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Chronic wound infections remain a major challenge in modern healthcare due to the
increasing prevalence of antibiotic-resistant microorganisms. Cellulose hydrogels provide a
biocompatible, moist environment favorable for wound healing, while silver nanoparticles
offer broad-spectrum antimicrobial activity. This study aimed to prepare cellulose/
Ag composite hydrogels with in situ synthesized silver nanoparticles and evaluate their
antibacterial activity against clinically relevant bacterial pathogens.

Regenerated cellulose hydrogels were prepared by dissolving cellulose in a DMAc/LiCl
solvent system followed by regeneration in water. Silver nanoparticles were synthesized
directly within the hydrogel matrix using a diffusion-reduction method based on silver
nitrate and sodium citrate at different Ag*/citrate molar ratios. The composite hydrogels
were characterized by X-ray photoelectron spectroscopy, Fourier-transform infrared
spectroscopy, scanning electron microscopy, energy-dispersive X-ray analysis, and
equilibrium water capacity measurements.

Antibacterial activity was evaluated in vitro using the agar diffusion method on TSA
medium against reference strains of Staphylococcus aureus ATCC 6538 and Escherichia
coli ATCC 25922. Composite hydrogels containing in situ synthesized silver nanoparticles
inhibited the growth of both Gram-positive and Gram-negative bacteria, confirming
successful incorporation of antimicrobial functionality into the regenerated cellulose
matrix. The influence of cellulose type, hydrogel concentration, and Ag*/citrate molar ratio
on antibacterial performance was analyzed to identify the most promising formulations
for wound dressing applications. Ongoing work extends the microbiological evaluation to
additional clinically relevant pathogens, including Pseudomonas aeruginosa and Klebsiella
pneumoniae, together with complementary quantitative antibacterial assays.

The results demonstrate that regenerated cellulose hydrogels containing in situ

wodlews@yleay wny wayd
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synthesized silver nanoparticles represent promising antimicrobial biomaterials for wound
dressings. Further optimization of nanoparticle synthesis and microbiological evaluation
will support the development of cellulose-based wound dressings with improved
antibacterial performance.

Funding: This work was supported by the BAU International University Batumi Research
Grant MED-01-25.
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LY3306dM LOOY3ION: 3gMPMMBYMO JoMmMagmn; 3MI3MBOEGNYMO
dobomo; 39MEbanab 66MBobamozgdn; gMammadab boblgsn;

36HndogbdaMmoymo oghozmodo

Jgemboggmo gmommodgonob 0b®gdEngdn msbsdgommazg dgosnbab gMmom-gMmm
9600369mm306 3MmMOmMgda MAYOS sbHndombn3gonbadn Madabhgbdyma dozmm-
mMasab0ddg00L gozmMEgmadab DML godm. 39ymmdYMo JnMmagmgdn JdoMY6-
39mymab 00m3nmo3bg0s®, H9b03b goMmgdmb, MmAgmoE bgmb Poymob gMmommdab
dgbmMmzqosb, bmmmm 39MEbmab 636MBOBNEo390L 3bdLNVMYOL Gommm bL3ggdHMob
36 h0dngMmdymo sghnzmos. 33emg30L dndsb0 nym in situ bobmgdoMmgdymo 39ME3beab
BobmbsBams3900b d90339m0 3gmymmmds/39MEbamab 3ma3mdoizaymo JnMmmggang-
00L 30900 o Fomn 3bHNddIHaMOMN dJH03MO0L dgxi3obgds 3amnbngymo 86008369-
om3060 dsgHaMmogmo 3000mggbqdonb dndomao.

M93969M0M7oymn FamymmdyMo 30EMMagmgon 30mgoym 0dbs Famymmdab
DMACc/LICl 3s3bbbgan Lobhgdsdn gobLbbom s Jgdamd Bysmdn M9zggbgMEgnno.
39M3bmab 6obmbobomozgdn domme 3oMmagmab dodMmoEsdn bLobmgdoMmY
©0xd0YM-aEagbnmn dgommoom 39Mzbmab BodhModobs o BoMaydaob gogMo-
Hob godmygbgdnm Ag*/3odmMmaob Lb3ssbbzs ImmyMmo Mmobsgsmomodnb 3oMmm-
090d0. domydmo 3MA3mMdognymo JoMmMagmgdn obsbnom@s MybMgabymo gm-
Omgmgdhmmbyma b3gdhMmbim3nnm (XPS), ®¥yMmagb goM©sgdbab nbxyMsBomgman
b3ggdhMmmbim3nnm (FTIR), b3sboMmgdo@n gagdhmmbyama dnzMmbim3nnm (SEM), 969-
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Mmamoob3gmboyma Mgbhagabymon s6smndom (EDS) s BmbsbEMMyan Byanab d;msb-
®gdob 360Mab gobLodM3zMom.

3bhnodsgHamoamn sghn3moo in vitro 39x3sLES 933M30 E0BYB00L dgomEno TSA
Lo3390 oMdy Staphylococcus aureus ATCC 6538-0bs o Escherichia coli ATCC 25922-0b
LaEbmdsmMmm dhadgonb dndsmom. in situ LobmgdoMydymo 39MEbmab BobMbsbnmo3y-
00bL 899339M3s 3MA3MBOENYMBd 30MMZgmMy0ds dgaxgmbs MMamMME gMOde0n-
m0, 0by gMadyeMmymxrnmn 05dhHgMngdab DM, MG sobAHMYOL MYag6gMaMydy
Bomymmdym dohMmoEedn sbdHndozmMmdymo 1ybginaob BaMmdohgoym 0bdaagmoinab.
0bhndsgddhamoym gx399dhnMmosdg dgxsbos 3gmymmdab Bhodob, 3nMmagmob 3mb-
396MMa30nby s Ag*/30dhMa0b ImeymMo MbsxzsMOmOnb gogmgbs, Mams godmamng-
bomoym gMomonb bobzg3300bm30L yzgmadg 39ML3gIHoYMo MMIYMENJ00. d0-
dnbomg 3330 IM0E3a3L 36MHN0SIHaMgmo dgai3abgodnb gogsMmmydsb sdshgdom
3m0b6039Mo@ 8603369mm356 3000mgn69009, dom dmMab Pseudomonas aeruginosa-bo
©o Klebsiella pneumoniae-%9, 33Mgm39 36dH0dsghHgMayma sgdhn3modab Momogbmomoa-
30 399330900L dahgdnmo 3900MEYONL godmygbgosL.

domgdyano 990093900 9A39690L, MmMA in situ bobmydomgdyamo 39MEbanob Bobm-
Bobomozgonb 9993390 MY3gbgMnMadymMo 39mymmdMn 30EMmazgmgon Bomam-
0003960L 39ML3gdHogm sbhHndnzmMmdym domdsbomasb gMmognmonb Lobzgzgdabmznb.
6obmbBobomozgonb LobmMgdaL 30MMOYd0LY s dogMmmdomemmagnymo dgxsbydalb d90-
©g3mdn m3hndndoEns bgmb dgybymob gondzmogbgdygmo sbhndsghgmoymo mznbgdy-
00b 39dmbg 39MMBBY ERYdbdM0 gMomodab bob3zg3zgdab gobznmamgdab.

©ox30606b700: 330M930 gobbmMEngmEs 6oMYdnb BAU bogmmsdmmobm 36039MbO-
Habhob 3zmagznmn gmobhob MED-01-25 @0nbsbbyMmn dbsmoaggmao.
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Wound dressings containing silver nanoparticles are widely investigated because of their
broad-spectrum antibacterial activity. Plant extracts have attracted attention as reducing
agents for silver synthesis. However, the diversity and limited reproducibility of published
plant-mediated synthesis protocols hinder their practical implementation. This preliminary
study aimed to identify promising plant extracts and optimize plant-mediated silver reduc-
tion conditions for the subsequent preparation of cellulose/Ag composite hydrogels.

A systematic literature review was conducted to identify reproducible and technically
straightforward plant-mediated silver reduction protocols. Published protocols frequent-
ly lacked critical experimental information, including extraction conditions, reagent con-
centrations, reaction temperatures, and reaction times, limiting their experimental repro-
ducibility. Selection criteria included sufficient methodological detail, simple extraction
procedures, and minimal additional processing. Based on this analysis, chamomile and
cinnamon extracts were selected for experimental evaluation.

Silver reduction was performed in aqueous AgNO, solutions under different reaction
conditions and monitored by UV-Vis spectroscopy. Trisodium citrate-mediated reduction
served as the reference system. Experimental evaluation demonstrated that the appear-
ance and intensity of the surface plasmon resonance (SPR) absorption band characteristic
of silver nanoparticles (typically observed in the 400-450 nm region) strongly depended
on both the selected plant extract and the reaction conditions. Following protocol optimi-
zation, chamomile extract produced the most pronounced SPR absorption band, whereas
cinnamon extract required further optimization.

The applicability of the diffusion-reduction approach for introducing plant-mediated
silver systems into regenerated cellulose hydrogels had been demonstrated previously
using green tea and aloe extracts. The present study demonstrated that reliable plant-me-
diated silver reduction requires critical evaluation of published methodologies and ex-
perimental optimization for individual plant extracts. The obtained results provide a basis
for selecting promising plant extracts and optimized silver reduction conditions for the
subsequent preparation, physicochemical characterization, and antibacterial evaluation
of cellulose/Ag composite hydrogels.

Funding: This work was supported by the BAU International University Batumi Research
Grant MED-01-25.
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LY3306dM LOOY3IBN: 363069 LObgBN; 3E9x6sMgYMa gjLbHMIIDHIO0;

390M3bmab 606Mbob0o3900; 390 MBYMo 3nMmagemo;
ghommonb bobggzo

39M3bmnb 656mMbsBnmMo3zg00b d99339m0 gMomdab bobzg3900 BoMmme dgnbLBo-
3700 om0 gomom L3ggHMab sbhndagdhHaMmomo sgdho3zmdab godm. 39MEbaab bo-
6090000300 3EE700mM 33906(Hg0s® 3E96sMgxmMN 9gLHMIIHgo0b godmyngbgdnbodn
06hgMabo 8603369mMm3600 BondoMmEs. MY, godmg3gybgdyma 33gbsMgymo 99-
bMagHadom doMmmyamo Lobmydab 3MmbMmzmmgonb IMzsMaigMmM3zbgods o dgdmy-
@m0 gobdgmmgosmMOs BMYEa3L dom 3MagHnzam godmygbgdob. 60603adsMy B0-
BobLBoM0 33emg30L BndBsb0 nym 39ML3gIDH 0o 339boMmgymo 9gdbHMoghHgdab dgmhgze
o 33960Mg Mo gdLbhMagdHgod0m 39ME3bmab oEagbob 30MmMOxdnb M3hndndoEN 39-
mymmds/39ME3banab 3m33mMd0E0yMo JoMmagmagdnb 893amadn dnmgdabm3znb.

Raoamo bobhgdnmo enohgMahyMob dndmbomags 94L3gMNBgbHYME dobdgmemy-
0000 s (H994603yMo doMmdnzn 339boMgyman ggdbhModhgdnm 39MEbaab swggbab
3MmbHmzmmgonb godmbogmabo. IMazam Zodmg39ybgdnm dgomengsadn oM oym
dmEndyma gMohnggmo ggdbdgmndgbhymo nbgymmdoizns, dsm dmMmab gjbhMagdznnb
30Mm0900, M79396(H700b 3mbEgbHMaEngdn, Myodinab hgddgMmahyms o bobgmdann-
3m0y, Md3 3603369mMm3b600 DMYO3e Jomn 9gdb3gMndgbHymo gobdgmmgdomonb
dgbodmgommosb. dgmhg30L 3MoMhgMmnydgdn AmoEezs dgonmomemganymo smbymab
L3d0MNbL EIDHONBENL, gJbdHMOJ300b oMoz 3MMEIEYIMIOLs s dnbndogmyMm
©335(h9000 ©837d03908L. 93 365M0NBNL LOBYd39MdY dgdgmadn gjb3gMndgbhymo
d9330L900bM30L dgomhs gznmMamabs s @aMmoAnbab gdbhmaghaodo.

39M3Ebmab sagbs gobbmmEngmos AgNO;-0b ByombLBbsMgddn bLb3zoabbgzse MY-
39300 30mMmMogonb gedmygbgdnom s 3Mmbdhmmamgdmes UV-Vis b3gdbhmmbim3nno.
LaEbmodsmm LOLHYBs@ dodmygbgdgm ngdbs HMnbshmydnb odhMmahnm gobbmmEng-
™703m0 s0a9b6o. 99L39MNTxbHYMTs 9xR3LYOST 0H396s, MMA 3gMEbeab BOOMbY-
Boanszgdnbm3nb adsbsbnsmgdgmn dgoadnmyma 3meddmbyMo MIBMBs6LOL (SPR)
300360gdnb dmmab (A3gmgdmoz 400-450 63 No35dM6IN) BaMAMJDBs s nbHgb-
bogmos 3603369MM3bs Nym dM3N@YOYMn MmgmMmE godmygbndoym d39bsMmyym
99LHMOIHDY, 0L MgadEnob 30MmMO7dBY. 3Mmbmzmeab M3dHndndognnb d9dwH3 330-
Momab gdbhmogdHds 6aMBMIaboe yzgmody 93390mMd© odmbodmoa SPR dmsbmgdnb
dmo, 30806 MmEgbog oMmohnbob ggbHMogHobm3znL bogoMmm gobos 30MmodgonL
©30s(hg0000 M3HndndoEno.

oM AdhomMgdymads 330939000 EI3ILABYM POBYBOYM-30a]bnmn dnamadnb
3o0mygb900L dgbodmagommods 3E9bsMggmon gdLbhMogdHadnm domgdymo 3gMmzbanb
Lobhgdgd0Lb MYaabgMnMmgdn EFgPMMMBYM JoMmEgmaddn ab®HgaMaznabmznb
063069 Asnbo o oML 93bHMadHd0L godmyqgbgdno. 606s3gdsMY 3309300 ohA39-
6o, MmMA3 339b69Mgmn 94LbHMJHgonm 39MEbab bondgm smEa9bs IMmombmab Mm-
3MmME3 3odmd39yb90mo dgommomemangonb 3Modndne dgxsbgdsb, by mommgymao
93969Mgmo 99LbHMogH0LM30L 9gL3gMNTgbHP M3HNT0BENBL. Tomgdymo dgEa-
3900 Log3yxd39mb 4abob 39ML3gddH oo 83g0sMgamo 9jbHMOgHao0by o 3gMEzbaab
3mEag60L m3MHndadgoymn  3oMmodgonob FgmAg30b30L  39MYmMMBS/39ME3benb
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3Madmdogonmo 3nMmaggagdnb dgdgmadn domgdab, 3nd03YM-Jodoymo obsboomy-
00Ly v 36HNdIHgMOYMa M300Lx0500b dgxrLYdNL B0DONO.

0333060607 00: 33930 gobbmMmEngms domydnb BAU bogmmsdmmMabm 36039Mbo-
HabhobL 33maz000 gMabhob MED-01-25 i30606LyM0 dbsMmodgMmao.
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Medical biochemistry relies on a broad range of prior knowledge acquired during sec-
ondary school chemistry education. International medical programmes increasingly enroll
students from diverse educational systems, where the content and emphasis of chemistry
curricula differ substantially. As a result, students may enter university with uneven prepa-
ration for fundamental biochemical concepts despite meeting formal admission require-
ments.

This study aimed to identify systematic gaps between secondary school chemistry cur-
ricula and the knowledge required for first-year medical biochemistry. Official chemistry
high school curricula from four countries representing major groups of our international
medical students were compared with biochemistry curricula from three Georgian medical
universities employing different curriculum models. Curricula were decomposed into ana-
lytical units and classified into nine chemistry knowledge domains. Domain distributions
were quantified and compared to identify areas where school preparation does not ade-
quately support university-level biochemistry.

The analysis demonstrated substantial variation in the distribution and depth of
chemistry topics across national curricula. While general chemistry concepts were con-
sistently represented across school curricula, gap analysis identified recurring deficits in
biomolecular chemistry, followed by selected aspects of physical and inorganic chemistry,
relative to university biochemistry requirements. These gaps were systematic rather than
institution-specific and remained evident across different medical curriculum designs. The
findings indicate that equivalent completion of secondary school chemistry does not nec-
essarily correspond to equivalent preparedness for medical biochemistry.

The results suggest that curriculum misalignment represents a structural educational
challenge. Mapping prior knowledge against university expectations provides a practical
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framework for identifying predictable learning gaps in biochemistry courses. Such infor-
mation may support the development of targeted preparatory modules and personalized
learning pathways adapted to students’ educational backgrounds. In particular, Al-assisted
diagnostic tools offer opportunities to automate knowledge-gap assessment and deliver
individualized learning support. The curriculum mapping approach may also be transfer-
able to other biomedical disciplines that depend on prior STEM preparation.

Funding: supported by the BAU International University Batumi Research Grant ED 01-25.
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dgndmyodo Adsdammb domgndnnb Bnbsdgbbhmn 3MBEIRENY00LMZNL sMmMabodsmn
dmavo9000, dnybgozsm ndabs, Mm3 mmMdsmym dobomgd IMmbmzbydb o3daym-
x30mMy096.

33m9300L d0Bob0 nym bodygomm bgmanab Jodoob Lobbogmm 3MMagMadgoLy o 3nMm-
390 39MLOL LadgoEnbm domjndnnbmznb sEnMxdgm 3MEbsL dMMab sMbydYMON
bob@H9dMo gL AMOYONL godm3zmgbs. mmbo J39ybab Ladyomm Llmmob Jodoob
Mx30300MYM0 babBogzmMm 3MmaMadgdn, MMAMYdnE BoMIMoan696 A3gb60 LogMmmodm-
Mmobm bhygbHxo0Lb doMNMOE 313900, dgEaM®S LoJasMmm3zgxmML bado bodgnEnbm
196039MbohgdH0L domgodonb LobBogmm 3MMaMdxdmab, MmAmydnE gobbbgeggdym
LoLBs3MM 333390L 01y969096. LobLBsZMM 3MMEMTY00 PANTay sbsgnahngdymM gMmy-
P05 O 3sboxrnznMmos Jodnob 3mbob gbMs mdngbob dnbyznm. mMadgbgdab
39606005 MOMEgbMOMN30 9xRsLES o dgEIMES, Mams godmzmgbomoaym ab
bazgMMyo0, booE Lobzmmmm IMIBOEIds Y6039MLOgHL domgndnob dmmbm3zbydL
LomvbsmME 39M 0MYb35MYym.

00om0ddo 9A3960, MMB Lb3zooLb3 J39ybab LobBsgzmm 3MMgMadgoLb dmmnb Jndo-
0b 989000 3obsbomydsLy o bnmMmdgdn 3603d3690M3560 gabLbb3ze330900 3MLYOMOD.
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doybywogzsm 0d0by, MM DMZon Jodoab Loznmbgdn yzgms babzmanm 3Mmamedodn
00600093MYmo© 0ym BamMImmggbomo, dggLodsdmogdalb 3bog0dTo godmogmo-
Bo LOLHYTPMOE obBgMMYOdEN IRNENHIO0 doMIMMg3YMyM Jodnodon, sg3Mgm39
330003900 O 3MamMagabyman Jndonb gomzgym dndsMmmymgdnddn, 16033MLbohgHNL
00mgndnob dmmbm3zb6900m06 dgeMmgonm. 30b0dbymo dgxLodsdmogdn bob®Hgdym bo-
LOYOL dHoMYOES O oM 0ymM EIMZNEIOIMN 3MB3Mgb 96039MLOBHYIHDY 96 Lo-
LBogM 3MmgModnb dMEYMDBY. domgdymon 39w93900 dnogmnomyob, Mmad Lodyomm
b3Maab Jodoab 3gmLboL 933039MabH M0 EOLMPMYds ymzgmmmznb oM 6036s3L LYY
©030bm dnmdndnnbmznb 933035emabhHM BsYMROLL.

33m930b 993900 3073000090L, MM LoLBZEM 3MMMTYOL dmMmab dgyLodsdMm-
00 60MIMO396L gobommgdnb bobBgdab bHMIYJHMYm godmbB3930L. 60boMy M-
60bL 36039MLoBHHOL TMMbmM3690006 dgbodsdnbmodnb MyznMmagds Jabob 3Maghnlym
RamAmL domgdndonb 39MLyOdn dMbaMEBbymMo 3MEBNL boM3zgB90nb ngbbhoBnin-
M900LbM30L. doMydyMn nbxzmMmIsEns dgndmgds godmygbgdymm ngbgb TodOMOMN3z0
dmbLYABIYOgMN TMEYMY00LS o LAHYIOHYO0L LOgebTsbsMydMM FodMEEONENI-
0009 AMMZg0mM0 06N30IYsMIYM0 bobBozmm HMogdbhmmMngdab dgboddbgmoc. gob-
LogyMMgo0m 39ML3gJMH0mns bgmzbym nbhHgmgd®Hdg oxYdbxdIMN NIgbmbEHn-
3960 0bLbHMYTGbHgoab godmygbgods, MMIMgdnE 3MEB0L baM3zgdgonb dgxrsbydabLy
o 060n30y3myMo LobBogzmm dboMmEodgMmab d3hmMIohndoEnnlb dgbodmgdmmdLL
ndmg3s. 9b doEamdo sbg3g dgndmgds godmygbgdym 0gb9b Lbgs dombLLIgENENEM
©0obEndmnbyddn, MMAMydnz 9x3ndbgds BnboMmg STEM dmMaABoYOLD.

©0ox30606b900: 33¢M930 obbmMEngmEs domMmydnb BAU bogMmmodmmabm y6039Mmbo-
Oahob 33mg30mo gMmabhnb (ED 01-25) 30656byMo dbsmoodgMmom

Sustainable Cellulose Hydrogels as Soil

Amendments and Soilless Substrates

ALEKSANDRA MIKHAILIDI
BAU International University Batumi, PhD, Professor

KEYWORDS: cellulose hydrogel; waste paper; soil amendment;
soilless cultivation; sustainable agriculture

Cellulose-based hydrogels have attracted attention as sustainable alternatives to
synthetic superabsorbent polymers foragricultural applications because of their renewable
origin, biodegradability, and favorable water-retention properties. When incorporated into
soil, hydrogels improve water availability, soil structure and may also serve as carriers
for fertilizers and agrochemicals. This study aimed to develop cellulose hydrogels from
waste paper and evaluate physicochemical properties and agricultural performance in
comparison with a commercial polyacrylate hydrogel.
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Cellulose hydrogels were prepared by dissolving waste paper fibers in a DMAc/LICl
solvent system followed by regeneration in water. Their physicochemical properties were
characterized by equilibrium water capacity, drying behavior, morphology, mechanical
stability, soil biodegradation, and sorption of mineral fertilizer components. Agricultural
performance was evaluated under laboratory conditions using mustard, pea, and basil
cultivated in hydrogel-amended soil or directly on hydrogel substrates. A commercial
polyacrylate hydrogel was investigated as a reference material.

The regenerated cellulose hydrogels formed porous materials with high water-retention
capacity, mechanical stability, gradual water release, and the ability to sorb and partially
release components of complex mineral fertilizers. In laboratory cultivation experiments,
cellulose hydrogels improved water availability during soil drying, promoted seed
germination and biomass accumulation, and maintained plant survival under limited
irrigation. In addition, waste paper-derived cellulose hydrogels successfully functioned
as mechanically stable substrates for soilless cultivation, supporting seed germination
and plant growth without soil. In contrast, the commercial polyacrylate hydrogel lacked
structural stability for this application despite its high water absorption capacity.

The results demonstrate that cellulose hydrogels produced from waste paper
combine physicochemical properties with agricultural performance comparable to that
of a commercial synthetic hydrogel while offering advantages, including biodegradability,
renewable origin, and suitability for soilamendment and soilless cultivation. These findings
highlight the potential of waste paper valorization for the development of sustainable
functional materials for agriculture. The study was limited to laboratory cultivation of short-
cycle crops, and further investigation is required to evaluate the long-term performance of
cellulose hydrogels for plants with extended vegetation periods.

dpahopn 3gonamByhn 3nphmagoqon bnopognl
3mbpnynmbghgoop po nbnopogm Lyodbnhopgoop

JQa3LI6LMI ANbINCNLN
BAU boghmodmhobm 36039hb0BgB0 domydn, PhD, sShmagbmhao

LAI3336dM LONOY3IBN: 39YENMBYMO 30EMMZIM0; FogymobhyMo;
6000030L 3MboENMbgMmn; 3600OZM 3B N30M90;
dgMon bmaxmab 3g3Mmbgmos

BIMIMMBDIDY  ©oyydbgoyme 30EMMEamyon LW IBMHM 3D YIMIPEOIOSL
03ymmoL, mMmammz LobmgdyMa LY3gMAMLdbmJdgamn 3mandgMmgdalb TEaMowo
semhgmbohngs bmxymab dgymbgmodadn, domn gobobmgodon BomMAMImonL, domYg-
3Mo0Mx03mMOnbLY s Bymab 893039000 bganboyMmgmo 0300790900b godm. bnoogdn
d9(ob0bobL 3nMmggmgdn o335mOgLYOL Bymab bgmdnbeb3MAMOLLY S BNoognL
bHMYIHIML, dbY3g dgndmgds godmygbgoygm ngbgb LobyJgdabs o bb3s sgMmdn-
9030H900L FodHoMgdmMgde. 33930L d0Bb0 nym Tozgmodymob Loxzyxd3zgmdy 39-
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ymmdYM0 300Mmaggonb domyds o dsmn i30d03nM-Jndoymo 30Lg0900bs O
303Mmbmanymo g¥gdhHaMmonb JgRsbgds 3MIgmEom dmmasgmomahym 3oMmm-
30mMmob dgoMmyono.

BoymmdyMo 3nmMmmaggmgon domgdym ngdbs daggmobymab d0mg3mgdalb DMAc/
LiCl 3odbbbgm Lobhgdodo gabbboom s d9damadn MygzgbgMmagnnm Bysmdn. dsmon a3n-
v039M-4J0d0yMmo 030090900 F9RLES BMBSLEMMYMO Bymab dMbmgdnb 3ybsmab,
399mmonb 439300L, ImMxzmemmgnab, 3gdeboggmo bhsdnmymmodab, bnswagdn domYy-
3M0o300by o 3MA3mMgdbyma dnbgmomyma Lobygdgdab 3maA3mbyb®Hgdab bmMmozn-
0b d0bg300. 0gMmbmanymo 9xi33gHaMmds dgx3Lbs MedMmMsdmMmaoym 30Mmoyodn
domagnb, doMm@nbs o d3damMNlznL 3gmbn30Maxdabab, MmammE 3oEMmagmno dm-
©0x3nEnMydm bnowegdn, nby ydgemme 3nMmmagmab LHOLHMOHYODY. dgaMmy-
000m30b gadmyqgbgom ngbo 3MIgMEnn 3mennszMomabhymo 3oMmZgma.

M93969M0MydymMas  EgmMymdYMAs 3oMMagmgdds BoMIMJdbs xwmmmazabon
dmbmmoamymo dobomydn, MMAMygdnz godmamhgmos Bymab d9303900L Tomomo
360M0m, 3990b039M0 LHsONMMMOnm, Bymab MIbEIMIbMONMN gadmymxynm o
3Ma3dmagbymo dnbgmomyma LobLYJgdab 3MB3MBgbMHdNL LmMOENNLY o babnmo-
M030 ©abmMmOoEnab ybsMmam. madmMmatymmoym 30Mmdgddn AadoMmgdymads 33gbomy-
”o 3gmbhn3z0Mgdab 94b39M0TgbHgdas 0A3960, MMT 39YMMBYMTS 30MMZmxM9dds
390905mOgLy Byamab bymdnbobzEmIMos 60oognb gedmdmmonbsob, bygmo dgnbym
9LbanObL oMn3g03LY O OMTSLOL EOZMM350L o YJOMYb3gmMym T39bsMgms bogm-
gbaabyboMmnobmdab d960MAY6gos Tgdmyymo dmmbBy3zob 30Mmodgodn. oMy od0-
Lo, Bo39mohyMmab boxryxd3zgmdg Jomgdymo 3gmyMmdYMo JoMmMagmgdn BoMmTo®hg-
000 godmnygbgomeo, MmgmmE 39Jdobnznmo bAHodomyma ybnsagm bLOLHMHON,
MmImyonE 30MY639mymas Mgbanab gomnggdsbs o 33g6sMgms DML Bnowsgnb
39M9dg. v90bL LodnMmob3nmme, 3MIgME0YE 3mmoaszmaomodym 3nMmaggmb, dny-
bgo300 Bymnb dmsebmddnb domagnn y6sMmaby, oM goohbws smbndbymon godmyqba-
00Lbm30L bogdaMmabo bHMYIHIMYo bhHodomymmode.

000900 99093900 9396900, MM FogymahyMab boxydzamdg dnmgoymo (39-
MymMMdYM0 30MmMaamMgdn 3gMM0b50L bygemboymgm i300033M-Jnd0 M 0130L5090bLY
o 3M3gMmEz0m LbMyBYM J0EMMExMOMb JgEMYO3® v3MmMbMTNYM gx39JHYMM-
00D, 085LMO6039 BMMOL ToHx00m P30MdHaLbMOOL, o dmMab domEyaMenMa-
00MOBL, 3obsbmydoE B3MIMIMOSL S 39M3NLN3BMOSL MMgmME Bnoagnb 3Mbon-
3ombgMmado, by yb6nsagm Igmbnznmydab LYOLAHMIDYOs®. domydymo 993900
03LbHYMaOL ToggmodMmob mnmMydyE 3MMEIYJDHoE ZoMEoddbob 360d3690mM306
3mhgb3E0smb dgMamn bmazgnab d99Mbgmonbm30L gobiymzbommo 336430 dobo-
mgo0b dgbogddbgmo. 60600@gdaMy 33930 dgdmoqaMmams dmimg Lo3g39HdEM
39Momab 3gmbg 39mBMgoab modmMmaBmMmoygma 339300, s8ndmad bagnmms o-
95(h90000 3313900 FIWIWMMdYM0 30EMM3gmMgonb 3Mdymasnsbn 9BIJHIMm-
00L dgLoxsbydms yBMm babgmdmagn Lozgaadosnm 3gMomonb dgmby 339bsMgy-
00bm30b.
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From Anthraquinone Chemistry to Biotechnology:
Design, Functionalization, and Emerging
Biomedical Applications

TUNC CATAL

Department of Molecular Biology and Genetics, Biruni University, 34015,
Zeyinburnu, Istanbul, Tiirkiye

Biruni Advanced Technology Application and Research Center (BAMER), Advanced
Molecular Systems and Biotechnology Laboratory, Biruni University, 34015,
Zeyinburnu, Istanbul, Tiirkiye

E-mail: tcatal@biruni.edu.tr

Anthraquinone-based compounds have attracted considerable attention owing to
their diverse physicochemical characteristics and broad potential in biotechnology and
biomedical sciences. This keynote presentation provides an overview of our recent research
on the design, synthesis, characterization, and application of functional anthraquinone
derivatives developed for analytical, biological, and biomedical purposes. The presented
studiesdemonstrate howstructural modification oftheanthraquinone scaffold cangenerate
molecules with distinct functional properties suitable for tissue imaging, chemiluminescent
systems, enzyme modulation, and cellular applications. Particular emphasis is placed on
the relationship between molecular structure and biological performance, highlighting how
rational molecular design contributes to the development of multifunctional compounds
with improved analytical sensitivity and biological activity. The integration of synthetic
chemistry with spectroscopic characterization, computational analyses, biochemical
assays, and cell-based experiments has provided valuable insights into the potential of
anthraquinone derivatives as versatile molecular platforms. These investigations illustrate
the expanding role of functional small molecules in addressing current challenges in
diagnostics, bioanalysis, and biomedical research. Finally, future perspectives on the
development of next-generation anthraquinone-based materials for sensing, imaging, and
therapeutic applications will be discussed, emphasizing interdisciplinary approaches that
combine chemistry, molecular biology, and biotechnology.

wodlews@yleay wny wayd
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Therapeutic Potential of Black Sea Brine
in Peripheral Nerve Disorders

LILIYA PANAYOTOVA-OVCHAROVA?, DETELINA NEDYALKOVA-PETKOVA’,
EVGENIYA VLADEVA', MARIYA IVANOVA?,

PETAR PETKOV? GEORGI BOSHEV*

" Department of Physiotherapy, Rehabilitation and Thalassotherapy, Medical
University of Varna; Clinic of Physiotherapy and Rehabilitation, University Hospital
“St. Marina” - Varna, Bulgaria; L.Panayotova@mu-varna.bg;

2 Faculty of Pharmacy, Medical University of Varna, Bulgaria;

3 Department of Orthopaedics and Traumatology,

Medical University of Varna, Bulgaria;

“ Department of Neurosurgery and ENT, Medical University of Varna, Bulgaria;

KEYWORDS: Black Sea brine; peripheral neuropathy; balneotherapy;
iontophoresis; rehabilitation medicine

Peripheral nerve disorders and polyneuropathies represent a significant clinical chal-
lenge due to chronic pain, sensory impairment, motor dysfunction, and reduced quality of
life. Current therapeutic approaches are often limited to symptomatic management and
rehabilitation strategies aimed at improving functional recovery and reducing disability.

Black Sea brine, traditionally used in Bulgarian balneological and rehabilitation prac-
tice, is a highly mineralized natural product rich in magnesium, chloride, sulfate, calcium,
potassium, and biologically active trace elements. Owing to its physicochemical proper-
ties, Black Sea brine has been applied in physical medicine and rehabilitation through
baths, compresses, local applications, and iontophoresis procedures.

The present work explores the therapeutic potential of Black Sea brine in peripheral
nerve disorders from both clinical and translational perspectives. The proposed mech-
anisms of action include improvement of microcirculation, modulation of inflammatory
processes, reduction of muscle spasm, enhancement of neuromuscular function, and sup-
port of peripheral nerve recovery. Particular attention is directed toward the role of mag-
nesium-rich mineral environments in neuromodulation and neurorehabilitation.

Clinical observations from rehabilitation practice at the Clinic of Physiotherapy and
Rehabilitation, University Hospital “St. Marina” - Varna, affiliated with the Medical Univer-
sity of Varna, indicate favorable effects of Black Sea brine-based procedures in patients
with peripheral neuropathies and chronic peripheral nerve dysfunction. Therapeutic pro-
tocols include balneotherapy, compress therapy, and iontophoresis with Black Sea brine
as part of comprehensive rehabilitation programs. Improvements have been observed in
pain intensity, functional status, patient-reported quality of life, and electrophysiological
parameters during rehabilitation follow-up.

Despite encouraging regional clinical experience and growing scientific interest in nat-
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ural therapeutic resources, high-quality controlled clinical studies remain limited. Further
translational and clinical research is needed to establish standardized treatment proto-
cols, clarify mechanisms of action, and evaluate long-term therapeutic efficacy in periph-
eral nerve disorders.

Integrated Design and Discovery of Isoxazole,
Indole-Acrylamide, and Pyrazole Scaffolds as
Selective COX-2 Inhibitors and Dual-Action
Anticancer Agents: A Molecular Modeling Guided
Approach

MOHAMMED HAWASH™, MURAD ABU-ALHASAN',

SULTAN NACAK BAYTAS? PAULINA MARIA DOMINIAK?

"Department of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy,
AnNajah National University, Nablus 00433, Palestine

2Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Gazi University,
AnRara 06330, Turkey

3 Biological and Chemical Research Centre, Faculty of Chemistry, University of
Warsaw, ul. Zwirki i Wigury 101, 02-089 Warsaw, Poland

" E-mail: mohawash@najah.edu

KEYWORDS: COX2; Cancer; MicroED; Synthesis; Molecular docking

Cyclooxygenase-2 (COX-2) is a critical enzyme that bridges chronic inflammation and
carcinogenesis. Selective inhibition of COX-2 remains a premier strategy for developing safer
anti-inflammatory drugs and potent chemopreventive agents. This study merges findings
from three distinct series of novel heterocyclic derivatives: isoxazole-carboxamides,
indole-acrylamides, and trifluoromethyl-pyrazole-carboxamides. Using molecular
modeling as a framework, we rationalized binding orientations and chemical reactivity.
Advanced structural characterization was achieved via Microcrystal Electron Diffraction
(MicroED) to confirm 3D atomic connectivity. High-potency leads were identified across
all scaffolds. The isoxazole analog MYM4 exhibited selective COX-2 inhibition (1C50 = 0.247
uM) and disrupted 3D HelLa/Hep3B tumor spheroid formation. The indole-acrylamide 6a
demonstrated nanomolar potency (1C50 = 128 pM) with an exceptional selectivity index (SI)
of 352. Trifluoromethyl-pyrazole derivatives (e.g., 3g) showed strong selectivity (SI = 1.68)
and favorable ADMET profiles. Molecular docking confirmed that these leads optimally
occupy the COX-2 secondary binding pocket, forming key interactions with Arg513 and His90.

wodlews@yleay wny wayd
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The synergy between computational modeling and structural validation (MicroED) allowed
for the precise optimization of heterocyclic scaffolds. These leads represent promising
candidates for clinical translation in the treatment of inflammation-driven malignancies.

Characterization of Volatile Compounds
and Evaluation of Antibacterial, Antifungal,
and Cytotoxic Properties of Stachys palaestina

from Palestine

NIDAL JARADAT
Department of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy,
AnNajah National University, Nablus 00433, Palestine

KEYWORDS: Antibacterial; Antifungal; cancer; Stachys palaestina; Palestine

Traditional medicine uses various Stachys species to enhance athletes’ performance and
treat injuries, tumors, asthma, skin inflammations, stress, and gastrointestinal disorders.
The present study’s purpose was to identify Stachys palaestina volatile oil (VO) components
and assess its antimicrobial and cytotoxic properties. Gas chromatography-mass spectrom-
etry (GC-MS) analyses identified 26 compounds representing 100% of the total oil. Limonene
(30.33%), a-pinene (22.32%), and neryl acetate (13.73%) were the major oil components and
comprised of hydrocarbon monoterpene (69.83%) and oxygenated monoterpenoid (28.54%).
The VO exhibited moderate cytotoxic effects on the tested tumor cell lines, while demon-
strating no harmful effects on normal LX-2 cells. Furthermore, it effectively suppressed the
growth of CaCo-2, HelLa, MCF-7, HepG2, Hep3B, B16F1, and LX-2 cells by 9919%, 99.27%, 99.13%,
99.74%, 95.32%, 99.22%, and 99.46%, respectively. Moreover, the VO demonstrated a potent
effect against methicillin-resistant Staphylococcus aureus (MRSA) (MIC=0.33+01 pL/mL)
and showed effective antimicrobial activity against Proteus vulgaris (MIC=10+3.6 uL/mL).
Interestingly, the VO showed a MIC value of 0.2 uL/mL against the Candida albicans isolate.
In conclusion, the extracted VO showed mild cytotoxic effects, promising antibacterial and
antifungal effects, especially against MRSA, P. vulgaris, and C. albicans. Further, in vivo re-
search and clinical trials are needed to validate the safety and efficacy of S. palaestina VO
for potential therapeutic applications and to develop practical applications in medicine and
healthcare.
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A High-Performance Liquid Chromatography
Method for Simultaneous Analysis of Naringin,
Ascorbic Acid, and Caffeine: Design, Development,
and Validation

MURAD ABUALHASAN', MOHAMMAD MOUSA', HITAF IZHIMAN",

MALAK ALKHATIB', IBAA AGHBAR'
"Department of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy,
AnNajah National University, Nablus 00433, Palestine

KEYWORDS: HPLC; ascorbic acid; caffeine; naringin; Validation

Thesimultaneous quantification of ascorbicacid, caffeine,and naringin is of significant
interest due to their potential therapeutic applications, particularly in the prevention
and management of colorectal cancer. While numerous HPLC methods exist for the
individual determination of each compound, our method stands out for its reliability in
addressing all three compounds in a single analytical run. This study aimed to develop
and validate a robust reverse-phase HPLC method for the simultaneous analysis of
these compounds in accordance with ICH Q2(R1) and USP guidelines. A robust reverse-
phase high-performance liquid chromatography (RP-HPLC) method was developed and
validated for the simultaneous determination of ascorbic acid, caffeine, and naringin in
the concentration range of 7.813-125 ug/mL. Chromatographic separation was achieved
on a Symmetry Shield RP-18 column (250 x 4.6 mm, 5 um) using an isocratic mobile phase
of 75% phosphate buffer (pH 3.5) and 25% acetonitrile at a flow rate of 1TmL/min, with
detection at 220 nm. Method validation confirmed specificity, selectivity, and excellent
linearity (R2 > 0.9981). Precision testing showed RSD% values well below 2% for both
intraday and interday analyses. Accuracy studies demonstrated mean recoveries within
the range of 98%-102% (ascorbic acid: 100.05%, caffeine: 100.33%, and naringin: 100.47%).
Robustness testing indicated that small deliberate changes in the flow rate and pH had
no significant effect on retention times (RSD%<0.71%). System suitability parameters,
including tailing factor (<1.38), theoretical plates (>2000), and resolution (>3.2), met
the acceptance criteria. The developed method is reliable, reproducible, and suitable
for routine quality control applications that require the synchronized quantification of
these three bioactive compounds.

wodlews@yleay wny wayd
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Hydrochemical Characterization and
Balneological Potential of Thermal and Mineral
Waters from the Masalli Region of Azerbaijan

ELCHIN ALIYEV* SHAMSIYA QARAYEVA, AYTA] KAZIMOVA
Azerbaijan State Water Resources Agency, Central Laboratory

*elchin.alivev@agm.az

KEYWORDS: thermal waters; Masalli; hydrochemistry;
trace metals; balneology

The Masalli region of southern Azerbaijan is characterized by diverse hydrothermal
resources that have long been associated with recreational and therapeutic applications.
Thisstudy presentsthe hydrochemical characterization of several mineraland thermalwater
sources located in the Masalli district, including the Arkivan, Turkoba, Rudakenar, Qoma,
and Mammadoba areas. The objective of the research was to evaluate the physicochemical
composition, mineralization level, trace metal content, and balneological suitability of
these waters for potential medical, recreational, and environmental applications.

Water samples were analyzed according to internationally recognized analytical
standards, including EPA, ASTM, ISO, and Standard Methods protocols. The investigated
parameters included temperature, total dissolved solids (TDS), major cations and anions,
hydrogen sulfide, bicarbonates, sulfates, chlorides, sodium, calcium, magnesium, boron,
bromide, fluoride, and selected trace metals.

The results demonstrated significant hydrochemical variability among the studied
springs. Water temperatures ranged from 11°C to 30°C, indicating the presence of both
cold mineral waters and weakly thermal waters. Several sources exhibited elevated
mineralization levels, with total dissolved solids reaching up to 10,800 mg/L. Sodium and
chloride concentrations were particularly high in selected thermal springs, where sodium
exceeded 3,800 mg/L and chloride surpassed 6,000 mg/L. Hydrogen sulfide concentrations
ranged between approximately 9.7 and 11.4 mg/L, confirming the sulfur-rich nature of
several springs and supporting their traditional therapeutic use. Elevated calcium and
bicarbonate contents in some waters indicate favorable characteristics for balneological
and rehabilitation purposes.

Trace metal analysis revealed generally low concentrations of potentially toxic
elements, indicating acceptable hydrochemical quality of the investigated waters. Iron
and manganese were detected in moderate amounts in several samples, reflecting natural
water-rock interaction processes typical for geothermal systems. Trace quantities of
elements such as lithium, boron, and strontium were also identified, which may contribute
to the therapeutic properties of the mineral waters. The concentrations of heavy metals
remained below internationally accepted guideline values for mineral and therapeutic
waters, suggesting that the studied springs are environmentally safe for controlled
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recreational and balneological use.

The hydrochemical profiles suggest that the Masalli thermal waters belong
predominantly to sodium-chloride and sulfide-containing hydrochemical types. Their
mineral composition demonstrates potential for application in balneology, rehabilitation
medicine, wellness tourism, and therapeutic spa development. In addition, the obtained
data contribute to the sustainable assessment and management of regional groundwater
resources.

The study highlights the importance of continued multidisciplinary investigation
of Azerbaijan’s thermal water resources in the context of public health, environmental

chemistry, and resort medicine.

Therapeutic potential of natural mineral waters

MATANAT AFANDIYEVA

Doctor of Medical Sciences

Expert of the Supreme Attestation Comission Under the President
of the Republic of Azerbaijan

KEYWORDS: mineral water; balneotherapy; diseases of gastrointestinal tract

Increased number of diseases, especially growth of particular weight of severe forms
of diseases creates the necessity of pharmacological substances’ wider use.

Despite achievements of pharmacotherapy, modern medicines may also cause side-ef-
fects. Increase in liver, kidney and intestinal tract morbidity rate resulting from taking
medication is @ matter of big concern.

Use of non-medicine treatment methods as monotherapy or their implementation into
a complex therapy allows decrease of medicine load impact on human body.

Balneotherapy is considered as one of such methods. The mainstay of balneotherapy
is an external and internal use of mineral waters. Medical mineral waters are characterized
either by high content of mineral and organic compounds and gases or by special physical
properties (radioactivity, pH, temperature and etc.). Mineral waters are used externally as
general and local baths, spinal traction in water, swimming in a pool.

Internal use of mineral water is an integral part of balneotherapy (drinking, gastric
lavage, duodenal drainage, intestinal lavage).

Natural mineral waters have been purposefully studied and are sustainably used in
practice. Nowadays, drinking mineral waters are effectively used for treatment of diseases
of diseases of gastrointestinal tract, kidneys, diabetes mellitus.

Pathogenetic justification of mineral water drinking course of various content used
as monotherapy in treatment of chronic gastritis, peptic ulcer and 12 duodenal ulcer in
remission, non-erosive reflux disease, functional diseases of gastrointestinal tract, as well
as in complex health resort treatment of diabetes mellitus, metabolic disorders is proved.

wodlews@yleay wny wayd
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Depending on mineralization degree, drinking mineral waters affect production of gas-
trointestinal and pancreatic hormones, functional state of gall bladder, indicators of lipid
and carbohydrate metabolism.

Course reception of mineral waters may be used in health resort conditions, in medical
rehabilitation as well as for prophylactic purposes and in wellness programs.

Natural Therapeutic Mineral Waters of Karabakh

RENA MUSAYEVA
Baku State University, Scientific Research Institute of Medical Rehabilitation,
Higher Education Graduate, PhD in Chemistry, Head of Department

GULAR ALIYEVA
Azerbaijan State Oil and Industry University, Scientific Research Institute of Medical
Rehabilitation, Higher Education Graduate, Junior Researcher

KEYWORDS: Great Return Program; Karabakh; mineral waters; Istisu;
Turshsu; balneology; therapeutic resources

Karabakh is one of the regions of Azerbaijan rich in natural resources and is also abun-
dant in natural mineral water reserves distinguished by their therapeutic properties. The
region’s complex geological structure, volcanic rock formations, mountainous terrain, and
favorable climatic conditions have created suitable conditions for the formation of min-
eral waters with diverse chemical compositions. For centuries, the mineral waters of Kara-
bakh have been widely used in folk medicine and balneological treatments and have been
regarded as valuable natural therapeutic resources for human health.

The mineral springs located in Karabakh, including Upper Istisu, Lower Istisu, Baghir-
sag, Turshsu, Shirlan, Tutgun, and others, differ both in their chemical composition and
therapeutic characteristics. These waters are rich in bicarbonate, sulfate, magnesium, so-
dium, and calcium ions. According to scientific studies, these mineral waters are widely
used in the treatment of diseases of the digestive system, liver and biliary tract disorders,
metabolic dysfunctions, nervous system diseases, gynecological conditions, skin diseases,
and musculoskeletal disorders.

One of the main advantages of Karabakh’s mineral waters is their high ecological pu-
rity. The location of these mineral springs in mountainous areas far from industrial pollu-
tion allows them to preserve their natural properties and biological activity. In addition,
the region’s clean air, rich flora and fauna, favorable climate, and natural landscapes have
a positive effect on the health of people undergoing treatment. These factors create sig-
nificant potential for Karabakh to become one of the internationally important centers of
balneological treatment and health tourism in the future.

Currently, within the framework of the reconstruction and restoration activities carried
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out in the Karabakh region, important steps are being taken to revive the region’s ancient
therapeutic and balneological traditions. Historically, Karabakh was recognized as a san-
atorium-resort area, and mineral springs such as Istisu and Turshsu were widely used for
therapeutic purposes. Today, as a result of state-level initiatives, significant projects are
being implemented to restore the operation of these treatment centers and to establish
modern health and tourism complexes that meet contemporary standards.

Within the framework of the “Great Return Program,” alongside the restoration of in-
frastructure, construction of new roads, and development of energy and communication
systems in the region, the reconstruction of mineral water deposits and sanatorium com-
plexes is also considered one of the priority directions. These measures create broad op-
portunities for Karabakh to become not only historically but also presently one of Azer-
baijan’s major centers of medical and health tourism. The scientific study and efficient
utilization of mineral water resources are of great importance both for public health and
for the economic development of the region. Therefore, the protection and internation-
al promotion of Karabakh’s natural therapeutic mineral waters remain among the most
pressing contemporary issues.

Persistently Elevated Vitamin Bl2:
A Missed Diagnostic Opportunity?

NAMEERA PARVEEN SHAIKH"?, ALEENA PARVEEN SHAIKH?,

TAMAR PESHKOVA?, IRINA NAKASHIDZE?
"School of Occupational and Public Health,
Toronto Metropolitan University, ON, Canada.

2 Faculty of Natural Sciences and Health Care,
Batumi Shota Rustaveli State University, Georgia.

Keywords: Vitamin B12; Hypercobalaminemia; Gastrointestinal
Stromal Tumour; Cancer Biomarker; Diagnostic Challenge

Background: Vitamin B12 testing is primarily performed to identify deficiency; however,
persistently elevated serum vitamin B12 levels in patients not receiving supplementation
are uncommon and may indicate underlying pathology. Emerging evidence suggests that
unexplained hypercobalaminemia is associated with solid and hematological malignan-
cies, although its diagnostic significance remains underrecognized. This study describes a
patient with persistently elevated vitamin B12 levels that led to the diagnosis of a gastro-
intestinal stromal tumour (GIST).

Methods: We conducted a retrospective analysis of the clinical records of a 71-year-
old female presenting with persistently elevated serum vitamin B12 levels (19,717 pg/mL;

wodlews@yleay wny wayd
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reference range: 173-700 pg/mL) despite no history of vitamin B12 supplementation. Clin-
ical assessment, laboratory investigations, imaging, endoscopic findings, histopathology,
treatment, and follow-up data were reviewed. Relevant literature was examined to place
the findings within the context of current evidence.

Results: The patient had a history of type 2 diabetes, autoimmune thyroid disease,
and mild iron deficiency anemia. Gastroenterological evaluation identified a gastroin-
testinal stromal tumour (GIST), confirmed by positive immunohistochemical staining for
CD117, CD34, and CD56. Following tumour resection and partial gastrectomy, vitamin B12
abnormalities persisted alongside hyperhomocysteinemia, despite normal liver and kid-
ney function. The patient subsequently received adjuvant imatinib therapy. Current liter-
ature demonstrates that persistent hypercobalaminemia is associated with an increased
risk of several solid malignancies and may reflect tumour-related alterations in vitamin
B12 transport proteins or metabolism.

Conclusion: Persistent elevation of serum vitamin B12 in the absence of supplementa-
tion should not be dismissed as an incidental laboratory finding. This case highlights the
importance of considering occult malignancy in the differential diagnosis of unexplained
hypercobalaminemia and supports further investigation into vitamin B12 as a potential
biomarker for earlier cancer detection.

Vitamin D Status in Diabetes Mellitus: Emerging
Evidence on Glucose Homeostasis, Insulin

Resistance, and Clinical Implications

AHISHTAN FEBRIAN NISHANTHAN
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Diabetes mellitus and vitamin D deficiency are two rising and converging global health
challenges with increasingly recognized shared pathophysiological pathways. Beyond its
physiological role in calcium and phosphate homeostasis, Vitamin D exerts pleiotropic ef-
fects on glucose metabolism, insulin signaling and immune regulation with the help of the
Vitamin D receptor (VDR), expressed in pancreatic B-cells, skeletal muscle, adipose tissue,
and immune cells.

Objective: Synthesize the current mechanistic, observational, and interventional
evidence on the relationship between vitamin D status and both type 1 (T1DM) and type 2
diabetes mellitus (T2DM).

Methodology: A clinical comparative analysis was conducted involving 20 participants:
10 individuals diagnosed with diabetes mellitus and 10 with no diabetes mellitus. Serum
25-hydorxyvitamin D levels, fasting blood glucose, HbA1c, and insulin sensitivity indices
were assessed and compared within groups. Findings were interpreted alongside a struc-
tured literature review of mechanistic, observational, and interventional studies.

Results and Discussion: 1, 25(OH)2D3 enhances glucose stimulated insulin secretion
through voltage-gated L-type calcium channels and calbindin-D28k, which upregulates the
insulin receptor and GLUT-4 expression, and promotes regulatory T-cell tolerance that is
importantly relevant to Type 1 Diabetes Mellitus autoimmunity. Observational data con-
sistently demonstrates an inverse relationship between serum 25(0H)D and risk of Dia-
betes; VDR polymorphisms (Fokl, Bsml, Apal Taql) further exacerbate T1DM susceptibility.
Interventional evidence from larger randomized trials indicates a significant reduction in
progression from prediabetes to type 2 diabetes mellitus with consistent Vitamin D sup-
plementation, with vast improvement seen among vitamin D-deficient, obese, or poorly
controlled individuals.

Conclusion: Vitamin D status in Diabetes Mellitus patients is a clinically meaningful,
measurable, and modifiable determinant of glucose homeostasis and diabetes risk.
Routine vitamin D assessment and supplementation represent a low-cost, evidence-based
adjunct to standard diabetes management.
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Micronuclei and Other Nuclear Anomalies
in Urothelial Cells of Patients
with Type 1 Diabetes Mellitus
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Chronic hyperglycemia in type 1 diabetes mellitus (T1DM) is associated with oxidative
stress and genomic instability. Although increased micronucleus (MN) frequencies have
been reported in lymphocytes and buccal epithelial cells of diabetic patients, data on
urothelial epithelial cells remain scarce.

This study evaluated MN frequency and other nuclear anomalies in urothelial cells
of women with TIDM. Twenty women with TIDM and 22 healthy female controls were in-
cluded. Second-void urine samples were collected, and cell suspensions were prepared
and dropped onto microscope slides. Cells were then fixed and stained using the Feulgen
method. MN and other nuclear anomalies were scored according to the established MN
cytome assay criteria. One thousand cells were scored per subject.

Patients with TIDM had significantly fewer analyzable cells than controls (p < 0.01) and
exhibited higher frequencies of several nuclear anomalies. Nuclear buds were significantly
increased (3.2-fold), and condensed chromatin, karyorrhexis, and karyolysis were also el-
evated, indicating increased cytotoxicity. However, the frequencies of MN and binucleated
cells showed only modest, non-significant increases. The frequency of basal cells in pa-
tients did not differ from that of healthy controls.

Urothelial cells from women with TIDM exhibit increased nuclear abnormalities, sug-
gesting elevated genomic instability and cytotoxic stress. The urothelial MN cytome assay
may therefore serve as a useful non-invasive biomonitoring tool in diabetes.

The study was supported by the Science Committee of Repablic Armenia, in the frames
of the research project N2 21T-3A319.
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adhpadogonn hggdmmhyan 3mmpqbgnyhn
Ohbgon m3n3nanbo po Jo3npnb dqghdbgonbol

dJdmMJIo Bo3IMIAAN, 3dNJ BI3IMILN
03969 69hnBod3000b 99b39h08768700 damdgeniEnbnb 3968hn, Mmdnonbo,
bogohmzgom

LAI3336dM LOGOY3IBN: DENZgxBNY; deNMENBbNY; 3037MOM3zgBNY;
6m30E9330Y; 3MyMobhmEa3Ens

303000 O Joz0mn 6oMIMO3g696 gobLbze3909mM, MMMby o JLosdmzbm dg-
3Mdbg090L, MMAMydn3 30300009096 Jbmznmgdab Mgamym o6 3MHYbE30YM OBNS-
6900%9. d0bgoz300 0dnbs, MMA3 MM039 3uobbdmoL bynmMmbymo 6Mgqdnb sgHngze-
30sL, oo gndommmanymn 39706003500 gobbbzezqgdmny: H30300 3330070
Lgobgsdm bogbsmny, MMIgm0E 0163930 33 MJadEng0L, Bodnb MMEaLLE Jogznmo
domMomoo© 063930 i3bobob byMznmb. 83 dgdmbzgzedn gobobomgds doMomoEo©
mmMon, 30bhHed0byMaIM0 s 3Md3nbHdnbgMmgyma Jogznmoa. 3gMaggmoym MyEa3dHm-
M90%g dndommymo dh303699m0 36 Jogzomab godmadb3zg3n bHNIYmoEns 06393L bm-
30393MhMo LNgbosNBENOL 3oL3oEL dMBazama bmAshmbgbbmMmymo gdgdnm, Mo
3930b60300L 3693L M30L H30600 LodMEMMM ZoddMHO0LM3NL, MOE godmnbodnods
bAHNTYOL MIsNBIENd0, NbHgM3MYHEN3n, IMEIYMNMYO3LY S FobDY bomobo-
©om Myagnmgdsdo.

OM36doGmMmyma  (gsMmsdszsamn) Mg3g3hmMymo  3mbgbgnomab (Transient
Receptor Potential, TRP) sMbgdab bydgmmgabo BomIMsggbb sMsbgangdoym 3omo-
m6900L (doMmomsEom 6shmnydnb s 3sanEnydab) gedhsm sMbgob s dmbsBomgm-
096 domamgnymo i3nbgdEngonb dMmogamagmm3zsb L3gghHMmAn, Mol Tom MgMadnymn
LOdyomMYd900b 300BN3gm LOFNBOgE 0§393L. TRP 3Mbgd0 vMggzxmM0MYd96 AMozom
396943000, o0 dmMab LybLbMmMmy sgdsb, H3030ML S Jogomb, 03360hgHL, Log-
dmab dmbgmgdsb, LdLN3zb L, DMS-gob3000MxdsL, s dLY3g AsMMPmo 3MNSb 3Y-
o-bobbmdommgmes, 3Mmamgagnym o bgmzymo bobhgdgdab dmgdggodsdn. oMo
0030y, 9L Eno-0MbYd0 BoMOIME 3MNob BaMIMEagbnmoa bbzoobbgs Jbmzomab
0900M06903d0 s Bomn 3YHdENg00 30bndbgds bbgaabbzs 3ommmmgngdab MMD,
MHmammgonEes 8993300M9MON00 ©8300J0500 o IMazoman bb3s sMbodomngodo.
TRP 5630006 1 (TRPAT) sfMab 3omEnydab gsdgomo sMmbo, MmIgmog 0sboggbdmg-
boMgodymos TRPV1-ab gadmabohzgmo bmEnEgddamo bgmagma dmgizmgdab hgmdo-
Boamgobo o 9994ob6mbabLodHyMn C-0Mg3mMadnb EabhHomyMm EodMMMydgddn, Mo
bgmb ybymob 33036930 Logboggdab HMObLEYJENoL. TRPAT sfmbo godmamAg-
30 oMy30LbHdnbgMmaymn Jogznmobs o bogngob dndsMmm 3039MAZMIbMOgETMmMdNO.
Lb3oELb3s godomndNsbgdgmon Jondoymo bngzmnyMyd9d0 o JumznmMgdab EodNsby-
000L 39509390 saM3969507m™M0 16EM3gbyMa 3MmMIJHadn so0gHnyMmgdgb TRPAT sMbb.
dom dmMmabos dmagngmomo babgmgdmab, dogomoma, @sMnAnbab, dmaznb Bgmab,
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3000000 30306hM0 Bogmmgodn, sby3g Jmmmmgabo, sgmmmmgnbo, gmmAsmnba, 3o-
6000bmoydn @ Lb3.

TRP 3060mmogymo 1(TRPV1) 50939 BoM3mMaagbb sMmabgangdsoym ombym sfmbb, Mm-
990 9gJH0mMads 303LonENboMS O HYd3gMaMMam. ngn 86n0d369mm38600 LYBLM-
Mymo bgnMmmbgonb bmEnEgddmmyma C-0mg3mgonbmznb s AsMaymos BH3nznmabs
o Jogznmab gdgddn. smbndbymn 30mmmz3sb0 sMmbo 3obommoymo Jzgmzabob bym
30M39mo smdmhAgboma 693Mns, MMIIMNE EIEILAHYMYOYMLE 8303d0M90L (H3030-
a0bs ©s Jo30mab 393Md69090L o 88Y6s© BaMIMagbL h3n30amab (sanggdoymn)
©s Jo30mab (3MmyMahmggbyann) bogbsangdab yhadHmMmMmL. sdMm0gsw, MMn3g sMmba do-
RBgym0s (h3030mMabs s Joz0amab 3n8B0E3g MgMa3nm (s65magd0ym) bLydnd6g .

Transient Receptor Potential Channels in Pain and Itch

MERAB TSAGARELI, MAIA TSAGARELI
Ivane Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia

KEYWORDS: algesia; allodynia; hyperalgesia; nociception; pruriception

Pain and itch (pruritus) are distinct, complex sensory and unpleasant sensations that
indicate actual or potential tissue damage. While both involve neural network activation,
their physiological mechanisms differ: pain is a necessary alert to a harmful signal that
sets off protective responses, whereas itch mainly provokes the desire to scratch. For
pruritus, the general discourse mainly deals with histaminergic and nonhistaminergic
itch. Painful or itching stimulation applied to the peripheral receptors evokes a cascade
of nociceptive signaling in ascending somatosensory pathways, which culminate in a
distributed multidimensional brain representation that is required to localize, interpret,
modulate, and appropriately respond to the stimulus.

Transient Receptor Potential (TRP) channel superfamily is distinct in that these
channels are nonselective for cations (mainly for sodium and calcium) and are involved
in a diverse array of biological functions, making them attractive targets for therapeutics.
TRP channels regulate many functions, among them sensory perception, pain and itch,
immunity, digestion, cancer, development, urological, cardiovascular, and nervous systems.
Moreover, these channels are widely distributed in various tissue membranes, and TRP
channel mutations are observed in several different diseases, such as hereditary diseases
and many other TRP channelopathies. TRP ankyrin 1 (TRPA1) is a calcium-permeable
channel that is co-expressed on a subpopulation of TRPV1-expressing nociceptive nerve
fibers’ terminals and distal endings of mechanosensitive C-fibers, contributing to the
transduction of noxious signals. This channel is considered to detect non-histaminergic
itch and cold hypersensitivity (noxious cold). Various irritant chemicals and endogenous
products of tissue injury activate TRPA1. Among them are pungent compounds in some
spices such as cinnamon, mustard oil, wasabi, as well as chloroquine, acrolein, formalin,

33



July 23-24, 2026 CHEMISTRY AND HUMAN HEALTH

cannabinoids, and various reactive oxygen, nitrogen, and carbonyl species.

TRP vanilloid 1 (TRPV1) is also a nonselective ion channel activated by capsaicin and
heat, and is a prominent nociceptor in C-fiber sensory neurons involved in pain and itch
pathways. It has become the first family member with a postulated and subsequently
verified link to pain and itch, with increasing evidence that considers this protein receptor
as a hub for algesic and pruritogenic signals. Both channels are attractive therapeutic
targets in pain and itch.

TRPA1 5Abnb Ampn mghdyn 3ndghopgqdnobo
po dq90bn3nh dpmpnbnodn

0320369 6MHIdI, 8JA63D LIME3INY,

33JQ060MJY 3023346N033NCN, 09MI6 BI3IMIALN)
330300000 00 0600399000b eodMmhoBmhno, n3. dghngod3zn00b 99b39h0d968900
00m3dgen3nbnb 3968hn, mdnonb, bogohm3gom

3m0bogzgmo mzamboedmabom H3nzoma BoMIMowaggbLb 360d3690mmM306 LodgwnEon-
bm 3MmMOmdsb. H3n30mab dggmdbgdsb smngd30396 L3gENoMNdYdYMO MgEg3dhmMa-
00 (6mEnEg3hmMmgodn), MMImMgdnE s8maEbmodgb, 3oMsagdb0s6 s gosbEgdgb bogbos-
™g0ob 396hMogmyMm BgM3ya LobLHYTsL. goMEadozamn MyEg3HmMmymoa 3m@HgbEnomab
(TRP) sfmbgonb, MmammE 30mm3s60 MgEg3hmmyonl, ngbhnxnEnmMgdsd sbsana gMs
d994abs H3n3n0mab d93mMdbgdalb dmmgzymymo 399ob0dB0b goM33g30d0. nbnbo Bo-
MIMoag696 300m0MmbB900L godhoMmn sMbydab Gommm 333x8L, MmImgdn3 86008369-
™m306 LaLNEbsM BYOJENSL sLMYMx0gb gMdbmMmosms MMgabmaodn. oMy vdnby,
omb0dbymo oMmbgdn Ambobogmgmdgb IMagz30mn od33wJ00bL gobznmamgdado.

A3960 33em930L 30B6L 35003906 TRPAT 5MbBY 0g3mbaLHgO0LS O 8bH3gMbabHg-
00b 998399H900b J3g3000 dgbBszms gmam-gMmma 3bmdnma bsdab msg3gddan (C57BL/6).
A396 omzMmogbogzmom mgmadye bmEnzgddam LHNTYMYddY Mmamab IMmEzomgdab Go-
My 3g9Momebs o 3970603900 @abmmab dyMOML, oMmahnbob smEaydnob
(CA), doma30b Dgmnb doMoms@n Jodoyma 3MA3mbgbhab sanam ndmMmonmMEnsbshnby
(AITC) o TRPAT sfMbab s6hogmbabinb (HC-030031) 993mJdgwadsdg dsmn hgMmxagd393s
06993000 8909350.

03mbabhgo0L, AITC-0b o CA 39Y30600 110339000 33060 MomBn godmnbzne gMmay-
o ImEnmgonob Mazmgqbob MoMgbhmdnbs s dggdobagymo dDOyMOMAL LoMBTIYOomM
090300900, Mo3 603603L LomOyMo 3039MoazadNNL s 394ob03xMmo senmenboob
39630m3M7d0L. TRPAT sMmbab s6hogmbobdnm HC-030031-0m 606sLESMTS 060973000
9600369mm3600 dg0330MS 0gMbabHYO0m godmbzgymo 3039Mamaggdnnb bonEY o
bobgMdmn3gmas. 38M0gs®, EOELAHYM®S TRPAT sMbab AsMogemmods h3ngznmob smdm-
396900Ls O IMEYMLENSd0.
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9009030 390093900 80700009096, MM Jobanmgb dmdogzomdn dgbodmgdgamo gob-
3900 bMYMOosE sbama Ho3nb sbsmagghnzgdob bobmgdo, MMIMydoz 3oMEsdnm To-
domoymo 04690006 TRP sMbgdab demmznmgdnbizgb, Mams 8nbndydsdwg dgdnMmogb
HMaoEngmo 360mMazghn3g00bmznb odobobnomgdgmo sMabobyMm3zgumo g3gMmoomo
dmgzmbg00b gobznmomyodo.

ammds ©oxnbobbe dmms Mybmogzgmob gMmzbymo LOIg3b0gmm aMbENL
3bsmgsdMms 993609Mms gMabhno (N2 YS-24-1033).

Role of TRPAT Channel in Thermal Hyperalgesia and
Mechanical Allodynia

IVLIANE NOZADZE, GULNAZ GURTSKAIA,

GULNARA GEDEVANISHVILI, MERAB G. TSAGARELI
Laboratory of Pain and Analgesia, Ivane Beritashvili Center for Experimental
Biomedicine, Tbilisi, Georgia

Pain is a high-priority health problem in clinical medicine that affects a person’s quality of
life. The pain sensation is perceived by specialized receptors (nociceptors), which recognize,
transform, and transmit signals to the central nervous system. The identification of transient
receptor potential (TRP) channels as protein receptors opened a new era in elucidation of the
molecular mechanism of pain sensation. They represent a broad group of cation-conducting
channels that play an important signaling function in sensory organs. In addition, these
channels are involved in the development of many diseases. The study aimed to conduct
a behavioral study of the effects of agonists and antagonists of TRPA1 channels in mice
(C57BL/6). We measured nociceptive thermal paw withdrawal latencies and mechanical
thresholds bilaterally in mice at various time points following intra-plantar injection of
cinnamaldehyde (CA), allyl isothiocyanate (AITC), and TRPA1 channel antagonist (HC-030031).

Injection of these agonists, AITCand CA, into the mice’s hind paw resulted in shortening of
the latency of thermal withdrawal reflex (Hargreaves test) and a decrease in electronic von
Frey threshold of mechanical withdrawal reaction. It means induction of heat hyperalgesia
and mechanical allodynia. Pretreatment with the TRPA1 channel antagonist HC-030031
significantly reduced the magnitude of this hyperalgesia and significantly shortened the
time-course of hyperalgesia. The data revealed that CA and AITC elicit thermal hyperalgesia
and mechanical allodynia via the activation of the TRPA1 channel. These effects were
attenuated by pretreatment with the TRPA1 channel antagonist HC-030031. These results
suggest that in the near future, synthesis of completely new types of analgesics, which
will be aimed directly at blocking TRP channels to minimize the undesirable side effects
characteristic of traditional analgesics.

This work was supported by the grant of Shota Rustaveli National Science Foundation
of Georgia for young scientists (SRNSFG, # YS-24-1033).
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mhgobnBddn ynpm306n baghoqgonb
mhobpqhdyon gdno dqy3obo 3mangnbnonl
LanhthnL Logyd3gabg podbopqdyan gnhgonm

b3023QNdJ 6.8., 30MIVMIAI3NQN I.8., dNdN3IMN L.3.

03069 5030060330000 LobygoMONL 10000 bNL Lobgedform 36039hLNBIAEN,
J0dnnb 0930hB039680

0000 g039030dnb 30d9. 1, mdnenbn 0179, bogohmzggom

9083mbBo: eliza.markarashvili@tsu.ge

Log3306dm bohy3zgdn: Bhobbeghdyon dnfmegds; 3men36n0nb b3nh@&n;
009h8mbBodnoyha 300900b 3mad3097b0 (33);
306008h098mgboLNQEV6N; B30hO.

MmagmmE 3omdnmay, sMLYOMOL MMEsbndAdn 6oL dnbmEgdab Lb3sEILLZY
3do, dom dmMab 3gMmmMmomymo, nbhMa3963Mn, 39bmdn o 3069398 89y3960. M3,
M000M9YmM0 3omagebo bobnom®gos goMm3393mn bogemmze690900m. domm dmMmab Bo-
dmab sdomo bhodomyMmmods 339-606o30L HMagdhdn o ©VJ3900x03MYds 3nM-
390 3o3mab 39dHodMmmnd3dY. obY3g, 9MLYOMOL 3Mg3oMmathnb BgMIZOHYMN o6 33-
gob 33039 goMgdmL H93MJ399000 Y3MIE300L dgbodmadmmods. sbndbymon, o
Lb3gs 6o3MmMmM30690900 gobbLogymmgdam dgbedhbgzns 393HnMo ob FnemM3sb0 3g-
©030096(hg00L F06MEadnLLL. 99900 godmInboMmy, sdhHyomyMmns 3nem3zabn bog-
M01900L MM3sb0dAd0 39Yy3060b sghgmMbongmo gvgdnb dngds. ghm-gMo sbyo gdsb
BomMIMoa9oL MMaebndddn 603009MY0500L HMabLEgMIYMN gdnom dgy3sbs. HMSODL-
©gMIPmon 306mydnb LoLHYTx00ESD, Y39mMody dogzMEgmgdYmMN o bdnMoE odm-
y96905m0o gmmads 30Mgons. goMmab BoMIMIJabgamo 3mmndgMmgdn dgbodmmms godm-
y96903m0 04600 Eogm399me o6 bb3s 3MmMNdgMydmMeb 3m3dnboinadn, babymazgmo
®300900L 3gmbg nMgd0L 0LLMYOSE. godMINbaMY vggab, A396 F0BSOL BoMAMo-
039600 3mmn3znbnmab b3nMBHNL LOxYd39MBY OTBVIYOYM, gobLbb3e390mn -
3260ammo0b i3nMgddn ndmMdnmnBydmo DML 358030390900 30em3sb60 3MA3myd-
LoL MMEeb60B3d0 dgy3060L dgbodmMdMONL EOEE)b..

DMLMY 300 M330L M30dMNELL godmymango dMob 783937090 yMIm-
bhsdoyMa 30em3560 3MA3aggLbob (NE3) sMm3nb3sdYMN, 39Mdme, HMsbLbEgMImn
3%00 306m©g00b 80Ds6d96mMbomMd0L EoLOEEa]6o, AgLBsgmomas AMdaM@N 3nMmo-
339000 Jbmzomgydab PFMIEdNL godMazmgdsdg 3mmnznboaab b3nMdab (PVA) bo-
379d390Mdg EoddsgO ™Mo bb3zsabbgs d900a360mmonb BnMyddn ndmdnmndoMydymn
m30dmob 33-b B99mJaggds. aanbes, MMT 3mmagznbomab b3nMboby s 3060-
andmogomgbomsboo (VTES) 0393090 m 3080 0dmdnmndgodymo o33-b dmgdgwg-
000, LogMbHMmMMM $33x80L 3bM3gmMY0Msb dgEoMmgdnm, boEggmn §33R0L 3bmzgmy-
00b m30dabs s cnMm38gmdn dohmdYMo 06ydbo LoMBAYOEME BE3nMEds (46% O
30%-001, 99030330L3). 383LM6, BbMEME 3mmn3z060mab b3nMEHNLESO ESTBIIOYM
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g0Mdn 00mMO0M0dYOYM0 033-L Ped0Manb3gmn B9dmgadngds oM donmbgzs sMEgMmm
Jbmzomdn. 3oMogmgmymo@ godmz3zmagemo oym dgLedg 3MA3MbBybdHo Labodgdmab
399mygb900L gdno nMyxdoab bLBdEMONL s BoMNESDb 30EgonL odMM30LYRIYONL
boMnbbob gedMmoab dgbodmgdmmods. godmzmnbes, MMA bb3zoabbgs dgwag60mmdbL
xg0Mdon, bobodgodmab Eodohgods oM 06393L dnbo bLEsEMONL FodMEOL s dgbadsdnby®
dobdn 0dMoOnmMNBYOYIMO ME3-b 3MmmMoxrgmMsgnob donbdndnMydgmao BgdmJdgwgdnb
3320mg0sb. 3356, 3mmngznbomab L3nMbOL Lo®RYd3zgMd) E8IBEIOYM M0
00mAMmMy3gmgonb gob3zmommdnb bamabbab godMmab dnd60m Lobodgdmab godmyg-
6909, M 063930 M0 NBMONENBYOPMN DMDILMYMN 30MM33900L M30dENED Fo-
dmymanmo 009MIMbHsdnMYMo 30em3060 3MB3mgdbob gobzmamonb bohdoMab o
dmgd90900b 9x99HyMmdaL dMEL.

Transdermal Delivery of Protein Compounds Using Polyvinyl
Alcohol-Based Films

KHVEDELIDZE N.SH., MARKARASHVILI E.G., DZIDZIGURI D.V.
Ivane Javakhishvili Tbilisi State University, Department of Chemistry
I. Chavchavadze Ave., 1, Tbilisi 0179, Georgia

E-mail: eliza.markarashvili@tsu.ge

KEYWORDS: transdermal delivery; polyvinyl alcohol; thermostable
protein complex (TPC); vinyltriethoxysilane; film

It is well known that there are various routes for drug delivery in the body, including
oral, intravenous, intramuscular, and subcutaneous administration. However, each of
these methods is associated with certain disadvantages, such as low drug stability in the
gastrointestinal tract and susceptibility to first-pass metabolism. In addition, drugs may
undergo degradation due to enzymatic activity or the acidic environment of the stomach.
Theseand other limitations are particularly significantinthe delivery of peptide and protein-
based medications. Therefore, the search for alternative methods of administering protein
compounds into the body remains highly relevant. One such alternative is transdermal
delivery. Among transdermal delivery systems, films are the most widely used and common
dosage form. Film-forming polymers can be used individually or in combination with other
polymers to obtain films with desired properties. Accordingly, the aim of this study was to
determine the feasibility of delivering a growth-inhibitory protein complex immobilized
in polyvinyl alcohol-based films of varying composition into the body. To evaluate the
feasibility of non-invasive, specifically transdermal, delivery of a thermostable growth-
inhibitory protein complex (TPC) isolated from the liver of adult rats, the effect of TPC
immobilized in polyvinyl alcohol (PVA)-based films of different compositions on cell
proliferation in tissues of juvenile rats was investigated. It was found that the action
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of TPC immobilized in films prepared from polyvinyl alcohol and vinyltriethoxysilane
(VTES) resulted in a significant decrease in the mitotic index in the liver and kidneys of
experimental animals compared to the control group (by 46% and 30%, respectively). In
contrast, TPC immobilized in films made solely from polyvinyl alcohol did not exhibit an
inhibitory effect in any tissue. In parallel, the possibility of increasing film solubility and
enhancing protein release from the films by introducing starch as a third component was
investigated.

dbopn B69om3qdqbgon bohfigbqanl
Logyd3gedy

09MJIVMAIA3NQN 3.8., 01093N33NQN 6.3., bdbIS8INF3NAN J.8.,

bL6ILIM J., IIMAILNB6N b.b., 330MIBIJI 0).8.

03069 5030060330000 LobygoMONb M00enbNbL Lobgedform 36039hLNBIAEN,
Jn800b 930hB089680 0. Fo39030dnb goddnha 1, mdn0nbn 0179, bogohmggom
E-mail: eliza.markarashvili@tsu.ge

LYIS306dM LOO®Y3IBN: B0bo; 6x0M39096(H900; 3MA3MBOBYMO TobogdO;
3mab@dobo; gomombagmogodn; MaB0bab 6oMAg6900; 3ood303900;
93MMMa0Mo JboggMmbm dobommgdn.Top of FormBottom of Form

LoymaaEbmzmgdm BoMmAgbgdom goMmgdmb odnbdyMmyds MobodgMmmazg LdMGS-
©myonb ghm-gMmoo ydbndzbgmmzsbgbo gzmemmanyma 3MMOmMYdss. do30 DM30L Labo-
3060m DML EoE3s boymaxzsgbmazmgom 6amAgbgdnbgeb dmnmbmab domo goodydses3g-
00bo o godmygbgdnb nbmzsE0xMn Hgdbmmmangdob gebznmoemgdsb. BoMmImpgabomn
BodMmadn gbgds 93mmmmgnyMo Jbogmmbm sboma 690mEgdgbdma 3MI3mda®Hdab
d0mg0ob M9BNb0LY o dnbob BaMABg00L Loxyd3zgmby. d90de3w@s 39996¢hyM0 Bgom-
900L sbomo Mg393hYMaon, MmImydoiz Jnmgdymoas hMmaoEnymoa d98s0a)bmmdgonb
dm0an30Mydo0m, 3MA3Mbgbdmos MamgbmdmMngn MoboxrsMmmmMOgdal 33momgonby
o dbamn 063M7096H700L gonmbogogahnb, bodymMszgoab MYBNbab i3bzbomaby o
9060b g3bzbnab odo®gdnb gdno. sbndbymn FgmMmoo bymaggmab godmygbgds
dgLadmgdgmb bnb 30369 BoMAGB9O0 goMENJabsL boaboMmaggdmm Leddgbgdmmm Tsbo-
™00 J0dnyMm-hgdbmmmanymo 3MmEgbgdab dgd3gmodom. domgdymo 3ma3mdadymo
9obogo0LsM30L dgbBozenn 0465 Bymab dMsbmgds, gomybznb bodh 3039, 3og0d30L
LOAMH30EY, PoMmdydoma LoOMObHg, MYMTYMN FEZMIEMOS s RNBNZYM-097ob039M0
®30090900. Dgo3nMb IMMBMEMMINs s IMMg3gmymo bHMIYJHIMe godm33zmggm
0965 LIB60MYOdEN gangdhmmbyma dnzmMmLiM3nab (SEM) 8900m©N0). gobbagnmmydy-
™0 Y3cM900m90s ©gmndm dnbabs s MYB0bob 6aMmAnbgd0L gogmgbab 650mEg396hgo0L
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0300909099. 33m930L 89098908 oA396s, MMB dnbob Bb3bamAbL (1-5 BsL.%) s LadY-
3900L MYB060L Bb3bnmb (5 33L.%) 3OS 3603369MM3650 3335MALYOL Bgdm-
390996h900bL 3990603360 BobobosmMxdydL. Loy3909bM J9H3900 dnMgdyeo 0gdbs bo-
9309000, MMIMon3 09039309 5 330.% F060L Bb3zbamML S 5 3s0.% MgB0BNL Bb3zbamD.
399myg6903mn LodyM3900L BbzbaEAL 363ENBTS dELHYMY, MM ddndg dgdHomy-
00L 099(3390MMOL M 393 hgds 3MNTgMYEN FsboMgonLM30L POE7bnm EJLd390
BmMmIgoL, Mo3 803000090L smbndbymoa bymgymab g3memmgnyMm JboagMmbmydsbs
o godmygb900b 39ML3gIH0YMMODY. 39370039070 690M39396(H900 BoMIMOEa]bL
dgMmon LsddgbgdmM Tabomgdnb sbom 3sbL, MMTGEgOLLE dbsbLNdMYdL goydzm-
09LgdymMN LagdL3MYshaEom M30090900, boymaxzsgbmazmgom bamhAgbgdo gxu9IOM©
390m0ny9b90s, Mo3 bgmb n6ymoL gomgadmb oE3oLS o MaLYMLYONL MOENMBIMYM Fo-
dmygbgosb.

New adhesive cements based on waste

MARKARASHVILI E.G., TAKAISHVILI N. V., KHAKHUTAISHVILI A.T.,

SNESAR A., SHERMADINI KH.KH., GVARAMADZE T.G.
Ivane Javakhishvili Tbilisi State University, Department of Chemistry
I. Chavchavadze Ave., 1, Tbilisi 0179, Georgia

E-mail: eliza.markarashvili@tsu.ge

KEYWORDS:.glass; cement glues; material; plastic; Ethyl silicate

Protection of the environment from pollution by domestic waste, in particular, should
be the concern of every member of the community of the Black Sea coastline, and to a
certain extent, for all people. The work envisaged obtaining new safe materials on the
basis of household plastics and rubber household waste in the Black Sea coastline, which
provides the opportunity to turn harmful waste into a useful product. New construction
materials are obtained on the basis of glass waste, plastics, rubber waste and adhesive
cements. New environmentally safe polymer composites were obtained for the first time.
These composites can be used in building materials, artistic and decorative paints and
household items. For these composite materials, the following were studied: water ab-
sorption, bending and tensile strength, impact viscosity, physical-mechanical and thermal
properties, supramolecular structure of the surface by SEM scanning electron microscopy,
unfolding and correction timein a significant decrease in the mitotic index in the liver
and kidneys of experimental animals compared to the control group (by 46% and 30%,
respectively). In contrast, TPC immobilized in films made solely from polyvinyl alcohol did
not exhibit an inhibitory effect in any tissue. In parallel, the possibility of increasing film
solubility and enhancing protein release from the films by introducing starch as a third
component was investigated. New recipes of cement glues, which are variations of old
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ones, have been developed. We have changed quantities of components entering cement
glue and added new components, which respectively lead to percentage change of compo-
nents and improvement of properties. Ethyl silicate, household plastic and rubber articles
waste have been added to new samples prepared by us, which opens up the opportunity
of harmful waste transformation into useful products using chemical and technological
processes. None of the toxically hazardous heavy metals’ content in waste tire powder ex-
ceeds permissible standards established for heavy metals’ content in polymeric materials,
which points at usability of waste tire waste as well as at its safe use as a raw material for
receipt of waterproofing materials. One may draw conclusion that prepared new samples
of cement glue, to which 1, 3, 5% of glass powder have been added and 5% of rubber waste
have been taken in all cases, have improved their mechanical properties. The best results
have been obtained when 5% of glass and 5% of powdered rubber tire have been added.

096mMbnmyhn mnbd-gmanhpnl 3mddmbBngnl
39dmyq690nbL dqLodpgoomogonb 330930
mhgobyn Umgyanb d9yhbgmoodn

avNd 69MILA3NLN
bmaenb 899hbgmdnb emg8mha

Q3346 J30939MNdI
bma0nb 8gyhbgmodnb omgBmhan, s3009803mb0O

adNd aNm33Q3a3NLN

bmaenb 899hbgmdnb emg8mhan

bmaz00b-099hbgmMmonb LodgEbnghm-33093000 3968hn, mdneabon, bogohmzggom
mzia.beruashvili@srca.gov.ge

LAI3306dM LOOY3IBN: g3MeMZny; 096HMbadn; dMLHBgYM0 3nmbMgd0;
3000; 00mboMmIMydO

©mqb, MmEgboEg Lodyomm gzmmmanymo godmb373900bs o 339000 JLoyM-
mbmyoob 3Mmomygdgdab 606039 ©agsL, MMmgsabymo bmxymab dgyMmMbgmds s dom3-
Mmdbhgoob 6aMImMmds by ya3mm 9@ oJHyommodsb 0dgblb. dombamamgds gfmmo
dbMmog ¥MY653L goMxgdmBg o oM obgbLb dob odnbdyMmgdol, dgmMmg dbMogz 30
300900 3MmMEYJE0sbL, MmIgmog dmgmo Mogo Yd3oMmathgbmogdnm godmamhAggs: oM
d90303L 39bHo30ao0Lb 63MAZHmOL o LOTNAMMYOSL oM PJabab vESBNBMY Fo-
baMmgmmodob. dom3mmeydbhLb o43L domomo 33900000 oMYdYMgds o bdnMo
Ja3mm 390 o6Homgbosb®HL, 30hodnbgdLy s BnbgMomgdb dgniza3L, 30My 3Mb-
39630960 099MbgMdodn BomMAmgdymo 3MmEYddn. 933LMob039 dbobnomgdb godm-
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MAgymo Loggdmgzbm BohzgbgdmMgdn, 9960MAYBOMNO 893L dybgdMngn sMmadotn
o 3gam.

00m3mmEydhgoob Bamdmyds, MmgmmE dmgm Fbmxymomdn, sbY3g LogoMmmzgy-
aomdon ymzgmbamoymo 0dMEads o gL 03690M030309, MIBYbsaE dombBaMImy-
00 3Moh03gmo@ 8603369mm30600 F3BLoMO ZoMxdmMbo o AMBozmobom3znb. Me30b
abMmog 30, mM3sbym bmxymab dgyMbymosdo LabyM3gm dgwagoLb MmAT dnzombomo,
9600369mm30600 LOBMYBYMO 35LH0ENEI00 O vgMmJndnzahgdn Aogzabogzmmm
00m3My3oMohgdnms o dnmMBaMIMY03dn ©sd3909mn LOdYemMyd9000. BoMIM®E-
bomn 33339 LBEMMgE gMmo-9Mmm sLm, 93MMANYMa JLagmmbm bLodyamgdsb
9bg09, MMIgoE bogdoMmm3zgmmb mMagsbyma Jodoab nbbdHopydHIdns dggdbogmo s 09-
bhmbohgMmo mabo-gmanmoab 3m33mdobhL BoMIMoagnbL. smbndbyman 3mI3mdathnb
Byom-byL3g6B0abL gogzmgbab dgbbBogms dBmgngmom OmMbHOgYM 39MmBYMoLY O 3300
HoMadMEo 2022-2025 Bengddo bmagmab d93Mbymdab badgEbogmm-33magz0mo 3960-
M0ob Bog3b0LY O F0MOPMIL LOEEIM 0395009 bogEIMm, gHaMb S LogMbhMmmenm
30M0306(H900 3-3 gobdgmMmgosdo.

33mM930L 990939 o300y, MMI gHommb 3o0Msbhdn gmanMmoab 3My3oMo-
HobL (byaggmasznb) gesdmygbgoed 633Mab gab30msMmgdab 3MmEgbho gmagmMmady Lody-
dMMEO 49.5 %-00 390930603 LO3MBBHMMMMLMSL dgEoMydnm. sbgMngg 89930 dH3969
096(mbodhmn mabs-gmanmoab 3Mm33mdabnb 2 %-0063s LYL3gbBNSD, bmaem BobMb
00339069m0bL 30m@nbabL 6 %-0560 LYL37EBNOL 3MBONBSENST Lb3oMOS LogmbHmmem-
L6 57.4 %-009 godoMms. 096hMbadh Mo Mmnbs-gmanmmnb gogmgbom BaEsMn 30I3
IxMm 83300000 d70DM7 30009 o dobo gozmMEgmMaos boEwgm 30M0obHhgoddn 3o-
2oL @M MyoLy o JoME3WYOdY oM 3YBahgdMES 5-7 %-b, 3806 MmEs Lagmbhmm-
am 33M056¢h30 (gybbyMgdgann) gb dsR396909m0 75-80 % nym.

3mM3n3M0L s0mMi03N3b0 H3n3sL MoEbmzgbmds 3mdnmMmdY Lozzmazds dom3-
M93oMahdo, 00939 MMZMME FoM3g o0 xMAs byMAMM3dy, LodgsmmE 60 %-0m
d90830My, bmam 3ommnbab 6%-05600L bL396BNOL VT3 g0s3 bb3oMd 75 %-09 3o-
doMo.

Mo@3 999b900 IMbLL30MBY gogmgbab, 096HmMbadgMo mnbo-gmanmoob byL3gbdNNL
dgbbyMmgdom 80369 MMEs60B3700L 9930Mx00L Jg93a9®, LogmbhHMmmEmMMbMSb dgo-
M9000 3m3nMmMmaTo 51.2 %-00 dgho dmbogzomo dma3Es, 3MagMad 30 96.9 %-nm Jgdho.
39mmabob 3m3dnbsEnsd 3o gb 3sA39690mMgdn dgbodsdnbo 67.6 % o 124.7 %-00)
390905m0OgLo.

007600, Aoomydymn 3gdnm nM33939, Mmd d9b6hMbahymMn cnbos-gmanmonb
3Ma3mdBodo LOdYemyosb ndmg3zs, d930330MMM LR gMmgnMmoab bodgdhmm Mom-
©9b6m0ds, M3boE3 0d33MMYmMo d93060MANEBM™M o gozdoMmomm 30093 dobo gxggH0-
0bmoy, M3 9gMomod 8603369mm30600 MMgabyma bmazeab dgymMbamonbom3znb.
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Research on the potential use of a bentonite clay-sulfur
composite in organic agriculture
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Today, as the world faces pressing environmental challenges and food security issues,
organic agriculture and bioproduct certification are becoming increasingly relevant. On
one hand, organic farming protects the environment by preventing pollution; on the other
hand, it yields products with numerous advantages, such as being free from pesticide res-
idues and posing no threat to human health. Furthermore, organic products possess high
nutritional value, often containing more antioxidants, vitamins, and minerals than con-
ventionally farmed alternatives. They are also characterized by superior sensory qualities,
preserving their natural aroma and flavor.

The production of organic goods is growing annually both worldwide and in Geor-
gia, driven by its critical importance for a healthy environment and sustainable future.
However, to achieve the desired outcomes in organic agriculture, it is essential to replace
synthetic pesticides and agrochemicals with bio-preparations and inputs permitted in or-
ganic farming. The present study addresses one such environmentally safe alternative de-
veloped at the Georgian Institute of Organic Chemistry: a bentonite clay-sulfur composite.
The effect of an aqueous suspension of this composite on various vegetable crops and
grapevines was evaluated between 2022 and 2025 at the Tsilkani and Jighaura experimen-
tal bases of the Scientific-Research Center of Agriculture. The experiments were conducted
in three replications, using experimental, standard, and control variants.

The study demonstrated that the use of a standard sulfur preparation (Sulfolak) re-
duced the incidence of powdery mildew on pumpkin by an average of 49.5% compared to
the control. A similar result was achieved using a 2% suspension of the bentonite clay-sul-
fur composite, while combining it with a 6% suspension of Makvaneti kaolin increased the
efficacy to 57.4% relative to the control. The bentonite clay-sulfur composite suppressed
powdery mildew even more effectively on grapevines; disease prevalence on the leaves
and berries in the experimental variants did not exceed 5-7%, whereas it reached 75-80%
in the untreated control variant.

Additionally, the population of tomato russet mites was reduced by an average of 60%
using both the experimental bio-preparation and Sulfolac individually, while the addition
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of a 6% kaolin suspension enhanced this reduction to 75%.

Regarding crop yield, the reduction of pests and diseases through the application of
the bentonite clay-sulfur suspension led to a 51.2% increase in tomato yield and a 96.9%
increase in pumpkin yield compared to the control. The integration of kaolin further im-
proved these yields to 67.6% and 124.7%, respectively. Consequently, these experiments
indicate that the bentonite clay-sulfur composite allows for a reduction in the amount of
pure sulfur required per hectare while maintaining or even enhancing its efficacy—a signif-
icant advancement for organic agriculture.
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39M90mMb 060330069000, 003690M900LY O V3330 Y0500L 35LHnENEHY0M0
LEMO®DS 09399000 dMd33Mn bommymab 606039 0Ygbs 3oEMOMOMOAS. 3MMOMYT
9MMd 3gHPoMmMns o MILEMIMONM goMaamb oE30L, dEednsbms F3b6dMmyg-
mOodg ¥MY630L o dnMIMIZ3oMRgMM36900b dgb0MmAYbgdaL gMmm-gMm o y36nd-
3690mmM3069L 3gvob MMZsbymo bmxymob dgyMbgmods BomMImMoanblL. domdgymbam-
09000 goadbyzghn Mmoo 9609900 doMIMZ3o™Mai3gMM36905L o dgMgym bamgbydL
©odbdoMy ,,06033B03M" 33900Mgms godmyngbgdom, MmIgmms dmMmab gobbozyom-
M907MM0 3NN J303000 sMMTshym 33969M9q0L. BoMmImMaggbogn 3330 9bgde
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3Ma3dmagbymo 33emg30b 3993900, MMIgmoE 80B6s® nbobogzws odbdomg dEgbomy-
9000, MmamMz ,,0000093Bo3M0" 3gdHMgdab, gozmgbab dgbbogmob sgmmgzmbobhg-
99000 3MMEIYIH0YMMOsLY O FEaMIOMODY. 33MM93s B3M3IPLOMGOYMNS MMZsbymn
bmagzmob 399Mbgmonb 3g0mME0DY, bool 33gboMgms yMmngmmydggds o dom3-
M930Mahgonb godmygbgods BomMImoagbb Jodogma LOdYsmxdxoaL sendHgmMbodngab.
2022-2025 6engodo Ashamydymn 3ma3mgdbymo 33e93900L Loid39mMdY doobomndy-
Om0s 8gMmgnann Bamgbgdab/65Mase3900L 9§x3gdH03bMdS nbgm babmaanm-badgymbgm
39mbyMmgody, MmgmMmoEss 3mdnmmon, OMm3mea, 0330y, bagmomy, gmagms, sMagabo,
omonm, 33eob3nms, bmMmdagn s bymo.

03030608, MM sdbdoMmy ,0036093D03M* 83960MYx0056 (30dhHbYLs, My3sba,
Jmbomn, boobyMmoa, Jobdn, 3gbm bLybgma, 3009, N3gMPMN BaRMIbY, doMITOM, Logn-
00, doma30 s bb3.) M36s3MLYOMOS B6NT369MM365© DML doMomaEn 3YandhIMIdaL
3MMEYIH0YmMmmoOsL. 39093900 39H-60309000 3obLb3z3907MNs 3YHMYd0L dnbyc-
3000 s d9Mgnmn 6amgLbydaL AMLO3EMNbMANL doh39690eMgdaL Lb3zomds Logmbhmm-
mbMb dgbodsdnbo 3gMygmab 3.3%-sb 73.9 %-00)J.

339350 sssbhyms 9.6. ,dods” 9i3965Mg9900L (30¢bs, 03MBOM, 30hMabY6Y,
anayznmgms, BoBodymMs, b330, 30ho30(0s, ™Mo356w@s, LOZYMbamm g3znMaans) mM-
dogn Mmann: 0bNb0 sBMNbMOG6 803690mMgdL O NBNE396 LoLoMZgxdm, 16HMIMRSZ
869M90L (808. gnvdongodn, Bho390gmn dommnbizmgodn, dhsEg0gma MOMOON s bb3.).
606007MabL godmygbg0sd 3oMmbmxanmnb 63mgbyddn sA396s Fomomn 9i399H0sbmods 3m-
ommemb bmgmb 09690M030 3MbHMmMMNbLSs s sgmm3smoymo bhndymoznab 33-
mboo. smbob0dbs300 03M9™M39, 3MINE3MAL E3d 9bomdg AMANMNLESL: dgMmagnm
6509Lg080 (3mBnmMn, ndgMYM DaBMIbY, 30hMLYLS, MY3360) EIDN36JOS 2-3 domb
oM 30935(H0MEY, 30806 MMEs LoagmMbdHMmmem 603390dY, doc dmMab Jodoymo bodyoe-
™g0900bL godmynbgdnb dg8mb3zg30d03 30 oBNHJ0D 5 don dgognbo.

00mM337yL0L s E8dbdsMy 339060Mxx00L sEgmMmm3Ismoymo BgIMYJdgIdNm JaMHm-
g30mob dMbagmNabmds 40.8%-000 gondamos. 60MLOLYJGO0LS O sMmBsdhymn 839be-
M9900b 3M300653003 0139 9A3960 LHONEPM TodHgds BPL3NMIBY.

AohoMmgdymo 33939 dabHYMgoL, MmMAT smmIshymo s Ladzxmbomm d3gbomg-
9000L 06®9aM0Mgds MMZsbym bmazmab dgxMbgmMdadn BoMIMaagbLb dMbagzmMNnabmdnlb
00000m700by o 33960MgmMe 30369 MMEebnBTgmeb OMIMEMNL dEaMoE, 93MIMMANY-

Mo yLaMMbM s Fomamagxgdham bhMobhganob.
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Environmental pollution and the rapid adaptation of pests and pathogens to pesticides
have created serious challenges for humanity. Consequently, organic farming has become
one of the most important approaches to environmental protection, the safeguarding of
human health, and the conservation of biodiversity. In organic farming systems, biodiver-
sity plays a crucial role, as does the use of companion plants in mixed cropping systems,
among which aromatic plants occupy a special place. The present study summarizes the
results of a comprehensive investigation evaluating the effects of companion plants on the
productivity and ecological sustainability of agroecosystems.

The research focuses on organic farming practices, where plant interactions and bi-
opreparations are used as environmentally safe alternatives to synthetic agrochemicals.
Based on comprehensive studies conducted during 2022-2025, the effectiveness of mixed
cropping systems was evaluated for a range of agricultural crops, including tomato, broc-
coli, okra, lettuce, pumpkin, peanut, common bean, cowpea, wheat, and flax. The results
demonstrated that intercropping with beneficial companion plants, including borage, ba-
sil, summer savory, celery, coriander, fenugreek, dill, marigold, lemon balm, sage, mustard,
and others, significantly enhanced the productivity of the main crops. Depending on the
crop species, yield increases in mixed cropping systems ranged from 3.3% to 73.9% com-
pared with the respective monoculture controls. The study also confirmed the dual role of
“nurse” plants (including mint, lemon balm, cucumber, yarrow, buckwheat, catnip, calamus,
and lavender): they act both as pest repellents and as attractants for beneficial entomoph-
agous insects (e.g., ants, predatory garden spiders, etc. The inclusion of buckwheat in po-
tato cropping systems proved particularly effective by enhancing the biological control of
the Colorado potato beetle while simultaneously exerting a stimulatory allelopathic effect
on crop development. Especially noteworthy was the protection of tomato plants against
the tomato leaf miner. In mixed cropping systems consisting of tomato, marigold, borage,
and basil, pest damage did not exceed 2-3 points on the assessment scale, whereas in the
control plots—including those treated with chemical pesticides—it reached 5 points. The
combined application of vermicompost and the allelopathic effects of companion plants
increased potato yield by 40.8%. Similarly, the integrated use of biofertilizers and aromatic
plants consistently enhanced the productivity of common bean.

Overall, the findings demonstrate that the integration of aromatic and medicinal plants
into organic farming systems represents a sustainable, environmentally safe, and highly
effective strategy for increasing crop productivity and managing agricultural pests.
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d0MN6I 3d43QVY4da"23 8NMM3N 6I8MMAI3NQN33

T bogohmzgomb 36039hbnBgBn, Mmdnenba, bogohmzgom

2 bogdohmzggomb 8g996039h0 36039hbnB9B0, Mmd0QNbLN, boJohm3gom
3mhgobndoEnv ,, 90800 0o 000803b60L F563hmgomods’, mdnenbn, bogohmzgom
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LYI3306dM LOO®Y3IBN: 0x690M030 LOIZYMboM MgbYMLAYdO;
deMbgmenmgny; hMmobbmoignyMmo 330306s; 06hggMomMxdymn dgoEnbs

LOgENEN6M Jndno; 39MLMBIMNDYdYmMa dgniEnbs 09690MN30 LLB3YMbIIM
MabyMmLYON, dom dmMmab dnbgMmogmymo Bymgdn, MgMdgmon Byommaydn, LodzxMmbognm
Homabgdn o domaghogmo 0690Mngzn bogMmmgdn, 360d369MmmM306 MMEML sbMymg-
096 3060Mmmgemonb bymdgbymododn, o033 JO3Md 3MY396(303LL s Mysdagadoizn-
0d0. 303bgo39m domn 3Mo35mMboy336m3a60 godmynbgdnby, domn Jndnymo obsbo-
309000, domemgnymo dmgdgndnb 397s60d3x00bs s 3mnbogyMo 9x3gdhnobmodnb
LobAHIIYM0 0BHIBMIBNS 333 MAYOS FIDOYYM S BMEZAIOHYMIE FgbBagmoamn
LbazgMmE, M3 9x3gMbydb dom H30E907MY0900g EIRYAEmOM bgMZ30L MbsdYg-
©Mm39 396o330L LoLHI70T0.

B6odmmanb d0dsbns 0b6g0Mngzn LLTI3xMbom MgbyMbLydaL Jodoymo s domeMm-
303M0 Loxwyd3zmgdab LobhgdyMmo sbamadn o domn HMbLANsENYMO nbhgaMoznnb
3MbEg3dhgomyMmo dmgmab BomMImmaqbs mobodgmmag dgnEnbob 3mbimagbhdo.
33930 9xu379db90s LodgnEnbm Jndnab, bomgjodoal, dogbgmemmgnal, HMIbLEMSENY-
M0 s 06hgaMmomydymo 3903060b Mabsdgmmag Ladgibogmm dhH3039079wm™yd500L
06homoobEndmnbym bnbmydL.

6odmmMaAdn BoMIMEagbomons sbagmao 3mbEg3dhyomymoa AsmAm, Mmagmog sgMmomo-
0690L 09690Mn30 LLIZYMBom MaLyMLYOdOL Jodom ESboboomydsb, domn dmgdg-
©900L AMEMY3MYM0 S Bndomemgnyma 397d960039000L sbsdL, 3emnbogym dh30-
3909m90g0Ly o LIdMdEMYgOMN3n F3bIMMgEMoab 3Maghnzodn 0b®aagmMmoznab
dgLadMxdMMOOL. FobLolzxmMMgdyMMN yyMmoMgds §mdmods dnbgmomymoa Bymgdabo
o bbgo 0h690Mn3n LOB3ZYMbsM RJHMMYO0L NMbyM s TozMmgmgdgbhym dgdo-
©3906mmosL, gobbbomm s0MmyoL, domaghonm 3ma3mbybhgobs o oo domenmagnym
99399 H90L. gobbomymoas HMabLbEsEnyMo dg0Enbob Mmoo 94b3gMNdgbhymo o
dmma3ymymo dmbo3939000L 3emnb039M 3MogdhHn3dodn gooabab 3MmEgLban, 93Mgmag
nbhgamomgdymon dgnEnbob 360d369mmos 03690M030 s 3MB39630YMn ;gMmodny-
0 doamadgonb 393609MPmo abIOYMYOgmn bobgMmanab YBMYB3gmMbLLYyMRS.
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BoMIMEagbomn sbomndo 0hA39690L, MMT 6x650Mn30 LLT3nMBom MabyMLYOAL
98399H0060 o ghogmmnbm 3mnbozgmn godmygbgds bognmmgob LEHobsmMBHNdYOYM
HMbbEnyM doagmasL, nbhgmobEndmnbym 0ebsddMMIMMOOLLY s 39MLMb-
m0®goxmo 3903060b 3M0bEN3g00L gomzemabBnbgdslL. dg0mMmMo30090mn 3Mb-
393hgomyMmo dmegmo Jabob dg3b609Mm Loggyxdzgmb 0bg0Mngzn Lod3nMbomm My-
LYMLYOAL LHIbIMBHNBIENNL, THINEIOYMI00D) OBYdDbgOYmMN godmygbgonbs @
™060090MM39 596003300 LoLHYTx080 Bomn 9xgdH0s60 0bdHgaMaEnobamM3NL.

Natural Therapeutic Resources in Translational and
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Natural therapeutic resources, including mineral waters, thermal springs, therapeu-
tic muds, and bioactive natural compounds, play an important role in health promotion,
disease prevention, and rehabilitation. Despite their long-standing application, the sys-
tematic integration of their chemical characterization, biological mechanisms of action,
and clinical efficacy remains limited, restricting their evidence-based implementation in
modern healthcare systems.

The aim of this study is to provide a systematic analysis of the chemical and biologi-
cal foundations of natural therapeutic resources and to propose a conceptual model for
their translational integration into contemporary medical practice. The study is based on
an interdisciplinary synthesis of current evidence from medical chemistry, biochemistry,
balneology, translational medicine, and integrative medicine.

This paper introduces a novel conceptual framework that bridges the chemical char-
acterization of natural therapeutic resources with their molecular and physiological mech-
anisms of action, clinical evidence, and integration into public health practice. Particular
attention is given to the ionic composition, trace element profiles, dissolved gases, and
bioactive constituents of mineral waters and other natural therapeutic factors, together
with the biological mechanisms underlying their therapeutic effects. The role of transla-
tional medicine in transforming molecular and experimental findings into clinical appli-
cations is discussed, as well as the contribution of integrative medicine to achieving an
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evidence-based synergy between natural and conventional therapeutic approaches.

The analysis demonstrates that the effective and safe clinical implementation of nat-
ural therapeutic resources requires standardized translational strategies, interdisciplinary
collaboration, and the incorporation of personalized medicine principles. The proposed
conceptual framework provides a scientific foundation for the standardization, evi-
dence-based application, and effective integration of natural therapeutic resources into
contemporary healthcare systems.

podbdohg h97Jbmamgngon, mhoblpognyhn
dgennbo po nb3n1dnyhn dopbgmoamano:
podmy3npg0g0n 3bm3zhgonb abopn
dgLodpqdpmonon

09MN63J 803Q2099d30"23 MMI6Y d93QA3Yd P,

30MmaN 648MMA3NQAN33

Tbogohmzgomb 36n39hbonBgSBn, moneabon, bogohmzggom

2 bogohmzgomb 8996039h0 36039hb0BgB0, mdaenba, bogohomzgom

3 5(5)n3 mhgob0ds30y ,J0800 08 50830560b F968hmgemds’, Mmdnenbo,
bogohmzgom

marishavlakadze@gmail.com

LYO3336dM LOO®Y3IO0: EAbIoMY HJbMeMmMgngdn; HMIBLMLENYMO
090003060; 0630MmB0 M0 doMbgMmenmgny; Mgodomodo3ng;
©033My3000909mm0 3bmMm3zMaxds; bodmgammgdMmagzn 5063Mmngemos

™060390Mm39 5006033000 bym ya3Mm 360d369Mm3360 bgds nbgmo nbm3zsE0Y-
M0 goabyzghnmndgdab obgMmagszs, MmMIMgonE oMo bmME 8d300900bL 3yMbo-
MosL, 0M339 3®d0860L IMY30x0MMONL, i3nbJE0nMo gbodmgdmmodgdaby
o 3bmzmydab bomabbob goydzmogbgdob gabobymyds. bEMMYE o3 F0BLOL vgMmns-
690L HMmBbLEBENYMO B90EN6Y, MMAMAL dmozsMn ddMEsabss 393bngMymo 33may39-
00b 3Myg M0z 3mnb03M o LadMZsEMYOMN3 J9093905® goMogabo.

©38bdsmy hgdbmmmgangdn (Assistive Technologies) Basmdmowagbb 88 3MmEgbab
gfm-gmom 3603369mm306 Todommymgdsb. abobo dmozgozb 3madynbagsEnnb, gowoo-
30mM900L, 339000, 30Mo0 3030960b, Mgadomabeznab, g330060 bobeabs s Hgmg-
990030600L LobhHgdgoL, MMIMdaE bgmb nbymOL 333 30M7xonL, bobodTYmMadnbs O
JMmMb039™M0 ©030090900L 3JMbBY 3©8036900L EOIMY3009 3bmzMmgdsL, bmEon-
oMyM0 AsMNIMO0L godMEabo o F363MMgmmonb d993700L ondzmdgbgosb.

3o060b03700M90mM0 yyMomgds gmamos 0b3mydogmo dombgmemganob 3mbE9a3-
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30ob, MmaAgmog 0690Mng LadzxmMbomm MabyMLYOL MebsdgEMm3y odbdomg had-
BmmMmangdmeb 39MmM00690L. 03%0L Mmaxghgdn, sedhnMmgoymo JoMmMmgMadn o
bobh9dg00, Bymab gHgdn, bgmdnbebzmdn TnbgMmomymMmo 0036900 o Pb6039-
MbomyMo EnBNbob 3MNB6EN39009 o®RYdbgoxmn nbgyMobhMyddnms Jabob dgbod-
mgommOosb, MMA dombgmmmanymo Mgsdamodhsgnob bomznbgdo bgmdnbobzmadn
3obgL LOdMZ3MydNL yzgms 6g3Mobm3znl.

Lagomm3zgmmL, MMamMmE dEnEsMN dambgmmmgnymn MabymLbydab dgmby J39yYo-
60D, 993b 3603d369mMM3060 3M@HgbENoMo nb3zaMydogMma Mgodomato3znnbs o odb-
90M9 H9gdbmemgzgngdnb gobznmomgdab dndoMmmyxmydnm. 88 dndbom 39ML3JIH0IMNY
HMbLbEMENYMO 330939000, 0b6M3aE0YM0 MYadamadoEnob MmadmmMmabhmMmmnydal, @s-
dbdomg Hhggdbmmmangdab LodmMbLbhMogom 396HMY00Ly o Nb3mMYdYMo domby-
mmmanymo dmEgmgonb dggdabs, MaE bgmb dgybymob mMmammE badgibogmm 3Mmg-
M9LL, 0L F36oE30L LOLHYTOL gobz0maMyxdL.

BomMImEagbomo 3mbEgxENs 99MmMNabyob @HMmabbmognym dgnznbsb, domnb3o-
B69M0ob, Mgadomaho3nol, dombygmemmgnobs s LIDMBEMYOMN3 FIbTMMYMMOOLL
o B3MAMa3a9bL nbhgMmbEN3mnbyMm dmamb, MmAgmoEg MM0gbhnMmxdymns -
dmy3n0gogmo gbmgmgonl, nb3emyd0nbs o F6dMmMgmmMOnb dEgMon gobznmomy-
00L bgmdgbymosdy.
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Advances in assistive technologies are transforming healthcare by enabling greater
independence, improving quality of life, and promoting social inclusion for individuals
with disabilities, older adults, and people undergoing rehabilitation. Within the framework
of translational medicine, scientific innovations are increasingly translated into practical
solutions that support independent living across healthcare, rehabilitation, and commu-
nity environments.

This presentation introduces the concept of the Smart Independent Living Ecosystem,
an integrated approach combining assistive technologies, rehabilitation robotics, smart
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home systems, telemedicine, and inclusive health services. Particular attention is given
to communication technologies, robotic feeding systems, mobility and transfer devices,
smart environmental control, rehabilitation robotics, and digital health solutions that fa-
cilitate independent daily living.

A special focus is placed on inclusive balneology, highlighting how accessible spa and
rehabilitation environments—including pool lifts, adapted hydrotherapy facilities, acces-
sible mineral baths, and barrier-free infrastructure—can extend the benefits of natural
therapeutic resources to a wider population. Integrating assistive technologies into balne-
ological rehabilitation represents an innovative direction for patient-centered healthcare
and functional recovery.

The presentation also discusses opportunities for Georgia to develop accessible reha-
bilitation services through interdisciplinary collaboration between medicine, engineering,
public health, and natural therapeutic resource management. Proposed initiatives include
assistive technology demonstration centers, smart rehabilitation laboratories, and inclu-
sive balneological model facilities that could strengthen both healthcare delivery and sci-
entific innovation.

The Smart Independent Living Ecosystem demonstrates how technological innovation,
translational medicine, and inclusive rehabilitation can converge to create sustainable
healthcare solutions that enhance autonomy, dignity, and participation in society. This
interdisciplinary model represents a promising direction for future research, healthcare
policy, and rehabilitation practice.

bgom3byhn nbhgoqdpnbo po gognmhynpgonl
3930960 Loqdohmnzgomb 30bpo33nl
pobogdgonb 0aBohdq 2027-2030 Bpgoddn

ddbJdoIdm 39Y99QN
3hm®gbmha, bogohmzgoemb 36039hboBgSG0

k.jakeli@ug.edu.ge
https://orcid.org/0000-0001-7505-5653

LO3336dM LOOY3IBN: F063MNYENMOOL BdBIMN; POLOJTYOV;
bymm3byMo 06(ham™aIdh0; GoBMHPMO d0gMIENS

A3960 339300 MxTos aLLJTgd0L dsdsMo JoMmmym 30boE30dn bygmmzgbymo
0bhgmgddHobe o 30gMymmn dngMaznnb gamazsmnbnbydnm . bgemzbymo nbhgmaggho
o 00694067M0 LEs3Mg0s 3MI3nydHaMyann 393609Mx00L oMZny, bawsE MmJ396 Jabom
LoLHYBL, MMBgmoE dMBoE39390L LBsZgMMOL. bgmmzgbyMmn nbhgmagdho s oBMY-
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oo bgM30LYd0 BoMME 3MEIMEIY0s F36IMM ML oE30L ba3gmmdn, o3hmMads-
H0%0Myd M0 ymzgmoomoymo Mm3gMmo30500080 goebyzgdomgdnb domydsdy. 6o0-
Mmaddo gobdomMnomny, my Mmgmm 33mab gb Hogdbmmmangdn Eobsgddgdab 00dsML.
bgemm3z6M0 06hgmagdho o oEnBMYMG0S 536003300 06ILAHMNLL gobogznmamMmydL.
H996mmmango0b gogmgbob 2027-2030 6gddn JoMmmymo dgnEnbob dMmanb 0sds-
M0 d9033mM909. My 33anmn 996900 x30v037yM J070x090L, 60gbs S obosmmydab Fo-
Boi330L bgghmmBn. 3oL 89093, M3 bgemazbyMmads nb@Hgmgdhds/05694ob6MBs LES-
39000 900600 F36©o330L 016YLAHMNSAN, Loddom daNEJO0 NE3MYOs O 093M0
LOdYdom dENMN ogMaoys, sbomo 30 0gdbydy. 3gMdmE, $36OE3d 93 HYJbmemgny-
Mo 3MmgmgbobL 835633MAN nym s godmnygbs bgmmsbymo nb@gmgdhn/0s6gdsbyMma
LBo3M0s EOLHIOENYMN 336o330L LygM30LdN, LodgnEnbm NgbmbLbBNgnby o
LO33EAYMAM bobHYTx00L FoboBsMOMydM(.

5000033000 bganmzbyMmo 0bhgmaghob nboMmgodab 60dsMn 6-39M MM LEMoRS®
0dME90s, 3000M7 yzgms bbzs Mgmaoa. mdEs, bgmmszbymao nbhgmgghob/0s69067-
M0 LB3Mx00L EHYME3LMSD MM YOS AMbEIL LOTYTomMb ognhemMNdBIENS O
BdmMangmmo 0obsddMMIMOL goosanmgds. ML Yy3g9madg oo nbybhmns, Mm-
dgamdg3 bgamzbymo abhgwmgdhob/8s6gdobyma bLBs3MgONL MY3MEMyENsd gogmgbs
dmobnbo, 9M0L 536a(339. Lod30EIYMBRMYd0 s 3annbnzgdn 0ygb69096 dom y390m9Lbo
M9dymbohobamznL. 35033908 EodbLLJdgdmMadalb dogm dmmbmgbogno 3bsMmgdo -
990 3mbo393mo 360D, 3MMagMednmMydnb s 3MmOmMadgdaL goaogmnb ybosmo.

bgamzbymo nbhgmgddn/3s6gsb63Ma bBs3Mgds sbY3g IMI33eMN 3IMEBS60L d3¢HM-
dohndoEns AMobEgbLb dMoz30m0 MybsddMMINL oyLegdgommodsL. dgnEznbab byg-
am369M0 06hgmgdhn/3s64s63Ma bBES3Mgdab 06306Mg00, dMbSEg3Ms Bg3b60gMYdN,
dmamMmnmdnmo 06306M900 093M oML AodboE3zmgdgb. 03 33MNMY050006 dO3-
Ho300bm3z0L, M06533MMIMYOL EobFoMEYdsc TMz3aMBgMM3ab0 Pbomgdab gobgon-
maMm90dy, dom dmMmab hggdbogyma ggb3gmbBaL, 3Mmgodormmodabs s gadmznymo nbihg-
mggdhob gobznmamgdo.

33930 MmAgmoi AsdhoMmms sMob mMma dhndab, ggb3gmbms gedmgznbzs s mothg-
Mo®MmobL 0bogmnda. 33em930L MgBYMBO®H0 nbos MM A396 6s IM378BDsMm sbon
H030L 506053300 3MMRILOMBIMGONL dbODMEIMS.
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The topic of our research is the employment market in Georgian healthcare with artificial
intelligence and digital migration in mind. Artificial intelligence and machine learning are
fields of computer science where you create a system that learns from data. Artificial intel-
ligence and digital services are widely used in the healthcare sector, from automated daily
operations to decision-making. The paper explains how these technologies are changing
the employment market. Artificial intelligence and digitalization will develop the healthcare
industry. The impact of technology will change the Georgian medical labor market in 2027-
2030. What place will physical actions, talent and education have in the healthcare sector.
Since artificial intelligence/machine learning has penetrated the healthcare industry, jobs
are changing and many jobs will disappear, while new ones will be created. Healthcare, in
particular, has been at the forefront of this technological progress, using Al/machine learn-
ing to expand remote healthcare services, medical diagnostics, and hospital systems.

The market for Al skills in healthcare is growing 6 times faster than any other sector.
However, the introduction of Al/machine learning will require the digitization of work and
the displacement of some employees. Today, the largest industry affected by the Al/machine
learning revolution is healthcare. Hospitals and clinics are using them to improve their per-
formance. The skills required by employers will change — more data analysis, programming,
and problem-solving skills.

Al/machine learning will also automate many tasks, making many employees unem-
ployed. Medical Al/Machine Learning Engineers, Data Scientists, Algorithmic Engineers will
replace many fields. To adapt to these changes, employees will need to develop a variety of
skills, including technical expertise, creativity, and emotional intelligence.

The research that was conducted is of two types, expert opinion and literature review.
The result of the research is that we need to prepare for the education of a new type of
healthcare professional.

500dhongomanb Bqdmddqpqonb dggoligoo
po 3ngghyon 53mbnbqdd Logohmzgomadn:
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po 39hL3qgghn3qon

24020 33392NdI

bogohm390mb 0bogodheo 8330939h00 830098000 0106000091ydbg0900
000sb bobyedfoxrm y6039hLnBYE0, Lo0Ybg00bTgBY390m 0933609hg09000b0 v
990030600 393908980

bo®dmMgsemgohnzn 3568hcmgomonb emg&mha (bogshmzgom)

boghmsdmhobm 5368homgemdnb dsgnbBhn (9b356900)
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99003900: 5560MMNgaMONL DgdMJ8ggdL 9533L90s (328) BoaMmIMsggbLb dh3039-
0™y090%9 Eoxydbgdym nbbHMYIZbHL, MmMTgmoE Lodyxomydeb ndmagzs EabobBM
d99330LbL 3mmadnznmon, bmEnsyMo s goMYdmMLbELE3000 awaby3ghnmgdydonb
3mH9630yM0 B9303mMgbs IMbobmgmdabL F368MMgEMmMOsdY. bojommzgmmdn ®d-ob
LobhHgdyMmo godmygbgds 9M 30093 BMMI0MYONL Jhoddgs, bmemm goyMmymo 0bbEH-
My396hg00b 0bhggMmaEns o3 bagmmdo 3MogdH03xmo oM 3Mab gobznmamydymo.

00%060: 330m930L T0Bsb60s Logommzgmmdn 03-0b gMm3zbyma dmbommbznb
LoLHI0L PobgMa30L dgbodmgdMMOydaL dga30bgds o BoBMYMN 93MbAbLHYTL go-
dmynb900L 3MmHg6E300mMObL gobLadM3zMs IMbLabMgMdNL F36dMMgEMONL goydzmodgba-
00b 3mbhggLbdhdo.

dgomemomgny: 33ema30d0 godmygbgoymos dgMmaggmo dgommEmmmans: bodo-
M039mmb oMbYOYMO 3360o330L 3meobhngnb Em3x396H00L LobdHadyMmo sbsmndo;
393-00 LagMsdmMabm 3Maghnznb JgsMgdnmn dndmbam3as (93Mm3s330M0,5368m);
o 303MYmN 3363MMNgemmonb bobhgdgdab dgx3sbgd0b MebsdgmMmmzy hoMmAm-0mea-
™g00b godmynbgodo.

dmboomebgon 99093900: 330930 30dBo 0LObL3ZL: FBT-0bL gMm3zb6mo dmbohymMo-
630L gogMmymo 3mohaammadnb sMJohgdbhamob dgdyde3900L, GIS-D9 ©oxzxdbgdymon
$0060MMgMd0Ly o goMmydmb nbnzodhmmMgdnb bLoLHgT0L 3MBbEgBRENOL BaMEagbab
o 3mmohngdnb d997436gmmom3nb gowobyzghnmgodgdnlb dbomeoddgmo dmeamoab
39003009000.

0003360: 303M 0 93mboLHYA0L 06H9aMeEns 93-0b 3MmEgLbAdn dgndmgds gob-
3L Logdommzgmmdn 3M9396309™0 556OE30L 3Mmabhngdnb HMIbLBMMIdE0NL To-
dmdmo3909mo domy, MmIgmoE 9MYb39mymab $obammgmmonb Moblgdnb sMmy-
I 3odm3zmabob o F363Mgamdab JmabsbbmmMmmonb dgdgnmgdsb.

Health Impact Assessment and Digital Ecosystem in Georgia:
Pathways and Prospects for Establishing a National

Monitoring System

DALI KEKELIDZE
Co-founder of the Georgian Young Researchers Academy
Ilia State University, Faculty of Natural Sciences and Medicine
Doctor of Public Health (Georgia)
Master of International Health (Spain)
Introduction: Health Impact Assessment (HIA) is an evidence-based tool that enables
the prospective evaluation of the potential effects of policy, social, and environmental
decisions on population health. In Georgia, the systematic application of HIA remains in
its early stages, and the integration of digital tools in this field is virtually undeveloped.
Objective: This study aims to assess the feasibility of implementing a national HIA
monitoring system in Georgia and to determine the potential of a digital ecosystem in im-
proving population health outcomes.
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Methodology: A mixed-methods approach is employed, including a systematic analysis
of Georgia’s existing public health policy documents, a comparative review of international
HIA practices (EU, WHO), and the application of contemporary evaluation frameworks for
digital health systems.

Expected Results: The study seeks to propose an architectural model for a national dig-
ital HIA monitoring platform, present a concept for a GIS-based health and environmental
indicator system, and offer a decision-support dashboard model for policymakers.

Conclusion: Integrating a digital ecosystem into the HIA process has the potential to be
a transformative force in Georgia’s preventive health policy, enabling early identification
of health risks and reducing health inequalities.

Lo3390n L-0hgnbnbnb dbmnmqLnpabyhin

109990n 3mhpnimbhghmbno nbpynhqdyon
p93hqLnnbL 3nhmog3nb dmpqpdn

dQ33LYI6LMI 6IMLIQN, 0103QY 830MITIJI?

03. 503060330000 LobgEMANL MONENLNL Lobgedfoxnm 36039hbnBgAB0,
0nmoemganab g30h@Bs09680, d6omgndnnb 3omgehs

Tonmomgnab dndohm)0g0v, 0039003hnoBnb dgbody 39hbob bBYebA&N,
2300my9b690000 d0mBy3609h90900b0 o domB9gbmomgnnb dndohmyooy,
0039003h0oBnb 89bod9y 39hLobL bBYesbB8n

LYI3336dM LOO®Y3IO0N: H3MgLY; L-o0M3nb0b0n; N30y dab Bg37068M0
706339; 06hHomgboobhMma babdgds; 3MmMBpazmbhammba.

©93M9b0d 63MIMOEE)bL ToMMME gogzmEzmgdym i3LNJ03xM aMM3930L, MMAY-
™0E 9900690L 06N30L O 0163930 boMoMdY 3nMo® s bmEoomym-93mbmangym
09093900. dnybg3s0 06HgbLOYMO 33M939000LY, OMEMAEY o003 oM 3M0b EVWZI-
oo ©o0300900L bodmmmm 8979060930 s A3xMbagmmdab gdgodn. gjL3gMmndgbhdon
99LbBa3momo nym oghymo L-oManbnbab (L-Arg) gs3angbs, 3mMmpozmbhgmmbom go-
dmb399m0 ©g3Mabomo 30000339000 Ma30L H3060L 3MgRMMBHMIMo JgMmgobo
o 303mM30330L 3b6homgLboabdHnm LobHgdedg. sdMAbs, MMA L-Arg-ob ymzgmomo-
7m0 d0mgds 14 mab gobdszmmodsdn mdno 150 3g/38 0603369mm3bs (330
©93M7LbomMN 3000339000 MMEMME J39300 39MBYHMYOL, 9bY39 0xTF5MOgLYOES Fom
3Mmabohym 13n643090LYE. 99039 @MML d730603690MEs bygMmbMmbnbab Momwgbmdmo-
30 39(hg003 00300 H3060b Logzmg3 Y6690dn.

L-Arg - oL sbhomgbosbHyMmo gx399hob dgbobbBogmo a3Mmaboymo nbn3nwy-
00L bogzmag 069080 gobbodmzMymoa nym nbgmo dohz9690mMgd0, MMmgmMadoEss do-
ombob @oasm@g3nab, sdmBHob mgboobs o Bysmdsnb 9306300 Mom@ybmobds.
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d0mg0ymads dmbo3gd900ds 0hA3960, MMAI g3Mgboob 30Mmogddn d9nb6086905 80 doh-
39690mg00Lb Mom@gbmodnb dodgds, MeE dnoymomgob ydmaboab 3oMmomddn madon-
©900b 9330639M0 7063300 3MmEgLOL godmngMmagosL. 3aMmamgmymMmam babobn 0gby,
Mmmd gb dmboExd900 Logmbhmmanm dohA3z96909mbL HOMYbds L-Arg-ob 14 E®Nsbo
90090001, d0mgoymn dmbs(3g3700L gomzamabobnbgdom, bogzoMayoms MM sManbo-
60LOM30L Tdboboomgdgmo ybws nymbL MN30J00L BJJobgaMn 7063300 LOBNBVS-
03©93M dMJog©9os.

d90amad 99L39MNAgbHAn dgbBogzmama 0gbs LogMbbHMmmm o ©g3Myboym
30000339000 3MgazMmbhomym oMby o 303M3ad30L P5Maaddn sbhomgbns-
Bhymo LobhHgdob BgMIGOEHYO0L LME-0LS O ZodHomodab ojhngmos. bobobo 04gby,
Mmd ©g3Maboygmo 3bmzgmgdnb bozzmas 3669030 bogmbHMmmMMM 539RM6 dgaMmy-
0001, 3000 3gH03m0os 3608369MM3065Md VJ35000907M0, MPIES L-0Magnbnbob domy-
00 LOMBIYOME VMO Fom 3JHN3MOL O 030 LagmbhMmmem 53ya30L doh396909mb
Jobom3zgdmmo.

099600, domgoymo dMbsEgdg00 dnoymnmnonb, Mma 3mMbozmbhgMmbom go-
dmb63973m0 ©93Mbnab 30Mmog0dn sgnmon v93b sbhomjbonsbhymo bob®H9dnb B9-
M996h900L (LM, 3ohsmads) sdh03mdnb ©sg37000900, M3 0gHIMo 3Mgnbnbab
d9Yy3060 ML domn sghnzmodab doh396909mb. sbndbyamn 8gMIgbHhgdab ogbo-
3monb 3gmomgonb 30dg%0b abeagbo dgbbogmomon ngbs domo 3069H039M0 3o-
ModgH™Mao0. 330939000 0H3969, MM 0gH03MO0L 33nMgdab F0dIBL BoMIMOagdL
©93MoLboab 30Mmdgddn domn MamEgbmdmangn dgdEnMmyds, Mol dgbadmydgmny go-
dmb6393m0 nymb bobmydYMo 3MMEgLYdnL dgxgmbgdao.

Antioxidant effect of dietary L-arginine in a rat model of
corticosterone-induced depression

ALEXANDRA BURDULI', TEKLA GVARAMADZE*

Ivane Javakhishvili Tbilisi State University, Department of Biology

" Third-year Undergraduate Student in Biology,

2 Third-year Undergraduate Student in Applied Biosciences and Biotechnology

KEYWORDS: depression; L-arginine; lipid peroxidation;
antioxidant system; corticosterone.

Depression is a widespread psychiatric disorder that affects individuals significantly,
leading to serious personal and socio-economic consequences. Despite intensive research,
the definitive underlying mechanisms of disease and optimal pathways for treatment re-
main not fully determined.

This experiment investigated the influence of dietary L-arginine (L-Arg) on the antiox-
idant systems of the prefrontal cortex and hippocampus in rats with corticosterone-in-
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duced depression. The results revealed that daily administration of L-Arg at a dosage of
150 mg/kg for 14 days significantly altered the behavioral parameters of the depressive
rats and improved their cognitive functions. Simultaneously, a quantitative increase in
serotonin levels was observed in the studied brain regions.

To evaluate the antioxidant effect of L-Arg, markers such as malondialdehyde (MDA),
nitric oxide (NO), and hydrogen peroxide (H202) levels were measured in the subject areas.
The data indicated that these parameters increase under depressive conditions, signaling,
and intensification of the lipid peroxidation process. On the contrary, it was observed that
these values returned to control levels following the 14-day L-Arg treatment. Based on
these results, it is possible that L-arginine possesses potent anti-lipid peroxidation char-
acteristics.

Furthermore, the experiment examined the activity of the antioxidant enzymes, Super-
oxide Dismutase (SOD) and Catalase (CAT) in the cells of the prefrontal cortex and hippo-
campus of both control and depressive rats. It was found that their activity was significantly
reduced in the depressive group compared to the control group. However, the administra-
tion of L-arginine significantly increased their activity, bringing it close to control levels.

Consequently, the data suggest that while corticosterone-induced depression leads
to a decrease in the activity of antioxidant enzymes (SOD, Catalase), dietary arginine sup-
plementation effectively restores these levels. To determine the cause of these enzymat-
ic changes, their kinetic parameters were analyzed. The research demonstrated that the
change in activity is due to a quantitative reduction of enzymes under depressive condi-
tions, likely caused by an inhibition of their synthetic processes.

3903hn 01690nbL hyoqh3ombn Logohmzgamdn:

3769mn3nhn dhozopmqhm3bagonb, ggmahomnyon
393h139090nbY pd LOBMEIpmM90hn3gn s0bpo33nl
H3nhonb 330939 ,,5h0nNdbn j06dhongamonL”
dnpgmdno

019630% Y9MY33N2N", I3089IMN6I BI639CQ3dI2% 3M3N 5NINJY’,

0139 89bL3IANV6NT, QI336 3V33MVIJAT, Q336 BNGBINA3NANT

T0bbn3 03069 09hnBod3000b 99b39hnd96 8900 dnm3j0033060L 3968 h0,
”00n0nbn, bogohomzgom

2bb0n3 0. boyzohgendnb bobygomMoOnb V830090000 3MbBhMmEnbLY v
bodMgoemygohnzn 3068hcmgomdnb ghmsbyon 39b68ha (NCDC),

hnhoheg 0p30ohnb bobgemdnb bodmgoemgodhngn 506003300 33093000 3968h0,
m000nb0, bagshmzgom
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LO3336dM LO®Y3IBN: gMMN360 F36FMMYMOY; Mycobacterium bovis;
domnobo ggbmadnb LY33960M7x0dv; 930adMEMZNy; BDMMbMBYd0

dgbogoen: 39emyMmo 696900L HOgMIPMMBO, bym JRmM TghoE gobobamyds, Mm-
3MME3 gmmosmyMmo godmb3g3e gbmzgmms 5063MMgmMmonL, LodMgsmMgdMnzn Fo-
bo330Ls o doMIMI33M39MM36900L 3MBLYM33EN0LMZNL. 39mMyMa 076500b oMg-
Moo bobgmods BaMIMaag9gbb Mycobacterium bovis-obs s Mycobacterium tuberculosis-ob
3m83magLob (MTBC) bb3s 693M700b MgdgM375ML (doMmoms dsb3nbdgmb), MaE bymb
96ymob 3000magbnb gowoEndob dnboym 30MYbHyY3Lbe o dd00690%9. Jnybyozo
0d0by, MM LoJoMmmM3zgM 93Mm3obs O dB0sL dMMoL LHMmHYg0IM g3MEMFNYM
©9M9x356L 0303900, LodbMmgm 3o330L0ddn 39mMyMo 03x6900L HYOYMIPIMMBOL g3nI-
d0mmmans BodhHmoMn3om 33bmons. sbndbyman 3Mmadho BomMImMoagabb bodommza-
aonmdo 39myMo 0969000 HYdgM3mMmMBAL 30M3gm 3MA3MgqdLyM 33eM935L ,9MM0sb0n
53060MmgmmonbL” dnamdnm. 3Mmggdhob d0dsbns 3gmyMmo 09x6gd0L MYdgM3YaMgdnb
0960h0x030MY0s, 30M3xmamgdsn (MTBC) dthodgdnb sbsbnsmgds s 39mmyMm Oy-
6900LMab SLMENMgdMn HHOgMIIMMdDam godmb3zggmo 3mbhgbznomymoa F3bwoE30-
00 h30Mmonb dgxsbyde.

d900megdn: 939y60b dobIBHo00m Asdhommgds gobnzn 3MmL-bydE0nMo 33Wg39,
Mmdmobomgznbsig 6037d900 93MmM300 M3MMDHBNLH YW — 3obmbogMmo Imbo-
©0Mxo™M0 o 33300M0 6a3m3bn 3bmzgmgdnasb. bodndby bobgmdgdb Fng39m36900:
93Mm3ymo dsA30 (Meles meles), goMmgymo ommo (Sus scrofa), dgms, 339M6s, sMA30
o bbgs 3mbgbinyMn MYdgM3YaMa dob3nbdmgdn. bhaboMmbndgdymo byzMmxaboo-
Lo o 3smmaAMmMBMEMMnyMo dgRsLYONL gdom godmzzmagmon ngbgds asbmmydnm
500-700 gbmggmo. madmMmadmMmoymo 33em93900 dmoza3b dsgdhgmomemanym 3gm-
H030M970sL, 30bhHm3snmemmgnsb, 3Mb396309M s MYsyM EMmAn 3mmadgMmadym
5993960 Mg0930oL, b3mmogmbndnmgdsl, 24-mm3yboob MIRU-VNTR hodomgdsbs o
domnabo ggbmanb LY33960M7xdSL.

dmboomebgon d9093900: 3309300 3909390 dMbaMMEByMNS bogdoMmmgzgmmadn 39-
oymo 06900L HYdgMmIgmMmBObL 3Mg30mMabhmdab, 3gbghngymo IMazsmagmmgbgdn-
Lo o LogmMENMO gagzmEgmgdnb sdboabzgmo 3nMmzgmn gMmzbymo AMbsEgIMs 03dNL
d99060. MTBC 0dmmohg00b dmmg3nmymo oboboasmgds gooydsmogbgob 3gmymo dy-
6900-00657M0 30M7HYy30-90030360L 0bHgM3390LDg 063399300L owsE9d0b Nnbodn-
300 303905b o godmazmgbb 03 3mHgbz M MadM37x0MgoL, MMAmMydnE bymb ybym-
096 0633994300L d960MAY69OLDL.

0003360: 5603670 3Mmggdho boyydzgmb Asgymab bodbMmgo 3o330L0sdn 3gmy-
Mo 0969000L HYOgMIYMMBOL Dydbg3zgmodab 3n0M3gmm nbhgamomydye bobiHg-
dob, MmMAgm0E gRYdbydse IMBnbogzg Ammgzgmym g30gdnmemmanabs o ggbmadym
H9946mmmangobL ,g9Mmnsbo Fabdmmgmmodab” 3mbzaxnEnob gomMamaddn. domgdymo
d(h303909™70900 obod®m30390L Mganmbyam domyboxMmbmydsb, gosydzmogbgob
DmbMBYMo HyogMm3xmmdBOL Mobzgonb dgxebydsb, bgmb dgrbymob 3manodhngnb dg-
079003905b 39MyM0 0969000L s dnboyMma 3bMm3zgmo0L V33H0500L doMmm3znb don-
doMmoymgdnm o d94dbab LLdgEbogMm Loxzydzgmb BHYOgMIPMMBAL 3MBHMmMENbL
Lbazgmmdn Lodmdszmm bagmmadmmobm MbsdIMMIMMONnbMZNL.

62



July 23-24, 2026 CHEMISTRY AND HUMAN HEALTH

Wildlife Tuberculosis in Georgia: A One Health
Investigation of Genetic Diversity, Geographic
Distribution and Public Health Burden

TENGIZ KURASHVILI', EKATERINE ZANGALADZE? GOGI JIKIAT,

TEA MUSELIANI", LEVAN MAKARADZE', LEVAN TSITSKISHVILI"

" LEPL Ivane Beritashvili Center of Experimental Biomedicine , Tbilisi, Georgia

2 | EPL National Center for Disease Control and Public Health (NCDC), Richard Lugar
Center for Public Health Research, Tbilisi, Georgia

KEYWORDS: One Health; Mycobacterium bovis; Whole-genome sequencing;
Molecular epidemiology; Zoonoses

Introduction: Wildlife tuberculosis (TB) is increasingly recognized as a major challenge
to animal health, public health, and biodiversity conservation. Numerous wildlife species
serve as maintenance hosts of Mycobacterium bovis and other members of the Mycobac-
terium tuberculosis complex (MTBC), facilitating pathogen transmission to livestock and
humans. Despite Georgia occupying a strategic ecological corridor between Europe and
Asia, the epidemiology of wildlife tuberculosis in the South Caucasus remains virtually un-
known. This project represents the first comprehensive One Health investigation of wildlife
TB in Georgia, aiming to identify wildlife reservoirs, characterize circulating MTBC strains,
and estimate the potential health burden associated with wildlife-associated tuberculosis.

Methods: A nationwide cross-sectional study will be conducted using samples collect-
ed opportunistically from legally hunted wildlife and animals found dead. Target species
include European badger (Meles meles), wild boar (Sus scrofa), foxes, martens, chamois,
and other potential reservoir hosts. Approximately 500-700 animals will be examined
through standardized necropsy and pathological assessment. Laboratory investigations
will include bacteriological culture, histopathology, conventional and real-time PCR, spoli-
gotyping, 24-locus MIRU-VNTR typing, and whole-genome sequencing.

Expected Results: The study is expected to generate the first national database de-
scribing the prevalence, genetic diversity, and spatial distribution of wildlife tuberculo-
sis in Georgia. Molecular characterization of MTBC isolates will improve understanding of
transmission dynamics at the wildlife-livestock-human interface and identify potential
reservoirs sustaining infection.

Conclusions: This project will establish the first integrated wildlife tuberculosis surveil-
lance framework in the South Caucasus using advanced molecular epidemiology and ge-
nomic technologies within a One Health approach. The generated evidence will strengthen
regional biosecurity, improve zoonotic tuberculosis risk assessment, support policy devel-
opment for wildlife and livestock disease management, and provide a scientific founda-
tion for future international collaborations on tuberculosis control.

wodlews@yleay wny wayd
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Amphiphilic Pseudoproteins for Biomedical
Applications

NINO ZAVRADASHVILI, NINO KUPATADZE, NATIA OCHKHIKIDZE,

MAREKH GVERDTSITELI, RAMAZ KATSARAVA
Institute of Chemistry and Molecular Engineering,
Agricultural University of Georgia

N.Zavradashvili@agruni.edu.ge

KEYWORDS: Pseudoproteins; Amphiphilic polymers; Biodegradable polymers;
Biomaterials; Micelles; Nanoparticles

Pseudoproteins (PPs) are synthetic a-amino acid-based polymers that mimic certain
structural and functional features of natural proteins (biomimetics). Their backbones con-
tain hydrolytically degradable ester bonds together with amide, urea, or urethane linkag-
es, providing a combination of biodegradability and desirable physicochemical properties.
However, most PPs are hydrophobic and exhibit limited water solubility, which can restrict
their biomedical applications.

In this work, biodegradable amphiphilic pseudoproteins were synthesized by grafting
poly(ethylene glycol) (PEG) onto a leucine-based unsaturated poly(ester amide) backbone
via Michael addition. The resulting materials readily self-assembled into nanosized micelles
and effectively stabilized polymeric nanoparticles prepared by nanoprecipitation, while si-
multaneously providing a protective PEG shell. The synthesized amphiphilic pseudoproteins
demonstrated favorable characteristics for biomedical use, highlighting their potential as
micellar drug delivery systems, surfactants, and nanoparticle coating materials.

onmbodgpnnbm pabndbypqonl vdgyngnpyhn
Lg3pem3hmpgnbaqon

6N6M B33MVILIA3NCN, 60N6(M 393983dJ, 601NV MALNNII,

ddmIb 330MLENMMILN, MIBID JVBIMI3I
Jndonbo oo dmegsa0yhn nb63069h00b 06bB0BISB0,
bogohmzgomb sghohyon 36039hbnBoSB0

N.Zavradashvili@agruni.edu.ge

LY33306dM LOOY3ION: BLY3EEM3IMMHJ067gd0; YTGRNGOMYMO 3MMIgMgdo;
00MEY3MdnMYd0n 3MEndxMxdn; domIdobomgdn;
0039m900; 606MBo6oM3gd0
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x3Lg3EM3MmMHgnbgdn (PPS) a-3806mdzo3700L LogYd3gmdy omgdymn 3mmndgmg-
008 = 30900l LobMYdYMN s63MmMagdn (VnMBNdghn3gdn), MMBMgdNE dY6gdMa3n 30-
@9o0b goM3399m bAHMYIHIMY™ s BYOJEPM FobsbosMxoxdL Nd8gMMgdyb. Fomn To-
3MHmMIMmM39myM0 50930 300MHMEMNBYMI® ©I3MINMYd3® gLHIMYM 03710MSb gMmmv©
3903930 030YM, JoMM3067Mm o6 YMMSbym 637500, ME POMYDb3gMYMAL domoyazMa-
©0M903MONLY s LBLYM3gM0 BNBNIYM-J0dnyMmo Mm30bLxdg00L dgMbYdsL. MYT3Y, BLY-
30m3Mmhgnbgonb 3oghagbmos JnMmamdyMns s Bysmdn d9dmyIymo bbbosMdnm
bobnomMEAd., M3 393NMYOL Tomn 00mMLLTYJENENBM dgadmygbgdab sMmgomb.

BomAm@agbngmo LBdYJdomb BQoMagmxddn, s3TNRNMIYMO O0MEOI3MONMYO3EN BLY-
30m3Mmbhgnbgdo domgdym ngbs MynEnbdg oxkydbgdymo ysgMmo 69900L d90339-
ano 3mann(gbhgMsdn@ab) 3manndgMmym 354309 3mma(gonmygbgmozmanb) (PEG) dng-
M0900m, dobsgmob MgagdEnob badygomgdnm. dnMyd Ay dABNRNMYMTS dobamgdds
ByombLBMyddn BoMIMJIbgL B6MBIMBNDL NO3eDdMbOL BoEzgmgdn s 9Ix89IHIMO©
@aobHadomymMab 6obMEobomgqd30b dgomeom domydymn 3mmndgmymn 6obmbo-
B0mo3900, d3s30MMYMmMo© 1BMYb639my39L domn BDJa3nMnb odEse3n PEG-gombom
oxz0M30. J0Myd M0 39093900 d3abHYMmOL, MMI LobmMgdNMYdYMN svdGNBOMYMO
LyzEmMm3Mmbgnbydn 39ML3gIH0Ymo Fobomgdns doggmaemyma Bodmab dnbmgdnb
bob@H9d900L, DgEednMmyMoE sgdHogMmo b03mMNgMydgdaLy o B3bMBIBamM3900L ©o-
93930 bogsMab mMInMydnbm3znb.

hhopnnyan dgpngnbnb obabjgo pod3zopgoomY
dbop Laghmoadmhnbm 3pobngngzommhdn - ICDT

J39839MN6J LV6N3NII
dgeninbob o3. omgBmho, obLY sbmz. Shmaxgbmho, Md0enbNL do0bgmomgnyho
39hmh@&nb bodgenEnbm byo-0n

LA3306dM LOOY3IBN: L3111 — ICD11; BaBOIYMO o boMmgsdamadozom
97003060 (PRM); hMomoEoymo 8500306s; Mgodamodoins; b3

LoY3969900L gobdogzgmmodsdn BHMoognymo 3gEn3nbob dodsmm 0bhgMmabo o
bomds M izaMmayme. 3imm dghoz, dOmmm Bngddo dbmxymom gobznmsmydymo
LadgE0ENbM 396hHMydo nbH9aMaEnymo d90Enbab 3amnb0390L bLH06, Moms 3o30-
96(Hg0L mM0gg - 3Mb39630YM0 s HMsoEnymo dgnEnbab 3gommgdnb godmygbg-
000) oYL3V6 NEbMBY00 O PBNAbMB T3xMbsMMd MY BMYOBZ-TM3ML. 93 GoT-
H30 9M00339Md isAgJoMs 556aE30L AbMmaMam MMZabndeEnnb gooebyzghomyds,
Bom3g 899hobs HMooEngmn 39nENbnb Ma30 O35Y0sMs sbam bogMmmodmmon-
bm 3msbognidsEnsdo.

33mM930 30006 nbobogwe, gobagbamy, 5063MMgMMONL MY dEgmMToMgMOgd0s ©O

wodlews@yleay wny wayd
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Mmammo bobhgdomss 3MmEnmMgdymo nbobo 38 Mme3dn; HMonEnymn 3gEnEznbab Mm-
dgmo LLd3nMbogmm TgomEaons dghobomo o 3MoMgMmoydgdnm sMmab dgmhAgymo;
9%37db90s 0y sMs HMa0ENYma 39nEnbob 3mamgdymn mygdngdn dh3nEgdnmn dg-
©030boL Y, DMsa, MyMHMI gobws LognMmm L311-o HMsoENymn d90Enbab
dg®obo.

d09mbom3z00 s baMmobbmdMngn dgmmmgdnb gedmygbgdnm, sbg39, 98 bagnmbdy
oMmbgoymo LHohngdob FgHosbomndab gdom, A396 300339600, MM HMoOENY-
0, 0d03yMo 390EnboL, 3ghmmbmmmanab, dombgm o 3nMmmamgmsednab sbobge,
30039 Mngdn, 98 3900M©g0nm 333Mbsemmdnb smMmoEzb3z006mMOsL, bognzomodsl, dm-
Ba0LM03700L o 9B9IHNbMONL FgRaLYOSL nbobogb B0B6s; GL Fono30emadL LOd]-
©030bm MyadomahaEnnb omManb L3gENIMNbHYOLY s HMaNENYMO BgMEYONM
9390657 0L 3030906¢H0L FoMmmM30L MMZabnBYOSLY o dLOb3sL dgbodsdnb m3ydg-
B6h90d0; oby39, 00 dndaMmmyMadnm 33™J3900L godmngMgdobo o 3MaboagznzdsEnab
8983M3 3ooby390d0 HMmsoEnymo 33n30bab 3h303309M™I0900g oBYdbgdY-
™0 3900mH00L godmymazsb.

33mM9300 0H3960, MMA L311-0b 86gME3L F9M — 59MmMmd0m J39Yy6900b ndMogzmY-
bMOsdn 3MdgMMN adM3IMEYdS 8930, MYIEY, HManENYmo 3903n0baL sbobznm o3
3maboxnzo300d0 obLOYMYOYMOE oMb IMbamEbyma sMadambm 3mmnbogymo,
M09 130606LYM0 o BLOFM-bmEnsmymo bamggodgmoa. gb 30, bEMONL godmngmg-
00L oMy, d90930M0L F36OE3NM godmbBzgym 93Mbmadnsgym Hznmmb Mmgmmiz Lo-
bgm3b0oxmgoLy o LoEdM3g3M 3MT30609009, L339 — MFabyddY.

Reflection of Traditional Medicine in International
Classification of Diseases - ICDII

EKATERINE SANIKIDZE
Medical Director at the Tbilisi Balneological Resort, Md, PhD, Assoc. Prof. at TSMU

KEYWORDS: ICD11; PR; M; TM; Rehabilitation; Spa

Over the centuries, interest in and trust in traditional medicine has not waned.
Moreover, in recent years, advanced medical centers around the world have been opening
integrative medicine clinics to diagnose and treat patients using both — conventional and
traditional medicine methods. This fact has somewhat accelerated the decision of the
World Health Organization to include a separate chapter on traditional medicine in the
new International Classification of Diseases.

The study aimed to discuss what health conditions are and how they are coded in
this chapter; which traditional medicine treatment methods are included and by which
criteria were they selected; whether the coded topics of traditional medicine are based on
evidence-based medicine and, in general, why it became necessary to include traditional
medicine in the ICD-11.
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Using a Grounded theory, review and qualitative methods, as well as a meta-analysis
of existing articles on this topic, we concluded that the reflection of traditional, physical
medicine, balneology, balneotherapy and hydrotherapy, primarily aims to ensure the
recordability, visibility, regulation and assessment of the effectiveness of treatment with
these methods; this will make it easier for specialists in the field of medical rehabilitation
and traditional healers to manage patients and reflect it in relevant documents; as well
as to strengthen research in this direction and highlight evidence-based methods of
traditional medicine in subsequent revisions of the classification.

The study showed that the implementation of the ICD-11 still has a number of
obstacles in most countries, however, reflecting traditional medicine in this classification
can reasonably be expected to bring not only clinical, but also financial and psychosocial
benefits. This, in addition to strengthening trust, will reduce the economic burden caused
by healthcare on both states and insurance companies, as well as families.

Loqdohmnzgamb padmhohmhngonb
dumgnonnb [Gelab) Aman 439ybnb bahnbbnb
nbghobphydnnhnb dpghop gobznmohgoodn

J3989MN6I sM3QV8VdI
bogohmzgoemb esdmhaBmhngodnb sbminsgns (GeLab), 3odggmonb §Fgzho

Lo3396dm bohy3zgdn: boMmabbob 06xMILAHMYIHNMY; ddMmMabhmMmngdo;
ISO/IEC 17025; 83M90hs(309; 3gLods30bmoab 3ga30bg0s; Gelab;
03Mo0n gobgznmoMmgode

939460L baMmabbab nbxyMsbhMyddymMs (Quality Infrastructure - Ql) BosMIMo©a96L
93mbmadnzgMmo gobznmomyonb, dmdbdoMmgdgmms Jbogmmbmgdab, LogMmmsdmmaobm
304Mmonbo s dEagMoEn gobznmaMmydnb ghmm-gMom BYbsdgbhym Loxwyd3zgmb. bo-
Mobbob 06xmMobHMYIHMab 9RgdbH0sd Bx6daombamgdsdn gobbogymmgdymo 8600-
3690moO0 16094900 MadmMmBhMMngodL, s3Mgoaboinnb bobgdsb, bhobambndoEnsbLy
@ d9Ls0sd0bMONL d9xz0Lgo0L 37706003 700L. 80 3MmEgbdn 3608369mm3060 Mmano
9300M700 3MMRILOYM O baJHMMIPM dLMENENJ0L, MMAMgo0E BoMIMOa)69b o-
00393d0M909m M3mMeb bobgmadboagm nbLHNHYHIOL, 033®gdnym baghMMbLY o 39M-
dm 0b6ybHMosL dmMmab.

bogdsmm3zgamb ansdmmsbhmMmngdab sbmEnszns (Gelab), MmdgmoE 2013 Bymb s-
x39dbo, 309065 0LObL3L Logdommzgmmdn modmmatymmoyma bgdbhmmab gabznmo-
M90sL, bogMmmodmmobm IMMbm3zb50mMb 30MIMBNBIENLY s baMmabbab 3gmbymob
3odmngMmgosL. sbMENdENd ¥9MMN3690L 40-B9 A9 ModMmMmathMMnsb bb3oobbgzs by3g-
MmMEob o 3JH0yMe® 006s3dMMIMMOL gMm36m o LagMmmsdmmobm MMZsbnBs-
30900006.

wodlews@yleay wny wayd
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GeLab-0b bsgd036md0L doMomsn dndsMmymgdgdns ISO/IEC 17025, ISO 15189, ISO/
IEC 17020 o ISO/IEC 17043 LhsbsMmBgdnb Tndsmmymgdom HMgbnbgzgdobs s 3m-
BLIMHENgONL GobbmMmEzngmgds, d3MagnsEnab 3MmEqgbab dbsMmeoggms, 3Mmag-
Lboymo 3Ma33ghgb30gd0L gobznmamgds s LoY3zgMabm bogmmaedmmabm 3Mogdhngnlb
©ab9Ma30.

dbmEnaEne sghnymo sMmab Asmmymo gmmzbymo bomabbob 0bgMobHMyIbH-
M0b gob30m0Mg0330 bagoMM3aMML s3MgEadsEnab 396¢HMMs6 (GAC), bagsMmmzgmmb
bhobsmbgdnbs s Fghmmmmgnab gmm36m booggbhmbmsb (GEOSTM), goMmgdmb
©3(330bd s bmxmab dgyMbymoab LsdnbabhMmbLMSb (MEPA), 36039MbohHgOMNS6
©9 bogMmMIMMabm MMmE60DS3090mM86 (UNIDO, PTB, GIZ, UNECE, EURACHEM, EUROLAB)
036033MMIMMONO.

GeLab-0b bogdd05b6mos 8603369mmM306 B3amb dgohobb Logdommzgmmb g3Mm3o-
3domob dmmbmzbg000b asbmmydedn, doc dmmab DCFTA-ab, boddgbgodmm 3MmEYd-
0900b M93ymasinnb (CPR) s bb3s g3Mm3yamn dmmbm3bgdnlb dgbmymgodsda. sbysg
bgb 36ymob gqb3mm@ob 3mb3yMmgbHnbamnabmonb DML, dmabTsMmydgmms Jbo-
xaMnbmydnb dMY639mymazsb, 06M35(30900b gob3znmamMgdoby s FaMawn gabznmo-
M900b 30969000 (SDGs) dnmBg35L.

39603y MYdYMN YMOEMIds gIMOs M8b33gMm39 Hgdbmmmangdab, oo dm-
Mmob madmMmshmMmoymo 063mMmIsE300b dsMm30b bobdhgdgdab (LIMS), gogMyamo ¢Hfo-
BLMMIs300L, bgemmzbymo nbdHgmgghHoLs s AMbEgIMs BoMmm3nb MebodgMm3y
d0amMadgonb 3m3xmamndyEnabL.

©obg3bo

LgddmMymo 3Mmaxgboymno sbmEneEngdn 3603369mm306 nbLEHMYTGOEHL Bo-
MIMoagbqb bomabbob 0bxRMLHMYIDHYMOL gobznmeMxdabamznL. Lojommzgmmb
mMa0MmMadmmMmngonb sbmznognob IMezombmnabo Lagdnsbmds vsA39690L, MMT Loby-
dbogmb, 00B67LOL, v30gdnyMa LadhmMmabs o bogMmmsdmmabm 3ambhbommMgdab
00603dMMIMMO Jabob dgMo@ Lo®Yd3zgmb modmmathmmoaymmao bobdgdab gobgo-
®™3M900bm3nL, bogMmmsdmMmobm doamgdab gobodmogMmadma® o §39Y60L g3Mbm-
dn3ymo 3mb3yMmabmnboMmnobmdnb sbodommydm .

The Role of the Georgian Laboratory Association (Gelab]
in the Sustainable Development of the National Quality

Infrastructure

EKATERINE KOPLATADZE
Board Member, Georgian Laboratory Association (GeLab)

KEYWORDS: Quality Infrastructure; Laboratories; ISO/IEC 17025; Accreditation;
Conformity Assessment; GeLab; Sustainable Development.
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Quality Infrastructure (Ql) is a fundamental pillar for economic growth, consumer
protection, international trade, and sustainable development. Reliable laboratories,
accreditation systems, standardization, and conformity assessment are essential
components of an effective QI ecosystem. Professional associations play a key role in
connecting public institutions, academia, and industry while promoting quality culture
and technical competence.

Established in 2013, the Georgian Laboratory Association (Gelab) is a non-profit
professional organization dedicated to strengthening laboratory infrastructure in Georgia
and supporting alignment with international and European quality requirements. Today,
Gelab brings together more than 40 laboratories from different sectors and actively
cooperates with national and international stakeholders.

The Association’s activities focus on professional training and consultancy in ISO/IEC
17025, 1SO 15189, ISO/IEC 17020, and ISO/IEC 17043 standards, support for accreditation
processes, competence development, and dissemination of international best practices.

Gelab actively contributes to the development of Georgia's Quality Infrastructure
through cooperation with the Georgian Accreditation Center (GAC), the Georgian National
Agency for Standards and Metrology (GEOSTM), the Ministry of Environmental Protection
and Agriculture (MEPA), universities, and international organizations including UNIDO, PTB,
GIZ, UNECE, EURACHEM, and EUROLAB.

The Association supports Georgia’s approximation to European regulatory
requirements, including the DCFTA framework and the Construction Products Regulation
(CPR), while strengthening export competitiveness, consumer protection, innovation, and
implementation of the United Nations Sustainable Development Goals (SDGs).

Special attention is devoted to promoting digital transformation in laboratories,
including Laboratory Information Management Systems (LIMS), artificial intelligence
applications, digital data management, and other innovative technologies.

Conclusion

Professional sectoral associations representan important mechanism for strengthening
national Quality Infrastructure. The experience of the Georgian Laboratory Association
demonstrates that close cooperation between government, industry, academia, and
international partners significantly contributes to the development of competent
laboratories, international recognition, and sustainable economic growth. Strengthening
laboratory capacity ultimately enhances public safety, market confidence, and the
competitiveness of Georgian products and services in international markets.

wodlews@yleay wny wayd
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doindbn v99ohnb Bmgnghon byshmb byoanb
boAnbLbmohngn dokggbg0pq0nl dgpohgdnmn
pobolnamAdo

606M 3N364dI

0009900 dmmo hyb;mozgenb bobgedfnam 36039hbnBgBn, bmaonb 899hbgmdnb
093609hg0000 omgBmhn, dnozohn 353609h msb608dhmadgn,

obmgnhgodyon shmagbmho

6460 339MNA3NQAN
0009800 dmmo hgb;mo3900b bobgedfonm 36039hbnBISB N, domemgnnb
d93609hgdsmo emgBmhan, sbmEznhgoyen shmxgbmho,

J69 bdbIdB8INA3NCN
bogohmzgomb 8996033h0 36039hboB980b Jndnnb b3gEnoemMonb emgBmhobBn, d30
,0930“-b bogodmEem esdmhogmhonb yshmbn/bshabbab 896959h0

0138019 d439dJ

000900b dmmos hybmo3genb bobgedfnam 36039hb0BgBnL body6900bIYBY390M
093609h90000 00 396003300 BV39089800 Jndnnb b3gENoeMOonb Il 33hbab
bBIIbBN

ddMNJa NMIFIdI

000900b dmmo hybmo3g0nb bobgedfnam 36039hbnBgBnL body6900LIYBY390M
093609h90000 00 506003300 BV39089800 Jndnab b3g3000MONL 11 39hL0b
bBIeg680

ddmNJIa 3M3N8NdI

00y-b vghohyon oo 8980hob300 8996momangdnb nbbBNBYBNL b3g30v0NbAN,
943mMemagnnb dv30093h0

332MeN LIMAI6NDI
000980b dmao hybmozgenb bobgedfoxrm 36039hbnB9BnL bodY6g00bBYBY390M
093609hg90000 00 506003300 BV39089800 93Mmemanab b3g3E0oeMONL dognb@Bho

LAI3336dM LOOY3IBN: ByoMmML Byosa; S6dMABN; Boh39690Mgd0;
d9x300L900

33m930L 30d360 nym Bsmamdmnsbo sgdsmab badn Bysmmb Bymab (bma. gyangodn,
OymyMaymo, §399m 308mm3560) mMgsbmmg3dhnznmoa, adozyM-Jodoyma ©s babogs-
Mym-3030967M0 d9ax350b700. gabobadmzms doMomaon bagzgmyg 3oMadgHMgdn, nmbymo
o 9m9dgbhnmn 99050396mmbY, ByHM0gbhgon o dogdhgMmommmanymo doh39690-
™y00. 3900939000 0H3960 gobLbb3ze390900 MM3e3090L dmMAL: bma. ggangdab Byomo
bobLoomEgds bodgamm dnbgMmandOE3N0, 37939 MYadEn0m o M3nbab domamn dga-
339mmonm (3ncoMmmgndoyma hodn: Ca-Mg-S0,). dymnyMaymab Bysmo sdsmdnbgms-
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m0Bg03m0g, o9 00nb0dbs bohmahgonb dohgdos E.coli-ob smbydmMd, M3 doymo-
090b Byamab g3g39myM ©o006dyMgdsdg (SnMmmgndoyma thndn: HCO;-Ca). bmas. §390m
300mMmm360L Bysmo godmomAg3s odamon dnbgMmamadsignnm, bhasdomymao Jodoymoa
85A39690™My000 s dvgdhgMommmanyma bobygmsznm (3nMmmgdndoyma hodn: HCO,-
Ca). Byanab baMabbn 8608369mMmM3650 sMab sdM3nEdYM0 ggmmmagnym gomgdmby
o 3bmMmM3mMagbyM Dm0 g0B9. §390mM 308emm3560 d9x3oLES MMaMME Y39mMody
LYBRMS o LaLAgmMo 3oMgnbo BysMmm, OxMYMagmo - bobodoMmymo EodNbdyMmydY-
™m0d o bagnMmmgob ad0bxygdinab, gnmgdab bysmn - LoLIgMoE 30Manbos dbm-
oM 6060LBoM0 EOTdo3900L 9093.

Comparative Characterization of the Quality Indicators of
Selected Spring Waters in Mountainous Adjara

NINO KIKNADZE
Batumi Shota Rustaveli State University, Doctor of Agricultural Sciences,
Chief Research Scientist, Associate Professor

NANI GVARISHVILI
Batumi Shota Rustaveli State University, Doctor of Biological Sciences,
Associate Professor

ANA KHAKHUTAISHVILI
PhD Candidate in Chemistry, Georgian Technical University; Head/Quality Manager
of the Testing Laboratory, LLC “Legi”

TAMTA SHAVADZE
Second-Year Student of Chemistry, Faculty of Natural Sciences and Health Care,
Batumi Shota Rustaveli State University

MARIAM IREMADZE
Second-Year Student of Chemistry, Faculty of Natural Sciences and Health Care,
Batumi Shota Rustaveli State University

MARIAM GOGITIDZE
Specialist at the Institute of Agrarian and Membrane Technologies, BSU;
Bachelor of Ecology

GELODI SURMANIDZE
Master’s Student in Ecology, Faculty of Natural Sciences and Health Care,
Batumi Shota Rustaveli State University

KEYWORDS: spring water; water quality; physicochemical parameters;
bacteriological analysis; mountainous Adjara
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The aim of the study was to assess the organoleptic, physicochemical, and sanitary-hy-
gienic characteristics of spring waters from three locations in mountainous Adjara (Gulebi,
Buturauli, and Kvemo Vashlovani villages). The study included the determination of key
field parameters, ionic and elemental composition, nutrient concentrations, and bacteri-
ological indicators.

The results revealed significant differences in water quality characteristics among the
studied sites. The spring water from Gulebi village is characterized by moderate mineral-
ization, slightly acidic reaction, and elevated iron content; its hydrochemical type is Ca-
Mg-SO,. The water from Buturauli village has low mineralization; however, increased ni-
trite concentrations and the presence of Escherichia coli were detected, indicating fecal
contamination. Its hydrochemical type is HCO;-Ca. The spring water from Kvemo Vashlo-
vani village is distinguished by low mineralization, stable physicochemical parameters,
and bacteriological purity; its hydrochemical type is also HCO;—Ca.

The findings indicate that water quality is strongly influenced by both geological con-
ditions and anthropogenic factors. Among the investigated springs, the water from Kvemo
Vashlovani exhibited the highest quality and fully met drinking water standards. The water
from Buturauli was found to be microbiologically contaminated and requires appropriate
treatment and disinfection, whereas the water from Gulebi is suitable for drinking only
after preliminary treatment.

Loqdohmnzgamb dBmanqghmn dpnbohnl
Byonb gynBn3nh-9ndnyhn dofiggbgopgonl
Lnghmohng-gpgddmhopyhn dggmobgod

606M 30364dJ

0001980b dmao hybmozgenb bobgedfoxrm 36039hbnBgB0n, bmxeab 899hbgmonb
d93609hg0000 emgBmhan, sbmEnhgodyon 3hmxugbmho,

doogohn 893609h 0006083dhmayon

6360 330MNA3NCN

0009000 dmamo hyb;mozgenb bobgedfoam 36039hboBgB0, dnmemgnnb
omg@dmha, sbmznhgdyon 3hmxzgbmho

392MeN bIMAV6NJI
000900b dmav hyb;oggenb bobgedfoam 36039hb0B9B0, LodybgdnbIgBY390mMm
093609hg90000 0 396003300 BQV39089800 93memgnab dognbBhn

LY3336dM LOOY3IBN: InbomMab Byoema; Bymab boMmabbo; bobodomyen-
00ghHaMomenmagnmo 060 nB0; obogzmygm bojommzgenm
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658MmATn dMEgdY™0ns Esbo3zmym bagdsmmzgmmb dmgngMmmn dnbsmab (Bohm-
M0, 9639M0, 3(h339M0 s 3bgbabBYsmn) Bymab bamabbab 3md3magbyMmo 9xsbgds
mMaabmmgdhngymo, gzndogm-Jondoymo, gmgdgbbymo, 00magbymo s LobobhomMmy-
m-doghgmommmanymo doA39690mgdab dobgo3znm. oanbs, Mmd dgbbsgmomo
dnboMmygdn gobLbbzo3wgdnsb dnbgMmomadeiEnal, Jobazswmmodab, gmadgbdhmo 8-
0000396monL, dozmmodnommmagnymn bAHHILOL Tobgznm. 96gyMab Bysedn godm-
3mgbomos MM3abymon 603009M70900bs s doMagbma byhMngbdHgdab dgoMmydom
domon d903339mmoy, sbg39 bogMmom 3mmagmmdymoa d3ghaMmngdaby o Escherichia
coli-b 3MbgOMoOY. ZohmMmab Bysmo babosnEgods seydnbab AMIs@Hgdyma 3MBEgbbHMS-
3000 o dngmMmdomemanymo sdnbdymgdom. dh33Mnbo o 3bgbabBbymab Bymgddo
dgoMmygonm bgmboymaman g3menmgnmo damdomgmdss, MoE gsdmabode @adomn
©3006d7My00L 80hA39690eM9000) s 0dJHgMomemgagnmo yJbhogmmbmydno. 3dndg 39-
Homgonb y3ghgbmos 600907000 oM godmzmgbomy ob domo 3mb3abhMmains g3memm-
309Mo ©obod3g0 GoMmgmgddn nym. domyoxmn 39093900 3n0m0mgoLb Eobogzmgm
Lodommzgmmb dnbsmams Bymmab bomabbab bogmEzmdmng gobLbb3ze39090%9 o badL
30303L oo MygameMmymn dmbommnbgnb 860d369MmmMoOL Byemab MaLyMLYONL
0aMan 3oMm30bs o 93MbLALHYT700L o330L B0BbNM.

Spatial and Temporal Assessment of Physicochemical Water
Quality Parameters in Selected Rivers of Georgia

NINO KIKNADZE
Batumi Shota Rustaveli State University, Doctor of Agricultural Sciences,
Chief Research Scientist, Associate Professor

NANI GVARISHVILI
Batumi Shota Rustaveli State University, Doctor of Biological Sciences,
Associate Professor

GELODI SURMANIDZE
Master’s Student in Ecology, Faculty of Natural Sciences and Health Care,
Batumi Shota Rustaveli State University

KEYWORDS: River water; water quality; sanitary-bacteriological analysis;
Western Georgia

This study presents a comprehensive assessment of the water quality of several rivers
in Western Georgia, namely the Pichori, Enguri, Mtkvari, and Tskhenistskali Rivers, based
on organoleptic, physicochemical, elemental, biogenic, and sanitary-bacteriological pa-
rameters. The results revealed significant differences among the studied rivers in terms
of mineralization, oxidizability, elemental composition, and microbiological status. The
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Enguri River exhibited relatively high concentrations of organic matter and biogenic nu-
trients, as well as the presence of total coliform bacteria and Escherichia coli. The Pichori
River was characterized by elevated aluminum concentrations and microbiological con-
tamination. In contrast, the Mtkvari and Tskhenistskali Rivers demonstrated comparative-
ly favorable ecological conditions, reflected by lower pollution levels and bacteriological
safety. Most heavy metals were either not detected in the analyzed samples or were pres-
ent within environmentally acceptable limits. The obtained results indicate distinct spatial
variations in river water quality across Western Georgia and emphasize the importance of
regular monitoring for sustainable water resource management and ecosystem protection.

bga3ohanhnb d3bnyndopndghdn (Umg. dobm]
dMg030n o1ghn honb gmopgonb
0ndbnzim-Jndnyhn Johodgphqgonb dgpohgonmn
dggobaoo, Lbgopalbzy g9bmpmanyhn
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60dmMmadn BoMAmEagbogns bgmzohonmab dxbogndsmohgdob, bma. dobmdn
3mgdyamn ogmmo Ronb (Camellia sinensis) gmogonb bsmobbmoMnzn s B0dN3Y-
M-Jndoymo doboboomgdmgonb dgx30bgoy, domo bb3oobbze dgomoom odydags-
60b 30MmoOgodn: 50°C-99 (2 bon) MgMIymo dMmdnm Bomgdymo; — 5°C goynbznm (24
bo) o 3g8amd 70°C-D9 MmyMAYmn dMmonm domgdymoa. 9JL3gMndgbhyamds dg-
0939000 oh3z960, MMD 50°C-Bg ©ody0do3909mn ogmmo Asob 60dydo nbomMAybgoL
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C-bL @aEnmydnm domogn d93339MMOSL o JBMM Tomam pH-b. mgmMmo Asob mm-
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ob goynbznom o 70°C mgMmdymo dMmodom 3maddnbsgnsdn Mgz000 063930 3mano-
x96mmgdab 656oemmOMN3 ©oJob330L, 39(hadnbgdalb o Hobnbgdalb 899EnMYOSL
o 99LbHMogH0L 3793006MONL BMELL, MPYIEBS 03937 WMML dDMNL dmgngMmmn do-
Bgmomymo gangdgbhnb (K, Fe, Ni) ggdbhmogdi3nsb. owanbos, Mma ,Mdnma” cgMmdy-
mo 3Mmods (50°C) 38Mm gxgddaMos mgnm Rsndo domoddhoymo 3mI3mbBgB6Hgdab
9965MmAY6900LM30L, bmmm 3MAdNBaMgdymn hgdbmemmgns (-5°C, 24 bon + 70°C og-
Mmoo IMmos) ygmm dgho bgmb 36ymob dnbgMmsmmymo gMagiznob gosdmymasb.

Comparative Assessment of the Physicochemical Parameters
of White Tea Leaves Collected in Khelvachauri Municipality

[Makho Village] under Different Processing Conditions

NINO KIKNADZE

Batumi Shota Rustaveli State University, Doctor of Agricultural Sciences, Chief
Research Scientist, Associate Professor

NINO SEIDISHVILI

Batumi Shota Rustaveli State University, Doctor of Technical Sciences, Senior
Research Scientist

SALOME MAKHARADZE
Second-Year Student of Chemistry, Faculty of Natural Sciences and Health Care,
Batumi Shota Rustaveli State University

KEYWORDS: white tea; processing method; organoleptic properties;
physicochemical parameters; quality

This study presents an assessment of the quality and physicochemical characteristics
of white tea (Camellia sinensis) leaves collected in Makho village, Khelvachauri Municipal-
ity, under different processing conditions: thermal drying at 50°C for 2 hours, and freezing
at -5°C for 24 hours followed by thermal drying at 70°C.

The experimental results demonstrated that the white tea sample processed at 50°C
retained superior organoleptic properties, significantly higher contents of catechins, tan-
nins, and vitamin C, as well as a higher pH value. In contrast, the combined processing
regime involving freezing and subsequent thermal drying at 70°C resulted in partial oxi-
dation of polyphenols, a reduction in catechin and tannin contents, and an increase in ex-
tract acidity. However, this treatment enhanced the extraction of certain mineral elements,
including potassium (K), iron (Fe), and nickel (Ni).

The study established that mild thermal drying (50°C) is more effective for preserving
the bioactive compounds of white tea, whereas the combined processing technology (-5°C
for 24 h followed by thermal drying at 70°C) promotes the release of the mineral fraction
to a greater extent.
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33m9300L 300360 63MIMOEE]bO vdoMa-gaMonb 93mbLNLHYT70T0 gogzMEgmgdymn
9530 366mab (Sambucus ebulus L) gmamgdab dmipsbozyMm-dmmamenmanymo, a3o-
hmdodoymo o dgmbogmgdgbhymo dg850396mmanb dgbbogzms o domn igbgin-
JM-oMdogmemmanymo 3m@gbEosmob dgomgdnomn dgxasbgds. 33emg30L MdNgdbHL
BoMIMO390ms bma. gombomdn, bmaz. mbobombo s bmax. dndomdn dgammzgdymo
066mab gmmmyod0n. 33mg30L BaMamgddn gobobodmams ggbhModbhmmn bogmngmg-
0900b, 36069000, 30097069000, Lagmmm 3z03006MdNL, 3ohodnbo C-ab, 399ddH06MN
6030009M7509000Ls o boghom bagmab d99339Md.. sbY39 dgbBogzmam ngbs dozMmm-,
903Mm - o HmJbozgMmo gmydgbhgdnb d93339mmos 3MadIYMa shmayM-gdnboymo
L3gghmmIghmoob TgomEono. 33g30b dgoa900L dobywznm, mbomboMmab 603y-
d900 godmomAgmes 93dbHMaghammo bngmngmgdgodnby s bbbswo 39dhHnbob Jomoman
399339mmonm, gombomab 6037ydg00 - 30(H9§069000L s bagMmom 397H0bab Fomomo
doh39690mayd0m, dodomab 60338900 — HobnbgdabL, dnbgMmomymo BnzmngMmgodgdaL,
30600, 30m30330Ls o dogbnyxdab Jomomoa 93339Mdnm. HhmJbozyMmo gengdgbda-
00bL d933339MMOs Y39 6037330 303N 0YM S L3970 BMZML oM dMgdahgdom-
@9, Mo3 bgmaymMab g3MmmMmagnyM JLoBMNbMY0sDg d0y00mMxoL. bb3zoobbgo mmgze-
300bL 93mmMmgnmo s BnoogymM-3amndahymn 3oMmodgdn 3603369mMm356 go3zmgbob
obgbb Sambucus ebulus L.-ob gmmmgdob Jodoym 9050390 mMmMOsdY o TJom dom-
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mgnym 3JH03MdedY. 966mab ggmomgdn BoMmIMowagngbb domenmagnyMmaw ogbhnymo
6030m09M70900L 36033690mM356 BysmmbL o 39ML3gIDH Y™ Bgmaymb BYbjEnyMo
00339000, BOHM3MI3oMHONLY s LTZYMbsMM-3MManadhHndnmo badyomgdgonb
BoMIMx00LM30L. gobbognmMmgdnm domomo i3nbginM-gomdszmmmanymo 360d369-
omonm godmamhs dondoomab 6039dgdn, MMAMIo0E dosMa nym MmammE dnbgmo-
mymo, 0by BoMTs3MEMMZN M dJH0gMo 3MA3MbbHgdn.

Botanical and Morphological Characterization of Elderberry
[Sambucus ebulus L.) Distributed in the Adjara-Guria
Ecosystems and Comparative Analysis of the Phytochemical
and Pharmacological Potential of Its Leaves

NINO KIKNADZE
Batumi Shota Rustaveli State University, Doctor of Agricultural Sciences, Chief
Research Scientist, Associate Professor

NINO SEIDISHVILI

Batumi Shota Rustaveli State University, Doctor of Technical Sciences, Senior
Research Scientist

NATIA PHUTKARADZE
Second-Year Student of Pharmacy, Faculty of Natural Sciences and Health Care,
Batumi Shota Rustaveli State University

KEYWORDS: Sambucus ebulus L.; phytochemical analysis; morphology;
pharmacological potential; quality

The aim of the study was to investigate the botanical and morphological characteristics,
phytochemical profile, and multi-element composition of the leaves of dwarf elder (Sambu-
cus ebulus L.) distributed in the Adjara-Guria ecosystems, and to comparatively assess their
functional and pharmacological potential. The research materials consisted of elder leaves
collected from the villages of Charnali, Tkhilnari, and Dzimiti.

The study included the determination of extractive substances, tannins, catechins, total
acidity, vitamin C, pectic substances, and total ash content. In addition, the contents of mac-
roelements, microelements, and toxic elements were analyzed using inductively coupled
plasma optical emission spectrometry (ICP-OES).

According to the research results, samples collected from Tkhilnari were distinguished
by high contents of extractive substances and soluble pectin, while the Charnali samples
showed elevated levels of catechins and total pectin. The Dzimiti samples were character-
ized by high concentrations of tannins, mineral substances, iron, calcium, and magnesium.
The concentrations of toxic elements were low in all samples and did not exceed permissible
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limits, indicating the ecological safety of the plant material.

The findings demonstrated that the ecological, soil, and climatic conditions of different
locations significantly influence the chemical composition and biological activity of Sam-
bucus ebulus L. leaves. Elder leaves represent an important source of biologically active
compounds and a promising raw material for the production of functional foods, phytophar-
maceuticals, and therapeutic-preventive products. Among the studied samples, those col-
lected from Dzimiti exhibited the highest functional and pharmacological value due to their
richness in both mineral constituents and pharmacologically active compounds.

39h9dmb poonbdyhgoo dobgobydnm po
dnbgob godmb3gyan Anb3g0n gnomyhinb
dogopnmby

0198MN3M LI3IBIF3NQN, 3VMN6J LQV3QVdT’, V3 8I8IARNV?
Tbogohmzgomb 36039hbnBgBN

2 bobfogom pbn39hboBg80 dgmadgen

LAI3336dM LO®Y3IBN: Fo63067930; IM3M3900; CIONBIYMYOY;
69M33m0 bob@Hgdo

0dndg dghomgdnm gomMgadmb adnbdymyds mabodgmmmag g3memmanabs o badm-
3om0MmgoMn3n 5363Mmgmmodnb gMom-gfmam 9603369mm306 godmb3930L BoMAMaa60L.
3960 3ymMxdYMN yyMomgds gmdmos 836856790 (Mn), MmdgmoE dnmy MemEgbm-
000 33307909M™MNd 3330360L MMZabndAnL bmMmIsmyMmo BybdEnmbamydabmznl, ;-
d@o dobo domamo 3mbEgbdMMoEns o babgMmdmngn B9dmJdggds bagmMmbgb ngabab
50060MMgmMMOLD.

bodoMmm3zgman goomyms BoMIMaagnbL 8ob6306330b IM3mM3900L yabbznegb 396-
HML. bLadmMyb3zgmm 3MME3YLYONL J9Y3aoE 3063967900 gMmM3ds Bnogdn, Byomby o
ohambagMym 309Mdn, M3 DML AMbLabmMamdnby o EJLEJIgdImMms Fobdmmgmm-
0009 B99mgdaggonb MabgL.

LagmmodmMmabm 33m93900L dobg3znm, 896336700L JMmbozgmo 9gb3mMdOENS
0609369mM356 3o3mebab vbEYbL 6gM3YM bLHITIDY. Y39dY o3MEIMIOYI 3EN0-
6039M godmamnbgonoL BaMmdmagnbL: hMmgdmmon; dmdMmomonb 3mmmM@nboEnab oM-
™3939; 39600m3060 M0gnMos; YygMmomgdnb 3mbEgdbhmagnnb 3Mmdmydgdn; gdmabo-
Y0 o dMmM3000 3Eamadsmgmdgon; 3oM3znbmbab dbge3zbo bnbMmmadn.

006306930L BbgnmbhMmgbozgMmo dmJdgads doMNMIEIE ©y393d0M7dymns dnb
©33MmM39000LMd6 M30L H3060L doBOMYM gobgmngddn. gb 063930 EMaTNbyMZzYMN
LoLAH930L BY6JEN0L aM®3930L, M3 3MNbn3xMo 30M30bMB0BTNL Abgo3zb bod3hm-
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39000 3m0bgdo.

g00m3M0ob LodM-bodMxB3gM LBsMIMYOTn AshoMydymads 33939000 dhA3900,
Mmmd obogdgoymgddn smnbndbgds bgMmzyman LoLHHYBNL BIYOJE3NYMo aMM393900.
0mb0dbymon dmbsEgdgon sabdymgol, Mmad Myanmbdn dob63067d0L BDgIMJdggds bo-
MIMoa9bL goMyambeE3000 s LadMZMYdMNZ0 F36IMMgEMANL 3MHMAMYTsL.

g0omyMado 333009 0s goMmagdmb 3ma3mbgbhgodnb — 309Mab, Bymnby o bnoe-
30L = bobdgTgMo AMboHMMNbZn o F96dMMgEmMOnL IMbSE393700L MggnSMYMN JgR.-
L900. ALEE3LN BnEamads bgmb dgx6ymdL gomMydmbsEznma Mablzgdab dgdEnMmgdsb, dm-
LObEYMONL F36IMNYEMONL EV(330LY O FEEMIEN ob30MdMxdNL BnBOgONL nMBg300.

Environmental pollution with manganese and the risks
caused by it using the example of Chiatura

TAMRIKO SUPATASHVILI', MARINA DAVLADZE', MAKA GUGUCHIA?
" University of Georgia
2 Geomed Educational University

KEYWORDS: manganese; mining; pollution; nervous system

Environmental pollution with heavy metals is one of the most important challenges of
modern ecology and public health. Special attention is paid to manganese (Mn), which is
necessary in small quantities for the normal functioning of the human body, however, its
high concentration and long-term exposure pose a threat to health.

In Georgia, Chiatura is the largest center for manganese extraction. As a result of in-
dustrial processes, manganese accumulates in soil, water and atmospheric air, which in-
creases the risk of impact on the health of the population and employees.

According to international studies, chronic exposure to manganese has a significant
impact on the nervous system. The most common clinical manifestations are: tremor; dis-
turbance of motor coordination; muscle rigidity; problems with concentration of attention;
depressive and anxious states; Parkinson-like syndrome.

The neurotoxic effect of manganese is mainly associated with its accumulation in the
basal ganglia of the brain. This leads to dysfunction of the dopaminergic system, which is
clinically manifested in symptoms similar to Parkinsonism.

Studies conducted in mining and industrial enterprises in Chiatura have shown that
functional disorders of the nervous system are observed in employees. These data confirm
that manganese exposure in the region is an environmental and public health problem.

Systematic monitoring of environmental components - air, water and soil — and regu-
lar assessment of health data are necessary in Chiatura. Such an approach will contribute
to reducing environmental risks, protecting the health of the population and achieving
sustainable development goals.
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606M 8baNda

Jndnnb 893609hgd00m0 emgBmha, dbY-b sghohyon oo 8986hsby0n
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nbbBNBYIBNL enhggdBmha. bogohmzgomb 93momagnnb 39098000 F9zhn

330MI6 BIS3IMIJI
gndnnb o03909803hn emgBmha, 6bY-b vghohyon eo 8900hobyen 39g6momangdnb
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QIadNMY 3MBBILNJI
00y-b vghohy0n eo 8900hoby00n $996moemagngdab nbbBnByBnL 89360nghn
006083hmagon

600Y3060 LodgoENbm LLdgEbogMm 33emg30m0 nbLEHOBHYHIONL dogM 8IH30E907-
0o, MM 5o30060L Fo6aMMNgMMO0Lam30b 8dndy dgdHomgdo 10-39M YxMm Lododos
3000M9 M3Ns309. dg9LOd3NLLE, 3d0dg F9HoMx00Eb AddENbamMg Bymgdab oLz M-
3900 m3bodgmmzgmonb gMmo-ghmo 8603369mm306 LagnmblL BaMBIMoa96DL.

Aodnbomg Bymgdnb gobdgbnb dMagamo dgomen smMbyOMOL gbgbons: Myaggbh -
™0, 9madhHmHmzmegamagnygmo, bmmMogombyma, 3930Mabymn o bb3gs. yzgms dgdmm
Ahadmmzmom dgmmeb goshbns MmgmmE magznbo g3nModgbmoy, nbg bagmo.

0dnd9 39Mhomgdnb 9993390 Asdnbomg Bymadab gobyxmegzgodnb yzgmadyg 3Mma-
MLy FgmEL BaMAmMeagqblb gmgdbhmmeosmadyma dgomoon, MmIgmoE Asdmm-
3o 390mEyoLb dmmob yzgmadg 01060350 MM39, 93MMMZNYM© LYRM s doMmbon-
300 99L3mMYohoEnsdo.

Aodnbomyg Bymagddn ddndg dghomgonb gobdgbnb 3MmomMgdnb gowabyzghodon,
AzgbLb dogm 3mbLAHMYJEOI0 gggdhMmooomodYMmo d3sMadymab d9Jdbsdn dam-
domgmobL, MmImab abzgbs o godmdzngds dmadsgamdn dgbadmmgdgmon 046908 50
mmomngn dMy639mmonb oM o IMIbIsMYOMNLIMZNLIE JBRMM bydobsb3zman,
Mo39600o3 A39mMadM03 gL d3sMahyMo godmdzndymo 0gdbgds agnMmg 3aMH0gds® ob
300093 06000300070y M0 3MmgdhHgonm. sbgmo Bomdmgdob mMmagsbndeiEns oM 063930 do-
™03b o bndbgmMagdLY o 3od0hamyMm Eobsbomggob.

9mM9gHMmME0omMndYM0 333Mahg00b odMmmgdhgonbs o sddYdaLmM30L, MMT-
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003 dgbadgdgmos godmygbadym ngdbgb MmammE doMomon gegdgbho Aodnbo-
Mg Bymgonb bogMmom gobdgbab Hgdbmmmgnado.

BoMIMagbommo hgdbmmmanymo 3MmEgbob gedmygbgdnom Lodn sdmEebab owo-
6y39(o bgMmbgdy, 3gedmadnboMmyg 33 30L d99asa® domadyma badmenmm 89930
b AggbL dngMm gowabyzghomo ngbs Lod0 sdMEsb.:

300M39mn sdmEobs — 3dndg dghomgonb 4993390 BYyambbbamMxdab goydomomyds
9mnOmymo domamzmbEgbhmamgdgmo 3mbzabmMmodnb domagdnm o 88 P30b0bL-
309mM0ab gamgghmmendom o0 gangdnbhgonb gedmymaznb dgbodmmgdamoy;

dgmMg sdmEsbs — 3dndg dghHomaonb 3993390 ByasmbbboMmydnb gobdgbws Aozg-
Hoo boboMIMmM 303ennb dgbagadbgmom gomzabym BoMIMyddon;

090039 30ME6s — AodNnboMmyg 3dndy AgHomgdab 8593390 BYysmbLBMYdNL Zob-
09600 B3MYMe oLYd390 3MBE0HMIENIMS bMMIY033®Y OO 33MIMIMYMI® (39~
-3oem3g ddndg gdHomgdnb, dom dmmMab: Jhmanb, 6039000, 8y30000 Qo 3MO3QBENL dTM-
®900b dgbodmgdamodo.

©365aeMx00 EddBVSIOIMN 046s sgMamymon s 3980Mbymo Hggdbmmmagngdnb
0bbdHOHOL 39906039M LodJMmMAn. 33¢M93900 AohoMydymn ngbs nbLAHOBHIYDHOL ©Og-
39000900M90580 sMLYOYM T9J60373M LodTIMMLS o WMsdMmMsthMmMmnyddo.

Utilization of Wastewater and Rinse Water Containing
Heavy Metal lons (Primarily Chromium, Nickel, Cobalt, and
Lead) Using Electrodialysis Units

RAUL GOTSIRIDZE, NINO MKHEIDZE,

JEIRAN PUTKARADZE, LAMZIRA KONTSELIDZE
Agrarian and Membrane Technologies Scientific Research Institute of Shota
Rustaveli State University

Leading medical and scientific research institutes have confirmed that heavy metals
are ten times more dangerous to human health than radiation. Accordingly, the removal
of heavy metals from wastewater represents one of the most important issues of modern
times.

There are numerous methods for wastewater treatment, including reagent-based,
electrocoagulation, sorption, membrane, and other methods. Each of the above-mentioned
methods has both its advantages and disadvantages.

One of the most progressive methods for treating wastewater containing heavy metals
is the electrodialysis method, which, among the listed methods, is considered the most
modern, environmentally friendly, and simple to operate.

The solution to the problem of treating wastewater containing heavy metals lies in the
development of electrodialysis equipment of a new design. In the future, such equipment
may be improved and manufactured by local industry, making it more accessible to
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consumers, since this type of apparatusis usually produced in small batches or according to
individual projects. The organization of such production does not require major difficulties
or significant capital investment.

The aim of the work is the design and manufacture of electrodialysis apparatuses that
can be used as a key element in the overall technological process of wastewater treatment.

Through the application of the proposed technological process, three main objectives
can be achieved. Based on the final results obtained from the research, the following three
tasks were solved:

The first task is the desalination of aqueous solutions containing heavy metals, while
simultaneously obtaining a highly concentrated concentrate and creating the possibility of
extracting these elements from the concentrate by electrolysis.

The second task is the treatment of aqueous solutions containing heavy metals in
order to establish a closed production cycle in galvanic production.

The third task is the treatment of wastewater containing heavy metals to the level
of maximum permissible concentration standards, while simultaneously enabling the
separate recovery of heavy metals, including chromium, nickel, lead, and cobalt.

The units were manufactured in the mechanical workshop of our institute. The
research was carried out in the mechanical workshop and laboratories operating under
the supervision of our institute.

bogomaodhmpndpgonm poonbdyhgdyon
Bypgonb gobdqbpnb mobodgphm3ay

H9dbmpmgangon po 33093nL dgmmpegon

03399 30J9MYIdI, MILAY6 CV31013dI,
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000780b dmao hybmoggenb bobgedfoxrm 36039hboBgB0bL vghohyon o
0900hoby00 0b6LBNBISB0
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3°9M0 JMhmadobHmgMmoxzns

60300md3MM©YJH000 s00bdMadmn Bymydab gobdgbms MebodgMmmazy 93m-
omanymo 393609M900LS o oMmamMbL aE30L ghmgmm 360d3690M306 godmb3930L
BoMIMoagbL. 330m930L B0DobL BoMIMOEE]boe bagzgmmodnms o Bo300MO3MMEYT-
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00 bmMmOENYMN o 3930Mabymn Hggdbmanmgngdab 3mddnboMydymao godmynbgdoo.
33mM930L QoMmamaddn godmynbgdym ngdbo 09690M030 s LNbMYBYMo 3mendgMmyman
bMMOgb MO0, 93M9mM3g 3MmMAbymMEBMboLby o 3mmmomijboosdmmob d930Mabydo,
MmamyonE b3gEnomymMo ngdbo dgMmhgymo s godmEwoamo 93b3gM0dxbdHmn 33mg-
3900Lbom30L.

339300 39009390 ©33gnbs, MMT Labynb Byogdn sMLYOYMO FodxM0 bobdoMm-
Byomoagdnb 3mbEgbdhmMaiEns, MMIgmnE ssbemgdno 50 83/ mb 8950396w@s, bmMo-
3090 8078539000 39393 89330MEs 2,9 33/ MY, bmenm 898amadn d900Mybymn
gomdmsznab gsdmygbgdnm dombgyan ngdbs dabo 303 yRMmM J5930Mgds 0,18 33/
3y s Loylzgomgbm dgdmbzggzedn 0,01 33/ WIEY. Fomgdy™o 8993700 dsbhYMI-
0L, MmM3 bmMOENYMN s 3900MdbyMa Hggbmanmgagngdab nbhggmnmgdyamo godmygbgds
35M36379mymxzb bogzmmd3mmEIdhgonb 9x399dhaM dMmEnmgosb s badyemydsb ndeng-
39 300907 0469L domogn bamaobbob gobdgbomo Bysmo.

60300Mm03MmM©YJHg00L MomEabmoMmngn gobbodmzms gobbmmEngmms B3yMgL go-
Msgddbab nbggmsboomgan b3gddhmmbzm3nab (FTIR,Shimadzu) godmygbgdnm, bmenm do-
9090 390939000L LOBYLHY O LObEMMOS EOEILHYMES FodYMmo Jhmdshmagmoaznnlb
8900m@no (Thermo TRACE 1310 GC-FID). 33em930b boxgyd39mdy 999335300 6330MMO3MM-
©19dH9000 s00bdyMmgodymo Bymgdnb gobdgbnbs s baMmabbab 3mbBHMmMmMObL Mmabo-
dgmmazg 9900m©g00, MMIgmMos godmygbgds dgbodmgdgmoas MmgmmE bodmgbzgmm,
0bg 3oMydMLEVE300 3Maghnzodon.

Modern technologies and research methods
for cleaning water contaminated
with petroleum products

IAMZE KEZHERADZE, RUSLAN DAVITADZE,

NINO MKHEIDZE, RAUL GOTSIRIDZE
Agrarian and Membrane Technologies Scientific Research Institute of Shota
Rustaveli State University

KEYWORDS: oil-contaminated water; sorption; membrane filtration;
FT-IR spectroscopy; gas chromatography

The treatment of water contaminated with crude oil and petroleum products rep-
resents one of the most important challenges in environmental protection and ecological
engineering. The aim of this study was to develop efficient treatment methods for oil-con-
taminated water through the combined application of sorption and membrane technolo-
gies. Natural and synthetic polymeric sorbents were investigated alongside polysulfone
and polyoxadiazole membranes, which were selected and evaluated under experimental
conditions for their separation performance.
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The obtained results demonstrated that the concentration of total petroleum hydro-
carbons (TPH) in contaminated water was significantly reduced through multistage treat-
ment. An initial hydrocarbon concentration of approximately 50 mg/L decreased to 2.9
mg/L after sorption treatment, while subsequent membrane filtration further reduced the
concentration to 0.18 mg/L and, under optimal conditions, to as low as 0.01 mg/L. These
findings confirm that the integration of sorption and membrane processes provides highly
effective removal of petroleum contaminants and enables the production of treated water
approaching drinking-water quality standards.

Quantitative determination of petroleum hydrocarbons was performed using Fourier
Transform Infrared Spectroscopy (FT-IR, Shimadzu), while the reliability and accuracy
of the analytical results were validated by Gas Chromatography with Flame lonization
Detection (Thermo TRACE 1310 GC-FID). The study also contributed to the development
of modern methodologies for the treatment and quality control of oil-contaminated wa-
ters.

The developed approaches demonstrate significant potential for application in indus-
trial wastewater treatment, environmental remediation, and sustainable water resource
management, offering an effective solution for reducing the environmental impact of pe-
troleum pollution.

dobgobydnbl gynp39¢70nL dqLbogpo
370]hmdogmahoagynyon dgompno

0LaLNQN MM3BJI39
03969 3030060330000 bobgemdnb MdnEnbAb LobyedfFoxrm y6n039hbnBH S0,
Jndoob emg8mhobBn

01909M 8VbdMIdI
030679 303000330000 Lobgemonb M0nEabNL bobyedfoxkm 36039hboBgSs0,
Jndnnb s3009803ho emgBmhon

64019QY 86860333NQN
03969 5030060330000 LobgoMONb 0000 bNL Lobgedform 36039hLNBIAEN,
Jndonb s3009803ha omggmho;

LYO3336dM LOOY3ION: BY3MIFo3900; 3063567930;
39mMgMmmashHmgMogny; 3gMmammonb 3xwangy;
BIW3sGIM0 3Mm33mggbyoe

LY3MITMEY3Y™MYM0 6030009MYd900, BYM3MTF03900 dJhH0yM dmbsbomgmodsb mg-
0emm09b 0bg0Mng Bymgddn dndnboMmyg 3MA3mgdLebomamdabob 3MmEgbyddn.abo-
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60 65MAIMJ36006 daMo® 659MmMYdL ddndy FgHomdmMab o gobodnmmodgdgb 61b90-
M03 Bymgddo domn dngMmoznob a3mmadgob.

gBYm3zshymo 3ma3mgdbgonb dgbbBogzms o damon 3nMmonmo dEgMsmMonb dxwan-
39000 o369, 3gHommyMo nym gabymaoa boyzybab 70-80-06 Bangddn. 39093 331939-
00 3MagMHn3gmo d96yo. 303Med 83 LOY3N60L AbLBYnLAN gonMzzs MM BYM3sHYMn
3Ma3magqbgonb 3nMmonmn dgMomonb 3ydn3300L awagabnmn 360d369mMmo500L
390mygb90s 3Mogdhnzodn oM bgMmbogdmEs, Moaeb gMhmo o 030395 dghHomobmznbys
30, pH-0b 9Mo0 o 03039 8603369MMOSDY, BYM3shMa 3MA3mggbgdab 3oMmoncn
dgMomonb 330d03500L 36033690mMO700, MTEIH0Tg Mognm gabLbbze3wgOoMEb96
90 M35690000g06. 0300 godm dgdegdgen bgos 07690Mng Byemgddo ddndg dgdHomy-
00b 9MLYOMOBOL BMMIJOL 3MMIJHIMO oMz, 93MJ0dnyMo dgmadsmgmodnb mong-
HaM0o d9x330900 O 3MMEbMdNMYd.

39mgmmasymamogznymn 9900mEob godmygbgdnm o x¢Y3zmadge3go0b dmeng-
3yaymo 8sbgo0b ™830L909Mxd900L gom3samabBNBgdNm, owagboana aym Mn(ll)-0b
RYm33thymo 3ma3mgqbgdab dgagbnmmogdn s 3nMmonmn dagMemonb 3xwdng]g-
00b 8603369mm0900.LogoMM3gamMmMbL 0bg0Mn30 BymgdnELb dELMMOENYM-JMmTo-
HMagMoxz3nymM0 3900MENM godmymangns BYm3MaIze3900L byazos 60dydgodo.

Mn(11)-0b gym3shymo 3M33mgdbydab 3oMmmodnmn dgMomdnb 83wd03700L gom-
3m0bob, gomzemabbnbgdymon 0gbs MmgmMmE BYM3zmMIZazgoob bMma sbmznshob,
oLg39 MmaEngMmadgmab Lodysmm Amag3gmymn dabgdn. 6oA3969000, BYM3sDHYMa 3MaD-
3mqgLydnb 3oMmMdnM0 daMaMdnb 37303900L om3zmabab,mmngmdgmab dmeg3y-
3360 3sLob godmygbgdab Y3nMmsthgbmogodon.

INVESTIGATION OF MANGANESE FULVATE COMPLEXES
BY THE GEL CHROMATOGRAPHIC METHOD

SESILI ROGAVA
Department of chemistry, Ivane Javakhishvili Tbilisi State University, 3 Ilia
Chavchavadze Avenue, 0128, Tbilisi, Georgia.

PHD STUDENT TAMAR MAKHARADZE
Department of chemistry, Ilvane Javakhishvili Tbilisi State University, 3 Ilia
Chavchavadze Avenue, 0128, Tbilisi, Georgia. Academic Doctor of Chemistry

NATELA ANANIASHVILI
Department of chemistry ,Ivane Javakhishvili Tbilisi State University, 3 Ilia
Chavchavadze Avenue, 0128, Tbilisi, Georgia. Academic Doctor of Chemistry

KEYWORDS: Fulvic acids; Manganese; Gel Chromatography;
Stability Constant; Metal-Fulvate Complexes
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Supramolecular organic substances, Fulvic acids, actively participate in complex for-
mation process occurring in natural waters. They form stable compounds with heavy met-
als and stipulate their migration forms in natural objects.

The investigation of metal-fulvate complexes and the determination of their con-
ditional stability constants were among the major research topics during the 1970s and
1980s. Subsequently, studies in this field declined considerably. However, at the beginning
of the 21st century it became evident that the previously reported values of conditional
stability constants could not be effectively applied in practice.

Using the gel chromatographic method and taking into account the molecular-mass
characteristics of fulvic acids, the composition of Mn(ll) fulvate complexes and their condi-
tional stability constants were determined. Pure samples of fulvic acids were isolated from
natural waters of Georgia by the adsorption-chromatographic method.

When calculating the conditional stability constants of Mn(ll) fulvate complexes, both
the average molecular mass of the complete fulvic-acid associate and that of the oligomer
were considered. The obtained results demonstrate the advantages of using the molecular
mass of the oligomer in the calculation of conditional stability constants.

mmopymanb 9ambnzyon nb3ogpapnnb dynbinghn
po dmhgyon 99999Hqon obopgadhpo dodhn
3nhmog3gonb bmnopyh 9393000 pd mognb

13nbnb yophoLhnydnnhobdy

606(M BMALNII™, BN I3V60J"%, 6ILITLY $IBIMNJI’
03069 09hnBsd30000b 99b39hnd968300 domdgeniEnbnb 396@8ha,
20000b bobyedfomm 36039hboBgB0
nino.pochkhidze.1@iliauni.edu.ge

LAI3336dM LOGOY3IBN: HMenyme; JOMb60330 063ommoEny;
bmEoamMyMo J3939; 303M30930bL CA1 39m0; 3bmzgeyMo dmoagmo

dgbogoen o 3nHobn: AMBMEYOdn Hmeymmob JMmbogzgma 9Jb3mdaEns 3630-
39 LLdgENENBM-00MmEMMaNYMo 3MMOMYdsy, M3 dab3nMmogdymns gobznmoMydoN
®a30L H3060b bgommbmgLzebhgdnb TndoMmom domomn dgMIbmogmonm. 3gMmdme,
dmdoMmOMOnL sbogdo hmemymeob ghmbozgmo ggb3mdoEns bygnmmbyma BMY9d0bL
B96J309M s bHMIIHIMI ©EMM39390L 06393b. BoMIMPagboma 33emg30b dndsbo
0Yym sbomagadms dodMm 30000339000 hymmymanab gMmbozgmo nb3smsignnb dyobog-
M0 o dmMmyymn 9x399Hg00b d9x30bgds bmEnsmym J3930bs o 303M3ad3dnb CAT 39mnb

JOBHOLHMIYIHIMOBY.
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0900m0900: 30L(H3MAL bsdOb sbomasdMms (P 25-30) 333Mm0 30MHMd33900 50 EMAb
396303mm0O5dn ndymxz90m@bgb Hmemymmab ghmboggmo gqb3dmdoEnnb 3oMmmdgddn
(2000 ppm, @m0 gMmon basman). bmEnsmyMo 3939 BsLEJOMES ggb3mMdNENNL .-
LMYWYONESL 24 Lasmab Jgdga (BynbogMmo gx3gdhn) s 90-Emab dgdwaa (washout,
dmMgymo gx3gdhn). HMbLANLOYmo gangdhmmbyama dozMmbiM30L LsdYsmgdnom,
RodhoMmms 303m3s830L CAT 39amab 3Mabnbsggbyma hgMmdnbomgdab Mamgbmodab (xgo-
Mmomodnb 9Mmmngyadg), bobsxgLydab sghoyma dDmMBaL bogMdab, 3Mybaboxzbyma datym-
JmbMngdab Mom©gbmdnb o oMomMonb, s bnbogbyMmn 39B039m™yd0b bb3zoabbgs
3399030 3gogMm0s670m0 399033m700b (3asddMm 8980M3bsbMsb Jg3nMadnmgody-
a0, bsMYBYIM3M S MO30LYGSMN) M3IMEYBMONL dMMBMAgHMaYo s63NdO.

399093900: 3odm3mnbs hmeymeob gMmboggma ggdb3mdognnb bggodnymo dyo-
LngMo o MMy 9i39gdH0 bMmENnsMYM J393097. JendHMILHMIYJHIMPMTS 3bdMNBIY
mMn39 99039M0Tx6HYM 3391830 0A3960 LOBORBLHONDL MOMEYBbMANL LoMBTIYbm dgd30-
M900. 0d0b bodnMmob3nMmme, LoMBIPEME ondoMms 3MabnboxgbyMmn HgMmdnbogmgdnb
xR3M0mOon, bnboxzbob sgbHnzymn BmMObmOAL MoMEgbmds o LObsxLOL sghoymo dmboL
bogMdg. 3oMomamMyMo LoMBIPOME gondoMmEs 3MaLNBoRLYMO BodhmdmbomMngdab
x3MoOMOon, bmmm dom MomEgbmosdn dbmemme dMoab HbwgbEns gedmzmnbo.
00nb0dbs obY39 LNBIGLYMO 39D03xMd0L LagMmmm Mam©gbmdab o 39%039mM9dnb
bbgoabbgs 8399000 gogMmMNabydmMn 39%B0373mgdab bomMBAOmM Jgaznmgdo.

00b3360: d0mydymMn dMbsEgd900 TMBIMOL, MMA sbomagadMEs 30MMog39000
(BmdsmEMONL sb33N) Hmanymanab JMmbozymo n63smsEns 303mM30930L bnbsgLyM
ofmgjothgddmboznb LomMBIYOM o bobgmdmong EabHMYJE0L o bmEnsmymo JEg3nb
©oMM3930L 06393L. 33mMomydgdon LObsxzbyddn bgommbmMebbAnbNab bobgmdmng
33M0mY0g0dg 30900MJOL. 333M3YEMO0, MM JHMSLHMIYIHIMYMO F3WNWYOI-
00 LO®YJ3mME PJI3L bMmEoomym Eax0EOHL, MMAgmoE hmemymmab 90-mnsbo dg-
6y3000b 890009353 3enb©IO.

009306060900: 33t930 dgbMPMgdymns dmms MYLMd39nb bogoMmmzgmmb gfmg-
Bymo LYdgE60ngMm BMbENL BNb636LYMN dbsMsgdgMmam [3Msbhnb BmdgMma YS-24-194].

Immediate and Persistent Effects of Chronic Toluene
Inhalation on Social Behavior and Brain Ultrastructure in
Adolescent Male Rats

NINO POCHKHIDZE"?, MZIA ZHVANIA'?, NADEZHDA JAPARIDZE’
"Ivane Beritashvili Center of Experimental Biomedicine, ? Ilia State University

nino.pochkhidze.1@iliauni.edu.ge

KEYWORDS: Toluene; Chronic inhalation; Social behavior;
Hippocampal CA1 region; Animal model
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Introduction and Aim: Chronic exposure to toluene in adolescents is a critical biomed-
ical issue as the developing brain is especially sensitive to neurotoxic agents. Chronic tol-
uene exposure is known to induce functional and structural disruptions in neural circuitry
of the adolescent brain. The aim of the present study was to investigate the immediate
and persistent effects of chronic toluene inhalation on social behavior parameters and the
ultrastructure of the hippocampal CA1 region in young male Wistar rats.

Methods: Adolescent (P 25-30) male rats underwent chronic toluene exposure (2000
ppm) for 50 days. Social behavior assessments were conducted 24 hours post-exposure (to
evaluate immediate effects) and after a 90-day washout period (to evaluate persistent ef-
fects). Morphometric analysis of synapses of hippocampal CA1 region was performed using
Transmission Electron Microscopy. Synaptic density, the number and the length of synaptic
active zone, the number and area of presynaptic mitochondria and the number of synaptic
vesicles in different vesicle pools were measured.

Results: Chronic toluene exposure induced significant immediate and persisting im-
pairments in social behavior. Ultrastructural analysis revealed significant reduction in the
number of synapses per unit area in both experimental groups. Conversely, the area of
presynaptic terminals, the number and the length of synaptic active zones were signifi-
cantly increased. Mitochondrial analysis showed a significant increase of the presynaptic
mitochondrial area, while the number of mitochondria remained largely unchanged. Fur-
thermore, a profound and dramatic decrease was observed in the total number of synaptic
vesicles, as well as in docked, ready, and resting vesicle pools compared to control.

Conclusion: The findings demonstrate that chronic toluene exposure during adoles-
cence induces profound and long-lasting impairment of hippocampal synaptic architec-
ture, which directly correlates with severe declines in social behavior. The marked loss of
synapses, morphological alterations in synaptic active zones, and a profound decrease
across all presynaptic vesicle pools (docked, ready, and resting) point to the sustained
impairment in neurotransmission. These ultrastructural alterations underlie the enduring
social deficits that fail to recover even after a 90-day washout period, highlighting their
persistent and long-term nature.

Acknowledgement: This work was supported by the Shota Rustaveli National Science
Foundation of Georgia (SRNSFG) [Grant Number YS-24-194].
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onm bobydgqon (60995930 eo 59m3ndomn, Cu++)
3ohgdmb paodnbdyhqonl Bnboomdpsa

6. 3989Q4dJ, 8. 3NALMBNY, 0). 8M3MLNA3NQN,

6. 6MQLJ34dI, 0). 8MM3NAVdI
00:ydnb dmmo hybmoz900b bobyedfnxm 96039hbnBoSB0 — vghohyon v
0900hoby0n 8996momgngdab nbbBnByB0

LY3336dM LOOY3IBN: dam bobydo; 6ogednbs boosgn; odhMyLO;
006oMmnbo; HmgbosgyMo gemygdgbhgodon.

dmbobmMgmonb BMELMSD ghmo 0dDMEYds dmmbmzbs LO3390 3MMYIHgodY,
Mmdmob BoMIMgds booognb gomgdy dgndmgogmns. §363MmMgmn 6noagn §36Lom
Lo3390L 603603L. bnoagn — gb sMab dmgeno sgMmMbmaTny, sdndhmd d60d369mm30600
00 Y3Momgos ogmdmb bnoogbs o dob Boymxngmydedg DMY63sL. ©e00bdy-
M909m™m0 600003700006 33960M7L dgydmons oo MamMEabmdoo hmijbolgyMmo gmgdyg-
Bhgdnb 839dxamamgds, nbgma MmgmmoEss 39MEbannbBYsma (Hg), 30dnydon (Cd), o-
Mm03bsba (As), JMmmda (Cr), msannydo (T1) @ Hy30s (Pb). 50608670 ddndg acnncmmbgydab
00300900 6000030L EVONbdYMYdaL 0163930, Mo3 bagmmbab 3gadbob sadnsbab Fobam-
0M9mOosD.

00m mMmgobym bLabLYJL oo 3mBgbznomo 8J3Lb bnaLgNL sMEagbaL, F3b6dMmYg-
monb d960MAYBg00LY o 363069 bmxymab dgxMbyMmdaL gobznmamgdnlb bagMmmaon.
3oL 97930 PBIMBDIMO g3MEMMBNYM0 S oMYIMLEIE30M0 LOMZJOIMON S BIMOM Fo-
dmygb900L 39ML39IHN3900. 60530L EOONBdYMYdNL N300 d3nMYdaL B0BbNM o
23MMManYMa® yLogMmbm 3MmEYJEnnb dobsmgdeE, sgamab Bomgmadnbs 6nosggo-
do 306oM0bab 3emabdoEnnb J390, 30dDBMOMNZ30 s 3nM39ma, bhsgomboMmym do-
b3Mnb 3gddn Ahagmmgm 93mMmmgnyMmo JbogmMmbm dom3dMmydamahgdn: dgds930,
59m37050)0, Cu++.

0gamab Bm3z0b3nMy BMBAL Bomgmdnbo 60oLa70dY, F96aMNb J6doyL 3Msbho-
30000, 3063M0L 3900L Loxydzgmbdy dgMmAgym 0gbo, g3MmmanyMa@ bBMs sbomo
3M930Ma(hg00; anbs domn bmMAgon s EmBYdn. dgbbogmam ngdbs dgMmAgyman
3M930Mahg00L gxrgdhnsbmonb doh39690mMg00, BnoLgnLb odnbdymMgdalb Mmo3006
o30e900bL d0db0m, H3MMgnYMoE JLogmmbm 3MmEYJEnob dobomgds.

00 30%b0m bhsgombomyma dnbzmab 3oL 30MmMdgodn dndnbomgmdms 9JLb3g-
M039b6Mhmo Lodydomgdn. 0L bJgdnb dnbgz0m FobEIMNbAL 3EebdHoEnadn ngbs
dghoboann g3manmgnyMma LyBms dom3Mgdsmsdgdn (bobydgodn) - dmgd 5930, $9M-37-
dohn o Cu++ 3900093 3009000: s3Magdn, donbdn, 0360bA0, n3abdn. 3oMomgmy-
Mo, 30 0960 smyd M0 bosgnb 6033xd500 50 LA LomMTIdY o Ladmyem 3396oMab
aMmMgoHg. MadmMaBmMoy 30MmOg0dn dn3nbamgmds sgMmdndnyMmo s Jndny-
Mo dohA39690madnb 33 3900. AsdhoMmygdyman 94b3gMNTgbHgonL dgwggo dJomydymn
dmbo(399900L LO®Yd3z39™MBY, ESL3360L bobom d5330dmns 30300, MM dnbgMmamymo
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LabLYJ900L godmygbgdab gomgdy, Loyzgmabm d9930L Bnmgds dgbadmgdgmns bbybg-
00 d0m bobYJ9dab dg3aa0 Babom godmygbgdno:

4 0793930 — 600gdy abbyMgo0nm o 339060M B dgbbyMydom;

4 39mMm39000M0 - 6003BY obbyMydnm o 83g6oMgdg dgbbyMmgdam;

2 qmbo Cu++ (2 3 - 10gm Bysedn) - 83965MYdDY BgbbyMmgdno.

6odmMmMaAdn BomMAM@agabnmo 3bMomgdnb dnbgoznm my 303bzgmgdm, 3dndg Ccnom-
6900 (As,Cd,Cr,Hg,Pb) o 39bh030©0900 605330 3M 3dMABES, gbadsdnbs oM 839-
BboMmgdn o Bboymadn. smbndbymn godmb3gnmos 0dnm, MM 600Ogn godOOMDY
abmmm@ 93MMM3nYMo LIRS LLLYJJ000 s Md306 dENEMYdYMN 0gbs vdoMmab
©303MboymazngMmo Boogmadnbs 60oognb odnbdymygoe.

Bio-fertilizers (Blackjack, Geohumat, and Cu++) Against
Environmental Pollution

N. KUTALADZE, G. KILASONIA, T. GOGOLISHVILI,

C.BOLQVADZE, T. GORGILADZE
Batumi Shota Rustaveli State University -
Institute of Agrarian and Membrane Technologies

KEYWORDS: Bio-fertilizer; Red soil (Tsitelmitsa); Citrus; Mandarin;
Toxic elements

As the population grows, the demand for food increases, the production of which is
impossible without soil. Healthy soil means healthy food. Soil is the foundation of all agron-
omy; therefore, it is crucial to pay great attention to caring for the soil and its fertility. From
contaminated soils, plants can accumulate large quantities of toxic elements such as mercu-
ry (Hg), cadmium (Cd), arsenic (As), chromium (Cr), thallium (Tl), and lead (Pb). The uptake of
these heavy metals causes soil pollution, which poses a significant threat to human health.

Bio-organic fertilizers hold great potential for soil restoration, health maintenance,
and the development of green agriculture. They offer immense ecological and environ-
mental benefits along with broad prospects for application. To prevent soil pollution and
obtain ecologically safe products, ecologically safe bio-preparations - Blackjack, Geohu-
mat, and Cu++ - were purposefully introduced for the first time in stationary field trials
under a mandarin plantation in the red soils of Adjara.

Based on field trials in an Unshiu mandarin plantation within the coastal zone of Ad-
jara, new ecologically clean preparations were purposefully selected for the first time,
and their optimal norms and dosages were established. The efficiency indicators of the
selected preparations were studied to prevent soil pollution and ensure the production of
ecologically safe products.

To achieve this, experimental work was carried out under stationary field trial condi-
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tions. According to the experimental design, the ecologically clean bio-preparations (fer-
tilizers) - Blackjack, Geo-humat, and Cu++ were applied to the mandarin plantation during
the following periods: April, May, June, and July. Concurrently, soil samples were collected
at a depth of 50 cm, along with leaf samples from model plants. Agrochemical and chemi-
cal indicator analyses were performed under laboratory conditions.

Based on the data obtained from the experiments, we can conclude that the applied
bio-fertilizers showed the best results without the use of mineral fertilizers when admin-
istered as follows:

a Blackjack: Applied via soil drenching and foliar spraying;

s Geohumat: Applied via soil drenching and foliar spraying;

a Cu++:Used as a background treatment via foliar spraying (2 ml per 10 liters of water).

Judging by the data tables presented in this work, heavy metals (As,Cd,Cr,Hg,Pb) and pes-
ticides were not detected in the soil, and consequently, were found neither in the plant nor
in the fruit. This outcome is attributed to the fact that the soil was enriched exclusively with
ecologically clean fertilizers, thereby preventing the pollution of Adjara’s low-fertility red soils.

Byopblbohgonb gobdgbpo 39pdnydnl
nmbqonbgob mhogzghmnbnb cabamaonbol

420N NMLILNVBN, 8IA6IMI 3VLIMSNA3NAN, 6ICN 30LI6IBI33NQN),
606M 6M6N3433N02N, CN36J LYVFbIMIJI

03969 303000330000 bobgemdnb MOnEnbNbL LobyedfFoxrm y6039hbnBHB0L
398hg 090090830000 ¥0BN37h0 0o Mhgobyon Jndnnb nbbBNBISBN,
3monB3m3L3900b 4. 31, 0186, mOnQnbn, bogohmzgom

LYI3336dM LOOY3IBN: HMO39MHN60; dOLMMOENY; 3oANYD0;
0d00g cm0oxmb69060; Ao3dnbomg Bymgdob gob3gbwo

00603900MmM39MdaL gMmo-9gMmo 860d369mm3069L 3MMOMdsb ddndy moomby-
000 goMyadmb o00nbdyMmyds BoMIMoaqbL. nbybdHMmosmndoznobs s JMO3BNB-
300L, LabsmAmm LNAdmMo3zmMygdnb o LobaMggomm Boomnbyymob dm3m3900Ls O
©3073d03900L ML LEMORTS H9B3900d LOZEbaETME odoMs 3dndg MmnoOMbydnm
Bymob ©odnbdymygdo.

8d0dy mnombgob dmMmob 3odnydo gho-gMmon bodndo, dsmambmgbozymo gmg-
d96h0o, MmMAgmbaE d99dmns LYIMOMBYMIE EA3DNSBML 3BN3bAL F36TMMNgEMMdY
o 3odmnbzombL ggmbobbmdommzms LoLbHYFNL O30 00, 890039MbmL d3em3zsb0
Jbmzomgdab Mya9069MaE0s, M0M3Tgeao0LY s m3ndmab EobyYbJEns s bba.

930600369 Beyddn 8603369mMmM3060 ygMomads gmdmds 03690Mng30 dnbyMo-
™g00b 330933L o godMygbgdob — sLbMMOYbHgds®, MMagmMmE §3MMMMNYMa® LYG-
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M9, 00303 bymadnbabzomad, 93mbmanMom nog3 byomayanb.
33™930L 30dsb0s dgnmMOomngn dnbgMmomab - HMmazgmbhnbob sbmMmoEnymo

®30090900b dgLBO3MS 30ANYAnb 0MByONLOZgEd Bymab 3gob3dgbnb 3MmEgLbAN o
HM339MH0b0L sLbMMOENOL boMabbob EoIM30EIdYMIdNL obLodmzms sbMMO]-
Bhob mMB0MYdedy, 3MBBHogdHob @MmMBY, sLMMOSHOL Lobyob 3MbEabHMIENdY o
oMgbL pH 30hA396909mMdY.

3o6LOdM3MYMN 3MMEgLOL M3BndomyMmn 3oModghMmgdn. sLMMOYEHOL Tobob
3o0Moom 30M39m 67090d0 3oA0dab 0mbgdab sEbmMOENS LEMIRIE ZondoME,
M3 ©839300Mx07mMNd Ma30bYBdMN 3gHnyMo 396HMx00L MaMEgbmdnb HMEILMLO,
0900093 1-3 3 BoMamnddn dyommgods BmMbsLBEMMYMn dgmadomgmos, MmMImob Mmm-
LoE oELMMOENY 890039060 73%.

mmob bobgmdmnzmoodg sbmmognob bomMnbbob @odM3znEydymaonb dgbbo-
3mod oA3969, MMD oLMMOENL 0Jo3 oLOBYnLAN LEMOBVE NBMEIYOS Md30LYBIMN
ogdmoymo 396MMgdab boMmzds, EMBSLEMMMOS TYyoMmEyds 60 Bymab d90ag MmMTIMab
©MMLLIE sELMMOENNL bamMmobbo 73%, AMEYIMdNMO HJ35MOS — 2.43 33/3.

Lobyobo 3MbEgbHMOENOL dM3NEgOYMgdnb dgbBogmed ohAz96s, MMA Lobyon-
bo 3mb3abHMmaEnnL VMM F9M dELMMOENNL boMmobbo LEMGOE NBMEOYOL, 39093
100-150 33/ qaMmgmgodn dnombg3s BmbsBmMyma dgmadsmgmods, bmenm 3mb396-
HMognob d90amadn dothgonm sbmmdEznob bamabbo dgnMmads. 360d369MmmMz600
obMMOENdY pH-0L go3mgbs, MMIMNL EIMZNE0MYONL dgLB3MTdE dELMMO-
300b bamabbdg (byM. 1) 3g30A396s sEbMMOENNL dsgbodsanyMo 9x39dHIMMOs Bnnmby-
30 MM@Eo pH =5,6. pH @00 30A396909™Mdg sLMMOENNL boMobbO odIMNY, M3Zeb
30 EMML SELMMOYBHNL BYI3nMa Ndbhds YO0 ( H) S 38 MM sEaNMO
0930 39307dnb nmbgdab gmgddmmMmbBHabhnldyxm 3dobdnw3zsb, bmem pH-ob dohgdom
990033000 039bhgds yomymanms (OH) nmbgdab gogmygboom, M@ 063930 30©A0aBab
3300mbg00bL gmggdbhmmbhohngnm 30D030L s DMEOL sELbMMOENOL bamabbb.

R 80 -
“ 70
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0

pH

bghson 1. bbBshab pH-0b 3ogegbs Cd(l) sebmhognab bshobbdg, m =3 g, T=10bom, t = 20°C, C_* = 100 33/ 0.
90O 3993900 oh39690L, MM HMogzgmbnbo sMab 39ML3gJdHoymn, 0x690M0-
30 0bMMOgbMHN 3oAnydnb nMbydnm o0NbdyMydgmn Byamab gobobdnbmo.
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Purification of Aqueous Solutions from Cadmium Ions
in the Presence of Travertine

DALI IOSELIANI, GULNARA BALARJISHVILI, NELI KALABEGASHVILI,

NINO NONIKASHVILI, LIANA SAMKHARADZE
Petre Melikishvili Institute of Physical and Organic Chemistry at Ivane Javakhishvili
Thbilisi State University, 31 Politkovskaya St., 0186, Tbilisi, Georgia

KEYWORDS: Travertine; Adsorption; Cadmium; Heavy metals;
Wastewater treatment

One of the major environmental concerns is the discharge of heavy metals into the
environment. Rapid urbanization and industrialization have led to an alarming increase in
water contamination by heavy metal ions. Among these, cadmium Cd (I1) exhibits signifi-
cant acute and chronic toxicity. Exposure to elevated levels of cadmium is known to cause
renal dysfunction, bone degeneration, and hepatic and hematological damage.

The objective of this study is to investigate the adsorption properties of travertine for
the removal of Cd (ll) from aqueous solutions, and to evaluate the effects of adsorbent
dosage, contact time, initial solution concentration, and pH on the efficiency of the pro-
cess. The optimal process parameters were determined. Investigation into the effect of
increasing the adsorbent mass demonstrated an enhanced Cd (1) removal efficiency, which
is attributed to the proliferation of available active sites. The adsorption rate escalated
rapidly as the adsorbent mass increased from 1to 3 g, after which an equilibrium state was
established.

The study of contact time indicated that the adsorption process proceeds rapidly during
the initial stage due to the abundance of vacant active sites. Equilibrium was reached at 60
minutes, with a Cd (1) removal efficiency of 73% and an adsorption capacity of 2.43 mg/g.

With an increase in the initial Cd (II) concentration, a gradual trend toward equilibrium
was observed, resulting from the saturation of the surface active sites. The investigation
of the pH effect revealed that maximum adsorption efficiency is achieved at pH = 5.6 (Fig.
1). At low pH, the adsorbent surface acquires a positive charge, leading to electrostatic
repulsion of cadmium ions. Conversely, as the pH increases, the surface becomes more
negatively charged, thereby enhancing the adsorption efficiency.

In this work, the feasibility of utilizing a local mineral, travertine, as an adsorbent for
the purification of water contaminated with cadmium ions was evaluated. The optimal
process conditions were established: m =3 g, T= 60 min, C, =100 mg/L, pH = 5.6.
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Figure 1. Impact of solution pH on the adsorption degree of Cd(ll). m =3 g, T=1h,
t=20°C, C* =100 mg/L.

Based on the results of this research, it is concluded that local Georgian travertine rep-
resents a promising, highly efficient, and cost-effective alternative material for the remedia-
tion of water contaminated with heavy metals.

ahognmnb nbmghzopnhgoyan boghmqdnbo
po ghognnb ggmpanb Jndnyhn po

70994dhmdJndnyhn poz0ba3o pd dnmgoyan
3h03396nL MmqUngnb (GO) ;mgnbgogdnb 330930

09 8302MoLNA3NQANT, 0193dM LIB6LIYT, 63010 33MO3TIJT?,
da013396 LVMI3NA3NCAN2 01983M JMMINYZ MIIQ 3MBNMNJIT,

606(M abaNdI? MMN6 FINI>*

T bogohmggomb 996039h0 36039hbnBoSB0
203969 303060330000 LobgeMONL MONENLNL LobyedForzm nbn39hbnBgB0

3000900b Immo hybmoggonb bobyedfomm 36n039hboBgSB0
“®9honbobo mv30dnb 39Bo09hgnnbo o 8sboQomdimebgmonb nbbBnBISE0

LYI3336dM LOOY3IBN: gMogznhnob b3zboEgdab NbhHgMzonmMgdy;
9mggddmmgodoynmo 7g06339; gobdMa3909; 3Moxz3960L Mgbnyod0;
G3mpagbnomo
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a3M3x3960b mgbon (GO) oMmmm godmnygb90s bb3ssbbis Hn3dnb 8980Ms6900L
©obsdBOEYOME. obo Tomgdnbom3znb doMnmoEeE godmnygbgds gMmoxgnhm3zsebo
3M93umbmMmgdnb Jodonmo s gmgdbhmmgndoymo ©o396330L Tgommgdn. dmE9ady-
o 653MmAnb 30B3600 BobsLBSM gooddhn3gdyama (nbhgmisamamgdymn) gMmsxndhnb
x3b3b0mgdnb Jodoymo ©o796330L 3MMEgLab dgbBogzms s Jodoymo s gmadhmm-
dndoymo dgomEgonm domgdymo GO-0b 603y09000L dgEoMmgdomo obsbnomygde.

03039600y, MM 06¢gM3samnmgdymo gMmognhob i3bgzbomgodn (gMmogntn-AlCLs,
3Mox30hn-MoCls o gMognhn—CrO;) s30mMo© 0356890056 KMn0O,-H,S0O, bobdhgdsdoa.

a3M3x30hnb gmmanb (3%3) ©o3736330 gobbmMEngmes MM ghedo@: 30M3ga ghs3-
99 80000b3MgMO® gMoxndnb gmmanb sbmnb nbhgMmzamagns 3MmbEgbhmnmgdym
(98%) amagnMmEa3s3580 1.5-2.0 V 3308030 dsd30b godmygbgdom, bmanm dgmmg g¢o3dg
— dabo gamagdmmgodnymo ©sgeb33s 50%-006 H,S0,-0. sbmELY s 3somEb dmMmab
9096madmM@o 5-6 V 3903030 do030. 4%-0060 mmg3y300 06hgMmzsmnmgoymo ghmoxn-
Hob gmmgnb gmaghmmgndnymo sz06330 o gobdmgzqds gobbmmEngmes sbogmm-
303960 3MMEgIM0o.

3039600y, MMA gMognhnb gmmmaab gmgdbhmmgndoymo sz0633000 Jomydy-
™0 3Moxzgbnb mdboNL BIdYM0 dgagbnmmods 360d3690mM3600 dobbb3zozwgds Jo-
doyMo dgomeoom domgdymo 3MmEdhobogsb. MgbhagbmaysdMmds (XRD) s65anHds
ohz96s, MM gamgdhmmgodogmn ©ogeba30Lb 3MmEYJdHadn dgagos gMmoxqgbab mdg-
LoNLLES6 (GO, 26 = 10.20°), smEagbnmn gMsxgbab MJboNbsgsb (rGO, 26 = 17-22°)
©s boBynbo Bmagnb goMRnHgOnLLgsb (26 = 26-27°), B3s80b MmEaLsE JndoymMa dg-
0mME00 d00mgyds dbmemmo gMmoxzgbob mjbowo, MMAMab EoxMogigogmo dsgdbndydo
dg0sMgmobL 26 = 10-11°-99.

EDS 960m0%000 @o@ggbomong, MmA gmgdhmgjndnymaom ©aze639mo gMogndnb
ammgnb 3MmoEyddhgodn 6sb3nMosabs S F36303AL 3hMIMmo Mebsgzsmomods (C)
@asbmmydnm 3:1-09, bmenm JodoyMmo ©agebgnm 6087990300 gb dohA396909M™0 VY-
banmgdom 1.5:1-b 390003960.

600908900 d9L653MOMNs bb3zobbgs Agmmeoanm: UV-vis, FTIR, Msds60b b3ggdhm-
L3M309, SEM @o EDS. 50939 gobLOdM3ZMMNs bL3gbBNgdNL JnMmMENbsdnzgMmo ©o-
039hM0 o 3mHgbEnomn. 3ogsmnmo®, gMmoazn®n-AlCl;-0b ©ogeb3300m domgdymaon
GO-0b 603909060L 6660 3900L Lodyomm BdMTs 280-310 63-00, bmem -3mbgbEno-
oob 36033690mM0900 -43-0b -46 83-09 39MYygmob. gMmoaznhn-CrO5;-ob Jomgdymo
GO-0by™M30L dgLodsdnbo 3603369MmMOYdNY 430-460 63 O -42-0b -46 03-00).

doeenghgdo: 6odhmadn 6sffnemdhng dgbhyogdycns dmms hybomogzgonb bogohm3zg-
omb ghm36300 bo393609hm mMbonb dngh 0930606L7000 bLoghob68m 3hmgggab (N2 YS-
25-171) dboheogghnon.
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Chemical and Electrochemical Oxidation of Graphite
Intercalation Compounds and Graphite Foil and Investigation
of the Properties of the Obtained Graphene Oxide (GO)

IA MGALOBLISHVILI', TAMAR DUNDUA', NATIA BARBAKADZE?,
KETEVAN SARAJISHVILI"?% TAMAR KORKIA% RAUL GOTSIRIDZE?,

NINO MKHEIDZE?3, ROIN CHEDIA%*

" Georgian Technical University

2 lvane Javakhishvili Tbilisi State University

3Batumi Shota Rustaveli State University

* Ferdinand Tavadze Metallurgy and Materials Science Institute

KEYWORDS: intercalated graphite powders; electrochemical oxidation;
exfoliation; Graphene oxides; {-potential

Graphene oxide (GO) is widely used for the fabrication of various types of membranes.
Chemical and electrochemical oxidation of graphite precursors are among the most com-
mon methods for its preparation. The aim of the present work was to investigate the chem-
ical oxidation of pre-activated (intercalated) graphite powders and to perform a compar-
ative characterization of GO samples obtained by chemical and electrochemical methods.

It was established that intercalated graphite powders (graphite-AlCl;, graphite-MoCls,
and graphite-Cr0Q,) are readily oxidized in the KMnO,-H,SO, system.

The oxidation of graphite foil (GF) was carried out in two stages: first, intercalation of
the graphite foil anode with concentrated (98%) sulfuric acid under a DC voltage of 1.5-2.0
V; second, electrochemical oxidation in 50% H,SO, at a constant voltage of 5-6 V applied
between the anode and cathode. Electrochemical oxidation and exfoliation of graphite foil
intercalated with 4% oleum were performed using the same procedure.

The phase composition of graphene oxide obtained by electrochemical oxidation of
graphite foil differs significantly from that of GO produced by chemical oxidation. X-ray dif-
fraction (XRD) phase analysis revealed that the electrochemical oxidation products consist
of GO (26 = 10.20°), reduced graphene oxide (rGO, 26 = 17-22°), and residual graphite foil
plates (26 = 26-27°), whereas the chemical oxidation method yields only GO with a diffrac-
tion maximum at 26 = 10-11°.

EDS analysis showed that the electrochemically oxidized graphite foil products pos-
sess a C atomic ratio of approximately 3:1, while chemically oxidized samples exhibit a
lower ratio of about 1.5:1.

The samples were characterized by UV-vis spectroscopy, FTIR spectroscopy, Raman
spectroscopy, scanning electron microscopy (SEM), and energy-dispersive X-ray spectros-
copy (EDS). The hydrodynamic diameter and {-potential of the sample suspensions were
also determined.
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For example, GO samples obtained by oxidation of graphite-AlCl; exhibited an average
particle size of 280-310 nm and C-potential values ranging from -43 to -46 mV. The corre-
sponding values for GO derived from graphite-CrO; were 430-460 nm and -42 to -46 mV,
respectively.

Acknowledgements: This work was partially supported by the Shota Rustaveli National
Science Foundation grant project No. YS-25-171.

93mamganyhn 00pablnb d9bohhnbqdnb dndbnm
nbm3o3ngonb dqdydogqoo
dg3960bgmadodn

dd0d aNm33Ly¥a30QN°, MadmN CMa013dI? QILANAY Bb33LYVdI’
"bmaonb dgyhbgmadnb bodybnghm 330930000 3968hn
20003-b 3nd0gyhn o mhgobycen Jndnab nbbBNBIBN

LY3336dM LOOY3IdN: daM3Mg3dMathn; gmgnMon; bomagzsdon;
bM3M3060 V3390 (Uncinula necator Burr.); 303 ( Acarina)

LobmMM bdgyMbgm 3MMEYJENsdy VMmN IMMbmM36900b godmawnbamy
bmgmob 399Mbgmods Eadmzngdymns 39LHnEnIdnLb godmygbgdody. dgbodsdabo
3o0MONMNS 33300905Md 3a3M3gmgdnb nbHgbbomody, Jndoymo baghmydnb godmyg-
69000 573M3EMOS s MIMEYbMdY, MaE MOL3gOL PJabab gomMaadmbL O dEETNd60L Fo6-
dMmgMmosDL. bobymMbomm 3MmEYJEnob dboMamMgdgm Body3zeb J39yb690dn bmaemab dg-
3Mbgmonb dagmMon gobznmamgodnb bymdgbymdabamznb 3960bab dmzmab sMLbdYM
d900mE9oL dmmob gmm-gMoo 360d369mmM30600 g3MmMmanyMma JLogmmbm sbomo
H936mmmagngdnb 9079903900 @ 893960bgmoaLb 3Magdngsadn domo obgMmazs. 39Dl
0536909 ((h303900 Acarina) — 33509030 (bagMn Uncinula necator Burr.), 3mbgfmm-
obm3zob, MmgmmME 3abLgymMydYMe 9x9JhM0 Lodyemgody, A396L dngMm d90ndog]-
0o 0g46s gmaoMmE-bomagahymn 3ma3dmdoEns. MMAgmoE adsma 3MmbEgbhmanab
007b9o300 9JRgJH03bo IMJIgadL bMm3M300 os35Y090%g o 30369 (H30390D).
3Mgnmo-bomozohymo 3MI3MBNENs J0MgOYNS MydMMobHMMnymo, Joboamndab ©o-
3shmdohnb s Hggdbnznmo gmgnmoab dgmmmonm (0by-L BadoZYM0 s MMZs6YMO
940800b 0bbHdHYHN). 3Manmoab oshmdnhmsb dgmmmods gebbmmEngmms 130-150°C
H9839M3MHyModg 12 Losmob gabdsgmmmosdn. ashmadnhn YbozsmyMa J3MEMZNYMIQ
LygMs 03690M030 BogMmny, MMAgenE 090(393L 85%-07 sdMMA bonznydnb o-
mgboEL. 938 BMMM3506 s ALYOY] FobLasb 893b AMe30emAbMN30 godmygbaods, oo dm-
MobL bmgeab 89yMmbymdadn, MmgmMmE 93MMMZNYMoE JLoBMmbm Boosgnb bHMyJhy-
M0b o BoymazngMgoaL goboydzmogbgdgm o nbLygdHoEnEMn M30050500b 09650Mn3
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d0b6gMomb. 3oL d03MMaMabxmMg0meb 3MbHagdnbab BoayMmgds 303690MnbL OTEL-
30 bbyyNELb bygds Hgbob smmmgmgds s bozzoomo.

sbagmo hn3dob gmagnme-bomogshgmo 3MA3mMdoEN0L 30009 godmEws gabbmMmzng-
o 93bgmab Manmbab zomoymob bodgEbogmm — 333000 396HMOL bmmeMAMb Am-
anmysdznmab bobganmonb 3500L 3mmgdinsdn (GEO 038) LoD 30MN3bHdE. bmgm3zsbo
©3030090900b d0domm bybbodhnym 50d70%7: 363569 3obaMo s babgzn. 30MNsbH0 30M-
390 (9hoammb0) 3mmmoyMo gmagnmoo + mom3zndho (mMxgM cnomzaho badzgm 3mmm-
0yMo gmanmon); 3gmmg 33M0sb0 (LaEgLgmn) gmanmo-ashmdahyma 3MA3mdaco;
990139 33M036M0 (LagMbHMmMm) JgnbbyMmgdgann 3090; dnMgdYM 90939099 SYM-
©bmodnom 3My3oMatnb godmygbgds Mg3mMagbmnMmydymons, MmammE dombamMImdsdo,
oL939 nbH9bLogMo bmamab dgxMbyMdaL 30Mmonddn; gmgntMonm bsbm-dmEaxynEn-
M903m0 nshmadntnb 36039MbayMo 3Ma3aMmadn dggansbns bmzmazsbo ov3909-
09000, 30369 H3039000L, domBH03xM0 s dd0MmBnznMo bHMaLydnL dmMJdggdnbaeb -
LOEV30, 0bI39 Bognb LHMIYIHIMOL s BoymxrngMadab oydzmdgbgdalb dnd6NO).
3oLoYIEMOgLYO M.

Development of Innovations in Viticulture
to Maintain Ecological Balance

MAIA MIRVELASHVILI", OMARI LOMTADZE? LUDMILA TSKHVEDADZE"
' Scientific-Research Center of Agriculture
2 TSU Institute of Physical and Organic Chemistry

KEYWORDS: Biopreparation; sulfur; silicate; fungal disease (Uncinula
necator Burr.); mite (Acarina)

Driven by the growing demand for agricultural products, modern agriculture relies
heavily onthe use of pesticides. Consequently, intensity of disease outbreaks and frequency
and quantity of chemical compound applications, has increased, posing significant risks to
both the environment and human health. To promote sustainable agricultural development
and implementation of new, ecologically safe technologies in vineyard management is
important among the leading food-producing countries. To control grapevine pests
(Acarina) and diseases (powdery mildew, Uncinula necator Burr.), we have developed a
highly effective sulfur-silicate composition. Despite its low concentration, this composition
functions effectively against both fungal diseases Uncinula necator Burr.). The sulfur-silicate
composition was synthesized under laboratory conditions at the TSU Institute of Physical
and Organic Chemistry by fusing Kisatibi diatomite with technical-grade sulfur. The fusion
of sulfur with diatomite was carried out at a temperature of 150°C for 12 hours. Diatomite
is a unique, ecologically clean natural compound containing up to 85% amorphous silicon
dioxide. This porous, lightweight material has versatile applications; in agriculture, it
serves as an environmentally safe agent for improving soil structure and fertility, while
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also exhibiting insecto-fungicidal properties. Upon contact with its microgranules, the
protective outer layer of the pest is destroyed, leading to moisture evaporation from the
body and subsequent mortality. The field trials of the novel sulfur-silicate composition
were carried out on grapevines at the LEPL, Scientific-Research Center of Agriculture (GEO
038) in the Mtskheta Municipality, namely within the Solomon Cholokhashvili Grapevine
Collection. The experiment was conducted using three treatments on two varieties
highly susceptible to fungal diseases: Mtsvane Kakhuri and Khikhvi. The treatments were
designated as follows: * Treatment 1 (Standard/Reference Control): Colloidal sulfur +
Thiovit (applied twice with Thiovit and three times with colloidal sulfur); « Treatment 2
(Experimental): Sulfur-diatomite composite; « Treatment 3 (Untreated Control): Unsprayed
grapevines. Based on the obtained results, we recommend application of this preparation
in both organic production and intensive agriculture. Use of this universal, sulfur nano-
modified diatomite preparation is highly effective against fungal diseases and destructive
mites. Furthermore, it is beneficial in mitigating the effects of biotic and abiotic stresses,
while simultaneously improving soil structure and fertility.

nmpdgd3gan dnbghopynhn LdLAgan Byohmb
Bypgon dpddnabnb Fobdhmgomonb popgnlo
po poY30pq0q0nL 3hmgnpodpninb dndbnm

M. 3308330dJ, Q. 3bIQdILYIF3NQN, 8. 6MMSNA3NQN, 8. 01MLMIJI,

6. 346433NQ0N, 6. 3036N0833NQN, 8.932J6J
0bY-b v099bobohy mzs0ghgendab bobgomonb dnbyhooyha 690099000

303390000 06bBNBYSB0

nmEob gxzgoEndn dbmagmomdo gMm-9Mo Yy39madg 3e3MEgmgdym o 00530-
MMYWMI Y39madY 3030M© 3MY3960M908® 03MMIMITIOHIM PsMM3I3o© MAYOS,
MmIgmbo3 3nMaednmn 3o03d0M0 3J3L BaMbydMo F0M33Mnb BYO6J30LMD Y, go-
BLO3YMgd0m, 0039300 673MMRLNJ039M Fob30M3MYOLMLB. 68 BMBBY, dbgdMn3zn,
MmM3aab0ddnLmM30L 0E30MIE dLOM30LYdgMN ByoMmMxdnELb nmEab dnmgdab dgbod-
@mgommOnL 3330 gobbogymMmygonm sgdyommosb ndgbl.

Lagomm3zgmmb Bnomn oMy IMaz3omxgMm3zabn Bnda3yM-Jodoyma dobobno-
™90mMy00b ddmby dnbgMmomymo Bymgdom, MMIgmms MgMmadne 3mHhgbEnomb gobo-
300MoO70L nmbyMm-BoMmoemzsbn dg3sa90bmmody, HgddgMmathyMymo Mggndo s b3gEn-
g30yM0 803Mm3ma3mbgbhgoanb (nmen, dMmAn, dmMn, momnydn, 336356790) sMbLYOMOL.

606000900M7 33M930L RaMamyddn dgbBogmam 0gbs 3ob3nb ManmbIn FEydoMmy
993Lb0o Byommb Byomoa. 3069003300 3900MEN0) a0 nMEab ombab MomM@gbmo-
M030 d993390Mds o godm3zmnbms dnbo godmbohyamo bgdMbYM0 Nbsdngs — 3Mb-
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396(HMs300 30608MMNS godsBbym-Haggbyandn (15-30 833/ RBsMamyddn) s M-
603036 0dMEgds Bg8mEamasdy, 857L0dYAL 30 dB93L DsdMoMBn (39-54 33/ aM). gL
3o06mbdmMangMmgos LonbhgMmabm 3MagdHndgmo ah30MM30L FohoMdgmny, MOEZeb
dgboadmyogmb bab Byamab dmbdoMmgonb m3@ndsmymoa bodMbYMMOL gx3d350.

0MbYOYMON, YIMOIME Bo3zMEIgdgmn 39900MEIOn nMEEIRBNEOHNL ©odmg-
30bm30b 39039396 Mo 39MLYON, nmEoEob 3My3aMahgdn, nmNdNMYOYEN To-
Moo bdnMo P30390MY0s MMZsbndAdn nmEnb goMmdo EogMmmzndnb o dgbadsdon-
bo 333Mamn dm3zmgbgdnb MAL3L. 03 BMBBY, 6x690Mn30 nMmEaMmydyma bobIgmo
Bymnb dmbdoMmgos BoMIMOagbL sehgmbodnym, ndomemgnMmo© yJi3mm 3300
o JLogmMmbm gdob dobo domgds E®ydn 3 MobhMedEy MaMEybmdnm Mabznb goMyg-
dgo dgbodmydgmo.

09M030, 33L30bL M3nMbBob dnbgMmogmymo Byommgdn, Ma303bm0 0650M030 nME-
0903390MO0mM s 37600 Jodogma bhodomymmdom, gobabomygds Mmammz 39-
MLb3gghogma MabymMbo IMbsbmgmodnb nmom yBvMYB3gmMyma3nb dyb6goMnz0, Jhogm-
nbm ByommbL boboom.

lodine-Containing Mineral Spring Drinking Waters in the
Context of Human Health Protection and Disease Prevention

R. KVATASHIDZE, L. AKHALBEDASHVILI, M. BROKISHVILI, G. TODRADZE,

N. JANASHVILI, N. GAGNIASHVILI, M. UKLEBA
Al. Tvalchrelidze Caucasian Institute of Mineral Resources, Tbilisi State University

lodine deficiency remains one of the most widespread, and at the same time most
readily preventable, micronutrient disorders in the world, directly linked to thyroid func-
tion and, in particular, to neuropsychological development in children. Against this back-
ground, research into the possibility of obtaining iodine from natural sources that are
readily assimilated by the body is gaining particular relevance.

The subsoil of Georgia is rich in mineral waters possessing diverse physico-chemical
characteristics, whose therapeutic potential is determined by their ionic-salt composition,
temperature regime, and the presence of specific microcomponents (iodine, bromine, bo-
ron, lithium, manganese).

Within the scope of the present study, the waters of six springs located in the Kaspi
district were examined. The quantitative iodide-ion content was determined by a kinetic
method, revealing a pronounced seasonal dynamic the concentration is minimal in spring-
summer (within 15-30 ug/L), gradually increases in autumn, and reaches its maximum in
winter (39-54 ug/L). This pattern carries interesting practical implications, as it makes it
possible to plan the optimal seasonality of water consumption.

Existing, widely used methods for overcoming iodine deficiency courses of medication,
iodide preparations, and iodized salt are frequently associated with a risk of excessive
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iodine accumulation in the body and corresponding side effects. Against this background,
the consumption of naturally iodine-enriched drinking water represents an alternative,
physiologically gentler and safer approach; it can be consumed in amounts of up to 3 liters
per day without risk.

Thus, the mineral springs of the Kaspi district, owing to their natural iodine content
and established chemical stability, are regarded as a promising resource for the natural,
safe provision of iodine to the population.

onmgaqbyhn 90qd96¢70nbL 636M3mMdImbBngnL
dgdi3gan 3onpnb dobiga: ggmhdypone,
H97bmamgano po dnmguhdoqg3mnan
dgoobqgoo

IeNMAJ 6933MNAT, 3dMN6J 3Y3IQdT, MIJQ 3MBNMJI,
ddQbyd% 330109, 33983MN6I 8MLNJI, QIABNMY J6MILNJT,
99Qb9d9% 3MbJdJ, LYY 63IMNJI,

80MMmA3N 6439MNdJ, QLN 6IMIF3NAN
00000b0b bobgEdForm bodgengnbm 36039hbnBgBN

LY3336dM LOOY3IBN: 30M0gbn; doMazgbyMa gemgdgbhaodo;
606mMbob0Mo3900; 306gMomyMma Byomao; 300eab 3obdo

39M09LNL gobz0mMMydedn 8603369MM300 MMENL LMY oL 30Mab MMIYL 3som-
3963M0 dogmmammms. dogbgeze 030bs, MM MobodgMmag 300mab dmzmab
Lodygoydg00 d70303L BHMMLY o Lb3oEaLL3s 3b6HNTN3MMAYM 33306, oMLYOY-
o gmMmIPMoEng00 ymzgmmazob 3960 30My639mymxgb bozdsMab sbhndaghaMmoymm
9%399HL s 3onmab Jbmzgomgdab bMYMBLMZeb MydnbgMmomndsENL.

omenm Bangodn gobLogymmydymo nbhgmabo godmnb3ns BaBbMEHgbmmmgngdaL
390my969000 bhmdshmanmgnym 3MmMmEYJHg0dn. 330939000 dH3960, MMA 39MEbaabLY
o 007m00b MmJLoOL BbMbsBaEL390L dgydmnom dgoxigmbmb nbgmo 3ommggbymo
dngmmmmasbnddgonb dMEL, MmgmMmoEss Streptococcus mutans, MmIgmoz 3oMogbob
39630m3M7d0b gMm-gMmm dmo30M ghomemmanym gagdhmmb BoMAMoaqbL.

063069 LObMgB0m FoMgdxma 6sbMbsbomszgdn dgndmgdy godmygbadym 0gdbob
obamo momonb 3onmab dmzmob badyxomgdgonb dgbegddbgmo, MMAMgdnE gMME-
MHmyma 10MY639myma3qgb demngm sbhndsgHaMmoym dmgdadggdsb s 3domab Jbm-
30m900b Mx30bgMomNdOENsL. BgIMIMB0IbymMnEeb godmdnbomy, domggbymon
9mgd96®900b 636M3mMa3Mdadnb 933390 3onab 3sLHNbL MMIYMaEnab obbo-
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dmzmy, H9730mMmMannb 87 T390 o 00MRIMASE93MIM0 xx30bg0s BoMIMoa9-
6L MobodgMmzg bhMIshMEMmanabs EO BIMISE93OI0 Hgdbmemagnob sjbhyomym
3MHmMoOmMydob.

33m930L 30%DobL BoMIMoagnbms domgnbymn gagdgbhgoab Bobmbobomozgdnb
d90339™0 360mab 3obhHob BMMmIIMOEnoL E0Bsnbab gobbodmzms, Hagbmmmmgnanlb
037053900 ©@s 00mx3nbdEnymo ogdHo3zmonb dgbbsgzme. 93b3gM0TgbdHoLbM3nL dgnM-
Ro mfMo BnbgMsmyma Bysao (sgoms, 8gMmabo, 63dMbsLEHMY30), MMIMgdNE Jgnis-
3L 30Mob MMYL FobIMMgEmdabm3znb 36033690M306 BnbgMmoym 3MA3MbybHgdL,
domm dmMob 3omEnyadLb, ghmmMowgdb, 333b073L s FMLRSHYOL. domggbyma gang-
996M900L 63b6MbsBoMo3gd0b 00mbNBMgBAL 3MmMEgLbdn omznb 3963Mob BMMEgdo
(Arctostaphylos uva-ursi L.) 6ymosbo gsdmbsBzmoann godmygbgoym ngbs Mmmgmmg
09690M030 3337060 o FoLHIONMNDBYOIMN 3390(H0. 300mb 3oL H0b gdnbgMmognn-
203000 LO60bSIMTI3M 9B39JHOL 9ax30Lg0s gobbmMmEngmEs d7039M0 HMmdBoOL 97-
L39MNdgbHPma IMmEamab godmynbgdao.

33m930L RaMmgmyddn dgmhgym 0gbs 300eab 3oLHOL mMTYMSENY, MMIGEMIS3
390mo3mnbo Joxzbomamgabob, pH-ob, Bobab dgbomMAybgdabLy o 3MbLOLHYbENOL M3-

H0damymn 0omabLN. LoEIMN o bagmMbHMmMMM F3yx300L 85w73900L dgaMmy-
000 0hA3960, MMT IMBMEYdMo mMmMAYmMs300b 3onmab 3oLbHod dg0030My 03039600
9909mgdgg00m godmbzggmo dnbgMmomyMmo obozoMmagn o bgma dgybym 3dogmab
Jumzomab dsbob dgboMmAybgdsbL. IMbMEgdym 300ab 3oLHob goohbns ©gdnbgMo-
0®s300b LeBNbdMAEYaM 3MHBENdMN s dgndmgds gobbomym 0gbgb Mmamm
39ML3ggMHogmo YMMAYMOENS 3onmab 306s6gMab EoE3nLY o MYTnbyMomndoE3NNL
bgandgbymodnb dndsmmymadno.

339300 390093900 3@aLHYMGOL, MMT domMagbMo 3ghomgonb Babmzmadmdadnb
3903390 300mab 3obhHnb YMmMmAMOEN0L d9370853900 B3MAMOEE)bL 39MbL3ggHoym
d03smMmym9oob 3nMmab mMmyb dmzmab nbmzsEngmo bodyamygogdonb dgddbobmazanb.

Dental Paste Containing a Biogenic Element-
Based Nanocomposite: Formulation, Technology and
Biopharmaceutical Evaluation

ALIOSHA BAKURIDZE, MARINA MAMALADZE, RAUL GOTSIRIDZE,
MALKHAZ GETIA, EKATERINE MOSIDZE, LAMZIRA EBRALIDZE,
MALKHAZ JOKHAZDE, LASHA BAKURIDZE,

GIORGI BAKURIDZE, DALI BERASHVILI
Thilisi State Medical University

The pathogenic microorganisms of the oral cavity play an important role in the devel-
opment of dental caries. Although modern oral care products contain fluoride and differ-
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ent antimicrobial agents, currently available formulations do not always provide sufficient
antibacterial activity or effective remineralization of dental tissues.

In recent years, nanotechnology has become an important area of research in the de-
velopment of dental products. Studies have shown that silver and zinc oxide nanoparticles
can inhibit the growth of pathogenic microorganisms, especially Streptococcus mutans,
which is considered one of the main causative agents of dental caries.

Nanoparticles obtained by green synthesis can be used in the development of new-gen-
eration oral care products, providing both antibacterial activity and support for the remin-
eralization of dental tissues.

Therefore, the development of a toothpaste containing a biogenic element-based
nanocomposite, together with the investigation of its formulation, manufacturing tech-
nology, and biopharmaceutical properties, is a relevant topic in modern dentistry and
pharmaceutical technology.

The aim of this study was to develop a toothpaste formulation containing nanoparti-
cles of biogenic elements, establish an appropriate manufacturing process, and evaluate
its biopharmaceutical activity.

For the experimental study, two mineral waters from Merisi and Namonastrevi (Adjara,
Georgia) were selected because they contain minerals that are important for oral health,
including calcium, fluoride, magnesium, and phosphates. During the biosynthesis process,
an aqueous extract of Arctostaphylos uva-ursi L. leaves was used as a natural reducing and
stabilizing agent.

The anti-demineralization effect of the toothpaste was evaluated using an experimen-
tal acid erosion model.

Among the prepared formulations, one showed the most suitable combination of foam-
ing ability, pH, mass retention, and consistency and was selected for further investigation.

Comparison of the experimental and control groups showed that the selected tooth-
paste reduced mineral loss caused by acidic exposure and helped preserve the mass of
the dental tissue. The developed toothpaste demonstrated anti-demineralization poten-
tial and may be considered a promising formulation for the protection of dental enamel
and the promotion of remineralization. The results of this study suggest that the develop-
ment of toothpaste containing a biogenic element-based nanocomposite is a promising
approach for the creation of innovative oral care products.

wodlews@yleay wny wayd
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Johmyan ob3obnL 09bHMbNnhn minbo
Amgmh dhozopmybjnahn 3mbdgyg3mnanhn

nbahgpngbmn: ;yndBn3nh-9ndnyhn po
dnbghopmanyhn sbopndn

6460 6M3IJARI3Y, 636J LQI3LVMNV6N, 013 BI33LIF3NLN
bogdohmggomb 899b6033hn 36039hboBgB0

LY3336dM LOOY3IBN: sL36AL 096HMbad0; FMBHIMMoMbadn;
39000mb3ndmE3zmamoa 36sMon; dngmMmgmagdgbhgodon;
3mbLAYBI3hHN3M0 3MA3MBOGNS

ommm 6gddn 3mLbAYEI3H N30 Ly IiMm sdhnyMom dndsmmazb dybgdMng dnbyg-
MomyM 6gmagmb oMo MmgmmE 3ob0ymM adbdoMaL, sModg MmamMmz oJh0nM i396-
43096 063M9096¢HL. 3b3360L dg6HMBaBM0 Mabs (Bx0LYO60L Ladsm, MdYMZgoN)
— bogdommzgmb dnsmn dnbyMmogymn MabyMbo — HMmaNENYIMSE godmnygbgom-
s dbmanme (h996039M bxygMmMyddo (M3060L BaMmIMYdS, baysmnodg Bsbsans, OMM30L
bLBsMgdN), Bnbo gMIsHMEmagnyMma 3mbgbEnsmab MBsE JgLbBs3mnL goMgdg. dabo
domMomon dn0bgMmoman, dmbdhamMmommbotn, gedmnmhgzs i39bmzabn bEHMYIHyMoo),
domamo 30000mb3ndmEzmomo 3bsMmoms o @ab3gmboymmono. 33e930L J0Bs6L Bo-
MIMoagbo mnbab ®ndzxM-Jodoymo o dogmmymgdgbhymo 3Mmanmab @sabobo-
00900 o dnobo 3MbLAYE93M039M0 BY6JENYMa 3MmHgbEnamab nbdhgmM3Mmgbhoino.

9900m900: mgdboEM0 d9a960mMMOs gobnbodmzms gMoz0dgdHMmymoa s b3gghmm-
amBmIgHmgmo sbomndom; gMobymmdghmoymn gMmaggombomgds — byNdg-
Bhognom (3mmmoymo gMsgdins < 0,001 83); B0d0gYM-Jodoyma 3oMsdghMmgdn (pH,
ByomImobmygds, Ego30mos, 3mabhndymmos) s 8s3mm/dnzmmgmgdgbhgdo — bo-
booMm@ymo modmmatymMoymo s sdmaIym-900boymo L3gJHMmamyMn dgoMEYONM;
d06g9MamyMo BB oobHMs FTIR b3ggbhmmbiM3nom. 3MmBpm@ndymo 3Mma3mdo-
309000 (Bsgmsdmyodn, 60mdgd0) dozMmodammmgnyma JbogMmbmgds dgdmbawms bobon-
hoMogm-0sghgmomemanymo 3900mEYon0.

99098900: ©Mdnb36¢0 MJLNEYONS Si0, (56,2%) o Al,0; (14,2%), Mo 80yn0mmdL
domom dmbhammogmbohob d99339mMdaLy o godmbodm sbmmogoym 3mbab-
30odg 3b0d0sbo 3360L 3MB3MBNENgdALMZNL. Josan30ydabs (11,4%) s Bsgbnydab
(4,6%) 507MBs 390339MMOSD (16,2%) 5A3960 39M3o@ gob3nmaMgdymn nmbandm3-
3momo bobhgds, MoEg bgmb y6ymob dnbgmomymn domebboby o doMmogMmymmo i3nb-
J4300L bHodNWNDSENL. byLbhs® 87937 pH (6,6) sbanmbos 3860L GodaMMmMgnyHm pH-
006 o v330M70L gomndnsbgdab MabgL.

3M36ymmAgHMm0YMAs 3630 I3ILHYMS dsmomn Eab3gMboyamody (45,6% <
0,001 89), Msi3 dMmEOL 3ghoyMmo 396GHMIONL bymdnbsB3IEMAMOSL S 3330mMYdOL Bn3-
Mmgmgdgbhgdnb 89mbBg3sL 3060bL DgadnMym 8Mggddn. dozMmm/dnzMmamgdgbhym-
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3o 065M0B3o godmozmnbs mymng, M306s, 336356330, 3Mmdasm@n, bozgmon, b3ngngbdo
©o 39MEbn, MMIJMMOgedb Mnmgemb goohbns L3YENRBNIYIM0 IMBSHMEMENYMO
9603369mmoO0: Oymne dMbabogmobL PxMmaadab mmMBnMmgosdn o o3gbL sbhn-
00ghgMmoym dmgdadggdsb; bdnmgbdo bobnom®gds 8607d0bL LabnbooMIYaM o 8bhn-
Lg3H039Mo M30L90900m; 06300930 FbMdamas 3360L JLM3z0MBy VB30 70gM0
91399 H00; 39MEbann 30 gadmbodozb godmgzzgmam sbhndnzmmdym 3gh03mMdsL. gb 3ma-
0060300 9dM0gMgoL sMandgbdL sb3abab mabab, MmgmME oghoyma 3MA3mbybdHL, go-
9myg6900bmM30L 3MMOMYTYM0 s 03690396 dnMyznama 3060L 3MI3MBNENY0T0n. T03-
MMO0MEMManxMmas 06semnBTo odLHYMS 3030967M0 bMMIgd0L LMY EOE3.

0003360: oL3000L 096hHmMbotho LENWEYds H9JbnzyMmo bgmgxmab LAHIHIYLL ©o
B6oMIMoa9bL 093609MPmMo© ©iLLOYMYOYM, TMO33MBY6JEnYM 063MyNYbEHL
3MmLAYEI3MN3xM0 3MA3MBNENY0NLM3NL — gMmmEMmyms sEbMMOgbhL, dnbgMo-
M ©obodoby o dbYOYT sbhndozmmdym 5336MHL. dnobo damo gomndnsbgdab
3mHgbE0s™mn o bgmdnbeb3zEMIMO 3EaNMMOMNZ LMD Tob gobLoggmmgdom
908%0039mMb bnb nbybHMoymo godmyngbgdobmznb. 8953900 Loxyydzgmb gyMmob
390003mM3 33M9390L 3MA3MmdoEnymo Mm3hndadsEnabs @ in vitro/in vivo 9x3g9ddHyMm-
00L oEILHYMYONL BndoMmmMYmMd00), dEaNMOMN30 MabyMLbNL bogMmmodmmabm do-
BoMBg 0b6hgaMognnbmznb.

Georgian Askana Bentonite Clay as a Multifunctional
Cosmeceutical Ingredient: Physicochemical and
Mineralogical Insights

NANA BOKUCHAVA, NANA DEVDARIANI, TEA ZAKALASHVILI
Georgian Technical University

KEYWORDS: Askana bentonite; montmorillonite; cation-exchange capacity;
trace elements; cosmeceutical formulation

Natural mineral raw materials are increasingly repositioned within the cosmeceutical in-
dustry not as inert excipients but as functional active ingredients. Georgian Askana benton-
ite clay (Mtisubani deposit, Ozurgeti Municipality) — a rich domestic mineral resource — has
traditionally been used only in technical fields (wine production, foundry molding, drilling
fluids), without in-depth study of its dermatological potential. Its principal mineral, mont-
morillonite, is characterized by a layered structure, high cation-exchange capacity, and fine
dispersion. This study aimed to characterize the clay’s physicochemical and trace-element
profile and interpret its functional cosmeceutical potential.

Methods: Oxide composition was determined by gravimetric and spectrophotomet-
ric analysis. Granulometric fractionation was performed by sedimentation, identifying the
colloidal fraction (<0.001 mm). Physicochemical parameters (pH, water-absorption capaci-
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ty, viscosity, plasticity) and macro-/trace-element composition were assessed via standard
laboratory and atomic emission spectral methods, while FTIR spectroscopy confirmed the
mineral phase. Microbiological safety of prototype formulations (ointments, masks) was
evaluated using standard sanitary-bacteriological protocols.

Results: Dominant oxides were SiO, (56.2%) and Al,O; (14.2%), indicating a montmoril-
lonite-rich matrix with pronounced adsorptive capacity relevant to oily-skin formulations.
Combined calcium and magnesium content (16.2%) reflected a well-developed ion-exchange
system, supporting mineral replenishment and barrier stabilization. The weakly acidic pH
(6.6), close to the skin’s physiological value, supports low-irritation topical use.

Granulometric analysis confirmed high dispersion (45.6% <0.001 mm), increasing the
availability of active sites and facilitating trace-element penetration into superficial skin
layers. Macro - and trace-element analysis identified zinc, iron, manganese, cobalt, nickel,
copper, and silver, each with recognized dermatological relevance — zinc (antibacterial), cop-
per (anti-inflammatory, antiseptic), manganese (skin-soothing), and silver (antimicrobial) —
reinforcing the rationale for incorporating Askana clay as an active component in formula-
tions for acne-prone skin. Microbiological testing confirmed full compliance with hygienic
standards.

Conclusion: These findings position Askana bentonite clay beyond its conventional tech-
nical status, establishing it as a scientifically substantiated, multifunctional cosmeceutical
ingredient — acting as an adsorbent, mineral-replenishing agent, and mild antimicrobial
component. This supports further research into formulation optimization and in vitro/in vivo
efficacy testing, supporting the integration of this local resource into the international cos-
meceutical market.

9ndmob [Feijoa sellowiana berg.] boymgdn
Bdmanghmn ddndq dggopnbo pd hopnmodmnyhn
bngmnghqdnb 33093nL d9p9a70n

606M 3323QNdI

onmomgnnb omggmhn

0009900 dmao hybmozgenb bobgedfiorm 36039hbnB9SB0, BoEM3s00MEMannby
00 00m3ho390%39hm369000b 06LBNBIS0

Lo3306dm bo®yz900: Bgo3ms; boayman; 3dndg Aghomo;
Mmoomagdhngmo bogomgmgds; 390339mMmMAY

0bObNdbsgzny, MMI MabEMmgmdnm shHambygmymo 3o9Mab Ead0bdyMmgdsdon
@00 Mmmmo 330bMos ddndg Fghomgobs o Maomogdhnym 6030009Mx090L. JodMogz-
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9o 339300 9A3969, MMT 0ETN360L MMEsb0d3dn dmbzgMmamo mjbozymo gmgdg-
B(h900, Bogomamo: Hhyzne, 303nYdn, 39MEbmabBysmn, @aMndbobo, 3oy s bb3e
Aonbo33mMn0006 bmmdg Loabogmebomo 36033690MM306 gmydgbHgoL: 3omEznyaDL,
M300000, M30600, JoMymxanmo dmJdggob ssdnsbab 360Mmgmmosdg o 01639396
bHMIYIHYIMYM 3307090, dgLod3dNbE domMBE dgbHomyMmoas domo d93339MMm-
00b 3gLBszms 83960Mg9030 (Boyma3n), 306506 §3M3800MEx6M BogdhmMms Jafmym-
3000 3o3mgbob dgbbogzme 3mEbogm MmMaabnddgddy dbmmme LodyEbngmm 33mg-
39000L bLodyomgdnmas dgbodmyodgma. 33mg30L d0B6L BaMIMOE]bEo: BIN3Mab
Baymadn dmgngmorn ddndg 8ghamabs (Pb hysns, Cd 3000780, Zn mycns, Cu b3nangb-
dn) s Maomaghnymo 603mngMmgodnb (Cs 137, St 90) gobbodM3Ms. MsdmMmsbhmmMmoymo
3333900 gobbmMmzngmos bmagamab dgymbgmoab bodnbobhHMmmL MadmMmabhmmoymn
33339000 396¢MATn. 3dndg Bghomgdnbs o Maomsgdhnymn bogzmngMmgdgonb go-
dmbogmybo, MmgmmE LO33mg30 dLY39 LagMbhmmem 9adga3mamgdalb 6087dgdn
00Mg073m0 0460 ggMng, bodgaMaMbLY O vgamnb Myanmbyddn. ddndg ghHomgdab dg-
9339Mmm0os BM3MYMO® obad390 3MbEgbHMIEN3LMOD 3goMadnm VO3NS LBBN3]
M9a0mbdn godmmhgymo gmmdgdab boymaxdo. 39Mdm: Hy300Ls O 3odnydab d90-
339mmonb dnby3nm 38b0d3z369mm bb3omods oxrnjboMmes bodngg Magnmbdn dgmhg-
3o 93960M9900L Boymxdo. ymonb dgeMmgdom domamon d93339mo0n0 godmoam-
Rg3s gmMm3s NeN210,11(1,15-1,2583/ 33) nbnbo sgamab Mggnmb3n dgMmAgyamo gmmdgdns.
YN0 Y39m™Madg 3MmbHo Mom©gbmdnm ogngbomms LadgaMmgmmb Mggombdn dgmhg-
1y gmmdsdn Ne3 (1,01 83/33), bmmm gymoab Mggomblb 88 gangdgbhmsb dndsmog-
0380 oMo sanmo ygdomosb N26 (1,16 3g/38). bL3nmgbdn BgsMYdNM OO
MomEgbmono sxngboMmEs LagmbBMmMmm 33Msbhnb 3i396oMyd3n N212 (0,72 83/
33). 33 899bg00 DBMZngMmmn Maomasgddhnymo 6n3mngMmgonb 3gdE39MmMOsL ggn3mab
Baymado, Cs 137 y39madg @0 MasmEybmdnm sgngdboMmos gmmas N210-8a (9,4 03/
33), 0b gmoymgmab Mganmb3dn dgMmAgymo 603930y, JgIMYdNM ENEN MIMEIbMmdNm
©3530gL0MES 51g39 BMMBT0 N3 (7,42 03/38) 0b LadgaMgmmmb Mygnmb3n godmmAgymn
amMBss. St 90 30 y39mod) NEN MymEgbmodnm gmmds N28-dns (12,2 33/38), 0L
39M0ob Mygnmbdn, godmmAgymo gmmavs. d9aMydnm bozmadn 30 amm3s N22-dns
(718 03/33) LodgaMgmmb MygnmbB30n, BMmbaMab 9gL3gMNAYBHYM dsBDY gedmMmAgya
a3mMdnb 60833300, bmmm sgaMmab Mgagnmbdn godmmAgym gmmds N211 (517).

33m930L 900939099 oyMmbmonm dgndmgds nmy3sb, MmT ddndg dghomgdnby
o Moomoghoymo 6030009Mx0900b d98339Mds bogommzgmmb bod g3memanyMm
dmbodngodmmhAgymogmmagdnbboymadndm3mMYmom abod3go 3mbEgbdMmaEnabmob
d90M75000 E30MNY, MYT3dMZgngM o0 Fomgabob Mamabmos 300063 339mMydsEMOL,
23MMma0mo dmbobs s BMMBnLESD ETM3NYOxMYdNO.
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Heavy Metal and Radionuclide Content
in Feijoa (Feijoa sellowiana Berg.) Fruits

NINO KEDELIDZE

PhD in Biology

Institute of Phytopathology and Biodiversity, Batumi Shota Rustaveli State
University, Batumi, Georgia

KEYWORDS: Feijoa sellowiana; fruit; heavy metals; radionuclides; definition

Environmental contamination by heavy metals and radionuclides has become a major
global concern due to its adverse effects on ecosystems and human health. Numerous stud-
ies have demonstrated that toxic elements such as lead (Pb), cadmium (Cd), mercury (Hg),
arsenic (As), and tin (Sn) can accumulate in the human body, replacing essential elements
including calcium, zinc, and iron. Such interactions disrupt normal physiological processes
and may result in structural and functional disorders. Consequently, assessing the concen-
trations of toxic elements and radionuclides in edible plant materials is essential for evalu-
ating food safety and environmental quality. The aim of the present study was to determine
the concentrations of selected heavy metals—lead (Pb), cadmium (Cd), zinc (Zn), and copper
(Cu)—as well as the radionuclides cesium-137 (Cs-137) and strontium-90 (Sr-90) in the fruits
of Feijoa sellowiana Berg. Laboratory analyses were performed at the Laboratory Research
Center of the Ministry of Agriculture of Georgia. Fruit samples from selected feijoa geno-
types, together with control samples, were collected from three regions of western Georgia:
Guria, Samegrelo, and Adjara. The analytical results revealed that the concentrations of all
investigated heavy metals in feijoa fruits were below the maximum permissible limits in all
three study regions. Only minor regional differences were observed in the concentrations
of lead and cadmium. The highest zinc concentrations were recorded in forms No. 10 and
No. 11 from the Adjara region, ranging from 1.15 to 1.25 mg/kg. The lowest zinc concentration
(1.01 mg/kg) was detected in form No. 3 from the Samegrelo region, whereas form No. 6 from
the Guria region exhibited an intermediate concentration (1.16 mg/kg). The highest copper
concentration (0.72 mg/kg) was found in the control sample (form No. 12). Among the inves-
tigated radionuclides, the highest concentration of Cs-137 was detected in form No. 10 (9.4
Bq/kg), collected from the Kobuleti area of the Adjara region. A relatively high concentration
was also observed in form No. 3 from the Samegrelo region (7.42 Bq/kg).

The highest concentration of Sr-90 was recorded in form No. 8 from the Guria region (12.2
Bq/kg). Lower concentrations were measured in form No. 2 from the Nosiri Experimental
Station in the Samegrelo region (718 Bq/kg) and in form No. 11 from the Adjara region (517
Bq/kg). The findings indicate that the concentrations of heavy metals and radionuclides in
the fruits of the selected feijoa forms from the three ecological zones of Georgia remain well
below the maximum permissible limits. Nevertheless, variations in the concentrations of in-
dividual elements were observed, reflecting the influence of both the ecological conditions
of the growing area and the genetic characteristics of the studied forms.
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hhnnmpmoinimbnbnb avB3 nbgygahnbnm
3933009000 dmdqdqpg00
JAK/STAT Lobngbopm gdobq

JeNLYGIL 339MVIANJI

onmgndonb emgBmhan, osbobBgbB-3hmagbmho;

Jodoyhn domomanab nbbBnBy80, n0nsb bobgedform 36039hbnBgBn, Mdn0nbO,
bogohmzggom;

0nmgndnnb eodmhoBmhny, n3. 09hnBsd3000b 9gb39hndg68300 damdgeninbalb
3968hn, m0n0nbn, bogohmzggom;

00mydnb boghmodmhabm 36039hbnBgBn, domydn, bogohmzgom

Lo3396dm boghyzgdn: 6gamm3mmdgdEns; 06hgamanba avp3; JAK/STAT;
mgbooEnyMma bHMmabo; moMmmoymao 3mMAmMbgdo

g3mMnbgdMmo F0M33mnb 3mMmIMBgdn (TH) 8608369mmM336 MM sLbMYaNgd96 (396-
HMamyMmo bgMmzgamo bobHgdab gobznmamMgdobs o BYbJ3MbaMydsdn. docn dmgag-
03900 3MabN3gyMo 3gbmaym MyaxmMoENdLMOb 3MNL V3e3d0MydYMN, MYPYIEs dMEM
Bagddo gobLogymmydymo yyMmomads §mdmos TH-ob bEMog sMoggbmadym gx399hg-
0L, 3modTYMn 9900Mab0L avp3 nbhgaMmnbob 39839Mmdom. smbndbyma Lobogbsmmm
LoLHYTs Asmmymns PsMaEIMO gosmMAgbobs s bgnMmdmmbgdhmMmymo dgdsbo-
939000 MY3YMO(30030, gabLogxmMydnm 303mjboab MmDL.

33m930Lb 90%06L BoMIMoagbs BHMoomomanmmbabob (T3) sMaggbmdymoa
dmgadggdnb dmmgzgmyma 3994060d3900L dgbBogzme, 3gMdme avp3 nbhgamnb-@o-
dm30goymo JAK/STAT babogbsmm gdab sghn35300bs S SHP2 YMLbBSHIdOL MY3Y-
ma300b 89983b90s PNRgMybEnMgdym PC-12 nxM9gddn. 3s(hg00m Jgxsbos JAK/
STAT bobhgd0b doMomoo bobogbsmm 3ob3oNb 33nmMydgd0.

99L39MNBgbH IMEIMOE Zsdmygbgdyma oym PC-12 ysMaoymon bodo, MmIY-
03 65MIMoagbLb Bgnmm3mabhngygmmodabs o 6goMmyagbgMmoinab 33mgz0b 3o-
M3o ©083300Mg03m IMEamb. 33M930L GQoMmgmgddn, T3-0b Bodommmmanyma 3Mb-
396(Ms3000 (10nM) B39mgdgg00bsb 1 Lasmnsba 303mJboab 30MmoOxddn J9533LES
T3-0L 3My39bMayMa dmMmgdg90s JAK/STAT babngbasmm gdab 3ma3mbgbdgonb sghnam-
00%3. avB3 06®9g3Mnbom godyomgdymon 9i339H0b oabHYMadnb d0dbnm 3oMmogng-
™yMo godmygbgoygmo nym avp3 nbhgamnbob nb3ndaymMo.

JAK/STAT bobogbomm gdob 3ma33mbgbhgdnb gambymmamomgdob mby dgxsbos
RayBio® JAK/STAT Pathway Phosphorylation Array-ob @& 0336mommbhnbgnob 8500mab
3o9Mmygbgdom, bmmm dmboEgdme sbogmado gobbmmzngmms Image) 3MmgMadnlb go-
dmygb9000. dnMgoymads 990939000 0A3960, MM 303mMmJLoab 30MmOddn T3 3603369-
mm3600 DML JAK2-0bs s STAT5-0b BmbymMomomgdsb, Meg dngmamgodb JAK2/
STAT5 LabL0gbom 3oL3oNL 3gHN30300DY. 3oMdMgMYME d30b0dbs SHP2-0bL BML-
gmmomomgonb dgdgnmyds, Mg dgbadmms sbobogzmab bggodnymo Myanmodmmyman
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999060%08900L AMEYMENsL. 3b0dbymo gx399Had0 bymaw JMgds avPp3 nbhgaMmo-
B60b 0mM3nMgdnbLLL, ME vaLbHYMIOL o3 9RgIHg00bL avp3 0b®HyamMnb-edm3znwydy-

mgosb.

000mgdymo 3993900L boxydzgmdg 89330dmns EA33L3360m, MM 0xgMgbEn-
Moy PC-12 33M9g0dn 303mgjbonb MmmbL T3 n6393L avB3-06¢hgaMnbom godyomyg-
0 JAK2 o STAT5 gmbazmMmogmomgonb HMEsL, o SHP2 3mbRshedob gmbammogno-
Mg00b 39930MY0sL .

avB3-06¢93Mnbom godnsmagdymao JAK2/STATS babogbsanm 30b3sab 3gdn3s30o
303mgLboob 30Mmd90dn dgboadmms BomMIMoaaboab 03 39406003L, MMAmab 99839-
monmsi3 hMmoomEmanmmbobo (T3) DML P5Mgadab bogmEbmabbsMnsbmdsL. bs-
30Md30ME, smbndbymo gxugdH0 o303d0Mxd many STAT5-0b dngMm Mygxmamgdymn
39600 99L3MabNab 930396903360 TMEIYMENLMSD, Fom dmMmab goM33gymon ggba-
00L 9303969h0336M gohndgdobmob, MoE bagmb 6ymobL PxMI ML dEI3HOENLY O go-
©3MAgbsL 303mgboyma bHMmLbobL 3nMmMdydd0n.

b dmbo3gd900 3608369MM360© dBIMOIMYOL BoMAMEEagbsb momMmoaymmo 3m-
MAmMbgo0L vMaggbmadyma BgnMmm3mmdgdbhmmyma dmgJdggonob Immgiymymo 39-
94960009000 dgLsbgd s Jab6abL baxyydzgmb avp3-0bhgaMmnbo-JAK2/STATS babogbsgnm
mgmdob, MmagmmE 3mbgbioyMmo mgMmadnymo Ladnd60L, d90amadn dgbBszmmnbm3znb
690MM93969M330YM™M0 0300905000 o 303MmJbnom godmbBzgymoa byMmaymo Jbm-
30m0b E®03690900L 3nMm0O90d0.

Triiodothyronine avB3 Integrin-Mediated Action on the JAK/
STAT Signaling Pathway

ELISABED KVERGELIDZE

PhD in Biochemistry, Assistant Professor;

Institute of Chemical Biology, Ilia State University, Tbilisi, Georgia;

Laboratory of Biochemistry, Iv. Beritashvili Center of Experimental Biomedicine,
Tbilisi, Georgia;

Batumi International University (BAU), Batumi, Georgia.

KEYWORDS: neuroprotection; integrin avp3; JAK/STAT; oxidative stress;
thyroid hormones

Thyroid hormones (TH) are fundamental to the development and functional integrity
of the central nervous system. While their biological impact is traditionally associated with
nuclear receptor-mediated genomic regulation, recent research has increasingly focused
on their rapid, non-genomic effects. This signaling is mediated by the plasma membrane
avpB3 integrin, a system that plays a vital role in cell survival and neuroprotection, particu-
larly under conditions of hypoxic stress.

The aim of the study was to investigate the molecular mechanisms of triiodothyronine
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(T3) non-genomic action, focusing on avB3 integrin-dependent activation of the JAK/STAT
signaling pathway and regulation of SHP2 phosphatase in differentiated PC-12 cells.

The PC-12 cell line was used as an experimental model.Under physiological T3 concen-
tration (10 nM) and 1-hour hypoxic conditions, the non-genomic effects of T3 on JAK/STAT
pathway components were assessed. To confirm avp3 integrin-mediated effects, a specific
avp3 integrin inhibitor was used in parallel.

The results showed that under hypoxia, T3 increases phosphorylation of JAK2 and
STAT5, indicating activation of the JAK2/STAT5 signaling cascade. A decrease in SHP2 phos-
phorylation was also observed, suggesting modulation of negative regulatory mechanisms.
These effects were mediated by avp3 integrin. Based on the results, it was determined that
T3 induces avB3 integrin-mediated upregulation of JAK2 and STAT5 phosphorylation and
reduces SHP2 phosphatase phosphorylation.

Activation of the av3 integrin-mediated JAK2/STAT5 signaling cascade under hypoxia
may represent a mechanism through which T3 enhances cell survival. This effect is associ-
ated with STAT5-regulated gene expression and epigenetic modulation, which contributes
to cellular adaptation and survival under hypoxic stress.

These findings expand the understanding of the molecular mechanisms underlying the
non-genomic neuroprotective effects of thyroid hormones and provide a basis for further
investigation of the avB3 integrin—JAK2/STATS signaling axis as a potential therapeutic tar-
get in neurodegenerative disorders and hypoxia-induced neuronal damage.

Phthalocyanine Photosensitizers in Antimicrobial
Photodynamic Therapy

LILI ARABULI
Department of Chemistry, School of Science and Technology,

The University of Georgia, L.arabuli@ug.edu.ge

KEYWORDS: Antimicrobial photodynamic therapy (aPDT);
Metallo-phthalocyanines (MPcs); Nano-drug delivery systems;
Antimicrobial resistance

The rapid escalation of antimicrobial resistance (AMR) requires the development of
effective non-antibiotic treatment strategies, establishing antimicrobial photodynamic
therapy (aPDT) as a critical alternative for combating multidrug-resistant (MDR) patho-
gens. This review provides a comprehensive analysis of phthalocyanines (Pcs) and metal-
lo-phthalocyanines (MPcs) as second-generation photosensitizers aimed at bacterial,
fungal, and viral inactivation. We examine the structure-function relationships of MPcs,
emphasizing the role of diamagnetic central metals, such as Zinc (I1) and Aluminum (l11),

wodlews@yleay wny wayd
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in promoting intersystem crossing and maximizing singlet oxygen quantum yields via the
heavy atom effect. The review addresses inherent physicochemical limitations, specifically
aqueous insolubility and aggregation-induced quenching (AIQ) and evaluates synthetic
modifications such as cationic peripheral functionalization designed to breach the out-
er membrane of Gram-negative bacteria. Furthermore, we discuss the integration of Pcs
with pharmaceutical nanotechnology, including metallic nanoparticles, liposomes, and
graphene oxide, which enhance bioavailability and facilitate synergistic photothermal
therapy (PTT). The therapeutic potential of Pc-conjugates with bioactive molecules (e.g.,
antibiotics) is also highlighted. Finally, we critically assess the biological and regulatory
barriers to clinical translation, including biofilm penetration, localized hypoxia, and do-
simetry standards, proposing the engineering of stimulus-responsive nanoplatforms to
overcome these challenges.

CONR

s gt
Photoexcitation / T Thermal damage to target cell
PTT

Mon-Radiative decay {—\
———ee

@ @Qf PDT

[ Oxidative damage to target cell

Substituted MPcs Structure Dual use Nano-Encapsulated MPcs for more effective PTT and PDT.

ndghgonb dbohnb 30bnb dnbnndopnhgmnb
Lmgga dyybyhnb byshmbL Bypqgddn
gndnmpmganyhop vgdmnyhn nmbqonb
hompgbmohngn goabLodmsho

d4639hAM ANIM360N, 3IMIA 3806MNIDT, 3NMMAE( N13336NdI,

JQ363J 830389dJ, 30€MB6J LYALIMIJI, 6N6M 3dbNJI
93930 F9hgomonb babgedfnm 36039hboBaS0 (J9csnbn)
madona.samkharadze@atsu.edu.ge

LYIS306dM LOO®Y3IB0: 3nEMMJndnY; BYeab sbdM0BN; 0MB7d0;
30600L 3603030mohgbHob Bymgodan
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d9300b6s3mMgm 3060L dboiEndomodgdob bmaga dyybymab BysmMmb Bymagdab 3n-
DMEMEnyMmo sjhogmo ombydalb MomgbmdMnzgn dgagbnmmobs. o3 30dDb0m, godm-
La33m93 Bysmmgddn dg30LBsgmgm: pH - ab, Bymab bobobhob, Mg* , Ca*, Cu*, bosgMom
mM30bob, HCO,, Br, SO,* - ab, CI- m6760bs ©s bagMM EsMdbsbab 893339MMObs. bo-
300bab sghgommods dgmadsmgmob ndodn, MmT dmEgdnm Bymgddn 3nM3zgma 0gbo
396LodM3MYMN BgIMm dMbNIbymo nmMbgdnb dxaE39mMAs. 3bdMNBYO0 HOMEIOMDS
99000000 03030 BgMgmeab bobymodab bobgmdbogm 36039MLoGHHOL 3nMmdndonlb
madMmmaymMmnadn. sbomndabomznb godmznyngbgom dnmMmmgndonb 3Mogdhngodo s3Mm-
00Myd7 M0 gm0

0303006md0L 30hA396909m0 0dMTgdmEe - 3mbHgbznmadghmymon dgommeom, Ca*
0bo o Mg d99339M0Ay, 33Mgm3g Bymob bagmom bobabhg gedmbogzzmgs Bymgddo
0LIdM3MIOMES 3MB3MyJbmbmaAgHymo dgomom. HCO; ombo - s3nEndghmymn
d900mE0m), Cl- 0mbgdab gobbobsdmzMo godmygbgdymoa aym dgMmzymodgdyan dg-
0m0. bagmom 306008 o Cu 0MbydL 3LsdDMZMIZ3EN0 — BMBHMIgHMYEn IgMENO.
Lagmom EsMndbsbbs s Brombydb-omendghMmyma dgomEao. sbsemndob dgwgaq00
dmEgdymons N 1 gbMoando.

3bMaga N 1. 0dgMmgmab dbsmab 35600L d60E03smmadgdhob bmagm dyybymab Bysmmb
6ymgddo z0doMmeMmagnyMmo oJHormo 0mbg00b MaMEgbmdmMazn gobbodm3Mab 373900

93.03- /o 9/
6yommb
6ymgoab
N 39mbyMo PH g " | 1 € ‘§
2babgengds bymob | & | & | g2 & | 3 | 4| 3| 8|3 2%
bobobeyy | = o €| © S| 2| 8 SE
= 2 2
&
1 Bomo 74 9,68 2,68 7,01 0,105 0,007 4,06 (0,188 - 23,21 | 0,0577 0,08
2 BonMo 75 6,63 1,92 4,58 - - 2,96 |0,094 - 134 | 01113 0,011
3 @9m30 89 3826 | 21,71 | 16,52 - - 728 0,198 | 410 | 66,61 | 0,0618 0.07
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Quantitative Determination of Physiologically Active Ions in
the Spring Waters of Dzukhunuri Village, Vani Municipality.,
Imereti Region

MANUCHAR CHIKOVANI, GURAM GABRIADZE, GIORGI IAMANIDZE,

ELENE TABESHADZE, MADONNA SAMKHARADZE, NINO KAKHIDZE
ARaRi Tsereteli State University(Kutaisi)

KEYWORDS: Hydrochmistry; Water analysis; Vani Municipality; lon

We studied the quantitative composition of physiologically active ions in the spring
waters of the village of Dzukhunuri, Vani Municipality. For this purpose, the springs under
investigation were studied for pH, water hardness, and the contents of Mg¥, Ca*, Cu%, to-
tal iron, HCO*, Br, SO,%, Cl-ions, and total arsenic. The relevance of the issue lies in the
fact that the contents of the above-mentioned ions were determined in these waters for
the first time. The analyses were conducted in the Hydrochemistry Laboratory of Akaki
Tsereteli State University in Kutaisi. For the analysis, methods approved in hydrochemical
practice were used.

The acidity index was measured by the potentiometric method. The contents of Ca*
and Mg%, as well as the total hardness of the waters under investigation, were determined
by the complexometric method. The HCO*- ion was determined by the acidimetric method.
The mercurimetric method was used to determine Cl- ions. Total iron and Cu® ions were
determined by the photometric method. Total arsenic and Br - ions were determined by
the iodimetric method. The results of the analysis are given in Table N 1.

Table N 1. Results of the Quantitative Determination of Physiologically Active lons in the Spring
Waters of Dzukhunuri Village, Vani Municipality, Imereti Region

mg-eq./L mg/L
Local name
N | ofspring | pH g | . | o
waters water | & | & = & . NI o o~ T
on — ™ (@] < = O
hardness| = | S Z 3 © @19 o ! e &
=

1 zali | 74| 968 |268]| 701 | 0105 |0,007| 406 |0788| - | 2321 | 0,0577 | 0,08
2| Zaira | 75| 663 192|458 - - | 296 |0094| - | 1314 | 071113 | 0,01
3| leshvi g9 3826 |2171|1652| - | - | 728 | 0198 | 410 | 6661 | 0,0618 | 0.07
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o0thahbognge bgepayedy o abagn
dnpamdgonm onmdnbodabopqanb dnmaonb

H976mamgnnbo po m3nbgoomo LAxaymo

d9MN63J 343Q2399dJ", N2M6JY 833NQVdI% 013N3IMID FINA3NL(N?
Tbogdohomzgoemb y6039hbnB89S80

2 bogohmzggomb 8996039h0 36039hboBgB0
marishavlakadze@gmail.com

LAI3336dM LOOY3IBN: 60MIN6Y; doMINbozMabLBHIMMMO Toboy;
a3mbB3MMIY3E39ma bgmayma; m30b90900; 390306080 godmygbgodo

3bmonmony, MmM3 sMLydyMo domaghogmo 306900, doo dmMab 30M3gmo@ bo-
0900306m 3Magh03edon ,,in vivo” godmygbgodyma 4555 d0madnbs (24.5 % Na,0, 24.5 %
Cao, 45.0 % Si0,, 24.5 % Ca0, 6.0 % P,0;), 3godmoMmAg3036 dMbamMgL3g JosamEnydym-
Lbagohymo d0m3gMa-003006 ndnm, MMI JoMYb3gmymazgb dfnMmm 3o3dnMbL sMo
dom@pm LoMyaggbomogom dzmab Jbmznmeb, sMdg Moo JbmMmznMmMaboE. 9g9-
o6, dzgmob @gx399Hg00b smdmabzms, 60m3nbob dndbMOMNZe® godmynbgodnb dgo-
mb3zg3000, mMzgMm bozmad wMmmb dmombmaL, 30Mg domzgMmadngdnb godmygbgdabsb.
00039 @MmmbL, 4555 d6omdnbab dnmydab Hggbmemans s Mm30b70900 bymymanmo
o/ oMmab. dobo LObMyBAL Hagbmaemans MMPMNY, MIEESb 300dn donmyody ,,b3gman”
dgomeom, 3gmdmo dmm-3ggm Hhgjbmmmagnom, bohmoydob o omEnydob Byom-
bbBoN FoMaggdab s MMOMAMLbEMMIFs30L JMoNgMngdgwgdnm (Bomgdyann
Bomggdab MgEb3s-gobyxmszgdom, 8Mmonm ©s dgEbmos-s3Mmyashnm). 0303y 8nbab
Jofmymanm 030bgosm d0hbgymons Na,0-b oo MomEy-bmdom d703390MMO0mM go-
dmb6399m0 domamn bbBdEMOS dTN360L FoBaMEMManyM goMmgdmdn. sbndbymads
dgndagos 3godmnbznmb odnobgdymo dzmab Mggabgmoznnb 3MmMEgbob ohjomyg-
00 o 333LMOb dMIgMME33MM3360 dEEg6s. 9b0dbyMabL sIMbogbzmgmo
9080M™M0396 4555 60m3nbob dgaabommodnb 3mMmgdhomgdsl, Mmogbol 3E0MEYOL
36 LagMOME P3rEM3gmMymananns Na,0-b 898339mMmos (Bog. S53P4, 58S, 70S30C
bb3. bobgmdab d0mMdnbg00n). sb0BO6YMO HbEIENg00 POMYB3gMYMABL LabyM3gano
d90930L 30B9350, BogMed sMmymgob dnbab Lobmgdob 3MmEaLL, 3gMdme bobmyg-
B0b AhohoMngdab Hgd3gMmobhmab DML godm.

AohoMydmo 33930L MO09ggdHL BomMAMoanbos 4555 d90a3960mMmMONL domTnby,
bmem hggbmemmgnnm nbmzsEnsb —3obo bobmgdo s HgMboh o babymagmmm do-
9099. 3odmyqgbg07m0 ngbs mMo gobLbbze39073wm0 d9a960MMONL 30930, MMAIWMgddngs
a3mbymmMmIg9E3gm dsbomgds® smgdymn ngbs bagmbanab d3anab BsEsMa (40.3 % P,0s,
53.2 % Ca0, 2.8 % MgO, 0.4 % Si0,, 0.3 % Al,05, 0.1 % Fe,0;. b.. 3,3 %) s bb3s BMbRBIHO-
™06 d900M70000 MOMONb odamoa hgad3gMmodnmab dJmbg ba®Mmoydnb 3oMmxambRsho
(Mgsgddhn30, 991 % Na,P,0,-0b 8983339mmodnm). bb3s 6gmMgyme smgdymon ngbs donb
OMmm0 (99,9 % Si0,), 6shm0ydab s 3oaEnydab 3oMOMbshgdn (BoMgs —,,4.b."). Bomyg-
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0y0,,ddMamn” 30907000 L0bMYd AhohaMmws 3MMPbOL JMmMbgddn. MM039 300306
d0mgoymn 3060L 6obMOgd0 gobyRMO3e 1300°C-2g, MMAJMMgeb Jomadymo ngbo
LogaMn 60370900 36 G3Mohgdn. 39037-60moNL dgyE3mMomaE, MMo gobbbzezq-
00 d93960mmonb 30%30eb dnmgdym domadnbob, bagnMmgdaob dgdmbggzedn Jo-
doymo bbBosmMONL d9830Mx00L3Y0 Mgz nMgonL dgbodmgdmodnm Eobowagbs,
ARoghomms 0dyamgonm a3mobhamygods. 3MmiEgbo gobbm-MmEngmes 600-1000°C ¢hg-
83gMmabhymya nbhgm3zsanda (d0zn 50°C). bobyM3zgmo dm-Eyamonma 3MabhHsMNBIENS
(8065/3M0bHomo oMM sbam3gdnm 50%) dnnmBg3s 850°C-Bg, bmenm 70 %-8w9
3MobHIMYM0 BB (B0653M0bHIMYMN 367 sdMMBYM-3MabHIMYM dgMmdsmgmosdn
3osb3my) 3339 900°C-Bg. MgbMHgabMLbHMYJHIMY®O 363D EOEENBES SIMM-
gYm-3mobHomymo 096900L domTsbomgddn mMma Lobymdab 3Mobhomymo GoddNL
3MLbYOMAL: 850°C-Bg a3MNLHdMYOMBn — Na,Ca,(Si0;); o M36abangdn 3MabdHsmny-
M0 533D Na,Ca,(Si0;);-0b boaboo. 900°C-B9 ©odYIs3907m dnbg0d0 - byMsmn nE3MYds
9 B59Yy3360 3Mabhomymo gads BaMIMEaggbnmans Na,Ca,(Si0sz);-00. 9.0. 56036YML
960 godmgbzns 3060L dgagbommodsdn sMLYOYmMn Na,0-b yBMm oo Mamgbm-
00m 3MobHamyMm bogmmab 6sMIMJabodn Ambobomgmdy, 9gdgab 30 6aMAgb dnbodo,
MmammE dobo y39madg bbbowo d980w39bmab, Momybmdnb dgdEnmgde.

dzmab bsmab o bod®Mmoydob 3oMmaMbRIbHNL Loxrydzgmdg dgwaggbomo 3od-
d0ob dnmgdymo d0madnbydn LMYMOE 8300yMinMx096 ISO-bHobsMBHob dmmbm-
36900L 999093 93bsbosMgOgm M30090900g: LNd33M03g (2,64 0,1 3/bd%), bnddh30E)
39093099 (440 + 20 83s), bLOHIEMOS BodaAMEMZnyM bLBIMB0 (2,1 £ 0,1 %), BYsmMI .-
60935 (0,5 0,1 %). B09byE330 M30090900b BbES3LYONLY, Y3nMabhgbmods Pbs dng-
B60ogmbL dzmob BogMmab godmygbgdnm dnmgdym dnbgob, MmIgmms dgwagnbommodsdn
BomImagbnmons Mg0(2,8 %) s Fe,0; (0,1 %) s sbg3g 09690Mn3 d3smBn sMbgdymO
bbgs gbgbgnomMyMo dnz3mMmamgdgbhgdn, MmAmMagdnE bgmb dgxbymongb domydymo
906900L 00M™Mo3LgdEMONL o domaghnymMmOosL. 08839 EMML O3NbEs, MmT dn-
69000L EV3MobHomgdom dgbs-degdgmos dobo BNdNZYMo FobobnomgdmMgdab DME.:
L0833M037 (2,79 3/LB) s LNA®H3NEY 39993097 (710 B3s), bmm GodaMmMmManyM bbb -
Mm30 bLBsEMONL JgdEnMmgds (1,75 %).

33m930L 8900939000 3M3M3909M0s 3(H3nEIoYMI0s, MMB senhaMmbohoymn bgc-
mggaab boxydzgmbdg dgbodmaydgmns dg0Enbsdn godmygbgdowan, 39ML3gIbHoymo
©s dMmmbm3b6300 3bsbnsmgdgamn 130b909000b BgMbg sdMMmABY (boMdn6s) S SAMM-
agya-3mabhomymo (0dgmydnm o3Mabismgdyma 806s) 0376900L domMAsbamgdab do-
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Improvement of Bioactive Glass Technology
and Properties Using Alternative Raw Materials
and Novel Processing Approaches

MARINE SHAVLAKADZE?", ILONA SHEKILADZE? TEIMURAZ CHEISHVILI?
" University of Georgia, Tbilisi, Georgia
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Bioactive glasses are among the most important biomaterials used in regenerative
medicine because of their ability to establish strong chemical bonds with both bone and
soft tissues. The well-known 45S5 Bioglass® (24.5 wt% Na,0, 24.5 wt.% CaO0, 45.0 wt% SiO,,
and 6.0 wt.% P,05), the first bioactive glass successfully introduced into clinical practice for
in vivo applications, promotes bone regeneration considerably faster than conventional
calcium phosphate bioceramics. Nevertheless, its manufacturing technology remains tech-
nologically complex. Conventional synthesis is based on the wet sol-gel process involving
water-soluble sodium and calcium salts together with orthophosphoric acid, followed by
precipitation, washing, drying, and heat treatment. In addition, the relatively high Na,0O
content of 45S5 increases its dissolution rate in physiological media, which may result
in excessively rapid and non-uniform bone regeneration. To overcome these limitations,
several modified bioactive glass compositions (e.g., S53P4, 58S, and 70S30C) with reduced
or eliminated Na,O have been developed; however, these compositions generally require
higher melting temperatures and more demanding processing conditions.

The objective of the present study was to develop a 45S5-type bioactive glass syn-
thesized from alternative raw materials. Two different glass batches were prepared using
bone ash (40.3 wt.% P,0s, 53.2 wt.% Ca0, 2.8 wt.% MgO0, 0.4 wt.% Si0,, 0.3 wt% Al,0;, 0.1 wt%
Fe,0,; loss on ignition 3.3%) and sodium pyrophosphate (99.1 wt% Na,P,0,) as phospho-
rus-containing raw materials. High-purity natural quartz (99.9 wt.% Si0,), sodium carbon-
ate, and calcium carbonate were used as additional raw materials. Unlike conventional wet
synthesis, the glasses were produced by a dry melting process in corundum crucibles. The
melts were refined at 1300°C, producing both bulk glass samples and glass frits.

To evaluate the possibility of improving chemical durability without modifying the original
glass composition, the obtained glasses were subjected to controlled crystallization within the
temperature range of 600-1000°C at 50°C intervals. Approximately 50% volume crystalliza-
tion (glass-to-crystal ratio) was achieved at 850°C, whereas heat treatment at 900°C resulted
in approximately 70% crystalline phase, producing glass-ceramic materials. X-ray diffraction
analysis showed that the glass-ceramics crystallized at 850°C contained Na,Ca,(Si0s); as the
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principal crystalline phase together with Na,CaSi;0q. After crystallization at 900°C, Na,CaSi;04
became the dominant crystalline phase. This phase transformation indicates greater incor-
poration of Na,O into crystalline compounds, thereby reducing the concentration of residual
Na,0 in the glassy matrix and consequently decreasing glass solubility.

Bioactive glasses synthesized from bone ash and sodium pyrophosphate fully satisfied
the relevant ISO standard requirements, exhibiting a density of 2.64 + 0.10 g/cm3, com-
pressive strength of 440 + 20 MPa, dissolution in physiological solution of 2.1 + 0.1%, and
water absorption of 0.5 + 0.1%. Although both raw material systems produced glasses with
similar properties, the bone ash-derived glasses offer additional advantages because they
naturally contain MgO (2.8%), Fe,05 (0.1%), and other biologically essential trace elements
present in natural bone, which are expected to improve biocompatibility and bioactivity.
Furthermore, controlled crystallization significantly enhanced the physical properties of
the materials, increasing the density to 2.79 g/cm? and the compressive strength to 710
MPa, while reducing dissolution in physiological solution to 1.75%.

The obtained results demonstrate that alternative phosphorus-containing raw mate-
rials can successfully be employed for the production of advanced amorphous bioactive
glasses and glass-ceramic biomaterials with properties suitable for biomedical applica-
tions. The proposed technology expands the raw material base, simplifies the manufactur-
ing process, and provides a promising, cost-effective approach for producing next-genera-
tion bioactive materials for regenerative medicine.

The Future of Medical Publishing:
Al Ethics, and Global Indexing

NATIA GABEDAVA
English Language invited Lecturer at Georgian State University of Sports, DOAJ -
Associate Editor, COPE - Committee member

KEYWORDS: Al in Medical Publishing; Publication Ethics; Research Integrity

The rapid integration of Artificial Intelligence is fundamentally reshaping the land-
scape of medical publishing. The process has transformed everything from manuscript
drafting to peer review. While Al offers unprecedented opportunities to streamline re-
search workflows, it simultaneously introduces profound ethical challenges and structural
shifts in international indexing landscape. This thesis explores the precarious intersection
of technological innovation, publication ethics, and open-access standards, synthesizing
perspectives from the Committee on Publication Ethics (COPE) and the Directory of Open
Access Journals (DOA)).

At the core of the ethical debate is the accountability of Al-generated content. Aligned
with COPE principles - Large Language Models (LLMs) and generative Al tools cannot ful-
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fill the criteria for authorship due to their inability to take legal and moral responsibility
for data integrity. Instead, a strict, transparent framework for Al disclosure is mandated
to combat emerging threats, including algorithmic bias, Al-fabricated medical data, and
sophisticated “paper mills”, which could be damaging for scientific ecosystem and trust
toward researches. Moreover, while automated systems can assist peer reviewers in de-
tecting plagiarism or statistical anomalies, they must complement but not replace human
editorial judgment, which remains the ultimate safeguard against clinical misinformation.

Simultaneously, the democratization of medical literature relies on robust global in-
dexing strategies. According to the DOAJ perspective, the challenge lies in maintaining
rigorous quality standards while ensuring equity. Al tools have the potential to bridge
linguistic barriers, empowering international researchers to publish high-quality evidence.
However, without adaptive indexing criteria, predatory journals may exploit Al to mass-pro-
duce substandard literature, threatening the credibility of open science.

Ultimately, the future of medical publishing requires a harmonized approach. By es-
tablishing proactive ethical guidelines and evolving indexing frameworks, the scientific
community should leverage Al as an equitable tool that fortifies research integrity and
accelerates evidence-based medicine worldwide.

The Impact of Modern Dietary Patterns

on Structural and Functional Changes

in the Digestive System:

Evolutionary Changes of Gastrointestinal Organs

RUSUDAN VADATCHKORIA, PARVATHY NARAYAN
Natural Sciences and Health Care Faculty
Batumi Shota Rustaveli State University

KEYWORDS: gut microbiota; ultra-processed food;
dietary evolution; gastrointestinal health

For millions of years, the human gut evolved with fiber-rich, plant-based, and nat-
ural diets. This close relationship with unprocessed food sources helped build a strong
and diverse gut microbiome that supported efficient digestion, stable metabolism, and
a balanced immune system. The fibrous and complex carbohydrates present in ancestral
diets made the gastrointestinal system resilient and adaptable to environmental chal-
lenges. However, in the modern era, this evolutionary relationship has been hampered
by the dominance of ultra-processed foods—high in refined sugars, saturated fats, and
chemical additives, yet low in fiber and nutritional diversity. These foods have altered
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the internal ecosystem of the human gut, speeding up digestion and disturbing meta-
bolic stability.

As a result, the normal function of the gastrointestinal system is increasingly compro-
mised, leading to a decline in microbial diversity. Modern dietary habits are now believed
to be pushing the human gut toward a new evolutionary direction—one marked more by
disease than resilience. This disruption has contributed to anatomical and physiological
changes within the gut, which are closely linked to the rise of chronic disorders such as
inflammatory bowel disease (IBD), irritable bowel syndrome (IBS), obesity, type 2 diabetes,
and autoimmune conditions.

This paper explores how the transition from traditional, fiber-rich diets to highly pro-
cessed Western diets has influenced the evolution of the human gastrointestinal system.
It also examines how modern food processing and nutrient composition have reshaped
the gut microbiota, immune responses, and digestive health. By understanding this evolu-
tionary and nutritional shift, the study sheds light on the importance of restoring dietary
diversity and fiber intake to rebuild microbial balance, enhance gut function, and reduce
the risk of modern gastrointestinal and metabolic diseases.

MAKLINE COSMETICS: d9136nghq00, 016500 po
nbm3gopno 3hgdnyd 393069 3mbLdghmnzadn

asnNsMm 589mMIJdI
MAKLINE COSMETICS, bagohm3zgom
maikozaqradze3@gmail.com
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09690M030 063MYEN96Hd0; domagdoyMmo bogmogdo;
30600 FobdMgmode
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Transient Receptor Potential Channels
in Pain and Itch
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ABSTRACT

Pain and itch (pruritus) are distinct, complex sensory sensations that indicate actual or po-
tential tissue damage. While both involve neural network activation, their physiological mecha-
nisms differ: pain is a necessary signal of harm that triggers protective responses, whereas itch
primarily provokes the urge to scratch. In pruritus, the general discourse deals with histamin-
ergic and nonhistaminergic itch. Painful or itching stimulation applied to peripheral receptors
evokes a cascade of nociceptive signaling in ascending somatosensory pathways, culminating in
a distributed, multidimensional brain representation that is required to localize, interpret, mod-
ulate, and appropriately respond to the stimulus.

The Transient Receptor Potential (TRP) channel superfamily is distinct in that channels are
nonselective for cations (for sodium and calcium) and are involved in a diverse array of biolog-
ical functions, making them attractive targets for synthesizing novel therapeutics. They regulate
many functions, such as sensory perception, pain and itch, immunity, digestion, cancer, devel-
opment, urological, cardiovascular, and nervous systems. Moreover, these channels are widely
distributed in various tissue membranes, and TRP channel mutations are observed in several
diseases, such as hereditary diseases and many other TRP channelopathies. Among them are the
TRPA1 channel, members of the vanilloid subfamily (TRPV1, TRPV3, and TRPV4), and members of
the melastatin subfamily (TRPM2, TRPM3, and TRPMS).

TRP ankyrin 1 (TRPA1) is a calcium-permeable channel that is co-expressed on a subpopula-
tion of TRPV1-expressing nociceptive nerve fibers’ terminals and distal endings of mechanosen-
sitive C-fibers, contributing to the transduction of noxious signals. TRPA1 is considered to detect
non-histaminergic itch and hypersensitivity to noxious cold. Various irritant chemicals (e.g., pun-
gent compounds) and endogenous products of tissue injury activate TRPA1.

TRP vanilloid 1 (TRPV1) is also a nonselective ion channel with high calcium permeability that
is activated by capsaicin, heat (>43°C), and pH (below < 6). It is a prominent nociceptor in C-fiber
sensory neurons involved in pain and itch pathways. TRPV1 is considered to detect non-histami-
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nergic itch. It has become the first family member with a postulated and subsequently verified
link to pain and itch, suggesting this protein receptor as a hub for algesic and pruritogenic sig-
nals. Both channels are attractive therapeutic targets in pain and itch.

KEYWORDS: algesia, allodynia, hyperalgesia, nociception, pruriception

Transient Receptor Potential Channels
in Pain and Itch

MERAB G. TSAGARELI" and MAIA TSAGARELI
Ivane Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia

INTRODUCTION

Pain and itch (pruritus) are unpleasant sensations that indicate actual or potential tissue
damage. Pain is a necessary alert signal that sets off protective responses, while itch mainly
provokes the desire to scratch. Both are multifaceted or multidimensional experiences. However,
pain and itch usually perform an important biological function for the body in normal states. For
pruritus, the general discourse mainly deals with histaminergic and nonhistaminergic itch [1-4].

In the normal state, painful or itching stimulation applied to peripheral receptors evokes
a cascade of nociceptive signaling in ascending somatosensory pathways that project to a dis-
tributed multidimensional brain representation required to localize, interpret, modulate, and
appropriately respond to the stimulus [5].

It is well known that most cellular functions are regulated by the influx of different ions across
the cell membrane through selective or nonselective channels. These channel gene families de-
marcate their important role in mammalian physiology. The transient receptor potential (TRP)
channel superfamily is multimodal, nonselective for cations (calcium and sodium), and involved
in a diverse array of biological functions, making them attractive targets for therapeutics [4,6-8].

They are multifunctional signaling molecules with important roles in health and disease.
More than two decades of intensive preclinical and clinical research support the involvement of
TRP channels in pain, itch, and neurogenic inflammation. In this regard, expression of TRP chan-
nels in cell types mediating innate (such as macrophages, dendritic cells, keratinocytes, mast
cells, and natural killer cells) and adaptive (lymphocytes) immune response suggests involve-
ment in the regulation of inflammation [9].

Furthermore, TRP ion channels are molecular sensors of chemical, thermal, and mechanical
noxious stimuli that evoke pain and itch sensations. Among them are the TRPA1 channel, mem-
bers of the vanilloid subfamily (TRPV1, TRPV3, and TRPV4), and finally members of the melastatin
subfamily (TRPM2, TRPM3, and TRPMS) [10].

TRP channels regulate many functions, such as sensory perception, pain and itch, immunity,

* Corresponding author email: m.tsagareli@biomedicine.org.ge (Merab Tsagareli)
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digestion, cancer, and development, and are involved in urological, cardiovascular, and nervous
systems [6-7]. Moreover, these channels are widely distributed in various tissue membranes, and
mutations in TRP channels are observed in several diseases, among them hereditary diseases
and many other TRP channelopathies [11].

Given the importance of TRPA1 and TRPV1 in mediating itch signaling, investigation of these
ion channels has been of considerable interest for their potential roles in contributing to chronic
pruritus. Beyond their known expression in the nerve endings of primary afferent neurons, TRP
channels have been found in keratinocytes, the epidermis, and mast cells, and are upregulated
in affected skin in several dermatological pathologies associated with chronic itch, including
atopic dermatitis, psoriasis, and prurigo nodularis [1].

ANKYRIN SUBFAMILY: TRPA1

The TRPA subfamily has only one member (TRPA1) due to numerous ankyrin repeats for the
N-terminus. It is a calcium-permeable nonselective cation channel that contributes to the trans-
duction of noxious and itch signals. On the one hand, TRPAT1 is considered a chemical nocisensor
as it is sensitive to various irritant chemicals and endogenous products of tissue injury. Among
them are pungent compounds in spices, such as cinnamon, mustard oil, and wasabi, as well as
chloroquine, acrolein, formalin, cannabinoids, and various reactive chemicals, oxygen, nitrogen,
and carbonyl species. This channel is activated by mechanical stimuli and signals associated
with tissue damage, pain, and itch [6].

On the other hand, TRPA1 was proposed as a noxious cold receptor in mice and insects.
Although TRPA1 channels from insects to birds (endotherms) show heat-dependent activation,
indicating the importance of TRPA1 in detecting ambient warm to hot temperatures, in mammals,
TRPA1 temperature sensitivity remains controversial. Human TRPA1 has bimodal thermosensitiv-
ity, and mouse TRPA1 is involved in noxious heat sensitivity, but additional systematic analyses
are needed to determine the general mechanism of mammalian TRPA1 thermosensitivity [12].

Further, the diversity of functions underlines its expression in cell types such as sensory va-
gal neurons, jugular veins, nodose ganglia, epithelial cells, and various other cells, making this
channel relevant to a wide range of diseases and an attractive therapeutic target [6, 13].

Several natural compounds (TRPAT agonists), such as curcumin, resveratrol, and chalcones,
have been shown to activate and desensitize TRPA1, suggesting that the development of synthet-
ic TRPA1 agonists could be an attractive path toward safe and efficacious pain therapy [14].

Regarding TRPA1 antagonists, several pharmaceutical companies are actively pursuing novel
small-molecule antagonists and optimizing existing scaffolds. They will eventually provide clinically
meaningful pain and itch relief. Preclinical research suggests that a centrally acting TRPA1 antagonist
is likely to provide superior efficacy over the peripherally restricted mode of action. Development of
centrally acting small-molecule TRPAT antagonists has been challenging, especially regarding drug-
like properties and medicinal chemistry optimization [14].

Finally, several rare gain-of-function variants of TRPA1 have been shown to cause pain in
humans. Furthermore, several inflammatory pain mediators associated with various chronic pain
conditions have been shown to increase TRPA1 sensitivity. Therefore, TRPA1 could be considered
a promising target for drug therapy in humans.

Regarding itching, TRPA1 is critical for acute non-histaminergic itch and chronic itch in dry
skin, and is partially involved in acute histaminergic itch. TRPA1 represents a promising target for
the development of antipruritic drugs too [1].
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VANILLOID SUBFAMILY

This group contains seven members (TRPV1-7) and is named for the sensitivity of the found-
ing member, TRPV1, to the vanilloid capsaicin. These protein channels are polymodal, being ac-
tivated by capsaicin, pH, and osmolarity changes, mechanical stimuli, high temperatures, lipids,
and voltages. TRPVs can be further categorized by their thermal sensitivity: TRPV1, TRPV2, TRPV3,
and TRPV4 are gated by warmth and painful heat and are termed thermo-TRP channels, along
with TRPM3 and TRPM8. TRPV5, TRPV6, and TRPV7 are not activated by temperature and thus
comprise a second subset of this subfamily. They have been associated with the fine regulation
of calcium absorption in epithelia [6,7].

The temperature-driven activation of TRPV subfamily cation channels contributes to pru-
ritus, flares, skin barrier dysfunction, atopic dermatitis development, and asthma attacks. The
blocking of TRPV channels may attenuate temperature-mediated itch, skin barrier dysfunction,
and the exacerbation of atopic dermatitis [1].

TRPV1

As mentioned, thermo-TRPs are crucial for physiological functions as they constantly mon-
itor internal body temperature and warn about ambient hazards associated with heat and cold.
They also act as polymodal sensors, integrating signals from mechanical and chemical stimuli
in addition to temperature. For example, TRPV1 exhibits remarkable sensitivity to capsaicin, the
spicy molecule of hot chili peppers, resulting in a sensation of heat and pain.

Since the TRPV1 ion channel was cloned in David Julius' laboratory in 1997 [15], there have
been extensive efforts to reveal structural and functional details of this protein, which culminat-
ed in the Nobel Prize (2021) in Physiology and Medicine for him. Thus, nowadays it is one of the
best characterized members of the TRP superfamily of ion channels. Its expression was highly
enriched in dorsal root and trigeminal sensory ganglia, and in particular in small to medium di-
ameter nociceptive neurons, offering a compelling potential basis for capsaicin-evoked pain [16].

TRPV1 responds to temperatures above 43°C and activates at neutral pH (< 6) at room tem-
perature, and channel conformation changes. The opened channel typically allows influx of so-
dium and calcium ions into the cell, which results in neuronal depolarization. Consecutive action
potential transmission causes release of neuropeptides from nociceptors, such as calcitonin
gene-related peptide or substance P, ultimately sending harmful signals, such as pain, itching,
burning, and stinging sensations to the spinal cord and brain, as well as activating neurogenic
inflammation [17, 18].

The structure of TRPV1 ankyrin repeat domain was initially solved by X-ray crystallography.
Later, cryo-EM was exploited to visualize conformational transition in TRPV1 that uncovered a
two-step mechanism of proton modulation, substates reflecting phosphatidyl inositol lipid and
vanilloid agonist binding stoichiometry and competition, and adaptive behavior of the selec-
tivity filter, which accommodates permeation of small and large organic cations. Knockout (KO)
Trpv1 mice display a distinct thermoregulatory phenotype, and the development of inflamma-
tion-induced and injury-induced hyperalgesia (increased pain sensitivity) is impaired [19].

Drugs that target TRPV1 to modulate pain through an agonist strategy utilize overactivation
that results in a desensitized and inactivated channel receptor state. When a high dose of ag-
onist agent (capsaicin or resiniferatoxin-RFT) binds directly to the channel, a conformational
change occurs that reduces calcium-dependent depolarization. A pain signal transmitted to the
spinal cord decreases, and hence, the release of inflammatory neuropeptides diminishes, re-
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sulting in hypo-algesia propagation. Thus, applied agonists will cause reduced pain, itching, and
burning sensations.

Regarding TRPV1, competitive antagonists directly block the active vanilloid binding site
while non-competitive agents indirectly bind nearby to allosterically modulate the channel and
prevent the required conformational change from occurring. However, they may bind, and the
ending result is the same, as channel activation is inhibited, so there is decreased calcium and
sodium influx. This prevention of signal transduction reduces nociceptive signaling, inhibits
thermal hyperalgesia, and opposes inflammatory pain [17].

However, harmful side effects of TRPV1-targeted antagonist drugs include the risk of ther-
mos hypoesthesia or temperature dysregulation. Impaired temperature sensitivity can range
from feeling chills to hyperthermia, and places patients at risk for burn injuries. Recent studies
have provided insight that TRPV1 nociception and thermoregulation pathways have biased al-
losteric mechanisms, indicating that even more specific channel targeting may reduce unwanted
side effects [17].

More than twenty-five years after its cloning [15, 16], TRPV1 has become the first subfamily
member linked to thermal pain and itch. Histamine activates primary sensory neurons via the
histamine type 1 receptor (H1R) linked to TRPV1, and histamine-evoked scratching is attenuated
in knockout mice lacking TRPV1[1, 2].

We have recently found that an intraplantar injection of histamine in mice resulted in signif-
icant thermal hyperalgesia and mechanical allodynia ipsilaterally that persisted for 1 h. Pretreat-
ment with the TRPV1 antagonist AMG-517, but not the TRPA1 antagonist HC-030031, significantly
attenuated the magnitude and time course of thermal hyperalgesia and mechanical allodynia elic-
ited by histamine, indicating that these effects are mediated by TRPV1[20, 21].

In addition, non-histaminergic pruritus, such as that in cholestasis, has also been related to
TRPV1 sensitization by pruritogens. TRPV1 also indirectly contributes to non-histaminergic itch
via protease-activated receptor 2 (PAR2) and PAR4, which are involved in chronic neurogenic in-
flammation. The latter sensitizes TRPV1 channels and induces itch [1, 22].

TRPV3

The third vanilloid member was cloned from mouse skin keratinocytes and various human
tissues and was immediately confirmed to be sensitive to innocuous thermal stimulation in the
warm range (34-38°C). TRPV3 is expressed in mammalian skin, tongue, dorsal root ganglion (DRG),
trigeminal ganglion (TG), spinal cord, and brain. This calcium-permeable protein demonstrates
increasing current responses to repeated applications of heat or agonists, termed sensitization
[19, 23-25].

From a structural point of view, firstly, TRPV3 ankyrin repeat domain was determined by
X-ray crystallography. Subsequently, numerous TRPV3 structures solved in a diverse range of
conformations provided valuable information for understanding the molecular mechanisms un-
derlying thermo-TRP temperature sensations [19]. Recently, it has been established that cryo-EM
structures illuminate the opening and inactivation of wild-type human TRPV3 in response to
binding of two types of agonists: either the natural cannabinoid tetrahydrocannabivarin (THCV)
or synthetic agonist 2-aminoethoxydiphenylborane (2-APB). THCV binds to the vanilloid site,
while 2-APB binds to the $1-S4 base site. Despite binding to distally located sites, both agonists
induce similar pore opening and cause dissociation of a lipid that occupies the vanilloid site in
their absence. These data uncover different but converging allosteric pathways through which
small-molecule agonists activate TRPV3 and provide a framework for drug design and under-
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standing the role of lipids in ion channel function [25].

TRPV3 is involved in multiple physiological and pathological functions of the skin, such as
atopic dermatitis and Olmsted syndrome. It is expressed in diverse human tissues, among them
the skin, testes, DRG, spinal cord, and brain. Plant-derived camphor activates TRPV3 and sensi-
tizes responses of the channel to warmth. Warm temperature stimulates TRPV3 in keratinocytes,
releasing various inflammatory factors that activate pruriceptors in sensory neurons to transmit
itch signals [26, 27].

TRPV3 can also be activated by chemicals such as eugenol, thymol, and carvacrol, major
components of oregano, savory, clove, and thyme. In mice, TRPV3 was not detected in DRG neu-
rons, but it was detected in keratinocytes and is essential in causing allergic and pruritic derma-
titis in rodents. In contrast, in primates, TRPV3 expression is also observed in DRG, TG sensory
neurons, hypothalamus, and several nonneuronal tissues [28].

A recent study provided a clear link between TRPV3 and atopic dermatitis, showing that in-
terleukin-31 (1L-31) induces B-type natriuretic peptide (BNP) synthesis and release from sensory
neurons. BNP subsequently binds to the natriuretic peptide receptor (NPR1) on keratinocytes
to upregulate TRPV3 transcripts. It could increase the surface expression of TRPV3, resulting in
heightened TRPV3 activity and increased serpin E1 release. In turn, serpin E1 activates sensory
fibers in the skin and promotes itch transduction [29].

An increasing number of studies have shown that keratinocyte-expressed TRPV3 is involved
in chronic pruritus and itch transmission [30]. In particular, Han et al. [31] reported that cit-
rusinine-Il, a plant-derived natural acridone alkaloid from A. monophyla, is a potent and selec-
tive antagonist of TRPV3 that has a strong antipruritic effect in both in vivo and in vitro experi-
ments. These data indicate the potential of citrusinine-II-targeted therapy for itch [31].

In another study, it was found that keratinocytes isolated from patients with atopic derma-
titis exhibited enhanced heat sensitivity and hyperactivity of TRPV3 [32]. TRPV3 was upregulated
in the skin of the MC903-induced chronic atopic dermatitis mouse model. Heat stimulation to
MC903-treated mice increased scratching behavior and produced higher levels of thymic stromal
lymphopoietin (TLSP), nerve growth factor (NGF), prostaglandin E2 (PGE2), and IL-33 from the epi-
dermis, which were attenuated by the pharmacologic inhibition of TRPV3 [32].

Taken together, recent studies in rodents evaluated the relation of TRPV3 to itch in atopic
dermatitis and psoriasis. However, less is known concerning the clinical relevance of TRPV3 in
human studies. Further research is needed to reveal the roles of TRPV3 in human skin dysesthe-
sia and abnormalities in detail [1].

TRPV4

TRPV4 was discovered as a multimodal ion channel activated by diverse physical stimuli, in-
cluding warm temperature, hypotonic cell swelling, membrane stretch, and low pH. TRPV4 is also
sensitive to various chemical stimuli, including synthetic agonists like GSK1016790A and phorbol
esters. Several endogenous lipid molecules, such as arachidonic acid (AA) and its metabolites, as
well as endocannabinoids, activate or regulate the TRPV4 channel. Certain synthesized chemical
antagonists, HC-067047 and GSK2798745, inhibit TRPV4 activity. One of the major regulatory path-
ways of this channel is through protein phosphorylation catalyzed by various protein (e.g., PKC,
PKA), and other (e.g., SGK1, and Src) kinases [33]

The physiological roles of TRPV4 are tissue-specific, and the mechanisms behind this speci-
ficity remain mostly unclarified. It is noteworthy that mutations in the TRPV4 channel have been
associated with a broad spectrum of congenital diseases, with most of these mutations mainly
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resulting in gain-of-function. Mutations have been identified in human patients showing a vari-
ety of phenotypes and symptoms, mostly related to skeletal and neuromuscular disorders. Since
TRPV4 is so widely expressed throughout the body, it comes as no surprise that the literature is
growing in evidence linking this protein to malfunction in systems other than the skeletal and
neuromuscular [34].

This channel is activated by heat, with the temperature threshold around 24°C. Experiments
on rats treated with selective TRPV4 agonists and antagonists revealed that this channel is in-
volved in the recruitment of behavioral and autonomic warmth-defensive responses to regulate
core body temperature. The disorder region of the TRPV4 N-terminus and its ankyrin repeat
domain portion were extensively studied in isolation using mutagenesis and different methods,
such as X-ray crystallography, mass spectrometry, fluorescence spectroscopy, and others. Sub-
sequently, high-resolution cryo-EM structures were solved for human TRPV4 in complex with
GTPase RhoA, as well as human and mouse TRPV4 in the apo state and in complex with agonists,
competitive antagonists, and nonselective ion channel blocker ruthenium red [25].

An unexpected role for TRPV4 in itch came with the discovery that scratching behavior elicit-
ed by histamine [35, 36] and serotonin [37] was reduced in KO mice lacking TRPV4, and that sero-
tonin-evoked scratching, and the activation of DRG neurons were reduced by a TRPV4 antagonist
in wild-type mice [37] (for a review, see [38]).

Scratching elicited by the intradermal injection of endothelin-1 was also attenuated in

TRPV4 KO mice [35]. Scratching elicited by cinnamaldehyde (CA) was also reduced in TRPV4
KO mice [39]. Signs of chronic itch in dry skin and contact dermatitis models were also reduced
in KO mice lacking TRPV4 [38, 40].

Recent studies suggest that chemicals from traditional Chinese medicines such as vitex-
in (apigenin-8-C-glucoside) [41] or cimifugin (from the herb Saposhnikovia divaricata) [42] may
target TRPV4 to relieve acute and chronic itch. Thus, TRPV4 appears to be a good target for the
development of drugs to alleviate itch [1].

MELASTATIN SUBFAMILY

TRPM channels are a genetically and functionally diverse subfamily comprising eight mem-
bers (TRPM1-8). They share or are similar in some characteristics, but differ in others. For exam-
ple, TRPM2, TRPM6, and TRPM7 are unique, containing enzymatically active protein domains in
their C-termini. TRPM1 (the first identified) is considered a marker for metastasized melanoma.
TRPM3 is proposed to be thermosensitive to temperature in the warm range. TRPM4 and TRPM5
are the only members of the TRP channel superfamily selective for just monovalent ions do not
permeable to calcium. TRPM8 was first identified in transformed prostate cells as an andro-
gen-responsive channel, but it also serves as a sensor for cold temperatures in the peripheral
nervous system [6, 43, 44]. Accumulating evidence has recently established TRPM channels as
crucial regulators of energy metabolism [45].

TRPM2
TRPM2 was first cloned from human fetal brain, and later demonstrated that it can be acti-
vated by exposure to high temperature (> 35°C), apparently through direct heat-evoked channel
gating. The structures of TRPM2 were solved by cryo-EM for a zebrafish (Danio rerio) ortholog,
both in the closed apo state and in the open state activated by the agonist ADP ribose and cal-
cium cations. Subsequent studies of sea anemone (Nematostella vectensis), zebrafish, and hu-
man TRPM2 unveiled additional conformations and binding sites, thereby providing insights into
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pharmacology and structural differences between the TRPM2 orthologs [46].

It has recently been proposed that the warmth sensitivity of TRPM2 is uniquely dependent
on calcium ion permeability, and it is regulated by using a positive feedback mechanism. The al-
tered sensation of innocuous heat in KO mice supports the hypothesis that TRPM2 expressed in
somatosensory neurons mediates an innocuous “warm” signal. In addition, hypothalamic TRPM2
channels have been shown to function as temperature sensors, which limit fever responses and
detect increased temperatures to prevent overheating [19].

Further, aberrant expression of TRPM2 is associated with various pathological conditions.
Overexpression of TRPM2 promotes cell survival in multiple malignancies, including neuroblas-
toma, lung, prostate, stomach, and pancreatic cancers. TRPM2 also mediates different neuro-
logical disorders, such as Alzheimer's disease (AD), Parkinson's disease (PD), and epilepsy, and
contributes to ischemia/reperfusion injury [47].

TRPM3

TRPM3 is an ion channel inhibited by GPCRs through direct interaction with G protein (GBy)
released upon their activation. This GPCR-TRPM3 signaling pathway contributes to the analgesic
effect of morphine. The structure of mouse TRPM3 has been solved recently in the apo form,
in complex with phosphatidyl-inositol-4,5-bisphosphate (PIP2) lipid bound to the interface be-
tween the S1-S4 bundle and pre-S1 helix, and in complex with G-protein (GB1y2) [48]. This chan-
nelis activated by heat in the range 31-45°C. TRPM3 plays a critical role in nociception, and Trpm3
KO mice exhibit reduced noxious heat sensitivity at cellular and behavioral levels [19].

TRPMS8

The menthol-sensitive TRPM8 channel is activated by cooling stimuli and is involved in cold
allodynia and aberrant cold sensitivity. Initially, it was shown to be overexpressed in different
types of cancer cells and was first cloned from human prostate carcinoma cells without charac-
terization of ion channel functions. Later authors found that TRPM8 represents an ion channel
that is activated by thermal stimuli in the cool to cold range between 8-28°C, as well as by cool-
ing compounds menthol and icilin. Increased TRPM8 activity in DRG and the spinal cord

raises calcium influx and activates MAPK pathways, which boost neuronal excitability and
central sensitization, allowing TRPM8 to influence spinal and supraspinal pain circuits. This am-
plifies nociceptive signaling, neuronal sensitization, and cold hypersensitivity, which are trans-
mitted toward the CNS by AB and C fibers [19,49,50].

In collaboration with American colleagues, we found that menthol dose-dependently in-
creased the latency for noxious heat-evoked withdrawal of the treated hindpaw with a weak
mirror-image effect, indicating antinociception. Menthol at the highest concentration (40%) re-
duced mechanical withdrawal thresholds, with no effect at lower concentrations. At the time,
menthol had a biphasic effect on the cold avoidance reflex. At high concentrations (10% and
40%), menthol reduced avoidance of colder temperatures (15°C and 20°C) compared to 30°C,
while at lower concentrations (0.01-1%), menthol enhanced cold avoidance. In a -5°C cold plate
test, 40% menthol significantly increased the nocifensive response latency (cold hypo-algesia),
while lower concentrations were not different from vehicle controls. These results are generally
consistent with neurophysiological and human psychophysical data and support TRPM8 as a
potential peripheral target of pain modulation [51].

While skin cooling has been used for centuries to relieve itch, it was only recently shown that
skin cooling and menthol can alleviate both histaminergic and nonhistaminergic itch-related
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behavior in mice in a TRPM8-dependent manner [52]. Cold fibers are thought to activate inhibi-
tory spinal interneurons that suppress spinal itch transmission. Indeed, mice lacking a particu-
lar class of itch-inhibitory spinal interneurons exhibited a reduction in the antipruritic effect of
menthol [1].

CONCLUSIONS

Ubiquitous expression of TRP channels underscores their relevance across virtually every
facet of human physiology and pathology. They remain viable targets for the development of
novel therapeutics to treat acute and chronic pain, itch, inflammation, and various diseases. For
example, TRP channel antagonists are obvious tools to dampen channel function when the un-
derlying disease involves hyperactivity. Indeed, many such molecules are either in development
or have been employed in various phases of clinical trials. These studies are also merged with
known binding and channel regulation of several natural products that are ligands for these
channels. While antagonists are the obvious route to treatment, developing novel channel ag-
onists is a viable approach for some conditions. In particular, the TRPM8 and TRPV1 channel
agonists, menthol and capsaicin, respectively, have been used to treat holistically a plethora of
conditions, including pain, pruritus, headaches, and others. Thus, the role of TRP channels in the
specific disease is critical for therapies.
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ABSTRACT

Organic production is growing annually both worldwide and in Georgia, driven by its crit-
ical importance for a healthy environment and sustainable future. However, to achieve the
desired outcomes in organic agriculture, it is essential to replace synthetic pesticides and ag-
rochemicals with bio-preparations and inputs permitted in organic farming. The present study
addresses one of such environmentally safe alternative developed at the Georgian Institute of
Organic Chemistry: a bentonite clay-sulfur composite. The effect of an aqueous suspension of
this composite on various vegetable crops and grapevines was evaluated between 2022 and
2025 at the Tsilkani and Jighaura experimental bases of the LEPL, Scientific-Research Center of
Agriculture. The experiments were conducted in three replications, using experimental, stan-
dard and control variants.

The study demonstrated that the use of a standard sulfur preparation (Sulfolak) reduced
the incidence of powdery mildew on pumpkin by an average of 49.5% compared to the control. A
similar result was achieved using a 2% suspension of the bentonite clay-sulfur composite, while
combining it with a 6% suspension of Makvaneti kaolin increased the efficacy to 57.4% relative to
the control. The bentonite clay-sulfur composite suppressed powdery mildew even more effec-
tively on grapevines; disease prevalence on the leaves and berries in the experimental variants
did not exceed 5-7%, whereas it reached 75-80% in the untreated control variant.

Additionally, the population of tomato russet mites was reduced by an average of 60% using
both the experimental bio-preparation and Sulfolac individually, while 6% kaolin suspension
enhanced this reduction to 75%.
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Regarding crop yield, the reduction of pests and diseases through the application of the
bentonite clay-sulfur suspension led to a 51.2% increase in tomato yield and a 96.9% increase in
pumpkin yield compared to the control. Composition of kaolin further improved these yields to
67.6% and 124.7%, respectively.

Key words: Ecology, bentonite, vegetable crops, grapevine,
organic production

INTRODUCTION

Organic agriculture is an alternative to today's conventional intensive agriculture and offers
ecological and economic and social efficiency. Today, when the world is facing environmental
challenges and food security problems, organic production is becoming increasingly relevant.
Eco - farming does not use synthetic pesticides and agrochemicals, synthetic growth regulators,
synthetic food additives, artificial preservatives, dyes, flavorings, chemical enzymes and addi-
tives. The use of genetically modified organisms is also prohibited. Accordingly, organic farming
produces organic products and scientific research have shown, have a number of advantages.
In particular, it has a high nutritional value. Organic products often contain much more antioxi-
dants, vitamins and minerals than products produced in conventional farming. In addition, since
the plant itself has to deal with pests and diseases, it produces more protective substances. It
produces phytochemicals, which have a positive effect on human immunity. It is also safe. The
consumer is protected from pesticide residues that can cause allergies, hormonal disorders and
a number of other diseases. The use of synthetic chemicals in conventional farming changes the
taste characteristics of the crop. Natural aromas and flavors can only be preserved in organic
farming. Due to the high content of phytochemicals, it has a pronounced, natural aroma and
spicy taste. Also, unlike conventional products, organic products contain more dry matter and
the taste is more concentrated and intense. In organic farming, healthy soil provides plant roots
with minerals that plants fed with artificial fertilizers lack. Fruits rich in minerals create a more
complex and diverse taste bouquet. The market for organic products is growing every year. The
world is moving towards to the sustainable agriculture. Organic production, both worldwide and
in Georgia, is growing every year, and this is natural, since organic production is critically import-
ant for a healthy environment and the future. For the development of organic agriculture and
the production of organic products, it is very important to expand the range of alternative, envi-
ronmentally safe means of biopreparations and pesticides, and to select and use them correctly.

The presents research concerns one such environmentally safe means, which was created at
the Georgian Institute of Organic Chemistry and is a bentonite clay-sulfur (50% diatomite + 50%
sulfur) composite. The study of the effect of the water-suspension of this composite on some
vegetable crops and vines was conducted in 2022-2025 at the Tsilkani and Jighaura experimental
bases of the Agricultural Scientific Research Center.

MATERIALS AND METHODS
The aim of the research was to develop, test and disseminate new environmentally safe
means in organic and conventional agriculture. In the research, we used methods adopted in or-
ganic agriculture and plant protection. The experiments were conducted in test, etalon and con-
trol variants with equal areas in 3-3 replications [1]. In each replication, 30 plants were recorded.
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In the test variants, we used a 2% suspension of bentonite clay-sulfur composite, and in one of
the variants, we added a 6% kaolin solution in combination. In the control variant, no treatments
were carried out, while the inorganic sulfur fungicide and acaricide Sulfolac (at a dosage of 3 kg/
ha) was used as a standard.

For monitoring, visual observation and a hand lens were used. Disease diagnostics was car-
ried out both on the basis of visual observation and in laboratories using the humid chamber
method, by inoculating diseased samples into an artificial nutritional area and using microscop-
ic analysis [2, 3]. Disease prevalence was recorded from April to October every 10 - 15 days on
a 5-point scale. The percentage of disease prevalence was calculated using the formula: I=a/
Nx100, where | is the disease prevalence in %, a is the number of diseased plants, N is the total
number of plants being examined [4].

Samples of diseased plants stems, leaves and fruits identified during monitoring were placed
in special packages and were taken to the laboratory of Plant Pathology where a detailed analysis
was conducted. The study was conducted on selected vegetable crops (tomato variety 'Kharisgu-
la' and pumpkin) and grapevines (varieties 'Khikhvi' and 'Goruli Mtsvane'). Spraying of the prod-
uct on vegetables was made before flowering, with the subsequent two applications carried out
at two-week intervals. For grapevines, spraying was conducted five times on an as-needed basis,
with intervals of 7-10 days. Monitoring was conducted on pests and diseases (ash was recorded
on pumpkin and grapevine, and mites were recorded on tomatoes), as well as on plant growth
and development and harvest volume.

RESULTS AND DISCUSSION

In 2022, no powdery mildew symptoms were observed in any of the experimental treatments
due to the hot and dry climatic conditions, which were unfavorable for disease development.
Consequently, it was not possible to evaluate the effect of the biopreparation on disease sup-
pression during that growing season.

In contrast, in 2023, frequent rainfall created highly favorable conditions for powdery mildew
development. Although the disease developed despite the treatments, its severity was lower in the
treated plots than in the untreated control, which was reflected in improved yield performance.

During 2024-2025, climatic conditions were also conducive to powdery mildew development
and the disease was observed in all treatments. However, disease severity remained consistently
lower in the treated plots compared with the untreated control.

Fig. 1 Use of a bentonite clay biopreparation on pumpkin
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Fig 2. Pumpkin variant: combination of bentonite clay with sulfur (2% suspension) +
Makvaneti kaolin (6% suspension)

The study found that the use of a sulfur biopreparation (Sulfolak) in the standard variant
reduced the percentage of ash development on pumpkin by an average of 49.5% compared to the
control. A 2% suspension of bentonite clay-sulfur composite showed the same result, while the
combination with a 6% suspension of Makvaneti kaolin increased the difference with the control
10 57.4%.
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Table 1. The influence of bentonite clay biological preparation on powdery mildew in pumpkins

Average
) Intensity of disease difference
Powdery mildew prevalence (%)
development (scale) vs. control
group (%)

Tested variant

2022 year
2023 year
2024 year
2025 year
average
2022 year
2023 year
2024 year
2025 year
average

Bentonite clay
with sulfur (2% 34.0 20.0 1.0 21.7 2.0 1.0 1.0 1.3 495
suspension)

Bentonite clay
with sulfur (2%
suspension) + 28.0 18.0 9.0 18.3 2.0 1.0 1.0 1.3 574
Makvaneti kaolin
(6% suspension)

Control (untreated) 67.0 | 42.0 20.0 43.0 40 | 20 | 20 | 27

Standard (Sulfolac) 33.0 | 20.0 12.0 217 20 |10 | 10 | 13 495

Under the influence of bentonite clay-sulfur, powdery mildew was even more sharply limited
on the vine and its distribution on the leaves and grapes of the vine in the experimental variants
did not exceed 5-7%, while in the control variant (untreated) this indicator was 75-80%. See Fig-
ure N 4, 5.

Fig. 4. Results of the test of bentonite clay-sulfur preparation on grapevine powdery
mildew, variety "Goruli Mtsvane": 1 - grapes in the test variant, 2 - grapes in the
control variant, 3 - grapes in the standard variant
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Fig. 5. Results of the test of bentonite clay-sulfur preparation on grapevine powdery
mildew, variety , Khikhvi”: 1 - grapes in the test variant, 2 - grapes in the control
variant, 3 - grapes in the standard variant

As for the effect of the new bentonite clay biopreparation on mites, in the tomato trial vari-
ants the average number of Spider mites did not exceed 3-4 individuals per leaf. The same indi-
cator was also in the standard, where we sprayed Sulfolac. In the control variant, the number of
pests was almost doubled (Table 2).

Table 2. The influence of bentonite clay biological preparation on Tomato Spider mites - Tetranychus

urticae Koch.
. . . Difference Difference
Mean max. spldgr mite population from control from control
per leaf (individuals) (individuals) (%)
Treatment variant
2022 2022- average
year 2025 years 8
Bentonite clay with
sulfur (2% suspension) > 3 4.0 6.0 60.0
Bentonite clay with
sulfur (2% suspension)
+ Makvaneti kaolin (6% 3 2 25 > 750
suspension)
Control (untreated) 13 7 10.0 - _
Standard (Sulfolac) 5 3 4.0 6.0 60.0

Thus, the study biopreparation, as well as Sulfolac taken alone, reduced the number of to-
mato spider mites on tomatoes by an average of 60%, while the addition of a 6% kaolin suspen-

sion increased the difference to 75%.
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Fig 6. Tomato treatment variant: combination of bentonite clay with sulfur (2%
suspension) + Makvaneti kaolin (6% suspension)

During the experiments conducted on tomatoes and pumpkins with the specified prepara-
tion between 2022 and 2025, no phytotoxicity was observed and no negative changes in plant
growth and development were detected.

Regarding to the effect of this drug on the crop, the results are presented in Diagram 1.

Diagram 1

The effect of sulfur-bentonite clay bio-preparation on tomato and pumpkin yields

140 124.7
120

80

67.6
51.2

60 48.4

38.7 ’- 42.9 33
40 25.6

1 -4 .
’ &-
0

Bentonite clay with Bentonite clay with Control (untreated) Standard (Sulfolac)
sulfur (2% suspension) sulfur (2% suspension)
+ Makvaneti kaolin
[0 Average yield in 2022-2025 (t/ha) Tomato [ Average yield in 2022-2025 (t/ha) Pumpkin

[ Increase over control (%) Tomato Increase over control (%) Pumpkin

The study showed that spraying bentonite clay-sulfur suspension to reduce pests resulted in
a 51.2% increase in tomato yield and a 96.9% increase in pumpkin yield compared to the control.
The combination with kaolin improved these figures to 67.6% and 124.7%, respectively.
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CONCLUSION
Thus, the conducted experiments show that the bentonite clay-sulfur composite—in which
the amount of sulfur is reduced by 50% compared to other conventional sulfur preparations—not
only maintains but even increases the effectiveness of the active substance despite the halved
concentration; this is highly significant for organic agriculture, where the use of sulfur is subject
to certain limit norms.
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ABSTRACT

The aim of the study was to assess the organoleptic, physicochemical, and sanitary-hygienic
characteristics of spring waters from three locations in mountainous Adjara (Gulebi, Buturauli,
and Kvemo Vashlovani villages). The study included the determination of key field parameters,
ionic and elemental composition, nutrient concentrations, and bacteriological indicators.
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The results revealed significant differences in water quality characteristics among the studied
sites. The spring water from Gulebi village is characterized by moderate mineralization, slightly
acidic reaction, and elevated iron content; its hydrochemical type is Ca-Mg-SO0,. The water from
Buturauli village has low mineralization; however, increased nitrite concentrations and the pres-
ence of Escherichia coli were detected, indicating fecal contamination. Its hydrochemical type is
HCO,;-Ca. The spring water from Kvemo Vashlovani village is distinguished by low mineralization,
stable physicochemical parameters, and bacteriological purity; its hydrochemical type is also
HCO,~Ca.

The findings indicate that water quality is strongly influenced by both geological conditions
and anthropogenic factors. Among the investigated springs, the water from Kvemo Vashlovani
exhibited the highest quality and fully met drinking water standards. The water from Buturauli
was found to be microbiologically contaminated and requires appropriate treatment and disin-
fection, whereas the water from Gulebi is suitable for drinking only after preliminary treatment.

Keywords: spring water, water quality, physicochemical parameters,
bacteriological analysis, mountainous Adjara.

Relevance of the Research

Spring waters of mountainous regions represent an important natural resource for provid-
ing the population with drinking water. Water quality determines both its suitability for drinking
and the potential risks associated with its use. Therefore, a comprehensive assessment of spring
water is essential for environmental monitoring and the sustainable management of safe drink-
ing water resources. The present study is relevant because it provides a basis for evaluating
the quality of spring waters in the highland areas of Adjara and supports their sustainable and
purposeful use.

Research Objective

The objective of this study was to conduct a comprehensive assessment and comparative
analysis of the organoleptic, physicochemical, and sanitary-hygienic characteristics of water
from three springs located in the highland region of Adjara. The objects of the study were spring
waters from the villages of Gulebi (Keda Municipality), Buturauli (Shuakhevi Municipality), and
Kvemo Vashlovani (Khulo Municipality), located in the highland region of Adjara, Georgia.

Methods Used in the Study. The following methods were employed in the research: field
measurements [7], titrimetric analysis, photometric analysis [4, 5], and inductively coupled plas-
ma atomic emission spectrometry (ICP-AES) [6].

Material and Technical Base. The research was conducted using the facilities and laboratory
infrastructure of the Institute of Agri and Membrane Technologies of Batumi Shota Rustaveli
State University (BSU).

I. PHYSICAL AND GEOGRAPHICAL CHARACTERISTICS OF THE STUDY
WATER SOURCE LOCATIONS

Gulebi Village is located in the mountainous section of the Acharistsgali River Valley, on the
southern slope of the Meskheti Range, at an elevation of approximately 200 m above sea level.

wodlews@yleay wny wayd
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The area is characterized by narrow valleys, steep slopes, and climatic conditions that promote
the formation of permanent springs and the accumulation of moisture in the soil. Slope erosion
and localized landslide processes are observed within the territory [1].

Buturauli Village is situated on the left bank of the Acharistsqali River at an elevation of 650-
800 m above sea level. The relief is characterized by a highly dissected mountainous landscape,
steep slopes, and deep erosional ravines. Springs in Buturauli are associated with fractured rock
formations, groundwater discharge zones, and seepage waters emerging along slopes. The area
is affected by landslides, soil erosion, and water contamination caused by surface runoff.

Kvemo Vashlovani Village is located at an elevation of 700-900 m above sea level. The relief
is characterized by high mountains, broad slopes, and river valleys. The area is rich in mountain
springs, small rivers, and underground water flows. Although slope erosion is a relevant issue
in Vashlovani, anthropogenic pressure is relatively lower than in the lower-altitude zones [2, 3].

Il. COMPREHENSIVE ASSESSMENT OF SPRING WATERS
I1.1. Organoleptic Characteristics of the Waters

The spring water from Gulebi Village is characterized by a yellowish coloration and a distinct
odor. Its metallic taste and the formation of a rust-colored precipitate after standing indicate an
elevated concentration of iron compounds (Table 1). This is also reflected in its reduced transpar-
ency, which is affected by the presence of suspended particles. The spring water from Buturauli
Village exhibits a slight yellowish coloration and mild turbidity, while no noticeable odor was
detected. Among the studied samples, the spring water from Kvemo Vashlovani Village demon-
strated the most favorable organoleptic characteristics. It is colorless, odorless, and transparent,
with no visible foreign impurities.

Table 1. Organoleptic Characteristics of Spring Waters

Parameter Location Characteristic
Gulebi Village Yellowish
Color Buturauli Village Yellowish
Kvemo Vashlovani Village Colorless
Gulebi Village Distinctive odor
Odor S
Buturauli Village Odorless
Kvemo Vashlovani Village Odorless
Gulebi Village Metallic taste, characteristic of iron
Taste Buturauli Village Not detected
Kvemo Vashlovani Village Not detected
Gulebi Village Formation pfa rust-colored precipitate
after standing
Appearance
Buturauli Village Slightly turbid
Kvemo Vashlovani Village Clear, free from visible impurities
Gulebi Village Partially opaque
Transparency Buturauli Village Partially opaque
Kvemo Vashlovani Village Transparent
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11.2. Results of Field Measurements

The spring water from Gulebi Village exhibited a temperature ranging from 11.68 to 12.2°C, in-
dicating a relatively warm spring (Table 2). The pH value ranged from 5.8 to 6.0, reflecting slightly
acidic conditions. Electrical conductivity was the highest among the studied springs (415 uS/cm),
suggesting a greater concentration of dissolved ions. Accordingly, the total dissolved solids (TDS)
content was 210 mg/L.

The spring water from Buturauli Village had a temperature of 4.51°C, characteristic of a cold,
high-altitude spring. The pH ranged from 7.8 to 8.0, indicating slightly alkaline conditions. Elec-
trical conductivity was relatively low (95 uS/cm), and the TDS value was 57 mg/L.

The spring water from Kvemo Vashlovani Village showed a temperature of 9.07°C. The pH
ranged from 7.9 to 8.1, also indicating slightly alkaline conditions. Electrical conductivity was rel-
atively low (92 pS/cm), while the TDS concentration was 75 mg/L.

Table 2. Physicochemical Parameters of Spring Waters (Field Measurements)

Location Physical and Chem.ical Parame'fe.rs
Temperature, °C pH Electrlcilsclc;r:uct|V|ty TDS, mg/L
Gulebi 11.68-12.2 5.8-6.0 415 210
Buturauli 4,51 7,8-8 95 57
Kvemo Vashlovani 9,07 7,9-81 92 75

I1.3. Physicochemical Characteristics of the Spring Waters

The spring water from Gulebi Village is slightly acidic, with a total hardness of 6.4 meq/L.
The concentrations of calcium and magnesium indicate moderate mineralization (Table 3). The
bicarbonate content is low, while the chloride concentration is very low. The oxidizability value
of 1.36 mg O, /L indicates that the water is relatively free of oxidizable organic compounds. The
spring water from Buturauli Village is slightly alkaline, with a hardness of 1.4 meq/L. Based on
the concentrations of calcium and magnesium, it can be classified as a low-mineralized water.
The bicarbonate concentration is approximately 2.5 times higher than that of the Gulebi spring
water. The chloride content is very low. The oxidizability value of 8.72 mg 0,/L suggests con-
tamination by oxidizable organic substances. The spring water from Kvemo Vashlovani Village
exhibits a slightly alkaline reaction, with a hardness of 2.2 meq/L. Based on its calcium and mag-
nesium concentrations, it is also classified as a low-mineralized water source. Its bicarbonate
content provides a good buffering capacity against changes in pH and environmental impacts.
The chloride concentration is low. The oxidizability value is 1.36 mg O, /L, indicating good water
quality with respect to oxidizable organic matter.

Table 3. Physicochemical Parameters of Spring Waters (Laboratory Determinations)

Total e e
. Ca Mg HCO3- Cl- Oxidizability
Location pH Hardness mg/L mg/L mg/L mg/L mg 0, /L
meq/L
Gulebi 6,4 6,4 72144 34,05 30,5 4,95 1,36
Buturauli 7,85 1,4 20,04 4,864 85,4 79208 8,72
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103,7 5,9406 1,36
250-400 250 <5

Kvemo Vashlovani | 8,15 2,2 32,064 7,296
Standard Limits | 6.5-8.5 7-10 140 85

I1.4. SANITARY AND HYGIENIC STATUS OF THE SPRING WATERS

In the spring water from Gulebi Village, ammonium (NH,*) and nitrite (NO,”) were not
detected (Table 4). The phosphate concentration was very low (0.015 mg/L), indicating a
low nutrient load in the water. The sulfate concentration was within the permissible range,
although its relatively higher value may be associated with the natural mineralization of the
water. In the spring water from Buturauli Village, the ammonium concentration (0156 mg/L)
was elevated compared to the other studied springs. The nitrite concentration (0.59 mg/L)
exceeded the permissible limit (0.2 mg/L), indicating recent organic contamination or an in-
complete nitrification process. The phosphate concentration remained within the acceptable
range, while sulfates were not detected. In the spring water from Kvemo Vashlovani Village,
the concentrations of ammonium (0.008 mg/L) and phosphates (0.0103 mg/L) were very low,
indicating a low nutrient load. Nitrites and sulfates were not detected, reflecting favorable
sanitary and hygienic water quality.

Table 4. Concentrations of Chemical and Nutrient Pollutants (mg/L)

Location NH,* NO, PO,* S0”
Gulebi - - 0,015 195,13
Buturauli 0,156 0.59 0,080 -
Kvemo Vashlovani 0,008 - 0,0103 -
Standard Limits, mg/L 0.5 0.2 3.5 250

In the spring waters from Gulebi and Kvemo Vashlovani, neither total coliform bacteria nor
Escherichia coli were detected in 300 mL water samples (Table 5). This indicates the absence of
fecal contamination and confirms the satisfactory sanitary-hygienic quality of these water sourc-
es. In contrast, both total coliform bacteria and Escherichia coli were detected in 300 mL of water
from the Buturauli spring. This finding indicates fecal contamination of the water and reflects a
deterioration in its sanitary-hygienic condition, suggesting potential risks to human health if the
water is consumed without appropriate treatment.

Table 5. Sanitary-Bacteriological Indicators of Spring Waters

Location Total Coliform Bacteria Escherichia coli (E. coli)
Gulebi Not detected in 300 mL Not detected in 300 mL
Buturauli Detected in 300 mL Detected in 300 mL
Kvemo Vashlovani Not detected in 300 mL Not detected in 300 mL
Standard Limits Not permitted in 300 mL Not permitted in 300 mL

I1l. MULTI-ELEMENT ANALYSIS OF THE SPRING WATERS
The spring water from Gulebi Village is characterized by moderate mineralization, based on
its calcium and magnesium content. The concentrations of potassium and sodium are low (Table
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6). Overall, this water can be classified as a moderately mineralized calcium-magnesium type
spring water.

The spring water from Buturauli Village contains relatively lower concentrations of calcium
and magnesium, indicating a lower degree of mineralization. The levels of potassium and sodium
remain within acceptable limits. The phosphorus concentration (0.026 mg/L) is higher than in the
other studied springs, although it still remains within permissible limits.

The spring water from Kvemo Vashlovani Village is characterized by the lowest concentra-
tions of macroelements among the analyzed samples, indicating weak mineralization. The phos-
phorus concentration is negligible, confirming the low nutrient load of the water.

Table 6. Macroelement Concentrations (mg/L)

Location K Ca Mg Na P
Gulebi 0.82 7214 34.05 3.69 0.005
Buturauli 0.985 20.04 4.86 314 0.026
Kvemo Vashlovani 0.527 32.06 7.30 1.04 0.0034
MPC, (mg/L) 20 140 40-50 200 0.01-0.05

Iron showed its highest concentration in Gulebi Village (0.983 mg/L). An above-norm con-
centration of silicon was detected in Buturauli (15.6 mg/L). The aluminum concentration in Gule-
bi (13.5 mg/L) exceeds the permissible limit (Table 7). The concentration of boron was very low
in all samples. Elevated levels of cobalt and copper were observed in the Buturauli spring water
compared to the other sites. A relatively high value of manganese was also recorded in Gulebi.
The concentrations of nickel and zinc did not exceed the permissible limits in any of the studied
samples.

Table 7. Microelement Concentrations (mg/L)

Location Fe Si B Al Co Cu Mn Ni Zn
Gulebi 0983 | 805 | 0.0018 | 135 | 0.0161 | 0.0692 | 0177 | 0.0018 | 1.08

Buturauli 092 | 156 | 0.0014 | 325 | 0.0630 | 093 | 0027 | 0.0160 | -

Va';;f:\‘/‘;ni 0.0325 | 416 | 0.0009 | 0.0326 - - - - -
MPC, (mg/L) 0.3 10 | 0510 | 05 01 | 1020 | 0.05-01 | 0.02-01 35'%'

IV. HYDROCHEMICAL TYPE AND SANITARY-HYGIENIC STATUS OF SPRING WATERS

The spring water from Gulebi Village is classified as Ca-Mg-SO, hydrochemical type. Its sta-
tus is considered conditionally unsatisfactory for drinking purposes due to elevated iron and
sulfate concentrations, pH of 6.4, high hardness, and a metallic taste. The water may be used for
drinking purposes only after appropriate pre-treatment. The spring water from Buturauli Village
belongs to the HCO;-Ca hydrochemical type. It is characterized as sanitarily contaminated, as
both E. coli and total coliform bacteria were detected. In addition, the concentration of NO,” ex-
ceeds the permissible limit, and the oxidizability value is high. Therefore, the water is unsuitable
for drinking without disinfection. The spring water from Kvemo Vashlovani Village is also classi-
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fied as HCO,-Ca hydrochemical type. It is characterized as clean and suitable for drinking, with
low mineralization, moderate hardness, pH within acceptable limits, low concentrations of heavy
metals, and no detected bacteriological contamination. Overall, this water demonstrates good
sanitary-hygienic and hydrochemical quality.

Cation Triangular Diagram (Ca—Mg-Na+K)
Ca Gulebi > Kvemo Vashlovani > Buturaunli

A

|
Mg « } » Na+K
Gulebi

Interpretation: Gulebi, Kvemo Vashlovani, and Buturauli — Ca-dominant.
Gulebi — Mg-dominant.

Anion Triangular Diagram (HCO;-SO,—Cl)
HCO; Kvemo Vashlovani > Buturauli

&
|
|
|

SO4 < | > Cl
Gulebi

Interpretation: Kvemo Vashlovani and Buturauli — HCOs™-dominant.
Gulebi — SO+*"-dominant.

CONCLUSION

The organoleptic quality of spring waters in highland Adjara shows significant variation, with
the best quality observed in the less anthropogenically impacted area of Kvemo Vashlovani Vil-
lage.The spring water from Gulebi Village is classified as Ca-Mg-S0O,, type. It is characterized by
strong sulfate mineralization and high hardness. Its use for drinking is recommended only after
appropriate treatment. The spring water from Buturauli Village is of HCO,—-Ca type and has low
mineralization and hardness; however, the presence of bacteriological contamination and high
oxidizability indicates organic pollution. Therefore, it is unsuitable for drinking without disin-
fection. The spring water from Kvemo Vashlovani Village is also of HCO;-Ca type. It is a clean
water source with low mineralization and good sanitary-chemical quality, making it suitable for
drinking.
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ABSTRACT

This study presents a comprehensive assessment of the water quality of several rivers in
Western Georgia, namely the Pichori, Enguri, Mtkvari, and Tskhenistskali Rivers, based on organ-
oleptic, physicochemical, elemental, biogenic, and sanitary-bacteriological parameters. The re-
sults revealed significant differences among the studied rivers in terms of mineralization, oxidiz-
ability, elemental composition, and microbiological status. The Enguri River exhibited relatively
high concentrations of organic matter and biogenic nutrients, as well as the presence of total
coliform bacteria and Escherichia coli. The Pichori River was characterized by elevated aluminum
concentrations and microbiological contamination. In contrast, the Mtkvari and Tskhenistskali
Rivers demonstrated comparatively favorable ecological conditions, reflected by lower pollution
levels and bacteriological safety. Most heavy metals were either not detected in the analyzed
samples or were present within environmentally acceptable limits. The obtained results indi-
cate distinct spatial variations in river water quality across Western Georgia and emphasize the
importance of regular monitoring for sustainable water resource management and ecosystem
protection.

KEYWORDS: River water, water quality, sanitary-bacteriological analysis,
Western Georgia
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Relevance of the Study. Rivers represent one of the most important freshwater resources
and are widely used for drinking water supply, agriculture, energy production, recreation, and
the maintenance of ecological balance. Under current conditions, climate change, urbanization,
industrial activities, and agricultural practices exert significant pressure on the quality of surface
waters [1]. The rivers of Western Georgia are characterized by high hydrological and ecological
significance; however, available information on their water quality is often fragmented and insuf-
ficient. Therefore, a comprehensive assessment of organoleptic, physicochemical, microelement,
biogenic, and microbiological parameters of river water is of considerable scientific and practical
importance. The obtained results are essential for water resource monitoring, environmental
status assessment, and the development of effective environmental protection measures [2, 8].

Aim of the Study. The aim of the study was to assess the water quality of selected rivers in
Western Georgia through a comprehensive investigation, compare the obtained results with en-
vironmental standards, and determine the ecological status of the studied water bodies.

Study Area and Research Objects. The study was conducted on water samples collected from
four rivers in Western Georgia: the Pichori River (near Poti), the Enguri River (near the Enguri
Hydropower Plant), the Mtkvari River (Tashiskari section), and the Tskhenistskali River (near the
Vartsikhe Hydropower Plant, Baghdati Municipality). The collected samples were analyzed to
determine their qualitative characteristics and ecological condition.

Research Methods. The following analytical methods were employed in the study: titrimetric
methods [3, 4, 6], photometric methods [5], and inductively coupled plasma optical emission
spectrometry (ICP-OES) [7]. These methods enabled the determination of key physicochemical
parameters, biogenic compounds, and elemental composition of the water samples.

Material and Technical Base. The research was carried out at the Institute of Agrarian and
Membrane Technologies of Batumi Shota Rustaveli State University (BSU), utilizing its laboratory
facilities and analytical equipment.

I. ORGANOLEPTIC AND SELECTED PHYSICOCHEMICAL PARAMETERS OF RIVER WATERS
(FIELD MEASUREMENTS)

According to the organoleptic assessment, the highest visual water quality was observed
in the Enguri River, whose water was colorless, whereas the waters of the Pichori, Mtkvari, and
Tskhenistskali Rivers exhibited a slightly yellowish or yellowish-green coloration (Table 1). No
suspended particles were observed in the Pichori and Tskhenistskali Rivers, while their presence
was detected in the Enguri and Mtkvari Rivers. In addition, the waters of the Enguri, Mtkvari, and
Tskhenistskali Rivers were slightly turbid, which may be associated with the presence of sus-
pended particulate matter.
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Table 1. Organoleptic Characteristics of River Water Samples

Parameter Location Description standard
Pichori Yellowish-green
: Water should be visually
Color Enguri Cologless clear and colorless, or
Mtkvari Slightly yellowish exhibit only a very slight
yellowish tint.
Tskhenistskali Slightly yellowish
Pichori 1
Enguri 0
Odor . 0-2 points
Mtkvari 1
Tskhenistskali 0
pichori No suspended particles
observed
Enguri Suspended particles F{e-e from sr{spendec:l
AbGaAraRGa observed particles, sediment, oily
PP . films, foam, and foreign
Mthvari ggzzf\?: dEd particles impurities
. , No suspended particles
Tskhenistskali observed
Pichori Clear
Enguri Slightly turbid Water should remain
Transparen . . : transparent to a depth o
pareney Mtkvari SUGRTRITIId 0-20 gm from the St?rtf{:]t:g
Tskhenistskali Slightly turbid

The pH values ranged from 6.0 to 8.3, which, in most cases, fall within the range typical
of natural waters in Georgia (Table 2). The Enguri River was distinguished by the highest
electrical conductivity and total dissolved solids (TDS) values (975 pS/cm and 350 mg/L, re-
spectively), indicating a relatively higher degree of mineralization. The lowest concentration
of dissolved oxygen was recorded in the Enguri River (3.12 mg/L), whereas the highest con-
centration was observed in the Tskhenistskali River (5.7 mg/L), suggesting a more favorable
ecological condition of the latter.

Table 2. Physicochemical Characteristics of River Water Samples Determined under Field Conditions

Tempe- Air Electrical Total Dissolved | Dissolved
Location pH ra turep(° Q) Pressure Conductivity Solids (TDS, Oxygen
(mbar) (uS/cm) mg/L) (mg/L)
Pichori 6.9 18.5 1015 263 140 4.74
Enguri 6.0 25.4 995 975 350 312
Mtkvari 8.3 21.4 942 282 150 4.56
Tskhenistskali 745 16.5 994.3* 245 130 5.70
Background
Ecological 6.5-8.5 — — — <1g/L >4 mg/L
Ranges
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Il. PHYSICAL-CHEMICAL PARAMETERS OF RIVER WATERS (LABORATORY STUDIES)

Laboratory analyses showed that chloride content in all samples is significantly below the
permissible limits, indicating the absence of anthropogenic saline pollution (Table 3). Water
hardness was highest in the Tskhenistskali River (2.3 mg-eq/L) and the Mtkvari River (1.9 mg-
eq/L). Notably, the oxidation index reached 10.4 mg O,/L in the Enguri River, substantially ex-
ceeding the background ecological value. This result indicates a certain level of organic pollution
in the water. In contrast, oxidation values in the Pichori, Mtkvari, and Tskhenistskali rivers are
considerably lower, reflecting a better ecological condition.

Table 3. Physico-Chemical Parameters of River Waters

Location pH ( ngl/ 1) Hard:ctla/si)(mg- Oxidg:i/oLr)l (mg F- (mg/L)
Pichori 7.05 19.4 0.6 3.0 012
Enguri 6.0 5.35 0.63 10.4 0.25
Mtkvari 8.3 3.85 1.9 3.36 0.10
Tskhenistskali 75 1.90 2.3 2.4 0.06
Background ecological ranges 6.5-8.5 250 7-10 mg-eq/L | <3.0mgO0,/L 0.7

lIl. MULTI-ELEMENT ANALYSIS OF WATERS

The highest concentrations of calcium and magnesium were recorded in the Tskhenistskali
River, which can be explained by the influence of carbonate rocks within the river's drainage
basin (Table 4). The Mtkvari River was characterized by the highest sodium concentration (49.6
mg/L), while in the Enguri River, phosphorus levels exceeded the background ecological range,

which may indicate increased nutrient loading and a potential risk of eutrophication.

Table 4. Macroelements (mg/L)

Location Ca Mg Na K p

Pichori 6.0 36 9.05 213 | 0.0812

Enguri 7.35 312 0.0876 1,76 3.682

Mtkvari 9.28 2.75 49.6 1.63 0.259

Tskhenistskali 26.7 6.58 13 0.0689 0,056
Background ecological ranges 140 85 200 20 3.5

In the assessment of microelements, particular attention is drawn to the elevated aluminum
concentration in all samples, especially in the Pichori River (13.7 mg/L), which significantly ex-
ceeds background values (Table 5). The Enguri River showed increased levels of iron (2.78 mg/L)
and manganese (0.0638 mg/L). These data may be associated with both geological factors and
anthropogenic impacts within the catchment area.
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Table 5. Microelements (mg/L)

Location Al B Fe Mn Mo Si Co
Pichori 13.7 0.005 0.0321 0.0009 - 4.62 -
Enguri 4.47 0.0112 2.78 0.0638 L 0.0039 141 0.0008
Mtkvari 2.259 0.0002 L - - 0.0061L 0.0637 -
Tskhenistskali 8.56 0.0094 - - - 2.25 -
Background ecological 0.5 0.5-1.0 0.3 0.05 0.07 10.0 0.1
ranges

The analysis of toxic elements showed that the concentrations of As, Ba, Li, and V in most
cases do not exceed the background ecological ranges (Table 6). No Cd, Hg, Sb, Se, Be, Ni, Cu, or
Zn were detected in the samples, indicating a low risk of heavy metal contamination.

Table 6. Toxic Elements (mg/L)

Location As Ba Li \" Ti
Pichori - 0.268 0.0353 0.0073 L -

Enguri 0.0083 L 0.268 0.0353 0.00112 0.205
Mtkvari - 0.286 L 0.037.0 - -
Tskhenistskali 0.0026 L - 0.241 0.0027 L -

Background ecological 0.01 0.7-1.0 0.001-0.01 0.001 No regulatory limit
has been estab-
ranges lished.

IV. BIOGENIC NUTRIENTS AND SANITARY-BACTERIOLOGICAL PARAMETERS

In the Pichori and Enguri rivers, the concentrations of ammonium and phosphates exceed
background values. Notably, nitrite levels are particularly high in the Enguri River (0.60 mg/L),
which may indicate contamination of domestic or agricultural origin (Table 7). Sulfate concentra-
tions in all samples are significantly below the permissible limit values.

Table 7. Concentrations of Biogenic Nutrients (mg/L)

Location NH,* NO, NO, SO0* PO,*>
Pichori 0.30 0.09 0.05 60.12 0.30
Enguri 0.29 0.60 415 35.45 0.341
Mtkvari 0.049 0,28 115 8,33 0,15
Tskhenistskali 0.038 0.18 - 28.0 0.03
Background ecological | 05 0.2 45-50 250 01
ranges

Total coliform bacteria and Escherichia coli were detected in the Pichori and Enguri river

waters, whereas these microorganisms were not found in the Mtkvari and Tskhenistskali samples
(Table 8). Since current regulatory standards prohibit their presence in 300 mL of water, these
results indicate microbiological contamination of the Pichori and Enguri rivers and highlight the
need for additional monitoring and preventive measures.
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Table 8. Selected Sanitary-Bacteriological Parameters of River Waters

Location Total coliform bacteria Escherichia coli
Pichori Detected in 300 mL Detected in 300 mL
Enguri Detected in 300 mL Detected in 300 mL
Mtkvari Not detected in 300 mL Not detected in 300 mL

Tskhenistskali Not detected in 300 mL Not detected in 300 mL
Standards Not permitted in 300 mL Not permitted in 300 mL

CONCLUSION

The conducted study demonstrated that the water quality of rivers in western Georgia is
characterized by pronounced spatial variability, reflected in organoleptic, physico-chemical,
multi-element, biogenic, and microbiological parameters. The Tskhenistskali and Mtkvari rivers
show comparatively better ecological conditions, whereas signs of organic pollution, elevated
biogenic nutrient levels, and microbiological contamination were detected in the Pichori River
and especially in the Enguri River. These differences confirm the importance of spatial assess-
ment of water quality for determining the ecological status of rivers. The obtained data also
provide a basis for temporal evaluation of river water parameters, as water quality significantly
changes over time under the influence of seasonal, climatic, and hydrological factors. According-
ly, for sustainable water resource management and timely identification of ecological risks, it is
essential to implement multi-seasonal and multi-year monitoring, which would enable a com-
prehensive assessment of the spatial-temporal dynamics of water quality and the identification
of long-term trends in its variation.
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ABSTRACT

This study presents an assessment of the quality and physicochemical characteristics of
white tea (Camellia sinensis) leaves collected in Makho village, Khelvachauri Municipality, under
different processing conditions: thermal drying at 50°C for 2 hours, and freezing at -5°C for 24
hours followed by thermal drying at 70°C.

The experimental results demonstrated that the white tea sample processed at 50°C re-
tained superior organoleptic properties, significantly higher contents of catechins, tannins, and
vitamin C, as well as a higher pH value. In contrast, the combined processing regime involving
freezing and subsequent thermal drying at 70°C resulted in partial oxidation of polyphenols, a
reduction in catechin and tannin contents, and an increase in extract acidity. However, this treat-
ment enhanced the extraction of certain mineral elements, including potassium (K), iron (Fe),
and nickel (Ni).

The study established that mild thermal drying (50°C) is more effective for preserving the
bioactive compounds of white tea, whereas the combined processing technology (-5°C for 24 h
followed by thermal drying at 70°C) promotes the release of the mineral fraction to a greater
extent.
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Relevance of the Research. White tea is a minimally processed type of tea whose quality and
functional value are highly dependent on the technological conditions used during raw material
processing. Studying the effects of different processing regimes on the quality characteristics of
tea is particularly important, as modern food science increasingly focuses on the preservation
of bioactive compounds and the development of functional foods. Evaluating white tea pro-
cessed by different methods makes it possible to determine the optimal conditions for obtaining
high-quality products characterized by strong antioxidant activity, as well as significant function-
al and pharmacological value.

Aim of the Study. The aim of the study was to investigate the quality characteristics of white
tea leaves collected in Makho village, Khelvachauri Municipality, under different processing con-
ditions: thermal drying at 50°C for 2 hours, and freezing at -5°C for 24 hours followed by drying
at 70°C for 4 hours.

Research Object. The research object consisted of white tea (Camellia sinensis) leaves col-
lected from a household plot in Makho village, Khelvachauri Municipality, Georgia.

Methods Used in the Study.The following analytical methods were employed: Gravimetric
method [8]; Titrimetric method [9, 12]; Inductively Coupled Plasma Optical Emission Spectrome-
try (ICP-OES) [15]; Comparative assessment method.

Material and Technical Base.The experimental work was carried out at the Institute of Agrar-
ian and Membrane Technologies, Batumi Shota Rustaveli State University (BSU).

I. HISTORY OF WHITE TEA AND REGIONAL CHARACTERISTICS

White tea is a minimally processed type of tea derived from the plant Camellia sinensis.
Its unique chemical composition is largely determined by the low degree of oxidation during
processing, which contributes to the preservation of high concentrations of polyphenolic com-
pounds. White tea is characterized by minimal processing of leaves and buds, as particularly gen-
tle methods are employed during raw material preparation, resulting in the omission of certain
technological processing stages [1, 3]. The province of Fujian in China is considered the birthplace
of white tea; however, today it is also produced in Yunnan Province, India, Laos, and Sri Lanka.
The name “white tea” is associated not only with the appearance of the leaves but also with a
long-standing tradition, as the raw material consists of young leaves from the upper branches
of the tea plant and tender buds (tips) covered with fine silvery-white hairs. These hairs are the
origin of the tea’s name [13, 14]. Several varieties of white tea are recognized, including Bai Hao
Yin Zhen (Silver Needle), Bai Mu Dan (White Peony), Shou Mei (Longevity Eyebrows), and Gong
Mei (Tribute Eyebrows) [4, 5]. White tea production in Georgia is currently at an early stage of de-
velopment. Small-scale farmers and boutique tea producers, such as Gurieli Tea, Georgian Tea,
Renegade Tea Estate, and Tea House Guria, are actively working to produce organic and premi-
um-quality teas. These producers are distinguished by hand-picking only the first buds and ten-
der leaves, using low-temperature drying techniques, avoiding chemical additives, and produc-
ing small batches of high-quality tea products. The regions of Guria and Adjara are particularly
notable for the implementation of experimental processing technologies and the development
of premium white tea production.
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Il. NUTRITIONAL VALUE, THERAPEUTIC POTENTIAL, AND PROCESSING
TECHNOLOGY OF WHITE TEA

White tea leaves contain vitamins (B, C, and E), amino acids, macro - and microelements, and
antioxidants, including polyphenols and catechins. White tea is known to support the immune
system, help combat free radicals, slow the aging processes of the skin and the body, improve
metabolism, promote the elimination of toxins, and exert a calming effect [2, 6]. White tea infu-
sion is beneficial for the cardiovascular system, contributes to the normalization of cholesterol
levels, and may reduce the risk of hypertension and cardiovascular diseases. Due to its minimal
processing, white tea undergoes limited enzymatic transformation and retains a more complete
phytochemical profile. White tea also contains less caffeine than many other tea types; there-
fore, it has a milder stimulating effect and a comparatively greater calming influence on the body
[7, 10, 11]. To obtain the maximum benefits and preserve the valuable properties of white tea,
proper brewing is essential. The recommended water temperature is 75-80°C. Approximately
2-3 g of tea leaves should be infused in 200 mL of water for 3-5 minutes. The use of a porcelain
or glass teapot is recommended to achieve the best sensory and quality characteristics of the
infusion.

I1l. COMPARATIVE ASSESSMENT OF THE QUALITY CHARACTERISTICS
. __ OF WHITE TEA LEAVES .
l1I.1. Organoleptic Characteristics of White Tea Leaves Processed by Different Methods

The white tea sample dried at 50°C was characterized by a greenish color and the preser-
vation of white buds, indicating minimal damage to the raw material. In contrast, the second
sample, which underwent freezing followed by drying at 70°C, exhibited a brown coloration of
the leaves, likely resulting from damage to the cellular structure and oxidation of polypheno-
lic compounds (Table 1). The infusion prepared from the first sample displayed a light yellow,
straw-like color, reflecting the relatively mild processing conditions. The infusion of the sec-
ond sample showed an amber color tending toward light brown, suggesting partial oxidation
of polyphenols, transformation of pigments, and a more intensive transfer of extractive sub-
stances into the infusion. The tea dried at 50°C was characterized by a delicate and distinctive
flavor. The mild processing regime contributed to the preservation of aromatic compounds
and amino acids. In contrast, the sample processed by freezing and subsequent drying at 70°C
exhibited a slightly astringent taste, which may be associated with the oxidation of catechins
and tannins. In the first sample, the leaves retained their green coloration and natural shape,
whereas the brown coloration observed in the second sample indicates more pronounced ox-
idative and thermal changes in the leaf tissue.

Table 1. Organoleptic Characteristics

. . . White Tea Obtained by Freezing
Parameter White Tea Obtalnedoby Thermal Drying (-5°C) Followed by Thermal Drying
(50°C) (70°C)
Appearance Greenish-colored leaves with white Brown-colored leaves (one bud and
PP buds (one bud and two leaves) two leaves)
Infusion Color Light yellow (straw-colored) /gr;l‘:;venr)— colored (tending toward light
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Pleasant aroma with a slightly as-
tringent aftertaste

Pleasant aroma and a very delicate

Aroma and Taste characteristic taste

Leaves developed a green coloration
and retained the natural shape of one
bud and two leaves

Brown coloration of the leaves re-
mained unchanged

Color of Brewed
Leaves

111.2. QUALITY CHARACTERISTICS OF WHITE TEA LEAVES PROCESSED
BY DIFFERENT METHODS

The content of extractive substances was higher in the first sample, which may be attributed
to the lower degree of structural degradation under mild drying conditions. As a result, soluble
organic compounds were better preserved (Table 2). The contents of tannins and catechins were
also higher in the first sample. This can be explained by the partial degradation and oxidation of
these compounds under the higher temperature and oxidative conditions applied to the second
sample. The increased total ash content observed in the second sample indicates a relatively
higher concentration of mineral substances. This phenomenon is likely associated with cellular
disruption during freezing, followed by intensive dehydration during drying at 70°C.

The infusion prepared from the first sample was less acidic, whereas the acidity of the second
sample was higher. The combination of freezing and subsequent high-temperature drying pro-
motes more intensive oxidation of polyphenolic compounds and the release of greater amounts
of organic acids. The vitamin C content was significantly higher in the first sample. Vitamin C
(ascorbic acid) is a thermolabile compound that is readily degraded through oxidation under the
influence of oxygen and elevated temperatures. Therefore, the 70°C drying regime accelerates
the decomposition of ascorbic acid, resulting in lower concentrations in the second sample.

Table 2. Quality Characteristics of White Tea Samples

Processing Method Extractive Tannins | Catechins | Total Vitamin C H
Substances (%) | (%) (%) Ash (%) | (mg/100g) | P
Thermal drying (50°C) 19.75 20.37 6.25 0.39 48.2 5.6
Freezing (-5°C) + Thermal
dryin g (70°C) 18.25 14.55 4.00 0.42 32.6 4.9

111.3. MULTI-ELEMENT ANALYSIS OF WHITE TEA LEAVES PROCESSED
BY DIFFERENT METHODS

The white tea sample processed by freezing contained a higher concentration of potassium
(9360 mg/L) compared with the sample obtained by thermal drying (8460 mg/L). In contrast, no
significant differences were observed between the samples in terms of calcium and magnesium
contents (Tables 3 and 4). The sodium content in the first sample was approximately 2.4 times
higher than that of the second sample. This may be associated with the greater concentration ef-
fect of dry matter during thermal processing. The phosphorus content was also higher in the first
sample, which may be attributed to more efficient extraction or preservation of phosphorus from
phosphorus-containing organic compounds. Among the microelements, the dominant elements
were Mn, Si, and Al (Table 4). Cobalt and nickel were detected only at trace levels.

The toxic elements As, Cd, Pb, Hg, Sb, Ti, Li, Ba, Be, V were not detected in either sample, in-
dicating the safety of the analyzed tea leaves with respect to toxic element contamination.
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Table 3. Concentrations of Macroelements (mg/L)

Processing Regime K Ca Mg Na P
Thermal drying (50°C) 8460 1510 1350 734 4110
Freezing (-5°C) + Thermal drying (70°C) 9360 1530 1300 301 3480

Table 4. Concentrations of Microelements (mg/L)

Sample No. Fe Si B Al Co Cu Mn Ni Zn
No. 1 (Thermal drying, 50°C) 53.2 84.2 778 339 0.622 18.7 | 514 3.04 | 24.8
No. 2 (Freezing, -5°C + Thermal
drying, 70° 0) 27.8 86.5 101 365 0.152 19.2 63.9 6.94 191

IV. INTEGRATED COMPARISON OF THE QUALITY PARAMETERS OF WHITE TEA

PROCESSED UNDER DIFFERENT CONDITIONS

The comparative study of white tea samples processed under different technological re-
gimes demonstrated that the sample dried at 50°C is characterized by higher quality parameters.
It retains the natural greenish coloration typical of white tea, a delicate aroma, and a mild taste,
indicating relatively gentle processing conditions. Mild thermal treatment ensures the stability
of biologically active polyphenolic compounds. The sample dried at 50°C also better preserves
vitamin C. In contrast, the sample obtained by freezing (-5°C) followed by drying at +70°C ex-
hibited more pronounced physicochemical changes, including brown coloration of the leaves, a
darker infusion color, and a slightly astringent taste, along with reduced levels of catechins and
tannins. Both samples were found to be environmentally safe.

Table 5. Comparative Integrated Characteristics of White Tea Processed by Different Methods

White Tea Obtained by

White Tea Obtained

Parameter . o by Freezing (-5°C) + Assessment
Thermal Drying at 50°C Drying at 70°C
Greenish coloration, 50°C regime better pre-
Appearance good preservation of Brown coloration serves natural structure and

white buds

chlorophyll

Infusion color

Light yellow, straw-col-
ored

Amber, light brown

High temperature enhances
oxidation of polyphenols

Aroma and taste

Delicate, soft, and char-
acteristic taste

Pleasant aroma but
astringent taste

50°C better preserves aro-
matic compounds

Brewed leaf color

Green coloration and
natural shape

Brown leaves

Freezing + 70°C causes
stronger oxidative changes

Extractive substances

Mild drying ensures chemi-

(%) 19.75 18.25 cal stability
. High temperature reduces
(o)
Tannins (%) 20.37 14.55 tannin content
Catechins (%) 6.25 4.00 50°C better preserves anti-

oxidant compounds
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Freezing + 70°C increases
Total ash (%) 0.39 0.42 mineral fraction concentra-
tion
. - Lower pH, higher Intensive processing in-
PH Higher pH, lower acidity acidity creases organic acid release
Vitamin C Higher content Reduced content High temperature leads to
vitamin C degradation
. Freezing increases mineral
Potassium (K, mg/L) | 8460 9360 extraction
Calcium (Ca, mg/L) | 1510 1530 Difference is negligible
Magnesium (Mg, mg/L) | 1350 1300 Difference is negligible
. Thermal drying causes con-
Sodium (Na, mg/L) 734 307 centration effects
Thermal regime enhances
Phosphorus (P, mg/L) | 4110 3480 phosphorus release
Dominant elements | Mn, Al, Si Mn, AL, Si same dominant elements in
both samples
Freezing increases Fe ex-
Fe (mg/L) 7.78 1011 traction
Zn is more sensitive to in-
Zn (mg/L) 248 121 tensive processing
Trace elements Co, Ni Co, Ni Present in trace amounts in
both samples
Toxic elements Not detected Not detected Both are ecologically safe
CONCLUSION

Thermal drying at 50°C is a more effective technological regime for preserving the high qual-
ity, organoleptic properties, and bioactive compounds of white tea. In contrast, the combined
method of freezing and high-temperature drying contributes to a greater extraction of mineral
elements; however, it simultaneously leads to the partial degradation and loss of important bio-
active substances.
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ABSTRACT

The aim of the study was to investigate the botanical and morphological characteristics,
phytochemical profile, and multi-element composition of the leaves of dwarf elder (Sambucus
ebulus L.) distributed in the Adjara-Guria ecosystems, and to comparatively assess their func-
tional and pharmacological potential. The research materials consisted of elder leaves collected
from the villages of Charnali, Tkhilnari, and Dzimiti.

The study included the determination of extractive substances, tannins, catechins, total
acidity, vitamin C, pectic substances, and total ash content. In addition, the contents of macro-
elements, microelements, and toxic elements were analyzed using inductively coupled plasma
optical emission spectrometry (ICP-OES).

According to the research results, samples collected from Tkhilnari were distinguished by
high contents of extractive substances and soluble pectin, while the Charnali samples showed
elevated levels of catechins and total pectin. The Dzimiti samples were characterized by high
concentrations of tannins, mineral substances, iron, calcium, and magnesium. The concentra-
tions of toxic elements were low in all samples and did not exceed permissible limits, indicating
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the ecological safety of the plant material.

The findings demonstrated that the ecological, soil, and climatic conditions of different loca-
tions significantly influence the chemical composition and biological activity of Sambucus ebulus
L. leaves. Elder leaves represent an important source of biologically active compounds and a
promising raw material for the production of functional foods, phytopharmaceuticals, and ther-
apeutic-preventive products. Among the studied samples, those collected from Dzimiti exhibited
the highest functional and pharmacological value due to their richness in both mineral constit-
uents and pharmacologically active compounds.

KEYWORDS: Sambucus ebulus L., phytochemical analysis, morphology,
pharmacological potential, quality

RELEVANCE OF THE STUDY

Black elder (Sambucus ebulus L.) is an important medicinal and edible plant rich in biolog-
ically active compounds, vitamins, antioxidants, flavonoids, and pectins, which determine its
wide application in both the pharmaceutical and food industries. In traditional medicine, all
parts of the plant are used, including fruits, flowers, leaves, and roots. Approximately 40 species
of elder are known worldwide, of which two are distributed in Georgia - Sambucus ebulus (dwarf
elder) and black elder [1, 2]. Elder is used in the production of functional foods, dietary supple-
ments, and natural colorants. In the context of changing climatic and ecological conditions, elder
is of particular interest as an adaptable and widely distributed plant species. Therefore, its study,
phytochemical analysis, and evaluation of pharmacological potential are of both scientific and
practical importance.

Research Objective

The aim of the study was to determine the qualitative characteristics of Sambucus ebulus L.
leaves collected from selected locations in Adjara and Guria, and to comparatively evaluate their
pharmacological potential based on experimental data.

Research Objects
The study objects were Sambucus ebulus L. leaves collected from Charnali and Tkhilnari vil-
lages (Khelvachauri Municipality) and Dzimiti village (Ozurgeti Municipality), Georgia.

Methods Used in the Study

The following methods were applied: descriptive analysis [3, 4], gravimetric methods, titri-
metric methods [5, 6, 7, 8], and inductively coupled plasma atomic emission spectrometry (ICP-
AES) [9].

Material and Technical Base
The research was conducted using the facilities and laboratory infrastructure of the Institute
of Agrarian and Membrane Technologies of Batumi Shota Rustaveli State University (BSU).
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. . MAIN PART
1.1. Botanical and Morphological Description of Sambucus ebulus L.

Sambucus ebulus L. - scientific classification: Kingdom: Plantae; Phylum/Division: Magnolio-
phyta (flowering plants); Class: Magnoliopsida (dicotyledons); Order: Dipsacales; Family: Adoxa-
ceae; Genus: Sambucus; Species: Sambucus ebulus L. It is a perennial herbaceous plant with a
height of 0.5-2 m. The stem is herbaceous and erect. Leaves are odd-pinnate, consisting of 7-11
leaflets, which are lanceolate or elongated-ovate in shape. The inflorescence is an umbel, with
flowers that are white or pinkish-white in color. The flowering period extends from June to Au-
gust. The fruit type is a berry, black or dark purple in color, arranged in clusters. Ripening occurs
from late summer to early autumn. The species is found in forest edges and roadside slopes,
preferring moist soils. It is distributed in Europe and Western Asia, and in Georgia it is mainly
widespread in the western regions [1].

1.2. Medicinal Properties and Economic Importance of Sambucus ebulus L.

Sambucus ebulus L. is rich in phenolic compounds and flavonoids and also contains triter-
penes, organic acids, and cyanogenic glycosides, which determine its antioxidant, anti-inflamma-
tory, and various biological activities [2]. The medicinal properties of elder include anti-inflam-
matory action, antimicrobial activity, antioxidant effects, antipyretic and diaphoretic properties,
and diuretic action. It is also used in the treatment of joint and skin diseases. In addition to its
medicinal value, Sambucus ebulus L. has ecological and economic importance. It contributes to
soil stabilization on slopes and helps reduce erosion. It is also used as a bioindicator species for
assessing soil moisture conditions.

Il. SAMBUCUS EBULUS L. PHYTOCHEMICAL ANALYSIS
11.1. Main Qualitative Characteristics of Elder Leaves

The highest content of extractive substances in elder leaves was recorded in the Tkhilnari
location (30.0%), while the lowest value was observed in Charnali (20.4%) (Table 1). The content
of tannins was highest in Dzimiti (6.9%) and lowest again in Charnali (4.5%). The content of cat-
echins was highest in Charnali (2.6%) and lowest in Tkhilnari (2.1%). The total acidity index was
identical across all three locations (4.2%). The content of vitamin C was highest in Charnali and
Tkhilnari (59%), and comparatively lower in Dzimiti (53%). Overall, elder leaves from Charnali and
Tkhilnari are richer in ascorbic acid (vitamin C) compared to those from Dzimiti.

Table 1. Qualitative Characteristics (%)

Location sixt;(:ac;cli::s Tannins Catechins Total acidity Vitamin C

Charnali 20.4 4.5 2.6 4.2 59

Tkhilnari 30.0 5.8 21 4.2 59
Dzimiti 29.0 6.9 23 4.2 53

I1.2. Pectic Substances and Total Ash Content in Elder Leaves
The highest content of total ash was recorded in Dzimiti (1.8%), while the lowest value
was observed in Tkhilnari (0.6%). The highest content of soluble pectin was found in Tkhilnari
(10.89%), whereas the lowest was recorded in Dzimiti (9.8%). The amount of insoluble pectin was
maximal in Charnali (5.99%) and minimal in Dzimiti (2.7%). Leaves from Charnali and Tkhilnari
are therefore richer in pectic substances, which increases their functional and pharmacological
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significance (Table 2). Overall, Charnali is characterized by a higher content of total and insoluble
pectin, Tkhilnari by the highest soluble pectin content, while Dzimiti shows the highest level of
mineral substances (total ash).

Table 2. Ash and Pectin Content in Elder Leaves (%)

. . Insoluble pec- .
Location Ash (%) Soluble pectin tiLrll P Total pectin
Charnali 0.8 10.4 5.99 16.39
TRhilnari 0.6 10.89 5.2 16.09
Dzimiti 1.8 9.8 2.7 12.5

I1l. MULTI-ELEMENT ANALYSIS OF ELDER LEAVES
The highest content of potassium was recorded in elder leaves collected from Charnali Vil-
lage, while the lowest value was observed in Tkhilnari Village (Table 3). The content of calcium
was maximal in Dzimiti, and minimal in Charnali. The highest concentration of magnesium was
also found in Dzimiti (5694 mg/kg). The highest value of sodium was observed in Tkhilnari (698
mg/kg), while the lowest was recorded in Dzimiti (582 mg/kg). The content of phosphorus was
highest in Tkhilnari, and lowest in Charnali.

Table 3. Macroelement Content (mg/kg)

Location K Ca Mg Na P
Charnali 10987 1800 3237 600 1930

Tkhilnari 1210 2740 5610 698 2890
Dzimiti 9280 3850 5694 582 2640

The highest concentration of iron was recorded in leaves collected from Dzimiti (345.6 mg/
kg), which significantly exceeds the values observed in Charnali (109.8 mg/kg) and Tkhilnari
(130.0 mg/kg) (Table 4). The content of silicon was also maximal in Dzimiti, while the lowest val-
ue was found in Charnali. The highest boron content was observed in Charnali, and the lowest in
Tkhilnari. The aluminum concentration was highest in Tkhilnari and lowest in Dzimiti, which may
be associated with soil acidity and local geochemical conditions. The concentration of cobalt
was low in all samples. The maximum copper content was recorded in Tkhilnari, while the mini-
mum was found in Dzimiti. The manganese content was highest in Tkhilnari and relatively lower
in Dzimiti. The highest concentration of nickel was observed in Dzimiti (0.912 mg/kg), while the
highest zinc content was found in Charnali (16.4 mg/kg).

Table 4. Microelement Content (mg/kg)

Location Fe Si B Al Co Cu Mn Ni Zn
Charnali 109.8 89.3 H 27.0 429 0.0730L | 619 60.30 0.408 16.4
Tkhilnari 130.0 163 H 23.8 538 0.0637L | 7.89 90.63 0.715 15.8

Dzimiti 345.6 504 H 25.2 368 0.285L 4,92 57.21 0.912 12.6
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The content of toxic elements in elder leaves is relatively low and does not reach critical lev-
els. However, samples from Dzimiti are characterized by comparatively lower concentrations of
toxic elements than those from the other locations, which indicates their ecological advantage.

Table 5. Toxic Element Content (mg/kg)

Location As Ba cd Cr Mo Pb Se
Charnali 0266L | 705 | 0.00161L 0.216 0913 | 0353L | 0.0218L
Tkhilnari 0259L | 654 | 0.0236L 0.377 132 | 0401L -
Dzimiti 0138L | 312 - 016 11 0259L | 0.0691L
CONCLUSION

Elder leaves distributed within the Adjara-Guria ecosystems represent an important source
of biologically active compounds and are characterized by diverse functional and pharmaco-
logical properties. Samples collected from different locations differ in both organic and mineral
composition, which determines their specific biological activity and practical significance. When
evaluating the diversity of biologically active substances, antioxidant potential, mineral compo-
sition, and ecological safety, the highest functional and pharmacological value can be attributed
to the samples from Dzimiti Village.
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https://www.shimadzu.com/an/products/elemental-analysis/inductively-coupled-plasma-emission-spectroscopy/icpe-9800-series/index.html
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lodine-Containing Mineral Spring Drinking Waters
in the Context of Human Health Protection and
Disease Prevention

R. KVATASHIDZE, L. AKHALBEDASHVILI, M. BROKISHVILI, G. TODRADZE,

N. JANASHVILI, N. GAGNIASHVILI, M. UKLEBA
Al. Tvalchrelidze Caucasian Institute of Mineral Resources, Tbilisi State University

ABSTRACT

This paper is devoted to the study of iodine-containing mineral spring drinking waters identi-
fied in the Kaspi district of Georgia and to the assessment of their practical significance for public
health. In six springs, across all four seasons of the year, the iodide-ion content was determined
by a kinetic method, while the overall chemical composition was established using methods
compliant with ISO standards. It was found that the iodine concentration in the springs ranges
from 16-54 ug/L and follows a pronounced seasonal dynamic, being minimal in spring-summer
and maximal in winter. The waters are practically neutral (pH 7.48-7.69) and fall within the nor-
mal range of mineralization. The findings are discussed in comparison with existing methods
of iodine-deficiency-disorder prevention (iodized salt, iodide preparations), demonstrating the
advantage of iodine-enriched drinking water as a safe and physiologically effective alternative.
The study highlights the potential of the mineral waters of the Kaspi district as a natural resource
for supplying the population with iodine.

INTRODUCTION

Underground fresh waters remain among the most significant mineral resources, owing to
their renewability over time, high quality indicators, and reliable protection. The subsoil of Geor-
gia is rich, across its entire territory, in mineral waters possessing a wide spectrum of physi-
co-chemical properties, of which 95% are potable waters [1]. The confirmed exploitable reserves
amount to 67,000 m3/day. In the 1980s, the country had 46 operating mineral-water deposits, 17
bottling enterprises, 18 balneological resorts, and 27 water-treatment facilities [2].

The therapeutic activity of mineral waters and their mechanism of action on the human body
are determined by several characteristics: ionic-salt and gas composition, temperature, and the
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presence of specific microelements: iodine, bromine, boron, manganese, and lithium.

The iodine content of Georgia's mineral waters reaches tens and hundreds of mg/L, whereas
in surface waters this figure ranges only from 1.4-24 ug/L. High concentrations (10-59 mg/L) are
also characteristic of Georgia's oil-associated waters. From a geochemical standpoint, iodine is
an element of complex behavior: despite its Clarke value (400 mg/t), it is highly dispersed in the
environment. Through active participation in redox, sorption, and biochemical processes, iodine
readily changes its form of occurrence (iodide, iodate, molecular, organic forms), which signifi-
cantly complicates the establishment of regularities in its dynamics over time and space [3].
Nevertheless, it has been established that waters in contact with sedimentary and oil-bearing
rocks are distinguished by elevated iodine content the main sites of occurrence being volcanic
gases, the weathering crust of ore deposits, and other halogen deposits [1]. In free, mineral form,
iodine is rarely found in nature; isolated occurrences have been recorded in the thermal springs
of Vesuvius and on Vulcano Island [4].

According to international health organizations, approximately 12% of the world's popula-
tion suffers from iodine deficiency, and roughly 1.5 billion people live in regions where the air,
water, and soil are iodine-deficient. Even in Western Europe, despite its high level of economic
development, 800 million people are at risk of iodine-deficiency disorders, and 190 million suffer
from endemic goiter. Georgia is among the world's leading countries in terms of endemic goiter
prevalence (60-70% of the population), and data from the past 10-15 years indicate a fairly high
prevalence of thyroid pathologies. It is precisely the urgency of this problem that necessitated
the detailed study of the iodine-containing mineral springs discovered in the Kaspi district.

The contemporary relevance of the issue is further confirmed by recent international re-
search. A national assessment of iodine nutrition status and iodized-salt use conducted in Geor-
gia confirmed that the country still requires ongoing monitoring and intervention for iodine-de-
ficiency prevention [8]. A recent global-level analysis (Global Burden of Disease, 2021) likewise
showed that the burden of iodine deficiency among women of reproductive age continues to
rise in a number of regions, lending particular importance to the study of natural, local sources
of iodine intake [9]. In addition, the latest studies on the iodine content of drinking and mineral
waters (for example, in Norway) have confirmed that iodine concentrations vary considerably
among different mineral-water brands, and in certain cases can cover a substantial part of daily
requirements — confirming that the individual geochemical study of mineral waters, as demon-
strated here for the Kaspi district, remains a scientifically and practically heterogeneous yet
consistently relevant task [10].

MATERIALS AND METHODS
In six springs selected in the Kaspi district, across all four seasons of the year, the quan-
titative determination of the iodide ion was carried out using a kinetic method based on the
iodide-ion-catalyzed oxidation of thiocyanate ion by a mixture of nitrate and nitrite ions, with
photometric detection [5]. The complete chemical analysis of the waters (pH, major cations and
anions, total mineralization) was carried out using methods compliant with 1SO standards.

RESULTS AND DISCUSSION
The data obtained showed that the iodide-ion content in the studied springs ranged from
16-48 ug/L, with an average value of 32 ug/L (Table 1). The table reveals a pronounced seasonal
trend: the minimum concentration is recorded in spring-summer, while the maximum occurs in
winter, when the value reaches as high as 54 ug/L in some springs.
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Table 1. Seasonal dynamics of iodide-ion content in the studied springs, ug/L

Spring No. Spring Summer Autumn Winter
1 27 21 32 48
2 25 21 42 48
3 30 24 37 54
4 20 17 16 48
5 15 - 32 43
6 16 - 32 39

Analysis of the chemical composition of the waters (Table 2) showed that the studied springs
are practically neutral (pH 7.48-7.69) and fall within the normal range of mineralization total
mineralization ranges from 468-866 mg/L, and the combined sodium and potassium content
is 50-166 mg/L. These indicators confirm that the waters are safe for drinking and suitable for
long-term consumption.

Table 2. Physico-chemical composition and iodine content of the studied spring waters

v | pn | Nek | ce | Mg | wcooo | . fsosa- mineigglti:z}tion I-ug/L
1 7.67 147.2 74.89 14.21 464.0 35.5 130.3 866.1 32.0
2 7.58 135.9 61.62 14.21 476.0 21.3 85.2 794.2 42.0
3 7.68 165.6 46.45 14.79 479.0 22.4 110.2 838.4 37.0
4 748 5911 66.36 11.94 348.0 11.01 42.6 539.0 16.0
5 7.69 59.57 57.83 10.24 360.0 2.84 17.0 5075 320
6 7.61 50.6 59.12 910 320.0 6.21 23.4 468.4 32.0
Norm | 6-9 200.0 140.0 85.0 - 250.0 200.0 1000-1500 -

The iodine content recorded in the waters is regarded as a positive indicator, as it corre-
sponds to the human body's daily and seasonal requirements. The average daily requirement for
iodine is estimated at 3 ug/kg of body weight, although this figure is conditional and depends
on the physiological state of the organism in particular, the requirement increases considerably
during periods of growth and development; on the season of the year from September to Jan-
uary, the iodine concentration in the blood decreases, rises again from February, and reaches
its maximum in May-June, although these fluctuations are of small amplitude; and on ambient
temperature the requirement for iodine increases in cold conditions. The primary function of
iodine is the continuous supply of the thyroid gland for uninterrupted hormone synthesis. The
body normally maintains a constant blood iodine concentration (10-5-10-6), yet both deficiency
and excess lead to the development of corresponding hormonal pathologies [6].

Among the widely used preventive measures, the consumption of iodized salt carries certain
limitations the assimilation of iodine in solid form leads to excessive accumulation of salt crys-
tals in the body, while under storage conditions and thermal processing the salt loses a signif-
icant portion of its iodine content and, accordingly, its beneficial properties. Intake in the form
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of iodide is comparatively safe, since it is rapidly oxidized in the body and reacts with proteins,
carbohydrates, and lipids to form complex organic compounds; however, prolonged medicinal
treatment can lead to excessive accumulation of iodine in the body and to the development of
iodism [7].

Against this background, the consumption of iodine-enriched drinking water offers a number
of advantages: iodine does not evaporate during thermal processing, is not lost during storage,
itself acts as a natural preservative of the water, has no age-related contraindications, and can
be consumed in amounts of up to 3 liters per day. Consequently, replenishing iodine deficiency
through naturally iodine-enriched water represents a significantly more effective and physiolog-
ically safe approach.

CONCLUSION

The iodine-containing underground drinking waters identified in the Kaspi district have,
from both a scientific and a practical standpoint, heightened interest in the geochemical study
of other mineral springs in the region and of the mineral raw materials and soils located in
their vicinity. The results obtained confirm that the studied waters, owing to their natural iodine
content, neutral pH, and mineralization within normal limits, constitute a promising and safe re-
source for the natural provision of iodine to the population an alternative to medicinal and food-
based methods of prevention. A comprehensive geological-chemical-economic assessment of
Georgia's mineral raw materials, and of its water deposits in particular, is of great importance for
shaping the country's mineral-resource policy and for attracting investment.
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ABSTRACT

As the population grows, the demand for food increases, the production of which is impossi-
ble without soil. Healthy soil means healthy food. Soil is the foundation of all agronomy; there-
fore, it is crucial to pay great attention to caring for the soil and its fertility. From contaminated
soils, plants can accumulate large quantities of toxic elements such as mercury (Hg), cadmium
(Cd), arsenic (As), chromium (Cr), thallium (Tl), and lead (Pb). The uptake of these heavy metals
causes soil pollution, which poses a significant threat to human health.

Bio-organic fertilizers hold great potential for soil restoration, health maintenance, and the
development of green agriculture. They offer immense ecological and environmental benefits
along with broad prospects for application. To prevent soil pollution and obtain ecologically safe
products, ecologically safe bio-preparations - Blackjack, Geohumat, and Cu++ - were purpose-
fully introduced for the first time in stationary field trials under a mandarin plantation in the red
soils of Adjara.

Based on field trials in an Unshiu mandarin plantation within the coastal zone of Adjara, new
ecologically clean preparations were purposefully selected for the first time, and their optimal
norms and dosages were established. The efficiency indicators of the selected preparations were
studied to prevent soil pollution and ensure the production of ecologically safe products.

To achieve this, experimental work was carried out under stationary field trial conditions.
According to the experimental design, the ecologically clean bio-preparations (fertilizers) —
Blackjack, Geo-humat, and Cu++ were applied to the mandarin plantation during the following
periods: April, May, June, and July. Concurrently, soil samples were collected at a depth of 50 cm,
along with leaf samples from model plants. Agrochemical and chemical indicator analyses were
performed under laboratory conditions.

Based on the data obtained from the experiments, we can conclude that the applied bio-fer-
tilizers showed the best results without the use of mineral fertilizers when administered as fol-
lows:

» Blackjack: Applied via soil drenching and foliar spraying;

s Geohumat: Applied via soil drenching and foliar spraying;

a Cu++:Used as a background treatment via foliar spraying (2 ml per 10 liters of water).

Judging by the data tables presented in this work, heavy metals (As,Cd,Cr,Hg,Pb) and pesti-
cides were not detected in the soil, and consequently, were found neither in the plant nor in the
fruit. This outcome is attributed to the fact that the soil was enriched exclusively with ecological-
ly clean fertilizers, thereby preventing the pollution of Adjara&#39;s low-fertility red soils.
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Biofertilizers are organic substances. Obtained in a natural way, they enrich the soil with mi-
croorganisms, improve its structure and contribute to the natural balance. Biological fertilizers are
natural and environmentally safe, they are used to increase soil fertility, increase plant nutrients,
combat plant pests, combat soil pollution, obtain high-quality and high yields of tangerine fruits,
and increase the storage capacity of fruits. Bioorganic fertilizer has great potential in the field of
soil restoration, health maintenance and the development of green agriculture. It has enormous
ecological and environmental benefits and prospects for wide application. Accordingly, the pros-
pects for the development of bioorganic fertilizers are also very good and the profit potential is
enormous. Biofertilizers promote the activity of beneficial microorganisms in the soil, enrich the
soil in a natural way, and have a positive impact on the environment and ecosystem.{5}

Biofertilizers are not just a plant food, they are biostimulants that help balance all the com-
ponents in plants that prevent the plant from developing. Biofertilizers are a source of energy
that copes with harmful diseases, although it should be noted that the beneficial pests that the
plant also has, the main thing is that biofertilizers do not affect them and do not threaten their
mortality. With the help of biofertilizers, the plant's immune system improves, fungal diseases
are reduced, and during this time the plant develops a strong root system and becomes health-
ier. In addition, it should be noted that the effect of biofertilizers on the plant does not have a
negative impact on human health in the future. In citrus crops, various diseases are most com-
mon. In many cases, they are eliminated by using biofertilizers. (6)

Soil is the source of life, it is a mixture of minerals and organic substances that determine the
germination and growth of plants. Soil affects the food that a person receives; water, air, flora,
fauna, and human health. Therefore, its pollution causes chain reactions and negatively affects
other components. The entire agronomy is based on the soil. With the growth of industrializa-
tion, the harmful effects of industrial waste on the environment, especially water and soil, where
heavy metals accumulate, are significantly increasing. Soil and water pollution with heavy metals
is a significant global problem worldwide. Ways to combat the problem of soil pollution require
a lot of time, money and effort. Various methods have been introduced to combat this problem,

With the growth of the population, the demand for food is increasing, the production of
which is impossible without soil. Healthy soil means healthy food, so it is important to pay great
attention to caring for the soil and its fertility, especially today, when the problem of soil pollu-
tion is so relevant all over the world. From polluted soils, plants can accumulate large amounts
of toxic elements in the soil, such as mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cr),
thallium (Tl) and lead (Pb) and cause soil pollution, which in turn is harmful to flora and fauna,
as well as human health.

The absorption of large amounts of heavy metals poses a threat to human health. Excessive
intake of cadmium can cause serious diseases such as cancer, bone loss, etc. Lead is especially
dangerous for children, as it damages brain cells and the central nervous system. [1]

In order to prevent soil pollution and obtain environmentally safe products, we purposefully
and for the first time in stationary field trials under a tangerine plantation in the red soil soils
of Adjara, we included environmentally safe biopreparations: Blackjack, Geohumate. Insecticide
Cu++ (without the addition of mineral fertilizers {4}he analyses were conducted using the follow-
ing research methods: {2-3}

wodlews@yleay wny wayd
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Soil sampling — GOST 28168-99, soil sample preparation for analysis - GOST 26583-85
Hygroscopic water — GOST 28268-89 by weight

PH - in water and KCI - by a peat meter, GOST 26483-85

Total humus % - Tyurin method, GOST 26213-91

Total nitrogen % - Kjeldahl microchrome method, GOST 2017 - 84

Plant-available phosphorus mg / 100 g - by Oniani method GOST 26205-91
Plant-available potassium mg / 100 g - by the SOIL TEST-500 apparatus and by the Peive
method, GOST 2609-91

8. Hydrolytic nitrogen mg / kg by Tyurin and Konanova method GOST 26213-84

9. Total absorbed bases% by Kapen method, GOST 27821-88 titration.

10. Total nitrogen (in plant)% by Kjeldahl method, GOST 26107-84

11. Total potassium in plant% wet weight, GOST 20851-3-93

12. Total phosphorus%-wet weight GOST 26261-84

13. Also using a plasma atomic emission spectrophotometer (ICPE-Experimental part

No s DN s

Field trials were conducted on the Chakvi collection plot of the SSP IP in the mandarin "Un-
shius" (broad-leaf) plantation. In general, using the adopted method, 3-fold repetition - before
and during the trial, soil samples were taken at a depth of 50 cm, as well as plant leaf samples
and were determined by agrochemical and biochemical indicators. Biofertilizers were applied
according to the scheme four times during the vegetation period (April, May, June, July) without
mineral fertilizers. A comparison was made with the option of applying mineral fertilizers. The
trials were set up according to the following scheme:

1. Blackjack - applied both as foliar spray and soil drench (8 mL dissolved in 2 L of water
per plant; application interval: every 10-15 days). Cu** (10 mg dissolved in 3.5 L of water)
applied as foliar spray.

2. GeoHumate - applied both as foliar spray and soil drench (5 mL dissolved in 1L of water
per plant; application interval: every 10-15 days). Cu** (10 mg dissolved in 3.5 L of water)
applied as foliar spray.

3. Control (without biofertilizers)

After the experimental treatments, a multi-element analysis of the soil water extract was
performed to determine the macro — and microelement composition. The analytical results are
presented in Table 1.

Table 1. Results of multi-element analysis in the soil water extract (red soil, Chakvi site, 08.07.2025)

Element Concentration Element Concentration Element Concentration
(mg/L) (mg/L) (mg/L)
Al 1.81 As -0.0107 B 0.327
Ba 0.0031 Be 0.0012 L Ca 9.98
cd -0.0201 Co -0.0122 Cr -0.0475
Cu -0.0998 Fe 318 Hg 2.43
K 313 Li 1.99 Mg 2.80
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Mn 0.0144 Mo -0.0299 Na -0.364
Ni 0.0008 P 0.392 L Pb -0.155
Sb -0.0862 Se 0.0194 L Si 59.2
Ti 0.175 Tl -0.0107 v -0.154
Zn -0.0341

Emphasis was placed on determining the content of toxic elements—arsenic (As), cadmium
(Cd), chromium (Cr), mercury (Hg), nickel (Ni), and lead (Pb) which are primarily responsible for
soil contamination.

Specifically, the measured concentrations of these elements in the soil water extract were
as follows: As - 0.011 mg/L, Cd - 0.020 mg/L, Cr - 0.046 mg/L, Hg - trace, Ni - 0.0008 mg/L, and

Pb - 0155 mg/L.

These results indicate that the concentrations of toxic heavy metals are extremely low, re-
maining below internationally accepted threshold limits, thereby confirming the absence of con-
tamination and the ecological safety of the studied soils.

To further assess the effect of biofertilizer application, mandarin leaf samples were collected
after treatment. The chemical composition (macro - and microelements) of the leaves was ana-
lyzed, and the results are presented in Table 2.

Chemical Composition of Mandarin Leaves (Macro - and Microelements)
After Biofertilizer Application (22-28 August 2025)

Table 2. Composition of macro — and microelements in mandarin leaves following the application of

biofertilizers.

Variant

Al As
(mg/L) | (mg/L)

B
(mg/L)

Ba
(mg/L)

Be
(mg/L)

Ca
(mg/L)

cd
(mg/L)

Co Cr

(mg/L)

(mg/L)

Blackjack (20
mL per 3 L of
water, applied
to soil and
foliage) + Cu**
(20 mL per
10 L of water,
foliar spray)

54.4 -0.0723

15.0

30.0

0.0020L

2043.37

-0.0216

-0.0206

-0.083

GeoHumate
(15 mL per 3
L of water,
applied to soil
and foliage)
+ Cu** (20 mL
per 10 L of
water, foliar
spray)

66.3 | -0.0618

17.7

40.5

0.0021L

2174.00

-0.0238

-0.0264

-0.049

Without
biofertilizers
(control)

279 -0.102

8.4

18.4

0.0009 L

1985.40

-0.0284

-0.0284

-0.0487
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Table 3. Concentration of additional macro — and microelements in mandarin leaves after biofertilizer
application (22-28 August 2025)

Variant

Cu
(mg/L)

Fe

(mg/L)

Hg
(mg/L)

K
(mg/L)

(mg/L)

Li

Mg
(mg/L)

Mn
(mg/L)

Mo
(mg/L)

Na
(mg/L)

Blackjack (20
mL per 3 L of
water, applied
to soil and
foliage) + Cu**
(20 mL per10 L
of water, foliar
spray)

171

31.6

-4

3400

-2.33

84l

8.58

-0.095

31N

GeoHumate (15
mL per 3 L of
water, applied
to soil and
foliage) + Cu**
(20 mL per10 L
of water, foliar
spray)

36.4

35.4

-11.7

3760

-1.45

951

10.7

-0.0321

427

Without
biofertilizers

(control)

4.32 16.

9

2590

344

608

419

-0.0358

372

Table 4. Concentration of trace elements in mandarin leaves after biofertilizer application
(22-28 August 2025)

Variant

Ni
(mg/L)

P
(mg/L)

Pb
(mg/L)

Sb
(mg/L)

Se
(mg/L)

Si
(mg/L)

Ti
(mg/L)

Tl
(mg/L)

v
(mg/L)

Zn
(mg/L)

Blackjack

(20 mL/3

L water,
soil + foliar

applica-
tion) + Cu**
(20 mL/10 L
water, foli-

ar spray)

1.28

978

-0.12

-0.452

0.227 L

198

-0.0816

-0.22

-0.0177

7.20

GeoHumate
(15mL/3L
water, soil

+ foliar
applica-
tion) + Cu**

(20 mL/10 L
water, foli-

ar spray)

1.35

1280

-0.105

-0.277

0120 L

254

-0.0244

-0.299

-0.0165

9.08

Without
biofertiliz-
ers (Con-
trol)

0.575

766

-0.251

-0.426

0.144 L

99.4

0.0387 L

-0.284

-0.0338

3.59
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The toxic elements, As, Hg, Cd, Sb, Pb, and Ni, were not detected in the mandarin leaves. As
a background treatment, the Cu** insecticide was applied both to the soil (by drenching) and to
the plants (by foliar spraying), which also exerted a positive effect on the suppression of pest
and disease incidence. Multiple monitoring sessions conducted during the vegetation period
confirmed the positive influence of the applied preparations on plant health and development.

The soil and plant analyses were performed at the Institute of Agrarian and Membrane Tech-
nologies, within the Laboratory of Agrochemistry and Soil Science, using a plasma atomic emis-
sion spectrophotometer (ICPE-9820). Analyses were carried out under both wet and dry ashing
conditions [2,3].

Based on three years of experimental data, we can now provide scientifically validated rec-
ommendations and methodological guidelines. The results obtained can be effectively used by
farmers, as well as by research centers and professionals in related fields, biochemists, biolo-
gists, agrochemists, soil scientists, and entomologists to prevent soil contamination. It is recom-
mended that only the identified ecologically clean biofertilizers be used to achieve environmen-
tally safe, high-quality yields.

CONCLUSIONS

Based on the results obtained from the experiments conducted, the following conclusions

were drawn:

s The applied biofertilizers Blackjack (soil and foliar application) and GeoHumate (soil
and foliar application) in combination with Cu** (2 mL per 10 L of water, foliar spray),
without the use of mineral fertilizers, produced the best overall results.

a Soil fertility improved significantly.

a The concentration of essential nutrient elements in mandarin leaves increased.

» Duringthe vegetation period, a positive effect of the applied formulations was observed,
and plant diseases and pest infestations were effectively suppressed.

s Most importantly, a high, ecologically clean, and high-quality yield was obtained.

According to the analytical data presented in the tables, no pesticide residues or toxic ele-

ments such as As, Cd, Cr, Hg, or Pb were detected in the soil, plants, or fruit. This confirms that
the soil was enriched exclusively with environmentally safe fertilizers, thereby preventing con-
tamination of the low-fertility red soils of Adjara.
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Background: Vitamin B12 testing is primarily performed to identify deficiency; however, per-
sistently elevated serum vitamin B12 levels in patients not receiving supplementation are un-
common and may indicate underlying pathology. Emerging evidence suggests that unexplained
hypercobalaminemia is associated with solid and haematological malignancies, although its di-
agnostic significance remains underrecognized. This study describes a patient with persistently
elevated vitamin B12 levels that prompted further investigation and was associated with the
diagnosis of a gastrointestinal stromal tumour (GIST).

Methods: We conducted a retrospective analysis of the clinical records of a 69-year-old fe-
male presenting with persistently elevated serum vitamin B12 levels (19,717 pg/mL; reference
range: 173-700 pg/mL) despite no history of vitamin B12 supplementation. Clinical assessment,
laboratory investigations, imaging, endoscopic findings, histopathology, treatment, and fol-
low-up data were reviewed. Relevant literature was examined to place the findings within the
context of current evidence.

Results: The patient had a history of type 2 diabetes, autoimmune thyroid disease, and
mild iron deficiency anaemia. Gastroenterological evaluation identified a gastrointestinal stro-
mal tumour (GIST), confirmed by positive immunohistochemical staining for CD117, CD34, and
CD56. Following tumour resection and partial gastrectomy, vitamin B12 abnormalities persisted
alongside hyperhomocysteinemia, despite normal liver and kidney function. The patient subse-
quently received adjuvant imatinib therapy. Current literature suggests that persistent hyperco-
balaminemia is associated with an increased risk of several solid malignancies and may reflect
tumour-related alterations in vitamin B12 transport proteins or metabolism.

Conclusion: Persistent elevation of serum vitamin B12 in the absence of supplementation
should not be dismissed as an incidental laboratory finding. This case highlights the importance
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of considering occult malignancy in the differential diagnosis of unexplained hypercobalamin-
emia and supports further investigation into the role of vitamin B12 as a potential biomarker for
earlier cancer detection.

KEYWORDS: Vitamin B12, Hypercobalaminemia, Gastrointestinal Stromal
Tumour, Cancer Biomarker, Diagnostic Challenge

INTRODUCTION

Vitamin B12 (cobalamin) is essential for nervous system function, DNA synthesis, and red
blood cell formation. Elevated serum B12 levels are uncommon and often overlooked in routine
diagnostics. Persistent elevation, particularly above 1000 pg/mL, has been associated with solid
cancers, liver disease, autoimmune disorders, and, rarely, macro-vitamin B12 complexes (Allen,
2012; Andres et al., 2013; Obeid, 2022)thus causing uncertainties regarding safety of vitamin B12.
We conducted a systematic literature search and a scoping review of human studies published
in PubMed between January 2005 and March 2022, to investigate the association between vita-
min B12 (concentrations of B12 biomarkers, intake, and genetic determinants. The mechanism
of B12 elevation in malignancies remains unclear but may involve increased binding proteins or
tumour-related metabolic changes.

In clinical practice, unexplained high B12 levels should prompt evaluation for underlying
pathology, including malignancy (Arendt et al., 2016). We present a case of a 69-year-old woman
with persistent, unexplained B12 elevation, ultimately diagnosed with gastrointestinal stromal
tumour (GIST). This case highlights the importance of considering elevated B12 as a potential
diagnostic clue for malignancies.

Case Report

A 69-year-old female attended Khozrevanidze Clinic in Batumi with no acute symptoms but a
history of persistently elevated serum Vitamin B12 levels (19,717 pg/ml; reference range: 173-700
pg/ml) despite not taking supplements. She had a background of type 2 diabetes mellitus, man-
aged with metformin (2000 mg daily), autoimmune thyroid disease with euthyroid status, and
mild iron deficiency anaemia. On examination, her height was 165 cm, weight 84 kg (BMI 30.85).

Following consultations with gastroenterology and hematology teams, she underwent upper
gastrointestinal endoscopy, which revealed a mass lesion. Histopathology confirmed a gastro-
intestinal stromal tumour (GIST) (D37.1) associated with gastritis and oesophagitis. Inmunohis-
tochemistry was positive for CD117, CD34, and CD56. The patient underwent successful tumour
resection and partial gastrectomy.

Post-operative laboratory investigations (refer to Table 1) showed deranged complete blood
count parameters consistent with iron deficiency anaemia, while kidney and liver function tests
and electrolytes remained within normal limits. Hyperhomocysteinemia (D68.8) persisted fol-
lowing surgery.
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Table 1: Post-operative blood test anomalies

Test Result
RBC Low
HGB Low
HCT Low
Monocyte High
Eosinophils High
MPV Low
ESR Low
Homocysteine High
RBC: Red Blood Cells, HGB: Hemoglobin, HCT: Hematocrit, MPV: Mean
Platelet Volume, ESR: Erythrocyte Sedimentation Rate

She was started on imatinib (Gleevec) 400 mg daily as part of her follow-up management.
Given her persistent post-operative hyperhomocysteinemia, she was also started on folic acid/
vitamin B6/vitamin B12 complex once daily. This supplementation was initiated to treat her hy-
perhomocysteinemia.

DISCUSSION

Persistent elevation of serum Vitamin B12 can serve as an important diagnostic clue for se-
rious underlying conditions, including hepatic and haematological malignancies (Serraj et al.,
2011)it can be sometimes paradoxically accompanied by signs of deficiency reflecting a function-
al deficit in relation to qualitative abnormalities related to defects in tissue uptake and action
of vitamin B12. Etiological profile of hypervitaminemias B12 has mostly serious disease entities
and for which early diagnosis is crucial to the plan rather than prognostic. These entities are
represented mainly by solid malignancies, hematological malignancies and liver diseases. This
reflects the potential significance that may have the dosage of vitamin B12 as an early marker of
diagnosis of these diseases. Codified approach is needed to determine the potential indications
of the search for a hypervitaminemia B12 and practice what to do to pass before the discov-
ery of a high serum level of cobalamin."container-title":"Presse Medicale (Paris, France: 1983. In
our patient, markedly elevated B12 was accompanied by hyperhomocysteinemia and prompted
further investigation, which resulted in the diagnosis of a GIST. Although the exact mechanism
remains unclear, proposed explanations include increased availability of B12 from tumour-pro-
duced biochemicals that support nucleic acid synthesis and cell proliferation, as well as hapto-
corrin release from granulocytic cells responding to tumour activity (Lacombe et al., 2021).

CD117 positivity, as seen in our patient, is a recognized immunohistochemical marker for GISTs
(Sarlomo-Rikala et al., 1998). CD56 positivity, though more classically associated with neuroendo-
crine tumours, has also been reported in a subset of GISTs, which may reflect a degree of neuroen-
docrine differentiation within the tumour (Chen et al., 2020). Persistent plasma B12 > 1000 pg/mL
has been strongly associated with increased incidence of solid cancers (HR 5.90; 95% Cl 2.79-12.45)
compared to non-persistent elevation, suggesting that persistent B12 elevation may help identify
patients who warrant further evaluation for occult malignancy (Lacombe et al., 2021).

Elevated B12 has been reported in association with several malignancies, including gas-
tric, colon, breast, liver, lung, prostate, and childhood brain tumours (Jammal et al., 2013; Lin

182



IT GLOBAL SYMPOSIUM July 23-24, 2026

et al., 2010; Cui et al., 2016; Simonsen et al., 2014; Fanidi et al., 2019; Luu et al., 2021; Price et al,,
2016)2005 and 30th April, 2008 in the UMAG pole departments (emergency, internal medicine,
acute geriatrics and medical intensive care. In liver cancers, high B12 levels have been linked to
tumour progression, poorer survival, and correlations with tumour markers such as alpha-feto-
protein (Cui et al., 2016; Lin et al., 2010; Simonsen et al., 2014). Lung carcinomas have shown a
positive association between B12 elevation and cancer risk, with stronger links in specific histo-
logical types and in men (Fanidi et al., 2019; Luu et al., 2021)including cancer risk. We aimed to
elucidate the role of vitamin B12 in lung cancer etiology via direct measurements of pre-diagnos-
tic circulating vitamin B12 concentrations in a nested case-control study, complemented with a
Mendelian randomization (MR. Even modest increases in B12 have been associated with prostate
cancer risk (Price et al., 2016).

Although the patient’s serum B12 remained elevated, persistent hyperhomocysteinemia may
suggest impaired intracellular utilization of vitamin B12 despite elevated circulating concentra-
tions. This may have been influenced by partial gastrectomy and long-term metformin use, both
of which can impair B12 absorption. However, these factors do not fully explain the markedly
elevated pre-operative serum B12 level, which remains clinically significant and warrants con-
sideration of malignancy, liver disease, haematological disease, autoimmune disease, and mac-
ro-vitamin B12 in the differential diagnosis (Ardeman & Chanarin, 1966; Infante et al., 2021).

This case adds to the limited literature on GISTs associated with persistent, unexplained B12
elevation. While B12 testing is primarily used to detect deficiency, sustained high levels without
supplementation should prompt further investigation, particularly for malignancy. Early recogni-
tion may allow timely intervention and improve patient outcomes.

CONCLUSION
Persistent, unexplained elevation of serum vitamin B12 should prompt careful evaluation for
underlying disease, including malignancy, liver disease, haematological disorders, autoimmune
conditions, and macro-vitamin B12. In this case, markedly elevated B12 in the absence of sup-
plementation prompted further investigation and was associated with the diagnosis of a gas-
trointestinal stromal tumour. This case highlights the importance of not dismissing unexplained
hypercobalaminaemia as an incidental laboratory finding.
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ABSTRACT

Natural therapeutic resources, including mineral waters, thermal springs, therapeutic muds,
and bioactive natural compounds, play an important role in health promotion, disease preven-
tion, and rehabilitation. Despite their long-standing application, the systematic integration of
their chemical characterization, biological mechanisms of action, and clinical efficacy remains
limited, restricting their evidence-based implementation in modern healthcare systems.

The present study aims to provide a comprehensive analysis of the chemical and biological
foundations of natural therapeutic resources and to propose a novel translational-integrated
conceptual framework for their evidence-based implementation in contemporary healthcare.
The study is based on an interdisciplinary synthesis of current evidence from medical chemistry,
biochemistry, balneology, translational medicine, integrative medicine, and public health.

This paper introduces a novel conceptual framework that bridges the chemical character-
ization of natural therapeutic resources with their molecular and physiological mechanisms of
action, clinical evidence, and integration into public health practice. Particular attention is given
to the ionic composition, trace element profiles, dissolved gases, and bioactive constituents of
mineral waters and other natural therapeutic factors, together with the biological mechanisms
underlying their therapeutic effects. The role of translational medicine in transforming molecu-
lar and experimental findings into clinical applications is discussed, as well as the contribution
of integrative medicine to achieving an evidence-based synergy between natural and conven-
tional therapeutic approaches. The proposed framework may serve as a foundation for future
standardization, personalized balneological interventions, and evidence-based policy develop-
ment in natural therapeutic resource management.

The analysis demonstrates that the effective and safe clinical implementation of natural
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therapeutic resources requires standardized translational strategies, interdisciplinary collab-
oration, and the incorporation of personalized medicine principles. The proposed conceptual
framework provides a scientific foundation for the standardization, evidence-based application,
and effective integration of natural therapeutic resources into contemporary healthcare systems.
Collectively, the proposed framework contributes to advancing translational and integrative
medicine by establishing a systematic bridge between chemical characterization, mechanistic
evidence, clinical validation, and public health implementation of natural therapeutic resources.

From Natural Therapeutic Resources to Evidence-Based Healthcare:
The Role of Medical Chemistry, Translational and Integrative Medicine

A Narrative Review
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Graphical Abstract

Graphical Abstract. Conceptual overview of the proposed translational-integrated frame-
work illustrating the progression from chemical characterization of natural therapeutic resourc-
es through biological mechanisms and clinical validation to evidence-based healthcare imple-
mentation. The graphical abstract summarizes the multidisciplinary workflow proposed in this
review and highlights the integration of medical chemistry, translational medicine, precision
balneology, and public health.

KEYWORDS: natural therapeutic resources; balneology; translational
medicine; integrative medicine; medical chemistry; personalized medicine

1. INTRODUCTION
Natural therapeutic resources, including mineral waters, thermal waters, therapeutic muds
(peloids), and various bioactive natural compounds, have been used for centuries for health pro-
motion, disease prevention, and rehabilitation (Nasermoaddeli & Kagamimori, 2005; Fioravanti
et al., 2011; Karagiille & Karagiille, 2022). In modern healthcare, where increasing attention is
directed toward natural, minimally invasive, and patient-centered therapeutic approaches, these
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resources have regained considerable medical and public health importance (World Health Or-
ganization, 2013).

Despite their widespread use, scientific evaluation of the efficacy and safety of natural ther-
apeutic resources remains fragmented. Existing studies frequently focus on individual aspects—
chemical composition, biological activity, or clinical outcomes—while comprehensive integration
of these domains remains limited. Furthermore, the lack of standardization, uncertainties re-
garding therapeutic dosing, and the limited availability of high-quality clinical evidence continue
to restrict their evidence-based incorporation into contemporary healthcare systems (Cheleschi
et al., 2020; Karagiille & Karagiille, 2022).

Addressing these limitations requires a translational medicine approach, which facilitates
the effective translation of discoveries from fundamental sciences into clinical practice. Such an
approach enables systematic integration of the chemical characterization of natural therapeu-
tic resources with their biological mechanisms and clinical outcomes (Woolf, 2008; Rubio et al.,
2010; National Center for Advancing Translational Sciences, 2024). At the same time, integrative
medicine provides a framework for combining evidence-based natural therapies with conven-
tional medical interventions to achieve patient-centered healthcare (World Health Organization,
2013; Snyderman & Yoediono, 2021).

Among natural therapeutic resources, balneological factors, particularly mineral waters, rep-
resent highly complex natural systems characterized by diverse ionic compositions, trace ele-
ments, dissolved gases, and bioactive constituents. These physicochemical characteristics de-
termine their biological activity and therapeutic potential (Cheleschi et al., 2020; Fioravanti et al.,
2011). Consequently, understanding the mechanisms underlying their clinical effects requires an
interdisciplinary perspective that integrates medical chemistry, biochemistry, clinical medicine,
balneology, environmental sciences, and public health (Karagiille & Karagiille, 2022).

The present study aims to provide a systematic analysis of the chemical and biological foun-
dations of natural therapeutic resources and to evaluate their translational integration into con-
temporary medical practice. Beyond reviewing current scientific evidence, this paper proposes
a novel translational-integrated conceptual framework that systematically links chemical char-
acterization, molecular mechanisms, biological responses, clinical implementation, and public
health applications. The proposed framework seeks to bridge existing gaps between laborato-
ry research and evidence-based clinical practice, providing a scientific basis for the standard-
ization, clinical validation, and future integration of natural therapeutic resources into modern
healthcare systems.

To the best of our knowledge, few previous reviews have attempted to comprehensively in-
tegrate medical chemistry, balneology, translational medicine, integrative medicine, and public
health into a unified conceptual framework for natural therapeutic resources.

2. THEORETICAL BACKGROUND
2.1. Classification of Balneological Resources

Natural therapeutic resources comprise a diverse group of balneological factors that dif-
fer in their origin, physicochemical characteristics, and biological mechanisms of action. Their
classification is based on physical parameters, chemical composition, and therapeutic appli-
cations, providing the foundation for standardized evaluation, scientific characterization, and
evidence-based clinical use (Nasermoaddeli & Kagamimori, 2005; Karagiille & Karagiille, 2022).

The principal categories of balneological resources include mineral waters, thermal waters,
and therapeutic muds (peloids), all of which are widely utilized in balneology, rehabilitation
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medicine, preventive medicine, and spa therapy. Although these resources differ in composition
and physical properties, they share the common characteristic of exerting therapeutic effects
through complex interactions between chemical, physical, and biological factors (Fioravanti et
al., 2011; Cheleschi et al., 2020).

Mineral waters are primarily classified according to their dominant chemical constituents
and ionic composition. They are characterized by varying concentrations of sodium (Na*), calci-
um (Ca2*), magnesium (Mg?*), bicarbonate (HCO;), sulfate (S0,2-), chloride (Cl), and other dis-
solved ions. The relative proportions of these components determine both the hydrochemical
classification of the water and its physiological and therapeutic properties (Nasermoaddeli &
Kagamimori, 2005; Cheleschi et al., 2020).

Thermal waters are additionally categorized according to temperature and geothermal ori-
gin. Beyond their chemical composition, their elevated temperature contributes substantially to
therapeutic efficacy by improving hemodynamics, enhancing microcirculation, promoting muscle
relaxation, and modulating neuromuscular function. Consequently, thermal therapy combines
physicochemical and thermal mechanisms that act synergistically during treatment (Fioravanti
et al., 2011; Karagiille & Karagiille, 2022).

Peloids represent complex natural matrices composed of mineral particles, organic matter,
and biologically active substances. Their therapeutic properties arise from the combined effects
of chemical composition, thermal retention capacity, and mechanical characteristics. Peloid
therapy is widely employed in the management of inflammatory disorders, musculoskeletal dis-
eases, degenerative conditions, and rehabilitation programs due to its multifactorial biological
effects (Fioravanti et al., 2011; Galvez et al., 2018).

Therefore, the classification of balneological resources constitutes a fundamental prerequi-
site for their chemical characterization, mechanistic investigation, clinical standardization, and
evidence-based therapeutic application (Cheleschi et al., 2020).

2.2. Chemical Composition of Natural Therapeutic Resources

The biological and clinical potential of natural therapeutic resources is largely determined
by their chemical composition, which includes major ions, trace elements, dissolved gases, and
biologically active organic compounds. This chemical profile forms the basis for the classifica-
tion of natural therapeutic resources and largely determines their biological activity and clinical
applicability (Cheleschi et al., 2020).

In mineral waters, the dominant ionic composition is primarily represented by calcium (Ca2*),
magnesium (Mg2*), sodium (Na*), bicarbonate (HCO;"), sulfate (50,2-), and chloride (Cl-). Varia-
tions in the concentration and relative proportions of these ions define both the hydrochemical
type of the water and its physiological characteristics. Different ionic profiles are associated with
distinct biological responses, influencing electrolyte homeostasis, acid-base balance, metabolic
regulation, and cardiovascular function (Grober et al., 2015; de Baaij et al., 2015; Peacock, 2010).

In addition to major ions, natural waters frequently contain trace elements such as iron (Fe),
zinc (zZn), selenium (Se), and iodine (1). Although present at relatively low concentrations, these
micronutrients participate in numerous enzymatic, endocrine, immune, and antioxidant process-
es, thereby contributing to the overall biological activity of mineral waters (Gréber et al., 2015).

Dissolved gases constitute another important component of the chemical profile. Carbon
dioxide (CO,) and hydrogen sulfide (H,S) are among the most extensively investigated gaseous
constituents due to their significant physiological effects. Carbon dioxide promotes vasodilation,
improves peripheral circulation, and enhances tissue oxygen delivery, whereas hydrogen sulfide
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is currently recognized as an endogenous gaseous signaling molecule (gasotransmitter) involved
in vascular regulation, antioxidant defense, and modulation of inflammatory pathways (Kimura,
2020).

The chemical composition of therapeutic muds (peloids) is considerably more complex, con-
sisting of mineral fractions, humic substances, organic compounds, microorganisms, and various
bioactive molecules. The interaction of these components contributes to the unique physico-
chemical properties of peloids and underlies their diverse biological and therapeutic activities
(Cheleschi et al., 2020).

Overall, the chemical composition of natural therapeutic resources provides the molecular
basis for their biological effects and represents a critical determinant of their clinical effica-
cy, standardization, and translational application in modern healthcare (Karagiille & Karagiille,
2022).

2.3. Biological Mechanisms of Action

The biological effects of natural therapeutic resources result from complex interactions
among their chemical constituents, physical properties, and physiological responses. Rather
than acting through a single mechanism, these resources exert multifactorial biological effects
involving numerous molecular pathways and organ systems (Cheleschi et al., 2020).

One of the principal mechanisms involves modulation of inflammatory processes. Numerous
studies suggest that mineral waters, thermal waters, and peloids influence inflammatory sig-
naling by regulating cytokine production, reducing oxidative stress, and activating endogenous
cellular defense mechanisms. These effects contribute to symptom improvement in chronic in-
flammatory and degenerative disorders and may partially explain the clinical benefits observed
in rehabilitation medicine (Fioravanti et al., 2011; Galvez et al., 2018).

Natural therapeutic resources also participate in the regulation of metabolic processes.
Their chemical constituents influence lipid metabolism, glucose homeostasis, electrolyte bal-
ance, mitochondrial function, and energy metabolism, suggesting potential applications in the
management of metabolic disorders and chronic non-communicable diseases (Grdober et al.,
2015; de Baaij et al., 2015).

Furthermore, several natural therapeutic factors affect neuroendocrine regulation, hor-
monal homeostasis, cardiovascular function, and neuromuscular activity. Thermal stimulation,
combined with chemical and mechanical influences, enhances peripheral circulation, improves
tissue oxygenation, facilitates muscle relaxation, and modulates autonomic nervous system ac-
tivity. Collectively, these responses produce a broad physiological adaptation that supports re-
habilitation, functional recovery, and preventive healthcare (Cheleschi et al., 2020; Karagiille &
Karagiille, 2022).

The therapeutic effects of natural resources therefore arise from the synergistic interaction
of chemical, thermal, mechanical, and biological factors rather than from individual components
alone. Understanding these integrated mechanisms is essential for establishing evidence-based
clinical protocols and for facilitating the translational integration of natural therapeutic resourc-
es into modern personalized and integrative medicine (Woolf, 2008; Rubio et al., 2010; Snyder-
man & Yoediono, 2021).

wodlews@yleay wny wayd

189




LOSONION/ARTICLES

2026, 23-24 030b0 II aCMooCanN bNaamanaan

3. METHODOLOGICAL APPROACH AND TRANSLATIONAL FRAMEWORK
3.1. Study Design and Methodological Approach

Study Design

The present study was designed as a structured narrative review integrating and critically
synthesizing evidence from medical chemistry, biochemistry, balneology, translational medicine,
integrative medicine, and public health. The primary objective was to develop a comprehensive
conceptual framework describing the translational integration of natural therapeutic resources
into contemporary healthcare (Woolf, 2008; Rubio et al., 2010).

Although this study was not conducted as a formal systematic review or meta-analysis, the
literature search and selection process followed a structured and transparent methodology in-
spired by the principles of the Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA 2020). This approach was adopted to enhance methodological transparency, re-
producibility, and scientific rigor while allowing conceptual synthesis across multiple scientific
disciplines (Page et al., 2021; National Center for Advancing Translational Sciences, 2024).

Literature Search Strategy

A structured literature search was performed using the following international scientific da-
tabases:

a4 PubMed/MEDLINE

a4 Scopus

»  Web of Science Core Collection

s ScienceDirect

Supplementary searches were additionally conducted using Google Scholar to identify po-
tentially relevant publications that were not indexed in the primary databases.

The review preferentially included studies published between January 2020 and March 2026,
while seminal publications published before 2020 were also incorporated when they provided
fundamental theoretical concepts relevant to balneology, medical chemistry, translational med-
icine, or integrative medicine.

The search strategy combined Medical Subject Headings (MeSH), controlled vocabulary
where applicable, and free-text keywords, including:

4 natural therapeutic resources

»  mineral water

4 thermal water

s balneotherapy

a therapeutic mud

4 peloids

»  medical chemistry

» translational medicine

s integrative medicine

a rehabilitation

s precision medicine

s chemical characterization

» biological mechanisms

Boolean operators (AND, OR) were applied to optimize database retrieval and ensure com-
prehensive identification of relevant publications.
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Eligibility Criteria

Studies were considered eligible when they fulfilled one or more of the following criteria:

4 investigated the chemical composition or physicochemical characteristics of natural
therapeutic resources;

s described molecular, biochemical, or physiological mechanisms of therapeutic action;

» evaluated clinical outcomes associated with balneotherapy or other natural therapeutic
interventions;

s addressed translational medicine, integrative medicine, rehabilitation, or public health
perspectives;

» were published in peer-reviewed international scientific journals.

4 Studies were excluded when they:

s lacked sufficient methodological information;

s consisted only of conference abstracts, editorials, or letters without complete scientific
data;

4 duplicated previously published findings;

» were not directly relevant to the objectives of the present review.

The overall literature identification strategy used in the present review is summarized in
Table 1.

Table 1. Summary of the literature search strategy and eligibility criteria applied in the present
structured narrative review.

Representative Search Publication

Database Terms Period Language Document Types

"natural therapeutic re-

sources", "mineral water" . . .
PubMed/ " ! W i ek : Original articles, reviews,
MEDLINE _balneothe_ra}py", "tcransla 2020-2026 English clinical studies

tional medicine", "integra-

tive medicine"
"natural therapeutic

Scopus resources” AND "chemical 2020-2026* English Research articles, reviews

characterization"; "balneo-
therapy"; "rehabilitation"

"natural therapeutic
Web of Science resources"; "translation-
Core Collection | al medicine"; "biological
mechanisms"

2020-2026* English Research articles, reviews

"mineral water", "thermal
ScienceDirect | water", "peloids", "medical | 2020-2026* English Research articles, reviews
chemistry"

Supplementary searches
Google Scholart | using combinations of the | 2020-2026* English
above keywords

Additional peer-reviewed
literature

* Landmark publications published before 2020 were additionally included when considered fundamental to the
theoretical background of balneology, translational medicine, or integrative medicine.
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t Google Scholar was used only as a supplementary source to identify additional peer-re-
viewed publications not retrieved through the primary databases.

Note. The literature search was conducted using predefined keywords and database-specific
search strategies. Retrieved publications were screened according to predefined eligibility cri-
teria and subsequently synthesized using a thematic analytical approach. As the present study
represents a structured narrative review, the search strategy was designed to maximize compre-
hensiveness rather than perform a formal systematic review or meta-analysis.

Literature Selection and Data Synthesis

Retrieved publications were systematically screened according to the predefined eligibility
criteria through title, abstract, and full-text evaluation. Priority was given to recent high-quality
publications presenting mechanistic, translational, or clinical evidence related to natural thera-
peutic resources.

The selected literature was synthesized using a thematic analytical approach based on five
predefined domains:

a2 chemical characterization;

»  molecular and biological mechanisms;
4 clinical evidence;

» translational implementation;

2 public health integration.

Rather than quantitatively pooling results, the objective of the analysis was to integrate
evidence from diverse scientific disciplines into a coherent conceptual framework. The themat-
ic synthesis provided the scientific foundation for the development of the proposed Transla-
tional-Integrated Framework for Natural Therapeutic Resources, systematically linking chemical
characterization, mechanistic evidence, clinical applications, and public health implementation
(Woolf, 2008; Rubio et al., 2010).

The literature search was designed to ensure comprehensive coverage of current scientific
evidence relevant to the objectives of the present conceptual review. The search strategy was
developed collaboratively by the authors and refined iteratively to maximize sensitivity and rel-
evance.

3.2. Translational Medicine Framework

One of the central contributions of the present review is the development of a Translational
Medicine Framework illustrating the sequential progression of scientific knowledge from funda-
mental chemical characterization to evidence-based clinical implementation. The framework fol-
lows the classical bench-to-bedside paradigm while incorporating additional public health and
integrative medicine dimensions specifically relevant to natural therapeutic resources (Woolf,
2008; Rubio et al., 2010; National Center for Advancing Translational Sciences, 2024).

The proposed translational pathway consists of four interconnected levels:

Chemical Level

Comprehensive characterization of natural therapeutic resources through hydrochemical
profiling, including the identification of major ions, trace elements, bioactive metabolites, dis-
solved gases, organic constituents, and other bioactive compounds responsible for their physi-
cochemical properties.
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Biological Level

Investigation of molecular, cellular, and physiological mechanisms underlying therapeutic
activity, including inflammatory modulation, oxidative stress regulation, metabolic adaptation,
neuroendocrine responses, vascular function, and tissue regeneration.

Clinical Level

Translation of mechanistic evidence into clinical practice through therapeutic validation,
optimization of treatment protocols, individualized dosing strategies, rehabilitation medicine,
disease prevention, and evidence-based clinical applications.

Public Health Level

Integration of scientifically validated natural therapeutic resources into healthcare systems
as preventive, complementary, and rehabilitation interventions, contributing to population
health, health promotion, healthy ageing, and personalized healthcare strategies (World Health
Organization, 2013; Snyderman & Yoediono, 2021).

The proposed framework establishes a continuous translational pathway linking laborato-
ry discoveries with clinical implementation and public health practice. By integrating chemical
characterization, mechanistic validation, clinical evidence, and healthcare implementation with-
in a single conceptual structure, the model provides a systematic basis for the evidence-based
utilization of natural therapeutic resources (Woolf, 2008; National Center for Advancing Transla-
tional Sciences, 2024).

The overall Translational-Integrated Framework is presented schematically in Figure 1.

Figure 1. Translational-Integrated Framework for Natural Therapeutic Resources.

Proposed conceptual framework illustrating the translational continuum from the chemical
characterization of natural therapeutic resources to their evidence-based clinical and public
health implementation. The framework integrates four interconnected domains—Chemical, Bi-
ological, Clinical, and Public Health—demonstrating how physicochemical profiling, molecular
mechanisms, clinical validation, and healthcare implementation contribute to the standardized
and personalized use of natural therapeutic resources.

CHEMICAL LEVEL BIOLOGICAL LEVEL CLINICAL LEVEL PUBLIC HEALTH LEVEL M
‘ % _ / /o224 P
. : : ! [
i S ,// - . T 4

| Chemical Characterization Biological Mechanisms Clinical Validation Implementation & Integration Evidence-Based,
| in Healthcare Safe, and Sustainable
s Hydrochamical snalysic s Maolsculsr intsractinng = Clinkeal trisle » Integrative medicing Use of Natural
*» Major/minor ehements » v Anticmidant effects ‘ = Symptom improvernent * + ParsoraBend dpproeeli * Thl:ra.pe:itic
| Trace elomants = Anti-inflammatory effects = Functional cutcomes o h don R &
| + Gases (Hy5, €Oy, ete) + Immunamodulation = Quality of life . um“':'m et
» Physical properties » Microcirculation » Salely and tolerability Poli
. cy and regulation -
| (oM temperature, + Collular signaling » Comparsiive studies « Sustainabiity BENEFITS
rrinaralization) + Gene expression » Education and training * Improved patient outcomes
+ Reduced healthcare costs
| KEY QUTPUT KEY QUTPUT KEY QUTPUT KEY QUTPUT § x::l“u’ ”r‘;:f
Chamical profile and Understanding of Evidence of efficacy and Evidence-based integration i public
standardization of mechanisms and safety in specific into healthcare and rengthened pubic
natural therapeutic biological targets indications public health systems * Advancement of
TESCUNCes integrative medine
a CROSS-CUTTING FOUNDATIONS
7% Interdiscplinary f Research and Quality Control and = Dota Integration and Ethics, Safety
& & Collaboration 32 Innovation Standardization E Digital Health e Regulation
TRANSVERSAL ENABLERS: Al . § OMICS = @ GI5 - DIGITAL HEALTH = @ PRECISION MEDICINE ‘

Source: Authors' conceptual framework based on the reviewed literature.
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3.3. Integrated Analytical Approach

The present study employs an integrated analytical approach that combines evidence from
multiple scientific disciplines into a unified conceptual framework. This methodology enables
natural therapeutic resources to be evaluated not only according to their individual chemical
constituents but also through the synergistic interactions among their chemical, biological,
physical, and clinical characteristics (Cheleschi et al., 2020; Karagiille & Karagiille, 2022).

The integrated analysis incorporates several complementary components:

a correlation between chemical profiles and biological mechanisms of action;

a4 comparative evaluation of clinical outcomes associated with different categories of

natural therapeutic resources;

a assessment of interactions between conventional medical therapies and natural

therapeutic interventions;

4 identification of current knowledge gaps and translational barriers limiting evidence-

based clinical implementation.

Considering the inherently complex nature of natural therapeutic resources, where multiple
physicochemical factors simultaneously contribute to biological responses, an interdisciplinary
analytical perspective is essential. Such an approach facilitates a more comprehensive under-
standing of therapeutic mechanisms and supports the development of standardized clinical pro-
tocols based on robust scientific evidence.

Furthermore, the integrated analytical strategy provides the methodological foundation for
the proposed Translational-Integrated Framework, enabling systematic integration of chemical
characterization, mechanistic evidence, clinical validation, personalized medicine, and public
health implementation. By bridging traditionally separate scientific disciplines, the framework
strengthens the evidence base supporting the incorporation of natural therapeutic resources
into modern translational and integrative medicine (Woolf, 2008; Rubio et al., 2010; Snyderman
& Yoediono, 2021).

4. RESULTS AND ANALYSIS
4.1. Chemical Profile and Biological Effects

The chemical composition of natural therapeutic resources represents one of the principal
determinants of their biological activity. The concentration and interaction of major ions, trace
elements, dissolved gases, and bioactive organic compounds collectively influence a wide range
of physiological responses at both the cellular and systemic levels (Cheleschi et al., 2020; Fiora-
vanti et al., 2011).

Magnesium-rich (Mg2*) mineral waters are associated with stabilization of the nervous sys-
tem, reduction of muscle spasms, and stress-relieving effects. These biological activities can be
attributed to magnesium's role as a cofactor in more than 300 enzymatic reactions. Magnesium
participates in ATP-dependent biochemical processes, neuromuscular transmission, calcium
channel regulation, and modulation of N-methyl-D-aspartate (NMDA) receptors, thereby con-
tributing to neuronal stability and muscle function (Grober et al., 2015; de Baaij et al., 2015).

Calcium-containing (Ca2*) mineral waters play a fundamental role in bone metabolism
and intracellular signaling. Calcium is essential for skeletal mineralization, muscle contraction,
neurotransmitter release, and numerous intracellular signaling pathways. Consequently, calci-
um-rich waters may contribute to the maintenance of bone homeostasis and the regulation of
osteometabolic processes (Peacock, 2010).

Sodium (Na*) and chloride (Cl-) ions are essential regulators of osmotic balance, extracellu-
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lar fluid volume, and electrolyte homeostasis. Their physiological functions provide the rationale
for the therapeutic application of sodium-rich mineral waters in selected metabolic and hydro-
electrolytic disorders (Nasermoaddeli & Kagamimori, 2005).

Dissolved gases also exert important biological effects. Carbon dioxide (CO,)-rich mineral
waters improve peripheral blood circulation, enhance microvascular perfusion, and promote va-
sodilation through local pH alterations and endothelial responses. These mechanisms contrib-
ute to improved tissue oxygenation and cardiovascular function (Fioravanti et al., 2011).

Hydrogen sulfide (H,S) has emerged as one of the most extensively investigated gaseous sig-
naling molecules (gasotransmitters) in modern physiology. It participates in vascular regulation,
modulation of inflammatory responses, and protection against oxidative stress. Its biological
activity has been associated with regulation of the NF-kB signaling pathway, enhancement of
endogenous antioxidant defenses, and suppression of pro-inflammatory cytokine production
(Kimura, 2020).

In therapeutic muds (peloids), clinical efficacy results from the synergistic interaction be-
tween thermal and chemical factors. Their mineral, organic, and biologically active components
have been associated with induction of heat shock proteins, downregulation of pro-inflamma-
tory cytokines, modulation of pain pathways, and stimulation of tissue repair and regeneration
(Galvez et al., 2018; Cheleschi et al., 2020).

Collectively, these findings demonstrate that the chemical profile of natural therapeutic re-
sources constitutes the molecular basis of their biological and clinical effects. Consequently,
comprehensive chemical characterization represents a prerequisite for their evidence-based
translational implementation and clinical standardization (Karagiille & Karagiille, 2022). The
principal chemical constituents, proposed biological mechanisms, and potential clinical rele-
vance of natural therapeutic resources are summarized in Table 2.

Table 2. Major Chemical Constituents of Natural Therapeutic Resources, Their Biological Mechanisms,
Clinical Relevance, Level of Evidence, and Representative References

Coﬂegnr:;?]lt / Primary Biological Potential Clinical Level of Representative
Fgctor Mechanisms Relevance Evidence* References
ATP-dependent
enzymatic activ- Stress reduction; de Baaij et al,,
. 4y | ity; NMDA recep- muscle relaxation; o 2015; Grober et al.,
Magnesium (Mg?*) tor modulation; neuromuscular stabi- Moderate-High 2015; Costello et
neuromuscular lization al., 2016
regulation
Intracellular
signaling; bone Bone health support; .
Calcium (Ca?*) | metabolism; osteometabolic reg- | High Peacock, 2010;
. . Ross et al., 2011
neurotransmitter | ulation
release
. . Osmotic balance; Electrolyte homeo-
Sc(;ﬁ:,urmg\(lg[))/ extracellular fluid | stasis; metabolic Moderate Verbalis et al., 2013
regulation support
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Bicarbonate
(HCo;Y)

Acid-base buffer-
ing; modulation of
gastric secretion

Gastrointestinal func-
tional support

Moderate

Sulfate (S0,27)

Detoxification
pathways; diges-
tive stimulation

Hepatobiliary and
digestive support

Low-Moderate

Nasermoaddeli &
Kagamimori, 2005

Carbon Dioxide

Vasodilation;
enhancement of

Cardiovascular reha-
bilitation; peripheral

Moderate-High

Forestier et al.,

Fraction

protein induction

eration

(co,) microcirculation circulation improve- 2014
ment
NF-kB modulation; .. s
Hydrogen Sulfide | antioxidant signal- Anti |nﬂammatow Wang, 2912' Kimu
(H,S) ing: anti-inflamma- therapy; vascular Moderate ra, 2020; Szabo,
2 toi'/ offects protection 2017
Enzymatic cofactor
Trace Elements | activity; endocrine | Endocrine support; .
(zn, Se, Fe, 1) and immune regu- | immune modulation High Prasad, 2013
lation
Thermal retention; | o o qyction; mus-
Peloid Mmeral mineral transfer; culoskeletal rehabil- | Moderate Fioravanti et al.,
Fraction enhancement of itation 20M
local circulation
. . Cytokine modula- | Anti-inflammatory
Peloid Organic tion; heat shock effects; tissue regen- | Moderate Galvez et al., 2018

Evidence levels were qualitatively assigned based on the consistency, methodological qual-
ity, and overall strength of currently available mechanistic, preclinical, translational, and clinical
evidence. The proposed classification is intended solely for conceptual comparison and does not
represent a formal evidence grading system (e.g., GRADE).

4.2, From Biological Mechanisms to Clinical Applications

The biological mechanisms underlying the activity of natural therapeutic resources are di-
rectly reflected in their clinical applications. These resources are widely incorporated into reha-
bilitation medicine, particularly in the management of chronic diseases and functional disorders
(Karagiille & Karagiille, 2022).

Mineral waters have demonstrated therapeutic value in the management of functional gas-
trointestinal disorders, metabolic syndrome, and selected endocrine conditions. Similarly, ther-
mal waters and therapeutic muds are extensively applied in the treatment of musculoskeletal
diseases, including osteoarthritis and inflammatory arthropathies, where their thermal, chem-
ical, and mechanical effects act synergistically to reduce pain, improve mobility, and enhance
functional recovery (Fioravanti et al., 2011; Cheleschi et al., 2020).

Natural therapeutic resources also play an increasingly important role in preventive medi-
cine. Their application has been associated with stress reduction, immune support, improvement
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of general well-being, and promotion of healthy aging. These preventive effects are particularly
relevant within contemporary healthcare systems that increasingly emphasize disease preven-
tion, health promotion, and patient-centered care (World Health Organization, 2013; Snyderman
& Yoediono, 2021).

Current scientific evidence indicates that the strongest clinical support exists for the use
of natural therapeutic resources in musculoskeletal rehabilitation, chronic pain management,
and functional metabolic disorders. Nevertheless, growing interest has also emerged regarding
their preventive and wellness-oriented applications. Despite these promising findings, further
standardized, high-quality clinical trials are required to strengthen the evidence base supporting
their broader implementation in evidence-based medicine (Karagiille & Karagiille, 2022).

4.3. Translational Links and Current Gaps

Despite substantial progress in understanding the chemistry and biology of natural thera-
peutic resources, their translation into standardized clinical practice remains incomplete. One
of the major challenges is the lack of standardized classification and characterization systems,
which complicates comparisons among studies and limits the development of universally ac-
cepted clinical recommendations (Cheleschi et al., 2020).

Another important limitation concerns therapeutic dosing. The biological and clinical effects
of natural therapeutic resources depend not only on their chemical composition but also on
treatment duration, administration protocols, exposure conditions, and individual patient char-
acteristics. Considerable heterogeneity among existing clinical studies further complicates the
interpretation of available evidence (Karagiille & Karagiille, 2022).

A significant translational barrier also exists between basic scientific research and clinical
implementation. Although numerous chemical and biochemical investigations have identified
molecular mechanisms underlying the biological activity of natural therapeutic resources, these
findings are only rarely translated into standardized clinical protocols or evidence-based ther-
apeutic guidelines. Conversely, clinical observations are frequently disconnected from detailed
mechanistic investigations, limiting the development of scientifically validated therapeutic strat-
egies (Woolf, 2008; Rubio et al., 2010).

Collectively, these limitations highlight the urgent need for standardized translational frame-
works capable of integrating chemical characterization, mechanistic validation, clinical evidence,
and healthcare implementation. Addressing these translational gaps will be essential for estab-
lishing natural therapeutic resources as evidence-based components of modern integrative and
personalized medicine (Topol, 2019; Snyderman & Yoediono, 2021).

Figure 2. Evidence Landscape for the Clinical Translation of Natural Therapeutic Resources.

Conceptual illustration of the evidence continuum supporting the translational integration
of natural therapeutic resources into modern healthcare. The framework depicts the sequential
progression from hydrochemical characterization and mechanistic investigations through pre-
clinical validation, clinical research, systematic evidence synthesis, and guideline development
to evidence-based clinical implementation. The model emphasizes that successful translation
from bench to bedside requires standardized chemical characterization, high-quality mechanistic
and clinical evidence, multidisciplinary collaboration, and personalized therapeutic strategies to
achieve safe, effective, and sustainable integration into healthcare systems.

wodlews@yleay wny wayd

197




LOSONION/ARTICLES

2026, 23-24 030b0 II atMooCdnn bN3amadndan

LEVEL OF EVIDENCE DESCRIPTION EVIDENCE STRENGTH
Characterization of natural FOUNDRTIONAL
therapeutic resources including

&0 1. CHEMICAL ienic composition, trace el *—  EVIDENCE

STUDIES dissolved gases, organic compounds, (Lowest)

and physico-chemical properties.
Investigation of molecular and

ﬁ' 2. MECHANISTIC  cellular mechanisms of action, o PRECLINICAL
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\\ S preclinical animal models,
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4. CLINICAL rsoahiiat bl e . cunea
TRIALS outcomes in human clinical EVIDENCE
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5. SYSTEMATIC oo o d +_ STRONG
Q REVIEWS Il effecti consistency EVIDENCE

and quality of evidence.
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6. GUIDELINES guidelines, protocols, and standards o VERY STRONG
& STANDARDS by scientific societies and EVIDENCE
regulatory authorities.
..... gration into clinical practice, HIGHEST
7. IMPLEMENTATION  pubic health programs, and e EVIDENCE
E E IN PRACTICE integrative medicine for (Highest)
improved patient outcomes.

Evidence-based, safe, effective, and sustainable use of
‘ O ULTIMATE GOAL ‘ natural therapeutic resources for improved health outcomes.

The figure was developed by the authors based on the conceptual synthesis of the reviewed
literature.

5. INTEGRATIVE MEDICINE MODEL _
5.1. Concept of Integrative Medicine and the Proposed Translational-Integrated
Framework

Modern healthcare is increasingly founded on a patient-centered paradigm that integrates
disease treatment, prevention, rehabilitation, and the promotion of long-term health and
well-being. Within this context, integrative medicine represents an evidence-informed approach
that combines conventional medical practice with scientifically validated complementary thera-
peutic interventions to address the individual needs of patients through personalized and holis-
tic care (World Health Organization, 2013; Snyderman & Yoediono, 2021).

The effective incorporation of natural therapeutic resources into contemporary healthcare
requires a translational framework capable of systematically linking chemical characterization,
biological mechanisms, clinical evidence, and healthcare implementation. Although substantial
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progress has been achieved in understanding the chemistry and biological activity of natural
therapeutic resources, the translation of this knowledge into standardized clinical practice re-
mains fragmented (Woolf, 2008; Rubio et al., 2010).

To address this challenge, the present study proposes a novel Translational-Integrated
Framework for Natural Therapeutic Resources, designed to bridge fundamental research with
evidence-based clinical implementation (National Center for Advancing Translational Sciences,
2024). The proposed model consists of four interconnected levels:

1. Chemical Level - comprehensive characterization of natural therapeutic resources through
analysis of their ionic composition, trace element profile, dissolved gases, and bioactive constit-
uents.

2. Biological Level - investigation of molecular, cellular, and physiological mechanisms re-
sponsible for therapeutic activity, including inflammatory modulation, metabolic regulation, ox-
idative stress responses, vascular function, and neuroendocrine signaling.

3. Clinical Level - translation of mechanistic evidence into clinical practice through ther-
apeutic validation, optimization of treatment protocols, individualized dosing strategies, and
development of standardized clinical guidelines.

4, Public Health Level - implementation of scientifically validated natural therapeutic re-
sources into preventive medicine, rehabilitation programs, personalized healthcare, and sus-
tainable public health strategies (World Health Organization, 2013).

Unlike conventional reductionist approaches that evaluate isolated chemical constituents,
the proposed framework is based on the concept that the therapeutic efficacy of natural thera-
peutic resources arises from the synergistic interaction of their chemical, physical, and biological
properties. Consequently, their evaluation should integrate biomedical, biochemical, environ-
mental, and biopsychosocial perspectives within a unified translational model (Cheleschi et al.,
2020; Karagiille & Karagiille, 2022).

By establishing systematic links between laboratory discoveries and clinical implementa-
tion, this framework provides a conceptual foundation for the scientific standardization and
evidence-based integration of natural therapeutic resources into modern healthcare systems
(Woolf, 2008; Rubio et al., 2010).

5.2. Practical and Regional Significance of the Proposed Model
The proposed Translational-Integrated Framework provides a comprehensive conceptual
basis for the scientific validation, standardization, and clinical implementation of natural ther-
apeutic resources (Karagiille & Karagiille, 2022). Its application has the potential to strengthen
both research methodologies and evidence-based healthcare practices by facilitating:
a systematic chemical and biological characterization of natural therapeutic resources;
» development of standardized, evidence-based clinical protocols;
a promotion of interdisciplinary collaboration among chemists, biochemists, clinicians,
environmental scientists, and public health specialists;
» advancement of personalized, preventive, and rehabilitation-oriented therapeutic
strategies;
a integration of natural therapeutic resources into modern healthcare systems through
evidence-based translational medicine.
Beyond its scientific value, the proposed framework has particular relevance for regions
possessing abundant balneological resources. Countries rich in mineral waters, thermal springs,
therapeutic muds, and other natural therapeutic factors have unique opportunities to translate
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their natural assets into evidence-based healthcare innovations, sustainable medical tourism,
and regional health development (World Health Organization, 2013).

This perspective is especially relevant to the Caucasus region, where exceptional geological
diversity has resulted in a remarkable concentration of natural therapeutic resources. The sys-
tematic implementation of the proposed framework may support not only scientific research
and clinical innovation but also public health promotion, regional economic development, and
the sustainable utilization of natural therapeutic resources.

Ultimately, the proposed model provides a platform for future interdisciplinary research
aimed at establishing internationally harmonized standards for the characterization, clinical
evaluation, and translational implementation of natural therapeutic resources within the frame-
work of personalized and integrative medicine (Topol, 2019; Snyderman & Yoediono, 2021).

6. DISCUSSION

The findings presented in this review demonstrate that natural therapeutic resources pos-
sess considerable potential for application in modern healthcare. However, their effective inte-
gration into evidence-based clinical practice remains constrained by several scientific and prac-
tical challenges. The remarkable diversity of their chemical composition and biological activity
simultaneously provides broad therapeutic opportunities while creating significant difficulties in
terms of standardization, therapeutic dosing, reproducibility, and optimization of clinical imple-
mentation (Cheleschi et al., 2020; Karagiille & Karagiille, 2022).

One of the principal limitations is the intrinsic heterogeneity of natural therapeutic resourc-
es, which results from differences in geological origin, hydrochemical conditions, environmental
factors, and local ecological characteristics. This variability complicates the establishment of
standardized quality criteria, limits the comparability of clinical studies, and hinders the devel-
opment of universally accepted therapeutic recommendations. Consequently, the existing body
of evidence often remains insufficient for the formulation of high-level evidence-based clinical
guidelines (Karagiille & Karagiille, 2022).

From the perspective of translational medicine, one of the major barriers is the incomplete
linkage between molecular mechanisms and clinical outcomes. Although numerous chemical
and biochemical investigations have significantly improved our understanding of the mecha-
nisms underlying the biological activity of natural therapeutic resources, these discoveries are
only rarely translated into standardized therapeutic protocols or clinical decision-making algo-
rithms. This observation indicates that an integrated translational pipeline, capable of systemat-
ically connecting chemical characterization, mechanistic validation, and evidence-based clinical
implementation, has not yet been fully established (Woolf, 2008; Rubio et al., 2010).

The current evidence landscape underpinning the translational implementation of natural
therapeutic resources is summarized in Figure 3.

Figure 3. Evidence Landscape for the Clinical Translation of Natural Therapeutic Resources.

Hierarchical representation of the current evidence continuum supporting the clinical implemen-
tation of natural therapeutic resources. The framework illustrates the progression from fundamental
chemical studies through mechanistic and preclinical investigations, clinical trials, systematic reviews,
clinical guidelines, and evidence-based healthcare implementation. The figure highlights the increas-
ing strength of scientific evidence required for successful translational integration and emphasizes
existing knowledge gaps that should be addressed through future multidisciplinary research.
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The figure was developed by the authors based on the conceptual synthesis of the reviewed literature.

Bridging these translational gaps requires stronger interdisciplinary collaboration among
chemists, biochemists, clinicians, balneologists, environmental scientists, and public health
experts. Only through such multidisciplinary cooperation can natural therapeutic resources
be systematically characterized, scientifically validated, and effectively incorporated into evi-
dence-based healthcare (Woolf, 2008).

Within the framework of integrative medicine, natural therapeutic resources appear par-
ticularly promising for the advancement of personalized medicine (Topol, 2019; Snyderman &
Yoediono, 2021). Future therapeutic strategies may allow the selection of specific balneolog-
ical interventions according to individual metabolic, endocrine, inflammatory, and functional
profiles. Such precision-based approaches could substantially improve treatment efficacy while
enhancing patient-centered care and therapeutic individualization.

Particular attention should be directed toward regions characterized by exceptional diversi-
ty and abundance of natural therapeutic resources, including the Caucasus region and Georgia.
Owing to their unique geological, hydrochemical, and bioclimatic characteristics, these regions
represent valuable natural laboratories for translational balneological research. Nevertheless,
realizing this scientific and clinical potential requires the integration of advanced analytical
and digital technologies, including high-resolution chemical profiling, molecular biochemical
analyses, geographic information systems (GIS), artificial intelligence (Al), spatial modeling, and
multi-omics approaches (Topol, 2019).

The Translational-Integrated Framework proposed in the present study may therefore be
considered a promising conceptual model that systematically connects the chemical, biologi-
cal, clinical, and public health dimensions of natural therapeutic resources. Beyond addressing
current translational gaps, the framework provides a scientific basis for the development of
standardized clinical protocols, personalized therapeutic strategies, and future interdisciplinary
research (Rubio et al., 2010; National Center for Advancing Translational Sciences, 2024).

The principal challenges, scientific implications, and future research priorities are summa-
rized in Table 3.
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Table 3. Current Challenges, Scientific Implications, and Future Directions for the Translational
Integration of Natural Therapeutic Resources

Current Challenges

Scientific / Practical Implications

Future Directions / Proposed
Solutions

Resource heterogeneity

Variable chemical composition limits
reproducibility and comparability across
studies

Development of standardized
classification systems, harmo-
nized chemical profiling, and in-
ternational reference databases

Lack of compositional
standardization

Difficulty establishing therapeutic dosing
and clinical protocols

Standardized analytical proto-
cols, ISO-based quality control,
and certified reference materials

Insufficient mechanistic
evidence

Weak linkage between chemical compo-
sition and biological effects

Advanced in vitro/in vivo stud-
ies, molecular pathway analysis,
multi-omics integration (genom-
ics, proteomics, metabolomics)

Limited high-quality
clinical trials

Reduced evidence base for clinical
guidelines

Large-scale multicenter ran-
domized controlled trials (RCTs),
long-term follow-up studies, and
international clinical registries

Fragmented translational
pipeline

Inefficient transfer of laboratory findings
into clinical practice

Integrated translational research
frameworks linking chemistry,
biology, clinical medicine, and
public health

Weak interdisciplinary
collaboration

Limited communication among chemists,
clinicians, balneologists, and environ-
mental scientists

Multidisciplinary research con-
sortia, international collabora-
tive networks, and shared data
platforms

Lack of personalized
treatment algorithms

Uniform treatment protocols may reduce
therapeutic effectiveness

Precision balneology, biomark-
er-guided therapy, and pa-
tient-specific treatment algo-
rithms

Underutilization of
digital technologies

Missed opportunities for prediction,
monitoring, and clinical decision support

Al-assisted chemical profiling,
GIS-based spatial analysis,
machine learning, digital health
platforms, and digital twins

Regulatory and policy
gaps

Limited incorporation into national
healthcare systems

Development of evidence-based
regulatory frameworks, interna-
tional clinical guidelines, and
health policy integration

Limited biomarker
validation

Limited ability to predict individual
therapeutic response, monitor treatment
efficacy, and optimize patient selection

Biomarker-guided precision
balneology, validation of pre-
dictive biomarkers, integration
with multi-omics profiling, and
personalized therapeutic deci-
sion-making

Current Challenges

Scientific / Practical Implications

Future Directions / Proposed
Solutions

Future translational research should also focus on validating predictive biomarkers that may
facilitate patient stratification and precision balneology.
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Future Perspectives. Future research should focus on the integration of artificial intelligence,
multi-omics technologies, biomarker-guided therapeutic strategies, precision balneology, and
digital twin models into the investigation and clinical implementation of natural therapeutic re-
sources. These emerging technologies have the potential to improve chemical characterization,
predict therapeutic responses, optimize personalized treatment protocols, and strengthen evi-
dence-based decision-making in translational and integrative medicine (Topol, 2019).

The principal strength of the present review lies in the integration of medical chemistry,
balneology, translational medicine, integrative medicine, and public health within a single con-
ceptual framework. Unlike conventional narrative reviews focusing primarily on clinical out-
comes, the proposed model systematically links chemical characterization with biological mech-
anisms and evidence-based implementation, thereby providing a multidisciplinary perspective
for future research and healthcare policy.

6.1. Limitations of the Current Evidence Base

Despite the comprehensive analysis presented in this review, several limitations of the
current evidence base should be acknowledged. Considerable heterogeneity exists not only in
the chemical composition of natural therapeutic resources but also in study design, analytical
methodologies, and clinical protocols, making direct comparisons among studies challenging
and limiting the formulation of universally applicable clinical recommendations (Karagiille &
Karagiille, 2022).

Furthermore, many published clinical investigations involve relatively small sample sizes,
insufficient methodological standardization, heterogeneous therapeutic interventions, and vari-
able outcome measures, thereby restricting the generalizability of their findings. Likewise, nu-
merous mechanistic hypotheses proposed in experimental studies still require rigorous valida-
tion through well-designed laboratory investigations and high-quality clinical trials (Cheleschi
et al., 2020).

Accordingly, the Translational-Integrated Framework proposed in the present study should
be regarded as a conceptual model rather than a definitive clinical guideline. Its further refine-
ment and validation will require multicenter, standardized, and evidence-based investigations
integrating chemical, molecular, clinical, and public health research (Woolf, 2008).

Another limitation is that the proposed framework has not yet undergone prospective clini-
cal validation and should therefore be considered a conceptual model requiring future empirical
testing.

7. CONCLUSIONS

Natural therapeutic resources represent an important and multifaceted component of
modern healthcare whose therapeutic potential is fundamentally determined by their unique
chemical composition and diverse biological activities. The present review demonstrates that
their effective and safe implementation requires the integrated evaluation of chemical, biolog-
ical, clinical, and public health evidence within a unified translational framework (Woolf, 2008;
Karagiille & Karagiille, 2022).

This study proposes a novel Translational-Integrated Framework that provides a systematic
scientific basis for the characterization, standardization, validation, and evidence-based inte-
gration of natural therapeutic resources into contemporary healthcare systems. By establishing
a continuous pathway from chemical profiling through mechanistic validation and clinical appli-
cation to public health implementation, the framework addresses critical gaps between funda-
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mental research and clinical practice (Rubio et al., 2010).

The proposed approach is particularly relevant for regions rich in balneological resources,
including the Caucasus region, where natural therapeutic factors represent valuable scientif-
ic, medical, and socioeconomic assets. Their sustainable utilization requires interdisciplinary
collaboration, standardized analytical methodologies, and evidence-based clinical validation
(World Health Organization, 2013).

Future research should prioritize large-scale standardized clinical trials, further mechanis-
tic validation, and the integration of advanced analytical, digital, and personalized medicine
technologies, including artificial intelligence, GIS-based spatial analysis, multi-omics platforms,
and digital health tools to strengthen the translational implementation of natural therapeutic
resources in evidence-based healthcare (Topol, 2019).

The proposed framework may serve as a reference model for future translational research,
international standardization, and evidence-based implementation of natural therapeutic re-
sources within precision and integrative medicine. Beyond its conceptual contribution, the pro-
posed framework may facilitate future international standardization efforts, interdisciplinary
collaboration, and the development of evidence-based clinical guidelines for the safe and per-
sonalized implementation of natural therapeutic resources.
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SUPPLEMENTARY MATERIAL

Supplementary Table S1. Literature Search Strategy Used in the Present Review

This supplementary table summarizes the literature search strategy applied in the present
structured narrative review. The search was designed to ensure comprehensive identification of
peer-reviewed evidence relevant to natural therapeutic resources, medical chemistry, balneolo-
gy, translational medicine, integrative medicine, and public health.
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Database Search Terms (examples) Pul:{l;caar;mn Language Document Type
"natural therapeutic resources" AND Original research
balneotherapy; "mineral water"; articles, systematic

PubMed/MEDLINE "thermal water"; "peloids"; "trans- 2020-2026* English reviews, narrative
lational medicine"; "integrative reviews, clinical
medicine"; "medical chemistry" trials
R

Scopus yater therapy’; chemica 2020-2026* English journal articles
characterization"; "rehabilitation"; A
. .. L and reviews
precision medicine
"natural therapeutic resources";
Web of Science Core | "balneology"; "translational medi- g " . Original articles

Collection cine"; "integrative medicine"; "clini- 2020-2026 English and review papers
cal implementation"

"thermal waters"; "peloids"; "hydro- Research articles
ScienceDirect gen sulfide"; "medical chemistry"; 2020-2026* English and review articles

"rehabilitation"; "public health"

Supplementary searches using

combinations of the above keywords Articles, books,
Google Scholar to identify additional publications, 2020-2026* English reports, policy

books, guidelines, and institutional documents

reports

Search Strategy

The search strategy combined Medical Subject Headings (MeSH), database-specific indexing
terms, and free-text keywords. Boolean operators (AND, OR) were applied to optimize search
sensitivity and specificity. Reference lists of highly relevant review articles were additionally
screened to identify eligible publications that were not retrieved during the primary database
searches.

Eligibility Criteria

Studies were considered eligible if they:

A

A

A

A

A

investigated the chemical composition of natural therapeutic resources;

described molecular or biological mechanisms of therapeutic action;

evaluated clinical outcomes associated with balneotherapy or natural therapeutic
resources;

addressed translational medicine or integrative medicine approaches;

were published in peer-reviewed international journals.

Studies were excluded if they:

4

4

S

>

lacked sufficient methodological information;

were conference abstracts without full-text publication;

duplicated previously published data;

were not directly relevant to the objectives of the present review.

Note

The literature search primarily included publications published between January 2020
and March 2026. Earlier landmark publications were additionally incorporated when consid-
ered essential for understanding the historical development of balneology, medical chemis-
try, translational medicine, or integrative medicine.
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ABSTRACT

The topic of our research is the employment market in Georgian healthcare with artificial
intelligence and digital migration in mind. Artificial intelligence plus machine learning are fields
of computer science in which you create systems that learn from data. Artificial intelligence and
digital services are widely used in the healthcare sector, from automated daily operations to
decision-making. The paper explains how these technologies are changing the employment mar-
ket. Artificial intelligence and digitalization will drive the development of the healthcare industry.
Technology will have a substantial impact on the Georgian medical labor market in 2027-2030.
What place will physical actions, talent, and education have in the healthcare sector? Since ar-
tificial intelligence/machine learning has penetrated the healthcare industry, jobs are changing,
and many will disappear while new ones are created. Healthcare, in particular, has been at the
forefront of that technological progress, using Al/machine learning to expand remote healthcare
services, medical diagnostics, and hospital systems.

The market for Al skills in healthcare is growing at 6 times the rate of any other sector.
However, the introduction of Al/machine learning will require the digitization of work and the
displacement of some employees. Today, the largest industry affected by the Al/machine learn-
ing revolution is healthcare. Hospitals and clinics are using them to improve their performance.
The skills required by employers will change — more data analysis, programming, and analytical
reasoning skills.

Al/machine learning will also automate many tasks, making many employees unemployed.
Medical Al/Machine Learning Engineers, Data Scientists, and Algorithmic Engineers will replace
many fields. To adapt to these changes, employees will need to develop a variety of skills, includ-
ing technical expertise, creativity, and social intelligence.

The research that was conducted is of two types: expert opinion and literature review. The
research indicates that we need to prepare to educate a new type of healthcare professional.
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INTRODUCTION

Artificial intelligence (Al) and digitalization are transforming the global economy at an accel-
erating, unstoppable pace, with major changes expected across all sectors, especially in health-
care. Between 2027 and 2030, digital technologies and the artificial intelligence associated with
them are expected to transform medical care systems. But what will this transformation be like,
and will it really improve patient care ? If it encourages greater process efficiency, it would com-
pletely change the nature of employment in the healthcare sector. In principle, the transforma-
tions can occur together and encompass both directions. But it is likely that if artificial intel-
ligence in healthcare encourages the business efficiency of the system itself, and this is done
precisely by saving and reducing costs, then healthcare specialists will be partially replaced.
Accordingly, we can have 3 hypotheses:

Hypothesis 1: Artificial intelligence is being introduced into healthcare precisely to improve
the efficiency of the medical business model; therefore, it will revalue many roles, create new
opportunities, and require employees to develop new technical and interpersonal skills.

Hypothesis 2: Artificial intelligence will lead to greater operational efficiency in healthcare
and will completely change the nature of employment in the healthcare sector.

Hypothesis 3: Artificial intelligence and digital technologies will result in increased func-
tional efficiency in healthcare, the emergence of new patient needs and the pursuit of their full
satisfaction, and this will completely change the nature of employment in the healthcare sector.

To investigate these hypotheses, we use secondary research — which belongs to the descrip-
tive research design, which is expressed in the fact that we will retrieve and analytically read
the scientific articles and books that have been published in the last five years, and that can be
tracked in the global search engine and international scientific library called Google Scholar.

1. ARTIFICIAL INTELLIGENCE AND DIGITAL TECHNOLOGIES
THAT ARE TRANSFORMING HEALTH CARE SYSTEMS

Many scientific articles suggest that healthcare is entering the fourth industrial revolution.
Unlike previous technological changes that primarily improved medical equipment or hospital
infrastructure, artificial intelligence is fundamentally changing how healthcare knowledge is cre-
ated, interpreted, and used (Jiang et al., 2017).

Healthcare today faces exceptional challenges: These include an aging population, epidem-
ics of chronic diseases, a shortage of doctors and nurses, rising healthcare costs, and adminis-
trative complexity (Gigauri & Djakeli,2021),workforce burnout and the growing demand to move
from mass medicine to individualized medicine (Shaheen, 2021).

In this regard, the information revolution (Koski & Murphy, 2021), which has created new
tools, has great potential to confront these challenges. But like any new innovation, it probably
also carries some risks, and artificial intelligence and digital technologies are addressing most
of these problems, solving problems, and boosting healthcare.

a Automating regular work,

a Improving clinical decision-making,

s Increasing productivity,
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s Expanding access to patients and their segments through digital technologies (Polevikoy,
2023).
The central question of our research is: How will artificial intelligence and digital technol-
ogies change the healthcare employment market, from 2027 to 2030? Our question will also be:
How will artificial intelligence and digital technologies change the local healthcare employment
market in Georgia from 2027 to 2030 (Panch et al., 2019)?
When we read different scientific books and articles, we identify the main themes that most
publications address. These themes are:
a Artificial intelligence-powered medical diagnostics, guided by a professional doctor,
and supported by the extension of this topic ( Al Kuwaiti et al., 2023).

4  Clinical decision support systems, which are now being rapidly developed, can also be
referred to as expert systems (Saraswat et al., 2022).

» Nextareartificial intelligence systems for clinical documentation generation and medical
record storage and usage, which play a major role in consistent medical diagnostics
(Zeb et al., 2024).

s Telemedicine and virtual care are developing very rapidly ( Chinta et al., 2025)

s Process automation ( Talati,2023).

» Digital therapy ( Bouderhem,2024).

s Precision medicine

a»  Workforce Transformation

s Human-Al cooperation

s Ethics and Governance of Artificial Intelligence

The literature also shows that artificial intelligence is identifying new unmet needs in the
medical market, and this topic, which falls under healthcare marketing, will be supported by
strong interest from investment funds and the stock market in paid acquisitions of healthcare
technology companies (Bouderhem, 2024). The literature review shows that the implementation
of technology depends on regulation, compensation, interaction, workforce recruitment, and
organizational readiness (Vaananen et al., 2021).

What changes will artificial intelligence and digitalization bring to healthcare employment?

1.1. The primary changes will be in healthcare
administration (Morley et al., 2021)

Of course, one of the most notable impacts of Al in healthcare will be the automation of rou-
tine administrative tasks. Technologies such as intelligent appointment systems, electronic health
record management, automated medical billing, and Al-based virtual assistants will reduce the
time healthcare professionals spend on documentation. As a result, doctors, nurses, and other
healthcare workers will be able to spend more time caring for patients (Sun & Zhou, 2023).

Of course, healthcare organizations manage large streams of information every day, includ-
ing patient records, financial transactions, insurance claims, workforce schedules, purchasing
data, quality indicators, and regulatory reports (Li, F., Ruijs, N., & Lu, 2022). Artificial intelligence
systems can analyze these datasets in seconds, discover patterns invisible to humans, predict
future events, and automate repetitive administrative processes. Innovative Al applications are
already helping healthcare companies with the following administrative activities (Steerling et
al., 2023):
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s Automated visit planning ( Ejjami, 2024).

s Revenue cycle management

a4 Payment and coding automation

a Electronic Health Record (EHR) Optimization

s Workforce planning

4 Inventory management

4 Supply chain enhancement

a Predictive financial modeling

4 Patient flow optimization

» Forecasting hospital capacity

4 Monitoring conformance with regulatory norms
»  Clinical documentation management

s Population health analytics (Nasir et al., 2024)
» Health risk research and hazard prediction

s Support for strategic planning (Amann et al., 2020).

These technologies significantly reduce administrative workloads while improving organiza-
tional efficiency (Amann et al., 2020). These changes, according to scholars, will lead to a reduc-
tion in certain administrative positions in healthcare. However, this change will inevitably lead
to a new demand - an increase in the demand for professionals who can manage and maintain
digital medical systems (Ejjami, 2024).

Which administration will be more in demand in healthcare? Healthcare administrators are
expected to increasingly focus on issues such as: strategic leadership, organizational transforma-
tion, artificial intelligence leadership, algorithm management, innovation management, digital
transformation of healthcare, ethical supervision, cybersecurity management, human resource
leadership ( Bekbolatova et al., 2024 ) change management, crisis management, patient experi-
ence improvement, healthcare policy implementation, digital quality improvement, value-based
healthcare management, population health strategy. Therefore, we can say that, instead of per-
forming administrative work, future healthcare administrators will oversee intelligent systems
that will handle much of the operational work (Muley et al., 2023).

As the literature analysis shows, the future competencies of a healthcare administrator
should include: a) Artificial Intelligence literacy, b) Data analytics, and ¢) Machine learning fun-
damentals (Shaheen, 2021), d) Predictive analytics, e) Digital transformation management

f) Cybersecurity g) Cloud computing concepts h) Health informatics i) Ethics of artificial in-
telligence j) Data governance |) Digital leadership and so on ( Bekbolatova et al., 2024, January).

1.2. Artificial Intelligence and Clinical Decision Making

Al-assisted diagnostics involves the use of artificial intelligence technologies, including ma-
chine learning, deep learning, and natural language processing (NLP), to analyze medical infor-
mation such as imaging studies, laboratory results, electronic health records (EHRs), genetic
data, and patient histories. These systems observe patterns, assess probabilities, and provide
diagnostic recommendations to improve the speed, accuracy, and consistency of clinical deci-
sion-making (Alowais et al., 2023).

Artificial intelligence will improve clinical decision-making. Machine learning algorithms can
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analyze large volumes of medical data, identify disease patterns, and help healthcare profes-
sionals diagnose diseases more quickly and accurately. Al-driven imaging tools, predictive ana-
lytics, and customized treatment recommendations will become increasingly common. However,
human expertise will remain essential, as healthcare professionals must interpret Al-generated
recommendations, consider ethical issues, and make final clinical decisions based on the pa-
tient's individual needs (Zeb et al., 2024).

But we should not forget that Al-assisted diagnostics have severe limitations ( Al-Antari,
2023). If we do not pay attention to these limitations, the accuracy of the diagnosis itself may be
at risk. What limitations should we respond to appropriately? These are:

4 In healthcare data quality, we must remember that artificial intelligence systems are
only as reliable as the data on which they make diagnoses ( Kulkarni & Singh, 2023).

s Algorithmic Bias what seems to be the same as some Algorithmic Discrimination: an
important topic, refers to systematic mistakes in the design, training, or operation of
artificial intelligence algorithms that produce unfair or inaccurate results for specific
groups of people. These errors typically arise because artificial intelligence systems
learn from historical data. If this data contains current inequalities, omissions, or
distortions, artificial intelligence can reproduce or even amplify them.

We distinguish between a) the consistency of the information being studied, and b) historical
bias; b) Measurability bias; c) Selection bias; d) Labeling bias.

For example, a) an Al system developed using medical images of predominantly middle-aged
European patients may have lower diagnostic performance when assessing patients from East
Asia, say China, Central Africa, say the Democratic Republic of the Congo, or Latin America, say
Argentina, because their clinical characteristics may differ ( Norori et al., 2021).

But here comes another issue, called Historical Algorithmic Bias. Medical systems have his-
torically been characterized by inequities in access to care, diagnosis, and treatment. Al trained
using historical medical records may unintentionally learn from these existing patterns. For ex-
ample, if women have historically been underdiagnosed with cardiovascular disease because
their symptoms often differ from those of men, Al trained on these records may continue to
underestimate women'’s risk of heart disease ( Ueda et al., 2024).

If the training data does not adequately represent varied populations, diagnostic perfor-
mance may vary across demographic groups. There may be a lack of clinical context. Artificial
intelligence may not fully account for factors such as the fact that some advanced Al models
operate as “black boxes,” making it difficult to understand how a particular recommendation was
reached (Duran & Jongsma, 2021).

A good example is Algorithmic Bias in skin cancer assessment — many artificial intelligence
systems for detecting skin cancer are trained primarily on images of light-skinned people. As a
result, these systems commonly perform better at assessing patients with light skin than those
with dark skin. This can cause delayed diagnosis of melanoma in people with dark skin, increas-
ing the risk of advanced disease and poorer outcomes (Nuis, Uren & Jariwala, 2025).

How should the issue of algorithmic prejudice be addressed in clinical practice?

1.3. The black box dilemma is one of the central issues of modern biomedical eth-
ics, as traditional clinical decision-making necessitates clear cause-and-effect rea-
soning, whereas deep learning models make decisions based on complex, multi-lay-
ered parameter structures. One of the main ways to overcome this contradiction is the
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development of explainable artificial intelligence, which not only makes predictions
as well as provides traceability of the decision-making logic and a clinically interpre-
table explanation, including the identification of data and features that influenced a
particular outcome (Panahi, 2025).

To reduce Algorithm Bias, it is necessary to decentralize data collection and model training.
In this context, federated learning is an effective approach in which the algorithm learns from
data among different clinical settings without private data leaving the local system. This method
helps to create increasingly inclusive and demographically balanced models that better reflect
global diversity and reduce the risk of reproducing historical institutional inequalities in the
digital space (Arora et al.,2023).

The digitalization of healthcare will expand remote healthcare services. Telemedicine, re-
mote patient monitoring, wearable health devices, and mobile health apps will allow care pro-
viders to monitor patients outside of traditional clinical settings. This trend could create new
employment opportunities in virtual medical service delivery, while giving healthcare profes-
sionals more flexibility in where and how they work. At the same time, rural and underserved
communities can gain improved entry to healthcare services using online platforms (Agarwal et
al., 2023).

At the same time, Al and digitization in healthcare pose major challenges for the healthcare
workforce. Many employees may need extensive retraining to adjust to rapidly changing tech-
nologies. Healthcare organizations will need to allocate to continuous professional development
to ensure that staff can effectively use Al-based tools and digital systems. Healthcare workers,
including doctors and nurses, who lack digital skills will need significant retraining to manage
the new digital healthcare marketplace (George et al., 2024).

A very important challenge will be the intersection of Al and ethics in healthcare. Ethical
and lawful considerations will also impact healthcare employment. Protecting patient privacy,
guaranteeing data security, reducing algorithmic discrimination, and preserving transparency in
Al-powered decision-making will require specialized professionals and clear governing struc-
tures.

Furthermore, the growing importance of soft skills in patient care should not be underes-
timated. While artificial intelligence can process information effectively, it cannot replace feel-
ings, empathy, communication, and affective intelligence. Patients often need reassurance, trust,
and personal support during treatment. Therefore, healthcare professionals who combine strong
technical competencies with excellent interpersonal skills will continue to be indispensable.

2. NEEDED TRANSFORMATION IN HEALTH EDUCATION

The global healthcare industry is entering one of the most transformative periods in its
history. Between 2027 and 2030, artificial intelligence (Al), machine learning, robotics, digi-
tal health technologies, and automation are expected to transform the way healthcare ser-
vices are delivered, managed, and financed. Unlike previous technological revolutions, Al can
perform not only repetitive administrative tasks but also increasingly sophisticated mental
functions, such as interpreting medical images, summarizing clinical records, supporting di-
agnoses, predicting disease risk, and assisting with treatment planning. Demand will increase
for healthcare data analysts, clinical informatics specialists, Al implementation managers, cy-
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bersecurity experts, digital health consultants, and telemedicine coordinators. Professionals
with expertise in both healthcare and information technology will be particularly valuable as
healthcare organizations continue to integrate advanced digital solutions into their daily prac-
tices (Sopromadze et al., 2025).

As the Human-artificial intelligence collaboration, automation management, and innovation
management is going the need for new skills are high. Healthcare administration education will
undergo substantial development in the future. Accordingly, future master's programs should
include courses such as:

s Artificial intelligence in healthcare

s Healthcare analytics

s Machine learning for healthcare managers

a Digital Hospital Management

a Ethics of Artificial Intelligence in Healthcare

4 Health Informatics

» Healthcare predictive analytics

s Healthcare automation

» Digital Leadership in Healthcare

4 Healthcare cybersecurity

s Healthcare Big Data Management

Innovation Management. Accordingly, graduates lacking digital competencies may face in-
creasing difficulties in occupying leadership positions.

Looking toward to 2027-2030, health education will also evolve. Universities and educational
institutions are expected to incorporate Al literacy, digital health technologies, data analytics,
cybersecurity, and cross-disciplinary collaboration into medical and nursing curricula. Lifelong
learning will become an essential aspect of healthcare careers as technological innovations ac-
celerate healthcare development (Srivastava, 2024).

2. Healthcare professions that are likely to be transformed - The first professions to
experience significant automation will generally be those that involve repetitive processing
of information instead of direct patient care:

a Medical transcriptionists. Medical transcription is expected to become almost
completely automated. Advanced speech recognition and generative artificial
intelligence systems can already produce highly accurate clinical documentation in real
time, decreasing the need for manual transcription (Knopp et al., 2023).

s Medical coding specialists and billing specialists. Artificial intelligence systems are
increasingly capable of automatically assigning diagnostic and procedural codes from
electronic health records, identifying billing errors, and detecting fraudulent claims.
Human professionals will increasingly monitor, audit, and manage exceptions instead
of routine coding.

s Medical scribes, digital assistants integrated into consulting rooms, can automatically
record doctor-patient conversations, create structured clinical notes, and prepare
documentation for physician review. Accordingly, the demand for traditional medical
scribes is expected to decline ( Pang et al., 2023).

s Administrative staff are increasingly handling visit scheduling, insurance verification,
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patient registration, referral management, customer service, and routine communication
through intelligent virtual assistants and conversational Al. Administrative staff is
increasingly administering complex cases that require human decision-making
rather than routine transactions.

Call center operators.

Healthcare call centers are rapidly adopting artificial intelligence-based chatbots plus virtu-
al agents to answer frequently asked patient questions, schedule appointments, provide medi-
cation reminders, and refer patients to appropriate services.

A

Clinical professions are undergoing significant changes. Although Al will impact
nearly every clinical profession, complete replacement is unlikely by 2030. The
embedding of Al into surgical robotics involves moving beyond mechanical assistance
to cognitive augmentation, in which the system functions as an intelligent partner
to the surgeon. Computer vision algorithms examine visual data of the surgical field
in real time and integrate preoperative images with the intraoperative environment,
allowing the surgeon to better visualize critical anatomical structures, including blood
vessels, nerves, and the limits of pathological tissue. This substantially lowers the risk
of iatrogenic injury and increases the accuracy of surgical procedures.

The operation of this system is based on multiple technological mechanisms;
among them are predictive kinematics, which analyzes the surgeon's movements,
eliminates hand tremors, and optimizes instrument trajectories. Also important is the
automatic recognition of operational phases, through which the system determines
the stage of the operation and adjusts technical parameters accordingly. In addition,
the mechanism for instant anomaly detection ensures immediate identification of
potential complications — including atypical bleeding or anatomical deviations — and
notification of the surgical team.

Radiologists — Radiology is one of the specialties most impacted by Al. Al systems are
already detecting fractures, lung nodules, breast lesions, retinal abnormalities, and many
other imaging data with impressive accuracy. However, radiologists will increasingly
control Al systems, integrate imaging data with clinical information, communicate with
clinicians, and perform complex, imaging-guided procedures ( Obuchowicz et al., 2025).
The rapid combination of artificial intelligence and digital innovations is driving
unprecedented changes in medicine, fundamentally transforming both clinical
diagnostics and the medical system. As medical systems transition from traditional,
reactive models to predictive, data-driven, and patient-focused ecosystems,
the development of strategic planning plus ethical models becomes critically
important.

The most significant change Al has brought to healthcare is the transformation of medical
decision-making. Traditionally, medicine has been largely based on clinicians' experience, intu-
ition, and a symptom-oriented approach, while modern Al systems enable the integrated analy-
sis of diverse biological, genetic, clinical, and behavioral data to predict diseases, identify risks
at an early stage, and plan customized interventions. This process has greatly contributed to

the development of predictive, preventive, personalized, and patient-centered medicine, which
focuses not only on treating an already developed disease but also on preventing and early de-
tecting it. This change is transforming not only clinical practice but also the entire organizational,

governance, and strategic structure of the healthcare system.
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Today, the most rapid and large-scale transformation is taking place in clinical diagnostics
and medical imaging. Deep learning algorithms are successfully used in radiology, ophthalmol-
ogy, dermatology, and pathological diagnostics, where they can identify complex patterns and
features that often go unnoticed by human visual assessment. In parallel, significant progress is
being made in pharmacogenomics and the development of new drugs, with artificial intelligence
reducing research and drug development timelines, increasing research efficiency, and acceler-
ating the identification of potential therapeutic targets. No less important are the automation of
administrative processes, intelligent analysis of electronic medical records, and optimization of
clinical documentation. These technological solutions contribute to increasing organizational ef-
ficiency, improving workflows, and a more rational allocation of healthcare resources. As a result,
artificial intelligence is gradually emerging not only as a technological tool but also as one of the
most important driving forces in the structural, functional, and organizational transformation of
the healthcare system, affecting both the quality of medical services and the system's efficiency
and long-term sustainability.

Artificial intelligence has significant potential to reduce geographical and social inequalities
and increase access to healthcare services. Modern digital platforms, telemedicine, and clinical
decision support systems allow medical personnel in rural and mountainous regions to quickly
access specialized knowledge and expert recommendations, privileges previously reserved for
large urban medical centers. Thus, the quality of diagnostics and treatment becomes less de-
pendent on the patient's place of residence, and the availability of high-quality medical services
in the regions increases. This innovation is especially important for countries where the uneven
distribution of specialists and infrastructural limitations pose significant challenges.

However, Al cannot automatically ensure equality and, under certain circumstances, may
even exacerbate existing inequalities. One reason for this is algorithmic bias, which arises when
models are trained on limited or insufficiently diverse data. If Al systems are based primarily on
data from high-income urban populations, their effectiveness may be reduced in other demo-
graphic or geographic groups. In addition, technological, digital, and financial barriers may limit
low-income populations' access to innovative technologies. At the same time, these barriers
may also create constraints for the public sector in terms of implementing and effectively using
modern technologies. Therefore, the successful integration of Al requires implementing inclusive
policies that ensure data diversity and the equitable development of digital infrastructure.

When considering the relationship between artificial intelligence and medical personnel, it is
important to consider that medicine is not just about data analysis. Clinical practice is based not
only on scientific evidence but also on the assessment of the individual patient’s condition, eth-
ical decisions, communication and empathy. That is why the most realistic and effective model
is a collaboration between humans and artificial intelligence, in which technology plays a sup-
porting and enhancing role, and the final decision remains the clinician's responsibility. Artificial
intelligence is particularly effective at processing large volumes of data, assessing risks, discov-
ering diagnostic patterns, and automating administrative processes, while the doctor provides
clinical judgment, understands the context, and interacts with the patient.

Transparency, accountability, and explainable Al should underpin this collaboration . The
physician should be able to understand the data and logic behind the algorithm’s conclusions
and recommendations. Trust in innovation will only be sustainable if its principles are under-
standable and verifiable. Accordingly, the future of healthcare should not be about replacing the
physician but rather about empowering the physician to improve both clinical outcomes and the
patient experience (Djakeli, 2025).
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The current international regulatory environment only partially addresses the challenges
posed by the rapid development of artificial intelligence. Traditional regulatory mechanisms
were originally designed to assess medical devices and pharmaceutical products, whereas mod-
ern artificial intelligence systems are often dynamic, continually updating their functionality in
response to new data. This circumstance significantly complicates the regulatory process, as
it is necessary not only to evaluate the product initially but also to continuously monitor it in
real-world clinical practice. That is why existing legal frameworks often fail to keep pace with
technological progress.

ATTEMPTS TO REGULATE ARTIFICIAL INTELLIGENCE

What is the Artificial Intelligence Act? The Artificial Intelligence Act (Al Act) is a comprehen-
sive legal regulation created by the European Union to establish common rules for the develop-
ment, deployment, marketing, and use of artificial intelligence systems in the European Union.
The main objectives of this regulation are to protect human rights and ensure the safety and
reliability of artificial intelligence systems, promote transparency, prevent discrimination, and
encourage trustworthy innovations in artificial intelligence (Gilbert et al., 2023).

Increasing public trust in Al technologies. Creating harmonized rules across all EU member
states. The law applies not only to organizations located in the EU but also to companies outside
the EU that place Al systems on the EU market or whose Al systems affect individuals within the
EU (Sun & Zhou, 2023).

The European Union has enacted the world's first large-scale law, the "Al Act" (Artificial In-
telligence Act, 2024).

It aims to ensure a balance between technological progress and the protection of human
rights. The regulation is based on a risk-based approach and pays special attention to security,
transparency, and the protection of fundamental human rights (Reddy et al.,2020).

This direction is not shared by the United States. The United States prefers a more flexi-
ble and innovation-oriented approach. Nevertheless, most countries still lack a comprehensive
strategy that would simultaneously ensure support for innovation and patient safety. In the fu-
ture, it will be necessary to develop adaptive governance models that keep pace with techno-
logical change and ensure the safe use of artificial intelligence systems in healthcare practice
(Madiega, 2021, April).

The introduction of a digital model in developing economies is not only realistic but, under
conditions of limited resources, also one of the most optimal ways forward. The effect of techno-
logical leapfrogging in the healthcare system enables the partial elimination of traditional, cap-
ital-intensive infrastructure stages and the direct integration of the system into modern digital
ecosystems (Djakeli, 2024). developed to the expansion of physical infrastructure, are often much
more scalable and cost-effective (Schuett, 2024).

Today, in the Georgian context, the practical implementation of the digital model does not
imply the construction of comprehensive high-tech centers, but rather the hybridization of the
existing primary healthcare infrastructure. The physical space retains the functions of direct
patient contact and the collection of clinical biomaterial, while diagnostic analytics, remote
monitoring, and artificial intelligence-based decision support are implemented in a digital en-
vironment. The development of digital infrastructure, including broadband Internet and cloud
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systems, is critical to the effectiveness of this model, which already lays the foundation for the
large-scale implementation of such an ecosystem (Novelli, 2025).

The Georgian healthcare system is currently at an early, albeit structurally fragmented stage,
with digital elements such as electronic prescriptions and outpatient records already in place,
but full semantic interoperability of data between different healthcare providers is not yet en-
sured. In these circumstances, one of the most important opportunities is the ongoing central-
ization of data within the diagnosis-related groups, or DRG, system, which creates large-scale
and structured databases. Such databases are an important resource for machine learning algo-
rithms and contribute to resource optimization, the modeling of epidemiological processes, and
the predictive management of healthcare financing (Giguashvili et al., 2023).

In addition, one of the most critical risks remains the insufficient information security archi-
tecture and the lack of a clear ethical and legal framework. Given the special sensitivity of medi-
cal data, the potential leakage or unauthorized manipulation of systems poses a direct threat to
patients' safety and health (Vepkhishvili et al., 2025). An additional challenge is the insufficient
level of digital competence among clinical staff, which often leads to skepticism towards new
technologies and to their perception as an additional administrative burden rather than as tools
supporting clinical processes (Gognadze, 2025).

Over the next 10-15 years, the global healthcare system will gradually transition to a decen-
tralized, patient-centric digital ecosystem, where the traditional hospital-centric model will be
significantly reduced. Hospitals will mainly retain high-complexity surgical, intensive care and
emergency intervention services, while the management and prevention of chronic diseases will
increasingly move to the patient’'s home and everyday environment. In this process, biosensors
and artificial intelligence-based wearable devices will provide continuous health monitoring
(Kutalia et al., 2025)

In parallel with this transformation, one of the main ethical challenges remains the risk of
data concentration and so-called “data colonialism”, when global technology companies may
control the biological data of the population, while developing countries remain passive users
of technological services ( Djakeli, 2026 ). The issue of digital health inequalities is also crit-
ical, as a lack of access to high technologies may become a new socio-economic risk factor
that will directly affect health outcomes and deepen existing global inequalities. ( Giguashvili &
Makasarashvili, 2021).

THE RESULT OF SECONDARY RESEARCH: DEMONSTRATION
OF CONFIRMATION OR REJECTION OF HYPOTHESES THROUGH RESEARCH

During the secondary research, scientific articles and books published in recent years were
analyzed, and the following were identified:

Hypothesis 1: Artificial intelligence will enter healthcare precisely to improve the efficiency of
the medical business model, and therefore it will revalue many roles, create new opportunities,
and require employees to develop new technical and interpersonal skills. This hypothesis was
confirmed by the conducted research.

Hypothesis 2: Artificial intelligence will lead to increased operational efficiency in healthcare
and will completely change the nature of employment in the healthcare sector. The second hy-
pothesis was confirmed by the literature analysis.
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Hypothesis 3: Artificial intelligence and digital technologies will lead to increased healthcare
functional efficiency, the emergence of new patient needs, and the pursuit of their full satisfac-
tion, and this will completely change the nature of employment in the healthcare sector. The
third hypothesis was confirmed by the literature review.

CONCLUSION

The main strategic message for healthcare policymakers is that the digital transformation
of healthcare should not be based on implementing isolated technological products, but on
developing a systematic data architecture that ensures information standardization, semantic
interoperability, and secure data exchange. The effectiveness of artificial intelligence depends
directly on the quality, structure, and availability of data; therefore, implementing innovative
technologies in a fragmented data environment will not yield sustainable results and may lead
to inefficient use of resources (Voronovi et al., 2024).

In addition, it is necessary to create flexible yet clear ethical and legal frameworks that
simultaneously protect patient confidentiality and do not hinder scientific innovation. Of partic-
ular importance is the development of human capital, including reforms to medical education
that strengthen data analytics and digital literacy. Ultimately, artificial intelligence cannot re-
place the ethical responsibility and empathy of the clinician, but those systems and profession-
als that effectively absorb its capabilities will significantly outperform those environments that
are slow or incompletely adapting to technological transformation (Djakeli,2023).

In conclusion, artificial intelligence and digitalization will significantly change the healthcare
job market between 2027 and 2030. While automation may reduce demand for some traditional
administrative roles, it will create many opportunities in digital health, data science, cyberse-
curity, and Al systems management. Healthcare professionals will increasingly work alongside
intelligent technologies rather than competing with them.
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Reflection of Traditional Medicine in the New
International Classification of Diseases - ICDII

EKATERINE SANIKIDZE
MD, PhD, Associate Professor, Tbilisi State Medical University, Medical Director of
the Tbilisi Balneological Resort

For centuries, interest and trust in traditional medicine(TM) has not been lost on the part of
the population. Patients still actively turn to representatives of traditional medicine, folk healers
- both for diagnostics and treatment [1]. Traditional, or so-called, oriental medicine and its in-
dividual methods are becoming increasingly popular in the West - Chinese, Indian, Thai, Tibetan
medicine offices, centers, clinics are opening [2]. However, in the conditions of evidence-based
medicine, patients themselves take responsibility for the quality and results of diagnosis and
treatment using traditional medicine methods, since most countries do not regulate this area -
neither prohibit it nor impose specific licensing conditions. Because of this, there are often no
accurate statistics - how many people use traditional medicine (TM) services, for which diseases
and conditions people turn to traditional medicine more often, what results they get, etc. How-
ever, if we judge not by the decrease, but by the increase in the number of centers, that is, by
the increase in demand for them in the market, it turns out that we can conclude that the popu-
lation's trust and demand for TM is high [3,4]. Moreover, most likely, it is precisely in view of this
demand that in recent years, developed medical centers around the world have been opening
integrative medicine clinics in order to diagnose patients using both conventional and tradi-
tional medicine methods and prescribe treatment or care [1]. And even more - the World Health
Organization has included traditional medicine as a separate chapter in the new International
Classification of Diseases [4].

This is where our interest arose and a study was planned, which aimed to discuss why it was
necessary to include a separate chapter on traditional medicine in the ICD-11, what health condi-
tions are included, what system is used to code them in this chapter; which traditional medicine
treatment methods are included in the interventions and what criteria are used to select them;
are the coded topics of traditional medicine based on evidence-based medicine?

Accordingly, the purpose of the study was: to study the prerequisites, reasons and expected
results of adding the TM component to the ICD11

The objectives are: 1. General overview of the traditional medicine chapter in the ICD11, 2.
Determination of the prerequisites and reasons for including TM in the ICD11, 3. Calculation of
the expected results

Materials and methods: 1. The ICD11 itself and supporting documents (WHO reviews, recom-
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mendations, resolutions, 2. Scientific articles, information materials on the inclusion of TM in the
ICD11. The multi-factor qualitative method included both descriptive, review, and correlational
and analytical methods.

) RESULTS’ DISCUSSION: )
1. General overview of the traditional medicine chapter in the ICD11

In order to briefly and comprehensively review the TM chapter, we analyzed both the classi-
fication itself, and the articles published on this topic [3, 5, 6, 7].

It appeared, that the chapter is divided into specific modules that encompass diagnostic
concepts from various standardized systems of care. Module 1 (TM1). (BlockL1-SA0).: Covers tra-
ditional medicine disorders and patterns originating from ancient Chinese Medicine, which are
widely practiced in China, Japan, Korea, and globally. Module 2: Encompasses diagnostic concepts
from other prominent traditional systems, specifically Ayurveda, Unani, and Siddha. Structural
Breakdown (Module 1) - Within Module 1, diagnostic codes are categorized into two main blocks:
TM Disorders: Set dysfunctions in body systems presented with specific signs and symptoms, cat-
egorized by organ systems (e.g., Liver System Disorders, Spleen System Disorders). TM Patterns:
Underlying disharmonies and physiological states used in TM practices, such as Yin/Yang defi-
ciencies or exterior/interior imbalances. Dual Coding - To ensure it acts as a complement rather
than a replacement, the ICD-11 employs a dual coding system. This allows practitioners to assign
a primary biomedical diagnosis (from Chapters 1 to 24) and pair it with the corresponding TM
pattern or disorder code (Chapter 26) to provide a holistic view of the patient's health [8]. This is
main difference and advantage od ICD 11 toward other classification, as doctors have opportunity
to reflect in their diagnosis simultaneously both - modern/conventional and TM codes.

So, The ICD-11 Traditional Medicine (TM) chapter is a supplementary chapter (26) enabling cli-
nicians to integrate traditional diagnoses alongside conventional medical coding. It is not used
for mortality and is strictly optional, aiming to measure the form, frequency, and usage of tradi-
tional healthcare encounters. This chapter has 470 four-character categories. Code range starts
with SA00 This supplementary chapter is a subclassification for optional use. Coding should
always include also a category from the chapters 1-24 of ICD. This supplementary chapter refers
to disorders and patterns which originated in ancient Chinese Medicine and are commonly used
in China, Japan, Korea, and elsewhere around the world. This list represents a union set of har-
monized traditional medicine conditions of the Chinese, Japanese, and Korean classifications.
Definitions: A disorder in traditional medicine, disorder (TM1), refers to a set of dysfunctions in
any of the body systems which presents with associated manifestations, i.e. a single or a group
of specified signs, symptoms, or findings. Each disorder (TM1) may be defined by its symptom-
atology, etiology, course and outcome, or treatment response:

1. Symptomatology: signs, symptoms or unique findings by traditional medicine diagnostic
methods, including inspection such as tongue examination, history taking (inquiry), listening
and smelling examination, palpation such as pulse taking, abdominal examination, and other
methods or/and constitution: the characteristics of an individual, including structural and func-
tional characteristics, temperament, ability to adapt to environmental changes, or susceptibility
to various health conditions

2. TM Etiology: the underlying traditional medicine explanatory style, such as environmental
factors (historically known in TM translations as the external contractions), emotional factors
(historically known in TM translations as the seven emotions), or other pathological factors, pro-
cesses, and products.
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3. Course and outcome: a unique path of development of the disorder (TM1) over time.

4, Treatment response: known response to traditional medicine interventions.

In defining a disorder (TM1), symptomology and etiology are required. Course and outcome,
and treatment response are optional. A pattern in traditional medicine, pattern (TM1), refers to
the complete clinical presentation of the patient at a given moment in time including all findings.

"TM1' refers to Traditional Medicine conditions - Module 1. The (TM1) designation is used
throughout this chapter for every traditional medicine diagnostic category in order to be clearly
distinguishable from conventional medicine concepts.

To understand TM1 better, let's consider “liver system disorders’ example - Organ system
disorders (TM1) (BlockL2-SA0); Liver system disorders (TM1) (BlockL3-SAQ) - This section contains
a series of TM disorders that are all attributable to dysfunction of the liver system. The system
consists of the organs liver and gallbladder, tendons, nails, eyes, related meridians and collat-
erals. SAOO - Hypochondrium pain disorder (TM1). A disorder characterized by pain on one or
both sides of the hypochondrium. It may be explained by qi dysfunction or disharmony in the
meridians of the hypochondrium. SA01 - Jaundice disorder (TM1). A disorder characterized by
yellow and dark appearance of sclera, skin and urine. They may be explained by dysfunction of
liver and spleen systems, and gallbladder, which caused by invading of exogenous pathogenic
including dampness, fire or pestilence, and interior injury due to drinking of alcohol or improper
diet, or different kinds of dampness, blood stasis and gi stagnation. Inclusions: Acute jaundice
Yang jaundice Yin jaundice SA02 - Liver distension disorder (TM1). A disorder characterized by
mass or pain in the right hypochondrium relieved with pressure. It may be explained by stagna-
tion of gi and blood and may be a sequelae of other liver system disorders. SA03 - Tympanites
disorder (TM1). A disorder characterized by severe abdominal distention with taut, yellowish skin,
or prominent veins over the abdominal wall. It relates to liver, spleen and kidney system, may be
explained by decreased circulation of qi, blood, or water, which cause the fluid or gas accumu-
lation in the peritoneal cavity, an abdominal mass, or intestinal infection. SA04 - Liver abscess
disorder (TM1). A disorder characterized by sudden onset of fever, a mass or pain in the right,
lower hypochondrium. It may be explained by accumulation of fire, heat, toxin, parasites, or oth-
er infection, which lead to putrefaction of qgi or blood in liver, and cause internal abscess. SA05
- Gallbladder distension disorder (TM1) A disorder characterized by recurrent pain with discom-
fort and distention in the right upper quadrant of the abdomen which may be accompanied by
flatulence. It may be explained by stagnation of gallbladder qi, which is caused by obstruction of
dampness, heat, phlegm and blood stasis in gallbladder, or emotional upset. SAQY - Other spec-
ified liver system disorders (TM1). SAOZ - Liver system disorders (TM1), unspecified.

1.1 Prerequisites for the inclusion of TM in ICD-11

Despite the fact that the classification itself clearly reflects the different types of organ and
system dysfunctions, with descriptions of the main symptoms and syndromes, the question of
why it was necessary to add this chapter to the existing classification of diseases, where diseases
and conditions have appropriate names and descriptions, still remains.

That is why our next task was to determine the prerequisites for the inclusion of TM in
ICD-11. This would more clearly demonstrate the need for a classification with descriptions
of organ/system dysfunctions. To study this issue, we reviewed both official WHO reports
and guidelines, as well as published articles on the topic. As a result of the meta-analysis, it
was revealed that several facts, events and indicators preceded the WHQ'’s revision. As Ken-
ji Watanabe and all are discussing in “Development of the traditional medicine classification
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Module 1 in ICD-11"[2], the development of the ICD-11 TM chapter began in 2005 under the
WHO Western Pacific Regional Office(WPRO) as part of a standardization project for tradi-
tional East Asian medicine. It was transferred to WHO headquarters in 2009, reviewed by 142
experts from 22 countries, and field-tested in Japan, China, Korea, and the United Kingdom.
Unlike other ICD fields, the TM classification had to be constructed de novo, demanding sub-
stantial technical and diplomatic work. Thanks to effective collaboration across Asia, Europe,
and Oceania, progress was steady. By 2016, peer review was completed, followed by field
testing in 2016-2017, culminating in the version that was ultimately released. The WHO Gener-
al Assembly adopted ICD-11in 2019, and Chapter 26—Traditional Medicine Conditions Module
1—came into effect in January 2022. The inclusion of TM does not imply WHO endorsement
of its efficacy or safety, but rather provides a global platform for evidence-based evaluation
through research and statistical analysis. Following Module 1, Module 2—covering Ayurve-
da, Unani, and Siddha—was released in 2025. The establishment of the Traditional Medicine
Reference Group (TMRG) within WHO Family of International Classification (WHO-FIC) further
facilitates integration of TM concepts into the International Classification of Health Inter-
ventions (ICHI). The ICD-11 TM chapter provides an essential global framework for TM re-
search, education, and policy, fostering international collaboration toward evidence-based
integration of traditional medicine into health systems [9]. As authors explored, traditional
medicine began to expand internationally in the 1970s. A symbolic turning point was a 1971
report in The New York Times, in which a journalist accompanying Henry Kissinger's visit to
China described his personal experience of acupuncture treatment. Thereafter, interest in
non-biomedical practices such as acupuncture and herbal therapy grew in many countries—
as “alternative medicine” in the United States and as “complementary medicine” in the Unit-
ed Kingdom and EU countries. In 1993, David Eisenberg and colleagues at Harvard Medical
School published in the New England Journal of Medicine a landmark survey showing that
the number of users of complementary and alternative medicine in the U.S. exceeded that
of conventional biomedical services. This catalyzed policy changes, and in 1998 the National
Center for Complementary and Alternative Medicine (NCCAM) was established at the U.S. Na-
tional Institutes of Health (NIH), later renamed the National Center for Complementary and
Integrative Health (NCCIH). Its annual budget reached USD 170.9 million in fiscal year 2025.
In Germany, an estimated 20,000-30,000 physicians have completed 200h of acupuncture
training, and pharmacies specializing in herbal medicines serve physicians. In the United
States as well, acupuncture is now offered in leading cancer centers such as Dana-Farber and
MD Anderson, particularly for pain management. Within this global trend, WHO decided to
incorporate a chapter on traditional medicine into the ICD revision[2].

1.2. Identifying the reasons

After discussing the prerequisites, it was clear that our task was to summarize the reasons
for including the TM in Chapter 11.

Taking into account the prerequisites and indicators, as well as based on the analysis of
existing publications, we formulated the following main reasons: Objectives and Integration -
The inclusion of Traditional Medicine (TM) in ICD-11 (via Chapter 26/ TM Module-2) was driven by
the World Health Organization (WHO) to standardize concepts, improve global health data, and
integrate TM into mainstream healthcare systems. The primary reasons for its inclusion are:
Global Health Representation: Approximately 82% of the world's population uses some form of
traditional medicine, due to cost-effectiveness, greater trust in "natural" methods, fewer prob-
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lems with medical institutions and insurance companies, and other reasons. Prior to ICD-11,
these massive health encounters were essentially "invisible" to international statistical data.
The "Count TM" Principle: A foundational rationale used by the WHO is that "if you do not count
traditional medicine, then traditional medicine does not count.” Coding allows health systems
to measure service utilization, allocate resources, and establish equitable health policies. In-
ternational Standardization: Traditional Medicine (such as Traditional Chinese Medicine, Kam-
po, and Ayurveda) possesses immense local knowledge but lacked a standardized, univer-
sally comparable terminology. ICD-11 provides a shared language to bridge TM and Western
Medicine (WM) concepts. Enhanced Safety and Research: By integrating diagnostic codes into
mainstream digital health records, researchers can better track treatment outcomes, evaluate
the integration of TM alongside WM, and document any adverse events. Support for WHO Strat-
egies: The inclusion supports the WHO Draft Global TN Strategy, which advocates for strength-
ening the evidence base of Traditional and Complementary Medicine (TCIM) and integrating it
safely into national health systems. [10]

3. CALCULATION OF PROBABLE RESULTS

And finally, taking into account the prerequisites and reasons, our task was, based on logical
analysis, to calculate what could be the main results of the introduction of TM in 11?

1. If one of the main reasons for the introduction of traditional medicine was the need for
accounting - the reporting system, epidemiological data and monitoring of the results of the
TM by TM methods, accordingly, one of the first and main results should be the improvement of
statistics - both on common diseases, conditions, symptoms, syndromes, functional disorders,
and - on methods of their diagnosis and treatment - especially for those countries where the
population practically does not use conventional medicine.

2. Since in many countries, both conventional and TM methods are used to diagnose and
treat patients with MDS, it logically follows from this reality that in these countries it will be
possible to compare data and assess the capabilities of different classifications when using both
classifications. Also, observation of different groups — those who benefit from the achievements
of only one of the medicine and those who benefit from integrated methods, which clearly deter-
mines the clinical and socio-economic place of integrative medicine in healthcare in the future.
That is, the introduction of TM will contribute to the development of IM and the achievement of
more effective, rapid and cost-effective results.

In addition to our conclusions, a meta-analysis of the literature on possible outcomes
showed that other authors also believe that the introduction of TM in 11 will bring specific clin-
ical, epidemiological, social and economic results [4,11, 12]. For example, Reddy B, Fan AY [13]
believe thatThe integration of this chapter aligns with the WHO Traditional Medicine Strategy to
standardize TM data collection. By facilitating interoperability within modern electronic health
record infrastructures, it allows researchers and policymakers to better analyze the safety, qual-
ity, and outcomes of traditional therapies on a global scale. Although some countries have had
national Traditional Medicine classification systems for many years, information from such sys-
tems has not been standardized nor been made available globally. By including TM within the
ICD, international standardization will be possible allowing for measuring, counting, comparing,
formulating questions and monitoring over time. ICD-11 is a classification system for the twen-
ty-first century, and it now provides an opportunity for interested users to integrate the coding
of diagnostic concepts from both TM and Western Medicine.

Moreover, we have come across articles that demonstrate the potential for creating morbid-
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ity registries, digitizing and mapping TMs, and funding them through state health insurance for
specific traditional medical systems. For example, Sathiyarajeshwaran, P., and all in the article
“India’s roadmap for ICD-11 TM2 implementation: Integrating Ayurveda, Siddha, and Unani into
global health standards” [10], note that: “This initiative, spanning 2020-2025 and formalized by a
donor agreement between the World Health Organization (WHO) and India’s Ministry of Ayush, es-
tablishes a standardized language for ASU morbidity. Key outcomes include the mapping of 1941
national Ayush morbidity codes to the new classification and the official release of TM2 on the
WHO ICD-11 Browser in February 2025, ensuring international comparability and evidence-based
policymaking. India’'s implementation roadmap leverages existing digital platforms, including
the National Ayush Morbidity And Standardized Terminologies Electronic (NAMASTE) Portal and
the Ayush Hospital Management Information System (A-HMIS), which is powered by a niche Dou-
ble Coding system in compliance with the WHO Minimum Data Set requirements. This initiative
positions India as a global leader in integrating traditional medicine into digital health systems
and universal health coverage frameworks”.

CONCLUSION

1. The reflection of traditional, physical medicine, first of all, aims at the registration, visibil-
ity, regulation and evaluation of the effectiveness of treatment with these methods;

2. This will make it easier for specialists in the field of medical rehabilitation and traditional
healers to organize and reflect patient management in the relevant documents;

3. The reflection of TM in ICD11 makes scientists to strengthen research in this direction and
allocate evidence-based methods of traditional medicine in subsequent revisions of the classifi-
cation and their financing by both private and state health insurance companies.

4. The study showed that the implementation of the ICD-11 still has a number of obstacles
in the majority of countries, however, by reflecting traditional medicine in this classification, not
only clinical, but also financial and psychosocial benefits can be reasonably expected. This, in
addition to strengthening trust, will reduce the economic burden caused by healthcare on both
states and insurance companies, as well as families. Further studies in the field of ICD11 imple-
mentation are needed.
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MAKLINE COSMETICS: Science, Nature, and
Innovation in Premium Vegan Cosmetics

MAIKO ZAKRADZE
MAKLINE COSMETICS, Georgia

ABSTRACT

Contemporary trends in the cosmetic industry are increasingly driven by evidence-based
science, product safety, and the use of natural ingredients. Growing consumer demand for envi-
ronmentally responsible, vegan, and skin-safe products has significantly influenced the develop-
ment of cosmetic formulations. One notable Georgian example of this approach is MAKLINE COS-
METICS, a premium licensed vegan cosmetics brand that integrates pharmaceutical expertise,
cosmetic chemistry, international collaboration, and natural ingredients. This paper presents the
scientific foundations of the brand, its quality assurance mechanisms, the importance of natural
bioactive compounds, and the role of translational approaches in modern cosmetology.

KEYWORDS: cosmetic chemistry; vegan cosmetics; organic ingredients;
skin health; dermatology

INTRODUCTION

Over the past decades, cosmetology has evolved into a multidisciplinary scientific field that
integrates chemistry, pharmacy, biochemistry, dermatology, and biotechnology. Today's consum-
ers seek more than aesthetic improvements; they expect safety, efficacy, transparency, and sci-
entifically validated products.

Against this background, natural ingredient-based, vegan, and environmentally responsible
cosmetic products have attracted considerable attention. MAKLINE COSMETICS represents this
modern philosophy by successfully combining scientific innovation with the power of nature.

The Founder and Scientific Vision

MAKLINE COSMETICS was founded by Maiko Zakradze, a Bachelor of Pharmacy, international-
ly recognized cosmetic chemist, and active member of several professional organizations.

She is affiliated with the following professional associations:

a  American Pharmacists Association (USA);

a Swiss Pharmaceutical Society;
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4 Canadian Pharmacists Association;

a2 Swedish Pharmaceutical Association;

a Georgian Association of Dermatology and Cosmetology.

Her professional philosophy is based on the principle that cosmetic products should be
developed with the same level of responsibility as pharmaceutical products, ensuring rigorous
standards of quality, safety, and efficacy throughout the development process.

International Collaboration and Innovative Formulation

Every MAKLINE COSMETICS product is developed in collaboration with international experts.

The formulation process includes:

a scientific selection of ingredients;

4 evaluation of chemical compatibility;

s stability testing;

a  microbiological quality control;

s dermatological safety assessment;

4 continuous quality monitoring.

According to the company's documentation, all formulations undergo laboratory evaluation
and dermatological testing, ensuring both high product quality and consumer safety.

The accompanying photographic materials illustrate modern manufacturing facilities, labo-
ratory research, quality control procedures, and production environments organized according
to international standards, demonstrating the brand's strong commitment to innovation and
excellence.

The Importance of Vegan and Organic Cosmetics

Modern cosmetology increasingly emphasizes vegan cosmetic products that do not contain
ingredients of animal origin.

MAKLINE COSMETICS is positioned as:

a4 apremium vegan cosmetic brand;

4 alicensed cosmetic manufacturer;

s aproducer of cosmetics formulated with 100% organic ingredients.

Vegan cosmetics are valued not only for ethical reasons but also because they frequently
contain high-quality botanical extracts and bioactive compounds that help preserve the skin's
natural barrier function.

Botanical Extracts and Bioactive Compounds

One of the distinguishing characteristics of MAKLINE COSMETICS is its use of carefully select-
ed botanical raw materials sourced from different regions around the world.

These plant-derived extracts contain:

s polyphenols;

a flavonoids;

4 terpenoids;

a essential oils;

a natural antioxidants.

These bioactive compounds play important roles in:

4 neutralizing free radicals;

4 reducing oxidative stress in the skin;
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4 supporting the skin barrier function;

s providing soothing and moisturizing effects.

Photographic documentation of essential oil distillation and botanical ingredient processing
clearly demonstrates the importance of natural active ingredients within the brand's philosophy.

Safety and Quality Control

Product quality and safety have become among the most important considerations for mod-
ern consumers.

MAKLINE COSMETICS products are characterized by being:

s dermatologically tested;

» ophthalmologically tested (where applicable);

4 laboratory-controlled;

a supported by official product registration and commercialization documentation;

a4 non-comedogenic;

4 nickel-free;

s gluten-free.

Non-comedogenic formulations are particularly beneficial for individuals with acne-prone
or sensitive skin, as they help minimize pore blockage.

Skin Care for Special Needs

Contemporary dermatological practice places increasing emphasis on the care of sensitive
and compromised skin.

According to the manufacturer, MAKLINE COSMETICS products are formulated to be suffi-
ciently gentle for sensitive skin and may be suitable for consumers requiring particularly careful
skincare routines.

This approach aligns closely with current concepts in dermocosmetology and personalized
skincare.

CONCLUSION

MAKLINE COSMETICS represents a successful example of the modern Georgian cosmetics in-
dustry, where scientific knowledge, innovation, and natural ingredients are integrated to develop
high-quality cosmetic products.

The company's philosophy demonstrates that success in modern cosmetology depends not
only on the use of natural ingredients but also on their scientific evaluation, rigorous safety as-
sessment, comprehensive quality control, and international professional collaboration.

The experience of MAKLINE COSMETICS illustrates how the integration of pharmaceutical
sciences and cosmetic chemistry can lead to the development of innovative, safe, and consum-
er-oriented products that meet the expectations of the twenty-first century.

wodlews@yleay wny wayd
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Piel Naturals: Integrating Georgian Heritage,
Scientific Innovation, and International Quality
Standards in Natural Cosmetics

TAMAR LOMADZE
Piel Naturals, Georgia

info.pielnaturals@gmail.com

ABSTRACT

The global cosmetics industry is increasingly focused on sustainability, product safety,
scientific innovation, and the use of naturally derived ingredients. Consumers are demanding
high-quality cosmetic products supported by international quality standards while maintain-
ing environmentally responsible formulations. Piel Naturals represents an emerging Georgian
cosmetics brand that combines over a century of family heritage with modern cosmetic science,
internationally recognized manufacturing standards, and innovative product development. This
paper presents the brand's historical background, scientific philosophy, manufacturing quality
systems, utilization of Georgian natural resources, and its contribution to the development of
contemporary natural cosmetics.

KEYWORDS: natural cosmetics; clean beauty; cosmetic chemistry; GMP;
ISO 9001; grape seed oil; Georgia

INTRODUCTION
Natural cosmetics have become one of the fastest-growing sectors of the global beauty in-
dustry. Advances in cosmetic chemistry, dermatological research, and quality assurance have
enabled manufacturers to develop products that combine efficacy, safety, and sustainability.
Piel Naturals represents a successful example of this modern approach by integrating tra-
ditional Georgian knowledge with evidence-based cosmetic science and internationally recog-
nized manufacturing practices.
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Historical Heritage and Brand Philosophy

The origins of Piel Naturals date back more than one hundred years to Old Tbilisi, where the
brand's inspiration is associated with the renowned skincare specialist known as "Kukla." Her
handcrafted cosmetic formulations earned recognition among the local elite for their quality
and effectiveness.

Today, this family heritage serves as the foundation of the brand's philosophy, combining
traditional knowledge with modern scientific formulation to create safe and effective skincare
products.

Scientific Innovation and Natural Ingredients

One of the distinctive features of Piel Naturals is the integration of European cosmetic inno-
vation with Georgia's unique natural resources.

Among its characteristic ingredients is grape seed oil, a botanical raw material closely asso-
ciated with Georgia's 8,000-year-old winemaking tradition. Rich in polyphenols, essential fatty
acids, and natural antioxidants, grape seed oil is recognized for its moisturizing, antioxidant, and
skin-protective properties, making it a valuable ingredient in modern skincare formulations.

The brand follows the principles of Clean Beauty, emphasizing formulations free from par-
abens, silicones, sulfates, paraffin, and drying alcohols while maximizing the use of naturally
derived ingredients.

Quality Assurance and Manufacturing Standards

Product quality and safety remain fundamental priorities in cosmetic manufacturing.

All Piel Naturals products are manufactured in facilities certified according to 1ISO 9001:2015
Quality Management Systems and Good Manufacturing Practice (GMP, ISO 22716) standards.
These internationally recognized certifications ensure product consistency, manufacturing reli-
ability, traceability, and compliance with global cosmetic quality requirements.

Such quality management systems support the development of cosmetic products that meet
both regulatory requirements and consumer expectations.

International Business Development

Beyond its own product portfolio, Piel Naturals offers Private Label manufacturing services,
enabling partners to develop customized cosmetic product lines with technical support, flexible
production capacity, and modern formulation technologies.

The brand has established a growing retail presence in Georgia and has expanded its inter-
national partnerships through franchise collaborations, distributors, pharmacies, and the hos-
pitality sector, demonstrating the commercial potential of Georgian cosmetic products in inter-
national markets.

CONCLUSION

Piel Naturals illustrates how traditional knowledge, natural resources, and modern cosmetic
science can be successfully integrated into a competitive cosmetic brand.
The combination of family heritage, internationally certified manufacturing systems, clean

wodlews@yleay wny wayd
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beauty principles, and innovative formulation strategies positions the company as an important
representative of the modern Georgian cosmetics industry.

The experience of Piel Naturals demonstrates that scientific innovation and cultural heritage
can work together to create high-quality, safe, and internationally competitive cosmetic prod-
ucts that meet the expectations of today's consumers.
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