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Nachweis von Riickstinden anaboler Wirkstoffe in Fleisch und Harn von Masttieren.

ROGER VERBEKE

Laboratorium fiir chemische Analyse von Lebensmitteln Tierischen Ursprungs,

Tierértzliche Fakultit der Universitdt Gent, Belgien.

Bin multi-residue Nachweisverfahren wird beschrieben in dem anabole Steroide im Bereich

Von 0.5 ppb im Fleisch und Harn erfaszt werden.

Nach enzymatischer Hydrolyse von Muskelhomogenaten (50 g) werden die Hormone mit 80 %-igem

Methanol extrahiert. Nach Entfetten werden die Hormone extrahiert mit Dichlormethan.

2ur weiteren Reinigung des Extraktes werden die Steroide auf einer Amberlite XAD-2 Saiile
:déorbiert und eluiert mit Methanol. Mit Hilfe einer gekoppelter Celite~KOH und A1203—
alille werden die Hormone getrennt in eine Ostrogen- und nicht-Ostrogen Fraktion. Harn

Wirg analog behandelt : nach Adsorption der Hormone an einer XAD-2 Satile wird das Eluat
Shzymatisch hydrolysiert.

Nach bidimensionaler Diinnschichtchromatographie (HPTLC) der Extrakte werden die Hormone
i::alisiert an Hand der Schwefelsailire induzierten Fluoreszenz unter UV-licht. Die spezi-

che Fluoreszenzfarbe sowie die stabile Rf-Werte ermdglichen einen genauen Nachweis im

zanogram—Bereich von Riickstinden verschiedener anabolen Wirkstoffe in Extrakten von Mus-
®lfleisch und Harn. Durch Messung der Fluoreszenzintensitdt der Flecke werden die Hormone

u : . s 3 s .
Wantjitativ erfaszt bei einem Variationskoeffizient von 10 %.
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Multiresidue method has been developed allowing routine detection of anabolic steroids

in 9
Meat and urine contaminated at levels as low as 0.5 ppb (10 parts per 16 ) s
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Détection des résidus d'hormones stéroides dans les viandes et l'urine des animaux

de boucherie.
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Laboratoire d'analyses chimiques des denrées alimentaires d'origine animale,
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Une méthode fit développée permettant le dépistage simultané de plusieurs résidus d'ana-
bolisants dans la viande ou dans 1'urine au niveau de 0.5 ppb.

Aprés hydrolyse enzymatique du tissu musculaire (50 g) les hormones sont extraites par

80 % méthanol. Aprés délipidation, les stéroides sont extraits de la solution m&thanoliqué
par du dichlorométhane. Les extraits sont purifiés par adsorption des stéroides sur une
colonne Amberlite XAD-2 et &lution par le méthanol. En passant 1'extrait par une colonné
celite-KOH couplée & une colonne d'Ale3 les hormones sont séparées dans une fraction 0€s5”
trogéne et une fraction non-oestrogéne. Un schéma similaire a été &laboré pour l'urine @
les hormones sont d'abord adsorbées sur une colonne Amberlite XAD-2 suivis par hydrolysé
enzymatique.

Aprés chromatographie des extraits sur couche mince (HPTLC) les hormones sont révélées
par acide sulfurique et localisées par la fluorescence produite par excitation sous lu-
miére U.V. La couleur de la fluorescence ainsi que la mobilité relative des stéroides per”
met la détection simultanée du plusieurs substances anabolisants dans les extraits de 12
viande ou de l'urine. En mesurant 1'intensité de la fluorescence des taches sur couche

mince, la quantité des hormones fiit déterminée avec une réproducibilité de - 10 &,

U6HapymweH1He OCTATHOB CTEPOMAHLIX FOPMOHOB B MACE M MoYe yBOHHOro cHoTa

POKE BEPBEKE
JlaCopaTopuA XMMUYECHOro aHanuaa MPoAYHTOB MUTAHWA WHUBOTHOrO MPOWCXOMLEHHA ,

BeTepuHapHui dakynbTeT, MeHTCHWM [OcyAapCTBeHHuH YHUBEpCHTEeT, benbrus

PaspacoTan MeToh, MO3BONAWWHMHA OOHAPYMMTH OAHOBPEMEHHO HECHONBHKO BUAOB @HOUONHMYECHMX
OCTaTHOB B MACE WMAKM B MoYe Ha yposHe (0,5 4.H.0.

llocne nposefeHWA (epMEHTETHBHONO FUAPONM3AE MuWEYHOW THaHW,/50 r/, FOpPMOHb jHCTparnpy@TCﬁ’
¢ nomoukin 80 %-Horo pacTteopa mMeTaHona. [locne oueamupuBaHun CTEepoHb H3BAEHEWTCA W3 rigTaH?
N0BOro pacTeopa MOCPeACTBOM AWXNOPMETaHa. JHCTPEKTH OYMWAINTCA NyTeM agcopbuuu cTeponioB
Ha HONOHKe Amberlite XAD=2 v 3NHHMPOBAHWA METAHONOM. Mpv NpoxowageHuwu SHCTpaKkTa 4epes
uennuToByw HonoHHy HOH, coefguMHEHHYH C HONOHHKOM, cogepwauen AlZUS’ rOpMOHb pasgenamTca HE
3CTPOreHHY WM HE3CTPOreHHyw ¢pakuumu. AHanoru4yHasa cxema paspaboTaHa W LNA aHanuila MoYH:
chepBa ajCOpUMPYHT FOPMOHB Ha HONOHHKe Amberlite XAD-2, a saTem MpoBOAAT @BpMEHTaTHEHHa
rMApPONnU3.

Mocne XpoMaTtorpaguu SKCTPaAHTOB Ha TOHHOM cnoe (HPTLC), FOPMOHLI M3BNEHAaAWNTCA C MOMOWbD
CEPHON HHUCNOTH W HONMYECTBO WX OMPEABARETCA Mo pnyopecueHynu, BO3HWHawWeW B peaynbTaTe
yneTpaguoneToBoro otnyYeHuwsa. LseT ¢nyopecuyeHuyuMu M OTHOCUTENLHAA MOABMKHOCTL cTepowWgos
MNO3BONAKKT OLHOBPEMEHHO OUHapyMWTb B 3HKHCTpaHTax MACAa MAWM MOYE HECHKONBHO aHaloNUYECHHUX
BewecTs. [lyTeMm MaMepeHMR WHTEHCHBHOCTH dnyopecueHuyuMH Ha TOHKOM C/lOE ONpeaenfnT HonMHSCTE

FOpMOHOB C TOYHOCTbK 4o *+ 10 %.
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Utroduction

The Use of anabolic steroids as growth promoting agents has become a wide-spread practice
thOUGh regulations in most EEC-countries prohibit the use of these substances in cattle
breeding. The variety of combinations used and the lack of sensitive, reliable multiresidue
screening procedures hampered an efficient control on the abuse of these substances! A con-
venient, technically simple procedure is presented, permitting routine detection of most
Steroid residues in meat and urine down to a 0.5 ppb-level. This objective is realised
thrOugh development of a suitable clean-up procedure from meat and urine, analysis of the
extraCts by bidimensional chromatography on nanogram plates and evaluation of the hormones

b
Y Sulfuric acid induced fluorescence.

¥y

igiirial and Methods

tranféllow1ng apparatus were used : homogeniser (Ultra-Turrax), vacuum evaporator, Blackray
Silluminator (Ultra-Violet Products, Inc. U.S.A.), Zeiss KM3 chromatogram spectrophoto-

S for quantitative U.V.-reflectance or fluorescence measurements and a Tri-Carb liquid

“Itillation counter (Packard, U.S.A.).

Tth regerence steroids were pugchased from steiiloids (Wilton, U.Siﬁ.). Radioactive ste-
ds ( H-diethylstilboestrol, ~H-estradiol, 4- "C testosterone, 4-""C progesterone) were
z:i?haSed from Amersham (Bucks, G.B.). 3H—trenbolone was a gift from Roussel Uclaf (France).

1te 545 (20 - 45 u) and Amberlite XAD-2 (300 - 1000 p) were obtained from Serva and
sii:3 (neutral, activity Brockman I) was a product from Woelm (G.F.R.). Glucuronidase-

Atase (Succus Helix Pommatia) was purchased from I.B.F. (France) and diethylether, free
Fom Peroxides, from Gifrer & Barbezat, Décines, France. All other reagents were analytical
grade from E. Merck (Darmstadt). Silicagel 60 nanogram plates were supplied by E. Merck.
re\treatmen’c of Amberlite XAD-2 : 50 g of resin is suspended in 250 ml of methanol in a
graduated cylinder. After 2 min. sedimentation, the supernatant is siphoned and the proce-
ire Yepeated twice. The resin is washed on a Buchner funnel with several volumes distilled

Wat
®r and stored at 4 °C.
Xt :
Yaction of hormones from meat

i
Ced meat (50 g) is homogenised in presence of 50 ml sodium acetate buffer (0.04 M,pH 5.2).

i -
3 ST addition of 0.5 ml glucuronidase-sulfatase the hormones are hydrolysed overnight at

(

o

1 C. The incubation mixture is homogenised in presence of 180 ml methanol and centrifuged
0 . .

n 000 g, 10 min.). Fat is removed by extracting the supernatant two times with 50 ml

Q;lheXane_ The methanol phase is extracted with 150 ml dichloromethane and the lower phase
Ne lected. The upper phase is then successively reextracted with 90 ml and 80 ml dichloro-
t p ! :
hane- The combined dichloromethane extracts are evaporated, dissolved in 20 ml distilled
4ater an
0
m : :
o 1 distilled water. The steroids are eluted by passing 40 ml of methanol through the
Ump

d passed through an Amberlite XAD-2 column (80 x 10 mm). The column is washed with

The methanol eluate is evaporated to dryness at 40 °C.
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Extraction of hormones from urine

Urine (50 ml) is percolated through an Amberlite column (80 x 20 mm). After washing the
column with 100 ml distilled water, the conjugated and unconjugated steroids are eluted
with 100 ml of methanol. The eluate is concentrated to a volume of ca. 1 ml on a rotary
evaporator at 40 °C. The residue is taken up in 10 ml acetate buffer (0.2 M, pH 5.2).

The enzymdigest is diluted with 20 ml methanol and extracted with 15 ml dichloromethane-
The lower phase is collected and the upper phase reextracted with 2 times 10 ml dichloro~

methane. The pooled dichloromethane phases are evaporated to dryness at 40 °C.

Clean-up of the extracts

Clean-up and separation of the hormones in an estrogen and non-estrogen fraction is per-

formed in one step by passage of the extracts through a celite-KOH column coupled to an

A1203—column.

A celite column is prepared by pouring an intimate mixture of 2 g celite with 1 ml 0.3 N
KOH, slurried in 10 ml benzene, into a chromatographic column (200 x 9 mm). The celite 18
gently tamped with a glass rod to a height of ca. 6 cm. Successively 15 ml water-washed
diethylether, 10 ml benzene and 15 ml benzene-isooctane (50:50, v/v) are passed through
the column.

The A1203—column is prepared in pouring a benzene suspension of 4 g neutral A503 into @
200 x 9 mm column. After draining the benzene, the column is prewashed with 15 ml benzen€”
isooctane (50:50, v/v).

The celite column is mounted on top of the A1203 column. Meat or urine extracts are dissoy

: ¢ . - jté
ved in 5 ml benzene-isooctane (50:50, v/v), quantitatively transferred on top of the cell

e . ' . : ne”
column and allowed to drain into the column. Rinse evaporation tube twice with 5 ml benZ€

isooctane and add rinses on top of celite column. After draining the solutions into theé
celite surface, the columns are uncoupled.

The celite column is first washed with 50 ml benzene-isooctane (50:50, v/v) after which tf
estrogens are eluted with 50 ml water-washed diethylether. The eluate is evaporated toO ary
ness.

The A1203—column is washed with 25 ml benzene-isooctane (50:50, v/v). The androgens and
progestagens are quantitatively eluted from the A1203—column with 30 ml benzene-ethanol
(99:1, v/v). This eluate is evaporated to dryness. The concentrated extracts are dissolV®
in 3 x 1 ml acetone, quantitatively transferred into a conical tube and concentrated tO

50 Ul under a stream of nitrogen.

Thin-layer chromatography

The extracts are analysed by bidimensional TLC using silicagel 60 nanogram plates. DeVelOp
ment is carried out in non-saturated tanks. Maximum 5 Ul of the extract is spotted on a
nanogram plate. In the side lanes appropriate concentrations of the reference mixtures
(containing 10 - 80 ng of each steroid) are applied. The chromatographic development of
plate is carried out over a distance of 7 cm using the appropriate solvent systems (Tables
1 and 2). The plates are air-dried and the fluorescence reaction is induced by sprayind
estrogens with 5 % sulfuric acid in acetic acid anhydride or by spraying androgens with
5 % sulfuric acid in ethanol. The plate is dried for 15 min. at 100 °C and the fluorescerlc

viewed by transillumination at 366 nm.

-
: ; (et
Experimental parameters for fluorescence measurement were M-Pr setting on the Zeiss in$

£
ment operated with a mercury lamp, with excitation at 366 nm and emission using a CU’C'of
filter FL 46.

rm

o
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Results

Chromatography and fluorescence detection :

Several solvent systems were tried using standard solutions. Solvent combinations, indicated
in tables 1 and 2, gave more concentrated spots, showed good separation among the different
nabolics and presented a dark background when transilluminated under U.V.-light. Moreover
the solvent systems produced a sharp differentiation of the hormones tested with spots ori-
ginating from substances present in meat or urine extracts. This fact allowed bidimensional
TLc analysis of hormones after spotting 1/5 of the total extract on the plate.

The sulfuric acid test is known to be highly selective in producing characteristic colour
and fluorescence responses in respect to minor structural alterations in steroids? This
Sensitive test was optimalised in studying the response of various sulfuric acid sprays on
different hormones in combination with different heating times and oven temperatures. With
the exception of trenbolone(acetate), where 5 min. heating time proved optimal, most ste-
f0ids showed maximal response and fluorescence stability after 15 min. incubation at 100 b &%
As little of 0.5 - 3 ng of most steroids may be detected (Tables 1 and 2). However, detec-
tion of hormones in meat or urine extracts not only depends from its detection limit : spot
brOadening during development and contrast of the spots with the background are even more
imPOrtant. As seen from tables 1 and 2, a low detection limit was observed after adding
different free steroids to meat. Urine extracts produce a higher background : the detection
limit was approximately twice that observed with meat extracts.

Optimal activation of most steroid derivatives was observed at 366 nm with fluorescence
maxima between 490 and 550 nm. Steroids showed a linear relation between concentration and
fluOrescence (as area of recorded signal) in the range of 2 times up to 10 times the detec-
tioh limit. Since the fluorescence measured depends on the solvents used during development,
qua"‘titm:ive determination of the hormones following bidimensional chromatography involved
o adaptation of the antidiagonal technique described by Beljaars et al? Non-fluorescent
Srivatives (e.g. dienestrol) involves U.V. measurement in the transmission-reflectance mode.
For diethylstilboestrol (DES) this technique was 10 times more sensitive than the induced
fluOrescence described by Schuller: The standard deviation of the individual values of the
ifferent hormones ranged between 2.5 - 6 % in all instances if scanning was performed

Wi o
‘thin 4 nhrs after development.
nalYSes of extracts from muscle tissue and urine

The Overall recovery of radioactive hormones, added to 50 g muscle tissue or urine was deter-
mined ik 4

:as 5.2, % (n)= . 12). Estrogens (3H—DES, 3H—estradiol) added to meat were recovered in
2 4

* 6.5 3 yield (n = 5). However, the mean recovery of estrogens from urine was only

C-testosterone or 3H—trenbolone were recovered in 82.6 % yield : reproducibility

.o + 5.5% (n=11). Hormones added to meat or urine samples were quantitatively determined
Using the scanning technique : yields were similar to that found with the radiocactive hormo-
S with a reproducibility of + 10 § (n = 20).
Dnoglucuronides of DES, dienestrol and hexoestrol, added to urines in concentrations of
= 100 ppb, were recovered in yields of 26 + 3.8 % (n = 9). Monoglucuronide hydrolysis was
m:;né to be inhibited for 50 % by different urine extracts in contrast to hydrolysis perfor-
1n water or meat extracts.

a::: exXtracts from male calves, containing 1 - 5 ppb methyltestosterone as found by TLC

_ ¥sis, were analysed by GLC-mass spectrometry in the laboratory of Ribermag (Reuil Mal-
alson: France). The concentrations obtained by mass-fragmentometry were similar with those
»122 TLC : the coefficient of variation between the two methods was = 15 % (n = 4). Direct
o Ction of an aliquot of the extract into the GLC-mass spectrometer allowed determination

0.05 Ppb methyltestosterone in meat samples.




Table 1.

Rf-values and detection limit of some estrogens on nanogram
plates by sulfuric acid induced fluorescence.

Solvent systems : 1 = n.hexane-diethylether-dichloromethane
(4:3:2) ; 2 = chloroform-ethanol-benzene (90:2.5:10).

Substance Solvent system Fluorescence Detection limit
1 2 (366 nm) ?i;fe TSZS)
178-estradiol B39 22 yellow 3 1
170-estradiol 0.34 023 yellow 2 0.5
estriol 0.01 0.03 yellow 10 2
estrone 0.58 0.37 yellow 10 2
ethynylestradiol 050 0.29 brown-yellow N2 -
DES trans 0.59 0L21 red colour 2 0.5
cis 0:33 @13 red colour 2 0.5
dienestrol (9253 Q27 red colour 2 05
hexoestrol 0.56 0.20 green 10 2
zeranol QL 018 green colour 40 10

Table 2.

Rf-values and detection limit of some androgens and progesta-
gens on nanogram plates by sulfuric acid induced fluorescence.
Solvent systems : 2 = chloroform-ethanol-benzene (9022 . 5810) -5

3 = n.hexane-dichloromethane-ethylacetate (20:40:40).

Substance Solvent system Fluorescence Detection limit
2 3 (366 nm) Sigfe Tg;g)
testosterone Q<33 0.44 yellow 2 1
methyltestosterone 0537 0.49 green-yellow 2 0.5
19-nortestosterone Q.33 0.38 yellow 2 1
trenbolone 032 0.389 bright blue 3 D2
trenbolone acetate 0.68 (6 355 bright blue 3 8%,
progesterone 0.59 0,55 blue 20 5
medroxyprogesterone 0.37 0463 yellow 2 1
chloormadinonacetate 0,61 OL74 orange 4 3
19-norethisterone 039 0.64 brown colour 20 5
ethynyltestosterone 0.45 0.71 yellow 20 4

Conclusions

The method described allows routine detection of different anabolic residues in meat and
urine at levels of 0.5 - 5 ppb. One analyst can carry out approximately 10 analyses pet
week. The major advantage of this method over RIA-assays® and other TLC—methodslv“reSideS
in its general applicability to detect several anabolics with a high sensitivity and repro
ducibility. Notwithstanding the fairly high detection level of anabolics in meat, SeVeral
meat samples have been found to be contaminated at residue levels of 5 ppb with methYlt?5
sterone, dienestrol, DES e.a. Preliminary experiments indicate that, in using the descr?

; c
extraction method, 0.05 ppb of several anabolics may be routinely detected in meat extr?

by GLC-mass spectrometry.

-
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