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ABSTRACT

A new, rapid and sensitive assay is proposed fersgpectrophotometric determination of Ciprofloxaginpure

form and in pharmaceutical formulation. The propbseethod involves formation of purple coloured,aBone

extractable ion-pair complex of Ciprofloxacin witriochrome Black T (EBT) in acidic medium providey

phthalate buffer (pH 2). The extracted ion pair @bex showed maximum absorbance at 514 nm and Bleav’s
was obeyed in the concentration range of 5 — 25nLg/The molar absorptivity and Sandells sensitivilgre

determined to be 65,491.02 L Mam® and 1.90 pg cirespectively. The detection limit for the meth@d fiound

to be 1.09 pg/mL while limit of quantitation wag2.pg/mL. Other validation parameters for the mdtleere

similarly established. The method was successdylpfied for the determination of commercial bramdghe drug.

Statistical comparison of the results with the aidfi titrimetric method showed good agreement amtidated no
significant difference in accuracy and precision.
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INTRODUCTION

Ciprofloxacin (1-cyclopropyl-6-fluoro-4-oxo-7-(pip&zin-1- yl)-quinoline-3-carboxylic acid) is a 4igolone
derivative, derived from nalidixic acid [1]. It & broad spectrum antibiotic active against bothmgpasitive and
gram negative bacteria and acts via inhibition wb tessential bacterial enzymes - DNA gyrase and DNA
topoisomerase |V, resulting in the degradation lmbmosomal DNA and interference with bacterial cillision
and gene expression [2, 3]. The drug is particylaffective against a variety of infections suchtlasse of the
urinary tract, respiratory tract, gastrointestimatt, skin and soft tissues [4].

The USP [5] and BP [6] both recommend liquid chrtogeaphy as the official method for the determiomtof
ciprofloxacin while the International Pharmacopo@ihdescribes a non-aqueous titrimetric methodid(es non-
official analytical methods have also been reporiedscientific literature for the analysis of theud in
pharmaceutical formulation and biological fluidsluding UV-Visible spectrophotometry [8, 9, 10, LETTIR [12,
13], Mass spectrometry [14], Fluorimetry [15], Q&g electrophoresis [16, 17], HPLC [18, 19, 2Q, 22], RP-
HPLC [23, 24], HPTLC [25, 26, 27], Potentiometng[29], AAS [30], Rayleigh light scattering [31] oWfammetry
[32, 33, 34]. Some of the above mentioned techicare highly sophisticated with good sensitivity may be
relatively expensive, requiring equipment not comiyiavailable in all laboratories. Others have tatiobns such
as the need for an internal standard, multipleagtibn steps and technical complexity of the aizdtprocedure.
In contrast, ultraviolet-visible (UV-Vis) spectropiometry has the advantages of simple instrumematihich is
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cheap and easily operated. UV spectrophotometexsalmo readily available in most laboratories ping
acceptable analytical results and are thus verfulisedetermining organic compounds in differeratnces.

Ciprofloxacin possesses a wide spectrum of actiitgt favourable pharmacological properties whiclkeriaone
of the most widely used quinolone antibiotics desphe development of newer derivatives (third &odrth
generation quinolones). This therefore engendersntred to develop alternative methods of analysis do not
require highly sophisticated equipment and which simple enough to be carried out in moderatelyipgupa
laboratories without compromising the accuracy aedsitivity required for analytical methods that arsed in
routine quality control of pharmaceuticals. Thesem study is therefore aimed at developing andiatihg a
simple and cost-effective colorimetric method fetetmination of ciprofloxacin in bulk and marketiedmulation
that utilizes a readily available dye.

EXPERIMENTAL SECTION

Equipment

A Shimadzu UV-Visible spectrophotometer with mattliecm quartz cells was used for all spectral measents
with Shimadzu UV Probe system software (version).20H measurements were carried out using a cédithra
digital pH meter (GallenKamp, England).

Chemicals and reagents

All chemicals used were of analytical reagent gradd procured as follows: Acetic Acid, Butanone,tihémol,
Ethyl acetate, Diethyl ether, Dichloromethane, Hdhloric acid, Potassium hydrogen phthalate (Sidyuich,
Germany), Sodium hydroxide pellets (Avondale Labmmg England). Double distilled water was usedtepare
all solutions. Freshly prepared solutions were usedmethod development and validation. EriochroBteck T
(Fischer Scientific, UK). Pure Ciprofloxacin reface material was obtained from CHAN Medi-Pharm,, Jos
Nigeria. Various brands of Ciprofloxacin tabletsrevebtained from a Pharmacy retail outlet in JageNa.

Preparation of Reagents

Preparation of Ciprofloxacin standard solution

The stock solution of 1 mg/mL was prepared by wigigland dissolving 100 mg of Ciprofloxacin referermowder
in Acetic acid (0.05 M), and making up the voluroanark in a 100 mL volumetric flask. Working stardiawere
prepared by appropriate dilution of the standandlssolution.

Preparation of Potassium Hydrogen Phthalate buffer solution (pH 2.0)
A 2.553 g potassium hydrogen phthalate was weigimelddissolved in 0.25 ml of 0.1 M HCI. The volumasithen
made up to 250 mL with distilled water in a voluneflask. The pH was then adjusted to 2.0.

Preparation of Eriochrome Black T (0.01 % w/v)
A 0.01 g of Eriochrome Black T powder was accuyatecighed and dissolved in 10 mL methanol and s
made up to 100 mL with distilled water in a voluneflask. Working solutions were always freshlgpared.

Titrimetry
Non-aqueous acid-base titration against per chiaeid is the official assay method [7] and this weasployed to
determine the drug content in the five brands.

Extractiveion-pair spectrophotometric method

Determination of wavelength of maximum absor bance (Ayax) and Construction of calibration curve

Aliquots of Ciprofloxacin hydrochloride standardig®mn (100 ug/mL) were transferred into a series of 100 mL
separating funnels. To each separating funnel 1L.OofmEriochrome black T solution (0.01% w/v) and 4nL
potassium hydrogen phthalate—HCI buffer of pH 2v8re added and the contents vortexed mixed andedldo
react for two (2) minutes. The mixture was extrecteice with 5.0 mL Butanone and the organic phasere
combined. Absorption spectrum of the purple coldu@profloxacin-Eriochrome Black T ion- pair complavas
obtained by scanning the extracted complex betva&h- 800 nm. Subsequent absorbance measuremeat wer
carried out at the determined max of 514 nm agdhesteagent blank similarly prepared. All measwests were
made at room temperature (25 + 2°C). The proceduegs repeated for other analyte aliquots and icldn plot
was plotted using Absorbance versus concentration.
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Analysis of Pharmaceutical Formulation

An accurately weighed quantity of the pulverizeblegs equivalent to 100 mg of the Ciprofloxacin veasracted
with 0.05 M Acetic acid and sonicated for aboutnii®. The extract was filtered into a 100 mL volurieflask and

the volume made up to mark. Suitable aliquots efdblution were then taken and the analysis wapleted using
the previously described procedure. The nominakestnof the tablets was then determined with the odi the

previously plotted calibration graph. Five differdmands of Ciprofloxacin tablets were assayedgitie proposed
method.

Method Validation
The method was validated according to Internatiddahference on Harmonization guidelines for valmlatof
analytical procedures [35].

Precision and Accuracy

Calibration standards of Ciprofloxacin at thredeatiént concentration levels were analysed in feqicates on the
same day to determine the intra-day precision andracy, and on each of five separate days tordeterinter-day

precision and accuracy. Precision was expressetheagelative standard deviation (RSD %). Accuracgsw
expressed as the mean relative error (RME %)

Linearity

The linearity was evaluated by linear regressioalyais, which was calculated by the least squageession
method. The calibration curves were constructed plptting concentration versus absorbance, usingalin
regression analysis.

LOD and LOQ

The limit of detection (LOD) and limit of quantitah (LOQ) of the method was established using tmélla: LOD

= 3 gk and LOQ = 105k, wheres is the standard deviation of replicate determimati@alues under the same
conditions as for the sample analysis in the alesefthe analyte, andis the slope of the calibration curve.

Optimization of Reaction Conditions

The optimal reaction conditions for complex formatiand stability were also investigated. Experiraentre
therefore conducted to study the effects of pHhefhuffer, reaction time, reagent concentratiotraekion solvent
and reagent volume. The stability of the ion paimplex was also evaluated over 24 hours.

RESULTSAND DISCUSSION
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Figure 1: Calibration plot for Ciprofloxacin-Eriochrome Black T ion pair complex
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Figure2: Effect of reagent concentration on Ciprofloxacin-Eriochrome Black T ion pair complex
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Figure 3: Effect of pH on Cipr ofloxacin-Eriochrome Black T ion pair complex
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Figure 4: Effect of reaction time on Ciprofloxacin-Eriochrome Black T ion pair complex
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Table 1: Deter mination of Ciprofloxacin content in Tablet Formulation

Brand Official Titrimetric method - 1P, 2006 (n=5) | Proposed Method (n =5)
Ciprokrig® 101.61 £ 0.52 103.43 £ 0.82
Vitapro® 99.84 +£0.79 102.19+0.11
Ciprovan? 99.40 £ 0.13 100.00 + 0.42
Cenoy® 103.62 £ 0.2 105.31 + (1€
Grakkofld® 102.28 + 0.55 101.40 +£0.32

Eriochrome Black T is a classical reagent in phaentical analysis been commonly used as an indidateater
hardness determination via complexometric titratibine formation of ion-pairs between the amino grofi many
drugs and this reagent has found wide applicatiotise field of drug analysis [36, 37, 38]. Cipthacin similarly
possesses an amino group which is protonated dicatiedium and forms ion pair complex with Erioaime black
T. The purple coloured ion-pair complex was quatitiely extracted with Butanone and a scan of thsogption
spectra revealed that the ion-pair complexes absammaximally at 514 nm.

Optimization of reaction conditions

Effect of pH

The results shown in figure 3 were obtained by vayyhe pH for the aqueous phase within the rarfige@®- 5.0
and keeping other conditions constant. A maximusodiance was clearly obtained at pH value of 2hathvthe
drug was found to be maximally protonated thus ihglghe ion-pair formation. Consequently, Phthalatdfer
solution of pH 2.0 was chosen for further invedima

Effect of reagent concentration

The influence of the concentration of EriochromadB T was examined by addition of different concatiins of
the dye in the range of 0.01 — 0.2 % w/v. The maximabsorbance was obtained when 0.2 % w/v Eriocrom
Black T solution was utilized and it is believedthhis concentration brings about maximum stadilon of the
ion-pair associates.

Effect of reagent volume

The influence of the volume of the reagent waswatald by addition of different volumes of 0.2 % wéagent in
the range of 0.5-2.5 mL. The maximum absorbanceoltsined when 1.0 mL Eriochrome Black T solutioasw
utilized.

Effect of number of extractions, shaking time and stability
Reproducible absorbance readings were obtainedtafteextractions with 5 mL of the solvent and mi® shaking
time. The studied ion-pairs were stable for moemtB4 hours at 25° C in the organic solvent.

Effect of extraction solvent

Absorbance spectral characteristics of Ciprofloxagiiochrome Black T ion pair complex after extrastwith

different solvents were examined. Dichloromethdtibyl acetate, Diethyl ether, methanol, Butanometanitrile
and chloroform were tested for this investigatiglost of the common organic solvents failed to eottthe ion pair
complex due to insolubility. Experimental resultglicated that Butanone gave the maximum absorbamtenost
stability among the studied solvents.

Effect of time
The optimum reaction time was determined by moimitpthe colour development at room temperature $2%3).
Complete colour intensity was attained 2 min.

Stoichiometry

Job’s method of continuous variation was used fetednining the molar ratio of Ciprofloxacin to Ectoome
Black T in the ion pair complexation reaction. Tado was found to be 1:1. This stoichiometricaatidicates that
the interaction between Ciprofloxacin and the reagesed took place at only one site i.e. the tealasic
aliphatic amino group which enjoys more steric da®.
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M ethod validation

Linearity, detection and quantification limits

Under the specified optimum reaction conditiong dalibration curves for Ciprofloxacin complexatiafith the
reagent employed in the present work were congtdudhe regression equations for the results wereet using
the least-squares method. In all cases, Beer'splate (n = 3) were linear with very small intercepind good
correlation coefficients in the general concentratiange of 5-25 pg/mL. The LOD and LOQ were fotmbe 1.09
and 6.27, respectively pg/mL.

Precision and accuracy
The intra-day and inter-day relative standard dévia(RSD) values obtained by the proposed metheckviound
to be within 0.42-0.55%. Accuracy of the methodsregsed as relative mean error (RME) was below 4.6%

Application to Analysis of Phar maceutical Formulation

Commercially available Ciprofloxacin in tablet foutation was subjected to analysis both by the ppeganethod
and by a reference method [7]. Statistical comparisf the results by the Student’s t-test revedhede was no
significant difference between the accuracy andipien of the two methods (Table 1).

CONCLUSION

The proposed method for Ciprofloxacin determinatias many advantages over other analytical mettioelgo its
speed, lower cost and versatility of applicatiofl. sAatistical values (percentage recoveries, R&Dfidence limits
of the slope and intercept, LOD and LOQ) were withicceptable limits. Also, all the analytical reatgeare
relatively cheap and available in any analyticddolatory. The method is therefore considered apjatep for
routine quality control analyses of the active diugndustry, hospitals and for research purposes.

REFERENCES

[1] MI Andersson; AP MacGowad, Antimicrob. Chemother2003, 51(1), 1-11.

[2] K Drlica; X Zhao,Microbiol. Mol. Biol. R, 1997, 61(3), 377-392.

[3] DC HooperClin. Inf. Dis, 2001, 32(1), S9-S15.

[4] PC Sharma; A Jain; S Jaigta Pol. Pharm.2009, 66, 587-604.

[5] The United States Pharmacopoeia, United Statesnficapoeial Convention 12601. Twinbrook Parkway,
Rockville, 2008, 489.

[6] The British Pharmacopoeia. Her Majesty’s Statior@ffice, London 2009, 835.

[7] International Pharmacopoeid’ Edition, World Health Organization, Gene2a06, 68.

[8] K Basavaiah; P Nagegowda; BC Somershekar; V Rasfai@iScience Asig2006, 32(6), 403-409.

[9] G Natesh; MD Azeez; M Sabat; G Venkatehwarl; N Begié Srivani,J. Chem. Bio. and Phys. SA@013, 3,
1663-1670.

[10]M Rizk; F Balal; F lIbrahim; S Ahmed; ZA Sheribah , AOAC Int, 2001, 84, 368-375.

[11]FM Abdel-Gawad; YM Issa; HM Fahmy; HM HusseMikrochim. Acta,. 1998, 130, 35-40.

[12]S Pandey; P Pandey; G Tiwari; R Tiwari; AK Raidian J. Pharm. Sci2012, 74, 86-90.

[13]B Bhongade; S Talath; S Dhaneshwat, J. Speg.2014, 214, 6.

[14]E Caro; RM Marcé; PA Cormack; DC Sherrington; Frigby J Sep Sci.2006, 29(9),1230-6.

[15]H Salem; L Fada; W KhateAm. J. Pharmacol. ToxicoR007, 2, 18.

[16]KD Ahria; VC Chanter,). Chromatogr, 1993, 652, 459-463

[17]PL Wang; YL Feng; LA CherMichrochem. J.1997, 56(21), 229-35.

[18]J Vella; F Busulttil; NS Bartoloa; C Sammut; V Faya; A Serracino-Inglott; LM Azzopardi; G LaFerlat
Chrom. B, 2015, 989, 80-85.

[L9]MS Garcia; Ml Albero)ndian J. Pharm. Biopharm2001, 61, 87.

[20]F Jehl; C Gallion; J Debs; JM Borgard; H MonteilMick, J. Chrom, 1985, 339, 347-57.

[21]NJ Kassab; AK Singh; ERMK Hackmam; MIRM SantoBoazilian J. Pharm. Sci2005, 41, 507-513.
[22]1BD Witte; J Dewulf; K Demeestere; MD Ruyck; HV LathoveJ. Chromatogr. A 2007, 1140, 126-130.
[23]AA Sani; CC Mmuo; RO Abdulraheem; SS AbdulkareeE Alemika; MA Sani; M llyasJ. Appl. Pharm.
Sci, 2011, 01(08), 239-243.

[24]R Singh; M Mukesh; SK Saraf; S Saraf; RC Gupaiarasian J. Anal. Chen2009, 4(2),161-167.

[25] AP Argekar; JG Sawani, Planar Chromatogr.]1999, 12(3), 202—206.

475



UkpeAjimaet al J. Chem. Pharm. Res,, 2015, 7(12):470-476

[26]J Novakovic; K Neomerak; H Nova; K Filkd, Pharm Biomed Anal2001, 25, 957-64.

[27]J Krzek; U Hubicka; J Szczepanczyk AOAC Int, 2005, 88, 1530

[28]H Ansec; S Gomiscudénal. Chem 1992, 268(5), 307-9.

[29]1ZQ zhang; YC Jiang; HT Yamtomic Spectr 2003, 24, 27.

[30]JB Xiao; CS Yang; FL Ren; XY Jiang; M XMeas. Sci. Techngl007, 18, 859.

[31] S Komorsky-Lovric; B Nigovic,). Pharm. Biomed. Anal004, 36, 81.

[32] B Uslu; B Bozal; ME KuscuThe Open Chem. and Biomed. Method&QL0, 3, 108-114.

[33]AM Abulkibash; SM Sultan; AM Al-Olyan; SM Al-Ghannag Talantg 2003, 61(2), 239 —244.

[34]VD Hoang; NT Yen,Trop J Pharm Re£013,12(5): 783.

[35]International Conference On Harmonisation, ICH, ®échnical Requirements For Registration Of
Pharmaceuticals For Human U2605.

[36]N Rahman; NA Khan; H AzmEarmacq 2004, 59, 47-54.

[37]AM EI- Didamony; MA MoustafaArabian J. Chemistry2010, 3, 265-270.

[38]SV Saradhi; SK Meherjaha, N Jyothsna; A Priyank&Sisha; C Ramakrishna; CB sekardnPharm. Sci. &
Res, 2012, 4(11), 1958 — 1963.

476



