FREATPELR R UP TP E S A2

X EUOFRPXR AFIA R E ot & F S th2 5334 (2/2)

FraERL (RER)

- S N B R Rl

P 4 % % NSC 95-2320-B-041-001-

#HoF PP 195#08% 01px96&072 3R

HOFHE > Ea Bl RERREYR

Cal SENE SR ¥

TEEE AR ALY 4 fEem o F s
B A LA [ 2 Y

Je T3 58 L AP EVAOBAY

o= R R 96# 107 30 0P



= % F 2
5 b B F 3 A
FRERTFELR R R gim#ﬂﬁﬁﬁ%

* BUFRPXR AT A Efriad 2 F A8 2 3534 (1/2)

TR DL S
E %5 NSC o 94—2320—B —041—009—
HEHEF D 42082 01p39%HE0T? 3P
LB BEE

LERagFA

TR

FERLFA(REF P UFERTAR) O U EH2

***Wﬁé?”T%?ifwﬁ:
(A R e a1 L ATyt o B3R 2
[jkwr%&H;«pwupg

B g e 3 R R £
DW%€WP2?%W+P2$%Q—Q

RS HREETELEA A ER BT
?;J—%&Tﬂ F’]"]F'fr'r’é\ﬂ—?ﬁg
[(J#Hz2 Bl 2w FEMAR - 2] # 7 2R &3

\N

HEH e B FRpEA S

P 3 R 4t oE Lo Lop



[¢~F&]

b HepG2 'wve 12 % chf Bk L CYP3A ¢ S a4 2 EcnivBhg it o 23 %A
PN S CYP3A 3 & (inducer) & e & (KCZ) k #F 3t a-2 7 f ~ d=
o-CEHC z /2 £ F F &2 CYP3A 3 B - % - ¥~ =0 ¥ 2 % E 2 (50ppm)& ‘&
4 % E4f % 2 (500ppm) » 4% = 16 & w4 & PCN iLét (P50, P500)# DMSO ##1
%2(D50, D500) = fe » & vid Hd ez 2 fcf ik o o2 Two-way ANOVA & 475 % » sk
ot TR R AT £ F] PON F13 49 % » %%/ 0-CEHC 7~ 3 ¥ £ PCN 5]+
#7775 (p=0.0004) - # PCN ;1 &4 R &g % 3 4c 1 5F% TBARS Ik & » F S = #-~ 80 A A# 4
FRZEE o AR akRE A7 KCZ &z % 5 Btd - Xt R o % KCZ e
sga- 4 T IR EH 4 A R a-CEHC § B RIB T % 4 5 1541 ch 64% - F %= %4 &
YA AR AR = (S04 A A 25 1 H =1 5 Dexamethasone (DEX ‘e) & DMSO (#41 %2)
T 241 PEAR o %L R ETRG-S T RS BF 7 DEX A sta BEF T 0 LR
-CEHC R R "B F TH o SF b P R B % dp 15 %5 CYP3A vgf | & 3rd By §
"% 1 Rk a-CEHC engt ) £
B4 fo-24 T~ a-CEHC ~ < & ~ 'm# ¢ % P450 ~ PCN

o

[#~ 4 2]

CY P 3A has been reported to be involved in the metabolism of vitamin E in HepG2 cell. In this
study the inducer (PCN) and inhibitor (KCZ) of CYP3A were used to investigate whether the
metabolism of o-tocopherol to its metabolite, a-CEHC, is CYP3A-dependent in rats. In
experiment 1, two groups of Wistar rats were respectively fed basal diet (50ppm o-tocopherol)
and 10 fold a-tocopherol supplementation (500ppm vitamin E) diets for 3 wk. In the last week,
each group above was divided into 2 groups by given a singlei.p. of PCN at 75mg/kg/d (P50 &
P500) or DMSO (D50 & D500), and the urine was collected for 3 days. The a-tocopherol levels
in plasma and liver both significantly decreased by PCN factor (p<0.0001), the a-CEHC levelsin
urine also significantly decreased by PCN factor (p=0.0004) by Two-way ANOVA analysis. PCN
injection significantly increased liver TBARS concentration. In experiment 2, Wistar rats were
fed basal diet for 3wk and in the last 3 days the rats were divided into two groups for control and
KCZ (CYP3A inhibitor) diet, the urine was collected. The a-tocopherol levelsin liver increased
and the a-CEHC excretion in urine decreased in KCZ group compared with control group. The
o-CEHC levelsin KCZ group were about 64% in that of control group (p<0.05). In experiment 3,
Wistar rats were fed basal diets for 3 wk. In the last day the rats were divided into two groups by
given asinglei.p. of dexamethasone (DEX) at 100mg/kg/d or DM SO (Control), and collected the
24h urine. The a-tocopherol in plasma and liver decreased and o-CEHC in urine aso
significantly decreased in DEX group. These resultsindicated that urinary a-CEHC excretion is
decreased by both the inhibitor and inducer of CY P3A.
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Modulation of Cytochrome P450-3A by pregnenolone (PCN) or ketoconazole
(KCZ) both reducesthe urine a-CEHC excretion in rats

Huey-Mei Shaw, Yi-Jen Li?
'Department of Health and Nutrition, Chia-Nan University of Pharmacy and Science, Tainan,
Taiwan, mei @mail.chna.edu.tw

2 Laboratory of Nitritional Biochemistry, Institute of Microbiology and Biochemistry, National
Taiwan University, Taipel, Taiwan

ABSTRACT CYP 3A has been reported to be involved in the metabolism of vitamin E in HepG2
cell. In this study the inducer (PCN) and inhibitor (KCZ) of CYP3A were used to investigate
whether the metabolism of a-tocopherol to its metabolite, a-CEHC, is CY P3A-dependent in rats.
In experiment 1, two groups of Wistar rats were respectively fed basal diet (50ppm a-tocopherol)
and 10 fold a-tocopherol supplementation (500ppm vitamin E) diets for 3 wk. In the last week,
each group above was divided into 2 groups by given asinglei.p. of PCN at 75mg/kg/d (P50 &
P500) or DMSO (D50 & D500), and the urine was collected for 3 days. The a-tocopherol levels
in plasmaand liver both significantly decreased by PCN factor (p<0.0001), the o.-CEHC levelsin
urine also significantly decreased by PCN factor (p=0.0004) by Two-way ANOVA analysis. PCN
injection significantly increased liver TBARS concentration. In experiment 2, Wistar rats were
fed basal diet for 3wk and in the last 3 days the rats were divided into two groups for control and
KCZ (CYP3A inhibitor) diet, the urine was collected. The a-tocopherol levelsin liver increased
and the a-CEHC excretion in urine decreased in KCZ group compared with control group. The
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o-CEHC levelsin KCZ group were about 64% in that of control group (p<0.05). In experiment 3,
Wistar rats were fed basal diets for 3 wk. In the last day the rats were divided into two groups by
given asinglei.p. of dexamethasone (DEX) at 100mg/kg/d or DM SO (Control), and collected the
24h urine. The a-tocopherol in plasma and liver decreased and o-CEHC in urine aso
significantly decreased in DEX group. These resultsindicated that urinary a-CEHC excretion is
decreased by both the inhibitor and inducer of CY P3A.

KEY WORDS: a-tocopherol, a-carboxyethyl hydroxychroman, rats, cytochrome P450

INTRODUCTION

Vitamin E isawell known fat-soluble antioxidant in the body. Tissue preferentially retained the
a-tocopherol over than other forms of tocopherol owing to the specific affinity to a-tocopherol
transfer protein (a-TTP) in liver (Kayden and Traber 1993). We have described many dietary
factors such as oxidized frying oil (Liu and Huang 1995), dietary low protein (Huang and Shaw
1994) could affect vitamin E status in tissues by regulating the expression of a-TTP (Shaw and
Huang 1998), VLDL secretion rate (Shaw and Huang 2000), oxidative stress (Huang and Fwu
1993), absorption and the turnover rates (Liu and Huang 1996) of vitamin E. Besides, vitamin E
is not accumulated in the liver to toxic levels (Traber 2004), suggesting that excretion and
metabolism play an important factor in regulation of vitamin E status in tissues.

The main metabolites of vitamin E in urine has been reported to be carboxyethyl
hydoxychromans (CEHCs), (Chiku et a. 1984, Schultz et al. 1995, Wechter et al. 1993, Lodge et
al. 2001, Birringer et al. 2001, Sontage and Parker 2002) in which the phytyl tail is degradation
without modification of the chromanol head group (Schonfeld et al. 1992, Wechter et al. 1996,
Chiku et al. 1984). The tocopherols are metabolized first with the w-hydroxylation followed by
B-oxidation, and the cytochrom P450 (CYPs) were thought to exhibite the activity of
o-hydroxylase. The CYP3A was first reported to be involved in vitamin E metabolism in HepG2
cell by determination the changes of CEHC metabolites when CYP inhibitor (ketoconazole) or
inducer (rifampicin) was added into the medium (Parker et a. 2000, Birringer et a. 2001). In
these hepatocyte studies liver seems to be the main organ synthesize CEHCs. High dose of
a-tocopherol feeding or injection induced CYP3A protein in animals (Kluth et a. 2005,
Mustacich et a. 2006). Vitamin E plus Se-deficient rats also showed a down-regulation of
CYP3A RNA in liver (Fischer et a. 2002). CYP3A in liver metabolize more than 50% of clinical
drugs (Kliewer et a. 2002). This reveals that high-dose of a-tocopherol supplementation could be
relative to drug metabolism, yet the role of CY P3A induction in a-tocopherol metabolism itself is
still unclear. Many reports suggest that y-tocopherol is more actively metabolized to CEHCs than
is a-tocopherol (Traber et a. 1998, Lodge et a. 2001, Swanson et al. 1999). Therefore, we first
studies to investigate whether the metabolism of a-tocopherol to its metabolite, a-CEHC, is
CYP3A-dependent in rats.

We postulated that if the CYP3A is a key enzyme in the catabolism of a-tocopherol, then the
CYP3A induction enhance the production of a-CEHC excretion in urine of rats treated with PCN

(CYP3A inducer). We here show the a-CEHC excretion are both reduced by CY P3A induction or
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inhibition.

MATERIALSAND METHODS

Animals and diets. Male Wistar rats (3 weeks old) were pursed from BioLASCO Co. (Taipe,
Taiwan). They were housed individually in stainless-steel wire cagesin aroom maintained at 23+
2°C with a controlled 12-h light/dark cycle and alowed free access to water and food. Body
weights were recorded weekly. Animal care and handling conformed to accepted guidelines
(NRC 1985). All rats were fed a purified basal diet (Table 1) before the individual treatment.

Experiment 1. The rats (body weight about93t7 g) were randomly assigned to two groups, rats
were respectively fed basal diet (D50 group) and a high level of vitamin E (500mg/kg all-rac- o
-tocopheryl acetate in basal diet, D500 group) diets for 3 wk (252 22 g body weight). In the last
3 days, each group was divided into 2 groups by given a single i.p. of PCN
(5-pregnen-3b-01-20-one-16a-carbonitrite, Sigma) at 75mg/kg/d (P50 & P500) or DMSO
(Dimethyl sulphoxide, Sigma) (D50 & D500) per day for 3d (Johnson et al. 2002).

Experiment 2. The rats (115£8g) were fed basal diets for 3 wk (300+19 g body weight). In the
last 3 days the rats were divided into two groups for control (basal diet, n=8) and KCZ diet (1%
ketoconazole in basal diet, Ikedaet a. 2002, n=8), and the urine was collected in the last 24h.

Experiment 3. Wistar rats (88t1g) were fed basal diets for 3 wk (264£19 g body weight). In
the last day the rats were divided into two groups by given asinglei.p. of dexamethasone (Sigma)
at 100mg/kg/d (Choudhuri et al. 1995)(DEX, n=6) or DMSO (Control, n=5), and collected the
24h urine,

Tissue sampling and preparation. Urine was ice-cold incubated during the collected period,
and the urine collected was added with ascorbic acid (100mg/mL urine) and stored at -20°C
under nitrogen until used for a-CEHC assay. At the termination of feeding, food was withheld
overnight and the rats were killed by carbon dioxide asphyxiation in the morning. Blood was
collected from the abdominal vena cava into a heparinized tube, and centrifuged at 1,000xg for
10 min. Then the separated plasma was stored at -80°C. A small piece of fresh liver was
homogenized in ice-cold 0.01 mol/L phosphate buffer (pH 7.4, containing 11.5 g/L. KCI) using a
Potter-Elvehjem-type homogenizer with a Teflon pestle.

Measurement of a-tocopherol and TBARS concentrations. The concentration of a-tocopherol
in plasma and liver was analyzed by HPLC as previously described (Huang and Shaw 1994).
TBARS concentrations in liver homogenate were determined according to the method of Oteiza
et a. (1995).

Measurement of a-CEHC levels.

a-CEHC concentration was determined using HPLC with an electrochemical detector, and the
standard of a-CEHC was generously donated by Dr. Huang (Taipei, Taiwan). Urine (1mL) was
added to a 50mL glass tube, then ImL 6M HCI and 9mL diethyl ether was added into the tube,
vortex vigorously, after centrifugation, aspirated ether layer to a new tube. Solvent layer was
removed in a freeze-dryer and the residue was dissolved in 200uL mobile phase (methanol/H,0,

viv, 43/57; 50mM sodium acetate, pH 4.5 was contained in water phase) for analysis. The HPLC
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was a Jasco model with a ESA Coulochem Il electrochemical detector and the Keystone
BetaBasic "™ 18 column. The flow rate was 1mL/min and the retention time of the a-CEHC
standard peak was 23.58+1.83 min.

Satistical analysis. Data are expressed as meanstSD. The significance of difference among
the four groups was analyzed by one-way ANOVA and Duncan’s multiple range test using the
General Linear Model of the SAS Package (SAS Institute, Cary, NC). Student’s test was used for
the comparison between the two groups. Two-way ANOVA was conducted to confirm the effects
of dietary vitamin E and PCN injection and their interaction. Differences were considered
significant at P<0.05.

RESULTS

Experiment 1. PCN injection for 3 days increased liver weight and relative liver weight
significantly (Table 2). The a-tocopherol in plasmaand liver of the PCN groups (P50, P500) was
significantly reduced with PCN administration by two-way ANOVA results. The liver TBARS
concentration was the highest in the rats of P50 group among the four groups.

There were no significantly differences in the excretion of urine volume for three days among
the four groups of rats. The excretion of a-CEHC was measured as acid-releasable a-CEHC. The
urinary o-CEHC concentration was significantly decreased in the groups of PCN treatment
(Table 3). The concentrations of urine a-CEHC (presented as either per mL urine, per day or per
mol creatinine) of the P500 or P50 group was only about 41% or 34% of that of the D500 or D50
group, respectively. The 10 fold addition of a-tocopherol in rat diets increased the o-CEHC
excretion in urine. The concentrations of urine a-CEHC of the D500 and P500 groups were about
12~14 fold higher than that of the D50 and P50 groups. The vitamin E and PCN factor are both
effect the a-CEHC excretion significantly by Two-way ANOVA results.

Experiment 2 and experiment 3. The liver weight, relative liver weight and plasma
a-tocopherol concentration in experiment 2 were not significantly different between two groups
in exp 3. The a-tocopherol in plasma and liver of DEX group were significantly lower than that
of control group. The liver and relative liver weight in rats of DEX group were significantly
higher than that of control group (Table 4). So, we calculated the a-tocopherol concentration in
the whole liver, as the data showed, the whole liver a-tocopherol levels was significantly higher
in the rats of KCZ group than that of control group in experiment 2. However, there was no
significant difference in whole liver vitamin E and TBARS concentration between the two groups
in experiment 3.

The results of urine a-CEHC excretion were showed in Table 5. Though the concentration of
o-CEHC excretion per mL urine showed no significant difference between the two groups in
exp.2 and exp. 3. We found that the a-CEHC concentration presented as per day or per mol
creatinine were significantly reduced in rats with KCZ administration or DEX injection. The
o-CEHC concentration of ratsin KCZ group was only about 65 to 68% of those of control group
in exp. 2. Similarly, The a-CEHC concentration of rats in DEX group was only about 64 to 67%

of those of control group in exp. 3. The volume of urine excretion was not significantly different
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between the two groups both in exp2 and exp3.

DISCUSSION

The present data shows the concentration of a-tocopherol in plasma and liver of rats were
reduced significantly with treatment of PCN and dexamethasome. These drugs, cytochrome P450
3A inducer, aso increased liver weight and relative liver weight as previously reports (Lake et al.
1998, Bjondahl 1976) due to the SER proliferation in hepatocyte. Thus the concentration of
a-tocopherol in liver (per gram liver) would be decreased. Nevertheless, PCN still lower the total
a-tocopherol levels at about 50% of control rats when calculated as the a-tocopherol amount in
the whole liver of rats. PCN treatment increased the liver TBARS at the same time, this suggests
that PCN injection in rats would increase lipid peroxidation and this could be one of the reasons
why vitamin E status is reduced markedly with PCN treatment. The reaction steps of CYPs
involve one-electron transfers which can give rise to by-products such as superoxide, hydrogen
peroxide (Porter and Coon 1991, Halkier 1996, White and Coon 1980). The excess production of
those reactive oxygen species is able to damage the lipids, proteins and DNA. Dexamethasone are
found to elevate MDA levelsin liver (Talas et a. 2002) and soleus muscles (Pereira et a. 1999)
and decrease the levels of reduced glutathione in liver homogenate of rats (De et a. 2004).
Though lipid peroxidation of PCN haven’t been investigated directly, CYP3A microsome is
reported to owe the highest rate of superoxide production than CYP1A1 microsome (Puntarulo
and Cederbaum 1998). Johnson et al. (2002) also reported that PCN injection could increase the
rate of biliary SH excretion in rats. All these data suggests that the oxdative stress was elevated
by PCN and Dex due to the induction of CYP. The a-tocopherol, a well-known lipid-soluble
antioxidant, would be consumed largely for protecting the cell from the attack of reactive oxygen
species. This could explain the lower concentration of a-tocopherol in plasma and liver of rats
injected by PCN or DEX in this study.

The specific CYPs involved in vitamin E metabolism are till unclear. Parker et a (2000)
reported that the metabolism of a-, y-, and d-tocopherols was inhibited by the ketoconazole in
cultured primary hepatocyte. lkeda et al. (2002) showed that y-tocopherol is metabolized by
CYP3A in rats fed ketoconazole, an inhibitor of CYP 3A proteins. All these reports suggest that
y-tocopherols are more likely metabolized by CY P3A. Our study first aims at the role of CYP3A
in a-tocopherol metabolism with ketoconazole in vivo. We found dietary ketoconazole decreased
the urinary excretion of a-CEHC and elevated the concentration of a-tocopherol in liver. It seems
CYP3A may be a potent enzyme involved in a-tocopherol metabolism. Birringer et al. (2001)
found that rifampicin, a CYP3A inducer, stimulated a-CEHC release from HepG2 cell
supplemented with a-tocopherol. So, we hypothesis that CYP3A proteins induced in rats with
PCN or DEX administration should increase the metabolism rate of o-tocopherol, and the
increased amount of a-CEHC excretion in urine could be observed. In contrast, the results in the
present study showed the excretion of urine a-CEHC in rats markedly reduced with PCN. We
re-confirmed this results by DEX, another PXR mediated inducer of CYP3A, in experiment 2,

and got the same results. This observation reveals that the metabolite of a-tocopherol won’t be
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elevated by CY P3A induction, in contrast, the production of a-CEHC seems to be inhibited.

CYP3A genes are al induced by DEX and PCN in the rats (Waxman 1999) mediated by PXR
nuclear receptors. The PXR receptor can function as regulators in regulating phase | and phase |1
enzymes, and drug transporters (Xie et al. 2004 ). The proteins include CYPs (phase 1),
UDP-glucuronsyl-transferase (UGTs) (Sugatani et a. 2001, Huang et al. 2003), sulfotransferase
(SULTs) (Sonoda et al. 2002, Saini et al. 2004), the transporters multidrug resistance proteins
(Synold et a. 2001, Geick et al. 2001, Dussault et a. 2001). The glucuronide-conjugated and
sulfate-conjugated forms of a-CEHC have been reported in human urine (Lodge et a. 2001). The
amount of conjugated form of a-CEHC may be varied in the phase |11 enzyme modulation. The
extraction procedure of a-CEHC in rat urine has been well-established in our lab (unpublished).
The HCI was added in the urine to hydrolyze various conjugated forms of a-CEHC and then the
ascorbic acid was aso added to inhibit the production of a-tocopherolactone from o-CEHC
oxidation. Thus, the acid-releasable a-CEHC we detected could be presented as the total amount
of a-CEHC in urine. The uncomplete extraction would not be the factor to decrease the urine
o-CEHC in rats with PCN or Dex treatment.

Bjorneboe et al.(1987) suggested that about 14% of the injected o-*H-tocopherol was
recovered in bile. It shows bile is one of the excretion way of tocopherol, although the
percentages of secreted tocopherol in the bile to a-tocopherol concentration in the liver were only
about 0.3-0.7% (Yamashita et a. 2000). The multidrug resistance (MDR) protein P-glycoprotein
in liver participates in the biliary excretion of various drugs and xenobiotics ( Gill et al. 1992,
Abraham et a. 1993). Mdr2 knockout mice was reported to have lower biliary o-tocopherol
levels than wild-type mice (Mustacich et al. 1998). Mustacich et a. (2006) found that hepatic
MDRL1 protein increases coincided with the decrease in a-tocopherol concentrations in liver and
serum. These data indicates the MDR transporter, a member of ABC transporter family, should be
responsible for the a-tocopherol excretion from bile. Furthermore, PCN injection increased the
bile flow mediated by MDR2 induction in rats (Johnson et al. 2002). DEX can activate mouse
mdrl, mdr2 and human MDR1 in hepatoma cells (Zhao et a. 1993). Whether the MDR induction
by PCN or DEX could increase the bile excretion of vitamin E and its metabolite is the important
rolein vitamin E metabolism needs to be further investigated.

Many CYPs have been studied in vitamin E metabolism. CYP3A was first reported to be
involved in y-CEHC excretion by KCZ treatment in primary hepatocyte culture (Parker et al.
2000), and CYP2C showed no effect on vitamin E metabolism. Sesamin could inhibited
v-tocopherol metabolism in HepG2 cell (Parker et a.2000), and which also inhibited the
wo-hydroxylation activity of CY P4F2 by decreased the y-CEHC in rat liver microsome (Sontage
& Parker 2002). This revealed that the reduction of y-CEHC secretion by sesamin is not specific
to CYP3A inhibition in cell culture. Recombinant CYP4F exihibited substrate preference for
y-tocopherol over a-tocopherol in liver microsome (Sontag and Parker 2002). Birringer et al.

(2001) showed the all-rac-a-tocopherol is much more degraded to o-CEHC than
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RRR-a-tocopherol in HepG2 cell with rifampicin (CYP3A inducer) treatment. The tocotrienols
are the most potent activator of PXR in HepG2 cell (Landes et al. 2003). All these data from in
vitro studies showed that CYPs mainly participated in the y-tocopherol metabolism other than
o-form metabolism. Despite those results reveal that the metabolism of a-tocopherol is not so
directly relative to CY Ps, some papers showed a-tocopherol do induce the CY P protein.

It has been reported that a-tocopherol injection increased activities of CYP1A1, 2C and 2B in
rat liver microsome (Sidorovaet al. 2003). Kluth et al. (2005) a so reported high dose (200mg) of
a-tocopherol in diet for 3 month would induce cyp3all in mice when compared to the mice fed
a-tocopherol deficienct diet. Mustacich et a. (2006) found that o-tocopherol supplemention
induced liver CYP3A, 2B in rats but did not increase a-tocopherol metabolites. They aso
measured the intermediate metabolite in plasma and urine, but those metabolites still did not
increase. Our data also show the similar results, that is CYP3A induced with PCN and DEX
didn’t increase the levels of a-CEHC in urine, the metabolite of a-tocopherol.

Though a-tocopherol could induce many forms of CYP protein as described above, except
the CY P4F, in mice and rats (Traber et a. 2005, Mustacich et a. 2006). All these CY Ps induced
by a-tocopherol metabolism, preferentially metabolize the other forms vitamers such as
y-tocopherol (Traber et al. 2005). Obviously, the homeostasis of a-tocopherol in vivo is closely
relative to its metabolism. This suggests that a-tocopherol plays a role as CYP inducer but dose
not act as the substrate of the CY P which induced by itself.

The a-CEHC levelsin urine of rats fed ten-fold vitamin E supplemented diets (D500 & P500)
were about 12-15 folds higher than that of rats fed norma vitamin E diets (D50 & P50). When
rats were injected with PCN (P50 & P500) for 3 days, the a-CEHC excretion in urine was
reduced to at about 34-40% of that in rats of control groups (D50 & D500). This suggests that the
dietary vitamin E level is much more the critical factor which affect the amount of o-CEHC
excretion than PCN administration. The PCN also can reduce the a-CEHC excretion at a constant
percentage. Whether the pathway of a-tocopherol metabolism is inhibited or the substrats of
metabolism islimited by PCN administration is still unknown.

From these data together, the production of o-CEHC is actually reduced by CYP3A inducer
(PCN, DEX) and inhibitor (KCZ). Though, KCZ is not so specific to CYP3A but also inhibited
2B6, 2C9, 3A4 protein (Duret et al. 2006). And PCN, the CY P3A inducer, also dlightly induced
the mMRNA expression of 2B2, 2C6, 2C11 in rat liver (Chen et a. 1995). The pathway of
metabolism of a-tocopherol could not be CY P3A-dependent. Nevertheless, the vitamin E status
is markedly reduced by CYP3A inducer (PCN & DEX), due to the increased lipid peroxidation
and which could increase the consumption of a-tocopherol in liver.

In conclusion, both CY P3A inducers and inhibitor would decrease the a-CEHC excretion in
urine. The ten folds of a-tocopherol supplemented in diet would increase the a-CEHC excretion
and protect the livers of rats from the damage of lipid peroxidation during the metabolism of
CYP3A-induced drug.



ACKNOWLEDGMENTS
The Center of Biotechnology Research, Department of Pharmacy and Science is gratefully
acknowledged for their generous support of the experimental equipment. This grant was
supported by NSC 94-2320-B-041-009.

REFERENCES

Abraham EH, Prat AG Gerweck L, Seneveratne T, Arceci RJ, Kramer R, Guidotti G,
Cantiello HF (1993) The multidrug resistance (mdrl) gene product functions as an
ATP channel. Proc Natl Acad Sci USA 90:312-316

Birringer M, Drogan D & Brigelius-Flohe R (2001) Tocopherolsare metabolized in
HepG2 cells by side chain w-oxidation and consecutive B-oxidation. Free Radic Biol
Med 31:226-232

Bjondahl K (1976) Differences in liver weight, mortality in cerium-treated mice and
144Ce levels in blood, liver, urine and feces at various intervals after treatment with
nafenopin and pregnenolone 16-a.-carbonitrile (PCN). Med Biol 54:454-460

Bjorneboe A, Bjorneboe GE, Drevon CA (1987) Serum half-life, distribution, hepatic
uptake and biliary excretion of alpha-tocopherol in rats. Biochim Biophys Acta 921:
175-181

Brigelius-Flohe R, Traber MG (1999) Vitamin E: function and metabolism.FASEB J
13:1145-1155

Chen HW, Lii CK, Sung WC, Ko YJ, 1998, Effect of vitamin E on rat hepatic cytochrome P-450
activity. Nutr Cancer 31(3):178-183

Chen ZY, White CC, He CY, Liu YF, Eaton DL (1995) Zonal differences in DNA synthesis
activity and cytochrome P450 gege expression in livers of male F344 rats treatd with five
nongenotoxic carcinogens. J Environ Pathol Toxicol Oncol 14:83-99

Chiku S, Hamamura K, Nakamura T (1984) Novel urinary metabolite of d-5-tocopherol in rats. J
Lipid Res 25:40-48

Choudhuri S, Zhang XJ, Waskiewicz MJ, Thomas PE (1995) Differential regulation
regulation of Cytochrome P450 3A1 and P450 3A2 in rat liver following
dexamethasone. J Biochem Toxicol. 10: 299-307

De K, Roy K, Saha A, Sengupta C (2004) Exploring effevts of different antioxidants on
dexamethasone-induced lipid peroxidation using common laboratory markers. Acta Pol
Pharm 61:77-86

Down MJ, Arkle S, Mills JJ (2007) Regulation and induction of CYP3A1l, CYP3A13 and
CYP3A25 in C57BL/6J mouse liver. Arch Biochem Biophys 457:105-110

Duret C, Daujat-Chavanieu M, Pascussi JM, Pichard-Garcia L, Balaguer P, Fabre JM, Vilarem
MJ, Maurel P, Gerba-Chaloin S (2006) Ketoconazole and miconazole are antagonists of the
human glucocorticoid receptor: consequences on the expression and function of the
constitutive androstane receptor and the pregnane x receptor. Mol Pharmacol 70:329-339

Dussault I, Lin M, Hollister K, Wang EH, Synold TW, Forman BM (2001) Peptide mimetic HIV
10



protease inhibitors are ligans for the orphan receptor SXR. J Biol Chem 276:33309-33312

Fischer A, Pallauf J, Rimbach G (2002) Selenium- and vitamin E-dependent gene expression in
rats: analysis of differentially expressed mRNAs. Methods Enzymol 347:267-276

Garg BD, Kovacs K, Tuchweber B, Khandekar JD (1975) Effect of
pregnenolone-16-alpha-carbonitrile, a microsomal enzyme inducer, on the
regenerating rat liver. ActaAnat (Basel) 91:161-174

Geick A, Eichelbaum M, Burk O (2001) Nuclear receptor response elements mediate
induction of intestinal MDR1 by rifampin. J Biol Chem 276:14581-14587

Gerbal-Chaloin S, Daujat M, Pascussi JM, Pichard-Garcia L, Vilarem MJ, Maurel P
(2002) Transcriptional regulation of CYP2C9 gene. Role of glucocorticoid
receptor and constitutive androstane receptor. J Biol Chem 277:209-217

Gill DR, Hyde SC, Higgins CF, Vaverde MA, Mintenig GM, Sepulveda FV (1992)
Separation of drug transport and chloride channel functions of the human
multidrug resistance P-glycoprotein. Cell 71:23-32

Guo GL, Johnnson DR, Klaassen CD, 2002, Postatal expression and induced by pregnenolone-16
a -carbonitrile of the organic anion-transporting polypeptide 2 in rat liver. Am Soc Pharmacol
Exp Ther 30 (3)283-288

Halkier BA (1996) Ctalytic activities and structure/function relationships of cytovhrome
PA450 enzymes. Phytochemistry 43:1-21

Huang CJ, Fwu ML (1993) Degree of protein deficiency affects the extent of the
depression of the antioxidative enzyme activities and the enhancement of tissue lipid
peroxidation in rats. J Nutr 123:803-810

Huang CJ, Shaw HM (1994) Tissue vitamin E status is compromised by dietary protein
insufficiency in young growing rats. J Nutr 124:571-579

Huang W, Zhang J, Chua SS, Qatanani M, Han Y, Granata R, Moore DD  (2003) Induction of
bilirubin clearance by the constitutive androstane receptor (CAR). Proc Natl Acad Sci USA
100:4156-4161

Ikeda S, Tohyama T, Yamashita K (2002) Dietary sesame seed and its lignans inhibit 2, 7,
8-trimethyl-2(2’-carboxyethyl)-6-hydroxychroman excretion into urine of rats fed
y-tocopherol. J Nutr 132:961-966

Johnson DR, Habeebu SSM, Klaassen CD (2002) Increase in bile flow and biliary excretion of
glutathione-derived sulfhydryls in rats by drug-metabolizing enzyme inducers is mediated by
multidrug resistance protein 2. Toxicol Sci 66:16-26

Kiyose C, Saito H, Kaneko K, Hamamura K, Tomioka M, Ueda T, Igarashi O (2001)
Alpha-tocopherol affects the urinary and biliary excretion of 2,7,8-trimethyl-2
(2'-carboxyethyl)-6-hydroxychroman, gamma-tocopherol metabolite, in rats. Lipids.
2001 May;36(5):467-472

Kiyose C, Saito H, Kaneko K, Hamamura K, Tomioka M, Ueda T, Igarashi O (2001)
Alpha-tocopherol affects the urinary and biliary excretion of 2,7,8-trimethyl-2
(2'-carboxyethyl)-6-hydroxychroman, gamma-tocopherol metabolite, in rats.

Lipids. 2001 May;36(5):467-472
1



Kliewer SA, Goodwin B, Willson TM (2002) The nuclear pregnane X receptor: a key
regulator of xenobiotic metabolism. Endocr Rev 23:687-702

Kluth D, Landes N, Pfluger P, Muller-Schmehl K, Weiss K, Bumke-Vogt C, Ristow M,
Brigelius-Flohe R (2005) Modulation of Cyp3all mRNA expression by a-tocopherol
but not y-tocotrienol in mice. Free Rad Biol Med 38:507-514

Lake BG Renwick AB, Cunninghame ME, Price RJ, Surry D, Evans DC (1998)
Comparison of the effects of some CY P3A and other enzyme inducers on replicative
DNA synthesis and cytochrome P450 isoformsiin rat liver. Toxicology 131:9-20

Landes N, Pfluger P, Kluth D, Birringer M, Ruhl R (2003) Vitamin E activates gene
expression viathe pregnane X receptor. Biochem Pharmacol 65:269-273

Liu J&, Huang CJ (1995) Tissue a-tocopherol retention in male rats is compromised by
feeding diets containing oxidized frying oil. J Nutr 125:3071-3080

Liu J; Huang CJ (1996) Dietary oxidized frying oil enhances tissue a-tocopherol
depletion and radioisotope tracer excretion in vitamin E-deficient rats. J Nutr
126:2227-2235

Lodge JK, Riddlington J, Leonard S, Vaule H, Traber MG (2001) Alpha and
gammartocotrienols are metabolized to carboxyethyl-hydroxychroman derivatives and
excreted in human urine. Lipids 36:43-48

Mustacich DJ, Leonard SW, Devereaux MW, Sokol RJ, Traber MG (2006) o.-Tocopherol
regulation of hepatic cytochrome P450s and ABC transporters in rats. Free Radical
Biol Med 41:1069-1078

Mustacich DJ, Shields J, Horton RA, Brown MK, Reed DJ (1998) Biliary secretion of
a-tocopherol and the role of the mdr2 P-glycoprotein in rats and mice. Arch Biochem
Biophys 350:183-192

National Research Council (1985) Guide for the Care and Use of Laboratory Animals.
Publication no. 85-23 (rev.) National Institute of Health, Bethesda, MD.

Oteiza PI, Olin KL, Fraga CG and Keen CL (1995) Zinc deficiency causes oxidative
damage to proteins, lipids and DNA in rat testes. J Nutr 125:823-829.
Parker RS, Sontag TJ, Swanson JE (2000) Cytochrome P4503A -dependent metabolism of
tocopherol and inhibition by sesamin. Biochem Biophys Res Commun 277:531-534
Pereira B, Bechara EJ, Mendonca JR, Curi R (1999) Superoxide dismutase, catalase and
glutathione peroxidase activities in the lymphoid organd and skeletal muscles of rats
treated with dexamethasone. Cell Bioch Funct 17:15-19

Porter TD and Coon MJ (1991) Cytochrome P450: Multiplicity of isoforms, substrates
and regulatory mechanisms. J Biol Chem 266:13469-13472

Puntarulo S and Cederbaum Al (1998) Production of reactive oxygen species by
microsomes enriched in specific human cytochrome P450 enzymes. Free Radical Biol
Med 24:1324-1330

Saini SP, Sonoda J, Xu L, TomaD, Uppal H, Mu Y, Ren S, Moore DD, Evans RM, Xie W
(2004) A novel CAR-mediated and CYP3A-independent pathway of bile acid

detoxification. Mol Pharmacol 65:292-300
12



Schonfeld A, Schultz M, Petrika M, Gassman B (1993) A Novel metabolite of
RRR-a-tocopherol in human urine. Nahrung 37, 498-500

Shaw HM, Huang CJ (1998) Liver a-tocopherol transfer protein and its mRNA are
differentially atered by vitamin E deficiency and protein iusufficiency in rats. J Nutr
128:2348-2354

Shaw HM, Huang CJ (2000) Secretion of a-tocopherol in VLDL is decreased by dietary
protein insufficiency in young growing rats. J Nutr 130:3050-3054

Sidorova YA, Grishanova A Y, Lyakhovich VV (2004) Transcriptional activation of
cytochrome P450 1A 1 with a-tocopherol. Bull Exp. Biol Med 138: 233-236

Sidorova YA, Ivanova EV, Grishanova A Y, Lyakhovich VV (2003) Dose-dependent
effect of a-tocopherol on activity of xenobiotic metabolizing enzymesin rat liver. Bull
Exp Biol Med 136:45-48

Silz S, vaet G Tongendorff J, Strecker W, Ruhenstroth-Bauer G (1976) Effect of
pregnenolone-16-alpha-carbonitrile on rat liver. Acta Hepatogastroenterol (Stuttg) 23:
255-261

Sonoda J, Xie W, Rosenfeld M, Barwick JL, Guzelian PS, Evans RM (2002) Regulation
of a xenobiotic sulfonation cascade by nuclear pregnane X receptor (PXR). Proc Nail
Acad Sci USA 99: 13801-13806

Sontag TJ, Parker RS (2002) Cytochrome P-450 o-hydroxylase pathway of tocopherol
catabolism: novel mechanism of regulation of vitamin E status. J Biol Chem
277:25290-25296

Sugatani J, KojimaH, Ueda A, Kakizaki S, Yoshinari K, Gong QH, Owens IS, Negish M,
Sueyoshi T (2001) The Phenobarbital response enhancer module in the human
bilirubin UDP-glucuronosyltransferase UGT1A1 gene and regulation by the nuclear
receptor CAR. Hepatology 33:1232-1238

Swanson JE, Ben RN, Burton GW, Paker J (1999) Urinary excretion of
2,7,8,-trimethyl-2-(3-carboxyethyl)-6-hydroxychroman is a major route of elimination
of g-tocopherol in humans. J Lipid Res 40:665-671

Synold TW, Dussault I, Forman BM (2001) The orphan nuclear receptor SXR
coordinately regulates drug metabolism and efflux. Nat Med 7:584-590

Talas DU, Nayci A, Polat G, Atis S, Comelekoglu U, Bagdatoglu OT, Bagdatoglu C (2002)
The effects of dexamethasone on lipid peroxidation and nitric oxide levels on the
healing of tracheal anastomoses. an experimental study in rats. Pharcol. Res
46:265-271

Traber MG (2004) Vitamin E, nuclear receptors and xenobiotic metabolism. Arch
Biochem Biophys 423:6-11

Waxman DJ (1999) P450 gene induction by structurally diverse xenochemicals: central
role of nuclear receptor CAR, PXR and PPAR. Arch Biochem Biophys 369: 11-23

Wechter WJ, Kantoci D, Murray ED Jr, D’Amico DC, Jung ME, Wang WH (1996) A new
endogenous natriuretic factor:LLU-alpha. Proc Natl Acad Sci USA 93:6002-6007

White RE and Coon MJ (1980) Oxygen activation by cytochrome P450. Ann Rev
13



Biochem 49:315-356

XieW, Uppa H, Saini SPS, Mu Y, Little IM, Radominska-Pandya A, Zemaitis MA (2004)
Orphan nuclear receptor-mediated xenobiotic regulation in drug metabolism. DDT
9:442-449

Yamashita K, Takeda N, Ikeda S (2000) Effects of various tocopherol-containing diets on
tocopherol secretion into bile. Lipids 35:163-170

Zhao JY, Ikeguchi M, Eckersberg T, Kuo MT (1993) Modulation of multidrug resistance
gene expression by dexametasone in cultured hepatoma cells. Endocrnol 133:521-528

[*i4 2 "R )
Table 1 Composition of the basal diet
Component Diet'
o/kg diet

Cornstarch 620
Casein 200
Corn oil (Vitamin E stripped) 100
Cellulose 30
AIN-76 vitamin mixture 35
AIN-76 mineral mixture 10
DL-Methionine 3
Choline chloride 2

L All the ingredient sources were the products of MP Biomedicals (CA, USA) except
DL-Methionine and choline chloride purchased from Sigma Co. (St. Louis, MO).

Table 2 The liver weight, relative liver weight and a-tocopherol concentration in plasmaand
liver, whole liver a-tocopherol and liver TBARS concentrations of ratsin experiment 1

Group Two-way results

D50 P50 D500 P500 |Vit.E PCN Vit.E
factor factor xPCN

Liver(g) 754+056° 10.15+1.59% 7.91+1.32° 10.72+1.6770.3246 <.0001* 0.8238
Relativeliver weight 3.46+0.36°  4.87+0.82% 3.76+0.67° 4.97+0.76° [0.4012 <.0001* 0.6662

(%)

Plasma a-tocopherol ~ 16.5+3.5° 10.4+1.1° 26.5+35% 18.4+4.2° |<0.0001* <0.0001* 0.4024

(nmol/L)

Liver a-tocopherol 30.6+6.3"  12.8+45°  113.7+29.4%49.2+24.0° |<0.0001* <0.0001* 0.0023*

(umol/qg)

TBARS(nmol/g Liver) 118.4+51.6° 308.3+69.7% 79.1+9.0° 1224+ <.0001* 0.0013* 0.0480

46.8° *
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1.Each value represents MeanSD.

2.D50, P50: rats fed diet containing 50 ppm a-tocopherol acetate with DM SO (D50) or PCN
injection (P50). D500, P500: rats fed diet containing 500 ppm a-tocopherol acetate with DM SO
(D500) or PCN injection (P500). n =8 for D50 and P50 groups, n =9 for D500 and P500 groups.

(For TBARS, n=6)
3.Anayzed by Two way ANOVA among the four groups. * denotes p<0.05.

4.Values not sharing common superscript letters a, b are significantly different from one another
among the four groups by oneway ANOVA and Duncan’s Multiple Range Test (p<0.05).# denotes

significantly different from D50 group by student’s T test..

Table 3 The urine volume and acid-rel easable o -CEHC concentration in urine of ratsin

experiment 1
Group Two-way results
D50 P50 D500 P500 Vit.t E PCN Vit.E
factor factor xPCN
Urine Volume 22.1+4.6 23.5+5.2 25.4+6.2 25.2+9.3 0.2197 0.7062 0.8089
(ml/day)
Acid-releasable o -CEHC
(nmol/mL urine) 3.91+1.09° 1.28+0.55°  46.23+25.0°  10.18+7.34" |<0.0001* 0.0021* 0.0130*
(nmol/d) 82.29+19.51° 28.72+14.36° 1089.614503.60% 443.48+133.26 |<0.0001* 0.0004* 0.0032*
(nmol/mol 0.82+0.25° 0.27+0.12° 10.20+5.90% 4.29+1.99° |<0.0001* 0.0045* 0.0213¢
creatinine)

1.Each value represents MeanSD.

2.D50, P50: rats fed diet containing 50 ppm o -tocopherol acetate with DM SO (D50) or PCN
injection (P50). D500, P500: rats fed diet containing 500 ppm a-tocopherol acetate with DM SO
(D500) or PCN injection (P500). n =8 for D50 and P50 groups, n =9 for D500 and P500 groups.

3.Anayzed by Two way ANOVA among the four groups. * denotes p<0.05.

4.Values not sharing common superscript letters a, b are significantly different from one another
among the four groups by one way ANOVA and Duncan’s Multiple Range Test (p<0.05)
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Table 4 Liver weight, relative liver weight, a-tocopherol levelsin plasma, liver and whole liver
and liver TBARS concentration of rats in experiment 2 and experiment 3

Experiment 2 Experiment 3
Control KCz Control DEX
Liver (g) 10.4+0.8 10.6+1.1 10.1+1.4 14.8+1.9*
Liver/body wt.(%) 3.37+0.26 3.48+0.23 4.0+0.4 6.3+0.4*
n 8 8 5 6

Plasma o -tocopherol 19.2+4.4 20.1+3.6 15.8+3.0 12.3+1.1*
(umol/L)

Liver o -tocopherol 50.0+11.4 65.5+16.6* 46.8+4.3 26.5+4.5*
(nmol/qg)

Wholeliver o -tocopherol  516.3+101.6  695.5+202* 466.1+90.9 393.0+91.3
(nmol/qg)

TBARS 105.4 +21.8 104.4+17.2 45.98+7.70 56.10+31.9

(nmol/g Liver)

1. Each value represents Mean+SD. * denotes p<0.05

Table 5 The urine volume and acid-rel easable o -CEHC concentration in urine of ratsin
experiment 2 and experiment 3

Experiment 2 Experiment 3
Control KCZ Control DEX
Urine volume (ml/day) 31.5+9.1 31.4+13.9 37.0£154 44.6117.9
Acid-releasable oo -CEHC
(nmol/mL urine) 3.21+0.59 2.36+1.16 4.03£1.98 2.3811.58
(nmol/d) 99.6+28.6 64.9+23.6* 124.9+19.13 83.9+24.0"
(nmol/mol creatinine)  1.109+0.302  0.759+0.208* 1.38+0.51 0.88+0.22*

1.Each value represents Mean+SD. * denotes p<0.05
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Huey-Mei Shaw and Yi-Jen Li (2007) Modulation of Cytochrome P450-3A by pregnenolone
(PCN) or ketoconazole (K CZ) both reduces the urine alpha- CEHC excretion in rats. 10" Asian
Congress of Nutrition Abstract Book, p104, B35 poster.
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The purpose of this study is to investigate the effect of frying oxidized oil on the
vitamin E metabolite, a-CEHC excretion levels. Three groups of male weanling Wistar
rats are fed with control diet containing 15%(w/w) fresh soy oil (CO), 15% frying
oxidized oil (FO) or 15% frying oxidized oil+vitamin E (FOE) for 6 weeks and the urine
of rats was collected at the last day. The final body weights of the two frying oxidized
oil groups were significantly lower than CO group. The CO group showed significantly
higher a-tocopherol concentration in plasma, and between the FO and FOE groups
showed no significantly difference. The liver a-tocopherol concentration of FO group
was significantly lower than that of FOE group, and the FOE group showed significantly
lower than CO group in liver a-tocopherol concentration. The TBARS concentration in
liver of FOE and FO groups showed significantly higher than that of CO group. There
were no significant difference in o-TTP and CYP3A protein levels among the three
groups. The urine a-CEHC excretion levels were significantly lower in the FO group.
The results indicated that the reduced vitamin E status can not be attribute to the
increasing of o-tocopherol metabolite, a-CEHC excretion in urine of rats fed frying
oxidized oil.

Key words: Rat, Frying oxidized oil, urine a-CEHC, a-TTP, CYP3A
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P el R R gt 4C T ik (7 105,000 xg #es 60 A 4R 0 TR dmre BTE

?’5“ -80°C 1 Tﬁa-i T EREAS Fov 2 447 0 U S R G OO BT 3 5-80C
nt ¢ % PAS0 F-v A 45 o

¥ »
1“’}\“\?

T

2. & R RE Y v RRA B BRAEL RS AR 2k Ry
TR SRR

3. i ® a-CEHC {4 2 pl %
Fr RSB C Iml fogtks (F ascorbicacid, 20mg/ml) » 4e » 1ml 12N HCI >
B3 uF F o2 60CkigF e L P REoskigddro 4o r Oml ¢ mUpl 2] 5B 1min>
oo o Bt K o6ml § 4K o feizia A 0 2 0.2ml mobile phase w3 0 i ¥ AR 0 o
HPLC-ECD # #lit4 % E ##A + (a-CEHC):h3 £ » ¥ 11 o -CEHC # 3Rk 2 o 41 %
PR R o 1 BURLFL 47 8RR ROVELEEIT A L e

4, ‘a# ',% /}E K &2 TBARS B =
Poifa R ASTRUDRR e FEF 2 £ 12 nhexane F B0 2 HPLC #4784 % E 3
2 o ¥ 12 Thiobarbiturate method ip] = TBARS ¥ & #3 Fi& § it 45 1%

5. 3F5ime 4 % PAS03AL 3¢ T8 2 Bl
RO By AR R %* 2 £ - B~ 10ug % 4 7.5% SDS-PAGE it 7
T EE T PYDF (60 3A1 2 B - MR ELRF B 181 ECL 2|
(Amersham)ie (74 LB EF 5 & & 71 R s T E s F R R o

6. Mmoot TERES Y 7 BT
a-4 ?ﬁgﬁﬁ F-d 11 Western blot i& {7 %> 3 2 $-f % 4 2 (Shaw &
Huang 2000) » fj it 4™ @ B~% 10u g &9 H2 wm Fipie® 4%~15% SDS
Polyacrylamdegel FoOFRAEE L 150 REFTRETA LS p o gk
3 PVDF } » Lt - sfifl(anti-a-TTP) ~ = s 4ifiz £ > £ 1 ECL 34
(Amersham)ie % /4 % B B2 F i o

() 33t 47

FHREEE LTI EHERR AL L7 0 702 SAS fi e 7 oneway ANOVA %k %
EFLREFME p<O0SLrT lgELE -
ERINI S s &
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1. 4% &R mp

R ekl Ee 2R 0 AIN-T6 Pl fie > (F 5 A0 e 5 T B R AT L ARt R o
PR 5% P A 8 N Bl AR BAURG Y chmd & Eo fri S0
Sipdlez Bams 3 EZ R AR ER - R WL ikt 2 EY ”’;M:Bfm
7T EFE 0 Fp _#""%F' Jsiig % g 5 T FEVRN o VS R
NI F VIR Hd Ev;u]z,, T35 5 el 2 a150% 0 Fp K 4o - = FOE #
H e~ ‘&*% E frimdliotns > Fltizeydles o4 2 A
Fl & TR o

2. 4L
Er FAVFRARGT > B R PRI R PR T 3
Y A E ],?CO..“:E’.E"ﬁSS%i?’.‘E’;E’%ﬂ,&.s&“%Em, t (FOE) @
CREBFTHEE G 0 AR BRI FH L CO B 1238 5 i d *?’Fér..‘éﬁ'_
WETHFLUBFAFREED A v KA mmr o BIF5RE A0t 5 indled 142 & >
o AR & ”T”f‘i’i% U € 3 SRR S I % o MR R (RE)E Y e A
CEEAPHBWET AR R ARF LR R R L %L A uR R
PoHE SN ApHME R AV A R g T CO.

"‘i’EEC

Agm&“‘f‘“ \rn

=

3

AHFL BokI ZFMAS
$hi 6 36 o Z b A SRFEIRR R A4y D FO e ih Fv FRMF ARG
Rz ﬁ’xﬂ /E’Tﬁq—"i"p’&r‘]ﬁff/}%fiéﬁz FALR o

3 = ﬁf;a-i TR E o4 T F ~ TBARS % -2 7 i 45 F-v

4od A #7570 FO &2 FOE & b i dfa-2 ﬁ%/}aﬁi BETE gau i CO
“-Er’v’ﬂ47%1r65%’ . FO ¥ FOE = ?Eﬁ“f»m&p?iﬁ o @ VR4 TR G B A L
ﬁ?\ B A RIFERE & 7 12 FO E’%F*E‘ﬁxl"*« » ¥ % CO & 25-30% ; FOE 2= 2 >
4% CO .gm4o-50%f » B %4y 1 FOE e d § v FO df» 5 ehiad % Eo A&
M A% TBARS s % 2 I > FOE.__‘fr'FO B;}g@ P R ER T CO M o il
5P OFOE X7 5Ka-2 TEER TR F B FO e w f i and MREET P
wiho-d TR R Ry CO - £ A7 il/’ﬂﬁn FO ‘e if 3 chPg Jring it i
4 o%w;w AR A A Ak e Bl Bt 10 8 4 & E(500ppm) s ik (F1¢ %, 1995)

Sw(GEE, 1998) v g Fuad 3 E g BT B F 0 T TR
TBARS 7 &7 T s 22378 0 e 4§ (Fl&2F, 1995) > 28 @ 3FugA PAS0 B BEE §
FriE s e (F &5, 1998) -

N i

ko2 T A 0 (o-TTP) 2 £ chd MAc Bl - #7175 » a-TTP 3 4 5 £ 34kD ¢
0 F o AF S Peactin FLARRE R B oo R4l 2 B G0-TTP 39 FARE
WEZEFALAR > AT FREITREE ARG ARG HF RS T AL F E 0}
B LA T AHTIP A2 FESFrqlivr o d 20o-TTP 30375804 3 E 7 & if
77 M (Kayden and Traber 1993) » ¥ A A Lavpm g HFa2 2 E4 L € ¢rd |2 3o FF
2 E (Shaw and Huang 1998) - & 57 5k 5 % 3P F b "% 07584 2 E- a2 2 E
KR Fleo-TTP 2 dv 3 @A F M 4 o
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4. Fiteo-2 T S #A 4 (0-CEHO) 2 8
%ﬁﬁaﬁ%ﬂﬁé—%ﬁ&@ﬁ’%ﬂi%Mﬁﬁ%%%%:%ﬁo;ﬁm@ﬁ
PhEXaF i3 RPN e 2 eFragF AR o 2 7 E ABA
om0 AR E T Pt a-CEHC # B BE 4B N P17 o a-CEHC 7 ? FiE %
32 (mmol/d) ~ & 2= B gk & (Umol/L) ~ & s & £ 8 & R RO R T RO 2
JE A& (nmol/mmol)> & % % 12 FO ‘e A ¥ % #> @ CO ‘2 FOE ‘efp 4 ¥ & f ¥ a-CEHC
phivat FEHR 2R A2ZFZEZE7 /M o
B FW g st d 7 E R BREEH AL & fT\,fé vt g oo e

T AargHESE ﬂﬂ"% LB T FR R R B i 4R ’;}f-ﬁg%c R SBRE
PLIB T o d AN éd?, ¥ 7 e 4| ¢ cytochrome P450 » sz~ F 2P| 2.7 CYP3A ¥
B4

a4 % E S¥penbl o> AF- R R FRZ wF S CYP3AL 30 FARE T &M
-;Hi ’ ?\"F ~F/E’7%F‘7 ilﬁ’;\ﬂb 28 z"ﬁ“j{;% CYP3A LL]@TT% }V’ %‘r 4% CYP3A 5= El’.g
@4 Ehi s Bl AR HA R DBy CYP3A 4 en% & £ A - Ko

W m&\; rlv:t
l‘:r s

TSI EA F EF ARG REFORT PBOTREL ZEZET
il:'#'};‘]’}r ;}7% % P 0\1 W hEs %913};?1"] :}I#mqs L 4 Ty X g‘/};%ﬁ‘_ﬁi% Ez ¢ >
g e d s gikdkid (Liu and Huang 1996) » 4 5 23 3R 3 2548 3§ 3 95K
CYPARMPE N GE R A kg = » FIP oz B © - ’“rﬁi“é{ﬁ a4 % E vy
A T RAPAES N PATERR N VE R » £ R hig R e Rl BT 7
VE # » "2+ chig [5 9 & B3 T AR SR80 v g Fie- HiF o

1“"‘!1

[+ < 5t]
T PR G ’ﬁl’«’ﬁ%’i Ragied ez 44 o 24 BiteriE 1 252 »19960
EEI o PR AR S EUFP 4 2 A 7 £ 2 Fjok 4l Cytochrome P-450 % % & 1420
B SRt ldme 0 1994 -
BRI~ F 7 2 (1998) “Fib Ak G tE M ;Fft.b_
& 230 265-279 -

KRR N it
303-316 -
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CEEL )

Fo— ARl e
Group/ CcO FO FOE
Ingredients o/kg Diet

Fresh Qil 150
Frying Qil 150 150
Corn starch 572 572 572
Casein 200 200 200
Cedlulose 30 30 30
AIN-76Vitamin mixture 10 10 10
AIN-76Mineral mixture 35 35 35
Choline 3 3 3
D,L-Methionine 3 3 3

All-rac-a-Tocopheryl Acetate

hoo A AT (R 2 % E§ 20> CO)F M (FO)& A 23 & E 2 *F i (i % 50ppm

ad FE2F0R CFOE) - R RBMERM ~ 2ESE 2 P * a2

o
3

Body final weight Body weight gain Food intake Feed efficiency
(9) (9) (9/d) (%)
CO 400.91+26.22 7.809+0.818% 21.03+1.44% 37.10£2.33%

FO 352.15+14.89°  6.473+1.742° 18.80+4.75" 34.60+8.31°

FOE 353.70+25.99°  6.511+1.707° 19.28+4.73% 33.81+8.24°
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+

#Z M AATH (gl A ES 2 CO) R (FO)#AF 2 i 2 % E 2 i (3 % 50ppm
4 E EZFN o FOE) Al S R :s_a_f?\«é %ét 2R
B cO FO FOE
weight(g)
Liver 13.13£2.14° 16.23%0.74° 16.53%1.79*
Kidney 3.1440.46 2.9340.19 3.0910.22
Lung 1.86+0.36 2.05%0.55 1.7320.25
Spleen 0.8740.89" 0.74£0.09° 0.7740.67°
Heart 1.34+0.14 1.250.13 1.2310.08
Testis 3.3040.26 3.47+0.30 3.35%0.11
EP 6.97+1.61 5.66%1.17 5.76%1.18
RE 7.53+2.03° 5.07%1.86° 4,99+2.36°
Brain 1.84+0.10 1.780.06 1.8620.12
Fow B ST (ﬂmf Mt 2 Ef 28 COF(FO) 4 L4 2 E 2 'Fid (A "L 50ppm
wA E Ez 5 ’FOE) A F - RSt E £ 2 3R
CO FO FOE
Relative tissue weight(%)
Liver 3.42+0.36" 4.88+(.23" 4.89+().53
Kidney 0.82+0.10 0.88+0.05 0.91+0.05
Lung 0.49%0.10 0.62+0.17 0.51+0.07
Spleen 0.23+0.03 0.22+0.02 0.2310.02
Heart 0.3440.02 0.37+0.05 0.3610.02
Testis 0.8740.07° 1.04+0.10" 0.99+0.07°
EP 1.81+0.31 1.69+0.31 1.69+0.30
RE 1.9610.42 1.51+0.53 1.45+0.63
Brain 0.48+0.02" 0.53+0.04" 0.55+0.03"
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T Ak B FTHE ,vb(ﬂmf a4 2 EF 2R COFR(FO) XA L4 2 Ez 'Fid (4 - 50ppm
W4 % E2 ' FOE)» 4= ks H 5 Bl B ¥ o Fov ~ Z i id fia 2 "R FIRE £
S
®

7
~

Albumin Triglyceride Cholesterol
(g/dL) (mmol/L) (mmol/L)
CO 3.835+0.228" 0.708+0.136 2.015+0.361
FO 4.197+0.297° 0.694+0.136 2.337+0.322
FOE 4.050£0.274% 0.618+0.182 2.064+0.567
%— B AT (% 4 % EF 2 CO) i (FO) & 24 % E 2 i (3 % 50ppm

aF EE2ZFN o FOE) ém'— FSHE R J]% R g-tocopherol &2 TBARS k& 2.

/ﬁ’

‘mhﬁl

Plasma Liver a-tocopherol Liver TBARS
o-tocopherol
umol/L nmol/g nmol/liver nmol/g
CO 16.31+6.07° 38.67+£3.37° 508.7+101.8° 98.69+11.28"°
FO 7.82+2.99° 9.75+1.34°¢ 159.0+27.9¢ 135.13t12.52%
FOE 10.52+3.82° 15.25+3.08" 251.1450.2°  124.55t12.65°
F = AR QAT (WT 2EF 2 COF(FO)&A4 Lird % E 2 'Fi (4 L 50ppm
wad F2 E2FN o FOE) ém': FRHERCE - X RN E R 22T
Urine volume Creatinine excretion
mL/d mmol/L mmol/d umol/g BW
CO 38.7£18.4 205+77 6.90£1.98 17.3t5.2
FO 30.3t11.1 230+70 6.4611.50 18.3t4.0
FOE 35.5119.4 258+115 7.60£1.77 21.514.8
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Fe N KRB RTHE (Bi‘ﬂf 242 ERERH CONFH(FO) R4 viad 3 E 2 "Fid (4 > 50ppm
a4 2 EZ'FW o FOE) el i E H—=X )T\,,’H o—CEHC z £ 2. B2 58
Acid-releasable a-CEHC excretion

umol/d umol/L nmol/mmol nmol/g BW
CO 0.112+0.032°2 353+1.97°2 17.78+7.81%  0.283t0.087°
FO 0.06510.019" 2.30+0.81° 9.94+1.21° 0.183+0.050°
FOE 0.123+0.018% 4.78+3.84% 17.0615.292 0.350+0.065%

FOE FO CO

e e con
wTTP PR e

Bacin T W -

Rl - E&A%ré’ﬁ/&(ﬂm‘f a4 2 Ef 28 CONFR(FO)R 4 Lt 2 E 2 M (4 v 50ppm
a2t % E2 % » FOE) > &'H'— FHE T Tra-TIP 3o § ER -

(A)

FOE FO 6(0)

CYP3A1

B-actin
(B)

- i i ﬁ
PR
0

c o F o F O E

cC Y P 3A1

Bl- A8 R (’Wf a4 2 Ef 28 COFR(FO)R 4 Liad 2 E 2 M (4 v 50ppm
#4 % E2 %% > FOE)» ém' WS4 E BFACR M e ¢ % PAS0 it 3 3AL v § £ b
PE(A) REEAREREORY - B)EE ATl 8% F el i 8L X &

L FaiE o

o
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AT 2L ERFERAT TR AR A r,éé%_b'i?éa‘%a ?oAe IR o
A% R AR P&E?k’ﬁ A o B E R BT BFHREPFAHEY 2 E A3ph
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