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Abstract A rapid, simple and highly sensitive second
derivative synchronous fluorometric method has been devel-
oped for the simultaneous analysis of binary mixture of
cinnarizine (CN) and domperidone (DOM). The method is
based upon measurement of the native fluorescence of these
drugs at Δ1=80 nm in aqueous methanol (50% V/V). The
different experimental parameters affecting the native fluores-
cence of the studied drugs were carefully studied and
optimized. The fluorescence-concentration plots were rectilin-
ear over the range of 0.1 to 1.3 μg mL−1 and 0.1–3.0 μg mL−1

for CN and DOM, respectively with lower detection limits of
0.017 and 5.77×10−3 μg mL−1 and quantification limits of
0.058 and 0.02 μg mL−1 for CN and DOM. The proposed
method was successfully applied for the determination of the
studied compounds in synthetic mixtures and in commercial
tablets. The results obtained were in good agreement with
those obtained with reference methods. The high sensitivity
attained by the synchronous fluorometric method allowed the
determination of CN in real and spiked human plasma. The
mean % recoveries in case of spiked human plasma (n=3)
were 96.39±1.18 while that in real human plasma (n=3) was
104.67±4.16.
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Introduction

Cinnarizine (CN) is a calcium channel blocker, co-formulated
with domperidone (DOM) in its pharmaceutical preparations.
CN, 1-(Diphenylmethyl)-4-(3-phenyl-2-propenyl) piperazine
(Fig. 1) is a piperazine derivative with antihistaminic,
sedative, and calcium channel blocking activity. It is used
for the symptomatic treatment of nausea and vertigo caused
by Menier’s disease and other vestibular disorders. It is also
used for the prevention and treatment of motion sickness [1,
2]. On the other hand, DOM, 5-Chloro-1-[1-[3-(2-oxo-1-
benzimidazolinyl) propyl]-4-piperidyl]-2-benzimidazolinone
(Fig. 1) is a dopamine antagonist used as an antiemetic for
the short term treatment of nausea and vomiting of various
aetiologies. It is also used for its prokinetic actions in
disorders of gastro-intestinal motility [1, 2].

Several analytical methods have been reported for the
determination of CN, either per se or in pharmaceutical
preparations and biological fluids, these methods include
non-aqueous titration [3], spectrophotometry [4–8], elec-
troanalysis [9, 10], high-performance liquid chromatogra-
phy (HPLC) [11–14] and GC [15].

Regarding DOM, many reports have been described for
its determination, both in formulations and biological
fluids. The reports include non-aqueous titration [3],
spectrophotometry [16–19], fluorimetry [20], voltammetry
[21], HPTLC [22] and HPLC [23–27].

CN and DOM are co-formulated in a binary mixture for
the treatment of motion sickness. The combined dosage
form of CN and DOM is more widely used and more
effective in controlling the motion sickness disease than the
individual drugs [28].

The determination of CN and DOM in the coformulated
tablets has great significance for the control of clinical
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therapy. So, a simple, rapid, and sensitive analytical
methods for separation and determination of CN and
DOM in the coformulated tablets are required.

Four analytical methods have been reported for the
simultaneous determination of this mixture, viz; derivative
ratio spectrophotometry [29] and HPLC [30–32]. But the
spectrophotometric method sensitivity was rather poor [29].
Also, the HPLC procedures were not sensitive and required a
large amount of organic solvents and long analysis time [30–
32]. Moreover, the spectrophotometric or HPLC methods did
not enable the determination of CN in the biological fluids.

To overcome these problems, a new, sensitive, simple
but useful second derivative synchronous fluorometric
method was developed for the separation and determination
of CN and DOM in their coformulated tablets.

In fluorometric methods, high sensitivity and selectivity
are generally expected. However, problems of selectivity
can occur in multicomponent analysis because of the
overlap of the broadband spectra observed. Synchronous
fluorescence spectroscopy (SFS) has been found to have
several advantages such as simple spectra, high selectivity
and low interference etc [33]. Because of its sharp, narrow
spectrum, SFS serves as a very simple, effective method of
obtaining data for quantitative determination in a single
measurement [34].

SFS techniques are classified according to the scanning
modes of monochromators into constant-wavelength, variety-
angle and constant-energy. At present, constant wavelength
method, that is to maintain a constant difference wavelength
between the emission and excitation wavelengths, is used
most extensively.

The combination of SFS and derivatives is more
advantageous than differentiation of the conventional
emission spectrum in terms of sensitivity, because the
amplitude of the derivative signal is inversely proportional
to the band width of the original spectrum [35, 36].

Recently, derivative synchronous fluorometry (DSF)
technique has been utilized for the determination of
different mixtures in their co-formulated dosage forms and
biological fluids such asmetacycline and oxytetracycline [37],
aspirin with caffeine [38] or aspirin with salicylic acid [39],
diflunisal and salicylic acid [40], carvedilol and ampicillin

[41], oxytetracycline in medicated premixes and feeds [42]
and mixtures of non steroidal anti-inflammatory drugs [43].

The aim of the present work was to develop a simple,
sensitive and rapid method for the simultaneous determi-
nation of CN with DOM through second derivative
synchronous fluorometry (SDSFS) based on their native
fluorescence. Because of the high overlap of the emission
spectra of CN and DOM, it was difficult to analyse and
determine their contents by conventional fluorometry. Such
problem was resolved by using SDSFS. The synchronous
spectrum at constant Δ1=80 nm between the emission and
excitation wavelengths, has been selected as the optimum
one to perform the determination. This method was applied
to the simultaneous determination of CN with DOM in
synthetic mixtures and in co-formulated pharmaceutical
preparations. Also, the sensitivity of the synchronous
fluorometric method enables the determination of CN in
spiked and real human plasma.

To the best of our knowledge, neither conventional nor
synchronous spectrofluorometric method has not been
reported for the analysis of CN and DOM in binary
mixtures up till now. This initiated the present study.

Fig. 1 Structural formulae of the
studied drugs

Table 1 Performance data of the second derivative synchronous
spectrofluorometric method

Parameters CN DOM

Concentration range (μg mL−1) 0.1–1.3 0.1–3
Correlation coefficient 0.9999 0.9999
Slope 163.80 35.11
Intercept 0.118 0.031
LOD (μg mL−1) 0.017 5.77×10−3

LOQ (μg mL−1) 0.058 0.019
Sy/x 0.184 0.046
Sa 0.943 0.068
Sb 0.168 0.0174
%RSD 0.591 1.421
%Er 0.223 0.149

Sy/x = standard deviation of the residuals; Sa = standard deviation of
the intercept; %RSD = relative standard deviation; Sb = standard
deviation of the slope; %Er = %RSD/√n
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Experimental

Apparatus

The fluorescence spectra and measurements were recorded
using a Perkin-Elmer UK model LS 45 luminescence
spectrometer, equipped with a 150 W Xenon arc lamp,
gratting excitation and emission monochromators for all
measurements and a Perkin-Elmer recorder. Slit widths for
both monochromators were set at 10 nm. A 1 cm quartz cell
was used. Derivative spectra were evaluated using Fluores-
cence Data Manger (FLDM) software.

A pH Meter (Model pHS-3C, Shanghai Leici instru-
ments Factory, China) was used for pH adjustment.

Materials and reagents

All reagents and solvents were of Analytical Reagent
Grade.

– CN and DOM pure samples were purchased from
Sigma (St. Louis, Mo, USA ) and used as received.

– Methanol (Merck, Darmstadt, Germany)
– Borate buffer ( 0.2 M, pH 6–11)

– Acetate buffer (0.2 M, pH 3.0–5.6)
– Sodium hydroxide (BDH, UK), 0.1 M aqueous

solution.
– Plasma samples were obtained from Mansoura Univer-

sity Hospital, Mansoura, Egypt and were kept frozen
until use after gentle thawing.

Standard solutions

Stock solutions of CN and DOM were prepared by
dissolving 10.0 mg of each of the studied compound in
100.0 mL of methanol and further dilute with the same
solvent as appropriate. The standard solutions were stable
for 10 days when kept in the refrigerator.

General procedure

Aliquots of CN and DOM standard solutions covering the
working concentration range cited in Table 1 were transferred
into a series of 10 mL volumetric flasks. 2.0 mL of acetate
buffer solution (pH 3.5) and 5 mL of methanol were added to
each flask. The solutions were diluted to the mark with
distilled water and mixed well. The synchronous fluorescence

Fig. 2 Normal fluorescence
spectra at pH 3.5 of: (A, A′) are
excitation and emission spectra
of DOM (2 μg mL−1) (B, B′) are
excitation and emission spectra
of CN (1 μg mL−1)

J Fluoresc (2008) 18:61–74 6363



spectra of the solutions were recorded by scanning both
monochromators at a constant wavelength difference Δ1=
80 nm with scan rate of 600 nm min−1 using 10 nm excitation
and emission windows. The second derivative fluorescence
spectra of CN and DOM were derived from the normal
synchronous spectra using FLDM software. For best resolution
and smoothing, number of points of 99 were used for deriving
the second derivative spectra. The fluorescence intensities of
the second derivative spectra were estimated at 247 nm and
305 nm for CN and DOM, respectively. A blank experiment
was performed simultaneously. The corrected FI of the second
derivative technique was plotted vs final concentration of the
drug (μg mL−1) to get the calibration graph. Alternatively, the
corresponding regression equations were derived.

Applications

Procedure for the synthetic mixture

Aliquots of CN with DOM standard solutions in different
ratios of 4:3 were transferred into a series of 10 mL
volumetric flasks. Two milliliters of acetate buffer solution

(pH 3.5) and 5 mL of methanol were added. The solutions
were diluted to the mark with distilled water and mixed
well. The “general procedure” was then adopted. The
corrected FI of the second derivative technique was plotted
vs final concentration of the drug (μg mL−1) to get the
calibration graphs. Alternatively, the corresponding regres-
sion equations were derived.

Procedure for the co-formulated preparation

Five milligrams of powdered tablets equivalent to 2.86 mg CN
and 2.14 mg DOM for touristil tablets were transferred into
small conical flask and extracted with 3×30 mL of methanol.
The extract was filtered into 100 mL volumetric flask. The
conical flask was washed with fewmilliliters of methanol. The
washings were passed into the same volumetric flask and
completed to the mark with the same solvent. Aliquots
covering the working concentration range cited in Table 1
were transferred into 10 mL volumetric flasks. The general
procedure was then applied and the nominal content of tablets
was determined either from a previously plotted calibration
graph or using the corresponding regression equation.

Fig. 3 Synchronous fluores-
cence spectra of CN at 248 nm
and DOM where 1 is the spec-
trum of DOM (3 μg mL−1) and
2 a–h are spectra of CN (0.025,
0.2, 0.4, 0.6, 0.8, 1, 1.3 and
1.5 μg mL−1, respectively)
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Procedure for spiked human plasma

One milliliter aliquots of human plasma spiked with
increasing quantities of CN were transferred into separating
funnels. The spiked plasma was extracted with 3×5 mL of
chloroform. The organic layer was passed over anhydrous
sodium sulphate and evaporated to dryness. The general
procedure of synchronous fluorometric method was then
applied. A blank experiment was carried out simultaneous-
ly. The nominal content of the drug was determined using
the corresponding regression equation.

Procedure for real human plasma

As for the real human plasma, CN (25 mg/ tablet) was
orally administered to healthy volunteer (male, 40 years
old). Five milliliters of blood sample was withdrawn from

the volunteer. After 2 h, 4 mL of 5% EDTA solution were
added, and centrifuged at 3500 rpm for 15 min to get
3.5 mL of plasma. The general procedures of synchronous
fluorometric method was then proceeded. The nominal
content of CN in plasma was determined according to
previous report [44] using the following equation:

Recoveryin vivo ¼ Deliveryin vivo � Recoveryin vitro=Deliveryin vitro

Results and discussion

SDSF spectra of CN and DOM

Both of CN with DOM exhibit native fluorescence with
1max at 315 nm and 324 nm, respectively after excitation at
280 nm (Fig. 2). It is clear that, the emission spectra of CN

Fig. 4 Synchronous fluores-
cence spectra of DOM at
282 nm and CN where 1 is the
spectrum of CN (1 μg mL−1)
and 2 a–h are spectra of DOM
(0.1, 0.2, 0.4, 0.6, 0.8, 1, 2 and
3 μg mL−1, respectively)
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and DOM were greatly overlapped and analysis of such
mixture is challenging. Such problem is aggravated if it is
desired to determine those compounds in their co-formulated
preparations and biological fluids.

It was necessary to record first, the normal synchronous
spectra for CN and DOM to derive the second derivative
synchronous spectra. Figure 3 shows the SF spectra of
different concentrations of CN (maximum at 248 nm), and
Fig. 4 illustrates the SF spectra of different concentrations
of DOM (maxima at 233 and 282 nm). The measurement of
the relative fluorescence of DOM was carried at 282 nm as
this peak is more sensitive, with reproducible results and
less overlapped with CN spectrum.

This encouraged us to perform SDSFS technique for the
simultaneous determination of each of the studied drugs in its
co-formulated preparation without prior extraction or separa-
tion step.

Fluorescence spectra of CN and DOM were separated
entirely using SDSFS. Figure 5 shows that CN can be

separated at 247 nm in presence of DOM. Figure 6 shows
that DOM can be separated at 305 nm in presence of CN.

Optimization of experimental conditions

Different experimental parameters affecting the formation
and stability of the fluorescence of the studied compounds
were carefully studied and optimized. Such factors were
changed individually while others were kept constant.
These factors included Δ1 selection, pH, type and volume
of the diluting solvent, stability time and ionic strength.

Selection of optimum Δ1

The synchronous fluorescence spectra of CN with DOM
were recorded using different Δ1. The optimum Δ1 value
is very important for performing synchronous fluorescence
scanning technique concerning resolution, sensitivity and
features. It can directly influence spectral shape, band width

Fig. 5 Second derivative syn-
chronous fluorescence spectra of
CN in presence of DOM at
247.43 nm. 1 Spectrum of DOM
(3 μg mL−1). 2 a–g Spectra of
CN (0.1, 0.2, 0.4, 0.6, 0.7, 1 and
1.3 μg mL−1, respectively)
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and signal value. For this reason a wide range of Δ1 (20,
40, 60, 80, 100 and 120 nm) was examined. When Δ1 is
less than 80 nm, the spectra shape is irregular and the
fluorescence intensity is very weak. When Δ1 is more than
80 nm, poor separation of the two peaks was obtained.
Therefore, Δ1 of 80 was chosen as the optimal one for
separation of mixture of CN with DOM, since it resulted in
two distinct peaks with good shape and to minimize the
spectral interference caused by each compound in the
mixture.

Effect of pH

The influence of pH on the normal synchronous fluores-
cence intensity of the studied drugs was investigated using
different types of buffers covering the whole pH range,
such as acetate buffer solutions over the pH range of 3–5.6
and borate buffer from pH 6–11. The results showed that
the relative fluorescence intensities of the studied com-
pounds change with pH. as shown in Fig. 7. Variation of
pH from 1.0 to 13.0 was investigated. It is emphasized that

relative fluorescence intensity of CN and DOM is less
affected by the pH change over the range 3.0 to 5.0.
Therefore, acetate buffer of pH 3.5 was chosen as the
optimal one throughout the study.

Fig. 6 Second derivative syn-
chronous fluorescence spectra of
different concentrations of
DOM in presence of CN at
305.20 nm. 1 Spectrum of CN
(1 μg mL−1). 2 a–h Spectra of
DOM (0.1, 0.2, 0.4, 0.6, 0.8, 1,
2 and 3 μg mL−1, respectively)

Fig. 7 Effect of pH on the synchronous fluorescence spectra of the
studied drugs
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Effect of diluting solvent

Dilutionwith different solvents such as water, methanol, ethanol,
isopropanol, dimethyl sulfoxide (DMSO) and dimethyl form-
amide was attempted. The results are shown in Figs. 8 and 9.
Figure 8 illustrates that the fluorescence intensity of CN
increased in methanol more than the other solvents. On the
other hand, the fluorescence intensity of DOM was increased in
DMSO more than methanol and their peaks were shifted in
DMSO to 307 nm. The results are further investigated in Fig. 9.
Since the aim of the work is to determine CN in presence of its
co-formulated drugs, we must emphasize the effect of organic
solvent on the relative fluorescence intensity of CN. So,
methanol was selected as the best solvent for the dilution.

The effect of volume of methanol was also studied.
Figures 8 and 9 showed that relative fluorescence intensity
of CN and DOM have no great change over the range of 4–
6 mL of methanol. So, 5 mL of methanol is selected as the
optimum volume of diluting solvent for determination of CN
with DOM.

Fig. 8 Graphical 3 D perspective of effect of organic solvent on
synchronous fluorescence spectra of CN where: empty circles
methanol, filled circles ethanol, empty squares isopropanol, filled
squares DMF, triangles DMSO

Table 2 Application of the second derivative synchronous spectro-
fluorometric method for the determination of the studied drugs in the
pure form

Compound Concentration
taken
(μg mL−1)

Concentration
found
(μg mL−1)

Recovery,
%

Comparison
method [3]

CN
0.1 0.099 99.00
0.2 0.199 99.50 101.37
0.4 0.402 100.50 99.52
0.6 0.599 99.84 100.75
0.7 0.699 99.86
1.0 0.999 99.90
1.3 1.310 100.77

x�SD 99.91±0.59 100.55±
0.94

t-test 1.925
(2.262)

F-test 2.54 (5.14)
DOM

0.1 0.099 99.00
0.2 0.199 99.50
0.4 0.402 100.50
0.6 0.599 99.83 100.51
0.8 0.799 99.88 100.09
1.0 1.002 100.20 99.38
2.0 1.999 99.95
3.0 3.000 100.00

x�SD 99.87±0.42 99.99±0.57
t-test 0.389

(2.306)
F-test 1.84 (4.74)

Figures between parenthesis are the tabulated t and F values,
respectively at p=0.05 [46]

Fig. 9 Graphical 3 D perspective of effect of organic solvent on
synchronous fluorescence spectra of DOM where: empty circles
methanol, filled circles ethanol, empty squares isopropanol, filled
squares DMF, triangles DMSO
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Effect of time

The effect of time on the development and stability of the
fluorescence intensity of the drugs was also studied. It was
found that the fluorescence intensity was immediately devel-
oped instanteously and remained stable for more than 2 h.

Effect of ionic strength

The impact of ionic strength on the system was also studied
using different concentrations of NaCl ranging from 5×10−3 M
to 0.1 M. NaCl has been used as a counter ions to study ionic
strength since sodium ions have higher adsorption over the

Fig. 10 Second derivative
synchronous fluorescence
spectra of simultaneous mixture
of 1 μg mL−1 CN and
0.75 μg mL−1 DOM where:
a the mixture, b 1 μg mL−1 CN,
c 0.75 μg mL−1 DOM

Table 3 Application of the second derivative synchronous spectrofluorometric method for the determination of the studied drugs in their
synthetic mixture

Sample Concentration taken (μg mL−1) Concentration found (μg mL−1) Recovery, % Comparison method (29)

CN DOM CN DOM CN DOM CN DOM

CN and DOM mixture 1.0 0.75 0.998 0.740 99.80 98.67 98.70 99.13
1.2 0.90 1.205 0.878 100.42 97.56 100.85 98.26
1.5 1.125 1.530 1.117 102.00 99.29 99.33 99.71

(x) 100.74 98.51 99.63 99.03
± SD ±1.13 ±0.88 ±1.11 ±0.73
% RSD 1.12 0.89 1.11 0.74
% Error 0.65 0.51 0.64 0.43
F-test 1.04 1.45
t-test 1.213 0.788

Each result is the average of three separate determinations The values of tabulated t and F tests are 2.776, 19.00 respectively at p=0.05 [46]
SD = standard deviations
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negative charge on the molecule and chloride ions have the
same effect. The results showed that there was no effect of
NaCl concentration on the fluorescence intensity of the
studied drugs.

Analytical performance

The fluorescence-concentration plots for the studied drugs by
SDSFSwere linear over the concentration range cited in Table 1.

Linear regression analysis of the data gave the following
equations:

F ¼ 0:118þ 163:803C r ¼ 0:9999ð Þ for CN at 247:43 nm

F ¼ 0:031þ 35:107C r ¼ 0:9999ð Þ for DOMat 305:20 nm

where F is fluorescence intensity, C is the concentration of
the drug (μg mL−1) and r is correlation coefficient.

The limit of quantification (LOQ) was determined by
establishing the lowest concentration that can be measured
according to ICH Q2B recommendations [45], below which
the calibration graph is non linear (LOQ=10 σ/S where S is
the slope and σ is the standard deviation of the intercept of
regression line of the calibration curve). The limit of
detection (LOD) was determined by evaluating the lowest
concentration of the analyte that can be readily detected
(LOD=3.3 σ /S). The results of LOD and LOQ of CN with
DOM and NIC by the proposed method are abridged in
Table 1.

The proposed method was evaluated by studying the
accuracy as percent relative error and precision as percent
relative standard deviation. The results are abridged in
Table 1.

Statistical analysis [46] of the results obtained by the
proposed and the comparison methods [3, 29] using
Student’s t-test and variance ratio F-test, shows no
significant difference between the performance of the two
methods regarding the accuracy and precision, respectively
(Table 2).

Analysis of synthetic mixture sample

The proposed method was applied to the simultaneous
determination of CN with DOM in synthetic mixtures
containing different concentrations of both drugs in a ratio
of 4:3 (Fig. 10). The relative fluorescence intensities of
second derivative technique were measured for both drugs.
The second derivative signal of CN was measured at
247.43 nm which is considered as zero crossing point for
DOM and the second derivative signal for DOM was
measured at 305.20 nm which is the zero crossing point for

Table 4 Validation of the synchronous spectrofluorometric method
for the determination of CN in spiked human plasma

Mode of
precision

Concentration
added (μg mL−1)

Concentration
Found (μg mL−1)

Recovery, %

Intra day
0.04 0.0398 99.50

0.0414 103.50
0.0416 104.00

Mean found, x 102.33
± SD ±2.47
% RSD 2.41
% Error 1.39
Inter day

0.04 0.0406 101.50
0.0427 106.75
0.0413 103.25

Mean found, x 103.83
± SD ±2.67
% RSD 2.57
% Error 1.48

SD = standard deviations

Table 5 Application of the second derivative synchronous spectrofluorometric method to the determination of the studied drugs in their co-
formulated preparations

Preparation Concentration taken (μg mL−1) Concentration found (μg mL−1) Recovery, % Comparison method [29]

CN DOM CN DOM CN DOM CN DOM

Touristil tablets 1.0 0.75 1.006 0.748 100.60 97.73 100.72 98.15
(CN 20 mg + DOM 15 mg/tablet) 1.2 0.9 1.233 0.861 102.75 95.67 100.98 98.94
Batch # 020071 1.5 1.125 1.553 1.105 103.53 98.22 101.31 98.70
(x) 102.29 97.21 101.34 98.60
±SD ±1.52 ±1.35 ±0.37 ±0.41
% RSD 1.49 1.39 0.37 0.42
% Error 0.86 0.80 0.21 0.24
F-test 16.88 10.84
t-test 1.048 1.696

Each result is the average of three separate determinations (product of Janssen Cilag Company, Cairo, Egypt, Under Licence of Janssen
Pharmaceutica, Belgium). The values of tabulated t and F tests are 2.776, 19.00 respectively at p=0.05 [46].
SD = standard deviations
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CN. The concentrations of both drugs in the synthetic mixture
were calculated according to the linear regression equation of
the calibration graphs. The results obtained regarding %RSD
and% relative error were compared with that obtained using a
reference method. The results indicates high accuracy of the
proposed method as shown in Table 3.

Validation of the method

Linearity

The proposed method was tested for linearity, specificity,
accuracy and precision. Linear regression equations were
obtained. The regression plots showed a linear dependence
of FI values on drug concentration over the range cited in
Table 1. The small values of the figures point out to the low
scattering of the points around the calibration curve and
high accuracy and precision of the proposed method.

Accuracy and precision

The intra-day precision was evaluated through replicate
analysis of plasma sample spiked with 0.04 μg mL−1 of

Fig. 11 Synchronous fluores-
cence spectra of 0.04 μg mL−1

CN at 248 nm in spiked human
plasma. a Plasma bank, b
0.04 μg mL−1 CN

Table 6 Application of the synchronous spectrofluorometric method
to the determination of CN in spiked and real human plasma

Sample Concentration
added (μg mL−1)

Concentration
found (μg mL−1)

Recovery, %

Spiked plasma sample
0.025 0.0247 98.80
0.03 0.0304 101.33
0.04 0.0398 99.50

Mean found, x 99.88
± SD ±1.31
% RSD 1.31
% Error 0.76
Real plasma sample

0.04 0.0405 101.25
0.0409 102.25
0.0383 95.75

Mean found, x 99.75
± SD ±3.50
% RSD 3.51
% Error 2.03

SD = standard deviations

J Fluoresc (2008) 18:61–74 7171



CN. This concentration was analyzed on three successive
times. The mean percentage recovery was 102.33±2.47 at
248 nm. The repeatability and reproducibility are fairly good
as indicated by the small values of standard deviations.

The inter-day precision was evaluated through replicate
analysis plasma sample spiked with 0.04 μg mL−1 of CN
on three successive days. The percentage recovery based on
the average of three separate determinations was 103.83±
2.67 at 248 nm. The results obtained by the proposed
method are abridged in Table 4.

The accuracy of the proposed method was evaluated by
analyzing standard solutions of the studied drugs. Moreover
the results were favorably compared with those obtained
using a reference method [29]. The reference method include
first derivative ratio spectrophotometric measurement for the
mixture at 291 nm using Δ1 of 4 and scaling factor of 10.

Robustness of the method

The robustness of the proposed method is demonstrated by
the constancy of the fluorescence intensity with the
deliberated changes in the experimental parameters such
as pH, 3.5±0.5 and change in the volume of methanol, 5±
1 mL for the studied drugs. These minor changes that may
take place during the experimental operation didn’t greatly
affect the fluorescence intensity of the mixture.

Pharmaceutical applications

The proposed method was applied to the determination of
the studied drugs in their commercial tablets. The specific-
ity of the method was investigated by observing any
interference encountered from the common tablet exce-
pients, such as talc (20 mg), lactose (15 mg), starch
(15 mg), avisil (15 mg), gelatine (0.7 mg), and magnesium
stearate (10 mg). These excepients did not interfere with the
proposed method. The results of the proposed method were
compared with those obtained using the comparison
method [29]. Statistical analysis [46] of the results obtained
using Student’s t-test and variance ratio F-test revealed no
significant difference between the performance of the two
methods regarding the accuracy and precision, respectively
(Table 5).

Biological applications

The high sensitivity of the synchronous spectrofluorometric
method allowed the determination of CN in biological
fluids (Fig. 11). The method was further applied to the in-
vitro and in-vivo determination of CN in spiked and real
human plasma.

CN is absorbed from gastro-intestinal tract. Following
oral ingestion of a single oral dose of 50 mg, CN gives a

mean peak plasma concentration of 0.08 mg L−1 attained in
about 2.3 h [47]. This value lies within the working
concentration range of the proposed method. The mean
percentage recovery of CN in spiked human plasma sample
was 99.88±1.31 at 248 nm (Table 6). The method involved
extraction with chloroform. The extraction procedure
described by Rosseel et al. [13] was adopted.

The within-day precision was evaluated through repli-
cate analysis of plasma sample spiked with different
concentrations of the drug (0.025–0.04 μg mL−1). The
mean percentage recovery based on the average of three
separate determinations was 99.88±1.31 at 248 nm.. The
results are abridged in table [6]. On the other hand, the %
recovery of CN in real human plasma was 99.75±3.50 at
248 nm.

Linear regression analysis of CN in spiked human
plasma gave the following equations:

F ¼ �0:22þ 169:14C r ¼ 0:9962ð Þ for CN at 248 nm

Conclusion

New simple and sensitive method was explored for the
simultaneous determination of CN and DOM in binary
mixture. The second derivative synchronous spectrofluoro-
metric method, by virtue of its high sensitivity, could be
applied to the analysis of both drugs in their co-formulated
dosage forms; it was possible to measure as low as
0.025 μg mL−1 with good accuracy. Moreover, second
derivative spectrofluorimetry technique enables the deter-
mination of CN in the presence of DOM by applying the
zero-crossing technique in the spectra without prior
separation steps. Moreover, the proposed method is time
saving. Also, synchronous spectrofluorometric method was
applied for the determination of CN in biological fluids.
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