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Abstract. The pharmacological properties of any drug are related 
to its ability to interact with macromolecular blood components. 
The interaction of human serum albumin (HSA) and apotransfer-
rin (ATf) with six RuII complexes containing ketoconazole (KTZ), 
which we have previously reported to be active against Leishmania 
major and Trypanosoma cruzi, has been investigated by monitor-
ing the tryptophan fluorescence intensity of each protein upon in-
cremental addition of the complexes. All the Ru-KTZ derivatives, 
namely cis-fac-[RuIICl2(DMSO)3(KTZ)] (1), cis-[RuIICl2(bipy)(D
MSO)(KTZ)] (2), [RuII(η6-p-cymene)Cl2(KTZ)] (3), [RuII(η6-p-
cymene)(en)(KTZ)][BF4]2 (4), [RuII(η6-p-cymene)(bipy)(KTZ)][BF4]
2 (5), and [RuII(η6-p-cymene)(acac)(KTZ)][BF4] (6) are able to quench 
the intrinsic fluorescence of HSA and ATf at 27 ºC. Analysis of the 
spectroscopic data using Stern-Volmer plots indicates that in both 
cases the quenching takes place principally through a static mecha-
nism involving the formation of Ru complex-protein adducts; further 
analysis of the fluorescence data allowed the estimation of apparent 
association constants and the number of binding sites for each protein 
and each compound. The results indicate that both HSA and ATf are 
possible effective transporters for Ru-KTZ antiparasitic drugs.
Keywords: Ruthenium, ketoconazole, antiparasitic, albumin, transfer-
rin, fluorescence.

Resumen. Las propiedades farmacológicas de cualquier droga están 
relacionadas con su capacidad para interaccionar con componentes 
macromoleculares de la sangre. En este artículo se describe un estudio 
de la interacción de la albúmina sérica humana (ASH) y de la apo-
transferrina (ATf) con seis complejos de RuII con ketoconazol (KTZ), 
previamente reportados por nosotros como activos contra Leishmania 
major y Trypanosoma cruzi. La investigación se realizó mediante el se-
guimiento de la intensidad de la fluorescencia del triptófano de las pro-
teínas, en función de la cantidad añadida de cada complejo. Todos los 
compuestos Ru-KTZ estudiados, cis-fac-[RuIICl2(DMSO)3(KTZ)] (1), 
cis-[RuIICl2(bipy)(DMSO)(KTZ)] (2), [RuII(η6-p-cymene)Cl2(KTZ)] 
(3), [RuII(η6-p-cymene)(en)(KTZ)][BF4]2 (4), [RuII(η6-p-cymene)(bip
y)(KTZ)][BF4]2 (5) y [RuII(η6-p-cymene)(acac)(KTZ)][BF4] (6), son 
capaces de producir el “quenching” o extinción de la fluorescencia 
intrínseca de la ASH y de la ATf a 27 ºC. El análisis de los datos es-
pectroscópicos, utilizando la ecuación de Stern-Volmer, indica que en 
ambos casos el “quenching” se debe principalmente a un mecanismo 
estático, lo que implica la formación de aductos entre las proteínas y 
los complejos metálicos. El tratamiento de los datos de fluorescencia 
permitió además estimar las constantes aparentes de asociación y el 
número de sitios de enlace para cada proteína y cada complejo. Los 
resultados sugieren que la ASH y la ATf son posibles trasportadores 
efectivos para estas drogas antiparasitarias derivadas de la unidad 
Ru-KTZ.
Palabras clave:  Rutenio, ketoconazol, antiparasitarios, albumina, 
transferrina, fluorescencia.

Introduction

Trypanosomatid infections are responsible for some of the most 
neglected parasitic diseases that afflict the poor populations of 
developing countries in the tropical regions of the planet. They 
include Leishmaniasis, caused by a hemoflagellate protozoan 
of the genus Leishmania, and American Trypanosomiasis (Cha-
gas’ disease), caused by Trypanosoma cruzi. Leishmaniasis is 
endemic in 88 countries where 350 million people are at risk 
and about 2 million are diagnosed every year [1-3]. Chagas’ 
disease, in turn, causes over 10,000 deaths and affects over 20 
million people in Central and South America [4, 5].

Treatments for these two diseases are scarce, not very 
effective, and generally toxic, and therefore there is a clear 
need for new improved therapies [6-9]. For several years we 
have been searching for metal-based drugs against Chagas and 
Leishmaniasis, based on the combination of an organic com-
pound of known antiparasitic activity with a metal-containing 
fragment in a single molecule. Our hypothesis is that the metal 
can act as a carrier for the organic compound, stabilizing it 
until it reaches the target, while at the same time the organic 

compound serves as a carrier for the metal ion in its transit 
toward a second target, thereby avoiding undesirable metal 
interactions with other biomolecules. Such metal-drug synergy 
may result in enhanced activity against parasites and reduced 
toxicity to human cells, in relation to the individual components 
of the drug [10, 11]. A number of azole-type molecules, includ-
ing the well-known antifungal agents clotrimazole (CTZ) and 
ketoconazole (KTZ), have been recognized as potential agents 
against trypanosomatid infections due to their ability to inhibit 
the biosynthesis of sterols that are essential to the parasite.12 We 
have demonstrated that binding such sterol biosynthesis inhibi-
tors (SBIs) to metal-containing fragments effectively enhances 
their activity against Leishmania major and Trypanosoma cruzi 
while displaying low toxicity for mammalian cells [10, 11, 13-
15]. Of particular interest to this paper, we recently reported 
the synthesis of the RuII-KTZ complexes depicted in Scheme 
1, cis-fac-[RuIICl2(DMSO)3(KTZ)] (1), cis-[RuIICl2(bipy)(DM
SO)(KTZ)] (2), [RuII(η6-p-cymene)Cl2(KTZ)] (3), [RuII(η6-p-
cymene)(en)(KTZ)][BF4]2 (4), [RuII(η6-p-cymene)(bipy)(KT
Z)][BF4]2 (5), and [RuII(η6-p-cymene)(acac)(KTZ)][BF4] (6), 
and their activity against L. major and T. cruzi [16].
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As part of our ongoing investigations on the biological 
potential of these metal-based drugs, we are exploring possible 
transport mechanisms. The interactions of metallodrugs with 
macromolecular blood components have been recognized as 
crucial for their biodistribution and efficacy [17-21]. In par-
ticular, ruthenium complexes of known anticancer activity have 
been shown to interact with human serum albumin (HSA) [20, 
22, 23], and with apotransferrin (ATf) [24, 25]. We have shown 
that such protein-drug interactions also take place with ruthe-
nium-chloroquine complexes with antimalarial activity [26]. 
In this paper we report the results of a study on the binding of 
compounds 1-6 to HSA and to ATf through monitoring their 
ability to quench the inherent fluorescence of the tryptophan 
residues naturally present in the two proteins studied.

Results and Discussion

We recently reported the synthesis and characterization of 
complexes 1-6, together with activity data against L. major 
and T. cruzi [16]. All the compounds in this series display in 
vitro activity against the two parasites and low toxicity toward 
mammalian cells. In general, the Ru-KTZ combination is more 
active and/or selective than the individual components of the 
complexes. The most active derivative against both parasites 
is complex 3 and this was ascribed, in part, to the presence 
of the chloride ligands, which readily exchange with water 
to yield the active species [RuII(η6-p-cymene)(H2O)2(KTZ)]2+ 
(3a). This cationic compound contains labile water molecules, 
which may in turn be exchanged by donor atoms of relevant 
biomolecules present in the medium, e.g. DNA or proteins. The 
mechanism of biological action of compound 3 is thought to be 
analogous to the one previously proposed by us for the related 
complex RuCl2(CTZ)2, also highly active against T. cruzi [13]. 
The therapeutic pathway involves transit of the active cationic 
derivative [Ru(H2O)2(CTZ)2]2+ into the parasite cell, where 
CTZ dissociates from the metal, allowing a dual target action: 
dissociated CTZ exerts its known SBI action, while the Ru-con-
taining residue binds covalently to the DNA of the parasite. The 
combined effects account for the high activity and low toxicity 
of RuCl2(CTZ)2 and by analogy, of complexes 3/3a [14].

It is also of interest to investigate possible mechanisms of 
transport of the new Ru-based drugs to their biological targets. 
It is known that the distribution, excretion, and efficacy of a 

drug are related to its ability to interact with serum proteins 
[17-21]. Human serum albumin (HSA) is the most abundant 
blood plasma protein, and it is capable of reversibly binding 
metallodrugs.21 Transferrin, in turn, is the protein primarily 
responsible for transporting iron throughout the body, and it 
can also bind metallodrugs reversibly [23-25]. In particular, ru-
thenium complexes with anticancer [20, 22, 23] or antimalarial 
[26] properties have been shown to interact with human serum 
albumin (HSA) and with apotransferrin (ATf). We have now 
investigated the interactions of HSA and ATf with complexes 
1-6 by use of a fluorimetric titration technique.

Fluorimetric titrations provide information on the interac-
tion of small molecules with proteins; quenching of the tryp-
tophan fluorescence, in particular, has been frequently used to 
study proteins and protein complexes with drugs. Two different 
quenching mechanisms may account for the decrease in fluo-
rescence intensity of a protein [27-29]. Dynamic (or collisional) 
quenching is observed when a compound collides with the 
excited-state fluorophore absorbing the energy and bringing 
the fluorophore back to the ground state. Static quenching, on 
the other hand, occurs when a molecule binds to a protein near 
the fluorophore, thereby producing a dark complex that does 
not emit light. Determining which of the two mechanisms is 
the cause of the quenching provides evidence for the kind 
of interaction taking place between the drug and the protein. 
Static quenching, in particular, provides evidence that binding 
interactions are taking place between the drug and the protein 
at a site near the tryptophan residue, and such binding is sug-
gestive that the protein may be a suitable transporter for the 
drug.

Interaction of Compounds 1-6 with HSA

Upon excitation of the tryptophan residue at 295 nm, fluori-
metric titrations were monitored at 338 nm to saturation us-
ing complexes 1-6. As an example, Figure 1(a) shows the 
spectra resulting from the interaction of HSA with complex 
3. Increasing concentrations of complex 3 notably reduce the 
intrinsic fluorescence emission of HSA and then quench it, 
without shifting the maximum or changing the shape of the 
peaks. All other Ru-KTZ complexes studied quenched the HSA 
fluorescence in a similar manner after addition of about twenty 
equivalents, yielding spectra analogous to those in Fig. 1(a) 
(data not shown). The normalized HSA fluorescence intensity 
titration curves for complexes 1-6, monitored at 338 nm, are 
collected in Fig. 1(b).

In order to gain insight into the quenching mechanism, the 
fluorescence quenching data for complexes 1-6 were analyzed 
by using the Stern-Volmer equation [30].

	
F
F

K Q k Qsv q o
0 1 1= + = +[ ] [ ]τ

where F0 and F are the fluorescence intensities of HSA in the 
absence and in the presence of the quencher, [Q] is the concen-
tration of the quencher and KSV is the Stern-Volmer quenching 
constant, which may be interpreted differently depending on the 

Scheme 1. Chemical structure of ketoconazole (KTZ) and of com-
plexes 1-6 used in this study.
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type of quenching envisaged [29]. For dynamic quenching, KSV 
= kqτ0, where kq is the bimolecular quenching constant and τ0 is 
the lifetime of the fluorophore [28]. A value of the bimolecular 
quenching constant (kq) of 1 × 1010 M-1s-1 may be considered 
as the upper limit for diffusion-controlled collisional quench-
ing [31]. Values of kq greater than this limit may be taken as 
evidence of static quenching, and therefore of drug-protein 
adduct formation.

Figure 2(a) shows the Stern-Volmer plots for the fluores-
cence quenching of HSA caused by complexes 1-6. Note that 
the plots for all complexes except for 1 display a positive devia-
tion (upward curvature), which may be taken as evidence for 
static quenching. The values of the corresponding Ksv constants 
were determined from the initial slopes of the Stern-Volmer 
plots and are collected in Table 1. Values of kq were also cal-
culated for complexes 1-6, assuming only dynamic quenching 
and using a lifetime (τo) of 6.0 ns for the tryptophan residue 
of HSA [32]; they are also included in Table 1. We note that 
all the Ru-KTZ complexes display values of kq higher than the 
accepted limit for diffusion controlled bimolecular quenching 
constant, providing further evidence for static quenching taking 
place. The combined data are thus strongly indicative that the 
Ru-KTZ complexes 1-6 bind to HSA to form dark protein-
complex adducts.

The fluorescence quenching data obtained from the inter-
action of complexes 1-6 with HSA were further analyzed in 
order to obtain binding parameters, by using the equation

	 log log log[ ]
F F

F
K n Q0 -

= +

where F0 and F are the fluorescence intensity in the absence and 
in the presence of the Ru-KTZ complexes, respectively.33 Plots 
of log [(F0 - F)/F] vs. log [Q] gave straight lines whose slope 
provided n, the number of binding sites, while the intercept 
allowed the calculation of the values for the apparent binding 
constant K. The plot for complex 3 is shown in Fig. 2(b) as 
an example; data for all complexes are collected in Table 1. 
The values obtained for K indicate a fairly high affinity of the 
Ru-KTZ complexes for HSA, in the same order of magnitude 
as those observed by us for related Ru-chloroquine complexes 
with antimalarial activity [26].

Interaction of Compounds 1-6 with ATf

Fluorimetric titration of human apotransferrin with complexes 
1-6 demonstrated a similar interaction to that with HSA. As 
an example, Figure 3(a) shows the titration spectra of ATf 
with increasing amounts of complex 3. Tryptophan fluores-
cence emission was monitored at 330 nm for complexes 1-
6 (Figure 3(b)) and saturation quenching was observed af-
ter addition of about 25 equivalents of the complexes. The 
corresponding Stern-Volmer plots are shown in Figure 4(a), 
where the upper curvature typical of static quenching is again 
observed.

Fig. 1. (a) Fluorescence spectra of HSA (10 µM) in phosphate buffer (10 mM, pH 7.4) at 27 ºC. The arrow indicates the spectral changes that 
take place upon addition of complex 3 in DMSO (in increments of 2.5 µL, 8 mM). (b) Normalized fluorescence intensity titration curves for 
complexes 1-6 (♦ 1, ■ 2, ▲ 3, × 4, + 5, ● 6) monitored at 338 nm.

Fig. 2. (a) Stern-Volmer plots for the fluorescence quenching of HSA with complexes 1-6 (♦ 1, ■ 2, ▲ 3, × 4, + 5, ● 6). (b) Plot of log [(F0 
- F)/F] vs. log [Q] for complex 3 as an example of the determination of n and K values.
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The values of Ksv collected in Table 2 were obtained from 
the initial linear section of the Stern-Volmer plots. Using the 
ATf tryptophan fluorescent lifetime of 3.34 ns [34], kq values 
were calculated and they are included in Table 2. As in the case 
of HSA, the values of the bimolecular quenching constants are 
higher than the limit for dynamic quenching and are indica-
tive of the formation of a protein-drug adduct. The apparent 
binding constants and the number of binding sites were also 
calculated for each complex, using the same equation as for 
HSA, and are also contained in Table 2; the plot for complex 

3 is shown in Fig. 4(b) as an example. As in the case of HSA 
the K values suggest a fairly strong affinity of complexes 1-6 
for ATf, comparable to that observed for related bioactive RuII 
complexes [26].

Consideration of inner-filter and solvent effects

Absorbance spectral measurements showed that complexes 1-6 
all absorb at 295 nm, the excitation wavelength of tryptophan. 
The attenuation of the excitation beam produced by such ab-

Table 1. Calculated Stern-Volmer constants (Ksv), bimolecular 
quenching constants (kq), binding constants (K), and number of active 
sites (n) for the interaction of HSA with complexes 1-6.

Complex Ksv (104 M-1) kq (1012 M-1s-1) K (M-1) n
1 1.1 1.9 3.3 × 105 1.3
2 8.6 14 3.8 × 108 1.9
3 6.7 12 1.9 × 106 1.4
4 3.8 6.3 1.5 × 105 1.1
5 5.7 9.6 4.4 × 108 1.9
6 6.1 10 7.7 × 108 2.0

Table 2. Calculated Stern-Volmer constants (Ksv), bimolecular 
quenching constants (kq), apparent binding constants (K) and number 
of binding sites (n) for the interaction of ATf with complexes 1-6.

Complex Ksv (103 M-1) Kq (1011 M-1s-1) K (M-1) n
1 8.1 2.4 4.0 × 104 1.2
2 64 19 5.3 × 108 1.9
3 18 5.3 3.3 × 104 1.1
4 7.1 2.1 1.5 × 104 1.1
5 69 21 5.9 × 108 2.0
6 69 21 3.8 × 108 1.9

Fig. 3. (a) Fluorescence spectra of ATf (3.8 µM) in phosphate buffer (10mM, pH 7.4) at 27 °C. The arrow represents the spectral changes that 
take place upon addition of complex 3 in DMSO (in increments of 2.5 µL, 8 mM). (b) Normalized fluorescence intensity titration curves for 
complexes 1-6 (♦ 1, ▲ 2, ■ 3, × 4, + 5, ● 6) monitored at 330 nm.

Fig. 4. (a) Stern-Volmer plots for the fluorescence quenching of ATf with complexes 1-6 (♦ 1, ▲ 2, ■ 3, × 4, + 5, ● 6). (b) Plot of log [(F0 
- F)/F] vs. log [Q] for complex 3 as an example of the determination of n and K.
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sorption due to the Ru-KTZ complexes results in a fluorescence 
intensity decrease known as the inner-filter effect [29]. A cor-
rection was therefore applied to all our fluorescence data, by 
use of Parker’s equation, which has proven to be adequate for 
this purpose [35].

	
F
F

c d dcorr

obs
scd scd

=
-

-- -

2 303
10 10

2 1
2 1

. ( )ε

where Fcorr and Fobs are the corrected and observed fluorescence 
intensities, ε is the molar extinction coefficient at the excitation 
wavelength, c is the concentration of the Ru-KTZ complex 
and d1 and d2 are cuvette dimensions. Since the concentrations 
of the complexes were low, most compounds had maximum 
correction factors in the range of 1.01-1.04. Although overall 
inner-filter effects were minimal, corrected values were used in 
all our data treatment and analysis.

Also, since DMSO solutions of complexes 1-6 were used 
in the fluorimetric measurements, control titration experiments 
for both HSA and ATf were performed using neat DMSO as the 
possible quencher. No appreciable change in the fluorescence 
intensity of either protein was observed due to quenching by 
this solvent.

Conclusions

The interactions of complexes 1-6 with human serum albumin 
and apotransferrin were evaluated as possible mechanisms of 
drug transport. Fluorimetric titrations of complexes 1-6 with 
HSA were analyzed by use of Stern-Volmer plots that yielded 
Ksv and kq values in the order of 104 M-1 and 1013 M-1s-1 re-
spectively. These calculated kq values are 3-4 orders of magni-
tude higher than the limit of diffusion controlled bimolecular 
quenching constant expected for collisional quenching. Static 
quenching must then be operating in this case, indicating the 
formation of Ru complex-protein adducts. Similar results were 
observed for the interaction of complexes 1-6 with human apo-
transferrin. The combined results indicate that both HSA and 
ATf are possible effective transporters for the new Ru-KTZ 
antiparasitic drugs.

Experimental

Materials

Human serum albumin (HSA) and human apotransferrin (ATf) 
were obtained from Sigma. Complexes 1-6 were synthesized 
as described previously [16]. Solvents were purified by use of 
a PureSolv purification unit from Innovative Technology; all 
other chemicals were used as received. Solutions of HSA and 
ATf were prepared in 10 mM phosphate buffer at pH 7.4. A 
low concentration of phosphate buffer was used in order to 
minimize quenching by the phosphate ion [36]. HSA solu-
tions were prepared using a molecular weight of 66.437 kDa. 

The concentration of the ATf solution was determined from 
the absorbance at 278 nm using 93,000 M-1cm-1 as the molar 
extinction coefficient (ε) [37]. Solutions of complexes 1-6 (8 
mM) were prepared in DMSO.

Apparatus

Steady-state fluorescence measurements were performed on a 
PTI’s QuantaMaster 40 UV-VIS Spectrofluorometer equipped 
with a high efficiency continuous Xenon arc lamp and a slit 
width of 2 nm. Absorption spectra were recorded on an Agilent 
8453 diode-array spectrophotometer. One cm quartz cells were 
used for measurements.

Procedures

Fluorimetric Titrations
Fluorescence spectra were recorded from 300 nm to 450 nm 
upon tryptophan excitation at 295 nm. Fluorimetric titrations 
were performed by titrating a 2 mL sample of either 10 µM 
HSA or 3.8 µM ATf with incremental 2.5 µL additions of 8 
mM titrant until saturation was reached. Fluorescence intensi-
ties were monitored at 338 nm for HSA and at 330 nm for ATf. 
All titrations were performed at room temperature (27 ºC) and 
averages between two trials are reported.

Controls
In order to correct for possible fluorescence emitted by the 
compounds, background scans for compounds 1-6 were ob-
tained by mixing a solution of each complex in DMSO (50 µL, 
8 mM) with phosphate buffer (2 mL, 10 mM, pH 7.4). This 
measured fluorescence was subtracted from all fluorescence 
intensities during the titrations. Samples of HSA (2.0 mL, 10 
µM) and ATf (2.0 mL, 3.8 µM) in phosphate buffer (10mM) 
were titrated by repeated additions (2.5 µL) of neat DMSO to 
test for possible quenching effect from the solvent. Inner filter 
effects coming from the absorption of the compounds were cor-
rected by using Parker’s equation [35]. The molar absorptivi-
ties of complexes 1-6 were calculated from the corresponding 
absorbances at 295 nm at a concentration of 8mM in 2.0 mL 
of 10mM phosphate buffer.
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