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Studied is the effect of L-aspartic acid (L-Asp), L-arginine (L-Arg) and L-threonine
(L-Thr) on the crystallization kinetics of calcium oxalate monohydrate (COM). L-Asp and
L-Arg amino acids exert an inhibitory effect on COM crystallization. Addition of 1-20 mM
of L-Asp and L-Arg to the calcium oxalate model system increases the induction time in
comparison with that of pure COM by 3-10 and 1.3-6 times, respectively. The degree of
inhibition of COM crystallization is 86.0 % (for 20 mM of L-Arg) and 90.2 % (for 20 mM
of L-Asp) due to high adsorption capacity of these molecules on COM crystal faces. L-Thr
amino acid is a promoter of COM crystallization; the induction time is reduced by 2 times
as against that of pure microcrystals.

Keywords: calcium oxalate monohydrate, spectrophotometry, nucleation, L-aspartic
acid, L-arginine, L-threonine.

Uccnenosano siausane L-acmaparumosoit kuciotsl (L-Asp), L-aprununa (L-Arg) u L-Tpeonn-
Ha (L-Thr) Ha KMHETUKY KpHCTALIN3anUU OKcasiaTa Kaabiud moHoruaparta (COM). Vceranosie-
HO, YTO aMUHOKMCIOTHI L-Asp m L-Arg okKasblBaroT MHruUOMpYIOlllee aeiicTBUE HA IIPOIIECCHI
kpuctramausamuu COM. To6aenenne L-Asp u L-Arg B MOJEIbHYIO CHCTEMY OKCAJATA KAJNBIIUSI B
KoHmeHTpanuu 1—20 MMOJIb/JI IPUBOIUT K YBEJINYEHUIO BPEMEHN WHIYKIUN, COOTBETCTBEHHO, B
3—10 u 1.83—-6 pas o cpaBHenuro ¢ kpucrajiausamnueii COM 6es mobapok. Crenenp MHrHGUpPOBa-
Hua kpucramrumsanuu upu 20 mmoas/n L-Arg u 20 mmoas/n L-Asp cocraBuaster 86.0 % u
90.2 %, cooTBETCTBEHHO, UTO OOYCJIOBJIEHO BBICOKOI aacOpOIMOHHON crocobHOoCThI0 L-Arg u
L-Asp sa rpaaun COM. Ob6uapy»keno, uro L-Thr asiaserca npomoyrepom Kpucrasausamuu COM;
BpeMs MHIYKIMKA YMEHBIIAETCA B 2 pasa II0 CPaBHEHMIO ¢ KpucTtaaausanuein uncterx COM.

Kinernrka kpucraxizamii okcajaTty Kaiblil0 MOHOTiApaTy y IPHCYTHOCTI aMiHOKHCJIOT.
IO.B.Tapauneywv, O.M.Besxpoerna, I.M.IIpumyaa.

Hocaimxeno Boaue L-acuaparinosoi xucaoru (L-Asp), L-aprimimy (L-Arg) i L-tpeoniny
(L-Thr) ma ximerury xpucragisamii oxcanary raasiiio moHorigpatry (COM). Beramosieno,
o aminmorucsoru L-Asp i L-Arg uwmuasaTs imridyrouy gmiro mHa npomecu kpucranisamii COM.
HomaBauusa L-Asp i L-Arg y MomeJbHy CHUCTEMY OKCaJaTy KaJblIlil0 y KOHIeHTparii 1-
20 MMOJIBb/J IPUSBOAUTDL H0 30iablIeHHA uacy iHayKIii, Bigmosiguo, B 3—-10 1 1.8-6 pasu y
nopiBHAHHI 3 Kpucranisamniero COM Ges po6Gapok. Crymine iHribysanusa xpucrasaisamil mpu
20 mmoun/n L-Arg i 20 mmouasn/n L-Asp cramosurbs 86.0 % i 90.2 %, sigmosigno, mio
00yMOBJIEHO BHCOKOIO amcopbmitinoro sgmatmicTio L-Arg i L-Asp na mosepxui kpucraais COM.
Busasneno, mo aminoxncaora L-Thr € mpomoyrepom kpucraxisamii COM; vac ingyruii smen-
myerbcd y 2 pasu y nopiBHaHHI 8 kpucranisamiecro unctux COM.

1. Introduction ism. Functioning of the latter and processes

hich in it losely int -
Biological liquids are complex multicom- WhiCh oceUr 1 1t are very closely interre

ponent systems that play a huge role in
providing vital functions of human organ- process gives rise to many negative conse-

lated: disturbance of the function of any
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quences. Pathogenic crystallization is one of
such disturbances is, that result a forma-
tion of crystals from bio fluid with sub-
sequent appearance of stones, in particular,
of kidney stones. Therefore, identification
of the mechanisms of the formation of
pathogenic aggregates and the kinetics of
their growth is a topical problem. The influ-
ence of molecules of different nature (amino
acids, proteins, inorganic and surface-active
substances) on the formation of COM micro-
crystals and their growth kinetics was in-
vestigated in a number of papers [1-4].

In this paper, we studied the crystal-
lization kinetics of calcium oxalate monohy-
drate (COM), one of the main components of
kidney stones [5, 6], in the presence of
L-aspartic acid (L-Asp), L-arginine (L-Arg)
and L-threonine (L-Thr) amino acids. The
choice of amino acids is due to their content
in the physioclogical fluid and kidney stones
[7]. These amino acids dissociate in water
medium and have different charge states in
the calcium oxalate model system [8].

It is known, that L-Asp (COOH-CH,—
CH(NH,)-COOH) amino acid, with two car-
boxyl groups and one amino group in its
structure, belongs to acidic amino acids.
The isoelectric point for L-Asp is 2.77, and
the dissociation constants (pK) for L-Asp
are 1.95, 3.71 and 9.66 [9]. L-Arg
(C(NH)(NH5)-NH—(CH5)3—CH(NH,)-COOH) is
a basic amino acid due to the presence of
one carboxyl group and two basic centers
(amino- and guanidine groups). The isoelec-
tric point for L-Arg is 10.76, and its pK
values are 2.03, 9.00 and 12.10 [9]. L-Arg
molecules are in the cationic form in the
solution with pH 5.8 that distinguishes them
radically from L-Asp molecules, which are
mainly in anionic form under these conditions.

L-Thr (CH3—CH(OH)-CH(NH,)-COOQOH)
contains one carboxyl group and one amino
group and belongs to neutral amino acids.
Accordingly, L-Thr has two pK values (2.20
and 8.97), and its isoelectric point is 5.6
[8]. Therefore, it is most probable that
L-Thr amino acid exists in the zwitterionic
form in the solution with pH 5.8.

Investigation of the effect of the charge
state of L-Asp, L-Arg and L-Thr amino
acids on COM crystallization will allow to
estimate the induction time and possible in-
hibition of crystal growth.

Various methods have been used to study
the growth of COM crystals, but many of
them are either laborious or require expen-
sive equipment [1, 10]. In our work, the ef-
fect of L-Asp, L-Arg and L-Thr amino acids
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on the growth kinetics of COM crystals was
investigated using spectrophotometric method
by comparing the growth rate of COM crys-
tals in the presence and in the absence of the
additives. This method is easy to carry out,
and at the same time makes it possible to
determine the effect of modifier molecules (in
our study, amino acids) on COM crystal-
lization. Therefore, the aim of the work was
to study the effect of amino acids with differ-
ent charge states (L-Asp, L-Arg and L-Thr)
within a wide range of their concentrations
on COM crystallization kinetics.

2. Experimental

The crystallization kinetics of calcium
oxalate monohydrate was carried out in a
model system, closest to the physiological
conditions in human body [10, 11]. The
model solution was formed based on the fol-
lowing composition: calcium chloride
(CaCly), potassium oxalate (K;C5,0,4-H5,0),
potassium chloride (KCI), acetate buffer so-
lution, amino acids (L-Asp, L-Arg and L-Thr)
and distilled water. The molar concentra-
tions ratio of the stone-forming components
[Ca2*]/[C,0427] of the reaction was 20:1.
The acidity of the solutions (pH = 5.8) and
the ionic strength (0.15 M) were constant in
all the cases.

Supersaturation of the solutions (s) was
calculated by means of the formula given in
[5, 13]. The concentration of the amino
acids (L-Asp, L-Arg and L-Thr) in the model
solutions varied in the range of 1-20 mM,
which is comparable with their concentra-
tions in physiological fluids.

The formation of calcium oxalate mono-
hydrate phase was confirmed by X-ray dif-
fraction (a diffractometer "DRON-2-M")
and IR spectroscopy (a spectrophotometer
"Spectrum One PerkinElmer"”) [12, 14].

COM crystallization was carried out at
s =4.6 in the presence of amino acids to
determine their possible adsorption to COM
crystal faces. The volumes of calcium chlo-
ride and potassium oxalate solutions for the
synthesis of COM microcrystals with and
without amino acid additives, were the
same. A day later the resulting suspensions of
COM microcrystals were washed 8 times in
distilled water and centrifuged. Then the sus-
pension samples were diluted by distilled water
to obtain a volume of 5 ml and measured using
an Optizen 3220UV spectrophotometer in the
wavelength range of 190-700 nm.

The kinetics of COM crystallization with-
out additives and in the presence of L-Asp,
L-Arg and L-Thr amino acids was estimated
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Fig. 1. Absorption spectra of COM microcrys-
tals in water. COM microcrystals were synthe-
sized without additives (1) and with the addi-
tion of L-Asp (a), L-Arg (b), L-Thr (c) amino
acids and then washed 3 times by distilled
water. The additives were of the concentra-
tions: 2 mM (2), 4 mM (3), 8 mM (4), 20 mM
(5) (s =4.6; pH = 5.8, 0.15 M ionic strength).

using the spectrophotometric method by
measuring turbidity of solutions as described
in [7, 15, 16]. The supersaturation of all the
solutions was the same (s = 6.0), and optimal
for determination of the induction time (7).
COM crystallization without additives pro-
ceeded very rapidly at s > 8, which intro-
duced an inaccuracy in T determination. At
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Fig. 2. Normalized absorption spectra of L-Asp
(1), L-Arg (2) and L-Thr (3) amino acids of
1 mM concentration in water.

low supersaturations (s < 5) and high con-
centrations of the inhibitors (14-20 mM)
the crystallization proceeded very slowly.

The induction time and the turbidity
slope, as a function of time was determined
for pure suspensions and for those contain-
ing the additives. The optical density of the
model solutions was measured by a spectro-
photometer at 620 nm. The optical density
of the solutions at 620 nm was directly pro-
portional to the mass of COM crystals
formed per unit volume [7, 17, 18]. The
percentage of inhibition of COM crystal
growth (I, %) by amino acid molecules was
calculated according to [7]:

I=[1-T,/T,]- 100, (1)

where T, and T; are the turbidity slopes for
the suspensions without additives and for
those containing amino acid, respectively.

3. Results and discussion

To reveal the influence of the amino acids
on COM crystallization and their possible ad-
sorption on the surface of the growing crystal
faces there were measured the absorption
spectra of the washed COM microcrystals syn-
thesized without additives and in the pres-
ence of L-Asp, L-Arg, L-Thr amino acids (Fig.
1), as well as the spectra of water solutions of
amino acids (Fig. 2). The absorption maxi-
mum for pure COM microcrystals is located
at 192 nm. The shift of the absorption maxi-
mum towards larger wavelengths with the
rise of the concentration of L-Asp and L-Arg
amino acids was observed during COM syn-
thesis (Fig. la, b). This may be due to the
adsorption of L-Asp and L-Arg amino acids
on COM crystal surface. As reported in [13],
the maximum of L-Arg absorption in the aqueous
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Fig. 3. Typical curve of pure COM crystal-

lization (s =6.0; pH = 5.8; 0.15 M ionic

strength).

Table. Effect of amino acids concentration
on COM crystallization

Crystals ¢, mM T, S I, %
Pure COM — 100 -
COM+L-Asp 1 300 32.0
2 300 42.8
4 410 64.6
8 600 72.2
14 970 89.5
20 990 90.2
COM+L-Arg 1-2 100 0
4 130 0.5
8 280 10.2
14 570 66.7
20 600 86.0
COM+L-Thr 1 100 0
2-20 50 0

¢ — is the concentrations inhibitor, mM; t, the
induction time, s; I, the degree of inhibition of
COM crystallization, %.

solution is located in the region of 220 nm.
The spectra of L-Asp, L-Arg and L-Thr ab-
sorption in water showed the absorption

maxima at 200-202 nm (Fig. 2).
As seen from Fig. 1lc, the absorption spec-

tra of COM crystals with L-Thr in concentra-
tions of 2—-20 mM are practically similar to
those of COM crystals not containing the ad-
ditives. The absence of changes in the absorp-
tion maxima and the spectral widths of the
doped samples in comparison with pure COM
testifies that L-Thr molecules are not ad-
sorbed on COM crystal surfaces.
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Fig. 4. Kinetic curves of COM crystallization
with the addition of L-Asp (a), L-Arg (b),
L-Thr (¢) of the concentrations: 0 mM (1),
1 mM (2), 2 mM (3), 4 mM (4), 8 mM (5),
14 mM (6), 20 mM (7).

The kinetic curves of crystallization of
COM suspensions with L-Asp, L-Arg, and
L-Thr (Fig. 3, Fig. 4) and of the ones with-
out additives allow to reveal the effect of
the amino acids on the nucleation and
growth of COM crystals. The induction
times for the investigated systems deter-
mined from the kinetics curves (Fig. 3) var-
ied in the range of 100-1000 s. For pure
COM solutions (s = 6.0) T = 100 s and rises
with the addition of L-Asp in 1-20 mM con-
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centration (Table): T=300 s at 1-2 mM of
L-Asp, 990 s at 20 mM of L-Asp, respec-
tively. This testifies to an inhibitory effect of
L-Asp on COM crystallization. The kinetics
curves (Fig. 3a) show that such an effect en-
hances with the increase of L-Asp concentra-
tion. Accordingly, the degree of inhibition
of COM crystallization rises from 32.0 %
(for 1 mM of L-Asp) to 90.2 % (for 20 mM
of L-Asp).

The inhibitory effect is less pronounced if
L-Arg is used instead of L-Asp. The induction
time increases with the addition of more than
2 mM L-Arg to the model system, and T = 600 s
at 20 mM L-Arg (Table). The degree of inhibi-
tion of COM crystallization is 0.5 % and
86.0 % with the use of 4 mM and 20 mM of
L-Arg, respectively. In contrast to L-Asp and
L-Arg, L-Thr molecules induce a promoting ef-
fect on COM growth kinetics. The induction
time of COM crystallization with a very low
concentration of L-Thr (1 mM) corresponds to
that for pure COM (100 s), but the induction
time decreases to 50 s at 2-20 mM of L-Thr.
Being active centers of crystallization, L-Thr
molecules probably increase the number of nuclei
in the system, raises the rate of COM crystal-
lization.

The significant inhibitory effect of L-Asp
molecules on COM crystallization is due to
the anionic form of L-Asp molecules in this
system. Adsorption of L-Asp may be caused
by the electrostatic interaction of its two
negatively charged carboxyl groups and the
positively charged faces of COM crystals.

The inhibitory effect of L-Arg molecules
is explained by the Dyuklo-Traube rule [19].
Colloidal surfactants possess a high adsorp-
tion capacity mainly depending on hydrocar-
bon radical length, and the surface activity
of molecule rises with this length. L-Arg
molecule structure contains by two hydro-
carbon groups more than L-Asp molecule,
and has a branched structure due to the
presence of a guanidine group. This feature
provides adsorption of L-Arg molecules on
the positively charged faces of COM micro-
crystals, in contrast to L-Asp molecules,
which adsorption on the ecrystal faces is
caused both by the formation of hydrogen
bonds and electrostatic interaction with the
microcrystal surface.

4. Conclusions

Studied was the effect of L-Asp, L-Arg
and L-Thr amino acids and their concentra-
tions in the model system on the crystal-
lization kinetics of calcium oxalate monohy-
drate.
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L-Asp and L-Arg molecules were found
to exert a significant inhibitory effect on
COM crystals growth. The addition of
20 mM of L-Asp to the model system re-
sults in 90.2 % inhibition of COM crystal
growth and in the rise of the induction time
by almost 10 times compared to that of
pure COM. The introduction of 20 mM of
L-Arg increases the induction time by
6 times, and the degree of COM inhibition
is 86.0 %. The significant inhibitory effect
of L-Asp and L-Arg is due to adsorption of
the amino acid molecules on the growing
faces of COM crystals. L-Thr amino acid is
a promoter of COM crystallization. The in-
duction time reduces by two times with the
addition of 2—-20 mM of L-Thr compared to
the one at pure COM crystallization.
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