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25 ¥ mol L™ for BF, separately. RSDs of the peak area of ME and BF (n = 3) are 2.1% and 3.8% within a day
26 15 (intraday), 3.1% and 5.5% in 3 consecutive days (interday). RSDs of the migration time of ME and BF
27 are 4.5 and 6.7% for intraday, 7.4 and 7.9% for interday. The limits of quantitation (LOQs S/N = 10) in
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heart cutting two dimensional CE-electrochemical detection cheitumineseence crssion cofrerates Grectly oF InCIrecty wi
35 ca 18 gl I " lock Ivsi 65 oxidation or reduction at an electrode surface. It is well known as
56 (EE) were also del\};e op ed I?IrSBA- b och'er; a.nati/lsw. ¢ abundant a powerful analytical technique with the advantages of high
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Analytical Methods

bipyridyl)ruthenium(Il), namely Ru(bpy);**, may be the most
efficient and widely used ECL reagent due to high luminescence
efficiency and stability in aqueous media.”’ CE combining with
ECL (CE-ECL) has the advantages of good resolution, high
sensitivity, fast speed, low reagent consumption and wide linear
range.’**> The method for the simultaneous separation and
detection of ME and BF using CE-ECL has not been reported.

In this work, a new CE-ECL method for detection of ME and
BF was described based on CE separation with end-column
Ru(bpy);*>" ECL detection. The conditions for CE separation and
ECL detection were investigated. The proposed method was also
used for the study of the interaction between HSA and ME and
BF. The number of binding sites and binding constant of HSA
and ME and BF were estimated.

Experimental
Apparatus

A MPI-A system was produced by Xi’an Remex Electronic
Science-Tech Co., Ltd. (Xi’an, China) and employed for CE-ECL
detection. The system include four main parts: a programmable
high-voltage power supply (0-20 kV), a multifunction
chemiluminescence detector, an electrochemical potentiostat and
a multichannel data collection analyzer. All data collection was
performed with MPI-A analysis software and recorded on a
computer. CE separation was performed in a 50 cm uncoated
fused-silica capillary with 50 um i.d. and 375 pm o.d. obtained
from Yongnian Reafine Chromatography Ltd. (Hebei, China). A
conventional three-electrode system was situated in the end-
column ECL detection cell, along with a Pt wire auxiliary
electrode, a 500 um diameter Pt disc working electrode and a
Ag/AgCl (KCl saturated) reference -electrode. UV-visible
absorption spectra were recorded by an UVmini-1240 UV-vis
spectrophotometer (Shimadzu Corp., Kyoto, Japan).

Chemicals and solutions

Tris(2,  2’-bipyridyl)-ruthenium(II)  chloride  hexahydrate
(Ru(bpy);Cl,), HSA (>96%, Mw = 65.3 kDa) were purchased
from Sigma-Aldrich (St Louis, MO, USA). ME and BF were
acquired from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China). Triton
X-100, Triton X-114, Triton X-165, Triton X-305, Triton X-405,
Triton X-705, Tween 20 and Sodium dodecyl sulfate (SDS) were
achieved from Seebio Biotechnique Co. Ltd. (Shanghai, China).
PVP (M,, = 1 300 000) was got from Alfa Aesar (A Johnson
Matthey Company, Ward Hill, MA, USA). Ultrapure fresh water
(182 MQ cm’') used was processed with an ultrapure water
system (Kangning Water Treatment Solution Provider, China).
All solutions were stored under refrigeration at 4 °C and filtered
through 0.22 pm cellulose acetate membrane filters (Shanghai
Xingya Purification Material Factory, China) before use.

Procedure

New capillary was activated before use by 2.0 mol L"' CH;OH-
NaOH (2 g NaOH dissolved in 25 mL 4:1/methanol:water
solution, v/v), 1.0 mol L"! NaOH, 1.0 mol L' HCI, H,0, and
finally with running buffer for 30 min. At the beginning use of
each day, the capillary was flushed with 0.1 mol L™ NaOH,
water, and equilibrated with the running buffer for 5 min
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successively to maintain an active and reproducible capillary
inner surface. The voltage of photomultiplier tube (PMT CR105,
Beijing Binsong Photonics, China) for collecting the ECL signal
was set at -850 V in the process of detection. The detection
potential applied to the working electrode was fixed at 1.25 V.
Electrokinetic injections were performed at 10 kV for 10 s. The
inlet end of the capillary was held at a positive potential and the
outlet end was maintained at ground. 5 mmol L' Ru(bpy);*" with
50 mmol L' phosphate buffer solution (PBS) was added in the
detection cell. The peak area was used for the analysis.

Preparation of the human urine sample

Urine samples of a healthy male volunteer were from Xinyang
Normal University. The complete ethical approval had been
obtained, and the male volunteer gave written informed consent.
The study was performed in compliance with the relevant laws
and institutional guidelines and also approved by the Institutional
Review Board of Xinyang Normal University. Prior to analysis,
the fresh urine samples were immediately centrifuged for 10 min
at 2000 rpm to remove deposit. The urine sample was diluted
100-fold with pure water and then filtered through 0.22 pum
cellulose acetate filters.

Results and discussion
Cyclic voltammetry of Ru(bpy);’>* and ME or BF

In the CE-ECL system, the ECL intensity depends upon the rate
of the light-emitting chemical reaction which is turning
dependent on the potential applied to the electrode. Fig. 1A
shows cyclic voltammograms of 5 mmol L' Ru(bpy);*" in 50
mmol L' PBS (pH 8.0) before and after adding BF and ME,
respectively. The oxidation peak currents of BF and ME could be
distinguished from the background current. The corresponding
ECL curves were illustrated in Fig. 1B. Compared with the
background curve (curve a in Fig. 1B), curve b and c in Fig. 1B
reveal that there was an obvious increase of ECL intensity. The
observations indicate that BF and ME could react with Ru(bpy);>*
and enhance the ECL intensity. The results suggest that the
proposed CE-ECL method could be used for the sensitive
detection of ME and BF.
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Fig. 1. Cyclic voltammograms (A) and their corresponding ECL
curves (B). (a) 5 mmol L™ Ru(bpy);*" + 50 mmol L' PBS (pH
8.0); (b) a + 2 pmol L' ME ; (c) a + 2 pmol L' BF; scan rate,
100 mV/s.

Choice of the additive in running buffer
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Analytical Methods

Since the physico-chemical properties and structures of ME and
BF are similar, simultaneous separation of them is an obstacle.
The preliminary experimental results show that the baseline
separation and detection of ME and BF was not achieved when
single PBS was used as running buffer. In order to obtain good
separation and high ECL intensity, we choose 5 mmol L™ SDS,
0.01% PVP, 0.05% Tween 20 and 0.05% different kinds of Triton
(Triton X-100, Triton X-114, Triton X-165, Triton X-305, Triton
X-405 and Triton X-705) (v/v) as additive respective into the
running buffer. It can be found that there were no obvious
improvements in resolution for all of these additives except for
Triton X-100. The effect of Triton X-100 concentration was
investigated in the range of 0.03-0.07%. The ECL intensity
increased with the Triton X-100 concentration increasing in the
range 0.03-0.05%, and reached the largest signal intensity at
0.05%. Further increasing concentration of Triton X-100
decreased ECL intensity. So, 0.05% Triton X-100 was chosen.

Optimization of pH and concentration of the running buffer

The influence of the running buffer pH was tested within the pH
range from 6.0 to 10.0. The ECL intensity increased as pH value
changed from 6.0 to 8.0, and then decreased when the pH value
exceeded 8.0. The effect of concentration of the running buffer
from 10 to 30 mmol L' was researched and found that the highest
ECL intensity was acquired as the buffer concentration was 20
mmol L™

Optimization of separation voltage

The separation voltage directly influences the migration time,
resolution and the ECL intensity of analyte. The effects of
separation voltage were examined varying from 12 to 18 kV. For
both of ME and BF, both the ECL intensity and the resolution
reached a maximum value at 14 kV and then decreased. So 14 kV
was selected.

Optimization of detection potential

The effects of detection potential on the ECL intensity of ME and
BF were considered. When detection potential changed from 1.10
to 1.35 V, the ECL intensity of both ME and BF reached a
maximum at 1.25 V. So 1.25 V was used.

Performance characteristics of the method

Under the optimized conditions: ECL separation at 14 kV, 20
mmol L' PBS containing 0.05% Triton X-100 at pH 8.0 as
running buffer, 5 mmol L™ Ru(bpy);>* with 50 mmol L' PBS at
pH 8.0 in the detection cell, electrokinetic injection for 10 s at 10
kV, detection at 1.25 V, ME and BF were well separated within
10 min. Fig. 2 presents the typical electropherogram of the mixed
standard solution of ME and BF.
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Fig. 2. Electropherograms of standard solution. Peak 1: 1 umol L~
' ME; Peak 2: 1 pumol L' BF. Conditions: running buffer, 20
mmol L' PBS containing 0.05% Triton X-100 at pH 8.0;
injection, 10 kV 10 s; separation voltage, 14 kV; detection
potential, 1.25 V; ECL detection solution, 5 mmol L! Ru(bpy)32+
with 50 mmol L' PBS at pH 8.0.

The calibration curves were calculated by plotting the peak
area values against the concentration of analytes. The results were
listed in Table 1. It can be seen from Table 1 that the regression
coefficients of the calibration curves are greater than 0.996. The
LOD was considered the minimum analyte concentration in
standard solution yielding an S/N ratio equal to three. The LOQ*
was defined as the lowest analyte concentration in real sample
(human urine) yielding an S/N of ten.

The precisions (measured by RSD %, n = 3) of the peak area of
0.5 umol L' ME and 10 umol L' BF are 2.1% and 3.8% within a
day (intraday), 3.1% and 5.5% in 3 consecutive days (interday,
three consecutive days and three consecutive times per day),
RSDs of the migration time of ME and BF are 4.5% and 6.7% for
intraday, 7.4% and 7.9% for interday, respectively.

Table 1. The performance characteristics of the proposed method.

Lincar Calibration curves LoQ
range LOD (mol L
Analytes B 4 )
(umol L (mol L) )
1 Slope  Intercept r L.
) in urine
8 33 x
ME 0.05-60 2271 19570 0998 1.9x10 107
8 1.4 x
BF 0.5-40 1904 21973 0996 9.4x10 10°

o0
a5

90

95

Analytical applications

The proposed CE-ECL method was utilized for the determination
of ME and BF in human urine samples. The electropherograms of
blank healthy person urine sample and urine sample spiked with
10 umol L' BF and 10 pmol L' ME are illustrated in Fig. 3 (a,
b). The results show that ME and BF were not detected in the
blank urine sample because the two drugs are exogenous
substances and could be well separated and detected in spiked
urine samples. In addition, the unknown peaks X in the urine
sample appeared in the electropherogram. The recoveries of the
ME and BF at three different spiked concentration were also
determined by injecting the standard samples into urine samples
and the results were listed in Table 2. It can be seen that the
recoveries of ME and BF in urine samples were from 89.0 to
126.0% with less than 7.4% in RSD.
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Analytical Methods

Fig. 3. Electropherograms of the blank urine sample (a) and the
urine sample spiked with ME and BF (b). Peak 1: ME; Peak 2:
BF; Peak X: unknown compounds. Other conditions are the same
as in Fig. 2.

Table 2. Recoveries of ME and BF in human urine at different
spiked levels.

Added Found RSD (%) (n
Analytes . . Recovery

(umol L) (umol L) (%) =3)

0.5 0.56 112.0 52

ME 10 12.6 126.0 4.7
40 35.6 89.0 42

1.0 1.05 105.0 7.4

BF 5.0 4.84 96.8 59
20 242 121.0 5.4

Study on the binding of HSA with ME and BF

It is significant to study the interaction of HSA, the most
abundant and important protein in the blood, with drugs.
Therefore, the binding behavior between HSA and ME or BF was
studied in this work. In order to obtain the equilibrium time, a
mixture solution of 100 pL 200 pmol L™ HSA and 100 pL 20
mmol L' ME or BF in the dialysis bag was incubated at 37 °C.
The solution outside of the dialysis bag was 4 mL PBS and the
ECL intensity of ME or BF outside of the bag was detected every
half an hour (a total of about 8 h) until no obvious change in the
ECL intensity was found, which indicates that the reaction had
already reached its equilibrium. The results obtained show that
the equilibrium time is 5 h.

UV-visible absorption spectroscopy technique is a simple and
useful method and can be used to explore whether ME or BF
combine with HSA. In this experiment, 100 uL 20 mmol L' ME
or BF, 100 pL 200 pmol L' HSA, and a mixture of 100 pL 20
mmol L' ME or BF with 100 uL 200 pmol L' HSA balance
from start to finish were examined by UV-vis spectrophotometry
for comparison, separately, as shown in Fig. 4. The facts in Fig. 4
confirmed the binding of HSA with ME or BF under the
experimental condition.

=

Absorbance

W o0 0 W 30 W 60 om0 30 3
Wavelength (nm) Wavelength (nm)

Fig. 4. The UV-visible absorption spectroscopy of the solution
inside the dialysis bag. Curve a: HSA; Curve b: ME; Curve c:
HSA + ME; Curve d: after ME combination with HSA. Curve e:
BF; Curve f: HSA + BF; Curve g: after BF combination with
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HSA.

In most cases, it is supposed that the drug (C) is bound to m
types of independent binding sites on the protein (P). The fraction
(r) of bound drug molecules per protein molecule can be
represented as®’:

[Cbound ]

r=—-=

[P total ]

K i [Cfree ]

nNi————3 1
i=1 1 + K[[Cﬁ'ee] ( )
where [Crounals [Prowt)s [Cree] stand for the concentrations of
bound drug, total HSA and free drug, respectively; » is the
fraction of bound drug molecules per protein molecule; n
represents the binding site number while K denotes the binding
constant,*® n; represents the number of sites of class i and KX is the
binding constant. Drug protein data analysis often assumes one
type of binding sites on the protein and eq. (1) can therefore be
simplified to (2):

_ K [Cﬁ’ee]
=-nN———-=
1 + K [Cfree]

A series of different volumes (range from 40-160 pL,
increment of 20 uL) of 20 mmol L' ME or BF were mixed with
100 pL 200 umol L' HSA in the dialysis bag and incubated in 4
mL PBS at 37 °C. After the equilibrium, the ECL intensity
outside the dialysis bag was measured and then the concentration
of free drug could be estimated by the CE-ECL. According to
formula (2) and a non-linear fit using Origin 8.0, the number of
binding sites and binding constant can be achieved. Under the
calculated results, the number of binding sites of ME and BF with
HSA are 1.2 and 1.1, and the binding constant are 2.8 x 10 and
2.7 x10° L mol™.

@

Comparison with reported methods

The validated CE-ECL method has high sensitivity compared to
majority of the methods developed for analysis of ME and BF.™
1217 The sample consumption of the proposed method is only
nanoliter level, which is considerably less than that of other
procedures®'> '7 except the similar method.'> '* Additionally, the
proposed method could become an effective tool to study the
interaction between protein and drugs.

Conclusions

In this work, a sensitive method of CE-ECL featured simple
instrumentation, high sensitivity, wide linear range and excellent
analytical performance was developed for the simultaneous

90 separation and detection of ME and BF. The use of Triton X-100

95

as an additive in CE could improve separation efficiency. The
proposed method was successfully applied to the determination of
ME and BF in human urine. The interaction of between HSA and
the two drugs was studied by the developed strategy. The number
of binding sites and binding constant of HSA with ME or BF
were estimated. This work demonstrates that the CE-ECL
technique has great potential in the biomedicine analysis and
interaction study between drug and protein.
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