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A high-performance liquid chromatographic (HPLC) method for the deter- 
mination of tetracyclines, except for the more hpophihc compound doxycychne, in 
urine* plasma and animal tissues has been described by Sharma and co-worker+. 
Maximum resolution on reversed phase colnmns can be achieved with acidic eluents 
when their pH is below the isoelectric point of the tetracyclines (CQ. pH 5)“. 

As the analysis of tetracyclines in biological samples, according to Sharma 
and co-workersL*2, requires extraction into an organic solvent and reextraction into 
aqueous acids, I have developed a single-step extraction method with subsequent 
chromatographic analysis on RP-8 material that is applicable for tetracycline and 
pyrrolidinomethyltetne4.5_ In principle, this method is also applicable to 
doxycycline since at pH 2.4 tetracycline and pyrrolidinomethyltcychne are eluted 
prior to the more Iipophihc doxycychne, as is also described by other.@. However, the 
rate of recovery of doxycycline varies when different batches of column packing 
material are used. This difhculty can be overcome and the reproducibility of the 
results can be snfhcientiy enhanced by: (1) precquihbration of the cohunns with a 
compound more hpophihc than doxycychne or any other tetracycline to be analyzed; 
and (2) use of a final eIuent less apolar than the equilibration elnent. 

The improved procedure is described in this paper. 

MMRZEUXS AND h4ETEiODS 

AlI chemicals used were of anaLyticaL grade. Anhydr&etracychne was kindly 
provided by Hoechst (Frankfurt/M, G.F.R.). Doxycycline was a gift from Pfizer 
(Karlsruhe, G.F.R.). 

The HPLC apparatus used in this study was essentially that described 
previouslY+. Cohmms (25 x 0.4 cm) packed with Nucleosile LO C, (Macherey, Nagel 
& Co., D&en, G.F.R:) were conditioned for 20 min with eluenr I (0.01 M NaHzPQa 
in water-acetomtrile, 70:30; adjusted to pH 2.4 with 1 &Z HN03 conwng 0-L mg 
anhydrotec~cycLine/WOml, at a flow-rate of 1.9 ml/mm. Complete equilibration 
was checked by DV analysis of the eluent before and a&r passing the column. 
The UV absorption was measured at 270 nm, i.e., at the absorption maximum of 
anhydrotetracyche_ 
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The chromatograpbic anaIysis of doxycyciine was performed with ehxent IT 
(O-01 M NaM,po, in water-ac&o&riIe, 73:27; pH 2.4), the UV absorption being 
measured at 357 nm. 

For the extraction of doxycycline from biological sampks the procedure de- 
scribed for tetracycIine and pyrroIidinomethyltetracycIine~ we sIightIy modified. 

Extra&ion from blood or serum. Au steps were performed in the coId 
(cab Oa$ 5Ck or 10&A volume of blood or serum was mixed with 150~1 0.03 M 
H,PO,; after 15 min 1 mI acetotitrik-buffer (0.01 M NaH~PQ, pH 24) (50~50) 
was added, 5 min later most of the precipitated proteins were spun down (2000 g for 
5 min) and the supernatant taken for the HPLC analysis. 

(b) Extraction from tissue. Organs were resecti from the animaIs, rinsed in 
ice-cold 0.9% NaCl, dried on f&r-paper and homogenized in ice-cold 0.03 M 
NaEI,po, (1 part organ + 4 parts btier) with an ultra Turrax (Janke & Ku&e& 
Staaufen, G.F.R.) at 15,OQO rpm for 30 sec. After 15 min, 200~1 of the homogenate 
were mixed with 1 ml acetonitrik-buffer (0.01 M NaH,pO,, pH 2.4) (50:50) and 
centrifuged. For the chromatographic analysis, 50- or WO+l aIiquots of the super- 
natant were applied to the column. 

For recovery experiments, doxycyciine dissokd in 1.5 mM M&SO, was 
added to serum or organ homdg&ates (20 % in 0.9 % NacI) to give a final concentra- 

a 

Fii_ I. Chromatogmpbic analysis of doxycyc&e on RF’ cc. EIutioi~ p&ems: a, 208 ng doxy&ine 
on zzn uitconditiond cohmn @ail@); b, 20% ng do_sycycEne on a co1um11 precquiiii~ted with 
znhydrotetmcycliue (ao tail&g, svmmetric peak); c, 219ng doxvcycline, extrac&d from semm 
(lO.S~g/ml); doxyqche fkom tissue homogenztes gave the sameksult; d, a control serum. The 
sensitivityo.C~ephotormterincanddwas~times~tinaandb. 



tion of 0.5, 1,5, IO, 50,100 or ZoO~g/mI. After incubation at 37” for 30 min, doxy- 
cyclone was extracted as described above. 

P~ULTS AND DISCUSSEON 

High ionic strength of the eluent or an unconditioned cohunn result in ta.iIing 
of the eluted compound (Fig. ip’_ When the cohunn is conditioned with the Iipo- 
phi&z anhydrotetracychne, an eluent wilh relatively low content of acetonitrile 
(27 %) elutes doxycychne within 5 min (Fig. 1 b). The anhydrotetracychne adsorbed 
to the coinmn is not eluted as can he proven by UV anaIysis at 270 nm. 

Doxycychne extracted from biological samples has the same dention time 
of 3.9 min as doxycyclEne standards dissolved either in eluenf. or-in 1.5 m&f MgSO,. 

The recovery of doxycychne from serum and organ homogenates is compIete 
when the doxycychne concentrations are not higher than lOO,~g/rnI_ At a concentra- 
tion of 2OO,~g/snl the recovery from Iivet homogenates and from serum is only 
ScrSS%_ This may be due to a partial precipitation of doxycychne together with 
some proteins, as described for tetracycline5. In repeated experiments the standard 
deviation of the extraction and the chromatographic analysis was between 4 and 5 %. 

Pilot studies showed that in mice treated with doxycycline (SOpg/g body 
weight), i-v. doxycychne could he found in serum and liver 60 min after the injection 
of the drug. The serum concentration was 5.5 yg/mI; the liver contained 63 /.cg/g_ . 

In conclusion, the main advantages of the method described are: (1) complete 
and simple extraction from serum and tissue samples; (2) rapid and highIy repro- 
ducibte analysis on different batches of the column packing material. 
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