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Abstract

The electrophoretic behavior of the antibiotics tetracycline, chlortetracycline, demeclocycline, oxytetracycline,
doxycycline, methacycline and minocycline has been characterized by capillary electrophoresis in phosphate buffer
solutions in the pH range 4-11. A complete set of acid-base equilibrium constants and electrophoretic mobilities
was determined and, subsequently, was used in a computer-assisted optimization program to assess the separation
of the tetracyclines. Under the predicted optimum conditions {pH 7.5, 18.2 mM ionic strength, 4.3 mM buffer
concentration, and constant current of 20 uA), the separation was performed satisfactorily and all tetracyclines
were readily identified. Moreover. the common impurities in tetracycline resulting from dehydration and
epimerization reactions were discriminated under the same conditions. The determination of tetracycline,
doxycycline and minocycline was performed in commercially available pharmaceutical formulations. During the
dissolution of the contents of hard-filled capsules, a minimum recovery of 95% of the active ingredient was
obtained. A calibration curve of peak height versus concentration gave a slope of 6.15-10 ! cm M ™', intercept of
~1.18-10 ° cm, and coefficient of determination equal to 0.9989. The analysis using UV-absorbance detection at
260 nm provided a detection limit of 1107 M at a signal-to-noise ratio of approximately 3, with a linear range of
two orders of magnitude.

1. Introduction All members of the group possess closely

related chemical structures, derived from a com-

Tetracyclines are a group of clinically impor-
tant natural products and semi-synthetic deriva-
tives, characterized by a broad-spectrum activity
against pathogenic microorganisms [1,2]. In ad-
dition to their extensive therapeutical use, these
drugs have found application in the preservation
of harvested fruits and vegetables, extermination
of insect pests, and as an animal feed supplement
[3-5].

* Corresponding author.

mon hydronaphthacene nucleus containing four
fused rings [1,5], as shown schematically in Fig.
1. The presence of multiple functional groups
with acid—base properties confers an amphoteric
character to the tetracyclines, most of which
exhibit an isoelectric point between 4 and 6. The
same structural features contribute to their high
solubility in polar organic solvents and water,
which is enhanced at low pH. These compounds
undergo complex formation and precipitation
reactions with a variety of metallic cations,
among which the complexes with calcium, mag-
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Fig. 1. Chemical structures of common tetracycline anti-
biotics.

nesium, and aluminum have been particularly
well characterized [5].

Commercially available tetracycline and tetra-
cycline derivatives may contain significant
amounts of degradation products [6-8]. These
contaminants are often isomers with only minor
structural differences from the original precur-
sor. The most important contaminants in tetra-
cycline are the products of epimerization, dehy-
dration and combined epimerization—dehvdra-
tion reactions, as shown schematically in Fig. 2
Epianhydrotetracycline has been implicated in
several toxic manifestations, such as renal
dysfunction, caused by ingestion of degraded
tetracycline products [1j.

The analytical methodology applied to tetra-
cyclines has supported microbiological product-
ion, synthetic and pharmacological studies and
clinical applications. Several techniques have
been employed [2,5.9], including microbiological
assays [5]. spectrophotometry [10-12], phos-
phorimetry [13], chemiluminescence [14], as well
as chromatographic and flow injection methods
[15]. Many of these methods do not provide a
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Fig. 2. Decomposition of tctracycline by epimerization and
dehydration pathways.

precise and accurate means to determine the
tetracycline content in the presence of known
degradation products. In particular, the mi-
crobiological methods lack specificity, since the
total drug activity is estimated without correla-
tion to the chemical structure. Also, metabolites
and degradation products with no antimicrobial
activity cannot be determined by these methods.’
Among the chromatographic techniques, thin-
layer, paper and column chromatography fol-
lowed by UV spectrometric assay have been used
extensively [16-22]. However, these methods
have proven to be laborious. often require exten-
sive sample pretreatment, and generally exhibit
poor sensitivity and precision. Gas chromato-
graphic methods, although rapid and specific,
require derivatization of the polar functional
groups under carefully controlled conditions.
Consequently, their application is limited to
antibiotics that are thermally stable after de-
rivatization. Liquid chromatography, especially
the reversed-phase and ion-exchange modes, has
become the method of choice for tetracyclines in
recent years [60-8,23-30]. Some of these pro-
cedures, however, use mobile phases of rela-
tively low pH at which the tetracyclines are
known to epimerize. Other methods employ
mobile phases containing high salt concentration
which, in combination with the low pH, can be
deleterious to the column stability. Moreover,
because of the structural similarities of the tetra-
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cyclines and their potential contaminants, com-
plete resolution is not usually achieved.

The physicochemical properties of tetra-
cyclines, particularly their ionic nature, multiple
ionization sites, and water solubility, make them
suitable for electrophoretic analysis. Capillary
electrophoresis (CE) has gained increased ac-
ceptance for the analysis of pharmaceuticals
[9,31-34], as a result of relevant features such as
high efficiency, high speed, full automation and
compatibility with a variety of detection
schemes. Based on the preliminary studies of
antibiotics by Yeo et al. [34], we have explored
the use of CE as a promising alternative to the
available analytical methodologies for tetra-
cyclines. A computer-assisted optimization pro-
gram developed in previous work [35] was used
to assess the separation of seven naturally occur-
ring and synthetically produced tetracyclines, as
well as their decomposition products. Based on
this program, an optimized analytical method
was developed and applied to the quantitation of
tetracyclines in commercially available pharma-
ceutical drugs.

2. Experimental
2.1. Capillary electrophoresis system

The system consisted of a regulated high-volt-
age d.c. power supply (Model EHS0R0.19XM6;
Glassman High Voltage, Whitehouse Station, NJ.
USA), operated under constant-current condi-
tions. The power supply was connected via
platinum rod electrodes to two small reservoirs
containing the solution under investigation.
Fused-silica capillary tubing (Polymicro Tech-
nologies, Phoenix, AZ, USA), with dimensions
of 111.9 em total length X 75 um I.D. X 375 um
0.D., was immersed at each end in the solution
reservoirs. The capillary surface was conditioned
prior to use by rinsing with 1 M sodium hy-
droxide for 10 min, followed by rinsing with the
solution under investigation, preferably over-
night but at least for a 2-h period. During
operation, the capillary was maintained at 25.0°C
by means of a thermostatically controlled water

bath (Model RTE 9B; Neslab Instruments,
Portsmouth, NH, USA). Injection was per-
formed hydrodynamically by maintaining a 2-cm
difference in height between the liquid levels at
the inlet and outlet reservoirs during a 1-min
period. Detection was performed by means of an
on-column UV-absorbance spectrophotometer
(Model UVIDEC 100-V; Jasco, Tokyo, Japan),
at a fixed wavelength of 260 nm. A detection
window of 0.5 ¢m length was created by remov-
ing the polyimide coating from the capillary at a
distance of 43.4 cm. The electroosmotic flow
velocity was determined by the resistance-moni-
toring method [36].

2.2. Reagents

The phosphate buffer solutions were prepared
from reagent-grade chemicals and deionized dis-
tilled water. In order to control both the buffer
concentration and ionic strength, the solutions
were formulated to contain sodium chloride in
addition to the sodium salts of phosphoric acid.
For any given pH, the total concentration of
sodium was maintained constant and the ratio of
sodium from each source, sodium chloride and
buffer salts, was equal to unity. For determi-
nation of the acid—base equilibrium constants
and electrophoretic mobilities, the buffer was
varied from pH 4 to 11 with a total sodium
concentration of 10 mM. For the separation of
tetracycline standards and samples, the solutions
were buffered at pH 7.5 with a total sodium
concentration of 15 mM.

The antibiotics tetracycline (TC), chlortetra-
cycline (CTC), demeclocycline (DMCC), oxy-
tetracycline  (OTC), doxycycline (DOC),
methacycline (MTC) and minocycline (MNC)
were obtained as reagent-grade standards
(Sigma, St. Louis, MO, USA). Stock aqueous
solutions of individual tetracycline standards as
well as mixtures containing different combina-
tions of the standards were prepared at a nomi-
nal concentration of 5 mM in pH 7.5 phosphate
buffer solution. For the calibration curve, a 1
mM standard solution of tetracycline was diluted
consecutively to 0.5, 0.1, 0.05 and 0.01 mM with
the same buffer solution and was analyzed imme-
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diately to prevent losses by adsorption on the
glassware [37].

Pharmaceutical formulations of tetracycline
(250 mg), doxycycline (50 mg) and minocycline
(100 mg) were obtained as hard-filled capsules
from Warner-Chilcott Labs. (Warner-Lambert,
Morris Plains, NJ, USA). An appropriate mass
of the drug was dissolved in pH 7.5 phosphate
buffer to make a solution of 25 mM nominal
concentration. The undissolved filler and binder
materials were removed by centrifugation. An
aliquot of the supernatant solution was then
diluted to 5 mM concentration with pH 7.5
phosphate buffer solution and analyzed immedi-
ately.

In order to study the decomposition of tetra-
cycline, a 25 mM solution was prepared by
complete dissolution of an appropriate weight of
the standard in hydrochloric acid at pH 2. This
sample was heated at 70°C for 1 h. cooled in an
ice bath, and then diluted to 5 mM concentration
with pH 7.5 phosphate buffer solution. The
sample was analyzed by reversed-phase liquid
chromatography according to the method of
Mack and Ashworth [7] in order to confirm the
formation of the epi-. anhydro- and epianhydro-
decomposition products of tetracycline.

2.3. Data processing

All data processing and numerical calculations
were performed on a 80-386 microprocessor-
based computer in a spreadsheet format (Mi-
crosoft Excel, version 4.0; Microsoft, Redmond.
WA, USA). The optimization program de-
veloped in previous work [35] was written in the
Forth-based programming language Asyst (ver-
sion 2.1; Keithley Asyst. Rochester, NY, USA)
to be executed on a 80-286 microprocessor-based
computer.

3. Results and discussion

3.1. Characterization of the electrophoretic
behavior of tetracyclines

In order to characterize the electrophoretic
behavior of tetracyclines, knowledge of the acid-

base equilibrium constants and electrophoretic
mobilities of the individual species is required.
The equilibrium constants (K,) of very few
tetracyclines have been reported in the literature
[5]. After an initial misassignment [38] the attri-
bution of pX, values to specific functional groups
in the molecule was reevaluated [39] and is now
generally accepted. The most acidic group of
tetracycline, with a typical pK, value of approxi-
mately 3.3, is the hydroxyl group of the tri-
carbonyl system in ring A (Fig. 1). The second
equilibrium constant, with a pK, value of ap-
proximately 7.6, corresponds to the dicarbonyl
system between rings B and C. The third con-
stant, with a pK, value of approximately 9.7, is
assigned to the dimethylamine functionality in
ring A. The highest equilibrium constant, with a
pK, of 10.7, was recently attributed to the
phenolic group in ring D [39].

The electrophoretic determination of these
constants is based on experimental measure-
ments of effective mobility as a function of pH
[35]. In CE, the effective mobility (u.,) of a
solute (i) comprised of several species (j) in
dynamic acid—base equilibrium, is related to the
migration time of the substance (¢;) from the
injector to the detector position (L,,,) according
to:

L 0 L e
“‘cll.( = 2 (a,lu‘j) = [‘l/t gl - ‘u’osm (1)

!

where L, is the total capillary length, V is the
voltage, u,,,, Is the electroosmotic mobility, u; is
the electrophoretic mobility and «; is the dis-
tribution function of species j. The distribution
functions are related to the pH and to the acid—
base equilibrium constants or pK, values of the
solutes under consideration [40]. Experimental
values of the effective mobility, determined over
a broad pH range, can be analyzed by a numeri-
cal regression procedure where the equilibrium
constants and electrophoretic mobilities serve as
adjustable parameters [35}. The best values for
these parameters are then determined by the
least-squares method. Table 1 presents the con-
stants determined by the above procedure for
seven members of the tetracycline group. All
constants in Table | have been corrected to the
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Table 1
Acid-base equilibrium constants and electrophoretic mobilities of tetracyclines at 25°C, corrected to the conditions of zero ionic
strength
Solute Equilibrium constant® Electrophoretic mobility*

(x107em*V™'s™h
pKl—l_‘I) pK(‘ 1.0) pK(u. Bl pK[—\ -2 pK( n M.z Moy “(0) K1 ”(*2) M3
TC 3.46 7.39 9.59 12.1 - 15.4 130 —152 —-336 —-64.7
CTC - 3.60 7.52 9.88 10.4 - 19.5 -175 -191 =305 —438
DMCC - 3604 6.81 9.43 12.1 - 14.4 -0.04 —-133 -368 —44.6
oTC 3.57 7.49 9.44 10.5 - 16.4 -060 -—158 —347 423
DOC 3.56 7.48 9.36 12.1 - 13.3 041 -—-125 -359 —-577
MTC 3.56 7.29 9.46 12.0 - 14.3 0.02 -—142 —344 —66.1
MNC 4.22° 4.22° 6.86 9.32 119 s - 362 —775 -—315 -—3537
* Subscripts denote charge of the species.
" Average pK, corresponding to protonation of the amine groups in rings A and D (Fig. 1).
condition of zero ionic strength [41}, and are in a-l (R .y~ Rop)?
. . i~ (]
good agreement with values previously reported CRS = {2 ,pR
in the literature [39]. =1 (R = Rain) R
A graph of the effective mobility versus pH is =) R, t
a valuable tool for the preliminary assessment of + Z mw' } "n ().
i=1 - avg

a separation, because it can indicate regions of
pH where the solute mobilities differ and the
separation is likely to be achieved. The effective
mobility curves displayed in Fig. 3A-C corre-
spond to selected mixtures of tetracyclines con-
taining four, five, and seven components, respec-
tively. It is evident that the electrophoretic
behavior of the tetracyclines is quite similar
throughout the entire pH range and the sepa-
ration appears to be very difficult. Consequently.
a systematic procedure to determine the op-
timum separation conditions is highly desirable.

3.2. Optimization of the electrophoretic
separation of tetracyclines

The separation of the tetracyclines was ap-
proached by means of a computer-assisted op-
timization routine developed in previous work
[35]. In this approach, the quality of the sepa-
ration is assessed by means of a response func-
tion developed originally for chromatographic
separations [42]. designated the chromatographic
resolution statistic (CRS):

where R, ,_, is the resolution between pairs of
adjacent solute zones, R, . is the average res-
olution of all solute pairs, R, is the optimum
desired resolution, R is the minimum accept-
able resolution, /, is the migration time of the
last solute, and n is the number of solutes in the
sample. The chromatographic resolution statistic
considers the resolution of all solutes in the
sample, rather than solely the least-resolved
pair, and incorporates three important aspects of
the separation. The first term in Eq. 2, named
the resolution term, evaluates the resolution
between all adjacent solute zones in comparison
to the defined values for optimum and minimum
resolution. The resolution term decreases as
R, ,., approaches R, and reaches the minimum
value of zero when R, ,,, is exactly equal to
R,,.. Any further increase in resolution offers no
additional improvement in the quality of the
separation, hence the resolution term is main-
tained at a constant value close to zero. The
resolution term increases rapidly as R, ,,, ap-
proaches R . and becomes undefined when
R, ., is exactly equal to R ;. The second term

Flit
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Fig. 3. Effective mobility curves as a function of pH for
selected four- (A). five- (B) and seven- (C) component
mixtures of tetracyclines at 25°C. corrected to the conditions
of zero ionic strength.

of Eq. 2, named the distribution term, considers
the relative spacing of the solute zones. The
distribution term approaches a minimum value

of unity when the resolution of each solute pair
is equal to the average resolution, which is the
case when all zones are uniformly spaced. The
final multiplier term in Eq. 2 takes into consid-
cration the analysis time and the complexity of
the sample.

The resolution between adjacent solute zones
is defined as the difference between their mean
migration time (¢f) divided by their average
temporal base width (w):

2(£.‘+1 —t)
Rl;r"IA W,+W.+1 (3)

The migration time of each zone to the detec-
tor position is determined by the net rate of zone
migration (v;), which is a vectorial summation of
the electrophoretic (v,,) and electroosmotic
(v, ) velocities:

— Ldel _ Ldel — Ldelel
[ v vep + Ussm (lu’cp + ""osm)v

4

According to Eq. 4, the prediction of migra-
tion time requires knowledge of the electropho-
retic and electroosmotic mobilities. Hence, the
computer program is structured on theoretical
models for these migration processes that are
applicable under a variety of operational con-
ditions. The electrophoretic migration sub-
routine is based on classical equilibrium calcula-
tions [35} and requires as input the acid-base
equilibrium constants and electrophoretic mo-
bilities of the tetracyclines (Table 1). The elec-
troosmotic migration may be determined from
experimental measurements or, if not available,
from a theoretical model. In this model 36}, a
mathematical function that relates the zeta po-
tential to the pH and sodium concentration of
the buffer solution is utilized to calculate the
clectroosmotic mobility.

The base width of a normally distributed zone
is proportional to the standard deviation of the
temporal distribution (7):

w.=dr (5)

where 7 is expressed in time units, and is related
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to the standard deviation of the spatial distribu-
tion (o) by means of the zone velocity:

_ a
ey (6)
The variance of the spatial distribution (o)
arises from several dispersive phenomena that
occur during the migration of the solute zone. If
these processes are independent. then the var-

iances are statistically additive [43]:
o=l (7)

where o, represents the individual contributions
to the total variance. Among the dispersive
mechanisms. the contributions to the zone var-
1ance resulting from longitudinal diffusion as well
as finite injection and detection volumes are
considered in the optimization program.

An overall expression for resolution in Eq. 3
can be derived by combining appropriately Egs.
4-7. The resolution of each solute pair is then
used to determine the overall quality of the
separation by means of the CRS function in Eq.
2. In order to implement these calculations.
input values for parameters related to the buffer
composition (pH. ionic strength and concentra-
tion), capillary dimensions (diameter and
length), and instrumental parameters (applied
voltage or current) must be specified. By meth-
odically varying these parameters and evaluating
the overall quality of the separation by means of
the CRS function, the computer program can be
used to predict the cxperimental conditions re-
quired for optimal separation of the solutes.

The optimization of the tetracycline separation
was simulated using instrumental parameters and
capillary dimensions that are representative of
the experimental system (see above). In the
search for the optimum conditions. the current
was varied from 5.00 to 22.50 A with incre-
ments of 0.25 A, the pH from 4.0 to 11.0 with
0.1 increments, the ionic strength from 5.00 to
22.50 mM with 0.25 mM increments, and the
buffer concentration from 0.50 to 11.00 mM with
0.15 mM increments. The surface maps and
corresponding contour plots presented in Figs. 4
and 5 allow for visual inspection of the CRS

S J. Chromatogr. A 686 (1994) 129-142 135

response function within the defined range of
parameters. Although there are several local
minima of the CRS function, the most promising
region occurs between pH 7 and 8. Within this
region, the CRS function decreases rapidly as
the current approaches 20 pA (Figs. 4A and
5A). The function behaves similarly as the buffer
concentration approaches 4 mM (Figs. 4B and
5B). In contrast. the ionic strength surface map
is composed of several very sharp minima in the
region between 15 and 20 mM, which indicates
that this variable must be controlled carefully.

The computer program predicts the correct
elution order for all tetracyclines, and provides a
reasonable estimate of migration time and peak
width, as demonstrated in Table 2. The agree-
ment between predicted and experimental values
tor migration time and peak width is typically 1.7
and 23%. respectively.

3.3. Analvtical determination of tetracyclines

The experimental separation of the seven
tetracyclines was performed in the vicinity of the
optimal conditions, as shown in Fig. 6C. Because
of similarities in the equilibrium constants and
mobilities of the tetracyclines., complete sepa-
ration is not possible under the predicted op-
timum conditions. However, qualitative analysis
may be performed since all tetracyclines may be
identified unequivocally in the mixture. Quan-
titative analysis is possible for selected mixtures
containing four and five tetracyclines (Fig. 6A
and B, respectively), as suggested by visual
inspection of the cffective mobility curves (Fig.
3A and B. respectively). This analysis represents
an improvement over the available methodology
for tetracyclines, since there is a substantial gain
in efficiency (ca. 3-10* theoretical plates) and
reduction in analysis time ( <6 min). Reversed-
phase liquid chromatographic methods, which
are among the most commonly employed meth-
ods for tetracyclines. provide efficiencies on the
order of 3- 10" plates and analysis times as long
as 30 min for typical mixtures [2].

A common concern during the manufacture
and storage of tetracycline antibiotics is the
control of impurities. Tetracyclines can degrade
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Fig. 4. Surface maps representing the separation of tetracyclines by CE. (A) CRS as a function of pH and applied current with
constant ionic strength of 18 mM and buffer concentration of 4.5 mM. (B) CRS as a function of pH and ionic strength with

constant buffer concentration of 4.5 mM and current of 20
constant ionic strength of 18 mM and current of 20 pA.

through at teast four different mechanisms, epi-
merization, dehydration, hydrolysis and oxida-
tion, where the former two are the most im-
portant processes [5]. The epimerization of the
dimethylamine group in ring A of tetracycline
produces the inactive and non-toxic epitet-
racycline (Fig. 2). The dehydration followed by
aromatization of ring C produces anhydrotet-
racycline, which is also inactive and nontoxic.
Both cpimerization of anhydrotetracycline and
dehydration of epitetracycline lead to the forma-
tion of the inactive, but rather toxic epi-
anhydrotetracycline. The kinetics of the epimeri-
zation and dehydration reactions have been
extensively studied [5.44.45|, indicating that
these processes can be accelcrated at very low
pH and under high-temperature conditions. In
Fig. 7A and B. the electropherogram of a
tetracycline standard is displayed together with a

A. (C) CRS as a function of pH and buffer concentration with

sample that was previously decomposed by heat-
ing under acidic conditions. Although primary
standards were not available, the decomposition
products may be tentatively identified based on
the observed changes in electrophoretic mobility.
The dehydration reaction decreases the molecu-
lar mass and produces a more planar structure,
both of which result in an increase in the electro-
phoretic mobility of anhydrotetracycline relative
to that of tetracycline. The epimerization re-
action changes the structural features only slight-
ly. resulting in a small decrease in the mobility of
the epimers relative to those of tetracycline and
anhydrotetracycline. Because the decomposition
products are well resolved from the principal
component, this method can be used to identify
and quantitate tetracycline and its impurities in
commercially available pharmaceutical formula-
tions, as demonstrated in Fig. 7C.
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Fig. 5. Contour maps representing the separation of tetracyclines by CE. (A) CRS as a function of pH and applied current with
constant ionic strength of 18 mM and buffer concentration of 4.5 mM. (B) CRS as a function of pH and ionic strength with

constant buffer concentration of 4.5 mM and current of 20 pA. (C) CRS as a function of pH and buffer concentration with
constant ionic strength of 18 mM and current of 20 pA.

Table 2

Comparison of experimentally (Exp) determined migration time and base width of tetracyclines with computer-simutated (Calc)
values in the vicinity of the optimum conditions (pH 7.5. ionic strength 18.2 mM. buffer concentration 4.3 mM and
constant-current conditions of 20 wA)

Solute Migration time (min) Width (min)
Exp Calc” Error (%)" Exp Cale* Error (%)"

MNC 5.05 5.03 0.4 0.085 0.098 —15

DOC 5.16 5.4 0.4 0.068 0.100 — 47

TC 5.25 5.2 0.2 0.081 0.102 —26

oTC 541 5.30 2.0 0.081 0.104 -29

MTC 5.48 5.32 29 0.085 0.104 —22

CTC 5.59 5.46 23 0.115 0.107 +7.0
DMCC 5.71 5.49 3.9 0.123 0.108 +12

“ Calculated from Eq. | with an experimentally determined electroosmotic mobility of 6,40 10 * em® V™' g™

" Error (%)= 100(Exp — Calc)/Exp. '

‘ Calculated from Egs. 5-7 with theoretical contributions to spatial variance of 5.34-107" to 5.80-10"* e¢m® for diffusion,
1.78 10 * em’ for injection and 2.08+10 * cm® for detection [35].
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(C) component mixtures of tetracyclines by CE in the vicinity
of the optimum conditions identified from Figs. 4 and 3.
Experimental conditions: pH 7.5 phosphate buffer. buffer
concentration 4.3 mM, total sodium concentration 15 mM,
ionic strength 18.2 mM and applied current of 20 pA.

In the analysis of tetracycline in hard-filled
capsules, a minimum recovery of 95% of the
active ingredient was obtained. A calibration
curve of peak height versus concentration gave a
slope of 6.15- 10" ecm M ~'_ intercept of —1.18-
107" cm, and coefficient of determination equal
to 0.9989. The detection limit was 1- 107" M at a
signal-to-noise ratio of approximately 3 [46],
with a linear range of two orders of magnitude.
In addition to tetracycline, other commercially
available pharmacecutical formulations were ex-
amined, such as doxycycline and minocycline,
with comparable analytical figures of merit.

TC

shhydro-TG

eplannydro-TC

J

TIME (min}

Fig. 7. Electrophoretic separation of tetracycline and its
decomposition products under the optimized experimental
conditions given in Fig. 6. (A) Tetracycline standard. (B)
Tetracycline standard previously treated with pH 2 hydro-
chloric acid at 70°C for 1 h. (C) Tetracycline pharmaceutical
formulation as hard-filled capsules.

Among the tetracyclines characterized in this
work, chlortetracycline presented the most un-
usual electrophoretic behavior, as illustrated in
Fig. 8. The chlortetracycline standard exhibits a
marked asymmetry in the direction of a con-
taminant, which possesses a migration time
coincident with that of tetracycline. Chlortetra-
cycline is known to decompose to form tetra-
cycline under relatively mild conditions [47-49].
The results presented herein suggest that this
decomposition may be enhanced by application
of an electric field. Consequently, electropho-
retic techniques may not be ‘suitable to monitor
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Fig. 8. Electrophoretic behavior of chlortetracycline under
the optimized experimental conditions given in Fig. 6. (A)
Tetracycline standard. (B) Chlortetracycline standard.

chlortetracycline in pharmaceutical formulations.
[t is noteworthy that the decomposition of chlor-
tetracycline had a deleterious effect upon the
separation shown in Fig. 6C. In the absence of
this zone asymmetry, resolution is significantly
improved and qualitative and quantitative analy-
sis of the tetracyclines 1S more accurately
achieved (Fig. 9).

r -1 T T T T -1 T
0 1 2 3 a 5 6 7
TIME (min)

Fig. 9. Electrophoretic scparation of tetracyclines in the
absence of chlortetracycline under the optimized experimen-
tal conditions given in Fig. 6.

4. Conclusions

In this work, CE was characterized as a
resourceful analytical method for tetracycline, its
natural and synthetic analogues, as well as com-
mon impurities arising during manufacture or
from decomposition during storage. The electro-
phoretic behavior of seven members of the group
was thoroughly studied in the pH range 4-11,
and a complete set of acid—base equilibrium
constants and electrophoretic mobilities was de-
rived. These constants were used as input to a
computer program, which established the opti-
mal conditions for the separation. The analysis
of tetracyclines in pharmaceutical formulations
was satisfactorily achieved under the predicted
optimum conditions.
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