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Abstract In this paper, UV–vis spectroscopy and fluores-
cence were combined to study the binding of Calf thymus
DNA (ct-DNA) with the anthacycline antibiotic drug
pirarubicin (THP). Ethidium bromide (EB) as the fluores-
cence probe was used to study the competitive binding
interactions of THP with DNA by excitation -emission
fluorescence matrices (EEFMs) coupled with the parallel
factor analysis (PARAFAC) and the alternating normalization-
weighted error algorithm (ANWE) with the second-order
advantage. All the results conformed that THP mainly bound
with DNA by intercalation. Meanwhile, the two second-order
calibration methods have been successfully applied to
quantify THP in urine samples. Figures of merit were applied
to compare the performance of the two methods. The results
presented in this work showed that both the PARAFAC and
ANWEmethods were the convincing way to be applied in the
complex biological systems even in the presence of uncali-
brated interferences.
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Introduction

Pirarubicin (4′-O-tetrahydropyranyladriamycin, or THP)
(Fig. 1a), a derivative of doxorubicin, is an anthracycline
antibiotic developed during a search for less cardiotoxic
agents among the 4′-O-substituted anthracyclines [1]. THP
has been proved effective against hematological malignan-
cies and was used for treatment of acute leukemias and
malignant lymphomas, as well as breast cancer [2, 3]. The
drug has both lipophilic and hydrophilic properties, which
allows either intravenous or intra arterial injection with
lipiodol used as a carrier for treatment of liver metastasis
and hepatocellular carcinoma [4]. Unfortunately, THP lacks
specificity for cancer cells, and its potent cytotoxicity, like
that of many other low-molecular-weight cytotoxic anti-
cancer agents, leads to severe side effects. Since DNA is an
important cellular receptor, THP likes many chemicals
through binding to DNA exert their antitumor effects.
Therefore, the changing of DNA replication and the
inhibiting growth of the tumor cells, which is the basis of
designing new and more efficient antitumor drugs and their
effectiveness depend on the mode and affinity of the
binding [5, 6]. The mode of THP binding to DNA is still
somewhat unclear, but is generally thought to involve
binding to DNA by intercalation and inhibition of DNA
biosynthesis, interference with topoisomerase II, and
induction of DNA double strand breaks like doxorubicin
and daunorubicin [7–11].

The binding interactions of small molecules with DNA
have been studied extensively with a variety of techniques,
including UV [12], isothermal calorimetric titration [13],
quartz crystal microgravimetry [14, 15], mass spectrometry
[16, 17], luminescence [18, 19], electrophoresis [20, 21],
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NMR [22], fluorescence [23–26] and infrared spectroscopy
[27]. With the development of high-order analytical instru-
ments and trilinear chemometric algorithms, it becomes
easier to obtain and resolve multi-dimensional data from
complex systems [28–30]. The combination of three-
dimensional EEFMs and second-order calibration methods
could provide a powerful tool for studies of parallel
competitive binding reactions of many chemical compo-
nents with DNA in the presence of interferents. Such
studies would be very helpful for understanding binding
interactions of many drugs used in combination in the
clinical treatment of some diseases [31–34]. Using second-
order calibration methods such as the parallel factor
analysis (PARAFAC) and the alternating normalization-
weighted error algorithm (ANWE) with the so-called
second-order advantage [35–37], makes it possible to
determine the reaction pattern of different interacting pairs
in a mixture medium.

In this work, UV–vis spectroscopy and fluorescence were
combined to study the binding of ct-DNA with THP. The
fluorescence of ethidium bromide (EB) (Fig. 1b) bound to
ct-DNA was altered by THP in a dynamic way. The
competitive binding interactions of THP and the fluores-
cence probe EB with DNA have been studied by excitation–
emission fluorescence spectra to obtain a three-dimensional
response data array. Second-order calibration methods based
on the parallel factor analysis (PARAFAC) and the alternating
normalization-weighted error algorithm (ANWE) were used
to resolve the data array obtained.

Determination of THP in biological fluids has only been
reported using separations methodologies, but these are
relatively time-consuming and laborious [38, 39]. Their
direct measurement in urine samples by EEFMs combined
with the PARAFAC and ANWE methods can be an
attractive alternative, due to its high sensitivity (SEN) and
selectivity (SEL), and second-order advantage properties.

Trilinear component model

The PARAFAC model, which is also known as the name
trilinear decomposition, has been proposed by Harshman
[35] and Carroll and Chang [36]. It has different types of
notation. The most usual type notation can be expressed as
following form:

xijk ¼
XN
n¼1

ainbjnckn þ eijk

i ¼ 1; 2; . . . ; I; j ¼ 1; 2; . . . ; J; k ¼ 1; 2; . . . ;K

ð1Þ

In this paper, the three-way data array X owes to
excitation–emission matrix (EEM) fluorescence on I exci-
tation wavelengths and J emission wavelengths for K
samples for its consistency with Beer’s law in chemistry.
xijk represents a fluorescence intensity element; N denotes
the number of factors, which should correspond to the total
number of detectable species, including the component(s)
of interest and the background as well as unknown
interference(s); eijk is an element from the residual array
E; ain and bjn are the normalized intensities at the emission
wavelength i and the excitation wavelength j, and ckn is the
relative concentration of component n in the k-th sample.
The column vectors an, bn and cn are collected into the
corresponding loading matrices A, B and C. The trilinear
model is found to minimize the sum of squares of the
residuals eijk in the model.

For the model above, Harshman [35] and Carroll and
Chang [36] have proposed an alternating least squares
approach (ALS) to solve the above-mentioned problem.
ALS at first assumes the loading matrices in two modes and
then estimates the unknown parameters of the third mode.
This is advantageous because the algorithm is simple to
implement, and simple to incorporate constraints in, and
because it guarantees convergence. Kiers et al. [40] have

Fig. 1 Chemical structures of
pirarubicin (a) and ethidium
bromide (b)
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developed the algorithmic shortcuts and expressed all the
three sub-problems in term of the frontal slices of X. This
algorithm is computationally more efficient and the three
updating steps for each mode are not identical. The general
PARAFAC-ALS algorithm can be written as follows:

(1) Estimate the number of components N;
(2) Initialize A and B;
(3) Estimate C from X..k, A and B

cT kð Þ ¼ ATA*BTB
� ��1

diag ATX::KB
� �

; k ¼ 1; 2; . . . ;K;

(4) Estimate A from X..k, C and B:

A ¼
XK
k¼1

X::kBdiag c kð Þ
� � ! XK

k¼1

diag c kð Þ
� �

BTBdiag c kð Þ
� � !�1

;

(5) Estimate B from X..k, A and C:

B ¼
XK
k¼1

X::kAdiag c kð Þ
� � ! XK

k¼1

diag c kð Þ
� �

ATAdiag c kð Þ
� � !�1

;

(6) Return to step (3), until convergence.

X..k is the kth slice of X;c(k) is the the kth row of C;diag
(c(k)) denotes the diagonal of order NxN, with elements of
the vector c(k). The superscript T denotes the transpose of a
matrix.

After finishing the iterative procedure, if the columns
corresponding to the components of interest in the finally
obtained estimates of A, B, and C have been appropriately
post-processed according to the uniqueness property, the
physical significance of A, B, and C can be more easily
understood. The final concentration estimates in unknown
samples may be obtained by regression of relative
concentration contributions of each component of interest
against its standard concentrations in the calibration
samples.

The PARAFAC model is sensitive to the estimated
component number in one system. Either over-estimation or
under-estimation of the underlying factors will result in
erroneous results. The true underlying spectra will be
received if the data is indeed trilinear and the right number
of components is used. In this paper the core consistency

diagnostic, which was proposed by Bro et al. [41], has been
chosen to estimate the number of underlying factor.

In order to overcome the problems occurred in practical
situations of PARAFAC analysis, Xia et al. [37] presented
the ANWE algorithm, which was performed by utilizing
alternating least-squares principle and the alternating
normalization-weighted error to minimize three different
objective functions simultaneously. The authors indicated
that the model could avoid the two-factor degeneracy,
relieve the slow convergence problem, and be insensitive to
the estimated component number.

Figures of merit

For comparison of the performance of various methods, the
figures of merit such as limit of detection, sensitivity and
selectivity etc. are employed regularly. In our study the
calculations of the sensitivity and selectivity [42, 43] in the
article are adopted, where the equation is

SEN ¼kn ATA
� � � BTB

� �� ��1
n o

nn

�1=2
ð2Þ

Selectivity is the ratio between sensitivity and total
signal. So the selectivity can be simply obtained by
dividing the Eq. (2) by kn. Limit of detection (LOD) [44]
can be calculated as

LOD ¼ 3:3s0 ð3Þ
Here s0 is the standard deviation of the concentration

estimated for 3 different blank samples.

Experiment

Materials

THP and ct-DNA (Calf thymus DNA) was purchased from
Sigma, America. EB (ethidium bromide, 95%) was pur-
chased from J&K Chemical Ltd, Sweden. All the materials
were used as purchased and no further purification was
carried out. At 260 and 280 nm, the absorbance ratio of
solution ct-DNA in Tris–HCl [tris-(hydroxy methyl) amino-
methanehydrogen chloride] buffer solution (pH 7.4, 1.0 M)
equaled to 1.8:1, which indicated that the DNA was
sufficiently free of protein. The DNA concentration per
nucleotide was determined by absorption spectra using the
molar absorption coefficient (6600 M−1cm−1) at 260 nm
[45]; its stock solution was 1.27×10−4M. A 2.41×10−4M
stock solution of EB was prepared by dissolving 5 mg of its
crystals in doubly distilled water, and diluted to 50 ml. A
3.18×10−5M stock solution of THP was prepared by
dissolving 2 mg of its crystals in doubly distilled water
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and diluted to 100 ml. A 1.0 M Tris–HCl buffer (pH 7.4)
was prepared for adjusting and diluting the test samples.
Blank urine was obtained from fresh people and stored at
−20°C. All the chemicals used were of analytical grade
reagents, and doubly distilled water was used throughout.

Apparatus

Electronic absorption spectra of DNA binding studies were
recorded on a Shimadzu UV-1501 multi spectrophotometer
using 1.0 cm quartz cells. All the fluorescence spectra were
recorded by a Hitachi F-4500 fluorescence spectrophotom-
eter with the use of a 1.0 cm quartz cell. The PARAFAC-
ALS and ANWE programs compiled in MATLAB were
used to resolve the spectra and relative concentrations of
the compounds in equilibrious mixtures. All calculations
were carried out on a PC under the Windows XP operating
system.

Procedure

Spectroscopic studies

Electronic absorption spectra of THP were recorded in the
absence and presence of increasing amount of ct-DNA in
Tris–HCl buffer solution of pH 7.4.

Emission fluorescence spectra of THP were recorded
in the absence and presence of ct-DNA (λex=500 nm,
λem=550 nm). Emission fluorescence spectra of EB and
system containing constant concentration of EB and
ct-DNAwere also recorded while varying the concentration
of THP (λex=490 nm, λem=590 nm).

Chemometric studies

Two groups of reaction solutions were prepared. One
reaction solutions was prepared by adding the constant
concentration of EB but varying concentration of ct-DNA
into 5 ml volumetric flasks as in Table 1. The other reaction
solutions were prepared by adding the constant concentra-
tion of EB and ct-DNA but varying concentration of THP
into 5 ml volumetric flasks as in Table 2. All Binding
reaction took place at the temperature of 25°C. The three-

dimensional EEFMs were recorded after the equilibrium of
complex reaction was reached with the slit widths of 5 nm,
and a scan wavelength speed of 2400 nm min−1. To avoid
the Rayleigh scattering, the same range of excitation and
emission wavelengths for the two system were 418–518 nm
and 542–660 nm, with a scan wavelength intervals of 2 nm,
we got two three-way arrays: 60×51×4 and 60×51×7
(λem×λex×samples) respectively. Tris–HCl buffer of pH 7.4
was used as blank solution and subtracted. The spectra as
well as concentrations of the complexes in the equilibrious
mixtures all were resolved by the PARAFAC-ALS and the
ANWE algorithm compiled in MATLAB.

Determination of pirubicin in urine samples

Appropriate volumes of working solution of THP (3.18×10
−5 M) and 2 ml of the urine were mixed and added to
10 ml volumetric flasks and diluted to the mark with doubly
distilled water. To avoid the Rayleigh scattering, The ranges
of excitation and emission wavelengths for urine samples
were 400–499 nm and 515–650 nm with a scan wavelength
intervals of 3 nm at the scan rate of 2400 nm min−1 to form
a 46×34×13 ( λem×λex×sample) array. The doubly
distilled water as the reagent blank was subtracted. Table 3
listed the concentration of THP in the calibration set and
prediction set.

Results and discussion

Spectroscopic studies of the interaction with DNA

Ultraviolet–visible spectroscopy was a method for judging
the affinity of small molecules with DNA. The binding of
certain complex to DNA produced hypochromism, a
broadening of envelope and a red shift of the complex
absorption band. These effects were particularly pro-
nounced for intercalators with groove binder, a large
wavelength shift usually correlated with a complex confor-
mational change on binding or complex–complex interac-
tions. The calf thymus DNA had absorption at 260–280 nm
and THP had absorption at 480–550 nm. Therefore, DNA
was added directly to the THP solution, which was used to

Table 1 EB and DNA concentrations (×10−6M ) of the samples of
Nos. 1–4

Sample Nos 1 2 3 4

EB 1.21 1.21 1.21 1.21

DNA 0 3.18 6.56 8.94

Table 2 EB, DNA and THP concentrations (×10−6M ) of the samples
of Nos. 5–11

Sample Nos 5 6 7 8 9 10 11

EB 3.32 3.32 3.32 3.32 3.32 3.32 3.32

DNA 0 6.56 6.56 6.56 6.56 6.56 6.56

THP 0 0 1.18 4.72 6.36 14.21 17.64
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examine the reaction of DNA with THP by the change of
the absorption of THP. The absorption spectral changes of
THP with addition of DNA were shown in Fig. 2. The
absorption spectra of THP exhibited a broad maxima peak
in the range 490–500 nm. The addition of ct-DNA to the
solution of THP resulted in a decrease in the absorption
followed by a little red shift (496 to 498 nm) of absorption
maxima, indicating a shift to a more polar environment on
interaction. This result was a typical characteristic of
intercalation mode [46, 47] involving a strong stacking
interaction between the aromatic chromophore region of the
complex and the base-pairs of DNA.

Fluorescence emission spectra of THP were recorded in
the absence and presence of DNA. The excitation wave-
length was fixed at 500 nm. With the addition of DNA, the
fluorescence intensity of THP decreased (Fig. 3) which also
indicated that the compound may bind with DNA by
intercalation.

Fluorescence quenching can be dynamic, resulting from
collisional encounters between the fluorophore and quench-
er, or static, resulting from the formation of a ground state
complex between the fluorophore and quencher, which
gave information about the changes of the molecular
microenvironment in a vicinity of the chromophore
molecules and the binding to DNA. Static and dynamic
quenching can be distinguished by their different binding
constants which were dependent on temperature and
viscosity, or preferably by lifetime measurements. In this
paper, we have used the binding constants dependence on
the temperature and lifetime measurements to elucidate the
quenching mechanism. The well-known Stern–Volmer
equation [48] can be applied to confirm the mechanism.

F0

F
¼ 1þ KSV Q½ � ¼ 1þ Kqt0 Q½ � ð4Þ

Fig. 3 Changes in fluorescence emission spectra of THP with
increasing concentration of ct-DNA: CTHP=6.36×10

−6M and
CDNA=0 M (a), 4.36×10−7M (b), 2.52×10−6M (c), 1.02×10−5M
(d), 1.91×10-5M (e), 2.54×10−5M (f), 3.18×10−5M (g)

Fig. 2 UV–vis spectra of THP in the absence and presence of ct-
DNA: CTHP=3.18×10

−6M and CDNA=0 M (a), 6.36×10−6M (b),
1.59×10−6M (c), 4.77×10−6M (d), 1.91×10−6M (e)

Calibration set Prediction set

sample Added sample Added Predicted

PARAFAC ANWE

12 1.10 19 0.60 0.597(99.5) 0.580(96.7)

13 1.40 20 0.80 0.752(94.0) 0.739(92.4)

14 1.60 21 1.60 1.471(91.9) 1.469(91.8)

15 2.00 22 1.80 1.744(96.9) 1.746(97.0)

16 2.80 23 2.00 2.041(102.1 2.048(102.4)

17 4.00 24 2.40 2.490(103.4) 2.50(104.1)

18 4.80

Average recovery (%) 98.0±6.1 97.4±5.0

Table 3 Results for THP in
spiked urine samples obtained
with PARAFAC and ANWE
models for samples of
Nos. 12–24 (µg ml−1)
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Where F0 and F were the fluorescence intensities in the
absence and presence of quencher, respectively, kq the bio-
molecular quenching constant, τ0 the life time of the
fluorescence in absence of quencher, [Q] the concentration
of quencher, and KSV was the Stern–Volmer quenching
constant. Herein, Eq. (4) was applied to determine KSV by a
linear regression of the plot of F0/F against [Q] at different
temperature as in Fig. 4. The value of Ksv decreases
obviously along with the temperature increased. The values
of kq (2.87×1013M−1s−1 at 298 K) was larger than the
limiting diffusion constant Kdif of the biomolecular (Kdif=
2.0×1010M−1s−1), which suggested that the fluorescence
quenching was caused by a specific interaction between
THP and ct- DNA. The quenching mechanism was mainly
arisen from the predominant of complexes formation, while
dynamic collision could be negligible in the concentration
studied and they formed a non-fluorescenct ground state
complex [48]. The quenching data must be analyzed
according to the modified Stern–Volmer equation [49]:

F0

ΔF
¼ F0

F0 � F
¼ 1

faKa

1

Q½ � þ
1

fa
ð5Þ

In this case, ∆F was the difference in fluorescence in the
absence and presence of the quencher at concentration [Q],
fa was the fraction of accessible fluorescence and Ka was
the effective quenching constant for the accessible fluo-
rophores. The dependence of F0

ΔFon the reciprocal value of
the quencher concentration 1/[Q] was the linear with slope
equal to the value of 1/faKa as in Fig. 5. The value of 1/fa
was fixed on the ordinate. The constant Ka was the quotient
of an ordinate 1/fa and slope1/faKa. The fa was 0.94 and the
binding constant Ka was 3.4×105M−1.

Ethidium bromide (EB) was one of the most sensitive
fluorescence probes having a planar structure that binds
DNA by an intercalative mode [47]. The fluorescence of
EB highly increased after DNA intercalation and as shown
in Fig. 6. However, the enhanced fluorescence can be
quenched evidently when there was a second complex that
can replace the bound EB or break the secondary structure
of DNA [50]. When THP was added into the EB-DNA
solution, their fluorescence intensity increased regularly
with the increasing concentration of THP at the emission
wavelength 590 nm, and there was a new increasing peak at
550 nm, which was the emission wavelength of THP.
Because the fluorescent spectra of THP and EB, EB-DNA
overlapped seriously, we can not get enough information

Fig. 6 Fluorescence intensity of 2.41×10−6M EB (…),EB-DNA (���)
(CDNA=6.35×10

−6M) and presence of THP at different concentra-
tion from a-f (—): 0 M (a), 1.18×10−6M (b), 2.36×10−6M (c),
3.18×10−6M (d), 4.7×10−6M (e), 5.88×10−6M (f)

Fig. 5 Modified Stern–Volmer plot for THP with increasing concen-
tration of ct-DNA

Fig. 4 Stern–Volmer plots for THP with increasing concentration of
DNA
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from the changes of fluorescence intensity. But we can see
cleanly the changes of the fluorescent spectra for the
mixtures of EB, EB-DNA and THP from fluorescence
contour plot (Fig. 7a, b). It showed the presence of new
bilateral peaks (see arrows, Fig. 7b) around λex=500 nm
and the peak around λex=520 nm disappeared (see arrows,
Fig. 7a). This indicated that there were interactions between
the compounds and significant overlapping among their
spectra. The fluorescence spectra from the EB-DNA-THP
mixture contain information ascribed to interactions among
the components as well as spectral overlapping; thus, not all
the peaks for all components would be represented on the
contour plot with some fluorescence peaks being super-
imposed and submerged. Therefore, it became difficult to
select the optimal excitation wavelength for further inves-
tigations of this complex mixture. Consequently, instead of

the two-way EEM used for the contour work, three-way
EEM array stacks were generated from the complex
fluorescence systems, and were submitted to second-order
calibration analysis to extract more information.

Studies of the interactions with DNA by second-order
calibration methods

With the development of chemometric algorithm for higher
order data, in particular for the trilinear excitation-emission
fluorescence data array, it became possible to study the
interactions of drugs with DNA by second-order calibration
methods. From these methods, one can directly obtain the
DNA binding modes without utilizing Scatchard plot, as
well as the equilibrium concentrations of all fluorescing
chemicals with a proper intensity.

As EB-DNA was a complex formed in the equilibrious
mixtures of EB and DNA, It was difficult to get its true
pure spectra .To obtain the underlying true spectra of EB-
DNA, the PARAFAC and ANWE models were applied to
the 60×51×4 three way array.

Excitation and emission spectra of EB resolved by
PARAFAC and ANWE models using component two were
shown in Fig. 8. It can be seen that the resolved EB spectra
matched the recorded ones well. EB that intercalated into
DNA formed a fluorescent complex EB-DNA and the
resolved relative concentration values changed accordance
with reference [48]. The concentrations of two components
resolved by the two models took on the same changing
trends. We can conclude the other spectra belonged to
complex EB-DNA.

When we turned to the 60×51×7 three-way array, the
excitation and emission spectra of EB, EB-DNA, and THP
resolved by PARAFAC and ANWE models using compo-
nent three were shown in Fig. 9a. It can be seen that all the
resolved spectra matched the recorded ones well. That the
concordance of the resolved three spectral profiles
corresponding to the three components with the excitation
and emission spectra of EB-DNA, EB and THP, confirmed
that the resolved concentration values corresponding to
these components were relative concentrations of EB, EB-
DNA, and THP in corresponding reaction mixtures
(Fig. 9b). The concentrations of three components resolved
by the two algorithms took on the same changing trends. It
can be seen that the relative concentration of EB decreased
and EB-DNA increased initially accordance with Fig. 8b.
With the concentration of THP increased, the relative
concentration of EB-DNA decreased and the relative
concentration of EB increased gradually. One can assume
that the interaction of THP and EB with DNA possessed a
competitive mechanism. That was, the interactions were a
pair of the parallel competitive reactions. The results above
conformed well to the results of Fig. 2 and Fig. 3.

Fig. 7 The fluorescence contour plots for mixtures of EB, EB-DNA
(a) and the mixtures of EB, EB-DNA and THP (b)

J Fluoresc (2009) 19:955–966 961



Determination of THP in urine samples by second-order
calibration methods

The main advantage of second-order calibration was that it
allowed spectral and concentration information for an
individual component to be extracted even in the presence
of unknown components. Thus, it was especially useful for
resolving mixtures of components or for determining single
components in complex samples like urine, where many
compounds may be present.

The emission and excitation spectral profiles provided
by PARAFAC and ANWE models using component two
when the urine samples were processed together with the
calibration set (Fig. 10). It was clear that, in the presence of
urine matrices, the profiles resolved by the PARAFAC and
ANWE models nicely matched those measured for the pure

THP solution. The concentration predicted was seen in
Table 3. The recovery of 99.8% with PARAFAC and
97.4% with ANWE were found. It should be considered
to be satisfactory considering the complex components in
urine, meaning that the second-order advantage has been
exploited and the two second-order calibration methods
was a creditable method to compensate for the complex
mixtures.

The root-mean-square error of prediction (RMSEP) can
be calculated in terms of the formula as RMSEP ¼

1
I�1

PI
i¼1

cact � cpre
� �2� �1=2

where I was the number of prediction

samples, cact and cpred were the actual and predicted
concentrations of the analytes, respectively. The RMSEP
results and the figures of merit, including SEN, SEL, LOD
and the correlation coefficient (R) for direct quantification

Fig. 8 Excitation–emission spectral (a) and relative concentration profiles (b) of each component using the PARAFAC and ANWE models when the
chosen factor number are two for samples 1–4. Solid and dashed lines were the recorded and resolved spectra, respectively, of EB-DNA and EB
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of pirorubicin in urine were shown in Table 4. The similar
results were found for the figures of merit by the two
models. Nevertheless, a greater sensitivity with slight lower
LOD and RMSEP were found with the PARAFAC model.

Moreover, a linear-regression analysis of the actual
versus the predicted concentration was applied to further
investigate the accuracy of the two proposed algorithms of
PARAFAC and ANWE. The calculated intercept and slope
were compared with their ideal values of 0 and 1, based on
the elliptical joint confidence region (EJCR) test [51]. If the
point (0, 1) lay inside the EJCR, then bias were absent and
consequently, the recovery may be taken as unity (or 100%
in percentile scale). Figure 11 gave the results of EJCRs for
both the PARAFAC and ANWE models. It shown that the
ideal point (0, 1) labeled with a pentacle (☆) lay in all
EJCRs .The elliptic size corresponding to the PARAFAC

model was smaller than that related to the ANWE model.
These results proved again that both models could allow for
accurate quantitative determinations of THP in human
urine, but the PARAFAC model was slight better in this
system suffering from serious matrix effects.

Conclusion

In this paper, UV–vis spectroscopy and fluorescence were
combined to study the binding of ct-DNA with THP.
Competitive binding interactions of THP and the fluores-
cence probe EB with DNA have been studied by three-
dimensional EEFMs combined with the PARAFAC and
ANWE models. The relative equilibrium concentrations of
EB-DNA, EB and THP in the equilibrium system can be

Fig. 9 Excitation–emission spectral (a) and relative concentration profiles (b) of each component using the PARAFAC and ANWE models when
the chosen factor number were three. Solid and dashed lines were the recorded and resolved spectra, respectively, of EB-DNA, EB and THP
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directly obtained. All spectroscopic studies conformed that
THP mainly bound with DNA by intercalation. A simple,
rapid, and effective strategy has been successfully applied
to quantify THP in urine samples by the PARAFAC and
ANWE methods with the second-order advantage. But the
PARAFAC method was slight better in this system

Fig. 11 EJCRs for THP in human urine applying PARAFAC and
ANWE models.The dashed lines and solid lines corresponded to the
EJCRs in human urine by PARAFAC and ANWE, respectively. The
pentacle (☆) indicated the ideal points (0, 1)

Fig. 10 Actual spectral profiles of THP (solid line) and resolved excitation–emission spectral (dashed line)each component using the PARAFAC
and ANWE models when the chosen factor number was two in urine samples

Table 4 Statistical parameters and figures of merit for the determi-
nation of THP in urine by PARAFAC and ANWE models

PARAFAC ANWE

RMSEP(µg ml−1) 0.0064 0.0073

SEN (mlµg −1) 1489.7 1485.1

SEL 0.919 0.919

R 0.998 0.998

LOD(µg ml−1) 0.047 0.056
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suffering from serious matrix effects. It can be concluded
that both two second-order calibration methods were the
convincing way to be applied in the complex biological
systems even in the presence of uncalibrated interferences.
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