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In this study, two cephalosporin groups of antibiotics (cefepime and cefixime) and their combinations with
clavulanic acid, beta lactamase inhibitor, were simultaneously analyzed by HPLC method. The optimum sepa-
ration was carried out on MZ C; column (250 x 4.6 mm; i.d. 5 um) with mobile phase consisting of an
acetonitrile — 0.01% phosphoric acid (pH 2.5) (15 : 85, v/v) binary mixture. Detection was performed using a
diode array detector at 228 nm. Under these experimental conditions, the analysis was accomplished in about
10 min. The developed method is specific, linear, sensitive, accurate, precise, and robust. The method was
completely validated showing satisfactory data for all the parameters tested. Finally, the proposed method was
successfully applied to two combined pharmaceutical dosage forms containing cefepime with clavulanic acid

and cefixime with clavulanic acid.
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1. INTRODUCTION

Antibiotics are medicines of great clinical significance
that are used in the treatment and prophylaxis of infectious
discases caused by microorganisms. Bacteria are living
things that can adapt quickly to changes that occur in the en-
vironment. Antibiotic resistance is an example of this adapta-
tion. Resistance to a particular antibiotic means that this anti-
biotic cannot kill the drug-resistant bacteria in a treatment
dose. Almost simultaneously with the discovery of antibiot-
ics, they are predicted to lose their effectiveness in the treat-
ment of infectious diseases if microorganisms can gain resis-
tance to these drugs and the necessary precautions are not
taken. Antibiotic resistance is a very important health prob-
lem that concerns the whole world and not just this day but
the future as well. It is possible to reduce resistance rates by
avoiding the use of unnecessary antibiotics and, if necessary,
by producing rational policies. Different drug combinations
can be used to reduce drug resistance by reducing antibiotic
resistance.

Cefixime (CFX) (Fig. la) is commonly used to treat
bacterial infections of the ear, urinary tract, and upper respi-
ratory tract. Cefdinir (CDN) (Fig. 1b) is highly effective
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against many Gram positive and Gram negative bacteria, and
it 1s used to treat otitis media, soft tissue infections, and re-
spiratory tract infections, including sinusitis, community-ac-
quired pneumonia, and acute exacerbations of bronchitis.
CFX and CDN are generally classified as third generation
cephalosporin antibacterial drugs. Clavulanic acid (CLAV)
(Fig. 1c) is a major B-lactam antibiotic. CLAV enhances the
activity of penicillin and cephalosporin antibacterials against
many resistant strains of bacteria. Increasing resistance to
cephalosporins, in recent years the combination of
cephalosporins with beta-lactamase inhibitor such as CLAV
becomes more common to enhance the antibacterial activity
of cephalosporins [1, 2].

In the literature, several methods were reported for deter-
mining CFX [3, 4] and CDN [5 — 7] individually in tablets.
Also there are CFX, CDN, and CLAV with other combina-
tions in tablets (CFX [8-22], CDN [23,24], CLAV
[25 — 35]). There are four methods reported for simultaneous
analysis of CFX and CLAV in pharmaceutical dosage forms
using HPLC (CFX-CLAV [36 —39]). Basu, et al.[36] used
0.0075 M tetrabutyl ammonium hydroxide (pH 6.8) and
methanol mixture (80:20 v/v) as mobile phase within
15 min while Joshi, et al. [37] analyzed the drugs within
20 min using 25 mM NaH,PO, (pH 6.5) and methanol mix-
ture (80 : 20 v/v). Khan, et al. [38] also developed an HPLC
method for the simultaneous analysis of CFX and CLAV
with shorter analysis time 8 min, but the method was not ap-
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Fig. 1. The chemical structures of CFX (a), CDN (b) and CLAV (c).

plied to any real samples. The study was only performed on
synthetic mixture. Zade, et al. [39] simultaneously analyzed
the two drugs using 30 mM NaH,PO, (pH 3.0) and methanol
mixture (70 : 30 v/v), but the method had lower sensitivity
than the other methods. Now there are no methods in the lit-
erature for the simultaneous analysis of CDN and CLAV, al-
though there are pharmaceutical dosage forms containing
CDN in combination with CLAV. Thus, a fast, sensitive and
fully validated method is needed for the analysis of CFX,
CDN and CLAV in tablets. In the present work, a reversed
phase HPLC method has been developed for simultaneous
analysis of CFX, CDN and CLAV in pharmaceutical dosage
forms.

2. MATERIALS AND METHODS

2.1. Chemicals and Reagents

CFX, CDN and CLAV working standards were supplied
from Sigma Aldrich. The tested pharmaceutical formulations
(Cefbir® Plus and Molcef® Plus tablets) were procured from
local markets. Acetonitrile (ACN) and phosphoric acid of an-
alytical grade were purchased from Merck.

2.2. Chromatographic System and Conditions

HPLC analyses were performed on an Agilent 1200
HPLC system. Separations were carried on a MZ C18 col-
umn (250 x 4.6 mm; i.d., 5 um). The flow rate was 1 mL
min"! in isocratic elution mode with a mobile phase consisted
of acetonitrile — phosphoric acid (0.01%, pH 2.5) mixture in
a ratio of 15 : 85 (v/v). The injection volume was 20 puL and
the UV detection was performed at 228 nm. Peak identity
was confirmed by retention time comparison.

H

Preparation of standard solutions. Standard stock so-
lutions of CDN and CLAV (1000 pg mL™") were prepared in
0.1 M KH,PO, (pH 7). Standard stock solutions of CFX
(1000 pg mL™") were prepared in methanol. The working
standard solutions (1.0, 5.0, 10.0, 20.0, 25.0, 35.0 and
40.0 pg mL™") were prepared daily by diluting the stock solu-
tions with the mobile phase.

Preparation of sample solutions. Ten Cefbir Plus
(300 mg CDN/125 mg CLAV) tablets were weighed to get
the average weight and ground. The amount of powder
equivalent to average of the tablet weight was transferred to
a 250 mL volumetric flask, and 150 mL of 0.1 M KH,PO,
was added and sonicated for 30 min. The volume was made
up with 0.1 M KH,PO, to obtain a solution containing
1200 pg mL™"! of CDN and 500 ug mL™! of CLAV. Around
10 mL of the sample solution was transferred into a falcon
tube and centrifuged for 10 min at 5000 rpm. Then the
supernatant was filtered using 0.45 um membrane filter pa-
per, diluted with mobile phase and injected into the HPLC
system.

Ten Molcef® Plus (400 mg CFX /125 mg CLAV) tablets
were weighed to get the average weight and ground. The
amount of powder equivalent to average tablet weight was
transferred to a 250 mL volumetric flask, and 150 mL of 0.1
KH,PO,:MeOH (1:1, v/v) was added and sonicated for
30 min. The volume was made up with solvent to obtain a
solution containing 1600 ug mL™' CFX and 500 pg mL!
CLAV. An aliquot was taken and centrifuged at 5000 rpm for
10 min. The solution was filtered using 0.45 pm membrane
filter paper, diluted with mobile phase, and injected into the
HPLC system.

Preparation of placebo samples. Placebo solutions
were prepared by mixing excipients (crospovidone, lactose

TABLE 1. System Suitability Parameters for the Proposed HPLC Method

CFX CLAV Requirement
Retention time (min) 10.0 3.6 -
Capacity factor (k') 6.6923 4.6923 1.7692 1<k <10
Asymmetry (%) 0.99 1.4 <1.50
Theoretical plate number (V) 3886 7414 >2000
Resolution (R) - 4.46 >1.50
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Fig. 2. Representative chromatograms obtained under the optimum
chrg{natographic conditi(ir}s for analytical plagiebo, standard (20 p
mL ~ CLAV +20 ng %L CDN +20 pg mL ~ CFX), and Cefbir
Plus tablet and Molcef ~ Plus tablet solutions.
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monohydrate, magnesium stearate, povidone, starch, talc and
titanium dioxide). Then an amount of the powder equivalent
to average tablet weight was transferred 250 mL volumetric
flask and then dissolved with mobile phase. The placebo so-
lution also was centrifuged and filtered same as sample solu-
tion preparation.

3. RESULTS AND DISCUSSION

3.1. HPLC System Suitability

The chromatographic parameters, pH and organic phase
ratio in mobile phase were optimized. For HPLC analysis,
various mobile phases were tried in attempts to obtain the
best separation and resolution between CFX, CDN and
CLAV. Firstly, acetonitrile and water (20:80, v/v) mixture
was used for mobile phase optimization but it was seen that
the peaks were not separated from each other. For this rea-
son, 25 mM KH,PO, buffer solutions at various pH (7.4, 4.7,
and 3.0) and phosphoric acid (0.01%, pH 2.5) were tested as
aqueous phases in order to provide separation.

The optimum conditions for simultaneously analysis of
CFX, CDN and CLAV were found with a mobile phase con-
sisting of acetonitrile and phosphoric acid (0.01%, pH 2.5) in
the ratio of 15:85 (v/v) at flow rate of 1 mL min™'. Results of
the system suitability testing (capacity factor, asymmetry,
column theoretical plate number, and resolution) showed that
the proposed method met all requirement of the ICH guide-
lines [40] (Table 1).

3.2. Method Validation

The developed method has been validated according to
ICH guidelines. The evaluated parameters included specific-
ity, linearity, sensitivity, accuracy, precision, robustness and
ruggedness.

Specificity. Specificity of the method was evaluated by
preparing the analytical placebo sample, standard solution,
and samples of commercial pharmaceutical formulations. A

TABLE 2. Linearity and Sensitivity of the Developed HPLC Method (n = 6)

CFX CDN CLAV
Regression equation* y=0.0357x—0.0008 y=0.8715x + 0.7082 y=0.0024x + 0.0033
Standard error of intercept 0.0096 0.3925 0.0005
Standard error of slope 0.0003 0.2082 0.0003
Determination coefficient (R?) 0.9997 0.9984 0.9956
Linearity range (g mL™) 5-40 5-40 5-40
Number of data points 7 7 7
LOD (ug mL™) 0.78 0.18 0.44
LOQ (ug mL™) 1.02 0.35 0.91

" Based on six calibration curves where y is the peak area ratio and x is concentration of CFX, CDN and CLAV in pg mL™
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solution of analytical placebo was prepared as described in
the sample preparation procedure and injected into the HPLC
system. The chromatograms of placebo solution did not
show any other peaks, which confirmed the specificity of the
method. The typical chromatograms of placebo, standard,

and tablet solutions are shown in Fig. 2.
Linearity. Calibration curves were constructed by plot-

ting the peak areas of CFX, CDN and CLAV versus their
concentrations. Seven different standard solutions within the
linear range containing 1.0, 5.0, 10.0, 20.0, 25.0, 30.0 and
40.0 ug mL™" of CFX, CDN and CLAV were prepared and
injected into the HPLC system. The graph proved that the
method was linear up to 40 ug mL™'. Characteristics of the
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calibration curves determined using the standard solutions

for quantitative analysis are presented in Table 2 (n = 6).
Sensitivity. The limit of detection (LOD) and limit of

quantification (LOQ) of the proposed method are estimated
for the signal to noise ratio 3:1 and 10:1, respectively. The

results are shown in Table 2.
Accuracy. Accuracy of the developed method was in-

vestigated by intra-day and inter-day analysis. Three differ-
ent concentrations of the standard CFX, CDN and CLAV
(5.0, 20.0 and 30 pg mL") solutions in the linear range were
analyzed during six consecutive days (inter-day accuracy)
and six times in the same day (intra-day accuracy). Bias val-
ues within the acceptable values for intra- and inter-day stud-

TABLE 3. Accuracy and Precision of the Developed HPLC Method (7 = 6)

Intra-day Inter-day
CFX (ug mL™) Found” RSD (%) Bias (%) Found” RSD (%) Bias (%)

5.0 5.04 +0.03 1.38 0.80 5.00 +0.02 1.13 0.00
20.0 19.94 £0.08 1.02 -0.30 20.02 £ 0.04 0.49 0.10
30.0 29.91 +0.08 0.66 -0.30 30.02 +0.02 0.15 0.67
CDN (ug mL™)

5.0 5.02+0.01 0.72 -0.40 5.01£0.01 0.53 0.20
20.0 20.03 +0.06 0.75 0.15 20.00 + 0.04 0.48 0.00
30.0 30.13+0.13 1.07 0.43 29.95 +0.09 0.77 0.17
CLAV (ug mL™)

5.0 5.04 +£0.02 0.96 0.80 5.01 +0.01 0.55 0.20
20.0 19.97 +0.09 1.08 -0.15 19.98 +£0.12 1.45 -0.10
30.0 30.04 +0.14 1.11 0.13 30.05 + 0.06 0.47 0.17

" Mean + SE (n=06), SE: Standard error, RSD: Relative standard deviation, Bias % = [(Found-Added)/Added] x 100.

TABLE 4. Intermediate Precision of the Developed Method (n = 5)

CFX (ugmL™) CDN (ug mL™) CLAV (ug mL™)
Experiment Analyst 1 Analyst 2 Analyst 1 Analyst 2 Analyst 1 Analyst 2
1 19.98 20.05 20.14 19.87 19.55 19.79
2 20.23 20.07 20.01 20.12 20.04 20.82
3 20.05 20.63 19.93 19.69 20.20 20.00
4 19.67 20.02 20.01 20.15 20.15 20.32
5 20.01 19.90 20.30 20.17 19.56 20.31
Mean + SE 19.99 £ 0.09 20.13+0.13 20.08 £ 0.06 20.00 £ 0.09 19.90 £0.14 20.25+£0.17
RSD % 0.20 0.29 0.15 0.21 0.32 0.39
Bias % 1.01 1.42 0.72 1.06 1.61 1.92

RSD: Relative standard deviation; Bias: [(Found — Added)/Added] x 100; SE: Standard error.
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TABLE 5. Results of Tablet Analysis (n = 6)

Tuba Recber et al.

Cefbir Plus tablet (300 mg CDN /125 mg CLAV)

Molcef Plus tablet (400 mg CFX /125 mg CLAV)

Sample
CDN (mg) CLAV (mg) CFX (mg) CLAV (mg)

1 296.67 125.07 398.00 124.87

2 298.93 124.98 400.21 125.18

3 300.82 123.97 400.04 123.98

4 300.05 125.76 400.00 125.66

5 299.85 126.01 396.66 125.31

6 300.17 125.12 389.79 126.59

Mean = SE 299.42 £ 0.60 125.16 £0.33 397.45+ 1.64 125.27 £0.35

RSD % 0.49 0.64 1.01 0.69
Bias % -0.20 0.13 -0.64 0.21

RSD: Relative standard deviation; Bias: [(Found — Added)/Added] x 100; SE: Standard error.

ies signify that the developed method is accurate. The results
are summarized in Table 3.

The accuracy of the method was also evaluated through
recovery studies. For the recovery studies, synthetic tablet
solutions (20 ug/mL™") were prepared as explained before.
The recovery of CFX, CDN and CLAV was calculated as
99.00%, 98.20% and 95.10%, respectively. The closeness of
bias values to zero and high recovery shows that the method
is accurate.

Precision. Precision of the developed method was inves-
tigated by intra-day and inter-day analysis. Three different
concentrations of the standard CFX, CDN and CLAV (5.0,
20.0 and 30.0 pg mL™!) solutions on the linear range were an-
alyzed six consecutive days (inter-day precision) and six
times in the same day (intra-day precision). The relative stan-
dard deviation (RSD) values within the acceptable values for
intra- and inter-day studies signify that the developed method
is precise. The results are summarized in Table 3. Intermedi-
ate precision of the developed method was also evaluated us-
ing results of two analysts. There is no statistically signifi-
cant difference between the data according to Wilcoxon
paired two sample test (p > 0.05) (Table 4).

Robustness. The robustness of determining CFX, CDN
and CLAV using HPLC was studied by introducing small
changes in mobile phase acetonitrile amount (%14 — %16),
mobile phase pH (2.3 —2.4) and flow rate (0.9—-1.1 mL
min™). The changes in results were statistically comparable
with the results obtained under optimum conditions, which
indicated that the method was robust (Tt=2.776 > Tc,
p > 0.05; Tc = Calculated Tt = Table t-Test).

3.3. Application of Developed Method

Pharmaceutical preparations containing CDN with
CLAV [Cefbir® Plus tablet (300 mg CDN /125 mg CLAV)]
and CFX with CLAV [Molcef® Plus tablet (400 mg CFX
/125 mg CLAV)] were analyzed by the developed and vali-

dated HPLC method (Fig. 2). The results of tablet analysis
are presented in Table 5.

Thus, according to results of the validation studies, the
developed HPLC method is specific, linear, accurate, pre-
cise, sensitive, and robust. Therefore, this method can be ap-
plied to determination of CFX, CDN and CLAV in pharma-
ceutical preparations.
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