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ZON

cytochrome P450 CYP hydroxysteroid dehydrogenase HSD
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[14,78, 84, 85] [15, 17, 66] [98]
[30, 45] [25]
[1,86]
[25]
ZON
[5,83] ZON
Bisphenol A BPA
[40]

[16, 20, 32, 89, 108]
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5 cytochrome P450 CYP 2 hydroxysteroid dehydrogenase HSD
2

steroidogenic acute regulatory protein  StAR

CYP

family 11 subfamily Amember 1 CYP11Al

[62] CYP21A2
CYP118
CYP21A2
CYP118 2
CYP17a
[71, 79, 111]
r=0.893 [110, 113]

[6]



[112]

[34] 3
[2]
3
Cholesterol
Pregnenolone Progesterone I_Deoxy Corticosterone
Q corticosterone Q
17a-hydroxylase 3 )
Hydrox = Hydrox 2 E
yaroxy et yaroxy Deoxycortisol Cortisol
pregnenolone 4 progesterone
<: CYP17A1 :I[>
Dehydroepi | _ Androstenedione Estrone
androsterone >
il S .
<: 17p-HSD 5 Estriol
K2 &
Androstenediol Testosterone ® Estradiol
2
cytochrome P450 CYP hydroxysteroid

dehydrogenase  HSD



3

SLG SMG
2
1)
HPLC

Western blotting

GAPDH (sc-25778, Santa Cruz,

sLcPC

SMG

PG

Sigma-Aldrich

Supelco
rabbit polyclonal anti-

) anti-CYP11A1 (ab175408, Abcam,

) anti-StAR (sc-25806, Santa Cruz) anti-steroid sulfatase (bs-3857R, Bioss,

) anti-CYP1181 (

) goat anti-

rabbit 1gG (H+L) horseradish peroxidase conjugate (#1706515, BIO-RAD,



) anti-CYP11681

2)
8-15 300-4009

Dawley SD

Western blotting

Western blotting 5

Western blotting

3)

4 0.25M

3- 3-cholamidepropyl

Western blotting

272-283 KNVYRELAEGRQC

[69]

gestation day, GD 12-13 240-300g Sprague-

11 6

VH17A4

900 x g

0.5%

dimethylammonio-1-propanesulphonate = CHAPS

Lowry [54]

—25°C



3)

Wang
[113] MS
[56] 4mM  MgCl 20mM
Tris-HCl buffer pH7.4 30 uM
100 uM NADPH NADH 37°C 2
5ng/mL 0.1% 100 pL
10,000xg 4°C 10
100 pL MS [56]
4) MS
LC-TOF MS
SigmaFit™ Bruker Daltonics,
[56] Acquity
UPLC Waters, ESI Xevo TQ-S micro
LC-MS/MS
142 32 06 9.2 0.4 fmol/g -d8
-d3  Merck
5) Western blotting
1 g/l 20 ug
SDS-PAGE Western blotting PVDF



ATTO, 3% 1
PVDF 2 anti-GAPDH, 1:400; anti-CYP11A1,

1:400; anti-StAR, 1:200; anti-steroid sulfatase, 1:200 and anti-CYP1181, 1:500

PBS 15 4 2
goat anti-rabbit 1gG, 1:2000 PBS 15 4 PVDF
ECL™ Western blotting GE 1

CS Analyzer ATTO

6)

Mann-Whitney U p<0.05

4-6 * mean + S.D.
3.
1)

; salivary gland, SG
Adr

LC-MS/MS

10
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A D

DCORT

B E

LC-MS

12

PGS
CORT 10 ng/mL

PGN

100%
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| Cholesterol as a substrate |
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2)

=6

TS concentration

SG

closed bars

ADS

*0<0.05

StAR

CYP11A1

(nmol/ml)

Substrate: ADS

*
0.7

0.6 -

0.5 A
0.4
0.3
0.2
0.1

0

SG Testis

open bars

15

TS

mean*=S.D.n

Western blotting

/A B



CYP1181

CYP1181 7C
5

(A)

SLG+SMG PG Adr
StAR o
@Gokpa) [ -
GAPDH E ‘
(37 kDa)
(B)

SLG+SMG PG Adr
CYP11A1
(60 kDa) -_—
GAPDH
(37 kDa)
©)

SLG+SMG PG Adr
CYP11p1
(60 kDa) | M a—
GAPDH : = —
(37 kDa) m“|

7 Western blotting
SLG + SMG PG Adr
Steroidogenic acute regulatory StAR B CYP1l1Al

C CYP1181

16



3)

8A

sulfatase

(A)

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

10N

SG (nmol/ml)

m

PGN concentrat

+ SMG

steroid
STS Western blotting STS
8B
Substrate: PGN-S (B)
* Placenta SLG+SMG PG
q - 2.5 STS
L g0 G
_ - ey | S———
. 15 £ El (37 kDa)
1 O
o
. - 1.0 g g
- 0.5 2
. Ao
0.0
SG Placenta
SG
closed bars open bars
PGN-S PGN
mean+S.D.n=4 *p<0.05 B SLG
PG steroid sulfatase STS

17



StAR CYP11A1

2 [56]

C2C12 9 [25]
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Blood circulation

Pregnenolone
-sulfate

-

Pregnenolone
-sulfate

Conjugation with sulfate
by sulfotransferases

Pregnenolone

\Other organs

9

i

Pregnenolone
-sulfate

~

Deconjugation of sulfate
by sulfatases

Pregnenolone

Skeletal musclej

sulfatase

Fujiki et al. 2018. [25]

0.23%

[12, 36, 118]
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[98]

107]

[27, 107]

[88]

10

22

[17,70]

[2]

[16]

[27, 28,



Cholesterol PGN-S €—

-PGN-S

|
4 s O\
PaN 2 PGN-S
TS ADS <« - or

HPGS

CORT

CYP11p1

DCORT Endoplas

mic
A reticulum/

Rat salivary glands

Mitochondria

10

PGN-S

sulfatase PGN

CORT

TS
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ZON Fusarium

[11] ZON 178

[83] ZON
[3,52] ZON
[115] ZON ZON
[5]
ZON
[121] ZON
[49,119] ZON
ZON 80 ~ 85%
ZON [73] ZON 11A
[67]
ZON HSD 7
a- B- ZOL ZON
11B a- B-ZOL -
ZAL ZON
ZAN [67, 74] ZON
ZON

o-ZAL > a-ZOL > B-ZAL > ZON >B8-ZOL [41,67] ZON
UDP-glucuronosyltransferase =~ UGT

uGT2B7

25



[81]

[5]

Binder

UGT2B
[109]

[24, 57, 67] ZON
ZON
ZON
ZON

ZON

ZON [35]

26



(A)

UGT | 444 UGT | 4444

- | a-Zearalanol _f

; | (ezAL) W HSDs
Zearalanone |
| (ZAN)

HSDs UGT

s

B-Zearalanol
1 BzALy |

V6T

UGT HSDs

B-Zearalenol ;
| (zon |

B-ZOL -Glucuronide

ZON-Glucuronide ZAN-Glucuronide

(B)

11 ZON

A ZON hydroxysteroid dehydrogenase
HSD UDP-glucuronosyltransferase  UGT
+ a-
a-ZAL >a- a-ZOL >B- B-ZAL >ZON >B-
B-ZOL B ZON

Mukherjee et al. 2014. [67]

27



2.

1)
ZON HPLC B-glucuronidase
Sigma-Aldrich ZON ZON-GA Z0L
ZOL-GA ZON B-glucuronidase
HPLC
2)
330-400 g 240-280 ¢ 270-340g GD 12-13 SD
8-10
1 18 6 6
6
VH18A15
3)
Krebs Ringer’s bicarbonate buffer (NaCl, 110 mM; KCI, 5 mM; MgCl,, 1.2
mM; CaCly, 2.5 mM; NaHCOs, 25 mM and glucose, 10 mM) 95
0./5 CO2 pH 74 37°C
3
10cm (I | ]
v 10cm
12A  [39]
4

28



25 ml MP-32N EYELA

25 mil
12B  ZON 10 uM 250 nmol ZON
0 20 40 60
ZON LC-MS/MS
(A) (B)
Proximal < Intestine — Distal *V”
| [l [l [V [ 95% 02
5% CO2
2 i
T
12
A 3
10cm 11l Il
10cm v B
5ml/min
ZON 10 pM 37°C
95 02/5 CO2
4) LC-MS/MS ZON
HLC-DISK3
—80°C
LC-MS / MS
A B 10mM 100

29



[ 5 95 0.05

0O 8 0 100 B 8 10 100 B Triart C18 2.1x150
mm YMC Co.
3 13C-ZON
ZON
3
Analyte m/z RT (min) CE (V)
Zearalenone ZON 317> 273 7.58 21
Zearalanone ZAN 319 > 205 7.52 23
a-Zearalenol a-ZOL 319 > 160 7.50 32
[3-Zearalenol B-ZOL 319 > 160 7.30 32
a-Zearalanol a-ZAL 321> 277 7.41 24
B-Zearalanol B-ZAL 321> 277 7.24 24
Zearalenone glucuronide ZON-GA 493> 175 6.57 19
a-Zearalenol glucuronide a-ZOL-GA 495> 319 6.62 29
[3-Zearalenol glucuronide B-ZOL-GA 495> 319 6.32 29
Zearalenone diglucuronide ZON-GA/GA 669 > 493 5.75 23
5)
ANOVA Tukey-Kramer
p<0.05 4-6 +
mean + S.D.

30



3.

1) ZON
ZON 10uM ZON
ZON
100 200 nmol/h 13A
i ZON
ZON
ZON
ZON ZON
ZON
13B
ZON
60 2 nmol 13B, C

31
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wn
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3 g
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=2 a
BB O
o o o o o o o =] ] S 3
pre} S by} S rs) IS} re} S 0 N L
N N/_ I — ) o o — i o i
y/aunssqul-wo QT/|owu (
U/8unsaiul-wo OT/|owu)
AA) aouedeaddesip NOZ o NOZ [es043S
- N

—A—Pregnant

—&-Male

©

~8—Female

v

20 40 60

60 0
Time (min)

60 0

\n
«

<
&

b < v
— - =

(Qupsajur-wd (/[owru)
NOZ [8s013§

20 40 60 0

40

20

20 40

0

ZON

13

60

ZON

ZON

60

60

ZON

ZON

ZON

v

p<0.01

p<0.05

;b,vs [;c,vs [

a, VS

=4-6

mean £ S.D. n
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2) ZON

100 200 nmol/h  ZON
ZON 2 nmol
ZON
60 a-ZOL ZON-GA a-ZOL-GA
ZAN B-ZOL B-ZOL-GA ZON ZON-
GA/GA ZON 2
data not shown
a-ZOL a-ZOL
| |
v
0.3 nmol 14A, B a-ZOL
a-ZOL
0.05 nmol a-ZOL
6 10 14A, C
ZON
a-ZOL ZON
ZON a-Z0L ZON-GA a-ZOL-GA
ZON-GA
ZON-GA
85.39 nmol 22.55

33



nmol

15A, B

49.94 nmol

a-ZOL-GA

20.09 nmol

36.15 nmol

ZON-GA

ZON-GA

1.64 nmol

60.02 nmol

16A, B a-ZOL-GA

a-ZOL-GA

2.84 nmol

34

15A,

0-ZOL-GA

16A,



14 a-

p<0.05

A)

0-ZOL (nmol/10 cm-intestine/h)

(B)

Mucosal a-ZOL
(nmol/10 cm-intestine)

©)

Serosal a-ZOL
(nmol/10 cm-intestine)
o
=
-

60

a-ZOL

a-ZOL

0.50
0.45
0.40

0.35 -

0.30
0.25
0.20
0.15
0.10
0.05
0.00

0.00
0.05

0.10 A
0.15 A
0.20 -

0.5 ~

0.08 -

0.06 -

Mucosal side

Ab

| iR i% i§

T e ' )
LJ - s
m Male ABC ABC

Female
OPregnant

Serosal side

—8-Male -8—Female =—&—Pregnant

1 il I v

0 20 40 60 0 20 40
Time (min)

it e

0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60

Time (min)

a-ZOL
a-ZOL
B a-Z0OL
(| 1]
v a,vs :b,vs :c,vs

p<0.01 mean = S.D. n = 4-6
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Mucosal side
A 100 4 m Male

90 -
. l BFemale

OPregnant

o~
S o
L
>
o

AB

o
ABC_L

N

DR S

ZON-glucuronide (nmol/10 cm-intestine/h)
S

50 % ABC

60 ABC

Serosal side ABC
—8—Male -@—Female =—&—Pregnant

(B) 100 4

I il m v

FS 0 ®
= =l =l
L L L

Mucosal ZON-GA
(nmol/10 cm-intestine)

[
<
L

>

0 20 40 60 0 20 40 60 0O 20 40 60 O 20 40 60
Time (min)

© =

I I m v

=)
=

Serosal ZON-GA
w
=

(nmol/10 cm-intestine)

- -4:‘:?-4_/'6

0 20 40 60 0 20 40 60 0 20 40 600 20 40 60

Time (min)
ZON-GA
60 ZON-GA
ZON-GA B ZON-GA
ZON-GA (I ]
\Y] a,vs ;b,vs ;c,vs
p<0.05 p<0.01 mean + S.D. n = 4-6
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Mucosal side

(A) 80 1
70 | B Male
l b B Female
60
= OPregnant
2 50 A
8 40 % J-
= AC @
§ 307 aBe |
S 20 §
S
E 10
8 o . . . .
c
S . . . .
R L |
> 10 1
_| AB 1 L
Q 20 1 Ab- A %
3 |
30 ABCABC
40 - T
50 | ABC
Serosal side
—-8—Male -®—Female —#—Pregnant
B . :
<2
ez
22
oL
LE
0 20 40 60 O 20 40 600 20 40 60 O 20 40 60
Time (min)
© w0,
T 40 4
<<
U
5t 30
E
T 1 1
0 .‘. , Ib% L
0 20 40 60 0 20 40 60 0 20 40 60
Time (min)
16 a- a-ZOL-GA
A 60 a-ZOL-GA
a-ZOL-GA B a-ZOL-GA
C a-ZOL-GA 11l i
v avs ;bvs ;
C,vs p<0.05 p<0.01 mean £S.D. n=4-6
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ZON

60

3)

60

ZON 10uM

17

80%

ZON

v

ZON

ZON

17

a-ZOL

ZON-GA

ZON

a-ZOL-GA

15,16

_ ﬁ ..... §\ \A\po|

= s\\\%\ o

L 777 4,

| 77 2%
[
T %%,
”.”.”.”§\ %\M«\MYO\

o o o o o o
Lo o Lo o Lo
N N i —

(U/euUNSaIUI-LD OT/]OWL)
auousje.ldeaz JO aleH

BZON-GA D1Oa-ZOL-GA 0OUnknown fate

BZON Oa-ZOL

17

ZON

a-ZOL-

ZON-GA a-Z0OL

a-ZOL ZON

60

GA

Unknown

ZON

ZON

fate

v

38



ZON
ZON
ZON ZON
ZON
ZON
o
ZOL ZAN a-/B-ZAL ZON
a-ZOL ZON ZOL
[18]
ZON
[18]
ZON HSD
ZOL [59] 3a-HSD
MRNA [53] ZON
3a-HSD a-ZOL
a-ZOL
ZON CYP1A2 CYP3A
OH-ZON
[9,82] CYP3A
[29, 48, 64] OH-ZON
ZON CYP

39



HSD a-ZOL OH-

ZON ZON 0L ZAL
[9] OH-ZON a-ZOL
ZON
a-ZOL 0.4 nmol
a-ZOL-GA
a-ZOL
ZON
ZON
17 UGT ZON a-ZOL
ZON
UGT1A1 1A7 1A8 2A3
[8, 76]
UGT1A1 1A3 1A8 2B7 ZON
[81] Ugt2b mRNA Ugt mRNA 80
Ugtla mRNA Ugt mRNA 90 [51]
UGT1Al 1A8 ZON

ZON 55.48%

70.40% ZON

[37, 40]

multidrug resistance associated

40



proteins, MRP

[75, 116]
MRP2 MRP3
[46, 65, 92] ZON-GA
GA
MRP2 MRP3
ZON-GA  a-ZOL-GA MRP2  MRP3
18
ZON
ZON 2 nmol
ZON ZON
ZON
10 20
[40, 68]
ZON-GA  a-ZOL-GA
18
ZON-GA  a-ZOL-GA
ZON o-ZOL
ZOL ZON [18]
[26] ZOL
Z0L

41

a-ZOL-



[18] ZOL-GA

a-ZOL-GA
ZON-GA a-ZOL
ZON 3 [63] ZON
a-ZOL-GA
ZON-GA a-ZOL-GA
| ZON-GA a-ZOL-GA
B- [87]

7- -10- SN-38 [33]
SN-38 UGT SN-38 SN-
38-GA [91] SN-38-GA
B- [44]

SN-38 [102]
ZON ZON-GA
a-ZOL-GA
ZON ZON
ZON a-ZOL [99]
ZON
a-ZOL 18 13 [21]
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ZON

ZON ZON

GA

ZON BPA
[37]

ZON
17 ZON
ZON [120]
ZON
ZON
ZON ZON-GA a-ZOL-GA
a ERa
UGT
UGT
ZON
51, 96] ZON
ZON

43

ZON-GA

a-ZOL-

ZON

ZON

UGTI1A

[51]

[96]

ZON

[42]

ZON

[13, 47,



Systemic circulation

) A

Bile duct
O O O orj
UGT l UGTl <UGTI Glucuronide
"o W Sl 0 O (ZON-GA and
MRP2 0-ZOL-GA)
e
ZON
Proximal intestine Distal intestine
18
ZON UDP-glucuronosyltransferase
UGT ZON ZON-GA a-
a-ZOL-GA multidrug resistance

associated proteins 2 MRP2

MRP3

ZON

ZON

ZON

ZON
ZON-GA a-ZOL-GA
ZON

ZON-GA a-ZOL-GA

44
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ZON a-ZOL B-ZOL
[57] a-ZOL
ZON 3 [63]
-
ZOL [57,67] ZON
[106] [93, 95]
a-ZOL
[31]
a-ZOL
ZON
ZON

ZON

46



2.

1)
ZON HPLC B-glucuronidase  Sigma-
Aldrich ZON ZON-GA Z0L
ZOL-GA ZON B-glucuronidase
HPLC
2)
330-400 g 240-280 ¢ 270-340g GD 12-13 SD
8-10
1 12 4 4
4
VH17A22
3)

Krebs-Ringer-Buffer (NaCl, 115 mM; KCI, 5.9 mM; MgClz, 1.2 mM; CaCls,

2.5 mM; NaH2PO3, 1.2 mM; Na SO, 1.2 mM; NaHCO3, 25 mM and glucose, 10 mM)

95 02/5 CO2 pH 7.4 37°C
19 [38] 2.0~3.0%
MP-32N
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(30 mL/min) 5 10uM ZON

ZON 55 5
ZON LC-MS/MS
4) LC-MSIMS ZON
—-80°C
LC-MS/MS
A B 10 mM
100 /1 5 95 0.05 B
0% 8 B 100% 2
B 100% Triart C18 2.1x150
mm YMC Co. ZON
3 13C-ZON
ZON
5)
ANOVA Tukey-Kramer
p<0.05 4-6 +
mean + S.D.
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RARR AR SR

19

ZON 10pM

5

H et al. 2001. [38]

3.

1) ZON
ZON 10 uM

GA a-ZOL-GA

S B-ZOL-GA ZON

(/:-- HR
.lle
o) &,
)8 &
5
55
Inoue
ZON
89.84% ZON-
ZON a-ZOL B-ZOL ZON ZON-
ZON-GA/S ZON-GA/GA
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ZON-GA

ZON-GA

ZON-GA

120.32 nmol/5 min

ZON

179.86 nmol/5 min

GA

data not shown

ZON 5~10
82.05 nmol/5 min 94.38 nmol/5 min
ZON-GA ZON 10~15
99.96 nmol/5 min 20A
ZON-GA
ZON 5
ZON-GA
10 127.11 nmol/5 min
20B ZON-
ZON-GA
ZON-GA

50



A) .
Bilious ZON-GA

120 -~ -B-Male
100 -~ —8—-Female
——Pregnant

Zearalenone glucuronide
(nmol/smin/Liver)

Time (min)

€

Venous ZON-GA

N
o
o

150

100

Zearalenone glucuronide
(nmol/smin/Liver)
a0
(@)

0O 5 10 15 20 25 30 35 40 45 50 55 60

Time (min)
20 ZON
A 60
GA B ZON-GA
ZON S
ZON 55 mean+S.D.n=34
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2) a-ZOL

ZON-GA a-ZOL-GA
a-ZOL-GA ZON
15~20 71.18 nmol/5 min 70.68
nmol/5 min a-ZOL-GA ZON
10~15 77.47 nmol/5 min 21A
a-ZOL-GA a-ZOL-GA
a-ZOL-GA
ZON 10 71.93
nmol/5S min  77.35 nmol/5 min 108.84 nmol/5 min 21B
a-ZOL-GA a-
Z0L-GA 10
ZON-GA
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S

100
90
80
70
60
50
40
30
20
10

a-Zearalenol glucuronide
(nmol/smin/Liver)

A
&

160
140

=
N
(@)

100

a-Zearalenol glucuronide
(nmol/smin/Liver

N D O

o O O O

o

21 o-ZOL

ZOL-GA

60

ZON

Bilious a-ZOL-GA

- Male
—-o—-Female
—&—Pregnant

Time (min)

Venous a-ZOL-GA

0O 5 10 15 20 25 30 35 40 45 50 55 60
Time (min)

B a-ZOL-GA

ZON 5

55 mean+S.D.n=3-4
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3) 60 ZON

60 ZON-GA a-ZOL-GA

ZON-GA a-ZOL-GA
60

ZON-GA a-ZOL-GA

ZON
> 89% 4 ZON-GA 430.38 nmol/5
min a-ZOL-GA 397.01 nmol/5 min ZON-GA
348.10 nmol/5 min  a-ZOL-GA 237.74 nmol/5 min
55.16% 39.06%
ZON-GA 409.12 nmol/Smin a-ZOL-GA
354.55 nmol/5 min ZON-GA 336.93 nmol/5 min
a-ZOL-GA 247.31 nmol/5 min
50.91% 38.95%
ZON-GA 365.13 nmol/5 min a-ZOL-GA 276.22
nmol/5 min ZON-GA 494.24 nmol/5 min  a-ZOL-GA
315.22 nmol/5 min
42.76% 53.97% 4
a-ZOL-GA
ZON-GA a-ZOL-

GA 22
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Oa-ZOL-GA
B ZON-GA

1200 - Bilious excretion
1000 =

800

600

400

200

Male Female Pregnant

200

Glucuronide (nmol/60 min/Liver)

400

600

800

1000 - |

*
1200 - Venous excretion

22 ZON
ZON
ZON-GA a- a-ZOL-
GA *n<0.05 *p<001l mean=

SD.n=35

ZON 2

ZON
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ZON ZOL
ZON
ZON
ZON
a-/B-ZOL ZAN
a-/8-ZAL ZON a-
/8-ZOL a-ZOL-
GA ZON a-ZOL
ZON [18]
ZON 73-100% a-ZOL
ZON [58]
ZON
[58] ZON
a-ZOL  ZON
ZON HSD
[59] 3a-/368-HSD [53, 97]
ZON 3a-/38-HSD
ZON ZON
CYP1A2 CYP3A OH-ZON
ZON 1
a-ZOL OH-ZON «-ZOL 1/8
[9] B-ZOL ZON a-ZOL Vinax/Km
B-ZOL Vina/Km 3 [67]
ZON a-ZOL a-ZOL-GA
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ZON-GA a-ZOL-GA

a-ZOL-GA ZON-GA
5 ZON
ZON-GA
ZOL
ZON ZON 89%
ZON-GA a-ZOL-GA
ZON
UGT2B [51] ZON UGT2B7
[81] UGT2B
[55, 109] UGT2B
ZON ZON ZOL
14 16 2
14
[81] ZON-GA

a-ZOL-GA 14
ZON
[117]
[80]
ZON-GA a-ZOL-GA
ZON ZON-GA

a-ZOL-GA
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[35]

ZON

68]

ZON-GA

ZON

[87]
a-ZOL-GA
MRP2
[13]
ZON-GA a-ZOL-GA
ZON-GA a-ZOL-GA
ZON-GA
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[25, 34]

ZON

BPA

[40,

MRP2

a-ZOL-GA



ZON B-glucuronidase

[100] ZON-GA a-ZOL-GA
ZON a-Z0L B-
glucuronidase [50] ZON
ZON a-ZOL
[4] ZON
a-ZOL [114]
ZON-GA a-ZOL-GA
B-glucuronidase
ZON a-Z0L
ZON-GA a-ZOL-GA
organic anion transporting polypeptide OATP
MRNA 10
OATP4A1 [101] UGT
ZON [40, 61, 68]
uGT2B
[19, 22] ZON 3B-HSD
[60] ZON-GA
36-HSD a-
Z0L a-/8-ZOL  3B-HSD
[105] 3B-HSD
a-ZOL
[18] «-ZOL

a-ZOL-GA
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a-ZOL

ZON-GA a-ZOL-GA
ZON a-ZOL
a-ZOL ZON
a-ZOL
ZON-GA a-ZOL-GA
ZON
[43, 90] masked mycotoxins
[7, 10, 94] masked mycotoxins
[23] masked mycotoxins
5.
ZON
ZON ZON-GA
a-ZOL-GA
ZON
ZON-GA a-ZOL-GA
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ZON

ZON

1.
CYP1181
steroid sulfatase
1
2. ZON
ZON
ZON
ZON-GA a-ZOL-GA
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49.83%

3.ZON

ZON

a-ZOL

ZON

>74.40%

ZON
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The fate and role of conjugated metabolites of
endogenous and exogenous substances.
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Drug metabolism is a metabolic reaction for decomposing and detoxifying endogenous substances, which
are chemical substances that are no longer necessary in the body, and exogenous (xenobaiotic) substances, such
as drugs and toxic substances, by drug metabolizing enzymes and excreting them outside the body. The
conjugation reaction, which is the phase reaction of drug metabolism, plays an important role in excreting
endogenous and exogenous substances. However, in recent years, it has become clear that conjugates of
endogenous substances such as steroid-sulfates are not only excreted outside the body but also transported to
various organs and used locally. This concern led us that the conjugate of the exogenous substances that should
be excluded by the drug metabolism may be transported to the local organ without being excreted like
endogenous substances. In this study, we focused on the steroids synthesis in the salivary glands as the
endogenous substance and the mycotoxin zearalenone (ZON) as the exogenous substance, and examined the
fate and role of the endogenous and exogenous substance conjugates.

In Chapter , we clarified the possibility of steroidogenesis in the salivary gland using rat salivary gland
homogenate. From the assay of enzymatic activities associated with steroidogenesis using rat salivary gland
homogenate, we observed the enzymatic activities which produced corticosterone from pregnenolone and
testosterone from androstenedione in the salivary gland was confirmed. The enzymatic expression to produce
corticosterone was also observed in the tissue homogenates. Furthermore, it was shown that there is activity and
expression of the enzyme that deconjugates pregnenolone sulfate in rat salivary gland. From the above results,
it was clarified that local steroidogenesis can be performed in the salivary glands using pregnenolone sulfate as
one of the steroid resources.

In Chapter 11, we clarified the metabolic kinetics of ZON in the intestinal tract using rat everted intestines.
Most of the ZON absorbed in the intestinal tract can be glucuronidated in the intestine and become zearalenone
glucuronide (ZON-GA) and a-zearalenol glucuronide (a-ZOL-GA). ZON-GA and a-ZOL-GA were excreted
mainly to the mucosal side in the proximal intestine, but more than half were transported to the serosal side in
the distal intestine. From the above results, it was revealed that the ZON conjugate may be absorbed into the
bloodstream in the intestinal tract.

In Chapter 111, we clarified the metabolic kinetics of ZON in the liver using rat liver perfusion. It was shown
that ZON flowing into the liver is metabolized mainly to ZON-GA or a-ZOL-GA in the liver. ZON-GA and a-
ZOL-GA were excreted mainly in the bile in male and female rats, but were found to be easily excreted in the
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venous side in pregnant rats. From the above results, it was suggested that ZON and ZOL conjugated in the liver
may be transported to the target organ through the bloodstream.

This study revealed for the first time the possibility of local steroidogenesis in the salivary glands using
pregnenolone sulfate as a substrate. It is also clarified that most of orally exposed ZON undergoes glucuronide
metabolism in the intestine and liver, but there is a possibility that some ZON conjugates can be transported to
the target organ by systemic circulation after released into the blood. The finding of the possibility for the
conjugates of endogenous and exogenous substances to play a role in transporting chemicals to target local
tissues is thought to contribute significantly to the fields of endocrinology and toxicology.

75



