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ABSTRACT

Binary complexes of L-dopa with toxic metal ions such as Pb(Il), Cd(Il) and Hg(ll) have been
studied in 0.0-60.0% v/v 1,4 dioxan-water media at 303 K and an ionic strength of 0.16 mol dm
3, The active forms of the ligand are LH3", LH, and LH". The best fit chemical models are arrived
at based on firm statistical grounds employing crystallographic R-factor, »°, Skewness and
Kurtosis. The predominant species formed are MLH™, ML,H, and ML,H". The stability constants
of the binary systems decrease in the order Hg(l1) > Cd(ll) > Pb(l1). The trend in variation of
complex stability constants with change in the dielectric constant of the medium is explained on
the basis of electrostatic and non-electrostatic forces. The species distribution with pH at
different compositions of dioxan-water mixtures and plausible equilibria for their formation are
also presented. The chemical speciation and bioavailability of the toxic metal ions is also
described.
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INTRODUCTION

L-dopa (3, 4-dihydroxy-L-phenylalanine) is a drwadated compound, found in certain kinds of
food and herbs and is made from L-tyrosine [1],clihis an amino acid naturally occurring in
the human body. It is the natural precursor of dupa, and is the most effective and frequently
prescribed therapy for controlling the symptom®&afkinson’s disease [2].

Heavy metals such as lead, cadmium and mercuryoare substances which exert adverse
effects on neurological, reproductive, renal anchéwelogical systems in humans and animals.
Organo- mercury and lead compounds exhibit toxiecefon the central nervous system [3].
Similarly cadmium exhibits various chronic and &cufisorders like testicular atrophy,
hypertension, damage to kidneys and bones, anendaltai-ltai [4-8]. Hence, the stability
constants of the binary complexes of Pb(ll), Cdéid Hg(ll) have been determined using pH
metry. These values are potentially useful to emmental and biological problems [9-11].
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In this study water was substituted by 1, 4-dioxBox) that has lower dielectric constant to
mimic the permittivity of bio-active sites. Thusethvater-Dox mixtures produce the conditions
that exist at the active sites of enzymes and clidéns of proteins [12-16he present paper
describes the complexation of Pb(ll), Cd(Il) andljgvith L-dopa in Dox-water media.

MATERIALS AND METHODS

Reagents and preparation

L-dopa (dopa), nitrates of lead, cadmium and merchox, mineral acid (HNg), sodium
hydroxide and sodium nitrate were of analyticaldgraeagents. Dox was used as received.
Aqueous solutions of dopa, metal salt solutionsjcnacid, a carbonate free sodium hydroxide
and sodium nitrate were prepared by dissolving $asnp triple distilled water. To increase the
solubility of dopa and to suppress the hydrolys$imetal salts, the nitric acid concentration was
maintained at 0.05 mol dfn The solutions were standardized by employingdsteth methods.
The data were subjected to ANOVA [17], to assessdtiors that might have crept into the
determination of the concentrations. Gran plot [h&thod was employed to determine the
strength of the alkali.

Apparatus

Elico LI 120 pH meter was used for the pH measurgmePotassium hydrogen phthalate
solution (0.05 mol dif)) in the acidic region and borax solution (0.01 rdoi®) in the basic
region were used to calibrate the pH meter. Ther@ter was equilibrated in a well-stirred Dox-
water mixture containing inert electrolyte. Theeets of variations in the asymmetry potential,
liquid junction potential, activity coefficient, dmm ion error and dissolved carbon dioxide on
the response of the glass electrode were accotortté@dthe form of correction factors [19, 20].

Measurements

All measurements were carried out at 303 K anchaoric strength of 0.16 mol diwhich was
maintained with sodium nitrate. The electrode waptkusually for 2-3 days, in the required
solvent system for equilibration. To verify whethlee electrode was equilibrated or not, a strong
acid was titrated with an alkali every day untilaygpreciable differences were observed between
the pH values of two titrations at the correspogdmlumes of the titrant. Then the electrode
was said to be equilibrated. Free acid-base titnatwere performed to calculate the correction
factor. In each of the titrations, the titrand astssof 1-3 mmol of mineral acid in a total volume
of 50 cnf. Titrations with different metal to ligand ratios:215, 1:3.75, 1:5) were carried out
with 0.40 mol dri? sodium hydroxide. The analytical concentrationshefingredients are given
in Table 1. Other experimental details are giveewhere [21].

Modeling strategy
The approximate complex stability constants werkeutated using the computer program
SCPHD [22] By following some heuristics in the refinement bé tstability constants, the best-
fit chemical models for each system were arrivedsatg the computer program MINIQUAD75
[23].

RESULTS AND DISCUSSION

Alkalimetric titration curves in Dox-water mixturesveal that the acido-basic equilibria of dopa
are active in the pH range of 2.00 — 10.25.
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Table 1: Total initial concentrations of ingredient (in mmol) of titrands in Dox-water mixtures [NaOH|= 0.4
mol dm; V¢=50.0 cn¥; temp=303 K; ionic strength= 0.16 mol dri¥; mineral acid= 1-3 mmol.

% viv TMO TLO
Dox Pb(l) Cd(ll) Hg(ll) (dopa) TLO:TMO
0250  2.50
00.00 0.099 0.098 0.1020.375 3.75
0.500  5.00
0.250 250
10.00 0.099 0.098 0.1020.375  3.75
0.500  5.00
0.250 250
20.00 0.099 0.098 0.1020.375  3.75
0.500  5.00
0.250 250
30.00 0.099 0.098 0.1020.375 3.75
0.500  5.00
0.250 250
40.00 0.099 0.098 0.1020.375 3.75
0.500  5.00
0.250 250
50.00 0.099 0.098 0.1020.375  3.75
0.500  5.00
0.250 250
60.00 0.099 0.098 0.1020.375 3.75
0.500  5.00

Table 2: Parameters of best-fit chemical models, afopa complexes of Pb(ll), Cd(ll) and Hg(ll) in Dox-

water mixtures. Temperature= 303 K, lonic strength=0.16 mol dm3

%v/v log Byin (SD) NP Uon 12 Skewness R- factor Kurtosis
Dox 111 121 122
Pb(Il) (pH range 5.00-9.00)
0 14.94(11) 19.37(18) 28.38(19) 31 2.60 7.90 0.30 0.011 5.73
10 15.11(14) 21.07(17) 29.03(18) 32 272 7.00 0.45 0.011 4.14
20 15.13(15) 21.13(18) 29.19(18) 35 2.80 3.42 0.43 0.012 3.72
30 15.13(19) 21.38(28) 29.41(28) 25 5.13 7.88 0.71 0.014 5.50
40 15.47(13) 21.91(15) 29.14(36) 26 4.13 7.54 0.56 0.013 5.15
50 15.78(17) 22.29(24) 29.75(33) 26 4.07 5.49 0.23 0.013 3.9
60 16.01(28) 23.04(27) 30.82(23) 27 4.02 5.64 0.14 0.013 3.61
Cd(ll) (pH range 6.30-9.60)
0 12.87(28) 16.98(19) 26.10(13) 24 2.20 9.56 0.31 0.010 4.07
10 12.95(31) 17.06(06) 26.38(14) 30 2.53 8.67 0.19 0.013 4.52
20 12.86(64) 17.81(12) 26.62(11) 30 5.14 15.60 -0.21 0.016 2.87
30 13.66(20) 19.61(10) 27.40(12) 20 1.98 2.40 -0.33 0.009 4.21
40 14.56(22) 20.97(16) 27.82(21) 18 0.99 1.11 0.05 0.006 3.05
50 14.68(28) 20.94(22) 28.20(21) 24 255 4.89 0.09 0.011 2.63
60 rejected 20.98(22) 28.26(30) 19 198 1.53 0.61 0.009 3.16
Hg(ll) (pH range 2.00-9.55)
0 19.66(4) 27.79(5) 36.17(5) 90 1.85 40.58 0.41 0.007 6.35
10 18.93(2) 27.50(11) 35.39(9) 90 0.50 26.30 0.28 0.003 4.87
20 17.89(9) 27.64(26) 34.97(14) 60 3.17 5.60 0.43 0.010 4.03
30 18.11(8) 27.43(28) 34.78(20) 56 3.30 6.29 0.40 0.010 3.60
40 18.21(6) 28.28(24) 35.13(13) 66 2.47 40.63 -0.02 0.008 4.77
50 17.19(26) 27.60(43) 34.37(13) 45 6.97 9.65 0.37 0.017 3.98
60 17.49(23) 27.07(37) 34.22(18) 28 5.04 11.62 -0.29 0.014 5.45
Ucorr = U/ (NP-m) X10%, m=number of species; NP=number of experimental points.
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Table 3: Effect of errors in concentrations of ingedients on stability constants of Hg(ll)-dopa comfexes in
10% v/v Dox-water mixture

Ingredient % Error log B

111 121 122
0  18.93(2) 27.50(11) 35.39(09)

-5 17.60(7) rejected 30.84(17)

Alkali

-2 18.60(2) 24.57(12) 33.20(12)

2 19.16(3) 29.54(14) 36.59(06)

rejected  rejected rejected

Acid -5 rejected  rejected rejected
-2 19.30(3) 29.51(12) 36.68(06)

18.49(2) 24.70(11) 33.19(11)

5 17.43(5) 21.75(12) 30.98(12)
Ligand -5 18.84(2) 27.56(14) 35.32(11)
-2 18.89(2) 27.53(12) 35.36(09)

18.97(1) 27.48(10) 35.42(08)

19.03(1) 27.44(09) 35.48(08)

Metal -5 18.98(2) 28.06(10) 35.68(07)

2 18.95(2) 27.73(10) 35.51(08)
18.91(2) 27.28(11) 35.26(10)
18.88(2) 26.88(13) 34.99(12)

Based on the active forms of the ligand in thisrahige, models containing various numbers and
combinations of complex species were generatedyummexpert system package CEES [24].
These models were inputted to MINIQUAD75 along wiltle alkalimetric titration data. The
best-fit model was selected using the statistieahmeters of the least square residuals. The final
values of the stability constants of the complextesgiven in Table 2.

Effect of systematic errorson best-fit model

In order to rely upon the best-fit model for craicevaluation and application under varied
experimental conditions with different accuracidsdata acquisition, a study was made by
employing pessimistic errors into influential paters, such as the concentrations of alkali,
mineral acid, ligand and metal (Table 3). The ordérthe constituents that influence the
magnitudes of the stability constants due to incafon of errors are alkali > acid > ligand >
metal. The rejection of some species and increstsettiard deviations in the stability constants
on introduction of errors confirm the appropriatenef the best-fit models. This study supports
that the experimental concentrations are apprapaad the proposed models are adequate for
the experimental data.
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Figure 1. Variation of stability constant values & (A) Pb(ll); (B) Cd(Il); (C) Hg(ll)- dopa complexe s with
reciprocal of dielectric constant (1/D) in Dox-wagr mixtures; (m) logpi1; (®) l0g Bi21. (A) l0g Broo

Effect of dielectric constant

Addition of Dox to water decreases the dielectranstant of the medium. The dielectric
constants of the medium at different percentageg0f@ v/v) of Dox were taken from literature
[25]. The change in overall stability constantslbange in free energy with change in co-solvent
depends on two factors, viz., electrostatic and elentrostatic. As basicity of Dox is lower than
that of water, the non-electrostatic effect seesdetcrease proton accepting power of the ligand.
Addition of more Dox removes water molecules frogyatation sphere of metal ion making it
more susceptible to react with the ligand. Accogdio Born’s equation [26] the energy of
electrostatic interactions is related to dielectooistant of the medium and I@gversus 1/D (D

is the dielectric constant of the medium) shouldlibear. So log3 should increase/decrease
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linearly with decrease in dielectric constant ofdmen (with increase in Dox content) if the
interaction between metal ion and ligand is eletatic in nature.

The linear variation of log values of dopa complexes of Pb(ll), Cd(ll) and Hggith 1/D
(Figure 1) indicates that the electrostatic sokdbrent interactions are predominafite cation
stabilizing nature of co-solvent, specific solvevdter interactions, charge dispersion and
specific interactions of co-solvent with the solata@y be responsible for small deviation from
the linear relationship. This study is helpful toderstand the co-solvent effect at a molecular
level [27-29] and provide useful information in iaig in the rational drug design, medicinal
chemistry, biochemistry and molecular biology.

Distribution diagrams

The species distribution diagrams were obtainedguthe computer program DISPLOT [30].
Dopa has two ionisable phenolic protons in additioncarboxyl and amino protons and its
various forms are Lkl, LH, and LH in the pH ranges 2.0-10.0, 8-11.0 and greater fita,
respectively [31]. The plausible refined species Mi-H", ML,H and MLH; for Pb(ll), Cd(ll)
and Hg(ll) in Dox-water mixture. Typical distribofi diagrams of Pb(ll), Cd(Il) and Hg(ll) in
Dox-water mixture are shown in Figure 2 (chargeshefspecies are omitted for clarity). These
diagrams indicate that MH™ has formed to an extent of 95% at pH values al®0e The
formation of various binary complexes is shownha tollowing equilibria:

[E—

M(I) + LHy* ~—> MLH*+2H* (1)
M(I) + 2LHz* ~——  MLoH+4H* e )
MLH* + LHs* ~—> MLH+H* 3)
MLH*+LH, =~ MLH+H* 4)
MLH*+LH, =~—> MLH+H* (5)
M(I) +2LH, =~ MLH-+3H* = (6)
MI)+LH, =~ MLH*+H* 7)
ML>H, —~ MLH+H* (8)

In the case of Pb(ll) and Hg(Il) MLHs formed through Equilibria 1 and 7 where athi case
of Cd(ll) it is formed through Equilibrium 1. MH, species is formed by the interaction of
protonated ligand with the metal ion (Equilibriuh &hd with the MLH species (Equilibria 3
and 4). The MEH species is formed by the interaction of protondigand with theMLH*
species (Equilibrium 5) and with the metal ion (Equilibriu@). It is also formed by the
deprotonation of MEH, species (Equilibrium 8). Another notable obsepatis that the free
metal ion concentration of Hg(ll) is very low wheampared to Cd(Il) and Pb(ll) at lower pH
values,indicating the increasing stability of the metahgmexes in the order Hg(ll) > Cd(ll) >
Pb(ll).
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Figure 2: Distribution diagrams of (A) Pb(ll); (B) Cd(ll); (C) Hg(ll)-dopa complexes in 30% v/v Dox-waer
mixture

Structures of binary complexes

Dopa has a tendency to chelate with essential xic tmetal ions either to compete with
metalloenzymes or to remove toxic ions from liveygstems. L-dopa has two sets of chelating
groups: the amino carboxylate side chain donorsQNand the catecholate donors (O, O). The
distribution diagrams of dopa with toxic metal ioffsgure 2) demonstrate that these ligands
coordinate via the side chain donors at lower pi,Mia thecatecholate group at higher pH. Of
course, there is a possibility of the simultanelayend coordination to both bonding sites in the
case of ligand excess, which are observed at ieiate pH. Although it is not possible to
elucidate or confirm the structures of complexesmetrically, they can be proposed based on

395
www.scholar sresearchlibrary.com



G. NageswaraRaat al Der Pharma Chemica, 2011, 3 (4):389-398

the literature reports and chemical knowledge [Z2hino nitrogen atoms can associate with

hydrogen ions in physiological pH range and thenangroup is protonated at pH less than 9.0.
It is observed that the maximum concentration efghotonated complex is at a pH more than 5
(Figure 2), and is concluded that the amino grauprotonated in the protonated complexes but
not carboxyl group. The plausible structures ofdbmplexes are shown in Figure 3.

ML,H"
Figure 3: Structures of Metal-dopa complexes wher®= Pb, Cd or Hg; L=dopa; S is either solvent or wagr
molecule

CONCLUSION

The following conclusions have been drawn frommnieeling studies of L-dopa complexes of
Pb(ll), Cd(Il) and Hg(ll) in Dox-water mixtures.
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1. The complex species formed due to interactioh-dbpa with the toxic metals are MLCH
ML ,H,and MLLH".

2. The decreasing of dielectric constant of the immadwith increasing in mole fraction of Dox
results in larger stability constants. The lineariation of the stability constants with mole
fraction of the Dox indicates the dominance of etestatic forces over non-electrostatic forces.

3. The pH metric studies of all the metal ion coaxplk with L-dopa indicate that the maximum
concentration of protonated complexes is at a pHentban 5. At higher pH hydrolysis of
complexes takes place and hence precipitates anedb

4. The order of the components in influencing thegnitudes of the stability constants due to
incorporation of errors is alkali > acid > ligandetal.

REFERENCES

[1] R. Longo, R. Castellani, M. Tiboll®&hytochemistry, 1974,13, 167.

[2] C.D. Marsden,J. Neurol. Neurosurg. Psychiatry, 1994,57, 672.

[3] L.W. Chang,Toxicol. <., 199Q 15, 125.

[4] H. Nakagowa, M. Tabata, Y. Morikawa, M. SenrfaKitagawa, S. Kawano, T. Kid@rch.
Environ. Health, 199Q 45 283.

[5] R.M. Jacobs, M.R. Spiveryfo, M.H. Aldridg&, Nutr., 1969 99, 119.

[6] H.A. Schroede). Chronic Dis., 1965 18 647.

[7] T.H. Bui, J. Lindsten, G.F. Nordbergnviron. Res., 1975 9, 187.

[8] G.A. Drash,&i. Total Environ., 1993,67, 75.

[9] S. Ramamoorthy, P.G. Manning,Inorg. Nucl. Chem., 1972,34, 1977.

[10] S. Ramamoorthy, P.G. Manningj,Inorg. Nucl. Chem., 1972,34, 1989.

[11] S. Ramamoorthy, P.G. Mannind,Inorg. Nucl. Chem., 1972,34, 1997.

[12] D.O. Ress). Mol. Biol., 1980,141, 323.

[13] N.K. RogersG.R. RooreM.J.E Strenbergl. Mol. Biol., 1985 182, 613.

[14] H. Sigel, R.B. Martin, R. Tribolet, U.K. Haxg, M. Balakrishnanur. J. Biochem., 1985
152, 187.

[15] G. Akerlof, O.A. Short]). Am. Chem. Soc., 1953,75, 6357.

[16] H. Sigel,Pure Appl. Chem., 1989 61, 923.

[17] R.S. Rao, G.N. RadComputer Applications in Chemistry, Himalaya Publishing House,
Mumbai, India, 2005, p. 302.

[18] G. GranAnal. Chim. Acta, 1988,206, 111.

[19] G. Gonzalez, D. Rosales, J.L. Gomez ArizaGAiraum PereZlalanta, 1986 33, 105.
[20] L.G. Van Uitert, C.G. Haagd, Am. Chem. Soc., 1953 75, 451.

[21] M. P. Latha, V. M. Rao, T. S. Rao, G. N. RBall. Chem. Soc. Ethiop., 2007, 21, 363.
[22] G. N. Rao, Ph. D. Thesis. Andhra Universitysdkhapatnam, India, 1989.

[23] P. Gans, A. Sabatini, A. Vacdaprg. Chim. Acta, 1976 18 237.

[24] A. Braibanti, R.S. Rao, A.R. Babu, G. N. Raon. Chim. (Italy) 1995,85, 17.

[25] Y.Y. Akhadov,Didectric Properties of Binary Solutions. Pergamon Press, Oxfot@8Q
[26] M. Born,Z. Phys., 192Q 1, 45.

[27] Y. Obata, K. Takayama, Y. Maitani, Y. Machidat. J. Pharm., 1993 89, 191.

[28] K. Takahashi, S. Tamagawa, T. Katagi, H. Ytshi, A. Kamada, J.H. Rytting, T.
Nishihata, N. MizunoChem. Pharm. Bull., 1991, 39,154.

[29] S. Gungor, N. BergisadPharmazie, 2004,59, 39.

397
www.scholar sresearchlibrary.com



G. NageswaraRaat al Der Pharma Chemica, 2011, 3 (4):389-398

[30] G. N. Rao, A. R. Babu, S. V. V. S. Rao, RRao, K. V. Ramand&cta Cien. Indica, 1989,
15, 321.

[31] K.V. S. Devi, B. R. Raju, G.N. Radégcta Chim. Sov. 201Q 57, 398.
[32] M. P. Latha, V. M. Rao, T. S. Rao, G. N. RBogc. Nat. Acad. ci. India, 2007, 77,  109.

398
www.scholar sresearchlibrary.com



