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ABSTRACT

A rapid and specific high-performance liquid chromatographic gradient
method was devel oped and validated for the simultaneous determination of
cefatrizine and potassium clavulanate in bulk drug. The present paper
describes the simultaneously determination and stability-indicating assay
method by HPL C. Forced degradation studieswere performed for cefatrizine
pentahydrate and potassium clavulanate bulk drug using acid (0.1N hydro-
chloric acid), base (0.01N sodium hydroxide), and oxidation (0.1% hydro-
gen peroxide). Chromatography conditions were phosphate buffer pH 5.5
(20mM potassium dihydrogen orthophosphate), acetonitrile, orthophos-
phoric acid and triethylamine.The mobile phase initial composition was
(buffer: acetonitrile- 100:0). A (150x4.6 mm) Kromasil columnwith particle
size5um was used. The flow rate was 1ml/min, the column temperature was
30°C, and the detection performed out awavel ength of 210nm. The samples
were kept at 5°C in an autosampler cooler. The developed HPLC method
was statistically validated and method was linear, précised, rugged and
robust. © 2009 Trade Sciencelnc. - INDIA
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Potassium clavulanate (Figure 1), produced by
Sreptomyces clavuligerus, isapotent inhibitor of 3-
lactamase enzymeswhich areresponsiblefor the pro-
tection of micro-organismsagainst 3-lactam antibiot-
icgY. Microorganismswhich areresistant to certain
antibioticsareincreasingly posing serious problemsin
thetreatment of infectiousdiseases. 3-Lactam antibi-
oticsareoneof themost frequently used antimicrobial
agentd?. However, with theincreased preval ence of
[3-lactamase-produci ng bacteria, penicillinsand cepha:
losporinshavebecomelesseffective. Onemodern strat-

egy to copewith these problemsisthe discovery and
devel opment of potent and sl ectiveenzymeinhibitors
lackingintringcantimicrobid activity, suchthat theanti-
bioticsare protected from the hydrol ytic activity of di-
verse B-lactamases. Cefatrizineisan ordly active semi-
syntheti c cepha osporinantibiotic with broad-spectrum
antibacteria activity andissimilar or superior to other
ora cepha osporinsintermsof activity against awide
range of Gram-positive and Gram-negative bacteria.
Likeother B-lactam antibiotics, cefatri zineisdegraded
and becomes inactive by various types of -
lactamases?.

Cefatrizineand potass um clavulanatein combina:
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Figure 1: Chemical structuresof cefatrizine pentahydrate
and potassum clavulanate.

tion showed agood activity against |aboratory strains
of Gram-positive and Gram-negative bacteriaand ex-
hibited an excdlent antibacterid activity not only against
[3-lactamase-producing strainsbut extended-spectrum
[3-lactamase-producing strains. Based ontheseresults,
new formulations containing cefatrizineand potassium
clavulanateweredevel oped to exploit thisstrongly syn-
ergistic effect. However, no methods havebeen reported
for the simultaneous determination of cefatrizineand
potassum clavulanate.

The present paper describesagradient reversed-
phase HPLC method to simultaneously quantify
cefatrizineand potassium clavulanateinamixture,

AnHPLC assay method for the simultaneous de-
termination and stability indicating andysisof cefatrizine
and potassium clavulanatewas devel op under avariety
of conditions, to providetheinformation onthedrugs
inherent sabilitiesand hel psinthevaidation of ana yti-
cal methodsto be used in stability studies. Therefore,
the objective of the present study was to develop a
stability-indicating HPL C assay method for cefatrizine
and potassium clavulanate.

EXPERIMENTAL

Equipment

The HPLC system consisted of aWaters® 2965
controller solvent ddlivery module (Waters Chromatog-
rgphy Divison, Milford, MA, USA), aWatersauto sam-
pler, asolvent degasser, aWaters 2996 PDA detector
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(WatersChromatography Divison, Milford, MA, USA).

A Empower® (Waters Chromatography Division,
Milford, MA, USA) Chromatographic software used
to record and eval uate the data coll ected during chro-
matographicandyss.

Reagentsand materials

Clavulanic acid was used as apotassium salt and
cefatrizinewasused asapentahydrate. The compounds
werekindly provided by the Ranbaxy Research |abo-
ratories, Department of Analytical Research and De-
velopment, New Drug Discovery Research, Plot No
20, Sector 18, Udyog Vihar Industria Area, Gurgaon,
Haryana, India

Potass um dihydrogen phosphate (Andytica grade,
Merck Ltd, Shiv Sagar EstateA, Dr.Annie Besant Road
Worli,Mumbai-400018india).

Sodium carbonate anhydrous (Analytica grade,
QualilgensFine Chemicas, A divison of GlaxoSmith
Kline PharmaceuticalsLimited, Dr.Annie Besant Road,
Worli, Mumbai-400025).

Acetonitrile (HPLCgrade, J.T.Baker,
MallinckrodtBaker, inc. 222 Red School Lane,
Phillipsburg NJ08865.).

Ortho-phosphoricacid (85% wi/w, Analytical grade
QuadilgensFine ChemicasA division of GlaxoSmith
Kline PharmaceuticasLimited, Dr. Annie Besant Road.
Worli, Mumbal 00025).

Water (HPLC grade, MILLIPORE (INDIA) PVT.
LTD. 304-306, Oriental House, Community Center,
Gulmohar Enaclave, New Delhi 110049) were also
used.

Chromatogr aphic conditions

Themobilephase consist of aphosphatebuffer (20
mM potassium dihydrogen ortho-phosphateand 2.0ml
triethylamineinonelitreHPL C gradewater) maintained
at pH 5.5 with the help of orthophosphoric acid and

TABLE-1: Gradient profile
Time Phosphate buffer pH 5.5 (%) Acetonitrile (%)

0 100 0
3 100 0
12 85 15
16 85 15
18 100 0
20 100 0
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acetonitrilewhichwasfiltered through a0.45-umfilter
(Millipore), and deaerated ultrasonically prior to use.
Thedutionrateandinjectionvolumewere Iml/minand
20u respectively, thewavelength was set at 210nm for
cefatrizine pentahydrateand potassum clavulanate. The
column oven temperaturewas maintained at 30°C.

Prepar ation of standard solutions

Sandard stock solution of Potassium clavulanate
(standard stock solution A)

Weighed equivaent to 10.0mg of clavulanate acid
working standard ina50 ml volumetricflask, added 30
ml water, sonicated inicecold water for 10 min, waited
till thesolution attai ned theroom temperature, made up
tovolumewithwater.

Sandard stock solution of Cefatrizinepentahydr ate
(standard stock solution B)

Weighed cefatrizine pentahydrateequiva ent to 50.0
mg of cefatrizineworking standardina50ml volumetric
flask added about 6.2 mg sodium carbonate anhydrous
and 30ml water, sonicated inicecold water for 10 min,
waited till the solution attai ned theroom temperature,
madeup to volumewith water.

Sandard solution

Accurately transferred 5ml of standard stock
solution A and 10 ml of standard stock solutionBto a
50ml volumetricflask and made up thevolumeto 50 mi
withdiluent and filtered through 0.45um nylonfilter.

Test item

Potass um clavulanateand cefatrizine pentahydrate
weremixedintheratio of 1:10 w/w.

Method validation

The method was validated with respect to param-
etersincluding linearity, precison,

Solution stability, robustness, ruggednessand Force
degradation**,

RESULTS

Precision
System precision
Precision of the assay method was eval uated by
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carrying out six independent injection of theworking
gandard. Thereativestandard deviation (RSD) should
not be morethan 2.0%. In system precision RSD was
found for cefatrizine pentahydrate 0.66 and 0.41 for
Potassum davulanate.

Method precison

In method precision, the assay method was evalu-
ated by carrying out six independent assaysof thetest
item. Therdativestandard deviation (RSD) should not
bemorethan 2.0%. The percentage RSD of six deter-
minationswasfound for cefatrizine pentahydrate 0.94
and 0.98 for Potassium clavulanate.

Linearity

Linearity of the assay method was obtained from
stock solutionsat five concentration level sfrom 80%
t0 120%.Thepeak areaversus concentration datawas
analyzed by least-squares|inear regression. Thecorre-
lation coefficient should be more than 0.99. In this

method, the corrd ation coefficient wasgreater than 0.99
i.e.0.999 for both thedrugs.

Ruggedness

The method was found to be rugged when the
cefatrizine pentahydrateand potassum davulanatewere
assayed on different days, using different lot number
columns, by different analysts, and by using different
systems. The overall relative standard deviation was
not morethan 2.0%.

Robustness

To determinethe robustness of themethod the ex-
perimental conditionsweredeliberately altered and the
cefatrizine pentahydrate and potassium clavulanate as-
sayed. Variaion inthechromatographic conditions (flow
rate+10%, organic ratio+2% absolute, column tem-
perature+5°C, pH of buffer+0.2) overdl relative stan-
dard deviation produced an of lessthan 2.0%, and it
was concluded that the assay of the sampleswasin
closeagreement withtheinitid result thusillustrating the
robustness of themethod.

For ced degradation

Degradation studieswerecarried out in different
solventsand using different conditions(eg. HCI, NaOH,
H,0,)!. Force degradation studies were performed
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TABLE 2: Summary of forcedegradation result 5
,3:)'. Stress condition Time Dggl_rzd(a;oic))n Dgg':rgd(zg/toi;)n 1‘233
1 Acid hydrolysis (0.1N HCI) Initial 13 12 1.iI-EE
2 Alkaline hydrolysis (0.01N NaOH) Initial 12 15 " : )
:l.DU: o
3 Oxidation (0.1%H,0,) Initial 26 94 . . L
L < 0.507 .
to develop astability indicating HPLC method for the b 3 q:
quantitative and purity evaluation of cefatrizine 400 3
pentahydrate and potassium clavulanate bulk drugs. 020
It wasfound that the degraded productswerewell 1 ]
resolved from theanalyte pesks. Thedevel oped HPLC R H— T = L
method was confirmed to be specific by photo diode .00 0.00 15.00 20.00
o ; Minuiss
array for cefatrizinepentahydrate, potass um clavulanate, .
and the degradation products. Chromatogram of samplesolution

Acid degradation studies

Solutionsfor acid degradation studieswere pre- . .
pared in diluent and added 1mL of 0.1N Hydrochloric ' 0 $
acid and injected immediately. Degradation of about T 1 _.
13% in Clavulanic acid and 12% in Cefatrizine | 4.1 e O
pentahydrate were observed. T - \ z
. . . - - y
Alkali degradation studies 0.607 o g -
- [
Solutionsfor alkali degradationstudieswerepre- 5 45 ' o
pared in diluent and added 1 mL of 0.01N, sodium ] < E
hydroxide and injectedimmediztely. Degradationof 2 ey B-
about 12%in Clavulanic acid and 15%in Cefatrizine . o
pentahydrate were observed. 0.00 AN
o ) . [ I T N N I T O O I DL LA
Oxidativedegradation studies 5.00 10.00 15.00 20.00
Solutionsfor oxidative degradation studieswere Chromatogram of acid degradation (0.INHCI)
prepared in diluent and added 2 mL of 0.1% hydro-
gen peroxideand injected immediately. Degradation
1.00 .
] 1.004 3
D.80+ . Z:
i 0.80-] +
- - s
G 0.607 <
7 . ] ~ P
o ‘"‘ EI.:ID-; ﬁl
] ] O
.20 0.20 |
0.0 0.007] i
| B B O [ N I N N I LI N | rryrqprrrrrT e rrrlrrreid
oo 10.00 15.00 20.00 5.00 10.00 15.00 20.00
Minutes Minutes
Chromatogram of standar d solution Chromatogram of basedegradation (0.01N NaOH)
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of about 26%in Clavulanicacid and 94%in Cefatrizine
pentahydrate were observed. In stress oxidative con-
ditions, cefatrizine pentahydratewasad most completely
degraded.

Solution stability

The solution stability in the assay method was car-
ried out by maintaining the sample solutionsintightly
capped volumetric flasks at 2-8°C and 25°C. The
samplesolutionwas assayed at regular intervals. The
Cumulative RSD of the assay of Cefatrizine
pentahydrate and potassium clavulanate waslessthan
2.0%. Thesolution stability experiment showsthat the
sample solution at 2-8°C stable for Cefatrizine
pentahydrate upto 14 hoursand for Clavulanic acid up
to 10 hours, and sample solution at 25°C stable for
Cefatrizine pentahydrate up to 2 hours and for
Clavulanicacid upto 2 hours.

CONCLUSIONS

Thedeveloped and validated HPL C assay method
for the quantitative determination of cefatrizine
pentahydrate and potassium clavulanateisrapid, pre-
cise, rugged and robust.

Theanaytica vdidation of theassay method shows
satisfactory datafor the parameterstested. Themethod
produces good separation of thedrugsand their deg-
radation products.

—> Fyll Poper

The devel oped method isstability indicating and
can be used for assessing the stability of cefatrizine
pentahydrate and potassium clavulanatein bulk drug
samplesandformulations.
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