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and embryotoxicity and teratogenicity in two resistant species, ham

sters and mice (6, 9).

It is well establishedthat AFB1 exhibits its toxicity after undergoing
bioactivationmainlyby theCYP-mediatedoxygenationsystem.To date,
multiple isoforms of CYP have been found to contribute to the bioacti
vation of AFB1, although there is some ambiguity concerning which
CYP isozymeis the mostimportantone(10).On theotherhand,little
data are available regarding the possible involvement of CYP(s) ex

pressedin the human fetus in the biotransformation of this potent car
cinogen. We have demonstrated that CYP3A7 is a CYP isozyme ex

pressedpredominantly, if not exclusively, in human fetal liver (11, 12).
Our earlier work using an in vitro assay has shown that CYP3A7
possessedthe ability to activateA.F.B1(13, 14).Recently, we established
several transgenic mouse lines carrying a murine MT-1-CYP3A7 trans
gene,with an attempt to clarify the in vivo toxicological significance of
this human fetal CYP isoform (15). In this report, we provide evidence
for in vivo bioactivation ofAFB1 by CYP3A7 expressedin our transgenic
mice using an AFB1-Gua adductas a biomarker, and DNA damagewas
measuredwith the alkaline elution technique.

MATERIALS AND METhODS

Chemicals. FB1 was purchased from the Makor Chemical (Jerusalem,
Israel). Hoechst 33258 was obtained from the Wako Pure Chemical Industries
(Tokyo, Japan). Other chemicals and reagents used were of the highest quality

availablecommercially.
Animals and Treatment. Male mice of 8 weeks old from the M2 and MlO

transgenic lines and their respective NT littermates were used. A mouse MT-I

promoter-CYP3A7cDNA hybrid transgenewasintegratedinto thegenomeof
thesetransgenicmice.Expressionof thetransgenewasdetectedin thekidneys
and livers of M2 and MlO transgeniclines, respectively(15). All of the
animalswerepretreatedwith 25mMZnSO4in theirdrinking waterfor 1week
to inducetheexpressionof thetransgenefollowedby a singlei.p. injectionof

FB1 dissolved in DMSO at different doses. At different time points after the
treatment,animalswereeuthanizedand the livers and kidneysremovedfor
further analysis. The dose and the time of sampling after FB1 treatment are
specified in the legends to Figs. 1â€”5or in the text.

DNA Preparation from Mouse Tissues. DNA was preparedfrom the
liversandkidneysofthe mice as describedby Groopmanet a!. (16), withsome
modifications.Briefly, mousetissueswere quickly removed,minced, and
homogenized in 4 volumes of 50 mM Tris-HC1 buffer (pH 7.0) containing 0.25

M sucrose. The supernatant was discarded after centrifugation at 800 X g for

10mm.After resuspensionin theTris-sucrosebuffercontaining0.05%Triton
X-lOO, the pellets were recentrifuged and washed twice. The resulting nuclear

pellets were resuspended in 5 ml of lysis buffer containing 50 mt@iTris-HCI
(pH 7.0),0.1 MNaC1,20 mMEDTA, 1%SDS, 150 @.cg/m1proteinaseK, and
1.0mg/mi PronaseE andincubatedat40Â°Cfor about8 h with gentleshaking
until the solutions appeared to be clear. DNA in the solutions was extracted

with phenol-chloroform, precipitated with cold ethanol, and then dissolved in

water.TheDNA purity wasjudgedby usingtheabsorbanceratioA2@A280of
1.8 or higher as a criterion. The DNA content was determined spectrophoto

metrically using a 260-nm extinction of 1.0 for 50 @cgof DNA/ml.

AFB1-Gua Adduct Analysis. About 1 mg ofDNA was hydrolyzed in 0.15
N HCI at 100Â°C for 1.0 h and then chilled quickly on ice. After neutralization

with 1.0 Mpotassiumacetateto yield a pH 5.5,methanolwasaddedto give a
final concentration of 5%. The hydrolysates were applied to a methanol
prewashedBondEluteC58cartridge(Varian,HarborCity, CA), washedwith
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ABSTRACT

The in viv@,activation of aflatOxinB1 (AFB@)was assessed by using two
tl-aftsgenicmouselines, M2 and Mb, in which the human fetus-specific
CYP3A7 was expressed In the kidney (M2) and the liver (Mb), respectively.
Male mice o18 weeks old from these two lines were treated with a single i.p.
i@Ion of A@FB1(4 mglkg body weight). AFB@-N@-guanineadduct was
quantified by high-perfonnance liquid chromatography. DNA damage was
measured ialng the alkaline elution technique 2 and 6 h after AFB@treat
ment@Administration of AFB@resulted in a significantly higher level of
AFB1-N'-guanine in the livers of M1Otransgenic mice compared with their
nonfransgenic littermates (16.5 Â±4.2 versus 10.4 Â±1.2 nglmg DNA,
P < 0.01). The level of this biomarker was also Significantlyhigher in the
kidney of the M2 mice compared with control mice (73.0 Â±6.3 versus
5O@2Â±9.5 ag/mgDNA, P < 0.01).Shnilar resultswerealsoobservedwith
DNA damageexpressedas normalizedarea above curve (NAAC)in the two
treasgeniclineages,e.g.,NAAC valuesweresignificantlyhigher in the livers
of M1Oand the kidneys of M2 mice. A dose-response relationship of NAAC
values was observed in the livers of M1Omice when treated with AFB@at
differentdases ranging from 1 to 16 mg/kgbody weigh@whereasin non
traasgenic mice, only slight but not statistically significant Increases of NAAC
values were observed. Both the mouse CYP3A11 and GST-Yc subunit were
expressed atidentical levels in these transgenic lines. The results ofthis study
present further evidence that human fetuses are also under the carcinogenic

attack of A@FB1as adults If exposed to this potent carcinogen.

INTRODUCTION

@â€œ@l @Sa potent carcinogen to many species, ranging from fish to

nonhumanprimates(1, 2). A great deal of evidencefrom extensive
studies of epidemiology and laboratory experiments incriminates
AFB1 asa hepatocarcinogen in man (3). Besides the well-documented
great variationsof susceptibilityamongdifferent speciesto the tox
icity/carcinogenesis of FB1, this mycotoxin is also characterized by
its more potent toxic/carcinogenic effects on young animals than
adults (4). Of particular concern is the toxicological and carcinogenic

significance of AFB1 in utero in humans. AFB1 is a ubiquitous
contaminant in the human environment and has been classified into

group 1 carcinogens in humans by the IARC (3). AFB1 and its DNA
adducts were detected in human placenta and cord blood (5, 6).
Experiments on animals revealed in utero carcinogenesis in rats (7, 8)
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3 ml of water,thenwith 1 ml of 5% methanolto removetheunhydrolyzed
DNA, andthenelutedwith 4 ml of 80% methanolto releasethe lypophilic
aflatoxin adducts.The methanolwasevaporatedat 50Â°Cwith a centrifugal
vacuumevaporator(CE1D; Hitachi, Tokyo, Japan).The residuesweredis
solvedin 5% methanolandsubjectedto HPLC analysis.The Hitachi HPLC
system consisted of a binary intelligent pump set (L-6000 and L-6300), a
programmableAS-2000autosampler,anda D-2500Chromato-Integrator(Hi
tachi). A reversed-phase C18 column (Capcell Pak SG12O, 5 @mX 4.6 X 250
mm; Shiseido,Tokyo, Japan)was run at 40Â°Cwith a linear gradientof
14â€”20%ethanol in 10 mM sodium acetate (pH 5.5) over 25 mm at 0.8 mI/mm.

The eluteswere monitoredwith a fluorescentdetector(RF-530;Shimadzu,
Kyoto, Japan) with emission at 420 nm and excitation at 360 nm. Quantifica
tionof AFB1-Guaadductswasachievedbycomparingthepeakareasin DNA
samples with that of an authentic standard synthesized as described previously
(17).

Alkaline Elution Assay. DNA SSB was measured using the alkaline elution
techniquedescribedby Brunborget a!. (18)andHolmeetaL (19),with mmnor
modifications. Briefly, mice were sacrificed 6 h after FB1 treatment, and
organswerequickly excisedandfrozenin liquid nitrogenandstoredat â€”80Â°C
until use. For the preparation of nuclei, organs were thawed on ice and mmnced
in ice-cold Merchant's solution containing 10 mi@iEDTA (18) and homoge

nized in 10 volumes of Merchant's solution. After centrifugation at 100 X g for
4 mm,thepelletswereresuspendedin thesamesolution.A cell/nucleimIxture
(2.5 X 106)was loaded onto a polycarbonatefilter (pore size, 2.0 tim;
Millipore, Watford,UK), washedwith 3 ml of Merchant'ssolution,andlysed
on the filter in the dark for 30 mm with a lysis buffer containing 2.0 M NaCl,
20 m@iEDTA, 0.2% sodium lauroylsarcosinate, and 0.5 mg/ml proteinase K at

pH 10.0. After washing with 5 ml of 20 mMEDTA, the damaged DNA on the
filter was eluted in the dark with 20 mt@iEDTA adjusted to pH 12.30 with 20%
TEAH. Five fractionsof theeluteswerecollectedwith a flow rateof 2.4mI/h
using a multichannel peristaltic pump (MS-4 REGLO; Ismatec, Switzerland).
The amounts of SS DNA in each fraction and on the filter were quantified
using a fluorochrome Hoechst 33258 (20). The elution rates of SS DNA are

expressed as NAACs, calculated as described by Brunborg et a!. (18). To
increase reliability and sensitivity, care was taken during the assay process as
demonstrated by Koch and Giandomenico (21).

Expression of CYP3A11 and GST in Transgenic Mice. Total RNA was

prepared from the livers of Ml0 and M2 transgenic mice and subjected to
Northernblot analysisasdetailedpreviously(15)usingCYP3A11cDNA asa
probe (22). To detect the mouse GST-Yc mRNA, a cDNA probe was synthe
sized andamplifiedfrom mouse liver total RNA with RT-PCRusing a sense
primer 5-OCT GOT GIG GAG 1TF GAA OA-3' andan antisenseprimer
5'-OOC AAT ATC AGC OCT CCT CA-3' corresponding to the nucleotide
positions 103â€”122and 485â€”504of the mouse GST-Ycgene, respectively (23).
Briefly, 3 ,.tgof RNA, 1.2 @gof randomprimerpd(N)6(Pharmacia,Uppsala,
Sweden), 0.4 mM deoxynucleotide triphosphates, and 100 units of reverse

transcriptase(Toyobo,Tokyo,Japan)wereadded,mixed(totalvolume,30s.d),
and incubated at 37Â°Cfor 1 h. The expected 402-bp cDNA was subsequently
amplified with PCR using an aliquot of the above sample as a template, 5 units

of Taq DNA polymerase, and 25 pmol of each primer. PCR was carried out by
repeating35cyclesas94Â°Cfor I mm,57Â°Cfor 1mm,and72Â°Cfor 2 mm.The
PCR productwas subsequentlyfractionatedelectrophoreticallywith a 1.0%
agarose gel and recovered from the gel using a Geneclean II kit (Laiolla, CA).
This cDNA was labeled with [32P]dCTP and used as a probe in RNA hybrid
ization analysis as described previously (15).

GST ActivitytowardCDNBin theLiversofTransgenicMice. Micewere
pretreatedwithZnSO4as describedabove,andtheOSTactivitywasmeasured
using CDNB as a substrate according to the published procedures (24, 25).

RESULTS

AFB1-Gua Adduct Levels. A single dose of AFB, resulted in a
significantly higher AFB1-Gua adduct level in the livers of MlO mice 2 h
after the AFB1 treatment, which diminished rapidly in 6 h to a level
identical to that in NT mice. On the other hand, M2 mice showed

comparable adduct levels to their NT littermates both at 2 and 6 h (Fig.

1A). We showed previously that among the six transgenic lines estab
lished, Ml0 was the only line to expressthe transgenein the liver, at both

mRNA and protein levels, whereasM2 mice expressedthe transgenein
thekidneyandmanyotherextrahepatictissues,butnotin theliver (15).

Compared with their NT littermates, M2 mice showed a signifi
cantly higher adduct level in the kidneys 2 h after AFB@treatment. As
expected, the MlO mice had identical adduct levels in this tissue both

at 2 and 6 h with their NT littermates (Fig. 1B). In general, the adduct
levels were significantly higher in the kidneys than in the livers of
both the transgenic and NT mice. Unlike the adduct levels in the
livers, there was no substantial difference in adduct levels in the
kidneys between 2 and 6 h after AFB1 injection (Fig. lB).

DNA Damage in the Livers and Kidneys. The alkaline elution
technique remains a high sensitive assay in measuring DNA damage

causedby UV light and some chemical agents (21, 26). In this study,
treatment with AFB1 resulted in significant DNA damage in the livers
of MlO mice 6 h after a single i.p. injection. Fig. 2 shows a repre

sentative elution profile of the damaged DNA from AFB 1-treated

mice. After a 100-mm elution, there was significantly less DNA
retained on the filter in AFB1-treated MlO mice compared with their
NT littermates, indicating more pronounced DNA damage occurred.
The DNA damage expressed as NAAC calculated from the elution
profile is shown in Fig. 3. Peculiarly, NAAC values of M2 mice
treated with either@ or the vehicle DMSO were much higher than
those of the NT littermates (Fig. 3A), suggesting nonspecific DNA
damage probably caused by the DMSO. We repeated the experiment
and observed the sameresults. DMSO has been known to be toxic to
erythrocytes and vascular epithelium (27) and even caused increased
DNA damage(28). However, no effort was made to further investi
gate the underlying mechanism for this phenomenon.
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Fig. I . AFB -Gus adductlevelsin the livers andkidneys.Male mice from eachline
were given AFB1 in a single i.p. injection (4 mg/kg body weight in DMSO), and the
AFB1-Guaadductsweredeterminedin thelivers(A) andkidneys(B) 2 and6 h afterAFB1
treatment.Eachcolumnrepresentsthe meanof eight mice. Bars, SD. @,significantly
different from the value of NT mice within the respectivesamplingtime (P < 0.01,
two-tailed, unpairedStudent'st test).
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the in vivo role of CYP3A7, we measuredthe AFB1-Gua adduct level
and DNA damage as criteria in two of our transgenic mouse lines
harboring this CYP isozyme. AFB1-Gua adduct is a biomarker that

gives direct evidence of AFB1 attack to the macromolecules in vivo
and has found comprehensive applications in both experimental ani
mal and epidemiological studies (35â€”37).

It is well establishedthattheAFB1-Gua adductis unstableandmay
either undergo spontaneous nonenzymatic depurination or be stabi
lized by the opening of the imidazole ring to yield AFB1-Fapy, which
is believed to be subject to enzymatic removal (30). The repair/
removal of the adducts usually will give rise to apurinic sites which
are alkaline labile and readily converted into nicks detectable with the
alkaline elution technique (38, 39). Following a single dosing with
AFB1, maximal DNA adduct level was observed in the liver at 2 h. By
24 h, 88% of the adducts had been removed (40). The differences in
adductlevelsin 2 h disappearedin 6 h after AFB@treatment(Fig. 1A).
The detectableDNA damagein theliversofMlO miceat 6 h whenthe
adduct level was no longer significantly different from those in the

other mice does not necessarily mean discrepancy since the DNA

damages (apurinic sites and nicks) detected by alkaline elution
were later events following the repair and/or removal of the DNA
adduct. It seemsthat the adduct repairing rate was higher in the MlO
mice, although a higher rate of adduct modification to form AFB@

(B) Kidney
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Fig. 2. A representative elution profile of damaged DNA from AFB@-treatedmice.
Male micefrom eachline weretreatedwith eitherAFB@asspecifiedin thelegendof Fig.
1 or the vehicleDMSO. The mice were sacrificedand tissueswere removed6 h after the
treatment.The DNA damagewas measuredusing the alkalineelutiontechniqueas
detailedin â€œMaterialsandMethods.â€•Eachcurverepresentsthemeanof sixmicewith
duplicatedeterminations.Bars, SD.TG, transgenic.

DNA SSBsweredetectedin thekidneysofM2 miceat6 h afterAFB@
treatment(Fig. 3B), consistentwith the high expressionof the CYP3A7
transgene in the kidney ofthis transgemcline (15).No DNA damage was
detectedin the kidneys of MlO mice comparedwith the NT mice.

Increase of DNA Damage in the Livers of M1O Mice as a
Function ofthe Dose ofAFB1. In the MlO mice, treatment of AFB@
at a dose of 2 mg/kg body weight resulted in detectable DNA damage
in the livers compared with the DMSO-treated control mice. The
NAAC values increased in a dose-dependent manner as the dose of
AFB1 was increased from 2 to 16 mg/kg body weight (Fig. 4). The
NAAC valuesremainedalmostunchangedin theNT micetreated
with AFB@at 2 and4 mg/kgbodyweightandslightly increasedat the
higher doses of 8 and 16 mg/kg body weight. However, these in
creaseswere not statistically significant in comparison to the respec
tive DMSO-treated mice (Fig. 4).

Expression Levels of CYP3A11 and GST-Yc in Mice. The re
suitsofNoxthern blot analysisfor the mouseCYP3A11 revealedthat this
isozyme was expressed at identical levels in both transgenic and NT

mice, as was the mouse GST-Yc subunit (Fig. 5). The activities of GST

in theliversof transgenicandNT micewerealsocomparable(Table 1),
indicating that the mouse CYP3A subfamily as well as GST have not
been altered by the integration of the MT-I-CYP3A7 transgene.

DISCUSSION

The metabolism of AFB@is characterized by multiple pathways,
multipleenzyme systems involved, and differentand sometimes con
flicting outcomes. To date, more than five CYP isoforms belonging to
the CYP1A, 2A, 2B, 2C, and3A subfamilieshave been reportedto be
involved in the metabolism of AFB@in vitro, and one isozyme is
usually involved in more than one metabolic pathway of AFB1 to
yield different products (3, 29, 30). Thus, it is not surprising that

different and/or contradicting data exist in the literature regarding the
possible role of a particular CYP isozyme in the metabolism of AFB@
using different metabolites as criteria. In human adults, both CYP1A2

and 3A4 seem to play equally important roles in the metabolic
activation of AFB@, with different affinities at different substrate
concentrations(31, 32). Humansare believed to be exposed to AFB@
in utero (5, 6, 33, 34). Nevertheless, the source of reactive AFB1
metabolites in the human placenta-fetus unit remains relatively un
clear. We have demonstrated previously that CYP3A7 was a major
P450 isozyme expressed in human fetal livers (11, 12) and was
capableofbioactivating AF.B@in vitro (13, 14). To gainan insightinto

NT M10 M2
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Fig. 3. DNA damagein the mouselivers and kidneysexpressedas NAAC. Details on
the animals usedand the treatment were given in thelegend ofFig. 2. The area above each
curve in Fig. 2 was Calculatedand termed as NAAC, which represents the extent of DNA
damagein the respectivetissue.Each column representsthe meanof six mice with
duplicatedeterminations.Bars,SD. , significantlydifferent from theNT control mice
given the sametreatment(P < 0.01, two-tailed,unpairedStudent'st test).
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Fig.4. Dose-dependentresponseof transgenicM10 miceto theDNA-damagingeffect
of AFB, in vivo.Male micefrom theMlO transgenicline aswell asNT littermateswere
treated with a single i.p. injection of AFB1 at dosagesranging from 0 to 16 mg/kg body
weight in DMSO. Eachsymbolrepresentsthe meanof six micewith duplicatedetermi
nations.Bars, SD.@ significantlydifferent from the respectivecontrolmice with DMSO
treatment(P < 0.01; ANOVA ScheffeF test).

Fapy cannot be ruled out. The reasons for this phenomenon are
unknown.

Mouse liver microsomes were found to be approximately five times
as efficient as human adult liver microsomes in activating FB1 into
AFBO (41). Using MZ as a substrate, we also found that the 1'-
hydroxymidazolamformation, which is believedto be catalyzedex
clusively by the CYP3A isozymes, was much higher in mouse liver
microsomes than that in humans.5These may explain the high back
ground level of AFB1-Gua in the mouse and relatively narrow differ
ence of adduct levels as well as NAAC values between the transgenic
mice and their NT littermates.

It is not unusual that an endogenous gene is interrupted by the
integration of a foreign gene (42). We showed previously that the
steroid 5ca-reductasemight have been affected, leading to a significant
increase of serum testosterone in the Ml0 male mice (I 5). To test the
possible interaction between the CYP3A7 transgene and the mouse
endogenous CYP3A isoforms, we carried out Northern blot analysis
for the CYP3A1 1, a major isozyme of the mouse CYP3A subfamily
(43). The result revealed that CYP3A1 1 was expressed at comparable
levels in both transgenic and NT mice (Fig. 5). On the other hand, the
CYP1A2 does not seem to play a crucial role in AFB1 biotransfor
mation in rodents (44), but appearsto have some unique physiological
significance during the mouse development (45). In the mouse, cvi
dence has been available also in favor of a predominant role of

CYP3A isoformsin AFB1 activationin vivo(46). In thepresentstudy,
we found that at least CYP3A1 1 was expressedat identical levels both
in the two transgenic lines and their NT littermates (Fig. 5). We did
not test the expressions of CYP3A16 in our transgenic mice since our
earlier work demonstrated that it was a minor molecular species

expressed mainly in the fetus and neonates but not in adults (43).

The mouse kidney seems to be a relatively sensitive tissue to the
toxicity of AFB1 (47, 48). In the present study, both the transgenic and
NT mice showed higher adduct levels in the kidneys than in the livers
(Fig. 1), consistent with the observation by Croy and Wogan (49). It
is generallybelieved thatin the liver the AFB3-Guaadductreachesits
maximal level 2 h after a single dose of FB1 (30). The results of this
study are in agreement with this notion (Fig. 1). Nevertheless, the
kidney was found to be refractory to this rule. The adduct levels at 6 h

Table 1 GSTactivizyinthe livers of M2 and M1O transgenicmice'@LineActivity

(@moUmin/mg)NT4.48

Â±0.46â€•M24.54
Â±0.50MlO4.40Â±0.72

**

iN VIVO ACTIVATION OF AFB1 BY CYP3A7 IN TRANSGENICMICE

were almost as high as those at 2 h after AFBJ treatment (Fig. 1). This

may be explained by a lower adduct repair/removal rate, and by a
lower renal GST activity (23), leading to adduct accumulation in the
kidney. AFB1 is a well-known hepatocarcinogen to many species
including nonhuman primates (2). However, little information is
available linking AFB1 as a renal carcinogento humans,although
there were scattered reports about renal carcinogenesis of AFB1 in
animals (50, 51). The significance of high and persistent AFB5-Gua
adduct levels in the mouse kidneys is unclear.

The mouse has a high GST activity in the liver which was found
to be approximately 50-fold that in the rat, although the murine
liver microsomespossessapproximately a 4-fold greater capacity
to activate@ . Therefore, it is of general opinion that GST
catalyzed detoxification, rather than microsomal activation, is the
crucial determinant of susceptibility to the toxicity of AFB1 (10).
Among the mouseGST isoenzymes,the Yc subunit of the a class
has been found to possessthe highest activities toward AFBO (52).
The constitutive expressionof GST-Yc has been suggestedto be
mainly responsible for the high capacity to detoxify AFBO in the
mouse (23). However, the expression of GST-Yc has not been

altered in our transgenic mice by the integration of the CYP3A7
gene nor has the mouse CYP3A1 1 (Fig. 5 and Table 1). Thus, our

data indicate that the integration of the CYP3A7 gene into the
mouse genome has elevated the sensitivity of our transgenic mice
to the toxicological effect of @.

M2 M1O NT
1@-@ â€”u . â€”u

x
C-)

z
0
01
0
E
0

4z

CYP3A11@ I ::

GSTYc .@.@ @. . -@ 28S

.@Ã¸ @18S

Fig. 5. Northern blot analyses for mRNA expressions of CYP3A1 1 and GST-Yc in
mouselivers.Total RNAswerepreparedfrom theliversof8-week-oldM2 andMlO mice
pretreatedwith 25 msiZnSO4for 1week.An aliquot(20 sag)of RNA wasformaldehyde
denaturedandseparatedelectrophoreticallyin a 1.0%agarosegel.TheRNA wasblotted
ontoa nylon membraneandhybridizedwith 32P-labeledCYP3AI I cDNA andvisualized
by antoradiographyat â€”80Â°Cfor 2 weeks(upper panel). The samemembranewas
rehybridizedwith32P-labeledmouseOST-YccDNAobtainedwithRT-PCRasdetailed
in â€œMaterialsand Methodsâ€•after the removal of the CYP3A1 I probe (bottom panel).

a Four 8-week-old male mice from each line were used.
b Values represent means Â± SD of duplicate determinations.

5 Unpublished observation.
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Taken together, our results indicate that the human CYP3A7 cx

pressed in our M2 and Ml0 mice activated AFB@ in vivo, leading to

significantly higher DNA adduct levels as well as pronouncedDNA
damage in the kidneys and livers of M2 and Ml0 transgenic mice,
respectively. The results reportedhere reinforce our earlier work in
which the human CYP3A7 was predominantly responsible for the

bioactivation of AFB1 in human fetal livers (53).
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