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ABSTRACT 

An ultra-sensitive LC method for the simultaneous quantitation of paracetamol, carbamazepine, losartan and ciproflox- 
acin have been developed and validated following the ICH guidelines at isobestic point and by programming the detec- 
tor at individual wavelength of each component. The components were eluted by 50:50 v/v acetonitrile-water (pH 3.0) 
using a Bondapak, C18 (10 µm, 25 × 0.46 cm) column at flow rate of 1.0 mL·min−1 with detection wavelength 240 nm at 
isobestic point and 245, 230, 206 and 272 nm for paracetamol, carbamazepine, losartan potassium and ciprofloxacin 
respectively by programming the detector. Linearity was found to be 0.5 - 24, 0.25 - 8.0, 0.4 - 12 and 0.75 - 10 µg·mL−1 
(R2 > 0.999) with detection limits 99, 20, 30 and 6.0 ng·mL−1 respectively. Comparison study with time program 
method showed more sensitivity with calibration range of 0.4 - 12, 0.2 - 6.0, 0.1 - 3.0 and 0.25 - 8.0 µg·mL−1 (R2 > 
0.999) and LOD values 29, 11, 2.0 and 5.0 ng·mL−1 respectively. Percent recoveries > 98.37% from pharmaceutical 
formulation and human serum samples and RSD < 2% for inter-day and intra-day assay were obtained. The method was 
found to be robust and can be successfully applied for the determination of studied drugs in, pharmaceutical formula- 
tions and human serum without interference of excipients or endogenous components of serum. 
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1. Introduction 

Since least decades, our research colleagues are involved 
in developing new liquid chromatographic method with 
UV detection for different classes of drugs including 
statins [1], NSAIDs [2], ACE inhibitors [3], H2-receptor 
antagonists [4], antidiabetic drugs [5], quinolones [6] and 
so on. These methods involve alone or simultaneous de- 
termination of drugs which are available in pharmacy or 
prescribed to the patients in combination with each other. 
Almost all of these methods have been developed and 
validated isocratically at isobestic point of studied drugs. 

In this paper, we aimed to report the original approach 
that allows a rapid and economical ultra-sensitive RP- 
HPLC method for the simultaneous determination of 
paracetamol (PCT), carbamazepine (CBZ), losartan po- 
tassium (LSR) and ciprofloxacin (CIP) in API, pharm- 
aceutical formulation and in human serum at isobestic 

point and also by programming the detector at individual 
wavelength of each component without any undesired 
signals of tablet fillers and excipients or endogenous se- 
rum components. 

PCT, chemically N-(4-hydroxyphenyl)ethanamide, is a 
non carcinogenic [7] commonly used analgesic and anti- 
pyretic non steroidal inflammatory drug frequently pre- 
scribed to relief the symptoms of fever, cough, cold and 
mild to moderate pain of everyday life like headache, 
backache muscular aches, joint pain and others [8,9]. 
CBZ, chemically 5 H-dibenzo[b,f]azepine-5-carbox-amide, 
is extensively used anti epileptic and mood stabilizing 
drug, also advised to treat bipolar affective disorder like 
resistant schizophrenia, ethanol withdrawal, restless leg 
syndrome, psychotic behavior associated with dementia 
and post-traumatic stress disorders [10,11]. It is usually 
taken in combination with other antiepileptic drugs such 
as phenytoin or valproic acid. LSR, the potassium salt of 
2-n-butyl-4-chloro-5-hydroxymeth-yl-1-[(2%-(1H-tetra-zol- *Corresponding author. 
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5-yl)biphenyl-4-yl)methyl]imidazole is a competitive non- 
peptide angiotensin II antagonist, first marketed in 1995. 
It is recommended for treating hypertension [12] and 
hypertensive patients with diabetic nephropathy. It is 
available alone or in combination with other low dose 
thiazide diuretic to achieve an additive antihypertensive 
effect. CIP, [1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo- 
7(piperazinyl) quinolones-3 carboxylic acid], is a syn- 
thetic derivative of fluoroquinolones [13]. Along with its 
great medical importance for human, it has been found to 
be potential veterinary antibiotic and possesses broad 
spectrum activity against many pathogenic gram negative 
and gram-positive bacteria. Figure 1 shows the chemical 
structures of all the studied drugs. 
 

 
(a) 

 
(b) 

 

(c) 

 
(d) 

Figure 1. Chemical structures of PCT (a), CMZ (b), LSR (c) 
and CIP (d). 

Literature survey revealed many of the methods with 
different analytical techniques including spectrophotome- 
try, spectrofluorimetry, high performance liquid chroma- 
tography, capillary electrophoresis, FT-IR Raman spec- 
trometry, chemiluminescene, flow injection analysis, vol- 
tametry and so on for alone or simultaneous determina- 
tion of PCT [14-18], CBZ [19-25], LSR [26-30] and CIP 
[31-36] in dosage formulation and in body fluids. 

2. Experimental 

2.1. Standards and Reagents  

50 µg·mL−1 stock solutions of PCT (AGP pharmaceu- 
ticals Pvt Ltd), CIP (AGP pharmaceuticals Pvt Ltd), LSR 
(MSD) and CBZ (Novartis Pharma Pvt Ltd) were pre- 
pared and accordingly diluted. Pharmaceutical formula- 
tions Panadol® 500 mg (GlaxoSmithKline), Tegral® 200 
mg (Novartis Pharma Pvt Ltd.), Cozaar® 25 mg (MSD) 
and Ciproxen® 250 mg (Bayer Pakistan Private Limited) 
were purchased from local pharmacy. HPLC grade me- 
thanol and 85% o-phosphoric acid were obtained from 
Merck Darmstadt, Germany. Double distilled de-ionized 
water was used throughout the analysis. Drug free human 
serum was obtained from blood sample collected from 
healthy donor at Fatmid Foundation Karachi. 

2.2. Instrumentation 

High performance liquid chromatographic system was 
equipped with Shimadzu model LC-20 AT VP solvent 
delivery pump, rheodyne manual injector fitted with a 20 
µL loop and a SPD-20A Shimadzu UV visible detector. 
Data integration was performed by using Shimadzu 
CBM-102 communication Bus Module. The system was 
connected with Pentium IV installed with Shimadzu 
Class-GC 10 software (version 2) for data acquisition. 
Shimadzu 1800 UV-visible spectrophotometer was used 
for the determination of isosbestic point and individual 
λmax of analyte. 

2.3. HPLC Condition 

Chromatographic separation was carried out using a 
Bondapack, C18 (10 µm, 25 × 0.46 cm) column. The mo- 
bile phase was acetonitrile-water (50:50 v/v) whose pH 
was adjusted to 3.0 with o-phosphoric acid (85%). Prior 
to delivering in to the chromatographic system, the mo- 
bile phase was filtered with 0.45 µm pore size filter mil- 
lipore vacuum filter system and degassed with an ultra- 
sonic bath (LC 30 H). The flow rate was adjusted at 1.0 
mL·min−1 at room temperature for elution of all the ana- 
lyte. Initially, the peak response was monitored at isobes- 
tic point of 240 nm and then the spectrophotometric de- 
tector was operated by programming it at 245, 230, 206 
and 272 nm for PCT, CBZ, LSR and CIP respectively. 
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2.4. Preparation of Calibration Curves 

Calibration standards were prepared by diluting 50 
µg·mL−1 stock solution of each drug in to 0.5 - 24, 0.25 - 
8.0, 0.4 - 12.0 and 0.75 - 20 µg·mL−1 for isobestic point 
and 0.4 - 12, 0.2 - 6.0, 0.1 - 3.0 and 0.25 - 8.0 for time 
program method for PCT, CMZ, LSR and CIP. These 
working standard solutions were prepared once and ana- 
lyzed daily for interday and intraday precision of the 
method. 20 µL of degassed and filtered (0.45 µm pore 
size) sample was injected into the system. 

2.5. Sample Preparation 

2.5.1. Pharmaceutical Preparations 
The method was successfully applied for the dosage form. 
For this purpose, ten tablets of each sample were pow- 
dered to obtain homogenous mixture. The amount equi- 
valent to 10 mg of drug was stirred well in diluent and 
then sonicated for complete solubilization. The resulting 
solutions were then filtered and the volume of each flask 
was completed. The sample flasks were prepared and 
analyzed following the procedure given for calibration 
standards. 

2.5.2. Drug Serum Solution 
Blood sample was collected from a human donor at Fat- 
mid Foundation Karachi in an Ethylene Diamine Tetra 
Acetic Acid (EDTA) glass tube and centrifuged at 1600 
× g for 10 min at 4˚C. The plasma collected was treated 
with 9.0 mL acetonitrile (per mL plasma) and vortexed 
for one minute followed by centrifugation for 10 minutes 
at 10,000 rpm. The clear serum solution thus obtained in 
supernatant was spiked with drug solutions to produce 
desired concentrations of PCT, CMZ, LSR and CIP in 
human serum for analysis at isobestic point and at indi- 
vidual λmax. 

2.6. Method Development and Optimization 

To optimize the operating conditions for isocratic liquid 
chromatographic detection of PCT, CMZ, LSR and CIP 
at isobestic point and at individual λmax, a number of 
chromatographic parameters such as the mobile phase 
composition, pH, flow rate and wavelength were varied 
and the best conditions for better separation were selected. 

Reversed phase chromatographic column of two dif- 
ferent particulate like Bondapak and Discovery were 
tried with different mobile phase compositions. The mo- 
bile phase composition was optimized using different 
ratios of ACN: H2O and MeOH: H2O with variable pH. 
Flow rates ranging from 0.8 - 1.5 were applied in iso- 
cratic mode for the analysis. The suitable detector wave- 
length was chosen for the analysis at isobestic point by 
considering the UV-scan of each analyte, taken on Shi- 
madzu 1800 UV-vis spectrophotometer. For the time 

program analysis, the detector was programmed by ad- 
justing at 245, 230, 206 and 272 nm for PCT, CMZ, LSR 
and CIP respectively. 

2.7. Method Validation 

The standard ICH guidelines for validation of analytical 
methods have recommended the accomplishment of sys- 
tem suitability test, specificity, linearity, accuracy preci- 
sion, detection and quantitation limits and robustness of 
the method. 

For specificity studies, the chromatograms of blank 
serum, excipients and filler of each tablet, spiked serum 
sample and solution of pharmaceutical formulation were 
analyzed. The 10% solutions of commonly present ex- 
cipients i.e.: lactose monohydrate, magnesium stearate, 
sucrose, talc and starch were prepared in methanol and 
analyzed. 

The system suitability studies were carried out by 
equilibrating the HPLC system with initial mobile phase 
composition, followed by ten injections of same standard 
and detector response was observed. The system suitabil- 
ity was evaluated on each day of method validation and 
the parameters including capacity factors (k’), theoretical 
plates (N), tailing factor (T), resolution (Rs), and separa- 
tion factor (α) were calculated. 

For linearity, accuracy and precision, six calibration 
standards ranging from 0.5 - 24, 0.25 - 8.0, 0.4 - 12.0 and 
0.75 - 20 µg·mL−1 for isobestic point and 0.4 - 12, 0.2 - 
6.0, 0.1 - 3.0 and 0.25 - 8.0 for time program method for 
PCT, CMZ, LSR and CIP respectively for bulk drug and 
pharmaceutical formulation and three serum samples 
were analyzed in five replicates on three separate days. 
Calibration curves were constructed for all the analytes 
in mobile phase and spiked serum samples by plotting 
concentration vs. area and regression characteristics were 
calculated. 

Accuracy of the method was tested from pharmaceuti- 
cal formulations and spiked serum sample at above men- 
tioned concentration levels of each analyte by calculating 
recovery from the formulae (%Recovery = [C]/[A] × 
100), where [C] and [A] are the peak response of sample 
and reference standard at specific concentration respec- 
tively. 

The inter-day and intra-day precision of the method 
was assessed at the same concentrations for bulk drug 
and human serum for three days by calculating percent 
relative standard deviation using formulae, (% RSD = SD/ 
M × 100), where SD and M are the standard deviation 
and mean of the peak area at specific concentration. 

The detection and quantitation limits were determined 
at the concentration where signal to noise ratio was three 
times and ten times to the baseline noise respectively. 
These were calculated from the formulae; LOD = 3.3 × 
SD/α and LOQ = 10 × SD/α, where SD and α are the 
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standard deviation and slope of the calibration curve. 
Minor changes in the chromatographic parameters 

were intentionally introduced, like mobile phase compo-
sition was changed to ±2 mL, pH up to ±2 and flow rate 
was varied to 0.1 mL·min−1 and their effect was observed 
on analytical results. 

3. Results and Discussion 

Epilepsy is a chronic medical condition characterized by 
seizures [37,38], which is not cured completely but 
controlled by anticonvulsant treatment. CBZ is a drug of 
choice [39], increasingly being utilized anticonvulsant in 
modern society [40] and is completely consumed by the 
body [41]. Hypertension is a major health problem in 
which the blood pressure in the arteries is chronically 
elevated. One of its causes may be changes in autonomic 
functions which also brings about epileptic seizures [42]. 
Hypertension is usually not identified by any symptom, 
and is detected through screening when the patient visits 
to physician for an unrelated problem. LSR is an oral 
drug of class angiotensin II receptor antagonist, pres- 
cribed to the hypertensive patients who cannot put up 
with ACE inhibitors or calcium channel blockers. During 
anticonvulsant therapy, patients found to have symptoms 
of urinary tract infections, upper respiratory tract infec- 
tion, skin and soft tissue infection, are cured with 
fluoroquinolones like CIP along with CBZ [43]. Ana- 
lgesic drugs, like PCT, one of the most extensively em- 
ployed drugs in the world, may generally be taken with 
other medication to relief the pains associated with dif- 
ferent body parts. 

3.1. Method Development and Optimization 

The optimized analytical method was developed by 
evaluating initial chromatographic parameters and se- 
lecting the efficient conditions suitable for reliable LC 
method. Mobile phase methanol-water with variable ra- 
tios 80:20, 70:30, 60:40 and 50:50 showed poor separa- 
tion of components, and therefore acetonitrile-water was 
tried which exhibited good separation and high resolution 
in the ratio of 50:50 with pH 3.0. The flow rate was ad- 
justed to 1.0 mL·min−1. Separation was achieved at is- 
obestic point of 240 nm. The UV spectra showing λmax 
and chromatogram showing retention times of each 
component are given in Figures 2 and 3 respectively. 

3.2. Method Validation 

The validation parameters accomplished were system 
suitability test, robustness, ruggedness, linearity, accu- 
racy, precision, selectivity, specificity and detection and 
quantitation limits. These parameters were studied ac- 
cording to ICH guidelines. 

 

Figure 2. UV spectra of PCT (1), CMZ (2), LSR (3) and CIP 
(4). 
 

 
(a) 

 
(b) 

Figure 3. Representative chromatogram of PCT (1), CMZ 
(2), LSR (3) and CIP (4) in API (a) and serum (b). 

3.2.1. Specificity 
The mobile phase acetonitrile-water in the ratio of 50:50 
with pH adjusted to 3.0 was found to be suitable for 
separation and elution of drugs showing good peak shape 
and symmetry. The conditions were optimized with re- 
spect to specificity, resolution and time of analysis. 
Chromatogram showed no other peak besides the four 
active components with retention times 2.63, 4.49, 5.30 
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and 8.65 min for PCT, CMZ, LSR and CIP respectively. 
Figure 4 showed the good separation of components in 
presence of tablet excipients and human serum.  

3.2.2. System Suitability Test 
System suitability tests are the essential part of liquid 
chromatography and performed to endorse the resolution 
of the chromatographic system. It was observed that the 
number of theoretical plates was found to be greater than 
2000 and tailing factor was less than 2 for all the studied 
drugs. Also the resolution was less than 2 confirming the 
suitability of the method (Table 1). 

3.2.3. Linearity 
All calibration curves plotted between concentrations of 
drug against peak area for concentration range 0.5 - 24, 
0.25 - 8.0, 0.4 - 12.0 and 0.75 - 20 µg·mL−1 at isobestic 
point for PCT, CMZ, LSR and CIP respectively were 
found to be linear with R2 greater than 0.997. The regres- 
sion characteristics for drugs including linearity, slope, 
intercept, correlation coefficient, standard error and stan- 
dard error estimate are given in Table 2. 

3.2.4. Precision 
Precision was investigated by means of percent relative 
standard deviation. Six concentration level in the range 
of 0.5 - 24, 0.25 - 8.0, 0.4 - 12.0 and 0.75 - 20 µg·mL−1 at 
isobestic point for PCT, CMZ, LSR and CIP respectively 
and three concentration levels 3.0, 6.0 and 12 µg·mL−1 
for PCT, 1.0, 2.0 and 4.0 µg·mL−1 for CMZ, 1.5, 3.0 and 

6.0 µg·mL−1 for LSR and 2.5, 5.0 and 10.0 µg·mL−1 for 
CIP for human serum were analyzed within the same day 
(intra-day) for repeatability and for two consecutive days 
(inter-day) for intermediate precision. %RSD for both 
inter-day and intra-day precision was found to be in the 
range of 0.11 - 2.01 ascertaining the good precision of 
the method (Table 3). 

3.2.5. Accuracy 
Accuracy of the proposed method was assessed at isobestic 

 

Table 1. System suitability parameters. 

Drug tR k’ N T Res 

Isobestic point 

PCT 2.65 2.34 2438 1.30 1.83 

CMZ 4.53 2.29 3137 1.15 2.00 

LSR 5.30 2.67 3090 1.14 1.17 

CIP 8.75 3.41 3092 1.12 1.83 

Time program 

PCT 2.65 2.37 2666 1.51 1.94 

CMZ 4.57 2.37 2988 1.34 2.04 

LSR 5.36 2.76 2685 1.34 0.75 

CIP 8.78 3.70 2486 1.24 1.13 

tR = retention times; k’ = capacity factor; N = theoretical plates; T = tailing 
factor; Res = resolution; α = separation factor. 

 

Table 2. Regression characteristics and sensitivity of the method. 

Drug Linearity µg·mL–1 Intercept Slope R2 SEa SEEb LOD ng·mL–1 LOQ ng·mL–1

Isobestic point 

PCT 0.5 - 24 21,720 15,425 0.9998 2.1221 2.8109 99 299 

CMZ 0.25 - 8 3434 59,562 0.9998 0.1097 0.1885 20 62 

LSR 0.4 - 12 5298 41,054 0.9999 0.2299 0.3323 30 92 

CIP 0.75 - 10 17,984 34,569 0.9999 0.3530 0.4992 6 17 

Time program 

PCT 0.4 - 12 13,451 27,265 1.0000 0.6943 0.9444 29 88 

CMZ 0.2 - 6 16,689 72,246 0.9996 0.1356 0.2216 11 32 

LSR 0.1 - 3 11,494 176,508 0.9999 0.1244 0.1737 2 6 

CIP 0.25 - 8 18,377 91,275 0.9998 0.2408 0.3440 5 15 

Serum 

PCT - 11,692 23,980 0.9989 1.1369 1.0374 13 39 

CMZ - 10,902 59,645 0.999 0.3585 0.2819 21 63 

LSR - 24,356 36,444 0.9998 0.7109 0.5129 25 75 

CIP - 6906 38,894 1.0000 0.6664 0.5284 26 79 

aStandard error; bStandard error estimate. 
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Table 3. Precision of the proposed method. 

Conc %RSDa %RSDb Conc %RSDa %RSDb Conc %RSDa %RSDb Conc %RSDa %RSDb 

PCT CMZ LSR CIP 

Isobestic point 

0.5 0.28 0.97 0.25 0.74 0.63 0.4 1,26 0.57 0.75 0.51 0.74 

1 1.67 0.40 0.5 0.15 1.33 0.8 1.22 0.27 1.25 0.11 0.50 

3 0.47 0.83 1 0.54 0.58 1.6 0.69 0.39 2.5 0.27 0.96 

6 0.59 1.05 2 0.60 0.39 3 2.58 0.14 5 0.94 0.21 

12 0.97 1.51 4 0.38 1.20 6 1.96 0.10 10 0.41 0.44 

24 0.60 0.57 8 0.59 0.77 12 0.85 0.61 20 0.24 1.65 

Time program 

0.4 0.73 0.67 0.2 0.60 0.72 0.1 0.91 0.84 0.25 0.59 0.62 

0.8 0.69 0.95 0.4 0.07 0.32 0.2 0.23 1.76 0.5 0.42 0.39 

1.6 0.14 0.57 0.8 0.77 0.59 0.4 0.54 1.57 1.0 1.23 0.11 

3.0 0.86 0.17 1.6 0.17 1.40 0.8 0.23 1.57 2.0 4.86 1.92 

6.0 0.18 1.55 3.0 1.99 1.17 1.6 0.69 0.99 4.0 1.34 0.74 

12 0.28 0.78 6.0 1.70 1.77 3.0 0.33 0.65 8.0 0.44 0.17 

Serum 

3 0.13 1.19 1 0.63 0.31 1.5 0.09 0.32 2.5 0.29 0.84 

6 2.00 0.26 2 1.21 1.20 3 0.93 2.57 5 1.50 1.09 

12 1.20 0.51 4 0.35 0.42 6 0.66 0.53 10 0.40 1.13 

aIntra-day %RSD; bInter-day %RSD. 

 
point by five times analysis at six calibration standards 
ranging from 0.5 - 24, 0.25 - 8.0, 0.4 - 12.0 and 0.75 - 20 
µg·mL−1 for PCT, CMZ, LSR and CIP respectively for 
the pharmaceutical formulation and three concentration 
levels 3.0, 6.0 and 12 µg·mL−1 for PCT, 1.0, 2.0 and 4.0 
µg·mL−1 for CMZ, 1.5, 3.0 and 6.0 µg·mL−1 for LSR and 
2.5, 5.0 and 10.0 µg·mL−1 for CIP for samples of human 
serum. It was presented in terms of percent recovery and 
was found to be 99.44% - 102.27%, 98.37% - 100.14%, 
98.19% - 101.76% and 99.41% - 100.68% for PCT, 
CMZ, LSR and CIP respectively. The accuracy data is 
mentioned in Table 4. 

3.2.6. Detection and Quantitation Limits 
Detection and quantitation limits are the signal to noise 
ration three times or ten times to the baseline noise and 
were determined to be 99, 20, 30, 6 ng·mL−1and 299, 62, 
92, 17 ng·mL−1 for bulk drug and 13, 21, 25, 26 ng·mL−1 
and 39, 63, 75, 79 ng·mL−1 for human serum for PCT, 
CMZ, LSR and CIP respectively. Table 2 represents the 
data. 

3.2.7. Robustness 
To ensure the consistency and reliability of developed 
analytical method, small deliberate changes in the chro- 

matographic parameters were made and their subsequent 
effect was observed. It was observed that the change in 
mobile phase composition and flow rate show shifting of 
retention time up to 0.1% which is negligible, where as 
change in pH did not affect the results. However, varia- 
tion in wavelength influenced the area under curve of 
peak. Overall, the method was found to be robust. Data is 
tabulated in Table 5. 

3.3. Programming the Detector 

The individual λmax of each drug was taken on Shimadzu 
1800 UV-visible spectrophotometer which was found to 
be 245, 230, 206 and 272 nm. The detector was pro- 
grammed at 245 nm for 0 - 3.5 min, 230 nm for 3.6 - 4.9 
min, 206 nm for 5.0 - 6.5 min and 272 nm for 6.6 - 9.0 
min for complete elution of PCT, CMZ, LSR and CIP 
respectively. The analytical method was found to be 
more sensitive showing good separation and high resolu- 
tion of each component. The technique was applied for 
the simultaneous determination of all the studied analytes 
in bulk drug, human serum and pharmaceutical formula- 
tion by programming the detector (Figure 5). 

The linearity of the proposed method was found to be 
0.4 - 12, 0.2 - 6.0, 0.1 - 3.0 and 0.25 - 8.0 µg·mL−1 for 
PCT, CMZ, LSR and CIP respectively with correlation 
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Figure 4. Chromatograms of (a) solvent, (b) blank serum, (c) 
PCT, CMZ, LSR and CIP in reference standard, (d) in 
pharmaceutical formulations and (e) serum sample spiked 
with standards for PCT (1), CMZ (2), LSR (3) and CIP (4). 
 

 

Figure 5. Representative chromatogram of PCT (1), CMZ 
(2), LSR (3) and CIP (4) at isobestic point and at individual 
λmax. 

coefficient greater than 0.998. The regression data calcu- 
lated from calibration curve constructed between peak 
area and concentration of each analyte including slope, 
intercept, correlation coefficient, standard error and 
standard error estimate are given in (Table 2). 

The % recovery of all the analytes were in the range of 
99.77 - 100.18 and 98.51 - 100.42 for human serum and 
pharmaceutical formulation and inter-day and intra-day 
precision was in the range of 0.14 - 1.99 assuring the 
accuracy and precision of method. The sensitivity of the 
method was enhanced by programming the detector at 
individual wavelength and it showed LOD values 29, 11, 
2.0 and 5.0 ng·mL−1 for PCT, CMZ, LSR and CIP re- 
spectively. 

3.4. Application of Proposed Method 

The developed and validated LC method enables the si- 
multaneous determination and quantification of PCT, 
CMZ, LSR and CIP in reference standard, pharmaceuti- 
cal formulation and in human serum because of good 
separation and resolution of chromatographic peaks. Sep- 
aration was accomplished without interference of unde- 
sired excipients of tablet or serum substances. The results 
obtained showed good percent recovery within the ac- 
ceptable limits indicating the accuracy and precision of 
the method. The correlation coefficient, detection limit 
and variance speak of good sensitivity of the proposed 
method. Therefore, it is concluded that the proposed 
method is free from constant error and is suitable for the 
simultaneous determination of studied drugs in pharma- 
ceutical formulation and in human serum. 

 
Table 4. Recovery of PCT, CMZ, LSR and CIP 

Conc %Rec Conc %Rec Conc %Rec Conc %Rec Conc %Rec Conc %Rec Conc %Rec Conc %Rec

PCT CMZ LSR CIP PCT CMZ LSR CIP 

Isobestic point Individual λmax 

Pharmaceutical formulation 

0.5 99.91 0.25 99.12 0.4 101.21 0.75 100.05 0.4 99.74 0.2 100.18 0.1 99.65 0.25 100.42

1 99.74 0.5 99.73 0.8 99.90 1.25 100.32 0.8 98.86 0.4 99.44 0.2 99.55 0.5 99.46

3 102.27 1 99.71 1.6 97.19 2.5 100.68 1.6 99.69 0.8 98.80 0.4 99.89 1 99.49

6 100.14 2 100.80 3 98.27 5 100.61 3 100.16 1.6 99.29 0.8 100.23 2 100.10

12 99.94 4 100.14 6 101.34 10 100.48 6 99.21 3 99.80 1.6 99.67 4 98.51

24 99.91 8 100.47 12 101.21 20 100.05 12 99.74 6 99.85 3 99.69 8 99.96

Serum 

3 99.44 1 100.43 1.5 99.69 2.5 99.41 1.60 99.88 0.80 99.88 0.40 99.89 1.00 100.18

6 101.65 2 100.44 3 101.76 5 100.25 3.00 99.93 1.60 99.88 0.80 99.83 2.00 99.77

12 99.63 4 98.37 6 99.73 10 100.63 6.00 99.94 3.00 100.03 1.60 99.88 4.00 99.88

Copyright © 2013 SciRes.                                                                                AJAC 



N. SULTANA  ET  AL. 31

Table 5. Robustness. 

N T N T N T N T 
Parameters 

PCT CMZ LSR CIP 

2.9 2666 1.51 2988 1.34 2685 1.34 2486 1.24 

3.0 2673 1.46 3036 1.31 2644 1.31 2552 1.18 pH 

3.1 2217 1.47 2806 1.45 2640 1.34 2356 1.27 

48:52 2672 1.51 2953 1.33 2814 1.21 2665 1.14 

50:50 2521 1.51 2717 1.28 2567 1.17 2438 1.07 
Mob. Phase 
(CAN:H2O) 

52:48 2180 1.57 2866 1.54 2529 1.32 2324 1.19 

0.9 2041 1.53 2390 1.43 2232 - 2069 1.07 

1.0 2852 1.36 3291 - 3172 - 3353 1.50 
Flow rate 

(mL·min−·1) 

1.1 3212 1.52 3968 - 3729 - 4035 - 

N = Theoretical plates; T = Tailing factor. 

 

4. Conclusion 

This paper reports quick, precise and simple isocratic 
HPLC method for the determination of PCT, CMZ, LSR 
and CIP in pharmaceutical formulation and human serum 
as well. All the necessities like accuracy, linearity, re 
covery and precision are accomplished for the reliability 
of developed method. The chromatographic run time of 
10 min allows the analysis of all four analytes with ac- 
ceptable chromatographic resolution in a short period of 
time. All calibration curves were found to be linear with 
correlation coefficient greater than 0.998. The RSD val- 
ues were less than 3%. The analytical results of samples 
were in accordance with those of standards in the same 
concentration. Chromatograms were free from excipients 
or serum interferences. The proposed analytical method 
is suitable for routine analysis in quality control labora- 
tories. 
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