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SUMMARY 

Isocratic high-performance liquid chromatography on Hamilton PRP-1 col- 
umn (25 x 0.46 cm I.D.) at 60°C allows the separation of oxytetracycline, 4,6-epi- 
doxycycline, 4-epidoxycycline, methacycline, 6-epidoxycycline and doxycycline. The 
mobile phase is tetrahydrofuran-O.2 M phosphate buffer (pH 8.0)-0.2 M tetrabutyl- 
ammonium hydrogen sulphate solution (pH 8.0)-O. 1 M sodium edetate solution (pH 
8.0)-water (6: 105: 1:78). The flow-rate is 1 .O ml/mm, 40-pg samples are injected and 
detection is at 254 nm. The column lifetime exceeds 6 months. Results for a number 
of bulk samples and specialities are reported. 

INTRODUCTION 

A number of papers on high-performance liquid chromatography (HPLC) of 
tetracyclines mention the determination of doxycycline (DOX) in biological sam- 
plesiV8. The systems described are less suitable for the determination of related sub- 
stances because the separation of the antibiotic from the background of biological 
origin is the main concern. Other papers describe systems for the separation of DOX 
from other tetracyclinesg-l ‘I. Such systems can be useful for the identification of DOX, 
but are not necessarily suitable for purity control and assay. Practically all the HPLC 
systems described are based on reversed-phase chromatography; only a few are based 
on ion-exchange chromatography1,6. 

Some of the systems mentioned in the literature are applicable to the purity 
control of DOX. Nelis and De Leenheerlg described a reversed-phase system with 
a mobile phase of pH 2.1, able to separate DOX from the impurities Cepidoxycycline 
(4EDOX), 6-epidoxycycline (dEDOX) and methacycline (MTC). The impurities 
themselves were not separated from each other. Gstrein and NachtmannZo were able 
to separate DOX, 6-EDOX, MTC and oxytetracycline (OTC) on a reversed-phase 

l Part of this paper was presented at the First IntemationaI Symposium on Drug Analysis, Brussels, 
Belgium. June 1983. 
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system with a mobile phase of pH 8.0. The separation of CEDOX was’not mentioned. 
Another drawback of this system is the relatively high pH of the mobile phase com- 
bined with a relatively high temperature (SOC), which is known to degrade the pack- 
ing material. More recently, Hermansson and Andersson2 l described a similar system 
operating at room temperature with a mobile phase of pH 8.0, with which they were 
able to separate DOX, 6-EDOX and MTC. De Meijer, who used this system for the 
determination of 6EDGX in a number of commercial DOX samples, reported a 
satisfactory stability for the packing material. Results for 4-EDOX or MTC were not 
mentionedf2. 

This paper describes a method that separates OTC, 4,6-epidoxycycline (4,6- 
EDOX), 4-EDOX, 6-EDOX, MTC and DOX.Under the conditions described, the 
Hamilton PRP-1 packing material is stable for more than 6 months. Results for a 
number of bulk samples, tablets, capsules and suspensions are reported. The W.H.O. 
international reference preparation, the U.S. reference standard and the European 
Pharmacopoeia chemical reference substance (Ph. Eur. CRS) are compared. 

EXPERIMENTAL 

Samples 
More than 50 samples were analysed. For a number of samples the manufac- 

turer of the DOX was known, e.g. Ankerfarm, Lark. and Carbo-Biochimica (Italy), 
Hovione (Portugal), Pfizer (U.S.A.) and Rachelle (U.S.A.). For other samples, which 
were obtained from wholesale dealers of bulk products and from manufacturers of 
specialities, the manufacturer of the DGX was not always known. A reference sample 
containing 4-EDOX was kindly donated by Pfizer. 

Chemicals 
Organic solvents from Janssen Chimica (Beerse, Belgium) were distilled before 

use. Quatemary ammonium salts were from the same manufacturer. Other reagents 
were of pro analysi quality (Merck, Darmstadt, F.R.G.). Water was distilled twice. 

HPLC apparatus and operating conditions 
The HPLC apparatus consisted of a reciprocating pump Model M45 (Waters 

Assoc., Milford, MA, U.S.A.), a 20-~1 loop injector Model CV-6-UHPa-N60 (Valco, 
Houston, TX, U.S.A.), a 250 x 4.6 mm I.D. column, packed in the laboratory with 
IO-pm Hamilton PRP-I (Hamilton, Reno, NV, U.S.A.), a 254nm fixed-wavelength 
detector Model 440 (Waters Assoc.), and a recording integrator Model 3390 A (Hew- 
lett-Packard, Avondale, PA, U.S.A.). The column was kept at 60°C by means of a 
glass water-jacket, connected to a circulating water-bath. A Pye Unicam Model 
LC3UV variable-wavelength detector (Pye Unicam, Cambridge, U.K.) was used at 
350 nm in some preliminary experiments where the mobile phase contained acetone. 

The mobile phase was prepared by mixing 750 ml of water, 60 ml of tetra- 
hydrofuran, 100 ml of 0.2 M phosphate buffer (pH 8.0), 50 ml of 0.02 A4 tetrabutyl- 
ammonium hydrogen sulphate (TBA) solution and 10 ml of 0.1 A4 sodium edetate 
(EDTA). During preparation of the latter two solutions the pH was brought to 8.0 
by the addition of sodium hydroxide solution. The mixture was finally diluted to 
1000 ml with water. The flow-rate was 1.0 ml/mm, and the back-pressure was ca. 
1500 p.s.i. 



HPLC OF DOXYCYCLINE 415 

Sample preparation 
Samples were prepared by weighing or pipetting accurately an amount corre- 

sponding to 40 mg of DOX base into a 25ml volumetric flask. 
For bulk samples of salts of DOX, the mobile phase was used as the solvent. 

DOX base samples were first dissolved in 1.5 ml of 0.1 N hydrochloric acid, 20 ml 
of mobile phase were added, then 1.5 ml of 0.1 N sodium hydroxide, and finally 
further mobile phase was added. 

For tablets and capsules containing a salt of DOX, 20 ml of mobile phase were 
added and the mixture was treated in an ultrasonic bath at room temperature for 5 
min. Further mobile phase was then added. For samples containing the base, the 
sample was first treated with 2.5 ml of 0.1 N hydrochloric acid in an ultrasonic bath 
at room temperature for 5 min, 20 ml of mobile phase were added and the mixture 
was sonicated for 1 min, 2.5 ml of 0.1 N sodium hydroxide were added, and finally 
further mobile phase was added. Part of the homogeneous mixture was centrifuged, 
and the supernatant was filtered through a membrane filter with 1.2~@ pores. 

For the suspensions, 5.0 ml of 0.1 N hydrochloric acid, 5 ml of 0.1 & sodium 
edetate solution (pH 8.0), 5.0 ml of 0.1 N sodium hydroxide, and finally further 
mobile phase, were added. 

Calibration curves and reproducibility 
Calibration curves were obtained with chemical reference substances of the 

European Pharmacopoeia (_v = peak area, x = amount injected in micrograms) 
DOX hyclate: y = 0.12897x - 0.036, S,,, = 0.088, r = 0.999, range of x covered 
in the experiments: 30-50 pg. 6-EDOX hydrochloride: y = 0.12x, r = 0.999. MTC 
hydrochloride: y = 0.16x, r = 0.998. Range of x covered in 6-EDOX and MTC 
experiments: 0.02-0.8 pg. 

A sample was analysed 22 times over a period of 8 days. The relative standard 
deviation (R.S.D.) for DOX was 0.6% and that for minor impurities such as 6-EDOX 
and MTC did not exceed 2%. 

RESULTS AND DISCUSSION 

DOX (Fig. 1) is probably the most stable product of the group of tetracyclines. 
Since the molecule carries a hydroxyl group at C-5 it is, like OTC, more stable to- 
wards C-4 epimerisation. This is probably due to hydrogen bonding of the hydroxyl 
with the C-4 dimethylamino group 23. The absence of a hydroxyl at C-6 excludes the 
possibility of acid degradation to the corresponding anhydro derivative24. This 
means that, unlike TC and CTC, DOX must not be analysed for anhydro derivatives. 
On the other hand, since DOX is a semisynthetic product, it must be analysed for 
intermediates or secondary products. DOX can be prepared from OTC, MTC being 
an intermediate product. Therefore MTC, and to a lesser extent OTC, can be present 
as impurities. The C-6 epimer 6-EDOX can also be formed during the transformation 
of MTC into DOX”‘. Eventually 6-EDOX can epimerise into 4,6-EDOX. The 
method described enables the separation of all those substances. 

The stationary phase used is a polystyren&ivinylbenzene (PSDVB) copoly- 
mer. This material is known for its good stability under extreme pH conditions (pH 
1-13). PSDVB materials have been widely used in classical open-column chromato- 
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OH 0 OH 0 
Fig. 1. Structure of doxycycline. 

graphy, mainly as the well-known Amberlite XAD resins. HPLC separations with 
ground XAD resins have also been described, but more recently PSDVB materials 
with suitable cross-linking and particle size, designed for HPLC, have become avail- 
able. Hitachi gels (Hitachi, Tokyo, Japan) have been used for the separation of al- 
kylbenzenes, fatty acid alkanolamines, steroids, bases, polymyxin antibiotics and 
peptides26-31. Hamilton PRP-I, the packing material used in this work, was intro- 
duced more recently3z-34, and applications with chlorophenols, gibberellins and pep- 
tides have been described 35-3*. It seems that, despite their better stability at higher 
pH, PSDVB materials are not yet widely used in HPLC, which is probably due to 
their lower efficiency. It will be shown below that, for DOX at least, the lower effi- 
ciency is largely compensated for by a very good selectivity. 

In accordance with the systems previously described20*21 for silica-based re- 
versed-phase materials, slightly alkaline (pH 8-9) mobile phases containing phos- 
phate buffers and amines such as triethylamine, dimethyloctylamine, ethanolamine 
and tris(hydroxymethyl)aminomethane were used initially. It was observed that re- 
placement of these amines by quaternary ammonium ions such as tetramethyl- 
ammonium, tetraethylammonium or tetrabutylammonium (TBA) gave better sepa- 
rations. Solutions of TBA, neutralised with sodium hydroxide to the same pH as 
that of the phosphate buffer in the mobile phase, gave the most satisfactory results. 
Results obtained at pH 8.25 with different organic modifiers are shown in Fig. 2. As 
methanol gave poorer separations, it was excluded from further experiments. Fig. 3 
shows the influence, at pH 8.0, of the concentrations of phosphate buffer and of 
TBA, with acetone as the organic modifier. A 0.2 M phosphate buffer concentration 
of 10% (v/v) and a 0.02 M TBA concentration of 5% (v/v) were finally chosen as 
adequate. Fig. 4 shows the influence of the pH with acetone, acetonitrile or tetra- 
hydrofuran (THF) as the organic modifier. MTC and OTC were also included in 
these experiments. At pH 8.0 THF allowed complete separation of all the com- 
pounds. EDTA was added to the mobile phase later, because it was found to increase 
the chromatographic efficiency. The mobile phase finally used is described in the 
Experimental section. An internal standard was not considered useful because a fix- 
ed-loop injector was used and aqueous solutions were analysed. It was observed in 
our laboratory that an internal standard does not improve the results when solutions 
with a low coefficient of expansion are analysed. For other solutions the temperature 
of the injector, and thus the room temperature, play an important role. This influence 
can be compensated for by the use of an internal standard, provided the solutions 
are prepared at a well-defined temperature. 

Fig. 5a shows a typical chromatogram of DOX. OTC and 4,6-EDOX are not 
present in detectable amounts (4 0.1%). A very small amount ( < 0.1%) of 4-EDOX 
is present. MTC, 6-EDOX and an impurity of unknown structure, eluting after DOX, 
are present in most samples. This unknown peak will be designated as UNK. Fig. 5b 
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Fig. 2. Inthtence of the organic modifier on the separation of doxycycline and related substances: (A) 
methanol, (B) acetonitrile, (C) tetrahydrofiuan, (D) acetone. Mobile phase: organic modilier-0.2 A4 phos 
phate butfer (pH 8.25)-0.02 M tetrabutylammonimn sulphate solution (pH 8.25)-water [~10:5:(85-x)]. 
In experiments using acetone, detection was carried out at 350 mn. gee Experimental section for other 
conditions. 

Fig. 3. Influence of (A) buffer concentration and (B) quatemary ammonium ion concentration on the 
separation of doxycycline and related substances. Mobile phase: acetone-O.2 M phosphate but% (pH 
8.Ow.02 M tetrabutylammonium sulphate solution @H 8.0)-water, (A) 20:rS:(75-x), (B) 
20:10:x:(75-x). Detection at 350 nm. See Experimental section for other conditions. 

shows a chromatogram of DOX polyphosphate. 4-EDOX is present in quite a large 
amount: 8% of the total doxycycline content. Epimerisation probably occurred dur- 
ing preparation of the polyphosphate derivative. Phosphate salts are known to in- 
crease the rate of epimerisation at C-4 3g. The same phenomenon was observed in our 
laboratory for capsules containing TC phosphate; 17-month-old samples were found 
to contain up to 14% of the C-4 epimer. C-4 epimers, which were used as reference 
products for chromatography, were prepared in solution by partial transformation 
of DOX and 6-EDOX in the presence of phosphate buffers. The products were not 
isolated. The 4-EDOX peak thus obtained corresponded to that of the reference 
sample containing 4-EDOX : DOX (2: 1). It is clear that the PSDVB stationary phase 
shows a very good selectivity towards epimers of tetracyclines. The separation of 
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Fig. 4. Influence of pH of the mobile phase on the separation of doxycycline and related substances. 
Mobile phases contained 10% (v/v) 0.2 M phosphate bulfcr of the pH indicated and 5% (v/v) 0.02 A4 
tetrabutylammonium sulphate solution, brought to the pH indicated with sodium hydroxide solution. 
Other components of the mobile phase were: (A) 20% (v/v) acetonitrile; (B) 17.5% (v/v) acetone; (C) 8% 
(v/v) tetrahydrofuran. Water was added to 100%. In experiments using acetone, detection was carried out 
at 350 mn. Set Experimental section for other conditions. 
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Fig. 5. Chromatograms of (A) a typical sample of doxycycline hyclate, (B) doxycycline polyphosphate. 
Column, Hamilton PKI-1,250 x 4.6 mm I.D. at 6o’C, mobile phase, tetrahydrofitran-O.2 M phosphate 
buffer @H 8.0)-0.02 M tetrabutylammonium sulphate solution (pH 8.0)-0.1 M sodium edetate solution 
@H 8.0)-water (6:10:5:1:78); flow-rate, 1.0 ml/mm; detection wavelength, 254 nm. Peaks: 1 = oxytetra- 
cycline; 2 = 4,depidoxycycline; 3 = Cepidoxycycline; 4 = methacycline; 5 = 6-epidoxycycline; 6 = 
doxycycline; 7 = unknown. 
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tetracycline epimers has always been a problem in HPLC on reversed-phase mate- 
rials. 

This HPLC method was used to compare the W.H.O. international reference 
preparation, the U.S. reference standard (F-l) and the Ph. Eur. chemical reference 
standard (Ph. Eur. CRS). A commercial sample, later used as a house standard, was 
examined at the same time. Samples were injected alternately over a period of 8 days. 
The secondary standard was analysed every day. For all the products examined the 
sum of the surfaces corresponding to MTC, @EDOX, DOX and UNK covered at 
least 99.9% of the total surface measured. The DOX . HCl content of the samples 
was obtained by comparison with the Ph. Eur. CRS. The composition of the Ph. 
Eur. CRS was calculated as follows. The manufacturer’s values for water (1.88%) 
and ethanol (4.6%), corresponding to the total theoretical amount (6.48%) of solvent 
in a hyclate salt DOX a HCl - 0.5 Hz0 . 0.5 C2H50H, were checked in the Ph. Eur. 
laboratory and in our laboratory. Water was determined by Karl Fischer titration. 
The gas chromatographic determination of ethanol was that described in the Ph. Eur. 
for doxycycline hyclate 18. Mean values were 2.32% (water) and 4.55% (ethanol). 
The MTC . HCl content (0.03%) and the 6-EDOX ’ HCl content (0.8%) were ob- 
tained by HPLC using calibration curves obtained with Ph. Eur. chemical reference 
substances. The remainder of the total mass [loo% - (2.32% + 4.55% -t 0.03% 
+ 0.8%)] = 92.3% was accepted to correspond with the sum of the surfaces obtained 
for DOX and UNK. If UNK is calculated as DOX s HCl, a content of 0.2% is 
obtained, which means that the DOX HCl content of the Ph. Eur. CRS is 92.1%. 
This value was used in the calculation of the content of the other standards and of 
all the other samples. 

Results obtained for the standards are shown in Table I. The results show that 

TABLE I 

COMPOSITION OF DOXYCYCLINE STANDARDS 

Values in percent (m/m); R.S.D. is given in parentheses; ND = not determined owing to limited amount of sample. 

Ph. Eur. CRS 
(872 I. U./mg) 

First International U.S. Reference House 
reference preparation standard standard 
(870 I.U./mg) (864 wg DOXimg) 

Number of analyses 10 7 
Number of solutions analysed 5 3 
Number of days 5 3 

MTC HCl 0.03 (18.6) 0.2 (4.8) 
6-EDOX HCl 0.8 (5.1) 1.1 (5.1) 
Unknown (UNK) 0.2 0.2 1. 
DOX HCl 92.1 (0.6) 90.4 (0.5) 

Subtotal 93.13 91.9 
Ethanol 2.32 ND 
Water 4.55 ND 

Total loo.0 

DOX 85.1 83.5 

6 22 
3 14 
3 8 

0.2 (1.3) 0.7 (1.7) 
1.1 (0.6) 1.1 (1.3) 
0.2 0.2 

92.3 (0.3) 90.8 (0.6) 

93.8 92.8 
ND 2.40 
ND 4.85 

100.05 

85.3 83.9 
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the Ph. Eur. CRS and the U.S. reference standard contain comparable amounts of 
DOX, whereas the international standard contains somewhat less. The Ph. Eur. CRS 
contains the smallest amount of MTC and 6-EDOX. For the UNK content no R.S.D. 
is given because, in a number of experiments, the integrator did not count the small 
broad peak. The DOX base content is also mentioned. 

The water content of the house standard was found to be 2.40% and the 
ethanol content 4.85%. When this solvent content is added to the subtotal of 92.8 
mentioned in Table I a total of 100.05% is obtained. Owing to the limited amounts 
available, the water and ethanol contents of the other standards were not determined. 

Table II shows results obtained with a number of hyclate salts. The number 
of samples taken is mentioned in the column “number of solutions analysed”. Most 
of the samples were analysed on two different PRP- 1 columns. In total three columns 
were used, and all three gave comparable separations. The R.S.D. for DOX - HCl 
is always less than 1%. OTC and 4,6-EDOX were never detected in commercial 
samples. Except for the phosphate salt shown in Fig. 5b, CEDOX is found to be a 
minor impurity. Since no pure reference material was available 4-EDOX was cal- 
culated as DOX - MTC, and 6-EDOX and the impurity of unknown structure (UNK) 
are present in variable amounts in all the samples. All the samples comply with the 
Ph. Eur. TLC test for related substances: OTC . HCl, 1%; MTC - HCl, 2%; 6-EDOX 
- HCl, 2%. It is seen that the 6-EDOX - HCl content is not always less than OS%, 
as was observed previously in a study covering more than 30 ~amples~~. Some vari- 
ation in composition is observed between samples from the same manufacturer. The 
composition pattern does not distinguish samples from different manufacturers. The 
water content is always close to the theoretical amount (1.88%) and within Ph. Eur. 
limits (l&2.8%). The ethanol content is also close to the theoretical value (4.6%) 
and well within Ph. Eur. limits (4.3-6.0%). In the samples from manufacturer B, cu. 
0.5% of acetone was detected by the same gas chromatographic method. The total 
content is close to 100%. The mean of the total contents is lOO.l%, with the R.S.D. 
0.6%. 

Table III shows results obtained for DOX . Hz0 samples. The purity of the 
sample examined is comparable with that observed for the DOX salts. The water 
content is close to the theoretical value (3.89%). 

Table IV gives the DOX content for a number of tablets, capsules and sus- 
pensions from different manufacturers. During sample preparation of the suspen- 
sions, DOX is first dissolved in hydrochloric acid, EDTA is added before the pH is 
brought to 8.0. This is necessary because the suspensions examined contain alkaline 
earth metals, which are known to form complexes with tetracycline40. The results for 
the capsules from manufacturer A fluctuate between cu. 93% and cu. 100%. This can 
be partly explained by the fact that sample 34 was manufactured in another plant, 
but samples 40 and 41, differing by as much as 6%, appeared to be from the same 
plant. The distinctly higher content of samples 37 and 39 is probably due to over- 
dosing at 105%. Some fluctuation in the content of pharmaceutical preparations, 
although to a lesser extent, was also observed in a previous surveyz2. 

It can be concluded that the method described is useful for simultaneous iden- 
tification, purity control and assay of bulk samples and different kinds of pharma- 
ceutical preparation containing DOX. During preliminary experiments the same 
method, eventually slightly adapted, also proved to be useful for the analysis of other 
tetracyclines. 
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TABLE IV 

DOXYCYCLINE CONTENT OF SPECIALITIES AS A PERCENTAGE (m/m) OF LABEL CLAIM 

Manufacturer Sample 
number 

DOX derivative Form 
used 

Number Number of Mean R.S.D. (%) 

of solutions content 
analyses analysed 

A 36 
34 
40 
41 
44 
45 

G 35 
37 

H 38 
I 39 
J 42 
K 43 
L 48 

Monohydrate 
Hyclate 
Hyclate 
Hyclate 
Hyclate 
Hyclate 
Monohydrate 
Hyclate 
Hyclate 
Hyclate 
Hyclate 
Hyclate 
Hyclate 

Tablets 2 2 93.6 0.4 
Capsules 5 3 92.4 1.7 
Capsules 2 2 99.5 0.2 
Capsules 2 2 93.5 0.1 
Suspension 2 2 98.4 0.3 
Suspension 2 2 95.8 0.4 
Tablets 4 3 99.9 0.2 
Capsules 2 2 105.8 0.1 
Capsules 2 2 103.4 0.1 
Capsules 2 2 107.0 0.3 
Capsules 2 2 102.4 0.6 
Capsules 2 2 102.0 0.3 
Capsules 2 2 101.0 0.3 
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