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ABSTRACT. We recently reported that administration of the antiestrogen tamoxifen (TAM) gives rise to two 
groups of DNA adducts in female mouse liver in vipio, as measured by 32P-postlabeling, and provided evidence 
that 4-hydroxytamoxifen and a-hydroxytamoxifen are proximate carcinogenic metabolites leading to group I 
and group II adducts, respectively (Randerath et al., Carcinogen& 15: 2087-2094, 1994). Because cytochrome 
P450 (CYP) enzymes play an important role in TAM metabolism, in this investigation we tested the hypothesis 

that induction of liver CYP enzymes may affect TAM metabolism profoundly, resulting in increased or decreased 
TAM-DNA adduct formation in oioo. To this end, we treated female ICR mice with TAM either alone or in 
combination with one of several classic CYP inducers, i.e. phenobarbital (PB), P-naphthoflavone (BNF), and 
pregnenolone-16a-carbonitrile (PCN), and determined the levels of 32P-postlabeled TAM-DNA adducts and 

the activities of several CYP-dependent enzymes. Each of the inducers greatly diminished levels of group II, but 
did not affect group I adducts. TAM elicited induction of benzphetamine N-demethylase activity in liver, while 

activities of other enzymes were not affected. TAM, when given in combination with BNF, elicited a synergistic 
induction of ethoxyresorufin 0-deethylase (EROD) (CYPlAl) an methoxyresorufin 0-demethylase (MROD) d 
(CYPlA2) activities. Likewise, PCN given along with TAM caused synergistic induction of EROD and ethyl- 

morphine N-demethylase activities. There was no synergism between PB and TAM, however. Overall, the 
results further support the existence of two pathways of TAM metabolism to DNA-reactive electrophiles and 
strongly suggest that the classic CYP inducers tested enhance detoxication of TAM to non-genotoxic metabo- 

lites. BICEHEM PHARMACOL 53;5:663-669, 1997. 0 1997 Elsevier Science Inc. 
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The antiestrogenic compound TAM? is widely used to treat 
breast cancer [l--3]. In addition to its established chemo- 

therapeutic use, it is now being evaluated as a prophylactic 
agent in women at high risk for breast cancer [4, 51. Recent 

studies have shown that women exposed to TAM have a 
7.5-fold increased risk of endometrial cancer [6, 71. TAM is 
a strong liver carcinogen in rats [8-111, and a high fre- 
quency of ~53 mutations is detected in hepatocarcinomas 
induced by TAM treatment [12]. Although the mecha- 
nisms that cause cancer have not been determined yet, 
several laboratories including our own have reported that 
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administration of TAM results in the formation of DNA 
adducts in the liver and, to a lesser extent, in other organs 

of rats, mice, and hamsters [lo, 13-191. 

Metabolic activation of TAM is a prerequisite for DNA 
[17, 20-221 or protein [22-251 adduct formation. Several in 

vitro studies using rodent [26-301 or human [26, 30, 311 
liver microsomes have shown that TAM undergoes exten- 
sive metabolism, major metabolites including 4-OH-TAM, 
N-desmethyl-TAM, TAM-N-oxide, and a-OH-TAM. Re- 
garding the conversion of TAM to phase I metabolites, 
CYP enzymes have been shown to play a major role, being 
involved in the formation of N-desmethyl-TAM and 
4-OH-TAM [30, 311. On the other hand, flavin mono- 
oxygenase mediates the formation of TAM-N-oxide [32]. 
While TAM N-demethylation is catalyzed by CYPlA, 
CYPZC, and CYP3A isozymes in the rat [30] and primarily 
by CYP3A4 in humans [30, 311, 4-hydroxylation of TAM 
appears to be catalyzed by constitutive forms of CYP 
[25, 301. 

Much has been learned recently about the chemical spe- 
cies of TAM that are responsible for DNA damage [16-18, 
21, 29, 33-351. Earlier, we showed that i.p. administration 
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of TAM to female mice leads to the formation of two 
groups (I and II) of hepatic DNA adducts and that 4-OH- 
TAM, the hormonally active form of TAM [36], is a proxi- 
mate metabolite leading to group I adduct formation [16]. 
Further, we provided evidence that 4-OH-TAM-quinone 

methide could be the ultimate carcinogenic metabolite re- 
sponsible for group I adduct formation [21]. The other 
proximate carcinogen has been identified as a-OH-TAM, 

and Osborne et al. [35] recently characterized the structure 

of the major TAM adduct from this compound to be (E)- 
a-(hJ2-deoxyguanosyl)tamoxifen. Although a-OH-TAM is 

capable of directly yielding this adduct [35], the fact that 
the rate of formation of the adduct is low at neutral pH led 

to the hypothesis that in viuo, cxU-OH-TAM undergoes fur- 
ther metabolic activation via sulfation or glucuronidation 
to form highly DNA-reactive esters [35]. In fact, based on 
our finding [16] that the sulfotransferase inhibitor penta- 

chlorophenol strongly reduces group II adduct formation in 

ho, we earlier postulated independently an important role 
for ethyl ol-hydroxylation and sulfonation in TAM geno- 

toxicity [16]. 
Humans are exposed constantly to numerous xenobiotics 

that may alter profoundly activities of drug-metabolizing 

enzymes; thus, TAM metabolism in patients undergoing 
TAM therapy may be subject to modulation causing in- 
creased or decreased TAM genotoxicity. The effects of CYP 
inducers on TAM-DNA adduct formation in viva have not 
been studied thus far. In the current investigation, we have 
addressed this question and also determined the possible 
influence of TAM on the inductive properties of classic 

CYP inducers. 

MATERIALS AND METHODS 
Materials 

TAM (99.7% purity), PB, BNF, PCN, ethylmorphine, 
ethoxyresorufin, methoxyresorufin, resorufin, NADP’, glu- 
cose-6-phosphate, glucose-6-phosphate dehydrogenase, su- 
crose, bovine serum albumin, and corn oil were purchased 
from the Sigma Chemical Co. (St. Louis, MO). Benzphet- 
amine hydrochloride was a gift from the Upjohn Co. (Kal- 
amazoo, MI). Materials for 32P-postlabeling and other 

chemicals have been reported previously [15, 16, 371. 

Animals and Treatment 

Female ICR mice (25 g) obtained from Harlan Sprague- 
Dawley (Houston, TX) were supplied with Purina 5001 diet 
and tap water ud lib. Animals were acclimatized for 1 week 
before each treatment. Each group consisted of at least 3 
animals. With the exception of PB, which was dissolved in 
saline, all compounds were dissolved in TO. The mice were 
randomized into 9 groups of 3 or 4 animals each. Each of 
these groups received the following regimens i.p. once daily 
between 9:00 and 11:OO a.m. for 4 days: (i) TO (8 pL/g 
body weight) only as vehicle control; (ii) TAM ( 120 pmol/ 
kg); (iii) saline (8 L/ b d k g o y weight) followed 1 hr later by 

TAM; (iv) PB (215 kmol/kg) in saline; (v) PB followed 1 

hr later by TAM; (vi) BNF (146 p,mol/kg); (vii) a mixture 
of BNF and TAM; (viii) PCN (140 kmol/kg); and (ix) a 
mixture of PCN and TAM. All animals were killed 24 hr 
after the last treatment. Livers were dissected and minced, 
and a 0.5-g portion of each preparation was frozen imme- 
diately and stored at -80” until DNA extraction. The re- 

maining material was used without freezing for microsome 
preparations. 

DNA Isolation and 32P-Posttieling 

DNA was isolated by a modified solvent extraction proce- 
dure [38], and its purity and concentration were established 
spectrophotometrically from absorbances at 230, 260, and 

280 nm. DNA was analyzed by the dinucleotide/ 
monophosphate version of the 32P-postlabeling assay [37], 
as modified for TAM adducts [16]. Autoradiography and 
quantitative analysis followed previously published proce- 
dures [15, 16, 391. Adduct levels were estimated as RAL 

values [37, 391. 

Microsomal Ewes 

Tissue was homogenized in ice-cold 0.25 M sucrose, 0.01 M 
Tris-HCl buffer, pH 7.4. Microsomes were isolated by a 
calcium chloride sedimentation method [40]. Liver micro- 
somal CYP concentrations were determined by the method 
of Omura and Sato [41]. Protein was assayed by the protein- 
dye binding method of Bradford [42]. EROD activity was 
determined essentially by the method of Pohl and Fouts 

[43], as described in previous publications [44, 451. MROD 
assay was identical to that of EROD, with ethoxyresorufin 

being replaced with methoxyresorufin [45, 461. BZD and 
EMD activities were determined as described previously 

[47, 481. For each of the enzyme assays, pilot experiments 
were performed to study the effect of protein concentration 
on enzyme activity, and experiments to study the effect of 
CYP inducers and TAM on the drug-metabolizing enzymes 
were performed under conditions wherein the enzyme ac- 
tivity was proportional to the amount of protein. 

Statistical Analysis 

For TAM-DNA adducts, mean RAL values of adducts for 
individual tissue preparations from each treatment group 
were analyzed by one-way ANOVA and Fisher’s multiple 
comparison test. CYP parameters were analyzed for statis- 
tically significant differences by Student’s unpaired t-test, 
assuming a significance level of P < 0.05. The ability of 
TAM to elicit synergistic induction of CYP enzyme activi- 
ties in mice when given along with an inducer was tested. 
For this purpose, the activity of each enzyme in TO controls 
was subtracted from that in inducer or TAM groups, and 
the sum of the resulting values was divided by the corre- 
sponding inducible activity in animals given a combination 
of TAM and inducer. 
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RESULTS 
DNA Adducts 

Exposure of mice to TAM, but not PB, BNF, or TO gave 
rise to the formation of 12 chromatographically distinct 
DNA adducts (Fig. 1). PCN administration did not result 
in DNA adduct formation (data not shown). We previously 
reported that i.p. administration of TAM to mice results in 
the formation of two distinct groups of DNA adducts be- 
longing, respectively, to polar group I (spots 1, 2, 3, and 4) 
and non-polar group II (spots 5, 6, 8, 9, 10, and 12), with 
relative amounts of group I and group II adducts strongly 
depending upon the route of TAM administration [15, 161. 
Animals pretreated with PB prior to administration of 
TAM showed diminished intensities of the major TAM 
adducts compared with those in animals given TAM only 
(Fig. 1). Quantitative analysis showed that group I adduct 
levels were not greatly affected overall by inducer pretreat- 
ment, with certain exceptions, as revealed by statistical 
analysis (Table 1). On the other hand, levels of several 
group II adducts were depleted significantly in the PB group 
compared with animals given TAM alone (Table l), with 
spots 5,6,8,9, 10, and 12 being reduced by 80.9,50.6,56.9, 
60.7, 66.8, and 49.2%, respectively. Total adduct levels for 
group II (Subtotal II) and groups I and II combined (Total) 
were reduced by 66.7 and 64.4%, respectively. 

Similar to animals pretreated with PB + TAM, animals 
given a combination of BNF and TAM displayed reduced 
group II adduct levels versus those that received TAM 
alone (Fig. 1). As illustrated in Table 1, spots 5, 6, 8, 9, 10, 
and 12 were reduced by 63.4, 52.7, 44.5, 48.3, 61.7, and 

TAM PB + TAM BNF + TAM 
A B 

FIG. 1. Representative autoradiograms of “P.postlabeled 
liver TAM-DNA adducts from mice exposed to TAM (A), 
PB + TAM (B), or BNF + TAM (C). Female ICR mice were 
i.p. administered TAM dissolved in TO either alone or in 
combination with PB or BNF once daily for 4 days. All 
animals were killed 24 hr after the last treatment, and their 
liver DNAs were analyzed for TAM adducts by “l?*post. 
labeling. For details, consult Materials and Methods. Ad. 
ducts 7, 11, and an unmarked adduct located to the right of 
spot 6 were not consistently recovered and, therefore, were 
excluded from calculations used for Table 1. Several weak 
unmarked spots were also seen in vehicle controls and in 
animals given CYP inducers only and thus were not TAM 
related. Autoradiography was conducted for 16 hr at 23” 
using Kodak XAR-5 X-ray films with Du Pont Lightning 
Plus intensifying screens. 

63.0%, respectively, versus the TAM samples. Group II 
(Subtotal II) and groups I plus II (Total) adduct levels were 
diminished by 57.5 and 54.7%, respectively. 

Exposure of animals to a mixture of PCN and TAM, also, 
significantly reduced levels of group II adducts (maps not 
shown in Fig. 1) compared with the TAM only groups: 
spots 5,6,8,9, 10, and 12 were lowered by 85.3, 71.3,46.1, 
59.6, 73.9, and 27.9%, respectively. Subtotal II and Total 
were reduced by 74.3 and 71.1%, respectively (Table 1). 

Microsomal E-es 

Administration of TAM to mice led to a 1.3-fold induction 
in the liver microsomal activity of BZD (Table 2); however, 
total CYP levels or activities of other microsomal enzymes 
were not altered significantly. PB administration elevated 
total CYP content as well as individual microsomal enzyme 
activities. The total CYP content was increased 2.8sfold, 
and the activities of BZD, EROD, MROD, and EMD were 
enhanced 3.9., 5.2-, 8.1., and 1.9.fold, respectively, over 
controls. Animals pretreated with PB prior to TAM admin- 
istration exhibited a 3.3-fold increase in BZD activity ver- 
sus TAM only. A comparison of data from the PB + TAM 
group with the PB group revealed no significant change in 
any of the parameters, except that MROD activities were 
reduced markedly by the combined treatment. 

BNF significantly induced EROD and MROD activities 
compared with vehicle controls, by factors of 10.1 and 17.2, 
respectively (Table 2). Other CYP parameters were not 
affected significantly. Animals that were exposed to a com- 
bination of BNF and TAM showed significant induction of 
total CYP content (1.9-fold), EROD activity (15.6-fold), 
and MROD activity (34.9.fold) over the corresponding val- 
ues in the TAM only samples (Table 2). Comparison of the 
BNF + TAM and the BNF only groups showed that the 
former displayed 2.1- and 1.7-fold increases, respectively, in 
EROD and MROD activities, respectively, over the latter. 
Interestingly, as calculated from the data of Table 2, BNF + 
TAM samples displayed a 2.2- and 1.8-fold synergistic in- 
duction, respectively, of EROD and MROD activities ver- 
sus the added inductive effects of BNF and TAM, i.e. when 
the chemicals were given separately (Table 2). 

PCN administration resulted in marked induction of to- 
tal CYP content and activities of BZD and EMD. The 
inducers enhanced total CYP content by a factor of 2.8 and 
activities of BZD, EROD, and EMD 2.3, 2.0, and 2.5 times, 
respectively, over vehicle controls (Table 2). In response to 
a combination of PCN and TAM, total CYP content was 
increased 3.4-fold, and activities of EROD and EMD were 
enhanced 3.3- and 2.8-fold, respectively, over the TAM 
samples. The other enzymes were not affected significantly. 
When data from the PCN + TAM group were compared 
against the PCN only group, the EROD and EMD activities 
in the former displayed 2.3- and 1.2-fold induction, respec- 
tively (Table 2), while the other enzyme activities re- 
mained unaltered. Furthermore, combined administration 
of PCN and TAM synergistically induced EROD (2.6-fold) 
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TABLE 1. Effect of CYP inducers on mouse hepatic TAM-DNA adduct formation* 

TAM PB+TAM 
Adduct (1) (2) 

1 5.3 + 0.5 4.3 k 0.3 
2 10.7 k 0.8 6.0 f 0.0 
3 100.6 f 12.2 101.7 k 10.4 
4 30.6 + 1.5 21.7 f 0.3 

Subtotal I 147.2 k 13.1 133.7 + 9.8 
5 1563.6 k 160.4 299.3 k 97.0 
6 1045.9 * 85.1 516.3 + 162.6 
8 97.4 + 9.8 42.0 + 10.3 
9 480.0 + 54.0 188.7 + 50.6 

10 226.7 f 29.02 75.3 k 22.6 
12 84.6 + 12.8 43.0 * 9.3 
Subtotal II 3498.2 + 338.3 1164.6 f 345.2 
Total 3645.4 f 333.5 1298.3 + 335.3 

* Data represent RAL x 10” values (? SEM), N = 3-5 individual animals 

f Source obtained from Fisher’s multiple comparison test. 

$ P values obtained from ANOVA. 

BNF + TAh4 
(3) 

4.8 f 0.8 
7.8 * 1.5 

131.5 k 37.1 
21.0 k 3.1 

165.1 + 42.0 
571.5 + 131.5 
494.5 * 88.1 

54.0 + 8.7 
248.3 k 39.8 

86.8 + 18.1 
31.3 + 9.8 

1486.4 k 288.2 
1651.5 * 309.0 

PCN + TAM 
(4) 

3.2 f 0.7 
11.6 f 2.3 
88.1 k 18.5 
53.6 + 18.6 

156.5 + 26.2 
230.5 + 37.5 
299.8 k 53.2 
52.5 f. 4.8 

194.1 f 30.3 
59.1 * 9.9 
61.0 f 10.6 

897.0 f 130.8 
1053.5 k 132.3 

Sourcet 

1 vs4 
2vs1,4 

4vs 2,3 

1 vs 2,3,4 
1 vs 2,3, 4 
1 vs 2,3,4 
1 vs 2,3,4 
1 vs 2,3,4 
1 vs 2,3 
1 vs 2, 3, 4 
1 vs 2,3, 4 

PS 

0.11 
0.06 
0.56 
0.07 
0.86 
0.0002 
0.0002 
0.0003 
0.0016 
0.0006 
0.058 
0.0001 
0.000 1 

and EMD (1.3-fold) activities versus the added inductive 

effects of the chemicals given separately. 

DISCUSSION 

The present study has examined the effect of CYP inducers 
on the formation of 32P-postlabeled TAM-DNA adducts 

and the activities of CYP-dependent drug-metabolizing en- 
zymes in ho. The selective depletion of group II but not 
group I adducts by coadministration of TAM with classic 
CYP inducers was consistent with our previous hypothesis 

of two distinct pathways of TAM metabolism leading to 
genotoxic metabolites [16]. The marked and selective re- 
duction of group II adduct levels by each of the CYP in- 
ducers suggested that CYP enzymes were involved in the 

detoxication of TAM to non-genotoxic metabolites in ho. 

The observation that no significant differences were ob- 
served in the extent of reduction of TAM group II adducts 

between the different inducers (Table 1) indicated that 
TAM group II adduct formation was inhibited to a similar 
extent irrespective of the inducer used. As microsomes from 

animals treated with each of these inducers have been 
shown to efficiently N-demethylate TAM [25, 301, our re- 

sults support the hypothesis that this reaction was involved 
in detoxication of TAM to non-genotoxic metabolites. 

Mani et al. [24] and White et al. [25] have shown in in 

vitro experiments that CYP3A forms are primarily involved 
in the covalent binding of TAM to microsomal proteins. 
However, our results cannot be explained solely on the 

basis of the CYP3A effect, since PB and BNF, which do not 
markedly induce CYP3A forms [49], also elicited reduction 

TABLE 2. Effect of TAh4 and CYP inducers on microsomal enzymes 

Assav TO TAM* PB PB+TAM BNF BNF + TAM PCN PCN + TAM 

Total P450 0.80 0.71 2.25t 2.30$ 1.11 1.38$ 2.221- 2.743: 
(0.09) (0.15) (0.12) (0.58) (0.28) (0.40) (0.06) (0.05) 

BZD 12.53 16.231_ 48.72t 53.69$ 11.10 18.49 28.321- 26.60 
(0.69) (0.42) (0.84) (4.24) (1.26) (3.06) (1.37) (7.87) 

EROD 0.20 0.28 1.04-G 0.94 2.03-l 4.36%” 0.40t 0.92$§” 
(0.08) (0.03) (0.21) (0.19) (0.50) (1.93) (0.10) (0.08) 

MROD 0.13 0.11 1.05t 0.489 2.241 3.840” 0.37 0.50 
(0.03) (0.015) (0.21) (0.15) (0.60) (1.35) (0.20) (0.12) 

EMD 12.24 12.49 22.99t 28.68 20.20 21.30 30.48t 35.70$§” 
(0.89) (0.89) (4.54) (2.80) (1.16) (2.30) (1.18) (1.75) 

All assays were performed in duplicate, and the values presented in the table are means of activities from 3-5 individual animals. SD is given in parentheses. CYP content and 

enzyme activities represent nmol/mg protein and nmol/min/mg protein, respectwely. 

* Because there were no significant differences in enzyme activities in animals given TAM only versus animals that were pretreated wth salme prior to TAM, data from the 
TAM group were used for assessing statistical significance. 

t-1’ Values were statistically significant (by Student’s t-test) at P < 0.05. 

t Comparison of TAM- or inducer-treated groups. 

j: Comparison of inducer + TAM groups with TAM only group. 
$ Comparison of inducer + TAM groups with corresponding inducer groupa. 

‘1 Inducer + TAM versus sum of inductive effects of the drugs given separately (see Materials and Methods). 
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of group II TAM DNA adducts in viuo. Thus, it appears that 

metabolic intermediates that are responsible for DNA bind- 
ing in viva are different from those involved in protein 

binding in vitro. In fact, White et al. [25] have proposed that 
the reactive metabolites involved in protein and DNA 
binding could be different, since mouse liver microsomes 
are more efficient in the metabolic activation of TAM to 
protein-bound products, whereas in wivo administration of 
TAM to rats leads to higher levels of DNA adducts than in 
mice. The differences in the reactive metabolites of TAM 
responsible for DNA and protein binding would be in anal- 

ogy to the metabolic activation of other carcinogens, e.g. 

4-aminobiphenyl, that undergo N-hydroxylation, followed 
by oxidation to a nitroso derivative that binds to cysteine 
residues of hemoglobin [50]. On the other hand, metabolic 
activation of this aromatic amine to DNA-reactive species 
involves N-hydroxylation followed by sulfuric acid esterifi- 
cation [50]. Similarly, safrole undergoes ol-hydroxylation 

and subsequent sulfonation forming a DNA- or protein- 
reactive metabolite, while on the other hand, the methy- 
lenedioxy group of safrole can also be oxidized to yield 

protein-binding metabolites [5 11. 
We recently reported that 4-OH-TAM gives rise to the 

major group I adduct in vitro upon incubation with DNA 
and rat liver microsomes in the presence of cumene hy- 
droperoxide [Zl]. In contrast, incubation of TAM itself 
with microsomes and cumene hydroperoxide leads to the 
formation of the major group II adduct. These reactions are 
not supported by NADPH, suggesting that metabolic acti- 
vation of TAM leading to both groups of adducts may in- 
volve CYP functioning as a peroxidase [52]. The reason as 
to why in the present work group I adducts were not af- 
fected by CYP inducers could be that the metabolic con- 
version of TAM to 4-OH-TAM, the proximate metabolite 
of group I adducts [16], is catalyzed by constitutive CYPs 
[25,30], and therefore was resistant to CYP inducers. Other 
possibilities are that 4-OH-TAM may have been partially 
or completely resistant to detoxication by CYP-catalyzed 
N-demethylation. 

While levels of phase II enzymes such as UDP-glucuronyl 
transferases (UDPGT) are also elevated by the CYP induc- 
ers used here [49, 53-551, it is unlikely that these enzymes 
played a major role in the reduction of group II adducts for 
the following reasons: 

4-OH-TAM, the precursor of group I adducts, is gluc- 
uronidated [56], but group I adducts were not affected by 
the CYP inducers. 
Batt et al. [55] have shown that exposure of mice to PB, 
BNF, or PCN leads to stimulation of UDPGT activities, 
but the potency of PB is much greater than that of BNF 
or PCN. However, in our experiments each of the in- 
ducers elicited a comparable reduction of group II TAM 
adducts. 
As regards the phase II enzymes, sulfotransferases are not 
induced by CYP inducers [53, 541, and glutathione S- 
transferases are induced only 2- to 3-fold [49]. 
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4. Nuwaysir et al. [57] have shown recently that TAM itself 
induces a specific isozyme of UDPGT, i.e. UGTZBl, 
which is the major PB-inducible form, without affecting 
levels of other UDPGT isozymes. However, in our study 
the combination of PB with TAM did not lead to a 
greater depletion of group II adducts compared with 
other inducers. 

The induction by TAM of BZD activity (Table 2), which 
is reflective of catalysis by CYP2Bl/B2 [58], suggests that 
TAM selectively induced CYP enzymes of the CYP2B fam- 
ily, consistent with the results of White et al. [59] and 
Nuwaysir et al. [60] that TAM induces CYP2Bl enzymes in 
rodent liver microsomes. The significant induction by BNF 
of EROD and MROD activities (Table 2), which reflect 
CYPlAl [61] and CYPlA2 [62] dependent activities, was 
in accord with findings of other investigators that BNF and 
polycyclic aromatic hydrocarbons induce enzymes of the 
CYPlA family [49, 581. However, the mechanisms under- 
lying the synergistic induction of EROD and MROD ac- 
tivities in animals given TAM + BNF are not understood. 
Since TAM is estrogenic to mice [5], it is possible that 
TAM enhances BNF-induced transcription of the CYPlAl 
gene by a hormone-mediated process. In fact, TAM has 
been shown recently to modulate xenobiotic-metabolizing 
enzymes, at least in part, by perturbing the hormonal milieu 
[60]. The elevation by PCN of EMD activity (Table 2), 
which is catalyzed preferentially by CYP3A [63], was prob- 
ably due to induction of CYP3A isoforms [49, 58, 63, 641. 
The significantly greater enhancement of EROD and EMD 
activities in the PCN + TAM versus PCN samples could 
again have been due to the estrogenic action of TAM. 

In conclusion, classic CYP inducers substantially inhib- 
ited total TAM-DNA adduct formation in female mouse 
liver. Since a growing list of medications taken by humans 
as well as certain nutrients are potent inducers of the CYP 
enzymes, combined administration of CYP inducers and 
TAM may be efficacious in reducing genotoxic risk in hu- 
mans treated with this antiestrogen. 
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