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DEVELOPMENT AND VALIDATION OF UV SPECTROPHOTOMETRIC METHODS FOR SIMULTANEOUS ESTIMATION OF CIPROFLOXACIN AND TINIDAZOLE IN TABLET DOSAGE FORM
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Abstract
To develop two simple, accurate, precise, reproducible and economical UV spectroscopic methods (A & B) for simultaneous estimation of Ciprofloxacin and Tinidazole in tablet dosage form. Method A employs solving of simultaneous equations based on the measurement of absorbance at two wavelengths, 272 nm and 365 nm which are the λmax of Ciprofloxacin and Tinidazole respectively in 0.1N NaOH. Method B is based on the principle of Q-Analysis where in the absorbance was measured at 299 nm (isoabsorptive point) and 277 nm (λmax of Ciprofloxacin) in 0.1N HCl. Ciprofloxacin and Tinidazole show linearity at all the selected wave lengths and obey Beer’s law in the concentration range of 2-7 μg/mL and 4-24 μg/mL respectively. Recovery studies for Ciprofloxacin and Tinidazole were performed and the percentage recovery for both the drugs was obtained in the range of 98-102% for both methods A&B confirming the accuracy of the proposed method. Both the methods showed good reproducibility and recovery with %RSD<2. Statistical validation of the data shows that the proposed methods can be successfully applied for the routine analysis of drugs in commercial formulations.
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Introduction
Ciprofloxacin is (CPX), 1-cyclopropyl-6-fluoro-1, 4-dihydro-4-oxo-7- (1-piperazinyl) -3-Quinoline carboxylic acid], is a broad a 2nd generation fluoroquinoline antibiotic used in the treatment of various respiratory, urinary tract, gastrointestinal and abdominal infections caused by both gram +ve and gram –ve bacteria. It functions   by inhibiting DNA gyrase, a type II topoisomerase, and topoisomerase IV, enzymes necessary to separate bacterial DNA, thereby inhibiting cell division [1]. Its Empirical formula: C17H18FN3O3.


HCl & Molecular weight: 331.3. Its molecular structure is as follows:
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Structure of Ciprofloxacin
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Tinidazole (TNZ) [1-(2-ethylsulfonylethyl)-2- methyl-5-nitroimidazole] is a 5-nitroimidazole derivative, an anti-parasitic drug used against protozoan infections. It is also used in the treatment of a variety of amoebic and parasitic infections [2]. The nitro-group of Tinidazole is reduced by cell extracts of trichomonas. The free nitro-radical generated as a result of this reduction may be responsible for the antiprotozoal activity. Chemically reduced Tinidazole was shown to release nitrites and cause damage to purified bacterial DNA in in-vitro. Additionally, the drug caused DNA base changes in bacterial cells and DNA strand breakage in mammalian cells. The mechanism by which Tinidazole exhibits activity against Giardia and Entamoeba species is not known. [3] Its Empirical formula: C8H13N3O4S & Molecular weight: 247.2.
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Structure of Tinidazole

The official methods are available for the estimation of Ciprofloxacin and Tinidazole in various pharmacopoeias like IP, BP, and USP. The IP [4] and USP [5] describe HPLC method and BP [6] describes non-aqueous titration method for estimation of CPX. The USP [7] and BP [8] describe titrimetry method for estimation of Tinidazole. There are no official methods for simultaneous estimation of Ciprofloxacin and Tinidazole in any pharmacopoeias. Literature survey reveals some methods for simultaneous estimation of CPX and TNZ by UV-Spectrophotometric methods[9-12]. It also reveals some RP-HPLC [13-15] methods along with other drugs like Ofloxacin, Ornidazole, some Spectroflorimetric methods [16] and difference pulse polarography [17] method is also available for two drugs. The study aimed at developing and validating a method for simultaneous estimation of Ciprofloxacin and Tinidazole in pure and tablet dosage forms using Simultaneous Equation Method and Absorbance Ratio Method.

Materials and methods
Instruments
Absorbance measurements were made on Thermoscientific Evolution 201 UV/Visible spectrophotometer with a pair of 10 mm matched quartz cells, Schimadzu digital balance for Weighing and Amkette Super Sonic Cleaner for sonication were used.

Materials and Reagents
All chemicals were of analytical reagent grade and solutions were prepared with double distilled water. Ciprofloxacin and Tinidazole gift samples were obtained from college. NaOH and HCl were obtained from college. Combined tablets of CPX and TNZ (Ciplox-Tz) were procured from the local pharmacy.

Procedure
Preparation of 0.1N NaOH & 0.1N HCl: Weigh about 0.2 g of NaOH & 8.5 ml of HCl and transfer to two separate 1000 ml volumetric flasks and add few ml of distilled water to dissolve them and make up the volume up to the mark.

Preparation of Stock solution (1000 µg/ml): Accurately weighed about 10 mg of pure CPX & TNZ were transferred to four, 10 ml volumetric flasks and make up to the mark with the respective solvents 0.1N NaOH & 0.1N HCl.

Preparation of working standard   solution (100 µg/ml): From the above stock solution 1mL each of CPX and TNZ was taken, transferred to separate 10mL volumetric flasks and the volume was made up to 10 mL with 0.1N NaOH for method A & with distilled water for method B.

Simultaneous equation method (Method A): 0.1N NaOH [18]
10 μg/mL solutions of CPX and TNZ were prepared separately in 0.1N NaOH and the solutions were scanned against blank in the entire UV range to determine the λmax values. Clear peaks were observed at 272 nm for CPX and 365 nm for TNZ. Hence these wavelengths were chosen as the λmax values for each drug respectively (Fig 1). Standard solutions of CPX and TNZ in the concentration range of 2-7 μg/mL and 4-24 μg/mL respectively were prepared in 0.1N NaOH and the absorbance of these solutions was measured at
272 nm and 365 nm. Calibration curves were
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plotted to verify the Beer’s law and the absorptivity values were calculated at the respective wave lengths for both the drugs. Two simultaneous equations as below were formed using these absorptivity values, A (1%, 1cm).

A1 = 924bCx + 108bCy A2 = 339bCx + 367bCy
Where, CX and CY are the concentrations of CPX and TNZ measured in gm/100mLin sample solutions. A1 and A2 are the absorbances of sample at selected wavelengths 272 nm and 365 nm respectively.
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Fig. 01: CPX SCAN	TNZ SCAN


Absorbance ratio method/Q - analysis (Method B): 0.1N HCl [18]
The absorbance ratio method is a modification of the simultaneous equation procedure. It depends on the property that for a substance, which obeys Beer’s law at all wavelength, the ratio of absorbance at any two wavelengths is constant value independent of concentration or path length.
E.g. two dilutions of the same substance give the same absorbance ratio A1 / A2. In the USP, this ratio is referred to as Q value. In the quantitative assay of two components in admixture by the absorbance ratio method, absorbance’s are measured at two wavelengths, one being the λmax of one of the components (λ2) and the other being a

wavelength of equal absorptivity of the two components(λ1), i.e., an isoabsorptive point (Beckett and Stenlake, 2005). A series of standard solutions of CPX and TNZ in the concentration range of 2-7 μg/mL and 4-24 µg/mL respectively were prepared in 0.1N HCl and the absorbance of these solutions was measured at 299 nm (iso- absorptive point) and 277 nm(λmax of CPX) (Fig.2). Calibration curves were plotted to verify the Beer’s law and the absorptivity values calculated at the respective wavelengths for both the drugs. The concentration of two drugs in mixture was calculated by using the following equations:
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Where, A1 and A2 are the absorbance of mixture at 299 nm and 277 nm, ax1 (or) ay1, ax2 and ay2 are absorptivities A (1%, 1 cm) of TNZ and CPX at 299 nm and 277 nm respectively.
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Fig. 02: Overlay spectrum of CPX & TNZ


Assay of tablets by Method A and B
20 commercial tablets of CPX and TNZ were triturated and powder equivalent to     50 mg of CPX and 60 mg of TNZ respectively was weighed and transferred to two 100 ml volumetric flask, dissolved in NaOH & HCl, volume adjusted up to the mark with the same solvent and mixed well with the help of a sonicator. The solution was filtered through Whatman filter paper no 40.1mL of the above filtrate was diluted to 10mL with NaOH & HCl to obtain a 5 μg/mL solution of CPZ & 6 µg/ml solution of TNZ. The absorbance of the sample solution was measured at 272 nm and 365 nm (Method A), 299 nm and 277 nm (Method B) and the data was analyzed accordingly using the necessary equations. The result of analysis of tablet formulation is reported in Table 2.

Analytical method validation: [19-20]
All methods were validated for different parameters like linearity, specificity, accuracy and precision. Linearity was checked by calculating regression coefficient. The accuracy of the method was determined by calculating percentage drug recovery of CPX & TNZ at three levels 50%, 100% and 150%. The inter-day and intra-day precision of the proposed method was determined. The %RSD of prepared concentrations was analysed for precision studies


Results and Discussion
The proposed methods for simultaneous estimation of CPX and TNZ in combined dosage form were found to be accurate, simple and rapid which can be well understood from validation data as given in Table 1 to 4. The % R.S.D. was found to be less than 2, which indicates the validity of methods. Linearity was observed by linear regression equation method for CPX and TZ in different concentration range. The Correlation coefficient of these drugs was found to be close to 1.00, indicating good linearity in Table 1. The assay results obtained by proposed methods as shown in Table 2 are in fair agreement. Percentage drug recovery (± RSD) of CPX and TNZ are shown in table 3. In all the cases RSD was not more than 2% depicting the accuracy of the developed method. Results of %RSD obtained from intra-day studies and inter-day studies are shown in table 4. From obtained data, it was found that RSD was not more than 2% indicating developed method has good repeatability. Hence it can be used for routine analysis of two drugs in combined dosage forms. These methods are accurate, simple, rapid, precise, reliable, sensitive, reproducible and economic and are validated as per ICH guidelines

 (
Method
 
A
Method
 
B
Method
 
A
Method
 
B
1
Linearity
2-7
2-7
4-24
4-24
2
Correlation
 
coefficient(r
2
)
0.9998
0.999
0.9996
0.9994
)Table No. 01: Linearity and Regression coefficient data
S.No	Parameter	Ciprofloxacin	Tinidazole



 (
CPX
TNZ
CPX
TNZ
CPX
TNZ
A
500
600
480
577.5
96
96.25
B
500
600
494
601.5
98.8
100.25
)Method

Table No. 02: Assay results for CPX & TNZ
Label claim (mg/tab)	Amount Found(mg/tab)	% Label Claim





Table No. 03: Results for recovery studies


 (
CPX
TZ
CPX
TZ
CPX
TZ
CPX
TZ
50%
A
100%
5
6
2.5
5
3
6
7.52
9.96
9.02
11.92
100.5±0.42
99.2±0.35
100.2±0.75
98.7±0.41
)Method


Level of Recovery

Drug in Tablet(µg/ml)

Drug added (µg/ml)

Drug Recovered (µg/ml)


% Recovery±R.S.D




	150%
	7.5
	9
	12.47
	14.96
	99.5±0.31
	99.3±0.29

	50%
	2.5
	3
	7.56
	9.06
	101.2±0.35
	101.1±0.41



B	100%
150%

5	6	5
7.5

6	9.96
9	12.43

11.94
14.94

99.3±0.31
98.7±0.31

99.1±0.41
98.9±0.66






Concentration (µg/ml)

Table No. 04: Results for precision studies
Absorbance	%RSD

	Method
	
	
	CPX
	
	TZ
	
	CPX
	
	TZ

	
	CPX
	TZ
	Intra
	Inter	Intra
	
	Inter	Intra
	Inter
	Intra
	Inter

	
	
	
	day
	day	day
	
	day	day
	day
	day
	day

	A
	2
	4
	0.264
	0.266	0.237
	
	0.235	0.54
	0.44
	0.71
	0.45

	B
	2
	4
	0.264
	0.266	0.213
	
	0.215	0.54
	0.44
	0.63
	0.69
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