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Ten-eleven translocation protein (TET) 1 plays a key role in control of DNA demethylation and thereby of gene
expression. Dysregulation of these processes leads to serious pathological states such as oncological and neu-
rodegenerative ones and thus TET 1 targeting is highly requested. Therefore, in this work, we examined the
ability of hydrazones (acyl-, aroyl- and heterocyclic hydrazones) to inhibit the TET 1 protein and its mechanism
of action. Inhibitory activity of hydrazones 1-7 towards TET 1 was measured. The results showed a high affinity
of the tested chelators for iron(Il). The study clearly showed a significant correlation between the chelator’s

affinity for iron(II) ions (represented by the binding constant) and TET 1 protein inhibitory activity (represented

by ICs, values).

1. Introduction

Epigenetics is a popular topic in the biological sciences, with a high
medicinal impact. The epigenetic control of chromatin structure is an
important mechanism for the adaptation of gene expression that can
depend on external conditions. It is not surprising that epigenetic me-
chanisms are one of the most important regulation strategies in living
systems. Currently, epigenetic drugs are being intensively studied and
tested, and initial medicinal applications are underway [1-4]. Most
epigenetic drugs suppress the level of DNA methylation and histone
acetylation. Their undeniable success has led to the study of the reg-
ulation of other epigenetic mechanisms, such as hydroxymethylation of
DNA.

A number of recent works have demonstrated that hydro-
xymethylcytosine, similar to methylcytosine, is important for the reg-
ulation of gene expression, but unlike methylcytosine it is associated
with its activation [5]. Hydroxymethylcytosine plays an important part
in control of the cytoskeleton, ion transport, transcription, cell adhe-
sion, cell death, development, differentiation, maturation, chromatin
structure, splicing, self-renewal, myelopoiesis and other key cellular
processes. The dysregulation of these processes has serious health

consequences and can lead to serious pathological states. Some authors
have shown that imbalance in the hydroxymethylcytosine level is as-
sociated with the pathogeneses of some serious diseases such as acute
myeloid leukaemia [6], RET syndrome [7] and Parkinson’s and Alz-
heimer's disease [8,9], among others. Human tumours also undergo
massive changes in DNA methylation [10].

One possible way to modulate the hydroxymethylcytosine level
could be based on the regulation of TET 1 protein activity. The TET 1
protein (ten-eleven translocation methylcytosine dioxygenase 1) is an
iron(Il)- and a-ketoglutarate-dependent dioxygenase and converts 5-
methylcytosine to 5-hydroxymethylcytosine. The high importance of
the TET 1 protein for the control gene expression has been demon-
strated. Due to its importance, studying the mechanisms for controlling
TET 1 activity can be a possible route for the development of new
therapies. However, this promising strategy is strongly limited by the
small number of described effectors of TET 1. One possible method is
TET 1 protein inhibition by iron chelators [11]. Alternatively, vitamin C
[12] can be used for TET 1 activation, or nickel(II) ions [13] for TET 1
inhibition. This use indicates that the development and study of specific
and selective iron(II) chelators for the inhibition of TET protein 1 can
have great potential in clinical research and in future medicinal
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applications. In medicinal research, several types of chelators are in-
tensively studied for the treatment of many serious pathological states
such as oncological, neurodegenerative and metabolomic diseases
[14,15].

The above facts clearly demonstrate the importance for the re-
cognition and strong complexation of iron(II) by chelators. It is well
known that the iron(II) cation, with a lower charge density, prefers to
interact with binding groups containing ‘soft’ donor atoms [16].
Structural motifs of known iron(II) chelators are usually based on the
nitrogen heteroaromatic groups that act as the binding unit [17-20].
Phonsri et al. showed that the incorporation of aromatic hydroxyl
groups in the chelation could be a possible method for the complexation
of iron(II) ions [21]. One possible strategy for the construction of
chelators that effectively combine both N- and O-metal binding groups
is the addition of a hydrazone structural motif in the chelator design.
Currently, there are many known hydrazone-based chelators with ex-
cellent usability for the complexation of transition metal ions. De-
pending on the target metal and chosen medium, the binding properties
can be finely tuned by their combination with other suitable groups
with metal binding affinity, such as benzoisothiazole-1,1-dioxide and
pyrimidine, or groups enabling a better solubility (for example, bile
acids). Fria et al. successfully tested benzoisothiazole-1,1-dioxide deri-
vatives for the chelation of iron(II) [22]. Another iron(II) chelators
based on pyrimidine structure motif were described by Vasta et al.
[23,24]. Authors clearly proved, that prepared chelators displayed not
only significant inhibition activity of prolyl 4-hydroxylases (iron(Il)-
and a-ketoglutarate-dependent dioxygenases) via chelation of iron(II).
For some of them it was found selective mod of inhibition caused by
their incorporation to enzyme active site. Combination of 2-hydro-
xyaryl or 2-N-heteroaryl moiety with benzoisothiazole-1,1-dioxide via
suitable linker such as hydrazone can be promising way for the pre-
paration of new iron(Il) chelator. Another important part of chelator
design is optimization of their solubility and hydrophilicity. In-
corporation of bile acid structural motif into hydrazone-type chelators
can improve their solubility in aqueous medium and their bioavail-
ability. In the present time, cholic acid is used for the tuning chelator
properties, especially ones for medicinal and biological applications
[25-27]. Therefore, in this work, we designed, prepared and studied
hydrazones containing a benzoisothiazole-1,1-dioxide or cholic acid
moiety as a novel class of potential TET 1 protein inhibitors.

2. Results and discussion
2.1. Chemistry

All of the chelators were based on hydrazones. Chelators 1-4 re-
present hydrazones derived from 2-N-heterocyclic hydrazine, and they
possess an N—N—O or N—N—N chelating unit. Chelators 5 and 6 re-
present hydrazones of aliphatic carbohydrazide, and chelator 7 re-
presents a hydrazone of aroylhydrazide. Chelators 5-7 possess O—N—O
or O—N—N chelating units (Fig. 1).

Chelators 1-7 were prepared by the reaction of corresponding hy-
drazine derivatives with substituted salicylaldehydes or 2-N-hetero-
aromatic aldehydes and methylketones. Thus, chelators 1-4 were pre-
pared by reaction of 3-hydrazinylbenzoisothiazole-1,1-dioxide [28]
with excess of carbonyl compound (5-nitro-2-hydroxybenzaldehyde for
1, 2,3-dihydroxybenzaldehyde for 2, pyridine-2-carboxaldehyde for 3
and acetylpyrazine for 4) in isopropanol in the presence of acetic acid at
75 °C for 48 h, with yields of 78-95% (Scheme 1). Chelators 5 and 6
were prepared according to the literature [15] by reaction of cholic
hydrazide with 2-hydroxy-3-methoxybenzaldehyde and quinoline-2-
carboxaldehyde, respectively (Scheme 2). Chelator 7 was prepared
according to the literature [15] by reaction of 4-(cholylamido)benz-
hydrazide with 2-hydroxy-3-methoxybenzaldehyde (Scheme 2).
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2.1.1. Prototropic tautomerism of chelators 1-4

In some cases, heterocyclic hydrazones showed prototropic tauto-
merism—equilibrium between the amino form (acidic proton is on the
hydrazine nitrogen) and the imino form (acidic proton is on the het-
erocyclic nitrogen) (Scheme 3) [28,29]. Prototropic tautomerism leads
to two sets of signals in the 'H and '*C NMR spectra.

2.2. Chelation ability towards iron(II) ions

Because the anticipated inhibition model of TET 1 protein by the
tested compound is based on the complexation of iron(II) ions, the
compound’s chelation ability for iron(Il) ions in water was investigated
by UV-Vis spectroscopy. The determined value of the binding constant
is shown in Table 1. The affinity was found for chelator 1. On the other
hand, chelator 3 and 4 showed no significant interaction with iron(II)
ions; this implies the importance of the aromatic hydroxyl of the che-
lator for the complexation of iron(II) ions. The reason for chelator 1
displaying significantly higher affinity than chelator 2 can be explained
by the reduction of electron density in the phenyl group, and therefore
the hydroxyl group, by the electron acceptor nitro group. This phe-
nomenon leads to the strong dissociation of hydroxy groups, thereby
supporting chelation. Additionally, in the case of cholic chelators 5, 6
and 7, the value of their binding constant showed the positive influence
of the aromatic hydroxyl groups on their chelation ability (Fig. 2 and
Table 1).

2.3. Inhibition of TET 1 protein

The usability of the tested chelators for the inhibition of TET 1 was
determined by a fluorometric TET hydroxylase activity quantification
kit. The best inhibitory effect was observed for chelator 1. The depen-
dence of TET 1 activity on its concentration is shown in Fig. 3. The
inhibitory activity of chelators 1-7 (as ICsq values) is summarized in
Table 2. The lowest ICsy value was determined for chelator 1, the
compound with the highest affinity for iron(Il) ions, indicating that the
inhibition mechanism is based on the chelation of iron(II) (which is a
cofactor of the TET 1 protein). In accordance with this hypothesis, we
observed a significant correlation between the affinity of tested chela-
tors 1-7 for iron(II) and their inhibition activity. In addition, chelators
3, 4 and 6, with low or no affinity for iron(II) ions, displayed no sig-
nificant inhibition activity. The obtained results implied that the ob-
served inhibition of TET 1 could be based on the chelation of iron(II)
ions. More importantly, obtained data strongly implied that mechanism
of inhibition of tested chelators is not only based on nonselective
complexation free iron(Il). For example, corresponding concentration
of tested chelators for ICs, caused reduction of enzyme activity to the
half, but maximal amount of chelated iron(II) was significantly lower
(Table 2). It indicates possibility of new inhibition mode. Most prob-
ably, tested chelators form complex with iron(II) ion in the active site of
TET 1 protein. Similar phenomenon was described by Vasta et al.,
which studied inhibition prolyl 4-hydroxylases (iron(II)- and a-ke-
toglutarate-dependent dioxygenase) by iron(II) chelators. [23,24] It
implies that inhibition effect of some tested chelators, especially che-
lator 1 could be based on the specific targeting of TET 1 protein.

2.4. In silico prediction of LDsq values

It should be mentioned that hydrazone-based chelators could pos-
sess potential toxicity, which could be complicated their possible ap-
plications [30]. Therefore we used online ProTox-II program [31] for
the prediction of LDs, values. In silico ADME predictions showed very
low toxicity of tested compounds, LDsq values for chelators 1-7 are in
the range of 1.0-14.2g/kg (see you in the Table 3). Fact that, de-
termined ICso value of tested chelator 1-7 was micromolar and sub-
micromolar, indicated promising applicability of hydrazine chelators as
TET 1 inhibitor.
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Fig. 1. Structures of hydrazones 1-7 with highlighted chelating system.

3. Conclusions

Epigenetic drugs may induce alterations in DNA methylation pat-
terns by inhibition of the TET 1 protein, which is a key enzyme for the
oxidation of 5-methylcytosine to 5-hydroxymethylcytosine. In the pre-
sent work, a series of heterocyclic, acyl- and aroylhydrazones (chela-
tors) was designed, prepared and tested as potential epigenetically ac-
tive compounds for the modulation (inhibition) of the TET 1 protein.
Binding abilities of the studied chelators 1-7 towards iron(II) ions were
evaluated using UV-Vis absorption spectroscopy. Their inhibition ac-
tivity was determined by a fluorometric TET hydroxylase activity
quantification kit. The results of these studies proved the existence of a
significant correlation between the affinity of hydrazone for iron(II)
ions and the inhibitory activity towards TET 1 and showed the great
potential of hydrazones as a novel class of epigenetic modulators.

In the future, we plan to focus on in vitro study of TET 1 inhibitors
based on novel hydrazone-based chelators. Detailed determination of
mechanism of inhibition will be also studied.

4. Experimental section
4.1. Materials and methods

All chemicals and solvents were purchased from Sigma-Aldrich
(Czech Republic) and were used without further purification. The

ey

N

recombinant TET 1 protein and TET hydroxylase activity fluorometric
quantification kits were obtained from Active Motif (USA) and Abcam
(UK), respectively. The UV-Vis absorption spectra were recorded using
a Varian Cary 400 SCAN UV-Vis spectrophotometer (Varian, USA)
where the reference spectrum of plain solvent was subtracted from all
sample spectra. The NMR spectra were obtained with a Bruker Avance
111 500 MHz (500 MHz for *H and 125 MHz for *3C) (Bruker, Germany)
at 25°C in DMSO-dg. The chemical shifts (8) are presented in ppm
(relative to TMS = 0.000 ppm), and the coupling constants (J) are
presented in Hz. Mass spectra were measured with a 3200 Q TRAP (AB
Sciex, Canada) mass spectrometer fitted with an electrospray ion
source. The analytes dissolved in methanol were introduced directly
into the ESI source via a PEEK capillary at a flow rate of 10 pL/min.
Nitrogen was used as a nebulizer gas. The operating conditions for the
mass spectrometer were set as follows: ion spray voltage 5.5 kV; curtain
gas 10; ion source gas(1) 18 psig; ion source gas(2) O psig; ion source
temperature ambient; declustering potential 60V; and entrance po-
tential 10 V.

4.2. Synthesis and characterization of chelators

4.2.1. Chelator 1

The synthesis and characterization of chelator 1 is described in
detail elsewhere [29]. 3-Hydrazinylbenzoisothiazole-1,1-dioxide [28]
(138mg; 0.7mmol) and 2-hydroxy-5-nitrobenzaldehyde (167 mg;
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Scheme 1. Preparation of chelators 1-4.
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added. The reaction mixture was stirred at 75 °C for 2 days. The volatile 3 - -
compounds were then evaporated under reduced pressure, and the re- 4 - -
sidue was suspended in a diethyl ether/petroleum ether mixture (1:1, 2 8.0 8.0
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031
0.3 ®  Measured data Calculed curve
0.29 [ J
0.25
0.27 o
0.2
A 025
A 015
0.23
0.1
0.05 0.21
o 0.19
230 330 430 530 0 5 10 5 20
A/nm c(Iron(ll))/c(chelator)

Fig. 2. UV-Vis spectra of chelator 1 in the presence of iron(Il) ions (A) and titration curve (B) for chelator 1 (10 uM) showing the dependence of the complex
absorbance at 321 nm on the iron(II) concentration in aqueous medium (water/DMSO, 99:1, v/v).
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Table 3
Predicted LDsq values for chelators 1-7.

Chelator LDs, (g/kg)

4.5
14.2
2.0
2.0
1.0
1.4
4.5

N U A WN =

under vacuum. 2-((2-(1,1-Dioxidobenzoisothiazol-3-yl)hy-
drazinylidene)methyl)-4-nitrophenol (1) was obtained with a yield of
240 mg (92%) as a yellowish solid.

4.2.2. Chelator 2

3-Hydrazinylbenzoisothiazole-1,1-dioxide (138 mg; 0.7 mmol) and
2,3-dihydroxybenzaldehyde (138 mg; 1mmol) were mixed in iso-
propanol (25mlL), and acetic acid (1 mL) was added. The reaction
mixture was then stirred at 75°C for 2 days. The volatile compounds
were then evaporated under reduced pressure, and the residue was
suspended in a diethyl ether/petroleum ether mixture (1:1, v/v; 30 mL).
Solid material was filtered, washed with additional diethyl ether/pet-
roleum ether mixture (1:1, v/v; 60 mL) and dried at 50 °C under va-
cuum. 3-((2-(1,1-Dioxido-1,2-benzothiazol-3-yDhydrazinylidene)me-
thyl)benzene-1,2-diol (2) was obtained with a yield of 212 mg (95%) as
a white solid. 'H NMR (DMSO-de): § 6.77 (m, 1H); 6.92 (dd, J = 7.9,
1.5Hz, 1H); 7.19 and 7.32 (2x dd, J = 7.9, 1.5 Hz, 1H); 7.90 (m, 2H);
8.07 (m, 1H), 8.24 and 8.69 (m, 1H); 8.83 (s, 1H); 9.27 and 9.56 (2x s,
1H); 9.82 and 10.28 (2x s, 1H); 12.71 and 13.00 (2x bs, 1H) ppm. *3C
NMR (DMSO-dg): 6 116.3 (117.3); 118.1 (118.9); 118.9 (120.2); 119.4
(119.5); 121.7 (121.5); 123.3 (129.5); 126.6 (126.7); 133.3 (133.5);
133.8 (134.0); 141.9 (143.3); 145.8 (145.9); 146.5 (146.0); 151.5
(147.4); 155.7 (158.5) ppm. ESI-MS (m/2): 318 [M+H]*. Elem. Anal.
Calcd. for C14H;1N30,4S: C, 52.99; H, 3.49; N, 13.24. Found: C, 52.96;
H, 3.53; N, 13.22.

4.2.3. Chelator 3

3-Hydrazinylbenzoisothiazole-1,1-dioxide (138 mg; 0.7 mmol) and
pyridine-2-carbaldehyde (107 mg; 1 mmol) were mixed in isopropanol
(25mL), and acetic acid (1 mL) was added. The reaction mixture was
then stirred at 75°C for 2days. The volatile compounds were then
evaporated under reduced pressure, and the residue was suspended in
diethyl ether/petroleum ether mixture (1:1, v/v; 30 mL). Solid material
was filtered, washed with additional diethyl ether/petroleum ether
mixture (1:1, v/v; 60mL) and dried at 50°C under vacuum. 3-[2-
(Pyridin-2-ylmethylidene)hydrazinyl]-1,2-benzothiazole = 1,1-dioxide
(3) was obtained with a yield of 184 mg (92%) as a white solid. 'H NMR
(DMSO-dg): 6 7.50 (m, 1H); 7.92 (m, 3H); 8.08 (m, 2H); 8.26 and 8.83
(2x m, 1H); 8.38 and 8.60 (2x s, 1H); 8.70 (m, 1H); 12.68 and 13.22 (2x
bs, 1H) ppm. 3C NMR (DMSO-ds): § 120.9 (121.0); (121.7) 121.8;
123.4 (129.6); (125.2) 125.4; (126.4) 126.7; 133.4 (133.8); 134.0
(134.3); 137.2 (137.3); 141.7 (143.1); 149.9 (150.0); (151.9) 152.1;
(150.6) 152.4; 156.3 (159.1) ppm. ESI-MS (m/z): 287 [M+H]*. Elem.
Anal. Caled. for Cy3H;(N40,S: C, 54.54; H, 3.52; N, 19.57. Found: C,
54.51; H, 3.54; N, 19.56.

4.2.4. Chelator 4

3-Hydrazinylbenzoisothiazole-1,1-dioxide (138 mg; 0.7 mmol) and
acetylpyrazine (122 mg; 1 mmol) were mixed in isopropanol (25 mL),
and acetic acid (1 mL) was added. The reaction mixture was then stirred
at 75 °C for 2 days. The volatile compounds were then evaporated under
reduced pressure, and the residue was suspended in diethyl ether/pet-
roleum ether mixture (1:1, v/v; 30mL). Solid material was filtered,
washed with additional diethyl ether/petroleum ether mixture (1:1, v/
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v; 60mL) and dried at 50 °C under vacuum. 3-(2-(1-(Pyrazin-2- yl)
ethylidene)hydrazinyl)-1,2-benzothiazole 1,1-dioxide (4) was obtained
with a yield of 164 mg (78%) as a yellowish solid. H NMR (DMSO-dg):
2.55 and 2.61 (2x s, 3H); 7.92 (m, 2H); 8.10 (s, 1H); 8.45 and 8.70 (2x
m, 1H); 8.75 (m, 2H); 9.30 (s, 1H); 11.70 and 12.37 (2x bs, 1H) ppm.
13C NMR (DMSO-d): 8 12.8 (13.6); 121.7 (121.6); 124.2; 126.7; 129.6;
133.8 (134.1); 133.9; 142.5; 143.0; 143.6 (143.8); 145.3 (145.0); 149.8
(149.7); 154.7 (159.9) ppm. ESI-MS (m/z): 302 [M+H] *. Elem. Anal.
Calced. for C13H;1N50,S: C, 51.82; H, 3.68; N, 23.24. Found: C, 51.80;
H, 3.72; N, 23.26.

4.2.5. Chelator 5

The synthesis and characterization of chelator 5 is described in
detail elsewhere [15]. Cholyl hydrazide (169 mg; 0.4 mmol) and 2-hy-
droxy-3-methoxybenzaldehyde (67 mg; 0.44mmol) were mixed in
ethanol (40 mL) and heated to 75 °C for 48 h. The volatile compounds
were then removed under reduced pressure, and the residue was tri-
turated with diethyl ether (40 mL). The solid product was filtered off
and washed with additional diethyl ether (40 mL) and dried under
vacuum at 50°C. N-(2-hydroxy-3-methoxybenzylidene)cholylhy-
drazide (5) was obtained with a yield of 207 mg (93%) as a white solid.

4.2.6. Chelator 6

The synthesis and characterization of chelator 6 is described in
detail elsewhere [15]. Cholyl hydrazide (169 mg; 0.4 mmol) and qui-
noline-2-carbaldehyde (69 mg; 0.44 mmol) were mixed in ethanol
(40 mL) and heated to 75 °C for 48 h. The volatile compounds were then
removed under reduced pressure, and the residue was triturated with
diethyl ether/petroleum ether mixture (1:1, v/v; 40 mL). The solid
product was filtered off and washed with additional diethyl ether/
petroleum ether mixture (1:1, v/v; 40 mL) and dried under vacuum at
50 °C. N'-(quinolin-2-ylmethylene)cholylhydrazide (6) was obtained
with a yield of 177 mg (79%) as an off-white solid.

4.2.7. Chelator 7

The synthesis and characterization of chelator 7 is described in
detail elsewhere [15]. 4-(Cholylamido)benzhydrazide (87 mg;
0.16mmol) and  2-hydroxy-3-methoxybenzaldehyde (49 mg;
0.32 mmol) were mixed in ethanol (20 mL) and heated to 75 °C for 48 h.
The volatile compounds were then removed under reduced pressure,
and the residue was triturated with diethyl ether/petroleum ether
mixture (1:1, v/v; 20 mL). The solid product was filtered off and wa-
shed with additional diethyl ether/petroleum ether mixture (1:1, v/v;
30mL) and dried under vacuum at 50 °C. N'-(2-hydroxy-3-methox-
ybenzylidene)-4-(cholylamido)benzhydrazide (7) was obtained with a
yield of 95 mg (88%) as a white solid.

4.3. Determination of conditional binding constants and complex
stoichiometry of chelators 1-7 with iron(Il) ions

The association of chelators 1-7 with iron(Il) ions was studied using
UV-Vis spectroscopy in aqueous solution (water/DMSO, 99:1, v/v).
Because the solvent always significantly affects the binding constants,
all titrations were performed in the same environment, and the ratio of
DMSO to water was held constant. Conditional constants (Ks) were
calculated from the absorbance changes AA of chelators 1-7 at the
spectral maximum of their complexes with iron(II) by nonlinear re-
gression analysis with the Letagrop Spefo 2005 software. The compu-
tational model is described and discussed in detail elsewhere [32].

The concentration of chelators 1-7 was 10 uM. The concentrations
of iron(Il) varied in the range of 0-0.5mM. UV-Vis spectra were
measured from 220 to 900 nm, with 1-nm data spacing in a 1-cm quartz
cell at a scan rate of 600 nm/min.
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4.4. ICso determination of chelators 1-7 for the TET 1 protein

The activity of TET 1 protein was determined using the Abcam TET
Hydroxylase Activity Quantification Kit (Fluorometric). A 96-well mi-
crotiter plate was activated according to the manual (application of
binding solution and TET substrate). Calculated amounts of the tested
chelators were dissolved in DMSO to obtain a concentration of 0.01 M
in a 1 mL volumetric flask. A total of 25 pug of TET 1 protein was diluted
in TET 1 assay buffer in a 5mL volumetric flask. Concentration of as-
corbic acid, a-ketoglutarate and ferric sulphate in diluted TET assay
buffer were 2, 1 and 0.1 mmol/l, respectively. A DMSO solution of the
chelator was subsequently diluted with the TET assay buffer to the
chelator concentrations of 107, 10, 10, 10, and 10° mol/L with
10% DMSO in a 1 mL volumetric flask. Subsequently, 50 pL of the final
TET assay buffer was applied, with the addition of TET 1 protein and
5 uL of chelator solution, into the prepared microarrays. In the case of
control experiments (TET 1 alone without inhibitors), 5 uL of final TET
assay buffer with 10% DMSO was used. The tested chelator con-
centrations were 10 107,10, 10°, 10 and 0 mol/L. The subsequent
steps of the kit were carried out according to the manual. In the next
step, wells were washed by wash-buffer and capture antibody was ap-
plied. In the subsequent step, wells were washed by wash-buffer and
detection antibody and then enhancer solution was used. After appli-
cation of the fluorescence development kit, fluorescence was measured
at 590 nm (Aex = 530 nm) and was used to calculate the residual ac-
tivity of TET 1. For active chelators, the ICsy values were determined.

4.5. Toxicity prediction

On the basis of structural models, drawn in ChemDraw software
(Cambridge Software), ADME toxicity of tested chelators 1-7 (represent
LDsq value) were calculated using online ProTox-II program [31].
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