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4-Epioxytetracycline and N-demethyloxytetracycline, as metabolites of oxytetracycline (OTC),
4-epitetracycline and N-demethyltetracycline, as metabolites of tetracycline (TC), and 4-epichlor-
tetracycline, isochlortetracycline (ICTC), 4-epi-ICTC, and N-demethyl-ICTC, as metabolites of
chlortetracycline (CTC), were detected in egg yolk and plasma obtained from feeding studies with
either OTC, TC, or CTC. In egg white, only OTC, TC with its 4-epimer, and ICTC with its 4-epimer
were detected in substantial concentrations. The ratios of epimerization and N-demethylation in
the eggs did not change during the medication period. The samples were analyzed by an automated
HPLC system (ASTED) with UV, fluorescence, or MS-MS detection.
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INTRODUCTION

The European Union (EU) (Regulation 281/96) has set
maximum residue limits (MRL) of 200 µg/kg for each
tetracycline [TC; oxytetracycline (OTC) or chlortetra-
cycline (CTC)] as the sum of parent drug and its
4-epimer in whole eggs. These levels have to be con-
trolled by national authorities within the EU (Regula-
tion 675/92). To validate and verify analytical methods
when applied for food inspection, the use of reference
material is strictly recommended by the EU (Commis-
sion Decision 256/93). However, no reference materials
for tetracyclines are available. In an attempt to produce
such a reference material, the first dose of medication
was chosen to obtain residue levels in whole eggs close
to the MRL. Analyzing the eggs from these feeding
experiments disclosed the unexpected presence of sev-
eral metabolites of the tetracyclines formed in vivo
(Zurhelle et al., 1999).

Data on the metabolism and distribution of tetracy-
clines in eggs are summarized by the WHO (1996) and
by Roudaut et al. (1987, 1989). The results given there
for residues in eggs were obtained by microbiological
assays and provide no information about metabolic
processes. Nelis and De Leenheer (1982) described the
in vivo formation of the 9-hydroxy derivative and the
N-demethyl derivative of minocycline in humans, and
Boecker (1983) described the in vivo formation of the
N-demethyl derivative of doxycycline in humans, mice,
and rats. ICTC was found as a metabolite of CTC in
meat of calves by Kuehne (1993). A recent study by
Kennedy et al. (1998) using HPLC disclosed 4-epi-ICTC
and ICTC as being the principal metabolites of CTC in
whole egg. In another recent HPLC study on OTC

residues by De Ruyck et al. (1999), only data for the
parent compound in whole egg were reported. The
distribution of several veterinary drugs (including tet-
racyclines) between egg white and yolk was reviewed
by Kan and Petz (2000). Here, the occurrence and
distribution of parent tetracyclines and their metabo-
lites in egg white and yolk are reported including data
on hen plasma.

MATERIALS AND METHODS

Chemicals. The parent drugs used in the feeding studies
and as standards for the analytical procedure were obtained
from Sigma (Deisenhofen, Germany); isochlortetracycline (ICTC)
and the 4-epimers of TC, OTC, and CTC as hydrochlorides
were obtained from Acros Chimica (Fisher Scientific).

Feeding Study. A total of 60 White Leghorn (Lohmann
White SL) and 6 Red Leghorn hens were used in this study.
The hens had ad libitum access to water and feed. No additive,
for example, citric acid, was used to improve absorption of the
tetracycline antibiotics. A control group of 10 hens were fed
with unmedicated feed.

Sample Preparation. Egg white was separated from egg
yolk directly after the egg shell had been broken. A syringe
was used to obtain pure egg yolk material. Prelaid eggs/ovules
were obtained from hens slaughtered at the end of the
medication period as well as plasma, which was kept frozen
at -20 °C until analysis.

In Vitro Experiments. Five grams of egg yolk from control
hens was adjusted to pH 6 with 15 g of 0.3 mol/L citric acid
and spiked with 600 µg/kg of each of the three tetracyclines:
OTC, TC, and CTC. Ten grams of egg white was spiked
without dilution or pH adjustment. Both samples were incu-
bated at 37 °C for 25 h.

Analytical Procedure (Zurhelle et al., 2000). The samples
were analyzed by an automated HPLC system involving
microdialysis and a trace enrichment cartridge (ASTED
system, Gilson) for the cleanup and analyte enrichment.
Tetracyclines and their metabolites with the exception of ICTC
and ICTC-derived compounds were detected by UV absorption
(360 nm) after chromatography on a reverse-phase C-8 column,
whereas the latter were quantified by their fluorescence (350
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nm/420 nm) after adjustment of the HPLC eluate to pH 12.0
or, with less sensitivity, by UV detection (310 nm). Confirma-
tory analyses were made by LC/MS-MS with electrospray
ionization.

RESULTS AND DISCUSSION

It was already reported by Roudaut et al. (1987, 1989)
that for tetracyclines the residue levels in egg yolk are
higher than in egg white. They used an unspecific
microbiological assay for analysis. A more specific
approach was applied here by using HPLC with specific
detection methods for investigating the occurrence and
distribution of residues.

When spiked material was analyzed as part of the
validation procedure for the analytical method, it was
shown that the method itself did not lead to the
formation of 4-epimers, ICTC, or other possible break-
down products. The limit of detection for epitetracy-
clines is 10 µg/kg. This means that at least a 5%
epimerization at the MRL level (200 µg/kg) can be
detected. The same limit of detection holds true for the
N-demethyl compounds.

The samples with incurred residues from the feeding
experiments were analyzed by LC/MS-MS and diode
array detection to prove the presence and identity of
the tetracyclines and their postulated metabolites. In

the chromatograms of the egg or plasma samples of the
control group receiving the same feed but without
tetracyclines, we observed no metabolites of tetracy-
clines and no other compounds leading to interfering
peaks.

We also checked the stability of the medicated feed
that was used in the studies. The epimerization rates
of tetracyclines were e5%. From these experiments we
concluded that any residues besides the parent com-
pounds in egg or plasma samples must have their origin
from the in vivo metabolism.

Chlortetracycline. Feeding a diet with 1000 mg/kg
CTC led to high residue levels of ICTC besides the
parent drug CTC and N-demethyl-ICTC in egg yolk
(Figure 1 and Table 1). The epimerization rates for ICTC
(55-57%) and CTC (41-45%) in yolk were constant
during the medication period. At day 17 of the medica-

Table 1. Residues in Egg Yolk after Feeding Chlortetracycline (1000 mg/kg)a

day
total

residues CTC e-CTC % epimerb ICTC e-ICTC % epimerb N-DM-ICTC % N-DM-ICTCc

1 <LODd <LOD <LOD <LOD <LOD
2 <LOD <LOD <LOD <LOD <LOD
3 26 <LOQ <LOD <LOQe <LOQ <LOD
4 111 27 22.5 45 22.5 29 56 <LOQ
5 262.5 61 44.5 42 58 74 56 25 9
6 485 116 77 40 109 138 56 45 9
7 547 118 86 42 126 167 57 50 9
8 560 123 99 45 126 162 56 50 9
9 663 161 110 41 143 190 57 59 9

10 673 133 98 42 172 211 55 59 9
11 709 147 115 44 172 214 55 61 9
12 754 159 128 45 178 226 56 63 8
13 735 165 125 43 172 213 55 60 8
14 838 174 135 44 197 260 57 72 9
15 879 178 143 45 15 274 57 74 8
16 936 197 145 42 225 291 56 78 8
17 926 205 140 41 219 285 57 77 8
18 860 161 130 45 214 276 56 79 9
19 605 105 79 43 157 209 57 55 9
20 407 63 47 43 111 150 57 36 9
21 234 35 39 53 62 84 58 14 9
22 120 14 21 60 37 48 57 <LOD
a Medication: days 1-17. Concentrations in µg/kg. b % epimer ) epimer/Σ (epimer + parent). c % N-DM-ICTC ) N-DM-ICTC/Σ (ICTC

+ e-ICTC + CTC + e-CTC + N-DM-ICTC) d LOD, limit of detection. e LOQ, limit of quantification.

Figure 1. Distribution of CTC and its derivatives in egg yolk
after medication with 1000 mg/kg CTC. Day 1 ) start of
medication; day 17 ) end of medication.

Table 2. Residues in Egg White after Feeding
Chlortetracycline (1000 mg/kg)a

day
total

residues ICTC e-ICTC % epimerb

1 <LOQ <LOQ
2 210 165 45 21
3 300 243 57 19
4 267 213 54 20
5 264 209 55 21
6 322 252 70 22
7 321 253 68 21
8 363 286 77 21
9 310 240 70 23

10 382 299 83 22
11 289 222 67 23
12 261 198 63 24
13 241 182 59 24
14 427 339 88 21
15 391 309 82 21
16 309 241 68 22
17 363 281 82 23
18 182 147 35
19 18 18
20 19 19
21 13 13
a Medication: days 1-17. Concentrations in µg/kg. b % epimer

) epimer/Σ (epimer + parent).
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tion (last day) total residues of all CTC compounds were
>900 µg/kg, whereas parent CTC just reached 200 µg/
kg.

In egg white of the same eggs only ICTC but no parent
CTC or N-demethyl-ICTC was detected (Table 2). The
constant epimerization rate of ∼22% for ICTC in egg
white was significantly different from the epimerization
rate in yolk.

The influence of the individual hen on the residue
concentrations is highlighted by Tables 3 and 4. Total
concentrations of all CTC-derived residues for 10 hens
obtained after feeding a diet of 1300 mg/kg CTC for 17
days ranked between 522 and 4409 µg/kg in egg yolk
and between 348 and 2296 µg/kg in egg white. Despite
these differences in the concentration levels, epimer-
ization rate and metabolite pattern were identical.

Oxytetracycline and Tetracycline. As with CTC,
the epimerization rate is constant also for OTC and TC,
regardless of the individual hen or the concentration of
the tetracycline in the feed. OTC was epimerized to 21-
24% in egg yolk. In egg white only the parent compound

was detected (Table 5). The epimerization rate for TC
was 41-50% in egg yolk (Table 6) and 22-26 % in egg
white (Table 7). N-Demethylation rates for OTC and TC
were 7-8 and 18-21%, respectively, in egg yolk,
whereas in egg white no N-demethyl products of OTC
or TC were detected.

Ovules and Plasma. To investigate potential sites
at which metabolism may take place, the hen plasma
and pre-laid eggs (ovules) were investigated with the
same analytical procedure. In extension of the results
of Kennedy et al. (1998) we found that ICTC and its
4-epimer are the principal metabolites also in pre-laid
eggs with the same ratio of epimerization in the ovules
if compared with the corresponding egg yolk. In plasma
samples we found the same metabolites but with lower
ratios of epimerization and of demethylation than in the
egg yolk samples of the same hen. Residue levels are
quite different from hen to hen, and this might be due
to the fact that the drug plasma level depends on the
laying cyclus of the hen (Harms and Waldroup, 1962).

ICTC concentrations were as high as CTC concentra-
tions. In all future investigations the occurrence of ICTC
as a metabolite of CTC should be considered.

N-Demethylation. In the case of N-demethylation
we suppose the hen liver as being the place of formation.
The monooxygenases of the cytochrome P-450 system
might be responsible for this demethylation of the
dimethylamino group (Boecker, 1983; Nelis and De
Leenheer, 1982). Egg yolk proteins are formed in the
liver and are transported via the blood (plasma) into
the ovules, whereas egg white proteins are formed in
the oviducts (Gilbert, 1971; McIndoe, 1971). Therefore,
the residue pattern in egg white is different from the
residue pattern in egg yolk. In the chromatograms of
the in vitro samples from the experiment described

Table 3. Residues in Egg Yolk at Day 17 after Feeding 1300 mg/kg Chlortetracycline to Ten Individual Hensa

hen
total

residues CTC e-CTC % epimerb ICTC e-ICTC % epimerb % total ICTCc N-DM-ICTC % N-DM-ICTCd

C41 1362 241 180 43 360 453 56 66 128 9
C42 4409 940 681 42 1043 1364 57 59 381 9
C43 912 175 139 44 236 287 55 63 75 8
C44 1276 259 211 45 285 408 59 59 113 9
C45 522 89 73 45 138 175 56 66 47 9
C46 1927 407 319 44 444 584 57 59 173 9
C47 769 151 107 41 203 247 55 64 61 8
C48 877 164 124 43 241 272 53 64 76 9
C49 850 181 149 45 201 243 55 57 76 9
C50 1396 252 156 38 356 508 59 68 124 9

a Concentrations in µg/kg. b % epimer ) epimer/Σ (epimer + parent). c % total ICTC (ICTC + e-ICTC) ) total ICTC/Σ (ICTC + e-ICTC
+ CTC + e-CTC). d % N-DM-ICTC ) N-DM-ICTC/Σ (ICTC + e-ICTC + CTC + e-CTC + N-DM-ICTC).

Table 4. Residues in Egg White at Day 17 after Feeding
1300 mg/kg Chlortetracycline to Ten Individual Hensa

hen
total

residues ICTC e-ICTC % epimer

C41 586 457 129 22
C42 2296 1837 459 20
C43 440 348 92 21
C44 889 667 222 25
C45 307 233 74 24
C46 831 648 183 22
C47 348 275 73 21
C48 472 373 99 21
C49 521 401 120 23
C50 881 687 194 22
a Concentrations in µg/kg.

Table 5. Residues in Egg Yolk and Egg White at Day 14 after Feeding 750 mg/kg Oxytetracycline (Hens A) or 3000 mg/kg
Oxytetracycline (Hens D)a

egg yolk egg white

hen
total

residues OTC e-OTC % epimer N-DM-OTC % N-DM-OTC OTC

A1 223 161 44 21 <LOQ 112
A2 216 151 45 23 <LOQ 103
A3 187 142 45 24 <LOD 98
A4 147 106 31 23 <LOD 90
A5 293 210 63 23 <LOQ 180
A6 210 163 47 22 <LOD 120
A7 218 157 46 23 <LOQ 95
D86 829 591 179 23 59 7 387
D87 828 600 165 22 63 8 467
D88 714 496 158 24 60 8 519

a Concentrations in µg/kg.
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below, no signals for the N-demethyl derivatives were
observed. These metabolites are unquestionably formed
in vivo.

Epimerization and Isomerization. The formation
of 4-epimers and ICTC has been reported in solutions
depending on pH, temperature, and type of buffer
(Schwartzman et al., 1979). In an in vitro experiment
we spiked egg yolk samples and also egg white samples
with the three tetracyclines. The spiked samples were
analyzed after incubation at 37 °C for 25 h. This time
period was chosen because the egg white formation
takes 22-25 h (Ternes et al., 1994). In Table 8 the ratios
of epimerization and the formation of ICTC at pH 6.0,
37 °C, and 25 h after spiking with the parent compounds
are reported. No epimerization or isomerization occurred
in spiked egg yolk or egg white kept at 8 °C and during
the automated analytical procedure at ambient tem-
perature.

From the results given in Table 8 we conclude that
the formation of ICTC and its 4-epimer and the forma-
tion of the 4-epimers of TC in eggs are due to the
influence of temperature and time. In the case of OTC
probably a temperature >37 °C or longer reaction times
are necessary for epimerizsation. In the liver, temper-
atures of up to 42 °C might be responsible for the
4-epimerization of OTC. These compounds can be con-

sidered as in vivo degradation products rather than real
metabolites, although they were formed in the hen and
not during the analytical process.

Eisner and Wulf (1963) investigated the influence of
temperature on the degradation of CTC in dog urine.
After spiking dog urine with CTC, they measured an
increasing epimerization of CTC at 37 °C.

Fluorescence of the Egg Shells. With eggs from
the medication period we observed a strong fluorescence
of the egg shell after excitation with UV light as
reported by Lindgren et al. (1970). When the medication
was stopped, the egg shells were nonfluorescent (Zurhelle
et al., 1999). The intensity was highest after feeding
CTC and lower after feeding a diet with identical
concentrations of TC or OTC. The egg shells of red
layers also showed the fluorescence, but a comparison
with a red (brown) egg shell of an unmedicated egg shell
is helpful for an inexperienced viewer. The sensitivity
of this test could be improved with increasing power of
the UV lamp and for red egg shells when the egg was
broken and the uncolored inside of the shell was viewed
after removal of the inner egg shell skin. From this
observation we suggest as a simple screening method
checking with a UV lamp whether eggs were laid during
a medication period.
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