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Abstract

A methodology for the evaluation of the stability of chlortetracycline (CTC) in granular premixes is described. This methodology is based
on the monitoring of the conversion of CTC into its degradation products by an improved gradient liquid chromatography (LC) method, based
on one previously described by our laboratory. Sample preparation involves the extraction of CTC and its degradation products prior to LC
analysis, using acidified methanol as extraction solvent. The gradient elution LC method proved to be very sensitive, especially towards the late
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luting anhydro derivatives. The use of a Hypersil C8 BDS, 5�m, 250 mm× 4.6 mm i.d. column is recommended since this column allo
complete separation of the different impurities from each other and from the main component CTC. The applicability of this app
emonstrated by the analysis of stability samples.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Tetracycline antibiotics such as chlortetracycline (CTC)
re commonly veterinary therapeutic products to treat vari-
us infections. The CTC bulk sample used to prepare these
roducts may contain various fermentation and degradation
roducts. Moreover, during the manufacturing process and
pon storage, degradation products can also be formed. The
hemical structures of CTC and its related substances and
egradation products are shown inFig. 1. CTC, like other

etracyclines, undergoes epimerization at position C-4, form-
ng 4-epichlortetracycline (ECTC)[1]. Due to the hydroxyl
roup at position C-6, CTC is liable to acid degradation form-

ng anhydrochlortetracycline (ACTC)[2,3]. ACTC further
pimerizes at position C-4 resulting in the formation of 4-
pianhydrochlortetracycline (EACTC). CTC is not stable in
lkaline medium[3]. Alkaline decomposition results in the

ormation of isochlortetracycline (IsoCTC), which further

∗ Corresponding author. Tel.: +32 16 323443; fax: +32 16 323448.
E-mail address: erwin.adams@pharm.kuleuven.ac.be (E. Adams).

epimerizes to 4-epiisochlortetracycline (EIsoCTC)[1]. Some
tetracycline (TC) and demethylchlortetracycline (DMCT
may also be present in CTC samples[4]. Similar to CTC, TC
undergoes epimerisation and acid degradation, with fo
tion of 4-epitetracycline (ETC), anhydrotetracycline (AT
and 4-epianhydrotetracycline (EATC). The degradation p
ucts show a different activity, toxicity and environmen
profile compared to the parent compound[5]. EATC has fo
example been identified as an agent causing Fancon
syndrome[6]. To ensure the quality of veterinary me
cated premixes containing CTC, a good analytical me
is required. Previously, stability was often monitored by
microbiological potency or activity determinations, which
however not specific and generally overestimating the ch
ical stability[7].

Liquid chromatographic (LC) methods for the analy
of CTC have been described[8–12]. For most of these met
ods, the separation between IsoCTC, ECTC and CTC wa
complete. The method described by Khan et al.[12] was the
basis of the current LC method prescribed by the Euro
Pharmacopoeia (Ph. Eur.)[13] for the analysis of CTC. Th
731-7085/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2005.04.030
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Fig. 1. Chemical structures of chlortetracycline and related substances.

method was also used as a basis for the method described in
this paper. Thin layer chromatography (TLC)[14] and capil-
lary electrophoresis (CE)[15,16]are alternative methods for
the analysis of CTC.

To extract tetracyclines from animal feeds and premixes,
an aqueous McBuffer is often used[10,17–21]. However,
it has been reported that severe epimerization degradation of
tetracyclines can occur in an aqueous McBuffer solution[21].
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This work focuses on the evaluation of the stability of CTC
in granular premixes. During pharmaceutical development,
different formulations are put on stability in an early phase,
while homogeneity and sampling procedures are not yet
evaluated. Moreover, assay values are generally considered
not sufficiently sensitive to detect degradation. Therefore,
to obtain meaningful stability information, the methodology
chosen is based on the monitoring of the conversion of CTC
into its degradation products. Sample preparation involves the
extraction of CTC and its related substances and degradation
products, using acidified methanol as extraction solvent.

2. Experimental

2.1. Reagents

HPLC grade-acetonitrile and dimethyl sulfoxide
(DMSO), analytical grade, were purchased from Acros
Organics (Geel, Belgium). Perchloric acid, analytical grade,
was from Ferak GMBH (Berlin, Germany). Methanol,
HPLC grade, and concentrated hydrochloric acid, analytical
grade, were purchased from Fisher Chemicals (Loughbor-
ough, Leics, UK). Water was purified in the laboratory by
distillation of demineralised water.
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substance obtained from Alpharma was used. A 0.5 mg/ml
solution of the CTC·HCl reference substance was pre-
pared for the determination of the main compound CTC in
Aurofac® samples. The samples to be analyzed were pre-
pared at a final concentration of CTC·HCl corresponding to
0.5 mg/ml, calculated with regard to the label claimed content
of CTC·HCl. In the final solutions to be analyzed, the sol-
vent for the samples and the reference substances consisted
of acidified methanol–water (1:1). The acidified methanol
was prepared by mixing 99 volume-parts of methanol and 1
volume-part of 1 M HCl.

2.3. Sample preparation

From the different laboratory samples, samples of 20 g
were brought into an electrical grinder and mixed for 3 min
in order to get homogeneous test samples. From these mixed
test samples, a test portion of 1.000 g was accurately weighed
into a volumetric flask and the extraction solvent (acidified
methanol) was added up to volume. A 100 ml volumetric
flask was used when the sample label claimed content of
CTC·HCl was 10%, whereas a 250 ml volumetric flask was
used when this content was 25%. This allowed to have, for
all samples, a concentration of CTC·HCl corresponding to
1 mg/ml, calculated with regard to the label claimed content
of CTC·HCl. The volumetric flask was wrapped with an alu-
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.2. Samples and reference substances

The samples analyzed are Aurofac® formulations, which
re medicated granular premixes containing chlortetr
line hydrochloride (CTC·HCl) as active ingredient. The
amples were made available by Alpharma (Antwerp,
ium). General information about the Aurofac® formula-

ions used in this study is given inTable 1. Reference sub
tances of TC, ETC, ECTC, IsoCTC, ATC, EATC, AC
nd EACTC, were available from Acros Organics. DMC
nd 4-epidemethylchlortetracycline (EDMCTC) refere
ubstances were available from the Ph. Eur. EIsoCTC
vailable in the laboratory. All these reference substa
ere hydrochloride salts. These reference substances
sed for identification purpose, at a concentration of a
.05 mg/ml. For quantitation purpose, CTC·HCl reference

able 1
verview of the formulations used

rug product name Drug product formulation

urofac® 10% CTC HCl Chlortetracycline hydrochloride 10%
Inert carrier qsp 100%

urofac® 25% CTC HCl Chlortetracycline hydrochloride 25%
Inert carrier qsp 100%

urofac® CTC 100a Aurofac® 25% CTC HCl 43%
Vegetable diluent qsp 100

a Aurofac® CTC 100 is obtained by mixing 43% of Aurofac® 25% CTC
Cl granule with an inert vegetable diluent, thus achieving a final con

ration of 10% chlortetracycline.
inium foil. CTC was extracted by ultrasonication for 15 m
n a ice cooled water bath. The extracts were filtered thro
.2�m nylon filters (Alltech, Lokeren, Belgium). The fi

rate was diluted with water (1:1) to obtain a concentra
f CTC·HCl corresponding to 0.5 mg/ml. This dilution w
ater was necessary in order to achieve a good peak s
he sample solutions were kept in a refrigerator until anal
refrigerated autosampler set at 4◦C was used to preser

he stability of these solutions during analysis.

.4. Instrumentation and liquid chromatographic
onditions

The LC apparatus consisted of an L-6200 Intelligent P
Merck Hitachi, Darmstadt, Germany), a TSP Spectra S
S 100 autosampler (San Jose, CA, USA) equipped w
0�l loop, a variable wavelength Merck Hitachi L-4200 U
IS detector set at 280 nm and Chromeleon 6.50 soft

Dionex Corporation, Sunnyvale, CA, USA) for data acqu
ion. For the experiments described in this paper, the colu
250 mm× 4.6 mm i.d., 5�m) used were: Zorbax RX-C
Agilent Technologies, Waldbronn, Germany), XTerra R
Waters, Milford, Massachusetts, USA), Hypersil C8 B
Thermo Electron Corporation, Runcorn, Cheshire, UK).
olumn temperature was maintained at 35◦C in a water bat
eated by means of a Julabo EC thermostat (Julabo, See
ermany).
In the final method, the mobile phases consiste

MSO–1 M perchloric acid–water, (A) (450:50:500, v/v
nd (B) (700:50:250, v/v/v). The mobile phases w
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degassed by sparging helium. A gradient elution was per-
formed at a flow rate of 1.0 ml/min. The gradient pro-
gram was set as follows: 0–25 min, 0% of B (isocratic);
25–30 min, 0–40% of B (linear gradient); 30–43 min, 40%
of B (isocratic); 43–45 min, 40–90% of B (linear gradient);
45–55 min, 90% of B (isocratic); 55–60 min, 90–0% of B
(linear gradient); 60–75 min, 0% of B (isocratic).

An IKA electrical grinder from VWR (Leuven, Belgium)
was used to pulverize the sample, prior to extraction. The
mixer was cooled by passing a cooling liquid at 20◦C.

3. Results and discussion

3.1. Chromatography

Different LC methods were investigated for their suit-
ability for the analysis of CTC and related substances. The
LC method previously developed in our laboratory[12] and
which was the basis for current method prescribed by the Ph.
Eur.[11] for the analysis of CTC and related substances was
selected as a starting point since it gave better selectivity for
the compounds of interest. This method uses Zorbax octylsi-
lyl silica gel (250 mm× 4.6 mm i.d.), 5 or 10�m, as station-
ary phase, maintained at 35◦C. UV detection is performed at
280 nm. A mobile phase containing DMSO, perchloric acid
a iso-
c bulk
s chro-
m
s s was

obtained, except for the peak pair IsoCTC–ECTC and for this
pair and the main peak CTC. The analysis takes more than
2 h. In order to speed up the elution of the strongly retained
anhydro derivatives, the method was further combined with
gradient elution, by increasing the amount of DMSO in the
mobile phase. A typical chromatogram obtained by analyzing
a commercial CTC sample spiked with some related sub-
stances and the gradient program applied are shown inFig. 3.
As can be seen, the analysis time was reduced and the sen-
sitivity for the late eluting peaks was improved. Compared
to the original method[12] where a different type of Zorbax
material was used, an improved separation and a better peak
shape were achieved with the method described here. How-
ever the separation of ECTC, IsoCTC and CTC was not yet
optimum. In order to improve the separation, different C8
columns were investigated. XTerra RP-18 stationary phase
was also investigated since this column was already used
with success for the analysis of TC, oxytetracycline (OTC)
and doxycycline (DOX)[22–24]. The use of this column
also resulted in a good separation of CTC and its impu-
rities; the separation is better than with the other columns
investigated. A typical isocratic chromatogram is shown in
Fig. 4. As can be seen, all the compounds of interest are well
separated, including the critical separations IsoCTC–ECTC
and the main peak. The peaks corresponding to EATC, ATC,
EACTC and ACTC are not shown, as these compounds were
n dual
d eriod
o lity.
T umns
a

F l CTC C8, 5
( se: DM 0 nm.
F

nd water is used at a flow rate of 1.0 ml/min. A typical
ratic chromatogram obtained with a commercial CTC
ample spiked with some related substances and the
atographic conditions used are shown inFig. 2. As can be

een, a baseline separation of the different compound

ig. 2. Typical isocratic chromatogram of a 0.5 mg/ml commercia
250 mm× 4.6 mm i.d.) column. Column temperature: 35◦C. Mobile pha
low rate: 1 ml/min. Injection volume: 20�l.
ot included in the sample analyzed. However, a gra
ecrease of retention was observed in a very short p
f use of the XTerra column, probably due to instabi
his phenomenon was observed with several other col
s well.

bulk sample spiked with related substances, on a Zorbax RX-�m,
SO–1 M perchloric acid–water (500:50:450, v/v/v). UV detection: 28
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Fig. 3. Typical chromatogram of a 0.5 mg/ml commercial CTC bulk sample spiked with related substances on a Zorbax RX-C8 column, using gradient elution.
The mobile phases consisted of DMSO–1 M perchloric acid–water (A) (450:50:500, v/v/v) and (B) (700:50:250, v/v/v). The gradient program was set as
follows: 0–18 min, 0% of B (isocratic); 18–23 min, 0–40% of B (linear gradient); 23–28 min, 40% of B (isocratic); 28–33 min, 40–80% of B (linear gradient);
33–43 min, 80% of B (isocratic); 43–48 min, 80–0% of B (linear gradient); 48–60 min, 0% of B (isocratic). The other chromatographic conditions are as
described inFig. 2.

Further investigation of different columns led to an
improved separation of ECTC, IsoCTC and CTC by using a
Hypersil C8 BDS column. This stationary phase also showed
good stability. Typical chromatograms obtained by analyzing
a CTC bulk sample spiked with some of its related substances
and an Aurofac® sample are shown inFig. 5.

3.2. Sensitivity limits for chlortetracycline and related
substances

The limits of quantitation (LOQ) for CTC and related sub-
stances were assessed by injecting solutions of the reference
substances at various concentrations. Its determination was

F mple s as describ
i n and a 0:650,
v

ig. 4. Typical chromatogram of a 0.5 mg/ml commercial CTC bulk sa
n Fig. 2except that an XTerra RP18, 5�m, (250 mm× 4.6 mm i.d.) colum
/v/v) were used.
piked with related substances. The chromatographic conditions areed
mobile phase consisting of DMSO–1 M perchloric acid–water (300:5
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Fig. 5. Typical chromatograms obtained by analyzing (1) an Aurofac® CTC 100 T6 (40◦C/75% RH) sample and (2) a 0.5 mg/ml commercial CTC bulk sample
spiked with related substances. The Aurofac® sample was prepared as described in Section2.3. Column: Hypersil C8 BDS, 5�m, (250 mm× 4.6 mm i.d.).
The chromatographic conditions were as described in Section2.4.

based on a signal-to-noise ratio of 10. The results obtained,
are summarized inTable 2. The percentages were calculated
with respect to the CTC nominal value (0.5 mg/ml, corre-
sponding to an amount of CTC on the column equal to 10�g).
As can be seen, the LOQ values for EATC, ATC, EACTC and
ACTC are low, despite the late elution of these compounds.
This is due to their higher relative response factor, as dis-
cussed below. In addition, the peaks were sharper and the
sensitivity improved, as the amount of DMSO in the mobile
phase increased with the gradient elution.

3.3. Relative response factors for anhydrotetracycline
and anhydrochlortetracycline

It is often impractical or impossible to use reference stan-
dards to quantify each related substance in a sample. A
common practice is to determine related substances relative
to a diluted standard of the main component. Consideration
of the response of the related substance relative to the main
component is important when using this approach. A rel-
ative response factor, if significantly different from 1, can

be applied to correct for differences in absorptivity at the
detection wavelength in the mobile phase at elution. The
anhydro derivatives of TC and CTC have higher UV absorp-
tion than the main component CTC under the applied exper-
imental conditions. It was therefore decided to assess the
relative response factors of these derivatives. This was done
by analyzing a solution containing the same amounts of ATC,
EATC, ACTC, EACTC and CTC. A response factor of 3 rel-
ative to CTC was obtained for all the anhydro derivatives.
This relative response factor was therefore applied to correct
for differences in absorptivity. No correction was required for
the other derivatives for which a relative response factor of 1
was obtained.

3.4. Evaluation of the precision and linearity of the
method

In order to evaluate the precision of the method, intra-day
and inter-day assays were performed. From the Aurofac®

CTC 100 stability sample, three test samples of 20 g were
taken on 3 different days. Each test sample was mixed and

Table 2
Limits of quantitation for CTC and its related substances

E C

L
0.0
6.4

R 9.7

lyses
ETC TC EDMCTC DMCTC

OQ
Percent (%) 0.029 0.031 0.032 0.042
Mass on column (ng) 2.9 3.1 3.2 4.2

.S.D. (%) (n = 6)a 7.8 8.5 9.1 9.4
a For each compound, the R.S.D. values were calculated for six ana
CTC IsoCTC CTC EATC ATC EACTC ACT

64 0.052 0.054 0.023 0.023 0.024 0.024
5.2 5.4 2.3 2.3 2.4 2.4

8.7 8.4 8.1 8.8 8.7 9.1

of a solution corresponding to the LOQ.
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Table 3
Results obtained analyzing Aurofac® CTC 100 (stability sample) sampled and mixed on 3 different days (samples I, II and III) using an electrical mixer

Sample Day of analysis Mean% recovery for 1 extractiona

(R.S.D. for three analyses)
Mean% recovery for three extractions*

(R.S.D. for nine analyses)
Inter-day R.S.D.
(18 analyses)

Sample
I

Day 1 137.8; 136.4; 135.4 136.5 1.5
(0.5) (0.2) (0.1) (0.8)

Day 2 140.5; 136.6; 134.7 137.3
(0.8) (1.3) (0.7) (1.9)

Sample
II

Day 1 102.4; 101.9; 100.9 101.7 1.0
(0.3) (0.2) (0.3) (0.7)

Day 2 100.9; 103.0; 100.4 101.4
(0.1) (0.3) (0.2) (1.2)

Sample
III

Day 1 117.2; 115.6; 115.4 116.1 0.8
(0.4) (0.4) (0.6) (0.9)

Day 2 117.6; 116.1; 117.2 116.9
(0.1) (1.1) (0.1) (0.8)

Each sample was analyzed on 2 different days.
a The different means were compared by analysis of variance (ANOVA). The results indicated a significant difference (α = 0.05) between means from different

samples, while no significant difference was observed between means from different extractions performed on the same sample.

regarded as a distinct sample from which CTC was extracted
and analyzed on two different days. Each day, the extrac-
tion procedure was repeated three times for each sample and
each extract was injected three times. The results obtained are
summarized inTable 3. As can be seen, different recoveries
of CTC were obtained for the different samples. However,
for each sample, the variability of the results obtained for
three extractions on the same day (nine analyses), is low.
This demonstrates the good repeatability of the extraction
procedure and the chromatographic procedure. The good pre-
cision of the method is also supported by the low variability
observed for the inter-day precision. The high variability of
the CTC assay results for the different samples is a typi-
cal example of sampling issue, where the conversion of the
received laboratory sample to the test sample is not yet under
control. From the test sample, 1 g test portions are weighed

to obtain the solution for HPLC analysis, which is clearly
under control. Although the Aurofac® sample was always
shaken manually before sampling, good homogeneity of the
different test samples was apparently not achieved. It was
therefore decided to monitor the conversion of CTC into its
degradation products using a normalisation procedure, await-
ing further investigations on the sampling procedure.

The linearity of the chromatographic procedure was
checked by analysing a CTC reference substance in the con-
centration range 0.054–125% (100% corresponds to 10�g
injected). Six different concentrations were prepared and
each concentration was injected three times. The follow-
ing results were found:y = 1425x − 1441; r = 0.9996 and
Sy,x = 2104, wherey = peak area;x = concentration in per cent;
r = coefficient of correlation andSy,x = standard error of esti-
mate. The results indicate that the method is linear.

Table 4
Summary of the normalized contents obtained for different batches of the Aurofac® samples analyzed

Set Sample Stress conditions Normalized content

CTCa Total impurities

Set
I

Aurofac® CTC 100 No stress (T0) 88.8 (0.6) 11.2
Aurofac® CTC 100 6 months at 40◦C/75% RH (T6) 87.5 (0.3) 12.5

Set
I

Aurofac® 10% CTC HCl No stress (T0) 88.3 (1.1) 11.7
at 40◦C/

S
I

T0)
t 25◦C/6
t 40◦C/7
at 40◦C/

S
I

T0)
at 40◦C/

S
V

T0)
25◦C/60
t 40◦C/7

theses
I Aurofac® 10% CTC HCl 12 months

et
II

Aurofac® 10% CTC HCl No stress (
Aurofac® 10% CTC HCl 3 months a
Aurofac® 10% CTC HCl 6 months a
Aurofac® 10% CTC HCl 12 months

et
V

Aurofac® 10% CTC HCl No stress (
Aurofac® 10% CTC HCl 12 months

et
Aurofac® 25% CTC HCl No stress (
Aurofac® 25% CTC HCl 1 month at
Aurofac® 25% CTC HCl 6 months a

a The relative standard deviation (R.S.D.) values are given in paren
75% RH (T12) 85.9 (0.3) 14.1

88.5 (0.7) 11.5
0% RH (T3) 84.9 (0.4) 15.1
5% RH (T6) 85.5 (1.0) 14.5
75% RH (T12) 84.8 (0.4) 15.2

88.9 (0.8) 11.1
75% RH (T12) 85.1 (0.4) 14.9

88.7 (0.7) 11.3
% RH (T1) 88.2 (0.5) 11.8
5% RH (T6) 87.5 (0.7) 12.5

. Number of analyses = 9.
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3.5. Stability study of different Aurofac® samples

Using the conditions described above, the stability of a
set of five Aurofac® samples was assessed by monitoring the
conversion of CTC into its degradation products. For each
sample, three different extractions were performed and each
extract was analyzed three times. The results obtained were
normalized. This was done by expressing the contents of indi-
vidual compounds as a percentage of the overall content of
CTC and its impurities. This normalization covering all pos-
sible related impurities allows to study the stability of CTC
in different formulations without the need of having homoge-
neous analytical samples. The normalized contents obtained
for the main compound CTC and for the total of related impu-
rities are summarized inTable 4. Compared to the initial
contents, the CTC content slightly decreases in function of
time and stress, while the contents of almost all the indi-
vidual degradants detected increased accordingly (data not
shown). The major impurity TC also decreased with the stress
conditions; it was converted into its degradation products,
namely ETC, ATC and EATC. It is concluded that under the
conditions examined including the accelerated VICH storage
condition of 40◦C/75% RH for 12 months, the decrease of
CTC content in the examined granular formulations remains
below 5%, which is considered as a pharmaceutically not sig-
n ed as
s
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