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ABSTRACT

The role of high-performance liquid chromatography {(HPLC) in methods of analysis for anabolic compounds in biological samples
is reviewed. Special alicntion is given to both the separation and delection of anabolic compounds. A distinction is made between
on-line detection systems, such as ultraviolet detection and diode-array detection, and off-line detection methods with special cmphuasis
on immuncchemical detection methods using non-isatepic labels. A number of applications are given to elucidate the possibilitics of

HPL.C in the analysis of anabelic compounds,
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LIST OF ABBRLEVIATIONS

ABEl N-{(4-Aminobutyl)-N-ethylisoluminol
DE Dienestrol

DES Diethylstibestrol

E2 175-Estradiol

EE2 Ethinylestradiol

GC MS  Gas chromatography—mass spectrometry
HEX Hexestrol

HPLC High-performance liquid chromatography
NT 19-Nor-17f-testosterone

MP Medroxyprogesterone

MT 17a-MelLhyltestosteronc

P Progesterone

RIA Radioimmunoassay

T 175-Testosterone

TB Trenbolone

TD Trendione

TLC Thin-layer chromatography

V4 Zeranol

1. INTRODUCTION

In the EEC, the use of xenobiotic anabolic
agents in food-producing animals is prohibited
by law. To ban the use of these compounds effec-
tively, a good and cfficient control programme 1s
needed in which validated analytical methods are
used [1]. In addition to immunochemical screen-
ing methods and expensive confirmatory meth-
ods such as gas chromatography—mass spectrom-
etrv, high-performance liquid chromatography
(HPLC) has proved to be a useful scparation and
detection method in the forensic analysis of ana-
bolic compounds. Especially during the last ten
years, HPLC has become increasingly important
as a result of the development of new specific and
more sensitive detection methods.

The aim of this paper is (o review the use of
HPLC techniques in the detection and determi-
nation of anabolic compounds. Emphasis will be
put on the separation of anabolic compounds
and specific detection with UV spectroscopic and

immunochemical methods. Both methods of
analysis and applications will be outlined.

2. HPLC SEPARATION METHODS

HPLC is a very powerful separation technique
giving high-resolution scparations of closely re-
lated compounds, such as anabolic steroids. In
addition, HPLC with normal column dimensions
can act as a semi-preparative prepurification
technique for subsequent spectrascopic analysis.
For some purposes HPLC with on-line spectro-
metric detection can also be used as a powerful
and reliable method of analvsis. The develop-
ment of very sensitive UV-VIS detectors and
multi-wavelength detection by the diode-array
technique has added an additional tool to the
analysis of anabolic compounds.

2.1. Reversed-phase separations

Reversed-phase columns are the most com-
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monly used, reliable and robust HPLC columns.
Reversed-phase materials {(e.g., C;5 and Csg) are
very stable and can be used repeatingly without
special precautions. Mixtures of water with
methanol, acetonitrile or tetrahydrofuran are of-
ten used as mobile phascs. In most instances an
isocratic elution mode is sufficient for the sep-
aration of most anabolic compounds. Examples
of baseline separations of reversed-phasec HPLC
have been reported by several workers. Jansen et
al. [2] reported the scparation of several groups
of anabolic compounds, such as stilbenes, resor-
cylic acid lactones (zeranol-like compounds) and
a mixture of the most frequently found anabolics
[trenbolone (TB), 19-nor-17f-testosterone (NT),
zeranol (£), diethylstilbestrol (DES), 17x-methyl-
testosterone (MT) and medroxyprogesterone
(MP)]. The retention times of a number of ana-
bolic compounds arc listed in Table 1. Other
more recent lists of HPLC retention times of re-
versed-phase separations ol anabolics have been
reported [3,4].

A chemometric approach to the reversed-

TABLE 1
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phasc scparation of anabolic compounds has
been presented by Jansen et af. [3]. They used a
modified program from Gertz and Fellmann [6]
[or the calculation of the optimum separation of
mixtures of anabolic compounds. In Fig. 1 an
example is given of calculated separations of a
mixturc of cight anabolic compounds. The pro-
gram is available on request from the authors.

2.2. Normal-phase separaiions

In addition to reversed-phase separations of
anabolic compounds, normal-phase separations
have also been published. The use of a Hypersil
silica column was reported [7] for the separation
of nine of the most often used anabolics. As ex-
pected, the elution behaviour was complemen-
tary to that of the reverscd-phase separation (Ta-
ble 1). It appeared that not all components were
scparatcd with baseline resolution. The repro-
ducibility of the retention times causcd some
problems because of the influence of very small
amounts of water in the mobilc phase. The use ol

RLETENTION TIMES OF ANABOLIC COMPOUNDS ON THREE DIFFERENT HPLC SYSTEMS AND THE MAXIMUM

ABSORPTION WAVELENGTHS

Anabalic Retention time {(min) Maximum

compound” wavelength”®
Hypersil ODS? Hypersil silica® LiChrosorh diol? {nm)

DES 4.9 7.1 14.5 195 (240)

DL 52 7.8 157 195 (227)

HEX 5.7 8.5 13.6 195 (225)

Z 45 59 14.1 215 (262,301)

TB 37 44 7.1 347 (238)

NT 4.3 53 5.4 243

MT 6.5 88 39 245

MP 8.3 12.7 4.8 245

T 5.3 6.8 4.9 245

E2 4.8 7.3 11.5 197 (220,280)

P 10.2 38 23 243

* Compounds as defined in the text and dicnestrol (DE), hexestrol (HEX), 17-testosterone (T), 17f-cstradiol (E2) and progesterone

(P).

Mobile phase: methanol-water (65:35, v/v).
Mobile phase: isooctane-methano] (98:2, v/v).
¢ Mobile phase: isooctane-methanol (97:3, v/v).
¢ Submaxima are given in parentheses.

b

c
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Fig. 1. Schematic HPLC traces of the separation of several ana-
bolics. (A) HPLC separation with the starting solvent system
[methanol-water (60:403]; {B) calculated separation with the sol-
vent system AB-AC (20:80); (C) caleulated separation with the
solvent system AB-AC-BC (10:1(0:80). Solvent system AB con-
sisted of a 1:1 mixture of mobile phase A [methanol water
(60:403] and mobile phase B [tetrahydrofuran—water (39.3:60.7)].
Solvent system AC consisted of a 111 mixture of mabile phase A
and C |acetonitrile-water (45.2:54.8)]. Reprinted from refl. 5.

4 more convenient normal-phase column, with
diol-maodified silica, was reported [8] for a mix-
ture of fifteen anabolic compounds and their me-
tabolites. Although not all components were
completely separated, the column could be used
to distinguish between estrogenic and androgenic
compounds (Table 1). This application has fa-
vourable implications for the use of final detec-
tion methods, such as thin-layer chromatography
(TLC) and gas chromatography-mass spectrom-
ctry (GC-MS).

3. HPLC DETECTION METHODS
3.1. Single-wavelength UV detection

Although almost all anabolic compounds (ex-
cluding TB and derivatives) show a strong ab-

sorption at 200 nm, this wavelength is less suit-
able for detection becausc of the increased sensi-

F.H. J. M Junsen el al. | J. Chromatogr. 5800 1 1992) [11-124

tivity of other unwanted matrix components al
this wavelength. Most of the anabolic com-
pounds can be monitored with great sensitivity at
a UV wavelength of 240 nm. I a sensitive UV
detector is used, the androgens and gestagens can
be detected at the I-ng level. Also, DES has a
submaximum al 240 nm, whereas thc other stil-
benes have different absorbance maxima: (£,17)-
dienestrol (DE) 230 nm, (Z,7)-DE 260 nm and
hexestrol (HEX) 225 nm. Completely different
absorption spectra are observed for zeranol- and
trenbolone-like compounds. Zeranol shows three
absorption maxima (235, 275 and 315 nm, with
decreasing intensity), whereus lrenbalone and de-
rivalives show their maximum absorption at 350
nm and almost no absorption in the 200-300 nm
region. The estrogenic compounds such as 17fi-
estradiol (E2) and ethinylestradiol (EE2) show
their absorption maxima al 280 nm, but with a
very low intensity. The applications of HPLC
with on-line UV or visible detection depend
strongly on the matrix of analysis. For the detec-
tion of anabolic compounds in application siles
this method is very suitable with respect both to
interferences of the matrix and rto the sensitivity.
In the application sites usually high concentra-
tions are found in a rclatively clean matrix. Iden-
tification can take place based on a specilic reten-
tion time of the components or rather by multi-
wavelength or diode-array detection. An addi-
tional advantage is the [act that often in addition
to the hydrolysed parent anabolic compounds al-
so the esters of the anabolic compound can be
found and used as an additional tool in the iden-
tification procedure.

In urine samples, HPLC with on-line UV VIS§
detection is limited because of the complex urine
matrix. Although prepurification by solid-phase
or solvent cxtraction methods can result in much
cleaner samples, UV delection at very low levels
can still be difficult. Mostly reversed-phase col-
umn are used [or this purpose because they have
a high loading capacity. If 4 urine sample is elut-
ed from a reversed-phase column. during the first
few minutes a large number of matrix compo-
nents elute from the column, as monitored at
wavelengths between 200 and 280 nm. After
about 6 min, the chromatogram is fairly clean
and suitable for UV and/or visible detection of
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Fig. 2. (A) HPLC of an extract of bavine urine containing 6 ug/l
DES on a LiChrosorb diol column. (B) The DES fraction was
collected and rechromatographed on a Hypersil ODS column.
Reprinted from ref. 9.

the anabolic compounds. An HPLC-UV method
to detect trans-DES was prescnted by Jansen et
al. [9]. They described a two-fold purification
procedure involving hexane extraction followed
by purification using an HPLC diol system after
collection of the trans-DES fraction. The final
analysis occurred on a reversed-phase HPLC col-
umn with UV detection at 240 nm (Fig. 2). A
timit of detection of 0.4 ng of DES per injection
with a signal-to-noise ratio of 2 was rcported,
corresponding fo urine concentrations down to
the 1 ppb (1 ug/l) level.

A simpler prepurification procedure can be
used for the detection of TB and its metabolites
in urine of veal calves. Because of the optimum
detection wavelength of 350 nm, the TB deriv-
atives can he monitored without the interference
of urinary matrix components [10]. A simple ex-
traction procedure with diethyl ether is suflicient
to obtain clean chromatograms in which TB, its
epimer «-trenbolone and its metabolite trien-
dione (TD) can be moenitored (Fig. 3). A normal-
phase HPLC system was used with isocratic elu-
tion with iscoctane—ethanol (97:3, v/v). The de-
tection limit was 1-2 ug/l for bovine urinc.
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Fig. 3. HPLC of an extract of bovine urine after enrichment with
10 ng of standards of 172- and 178-trenbolone and trencione
(TD) as mndicated. Reprinted from ref. 10.
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3.2. Diode-array detection

3.2.1. Methodology

The diode-array detector is a development of
the last eight years. The principle is the simulta-
neous registration of a large number of wave-
length intervals, by division of the wavelength
scale among a large number of diodes. The in-
formation from each diode is stored, which re-
sults in complete UV-VIS spectrum collected in a
short period of time (50 ms).

The diode-array detection system has in gener-
al the folowing possibilities and features. During
HPLC analysis a number of UV-VIS spectra
(from 200 to 800 nm) can be taken and stored at
different times. The times at which spectra will be
taken can be programmed beflore the analysis or
can be performed manually during the analysis at
a given retention time. The preprogramming can
be done in such a way that the svstem takes spec-
tra automatically at the top, up-slope and down-
slope of each peak in the chromatogram. Anoth-
er possibility is to record the spectra continuously
in order to make a three-dimensional plot after-
wards.

After the HPLC run, the following possibilities
exist for identification and quantitalive analysis.
Each possibility mentioned hereafter will be il-
lustrated with an example of a mixture of stan-
dards of anabolic compounds,

(a) A plot of the chromatogram at a given sin-
gle wavelength, mainly used for quantification of
the components. This possibility is not shown.
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(b) A multi-wavelength plot in which a number
of chromatograms can be plotted at diflerent
wavelengths (Fig. 4).

(c) A threc-dimensional plot of the absor-
bances as function of the retention time and the
wavelength (Fig. 5).

(d) A plot of a number of normalized spectra in
one plot or the first or second derivatives of the
spectra.

(e) A contour plot at a certain level of absor-
bance as function of retecntion time and wave-
length.

The sensitivity and limits of detection of the
anabolic compounds are lower than with a con-
ventional single- or multi-wavelength detector.
The limit of detection in the single-wavelength
mode (in principlc use as a normal UV detector)
is in fact not too much lower than with conven-
tional UV detectors. When the diode-array mode
is used for spectrum identification, the amount of
information makes the detection system less sen-
sitive. Therefore, the low limits of detection as
were described for UV detection in the previous

D

e}

RETENTION TIME (min)

Fig. 4. Multi-wavclength plot for a mixture of anabolic stan-
dards {TB. NT, DES, DE, MT. epitestosicrone (ET), MP, MP
acetate (MPOAC), with increasing retention times, respectively]
at (A) 200, (B) 195, (€) 240 and (D) 350 nm

E 1. 4. M. Jansen et al. [ J. Chromatogr. 580 (1992) 111-124

section cannot be reached. As a result, the diode-
array detection system cannot be used lor the on-
line determination of anabolic compounds in
urine. Most applications have been reported in
the identification of anabolic compounds in the
so-called injection sites, in which relatively high
concentrations of the parent compounds are pre-
sent.

The specificity of diode-array detection is
much better than that of single-wavelength detee-
tion. In fact. two specific parameters determine
the linal specificity: the retention time of the com-
pounds (Table 1) and the total UV-VIS spec-
trum. In a forensic analysis of anabolic com-
pounds, routinely the spectrum ol a standard
compound with the same rctention time as the
unknown component is compared with the spec-
trum of this component. This is done by plotting
both normalized spectra in the same plot. It the
standard and the unknown component arc iden-
tical, a complete match is observed in practice. A
combination of these two independent parame-
ters (retention time and complete UV-VIS spec-
trum) gives a very high level of specific identifica-
tion in forensic investigations, which is compara-
ble to routine GC-MS analysis.

3.2.2. Applications

As the limits of detection of diode-array detec-
tion with full spectra are higher than with single-
wavelength detection, urinary concentrations ol
anabolic compounds are usually too low. There-
fore, almost all applications have been described
for the analysis and unambiguous identilication
of anabolic compounds in application sites. Jan-
sen et al. [11] reported the UV spectra of the most
often used anabolic compounds in a study of 117
samples from application sites. It was shown that
a combination of both specific HPLC rctention
time and a complete UV spectral comparison
with standard anabolics results in a fast and very
reliable method of detection and identification of
anabolics in injection sites of slaughtered ani-
mals. An example of an injection site containing
DES and NT is shown in Fig. 6.

The assignments performed with the HPLC-
diode-array method were comparcd with the re-
sults of GC—-MS analyses. Because no discrepan-
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Iig. 5. Three-dimensional plot for a mixture of anabolic standards containing TB, NT, DES and DE from diflerent points of view.

cies were found, the HPLC-diode-array method
seems to be a good alternative to GC-MS analy-
sis and, in addition, is faster and cheaper.

A more extensive review has been published by
De Beer [3], who reported retention times of 86
anabolic compounds and other steroids (esters)
and the use of HPLC with diode-array detection.

In addition to UV and diode-array detection,
other on-line detection methods have been re-
ported, such as electrochermnical detection [12] and
the very interesting detection of enzymatically
produced NADH as parameter for the detection

of metabotlites of anabolic compounds which are
not visible in the UV region [13].

3.3. Immunochemical detection

The combination of HPLC separation and off-
line immunochemical detection brings both high
specificity and sensitivity in the analysis of ana-
bolic compounds in forensic investigations.

3.3.1. HPLC immunogram procedure
A sample extract from urine, faeces, injection
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Fig. 6. Example of the identification of NT and DLS in a sample from an applicztion site. (A}. Chromatogram of an extract from the
isolated residue from an application site with the corresponding spectra [rom 190 to 400 nm of the two components. (B) Idenufication of
components | and 11 by comparison of the normalized spectra of NT and DES standards. respectively. Reprinted from ref. 11, with

permission.

site or other animal tissues is prepared and dis-
solved in the HPLC mobile phasc as a clear solu-
tion. After injection into a suitable HPLC syslem
for the separation of the anabolic compounds of
interest, the cluate of the complete HPLC run is
fractionated into a number ol [ractions by the usc
of an on-linc controlled fraction collector. The
collection time of each fraction can be variable
but must be of the order of 10 5. A shorter collec-
tion time results in a higher resolution and conse-
quently in more fractions to be analysed. A long-
er collection lime results in the opposite situa-
tion. 1t appeared that a fractionation rate of six

times per minute gives a suitable resolution and a
number of tubes that can be handled in one im-
Munoassay.

The fractions of the HPLC eluate are evap-
orated and the residues are dissolved in 1.5 ml of
assay buffer. From these fractions, aliquots of
100 200 ul are applied to the immunoassay. The
immunoassay can be carried out with different
performances as described in the next section.
The immunochemical responses of each [raction
are plotted against the fraction number or the
retention time of the HPLC analysis. With the
last method the time delay between the detector
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and the fraction collector must be taken into ac-
count. Then the retention time(s) of the immu-
nochemical responses are compared with those of
a standard mixture of anabolic compounds that
have been determined in a separate run using UV
detection. If the retention time of an immuno-
chemically responding component is identical
(within 0.2 min) with that of a known standard
compound and the antiserum used in the immu-
noassay is directed against this compound, it is
concluded that a positive identification has heen
obtained.

3.3.2. Immunochemical detection techniques

An immunochemical assay for an anabolic
compound consists of a specific antiserum raised
against the compound of interest and a label.

3.3.2.1. Labels. The kind of label determines
the method of detection. Radicimmunoassays
{RIA), which use a radioactive label, were devel-
oped for a number of anabolic compounds sever-
al years ago [14-19]. The last fifteen years have
seen a continuous development from the use of
radiolubels to non-isotopic alternatives, such as
enzymes [20], fluorcscent compounds [21], latex
particles [22], metal sols [23], free radicals [24],
rarc carth metals [25] and chemiluminescent com-
pounds [26-28]. In immuncassays for anabolic
compounds the most non-isotopic applications
have been reported with enzymes [4,29-32] and
chemiluminescent labels [33-39]. A comparison
between chemiluminescence and spectrophoto-
metric detection with the same enzyme (horse-
radish peroxidase) showed no increase in the sen-
sitivity in the chemiluminescence immunoassay,
as would be expected [31,34]. A review of
chemiluminescent immunoassays in veterinary
and food analysis has appeared recently [40].

Chemiluminescent labels have been shown to
possess a number of advantages [41]. Not only do
they have a great intrinsic activity, but also the
detection can be performed in a very short period
of time and with simple measuring devices. These
features make chemulimincscence immunoassays
sultable [or use in situations where no advanced
luboratory facilites are available using, for in-
stance, detection on a sensitive photoplate [42].
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In addition, the possibility of simple one-step ho-
mogeneous immunoassays can be deveioped [43—
45].

The chemiluminescent labels can be divided in-
to two classes with respect to the kinetics of the
chemiluminescence signal. First therc are the
transient labels, such as luminol and acridinium
compounds, which show very fast flash-like ki-
netics after the initiation of the chemiluminescent
reaction. The reaction is started by the injection
of hydrogen peroxide. Second, the cnzyme labels
can be used also in chemiluminescence reactions
in which a continuous oxidation reaction of lumi-
nol occurs. Examples arc horscradish peroxidase
[46] and xanthine oxidase [47]. Alkaline phospha-
tase [48] can also produce a chemiluminescence
signal by the generation of a relatively unstable
dioxetane. This unstable intermediuate decompos-
¢s with the production of chemiluminescence.
The advantage of all enzyme labels is the produc-
tion ol a long-lasting steady-state signal. The en-
zyme-enhanced chemiluminescence signals can
last for several minutes, hours or even days in the
case of xanthine oxidase [49).

The enzyme labels have a number of advantag-
es over the transient labels. Whereas the transient
labels requirc an advanced injection system in-
corporated in the luminometer, the enzyme labels
can be meuasured very conveniently because of the
long duration of the signal. In addition, enzyme
labels can supply a greater sensitivity than tran-
sient labels, as reported by Van den Berg et al.
[50]. They claimed a detection limit for NT of
0.04 pg per tube in a solid-phase chemilu-
minescent immunoassay using an NT-N-(4-ami-
nobutyl)-N-ethylisoluminol (ABET) label.

As the chemiluminescent labels appeared not
to he as stable as expected, the steroid-ABEI la-
bels have to be checked for purity. A procedure
for the periodic quality control of ABEI labels
has been published by Jansen er al. [51]. They
used an HPLC separation and fractionation
method on a reversed-phase column foliowed by
both off-line immunochemical and chemilumi-
nescence detection. From the results of these two
detection methods combined with the results of
the HPLC-UYV pattern, a conclusion about the
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purity of the label preparation can be drawn. An
example is shown in Fig. 7 for a testosteronc—
ABEI label.

3.3.2.2. Antisera. The characteristics of the an-
tiserum used in immunoassays determine both
the sensitivity and the specificity. The sensitivity
of an immunoassay depends on the combination
of antiserum and label, Preferably high antise-
rum titres are required in order to use higher dilu-
tions of the antiserum, which minimizcs the as-
pecific binding.

The specificity of immunoassays with non-iso-
topic labels can be adjusted by making use of the
sitc of attachment of the anabolic compound for
both the protein moiety ol the immunogen and
the reporter group of the label. In the so-called
homologous immunoassay system, both the labcl
and the immunogen have the same site of attach-
ment. In the heterologous immunoassay system,
the sites of attachment of the label and the immu-
nogen are different. Especially with anabolic ste-
roids the specificity can be influenced substantial-
ly by using combinations of heterologous assay
systems. Examples have been described by Jan-
sen and co-workers for MT [52] and NT [36].

The use of monoclonal antibodics [53] in im-
munoassays of anabolics has mainly the advan-
tage of having an inexhaustible source of the
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Fig. 7. Quality control of the chemiluminescent testosterone-3-
carboxymethyl oxime-ABEL (T-3CMO-ABEL) label. Upper
lrace; chemiluminescence of the HPLC fractions of the
T-3CMO-ABELI preparation. Lower lrace: radioimmunochemm-
ical responsc of the same [Tactions. Retention times of standards
are indicated by arrows. Reprinted from ref. 51.
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same quality of antiserum, rather than an in-
crease in specificity [38].

In analytical investigations for the presence of
anabolics, either a very high specificity may be
required in order to identify unknown com-
pounds in an animal tissue or excreta or a rela-
tively lower specilicity for a number of com-
pounds. The last application of a less specific im-
munoassay can be found in investigations of me-
tabolism or in multi-component immunoassays

L7].

3.3.3. Applications

The immunogram procedure was applicd for
the first time by Jansen e/ a/. [54] in the identifica-
tion of the stitbenes DES, DE and HEX in bovine
urine samples (Fig. 8).

In addition to the positive identification of
known stilbenes, the method was also able to de-
tect unknown responscs which in a normal im-
munoassay would lead to unwanted falsc-posi-
tive results. The immunochemical method used
was RIA. A similar procedure was reported {35]
for the stilbenes but with chemiluminescence im-
munochemical detection using the chemilumino-
genic ABEI coupled to HEX. Very low detection
limits were obtained in this system of 10 pg of
HEX per tube (at 90% relative binding).

The immunogram procedure for NT was re-
ported by Jansen e/ al. [37] in the identification of
this exogenous androgen in both bovine urine
and the application site. An immunochemical
procedure with chemiluminescence detection was
used. Other reports concerning the presence of
NT in bovine urine [7], kidney fat [4], milk replac-
ers [39] and bovine muscle tissucs [56] described
the usefulness ol the HPLC immunogram procc-
dure. Rapp and Meyer [39] were also able to de-
tect the presence ol 17x-nortestosterone and 19-
norandrostencdione using an enzyme immunoas-
say.

Identifications of the synthetic androgen MT
by HPLC immunogram procedures have been re-
ported by Jansen and co-worker (7,35,36] and
Daeseleire et af. [56]. Applications have been de-
scribed both for urinary MT and its presence in
application sites [7.35.36] and in bovine meat
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Fig. 8. HPLC immunograms with radicimmunochemical detection using RIA for DES for six different samples of bovine urine. The
retention times of stilbene standards ure indicated by arrows. Reprinted from ref. 54, with permission.

samples [56]. Another application has been de-
scribed in which the HPLC immunogram proce-
dure was applied to urine from a veal calf injected
with MT in a model experiment {52]. In addilion
to the quantitative excretion of the parent com-
pound, the presence of at least one other metabo-
lite, which was not identified, was observed.

lansen et al. [38] described the application of
an HPLC immunogram procedure for zeranol in
a metabolic study of the fate of zeranol in male
veal calves. In a model experiment the presence
and different excretion profiles of three compo-
nents in urine could be detected quantitatively
(Fig. 9). Because of the broad specificity of the
antiserum uscd, not only was the parent com-
pound zeranol detected but also its epimer tal-
eranol and mctabolite zearalanone.

Another example of HPLC immunograms,
which has not been published, is the identifica-
tion of trenbolone metabolites in urine samples
from veal calves. Fig. 10 shows an example in
which the x- and f-isomers of trenbolone were
identified in bovine urine. The arrows indicate
the retention times of standard compounds.

Rapp and Meyer [39] applied HPLC immuno-
gram procedures to E2 benzoate and MP acetate.

Another interesting development is the off-line
detection of HPLC fractions with radioreceptor
assays, as described for estrogenic compounds in
bovine urine [37].

N
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‘+—r
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20

c v 2 3 4 5 B 7 A & 0 N 12 1.
RETENTION TIME (MIN )

IMMUNQCHEMICAL RESPONSE (ug/l}

Fig. 9. IIPLC immunogram of an extract of urine from a calf
three days afler trcatment with zeranol using detection via a
chemiluminescent immunoassay for zeranol. The retention times
of zeranol standards are indicated by arrows. Reprinicd from
ref. 7.
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Fig. 10. HPLC immunogram of an extract of bovine urine using detection via RIA for trenbolone. The retention times of standards are

indicated by arrows.
4. CONCLUSIONS

HPLC has proved to be an excellent separation
method for anabolic compounds. In addition Lo
reverscd-phase scparations on Cy columns, nor-
mal-phase columns can also be used. The sep-
arations can be used for both on- and off-line
detection and for preparative purification of the
particular compounds from a biological matrix.

A number of detection methods can be used,
each of which has its own characteristics and ad-
vantages. The simplest detection methed is UV-
VIS detection at a single wavelength. The devel-
opment of very sensitive UV detectors allows de-
tection at the nanogram level. The introduction
of multi-wavelength detection and diode-array
detection has improved the specificity substan-
tially. In combination with the use ol advanced
computerized spectral comparisons, the identifi-
cation of anabolic compounds can be performed
in an unambiguous way. If both specificity and
sensitivity of detection of anabolic compounds in
complex biological matrices are required, the use
of olf-line immunochemical detection can be very

helpful. Also the detection and identification of
metabolites, which are often required in toxice-
logical evaluations | 58], can be done with the im-
munogram technique if the specificity of the anti-
sera allows metabolite detection. Becausce of the
development of very sensitive non-isotapic detec-
tion methods, the use of radioactivity is no longer
a barrier for the use of this technique. Limits of
detection in the picogram range can be achieved
with the use of enzyme or chemiluminescent la-
bels.

From the foregoing, it will be clear that the use
of HPLC in the analysis and detection of anabol-
ic compounds is a strict requirement for good
and reliable results.
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