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Abstract

A flow-injection analysis with chemiluminescence detection is described for the determination of captopril based on
the photochemical reaction with cerium(1V) in sulphuric acid medium yielding a strong chemiluminescent signal
which can be sensitized by some flucrescers. The proposed procedure has a linear application range of 1 x 1076-2 x
10-* M (r = 0.997) with a detection limit of 2 x 10=7 M, an RSD of 2.8% at 1 x 10-% M captopril, and a sample
measurement frequency of 500 h~!. The method was used for the simple and rapid determination of captopril in a

pharmaceutical preparation.
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1. Introduction

Captopril, 1-{(25)-3-mercapto-2-methylpropi-
onyl]-L-proline (Fig. 1), is an orally active inhib-
itor of the angiotensin-converting enzyme and is
widely used for the treatment of hypertensive
diseases on its own or in combination with other
drugs [1]. This compound can also be used to
treat congestive heart failure [2].
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Several methods have been reported for the
quantitative determination of captopril, including
titrimetry [3], spectrophotometry [4], gas chro-
matography (GC) [5]. gas chromatography—mass
spectrometry (GC-MS) [6,7], high-performance
liquid chromatography (HPLC) [8,9], micro liquid
chromatography [10,11], capillary zone elec-
trophoresis (CZE) [12] and, more recently, en-
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Fig. 1. Chemical structure of captopril.
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zyme immunoassay [13]. These methods often
suffer from a variety of disadvantages: they can be
sophisticated, time-consuming or recquire expen-
sive instrumentation.

Some analytical procedures that exploit chemi-
luminescence (CL) reactions combine the advan-
tages of speed and sensitivity with respect to
spectrophotometric techniques and have been fre-
quently used for the analysis of drugs [14-21].
When coupled with flow-injection analysis {(FIA),
CL-based techniques provide cheap, rapid, sim-
ple, and reproducible means of detection [22] and
have been used to determine a variety of pharma-
ceutical products [23-25]; these characteristics are
essential in drug quality control studies.

The primary goal of the present work was to
develop a CL-based FIA method which is simple
and fast for the routine determination of captoprii
in pharmaceutical preparations. The procedure
proposed is based on the CL-emitting reaction
between Ce(IV) and thiols in acidic medium
[26,27] which could be sensitized by the use of
some strong fluorophors, yielding a sensitized
type of CL emission. This procedure is a good
alternative for routine captopril analysis in phar-
maceutical preparations.

2. Experimental
2.1. Chemicals and reagents

Captopril was purchased from Sigma Chemical
Company (8t. Louis, MO); ceric sulphate tetrahy-
drate (Ce(S0,),-4H,0) and rhodamine B were
obtained from U.C.B. (Leuven, Belgium); rho-
damine 6G was acquired from Merck (Darmstadt,
Germany). All chemicals used were of analytical-
reagent grade with no further purification and
deionized water was used throughout. Capoten®
(25 mg Captopril tablets) was purchased from
Bristol-Mvers (Brussels, Belgium).

Aqueous 10 mm stock solutions of captopril
were prepared by accurately weighing the pure
compound into a 50 ml calibrated flask and dilut-
ing to volume with water. When not in use, the
stock solution was kept at about 4°C in a dark
bottle. The working solutions of lower concentra-
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Fig. 2. Flow-injection manifold for caploepril determination:
Rl, 2 mM Ce(lV) in 0.1 M H,SQ, at a flow rate of 4 ml
min~ % R2, 10 mM rhedamine 6G in 0.1 M H,SQ, at a flow
rate of 4 ml min —"; R3, carrier stream (water) at a flow rate
of 1 ml min~"; P!, peristaltic pump; P2, HPLC pump; T,
mixing tee; V, injection valve (50 ul).

tions were prepared daily by appropriate dilutions
of the stock solution with water. The 2 mM
Ce(1V) ion solution was prepared daily by dissolv-
ing an appropriate amount of the compound in
0.1 M H,80,; medium before use because the
Ce(IV) ion in solution may be reduced on air
exposure (organic matter) which can easily cause
errors in the experimental data. The 0.1 mM
rhodamine 6G stock solution was prepared by
dissolving the compound in 11 of 0.1 M H,SO,.
The working solutions of lower concentration
were prepared by dilution of the stock solution
with 0.1 M H,S0, before use. The other
fluorophore solutions were similarly prepared by
dissolving appropriate amounts of the solid sam-
ples in 0.1 M H,SQ,.

2.2. Apparatus

The flow-injection manifold is shown in Fig. 2.
It consists of a Gilson peristaltic pump (Minipuls
2 from Gilson, two channels, variable speed), an
SP 8770 isocratic pump (Spectra-Physics, CA),
and a six-way 50 gl injector (Valco, The Nether-
lands) installed as shown. The measurements of
the emitted light were made with a Bio-Orbit Oy
1250 Luminometer (Turku, Finland) and handled
by an IBM-compatible computer (PC Systems)
employing the luminometer software for graphical
viewing of the measured values and for calcula-
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Table 1
Optimized variables

Table 2

Effect of different fluorophores on the Ce(IV}—captopril CL
emission. Ce(fV): 2 mM in 0.1 M H,80,; captopril: 20 uM in
water

Variable Range studied Optimized value
Cerium (IV) (mM) 0.01-10 2

Rhodamine 6G (#M) 2-25 10

Sulphuric acid (M) 0.02-0.4 0.1

Flow rate {(ml min—"') 1-10 g

Injected sample 25-500 50

valume (ul)
Coil length (cm) 2-50 2

tion. PTFE tubing (2 mm i.d.) was used through-
out the manifold for carrying the CL reagents.
The photoreactor was a 20 cm length of PTFE
tubing (1 mm i.d.) coiled inside the measuring cell
which can be turned to the detector. The inside of
the cell was covered with aluminum foil so as to
collect maximum reflectance of the light. Extreme
precautions were taken to ensure that the cell
compartment and the photomultiplier tube were
light-tight.

2.3. Procedure
2.3.1. Procedure for FIA

Using the flow system schematically shown in
Fig. 2, the sample sofution (50 ul) was injected
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Fig. 3. Effect of Ce(lV) concentration on CL intensity of
rhodamine 6G-Ce(IV)—captopril system. Ce(IV) was dis-
solved in 0.1 M H,S0O,; rhodamine 6G: 10 4M in 0.1 M
H,5Q,; captopril: 10 kM.

Fluorophore Optimized conc. Relative CL
{mM) intensity
None 10
Acridine 1 24
4,5-Dichloro-fluorescein 1 10
Eosine 0.2 17
Fluorescein 1 9
Lucigenin 1 156
Quinine 1 107
Rhodamine B 0.01 89
Rhodamine 6G 0.01 223
Riboflavin 0.1 15

into a carrier solution (water) at 1 ml min ~!, the
carrier solution was merged with the CL reagent
streams (Ce(IV) in 0.1 M H,SO, and fluorescer in
0.1 M H,S0, at a flow rate of 4 ml min~' for
each) at the mixing tee, to make the CL reaction
take place. The CL reagents are mixed in the
coiled tube and travel about 2 cm before passing
into the flow cell. The maximum light emitted by
the CL reaction was detected with no wavelength
discrimination.

2.3.2. Procedure for calibration

Using the optimum values of the variables
found (2 mM Ce(1V) and 10 uM rhodamine 6G
prepared in 0.1 M H,SO, at a flow rate of 4 ml
min ~! for each), a series of 10 standard solutions
of captopril with different concentrations between
1 uM and 1000 zM were injected by valve (50 ul)
in triplicate and a typical linear curve was ob-
tained by plotting the CL intensity (mV) vs. cap-
topril concentration.

2.3.3. Determination of captopril in a
pharmaceutical preparation

20 tablets of the captopril preparation (label
claim 25 mg captopril per tablet) were weighed to
obtain the mean tablet weight. The tablets were
ground to powder and an accurately weighed
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portion of the powder equivalent to about 10 mg
of captopril was transferred to a 200 ml volumet-
ric flask, about 100 ml of water was added, the
mixture was stirred with a magnetic stirrer for 20
min to dissolve all captopril and then diluted to
volume with water. The suspension was quantita-
tively filtered, discarding the first portion (several
millilitres) of the filtrate. 10 ml of the solution was
pipetted into a 50 ml volumetric flask, diluted
with water to volume, and mixed. 50 ul of the
solution (containing about 50 4M captopril) was
injected into the FIA manifold and used for the
quantitative analysis.

3. Results and discussion

A detailed study of the varables affecting the
system was performed by using the univariate
method in order to define the best analytical
conditions for the determination of captopril.
These parameters were classified into chemical
and FIA variables. The range over which these
variables was studied and the optimized values are
listed in Table 1.
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Fig. 4. Chemical structure of rhodamine B.
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Fig. 5. Chemical structure of rhodamine 6G.
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Fig. 6. Effect of rhodamine 6G (1) and rhodamine B (2)
concentrations on CL emission. Ce(IV)-captopril CL emis-
sion. Ce(IV). 2 mM in 0.1 M H,80,; captopril; 10 4M in

water.

3.1. Optimization of the experimental CL
conditions

3.1.1. Effect of Ce(TV) concentration

The effect of Ce(I'V) concentration on the emis-
sion intensity in the presence of 10 M captopril
and 10 uM rhodamine B and rhodamine 6G in
0.1 M H,SO, at a total flow rate of 8 ml min ' is
shown in Fig. 3. As the concentration of oxidant
increases, the emission intensity increases up to
about 2 mM of the former concentration. When
the concentration of Ce(IV) exceeds 2 mM, the
emission intensity decreases, because the reaction
rate increases with the concentration of Ce(1V)
but maximum emission occurs before the solution
reaches the measuring cell. Therefore, a 2 mM
Ce(1V) concentration was used for further work.

3.1.2. Effect of rhodamine 6G concentration

The CL reaction of captopril with the Ce(TV)
ion can be sensitized by using some fluorescing
compounds. A series of fluorescers were subjected
to energy-transfer processes under various condi-
tions and the results are shown in Table 2. Rho-
damine 6G proved to be the best fluorescing
compound for the envisaged CL reaction. Al-
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Fig. 7. Effect of sulphuric acid concentration upon rhodamine
6G-sensitized Ce(1V)~captopril CL emission. The concentra-
tions of Ce(IV) and rhodamine 6G were 2 mM and 10 4M
respectively, in 0.1 M H,80,; captopril concentration was 10
HM.

though no explanation can be found so far for the
exceptional behaviour of rhodamine 6G with re-
spect to rhodamine B it is most likely that this
phenomenon is due to the stereochemical alter-
ation caused by substitution of the native rho-
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Fig. 8. Influence of total flow rate upon CL intensity. 10 #M
Rhodamine 6G and 2 mM Ce(1V) in 0.1 M H,80,. Captopril
concentration was 20 yM.

Table 3
Recovery of 50 uM of captopril from various additives used as
excipients

Additive Additive/captopril Recovery (%)
concentration ratio (n=4d)
(w/w)
Starch 1000 98.2
Lactose 1000 102.6
Galactose 1000 101.2
Sucrose 1000 104.8
Cellulose Saturation 97.3
acetate

damine B fluorescer (Fig. 5), which produces a
species that more closely matches the energy pro-
duced by the oxidative Ce(IV) action upon the
analyte.

The optimized concentrations of rhodamine B
(Fig. 4) and 6G (Fig. 5) for the CL reaction were
investigated in the range 2-25 zM. Peak heights
increase with increasing rhodamine B and rho-
damine 6G concentrations over the range 2-10
uM. Next, the CL signal decreases, as shown in
Fig. 6. The maximum intensity of CL emission is
achieved at 10 uM rhodamine 6G for the determi-
nation of captopril with this CL system.

3.1.3. Effect of sulphuric acid concentration

The effect of sulphuric acid concentration on
the relative CL. intensity was studied at different
concentrations from 0.02-0.4 M (Fig. 7). The
analytical signal increases as the concentration of
sulphuric acid used to prepare the CL reagents
increases up to 0.1 M; above 0.1 M the CL
intensity decreases slowly. Because this CL reac-
tion requires an acid environment, the increasing
sulphuric acid concentration of the medium
causes the reaction rate to also increase, resulting
in the production of maximum CL emission be-
fore the solutien arrives at the detection window.
Hence 0.1 M sulphuric acid solution was chosen
to prepare and dilute the CL reagents.

3.1.4. Effect of flow rate

The total flow rate is an important parameter in
the CL reaction because the time taken to transfer
the excited product into the flow cell is critical for
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Table 4

Determination of captopril in a pharmaceutical preparation (Capoten®) by CL reaction with the Ce(IV) system in acidic medium

Sample Amount (mg) Added (mg) Recovered (mg) Recovery (%)
Label Found + SD (n= 10}
Capoten® 250 2444072 34.63 96.3
453 101.5
53.38 94.6

maximum collection of the emitted light. The flow
rate of CL reagents was varied from 1-10 ml
min~! and the height of the CL signal obtained
for the injection of 50 ul of a solution containing
20 uM captopril was considered. The CL signal
increased with increase of total flow rate up to 8
ml min—! when the irradiation time was kept
constant (Fig. 8). The total flow rate chosen was 8
ml min~"' which allows a short time interval
between mixing of the reagents and measurement
of the emission intensity.

3.1.5. Effect of length of the extraction coil

The effect of coil length was investigated from
the minimum distance possible between mixing tee
and detector up to 50 cm (1 mm i.d.) at a constant
flow rate of 4 ml min ~'. The results showed that
the CL signal increases very little with decrease of
tubing length. This is because at high flow rates of
the peristaltic pump, the length of the coil has no
influence upon the emission profile which occurs
during the time interval intersected by the obser-
vation cell, Since the tubing between the sample
introduction valve and detector should have a
length that allows access to the valve while pro-
tecting the detector from ambient light, a coil
length of 2 cm was finally chosen.

3.1.6. Effect of injection volume

In order to check the effect of injection volume
upon CL intensity, the volume of sample injection
was varied from 25-500 ul of standard solution
by changing the length of the sample loop in the
injection valve. Above 50 ul, increasing the injec-
tion volume of the sample has little effect on CL
intensity (peak height), only the width of the band
increases with increasing injection volume. This is

because large volumes of samples with consequent
dilution effects in flowing streams influence the
CL reaction and cause alterations of the CL emis-
sion profile. In order to achieve optimum applica-
tion volumes, an injection volume of 50 ] proved
to be suitable,

3.1.7. Interference studies

In order to assess the possible analytical appli-
cations of the described CL method, the effect of
concomitant species on the determination of cap-
topril in real samples was studied by analysing
synthetic sample solutions containing 50 #M of
captopril and various excess amounts of some
common excipients used in the preparation of
pharmaceutical formulations. A substance was
considered not to interfere when the variation in
captopril peak height was less than 4%. The re-
sults are shown in Table 3.

3.1.8. Validation of the method

The method was tested for linearity, precision,
sensitivity and reproducibility. A series of stan-
dard solutions of captopril were injected into the
manifold under the optimized conditions so as to
test the linearity of the calibration graph. A linear
relationship between captopril concentration (x)
and CL intensity (y) was obtained over the range
50 pmol-10 nmol (50 ul per injection) with the
equation: y = 3.02x + 3.21, with a correlation co-
efficient of 0.997. Under these conditions, the
throughput of the method is = 500 samples h—?,
the detection limit (3o; o is the standard deviation
of the baseline) being 10 pmol. The precision of
the method was studied at three concentrations
under the recommended conditions. The re-
peatability, expressed as percent relative standard
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deviation, was 2.8% obtained from 10 injections
for 10 zM of captopril.

3.1.9. Application

The method was applied to the determination
of captopril tablets. The recovery was checked at
three concentrations of known captopril amounts
in the matrix. The recoveries for three different
concentrations levels (50, 100 and 150 4 M) varied
from 95—102%, as shown in Table 4. The method
shows promise for routine control analysis of
pharmaceutical preparations.

4. Conclusions

The proposed method for quantitative captopril
analysis is simple and rapid (about 5 s per sample
measurement only). Only small sample sizes are
required (50 1) and reproducibility is good. The
linear range is satisfactory for the determination
of captopril in pharmaceutical formulations. Sam-
ple manipulations are minimal and the samples
can be analysed directly without any pretreat-
ment.

The beneficial though unexpected behaviour of
rhodamine 6G with respect to rhodamine B
should probably be attributed to stereochemical
factors producing a fluorescent species that is
more efficiently excited by the energy released by
the oxidative Ce{IV)—analyte reaction.

The reagents and instrumentation for the analy-
sis are inexpensive and the method appears ade-
guate for pharmaceutical quality control analysis.
With respect to specificity, however, it is obvious
that HPLC methods, though more complicated,
will improve the potential of the proposed tech-
nique, and experiments in this respect are
presently being considered.
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