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ABSTRACT

A simple and sensitive ion chromatographic method, for the determination
of residual formic acid in sterile ceftazidime drug substance has been devel -
oped and validated. The formate ion was separated from the drug sub-
stance by an acid selective ion exchange column. The mobile phase was
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10% acetone and 90% of aqueous sulfuric acid (5 x10* M). This method
was linear over the concentration in the range of 0.25pg/ml to 25.33ug/m
with r2>0.98 and the signal-to-noiseratio 0.065. Thismethod wasvalidated
interms of Selectivity, Linearity, Precision, Accuracy, Robustness, Limit of
detection (LOD), Limit of quantitation (LOQ). This method has been
succefully applied for formulated and drug substance of ceftazidime.
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1.INTRODUCTION

Ceftazidime, a3-lactam antibioticis commonly used
for thetreatment of nosocomia gram-negative bacilli
infections, particularly Pseudomonas aeruginosain-
fection (Richardsand Brogden, 1985). Ceftazidimein-
hibits one of the enzymesinvolvesin the synthesi s of
bacterid cdll wallgl. Itis 1-[[(6R, 7R)-7-[2-(2-Amino-
4-thiazolyl) glyoxylamido] -2-carboxy-8-oxo-5-thia- 1-
azabicyd0[4.2.0] oct-2-en-3-yl] methyl] pyridinium hy-
droxide, inner salt, 72-(Z)-[O(1-carboxy-1-
methylethyl) oxime], pentahydrate. (Figure 1). The
molecular formulaisC_H,,N O.S,.5H,0 represent-
ing amolecular weight of 636.65124. Formicacid was
used inthesynthetic processof ceftazidime pentahydrate.
FormicacidfdlsinclassllI solvent asper Internationd
Conference on Harmonization[ICH] guidelinesand it
should not bemorethan 0.5%in any active pharma-
ceuticd ingredients. Consequently theanalysisof class
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Figurel: Chemical structureof ceftazidime

11 type of solvent such asformic acid becomesvitd to
observe long-term effects such as genotoxicity,
carcenogenicity™. Thedetermination of formicacid by
capillary electrophoresisin various productslikemilk
butter, soil, urine and rubber has been reported®.
Another method usingion exclusi on chromatography
has been used to determinethe content of formic acid
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infruitjuicesby UV detection’®. Thereisno reported
method to analyzetheresidua formicacid contentin
the ceftazidimedrug substances. This paper explicates
the method devel opment and validation to determine
theformicacidinthe ceftazidimedrug substancesand
formulated productg®*Y.

2.EXPERIMENTAL

2.1. Samplesand reagents

The well-examined samples of ceftazidime
pentahydrate bulk material in powdered form (B.No-
CFTZ/165/2005) were obtained from Orchid Chemi-
cas& PharmaceuticalsLtd., Chennal, India

Formic acid AR gradewere obtained from Merck,
Germany. Dimethyl Sulfoxideof AR gradeobtained from
s.d-fine-chem Ltd, Indiaand Sulfuricacid AR grade
from Ranbaxy Ltd, India Commercid Ceftazidimefor-
mulated samples(Glaxo SmithKline& Biochem Phar-
maceuti ca's) were purchased from thelocal market and
used assuch. High pure Milli-Q water was used with
thehelp of Millipore Milli-Q pluspurification system
(MILLIPORE SA, 67120 MOL SHEM, France).

2.2.Apparatus

TheMetrohm 732 lon-exchange chromatograph
(Metrohm, Switzerland) equipped with aserial dual
pump with flow range 0.05 to 5.0 ml/min and a.con-
ductivity detector having the conductivity measuring
range between 0.05uS/cm and 100puS/cm. A stainless
stedl column of 250mm lengthand 7.8 mminterna di-
ameter packed with polystyrene divinylbenzene
(Metrohm, Switzerland) functiondisedwith sulfonicacid
groups. Metrohm IC Net 2.3 was used asadata han-
dling system. Sampleswereweighed in SartoriusME
235 S(Sartorious, Germany) microbalance.

2.3.1on chromatography conditions

Anin-houseion chromatography method was de-
veloped for the determination of formic acid in
Ceftazidime, whereastainless stedl column of 250mm
lengthand 7.8 mminterna diameter packed with poly-
styrenedivinylbenzene (PS-DV B) functiondised with
sulfonic acid groupswith amobilephaseconssting of a
mixtureof sulfuricacid (5x10*M) and acetonein the
ratio of (90:10), flow rate of 0.5 ml/min. The overdl
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anaysswasperformed at ambient temperature, thein-
jection volume 10uL andtheoverall runtimewas 30
minutes

2.4. Evaluation of system suitability

Equal quantity of formic acid working standards
wereaccurately weighed in separateflasksand diluted
to make required concentration using mobile phase
(0.02 mg/ml). The% RSD of theareaof formic acid
from six replicatedinjectionswill not bemorethan 2.0.

3.RESULTSAND DISCUSSION

3.1.0Optimization of | C conditions

In order to obtain a precise and rugged method,
several attempts have been made to quantify there-
sidud formicacidin ceftazidimedrug substance. Inpre-
liminary experiments an anion exchangeresin column
having polymethacryl ate with quaternary ammonium
groups was used with an anion buffer eluent by lon
chromatographic technique. Inorder toimprovethe
peak symmetry, acation exchangeresn column having
Poly Styrene-Divinyl Benzene[ PS-DV B] copolymer
with sulphoni ¢ acid group was used to elute out target
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Figure?2: (a) Chromatogram of diluent for for micacid, (b)
chromatogram of formicacid sandard
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Figure3: (a) Chromatogram of diluent for Ceftazidime,
(b) Chromatogr am of Ceftazidimesamplewith formicacid

TABLE 1: Limit of quantification (LOQ)
Preparation Area
277.929
329.830
278.391
307.666
277.468
303.197

O wWNBE

% RSD = 7.27
TABLE 2: Limit of detection (LOD)
Preparation Area
96.970
62.278
118.584
95.782
91.237
90.064

U WNPE

% RSD =19.53

anayte. Theuseof organic solvent (acetone) resulted
inabetter separation of formic acid from thedegraded
drug. The content of organic solvent inthe eluent was
optimized to 10% after varyingit intherange of 5%to
25%. A vaueof 10% wasfixed in order to haverea-
sonableanaysi stimewithout compromising resolution
from interfering peaksfrom the sample. Formic acid
eluted at retention time of 12.5minutes (Figures2(a,

b)).
3.2.Validation of deter mination of formicacid

After optimization of andlytica conditions, theevau-
ation of parameters such as specificity, linearity, LOD,
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LOQ), precision, accuracy, ruggedness and robustness
werecompleted for thevalidation of the method.
Specificity

Inorder to show thismethod ishighly specific, for-
mic acid wasinjected individualy intheconcentration
about 0.02 mg/ml. Further to confirm the specificity,
theformic acid was spiked withthesamplein 1%l evel
to the ceftazi dime concentration 4.0 mg/ml. It was ob-
served that theformic acid iswell separated fromeach
other and d so from the ceftazidimepeak (Figures3(a,
b)).

Thismethodisnot only specificinthenormd andy-
gs but dsointheanadyssof ceftazidimesamples which
endurein stressed conditionsliketherma and photolytic
degradation.

Linearity

Thesolution of ceftazidimeandtheformicacidwas
prepared at |ow concentrationsfrom 0.25 pg/ml and at
higher concentrations 25ug/ml, and therelationship
between peak area (Y) and concentration (X) was
observed. An excellent linearity[for formicacidY =
13654 X + 563 (r = 0.98)] was obtained within the
above concentration range. Microsoft Excel software
used to plot the pesk areas versusmicrogramsinjected.

Limit of quantitation and detection

Thelimit of quantitation (LOQ) of known rel ated
substances of ceftazidimeweredetermined by usngthe
residual standard deviation[STEY X, that isthe stan-
dard error of the predicted Y valuefor each X inthe
regression. The standard error is a measure of the
amount of error intheprediction of Y for anindividua
X] and the dlope valuesfrom the linearity dataof re-
spective related substances using the following
formulg LOQ = (STEY X / slope) x10]. Theeachre-
lated substance solutionswere prepared at about the
predicted LOQ concentrationlevel and itsprecision
wasverified. (TABLE 1).

Similarly thelimitsof detection (LOD) of known
rel ated substances of ceftazidimewere determined by
usingthefollowing formulg[LOD =(STEY X/ dope) x
3.3]. Theeach related substance solutionswere pre-
pared at about the predicted LOD concentration level
anditsprecisonwasverified. (TABLE 2).
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TABLE 3: Ruggednessdata (Precision and intermediatepre-

TABLE 6: Robustnessdata

cision Prepar ation -2% flow +2% flow
Formic acid content (% w/w/, asis) Area Area
Sro. 1 2 3 4 5 6 % RSD 1 6777.233 5620.529
overall 2 6895.602 5650.997
Analyst-1 0.102 0.103 0.099 0.102 0.102 0.102 1.37 3 6922.993 5579.368
Snslgst-zg 85107 0.107 0.108 0.107 0.109 0.106 0.93 4 6842301 5641.475
0 =o.
TABLE 4: Recovery of formicacid 2 gggg%gg ggggiig
L evel* Added  Recovered % % RSD =0.76 % RSD = 053
po/ml pg/ml Recovery . -10% organic +10% organic
20% 3.895 3.742 96.08 Preparation Area Area
50% 9.737 9.072 93.15 6803.282 5347 134
100% 19.475 18.980 97.46 6698.569 5406.545
150% 29.212 29.326 100.39 6661.619 5386.127
* = each 3 determination 6725.925 5384.522
TABLE 5: Solution stability at roomtemperature 6808.470 5424.861
Time (min) Area Cumulative % RSD 6748.166 5463.156
Intial 7910.806 - % RSD = 0.86
62 7900.764 0.090
171 886,185 0.160 RSD of recovery of threelevelswere<3.0.(TABLE 4).
180 7971.729 0.470 Sability of analytical solution
241 8206.397 1.670 _ o _
300 7949.194 1.500 The solution (4.0 mg/ml) of ceftazidimewiththe
360 8005.194 1.380 known concentretion of formicacid (spikedin 1%level)

Precison or reproducibility and ruggedness

The precision of the method was determined by
preparing asample solution of formic acid (inthe con-
centration of 0.02 mg/ml) six timesand anadyzed asper
the proposed method. Theformic acid of ceftazidime
was cal cul ated against the standard formic acid peak.
Two different anaysts conducted the six replicate de-
termination of ceftazidime drug substanceinthe same
concentration on different daysusing different instru-
mentsintwodifferent columnsof samebrand. Thecom-
parativeresultsaresummarized in TABLE 3. Thereis
no significant deviation between theresultsof two dif-
ferent values, it hasclearly indicatesthat thismethodis
preciseand rugged.

Accuracy

Method accuracy was demonstrated by spiking a
knownamount of formic acidinthe samplepreparation
(1.0mgml™) infour different concentration levelsfrom
3.5ug/ml to30ug/ml in triplicate. There is no significant
changein the val ues between the amount added and
theamount recovered after the correctionsof theknown
formic acid, whichisalready present. The percentage
recoveriesof al substanceswerein between91to 102.
(The acceptance criteriais 80 % to 120 %) The %

was studied a room temperatureat different timeinter-
vals. Thecumulative%oRSD of each rel ated substances
wereca culated and concluded that the ceftazidimeand
formic acid were stable for about 6 hrsat room tem-
perature (z25°C) (TABLE 5).

Robustness

The chromatographic conditionsweredeliberately
changed to demonstrate the robustness. Theflow rate
(+ 10%), the composition of acetone (+ 2 % absolute)
was changed to check the differencein theresolution
between theformic acid and other peaksof ceftazidime.
Thereisno noteworthy variationinresultswereclearly
indicatesthat thismethod isrobust (TABLE 6).

System suitability

The system suitability testing, whichispart of an
integral part of chromatographic methods, and used to
verify that thereproducibility of thesystem are adequate
for theanalysisto be performed.

4. CONCLUTIONS
According to completevalidation studies, thefor-

mic acid pesk of ceftazidimewasfree of interference
from thered ated substances and its degradation prod-
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ucts, point out that the proposed ion chromatography
method issmple, precise, accurate, rugged and robust
indl stuation.
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