
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Simultaneous Determination of Dexamethasone, Dexamethasone 21-
Acetate, and Paclitaxel in a Simulated Biological Matrix by RP-HPLC:
Assay Development and Validation
Navin Goyala; Amin El Achchabib; Eugene Goldbergb; Guenther Hochhausa

a Department of Pharmaceutics, College of Pharmacy, University of Florida, Gainesville, Florida, USA b

Department of Material Sciences, College of Engineering, University of Florida, Gainesville, Florida,
USA

To cite this Article Goyal, Navin , Achchabi, Amin El , Goldberg, Eugene and Hochhaus, Guenther(2008) 'Simultaneous
Determination of Dexamethasone, Dexamethasone 21-Acetate, and Paclitaxel in a Simulated Biological Matrix by RP-
HPLC: Assay Development and Validation', Journal of Liquid Chromatography & Related Technologies, 31: 10, 1478 —
1491
To link to this Article: DOI: 10.1080/10826070802039515
URL: http://dx.doi.org/10.1080/10826070802039515

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826070802039515
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Simultaneous Determination
of Dexamethasone, Dexamethasone

21-Acetate, and Paclitaxel in a Simulated
Biological Matrix by RP-HPLC: Assay

Development and Validation

Navin Goyal,1 Amin El Achchabi,2 Eugene Goldberg,2

and Guenther Hochhaus1

1Department of Pharmaceutics, College of Pharmacy, University

of Florida, Gainesville, Florida, USA
2Department of Material Sciences, College of Engineering, University

of Florida, Gainesville, Florida, USA

Abstract: A simple and accurate reversed-phase high performance liquid chromato-

graphy method was developed and validated for the simultaneous determination of

dexamethasone, dexamethasone 21-acetate, and paclitaxel in simulated biological

matrix. Triamcinolone Acetonide was used as the internal standard (IS). A one step

liquid–liquid extraction with ethyl acetate was used for sample cleanup. A gradient

elution on a C218 column with acetonitrile and 0.1% o-phosphoric acid in water was

employed to get a cleanup baseline and efficient separation of the three chemical

entities. Dexamethasone and dexamethasone 21-acetate were observed at 254 nm

and paclitaxel was observed at 228 nm. The method was highly selective and the cali-

bration curves were linear over the range of 0.25–10.0 mg/mL with a 12 min chroma-

tographic run time. The assay method was validated in terms of accuracy, precision,

absolute recovery, freeze-thaw stability, bench top stability, and reinjection reproduci-

bility. The lower limit of quantitation was 0.25 mg/mL for all the analytes. The intra

and inter-batch precision and accuracy were found to be well within acceptable

limits (,15%). The assay is simple, reliable, and fast and is deemed suitable for
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application to in vitro release rate studies of these drugs from implantable devices, as

well as to their in vivo pharmacokinetic studies.

Keywords: HPLC, Assay validation, Dexamethasone, Dexamethasone 21-acetate,

Paclitaxel, Simulated biological matrix

INTRODUCTION

Glucocorticoids have been long used for their potent anti-inflammatory and

immunosuppressive properties. Some of the most commonly prescribed glu-

cocorticoids for systemic use include prednisolone, methylprednisolone,

triamcinolone, and dexamethasone.[1] Dexamethasone shows the highest

anti-inflammatory activity among these steroids and is used systemically to

treat acute and severe inflammatory, immunological, and allergic

disorders.[2] However, these drugs are also associated with some unwanted

side effects on long term systemic use. Hence, localized drug delivery is a

favorable option for such drugs. One of the recent uses of dexamethasone,

owing to its immunosuppressive action, is in implantable devices such as

stents. Delivering dexamethasone from the stents itself rather than by oral

administration is useful to minimize the systemic side effects. The prodrug

dexamethasone 21-acetate can be coated on the stents.

Paclitaxel is another drug that is used for the prevention of restenosis of

stents. Originally used as an anticancer agent, paclitaxel is a novel anti micro-

tubule agent isolated from the bark of the Pacific yew tree, Taxus brevifolia.

Paclitaxel has been administered for the treatment of breast cancer, ovarian

cancer, non small cell lung cancer, and melanoma.[3 – 5] Recently, paclitaxel

has been used to prevent the occurrence of restenosis after angiographic pro-

cedures. Dexamethasone eluting stents have been used in clinical studies to

evaluate its effect on restenosis after stent implantation.[6 – 9] Similar clinical

trials involving paclitaxel eluting stents have also been conducted to study

the effect of paclitaxel in restenosis prevention.[10,11] Both these drugs have

resulted in better angiographic outcomes. The clinical studies suggest that

dexamethasone and paclitaxel may play an important role in the inhibition

of the polymer induced inflammation in this era of drug eluting stents.

There are commercially available drug eluting stents (DES) with dexametha-

sone (Dexametw Abbott Laboratories) and paclitaxel (Taxusw Boston

Scientific).

However, these drugs have been used separately in these DES. In order to

improve efficacy, it might be possible to design stents eluting two or more

drugs with different mechanisms of action at the same time. With multiple

drugs incorporated in the DES, the effect of one drug on the release of the

other needs to be assessed. The simple HPLC assay described here is

developed for conducting the release rate studies of dexamethasone-21-

acetate and paclitaxel (Figure 1) from polymer coated endoluminal stents.
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Upon release, dexamethasone-21-acetate, the prodrug used in these stents is

converted to the active moiety dexamethasone making it imperative to

monitor dexamethasone as well. A simple, sensitive, and economical analyti-

cal technique is therefore required for the simultaneous detection of these

drugs to assess the performance of the DES designed.

There are numerous reports on LC-MS and LC-MS-MS assays for the

estimation of paclitaxel from various biological matrices.[12,13] Most of

these assays have been employed for in vivo pharmacokinetic or tissue distri-

bution studies of paclitaxel. Though other analytical techniques have also been

employed,[14] HPLC methods provide an economical means for the satisfac-

tory determination of paclitaxel in the plasma and other biomatrices.[15 – 20]

Some of these methods showed high sensitivity and selectivity. Similarly a

number of HPLC assays have been published in the past for dexamethasone

as well. Many of these methods involve solid phase extraction, chemical deri-

vitization, or cumbersome sample cleanup procedures.[21 – 25]

Mass spectroscopic assays are generally highly sensitive and selective as

compared to the HPLC-UV methods but are rather expensive. Hence, for the

Figure 1. Chemical structures of (a) dexamethasone, (b) dexamethasone 21-acetate,

and (c) paclitaxel.
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present release rate studies we opted for a cost effective HPLC-UV approach.

Though assays on both dexamethasone and paclitaxel are widely reported sep-

arately, there are no reports to date for their simultaneous estimation using

HPLC-UV. Therefore, it was necessary to develop and validate a simple,

precise, and reproducible assay method for the quantification of dexametha-

sone, its prodrug dexamethasone-21-acetate, and paclitaxel for evaluating

the performance of DES designed in house.

EXPERIMENTAL

Chemicals

Paclitaxel was obtained from LC Laboratories, Woburn MA USA. Dexa-

methasone, dexamethasone 21-acetate, triamcinolone acetonide, and bovine

serum albumin (BSA) were obtained from Sigma, USA. HPLC grade aceto-

nitrile (ACN), ethyl acetate, and phosphoric acid were purchased from

Fisher Scientific, USA. Triple distilled water was obtained from an in house

water distillation unit. All other chemicals used were obtained from Fisher

Scientific, USA and were of analytical grade.

Equipment

The analysis was performed on an Agilent 1100 HPLC system (Agilent Tech-

nologies, Inc. USA) comprised of an Agilent 1100 series thermostated auto

sampler, quaternary pump, degasser, and UV-DAD-detector. Data acquisition

and analysis were performed using HP chemstation Software Rev A.10.01 run

on an IBM computer.

Chromatographic Conditions

Chromatographic separation of the analytes and internal standard were

achieved using gradient elution on a C-18 column (3.5 mm, 4.6 � 50 mm,

Waters’ Symmetryw) fitted with a precolumn filter at 1.25 mL/min flow

rate. Mobile phase consisted of 5% acetonitrile in water as Solvent A and

80% acetonitrile in water (0.1% phosphoric acid) as solvent B,

respectively.

During each run solvent, B was increased from 35% to 70% in 6

minutes and then brought back to the initial conditions. The run time was

12 minutes. The auto sampler was set at 48C. The analysis was performed

at room temperature 258C (+28C) and the UV detector was set at 254 nm

and 228 nm.
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Sample Cleanup Procedure

The sample cleanup involved a simple, single step liquid-liquid extraction

(LLE) with ethyl acetate. To 200 mL of bio-matrix (or blank, calibration

standards, or quality control standards) 10 mL of IS was added in an

eppendorf tube. This mixture was extracted with 1000 mL of ethyl acetate

on a vortex mixer for 60 seconds. This was followed by centrifuging the

samples at 8000 rpm for 10 min. The organic layer was transferred to a

glass tube and dried in a speed vacuum concentrator (Jouan Inc). The dry

residue was reconstituted in 200 mL of reconstitution solution (a 1:1

mixture of solvents A and B) and 50 mL of this was used for injecting onto

the HPLC column.

Standard Solutions

The primary stock solutions (1 mg/mL) of dexamethasone and dexametha-

sone 21-acetate were prepared in methanol while paclitaxel stock solution

was prepared in acetonitrile. The primary stock solutions were diluted with

acetonitrile to get working stock solutions of 25 (WS-1), 100 (WS-2), and

500 mg/mL (WS-3) concentrations. These working stock solutions were

used to prepare the analytical standards (AS), calibration standards (CS),

and quality control samples (QC).

The analytical standards at 0.25, 0.5, 1, 2, 5, and 10 mg/mL were

prepared by diluting the working stock solutions with reconstitution

solutions. A solution of BSA in PBS (4.4 g per 100 mL) was used as the

simulated bio-matrix for the present study for preparing CS and QCs.

Quality control samples at the concentrations of 0.5, 2, and 10 mg/mL as

low, medium, and high concentrations were also prepared similarly.

Triamcinolone acetonide was used as the internal standard. The standard

and quality control samples were spiked with 10 mL of IS working stock

solution (100 mg/mL) to yield a final concentration of 1 mg/mL.

Method Validation

The assay method was validated for three days in terms of system reprodu-

cibility and selectivity, lower limit of quantitation (LLOQ), limit of

detection (LOD), linearity, absolute recovery, accuracy and precision,

freeze thaw stability, dry residue stability, and bench top stability.

Linearity, Limit of detection, Limit of Quantitation

The linearity for each analyte was checked with calibration curves obtained by

linear least square regression. The calibration curves were weighted according

N. Goyal et al.1482
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to Y2n, such that n ¼ 0, 1, or 2 and Y is the observed peak area ratio. Residual

analysis indicated that the weighting factor of (1/Y2) provided the best fit of

the calibration curves. The LOD was defined as the lowest concentration of the

analyte that had an S/N ratio . 3. The LLOQ was defined as the lowest con-

centration of the analyte that could be analyzed with predetermined accuracy

and precision.[26]

Recovery, Accuracy and Precision

The recovery of each of the analytes was determined by comparing the peak

area ratios of the analytes to IS after liquid-liquid extraction to those from the

analytical standards.

The accuracy and precision for the method was determined by using the

quality control samples, (low, medium, and high) run in five replicates on 3

different days and were reported in terms of % bias. This was calculated for

intra-day as well as inter-day deviation. This % bias was calculated as follows:

%Bias ¼ ðobserved conc. � nominal conc.Þ � 100=nominal conc.

A one way analysis of variance (ANOVA) was used to calculate the inter

and intra batch precision in terms of % RSD.

RESULTS AND DISCUSSION

Method Development

The sample cleanup procedure had to be optimized to suit the three analytes and

the internal standard. Liquid-liquid extraction (LLE) procedures with various

solvents like t-butyl methyl ether, ethyl actetate, and methylene chloride were

widely reported in literature for dexamethasone and paclitaxel.[27–29] Hence,

sample cleanup procedures using different organic solvents were tried to

improve the recovery and to minimize interference from the matrix. Use of

t-butyl methyl ether gave an unknown peak that interfered with the analytes

and the absolute recovery was only about 35% for all the analytes. Therefore,

ethyl acetate was tested and was found to improve the recoveries to about

55% for dexamethasone and dexamethasone 21-acetate and 45% for paclitaxel

with consistent reproducibility, and there were no interfering peaks. Hence,

ethyl acetate was selected for the present assay method.

During the LC development, isocratic as well as gradient flow was tested.

The isocratic run was unable to separate the three analytes under consideration.

Also various columns were used and a C-18 column gave the best separation

with gradient flow. The gradient flow was adjusted further to prevent the inter-

ference of an impurity peak (Figures 2–3). At the current flow rate and gradient,

excellent separation was observed with good peak shapes. No other endogenous
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Figure 2. Representative chromatograms at 254 nm showing specificity of the assay,

(a) processed blank simulated bio-matrix and (b) bio-matrix spiked with 0.50 mg/mL

of dexamethasone and dexamethasone 21-acetate.

Figure 3. Representative chromatograms at 228 nm showing specificity of the assay,

(a) processed blank simulated bio-matrix and (b) bio-matrix spiked with 0.50 mg/mL

of paclitaxel.
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or exogenous peaks were observed interfering with the assay. Dexamethasone

and dexamethasone 21-acetate showed better absorbance at 254 nm and that

for paclitaxel was at 228 nm. Thus, the analytes were simultaneously detected

at two different wavelengths using the diode array detector (DAD).

Assay Validation

The system reproducibility was assessed by injecting each of the analyte

standards in triplicate. The variation in the peak area ratios for each of the

three analytes was less than 5% at all concentration levels. This indicated

that the system yielded reproducible data. Absence of interfering peaks in

the region of interest is defined as specificity of the assay method. This was

verified by observing the chromatograms of blank BSA solution, BSA

solution spiked with internal standard, and analytes. The chromatograms are

shown in Figures 2–3.

Linearity, Limit of detection, Limit of Quantitation

The calibration curves on the three days of validation were linear over the con-

centration range of 0.25–10.0 mg/mL for each of the analytes. The LOD for

dexamethasone and dexamethasone 21-acetate was found to be 0.15 mg/mL

and that for paclitaxel was 0.1 mg/mL. The LLOQ for all analytes was

0.25 mg/mL (%CV , 20). The slope, intercept, and the coefficient of determi-

nation values for the calibration curves are given in Table 1. The retention times

(RT) for dexamethasone, dexamethasone 21-acetate, paclitaxel, and internal

standard triamcinolone acetonide were 2.9, 5.4, 7.2, and 3.5 min, respectively.

Accuracy and Precision

The results for the accuracy and precision parameters are displayed in Table 2.

The intra and inter-batch variability were within the acceptable limits of

Table 1. Summary of linearity parameters for the calibration curves (y ¼ mx þ c)

during assay validation

Analyte r2 Slopea Intercepta

Dexamethasone 0.99 0.2816 + 0.007 20.0055 + 0.001

Dexamethasone 21-acetate 0.99 0.2381 + 0.008 0.0171 + 0.001

Paclitaxel 0.99 0.4054 + 0.021 0.0305 + 0.005

aMean + SD, N ¼ 3.
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+20% at low and +15% at all other concentrations. The assay method was

thus found to be accurate and precise over the concentration range studied.[26]

Stability Studies

Quality control samples were subjected to short term room temperature, long

term storage conditions (2708C), and freeze thaw stability (3 cycles) studies.

All the stability studies were carried out at three different concentration levels

(0.5, 2, and 10 mg/mL as low, medium, and high, respectively) in triplicate.

There was less than 15% deviation between the responses of spiked

standards at time zero and after 8 hours for all the three analytes at room temp-

erature. This indicated that the analytes are stable at room temperature for over

8 hrs, which well encompasses the duration of typical sample handling and

processing. The assay was also checked for reinjection reproducibility to

determine if an analyte run could be reanalyzed in case of an unexpected

delay in analyses. The same set of QC samples was repeated after one

injection with a gap of 4 hours, during which they were stored at 48C. The

results for these studies are presented in Table 3. In all cases, the deviations

were less than 10%. QC samples were stored at 2708C for 7, 15, and 30

days and analyzed. The data in Table 3 indicates that the deviation is less

than 10% demonstrating the stability of the samples on long term storage at

2 708C.

It is evident from Figure 4 that the deviations after the first, second, and

third freeze thaw cycle are not greater than 10% at all concentration levels.

This indicates adequate freeze thaw stability. Quality control samples at

low, medium, and high concentrations in triplicate were used for this

purpose. The quality control samples were extracted and analyzed immedi-

ately, and used as the reference point to determine the percentage deviations

Table 2. Quality control report: assessment of accuracy and precision of the method

Analyte

QC Samples

(mg/mL)

Accuracy (%bias) Precision (%RSD)

Inter-batch Intra-batch Inter-batch Intra-batch

Dexamethasone 0.50 3.51 4.73 9.97 5.72

2.00 3.23 4.70 8.21 4.64

10.00 3.46 2.88 9.15 4.37

Dexamethasone

21-acetate

0.50 6.67 7.37 0.82 6.82

2.00 3.65 4.22 3.04 5.26

10.00 4.15 4.81 5.60 4.11

Paclitaxel 0.50 6.64 6.62 5.92 3.41

2.00 1.92 1.55 11.70 7.59

10.00 4.21 3.63 3.41 5.70
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Table 3. Stability data for the three analytes (n ¼ 3)

Analyte Storage conditions

Nominal Conc.

(mg/mL)

Mean Conc. at

t ¼ 0 (mg/mL)

Mean Conc.

recovered

(mg/mL) SD (mg/mL) RSD (%)

Dexamethasone 8 hours at 258C 0.50 0.50 0.52 0.01 1.81

2.00 2.04 2.19 0.03 1.45

10.00 10.00 10.13 0.12 1.20

30 days at 2708C 0.50 0.50 0.47 0.05 9.94

2.00 2.04 2.05 0.05 2.24

10.00 10.00 10.46 0.16 1.54

Dexamethasone

21-acetate

8 hours at 258C 0.50 0.54 0.50 0.02 4.00

2.00 2.06 1.87 0.01 0.53

10.00 10.30 9.40 0.34 3.67

30 days at 2708C 0.50 0.54 0.52 0.01 1.84

2.00 2.06 2.06 0.01 0.70

10.00 10.30 11.26 0.15 1.29

Paclitaxel 8 hours at 258C 0.50 0.52 0.49 0.02 4.48

2.00 2.09 2.03 0.01 0.52

10.00 10.24 9.49 0.50 5.25

30 days at 2708C 0.50 0.52 0.47 0.01 0.25

2.00 2.09 2.06 0.04 2.02

10.00 10.24 10.51 0.24 2.24
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after each freeze thaw cycle. Similarly, the stability of the extracted dry

residue was established with less than 10% deviation.

Human Plasma

The assay was applied to human plasma samples spiked with these drugs and

calibration curves along with quality control samples were run. The assay was

linear over the concentration range of 0.25–10.0 mg/mL range, similar as that

in simulated biomatrix. No interfering peaks were observed with the human

plasma samples. This indicates that the method can be applied directly,

without any modification for the analysis of these drugs in human plasma

samples as well. The absolute recoveries of the dexamethasone and dexa-

methasone 21-acetate in plasma were about 45%, while that of paclitaxel

was about 38%. The recoveries were thus comparable to the simulated

matrix used.

There is no published analytical method to simultaneously determine

dexamethasone 21-acetate, dexamethasone, and paclitaxel in biomatrix to

the best of our knowledge. Since the scope of the current experiment was

to study the release rate characteristics of these multiple drugs from

various polymer coatings from stent surfaces, a simulated biomatrix of

BSA media was used. Maintaining the BSA concentration in the media

similar to plasma sufficed the current study needs of studying the release

rates.

Figure 4. Freeze thaw cycle stability data for the analytes at three concentration

levels. X-axis represents number of ft cycles.
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CONCLUSION

A simple and precise HPLC method for the simultaneous quantification of dexa-

methasone 21-acetate, dexamethasone, and paclitaxel was developed and fully

validated. This method offers added advantages of faster run time and lower

sample requirements. The present quantitation limit (0.25 mg/mL) can be

further improved, if required by sample concentration. The results of assay per-

formance indicate that the method is precise and accurate for the routine deter-

mination of dexamethasone 21-acetate, dexamethasone, and paclitaxel

simultaneously. The assay was also applied to human plasma by spiking

human plasma with the standards. Hence, the method can be considered

suitable for application to release rate studies from stents, preclinical as well

as clinical pharmacokinetic studies. The assay can be used to obtain the concen-

tration time profiles of dexamethasone 21-acetate, dexamethasone, and pacli-

taxel for the realistic estimation of their pharmacokinetic parameters.
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