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Spectrophotometric approach for the determination of
Ciprofloxacin hydrochloride (CPEX), Moxifloxacin
hydrochloride (MOXI), and Roxithromycin hydrochloride
(ROXI) in pure form

Abstract

LA straightforward, sensitive, and quick spectrophotometric approach was
created and validated for the detection of Ciprofloxacin hydrochloride (CPFX),
Moxifloxacin hydrochloride (MOXI), and Roxithromycin hydrochloride
(ROXI) in pure form. These techniques were based upon the fact that these
antibiotics produced dark yellow ion pairs when combined with bromophenol
blue (BPB). The binary complex in -universal buffer solution of the optimum
pH valuges was demonstrated at absorption maxima at 633 nm, 632 nm, ard-633
am-for the three drugs, respectively, with bromophenol blue (BPB). Various
parameters, such as the effect of time and the effect of reagent concentration,
were optimized. Beer’s law plots were obeyed in the concentration

ranges 2— 8 pg ml?, 1- 4 pg ml?, and 1— 6 ug ml™, for the three drugs,

respectively, with bromophenol blue (BPB)| Please add aim of study, the :[1tb]Comment

most powerful results of your study and conclusion
of your study
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Introduction
]Ciprofloxacin (CPFX) belongs to the fluoroquinolones. The



fluoroguinolones are a set of antibacterial agents that have been used science
1980 as a routine treatment for skin, gastrointestinal, respiratory, urinary, bone
and joint infection. They are also used for treatment of sexually transmitted
diseases. Ciprofloxacin is characterized by a high and rapid bactericidal
activity. It acts through the suppression of the bacterial topoisomerase/DNA
gyrase enzyme which in turn leads to inhibition of DNA synthesis in the
bacterial cells. Fluoroquinolones have been associated with adverse side effects
in patients, including gastrointestinal (vomiting, nausea, abdominal discomfort,
and diarrhoea), CNS (insomnia, headache, depression, and tremors), and skin
side effects.

After stopping the medicine, these side effects can be reversed and are not
dose-dependent [1-5]. A fourth-generation synthetic 8-methoxyquinolone
derivative of fluoroquinolone antibacterial drugs is moxifloxacin. It was found
in 1999 by the insertion of an azabicyclo-substitution at C-7, which is
connected to activity against both Gram-negative and Gram-positive bacteria as
well as a wide range of pathogens. A methoxy group at the C-8 position has
also been linked to improved efficacy against tuberculosis and a lower tendency
to acquire phototoxicity resistance [6-9].

The semi-synthetic macrolide antibiotic roxithromycin is produced from
erythromycin, which has long been used to treat infections in both humans and
animals. However, roxithromycin is easily discharged into the environment
through the excretions of humans and animals due to its lengthy elimination
half-life in vivo. In recent years, roxithromycin, an emerging pollutant, has been

frequently found in aquatic environments, including surface water, ground



water, and wastewater [10-14]. |

Acid phthalein dye bromophenolblue (BPB) is a blue colour. It serves as a
pH indiFator and is eategerisedcategorized as a Bronsted acidic or basic dye
with a transition range of pH 3 to 4.6. (proton acidity and hydrogen bonding).
The literature advises using bromophenol blue, which displays eeleurscolors of
yellow at pH 3.0 and blue at pH 4.6, for the titration of strong alkalis with
strong acids. BPB is employed as a sensor to measure a variety of substances,
including ammonia, medications, proteins, and amino acids [15-23].

Azo dyes have a high-water solubility and limited biodegradability, which
negatively affects aquatic life by lowering dissolved oxygen levels and reducing
light influx [24-27]. Several methods have been done in literature for the
analysis of Ciprofloxacin hydrochloride, Moxifloxacin hydrochloride and
Roxithromycin such as Colorimetric Method, Spectrophotometric method,
Voltametric methods, Potentiometric determination HPLC, Capillary zone
electrophoresis method, etc.

The research method relies on the development of colored (charge transfer
or ion-pair) complexes between the drug and reagent that may be detected by a
visual spectrophotometer. In an ion-pair complex, ions with opposing electric
charges are attracted to one another in solution to create a unique chemical
compound. It acts as one cohesive entity. Physical chemistry first looked into

ion pair production, but chemical analysis, notably pharmaceutical analysis, has

found it to be quite fintriguing.

Experimental

Apparatus
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All the absorption measurements are carried out using a Jasco UV/Vis
spectrophotometer (model V-670, Jasco, Tokio, Japan) with scanning speed 400
nm/min, band width 2.0 nm, and equipped with 1.0 cm pair-matched quartz
cells. The pH of all solutions was adjusted using a pH-meter (HI 8014, HANNA
Instruments, Woonsocket, RI, USA). Spectrofluorimetric measurements were
carried out using a spectrofluorometer (Fluoromax-4, Horbiba Scientific,
Kyoto, Japan), with the slit widths for both excitation and emission set at 9 nm.
Materials and reagents

Alll materials used were of Analytical Reagent grade, doubledoubly
distilled water, and methanol were used throughout the work.

Preparation of solutions

Stock solutions of Ciprofloxacin hydrochloride, Roxithromycin and

bromophenol were prepared in methanol while, Moxifloxacin hydrochloride

solution was prepared in dist. water. The solutions were further diluted as per

requirement.
Procedure for calibration curve
Suitable aliquots of ciprofloxacin hydrochloride or roxithromycin solutions

in methanol or moxifloxacin hydrochloride in dist. water were transferred into

10 ml volumetric flasks. To it, 1 ml of 2x10° M bromophenol blue solution for
ciprofloxacin hydrochloride, moxifloxacin hydrochloride and roxithromycin
hydrochloride were added and volume was made up to 10 ml with respective

solvents. This made the final concentration of bromophenol blue to 0.2 mM. the

absorbi]wce of dark yellow solution was measured at 633 nm_for ciprofloxacin
I

hydrochloride or roxithromycin solutions, and 632 nm _for moxifloxacin
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hydrocqloride and—633—nm—against the appropriate reagent blank for

bromophenol blue,

Please clarify this paragraph if :[6tb]Comment

you used Bromophenol blue as blank reagent you
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Procedure for [dosage form
o<
one-tablet-was-determined. The contents of 5 tablets were weighed, ground into

a fine powder and mixed. An accurately weighed portion of the powder
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equivalent to one tablet was transferred into a 50 mk-ml volumetric flask. The
volume was made up to the mark with water. After 30 min of mechanically
shaking| the solution was filtrated in a 50 mk—ml calibrated flask through
Whatman No. 42 filter paper. Necessary amounts of filtrate were diluted to a
50 mi—ml_bidistilled—double distilled water and the same procedure Were

applied as described under the procedure for bulk samples. (_Please explain the procedure :[8tb]Comment |
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Narious solvents like methanol, ethanol, acetone, dimethylsulphoxide,
chloroform and acetonitrile were used to check the solubility, complex
formation, to achieve maximum sensitivity and product stability. methanol for

ciprofloxacin hydrochloride, roxithromycin and bromophenol blue and bist
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Solutions of ciprofloxacin hydrochloride or roxithromycin and

bromophenol blue in methanol and moxifloxacin hydrochloride and ]methyl

orange in dist water were prepared. Absorption spectra of these solutions were { When you used methyl =[12tb160mmentJ
|

orange and why is it control or not?

recorded individually. When the drug solutions were mixed with BPB solution, ( Add full name first :[13th]Comment |

dark yellow complexes were formed with absorption maxima at 633 nm for

hydrochloride and—@%&nm—fewe;e{hremyem—mspeenvelﬁ Under experimental

conditions, the reagent as well as the drug showed negligible absorbance while

ciproflc:{xacin hydrochloride,_ roxithromycin and 632 nm for moxifloxacin

the complexes showed maximum absorbance at these wavelengths. Hence, it

was concluded that the studies for quantitative analysis could be carried out at

these Wavelengths‘. Please which control you used :[14tb]Comment
to calculate this result
Effect of pH

After a universal buffer solution was prepared different values of pH from

2.0 to 12.0 was added to fixed of studied drugs test and blank to select optimum
pH(Figqre 1). The optimum pH values were 5.12, 87--8.26 and 2 _6.56 for
CPFX, MOXI and ROXI (100 ppm) with BPB, respectively.
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Figure 1: Effect of—value-of PH on ion pair complexes of CPFX , MOXI
and ROXI (100 ppm) with BPB

Effect of time

Mixtures of drug and reagent were prepared; the optimum reaction time

was determined by recording the absorbance of the formed complexes at
different time intervals. The variation has been shown in Figure 2. After
studying the effect of time on the complexes under consideration as shown (Fig.
2), it was found that CPFX, MOXI and ROXI complexes with BPB were

formed jnstantaneously having maximum absorbance_and the ROXI and CPFEX

have stdble absorbance for 30 min while MOXI lower abosorbance to reach 0

after 10|min.
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Figure 2: Effect of time on the absorbance of ion pair complexes of CPFX,
MOXI and ROXI with BPB.
Effect of reagent concentration

The optimum concentration of bromophenol blue was determined by
adding various volumes (0.5- 5 ml) of 2 mM bromophenol blue to the drugs.
The color intensity and the absorbance were found to be maximum for
ciprofloxacin hydrochloride, moxifloxacin hydrochloride and roxithromycin
buy usirg 1 ml of 2mM BPB. Therefore, these concentrations were used to
prepare calibration curve (Figure 3). All the observations were made in

triplicate and mean of the three values have been plotted in each graph.
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Figure 3: Effect of BPB concentrations on ion pair complexes of CPFX,
MOXI and ROXI (100 ppm)
Effect of sequence of mixing

The results of different sequences of addition to select the most suitable
one for developing the concerned complexes is investigated by measuring the
absorbance of solutions prepared by different sequences of addition in the
visible region against a blank solution prepared in the same manner.
Experiments showed that the order "reagent-drug-buffer gave the best results
for all complexes. Other sequences gave lower absorbance values under the

same conditions (Figure 4).
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Figure 4: Effect of sequence of addition on ion pair complexes of CPFX,
MOXI and ROXI (100 ppm) with BPB.

Stoichiometric relationship and stability studies

Composition and stability constants of these complexes were established
by applying Job’s method of continuous variation. Equimolar solutions of the
drug and the reagent were mixed in various proportions and absorbance of each
mixture was recorded at optimum conditions. The results indicated that the
complexes are formed in the ratio of 1:1 (D:R) for BPB (Figure 5). Mechanism
of formation of such complexes with composition (DH)** (R)* has been
discussed by Gainza and Konyeaso [28]. The stability constants (log K) values
were found to be 6.34 + 0.03 for ciprofloxacin hydrochloride, 5.22 + 0.04 for
moxifloxacin hydrochloride and 4.53 + 0.06 for roxithromycin respectively
showing high stability of the complexes.
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Fig. 5: Continuous variation plots for the ion pair complexes of CPFX, MOXI
and ROXI (100 ppm) with BPB (2x10° M).
Analytical parameters
Calibration curves for ciprofloxacin hydrochloride, moxifloxacin hydrochloride
and roxithromycin were plotted between absorbance and concentration. A linear
absorbance-concentration correlation was found to be 2— 8 ug ml™, 1- 4 ug ml’
! and 1- 6 pg ml™with correlation coefficients 0.9955, 0.9949 and 0.9911
respectively for CPFX, MOXI and ROXI with BPB, respectively. The limit of
detection and limit of quantitation were calculated in accordance with
equations,

LOD = 30/S

LOQ = 100/S
The o is the standard deviation of the response and S is the slope of calibration
graph. The detection limits were found to be 1.65, 0.83 and 0.79 pg mL™,
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respectively for CPFX, MOXI and ROXI with BPB. The value of correlation

coefficient indicates good linearity for all the three systems. Add table or graph to explain :[16tb]JComment

this result

12



References
[1] A.A El-Hawwar, N.R Sarhan; "Does olive oil attenuate ciprofloxacin-
induced renal cortical toxicity? light and electron microscopic study"; Histology
and Cell Biology Department; (40) (2) (2017) 253-264

[2] Vanithakumari G, Priyadharshin KM. Ciprofloxacin induced hormonal
changes in the thyroid gland of rats and Anti-oxidant vitamin A, C and E as
rescue agents. JP B S 2013; 5 (3): 12-18.

[3] Zobeiri F, Sadrkhanlou RA, Salami S, Mardani K, Ahmadi A. The effect of
ciprofloxacin on sperm DNA damage, fertility potential and early embryonic
development in NMRI mice. Vet Res Forum 2012; 3 (2): 131 — 135.

[4] Koziel R, Zablocki K. Calcium signals are affected by ciprofloxacin as a
consequence of reduction of mitochondrial DNA content in Jurkat cells.
Antimicrob Agents Chemother 2006; 50:1664-1671.

[5]Sen S, Jaiswal AK, Yanpallewar S, Acharya SB. Anxiogenic potential of
ciprofloxacin and norfloxacin in rats. Singapore Med J 2007; 48 (11): 1028-
1032.

[6] B.A.A. Balboul, A.M. EI-Roudia, E. S. Mohameda, S. M. Derayeab, O.H.
Abdelmageedbm;"  Synthesis, Characterization, Spectrofluorometric and
Antibacterial Activity Studies of Moxifloxacin- Zirconium Complex"; Egypt.
J. Chem; (55) (1) (2012) 15-31

13



[7] Sullivan, J.T., Woodruff, M., Lettieri, J., Agarwal, V., Krol, G. J. and
Leese, P. T., Pharmacokinetics of a once-daily oral dose of moxifloxacin (Bay
12-8039), a new enantiomerically pure 8-methoxy quinolone. Antimicrob
Agents Chemother. 43, 2793

(1999).

[8] Mitcher, L.A., Devasthale, P. and Zarod, R., In: D.C. Hooper and J.S.
Wolfson (Ed.), Quinolone Antimicrobial Agents, American Chemical
Society for Microbiology, Washington D.C. p. 3. (1993).

[9] Andriole, V.T., Overview of the fluoroquinolones: focus on
moxifloxacin. In.considering your quinolone formulary options. Formulary, 37,
13 (2002).

[10] B.J. Ni, S. Zeng, W. Wei, X. Dai, J. Sun;" Impact of roxithromycin on
waste activated sludge anaerobic digestion Methane production, carbon
transformation and antibiotic resistance genes"; Science of the Total
Environment; (703) (2020) 1-15

[11] Davis, R., Brogden, R.N., Markham, A., Faulds, D., 1994. Erratum to:
roxithromycin: an update of its antimicrobial activity, pharmacokinetic
properties and therapeutic use. Drugs 48 (5), 793.

[12] Young, R.A., Gonzalez, J.P., Sorkin, E.M., 1989. Roxithromycin. a review
of its antibacterial activity, pharmacokinetic properties and clinical efficacy.

Drugs 37 (1), 8-41.

14



[13] Puri, S.K, Lassman, H.B., 1987. Roxithromycin: a
pharmacokinetic review of amacrolide. J. Antimicrob. Chemother. 20
(suppl B), 89-100.

[14] Kummerer, K., 2009. Antibiotics in the aquatic environment—
a review—part |. Chemosphere 75 (4), 417-434.

[15] A.Z. Dangui, V.M.S. Santos, B. S. Gomes, T. S. de Castilho, K. P.
Nicolini, J. Nicolini;" Preferential solvation bromophenol blue in water-alcohol
binary mixture;" Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy; (203) (2018) 333-341

[16] A. Shokrollahi, E. Zare, Determination of acidity constants of
bromophenol blue and phenol red indicators by solution scanometric method
and comparison with spec- trophotometric results, J. Mol. Lig. 219 (2016)
1165-1171.

[17] M.C. Janzen, J.B. Ponder, D.P. Bailey, et al., Colorimetric sensor
arrays for volatile or- ganic compounds, Anal. Chem. 78 (2006) 3591-
3600.

[18] L. Feng, C.J. Musto, J.W. Kemling, et al., Colorimetric sensor array for
determination and identification of toxic industrial chemicals, Anal. Chem.

82 (2010) 9433-9440.

[19] T. Morita, R.M.V.  Assumpgéo, Manual de  solucdes,

reagentes e solvents: padronizagdo, prepara¢do, purificagdo com

15



indicadores de seguranca e de descarte de produtos quimicos, Editora
Blucher, Sdo Paulo, 2007.

[20] A.J. Rodriguez, C.R. Zamarrefio, I.R. Matias, et al., A fiber optic ammonia
sensor using a universal pH indicator, Sensors 14 (2014) 4060-4073.

[21] A.A. Gouda, A.S. Amin, R. El-Sheikh, et al., Spectrophotometric
determination of gemifloxacin mesylate, moxifloxacin hydrochloride, and
enrofloxacin in pharma- ceutical formulations using acid dyes, J. Anal. Methods
Chem. 2014 (2014) 1-17.

[22] D. Ray, K.C. Ha, K. Nig, et al., RNAcompete methodology and application
to deter- mine sequence preferences of unconventional RNA-binding proteins,
Methods 118 (2017) 3-15.

[23] T. Dole, S. Koltun, S.M. Baker, et al., Colorimetric evaluation of
mahi-mahi and tuna for biogenic amines, J. Aquat. Food Prod. Technol.
(2017) 1-9.

[24] T.R.Silveira,C.D.Ebling,L.D.Magro,R.C.Rodrigues,W.D.H.
Schneider,M.Camassola,E.W.deMenezes,A.Meneguzzi,M.P.Klein;" An
efficient decolorization of methyl orange dye by laccase from Marasmiellus
palmivorus immobilized on chitosan-coated magnetic particles *; Biocatalysis
and Agricultural Biotechnology; (30) (2020) 1-10

[25] Sen, S.K., Raut, S., Bandyopadhyay, P., Raut, S., 2016. Fungal
decolouration and degradation of azo dyes: a review. Fungal Biol. Rev. 30,
112-133. https://doi.org/ 10.1016/j.fbr.2016.06.003.

16



[26] Zofair, S.F.F., Arsalan, A., Khan, M.A., Alhumaydhi, F.A., Younus, H.,
2020. Immobilization of laccase on Sepharose-linked antibody support for
decolourization of phenol red. Int. J. Biol. Macromol. 161, 78-87.
https://doi.org/10.1016/j. ijbiomac.2020.06.0009.

[27] Zhang, B., Wang, Z., Zhou, X., Shi, C., Guo, H., Feng, C., 2015.
Electrochemical decolorization of methyl orange powered by bioelectricity
from single-chamber microbial fuel cells. Bioresour. Technol. 181, 360-362.
https://doi.org/10.1016/j. biortech.2015.01.076.

[28] Gainza AH, Konyeaso RI (1991) Substitution reactions of benzethonium
chloride with ion associates of bromocresol green — quinine and bromophenol
blue- quinine in dichloromethane. Can J Chem 69: 937-944.

17



