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h i g h l i g h t s

� Itraconazole induces the heme group
of Hb exposed to the aqueous
medium.
� Percentages of a-helix and b-sheet

are calculated according to CD
spectra.
� Steady state/synchronous/three-

dimensional/time-resolved
fluorescence are employed.
� Thermogravimetric suggest hydrogen

bonds and van der Waals are the
main force.
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a b s t r a c t

The interactions between hemoglobin (Hb) and itraconazole (ITZ) are investigated in details using UV–vis
spectra, circular dichroism spectroscopy, steady state fluorescence, three-dimensional fluorescence spec-
tra, synchronous fluorescence and time-resolved fluorescence spectra at molecular level. The UV–vis
studies represent that ITZ can access into heme group and lead to it explored in aqueous medium. CD
spectra suggest ITZ could combine with amino acid residues in polypeptide chain and cause a partial
unfolding of Hb (reducing of the a-helix content). Steady state fluorescence/synchronous fluorescence
(taking into account inner filter effects) and three-dimensional fluorescence/time-resolved fluorescence
spectroscopy results reveal that ITZ alters polarity and conformation around the fluorophore molecule.
The interaction processes are static quenching mechanisms. The negative of DH0 and DS0 indicate that
hydrogen bonds and van der Waals are the main force.

� 2014 Elsevier B.V. All rights reserved.

Introduction

Itraconazole (ITZ) is one of synthetic trizole antifungal drugs
which are used for broad-spectrum antibacterial and it has a nota-
ble effect on superficial and deep fungal infection [1]. When clini-
cal application by injection becomes possible, facilitating

treatment with injection and oral preparation is generated. There
are many cases on ITZ clinical experiments and the mechanisms
of preclinical and mechanistic effect have been explored on the
pharmacological profile. However, recent preclinical cardiovascu-
lar evaluations demonstrate that ITZ administration (intravenous
or oral) can cause a significant reduction in cardiac contractility
in conscious dogs [2,3]. The scientists concerned with the mecha-
nism by ITZ in vitro antimicrobial activity and exploring the activ-
ity profile of ITZ in pharmacological and biochemical models to
better understand its activity [4].

http://dx.doi.org/10.1016/j.saa.2014.04.092
1386-1425/� 2014 Elsevier B.V. All rights reserved.

⇑ Corresponding authors. Tel.: +86 2583718836; fax: +86 2583714511.
E-mail addresses: zhousmco@aliyun.com (S. Zhou), mfnjnu@126.com (F. Ma).

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 131 (2014) 407–412

Contents lists available at ScienceDirect

Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy

journal homepage: www.elsevier .com/locate /saa

http://crossmark.crossref.org/dialog/?doi=10.1016/j.saa.2014.04.092&domain=pdf
http://dx.doi.org/10.1016/j.saa.2014.04.092
mailto:zhousmco@aliyun.com
mailto:mfnjnu@126.com
http://dx.doi.org/10.1016/j.saa.2014.04.092
http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa


Hemoglobin (Hb) plays an important role in many biologically
relevant processes in life science, clinical medicine and environ-
ment. It is well known for its function in the vascular system of
animals, being a carrier of oxygen. It also aids, both directly and
indirectly, the transportation of carbon dioxide and regulation of
the pH in blood [5]. Drug associations at protein binding level will
in most cases evidently influence the apparent distribution volume
of the drugs and affect the elimination rate of drugs. It can be
announced that the effectiveness of drugs as pharmaceutical
agents is relied on their binding ability and they can also alter
the drug stability and toxicity during the treatment [6,7].

Thus, the objective of the current work is to use different ana-
lytical techniques to study the binding mechanisms of ITZ with
protein at molecular level. The protein conformation changes,
interaction modes, binding sites and thermodynamic parameters
are discussed. According to the study, we expect it can offer a fur-
ther insight on interpretations for the pharmacological and toxico-
logical activities of ITZ in theory.

Materials and methods

Materials

Itraconazole (ITZ) and hemoglobin (Hb, from bovine blood,
Mr = 64,500, Sigma, USA) were purchased from Sigma (USA). Hb
solution (cHb = 5 lmol/L) was prepared in phosphate buffer solu-
tion (PBS) at pH 7.4 as reserve. ITZ was dissolved by DMSO and
diluted in deionized water (cHb = 10 mmol/L) as reserve and the
final concentration of interacting was 50 lmol/L. All other reagents
were of analytical grade and they were dissolved with deionized
Milli-Q water. All solutions were kept in the dark at 4 �C.

Characterization

The UV–vis absorption spectra were recorded on Varian Cary
5000. The steady state fluorescence emission spectra, 3D-fluores-
cence and synchronous fluorescence spectra were performed on
PerkinElmer LS-50B fluorescence spectrophotometer. The excita-
tion of steady state fluorescence was 280 nm. The D-value (Dk)
between excitation wavelength and emission wavelength was
20 nm and 60 nm, respectively in synchronous fluorescence spec-
troscopy. The emission wavelengths range of 3D-fluorescence
was 220–520 nm, and the excitation wavelength scan range was
200–400 nm at 10 nm increment. Time-resolved fluorescence
spectra were recorded on a spectrofluorimeter (FM-4P-TCSPC,
HORIBA JOBIN YVON FLUORCUBE). The fluorescence lifetimes were
determined from time-resolved intensity decay by time-correlated
single photon counting (TCSPC) method. The excitation of the sam-
ple was carried out by a nanosecond diode laser at 265 nm as a
light source. The decay was analyzed by IBH DAS-6 decay 1 mm
path length in a wavelength. The fluorescence decay was acquired
with a peak preset of 10,000 counts.

The secondary structures of samples were obtained with an
Applied Photophysics Chriascan circular dichroism spectrometer,
and spectra are scanned with 1 nm spectral bandwidth and
0.5 nm step resolution in the UV-region 190–260 nm. The CD data
were calculated using the CDNN program. CDNN is a program
which can analyze circular dichroism spectra used by Applied
Photophysics. This program, written by Dr. Gerald Böhm, used neu-
ral networks along with known reference spectra [8]. In the far-UV
region, the different secondary structures give rise to characteristic
CD spectra. By analyzing the CD spectrum in this region and com-
paring with reference spectra of known protein structures, an
approximation of the composition of a protein can be found with
respect to these secondary structures. This process was more

commonly known as CD spectra deconvolution. In order to avoid
the influences of buffer signal of CD spectra, buffers of Hb were
replaced by Milli-Q water in the experiment of CD.

All experiments were carried out at room temperature 25 �C
except fluorescence dynamic experiments.

Results and discussion

The UV–vis absorption spectroscopy

The UV–vis absorption spectra reflect the conformational
changes of proteins. Moreover, the peak shape and peak position
of protein could indicate the important changes of structure such
as unfolding and denaturation. Fig. 1 showed the UV–vis absorp-
tion spectra of Hb with increasing of ITZ. There are several charac-
teristic peaks of Hb: the phenyl group of Trp and Tyr residues
(273 nm), e-band (360 nm) and the porphyrin-Soret band
(404 nm, strongly allowed p–p� electronic transition) [9,10]. The
UV–vis spectra of ITZ were also examined. With increasing of ITZ,
the intensities of wavelength from 250 to 350 nm were increasing,
while the Soret band at 404 nm decreased. The results indicated
that ITZ can access the heme group and ITZ could directly involve
producing disturbance of the structures and induced the exposure
of the heme group to the aqueous medium [11].

Circular dichroism spectroscopy study

In order to further study the influence of ITZ on the conforma-
tion of Hb, CD measurement, which provides information of the
secondary and tertiary structures of proteins are performed [12].
As it is known, CD spectroscopy allows the detection and quantita-
tion of the chirality of molecular structures. Fig. 2 showed the com-
parisons of Hb and ITZ interactions with Hb at the far-UV–vis
region (190–250 nm). There are two negative bands at 209 nm
(corresponds to p–p� transfer for the peptide bound of a-helix)
and 222 nm (contributed to p–p� transfer for both the a-helix
and random coil), and a positive band at 195 nm [13,14]. The inten-
sity at 209 nm and 222 nm bands decreased with addition of ITZ,
showing the loss of a-helix content and the changes of some sec-
ondary structure. Under the experimental conditions, ITZ showed
no CD signal in the range 190–250 nm which did not interfere with
Hb signal. Moreover, the solvent (DMSO) also had no interference
on Hb. The decrease a-helix content suggested that ITZ was com-
bined with the amino acid residues of the main polypeptide chain
of the protein and further caused partial unfolding of Hb [15].
There was no significant change of Hb before and after addition

Fig. 1. UV–vis absorption spectra of Hb in addition of ITZ (the red dash line and
inset are the spectra of ITZ). [Hb] = 5 � 10�6 mol/L; [ITZ] = 0.0, 1.7, 3.3, 5.0, 6.7, 8.3,
10.0 � 10�6 mol/L; T = 298 K. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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