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Eco-friendly, sensitive and inventive first o

derivative synchronous spectrofluorimetric
determination of ciprofloxacin

and phenylephrine in their pure form, single
and combined eye drops
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Abstract

A facile, sensitive, accurate and green spectrofluorimetric method was evolved for the assay of ciprofloxacin hydro-
chloride (CFX) and phenylephrine hydrochloride (PLN) in their co-formulated eye drops with their challengeable ratio
of 30:1 for CFX and PLN, respectively. Such drops are clinically used for the treatment of eye bacterial infections. They
relieve the symptoms of infection by stopping further growth of the causative microorganisms. The assay principle
based on first-order synchronous spectrofluorometric scan using A A=40 nm in which PLN peak amplitudes were
recorded at 283.4 nm, meanwhile CFX was measured at 326.2 nm in the same scans. The calibration curves were
linear within the concentration ranges: 0.02-0.5 ug/mL and 0.5-5.0 ug/mL for PLN and CFX, respectively. The method
validation was confirmed following the International Conference of Harmonization (ICH) Guidelines. This suggested
method was the first one that described simultaneous analysis of PLN and CFX by a spectrofluorimetric technique.

In this method, green analytical procedures were implemented to lessen occupational and environmental perils

and method greenness was assessed by four assessment tools. GAPI, NEMI, AGREE and Analytical eco-scale were
applied to this study and it was deduced from their results that the method had high degree of greenness as it ful-
filled all requirements of GAPI, NEMI pictograms and it had high scores of analytical eco scale (97) and AGREE meth-
ods (0.82). Subsequently, it was successfully applied to assay both drugs in pure forms, pharmaceutical single and co-
formulated eye drops.

Keywords Ciprofloxacin hydrochloride, Phenylephrine hydrochloride, Derivative spectrofluorimetriy, Eye drops,
Greenness assessment

Introduction

Synchronous fluorimetric technique attracts great atten-
tion in pharmaceutical analysis because of its simplicity
and sensitivity. It also allows scanning of the excitation
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authorize this approach to be applied in the resolution of
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mixtures with overlapped spectra and in achieving data
for quantitative determination [2]. Moreover, it is more
sensitive because the amplitude of the derivative signal
is inversely proportional to the original spectrum band
width [2]. So, the synchronous fluorescence spectroscopy
combined with derivative amplitude has been favored
in resolving multi-component mixtures and analyzing
substances in presence of interferences or contaminants
[3]. Furthermore, introduction of greenness assessment
methods to the entire analytical process grantees that
the method has good ecological impact and not cause
any harmful effects to human or environment. So, four
assessment tools were applied to evaluate this study.

Ciprofloxacin hydrochloride (CFX); is the mono hydro-
chloride monohydrate salt of 1-cyclopropyl-6-fluoro-
4-oxo-7-piperazin-1-ylquinoline-3-carboxylic acid [4]
(Fig. 1A). It is a second generation fluorinated quinolone
bactericidal. It is used for treatment of bacterial infection
through inhibiting essential enzymes in the reproduction
of bacterial DNA as DNA gyrase and topoisomerase IV.
It has a broader spectrum of activity and greater potency
in vitro than non-fluorinated quinolone [5].

Several analytical techniques have been evolved for
analyzing CFX as; some of analytical methods were sum-
marized in the reported review [6], spectrophotometry
[7-12], spectrofluorimetry [13, 14], electrochemistry
[15-17], high-performance liquid chromatography [18—
20], capillary electrophoresis [21] and titration [22].

Phenylephrine hydrochloride (PLN); is
benzenemethanol,3-hydroxy-a [(methyl amino) methyl]-
hydrochloride (R) [4]. (Fig. 1B). It is a sympathomimetic and

0

F COOH

|

. HCI

(B)

Fig. 1 Chemical structure of A CFX and B PLN
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it has direct effects on adrenergic receptors. It is designated
to be nasal decongestant, mydriatic and hypertensive agent
in acute hypotensive state [5].

Literature survey shows that PLN was assayed by sev-
eral techniques such as; spectrophotometry [23-28],
spectrofluorimetry [29], high-performance liquid chro-
matography [30-32] and capillary electrophoresis [33].

Both drugs are official in the British Pharmacopoeia
(BP) [34] and in the United States Pharmacopeia [35]. By
reviewing the literature, it turns out that there were spec-
trophotometric [36] and high-performance liquid chro-
matographic [37] studies had been investigated and no
spectrofluorimetric method was reported for concurrent
analysis of both drugs.

It is the first time for simaltenious assay of CFX and
PLN through application of synchronous fluorescence
approach without need to high cost procedures or
advanced methods. It does not require any tedious and
time consuming pretreatment steps. Moreover, the pro-
posed method is simple, sensitive, valid and it fulfills all
criteria of greenness, which make it more favorable to be
applied in quality control of the suggested drugs.

Experimental

Devices

The whole work was performed using Cary Eclipse fluo-
rescence spectrophotometer with a xenon lamp. A high
voltage of 800 V was applied with 15 smoothing factor
and 5 nm slit width. The derivative spectra were obtained
using a filter size of 20.0 nm (USA), the pH meter was
used to adjust pH of the prepared buffers (Consort,
P-901, Belgium) and ultrasonic bath model SS-101H, 230
(USA).

Solvents and materials
HPLC grade solvents and analytical reagent grade chemi-
cals were used as;

Acetonitrile, methanol and ethanol were brought from
Sigma Aldrich (Germany). While, B-cyclodextrin, tween-
80, sodium dodecyl sulfate (SDS), cetrimide, sodium
hydroxide, boric acid, acetic acid, phosphoric acid, sul-
furic acid and hydrochloric acid were obtained from El
Nasr Chemical Co., (Egypt).

Ciprofloxacin HCI pure sample was obtained from the
National Organization for Drug Control and Research
(NODCAR), (Cairo, Egypt) with a purity of 99.81+1.73%
as calculated by comparison method [36]. While, Phe-
nylephrine HCl pure powder was kindly obtained from
Global Advanced Pharmaceuticals (6th October city,
Giza, Egypt) with purity of 99.93 +1.62% as calculated by
comparison method [36].
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Pharmaceutical dosage forms

Ciprocin® 0.3% eye drops; (contain 3 mg/mL Cipro-
floxacin hydrochloride) were produced by: Egyptian
International Pharmaceutical Industries Co., (10th
Ramadan city, Egypt) and Phenylmedrin® 2.5% eye
drops; (contain 25 mg/mL Phenylephrine hydrochlo-
ride) were manufactured by Monopharma for pharma-
ceutical industries, (Badr City, Cairo, Egypt).

Buffer solutions

0.2 M aqueous solutions of Britton Robinson buffer
covering the pH range 2.0-12.0, borate buffer of pH
range 6.0-10.0 [35] and acetate buffer with pH range
4.0-5.5 [35] were prepared.

Standard solutions

200.0 pg/mL standard stock solutions of PLN or CFX
were prepared separately in 100 mL volumetric flask by
dissolving 20.0 mg from each drug in 100 mL distilled
water. Subsequent dilutions were done as appropriate
to obtain the working solutions using the same diluting
solvent.

Procedures

Calibration curves

Working solutions within the concentration range of
0.02-0.5 pg/mL and 0.5-5.0 pg/mL for PLN and CFX,
respectively were separately prepared in a set of 10
mL volumetric flasks. Then, the solutions were ana-
lyzed using synchronous fluorescence approach at A
A =40 nm with scanning at a rate of 600 nm/min by 5
nm excitation and emission windows. Then, the first
derivative synchronous spectra (*D) were obtained and
peak amplitudes were measured at zero crossing point
of each drug; 283.4 nm for PLN (zero crossing point
of CFX) and 326.2 nm for CFX (zero crossing point
of PLN). Calibration curves were then constructed by
graphing the first derivative amplitudes (D) versus
each drug final concentrations to obtain corresponding
regression equations.

Assay of CFX / PLN in their synthetic mixtures

Different aliquots from standard solutions of CFX and
PLN in their ratio of 30:1 were transferred to a set of
10 mL volumetric flasks. Then solutions were diluted
with distilled water to the mark and mixed well. By
applying steps of the procedure under "Calibration
curves" Section, 'D amplitude values corresponding to
each drug were measured concurrently and the corre-
sponding concentrations were obtained from calibra-
tion curves or regression equations.
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Analysis of CFX/PLN in their commercial single eye drops
For analysis of CFX in Ciprocin® or PLN in Phenylme-
drin® eye drops; Five bottles of each drug were evacu-
ated and their contents were mixed well then certain
volume equivalent to 10.0 mg of CFX or PLN was sepa-
rately transferred into 100 mL volumetric flasks then
diluted with distilled water to mark and mixed well.
After that prepared solutions were diluted with the
same diluting solvent to obtain desired working solu-
tions. The procedure under "Calibration curves" Sec-
tion was then followed and the content of CFX or PLN
individual eye drops was obtained using the derived
regression equations or referring to the corresponding
calibration curves.

Analysis of CFX/PLN in their prepared co-formulated eye
drops

For the analysis of CFX and PLN in their prepared co-for-
mulated eye drops, a volume of Phenylmedrin® eye drops
equivalent to 10 mg PLN was accurately transferred to
100 ml measuring flask, then diluted with distilled water
to the mark to prepare 100 pg/mL stock solution. After
that, 4 mL from this solution was transferred to 100 mL
measuring flask followed by a volume of Ciprocin® eye
drops equivalent to 12 mg CFX and mixed well. This
finally prepared solution was diluted to the mark with
distilled water and mixed well to get CFX / PLN stock
solution in their ratio of 30:1. Then, aliquots within the
working concentration range were transferred into a set
of 10 mL volumetric flasks and the suggested procedure
under "Calibration curves" Section. was then performed.
Finally, the content of co-formulated eye drops was accu-
rately calculated by the derived regression equation or
calibration curves.
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Fig. 2 Excitation and emission fluorescence spectra of: (a, a') PLN
(0.1 ug/mL), and (b, b') CFX (0.01 ug/mL), using water as a solvent
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Fig. 3 Synchronous spectra at A A=40 nm of: A PLN (0.05 pg/mL). B
CFX (1.5 pg/mL). € A mixture of PLN / CFX (0.05/ 1.5 pug/mL)
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Fig. 4 First derivative synchronous fluorescence spectra of: A PLN
(0.05 pg/mL). B CFX (1.5 pg/mL). € Synthetic mixture of PLN/CFX
(0.05/1.5 pg/mL)

Results and discussion

PLN and CFX show intrinsic fluorescence at A, 273 nm/
Aem 300 nm and A, 318 nm/A,, 446 nm for the two drugs,
respectively as represented in (Fig. 2). Fluorescence spec-
tra of both drugs were greatly overlapped which hindered
simultaneous determination of CFX and PLN by con-
ventional spectrofluorimetric methods. This problem is
highly aggravated if it is wanted to assay both drugs in
their combined dosage forms. To enhance the resolution
of this mixture, synchronous scanning was conducted at
A X 40 but both drugs still could not be determined in
presence of each other because of persistent peak overlap,
as represented in (Fig. 3). So, 'D of synchronous spectra
amplitudes of PLN and CFX were measured at 283.4 and
326.2 nm for the two drugs, respectively to improve the
resolution and to increase the selectivity (Fig. 4). By this
way, relied on the concept of zero-crossing point, both
drugs could be assayed simultaneously with no need for
the addition of any selective hazardous reagents or tedi-
ous pretreatment separation steps as shown in Figs. 5 and
6.
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Fig. 5 First derivative synchronous fluorescence spectra of: A PLN
(0.02-0.05-0.07-0.1-0.2 and 0.5 pg/mL) at 283.4 nm. B CFX (4.0 ug /
mL)
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Fig. 6 First derivative synchronous fluorescence spectra of: A PLN
(0.5 ug/mL). B CFX (0.5-1.0-2.0-3.0-4.0 and 5.0 ug/mL).at 326.2 nm

Experimental parameters optimization

Optimal A A selection

A )\ value has a remarkable effect on the shape of the
synchronous spectra, bandwidth and value of the signal.
So a wide range of A A (20-120 nm) was tried and it was
found that A A 40 nm was optimal one as at which maxi-
mum selectivity and highest synchronous fluorescence
intensity were obtained.

Effect of different diluting solvents:

Various solvents as: distilled water, acetonitrile, ethanol
and methanol were investigated. It was observed that the
usage of distilled water gave the best sensitivity for both
drugs (Fig. 7). So, distilled water was the diluting solvent
of choice used through the whole study.

Effect of pH of the medium
It was evaluated utilizing 0.2 M Britton Robinson buffer
with the pH range 2.0-12.0, 0.2 M borate buffer of the
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Fig. 7 Effect of diluting solvents on relative synchronous fluorescence intensity for PLN (0.05 pg/mL) and CFX (1.5 ug/mL)

pH range 6.0-10.0, 0.2 M acetate buffer covering the pH
range 4.0-5.5 in addition to 0.1 N HCl and 0.1 N NaOH.
It was found that the change in the media pH had no
positive or negative effect on the fluorescence intensity of
both drugs. So, neutral pH of distilled water was applied
during this work.

700

SFI

Effect of different organized media

For enhancing the suggested method sensitivity, vari-
ous organized media were investigated; cetrimide,
tween 80, B-cyclodextrin and SDS. It was observed that
the use of these organized media caused decrease in
intensity of both drug except SDS showed increase of
CEX intensity but caused decrease in PLN intensity. So,

%zJJ].u

Water only Cetremide

HPLN

Tween 80 B-cyclodextrin

HCFX

Fig. 8 Effect of organized media on relative synchronous fluorescence intensity for PLN (0.05 pg/mL) and CFX (1.5 pg/mL)
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Table 2 Analytical performance of the suggested first derivative
synchronous method

Parameters CFX PLN
Wavelength difference (A \) =40 nm

Linear range (ug/mL) 0.5-50 0.02-0.5
Intercept (a) —1.082 0.190
Slope (b) 10.147 59477
Correlation coefficient (r) 0.9998 0.9999
Residuals S.D (Sy/X) 0.408 0.131
Intercept S.D (S,) 0318 0.074
Slope S.D (Sp) 0.105 0.326
Percentage relative standard deviation (% RSD) 1.269 1403
Percentage relative error (% Error) 0518 0.575
Limit of detection, LOD (ug/mL) 0.103 0.004
Limit of quantitation, LOQ (ug/mL) 0313 0.012
Number of experiments (n) 6 6

Table 3 Data for the estimation of CFX and PLN in their pure
form by the suggested first derivative synchronous method

Studied drugs Conc taken (ug /mL) % Found?® Comparison
method [36] %
Found
CFX 0.5 100.20 97.85
1.0 99.30 100.63
2.0 101.50 101.75
3.0 98.10 98.99
4.0 101.25
50 99.68
Mean +SD 100.01+1.27 99.81+1.73
t 021*
F 1.58*%
PLN 0.02 100.00 98.70
0.05 102.00 102.04
0.07 101.43 98.62
0.1 101.00 100.35
0.2 98.00
05 100.20
Mean +SD 10044 +141 99.93+1.62
t 0.53*
F 1.32*%

? The average of 3 separate results
* The tabulated t and F values were 2.31, 5.41, respectively at P=0.05 [39]

it was preferred that the work was carried out without
adding any organized media (Fig. 8).

Comparison between analytical performance

of the proposed approach and other published procedures
By comparing the evolved technique with reported
spectrophotometric [36] and high-performance liquid
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chromatographic [37] techniques, it was found that pro-
posed method was simple, rapid and superior to other
reported ones in term of sensitivity as its LOD was
smaller than others. Moreover, it was the greenest
method since green solvent (water) was used during
whole study and its greenness was confirmed by four
assessment tools as shown in (Table 1).

Validation parameters

Following International Council for Harmonization
(ICH) recommendations [38], the method validity was
investigated regarding; range, linearity, limits of detection
and quantification, precision, accuracy and selectivity.

Range and linearity
Calibration curves showed linear relationship between
D amplitudes and corresponding concentration of each
drug within the ranges 0.02-0.5 pg/mL and 0.5-5.0 pg/
mL for PLN and CFX, respectively. The derived regres-
sion equations are:

ForPLN :! D = 59.477 C + 0.190 at 273.0 nm (r = 0.9999)

For CEX :! D = 10.147 C—1.082 at 326.2 nm (r = 0.9998)

where 'D is the peak amplitude of first derivative syn-
chronous fluorescence spectra, C is the drug concen-
tration (pug/mL) and r is correlation coefficient. The
statistical data confirming the suggested method linearity
are abridged in (Table 2).

Limit of detection (LOD) and limit of quantitation (LOQ)
LOD and LOQ were computed mathematically (Table 2)
by the equations stated by ICH Guidelines [38]:

LOD = (3.3S,/b)

LOQ = (10 S,/b)

where S, is the intercept standard deviation and b is the
slope of calibration curve.

Accuracy and precision

The proposed method was evaluated regarding accuracy
through its application in the estimation of PLN and CFX
in their pure forms and comparing the results with those
obtained by comparison method [36] as represented in
(Table 3).

The comparison method recommended dual wave-
length spectrophotometric determination of both
drugs and the wavelengths selected for assay of CFX
were 272.09 nm and 305.85 nm, while, the wavelengths
selected for the assay of PLN were 256.80 nm and
282.96 nm by using 0.1 M NaOH as solvent. Statistical
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Table 4 Precision data of the proposed first derivative synchronous method
Drug Conc. (ug /mL) Inter-day precision Intra-day precision
Mean+SD % RSD % Error Mean+SD % RSD % Error

CFX 0.5 100.16+0.98 0.98 0.56 100.22+1.08 1.08 0.62

3.0 99.36+£1.55 1.56 0.90 99.57+£1.48 148 0.85

50 99.95+1.18 1.19 0.68 99.68+0.98 098 0.57
PLN 0.05 10042+1.35 1.35 0.78 99.86+1.21 1.21 0.70

0.1 99.64+1.61 1.62 093 99.64+1.28 1.29 0.74

0.5 100.35+1.18 118 0.68 99.79+£1.08 1.08 0.62

Table 5 Data for the assay of CFX and PLN in their synthetic mixtures by the suggested first derivative synchronous method and

comparison one

Parameters Proposed method Comparison Method [36]
Conc. taken (pg/mL) % Found ? % Found ?
CFX PLN CFX PLN CFX PLN
0.6 0.02 99.89 100.03 100.21 101.42
15 0.05 101.05 99.53 101.25 99.28
2.1 0.07 98.92 98.71 99.51 10047
30 0.1 100.45 99.36 102.04 101.78

Mean 100.08 99.41 100.75 100.74

+SD 0.90 0.54 .11 1.12

%RSD 0.90 0.54

%Error 0.45 027

t 0.93* 2.14*

F 1.5% 4.24%

2 The average of 3 separate results
* The tabulated t and F values were 2.45, 9.28, respectively at P=0.05 [39]

analysis of the data using Student’s t-test and variance
ratio F-test [39] showed no remarkable discrepancy
between two methods confirming accuracy of the pro-
posed method.

Intra day precision: It was assessed by assay of three
concentrations of each drug in pure forms three sequenc-
ing times on the same day and Inter day precision was
confirmed through repeated assay in 3 successive days.

SD and % RSD small values as in (Table 4) accentuated
high precision of the evolved method.

Selectivity

This proposed spectrofluorimetric method showed that
each drug can be analyzed in the mixture with no inter-
ference from the other drug confirming method speci-
ficity and its ability for resolving a mixture of the two
studied drugs (Table 5). The suggested method selectiv-
ity was confirmed by determination of the two drugs in
their single and combined eye drops with high % found
with no interference from common additives as shown in
Tables 6 and 7.
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Table 6 Assay of CFX and PLN in their single commercial eye drops by the suggested first derivative synchronous method
Parameter Conc taken (ug /mL) % Found ? Comparison
method [36] %
Found?
Ciprocin® eye drops (0.3% CFX) 0.5 100.16 100.21
1.0 99.35 99.69
20 98.95 101.95
3.0 102.09 98.90
Mean+SD 100.14+1.39 100.19+1.29
t 0.04
F 117
Phenylmedrin® eye drops (2.5% PLN) 0.02 98.35 10143
0.05 99.53 102.14
0.07 100.16 100.48
0.1 101.89 99.64
Mean+SD 99.98+1.48 100.92+1.09
t 1.03*
F 1.82%

@ The average of three separate results
* The tabulated t and F values are 2.45 and 9.28 respectively at p=0.05 [39]

Table 7 Data for the assessment of CFX and PLN in their prepared combined eye drops using this first derivative synchronous and

comparison methods

Parameters Suggested method Comparison method [36]
Conc. taken (ug/mL) % Found ? % Found ?
CFX PLN CFX PLN CFX PLN
Prepared eye drops 0.6 0.02 101.53 101.71 101.25 98.57
(0.3%CFX+0.019%PLN) 15 005 99.08 98.18 99.16 100.71
2.1 0.07 100.80 98.71 99.51 10142
30 0.1 99.79 101.04 100.73 99.64
Mean 100.30 99.91 100.16 100.08
+SD 1.08 1.72 0.98 1.25
%RSD 1.07 1.72
%Error 0.54 0.86
t 0.19% 0.16*
F 1.20% 1.90%

2 The average of three separate results
" The tabulated t and F values are 2.45 and 9.28 respectively at p=0.05 [39]
* The tabulated t and F values are 2.45 and 9.28 respectively at p=0.05 [39]

Application

Assay of CFX/ PLN synthetic mixtures

This derivative synchronous spectrofluorimetric tech-
nique was applied for synchronized assay of CFX and
PLN in synthetic mixtures in their ratio (30:1) as repre-
sented in (Fig. 4). By using the derived regression equa-
tions, each drug percent found in their synthetic mixture
could be determined.

Assay of CFX and PLN in their single commercial eye drops
The proposed technique was applied for analysis of CFX
and PLN in their single ophthalmic dosage forms and the
attained results were compared with those of compari-
son method [36] as presented in Table 6. These data were
statistically assessed utilizing Student’s t-test and vari-
ance ratio F -test [39] and it was found that there were no
remarkable differences between the two procedures.
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Table 8 Evaluation results of the greenness of suggested technique
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(1) Green Analytical Procedure Index (GAPI)

)

(2) NEMI pictogram

(3) AGREE pictogram

(4) Analytical Eco-Scale Score
Item

1-Reagent Water
2-Spectrofluorimeter
3-Occupational hazard
4-Waste

Total penalty points
Analytical Eco- Scale score

Penalty points

w w o o O

Assay of CFX and PLN in their prepared co-formulated eye
drops

The proposed technique was perfectly applied for simul-
taneous assay of the two studied drugs in their combined
dosage form to authorize its efficient application in qual-
ity control laboratories. The results presented in Table 7
were close to the comparison method results [36]. Fur-
thermore, Student’s t-test and variance ratio F -test [39]
deduced no remarkable differences between the two
methods regarding accuracy and precision.

Evaluation of the proposed technique greenness

Nowadays green analytical chemistry attracts more
attention so it is important to assess the ecological
impact of the evolved method. Various analytical matri-
ces such as Green Analytical Procedure Index (GAPI),

analytical Eco-scale, National Environmental Methods
Index (NEMI) and Analytical Greenness (AGREE) were
conducted (Table 8).

GAPI is a certain symbol with five pentagrams which
can be used for not only providing an immediately
perceptible perspective to the analyst but also gives
exhaustive information on each step of an analytical
methodology from sample collection, sample prepara-
tion, solvents, reagents and instrumentation to final anal-
ysis [40].

Analytical Eco-Scale relies on the concept that the total
penalty points of the parameters of the method (energy,
amount of reagent, hazard and waste) can be calculated
then subtracted from 100 to give value determines its
greenness [41]. It was found that the proposed method
score equals 97, pointing out the excellent degree of the
proposed method greenness.
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Table 9 Greenness of the suggested technique and other reported methods

Proposed method

Reported spectrophotometric method [36] Reported HPLC method [37]

GAPI

[tem Penalty points
1-Reagent NaOH 1
2-UV-Vis Spectrometer 0
3-Occupational hazard 0
4-Waste 3

Total penalty points 4
Eco- Scale score 96

Eco-Scale Item Penalty points
1-Reagent Water 0
2-Spectrofluorimeter 0
3-Occupational hazard 0
4-Waste 3

Total penalty points 3

Eco- Scale score 97

[tem Penalty points

1-Reagent Methanol 12

Acetonitrille 8

Phosphate buffer 0

2-HPLC-UV 1

3-Occupational hazard 0

4-Waste 3 Total penalty points 24 Eco- Scale score 76

NEMI is a qualitative method based on using a certain
circular pictogram which consists of four quadrants [42]:
Each of them corresponding to a certain parameter. By
applying it to the developed method, it was found that the
four criteria of greenness were fulfilled and represented
by four green parts. The NEMI criteria include: persis-
tent, bio accumulative, toxic (PBT), hazardous, corrosive
and waste. Although it is a feasible readable method, it
does not demonstrate any quantitative determination.

AGREE is a graph that resembles a clock and has twelve
sectors around its perimeter [43] One of the twelve prin-
ciples of Green Analytical Chemistry (GAC) is repre-
sented by each sector. A red, orange, and green scale is
used to indicate how well the method performs in rela-
tion to each of the GAC principles. The overall color in
the center of the graph, which has a score ranging from
0 to 1, represents the method’s overall performance. The
suggested approach, as shown in Table 8, has a score of

0.82 and a green core, indicating that the evolved method
is green.

The greenness of the proposed method was compared
with that of the other previously reported methods for
simultaneous determination of CFX and PLN ([35, 36].
It was found that suggested method was more green and
safe as shown in Table 9.

Conclusion

A simple, green, sensitive and rapid first derivative
synchronous spectrofluorometric technique has been
developed for concurrent assay of CFX and PLN in
pure forms, single and combined dosage forms. The
evolved technique was fully validated according to ICH
Guidelines. Moreover, the greenness was investigated
using four different matrices; GAPI, NEMI, AGREE
and Analytical Eco-Scale and the obtained results
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confirmed eco-friendliness of the proposed method.
Consequently, these properties authorize application of
this method in quality control of the studied drugs.

Acknowledgements
Not applicable to this study.

Author contributions

NTB: conceptualization, data curation, formal analysis, investigation, method-
ology, software, validation, writing-original draft and writing-review and edit-
ing; AE: supervision and writing-review and editing; MEF: conceptualization,
project administration, supervision and writing-review and editing. All authors
gave final approval for publication and agreed to be held accountable for the
work performed therein.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB). We received no funding for this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable to this study.

Consent for publication
Not applicable to this study.

Competing interests
We declare that we have no competing interests.

Received: 14 November 2023 Accepted: 22 January 2024
Published online: 05 February 2024

References

1. Skoog DA, Holler FJ, Crouch SR. Principles of instrumental analysis. 6th ed.
Toronto: Thomson Brooks/Cole; 2007.

2. Elzanfaly ES, Youssif RM, Salama NN, Fayed AS, Hendawy HAM, Salem MY.
Zero and second- derivative synchronous fluorescence spectroscopy for
the quantification of two non-classical 3-lactams in pharmaceutical vials:
application to stability studies. Luminescence. 2017;32:1517-27.

3. Mariaud M, Dubois P, Levillain P. Determination of cinchonine and
quinidine in mixtures by zero-crossing first-derivative spectrofluorimetry.
Analyst. 1988;113:929-32.

4. Moffat AC, Osselton MD, Widdop B, Galichet LY. Clarke's analysis of drugs
and poisons. 4th ed. London, UK: Pharmaceutical Press; 2011.

5. Buckingham R. Martindale: the complete drug reference, 40th edn.
London, UK: Pharmaceutical Press; 2020.

6. ElDemeiry MH, Emara S, Abuleila Y, Ali A, Hadad G, Abdel SR. A review
article on Ciprofloxacin determination with various analytical techniques.
J Pharm Biomed Anal. 2021;5:28-32.

7. Mohammed MA, Abbas SM, Jamur JM. Derivative spectrophotometric
determination for simultaneous estimation of isoniazid and ciprofloxacin
in mixture and pharmaceutical formulation. Chem Anal. 2020;15:105-10.

8. Taghizade M, Ebrahimi M, Fooladi E, Yoosefian M. Simultaneous spectro-
photometric determination of the residual of ciprofloxacin, famotidine,
and tramadol using magnetic solid phase extraction coupled with
multivariate calibration methods. Microchem J. 2021. https://doi.org/10.
1016/j.microc.2020.105627.

9.

20.

22.

23.

24.

25.

26.

27.

Page 12 of 13

Hussein MA, Omar KM. Indirect spectrophotometric estimation of
ciprofloxacin hydrochloride in pharmaceuticals using N-bromosuccin-
imide and methylene blue dye. Egypt J Chem. 2022;65:207-14.
Miloglu FD, Kadioglu Y. Determination of ciprofloxacin with zero-, first-
and second order derivative spectrophotometric method in water and
methanol media. Int J Pharma Sci. 2022;2:16-24.

. Elgendy KM, Saad MZ, Turky AE, Osman AF. Evaluation of the derivative

spectrophotometric technique for the quantification of Ofloxacin and
ciprofloxacin hydrochloride in their bulk drugs and pharmaceutical
dosage forms. Results Opt. 2023. https://doi.org/10.1016/j.ri0.2023.
100463.

Tantawy MA, Wahba IA, Saad SS, Ramadan NK. Classical versus chemo-
metrics tools for spectrophotometric determination of fluocinolone
acetonide, ciprofloxacin HCl and ciprofloxacin impurity-A in their ternary
mixture. BMC chemistry. 2023;17:1-11.

Saeed AM, Salih ES. Indirect spectrofluorometric method for the determi-
nation of cefotaxime sodium, ciprofloxacin hydrochloride and famotidine
in pharmaceuticals using bromate-bromide and acriflavine dye. Baghdad
Sci ). 2020;17:1-15.

Abd El-Aziz H, Fathy ME, El-Enany N, Aly FA, Tolba MM. Concurrent estima-
tion of some co-administered antimicrobial drugs applying conventional
and first derivative synchronous fluorescence spectroscopy techniques.
Spectrochim Acta A Mol Biomol. 2022. https://doi.org/10.1016/j.5aa.2021.
120255.

. Ahmed AK, Hanoon IT, Ahmed SH. Determination of the ciprofloxacin

hydrochloride drug in some pharmaceuticals using manufactured mem-
brane selective electrodes. Sys Rev Pharm. 2020;11:622-6.

Adane WD, Chandravanshi BS, Tessema M. A simple, ultrasensitive and
cost-effective electrochemical sensor for the determination of ciprofloxa-
cin in various types of samples. Sens Bio-Sens Res. 2023. https://doi.org/
10.1016/j.5bsr.2022.100547.

Mariappan K, Alagarsamy S, Chen SM, Sakthinathan S. Fabrication of
ZnWO4/carbon black nanocomposites modified glassy carbon electrode
for enhanced electrochemical determination of ciprofloxacin in environ-
mental water samples. Materials. 2023;16:741.

Tantawy MA, Wahba IA, Saad SS, Ramadan NK. Two validated chroma-
tographic methods for determination of ciprofloxacin HCl, one of its
specified impurities and fluocinolone acetonide in newly approved otic
solution. J Chromatogr Sci. 2022;60:655-62.

Abdelsattar Ol, Abuseada HHM, Emara MS, Selim I. Validated chroma-
tographic methods for determination of ciprofloxacin, indomethacin,
and metronidazole remnants in pharmaceutical industrial wastewater
effluents. Egypt J Chem. 2023;66:79-92.

Elgendy Kh, Zaky M, Alaa Eldin T, Fadel S. Rapid HPLC determination of
ciprofloxacin, ofloxacin, and marbofloxacin alone or in a mixture. Results
Chem. 2023. https://doi.org/10.1016/j.rechem.2022.100749.

. Koska I, Purgat K, Kubalczyk P. Simple, fast and reliable CE method for

simultaneous determination of ciprofloxacin and ofloxacin in human
urine. Sci Rep. 2022. https://doi.org/10.1038/541598-022-11747-y.

Badulla WFS, Bamahmood ESO. Development of green bromination
titration for determination of ciprofloxacin hydrochloride in different
pharmaceutical dosage forms. Indones J Chem. 2022;11:259-65.

Zakaria SA. Simple spectrophotometric method for determination of
phenylephrine hydrochloride in pure and pharmaceutical forms. Iraqi
Natl J Chem. 2020;20

Ebrahimi M, Sohrabi MR, Motiee F, Davallo M. Rapid simultaneous spec-
trophotometric determination of acetaminophen, phenylephrine, and
guaifenesin in a cold syrup formulation based on continuous wavelet
transform and first derivative transform methods. Optik. 2021. https://doi.
0rg/10.1016/}.ijle0.2021.166323.

Sabr MW, Ali DS. H-point standard addition method for simultaneous
determination of phenylephrine hydrochloride, chlorpheniramine
maleate, and paracetamol as a ternary mixture in pharmaceutical
formulations. J Indian Chem Soc. 2022. https://doi.org/10.1016/j jics.2022.
100526.

Deepa N, Arun AC, Lohith S, Keerthana S, Bharath S, Fazan OM, Kowsik

E, Gowtham S, Divya S, Jenifer J, Hari M. Oxidative coupling reaction for
spectrophotometric determination of phenylephrine hydrochloride. Eur J
Mol Clin Med. 2022,9:10602-6.

Kamel SA, Abdoon FM, Spectrophotometric method for the simulta-
neous determination of pyridoxine hydrochloride & phenylephrine


https://doi.org/10.1016/j.microc.2020.105627
https://doi.org/10.1016/j.microc.2020.105627
https://doi.org/10.1016/j.rio.2023.100463
https://doi.org/10.1016/j.rio.2023.100463
https://doi.org/10.1016/j.saa.2021.120255
https://doi.org/10.1016/j.saa.2021.120255
https://doi.org/10.1016/j.sbsr.2022.100547
https://doi.org/10.1016/j.sbsr.2022.100547
https://doi.org/10.1016/j.rechem.2022.100749
https://doi.org/10.1038/s41598-022-11747-y
https://doi.org/10.1016/j.ijleo.2021.166323
https://doi.org/10.1016/j.ijleo.2021.166323
https://doi.org/10.1016/j.jics.2022.100526
https://doi.org/10.1016/j.jics.2022.100526

Barakat et al. BMC Chemistry (2024) 18:27

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

hydrochloride via H-point standard addition method, AIP Conference
Proceedings, 2022,2398.

Al-Fakhry MH, Ahmad OSH. Spectrophotometric assay for the determi-
nation of phenylephrine-HCl using sodium nitroprusside and hydroxy-
lamine hydrochloride as a reagents. Res J Pharm Technol. 2023;16:169-74.
Saad RA, Salim MM, Hammad SF. Synchronous spectrofluorometric meth-
ods for simultaneous determination of diphenhydramine and ibuprofen
or phenylephrine in combined pharmaceutical preparations. Lumin.
2020;35:550-60.

Sridevi S, Vijayakumar R, Nalini CN. Method development and validation
for the simultaneous estimation of ascorbic acid, phenylephrine HC,
paracetamol and levocetirizine HCl using RP-HPLC. Res J Pharm Technol.
2020;13:1913-8.

Sonone R, Tandel L, Jain V. Novel rapid isocratic RP-HPLC method

for simultaneous estimation of phenylephrine hydrochloride, par-
acetamol, caffeine, diphenhydramine hydrochloride. Curr Pharm Anal.
2021;17:792-800.

Ali MS, Karim AE, Mohye MZ, Al-metwali AM, Ibrahim SN. Simultane-

ous determination of Guaifenesin, codeine phosphate, phenylephrine
hydrochloride, and sodium benzoate in syrup pharmaceutical form by
RP-HPLC. Al-Kitab J Pure Sci. 2023;7:173-83.

Farid J, Mostafa N, Fayez Y, Essam H. Capillary zone electrophoresis as a
quality assessment tool of paracetamol and phenylephrine hydrochloride
in presence of paracetamol impuirities. Turk J Chem. 2022;46:217-23.
Pharmacopoeia B., London: Her Majesty Stationary Office; electronic ver-
sion [CD-ROM], 2022.

Pharmacopeia 44 U.S., The National Formulary 39, The US Pharmacopoe-
ial Convention; Rockville: MD 2021, Online version.

Patel HB, Patel PU. Dual wavelength spectrophotometric method for
simultaneous estimation of ciprofloxacin and phenylephrine hydrochlo-
ride in combined dosage form. Int J Pharm Drug Anal. 2014,2:264-70.
Thula KC, Maheshwari DG. Stability indicating HPLC method for simulta-
neous estimation of ciprofloxacin and phenylephrine in pharmaceutical
dosage form. Pharmacophore. 2014;5:262-72.

ICH Harmonized Tripartite Guidelines, Validation of analytical procedures:
text and methodology Q2 (R1), 2022.

Miller J, Miller JC. Statistics and chemometrics for analytical chemistry.
London: Pearson Education; 2018.

Plotka-Wasylka J. A new tool for the evaluation of the analytical proce-
dure: green analytical procedure index. Talanta. 2018;181:204-9.
Gatuszka A, Konieczka P, Migaszewski ZM, Namies'nik J. Analytical eco-
scale for assessing the greenness of analytical procedures. Trends Anal
Chem. 2012;37:61-72.

Tobiszewski M, Mar¢ M, Gatuszka A, Namiesnik J. Green chemistry
metrics with special reference to green analytical chemistry. Molecules.
2015;20:10928-46.

Pena-Pereira F, Wojnowski W, Tobiszewski M. AGREE-analytical greenness
metric approach and software. Anal Chem. 2020;92:10076-82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13



	Eco-friendly, sensitive and inventive first derivative synchronous spectrofluorimetric determination of ciprofloxacin and phenylephrine in their pure form, single and combined eye drops
	Abstract 
	Introduction
	Experimental
	Devices
	Solvents and materials
	Pharmaceutical dosage forms
	Buffer solutions
	Standard solutions

	Procedures
	Calibration curves
	Assay of CFX  PLN in their synthetic mixtures
	Analysis of CFXPLN in their commercial single eye drops
	Analysis of CFXPLN in their prepared co-formulated eye drops

	Results and discussion
	Experimental parameters optimization
	Optimal Δ λ selection
	Effect of different diluting solvents:
	Effect of pH of the medium
	Effect of different organized media

	Comparison between analytical performance of the proposed approach and other published procedures
	Validation parameters
	Range and linearity
	Limit of detection (LOD) and limit of quantitation (LOQ)
	Accuracy and precision
	Selectivity

	Application
	Assay of CFX  PLN synthetic mixtures
	Assay of CFX and PLN in their single commercial eye drops
	Assay of CFX and PLN in their prepared co-formulated eye drops


	Evaluation of the proposed technique greenness
	Conclusion
	Acknowledgements
	References


