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THE DETERMINATION OF DIETHYLSTILBESTROL (DES) IN THE FAECES
AND TISSUES OF CHICKENS TREATED WITH DES AND IN THE FAECES AND
TISSUE SAMPLES OF CALVES, LAMBS AND CHICKENS COLLECTED
FROM VARIOUS AREAS OF TURKEY*

Ethem Ersoy! Olaf Agthe? Hilal Ergun!
Tevhide Sel3 Tayfun Giildiir3

Diethylstilbestrol (DES) verilen tavuklarin doku ve digkilarinda ve Tiirkiye’nin
cegitli bilgelerinden toplanan tavuk, kuzu ve dana doku numunelerinde ve dig-
kilarinda DES tayini.

Ozet: Yedigiin siireyle cral olarak 5 mg DESIgiin verilen 20 deney
ve 20 kontrol broilerlerin diski, kas, karacifer ve bibrek dokularinda DES
analizleri yapildi. Numuneler radioimmunoassay metoduyla analiz edildi.
Dokulardan DES’in atima siiresi tesbit edildi. DES’in son wvgulanmasindan
5 gin sonra digkidaki konsantrasyonu 151 pob olarak tulundu. Bununla be-
raber, son verilmeden 7 giin sonra DES konsantrasyonu tekrar yiikseldi. Son
DES wygulamaswndan sonra ilk giin karaciger, kas ve bibrekteki DES konsant-
rasyonu swasyla 0.78, 0.74 ve .33 ppb iken denemenin sonunda 0.35,
0.24 ve 0.22 ppb olarak bulundi. Son giin degerleri kontrol degerleri sinirlar:
igersindedir. Denemenin sonunda plazmada ki DES konsantrasyonunda bir
artis gozlenmistir,

Tiirkiye’nin ¢egitli bilgelerinden toplanmis dana, kuzu ve piliglere ait kas,
karacider, bibrek, diskr ve yem numunelerinde toplam 1811 numunenin DES
_véniinden analizleri yapumagstir. Pilic yem numunelerinde °4, 36.9 DES pozitif
bulunmugtur. Pili¢ digk: numunelerinde de ©, 1.9 pozitif numune tesbit edil-
mistir. Diger numunelerde DES bulunamamagster.

* This study was carried out as part of the scientific link between Ankara University
Faculty of Veterinary Medicine and Honnover Veterinary highschool and was supperted
by the BMZ - GTZ and the Ankara University Research Fund.
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Summary : Diethylstilbestrol (DES) analyses were carried oul on
muscle, liver, kidney and faeces sumples of 20 control and 20 experimental
broilers to which 5 mg DES |day had been given orally for a period of 7 days.
The treated samples were analysed using the Radioimmuncassay method. The
remozal time of DES from the tissues was determined. Five days following the
final administration of DES, its faccal concentration was 151 ppb.. However
7 days after the final administration foecal DIS concentrations increased again.
On the first day after the final DES administration, DIS concentrations in
the liver, muscle and kidney were 0.78, 0.74 and 1.3% ppb respectively. While
these values measured on the final day were within the range of the control values.
There was an increase of DFES in plasma at the end of the experimental perivd.

A total of 1811 muscle, liver, kidney and faeces samples of calves, lambs
and chickens and feed samples collected from verious areas in Turkéey were
analysed for the presence of DIS positive samples for chicken feed was 36.9
06. Also 1.9 O4 of the chicken faeces samples were DIES positive. All other
samples were ncgative for DES.

Intreoduction

Diethylstilbestrol (DES) is a2 non-steroid synthetic, exogenous
anabolic substance (5,10,21,23,27,29). It has been used for many
years as a growth promoter in poultry, cattle and lambs by addition
to the feed, injection or implantation (5,10,11,16,21,24,26). It affects
feeding efficiency and growth ratc when used at 5-29 9 (17,24).
This effect is produced by DES stimulating the production of Growth
hormone, Insulin and Insuline like Growth Factor I (IGF-1) (22,23,
24,31).

Endogenous ocstrogens, when given orally arc largely metaboli-
zed during their first passage through the liver. DES, on the other
hand is resistant to hepatic mectabolism and when administered orally
shows high oestrogenic activity (26,29). It is effcctive for a long period
due to the entcrohepatic circulation during its metabolism (15,20,
27,29,30).

The climination of DES from the body occurs primarily by way
of the faeces where residucs ave detected at the highest level and for
the longest period. Thereforc it has became important to screen for
DES residues in the facces (1,2,22,29}.
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Because of its casy administration and being the cheapest oestro-
genic substance (21,29), DES is used according to the indication li-
mits for treatment in human medicine (prostate cancer, breast cancer,
osteoporosis ctc.) (8,18,26,28) and veterinary medicine (pyometra,
vaginitis, anoestrus, prostate hypertrophy etc.) in small animals
(26,27). ,

DES was first used for anabolic purposcs in chickens in 1947
but its use in these animals was prohibited in 1959 (7,19,26,32). It
was first used in cattle in 1954 and was used in the U.S.A. as an ana-
bolic substance by addition o feed until 1979 (23,26.32).

In Germany the percentage of DES positive samples rose from
4 9% in 1977 (o 16 % in 1978 and 40 97 in 1979. After the discovery
of DES in babyfoods strict controls with sensitive mecthods werce int-
roduced the result being a drop in DES-positive samples to 1 %, in
1980 (3,22).

Several methods have been developed for the quantitative and
qualitative determination of DES in materials of animal origin. In
routine use, Radioimmunocassay (RIA) has proven to be the most
sensitive and cheapest method for the fast detection of residue level

in the nanogram and even picogram range in large series of samp-
les (21).

With the introduction of sensitive techniques, DES residues
were detected in tissue samples. The discovery of the teratogenic and
carcinogenic effects of DES and other stilbene derivatives led to the
prohibition of their usc in animals used for food production in the
USA and the EC countries /5,26,32). In EC countries production and
marketing of DES are also prohibited {26, 32). Although the use of
DES in the USA and EC countrics has been prohibited for food pro-
ducing animals, it is suspected that DES is being used secretly and
illegally as an anabolic agent (3, 5, 21, 22, 23). Recently tracc amo-
unts of DES in meat exported to the USA from Germany have been
discovercd and reported upon (3).

In the EC countries the presence cf illegal anabolic substances
in live animals used for food production is monitored for in their urine
or faeces and in tissue samples after slaughter using sensitive methods
regularly (22). However there is no information regarding DES analy-
ses in Turkey.
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The use of hormone und antihormone preparations as food
additives in Turkey is prohibited by law (4). But in veterinary medi-
cine DES is being used as oestrogen preparation for treatment in food
producing animals.

Thercfore, the first aim of the study was to determinc the remo-
val time of DES from the various tissues of treated chickens and its
detection limit by RIA.

Secondly the presence of DES in meat exported from or impor-
ted into Turkey and also the use of DES as anabolic substance in Tur-
key were monitored.

Material and Method
Materials

a) Fquipment

Rack Beta Liquid scintillation counter 121]/1212 Instrument
Manuel (LKB), Vacuum Drying oven (Heracus) Centrifuge at 6000
rpm with cooling system (Heracus), Magnetic stirrer (Janke and
Kunkel, IKA labortechnik).

b} Chemicals

'All chemicals used werc analytical grade. Gelatine, Sodium azi-
de (Natriumazid), Titriplex III, NaCl, NaOH, di-natriumhydro-
genphosphate dihydrat, Kaliumdihydrogenphosphate, Chloroform,
Ethanol, Dicthylether and Methano! were obtained from Merck
chemical company, Dextran T 70 was obtained from GmbH Co.
Chem. Fabrik, Norit-A was obtaiied from Serva chemical company,
Dicthylstibestrol was ol.tained from Sigma chemical company.

DES Aatibody was kindly provided by Prof. Dr. H. Karg, Insti-
tut fiir Physiologie der siidd. Versuch. und Forschungsantalt fiir
Milch Wirtschaft Weinhenstephen-Miinchen. (Monoethyl-3H) DES
(250 u Ci/ml) was obtained from Amershan International plc. Eng-
land. Scintillation coctails were obtained from J.T. Baker Company.

Experimental Procedure

The study was performed in two parts; as an experiment and as
a monitoring across Turkey.
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A) In the experiment; 40 broiler chickens eight weeks old were
used, 20 of these chickens were kept as controls, the other 20 broilers
were treated with 5 mg/ml in ethanol DES per day given orally.
These chickens were treated with DES for 7 days. 1 ml ¢f ethanol was
administered to controls during DES adminisiration period. The
experiment was continued for 16 days and chickens werc slaughtered
at intervals from day 7 to day 16. Faeces samples were collected be-
fore DES administration and on days 1 to 16 following DES administ-
ration. Following slaughter plasma, liver, kidney and muscle tissues
were collected and analysed by RIA for DES. Chickens were allo-
wed free access to food and water throughout the experiment and
placed in sepcrate cages.

B) For the monitoring; Muscle, liver, kidney and faeces samples
of lambs, chickens and calves were collected from slaughter-houses;
facces and feed samples were collected from 50 farms. The samples were
kept at —20°C. A total of 926 facces samples (260 chicken, 238 lamb
and 428 calf) were analysed for DES. DES analyses were also carried
out on 245 chicken muscle, 220 chicken kidney, 181 chicken liver,
44 calf muscle and 195 feed samples.

Method

DES concentrations in muscle, liver and kidney tissues in feed
and faeces samples were determined using the technique of Radioim-
munoassay (RIA) (1,2). In brief, free DES obtained by diethylether
extraction and various solvent-solvent partition steps was measured
by RIA using radioactive DES and DES antibody. DES standards
ranging from 12.5-800 pg /0.1 ml were prepared from a stock solution
of DES in ethanol at a concentration of 800 mg/ml, the stock solution
being prepared from 1 mg DES/ml ethanol. Results were obtained
with the use of the standart curve.

Statistical Analysis

The significant differences between values obtained from the
DES analyses was determined using the student “t” test (13).

Results

In the experimental study, DES concentrations in faeces samples
collected after DES administration were found to be significantly
high (P <z 0.001) during the 16 davs of the experimental period
(Table 1). Onc day after the initial administration of DES, the con-

O
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Table 1. Statistical evaluation of DES levels (ppb) of faeces in chickens
treated with DES (5 mg DES/day).

Days n x Sx t
Control 55 2.15 0.31 —
N B
22 1. Day 4 1375 875.00 —6.60%%*
Ag 2. Day 5 5840 3211.11 —6.63% %
25 3. Day 5 15400 8602.17 —6.53%%%
S 4. Day 5 9300 2119.03 | -16.00%**
g‘,g“‘ 5. Day 5 17400 2912.86 | -21.71%%+*
== 6. Day 3 12333 7584.93 -8.38%%*
7. Day 4 12937 1466.20 | -37.13%%+
8. Day 2 1500 250.04 | —43.59%%
SE 9. Day 5 500 193.66 —9.37¢e
A 10. Day 4 179 64.56 | ~11.48%%*
p= 11, Day 5 151 67.89 ~7.98%es
g 12. Day 5 264 60.14 | ~15.84s%
Hd 13. Day 3 5550 450.01 | -63.52%%¢
<& 14. Day 5 5200 600.85 | -31.54%%#
15. Day 2 4475 1525.23 | ~21.36%%»
16. Day 2 3025 275.04 | -79.99 e
*xx 5 < 0.001.

centration of this substance in the faeces was 1375 ppb (P < 0.001).
On the fifth day of DES administration the faecal concentration of
this anabolic agent reached its highest level during the cxperimental
period, 17.400 ppb (p < 0.001). From the 8 th day of the experi-
ment, 2 days after the final administration of DES, faecal DES con-
centrations dropped dramatically to a minimum of 151 ppb on the
11th day, rising to a second maximum of 5550 ppb on day 13. On the
final day of the experiment (day 16), faecal DES concentrations began
to decrease once more with a value of 3025 ppb (Figurc 1). The mean
value for the control group not given DES was 2.152 ppb (Table I).
One day following the final DES administration DES concentrations
in the liver. (Table 2 and Figure 2) and kidney (Table 2 and Figure 3)
were found to be significantly high (p < 0.001). Although during the
following days no significant amounts of DES were detected in the
liver, in the kidney DES residues rose on day 4 (P < 0.05) and day
6 following the final DES administration (p < 0.01). One day follo-
wing the final DES administration, DES concentrations in the muscle
samples were 0,738 ppb though this value was not significantly higher
than the control value of 0.410 ppb when analysed statistically (Tab-
le 2, Figure 4). Plasma DES levels remained near the control value
between days 7 and 13 of the experiment (i.e. 1 to 7 days after the fi-

o
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Figure 1. Excretion of DES in faeces of chickens after oral application of 5 mg
DES /day for a 7 day period.

nal administration of DES) increasing to 1.46 ppb (P << 0.01) on
day 16 (Figure 5). In the control group not administered DES, DES
concentrations in the muscle, liver, kidney and plasma samples were
0.410, 0.278, 0.150 and 0.324 ppb respectively (Table 2). The de-
tection limith of DES positive samples using RIA are given in Tab-
le 3.

The results of analyses caried out on faeces, muscle, liver and
kidney samples of calves, lambs and chickens and on chicken feed
samples collected from various areas of Turkey are shown in Tables
4,5, 6, 7. A total of 195 feed samples were analysed for DES and 36.9
% of the samples were found to be positive (Table 7). These feed
samples were sent to Germany (Staatliches Chemisches Untersuc-



Table 2. Statistical evaluation of DES levels (ppb) of liver, muscle, kidney tissues and plasma ia chickeas treated with DES (5 mg DES/day).

LIVER MUSCLE KIDNEY PLASMA
n X Sx t n X Sx t n X Sx t n X Sk t

Control | 40 | 0.28 | 0.07 — 37 | 0.4t | 0.05 — 38 |0.15| 0.02 20 |0.32 | 0.09 —
Istday | 4 [0.78|0.05| —5.756%= 4 [0.34]03¢] —1.77 4 [ 1.33]0.19|--15.47%¢+| 2 |0.32|0.16] ©
4thday 6 |0.36]0.09 | —1.101 6 |0.39]0.00] +o0.14 6 | 0.26|0.03 | —-2.49¢ 3 |0.34]0.15 | —0.074
Sthday | 6 | 0.38) 0.08 | —1.313 6 {0.31]0.04| +40.82 6 |0.18]0.02 | —0.76 3 [0.28]0.16 | +0.165
6thday | 6 |0.29]0.04 ] —0.126 6 |0.45]0.10| —0.28 6 |0.16]0.02 | —0.30 3 |0.33|0.14 | --0.037
Tthday| 6 [0.3¢]0.11|—0.747 6 |0.41[006| o 5 10.25[0.06 | — 2.0 2 10.49|0.05| —0.553
8thday | 6 |0.31]0.04|—0.474 5 [0.44]0.13| —0.18 6 |0.33]0.09 - 3.23* 3 |0.71{0.37 | —1.435
10thday| 4 10.35]0.03 | —0.869 4 |o2¢410.02] +1.11 4 {02310.02] — 1.44 2 | 1.46 | 0.94 | —3.112%%¢
*es b < 0.001

5 < 0.01

*p < 0.05
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Figure 2. Removal of DES from the liver of slaughtered chickens atter oral application
of 5 mg DES for a 7 day period.

hungsamt and Staatliches Veterindruntersuchungsamt, Oldenburg)
where this result was confirmed by RIA and GC-MS (14). Of the po-
sitive chicken feed samples 59.7 % had a range between 10-50 ppb
23.6 9% between 50-100 ppb and 16.7 %, above 100 ppb DES (Tab-
le 7).

In the chicken faeces samples obtained from the counties of Bolu,
Bursa and Erzurum, the percentage of DES - positive samples was
1.1 %, 4.4 9% and 6.5 9, respectively (Table 4). No DES - positive
calf and lamb faeces samples were found (Table 5 and 6).

In the 245 muscle, 220 kidney aad 181 liver samples of chickens
collected by ministry of Health from 29 countries analysed no - DES
positive samples were found. Forty - four calf musclc samplcs were
also DES - negative. i :
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Figure. 3. Removal of DES from the kidney of slaughtered chickens after oral application
of 5.-mg DES for a 7 day period.

Discussion and Conclusion

DES causes increases in body wieght and feeding efficicn'é:y
(6, 7, 11, 16, 17, 24). Therefore meat production increases, thus the
use of DES is economically viable. However due to its carcinogenic
and teratogenic effects (5, 10, 19, 21, 23, 26, 32) it poses a risk for the
consumers. DES is prohibited therefore it must not be found in any
blologlcal materials of animal origin.

In the experiment, on day 8 to 12 it appeared that DES had been
removed from the chicken, however on day 13 there was a further
dramatic increase in the faecal DES concentration (Figure 1).. This
may be due to the presence of metabolic intermediates of DES such
as paraquinone (this being the precursor for the biosynthesis of dienes-
trol), or other DES metabolites such as dienestrol and w-hydroxydi-
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Figure 4. Removal of DES from the muscle of slaughtered chickens after oral application
of 5 mg DES for a 7 day period.

enestrol which give cross reactions with DES (30) or of free DES,
produced as a result of bacterial action on DES-glucuronide in the
intestine (15, 27, 29). Thereforc this apparent increase in faccal DE’
after day 13 (Figure 1) can be attributed to the enterohepatic circu-
lation of DES and its metabolites, thereby prolonging the effects of
these substances in the organism, as seen by the presence of DES in
the kidney on days 7 (p < 0,001), 10 (p < 0.05) and 14 (p < 0,05)
(Figure 3). DES concentrations in the liver on day 7 was 0.78 ppb,
significantly higher (p < 0,01) than the control value of 0,278 ppb.
Thereafter liver DES concentrations decreased to near the control
value.

The liver plays an important role in DES metabolism. DES is
metabolised in the liver and excreted via the urine and faeces (12,
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Figure 5. Removal of DES from the plasma of slaughtered chickens after oral application
of 5 mg DES for a 7 day period.

Table 3. Limit of detection of positive samples by RIA.

l Sample Concentrations
Muscle 0.08 - 1.1 ppb
Liver 0.08 - 0.68 ppb
Kidney 0.06 - 0.68 ppb
Faeces 0-10 ppb
Feed 0-10 ppb

19, 20, 22, 27, 29, 30). Therefore accumulation occurs mainly in the
liver and kidneys (20, 22, 30). DES has been detected in the liver 60
days after implantation at a level of 0,1 ppb (30). DES was cleared
very rapidly from the blood, however a further increase in plasma DES
concentration was observed thereafter (19, 20), which is consistent with
our results (Figure 5). DES is found for the longest time and at the
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Table 4. DES concentrations in faeces samples of chickens collected from
various areas of Turkey.

Number of Positive % ppb
Countics Samples Samples Posttive (ng/g)
Bolu 90 1 1.1 20.
Bursa 46 2 4.4 16.5; 42.5
Erzurum 31 2 6.5 11.3; 33
fzmir 59 0 0 -
Ankara 34 0 0 -
Total 260 5 1.9

Table 5. DES concentrations in faeces samples of calves collected from various
areas of Turkey.

Number of Positive % ppb
Counties Samples Samples Positive (ng/g)
Adapazan 80 0 0 —
Ankara 91 0 0 —
Bolu 61 0 0 --
Bursa 24 0 0 —
Erzurum 36 0 0 ---
Izmir 38 0 0 —
Van 48 0 0 —
Total 428 0 0 —

Table 6. DES concentrations in faeces samples of lambs collected from
various arcas of Turkey.

Number of Positive % ppb
Countics Samples Samples Positive (nglg)
Ankara 62 0 0 —
Bolu 27 0 0 —
Bursa 5 0 0 —
Erzurum 52 0 0 —
1zmir 50 0 0 —
Van 36 0 0 —
Total 238 0 0 —

Table 7. DES concentrations in chicken feed samples collected
from various arcas of Turkey.

Total Number Positive % ppb
| Counties of Samples Samples Positive (ng/g)
Various areas of 195 72 36.9 *

Turkey.
(Erzurum, Van, An-
kara, Bolu)

* Of the positive chicken feed samples, 39.7 % had a range between 10-50 pph
23.6 9, between 30-100 ppb and 16.7 %, above 100 ppb DES.
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greatest concentration in the faeces (1, 2, 22). Infact it has been re-
ported that DES can be detected in the faeces 3 months after admi-
nistration (22). Because the concentration of DES in the urine and
faeces is 100-1000 times grcater than in the tissues (1, 2, 22), it has
become important to analyse urine and faeces samples while screen-
ing for DES (1, 2, 22). This not only allows in vivo detection of DES
during feeding and beforc slaughter but facces is also relatively easy
to collect (22).

In the illegal use of DES, it is difficult to prove its administration
since the amount of DES given, the pericd, site and method of appli-
cation are not known (9, 22, 24, 27). The age and breed of the animal
plus individual differences affect the removal of the drug from the
body (9,27). Therefore samples to be collected should be selected
carefully and the analytical method used to detect illegal uses of DES
must be well developed and sensitive (21, 25). Restrictions alone are
not effective. With the aid of sensitive and developed methods for
residue screening, the use of these illegal substances has decreased
(22).

Chicken faeces samples from various areas of Turkey screened for
DES using RIA were found tc be DES positive with the percentage
of positive samples being 1,1 % in Bolu, 4.4 %, in Bursa and 6.5%
in Erzurum, giving a national average of 1.9 %.Of the chicken feed
samples analysed, 36.9 9, were found to be DES positive (Table 4).

Upon the detection of DES positive fecd samples from 2 factories
in Turkey (14), the Ministry of Health ordered the collection of
chickens from across the country fer analysis in the Department of
Biochemistry, Ankara University Faculty of Veterinary Medicine.
Chickens collected from 29 counties were analysed for DES and 245
muscle, 220 kidney and 181 liver samples were found to be DES ne-
gative.

From the present results (Table 4 and 7), it can be concluded that
there is still a risk of DES being used in Turkey.

The results obtained can serve as a good basis for the calculation
of the risk of DES use in Turkey but also underline the necessity to
prevent illegal use of DES and similar compounds in the future. As
a conclusion, the expecrimental part of the study will provide a basis
for the determination of the detection limit of DES for other labora-
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tories to be established in the future where analyses will be carried out
regularly. Also, the present data shouvld be considered as an indicator
of the seriousness of the matter in Turkey.
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