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A novel, simple, and selective indirect spectrofluorimetric method was developed for the quantitative 
determination of captopril (CPL) and clopidogrel bisulfate (CLO) in both bulk materials and pharmaceutical 
formulations. The method is based on the fluorescence quenching of 4,5-dibromo fluorescein (DBF) at 540 
nm (λex = 330 nm) caused by the formation of non-fluorescent ion-pair complexes between DBF and the 
studied drugs. The decrease in fluorescence intensity (ΔF) showed a linear correlation with drug concentration 
in the ranges of 0.4–14 µg/mL for CPL and 0.4–8 µg/mL for CLO. The method demonstrated high accuracy, 
with mean recoveries of 99.7% and relative standard deviations ranging from 1.11 to 4.12%. Application to 
commercial tablets confirmed the suitability of the method, with results in excellent agreement with certified 
values and those obtained by the standard addition technique. Common pharmaceutical excipients did not 
interfere with the assay. Owing to its simplicity, sensitivity, and lack of prior extraction steps, the proposed 
method represents a practical alternative to more complex and solvent-intensive techniques.
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Introduction
Captopril (CPL), 1-(3-mercapto-2-D-methyl-1-

oxopropyl)-L-proline (C9H15NO3S, molecular weight 
217.29 g/mol), is one of the first angiotensin-converting 
enzyme (ACE) inhibitors introduced for clinical use. It 
is widely prescribed for the treatment of hypertension, 
chronic heart failure, and diabetic nephropathy [1]. 
Because of its importance in cardiovascular therapy, 
many analytical methods have been developed for 
CPL determination. Reported techniques include 
spectrophotometry [2–5], spectrofluorimetry [6,7], 
atomic absorption spectroscopy [8], FT-Raman 
spectroscopy [9], and chromatography [10–12]. Each 
of these methods has its own merits, but some require 
expensive instruments, long analysis times, or lack 
sensitivity.

Clopidogrel bisulfate (CLO), methyl-2-chloro-
phenyl-(4,5,6,7-tetrahydrothieno[3,2-c]pyridin-5-yl) 
acetate bisulfate (C16H16ClNO2S, molecular weight 
321.82 g/mol), is a widely used antiplatelet drug. 
It prevents platelet aggregation by blocking ADP 
binding to its receptor and is prescribed to reduce the 
risk of myocardial infarction and ischemic stroke [13]. 
Compared with aspirin, CLO shows higher efficacy 
and a lower risk of gastrointestinal bleeding. Several 
analytical techniques have been reported for CLO 
determination, including spectrophotometry [14–22], 

spectrofluorimetry [23], chromatography [24–29], and 
voltammetry [30]. As with CPL, many of these methods 
face challenges such as cost, complex operation, or 
limited sensitivity.

High-performance liquid chromatography (HPLC) 
is considered a reference method for pharmaceutical 
analysis, but it has disadvantages. It consumes large 
amounts of organic solvents, increases analysis cost, 
and requires trained personnel. Electrochemical 
techniques also offer high sensitivity, but they often 
require specialized electrode preparation and 
expertise. Conventional spectrophotometric methods 
are easier but usually indirect and less sensitive.

Spectrofluorimetric methods offer an attractive 
alternative. They are fast, simple, and sensitive. 
The instruments are relatively inexpensive and easy 
to operate, making them suitable for routine quality 
control in resource-limited laboratories. In many cases, 
fluorimetry provides detection limits comparable to 
chromatographic techniques. For example, sensitive 
fluorimetric assays have been reported for the 
determination of sulfonamides in pharmaceutical 
formulations [6], antihistamines in plasma [7], and non-
steroidal anti-inflammatory drugs in biological fluids 
[23]. In all of these studies, fluorescence quenching 
or enhancement by specific dyes provided reliable 
analytical responses without the need for complex 
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sample preparation.
Compared with HPLC, fluorimetric assays 

generally require smaller volumes of solvents and 
simpler sample handling, which reduces both cost and 
environmental impact. Recent studies have shown 
that fluorimetric methods can provide recoveries 
above 98% and relative standard deviations below 3% 
in drug formulations, with performance comparable to 
HPLC [14,19]. Another strength is their versatility: they 
have been applied in clinical labs for therapeutic drug 
monitoring [18], in forensic labs for detecting drugs of 
abuse [12], and in environmental studies for tracing 
pharmaceuticals in water [22].

4,5-Dibromofluorescein (DBF) is a fluorescent dye 
that can interact with analytes containing functional 
groups, such as carboxyl, thiol, or sulfonate groups. 
These interactions form ion-pair complexes that 
reduce (quench) the fluorescence of DBF. This 
quenching effect can be used to indirectly quantify the 
analyte. For CPL, the carboxyl group interacts with 
DBF, while for CLO, the bisulfate group plays a key 
role in complex formation. Both interactions produce 
measurable decreases in fluorescence, which makes 
DBF a suitable probe for their determination.

The purpose of this study is to propose a simple, 
sensitive, and rapid spectrofluorimetric method 
for the determination of CPL and CLO in pure form 
and pharmaceutical tablets, based on fluorescence 
quenching of DBF. The method avoids time-consuming 
extraction, does not require large volumes of organic 
solvents, and therefore meets the principles of green 
analytical chemistry. It provides a reliable alternative 
to existing methods and can be applied for routine 
pharmaceutical quality control.
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Figure 1. Chemical structures of CPL and CLO.

Experimental part
Materials and reagents
All chemicals and reagents were of analytical grade 

and used without further purification. Pharmaceutically 
pure captopril (CPL, ≥99%) and clopidogrel bisulfate 
(CLO, ≥99%) were kindly supplied by the State 
Company for Drugs Industry and Medical Applications 
(SDI, Samarra, Iraq). 4,5-Dibromofluorescein (DBF, 
≥98%) was obtained from BDH (UK). Acetonitrile 
(HPLC grade, ≥99.9%) was purchased from Sigma-
Aldrich (Germany). Distilled–deionized water 
(resistivity ≥18.2 MΩ·cm) was used throughout all 
experiments.

Instrumentation
Fluorescence measurements were performed using 

a Shimadzu RF-5301PC spectrofluorophotometer 
(Japan) equipped with a xenon lamp and 1 cm path-
length quartz cells. An analytical balance (Kern 
ABS 120-4, Germany) was employed for weighing. 
Dissolutions were assisted by an ultrasonic bath 
(Power Sonic 405, Korea). Reaction mixtures were 
thermostated using a BS-11 Lab Companion water 
bath (Korea). pH values were measured with a 
Thermo-RL 060 portable pH meter (Singapore) 
equipped with a combined glass electrode.

Preparation of solutions
Stock standard solutions of CPL and CLO 

(100 µg/mL) were prepared by accurately 
weighing 0.0100 g of each drug into 100 mL 
calibrated flasks and dissolving in distilled water. 
A stock solution of DBF dye (100 µg/mL) was 
prepared by dissolving 0.0100 g in 50 mL acetonitrile, 
transferring into a 100 mL volumetric flask, and diluting 
to volume with distilled water.

For the preparation of pharmaceutical formulations, 
five tablets of each drug were accurately weighed, 
finely powdered, and homogenized. An amount 
equivalent to a single tablet was transferred into a 100 
mL volumetric flask, dissolved in 5 mL ethanol, and 
diluted to volume with distilled water. The suspensions 
were sonicated for 5 min and filtered. The obtained 
stock solutions corresponded to 250 µg/mL CPL and 
750 µg/mL CLO, respectively. Aliquots were further 
diluted with distilled water to obtain working solutions 
of 100 µg/mL. Final concentrations of 2–8 µg/mL CPL 
and 2–4 µg/mL CLO were prepared for analysis.

General procedure
Aliquots of CPL or CLO stock solutions (100 µg/

mL) were transferred into a series of 25 mL volumetric 
flasks containing 8 µg/mL DBF solution. The mixtures 
were diluted to the mark with distilled water, equilibrated 
in a thermostated water bath at 30 °C for 10 min, and 
the fluorescence intensity was measured at λex = 330 
nm and λem = 540 nm against a reagent blank. Under 
these conditions, DBF alone produced a characteristic 
emission spectrum (Figure S1). A standard calibration 
curve was also constructed for DBF under identical 
conditions (Figure S2).

In addition, fluorescence measurements were 
performed by incremental addition of CPL or CLO 
to DBF solution under neutral, acidic (0.1 M HCl), 
and basic (0.1 M NaOH) media. These experiments 
were designed to assess the influence of medium on 
possible ion-pair complex formation between DBF 
and the studied drugs.

Results and Discussion
Optimization of experimental conditions
Effect of buffer solution
 The influence of buffer solutions on the fluorescence 

response of DBF in the presence of CPL or CLO was 
evaluated. Buffers with pH 4.8, close to the natural 
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aqueous conditions of the system, were tested. The 
addition of 1 mL of buffer solutions caused a noticeable 
decrease in the extent of complex formation, leading 
to reduced quenching efficiency. Consequently, all 
subsequent experiments were performed in aqueous 
medium without the use of external buffers.

Effect of solvent
To investigate the role of solvent environment, the 

interaction of DBF with CPL and CLO was examined 
in water, ethanol, methanol, and acetonitrile. As 
summarized in Table 1, the solvents produced 
negligible changes in the excitation and emission 
wavelengths but significantly reduced the quenching 
efficiency (ΔF) compared to distilled water. 

Table 1. Effect of solvents on the fluorescence 
quenching of DBF in the presence of CPL and CLO.

Solvent ΔF λem (nm) λex (nm)

CLO
Water

Ethanol
Methanol

Acetonitrile

140.22
34.64
26.30
98.46

540
550
550
550

330
330
332
332

CPL
Water

Ethanol
Methanol

Acetonitrile

47.95
41.60
32.41
46.78

540
550
547
553

330
332
332
332

For instance, ΔF values for CLO decreased from 
140.22 in water to 26.30 in methanol. These findings 
confirm that water provides the most favorable 
medium, and it was therefore selected for the analytical 
procedure.

Effect of temperature
The effect of temperature on the stability of 

the drug–dye complexes was investigated at 20, 
30, and 40 °C. As shown in Figure 2, maximum 

quenching efficiency was achieved at 30 °C, where 
the fluorescence intensity decreased markedly within 
5 min and remained stable for more than 120 min. 
Higher or lower temperatures did not improve the 
quenching effect. Therefore, 30 °C was chosen as the 
optimum temperature for all further experiments.

Under the optimized conditions (aqueous medium, 
30 °C, λex = 330 nm), the fluorescence emission 
spectrum of DBF was recorded in the absence and 
presence of increasing concentrations of CPL and 
CLO. As illustrated in Figures S3, progressive addition 
of the drugs resulted in a concentration-dependent 
decrease in fluorescence intensity of DBF, confirming 
the formation of non-fluorescent ion-pair complexes.

Validation of the proposed method
Linearity and sensitivity
Under the optimized experimental conditions, 

calibration curves were constructed for CPL and CLO. 
To a series of 25 mL volumetric flasks containing 8 µg/
mL DBF, increasing aliquots of the drug stock solutions  
(100 µg/mL) were added separately, diluted to 
volume with distilled water, and incubated at 30 °C 
for 10 min. The decrease in fluorescence intensity 
(ΔF = F0 – F) was measured at λex = 330 nm and  
λem = 540 nm.

The calibration plots exhibited linear relationships 
in the ranges of 0.4–14 µg/mL for CPL and  
0.4–8 µg/mL for CLO, Figure S4. Negative deviations 
were observed beyond these ranges, indicating 
the limits of linear applicability. The determination 
coefficients (R²) were greater than 0.996, confirming 
excellent linearity. Analytical performance parameters 
are summarized in Table 2.

Accuracy and precision
The method demonstrated excellent accuracy, with 

mean recovery values of 99.7%. Precision, expressed 
as relative standard deviation (RSD), ranged from 
1.11% to 4.12% for five different concentrations of 
CPL and CLO, confirming the reproducibility of the 
procedure.

Figure 2. Effect of temperature on the fluorescence quenching of DBF in the presence of captopril (A) and 
clopidogrel bisulfate (B).

A B
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Table 2. Analytical parameters for the calibration of 
CPL and CLO.

Parameter CPL CLO
Linearity range (µg/mL) 0.4–14 0.4–8

Slope 11.237 25.809
Intercept 6.3506 20.222

R² 0.9988 0.9962
LOD (µg/mL) 0.263 0.061
LOQ (µg/mL) 0.796 0.185

* LOD and LOQ values were calculated as 3.3σ/s and 10σ/s, 
respectively, where σ is the standard deviation of replicate blank 
measurements and s is the slope of the calibration curve.

Stoichiometry of the complex
The molar ratio method measures changes in 

fluorescence intensity at a fixed dye concentration 
while gradually increasing the drug concentration. 
By plotting the response against the drug-to-dye 
ratio, the inflection point reveals the stoichiometry 
of the complex. Both experiments were performed 
with equimolar dilute solutions (2 ×10-⁴ mol/L) under 
neutral aqueous conditions. The results (Figures S4 
and S5) consistently showed a 1:1 drug-to-dye ratio 
for both captopril and clopidogrel bisulfate, indicating 
that each drug molecule binds to one DBF molecule 
to form a stable ion-pair complex.  The consistency 
between the two independent methods confirms 
that DBF fluorescence quenching by CPL and CLO 
results from specific complex formation rather than 
nonspecific effects. This reproducible stoichiometry 
supports the analytical reliability of the proposed 
spectrofluorimetric method.

Proposed reaction mechanism
The quenching of 4,5-dibromo fluorescein (DBF) 

fluorescence by captopril (CPL) and clopidogrel 
bisulfate (CLO) is attributed to the formation of stable 
ion-pair complexes. This mechanism is supported by 
the structural features of both drugs, stoichiometric 
evidence from Job’s and molar ratio methods 
(Figures S4 and S5), and earlier reports on dye–drug 
interactions [32].

For CPL, the free carboxyl group and thiol 
functionality are central to complex formation. The 
carboxyl group interacts electrostatically with the 
anionic DBF moiety, while hydrogen bonding likely 
provides extra stabilization. This results in a 1:1 
complex that quenches DBF fluorescence through 
non-radiative energy transfer (Figure S7a).

For CLO, the sulfonate counter-ion interacts 
strongly with DBF via electrostatic attraction. In 
addition, π–π stacking between the aromatic ring 
of CLO and the xanthene ring of DBF may further 
stabilize the complex. The stoichiometry was again 
1:1, with clear quenching of DBF emission at 540 nm 
(Figure S7b).

In both systems, the observed quenching reflects 
the formation of non-fluorescent complexes that act 

as efficient energy sinks. Notably, this effect occurred 
only in neutral aqueous medium. Under strongly acidic 
or basic conditions, protonation or deprotonation 
prevented stable complex formation, and DBF 
fluorescence was preserved.

Overall, these findings confirm that CPL and CLO 
interact with DBF through complementary electrostatic 
and hydrogen-bonding interactions. The resulting 
quenching, directly proportional to drug concentration, 
provides the analytical basis for the proposed 
spectrofluorimetric method.

Application to pharmaceutical preparations
The applicability of the proposed spectrofluorimetric 

method was assessed by analyzing commercial 
tablet formulations of CPL and CLO from different 
manufacturers. As shown in Table 3, the method 
provided highly accurate results, with mean recovery 
values close to 100% (average 101.4%) and relative 
standard deviations (RSD) below 2.1%. Statistical 
comparison using the t-test confirmed that there was 
no significant difference between the certified values 
and the results obtained by the present method, 
indicating excellent agreement.

To confirm the reliability of the proposed spectro-
fluorimetric procedure in the presence of formulation 
excipients, the standard addition method was applied 
to commercial tablet preparations of CPL and CLO. 
Calibration curves constructed by spiking known 
amounts of pure drug into tablet extracts showed 
excellent linearity, with correlation coefficients (R² ≥ 
0.995) for all tested formulations.

The recovery values obtained (Table 4) were 
in close agreement with those determined by the 
direct calibration procedure, confirming that common 
pharmaceutical excipients did not interfere with the 
assay. These results demonstrate the robustness of 
the method for routine application to quality control of 
commercial products.

Representative standard addition calibration 
plots are presented in Figure S8, which illustrate the 
linear response of fluorescence quenching (ΔF) with 
increasing drug concentration for different commercial 
sources of captopril and clopidogrel bisulfate tablets.

Comparison with reported methods
A comparison of the proposed method with 

earlier procedures for CPL and CLO determination 
is shown in Table S1. For CPL, the DBF-based 
fluorimetric method achieved a lower LOD (0.263 µg/
mL) and a wider linear range (0.4–14 µg/mL) than 
the ortho-phthaldehyde fluorimetric method [7]. For 
CLO, it showed higher sensitivity (LOD = 0.061 µg/
mL) than the reported charge-transfer method with 
Chloranel [33], while maintaining similar accuracy and 
correlation. Overall, these findings demonstrate the 
superior sensitivity and practical value of the proposed 
method for routine pharmaceutical analysis.
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Conclusion
A simple, rapid, and sensitive indirect 

spectrofluorimetric method was developed for 
determining captopril (CPL) and clopidogrel bisulfate 
(CLO) in bulk and tablet formulations. The assay is 
based on fluorescence quenching of 4,5-dibromo 
fluorescein (DBF) at λex = 330 nm and λem = 540 nm 
through the formation of 1:1 ion-pair complexes with 
the drugs at 30 °C.

The method showed excellent linearity over  
0.4–14 µg/mL for CPL and 0.4–8 µg/mL for CLO, 
with low detection limits (0.263 and 0.061 µg/mL, 

respectively). High accuracy (mean recovery ≈ 
99.7%) and precision (RSD = 1.11–4.12%) were 
achieved. Application to commercial tablets confirmed 
agreement with certified values, with no interference 
from common excipients.

Compared with previous methods, this approach 
offers higher sensitivity, lower solvent use, and simpler 
operation, in line with green analytical chemistry 
principles. Its robustness makes it suitable for routine 
quality control and, with further validation, potentially 
applicable to biological samples such as blood and 
urine.

Table 3. Determination of CPL and CLO in pharmaceutical preparations using the proposed method.

Pharmaceutical 
preparation

Certified 
value (mg)

Amount taken 
(µg/mL)

Drug content 
found (mg) Recovery % Average 

recovery % t-test

Captopril
Captoneer Tab 25 mg 

(Pioneer, Iraq)
25 2 26.00 104.00 101.28 1.09

4 24.37 97.48
8 25.59 102.36

Aceprotin Tab 50 mg 
(Medochemie, Cyprus)

50 2 50.25 100.50 98.66 1.42
4 49.12 98.24
8 48.62 97.24

Clopidogrel bisulfate

Plavineer Tab 75 mg 
(Pioneer, Iraq)

75 2 76.12 101.49 102.87 2.08
3 77.74 103.65
4 77.62 103.49

Plagrine Tab 75 mg 
(Micro, India)

75 2 76.12 101.49 102.79 1.06
3 77.74 103.65
4 77.43 103.24

Average of five determinations

Table 4. Results of the standard addition procedure for the determination of CPL and CLO.

Pharmaceutical 
preparation

Certified 
value (mg)

Amount 
taken (µg/mL)

Drug content 
found (mg)

Recovery % 
(standard 
addition)

Recovery % 
(present 
method)

Captopril
Captoneer Tab 25 mg 

(Pioneer, Iraq)
25 2 24.98 96.07 104.0

4 25.01 102.62 97.5
Aceprotin Tab 50 mg 

(Medochemie, Cyprus)
50 2 49.98 99.46 100.5

4 50.02 101.83 98.2
Clopidogrel bisulfate

Plavineer Tab 75 mg 
(Pioneer, Iraq)

75 2 75.01 98.54 101.5
3 75.02 96.50 103.6

Plagrine Tab 75 mg 
(Micro, India)

75 2 74.97 98.48 101.5
3 75.02 96.50 103.6

Average of five determinations
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