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Foreword

Gaku Tsun

Chuef of The Study Group for Yusho
(granted by The Ministry of Health, Labour and Welfare, Japan)
Director, Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital

A mass poisoning, involving at least 2300 individuals, occurred in Kyushu (Western Japan) in 1968. The
incident is called Yusho, oil disease, as it was caused by ingestion of rice bran oil that was contaminated
with Kanechlor-400, a commercial brand of Japanese polychlorinated biphenyls (PCBs). It was later found
that the rice oil had been contaminated with not only PCBs but also polychlorinated dibenzofurans (PCDFs),
polychlorinated quaterphenyls (PCQs) and others.

Yusho is, thus, recognized as a poisoning by a mixture of PCBs, dioxins and related compounds. For 50
years the patients have been suffering from various symptoms such as general malaise, headache,
acneform eruption, dark-brownish nail pigmentation, increased discharge from the eyes with swelling of
eyelids, pigmentation of oral mucosa, peripheral neuropathy, irregular menstruation in women.

A method for quantification of PCBs in the blood was developed after 1973. The blood polychlorinated
quarterphenyls (PCQs) levels were then added to the diagnostic criteria of Yusho as a relatively specific
marker. Recent technological advancement allowed us to measure dioxins levels in 5 to 10 ml of human
blood samples. After the evaluation of validity, sensitivity and reproducibility of the blood levels of dioxins,
we added the blood levels of 2,3,4,7,8-penta—CDF in the new diagnostic criteria in Sep. 29th, 2004.

The clinical and basic observation and follow-up study of Yusho patients are extremely important not
only for supporting patients’ health but also for understanding the potential prolonged effects of high-level
exposure to dioxin-related chemicals in humans. In our follow-up study, Yusho consultants, established in
2002 and expanded in 2016, keep in touch with the patients by direct interview, by phone or by mail.
Various types of questionnaire were carried out by Yusho consultants. Statistical correlations were
analyzed between blood PeCDF levels and clinical/laboratory manifestations in addition to questionnaire
comments.

Patients with Yusho still complain various subjective and objective symptoms. Although definitive
therapy for Yusho has not been proposed yet, basic and clinical researches by us and others have revealed
that some Japanese Kampo drugs such as Keishibukuryogan and Orengedokutou are potential candidates
for treatments by modulating aryl hydrocarbon receptors. Finally, we very much appreciate the
contribution and participation of the patients in health examinations for follow—up of Yusho each year.I also
deeply thank all the members of the study group and the Japanese Ministry of Health, Labour and Welfare
for their efforts to help and support patients’ health and well-being.

(1)
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Pathogenic Implication of Aryl Hydrocarbon Receptor for
Yusho and Its Therapeutic Approach 2020

Masutaka Furve??, Yuji Isun®, Kiyomi Tsukmvor® and Gaku Tsuyi’?)

Y Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital,

Fukuoka 812-8582, Japan

ZDepartment of Dermatology, Graduate School of Medical Sciences, Kyushu University,
Fukuoka 812-8582, Japan

Y Division of Pharmaceutical Cell Biology, Graduate School of Pharmaceutical Sciences,

Kyushu University, Fukuoka 812-8582, Japan
YDepartment of Obstetrics, Perinatal Center, Fukuoka Children’s Hospital,

Fukuoka 813-0017, Japan

Abstract

In 1968, more than 2,000 peoples were exposed to high concentrations of dioxin-like compounds by
eating rice bran oil contaminated with 2,3,4,7,8-pentachlorodibenzofuran (2,3,4,7,8-PeCDF),
polychlorinated biphenyls, and polychlorinated quaterphenyls. These Yusho (oil disease in Japanese)
patients have been suffered from various symptoms such as general malaise, chloracne,
hyperpigmentation, sputum and cough, hyperesthesia or numbness of extremities since then. The
blood concentrations of 2,3,4,7,8-PeCDF, major causal agent for toxicity, are still very high in many
Yusho patients even now. Dioxins exert their major toxicity by binding and activating aryl
hydrocarbon receptor (AHR) and subsequent generation of reactive oxygen species (ROS). In addition,
recent studies have revealed a pathogenic role of AHR in manifestation of various Yusho symptoms.
Moreover, medicinal agents which inhibit AHR activation and ROS production (antioxidative AHR
inhibitor) may be applicable for the treatment of Yusho patients. In this review, we summarize current
topics on Yusho and its therapeutic approach with special reference to AHR.

Key Words : Yusho, aryl hydrocarbon receptor, chloracne, dioxin, 2,3,4,7,8-pentachlorodibenzofur-
an, reactive oxygen species, nuclear factor—erythroid 2-related factor-2, treatment
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T5E%2 515, TCDD 2 & % FEEMILIT
HEIZHH S 2012 AHR KA TH ) AHR O AL
RIHIT 5 & AILTTHE LA S LD
DlkoZ k&b, IEFIRETIEZ AHR IZEELA
LifE D AL 2 AR LN THRE A MERE L T %
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diol fEANEA L, bV 7)) &) REEDTLET S
LA A T oV 3 — v B B R
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IET VT — VYRR, FET v 3 — VIR
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HENTWwaY, NAFLD O5SEMHiEIX AHR i
AL TH Z e 2 SN MR RE & UMD
VOTIE WA EHER SN T 289,

5) M HR B
24 BRI X4, Wb RN EEHTIEIR &
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K5 A4 FLHICELDE M) 7)) FIAEDZERET

JFRIRE Tid Sterol regulatory element-binding protein-1c (SREBP-1c) #Sh 1) 771
) FOEA % BN &4, peroxisome proliferator-activated receptor alpha (PPAR
a) DHEIEEGERAL A EHET 2 Z L2 X » THFHIE IR O BEFE 2 A ST 5.
LA IVE ~ 17B-estradiol 75 SREBP-1c ##fi] L, PPARaDIEEEZE TLH#E S5 2
EIZE - THRIZE A b)) &) FOEEXZKTEETCVwLEE2 615, Ml
Jod AHR # 2 EI125B L Cw5b. AHR 2iEHAL 8415 & cytochrome P450 1A1
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HEE RREE), RVEVHWLESTET A
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FEE 2 B L 203547 b T n %79 (hARE
FrOFRET A IE L B (suprachiasmatic
nucleus;SCN) TH 5. I Hfbd 5 &, SCN
TR A 5Bl L T b BMAL & CLOCK 1% 2
EfE% I L, PER & CRY # %8l X+¢%. PER
X CRY i3 2 &K% L, BMAL & CLOCK ®
FEH AT 5. ORI EAR R ANEET &
g LT\ 97— 5 SON i i 13
AHR 3 ¥EBAICHB LT %% stk
WY A F T VFIIARINAE YY) T A #aE LN
LEEL D L. BEBEEW L2 AHR X BMAL
EEE D 2BAEEIEET 5720, BMAL/CLOCK
# %L &4, BMAL/CLOCK & PER/CRY |2

BN X LR E BEELS 2909

C DX e ABENIITE R 2 RIS, E R
THIRPIEEFHCZERD A Uk A 5 2 O IR B )
A LT B REMEASSE DL, 140 £ O HHE &
H xR R HEAR (C B 5 2 KT 7 > — MRAEDMT
HITZRER, D 51.8% 2 FFERFE ) & HFE O HEIR
% 280, 30.7% 12 restless leg syndrome % 2
729 £722.3,4,7,8-PeCDF IflH R A E >
EHEIR O EIZA EICIET L, restless leg syn-
drome (34 B\ EHHE Td - 7290

6) RO & BMiw s

HIE R B8 yucheng TIXBIHET 75, B @ %D
B IC A S YTV AR & BIRiZE & D
BEE I IC I S Tw s, AHR 4
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AHR & T helper 17 (Thl7) Mijg B L O T
regulatory (Treg) MO LIEHHIZEE < BIS L
T3 < w2 i3 AHR (3 Thl 4%
Th2 MBI IZFEH &, Thl7 MK 5 <,
Treg MIBIZIF§I < HEH ST 5% AHR
J w77 b= A TiE, Thl % Th2 flifgo 5
fLidsgZ 2 nd, Thl7 MilglcsiF 5 IL-22 DjE
RS R I S 51 AHR % —iitkic

EHEALT 2 &, FEAIC Thl7 file~o il x|

ZLCIL-22 EA SN D (Th22 ~O5LiHE)
X912% 5. —7%, TCDD TH#MIZ AHR
MIEHEAL SIS &, Treg MifgEiss AHR KA1
CHINL 722251 yh Y FoREIC L 5
T AHR (357 2 Rt & & L 9 A i REEADS
H5.

WL OWZETIX, WERE TIE Treg Milg%ic
1522 A S5 NS, Natural killer (NK) #liffg
BatEmL, WS NK #ifgA A 3% cytotox-
ic T lymphocyte-associated antigen-4 (CTLA-4)
DI i S ¥ L s PCDF R & IEOFH
ARSI EPRE SN TV JhERET
ZIfiH o IL-17, 1L-23, IL-18, TNF-a AL
ETHY, ZALPORIEIRIEIZH D T &HEE
B0~ FOEYFNERIAHTH
%08, WFERER R AR A Bk O E % F] 5 Chemo-
kine (C-C motif) ligand5 (CCL5) IfiLH R 1%
WEEEZ THEIE T LTS, FEpIcHkg
Mgl E L 2z b e AHR RIS
CCL5 READHHI E NS Z L H 5, CCL5 138
5702 AHR OEER T O—2Th 5109

YU ADERBRRTIE, ¥4 X vER LI
Lo T AHR 2SBEEICIEMHE LS D &7 P E—1&

R 9% % T8 & 8 2 T REEDSEE & L7z 3109 10,

WHEBEHE O T ¥ — R E %o & EAFKEI
8.8% (56/638 44) T 1Y FAE DA iFRID
LDt LAEECH o7 Fo0iE IgE b
MIERE S L BHEE L ORBIIEN 2 h o 721D,
t XY aFx— FTIE TCDD #EZEORFHEF
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O TCDD BFw & WHE L TWnWb 2 & &3
2L TnBIB . F s offRTIEEE 250

HED —MAELAEEZFOTVLEVWT &
S v N TCOFAF XY UHBEBRIIT L
F PR OFREHE SR E L 5 2 7 WITREE D S
Uy,

8) FEIKFA: L FoHa

AT XY VHEOBEEIBWEICL > TRE -
TWh, L MEITTART Y MIHRZ LS 1 F
F I LCIRPUMETT, & M AHR 0L
IZiE~ v 2 AHR Z AL T % 10 fEilE O
TCDD ALEE S <o 20 R
Lo TL 2D Bk s L, KD
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PR SE, I ERASEMERI R, TR A & ORF
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— ALYV LAEBICEVI EPTHL NI o
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EAZ o 7219 M L P OB MR X -
T 1979 41254 L 7251 Yucheng @ 2008 4F
(%84 30 4E1%) W COIERFRACTIX, 4, 1§
BREFICH, Wik AR BIC X BRI AL



70 L]

HAREEICE D 27229 JifE L Yucheng ® X %
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¥ U8 TEQs % 100 & § 5% &, Jixii3 81.5, I
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A F T VR RN L oA, A9 ANoRERL
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FEFHIERT (1958~1967 4F) 12k, HEFSIER 10
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BIREETHY, AEEIRONEP 57200
D BERTFERITEFEDIHE D @ o723, 724
T, FLEE, BIRTRE, FLREOSSAEEEL, B
B4 IED PeCDF Il H i BEHEE M & A = ICH
ML Tw2aS, F-uERE S HED
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B0 Ry ask— TR TCDD #EE
Frm s, WolERKEDRD, BRIEE, K2
BE, WRAME OB EREIRB I T A
WIS TR -5k 2 B 281, Yucheng Ok —
N CIREORN, LY Tk— N TIREEHE O
HEF S0 5 LT U 5 18871400
EIEEOPCBR YA+ F L VHICEBLH
Ao FNE (F1) H50Iid2okitft (F2)
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CHICHERBELEBIOH LD, F1IRE
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0BUTTIAL XY VEHICEELT-HE»D
AF gz FLE TS /o T I %2 720
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ARV 3R~ FTiE TCDD (225 L7280
PREFERE & e TCDD VREE = o [ 12 B % A
VLT RWATY TCDD (2885 L 72 f#i4
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WEBIIZHARTREREF R A KT LTw
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VHICRGE LB ORERE, B
KT, NARY —PINOEMEES DT 7 EA%FE
O 65T WP LR S k2 TCDD
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furan (TCDF, TEF=0.1) %#%%5 L =RDaH-O
FROI VAT 00— VEERRS AT 0 A FEARE
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Seveso Women's Health Study (2 L #LiE, +«X
vV ak— MBS HRAITHE coin flipping,
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BREEOBICHEERBMEE & E DTV R WD,
%72 TCDD IZHgFE L 7=l H A L 72 o 2
& — M Td % Seveso Second Generation Health
Study Ti&, BlOIEE TCDD B & & e 2nd
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non-verbal intelligence & O HE = FHE D D 5
NTW 7 WEOBD - [ o 52 TCDD B
T & R D body mass index (BMI) 1ZuiAHE
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ASEVy & metabolic syndrome 25H F 2564 L %
TVEVIERTH 72 72 BEoHEE
TCDD = E\W & oI free triiodothyr-
onine (T3) EAERIZILTLTWAH I D5, A
IRE O i AR EE 3 E H % CHURDR B R 1 22
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52 MREEEEHEAL TV Y. BB
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10) ByWE 7 VI X BN B X ORI
AR EBIIMERE THLREINTVE S,
B ClIwit o s — N 2K 2 2 & A5
TZ OFEMBNTIIA S TlE v, IHEIETIIENY
FEERETIVHE H & 2 RmBIICHEZE 2 HEAE L T
W5 FAFFTVHEIIERETI, BV R
EO— MR 2R AP, T HRTIRS
PRV E TR B L FIZT . 1T
KTy b ¥4+ Fy I HREHE CRET
BT EATRY, HAERICEERE 0% B X
O BATE R 22160165 70 LMD U 5.
L, ERICE TREILEDIRS 72ORED
KEWIS o~ BESICHE
WROMAEL) % LAV DR VE VIZRET S
ZriZkhFlERIENLD, KSRV E Y
estradiol DGR T B MER IV E » ORFG DS VE
Tdh 510 EERBW OGSO EIZH XD
Hf SN T2 o0, ZoOFEMIER7Z+51CH
LRI HRoTnEEETFEZA RV, ¥4 4F L 0 %
FWZZE1L, ZFD AN Z X NBHIZO %D 5
OLMEFEENG, BWET N E ORI RE
2R, TTIINEEZ 51 25 0N
RHEAER ORFHIcHE S Twa, RETI,
ZOHDER T ZOTEHET VI L 5 FEENS
S ORI B 2 RS %

— W 2 R T L0 b B ED & A
F %322 (TCDD1 pg/kg #M) % BHERE SN
HERE TR, BlUARVESTHAETAMNATO
YORERTOERDPET L, ZOMHREAE L
CART$ 519 Zhdp RO T EARVE
Y EARE L A V€~ (luteinizing hormone, LH)
DIRTTEM 2/ LCrl &Rz S, JREHIZ LH
FeANVEYTHZ VYW EMETF N E Y
(equine chorionic gonadotropin, eCG) #fiFEd 5%
CETHERDOERBADIEE L HET
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YO 7k, E 15 HH (Gestational
dayl5;GDI15) 2 A4+ v RBELIET v b
IV AEFTNLRITNER, KRITHESZEET
LN, eCC a5 T A LIEELNIVIZRS. 72
MEVRIZBTIE, HIRBBA DY A 4 F 2V BHE
RFEIWZEINVIETT 525, eCC 2 GTHEERL
NVIZRE Y CoRBIZIIHBEREES D
2 172>'

TAXXL UBERBEZE L LERAHOMEE D
LHMTIER L, T EMARIZB T % histone
deacetylase (HDAC) O#FEIZL 2TV = 4
T4 7 REENEDb->TEY), HDACL,5 K
7 LHBRBURT L FEFC©H A AR RICE
WCHEE N, FRAFEEEICE, HEE
@ gonadotropin releasing hormone (GnRH) D1
TOEZETHY, GnRH OFIFEIC & 0 HATE)REE
SEWLAVICEES ™. F72, y44 %
v D C57BL6 L AR Z D DBA <7 A
T, BFEMORO LHETERIZIEL Tw b
LOD, DBA XY ATIIFE UBELBET L
DIZLVEHED YA LT XY U HRLETH -
721 BRI L Ao LHETERICIE
HEAKGEED D D, T v MBI BHE T,
T A+ XL VR EHETH S, TCDD (TEF
=1.00 EHIEOEFEZFEKWETH 52,3,
4,7,8-PeCDF (TEF=0.3) # B L& 25,
#H O relative potency 1%, #10.02 TH Y, kil
REVETI—Z 72854, TCDD & [H U#8% Ki3§
IZIZ TEF CRELOSNA LD L E2LICHHED
VETH-72? 2oz LiE, TEF »#EI2,
AHR %4 L7z CYPIAL OFE(EH #3512 L Tk
FEENTWLIEY 12X bEE2OND. ¥ 44
¥ U¥HIE CYPIAL B X O CYPIA2 #5539 5
75, CYP1A22,3,4,7,8-PeCDF A @Btk T
AT DT EDRERNEILDO AT T2 TH
D17 JEo> CYP1A2 #%2,3,4,7,8-PeCDF % %4
OLEEEX LT EHEESIN TS, FE 2,
3,4,7,8-PeCDF &, ¥ A4+ VL Y
BoFRICEBELLT W, 2oz &g,
Cypla2 K3~ A TE A+ F ¥ Y HOWFE~
DEBPRIS AV L2 LHHINE. I
FEEH 2B\ T, PCDD & PCDF #Tit, 12
NOBITHEN R > TB Y, PCDF HOBITIE

PCDD FHIZ TV 2 EATRIES TV,

AR

(14)

1320 3%

A F Xy OmMEREBI AHR 2SEE L% E
NS 2 EIIBRICIR A28, s kiR E
D AHR O&FH12oWwT, AHRX#ET v b %
PEELLISY RISV 7z, AHR RIBT v k0%
BRI, A4y v kitREETRONS Z
nEegorodlmtnd s, K2, BIEHO LH
oW TlE, ¥4 F+-F 052 L TCwin
AHR ZIET Y FIZBWIHEEIIKTLTEY,
AHR ZK4ET v F Tlatid, mERZRICHTEREE
PEIZE SN, AHR BRI EE 2B X %
HETHIENbho728Y ("M6). 2oz &g,
AHR AT 0 A FOERGRE 7 &, [EHE AR
WCHEELREHZD > TWA I EaREL, B
BWTEBAITOY Y FThHEY A+ X
DIFFETIZZ O P HEELS 1, BEEWSA 7
VryhEnbEHEESNSL. KHAEY A A X2 >
BEREICL > TR 2RO LHETIEH I,
AHR KB TH D 2 L bR s n8Y . bk
DI, FAFFY VRHMERBIZI BRSO
LH & FIEHIL, LHEARILVE Y eCC #RIBICHE
BT 2 2 LIS XD IERICEE S 3 70
COEBRIIRENTHY), WEEFICEOF $#E
A3 52 EIZBEMTZEL L, IV ReEh
RERDLIENETH L. —T, FRIBICHUE
THEIUIZBWTIX, TCA YA 7 Vo EHEFa-
UREBLNXUVPMETFLTEBY, ATP &= bIKT
LTwa  Zhucs L, aV) BEEORBE~D
BeHA2E D, ATPIZIE#H L VIZRED, LH LA
VAEEL, TAMATO Y LA lH L)L
RS e DSk 5169

HIRS v bR ATFL VORBYZITDH &
&Y, RRoMRBEHACm, AR
- 1&121_(@182)183), 2 S [ ];%%3184)185) B
UHAITE O TS 2 LIRS N2 ERE
MHELA. £72, Yusho B & U Yucheng 2B
THIE L2z TS BV TR ESY 23MIEED
EILSD SASRIB SN TS, EHES A 5
Y THAREFE (GD15, TCDD 1 pg/kg, #&I1) T,
RICHBEESEREINLE . oI,
BOKEFRNVE B L ORIRIERIVE > O TR
FADSd 5189189 (6). F72, BAMZERYE LT,
7057 FUKTIZE SFIREDEEER? S
2190 (12 6). KEFRNVELOETIEHIL JBR
HICHEETH B mEFVE METHERI,
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HORE.
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Tug s F B IOLH &, SCHK 190 3 & OVCHK 181

TIGTAHNVTTANT 7 DL THE

RO IREOaVFaxT0 sy LNV
OIRTISGER L, 2, 2B R
DEFHEGET 5 EHESNLS . Ao an
F AT PRI LD IR RREE ) S [IE T
2188 % 722 51T B IR RV E ¥ thyroxin
&, HAERT (GD21) B X OBEFLE (Postnatal

day21 :PND21) |Z—#ikombnsEie S 7189,

COHERE LT, GD20 B X GD21 IZB VTR
KD thyroxine 28K TF L CTW5b Z &8I 51,
[ IS S 72 T EAR o IR SR v E »
(TSH) O LHIZ, SNICLBIEDT7 4 — Ny
72k B EZONLSY . BEKTIE GD20 2B
WTHELO UDP-7 v 7 b i igsk (UGT)
STREOFENEDONDL Z EHSS BRI
BIF 5 thyroxine L NIV, ZoF4&I12H
542 UGT OFHEIC L b LitEsnD. F72,
BEFLIE O thyroxine L XV O, JBIZBIT S
UGT OFEN ST 5 & Bbh 518
HAEEOERE L TOF A4 FFT VIZLAFR
REJGRIERIE, AHRIKGFHITH DY, a5 7
F VORI L o ChFESIN LY F
7z, S E D, MAROFELEEDOKT D

WEIN, EFELNVICRERTIENTXS, B

EEr S, COFRENETRErS A+ £ ¥
PHRREE 2 2\ 72 B TR ST, B

WER2ZS 5. RO 7a T 7 F O FICE,
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EROFEGHREND HL, ¥4 +F2 v H
B DL AHRIZOWTEZ2 5L, b b
AHR I, #AF %> VEUSHED C57BL6 7 7
2508, BLAYAFF Y VEUSTED DBA
T ADFNIHEUL TWDH T LD 5o Tw
29V %72 Wistar 527 v b iE C57BL6 ¥ 7 A
EREDRVY A F XL v RERFEEANO &M
BRI GEo T, BRI BT
HHTHELTEH, SNHOHREZZDOT L b
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F, RFEOHE TR VRHENLLIX, FAEFFT
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I AT A v 7 % AT R &
LT EDRH L. BiE Yucheng 34— M T
1%, Yucheng B2 5 4= F 11728 ® DNA methy-
lation % F-X7z#5 8, aryl hydrocarbon receptor
repressor > CYP1AL # &% 11 @5 DNA
methylation 5B O ILIRFEEE ¥ 1 4 F 2 V4
iR EE AR L 722 &0, Jao DNA 12
1 & A D FENE U B WM % $6H L TV 519,

3. A AXD UEMPREDHTE

TAF XL VHEOMWAE—HEIE (tolerable
daily intake ; TDI) 1$3# 4 pg-TEQ/kg/day T
& W B M O B O — HIERE T 10
g-TEQ/Kg/day LS THBY), ELEY b
FHBILEDN 1 ng/Kg THHI L E2EETH &,
HiEWIZKED Y A 5 VHEEZERL22 81
7 B IR o i R R R L 0D i
1%, 60,000pg-TEQ/g-lipids I2b DT o722
SNBW. Fgl oyt Fy MY
WAL, BAELMDS 14~15 FEHF TORTIE
2.4~4 14ETH 7Y, & Yucheng T b iliE
LIRARED Y A F F 2 VHERELS A SN2, il
FEIZH B & 2,3,4,7,8-PeCDF DBEE &34 7%
W 2004 4E Y 2 T A F O TE KA Victor
Yushchenko K25#i#: 7 TCDD % H\W» CTHp &
NEI ol EHEEBEXIILOMIEL o572
AREDIERATHEL L 7245, #> TCDD I
F£ 12 108,000 pg/g-lipids |23 L 7219197 fkpy
WIS N A F % 3 AHR # 4 L CRE
A& 72 CYPIAL CYPLA2 % # D%k 12 &
DA SN —FAECHEE S G, 72k 2
PCBs (&% OfE$HIZ X - T CYPIAL & @AM
DRED LD DhoTVES,

ME S A 1%, EAEIEMZ 25T Db, PCBs,
PCQs Z L T 2004 47 & (X %8 Hfr o A2 12
£ ~57T2,3,4,7,8PeCDF DIt & ifll%E L T
Wo L L BWINEI AR T 5 L e Sz s
A F T VHEMPEEIE PRI L FIFIEE ) %2
RL72DTHLH, WEOHEEOKYEEZ HED 5
2.,3.4,7,8-PeCDF DIl H1 i EE % 2002 4 D FR I
THTHDE, WMHERRER 279 AOVHHE ; R
fR7% KMl f/MEE 19252525 1,890 5 3.1
pg/glipids TH Y, —M AN 127 AD 17:6.6; 37 ;
5 pg/g lipids (25 &, SN IEEERSE L

AR

(16)

1320 3%

TVALHMIEREZVPHLEL TWD I LD 0ho
72199 b bilERE D 2,3,4,7,8PeCDF
MR O MHEIT W F 2212 — A D 10 5L E
THY), PR FREEZHREL TV EH
LEELTW Y, @EICEHERMEREOR
TEQIZHD L HEZ B L TA DL &, WESE
Tlx PCDFs ; 64.8%, Dioxin-like PCBs ; 23.1%,
Mono-ortho PCBs ; 15.5%, PCDDs ; 12.1%,
Non-ortho PCBs ; 7.6% CT&® - 7245, —#% ATl
Dioxin-like PCBs ; 45.1%, PCDDs ; 33.3%,
Non-ortho PCBs ; 25.7%, PCDFs ; 21.6%,
Mono-ortho PCBs ; 19.4% CT& 1), {HIEREE T
3% TEQ 12 L & % PCDF OEIEDE WEHSER
LT/ 2004 48123152 L 72 PCBs @ Ifi
= CTld, hexaCB-156, hexaCB-157, hepta-
CB-181, heptaCB-189 D IMLH EE I —i% NDZ
ZERZEFNZFN 3.4, 3.8, 3.9, 3.8FEEHMETH
BT ENHEENTNEX0,

2,3,4,7,8-PeCDF I H i BE o Fdi ] 1L 56 4E 24
26 14~ FBZRFETOETIZI24HETH -7
AW 2002 4 (B S 34 4ER) OWE Tk
NP (17 pg/glipids) & 0 & AT 100 5L
I (1,890 pg/glipids) & E\WHERE TS 2 &
MH, FEEIIPEMLL Twb 2 e aEEbn.
Z D%, FRIMOWEDNS < OWHELE TITbh
72200 7203) gl 2% 327 0> 2001 4F ~2006 4F
DOWERER O TIE, BL IO R
FERECEEDE, P 7FELUTORS HNIL,
A 40 AELL IS RSB FEE L2V, 2o
%, 2002~2010 4 395 1ol 52 fE AT & S T,
P IAAY 40 FE DL EIC R REEATE S I L Tw
7222 gt 2,3,4,7,8-PeCDF B0 52
bERT 5720124\ octachlorodi-
benzodioxin (OCDD) D% & HE L 72 55 & fig#T
L7-AE g, B o 2,3,4,7,8-PeCDF B 25H
JEERED 2,3,4,7,8-PeCDF [ EEIZS 2 552
BIIEHTEZL2HEANTH D, MIEEED2.3,
4,7,8-PeCDF I H i BE DR 31X IEH 1258 <
o TWEDHEVIELIKRTLAVEZTLND
Tl o220 < A K= NS S ORFS
WP VEERSEEOROEBEE AT LEET
&, 2.3,4,7,8-PeCDF I H iR O ik o s
BENL L, ZOL) BEBETIEIYAR—L1R
Flg% @ L THRN®D 2,3,4,7,8-PeCDF A3 FEMi 11
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HEIE S LT 2 T REEE AN S 2200,

4. HEDAEE

MAESSAEA S0 SELL LS L 72 BIETH, %
< OME B E OENIZH D E2,3,4,7,8-
PeCDF 2 Hi B ICHER LT b, EBEICHAET
baEgBREK, WIREHER (% - 9%), FYHRIE
K (L), EREER GREFERE) OREIROM S
L e 2,3,4,7,8PeCDF X 1E 12 H B¢
I 2 gy =iy 5 A F % 3 DO HEM:
RRET L HDH\VIE T A F F 2 VOB E R
THMFELEDLOTEETH .

1) 4% F ¥ VEHOPEEZ M3 2 ki

Z v b, VB L OEEE RO A5,
35 & 72 PCBs % 2,3,4,7,8-PeCDF (3 /i
Ptk R IR ICEE T A2 L 20%b o TWw
%6320 -208) x4z PCBs 12 ¥l & V) & AR I#L
W12, 2,3.4,7,8-PeCDF 35 X v &l
ICER LR TV Lad i3l A SRS
N0 EO TS ERWE EZ L 505
2,3,4,7,8-PeCDF OFEREMIZ, IfiE b 7Y
£ ) R RO R X 2R oMY %
&R LR E .

PCBs [3ME{TAIZ D HEIES LS 2 & 3BT
WA, FFPICER S/ 2,3,4,7,8-PeCDF &
PR AR S S, M 2 S ME R AT S/
[ 2l L CEHBICHRIES 2 32 D% AT
WENTLE ;) 209)211)213)' B ASTR N S D 5 W
FRIGPEDE 384 2 B3 531U, Ths oy
'E 12 PCBs % 2,3,4,7,8-PeCDF (&A1} iAA L 2
LEHWIUI L wEEZSENLDT, PCBs ®
2,3,4,7,8-PeCDF 133~ X 0 % <Rt S A,
NERE DT EEZON, ROUBARYZL
BRI L e DAREMD D B

S MR\ A F XY VEPHEE S LTI,

W8T 74 22 2y g5 LD
2 et RBBIRTH S I L XAF T 3
22 DO G DY A F F 2 O & R
TLIENHEEINS, B MZBWTHEA F
TR CTHALIAL AF I Fe#k54 5 & PCBs
M EEE AR T 3 2 2 & s s 22, F72
G IRV E R A T d B olestra O II#%5-
12X 5T TCDD % PCBs O Il A % Ik F X &

75

DB EDHESNT VRO L s
5, TOYA A F T VHEIMA IR OBRRD RIS

$, MDD Y, EBIZZ O L) 2WE O
PG m ERITD 7 ) BMICIRTE 2089 2
LV )BTRS,

6 N\OWHERZICILAF I3 % 64 HM¥k
54 bR 21T o728 25, 6 A2 AD A
THAEH O PCDF O3 L 7229 2ok,
7 v MZBWTEWEHE CRbar7 7 A4 /3—) »°
IVAFTIVNL AT AT 5L Ve %
BT 5 2 L DA o 7272202 G B 4
AB L OEE Yucheng FBE 8 NI KA HEMEE
VAT T I v x 2 MEEST SRR D
N7z, #fEPo PCBs & 2,3,4,7,8-PeCDF OHk
M IIN L7248, BREROLE LS & 50T
F 7000 72220720 Z2oiiThbhzaL A F 3
FNRRERRBER T, BIZHIM 6 B, #5010
67 Aoz a A4 —nN—lBaiThbh/z. FED
BoN364H, 9BlZa L AF I N2 L A
RPEEBIZ G L o TREBRF IR E 2D, 1 HldR
FCPRIM H A SR BeE $HRIMAE S N 2o 727280,
26 T L7, TR, IVAFIFICLS
2,3,4,7,8-PeCDF IfiLH i FE DARRAN R IR T
Eho® . o044 F Y HRERO
BT EIE R 2 3L SER <, 77T
IR E 2 ) D0 b HIMEEE TIEWIIZL T
b R OG-k ENEETH 2.

2) ¥4 FF Y HOBEEERMT DA

¥ A F ¥ UMIE AHR & Ef i I12iG L L
CYPIAL % F I X KED ROS % A & &
B1928D = g LA P L ADSE A+ F D UH
DFEMDLE L B H o T B928D  ROSI2L B
WBALA b L A% BT 51212, NRF2 ZiEHAL L
PR LB H B 2 FE T T LW (7). K
IZ, AHR OiFPEALZ ] L —75 T NRF2 O %
LZRFET D L9 BRI B AU R 5 5
ERELE LTHZEEEZ LN, SRy
PALEWE I E O L ) R AT 21080
AT 520 BRSSP O F R %
DT, HASHY 47 LY EHFRIORME 2
FOWEWD AL ) —= v T HRBG L7z
ZFORER, R (VFEY) BXUOFoFIEE
W& Td A cinnamaldehyde 12, AHR O 5 L%
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Abstract

Since 1985, blood concentrations of polychlorinated quaterphenyls (PCQs), which are congeners that
accumulate in the bodies of typical Yusho patients in the same way as PCBs, have been monitored by
the Study Group for Yusho. We present here the tendencies and characteristics of blood PCQ
concentrations in subjects examined for a possible diagnosis of Yusho from FY 2009 to 2019. The peak
patterns of PCBs in the blood tended to be close to those of a typical Yusho patient as the blood PCQ
concentration increased. The result of the secular change of PCQ concentration in a typical Yusho
patient, suggested that lipophilic PCQ congeners were hardly excreted even in high-exposure cases.
Almost all of the blood PCQ concentrations in subjects born after the rice oil poisoning incident were as
with those of healthy individuals. Therefore we concluded that PCQ congeners had hardly transferred
from Yusho patients to the next generation. The usefulness of blood PCQ concentration as a diagnostic
criterion for Yusho is still unchanged, and a continuous follow—up survey will be important in the

future.

Key words : Polychlorinated Quaterphenyl (PCQ), Blood, Yusho

Introduction

A mass food poisoning occurred in western
Japan in 1968. The incident is called Yusho, or oil
disease, as it was caused by the ingestion of rice
oil contaminated with polychlorinated biphenyls
(PCBs). Polychlorinated quaterphenyls (PCQs) are
among the typical chemical substances contained
in high concentrations in the patients poisoned in
the incident, and these are believed to have been
unintentionally generated when PCBs were used
as a heating medium"”. PCQs are rarely detected
at trace level in the blood of healthy individuals® .
On the other hand, PCQs were specifically
detected in the blood of Yusho patients in 1981%.

For this reason, a Yusho Study group, created by
The Ministry of Health, Labor and Welfare of
Japan, added PCQ concentrations in the blood to
the diagnostic criteria for Yusho in 1981, and the
concentrations have served as characteristic and
useful information on Yusho. The criteria for
blood PCQ concentrations in Yusho diagnoses are
an “Abnormally high concentration” of 0.1 ng/g
or more and a “Normal concentration” of 0.02
ng/g or less ; 0.03 to 0.09 ng/g between the two
is regarded as the “Boundary region concentra-
tion”.

According to previous reports4>~6> that analy-
zed the tendencies and characteristics of blood
PCQ concentrations in subjects examined for a
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possible diagnosis of Yusho in Fukuoka Prefec-
ture from FY 1999 to 2008, the blood PCQ
concentrations of the typical Yusho patient
decreased more gradually from the start of
measurement. Therefore, it was obvious that PCQ
congeners were gradually excreted from the
body, but the degree of excretion decreased year
by year. Moreover, it was considered a future task
to verify whether or not PCQs were transferred
to the generation born after 1989 from the
viewpoint of the health effect on children, while
PCQs were detected in the blood of subjects born
before the 1968 incident® .

The PCQ analytical method in blood was first
developed by Maeda et al 7 This method
consists of both the chemical derivatization of
PCQs to octadecachloro quaterphenyls (ODCQs),
which are completely chlorinated forms, and the
determination of ODCQs using gas chromatogra-
phy with an electron capture detector (GC-ECD).
After that, the PCQ analytical method in the blood
was improved, achieving higher sensitivity8>,
higher speed4>, and greater efﬁciency9>. Current-
ly, each institution conducts PCQ inspections
according to the improved analytical method. In
addition, the quality control of analytical methods
has been required recently to ensure the reliabil-
ity of inspection results.

In this study, we attempted to investigate the
tendencies and characteristics of blood PCQ
concentrations in subjects examined for a possible
diagnosis of Yusho from FY 2009 to 2019. First, to
control the quality of the analytical method, the
method’s accuracy was confirmed using a positive
control sample of PCQs. We then analyzed the
relationship between the blood PCQ concentra-
tions of the subjects and their peak patterns of
PCBs (PCB patterns), which were closely related
to the severity of clinical symptoms of Yusho

100" a5 well as the secular change of the

patients
blood PCQ concentrations in a typical Yusho
patient. Finally, we reported the results of our
investigation of the blood PCQ concentrations of

subjects born after 1968.
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Materials and Methods

1. Materials

The following were obtained from Wako Pure
Chemical Industries : potassium hydroxide for a
guaranteed reagent, 30% fuming sulfuric acid for
Wako 1Ist grade, sulfuric acid for analysis of
poisonous metals, 20% hydrochloric acid for a
super special grade, (+) —-sodium tartrate dihy-
drate for a guaranteed reagent, sodium hydrogen
carbonate for a guaranteed reagent, chloroform
for residual pesticide/PCB analysis, and n—nonane
for analysis of dioxins. Ethanol and n-hexane were
used for analysis of dioxins (Kanto Chemical).
Distilled water with a n-hexane wash was
residual pesticide analysis grade (Kanto Chemic-
al). Anhydrous sodium sulfate, diethyl ether, and
dichloromethane, manufactured by Kanto Che-
mical, were used for the residual pesticide/PCB
analysis. Antimony (V) chloride was PCB analysis
grade (Sigma-Aldrich).

Florisil (particle size : 150-250 gm) for column
chromatography (made by Kanto Chemical) was
previously activated at 130C for 3 hours and used.
Alumina 90, Activated, Neutral (70-230 mesh) for
column chromatography (made by Merck Milli-
pore) was previously added to distilled water to
2% after activation at 130°C for 3 hours and used.

2. Equipment

Electric analytical scale : AG285 (Mettler Tole-
do)

Oil bath : EO-200RD (AS ONE)

Electric drying oven : DRN420DB (ADVAN-
TEC)

Centrifuge : 2410 (Kubota)

GC-ECD : 7890B (**Ni-ECD)(Agilent Technolo-

gies)

3. Samples

PCQs were analyzed in a total of 1838 blood
samples collected from subjects examined for a
possible diagnosis of Yusho across Japan by the
Study Group of Yusho from FY 2009 to 2019. In
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2011 we prepared the positive control sample
used for quality control, and the stocked sample
was distributed to the other institution before the
start of annual PCQ inspections. Since the positive
control was reprepared in 2018, the new lot was
used in from 2018 on.

4. Preparation of test solution

The test solution was prepared according to a
previous report4)9). Approximately 2 g of a well-
mixed blood sample was accurately weighed in a
10 mL round-bottom test tube. After adding 3.5
mL of 1.5 N potassium hydroxide/ethanol and
mixing well, the mixture was heated in a water
bath at 80C for 1 hour. After cooling to room
temperature, 2 mL of n-hexane was added and
extracted by shaking. The extract was centri-
fuged (3,000 rpm, 1 min) and the n-hexane layer
was collected in another test tube. This extraction
was performed a total of three times. The
recovered n-hexane layer was washed with 2 mL
of distilled water and centrifuged (3,000 rpm, 1
min). The n-hexane layer was dehydrated by
passing it through a Pasteur pipette filled with
anhydrous sodium sulfate (1.5 g), eluted with 2
mL of n-hexane, and combined with the above
solution. This solution was dried under a nitrogen
stream and redissolved in 1 mL of n-hexane,
loaded onto a Pasteur pipette filled with anhyd-
rous sodium sulfate (0.2 g)/florisil (0.5 g), and
eluted with 7 mL of 5 % diethyl ether/n-hexane.
The eluate was dried under a nitrogen stream and
dissolved in 2 mL of n-hexane. This solution was
added to 1 mL of 10% fuming sulfuric acid, and the
mixture was stirred well and centrifuged (3,000
rpm, 1 min), after which the sulfuric acid layer
was discarded. This operation was repeated until
the sulfuric acid layer became transparent. The
n-hexane layer was recovered and concentrated
to dryness, and then the solvent was completely
distilled off with a vacuum desiccator. After 0.5
mL of antimony (V) chloride was added and the
tube was sealed, it was heated at 200C for 3 hours

to completely chlorinate. While the tube cooled in
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an ice bath, 2 mL of chloroform was added and
stirred well, and then 0.5 mL of 20% hydrochloric
acid was added and mixed. Further, 2 mL of 20%
hydrochloric acid was added, the mixture was
stirred and centrifuged (3,000 rpm, 1 min), and
then the hydrochloric acid layer was discarded.
This operation was performed a total of three
times. Subsequently, the chloroform layer was
washed in the order of 2 mL of distilled water, 2
mL of a 5% aqueous (+)-tartaric acid solution, 2
mL of 5% aqueous sodium hydrogen carbonate,
and 2 mL of distilled water. The chloroform layer
was passed through a Pasteur pipette filled with
anhydrous sodium sulfate (1.5 g), eluted with 6
mL of n-hexane, and combined with the above
solution. This solution was dried under a nitrogen
stream, redissolved in 1 mL of n—-hexane, loaded
onto a Pasteur pipette filled with anhydrous
sodium sulfate (0.2 g)/alumina (0.25 g), and eluted
with 6 mL of 2%

Finally, the eluate was dried under a nitrogen

dichloromethane/n-hexane.

stream and then dissolved in an appropriate
amount of n—nonane (usually 0.2 mL) to prepare a
test solution.

5. GC-ECD conditions
Quadrex 007-65HT (0.25
mm LD. X 25 m, film thickness 0.1 ¢m) ; tempera-

Capillary column :

ture program : 80C, hold for 1 min and 30C /min
to 320C, hold for 30 min ;
300C ; injection method : Pulsed splitless ; injec-

inlet temperature :

tion volume : 4 pL ; Carrier gas : Helium ; Detector
temperature : 350C ; Makeup gas : nitrogen.

6. Quantification of PCQ by absolute calibra-
tion curve method

Five nanograms of PCQ standard was taken
and the operations were performed after com-
plete chlorination, as described in section 4. A
standard solution for the calibration curve of
ODCQs corresponding to a PCQ concentration of
2 ng/mL was prepared by dissolving in 2.5 mL of
n-nonane. The ODCQ standard solution (corres-
ponding to 2 ng/mL as PCQs) was appropriately
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The gas chromatograms of six skeletal types of
perchlorinated PCQs (ODCQs)

Peak 1 : 2,2-0ODCQ, Peak 2: 2,3-0ODCQ, Peak 3 :
2,4-0DCQ, Peak 4 : 4,4-0DCQ + 3,3-0DCQ,
Peak 5:3,4-0DCQ

a) ODCQ standard (2 ng/mL as PCQs)

b) ODCQ standard (0.2 ng/mL as PCQs)

¢) Sample blood of a typical Yusho patient

diluted with n—nonane to prepare ODCQ standard
solutions (0.1, 0.2, 0.5, and 1 ng/mL as PCQs) for
the calibration curve. Each standard solution was
measured under the analysis conditions detailed
in section 5, and a calibration curve was created
using the total area of the five peaks obtained
from each standard solution. The concentration of
PCQs was calculated by interpolating the total of
the peak areas obtained by measuring the test
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Fig. 2 PCQ calibration curve

The concentration range was 0.1-2.0 ng/mL (five
points). The correlation coefficient (R%) was 0.9999
in this range, and good linearity was obtained.

solution prepared according to section 4 into the

created calibration curve.

7. Quality control

The positive control was analyzed in parallel
with the PCQ inspection by two institutions (A
and B) from FY 2011 to 2019.

Results and discussion

1. Standard curve

Typical gas chromatograms of ODCQ isomers
obtained by completely chlorinating the PCQ
standard are shown in Fig. 1 : (a) maximum
concentration on the calibration curve (2 ng/mL
as PCQs) and (b) concentration corresponding to
the lower limit of quantification (0.02 ng/g) (0.2
ng/mL as PCQs). As shown in Fig. 1, five peaks
were obtained from six ODCQ isomers. The
created calibration curve is shown in Fig. 2. The
correlation coefficient (R?) of this calibration curve
was 0.9999 in the range of 0.1-2.0 ng/mL as
PCQs, and good linearity was obtained.

2. Quality control
To confirm the accuracy of the PCQ analytical
method, the positive control was analyzed in



94

S. Tamaki et al.

Table 1 Analytical values of positive control in FY 2011 to 2019 inspections at each institution

Lot 1
PC . (ng/g) *1
Institution Q conc. (ng/g Average  SD %RSD *?
2011 2012 2013 2014 2015 2016 2017 (ng/g) (ng/g)
A 1.6 1.5 1.3 1.8 1.7 1.8 1.8 1.6 0.19 11.6
B 1.6 1.7 1.5 1.5 1.9 1.6 1.5 1.6 0.15 9.1
Lot 2
PC . (ng/
Institution Q conc. (ng/g) Average
2018 2019 (ng/g)
A 1.6 1.3 1.5
B 1.4 1.4 1.4

The positive control was newly prepared in 2018 (Lot 2).

*1 - Standard deviation
*2 . Relative standard deviation ; SD/Average X 100

parallel with the samples from FY 2011 to 2019.
As mentioned above, the reprepared positive
control was used in FY 2018 and 2019. Table 1
shows the PCQ concentrations in the positive
control for each year. The average concentrations
in the positive control from FY 2011 to 2017 were
as follows : institution A, 1.6 = 0.19 ng/g (rela-
tive standard deviation (RSD), 11.6%) and institu-
tion B, 1.6 £ 0.15 ng/g (RSD, 9.1%), which were
almost the same. This accuracy reached the
target value (RSD < 15%)1”. The average PCQ
concentrations of positive control in FY 2018 and
2019 were in good agreement between the two
institutions. On the basis of these results, this
analytical method was considered to be robust
and to have excellent reproducibility.

3. PCQ measurement results

The blood PCQ concentrations of a total of 1838
subjects were measured from FY 2009 to 2019.
Fig. 1 (c) shows an example of a gas chromato-
gram of a Yusho patient with a high blood PCQ
concentration. Five peaks were obtained as in the
standard solution.

A total of 323 blood samples from subjects had
PCQ above the lower limit of quantification (0.02
ng/g). Table 2 shows the total number of subjects
by blood PCQ concentration levels and PCB
patterns. Chromatogram patterns of blood PCBs

(36)

were classified into four types : Type A, typical
Yusho pattern ; Type C, pattern commonly
observed in healthy individuals ; Types B and BC :
intermediate patterns between Types A and clo,
A total of 20 subjects had a blood PCQ concentra-
tion of 1 ng/g or higher (concentration level 4), and
all of their PCB patterns were Type A or B. At
each PCQ concentration, the ratio of combined,
Type A and B patterns to the total were 65% at
PCQ concentration level 3, 29% at level 2, and 27%
at level 1. The higher the PCQ concentration, the
higher the ratio tended to be. When the blood PCQ
concentration was below the lower limit of
quantification (PCQ concentration level 1), many
cases (67%) had the Type C pattern. On the other
hand, in some cases PCQs were not detected even
when the PCB pattern was Type A or B.

The boxplot in Fig. 3 shows the distribution of
blood PCQ concentrations by PCB pattern (Types
A, B, BC, and C) for a total of 323 subjects with
PCQs above the lower limit of quantification. The
average concentrations of PCQs by PCB patterns
were as follows : Type A, 1.2ng/g; B, 0.33ng/g;
BC, 0.17ng/g:C, 0.08 ng/g. It was found that the
higher the average PCQ concentration, the closer
to the pattern of a typical Yusho patient. This
result was similar to the distribution of PCQ
concentrations in Yusho diagnoses in Fukuoka
Prefecture in FY 2004 and 2005 reported by
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Table 2 Total numbers of subjects classified by PCQ concentration level and PCB pattern in the FY 2009 to 2019

inspection

PCB pattern

*

Conc.Level PCQ conc. (ng/g) i 5 e C No Pattern Total
1 ND (< 0.02) 153 256 85 1,015 6 1,515

2 0.02=, <0.1 27 29 27 107 0 190

3 0.1=, <1 19 55 15 24 0 113

4 1= 15 5 0 0 0 20

*PCB was not detected above the lower limit of quantification, so PCB patterns could not be analyzed.

9 -
8 -
7 -
= 87
E
€ 5-
Qo
a
g .
@
]
=5} 3
2 T )
14 o
— H 9 |
04 ! | 1 1 ES =5
-1 . . .
A B BC C
PCB pattern
Fig. 3 Boxplot of PCQ concentrations of subjects according

to PCB patterns in the FY 2009 to 2019 inspection

The mark “x”

pattern.

means the average value of each
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Ashizuka et al. ¥®. The medians of PCQ concen-
tration by PCB patterns were as follows : Type A,
0.22ng/g:B,0.22ng/g;:BC,0.06 ng/g; C, 0.04
ng/g. The concentrations of Types A and B were
about four times that of Type BC and six times
that of Type C. On the basis of these results, it
was considered that the blood PCQ concentra-
tions were related to the PCB patterns and still a
characteristic information on Yusho patients.

4. The secular change of PCQ concentrations
in a typical Yusho patient
To understand the secular change in the blood

PCQ concentrations of Yusho patients, we
observed the time trend of PCQ concentrations in
the blood of a typical Yusho patient (PCB pattern :
Type A), from FY 1986 to 2019 (Fig. 4). The blood
PCQ concentrations tended to decrease between
FY 1986 and 2004, but did not decrease after FY
2004 and instead fluctuated between 3.9 and 8.8
ng/g. This fluctuation might not be the result of
new exposure from the outside or biosynthesis in
the body, but rather of PCQs accumulated in the
body being transferred to the blood due to weight
loss or changes in physical condition resulting
from medical issues unrelated to Yusho, causing
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—
S

PCQ conc. (ng/g)
S = N W B O OO =3 0 ©

Fiscal year

Fig. 4 The secular change of PCQ concentration in a typical Yusho patient (PCB pattern :
Type A)
Fiscal years without dots are years when no inspection was conducted.

Table 3 The analytical results of sample bloods obtained from subjects born after 1968
and who showed PCQ concentrations above the lower limit of quantification.

Subject Year of inspection Year of birth PCQ conc. (ng/g)
A 2009 1970 0.04
B 2015 1972 0.02
C 2015 1975 0.02
D 2016 1970 0.02

the apparent blood PCQ concentration to change.
Even now, about 50 years after this food poisoning
incident, it is presumed that PCQs absorbed in the
body due to the large amount of exposure at that
time are still present in the blood and remain
without being excreted. These results also
suggested that lipophilic PCQ congeners were
hardly excreted even in high-exposure cases, the
same as with a previously reported congener in
blood, 2,3,4,7,8-pentachlorodibenzofuran
(PeCDF)'?,

5. PCQ concentrations in subjects born after
1968
To wverify the presence or absence of the
transition of PCQs to the next generation, we
investigated the blood PCQ concentrations from
FY 2009 to 2019 in subjects born after 1968. A

total of 455 blood samples were obtained from
subjects born after 1968. Of these, 359 were taken
from subjects born between 1969 and 1989, and 96
blood samples were taken from subjects born
between 1990 and 2009. Table 3 shows the
inspection results of 4 cases in which the blood
PCQ concentrations were detected above the
lower limit of quantification. The years of birth
ranged from 1970 to 1975, and the PCQ concentra-
tions ranged from 0.02 to 0.04 ng/g, which were
almost the same as those of healthy individuals.
From these results, we concluded that PCQ
congeners had hardly transferred from the Yusho
patients to the next generation born after 1968.
Finally, the usefulness of blood PCQ concentra-
tion as a diagnostic criterion for Yusho is still
unchanged, and a continuous follow-up survey

will be important in the future.
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Abstract
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We established an analytical method for accurately determining the concentrations of dioxins and
polychlorinated biphenyls (PCBs) in a blood volume of 5 g. Inter-laboratory cross—comparison is
available for maintaining the quality of dioxins and PCBs analyses. We carried out the cross—
comparison of dioxin and PCBs analyses in the blood with domestic analysis organizations. Two
cross—comparison studies each of dioxins and PCBs analyses were carried out from FY 2016 to 2019.
As a result, the findings of our analysis accorded well with the analyses of the other organizations. It

was found that our analytical method is sufficiently reliable.

Key words : cross—comparison, dioxins, PCB, blood
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Estimation Formula of Body Fat Ratio and Revalidation of the
Half-Lives of Dioxin-Like-Compounds
in the Blood of Yusho Patients
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Masutaka Furve®, Gaku Tsuy® and Tomoaki Imamural)
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Y Department of Dermatology, Graduate School of Medical Sciences, Kyushu University
YResearch and Clinical Center for Yusho and Dioxin, Kyvushu University Hospital

Abstract :

Since dioxins are fat—soluble, the total amount of dioxins in the body is estimated by multiplying the
concentration per lipid by the amount of body fat. The formula commonly used to estimate body fat
mass was created nearly 30 years ago. Late-stage elderly patients, such as patients with oil disease,
were not included in the development of this formula. In this study, we created a formula to estimate
body fat percentage based on the measured value of body fat percentage in the Yusho annual
check-ups. Body fat percentage increased in women until their late 60s and in men until their mid-70s,
but then tended to decrease. Using this formula for estimating body fat percentage, we verified two
studies with half-lives published so far. The first study reported the existence of a group of
approximately 10 years reported so far and a group of infinite half-lives with almost no emission. The
second study was conducted in the same way as the first study, at a different time, but the number of
people in the group of about 10 years decreased and the number of people in the group with infinite
half-life increased. When that was done in the study using the new formula for estimating the body fat
percentage, the same conclusion was obtained, although there were some differences.

Key words : Yusho, Dioxins, Half-life, body fat
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Text Mining Analysis for Yusho Patients’ Survey
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Abstract

Yusho, a mass food poisoning incident that occurred in western Japan in 1968, was caused by
ingestion of rice bran oil contaminated with various dioxins and dioxin-like compounds such as
polychlorinated biphenyls, polychlorinated dibenzo-p-dioxins, and polychlorinated dibenzofurans.
Annual medical examinations by the Yusho group revealed that Yusho patients had been suffering
from various symptoms over the years after the Yusho outbreak. Although most of the previous
surveys focused on physical symptoms, medical history (symptoms and patient-reported diseases), and
laboratory tests such as blood tests, the Yusho Group surveyed the subjective health status and
concerns of Yusho patients as free descriptions, with the cooperation of the Ministry of Health, Labor
and Welfare. In the present study, we conducted a text analysis using the free descriptions focusing on
the health conditions and concerns of Yusho patients’ children. The results of the text analysis showed
that black, oil, atopy, and rhinitis were typical words for Yusho patients. Black and atopy were words
related to baby/gum and skin, respectively.

Key words : Yusho, text mining, free text answer
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Metabolism of 2,2’,4,4’,6,6’-Hexachlorobiphenyl (PCB155)
by Rat, Guinea Pig and Human Liver Microsomes and
Human Cytochrome P450s
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Abstract

The in vitro metabolism of a 2,4,6-trichloro—substituted PCB, 2,2",4,4",6,6-hexachlorobipheny]l
(PCBI155), was studied using rat, guinea pig and human liver microsomes, and human cytochrome P450
(CYP) isoforms. Three kinds of liver microsomes from untreated, phenobarbital (PB)-treated and
3-methylcholanthrene (MC) -treated rats and guinea pigs were also used. In rats, PCB155 was
metabolized to M1 by PB-microsomes with a remarkable high rate of 4.554 nmol/hr/mg protein, but
not by both untreated microsomes and MC-microsomes. In guinea pigs, both untreated microsomes
and MC-microsomes showed the M1-producing activity with rates of 0.056 and 0.060 nmol/hr/mg
protein, respectively, and the activity was increased to 3.5-fold of untreated microsomes by PB
treatment. GC-MS analysis demonstrated that the methylated M1 had the molecular weight of 388 and
almost completely agreed with a synthesized authentic 3-methoxy-PCB155 with regard to the
retention times and mass fragmentation. Of four human CYP isoforms, only CYP2B6 showed high
activity to form M1 at a rate of 0.702 nmol/hr/nmol CYP. These results suggest that the major
metabolite formed by PB-inducible CYP2B enzymes in rats, guinea pigs and human is 3-hyd-
roxy-PCB155, and that CYP2B6 plays the most important role in PCB155 metabolism in human liver.
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Faculty of Nutritional Sciences, Nakamura Gakuen University, 5-7-1 Befu, Johnan-ku, Fukuoka 814-0198, Japan
Tel : + 81-92-851-5415 E-mail : nobuyuki@nakamura-u.acjp
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Polychlorinated biphenyls (PCBs) %, JEX®
MY, R 2 BTG R B CE R A
¥ 75 4= ¥ 'E (POPs, persistent organic pollu-
tants) & L TH&%TH 5. PCB EEMFIZERH
2200 D L5, D) b, WEBDSMELT

D% DB DI, IR THBWES ITKRILS 1,

JHi 2 AL CHp AL Pt s h a VY —% 3§
TG ML B B L KBILEIZL D,
fERE LCRIMICOZDVENIEE T2 810k
B INbDH L, KEIZ, 2.4 5-SHEFEERD S
Wik 2,3,4,5- IR EHRO PCB £k, vk
DI, FEIARRE & OB VT, SiRET
miETwaY ™ F72 Todaka S, kb
e L E B oIl PCB 2R OREE %
AN, WFhIZBWT Y 2,2,4,4,5,5-hexach-
lorobiphenyl (hexaCB) (PCB153) ##ix b % <, &
WT2,2,3,4,4,5,5-heptachlorobiphenyl (hep-
taCB) (PCB180) # X 182,2,3,4,4,5-hexaCB
(PCB138) 7"%\wZ2 &, $72, 2h oo PCB £
i, WHERFE TIEEFEED 1.6~2.2H5 w2

&, 25612, 2,2,3,4,5,5,6-heptaCB (PCB187),

2.2.3,3,4,4 5-heptaCB (PCB170) & X 02,3,
3'.4,4 5-hexaCB (PCB156) |22\ Tid, %%
D 2.2~3.9 5N L w7297,

I, YRR T, 2,4,6-=1EFEH0 PCB
B TH D 2,2,3,4,4,5,6-heptaCB (PCB
182) OLFHIZOWT, Iy P BLUELVEY MF
Izuv—4 (Ms) ZHHWTHRAEZ A, WT
NOBEWIF Ms b EREW & L T 3-KEfb
(OH) thzEEKTHZ &, T2, v MFMsIZ

Cl

Cl

PCB153

X % 3-OH koA pii& 1%, phenobarbital (PB)
BB X D BEFICHINT 228, 612, 20
W, Bk 2.4, 5-=HFEH D heptaCB
(PCB187, PCBI180, 2.2.3.4,4,5,6-heptaCB
(PCB183)) OHAIZE~, 10~50 &2 & %
oL, 20tk 2.4,6-=HEF B PCB
Bk 2,2,3,4',5,6,6-heptaCB (PCB188) 12
DWTHIET L, TOfEE, PCB182 L FHFkIZ,
WA I-OH RN ERBENDL 28, 2ok
AT PBAMLERIC L DL RSB 2 & 2B
SHCLY. LIAT, INHD2,4,6-=H%
B PCB BMEMAIE, b MEBT 2 SIZEAL
M S Twiwvy, 25 <, PBFEEO e MT
cytochrome P450 (CYP) 12 & V) &G Tkl
b, RS2/, RNICERE
LTWwWZnwdntEZObN5.

ZIZTARMIETIE, CORY EBICHRT A7
O, FEMRT2o0 2.4, 6-=1EFZELFL ¥
oA 2,2.4,4,6,6-hexaCB (PCB155) (22
WC, invitro K & F~_72. PCB155 OAE#122
WL, IRFETIE, HEERE SN TWBIcT &
72\, 1975 4E Goto 5%, PCBIG5 #%5-5 v b3
FrLEMR#E LT, MO T3-OHEZFEL
72101980 4E, Matthews 5 1%, PCBI155 % &t
4 FEHOXFRN 7 PCB 44k % 7 v MIEEL,
Mg B L OFEAFPIZBIF S PCB & 2o/ D
FErLBE L. 209 b, Fig lIZRL 7
PCB153 & PCB155 I22oWTH % &, O PCBI155
&, B MO PCB153 £ U I @ A% 3 430
128wz, @ PCBI5S OFEF~DHEME X
PCB153 L W #f5 %\ 2 &, %512, 3 PCBI55
B LU PCBIS3 1E & b1 3-OH s ER W T

Cl
PCB155

Cl

Fig. 1 Chemical structures of PCB153 and PCB155
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PCB155 @ in vitro A

HAHD, TOEIIZTNZENHGED 12%B LT
0.3%%L0bZ &, ZHELLYY ok
R T, AWETIE, Iy b, ELVEY FBE
e MF Ms (2 & % in vitro (R O B W fE 7 % 3

RbHEEHIZ, v CYPOrFHEICL A8 L
L7z,
X B F &
1. BRI
(1) A%

2,4 ,6-trichloroiodobenzene, 2,4,6-trichlor-
oaniline, 2,4,6-trichloroanisole, NN, N-dimethyl-
formamide, tetrachloroethylene 3 & 0" isopentyl
nitrite 1£, WAL T3 ORR) X OEEA L.
¥ 72, NADP, glucose-6-phosphate (G-6-P),
PB-Na i, 3-methylcholanthrene (MC), G-6-P
fik#EEZ (G-6-PD) B & U 2-[4-(2-hydroxy-
ethyl) -1-piperazine] ethanesulfonic acid
(HEPES) 13 &+ 7 1 L AFGHE (KR XD
WAL &5, wYmMET VT I Vit Sig-
ma-Aldrich ¥t (USA) »5HEA L7,

(2) & MIFMsBXUE b CYP 5 1-HE

t MFMs (10 40 B Ms ZiRA LD
D) BLUe MY R H kO 4 FHEHO

v s CYP 7 FfE (CYP1A2, CYP2A6, CYP2BS6,
CYP3A4) (&, Corning ft (USA) X AL 7-.

(3) PCBI55 OHK

Ariyoshi 504 Tfio7:. $4bb, N,
N-dimethylformamide 50 mL (2 2,4,6-trichlor-
oiodobenzene (0.6 g) % &L, HMALIN 14g %
ANT 185C TR %« 4 AT - 72, & 5612
AL A RSB L, & 6124 Refhnza kel
7z, BUE R, BUSRIZZEE K Z 2 chloroform
THI L, > UA V60 H 7 4 (70 g, Merck
B) B L USHUH HPLC TRH# L 72, HPLC 45
MS&MELT oMY Th 5. ik, Sk
71ux 2777 LC-10AT (BEHE) 17 J 4,

Inertsil ODS-HL # J 4 (250 x 10 mmid., 5 um,

GL Sciences #) ; #'— N J 4, Inertsil ODS-HL
TV T H—=FA—=11)vY (30 x 7.6 mm id.,
GL-Sciences #) ; #2&)#H, acetonitrile ; Jiti#, 4
mL/min ; R, 254nm. GC-MS 0%, 77
F®& 38 THY, FAEE—27056 6 >DMEHED
B INTWAEZ L2 MRE L. &I 23 mg

(71)
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T, MEEIZIZIZ100% TH o7z (77— KEHE).

GC-MS DG EMFIIRDEY TH L. ST LR,
GCMS2010 (#E#) : # 7 4, DB-1 72 —XF
PIAFYET Y —=HF24 (30m x 0.25mmid.,
0.25 um FEJE, J&W Scientific #) : 4 — 7 Vi,
70C (1.5 min) - 20C /min - 230C (0.5 min) -
4C /min - 280C (5 min) ; {#EALRE, 250T ;

Fy1)7—HA, He (I mL/min).

PCB155 : MS (EI) m/z (relative intensity, %) :
358 (100) [M*], 360 (179) [M"+ 2], 362 (147)
[M*+4], 364 (62) [M™+6], 366 (15) [M*+ 8],
288(70) [M"™-Cl.].

4) P OEK

PCBISS it & LC, 3-OHMhxHEL, <
D A F Vik#Efk 3-methoxy (MeO)-PCB155 D&
B %, Cadogan ® )Y o7z, Thbb,
2,4 ,6-trichloroaniline 1.0 g 3 & U 2,4, 6-trich-
loroanisole 1.3 g # tetrachloroethylene 10 mL T
WL, & 512 isopentyl nitrite 0.5 mL W1z T,
110C T 24 BRI BUS S 872, BUSTIZ 2R FEVEE 72,
n-hexane T L, 7NV I+ 5 24 (50 g,
Merck #) BX O #4760 /1 7 A THEHSHE
#W1, HPLCIZTHEL 2. Bonh-FELEY
DOFHTIX, GC-MS 2 TiTo 72,

3-MeO-PCB155 : MS (EI) m/z (relative in-
tensity, %) : 388 (100) [M"], 390 (198) [M"+
2], 392 (153) [M"+4], 394 (65) [M"+6], 396
(19) [M*+ 8], 373 (59) [M"-CHs], 345 (92)
[M"-COCHs], 275 (56) [M*-COCH3Clz].

(5) SEErEyY) &Y LB

Wistar AMEMET v 8 (REH 200g) 1208, B
X Y Hartley RHEPEELVE Y b (KER 280g) %
12 EH Wy, 1THE4PLE LT, RAHEE, PB AL
HB IO MC BILEHED 3 #2572, PB-Na
T AR AR KICER L 80 mg/kg AT /day @
HET, $72, MClZa— Y illcin L 20 mg/kg
hH#H/day OHET, Wb 3 HHEBERENIZHE
L7 R#HSHOBRHICEWZER LT, F
L, BEICIDIFMs ZiB L7z b,
IS OB FEBITA R R B ERZE S
2 & B|AKBEE MG LT, [hHERRE (5T
HHIREEER) B FEERICET A HE] #8F LE
L7z Ty NOBBICEL T, iR
BT LEMERO OO | I2HE,
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EFCEXLPTRET L7280, ERTIVT v Tl
%, SEHEIRD S OB X W T & ¥ 7.

2. B Ms IZ&2KH

40 uM PCB155 (Dimethylsulfoxide (ZAf#) %,
NADPH A% (0.33 mM NADP, 5 mM G-6-P,
G-6-PD 1 unit), 6 mM MgCl,, B/ Ms (1 mg
protein) 3 & U 100 mM HEPES #&#i (pH7.4)
EEHIZAEF1I.0mL & LT, 37CT60min f ~
F 2 X— ME, RS IZ chloroform-methanol
(2:1) 1mL & n-hexane3mL Z Mz KIVT v 7
ATIEEIME L7, v MF Ms O34, 0.5mg
protein # T, ZOMTRT% 1/2DA7—
VTATo 72, HhHUE 2 AT, AEZ &hbE T
EHET%, diazomethane TXF W LL, GC-ECD
B LU GC-MS |2t L 72, GC-ECD D4ttt
TR Th L. ks, GC-ECD (Agi-
lent#) : #7724, DB-1 7a—A K2 A Fx ¥
FY)—=A92 (30m % 0.25mmid, 0.25 um &
&, J&W Scientific #) ; 4+ — 7V iE, 210C ;
AR, 270C ¥ v U 7 —HF X, Ny 4.6

mL/min). %8B, HYOEREIX, PCB155 D%
T W T T o 72,

3. Er CYPAFREICKDRH

40 M PCB155 %, NADPH 4% (0.33 mM
NADP, 5 mM G-6-P, G-6-PD 1 unit), 6 mM
MgClo B £ U8 100 mM b ) A -3 EE#E i (pH
7.4) LEBIZAF0.5mLIZ%R S LI, 1.5mL
TIAF v I Fa—TOHIZANTIICOEIR
IR E L7z, & b CYP % (0.19~0.45
mg protein) DRINIC & 0 s & BiE L7z, 60
min %, chloroform-methanol (2:1) 0.5mL 70
2 &0 RS E IR, n-hexane 1.5 ml THit L 7z,
I 3MEHRY R L7, AR 3 W45 % jiE i
5 L, diazomethane T4 F )V 1bf%, GC-ECD 2
it 7=

4. DOt

YT Ms D& 237 EDERIE, Lowry HD
HHEO VT2 b, iy Vs B E
LTy IMET VT I v & A,

X H T

(72)

13205 %

X B B X

1. PCB155 KB DILERBE

9, PBRILEET v MIFMs IC X D AERK S L
7o M1 (X Fufk) O%Fm % GC-MS 12
X YFRI Fig 212, DHERZRL -
PCB155 1&, PR¥EFEER] 11.87 min (M S L7228,
IS, RE e B s ML (2 F L) A8
PREFIFR] 13.38 min (2 &Nz, ZOE—=2 0
=13 388 TH Y, PCBISS D4 TR & 1 30 kK
Emolz, TORERENLSL, ML (X F VL) 1
3-OH KD X FIVEFEARTH 5 Z L oS S 7z
(Fig. 2). &z, PHEMAHDE LT, BEEHL
72 3-MeO-PCBI55 L [b#k L7z & 2 A, MF L
GC-MS 2B 2 RFFHEM B L O~ AT T 7 2~
MXF =285, Wiy lFE A ELEEII—F LT
(Table 1).

2. 9y b, ENVEYMBLVPEMFMs &
% PCB155 X

PCBI155 %, NADPH f#+4£ F, #5MIIZT v b,
EVEY PBIOE MFMs & & b1Z, 37C, 60
min fUS &8, B OER T L7z, &b,
v MEENEY NOBE, RUHEWAT Ms &
E DI, CYP i 2 ai L L 728 Ms = H
WTHE L ML oEsI, oiEdEs LT
GC-ECD % fiff L, PCB155 Ofmin H17 -7z
(Table 2).

%9, 7v MFTIX, PBRILE Ms TOA, £
FEEEfE] 5.58 min 12 M1 288 S 4L, & DA
1%, 4.662nmol/hr/mg protein & JEHIZE D>
720 B, KRB X O MC RiLE Ms TlIAH
Wik B SN e o7z, RIS, EVEY MF
TIE, M1 OEBIEHEIZ RIS X O MC BiLH
Ms lZBWTHiisn, €24 0.056 B L
0.060 nmol/hr/mg protein Th -7z, £7z, T v
N & EIBRIZ, PB RTALEE Ms CHIN L 7275, ARWLH
Ms O 3 LMWL D TH - 72 (0.193 nmol/
hr/mg protein).

—%, EMFMs TY, v bBLUELEY
b &4 R UARERRERT I M1 23t S 7z (Fig.
3). FoERIEMIZ 0.292 nmol/hr/mg protein
Tholz. ZOfix, v FBITELEY O
FULHE Ms &I T 5L, b >ELVEY b >
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Fig. 2 GC-MS analysis of the methylated derivative of a PCB155 metabolite formed by liver

m/z

microsomes of PB-treated rats

(A)Mass chromatograms

(B) Mass spectra of PCB155 and M1
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Table 1 Mass spectral data and retention times of PCB155 and the methylated M1

Molecular Mass spectral data (Relative abundance, %) Retentign
Compound . time (min)
weight Ml [M™-15] [M*-35] [M™43] [M'-50] [M*-70] in GC-MS
PCB155 358 100 - 5 - - 74 11.87
Ml 388 100 54 - 35 10 - 13.37
3-MeO-PCB155 388 100 53 - 34 9 - 13.37

-, not detected.

Table 2 Metabolism of PCB155 by liver microsomes of rats and guinea pigs, and human,
and the effect of CYP inducers on its metabolism

M1 formed (nmol/hr/mg protein)

Animal
Untreated PB-treated MC-treated
Rat N.D. 4.662 £ 0.201 N.D.
Guinea pig 0.056 = 0.013 0.193 = 0.011 0.060 £ 0.010
(100) (345) (107)
Human ™ 0.292 £ 0.017

N.D., not detected.
Each value represents the mean = S.D. of four rats and guinea pigs.
*The value represents the mean = S.D. of three determinations.

7y FDOIETH Y, & MFEF&RD &, 7.

3. &b CYPZFIEICK S PCB155 A

t M CYPrFHEiDH 5, CYPLIA2, CYP2AS6,
CYP2B6 # £ 18 CYP3A4 % H\C, PCB155 &
BT ok, CYP1IA2, CYP2A6 B LU
CYP3A4 Tlx e MW R SN o 72705,
CYP2B6 TDA, b MFMs &4 < [ U PRI
2, AREY M1 skt sz (Fig 3). %72, Ml
X GC-MS 12Xk, 3-OHMKTH 5 Z & H5HfERE &
7z, WIZ, PCB155 OfEfiE A\ TE=R L7z
&£ Z A, CYP2B6 (% 0.702 nmol/hr/nmol CYP &
M) EVEREEEZ /R L7z (Table 3).

Z &

AuF7E T, 2,4,6-=1FEH PCB Th %
PCB155 @ in vitro L3 2 F 72, & O # R,
Ty MFMs 7217 Tld7Z%R <, EVEY MFMs B
O FNIFMs T8, 3-OHAED AN AR S 7z
(Table 1, Fig. 4). LA L%&25, ZEWH C3-
OHDAER /N = IZRELEL > TV 2T
bt Z v MTIEPB AL Ms TOAZE L <

EVEHER L2 —F, EILEY b TR
HMs THERWZRSLHEESR 6N, £ 512 PB
BALERIC & D& 351N L 7212, & MIF Ms
TR ERELT, Ty PBLPELEY M &
w3 5L, 3-OH KoAfiEHEE, v b >
EYy F>T 9 MDJETH 72, ZOFEFEHIS, b
I FIE PCB165 AR L C, BT & 0 5 R5LL
FOBWEEEFE LTS Z ERRIBENT.
PCB O/KBEILHERE L LT, 2200 BIEZ S
NTwh. 121F, PCB HERD C-HEAIZ,
BMREPHFASINLIZER TH A, KWL TIT,
v b, EBLEY PBIUR MFEDIZ, 3-0H
RLPEREN o722 L h 5, PCBIS2Y %
PCB188”  FkIZ, HIEAKERILTHEITLTVAD
bOEEZOLNLE. HH 121F, = KRFY N
Kl L, HERT O NIH &7 % R EfT 3
LR¥THSH, TNFTICH, PCBIG3Y, 3.3,
4,4 5-pentachlorobiphenyl (pentaCB)
(PCB126)'”, PCB187'® 7 ¥’ %7 PCB HMfk
TLWME SN TS, Fl21X, PCBI26 %57 v
kDR 25, 4-0H-3,3,4,5,5-pentaCB 75,
¥ 72, PCBI187 Hi#f TIi3.4-0H-2,2,3,3,5.5,
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B) Human Liver CYP2B6
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Fig. 3 GC-ECD chromatograms of the methylated derivative of M1 formed by
human liver microsomes and by human CYP2B6

Table 3 Metabolism of PCB155 by human CYP isoforms

CYP isoform

M1 formed
(nmol/hr/nmol CYP)

CYPIA2
CYP2A6
CYP2B6
CYP3A4

N.D.

N.D.
0.702 = 0.024

N.D.

N.D,, not detected.

Each value represents the mean £ S.D. of three determinations.

6-heptaCB X i1 &KLk »4-0H-2,2,3,5,5,
6-hexaCB "R oMo CTWwWh. X512, Ariyoshi
513 PB BiALEE 4 X IF Ms 12 & % PCB155 M =
A, ERE O 3-OH (RLAMZ, NIH {707
Wb b b4-0H-2,2',3,4,6,6-hexaCB %
4-OH-2,2.4',6,6-pentaCB Z#ii5 L= Zo
FERE, PBRIMLELA BT Ms (2B W T, EHKER
b5 & O epoxide H A 2 R H L 72 KB b % ikt

TLEBD CYP DPHFET LI L ZRIBLTN5.

ZNFTIC, PBHEMCYP £ LT, CYP2B
BEPHONTWED, SREOER,S, T b
CYP2B1' B X OV ELE v I CYP2BI8Y? 28
PCB155 @ 3-/KEELIZ5R < BIS- LT B 2 L AVR
s, 72, 4EEORFEN LR b CYP 4
FHE (CYP1A2, CYP2A6, CYP2B6, CYP3A4)
kI 7z#Et 005, CYP2B6 7213 A58 v PCB155
RBIEEZH LTz, b MFO CYP2B6 & &

X, BCYPEEDI L, FADI%UTTH 5
252V 42 CYP A5 28RO B, #5%
ICHESLTwaEnwbia® . SEOEEDD,
CYP2B6 3% < 0FEYRH LD H 5, PCB 5
WARD X 7 A0 (3, 3, 5HAHWIEE ) KEEbx
il L CB Y, FHHE LT PCB155 DM~ HE
MAREEICRELSHFEG LWL b, —F,
CYP3A4 B &£ UFCYP1A2 1, © MiF# CYP &&
DHL, FNEFNH20%BLT10% % HEDTEB
D EYRHANOEFG RO HTIE, FHICEE
7% CYP & LTHILNT WA, LaL, WiCYP
& 12 PCB155 fR#ICIZ &L G LT iad o7z,
72, CYP2A6 13t MFO#HCYP RO b,
#15% % D TH N2V, PCB RUEED 4 (rKEEAL
ICHFG LTV A I ERE STV RPN 4
[l PCB155 fta ¢, MGtz RS hdo 7z,

i, & MIBITAHPCBREMIZED1 D& L
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Cl Cl HO. Cl
3
CYP2B
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Abstract

In this study, we examined the effects of nobiletin, a polymethoxyflavonoid derived from Citrus
depressa, on cytochrome P450 (CYP, P450) activity in the livers of dams maternally exposed to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Pregnant Wistar rats received TCDD (1 pg/kg, p.o.) on
gestational day 15 (GD15), and at GD20, we examined hepatic P450 activity and its inducibility by
TCDD. Ethoxyresorfin-O-deethylase (EROD) activity, a marker activity of CYP1A1, was found to be
significantly induced in TCDD-treated rats, whereas although CYP1AZ2 activity also increased by
TCDD, the effect was less pronounced than that observed for CYP1AL. In contrast, CYP3A and
CYP2C6 activities were significantly higher in the TCDD group than in the control group. These
results suggest that maternal exposure to TCDD elicits changes in the levels of drug-metabolizing
enzyme activities, including those of CYP1A1, CYP3A, and CYP2C6. To examine the effect of nobiletin,
P450-dependent activity was assayed iz vitro in the presence or absence of this flavonoid. Although
the effects differed depending on P450 isoform, nobiletin exhibited inhibitory effects on CYP1AI,
CYP1A2, CYP2C6, and CYP3A. We accordingly anticipate that nobiletin will reduce the adverse
effects of maternal exposure to TCDD via its modulation of P450 activity.
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Fig. 1 Structures of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and nobiletin.
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Table 1 The kinetics parameters for cytochrome P450 activity toward 7-ethoxyresorufin, luciferin-
ME, luciferin-H and luciferin-PFBE in hepatic S9

Substrate Km Vmax (nmol/min/mg protein)
7-Ethoxyresorufin 41.1 £ 9.3 1.25 £0.19
Luciferin-ME 29.8 5.0 223 + 11
Luciferin-H 311 + 192° 6.67 = 2.90
Luciferin-PFBE 112 + 22° 25.7+3.2

anM ; PuM. S9 samples were prepared from the liver homogenate of pregnant rats (GD20) orally

treated with TCDD (1 pg/kg). S9 samples of 5 rats were pooled and subjected to the assay. Each value

represents the mean = S.E.M. of triplicate assay.

3. SO U TIVERR

GD20 BHA& 1 PB4 7- 0 JFfiK 1 ¢ 2 0.25 M suc-
rose3mL THEIF A A L7z ZODL, 9,000
X g, ACT20 MR LTEEL 7z fFonz kg
(S9) #4mEL, MHT2ET-80TCITTRAEL
7. ¥ 7B ERIX, Lowry DO EIZHED W
T o722 ik, iy vy HELT
bovine serum albumin (BSA) % v, WOGEH
E 12 1& HITACHI U-1800 Spectrophotometer
w7z,

4. P450 EMEAIE

1) Ethoxyresorfin-O-deethylase (EROD) assay

Burke 5 ® 5126t T*, 7-ethoxhresor-
ufin @ Ot 7 )V F WALSUGIZ & 0 4 U % resoru-

fin O#EEEME L7z (B, 544 nm ; HIZESG,

590 nm).
2) CYP1A2, 2C6 and 3A assay

FNENDOFENEL P450-Glo ™ CYP1A2 Assay,

P450-Glo™ CYP2C9 Assay, P450-Glo™

CYP3A4 Assay (Promega f1) % W CllsE L 7.

NADPH (#%i#FE 0.1 mM) 7T, CYPIAZ2
5% T 1% luciferin-ME, CYP2C6 il % T &
luciferin-H, CYP3A illl7£ T luciferin-PFBE %
EEE LT L BGHERDTA v F 2 -~
vav, HFCEIVIE A3y 72 MFL
(Thermo Labsystems #t) #fEH L, fFHEo a3~
Ya2—%v7 b7 x7 (Ascent software) 2T
T SN EATo 72 B, EEYEE LTI
luciferin % i\ 7z,

5. fREtALIE

FTRTO 2 B OB DWW TIE, Student's ¢
test Z HWTHENT L 72, F72, fEERoEIZD
W, 1-way ANOVA KO Turkey ®% & [tk
MEX HWTHT L7z, 2B, FEK#ETD <
0.06 & L 72. ¥ 7z, kinetics @ # F &
Michaelis-Menten 2 FEMIEAE 2 1TV, %8
TA—F—nBTH L7

X B & 7
1. TCDD BEREBEBHAF COEYRBESR
EMOEBETRE

CYPIAl o8t & 72 5 EROD &M%, KO
CYP1A2, 2C6 J U8 3A DG MEHlE % Ehti L 7-.
SOD ¥ 37 wm% EROD &M Tl 500 pg/100
uL, Z oMo assay Tlid 40 pg/well & L THEAT
2iTo7z. TORR, HHIhF AT 149 7%
F A—%— (Km, Vmax) | Table1 |Z/Rx3 3D
Thb. HERGEN OEMH%, EROD IHMH%
TCDD {5 & B 78 S 4R BE A4 e OF IR0k 85 4 4l B4R
OB TlEET 5 Z & T, CYPIAL GO EH) % fit
Mt L 7z. 7-Ethoxyresorufin i & | Table 1 @
Km % %12, 40 nM THEH L 72. £ OfE &,
Control # & [b# L C, TCDD & TIIAER
EROD {H0FEAHER S 17z (Fig. 2). 5612,
TCDD 1B H] & 5 58 I 4R b1 A4 ) OF JEBR: 82 S AR BE A4
O TS A2 & T, CYPIA2, 2C6 MU 3A
HEOZE 2 B L2 EEoKEEIX
luciferin-ME, luciferin-H & U luciferin-PFBE <
I 30 uM, 300 M KN 100 pM & L CEF
L7z FEEIRRE TN L 7o SR EIT I L - T
B S 202 S 7z Km & B2 g L7z (Table 1).
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Fig. 2 Effect of maternal exposure to TCDD (1 pg/kg at GD15) on hepatic
EROD activity of dams at GDZ20.
EROD activity in the S9 is used as index of the induction of
CYPI1AL. Each value represents the mean * S.E.M. of 5 rats,
respectively. Significantly different from Control : ** ™ p < 0.001.
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Fig. 3 Effect of maternal exposure to TCDD (1 xg/kg at GD15) on hepatic
CYP1AZ2, 2C6 and 3A activity of dams at GD20.
Control group was treated with corn oil at GD15. Each value
represents the mean = SE.M. of 5 rats. Significantly different from
Control : *,p <0.05; ** p < 0.0l
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Fig. 4 Effect of nobiletin (NBL) 2z vitro on hepatic EROD activity of pregnant rats
(GD20) exposed to TCDD (1 ng/kg at GD15).
EROD activity in the S9 is used as index of the induction of CYP1AI1. S9
samples of 5 rats of control and TCDD-treated group were pooled and

subjected to the assay, respectively. Each value represents the mean £ S.D. of

triplicate assays. Significantly different from TCDD (-) group : ***, p <
0.001. Significantly different from {TCDD (+), NOB concentration 0 ux M}

group: T T 1, p <0.001.

Z DR, CYP2C6 M UF 3A 128\ T TCDD B

BERECOAB RGO MR S 7z (Fig 3).

CYPIA2 IZ2oW T LA H - 72 b
DODOEETIE o7,

2. JELFUIZLB in vitro TOEYRHE
£ INOLEESYE S

KIZ, EROD itz HWwW T/ ELF D
CYPIAL 129 % FHEHER) R 2 Maf L 72 7-
Ethoxyresorufin ¥ 13 Fig. 2 ® EROD i A f#AT
EEC 40 nM THwWw/z. 7 ¥ L F Y id T-ethoxy-
resorufin & [ U DMSO (2% f# L, 7-ethoxyre-
sorufin & FFFICHIEE L, 2, 5, S KTUN10 uM &
% £ IH Y TIVIHINT 5 2 & TRIG % B
S/ B, TITIEERFEELT SR
Z v MEEOY IV e FEERM LS -V F

SOHY I EHNTWS, Eik (Fig2) LT L,

EROD {41 TCDD BE#&IZ & V) xfld & i LT
BRI JE LT O 10 uM THE
AR 5 2 kR anz (Figd). 2h
XFEREIE 40 nM @ 250 fEDIEETH B, WIZ,
CYP1A2, 2C6 KU 3A OiEMEIZ>WT, JEL

F v OWENREEFHH L7z (Fig. 5). ThEho
T XA FE 30 1M, 300 «M 2 OF 100 M
THWw7. Zof%E, CYPIA2 i&1iE TCDD B
Tl xR E B L CHEICEL, JELTF >
DOFIENE 80 uM DL ECTHEIIEEZ M T 5 2
EHTRENTz, TIUTILEIRE 30 pM Oy 2.7
fEowETH 5. T2, CYP26 iftEiX TCDD
IRFEICL DR e L CAEICE , KT
JELF Y ORERE 10 uM Ul ETHEIE
P42 2 LR E NIz SAUIIEE IR 300 ¢
M®D 1/30 DIEETH 5. & 512, CYP3A F
(3 TCDD BEERIC X DR & B L THEICE <,
JE LT ORGERE 50 uM DL CTH BRI %
WHl$ 2 2 EpRE NIz SAUFIEEEREE 100 ¢
M®D1/2DEETHL. ZDOLHIZ, T bFE
SO 43 & 72 i vitro TOMETIEX, /ELF
X, CYP1A1, 1A2, 2C6 M UF3A % invitro T
HETL2D00, HEOMRSIIGFREILIZRLR
52 EAUREEI N SEME L& TIE,
CYP2C6 (24 2 BHERR DR b mr o7z (Fig
5).
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Fig. 5 Effect of nobiletin (NBL) 7 vitro on hepatic CYP1AZ2, 2C6 and 3A activity of

pregnant rats (GD20) exposed to TCDD (1 pg/kg at GD15).

TCDD (-) group was treated with corn oil at GD15. S9 samples of 5 rats were
pooled and subjected to the assay. Each value represents the mean = S.D. of
triplicate assays. Significantly different from TCDD (-) group : ™, p <
0.05; ** p<0.01; *** p < 0.00L Significantly different from {TCDD (+),
NOB concentration 0 #M} group: T,p <0.05; T T,p<0.01; T T 7.p <

0.001.

Z =

Riff7e ik, TCDD IR ERE L /21
7 v b OIFIED P50 {H k% L, £h~o/
VL FrOEBIZOWTHET L7z, P450 41
D% 77TH CYPLAL OFEHEAH TCDD BEFEIZ L -
THEILLFHEENLZ R ENS (Fig 2).
TCDD 2 & % CYPIA ®OFE 2D TILIA < Al
LENTBY, ARREMILE S L2ZD X=X
LAZOVTHERENTHEIYW F72 T b
JFIZB W T TCDD 12 & %551k CYPIA2 (21X
TCYPIAL 28X D FEINL Z L b o

Twa® . TCDD RLYA4+*2 v HTH Y,
MIEE N E ©H 5 2,3,4,7,8pentachlor-
odibenzofuran 787 v b CYP1A2 |ZxF L CEHBA
HETHAL TWAEZ EPNYIEREDLATHIZEIC
Lo TRENRTHEL®, TCDD 22V T
CYPIA2 L& 52 & TEDOIEMEEHIHS 5
EHZHSZ EHFED LTV LT, KEfET
&, western blotting 12 & % % Y%7 EH L X)L D
EEwiEE L T v, TCDD &R I
£oTY, CYPIA2 i SN TV A REMEIZTS
D, LAL, FEINLEFEIZ TCDD &
DFEEIZ L AHEEHEDRZ o T D T,
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AEFZEDFEFREFI/ LRV, TROSDOERIZLD,
TCDD &I X - T CYPLA2 {EMEIZBE N
EncE s o ESNS (Fig 3).

& 512, TCDD R ®MEEIZ & - T CYP3A I
OB RFEPHER SN (Fig 3). LWF5EE
DYEATIIFEIZ B\ THER 15 H H £k~ TCDD
(1 ng/kg) #512X D CYP3A1 mRNA L ~N)Lv o
GD17, GDI8 T3, GD19 ozl
TIRAEEREMSED LN TWEY . Z20o,
KW FEDAERNTIBATIIZEDRE R & FIE L %2\,

KT, TCDD 12 & » T CYP2C6 iEHD A E
AR EINS (Fig 3). CYP2CH 77 7 3
) —22oWwTik, ThFTIZTCDD 2 &t
aromatic hydrocarbons |2 X 2 #l1& 557> > T
AT/ AR = AN G F - = | Py e e
ENTBLT, AWFFIZL > TIZLHTCYP2C6
@ TCDD 12 X 2 FHEDOWReEAIRIR S N7z 7%
B, Kif7eTlx, CYP1A2 ¥:57: luciferin-ME
& CYP2C6 219 7 luciferin-H % H\W 7z 45 R~
2, 2N % CYPIA2 B X OF CYP2C6 i
ELTHWY o7 TCDD HESEEIZ L S
luciferin-ME G~ DD EHAH T &
EFE D, luciferin-H AGHNEEO LAPHETH 5
Z &7 5 CYPIA2 12 X i LA & CYP2C6
FEPIRIE SN2 OBIETEREZ M2 T 5.
15 1L, luciferin-H i CYP2C6 12K\ T CYP1A2
WX OVRBEZTLZEDS, CYPIA2 BX O
CYP2C6 @ FHHE|Z D\ TIE4H mRNA L)L R
5 NI ELUNRVTHET 2LERHS ).

FiaR oo D), SPFE=ECTORITIIZEIC LD, £F
A~ TCDD RHEREFEIZ L > TR To IV
FazxFuar LN, JRETO GH EADMKT ¢
HIZENRH LI ERTWYBY. 5y b
CYP3A1/2 mRNA LX)V o> FHEAGIRRIZ X 58
i, GHRIZ & 2 A 3 shTs
CYP2C6 12 GHIZX > T mRNA &% /87 H L
NRVTHHFIEND 2 EDBbhroTWwsY, ko
T, WA~ TCDD HEREIC L - TH
KTOaANFIATTO Y LNIVOETAL L Tv
5 EFIUL, BRROAZL S TRMATO GH LIS
DOVWTHE PN LTWD EHEESND., Z1UTLD
CYP3A RS 2C6 237 v 7L ¥al—var&n
AR ERTE L, 272, Iy bos)va
INVF AL FTHLaAaNVFIATary LN )i
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GD15 |2 TCDD (1 pg/kg) RRABEFE#% GD18 Tl
AT TSRO 5N TW5HA, GDI9 TIIAEHE
RAENE WY KR TIE, P450 4 FFE O
~— N =GR PR, Sk, PAS0 D LNy
BRBLAVICOWTHRET LI ENEEN5.
¥ 72, WIREAA~® TCDD KHEB&EIC L 28
HRToO GH ~OREOWZEIL, Bl TIEIA T4
THb=0, 4%, BHEIZHEITSGH LN VDOZE
BjZOWVWTHMEIDPEENS. Lo T, AT
D CYP3A J U8 2C6 iEME LA O ICE T 5%
213, Kok &E5.

XKIZ, Fig. 4 U5 &9, TCDD RS L
7IEIRFHAIFIC B W CHE S 7z CYPLAL 1A2,
206 LUN3A X/ P LF v Ick o CHBICHES
NDHZEDRENT. T2, EUEAAEEICHET
X5/ LT VBERENENEL LN AER
JE% Km # IR EL TWLI L2 EET L L
FEERE D 1/30 ORETH HE % HEDHERE S
N72CYP2C6 8/ ¥ L F 2 X A HEM R &
LEWI EAUREENS, L F I3 P450 (12
X BmEfLIC X 5T, 4-0OH, 7-OH, 6-OH, 3,
4-diOH K U°6, 7-diOH I2ft@t =1 2", 5 b
Tl&, 4-OH fi#H21Z CYP2C1l OF 525 b K
X<, WWTCYPIAl 2" EE LTHES LTw
Y F 72, 7-OH HRIZK LTd CYP2CIL
FHPREH L TRE L, kT CYP3AL KO
SA2 G- LT a7 X512, 6-OH A plciE
CYP2C11, 2D1, 3A1 }UF 3A2 AIEIZ AL D
5CHE LT3, 5y FTIR4-OH A EHE
R THLZEXERLTL, Ty MIBWT
J L F UREADELGAK E W PA50 4TI
CYP2CIl Tdh 5 LM s 27 7 v b
CYP2C 3 FHid 9 B, CYP2CIL |3 M2 H Ay,
CYP2C12 " ME I R TH 5 — 1T, KBF%IC
BWTHET %17 - 72 CYP2C6 12D W CTId At
72\ CYP2C6 12D W TIRSEIC R L2/ ¥ L
F OB EGITOWTHRET SN TV R ws, i
ICHFRCdH D CYP2CI2 1R AV ELF >
RBZHG LT AanI 2o, KigstcHw
727 v b OMEIZ B TIE CYP2C6 75 CYP2C11
b LT ORILREICES L T\w5
WEEMESEZEZONE. 2O Ehs, KRIFETHR
2L 72 CYP1AL, 1A2, 2C6 U 3A D4 FHED
35, CYP2C6 e / ¥ LF 2 X A BHEEH
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WEDolZ LB EoMEEEELTCHLFEL
R\,

F7-, CYPIAL ZXvV[a]¥ L y®7,12-2
XAFNVNy A7 v Ty, 2-amino-1-met-
hyl-6-phenylimidazo[4,5-b]lpyridine (PhIP) 7
EOFEMBAMENORBIZHEG LT 555,
£oT, TCDD IZ& ) FES 7z CYPIAL i1
x5 7 ELFrofllE (Fig 4) 338BAY
27 OIFNER TH D Z EDRBEND. &5
12, BB CIRSUC & & 5, ek~ 7z
DanFazra  HIZ CYPIA2Z S5 L T
WL M2 EE T L E, JELFUIZED
CYPIA2 Gt o#HNIIBIRIC BT 2 EEE D
WO %D DT EFEENS.

X512 CYP2C6 (& T v MZEREMIZEHT S
B#ETHY), e b7 4V 7+ —4TIE CYP2CI
WxHed 5. CYP2C6 OEEO—2I12137 T F
FUBRELH L. TIFFUrBITw-6 LR
BIFEEECTH Y, v ratF T rf—+8, 1)K
FIUHFF—X, PO ICEoTREIENE. T

kT O P450 12 & % EHIZITFE12 CYP2CLL, 2C6,

1Al ROV 1A SER L TR Y, TRF LF
e roFxFifblicdoTzRFyfa by
W (EET) F/-idv Fa¥i o/ ads s
> ® (HETE) 1248 & 1 2%, CYP2C6 13
mid-chain (m) HETE % 48.3%, EET % 29.4%
T 2% mHETE O T4 EIC 12 )5 KR
fb & 72 12-HETE O A3 —F % <, 12-
HETE X &AEMMEIER, 77 1 — A kEhARAE L
DO, RO 7 R b= A0, MEH
K, BERHORAER S b o T o
ZEnn, CYP2C6 i INE Mg ~E 2 %
b 7259 mHETE OREEICO LAY, JELF
VNI F OB T AUER R R T 2 A
ENb. ZNETIZTCDD I & 5 HETE &4 &)
~OFE L HETE fi4xfk, 18, 19, 20-HETE O
BC O W CIERE 2T 359962 TCDD
12X % 12-HETE OZE DOV TIERZTERAA
+oTHbH. FD0H, CYPC6IZEBTIFE
VR A LB BlIC oW T, ARG
DEHMDVDHLEEZLND.

o

TCDD {5 515 85 R IFFIiE T 13 248 0> P450 (12

s

it M EThT

13206 %

£ 2 EYHH OISR S N7, Th
12 & 2 NEPED EBE Y B OEB) R 5D A E
ORBNEHALEIEZ V155 LSz, J©
LF 221X, invitro T CYP1AL, 1A2, 2C6 KUY
BATHEHE DO HER R MR S NI, T2 LD,
J ¥ LF A TCDD 2 & ) FE & 7z P4AS0 i
2R 5 2 &, REREREME LA SRR
LA OB T LT ISR V5L EHRFES
n, Gt in vivo TOY A F F 2 P RIAREEA
DRNRMREDRE TN D

2 B

KWFgeD—EBiL, B4 5B A FHEIse BB 4
(B OREMERIEENTFEESE) GREFRS 1 H30-
B-TRE-005) B L OB 78 2 4l Bh 4 2 4 f
72 A (17H00788) 12 & -7z,
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Mechanism Whereby Maternal Exposure to Dioxin Causes
Sexual Immaturity of the Offspring : Effects on Neurons
Secreting Gonadotropin-Releasing Hormone
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2 Division of Pharmaceutical Cell Biology, Graduate School of Pharmaceutical Sciences,
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Abstract

Our previous studies have revealed that maternal exposure to 2, 3,7, 8-tetrachlorodibenzo-p—dioxin
(TCDD) attenuates the hypothalamic biosynthesis of gonadotropin-releasing hormone (GnRH) in male
offspring, thereby imprinting sexual immaturity. To clarify the mechanisms underlying such
reductions in GnRH, we examined the effects of TCDD on the number and/or form of GnRH neurons.
Maternal exposure to TCDD was found to have little effect on the number or location of GnRH neurons
in male offspring at gestational day 20 (GDZ20), postnatal day 4 (PND4), PND7, PND14, or PND28.
However, maternal exposure to TCDD was observed to attenuate the number of bipolar GnRH
neurons in the male offspring at PND14 and PND28, although no similar effect was observed for
unipolar neurons. Furthermore, we detected no obvious effect of TCDD on the axonal length of GaRH
neurons. These findings indicate that TCDD reduces the number of bipolar GnRH neurons beginning
at PND14 when it causes GnRH attenuation. TCDD may thus elicit the attenuation of GnRH neurons in
a bipolar neuron-selective manner.

Key words : Dioxin, GnRH neuron, LHRH, next generation, hypothalamus
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A) B)

C)

Fig. 1 Detection of GnRH neurons in the male offspring at PND 7 using an
immunofluorescence
(A) Each confocal image (X 40) is as follows : GnRH (red), NeuN (green)
and DAPI (blue). Panels (B) and (C) represent the bipolar and unipolar
neuron, respectively. Scale bar : 20 gm.
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Fig. 2 Little effect of maternal exposure to TCDD on the number and location of GnRH neurons in the male
offspring at GD20, PND4, PND7, PND14 and PND28.
Pregnant dams were exposed to TCDD (1 pg/kg, orally) at GD15, and brain sections of the male offspring
were immunostained for detection of GnRH neurons. Each plot represents the mean = SE.M. of 3-6 male
offspring which were removed (born) from different dams. Scale bar : 100 gm. Abbreviations used :
OVLT, organum vasculosum lamina terminalis ; POA, preoptic area.
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Fig. 3 Effect of maternal exposure to TCDD on the number of bipolar and unipolar GnRH neurons in the male
offspring at PND7, PND14 and PND28.
The number of bipolar and unipolar neurons was counted per section. Each plot represents the mean £ S.
E.M. of 3-6 male offspring which were born from different dams. Significantly different from the
control : *p < 0.05.
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Fig. 4 Failure of the effect of TCDD on the axonal GnRH =2 — O YOS AREEIZOWVWT

length of GnRH neurons.

The length of GnRH neuronal axon of the male
offspring at PND14 were measured using 3D
images of immunofluorescence. Each bar repre-
sents the mean * S.E.M. of 3 male offspring
which were born from different dams.
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Abstract

In this study, we investigated the effect of cinnamon on rats treated with benzo[a]pyrene. The
Investigations were performed using quantitative threshold evaluations with three different sensory
stimuli at 5 Hz, 250 Hz, and 2,000 Hz, by measuring oxidative stress/antioxidants, and using Western
blotting for components of the associated pathways. We found that no significant threshold change
could be observed after a single dose of electrical stimulation frequencies of 5 Hz and 250 Hz during
benzo[a]pyrene acute poisoning in rats. The electrical stimulation frequency of 2,000 Hz resulted in an
increase in the sensory threshold of benzo[a]pyrene-treated rats. However, this increase in the
threshold tended to be suppressed by the administration of cinnamon. A significant improvement in
the oxidative stress state was observed among the cinnamon-treated rats compared with the benzo[a]
pyrene-treated rats. The western blot analysis revealed that the decreased expression of
myelin—associated glycoprotein (MAG) and the increased expression of cytochrome P450 (P450) 1A1
(CYP1A1) in the benzo [a] pyrene-treated rats were inhibited and increased upon cinnamon
administration, respectively. However, there was no significant difference between the groups in
terms of the expression of myelin basic protein (MBP). Administration of 3 mg/kg cinnamon, which
was effective in benzo[a]pyrene single dose rats, slightly improved the sensory threshold, oxidative
stress state, CYP1AIL, MBP, and MAG protein expression in the rats exposed to benzo[a]pyrene for 2
weeks, but with no significant difference. These results indicate that the administration of benzo[a]
pyrene may lead to paresthesia by causing demyelination due to its toxicity on A fibers that transmit
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tactile and pressure sensations. In addition, the administration of cinnamon may also improve
paresthesia by suppressing AHR activation and oxidative stress. However, it has been suggested that
the effective intake concentration and duration of exposure to cinnamon may differ depending on the

duration of exposure to benzo[a]pyrene.

Key words : benzo[a]pyrene, sensory threshold, cinnamon, arylhydrocarbon receptor
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Fig. 1 Effect of cinnamon in benzo[a]pyrene single dose rats by using quantitative threshold

evaluation

Sensory thresholds were measured with 5 Hz (A), 250 Hz (B), and 2,000 Hz (C) sine
electrostimulation. The four different electrostimulation frequencies that we used in this
study can stimulate A fibers (2,000 Hz), Ad fibers (250 Hz), and C fibers (5 Hz). DW,
Distilled water. Ben, benzola]pyrene. CNM, cinnamon. NS, no significant. * 3k, P < 0.01.

%3k sk P <0.001. Mean = S.D. n=6.
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Fig. 2 Effects of cinnamon on antioxidants and oxidative stress in benzo[a]pyrene single dose rats
The mean levels of serum d-ROMs (A), BAP (B), and Oxidant/antioxidant balance (C).
DW, Distilled water. Ben, benzo[a]pyrene. CNM, cinnamon. d-ROMs, Diacron reactive

oxygen metabolites. BAP, Biological antioxidant potential. NS, no significant. * % P <

0.01. Mean = SE. n=6.
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Fig. 3 Effects of cinnamon on the expression of CYP1A1, MBP, and MAG protein in benzol[a]

pyrene single dose rats

The mean levels of CYP1A1 (A), MBP (B), and MAG (C) protein expression. The white bar
indicates application of benzo[a]pyrene. The gray bar indicates application of cinnamon.
CO, corn oil. DW, Distilled water. Ben, benzo [a] pyrene. CNM, cinnamon. CYP1AI,
cytochrome P450 (P450) 1A1. MBP, myelin basic protein. MAG, myelin-associated
glycoprotein. NS, no significant. %, P < 0.05. % %, P < 0.01. Mean = SE. n=6.
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Fig. 4 Effects of cinnamon on sensory thresholds (A), oxidative stress level(B), and CYP1Al,
MBP, and MAG protein expression (C) in the rats exposed to benzo[alpyrene for 2 weeks
(A), Sensory threshold. (B), Antioxidants and oxidative stress state. (C), CYP1A1l, MBP,

and MAG protein expression. The gray bar indicates application of benzo[a|pyrene. The

black bar indicates application of cinnamon. CO, corn oil. DW, Distilled water. Ben, benzo
[a]pyrene. CNM, cinnamon. NS, no significant. *, P < 0.05. * sk P < 0.01. sk % % P <

0.001. Mean *= S.D. n=b.
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CD4 Positive T Lymphocyte Subpopulations
in Patients with Yusho
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Abstract

To investigate chronic immune effects of polychlorinated biphenyl (PCB) and 2,3,4,7,8-pentachlor-
odibenzofuran (PeCDF), CD4 positive T helper 0 (Th0), Thl and ThZ2 cells in peripheral blood were
studied in 186 patients with Yusho and 31 control subjects in 2019. Significant relationships between
the concentrations of PCB in blood and the percentages of ThO and Th2 cell subpopulation were
observed. However, there was no correlation between the blood 2,3,4,7,8-PeCDF levels and the
percentages of ThO, Thl or Th2 cell subpopulation. The percentages of ThO and Th2 cell subpopulation
were significantly increased in the Yusho patients with high PCB levels compared with those in the
subjects with low PCB levels. The percentages of Th2 cell subpopulation were significantly increased
in the Yusho patients with high 2,3,4,7,8-PeCDF levels compared with those in the subjects with low
2.,3,4,7,8-PeCDF levels. We conclude that the percentages of ThO and Th2 cell subpopulation
increase in the Yusho patients with high PCB levels, and it may be associated with PCB levels in blood.
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Table 1 Correlation coefficients between helper T lymphocyte
subpopulation and PCB concentration in blood

r
ThO cell (%) 0.151%
Thl cell (%) 0.050
Th2 cell (%) 0.141%
*P < 0.05.

Table 2 ThO, Thl and Th2 cells in Yusho patients with high PCB concentration and
subjects with low PCB concentration

PCB concentration

No. = 1.15 ppb = 0.40 ppb
54 54

ThO cell (%) 2.0=2.1% 1.3+0.8

Thl cell (%) 24.7 +12.6 22.3+9.8

Th2 cell (%) 2.4+15* 1.9+0.7

*P < 0.05 vs. blood PCB concentration =< 0.40 ppb.

Table 3 Correlation coefficients between helper T lymphocyte
subpopulation and 2,3,4,7,8-PeCDF concentration in

blood
r
ThO cell (%) 0.109
Thl cell (%) 0.024
Th2 cell (%) 0.063

Table 4 ThO, Thl and Th2 cells in Yusho patients with high 2,3,4,7,8-PeCDF
concentration and subjects with low 2,3,4,7,8-PeCDF concentration
2.,3,4,7,8-PeCDF concentration

No. = 66.22 pg/g lipids = 8.45 pg/ g lipids
54 54
ThO cell (%) 1920 1.3%0.9
Thl cell (%) 23.8 +10.7 22.7+9.7
Th2 cell (%) 2.8+2.0" 2.0+0.8

*P < 0.01 vs. blood 2,3,4,7,8-PeCDF concentration < 8.45 pg/g lipids.
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