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Abstract—A simple, fast, sensitive, cost-effective, and well-proven spectrofluorimetric method has been
developed for the quantification of cetirizine dihydrochloride (CTZ). The quenching effect of CTZ on the
fluorescence intensity of Eosin Y was utilized to generate an ion-pair complex that can be detected at 549 nm
using a 301 nm excitation wavelength in the presence of glycine buffer (pH 4.0) for the method development. The
factors that influence reactions were thoroughly examined and optimized. With a determination coefficient of
0.9996, the fluorescence quenching value was linear to CTZ concentration in the range of 1–40 μg/mL. The esti-
mated detection and quantification limits were determined to be 0.02 and 0.08 μg/mL, respectively. The
method selectivity was validated by analyzing the effects of excipients, and no interference was found. The
established approach was applied to determine the presence of CTZ in products available on the market as
well as in biological samples. The methodology was validated using guidelines from the International Con-
ference on Harmonization, and percent recoveries for pharmaceutical items varied from 90.6 to 103.5% and
for biological f luids from 97.9 to 102.5%. The method has been successfully used for the content uniformity
test with high percent recovery and low relative standard deviation.

Keywords: citirizine dihydrochloride, f luorescence quenching, biological f luids, pharmaceutical formula-
tions, method development
DOI: 10.1134/S1061934823080129

The major regulator of an allergic response is hista-
mine. Histamine levels are especially high in mast cells
found in the respiratory system, gastrointestinal tract,
and skin. Histamine produces itching, promotes nasal
mucosa secretion, contracts smooth muscle in the
bronchi. Antihistamines of type H1 are commonly
used in patients to treat symptoms caused by histamine
release, which is common in allergic diseases. Ceti-
rizine dihydrochloride (CTZ) is a second-generation
H1 antihistaminic drug [1] which relieves the physical
symptoms of allergic rhinitis, rhinoconjunctivitis,
chronic urticaria, and other allergic illnesses. This
drug is classified as a weak acid since it is easily soluble
in water. It has three pKa values, i.e., 2.19, 2.93, and
8.00 [2]. It was first patented in 1981, and it was first
used in medicine in 1987 under the name Zyrtec® [3].
The product is identified as (±)-[2-[4-[(4-chlorophe-
nyl)phenylmethyl]-1-piperazinyl]ethoxy] acetic acid
potent long acting antihistaminic H1 receptor antago-
nist drug [4, 5]. Piperazines are antihistamines that
have moderate sedative and antiemetic properties.

CTZ, cyclizine, and hydroxyzine are piperazine deriv-
atives. It has a lower sedative effect than the other
members of this class [6].

One of the most significant instruments for phar-
maceutical quality control is drug determination. As a
result, the development of a simple, sensitive, quick,
and efficient technique for identifying drug concen-
tration is essential [7]. The British Pharmacopeia has
offered a potentiometric titration approach for the
determination of CTZ in pure form, whereas for CTZ
oral solution and tablets, it suggested a n HPLC
method [8]. Recent and comparative literature studies
have been described for CTZ assay such as reversed-
phase-HPLC [9], high-performance thin-layer chro-
matography [10], capillary electrophoresis . Among
them, spectrofluorimetry is a very simple, cost-effec-
tive, and sensitive method. However, only a limited
number of spectrofluorimetric methods have been
cited in the literature for the detection of CTZ in phar-
maceutical formulations and biological f luids [11].
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Eosin Y was applied for the determination of sev-
eral medicines using spectrophotometric and/or spec-
trofluorimetric techniques to generate colorful or f lu-
orescent ion association complexes. Spectrofluorime-
try is a very sensitive analytical approach that is a type
of molecular emission spectroscopy which is used to
assay a wide range of pharmaceutical substances [12].
Keeping in view the advantages of spectrofluorimetry
in drug determination, a study was designed to develop
an efficient, cost effective, and fast method for the
determination of CTZ in pharmaceutical formulations
and biological f luids using Eosin Y as a probe. Optimi-
zation of various reaction parameters was also among
the objectives of the study.

EXPERIMENTAL
Apparatus. A f luorescence spectrometer was used

to measure the f luorescence quenching (Perkin Elmer
LS 45) which was equipped with a 150-W xenon dis-
charge lamp, 1 × 1 cm quartz cells, and a grating
monochromator.

Materials and reagents. Reagents and chemicals
used were of analytical grade with high purity. A solu-
tion (0.1 mM) of Eosin Y was prepared by dissolving
0.0034 g of Eosin Y in 50 mL of distilled water. Gly-
cine buffer (0.25 M) was also prepared by combining
suitable quantities of 0.25 M glycine with 0.25 M
hydrochloric acid, and the measured pH was 4.0. Alli-
ance Pharmaceutical Industry Hayatabad, Pakistan,
donated CTZ standard. From a local medical store,
CTZ formulations were purchased, i.e., Zyrtec
10 mg/capsule made by Glaxo Smith Kline (F/268
S.I.T.E., Karachi, Pakistan), Rigix 10 mg/capsule
made by AGP B-23-C, S.I.T.E., Karachi, Pakistan),
Alerzine 10 mg/capsule made by Medera Pharmaceu-
ticals (249/A, Industrial Triangle, Kahuta Road,
Islamabad Industries, Pakistan), and Sedil
10 mg/capsule made by Sami Pharmaceuticals (F-95,
S.I.T.E., Karachi, Pakistan).

Standard drug solutions preparation. The standard
solution of CTZ (100 μg/mL) was prepared by dissolv-
ing 0.005 g of CTZ in distilled water, then diluting to
50 mL. Working solutions of small concentrations
were prepared from the stock solution.

Sample solution preparation. First of all, ten tablets
from each sample (10 mg) were weighed, finely pow-
dered, and the average weight of one tablet was found.
The powder form was dissolved in 10 mL of distilled
water in a 50 mL calibrated volumetric f lask and
shaken for 5 min. The contents were sonicated for
about 5 min before being diluted to the desired con-
centration with the same solvent. The solution was fil-
tered using a filter paper. Working solutions with lower
concentrations were prepared by diluting the suitable
amount with distilled water.

Methodology of analysis. Standard solution (1–
40 μg/mL) of CTZ was added to 10 mL volumetric
JOURNAL O
f lasks along with 2.0 mL of glycine buffer (pH 4.0) and
2.5 mL of Eosin Y (6.0 × 10–5 M) solution. Flasks were
filled to the mark with distilled water. The relative f lu-
orescence intensity was measured at 549 nm following
a 301 nm excitation wavelength, compared to a blank
solution prepared in the same fashion but
adding water instead of drug.

Pharmaceutical preparations analysis. Using dis-
tilled water, appropriate volumes of CTZ sample solu-
tions were diluted and assessed in the same way as
described above to get concentrations within the
working range. Regression equation was used to deter-
mine the specified CTZ concentrations in each mar-
keted product.

Biological samples spiking analysis. In this experi-
ment, 2.0 mL of CTZ standard solution (100 μg/mL)
was mixed with 1.0 mL of plasma or urine. The sample
was then deproteinized using 6.0 mL of acetonitrile.
The mixture was centrifuged for 20 min at 3000 rpm,
and the clear liquid volume was adjusted to 50 mL with
distilled water. As suggested previously, the correct
volume of this solution was studied via the usual ana-
lytical technique.

Procedure for determining content uniformity. For
ten tablets, the procedure was repeated as described
above, but each tablet was tested separately.

RESULTS AND DISCUSSION
Eosin Y, one of the acidic dyes, gives a yellowish-

red color through fluorescence quenching. In an
acidic solution, due to the formation of ion-pair com-
plex with cationic basic nitrogenous drugs, the f luo-
rescence of Eosin Y can be decreased. By creating
binary or ternary complexes, Eosin Y was used to iden-
tify numerous drugs utilizing spectrophotometric,
spectrofluorimetric, or combined spectrophotometric
and spectrofluorimetric methods [13]. Due to the for-
mation of a binary complex of Eosin Y with CTZ, a
quenching effect was observed on the native f luores-
cence of Eosin Y at λex/λem of 301/549 nm (Fig. 1). In
the range of 1–40 μg/mL, quenching was directly pro-
portional to CTZ concentration. The anionic part of
Eosin Y in acidic medium interacted with the cationic
side of CTZ and was primarily responsible for complex
formation.

Reaction conditions optimization. Several factors
were carefully studied by changing one parameter
while keeping others constant such as concentration,
pH, buffer type, reaction duration, temperature,
Eosin Y concentration, and dilution solvent.

pH and buffer effect. Several buffer solutions in the
pH range of 3.0 to 4.6 were prepared, and the influ-
ence of pH on fluorescence quenching was evaluated.
The maximum fluorescence quenching (ΔF) was
found by using glycine buffer at pH 4.0 (Fig. 2). Solu-
tions of different concentrations of various buffers
such as acetate, glycine, citrate, and phosphate were
F ANALYTICAL CHEMISTRY  Vol. 78  No. 8  2023
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Fig. 1. Excitation (emission wavelength of 549 nm) and emission (excitation wavelength of 301 nm) spectra of Eosin Y and CTZ.

200 250 300 350 400 450 500 550 600 650 700 750

0

20

40

60

80

100

120

140

F
lu

or
es

ce
nc

e 
in

te
ns

ity
  

Wavelength, nm

 Excitation 301 nm (Eosin Y)
 Excitation 301 nm (CTZ)
 Emission 549 nm (Eosin Y)
 Emission 549 nm (CTZ)

Fig. 2. Effect of pH of glycine buffer on Eosin Y fluorescence quenching for the determination of CTZ.
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prepared (Fig. 3). The best results were obtained with
0.25 M glycine buffer at pH 4.0. The effect of glycine
buffer (pH 4.0) volume on fluorescence intensity was
also investigated; 2.0 mL of buffer solution yielded the
highest f luorescence intensity.

Effect of concentration of Eosin Y. Different concen-
trations (2.0 × 10–5 to 9.0 × 10–5 M) of Eosin Y were
used to test the impact of Eosin Y concentration; the
highest f luorescence intensity was generated with
6.0 × 10–5 M Eosin Y (Fig. 4), as f luorescence
quenching is directly proportional to CTZ concentra-
tion in the range of 1–40 μg/mL, so Eosin Y with the
concentration of 6.0 × 10–5 M formed a stable com-
plex with the drug (CTZ); therefore, this was main-
tained as optimized concentration throughout the
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N
research. The volume effect on 6.0 × 10–5 M Eosin Y
fluorescence intensity was also investigated; the high-
est f luorescence intensity was produced by 2.5 mL of
6.0 × 10–5 M Eosin Y solution.

Reaction product stability. The reaction between
CTZ and Eosin Y was carried out at room tempera-
ture. At regular intervals of 10 min, the product f luo-
rescence intensity was monitored up to 2 h to evaluate
the influence of time on the complex stability (Fig. 5).
After 2 h of dilution, even when the f luorescence
intensity was calculated, there was no influence of
time on the results.

Solvent diluting effect. The influence of several
types of solvents on the f luorescence qualities of the
produced product was studied using distilled water,
o. 8  2023
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Fig. 3. Effect of various buffers on fluorescence quenching
of Eosin Y (pH 4.0).
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methanol, acetonitrile, 1,4-dioxane, and acetone.
Maximum quenching was achieved using distilled
water which is a cost-effective and eco-friendly dilut-
ing solvent (Fig. 6). As a result, distilled water was used
to dilute the samples throughout the experiment.

Temperature effects. The reaction mixture was
heated in an electrical thermostatic water bath for
15 min at 40, 50, 60, 70, 80, 90, and 100°C to study the
influence of temperature (Fig. 7) before diluting to
10 mL with distilled water. The complex became
unstable at high temperatures, diminishing the
quenching action. As a result, the research was con-
ducted at room temperature.
JOURNAL O

Fig. 4. Effect of concentration of E
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Method applicability. According to the Interna-
tional Conference on Harmonization (ICH) method-
ology, the validity of the suggested procedure was
reviewed. The analytical parameters that were evalu-
ated were limit of detection (LOD), limit of quantita-
tion (LOQ), linearity, precision, accuracy, selectivity,
and robustness [14].

Linearity and range. CTZ solutions of various con-
centrations were analyzed using the optimal parame-
ters and the general analytical technique. Calibration
curves were developed by plotting f luorescence
quenching values against CTZ concentrations. Linear
regression was performed on the data, and several ana-
lytical properties were found (Table 1). The calibration
curve of f luorescence quenching value against CTZ
concentration revealed linearity in the range of 1.0–
40 μg/mL with the linear regression equation of y =
9.335x + 14.865 and a strong determination coeffi-
cient of 0.9996. The suggested method was compared
with existing published methods for sensitivity
(Table 2). Results showed that the suggested
method sensitivity was higher than that of other meth-
ods that have already been reported [8, 10, 19].

Detection and quantification limits. The lowest con-
centration of an analyte that can be consistently distin-
guished from background levels by an analytical tech-
nique is the limit of detection, while the lowest con-
centration of the standard curve that can be measured
with acceptable accuracy, precision, and variability is
known as the limit of quantification [16]. Using the
formulas LOD = 3.3σ/S and LOQ = 10σ/S, LOD and
LOQ were calculated, where S is the slope of the cali-
bration curve, and σ is the standard deviation of the
intercept. The LOD and LOQ were determined to be
0.025 and 0.08 μg/mL, respectively (Table 1). The
method remarkable sensitivity was demonstrated by
nano-level LOD and LOQ values.
F ANALYTICAL CHEMISTRY  Vol. 78  No. 8  2023
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Fig. 5. Effect of reaction time on relative f luorescence intensity of Eosin Y for the determination of CTZ.
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Fig. 6. Effect of solvents used for dilution on fluorescence
quenching of Eosin Y.
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Selectivity. The interfering impact of tablet excipi-
ents was investigated using the standard addition tech-
nique to validate method selectivity. Ascorbic acid,
glucose, starch, sucrose, magnesium stearate were all
included in the research. Different concentrations of
each excipient were added in the ratios of 1 : 1, 1 : 2, 1 :
4, 1 : 6, 1 : 8, 1 : 10, 1 : 20, 1 : 50, and 1 : 100 to
2.0 mL of standard CTZ solution. Then, 2.5 mL of
6.0 × 10–5 M Eosin Y and 2.0 mL of 0.25 M glycine
buffer (pH 4.0) were mixed together. These excipients
did not cause any interference at lower concentration
(Fig. 8).

Reaction mechanism. To measure the molar ratio
between CTZ and Eosin Y, Job’s method of continu-
ous variation was used [17]. Both the drug and Eosin Y
were produced in master equimolar solutions (6.0 ×
10–5 M). In 10 mL calibrated f lasks, 1.0-mL aliquots
of CTZ and Eosin Y master solutions with varying
complementary ratios (0 : 1.0, 0.1 : 0.9, 0.9 : 0.1, 1.0 : 0)
were added. When the optimum volume of glycine
buffer (pH 4.0) was added and the volume was com-
pleted to 10 mL, the f luorescence intensity was evalu-
ated. Fluorescence intensities (ΔF) decreased and
were plotted against the CTZ mole fraction (Fig. 9).
Eosin Y and CTZ were found to be in a 1 : 1 ratio in
this methodology. A proposed mechanism for the
reaction pathway between CTZ and Eosin Y based on
the obtained molar ratio is shown in Fig. 10.

Precision and accuracy. Through two levels of pre-
cision, namely, intra- and inter-day, the suggested
approach was tested. To determine intra-day precision
(repeatability), three different concentrations of stan-
dard CTZ solutions were evaluated in triplicate during
the same day at three consecutive times. Analysis was
carried out on three days in a row for inter-day (inter-
mediate) accuracy. Table 3 shows the calculated rela-
tive standard deviation (RSD) values. The suggested
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N
method excellent accuracy was confirmed by its lower
relative standard deviation value. The method accu-
racy was tested by measuring commercial CTZ formu-
lations in triplicate at three different concentrations
within the calibration limits. Table 4 shows the calcu-
lated percentage recoveries. The percent recoveries
close to 100% suggested that the proposed methodol-
ogy was accurate. The proposed approach accuracy
was also tested using the standard addition method.
Zyrtec, Rigix, Alerzine, and Sedil were among four
CTZ pharmaceutical items studied, each having 10 mg
of CTZ per tablet. The recoveries calculated varied
from 90.6 to 103.5% (Table 5). The percent recoveries
close to 100% suggested that the proposed methodol-
ogy for CTZ determination in pharmaceutical prod-
ucts was extremely accurate.

Robustness. Robustness was assessed by evaluating
the effect of slight changes in the selected experimen-
o. 8  2023
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Fig. 7. Effect of temperature on relative f luorescence intensity of Eosin Y for the determination of CTZ.
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Fig. 8. Effect of common excipients on CTZ determination by the proposed method.
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УAловите свое
tal parameters to establish the validity of the planned
technique for pharmaceutical analysis during normal
use. The robustness of four parameters, i.e., pH, buf-
fer volume, dye volume, and reaction duration, was
studied. Table 6 shows that small modifications in
JOURNAL O

Table 1. Planned spectrofluorimetric method analytical
parameters

Characteristic Value

Excitation wavelength, nm 301
Emission wavelength, nm 549
Linearity range, μg/mL 1–40
LOD, μg/mL 0.025
LOQ, μg/mL 0.08
Standard deviation, μg/mL 0.08
Regression equation y = 9.335x + 14.865

Determination coefficient (r2) 0.9996
these variables do not have a significant impact on the
given method results.

Application to the biological samples. The approach
was successfully used to determine the active compo-
nent of CTZ in four distinct pharmaceutical formula-
tions. The approach was very sensitive, had good pre-
cision and accuracy, and due to the lack of interference
from excipients, this could also be used to calculate
CTZ in spiked human urine and plasma samples. The
recovery was between 97.9 and 102.5% (Table 7).

Application for content uniformity test. To evaluate
the quality of a batch in a medicinal product, specifi-
cation content uniformity is used. This test ensures
that a medicinal product strength is maintained within
acceptable limits [18]. To assess the consistency of
Zyrtec® tablet (10 mg) dosage units according to the
United States Pharmacopeia criteria [19], a content
uniformity test was used. Table 8 summarizes the find-
ings of the study, including recovery and RSD for each
tablet. Among the 10 tablets, the acceptance value was
F ANALYTICAL CHEMISTRY  Vol. 78  No. 8  2023
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Table 2. Comparison of the proposed spectrofluorimetric method with other reported methods

Method Linear range, μg/mL Limit of detection, μg/mL Reference

HPLC 5–40 0.25 [8]
Spectrophotometry 2.5–20 1 [10]
LC-UV 1–30 1.60 [15]
Spectrofluorimetry 1–40 0.025 Proposed method

Table 3. Intra- and interday precision of the spectrofluorimetric technique for CTZ determination

a Mean of three determinations.

Precision level Concentration level, μg/mL Recoverya ± RSD, %

Intra-day 1.0 99.9 ± 2.2
2.0 102 ± 3
3.0 101.6 ± 1.7

Inter-day 1.0 98.7 ± 2.5
2.0 100.4 ± 2.2
3.0 102.4 ± 1.7
less than or equal to the maximum allowed acceptance
value (L1), the content of the tested 10 tablet dose was
considered uniform, as indicated in the table.

CONCLUSIONS

A simple, selective, and economical spectrofluori-
metric approach was developed for the quantification
of CTZ in its pure form, pharmaceutical products, and
biological f luids (human blood plasma and urine).
Compared to other methods, the proposed method
has several advantages. The reagents used are inexpen-
sive, and a spectrofluorimeter which is readily avail-
able in most quality control laboratories may be uti-
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N

Fig. 9. Job’s method plot for the determinati
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lized. The method is straightforward, selective, and
environmentally friendly, and it can be used to mea-
sure CTZ in its pure form, commercial formulations,
as well as human blood plasma and urine samples,
yielding complementary findings. The proposed
method is very sensitive with low limit of detection
and quantification, when compared to other existing
methods. Finally, the suggested approach was verified
according to ICH rules.
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Fig. 10. Proposed mechanism for the reaction between cetirizine dihydrochloride with Eosin Y.
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Table 4. Evaluation of precision and accuracy for CTZ determination in commercial brands by the proposed method

a The results represent an average of individual triplicate analysis.

Pharmaceutical formulation
(10 mg/tablet) Amount taken, μg/mL Amount found, μg/mL Recoverya ± RSD, %

Sedil 1.0 0.95 95.5 ± 2.1

2.0 2.00 91.3 ± 1.4

3.0 2.81 93.8 ± 0.9

Zyrtec 1.0 1.03 103.5 ± 1.1

2.0 2.03 101.7 ± 1.1

3.0 3.08 103.0 ± 1.6

Rigix 1.0 1.01 101.0 ± 1.7

2.0 1.98 99.3 ± 2.8

3.0 3.03 101.1 ± 1.5

Alerzine 1.0 1.00 100.1 ± 2.6

2.0 2.02 101.2 ± 2.7

3.0 3.05 101.8 ± 1.2
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Table 5. Percent recovery of CTZ in commercial formulations

a The results represent an average of individual triplicate analysis.

Pharmaceutical brand
(10 mg/tablet) Added quantity, μg/mL Found quantity, μg/mL Recoverya ± RSD, %

Sedil 1.0 0.92 95.8 ± 1.0
2.0 2.00 90.6 ± 0.6
3.0 2.81 93.8 ± 1.0

Zyrtec 1.0 1.10 102.6 ± 0.6
2.0 1.99 99.9 ± 0.4
3.0 2.97 103.5 ± 1.7

Rigix 1.0 1.00 101.4 ± 1.1
2.0 1.90 100.5 ± 1.9
3.0 3.06 102.0 ± 0.4

Alerzine 1.0 1.02 99.3 ± 1.7
2.0 2.01 93.8 ± 2.1
3.0 3.16 94.2 ± 2.7

Table 6. The proposed spectrofluorimetric method robustness using 2 mL of CTZ

aMean of three determinations.

Variation Value Recoverya ± RSD, %

pH 3.8 100 ± 3
4.0 102 ± 5
4.2 102 ± 3

Glycine buffer
volume, mL

1.8 102 ± 3
2.0 102 ± 3
2.2 101 ± 3

Eosin Y
volume, mL

2.3 102 ± 3
2.5 102 ± 3
2.7 101 ± 3

Reaction
time, min

5 103 ± 3
10 103 ± 3
15 103 ± 3

Table 7. Determination of CTZ in biological samples by the proposed spectrofluorimetric method

a The results represent an average of individual triplicate analysis.

Sample Concentration taken, μg/mL Concentration found, μg/mL Recoverya ± RSD, %

Human plasma 1.0 1.03 102 ± 3
2.0 2.00 100 ± 3
3.0 2.94 97.9 ± 1.9

Urine 1.0 0.99 99 ± 4
2.0 1.98 98.8 ± 2.9
3.0 2.99 99.6 ± 2.3
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Table 8. The content uniformity test results using the pro-
posed method

a Mean of three determinations.

Tablet Recovery, % RSD, %

1 99.6 1.5

2 100.0 2.2

3 99.0 2.2

4 99.6 2.0

5 100.5 1.6

6 99.4 1.9

7 98.5 1.5

8 101.2 2.1

9 100.4 2.4

10 99.2 1.7
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