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bstract

Chemiluminescence (CL) was observed when potassium hexacyanoferrate(III) reacted with the mixture of calcein and ketotifen. Interestingly,
he CL intensity would be enhanced by trace amounts of Mg2+ and the CL intensity was strongly dependent on ketotifen concentration. Based on
his phenomenon, a flow injection CL method was established for the determination of ketotifen. The possible CL mechanism is proposed based
n the kinetic characteristic of the CL reaction, CL spectrum, ultraviolet (UV) spectra and fluorescent spectra. The CL intensity was correlated

−9 −7 −1 −9 −1
inearly with concentration of ketotifen over the range of 6.0 × 10 to 2.0 × 10 g mL and the detection limit was 3 × 10 g mL . The relative
tandard deviation was 1.8% for 2.0 × 10−8 g mL−1 ketotifen (n = 11). This method was applied to the determination of ketotifen in the tablets
uccessfully.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Ketotifen fumarate [KTF; 10H-benzo(4,5)cyclohepta(1,2-b)
hiophen-10-one, 4,9-dihydro-4-(1-methyl-4-piperidinylidene)-
E)-2-butenedioate] is a nonspecific, oral mast cell stabilizer. Its
ain biochemical pharmacological activities are H1 receptor

ntagonism, phosphodiesterase inhibition and inhibition of cal-
ium flux in smooth muscle preparations [1]. It is applied to
revent the development of allergic conjunctivitis [2,3], asthma
4,5] and it even showed an anti-wrinkle effect [6]. A sur-
ey of the literature revealed only a few reported methods,
hich include ultraviolet–visible (UV–vis) spectrophotometry

7,8], high performance liquid chromatography (HPLC) [9], gas
hromatography–mass spectrometry (GC–MS) [10] and liquid
hromatography–mass spectrometry (LC–MS) [11]. However,

he limitation to these methods is the low sensitivity, the complex
rocedure or the expensive instrument.

∗ Corresponding author. Tel.: +86 29 85303911; fax: +86 29 85307774.
E-mail address: ljr@snnu.edu.cn (L. Jiuru).
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In recent years, CL analysis was applied widely in vari-
us fields for its high sensitivity, simple instrumentation and
idely linear dynamic range. CL reagent is often employed dur-

ng CL analysis. CL reagent in common use include luminol,
ucigenin, tris(2,2′-bipyridyl)ruthenium(II) and peroxyoxalate,
tc. Calcein, a familiar fluorescent reagent, was widely used in
he fluorescent analysis to determine many metal ions and as an
ndicator for titration analysis [12,13]. The application of cal-
ein as CL reagent for CL analysis has not yet been reported,
o the best of our knowledge. In this paper, CL was observed
hen potassium hexacyanoferrate(III) reacted with the mix-

ure of calcein and ketotifen. Interestedly, a stronger CL signal
as observed when a trace amount of Mg2+ was added into
etotifen solution. The CL intensity was strongly dependent
n ketotifen concentration. Based on this, a new, rapid, sim-
le and sensitive method is proposed for the determination of
etotifen. The mechanism of the CL reaction is discussed. Fur-
hermore, the method has been used for the determination of

etotifen in real pharmaceutical preparations with satisfactory
esults.

It has an important meaning for widening the area of CL anal-
sis, exploring the possibility of employing other florescence

mailto:ljr@snnu.edu.cn
dx.doi.org/10.1016/j.aca.2007.04.041
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Fig. 1. Schematic diagram of CL flow system: (a) potassium hexacyanofer-
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ined. The CL intensity–time curve is shown in Fig. 2. When
5.0 × 10−4 mol L−1 of potassium hexacyanoferrate(III) solution
(1.0 mL) was injected into the mixture of 5.0 × 10−7 g mL−1

of ketotifen (1.0 mL), 5.0 × 10-4 mol L−1 of calcein solution
N. Fei, L. Jiuru / Analytica C

eagent as CL reagent and enriching the knowledge of people to
L reaction.

. Experimental

.1. Apparatus

The IFFM-D flow injection CL analyzer (Xi’an Remex Elec-
ronic Instrument High-Tech Ltd., China) was equipped with an
utomatic injection system and a detection system. PTFE tube
0.8 mm i.d.) was used to connect all of the components in the
ow system. The flow cell was a coil of glass tube that positioned

n front of the detection window of the PMT. The CL signal was
reated with a personal computer.

CL spectra were measured with the static system of the BPCL
L analyzer (Institute of Biophysics Chinese Academy of Sci-
nce, China). Fluorescence spectra were obtained by a 970CRT
pectrofluorometer (Shanghai Analysis Instrument Main Plant,
hina). UV absorption spectra were measured on a TU-1901

pectrophotometer (Beijing Currency Instrumental Ltd., China).

.2. Reagents

Potassium hexacyanoferrate(III) was purchased from Xi’an
hemical Reagent Factory (Xi’an, China). Calcein was pur-
hased from the No. 3 Beijing Chemical Reagent Factory
Beijing, China). Ketotifen fumarate was purchased from
ational Institute for the Control of Pharmaceutical and Bio-

ogical Products (Beijing, China).
The standard solution of ketotifen fumarate

1.00 × 10−4 g mL−1) was prepared by dissolving 0.0010 g
etotifen fumarate in water and diluting to 100 mL with
ater. The 1.0 × 10−2 mol L−1 stock solution of potassium
exacyanoferrate(III) was prepared by dissolving 0.82 g of
otassium hexacyanoferrate(III) in water and then diluting
o 250 mL. The 5.0 × 10−4 mol L−1 working solution was
repared by diluting the stock solution in 0.1 mol L−1 of
aOH. The 5.0 × 10−4 mol L−1 working solution of calcein
as prepared by dissolving 0.17 g of calcein and then diluting

o 500 mL with water.
All the reagents used were of analytical reagent grades except

or ketotifen fumarate, which was a check sample. Doubly dis-
illed water was used throughout the whole experiment.

.3. Procedure

Investigations of CL behaviors were performed using the sys-
em shown schematically in Fig. 1. Flow tubes (a, b c and d)
ere connected with potassium hexacyanoferrate(III) solution,

alcein solution, water and ketotifen standard or sample solution
Mg2+ solution with certain concentration was added to ketotifen
tandard or sample solution), respectively. Calcein solution was
erged with potassium hexacyanoferrate(III) solution through a

-piece, and then was injected into water by a six-way injection
alve. The reagent plug merged with ketotifen standard solution
r sample solution through a Y-piece to produce CL. The CL
ntensity produced by Mg2+ solution with certain concentration

F
h
i
5

ate(III) solution; (b) calcein solution; (c) water; (d) ketotifen standard or sample
olution; P: peristaltic pump; V: injection valve; W: waste; F: flow cell; HV: high
oltage; PMT: photomultiplier tube; PC: personal computer.

as considered as the blank intensity. The concentration of keto-
ifen was quantified via the peak height (relative CL intensity),
hich was obtained by subtracting the blank CL intensity from

hat of the sample or ketotifen standard solution.

.4. Sample preparation

Ten tablets were accurately weighed, then ground to fine pow-
er. A tablet sample was weighed accurately, then dissolved in
ater and diluted into 100 mL, then filtered before measured and

he filtrate was used for UV spectrophotometry determination as
eference method [14]. The filtrate was diluted with water before
sed so that the final analyte concentrations were matched with
he working curve range.

. Results and discussion

.1. Kinetic characteristic of CL reaction

Kinetic characteristics of the CL reactions were exam-
ig. 2. The CL intensity–time curve. 1.0 mL of 5.0 × 10−4 mol L−1 potassium
exacyanoferrate(III) solution (1.0 mL, in 0.1 mol L−1 NaOH) was injected
nto the mixture of 5.0 × 10−4 mol L−1 calcein, 2.0 × 10−4 g mL−1 Mg2+ and
.0 × 10−7 g mL−1 ketotifen.
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1.0 mL) and 2.0 × 10−4 g mL−1 of Mg2+ (1.0 mL), a strong
L reaction was initiated immediately and the maximum CL

ntensity was obtained within 2.5 s. After 100 s approximately,
he CL signal declined to baseline. So, the calcein–potassium
exacyanoferrate(III)–ketotifen–Mg2+ CL reaction is a fast CL
eaction.

.2. Optimization of the reaction conditions

A series of experiments were conducted to select the opti-
um analytical conditions using a 2.0 × 10−8 g mL−1 ketotifen

olution. The optimized parameters included flow system, flow
ate, reaction medium, calcein concentration, potassium hexa-
yanoferrate(III) concentration and Mg2+ concentration.

Several flow systems were designed in order to obtain the
aximal CL signal. When ketotifen was injected into the mix-

ng stream of potassium hexacyanoferrate(III) and calcein, no
L signal was detected. When potassium hexacyanoferrate(III)
as injected into the mixture of ketotifen and calcein or the
ixture was injected into potassium hexacyanoferrate(III), weak
L signal was detected. However, when employing the system

hown schematically in Fig. 1 and water as carrying stream, the
eagent solution could mix adequately with sample solution as
oon as they met and a strong CL signal with good repeatability
as obtained. So, flow system shown in Fig. 1 was selected.
The flow rate is an important factor in flow-injection analy-

is employing the system shown schematically in Fig. 1 which
nfluences the analytical sensitivity. The effect of the flow
ate of pump 2 on CL intensity was examined in the range
f 0.5–3 mL min−1. The results showed that the CL signal
ncreased with the increasing of flow rate, because this CL
eaction is rapid. So, a flow rate of 3 mL min−1 which was
he maximal flow rate under present conditions was selected
s optimum.

The initial test showed that calcein CL reaction occurs in alka-
ine condition. The alkalinity of reaction medium was controlled
y varying the concentration of sodium hydroxide added in
otassium hexacyanoferrate(III) solution. The effect of sodium
ydroxide concentration on the CL reaction was examined in
he range 0.002–1 mol L−1. The results showed that the suit-
ble concentration of sodium hydroxide was 0.1 mol L−1 since a
aximal CL signal which was taken by subtracting the blank CL

ntensity from that of the sample or ketotifen standard solution
ould be obtained under this alkalinity.

Calcein is the CL reagent. Its concentration had an effect
n the CL intensity. The effect of calcein concentration was
tudied in the range 5.0 × 10−6 to 5.0 × 10−3 mol L−1and finally
.0 × 10−4 mol L−1 of calcein was selected to get the maximal
L signal.

Potassium hexacyanoferrate(III) is the oxidant in the CL
eaction, its concentration influences the CL signal. The
ffect of potassium hexacyanoferrate(III) concentration on the

L reaction was examined in the range of 1.0 × 10−5 to
.0 × 10−3 mol L−1. The experiments showed the maximal CL
ignal could be obtained when the concentration of potassium
exacyanoferrate(III) was 1.0 × 10−3 mol L−1.

t
o

a Acta 592 (2007) 168–172

In preliminary experiments, it was found that some metal
ons including Ca2+, Zn2+, Cd2+ and Mg2+ could enhance the
L signal of potassium hexacyanoferrate(III)–calcein–ketotifen

eaction. After comparing the enhancing effect, Mg2+ was
elected finally due to its best enhance effect. The effect of Mg2+

oncentration on the CL intensity was also examined in the range
.0 × 10−5 to 5.0 × 10−4 g mL−1. The CL intensity was found
o increase with increasing the concentration of Mg2+. Based on
hese, a concentration of 2.0 × 10−4 g mL−1 Mg2+ was chosen
n further experiments considering the signal noise ratio.

.3. Analytical performance

When the concentration of calcein, potassium hexacyano-
errate(III), Mg2+ and sodium hydroxide was, respectively,
.0 × 10−4 mol L−1, 1.0 × 10−3 mol L−1, 2.0 × 10−4 g mL−1

nd 0.1 mol L−1, the analytical performance was obtained. The
elative CL intensity was linear to ketotifen concentration over
he range 6.0 × 10−9 to 2.0 × 10−7 g mL−1. The determina-
ion limit was 3 × 10−9 g mL−1 ketotifen in the potassium
exacyanoferrate(III)–calcein CL system. The relative standard
eviation was found to be 1.8% by 11 replicate determinations
f 2.0 × 10−8 g mL−1 ketotifen.

.4. Interference studies

The influence of foreign species was investigated by ana-
yzing a standard solution of 2.0 × 10−8 g mL−1 ketotifen to
hich increasing amounts of foreign species were added. A sub-

tance was considered no interference if the variation of the CL
ntensity was within ±5%. The influence of some ions and excip-
ents were studied. The tolerable concentration ratios of foreign
pecies to 2.0 × 10−8 g mL−1 of ketotifen were over 1000-fold
or fructose, starch, lactose, NO3

−, Br−, Cl−, CO3
2−, 500-fold

or glucose, sodium citrate, mannitol, 100-fold for cyclodextrin,
lycine, Al3+, Fe3+, 5-fold for Ca2+, Cu2+, 1-fold for Fe2+. Com-
on excipients do not interfere in the determination. Therefore,

he proposed method has adequate selectivity for the determina-
ion of ketotifen in real pharmaceutical formulations.

.5. Application

In order to evaluate the applicability and reliability of the
roposed methodology, it was applied to the determination of
etotifen in ketotifen fumarate tablets. The sample solutions
ere prepared according to Section 2.4 and analyzed accord-

ng to Section 2.3. The results of the determination for sample
olution are shown in Table 1. The t-test assumes that there is
o significant difference between the proposed CL method and
he method described in the Pharmacopoeia [14] at confidence
evel of 95%.

.6. Possible mechanism
When potassium hexacyanoferrate(III) was injected into
he mixture of calcein and ketotifen, a CL signal was
bserved. Therefore, the CL reaction of ketotifen–potassium
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Table 1
Results of the determination for ketotifen tables

Sample no. Labeled (mg tablet−1) Present methoda (mg tablet−1) R.S.D. (%) Pharmacopoeia methoda (mg tablet−1) R.S.D. (%)

1 1 0.98 2.0 0.99 0.8
2 1 0.96
3 1 1.03

a Average of three measurements.

Fig. 3. CL spectra: (a) CL spectrum of the CL reaction when 1.0 × 10−3 mol L−1

potassium hexacyanoferrate(III) (in 0.1 mol L−1 NaOH) was injected into the
mixture of 1.0 × 10−5 g mL−1 ketotifen and 1.0 × 10−3 mol L−1calcein and (b)
C −3 −1
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Due to higher florescence efficiency Mg–calcein has, the CL
L spectrum of the CL reaction when 1.0 × 10 mol L potassium hex-
cyanoferrate(III) (in 0.1 mol L−1 NaOH) was injected into the mixture of
.0 × 10−5 g mL−1 ketotifen, 2.0 × 10−4 g mL−1 Mg2+ and 1.0 × 10−3 mol L−1

alcein.

exacyanoferrate(III)–calcein was studied at first. The CL spec-
rum of ketotifen–potassium hexacyanoferrate(III)–calcein CL
eaction was measured (Fig. 3a), of which the maximal CL
avelength was 545 nm. Compared the CL spectrum with
he fluorescence spectra showed in Fig. 4a and b, the lumi-
ant of the CL reaction was determined as calcein because
ts maximal fluorescence wavelength accorded to the maxi-

al CL wavelength. The UV spectra of calcein, ketotifen,

ig. 4. Fluorescence spectra: (a) 5.0 × 10−4 mol L−1 calcein in
.05 mol L−1 NaOH; (b) the mixture of 5.0 × 10−4 mol L−1 calcein,
.0 × 10−4 mol L−1 potassium hexacyanoferrate(III) and 2.0 × 10−5 g mL−1

etotifen in 0.05 mol L−1 NaOH; and (c) 5.0 × 10−4 mol L−1 calcein and
.0 × 10−4 g mL−1 Mg2+ in 0.05 mol L−1 NaOH.
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2.1 0.95 1.1
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otassium hexacyanoferrate(III) and the mixture of all of
hem were measured (Fig. 5). From Fig. 5, it was seen
hat the characteristic absorption peak of ketotifen depressed
hile that of calcein was hardly changed after mixing with
otassium hexacyanoferrate(III), which indicated that potas-
ium hexacyanoferrate(III) could react with ketotifen firstly
hen calcein was also present. The possible mechanism of
etotifen–potassium hexacyanoferrate(III)–calcein CL reaction
as proposed as: Potassium hexacyanoferrate(III) reacted with
etotifen and released energy. Calcein in the solution absorbed
he energy of the reaction and was excited to the excited state
calcein*). Calcein* came back to the ground state and brought
L (λmax = 545 nm).

The enhancement effect of Mg2+ was also studied. It
as reported that Mg2+ could form an Mg–calcein flu-
rescent complex with calcein in alkaline medium [15],
herefore the fluorescence spectrum of Mg–calcein was scanned
Fig. 4c) and the maximal fluorescence wavelength was found
t 535 nm. The CL spectrum of Mg2+–ketotifen–potassium
exacyanoferrate(III)–calcein CL reaction was measured
Fig. 3b). In Fig. 3b, the maximal CL wavelength was also
35 nm which suggested that the luminant was Mg–calcein
omplex when Mg2+ was added as the enhancer of
etotifen–potassium hexacyanoferrate(III)–calcein CL system.
ntensity was much stronger. The possible mechanism was pro-
osed as: In alkaline medium, Mg2+ formed an Mg–calcein
uorescent complex with calcein. Potassium hexacyanofer-

ig. 5. UV spectra: (a) 5.0 × 10−4 mol L−1 potassium hexacyanoferrate(III);
b) 5.0 × 10−4 mol L−1 calcein; (c) 2.0 × 10−5 g mL−1 ketotifen; and
d) the mixture of 5.0 × 10−4 mol L−1 potassium hexacyanoferrate(III),
.0 × 10−4 mol L−1 calcein and 2.0 × 10−5 g mL−1 ketotifen.
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ate(III) reacted with ketotifen and released energy. Mg–calcein
n the solution absorbed the energy of the reaction and was
xcited to the excited state (Mg–calcein*). Mg–calcein* came
ack to the ground state and brought CL (λmax = 535 nm).

The mechanism can be expressed simply as following:

alcein + Mg2+ → Mg–calcein (florescence complex)

otassium hexacyanoferrate(III) + ketotifen

→ products + energy(E)

g–calcein + E → Mg–calcein∗

g–calcein∗ → Mg–calcein + hν (λmax = 535 nm)

. Conclusion

A novel CL method for the determination of ketotifen
as established with calcein as the CL reagent and Mg2+

s the enhancer. Furthermore, the method was satisfactorily
pplied to the determination of ketotifen in pharmaceutical
roduct samples. The mechanism of the calcein–potassium

exacyanoferrate(III)–ketotifen CL reaction was briefly dis-
ussed.

In this work, a common florescence reagent, calcein, was
ound to be able to be used as CL reagent. It has an important

[

[

a Acta 592 (2007) 168–172

eaning for widen the area of CL analysis, exploring the possi-
ility of employing other florescence reagent as CL reagent and
nriching the knowledge of people to CL reaction.
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