1Lo9Awf1 6?1 ¢ dsérrfwec 1o6us vst
w4 RuvLYU [ [J1J{wiRrRuUO]

so0dz W' COy" 2 dzO
feOyvy dzO ftwbo O

v OteOdz] y* sz’ w I sdzsHddBte' 9 dzO

vrs [548.5:577.112, 38960

rrRe[rtovodAwe

Py Rl L0461 wyrRramusfofor{ 1 wl { fepuwsyl U 11
stRevU] Wsuodf dvuv so[fAAwarft ¢ v

05.02.01i 30Is j tc* OdztsL dz@o Mls o &5
v jndz ydz dzOkSd

I BHO s MW dzO LHBBELILY d&OEZStsoatsets Miskzy J

rdmjelsoy v o fisdls! ©jLkd sOd o dzOfda
CjLbd O'a ' IsjCflk's 'd"dr Oolktt' o

(" Hfdm, “d& y Ozd O fte' Lodhj LHBBESC

10kzCBBoad2 S Jt" odzed €
ltodlskzdzO we tstoy gE.dsrcO 2 dztshg o ., We.@z dzd ,

MmO tc ¢ 2(18


https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D1%96_%D0%BD%D0%B0%D1%83%D0%BA%D0%B8

01 f v Awg

v OtcOdzj y4 f dedd sStecOdz’ ydzedre BsHIW ™ € Ols
CtedMmMlsOdz' 9 CMOZOLEZT $®Odz! W' € OPRsUARE ' 2@ D!
ftcOo Orn k¢t dmk

rgmjtlsOy" v dzO LHGBERISkY &OEZCtsotsets M
MfJy" Odz dz' Mke [OIsQ Tc. D2zte0 He@hHf b 3 1s d3ts dats ¢
161 vEtO dzd, mOtE' 9, 2018.

rdmj elsoOy’™ v ftedme W yj dzO ts dzjtsWUdriz ¢f ¥ | Uz@zls
tesmiskz dzO L OSBdtsdy tedetsMmils’ Ctod MmisOdE [LfOY"

[ sfdz' HY j dgts o ff dzd o Ctsdzyj dzlstc O ybsdlz' o' s
fJted Mdyd dedzs) tedsQ Yydtize W fdztsc ' ¢ 1 8§ PO @ a
BstoW sdzse ' CtedmlsOdz) & * sERf Istcd et 3z Mt
CQdg) zlso stes 8 ydn Cidateff s dgj ids jodzls- @53l sda / d
lso stet & st MW  ©HJapfld {-Bddduisiotdn dzis O 6 dz
f tots dzduSHO ' 2 dzd € d , O Wit ts Qs jdozls O Yz Is o 15 &
Hy dHtedIsdz® CtdmlsOdzd o [ [ .

ldeyJj dzats o f dzd o (L-¢sgL-dizty L-q) dztlds© 0 * s O d3* dz'
1'12) dzOd difizte tbay jCtdrt€ fitglsf ) lOfdf . d Wl dzj dals¢sp ™ s
L-org dzOH O8 Is! " dze " Blz®¥ yd?2 ofdzde dzO CtodMmls
LB ' dz hlz® Is! MW (sl stcy didsde® yL 8 ' dDdy jdasdzed )
[ SH Q9 O dzda” 210¢pspdsdimpadyy § dzdstsH j dz! dzz  d fMils j ok
fif * 99" ' HdAfCEY[@@”]=20:1 (s=4,6) ftcdL o tsHdIs H S
sHddsyddrs CtodMmMisOdz-% &Y dpd feisdzdy’ totstez d' tol
4[] GBEkdtso tiep Upls’' *OH s dz] CEdz O3 dEE€ i Bdirts T
Cted Mis OdzO: B At § Odzdz} Ew@dgls® zO wdfrd d3

G tc Odz { 10 OL}¢ spdgtedigyg & dz daRfE s tc tstple @ OJ qizis H
B LOLWHY] dd B Bslzj O lkE@&Rdgd HESOd hys &
9 dnrBBHWIs! O f o jton dg¥ Gl dzpsp ' -1 .
OH Mzt 'dfy ctcOdzt BPL UG C Eklsotstej dzdz? o SH



Btsdzj ¢ &z d&zO diz3d Od3" dzts € d Mdztsls Is © i s & s uzd dat
G tc Quzl}.

 sfpdz" HY j des yYyOMm " deH2C y* " d frpdfdls ff tedo * ol
l dqwedzj dgts L B" dz' M jdgdzg" yYyOmkz ' dzH Iz Slyp'sp )
2033ts dz! /| dz, O ftedr @0 @iy < b dw ez L
Hsd3 " 8GR dz " dzG ' B Iz afGndzdavdz’ otcts feld Y t5 ¢
MlsOdzt09, U5 ' * 98,6, 6 'HHiAfSsB S OL Omlzs O d3'  dats €-gfHn dzts s
ftestfdcd Mis@dg [ § : YoM " dHbkCy"'  -260[ [ Boftal
L-shr L d3j dzh 2° Is* iqpw o Ho O tOLd o ftstc' o dav
Hsd3" " ¢ .

lfjtehj odwedzjdets " dze" BEk®¥ yd?2 of dzdoe e
CtedMmMlsyPOdz' L'O tsL 3 te6 SCtodmMisOdz' © ‘wded . B [ode
tesMGledMmMisOdz' ©# w [ ftod € tsdzyj dzlsFOBGugs dz' /od
MisOdetsth i dgBE, N 5 o OCIsdydes ¢ tsodz Miss fteod
1 sCOL Odzts, h 5 dze3ts iz & @rdzde? s ®O3' délpd fjlHB] dglz  d3t
ftcdL otsH(Is! HS Eklseotstej dzdgv tsHJ dztsa{dlg] = N Oste
f' wis! cOL ' 9o dBjdhj L o CtedMmlsOd o
SBEzd@3so dzj dets EZlsotstej dzdg" d3 otsHdzj o~ L O WL
C' dz yv tsdzj $kzdzd tools HiEDigsbidiz elden SH W Ifite  dz
cte@de'21} CtedMmMlsOdzO w [ [ .

[ sMdz' HY | des  o-f3tlzd W 3StcKfiflddizdg tso j tor dzj o 2
v . Il dwe dzj dzts, h ts i mo N dzj o Otcd NtzP
fls O dzt=28,@diy ' | #, G3HHO> Oalzdztits H | dz dgz M d MisLkiAdgly Od
L-Arg L d3j dgh Iz f tso j'teude] o v s+2d2jHBE8 o3  / d3) .

o' IsOd3 dg' & 11 ° 1 6 jlooOf tspydzjLiced )z * wfHERdBQC
Cted o OBBHY jdedz? StedMmlsOd o w f Mysmisjte'
s8, 0, h ts sB zd3tso dzj dzts j Istfj jtotisjcrj tElatdisdg 5 © ‘L HO

CEBsej ddzsets ftod ojdzdSdr §jtej fidyj deda” o .



1 OS50 0 dizso dL d&z0@ tsisted a0 T dcj oz fipls &

o MisOdetso dzj dzad m f sdztsy j dadz™ = :

1. jteh j fsCOLOds, 'O©NfOEOetdg)dEpdd
203 dz /| 2 2 dstwdjddr dfshgilz’ etefs LH dztsh | dzdzY
C 5 &3 5dzj @a)[RO/]=RO: 1, fdted mdud dedz? s =
5CMOkOE COd y' s dBsdtsc' HieOlk (a )
Ctsdzyj dzlsta®qg" de ety ) ( 20 TgeR3s & / tdOL " o .
‘dzc ' Bko Odadaffidcdsdijlo WS[ [ fted vyd- € tsday

L-¢sp -¢r gL MisOdzetso  Is 90, 2% ° 86, 0%,
L dzOyded2 " dze" Bzt yd2sptf-dzd gL dg® dzjS Qelrfdnls
g [ .

2. | Mls Odztso dzj dats, h s fedmizlsdz Mmls z
([Ca)/[C044]1=20:1, s =4, 6) Oa pzH'c i dzts I€ sldzy j dz
203d3tsdz! / &z ftedL o sH d Is¢ H S zZlse tstcj dzdaw

tetsL d3' BRWdz4 O dzOvw o dz' Mis! o' Is OdgdzHalzY /I d&)
Hs Eklotstej dedg? Cteddgs®dz( & # sicd3d tizle dgbiz2
Flsotstes ¥ Is4 fyw HJ dgH te d Is dg' ¢ tc d figs @xdizg b
5B Iz d3s 0 @z fgastcB Yy ' ‘B stec Odz' ydzd Bsdzj € Lz
otsHdzj] odes L' WL GEC" 9 L CGCteOdadzt {121} u
B Y LOtWHYjdddkd dkBsdj SzdzOd HBB OO ¢
hts adrBHWIS! dzO o jtondst cGtcOdzj 2 { 10C
3. 1 MisOdzts 9 dzj dzts H' Of OL sdz € ts dzalp jodelstdd gz 2

20d3d3ts dz! / dz) ftcd wWCtsdkkz otdO f tots 3
fwoL Odzts L' LB ' dz hjdedgvds S dz Sl L
moflsj d3° L d3j dgh § dzdzv d3 yOMmkz " dzHkS y" =~ ¢
4. 1 dw o dzj dats, hts o' sOd3 ded 11 16 - f toc
503d3tsdz? / dz e OSIsdudets f s dz Mmise f tod ¢ d
(Miskzf " dz# " dzc' Bkzo Odzdzg" CtedMmMlsOdz' L Oy" °

YoMk ' @ef)y' 70 ©0OL'es bk st od dede
Hsd' hsC (100 f) .



5. 1 fls Odzts o dzj dzfs, hs fedhklsd fMls! b
([CRY[C,02]1=201, =4614, 0) o kO®K d@ & 11 d
1050BBsd / &2 O 112 L -100s&wpisdas t @y i v dt
fso jtendzgjol jdzgjtec' v CtodmsOd o wl[f,
Gjlsjtesg jdedetsets L-®fcGH Y jHdsdZY ¢ S(dstsT4), ddzts ¢
4t mdyd deti?0p (s=8, 0
LLOGOdz! dzgj dgdzv j St J ted d3J dzls Odz' dzd =

shdesg - S dewlzd 5 6 M jdz, o Iksdkz ydhd

itesL tosB dzj degts tSted 6’ dzOdz! dzd 2 d3j IstsH 9 C
COdz y' ¥ dBsdese’' HisOlk, WwWCd2 HBLOGMY ' W
5CMOLOE SOd y' ¢ dodse' HEOBER] dls YU L a
Cstedmdz BsSBBdzo ' H LDADA. 2018 to. )

L gO2Hjdets HEBEB NS, wg ot dzd o O Is!
CedMmsOod Loy ° u[f 1O {tddivipze sk it G
BdzdL! €dAn HEts W' L' sdzse ' ydad = .

[lsted B30 @S s dzts o' otcfdpbefrpls? H B3 h 5C te' L dat
Csdzyj dzsteOy'd L @) CtedMsOcj dzded s 8' &5 dzj
o dCttedMsOdz HdW §swidy dedz? Bj ZOdz L &5 o

10 ikt HdMjtkOy'® LHsBERZOOY]d L
BOLCsodR) fdePy' 5 MsOkj2 E o' lsydL dzgv dzq -
f Olsj dzls vSEBOMdatE UPBdBH L dz'C Sz § 6 day ™ 2 .

rdmitlsoy' 2d0 e cdsiPs ifTEzOHD' B ' d

Mfdmel ydistse Odass H Ods Gln), 1oy 48 tod-
s OB dzd y ' , 140 dzO02 d3j dzlz 9 O dz Yydlstse Odzts”’ d
Mistste” dz d .

s dz¢ Yytso H@de @ 2 sCMOdzOIs B dz5 G ° H |

§dwimdud dd" wsLuyddz, yom "dikzCy" ",
CtedfMsOdz L Oy"



gl Re[s J[Jluvi[ wsPphddARMY & s [ JtdU dr ARy

1. 1 dzd W dzd@Qinf @tc OG d dzts 9 52 CdmdztsiIsr zO0 ¢
COoOdFvy BEdsbIdHEOBOdz] Yl1 4L Stetso dzOVEG d Is rdzQ
1. JOIsj 2y dgtsW tetpdztmegp, dzs YA USBHBtcdad @ dzsmd Mis §
RO dzts 3OIs j ted Odz" , 0. UADWS Is | -~ dztbides. N J4BB5S

2. L-threonine amino acid as a promoter of the growtpathogenic calcium
oxalate monohydrate crystdl¥.V. Taranets, JBeNz kK r ov n &ntuda, I
P.V.Mateychenkd/ Journal of Nanomaterials & Molecular Nanotechnology.
2017.i V. 6, No 5. P.10002293tc Je

3. Effect of Charge State of-Aspartic and EArginine Amino Acids on
Morphology of Calcium Oxalate Monohydrdt®.V. Taranets, | Pritfila,

[ . Bezkrovnaya, P.Wateychenko, D.SSofronov, A.N.Puzar/ Crystal
Research & Technology.2018.i V.53, No 4.1 P.1700133( 7 tctc)

4. | dzd v dzd 4 o dlO®Ry dzetsol : ¢ Wd&zdfO dzd dz0O if
Yydqd Odzts ¢ 5B OdzO d&3d dzO dzO f Olstse J dzj L
Bs dzts 6 d/0 tc D @tc O,dzj Y JlL LSt dz2OW , 1 6 Is RAZQ
1. JOj2yjdSts, sOBOfFuiEtstcdzd ¢ A Odztsmd Misj
dzOdzs d30Is § o d O dz" , 0.10201&zslds.j ~ MAisidatsiA@] 1 .

5. Taranets Y.V. Kinetics crystallizationof calciumoxalatemonohydratan
the presence of amino acids/Y.V.Tar anet sBezkrovijag, N .
I.{ .Pritula//F unct iatenalsil 2018.7 V.25, No.2i 1 . 1385.1

6. 1 Olsj dzls dz0 Cstedmdzz B H j dBOIN33/4B,2501N3 8
33/ 4HIs M B WE' Mdzesets odL dzOyd dzdzv Cted Mls O
o Mo 'luOteOdzj yf1 JL Ctotse dz®d Is;ludz dzO fydzd € w
BsdesC tcd MisOdz' o nLeQwY &9 VRBA7EREB6 14 ® " H
sfkza@. 04.2018, 18k -~ 7.

7. Taranets Y.V. Crystallizationof calciumoxalatemonohydrateat different
concentrations  of the oxalate lon/Y.V. Taranets [.M. Pritula,

O.N. Bezkrovnayd/ IV  International research and practice conference



fiNanotechnologyandN a n o ma t (BIANO-2016) 2427 August 2016: book
of abstractsi Ukraing Lviv, 2016.i { 508.

8. u Ot Oday .yl [ mMtsB §j dzdzsMmis d CtedMlsOdzdzd L O
BedtsedHOIS O 9 L-® fiptff Gtz ® dndpdetd af 62 . JuOdehpdzg oy
[ VWiLSCtcso 2O d stz OZC 50 O CtsdaW jtoj dgy’ W
MmMdMmisj d©3dd: BEHtSO O, o dzO frHsRIBOGE)) &2 |, ¢ tisIeT 6t dzt
Isj L d Htsifustots @ jd@016Tsud.779

9. Effect of the concentration of oxalate ions angadpartic acid on the
morphology of calcium oxalate monohydrate crystasV. Taranets,
O.N.Bezkrovnaya, |.MPritula, P.V.Mateychenkd/ VI International Conference
ANanomateri al s: Ap p | (NAP2016)o0 1M$9 Septewhber P r ¢
2016: book of abstracts.Ukraine, Lviv, 20167 t . 02MANL1 (3tc ¢

10. Taranets Y.V. Effect of L-arginine and Laspartic acid on the
crystallization of calcium oxalate monohydrat&'.V. Taranets,

[ .N. Bezkrovnaya, [. . Pritula// VIII International Conference for Professionals
and Young Scientists nLOWTPT20Idy May2@t ur
June, 2017: book of abstracts.Ukraine, Kharkv, 20171 t . 155

11. Taranets Y.V. Amino acids as growth modifiers of calcium oxalate
monohydrate crystalsY.V. Taranets, O.NBezkrovnaya,

.M. Pritula//I nt er nati onal research and prac
Nanomat er i -201%),232¢ Adgudt,Q017: book of abstracislUkraine,
Chernivtsi, 2017t { . 660

12. Taranets Y.V. Amino acids as growth inhibitors of calcium oxalate
monohydrate crystalsy.V. Taranets, O.NBezkrovnaya, |.MPritula// Joint
Conferences on Advanced Materials Fuomél and Nanonstructured Materials
(FNMA62017) and Physics of 29 Septemibar,r e «
2017: book of abstracté.Ukraine, LvivYaremche, 2017.t . 158

13. Taranets Y.V. Effect of supersaturation and concentration of the amino
acids andthe group B vitamins on the kinetics of calcium oxalate monohydrate

crystallizatior/ Y.V. Taranets, O.NBezkrovnaya, |.MPritula// IX International



Conference for Professional s and You

(ICPYS-LTP 2018), 48June 2018: book of abstcts.i Ukraine, Kharkiv,
2018.1 1 . 149.

14. Taranets Y.V. Inhibitors of calcium oxalate monohydrate
crystallization/ Y.V. Taranets N[ Bezkrovnayal. [ Pritula // Sixth European
Conference on Crystal Growth (ECCG6),-A® September 2018 book of
abstractsi Varna, Bulgaria2018i{ S07P11



ABSTRACT

Taranets Y.V Effect of organic growth modifiers on the pathogenesis of
calcium oxalate monohydrate crystdldManuscript.

Thesis forthedegree of Candidate of Technical Scien@dsD.) in specialty
05.02.011 Materiak Science.i Institute for Single Crystals of NAS of Ukraine,
Kharkiv, 2018.

The thesis is devoted to the study of the influence of growth modifying
molecules on the processes of crystallization, morphology and nucleation of COM
crystals.

The effect of solution supersattiom (s), as well as of calcium and oxalate
ions concentration on the morphology of COM crystals, is investigated. Shown is
the change in the morphology of COM crystals at a stoichiometric ratio of-stone
forming components. Single crystals of COM are fouod be formed at
concentrations of 0:8.5 mM, contact and penetrating twins arise & MM
concentration, whereas dendritic COM crystgl®w, at concentrations above
3 mM.

Studied is the influence of-Astg L-Arg, L-Thr amino acids and B1, B6,
B12 vitamins on the processes of nucleation and growth of COM crystalsp L
and L-Arg are found to have an inhibitory effect on COM crystallizatibe effect
of inhibition increases in proportion to the rise loé toncentration of amino acids
in the solution. Additon of 20 mM ofd s p a¢nrdg Lt o t he COM r
with the ratio C&*]/[C.04”] = 20:1 (s=4.6) leads to the formation of siagCOM
crystals with a size of-8 € m. The decr easwrstaisis due toe
the adsorption of amino acid molecules on the growing crystal faces: blocking of
the {100} and {010} faces by 1Arg molecules and of {100} faces by-g.sp
molecules is due to electrostatic interaction between charged additive molecule
and calcium and oxalate atoms on the surface of COMisp and LArg amino
acids are adsorbed on the {121} face due to the formation of hydrogen bonds

between the amino acid molecules and protons.



The induction time of COM with the introduction of aminoidsc and
vitamins was investigated. There was observed the increase in induction time by 1
times at 20 mM content of-Asp, and by 6 times at 20 mM content ofAkg
compared with pure COM. The degree of inhibition of COM crystal growth was
90.2% and 86.0%respectively. It was shown thatd h r ami no acic
COM crystallization: the induction time of COM with the introduction &f®mM
ofL-uhr i s halved compared with the 1nc

For the first time, there was revealdt inhibitory effect of B1, B6, B12
vitamins on the crystallization processes and the size of COM crystals. It was
found that the inhibition degree of COM crystal growth with-540 mM
concentration of B1 and B6 vitamins exceeded 95% that almost completely
inhibited crystal growthlt was shown that the addition of 50 mM of B6 vitamin
to COM model systemesulted inthe formation of single COM crystals with a size
of 2 & mby five ineessmalles than the sizes of pure COM crystals due to
the formation of hydrogen bonds between the nitrogen atoms of pyridine ring of
B6 molecule and protons on the {121} faceGf®HM crystal

Investigated was the effect of growth modifying molecules on COM surface
energy. It was revealed that the surface enewfy pure COM crystals was
22.0mJ/n¥; the addition of EAsp and LLArg amino acids to the model system
reduce the surfaceergy of COMt01982 0. 8 mJ/ m] . The i nt
B6 vitamins also reduce the surface energy. However, on the kinetic curve of
nucleation of COM crystals, two kinetic regionsttwa break are observed at
s=8.0, that is caused by the transitiororh heterogeneous nucleation to
homogeneous one takes place at high supersaturations.

Scientific novelty of the results obtained is contained in the following
statements formulated fo the first time:

1. The induction timefor calcium oxalate monohydrate (CQMs shown to
increase by 10 times at 20 mM concentration -@fspartic acid (LAsp) in the
model solutiontheratio of stone forming component$@g*)/[ C.04?] = 20:1,

supersaturation s=6.0) antly 6 times at the same concentration of



L-arginine(L-Arg) 20 mM. The degree of inhibition of COM crystal growth at
these concentrations of-Asp and LLArg amino acids is 90.2% and 86.0%
respectivelythat testifies t@ significant inhibitory effect the-lAsp and -Arg
molecules on the COM criadlization.

2.1t is found that the presencef L-Asp and LArg amino acids with a
concentration of 20 mM in the model solution ¢C#']/[C,04*] = 20:1,
s=4,6) leads to the formation of COM single crystals wéhsize of
4-5 microns.The presence of B6 vitamin (with a concentration of 50 mM) give
rise to the formation of crystathe measurin@ microns In the absensef
admixtures 10 microns dendritic crystals COM are formddhis is due to the
adsorption othe organic moleculesn suface {121} caused byhe formation
of hydrogen bondsand electrostatic interaction between charged molecules of
the additives and calcium and oxalic atoms on the faces {100} and {010} of
COM crystal.

3. Established ighe range othe concentrationof L-threonine amino acid (2
20 mM) within which it is a promoter of COM crystallization. It is associated
with an increase in the number of crystallization nuclei in the model system
and a decreas#d the induction timéor COM by 2 times.

4.B1 and B6 vitamingre found tcalmost completely inhibit the growth of COM
crystals at their concentration in the solution of500mM (the degree of
crystallization inhibitionbeing more than 95%), ando contribute tothe
increaseof the induction time (7200 $)y 70 timescompared with the time of
COM inductionin the absence afmpurities (100 s).

5. The presence of B1 and B6 vitamins with concentrations -&0LM and of
B12 vitamin with 200 00 &€ M concentrations I n
([Ca1)/[C.047] =20:1, s=46-14.0) reduces the surface energy of COM
crystals. Thereat, the transition from heterogeneous nucleation {&84.®
homogeneous one takes place at high supersatutions-@s£8)0

The generalization of experimental and theoretical studies formed the basis

of technologicabkolutions whichallowed:



i to developan original method for determation of calcium oxalate
monohydrate crystalshas been developethat makes it possible wualitatively
establishthe presence of calcium oxalate monohydrate crystapdhysiological
liquid (Patent No. 124338atedApril 10, 2018)

T to find the admixtures that influence the kinetic parameters of COM
crystallization and suppress the growth of COM crystalsvitno under the
conditions close to the physiological.

The QOM crystals obtained in the presence of amino acids and vitamins
allow to reveal the tendenayf theinfluence of impurities of various nature and
concentration on the crystallization of the pathogenic COM bieraleand can be
used to explain the mechams of stone formation.

Within the scope of the present thesis, the applicant iautioorship has
published 14 scientific works. Among them, there are 5 papers in national and
foreign professional scientific journals, 1 patent of Ukraine for utility rmadd 8
abstracts o€onferences.

The present thesis consists of the idtrction, 5 sections, conclusiahg list
of the cited literaturé&hd application The thesis contains 48 figures, 14 table)
titles of quoted literature and has a total volume2fdages.

Key words: calcium oxalate monohydrate, crystal growth, supersaturation,

induction time, amino acids, vitamins, the inhibitofsrystallisation.
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