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Abstract

and reported methodologies were statistically compared.

Spectrum subtraction

Four simple, specific, easy, precise and accurate spectrophotometric methods were developed for the first

time to examine ciprofloxacin and metronidazole in combination, without having been separated beforehand

by the developed methods. Ciprofloxacin and metronidazole were determined by utilizing advanced absorbance
subtraction (AAS), spectrum subtraction, bivariate and ratio difference methods. Precision, repeatability, robustness,
and accuracy were all determined to be within acceptable levels after each of these procedures underwent validation
in accordance with ICH recommendations. Each method's benefits and drawbacks are illustrated, and the proposed
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Introduction

Ciprofloxacin (CIP); 1-cyclopropyl-6-fluoro-4-oxo-7-pip-
erazin-1-ylquinoline-3-carboxylic acid (Additional file 1:
Fig. S1) is a widely used fluoroquinolone with a wide range
of medicinal applications. Its widespread use is due to the
presence of multi-resistant bacteria that are exclusively
responsive to ciprofloxacin. The currently available clinical
evidence points to this medication’s potentially increased
efficacy. In the management of several nosocomial and
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community-acquired illnesses, including urinary tract
infections, respiratory tract, and skin [1]. Additionally,
ciprofloxacin is utilized to treat anthrax, certain types
of plague and sexually transmitted diseases [2].

Metronidazole (MET); 2-(2-methyl-5-nitroimidazol-
1-yl)ethanol; hydrochloride. Additional file 1: Fig. S1 is an
antibiotic that is employed in the treatment of infections
of the vaginal tract, liver, stomach, skin, joints, heart,
brain and spinal cord, lungs, and bloodstream caused by
bacteria. Metronidazole is also used to treat trichomoni-
asis, a parasite-based sexually transmitted illness. Even if
one sexual partner has no symptoms, it is typical to treat
both at once [2].

Ciprofloxacin which has a lower antibacterial activity
against anaerobic pathogens can be combined with an
anaerobe-killing antimicrobial drug e.g. metronidazole
for the management of mixed aerobic/anaerobic infec-
tions [2]. This combination is used for the treatment of
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diarrhea, dysentery and severe perianal Crohn’s disease
[3].

Patient compliance is critical to the efficacy of ther-
apy regimens as it is the process whereby the patient
follows the prescribed regimen as intended by pre-
scriber [4]. The factors that are commonly believed to
have an impact on compliance can be categorized into
social and psychological domains. These factors include
knowledge and understanding, which includes effective
communication strategies. Additionally, the quality of
the interaction between the patient and the healthcare
provider, as well as patient satisfaction, are also influ-
ential. Social isolation and social support, including the
role of the patient’s family, can also affect compliance.
Furthermore, health beliefs and attitudes, as well as
variables associated with the health belief model, play a
significant role. Lastly, factors related to the illness and
treatment, such as the complexity and duration of the
prescribed regimen, can also influence compliance [5].
The phenomenon of drug interactions holds significant
implications for patient adherence or non-adherence
to prescribed medication regimens. Enhanced collabo-
ration between general practitioners (GPs) and other
healthcare providers is crucial in addressing the chal-
lenges associated with polypharmacy. The presence of
interactions and unpleasant effects might undermine
medication adherence (also known as drug compliance)
and self-management, so impeding the attainment of
the intended objective. Drug interactions may poten-
tially offer a resolution in situations where the patient’s
condition has worsened without a definite etiology.
Drug interactions play an important role in patient
compliance/non-compliance [6].

Several methods for analyzing CIP and MET in their
mixture form or alone were discovered in the literature.
CIP and MET were determined by spectrophotometric
methods [7-20], reversed-phase ion-pair HPLC, TLC-
densitometric methods [21], RP-UPLC Technique [22],
LC methods [23, 24], UPLC-mass [25], HPLC [26-29]
and potentiometric & electrochemical determination
[29-32].

No simultaneous techniques were presented for
determining the studied drug combination through our
introduced methods; advanced absorbance subtraction
(AAS), bivariate, spectrum subtraction, and ratio differ-
ence methods.

We aimed to create simple, easy, economical, accu-
rate, fast, and uncomplicated techniques for determin-
ing the studied drug combinations without additives
and/ or excipients interference in the pharmaceutical
formulations.
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Experimental
Apparatus
The Model 6800, a true double beam UV/visible spec-
trophotometer. Using the Jenway Model 6800 Flight
Deck Software.

The measurements were conducted within a 1 cm
quartz cell, covering a wavelength range of 200-400
nm, while maintaining the room temperature.

Materials and reagents

Pure standards

Ciprofloxacin and Metronidazole (with purity 99%
for both drugs, Batch no.. CPH/16091295 and
MT2/3050381 for CIP & MET, respectively) were
received as a gift from Aarti Drugs Ltd Co. (Mahendra
Industrial Estate, Grand Floor, Road No. 29, Plot No.
109-D, SION (East), MUMBAI-400022. (INDIA).

Pharmaceutical formulations

Ciprodiazole® tablets were received from the market
(Ciprofloxacin HCI 500 mg and Metronidazole 500 mg)
manufactured by MINAPHARM for pharmaceuticals &
chemical industries 10th of Ramadan, Egypt.

Solvents
Distilled water.

Standard solutions

Laboratory prepared mixtures

Solutions with varying ratios of CIP and MET were
prepared by precisely transferring aliquots from their
respective reference solutions into 10 mL volumetric
flasks, followed by dilution with distilled water.

Procedures
Construction of calibration curves
For CIP: 1-17 pg/mL working solutions were prepared
by the addition of aliquots (0.2, 0.4, 0.5, 0.6, 0.8, 1, 1.2,
1.4, 1.6, 1.8, 2, 2.2, 2.4, 2.6, 2.8, 3, 3.2, 3.4 mL) of CIP
working standard solution (50 pg/mL) to 10 mL volu-
metric flasks series and diluting with distilled water.
For MET: 5-37.5 pg/mL working solutions were pre-
pared by the addition of aliquots (0.2, 0.4, 0.5, 0.75, 1,
15,2,25,3,3.5,4,4.5,5,55,6,6.5,7,7.5 mL) of MET
working standard solution (50 pg/mL) to 10 mL volu-
metric flasks series and diluting with distilled water.
The absorbance spectra were recorded at ambient
temperature in the wavelength range of 200 to 400 nm
for all experimental experiments.
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For advanced absorbance subtraction (AAS) method

This method is done by the subtraction of the ampli-
tude of two equal wavelengths to abolish the effect of
one of the drugs; in which one of these wavelengths is
an isoabsorptive point from which the total concentra-
tion could be calculated.

In the presence of CIP, advanced absorbance subtraction
(AAS) [33, 34] was employed to calculate MET. The meas-
urement of absorbance was conducted at 291.5 and 250
nm, with 291.5 nm chosen as an isoabsorptive point from
which the total concentration could be calculated. Because
the wavelengths 291.5 nm and 250 nm have the same
absorbance in CIP and the absorbance difference of CIP is
zero (Fig. 1A), MET may be calculated using the regression
equation (Fig. 1B).

On the other side, CIP was determined in presence of
MET. The absorbance was determined at 291.5 and 345
nm, with 291.5 nm chosen as an isoabsorptive point from
which the total concentration could be calculated. Because
the wavelengths 291.5 nm and 345 nm have the same
absorbance in MET and the difference in absorbance of
MET is zero (Fig. 1A), CIP may be calculated using the
regression equation (Fig. 1C).

For bivariate method

Two wavelengths were chosen by Kaiser Method for con-
current determination of both drugs by their regression
equations.

(Ap;=my;. Cp+e,,) is the formula for the linear calibra-
tion regression function used to determine an analyte A at
wavelength (i) through spectrophotometry where C is the
concentration, m is the slope of the linear regression, and e
is the intercept value. We will have two sets of equations if
measurements are made for the binary mixture (A and B)
at two chosen wavelengths (A, \,):

App1 = mu;1.Cp + mp1.Cp + eap:

Appy = mp).Cp + mp2.Cp + eap

As e p; and e,p, represent the sum of the intercepts at
the chosen two wavelengths (e, =e,;+ ep;). The C, and Cy
values could be calculated from the following equations:

Cp = maz(AaB1 — eap1) + ma1(eap2—AAB2)/MAp1 —MA1MB)

Ca = Aap1—eap1—mp1.Cp/my;

(See figure on next page.)
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These easy methods could help resolve the binary com-
bination by selecting two wavelengths and using the linear
regression parameters to identify each drug under study at
the same wavelengths. The Kaiser approach (Table 1) can
be used to determine the optimal wavelengths. A series of
sensitivity matrices K are computed for every binary mix-
ture and every pair of selected wavelengths:

K = | ™A1 MB1
may mp3

The slopes (sensitivity parameters) of component A are
denoted as mA1,2, while the slopes (sensitivity parameters)
of component B are denoted as mB1,2. These matrices’
resolution and factors were determined. The set of wave-
lengths that has the highest absolute matrix determinant
was chosen [35]. The bivariate technique was employed to
determine CIP and MET in the presence of each other at
the same wavelengths (322 and 330 nm) (Fig. 2).

For ratio difference method

This method is done by subtraction of the resultant ampli-
tudes from the division of the spectra of the drug by a divi-
sor from the second drug to abolish its effect in results.

CIP and MET were calculated by utilizing ratio difference
approach [36, 37]. CIP and MET: The CIP zero absorption
spectra were first captured and preserved, then divided
by 17.5 ug/mL MET spectrum (divisor) in which is the
best one from several trials. At 260 and 270 nm (the best
wavelengths from trials), the resultant spectra’s amplitudes
were measured. The difference was calculated and utilized
to generate the calibration curve (Fig. 3A). The MET zero
absorption spectra, on the other hand, were recorded and
saved before being split by the spectrum of 10 pg/mL CIP
(divisor). The generated spectra’s amplitudes were meas-
ured at 320 and 360 nm. The difference between them
was calculated and utilized to create the calibration curve
(Fig. 3B), after which the regression equation calculations
were performed.

For spectrum subtraction method
The zero spectra of the desired drug is obtained by sub-
tracting the spectra of one drug from the spectra of the
mixture.

Spectrum Subtraction method [38, 39] was used in CIP
determination in presence of MET. Absorbance was cal-
culated at wavelength 271.5 nm (Fig. 1C) which is the

Fig. 1 A Zero absorption spectrum of 10 ug/mL CIP overlaid with 10 ug/mL MET and a mixture of 5 ug/mL CIP& 5 ug/mL MET revealed that 291.5
nm is an Iso absorptive point and revealed that 291.5 and 250 nm has the same absorbance in CIP and 291.5 nm and 345 nm has the same
absorbance in MET, B Zero absorption spectra of MET measured at 291.5 nm and 250 nm, and C Zero absorption of CIP measured at 291.5 nm

and 345 nm
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Table 1 Application of the Kaiser method for the selection of wavelength set for the mixture of CIP and MET

A, A
320 nm 322 nm 324 nm 326 nm 328 nm 330 nm

320 nm 0
322 nm I 0
324 nm —24 -35
326 nm -20 =31 0
328 nm -78 -89 -53 -57 0
330 nm —101 =111 —76 -79 -23 0

es Smotid Cart 0

':1'3l|l|||l||]l|||l|l||lv||ll|l

0 20 2D 20 N X B0 I =0

20 200

e
30 LW 0 N W

Fig. 2 Zero absorption spectra of CIP overlaid with zero absorption spectra of MET

maximum wavelength of CIP after subtraction of MET
spectra from laboratory mixture of two drugs. On the other
hand, MET was determined in presence of CIP Absorb-
ance was calculated at 321 nm (Fig. 1B) which is the maxi-
mum wavelength of MET after subtraction of CIP spectra
from laboratory mixture of two drugs.

Analysis of laboratory prepared mixtures

After generating different ratios of laboratory-prepared
mixtures, the spectra of these mixtures were evaluated
and processed using the suggested methodologies.

Application to pharmaceutical formulation

Following the weighting and crushing of 10 Ciprodia-
zole® tablets, a quantity equal to each tablet (500 mg CIP
and 500 mg MET) was diluted with distilled water in a 50
mL volumetric flask as follows:

Before filtering, 30 mL of pure distilled water were
added, sonicated, and diluted to the proper concentra-
tion. Second, 1 mL of the dilution was placed in a 100 mL
volumetric flask to achieve a concentration of 100 pug/mL
CIP and 100 pg/mL MET. Third, any additional dilutions
were performed in 10 mL volumetric flasks and handled
in accordance with the proposed methods.

Comparative study

Comparative study between the 4 proposed methods
(Spectrum Subtraction, Advanced absorbance Subtrac-
tion, Bivariate and Ratio Difference) in terms of sensi-
tivity, specificity, and ease of manipulation is performed
and introduced in Table 5.
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Fig. 3 Ratio spectra of (A) CIP using 17.5ug/mL MET as a divisor, (B) MET using 10ug/mL CIP as a divisor

Results and discussion

Spectrum subtraction

At 271.5 nm, where CIP can be estimated in the pres-
ence of MET, absorbance was measured. With a cor-
relation coefficient of 0.9991, the calibration curves
showed established linear correlations between con-
centrations and the spectrum subtraction in the range

of 2—-17 pg/mL for CIP. The method’s accuracy revealed
that approved values fell within 98.06% +0.02. Addi-
tionally, the method specificity revealed that values
100.07% + 1.59 were accepted. The results are demon-
strated in Table 2.

In contrast, the absorbance was determined at 321 nm,
where MET can be calculated when CIP is present. As



Page 7 of 13

(2023) 17:137

Sebaiy et al. BMC Chemistry

(@S+ues)
S60F6/66 8Y'L+0L00L SY'LF20001 [V LF.666 CCLFOV66 S LFVE66 YSLFOL66 6S'L+/0001L Aoyiads
uoysinald
8€'0+9566 L80FYO'LOL S90FO0L'L0L 690F9L'L0L ¥O'LFEL66 L8OFCOLOL 60'L+60001L eLFe6L10l S LFCC L0l v L F117'86 21eIpawllalu|
SE0FYE6O [F0F6£00L S90+6500L SL0F1900L ¢60+F1966 8CLFO0LLOL CELFLL66 elLFLYL0L LT LF¢r00L SLFPOLOL Aljigeleaday
(@Sy9% F) uoisald
(@sFuesn)
LE0FE6'86 C90FSL00L €€0FEL66 L60F0S66 L60FE966 YL O0F/L66 €8°0+8C001 olL+/10l ¢00+80001 ¢00F90'86 Aseindoy
(1) Dy
6660 6660 76660 6660 €6660 76660 76660 96660 76660 16660 90> UOHE|SL0D
CeCLo 9/¢10 66700 04500 £9¢00 68¢00 LEYO0 L£C00 08500 S6800 adojs
S¥90°0 €1000— ¥Cl00— 8CC00— 7€€00 0600 9100~ 0100~ 7S¥00— 9100 1daniay|
(€=u) (qu/br)
GLe-L 9l-1 Se—¢ Se-¢ 61-€ 61-¢€ WA 9l-¢ GLE-S L1=C abues Aieaur
0ce-09¢ 0£¢-09¢ oce [443 0ge [443 gle-lsc She-G'lec Lce ST (Wu) yibuajenem
dIDJo 13w jo duasaud diDjoadussaid J3njodduasaid gD joaduadsaid |3 jo dduasaad
adudsaid ul 13N uldidjo dID jo duasaid 13w jo dussaud ur 13w jo utdid jo ur 13w jo utdid jo

JO uoneuIwIANRQg

uoneulwialed

ul 13 Jo uoijeulwialaQg

ul d|D Jo uoneuiwiadlaqg

poyaw

s113woloydoaydads aduasayiq oney

poyiaw >uiawoloydosydads ajelealg

uoneulwilaq

uoneulwiAlaq

uoneulwlildg  uopeuIWIARQ

poyiaw >3woloydoydads
uol1deIIgNS dURQIOSCR PAdURAPY

poylaw d3awoloydosydads
uondengns wnadads

si9}dwelsed
poyIa

SDU3J2YIp Ollel PUB 1BLPAIQ ‘UOIIDRIIQNS SDUBQIOSGR PIdURAPE ‘UONDRAGNS Wnidads oyl buikdde Agq pauteigo

spoyiawl dlswoloydolldads
SyNsaJ uonepljeA pue sialoweled Aessy g ajqelL



Sebaiy et al. BMC Chemistry (2023) 17:137

the correlation coefficient is equal to 0.9994, the calibra-
tion curves exhibited that there are linear connections
between concentrations and the dual wavelength in the
range of 5-37.5 pg/mL for MET. The method’s accu-
racy revealed that approved values fell within the range
of 100.08% +0.02. Additionally, the technique specificity
revealed that approved values fell between 99.16% + 1.54.
The results are demonstrated in Table 2. Spectrum sub-
traction is very easy and simple as spectrum subtraction
doesn’t require any additional processing because it relies
on zero absorption spectra. It just requires a few steps to
obtain the necessary drug’s zero order spectra, but noise
interference prevents it from achieving the desired drug
concentration by subtraction.

Advanced absorbance subtraction (AAS) method
Advanced absorbance subtraction (AAS) absorbance
measurements were made at 291.5 and 345 nm for CIP
and 291.5 and 250 nm for MET, with 291.5 nm chosen as
the iso-absorptive point (Total Conc.) at which CIP and
MET could both be assessed in the existence of the other.
CIP concentrations had a correlation value of 0.9996 and
were linear in the 3-16 pg/mL range. The technique dis-
played acceptable specificity values of 99.34% +1.52 and
acceptable accuracy values of 101.27%+1.10 (Table 2).
On the other hand, MET concentrations had a correla-
tion value of 0.9994 and were linear in the range of 1-37.5
g/mL. The technique displayed acceptable specificity val-
ues of 99.46% +1.22 and acceptable accuracy values of
100.28% +0.83. (Table 2). Advantages and restrictions of
advanced absorbance subtraction (AAS) method are the
similar as the previous method.

Bivariate method
The absorbance values were determined at 322 and 330
nm, as CIP and MET may both be evaluated using the
same wavelengths. The calibration curves demonstrated
acceptable linear correlations between concentrations
and the bivariate in the 3-19 ug/mL range for CIP and
2-35 pg/mL range for MET, with correlation coefficients
of 0.9994 and 0.9993 for CIP and 0.9992 & 0.9994 for
MET. The method’s accuracy showed approved values
of 99.77% +0.74 & 99.63+0.91 for CIP and 99.5% +0.97
& 99.13+0.33 for MET. The method specificity
revealed accepted values with 99.97% +1.47 for CIP and
100.02% + 1.45 for MET. The results are documented in
Table 2. Bivariate, as the techniques discussed previously,
is very basic, accurate, and simple.

The only limitation of this strategy is that it requires
applying the Kaiser method before selecting the two ideal
wavelengths.
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Ratio difference method

Using 17.5 pg/mL MET as a divisor, absorbance read-
ings at 260 and 270 nm were used to determine CIP.
On the other hand, absorbance at 320 and 360 nm was
measured to estimate MET using 10 pg/mL CIP as a divi-
sor. The calibration curves showed established linear
relationships between concentrations and the ratio dif-
ference in the range of 1-16 pg/mL for CIP and 1-37.5
pug/mL for MET, with correlation coefficients of 0.999
for both. Acceptable values of 100.75+0.62 for CIP and
98.93 £0.31 for MET were found by the method accuracy.
Additionally, approved values of 100.10% +1.84 for CIP
and 99.79% +0.095 for MET were revealed by the method
specificity. Table 2 illustrates the results. The ratio differ-
ence strategy is a simple and precise technique, as was
previously indicated because the method does not rely on
any special software. The drawback of this method is that
it necessitates splitting the target compound’s spectrum
by a particular divisor of the other drug and conducting
numerous tests to determine which divisor works best.

Method validation

According to ICH standards, each technique was vali-
dated [40]. The calibration curves’ linear regression data
revealed solid linear relationship (Table 2).

As demonstrated in Table 2, the accuracy was deter-
mined by examining one concentration 3 times, which
yielded satisfactory findings.

By testing the laboratory-prepared MET & CIP mix-
tures within the linearity range, the specificity of the
techniques was determined, and positive findings were
achieved (Table 2).

The study of 3 different medication concentrations 3
times on the same day and 3 consecutive days allowed
for the calculation of the intra- and inter-day precisions
(Table 2).

Analysis of laboratory prepared mixtures

To calculate CIP and MET in varied concentrations
within the linearity range in Laboratory prepared mix-
tures, the suggested procedures were successfully applied
and positive findings were achieved revealing no interfer-
ence of each drug in presence of the other when applying
the proposed methods (Table 3).

Application to pharmaceutical formulation

To determine CIP & MET in pharmaceutical formula-
tions (Ciprodiazole® tablets), the suggested procedures
were successfully applied. The outcomes were respectable
and sufficiently in line with the amounts indicated on the
labels. There was no excipient interference, according to
the results of the standard addition procedure (Table 4).
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Table 5 Comparative study between bivariate, ratio difference,
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advanced absorption subtraction and spectrum subtraction

spectrophotometric methods in terms of sensitivity, specificity, and ease of manipulation

Method parameters Spectrum subtraction Advanced absorbance subtraction  Bivariate Ratio difference
spectrophotometric method spectrophotometric method spectrophotometric spectrophotometric
method method
Sensitivity The least sensitive Sensitive Sensitive The most sensitive
Specificity Specific The least specific The most specific More specific
than spectrum sub-
traction
Ease of Manipulation Easy method The easiest method Easy method The most difficult
Table 6 Statistical comparison of the results obtained by the proposed methods using One-way ANOVA
Tablets Drugs Sum of squares df Mean square F Sig
Ciprodiazole® tablets clp Between groups 3442 4 0.861 0.629 0.653
Within groups 13.688 10 1.369
Total 17.130 14
MET Between groups 6.846 4 1.711 2.695 0.093
Within groups 6.350 10 0.635
Total 13.196 14

Comparative study

Comparative study between the 4 proposed methods
(Spectrum Subtraction, Advanced absorbance Subtrac-
tion, Bivariate and Ratio Difference) in terms of sensitiv-
ity, specificity, and ease of manipulation is performed; in
which ratio difference is the most sensitive, bivariate is
the most specific and advanced absorbance subtraction
is the easiest method and all of the comparison is intro-
duced in Table 5.

Statistical analysis

The software PASW statistics 18® was used to do a one-
way ANOVA statistical comparison of the suggested
strategies. The computed F values were found to be lower
than the expected values, indicating that there is no sig-
nificant difference between the stated methodology and
the recommended one [7] (Table 6).

Conclusion

Ciprofloxacin and Metronidazole in their combination
medicinal dose forms were determined using bivariate,
advanced absorbance subtraction (AAS), ratio differ-
ence and spectrum subtraction methods. All of the sug-
gested procedures can be successfully applied for routine
analysis with the aid of low-tech equipment or technol-
ogy since they are simple, straightforward, accurate, and

sensitive. By comparing of the prior ways, it was shown
that ratio difference only needs additional processing
while spectrum subtraction, advanced absorbance sub-
traction (AAS), and bivariate methods do not. Compara-
tive study between the 4 proposed methods is performed
in which ratio difference is the most sensitive, bivariate
is the most specific and advanced absorbance subtraction
is the easiest method. The proposed methods are more
accurate, specific and sensitive than previously spectro-
photometric methods. The proposed methodologies and
the reported method did not significantly differ, accord-
ing to statistical analysis.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513065-023-01007-z.

Additional file 1: Fig. S1. Chemical structures of Ciprofloxacin (CIP) &
Metronidazole (MET).

Acknowledgements
Not applicable.

Author contributions
MMS, AN, AM and SSE wrote the main manuscript text and MMS, AN, AAM &
SSE prepared figures and tables. SME, SOA and EBE reviewed the manuscript.


https://doi.org/10.1186/s13065-023-01007-z
https://doi.org/10.1186/s13065-023-01007-z

Sebaiy et al. BMC Chemistry (2023) 17:137

Funding

This research was funded by Princess Nourah bint Abdulrahman University
Researchers Supporting Project number (PNURSP2023R134), Princess Nourah
bint Abdulrahman University, Riyadh, Saudi Arabia. The authors extend their
appreciation to the Research Center at AlMaarefa University for funding this
work.

Availability of data and materials
The authors confirm that the data supporting the findings of this study are
available within the article [and/or] its Additional file.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
NA.

Competing interests
The authors declare that they have no competing interests.

Received: 12 April 2023 Accepted: 17 July 2023
Published online: 10 October 2023

References

1. Sharma PC, Jain A, Jain S, Pahwa R, Yar MS. Ciprofloxacin: review on devel-
opments in synthetic, analytical, and medicinal aspects. J Enzyme Inhib
Med Chem. 2010;25(4):577-89.

2. Abdel Ziz SA, Abdel Motaal S, Abd-Allah OE, Sarhan MM. Concurrent
use of ciprofloxacin and metronidazole for controlling of some bacterial
infections in broiler chickens. Benha Vet Med J. 2016;31(2):83-92.

3. Madan AK. Use of ciprofloxacin in the treatment of hospitalized patients
with intra-abdominal infections. Clin Ther. 2004;26(10):1564-77.

4. Cramer JA, Roy A, Burrell A, Fairchild CJ, Fuldeore MJ, Ollendorf DA, Wong
PK. Medication compliance and persistence: terminology and definitions.
Value in health. 2008;11(1):44-7.

5. Cameron C. Patient compliance: recognition of factors involved and
suggestions for promoting compliance with therapeutic regimens. J Adv
Nurs. 1996;24(2):244-50.

6. Kvarnstrom K, Airaksinen M, Liira H. Barriers and facilitators to medica-
tion adherence: a qualitative study with general practitioners. BMJ Open.
2018;8(1): e015332.

7. Attia KA, Nassar MW, EI-Zeiny MB, Serag A. Zero order and signal process-
ing spectrophotometric techniques applied for resolving interference of
metronidazole with ciprofloxacin in their pharmaceutical dosage form.
Spectrochim Acta Part A Mol Biomol Spectrosc. 2016;154:232-6.

8. Zareh MM, Saad MZ, Hassan WS, Elhennawy ME, Sebaiy M. Validation of
spectrophotometric method for determination of esomeprazole and
ciprofloxacin in their pure and dosage forms. Int J Pharm Sci Dev Res.
2011,6(1): 001-005. https://doi.org/10.17352/ijpsdr.000024.

9. Patel NV, Prajapati AM. Q-absorbance ratio spectrophotometric method
for the simultaneous estimation of ciprofloxacin and metronidazole in
their combined dosage form. JPSBR. 2012;2(3):118-22.

10. Mahrouse MA, Elkady EF. Validated spectrophotometric methods for the
simultaneous determination of ciprofloxacin hydrochloride and metroni-
dazole in tablets. Chem Pharm Bull. 2011;59(12):1485-93.

11. Mahrouse MA. Development and validation of a UV spectrophoto-
metric method for the simultaneous determination of ciprofloxacin
hydrochloride and metronidazole in binary mixture. J Chem Pharm Res.
2012;4(11):4710-5.

12. Obaydo RH, Sakur AA. A green analytical method using algorithm (PCCA)
for extracting components’ contribution from severely overlapped
spectral signals in pharmaceutical mixtures. Res J Pharm Technol.
2019;12(9):4332-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

Page 12 of 13

Lotfy H, Obaydo RH, Sakur AA: Evaluation of assay and in-vitro dissolution
profile of certain fixed-dose combination using green analytical method.
In: Annales Pharmaceutiques Francaises: Elsevier; 2021, 3-15.

. Sakur AA, Obaydo RH. PCCA Algorithm as a fingerprint resolution tech-

nique for the analysis of ciprofloxacin in the presence of its acid induced
degradation product. Res J Pharm Technol. 2020;13(12):5999-6006.

. Gupta D, Bhardwaj S, Sethi S, Pramanik S, Das DK, Kumar R, Singh PP,

Vashistha VK. Simultaneous spectrophotometric determination of drug
components from their dosage formulations. Spectrochimica Acta Part A
Mol Biomol Spectrosc. 2022; 270:120819.

. El-Ghobashy MR, Abo-Talib NF. Spectrophotometric methods for the

simultaneous determination of binary mixture of metronidazole and
diloxanide furoate without prior separation. J Adv Res. 2010;1(4):323-9.

. Issa MM, Shanab AMA, Shaat NT. Kinetic spectrophotometric H-point

standard addition method for the simultaneous determination of diloxa-
nide furoate and metronidazole in binary mixtures and biological fluids.
Spectrochim Acta Part A Mol Biomol Spectrosc. 2013;114:592-8.

. Obaydo RH, Alhaj Sakur A. Fingerprint spectrophotometric methods

for the determination of co-formulated otic solution of ciprofloxacin
and fluocinolone acetonide in their challengeable ratio. J Anal Methods
Chem. 2019, 2019:1-14.

. Navalon A, Ballesteros O, Blanc R, Vilchez JL. Determination of ciprofloxa-

cin in human urine and serum samples by solid-phase spectrofluorim-
etry. Talanta. 2000;52(5):845-52.

Sakira AK, Corenthin M, De Braekeleer K, Delporte C, Yameogo J, Yabre
M, Some Tl, Van Antwerpen P, Mertens D, Kauffmann JM. Determina-
tion of the quality of metronidazole formulations by near-infrared
spectrophotometric analysis. Talanta Open. 2021;3:100027.

Elkady EF, Mahrouse MA. Reversed-phase ion-pair HPLC and TLC-
densitometric methods for the simultaneous determination of cipro-
floxacin hydrochloride and metronidazole in tablets. Chromatographia.
2011;73(3):297-305.

Hafeza HM, Elshanawany AA, Abdelaziz LM, Mohram MS. Design of
experiment utilization to develop a simple and robust RP-UPLC tech-
nique for stability indicating method of ciprofloxacin hydrochloride
and metronidazole in tablets. Eurasian J Anal Chem. 2015;10(2).

Vega E, Dabbene V, Nassetta M, Sola N. Validation of a reversed-phase
LC method for quantitative analysis of intravenous admixtures of cipro-
floxacin and metronidazole. J Pharm Biomed Anal. 1999;21(5):1003-9.
Budiarti A, Gandjar IG, Rohman A. Liquid chromatography with UV
detection for simultaneous determination of ciprofloxacin and metro-
nidazole. Jurnal Teknologi 2015, 72(1).

El-bagary R, El-Zaher AA, Elkady E, Mandour AA. Simultaneous deter-
mination of ciprofloxacin hydrochloride and metronidazole in spiked
human plasma by ultra performance liquid chromatography-tandem
mass spectroscopy. J Appl Pharm Sci. 2016;6(3):041-7.

Vella J, Busuttil F, Bartolo NS, Sammut C, Ferrito V, Serracino-Inglott A,
Azzopardi LM, LaFerla G. A simple HPLC-UV method for the determina-
tion of ciprofloxacin in human plasma. J Chromatogr B. 2015;989:80-5.
Imre S, Dogaru MT, Vari C, Muntean T, Kelemen L. Validation of an HPLC
method for the determination of ciprofloxacin in human plasma. J
Pharm Biomed Anal. 2003;33(1):125-30.

Viybiralova Z, Nobilis M, Zoulova J, Kvétina J, Petr P. High-performance
liquid chromatographic determination of ciprofloxacin in plasma
samples. J Pharm Biomed Anal. 2005;37(5):851-8.

Sebaiy MM, El-Shanawany AA, El-Adl SM, Abdel-Aziz LM, Hashem HA.
Rapid RP-HPLC method for simultaneous estimation of sparfloxa-

cin, gatifloxacin, metronidazole and tinidazole. Asian J Pharm Res.
2011;1(4):119-25.

Sakur AA, Dabbeet HA, Noureldin I. Novel drug selective sensors for
simultaneous potentiometric determination of both ciprofloxacin and
metronidazole in pure form and pharmaceutical formulations. Res J
Pharm Technol. 2019;12(7):3377-84.

. Mollamahale YB, Ghorbani M, Ghalkhani M, Vossoughi M, Dolati

A. Highly sensitive 3D gold nanotube ensembles: application to
electrochemical determination of metronidazole. Electrochim Acta.
2013;106:288-92.


https://doi.org/10.17352/ijpsdr.000024

Sebaiy et al. BMC Chemistry

32.

33.

34,

35.

36.

37.

38.

39.

40.

(2023) 17:137

Mao A, Li H, Yu L, Hu X. Electrochemical sensor based on multi-walled
carbon nanotubes and chitosan-nickel complex for sensitive determi-
nation of metronidazole. J Electroanal Chem. 2017;799:257-62.
Sebaiy MM, Sobhy M, Mattar AA. Different techniques for overlapped
UV spectra resolution of some co-administered drugs with paraceta-
mol in their combined pharmaceutical dosage forms. Spectrochim
Acta Part A Mol Biomol Spectrosc. 2020;224: 117429.

Lotfy HM, Hegazy MA, Rezk MR, Omran YR. Comparative study of novel
versus conventional two-wavelength spectrophotometric methods
for analysis of spectrally overlapping binary mixture. Spectrochim Acta
Part A Mol Biomol Spectrosc. 2015;148:328-37.

Lataifeh A, Wedian F. Bivariate calibration method vs. HPLC and
derivative spectroscopy for simultaneous determination of binary
drugs in pharmaceutical formulations: a study on prifinium bromide/
paracetamol and amoxicillin/potassium clavulanate. Anal Chem Lett.
2014;4(4):240-254.

Elmasry MS, Hassan WS, EI-Mammli MY, Badrawy M. Earth friendly spec-
trophotometric methods based on different manipulation approaches
for simultaneous determination of aspirin and omeprazole in binary
mixture and pharmaceutical dosage form: comparative statistical study.
Spectrochim Acta Part A Mol Biomol Spectrosc. 2022;266: 120436.

Lotfy HM, Saleh SS, Hassan NY, Elgizawy SM. A comparative study of the
novel ratio difference method versus conventional spectrophotometric
techniques for the analysis of binary mixture with overlapped spectra.
Am J Anal Chem. 2012;3(11):9.

Sebaiy MM, Mattar A. Spectrum subtraction method for simultaneous
determination of paracetamol and orphenadrine citrate in their com-
bined pharmaceutical dosage forms. GSJ 2019, 7(12).

Lotfy HM, Saleh SS.Testing the purity of spectral profiles: finger-print
resolution of complex matrices and extraction of absorbance signals.
Spectrochim Acta Part A Mol Biomol Spectrosc. 2018;205:160-9.

Ich I: Topic Q2 (R1) validation of analytical procedures: text and method-
ology. In: Int Conf Harmon: 2005. 17.

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

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Different methods for resolving overlapping UV spectra of combination medicinal dose forms of ciprofloxacin and metronidazole
	Abstract 
	Introduction
	Experimental
	Apparatus
	Materials and reagents
	Pure standards
	Pharmaceutical formulations

	Solvents
	Standard solutions
	Laboratory prepared mixtures
	Procedures
	Construction of calibration curves
	For advanced absorbance subtraction (AAS) method

	For bivariate method
	For ratio difference method
	For spectrum subtraction method
	Analysis of laboratory prepared mixtures
	Application to pharmaceutical formulation
	Comparative study

	Results and discussion
	Spectrum subtraction
	Advanced absorbance subtraction (AAS) method
	Bivariate method
	Ratio difference method
	Method validation
	Analysis of laboratory prepared mixtures
	Application to pharmaceutical formulation
	Comparative study
	Statistical analysis

	Conclusion
	Anchor 32
	Acknowledgements
	References


