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ABSTRACT: The effects of a single injection (40
mg/kg) of 4'-trifluoromethyl-2,3,4,5-tetrachlorobi-
phenyl (CF3) on hepatic cytochrome P-450 mono-
oxygenases were assessed in rat and syrian ham-
ster. The CF3 treatment significantly increased the
total amount of cytochrome P-450 in both species.
In rats, CF3 treatment caused marked increases in
ethoxyresorufin O-deethylase (EROD), arylhydro-
carbon hydroxylase (AHH), and testosterone 7a-
hydroxylase activities but significantly reduced the
activities of benzphetamine N-demethylase (BzND),
erythromycin N-demethylase (ExND), testosterone
6B, 16a, and 16B-hydroxylases, and formation of
androstenedione. Administration of CF3 to ham-
sters strongly induced the activities of EROD, AHH,
BzND, testosterone 15a, and 16a-hydroxylases, and
androstenedione production, whereas ErND, tes-
tosterone 68, and 7a-hydroxylases were decreased.
Administration of CF3 to rats induced the CYP1A
family proteins and CYP2A1, while CF3 reduced
the level of CYP2B1, and, to a lesser extent, of
CYP6p2. In hamsters, CF3 treatment significantly
induced the CYP1A2, CYP2A1, CYP2AS8, and
CYP2B1 isozymes, whereas the CYP6B2 level was
decreased. The ability of hepatic microsomes to ac-
tivate aflatoxin B1 and benzo(a)pyrene was ele-
vated by CF3 treatment in hamsters, while acti-
vation of aflatoxin B1 was decreased in microsomes
from CF3-treated rats. These results showed dif-
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ferences in the CF3-induced pattern of rat and
hamster cytochrome P-450 monooxygenases.
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INTRODUCTION

Cytochromes P-450 (CYP) catalyze the bio-
transformation of a wide variety of xenobiotics and
endogenous substrates and can be distinguished
on the basis of their structure, substrate specific-
ity, or response to various types of compounds (1-
3). Several isoforms and their specific activities are
induced when animals are treated with naturally
occurring or man-made chemicals. The use of such
CYP inducers has been of advantage in the elu-
cidation of the mechanisms of xenobiotics toxifi-
cation and detoxification in different species (4,5).
Comparative biotransformation and metabolite
profile data are important elements in the choice
of an animal model in toxicity studies.

Much knowledge about CYP has been ob-
tained in rats, mice, and humans compared with
other species. Recently, the hamster has become
popular as an animal model in the studies of tox-
icity, notably in carcinogenicity studies. This ani-
mal shows higher basal drug metabolism activities
and CYP content and is more efficient in activating
certain carcinogens (6-8). It has been demon-
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strated that hamsters differ from rats in their res-
ponse to CYP inducers (9,10).

Among the CYP inducers, polychlorobiphe-
nyls (PCB) and their derivatives have been well
studied. Commercial PCB mixtures are potent in-
ducers of several isoforms of hepatic CYP in a
number of species, including rat, mouse, hamster,
monkey, and man (11-13). Commercial mixtures
cause ‘‘mixed-type”’ induction and several iso-
zymes of P-450 are induced. However, the avail-
ability of synthetically pure PCB congeners has al-
lowed an assessment of the regulation of the
different isozymes of CYP and other components
of hepatic drug metabolism. Structure-activity re-
lationships have been defined (14-17). Recently, a
series of 4’-substituted-2,3,4,5-tetrachlorobiphe-
nyls have been synthesized and tested as inducers
of rat liver microsomal CYP (18). Among them, the
trifluoromethyl-substituted derivative, named CF3,
was shown to be an effective inducer of CYP1A
family and CYP2B subfamily proteins, and more
interestingly, the CYP2A subfamily proteins,
known to be relatively resistant to induction in rats
(19). In contrast, in hamsters, one member of the
CYP2A subfamily (CYP2A8) was mainly induced
by 3-methylcholanthrene treatment, constituting
approximately 40% of the total amount of CYP (20).

The aim of this study was to compare the
modulation by CF3 treatment of the biotransfor-
mation system in rats and hamsters, especially on
the CYP2A subfamily, and on the other hand, to
compare these effects of CF3 with our previous
studies assessed on rats treated with prototypic
polychlorobiphenyls (17,21,22). The results dem-
onstrated important differences in the CYP en-
zymes between rats and hamsters.

MATERIALS AND METHODS

Chemicals

Aflatoxin Bl (AFB1), 7-ethoxyresorufin, benz-
phetamine, erythromycin, and testosterone were
purchased from Sigma Chemicals (St. Louis, MO).
NADPH, NADH, glucose 6-phosphate, and glu-
cose 6-phosphate dehydrogenase were obtained
from Boehringer-Mannheim (Mannheim, Ger-
many). Benzo(a)pyrene (B(@)P), 7-ethoxycou-
marin, and other reagents were obtained from
Wako Chemical (Osaka, Japan). 4'-trifluorome-
thyl-2,3,4,5-tetrachlorobiphenyl (CF3) was synthe-
sized by the aryl aryl coupling (23) of p-trifluoro-
methylaniline (Aldrich Chemical Co., Milwaukee,
WI) in 10-fold excess of 1,2,3,4-tetrachlorobenzene
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(Aldrich Chemical Co., Milwaukee, WI). The crude
reaction product was purified by Florisil and alu-
mina chromatography and by recrystallization from
methanol. White crystalline product had a melting
point of 64-65°C and was >99% pure, as deter-
mined by gas chromatographic analysis. Structure
of the compound was confirmed by NMR and mass
spectrometry. Polyclonal antibodies to CYP1Al and
CYP2B1 of rat were obtained from OXYgene (Dal-
las, TX). Other chemicals were of the highest grade
commercially available.

Animals Treatment and Hepatic
Microsomes Preparation

Male Sprague Dawley rats (180 g) and male
Syrian golden hamsters (80 g) were obtained from
Nippon SLC (Hamamatsu, Japan) and were pro-
vided with drinking water ad libitum and fed a
normal diet. The animals received a single intra-
peritoneal injection of CF3 dissolved in corn oil, at
a dose of 40 mg/kg, whereas control animals re-
ceived an equal volume of corn oil (2 mL/kg of
body weight). The animals were killed by decap-
itation on the fourth day after injection, and the
livers were perfused, quickly excised, and hepatic
microsomal fractions were prepared as previously
described (24). Liver microsomes were stored at
—80°C until use required.

Assays

Microsomal protein concentration was deter-
mined by the method of Lowry et al. with bovine
serum albumin as standard (25). Total cytochrome
P-450 content was assayed by the method of Omura
and Sato (26). The 7-ethoxyresorufin O-deethylase
(EROD) (27), ethoxycoumarin O-deethylase (ECOD)
(28), and arylhydrocarbon hydroxylase (AHH) (29)
activities were fluorimetrically determined, as pre-
viously described, with slight modifications. The
N-demethylation of benzphetamine and erythro-
mycin was assayed by the generation of formal-
dehyde according to the methods of Lu et al. (30)
and Wrighton et al. (31), respectively. The testo-
sterone hydroxylase activities were determined by
the rate of formation of the corresponding pro-
ducts, as described by Yamazoe et al. (32).

SDS PAGE Electrophoresis and
Immunoblotting Analysis

Microsomal proteins were analyzed on 10%-
acrylamide gels in the presence of SDS according
to the method of Laemmli (33). The resolved pro-
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teins were transferred onto nitrocellulose sheets
and immunostained for the antibodies directed
against rat CYP1A1, CYP2A1, CYP682, and CYP2B1
and antibodies directed against hamster CYP1A2
and CYP2A8 produced in our laboratory (24). PAB
antirat CYP2A1 and CYP6B2 were kindly donated
by Drs. K. Nagata and Y. Yamazoe (Department
of Pharmacology, School of Medecine, Keio Uni-
versity, Tokyo). Isozyme protein bands were de-
tected using the peroxidase-diaminobenzidine-te-
trahydrochloride method (1).

Mutagenicity Test

The mutagenicity test was carried out princi-
pally by a modification of the Ames test (34). The
assay was performed using Salmonella typhimurium
TA100 in the presence of different proportions of
microsomal proteins and AFB1 (0.25 ug/plate dis-
solved in 50 uL of DMSO) or B(a)P (5 ug/plate dis-
solved in 50 L of DMSOQO).

Statistics

Enzymatic activities of control and treated
groups were compared statistically using Stu-
dent’s t-test and were considered to be signifi-
cantly different at p < 0.05.

RESULTS

Assays

Treatment with CF3 caused a marked increase
in CYP content in rat and hamster by about two-
fold (Table 1). In rats, treatment with CF3 reduced
by half the N-demethylation of benzphetamine and
erythromycin, whereas the activities of ethoxycou-
marin O-deethylase, arylhydrocarbon hydroxy-
lase, and ethoxyresorufin O-deethylase were in-
creased 7-, 8.5-, and 14-fold, respectively. In
hamsters, the administration of CF3 caused a 50%
reduction in erythromycin N-demethylase, whereas
the activities of benzphetamine N-demethylase,
arylhydrocarbon hydroxylase, ethoxycoumarin, and
ethoxyresorufin, O-deethylase were significantly
increased 1.6-, 3-, 4-, and 8-fold, respectively.

Testosterone Hydroxylase Activities

The effects of CF3 on the testosterone
hydroxylases in rat and hamster liver microsomes
are shown in Table 2. Microsomes from CF3-treated
rats exhibited an enhanced ability to oxidize tes-
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tosterone at the 6a and 7a positions, by 4.8- and
6.5-fold, respectively. The activities of 63-, and 168-
hydroxylase, and androstenedione production were
decreased by half, whereas marked 87 and 90% re-
ductions were observed for the 16a- and 2a-hy-
droxytestosterone formations, respectively. The
oxidation of testosterone at other positions was not
significantly changed (28, 15, and 158 C). In
hamsters, CF3 treatment resulted in a weak in-
crease in androstenedione and 16a-hydroxytestos-
terone production (about 1.5-fold), whereas a
marked increase in 15a-hydroxytestosterone for-
mation (16-fold) was observed. The oxidation of
testosterone at the 2 and 7a positions was sig-
nificantly decreased by 50%, whereas a marked re-
duction (76, 90, and 92%) of the 283-, 63-, and 158-
hydroxytestosterone production was observed.
Oxidation at the 683 and 1683 positions was not af-
fected by CF3 treatment.

Western Blotting Analysis

Immuboblots obtained with rat and hamster
microsomal preparations using polyclonal anti-
bodies (PAB) directed against different rat and
hamster CYP are presented in Figure 1. When the
antibodies to rat CYP1Al were employed, CF3
treatment strongly induced the corresponding
bands in rat, whereas no immunoreactive protein
was detected in CF3-treated hamster (A). In con-
trast, CF3 treatment significantly increased the in-
tensity of the protein band immunorelated to
hamster CYP1A2 in both rat and hamster (B). This
induction was higher in hamsters as compared to
rats. Using the antibodies directed against rat
CYP2A1, administration of CF3 to rat and hamster
obviously increased the level of the immunoreac-
tive proteins. However, a lesser induction was ob-
served im hamsters (C). An intense band immu-
noreactive to antihamster CYP2AS8 antibody was
only recognized in the CF3-treated hamster micro-
somes (D). Using the antibodies directed against
rat CYP2B1, CF3 treatment caused a decrease of
the intensity of the corresponding bands in rats,
whereas it increased the intensity of the immu-
noreactive proteins in hamsters. In microsomes
from treated and untreated animals, two proteins,
immunorelated with rat CYP6B2, were observed
(F). Treatment with CF3 slightly decreased the in-
tensity of the two bands in both rat and hamster
microsomes.

Mutagenicity Test

The effects of CF3 on the mutagenic activation
of AFB1 and B(a)P by both rat and hamster micro-
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TABLE 1. Effects of CF3 on P-450 Activities in Rat and Hamster Liver

Sprague Dawley Rat

Syrian Golden Hamster

Microsomal

Parameters’ Control CF3 Control CF3
Total P-450 0.83 = 0.065° 1.66 = 0.083*¢ 0.89 = 0.031 2.12 = 0.058*
(nmol/mg)

ECOD 1.05 = 0.043 7.60 = 0.56* 1.85 = 0.039 7.50 = 0.65*
(nmol/min/mg)

EROD 0.09 = 0.005 1.27 = 0.034* 0.06 = 0.004 0.45 = 0.014*
(nmol /min/mg)

AHH 0.16 = 0.011 1.35 = 0.076* 0.23 = 0.009 0.69 = 0.034*
(nmol/min/mg)

BzND 4.74 = 0.36 2.64 = 0.15* 4.94 = 0.022 7.78 = 0.21*
(nmol/min/mg)

ErND 1.89 + 0.083 0.88 = 0.053* 576 = 0.17 2.62 = 0.10*
(nmol/min/mg)

“ECOD, ethoxycoumarin O-deethylase; EROD, ethoxyresorufin O-deethylase; AHH, arylhydrocarbon
hydroxylase; BZND, benzphetamine N-demethylase; ErXND, erythromycin N-demethylase.

“*Values are expressed per milligram of microsomal protein and as a mean = SD for five animals.

‘Significance of the differences vs. controls at *p < 0.01.

TABLE 2. Effects of CF3 on Testosterone Hydroxylases in Rat and Hamster

Liver

Testosterone Metabolism (pmol /min/mg)
Testosterone Sprague Dawley Rat Syrian Golden Hamster
Metabolites® Control CF3 Control CF3
2a OHT 395 = 53° 43 + 9*¢ 41 * 2 22 + 2%
2B OHT 144 =9 98 = 16 1773 + 200 425 + 33*
6a OHT 35+ 4 170 = 9% 96 + 15 90 = 33
68 OHT 1580 = 157 810 = 150* 4578 = 508 490 = 10*
7a OHT 636 = 73 4100 = 200* 3975 * 650 2157 = 52*
15¢ OHT 359 50 = 20 160 = 25 2634 + 215*
158 OHT 41 £ 6 4 + 14 1128 + 126 86 + 13*
16a OHT 561 = 63 73 = 13* 20+ 2 34 *+ 4%
168 OHT 94 = 19 56 = 16* 270 = 30 250 + 20
Androstenedione 1084 = 190 538 = 62* 604 = 136 856 = 26*

“The abbreviations denote the hydroxylated testosterone metabolites.

’Values are expressed per milligram of microsomal protein and as a mean * SD for five animals.
‘Significance of the differences vs. controls at *p < 0.05.

somes are presented in Figure 2. For AFBI1 acti-
vation, the slope of the CYP-induced mutants de-
creased with liver fractions from the different
groups in the following order: CF3-treated ham-
ster, untreated hamster, untreated rat, and CF3-
treated rat. For B(a)P activation, although CF3
treatment markedly increased the activation of B(a)P
by hepatic microsomes, no species differences were
observed. It is to be noted that hamster hepatic
microsomes were more potent in activating both
AFB1 and B(a)P than were rat microsomes.

DISCUSSION

CF3 treatment caused a marked modification
of the catalytic activities and isozymes pattern of

the CYP monooxygenases in both rat and hamster
liver.

First, in rats, CF3 caused a marked increase in
the level of proteins immunoreactive with anti-
CYP1A1 and CYP1A2 antibodies and in the activi-
ties of ethoxyresorufin O-deethylase (EROD) and
arylhydrocarbon hydroxylase (AHH). Using anti-
hamster CYP1A2 to analyze the microsomal rat
CYP1A2 level, the induction of CYP1A2 was weaker
than the CYP1lAl one. In rats, the activities of
EROD and AHH are related to the CYP1Al and
to a lesser extent to the CYP1A2 (35,36). In a pre-
vious study, using a higher dose of CF3, Parkin-
son et al. reported an induction by as much as 65-
fold of the CYP1A1l (18). The increase of the AHH
activity by CF3 is in agreement with our previous
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FIGURE 1. Western blot analysis of hepatic microsomes from
rat (control, lane 1, and CF3-treated, lane 2) and hamster (con-
trol, lane 3, and CF3-treated, lane 4). The antibodies employed
were (A) antirat CYP1A1, (B) antihamster CYP1A2, (C) antirat
CYP2A1, (D) antihamster CYP2AS, (E) antirat CYP2B1, and (F)
antirat CYP682. Microsomal proteins (7.5 ug) were applied on
the 10% acrylamide gel and analyzed as described in the Ma-
terials and Methods section.

studies on the effects of single treatment of rats
with the prototypic 3,3',4,4'-tetrachlorobiphenyl
(21,22). In hamsters, CF3 caused a great induction
of the proteins immunorelated to CYP1A2. We were
unable to demonstrate the presence of hepatic
CYP1ALl in either untreated and CF3 treated-ham-
ster. Recent studies reported similar results in 3-
methylcholanthrene (3MC) and B-napthoflavone
(BNF)-treated hamsters (37,38). Moreover, despite
a clear increase in AHH activity, a stronger in-
duction of EROD was observed in CF3-treated
hamsters. Recent studies have led to the conclu-
sion that hamster liver AHH activity was catalyzed
by other enzymes than rat liver AHH (39). On the
other hand, it has been found that catalytic activ-
ity of hamster CYP1A2 does not include EROD
(39,40). In both species, the microsomal activation
of benzo(a)pyrene (B(a)P) was elevated in the CF3-
treated animals. These results agree well with the
western blotting and enzyme activities data. In-
deed, in rats, activation of B(a)P in mutagenic me-
tabolites is essentially mediated by the cytochrome
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FIGURE 2. Effects of CF3 on the mutagenic activation of (A)
AFB1 and (B) B(#)P by rat and hamster hepatic microsomes
(—— control rat, —k— CF3-treated rat, —»— control ham-

ster, —&— CF3 treated hamster). The assays were performed
as described in the Materials and Methods section with AFB1
(0.25 ug/plate) or B(@)P (5 wg/plate) dissolved in 50 uL of
DMSO.

CYP1A1l and CYP1A2 isozymes (41). In hamsters,
the CYP1A family readily catalyzes activation of
polycyclic aromatic hydrocarbons, e.g., B(@)P (42).

Second, in rats, CF3 treatment significantly in-
creased both the CYP2A1 level and the rate of oxi-
dation of testosterone at the 7a position. In con-
trast, in hamsters, CF3 treatment strongly induced
CYP2AS level and 15a-hydroxytestosterone pro-
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duction, while a significant decrease in testoster-
one hydroxylation at the 7a position was ob-
served. In rats, CYP2A1 is specifically involved in
the formation of 7a-hydroxytestosterone (43-45).
In hamsters, the testosterone 15a hydroxylation is
mediated principally by CYP2A8 (unpublished
data). CYP2AS is the major enzyme induced in 3MC
treated hamsters, constituting about 40% of the to-
tal liver CYP, and is mainly responsible for the mi-
crosomal activation of AFB1 (20,46,47). Thus, the
increase of CYP2A8 and its related activity after
CF3 treatment is consistent with the marked in-
duction of the microsomal activation of AFB1. In
rats, CF3 treatment failed to induce CYP2AS8, not
expressed in untreated rats, which agrees well with
the studies suggesting that this isozyme is specific
to the hamster (48). Moreover, it appears that CF3
is the most effective inducing agent of rat CYP2A1
protein, whereas 3MC, PB, or Aroclor 1254 caused
only a modest increase in CYP2A1, and its related
activity (18,45,49). In microsomes from both con-
trol and CF3-treated hamsters, we detected pro-
teins that cross-reacted with antirat CYP2A1l. In
which proportion this CYP2Al-like catalyzes the
7a hydroxylation of testosterone remains to be
clarified.

Third, in both rat and hamster, EIND activity
and 6B-hydroxylation of testosterone were signif-
icantly decreased by CF3 treatment. In rat, these
activities are principally mediated by the CYP3A1
(43,50). In recent study, Wood et al. (51) observed
a strong decrease in the formation of 6B-hydroxy-
testosterone by the treatment of rat with 3MC and
Aroclor 1254. Furthermore, western blot using
antirat CYP6B2 revealed a significant decrease in
the level of the immunostained proteins in CF3-
treated hamsters. In contrast, in CF3-treated rats,
despite the marked decrease in 6B8-hydroxytesto-
sterone production, western blot indicated a slight
decrease in CYP6B2. CYP6B2 is a novel form of
CYP that catalyzes the testosterone 6B-hydroxy-
lation, and it is reported to belong to the CYP3A
subfamily (52). The decrease in the ability of mi-
crosomes from CF3-treated rats agrees well with
the decrease of the CYP3A protein level. Indeed,
in control rats, a member of the CYP3A subfamily
is responsible for activating AFB; to mutagenic
compounds (53).

Fourth, in rats, CF3 treatment failed to induce
CYP2B1 proteins, while in hamsters, it caused a
significant increase in the proteins that cross-re-
acted with antirat CYP2B1. Parkinson et al. (18),
using higher dose of CF3, observed a 24-fold in-
duction of CYP2B1 isozyme in rat hepatic micro-
somes. Similar strong induction was observed by
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the treatment of rat with PCBs and related com-
pounds. However, a decrease of CYP2BI1 level, at
an already low level in untreated rats, has been
reported under administration of 3MC and other
polyaromatic hydrocarbon (PAH) to rats (35). In
rats, after CF3 treatment, the activities of benz-
phetamine N-demethylase (BzND) and testos-
terone 16p-hydroxylase were decreased. This is
consistent with the decrease in CYP3Al, an iso-
zyme that is responsible, in untreated rat, for the
N-demethylation of benzphetamine and 168 hy-
droxylation of testosterone (54). On the other hand,
the decrease of the activity of BzZND agrees well
with the decrease in the production of 2a-
hydroxytestosterone; both of them are related to
CYP2C11 (55). In contrast, in hamsters, CF3 treat-
ment increased the BzND and testosterone 168-
hydroxylase activities. In hamsters, the 168-hy-
droxytestosterone production is far less specific to
CYP2B subfamily proteins than in rat (56). Never-
theless, hamster proteins similar to rabbit P-450
LM2 (rat CYP2B1) have catalytic activity toward
benzphetamine (57).

Our results revealed that CF3 treatment showed
similar effects, as did treatment with 3MC and re-
lated compounds in rat and hamster. The modu-
lation of CYP isozymes differs between rat and
hamster. The interspecies variations should be
elucidated by studying catalytic activities of iso-
lated CYP enzymes and the mechanisms by which
isozymes are induced in each species.
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