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Abstract. A simple flow injection chemilumines-

cence (CL) method was developed for the determina-

tion of atenolol using Eu3þ as the probe. It was found

that the weak CL generated by the KMnO4-Na2SO3

reaction can be significantly enhanced by the ateno-

lol-Eu3þ complex. The experimental conditions were

optimized. The CL intensity was linearly related to

atenolol concentration in the range from 8.0�10�9

to 1.0�10�5 g mL�1. The detection limit (3sb) was

3�10�9 g mL�1 and the relative standard deviation

for 1.0�10�7 g mL�1 atenolol solution was 2.4%

(n¼ 11). The method has high sensitivity, wide linear

range, inexpensive instrumentation, and has been ap-

plied to the determination of atenolol in spiked human

urine and plasma samples with recoveries within the

range 95.5–104.0%.
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Atenolol is one of the most widely used �-blockers in

the treatment of various cardiovascular disorders, such

as angina pectoris, cardiac arrhythmia and hyperten-

sion [1]. �-Blockers were reported to be exceptionally

toxic and most of them acted in a narrow therapeutic

range [2]. The overdose of atenolol may cause lethar-

gy, disorder of respiratory drive, wheezing, sinus

pause, bradycardia, congestive heart failure, hypo-

tension, bronchospasm and hypoglycemia [3]. Since

the �-blockers are also misused as doping agents in

sports, these drugs have been added to the list of for-

bidden drugs by the World Anti-doping Agency. The

minimum required performance limit for �-blockers is

5�10�7 g mL�1 [4]. Therefore, the development of

sensitive and selective analytical methods for the de-

termination of the �-blockers is of great importance.

Several analytical methods have been reported

for the determination of atenolol in human plasma,

urine, or pharmaceutical preparations, such as spec-

trophotometry [5, 6], fluorimetry [7], atomic absorp-

tion spectrometry [8], electrochemical method [9–11],

liquid chromatography [12–14], capillary electropho-

resis [15, 16], and mass spectrometry [17, 18]. CL

analysis with the advantages of high sensitivity, wide

linear range and simple instrumentation has also ex-

ploited for the determination of atenolol [19–21]. Li

et al. reported a flow injection CL method for the

determination of atenolol based on its inhibitory effect

on the luminol-KIO4-H2O2 reaction; the method could

determine 5�10�7–1�10�4 g mL�1 atenolol [19].
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RuðbpyÞ3
2þ

-based electrogenerated CL method was

also used for the determination of atenolol, the linear

ranges for atenolol were 1�10�7–1�10�4 mol L�1

and 5�10�7–5�10�5 g mL�1, respectively, when cou-

pling with high performance liquid chromatography

[20] and capillary electrophoresis [21], respectively.

Depending on the origin of the CL, CL reactions

have been classified as direct and indirect or sensi-

tized or energy transfer CL [22]. In indirect CL reac-

tion, the primary excited state molecule is not the final

emitter, but transfers its energy to a fluorescent sub-

stance, which then produces light emission. The indi-

rect CL reaction is important for improving the

sensitivity of the detection and broadening the analyt-

ical range of the CL analysis.

Trivalent lanthanide species display high photolu-

minescence efficiencies (>5% in H2O), large Stokes’

shifts (�300 nm), long excited-state lifetimes (on the

order of several hundred microseconds), and narrow

emission spectra [23], all of which make them be-

come a useful fluorescent probe [24, 25]. Recently,

these characteristic of lanthanide species have been

introduced into CL analysis to develop sensitive meth-

od for the determination of several fluoroquinolone

antibiotics [26, 27]. Reviewing the literature indicated

that no CL method was reported for the determination

of atenolol with lanthanide species as sensitizer.

The aim of this work is to develop a sensitive CL

method for the �-blocker atenolol using Eu3þ as the

sensitizer. It was found that the weak CL signal from

KMnO4-Na2SO3 reaction could be greatly enhanced

in the presence of Eu3þ and atenolol. The experimen-

tal conditions were optimized and a new flow injec-

tion CL method was proposed for the determination of

atenolol. The proposed method was sensitive, selec-

tive, and applied to the determination of atenolol in

spiked human urine and plasma samples with satisfac-

tory results.

Experimental

Chemicals

Atenolol standard (No. 100117-199903) was obtained from

the National Institute for the Control of Pharmaceutical and

Biological Products (Beijing, China). Eu2O3 was purchased from

General Research Institute for Nonferrous Metals of China (Beijing,

China). Other reagents were purchased from Xi’an Chemicals

(Xi’an China). All of chemicals were of analytical grade; redistilled

water was used throughout.

Atenolol stock solution (2.00�10�4 g mL�1) was prepared by

dissolving 0.0200 g atenolol in 100 mL of water. This solution

was stored in a refrigerator and protected from light. Atenolol

working solutions were prepared by the dilution of the stock solu-

tion with water when used. Eu3þ solution (2�10�2 mol L�1) was

prepared by dissolving 0.352 g Eu2O3 with a small amount of con-

centrated HCl, evaporating the solution to near dryness on a water

bath, and then diluting to 100 mL with water. KMnO4 solution

(5�10�2 mol L�1) was prepared in water, stored in a brown bottle,

and used after two weeks. More dilute solutions of KMnO4 were

prepared by appropriate dilution with water before use. Na2SO3

solution (2�10�4 mol L�1) was freshly prepared by dissolving an

appropriate amount of Na2SO3 in water.

Apparatus

Figure 1 shows the schematic diagram of the FI-CL system used.

PTFE tubing (0.8 mm i.d.) was used to connect all components in the

flow system. Peristaltic pumps were used to deliver reagent solutions

and sample solution, each channel at a flow rate of 2.0 mL min�1.

Injection was operated by means of a six-way valve equipped up with

a 50mL sample loop. The distance between the injection valve and

the flow cell was about 20 cm. The CL signal produced in the flow cell

(1 mm�25 cm spiral colorless glass tubing in 3.5 turns) was detected

with a CR105 photomultiplier tube (Beijing Hamamatsu Photo

Techniques Inc.). CL data acquisition and treatment were performed

using IFFL-D type of flow injection CL data processing system (Xi’an

Remex Eletronic Science-Tech Co. Ltd.).

Procedure

As shown in Fig. 1, atenolol solution was firstly mixed with

8�10�3 mol L�1 Eu3þ solution, followed with 2�10�4 mol L�1

Na2SO3 solution. Finally 50mL solution of 5�10�4 mol L�1

KMnO4 was injected into above merged stream by means of the

six-way valve for producing CL. The concentration of atenolol was

quantified by the enhanced CL intensity �I, �I¼ Is� I0, where Is is

the CL signal of sample, and I0 is the blank signal.

Results and discussion

In the preliminary experiments, several CL systems

with KMnO4 as the oxidant were investigated using

flow injection mode. These systems were of KMnO4-

Na2SO3, KMnO4-Na2S2O3, KMnO4-HCOOH, KMnO4-

HCHO, and KMnO4-H2O2 system. The experiments

Fig. 1. Schematic diagram of CL flow system. P1, P2 peristaltic

pump; V six-way value; F flow cell; PMT photomultiplier tube; HV

high voltage; PC personal computer; W waste
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showed atenolol-Eu3þ complex can enhance the CL

signal from the reactions of KMnO4-Na2SO3 and

KMnO4-Na2S2O3, while no enhancement was observed

for other CL systems. Finally, KMnO4-Na2SO3 system

was selected to determine atenolol because it gave larg-

er enhancement and better precision than those of

KMnO4-Na2S2O3 system.

Effect of manifold and flow rate

The different mixing procedure of reagents and the

different injection mode were designed to obtain the

maximum sensitivity. The manifold shown in Fig. 1

had the highest sensitivity and better reproducibility.

The effect of flow rate on the CL reaction was

tested in the range from 1.2 to 2.8 mL min�1. The

enhanced CL signal continued to increase with in-

crease in flow rate. Finally, a flow rate of 2.0 mL

min�1 was employed by considering the sensitivity,

reagents consumption and reproducibility.

Effect of KMnO4 concentration

The effect of KMnO4 concentration on the CL reac-

tion was examined in the range from 1�10�5 to 3�
10�3 mol L�1. The maximum enhanced CL signal

was observed when KMnO4 concentration was 5�
10�4 mol L�1. Higher or lower concentration of

KMnO4 caused a decrease in the enhanced CL signal.

Therefore, 5�10�4 mol L�1 KMnO4 was selected.

Effect of Na2SO3 concentration

The effect of 5�10�5–1�10�3 mol L�1 Na2SO3 on

the CL reaction was examined. The enhanced CL sig-

nal rapidly increased with increasing Na2SO3 con-

centration up to 1�10�4 mol L�1, and then varied

slightly. Finally, 2�10�4 mol L�1 Na2SO3 was used.

Effect of Eu3þ concentration

The influence of Eu3þ concentration on the CL reac-

tion was examined up to 1�10�2 mol L�1. No obvi-

ous enhancement on the CL signal was observed in

the absence of Eu3þ. The enhanced CL signal in-

creased rapidly with increasing Eu3þ concentration

from 1�10�4 to 8�10�3 mol L�1. When the concen-

tration of Eu3þ was higher than 8�10�3 mol L�1,

the blank increased rapidly and the enhancement

on the CL signal became slowly. Therefore, 8�
10�3 mol L�1 Eu3þ was selected.

Effect of the pH of KMnO4 solution

KMnO4 can react with some substances to generate

CL in acidic, neutral, or alkaline medium [28–31].

The effect of the pH of KMnO4 solution on the CL

reaction was examined in the range from pH 2 to pH

10. It was observed that the enhanced CL signal had

no obvious change when the pH of KMnO4 solu-

tion was in the range of pH 2–10. Therefore, KMnO4

aqueous solution was used.

Analytical parameters

Under the optimum experimental conditions, the en-

hanced CL intensity (�I) was proportional to the con-

centration of atenolol (C) in the range from 8.0�10�9

to 1.0�10�5 g mL�1. The linear regression equation

was �I¼ 9.67þ 11.5 C (C: 10�8 g mL�1) with a cor-

relation coefficient was 0.9983. The relative standard

deviations (n¼ 3) for the slope and intercept were

2.2 and 2.9%, respectively. The intra-day (n¼ 11)

and inter-day (n¼ 3) precision for 1.0�10�7 g mL�1

atenolol solution was 2.4 and 3.8%, respectively. The

detection limit (blank plus three times its standard

deviation) was 3�10�9 g mL�1 atenolol. The deter-

mination of atenolol could be completed in 1 min,

including sampling and injection, giving a sample

throughput of 60 h�1.

Interference

The effect of some common inorganic ions and organ-

ic compounds was investigated on the CL determina-

tion of 1.0�10�7 g mL�1 atenolol. A foreign species

was considered not to interfere if it caused a relative

error less than 5% in the enhanced CL signal. The

tolerable ratios were 1000-fold glucose, starch, lac-

tose, Kþ, Naþ, Ca2þ, Ni2þ, Mg2þ, Cu2þ, NO3
�;

500-fold metoprolol tartrate, Zn2þ; 100-fold dextrin,

oxalate, propranolol hydrochloride, Al3þ, Cr3þ; 10-

fold Fe2þ, Fe3þ, ascorbic acid, and uric acid.

Application

Determination of atenolol in spiked urine samples

In generally, �-blockers are extensively metabolized

with less than 5% of the oral dose being excreted

unchanged in the urine [32], the expected concentra-

tion of the �-blockers excreted in the urine after oral

administration is normally in the range of 1.0–5.0mM
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[20]. Therefore, the proposed method was applied to

the determination of atenolol in urine samples. Urine

samples were obtained from three healthy volunteers.

Into 2.5 mL of urine sample, a known amount of aten-

olol standard solution was added and then diluted to

50 mL with water. The atenolol content in urine sam-

ple was determined by the proposed method. The

results are summarized in Table 1. The recoveries of

urine samples were in the range 99.6–104.0%.

Determination of atenolol in spiked plasma samples

The antihypertensive effects of atenolol means that

a single dose of 50 or 100 mg needs to be adminis-

tered daily, which gives plasma peak concentrations

of 200–300 and 500–600 ng mL�1, respectively, ob-

tained between 2 and 4 h after the intake of formu-

lation [33]. Plasma samples were obtained from the

blood blank of Shaanxi province. A known amount

of atenolol standard solution and 0.2 mL of plas-

ma samples were transferred into a centrifuge tube

and mixed. Then 2.0 mL 0.1 mol L�1 Ba(OH)2 and

1.8 mL 0.1 mol L�1 ZnSO4 were added to remove pro-

tein and reducing substances [34, 35]. The resultant

solution was diluted to 6 mL with water and centri-

fuged at 3000 rpm for 10 min. One milliliter superna-

tant solution was transferred into a volumetric flask,

diluted to 25 mL with water, and determined by the

proposed method. The results are given in Table 2.

The recoveries of serum samples were in the range

95.5–102.6%.
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