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fluorescence approach for the
feasible and reliable assay of thiol-containing
drugs; captopril as a model†

Sayed M. Derayea, a Dalia M. Nagy,a Khalid M. Badr El-Din,a Tamer Z. Attia, a

Ebtihal Samir,b Abobakr A. Mohamed c and Ahmed A. Hamad *d

In the present study, a novel spectrofluorimetric approach was designed for the analysis of captopril as

a thiol-containing compound. The approach is based on the formation of a ternary fluorescent

compound between the target thiol compound, ortho-phthaldehyde, and a suitable primary amine-

containing compound. The produced 1-thio-alkyl-isoindole derivative exhibited very high emission

activity in a faintly alkaline aqueous solution that could be monitored at 448 nm (excitation at 334 nm).

2-Amino-6-methyl-6-hydroxy-heptane was selected as the primary amine candidate that gave the high

fluorescence intensity with the stability of the formed product. At the optimal experimental condition,

the intensity of fluorescence of the formed product was linearly related to the concentration of captopril

in 20–450 ng mL�1 range. Commercial pharmaceutical tablets were analyzed, and the obtained results

agreed with those of the published method regarding precision and accuracy. The mechanism of the

reaction was discussed. In addition, the greenness of the approach was rated following eco-scale criteria.
1. Introduction

Captopril (CP, Fig. 1) is an angiotensin-converting enzyme
inhibitor that is used mainly in the treatment of hypertension.1

It is an aliphatic compound that contains thiol, amide, and
carboxylic groups. This compound does not exhibit any lumi-
nescent activity, and hence it could not be easily determined by
direct spectrophotometric or spectrouorimetric measure-
ments. Thus, numerous chemical derivatization reactions were
reported for its quantitative analysis.2–6

Owing to the high therapeutic importance of this compound,
many methods were reported for its analysis. The most
commonly used methods were chromatographic methods,
including HPLC-UV7–14 and HPLC-MS,15 ow injection,16–20 and
electrochemical methods such as amperometry,21 potentiom-
etry,22,23 and voltammetry.24–34 However, a few spectroscopic
methods were also reported, including spectrophotometry,2–5

spectrouorimetry,6 atomic absorption spectroscopy,35 and FT-
lty of Pharmacy, Minia University,

of Pharmacy, Deraya University, New-

artment, Faculty of Pharmacy, Fayoum

artment, Faculty of Pharmacy, Al-Azhar

gypt. E-mail: ahmedabdelhafez@azhar.

mation (ESI) available. See

the Royal Society of Chemistry
Raman spectroscopy.36 Other minor techniques for CP anal-
ysis were chemiluminescence,37,38 and capillary
electrophoresis.39

It is well-documented that HPLC methods consume large
quantities of highly puried organic solvents, which raises costs
and causes environmental hazards. In addition, both HPLC and
electrochemical instruments are complex and require high
experience for their use. Moreover, the reported spectrophoto-
metric methods utilized indirect approaches, in addition to
their low sensitivity. On the contrary, the spectrouorimetric
methods are considered easy, and the instrument used is
simple and do not require much experience in their use. It also
has high sensitivity and low cost if the involved reagents are
cheap.

Orthophtaldehyde (OPA) is a widely used reagent for
detecting primary amine-containing compounds because it
rapidly reacts to form a highly uorescent product. The reaction
proceeded at room temperature, and the excess reagent is not
liable for degradation into uorescent by-products.

Initially, in 1971 Roch40 noticed that the reaction of OPA with
amino acids gave highly uorescent products if 2-mercaptoe-
thanol (2-ME) is present in the reaction vessel. He assumed that
2-ME acts simply as a reducing agent. Later on, Simons and
Johnson41 proved that the 2-ME does not act as a reducing
agent, but it actually is incorporated in the chemical reaction.
Indeed, these two authors proved that the nal products were L-
alkylthio-2-alkyl-substituted isoindole derivatives. This result
was further conrmed by work of Simpson et al.42 Since that
time, OPA in the presence of thiols, specially 2-ME, has been
RSC Adv., 2022, 12, 17607–17616 | 17607
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Fig. 1 Chemical structures of captopril, o-phthaldehyde and 2-amino-6-methyl-6-hydroxy-heptane.
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extensively used for the determination of primary amines. This
reaction was previously employed for the determination of
some thiol compounds using HPLC methods.43–45 However,
such reactions were not utilized for the spectrouorimetric
analysis of thiol compounds itself, although it is a crucial
element for developing the ternary uorescent derivative. Thus,
the aim of the present study is to utilize this reaction to
construct a uorimetric protocol with high sensitivity for the
determination of CP as a thiol-containing compound and to
apply the developed procedure for the analysis of commercial
tablets that contain the cited analyte. In addition, the mecha-
nistic hypothesis that lies behind the observed practical data
was discussed.

2. Experimental
2.1. Instruments

The instrument used to measure uorescence is the Perki-
nElmer LS 45 Luminescence Spectrometer, which is provided
with a 1-cm quartz cell. The light source is a 150 W Xenon arc
lamp. A 10 nm bandwidth was used for both excitation and
uorescence. The instrument is fully controlled by FL WIN-
LABTM soware.

2.2. Reagents and chemicals

Ortho-phthalaldehyde was bought from Loba Chemie, Pvt. Ltd.
(Mumbai, India) and was constituted in methanol as 0.01% w/v
solution. Heptaminol (6-amino-2-methyl-2-hydroxy-heptane,
AMH) was supplied as a gi from Pharco Pharmaceuticals
(Amriya, Alexandria, Egypt) and was prepared as 0.02% w/v
solution in distilled water. Sodium hydroxide, boric acid,
sodium dihydrogen phosphate, methanol, ethanol, acetone,
acetonitrile, isopropyl alcohol, and dioxin were purchased from
El Nasr Chemicals Company (Cairo, Egypt).

2.3. Standard solution

The stock standard solution of CP was prepared by dissolving
25 mg of the drug in 50 mL methanol. Working standard drug
solutions were prepared by diluting the suitable aliquots of the
stock solution with methanol. The methanolic solution of CP is
stable at least for two weeks if stored in the fridge.

2.4. General procedure

Aliquots of the working standard solutions containing different
concentrations of the drug (0.10–4.50 mg mL�1) were taken into
17608 | RSC Adv., 2022, 12, 17607–17616
10 mL volumetric asks and then 1.0 mL of 0.02% AMH, 1.0 mL
of 0.01% OPA and 0.4 mL of 0.05 M sodium hydroxide were
added. The solution was diluted to 10 mL with water, and the
intensity of the uorescence was measured at 448 nm (excita-
tion at 334 nm). The obtained uorescence intensity was cor-
rected by subtracting from it the value of the blank which was
performed by using the same previous step skipping the addi-
tion of the standard drug solution.

2.5. Procedure for the analysis of commercial tablets

Twenty tablets containing CP were weighed and nely
powdered. The weight of the powder equivalent to 25 mg of the
drug was taken and extracted with methanol by an ultrasound
mixer for 15 minutes. Aer completing the volume to 50 mL
with methanol, the mixture was ltered, and the rst portion of
the ltrate was removed. A specic aliquot of the ltrate was
taken, and the content of the drug was determined using the
general procedure described before.

2.6. Determination of the molar ratio of the reactions

The molar ratio was estimated using the limiting logarithmic
method.46 The general recommended procedure was carried out
using three different experimental conditions. Initially, the
procedure was carried out using varying concentrations of AMH
(0.6 � 10�2 to 1.6 � 10�2 mol L�1) and constant concentrations
of both OPA (7.46 � 10�5 mol L�1) and CP (1.15 �
10�6 mol L�1). Then, both AMH (2.75 � 10�4 mol L�1) and CP
(1.15 � 10�6 mol L�1) were kept constant while the OPA
concentration was varied (7.46 � 10�6 to 2.24 � 10�5 mol L�1).
Finally, the concentration of CP (4.6 � 10�7 to 1.6 �
10�6 mol L�1) was changed while AMH and OPA concentrations
were xed. Three plots were constructed between logarithms of
the varied concentration and the logarithms of the observed
relative uorescence intensity. The molar ratios were approxi-
mated from the values of the slopes of the three linear lines.

3. Result and discussion

The interaction of OPA with thiols, specially 2-ME and
compounds containing primary amino group, was extensively
used to determine primary amine compounds,47–51 including
pharmaceutical compounds.52,53 Because of the essential pres-
ence of the thiol compound in the reaction vessel, the reaction
could be possibly employed for the thiol-containing compound.
The reaction medium should be alkaline (0.05 M sodium
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 The excitation and emission spectra of the reagent blank and the reaction product of CP (200 ng mL�1) with fluorogenic reagent OPA/
AMH.

Fig. 3 Reaction pathway of OPA with a primary amine in the absence of thiol and its reaction with thiol in the absence of amine.
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View Article Online
hydroxide) for the optimal occurrence of the reaction. The
developed ternary compound from the interaction could be
quantitatively followed through measuring the emission at 448
aer excitation at 334 nm. The spectra of the excitation and
emission for both the reagent blank and the isoindole produced
from the reaction are illustrated in Fig. 2.

It is well established that the stability of the isoindole
derivative of OPA is dependent on the nature of the moiety
attached to the primary amine.54,55 In addition, Jacobs et al.56

concluded that extending the side chain attached to the amine
without branching produced a linear increase in the isoindole
stability and decreased its decomposition rate. In addition, they
observed that the isoindole stability was also increased by
introducing branching in the structure of the amine. And the
highest degree of stability was reached when the branching
location came close to the isoindole ring. The improvement in
the stability of the isoindole derivative was suggested to be due
to increasing the bulkiness of side chain attached to the amino
© 2022 The Author(s). Published by the Royal Society of Chemistry
group; however, this would come with the slowing down in the
reaction speed.54 Therefore, the chain should be of reasonable
length. In our laboratory, various compounds that contain
aliphatic primary amino group such as gabapentin,48 3-isobutyl
gamma aminobutyric acid,49 milnacipran,50 and AMH51 were
analyzed through the isoindole formation reaction. However,
the use of AMH was found to full the aforementioned criteria
of being has a side chain of appropriate length (C6) with two
points of branching, one of them is close to the amino group.
Therefore, AMH was chosen in the present study as the primary
amine source for producing the isoindole derivative. It was
experimentally observed that without adding the thiol
compound to the reaction cocktail, the interaction of AMH and
OPA (reagent blank) at room temperature gave very little uo-
rescence which is close to OPA uorescence. This could be due
to the formation of 1-hydroxy isoindole intermediate that was
followed by its slowly conversion to phthalimidine and dimer
adduct, having low uorescence activity57 as shown in Fig. 3.
RSC Adv., 2022, 12, 17607–17616 | 17609
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Fig. 4 Effect of the volume of 0.01% OPA and 0.02% AMH on the relative fluorescence of the reaction product of 250 ng mL�1 CP.
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Furthermore, solutions containing only one component of the
three reactants exhibited no uorescence activity in wavelength
region from 300 to 500 nm. Denitely, because of their aliphatic
structures, both solutions of AMH or CP did not even show any
absorption in the region from 250–400 nm. In the case of
solutions that contain two components, no absorption or uo-
rescence bands were noticed in the case of solutions that
contain AMH and CP.

Meanwhile, an absorption band was observed at 275 nm in
the case of a solution containing both OPA and AMH (blank
solution, Fig. 2) but no uorescence activity was noticed. The
product that could absorb light without uorescence activity
may be phthalimidine as mentioned earlier.57 Lastly, the
Fig. 5 Effect of the volume of 0.1 M NaOH (-C-) and reaction time
condensation of 250 ng mL�1 CP with OPA/AMH.

17610 | RSC Adv., 2022, 12, 17607–17616
solution that contains both OPA and CP showed an absorption
band at approximately 275 nm but with very low uorescence
activity. The reported product of such reaction was proposed to
be OPA-thiol adduct.58 As shown in Fig. 3, this adduct has
a similar structure to OPA itself. Additionally, the FTIR spec-
troscopy technique was applied to the pure drug sample and the
developed product from the conrmation point of view. It was
discovered that the product's IR spectrum had lost some pre-
dicted characteristic bands and the appearance of new peaks
that conrmed the birth of a new product. So, by comparing the
spectra of CP and the developed product (ESI, 1†), it was
determined that the new isoindole derivative had been formed.
(-B-) on the fluorescence intensity of the reaction product of the

© 2022 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra02408j


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

4 
Ju

ne
 2

02
2.

 D
ow

nl
oa

de
d 

on
 4

/2
/2

02
6 

7:
44

:4
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
3.1. Method development

In order to attain the highest sensitivity of the presented reac-
tion for CP determination, variables that may inuence the
proceeding of the reaction or that could affect the stability of the
formed product were examined.

3.1.1. Effect of the concentration of OPA, AMH, and
sodium hydroxide. Initially, at a very low concentration of OPA,
by increasing the reagent concentration through increasing the
used volume of a xed concentration of OPA (0.01%), an
approximately linear increase in the obtained emission inten-
sity was observed till it reached its highest value at 0.5 mL. Aer
that, the uorescence remained practically constant. Similar
behavior was noticed in the case of AMH, where the maximum
value was attained by using 1.0mL of 0.02% solution and higher
volumes. Therefore, the chosen volume of both reagents was
1.0 mL (Fig. 4).

Sodium hydroxide (0.05 M) solution was utilized to attain the
required alkalinity of the reaction medium. Different volumes
of the reagent were tested, as shown in Fig. 5. The suitable
volume was in the range of 0.1–0.5 mL. Lower volumes were not
enough to attain the appropriate pH, while high volume results
in the destruction of the formed isoindole derivative.59

Accordingly, 0.4 mL of 0.05 M sodium hydroxide was selected to
adjust the pH of the reaction medium.

3.1.2. Reaction and stability times. The time of the reaction
was examined by allowing the solution to stand for different
periods of time aer mixing all the reactants. It was noticed that
the uorescent product was formed instantaneously, and the
obtained reading remained without any signicant change for
at least 50 min (Fig. 5), as the obtained uorescence intensity
reached its maximum value just aer mixing and did not exhibit
Fig. 6 Effect of the incubation time on the observed fluorescence intensi
(b) incubation of CP and OPA before adding AMH. (c) Incubation of CP

© 2022 The Author(s). Published by the Royal Society of Chemistry
any considerable changes on standing. Therefore, the emission
of the formed product was measured directly aer mixing all
components without the need for any standing time.

3.1.3. Effect order of addition of the reactants. It was re-
ported in some previous studies that the order of addition of the
reactants could greatly affect the formation of the product.60

However, under the condition described in the current work
(analytical procedure), it was found that the order of addition of
the reagents and the drug has a very slight effect on the result if
no standing time was allowed aer the addition of each reac-
tant. Furthermore, it was previously recommended that the best
result could be attained by incubation of two reactant (OPA and
thiol compound) before adding the third reactant.60 Therefore,
in the present study, two reactants were incubated together in
the presence of sodium hydroxide; later on, aer different
incubation periods, the third reactant was added. It was noticed
that a dramatic and rapid reduction in the obtained uores-
cence intensity was detected upon incubating AMH with OPA
before adding CP, and the extent of reduction increased by
increasing the incubation time (Fig. 6). This may be linked to
the formation of a stable but nonuorescent derivative between
OPA and the primary amine in the absence of thiol. It was
previously conrmed that N-substituted phthalimidine deriva-
tive was produced in this case, and if excess OPA was present,
both the phthalimidines and a dimmer were formed57 (Fig. 3).

On the other hand, a very slight decrease in the uorescence
intensity was observed upon incubation of CP and OPA together
at the different time periods before adding AMH. A similar
result was noticed by incubating CP and AMH together before
adding OPA. The later nding means that if both the amine and
thiol compounds have coexisted in the reaction vessel, OPA will
react with the thiol rather than the amine because S-
ty of 200 ngmL�1 CP (a) incubation of AMHwithOPA before adding CP,
and AMH before adding OPA.

RSC Adv., 2022, 12, 17607–17616 | 17611
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Fig. 7 Effect of different types of solvent on the relative fluorescence intensity of the reaction product of CP (250 ng mL�1).
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nucleophilic substitution reaction is preferential over the N-
nucleophilic substitution.

3.1.4. Selection of the diluting solvents. Aer mixing the
drug with the other reagents, different solvents were applied for
dilution. The tested solvents were methanol, ethanol, iso-
propanol, dioxane, and water. It was noticed that water gave the
highest uorescence intensity, as illustrated in Fig. 7, and thus
it was chosen for dilution purposes. It is of great advantage to
use water as diluting solvent because of its availability, inex-
pensive and safe for the environment.
3.2. Spectral characterization of the formed product

The uorescence quantum yield of the reaction product
between OPA/CP/AMH was driven by applying a comparison
Fig. 8 Limiting logarithm graph for determination of the molar ratio betw
captopril (CL), orthophthaldehyde (OPA) and 2-amino-6-methyl-6-hydr

17612 | RSC Adv., 2022, 12, 17607–17616
technique.68 A very diluted solution of uoresceine was utilized
as a reference solution, and its uorescence quantum yield is
0.79.61 To estimate the quantum yield of the formed product,
the absorbance values of different solutions were plotted versus
the values of uorescence intensity for both the standard
(uorescein) solutions and the reaction product solutions. The
absorbance values of the solutions in all cases must be less than
0.1 (ref. 62) to eliminate the inner lter effect. The slopes (Sf for
uoresceine and S for the reaction product) of the obtained
straight lines in both cases were estimated and were used in the
calculation of the quantum yield of the formed product by
applying the next equation,62

Q ¼ Qf

�
S

Sf

��
RI2

RIf
2

�

een the reactant for the formation of the isoindole derivative between
oxy-heptane (AMH). The figure provided above each line is the slope.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 9 The suggested reaction pathway between OPA, thiol compound and the primary amine.

Table 1 Analytical parameters for determination of captopril using the
proposed method

Parameters Value

Linear range (ng mL�1) 20–450
Slope (b) 1.98
Standard deviation of the slope (Sb) 0.015
Intercept (a) 16.27
Standard deviation of the intercept (Sa) 3.86
Standard deviation of residuals Sx/y 8.87
Determination coefficient (r2) 0.9993
Correlation coefficient (r) 0.9997
Limit of detection (LOD) (ng mL�1) 6.4
Limit of quantitation (LOQ) (ng mL�1) 19.5
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where; Q is the quantum yield, S is the slope of the straight line,
RI is the refractive index of the solvent, and the subscript letters
“f” denotes uorescein. The solvent used in the preparation of
the reference material and for the reaction medium for product
formation was water; hence RI ¼ RIf. The calculated quantum
yield of the reaction product was 0.39. In addition, the molar
absorptivity of the formed product at 337 nm (similar to exci-
tation wavelength) was calculated and was found to be 3.3 �
103 L mol�1 cm�1. However, OPA in pure water does not have
any absorption or emission characters at 334 nm, but it has an
absorption band at lmax 275 with molar absorptivity of 0.22 �
103 L mol�1 cm�1. This conrms the formation of a new
compound (isoindole derivative) upon the reaction of the three
reactants.

Although OPA and the formed isoindole derivative have high
structural similarities, the two compounds exhibited different
uorescence activity and have different quantum yields. The
low uorescence activity of the reagent blank (OPA) is most
likely due to the presence of two carbonyl groups linked directly
to the benzene ring, which have a high electron-withdrawing
effect. While in the isoindole derivative, the two groups no
longer exist. Additionally, the higher planarity of the isoindole
molecule further enhanced its emission characteristics.

3.3. Reaction stoichiometry and the proposed reaction
mechanism

To estimate the molar ratio between the three reactants (CP,
OPA, and AMH), the limiting logarithmic method was applied.46

The results presented in Fig. 8 show three linear lines for the
relationship between the logarithm of the relative uorescence
intensity and the logarithm of the molar concentration of each
of the three reactants. The slopes of these linear lines are
0.9939, 0.831, and 0.9548 for CP, OPA, and AMH, respectively.
These values conrm a 1 : 1 : 1 ratio for these reactants.

Based on the obtained stoichiometry of the reaction and the
guidance of the previously published work,41 a proposal for the
reaction pathway is given in Fig. 9. As mentioned before, high
© 2022 The Author(s). Published by the Royal Society of Chemistry
uorescence intensity was noticed when the CP was mixed with
OPA prior to adding AMH compared to the case when AMH was
mixed with OPA rst. This can give an indication that the thiol
compound (CP) initially interacts with OPA to give hemi-
thioacetal(I), which then interacts with the amino group of AMH
to give a protonated imine. The reaction occurs at pH, where the
thiol is partially present in the thiolate form. Thus, the thiol
anion attacks the protonated imine to produce hemi-
thioacetal(II), which then undergoes rapid decomposition in
alkaline media, giving a-alkylaminobenzylsulde. The later
compound undergoes intramolecular nucleophilic attack of the
carbonyl group by the secondary amine to give an intermediate,
which is easily dehydrated to produce the target isoindole.
3.4. Method validation

Aer selecting the optimal parameters of the method, it was
subjected for complete method validation on the basis of the
International Council of Harmonization.63 The assessed
parameters included; the linearity range, limit of detection, the
limit of quantitative accuracy, precision, and robustness.

3.4.1. Linearity and range. The general procedure was
applied in the analysis of a series of standard solutions of CP. By
RSC Adv., 2022, 12, 17607–17616 | 17613
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Table 2 Evaluation of the accuracy for the suggested method using
three concentrations of the captopril

Taken (ng
mL�1) Founda � SDb (ng mL�1) % Recovery � SDb RSD

100 98.82 � 1.24 98.82 � 1.24 1.22
200 202.46 � 0.75 101.23 � 0.38 0.38
300 298.82 � 3.12 99.61 � 1.04 1.03

a The value is the average of three determinations. b SD is the standard
deviation and % RSD is the relative standard deviation percentage.

Table 3 Precision evaluation of the proposed method used for the
determination of the studied druga

Conc. (ng mL�1) % Recovery Mean � SD RSD

Intra-day precision
100 97.95 99.63 99.73 99.10 � 1.00 1.01
200 101.39 101.20 101.70 101.43 � 0.25 0.24
300 99.65 100.40 99.06 99.70 � 0.67 0.68

Inter-day precision
100 99.33 99.1 97.14 98.53 � 1.21 1.22
200 101.23 101.43 99.68 100.78 � 0.96 0.95
300 99.61 99.7 100.1 99.80 � 0.26 0.26

a SD: standard deviation, % RSD: relative standard deviation
percentage.

Table 4 Robustness of the suggested method for the spectro-
fluorimetric determination of captopril (200 ng mL�1)a

Parameters Volume % Recovery a � SD % RSD

o-Phythaldehyde
volume (0.01%)

0.8 mL 100.38 � 1.31 1.31
1.0 mL 99.24 � 1.37 1.36
1.2 mL 100.15 � 0.43 0.43

AMH volume 0.45 mL 101.86 � 1.03 1.05
0.50 mL 101.68 � 0.71 0.72
0.55 mL 100.13 � 1.63 1.63

Sodium hydroxide
volume (0.05 M)

0.35 mL 98.23 � 0.59 0.58
0.40 mL 98.02 � 0.62 0.61
0.45 mL 97.93 � 0.75 0.73

a SD: standard deviation, % RSD: Rrlative standard deviation
percentage.
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plotting the obtained uorescence values against the drug
concentrations, the calibration curve was obtained. The line-
arity of the calibration plot was in the drug concentration range
of 20–450 ng mL�1. The calibration data were also subjected to
statistical treatment by applying the least-squares regression
analysis, and the obtained statistical parameters are illustrated
in Table 1. The results showed that there was an excellent linear
link between the uorescence values and the concentrations,
where the correlation coefficient was 0.9997. At the same time,
a low scattering of results around the calibration plot was
indicated from the small value of the standard deviation of the
residuals.

3.4.2. Detection and quantitation limits. For the purpose
of evaluating the sensitivity of the method, both the quantita-
tion (LOQ) and detection (LOD) limits were estimated. Tow
parameters from the calibration plot were included in the
calculation; slope (s) and the intercept standard deviation (s).
The employed equation for calculation was; limit ¼ ns/s, where
n ¼ 3.3 for LOD and n ¼ 10 for LOQ, and the obtained values
were 6.4 and 19.5 ng mL�1 for the two limits, respectively. The
very low values of the calculated limits indicate the excellent
sensitivity of the current method.

3.4.3. Accuracy. The contents of three solutions with varied
and known CP concentrations were determined by performing
a general methodology. Both % recoveries and standard devia-
tions were estimated for each concentration. The high degree of
accuracy of the procedure was indicated from the nearness of
the calculated % recoveries to % 100, as presented in (Table 2).
17614 | RSC Adv., 2022, 12, 17607–17616
3.4.4. Precision. For evaluation of the precision of the
procedure, the values of the relative standard deviation were
estimated for the analysis of three solutions with varied
concentrations of CP. The analysis was performed during one
day to evaluate intra-day precision. While in the case of inter-
day precision, the analysis was carried out on three consecu-
tive days. Data presented in Table 3 show that the values of
relative standard deviations are not higher than 2% giving
a prove for the appropriate levels of method precision (in the
intra- and inter-day). This means that the method has credi-
bility and is realistic.

3.4.5. Method robustness. To evaluate the robustness of
the current method, the experimental conditions were slightly
altered. The investigation involved alteration in the volumes of
the following reagents; OPA (0.001%), AMH (0.02%), and NaOH
(0.1 M). The % recoveries and standard deviations were
computed and summarized in Table 4. No signicant change
was encountered in the method performance indicated from
the low values of relative standard deviation which give a prove
for the appropriate robustness of the developed method.

3.5. Analysis of commercial pharmaceutical tablets

The content of commercial tablets (Captopril® 25 mg) con-
taining CP was estimated by performing the general procedure,
and the same tablets were also undergone analysis by previously
published method.2 The accuracy and precision of the proposed
methods were further evaluated by performing t-student and F-
tests. The obtained values were compared with the tabulated
one at 95% level of condence. Data provided in Table 5 shows
that the calculated values are not higher than the tabulated
ones for both parameters. As a result, the proposed method is
considered both accurate and precise. Additionally, the analysis
proved that the existence of tablet excipients did not inuence
the method's performance. Thus, the suggested method could
be used in the analysis of real samples in a quality control
laboratory.

3.6. The approach's greenness rating

Analysts have extensive responsibility to safeguard the envi-
ronment and people from harmful chemicals and organic waste
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 5 Analysis of Capoten® 25 mg tablets of the investigated drugs
using the proposed spectrofluorimetric and reported methods2

Parameters
Proposed
method Reported method

% Recovery 100.07 99.50
Number of
measurements

5 5

Standard deviation (SD) 0.95 1.41
t-valuea 0.75
F-valuea 2.2

a The tabulated values of t and F at 95% condence limit are 2.78 and
6.39, respectively.

Table 6 The greenness rating of the present methoda

Item Parameter
*PP
score

Technique Fluorimetry 1
Reagent OPA 2
Amount of reagent >10 mL 1
Solvent(s) Water 0
Heating No heating 0
Temperature 25 �C 0
Medium Very diluted alkaline 1
Cooling No cooling 0
Energy 1.0 > kW h per sample 0
Waste 1–10 mL (g) 3
Occupational hazards 0
*TPPs 8
Eco-scale total score ¼ 100 � TPP 92

a PP: penalty point; TPPs: total penalty points.
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generated by chemical and pharmaceutical industries.64,65

Green chemistry development and improvement must be
ongoing. Modern concerns like the analytical eco scale score66

have been used to measure an analytical method's “ecological
worth”. “Ultimate green analysis” results were obtained by
deducting the penalty points imposed from 100. These points
represent the study method's risks. The greener the analysis,
the higher the score (high number).67 The designed approach
scored 92 on the eco-scale because it required no extraction, no
heating, and the energy generated less than 0.1 kW h per
sample (Table 6). So, our method was eco-friendly.
4. Conclusion

A new spectrouorimetric approach was designed for the
sensitive analysis of captopril as thiol-containing compound.
Because of the essential role of the thiol compound (CP) in the
isoindole formation through condensation of the primary
amine (AMH) and OPA, the reaction could be applied for the
analysis of CP. The mechanism of the formation of the iso-
indole derivative was discussed, and its quantum yield was
calculated. The involved procedure is rapid, involves one-pot
reaction, and could be performed simply as no extraction step
was needed. In addition, the method is highly sensitive,
© 2022 The Author(s). Published by the Royal Society of Chemistry
performed at ambient temperature, and safe for the environ-
ment. The procedure was effectively utilized in the assay of
commercial tablets that contain the target analyte without any
interfering effect from the common excipients.
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