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Binding Interaction of Captopril with Metal Ions:  
A Fluorescence Quenching Study  
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The binding interaction of captopril (CPL) with biologically active metal ions Mg2＋, Ca2＋, Mn2＋, Co2＋, Ni2＋, 
Cu2＋ and Zn2＋ was investigated in an aqueous acidic medium by fluorescence spectroscopy. The experimental re-
sults showed that the metal ions quenched the intrinsic fluorescence of CPL by forming CPL-metal complexes. It 
was found that static quenching was the main reason for the fluorescence quenching. The quenching constant in the 
case of Cu2＋ was highest among all quenchers, perhaps due to its high nuclear charge and small size. Quenching of 
CPL by metal ions follows the order Cu2＋

＞Ni2＋
＞Co2＋

＞Ca2＋
＞Zn2＋

＞Mn2＋
＞Mg2＋. The quenching constant Ksv, 

bimolecular quenching constant Kq, binding constant K and the binding sites “n” were determined together with 
their thermodynamic parameters at 27 and 37 ℃. The positive entropy change indicated the gain in configurational 
entropy as a result of chelation. The process of interaction was spontaneous and mainly ∆S-driven. 
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Introduction 

Captopril, 1-[2(S)-3-mercapto-2-methyl-1-oxopropyl]- 
L-proline (Figure 1), is an angiotensin converting en-
zyme inhibitor drug for the treatment of hypertension, 
heart failure following myocardial infarction and dia-
betic nephrotherapy.1 It inhibits the active sites of a zinc 
glycoprotein, the angiotensin converting enzyme (ACE), 
blocking the conversion of angiotensin(I) to angio-
tensin(II), the level of which is elevated in patients with 
hypertensions. CPL has three different potential donor 
groups (Sthiol, Oacid and Oamide) which may bind with 
metal ions to form 1∶1 complexes in acidic medium 
and 1∶2 complexes2 in nearly basic medium (pH 6—
8.2). The key functional group in the metabolism of 
CPL is the sulfhydryl group.3 CPL is oxidized at its 
sulfhydryl group after dissolution in water to form its 
disulfide and is found in human urine after CPL admini-
stration. It has an equilibrium conformation between cis 
and trans isomers, however, the trans isomer is the ac-
tive form when bound to the enzyme.4 It also acts as a 
free radical scavenger.5 

 
Figure 1  Structure of CPL. 

Over the last decade, close attention has been paid to 
the interaction of CPL with various metal ions6 as drug 
metal interaction may result in the formation of a stable 
metal-drug complex, which may deplete the blood with 
trace element. On the other hand the side effect that can 

arise during CPL treatment7 may well be caused by the 
interaction of CPL with other metal ions present in the 
plasma.8 Therefore, to gain a deeper insight into the 
mechanism of the inhibition and side effect of CPL, 
equilibrium and structural studies were earlier per- 
formed with several metal ions.9 Studies have also been 
done on the use of transition metal ions for quantitative 
spectrophotometric determination of CPL in pharma-
ceutical formulations.10 CPL has also been assayed 
spectrofluorimetrically after reacting with fluorogenic 
reagents11 or reducing Ce(IV) to fluorescent Ce(III).12  

The fluorescence spectroscopy has been widely used 
to monitor the molecular interaction because of its high 
sensitivity, reproducibility and relatively easy use. Since 
no detailed fluorescence study on the binding interac-
tion of CPL with Mg2＋, Ca2＋, Mn2＋, Co2＋, Ni2＋, Cu2＋

and Zn2＋ has been done so for, a thorough investigation 
was therefore made using this technique. Such interac-
tions between CPL and these metal ions can cause fluo-
rescence quenching. Therefore, valuable information 
such as binding mechanism, binding constant, and 
binding sites can be obtained using fluorescence 
quenching study of CPL by these metal cations. In addi-
tion the thermodynamic parameters of the process were 
also proposed in this work. 

Experimental 

Instruments, methods and materials 

The fluorescence emission spectra were scanned 
with a Hitachi-F-2500FL spectrophotometer. The phase 
modulation method was used to obtain fluorescence 
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lifetime by an SLM48000S spectrofluorometer (SLM 
Aminco, Rochester, NY). The procedure for lifetime 
measurement was described in reference.15 Doubly dis-
tilled water was used throughout. CPL (Across organ-
ics), sodium hydroxide, metal chloride (Merck Ltd, 
Mumbai, India), and HCl (Ranbaxy Fine Chem. Ltd, 
India) were used as received. 

Preparation of solution 

The stock solution of CPL in aqueous acidic medium 
(1×10－3 mol•L－1) was stored at 4 ℃ and metal salts 
of 1×10－2 mol•L－1 were prepared in doubly distilled 
water. 

The working solution of the CPL (8×10－6 mol•L－1) 
and those of metal ions (1×10－6 to 18×10－6 mol•L－1) 
were prepared. The steady state fluorescence spectra of 
the drug were recorded in the λem of 320—360 nm with 
excitation at the maximum centered at λex＝305 nm. 
The excitation wavelength was chosen such that ab-
sorbance at this excitation wavelength was less then 
0.02 to minimize the inner-filter effect and to obtain the 
most complete emission spectrum as possible.  

Results and discussion 

Figure 2 shows the emission spectra of CPL in the 
presence of metal ions of various concentrations. It was 
observed that the fluorescence intensity of captopril de-
creased regularly with the increasing concentration of 
metal ions without any change in emission maxima and 
shape of peaks. As there was no significant λem shift 
with the addition of metal ions, it was indicated that 
metal ion could quench intrinsic fluorescence of CPL 
and that the interaction between CPL and metal ion in-
deed existed without inducing any conformational  
change in it under the condition studied here. 

Quenching can occur by a variety of molecular in-
teractions, viz. excited-state reactions, molecular rear-
rangement, energy transfer, ground state complex for-
mation (static quenching) and collisional or dynamic 
quenching. Static and dynamic quenching can be dis-
tinguished by their different dependence on temperature 
and excited state life time. Dynamic quenching is diffu-
sion controlled because the quencher must diffuse to the 
fluorophore during the life time of excited state. Since 
high temperature will result in large diffusion coeffi-
cient, the bimolecular quenching constants are expected 
to increase with temperature. If the Ksv decreased with 
increased temperature, it could be concluded that the 
quenching process was static rather than dynamic.13,14 
Static quenching implies either the existence of a sphere 
of effective quenching or the formation of a ground 
state non-fluorescent complex, whereas collisional or 
dynamic quenching involves the collision and subse-
quent formation of a transient complex between an ex-
cited state fluorophore and a ground state quencher. The 
excited state complex dissociates upon radiative and 

non-radiative deactivation. In order to confirm the 
quenching mechanism the procedure of fluorescence 
quenching was first assumed to be dynamic. For dy-
namic quenching the mechanism can be described by 
the Stern-Volmer equation.15 

Fo/F＝1＋Kqτo[Q]＝1＋Ksv[Q] (1) 

where, Fo and F are the fluorescence intensities in the 
absence and presence of the quencher, respectively, Kq 
is the bimolecular quenching rate constant, Ksv is the 
dynamic quenching constant and τo is the average life 
time of the molecule without quencher. Figure 3 dis-
plays the Stern-Volmer plots of quenching of CPL by 
different metal ions and at different temperatures.  

Based on the experimental data in Figure 3, the dy-
namic quenching constants and bimolecular quenching 
constants at different temperatures are shown in Table 1. 
It is evident from the table that the Kq values in each 
case are considerably larger than those possible for dif-
fusion controlled quenching in solution (about 10 L• 
mol－1•ns－1). Usually, large Kq beyond the diffu-
sion-controlled limit indicates that some type of binding 
interaction exists between fluorophore and quencher.16 
It was observed that Ksv decreased with increasing tem-
perature for all metal ions. It can be therefore, con-
cluded that the quenching is not initiated by a dynamic, 
but probably by a static process. Among all the metal 
quenchers, Cu2＋ quenches CPL the most effectively. 
The quenching constant by Cu2＋ is larger than those by 
other metal quenchers and that of Mg2＋ is the minimal, 
which follows the order Cu2＋

＞Ni2＋
＞Co2＋

＞Ca2＋
＞

Zn2＋
＞Mn2＋

＞Mg2＋. Cu2＋ is well known as a strong 
quencher because of its electronic structure (d9). 
Quenching by this type of substance most likely in-
volves the donation of an electron from the fluorophore 
to the quencher, and the ion dipole interaction between 
Cu2＋ and the molecule will also be strong due to the 
large nuclear charge and the relatively small size com-
pared with other metals. Cu2＋ usually introduces easily 
accessible low energy levels, which can give rise to en-
ergy and electron transfer processes and is capable of 
quenching the fluorescent excited state of the mole- 

Table 1  Stern-Volmer and bimolecular quenching constant at 
27 and 37 ℃ 

Ksv/(L•mol－1)  Kq/(L•mol－1•s－1) 
Metal 

27 ℃ 37 ℃  27 ℃ 37 ℃ 

Ca 2.82×104 2.57×104  8.47×1012 7.71×1012 

Mg 1.36×104 1.21×104  4.08×1012 3.63×1012 

Mn 1.89×104 1.83×104  5.67×1012 5.49×1012 

Co 3.05×104 2.73×104  9.16×1012 8.19×1012 

Ni 4.11×104 3.66×104  12.34×1012 10.99×1012 

Cu 6.42×104 5.09×104  19.3×1012 15.28×1012 

Zn 2.66×104 2.32×104  7.98×1012 6.96×1012 
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Figure 2  Fluorescence enhancement (at λex 305 nm) of CPL with Ca(II), Mg(II), Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) at room tem-
perature. 1: 7.0 µmol•L－1 CPL, from 2 to 8: 2, 3, 6, 8, 10, 12, 18 µmol•L－1 of metal ions. 
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Figure 3  Stern-Volmer plots of CPL with Ca(II), Mg(II), Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) at 27 and 37 ℃.  
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cule.17 The larger Ksv and Kq values of Ni2＋ in com-
parison to Co2＋, Mn2＋ and Zn2＋can be explained in 
terms of its smaller ionic radius and larger nuclear 
charge. In cases of Mn2＋ and Zn2＋ the Ksv and Kq are 
quite small due to their half filled and completely filled 
“d” orbitals, respectively. The Ksv and Kq values for  
Ca2＋ are larger than those of Mg2＋ probably because 
of its higher reactivity and lower ionization potential. 

Binding constant and binding sites 

For static quenching, the relationship between inten-
sity and the concentration of quencher can be described 
by the binding constant formula.18,19 

lg(F0－F)/F＝lg K＋nlg[Q] (2) 

where K is the binding constant, and n is the number of 
binding sites per CPL. After the fluorescence quenching 
intensities of CPL at 340 nm were measured, the dou-
ble-logarithm algorithm was assessed by Eq. (2). Figure 
4 shows double-logarithm curve and Table 2 gives the 
corresponding calculated results. The linear correlation 
coefficients for all the curves are larger than 0.970, in-
dicating that the interaction between the metal ions and 
CPL agrees well with the site-binding model underlying 
Eq. (2). The value of binding constant for these 
CPL-metal complexes follows the same order as men-
tioned in cases of Ksv and Kq values and is in agreement 
with the Irving-Williams series in cases of transition 
metal series. 

Table 2  Binding constant, binding site and regression coeffi-
cient at 27 and 37 ℃ 

lg K  n  R 

Metal 
27 ℃ 37 ℃  27 ℃ 37 ℃  27 ℃ 37 ℃ 

Ca 2.319 2.580  0.58 0.61  0.996 0.997 

Mg 1.359 1.492  0.39 0.43  0.998 0.960 

Mn 1.285 1.710  0.35 0.44  0.985 0.993 

Co 2.887 2.828  0.65 0.66  0.998 0.997 

Ni 3.416 3.450  0.74 0.76  0.999 0.998 

Cu 4.811 5.049  1.00 1.07  0.999 0.998 

Zn 2.535 2.922  0.58 0.68  0.999 0.997 

Thermodynamic parameters and nature of binding 
forces  

Considering the dependence of the binding constant 
on the temperature a thermodynamic process was con-
sidered to be responsible for this interaction. Therefore, 
the thermodynamic parameters dependent on tempera-
ture were analyzed in order to further characterize the 
forces acting between CPL and metal ions. The ther-
modynamic parameters enthalpy changes (∆H), entropy 
changes (∆S), and free energy changes (∆G) are the  
main evidences to determine the binding mode. If the 
temperature does not vary significantly, the enthalpy 
changes (∆H) can be regarded as constant. The free en-

ergy change (∆G) can be estimated from the following 
equation, based on the binding constant at different 
temperatures. 

∆G＝－2.303RTlg K  (3) 

where R is the gas constant, T is the experimental tem-
perature, and K is the binding constant at the corre-
sponding temperature. 

From the values of stability constant at different 
temperatures the enthalpy changes can be calculated by 
using equation: 

lg(K2/K1)＝(1/T1－1/T2)∆H/2.303R  (4) 

The entropy changes can be calculated by using 
equation: 

∆G＝∆H－T∆S   (5) 

The thermodynamics parameters for the interaction 
of metal ions and CPL are shown in Table 3. The nega-
tive value of ∆G means that the interaction process is 
spontaneous. The positive ∆S value obtained for all in-
vestigated complex is characteristic of chelation, which 
occurs because the water molecules that are normally 
arranged in an orderly fashion around the CPL and 
metal ions have acquired a random configuration as a 
result of chelation. This is referred as gain in configura-
tional entropy.20 The positive value of ∆H indicate that 
the processes are endothermic and binding between the 
metal ions and CPL is mainly ∆S-driven, with little con-
tribution from the enthalpy factor.  

Table 3  Thermodynamics parameters at 27 and 37 ℃ 

∆G/(kJ•mol－1) ∆S/(kJ•mol－1•K－1) 
Metal 

27 ℃ 37 ℃ 
∆H/(kJ•mol－1) 

27 ℃ 37 ℃ 

Ca －13.32 －14.82 46.59 0.199 0.1981 

Mg －7.808 －8.575 23.76 0.105 0.1043 

Mn －7.386 －9.828 75.50 0.276 0.2752 

Co －16.58 －16.24 67.59 0.280 0.2704 

Ni －19.62 －19.82 6.160 0.085 0.0838 

Cu －27.63 －29.00 42.32 0.233 0.3371 

Zn －14.56 －16.78 68.93 0.261 0.2604 

Conclusion 

In this paper we have investigated the nature and 
magnitude of the interaction of CPL with biologically 
important metal ions Mg2＋, Ca2＋, Mn2＋, Co2＋, Ni2＋, 
Cu2＋ and Zn2＋ by fluorescence spectroscopy. Since the 
Stern-Volmer quenching constants, Ksv in all cases are 
inversely proportional to temperature, it indicates that 
probable quenching mechanism is initiated by static 
quenching. Cu2＋ is the best quencher among all the 
metal ions. The thermodynamic parameters showed that 
the interaction between CPL and metal ions was spon-
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Figure 4  Double logarithm plots of CPL with Ca(II), Mg(II), Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) at 27 and 37 ℃.        
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taneous and entropically favored in which entropy in-
creased and Gibbs free energy decreased. The positive 
value of ∆S indicates the gain in configurational en-
tropy. 

References 

1 El-Enany, N.; Belal, F.; Rizk, M. Int. J. Biomed. Sci. 2008, 
4, 147. 

2 Hughes, M. A.; Smith, G. L.; Williams, D. R. Inorg. Chim. 
Acta 1985, 107, 247. 

3 Cushman, D. W.; Cheung, H. S.; Sabo, E. F.; Ondetti, M. A. 
In Angiotensin Converting Enzyme Inhibitors, Ed.: Horovitz; 
Zolap, U., Schwarzenberg, Munich, 1981.  

4 Cavalu, S.; Pinzaru, S. C.; Chis, V. Romanian J. Biophys. 
2007, 17, 195. 

5 Nakagawa, K.; Ueno, A.; Nishikawa, Y.; Zasshi, Y. Pharm. 
Soc. Jpn. 2006, 126, 37. 

6 Joshaghani, M.; Gholivand, M. B.; Mosavat, A. R. Am. J. 
Biochem. Biotechnol. 2008, 4, 245.  

7 Heel, R. C.; Brodgen, R. N.; Spieght, T. M.; Avery, G. S. 
Drugs 1980, 20, 409. 

8 Catalanotto, F. A. Am. J. Clin. Nutr. 1978, 31, 1098. 
9 Jankovics, H.; Nagy, L.; kele, Z.; Pettinari, C. Agati, P. D.; 

Mansueto, C.; Pellerito, C.; Pellerito, L. J. Organomet. 

Chem. 2003, 668, 129.  
10 Jovanovic, T.; Stanovic, B.; Korcanak, Z. J. Pharm. Biomed. 

Anal. 1995, 13, 213. 
11 Cavrini, V.; Gatti, R.; Roveri, P.; Cesaroni, M. R. Analyst 

1988, 113, 1447. 
12 Segarra, G. R.; Sagrado, V. S.; Martinez, C. J. Microchim. J. 

1991, 43, 176. 
13 Guo, M.; Zou, J. W.; Yi, P. G.; Shang, Z. C.; Hu, G. X.; Yu, 

Q. S. Anal. Sci. 2004, 20, 465. 
14 Wang, C.; Wu, Q. H.; Li, C. R.; Wang, Z.; Ma, J. J.; Zang, 

X. H.; Qin, N. X. Anal. Sci. 2007, 23, 429. 
15 Lakowicz, J. R. Principles of Fluorescence Spectroscopy, 

Plenum Press, New York, 1999. 
16 Park, H. R.; Oh, C. H.; Lee, H. C.; Choi, J. G.; Jung, B. I.; 

Bark, K. M. Bull. Korean Chem. Soc. 2006, 27, 2002. 
17 Posokhov, Y.; Kus, M.; Biner, H.; Gumus, M. K.; Tugcu, F. 

T.; Aydemir, E.; Kaban, S.; Icli, S. J. Photochem. Photobiol. 
2004, 161, 247. 

18 Feng, X. Z.; Jin, R. X.; Qu, Y.; He, X. W. Chem. J. Chin. 
Univ. 1996, 17, 866 (in Chinese). 

19 Xu, Y.; Shen, H. X.; Huan, H. G. Anal. Chem. 1997, 25, 
419. 

20 Calvin, M.; Melchior, N. C. J. Am. Chem. Soc. 1948, 70, 
3270. 

(E0901125  Zhao, C.; Dong, H.) 


