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Abstract

A simple and novel reverse phase high performance liquid chromatography (RP-HPLC) method was developed for the simultaneous assay
estimation of film coated tablets incorporating clavulanic acid (CVA) and cefixime (CFX). Furthermore, the same method was also applied in order
to assess the dissolution of CVA while a UV spectroscopic method was produced to examine the drug release of CFX. In this research, an analytical
column used was C18 (4.6-mm x 25-cm); 5-um. Moreover, the mobile phase was prepared by completely dissolving 3.408 gm of disodium
hydrogen phosphate in 800 mL of water (HPLC grade), 200 mL methanol was added in (20:80 v/v) it and then finally pH was adjusted to 6.0
using orthophosphoric acid. In addition, flow rate, detecting wavelength, and run time were 1.0 mL/min, 220 nm, and 15 minutes, respectively.
Furthermore, the maximum absorption of CFX was obtained at 288 nm thereby this wavelength was optimized for the dissolution estimation of
CFX by UV spectroscopy. The validation parameters were validated according to the specifications and guidelines of the international conference
on harmonization (ICH) prior to evaluating both assay and dissolution of CVA and CFX. In case of assay estimation, the findings of the linearity
revealed a linear interrelation of concentration between 0.16 - 0.25 mg/mL for both CVA and CFX. Similarly, the calibration curve was linear
between the concentration range of 0.03 - 0.045 mg/mL and 0.004 - 0.006 mg/mL, respectively for dissolution determination. Additionally, the
value of LOD and LOQ of CVA for assay evaluation was obtained 0.011 and 0.033 pg, respectively. The accuracy of the developed method was
assessed by determining recovery studies and the mean recovery of CVA and CFX obtained 99.35% and 100.50%, respectively at 100% spiked
level for assay analysis. The repeatability evaluation for assay and dissolution demonstrated that the optimized method is precise within the
appropriate range and the RSD% was observed lower than 2.0%. In addition, results of different validation parameters including study of solution
stability were achieved within the suitable limit as well.
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Introduction
possesses the mechanism of action by impeding the synthesis of

bacterial cell wall. Cefixime (CFX) trihydrate belongs to the third
generation of cephaslosporins which is orally active [1]. Till date,

Cephalosporins demonstrate a broad range of antibacterial
activity against Gram positive and Gram-negative bacteria. It
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CFX is commercially available in different range of tablets (100,
200, and 400 mg) and suspension. It is administered via oral
route for the cure of a variety of infections such as pharyngitis,
otitis media, gornorrhoea, infections of lower respiratory tract
particularly bronchitis and infections of urinary tract. However,
when it delivered at higher doses, patients suffer from different
physiological including gastrointestinal disorders,
headaches, dizziness, and rashes [2]. Thus, from an analytical point
of view, it is vital for achieving proper therapeutic concentration
in addition to assurance in quality of pharmaceutical formulations

[3].

On the other hand, Clavulanic acid (CVA) is beta-lactam
molecule having a narrow spectrum of antibacterial activity
along with potentiality of irreversible binding with a beta-
lactamases associated with wide range of spectrum [4]. When
combinational administration of CVA and other beta-lactamase
susceptible antibiotics including ampicillin and amoxicillin was
given, the binding characteristics of CVA accelerated the efficacy
of the antibiotic against beta-lactamase producing bacteria.
Furthermore, in case of analytical determination, previous study
has suggested that CVA was quantified by using micro disk agar
diffusion technique applying an overnight seed culture of penicillin
producing Klebsiella pneumonia [5].

issues

In addition, various research studies have been reported
for the simultaneous assessment of CVA and amoxicillin by
ultraviolet (UV) spectrophotometry in bulk, and pharmaceutical
formulations. Moreover, in previous years, high performance
thin layer chromatography (HPLC) method was suggested for the
simultaneous evaluation of CVA and CFX in synthetic mixture [6].
Additionally, a validated stability indicating HPLC method was
also suggested for the concurrent determination of amoxicillin
and CVA in injection [7]. However, it is still very difficult to find
an appropriate HPLC method for the simultaneous and separate
analysis of CVA and CFX. Similarly, at present, no HPLC method
is reported for the simultaneous estimation of CVA and CFX in a
tablet dosage form. Therefore, in this research, a simple, robust,
sensitive, precise, and suitable stability indicating method is
suggested for simultaneous assay determination by HPLC and
separate dissolution analysis of CVA and CFX by HPLC and UV,
respectively.

Materials and Methods
Chemicals and Reagents

A film coated tablet incorporating cefixime and potassium
clavulanate was received from the research and development
department of our pharmaceutical company. The HPLC grade of
both methanol and water, and the material of analytical reagent
grade including disodium hydrogen phosphate, and potassium
dihydrogen were purchased from Thermo Fisher Scientific India
Ltd.

Instrumentation

The below mentioned instruments were used in order to
analyze the formulated film coated tablets. The HPLC (Agilent
1260, Waldron, Germany) system having a pump (model; G7116A),
model of autosampler (G7129A) and the column dimension was
COSMOSIL C18 (250 cm x 4.6 mm) 5 pm (Paisley, UK) applied for
the method development of simultaneous assay determination for
CVA and CFX and dissolution determination of CVA. Moreover, the
detector used was UV/VIS which operated at 220 nm. In addition,
the used software was Agilent OpenLab (Version 3.2.0.0) in order
to process and evaluate the data. Furthermore, for weighing
of reagents, analytical balance revealing four digits on screen
was used (Radwag, model: AS 220.X2, Poland) and sonicator
(MRC, model: ACP-150H, India) was applied to dissolve the
reagents. Similarly, for dissolution determination of CFX, UV-VIS
spectrophotometer (Agilent Cary 60) was used.

Analytical method validation for simultaneous assay
determination of CFX and CVA

Chromatographic conditions

For preparation of diluents, 7.10 gm of disodium hydrogen
phosphate was completely dissolved in 500 mL water with
continuous stirring and the pH was adjusted to 7.0 with adding
solution of potassium dihydrogen phosphate. Moreover, the
preparation of the mobile phase was done by adding 3.408
gm of disodium hydrogen phosphate in water (HPLC grade)
containing 800 mL and dissolved completely. In addition, 200
mL methanol was added to it and then final pH was adjusted to
6.0 with orthophosphoric acid. After completion of mobile phase
preparation, it was filtered using 0.45 pm membrane filters and
degassing was performed by sonication for 20 min. The testing
was carried out on an Agilent 1260 HPLC system and the analytes
were performed on an analytical column C18, (5 um, 250 x 4.6
mm). The detection wavelength and the detector were 220 nm
and UV/VIS, respectively. Additionally, the column temperature
was operated at 30°C. The volume for injection was 1.0 mL/min
while flow rate was 20 pL and the run time was 15 minutes.

Preparation of Standard Solution

Accurately weighed about 20 mg reference standard of each
CFX trihydrate and CVA then transferred into 100 mL volumetric
flask. Subsequently, 60 mL diluent was added and sonicated for 20
minutes. Finally, volume was making up to the mark; the solution
was properly shaken and filtered.

Preparation of Test Solution

The individual weight of 20 tablets was taken and crushed to
obtain a powder. The quantity of crushed powder equivalent to 0.4
g of CFX was transferred to 100 mL volumetric flask then diluent
was added, sonicated and finally volume was made up with the
same solvent. Additionally, pipette out 5 mL of this solution
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and further volume make up was done to 100 mL with diluent,
properly shaken and filtered.

Analytical method validation for dissolution estimation
Chromatographic conditions for CVA

The dissolution estimation of CVA tablets was carried out
by using USP apparatus 2 (paddle). The drug release profile of
this drug was performed in dissolution media (purified water).
After the temperature reached 37 * 0.5°C, a single tablet was
added individually to separate dissolution dishes containing 900
mL of dissolution medium and run for 30 minutes at 75 rpm.
Subsequently, 5 mL of the solution was withdrawn using syringes
from each dissolution container at predetermined time intervals
of 15, 30, 45, and 60 minutes. After each withdrawal, 5 mL of fresh
dissolution media was added to maintain sink condition. The
chromatographic conditions used for the dissolution assessment
of CVA were mentioned in section 2.3.1. Moreover, for preparation
of test solution, pipette out suitable volume of the dissolution
medium from each vessel and filter through 0.2 um membrane
filter. Then 5 mL of the filtered solution was further diluted to 10
mL with dissolution medium. Furthermore, in order to prepare a
standard solution, accurately the 15 mg reference standard was
taken and diluted with a 200 mL dissolution medium. Finally, 5 mL
of this standard solution was taken and further diluted with 10 mL
dissolution medium, filtered then measured the chromatogram
of both solutions. The average results acquired from triplicate
quantifications were used in order to calculate the percentage of
dissolved CVA and CFX by applying the below mentioned formula
[8,9] % of dissolved drug Formula (1).

Spectroscopic conditions for CFX

_ Actual amount of released drug <100
Theoretical amount of drug

The dissolution estimation of CFX tablets was carried out by
using USP apparatus 1 (basket). The drug release profile of CFX
was carried out in dissolution media containing 0.05M potassium
phosphate buffer (pH 7.2). In addition, the volume of dissolution
medium, basket speed and run time were 900 mL, 100 rpm, and
45 minutes, respectively. After completion of run time, suitable
volume from the dissolution vessel was taken and filtered.
Additionally, 5 mL of the filtrate was further diluted to 100 mL with
dissolution medium as a test solution. The maximum absorbance
was measured at about 288 nm then content of CFX in the medium
was calculated from the absorbance obtained from the standard
solution of CFX having a concentration of 0.005 mg/mL which was
prepared by dissolving about 20 mg of reference standard of CFX
in 200 mL of dissolution medium. Pipette out 5 mL of this solution
then further diluted to 100 mL.

Parameters of Analytical method validation for Assay
and Dissolution estimation

Specificity

This is one of the important parameters of analytical method
validation which ensures that there is no interference between
the analyte and other components in a formulation or complex
mixture [10]. In this study, for determination of assay, specificity
was evaluated by separately injecting one blank solution, one
placebo solution, and five replicates of each standard and test
sample of both CFX and CVA at 100% concentration. The retention
time of standard samples of CFX and CVA were identified and
compared with their test sample. Moreover, in case of dissolution
study, specificity was evaluated by separately injecting one
placebo solution, and five replicates of each standard and test
sample of both CVA at 100% concentration. The retention time of
standard samples of CVA were identified and compared with their
test sample. Similarly, in case of CFX, the absorbance of standard
samples was noted and compared with their test one.

Linearity and Range

Linearity is defined as the potentiality to receive test results
that have concentration dependent relationship of the analyte
[11,12]. This parameter was examined by three injections of five
different concentrations of each CFX and CVA. In this research,
in case of assay determination, the concentrations of each CFX
and CVA were 0.16, 0.18, 020, 0.22, and 0.25 pg/ml. The mean
value of peak areas was represented against concentrations of
both CFX and CVA. Finally, linearity is assessed by applying the
calibration curve in order to find out the coefficient of correlation,
slope, and intercept. Similarly, the linearity study was carried
out for examining the CVA sample dissolution from five different
concentrations (0.03, 0.034, 0.038, 0.041, 0.045 pg/mL) and
the recovery % of each concentration was reported then this
parameter was evaluated by visual inspection of a plot area as a
function of concentration. Finally, the correlation coefficient was
calculated. Similarly, in order to assess the linearity study of CFX,
five different concentrations of CFX (0.004, 0.0045, 0.005, 0.0055,
0.006 pg/mL) was determined then the recovery % of each
concentration was evaluated by calibration curve of absorbance
and finally the correlation coefficient was examined.

Accuracy

This parameter deals with the closeness of the predicted
value and the obtained results. In this study, the accuracy for the
assay method was examined by recovery studies at three different
concentration levels in which the corresponding concentration
levels were 80%, 100%, and 120%. The three measurements
were injected for each concentration level of CVA and CFX. The
recovery % of both drugs was added and the value of RSD was
estimated for each of the injected samples. In this study, accuracy
of the dissolution method was assessed by recovery studies at
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concentration levels of 80%, 100%, and s120% of both CVA and
CFX. The replicates of both CVA and CFX were evaluated separately
with respect to area and absorbance, respectively. In addition,
percentage recovery of both CFX and CVA were added, and RSD
were calculated for each of the replicate samples.

Precision

In this study, system precision for assay determination of both
CVA and CFX were evaluated by injecting five standard solutions
at the 100% concentration levels on the same day. Furthermore,
method precision was examined with replicates of six assay
measurements of the sample solution at the 100% concentration
levels on the same day then the RSD% of the obtained results
were calculated in order to determine the repeatability values.
Similarly, in this research, system precision and method precision
(repeatability) of both CVA and CFX for dissolution estimation
was evaluated with five replicates of standard and six replicates
of dissolution sample at 100% concentration in accordance with
area and absorbance, respectively. Moreover, method precision
was also determined by varying analysts and days at the 100%
concentration level. The RSD% of the obtained results was
calculated prior to assessing the repeatability findings.

Determination of LOD and LOQ

The sensitivity of the assay and dissolution method was
evaluated by repeating calibration curve for 6 times and SD of the
intercepts was examined by applying below mentioned formula in
order to find out the result of LOD and LOQ.

*
10D = 3.3*SD W
Slope
%
Log=10"50
Slope

Where, SD = standard deviation of Y- intercept of 6 calibration
curves.

Slope = mean slope of the 6 calibration curves [13].
Robustness

As per the definition given by ICH, this parameter deals with
the capability of analytical methods to be not influenced by minor
modifications [10].Inthis research, robustness for assay evaluation
of both CVA and CFX were assessed by allowing minor variations
in flow rate and pH of mobile phase. The flow rate was varied by *
0.4 mL/min while pH was examined by applying + 0.4. The value
of assay and %RSD of each sample were determined. Moreover,
the robustness of CVA for the dissolution method was evaluated by
allowing minor alterations in the chromatographic conditions. The
applied conditions were flow rates and pH of mobile phase which
varied by + 0.2 mL/min and # 0.2, respectively. The recovery % and
RSD% of each sample were analyzed. Accordingly, for estimation
of CFX dissolution, the robustness was studied with different

detection wavelengths. The detection wavelength was altered by +
2.0 nm then the recovery% and RSD% were evaluated.

Solution Stability

The assay stability of both CVA and CFX was evaluated by
assessing the standard and test samples at 0 h. In addition, both
standard and test samples were also kept in the refrigerator and
at room temperature (30°C) for 24 h. The three replicates from
individual solutions were evaluated and the mean value of peak
and the RSD were calculated.

Statistical Analyses

Statistical analyses were done using GraphPad Prism 5.0
(GraphPad Software, Inc., San Diego, CA). The obtained dissolution
data were assessed with one-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparison test and expressed as
mean + standard deviation. In comparative dissolution analysis, p
< 0.05 was applied to indicate statistical significance.

Results and Discussion
Analytical method development and optimization

The physical and chemical properties of both CVA and CFX
were studied from previously published resources. In this study,
analytical column C18, (5 um, 250 x 4.6 mm) was used for the
separation of chromatograms in order to evaluate simultaneous
assay of CVA and CFX in addition with dissolution estimation
of CVA. In contrast, UV spectroscopy was used for dissolution
determination of CFX. In this study, a solution consisting properly
dissolved 3.408 gm of disodium hydrogen phosphate in 800 mL
water (HPLC grade) in which 200 mL methanol was added (in the
proportion of 80:20 v/v) and final pH was adjusted to 6.0 with
orthophosphoric acid is used as mobile phase. The detection
wavelengthand the detector were 220 nmand UV/VIS, respectively.
Moreover, the column temperature was operating at 302C. The
volume for injection was 20 pL, 1.0 mL/min flow rate and run time
applied 15 minutes was optimized as the suitable method for the
simultaneous assay estimation of film coated tablets containing
CVA and CFX. In addition, this method was also applied for the
dissolution assessment of CVA whereas a UV spectrophotometer
having detection wavelength 288 nm was used for the dissolution
estimation of CFX. The maximum absorbance was observed in
288 nm of UV spectroscopy thereby it is optimized as the final
wavelength for dissolution determination of CFX (Figure 5).

Specificity

In this study, in order to evaluate the specificity of the assay
method, the standard and test solution of each CVA and CFX,
blank, and placebo solution were separately injected at 100%
concentration. The total five measurements of both standard and
sample solution of each CVA and CFX were injected, and the injected
volume of all above solutions was 20 pL. The chromatograms that
are obtained after each sample evaluation were shown in Figure 1,
2, 3, and 4. The HPLC peak demonstrated that no close peak was
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detected to the retention time of both standard and test solution
for CFX and CVA interference, which revealed the specificity of the

method. Additionally, retention time data of standard and sample

solution was demonstrated in Table 2 and 3.
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Figure 1: Specificity chromatogram of CFX and CVA standard solution for assay determination.
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Figure 2: Specificity chromatogram of CFX and CVA sample solution for assay determination.
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Figure 3: Chromatogram of blank solution.
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Table 1: Parameters of HPLC method optimization.
Column Mobile phase E;:l(f:;:n Flow rate pH Observation Result
C18 Methanol-water consists of disodium Isocratic 1.0 mL/min 5.5 Poor resolution Rejected
hydrogen phosphate
(20:80,v/v)
c1s Methanol-water consists of disodium Isocratic 1.0 mL/min 6.5 Poor resolut}on a.nd longer Rejected
hydrogen phosphate retention time
(20:80,v/v)
c1is Methanol-water consists of disodium Isocratic 1.0 mL/min 6 Good resolut?on Wlth better Accepted
hydrogen phosphate retention time
(20:80,v/v)
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Table 2: Specificity of CVA for dissolution estimation.

S.No Retention time (minutes) Area
Standard Sample Standard Sample
1 3.211 3.174 552.497 1302.796
2 3.201 3.175 552.192 1304.965
3 3.205 3.161 553.021 1305.905
4 3.205 3.163 557.795 1307.545
5 3.195 3.159 551.222 1306.522
Average 3.205 3.165 553.345 1305.721
%RSD 0.215 0.252 0.129 0.032
Table 3: Specificity of CFX for assay determination.
S.No Retention time (minutes) Area
Standard Sample Standard Sample
1 6.962 6.772 7877.140 8544.044
2 6.939 6.760 7869.088 8571.466
3 6.914 6.756 7870.519 8627.591
4 6.894 6.745 7869.899 8629.472
5 6.874 6.735 7872.911 8630.157
Average 6.917 6.754 7871.912 8600.546
%RSD 0.504 0.211 0.0413 0.4681
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Figure 4: Chromatogram of placebo solution.
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Furthermore, procedures for specificity determination of
dissolution methods of both CVA and CFX were mentioned in
section 2.5.1. The HPLC peak demonstrated that there were no
coeluting peaks detected to the retention time of standard and
sample solution of CVA. Furthermore, the retention time was
compiled for the major peak of each standard and test sample of
CVA which was presented as a figure in Supplementary File 1 and
2. Additionally, the retention time and the area of both standard

and sample solutions of CVA are mentioned in Table 4. Thus,
these observations show the specificity of the dissolution method
for CVA evaluation. Moreover, in case of CFX, the absorbance
value of standard and sample solution is very close to each other
which confirms the validated specificity of the method (Figure
5). Furthermore, findings of standard and sample absorbance
for dissolution determination of CFX were demonstrated in
Supplementary File 3.
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Supplementary File 1: Chromatogram of Clavulanic acid standard solution for dissolution determination.
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Supplementary File 2: Chromatogram of Clavulanic acid test solution for dissolution determination.
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Supplementary File 3: Specificity of Cefixime for dissolution estimation.

S.No. Standard Absorbance Sample Absorbance Recovery %
1 0.247 0.3004 100.96
2 0.2471 0.2994 100.63
3 0.2473 0.2999 100.8
4 0.247 0.3008 101.1
5 0.2472 0.301 101.16
Average 0.2471 0.3003 100.93
%RSD 0.052 0.218 0.2184
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Linearity

In case of verification of analytical procedure, the term linearity
means the potentiality of the analytical method to get test data
which have linear relationship with concentration of, between the
range. In this study, linearity of both CVA and CFX assay method is
determined by taking mean peak area from HPLC and represented
withrespectto the concentrations prior to achieving the calibration

curve. In case of assay estimation, the findings of the linearity
revealed a linear interrelation of concentration between 0.16 -
0.25mg/mL for both CVA and CFX (Figure 6 and 7). In addition,
the correlation coefficient and regression equation of CVA were
0.993 and y = 46587x - 755.2, respectively. Accordingly, in CFX
determination, values of R? and regression equation were 0.995
and y = 46587x-755.2, respectively, showing a direct association
between the analyte concentration and their peak area.

12000.000
0000000 -
8000.000
6000.000 -

8)

4000000 -
2000000 -
0.000

Peak area Cefixime (mAun

0.12 0.15 0.18

Figure 6: Calibration curve of CFX for Assay determination.
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Figure 7: Calibration curve of CVA for Assay determination.

of Clavulanic Acid (mg'mlL)

0.21 0.24 0.27 03

Additionally, in case of dissolution, the linearity of CVA and
CFX is examined by HPLC and UV spectroscopy. The detailed
procedure is mentioned section in 2.5.2. The correlation
coefficient and regression equation of CVA were 0.998 and y =
34203x, respectively (Figure 8) Moreover, R? value and regression
equation of CFX were 1.00 and y = 60.42x, respectively (Figure 9).
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LOD and LOQ

The sensitivity of the analytical method was evaluated by
assessing LOD and LOQ as per the formula illustrated in section
2.5.5. In this study, the LOD and LOQ of CVA in assay determination
were found to be 0.011 and 0.033 pg, respectively. Similarly,
LOD and LOQ of CFX in assay evaluation were 0.0086 and 0.026
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ug, respectively. Moreover, in case of dissolution estimation, the
LOD and LOQ of CVA were 0.0008 and 0.0025ug, respectively.

Furthermore, LOD and LOQ of CFX in dissolution determination
were 0.00001 and 0.00003pg, respectively.

L

L}

L}
1

v=34203x + 43052
Bz =0.0086

0
0.026

Peak area Clavulanic Acid
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0.03 0.034

Figure 8: Calibration curve of CVA for Dissolution estimation.
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Figure 9: Calibration curve of CFX for Dissolution estimation.
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Accuracy

The accuracy in the analytical method is defined as the
vicinity of the obtained value by that method as compared with
the true value [13]. The overall method of accuracy for assay and
dissolution is represented in section 2.5.3. In this research, the
accuracy study exhibited percentage recovery at all three spiked
level (80%, 100%, and 120%) between 99.33% -101.58% and
the value of %RSD were in the range of 0.032 - 0.648 in assay
determination for both CVA and CFX (Table 5 and 6).

Moreover, in the case of dissolution assessment, accuracy
study also revealed percentage recovery in the range of 98.55 -
101.20%. Similarly, in this parameter the obtained value of % RSD

was 0.085% - 0.426% at all three spiked levels. The overall findings
are demonstrated in Table 7 and 8. The value of percentage
recovery and %RSD were achieved within the acceptable range
(98.0% to 102.0%). Similarly, the results of %RSD were obtained
within the limit (NMT 2.0%). These observed results showed the
accuracy of the method for assay and dissolution estimation of
CVA and CFX.

Precision

In this research, two precision including system and method
(repeatability and intermediate) were assessed. In case of
determination of system precision for assay analysis, all the
evaluated parameters were within the limit. The RSD% and
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number of theoretical plates were NMT 2.0% and NLT 1000,
respectively. The obtained results were demonstrated in Table 9

and 10. Similarly, the system precision for dissolution assessment
of CVAwas presented in Table 11. In addition, in terms of evaluation
of method precision, the observed assay value of RSD% for CVA
and CFX in analysis of method precision was all achieved lower

Table 4: Specificity of CVA for dissolution estimation.

than 2.0%, as mentioned in Table 12. Accordingly, determination
of method precision for dissolution analysis of CFX was shown in
Supplementary File 4. In addition, the obtained RSD values less
than 2.0% indicate the precision of the method [14]. Therefore,
the findings obtained from system and method precision has
revealed that the validated method is within the suitable range.

S.No Retention time (minutes) Area
Standard Sample Standard Sample
1 3.211 3.174 552.497 1302.796
2 3.201 3.175 552.192 1304.965
3 3.205 3.161 553.021 1305.905
4 3.205 3.163 557.795 1307.545
5 3.195 3.159 551.222 1306.522
Average 3.205 3.165 553.345 1305.721
%RSD 0.215 0.252 0.129 0.032
Table 5: Accuracy data of CVA for assay analysis.
%Spiked level | Replicate number Peak area Assay% Recovery% Mean Recovery% SD %RSD
1 3883.523 81.21 101.51
80 2 3889.873 81.34 101.68 101.58 0.091 0.089
3 3884.768 81.24 101.54
1 4762.975 99.53 99.53
100 2 4758.661 99.44 99.44 99.35 0.238 0.240
3 4741.150 99.08 99.08
1 5990.177 119.64 99.70
120 2 5990.364 119.65 99.71 99.33 0.644 0.648
3 5923.397 118.31 98.59
Table 6: Accuracy data of CFX for assay analysis.
%Spiked level | Replicate number Peak area Assay% Recovery% Mean Recovery% SD %RSD
1 6860.365 80.34 100.42
80 2 6869.675 80.45 100.56 100.50 0.073 0.073
3 6867.928 80.43 100.53
1 8590.234 100.53 100.53
100 2 8587.869 100.50 100.50 100.50 0.035 0.035
3 8584.108 100.46 100.46
1 10761.755 120.37 100.31
120 2 10768.203 120.40 100.37 100.33 0.032 0.032
3 10762.970 120.40 100.32
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Table 7: Accuracy data of CVA for dissolution determination.

%Spiked level i?;qi;;itre Peak area Dissolution% Recovery% Mean Recovery% SD %RSD
1 1065.952 80.07 100.09
80 2 1056.902 79.39 99.24 99.65 0.425 0.426
3 1061.123 79.71 99.63
1 1331.042 99.98 99.98
100 2 1338.798 100.57 100.57 100.28 0.295 0.294
3 1335.267 100.30 100.30
1 1576.285 118.40 98.67
120 2 1571.382 118.04 98.36 98.55 0.164 0.166
3 1575.353 118.33 98.61

Table 8: Accuracy data of CFX for dissolution determination.

sl Replicate number Absorbance Dissolution% Recovery% Mean Recov- SD %RSD
level ery%
1 0.2401 80.70 100.87
80 2 0.2410 81.00 101.25 101.07 0.190 0.187
3 0.2406 80.86 101.08
1 0.3014 101.30 101.30
100 2 0.3008 101.10 101.10 101.20 0.100 0.098
3 0.3011 101.20 101.20
1 0.3615 121.50 101.25
120 2 0.3611 121.36 101.14 101.16 0.086 0.085
3 0.3609 121.30 101.08

Table 9: System precision data from the CVA standard solution of the proposed HPLC method for assay determination.

Replicate number RT Peak area Number of theoretical plates Tailing factor
1 3.270 2580.862 3587.36074 1.78315
2 3.268 2562.964 3593.59577 1.79747
3 3.264 2544.383 3602.39350 1.81999
4 3.261 2528.716 3606.85650 1.78926
5 3.257 2509.415 3609.13213 1.79439
Average 3.264 2545.268 3599.86772 1.79852
%RSD 0.163 1.101 - -

Table 10: System precision data from the CFX standard solution of the proposed HPLC method for assay determination.

Replicate number RT Peak area Number of theoretical plates Tailing factor Resolution

1 7.685 7806.354 1813.52947 1.32037 9.38655
2 7.656 7813.561 1814.29006 1.32937 9.36349
3 7.617 7806.167 1813.38171 1.33423 9.33205
4 7.572 7814.550 1812.42916 1.34200 9.28180
5 7.525 7815.399 1811.99391 1.34870 9.23412

Average 7.611 7811.206 1813.12486 1.33493 9.31960

%RSD 0.842 0.0584 - - -
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Table 11: System precision data from the CVA standard solution of the proposed HPLC method for dissolution estimation.

Replicate number RT Peak area Number of theoretical plates Tailing factor
1 3.211 551.498 2340.38678 1.32624
2 3.208 551.193 2327.23979 1.34619
3 3.204 551.021 2321.91822 1.32829
4 3.200 549.794 2302.90980 1.34299
5 3.194 550.228 2285.10292 1.32207
Average 3.203 550.747 2315.511502 1.333156
%RSD 0.215 0.1289 - -

Table 12: Results of repeatability and intermediate precision for assay evaluation.

No. of SercaploTEHThE ) Content of CFX in tablets (% comparing to Content of CVA in tablets (% comparing to
Sample p ghtis labeled amount) labeled amount)
Day1, Analyst 1
1 2.3423 98.35 100.75
2 2.3420 98.29 100.53
3 2.3418 98.32 99.68
4 2.3419 98.31 99.01
5 2.3415 98.30 99.65
6 2.3416 98.22 98.37
Average (1-6) 98.30 99.83
RSD (%) (1-6) 0.0413 0.6743

Day 2, Analyst 1

7 2.3423 100.03 101.20
8 2.3420 99.86 101.23
9 2.3418 98.72 101.16
10 2.3419 99.89 101.38
11 2.3415 100.01 101.43
12 2.3416 99.66 101.33
Average (7-12) 99.86 101.29
RSD (%) (7-12) 0.1486 0.1074

Day 2, Analyst 2

13 2.3801 99.50 99.53
14 2.3805 99.44 99.33
15 2.3806 99.46 99.19
16 2.3798 99.53 99.55
17 2.3810 99.48 99.19
18 2.3808 99.46 99.76
Average (13-18) 99.48 99.43
RSD (%) (13-18) 0.0347 0.2266
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Supplementary File 4: Results of repeatability and intermediate precision for dissolution estimation.

No. of Clavulanic acid ‘ Cefixime ‘ ‘
Sample Std Area Sample Area Recovery % ‘ Std Abs. ‘ Sample Abs. ‘ Recovery%
Day1, Analyst 1
1 551.498 1301.795 99.3 0.247 0.2998 100.76
2 551.193 1309.968 99.93 0.2471 0.3006 101.03
3 551.021 1303.902 99.46 0.2473 0.3002 100.9
4 549.794 1304.542 99.51 0.247 0.3007 101.06
5 550.228 1308.525 99.82 0.2472 0.2999 100.8
6 - 1305.599 99.59 - 0.3001 100.86
Average (1-6) 550.747 1305.722 99.6 0.2471 0.3002 100.9
RSD (%) (1-6) 0.1289 0.2324 0.2324 0.0528 0.1345 0.1218
Day 2, Analyst 1
7 553.339 1305.535 99.82 0.2477 0.3015 100.64
8 555.741 1317.448 99.72 0.2475 0.3011 100.5
9 554.283 1311.577 99.27 0.2476 0.3009 100.44
10 558.013 1300.772 98.45 0.2477 0.3012 100.54
11 553.913 1312.867 99.37 0.2474 0.3007 100.37
12 - 1299.101 98.33 - 0.3014 100.6
Average (7-12) 555.058 1307.884 98.99 0.2476 0.3011 100.51
RSD (%) (7-12) 0.3379 0.5547 0.5547 0.0527 0.1 0.1
Day 2, Analyst 2
13 556.239 1321.886 100.17 0.2477 0.3016 100.67
14 556.392 1323.238 100.27 0.2475 0.3001 100.17
15 556.507 1315.116 99.66 0.2476 0.3004 100.27
16 553.279 1321.587 100.15 0.2477 0.3011 100.5
17 549.57 1307.47 99.08 0.2474 0.3009 100.44
18 - 1325.597 100.45 - 0.3013 100.57
Average (13-18) 554.397 1319.146 99.96 0.2476 0.3009 100.44

Robustness

This parameter was performed by evaluating the effect of
minor alternations in HPLC and UV spectroscopy. The findings of
this parameter revealed slight changes in analyzing conditions in
these two instruments. The modifications done in HPLC conditions
were flow rate and pH of mobile phase while wavelength was
slightly altered in case of UC spectroscopy. In assay evaluation
of CVA and CFX, the observed RSD% was within suitable range
(NMT 2.0%). At 0.8 mL/min flow rate, the assay of CVA and CFX
were 98.63 and 98.61, respectively. Furthermore, at pH 6.2, the
%RSD of CVA and CFX were 0.1485, and 0.4398, respectively. The
obtained results of assay determination with robustness study
were observed within the limit which is demonstrated in Table 13
and 14.

Accordingly, in case of dissolution determination, the RSD% of
CVA at 1.2 mL/min flow rate and at pH 6.2 was 0.4688 and 0.1683,

respectively. In addition, the dissolution% of CFX in 288 and 292
wavelengths was 101.29 and 100.22, respectively. The obtained
results were revealed in detail in Table 15 and 16. Despite minor
changes in flow rate, pH of mobile phase, and wavelength there
were no notable findings which demonstrated the method is
robust for dissolution determination.

Solution Stability

In this study, both CVA and CFX showed good stability for 24 hr
at 30°C and 4°C. During initial analysis, the CVA revealed 101.02%
assay while it demonstrated 100.61% and 100.76% assay after 24
hr at 30°C and 4°C, respectively. Similarly, CFX showed 100.77%
assay during initial analysis whereas it exhibited 99.38% and
100.90% assay after 24 hr at 30°C and 4°C, respectively. Moreover,
in solution stability analysis, tailing factors and the number of
theoretical plates were also obtained within the appropriate
limits. In addition, the percentage recovery was observed within
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the acceptable limits (98.0% to 102.0%) and the RSD% was also  two different storage storage conditions. The observed findings
obtained below 2.0%, indicating a better stability of products in ~ were exhibited in Table 17 and 18.

Table 13: Robustness results of the CVA for Assay analysis.

Avg. o Avg. %RSD of sam- %assay o
Parameters Std, area (n=6) % RSD of std. area sl s (5] g ) %RSD of assay
0.8 mL/min 2750.223 0.8023 4569.524 0.4933 98.63 0.4953
Flow rate
1.2 mL/min 2288.635 0.9758 3865.011 0.3638 100.25 0.3687
- 5.8 2715.595 1.4460 4573.259 0.1998 99.97 0.1947
P 6.2 2718.693 0.9269 4560.149 0.1384 99.57 0.1485
Table 14: Robustness data of the CFX for Assay analysis.
Parameters Avg. % RSD of std. Avg. %RSD of sample %assay %RSD of
Std. area (n=6) area sample area (n=6) area (n=6) assay
0.8 mL/min 9768.309 0.0923 10603.781 0.0511 98.61 0.0586
Flow rate
1.2 mL/min 6458.263 0.1677 7133.081 0.2322 100.33 0.2342
5.8 7747.929 0.0411 8570.832 0.0320 100.49 0.0323
pH
6.2 7761.641 0.2236 8452.529 0.4380 98.93 0.4398
Table 15: Robustness findings of the CVA for dissolution determination.
Avg. o Avg. %RSD of sam- %disso. o .
Parameters Sl e (i) % RSD of std. area T e (7] - (n=6) %RSD of disso.
0.8 mL/min 671.681 0.3218 1582.905 0.3546 98.96 0.3546
Flow rate
1.2 mL/min 454.019 0.1565 1069.927 0.4688 99.00 0.4688
- 5.8 528.558 0.1382 1246.536 0.3622 99.08 0.3622
P 6.2 531.247 0.2099 1267.491 0.1683 100.24 0.1683
Table 16: Robustness data of the CFX for dissolution determination.
Parameters Avg. % RSD of std. Abs. Avg %RSD of sample Abs. | %disso. | %RSD of disso.
Std. abs. (n=5) sample Abs. (n=5) (n=5)
Wavelength 286 nm 0.2215 0.1168 0.2715 0.1182 101.29 0.1182
290 nm 0.2241 0.1075 0.2718 0.0763 100.22 0.0763
Table 17: Solutions stability data of the proposed HPLC method for CVA.
- s Avg. peak RSD % Tailing 0 RSD% Number of theo-
Parameter s iieenditions RT area (peak area) factor Assay% (Assay) retical plates
0Oh 3.23 2540.614 1.063 1.147 - - 3355.433
Standard After 24 h at 30°C 3.23 2545.153 1.24 1.292 - - 3190.299
solution _
After 24 :;trref”ger' 3.28 2626.078 1.025 1.144 . - 3162444
0Oh 3.2 4323.545 0.1883 1.073 101.02 0.1826 3261.727
Sample solu- After 24 h at 30s 3.19 4313.969 0.2324 1.246 100.61 0.2343 2904.905
tion .
After 24 :tztrref“ger' 324 4457.627 0.225 1.096 100.76 0.2164 2963.111
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Table 18: Solutions stability data of the proposed HPLC method for CFX.

- s RSD % (peak | Tailing o RSD% Number of theo-
Parameter Stability conditions RT Avg. peak area area) factor Assay% (Assay) retical plates

0Oh 7.46 7729.782 0.0231 1.443 - ; 1635.971

Standard After24hat30°C | 7.44 7774.203 0.1089 1.525 - ; 1521.841
solution _

After 24 hatrefrig- | ¢ 7758211 0.0409 1413 - ; 1511.081

erator

0h 7.14 8573.907 0.0752 1.51 100.77 0.0803 1637.604

Sample solu- |  After24hat30C | 7.15 8504.988 0.0424 1.59 99.38 0.047 1527.975
tion .

After zjr;’tf‘)trmf“g' 7.75 8616.953 0.0267 147 100.9 0.0209 1515.439

Assessment of Dissolution

In this research, the dissolution of our formulated sample
containing CVA and CFX was compared with the innovator brand.
The method of determination was mentioned in section 2.4.1. At
60 minutes, CVA showed 97.41% of drug release in purified water
whereas the drug release of the market sample was 92.22%.
Moreover, at 45 minutes, our formulated sample exhibited

102.25% dissolution of CFX in dissolution media containing 0.05M
potassium phosphate buffer (pH 7.2) while the market sample
showed 99.27% drug release in the same dissolution medium.
The dissolution profile of both drugs in comparison with the
market was demonstrated in Figure 10. In addition, in this study,
the dissolution value of our sample was statistically insignificant
(P > 0.05) in different time periods in comparison to the market

sample.
s N
a b
- Formulated Tablet -% Formulated Tablet
150 = = Market Sample 150+ = Market Sample
- *
= £
i_. 1004 2 100+ |
= o
= - 3
= 50+ = <0+
0- T 0- T T T
A S e S e
Time (Minutes) Time (Minutes)
Figure 10: Percentage of drug release; a: Clavulanic acid, b: Cefixime; *P > 0.05 compared to market sample.
\ J
Conclusion dissolution estimation of CFX. All the validation parameters

In this research, a rapid, sensitive, and simple HPLC and UV
method has been developed with better accuracy and precision.
In addition, there is no requirement of any laborious and time-
consuming measurement and preparation technique. This method
can be readily applied for the routine drug estimation of film-
coated tablets containing both CVA and CFX. Moreover, the notable
findings of the produced method are shorter run and retention
time. The RP-HPLC method can be applied for the simultaneous
determination of assay of both CAV and CFX. Accordingly, the same
method was also employed in order to examine the dissolution
of CVA, and a simple UV method has been developed for the

were validated according to the guidelines of the international
conference on harmonization. Moreover, this validated analytical
method can serve as a facilitator to the pharmaceutical companies
and other research institutions to assess various pharmaceutical
dosage forms incorporating CVA and CFX in order to examine their
quality in products.
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