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Abstract

The main objective of this study is to develop and validate a novel, simple, new, fast,
sensitive, precise and accurate RP-HPLC analytical methods have been established for the
estimation of cefotaxime sodium in bulk and pharmaceutical dosage forms.

The present method was developed and validated on a Waters HPLC system using
Phenomenex make Shimadzu C18 column (250mm X 4.6mm i.d., 5pm particle size) column
was used for the separation. Best results were obtained with the mobile phase composition
consisting of Acetonitrile water (70:30, v/v). The system was regulated at 1.0 ml/min flow rate
at 233nm UV detection.

Cefotaxime sodium was eluted at 2.622 min retention time. The analytical parameters
such as accuracy, precision, linearity, LOD, LOQ, ruggedness, and robustness were used for
validating the developed method according to ICH guidelines. Linearity was exhibited over the
concentration range of 0.01-0.07pg/ml and the Limit of Detection and Quantitation values for
cefotaxime sodium were 1.8ng/ml and 5.8ng/ml respectively. The result of analysis shows that
the amount of drugs present in the formulation has a very good correlation with the label claim
of the formulation and % RSD will be less than 2 for all the validation parameters. Recoveries
studies revealed that results within the specified limits.

The developed methods were validated for various parameters as per ICH guidelines. Hence
the proposed method was found to be satisfactory and could be used for the routine analysis of
cefotaxime sodium in their marketed formulation.
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the bacterial cell wall. They are one of the safest
and the most effective broad spectrum bactericidal
antimicrobial agents and therefore, they are the
most frequently prescribed class of antibiotics.
Cefotaxime sodium injection is used to treat certain
infections caused by bacteria including pneumonia
and other lower respiratory tract (lung) infections,
gonorrhoea, meningitis, and other brain spinal cord
infections.'?

In literature survey
methods like HPLC*®, spectrophotometric®’?
and spectrofluimetric> methods have been
reported on the determination of cefotaxime
sodium in combination with other drugs However
few methods were reported for estimation of
cefotaxime sodium individually in biological and
pharmaceutical formulations by using RP-HPLC
method. In view of the above facts, aim to develop
aRP-HPLC method for the estimation of cefotaxime
sodium in both pure and pharmaceutical dosage
forms.

several  analytical

MATERIALS AND METHODS

A) Drugs and Formulations

Pure Cefotaxime was obtained from Lupin
Pharmaceuticals, Mumbai as reference samples.
Cefotaxime injection was purchased from local
market.

B) Reagents and Chemicals Used

> Solvent used in HPLC (HPLC Grade)
» Distilled water (HPLC Grade)
» ACN and water as mobile phase

C) Instruments Used

Chromatographic system:

The chromatographic system used to perform
development and validation of this assay method
was comprised of a LC-10ATvp binary pump, a
SPD-20Avp UV-Visible detector and a Hamilton
manual injector with 20pl loop (Shimadzu,
Kyoto, Japan) connected to a multi instrument
data acquisition and data processing system (LC
Solution, Shimadzu).

D) Experimental

a) Selection of Mobile phase:

The pure drug of cefotaxime sodium was injected
into the HPLC system and run in different solvent

systems. Different mobile phases like methanol and
water, acetonitrile and acetic acid, acetonitrile and
water were tried in order to find the best conditions
for the separation of cefotaxime sodium. It was
found that acetonitrile and water (70:30) gives
satisfactory results as compared to other mobile
phases.

b) Preparation of Mobile phase:

The HPLC grade acetonitrile and water were
mixed together by selected ratio and ultrasonicated
for 10 minutes and degassed.

¢) Preparation of Standard Solutions:

10 mg of cefotaxime was weighed accurately
and transferred to 10 ml standard flask, add mobile
phase (acetonitrile and water -70:30) for dissolving
and the volume made up to 10ml with mobile
phase to get a concentration of 1000 pg/ml (Stock
solution A).

d) Selection of analytical wave length:

Appropriate dilutions were prepared from
the standard stock solution and scanned in the
spectrum mode from 200nm to 400nm.

e) Chromatographic Conditions:

Based on the above studies, the following
chromatographic condition wasfinally optimized
for the estimation of cefotaxime sodium in pure
and dosage form (Table 1).

Table 1: Chromatographic condition for cefotaxime sodium.

Stationary phase Phenomenex C,; Column (250
mm x 4.6 mm i.d,5um)

Mobile phase Solvent A:Acetonitrile& Solvent
B: Water

Solvent Ratio 70:30

Flow rate 1ml/min.

Injection volume 20uL

Detection wave length 233nm

pH 42

Temperature Ambient temperature

f) Preparation of Calibration curve:

Appropriate aliquots were pipette out from the
stock solution-A in to a series of 10 ml volumetric
flasks. The volume was made up to the mark with
Acetonitrile and water (70:30 % v/v) to get a set of
solutions having the concentration range, ranging
from 0.01 to 0.07pg/ml of cefotaxime sodium. 20
pl of each concentration of the drug were injected
into the HPLC system and their chromatograms
were recorded under the same chromatographic
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conditions as described above. Peak areas were
recorded for all the peaks and a standard calibration
curve was plotted.

8) Preparation of Formulation Solutions:

Twenty tablets were weighed and finely
powdered in a mortar. From the powdered tablet,
a quantity of powder equivalent to 10 mg of
cefotaxime sodium was weighed and extracted
with mobile phase having acetonitrile and water
(70:30) and finally made up to 10ml with mobile
phase to get a concentration of 1000 pg/ml. From
this, 0.ImL of sample was drawn and made up
to 10mL with mobile phase (10 pg/ml). 20 pl of
sample was injected into the HPLC system and
their chromatogram was recorded under the same
chromatographic conditions as described above.
Peak area was recorded.

h) Method or Recording of chromatogram:

With the optimized chromatographic conditions
mentioned above, a steady baseline for about 20
min. After the stabilization of the baseline for about
30 min., a diluent injection of the solvents used for
solubilizing drug was given in duplicate. Then the
standard solution was injected and chromatogram
was recorded until the reproducibility of the peak
areas were found satisfactory and finally 20 uL of
the standard solution of cefotaxime sodium was
injected and the chromatograms was recorded.
Successive aliquot of 20 pL of sample solution was
injected and the chromatogram was recorded.

RESULTS AND DISCUSSION

Development of Chromatographic Method

In the present work, an analytical method
based on RP-HPLC method using UV detection
was developed and validated for determination
of Cefotaxime sodium in pure and dosage forms.
The analytical conditions were selected, keeping
in mind the different chemical nature of the drugs.
The development trials were taken by using the
sample of each component was done, by keeping
them in various extreme conditions.

Phenomenex make Shimadzu C18 column
(250mm x 4.6mm i.d., 5 pm particle size) column
was used for the seperation. The acidic pH range
was found suitable for solubility, resolution,
stability, theoretical plates and peak shape of all
components. For the selection of organic constituent
of mobile phase, acetonitrile was chosen to reduce
the longer retention time and to attain good peak
shape. Best results were obtained with the mobile

phase composition consisting of a mixture of
Acetonitrile water (70:30, v/v) for Cefotaxime
sodium. Optimize mobile phase proportion was
provide good resolution.

CH, CO;Na 0
|
0
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Fig. 1: Structure for Cefotaxime sodium

In this proposed method, RP-HPLC based on
UV detection was developed and validated for
the estimation of Cefotaxime sodium in pure and
dosage forms. Phenomenex make Shimadzu C18
column (250mm X 4.6mm i.d., 5 pm particle size)
column and mobile phase composition consisting
of a mixture of ACN-Water (70:30v/v) found to
be giving satisfactory results. For the selection of
organic constituent of mobile phase, acetonitrile
was chosen to reduce the longer retention time and
to attain good peak shape. Fig. 2 represents the
wavelength selection. Fig. 3 and Fig. 4 represent
the chromatograms of standard and sample
preparation respectively.

mAU
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Fig. 2: HPLC Scan Spectrum for Cefotaxime sodium

Estimation

The assay procedure was repeated for 6 times,
mean weight of standard drugs, of sample were
taken and calculated. Prepare 10 pg/ml of standard
and sample solution were also prepared and
assayed for content of Cefotaxime sodium against
the reference standard. The content of Cefotaxime
sodium in the marketed brands was determined.
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Fig. 3: Chromatogram for Cefotaxime sodium (Std)
Estimation

marketed brands was determined. The percentages
of individual drugs found in formulations, amount
and relative standard deviation in formulations
were calculated. The result of analysis shows that
the amount of drugs present in the formulation has
a very good correlation with the label claim of the
formulation (Table 2).

The assay procedure was repeated for 6 times,
meanweightofstandard drugs, of sampleweretaken
and calculated. Prepare 10 pg/ml of standard and
sample solution were also prepared and assayed for
content of Cefotaxime sodium against the reference
standard. The content of Cefotaxime sodium in the

Table 2: Estimation of Cefotaxime sodium

Tablet Brand name Labelled amount (g) Estimated amount % Label claim % RSD
(meantSD,g)
Brand-A 0.5 0.501+0.0096 100.2% 0.019
Brand-B 0.5 0.498+0.00072 99.6% 0.014
mV
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Fig. 4: Chromatogram for Cefotaxime sodium (Sample)

The chromatogram of sample as shown in Fig. 4. 1) Linearity and Range

For linearity seven points calibration curve

METHOD VALIDATION were obtained in a concentration range from

N4 . .
0.01-0.07 pg/ml for Cefotaxime sodium. The
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response of the drug was found to be linear in the =~ = 4E+07x+24261 with correlation coefficient 0.9995
investigation concentration range and the linear  (Fig.5).
regression equation for Cefotaxime sodium was y
3000000
2500000 y=4E+07x+ 24261
2000000 e /
1500000 /
1000000

500000 /
0 / : : 1 .

0 0.02 0.04 0.06 0.08

D=2 o

concentration (ug/ml

Fig. 5: Calibration curve of Cefotaxime sodium

Where x is the concentration in pg/ml and y is

Slope (m) 4E+0.07
the peak area in absorbance unit. Chromatogram I
g X . . X ntercept (c) 24261
obtain during linearity study were shown in (Table
3&4) 2) LOD and LOQ:
Table 3: Peak area vs Concentration table of Cefotaxime The limit of detection and limit of quantification
sodium were evaluated by serial dilutions of Cefotaxime
Concentration (ug/ml) Peak area sodium stock solution. The LOD value for
001 410395 Cefotaxime sodium was 1.9ug/ml and LOQ was
0.02 731422 found to be 5.8g/ml. Chromatogram of LOD and
0.03 1083175 LOQ study were shown in (Table 5).
0.04 1474132
0.05 1820427 Table 5: LOD and LOQ for Cefotaxime sodium
0.06 2141475
Method Detection LOD ng/ LOQ ng/
0.07 2521862 Wavelength (nm) mL mL
Table 4: Linearity Data for Cefotaxime sodium Proposed method 233 nm 19 5.8
Parameters Data’s
Amax 233 nm 3) Accuracy:
Linearity (ug/m}) 0.01-0.07 The HPLC area responses for accuracy
Correlation coefficient (r?) 0.9995

determination are depicted in (Table 6).

Table 6: Accuracy studies for Cefotaxime sodium

Level of addition Con. of drug in Conc. drug(ug/ml) Total conc. of drug % Analytical Data
(% pure drug) formulation (ug/ml) of Pure found (ug/ml) recovery
50% 0.05 0.025 0.075 99.46 Mean=99.463
50% 0.05 0.025 0.075 99.33 SD=0.165
50% 0.05 0.025 0.075 99.6 % RSD=0.165
100% 0.05 0.05 0.100 99.7 Mean=99.66
100% 5 0.05 0.996 99.6 SD=0.040
table cont.....
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100% 0.05 0.05
150% 0.05 0.075
150% 0.05 0.075
150% 0.05 0.075

0.997 99.7 % RSD=0.040
0.125 99.84 Mean=99.7
0.125 99.84 SD=0.075
0.125 99.68 % RSD=0.075

The result shown that best recoveries (99%-
101%) of the spiked drug were obtained at each
added concentration, indicating that the method
was accurate.

Table 7: Precision study for Cefotaxime sodium

4) Precision:

The result of interday and intraday precision and
repeatability of std and study are shown in (Table
7 & 8). The developed method was found to be

Intraday (n=6)

Interday (n=6)

Conc. Peak area Peak area Peak area Peak area Peak area Peak area
(ug/ml) ) @ (6] (D-1) (D-2) (D-3)
0.05 1818432 1836524 1844587 1836524 1874587 1884587
0.05 1816542 1832542 1845625 1842542 1885625 1895625
0.05 1815628 1855988 1865584 1855988 1875584 1885584
0.05 1811325 1835699 1845262 1835699 1875262 1885262
0.05 1817458 1836647 1845636 1836647 1885636 1895636
0.05 1801547 1832566 1485698 1832566 1875698 1885698
Mean 1815324 1838754 1849845 1838754 1879845 1879845
S.D 956.28 1142 1483.2 1296 1588 1654
%RSD 0.052 0.062 0.087 0.07 0.084 0.088
Table 8: Repeatability study for Cefotaxime sodium
Conc. (ug/ml) Peak area Statistical data
1820427
1827482
1825317 Mean=1826870.8
0.05 SD=4472.22
1832615 %RSD=0.244
1828513
1827482
precise as the % RSD values for the repeatability  6) Ruggedness

and inter and intraday precision studies were <
0.096% and < 0.268%, respectively, which confirm
that method was precise.

Table 9: Ruggedness of Cefotaxime sodium

Theruggedness of the methods was demonstrated
(Table 9) by conducting the experiment on two

S1 No. Conc. ( pug/ml) Analyst-1 Analyst-2
1 1834132 1836426
2 1835284 1845146
3 1838763 1842216
4 0.05 1840284 1848127
5 1832132 18321328
6 1835482 1835282
Mean - 18376795 1844290.5
S.D - 3933.32 4390.2
%RSD - 0.214 0.238
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different analyst and %RSD was calculated. The result of robustness study of the developed
Variation in percentage content was found to be  assay method was established in (Table 10 &
within the limit so the method is rugged. 11). The result shown that during all variance

conditions, assay value of the test preparation
7) Robustness solution was not affected and it was in accordance

Table 10: Robustness Studies of Cefotaxime sodium (Change flow rate) (n=6)

Sl. No. Flow rate ml/min. Peak area Statistical Data Retention Time
1 1.0 ml/min. 1820423 2.628
1834132 2.627
1837429 Mean=1831913.4 2.628
SD=6844.37
1836345 % RSD=0.323 2.628
1831234 2.627
1833598 2.629
2 0.5 ml/min. 1780312 2.624
1783842 2.625
1784176 Mean=1786695 2624
SD=6331.32
1785498 % RSD=0.354 2.625
1796823 2.626
1788324 2.625

Table 11: Robustness studies of Cefotaxime sodium (Change in solvent concentration)

SL No: Solvent conc. (n=6) Peak area Statistical Retention Time
Data

1 ACN: Water [50:50] 2428382 2.628
2427437 Mean=100.19 2.627

2431342 SD=1.098 2.627

2427747 %RSD=1.096 2.628

2425847 2.628

2455864 2.628

2 ACN: Water [70:30] 1834132 2.625
' 1835284 Mean=100.37 2.625

1837429 SD=0.247 2.624

1836345 %RSD=0.229 2.625

1831234 2.624

1833598 2.626

with that of actual. Hence the analytical method  Five replicate injections of standard preparation
would be concluded as robust. were injected and tailing factor, theoretical plate
and % RSD of peak area were determined for same.
Acceptance criteria for system suitability, tailing

A system suitability test of the chromatographic ~ factor not more than 2.0, Theoretical plate not less
system was performed before each validation run.  than 5000 and % RSD of peak area not more then

8) System suitability
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2.0, were full fill during all validation parameter.

CONCLUSION

Development of methods to achieve the final goal
of ensuring the quantity of drug substancesand drug
products is not a trivial undertaking. Cefotaxime is
a third generation cephalosporin antibiotic. Like
other third generation cephalosporins, it has broad
spectrum activity against Gram positive and Gram
negative bacteria. It is a bactericidal agent; the
B-lactam ring structure of cephalosporin interferes
with the synthesis of the bacterial cell wall. They
are one of the safest and the most effective broad-
spectrum bactericidal antimicrobial agents and
therefore, they are the most frequently prescribed
class of antibiotics. Cefotaxime injection is used to
treat certain infections caused by bacteria including
pneumonia and other lower respiratory tract (lung)
infections, gonorrhoea, meningitis, and other brain
spinal cord infections.?

In the presentinvestigation, novel, simple, precise
and accurate RP-HPLC method was successfully
developed for the quantitative estimation of
Cefotaxime sodium) in its pure and dosage
forms by using SHIMADZU make, Phenomenex
Column C18, 250 cm X 4.6 mm i.d, 5 pm particle
size in isocratic mode with UV detector was used
for separation and mobile phase used for the
determination for cefotaxime sodium (ACN: Water
- 70:30). The peak obtained were sharp retention
time of 2.622 for cefotaxime sodium. Acceptance
criteria for system suitability, tailing factor not
more than 2.0, Theoretical plate not less than 5000
and % RSD of peak area not more then 2.0, were full
fill during all validation parameter.

The assay results confirmed to the label claim
of the formulation. Hence the proposed method
was found to be satisfactory and could be used for
the routine analysis of cefotaxime sodium in their
marketed formulation. The results were found to be
good and were expressed in (Table 12).

Table 12: System suitability Parameter for Cefotaxime
sodium

Parameter Cefotaxime sodium
Theoretical plate 5219
Tailing factor 0.59
Retention time 2.622
Linearity Range(ng/ml) 0.01-0.07
Regression Equation 4E+0.07x+5825.3
Slope 4E+0.07

24216.3
0.9995

Intercept

Correlation Coefficient
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