
INTRODUCTION 
In many countries, especially tropical countries, 

infection by pathogenic bacteria requires special attention. 
Therapeutic drug monitoring (TDM) of antibiotics in treating 
infections is an important aspect of achieving therapeutic 
goals. TDM carried out by determining the correct dose 
and administration time can support the achievement of the 
effectiveness of therapy. It is known that the concentration of 
the drug in the plasma will determine the amount of drug that 

reaches the receptor and gives effect. In some cases of critical 
illness, offering more than one antibiotic simultaneously, even 
at different hours, can occur. 

Cefotaxime antibiotic (Fig. 1a) is a third-generation 
cephalosporin antibiotic that can be used in a single dose or 
in combination with fluoroquinolone class antibiotics such 
as ciprofloxacin to treat infections in the urinary tract and 
respiratory tract. Cefotaxime is known to be effective in 
meningitis caused by Haemophilus influenzae, penicillin-
sensitive Streptococcus pneumoniae, and Neisseria meningitides 
[1]. The peak concentration in the serum in the administration 
of cefotaxime 1 g infusion was reached after 30 minutes with a 
peak level of 41.1 µg/ml, and after 4 hours, the serum level was 
1.5 µg/ml, the elimination half-life of cefotaxime was relatively 
fast so that the administration of cefotaxime intramuscularly or 
intravenously need to be repeated every 4–6 hours [2]. 
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ABSTRACT
This study aims to obtain a validated method for simultaneously determining cefotaxime and ciprofloxacin levels 
in spiked human plasma. The chromatographic system used a Luna Phenomenex® C18 column (250 × 4 mm i.d; 
5 µm), and a mobile phase consisting of an isocratic mixture of 0.02 M phosphate buffer (pH 3.0), acetonitrile 
(ACN), and methanol (80:12:8 v/v), flow rate 1.0 ml/minute, 280 nm. Extraction of human plasma was carried 
out using 100 µl of acetic acid 10% and ACN, and extraction was repeated twice, the supernatant obtained was 
collected and then evaporated to dryness. The dried sample was dissolved with 500 µl of mobile phase before 
being injected into the system. The method was validated by evaluating the selectivity, linearity, accuracy, precision, 
and stability parameters. This method was declared valid for the simultaneous determination of cefotaxime and 
ciprofloxacin levels in human plasma and it is stated to be linear with the value of the correlation coefficient of 0.9986 
for cefotaxime and 0.9981 for ciprofloxacin. The average percent recovery of cefotaxime was in the range of 89.13 
and 112.81. Meanwhile, ciprofloxacin was in the range of 94.33 and 107.98. The developed analytical method is 
stated to fulfill the validity requirements.
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biological samples where drug concentrations are known to be 
measured in small quantities. 

The bioanalytical method for determining cefotaxime 
and ciprofloxacin levels simultaneously with HPLC-UV that has 
been developed is expected to be able to assist TDM of the use 
of these two antibiotics in patients either on single antibiotics 
therapy or a combination of both in certain cases of infection. 

MATERIALS AND METHODS

Chemicals and reagents
The materials used were cefotaxime sodium 

(Sigma-Aldrich, Singapore), ciprofloxacin (Abcam, UK), 
levofloxacin (Sigma-Aldrich, Singapore), methanol (MeOH) 
and acetonitrile (ACN) HPLC grade (Tedia, USA), potassium 
dihydrogen phosphate (E-Merck, Germany), distilled water 
(PT. Jayamas Medica Industri, Indonesia), orthophosphate acid 
85% (E-Merck, Germany), phosphate-buffered saline (PBS) 
(Vivantis Technologies Sdn Bhd, Malaysia), and blank human 
plasma that was obtained from the Indonesian Red Cross in 
Yogyakarta-Indonesia.

Chromatographic conditions
The system used is high-performance liquid 

chromatography using L-2000 Hitachi with an L-2130 pump 
and equipped with a Hitachi L-2420 UV-Vis detector. The LC 
system used chromatographic column Luna Phenomenex® 
C18 (250 × 4.6 mm i.d; 5µm). The mobile phase consists of an 
isocratic mixture of phosphate buffer 0.02 M (pH 3.0), ACN, 
and MeOH (80:12:8, v/v). The mobile phase was filtered 
through with a 0.45 μm nylon membrane filter (Micro-Lab 
Scientific, Hongkong) and degassed ultrasonically before 
use. In total, 20 μl of samples were injected into the systems 
with a flow rate maintained at 1.0 ml/minute, with UV 
detection at 280 nm. 

Preparation of standard solutions
The stock solution of 1,000 μg/ml of cefotaxime 

sodium was prepared in PBS. The stock solution of levofloxacin 
(as an internal standard) and ciprofloxacin was prepared 
by dissolving separately using distilled water until a final 
concentration of 1,000 µg/ml was reached. Furthermore, the 
stock solutions of cefotaxime were dissolved using PBS to 
obtain various concentration in the range of 2–100 µg/ml (as 

Ciprofloxacin (Fig. 1b) is a fluoroquinolone class of 
antibiotics that has been known to have activity for the treatment 
of bacterial infections of Staphylococcus aureus, Streptococcus 
pneumonia, Escherichia coli, and Haemophilus influenza dan 
Klebsiella pneumonia. Pharmacokinetic data of ciprofloxacin 
include binding to plasma proteins ranging from 20% to 40%, 
oral bioavailability of 75%, elimination half-life of 4 hours, and 
renal clearance of 300 ml/minute [3]. 

Various methods for determining cefotaxime 
concentration have been developed as a single analyte or 
simultaneously with other cephalosporin antibiotics. The 
instruments used also vary, namely spectrophotometry UV [4], 
HPTLC [5], HPLC-UV [6–12], UHPLC-MS/MS [13,14], LC-
MS [15], and UPLC-MS/MS [16].

Several studies have successfully validated the 
analytical methods for determining ciprofloxacin levels in 
various matrices where the equipment used includes HPLC-UV 
[17–24] and HPTLC [25,26]. 

Based on several previous studies, it is known 
that simultaneous assay of several antibiotics is only for 
antibiotics from the same group as the cephalosporin group, 
either generation 1, 2, or 3, or for the fluoroquinolones group. 
However, until now, the development of analytical methods 
that determine different antibiotic classes simultaneously 
has never been carried out where it is known that the 
administration of combinations of different antibiotic classes 
for certain diseases can occur. The availability of a validated 
method for determining the levels of cefotaxime, which are 
third-generation cephalosporins and ciprofloxacin, which are 
fluoroquinolone antibiotics simultaneously, has never been 
developed.  

The equipment available in various hospitals and 
clinical laboratories that can be used to help determine 
cefotaxime and ciprofloxacin drug levels to support TDM 
certainly requires a validated analytical method that is in 
accordance with the available equipment. 

Developing an analytical method that can 
simultaneously determine the levels of cefotaxime and 
ciprofloxacin in human plasma requires special attention 
considering the presence of the two analytes to be measured in 
small quantities. The HPLC–UV method is one of the analytical 
methods for determining cefotaxime and ciprofloxacin levels 
in human plasma, considering that UV HPLC detectors can 
provide good selectivity and sensitivity for assaying levels in 

 Chemical structure of cefotaxime (a) and ciprofloxacin (b).Figure 1.
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working solutions) and ciprofloxacin working solutions (1–15 
µg/ml) was prepared by diluting ciprofloxacin stock solutions 
with distilled water. The concentration of levofloxacin working 
solutions was prepared at 50 µg/ml. 

Sample preparation
An aliquot of 500 μl of blank plasma was spiked with 

an appropriate concentration of cefotaxime and ciprofloxacin 
working solutions to obtain calibration standard concentrations 
at range 0.2–10 µg/ml and 0.2–5 µg/ml respectively, then 50 
µl of levofloxacin working solution (50 µg/ml) to the sample 
was pipetted. Homogenize the plasma sample for 30 seconds, 
followed by deproteinization using 100 µl of 10% acetic 
acid solution and 500 µl of ACN, vortex for 2 minutes, and 
centrifuge at 10,000 rpm for 10 minutes. The supernatant was 
taken and put into separate vials; the deproteinization procedure 
was repeated two times; all supernatants separated at each stage 
were then combined in one vial. Evaporate the supernatant with 
heat airflow until dry. The residue was added with 500 µl of 
mobile phase and filtered using a 0.22 µm membrane syringe 
filter before being injected into the HPLC systems. 

Wavelength determination
In this study, the determination of the appropriate 

wavelengths for simultaneously determining cefotaxime and 
ciprofloxacin levels was carried out with HPLC-UV, which 
was initiated by scanning the wavelengths of cefotaxime, 
ciprofloxacin, and internal standard levofloxacin using a 
spectrophotometer-UV in the range of 200–400 nm. 

System suitability test
System suitability tests were carried out to determine 

the best chromatographic systems for analysis. A total of six 
replicate samples containing cefotaxime and ciprofloxacin 
analytes were analyzed using the method developed. The 
chromatographic parameters observed were % relative standard 
deviation (%) of retention time, asymmetry factor, and the 
number of theoretical plates and resolution. 

Validation parameters 
Method validation refers to standard guidelines set, 

including selectivity, linearity, accuracy, precision, lower limit 
quantification (LLOQ), stability, and dilution integrity.

Selectivity 
The selectivity test was carried out by comparing blank 

sample chromatograms with the spiked samples. Selectivity is 
proven by using six different blank samples to be analyzed and 
evaluated for the presence of interfering compounds. Observe 
the presence of chromatogram interference around the retention 
time of cefotaxime, ciprofloxacin, and levofloxacin. Evaluate 
the separation of the peaks for the three compounds studied 
against plasma blanks. 

Calibration curve and linearity
A calibration curve is needed to find the relationship 

between the nominal analyte concentration to the response of 
the instrument. The calibration curve in this study uses the 

same biological matrix as the study sample, namely human 
plasma. The calibration curve range is made using a minimum 
of six concentration levels, including LLOQ, which is the 
lowest concentration of the analyte that is still quantified, and 
upper limit of quantification (ULOQ), which is the highest 
concentration of the calibration curve. 

A calibration curve should be prepared by preparing 
blank plasma, zero samples (blank plasma added to an 
internal standard without analyte), and at least six different 
concentration levels to find linearity values (including ULOQ 
and LLOQ). The concentration series used to evaluate linearity 
in determining cefotaxime levels ranged from 0.2 to 10 µg/
ml, while the concentration of ciprofloxacin calibration curve 
levels from 0.2 to 5.0 µg/ml. An aliquot of 50 µl of levofloxacin 
solutions (50 µg/ml) was added to each sample concentration on 
the calibration curve. The ratio of the peak area of the analyte to 
the internal standard was plotted against the correlated measured 
concentration. Linearity is determined based on the calculation 
of the correlation coefficient. The percentage of error recovery 
at each concentration must be ± 20% (LLOQ) and ±15% at the 
other concentration on the calibration curve [27].

Accuracy and precision 
Accuracy and precision are determined at four 

different concentration levels: LLOQ, low QC, medium QC, 
and high QC by five replicates at each concentration level. 
LLOQ is the lowest concentration of analyte that can still be 
measured and meets the criteria for accuracy and precision 
with an acceptable %CV ≤ 20%. The concentration for low 
QC is 3 × LLOQ, medium QC (concentration levels are in the 
range of 30%–50% of the calibration curve), and high QC is 
the concentration set at 75% of the highest concentration on 
the calibration curve [27].

The concentration of cefotaxime for determining 
accuracy and precision in a row LLOQ, low QC, medium 
QC, and high QC is 0.2, 0.6, 5.0, and 7.5 µg/ml, whereas, for 
ciprofloxacin, it was respectively 0.2; 0.6; 2.5 and 3.75 µg/ml. 
Replicate five times at each concentration level. Accuracy is 
determined by comparing the measured concentration to the 
actual concentration of the analyte and is expressed in percent 
deviation or percent error. 

The acceptable criteria for accuracy, expressed as 
a percent error from the average measured concentration to 
the actual concentration, is in the range of ±15%, except for 
the LLOQ, which is ≤20%. The precision of the method is 
evaluated under terms of repeatability where the acceptable % 
CV does not exceed 15% at each concentration level, except at 
LLOQ, which does not exceed 20%. 

Stability 

Short term stability 
A stability test should be carried out to ensure that 

each step in sample preparation and sample analysis, including 
subsequent storage conditions, does not affect the concentration 
of the analyte. Stability testing was carried out using low and 
high QC samples, where each concentration level was replicated 
three times. 
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Freeze and thaw stability
Low and high QC samples were stored in the freezer, 

then allowed to thaw at room temperature. After complete 
thawing, store the sample back in the freezer. The number of 
repetitions of the freezing and thawing process is adjusted to the 
sample analysis procedure. 

The mean concentration at each level should be within 
±15% of the nominal concentration.

Stability testing was carried out on human plasma 
samples after they were stored for 24 hours in the freezer. 

Carryover 
Carryover is carried out by injecting a blank plasma 

sample after injection on the highest concentration sample on 
the calibration curve. The peak area of the analyte after injection 
of the highest concentration of sample does not exceed 20% of 
the peak area of the LLOQ and 15% of the peak area of the 
internal standard.

Dilution integrity 
Dilution integrity is a procedure to ensure that the 

procedure does not affect the measured concentration of the 
analyte and still meets the parameters of accuracy and precision. 
This procedure is carried out by preparing a concentration 
analyte in plasma that is higher than the highest concentration 
on the calibration curve, then adding a plasma blank until the 
measured concentration is within the range of the calibration 
curve. The mean accuracy of the dilution sample QC must be 
within ±15% of the nominal concentration and the precision 
(%CV) <15%. 

RESULT AND DISCUSSION 
Determination of drug concentration in a biological 

matrix that is present in small quantities requires a series of 
steps to separate the analyte from the other component, which in 
this case is the plasma protein. For this reason, optimization has 
been carried out regarding the deproteinization method, which 
is able to separate analytes from the interfering components. 
Some solvents that can help the deproteinization process include 
acids or bases and organics solvents such as ACN and MeOH. 

In this study the optimization of the deproteinization 
procedure was carried out by varying the amount of solvent 
used, the composition of the solvent for extraction, and the 
number of repetitions of extraction which was able to provide 
the best measurement results. 

The extraction method that has been successfully 
developed related to the deproteinization technique uses 10% 
acetic acid solution and ACN which is relatively easily available 
and proven to be able to separate cefotaxime and ciprofloxacin 
from the other components in plasma. Samples that have been 
dried can be stored in the refrigerator until it is time to measure 
levels of HPLC–UV. 

Wavelength determination 
Based on the overlay of UV spectrum patterns obtained 

for three compounds, it appears that at a wavelength of 280 nm, 
the UV spectral of cefotaxime and levofloxacin overlap at the same 
point (280 nm), and at that wavelength, ciprofloxacin gives an 

absorption around the maximum (Fig. 2). Therefore, a wavelength 
of 280 nm was chosen to simultaneously determine cefotaxime 
and ciprofloxacin levels with internal standard levofloxacin.

System suitability 
The appropriate mobile phase is selected by 

optimizing a series of solvent compositions, pH of the mobile 
phase, and flow rate, which can provide good separation in a 
short time. The chromatographic system parameters evaluated 
were retention time, asymmetric factor, number of theoretical 
plates (N), and resolutions. 

When optimizing the composition of the mobile 
phase, it was found that the use of a mixture of two solvents 
as the mobile phase, namely, phosphate buffer (0.02 M) pH 3.0 
and ACN, was not able to separate ciprofloxacin analyte and 
levofloxacin internal standard. Unlike the case when using three 
solvents with the composition of phosphate buffer pH 3.0 (0.02 
M), ACN and MeOH can give a good result. 

The selected chromatographic system used a mixture 
of mobile phases with successive composition, namely, buffer 
phosphate pH 3.0 (0.02 M), ACN dan MeOH (80:12:8 v/v), flow 
rate 1.0 ml/minute at a wavelength of 280 nm. The separation 
of cefotaxime and ciprofloxacin in human plasma has been 
successfully carried out with the result that meets the standards 
required for the bioanalytical method, namely % CV retention 
time and peak area ≤ 2%, asymmetry factor ≤2, resolution >2.00 
and the number of theoretical plates (N) > 2,000. The result of 
the system suitability test is shown in Table 1. 

Selectivity 
The selectivity test was carried out to determine 

whether the method development was selective for separating 
cefotaxime and ciprofloxacin analytes as well as levofloxacin 
internal standard from other components in human plasma. 
The method developed in the study succeeded in separating 
endogenous compounds present in plasma with cefotaxime, 
ciprofloxacin, and internal standard levofloxacin properly. The 

Figure 2. UV Spectrum of cefotaxime (Cefo), ciprofloxacin (Cipro) and 
levofloxacin (Levo).
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0.9981 (0.2–5.0 µg/ml). LLOQ is the lowest concentration of 
analyte that can be measured reliably and the result meets the 
accuracy and precision requirements. The graph of the linear 
regression equation of cefotaxime and ciprofloxacin is shown 
in Figure 4.

Accuracy and precision 
Assessment of the accuracy of the developed analytical 

method is based on the average percent error of the measured 
concentrations to the nominal concentrations of the analyte. 
The within-run accuracy of the cefotaxime and ciprofloxacin 
for QC samples, as expressed in percent error, were in the range 
8.3–12.05 and 1.96–5.27, while the percent error for LLOQ was 
2.04 and 17.93. The between-run accuracy for the cefotaxime 
samples was in the range of 0.76–8.26, while for ciprofloxacin, 
it was 0.66–12.96. 

The range of the coefficient of variation (%) for assessing 
precision within-run and between-run cefotaxime was 0.87–5.09 
and 1.16–9.42, respectively. Meanwhile, within-run and between-

other plasma components eluted in less than 6 minutes, while 
the peak chromatograms of the analyte were separated with 
excellent resolution within 8 to 13 minutes, as evidenced by 
the resolution values of 6.23, and 3.55 for each analyte. The 
difference between the plasma blank chromatogram and the 
plasma that has been spiked with cefotaxime, ciprofloxacin, and 
levofloxacin is shown in Figure 3. 

Linearity 
Linearity is determined by performing a linear 

regression analysis of the calibration curve to obtain the intercept, 
slope, and correlation coefficient. The linear regression equation 
and the calculated parameters are shown in Table 2, with the 
recovery values for each concentration within the range of the 
calibration curve according to the requirements, namely ≤ 20% 
at LLOQ and ≤15% at other concentrations on the calibration 
curve. The linearity of the method, which is expressed as the 
coefficient of correlation (r) value for cefotaxime, is 0.9986 in 
the concentration range 0.2–10 µg/ml, while ciprofloxacin is 

Figure 3. Chromatogram of blank plasma (a), Blank plasma spiked with cefotaxime, ciprofloxacin, and internal standard levofloxacin (b), Blank plasma spiked with 
internal standard levofloxacin (c) in mobile phase phosphate buffer pH 3.0 (0.02 M):ACN:MeOH (80:12:8 v/v).

Table 1. System suitability test.

Parameters
Cefotaxime Levofloxacin Ciprofloxacin Requirement

Mean (n = 6) CV (%) Mean (n = 6) CV (%) Mean (n = 6) CV (%)

Retention time 8.26 0.23 10.85 0.51 12.61 0.59 CV ≤ 2%

Peak area (AU) 172,206 1.22 219,300 1.73 337,683 0.99 CV ≤ 2%

Asymmetry factor 1.39 1.54 1.32 1.25 1.51 1.43 ≤2.00

Resolution - - 6.23 1.45 3.55 0.47 >2.00

Theoretical plate (N) 8,103.17 0.91 8,750.5 0.69 9,141.67 1.66 >2,000
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run precision of ciprofloxacin was obtained in the range of 0.01–
2.3 and 0.02–2.55. Figure 5 shows the chromatograms of LLOQ 
(a), low QC (b), medium QC (c), and high QC (d). 

After a series of optimizing the development of analytical 
methods to simultaneously determine cefotaxime and ciprofloxacin 
with HPLC-UV in human plasma, the method can be declared valid 
with within-run and between-run accuracy and precision values 
shown in Table 3. This result meets the requirements in accordance 
with the guidelines for the validation of the bioanalytical method 
issued by the European Medicines Agency. 

Stability
Short-term stability testing was carried out to assure 

that the method developed relating to sample storage during 
preparation and storage before measurement still meets the 
requirements, considering that the determination of drug 
levels in patient blood samples is not carried out directly 
but through the storage stage prior to measurement. In this 
study, short-term stability was tested at two different storage 
conditions, namely after the sample was stored at temperature 

Figure 4. Calibration curve of cefotaxime and ciprofloxacin.

Figure 5. Accuracy test chromatogram using LLOQ (a), Low QC (b), Medium QC (c), and High QC (d) Samples.

Table 2. Linear regression parameters of the calibration curve.

Parameters
Values

Cefotaxime Ciprofloxacin

Linear regression 
equation y = 0.0687x + 0.0674 y = 0.3641x + 0.0264

Range concentration 0.2–10 µg/ml 0.2–5.0 µg/ml

Correlation coefficient (r) 0.9986 0.9981

Coefficient of 
determination (R2) 0.9973 0.9962

Lower limit of 
quantification (LLOQ) 0.2 µg/ml 0.2 µg/ml
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Carryover 
In the validation of the analytical method, the 

carryover of blank plasma was determined by injection of the 
blank plasma after injection of the highest concentration sample 
on the calibration curve. This aims to ensure that the results of 
subsequent measurements do not affect accuracy and precision. 
Figure 6 shows the blank plasma chromatogram after measuring 
the highest sample concentration of the calibration curve. 

Dilution integrity 
In the dilution integrity test, plasma samples were 

prepared with cefotaxime and ciprofloxacin concentrations 
above the highest concentrations on the calibration curve, then 
diluted 10 and 20 times using a plasma blank. The addition of 
levofloxacin as an internal standard was carried out on a diluted 
sample, then the measurable drug level was determined based 
on the analytical method developed. The results of the dilution 
integrity test are shown in Table 5. 

CONCLUSION 
This research has succeeded in developing a 

validation analytical method for simultaneous determination of 
cefotaxime and ciprofloxacin in human plasma by HPLC-UV in 
a short time, simple and accurate, which is supported by good 
results, namely linearity, selectivity, accuracy, precision, and 
stability. The method was declared valid for the simultaneous 
determination of cefotaxime and ciprofloxacin concentrations 
in the range of cefotaxime 0.2–10 µg/ml and ciprofloxacin 0.2–

for 4 hours according to the length of sample preparation 
time and after storage at 2°C–8°C for 24 hours according to 
the storage conditions prior to sample analysis. The result of 
stability testing for both short-term stability and freeze and 
thaw stability are shown in Table 4. 

Figure 6. Chromatogram of carry-over blank plasma after injection of the 
highest concentration of standard curve.

Table 3. Accuracy and precision for determination cefotaxime and ciprofloxacin in spiked human plasma.

Analyte Nominal concentration spiked (µg/ml)
Within-run (n = 5) Between-run (n = 15)

Mean Error (%) CV (%) Mean Error (%) CV (%)

Cefotaxime

LLOQ 0.2 0.2 −2.04 5.09 0.2 −0.76 9.42

Low QC 0.6 0.55 −8.3 1.84 0.59 −1.37 4.79

Medium QC 5.0 5.61 12.05 0.87 5.41 8.18 1.16

High QC 7.5 8.2 9.17 2.35 8.13 8.26 1.68

Ciprofloxacin 

LLOQ 0.2 0.23 17.93 0.01 0.22 12.96 0.02

Low QC 0.6 0.6 1.96 0.04 0.59 −0.66 0.05

Medium QC 2.5 2.59 5.27 2.3 2.51 2.06 2.55

High QC 3.7 3.89 5.25 2.22 3.86 4.55 2.04

Table 4. Stability test results (short-term stability and freeze and thaw stability).

Analyte 
Nominal 

concentration 
spiked (µg/ml)

Initial concentration (n = 3)
Short-term stability (n = 3)

Freeze and thaw 
stability (n = 3) Room temperature  

(4 hours)  2°C–8°C (24 hours)

Mean  
(µg/ml) CV (%) Mean (µg/ml) CV (%) Mean  

(µg/ml) CV (%) Mean  
(µg/ml) CV (%)

Cefotaxime 
Low QC 0.60 0.66 2.20 0.60 12.47 0.59 10.64 0.56 7.98

High QC 7.51 6.93 1.59 7.27 2.25 7.30 3.90 7.60 4.78

Ciprofloxacin 
Low QC 0.59 0.53 6.69 0.55 5.64 0.55 4.65 0.53 1.90

High QC 3.69 3.77 2.91 3.92 3.70 3.85 1.87 4.01 5.76

Table 5. Dilution integrity results.

Analyte
Mean (%) ± RSD, n = 5 

10 times 20 times

Cefotaxime 10.37 ± 8.90 5.30 ± 4.08

Ciprofloxacin 4.75 ± 10.22 2.72 ± 2.25
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5 µg/ml. The percent error for the QC samples of cefotaxime 
ranged from 0.76 to 12.05, while for ciprofloxacin analytes, it 
was in the range of 0.66–12.96.
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