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A new insight into the mechanism of dioxin toxicity: relevance of leukotrien B4 accu
mulation to toxcity and Yusho incident

Yamada, Hideyuki

3,000,000 900,000

2,3,7,8-tetrachlorodibenzo-p-dioxin, TCDD

B4 (LTB4)
LTB4
LTB4 myeloperoxidase (MPO)
TCDD MPO

A reduction in hepatic leukotrien B4 (LTB4) by 2,3,7,8-tetrachlorodibenzo-p-diox
in (TCDD) was studied in rats and mice. The results showed that this alteration is caused by a combination
of the increased expression of 5-lipoxygenase (5-LOX), a precursor-synthesizing enzyme, and the reduced e
xpression of leukotrien C4 synthase, a enzyme which leads the precursor to the different pathway. The aryl
hydrocarbon receptor (Ahr) is suggested to play a role in 5-LOX induction. This is because 5-LOX inductio
n occurred at fewer TCDD doses in C57BL/6J mice expressing Ahr with high affinity to TCDD than in DBA/2J m
ice with low affinity Ahr. LTB4 is an inflammatory factor. This mediator draws neutrophils expressing myel
operoxidase (MPO) the products of which serve in cell-killing effects. In accordance with this, TCDD incre

ased the hepatic level of MPO.
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%o AR ITBIEFIFERFTHDL Z &0 b,
BA T F T AIKRZFBEOTEMEAIZ L - T
200 fEICH B LB ORI L EHH I, 2
NEEMICER T2 LHEESN TS, L
nL, EOBRFOLRBBEERIUCTGT
DINTELELLBREATH 5,

2. HREDEW

BRFICa—Rashbd % o7 EICix%
S DOEEHZER N T UV AR—F -9 E5FEN5
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L7zEZ A, EHEEAFA 4T THD
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)/Z,
RIEFEICESEEGTHEE5oh50 A/ =2
kU= B4 (LTB4) D FfisH A8 2 B & &
5T ENRBE SN, AT 2 N OMERE
179 LIRIT, 2O L HE~DBE 520 5
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3-1. gL

5 Hin > Wistar REEMEZ ~ M2 1-60 pg/kg
@ TCDD ZHiEIREO#KE L, 5 7 H#&IC
il Z R B U 7o, PRI I 2 — 2 i
L7z, E£7o, BEEETIC L2 EELFHET
%7, TCDD @it L B EA A ST
xHERE (pair-fed #E) ©1ERK L. [FIERICWLEE L
72o £7-. 5 WHind C57BL/I6I (7 EiFitE AhR)
B LU DBA2) (KRBT AhR) HEME~ 7 2
WZENZNLL T O ETTCDD %451, [
FRICEBRICHE L 7=, C57BL/2J: 1.0, 5.0, 10, 20,
50 3 L TN 100 pg/kg. DBA/2J: 5.0, 10, 20, 100,
500 3 X TF 1,000 pg/kg,

3-2. AAHRAZTHVR
AR LD, BEHIZ 4 58D 50
mM Tris-HCI (pH 7.4) THREY T A X LTz,
., 2,000 xg, 4°C 12T 10 45 Lo B
L. REZEEILZ, ZHIC3HEEDOA Y
—VEMZT2EHH L7206, LT/ R
LU— =TI A 5 LTz, FRIE% 10% A
X )= VCFHRIRSE =D B EREIRIA
s ma~ M7 T 7 AT R BE & A
(UPLC-TOF + MS)IZff L T A ¥ 7R 11— AL TH)
ZRNT L7=, UPLC O&MFIZLLTOm@Y - £
#x. LCT-Premier XE (Waters) ; 1 4 1k,
electrospray ionization ; # 7 A, ACQUITY
UPLC® HSS T3 (2.1x100 mm, 1.8 mm i.d.

(Waters) ; %77 AIRJE, 40°C ; A PR,
10°C ; { AR, 10l ; ¥iEE : 0.2 ml/min ;
BEIfR, (A) 0.1% formic acid (positive ion
mode) F 7= 1% 10 mM 4-methylmorphorin
(negative ion mode) & (B) acetonitrile ™ Hji %
TXRAICE D79V b Tul T8 [%
of B in A (min)]: 0% (0-5). 0-40% (5-20).
40-90% (20-29). 90% (29-30). 90-0% (30-31)
B LT 0% (31-35), TOF * MS DSAEIZLL T D
18 Y : capillary voltage. 3 kV (positive ion mode)
F 7213 2.5 kV (negative ion mode), sample cone
voltage. 50 V ; cone gas flow, 50 I/hr; desolvation
gas flow, 600 I/hr ; desolvation temperature,
350°C ; source temperature, 120°C,
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JiF 2,000 x g R % KIGHERKR [50 mM
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FER, Aa77ay MIBWT 3BT e
v 87 T AF—PRKE FHEL, TCDD LBt
B L pair-fed LBLIPAE 72 A ¥ R e — L%
e ERTHILNRBRSNE (Fig. 1), &
HiZ, OPLS EBIc Lo s -7y T
I%., pair-fed B£E LY TCDD BEIZHB W TE L
DT T T AL M I O PHER I L
(Fig RABH), HEWA Ao OILEFRER & B 81
WarT—H_X—RAEWEL TR ZEHTE L
ol 2 A L OB OEBRHEE S
72, TCDD B£E L O pair-fed B i Hm
LCRO LN %< A b, TCDD (2



O: Control
@ : Pair-fed
. @ :TCDD

—

. T

o~
2
[
5 / A
=% \
5§, |
‘ |
g '\\ o e ‘. /
=] O /
£.a0] \ &b e ® /
& \ )
801 e
\,\\H o
- T T T — — T T
-150 -100 -50 0 50 100 150

Principal component 1

Fig. 1. Score plot of PCA analysis in terms of change in
metabolomic profile produced by TCDD treatment and
resticting food
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Fig. 2. Change in hepatic MPO
activity following TCDD
treatment.

Each bar represents the mean +
S.E.M. of 4-6 rats. Significantly
different from control group; *,
p<0.05 and ***, p<0.001.

B EH S, RIENEOTLENRR S LT
(Fig. 2), £7- EFENIZ LTB4 % ke 5 L.
FARIZAT MPO JEME DB E) & ffHT L 7= 55 5.
FERFN 7 MPO JEMED EH-BFE D S
7= (XFEREH) . 200 Z &6, TCDD
\Z X BT LTBA AT ek 2 145
CETRIEISE RIS L, HFEELZFHR
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Table 1. Representative ingredients the hepatic levels of which are altered by TCDD treatment and restricting food

Increase by >20-fold

Increase by =20-fold

Decease to < 1/20 level

Decrease to = 1/20 level

TCDD vs. Control

LTB4 Taurine
D-Galactosamine Histidine
Saccharopine 5-Dodecenoic acid
Oleic acid Arachidic acid
Coproporphyrinogenl  Pyridoxal
Sialate Flavin adenine dinucleotide
Guanosine
Gluconate
dCMP
Glucose-6-phosphate
AMP
Pair-fed vs. Control
Acetylcarnitine LTB4
D-Galactosamine L-Methionine
Histidine
Adenosine
dCMP
Glucose-6-phosohate
AMP

LIC4

20-OH-LTB4
Glycochenodeoxycholate
Taurochenodeoxycholate
Glycocholate
Tawrocholate

Arginine

2-Ketobutyric acid
o-Linolenic acid
Progesterone
L-Stercobilin

Acetyl muramic acid

2-Ketobutyric acid
¢-Linolenic acid

Capric acid
11-Dehydrocorticosterone
Progesterone

Estrone

Cytidine

5-Hydroxyeicosatetraenoate
L-Kynurenine
11-Dehydrocorticosterone
Biotin

Methyl tetrahydrofolate

LTC4
5-Hydroxyeicosatetraenoate
Glycochenodeoxycholate
Taurochenodeoxycholate
Biotin

Acetyl muramic acid

A change in LTB4 and related substances is highlighted by red character.
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Fig. 3. Change in mRNAs coding for hepatic LTB4-synthesizing enzymes and related
enzymes by treating with TCDD (red) and restricting food (blue).
Each bar represents the mean + S.E.M. of 6-10 rats. Significantly different between the pair

indicated; **, p<0.01. N.S.: not significant.
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Fig. 4. Effect of TCDD on the hepatic expression of 5-lipoxygenase mRNA in male

C57BL/6J and DBA/2J mice.

Each bar represents the mean + S.E.M. of 4-9 mice. Significantly different from control

group; *, p<0.05.
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LTC4 (ZZH#44 % LTC4 synthase % 15 EH i
PIZHESNTHEHID B Z EBH LN
-7z (Fig. 3), 5-Lipoxygease & LTC4 synthase
DEIA L) TRy T 4 TICLo>T, ¥
UNTBE LT TR SN (KAE
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hydrolase 3 X 8 LTB4 fL#ifs%E CTdH %
cytochrome P450 (CYP) 4F1 (% TCDD <& £ &
AN o TIEEBH LA s o7 (Fig. 3),

5-Lipoxygenase (H41) & LTC4 synthase (78/))
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PENRE72 % ADR 3BT 5 2 Rfio~ v
A (C57BL/6J: mEBifnftR#4E, DBA/R): KB
FMERHT) 2 VT, mRNA R ELFHE (%4
LHIEMOEFEVELE LT, T ORE,
C57BL/6) ~ 7 ZD 7% DBAR) ~ 7 ALY
b LVIERHENSFLRED B (Fig. 4),
5-lipoxygenase D #%5E (21X AhR 1EMEAL 23 B
595 2 LR S LT,
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Fig. 5. Summary of TCDD effects on LTB4 synthesis and related
pathways, and their possible relevance to toxicity
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