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ABSTRACT

A rapid and sensitive reverse phase high performance liquid chromatographic (RP-HPLC) method for the
analysis of levofloxacin from bulk materials, dosage formulations and human serum is described. This isocratic
method employs, a Nucleosil, Cig (10um, 25 cm x 0.46 cm) column with a mobile phase of water and
acetonitrile (6:5), where in phosphoric acid was used to adjust the pH to 2.9 and propylparaben as an internal
standard. Optimization of levofloxacin analysis was carried out using multivariate calibration technique and
detector response was recorded at five different wave lengths. A linear response (r > 0.9999) was observed in
the range of 40 to 10000 ng ml~!. The method shows good recoveries, intra and inter-day relative standard
deviations were less than 1.2 %. Validation parameters as specificity, accuracy and robustness were also
determined. The method can conveniently be used for analysis of levofloxacin pharmacokinetic levels in human
serum and pharmaceutical formulations.

Keywords: Levofloxacin, propylparaben, multivariate calibration, HPLC, human serum, pharmaceutical

formulation.

INTRODUCTION

Levofloxacin, (-)-(S)-9-fluoro-2.3-dihy-dro-3-methyl-10-
(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido [1,2,3-de]-1,4-
benzoxazine-6-carboxylic acid hemihydrate (structure)
(Tanaka et al., 1933) is the active levo-isomer of racemic
ofloxacin. It possesses wide spectrum of antibacterial
activity against both Gram-positive and Gram-negative
bacteria, as well as atypical pathogens such as
Mycoplasma, Chlamydia and Legionella (Eliopoulos et
al., 1993). It exerts antibacterial activity via antagonism
of the interaction between bacterial DNA gyrase and cell
DNA (Shen et al., 1993).
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Structure

Levofloxacin is used for the treatment of infections of the
respiratory and urinary tract, skin and soft tissues. Like
other fluoroquinolones, it exerts antibacterial effect not
exclusively in the blood but particularly in the inflamed
tissue (Ungerstedt et al., 1991, Muller, 2000).
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No official (pharmacopoeia) method was found for the
assay of levofloxacin in its formulations. However, many
studies have been reported for the determination of
levofloxacin in pharmaceuticals and biological fluids
(Gong et al.,, 2000). Numerous methods have been
reported for the determination of levofloxacin in plasma,
urine, bile and tissues using capillary electrokinetic
chromatography (de Boer et al., 2001; Hernandez 2000).
Several HPLC methods have been reported by different
authors for the analysis of levofloxacin (Djabarouti et al.,
2004; Hernandez et al., 2002; Wong et al., 1997; Bottcher
et al., 2001; Immanuel and Hemanth, 2001; Liang et al.,
2002; Nguyen et al, 2004) by solid phase
spectrofluorometry (McCourt et al., 2003), with UV and
fluorescence detection (Ferdig et al., 2004; Ballesteros et
al., 2002; Carlucci 1998; Belal, 1999; Hernandez-
Arteseros, 2002; Immanuel and Kumar, 2001; Cheng
2002; Epinosa-Mansilla, 2005).

Some of these methods are quite complex and lengthy,
mostly because of the sample preparation, like solid phase
extraction  (Epinosa-Mansilla, 2005), liquid-liquid
extraction (Liang et al., 2002), protein precipitation
combined with time consuming centrifugation steps
(Nguyen et al., 2004) or expensive automated sample
analysis requiring column switching (Cheng et al., 2002).
These methods are lengthy and time consuming for
routine use in clinical pharmacology, chemical and
pharmaceutical laboratories.
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The purpose of the present work is to develop and
validate a simple liquid chromatography method with UV
detection for quantitative analysis of levofloxacin in raw
materials, pharmaceutical preparations and from human
serum.

Multivariate HPLC-UV technique

Under optimized conditions the applied numerical method
provides considerable resolving power, sensitivity,
rapidity, and low cost for the quantitative analysis, quality
control and routine analysis of subject compounds. The
mathematical algorithm of this approach is explained as
follows:

If the absorbance of an analyte (X) is measured at five
wavelengths set (A = 260, 265, 270, 275 and 280 nm),
following equations can be written for each data set,

Aszeo =a* Cx + kg
Aszes = b * Cx + k2
Ao =C*Cx + ks (1)
Asors =d * Cx + kg
Asgo=e*Cx +Ks

Where A, represent the peak area of the analyte, a, b, c, d,
e are the slopes of linear regression functions of the
analyte, ki, ko, ks, ks and ks are the intercepts of linear
regression functions at five selected wavelengths and Cx
represents the concentration of analyte. The five-equation
system (1) can also be rewritten as:

Ar =a* Cxtb * Cx+c * Cx+d * Cx+e * Cx+Kry (2)

which can be simplified to
Ar=Cx(a+b+c+d+e)+Kr 3

Where Ar and Ky represents the sum of peak area
obtained and sum of intercepts of regression equations at
five-wavelength set respectively. The concentration of the
X analyte in a solution of unknown concentration can be
calculated by using the following equation,

Cx = AT — KT (4)
(@+b+c+d+e)

In this case, the multivariate chromatographic calibration
mood contains the use of linear regression function based
on the relationship between peak area ratio and
concentration mood is replaced for the prediction of
unknown concentration of analyte.

EXPERIMENTAL

Materials

Levofloxacin hemihydrate was a kind gift from “Platinum
Pharma Pvt. Limited (Pakistan). Dynaquin 250 mg and
500 mg tablet (Barret Hodgson Pvt. Limited) were
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purchased from local market. Phosphoric acid was of
analytical reagent grade and purchased from Merck
(Darmstadt, Germany). Double distilled water was used in
all experiments. Acetonitrile was of HPLC grade and also
was purchased from Merck (Darmstadt, Germany).

Equipment

The development and validation of the assay was
performed on a HPLC system consisting of an LC-10
AT VP Shimadzu pump, SPD-10AV VP Shimadzu UV
visible detector and a Nucleosil, C1g (10um, 25 cm x 0.46
cm) column was used for separation. The
chromatographic and integrated data were recorded using
a CBM-102 communication Bus Module Shimadzu on a
P-1V PC loaded with Class—GC software.

Chromatographic conditions

The separation was carried out under isocratic elution
with mobile phase acetonitrile and water (5:6). The pH of
this mobile phase was adjusted to 2.9 with phosphoric
acid (85%). Mobile phase was degassed through
sonication and vacuum prior to use. The flow rate of
mobile phase was 1.0 ml min™! and the injection volume
was 10 pL. The chromatographic runs were carried out at
25°C. UV detections were performed at 260, 265, 270,
275 and 280 nm. Retention time for levofloxacin was 3.8
minutes and for internal standard (propylparaben) was 7.8
minutes.

Preparation of solutions

Levofloxacin stock solution was prepared by adding a
quantity of levofloxacin hemi hydrate equivalent to 10 mg
of levofloxacin to a 100 mL volumetric flask, dissolving
in acetonitrile: water (1:1) and filling to the mark with the
same solvent. Working standard solutions were prepared
from stock solution with dilution solvent to obtain seven
different concentrations within the range 40, 50, 100,
1000, 2000, 5000 and 10000 ng ml ™",

Preparation of pharmaceutical formulation sample
solution

Twenty tablets of each formulation were individually
weighed, powdered and an amount equivalent to 100 mg
of levofloxacin was diluted to 100 mL with acetonitrile:
water (1:1), filtered through 0.45-pum membrane filter
(Westbhoro, MA, USA). The first 5 ml of the filtrate were
discarded. Aliquots were diluted as required.

Procedure for human serum

The availability of Levofloxacin from pooled human
serum was determined by the stated chromatographic
conditions. Blood samples of ten healthy volunteers were
collected. Volunteers (age ranging from 22-25 years)
were non-smoker, not involved in any strenuous activity
and not taking any other medicaments. Multiple blood
samples (10 ml) were collected in evacuated glass tubes
through an indwelling cannula placed in the forearm veins
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or directly from vein. The blood was then slightly shaken
and centrifuged at 10,000 rpm for 10 minutes and the
plasma was separated. To 1.0 ml of plasma, 10.0 ml of
acetonitrile was added. The mixture was vortexed for one
minute and than centrifuged for 10 minutes at 10,000
rpm. The supernatant was filtered by 0.45-micron pore
size membrane filter. An aliquot serum sample was
fortified with levofloxacin to achieve final concentration
40, 50, 100, 1000, 2000, 5000 and 1000 ng/ml. These
solutions were stored at —20°C and analyzed regularly at
interval of two days up to eight days for serum drug
analysis. For analysis of each sample 10 ul of solution
was injected and chromatographed.

RESULTS AND DISCUSSION

Validation of the test procedure

Reversed-phase assay was found most appropriate as
compared to direct phase for initial testing. Initial method
development was conducted on a Nucleosil, Cig (10pum,
25 cm x 0.46 cm) column for separation at room
temperature. This column provides efficient and
reproducible separations of non polar compounds while
minimizing solvent usage. When Cg column was used
with same mobile phase, then during analysis of
levofloxacin in serum peak of the later was not well
resolved with serum peak. Moreover, capacity factor and
theoretical plates were much less than Cig column, while
analysis time decreased. Consequently, Cig column was
selected for method development and remains the column
utilized in validation of the method. A UV scan of
levofloxacin showed a maximal absorbance at or near
275 nm. In order to optimize wavelength and minimize
instrumental error, other wavelengths like 260, 265,270
and 280 were also selected (table 3).

Preliminary method development of suitable isocratic
conditions to resolve levofloxacin with propylparaben on
the Cig column was conducted with acetonitrile-water as
the mobile phase. A mobile phase of acetonitrile-water
(5:6 v/v) in which pH was adjusted with phosphoric acid
to 29 was found most appropriate to provide a
reproducible, baseline and resolved peak. Further more
these conditions allowed for separation of levofloxacin
from internal standard. The chromatographic conditions
were optimized with respect to specificity, resolution and
time of analysis. The specificity of the method was
established through the study of resolution factor of
levofloxacin peak from the internal standard peak. Peaks
were identified using retention times compared with those
of standards.

The objective of validation of an analytical procedure is
to demonstrate that it is adequate for its intended purpose.
To meet current pharmaceutical regulatory guidelines
(i.e., ICH 1995, ICH 1997, USP 2000 and Eu.Ph 2005), a
number of parameters were investigated in order to

validate analytical method such as precision, accuracy,
specificity, linearity and robustness study.

Specificity

The selectivity of assay was determined by placebo
analysis. Placebo tablets were prepared using maize
starch, sodium starch glycolate, lactose, magnesium
stearate and  hydroxypropylmethylcellulose  under
identical conditions as the original formulations
containing levofloxacin. These placebo tablets were
treated in the same manner as the normal samples, and
samples were injected to study any possible interference
of the excipient for the selectivity of levofloxacin
separation. The chromatograms obtained from placebo
with internal standard showed no interference of excipient
(fig. 1). Levofloxacin reference standard along with

internal standard is shown in fig. 2.
m
1]

40

20

U N

] 2 4 E g 10min

Fig. 1: Typical chromatogram of placebo with internal
standard.

mv
30

20

: J S ]\
0
0 2 4 6 8

Fig. 2: Typical chromatogram of reference standard with
internal standard
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Fig. 3: Typical chromatogram of pharmaceutical
formulation with internal standard.
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Fig. 3 shows that the peak of levofloxacin was
satisfactory enough and shows no interference from
exipients. A typical chromatogram of blank serum with
internal standard and levofloxacin are shown in figs. 4
and 5. Analysis of levofloxacin at different wavelengths
(multivariate) is shown in fig. 6.
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Fig. 4: Typical chromatogram of blank human serum with
internal standard.
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Fig. 5: Typical chromatogram of human serum with
levofloxacin and internal standard.
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Fig. 6: Typical chromatogram of analysis of levofloxacin
at different wave length (Multivariate technique).

Linearity of response

A linearity relationship was evaluated across the range of
analytical procedure. The linearity was performed over
the range of 40-10000 ng ml~' The regression line was
calculated as A =B Cx + D, where Cx was levofloxacin
concentration (ng ml™!) and A was the response (peak
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area expressed as AUC). D is intercept and B is slope of
regression line as mentioned in table 3. The calibration
curve was obtained using the linear least squares
regression procedure. The representative linear equation
was at five different wave lengths as shown in table 3.
The correlation coefficient (r) value is 0.9999.

Since the coefficient of correlation is not suitable as a
general acceptance criterion to the linearity performance
of an analytical procedure (Ermer and Ploss 2005) the
relative standard error of slope was used as a parameter
with respect to precision of the regression. This parameter
should be comparable to the relative standard deviation
obtained in precision studies in the given concentration
range (Ermer and Ploss, 2005).

Limits of detection and quantitation

The limits of detection (LOD) and quantitation (LOQ)
were calculated in accordance with the 3.3s/m and 10s/m
criteria, respectively, where s is the standard deviation of
the peak area (for five replicates) for the sample and m is
the slope of the calibration curve, determined from
linearity investigation (ICH 1995, ICH 1997). The LOD
and LOQ were calculated and found as shown in table 3.
Linear regression data (table 3) of reference drug
pharmaceutical formulation and human serum shows less
RSD and “r’ found good and prove that method is
accurate and can be used in any wavelength as mentioned
in table 3.

Accuracy

Accuracy was determined by analyzing a sample of
known concentration (reference standard solutions) and
comparing the measured value with the true value, and
using the method of standard additions.

Table 1 summarizes the accuracy and precision results,
expressed as percent recovery and relative standard
deviation (R.S.D) for both approaches. The method
showed good recovery, % recovery of the method at
different wave length and multivariate data is shown in
table 1. Table 2 summarizes the % recovery of drug at
different wave lengths and also using multivariate
mathematical calculations.

Stability of the levofloxacin solutions

The stability of the levofloxacin solutions during time was
investigated. The levofloxacin working standard solution
with its concentration 100ng ml~! onto the HPLC system
at 0, 2, 6, 9 and 12 h after preparation was injected. The
data indicates that after 12 h the chromatographic peak
area of levofloxacin was not found significantly changed.
It can be concluded that levofloxacin solution was stable
at least for 12 h after its preparations. This solution was
also analysed onto the HPLC system at 2, 4, 6 and 8 day
when stored at —20°C and no significant change was
found when compared with freshly prepared samples.
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Table 1: Intra and interday precision and accuracy of the method

< Intraday > < Interday >
Drug Drug %Recovery %RSD Drug %Recovery %RSD
added (mg) found (mg) (Mean) - found (mg) (Mean) -
800 (80%) 809.33 100.87 0.433 8006.25 100.78 1
1000 (100%) 1008.66 101.17 0.302 1016.16 101.61 0.99
1200 (120%) 1222 101.83 1.044 1214.41 101.20 1.17
Table 2: % recovery of levofloxacin at different wavelengths range
Concentration < % Recovered >
ng/ml 260 265 270 275 280 Multi.HPLC?
40 98.46 99.18 100.34 97.73 99.60 132.87
50 100.35 99.27 98.42 98.92 100.03 126.83
100 100.53 100.05 100.76 98.81 99.64 112.62
1000 100.56 99.96 100.42 99.48 100.50 100.40
2000 100.29 99.56 100.76 99.71 100.23 99.47
5000 100.01 99.88 99.94 99.93 99.49 98.63
10000 102.36 99.18 100.53 101.82 102.62 100.36
aMultivariate HPLC data
Table 3: Linear regression functions and their statistical parameters at the five-wavelength sets
Drug A Regression equation r (rl;g(/)rsl) (r;?rgl) %R.S.D.*
Active 260 A =194.25 Cx -59.430 0.9999 1.118 3.728 0.939
265 A =199.14 Cx -1428.3 0.9999 0.898 2.992 0.758
270 A =193.44 Cx -802.98 0.9999 0.233 0.776 0.196
275 A =209.52 Cx -401.16 0.9999 1.339 4.551 1.146
280 A =192.32 Cx-101.68 0.9999 1.05 3.501 0.884
Tablet 260 A =198.33 Cx -3771.2 0.9999 0.176 0.535 1.039
265 A =197.67 Cx -364.83 0.9999 0.106 0.319 0.636
270 A=194.31Cx-1135.4 0.9999 0.078 0.237 0.459
275 A =212.95 Cx -4387.0 0.9999 0.178 0.539 1.128
280 A =196.67 Cx -4640.1 0.9999 0.077 0.232 0.446
Serum 260 A =195.10 Cx -622.37 0.9999 0.093 0.282 0.548
265 A =199.41 Cx -2357.4 0.9999 0.081 0.245 0.487
270 A =196.27 Cx -3132.9 0.9999 0.100 0.302 0.585
275 A =210.11 Cx -1302.0 0.9999 0.077 0.233 0.487
280 A =193.97 Cx -1212.4 0.9999 0.038 0.116 0.222

* = 0 Relative Standard Deviation

Precision

Precision may be measured as repeatability, intermediate
precision and reproducibility. Reproducibility refers to the
use of analytical procedure in different laboratories. The
repeatability (intra-day) and intermediate (inter-day)

precision of the method were demonstrated by analyzing
levofloxacin reference standard solutions of concentration
40, 50, 100, 1000, 2000, 5000, and 10000 ng ml~! during
1 day and each of 4 days under the same conditions. The
results obtained from these analyses are listed in table 1 as
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mean recovery (%). Table 1 shows there were no
significant differences between assay results either
within-day or between days, implying that the precision
of the proposed method was good (R.S.D less than 1.2%).

Repeatability and especially reproducibility of the
proposed method was investigated by analysis of drug
synthetic mixture in different laboratories. The results of
repeatability and reproducibility study are listed in table
1. When results from assay of the same drugs by different
laboratories were compared and variation was not found
more than 1%.

Robustness

The robustness of an analytical procedure is a measure of
its capacity to remain unaffected by small, but deliberate,
variations in method parameters, and provides an
indication of its reliability during normal usage. In order
to the robustness study of the proposed method deliberate
modifications in pH values of the mobile phase were
made. It can be seen that in every employed condition, the
chromatographic parameters are in accordance with
established value (FDA, 1994). A change of +0.2 unit of
pH around 2.90 (pH of mobile phase) had no considerable
impact on chromatographic performance but when pH of
mobile phase was changed more than +0.2 unit then
chromatographic condition vanquished. When pH was
increased, shape of peaks disturbed, tailing enhanced and
analysis duration also increased a lot, when pH was
decreased analysis time decreased and peak of
levofloxacin was merged with serum peak.

Tailing (symmetry) factor (T) and number of theoretical
plates (N) were calculated by formulas: T = W/(2Wa) and
N = 5.545(tr/W12)?, where W is the peak width at 5%
height from baseline, Wa the peak front edge width at the
same height and Wiy, is the peak width at half height.
According to the data of robustness test study we
proposed criteria for system suitability test (tailing factors
<2, numbers of theoretical plates > 4500 and repeatability
(R.S.D) of five replicate must not be more than 1.5, (peak
area for replicate analysis). It is used to verify that the
resolution and repeatability of the system are adequate for
the analysis intended.

Application of the method to pharmaceutical analysis
The two tablets were studied here, both are available in
the local market Pharmaceutical formulation was
presented as Dynaquin™ 250 (% recovery 99.2 + 1.23)
Dynaquin™ 500 (% recovery 99.6 + 1.41) mg tablet.

CONCLUSIONS

A new reversed-phase liquid chromatographic method for
the determination of levofloxacin contents in
pharmaceutical formulations and also in human serum has
been developed and validated which has ability to
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determine levofloxacin concentration up to 40 ng/ml. The
developed method is very simple and results obtained
confirm suitable accuracy, specificity and precision.
Therefore, the developed RP-HPLC method has proved to
be suitable for levofloxacin determination in routine
quality control analysis as well as R&D. Samples were
stable at 25°C for 8 days and no tedious clean up was
required. There was no interference of excipients in the
examined products, thus no additional extraction or
separation procedures were required.
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