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ABSTRACT: A simple chemiluminescence (CL) method using flow injection has been developed for the determination of
clindamycin, based on the inhibitory effect of clindamycin on the CL generated from the luminol–K3Fe(CN)6 system in alkaline
medium. It was found that the decrement of CL intensity was linear with the logarithm of clindamycin concentration over the range
0.7–1000 ng/mL. The detection limit was 0.2 ng/mL with a relative standard deviation (RSD) of <5.0% (n = 7). At a flow rate of
3.0 mL/min, a complete analytical process could be performed within 0.5 min, including sampling and washing. The proposed pro-
cedure was applied successfully to the determination of clindamycin in pharmaceutical preparations and human urine without
pretreatment. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

Clindamycin [7(S)-chloro-7-deoxylincomycin] is an anti-
biotic drug (Fig. 1). It is synthesized from microbially
fermented lincomycin by replacing a hydroxyl group
at the 7-position of lincomycin by a chlorine group,
which significantly increases its activity (1). Clindamycin
is highly effective against Gram-positive and Gram-
negative anaerobic pathogens, as well as Gram-positive
aerobes, and appears to inhibit protein synthesis in sus-
ceptible organisms by binding 50 S ribosomal subunits;
the primary effect is inhibition of peptide bond forma-
tion (2, 3). Clindamycin is mainly used in the treatment
of serious respiratory tract infection, serious skin and
soft tissue infections, septicaemia, intra-abdominal in-
fections and infections of the female pelvis and genital
tract caused by susceptible anaerobic bacteria (3, 4).

Several analytical methods have been reported for
the determination of clindamycin in pharmaceutical
preparations or biological fluids, including spectropho-
tometry (5, 6), capillary electrophoresis (7) and high-
performance liquid chromatography (HPLC) coupled
with different types of detectors, e.g. electrochemical (8),
UV (9–12), MS (13–15) and chemiluminescence (CL)
(16). Compared with these techniques, the combination
of CL and a flow-injection (FI) method (FI–CL) pro-
vides many advantages for pharmaceutical analyses,

Figure 1. Chemical structure of clindamycin.

such as high sensitivity, high selectivity, small chemical
consumption, cost effectiveness and simple sample
preparation and instrumentation (17, 18), and has been
frequently used for this purpose in recent years (19). The
use of FI–CL for the determination of clindamycin
is based on the inhibitory effect of clindamycin on the
reaction between luminol and myoglobin (20).

In this study, it was found that K3Fe(CN)6 can oxidize
luminol to generate a CL signal in basic medium, and
clindamycin can inhibit CL intensity. The decrement of
CL intensity was linear with the logarithm of clindamy-
cin concentration over the range 0.7–1000 ng/mL. The
detection limit was 0.2 ng/mL with a relative standard
deviation (RSD) of <5.0% (n = 7). The proposed pro-
cedure was applied successfully to the determination of
clindamycin in pharmaceutical preparations and human
urine without pretreatment.
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EXPERIMENTAL

Chemicals

All chemicals were of analytical pure grade and were
used without further purification. All solutions were
prepared with distilled deionized water.

Clindamycin standard solution (50 μg/mL) was obtained
from Shaanxi Institute for Drug Control, and solutions
of the desired concentrations were obtained by diluting
the stock solution to volume with water. K3Fe(CN)6 was
purchased from Xi’an Chemical Reagent Plant. The
solution of K3Fe(CN)6 (0.01 mol/L) was obtained by
dissolving 0.3293 g K3Fe(CN)6 in water and diluting to
100 mL. A stock solution of 2.5 × 10−2 mol/L luminol
(Shaanxi Normal University, China; >95%) was pre-
pared by dissolving 0.44 g luminol in 100 mL 0.1 mol/L
NaOH (98% Panreac) solution and storing for at least
1 day in a refrigerator to attain stability before use. This
solution is stable for at least 1 week (21). Since luminol
works optimally at alkaline pH, 0.025 mol/L NaOH was
selected to give a better CL intensity (22).

Apparatus

The FI manifold (Fig. 2) consisted of two peristaltic
pumps (IFIS-C; Xi’an Ruike Electronic Science-Tech.
Co. Ltd, China) and the sample or standard solution was
injected via a six-way rotary valve with a 100 μL sample
loop. PTFE tubing with 1.0 mm i.d. was used as flow
lines for the CL reagent, K3Fe(CN)6 and NaOH, respec-
tively, and a T-shaped connector was used for merging
the reagent streams. The flow cell was made by coiling
30 cm clear glass tubing (2.0 mm i.d.) into a spiral disk
shape with a diameter of 2.0 cm and was placed to close
to the photomultiplier tube (PMT; operated at −650 V;
Hamamatsu, Tokyo, Japan) in order to produce a large
surface area. Extreme precautions were taken to ensure
that the sample compartment and PMT were light-tight.
The CL signal produced in the flow cell was detected
without wavelength discrimination, and the PMT output
was amplified and quantified by using a computerized
BPCL ultra-weak luminescence analyser (Institute of
Biophysics, Academia Sinica, Beijing, China). Data

acquisition and treatment were performed using BPCL
software running under Windows 95™. A UV-VIS
spectrophotometer (UV-2450; Shimadzu Corporation,
Japan) with an optical path length of 1.0 cm was also
used for monitoring the CL reaction.

Experimental procedures

Flow injection procedure. Initially, three FI mani-
folds were designed. Considering the higher CL intensity
and better stability, the FI manifold shown in Fig. 2 was
adopted in these experiments. In this manifold, the
carrier water and the solutions [luminol, K3Fe(CN)6,
NaOH, sample] were propelled at a constant flow rate
of 3.0 mL/min in each flow line. The pump was started
to wash the whole flow system until a stable baseline
was recorded. The luminol solution was first mixed
with sample, then 100 μL of this mixture was injected
into the carrier stream via a six-way valve, which was
then merged with the K3Fe(CN)6 stream. The mixture
was delivered to the CL cell in an alkaline medium,
and the peak height of the CL signal was detected by
the PMT in the luminometer. The concentration of
the sample was quantified by the decrease of CL in-
tensity (ΔI = Io − Is), where Io and Is were CL signals
in the absence and in the presence, respectively, of
clindamycin.

Preparation of tablet samples. Two kinds of phar-
maceutical preparations were purchased from the local
market. A total of 10 tablets or caplets of clindamycin
were accurately weighed individually, then ground and
mixed well. An appropriate amount of clindamycin,
equivalent to one tablet or caplet (150 mg clindamycin),
was accurately weighed and dissolved in water by sonica-
tion in a 50 mL volumetric flask. After filtering, aliquots
of the solution were diluted for the analysis. As pro-
posed, the sample was then diluted to the concentration
within the calibration range without pretreatment.

Preparation of urine samples. Urine samples col-
lected from two apparently healthy male volunteers
were spiked before determination. Known quantities of
clindamycin were spiked into 1.0 mL urine to prepare
the spiked samples. After homogenization, the spiked
urines were diluted by a factor of 1 × 105 and then
assayed directly by the proposed method.

RESULTS AND DISCUSSION

CL intensity–time profile

As shown in Fig. 3, a luminol–K3Fe(CN)6 mixture pro-
duced a CL signal; the CL intensity reached a maximum
at 12 s after injection and was then extinguished within

Figure 2. Scheme of the FI manifold for determination of
clindamycin.
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Effect of K3Fe(CN)6 concentration. The effect of
K3Fe(CN)6 concentration on the CL intensity was also
investigated in the presence of 100 ng/mL clindamycin
over the range 1.0 × 10−7–1.0 × 10−4 mol/L. With increasing
concentration of K3Fe(CN)6, the CL intensity increased
steeply and reached a maximum intensity at 3.0 × 10−5 mol/
L K3Fe(CN)6. Then the intensity was stable at K3Fe(CN)6

concentrations >3.0 × 10−5 mol/L. Therefore, 3.0 × 10−5 mol/
L K3Fe(CN)6 was selected for subsequent experiments.

Effect of NaOH concentration. Owing to the nature
of the luminol reaction, which is more favourable under
basic conditions, NaOH was introduced into the mani-
fold through a flow line to improve the sensitivity of the
system. NaOH solutions of different concentrations
(range 0.01– 0.2 mol/L) were studied. The concentration
of NaOH vs. CL intensity plot reached a maximum
about 0.025 mol/L and this concentration was employed
in subsequent experiments.

Effect of injection loop volume. It was necessary
to optimize the injection volume to achieve the desired
sensitivity. The influence of the sample/standard volume
on the CL signal was investigated by injecting the stand-
ard solution with varying volumes in the range 50–
500 μL. It was found that the peak height increased
with injection volume up to 100 μL, then the intensity
was stable. Therefore, the most suitable injection loop
volume was 100 μL.

Effects of flow rate and length of the mixing tube.
The effect of flow rate of 1.0 × 10−5 mol/L luminol,
3.0 × 10−5 mol/L K3Fe(CN)6 and 0.025 mol/L NaOH were
investigated in the range 1.0– 4.0 mL/min. The flow rate
of 3.0 mL/min was selected as an appropriate condition,
considering both good analytical precision and lower
reagent consumption. The length of the mixing tube was
also adjusted to yield maximum light emission in the CL
cell. A 5.0 cm mixing tube afforded the best results
with regard to sensitivity and reproducibility and was
accordingly selected as optimal.

Selected optimum conditions. The univariate opti-
mization method used above to study the effect of
variables on CL emission intensity gave the optimum
conditions shown in Table 1.

Figure 3. The CL intensity–time profile. A, CL intensity
in the absence of clindamycin; B, CL intensity in the presence
of 10 ng/mL clindamycin; C, CL intensity in the presence of
100 ng/mL clindamycin; D, CL intensity in the presence of
500 ng/mL clindamycin.

25 s. On adding the sample into the above mixture, a
decreased CL signal was recorded. The peak heights
of the CL emission decrement were proportional to the
logarithm of clindamycin concentration.

Optimization of the flow-injection system

Manifold design. The performances of the three FI–
CL manifolds were tested for clindamycin determina-
tion based on CL signal produced by the reaction of
the luminol–K3Fe(CN)6 system in alkaline medium. It
was found that the FI manifold (Fig. 2) was suitable
because it exhibited the greatest CL emission intensity,
more than two or three times as much as those obtained
using the other manifolds. It is possible that the configu-
ration of the FI manifold is optimal to provide effective
reaction of luminol, K3Fe(CN)6 and sample.

Effect of luminol concentration. The effect of luminol
was tested for different luminol solutions in the range
1.0 × 10−8–1.0 × 10−4 mol/L in the presence of 100 ng/mL
clindamycin. With increasing luminol concentration
the CL signal increased steadily until luminol was
1.0 × 10−5 mol/L, after which the CL intensity was stable.
Therefore, 1.0 × 10−5 mol/L luminol solution was selected
as optimal for the present system.

Table 1. The optimum conditions for determination of clindamycin

Parameters studied Range Optimum

Luminol concentration (mol/L) 1.0 × 10−8–1.0 × 10−4 1.0 × 10−5

K3Fe(CN)6 concentration (mol/L) 1.0 × 10−7–1.0 × 10−4 3.0 × 10−5

NaOH concentration (mol/L) 0.01–0.2 0.025
Injection loop volume (μL) 50–500 100
The length of mixing tubing (cm) 1–15 5
Flow rate of reagents (mL/min) 1.0–4.0 3.0
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Figure 4. Calibration graph for clindamycin.

Table 3. Results of clindamycin in capsule 1a

Sample Added Found RSD Recovery By proposed By UV
No. (ng/mL) (ng/mL) (%) (%) method (mg/tab) (mg/tab)

1 0 30.4 0.20 109.2 152.00 ± 0.30 148.3
30 63.2 0.53

2 0 29.8 0.81 104.7 149.00 ± 1.21 150.2
50 82.2 2.93

3 0 48.3 1.42 94.2 144.90 ± 2.06 146.8
50 95.4 2.25

4 0 49.4 1.06 96.2 148.20 ± 1.57 149.5
100 145.6 1.53

aAverage of five determinations.

Performance of the system for clindamycin
measurements

A series of standard solutions were injected into the
manifold depicted in Fig. 2 under the optimized con-
ditions selected to test the linearity of clindamycin.
It was found that the inhibition of CL intensity was
linear with the logarithm of clindamycin concentration.
As shown in Fig. 4, the linear range was 0.7–1000 ng/mL
and the regression equation was ΔICL = 56.718 log
Cclindamycin + 25.507 (r2 = 0.9986). The RSDs of seven
determinations were 1.56%, 0.85% and 1.21% with
clindamycin concentrations of 10, 100 and 500 ng/mL,
respectively. The detection limit was 0.2 ng/mL.

Interference study

The effect of some common inorganic ions and excipient
species on the determination of 100 ng/mL clindamycin
solution was studied. The tolerance limit was taken as
the amount that caused a relative error of ±5% in the
peak height, and the results are listed in Table 2. Com-
pounds abundant in human urine, such as electrolytes,
lipids and proteins, caused no obvious interference in the
determination of clindamycin.

Applications

Determination of clindamycin in pharmaceutical
preparations. Following the procedure described above,

Table 2. Tolerable concentration with respect to 100 ng/mL
clindamycin for some interfering species

Tolerable
concentration

Species (μg/mL)

Cl−, NO3
−, Ac−, I−, SO4

2−, PO4
3−, borate, 30

oxalate, cellulose
Amylum, glutin, urea, stearic acid 10
NH4

+, Mg2+, Ca2+, Ba2+, Zn2+, Ni2+, Mn2+ 5
Methanol, ethanol 3
Cu2+, Fe3+, Cr3+ 0.5
Uric acid 0.1

the proposed method was applied to determine clin-
damycin in two different commercial pharmaceutical
formulations. The results were comparable with those
declared on the formulation labels and with those
obtained by using the spectrometric method (UV-2450,
Shimadzu Corporation, Japan) for determination of
clindamycin at 200.4 nm (Tables 3, 4).

Determination of clindamycin in spiked human
urine samples. The proposed CL method using the
luminol–K3Fe(CN)6 system was also used to determine
clindamycin in spiked samples of urine. Six spiked urine
samples were determined for clindamycin by a standard
addition method. The results are listed in Table 5,
and the method was verified by the determination of
recoveries (varying in the range 93.1–108.7%). The
proposed method was very sensitive for clindamycin
determination in biological fluids, especially in human
urine samples.

Possible mechanism of the CL reaction

It was reported that K3Fe(CN)6 can oxidize luminol
to generate a CL signal in basic medium (23). In the
present study it was also found that clindamycin could
inhibit the CL generated from the luminol–K3Fe(CN)6

system. In order to investigate the possible mechanism
of clindamycin inhibition of the luminol–K3Fe(CN)6

reaction, the FI–CL and UV methods were adopted
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Table 4. Results of clindamycin in capsule 2a

Sample Added Found RSD Recovery By proposed By UV
No. (ng/mL) (ng/mL) (%) (%) method (mg/tab) (mg/tab)

1 0 50.0 3.65 105.1 150.00 ± 5.48 149.3
50 102.6 0.34

2 0 48.3 2.22 103.4 144.90 ± 3.22 145.2
70 120.7 1.38

3 0 101.2 1.27 103.8 151.80 ± 1.93 148.6
100 205.0 0.76

4 0 99.7 1.13 98.5 149.55 ± 1.69 150.5
300 395.1 0.49

aAverage of five determinations.

Table 6. Results of different reaction systems by UV and CL
methods

Species Aa
221nm Aa

260nm Icl
b

Luminol 0.530 — 89
Clindamycin — — —
K3Fe(CN)6 — 0.049 —
Luminol + clindamycin 0.657 — 24
K3Fe(CN)6 + clindamycin — 0.050 —

aConcentrations of clindamycin, K3Fe(CN)6 and luminol were 1 μg/mL,
3.0 × 10−5 mol/L and 2.0 × 10−5 mol/L, respectively.
bConcentrations of clindamycin, K3Fe(CN)6, NaOH and luminol were
1 μg/mL, 3.0 × 10−5 mol/L, 0.025 mol/L and 1.0 × 10−5 mol/L, respectively.

was added, the CL intensity of the luminol–K3Fe(CN)6

system was reduced, and this decrease of CL signal was
proportional to the logarithm of clindamycin concentra-
tion. Hence, the mechanism of the inhibition effect of
clindamycin on the luminol–K3Fe(CN)6 CL system could
be proposed as:
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Luminol K Fe CN Aminophthalate�+�h
nm

3
NaOH  ( )           

(    )max

+ ⎯→⎯
=

6

425
ν

λ

CONCLUSIONS

The proposed FI–CL detection method has proved to
be simple, rapid and sensitive for clindamycin deter-
mination. The linearity of the calibration graph is in
the useful concentration range for determination of the
drug in pharmaceutical preparations. Satisfactory per-
formance in an assay of clindamycin in pharmaceutical
preparations and biological fluids demonstrated that the
method was practical and suitable, not only for quality

Table 5. Results of clindamycin in spiked human urine samplesa

Sample Added Found RSD Recovery By proposed method/
No. (ng/mL) (ng/mL) (%) (%) spiked (μg/mL)

1 0 50.9 0.74 108.7 10.18/10.0
30 83.5 0.24

2 0 50.9 0.52 99.1 10.18/10.0
50 100.5 1.03

3 0 49.3 0.39 93.1 9.86/10.0
70 114.4 0.81

4 0 69.0 0.53 100.5 9.86/10.0
50 119.3 0.44

5 0 68.7 0.41 104.8 9.81/10.0
70 142.1 1.41

6 0 71.6 2.39 95.2 10.23/10.0
100 166.8 2.69

aAverage of five determinations.

and the results are shown in Table 6. It was found that
the absorption intensity of luminol at 221 nm was
increased from 0.530 to 0.657 in the presence of
clindamycin; while the absorption of K3Fe(CN)6 at
260 nm was unaltered when clindamycin was present,
suggesting that clindamycin would react with luminol to
reduce the concentration of luminol, then the CL in-
tensity was decreased. In this work, K3Fe(CN)6 was
used to enhance the CL intensity of luminol to improve
the sensitivity of the determination. When clindamycin
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control analysis but also for complex biological samples,
confirming promise for pharmacological and clinical
research.
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