
Development of a simple HPLC method for separation of
doxycycline and its degradation products
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Abstract

A simple HPLC method for the separation of doxycycline and its degradation products 6-epidoxycycline and

metacycline was developed. Numerous HPLC conditions were tested for the qualitative determination of doxycycline

and its degradation products. The best result was achieved by using Phenomenex† Luna 5 mm C8 250�/4.6 mm column

with a Phenomenex† C8 4�/10 mm I.D. guard column, and a mobile phase consisting of acetonitrile:water:perchloric

acid (HClO4) (26:74:0.25) adjusted to pH 2.5 with 5 M sodium hydroxide, a flow-rate of 1.0 ml/min and ultraviolet

detection at 350 nm. Correlation coefficients for calibration curves within the detection range of 3�/60 ml/ml were 0.9990

for doxycycline and 1.000 and 0.9994 for 6-epidoxycycline and metacycline, respectively (within the range 0.5�/7 ml/ml).

The resolution between metacycline and 6-epidoxycycline was 1.2 and between 6-epidoxycycline and doxycycline it was

1.9 which fulfils European Pharmacopoeia requirements. The within- and between-day precision was determined for

both retention time and peak area. Preliminary results indicate that this method can also be applied for separating other

tetracyclines such as minocycline, chlortetracycline, tetracycline and demeclocycline.

# 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Over recent years there has been a growing use

of doxycycline in clinical practice, which is not

dependent on its antibacterial properties but on its

inhibition effect on a group of enzymes referred to

as matrix metalloproteinase’s (MMP’s) [1].

MMP’s are enzymes which have a role in the

immune response and in inflammatory conditions

such as aphthous ulceration and gingivitis. As

tetracycline drugs, (especially the semi-synthetic

derivatives doxycycline and minocycline), distri-

bute easily throughout most tissues of the mouth

such as dentine, enamel of unerupted teeth and the

gingivae they have been found to be effective in the

treatment of various inflammatory diseases in the

mouth. At least one pharmaceutical preparation
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has been developed to utilise this newly discovered
activity of tetracycline drugs [2].

The determination of doxycycline and its de-

gradation products by high performance liquid

chromatography (HPLC) has been found to be

rather difficult. Many of its degradation products

are epimers, which are very similar structurally to

doxycycline and to each other (Fig. 1a and b),

consequently making separation problematical.
Another HPLC separation problem appears

when ODS columns are used, the retention time

is long because of high hydrophobicity, but this

problem can be bypassed by making the mobile

phase sufficiently acidic to ionise the tetracycline

which results in increased hydrophilicity and

reduces the retention time.

Many HPLC methods have been used to
determine tetracyclines in pharmaceutical formu-

lations using for example silica gel [3,4], porous

graphitic carbon [5], silica-based and polymer-

based HPLC column stationary phases [6�/15].

Most of these methods are time consuming and

complex, some are very expensive and some even

unable to separate tetracyclines from their degra-

dation products.
This paper describes a simple and selective

HPLC method for the separation of doxycycline

and two of its degradation products, 6-epidoxycy-

cline and metacycline, which fulfils the European

Pharmacopoeia (Strasbourg, France) requirements

for selectivity for those substances. The separation

of these two degradation products has previously

been fraught with difficulty. This proposed
method is designed to be suitable for the quality

assessment of these compounds in pharmaceutical

products.

2. Experimental

2.1. Chemicals

Doxycycline was purchased from ICN† Biome-

dicals (Aurora, Ohio), metacycline and 6-epidox-

ycycline from European Pharmacopoeia. HPLC-

grade acetonitrile and methanol were purchased

from Rathburn (Walkerburn, Scotland) and per-

chloric acid pro analysis was obtained from Merck

(Darmstadt, Germany). All chemicals were of
analytical grade.

2.2. Chromatography

Separation was carried out with a gradient

modular HPLC system equipped with a variable

wavelength spectrophotometer. HPLC system

Thermo Separation Products (TSP), Spectra series
P200 pump UV 150 detector and TSP Chromjet

Integrator (Spectra-Physics Analytical, Fremont,

CA, USA) and Merck Hitachi Autosampler L7200

LaChrom (Hitachi ltd. Tokyo, Japan). The col-

umns used in the development of the separation

were Hypersil ODS C18 100�/4.6 mm, Cosmosil†

C18 150�/4.6 mm, Cosmosil† C18 250�/4.6 mm,

Phenomenex† Luna 5 mm C8 150�/4.6 mm and
Phenomenex† Luna 5 mm C8 250�/4.6 mm (all

purchased from Phenomenex, UK). The detector

wavelength was set at 350 nm. A flow rate of 1.0

ml min�1 was used for the separation of doxycy-

cline and its degradation products.

The mobile phase composition was acetonitrile:

water: perchloric acid (HClO4) (26:74:0.25) ad-

justed to pH 2.5 with 5 M sodium hydroxide.
Samples and standards were dissolved in the

mobile phase and 20 ml samples were injected

into the HPLC system at room temperature.

2.3. Preparation of solutions

Test solutions of doxycycline, metacycline and

6-epidoxycycline were prepared by dissolving them

in the mobile phase in a concentration of 40 mg/ml
for doxycycline and 7 mg/ml for metacycline and 6-

epidoxycycline. Samples were measured the same

day they were prepared. The calibration standards

(3�/40 mg/ml for doxycycline and oxytetracycline

and 0.5�/7 mg/ml for metacycline and 6-epidoxycy-

line) were prepared from stock solutions by

dilution as follows; accurately weigh about 0.020

g of doxycycline HCl and 0.003 g of 6-epidoxycy-
cline and metacycline each into a 200 ml volu-

metric flask. Dissolve in about 100 ml of the

mobile phase and then make up to volume with the

mobile phase. This is solution S which is then

diluted accordingly; SI: 10 ml of S diluted to 25 ml,

SII: 15 ml of SI diluted to 25 ml, SIII: 15 ml of SII
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Fig. 1. (a) Doxycycline and its epimers. (b) Two common degradations products of doxycycline.
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diluted to 25 ml, SIV: 10 ml of SIII diluted to 25
ml, SV: 5 ml of SIV diluted to 10 ml. Samples were

filtered through a 0.45 mm nylon syringe filter

(Millipore, Denmark) before they were injected

into the HPLC system.

3. Results and discussion

3.1. Chromatography

Of the columns tested it was only by using

Phenomenex† Luna 5 mm C8 250�/4.6 mm that
good separation of metacycline and 6-epidoxycy-
cline was achieved, from each other as well as from

doxycycline. The retention time of the compounds

with this method is approximately the same as

with the official method of the European Pharma-

copoeia (Ph.Eur 4th ed.) [16], about 30 min and

Ph.Eur requirements of resolution and peak sym-

metry are fulfilled with this method (Fig. 2 and

Table 1). The main advantage of this method
compared with the Ph.Eur method is that it is

simpler to carry out with regard to the preparation

of samples and the conditions used and thus is less

time consuming. There is also no need for column

heating equipment and it is less costly with the

Phenomenex† Luna 5 mm C8 costing half as much

as conventional styrene-divinylbenzene copolymer

(SDVB) columns.
Preliminary studies of the separation capabilities

of the described method for other tetracyclines

show good separation of all the investigated

compounds (Fig. 3), indicating that this method

could be applied for the analysis of different

tetracyclines.

3.2. Mobile phase

3.2.1. Mobile phase composition

Mobile phase compositions consisting of per-

chloric acid buffer, water and acetonitrile in

different ratios (30�/50%) were tested. The higher
the ratio of the buffer in the mobile phase, gave

higher retention time of the tetracyclines and

better resolution but also broadened the peaks.

After testing various compositions, 26% of aceto-

nitrile was selected as the ratio of the organic

modifier for the baseline separation of doxycycline
Fig. 2. Example of the chromatogram, peak 1, metacycline;

peak 2, 6-epoxycycline; peak 3, doxycycline.

Table 1

Retention times and resolutions

Substance Retention time (min) Resolution

Metacycline 22.22

6-epidoxycycline 23.30 1.2a

Doxycycline 25.16 1.9b

a Between metacycline and 6-epidoxycycline.
b Between 6-epidoxycycline and doxycycline.
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and its degradation products as it gave the best

resolution.

3.2.2. Mobile phase pH

Three factors were considered when the pH of

the mobile phase was chosen. Firstly doxycycline
has to be in its ionised form in order to decrease

the retention time, hence the mobile phase pH has

to be lower than the pKa of doxycycline which is

3.4. Secondly the lifetime of the column stationary

phase is reduced at low pH, especially at pH lower

than 2.0 and thirdly the formation of isomeric

analogues decreases as the pH values is lowered. In
view of these considerations a pH value of 2.5 was

chosen.

3.3. Validation of the analytical method

To validate the HPLC method, a series of tests

were made using the most promising conditions.

3.3.1. Linearity

A calibration curve was made for each of the

three compounds. The concentrations examined

were between 3 and 60 mg/ml for doxycycline and

0.5�/7 mg/ml for 6-epidoxycycline and metacycline.

The correlation coefficients (R2) were 0.9990 for

doxycycline, 1.0000 for 6-epidoxycycline and

0.9994 for metacycline.

3.3.2. Selectivity

The selectivity of the method for the determina-

tion of doxycycline and its degradation product

was studied by mixing exact weights of the

tetracyclines into the mobile phase. As shown in

Fig. 2 and Table 1, there was adequate resolution

of all these compounds, especially between dox-
ycycline and its two degradation product.

3.3.3. Precision and accuracy

The within-day precision (expressed as the

relative standard deviation (R.S.D.)) for area

under the curve (AUC) and retention times was

determined for all three substances by repeated

analysis (n�/7). Average within-day R.S.D. values
obtained for retention times were 1.16% and for

areas under curve 1.44%. The average R.S.D.

values for between-day precision obtained for

AUC were 1.01% (Table 2).

4. Conclusion

A method was developed for the separation of

doxycycline and its degradation products; 6-epi-

doxycycline and metacycline; which is reliable,

inexpensive and simple in procedure in compar-

ison with the European Pharmacopoeia method.

The results indicate that the described method can

be used for qualitative analysis of those three

Fig. 3. Example of chromatogram, total run time is about. 30

min. Peak 1, tetracycline; peak 2, demeclocycline; peak 3,

chlortetracycline; peak 4, minocycline; peak 5, metacycline;

peak 6, 6-epidoxycycline; peak 7, doxycycline.
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compounds. Further work will determine the

quantitative limits of the method. The simplicity

of the method reported here makes it a suitable

alternative to official methods used for the quality

control of doxycycline.
This study also indicates that this method can be

used for both qualitative and quantitative analysis

of most tetracycline compounds but, in order to

establish that, further research will be needed.
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Table 2

Precision

Compound R.S.D. (%) AUC R.S.D. (%) Between-day precision R.S.D. for AUC (%)

Doxycycline 1.16 1.12 1.07

6-epidoxycycline 1.15 1.63 0.64

Metacycline 1.16 1.58 1.31
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