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ABSTRACT

The present study describes behavior of ciprofloxdydrochloride (Cipro-HCI) which was investigateehder
different stress conditions of sun light, UV ligtit254 nm and some pharmaceutical excipients udiRgC. RP-
HPLC method were modified that could separate tiug drom its degradation products formed under éhesess
conditions. Degradation was found to occur unden $ight and thermal, were successfully resolvedaoc@18
column (5S, ODS 25 cm x 4.6 mm, 5um), utilizing ilagihase of 0.025 M orthophospharic acid (adjustiegH
3.0 with triethylamine) and acetonitrile in a ratod 87:13 respectively. Mobile phase was deliveaethe flow rate
of 1.5 ml/min. Ultra violet detection was carriedt@t 278 nm. The method was validated with resfzekitearity,
precision, accuracy, selectivity, specificity andygedness. The method was specific to drug andsalsetive to
degradation products. Some pharmaceutical excigmerere found to decrease the reaction rate ofighhland
thermal decomposition of ciprofloxacin hydrochl@ith aqueous media. Other pharmaceutical excipmevere
found to increase the reaction rate of ciprofloxahiydrochloride sun and thermal decomposition.

Keyword: Ciprofloxacin hydrochloride Stability, Thermal degradation, Sunlight degradat pharmaceutical
excipients.

INTRODUCTION

Ciprofloxacin hydrochloride is basically 1-cyclopsd-6-fluro-1, 4-dihydro-4-oxo-7-(piperazin-1-yl)jénoline-3-
carboxylic acid hydrochloride. Its empirical forrauk G-H;sFNsOs, HCI .The molecular weight of which is 367.8
[1].

Ciprofloxacin hydrochloride is a fluoroquinolinetdracterial agent with a wide spectrum of actiyRy.

Degradation reaction in pharmaceutical formulatitale place at definite rates and are chemicalaire .They
depend on such conditions as concentration of aatttemperature, pH, radiation, and catalyst® ddmmon
stress conditions include acidic pH, basic pH, re¢yH, different temperature and humidity condipoxidation,
reduction and photo-degradation [3].

These studies help to determine the significardteel substances to be used in method developmgrarid to
determine the degraded product formed under st@sditions, and the effect of pharmaceutical excits on the
reaction rate of ciprofloxacin hydrochloride [3,4].

The present study aimed at investigation of theigtivermal stability of ciprofloxacin hydrochloride
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MATERIALSAND METHODS

Chemicals and Reagents:

All chemicals and reagents used were of a HPLCegradetonitrile HPLC grade was obtained from BDHoga
England.Orthophosphoric acid 85 % was obtained f®BH laboratory, England. Triethylamine GPRwas
obtained from BDH laboratory, England

Ciprofloxacin hydrochloride was kindly supplied findDr .Reddys laboratories Itd —India

Equipment:

1. HPLC was performed using a PERKIN ELMER HPLCtegs 200 consisting of LC binary pump series 200;
Diode Array Detector 235C, Link (Interface) ser&30, Software Turbo chrome and turbo scan progrgname
desk Jet exi for windows 660.

2. Column used was C18, S5, ODS 25 cm x 4.6 mn3l@um

3. Sartorius model cp224s balance

4. Mi 180 Bench pH meter, MARTINI instruments.

Preparation of mobile phase

87 volumes of 0.025M phosphoric acid (adjusted witbthylamine to a pH 3.0 + 0.1) and 13 volumesaof
cetonitrile.

The stock standard solution having concentration0®5 mg/ml was prepared by dissolving pure drug of
ciprofloxacin hydrochloride in distilled water.

The calibration curve solutions were obtained byter diluted stock solution to get concentrationg, 4, 6, 8, and
10pg/ml of ciprofloxacin hydrochloridg=ig.1).

Preparation of sun decomposed ciprofloxacin hydrochloride solid
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Figure 1. Concentration vs. peak height of standard toillustrate the calibration curve by HPLC

Few grams of ciprofloxacin hydrochloride solid w@taced between two glass plates (20 x 20 cm)edeaith gum
tape and directly exposed to sunlight for six mern(tflarch to August). Samples were taken every manthtested
for degradation by RP-HPLC.25ug / ml of sun decosepociprofloxacin hydrochloride was prepared. Fiftyof

the sample and the reference standard were selpanieted into the chromatographic column.

From the chromatograms obtained, the peak heiglthefreference standard and the decomposed prodaret
measured, the remaining concentration and reactittn(k) of ciprofloxacin hydrochloride were calatdd(Table
1).

218
Pelagia Research Library



Ahmed E. M. Saeed et al Der Pharmacia Sinica, 2012, 3(2):217-223

Table (1): The effect of time on thereaction rate of sun- decomposed cipr ofloxacin hydrochloride solid

Interval time / month| Reaction rate (k)- mohth
0.0871
0.1112
0.1345
0.1483
0.1655
0.1943

OO |W|IN|F-

The effect of time on the stability of cefixime trihydrate solution sun decomposition
25 pg/ml water of ciprofloxacin hydrochloride wagpared and directly exposed to sunlight. Sampkse waken at
interval time at every day and analyzed by RP-HPLC

Table (2): The effect of time on thereaction rate of sun decomposed of ciprofloxacin hydrochloride solution

Time / hr | Reaction rate (k)- Hr
0.0069
0.1058
0.1107
0.1193
0.1231
0.1332
0.1634

N[O~ (W[N]

The effect of pH- value on the reaction rate of ciprofloxacin hydrochloride sun-decomposition:
Serial buffer solutions with pH 2, 4, 6,8,10, artlvere prepared according to the method descrilyedaomody

[5].

5 ml of ciprofloxacin hydrochloride solution (25 mMd 00 ml water) were pipette, and separately feared to six
100-ml volumetric flask and each volume was conguleto 100-ml with one of the universal buffer smint
mentioned above. Each sample was exposed direcsiyrilight.

Ten mis of each sample were taken at 0, 30, 60,120, and 150 minutes and transferred separatety small
beaker and cooled with iced water; 5 ml for theslg@tions were transferred to 25 ml volumetric flesknd the
volume was completed to the mark with the mobilagg((T able 3) .

Table (3): The effect of pH-value on the reaction rate of sun-decomposed cipr ofloxacin hydrochloride

pH - value| Reaction rate (k) -min
2 0.0001
4 0.0008
6 0.0010
8 0.0014
10 0.0018
12 0.0020

The effect of the temperature (40°C & 50°C) on the stability of solid ciprofloxacin hydrochloride:
Few grams of ciprofloxacin hydrochloride were plhdsto two Petri dish and placed in ovens therntedtat (46C
& 50°C). Samples were taken every month for six months.

25 mg of thermal decomposed ciprofloxacin hydrogtk were transferred to al00 ml volumetric flagissolved
in distilled -water and the volume completed to XlOwith the same solvent; 5ml from this solutioere pipette
and transferred to a 25 ml volumetric flask, ditlite volume with the mobile phag€able 4).

Table 4: The effect of the temperature (40°C & 50°C) on the stability of ciprofloxacin hydrochloride solid

Interval time/ | Remaining concentration %
Month 40°C 50°C
1 99.99 99.98
2 99.86 99.77
3 99.74 99.40
4 99.46 99.36
5 99.44 99.35
6 98.49 98.46
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The effect of temperature on thereaction rate of ciprofloxacin hydrochloride solution

Ten mis of ciprofloxacin hydrochloride solution (Bt / 100 ml- water), were pipette and transfeingal four 100-
ml volumetric flask. The volume of each flask wasnpleted with distilled water. Each volumetric Rasas placed
into a water-path thermostated at 40, 50, 60, &€ Beparately. Ten ml of each sample were pipet@)a60,
90,120 and 150 minute and transferred to stopper &nd cooled in iced water. Five ml from each tsmuwere
separately pipette and transferred to 25 ml voluméask and the volume completed to the mark wiith mobile
phase

Table (5): The effect of temperature on the reaction rate of ciprofloxacin hydrochloride solution

Temperature°C) | Reaction Rate (K)-mih
30°C 0. 00022
40°C 0. 00046
50°C 0. 00057
60°C 0. 00080
70°C 0. 00150
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Figure 2. Temperaturevs. reaction rate (k) toillustrate the effect of temperature on the reaction rate of
ciprofloxacin hydrochloride solution

The effect of pH-value on the reaction rate of Cipro- HCI ther mal decomposition

Serial buffer solutions  were prepared with pH 2, 4,6, 8, 10 and 12
according to the method described by Carmody [5 i of ciprofloxacin hydrochloride (25 pg / ml) veepipette,
separate transferred into six 100-ml volumetrisKlaeach flask completed to the volume with on¢hefuniversal
buffer solutions. Each flask was placed into a wptgh thermo stated with shaker af@010 ml of samples were
taken at 30, 60, 90, 120 and 150 minutes, traresfeir stopper tube and cooled in iced water. 5frabch solution
were pipette, transferred to a volumetric flaskr@band diluted to the volume with the mobf{leT able 6) and
(figure 3).

Table (6): The effect of the pH-value on the reaction rate of thermal decomposed of ciprofloxacin hydrochloride

pH-value | Reaction rate (K)-min
2 0.0005
4 0.0007
6 0.0013
8 0.0016
10 0.0022
12 0.0034

Effect of phar maceutical excipients:

The required pharmaceutical excipient was weigfégdransferred into 100 ml volumetric flask andsblved with
small volume of distilled water. Twenty-five ml ofprofloxacin hydrochloride (25ug/ml) was addedthe flask
containing the pharmaceutical excipients; the va@lwas completed to the mark with distilled watdne Tlask was
exposed directly to sunlight. Samples of 10-misemaken at 15, 30, 45, 60, 75, 90, and 105 anchiifiGtes, each
sample was separately transferred into 25ml voliméiask and diluted to the volume with distillegater and
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analyzed by RP-HPLC.The some preparation were tegea a thermostated water bath (@) (Table 7) and
(Fig.4).
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= /
< 0.0025 r
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Figure 3. Reaction rate (k) vs.pH-valueto illustrate the effect of pH on thereaction rate of ciprofloxacin
hydrochloride sunlight and ther mal decomposition

Table (7): The effect of some phar maceutical excipientson thereaction rate of Sun and Thermal-
decomposition of ciprofloxacin hydrochloride

- ) Reaction rate(K)-min Reaction rate(k)-
Excipient name Concentration %  pH-value Sun decomposed min?
Thermal decomposed
Methyl paraben 0.1% (4.60) 0.0015 0.0008
Propyl paraben 0.1% (5.28) 0.0036 0.0169
Maize starch 0..5% (5.45) 0.0195 0.0180
Stearic acid 1.0% (5.74) 0.01703 0.0200
Talcum 1.0% (6.26) 0.0186 0.0270
MCC 1.0% (6.73) 0.0186 0.0008
Sodium benzoate 0.05% (7.17 0.2703 0.032
Magnesium stearate 0.1% (7.44 0.3084 0.0739
Methyl paraben-Na 0.1% (9.54) 0.2380 0.045
Propyl paraben-Na 0.1% (9.99) 0.2423 0.0651
Control (no. excipient), - (4.30) 0.2395 0.0404
= 0.35
E 0.3
= 0.25
L 0.2
< 0.15
=
2 01
5 0.05
M Sun-decomposed = 0 ——
M Thermal-decomposed (pc'{:.;@e;é{b@é
_}Q’b _}Q’b '}a‘,@‘}‘e’b‘
2 L& d
NS

Excipient name

Figure 4. Reaction rate (k) vs. phar maceutical excipient toillustrate the effect of excipient on thereaction rate
of ciprofloxacin hydrochloride sunlight and ther mal decomposition.
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RESULTSAND DISCUSSION

Literature revealed that, 87 volumes of 0.025M phasic acid adjusted with triethylamine to a pH 3.0.1 and 13
volumes of a cetonitrile was preferred as it isduae mobile phase used for resolved ciprofloxagiirdchloride

[1].

HPLC method for the analysis of ciprofloxacin hychitmride using the mobile phase mentioned above aiflow
rate 1.5 ml/min, wave length detection at 278 nmao@18 column (waters 250 x 4.6 mm, 5um) , reveglsat
resolution and peak shape for ciprofloxacin hydiocte .

For quantitative determination of ciprofloxacin Ingdhloride, the calibration curve was plotted fdret
concentration range 2-10ug/ml. Calibration curvetplwere constructed using five standard solutmfindifferent
concentration .The statistical parameters and firegression equation calculated from the calibratiurve [8].

The linear regression {y was 0.999Fig .1).

The stability of the ciprofloxacin hydrochloridelisl sun decomposed was tested under sun lighsifomonths;
sample was taken every month for test by HPLC. ine decomposed sample was analyzed by using RP-HPLC
which showed one major decomposed product. Thétsesfuanalyzed sun decomposed ciprofloxacin hyllaride

solid were shown ifTable 1). HPLC method was found satisfactory for the analg$ ciprofloxacin hydrochloride

and sun degraded product.

The stability of sun decomposed ciprofloxacin hyidfdoride solution was tested by placed sample usderlight;
sample was taken every 60 min for test by HPLC. fidaetion rate (k) was calculated and found torfeeeased
with increase the time of sample spent under g (Table 2).

The photo — thermal stability of Cipro-HCI in agusomedia is found to be pH dependent. The drugstade in
the range of pH 2 to 4 but the maximum instabiityCipro-HCI was attained at pH 1Zable 3and 6) and(Fig.3).
The thermal stability of ciprofloxacin hydrochlogidn its solid state at 40C and 50C for six month were studied;
the drug was found to be stable under these condffi able 4).

The reaction rate of thermal decomposition of Gid@l at 30,40,50,60, and 70C, increased with the increase in
temperaturéTable 5). This could be due to the expected increase irfrdwmiency of collisions between the solute
and the solvent molecules. These collisions wod@dbenough activation energy for the moleculesetact; this
phenomenon can be well explained by Arrhenius egufi].

Some pharmaceutical excipinents were found to dser¢he reaction rate of sun and thermal deconuosif
ciprofloxacin hydrochloride in agueous media foliogvthe order of methyl paraben propyl paraben] talcum(]
microcrystalline cellulose (M.C.C) and maize starch. Other pharmaceutical excipingate found to increase the
reaction rate of ciprofloxacin hydrochloride sundatfiermal decomposition in the following order megjnm
stearateé ] sodium benzoate propyl paraben sodium and methyl paraben sodiyfable 7) and(Fig.4). It can be
observed that pharmaceutical excipients which deerdhe reaction rate (K) are acids or esters wimaix get
hydrolyzed to generate the corresponding acid wheelds to drop in pH-value. Pharmaceutical excigievhich
increase reaction rate are alkaline in nature pldevand therefore increased decomposifibable .7) and(Fig .4).

All photos - thermal reactions of ciprofloxacin mgdhloride in aqueous and solid media were founfibilow first
order reaction kinetics.

CONCLUSION
It can be concluded from this work, that ciprofloxahydrochloride is found to be unstable under Bgint into
solid and liquid forms rather than thermal deconitims The degradation of ciprofloxacin hydrochtigiwas more

significant in the liquid form than the solid one.

The HPLC method was found to be suitable for theysbf kinetic of photo-thermal decomposition gfr@ifloxacin
hydrochloride and its quantitative determinatiothia presence of photo-thermal decomposition prisduc

Some pharmaceutical excipients were found to erhdime stability of ciprofloxacin hydrochloride; tiefore it's
recommended that such excipients be used in tiheutation.
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