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ABSTRACT

Qualitative and quantitative analysis of ciprofloxacin in drug formulations using RP-HPLC treated and maintained
at various physiological pH conditions to evaluate the effect of pH on ciprofloxacin active ingredient on different
mode of drug administration. The result in this study gave a clear evidence that there is an effect of pH on drug
compound or active ingredient ciprofloxacin. The effect is in both ways qualitative by degradation and quantitative
by reduced level of concentration.
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INTRODUCTION

Ciprofloxacin is the most widely prescribed quinmoantibiotics in Europe. (1)It is a synthetic hiaic of the
fluoroquinolone drug class (2) (3) It is a secomagration fluoroquinolone antibacterial. It kill@dieria by
interfering with the enzymes that Ciprofloxacin salDNA to rewind after being copied, which stopstbgsis of
DNAand of protein. Ciprofloxacin is 1-cyclopropyltioro-1, 4-dihydro-4-oxo-7-(1-piperazinyl)-3-
guinolinecarboxylic acid (4). Its empirical formua C,;H:5FN3Os; and its molecular weight is 331.4 g/mol. It is a
faintly yellowish to light yellow crystalline sutmtce. Ciprofloxacin hydrochloride is the monohydhiocide
monohydrate salt of ciprofloxacin. It is a faintgllowish to light yellow crystalline substance fia molecular
weight of 385.8 g/mol. Its empirical formula is/81sFN;OsHCI*H,0. Medical uses are Chronic bacterial prostatitis
(recommended as a first-line antibiotic choice) (®wer respiratory tract infections (6) (7), Skind skin structure
infections, Bone and joint infections, and Infeas8adiarrhea. (8).Science its inception in the 1#60’s HPLC has
made significant practical impaction on the arelapharmaceutical, clinical, forensic environmerdaat industrial
research development analysis. Several methods bieese reported for the analysis of ciprofloxacirbiological
fluids (9.10, 11) and also determination of cipoafcin,cloxacillin and ipuprufen drugs in humannerisamples
(12) HPLC method applied for quantitative deterrtioraof second generation quinolones such as dip@€in and
norfloxacin in pharmaceutical formulations(13) Wivi H.Desai(et al) applied PR- HPLC method to the
simultaneous determination ofciprofloxacin in ege/drops.(14)also pharmaceutical products withedéiit trade
names having ciprofloxacin as active ingredient essayed under similar conditions for active ingnetdapplying
HPLC techniques(15).

The HPLC method using the optimal conditions camelséed for selectivity, linearity, precision, aamcturacy, limit

of quantitation and limit of detection. The appbday of the suggested method was, as well, testethe stability
of ciprofloxacin in pharmaceutical preparationdlgss and infusion solution) under stress stabiléya. (16)
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For some separations the effect of changing pHimsnmal. However for acids and bases, the effeawan a very
small change in pH is very significant. Changingtie pH will effect on the degree of ionisationmblecules in
solution. It thus affects their polarity, and asasequence it changes their retention times iHRIDC separation.
17

Since it is said to be ciprofloxacin have relatiblgh levels of bioavailability, it is used in atile routs of drug
administration and its modes of action is expectedrespective physiological conditions. pHis primar
physiological factor which has its effect on didation of the drug and its biological and physiotagd activity in
the system. Various body fluids in human body shiifferent and specific pH. These different physgcal pH
are provided in tablel

Table 1. pH conditions of various human body fluids

S. No. Body fluid Physiological pH

1 Blood 7.2t075
2 Gastric juice 0.7t0 2
3 Cerebrospinal fluid 7.2-75
4 Pancreatic juice 8.0t0 9
5 Saliva 7.0

6 Urine 5.0t0 6.2
7 Semen 7.5

The objective of this research was quantitative qunalitative analysis of ciprofloxacin in drug foufation treated
and maintained at various physiological pH condgito evaluate the effect of physiological pH oagiby using
RP-HPLC.

EXPERIMENTAL SECTION

Qualitative and Quantitative analysis by HPLC:

Four different kinds of buffers are prepared td saich of the pH conditions of body fluids becacipeofloxacin is

popularly used in gastro intestinal, urinary trackd systemic infections. In oral administrationivaalis the first

body fluid that get interacted with the active dient Ciprofloxacin. In parenteral administratiotii® drug

Ciprofloxacin is getting injected directly into ldd stream through intra-venal injection. In cert®ystem infections
like Meningitis is also clinical practice to injettte ciprofloxacin in the spinal fluids.

So the test procedure designed based on all tlaese dnd a representative buffers are prepareticagnsin the
table2.

Table 2. Buffers used in the experiment and theirepresentative body fluids

S.Nc | Ph Representation of body fluic Buffer used
1 2 | Gastric juice Glycine- HCI Buffer
2 5 | Urine Citrate phosphate buffer
3 7 | Saliva, Blood, Cerebrospinal fluid and semen osphate buffer
4 8 | Pancreatic juice Tris- HCI buffer

Preparation of Buffers:

1.Glycine- HCI Buffer:

It is prepared by adding 44ml of 0.2M HCI to 50 ofl0.2M solution of Glycine anddilute it to form @@l final
volume in water.

2.Citrate- Phosphate Buffer:
Prepared by adding 24.3 ml of 0.1M solution of iCicid (19.21g/ Lt) and 25.7ml of 0.2M solution dibasic
sodium phosphate (Add 53.65g of Na2HPB20 and 71.7g of N&lPO,12H,0) and dilute it to 100ml in water.

3.Phosphate Buffer:
Prepared by adding 50ml of 0.1M KO, (13.6g/L) to 44.5ml of 0.1M NaOH, diluted to 100imiwater.
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4.Tris- HCI Buffer:
Prepared by adding 50ml of 0.2M solution of Trisy@irfoxy methyl) amino methane (24.2 g/Lt to 26.8hD@2M
HCI and diluted it to 200ml in water.

Sample: Drug formulation from manufacturer CIPLA brand naimas CIPRON containing the formulation is
selected for the analysis and evaluation at diffieset pH conditions with HPLC. The total weighttbé sample is
weighed and recorded is about 750 mg, in orderotopare the percentage assay values to the conoemtod
active compound in a single tablet.

Formulation:Ciprofloxacin Hydrochloride 650mg, Tinidazole 75 gd other excipients in Quantitative base.

Reference Standard Purified form of Ciprofloxacin hydrochloride praeed from HIMEDIA chemicals and micro
biologics Ltd. With assay of 98% label claim is¢alkas a Reference standard (RS) for the study.

Chromatographic system selected for the study

1.Operation of the HPLC - General Procedure

2.Cartridge: 250X 4.6 mm- Bondapak C18 (a reversasbeltolumn from YMC)

3.Mobile phase preparation

3a) Take 870 ml of buffer and make it to 2000mbliging 130 ml of acetonitrile (CAN).

3b) Buffer preparation: Take 0.025M;P0, and add it to 1000 ml of water. Adjust the PH t8£30.1 by adding
TEA.

4.Wave length: 278 nm

5. Temperature: 3@ (ambient)

6. Injection volume: 10 pl

7. Run time: 30 min

8. Flow rate: 1.5 pl

9. Sample preparatiof.1g of the sample and RS (pure Ciprofloxacinjgived and the sample is dissolved in 25 ml
of respective buffers whereas RS is supplied vighrhobile phase solution.

The greatest enemy of HPLC is fine particulate emattvhich can damage the pumping system and irsiabgr
block the column. Therefore, all solvents have békared through fine membranes (0.4-0.5 microny all
solutions to be injected MUST be prepared eitheh iiltered solvent, or filtered. The mobile phgsepared as
well as the sample solution also rendered to autftrdiltration through 0.2 micron membrane filté&iso the test
solution and the mobile must be sonicated by ubliiig sonication cabinet to remove dissolved gas@mpurities.

The Waters instrument comprises three main comgenen
1.The injector (located on the top right-hand comfahe console)
2.The solvent delivery system

3.The UV/ Vis. Detector.

As this is quantification based on the refereneem@a run, a Reference Standard (RS) which is a pleenical of
Ciprofloxacin with known concentration is obtaindchake: MERCK, Conc: 99%) and the calculation of
concentration of unknown samples (soft drinks) beemiormed by comparing the areas of principle padé&ntified
based on the RT (retention times).

The calculation of percentage concentration (Asglpased on the following standard formula.

% Conc. of eluted compound = PA of sample X Weijtthe sample taken X 100
PA of the Standard X Weight of the skntpken

RESULTS AND DISCUSSION

In each set up of the experiment a reference stdn@®S is run for qualitative analysis to assess é¢hror by
standard deviation in retention times (RT). Subsetjy the crude samples are also rendered to rtHPioC under
ideal conditions and appropriate dilutions. Thed®The Reference Standard is set to match withahaverage RT
of the each of the samples of different pH treatmdry incubating the sample preparation in the eetsge pH
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buffer stated in the method. Based on the RT coisgamwith the RS sample run the treatment sampkes$ed in
integration of the principal peaks 6fprofloxacin in data processing by using EMPOWER-II software.

Here in the current experiment RS samples are wantimes, referred by RS-A and RS-B in triplicates the
column is regenerated in the middle of the expeminsession to clear and wash the column statiophage. The
treatment samples are compared with the respdeveamples based on the retention time (RT) match.

Then sample is prepared as per the method, filteneldsonicated for quantitative analysis. Quamnigaanalysis is
based on the ratio of peak areas between RS (Refef&andard) and sample which are injected tiedch so as to
obtain the results in triplicates.

The averages in terms of Mean values are takerthforcalculation in to the formula according to thethod
mentioned in the previous section. The mean valsesdard Deviation and Relative Standard deviatos taken
to assess the degree of error in results.

Analysis of data

1.Use standard Ciprofloxacin samples to identlfig tCiprofloxacin peak and record the retention tiofe
Ciprofloxacin

2. Use the retention time to determine if Ciprofloi is present in the soft drink sample

3. To quantitatively determine the amount of Cifmeécin in the sample, measure the Ciprofloxaciakgeof the
standard as well as the sample peaks for their pesds

4. Measure the Ciprofloxacin peak in the sampl@wriatogram, and use the concentration to peak afationship
to determine the concentration of Ciprofloxacin garcentages and then after convert the valuesrinstef
milligrams (mg). The quantitative data obtaineg@rigvided in the table 3.

Tab.3 Quantitative data of critical parameters obtaned from the chromatograms
(Presented in Appendices),

S. No | Name of the sampl *RT #PA (LV X (sec | "PH (uV) | ~PW (sec
1 RS-A-1 9.205 255607124 2523508 174
2 RS-A-2 9.377 172332449 258816 182
3 RS-A-3 11.113 171088091 2213744 196
4 pH-2-1 9.405 117289083 2614595 178
5 pH-2-2 9.656 149007001 258124p 201
6 pH-2-3 9.65¢€ 14900700 258124 182
7 RS-B-1 16.424 73139610 595281 195
8 RS-B-2 14.723 223106399 2524860 180
9 RS-B-3 15.012 174335452 2318526 185
10 pH-5-1 15.872 200344900 1950777 175
11 pH-5-2 15.281 171076643 1801660 180
12 pH-5-3 15.24¢ 17966484 187986. 192
13 pH-7-1 15.812 12974287 445404 201
14 pH-7-2 15.994 12840433 410381 220
15 pH-7-3 15.958 12863148 411917 178
16 pH-8-1 16.295 160125312 2329499 186
17 pH-8-2 16.907| 130574893 2176939 195
18 pH-8-3 17.096 156737780 2213251 172

Note: * RT- Retention Time; #PA- Peak Area; "PH- Peak Height; ~PW- Peak Width

The statistical analysis data for the mean, stahdawiation (SD) and relative standard deviatioSIDR values
acquired from the data are provided in the table 4.

The assay values of each of the four different dtments (pH-2. pH-5. pH-7 and pH-8) are calcdlaecording
to the formula and their respective assay valuesenorded. Actual weight of the ciprofloxacin &thtiaken is 750
mg; hence the concentrations from each of the sssngiven with pH treatment are recorded by mathiealat
calculation (cross multiplication). The assay valuare calculated based on the peak areas integmted
chromatograms, sample weights and standard assag.o€omparisons made considering the assay vafueS
with treatments, the concentration values are dsmbthereof with different pH treatments. The corapiee figures
are presented in the table 5.
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Tab. 4 Statistical analysis of data from the chrom@mgrams
S. No | Name of the sampld Mean | *SD | #RSD
For RT
1 RS-A 9.8983333| 1.055442  10.66282308
2 RS-B 15.386333  0.91018P  5.915569062
3 pH-2 9.5723333| 0.922236 9.6343894R1
4 pH-5 15.466333] 0.439932  2.844450474
5 pH-7 15.921333] 0.096381  0.60535877
6 pH-8 16.76¢ 0.41870. | 2.49732532
For PA
1 RS-A 199675888 48441867 24.26024868
2 RS-B 156860487 76495361 48.76649464
3 pH-2 138434362 18312348 13.22818141
4 pH-5 183695463 15044671 8.190006785
5 pH-7 12892623| 71629.54 0.555585446
6 pH-8 149145995 16171989 10.84305925
For PH
1 RS-A 2441804.7| 200135.2  8.196201337
2 RS-B 1812889.3] 1059514  58.44337081
3 pH-2 2592359.7| 19256.36  0.742812187
4 pH-5 1877433 74588.17  3.97288047
5 pH-7 422566 19793.96  4.684229679
6 pH-8 2239896.3] 79693.91 3.557928315
For PW
1 RS-A 184 11.13553 6.051917786
2 RS-B 186.66667| 7.63762p  4.091585442
3 pH-2 187 12.28821 6.571233009
4 pH-5 191 8.736895  4.574290549
5 pH-7 199.66667| 21.03172  10.533416[73
6 pH-8 184.33333] 14.29452  7.754713Q71
RS- Reference Standard, RT: Retention Time; PA: Peak Area
PH: Peak Height; * Std. Dev: Standard deviation
#R. 3d dev: Relative Standard deviation
Table 5. Concentration comparison between pH treatents of Ciprofloxacin
S.No | Name of the samplg % Assay (mg/100mg) Conceation in a tablet (mg/750mg) | Label claim (mg) of e tablet
1 pH-2 6.794 509.55 650
2 pH-5 9.015 676.125 650
3 pH-7 8.054 604.05 650
4 pH-8 7.32 549 650

Fig. 1 Comparison between the different pH treatmets in terms of assay

Assay Comarision between
treatments

10
8 /’ ‘Oﬁ
6
4 —— Assay %
2 (mg100(mg/
0 T T T 1
2pH- 5pH-  7pH-  8pH-
Note: On X-axis- treatments

On Y-axis- Assay values (mg/100mg of sample)
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A line diagram to offer the graphical representatipicting above facts and figures has been diawmhich one
can easily understand the effect of pH treatmewts different treatment in terms of concentratiohsiprofloxacin
active ingredient. The same is presented in thehg(gigure 1).

The mean Retention time values generated by diffgreaks in the chromatograms are compared todhiattbn
among them by calculating their Standard Deviat{@13). The values are presented in the table6.

Table 6. RT comparison between pH treatments of @rofloxacin

S.No.| Treatment| Mean of RT *SD
1 RS-A 9.89 --
2 RS-B 15.3¢ --
3 pH-2 9.57 0.226
4 pH-5 15.46 0.0564
5 pH-7 15.92 0.2914
6 pH-8 16.76 0.633

*3SD- Sandard deviation

Another line diagram to offer the graphical repreéagon depicting average or mean values of petantien times
in chromatograms (Presented in Appendences), &afiva parameter has also been drawn by whichcanesasily
understand the effect of pH treatments over diffeteeatment in terms of qualitative identificationdegeneration
of the drug substance ciprofloxacin in samples. gitagh (figure 2) is presented below.

Fig. 2 Comparison between the different pH treatmets in terms of peak RT

0.8

0.6 /
0.4 / ¥—1Series
0.2 Q\’/

0 T T T 1
2nH- BnH- ZnH- 8nH-

Note: On X-axis- treatments
On Y-axis- standard deviation between retention times

CONCLUSION

To meet the objective of the study a drug matdtadlet) having Ciprofloxacin as active ingredientaken for the
experiment and rendered to both qualitative anchiifjadéive analysis by HPLC method. The results @beained
from the data generated in the form of peaks imiatogram by HPLC analysis of four different treants treated
with pH-2, pH-5, pH-7 and pH-8 representing theimas conditions of body fluids like Gastrointestifaice,
Urine, saliva and blood, pancreatic juice respetyiv

The results generated in this study gave the el¢idence that there is definitely the effect of @iHdrug compound
or active ingredient Ciprofloxacin. The effectiisbioth ways qualitative by degradation and quantézby reduced
levels of concentration.

When chromatograms of pH treatments are compaeedediiation in the RT values between pH-2, pH-5 pider?
are varied around a specific average levels butrdegtment with pH-8 is significantly deviated framst of the
three. Though the there is some standard devidgbween each and every pH treatment is foundavident with
pH-8.

When the concentrations or assay values (quangtatirameters) generated from the chromatogramsoanpared
it's again pH-8 that is showing significant redudexdkls of concentrations of active drug Ciprofloxa However
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the reduced levels of Ciprofloxacin can be relatedits qualitative test status of high levels ofngetion
represented by the deviation in Retention Times)(R®m the standard retention times. So we canritiie
guantitative parameters of analysis of ciproflorasiproportional to the quantitative parameteosni¢entrations),

The results obtained by HPLC in this set of experita are reproducible and error is averaged byicate

experiment design. The conclusions and remarks tlosistudy states that effect of pH on Ciprofldrain drug

formulation is evident but it is insignificant wittH-2, pH-5 and pH-7 but it’s is significant wittHg8. So the drug
preparation targeting the infections of systemgaois where the pancreatic secretions form the mediay need
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