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A simple, accurate reversed-phase high-performance liquid chromatography (HPLC) method was developed

and validated for simultaneous determination of gliclazide (GLZ) and fluoroquinolone antibacterial

levofloxacin (LVO). The method was developed by using a stainless steel analytical column C18

(250 � 4.6 mm, 5 �m). The system was operated using a mobile phase consisting of methanol and phosphate

buffer (pH 3.0) at a flow rate of 0.8 mL/min with ultraviolet (UV) detection at 228 nm wavelength. The pro-

posed method was validated using ICH analytical method validation guidelines. Utilizing the HPLC tech-

nique, an assay was intended to determine in vitro effects of levofloxacin on sulphonyl urea based anti-dia-

betic drug gliclazide. The obtained results were further verified with UV spectrophotometric method. Avail-

ability of gliclazide was reduced in the presence of levofloxacin. These in vitro analyses confirmed that the

co-administartion of gliclazide and levofloxacin may serve the foundation for designing further in vivo stud-

ies.
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1. INTRODUCTION

Diabetes mellitus (DM) as a major lifestyle disease is un-

doubtedly among the most challenging public health prob-

lems of 21st century. Diabetes is a chronic metabolic disease

that occurs when the human body is not able to produce

enough of the hormone insulin. Gliclazide (GLZ) is a well-

known antidiabetic agent prescribed frequently for the treat-

ment of DM. GLZ is known to act by its selective binding

with sulfonylurea receptor (SUR-1) on the surface of pancre-

atic beta-cells, which in turn leads to exocytosis of insulin

vesicles and insulin release. Long time high blood glucose

level leads to complications in diabetic patients. Levo-

floxacin (LVO), as a fluoroquinolone class of antimicrobial

agents is used for the treatment of various infections. LVO is

active against both Gram-positive and Gram-negative bacte-

ria and it acts by inhibiting the two type enzymes, namely

DNA gyrase and topoisomerase IV [1].

Classically, diabetes is associated with complications

like ketoacidosis, lactic acidosis, retinopathy and nephro-

pathy. In addition to the typical complications of DM, it has

been to associated with reduced response of T cells,

neutrophil function, and disorders of humoral immunity [2].

Consequently, DM increases the susceptibility to infections,

both the most common ones as well as those that almost al-

ways affect only people with DM, like rhinocerebral

mucormycosis). As a result individual with diabetes are more

adversely affected when they get infections than individual
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without the disease [3]. Controlling blood sugar levels are

crucial for diabetics having several infections is more preva-

lent in diabetic patients than the general population. Co-ad-

ministration of anti-diabetic drugs with antibacterial agent is

common. At the same time, this co-administration of drugs

increases the risk for momentous drug–drug interactions. In

vitro drug interaction studies of antibacterial agents have also

been reported in the literature [4 – 7], but these studies con-

tain lacks of physiological conditions and other bewildering

physiological processes.

The sensitive and robust sophisticated methods have an

imperative application in the pharmaceutical industry associ-

ated with drug interactions processes such that strong, de-

pendable information can be put into a clinical framework.

These assays must be able to clinically examine for suitable

drug interaction studies. As in combination therapies, co-ad-

ministration of drugs increases the risk for drug–drug inter-

actions [8]. Currently, it is important to ponder drug–drug in-

teractions using appropriate in vitro studies to guide clinical

interaction studies. The goal of designing a method for in vi-

tro interaction studies is the prediction of clinical parameters.

In vitro techniques offer a complete means to create a huge

amount of data using minimum resources. These suggested

that in vitro approaches should be properly characterized;

validated and proper controls should be incorporated in rou-

tine use.

Literature survey reveals various reported methods for

the analysis of GLZ and LVO by UV spectrophotometry and

high performance liquid chromatography (HPLC) either

alone or in combination with other drugs in pharmaceutical

preparation. To the best of our knowledge, there is no analyt-

ical HPLC method reported for simultaneous estimation of

these two co-prescription drugs. Levofloxacin, though

known to exhibit wide spectrum of antimicrobial potential,

has been known to precipitate few side effects including

hypoglycemia in the diabetic peoples. Drug interaction oc-

curs in between Levofloxacin and sulfonylurea class of

anti-diabetic agents which leads to rare fatal side effects.

Few deaths are also known to be reported of absorption inter-

action between above mentioned drugs. Hence it is necessary

to study absorption interactions occurring between these

drugs. With this important objective, in the present investiga-

tion, an attempt has been made to develop a sensitive, sim-

ple, accurate, rapid and reproducible reverse-phase HPLC

method for simultaneous determination of LVO and GLZ, a

representative sulphonylurea class of drug followed by its

validation, in accordance with the ICH guidelines. In order to

assess absorption interactions between these two drugs if

any, permeability studies were undertaken by using in-vitro

model. The present study has not been made previously and

therefore it provides a potential explanation for the observed

effect. The method was validated for the parameters like lin-

earity, specificity, accuracy and intermediate precision, limit

of detection and quantitation.

2. EXPERIMENTAL

2.1. Chemicals and Reagents

Pure drugs levofloxacin (LVO) and gliclazide (GLZ)

were provided as gift samples by Blue Cross Private Ltd,

Ambad, Nashik, India. Methanol and phosphoric acid used in

analysis were of HPLC grade. All other chemicals used were

of analytical reagent grade. Doubly distilled water was

freshly prepared by all-glass double distillation assembly

purchased from Borosil, Mumbai, Maharashtra.

2.2. HPLC Instrumentation and Chromatographic

Conditions

RP-HPLC instrument (Jasco) equipped with a UV-2077

detector (JASCO Corporation, Tokyo, Japan) and pu- 2080

plus(JASCO Corporation, Tokyo, Japan) Pump, manual

Rheodyne injector (7725i) with 20 �L loop and Borwin

Chromatography software (Version 1.50). GLZ and LVO

were less soluble in water and freely soluble in selected or-

ganic solvents such as methanol (MeOH) and acetonitrile

(ACN). The chromatographic conditions were optimized by

different means (using different buffers and different organic

phases). Early chromatographic work was performed with

various combinations of buffer phase with pH in the range of

2.8 – 3.2, organic phases (ACN and/or MeOH). The flow

rate of mobile phase was varied within 0.8 – 1.0 mL/min.

Wavelength for monitoring the eluent was selected by scan-

ning standard solution of drugs within 200 – 400 nm using a

double-beam UV–Vis spectrophotometer (JASCO v-630).

Isocratic elution with a mobile phase methanol:phosphate

buffer pH 3.0 (70:30 v/v) was carried out on phenomenex

kinetex C18 column (250 � 4.6 mm, 5 �m) at a flow rate of

0.8 mL/min and the detector wavelength was set at 228 nm.

Preparation of mobile phase. About 2.7218 g of potas-

sium dihydrogen orthophosphate was taken in 250 mL ca-

pacity beaker, 100 mL of doubly distilled water was added

and stirred so as pH of the resultant solution was adjusted at

3.0 with ortho-phosphoric acid, followed by degassing of the

buffer. To 70 volumes of methanol, 30 volumes of phosphate

buffer (0.02 M) were added and transferred to 100 volumes

of mobile phase bottle and mixed. Finally, the mixture was

sonicated for 15 min for degassing the mobile phase.

Preparation of standard solution. Quantity equivalent

10 mg of GLZ was transferred into a 10.0 mL volumetric

flask. To this about 5 mL of HPLC grade methanol was

added, the mixture was sonicated, and the volume of solution

in the flask was made to the mark by adding methanol to

form a 1000 �g/L standard solution of GLZ. The standard

stock solution of 1000 �g/L LVO in methanol was prepared

in a similar manner

2.3. Method Development and Validation

Assessment of linearity and construction of calibra-

tion curves. Assessment of linearity of the peak area re-
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sponse was undertaken by two sets of five standard solutions

of LVO and GLZ in the range of 5 – 25 �g/L and 1 – 5 �g/L,

respectively. The solutions were injected into the HPLC sys-

tem for analysis. Average peak area at each concentration

level was subjected to linear regression analysis with the

least square method (Fig. 1). Linearity was described in

terms of the slope, intercept and R
2
coefficient obtained from

the regression equations (Figs. 2 and 3).

Limits of detection and quantitation. Limit of detec-

tion (LOD) and limit for quantitation (LOQ) of GLZ and

LVO were determined by the following equations

LOD
S

�
33. 

,

LOQ
S

�
10

,

where  and S are the standard deviation and slope of the

corresponding calibration curve, respectively (Table 1).

Precision. The intra-day precision was assessed by per-

forming six analyses using standard stock solution contain-

ing analytes of interest. Similarly inter-day precision was as-

sessed by performing replicate analysis using same concen-

tration of all the analytes for three consecutive days under

the same experimental conditions and the % RSD was calcu-

lated (Table 2).

Accuracy. The accuracy of the method was determined

by standard addition technique. Three different levels

(80,100 and 120%) of standards were added to formulation

containing LVO and GLZ. The percentage recoveries of all

the compounds at each level and each replicate were deter-

mined. The mean of percentage recoveries and % RSD was

calculated. Results are summarized in Table 3.

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. Robustness

was determined by analyzing the sample solution containing

10 �g/L each of LVO and GLZ under variety of conditions of

the method parameters, such as flow rate, mobile phase com-

position. Results obtained from robustness studies are sum-

marized in Tables 4 and 5.

Specificity. Specificity is the method ability to assess the

analyte unequivocally in the presence of components that

may be expected to occur in the sample matrix (ICH, 2005).
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Fig. 1. Representative chromatogram of levofloxacin (1) and gliclazide (2).

Fig. 2. Linearity curve of LVO.

Fig. 3. Linearity curve of GLZ.

TABLE 1. Results of Stidying Linearity, LOD, and LOQ

Sample
Linear range

(�g/L)

Correlation

coefficient
LOD (�g/L) LOQ (�g/L)

LVO 5 – 25 0.999 0.050407 0.319787

GLZ 1 – 5 0.999 0.10553 0.152748



In order to determine specificity of the method in the pres-

ence of excipients (i.e. microcrystalline cellulose, croscar-

mellose sodium, magnesium stearate, lactose and hydroxy-

propylmethyl cellulose), no peak of excipients was found in

chromatogram (Fig. 4) which proved that the method can be

applied successfully to the given dosage formulation (Ta-

ble 6).

Drug interaction studies. Accurately weighed 10 mg of

standard drugs GLZ and LVO each, was transferred to sepa-

rate 100 mL volumetric flasks using buffer solution as dilu-

ents. 50 �g/L of GLZ and 250 �g/L of LVO was mixed in do-

nor compartment. The donor compartment was maintained in

water bath at 37°C with constant stirring. Sample aliquots

(20 �L) were taken and chromatographed at zero minute and

then periodically every 15 min over continuous two hours

(Tables 7 and 8).
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TABLE 2. Results of Studying Precision of GLZ and DVO Determination

Gliclazide Levofloxacin

Injection

Intra-day Inter-day Intra-day Inter-day

Area RSD (%) Area RSD (%) Injection Area RSD (%) Area RSD (%)

1 75040 75964 1 357142.75 352537

2 76511 76390.5 2 351285 358729

3 76337 0.75 75626 0.40 3 355478 1.32 359271 1.34

4 76578.3 76321 4 362371 359271

5 76329.8 76392 5 364444.5 358796

6 76231 76193 6 359141 367542

TABLE 3. Results of Drug Recovery (Accuracy) Study

Analyte
Conc. Added

(�g/L)

Conc. Found

(�g/L)

Recovery

(%)
% RSD*

80% of test conc.

LVO 90 89.43 99.36 0.361

GLZ 18 17.91 99.52 0.59

100% of test conc.

LVO 100 99.10 99.108 0.80

GLZ 20 20.05 100.29 0.28

120% of test conc.

LVO 110 110.29 100.26 0.02

GLZ 22 21.80 99.12 0.76

* Acceptance criteria < 2.0.

TABLE 4. Assessing Robustness (Change in HPLC Conditions)

Component

Optimized

flow rate,

mL/min

Used flow

rate,

mL/min

Plate

count

Peak

asymmetry
Remark

0.8 0.6 6311.969 1.46 Robust*

0.8 5725.642 1.44s Robust*

LVO 1.0 5550.84 1.32 Robust*

0.6. 13952.406 1.13 Robust*

0.8 11365.223 1.11 Robust*

GLZ 1.0 10524.551 1.15 Robust*

* Acceptance criteria (Limits):Peak Asymmetry < 1.5, Plate

count > 2000.

TABLE 5. Assessing Robustness (Change in Mobile Phase Com-

position)

Component

Optimized

mobile

phase ratio

Use atio Plate count
Peak

assymetry
Remark

LVO MeOH:PB

(70:30)

65:35 2682.261 1.37 Robust*

70:30 5725.642 1.44 Robust*

75:25 5139.67 1.40 Robust*

65:35 9508.14 1.07 Robust*

GLZ 70:30 11365.223 1.11 Robust*

75:25 14075.66 1.20 Robust*

* Acceptance criteria (Limits):Peak Asymmetry < 1.5, Plate

count > 2000.

TABLE 6. Assessing Specificity of LVO and GLZ Determination

Name of solution Resolution time

Mobile phase No peaks

Placebo No peaks

LVO 50 �g/L 2.8

GLZ 10 �g/L 5.8



3. RESULTS AND DISCUSSION

Simple and reliable HPLC method for simultaneous esti-

mation of GLZ and LVO drugs in the active statehave been

developed for the first time. Method reported In the present

work is known for several advantages including its being

simple, rapid and devoid of any widespread sample prepara-

tion or extraction processes. In order to establish the

potential for clinical drug–drug interactions, a number of in

vitro drug interaction models will be required to study. Re-

ported methods are lacking in approach, robust quality stan-

dards, and not designed to provide information of clinical
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Fig. 4. Representative chromatograms of the method specificity.

TABLE 7. Percentage Availability of Gliclazide and Levofloxacin

in Individual Dosage Forms

Time (min) Gliclazide (�g/L) Levofloxacin (�g/L)

0 – –

15 8.49 0.51

30 12.42 3.09

45 19.86 11.48

60 26.47 25.11

75 34.44 42.50

90 45.63 54.67

105 52.55 65.97

120 62.94 83.55

TABLE 8. Percentage Availability of Gliclazide after Interaction

with Levofloxacin

Time (mins) Gliclazide (�g/L) Levofloxacin (�g/L)

0 – –

15 4.75 0.48

30 13.47 3.49

45 15.84 10.63

60 25.33 23.64

75 31.6 43.10

90 36.77 54.23

105 45.47 66.14

120 51.50 83.49

Fig. 5. Representative chromatogram showing the peaks of LVO and GLZ drugs for HPLC method development.



importance. The present investigation provided consistent

and relevant in vitro parameters which could be used to rec-

ognize latent drug–drug interactions. Significant change in

availability of gliclazide was observed in the presence of

levofloxacin

The concentration of the methanol and buffer were opti-

mized to give symmetric peak with short run time based on

the asymmetry factor and peak area obtained. Various mobile

phases were tried and satisfactory separation, well resolved

and good symmetrical peaks were obtained with a mobile

phase of methanol:phosphate buffer ratio of 70:30 (v/v). The

retention times of LVO and GLZ were found to be 2.8 and

5.8 min, respectively. The RSD values for accuracy and pre-

cision studies were less than 2%, which revealed that the de-

veloped method was accurate and precise. A typical chroma-

togram showing the separation of GLZ and LVO is shown in

Fig. 5.

The outcome of the developed HPLC method demon-

strates that simultaneous determination of gliclazide and

levofloxacin is very useful for pharmaceutical manufactur-

ers, physicians and clinicists. The proposed method is simple

and suitable for the analysis of bulk drug as well their formu-

lations. Note that this study does not support co-administra-

tion of gliclazide and levofloxacin for diabetic health man-

agement regimen.

The present investigation also suggests a suitable and rel-

evant clinical study to investigate drug-drug interaction. The

developed method was used to understand the interaction of

gliclazide and fluroquinolone antibacterial levofloxacin with

significant precision and robustness. From the present stud-

ies it is evident that the availability of gliclazide is signifi-

cantly reduced in the presence of levofloxacin as compared

to the availability of gliclazide alone. So it is suggested that

co-prescription of these drugs may be unsafe in diabetic pa-

tients. In vivo studies should be carried out to further confirm

drug interactions by co-prescription of these drugs.
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