrate efficacy in rheumatology, dermatology, neurology, stress-associated
disorders, and gynecology. Their incorporation into modern cosmeceutics is driven by natu-
ral antioxidant, anti-inflammatory, and detoxification capacities.

Standardization frameworks, including ISO 21128:2022 for natural spa and peloid prod-
ucts, define chemical purity, microbiological safety, and therapeutic quality criteria. For
countries with rich balneological resources, such as Georgia, integration of biochemical ana-
lytics, clinical validation, and industrial application offers substantial scientific, medical, and
economic potential.

Consequently, peloids should be regarded not as traditional “healing mud,” but as bio-
logically active geochemical systems capable of modulating molecular pathways and con-
tributing to clinically measurable health outcomes.

KEYWORDS: Peloid therapy, Humic and fulvic substances, Transdermal
absorption, Cytokine modulation, Antioxidant defense mechanisms,
Balneology and cosmeceutics
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Tert-Bu - Aobop3ngdyan gygoaamnabnbaon
po doon dggopnb 3mddpgqLgdn 3nomb
gmAmpnbadnzghn mghadnnbongnl

QNCN dMIBIQN)’, 303QULI 346QN3Y?
'J0dnnb 930hB089680, 893609h9000bv 00 $gJ6Mmemangdab bimEo,
bogohmzgomb 36039hbnBgBn, mdnenba, bogohomzgom

2dndnnb p930hBodgb68n, bgomzbgdnbo oo 393609h900b BQV3908980, N0eNHNb
3996037h0 36039hbnBoSB0, bGoddmon, myhggomn

l.arabuli@ug.edu.ge

amhmEnbsdozyMmo mgMmsdns (PDT), MmammE hMsoEgoymo JodommngMmsdnnbs ©s
bbogymo mgMadnab senhgMmbongs, by yamm 39ML3gIHoIo bEgds 3ndML 339Mbo-
Mo d0n, M33ybool dgbadmgdgans dobo gobdgmmgdnma godmygbgods, hmdbogymo
339M©00n dm3zmgbndnb o 3o6dMmgmo Jbmzomgdnbs s JMIgonb EdNsb9gdNL
0330006 330gds. PDT-0b 398503969m0 6360amgd0s gmbmasghoyma (mepmdgmdbm-
000M7) Bsdmab dmmy3yms, bobscmab Fmsbmgds gobbodmzmym Haanmab bogMdgdy
(Boogan Myganmb3n) s dmang3nmyMmo 33630s©0. 88 339Mbsmmodnb 897s60%dn guyd-
6900 gmbHmMmaAgmdbmdnamg dmmmg3gmob bobsmmam 8gdbg0ob dobo doMomoo dam-
95MgMdNEsb HMmn3mghnm Bamdsmgmosdn (bnbgmghob smadbgdymn dgmadsmy-
mO0L go3mn0o), MLyl dm3y3gds Jumznmydda sMLYOYM FMMYINMYM J36300EMO6
9600900739090 ©d dmamb, bobgagHab Jsbadswab ('0,) Bamdmdabs, Mgsdhoaby-
B6oMmnobn bobymoy, MMTIgoz 063930 300ML P3MYO0L goboayMaosL. BhHommEne-
606900L BY6JEMboMNBIENS Lb3sabb3e Adbs33MgdMgdom 331 30L gMom-gMmm
3Mommohghoo MAYOS, M3asb nb go3mybsb sbgbb 6agMmgdab (Bmbm) 30d3YM ©
Jodoym 03009090%9. gmadbHmmMbgdob EmbmMma tert-dyhomab $33R900M smgyMmzom-
3o ®¥MHomMmmMENsb06903s oo nbhgMmabo godmnb3z0s, Moaeb dom godmygbgds 33m39L
ambhME0bsd03nMm mgMmodnabs s IMagom bbls begmmdon. tert-Bu $33x8900b dndogmg-
000 8603369mmM3b6000 0DMEIOS BHIMMEN36006900L 86 Fghomm-GHommEnsbnbgdab
bLbBoMdY o LHsdEMyMMds Lb3zoobbgs godbbbymdn o 8506086900 dnbodogymo
03M939(309, M3 M33000033® dRIMOMYOL Focn gadmygbgonb oMmgamb. m30bgdg00
©3 3J(H03Md700 3obbb3o3wHds ABBSE3MgOgMN 3318700L s HN3g00L (39MogggMn-
1m0, sMadgmoggmoymon, bodghmoymo, sbodghMmoymo s .8.) MmmismadsEab, (39-
BhMomyMmo noombgoab /36 mMma3zgb 3mMB3dnbsEnab, 8bg39 EsdbIsMg Fsbamgdnm
33969430mbam0dI300L dnbgznm. ghmn s 03n3g HIB6533MgdgmM0 $39%30L/ 339989
00b 3mdBoEnob 33momgosi3 30 gobbbzoe3903m LYMIML sbobogzl. Mg aym smbyMmo-
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0 HIOMIABIE3MIOYMN 3,5-00-haMH-09H0mMBIoMJLo 8933390 BHsmME3Ndb0-
69000b gMbHMBB0ZYM0 o Ymbmgndoygmo m30bYxdg00 s LdTNBBY BnbsdMMOY©N nym
3-(3,5-0-¢hgmH-09homa3gbmgbo) 3hommEnsbabo (RsbsE3mgos sMedgmaggmoym 3m-
9030030). 09 BaMAM©ag60mns 8ghomnbasb Mms30byRsmN s ghomab IgdE3gann (Mg
3 Zn) ghamm303606900 (bggds 1) 03039 RB6533MYdMYdNm 3gMnygMaym 3MdOENS-
30 o 63A3969000, M7 MmamMm 50bobgds gb FMBHMBNdoM-Jndoym M30b9090%7 (bggds 2)
60605 6583MMA0M6 Jg3MY000. 38M08SW, 4-(3,5-0-HgMH-03h0wmazgbmgbn) Bhsmm-
3006060 godmygbgdnmns bobmadyMn Fgomwom, Mmgmmz bobyobn Tobom..

S

LJ3Y 1. 39M0BIMOYMOE AdbsE3MYdIMN BhHommEnabnbgdab bobmgdn

1.8 4

LIV 2. BogMMxo0bL TngMm LobgmMgd JobadsNL BoMAMJabo

LY3336dM LOOY3ION: BHoMM30606900, bobagmghHMa Fobagdowa,
ABMHMEIYzMOI30, BMBHME0bodngyMo mgMmodns
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Tert-Bu - Substituted Phthalocyanines and Their
Metal Complexes for Photodynamic Therapy of Cancer

LILI ARABULI', MEVLUDE CANLICA?

'Department of chemistry, School of Science&Thechnology,
The University of Georgia, Tbilisi, Georgia

2Department of chemistry, Faculty of Art&Science, Yildiz Technical University,
Istanbul, Turkey

L.arabuli@ug.edu.ge

Photodynamic Therapy (PDT), as an alternative of traditional chemo and radiotherapy is
becoming a more prospective cancer treatment method with repeated usage avoiding toxic
side effects and damaging health tissues and cells. The constituent parts of the PDT are pho-
toactive (photosensitive) drug molecule, light absorbance at a definite wavelength (in red
region) and molecular oxygen. The mechanism of this treatment is based on the light exci-
tation of the photosensitive molecule from its ground state to triplet state (via singlet exited
state), followed by interaction with the molecular oxygen present in the tissues and finally,
production of singlet oxygen ('0,), a reactive specie cause cancer cell killing. Functionaliza-
tion of phthalocyanines by various substituents remains one of the priorities in research,
as it affects (photo) physical and chemical properties of the compounds. Phthalocyanines
armed with electron-donating tert-butyl groups have attracted high interest as they found
applications in photodynamic therapy and many other fields. By attaching tert-Bu groups sig-
nificantly increases solubility and stability of phthalocyanines or metallo-phthalocyanines
in various solvents and minimal aggregation is observed, which itself widens their applica-
tion area. The properties and activities vary in localization of substituent groups and types
(peripheral, non-peripheral, symmetric, asymmetric, etc), central metals and/or in combi-
nation both of them, as well as functionalized by supporting materials. Even the change of
position of the same substituent group/s reflects a different picture. Early it was reported
on the photophysical and photochemical properties of tetrasubstituted 3,5-di-tert-butyl-
phenoxy containing phthalocyanines and the target precursor was 3-(3,5-di-tert-butylphe-
noxy) phthalonitrile (substitution in non-peripheral position). Here we present metal free
and metal containing (Mg and Zn) phthalocyanines (Scheme 1) with the same substituents at
peripheral location and show how it reflects in photophysio-chemical properties (scheme 2)
in comparison of previous ones. Thus, 4-(3,5-di-tert-butylphenoxy) phthalonitrile has been
as a starting material in the synthetic route.
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SCHEME 1. Preparation of new phthalocyanines
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SCHEME 2. Singlet oxygen production of compounds

KEYWORDS: phthalocyanines, singlet oxygen, photodegradation,
photodynamic therapy
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The Practice of studying the Biochemical Mechanisms
of Balneotherapy (sulfuric waters) Effectiveness in
the World and Georgia as a Basis for the Development
of Evidence-based Rhabilitation Medicine

EKATERINE SANIKIDZE
Medical Director at The Tbilisi Balneological Resort, Acad. Doctor of Medicine,
Associate Professor of TSMU

Relevance of the issue - In conditions of growing technological and pharmacological
progress in modern medicine, the expansion of evidence-based knowledge and the intro-
duction of standardized approaches, conventional medicine has increasingly taken its place
and narrowed the role of complementary medicine. Accordingly, the role of physical medi-
cine, physio-, balneo-, aqua-, peloidotherapies, which were quite popular in the last century,
has declined by the beginning of the 21st century and, to some extent, has even become
the subject of denigration by scientists. Their use became increasingly associated with the
spa-wellness direction and gradually lost its medicinal value and acquired an aesthetic and
health-improving role. The reason for this phenomenon was the paucity of evidence. How-
ever, neither earlier nor later studies denied the healing effect of complementary medicine,
especially balneotherapy, they simply did not confirm their superior results. Why learning
of therapeutic efficiency of apart physical and traditional medicine methods are chosen to
analyze the comparative effects of classical treatment methods is a separate question. How-
ever, studies that confirm that complementary medicine methods, along with classical ones,
achieve much faster and better results than when treating with classical methods alone, are
really scarce, and funding is also less!

Our goal was to substantiate the role of balneotherapy, namely, the study of the main
mechanisms of the impact of sulfur mineral waters on health, in order to increase healing
capabilities

Objectives: 1. Attitude to the role of balneotherapy in rehabilitation treatment in the
modern world and in Georgia 2. Search for materials studying the chemical mechanisms of
the healing effect of sulfur waters; 3. Sorting and processing the found materials according to
the degree of reliability 4. Drawing conclusions and developing recommendations for more
effective use of this natural remedy for therapeutic and rehabilitation purposes in various
diseases and planning new studies.
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Materials and methods — Analysis of the current situation by the method of analogy;
Meta-analysis of local and international articles using Meta-essentials.

KEYWORDS: Balneotherapy, Evidence-based medicine, Chemical mechanisms
of sulfur healing waters

Discussion

1. At this stage, the study of current practice in the world showed a rather variegated
and different picture depending on the level of development of countries and medicine.
The use of balneotherapy and, in general, traditional medicine is more typical for tradition-
al countries (India, China, Arabia, Iran, Tibet, South American and African countries) and,
accordingly, is either not regulated by the state, or their legislation is adapted to this reali-
ty and, representatives of certain knowledge, experience, reputation, school officially have
permission to treat people with folk remedies. In certain cases, there is no regulation and
does not prohibit self-treatment by the population with traditional medicine methods or
treatment with a public healer. In developed countries, due to the intensification of migra-
tion processes in recent years, the sharp increase in the cost of modern medical techno-
logical methods, low funding and a decrease in trust (and therefore the flow of patients),
integrative medicine centers are increasingly appearing. The interests of the pharmaceutical
business and a certain hidden struggle with physical and traditional medicine, including
balneotherapy, are understandable, however, human rights in healthcare and the obligation
to ensure financial, territorial and informational access to medical services force us to think
about offering those services that patients want and have the opportunity to do. Also, in the
event of ineffectiveness or intolerability of using classical methods, we should be able to
offer an alternative and not leave them without treatment due to exhaustion of resources.
Taking into account these factors, in recent years, the appointment of complementary medi-
cine methods has again become popular in leading countries of the world, not only integra-
tive medicine centers have been created, but also separate offices and clinics of physical,
electro-medicine, balneotherapy, naturotherapy, as well as departments with neurosurgical,
neurological, traumatological, rheumatological, cardio-pulmonological centers and clinics.
The increasingly widespread use of complementary medicine in parallel with classical treat-
ment or in the period after active treatment has been associated with the development of
rehabilitation medicine, the assessment of health as a person not only in terms of physical,
mental and social well-being, but also in terms of functional capabilities! This has been ac-
companied by research to study the biochemical and biophysical mechanisms of the healing
effect of various methods of physical and traditional medicine, including balneotherapy and
mineral waters, which has been especially intensively carried out over the last 10-15 years.

The importance of rehabilitation treatment in our country has been recognized again
since 2017, when, within the framework of the European Association commitment, the gov-
ernment and the Ministry of Health were tasked with working on a state strategy for re-
habilitation treatment. As a result, at this stage, Georgia has a state program that defines
and finances standards for outpatient rehabilitation after stroke and head and spinal cord
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injuries. However, precisely because of the lack of evidence, our protocols recognize the
effectiveness of only physical therapy and neurostimulation, while therapeutic massage,
physiotherapy, and balneotherapy procedures are neither included nor financed. 2. Based
on the given reality and the natural capabilities of the Thilisi balneological resort (sulfur
mineral thermal water), we searched for materials studying the chemical mechanisms of the
healing effect of sulfur waters (Georgian sources - 1955-1995, foreign articles - 1995-2025).
A total of 78 works were found, of which 46 were Georgian, 32 were foreign. 3. Taking into
account modern requirements for the validity of research, 1 Georgian and 19 foreign works
were considered valid, where the chemical reactions that develop when a sulfur molecule
enters the body in various ways, its interaction with other chemical elements/compounds,
and the impact of this interaction on health were studied and substantiated. 4. Analysis of
the materials showed that the use of sulfur thermal waters for treatment all over the world,
including in Georgia, dates back centuries. However, the study of the physicochemical mech-
anisms of its impact on various organs and systems did not occur until the second half of
the last century, and even then, the issue was mainly limited to establishing a correlation
between the use of sulfur waters and the dynamics of certain symptoms - that is, in fact, to
the Clinical Scoring System (CSS). Georgian studies of the Soviet period are mainly based on
the use of this method, however, the antioxidant and microcirculation-improving properties
of hydrogen sulfide when it penetrates the skin are also emphasized in an attempt to explain
the mechanisms. That is, studies conducted here and abroad in the second half of the last
century confirmed that the main pathogenic mechanism of the healing effect is the improve-
ment of microcirculation, although the separation of physical and chemical effects and the
precise description of the chemical reactions that occur in the body under the influence of
the main active molecule of sulfuric waters - hydrogen sulfide (H2S) - have only begun to be
actively pursued in recent years.

For example, Jose Manuel Carbajo 1, Francisco Maraver in the work "Sulphurous Mineral
Waters: New Applications for Health" reviewed the chemistry and actions of hydrogen sul-
phide in sulphurous mineral waters and its natural role in body physiology. This is followed
by an update of available data on the impacts of exogenous hydrogen sulphide on the skin
and internal cells and organs including new therapeutic possibilities of sulphurous mineral
waters and their peloids. In this paper, they revisit the chemical properties of H2S in sulphu-
rous mineral waters and describe how environmental factors such as pH, temperature, and
the presence of oxygen can affect its concentrations and thus the final activity of the waters
or their products. “Finally, we review the impacts of H2S on mammalian cells and organs,
with special attention paid to the new therapeutic possibilities of sulphurous mineral waters
and their peloids.” - write the authors and indeed, the detailed chemistry of sulphur under
different conditions, where ultimately H2S exhibits a therapeutic effect, is discussed. For ex-
ample, the authors note that “the main functions of H2S are vasodilation and promoting new
vessel growth. The proangiogenic effects of hydrogen sulphide have been associated with
increased vascular endothelial growth factor (VEGF) expression and activation of its recep-
tor. Hydrogen sulphide-based therapies have therapeutic potential in diseases such as renal
ischemia-reperfusion disorders, hypertension, and hypertensive-associated heart disease.”
Interestingly, the effects of sulfur baths and sulfur-containing mud are transmitted through
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the skin. Here too, there are new findings that explain what chemical changes occur when
the skin is penetrated - "within the epidermis, H2S is transformed into sulphur, which may
also interact with oxygen radicals in the deeper layers of the epidermis. Here, sulphur may
be converted into pentathionic acid (H25506), which could explain the antibacterial and an-
tifungal properties of sulphurous mineral waters" - the article notes. Based on the works of
other authors, the article also explains the physiological changes caused by the effect of sul-
fur mineral water on the skin: "Sulphurous mineral water may be absorbed through the skin
causing vasodilation, analgesia, immune response inhibition, and keratolytic effects that
reduce skin desquamation. The therapeutic action of sulphurous mineral waters is related
mainly to sulphur's keratolytic, or peeling, effect. Sulphurous mineral water exerts benefi-
cial anti-inflammatory, keratoplastic, and antipruritic effects Its bactericidal and antifungal
properties have determined its use for the treatment of infected leg ulcers, tinea versicolor,
tinea corporis, and tinea capitis It is also known that the topical application of H2S will also
have an effect on the internal organs".

Sara Cacciapuoti, Maria A. Luciano and All in the article “The Role of Thermal Water in
Chronic Skin Diseases Management: A review of the Literature” note that “Mineral waters
(in particular salty and sulfur waters) are considered particularly useful for therapeutical
applications in dermatology due to their keratolytic, regenerative, and antioxidant effects”,
although they also substantiate the chemical basis of the immunomodulatory and anti-in-
flammatory properties both by creating an unfavorable microenvironment for microbes and
by inhibiting the proliferation of T-cells. “Among the minerals, sulfur can dose-dependently
inhibit T-cell proliferation and cytokine production such as interleukin (IL)-2, IL-8, IL-23, IL-17,
and interferon (IFN)-y. It also impairs keratinocyte cell growth and adhesion inhibiting mi-
togen-activated protein kinase signaling” — the authors note based on their analysis of the
literature they have found and then discuss in detail the biochemical basis of the healing
properties of sulfur thermal water in the treatment of chronic skin diseases.

In the article “Effect of Sulfur Baths on Antioxidative Defense Systems, Peroxide Con-
centrations and Lipid Levels in Patients with Degenerative Osteoarthritis”, the authors Cem
Ekmekcioglu, Wolfgang Marktl and others went further and used the measurement of in-
dicators such as antioxidative defense systems, peroxide concentrations, and lipid levels
in patients with degenerative osteoarthritis to study the mechanisms of the healing effect
of sulfur thermal water. "After randomization one group of patients (n = 19) received sulfur
baths during their stay at a health resort (sulfur group), whereas the other age-matched
patient group served as controls (n = 19, control group), only receiving spa therapy. Total
cholesterol levels, HDL, LDL, triglycerides and the antioxidative status, glutathione peroxi-
dase, and superoxide dismutase (SOD) activities, and peroxide concentration, as an oxida-
tive stress parameter, were evaluated at the beginning and end of therapy. A 17.2% decline
in peroxide concentrations (p = 0.10, n.s.) and significant lower SOD activities (p < 0.001) were
detected in the sulfur group at the end of the therapy. 40.45 mg/dl) and in the control group
(from 197.63 +/ - 34.66 mg/dl to 207.95 +/ — 33.02 mg/dl). A similar significant group difference
was found for LDL (p = 0.017), with a 5.9% reduction in the sulfur group and a 6.1% increase in
the control group. Triglyceride concentrations were nonsignificantly reduced in both groups
after 3 weeks at the health resort (sulfur group 11.2%, control group 20.2%). HDL values only
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minimally changed in both groups. The results presented here suggest that a sulfur bath
therapy could cause a reduction in oxidative stress, alterations of SOD activities, and a ten-
dency towards improvement of lipid levels" - we read in their abstract.

It is interesting that the mechanisms of the therapeutic effect of sulfur water have been
studied not only in skin and bone-joint diseases, but also in internal diseases. For example,
the article “Thermal Water Applications in the Treatment of Upper Respiratory Tract Dis-
eases: A Systematic Review and Meta-Analysis” by Sarah Keller, Volker Konig, Ralph Mosges
is interesting, where the authors conclude that “Thermal water applications with radon or
sulphur can be recommended as additional nonpharmacological treatment in upper airway
diseases. Also in comparison to isotonic saline solution it shows significant improvements
and should be investigated further”, because by analyzing the data of 840 patients, they
found significant improvement in Mucociliary clearance time, Nasal resistance and Nasal
flow. “For the IgE parameter only sulphurous thermal water (P < 0.01) and ISCS (P > 0.01) were
analyzable. Adverse events of minor character were only reported for sulphurous treatment
(19/370)".

In the same and other works, new ideas were also expressed that H2S plays the role of
a signaling molecule and protein sulfhydration in various cytoprotective biochemical reac-
tions of our body, contributing not only to the improvement of existing capillary blood circu-
lation, but also to the formation of new microcirculation networks thanks to various complex
mechanisms. We have seen that there are a number of studies that describe in detail all the
chemical reactions, compounds, conditions, influencing factors that are associated with the
anti-inflammatory, immunomodulatory, proliferative and other activities of the sulfur mol-
ecule and are included in the literature reviews that we have already familiarized ourselves
with as ready-made conclusions.

Conclusion

1. Meta-analysis of studies shows that the chemical mechanisms of the effect of sulfur
waters on various tissues and organs have been studied, which explains the therapeutic
effect and should be considered by the medical authorities and DMPs of Georgia MoH as evi-
dence based method of treatment. 2. Further, deeper and more thorough studies are needed
in different conditions and in different diseases. 3. It is necessary to develop evidence-based
protocols and use sulfur healing waters more widely, correctly and purposefully. This, in
some cases, will be a much easier, cheaper and more effective way to treat various diseases,
which is so important in today's expensive healthcare conditions.
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Abstract

The Black Sea region, encompassing Bulgaria, Romania, Ukraine, Georgia, and Turkey,
contains a unique diversity of marine therapeutic resources — mineralized seawater, peloids,
marine aerosols, and coastal microclimates. However, these resources have historically been
studied in isolation, without a unified spatial or analytical framework. This study presents a
conceptual model for a Geo-Health System integrating GIS-based environmental mapping,
biochemical and clinical datasets, and standardized geo-metadata to strengthen preventive
medicine, spa management, and sustainable coastal development. Three interrelated com-
ponents were developed:

1. Thalassotherapy GIS Map - spatial delineation of key therapeutic zones (Pomorie, Te-
chirghiol, Kuyalnik, Balchik Tuzla, Anaklia—Ureki-Grigoleti, Sinop-Rize);

2. Geo-Health Indicators Dashboard - integration of environmental and clinical data
through composite indices (HCI, PBI, CCl, TES);

3. Standardized Geo-Metadata Framework — ensuring data interoperability according to
INSPIRE Directive and 1SO 19115/19139 standards;

Together, these tools offer a foundation for a regional Geo-Health database, promoting
evidence-based thalassotherapy, digital transformation, and transnational cooperation in
the Blue Health context (Gushcha et al., 2023).
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1. Introduction

The Black Sea basin possesses a remarkable yet underutilized potential for thalasso-
therapy and marine health tourism (Babov, Loboda, & Nikipelova, 2007). The region’s coastal
environments combine rich mineralized waters, organic peloids, marine aerosols, and fa-
vorable climatic conditions, which have been traditionally employed in spa medicine across
Bulgaria, Romania, and Ukraine, and are emerging areas of research in Georgia and Turkey.

However, scientific knowledge on these natural therapeutic factors remains fragment-
ed. Each country maintains its own datasets, often incompatible and lacking standardized
metadata (European Environment Agency [EEA], n.d.). To address this gap, a GIS-based Geo-
Health framework is proposed to unify spatial, biochemical, and clinical datasets, ensuring
standardization, interoperability, and accessibility under European directives (INSPIRE Di-
rective, 2007).

2. Methods and Conceptual Framework

A spatial database was developed using open geospatial datasets (Sentinel-2, Land-
sat-8/9, Copernicus DEM, ERA5 climatic data). Key thalassotherapeutic locations were
mapped: - Bulgaria: Pomorie, Balchik Tuzla — Romania: Techirghiol Lake - Ukraine: Kuyalnik
and Tuzla Estuaries — Georgia: Anaklia, Ureki, Grigoleti — Turkey: Sinop, Rize coastal zone-
sEach site was evaluated according to salinity, sediment type, organic content, coastal mor-
phology, and climatic comfort, using a multi-criteria GIS analysis (Gushcha et al., 2023).

62



LOVONJION/ARTICLES

UKRAINE ff’—

- BULGARIA |

: : £ Therapeutic
= . Mud Locations o
R Wl Sea Acrosol g
') \ _ Concentration
'o v P 3% A —— Main Roads

T A TR -

Figure 1. GIS map of Black Sea Thalassotherapy Zones.

GEO-HEALTH INDICATORS DASHBOARD

The Dashboard integrates laboratory and clinical data into interactive spatial analytics.
Four composite indices were defined: - HCI - Hydro-Chemical Index - PBI - Peloid Bioactivity
Index — CCl - Climatic Comfort Index — TES - Therapeutic Efficacy ScoreEach index is visu-
alized as an interactive heatmap showing spatial gradients and cross-country comparison.

Geo-Health Indicators Dashboard

Linking GIS maps with biochemical and clinical datasets for
preventive medicine and spa management

HYDRO-CHEMICAL

GIS MAP INTERFACE
- INDEX (HCI)

PELOID BIOACTIVITY
INDEX (PBI)

CLIMATIC COMFORT
INDEX (CCI)

THERAPEUTIC
EFFICACY SCORE

2 (TES)
ANALYTICAL CLINICAL KEY INDICATORS
MODULE CORRELATION

Figure 2. Geo-Health Indicators Dashboard concept.
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STANDARDIZED GEO-METADATA
To ensure long-term data interoperability, all datasets follow: - INSPIRE Directive (2007/2/
EC) - I1SO 19115 & 19139 metadata standards - ISO/IEC 17025 laboratory compliance.A visual
metadata schema represents hierarchical data flow from national datasets into a unified
Black Sea Geo-Health Metadata Hub (Prodanov et al., 2025; Solodyankina & Vanteeva, 2012,
2015; Zlateva et al., 2024; Nonova et al., 2023).

STANDARDIZED
GEO-METADATA

Standardized
Geo-Metadata

r INTEROPERABILLITY

INSPIRE ISO
DIRECTIVE 19115/19139

Figure 3. Standardized Geo-Metadata Framework for data interoperability.

3. Results and Discussion

The GIS mapping identified over 15 distinct coastal zones with active or potential thalas-
sotherapeutic use. Salinity gradients ranged between 5%. and 250%e., with the highest values
in Pomorie and Kuyalnik, indicating strong peloid formation potential (Babov et al., 2007).

The Geo-Health Dashboard visualized correlations between environmental and thera-
peutic factors. Peloids with higher organic content demonstrated greater anti-inflammatory
properties (Gushcha et al., 2023). The metadata harmonization model demonstrated com-
patibility across national GIS platforms (QGIS, ArcGIS Online, Copernicus) (Vanteeva & Solo-
dyankina, 2018; Doncheva et al., 2020; Vinkovic et al., 2022).

4. Conclusion

The integration of GIS technologies, biochemical analytics, and metadata standardiza-
tion introduces a new paradigm — the Geo-Health Model for the Black Sea. This framework
supports scientific validation of natural marine healing resources, cross-border cooperation,
and sustainable “Blue Health” development strategies.
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Abstract

Thalassotherapy - structured therapeutic exposure to marine waters, aerosols, climate,
and marine-derived materials (e.g., peloids) - is tightly coupled to the state of coastal eco-
systems. The Black Sea has warmed rapidly over recent decades while experiencing salinity
fluctuations driven by reduced river inputs and atmosphere-ocean variability, trends that
could alter the physicochemical baseline of thalassotherapy resources. Using recent ocean-
ographic literature and case evidence from Georgia (Ureki, Kobuleti), Bulgaria (Pomorie,
Balchik Tuzla), Romania (Techirghiol-Constanta), Tiirkiye (Eastern Black Sea coast; Rize/
Ayder), and Ukraine (Kuyalnyk-Odesa (Shikhaleeva et al., 2023)), this study synthesizes cli-
mate-sensitive pathways that may affect therapeutic efficacy and safety. A resilience frame-
work — exposure, sensitivity, adaptive capacity - is integrated with a practical monitoring and
governance agenda (sentinel indicators, GIS risk mapping, clinical-ecological data linkage).
Climate adaptation is feasible if resorts adopt harmonized monitoring (CMEMS/INSPIRE) (IN-
SPIRE Directive, 2007; Copernicus Marine Service, 2023a), quality standards for peloids and
brines, and evidence-based clinical protocols co-designed with public health agencies.

KEYWORDS: Thalassotherapy, Black Sea, Climate change, Marine Heatwaves,
Salinity, Peloids, Techirghiol; Pomorie; Balchik Tuzla; Ureki; Kuyalnyk;
BlueHealth; Adaptation
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1. Introduction

Thalassotherapy emerged historically from empirical spa traditions but is now defined as
controlled exposure to marine environments (seawater, aerosols, climate, marine bioprod-
ucts) for prevention and rehabilitation. The Black Sea’s semi-enclosed basin exhibits distinc-
tive hydrography (Andrulionis et al., 2022) (surface brackish layer, strong pycnocline, anoxic
deep waters). Recent analyses show a sustained rise in sea-surface temperature (Mohamed
et al,, 2022; Lima et al., 2021; Altiok et al., 2012) (SST) of ~0.65°C per decade (1982-2020), with
more frequent marine heatwaves.

2. Methods (Scoping Synthesis)

We conducted a narrative synthesis of peer-reviewed oceanography, spa/medical stud-
ies, and grey literature. Evidence was organized across five national case studies and mapped
to a resilience lens: exposure (climate/ocean change), sensitivity (resource/property shifts),
and adaptive capacity (monitoring, standards, management).

2.1 Selection Criteria for Case Studies

The selection of thalassotherapy sites across the Black Sea region followed a multi-cri-
teria approach integrating geographical representativeness, resource typology, and data ac-
cessibility.Specifically, sites were included based on the following criteria:

1. Environmental diversity — presence of distinct marine or lagoon systems with thera-
peutic resources (e.g., magnetite sands (Dondoladze, 2023), hypersaline lakes, limans).

2. Documented spa or clinical tradition — availability of medical, environmental, or his-
torical data confirming long-term therapeutic use.

3. Climatic exposure — evidence of measurable or anticipated climate-driven changes
in temperature, salinity, or hydrological dynamics.

4. Data accessibility and research collaboration potential — presence of published or
open datasets, or active collaboration with national and local institutions.

Excluded were locations lacking long-term monitoring data, limited to short-term recre-
ational use, or situated outside the coastal influence zone of the Black Sea.

2.2 Data Sources and Analytical Basis
The research integrates three complementary categories of data:

(A) SATELLITE AND REMOTE-SENSING DATA: Derived from the Copernicus Marine Environ-
ment Monitoring Service (Copernicus Marine Service [CMEMS], 2023a, 2023b, 2023c)
(CMEMS) and Sentinel-3 Ocean and Land Colour Instrument (Copernicus Marine Ser-
vice [CMEMS], 2023a, 2023b, 2023c) (OLCI) products. These datasets provided time-se-
ries data on Sea Surface Temperature (SST), chlorophyll-a concentration, and salinity
anomalies from 1982-2024.

wodlews@yleay wny wayd
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«  (B) IN-SITU AND ENVIRONMENTAL MONITORING DATA: When available, coastal hydrochem-
ical measurements (temperature, pH, salinity, dissolved oxygen, and H,S content)
were extracted from national oceanographic institutes and spa laboratory records in
Georgia, Bulgaria, Romania, and Ukraine.

+  (C) LITERATURE AND GREY SOURCES: Peer-reviewed articles, conference papers, and insti-
tutional reports were analyzed to capture clinical findings, ecosystem assessments,
and management practices.Sources included BlueHealth Project datasets, national
spa registries, and EU environmental directives (INSPIRE, Water Framework Directive).

All data were harmonized through descriptive comparison and thematic synthesis within
a resilience framework (exposure-sensitivity-adaptive capacity). This allowed the integra-
tion of physical, biological, and socio-medical dimensions of thalassotherapy under climate
stress.

3. Climate and Oceanographic Drivers

Warming and marine heatwaves intensify stratification and alter microbial communities.
Salinity variations due to river inflows (Stips et al., 2014) modify nearshore nutrient regimes.
Coastal pollution remains a co-driver on the southern Black Sea coast (Tiirkiye). As shown
in Figure 1, climatic stressors such as sea-surface temperature rise, salinity imbalance, and
hydrological variability act synergistically on the physical, chemical, and biological integrity
of thalassotherapy systems.

CLIMATE CHANGE
AND THALASSOTHERAPY

TEMPERATURE SEA ALTERED
INCREASE  LEVEL  SALINITY
RISE

IMPAIRED
THERAPEUTIC EFFECTS

Tl

* COASTAL ECOSYSTEM
DEGRADATION

REDUCED
BIODIVERSITY

Figure 1. Schematic representation of climate impacts on thalassotherapy
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As summarized in Table 1, the thalassotherapy resources of the Black Sea region ex-
hibit distinct environmental and climatic sensitivities. Coastal zones in Georgia and Turkiye
show higher thermal stability but increased salinity fluctuations, whereas western basins in
Bulgaria, Romania, and Ukraine demonstrate pronounced seasonal contrasts in mud com-
position and water mineralization. These parameters form the environmental baseline for
assessing regional resilience and adaptive capacity.

Table 1. Comparative overview of thalassotherapy resources and climate sensitivity

in the Black Sea region

COUNTRY KEY THALASSO- MAIN RESOURCE CLIMATE SENSI- ADAPTIVE MEA-
THERAPY SITE(S) TYPE TIVITY FACTORS SURES NEEDED
. Monitor mag-
X . SST increase, . R
Magnetite-rich . . netite fraction
. . . changing humid- .
Georgia Ureki, Kobuleti sand beaches, . & aeroions;
. ity, beach tem- .
marine aerosols . integrate weath-
perature rise
er-health data
. Standardize mud
. ) . Evaporation, H,S .
. Pomorie, Liman muds, min- L o maturation; eco-
Bulgaria . . oxidation, salinity .
Balchik Tuzla eral brine . system monitor-
imbalance .
ing
L . . Control evapora-
. Techirghiol, Con- | Sapropelic muds, | Heatwaves, vari- . .
Romania . . tion; continuous
stanta hypersaline water | able rainfall .
profiling
) ) Pollution, tem- Improve water
L . Marine climate & - . .
Turkiye Rize, Ayder perature variabili- | quality; combine
thermal waters . .
ty, storms with eco-tourism
Sulfide-silt Evaporation, .
. . o . Protect inflows;
Ukraine Kuyalnyk, Odesa | peloids, hyperh- [ salinity spikes, .
. . . . salinity control
aline brine inflow reduction

4, Evidence on Therapeutic Modalities and Mechanisms
Marine-based therapies show benefits for psoriasis, dermatitis of various origin, and
rheumatic pain. Mechanisms include the direct mineral actions, anti-inflammatory path-
ways, and stress-axis modulation. Recent work explores microvascular changes during mud
and hypersaline treatments (Calin et al., 2024; Surdu & Stefanescu, 2025) (Techirghiol). As il-
lustrated in Figure 2, the interaction between mineral ions, aerosols, and cutaneous or respi-
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ratory receptors induces biochemical cascades that regulate inflammation, stress response,
and immune modulation.

Biochemical and physiological pathways of thalassotherapy —
from marine stimuli to systemeic therapeutic effects

Marine Stimuli Cellular Receptors Systemic
Cutaneous Exposure * Therapeutic Effects
Sea Water el « Anti-Inflammatory
Na*, Mg, ClI™™ "\ Effects
: ‘\\ lon Transport * Immune
Modulation
Marine Aerosols + Stress Reduction
: / Respiratory l
Tract
liacs Ele.r.n :e e Neuro-Endocrine
= Modulation

Neuro-Endocrine

Respiratory Exposure Modulation

Figure 2. Biochemical and physiological pathways of thalassotherapy - from marine stimuli
to systemic therapeutic effects.

Results and Discussion
Quantitative Indicators and Observed Trends

Recent oceanographic datasets from the Copernicus Marine Environment Monitoring
Service (Copernicus Marine Service [CMEMS], 2023a, 2023b, 2023c) (CMEMS) and regional
hydrochemical stations indicate measurable, climate-driven changes in the physical and
chemical properties of the Black Sea.

As illustrated in Figure 3, sea-surface temperature across the Black Sea has increased by
nearly 2.5 °C since the early 1980s, with the highest anomalies observed along the southern
and eastern coasts (Tiirkiye and Georgia). This warming trend directly affects the density
gradients, stratification patterns, and aerosol composition relevant to thalassotherapy effi-
ciency.
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Figure 3. Decadal Increase in Black Sea Surface Temperature (1982-2024).
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As shown in Figure 4, salinity values vary considerably between eastern and western tha-
lassotherapy zones of the Black Sea. The eastern coastal sites, such as Ureki (Georgia) and
the Turkish sector, exhibit slightly higher mean salinity (18-20 PSU) due to increased evapo-
ration and lower river inflow, while the western basins (Bulgaria, Romania, Ukraine) maintain
lower levels (17-18 PSU) influenced by freshwater discharges. These gradients shape the min-
eral composition of seawater and mud, influencing therapeutic ion balance and osmoregu-
latory processes during treatment.

20

=
w

Salinity (PSU)
’—I
)

Ureki (GE) Pomorie (BG) Techirghiol (RO) Kuyalnyk (UA)

Figure 4. Salinity Variability Across Thalassotherapy Sites (2000-2024).

As demonstrated in Figure 5. hydrogen sulfide (H,S) concentrations (Calin et al., 2024) in
therapeutic muds of the Black Sea region have shown a consistent decline over the last de-
cade. This reduction -from an average of 22 mg/L in 2010 to approximately 16 mg/L in 2023
- reflects increased oxidation and changes in redox potential due to warming and aeration
of shallow lagoonal systems. Such chemical shifts can affect the medicinal properties prop-
erties of peloids, which depend on the stability of sulfur compounds and humic substances.

= | o ) 2] M
[o-] Lle] o = N
T T T T T

HzS Concentration (mg/L)

=
~
]

2010 2012 2014 2016 2018 2020 2022
Year

Figure 5. Hydrogen Sulfide (H,S) Concentration in Therapeutic Muds (2010-2023).
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The climate-driven evolution of physico-chemical parameters in the Black Sea thalas-
sotherapy zones reveals both gradual and episodic trends. As shown in Table 2, sea-surface
temperature and salinity anomalies are accompanied by progressive redox alterations and
decreasing hydrogen sulfide concentrations in therapeutic muds. These dynamics highlight
the combined effects of warming, evaporation, and altered freshwater inflows on mineral
balance and therapeutic properties.

Table 2. Physico-chemical parameter trends under climate pressure

OBSERVED/EX- THERAPEUTIC IM-
PARAMETER NORMAL RANGE CLIMATE DRIVER
PECTED CHANGE PLICATION
Sea surface tem- . Alters comfort, mi-
20-25°C 1™ +0.6°C/decade | Global warming )
perature (SST) crobial growth
. . River inflow, | Affects ionic
Salinity 1620 PSU Variable +1-2 PSU . .
evaporation strength of brines
{ slight acidifica- ) Impacts mineral
pH 7.8-8.3 . CO, Increase ..
tion stability
. ) Reduces bioactivity
H,S concentration | 5-25 mg/L Unstable Redox shifts .
of peloids
. . . . Biodiversity loss,
Dissolved oxygen |5-7 mg/L {4 hypoxia trend Stratification . L.
microbial imbalance

Sea Surface Temperature (SST) Trends (1982-2024)

Mean SST across the open Black Sea increased from 21.2 °C (1982) to approximately
23.7 °C (2024) during peak summer months.

The decadal warming rate is estimated at +0.65 + 0.07 °C/decade, with the highest
anomalies observed along the southern and eastern coasts (Tiirkiye and Georgia).
Coastal stations near Ureki and Batumi show mean annual SST anomalies of +1.5 °C
relative to the 1981-2010 baseline.

Salinity Variations (2000-2024)

Average surface salinity within western coastal zones (Romania-Bulgaria) remains around
17-18 PSU, whereas eastern sites (Georgia-Tiirkiye) fluctuate between 18-20 PSU.
Satellite-derived trends indicate a #1.5 PSU seasonal variability, correlated with river
discharge dynamics (Danube, Dniester, Rioni).

Episodic freshwater inflows reduce local salinity by up to 1 PSU after extreme precip-
itation, while heatwaves increase evaporation and raise salinity by 1-1.2 PSU.

Sediment and Peloid Chemistry

/2

Laboratory analyses from liman and lagoon systems (Pomorie, Techirghiol, Kuyalnyk)
reveal gradual shifts in redox potential (Eh) and hydrogen sulfide (H,S) concentration.
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+  Mean H,S levels decreased from 22 mg/L (2010) to 16 mg/L (2023) in several sites,
likely due to redox oxidation under warmer conditions.

« Organic content of sapropelic muds shows a 4-6% decline in total humic fractions,
which may reduce their heat-retention capacity and therapeutic efficiency.

Policy Implications

The findings of this study provide an applied foundation for integrating Blue-Health and
climate resilience into the regional science-policy interface.

1. Regional Cooperation: The results can support transnational initiatives coordinated by
the Black Sea Commission and EU4Ocean framework (BlueHealth Project, 2020), empha-
sizing harmonized monitoring of marine therapeutic resources under climate pressure.

2. Economic Diversification: Thalassotherapy and balneological sectors may be integrated
into EU Blue Growth strategies, linking environmental protection with sustainable health
tourism and innovation in the spa industry.

3. Public Health Integration: The adaptation indicators and climate-health metrics pro-
posed here can inform national public health strategies, promoting preventive medicine
through ecosystem-based interventions.

4. Standardization and Certification: Developing 1SO-aligned guidelines for the classifica-
tion and monitoring of therapeutic muds, aerosols, and marine waters would help ensure
both patient safety and ecological sustainability.

5. Data and Governance: The establishment of a regional Blue-Health Observatory - com-
bining oceanographic data, spa laboratory records, and clinical outcomes — would en-
hance policy coherence between ministries of health, environment, and tourism.

Overall, these recommendations aim to connect scientific evidence with decision-mak-
ing processes, transforming the Black Sea’s thalassotherapy heritage into a model for cli-
mate-smart health innovation and sustainable coastal development.

The integration of monitoring, governance, and education measures provides a practical
pathway toward climate adaptation in the Black Sea thalassotherapy sector. As outlined in
Table 3, the proposed framework identifies key operational domains — monitoring, resource
quality, health integration, governance, and education - each contributing to the overall
resilience of Blue-Health systems. These actions are designed to harmonize environmental
monitoring with clinical practice and strengthen cross-border collaboration within the Black
Sea basin.
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Table 3. Adaptation and Resilience Framework for Blue-Health Resources

CATEGORY PRIORITY ACTION EXPECTED OUTCOME
L . . . Early warning for SST/salinity
Monitoring Install Sentinel-linked local stations .
anomalies
Resource Quality Regular peloid & brine chemical testing Consistent therapeutic standards
Health Integration Clinical outcome registry Correlate environment-health data
Governance Cross-border BlueHealth network Shared data and joint policy
. . L Climate literacy & sustainable op-
Education Training programs for spa specialists .
erations
Conclusions

Black Sea thalassotherapy sits at the climate-health nexus. Rapid ocean warming and
variable salinity (Lima et al., 2021; Mohamed et al., 2022) can shift the chemical and biologi-
cal baselines of marine therapeutic resources. However, case studies from Georgia, Bulgaria,
Romania, Tlirkiye, and Ukraine demonstrate that climate-smart monitoring, governance, and
research can safeguard both therapeutic efficacy and environmental health.
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Abstract

The aim of the research was to obtain bioactive glass based on traditional glass-making
technology using bone ash as the primary raw material, due to its complex content of P,O,
and CaO. It was established that by using rock crystal, chalk, soda, and bone ash as raw ma-
terials, it is possible to synthesize bioactive glass with a 4555 composition at a temperature
of 1340 + 20°C. The resulting glasses tend to crystallize at 800-1000°C, forming a glass-crys-
talline material characterized by the emergence of Na,Ca,(SiO;) crystalline phases and a
bioactive matrix glass enriched with P,0s.

The bioactive glass and glass-crystalline material obtained through this innovative
methodology and raw material base demonstrated characteristic properties (compressive
strength, chemical stability, density, porosity) in compliance with the requirements of 1SO
13175-3:2015 standard. The economic efficiency of the resulting biomaterials, their simplified
production technology, and their performance characteristics may be considered determin-
ing factors for the feasibility of their production and application.

KEYWORDS: bioactive glass, bone ash, synthesis, properties.

Introduction

Human social well-being and health are highly dependent on advances in medicine. At
the same time, in several key areas of medicine, particularly in maxillofacial surgery and
dentistry there is an increasing demand for biomaterials capable of replacing and regener-
ating bone tissue. Among such functionally significant materials, bio-ceramics and bioactive
glass stand out for their reliability and effectiveness, and are already widely applied in prac-
tice [, 2].

Currently, two types of crystalline ceramic biomaterials are widely used: tricalcium
orthophosphate (Ca,(PO,),) and hydroxyapatite (Cas(PO,);(OH)), for which standards
have been established [3]. By nature, amorphous bioactive glass is characterized by a
high affinity for bone tissue in living organisms. It promotes the activation of reactions
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and processes responsible for the regeneration of new tissue and the effective repair of
bone defects [4].

The capability is determined by the composition of bioactive glass (basic compositions
are obtained within the Na,0-Ca0-Si0,—-P,05 system) and its slow solubility. These charac-
teristics facilitate processes that, in vivo, lead to the formation of an active nanocrystalline
hydroxyapatite layer on the glass surface. This ensures a strong bilateral connection of the
bioglass or artificial implant not only with the bone tissue but also with soft tissues.

The technology for producing bioceramics and bioglass is similar at the initial stage and
is simultaneously complex. Their similarity lies in the requirement to use the sol-gel meth-
od. For the selected raw materials, it is necessary to use water-soluble compounds (mostly
artificially derived), such as calcium hydrophosphates, lime milk, hydrosilicates, orthophos-
phoric acid, nitrates of alkali oxides, etc., while strictly maintaining pH values and tempera-
ture within the reaction zone. In the case of bioceramics, the established technology yields
two types of products: hydroxyapatite and tricalcium phosphate. In contrast, for bioglass,
depending on the glass composition, a compound slurry is formed. The subsequent opera-
tions involve decantation and removal of excess liquid, drying of the materials, and finally,
thermal processing: sintering for bioceramics and melting for bioglass.

Our research aimed to obtain a widely recognized and traditionally used bioglass (45S5
Bioglass) through an innovative approach. This consisted of producing the initial “dry batch”
using raw materials typically used in glass technology (e.g., quartz sand/mountain crystal,
calcium carbonate, carbonates of alkali oxides). Additionally, a complex phosphorus con-
taining material cattle bone ash was purposefully incorporated. Using this innovative meth-
od to obtain bioglass would significantly simplify and reduce the cost of the technological
process, thereby increasing the accessibility of this type of biomaterial.

Research Methods

The widely applied bioglass with 45S5 Bioglass composition in medical practice was ob-
tained from a corresponding “dry batch” formulation and synthesized at high temperatures
(1340 % 20°C) in corundum crucibles, with a holding time of 2 hours at peak temperature. The
resulting melt was processed either by casting into molds followed by annealing (620 + 20°C)
or by water quenching (fritting). Thermal treatment of the glass to induce crystallization
(800-1000°C) was carried out in a chamber-type electrically heated muffle furnace.

The density of the obtained biomaterial was determined using the hydrostatic weighing
method, while water absorption-based porosity was evaluated by measuring the relative (%)
mass change between water-saturated and dry samples. Chemical stability was assessed
based on the mass loss (%) of the powdered glass material after treatment in physiological
solution (37 + 1°C) for varying durations.

The types of crystalline phases formed within the thermally treated bioglass were iden-
tified via X-ray phase analysis using a DPOH-3M diffractometer.

wodlews@yleay wny wayd
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Results

The selected object of study was glass with the composition of 4555 Bioglass, charac-
terized by the following chemical composition (Wt%): 45 SiO,, 24.5 CaO0, 24.5 Na,0, and 6.0
P,0; [5]. To satisfy the required amount of silicon dioxide, mountain crystal was used (con-
taining 99.97% Si0,). The Na,O content was supplied using sodium carbonate (58.4% Na,O
and 41.6% volatile components). The CaO content from chalk was 55.8% (the remaining 44.2%
represented by LOI). As for phosphorus anhydride, its full amount was provided by bone ash,
which, based on chemical analysis, contained the following oxides (wt%): 40.3 P,0s, 53.2 Ca0,
2.8 MgO, 0.4 Si0,, and 0.4 (Al,0, + Fe,0,), while the volatile components were 0.3%.

The bone ash was obtained from deproteinized cattle bone using laboratory crushing
and grinding. Based on its composition, bone ash represents a material of complex formula-
tion containing the two main oxides present in bioglass P,0s and CaO. Importantly, its com-
position also includes oxides containing essential elements (Mg and Fe), namely 2.8% MgO
and 0.2% Fe,0;, which effectively “enhance” the properties of the glass synthesized using the
innovative raw material base. In addition to the chemical analysis, the mineral composition
of the bone ash was investigated using X-ray analysis. It was determined that, in its initial
state, the bone ash predominantly contains hydroxyapatite.

A batch mix was prepared and used to synthesize the bioglass using the selected four
raw material ingredients. Trial samples were produced from the melt and their characteristic
properties were tested; these are presented in Table 1.

It is known that forced crystallization of glass may alter its properties, as crystalline
phases may form from specific constituent oxides within the resulting glass-ceramic ma-
terial. This may lead to changes in the composition and, consequently, in the properties of
the glassy matrix. Based on this principle, glass synthesized from the batch containing bone
ash and the other raw materials was subjected to forced crystallization at 850°C (identified
through the study of the glass crystallization process), corresponding to the crystallization
peak.

According to X-ray analysis, bioglass ceramic material was obtained, in which Na,Ca,(-
Si0;); crystalline phases were identified. The characteristic properties of the crystallized
glass are also presented in Table 1.

Table 1. Characteristic properties of bioglass (BG) and bioglass ceramic material (BGT)
obtained using the new raw material base

VALUES OF THE CHARACTERISTIC PROPER-
TIES OF BIOGLASS (BG) AND BIOGLASS-CE-
NO. TEST PROPERTY UNIT RAMIC MATERIAL (BGT)
BG BGT
1 Compressive strength MPa 510 470
2 Chemical stability % 1.6 17
3 Density kg/m3 2660 2680
4 Water absorption % 0.05 0.06
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Discussion

The study of the biomaterial properties obtained using the new raw material base both
amorphous (initial bioglass) and amorphous—-crystalline (forced crystallization) revealed
that their characteristic/test properties comply with the requirements regulated by the 1SO
13175-3:2015 standard for biomaterials. However, although both materials were produced
from melts of identical composition, the properties of the bioglass and the subsequently
crystallized glass—ceramic material showed slight differences.

This variation may be attributed to the internal structural rearrangement, namely the
transition from the disordered structure of the amorphous glass to a more ordered configu-
ration in the glass-ceramic material, containing crystalline inclusions. This structural trans-
formation could have induced internal rearrangements, leading to changes in material prop-
erties. Specifically, crystallization resulted in a slight increase in density but a decrease in
compressive strength. Additionally, due to expected surface microcracking, minor increases
in chemical reactivity and water absorption (open porosity) were observed.

A noteworthy and significant factor is the formation of Na,Ca,(Si0;), crystalline phases
in the glass—-ceramic material. As a result of crystallization involving Na,0O, Ca0, and SiO,, the
residual matrix glass becomes enriched with P,O, which is known to enhance bioactivity.
Consequently, the matrix of the crystallized material can be considered to exhibit superior
bioactive properties.

Conclusion

The innovative production of bioglass demonstrated that it is possible to obtain 4555-
type biomaterial widely used in medical practice through high-temperature synthesis, when
P,0s is introduced into the glass composition using bone ash as a raw ingredient. At the same
time, the remaining batch components were selected from traditional and readily available
raw materials commonly used in glass manufacturing (mountain crystal, soda, and chalk).
This ensures the economic efficiency of the proposed bioglass production technology.

The bioglass obtained using this new approach fully complying with conventional glass
production methodology and its crystallized modification both meet the requirements of the
ISO 13175-3:2015 standard for conventional biomaterials in terms of their properties.
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Abstract

The aim of the study was to determine the sorption capacity of Lightweight Expanded
Clay Aggregate (LECA), obtained by high-temperature expansion of natural rocks, and to
identify possible fields of their targeted application based on their properties. Four com-
mon types of rocks found in various regions of Georgia were selected for the study: zeolite,
obsidian, pumice, and perlite. Their chemical composition was determined, and the optimal
parameters of thermal treatment were selected, which define their high porosity and, conse-
quently, their sorption capacity. The obtained materials were additionally characterized for
their performance properties: bulk density, mechanical strength, and water resistance. By
comparing the values of the characteristic parameters, it was determined that the following
recommendations can be made: porous materials obtained by expanding pumice and perlite
at 1100 °C can be used as sorbents for soil and industrial wastewater purification; foam glass
produced by expanding obsidian at 1200-1250 °C can be used for the localization of spilled
petroleum products as well as for floating covers of petroleum storage tanks; while zeolite
can be used as a gas adsorbent, specifically as a CO, adsorbent for flue gases from industrial
processes, with the possibility of subsequent waste-free utilization.

KEYWORDS: natural rocks, thermal treatment, porous material, properties,
sorbent

Introduction

Of the two main types of sorbents (organic and inorganic), considering properties such
as high mechanical strength, resistance to aggressive environments, high adsorption capac-
ity, regenerability, and others, inorganic sorbents are distinguished as preferable [1,2].

It is well known that a number of naturally porous rocks are often used as sorbents for
solving various environmental problems. In particular, “raw” rocks such as sands, diatomite,
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clays, limestone rocks, zeolite, and others are widely used in practice for soil detoxifica-
tion (pesticides, heavy metals, petroleum products, etc.) or for the purification of industrial
wastewater. The drawbacks of well-known inorganic sorbents are considered to be their high
bulk and true density, which affects their immersion in liquids, as well as their low sorption
capacity and difficulties associated with regeneration and disposal [3,4].

We conducted a study aimed at transforming three naturally porous rocks found in Geor-
gia (pumice, perlite, zeolite) and natural glass—obsidian—into highly porous Lightweight Ex-
panded Clay Aggregate (LECA) through thermal treatment, and at evaluating their potential
for use as sorbents. For this purpose, the obtained LECA-type materials were characterized
by a set of properties: bulk density or apparent density, porosity determined by water ab-
sorption or absorbed gas weight, compressive strength, and water resistance, evaluated by
the leaching coefficient.

Research Methods

The expansion of all four raw rocks was carried out by thermal treatment of their frag-
ments at 900-1300°C in a carburizing furnace, with a 15-20 minute hold at the correspond-
ing temperature, followed by the preparation of samples or their division into fractions for
further study. The bulk density (y) was determined using the formula y= g/v (kg/cm3), where
(g) is the specific gravity of the material placed in a vessel of a certain volume (v), and the
specific density (d) was determined by the hydrostatic weighing method. The open porosity
of the obtained foamed materials was studied either by absorption (w,%) or by weight gain
(A%) due to adsorbed gas, and the compressive strength of 2x2x2 ¢cm cube samples was
measured by hydraulic pressure. Water resistance was assessed by determining the soften-
ing coefficient (€); &=P,/P, where P, and P, are the hardness of the grains of the test material
in the initial (dry) and after soaking in water, respectively.

Result

The chemical composition of samples of all four types of raw materials was determined
and is presented in Table 1. All of them can be classified as aluminosilicate materials, but
contain a small amount (up to 10 wt%) of R,0 and RO oxides. All the rocks contain iron ox-
ide (up to 2 wt%) and a negligible amount (less than 0.5%) of manganese or titanium oxide
compounds. At the same time, a pronounced difference in the values of Loss on Ignition (LOI)
was observed. The LOI value is particularly high (greater than 12%) for zeolite, moderate for
perlite and pumice (approximately 3.7% and 1.5%, respectively), and very low for glassy ob-
sidian (= 0.5%).
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Table 1. Chemical composition of acceptable raw materials for LECA-type sorbents made
from porous inorganic materials

\ | RAW MATERIAL CHEMICAL COMPOSITION OF RAW MATERIAL, WT%

NAME Lol | sio, | ALO, | Fe,0, | Ca0 | Mgo | MnO | Na,0 | KO | TiO, | %080
1_[zeolitic Tuff 12,87 6258 | 1324 | 176 | 275 [ 1,06 | om | 392 | 1,31 | o040 | 100
2 [Perlite 367 | 7307 | 1258 | 183 | 138 | 139 [ o021 [ 341 [ 248 [ - 100
3 |Pumice 147 | 71,80 | 1510 | 183 [ 127 | 092 | 021 | 363 | 376 | 021 [ 100
4 |obsidian 047 | 351 | e | 125 | 112 | 139 | o0 | 298 | 427 | - 100

Based on the objectives of the study, which involved obtaining lightweight inorganic
porous materials as potential sorbents, the selected rocks were subjected to thermal treat-
ment over a wide temperature range (200-1250°C). The optimal parameters of thermal treat-
ment (temperature and holding time) for each raw material, which ensured the transition to
a porous Lightweight Expanded Clay Aggregate (LECA), are presented in Table 2.

Table 2. Bulk density of LECA, obtained from the raw material under investigation®,
and the corresponding optimal thermal treatment parameters

Heat Treatment Parameters
N Raw material Bulk Density, Ti ¢ material
name kg/m? Temperature, °C Ime o materia
exposure at temperature
. 2040 33020 2 hours
1 | Zeolitic Tuff A
1130+20 1100+20 30 minutes
2 | Perlite 67020 1100%20 15-20 minutes
Pumice 430410 1100£10 15-20 minutes
Obsidian 18010 122020 15-20 minutes

*For 10-15 mm fractional material

According to the obtained results, obsidian exhibits strong expansion at high tempera-
tures (y = 180 + 10 kg/m3), which allows it to be practically transformed into foam glass. For
pumice and perlite, maximum expansion is achieved at 1100 + 200°C. The porous material
obtained from pumice is lighter (y = 430 + 10 kg/m3) than that obtained from perlite (y = 670
+ 20 kg/m3). Zeolite, compared to the other studied materials, is the least expandable rock,
as evidenced by the high density of the material obtained after thermal treatment at 1100 *
20°C (y = 1130 + 20 kg/m3).

The LECA-type materials obtained from raw materials treated under different tempera-
ture regimes were characterized for a range of properties: performance properties — com-
pressive strength and water resistance coefficient (for pumice and perlite), and targeted
properties — sorption capacity. The main results obtained from the study are presented in
Table 3.
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Table 3. Characteristic properties of porous materials artificially obtained by heat

treatment
N CHARACTERISTIC UNIT OF NAME OF ORIGINAL RAW MATERIAL
PROPERTIES MEASUREMENT Perlite Pumice Obsidian Zeolitic Tuff*
1 | Bulk density Y, kg/m3 670 430 180-200 1130-2040
o | Compression P, MPa 6,8 6,2 0,12-0,14 -
strength
3 | Porosity (open) % 18,2 18,7 0,5-1,0 -
Water resistance
4 | coefficient ) 0,76 0,75 ) )
5 | €O, adsorption Weight gain, (%) - - - 3-10

*Zeolite tuff grains processed at 330+20°C: € = 3-5 mm, adsorption temperature 35-75°C;

For clarification, the sorption capacity of materials artificially obtained by high-tempera-
ture treatment of rocks was determined corresponding to the open porosity (for pumice and
perlite), while for zeolite treated at 330 + 20°C, it was determined by CO, adsorption (weight
gain of the thermally treated material) within a specific temperature range (35-75°C).

Discasion

Thermal treatment of the four targeted natural rocks — pumice, perlite, obsidian, and ze-
olite (zeolitic tuff) — yields porous materials with different performance and sorption prop-
erties (Table 3). The differences observed can be attributed to their more or less distinct
chemical compositions, which likely influenced their structural arrangement. Specifically,
obsidian is an amorphous volcanic glass; perlite and pumice can be considered semi-amor-
phous—crystalline; while zeolitic tuff (a raw material containing clinoptilolite and clay min-
erals) belongs to the crystalline type. Their structural arrangement must have had a sig-
nificant influence on the expansion process of the studied rocks, which is determined by
the temperature at which the material reaches a pyroplastic state and the behavior of the
volatile components of the LOI at that moment [5,6]. In this context, amorphous (monolithic)
obsidian (LOI = 0.5%) fully retains its expanding components until reaching the pyroplastic
state, whereas pumice, perlite, and zeolitic tuff prematurely lose their volatile components.
This is evidenced by the increase in bulk density (y) values (obsidian - pumice - perlite >
zeolite), as well as by the degree of sorption capacity, which corresponds to their respective
potential fields of application.

The recommended application areas for the expanded lightweight porous materials are
as follows: perlite and pumice — as sorbents for polluted soils and industrial wastewater;
obsidian — for the localization of spilled petroleum products and as a protective floating
cover for petroleum storage tanks; zeolitic tuff — for CO, capture from industrial/flue gases
with subsequent utilization (waste-free technology).
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Conclusion

The targeted study conducted on four types of natural rocks (obsidian, pumice, perlite,
and zeolitic tuff) confirmed the possibility of producing Lightweight Expanded Clay Aggregate
(LECA) from them. Thermal treatment of the studied materials at different temperatures
determined the conditions necessary to achieve high porosity. The determination of key
performance properties (compressive strength, bulk/apparent density, water resistance)
and sorption capacity/porosity allowed the evaluation of their potential as sorbents and
the identification of prospective practical application areas.

The research is carried out with the financial support of the Shota Rustaveli
National Science Foundation (Grant No. FR-23-15888)
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Abstract

The digitalization of the world economy has created a new opportunity for healthcare.
We, all humans, long dreamed about deep personalization in healthcare. Now the time has
come. Doctors can treat all humans with their unique differences, special features, and
critical approaches. The development of Electro Healthcare, with telemedicine and virtual
medicalization, is a way towards the personalization of healthcare. Humanity has long been
moving from mass healthcare to personal issues. The conference article is devoted to a very
popular topic: the virtual migration of healthcare in Georgia, with its obstacles, long-term
reforms, and problems.

KEYWORDS: digitalization, e-healthcare, healthcare reforms.

Introduction

What is the goal? The development of e-health is a path towards personalized health-
care. Humanity has long been moving from mass healthcare to personal issues, and the rev-
olution in information communications in this direction has allowed us to consider a person
not as an average statistical social being, but to focus primarily on their personal health,
risks, genetic and genealogical diseases, and accordingly on the issues of personalized diag-
nosis and organized storage and analysis.

Also, the COVID-19 outbreak in the country has confirmed the need for the development
of e-healthcare in Georgia. Back in 2020, when the second phase of the coronavirus pandem-
ic began in Georgia, remote primary healthcare teams were created, which were very effec-
tive in combating the virus, informing the population, providing consultations, and freeing
up secondary healthcare. It must be said that the effective use of primary healthcare around
the world has reduced the catastrophic consequences of the coronavirus and confirmed
the need for the development of new healthcare information technologies. Accordingly, pri-
mary, secondary, and tertiary healthcare in Georgia today needs a well-organized model of
e-healthcare that will strengthen its sustainability.
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As is known, Georgia has come a long way in healthcare reform. First of all, it is interest-
ing to analyze these reforms and then consider what healthcare will be like in Georgia, taking
into account new trends and challenges. When we talk about healthcare reforms, we must
take into account the economic and social foundations of these reforms in the country, as
well as the country's history, people, culture, business patterns, and many other factors that
shape the country's competitiveness. The attitude of the country's population towards sol-
idarity should also be taken into account. The trust that often arises between a person and
the government has a great impact on healthcare reform. Therefore, when reforming health-
care, it is necessary to know what trust is between the local population and the government,
because without trust nothing will work.

If we recall Georgia's past path of healthcare reform, we will see that when Georgia be-
came independent for the second time in 1991, it embarked on a healthcare reform agenda.
If we take into account the fact that the Semashko model of centralized healthcare planning
and management, which was dying in 1991, soon collapsed, we will see that the Georgian
people and their healthcare leaders, already in 1993, had lost this healthcare model, which
was widespread in the Soviet Union. In 1994, Georgia began creating a new healthcare sys-
tem, which was a major step on the path to building an independent one. In 1994, Georgia
created a state healthcare management model that provided for healthcare programs, their
standardization, and state-set prices. This model was ineffective because inflation and eco-
nomic recession destroyed any pricing system and made it ineffective.

Healthcare reforms in Georgia

According to Semashko’s model, after the cessation of central funding from Moscow, Geor-
gia lost the ability to provide public health care guaranteed by the Soviet Union. In the 1990s,
newly independent countries rejected communism and had to question state health insurance
models. As we know, Soviet health care was governed by a plan developed on a territorial ba-
sis, which assigned each citizen to a specific health care organization ( Robles, 2008).

Healthcare in Georgia was planned by the territorial organizations of the state plan.
Semashko's model can be described as a global healthcare model, very similar to the English
"Beverage" model. It ensured universal access to healthcare services for Georgians ( Collins,
2003).

Was this period good or bad for the health system? Many citizens now recall this period
as a good one, as the Semashko model ensured that all citizens were protected in case of
illness. There is no doubt that the Georgian health system was efficient before 1990, but it
could not have been efficient because the Soviet planned economic system was not efficient
( Collins, 2006 ) .

Since then, Georgia, as an independent country, has implemented 3 waves of healthcare
reforms: a) in 1994-1997, when the country attempted to create a national health insurance
system but failed due to high corruption and economic instability, high inflation, and pover-
ty; b) in 2007-2010, when the country created a liberal economic model and demanded that
healthcare be driven more by market forces than by state forces; and c) when the country
began to establish a universal healthcare model.
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The second and third stages of healthcare reforms in Georgia

In the short period of independence, Georgia has already implemented three different
types of healthcare reforms. In 1994-1997, the country’s healthcare systems began to be rebuilt
based on the Social Health Insurance (SHI) model, but without success. The reformers of 1994-
1997 failed to understand Georgia’s economic foundations. Against the backdrop of social un-
rest and high corruption, as well as major fiscal and monetary problems, the country’s efforts
to create an effective social insurance model proved futile. Since 2004, Georgian healthcare re-
formers have decided to use the economic theory of the great American economist, Mr. Milton
Friedman, whose goal was to increase access to basic healthcare for the vulnerable segment of
the population ( Friedman, 1982 ). Healthcare reformers began their innovative implementation
in 2007 and soon achieved very clear results. The country's most vulnerable citizens received
affordable health care, and they were satisfied. The second health care reform, which focused
on people below the poverty line, was only partially effective ( Ensor & Rittmann, 1997).

In 2006-2007, a new healthcare reform began in Georgia.

The second healthcare reform had the following goals:

a Continued privatization of state healthcare ownership

a Health insurance coverage was limited to poor groups

a Private insurance companies were considered an effective management model

a  Minimizing state regulation to the necessary minimum

a  Public health remained the responsibility of the government (UNICEF report, 2010).

The goal was to ensure access to and widespread availability of healthcare. Government
spending on healthcare (as a percentage of GDP) increased from 0.6% to 1.8% in 2010.

The zero-tolerance policy towards bribery has brought brilliant achievements to Geor-
gia's growing state budget.

In the field of primary healthcare, healthcare facilities have developed outside Tbilisi.

What was achieved? State funding for the population increased. Private insurance com-
panies soon began building health facilities. Some private insurers left because they were
unable to manage all their obligations well. When state controllers began to audit health
insurance premiums financed from the budget, they discovered evidence of embezzlement.
Because the systems were so difficult to manage, health experts began to criticize the reform.

The 3rd wave of healthcare reforms in Georgia began in 2012 - in 2013, Georgia launched
a new healthcare reform, created a Universal Health Coverage Program (UHCP) and took
steps towards a healthcare program that would cover almost all Georgians and even foreign-
ers. In 2013, the country's budget and financial situation were sufficient for such a big step.
Today, the quality of healthcare and its sustainable development remain the main problems
of the Georgian healthcare system.

The Universal Health Coverage (UHC) program in Georgia, its economic foundations and
success were significant. In 2013, Georgia launched a welfare-oriented healthcare policy.
The new ruling coalition, the Georgian Dream, introduced a universal healthcare program in
Georgia.

Health system reforms with the Universal Health Coverage (UHC) program were intro-
duced in Germany by Otto von Bismarck and have since been successfully developed in
countries such as the United Kingdom, France, Sweden, or Turkey.
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More than two million citizens of the country became beneficiaries of this model. By
providing financial support to insured Georgian citizens, basic healthcare services became
accessible. The universal healthcare program was extended to citizens of the country, as
well as to holders of neutral identity cards/neutral travel documents. The state healthcare
budget doubled during this period.

This universal healthcare model provided the following healthcare services:

a  Family doctor visits,

a4 Emergency medical assistance,

» |npatient treatment,

a Planned surgical operations.

Public spending and health spending increased from 1.6% of gross domestic product
(GDP) in 2012 to 3% in 2017. The state health budget increased from 450 million GEL in 2012
to 1092 million GEL in 2017. In 2017, public health spending was 2.9% of GDP. Out-of-pocket
payments accounted for 7% of private health spending. The percentage of out-of-pocket
payments in total health spending also decreased during this period (WHO, 2020).

But since then, Georgia’s healthcare model has been plagued by a number of factors.
Poverty and catastrophic healthcare costs are rising in Georgia. Foreign direct investment
has declined, including in the healthcare sector. Since trust in primary healthcare is very low,
people are turning to secondary or tertiary healthcare providers for healthcare services.

The COVID-19 pandemic has tested the effectiveness of Georgia's healthcare system . In
2021, the number of vaccinated citizens in the country was less than 35%, which is a basis for
criticism.

The path to digital healthcare worldwide

Today, the following directions of healthcare digitization are being discussed in the
world, as they are important for creating high-quality healthcare services for patients. The
goal being discussed is to provide personalized healthcare services to citizens of highly de-
veloped countries. Therefore, to create this new healthcare, digitization is taking place in the
following directions:

a) Creation of national electronic health records (EHR) and patient portals. In order for
clinicians and citizens to share a single longitudinal record, a central EHR + patient portal in
countries that have excelled in healthcare digitization (e.g. Estonia) is a classic example of
success.

b) Achieving interoperability in the field of health records - interoperability is achieved
through digitization. Common data standards are created to ensure secure data exchange
between healthcare sectors, companies and professionals - hospitals, primary healthcare,
laboratories and pharmacies.

c) Tools for analysis and verification, risk and threat assessment and quantification
are being created - tools for implementing digital records and measuring "meaningful use"
(training, funding and regulation). The US HITECH program has dramatically accelerated EHR
implementation, with funding for meaningful use and privacy rules.

d) A biometric base is being created for the development of remote telemedicine. Tele-
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medicine and the creation of remote monitoring tools - it must be said that it has expanded
rapidly during COVID and is now integrated into routine care methods.

e) Strengthening data protection systems - establishing frameworks for data governance,
confidentiality and security - is essential for public trust and secure sharing ( Djakeli , 2013).

f) Creation of patient identification, assignment of a unique code, and management sys-
tems for patient diagnosis databases based on the establishment of biometric systems -
using national ID cards/authentication to provide patients with secure access and consent
tools ( Balabanova, el at 2008).

Why is it necessary to create a national electronic health records system?

Countries have launched Nationwide electronic health records (EHR) and patient portals.
This is needed to solve a very difficult problem. The problem is that according to common
practice, patients often consult several providers in different hospitals, clinics or regions,
which leads to fragmented treatment and repeated tests. Consequently, fragmented treat-
ment can harm the patient and endanger his life. To solve this problem - a national elec-
tronic health registry (EHR) ensures that all providers have access to the same up-to-date
medical information (diagnoses, allergies, medications, laboratory results, imaging, etc.).

EHR reduces duplication in diagnosis and treatment, eliminates medical errors, and
eliminates inaccuracies and delays in diagnosis.

If countries create an EHR system, they will improve patient safety and quality. There is
also another problem: medical diagnoses and records on paper, including isolated digital
systems, can lead to incorrect medication administration, which can be fatal for the patient.
Of particular importance is the fact that standardized, digital records with built-in notifica-
tions (e.g., drug interactions, allergies) improve safety and evidence-based decision-making
in healthcare.

- Cost-effectiveness and cost-savings in healthcare systems are a very important issue.
The problem is that improper planning and improper logistics in healthcare, which lead to
repeated tests, unnecessary hospitalizations and administrative costs, cost healthcare bil-
lions of dollars annually, as well as great moral and physical harm to patients. .

Because electronic health records (EHRs) simplify documentation, billing, and coordina-
tion—saving time for care and reducing costs for patients and payers—they are a key enabler
of healthcare reform. They are essential for public health and research. The problem is that
without integrated data, it is difficult to track disease trends and developments. For example,
it is difficult to respond quickly to outbreaks (as was the case with COVID-19).

That's why national electronic health records allow for large-scale, anonymized data to
support real-time surveillance, early outbreak detection, and health research.

Today's healthcare systems require well-informed and well-prepared patients. Hence
the need for patient empowerment. The challenge is that patients often do not have easy
access to their medical information. Therefore, once an electronic health record system is
in place, all patients have access to their records. Patient portals allow individuals to view
their records, schedule appointments, ask questions , and communicate with providers - all
of which promote active participation and health literacy.
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One of the main issues is the interoperability and portability of records. The problem is
that current electronic health record systems often do not “talk” to each other, even between
organizations. Therefore, electronic records provide interoperability, which allows health data
to follow the patient - which is critical for emergency situations, displacement and disaster
response. Health policy and equity are also important issues. Since unequal access to quality
health information exacerbates inequalities, some equity should be achieved through elec-
tronic records. Since unified, accessible electronic health records facilitate equitable care
across socioeconomic, geographic and institutional boundaries, this ensures equity. Thus,
national electronic health records create a connected, efficient, secure and patient-centered
health system that supports both individual care and improved public health outcomes.

Georgia's place in today's digital healthcare systems

Georgia already has a national e-Health / HMIS platform with multiple modules (fi-
nancial/statistical reporting, electronic medical record (EMR) capabilities, citizen/patient
modules, pharmaceutical and licensing modules, birth/death registration). The Ministry of
Health's e-Health website and HMIS pages display active modules and ongoing develop-
ments (EMR, patient modules, financing/administration).

This means: Georgia has the digital foundations (national platform and modules) — so
the task is to scale, improve interaction, privacy, clinician workflows, and citizen-centric ser-
vices instead of starting from scratch.

What does Georgia's electronic healthcare system need in the future?

The system needs to develop a personalized healthcare model, which requires: analyt-
ics, population health, and Al pilots Aggregated, de-identified HMIS data for planning, early
warning, and targeted prevention (e.g., diabetes trends). Why: Shift from response to preven-
tion and efficient resource allocation.

Citizen-centric services and digital inclusion — without fragmentation, a joint patient
portal, mobile access, multilingual support, and offline access paths for rural/elderly popu-
lations should be created.

The main challenges for the system are avoiding fragmentation and digital exclusion.
The system's opportunities are: user research + gradual application improvement.

Conclusion

Given the history of healthcare in Georgia, the development of electronic healthcare
systems is a key task. To rationally establish the system, citizen-oriented services and digital
inclusion should be achieved. An important task is to create a joint patient portal, mobile
access, multilingual support and offline access for the rural/elderly population without frag-
mentation. The system should ensure the prevention of fragmentation and digital exclusion.
The system’s opportunities are: providing users with the means to study their own health-
care records and verify their diagnoses, by involving all digital communication channels (
Abiiro & De Allegri, 2015).
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