EZHT BERESHEE -5
166

i

Z [ TIBEIBES ] www.angle.com.tw

Journal of Food and Drug Analysis, Vol. 8, No. 3, 2000, Pages 166-173 gyttt BAE B=H

Metabolism of Flutamide in Diet Control Fischer 344 and
Brown Norway X F 344 Rats, and Its Hydroxylation and
Conjugation by Human CYP450s and UDP-
Glucuronosyltransferases

HEBRON C. CHANG®, JOHN E. SENG?, JULIANE.A.LEAKEY2?AND JAY GANDY?

1 Division of Biochemical Toxicology, National Center for Toxicological Research, FDA,
3900 NCTR Rd., HFT-110, Jefferson AR 72079, U.SA.

2 Division of Chemistry, National Center for Toxicological Research, FDA, Jefferson AR 72079, U.SA.
3 Department of Pharmacology and Toxicology, University of Arkansas for Medical Sciences, Little Rock, AR 72205, U.SA.

(Received: March 20, 2000; Accepted: June 2, 2000)

ABSTRACT

In our current report, flutamide (2-methyl-N-[4-nitro-3-(trifluoromethyl)-phenyl] propanamide) treated diet control and non limited-fed Fischer
344 (F344) and Brown Norway (BN) % F344 rats showed that diet control reduces spontaneous and flutamide-induced hyperplasia®. In this continued
study, we found that serum concentrations of active metabolite of flutamide, 2-hydroxyflutamide (OH-flu), were 181 + 26.6 ng/mL and 68 + 8.0 ng/mL
(p<0.05), in non-limited fed and diet control F344 rats. In BN X F344 rats, the serum concentrations of 2-OH-flutamide were 232 + 57 ng/mL and
52 + 6 ng/mL (p<0.05) in non-limited fed and diet control animals. In diet control groups, liver microsomes from flutamide-treated F344 rats showed
high 7-ethoxyresorufin O-deethylase (EROD) activity, while 7-Benzoxyresorufin O-dealkylase (BROD) activity was not affected significantly. Both
rat and human liver microsomes showed flutamide oxidation activity. Human liver microsomes showed 10 times higher activity than rat liver micro-
somes (0.673 + 0.04 vs 0.063 + 0.008 nmol OH-flu/min/mg protein). Microsomes from human tissues such as colon, colon cancer, kidney, bladder,
pancresas, prostate, prostate cancer, or ovarian cancer, showed no or non-detectable activity for flutamide hydroxylation. CYP450 1A1, 1A2, 1B1 and
2C19 from human lymphoblastoid cell lines, oxidized flutamide to OH-flu in vitro with activities from 0.118 + 0.005 to 0.275 + 0.010 nmol/min/mg
protein. Microsomesisolated from human kidney, colon, and liver showed UDP-glucuronosyltransferase (UGT) activity for glucuronidation of OH-flu.
Human kidney showed the highest activity. Several human recombinant UGTs (1A1, 1A4, 1A6, 1A7, 1A9, and 1A10) also showed glucuronidation

activity for OH-flu. It was found that UGT 1A6 was more active than other human UGTs.
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INTRODUCTION

Although testicular cancer is arelatively rare disease in
men, it usually occurs at an adult early age and thus consti-
tutes one of the most serious forms of cancer in young men®
4. Epidemiological evidence suggests that a significant num-
ber of human testicular cancer cases may have an environ-
mental component in their etiology, including a dietary fac-
tor®. Testicular tumor formation is relatively common in
several strains of rats. Over 80% of male Fischer 344 rats
exhibit multiple interstitial cell adenomas by 24 months of
age®d, In rodents, pathological data have shown that lym-
phatic and endocrine tissues, including testes, are the most
sensitive to degenerative diseases, including cancer®. Long-
term diet control reduces the incidence of multiple adenoma,
and altered the testicular biochemical function®. Diet control
also has been shown to influence liver enzyme activity®. It
has been reported that Leydig cells are the primary sites for
P450 activity in testis®. Human testes, which are less sus-
ceptible to interstitial cell tumorigenesis, do not express the
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same spectrum of cytochrome P450 isozymes as rat testis*?.

Flutamide (2-methyl-N-[4-nitro-3-(trifluoromethyl)-
phenyl]propanamide) is a non-steroidal antiandrogen used
for the treatment of prostate carcinoma**®. This drug
inhibits feedback inhibition of testerone on the hypothala-
mus?%9, Long-term administration of flutamide to rodents
resulted in an elevation of LH and testosterone®¢17 which
induces Leydig cell hyperplasiaand interstitial adenomas®.

It has been reported that flutamide is metabolized rapid-
ly and extensively in rats and men®819_In high doses, it
inhibits feedback inhibition of testosterone at the hypothala
mic-testicular-pituitary axis stimulating in elevated LH levels
with increased Leydig cell hyperplasiain rats?>?2. The major
metabolite that has been found with pharmacological activity
equal to or greater than flutamide is hydroxyflutamide (OH-
flu)®22) OH-flu binds to androgen receptors and inhibits
the binding of testosterone and dihydrotesterone®>29, Studies
aso show that flutamide reduces androgen synthesis through
restoration of ovulation in young women®. Flutamide
affects Leydig cells and macrophage numbers in adult rats
through the interference of LH®. Flutamide is toxic to rat
hepatocytes as a result of the cytochrome P450 3A- and 1A-
mediated formation of electrophilic metabolites®.
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Diet control has been shown to delay the onset and
reduce the severity of degenerative diseases, including can-
cer®t3), |n rodents, pathological data has shown that testes
are the most sensitive to degenerative disease®. It has been
shown that the incidence of testicular interstitial cell tumors
inratsis correlated with caloric intake®. Long-term diet con-
trols reduce the incidence of multiple adenomato 25% in 2
year-old Fischer 344 rats. Diet control also appears to have
altered the testicular biochemical function. For example,
serum testosterone levels were decreased and serum estradi-
ol levelsincreased in restricted male rats®. Thus, it is prob-
able that diet control aters the expression and regulation of
several enzymes within the Leydig cells. To support this, it
has been demonstrated that diet control caused marked alter-
ations in hepatic cytochrome P450-dependent monooxyge-
nase activitiesin the Fischer 344 rats®. Diet control caused a
50% reduction in cytochrome 2C11-dependent testosterone-
16a-hydroxylase activity, when compared to non-limited fed
controls. It has also been established that Leydig cells
expressrelatively high level of cytochrome P450 2A1 that is
active in the metabolic activation of carcinogens such as
DMBA.

In a previous study, we have shown that reduction of
caloric intake (i.e. diet control) significantly reduces the
severity of intergtitial hyperplasia in flutamide-treated F344
and Brown Norway X F344 cross rats®. Diet control also
alters steroid and arachidonic acid metabolism in rodent
testes, and these changes are functionally related to areduced
incidence of spontaneous and flutamide-induced testicular
tumors.

In this study, the non-limited fed or diet control rats
were treated with flutamide for 90 days. Pharmacokinetics
studies of the active metabolite, OH-flu, in the serum were
reported. The flutamide oxidation activity of rat liver micro-
somes, CY P 450 isozymes from human lymphoblastoid cell
lines, and human tissue microsomes were also determined.
Conjugation of 2-hydroxyflutamide, active compound of flu-
tamide, by UGT isoforms, and human liver, kidney, and
colon microsomes were also investigated.

MATERIALSAND METHODS

I. Animals

Twenty-four non-limited fed male Fischer rats, 24
caloric restricted male Fischer 344 rats, 24 non-limited fed
male Brown Norway * Fischer 344 (BN x F344) hybrid rats
and 24 caloric restricted BN % F344 hybrid rats. The animals
were maintained at the National Center for Toxicological
Research (NCTR), FDA under standard conditions. At 8
months of age, the animals were divided into control and
treatment groups (12 animals each). The treated animals
received by gavarge administration of 250 mg/kg of flu-
tamide. Dosing was continued for 90 days when the animals
were put in euthanasia.

II. Chemicals
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Flutamide was purchased from Schering-Plough
Research Institute (Kenilworth, NJ). 2-hydroxyflutamide,
NADP, glucose-6-phosphate, glucose-6-phosphate dehydro-
genase and MgCl, were purchased from Sigma Chemical Co.
UDP-glucuronosyltransferase 1A1, 1A4, 1A6, 1A9 were
purchased from Gentest Co. (Woburn, MA), 1A7 and 1A10
were purchased from PanVera Co. (Madison, WI1).

I11. Human Samples

The human liver samples used in this study were pro-
vided by Dr. A. Li, Washington University, St. Louis, MO.
Other human tissue microsomes were gifts from Dr. G. Y.
Tang and Mr. R. Wiese at NCTR, and Ms. S. Nowell at
Veteran's Hospital in Little Rock, AR. Human tissue micro-
someswere prepared by amodified method as described pre-
viously®d. The homogenization buffer contained 250 mM
sucrose containing 25 mM potassium chloride, 1 mM DL-
dithiothreitol, 0.5 mM EDTA, 10 mM HEPES, 20% glycerol
and 10 mg/50 mL PMSF, pH 7.4. Protein concentrations
were measured by Lowry’s method®.

1V. Lymphoblastoid Cell Cultures

Lymphoblastoid cell lines expressing individual iso-
forms of either human cytochrome P450 (except CY P1B1,
CYP2C8, CYP2C19 and CYP4A11 were obtained directly
from Gentest Corp.) were grown in suspension culture in 2
liter Wheaton cell-stir flasks at 35°C and 16% O,/4.5% CO,
humidified atmosphere. The culture medium obtained from
the Gentest Co. consisted of an RPMI medium containing
histidinol in place of histidine and was supplemented with
10% horse serum. The cells were grown to adensity of 1.2 x
10° per mL and harvested by centrifugation and the cell pel-
letsfrozen in liquid nitrogen.

To prepare lymphoblastoid cell microsomes, cell pellets
from approximately 10° cells were homogenized while still
frozen in 10 mL of cold homogenization buffer using a
Teflon-glass homogenizer. The homogenate was centrifuged
at 4,000 x g for 3 minutes. The supernatant was then cen-
trifuged at 100,000 x g for 10 minutes to obtain microsomal
pellets. The pellets were resuspended in potassium phosphate
buffer to aprotein concentration of 10 mg/mL. Aliquots were
frozen at —80°C for further analysis. Microsomes from cells
expressing UDP-glucuronosyltransferases were activated
with Brii 58.

V. Microsome Preparation

Two grams of rat liver or testis, were prepared at 4°C
then mixed with 5 mL homogenization buffer containing
0.25 M sucrose, 25 mM KCI, 1 mM dithiothreitol, 0.5 mM
EDTA, 10 mM HEPES, and 20% glycerol, pH 7.4. After the
tissues had been homogenized at 4°C, the homogenates were
centrifuged at 7, 000 x g for 20 min at 4°C. After centrifuga-
tion, the supernatants were ultracentrifuged at 100,000 x g
for 30 min at 4°C. After this process, the pellets were sus-
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pended with 0.01M tris-acetate buffer containing 4% glyc-
erol and 0.15 M KCI, pH 7.4, and then ultracentrifuged again
at 100,000 x g for 20 min at 4°C. The pellets were collected
and suspended with 1.5 mL buffer containing of 0.05 M tris-
acetate buffer and 20% glycerol, pH 7.4, and stored at —80°C.

V1. Oxidation of Flutamide by Microsomal Solution

The microsomes were mixed with 2.76 pg flutamide
and 100 pL cofactor (10 mM glucose-6-phosphate/MgCl,
+ 2.4 mM NADP and 4 units glucose-6-phosphate dehydro-
genase) and incubated at 37°C for 45 min. The mixtures were
then prepared for HPLC analysis.

VII. HPLC Analysis

Plasma samples (250 pL) or microsomal mixtures were
mixed with 250 pL acetonitrile in eppendorff tubes and vor-
texed for 15 seconds. The mixtures were then centrifuged at
2,000 x rpm or 5 min at 4°C. The supernatants were trans-
ferred to micro auto sampler tubes and 200 pL of the samples
was injected for HPLC analysis®. The samples were ana-
lyzed by running through a Waters Novapak C18 column (15
cm x 3.9 mm) and monitoring at 300 nm by using a Waters
LC Module 1 system. The mobile phase was an isocratic
solution of 50% of acetonitrile/acetic acid/water (5:1:94,
viviv) and 50% acetonitrile. The flow rate was 0.5 mL/min.

VII. UDP-Glucuronosyltransferase Activity Determination
and Matrix-Assisted Laser Desor ption/lonization-Time of
Flight/Mass Spectrometry (MALDI-TOF/MS)

Microsomes prepared from human or rat tissues, or
UGT isoforms from human lymphoblastoid cells, were incu-
bated with flutamide as described in the previous study®”.
HPLC analysis for glucuronidation of OH-flu followed a
method from previous study®® except the samples were not
radiolabeled, and the products were monitored at 265 nm.
The products were collected and analyzed for their mass by
using MALDI-TOF/MS. Mass spectrometric determination
for glucuronidation of OH-flu followed the method described
by Chang et al.®® except that matrix was not used in this
study.

RESULTS AND DISCUSSION

Testicular tumor formation is relatively common in sev-
era strains of rats, including Fischer 344 rat. Diet control has
been demonstrated to reduce the incidence of spontaneous
testicular tumors of the Fischer 344 strain. It has been well
established that diet control increases serum corticosterone
levels“9, We have shown that diet control for as little as 4
weeks also results in elevated corticosterone levels showing
apeak coincidence with feeding®. Most striking differences
are seen in the ratio of serum estradiol to serum testosterone,
where the estradiol to testosterone ratio is significantly
greater at al circadian time-points. It was previously shown
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that subchronic treatment with flutamide potentiates Leydig
cell hyperplasiain F344 rats, while diet control reduces both
spontaneous and flutamide-induced hyperplasia®. A phar-
macokinetic study showed that serum concentrations of the
active metabolite of flutamide, 2-hydroxyflutamide (OH-
flu), were 232 + 57 ng/mlIL and 52 + 6 ng/mL (p<0.05) in
non limited- fed and diet control BN % F344 hybrid rats,
respectively. In non-limited fed and diet control of F344 rats,
the serum OH-flu levels were 181 + 26 ng/mL and 68 + 8
ng/mL (p<0.05), respectively (Table 1). Corresponding LH
valueswere 0.22 + 0.03 and 0.14 + 0.02 (p<0.05) in non-lim-
ited fed and diet control F344 rats respectively®. The results
revealed that diet control atered flutamide/hydroxyflutamide
pharmacokinetics and by altering pituitary/LH response® in
rats.

In BN x F344 rats, 7-benzoxyresorufin O-dealkylase
(BROD) activity of liver tissues increased in flutamide fed,
caloric restricted groups. There were no significant differ-
ences of 7-ethoxyresorufin O-deethylase (EROD) activity in
liver tissues. In the testis tissues of BN x F344 rats, non-lim-
ited fed groups (treated with or without flutamide) showed
higher BROD and EROD activities than caloric restricted
groups (Table 2). In Fischer 344 rats, no differences of
BROD and EROD activities were observed in testis tissues.
The caloric restricted control group showed the highest liver
BROD activity, and the caloric restricted flutamide-treated
group showed the highest liver EROD activity (Table 2).

Flutamide is oxidized to its active metabolite 2-hydrox-
yflutamide (OH-flu) by using rat liver microsomes from dif-
ferent treatments. No significant differences of specific activ-
ity (ca. 0.054 + 0.006 ~ 0.071 £ 0.008 nmol/min/mg protein)
were found between groups. From a pharmacokinetic study
(Table 1), we concluded that diet control decreased the pro-
duction of flutamide active metabolite, OH-flu, in both
BN x F344 and F344 rats. LH was also elevated in non-lim-
ited treated rats®. Flutamide 2-hydroxylation was catalyzed
predominantly by human CYP1A1 (0.118 £+ 0.005 nmol/
min/mg protein), CYP1A2 (0.275 + 0.010 nmol/min/mg pro-
tein), CYP1B1 (0.204 + 0.003 nmol/min/mg protein), and
CYP2C19 (0.158 £+ 0.001 nmol/min/mg protein) (also see
Table 3). No activity could be detected in microsomes from
other cell lines. Flutamide is used as an androgen antagonist
in the treatment of prostate cancer, but requires conversion to
2-hydroxyflutamide in order to exhibit antiandrogenic activ-
ity®4142) 1t has been reported that the metabolism of flu-
tamide by human liver microsomes and isolated rat hepato-

Table 1. 2-hydroxyflutamide (OH-flutamide) level found in the serums
from flutamide-treated BN x F344 and Fischer 344 rats in diet control
or non-limited fed groups

Animal (flutamide treated) (n= 6)

OH-flu (ng/mL)
found in serum

BN x F344 (non-limited fed) 232+ 572
BN x F344 (diet control) 52+ 6
Fischer 344 (non-limited fed) 181 + 26°
Fischer 344 (diet control) 68+ 8

Values represent mean + standard deviation.
ab Gignificant difference from diet control groups (p<0.05).



ST - BEERS

A

i

el

[=1{[I}

Journal of Food and Drug Analysis, Vol. 8, No. 3, 2000

Z [ TIBEIBES ] www.angle.com.tw

169

Table 2. Analysis of 7-benzoxyresorufin O-dealkylase (BROD) and 7-ethoxyresorufin O-deethylase activities from liver and testis microsomes of

BN x F344 and Fischer 344 rats. (NL: non-limited fed; DC: diet control)

BROD* (Testes) EROD* (Liver) EROD* (Testes)

Anima (n=3) BROD* (Liver)
BN x F344 (DC control) 152+15%"
BN x F344 (DC flutamide treated) 235+ 2,07
Fischer 344 (DC control) 298+ 1.8
Fischer 344 (DC flutamide treated) 196+ 1.9
BN x F344 (NL control) 6.7+ 2.0°
BN x F344 (NL flutamide treated) 122+1.1°
Fischer 344 (NL control) 13+3.6°
Fischer 344 (NL flutamide treated) 195+ 3.0%°

0.6+0.1° 56.1+ 3.9° 0.6+0.1°
0.3+0.1° 55.0+11.9° 05+0.2
6.3+ 1.3 49.7 +8.9° 59+ 0.9°
7.1+1.6%° 98.3+ 11.42 99+222
11.0+ 25 54.3+11.2° 104 +1.12
9.3+0.5? 53.9+7.6° 135+ 1.12
8.0+ 0.220 25.7+4.3° 108+ 2.72
5.6 +0.6° 37.2+7.6° 71+1.2°

* pmol/min/mg protein.

" Values represent mean * standard deviation. Statistical comparisons within strains were performed by GLM-LSD Analysis. Similar |etters are not

significantly different, P< 0.05.

Table 3. Oxidation of flutamide by CY P450 isoforms from human lym-
phoblastoid cell lines (N=3)
CYP450 isoform

OH-flutamide produced
(nmol/min /mg protein)
0.118 + 0.005

1A2 0.275+0.010

1B1 0.204 + 0.003

2A6 -

2B6 -

2C8 -

2C19 0.158 + 0.001

2E1 -

2D6 -

3A4 -

4A11 -
Human liver 0.637+£0.04

Values represent mean + standard deviation.

1A1

cytes may be mainly mediated by CYP1A2 and 3A4(043),
Our study showed that CY P1A2 had the highest flutamide 2-
hydroxylation metabolism rate than CYP1A1, CYP1B1 and
CYP2C19 (Table 3). Shet et al.“? also reported that CY P1A2
played amgjor role in the metabolism of flutamide 2-hydrox-
ylation. Interestingly, CY P1B1isalso highly expressed in the
human prostate“®. Since we have demonstrated that
CY P1B1 catalyzes flutamide 2-hydroxylation, it islikely that
biologically active 2-hydroxyflutamide will be synthesized
within the target tissue. Such an effect would be expected to
enhance the efficacy of flutamide. Although induction stud-
ies in rodents suggested that CY P3A isoform converted flu-
tamide to toxic metabolites, we found no evidence of such
effectsusing CY P3A4. CYP2C19 was reported to catalyze 4-
hydroxylation of tolbutamide and (R)-mephenytoin®®. The
same group also reported that human liver contained
CY P2C19. These results support that CY P2C19 was oneiso-
form that catalyzed hydroxylation of flutamidein our study.

Hydroxylation of flutamide was mainly catalyzed by
human liver microsomes (0.637 = 0.04 nmol/min/mg pro-
tein) in our study. This result was supported by the evidence
that CYP1A1, 1A2, 1B1, and 2C19 were also expressed in
human liver®, and catalyzed hydroxylation of flutamide
(Table 3). Microsomes prepared from human colon, colon
cancer, kidney, bladder, pancreas, prostate, prostate cancer,
or ovarian cancer tissues had none or undetectabl e effects on
hydroxylation of flutamide (data not shown).
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Figure 1. HPLC profile of 2-hydroxyflutamide, the active compound of
flutamide was observed in the serum samples of non-limited fed F344
and BN x F344 rats (top). Standards showed that the retention time
were 4.60 min and 7.27 min for 2-hydroxyflutamide and flutamide
respectively (bottom).

Human kidney, liver, colon, and human recombinant
UGTs catalyzed conjugation of 2-hydroxyflutamide by glu-
curonic acid. MALDI-TOF/MS results reveal ed that the frac-
tions collected from aretention time of 8.65 minutesin acon-
jugation study for hydroxyflutamide by using human kidney
microsomes (Figure 2) showed a mass of 469 Da which was
consistent with the mass of glucuronic acid conjugated
hydroxyflutamide (data not shown). These results were used
to identify conjugated hydroxyflutamide from other studies.
In a comparative study, human kidney microsomes showed
relatively higher activity than liver and colon microsomes.
The activity decreased in the order of human kidney > human
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Figure 2. HPLC profile of glucuronidation of 2-hydroxyflutamide by
human kidney microsomes. Metabolite eluted from retention time of
8.65 min was identified as the compound with mass of 469 Da by
MALDI-TOF/MS. (GLC: glucuronic acid)

Table 4. Conjugation of OH-flutamide by human tissue microsomes
and UGT isoforms (1A family)

UGT preparation UGT activity
Human kidney microsomes +++++
Human liver microsomes ++++
Human colon microsomes +++
1A1 ++
1A4 ++
1A6 ++
1A7 +
1A9 +
1A10 +
control -

liver > human colon. UGT isoforms 1A1, 1A4 and 1A6
showed higher activitiesthan 1A7, 1A9, and 1A10 (Table 4).

Interestingly, UGT 1A1, 1A3/1A4, 1A6, 1A8/1A9, and
1A 10 were expressed in human kidney or kidney 293 cells“™
5D, UGT 1A1, 1A6, 1A9, and 1A 10 were expressed in colon
or Caco-2 cells*%2, UGT 1A1, 1A3, 1A4, 1A6, 1A7 and
1A9 were expressed in human liver®°s59_ Apparently, UGT
1A6 that had been found expressed in human kidney, colon
and liver, showed higher activity than other UGT isoforms,
and could be the most important human UGT for glu-
curonidation of 2-hydroxyflutamide. However, other human
tissue microsomes such as from prostate or testis were not
available or sufficient for finding other possible UGT effects
in these tissues. In summary, diet control treatment decreased
the opportunity for testicular tumor occurrencein rat models.
It also eliminated the appearance of active compound 2-
hydroxyflutamidein rats. Human in vitro studies showed that
liver might be the main site for modification of flutamide to
hydroxyflutamide. This conclusion is supported by the facts
that human liver microsomes and human CY P 1A2 had high-
ly activities for flutamide hydroxylation. It is also concluded
that kidney is the main site for conjugation of hydroxyflu-
tamide for elimination, and UGT 1A6 might be the major
UGT for conjugation.

Z [ TIBEIBES ] www.angle.com.tw

Journal of Food and Drug Analysis, Vol. 8, No. 3, 2000

ACKNOWLEGEMENTS

This study was supported by AICR #NC92B02 and
NCTR. The authors wish to acknowledge Mr. R. D. Holland
for MALDI-TOF/MS analysis, and Ms. Y. Shi for maintain-
ing cell cultures.

REFERENCES

1. Seng, J. E,, Chang, H. C., Leakey, J. E. A., Fikes, J.,
Baker, V. M., Manjgaladze, M. and Gandy, J. 2000.
Comparétive dietary effects on flutamide-induced testic-
ular interstitial hyperplasia in Fischer 344 and Fischer
344 x Brown Norway rats. (unpublished).

2. Cutter, S. J. and Young, J. L. 1975. Third national survey:
incidence data. National Cancer Institute monograph
No.41. Publ. No. 75-787, Development of Health
Education and Welfare, Bethesda, MD. U.S.A.

3. Doll, R. and Peto, R. 1981. The causes of cancer; quanti-
tative estimates of avoidable risks of chancein the United
Statestoday. J. Nat. Canc. 66: 1192-1310.

4. Miller, E. C. 1978. Some current perspectives on chemi-
cal carcinogenesis in humans and experimental animals:
Presidential address. Cancer Res. 38: 1479-1496.

5.Boorman, G. A., Eustis, S. L., Elwell, M. R.,
Montgomery, Jr., C. A. and MacKenzie, W. F. 1991.
Pathology of the Fischer Rat, Reference and Atlas.
Academic Press, Inc. U.SA.

6. Witt, W. M., Sheldon, W. G. and Thurman, J. D. 1991.
Pathological endpoints in dietary restricted rodents-
Fischer 344 ratsand B6C3F1 mice. In“Biological Effects
of Dietary Restriction”. pp. 73-86. Fischbein, L. ed.
Springer-Verlag, New York, U.SA.

7.Duckett, R. J., Wreford, N. G., Meachem, S. J.,
McLachilan, R. I. and Hedger, M. P. 1997. Effect of
chronic gonadotropin and flutamide on Leydig cell and
macrophage populations in the testosterone-estradiol-
implanted adult rat. J. Andrology 18: 656-662.

8. Koizumi, A., Weindruch, R. and Walford, R. L. 1987.
Influences of dietary restriction and age on liver enzyme
activities and lipid peroxidation in mice. J. Nutr. 117:
361-367.

9. Seng, J. E., Leakey, J. E. A., Arlotto, M. P, Parkinson, A.
and Gandy, J. 1991. Cellular localization of cytochrome
PA501A1 in testes of mature Sprague-Dawley rats. Biol.
Reprod. 45: 876-882.

10. DiBiasio, K. W., Silva, M. H., Shull, L. R., Overstreet, J.
W., Hammock, B. D. and Miller, M. G. 1991. Xenobiotic
metabolizing enzyme activities in rat, mouse, monkey,
and human testes. Drug Meta. D. 19: 227-232.

11. Goa, K. L. and Spencer, C. M. 1998. Bicalutamide in
advanced prostate cancer. Drug Aging 12: 401-422.

12. Koch, H. 1984. Flutamide- a new non-steroidal anti-
androgen. Drug Today 20: 561-574.

13. McLeod, D. G. 1993. Antiandrogenic drugs. Cancer 71:
1046-1049.

14. Dearnaey, D. P. 1994. Cancer of the prostate. BMJ 308:
780-784.



ELHT - BEEETTHEE

Journal of Food and Drug Analysis, Vol. 8, No. 3, 2000

15. Garnick, M. B. 1997. Hormonal therapy in the manage-
ment of prostate cancer: from Huggins to the present.
Urology 49: 5-15.

16. Ayub, M. and Levell, M. J. 1987. Inhibition of rat testic-
ular 17a-hydroxylase and 17,20- lyase activities by
antiandrogens (flutamide, hydroxyflutamide, RU-23908,
cyproterone acetate) in vitro. J. Steroid B. 28: 43-47.

17. Hellmann, L., Bradlow, H. L., Freed, S., Levin, J.,
Rosenfeld, R. S., Whitmore, W. F. and Zomoff, B. 1977.
The effect of flutamide on testerone metabolism and the
plasma levels of androgen and gonadotropins. J. Clin.
End. 45: 1224-1229.

18. Simard, J,, Luthy, I., Guay, J., Belanger, A. and Labrie, F.
1986. Characteristic of interaction of the antiandrogen
flutamide with the androgen receptor in varioustarget tis-
sues. Mole. Cell. Endocri. 44: 261-270.

19. Tremblay, D., Dupont, A., Meyer, B. H. and Pottier, J.
1987. The kinetics of antiandrogens in human. Prostate
Cancer 243A: 341-350.

20. Neumann, F. and Topert, M. 1986. Pharmacology of
antiandrogen. J. Steroid B. 25: 885-895.

21.Rull, S. B., Conzalez-Calvar, S. |., Campo, S. and
Caliandra, R. S. 1995. Effects of two non-steroidal
antiandrogens on testicular function in prepubertal rats. J.
Andrology 16: 225-232.

22. Soderstern, P, Gray, G., Damassa, D. A., Smith, E. R.
and Davidson, J.M. 1975. Effect of anon-steroidal anian-
drogen on sexual behavior and putitary-gonadal function
in male rat. Endocrinol. 97: 1468-1475.

23. Katchen, B. and Buxbaum, S. 1975. Disposition of anew,
nonsteroid, antiandrogen, flutamide, a,a,a-trifluoro-3-
methyl-4’ -nitro-m-propionotoluidide (flutamide), in men
following a single oral 200 mg dose. J. Clin. End. 41:
373-379.

24. Liao, S., Howdll, D. K. and Chang, T. M. 1974. Action of
a nonsteroidal antiandrogen, flutamide, on the receptor
binding and nuclear retention of 5a-dihydrotestosterone
inrat ventral prostate. Endocrinol. 94: 1205-12009.

25. Schulz, M., Schmoldt, A., Donn, F. and Becker, H. 1988.
The pharmarcokinetics of flutamide and its major
metabolites after a single oral dose and during chronic
treatment. Eur. J. Cl. Ph. 34: 633-636.

26. Furr, B. J. A., Valcaccia, B., Curry, B., Woodburn, J. R.,
Chesterson, C. and Tucker, H. 1987. ICl 176,334: anovel
non-steroidal, peripherally selective antiandrogen. J.
Endocr. 113: R7-R9.

27. Peets, E. A., Henson, M. F. and Neri, R. 1974. On the
mechanism of the antiandrogenic action of flutamide
(a,a,a,-trifluoro-3-methyl-4’ -nitro-m-propionotol ui-
dide) in the rat. Endocrinol. 95:532-540.

28. Yallampalli, C., Osuamkpe, C. and Nagamani, M. 1993.
Influence of the anti-androgen hydroxyflutamide on in
vitro development of mouse embryos. J. Repr. Fert. 99:
467-470.

29. DelLeo, V., Lanzetta, D., D’antona, D., LaMarca, A. and
Morgante, G. 1998. Hormonal effects of flutamide in
young women with polycystic ovary syndrome. J. Clin.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

[ TTERBIEEE ] www.angle.com.tw

171

End. 83: 99-102.

Fau, D., Eugene, D., Berson, A., Letterron, P., Fromenty,
B., Fisch, C. and Pessayre, D. 1994. Toxicity of the
antiandrogen flutamide in isolated rat hepatocytes. J.
Pharm. Exp. 269: 954-962.

McLeod, D. G., Benson, Jr., R. C., Eisenberger, M.A.,
Crawford, E. D., Blumenstein, B. A., Spicer, D. and
Spaulding, J. T. 1993. The use of flutamide in hormone-
reflactory metastatic prostate cancer. Cancer 72: 3870-
3873.

Hart, R. W., Leakey, J. E. A., Chou, M., Allaben, W. T.,
Duffy, P. H. and Feuers, R. J. 1992. Modulation of chem-
ical toxicity by modification of diet control. Adv. Exp.
Med. 322: 73-81.

Seng, J. E., Gandy, J., Turturro, A., Lipman, R., Bronson,
R. T., Parkinson, A., Johnson, W., Hart, R. W. and
Leakey, JE.A. 1996. Effects of diet control on expression
of testicular cytochrome P450 enzymes associated with
the metabolic activation of carcinogens. Arch. Bioch.
335: 42-52.

.Leakey, J. E. A., Hume, R. and Burchell, B. 1987.

Development of multiple activities of UDP-glucuronyl-
transferase in human liver. Biochem. J. 243: 859-861.
Lowry, O. H., Rosebrough, N. J., Farr, A.L. and Randall,
J.J. 1951. Protein measurement with the folin and phenol
reagent. J. Biol. Chem. 193: 265-275.

Farthing, D., Sica, D., Fakhry, I., Walters, D. L., Cefali,
E. A.and Allan, G. 1994. Determination of flutamide and
hydroxyflutamide in dog plasma by a sensitive high per-
formance liquid chromatography method utilizing mid-
bore chromatography. Biomed. Chro. 8: 251-254.
Doerge, D. R., Chang, H. C., Churchwell, M. I. and
Holder, C. L. 2000. Enzymatic conjugation of the
isoflavones, genistein and daidzein, and analysis in
human blood using liquid chromatoigraphy/mass spec-
trometry. Drug Meta. D. 283: 298-307.

Ethell, B. T., Anderson, G. D., Beaumont, K., Rance, D.
J. and Burchell, B. 1998. A universal radiochemical high-
performance liquid chromatographic assay for the deter-
mination of UDP-glucuronosyltransferase activity.
Analyt. Bioc. 255: 142-147.

Chang, H. C., Holland, R. D., Bumpus, J. A., Churchwell,
M. I. and Doerge, D. R. 1999. Inactivation of coprinus
cinereus peroxidase by 4-chloroaniline during turnover:
comparison with horseradish peroxidase and bovine lac-
toperoxidase. Chem-Bio. IN. 123: 197-217.

Sabtino, F., Mason, E. J., McMahan, A. and Kuhn, R.W.
1991. Assessment of the role of the glucocorticoid sys-
tem in aging processes and in the action of food restric-
tion. J. Gerontol. A. 46: 171-179.

Neri, R., Florance, K., Koziol, P. and Van Cleave, S.
1972. A biological profile of anonsteroidal antiandrogen,
SCH 13521 (4 -nitro-3'-trifluoromethylisobutyranilide).
Endocrinol. 91: 427-437.

Belanger, A., Giasson, M., Couture, J., Dupont, A.,
Cusan, L. and Labrie, F. 1988. Plasma levels of hydroxy-
flutamide in-patients with prostatic cancer receiving the



ST -~ BEE

Ik

A

i

el

i
0l
(AXY

172

43.

45.

46.

47.

48.

49,

combined hormonal therapy: a LHRH agonist and flu-
tamide. Prostate 12: 79-84.

Berson, A., Wolf, C., Chachaty, C., Fisch, C., Fau, D.,
Eugene, D., Leoper, J., Gauthier, J. C., Beaune, P,
Pompon, D., Maurel, P. and Pessayre, D. 1993. Metabolic
activation of the nitroaromatic antiandrogen flutamide by
rat and human cytochromes- P450, including forms
belonging to the 3A and 1A subfamilies. J. Pharm. Exp.
265: 366-372.

. Shet, M. S., Mcphaul, M., Fischer, C. W., Stallings, N. R.

and Estabrook, R. W. 1997. Metabolism of antiandro-
genic drug (flutamide) by human CYP1A2. Drug Meta.
D. 25: 1298-1303.

Sutter, T. R, Tang, Y.M., Hayes, C. L., Wo, Y-Y-. P, Jabs,
E. W, Li, X., Yin, H., Cody, C.W. and Greenlee, W. F.
1994. Complete cDNA sequence of a human dioxin-
inducible mRNA identifies a new gene subfamily of
cytochrome P450 that maps to chromosome 2. J. Biol.
Chem. 269: 13092-13099.

Relling, M. V., Aoyama, T., Gonzalez, F. J. and Meyer, U.
A. 1990. Tolbutamide and mephenytoin hydroxylation by
human cytochrome P450s in the CYP2C subfamily. J.
Pharmacol. Exp. Thera. 252: 442-447.

Green, M. D, King, C. D., Mojarrabi, B., Mackenzie, P
I. and Tephly, T. R. 1998. Glucuronidation of amines and
other xenobiotics catalyzed by expressed human UDP-
glucuronosyltransferase 1A3. Drug Meta. D. 26: 507-
512.

McGurk, K. A., Brierley, C. H. and Burcell, B. 1998.
Drug glucuronidation by human renal UDP-glucurono-
syltransferases. Bioch. Pharm. 55: 1005-1012.
Strassburg, C. P, Oldhafer, K., Manns, M. P. and Tukey,

50.

51.

52.

53.

55.

FHZE [ TTEBEBEE ] www.angle.com.tw

Journal of Food and Drug Analysis, Vol. 8, No. 3, 2000

R. H. 1997. Differential expression of the UGT1A locus
in human liver, biliary and gastric tissue: identification of
UGT1A7 and UGT1A10 transcripts in extrahepatic tis-
sue. Molec. Pharm. 52; 212-220.

Strassburg, C. P, Manns, M. P. and Tukey, R. H. 1998.
Expression of the UDP-glucuronosyltransferase 1A locus
in human colon: Identification and characterization of the
novel extrahepatic UGT1AS8. J. Biol. Chem. 273: 8719-
8726.

Strassburg, C. P, Nguyen, N., Manns, M. P. and Tukey,
R. H. 1999. UDP-glucuronosyltransferase activity in
human liver and colon. Gastroenty. 116:149-160.
Munzel, P. A., Schmohl, S., Heel, H., Kalberer, K., Bock-
Hennig, B. S. and Bock, K. W. 1999. Induction of human
UDP glucuronosyltransferases (UGT1A6, UGT1A9, and
UGT2B7) by t-butylhydroquinone and 2,3,7,8-tetra-
chlorodibenzo-p-dioxin in Caco-2 cell. Drug Meta. D.
27: 569-573.

Ebner, T. and Burchell, B. 1993. Substrate specificities of
two stably expressed human liver UDP-glucuronosyl-
transferases of UGT1 gene family. Drug Meta. D. 21: 50-
54

. Ebner, T., Remmel, R. P and Burchell, B. 1993. Human

bilirubin UDP- glucuronosyltransferase catalyzes the
glucuronidation of ethylestradiol. Molec. Pharm. 43:
9649-654.

King, C. D., Green, M. D., Rios, G. R., Coffmann, B. L.,
Owens, |. S, Bishop, W. P. and Tephly, T. R. 1996. The
glucuronidation of exogenous and endogenous com-
pounds by stably expressed rat and human UDP-glu-
curoosyltransferase 1.1. Arch. Biochem. 332: 92-100.



FERHT BEZEFETHERE - FE [ TEBIBES ] www.angle.com.tw

173

Journal of Food and Drug Analysis, Vol. 8, No. 3, 2000

2w =8 H Flutamide £ K & K58 A AXH 6922 & »
T AKE fa i & & R AR ER ) B AR BR R LS &
HER IR BESITR
JRIZXC™*, JOHNE. SENG?,  J. E. A.LEAKEY2AND JAY GANDY?

LR RMEYERR BEREEMET L A LEEH
> REEMEEMR  BIRFEMIERO (LS
- RETHENTLREREE R S AR

B =

1¢ | flutamide F2 & K & & (Fscher 344, Brown Norway x F344)» i bR &4h c- ERBE LTI
H T Y o flutamide 5l Aetg a3 A o A RRAEEHF34 KA R TR T > ik A flutamide R#EH (2-
hydroxyflutamide) #4 ¥ % 181 + 26.6 ng/mL c mA R ZIEH G KEGRAF » RA68 + 8.0 ng/mL o &
Brown Norway x F344 K@ R F » WA R GHE (X 5232 + 57K 52 + 6.0 ng/mL) o AR TIEH AP >
A ¢ B % 88 AL 38 3 Z EROD &1 - BROD Bl & FABE £ £ » K &g A RAM T W fo M3 41 A 2 24 flutamide & 2-
hydroxyflutamide 89 2 f¢ o AR AT e BL RS X A RE49 B K& R tafe &£ 6945 (0.673 + 0.04#0.063 +
0.008 nmol/min/mg & &K ) o LAMAR e & £ B R B UR o A CtaloAR3Z 4 89 CYP1AL, 1A2, 2Bl
B 2C19 TRA FlAR 89 S &8 o AR08 ~ IT R 45 Wy 4a BL B8 A 456 2-hydroxyflutamide 89 3h &8 » B 4a AP RY 1L
AR RGBT 7k o AABE RE =Bk B 3] ) AE eX SR #8fL 8% £ 8% (UGT 1A1, 1A4, 1A6, 1A7, 1A9,
1A10) 4k 2-hydroxyflutamide 89 4=5FF % » % £ 28 7 UGT1A6 89 3 R & 4F o

BB ¢ flutamide, 2-hydroxyflutamide » RF4E4] » RRAE » AN » HEHA > b &% » it
B Rt B B AR A &



