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INTRODUCTION

Mezlocillin sodium (Fig. 1) is a broad-spectrum penicillin
antibiotic. It is active against both Gram-negative and some
Gram-positive bacteria. Mezlocillin kills certain bacteria that
cause infection, or stops their growth. It treats many kinds of
infections including those of the skin, blood, central nervous
system, respiratory tract, sinuses and urinary tract. It also treats
certain infections in women (gynecological infections)'”.
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Fig. 1. Molecular structure of mezlocillin sodium

High-performance liquid chromatographic (HPLC) methods
have been developed for the determination of mezlocillin. A
number of papers on HPLC of mezlocillin describe the deter-
mination of these antibiotics in biological samples®''. The
reversed-phase mode is most commonly used, with precipitation,
ultrafiltration and extraction of serum proteins prior to injection.
Ultraviolet detection methods at around 220 nm, which lack
both sensitivity and selectivity have been mainly used for the
assay of these penicillins. In order to enhance detectability,
precolumn derivatization procedures have been investigated'* "¢,
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A new chemiluminescence method coupled with the flow injection technique for the determination of mezlocillin sodium was developed. |
It was based on the enhancement of mezlocillin sodium on the chemiluminescence reaction of luminol with potassium ferricyanide in
alkaline medium. Under the optimum conditions, the linear range for mezlocillin sodium was from 2.0 x 107 to 5.0 x 10° g mL™" and the
limit of detection was 6.8 x 10° ¢ mL™'. The relative standard deviation (n = 11) was 0.31 % for 8.0 x 10 g mL" mezlocillin sodium. The
proposed method was applied successfully to the determination of mezlocillin sodium for injection with satisfactory results.
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Among these reports, most were costly, time consuming and
use of volatile organic solvents. Thus, establishment of a simple,
rapid and sensitive analytical method was very necessary.

Chemiluminescence methods provide many advantages
for pharmaceutical determinations such as high sensitivity,
small amount of chemical consumption, simple sample prepa-
ration and instrumentation'’*'. When coupled with flow injec-
tion analysis, the flow-injection analysis-chemiluminescence
(FIA-CL) methods provide low cost, rapid, simple and reprodu-
cible means and therefore, have attracted increasing attention
and been successfully applied to drugs detection”**. The aim
of the present study is to use a new flow-injection analysis
system with chemiluminescent detection for determination of
mezlocillin sodium.

In this paper, the chemilumionescent behaviour of
mezlocillin sodium in luminal-ferricyanide potassium media
has been investigated for the first time. It is discovered that
the chemiluminescence intensity increases significantly when
the mezlocillin sodium solution is injected into the mixture of
potassium ferricyanide and alkaline luminol. A simple and
rapid flow injection chemiluminescence assay for mezlocillin
sodium is developed and applied to the determination of
mezlocillin sodium in samples with satisfactory results.

EXPERIMENTAL

IFFM-E Flow injection chemiluminescence analyze (Xi'an
Remex Analyse Instrument Co. Ltd., Xi' an, China); IFFS-A
multifunctional chemiluminescent detector (Xi'an Remex
Analyse Instrument Co. Ltd, Xi' an, China); SYZ-A high-pure
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quartz sub-boiling stills (Jiang Su, New Diligence China Quartz
Glass Instrument Factory, Yi Xing).

All the reagents were of analytical-reagent grade unless
specified otherwise. Doubly distilled water was used during
the whole experiment process. Mezlocillin sodium (HeNan
Drug Examination Institute, China). Mezlocillin sodium for
injection (ShanXi Qian-yuan Pharmaceuticals Co. Ltd., Shan
Xi, China). Stock solutions of mezlocillin sodium (1.0 x 10™*
¢ mL") were prepared and stored in the refrigerator at 4 °C.
Working standard solutions were prepared from the stock
solution by appropriate dilution with water before use. Luminol
(Sigma company, America) stock solutions (1.0 x 10~ mol L)
were prepared by dissolving approximately 0.0177 g luminol
with 0.1 mol L sodium hydroxide solution and diluted to
100 mL with same sodium hydroxide solution in an amber-
coloured measuring flask. Sodium hydroxide solution (0.10
mol L) was prepared daily, by dissolving 2 g sodium
hydroxide (Tian Jin Heng Xing Chemical Reagent Co. Ltd.,
Tian Jin, China) with water and diluted to 500 mL with water.
Stock solution of potassium ferricyanide (3.0 x 10~ mol L)
was prepared by dissolving 0.0988 g potassium ferricyanide
(Austria Sheng Tian Jin Chemical Reagent Co. Ltd., Tian Jin,
China) with water and diluted to 250 mL in an amber-coloured
measuring flask.

The schematic diagram of the flow injection system
employed in this paper was shown in Fig. 2, which included
two peristaltic pumps P1 and P2. The two pumps were used to
deliver flow streams in this system. PTFE tubing (0.8 mm i.d.)
was used to connect material in the flow system. Luminol (7.0
x 10 mol L"), potassium ferricyanide (4.0 x 10° mol L")
and sodium hydroxide (0.6 mol L) entered the system
respectively through the b, c, d pipes, meanwhile, mezlocillin
sodium (8.0 x 10° g mL") joined in system via a tubing.
Mezlocillin sodium solution merged with the mixture of alkaline
luminol (0.10 mol L' NaOH) and potassium ferricyanide and
then reached the flow cell, increasing chemiluminescence
intensity. The change of chemiluminescence signal in the flow
cell was detected with IFFS-A multifunctional chemiluminescent
detector. Data acquisition and treatment were performed with
Sync Master T88DF software running under Windows 98. The
concentration of mezlocillin sodium could be determined by
the relative increased chemiluminescence intensity.
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Fig. 2. Schematic diagram of the FIA-CL system for the determination of
mezlocillin sodium; a: sample solution or water; b: luminol; c:
potassium ferricyanide; d: sodium hydroxide; P1 and P2: peristaltic
pump; V: injection valve; L: mixing tube; C: chemiluminescence
flow cell; W: waste solution; PMT: photomultiplier tube; HV:
negative high-voltage; PC: computer

In order to obtain satisfied mechanical properties and
stability, the instruments were run for 20 min before the first

injection. Sampling rate was 20 times- S-1 and sampling time
was 10 s. Pump speed was 30 r/min and negative high voltage
was 650 V. Three flow rates (mezlocillin sodium, luminol,
potassium ferricyanide) were 1.82 mL/min, 1.83 mL/min, 1.77
mL/min respectively, while the largest signal-to-noise ratio
was obtained.

RESULTS AND DISCUSSION

The order of mixing reactants: The mixing order of
reactants has a great effect on the chemiluminescence intensity.
Three mixing ways were studied: (luminol + mezlocillin
sodium) + (sodium hydroxide + potassium ferricyanide),
(potassium ferricyanide + mezlocillin sodium) + (sodium
hydroxide + luminol) and (sodium hydroxide + mezlocillin
sodium) + (luminol + potassium ferricyanide). Results testified
that the first way was the best one and high intensity and stable
signals can be obtained.

Selection of the chemiluminescence system: Several
chemiluminescence systems were investigated, such as potassium
permanganate-formaldehyde, acidic potassium permanganate-
glyoxal, potassium permanganate-sodium sulfite, alkaline
luminol-potassium ferricyanide, alkaline luminol-potassium
permanganate, alkaline luminol-potassium periodate and
alkaline luminol-hydrogen peroxide. The relative chemilumine-
scence intensity was very weak when potassium permanganate
system was used. In the system of alkaline luminol, the relative
chemiluminescence intensity was strong. Results indicated that
the relative chemiluminescence intensity reached the maximum
for alkaline luminol-potassium ferricyanide system. Thus, alkaline
luminol-potassium ferricyanide system was chosen for further
research.

Selection of the medium: The influence of medium
(sodium hydroxide, sodium bicarbonate-sodium hydroxide and
sodium carbonate-sodium bicarbonate) was examined. Results
showed that the relative chemiluminescence intensity could
achieve the maximum in sodium hydroxide medium. So
sodium hydroxide was chosen in this work. The effect of
sodium hydroxide concentration was studied over the range
0f 0.050-0.80 mol L™ as shown in Fig. 3. It was found that the
signal was the largest at sodium hydroxide concentration of
0.60 mol L. The relative chemiluminescence intensity was
stable. Therefore, the concentration of sodium hydroxide was
chosen as 0.60 mol L™,
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Fig. 3.
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Effect of luminol concentration: Luminol was light-
emitting reagent in this reaction, which not only affected the
chemiluminescence intensity, but also affected the sensitivity
and linear range. The effect of luminol concentration on the
chemiluminescence intensity was investigated on the range of
5.0 x 107-1.0 x 10° mol L™ (Fig. 4). Results showed that the
strongest relative chemiluminescence intensity was found at a
concentration of 7 x 10 mol L. Thus, the concentration of
luminol was selected as 7 x 10°® mol L' throughout the
research.
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Fig. 4. Effect of luminol concentration on the chemiluminescence intensity.
potassium ferricyanide: 4.0 x 10” mol L"'; sodium hydroxide: 0.6
mol L''; mezlocillin sodium: 8.0 x 10® g mL"!

Effect of potassium ferricyanide: The concentration of
potassium ferricyanide affected the chemiluminescence
intensity and the linear range. The effect of potassium ferri-
cyanide concentration was considered from 5 x 10°to 1 x 10*
mol L' as shown in Fig. 5. Results demonstrated that the
relative chemiluminescence intensity was on the decline at
the concentration higher or lower than 4 x 10 mol L. Conse-
quently, the concentration of potassium ferricyanide for 4 x
10° mol L' was chosen as optimum concentration for the
following research work.
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Fig. 5. Effect of K;[Fe(CN)s] concentration on the chemiluminescence
intensity. Luminal: 7.0 x 10°® mol L''; sodium hydroxide: 0.6 mol
L"; mezlocillin sodium: 8.0 x 10® g mL"!

Effect of other chemicals: The influence of surfactants
and energy acceptors was investigated. The surfactants
included sodium dodecyl benzene sulfonate, cetyltrimethyl
ammonium bromide and Tween 80. These surfactants (1.0 x
10 to 1.0 x 10* mol L) had no significant enhancement on
the chemiluminescence intensity. The energy acceptors, such
as Rhodamine B, Rhodamine 6G and Fluorenone, did not
increase the chemiluminescence intensity basically in the
concentration range of 5 x 10° to 5 x 10° mol L™'.

Calibration curves and detection limit: Under the
optimum conditions, the concentration of mezlocillin sodium
with the relative chemiluminescence intensity was proportional
in the range of 2 x 107 to 5 x 10° g mL". The regression
equation was Alnemituminescence = 312.11 X 10° Cineztocittin sodium +
572.12,1* = 0.9987.

The relative standard deviation for eleven parallel
measurements of 8 x 10 g mL"' mezlocillin sodium was 0.31
%. According to the [UPAC recommendations, calculation with
3 times blank standard deviation, the limit of detection was
6.8 x 10° g mL™".

Interference of coexisting substances: The influence of
possible coexistence material on the determination of 8.0 x
10" mol L' mezlocillin sodium was investigated. A 1000-fold
mass excess of excipients more than 8.0 x 10 mol L'
mezlocillin sodium was studied first. If interference occurred,
the scale would be reduced gradually until the interference
stopped. The criterion for interference was fixed at a +5.0 %
variation of the average relative chemiluminescence intensity
calculated for the established level of mezlocillin sodium. No
interference had been found when mixed in a 100-fold Na*,
K*, CI', NH,*, 50-fold Ca*, 10-fold Fe**, Br, I, 5-fold CsH,,Os,
3-fold CsHs0,Na;, HOC(CH,COOH),COOH and the same
concentration of Cu**, SO,

Determination of mezlocillin sodium for injection: Take
five mezlocillin sodium for injection (each contains 1.0 g
mezlocillin sodium), fetch its contents, weigh accurately and
mix evenly. Then, 0.01 g of mezlocillin sodium was put into a
beaker, dissolved with water and diluted to 50 mL amber-
coloured measuring flask, shake uniform to prepare for the
following use. Working solutions were diluted with water so
that the concentration of mezlocillin sodium in the final
solution was within the working range. The results of the
determination of mezlocillin sodium for injection were shown
in Table-1.

TABLE-1
RESULTS OF THE DETERMINATION OF MEZLOCILLIN
SODIUM FOR INJECTION®
Label Found Adde<li Found1 Recovery RSD
(9] (€9) (gmL) (gmL) (%)
1.0 0976 2x10°  2.1303x10° 106.50 0.54
4x10° 37071 x 10° 92.68 0.46
6x10°  5.6158x 10° 93.60 0.34
6x10°  5.6196x10° 93.66 0.34

‘Results are the average of three determinations

Conclusion

In sodium hydroxide medium, mezlocillin sodium
enhanced the chemiluminescence on the reaction of luminol
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with potassium ferricyanide. A flow-injection chemilumine-
scence method was proposed to determine mezlocillin sodium
for injection with satisfactory results. This method did not
require special reagents and offered advantages of simplicity,
rapidity, high sensitivity and wide linear range.
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