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lntroductlon 
D1ethylstilbestrol (DES) 1s a synthetic estrogen still in veterinary practice 

and used as an anabolic agent in animal feed [1]. In the ftfties, high doses of 
DES were occasionally adm1mstered to pregnant women for the preventing 
of miScarnage. This treatment was associated with an increased risk of 
vagmal or cerv1cal adenocarcinoma In their female offspring [2]. A very 
similar transplacental effect was found in various laboratory animal species 
(3, also refs. therein; 4]. DES was also found to mcrease the tumor mcidence 
in a number of hormonally dependent sites as weil as in lymphoid tiSsues in 
miCe and m the kldney of hamsters [ 5] . 

Most chemical carc1nogens exert their actiVIty through covalent Inter
action of a reactlve metabohte with DNA in the target organ [6] and are 
therefore called genotoxic. Another group of tumor-enhancing agents, 
VlZ. cocarcmogens and promoters, do not themselves react with DNA but 
apparently modulate one or several out of a vanety of biochemical and 
biological steps related to the process of tumor formation. Carcmogenic 
honnones are w1dely believed to belong to thiS latter group of chemieals 
because of theu prohferative effect on target cells. On the other hand, there 
1s eVIdence that DES can undergo covalent interactions with protein in vivo 
and With DNA in vitro [7]. Metabolism studies with DES have revealed that 
monooxygenases convert DES to catechols and to the 3,4-oxide wh1ch are 
chemically reactlve [8]. Perox1dases convert DES into ß-dienestrol [9], 
probably v1a reactive sem1qumones and qu1nones. 

Abbrev1atlons · DES, dJethylstllbestrol, CBI, Covalent B1ndmg Index. 
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I t was the aun of th1s study to determme whether DES lS able to b1nd 
to DNA 1n vtvo, and 1f so, to est1mate to what extent this genotoxtclty could 
be respons1ble for the observed carcinogentc potency. 

Matertals and Methods 
All chem1cals and reagents were of the h1ghest punty avallable from 

Merck, Darmstadt, F .R.G. [Monoethyl-l- 14C]DES was purchased from the 
Radtochem1cal Centre, Amersham, U .K. m three batches with speciftc 
actlvittes of 58, 58 and 60 mCI/mmol, respectively and was used Wlthout 
further punftcatlon. The radtochem1cal punty was >99% as determmed by 
thm-layer chromatography on s1hca gel m d1ethyi etherjhexane (1: 1). The 
stock soiubon was blown dry w1th nltrogen m order to remove any volatile 
breakdown fragments and DES was red1ssolved m ethanoljwater and 1,2-
propanediol/water (1: 1), for oral and subcutaneous admm1stratton, respec
tlVely. 

Y oung adult female rats (Sprague-Dawley-denved ZUR:SIV -Z; 214-
228 g) and male golden Synan hamsters (ZUR:LAK-Z; 106-111 g) were 
used. E1ght hours after the admirnstration of 0.5 ml of the DESsolution 
(oral for rats, s.c. for rats and hamsters) hver and kldney were excJSed and 
DN A was ISoiated tmmed1ately and prepared for hqutd scmtlllatlon count1ng 
as descnbed [10]. In the frrst expenment w1th rats, DNA of spieen and lung 
were also studted. 

In order to check whether the method used for the 1Solatlon of DN A 
removes non-covalently bound DES, a control hver homogenate was 
1ncubated w1th 8 JJ.Cl [1 4C]DES for 4 hat room temperature. 5.8 mg DNA 
ISolated thereafter dtd not contru.n any stgnificant radtoactiVIty at a limtt of 
detectton of 1.5 dpm. 

Results 
The speclf1c acttvitles of the DNA 's ISolated after treatment of the animals 

wlth [1 4C]DES were transformed to the uruts of a DNA bindtng 1n 'mole
cules of DES bound per 106 DNA nucleotldes', and thts darnage was 
normal1zed to a theoretlcal dose of 1 mmol DES admm1stered per kg body 
we1ght. ThlS convers1on of the raw datato a Covalent Bmding Index (CBI; see 
also footnote to Table I for defmitlon) will allow a quantitative comparison 
of the DNA-btndtng capaeitles of different carcinogens. 

The data gtven m TableI show that afteroral admm1stratton of DESto 
rats a mean CBI of 0.5 was determmed for liver DNA. No radloactivtty was 
measurable tn the DNA of kldney, spieen or lung. After subcutaneous 
admtntstratlon, the CBI for hver DNA was shghtly htgher, but, again, no 
rad1oacttvlty could be detected In the ktdney (Table II). Subcutaneous 
admtnistratlon to the hamster resulted m a htgher bmdmg as compared wtth 
the rat (Table 111). The dtfference was of a factor of about ten in the hver 
and of at least f1ve 1n the kidney. 

The specütc acttvtty measured 1n tbe DNA was extremely low and allowed 
no further proof for true covalent btnd1ng, for 1nstance by degradabon of 
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TABLE II 

BINDING OF DES TO DNA OF FEMALE RAT LIVER AND KIDNEY, 8 H AFTER 
SUBCUTANEOUS ADMINISTRATION OF THE ••C-LABELLED DRUG 

Ammal wt. (g) 228 224 

Chem1cal dose (mg/kg body wt) 1.8 20 

Radioacttv1ty dose (dpm/kg) 9 16 . 108 9 97 . 108 

L1ver K1dney L1ver K1dney 

Amount of DNA m scinttllatlon 
v1al (mg) 7.31 4 34 6 26 2 88 

Gross activ1ty ( ± 1. 2 cpm) 27 8 17 9 27 8 17 4 

Background DNA act1V1ty (cpm) 16 4 ± 1 2 

Specüic acttvity (dpm/mg DNA) 1.9 <0 5 22 <07 

CBI8 06 <0 2 07 <0 2 

Mean CBI for hver DNA 06 

a Seefootnote to Table I. 

TABLE III 

BINDING OF DES TO DNA OF MALE HAMSTER LIVER AND KIDNEY, 8 H AFTER 
SUBCUTANEOUS ADMINISTRATION OF THE 14C-LABELLED DRUG 

Arumal wt. (g) 106 111 

Chem1cal dose (mg/kg body wt.) 69 50 

Rad1oactavity dose (dpm/kg) 3 30 . 10~ 2 36 . 109 

L1ver Ktdney L1ver Ktdney 

Amount of DNA m scintlllation 
v1al (mg) 3 13 2 06 2 79 2 41 

Gross act1V1ty ( ± 1 2 cpm) 149 43 74 25 

Background DN A activtty ( cpm) 170± 12 

Spec1f1c actlvtty (dpm/mg DNA) 49 5 15.0 24 0 37 

CBI8 46 1 4 56 05 
Mean CBI for hver/k1dney DNA 5 1 

a See footnote to Table I 
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the DNA and chromatography of the resultant nucleosides. Non-covalent 
binding of DES to DN A can, however, be excluded on the basis of the 
control experunent which showed that unbound DES is completely removed 
during the pur1fication of the DN A. Biosynthetic incorporation is another 
possib1hty to produce radlolabelled DNA. Control expenments (data not 
shown) wtth [14C]methanol showed that incorporation of carbon-1-pool 
precursors in to DN A gives rise to an apparent b1nding index for rat liver 
DNA of about 170, 12 h after oral administration.' As little as 0.3% of the 
DES dose, if degraded to carbon-1 fragments, could already lead to the 
observed radioactivity in rat liver DN A. Two mam argumen ts can be put 
forward to make this possibility unlikely: (1) a metaballe degradation of 
DES leading to the loss of the Iabel used has never been observed [7] and 
can, therefore, almost be excluded; (ii) the biosynthet1c mcorporat1on of 
radiolabe I from ( 14C]methanol 1nto the DNA in the kidney was found to 
be slightly higher than m the liver ( control data; not shown ). This lS m 
contrast to the respective rad1oactivities measured after treatment with DES. 

In addition, DNA binding of DES metabolites has been detected in vitro 
[9,11], and it lS not surprising that, qualitatively, the same can happen in 
VIvo. We therefore believe that the radioactivity aiSociated with the DNA 
reflects true covalent binding. 

The binding Ievel of DES to DN A was about one order of magnitude 
higher in the hamster than in the rat. For the kldney, this fact could be 
explained by the presence of perox1dase, an enzyme which is lacking in mice 
and rats [12]. The hamster kidney might, therefore, represent a special case 
With respect to the activation of DES to DNA-binding metabolites. In the 
hver, other enzymatic activities must, however, be responsible for this 
activation because the liver of neither rodent species did contain detectable 
perox1dase act1vity [ 12], and still the CBI m hamster Ii ver was· high er than 
m the liver of the rat. 

DlScusszon 
CBI-values for about 80 compounds have been compiled in a recent reVIew 

[6] from the literature and from data collected m this laboratory. lt could 
be shown that CBI reflect the genotoxic carcinogen1c potency of a chemiCal 
m long-term bioassays. CBis for liver DNA of the order of 103-104 are 
found for potent hepatocarcinogens, of 102 formoderate and araund 10 for 
weak hepatocarcinogens [6). If non-hepatocarcinogens are also included, 
the correlation still holds [13], and a very recent analysis of the data also 
revealed that the CBI for liver DNA will also allow the classification of a 
genotox1c carcinogen into categories of different potencies, even If the target 
organ for the tumor incidence is not the liver [14]. This is in agreement with 
the empir1cal finding that typ1cal genotoxic carcinogens always exhibithigh 
CBis in the hver, even tf the liver is not a high-risk organ in terms of the 
carcmogentc effect. 

If a compound exh1bits a low CBI of around 1, but has been shown tobe 
a moderate to strong carcinogen, biological effects in addition to geno-
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toxtcity, such as cytotoxictty, hormonal or promoting actlvity, can always 
be found, and the over-all carcmogentcity must be based upon the sum of 
a variety of effects. Such seems to be the case also for DES: TD 50-values* 
of about 0.1 J.LIDOl/kg/day were estunated for the mause mammary gland 
[ 15,16) and an about 100% ktdney tumor inc1dence tn male hamsters was 
obtatned wtth effective daily doses of DES rangmg between 0.3 and 3 p.mol/ 
kg/day, depenchng on the mode of administratlon [5,17]. By using the 
correlatlon of CBI vs. TD50 [ 13], CBI-values of the order of 102-103 would 
be expected tn the argans at risk tf the mode of carcmogeruc act1on of DES 
was purely by DNA binding. The actually measured CBI-value of 1 for 
hamster ktdney DNA (or an even lower CBI-value, tf not all radioactlvity was 
due to covalent bindtng) 1S two to three orders of magnttude lower than 
would be expected on the bas1s of long-term carcinogemcity data [13]. 

The above quantitative analysts used for evaluation of the mecharusm of 
carctnogeruc action of a test compound is obvtously not complemented by 
an equal preciSton regardtng the esttmatton of carcinogentc potenctes. 
Nevertheless, we beheve that the multlstep process of chemical carctnogene
sis must ultrmately be dtssected if short-term test and animal data aretobe 
extrapolated to man on a sctenttftc basts. 

The lack of a correlatton of the small genotoxicity demonstrated here 
wtth the carcinogenictty found tn long-term bioassays IS in agreement wlth 
the negative fmdmgs for a mutagentcity of DES in Salmonella [18], V79 
cells [19] or Syrian hamster embryo cells [20]. DES has also been found to 
induce neoplastic transformation of Syrian hamster embryo cells without 
tnducmg mutatlons in genes wtth testable function [20]. Some type of DNA 
mteractton has, however, been detected earlier [8], e.g., DES has been found 
to induce unscheduled DNA synthests tn HeLa cells m the presence of rat 
liver microsomes [21]. DES also decreases the fidelity of DNA synthests m 
vttro [22] and 1nduces stster chromat1d exchanges tn cultured human fibro
blasts [23]. 

The above-ment1oned m vttro tests can, however, not be used for a 
quantztatzue extrapolation to an intact mammalian organism because of 
the well-documented distortton of the enzymattc acttvation and mactivatton 
pathways governmg the concentratton of the ultimate carcinogens. The 
m vtvo data presented here indicate that mechamsms other than direct 
genotoxtctty may be more unportant for the carcinogenicity of DES. 
Most obvtously, the hormonal activtty of DES might be responsible for most 
of tts carcinogenic activity, and it is conceivable that also the transplacental 
effects are based upon thts type of acttvtty. These hypotheses are substanti
ated by the fmdtng that anttestrogens largely mhibit tumor formation by 
DES and other estrogens [24,25]. Also, o:-fetoprotetn, the maJor estrogen
btndtng component tn the rodent fetus [26] traps DES to a much lesser 
extent than steroid estrogens so that at equtmolar doses a higher fract1on 

*A TD. 0 ISthat dally dose of chemtcal wh1ch mduces a 50% tumor mcidence m ammals 
treated for hfe 
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of DES can accumulate In the fetal genital tract and diSturb development 
much more efflctently than can steroid estrogens. 

In conclusion, DES was shown to exhibit a very low degree of covalent 
binding to DN A of rat hver and hamster liver and k1dney. Expressed per 
unit dose as a CBI, this genotoxtc activtty IS, however, so low for DES that 
mechan1sms other than DN A modif1cation (probably hormone-mediated 
mechan1sms, such as an increased rate of cell proliferation) are constdered 
more hkely to be responsible for the carcinogenic effect of DES observed m 
animals. 
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