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Investigation of electrode kinetics and thermodynamics
of [Zn-L-amino acidate-vitamin B,_] complexes by
voltammetric technique

Farid Khan*,
Afroza Khanam

Electrochemical Laboratory,

The voltammetric reduction of Zn** using L-lysine, L-ornithine, L-threonine, L-serine, L-
phenylglycine, L-phenylalanine, L-glutamic acid, L-aspartic acid and vitamin B, (biotin) at
pH7.30+0.01 and I =1.0 MNaClO, was reported at 25 and 35 °C. The nature of the current
voltage curves was quasireversible and diffusion-controlled. Zn** formed 1:1:1,1:1:2
and 1:2:1 complexes with these drugs as confirmed by the Schaap and McMaster method.
The sequence of the stability constant of L-lysine < L-ornithine < L-threonine < L-serine
< L-phenylglycine < L-phenylalanine < L-glutamic acid < L-aspartic acid complexes can
be explained on the basis of the size, basicity and steric hindrance of ligands. The values of
the stability constant (log B) varied from 2.13 to 11.37 and confirm that these drugs, i. e.
L-amino acids or in combination with vitamin B, or their complexes, could be used against
Zn** toxicity. The thermodynamic parameters such as enthalpy (AH), free energy (AG) and
entropy change (AS), are also reported. The kinetic parameters viz. the transfer coefficient
(o), degree of irreversibility (A), diffusion coefficient (D) and standard rate constant (k)
were calculated. The values of o confirmed the symmetric nature of the ‘activated complex’
between oxidants and reductants in response to the applied potential between the drop-
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INTRODUCTION

Most of L-amino acids are blood plasma ligands that form
stable complexes with various essential metals in vivo [1] and
play an important role in biology, pharmacy and industry
[2-4]. Complexes of some metal ions with amino acids can
be used as models to study the pharmaco-dynamic effects of
drugs or for increasing the biocompatibility and minimizing
the toxic effects of some metal ions [5]. On the other hand, L-
amino acids are also involved in intracellular metabolism and
operate specific transport systems of the plasma membrane;
they do not affect cardiac function under normal conditions
[6, 7]. The invention provides the use of zinc complexes of
selected amino acids and other pharmacologically acceptable
salts of zinc. The use of the compound comprises adminis-
tering an effective amount of said compounds for inhibiting
the growth of the malarial parasite, plasmodium falciparum
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[8]. Vitamin B, (biotin or vitamin H) [9] is a member of the
vitamin B complex and water-soluble. Biotin is involved in
energy metabolism and plays a role in enabling the body to
use glucose [10]. Biotin is sometimes chemically linked to a
molecule or protein for biochemical assays [11] and earned a
keen attention towards the studies of their metal complexes.
Therefore, Zn complexes of these drugs are of great impor-
tance. The concentrations of zinc in vivo can be reduced by
drug therapy, but the specificity of the drug and its amount
are stability-constant-dependent [12]. Therefore, the authors
have undertaken the present study to determine the stability
constants, thermodynamic and kinetic parameters of ternary
complexes with these selected drugs for which no reference
has been traced out so far in the literature.

EXPERIMENTAL

Instrumentation
The electrochemical experiment, i. e. a simple DC polaro-
graphy, was carried out using a manual polarograph with
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a Toshniwal PL-50 polyflex galvanometer. The polarographic
cell was of Laitinen and Lingane type in which a polarograph-
ic capillary of 5.0 cm in length and 0.04 mm in diameter was
used. The m*? t¢ value was 2.40 mg?” s™? at 60.02 cm effec-
tive height of mercury. A Systronic pH meter 361 was used to
measure the pH of the analyte at 7.30 + 0.01.

Reagents

The following chemicals were used in the experiments: HCIO,
(Sigma), NaOH (Sigma), NaClO, (Fluka), Triton X-100 (Sig-
ma), ZnCl, (B. D. H.), L-amino acids (Lobachem) and vita-
min B, (Fluka), and their solutions were prepared in double-
distilled water. The purity of L-amino acids was checked by the
chromatographic method [13]. Pure nitrogen gas was passed
through the analyte for deoxygenation before recording the
current voltage data. The pH of the analyte at 7.30 + 0.01 was
adjusted by using dilute solutions of HCIO, or NaOH as re-
quired. Potassium dihydrogen phosphate-sodium hydroxide
buffer was added to stabilize the pH of the analyte.

Voltammetric procedure

Polarographic studies of the ternary complexes of Zn** with
some amino acids and vitamin B_ were recorded using a de-
polarizer and ligands (L-amino acids and vitamin B.) in the
ratio 1 : 40 : 40, and the concentration of amino acids varied
from 0.5 mM to 30.0 mM at two fixed concentrations of vi-
tamin B , i. e. 0.025 M and 0.050 M. E , shifted to a more
negative side with increasing the concentration of L-amino
acids. The current voltage curves were obtained at different
pH values. The maximum negative shift of E , was obtained
within the pH range 7.10-8.50, but pH 7.30 was selected for
studying the complexes that are compatible with human
blood pH [14]. The concentrations of metal, NaClO, and Tri-
ton X-100 (suppressor) in test solutions were 0.5 mM, 1.0 M

and 0.001%, respectively.
RESULTS AND DISCUSSION

Polarographic studies

Zn* gave two electron quasireversible reduction waves at
pH =7.30 £ 0.01, I = 1.0 MNaClO, at 25 °C [15]. The nature
of current-voltage curves for complexes was also quasirevers-
ible. The E , values became more negative with addition of
vitamin B, (0.025 M and 0.050 M) to the [Zn-L-amino acids]
system which showed ternary complex formation of 1:1: 1,
1:1:2and 1:2:1 complexes. The Gelling [16] method was
used to determine the values of E, "™ from E, wsieversile
by plotting (E-RT / n Flog i ~i / i) vs.i for all the complexes.
To know the values of B, and 3 ,, the study was carried out at
two constant concentrations of vitamin B,ie 0.025M and
0.050 M. The values of the stability constant of the complexes,
given in Table 1, were obtained by the Schaap and McMaster
[17] method. The data and plots of Fij [X,Y] against [X] (where
F, is a Schaap and McMaster function to evaluate the stability
constant 3, X = L-lysine, Y = vitamin B , and i and j are their

stoichiometric numbers, respectively) for [Zn-L-lysinate-vita-
min B ] system are given in Table 2 and Fig. 1, respectively.

Comparison of the stability of binary and ternary com-
plexes

To compare the stability of the binary and ternary complexes,
the values of the mixing constant log K, were calculated by
the following equation [17]:

log K =log P - 1/2[logB,+logB,] (1)

The values of log K are -0.32, -0.20, -5.18, -0.29, -0.06,
0.08,-0.14,-0.095, respectively, for [Zn-L-lysinate-vitamin B ],
[Zn-L-ornithinate-vitamin B_], [Zn-L threoninate-vitamin B_],
[Zn-L-serinate-vitamin B_],[Zn-L-phenylglycinate-vitaminB_],
[Zn-L-phenylalaninate-vitamin B ], [Zn-L-glutamate-vita-
min B ] and [Zn-L-aspartate-vitamin B ] complexes. The
positive values of log K indicate that the ternary complexes
are more stable than the binary complexes, while the negative
values indicate that the binary complexes are more stable than
the ternary ones.

Trend of stability of ternary complexes

The sequence of the stability constants of the complexes with
respect to ligands is L-lys < L-orn < L-thr < L-ser < L-phg <
L-phe < L-glu < L-asp. As the size of amino acids increased,
the stability of its complexes decreased [18]. The stability of
L-amino acid complex also depends upon the chelate ring
formation and the basicities of ligands [19]. In this study,
the stability of the lysinate complex is minimum owing to
the lowest pK value of L-lysine, as expected [20]. In case of
L-serine and L-threonine, the stability of the latter is less than
of the L-serine complex owing to the fact that the electron
withdrawing OH™ group is closer to the L-threoninate com-
plex than to the L-serinate complex, causing greater repulsive
forces between the metal and the OH™ group in L-threonine
complexes than in L-serine complexes. The higher stability
of L-aspartate complexes than of L-glutamate ones is obvi-
ous from the chelate ring formation; in these amino acids,

Table 1. Stability constants of ternary complexes, metalion Zn (1) = 0.5 mM;
I=1.0 MNaCl0,; pH7.30 = 0.01; temperature =25 °C

Drugs [log By,[log Biy|10g Bio|log Bo|l0g Bss|10g By [log Biy|log B,
L-lysine —  — 380 650 925 443 731 10.14
L-ornithine - - 383 658 942 459 7.53 1036
Lthreonine - - 425 736 955 - 7.68 1047
L-serine ~ _ 438 742 968 492 7.90 10.69
"'phfi[‘])é'g'y' - - 442 758 978 523 810 1078
L"‘I’he.”y'a' -~ 450 762 997 539 832 11.00

anine
L.glutamic —_ _ 535 877 1000 572 9.10 11.15

acid
L-asparticacid - - 545 895 10.25 588 9.32 11.37
Vitamin B,

(biotin) | 213 3.00
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Fig. 3(a). [Zn-L-lysinate~vitamin B ] system, (vitamin B,) = 0.025 M.
Plot of (E; /Z—E) vs. log (Z-1), Y-axis = log (Z-1), X-axis = ( 1’/2—E)
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Fig. 3(b). [Zn~L-lysinate—vitamin B] system, (vitamin B.) = 0.05 M.

Plot of (E"

! /Z—E) vs. log (Z-1), Y-axis = log (Z—1), X-axis = (£,
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25°C

0.050 M

(Vitamin B,)

k x 10°
ans’

D" x 10°
a?s™!

Slope

(mV)
33.00
33.50
34.00
33.50
34.50
33.50

34.50

(E,)-V

SCE
1.000
1.057
1.074
1.090
1.100
1.109
1.113
1.118
1.126
1.130
1.150
1.160

Vs.

0.50 mM, I =1.0 MNaCl0,, pH 7.30 £ 0.01, temperature

0.025 M

(Vitamin B,)

k%10
s’

D" x 10

an’s™’

Slope

(mV)
33.00
33.50
34.00
33.50
34.50

(E,)"-V

vs. SCE
1.000
1.045
1.062
1.079
1.090
1.099
1.104
1.109
1.116
1.121
1.141
1.151

Table 4. Kinetic parameters of [Zn—L-lysinate-vitamin B.] system, [Zn**]

[L-lys]x 10 M

3911
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Fig. 4. The probable structure of [Zn—L-lysinate—vitamin B ] system

Parameter Z is calculated by the following equation [30, 31]:

Z=antilog{n F/2.303RT (E' ~E)} +logi~i/i  (5)

The values of the kinetic parmeters are given in Table 4. It
is obvious that the o values varied from [Zn-L-lysinate-vi-
tamin B_] 0.464 to 0.582 (about 0.50), and the values of o for
the other systems were also about 0.50, confirming that the
‘transition state’ lies midway between the dropping mercury
electrode and the solution interface. The values of the rate
constant (k), varying from 3.28 to 6.28 cm. sec™!, confirm that
the electrode processes are quasireversible. The values of the
diffusion coefficient (D), as determined by Ilkovic equation
[32],are as expected.

CONCLUSIONS

In the present paper, ternary complexes of Zn with L-amino
acids and vitamin B_ at pH 7.30 + 0.01 were investigated using
simple DC polarography. The results have indicated that cur-
rent voltage curves are quasireversible and diffusion-control-
led in 1.0 M NaClO, at pH = 7.30 + 0.01 and at 25 and 35 °C.
It is clear from the stability constant values of the complexes
that vitamin B, and amino acids, used either singly or simul-
taneously, might be effective to reduce the toxicity of metal
in vivo.The negative values of AH indicated the exothermic
nature of the metal-ligand interaction. The complexes were
not stable at a higher temperature, which was confirmed
by the values of AG and AS. The values of the transfer coef-
ficient (o) varied from 0.464 to 0.582 (0.50), showing that
the ‘transition state’ behaves between the oxidant and the
reductant response to the applied potential and lies in the
midway between the dropping mercury electrode and solu-
tion interface. The values of the rate constant (k) varied from
3.28 to 6.28 cm. ™!, confirming the quasireversible nature of
electrode processes.
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ZN-L-AMINORUGSCIU-VITAMINO B, KOMPLEKSU
ELEKTROCHEMINES KINETIKOS IR TERMODI-
NAMIKOS TYRIMAS VOLTAMPEROMETRIJOS
METODU

Santrauka

Istirta Zn** kompleksy su L-lizinu, L-ornitinu, L-treoninu, L-seri-

nu, L-fenilglicinu, L-fenilalaninu, L-glutamino ragstimi, L-asparto

riigdtimi ir vitaminu B, elektrocheminé redukcija. Nustatytos kom-

pleksy stabilumo konstantos ir termodinaminiai bei kinetiniai pa-

rametrai.



