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Summarz

Methods have been developed for the determination of DES and other

anabolics. The sample pretreatment before detection is of great impor-

tance. The following methods are described.

- DES in a small amount of urine (up to about 5 ml), detection by
LC-EC: scheme 1.

—= DES in a small amount of faeces, detection by LC-EC: scheme 2.

- DES in a large amount of urine (25-250 ml), using a specially shaped
HPLC pre-column, detection by LC-EC: scheme 3.

— Hexestrol, DES and dienestrol in urine, column pretreatment, detec-—
tion by either HPLTC or LC-EC scheme 4, outline of method on page
14, Results:

hexestrol by LC-EC : page 16
DES I : page 17
dienestrol " " " : page 18
HPTLC results 3 ﬁage 19

densitometry of HPTLC plates: page 20

Conclusion
HPTLC and LC-EC methods can act as reliable methods of analyses of DES
and related compounds at 1 ppb level, in between RIA and GC-MS tech-

niques.
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Naturel and synthetic hormones are used worldwide to improve meat pro-
duction. The benefit for the producer is obvious: application of these
anabolic agents may save 5-28% of the feeding stuffs.

There are, however, possible hazards for the consumer.

Therefore in most European countries the use of hormonal anabolics for
fattening purposes is restricted or even prohibited by law. Moreover
consumer organizations call for import boycott of meat from countries
with insufficient inspection.

To control legal and illegal use extensive enforcement and
surveillance programmes are being set up. For economic reasons
analytical results éhould be available shortly after sampling.

Among the banned synthetic anabolics diethylstilbestrol (DES) takes

the most important place at the moment.

Analytical control is carried out in various ways. Histologic control
is an easy and rapid method, but can be carried out in the
slaughterhouse only, and is not decisive for adult animals. Bioassays
are time-consuming (10 days).

Radioimmunoassay (RIA) is most attractive and widely used now for
screening purposes of DES.

Physicochemical methods include GLC, HPLC, TLC, GC-MS. GC-MS L is the
most conclusive for confirmation, but expensive and laborious.
Although anabolic agents are electroactive and can be detected quali-
tatively and quantitatively by electrochemistry, until now little
attention has been payed to this technique.

Frischkorn and Smyth 2,3) have described an HPLC method with
electrochemical detection for determination of growth promoting hor-

mones in chicken meat; Kenyhercz and Kissinger 4) for DES in liver and

kidney.
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Urine and faeces are suitable matrices to control (mis)use on the
farms, and can also be used as indicator for the absence of anabolics

in the meat in the slaughterhouse. (The concentrations of anabolics in

urine and faeces are higher than in meat).

Experimental

We have developed the method based on HPLC separation followed by
electrochemical detection (LC-EC) for the determination of DES in
urine and faeces, and optimized it with respect to sensitivity, con-
venience and rapidity.

Flow schemes of the method for small amounts of urine or faeces (up to
about 5 ml) are given in scheme 1 and 2.

For large amounts of sample (25-250 ml) a modified treatment is
applied, using a specially shaped HPLC pre-column having a large capa-

city 5), see scheme 3.

Results

In fig. 1 a chromatovoltammogram of 25 pg DES is given. Fig. 2 and 3
give the results of 5 and 0,1 pg/kg DES in urine after treatment of 50
ml urine with the specially shaped HPLC column (scheme 3). Fig. 4 is
the result of 5 g faeces with 5 ng/kg DES treated according to scheme
p

Sensitivity

Using the guideline that a detectable signal has to be at least 3x the
noise, the limit of detection for DES as such is 5 pg. For DES in a
sample the noise level will be higher depending on the matrix, the pre-
purification and the quantity of treated sample. Starting with 5 g of
sample 1 ug/kg can be detected. Using larger amounts this con-

centration can be lowerede.
Convenience

Sample preparation is most simple, only a few actions are required,

and the use of chemicals is minimized.
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Rapidity

The time required for one complete analysis for small volumes is about
3 hours, including hydrolysis, for large amounts of sample about 4
hours. By comparison: a radioimmunoassay requires about 28 hours; a

GC—-MS analysis 48 hours.

Other anabolic agents

By the method as described, other anabolics can be detected qualitati-
vely and quantitatively as well. Besides differences in HPLC retention
time, they differ in electrochemical behaviour. Combination of both

phenomena offers an additional possibility for distinguishing the

various anabolics.

Other methods

We also have optimized the two dimensional HPTLC 6) with respect to
prepurification and developing solvents 7). It offers an alternative
convenient method for detection of various anabolics. After pretreat-
ment hexestrol, DES and dienestrol are separated on a basic celite
column (scheme 4). The three separated fractions are analysed by LC-EC
(figure 6) and/or by HPTLC (figure 7). The HPTLC spots can be measured

by densitometry (figure 7).
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Fig. 1

DES

Chromatovoltammogram of 25 pg of DES.
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Fig. 2

DES

- Lime

Chromatovoltammogram of 5 nug/kg DES in cow's urine, starting

with 50 m1 of sample for pre—treatment and using 1/10 th for

determination, according to scheme 3.
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DES
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Fig. 3 Chromatovoltammogram of 0,1 ug/kg DES in cow's urine,
starting with 50 ml of sample, according to scheme 3.
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Fig. 4 Chromatovoltammogram of 3,5 pg/kg DES in cow's faeces,
starting with 1 g of sample.
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Voltammetric behaviour of some anabolic agents.
Peakhight as a function of the applied voltage vs.
Ag/AgCl in 3M LiCl methanol.




Hexestrol

S, | HPTLC
Dienestrol | -C-EC |

- SAMPLE

PRE TREATMENT

CELITE COLUMN

ELUATE

T

0-10  40- 1@ 1940 40-80

- Fracho Fraction B o Fraclion@
Hexestrol S Di7xestro\ |
TLC TLE

LEC~EC LC EC LC=EC



URINE

HYDROLYSIS

ACETIC ACID
SUCCES HELIX POMATIA

DIETHYLETHER

ETHERPHASE

EXTRACTION

. SODIUKCARBONATE«SOLUTION

ETHERPIIASE

ETHERPHASE

CELITE COLUMN
(FRACTIONS)

WATER

WATER WASHED DIETHYLETHER

s; c lw e €

4



d |
444
| |
| il
sl ; AISE 18
i
i __
1 ' T
| i ! D
ill ] i L
T | ! <
.w m el
.7T i il ;
d“ ﬂ!. ol | i,,
ilolay Sl RESEN BaNG R EREAE E ‘_l. L4 1] t
=+ I !
v i%
[1¥
|
1
wy
—
&
o~
gl

il :
3 o "
NHER
fopid
L AT Gl
o
5_.m ,,. |
-8 —4 -
RS _
-u__“_‘ ¥
m___“ :
A I KB it
SN B P
gl |[11fil:] _
= [ N .
1 1

—

I [dv
1
|
g
Ww _ 4
T T ! i
e i
. !
STAEERRAREEETR R G
05 0b, _; 0 i 01 imWU_ |
i R,
I ||
NI A
_ Yl
m T ,MH“ :
s :
| 3 l
4 \
T
My
el L{CHAA | 852 ki
LA

trol

nexes

\ 4

By

T‘C
I

ILC-




T =r
=

m

NOILOVEZ

8x/2# | sutan o

s Tduwes Su ¢g paepuE
aTD TOx3S24qTT2STAYL TT3sTL

T —oJxAes
21D IS8

wi o2

(s}

w .w.lﬂuwr.u.#l = ey =
S o i rostedl L) e s e | K et ek Ensbo—te e e
ol
o | papis
= e = el is - o= be— e e cee— b - —_—— — - — e s s e i Sy AT [ T R
g L A T T b s L
\_(\.J, i J_. U= e e e e e = - o P . ~____.
= L1 g i 5. i - Sex o T ! = =y
T 1 I T T . 1 11
Vs WA } ==t ] u : 1
4 — . i
S e e \v , m FLgea o 1) v e I e S R T - — s B e e i g
¥ rosmi, amerage s S i oy " g oy . e 4 e b 7 Ll (vt imipuea e e o
T = = = _ —S - _ S o prp — = o e e
— — WE? g 10 ) gt kil el s ) e o S g W o / o PR i e i gl iy S e = e
1T NTHT : |“n yi 1
S AT M i E = = e e = = i e — Zrer SN e s = o
- 'IF i 4 | e e 1 gl e |.t| —fi “ b I - e S, ) I T __ 7 —* - = - #._—
—t - B - ;r._” —-i I“ PRSI TR B ST [ ARy, i i L e ram *..H —t = — NI ERRPRIRDS S (.
: T | = e TS iy e e I SIS, I PO = = e P LEws
= e ek et ] s z : Lin =i | Mok res: e g e ..n..T_ﬁ P ? s g =
| S oo e ol b ) W Lo - - | ) o e B O e S e et 1 ) e Bl 1 N e e R et i SRR F| b i
- { m o -.< 315 w“ -
— e ol S e e e e R e
ﬂ 1 - i=zJ | R ey H.'.l-l-l 1 MD i — = oY o ==
~ j e
i L S, £52 B o G oy it e A = S =i P ==
s s e 5 ey o = P ] = == s priel=ra
> = gt 2 Srr—ee e o v s e e S T L b i
- - — 1 g - - - e i - _— 1 . — | — -——
= P e o e i = P R R ey e i IR | e o o ==
L o e et sy o il i | L E | = —p— Sey IR Ttee—= = J,..rro.l === = = =
| R S NI ey S e e — — QN St I P S I oS o = o | & L = T P (R
= e e e, o | ) (e RSl camm oM | e S ] e s i -
SeciESigy A ) e (PO PSS ) ==y i + T L S e e L — e | =] = G
oo 2 I e e g 5 e = kgl aipom mrpean s p . o P et 1 e s, o =il
S e ot ey e ..wi- ..... e el I B e s --.TH o e e g ey =
T oo oy i Tk 1 e —
ki S| = i ==y = L . ] & = 73 - i T P B
- P e SRR NN, nl%l. L) L e = e g % = O R - w‘< if. — e
2 _ ! _ S e = o ot Y = i Szl bkl e =sers M s g 1k
...... =3 e e e e ey el = —— e —— e
i __ L C e s s S S R _ ‘ g o ] e s %u...l- 2. Sl 5 W i
= ! = ) = (0 i e &3 = F B e = Sl 1 o it e i
_ - = , = 1= - e
! 4-HHT. T : . * g [ St [t (e Pl :
_ e ) R [t i e e =
= ' g e el e i Rt k. I sz, o e bl s “ g Sdafe i
) 33 AAFETRANN: AT RS T .~ M by = [ - e el me— - - T [ Ji - e - == >
& - = = = R = SR S R % = - = R s — (=1 T R 1
= o e o i i, e gy, o Ol g s G ke = i SR g o] P o e e r == 1 i
i ek | o9 i el k | i g oo o ! I- 2 fif s o]
0| R e ey 1 (e T 21 e iyt ry : 12 | e s i s = CiETElE i e e
" = = S R e (e — = Fem = = == = = = =
- e ) i o= —— —f - = 5 e e e e i s L Y Hsembaly VTSt D
e o ey e = S R e e e TR = P o o % bt (e =
- e |ﬁ = : — ; = =
. o I s lml e [ ey IIJM|1”—|..4 Enas USRS
7] e e ) . ! = == o s o ey : et Cogorsin s = e 1 o ol el e
— { | & = | 4




%0 NOILOVEA

g3/8d 4 autan srdwes 83/84 L 3u

TOI1S8USTD

=% YA

- 3 L=

11

L e ] 1 -

o e e ey e e i !
e L

= TR g r— i =

L N R

e A e e AN 1 g Py
}.D@ﬂu = e o TSI B i ! —
P i e (e i) oot e ||_ T (=) = I “
f _F.. —=k %- T el e, T oy | v e f :
1) S iy A | L - {1 iy “ 1
| S e e e I o Y o e - _ e
s T 11 I I e
- =EF e R e _
LR, ﬂL.. - — __ : __- T = Se—p e “
CEEERT, § RIS e N TS ) | Lt T
..... T pivapie TS, FIRERERR NS I 1 e I 8 1
—— it FC
e e p——— | — -
e T i e s il =31 - _ H |
(=1 o s - ey 1 = ! P s
] ] e el = i s — H 1 - - i
e e ) B e e U e i | o iy v o | s | ) et = S 1
el a L PR |-\ o ¥ SRR
TS R P (R e PR e R | TN RS ey e S S I = =
== e B =t Hep = = - m
— s Ao gt -H == el e e " Moy e e
i = R AR === e g s s
=1 = Sy el It ] B e e ——
- =2 # S - R i == ma s - .%._Uﬁ e
—T= —T T+ : = e e e e : = il L
1 e e N Y SNl = e e o :
£ s sty e il s i ool 2 SN e e B o e u% skt i R T M 6 .
- P R Frp T # i ;o I = —— = el oot il Fetuaten s iy s i 17
s e = : T = e g Eo e % ool antt il
(%) } it ree syt ot L R i i =
-t =5 i T s e I Spasee TP wsF = o P u {
== e e - t | = = = | s A — : =
. s i =5 I G 2peiE e s ke =l et s i M R P .
i | w - o sl anias) vawus) Tl e S, I = i 4 b ﬂw _ ZL
i 5 ol e I e et et e [t et M z ! z Tl
= L) _ = e L oz =3 : i | !
g = A T e e e e e = Ul S = ! M - -
-+ - i aileg] Wbt ey ot _ | g s T sy e iy oo P —_— ;
3 = it e M (el S |- = . se=R i i) e SR oo rtead den i sk . i l
= B - = ; = - — SR (SO (PP o e el P
A - S e e oo et I = i s e e ot e ; — = g = =
= o o = Ao = i o -H—- e = e Pore i femme) o i e e o _ !
—_— = L= o = =+ —- was o e - - - = - == |
a i [Sema o e Foes ) s S 1 [ S i s 4| Rt e e S —=— CEee = = T T T
=t e e e e = s ! s SR A s ppetes s w1 [ e Sot s e L Rl f=
EE i) el E=] o LS . i Y| gy e |1 o g el z =i —= poap ob e e e
==} - s I e e e e 1 =z - =l Hpe— |...||..T‘ S — ) SEr3Z Jadiom-inigedinaw | |
= s - : = T 10Mw 131 ! _ _
r ] 53 ﬁ _ |_ H _ 4 STvag <_§£ B | |
_ | I e (e B B PRy (PP (SRS, W Ty Ty I N




HPTLC results
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ANABOLICS  cgoum seonoros

Benefit for the producer e
Anabolics may save 5 -28 % Feedinq stuf'fs

Production (carcasy weigt) Cattle Swine Poutry  x 10% tons
EEC 7 10 4
USA Canada Australia M.Zealand 13 8 3
Total : ~ 50, coco, 000 tons
Produclion value ;: 180 Giga. DM 70 Giga Usﬂ; 1.3 Téra A'Ski!ling

In USA pou'lh'y 1 1950~ 1947 -‘3} 230 ooo eoo saved

Possible hazards for consumer
direct toxic effect
a.IlerqeneEic reaction to  the druq

effects fror_n, lumorigenic .compounds

alteration of druq sensitizatlion Lo micro organisms

Legal restrictions in most countries

"arﬂ:i - cestrogen - laws "

EEC : all synthetic hormones forbidden, except zeranol and
tren'bolone

Consumer organisations

Call for import boycott of meat from countries with

insufficient control

Illegal treatment

N

ANALYTICAL  CONTROL



METHODS OF ANALYSIS

HiStO'OQiCAJ control In s\aughtqrhouse only’

Bio assay

Mouse uvterus test sa.mple i¢  incorporaled inte dhe diet of immature
famale mica, and the wei%hl' chaf\ge of the ulerus noted, wilth rech;Ll: to control
qroup

Detackion limit ~2 P?/kg
Lack of spedFic_itr
10 dxys to Fgrform

Radio immuneo assay (RIAD

Cnmra.t‘alivt. Bindl'né- of anabolic r.orr\pnuncl and the sama radiclabelled c_ompqwnd
with antibody
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Physico—chemica.l methods

Sensil:ivity Strunin? Confirmalion  Multimethed Output Cotk
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