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ABSTRACT

KEYWORDS

Two simple and sensitive validated spectrophotometric methods have
been described for the assay of ceftazidimein drug formulations. Method
A isbased on the oxidation of the drug with ferricion followed by complex
formation reaction with 1,10-phenanthroline (1,10-phen) to form orange
red colored chromogen exhibiting A at 510nm. Method B is based on
the formation of colored Schiff’s base obtained when ceftazidime in acidic
conditions reacted with anisaldehyde (ANLD) in ethanol to form yellow
colored chromogen exhibiting A at 383nm. The products are stable for
more than 10 and 2 h respectively. Common excipients used as additivesin
pharmaceutical preparations do not interfere in the proposed methods.
Both the methods are highly reproducible and have been applied toawide
variety of pharmaceutical preparations and the results compare favorably
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with those of official method.

INTRODUCTION

Ceftazidimeischemically known as(2)-(7R)-7-
[2-(2-aminothiazol-4-yl)]-2-(1-carboxy-1-methoxy
imino) acetamido]-3-(1-pyridiniomethyl)-3-cephem-4-
carboxylate pentahydrate>?. Ceftazidimeisanew -
lactamase resistant third generation cephal osporin,
whichisnotedfor itsantipsuedomond activity. Itisac-
tiveagainst some strainsof Pseudomonas. aeruginosa
that are resistant to cefoperazone and ceftriaxone.
Ceftazidimeisaso highly effectiveagaing 3-lactamase
producing strains of the Enterobacteriaceaefamily. It
isgenerally less active than cefotaxime against gram-
positivebacteriaand B.fragilis. Thenoteworthy struc-
tural features of ceftazidimeis that the presence of
methyl propionioxaminoacyl group atits2-postionwhich
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confers 3-lactamaseresistance and possibly increased
permeability through the porin channd s of thecell en-
velopeand the other pyridinium group at its 3-position
which conferszwitter ionic propertiestothemolecule.
It hasbeen used effectively for thetreatment of menin-
gitiscaused by H.influenzae and N.meningitides. Sev-
erd anayticd proceduresareavailableintheliterature
for theanaysisof ceftazidime, viahigh performance
liquid chromatographici®#, chargetransfer complext,
official methodd**Y and spectrophotometric meth-
ods*218, Most of the spectrophotometric methodsre-
ported earlier suffer from the disadvantages|ike nar-
row rangeof determination, requiresheating or extrac-
tion, long timefor thereaction to complete, useof non-
aqueous systems, stability of the colored product
formed, etc.
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Thesmplicity of the present methodsisthat the
reagents used in both themethods are easily available
and thechemistry of thereagentsisdready well estab-
lished. Thereactionsinvolved withthesereagentsare
simple, rapid and senditivein theranges of determina
tions compared with other established methods. Fur-
ther, pectrophotometric methodsinvolvesmpleingru-
mentation whichiscost effective compared with other
instrumental techniques, which ordinary laboratories
cannot afford to have. The present methodsinvolvethe
formation of highly colored specieswhich arestable
for 10 and 2 h respectively which makesit easier for
their determination. Theideaof the present work isto
produce simple, sensitiveand rapid spectrophotomet-
ric determination of ceftazidime and themethodsare
freefrominterference when excipientsarepresent. In
continuation of our research work on drug analysi§**
23 we hereby report two sensitive spectrophotometric
methodsfor the determination of ceftazidimein either
pureform or in pharmaceutica preparations. Themeth-
odsare based on oxidation of drugwithferricionfal-
lowed by complex formation reaction with 1,10-
phenanthroline and the condensation reaction between
thedrug and anisaldehyde (ANLD) in ethanol.

EXPERIMENTAL

Apparatus

AnELICO Modd SL-164 doublebeam UV-vis-
ible spectrophotometer with 1.0 cm matched quartz
cdlswereused for absorbance measurements.

Reagentsand materials

Drug(Gift samplefromAlkem LaboratoriesLtd,
Daman), 1,10-phen(Merck), FeCl, (A.R), o-phospho-
ricacid(A.R), anisaldehyde(A.R) and concentrated
hydrochloricacid (A.R) wereused. All other chemicals
and solventsused were of analytical reagent grade. De-
ionized water wasused to prepareal solutionsandin
all experiments. Commercia dosageformswere pur-
chased fromlocal sources.

Solutions

About (~100mg) of ceftazidime(pureor formula
tion) wasaccurately weighed and dissolved in 20ml of
absolute acohol. Concentrated hydrochloric acid
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(1.0ml) was added and the final volume made upto
100ml with absolutea cohol. Thefina concentration
was brought upto 100ug/ml with absolute alcohol.
However, for method(B), standard and sample solu-
tionswere prepared in deionised water without adding
concentrated hydrochloric acid. A 0.03M acoholic
solution of 1,10-phenanthrolineand 2.0% v/v acoholic
solution of anisaldehydewerefreshly prepared. About
0.03 M FeCl, solution, 0.02M o-phosphoric acid and
concentrated hydrochl oric acid were used.

Procedure

InmethodA, aiquots of theworking standard so-
lution (0.2-1.0ml) of ceftazidime (1.0ml =100ug) were
transferred into aseries of 10ml volumetric flasks. To
each, 0.2ml of 0.03M FeCl,and 0.5ml of 0.03M 1,10-
phenanthroline solution were added, heated on water
bath for 10 min and then cooled to room temperature.
To eachflask 2.0ml of 0.02 M o-phosphoric acid solu-
tionwas added andfinal volume madeupto 10ml with
de-ionized water. The sol utionsweremixed thoroughly
and the absorbance was measured at 510nm against
reagent blank and calibration graph was constructed.

Inmethod B, aliquots of theworking standard so-
lution(1.0-5.0ml) of ceftazidime (1.0mI=500ug) were
transferred into 10ml volumetric flasks. Toeach, 1.0ml
a coholic solution of anisaldehyde 2.0% v/v wasadded
and heated at 60-70°C for 30min. After cooling, the
volumewas brought upto mark with absolute al cohol
and the absorbance of the yellow colored specieswas
measured at 383nm against reagent blank. Thecolored
specieswas stablefor morethan 2 h. The amount of
ceftazidimewas computed fromitscalibration curve.

Procedurefor theassay of thedrugin commercial
samples

Injection : Tento twenty vials depending on content
per vials were weighed and mixed thoroughly. An
amount of the powder equiva ent to 100mg of active
component wasweighed into a100ml volumetric flask.
About 60ml of de-ionized water added and shaken thor-
oughly for about 20min, the volumewasincreased to
themark with de-ionized water shaken and filtered us-
ing filter paper. For spectrophotometric determination,
thefiltratewasdiluted sequentialy to get 100ug/ml for
drug. A suitable portion wasthen used for analysis.
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RESULTSAND DISCUSSION

InthemethodA, theferricion wasreduced by the
drugtoferrousion followed by complex formation re-
actionwith 1,10-phenanthrolineto formaferrion. In
the method B, the presence of amino group in
ceftazidime, enabled the use of its condensation reac-
tionwith anisaldehyde (ANLD) forming ayellow col-
ored chromogen and the absorbances were measured
at 510 and 383nm, respectively.

Spectral characteristics

The absorbance spectraof the orangered colored
product (CFZM+1,10-phen) with, _ at 510nmand
of theyellow colored product (CFZM+ANLD) with
A, & 383nmareshowninfigure 1and 2, respectively.
The above mentioned reagent blanks have practically
negligibleabsorptionin both thesystems.

Optimum reagent concentration

For the method A, 0.03M FeCl. in the range of
0.2-1.0ml, 0.2-1.0ml of 0.03M 1,10-phenanthroline
and 1.0-5.0ml of 0.02M o-phosphoric acid solution
werenecessary for the devel opment of maximum color
intengty.

For the method B, 2.0% alcohalic solution of
anisaldehydeinrange of 0.5-2.5ml was necessary for
the devel opment of maximum color intensity.

Hence, required volumes of all thereagent solu-
tionswereused as mentioned inthe recommended pro-
cedure.

Quantification

Beer’s law was obeyed over the CFZM concen-
tration range of 2-10ug/ml, 50-250 pg/ml for method
A and B respectively. The proposed procedures are
validated by determining various optical parameters
whicharelistedin TABLE 1. Thelinearity, Slopeand
theinterceptshave been calculated usngtheregression
equation y=ax + b, where ‘y’ represents optical den-
Sity, “x”the concentration of drug in pg/ml and ‘a’ and
‘b’ represent slope and intercept, respectively. Preci-
sion and accuracy of the proposed methodsweretested
by carrying out the determination of eight replicates of
pureand commercia samplesof thedrug, whose con-
centration liewithin Beer’s law range. The values of
standard deviation (SD), relative standard deviation
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Figure2: Absor ption spectra of ceftazidimedrug. I nitial
concentr ation of ceftazidimeis200pg/ml

TABLE 1: Parametersfor thespectrophotometric deter mi-
nation of ceftazidime

Par ameter/char acteristics Method A Method B

Color Orangered Ydlow
AmayNM 510 383
Stability/h 10 2
Beer'slaw range (C) (ng/ml) 2-10 50-250
Limit of detection/(ug/ml) 0.091 0.82
Limit of quantification/(ug/ml) 0.30 2.71
Molar absorptivity/(l molem™)  6.36x10*  0.61x10°
Sandell's sensitivity/(ug cm™) 0.010 0.12
Regression equation(Y)?

Slope (a) 2.48x10° 1.06x10°
Intercept (b) 9.99x10°  3.36x107
Correlation co-efficient (r) 0.9999 0.9979
R.S.D. (%) 0.30 1.39
% Range of error’s’ +£0.0014  +0.0022

3y =ax + b, where x is the concentration in pg/ml; °Eight replicates

(RSD) and rangeof error at 95% confidencelevd were
caculated.
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Therewasnochangein._ whenleast concentra-
tion of theanayteswas determined, for thecaculation
of LOD. LOQwasfoundto bethreetimesthat of LOD
whichisin accordance with thumb’s rule. The experi-
ment for the proposed methodswere conducted by the
second analyte on different days and theresults pro-
duced justified the ruggedness of the proposed meth-
ods. Thetwo methods have been applied to various
pharmaceutica formulationsand recovery sudieshave
been made. The optical characteristicsand precision
datafor both the methods suggested are presentedin
(TABLE 1).

Reaction sequence

Themethod A isbased on thereduction of ferric
ion by thedrugto ferrousion followed by complex for-
mation reaction of ferrousionswith 1,10-phenanthroline
to form orange red colored species. The method B,
describes the condensation reaction of drug with
anisaldehydeto form Schiff’s base to yield a yellow
colored chromogen.

Sability

The colored products formed in the proposed
method A and B werefound to bestablefor 10and2h
respectively at roomtemperature. In method A there-

action of colored complex formationwasd ow at room

TABLE 2: Determination of ceftazidimein the presence of
excipient and other substances

% Recovery of

M aterial A?;:u)nt drug+RSD?

9 "Method A Method B
Magnesium stearate 30 99.80+0.13 99.79+0.20
Lactose 30  99.73:0.16 99.24+0.56
Dextrose 30  99.57+0.12 99.84+0.66
Starch 30  99.81+0.13 99.96+0.29
Gum acacia 30 99.66:0.49 99.25+0.89
Talc 30 99.56:0.29 99.42+0.27
Carboxy methyl 30 99.74:+0.19 99.10+0.10
cellulose
Sodium aginate 30 99.66:0.31 99.28+0.73

Method A, *4ug/ml of drug taken. Method B, * 50ug/ml of drug
taken; 2Average of five determinations

temperature (25°C) and required longer time for
completion. Hence, effortswere madeto accelerate by
carrying out thereaction at higher temperatures. It was
observed that themaximum color intensity was obtained
by heating the reaction mixtureat 80°C on awater bath
for 10min. Theabsorbance’s remained constant at room
temperaturefor morethan 10 h. Inmethod B, the color
wasfound to bestablefor morethan 2 1827h at room
temperature.

Interference

A detaled sudy ontheinterferenceof variouscon-
comitant substances on the determination of thedrugs
was made. For method A, 4ug/ml CFZM was selected
to check the interference. For method B, 50ug/ml
CFZM wasused to study theinterference. Beforeadd-
ing thereagents, aknown amount of theinterfering sub-
stancewas added and thereaction was carried out for
both themethods. The extents of interference by vari-
ous excipientsthat often accompany the pharmaceuti-
cd formulationsaretabulatedin TABLE 2. It wasfound
that both the methods gave excellent resultsfor the de-
termination of pure CFZM in presence of excipients
which do not interferein both themethods. Theresults
aregiveninTABLE 2. Anerror of 2.0 % in the absor-
bance reading was considered tolerable.

Application

Theapplicability of the proposed methodswasex-
amined for pharmaceutical preparations. Theresultsof
andysisof drugininjectionaregiveninTABLE 3. The
same batch vials were also analyzed by official
method™. A statistical analysisof theresultsusingt-
and F-values compared with the official method*.
Mean valueswere obtained in student t- and F- test at
95% confidencelimitsfor seven degree of freedom(?4,
Theresultsshowed no significant differenceswithre-
gardtotheaccuracy and precison. Vidscontaining 250,
500 and 1000mg of drug sampleslabeledas1,2and 3
respectively, were anayzed by the proposed methods

TABLE 3: Resultsof an assay of drugin phar maceutical formulations

. Label claim Found®(r ecover y+SD) Studentst-value®  F-value®
Prepar ations” :
mg/vial Method A Method B Reference method A B A B
Tazid (1) 250 99.80+0.43  99.22+0.55 99.85+ 0.63 0.18 2.17 214 131
Tizime (2) 500 99.52+0.38  99.48+0.62 99.98+ 0.38 2.10 1.94 159 266
Cefazid (3) 1000 99.74+0.39  99.55+0..76 99.84+ 0.59 0.41 0.85 213 1.66

(a) Marketed by:1,Alkem;2,Lupin and 3,Biochem; (b) Mean value of eight determinations; (c) Tabulated value at 95% confidence

level is 2.365 d. Tabulated value at 95% confidence level is 3.79
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TABLE 4: Resultsof recovery studiesby thestandar d-addition technique

Method A Method B
Formula- Amoun_t of  Amount of Total % Recovery Amoun_t of  Amount of Total % Recovery
tions® drug in drug found/mg of pure drug® drug in drug found/mg of pure drug®
formulation/mg added/mg formulation/mg added/mg
5.94 3 8.92 99.33 3.04 4 7.01 99.25
1 5.94 6 11.91 99.50 3.04 8 11.0 99.50
5.94 9 14.93 99.88 3.04 12 15.08 100.33
3.98 3 6.99 100.33 3.04 5 8.02 99.60
2 3.98 6 9.96 99.66 3.04 10 13.06 100.20
3.98 9 12.97 99.88 3.04 15 18.01 99.80
4.02 3 7.01 99.66 3.04 6 9.03 99.83
3 4.02 6 9.99 99.50 3.04 9 12.0 99.55
4.02 9 13.03 100.11 3.04 12 15.06 100.16
3Branded by: 1, Tazid (250mg); 2, Tizime (500mg) and 3, Cefazid (1000mg); °Average of three deter minations
and the accuracy was assessed by the standard addi- ACKNOWLEDGMENT

tion method in which variable amounts of pure drug
was added to the previously anayzed portion of phar-
meaceutica formulations. Resultsarerecordedin TABLE
4 and confirmed that the proposed methods are not
liabletointerference by fillersusually formulated with
standard drugs.

CONCLUSION

From an analytical point of view, it isconcluded
that the described procedure all owsthe determination
of CFZM in pure and pharmaceutica dosageforms.
Theresults are reproducible. Unlike gas chromato-
graphic and HPL C, the spectrophotometer issimple
andinexpensive. ltsimportanceliesinthechemical re-
action upon which the procedureisbased, rather than
upon the sophi stication of theinstrument. The aspect of
spectrophotometric analysisisof mgor interestin ana
Iytical pharmacy, sinceit offersadistinct possibility in
theassay of aparticular component in complex dosage
formulations. The reagents utilized in the proposed
method are chegper and readily avail able. The proposed
methodsfor the determination of CFZM aresimple,
rapid and sensitive. The methods do not require ex-
traction or tedious sample preparation. The statistical
parameters and the recovery study dataclearly indi-
catethereproducibility and accuracy of the methods.
These merits, in addition to the use of smplereagent,
suggest the utility of the proposed method for routine
qudity control andinclinical laboratories.

Theauthorsarethankful to Chairman, Department
of Chemistry, GulbargaUniversity, Gulbarga, for pro-
viding laboratory fecilities.

REFERENCES

[11 S.C.Sweetman; ‘Martindale-The complete drug ref-
erence’ 33" Ed., Pharmaceutical Press, London,
U.K., 174 (2002).

[21 M.J.O’ Niel; ‘Merck Index’13" Ed., Merck and
Co. Inc., N.J.Rathway, USA, 1967 (2001).

[31] Wang Xiaoyan, Hongxing Liu, Wang Xiagin;
Zhongguo Yiyuan Yaoxue Zazhi., 17, 41 (1997).

[4] S.D.Hanes,V.L.Herring, GC.Wood; J.Chromatogr,
B: Biomed.Sci.Appl., 719, 245 (1998).

[5] Jun Peng, Yun Ren, Yue Sun; Zhangguo Yiyuan
Yaoxue Zazhi., 21, 600 (2001).

[6] Humbert Till, Ruemelin Andreas, Flautch Ulrich;
Arzeinmittel Forseshung., 54, 320 (2004).

[71 A.l.Yousheng, Y.U.Chuhong, Chen Huating, Wang,
Xia; Huazhong Keji Daxue X uebao Yixueban., 33,
312 (2004).

[8] Fang, Juan-Juan, Wei-Ping, Y.W.Xing, Yan-Xiga;
Dongnan Daxue X uebao Yixueban, 23, 388 (2004).

[91 EM.El-Wailly,A.A.Gazy, S.F.Bela, E.FKhamis; J.

Pharm.Biomed.Anal., 22, 385 (2000).

The United State Pharmacopoeia, United States

Pharmacopoeial Convention, Inc. Rockville, XXV

Ed.; MD 20852, 354 (2002).

Indian Pharmacopoeia, Controller of Publications,

Delhi, 1, 149 (1996).

V.Rodenas, M.S.Garia, C.Sanchez-Pedreno, M.I.

Albero; J. Pharm. Biomed. Anal., 15, 1687 (1997).

[10]

(1]

[12]

—— a%a['yttaa[’ CHEMISTRY
A ndian W



204

Determination of ceftazidime in pharmaceutical formulations

ACAIJ, 7(4) January 2008

FPull Paper

[13] Yunjing Luo. Shen Xanxi, D.W.Ming; Zhongguo
Kangshengu Zazhi., 23, 203 (1998).

[14] Kelani Khadiga, I.Lories, Abdel-Fattah; JAOAC.
Int., 81, 386 (1998).

[15] V.Raman, Sargjini, B.H.Geetha, A.Shobana; East-
ern Pharmacist, 43, 143 (2000).

[16] Abdellatef, E.Hisham, Shalby, A.Abdalla; Scientia
Pharmaceutica, 68, 263 (2000).

[17] Elazazy, SMarwa, Shalaby, Abdala, M.N.Elbolkiny,
M.Khalil Hawa; Chinese Pharm. J., 55, 481 (2003).

[18] Elazazy, SMarwa, Shalaby, Abdala, M.N.Elbolkiny,
M.Khalil Hawa; Scientia Pharmaceutica, 71, 211
(2003).

[19] B.H.M.Mruthyunjayaswamy, Basavaraj Hiremath,
S.Appaa Raju, S.M.Mdlipatil; J.Indian Council
Chem., 23(1), 1 (2006).

[20] B.H.M.Mruthyunjayaswamy, Basavaraj Hiremath,
S.M.Madlipatil, S.Appaa Rgju; J.Indian Council
Chem., 23(2), 79 (2006).

[21] Basavarg Hiremath, B.H.M.Mruthyunjayasvamy;
J.Indian Council Chem., 23(2), 105 (2006).

[22] B.H.M.Mruthyunjayaswamy, Basavaragj Hiremath;
Ana.Chem.An Indian J., 5(1-6), 15 (2007).

[23] Basavarg Hiremath, B.H.M.Mruthyunjayasvamy;
Chin.J.Chem., 25, 1827 (2007).

[24] J.C.Miller,JN.Miller; “Statistics in Analytical Chem-
istry’, Ellis Horwood, Chichester, 13" Ed., (1993).

Hnalytical CHEMISTRY o
A Tndéan ﬂoawﬂ/



