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Study on the Interaction of Yttrium(lll) with Adrenaline, Noradrenaline, and
Dopamine

Rahmiye Aydin*
Uludag University, Faculty of Arts and Sciences, Department of Chemistry, 16059-Bursa, Turkey

Yttrium(lll) equilibria in the presence of catecholamines adrenaline (AD), noradrenaline (NAD), and dopamine
(DP) have been investigated by potentiometric titration in aqueous solutibr=id.20 motdm=3 KCI ionic
medium and at 298.15 K. The complexation model for Y (Htpatecholamine systems has been established by
the “BEST” software from the potentiometric data. The types of complexes in the yttriumgHtcholamine
systems have been ascertained, and the protonation constants for catecholamines and the stability constants for
yttrium(l11) complexes with catecholamines have been obtained. The stability constants &f-Yasid Y(HL),*-

type complexes are reported. Catecholamines can form stable yttrium(lll) complexes with the phenolic hydroxyl
groups of catecholamines as the binding site to yttrium(lll). In terms of the ligands, the stability of complexes
ranks in an order such as dopamimneadrenaline> noradrenaline. The stability constants of Y(Hadrenaline
complexes are higher than their La(lll) complexes due to the higher ionic potential of Y(III). The ionic radii of
Ca(ll) and Y(Ill) are roughly equal, but Y(IIl) has a higher charge than Ca(ll). Therefore, ¥@H)echolamine
complexes are relatively more stable than Ca{tidtecholamine complexes. This result may be utilized for in
vitro and in vivo studies.

Introduction HO,
OH H
Yttrium is always found in nature with lanthanides. Its ionic HOA@C'_CHZ_]L
radius is 1.04 A for coordination number 6, and its chemical | |

H CH;

properties are very similar to the later lanthanides ((1.00 to 1.17) 4-[1-Hydroxy-2-(methylamino)ethyl]-1 2-benzenediol; adrenaline (AD)

A).1 Recently, some authors have studied the equilibria of

catecholate complexes of many transition metals and lanthan- HO

) . ; ) . OH
ides2-22In our previous papers, the interactions of Y@Aand |
La(lll)* with catecholates were reported, i.e., 1,2-dihydroxy- HO (—CH NI,
benzene-3,5-disulfonate (TIRON) and 4-nitrocatechol. We

proposed that in the Y(lI-catecholate and La(IH)catecholate 1-3,4-Dihydroxyphenyl]-2-amino)ethanol]; noradrenaline (NAD)
complexes two phenolic hydroxyl groups serve as binding sites HO

for Y(III), but two phenolic hydroxyl groups are deprotonated.

The stability constants of Y (Ill) complexes of TIRON are higher HO — CH2—CH, —NH,

than those of La(lll) due to the higher ionic potential of Y(III).
The catecholamines are bioenergetic amines that play quite

an important role as neurotransmitters in the central nervousFigure 1. Structures and IUPAC names of the ligands studied.

system (CNS¥2 They are compounds with amines attached to . )

a benzene ring possessing two hydroxyl groups. The mostphzeznollc hy(_iroxylgroup is _deprotonated). Furthermore, Gao et

important endogenously produced compounds of this group aredl:** determined the stability constant for a complex of pro-

adrenaline (AD), noradrenaline (NAD), and dopamine (DP). The meth.ium(l_ll) with aqlr_enaline by a potentiqmt_atric titration under
structural formulas are shown in Figure 1. These ligands are Physiological conditions (335 K and an ionic strength of 0.15

. . . . —3 i
written as HLH*, where phenolic protons are written on the Molrdm™ NaCl). However, no research has been published
left side of L. The catecholamine complexes of many transition CONcerning the interaction of yttrium(llf) with catecholamines.
metals have been reported in the literafr®,but information As a continuation of our studies on the interaction of yttrium(lll)
about the interactions of lanthanide(lll) and catecholamines is With ligands including the catechol group, we have investigated
restricted. Wu et &l investigated complexes of lanthanum(llly ~ the interaction of yttrium(lll) with adrenaline, noradrenaline,
with adrenaline by a potentiometric method and a quantum and dopamln_e by a potentiometric met_hod. The calcul_atlon of
chemical ab initio method under physiological conditions (335 the protonation constants of adrenaline, noradrenaline, and
K and an ionic strength of 0.15 mdm3 NaCl), to clarify dopamine and the stability constants of Y(lll) complexes were
neuroendocrine effects and the underlying mechanism of Carfied out using a recently developed computer progfam.

lanthanides. They calculated the stability constants of the LaL
and Lal, complexes and defined that adrenaline is coordinated
to lanthanum(lll) via its phenolic hydroxyl group (only one Chemicals All of the catecholamine hydrochlorides (dopam-

ine, adrenaline, and noradenaline) were purchased from Sigma.
* Corresponding author. E-mail: rahmiye@uludag.edu.tr. These ligands were used without further purification. Yittri-

(3,4-dihydroxyphenyl)ethylamine; dopamine (DP)
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um(lll) chloride solution was prepared by dissolving yttrium
oxide (99.9 %) in concentrated HCI. The stock solution of 12 1 a
yttrium(lIl) chloride was standardized complexometrically by c_d
EDTA titration using a suitable indicatd?.The excess acid in 10 4 e
the Y(IIl) stock solution was determined by potentiometric FE-j
titrations described previousfyA carbonate-free KOH solution

(0.1 motdm=3) was prepared and standardized potentiometri- pH
cally against the primary standard, potassium hydrogen phtha-
late26:27 All reagents were of AR grade. A hydrochloride 6
solution (0.1 moldm=3) was prepared and then standardized

by titration against a potassium hydroxide standard. The 4
potassium chloride, which was used as a background electrolyte,
was a Merck p.a. reagent. The ionic strength of each solution
was adjusted to 0.20 malm~2 by the addition of KCI as the
supporting electrolyte. All solutions were prepared with analyti-
cal grade water = 18 MQ) using grade A glassware.

Apparatus and Procedure?otentiometric pH measurements Figure 2. pH against volume of 0.1 malm-2 KOH for the Y(lI))—AD
were per_form_ed by means of a SchaBerate automatic titrator system at 298.15 K anti= 0.2 mobdm 3 KCl: (a) 1.010 2 mol-dm-3
model TitroLine Alpha Plus (Germany, Deutschland) with a ey ) solution a+ 4.0-10-3 mol-dm-3 AD; (c) solution a+ 2.0-10-3
combined pH electrode (Mettler Toledo) which is connected to mol-dm2 Y(lll) + 4.010-2 mol-dm~3 AD; (d) solution a+ 2.0-10°3
a computer. The apparatus was connected to a PC, and automatimol-dm=3 Y(lll) + 6.0-10-2 mol-dm—3 AD; (e) solution a+ 2.0-10°3
titrations were performed using a suitable computer program mol-dm=3 Y(ill) + 8.0-10-3 mol-dm=3 AD; (f) solution a+ 2.0-1073
to control titrant delivery. All titrations were carried out in ~ mokdm® Y(il) + 1.010°* mol-dm™ AD; (g) solution a+ 2.010°3
solutions contained in a double-wall glass vessel at 298.15 K. mg::gm_s I(E:Illl; i i'ﬁgz mgll'zm_s Q%, ((?)) Ssat‘ttig’: :I ggi;
The titrations were performed in an ingrt atmosphere where o odm-3 Yy + 1.610-2 moldm-3 AD; () solution a + 20102
nitrogen gas was bubbled through the titrated solutions before mol.dm3 v(ll) + 1.810°2 mol-dm3 AD; (k) solution a+ 2.0-10°3
and during the pH measurements. The ionic strength was keptmol-dm=2 Y(lll) + 2.0-10~2 mol-dm~3 AD.
constant (0.20 metim=3) using a KCI solution, and a total
volume of 50 cm® was used for each titration. Metal to ligand
ratios in the titrant solution were always 1<1Y(ll1)/H ,LH™
< 1:10.

The different solutions titrated were as follows:

(a) 5 mL of 0.1 moldm=3 HCI + 5 mL of 2.0 motdm=3
KCI (for cell calibration)

(b) solution a+ n x 2 mL of 0.005 moldm=—3 H,LH™; n =
2 to 10 (for the determination of the dissociation constants)

(c) solution b+ 10 mL of 0.001 moldm~2 Y(Ill) salts (for
the determination of the formation constants of Y(Ill) com-
plexes)

Potentiometric measurements were carried out by titrating
50 mL of the titrant solution with standard KOH solutions until
the formation of scarcely soluble species was noted. The
potentiometric cell was calibrated before each experiment so
as to measure the hydrogen ion concentration rather than its
e el e Cocled o Seyer) Separle Gion a 25615 K a0 el 011010 o

55 26 : HCI; (b) solution a+ 4.0-10-3 mol-dm~3 NAD; (c) solution a+ 2.0-103
KCI.2> mol-dm2 Y(IIl) + 4.0-10- mol-dm2 NAD; (d) solution a+ 2.0-10-2

Calculations.The computations of the protonation constants mol-dm=3 Y(lll) + 6.0-102 mol-dm~3 NAD; (e) solution a+ 2.0-10°3
of ligands and the formation constants of Y(lIl) complexes from mol-dm=2 Y(lll) + 8.0-10~% mol-dm™3 NAD; (f) solution a+ 2.0-10"%
potentiometric data were carried out by the BEST software. The mol-dm Y(lll) + 1.0-10"2 mol-dm™2 NAD; (g) solution a+ 2.0-10°°
BEST software was used to minimize the standard deviation of MoFdm™? Y(lll) + 1.2107 mol-dm™ NAD; (h) solution a+ 2.01072

. mol-dm=3 Y(Ill) + 1.4:1072 mol-dm~3 NAD; (i) solution a+ 2.0-103
the fit (o) between the observed and calculated pH values for ;o1 4m-s y(uil) + 1.610-2 mol-dm3 NAD: (j) solution a+ 2.0-10-3

the overall titration data. mol-dm3 Y(Ill) + 1.8102 mol-dm-3 NAD; (k) solution a+ 2.0-10~3
mol-dm=3 Y(lll) + 2.0-1072 mol-dm~3 NAD.
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Figure 3. pH against volume of 0.1 mam~3 KOH for the Y(lll)~NAD

Results and Discussion
per ligand. Ligands have two deprotonable phenolic hydroxyl

Protonation Constants of CatecholamineBrotonation con- and one amine proton. In previous studies, many researchers
stants of adrenaline, noradrenaline, and dopamine were deterhave reported that the first ionizing proton is a phenolic
mined potentiometrically inl = 0.2 motdm=2 KCI ionic hydroxyl; the second is an amine; and the third proton is the

medium at 298.15 K. Individual titration curves of adrenaline, other phenolic hydroxyl proton. In this study, all ligands are
noadrenaline, and dopamine are shown as b curves in Figuresshown as KLH™; here, protons on the left side of L are phenolic
2, 3, and 4, respectively. Only a single inflection point was hydroxyl protons, and on the right side is the amine proton.
observed in the titration curves of the ligands. In the buffer zone Protonation constants of ligands are calculated from potentio-
along the inflection point, the number of titrated protons is two metric data by the BEST software; calculated data in conjunction
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Figure 4. pH against volume of 0.1 malm~3 KOH for the Y(lIl)—DP
system at 298.15 K ant= 0.2 motdm=3 KCI: (a) 1.010°2 mol-dm=3
HCI; (b) solution a+ 8.0-:10~2 mol-dm~3 DP; (c) solution a+ 4.0-10°3
mol-dm=3 Y(Ill) + 8.0-10°3 mol-dm=3 DP; (d) solution a+ 4.0-10°3
mol-dm=3 Y(Ill) + 1.221072 mol-dm~3 DP; (e) solution a+ 4.0-10°3
mol-dm=3 Y(Ill) + 1.6102 mol-dm—3 DP; (f) solution a+ 4.0-10°3
mol-dm=3 Y(Ill) + 2.0-10°2 mol-dm=3 DP; (g) solution a+ 4.0-10°3
mol-dm=3 Y(Ill) + 2.410°2 mol-dm=3 DP; (h) solution a+ 4.0-10°3
mol-dm=3 Y(Ill) + 2.8102 mol-dm=3 DP; (i) solution a+ 4.0-10°3
mol-dm=3 Y(Ill) + 3.2:2072 mol-dm=3 DP; (j) solution a+ 4.0-1073
mol-dm=23 Y(Ill) + 3.6:10°2 mol-dm=3 DP; (k) solution a+ 4.0-10°3
mol-dm=3 Y(lll) + 4.0-10"2 mol-dm~3 DP.

Table 1. Protonation Constants (logK + ¢%)° of Adrenaline,
Noradrenaline, and Dopamine at lonic Strengthl = 0.2 mokdm—3
KClat T =298.15 K

ligand K1 pK2 pK3
adrenaline 13.1%x 0.11 9.84+ 0.0 8.63+ 0.0Z
- 9.762% 8.451
13.15% 9.875 8.63°
12.14 10.084 8.744
13.113 9.843 8.6413
noradrenaline 12.9% 0.06 9.53+ 0.04 8.58+ 0.0%
12.98 9.533 8.583
dopamine 12.62 0.2C° 10.32+ 0.01¢ 8.85+ 0.0
13.120 10.480 8.8%0
12.84 10.554 9.054
Tiron 12.52 7.65

a Standard deviatiorf + 95 % confidence intervaF. This work.

with literature data are presented in Table 1. Values listed in
this table can be described by the following equations.

U |

L +H ' =HL™ K, = @)
ke _ [HLH] }
HL +H =HLH K, AT (ii)
e e HAHT
HLH + H' = H,LH Ky LT (iii)

Formation Constants of the Y(Ill) ComplexesPotentio-
metric titrations of the Y(lll}-catecholamine system were
conducted in various molar ratios ranging from 1:2 to 1:10 in
| = 0.2 motdm=2 KCI ionic medium at 298.15 K. Titration

2007

Table 2. Stability Constants (log# + 63 of Y(IIl) Complexes of
Adrenaline, Noradrenaline, and Dopamine at lonic Strengthl = 0.2
mol-dm~3 KCl at T = 298.15 K

catecholamines logx log 32
adrenaline 7.4& 0.01 13.78+ 0.0
noradrenaline 7.0£ 0.0Z 13.15+ 0.0Z
dopamine 7.950.0Z 14.84+ 0.05

a Standard deviatior?. + 95 % confidence intervaF. This work
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Figure 5. Complex type distribution curves for the Y(IHHAD system at
a metal ion-ligand ratio of 1:4 Ty = 3.0-103 mol-dm3).

molar ratios. In the buffer zone along the inflection point, the
number of titrated protons is four per metal ion. The equilibria
involved in this region can be described by the following
equations.

2+
Y+ HL =YHL® B, = —[YEL"]'[;LF] (iv)
+
Y3 4 2HL = Y(HL),"  B,= [Y(HL), ] V)

CIYHL

Moreover, in all titrations, pH readings in metal/ligand molar
ratios exceeding 1:5 were relatively more stable, and no
precipitation could be observed during the titration. In poten-
tiometric titrations made in various molar ratios, complexes
(such as YLH, Y(LH), YL, YL, YLH_;, YHL, and Y(HL),)
which may occur in the medium were examined by the BEST
software. Stability constants of YHE and Y(HL)," complexes
could be calculated by the BEST software in various metal/
ligand molar ratios ranging from 1:5 to 1:10; however, the
software demonstrated that other complexes were in parts per
million level within the medium. In all stability constant
calculations, sigma fitd;) was found to be lower than 0.03.
Stability constants found in Y(lItycatecholamine systems with
different molar ratios and various concentrations are presented
in Table 2.

Figures 5, 6, and 7 show the distribution of Y(lll) and its
coordination species that occur in the Y(tHyatecholamine
systems as a function of defined concentration. Thus, the major
complex type resulted from Y(llfyadrenaline, Y(lll)-
noradrenaline, and Y(llfydopamine systems in acidic, neutral,

curves against consumed base volume are shown in Figure 2and basic pH ranges for all systems defined by potentiometry
3, and 4, curves ¢ to k. In all catecholamine systems, the as follows: YHL2" and Y(HL),". When distribution curves are

difference between titration curves of the ligand and metal
ligand solutions ApH) is 2. A single inflection point was
observed in titration curves obtained by various metal/ligand

drawn for three different systems of the Y(lll) ion, complex
derivatives of the Y(lll)-noradrenaline system are seen in the
most acidic region. It is observed that complex derivatives of
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With regard to protonation constants presented in Table 1, it
is obvious that the first two protons of the three deprotonable
protons of ligands are relatively more acidic. In their studies,
many researchers reported that most acidic protons were found
in phenolic hydroxyl and amino groups, in decreasing
orderl3-1520.21additionally, it is believed that phenolic hydroxyl
groups of ligands bind to Y(III) more easily. Consequently,
phenolic hydroxyl groups are a donor for catecholamines. In
this study, titration curves obtained in 1:2 or higher metal/ligand
molar ratios showed that four protons were titrated per metal
ion along the inflection point. It was decided that coordination
resulting in formation of a nine-membered chelate by interaction
of ligand and Y(lll) can be related to phenolic hydroxyl and
amino groups or both. However, such a chelate ring would be
5 6 7 5 9 highly unstable because the amino group of the ligand is too
far from the phenolic hydroxyl group to form a stable chelate
ring. As a consequence, it was recommended that catechol-
amines bind to Y(III) only by phenolic hydroxyl groups and
that the second phenolic hydroxyl group can participate in
chelate ring formation without deprotonating. Complexes formed
X by Y(lll) with catecholeamines were shown as YHLand
[Y(HL), ] Y(HL),"; here, the proton located on the left side of L belongs
to the second phenolic hydroxyl.

As catecholamines have three donor atoms, various binding
models can be observed in their interaction with metals. It was
recommended that coordination of catecholamines with Cu(ll),
Co(ll), Ni(Il), Mn(11), and Zn(ll) ions was through two phenolic
hydroxyl groups® Chakrawarti et al. examined stability con-
stants of complexes formed by adrenaline and noradrenaline in
conjunction with soil alkali metals by a potentiometric methk6H.
Stability constants of complexes formed by the Ca(ll) ion with
adrenaline are found to be Igg = 5.96 and log3, =7.99, and
. . . for noradrenaline, they were found to be |8g= 5.67 and log
5 6 7 8 9 p2 = 7.05. Researchers indicated that adrenaline and nor-
adrenaline are bound to the Ca(ll) ion through two phenolic
hydroxyl protons, but only one phenolic hydroxyl proton was
deprotonated. Also, in their study conducted in 2005, Wu et al.
examined the interaction of the La(lll) ion with adrenaline by
potentiometric and “ab initio” method3 The stability constant
the Y(lll)—adrenaline system occur in a more basic region and of the LaL complex formed in the La(lH)adrenaline system
that complex derivatives of the Y(IHjdopamine system occur  was found to be log; = 5.91, and the stability constant of the
in the most basic region. The reason for this observation is: LaL, complex was found to be log, = 10.73. Researchers
noradrenaline has an electron-attracting aliphatic hydroxyl reported that the La(lll) ion binds to adrenaline through a
group; adrenaline has both an aliphatic hydroxyl group and a phenolic hydroxyl group as does the Ca(ll) ion and that only
methyl group; and dopamine has no substituent. one of two phenolic hydroxyl groups was deprotonated.

Y(Il) is a hard acid, and it is known to form stable complexes In the Y(Ill)—catecholamine system, the Y(lll) ion demon-
with ligands which have a hard donor atom such as oxygen. In strated behavior similar to that of the Ca(ll) and La(lll) ions.
our previous studies, it was reported that the Y(lll) ion forms In previous studies where Y(IIB,La(lll),* and Ca(ll} ions
stable complexes with a ligand where oxygen is the donor. In formed complexes with Tiron, one of the catechole derivatives,
one of the said studies, interaction of disodium 1,2-dihydroxy- similar behavior was reported. In the said complexes, it was
benzene-3,5-disulfonate (Tiron), a catechole derivate, with the reported that binding was through phenolic hydroxyl groups and
Y (1) ion was examined inl = 0.1 M NaClQ, at 298.15 K. that two phenolic hydroxyl protons deprotonated.

The number of protons decomposed in a 1:1 molar Y{II)
Tiron solution was found to be two per metal ion, and the Conclusion
stability constant of the ML complex was found to be J&xg—

14.112 As the constant was always found to be 3 for higher 1. Inacidic and neutral pH ranges, the coordination of Y(lll)
molar ratios, the stability constant was found to be fag= to adrenaline, noradrenaline, and dopamine occurs either in 1:2

43.97 considering the presence of theLMdinuclear complex or higher molar ratios, presumably via phenolate sites (O; OH)
in the medium. It was reported that in the Y(HYiron system  t0 form YHL?*- and Y(HL),*-type complexes.

Tiron bound to Y(lll) by both phenolic hydroxyls and that a 2. Dopamine and noradrenaline are primary amines,
five-membered chelate ring was formed. The stability constant but noradrenaline possesses a hydroxyl group orftbarbon

of the LaL complex formed by La(lll) ions and Tiron was found atom. Consequently, the stabilities of complexes formed by
to be 13.11, and it was reported that the complex demonstratedY(lll) with dopamine are higher than its noradrenaline com-

behavior similar to that of Y(llI} plexes.
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Figure 6. Complex type distribution curves for the Y(IHINAD system
at a metal ior-ligand ratio of 1:4 Ty = 3.0-:10°2 mol-dm™3).
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Figure 7. Complex type distribution curves for the Y(ItHDP system at
a metal ion-ligand ratio of 1:4 Ty = 3.0-1073 mol-dm3).
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