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Abstract: Fluorometric method for detecting of five nitrogen-based drugs concentration based
on inhibition of emission Eosin Y (EY). The selection of N-drugs comprised indapamide (INDP),
clomipramine hydrochloride (CMI), promethazine hydrochloride (PMH), lisinopril (LSP), and triflu-
operazine hydrochloride (TFPH). The Stern—Volmer style was plotted between relative emissions
of EY vs. N-drugs concentration. The standard curves were linear over the concentration range of
5-50 ug mL~1 with R? > 0.9, and the LOD for INDP, CMI, PMH, LSP, and TFPH were 2.07, 1.36,
3.02, 3.52, and 2.09 umol-L~!, respectively. The binding constant Kapp for LSP was greater than
other N-drugs. Furthermore, the suggested method was hence applied for the routine detection
of the concentration of N-drugs in bulk and tablet or syrup dosage forms. FTIR analysis and the
electron-mapping density provided the chemical affinity of N-drugs towards EY.
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1. Introduction

Nitrogen group-based drugs are used as therapeutics for a wide range of diseases.
Indapamide and Lisinopril were used as treatment for hypertension and heart failure,
respectively [1,2]. The basis of drug configuration depends on stereochemistry location
of nitrogen atoms such as primary-, secondary-, or tertiary-type (Figure 1) Indapamide
(INDP), 4-chloro-N-(2-methyl-1-indolinyl)-3-sulfamoylbenzamide [3]. Lisinopril (LSP)
is N2-[(1S)-1-carboxy-3-phenylpropyl]-L-lysyl]-L-proline dehydrate [4]. Promethazine
prevented the nausea and vomiting related to certain conditions. The empirical formula for
promethazine hydrochloride (PMH) is N,N-dimethyl-1-(10H-phenothiazin-10-yl) propan-
2-amine hydrochloride (C17H20N2S.HCl) [5]. Trifluoperazine HCl is 10-[3-(4-methyl-1-
piperazinyl)propyl]-2-(trifluoromethyl)-10H-phenothiazine dihydrochloride [6] and helps
reduce hallucinations (hearing/seeing things that are not there) [3]. Clomipramine is also
known as 3-(3-chloro-10,11-dihydro-5H-dibenzo[b,f]azepin-5-yl)-N,N-dimethylpropan-1-
amine [7], which is commonly used to treat obsessive—compulsive disorder (OCD) [8].

The HPLC method [9-11], electrophoretic technique [12], chemiluminescence [13],
electroanalytical approaches [14], and colorimetric assay [15,16] succeed in detecting the
drugs concentration in raw form and formulation. However, HPLC methods should study
the experiment conditions such as high-grade solvents, sampling, and type of detectors.
Furthermore, the spectrophotometric method is less sensitive than the spectrofluorometric
method. The advantages of the fluorometric method were obtained in the form of simplicity,
selectivity, and high sensitivity. Eosin Y as fluorescent dye and lead ions were used in the
determination of indapamide concentration. The fluorometric method was studied for the
decay of fluorescence emission of EY based on the formation of ternary complexes [17].
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Figure 1. The chemical structure of (a) INDP, (b) CMI, (c) PMH, (d) LSP, and (e) TFPH.
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The charge transfer process between EY and drug molecule was studied in the deter-
mination of the promethazine through the formation of binary complexes. Furthermore,
the charge transfer process was approved between promethazine as an electron donor and
a strong electron acceptor EY [18].

Herein, we supplied a simple and sensitive spectrofluorometric method for detection
of the concentration of drugs having nitrogen groups in raw and pharmaceutical formula
such as indapamide, lisinopril, promethazine, trifluoperazine, and clomipramine. The
novelty of this study is that it is the first to detect the concentration five drugs which
contain primary, secondary, and tertiary nitrogen groups. The inhibition of EY emission
was selective and sensitive for each drug, which are represented by k,; and Kapp values.

The designed system was used to detect the drug concentrations based on the “on-off”
fluorescence emission of Eosin Y with complex formation. The fluorescence quenching
reaction was directly matched to the drug concentration. The fluorometric method was a
very simple and sensitive route for drug detection. The fluorometric method had properties
such as an inexpensive EY reagent and easily applied; the equipment used is widely
available in most quality control laboratories. Next, we describe the chemical affinity of
EY to form ion-pair complexes with drugs that were studied by density functional theory
(DFT) based on electron-mapping density.

2. Experimental Section
2.1. Materials and Reagents

Eosin Y, Indapamide (INDP) (99%), Clomipramine hydrochloride (CMI) (99%), Promet-
hazine hydrochloride (PMH) (99%), Lisinopril (LSP) (98%), Trifluoperazine hydrochloride
(TFPH) (99%) were received from Sigma Aldrich, Al Khobar, Saudi Arabia. HPLC high-
grade solvents were used. The designed system of the formation of the drug-EY complex
was performed in acetate buffer at pH 3.50. In the fluorometric assay, the materials are used
without further purification, and freshly prepared solutions are prepared daily. The Nor-
malix SR 1.50 mg/g tablet of indapamide (Jazeera pharmaceutical industries, Riyadh, Saudi
Arabia), Anafranil 10 mg/tablet of clomipramine HCI (Novartis, London, UK), PROMETIN
syrup 5.0/5 mL of promethazine-HCI] (Kuwait Saudi pharmaceutical industries, Kuwait,
Kuwait), Zestril 5 mg/g of lisinopril (Astra Zeneca, London, UK), and Stellasil 5 mg/g
tablet of trifluoperazine HCI (Kahira Pharmaceuticals & chemical Industries company,
Cairo, Egypt) were received from the Saudi local market.

2.1.1. Practical Steps of the Designed Method

The ethanolic stock solution of 1.0 mM EY was used. The stock solutions of
1.0 mmol-L~! drugs were prepared in the appointed solvent. The solutions were kept
in a refrigerator (4 °C). A 1.0 mL quantity of (10-100 umol L~!) N-drugs was added to
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1.0 mL (10 umol L) Eosin Y with a completed 10 mL measuring flask by acetate buffer
and adjusted at pH 3.50. The solutions were left for 8 min to complete the formation of
an ion-pairing complex EY/drug. The blank reagent was run in parallel with the same
criteria except for the drug solution. The fluorescence-off effect of N-drugs on EY emis-
sion intensity was measured using the fluorometric technique. The fluorescence intensity
values of the EY-drug solutions were plotted vs. drug concentration (ummol L) at
Aem 550 nm. The regression model (y = ax + b) was used to calculate the drug concentra-
tions. The Shimadzu spectrophotometer model and Ocean-Optics FL4000 (Ocean Optics,
Orlando, USA) spectrofluorometer model were used to measure the UV—visible and emis-
sion spectra of EY and their complexes. An alpha bruker FTIR spectrometer (Bruker devices,
Santa Barbara, CA, USA) OPUS was used for investigating the vibrational frequency of EY
groups in the ion-pairing system.

2.1.2. Commercial Pharmaceutical Formulation Analysis

Five tablets from the sold drugs were ground in a mortar. The amount of powder
was weighed and dissolved in methanol. After 10 min of sonication, the mixture was
centrifuged at 1800 rpm for 5 min, and the supernatant was filtered through Whatman
filter paper. The precipitate was washed several times with the solvent. The filtrate was
made up to 100 mL with methanol. The procedure was repeated for different tablets, and
measurements were made in duplicate. For the syrup sample, 1.0 mL of syrup was added
in a 10 mL volumetric flask, then filled with 80% volume with methanol. The solution was
sonicated for 15 min to ensure homogeneity. Leave the solution at room temperature, and
then complete the flask to the mark by methanol. According to this procedure, the final
solution should have a drug concentration of 0.1 mg/mL.

3. Results and Discussion
3.1. The Design System Spectra

The absorbance and emission spectra of EY were measured in the absence and presence
of N-drug (see Figure 2a,b). The absorbance and fluorescence spectra of EY showed a
strong visible band at 530 nm corresponding to the n-*7t transition with high emission
appearing at 550 nm [19,20]. The quenching of EY emission was observed by adding
N-drug concentrations to the acetate buffer at pH = 3.5. The changes in the absorption and
emission spectra of EY were obtained after adding N-drugs due to the formation of the
ion-pairing system.
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Figure 2. The absorbance (a) and emission spectra (b) of 10 pmol-L~1 of EY before and after adding
50 umol-L~1 of N-drugs as follows: INDP, CMI, PMH, LSP, and TFPH in acetate buffer (pH = 3.5).
3.2. Stern—Volmer and Benesi—Hildebrand Formula

The Stern—Volmer theory was applied to describe the quenching process between EY
and N-drugs. The Stern—Volmer style was plotted between the relative emission of EY
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in the absence and presence of N-drug as quencher [Q], as seen in Equation (1) [21] (see
Figure 2).
fo

f

The Stern—Volmer constant (k) is the slope, and the quenching rate constant
kg (ksv = kq10) is equal to the multiplication of ks, and lifetime (7p), where 1y (2.66 ns)
is the lifetime of Eosin Y [22]. Stern—Volmer plots and k, values were used to explain the
quenching process mechanism between drug-EY collisions. The Stern—Volmer plots were
obtained with linearity and high k, values (Table 1 and Figure 3). The quenching process of
EY emission was carried out through the static collision mechanism [23,24].

(Af) =1+ ksv[Q} =1+ quO[Q] 1)

Table 1. Stern—Volmer and Benesi-Hildebrand relations for EY-drugs ion-pairing complexes.

Stern—Volmer Parameters Benesi-Hildebrand

N-Drugs
kso x 10% kg x 1012 ’ " >
(Lmol-)  (L-mol-Ls-1) R Kapp > 10 R
INDP 1.60 1.90 0.97 1.02 0.94
CMI 2.60 3.20 0.98 0.83 0.97
PMH 3.90 4.70 0.97 1.59 0.96
LSP 6.90 8.30 0.98 1.76 0.96
TFPH 4.35 4.88 0.98 1.49 0.96
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Figure 3. The emission spectra (a) and (b) calibration curves of 10 pmole L~! EY with addition of
5.0-50 pmole L1 N-drugs in the acetate buffer (pH = 3.50).

The binding association constants (K;pp) were calculated from the absorbance spectra
of EY and N-drugs by applying the Benesi-Hildebrand relationship, (Equation (2)) [25]

(A—Ap)
(47— 40)

where Ay, A, and A fare the absorption values, in the absence of N-drug, at the intermediate
and at the saturation of the interaction of EY with drug respectively, and [D] is the N-drugs
concentration. The high K;,, values were obtained due to the strong formation of the
ion-pairing EY /N-drugs system (Table 1).

log = logKgapp +log[D] ()

3.3. The Molar Ratio N-Drugs with EY

The molar ratio method was used to detect the mole ratio of ion-pairing EY/N-drugs
system [26]. The ion-pairing system of N-drugs/EY was formed by electrostatic attraction
of the acidic carboxylic acid group or -OH group of EY and the alkaline moiety (amino
group) of the N-drug [27]. The molar ratio was 2:1 for the EY/N-drugs ion-pairing system.

4. Methods Validation

The fluorometric method was validated according to ICH guidelines [28]. The valida-
tion parameters such as linearity, dynamic range, detection (LOD), and quantitation (LOQ)
limits, precision, and accuracy were calculated from the regression model analysis.

4.1. Linearity and Range

The linearity of the designed fluorometric method was obtained by using a series
of standard solutions of the drug. The calibration curves were plotted between relative

emission of EY vs. N-drug concentration. The linearity was 5.0-50.0 umol L~! for N-drugs
with (R? > 0.9).
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The detection (LOD) and quantification (LOQ) limits were calculated from the calibra-
tion curves of the regression model of the fluorometric method according to the following
Equation (3).

LOD =33¢/S,LOQ =10.00/S 3)

where S is the slope of the calibration curve, and ¢ is the standard deviation of the YX
straight line of regression analysis [29]. The LOD and LOQ values were 2.07,1.36, 3.02, 3.52,
and 4.20 uM for, INDP, CMI, PMH, LSP, and TFPH, respectively (see Table 2).

Table 2. The detection and quantification limits of the fluorometric method.

N-Drugs :1101\/113) I;?N?)
INDP 2.07 6.30
CMI 1.36 4.11
PMH 3.02 9.20
LSP 3.32 10.07
TFPH 4.20 12.67

4.2. Accuracy and Precision

The accuracy of the fluorometric method was used at three concentration levels (8.0,
15.0, and 30.0 uM). The fluorometric method obtained a good recovery, as seen in Table 3.
Furthermore, the precision was examined with inter-day and intra-day precision levels.
The % RSD values of the fluorometric method were found at the acceptance value of 2.0%.

Table 3. Accuracy and precision levels of the fluorometric method at three concentration levels of the

studied drug.
N-drugs ((ilclp\r/};entration Levels Recovery% +SD ::::130; Level, RSD"IA,ntra-Day
INDP 8.0, 15.0, 30.0 100.3 + 0.78 0.73 1.68
CMI 8.0, 15.0, 30.0 100.36 £+ 0.83 0.74 1.73
PMH 8.0, 15.0, 30.0 100.84 £+ 1.82 1.66 1.71
LSP 8.0, 15.0, 30.0 100.22 £ 0.65 0.57 1.32
TFPH 8.0, 15.0, 30.0 100.16 £+ 0.49 0.42 1.63

4.3. Pharmaceutical Formula

The fluorometric method was used to find the concentration of drugs in its pharma-
ceutical formula. The paired t-test was used to examine the quality of the % recovery of
the fluorometric method (Table 4). At limit of confidence level 95%, the obtained paired
t-values were less than the t-values tabulated values, so there are no systematic errors in
the determination of the precision and accuracy of the fluorometric method. Furthermore,
the high recovery values with no interference from the other components of formula packs
were obtained, so the fluorometric method is suitable for detecting the drug-containing
dosage forms and assays in QC laboratories.

Table 4. Analysis of the studied drug in its pharmaceutical dosage form using the designed method.

The Proposed Method, n =5

% Recovery = SD Paired t-Value and Tabulated ¢ *
Normalix SR (1.50 mg) INDP 100.16 £+ 1.01 0.70

Anafranil (10 mg) CMI 99.93 £ 0.65 0.61

Pharmaceuticals Formula
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Table 4. Cont.

The Proposed Method, n =5

Pharmaceuticals Formula

% Recovery + SD Paired t-Value and Tabulated ¢ *
PROMETIN syrup (5.0/5 mL) PMH 99.27 £2.22 1.49
Zestril (5 mg/g) LSP 99.82 + 1.63 0.48
Stellasil (5 mg/g) TFPH 99.42 +£2.38 1.40

* Tabulated t-value was 2.771, degree of freedomn — 1 =5.

4.4. The Chemical Affinity of N-Drugs towards EY

The ion-pairing process played an important role in detecting the quantity of drug
and the affinity of drug molecule towards Eosin Y to form the ion-pairing system. Firstly,
the Eosin Y molecule takes various forms, including neutral, mono-anionic, and di-anionic
species, depending on the pH of the medium. At pH = 3.50, mainly neutral and mono-
anionic forms are found, while at pH > 7, the di-anions form was showed. The absorbance
and fluorescence spectra of EY were dependent on the pH of the EY solution [30,31]. The
quantum yield @ of fluorescence intensity of EY was increased by increasing the pH due
to the existence of di-anions forms. The -OH hydroxyl group in EY was slightly more
ionized than the -COOH carboxyl group, where -OH besides the bromine atoms acts as
a strong electron-withdrawing group which accelerated the ionization of -OH over the
-COOH group. Furthermore, the amino group of the drug molecule was easily ionized
in acidic media, with the formation of cationic form at the nitrogen center. The ion-pair
drug-EY complex was formed between the EY-negative (-O) center and the drug-positive
(N*) center [32,33]. The binding affinities and charge transfer processes in EY-drug ion
pairing play a role in the detection of the drug concentration and explain the strength of the
drug-EY complex. FTIR spectra were applied to confirm the location of binding between
EY and drug molecule. The FTIR spectrum showed EY bands of -OH and -COOH groups,
and a changing feature was found in the IR spectrum that confirmed the formation of
the ion-pairing complex. It was concluded that the -OH groups in the EY molecule were
changed, confirming the bonding with the drug molecule [33] (Figure 4).

Transmission(%)

4000 3500 3000 2500 2000 1500 1000

Wavenumber(cm-)

Figure 4. FTIR spectra of EY (a) and their ion-pairing systems of INDP (b), CMI (c), PMH (d), LSP (e),
and TFPH (f).
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4.5. Computational Calculations

Theoretical calculations based on density functional theory (DFT) were carried out
using the Gaussian GO9W program. All compounds were optimized according to Beckers
three-parameter exchange functional with basis set BBLYP/6-31G*[34,35]. The Electron
affinity (EA), Ionization energy (IE), hardness and softness, and the HOMO, LUMO are
calculated. The chemical affinity of EY to form ion-pairing complexes with drugs was
examined using DFT calculations [36]. The energy gap (Eg), Enomo and Erymo, chemical
hardness (1), Softness (S), the electronic chemical potential (1), and electrophilicity (w)
are calculated via Equations (3)—(7); these parameters were added to confirm the global
reactivity of the EY molecule [37,38]:

Eg = Enomo — Erumo (4)
M = (Erumo — Enomo) /2 (5)
§=— 6
, (6)
1

p= E(ELUMOJrEHOMO) ()

2

_ ¥
w=5 (8)

Electrochemical potential (1) plays an important role in proving the ability of electron
transfer between EY and drug [37]. In general, the harder the molecule, the less reactive it
is to reactions [38]. Here, the electron potential (y) of the EY di-anion is larger than that
of the mono-COO and -OH species, showing that the EY di-anion possesses high electron
exchange with drug molecules. Although, the chemical potential and electrophilicity values
of the drugs suggest that INDP is highly reactive given that it is a potent donor molecule.
The EY di-anion species have the lowest chemical hardness (1) and are accessible through
electron exchange with the indicated drug compound (host-guest) interaction (Table 5).

Table 5. Represented HOMO and LUMO energies, hardness (1), softness (S), chemical potential ()
and electrophilicity (w) of EY forms (mono- anions and di-anion) of EY and drug molecules.

Molecules HEgi\}IIz) L%T\)II()) (E‘%) n S u w
EY/di-anions 1.19 3.68 —2.49 1.24 0.81 2.44 2.391
EY/mono (COO™) —1.46 1.05 —2.52 1.26 0.79 —0.21 0.008
EY/mono (-OH) —2.06 0.44 —2.50 1.25 0.80 —0.81 0.262
INDP —5.4 -1.9 —-3.4 1.75 0.57 —3.65 3.776
CMI —53 —0.2 —5.1 2.55 0.39 —2.75 1.495
PMH -5.1 -0.2 —49 2.45 0.41 —2.65 1.433
Lsp —5.6 —0.4 —52 2.60 0.38 —3.00 1.730
TFPH —47 -0.9 -3.8 1.90 0.53 —2.80 2.063

A molecular electrostatic potential map enables the exploration of molecular sites
susceptible to electrophilic or nucleophilic attacks. Probing changes in electrostatic potential
are an indication of the local reactivity within a molecule. Computationally, we achieve
this by directing a positive charge towards the molecule. The molecular regions with
high electron density should interact easily with the positive charge; therefore, a site with
low electrostatic potential develops at the interaction area. In contrast, a low electron
density site should give rise to a high electrostatic potential upon rippling interaction
with the positive charge. We then label the low electrostatic potential sites (electron-rich)
with a red color, and the regions with high electrostatic potential (electron-poor) with a
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blue color. We then label the areas with moderate interaction using colors between red
and blue, which represent areas with a moderate electron population. The MEP maps
for the EY species and drug molecules were derived using B3LYP/3-12G calculations
and the GaussView 6 graphical interface, as shown in Figure 5. The map shows that
EY — (O™) has wider electron-rich regions (indicated by the red color) than EY — (COO™)
and more intense than EY, which give rise to enhanced electron donation in the order
EY —(O~) > EY — (COO™) > EY. The more electron-rich sites, the more chances for the
reallocation of the HOMO of the donor to the LUMO of the acceptor. On the other hand,
the maps of the drug molecules show remarkable electrophilic molecular sites ranging
from extreme high electrostatic potential sites (blue-colored areas) to moderate electrostatic
potential sites (green- and yellow-colored areas), which make them good candidates for the
interaction with the EY — (O~), EY — (COO™) and EY molecules. It is worth mentioning
that LUMO(s) of CMI and PHM molecules have more locations to accept the charge than
the LUMO(s) of INDP, LSP, and TEPH molecules (Figure 5).

483

. EY/O

EY/COO-,0-

CMI

Figure 5. Cont.
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Figure 5. (a) Distribution of HOMO and LUMO orbitals of the cited drugs and mono- and di-anions
species of EY and (b) Electron density map (kJ/mol).

The electrostatic potential (MEP) is a highly effective tool to predict the reactive sites of
the molecule with the target molecule [39]. The electrophilic and nucleophilic regions of the
EY species and drug molecules are shown in Figure 5. The large electronegative region (red
color iso-surface) found in a nucleophilicity location at -OH was greater than the -COOH
group. The primary NH,- was in a greater electrophilicity location than the secondary and
tertiary N-groups in the N-drugs. So, the electrophilic attack, and a large positive region
(blue color iso-surface), are seen on the PC’s cation, which is prone to nucleophilic attack.

5. Conclusions

The study utilized a fluorometric approach to measure the concentration of five differ-
ent drugs containing nitrogen, and it focused on the inhibition of Eosin Y (EY) emission.
The N-drugs that were chosen include indapamide (INDP), clomipramine hydrochloride
(CMI), promethazine hydrochloride (PMH), lisinopril (LSP), and trifluoperazine hydrochlo-
ride (TFPH). The Stern—Volmer method was employed to graph the relative emissions
of EY in relation to the concentration of N-drugs. The standard curves exhibited a lin-
ear relationship within the concentration range of 5-50 ug mL~!, with a coefficient of
determination (R?) greater than 0.9. The suppression of EY emission was specific and
responsive to each drug, as indicated by the k; and K,p, values. The INDP, CMI, PMH,
LSP, and TEPH concentrations in pharmaceutical formulations were determined using
a straightforward, affordable, highly sensitive, and quick spectrofluorometric approach.
The chemical reactivity of EY and N-drugs was analyzed using density functional theory
(DFT). FTIR and the ESP (electronic surface potential mapping) analysis were provided
and confirmed the formation of N-drugs/EY ion-pairing. The investigation of LUMO and
HOMO and MEP maps agreed well with the experimental findings.
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