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Abstract. DNA binding in vivo: (6,7-3H]ß-trenbolone 
(ß-TBOH) was administered p.o. and i.p. to rats. After 8 or 
16 h, DNA was isolated from the livers and purified to 
constant specific radioactivity. Enzymatic digestion to de­
oxyribonucleotides and separation by HPLC revealed 
about 90% ofthe DNA radioactivity eluting in the form of 
pos_si~le TBOH-nu~leoti~e adducts. The extent oftbis geno­
toxiCJty, expressed m umts of the Covalent Binding Index, 
CBI = (~mol TBOH bound per mol nucleotide)/(mmol 
TBOH administered per kg body weight) spanned from 8 
t~ 17, i. e. was in the range found with weak genotoxic car­
cmogens. Ames test: low doses of ß-TBOH increased the 
nu"?ber of r~vertants in Salmonella strain TAl 00 repro­
ducibly and m a dose-dependent manner. The mutagenic 
potency was 0.2 revertants per nmol after preincubation of 
the bacteria (20 min at 37° C) with doses between 30 and 
60 ~g per plate (47 and 94 ~g/ml preincubation mixture). 
Above this dose, the number of revertants decreased to 
control values, accompanied by a reduction in survival. 
The ad~iti?n ~f r~t liver S9 inhibited the mutagenicity. 
DNA bmdmg m v1tro: calf thymus DNA was incubated 
with tritiated ß-TBOH with and without rat liver S9 
Highest DNA radioactivities were determined in the ab~ 
sence of the "activation" system. Addition of inactive S9 
(without cofactors) reduced the DNA binding by a factor 
of up to 20. Intermediate results were found with active S9. 
DNA binding i~ Salmonella: ß-TBOH was irreversibly 
bound to DNA tsolated from S. typhimurium TA100 after 
incubation of bacteria with [3H]ß-TBOH. Conclusions: 
Covalent DNA binding appears tobe the mechanism of 
an activation-independent ("direct") mutagenicity of 
TBOH which is not easily detected because of the bacteri­
cidal activity. The genotoxicity risk arising from exposure 
of humans to trenbolone residues in meat was estimated 
using the in vivo data and compared to that from the expo­
s~re to u?avoid~ble genotoxins aflatoxin B1 and dimethyl­
mtrosamme. It ts concluded that trenbolone residues re­
present only a low genotoxic risk. 
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Introducnon 

Trenbolone (ß-TBO H, 17ß-hydroxy-4,9, 11-androstatrien-
3-one) is an an drogenie steroid hormone analogue used as 
a growth promotant in beef cattle. 1t is administered as 
trenbolone acetate (TBA) which is readily deacetylated to 
ß-TBOH, hormonally the most active form. Further metab­
olism includes the formation of the a-isomer and oxida­
tion to the 17-keto derivative. 

Short-term in vitro studies on genotoxicity were, in 
general, considered negative (Ingerowski et al. 1981 ; 
Schiffmann et al. 1985; Scheutwinkel et al. 1986). Al­
though the administration of tritiated ß-TBOH in a ONA 
binding experiment in the rat resulted in radiolabelled liv­
er DNA, the Ievel of DNA radioactivity was similar to the 
one obtained with natural steroid hormones such as estra­
diol, and hence it was concluded that the xenobiotic 
TBOH does not represent a specific genotoxic hazard 
(Barraud et al. 1984). On the other band, ß-TBOH was re­
ported to transform Syrian hamster embryo fibroblasts in 
culture (Schiffmann et al. 1985) and to induce micronuclei 
(Schiffmann et al. 1988). In the view of these conflicting 
results it was considered worth investigating the potential 
genotoxicity of TBOH in more detail. 

Materials and Methods 

Materials. [6,7-3H]ß-trenbolone with a specific activity of 
55 <?ilmm?l was f~om Roussel-Uclaf, France. The original 
ra~tOchemical purtty was > 99%, as determined by radio­
thm layer chromatography with cyclohexane: ethyl acetate 
I: I (v/v; Rr = 0.2). This sample was used for the DNA­
binding experiments with rats. For the DNA-binding ex­
periment~ !n vitro andin Salmonella performed 1 year tat­
er, the tnttated ß-TBOH was repurified on a silica gel 60 
column, eluting with cyc1ohexane:ethyl acetate 1:9. The 
radiochemical purity then was > 97%. 

DNA binding in rat liver 

Anima/ treatment. [3H]~-Trenbolone was dissolved in etha­
nol and administered by oral gavage to female Sprague­
Dawley rats (Iva: SIV-50.SD from Ivanovas, Kissleg 
FRG), or by i. p. injection to male Wistar rats (Crl:(WI)BR 
from Charles River Wiga, Sulzfeld, FRG). The chemical 
and radioactivity dose is shown in Tables 1 and 2. After 
8 h (SO rats), or 16 h (Wistar rats), the animals were killed 
by an ether overdose. 
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Table 1. Binding of PH]ß-trenbolone to liver DNA and chromatin protein, 8 h afteroral administration of [3H]-Iabe1led drug to female 
Sprague-Dawley rats 

Anima) no./weight (g) 
Chemical dose (J.Lg/kg body weight} 
Radioactivity dose ( dpm/kg) 

Specific activity of chromatin protein 
(dpm/mg protein) 

DNA 
Amount in vial (mg} 
Total activity (cpm) 
Net activity (dpm} 
Specific activity (dpm/mg DNA) 

Covalent Binding Index 
Mean ± SD 

Trenbolone 

1/203 
255 
1.19. 1011 

33060 

0.108 

136 
294 

3000 

8 
12± 6 

2/209 
204 
0.95 . 1011 

31980 

2.16 
4200 

11426 
5290 

J7b 

a Less sample available because ofthree rounds ofDNA purification 
b DNA nucleotides analysed by HPLC 

Controls 

No. I: Incub. 

3/191 

1520 

1.76 
25 
28 
16 
(0.04} 

No. 2: Backgr. 

4/196 

1.72 
15 

Table 2. Binding of PH]ß-trenbolone to liver DNA and chromatin protein, 16 h after i.p. administration of [3H]-labelled drug to male 
Wistar rats 

Trenbolone 

Anima) no./weight (g) 5/203 
Chemical dose (J.Lg/kg body weight} 191 
Radioactivity dose (dpm/kg) 0.89. 1011 

Specific activity of chromatin protein 
(dpm/mg protein) 18600 

DNA 
Amount in vial (mg) 2.01 
Total activity ( cpm} 2120 
Net activity (dpm) 5860 
Specific activity (dpm/mg) 2910 

Covalent Binding Index IOa 
Mean ± SD 9±2 

a DNA nuc1eotides analysed by HPLC 

Isolation of liver chromatin. The livers were excised, rinsed 
with ice-cold saline (0.85% NaCl), and homogenized in a 
teflon Potter-Elvehjem-type homogenizer at 4° C. Chroma­
tin was prepared according to Sagelsdorff et al. (1983), es­
sentially by precipitation with the non-ionic detergent 
Nonidet P 40 (BDH Chemieals Ltd, Poole BH12 4NN, 
UK). This pellet, containing about 2-3 mg DNA and 
20-30 mg protein per g liver, was washed until the suspen­
sion contained < I J.LCi total radioactivity in order to re­
move the majority of non-covalently bound radioactivity. 

Isolation of DNA. These steps were performed according 
to Sagelsdorff et al. (1983). Essentially, the chromatin pel­
let was homogenized in a Waring biender in 25 ml lysing 
medium [lo/o (w/v) SDS, 10 mM EDTA, 8 M urea in 
0.24 M sodium phosphate, pH 6.8]. Protein was extracted 
from the bomogenate with cbloroform/isoamyl alcohol/ 
phenol (CIP), phenol removed with diethylether, and the 
DNA purified by adsorption on a hydroxylapatite col­
umn, dialysis, and precipitation with ethanol. The highly 

6/196 
267 
1.25 . 1011 

54100 

1.97 
2240 
6220 
3160 

8 

Contro1s 

No. 1: Incub. 

7/199 

1460 

1.93 
20 
10 
5 

(0.012) 

No. 2: Backgr. 

8/155 

1.56 
16 

purified DNA (less than 0.2% protein, as shown with radio­
labelled amino acid incorporation (Caviezel et al. 1984)) 
was dissolved in a 20 mM sodium succinate buffer, con­
taining 8 mM CaCl2, pH 6.0. The amount of DNA was de­
termined by assuming an absorbance of 20 at 260 nm for a 
solution of l mg DNA/ml. Scintillation counting (Packard 
scintillation counter Tricarb 460 CD) was performed on 
an aliquot of the DNA solution after addition of 10 ml 
Insta-GeL 

Repetitive purification of DNA. The remaining DNA solu­
tion was mixed with 25 ml lysing medium, extracted twice 
with CIP and ether, purified by hydroxylapatite, dialysed 
and precipitated with ethanol. The DNA was again dis­
solved in a 20 mM sodium succinate buffer, containing 
8 mM CaC1 2, pH 6.0, and the specific activity of DNA 
was determined as described above. 

Isolation of chromatin protein. Chromatin protein was pre­
cipitated with acetone from the first CIP extract (see 



above) and redissolved in 1 o/o (w/v) aqueous SOS. The pre­
cipitation and redissolving steps were repeated 5 times. 
The last solution was diluted to 0.1% SDS and 1 ml was 
used for scintillation counting. The amount of protein was 
determined with the Polin reagent. 

Control experiment No. 1: DNA binding during work-up. 
The chromatin pellet isolat~d from the liver of an untreat­
ed rat was incubated for 15 min at 4° C with the radiola­
belled supematant from the first chromatin precipitation 
step of the DNA preparation from a treated animal. This 
allowed a check of whether radiolabet could contaminate 
DNA during the process of DNA isolation. 

Control experiment No. 2: Background radioactivity. DNA 
was isolated from an untreated animal. The radioactiv­
ity count - upon comparison with historical controls -
was used to show that the work-up of the DNA samples 
was performed without external contamination with ra­
diolabels. 

Analysis of the nucleotides by reverse phase chromatogra­
phy. DNA 0.5-1 mg in 2 ml 20 mM sodium succinate buf­
fer, pH 6.0, containing 8 mM CaC12, was digested enzy­
matically with 2.5 units/ml micrococcal endonuclease 
(Sigma no. N3755; E. C. 3.1.31.1.) and 0.05 units/ml 
spieen exonuclease (Boehringer Mannheim no. I 08 251 ; 
E. C. 3.1.16.1.) for 16 h at 37o C. The resulting nucleotide 
mixture was separated by HPLC on a Lichrosorb RP18 
(10 J.Lffi) column (diameter 8 mm for rat liver DNA sample, 
4 mm for Salmonella DNA x 250 mm length), eluting with· 
a flow of 3.5 mllmin of 5% methanol in 50 mM sodium 
phosphate buffer (pH 6.8 for rat liver DNA, pH 5.5 for 
Salmonella DNA) for 5 min, followed by a linear gradient 
to 100% metbanal in 40 min. The absorbance was recorded 
at 254 nm. Fractions of 2 min were collected. Scintillation 
counting was performed after the addition of 10 ml Insta­
Gel (above conditions for 8-mm diameter column). 

Calculation of the Covalent Binding Index (CBI). The spe­
cific activity ofthe DNA (dpm/mg) was divided by the ra­
dioactivity dose administered ( dpm/kg) and multiplied by 
309 x 106 to change to the molar units of the CBI = (J.Lmol 
test compound bound per mol DNA-nucleotide)/(mmol 
test compound administered per kg body weight). The CBI 
indicates the nurober of adducts per 106 nucleotides ex­
pected (under the assumption of a linear dose-response re­
lationship) after a dose of 1 mmol per kg body weight. 

Ames test with TAJOO, TA98, and TA102 
Salmonella typhimurium strains TA98, TA100, and TA102 
were kindly provided by B. N. Ames, University of Cali­
fomia, Berkeley CA, USA. Liver homogenate fractions 
[9000 g supernatant (S9) prepared according to Ames et al. 
(1975)] from aroclor 1254-induced male Sprague-Dawley 
rats were used. Ampoules containing 5 ml S9 were stored 
in liquid nitrogen. The protein concentration was 40 mg/ml. 
The influence of the S9 concentration in the S9 mix [0, 5, 
and 30% (v /v)] on the mutagenicity of trenbolone was test­
ed with the preincubation method (20 min at 37°) of Yaha­
gi et al. ( 1977). The incubation mixture consisted of 0.5 ml 
sodium phosphate buffer pH 7 .4, 0.1 ml overnight culture 
of bacteria and 0.05 ml trenbolone in ethanol per plate. 
The nurober of revertants was determined in three repli­
cate p1ates after addition of 2.1 ml top agar per plate. 
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DNA binding in vitro. DNA was incubated with tritiated 
ß-TBOH in duplicate for 30 min at 37° C in 50 ml centri­
fuge tubes in a total volume of 5 ml. The concentration of 
calf thymus DNA was 1 mg/ml in 0.1 M sodium phos­
phate buffer pH 7.4 containing 33 mM KC1 and 8 mM 
MgC12• S9 was added to give a 1 Oo/o (v /v) concentration. 
For the experiments with active S9, 4 mM NADP and 
5 mM glucose-6-phosphate was present. For the two exper­
iments with inactive S9, no cofactors were added. In one 
of these experiments, the mixture was preincubated with 
25 J.LM unlabelled ß-TBOH for 30 min at 37° C to exbaust 
allresidual cytochrome-P450 activity in the S9 fraction be­
fore the addition of the radiolabelled TBOH. The reaction 
was started by the addition of 50 J.LCi [3H]ß-TBO H in 50 111 
ethanol, containing sufficient unlabelled ß-TBOH to give a 
final chemical concentration of 25 !J.M. The reaction was 
stopped by putting the tubes in ice and adding 2 volumes 
of ethanol to precipitate the DNA. The tubes were kept at 
-20° C for 90 min and then centrifuged at 2000 g for 
20 min. The DNA pellet was purified as described above 
(Isolation of DNA). The tadioactivity backgroundwas de­
termined on the basis of a replicate which contained unla­
belled ß-TBOH only. 

DNA binding and mutagenicity in Salmonella. For the si­
multaneous determination of mutagenic effects and bind­
ing to bacterial DNA, the liquid preincubation method of 
Y ahagi et al. (1977) was modified as described by Bösch 
et al. ( 1987). Bacteria were grown overnight in three 
roundbottom flasks, each containing 500 ml nutrient 
broth. The suspension was concentrated before use 1 0-fold 
by centrifugation at 3000 g for 20 min and resuspension in 
150 ml fresh medium. Based on the composition used for 
one plate in the Ames agar plate assay, a 500-fold volume 
(325 ml) was used. Each flask contained 270 ml buffer, 
50 ml concentrated bacterial suspension and 5 ml ethanol 
as solvent for the tritiated trenbolone. The incubation last­
ed 30 min in an round-shaking water bath ( 100 cydes/ 
min; 37° C). Aliquots ,of 5 ml were centrifuged at 2000 g 
for 20 min, the bacteria were washed once with cold saline 
(0.85% NaCl) and resuspended in 5 ml 0.85% NaCl for the 
determination of mutagenicity and cell survival. Washed 
suspension (2 ml) was mixed with 8 ml top agar and 3.3 ml 
was pipetted onto each of three replicate plates. For the 
determination of viable cell counts, 200 J.Ll of the suspen­
sionwas diluted 106-fold with 0.85% NaCI and plated onto 
minimal agar plates together with top agar supplemented 
with 0.3 mM histidine and 0.05 mM biotin (1 00 !J.l diluted 
suspension in 2 ml agar per plate). Two independent dilu­
tions per incubation rnixture were made. 

After centrifugation of the remaining incubation mix­
ture at 8000 g for 10 min, DNA was isolated from the bac­
terial pellet, as described above for the isolation of DNA 
from chromatin. The hydroxylapatite step was omitted 
during the repetitive purification of the bacterial DNA. 

Results 

D NA binding in rat Ii ver 
[6,7-3H]ß-Trenbolone was investigated for DNA-binding 
in vivo, both under the conditions used in our earlier in­
vestigations with steroid hormones (Caviezel et al. 1984) 
and und er the conditions used by Barraud et al. ( 1984). 
Eight hours after oral gavage of [3H]ß-trenbolone to female 
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Trenbolone : Rat Llver DNA I A Trenbolone : Salmonella DNA I B 

Elution of normal nucleottdes Elution of normal nucleotldes 

Fig. l.HPLCehitionprofilesofabsor­
banceat254 nm(schematic)and[3H]ra­
dioactivityof3 '-deoxyribonucleotides 
obtainedfromenzymaticallydegraded 
DNA.ALiverDNAisolatedfromamale 
Wistarrat(no. 5),16 hafterintraperito­
nea1administrationofl6, 7 .3H]ß-trenbo­
lone. Thenaturalnucleotideselutedin 
fractions2and3(pH 6.8).Fractions 

Elution of radloacttvlty Elution of radloacttvlty 9 -18didnotshowdetectableabsor­
bance at 254 nm. 

E 10 
Cl. 
't) 5 

B DNA isolated from Salmonella 
typhimurium after incubation with 
[ 6, 7 -3H]ß-trenbolone. Thenaturalnucle­
otideselutedinfractions3-5and8-9in 
thesequencedCp,dGp,dTp,dApat 

FraeHen No. Fractlon No. 
pH 5.5.Fractionsl1-16didnotshowde­
tectable absorbance at 254 nm 

Sprague-Dawley rats (Table 1) and 16 h after i.p. adminis­
tration to male Wistar rats (Table 2), all DNA samples iso­
lated from the livers were radiolabelled. The specific activ­
ity of three of the four DNA samples remained constant 
upon repetitive purification. The DNA isolated from ani­
mal no. I also showed constant specific activity after a 
third round of DNA purification. This is a strong indica­
tion that non-covalently bound radiolabelled compounds 
have been completely removed. The control incubation of 
an unlabelled chromatii:J. pellet with a radio1abelled super­
natant (column 3 in Tables 1 and 2) led to negligible DNA ' 
radioactivity. It is therefore highly unlike1y that the DNA 
radioactivity in the treated animal was due to a work-up 
artefact. The specific activity of chromatin protein was 
6-17 times higher than that of DNA. A contamination of 
the DNA with protein cou1d not, therefore, be responsible 
for the DNA radioactivity (contamination <0.2%; Cavie­
zel et al. 1984). Enzymadedegradation of the DNA to the 
deoxyribonucleotides and HPLC analysis revealed very 

.Jittle radioactivity eluting with the natural nucleotides 
(Fig. 1 ). Most radiolabet eluted in regions without detect­
able optical density, a characteristic of adducts derived 
from covalent binding of the radiolabelled test compound 
to DNA nucleotides. 

Fora comparison of the DNA-binding ability of tren­
bolone with other compounds, the specific DNA activity 
was divided by the radioactivity administered and the re­
sult converted to the units of the Covalent Binding Index 
(CBI). Values ranging from 8 to 17 were found (Tables 1 
and 2). This range is found with weak genotoxic carcino­
gens (Lutz 1979). 

In the view of this DNA darnage observed in vivo, the 
genera1ly negative results with the Ames test were rather 
intriguing. Four explanations could be put forward: 1) Rat 
liver S9 is not an appropriate activation system. 2) TBOH 
or its reactive metabolites are not taken up by the bacteria. 
3) TBOH or its reactive metabolites bind to DNA also in 
the bacteria but the adducts do not Iead to observable mu-­
tations. 4) TBOH is mutagenic in Salmonella but cannot be 
tested adequately because of its bactericidal activity. 

Ames test with TAJOO, TA98, and TA102 

Three different strains of Salmonella typhimurium were in­
cubated with different concentrations of trenbolone in the 

presence or absence of various concentrations of rat Ii ver 
9000 g supernatant (S9}. Bactericidal effects were already 
noted at 111 ~g TBOH per plate with TAIOO without S9. 
At this dose Ievel, the Iiving cell count was reduced to less 
than 50%. At 333 Jlg per plate, growth was inhibited in all 
strains. An evaluation of a potential mutagenicity of 
TBOH was therefore possible only in a very small dose 
range. With TAlOO and TA102, the number of revertants 
was sligbtly increased in the absence of S9 (Table 3). The 
addition of rat liver S9 at 5% inhibited this mutagenicity. 
The observable activation-independent effect was so 
small, however, that additional data were required to in­
vestigate the mutagenic potential of TBOH. 

Doseresponse with TAJOO: mutagenic potency 

In order to investigate whether the increased number of re­
vertants was a significant and reproducible result, the dose 
range of 0-50 ~g TBOH per plate was investigated more 
carefully. The total number of revertants in Salmonella 
TAIOO using the preincubation method (20 min, 37° C) 
with 0, 5, 10, 20, 30, 40, and 50 J.tg TBOH per plate was 
153, 175, 161, 174, 187, 199, and 191 revertants, respective.;. 
ly (means of triplicate plates; relative standard deviation 
within 10%). The linear regression for this dose-response 
relationship followed the equation 

Number of revertants = 160+0.78 x Jlg TBOH per plate 

The slope of 0. 78 revertants per J.lg was highly significantly 
different from zero (p = 0.008; t-test). 

In a second set of experiments, repetitive determina­
tions of the mutagenicity at 30 and 60 Jlg per plate (47 and 
94 J.Lg/ml preincubation mixture) were performed. Using 
13-15 replicate incubations at each dose Ievel, the number 
of revertants for 0, 30 and 60 J.Lg TBOH per plate was 
191 ±4 (± standard error; n = 15), 202±6 (n = 13), and 
234±6 (n = 15), respectively. The slope of the linear re­
gression was 0.71 revertants per ~g TBOH which was, 



107 

Table 3. Investigation ofthe mutagenic activity oftrenbolone in the Ames Salmonella/rat liver microsome assay. Test with preincubation 
(20 min, 37°C) 

Salmonella strain/ concentration of S9 

TAlOO TA98 TA102 

S9 (%; v/v) S9 (%; v/v) S9 (%; v/v) 

0 5 30 0 5 30 0 5 30 

Dose Total number of revertants (means of three replicate platesa) 
[j.Lg per plate] 

0 (control) 187 206 186 
12 191 193 185 
37 211 201 205 

111 213b 207 215 
333 118b JOb 188b 

1000 109b 13lb 155b 

38 36 
35 41 
30 40 
30 40 
17b J7b 
l5b JJb 

42 
34 
31 
27 
16b 
J5b 

261 
294 
278 
249 
121 
1J6b 

468 
469 
445 
505 
176b 
131 b 

532 
547 
467 
545 
560 
349b 

a The relative standard deviation was approximately 10% of the total number of revertants 
b Bactericidal effects (inhibition ofbackground growth) 

Table 4. Covalent binding of[3H]trenbolone to DNA of Salmonella TAIOO and mutagenicity after incubation with 80 j.Lg/ml for 30 min at 
37°C 

Experiment no. 

DNA binding 
Radioactivity incubated (mCi) 
DNA specific activity (dpm/mg) 
TBOH-DNA binding (pmollmg DNA) 

Mutagenicity 

Total nurober of revertants 
lnduced number of revertants 
Living cell count per ml ( x 1 09) 

1.50 
110 

3.1 

216 
33 

2.86 

2 

1.54 
108 

3.0 

223 
40 

3.06 

Controls 

Unlab. TBOH 

0 
= background 

209 
26 

3.25 

NoTBOH 

183 

3.32 

Positive control for mutagenicity: l.25j.Lg NaN 3/plate: 1032 induced revertants 

again, highly significantly different from zero (p< 0.001) 
and in excellent agreement with the slope of the dose-re­
sponse curve discussed above. In molar units, the muta­
genic potency under the given conditions therefore was 0.2 
TAIOO revertants per nmol TBOH, and ther~ can be little 
doubt that the increased nurober of revertants is due to the 
presence of TBOH in the bacterial suspension. 

The indication of a weak activation-independent mu­
tagenicity prompted us to investigate the DNA-binding ac­
tivity in vitro. 

D NA binding in vitro 

When calf thymus D NA was incubated with tritiated 
TBOH in the presence or absence of active or inactive rat 
liver S9, DNA was always radiolabelled. Repetitive purifi­
cation of the DNA did not reduce the specific activity in 
any situation, indicating that the radiolabet was covalently 
bound. Highest DNA radioactivities were determined in 
the absenceofS9 (471 ±23 dpm/mg DNA). It is concluded 
that TBOH can covalently bind to DNA without enzymat­
ic activation. In the view of the fact that 25 ~Ci was used 
per incubation, the yield of DNA adducts must have been 
extremely low, indicating that the reaction proceeds v~ry 
slowly. This is supported by add'itional results showing 

that the DNA bindingisproportional to the period of in­
cubation (data not shown). 

Addition of S9 without cofactors led to an almost 
20-fold reduction of the specific DNA radioactivity 
(25 ± 11 dpm/mg). Preincubation of the mixture with unla­
belled TBOH before the addition of the radiolabelled 
TBOH did not further reduce the radioactivity bound to 
DNA (23 ±2 dpm/mg). The presence of active S9 only 
partiflllY inhibited DNA binding (280±38 dpm/mg). 

DNA binding in Salmonella 

It remained tobe shown whether DNA binding would also 
occur in bacteria. Large bat eh es of TA 100 bacteria were 
incubated for 30 min at 37° C with tritiated TBOH at 
80 J.Lg/ml, i. e., in a concentration low enough to avoid 
bactericidal effects. The living cell count was not reduced 
in the treated groups. After the removal of aliquots for the 
determination of the living cell count and the number of 
revertants, DNA was isolated. DNA was clearly radiola­
belled (Table 4). Enzymatic degradation of the DNA to the 
deoxyribonucleotides revealed that more than 90% of the 
radioactivity eluted without optical density in the region of 
the more lipophilic nucleotide-eH]TBOH-adducts (Fig. 1). 
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The number of induced revertants per dose was slightly 
lower than in the standard preincubation test. This has 
been observed before with emodin (Böschet al. 1987) and 
is probably due to the centrifugation and washing steps af­
ter the incubation period. 

All data reported in this communication indicate that 
TBOH has the potential to bind covalently to DNA with­
out metabolic activation. This activity is in agreement with 
the increase in the number of TAlOO revertants observed 
in the first set of experiments shown in Table 3. 

Discussion 

DNA binding in vitro 

The DNA-binding experiments in vitro indicate that tren­
bolone reacts very slowly with DNA without metabolic 
activation. The nature of this activation-independent 
reaction of trenbolone with DNA is unknown. The most 
plausible explanation might be an addition reaction of 
nucleophilic centers in DNA to the polyunsaturated 
ketone moiety. 

The presence of protein (inactive S9) reduced DNA 
binding about 20-fold. This is probably due to non-specific 
associations of TBOH to protein, thereby reducing the 
concentration of free TBOH available in solution for 
reaction with DNA. Active S9 did not reduce DNA bind­
ing as effectively as inactive S9. It cannot, therefore, be ex­
cluded that activation-dependent DNA binding, possibly 
via epoxidation, might also take place as a minor pathway 
in vitro. 

DNA binding in Salmonella and mutagenicity 

The data indicate that TBO H can penetrate the bacterial 
membrane and react with DNA. The resulting adduct is a 
promutagenic lesion, as the number of revertants is also 
increased. The toxicity to the bacteria prevents the use of 
doses higher than about 60 J.Lg TBOH per plate. It is there­
fore not possible with TBOH to induce a doubling of the 
spontaneous number of revertants, a criterion which is of­
ten used to define a mutagenic response. This definition is, 
however, not generally accepted (McCann et al. 1984), and 
it is possible that TBOH is only one example of a nurober 
of compounds where severe bactericidal activity Iimits the 
testable dose range. 

For a comparison of the mutagenic potency of TBOH 
with activation-independent standard mutagens, only ex­
periments using a preincubation can be evaluated. A 1-h 
preincubation of TA100 with N-methyl-N'-nitro-N-nitro­
soguanidine at 37° C resulted in 2000 revertants/nmol. 
Methyl methanesulfonate (MMS) induced about 
0.1 rev./nmol (Kerklaan et al. 1985), i. e., was not more po­
tent than TBOH (0.2 rev./nmol after a 20-min preincuba­
tion period). Since MMS can be tested at higher dose Iev­
els than TBOH without interfering toxicity, its mutagenici­
ty is generally accepted. 

The negative Iiterature data on the Ames test with 
TBOH arenot in disagreement with the present findings if 
the published results are closely examined. Ingerowski 
et al. ( 1981) used a lowest dose of 1 mg per plate, i. e. a 
highly toxic concentration for the bacteria. Schiffmann et 
al. (1985) did find an increase of the number of revertants 
but they considered the data as negative, probably because 
of the "twice background" rule. Therefore, we rather inter­
pret existing data in a different manner. 

DNA binding in rat liver 

The CBI values around 10, as determined for TBOH in 
this study, are close to the values published by Barraud 
et al. ( 1984). When using the natural hormones 17ß-estradiol 
and testosterone, these authors found similar DNA radio­
activities, while we were unable to detect estradiol-DNA 
adducts at a Iimit of detection of CBI = 0.1 (Caviezel et al. 
1984). With estradiol (but not with trenbolone) we noticed 
an extremely high Ievel of protein radioactivity so that 
minute contamination of the DNA with protein could si­
mulate DNA adducts. As Barraud and coworkers did not 
analyse the DNA for adducts, it cannot be excluded that 
in their samples the DNA radioactivity of the estradiol­
treated rats was due to protein contamination while with 
trenbolone the radioactivity was indeed due to DNA ad­
ducts. 

Tentative approach for a genotoxicity risk estimate 

The following estimation is based exclusively on the DNA 
binding aspect. Chromosomal darnage and hormonal ef­
fects will require a separate assessment. 

While Ames test data can on1y be used for screening 
purposes, the DNA-binding data in rat liver might be use­
ful for a genotoxicity risk evaluation in mammals (Lutz 
1979). A relatively good correlation exists between carci­
nogenic potency and the CBI for liver DNA for the muta­
genic carcinogens (Lutz 1986). Compounds exhibiting a 
CBI of over 1000 are potent carcinogens, those with a CBI 
on the order of l 00 are moderately strong carcino­
gens, and compounds with a CBI below 10 are weakly car­
cinog~nic. Tumor induction in a long-term bioassay by 
chemieals with a CBI lower than 1 is unlikely to be due to 
genotoxicity mediated solely by DNA binding. Under the 
assumptions that the data obtained for rats can be extrapo­
lated ~o man, it is tempting to compare the DNA darnage 
of a smgle trenbolone exposure to the risk run by the in­
take of aflatoxin B1 (AFB1; CBI for rat liver DNA = 
10000) or dimethylnitrosamine (DMNA; CBI = 6000). 
An average daily burden is on the order of ab out 100 ng 
DMNA (about 1 nmol) per day (Preussmann and Eisen­
brand 1984) and 1-10 ng (about 0.03 nmol) aflatoxin B1 

per day. The Ievel of DNA darnage from a single dose can 
be estimated by multiplying the Covalent Binding Index, 
CBI, with the appropriate single dose. The corresponding 
D NA adduct risk will therefore be at 10 000 x 0.03 = 300 
~nd 6000 x 1 = 6000 units for AFB1 and DMNA, respec­
tively. For the use oftrenbolone as an anabolic drug in hu­
mans (Parabolan®: 50 mg ampoules for intramuscular in­
jection), the corresponding value of 10 x 200000 
= 2 000000 (CBI x nrnol) represents an unacceptably high 
genotoxic risk. 

In contrast, for trenbolone residues in veal meat 
(50 ng/kg taken for this estimation), a daily intake of l 00 g 
meat would result in a daily burden of 5 ng (about 
0.02 nmol) TBOH. Multiplied by the DNA-binding poten­
cy of CBI = 10, the risk would amount to 0.2 DNA ad­
duct risk units. Since this is many orders of magnitude be­
low the risk run from essentially unavoidable exposure to 
one mycotoxin and one nitroso compound, we consider 
the risk from trenbolone residues in meat to be a low pri­
ority genotoxicity problem. 
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