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ABSTRACT

Interaction of mixed ligand complexes of copper{li}h enalpril maleate and four peptides viz. ghglycine,
alanine-glycine, glycil-glycil-glycine and glyciélicine have been determined by pH metric measutemen
aqueous solutions at 27°C in 0.1M NagIThe mixed ligand complex formation constants ofpterspecies have
been evaluated using computer program (SCOGS).
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INTRODUCTION

Enalpril maleate is a pro-drug without direct bgilmal activity which is rapidly absorbed after osalministration.

It is widely used in pediatric cardiology in theedtment of essential and renovascular hyperteridiarid in
congestive heart failure. It is an antihyperten$®8] drug and angiotensin converting enzyme (ACE) inthitj4].
Mixed ligand complex formation equilibria of bioliegl metal ions with drugs, amino acids and peppdevided
useful models of relevance to the enzymatic systdvieny of these mixed ligand complexes are suitdbte
mimicking the role of metal ions in the active sitemetaloenzymes studying the drug designingdBjpxification
mechanism and studying the toxic effects of metaki With a view to study the effect of drug, itselating
position and modes of coordination with peptideGNH-) linkage, we describe in this paper, the rssof an
equilibrium study on the mixed ligand complex fotioa of CU' with drug enalpril maleate with four peptides viz.
glycil-glycine, alanine-glycine, glycil-glycil-glyioe and glycil-leucine in aqueous solution at canstionic
strength(1=0.1M NaClg) at 27°C. Stability constants of the mixed ligananptexes have been correlated with the
possible modes of coordination of enalpril malézaeCOOH and Nk

MATERIALS AND METHODS

All the reagents used were of A.R grade and alitg&mis were invariably prepared in double distillwdter and
standardized by usual procedures [6]. The titratirre carried out using a digital pH meter [Elinodel LI-120]
in junction with combine electrode. All titratiodsave carried out at 27°C. For the determinatiorfoofnation
constants of ternary complexes, following solutirese prepared, 0.008M perchloric acid, 0.002M griyrligand
(drug), 0.002M secondary ligands (peptides), 0.0088tal solutions and the ionic strength was maieiusing
0.1M sodium perchlorate. The titration curves welnéained by plotting experimental data, which wetiézed to
determine the proton ligand formation constantpfary and secondary ligands and their metals d¢exsps.
Concentration of total metal, total ligands, freetah, free ligands and various possible species aha formed
during the complexation and formation constants eatkeulated using SCOGfrogram. Complex formation
equilibria were elucidated with the aid of the dpecdistribution curves obtained as an output ahmater
programme [7].
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RESULTS AND DISCUSSION

Binary complexes:
Drug enalpril maleate has carboxyl and amine groupigh are successively deprotonated at pH 3.02548

respectively. The observed value (Fig. 1) is lothan any saturated aliphatic acid and higher timgreanino group
present in the structure (Fig. 2). The five membeneg of the drug molecule can also be comparehd pyrrolidine
molecule which has a pK value 3.11. The observédgev@Table 1) in drug is slightly less becausehef tarbonyl
group present near the amine group which has @teydof electron withdrawal by mesomeric effectathinakes
carbonyl group more acidic. This effect is alsoayled for the second pK i e. deprotonation of sdaopnamine.

Fig. 1 Potentiometric titration curve.
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Fig. 2 Structure of (S)-1-[N-[1-(ethoxycarbonyl)-3-phenylpropyl]-L-alanyl]-L-pr oline (enalpril maleate)]

Table-1: The proton ligand and metal ligand stabiliy constant of enalpril maleate and peptides with G(Il)in aqueous medium at 27°C
and ionic strength p=0.1M NacClQ.

Ligand pk | pK; | LogK; | LogK;
Enalpril maleate 3.02 544 312 2.76)
Glycil-glycine 3.13| 8.07] 5.50 -
Alanine-glycine 3.07] 812 541 -
Glycil-glycil-glycine | 3.20| 7.89| 9.69 5.08
Glycil-leucine 3.09] 8.14 5.93 -

The interaction of metal ions with a base is simitathe neutralization reaction as metal ions likdrogen ion act
as lewis acids. Therefore, more basic ligand foronenstable complexes. The charge distribution erigand, size
and charge of the metal ion influence the stabiitynetal complexes. The coppdorms 1:1 and 1:2 complexes

with drug and peptides.

Mixed ligand complexes:
The stability of mixed ligand complexes is maintvgrned by the characteristics of approaching stgriigands.
The stability, therefore depends on the ring sitéctv affects overall basicity of the secondary didgalt can be
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inferred that the stability of the complex depemdse on the length and spatial configuration ofdhelate ring. At
the pH of secondary ligand combination, the fororatf mixed ligand complex can be represented oybeia (1)
and (2).

Maq+L
ML + B

ML 1)
MLB )

(Charges are omitted for simplicity)

Only 1:1:1 ternary complex formation is considete@nsure the formation of the MLB. Considering pevalues
of the ligands and hydrolytic constants of‘Mons the following species have been considecedxist in the
complexation equilibria, viz. &, LH*, LH, L%, M(OH),, ML(OH), ML, B*, MB(OH), B>, MLB(OH) etc.

The stability constants lod¥%y,, logKk™ygs, log B"we were obtained as computer output. Complex formatio
equilibrium have been elucidated on the basis etigs distribution curves. Stability of ternary qiexes MLB
was characterized on the basis\dbg K value [5, 8-21] calculated using equatioh (3

The relative stabilities of mixed ligand complexeas be quantitatively expressed in termg\dég K, Kr, K. and
Kg values which are defined by equations

Alog K = logBi111—10g10— 10001 (3)

Ki= [32111/ B20 Bo2 4)
Kg = B114/ 10g Ko1 %)
Ki =B log Ko (6)

In CuLBsystem in the primary ligand enalpril maleate (hjl secondary ligand peptides (B) both forms 1:1 aad
complex with CUl.

The species distribution curves of Cu LB systemewalotained by plotting percentage concentratiowasfous
possible species formed during complexation vepstisf solution. It can be observed that the comegion for the
formation of drug (L) and peptides (B) representgdC, and G shows continuous decrease with increase in pH
which indicate that the formation of mixed liganmhaplex i.e. Cu(ll)-enalpril maleate —peptides (Bpresented by
Cg. The concentration of these species increasesimdtbase in pH which confirms the formation of niXeyand
complex.

Mixed ligand complex of enalpril maleate (L) witkgide (B) shows following types of equilibria.

Ci=H,L HL+H (1a)

C,=HL H+L (1b)
C;=H,B HB+H (2a)
C,=HB H+B (2b)
Cs = Cu+L CuL (3a)
Ce=Cu+B CuB (4a)
C;=CuB+B CuB (4b)

Cg=Cu+L+B CuLB (5a)

(Charges are omitted for brevity)

From the species distribution curves (Fig. 3) treniation of CuLB is 90% and percentage of formatbiCuB,; is
10% which remains constant throughout the pH rafgevn by parallel line to the X- axis. The constesiue of
ternary species distribution curve during the enfiH range shows the formation of ternary complekxE take
place by reaction (5a).The positive values (TablefX_, Kg, K, andA log K support the enhanced stability of the
mixed ligand complexes.
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Fig. 3 Species distribution curves
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CONCLUSION

The formation of CuLB is more preferred over theniation of binary species. The positive valueAofog K
indicates stable nature of complexes. The ordstatfility of ternary complexes of Cu (Il) with resp of secondary
ligand peptides is Enalpril Maleate = Glycil-glygilycine < Glycil-Lucine < Alanine-glycine < Glyeglycine
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