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Tetracycline is a broad spectrum antibiotic extensively
used in human medicine and as an animal feed supple-
ment. Tetracycline (TC) can contain several impurities
from fermentation (demethyltetracycline (DMTC), 2-
acetyl-2-decarboxamidotetracycline (ADTC), chlor-
tetracycline (CTC)) or from acid degradation (4-epitetra-
cycline (ETC), 4-epianhydrotetracycline (EATC),
anhydrotetracycline (ATC)). Due to the fact that some
of these impurities are either inactive as an antibiotic or
even toxic, their content is restricted in commercial bulk
tetracycline. Because microbiological assays do not
allow to determine these impurities, chromatographic
methods are favored. A suitable analytical technique
should be able to do a complete impurity profiling with
minimal sample and reagent requirements in an accept-
able time period.

Isocratic liquid chromatography on a poly(styrene-
divinylbenzene) column of 25 cm� 0.46 cm ID is used
to analyze official standards and commercial samples
(European Pharmacopoelia (1997)). The mobile phase
combines tert.-butanol (6.9 g/100 mL), 0.2M phosphate
buffer (10.0 mL), 0.02M tetrabutylammonium sulphate
(15.0 mL), 0.01M sodium EDTA (10.0 mL) and water

(up to 1000.0 mL) at a pH of 9.0 for elution at 60°C. The
flow-rate is 1.0 mL/min and detection is achieved
spectrophotometrically at 254 nm. This system allows
the complete separation and resolution of TC, ETC, ATC,
EATC and DMTC in a time under 40 min. Moreover,
ADTC is also resolved from tetracycline. See Fig. 1 for a
typical chromatogram.

The capillary zone electrophoretic system uses an
uncoated fused silica capillary of 44 cm� 50mm ID
(Van Schepdaelet al.,1995). The background electrolyte
is a sodium carbonate-EDTA (80 mM: 1 mM) mixture at
pH 9.0 containing 0.5% MeOH. Injection is done
hydrodynamically for 4 s, the detector is set at 270 nm,
and the capillary is thermostatted at 15°C. This systems
allows to separate the same impurities as the LC method,
except for ADTC. Figure 1 shows a typical electrophero-
gram. When the buffer concentration was raised to
120 mM and the pH was brought to 10.75, this fermen-
tation impurity was also separated (Liet al., 1997).
Unfortunately, DMTC could not be separated under these
circumstances, nor could CTC be quantified because it is
unstable in the alkaline background electrolyte and
converts partly to isochlortetracycline (ICTC).

Figure 1. Comparison of the LC (left) and the CE (right) method as described in references 1
and 2, respectively. See text and Table 1 for experimental conditions.
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Propertiesof the describedLC andCE methodswith
respectto selectivity, speed,sampleand reagentcon-
sumption,repeatability,linearity, detectionandquantifi-
cationlimits aregivenin Table1.TheLC methodis most
appropriateif all impuritiesneedexactlyto bequantified.
CE offers the advantageof a higher speedand a lower
reagentconsumption.With theaimof combiningthebest
of theLC andCEtechniques,it hasbeensuggestedto use
capillary electrochromatography (CEC). Theseexperi-
mentsareundertakenin capillary columns(CE format)
packed with an LC type stationary phase(e.g. C18).
Applying anelectricfield acrossthelengthof thecolumn
generatesan electroosmoticflow, making the mobile
phaseto movethroughthepackedbed.After looking into
recent literature on the subject(Yan et al., 1995) and
basedon our initial experiments,it becameclear that
CEC is a powerful tool in the analysisof neutralcom-

pounds. However, the acid–baseproperties of tetra-
cycline make it too polar in the pH range that is
compatiblewith thestationaryphase.On theonehand,a
minimum of pH 3 is necessaryto generateenoughEOF
andontheotherhand,theoctadecylsilylpackingmaterial
becomesunstableabovepH 9. CECof acidiccompounds
of pharmaceuticalinteresthasonly beendescribedat pH
3.0(Anguset al., 1997),at which tetracyclineis likely to
degrade.

Furtherresearchin how to overcomethis problemas
well as how to eliminatebubbleformation (pressuriza-
tion) andhow to makefrits in a reproducibleway arethe
subjectsof future experiments.CEC might be the ideal
techniqueif thequotedproblemscanbesolved.Although
it hasnot beentried out, it is possiblethatmicroboreLC
will finally give us thesatisfactionwe aresearchingfor.
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Table 1. Comparison of someof the properties of the LC and CE method
LC (ref. 1) CE (ref. 2)

Injected concentration 0.75 mg/mL 0.5 mg/mL
Injected volume 20 mL 15 nL
Injected mass 15 mg 7.5 ng
Linearity range tested for TC 0.6 ± 1.0 mg/mL 0.2 ± 0.7 mg/mL
y = peak area y = 919� 9128 x y = 6204� 401385 x
x = concentration in mg/mL
r = correlation coef®cient r = 0.9992 r = 0.9980
Sy,x = standard error of estimate Sy,x = 625 Sy,x = 3896
Repeatability (RSD on peak area) 0.4% (n = 38) 1.0% (n = 10)
Speed (run time) 35 min 15 min
Detection wavelength 254 nm 270 nm
Reagent consumption: estimated number of assays 3 50

with 100 mL buffer or mobile phase (¯ow-rate = 1.0 mL/min)
LOQ (limit of quanti®cation) 0.01% 0.4%
LOD (limit of detection) Not tested 0.1%
Selectivity Excellent Very good, but ADTC is not separated

from TC
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