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Foreword

Masutaka Furue

Chief, Study Group for the Therapy of “Yusho”
(Granted by The Ministry of Health, Labour and Welfare)
and Professor, Graduate School of Medical Sciences, Kyushu University

The 19th collection of reported studies on Yusho contains papers describing the results of
studies conducted by members of the The Japan Study Group on Yusho during the past 2 years.
Yusho occurred in more than 1800 persons in Western Japan in 1968. The disorder was caused
by intake of rice bran oil contaminated by polychlorinated biphenyls (PCBs) which had been used
in conductor materials of heat. Our study group found that the rice bran oil was also contaminat-
ed with dioxins such as polychlorinated dibenzofurans (PCDFs), therefore, Yusho is now recog-
nized as mixed intoxication by PCBs and dioxins. In patients with Yusho, following the onset of
non-specific symptoms such as general malaise, loss of appetite, and headache, some characteris-
tic symptoms of Yusho gradually appear, including 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, and growth retardation in
infants and children.

Chromatograms of blood PCBs have been classified into 4 types: Type A, pattern character-
istic of Yusho ; Type C, pattern commonly observed in the general population; Types B and
BC: intermediate patterns between Types A and C. A method for quantification of PCBs in the
blood was developed after 1973, five years after the first case of Yusho. Since that time, the
blood samples of patients have been analyzed for blood PCBs and classified into one of the 4
types. The blood polychlorinated quarterphenyls (PCQs) levels were then added to the diagnos-
tic criteria of Yusho as a relatively specific marker. Although the blood levels of dioxins were
very low, we recently developed a new method of determining the blood level of dioxins; this
new method has increased sensitivity and can detect low levels of dioxins in 5 to 10 ml of blood.
In 2001, we analyzed the level of blood dioxins in patients in the Fukuoka area as a pilot study,
and then expanded the screening of dioxin levels to all Yusho patients starting in 2002. The
dioxin level must be repeatedly measured to clarify the sensitivity and reproducibility of this
method of measurement, and it is necessary to statistically analyze the relationship among the
clinical manifestation, laboratory data and levels of PCBs and dioxins. Based on these statistical
analyses, we have started to re-evaluate the diagnostic criteria of Yusho.

Thirty-five years have passed since the outbreak of Yusho. Almost all of the symptoms of
Yusho in the patients have improved spontaneously. The affected individuals have become
older ; thus, age-related senile clinical symptoms have become more obvious than the above-
mentioned original symptoms of Yusho. However, some patients still complain about der-
matological changes and other subjective symptoms of Yusho. The clinical and basic studies
and follow-up of patients conducted by this study group are extremely important not only for
supporting patients’ health but also for understanding the possible prolonged effects of exposure
to PCBs and dioxins in humans. From this point of view, it is worthwhile to have been
established a patient-consultation system for Yusho in 2002 .

I very much appreciate the contribution and participation of the patients in health examina-

(1)
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tions for follow-up of Yusho each year. I also deeply thank all of the members of the study
group for their efforts to help and support patients’ health and well-being.
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An Epidemiologic Examination on the Prevalence of

the Periodontal Diseases and Oral Pigmentation in
Yusho Patients in 2002

Isamu HasnicucHl, Yoshito YosHiMINE, Yasuharu Gorou, Hidefumi MAEDA,
Naohisa Wapa and Akifumi AKAMINE

Division of Owal Rehabilitation

Department of Endodontology and Operative Dentistry (Chief : Prof. A. Akamine)
Kyushu University Faculty of Dental Science, Fukuoka 812-8582

Hiroshi Fukuyama
Department of Oral Pathology (Chief : Prof. H. Fukuyama)
Kyushu Dental College, Kitakyushu, Fukuoka 803-8580

Hidehiko OxumMURA

Okumura Dental Clinic, Nagasaki

Abstract An epidemiologic examination was carried out to reveal the prevalence of the
periodontal diseases and oral pigmentation in patients with Yusho.

The results obtained were as follows.

1) 95 patients out of 110 patients, who were examined periodontal pocket depth using

Ramfjord’ methods, had at least one tooth with periodontal pocket deeper than 3 mm.
Similarly, 276 teeth out of a total 495 examined teeth showed periodontal pockets with
more than 3 mm depth. However, the ratio of the teeth with periodontal pockets deeper
than 4mm to total examined teeth in each age fell to less than 25%.

2) Oral pigmentation was observed in 75 patients out of 121 patients with Yusho. In this
examination, gingival pigmentation was most predominant among oral pigmentation. It
is of particular interest that severe pigmentation tended to be observed at a much higher
frequency in younger patients with Yusho.

Taken these findings into consideration, it was suggested that PCBs and related
compounds might play an important role in the development of both periodontal diseases

and oral pigmentation.

Introduction

To investigate the effects of PCBs and
related compounds on oral lesions, follow-
up study had been carried out at the annual
As
the results, it had been proved that oral

health examination for Yusho patients.

pigmentation was one of the prominent fea-
tures of oral lesions?. In addition, many
Yusho patients were demonstrated to be

involved in marginal periodontal diseasesV.

We reported here the prevalence of oral
lesions, especially marginal periodontal dis-
eases and oral pigmentation, in Yusho
patients who visited the annual examination

in 2002.
Methods

After asking chief complaint and a thor-
ough dental history, visual examination,
radiographic examination and also measur-
ing of the periodontal pocket depth were
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performed on Yusho patients who visited
dentistry at the annual health examination
at Fukuoka prefecture. The periodontal
pocket depth at the mesio-buccal site of six
teeth (upper right first molar, upper left
central incisor, upper left first premolar,
lower right first premolar, lower right cen-
tral incisor and lower left first molar) was
measured by use of the pocket probe (PCP-
11) with light pressure and teeth with per-
iodontal pocket deeper than 3mm were
recorded.

Results

52 male patients and 69 female patients
had the dental examination. Some patients
complained of periodontal diseases such as
gingival swelling, feeling of tooth extrusion,
and also dentures not suitable for occlusion.
However, no patients complained of esthetic
problem caused by oral pigmentation.

Periodontal pocket examination carried
out in 110 patients (48 males and 62 females)
excluding patients who had no tooth for
The distribution of
periodontal pockets deeper than 3mm was
shown in the Table 1. It was determined
that 95 patients (86.4%) had at least one
tooth with a periodontal pocket deeper than
In addition, 276 teeth out of total 495
examined teeth had a periodontal pocket
deeper than 3mm (Table 2).

pocket examination.

3mm.

Periodontal

1. hashiguchi et al.

pockets deeper than 3mm were most preva-
lent in the upper left first premolars foll-
owed by lower right first premolars, upper
right first molars and lower left first molars
in turn. As compared to premolars and
molars, lower and upper central incisors
seemed to show less prevalence of per-
iodontal pockets deeper than 3mm in per-
centage.
tive differences of prevalence among each
tooth. A
revealed that prevalence of periodontal

However, there were no defini-

chronological examination
pockets deeper than 3mm was higher in the
aged patients than that
patients (Fig. 1).
periodontal pockets deeper than 4mm in-

in the young
Similarly, prevalence of

creased in the age related manner and 55
patients had at least one tooth with a per-
iodontal pocket deeper than 4mm. How-
ever, only 83 teeth had a periodontal pocket
deeper than 4mm (Fig. 1).

It was revealed that 75 patients out of a
total

involved in oral pigmentation (Table 3).

of 121 examined patients were

Although the prevalence of oral pigmenta-
tion in male patients seemed to be some-
what higher than that in female patients, no
definitive difference between sexes was
observed. A chronological examination
showed that the prevalence of oral pigmen-
tation in the patients of middle age was

higher than that in patients above the ages

Table 1 Distribution of the teeth with periodontal pockets deeper than 3 mm by age group

No. of teeth with PD = 3 mm 0 1 2 3 4 5 6
Sex Total
M F MF MF MF MF MF MF
Age

<40 o* 3 1.1 1 1 O O 2 0 2 1 0 O 12

40~49 o1 o0 1 o0 1 O 1 3 0 0 0 0 0 7
50~59 1 2 3 3 1 3 2 2 0 1 4 0 2 1 25
60~69 1 4 2 7 1 2 4 2 2 2 1 2 1 1 32
70~79 2 1 4 5 1 4 5 1 0 1 0 4 1 1 30
80~89 o o0 1 0 o0 1 O O O 1 o0 1 0 O 4

Total 4 11 11 17 4 12 11 6 7 5 7 8 4 3 110

PD=3 mm : periodontal pocket deeper than 3 mm. M : male, F: female.

(4)

*

: number of patients.
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Table 2 Prevalence of the teeth with periodontal pockets deeper than 3mm by tooth species

tooth 16 21 24 44 41 36 Total

NTPD 21 22 23 32 22 19 139

Male NTET 31 34 35 43 37 33 213
% 67.7 64.7 65.7 74 .4 59.5 57.6 65.3

NTPD 20 20 28 29 20 20 137

Female @ NTET 39 47 47 57 52 40 282
% 51.3 42.6 59.6 50.9 38.5 50.0 48.6

NTPD 41 42 51 61 42 39 276

Total NTET 70 81 82 100 89 73 495
% 58.6 51.9 62.2 61.0 47.2 53.4 55.8

NTPD : number of the teeth with periodontal pockets deeper than 3 mm. NTET : number of the

total examined teeth.

tooth ; 16 : upper right first molar, 21 : upper left central incisor, 24 : upper left first premolar,
44 : lower right first premolar, 41 : lower right central incisor, 36 : lower left first molar

of sixty (Fig. 2).
pigmentation scored 2+ were observed

Especially, severe oral

almost in the patients of middle age but
rarely in patients above the ages of sixty.
On examination of localization, gingival
pigmentation was observed at much higher
frequency than pigmentation of the buccal
mucosa and the lips, but pigmentation of the
palate or tongue was not recognized (Fig. 3).

Discussion

The prevalence of teeth with periodontal
pockets deeper than 3mm still remained to
Chron-
ological examination showed that the prev-

be high as reported previously®*>?,

alence of periodontal pockets deeper than

70 -
EPD= 3mm @PD= 4 mm

Occurence rate (%)

<50

3mm increase in the age dependent fashion
but about half of the total examined teeth
were involved in periodontal diseases even
in the patients below the age of fifty.
However, the ratio of teeth with periodontal
pockets deeper than 4mm to total examined
teeth in 2002 was about 16.89§, indicating
destruction of the periodontal tissues was
not severe. In general, systemic factors
have not been suggested to be a primary
In Yusho

patients too, of course, the plaque accumula-

cause of periodontal diseases.

tion must be the chief cause of the marginal
periodontal Per-
iodontal pocket depth might become shal-
low due to adequate tooth brushing and

pocket development.

70=

years

Fig. 1 Prevalence of the teeth with periodontal pocekts deeper than 3 mm

(5)
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Fig. 2 Prevalence of oral pigmentation by age group

dental treatment such as tooth scaling and
root planing. In this examination, however,
it was revealed that persons of advanced
age dominate among Yusho patients. As it
is generally accepted that older people are
more susceptible to bacteria and their by-
products, oral care must become important
more and more.

This examination showed that 61.99 of
the Yusho patients suffered from oral pig-
mentation and the prevalence of oral pig-
mentation in male patients seemed to be
somewhat higher than that
patients.

in female
In accordance with the gradual
decrease of the blood PCB concentration
after exposure, it has been reported that the
prevalence of both skin pigmentation and

conjunctival pigmentation have decreased
over the years”®. Similarly, the prevalence
of oral pigmentation had decreased until
1994,
and reached in the plateau between 1996 and
200299,

still remain unknown.

However, it had increased again

The reasons for this discrepancy
Further research
should be needed to reveal the mechanism of
A
examination demonstrated
that the Yusho patients below the ages of
fifty seemed to have a higher prevalence of
oral pigmentation than those above the ages
of sixty. The blood total-PCBs concentra-
tion in 2001 tended to be higher in the aged
patients than that in the young patients.

the development of oral pigmentation.
chronological

Taking these findings into consideration, we

Table 3 Distribution of the patients with oral pigmentation by age group

Sex
Male Female %
Age

<40 6* 5 91.7
40~49 3 2 71.4
50~59 11 7 72.0
60~69 7 12 54.3
70~79 9 9 51.4
80~89 1 3 57.1
Total 37 38 61.9

*

: number of patients.

to total patients in each age group.

(6)

9% : the ratio of patients with oral pigmentation
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Fig. 3 Localization of oral pigmentation

supposed that PCBs might induce oral pig-
mentation, also effects of PCBs on oral
pigmentation might be rather indirect than
direct.

1)

2)

3)

4)
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Abstract We evaluated the severity grades and the skin severity scores of the skin symptoms
of Yusho patients who visited the annual examinations in 2001 and 2002. The patients who
participated in the examinations had been decreased gradually. However, because of enhance-
ment of social interest, the number of the patients who visited the examination increased. The
pattern of the severity grades and the severity scores was different from that of the past. A
careful follow-up and analysis is required.
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Elevation of Serum Creatine Kinase and Low Serum Aldolase
in the Patients with KANEMI YUSHOU

Toshiro YosuiMura and Minoru OKITA
School of Health Sciences, Nagasaki University, Nagasaki 852-8520
Jiro Nakano, Hirokazu SHiraisal and Hiroshi IwaNAGA
First Department of Internal Medicine, Nagasaki University, Nagasak: 852-8102
Kounosuke Tomorl and Masumi OKAMOTO
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Abstract We studied the rates of the patient with the elevation of serum creatine kinase using
the routine medical checkup data from KANEMI YUSHOU patients between 1995 and 2001.
We also studied the serum aldolase level and light microscopic observation of muscle tissue in
rats during strenuous exercise given the polychlolinated biphenyls. Fifteen percent of the
patients showed the elevation of serum creatine kinase. The patients with the elevation of
serum creatine kinase also showed a higher concentration of polychlolinated biphenyls in their
blood. 47.7% of the patients show low aldolase. There is no interrelation between the al-
dolase levels and PCBs or PCQs. There is also no interrelation between the serum levels of
aldolase and creatine kinase. The rats given polycholorinated biphenyls showed a slight
increase of necrotic fibers during strenuous exercise. Polycholorinated biphenyls may play

some role for muscle necrosis. We could not clarify the significance of low serum aldolase in
KANEMI YUSHOU.
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Table 1 Ratio of serum high CK

Years Female Male Total
1095 124 (21.4%) 64 (21.4%) 18% (21.4%)
(n=56) (n=28) (n=84)
1996 124 (19.7%) 104 (25.0%) 224 (21.8%)
(n=61) (n=40) (n=101)
1997 54 (9.3%) 6% (14.0%) 114 (11.3%)
(n=54) (n=43) (n=97)
1998 94 (12.9%) 74 (18.9%) 164 (15.0%)
(n=70) (n=37) (n=107)
1999 3% (4.7%) 74 (16.7%) 10%& (9.4%)
(n=64) (n=42) (n=106)
2000 94 (12.3%) 3% (10.0%) 124 (11.7%)
(n=73) (n=30) (n=103)
2001 114 (17.7%) 44 (14.3%) 15% (16.7%)
(n=62) (n=28) (n=90)
Total 614 (13.9%) 434 (17.3%) 1044 (15.1%)
(n=440) (n=248) (n=1688)
b ERTZENH B, InE TCORRDREAT 3% 2 S5 hiziz ', 4la, PCBs #5. L7 7 v

Wizt T, PCBs 285 L7z 7 v b il %
freeze fracture 3L THEIZ L 724553, orthogonal
array OIS 57D, 37xbH, PCBs 1
fiifaEIc B x5 2, I CK O LR %2E#RK L
TwaEFEzohb, £, 74 JMERBZET
b I CK @ _EFIGEBRE NS L T v % ATHE

PCBs;REE
ppm .
5.0 a %/
3.0 %// / %
0.0 . _ %

Female Male Total

MEZTFOIRET2ZARL, BHBOELERERL
7o, T OFEER, EERIIERE 205 b BTN
Bl Cwiz, %0, PCBs &, feEfRH, pE
BT BRI HERER, VA FY Y —A
B EOFELHH 25 S 23 2 LG S
nTB Y, ORI b B2 KT L, Hiff

PCQsREE

ppm

0.6 tEE
O Ex

0.5 %

0.4 %

0.3 %

0.2 %

mean=+SE, Mann-Whitney U test, 3¢; p<0.05

Fig. 1 Mean PCBs and PCQs consentrations in serum high CK and normal
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Table 2 Ratio of serum low aldolase

Years Female Male Total
2000 444 (60.3%) 19# (63.3%) 634 (61.2%)
(n=73) (n=230) (n=103)
2001 20 % (32.3%) 94 (32.1%) 294 (32.2%)
(n=62) (n=28) (n=90)
Total 64 % (47.4%) 2844 (48.3%) 924 (47.7%)
(n=135) (n=58) (n=193)
JEESEN AL 5 DTl wip LR s s, L LA A IHERZEOIFE 7 VY 7 —YHEIZEE
T, 7% SIEMZE TIINE CK o L7 LI, IR T LTwiz, Lo, I PCBs & -PCQs
BRI AE R £ OFERIZ 2w, ﬁb‘?ﬁltfl_ B ORSEMEIZFESD T, PCBs, PCQs & il
B A XA E N 4 U B AR H 5 & 8 BT7NWVE I —CIERTADEEIFRHATH -2, %
na. 7o, MFCKEEME 7 VN7 —X¥lEEDERR

—77, PCBs I IL-6 #/r L CTHTOT7 VK Z—
¥ BOEEEETFSE 2 EO®|ENRD 2P, 7V
K7 — VIR RBERDO—DT, 7V
b —2-1,6-—V VBRIV 7 h—2A-1-V VRIZ
TER 3%, 3EEOTA VYA L0550, Hil
(A), HL (B), A (C) wchidonsd, Ly
L, INETH X IMWERZEDOTVE T —ED

FENZOWTHE LIcilE 13 w», ShEOFERT
X, A A STHERZED 47. 7% E7 )V K 7 —
PHEOETHHED S, T ba— L EHIEL T

%

127
[JALp=18
ALD21.9

104 [ E&&ER1.9-4.7)

8.0

1U/2

Fig. 2-a Histogram of serum aldolase

MRERR LR o e, ME7 VK7 —YEOK
TR E S A IIERZE CRD S5 D38
HEDOEIATHATHY, SEBNEZET 25 -
bid,

& il

B A SHERZE O 47.7% CIME 7 )V K 7 —
PEOE T RS &z, Mid PCBs & -
PCQs EE & DBARIIAHTH > 72, &7z, MG
CK W EH LT W e, BHET SRR

Loy
4.0 7 |

K

3.51 |

3.0 1

2.5

2.0 1

v

1.5

1.0 1

0.5 1

0 _ ,4/4

w2

mean=SE, Non paired student’s t-test, 3¢3%; p<0.01

Control

Fig. 2-b Mean values of serum aldolase in
patient and control



A4 IMEDCK E7 WV E 7 —+¥ 101

ppm PCBS%& ppm PCQS;EE
’ O Esn
5.0 0.5
2
4.0 0.4 - o
3.0 0.3
2.0 0.2
1.0 0.1
Z //,

0.0
Female Male Total Female Male Total

0.0

Fig. 3 Mean PCBs and PCQs concentrations in serum low aldolase and normal

EOERREER I 2008, 71 3 IHERZE TRY Neurol Sci 132 : 239-240, 1995.
5N B IME CK O 513 5 #faEse 1z 8 n4: U 2) Chia LG and Chu FL: A clinical and electro-
SIS physiological study of patients with polychlor-
T BN D 5. inated biphenyl poisoning. J] Neurol Neurosur-
e ik g Psychiatry 48 : 894-901, 1995.
3) Huang Y, Shinzawa H, Togashi H, Takaha-
1) Aizawa H, Morita K, Minami H, Sasaki N shi T, Kuzumaki T, Otsu K and Ishikawa K :
and Tobise K : Exertional rhabdomyolysis as Interleukin-6 down-regulates expressions of
a result of strenuous military training. J the aldolase B and albumin genes through a

pathway involving the activation of tyrosin

Female Male
CK (IU/T) CK (1U/T)
4001 ° 400 T
350 1 o o) 350 1

(o)
300 1 300 1 o
o o

250 1 250 1

%00

200 1 4 oVo
200 ocP o
150 7 150 1 (o)
O @ (o]
100 1 o 100 7 % o (o]
(o)
50 - 50 o©°
0 T T T T T T T ) 0 T T T T T J
0 10 20 30 40 50 60 70 8.0 0 05 10 15 20 25 30 35 4.0
ALD (IU/) ALD (IU/2)
Y =112.107 + 5.291 * X; R? =006 Y =55.202 + 36.416 * X; R? =.144

Fig. 4 Interrelation between serum aldolase and CK

(23)



102

4)

5)

6)

7

8)

9)

10)

==y

BN R’

]

I 6 %

Table 3 Ratio of necrotic fiber

TR SR et
FEIE B 6,971 4 (0.06%) 1 (0.01%)
SOL ey
48 WEfET% 2,763 8 (0.29%) 1 (0.22%)
72 FefEite 5,696 12 (0.21%) 1 (0.02%)
FEEFEEE 10,013 3 (0.03%) 1 (0.01%)
SERE
EDL ISEEEE 3,273 10 (0.31%) 11 (0.34%)
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Thyroid Function in Patients with Yusho

it

Hiroshi Tsuj and Yasuo ITo

Department of Internal Medicine, Kitakyushu-Tsuyazaki Hospital,
Fukuoka 811-3307, Japan

Abstract To evaluate chronic effect of polychlorinated biphenyl (PCB) on thyroid functions,
thyroid hormone levels were studied in 115 patients with Yusho in 2002. Serum level of thyroid
stimulating hormone (TSH) was elevated in 13 cases (11.3%). All of them showed normal
triiodothyronine (T; ) and thyroxine (T, ) levels, and regarded as latent hypothyroidism. There
were no significant correlations between blood PCB concentrations and TSH levels, T; levels
or T, levels. We conclude that abnormality of TSH levels in patients with Yusho is frequent, but
it may not be associated with blood PCB concentration.

< [E1 i e L I R BB 21770 v, THAE

3 U =
Lo JE R O FURBRESEE IS0 3 2 18R EI I D »
1968 4E 4 HtH X v, polychlorinated biphenyls THRET L 72,
PCB) 1 74 A VIR & UM NN
( ) BAT A A4 4 WV D ALE LN % 8B OB

HUMC FEAE U T2 IHE T, FSRE U P O BRER DR
BT RICBWTHEL ORFENPHFEI N TV S,
THHE R 12 B 1T 2 FRBRBRRE 12 D W TIRHEFR 4

SRR 14 FEREE M R HE—FRZ O %2 H 143
[T o — bk BA T xr—LFarEey b

16 420D 1984 42 A b IRHFE —F 2 IC B W T
P e el 5 R N N IR N f w Il S R O w
FOUDOILRERDDL ZEBHEL TERO, &
512, 1996 4F & & [ IR UE — F e <l
PCBIENEEOMERZFCBVWTHY A 1/
a7 ) UHiREEEEICED Y, fivri e o
70 CHUR IR R R R Graves i 7% £ D H
CHREFRERICERICHE T2 2 L kD,
THIE FEE T BRI AE D %t % 1 T R < GBI
LEND D EFHZ SN D EFRELSR 30 FLL
gL, If PCB B IET LEL QA
PR IR L T %28, EEFICB W TR
EEBRIEL X OERSEHEL, KN O PCB &
ENSBE L, M PCB QMBI IZRI ICE
B Ry — BN, Fz, HETIEHE
HLU7-88%E (TEQ: Toxic Equivalents) &
DIRRYIE & L CEEREDPRKE LR Y YR
>V 77>~ (PCDF) OFWNEE bIEfshTE
DO AGHEHRFICBATL TS EHEES NS,

PEML, FREEEREOREN GO NZE
# 140 &, HHERE BH 115 fl e g L Lz,
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611 %D 18.8% ThH > 7z, WMHE-LEZOWNRII BN
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DZEWEIRFICAT 7% o 72, HURERBERERRA: & L CTHIR
PR AsvE> (TSH), PV I—FHAfo=r
(Ty) BEUOY A axyr (T,) FESMFIOL
45 9% Hl £ (Electrochemiluminescence
munoassay : ECLI) # (=27 /)V—¥ &2 TSH, =
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AT T I AT 4w 7 A WAV #EIELz, F
7z, PCB O#IE 1318 i IR OREEEREEIISEAT, fRERa T
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ERREVEH ST R > 72,

Mo 3P AR E R (mean+S.D.) TEL,
SFEED I DV T t BE 2 vz, £z, 22
AR KB O U3 2 B0 T 7% - 72,

& ES

SRR 14 5 FEAR R R HE — B2 I B Vv CTHAR
IRHEBERRE IC A D15 & huz e B 115 #idh,
TSHf#E, T, b2z T, EOWThs» 1HEHE
PIEDSE 228072 b D1 20 B (17.4%) TH -
7z, TSHEDIET % 661 (5.2%) 12, LH% 13
B (11.3%) 12, T, EHOLF% 14 (0.9%) 1232
», T EOEEERLIZDDIIASNE 1o,
JHE R O FR AR RE RS » L C TSHED 57
B bZ RO,

HOR IR BEEIC B W T TSHED 2 Wik T,
HDOEE % L7 HERF 20 fl %2 Table 1123
L7z, WIhoBRFEICHIERIZAS N o7z,
TSH EOE T 25® 72 6 (No.1-6) TiZ, &
B T, i L O T, HIZIER TH-72. TSHIED
LR EZEDI134] (No.7-19) Tix, &f#] T, HE
BLOT, EIZIER Th D BAEMED FIRERBEAEE

i

I 14

TREELZzZoN, £ LT, T, EOLAEZED
72 141 (No.20) I8 WwWTdH TSHES X 8 T,
FZIEH Th-olz. WEEOFRIEREET 221
T2 HIE B T I PCB 43 3.0 ppb ML ED
bOR13FIFIFTHY, ZDHFA7a<x T
LNY — VIIMIERFE D A S8 — 23 34, A oS
=YW WBNY - 2T HDON3IHT
Hoiz.

HHE T B 1 5 FIRIBERESLH £ PCB L O
B 2 WS 3 2 721z, HERHE 115 flic > n»wT
MiH PCB ¥« TSH{#E, T, fEdH 2k T, &
EDOMBIICOWTRRE L 72, I PCB#EE &
TSH{E (r=0.1058), T, {& (r=-0.0977) ¥ &
T, fE (r=0.0310) OFICHRE % AL o7z,
Kz, I PCB & EE 3 2.3 ppb A i D 58 ] %
PCB (K2 E#E, 2.3 ppb MU LD 57 #l% PCB &
FERE L U CliEER o FURIRBEREM AR S5 Ot BAH
BElzOWwWTHRE 21T > 7z (Table2). PCB K&
FEREIZ M 29 B, Zotk 29 B, SFH4ERS I 58.7+
14.3 1%, 9 PCB 213 1.44+0.55 ppb TH -
7z. PCB BRI BME 19 B, ZoME 38 6, F
AN 13 68.0£9.57%, FH# PCBIRE I134.07x

Table 1 HUREMERERH 2 2 U 7o e B

Case Age Sex TSH T, T, PCB PCB
#IU/ml ng/ml ug/dl  ppb pattern
1 57 M 0.01 1.55 11.5 2.00 C
2 66 F 0.13 1.27 9.9 2.84 A
3 61 F 0.17 1.78 11.7 2.84 A
4 69 F 0.19 1.78 9.9 1.65 C
5 63 F 0.20 1.27 10.1 1.41 B
6 36 M 0.25 0.99 5.5 1.52 C
7 80 F 4.24 1.37 7.5 1.75 C
8 64 F 4.37 1.62 8.7 6.29 A
9 70 F 4.46 1.5 10.3 2.18 BC
10 65 M 4.53 1.22 7.4 1.20 B
11 75 F 4.59 1.23 7.0 2.66 B
12 55 F 4.68 1.26 8.2 4.00 A
13 55 M 5.07 1.56 9.7 1.00 C
14 73 M 5.41 1.30 8.0 2.33 C
15 55 F 5.56 1.56 12.5 2.64 A
16 83 F 5.59 1.49 11.7 6.31 A
17 37 F 5.84 1.47 9.2 0.25 C
18 74 M 5.96 1.57 10.0 2.23 B
19 86 M 7.17 1.50 11.2 2.85 C
20 76 F 3.73 1.78 14.0 2.58 A
Normal Range, TSH (0.27-4.2); T, (0.85-2.0); T, (5.1-13.5)
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Examination of “Areas cutanea” in Yusho Patients

Fumihide Ocawa, Kazuhiro Samizu and Ichiro KaTayama

Department of Dermatology, Nagasaki University School of Medicine, 1-7-1,
Sakamoto, Nagasaki 852-8501, Japan

Abstract In the field of Dermatology, one of the representatives of oxidative stresses is
ultraviolet irradiation. Repetitive ultraviolet exposure results in cutaneous photoaging.
Otherwise, polychlorinated biphenyls (PCB) give rise to superoxide, which means Yusho patients
have been affected by oxidative stress for more than thirty years. In order to examine the
influence of oxidative stress by PCB to the skin, we measured the “areas cutanea” in the inner
aspect of upper arm in Yusho patients and in age-matched controls. “Areas cutanea” were
significantly smaller in Yusho patients than in controls. Although PCB can give an oxidative
stress, the influence seemed to be little to the skin. There might be another mechanisms
involved in this result except the oxidative stress by PCB. Further examination should be

conducted in the future.
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A Longitudinal Analysis on the Association of Serum Lipids
and Lipoproteins Concentrations with Blood Polychlorinated
Biphenyls Level in Chronic “Yusho” Patients
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Abstract We examined the association between blood PCB level and the serum concen-
trations of total cholesterol, high-density lipoprotein cholesterol and triglycerides. The
data was retrieved from the dataset of the nationwide health examination for Yusho
patients. We longitudinally analyze the laboratory data of the officially identified Yusho
patients who underwent the health examination in Fukuoka and Nagasaki prefectures
five times or more during the years from 1986 to 2000. For the longitudinal analysis, the
generalized estimating equation model was used adjusting for the age as of 1986, the year
of taking the health examination, smoking and drinking habits, body mass index and the
site of the examination (Fukuoka or Nagasaki). Ten-fold increase in blood PCB level
was associated with the elevation in serum concentration of total cholesterol by 18.4 mg/
dL (95% CI, 7.8 to 29.0, P<0.001) in men and 19.7 mg/dL (95% CI, 8.3 to 31.2, P<0.001)
in women, and the elevation of serum concentration of triglycerides by 43.49% (959 CI, 17.
5 to 74.9, P<0.001) in men and 42.8% (95% CI, 25.7 to 62.1, P<0.001) in women.
Association of blood PCB level with serum concentration of high-density lipoprotein
cholesterol was not statistically significant in both men and women. Hypercholesterol-
emia is a well known risk factor of coronary heart disease. It might be suggested that the
high blood PCB level in Yusho patients has some possible health effects on the incidence
of coronary heart disease.

eral population'. For more than 20 years

Introduction

“Yusho” is a poisoning caused by the
ingestions of rice bran oil contaminated by
polychlorinated biphenyls (PCB) and its
related compounds, such as polychlorinated
dibenzofurans (PCDF) and polychlorinated
quarterphenyls (PCQ)'®. The Yusho out-
break occurred in Western Japan in 1968%,
Even 20 years after the outbreak, the aver-
age total PCB concentration in Yusho
patients’ blood were 4.9 times higher than
that of the controls sampled from the gen-

after the outbreak, there have been reports
indicating the abnormality in the clinical
data on the concentrations of triglycerides,
thyroid stimulating hormone and immuno-
globulins among Yusho patients®!929,  Sev-
eral cross-sectional studies showed statisti-
cally significant associations between blood
PCB level and serum concentrations of trig-
lycerides, total cholesterol and blood pres-
sure?®®. These observed associations
were based on the data taken by one-year

basis, although the Yusho health examina-
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tion has been conducted annually from 1986.
In this study, we longitudinally analyze the
This is the first
longitudinal analysis on the association of

data taken for 15 years.

serum lipids and lipoproteins with blood
PCB level.

Subjects and Methods

The data analyzed in the current study
was retrieved from the database provided
by the data-processing system of the nation-
wide health examination for Yusho patients
established by Kataoka et al. (1989)®. The
nationwide health examination for Yusho
has been conducted annually from 1986 to
promote the health of the patients and deter-
mine the health status of the chronic Yusho
patients”. The examination is open not
only to officially identified Yusho patients,
but also to those who regard themselves as
potential victims. The participation to the
examination is voluntary. The examina-
tion is comprehensive and the dataset
includes demographic and laboratory data
and the data on the manifestations of symp-
toms”. The examination was conducted at
each prefecture. Serum concentrations of
total cholesterol, high-density lipoprotein
cholesterol and triglycerides of the residents
in Fukuoka and Nagasaki prefectures were
measured at the same laboratory. Blood
polychlorinated biphenyls (PCB) level was
analyzed at each prefecture where the
health examination was conducted.

The data from 1986 to 2000 was available
for the current analysis. Eligible observa-
tions for the analysis were 1) those of offi-
cially identified Yusho patients, 2) those
without missing values in any of blood PCB
level, serum concentrations of total choles-
terol, high-density lipoprotein cholesterol
and triglycerides, smoking and drinking

habits, height and weight, 3) those of the
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patients who underwent the health examina-
tion at Fukuoka or Nagasaki prefecture
where the Yusho outbreaks were most
prominent, and 4) those of the patients with
the number of observations satisfying the
conditions of 1) through 3) was five or
more.

Mean and standard deviation were calcu-
lated to show the summary statistics except
for blood PCB level and serum concentra-
tion of triglycerides. Geometric mean and
909 central range were calculated as their
summary statistics, because their distribu-
For

the longitudinal data analysis, the general-

tions were highly skewed to the right.

ized estimating equation (GEE) model was
applied. The observations for a particular
individual in the database were not indepen-
dent ; therefore, a within-patient correla-
tion structure was specified. The linear
regression model was created with an equal
within-patient correlations structure, i.e.,
the correlations between each year within
the same patient were assumed to be equal.
In addition, we implemented the Huber/
White/Sandwich estimator of variance that
yields valid standard error estimation even
if the within-patient correlations are not as
By the GEE model, the
association of the serum concentrations of

hypothesized*®.

total cholesterol, high-density lipoprotein
cholesterol and log,, (triglycerides) with
log,, (blood PCB level) was analyzed adjust-
ing for the age as of 1986, the year of taking
the health examination, smoking habit (cur-
rent smoker or not), drinking habit (current
drinker or not), body mass index (body
weight divided by height?) and the site of the

examination (Fukuoka or Nagasaki). Sta-
tistical analyses were performed with the
statistical package Stata ver. 7.0'®. All

the statistical tests were two-sided and the
significance level was set to 0.05.
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Table 1 The demographic data of the subjects.

Site of health examination

Fukuoka Nagasaki Total
Number of subjects 117 107 224
Sex (% men) 46.2 37.4 42.0
Mean age as of 1986 (SD) 56.3 (9.95) 54.0 (12.72) 55.2 (11.39)
Mean number of observations per 9.3 (3.15) 9.4 (3.03) 9.3 (3.08)

subject (SD)

Results

The demographic data was shown in
Table 1.
underwent the health examination at Fu-
kuoka.
female subjects were 54 and 63, respectively,

Fifty two percent of the subjects
The numbers of eligible male and
in Fukuoka and 40 and 67, respectively, in

The difference
between the sites of examination was not

Nagasaki. in sex ratio

statistically significant. Mean age of the

eligible subjects was 55 at the first year of

the study period. Mean number of examina-
tions that the subjects had undergone during
the study period was 9.3.

The summary statistics of the blood poly-
chlorinated biphenyls (PCB) level and serum
concentrations of serum lipids and lipo-
proteins were shown in Table 2a and 2b.
Number of eligible observations in a year
ranged from 43 to 67 in men and from 66 to
98 in women. In total, number of observa-
tions eligible for the analysis was 844 in men

and 1240 in women. Blood PCB level

Table 2a Summary statistics of blood PCB level and serum concentrations of total cholesterol,
high-density lipoprotein cholesterol and triglycerides by the year of health examination

in men.
Serum concentration (mg/dL)
High-density
Number of Blood PCB level Total lipoprotein
Year observations (ppb) cholesterol cholesterol Triglycerides
1986 43 5.83 (2.6 to 14.0)* 191 (28.5)F 49 (10.1) T 111 (49 to 323)*
1987 51 4.49 (2.0 to 15.0) 198 (34.7) 48 (10.5) 109 (57 to 276)
1988 55 4.85 (1.4 to 13.0) 204 (41.4) 7 (9.6) 118 (58 to 363)
1989 52 4.34 (1.2 to 10.0) 198 (41.2) 46 (9.5) 108 (51 to 371)
1990 65 4.07 (1.1 to 10.8) 195 (36.6) 50 (11.0) 102 (51 to 251)
1991 54 4.45 (1.3 to 11.0) 192 (26.4) 50 (10.3) 0 (52 to 373)
1992 56 3.48 (1.0 to 9.4) 201 (26.7) 1(13.8) 100 (46 to 301)
1993 65 4.88 (1.9 to 11.0) 196 (33.5) 53 (14.2) 6 (48 to 222)
1994 67 3.87(1.0to 9.0) 186 (33.3) 50 (13.8) 101 (47 to 220)
1995 56 3.39(0.9to 7.0) 197 (34.1) 49 (15.3) 7 (49 to 311)
1996 58 3.28 (1.0 to 10.0) 194 (33.3) 50 (12.8) 101 (51 to 276)
1997 58 2.99 (1.1 to 8.0) 207 (32.2) 54 (13.3) 102 (42 to 297)
1998 61 2.90 (0.8 to 8.0) 202 (32.9) 53 (11.3) 107 (47 to 251)
1999 53 3.01 (1.0 to 8.0) 204 (35.7) 53 (10.0) 8 (44 to 278)
2000 50 2.86 (1.0 to 8.0) 199 (35.8) 1(10.2) 103 (48 to 259)
Total 844 3.80 (1.0 to 10.0) 198 (34.2) 50 (12.1) 102 (49 to 276)

* : Geometric mean (909 central range).
T : Mean (SD).

(34)
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Table 2b Summary statistics of blood PCB level and serum concentrations of total cholesterol,
high-density lipoprotein cholesterol and triglycerides by the year of health examination

in women.
Serum concentration (mg/dL)
High-density
Number of Blood PCB level Total lipoprotein
Year observations (ppb) cholesterol cholesterol Triglycerides
1986 78 4.12 (1.0 to 12.0)* 209 (47.1)F 54 (11.6) T 98 (38 to 269)*
1987 66 4.31 (1.5 to 11.0) 216 (42.5) 49 (10.1) 106 (48 to 241)
1988 77 4.07 (1.5 to 8.0) 216 (41.8) 52 (12.3) 101 (52 to 243)
1989 85 3.86 (1.4 to 11.7) 213 (40.2) 51 (10.1) 110 (52 to 253)
1990 98 3.96 (1.2 to 11.3) 220 (42.4) 52 (10.3) 93 (48 to 200)
1991 79 3.92 (1.5 to 13.0) 212 (34.2) 55 (12.2) 93 (44 to 207)
1992 86 3.66 (1.5 to 10.1) 214 (36.0) 55 (12.0) 95 (44 to 211)
1993 96 4.03 (1.7 to 10.7) 211 (32.4) 55 (11.8) 92 (45 to 205)
1994 92 3.69 (1.6 to 9.0) 207 (35.0) 54 (13.4) 94 (44 to 200)
1995 88 3.21 (1.3 to 8.6) 211 (32.2) 54 (13.0) 92 (44 to 170)
1996 33 3.13(1.1to8.2) 212 (39.2) 56 (12.8) 97 (51 to 187)
1997 80 2.71 (1.0 to 6.2) 221 (38.4) 60 (15.8) 97 (47 to 220)
1998 80 2.85 (1.0 to 12.6) 211 (34.0) 59 (13.4) 96 (46 to 200)
1999 73 3.06 (1.0to 7.1) 224 (38.4) 63 (14.0) 96 (45 to 257)
2000 79 2.96 (1.0 to 8.0) 209 (35.1) 60 (16.0) 92 (42 to 222)
Total 1240 3.54(1.1t09.2) 214 (38.1) 55 (13.1) 97 (46 to 216)

* . Geometric mean (909§ central range).
T : Mean (SD).

The difference
between 5 percentile and 95 percentile of the

showed large variation.

PCB level in each year was more than five-
fold and reached to twelve-fold. During
the study period, geometric mean of blood
PCB level (ppb) gradually decreased from 5.
83 to 2.86 in men and from 4.12 to 2.96 in
women. Mean serum concentrations of
lipids and lipoproteins in men and women,

however, changed little and showed no par-
ticular time trend.

The results of the longitudinal analysis on
the associations between blood PCB level
and serum concentrations of lipids and lipo-
proteins were shown in Table 3. Ten-fold
rise in blood PCB level was associated with
the elevation in serum concentration of
total cholesterol by 18.4 (95% confidence

Table 3 The association of blood PCB level with serum concentrations of total cholesterol, high-
density lipoprotein cholesterol and triglycerides.

Men Women
Response variable (unit) B*(95% confidence interval) P B*(95% confidence interval) P
Total cholesterol (mg/dL) 18.4 (7.8 to 29.0)F <0.001 19.7 (8.3 to 31.2)F <0.001
High-density lipoprotein - - -
cholesterol (mg/dL) 0.6 (-4.2 to 5.5)F 0.79 2.9(-6.1to 0.4)f 0.09
Triglycerides (%) 43.4 (17.5 to 74.9)f <0.001 42.8 (25.7 to 62.1)1 <0.001

* Regression coefficient for log,,-transformed blood PCB level.
T Estimated increase of the response variable with 10-fold increase in blood PCB level.
I Estimated increase of the response variable expressed in percent with 10-fold increase in blood

PCB level.

(35)



114

interval, 7.8 to 29.0) mg/dL in men and 19.
7 (959% confidence interval, 8.3 to 31.2) mg/
dL in women. The association was statisti-
cally significant with the significance level
of less than 0.001 for both sexes. Ten-fold
rise in blood PCB level was associated with
the elevation of serum concentration of
triglycerides by 43.4 (95% confidence inter-
val, 17.5 to 74.9) 9% in men and 42.8 (95%
confidence interval, 25.7 to 62.1) 9% in
women. The observed elevation was statis-
tically significant (P<0.001) both in men
and women. Association of blood PCB level
with serum concentration of high-density
lipoprotein cholesterol was not statistically
significant in both men and women.

Discussion

The present study analyzed the longitudi-
nal data consisting of 2084 observations of
224 Yusho patients who have undergone
annual health examination during the years
from 1986 to 2000. From the dataset, we
observed positive and statistically signifi-
cant associations of blood PCB level with
serum concentrations of total cholesterol
Ten-
fold increase in blood PCB level was as-

and triglycerides in men and women.

sociated with the elevation of serum concen-
tration of total cholesterol by about 19 mg/
dL, and the elevation of serum concentra-
tion of triglycerides by 43 94. For high-
density lipoprotein cholesterol, we could not
observe the statistically significant associa-
tion with blood PCB level.

The results of the present study support
the findings from the former studies on the
association of blood polychlorinated bi-
phenyls (PCB) level and the serum concen-
trations of triglycerides®®!®1®2 and total
cholesterol*® observed by cross-sectional
analyses on the one-year based data of

Yusho patients. The present study was

S. Tokunaga et al.

different from the former studies in that the
data spanning at least five up to fifteen
years were analyzed longitudinally. The
longitudinal study design is supposed to be
superior to the one-year based cross-sec-
tional study design, which can be more
prone to be affected by a sampling bias of
the subjects and the measurement error of
the clinical data. Therefore, it is suggested
that the current study presents more reliable
evidence on the associations between blood
PCB level and the serum concentrations of
triglycerides and total cholesterol.

The current study has limitations com-
mon to most other observational studies in
that the observed association does not
always mean the causal
Thus, the

should be careful.

relationship.
interpretation of the results
In the current study, the
observations from the subjects who had
taken the Yusho health examination 5 times
or more were analyzed. The small number
of subjects who were eligible for the study
might cause selection bias of the subjects.
To examine this possibility, we changed the
criterion on the times of health examina-
tions taken by a patient from 4 to 7, and the
results of the analyses were compared.
Under the different criteria for the selection
of the subjects, the statistical significance of
the association was held and the estimated
relationship was stable. Therefore, it is
difficult to explain the observed associa-
Another limi-
tation of the current analysis is that the
data of possible confounding factors such as
dietary habits and the use of antilipidemic
agents were not available for the analysis.
In spite of the above limitations, the obser-
ved associations of serum concentrations of
triglycerides and total cholesterol with
blood PCB level paralleled with the results
of other studies on non-Yusho patients”!?.

tions by selection bias only.
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Hence, the observed association in Yusho
patients might hold in the general popula-
tion exposed to high level of PCB. Further
analyses are needed to establish the associa-
tion of the blood PCB level with the serum
lipids and lipoproteins concentrations, in
particular, the serum concentration of total
cholesterol.

Hypercholesterolemia is a well known
risk factor of the incidence of coronary
heart disease®'?. Cohort study estimate
shows that the increase in serum cholesterol
concentration by 109§ was associated with
an increase in incidence of ischaemic heart

A
494 difference in usual cholesterol concen-

disease of 27% in Western countries!?V.

tration was associated with a 219 differ-
ence in mortality from coronary heart dis-
ease in a Chinese population®. High levels
of serum triglycerides when accompanied
by low high-density lipoprotein cholester-
olemia are shown to represent increased
The obser-

ved association of hypercholesterolemia and

risk of coronary heart disease?.

elevated triglycerides concentration with
blood PCB level may suggest the higher risk
of coronary heart disease of Yusho patients,
particularly those with very high PCB level.
Each year, the ratio of 95 percentile to 5
percentile of blood PCB level was about 10
(Table 2a and 2b), and ten—-fold increase in
blood PCB level was associated with the
elevation of serum total cholesterol concen-
tration by 99 of the mean concentration.
Therefore, the results of the present study
can be translated that the ten-fold differ-
ence observed in the blood PCB level of
Yusho patients is estimated to the difference
in the incidence or mortality of coronary
heart disease by 24 to 479%. It might be
suggested that the high blood PCB level in
Yusho patients has some possible health
effects on the incidence of coronary heart
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disease.
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Abstract Thirty-five years have been passing since the outbreak of Kanemi rice oil
poisoning, namely, Yusho in the western Japan. However, even now the patients with
Yusho have been still suffering from several objective and subjective symptoms. In order
to improve or, if possible, to cure the such symptoms, the most important therapeutic
treatment is considered to actively excrete the most toxic causative PCDFs/DDs con-
geners, that is, 2,3,4,7,8-pentachlorodibenzofuran (PenCDF) and 1,2,3,6,7,8-hexachlor-
odibenzo-p-dioxin (HxCDD) from the bodies of the patients and to reduce their body
burdens.

In rats, dietary fiber and chlorophyll have been shown to promote the fecal excretion of
dioxins and to reduce their levels in rat liver. In this study, we examined whether such
kinds of effect were also observed by FBRA, which was the health food and relatively rich
with dietary fiber and chlorophyll in nine married Japanese couples.

As a result, concentrations of PenCDF and HxCDD on the lipid weight basis in the blood
of the FBRA-intake group in which they took 7.0 to 10.5g of FBRA after each meal and
three times a day for one year were more lowered than those in the blood of the non-
intake group; Blood levels of PenCDF and HxCDD in the FBRA-intake group were
decreased by 30.5 and 33.99, respectively, and those decreases were 22.0 and 24.5% in
the non-intake group.

Their total body burdens just before and one year after the study were calculated on the
assumptions that the body fat was also contaminated with these congeners at their blood
levels on the lipid weight basis and the content of body fat was 209§ of the body weight.
Then, we computed the average amounts in excretion of PenCDF and HxCDD from the
body in both the FBRA-intake and non-intake groups. Consequently, the amounts of
excretion of PenCDF and HxCDD in the FBRA-intake group were 2.1 and 1.9 times,
respectively, greater than those in the non-intake group. Therefore, FBRA seemed to
promote the fecal excretion of PenCDF and HxCDD, the main causative PCDFs/DDs
congeners of Yusho, from the human body.

We also expect FBRA to reduce their body burdens of patients with Yusho and to
improve some objective and subjective symptoms of Yusho patients.

. Our environments including foods have
Introduction . ..
been polluted with extremely toxic dioxin
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congeners such as 2,3,4,7,8-pentachlor-
odibenzofuran (PenCDF) and 1,2,3,6,7,8-hex-
achlorodibenzo-p-dioxin (HxCDD) not only
in Japan?”?? but also other countries?»7#23),
Consequently,
already been contaminated with these two

human beings also have
congeners®?Y. According to results of the
several studies described above, PenCDF
and HxCDD have been the most or quite
prominent congeners in the contamination
levels in environments and also in humans.
We already have investigated the effects of
this kind of compounds on the foetus and
sucklings which are considered the most
sensitive stages of human beings as well as
animals, and observed their unfavorable
effects on thyroid hormone and immune
response systems in Japanese infants per-

inatally and lactationally exposed to

them!®1618)19)

developmental condition have been also

Their adverse effects on

found in 10-month-old breast-fed Japanese
infants!®14,

These two congeners have been the most
important etiological agents of Yusho!”, a
mass food poisoning that occurred in west-
ern Japan in 1968 and even now®. At pres-
ent, namely, more than 30 years after the
outbreak, many patients with Yusho are
still suffering from several objective and
subjective symptoms.

In order to prevent or avoid their adverse
health consequences on fetuses and suck-
lings, active reduction of their contamina-
tion levels in mother’s body seems quite
important. And also, in order to improve
or to cure various symptoms of patients
with Yusho, their active excretion from the
body of Yusho patients is considered very
useful. In rats, dietary fiber and chloro-
phyll have been shown to promote the fecal
excretion of dioxins, probably due to the

restriction or some inhibition of their
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absorption and re- absorption in the diges-
tive tract and therefore to reduce their
levels in rat liver'®'V. In this study, we
examined whether such kinds of effect were
observed by FBRA, which was the brown
rice fermented with Aspergillus-oryze and
rich with dietary fiber, or not in Japanese

adults.
Materials and Methods

FBRA has been manufactured for over 30
years with Genmaikouso Corp., Sapporo,
Japan, and taken by more than 100,000
people as one of the health foods. Ingredi-
ents of FBRA are shown in Table 1.

Nine married couples of 37 to 48 years old
were voluntarily participated in this study,
and divided into two groups which were
tried to match for sex and age, namely,
FBRA-intake and non-intake groups.
FBRA-intake group consisted of 5 males
and 4 females with the mean age of 44.3
years old and non-intake group 4 males and
5 females with that of 43.8 years old. In
FBRA-intake group, they took 7.0 to 10.5g
of FBRA after each meal and three times a
day for one year and in non-intake group
they didn’t.

Before starting this study, 60 to 80 ml of
the peripheral blood was individually taken
by venipuncture in both the FBRA-intake
and non-intake groups twice at one week
intervals. These blood samples were anal-
yzed for PenCDF and HxCDD by HRGC-
HRMS technique using a Finnigan MAT-95
mass spectrometer (Germany) directly inter-
faced with Varian Model 3400 gas
chromatograph®!?. The average of PenC-
DF or HxCDD in the two blood samples of
the same person was expressed as the indi-
vidual original level in both groups. In
order to evaluate the effect of FBRA on
their excretion from the human body, their



120

Table 1 Ingredients of FBRA (100 g) *

Ingredient Amount
Energy 370 kcal
Moisture 3.1 g
Protein 25.6 /)
Fat 19.6 )
Carbohydrate 22.9 )
Dietary Fiber 19.7 ]
Ash 9.1 )
Calcium 367 mg
Phosphorus 1930 )
Iron 11.1 )
Sodium 91.8 /)
Potassium 2080 /)
Magnesium 802 )
Manganese 18.1 ]
Zinc 5.42 /)
Copper 0.813 )
Selenium 12 ug
Total Carotene 6.82 mg
Vitamin A (effect) 3790 IU
Vitamin B; 1.86 mg
Vitamin B, 0.86 )
Vitamin Bg 2.34 )
Niacin 48.3 )
Pantothenic Acid 7.84 )
Folic Acid 0.20 )
Vitamin B,, 5.9 ug
Biotin 44 .8 )
Vitamin E 14.3 mg
Vitamin K 127 ug
SOD Activity 71,000 Unit
Phytin Acid 3720 mg
Yeast 9.2X10°
Lactic Acid Bacteria 8.0X107
Nucleic Acid 0.24 g

* 1 Analysis was conducted and certified by Japan
Food Analysis Center Foundation in October,

1997

blood concentrations were determined again
exactly with the same manner one year
later in both the FBRA-intake and non-
intake groups. Then, their mean levels

were individually compared each other.
Results

Respective initial levels of PenCDF
(mean=®=S.D.) in the blood were 14.3+7.4

J. Nagayama et al.
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Fig. 1 Changes in average concentrations of
PenCDF in the blood of FBRA-
intake (left) and non-intake (right)
groups for one year
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Fig. 2 Changes in average concentrations of

HxCDD in the blood of FBRA-intake
(left) and non-intake (right) groups
for one year

FBRA-intake Group; —33.9%,
Non-intake Group; —24.5%
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and 9.4+3.9 pg/g lipid in FBRA-intake
and non-intake groups. In the same manner,
those of HxCDD were 25.5413.4 and 18.
8+9.4 pg/g lipid. Accordingly, the average
initial concentrations of PenCDF and
HxCDD in the FBRA-intake group were
somewhat higher than those in the non-
intake group. One year later, blood levels of
PenCDF and HxCDD showed a decreasing
tendency in both FBRA-intake and non-
intake groups. In order to see the changes in
their blood levels more clearly, their rela-
tive concentrations were computed based
upon their respective initial ones as the
standard (1.0). In case of PenCDF, relative
blood levels in the FBRA-intake group
decreased in eight of nine subjects with the
average relative level of 0.73 and two peo-
ple were less than 0.5. Meanwhile, in non-
intake group seven of nine subjects showed
less than 1.0 in relative blood levels with the
average of 0.78 and no person was less than
0.5. In case of HxCDD, the relative blood
levels in the FBRA-intake group showed
decreasing tendency in all the nine subjects

with the average of 0.70. However, in

200

O Original Level
W After 1 year

180 172

160 |-

140

120

100 |-

80

PenCDF, ng / person

60

40

20

Non-intake

FBRA-intake
Fig. 3 Changes in mean total body bur-
dens of PenCDF in the FBRA-
intake (left) and non-intake (right)
groups for one year
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HxCDD, ng / person

100
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FBRA-intake

Non-intake

Fig. 4 Changes in mean total body bur-
dens of HxCDD in the FBRA-
intake (left) and non-intake (right)
groups for one year

non-intake group seven of nine people were
less than 1.0 with the average of 0.77.

Average concentrations of PenCDF and
HxCDD in the blood of FBRA-intake and
non-intake groups are indicated in Figs. 1
and 2, respectively. The concentrations
(mean®=S.D.) at one year after the FBRA
intake were 10.0+5.3 pg/g lipid in PenCDF
and 16.8+8.1 pg/g lipid in HxCDD.
non-intake group, respective those were 7.
4+3.4 and 14.2+6.7 pg/g lipid. There-
fore, blood levels of PenCDF and HxCDD in
the FBRA-intake group were decreased by
30.5 and 33.99, respectively.
time, in the non-intake group respective
those were —22.0 and —24.5%.

We calculated the total body burdens of
PenCDF and HxCDD on the assumptions
that body fat was also contaminated with

In

In the mean-

these compounds at their blood levels on the
lipid weight basis and the content of body
fat was 209 of body weight and the results
are shown in Figs. 3 and 4. Initial average
total body burdens of PenCDF were 172 ng/
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person in the FBRA-intake group and 113
ng/person in the non-intake group. Those
of HxCDD were 306 and 225 ng/person,
respectively.
body burden of PenCDF were 120 ng/person
and that of HxCDD 202 ng/person in the
FBRA-intake group, and respective those of

After one year, average total

the non-intake group 88 and 170 ng/person.
Accordingly, as indicated in Fig. 5, average
amounts in excretion of PenCDF from the
body for one year were 52 ng/person in the
FBRA-intake group and 25 ng/person in the
non-intake group. Respective those of
HxCDD were 104 and 55 ng/person. There-
fore, amounts of excretion of PenCDF and
HxCDD in the FBRA-intake group were 2.
1 and 1.9 times, respectively, larger than
those in the non-intake group.

Discussion

In male rats, the fecal excretion of
HxCDD was 2.1 times higher in the groups

fed with the rice-bran and spinach fibers

PenCDF : FBRA-intake / Non-intake=2.10

ng / person

-60

J. Nagayama et al.

than in the group fed with a non-fiber
diet!®. Therefore, rice-bran fiber seems to
promote the excretion of HxCDD and also
hopefully PenCDF from not only rats but
also humans. As indicated in Table 1, 100g
of FBRA contain about 20g of dietary fiber.
If the subjects take 10g of FBRA after each
meal and three times a day, they will have
2g of dietary fiber each time and 6g in a day.
In addition to dietary fiber, FBRA contains
which also showed the
promotional fecal excretion of HxCDD in
male rats'.

chlorophyll,
Accordingly, we expected
FBRA to promote the fecal excretion of
PenCDF and HxCDD from the human body
and decrease their blood levels. Actually, as
shown in Figs. 1 and 2, one year intake of
FBRA lowered their blood levels more in
the FBRA-intake group than in the non-
intake group. Consequently, total body bur-
dens of PenCDF and HxCDD were also
actively decreased more in the former group
than in the latter and their elimination rates

HxCDD : FBRA-intake / Non-intake=1.88

-100

-104

-120

Fig. 5 Changes in average amounts of excretion of PenCDF (left) and HxCDD (right) from
the human body in the FBRA-intake and non-intake groups for one year

[ : FBRA-intake group
B : Non-intake group
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were about 2.1 and 1.9 times, respectively,
higher in the FBRA-intake group than in
the non-intake one, as indicated in Figs. 3 to
5. In conclusion, even though in such small
scale clinical trial, FBRA seemed to pro-
mote the fecal excretion of PenCDF and
HxCDD from the human body probably
through the inhibition of their absorption
and/or re-absorption in the digestive tract
to some extent and to decrease their body
burdens.

In addition to the active excretion of the
causative chemicals of Yusho, namely, Pen-
CDF and HxCDD, FBRA is a health food
and good for health, as shown in Table 1, so
it may also improve various objective and
subjective symptoms of patients with
Yusho. Hence, the clinical trial of FBRA for
Yusho patients has been just started since
this March.
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Follow-up Survey of Dioxins in the Blood of Yusho Patients (in 2001)
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Takahiko Matsuepa, Tsuguhide Horr and Reiko Nakacawa
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*Japan Food Hygiene Association, 2-6-1 Jingumae, Shibuya-Ku, Tokyo 150-0001

Masutaka Furue

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

Abstract Follow-up survey of the blood concentration of polychlorinated dibezo-p-dioxin
(PCDDs), polychlorinated dibenzofuran (PCDFs), Non-ortho-coplaner PCBs (Non-Co-PCB), and
Mono-ortho-coplaner PCBs (Mo-Co-PCB) in Yusho patients is very important for their health
control. We determined the blood concentration of these dioxin-like isomers in 78 blood samples
collected in 2001 using by a high-resolution gas chromatograph/high-resolution mass
spectrometer (HRGC/HRMS) equipped with a solvent-cut large volume injection system
(SCLV). The accelerated solvent extraction (ASE) method was employed for the treatment of
blood samples. The method employed here can allow a reduced amount of blood collecting from
Yusho patients compared with the conventional method. In typical Yusho patients (Group A of
PCB pattern), the mean TEQ concentrations of PCDDs, PCDFs, Non-Co-PCBs, and Mono-Co-
PCBs in blood collected in 2001 were 36, 260, 9.3, and 64 pg-TEQ/g lipid, respectively. As well,
the toxic contribution of PCDDs, PCDFs, Non-Co-PCBs, and Mono-Co-PCBs in typical Yusho
patients (Group A of PCB pattern) were 10, 70, 3, and 179§ of the total TEQ value, respectively.
The toxic contribution rate of PCDFs TEQ was still at high levels in relation to total TEQ in
typical Yusho patients as mention above. The Yusho patients showing B pattern also had the
same A pattern contribution rate. In the patients of group C, however, the mean blood levels of
dioxin TEQ in 2001 was two times those of the normal controls determined in 2000 in Fukuoka
prefecture. As well, the contribution rates were similar to those of normal subjects, although
some patients in this group showed a high toxic contribution rate of PCDFs TEQ in relation to
total TEQ. Thirty-three years had passed since the Yusho accident, and the total blood concen-
trations of PCDFs in the blood of Yusho patients were still higher than those of normal subjects.
Among the different groups of PCB patterns, the concentration of 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-
HxCDF and 1,2,3,6,7,8-HxCDF showed significant differences. These findings indicate that these
isomers are not metabolized in the human body since traces of them continued to be detected in
these patients since they had been contaminated by the rice oil in the original incident.
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FO RS (WHO) 23 1998 F Iz & L 7z 2,37,
8-TCDD 123 % i Hffitr%k (TEF)*» 2 Hw»
T, 2,3,7,8-TCDD w4 (TEQ) Z KO FMER
fifi 247 - 7z.
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. SRR
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n-/ 7 Y IFBERILFHRHEOAER K E, Z O
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Rz, ok Y 7 A% PCB 347 H (B
HALFER) 2 Wiz, GC/MS D F v ) 7V —v 3
VA% % —Fix Wellington Lab. ##0DCS3-
C/CP81 2R LTz, 27V =T 9 TFANL 7k
LTBCTI7N)L7T77HoDPCDDs, 10 D
PCDFs, 4 f&# @ Non-ortho-coplanar-PCBs
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EEAL, YV YA 7L TBCTIN
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PCB 2 L7z, RHERER/ >V 2 7 )V IZHDEHEE
THRHEFERAL, EHERIET T4 T A 7%E
Bl bV o CEIVEEL, SRR MY v A
WAEE S W2 (121000 w/w). WEEEER/ Y
BTN, WEERB & CHEARE S B v A3 ER
W EEE 2 D CAF Y 2 XUE b v T i
THRERER EFLETTHRE LI D2 AW,
Z DDA TR ORI & 7z,

3. KB

T 2 S I £ 2
200 ZEHI L 72,

RRREN A 7~ N7 T 7 /G EREE 55
#r 25 & (HRGC/HRMS) 1 GC#B, Agilent #:
HP-6890 &I, MS %, MicroMass ft AutoSpec-
Ultima A L7z,

KEaEBEAZE (SCLV) 1% SGE #E =i
L7z,

X5 A 4 & 7 A8 ASE-

4. PAHE

4.1 fEEOHH

M > & OPEE O HhH & = 2R A e 2 = H
Wiz, IMEERELS g iexfL, Isolute (BEEES) 4
g DIRGHTRY LY, MltieVicIEL
fo. 7V —=2T v TR 7 B, it
ZIEEARRICEE L, | 150°C, F77 2000 psi O
ZHETTL M, 7 b v/~FH (11 4,v/
v) T2EHH Lz, Bonlz7 v/ ~FH >
IR % OKFRER - V) 7 A TR, W TR
L, IBEEEZHERETHEL 2.

4.2 ALV =vT7 w7

M U7 IBE 228D n-~F 9 VICHEEL, i
FRALER U 7212, 10% (w/w) BHEEER/ > ) 41 7V 0.5
g ZEATIE L 72 h 7 JZER L, n-~FH > 15
mL THH L7z, EHIWR % 40°CLLT Tk
L, 892 mL L7, 2h%, 0.1% (w/w) N
BR/FEKTREE S b ) 7 A 0.5g ZiZATHE L 727
ZLZAERTL, 10% (v/v) ¥YZ7a8a X8 r/n-~
¥ ¥ > 10 mL T Mono-ortho-Co-PCBs (PCB
%) &2, KOThVIy25mL TS A 4 F 3 V4
(PCDDs, PCDFs ¥ & U Non-ortho-Co-PCBs)
ZEH S, 0.5 mL UM ICERREL, ) >y
A4 7 10pg b NATNVECREL, F
BCHEEZEE LTz, GC/MS 43 #rhRf iz 1 10 »L
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Dn-/ FrEMZT, 5ul % KEFEE A %
(SCLV) i2&X b GC/MSIiZiEA L, &8, &
ml, M# e 77 > 7 OIERFALD 7z O HTALEEERAE
DIFEERIER, EFHEOPHEAL CERHEY D1/
ART—=NWVTHITLI) =Ty TEERFERL
Jz.

4.3 GC/MS pthdths L U7 — 5 AL

¥ $ ¢ PCDDs, PCDFs, ¥ X O* Non-ortho-
Co-PCBs i& HRGC/HRMS & SCLV % f # &
B FHEIC XY, Mono-ortho-Co-PCBs 13, A
7w b v ZAEEE A —-HRGC/HRMS 2 & D
ST L7z, LR B L CHESMA1E Table
1B XU Table 2 127”79,

Z DA, MS DE =% —A & >, 7 — F QLB 5k
WWOWTIEEHRY DB Y Thsb., TEQ DFTHE
id WHO (1998) #33%R%E L7z TEF?Y & w7z,
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Fig. 1 HRGC/HRMS SIM chromatogram of PCDDs and PCDFs in blood of Yusho patient
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DEAFE LT E» 5 ml OB TS A 4 ¥ VD
SR 2 IEMEC I E AT RE 22 STk 28R L 72,
D g o THIE L 7z SCLV # A —HRGC/
HRMS w27 u~ + 77 A% Figl w3, 2OK
DESwE, NMEFICEE T 2544+ Y HET
N TE 2,

2001 ££ & o ¥ fE & # 1% §1 @ PCDDs,
PCDFs, Non-ortho-Co-PCBs ¥ & Uf Mono-
ortho-Co-PCBs IRE # M PCBDO A X 7 v =
N7 Z L5 —RNZ Table 3 1223, PCB 4 A
yma~ N7 T A58 — 0% 2001 5 FE AR R VR JHE
—FREZHR DT — 8 ALz, kB, SHEO

-
—

00 53100 54100
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1,2,3,6,7,8-HxCDF  ©2,3,4,6,7,8-HxCDF  1,2,3,7,8,9-HxCDF
®1,2,3,4,6,7,8-HpCDF  11,2,3,4,7,89-HpCDF  ({1,2,3,4,6,7,3,9-OCDF
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Table 1 Conditions of SCLV injection system and HRGC/HRMS for PCDDs,
PCDFs and Non-ortho coplanar PCBs

GC

SCLYV injection system (SGE, Australia)

HP-6890 (Agilent Technology, USA)

MS

Pre-column
Analytical column
Injector temperature
Oven temperature

300°C

AutoSpec-Ultima (Micromass, UK)
BPX-5: 5mX0.25mmX0.25um (SGE, Australia)
BPX-5:30mX0.15mmX0.25¢m (SGE, Australia)

80°C—20°C/min —320°C (5 min) —70°C/min —

180°C (1 min) — 5°C/min —320°C (2 min)

Interface temperature 280°C
Source type EI

Source temperature 270°C
Electron energy 40 eV
Accelerating voltage 8 kV

Resolution

10000 (10% valley)

FETIE BC /Sy —> DEEN 2B Vi otz
Te DT SERAF L7z, BEIF T XTIt L 725
BHEEYYOE TR,

i TEQ EHEEE 1X A, B, C /8% — > B X UVg
BN EEEONEIC 2 h2h 370, 237, 66 35 X U 29
pg-TEQ/g lipids Th-7:. %k, MEEHD T —
Z & LT 1999 FEICHEM IR THEI W @BEE
DEE L~ 2RV, A, B, C OIEIZ
& DFEZE YD s i, — 1, CNF —> D
BEE LV ~OVIZFEECHIR L 72856 B EE 0N
2fECTh otz AT — VTR EEZRTH
ERFZEEEOZN KL TI1265 B/ vy —
YOGERT.6ERBETH .

EIAEIC H 5 & PCB /8% — > a8 A O HEIEY
% BFH R TIX, PCDDs %8 36 pg-TEQ/g lipid,

PCDFs 8 260 pg-TEQ/g lipid, Non-o07tho-Co-
PCBs 78 9.3 pg-TEQ/g lipid 8 X O Mono-
ortho-Co-PCBs 78 64 pg- TEQ/g lipid TH - 7z.
PCB /X% —> 3 B ® EEFH TIX, PCDDs 8 27
pg-TEQ/g lipid, PCDFs #3169 pg-TEQ/g
lipid, Non-o07tho-Co-PCBs 78 8.9 pg-TEQ/g
lipid 8 & U Mono-ortho-Co-PCBs 2% 32 pg-
TEQ/g lipid ThH -7z, PCB /¥ —>23C D2
FHEETlX, PCDDs #° 26 pg-TEQ/g lipid, PCDFs
716 pg-TEQ/g lipid, Non-o07tho-Co-PCBs »%
13 pg-TEQ/g lipid 8 X ¢f Mono-ortho-Co-
PCBs 78 11 pg-TEQ /g lipid TH -7z, C/¥¥ —
> DOEERET O TN O RIGE O FEREOK 2 5
BETH-. 20X, WEREFIMF DR
TEQ #£1x PCB /8% — >3 C DEF 2R X,

Table 2 Conditions of HRGC/HRMS for Mono-ortho coplanar PCBs

GC

MS

Analytical column
Injector temperature
Oven temperature

280°C

HP-6890 (Agilent Technology, USA)
AutoSpec-Ultima (Micromass, UK)
HT-8:50mX0.22mm X 0.25xm (SGE, Australia)

130°C (1 min) —20°C/min —220°C— 3 °C/min —

280°C—20°C/min —320°C (2.5 min)

Carrier gas

Interface temperature 280°C
Source type EI

Source temperature 280°C
Electron energy 35 eV
Accelerating voltage 8 kV

Resolution

Constant flow 1.3 mL/min (He)

10000 (10% valley)

(51)
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Table 3 Concentration of PCDDs, PCDFs, Non-o7tho-Co-PCBs and Mono-o7tho-Co-PCBs in blood
of Yusho patients and normal subjects (pg/g lipid)

Pattem A (N =20)

Pattem B (N =31)

Pattem C (N =25) Normal subject (N =152) *

Congeners

Mean Min. Max. SD Mean Min. Max. SD Mean Min. Max. SD Mean Min. Max. SD
2,3,7,8-TCDD 1.4 0.5 36 09 1.5 05 36 09 24 05 41 1.1 1.9 1.0 5.0 0.8
1,2,3,7,8-PeCDD 25 5.5 53 14 18 4.9 47 11 19 3.3 32 8.1 5.7 1.7 15 2.3
1,2,3,4,7,8-HxCDD 1.4 1.0 40 09 1.9 1.0 6.2 1.5 35 1.0 6.6 1.8 3.4 1.0 9.3 1.7
1,2,3,6,7,8-HxCDD 93 19 230 56 57 11 141 34 28 4.4 46 11 20 4.4 45 9.6
1,2,3,7,8,9-HxCDD 4.0 1.0 6.9 1.5 4.5 1.0 11 2.6 5.2 1.0 11 2.5 3.7 1.0 10 1.9
1,2,3,4,6,7,8-HpCDD 19 5.4 35 7.1 22 5.6 52 13 39 6.5 144 30 20 5.1 96 15
OCDD 419 175 744 168 484 137 1231 284 1109 252 6226 1176 371 49 4200 529
2,3,7,8-HCDF 2.7 0.5 14.4 3.2 1.3 0.5 6.2 1.3 1.7 0.5 13.8 2.9 2 1.0 5.7 1.2
1,2,3,7,8-PeCDF 1.1 0.5 2.8 0.8 0.8 05 2.1 05 1.4 05 4.2 1.1 2 1.0 8.8 1.7
2,3,4,7,8-PeCDF 476 29 1771 404 312 10 1139 263 27 6.7 118 22 8.3 2.2 26 4.4
1,2,3,4,7,8-HxCDF 159 6.1 632 148 98 2.9 536 111 8.4 2.0 43 7.9 5.1 1.3 29 3.0
1,2,3,6,7,8-HxCDF 5 5.5 176 44 32 1.0 143 30 7.1 2.4 18 3.0 4.4 1.9 18 2.0
2,3,4,6,7,8-HxCDF 1.4 1.0 26 0.7 1.6 1.0 48 1.0 2.1 1.0 6.3 1.5 ND ND ND -
1,2,3,7,8,9-HxCDF 1.1 1.0 2.3 0.3 1.1 1.0 2.1 0.2 1.1 1.0 2.3 0.3 2.6 1.0 14 1.5
1,2,3,4,6,7,83-HpCDF 44 1.0 108 26 3.9 1.0 105 2.5 3.5 1.0 8.2 1.8 5 1.4 39 5.0
1,2,3,4,7,8,9-HpCDF ND - - - ND - - - ND - - - 2 1.0 3.5 0.7
OCDF ND - - - ND - - - ND - - - NA NA NA -
344'5-TeCB (#81) ND - - - ND - - - 5.5 5.0 18 2.7 58 1.5 22 4.4
33'4'4’-TeCB (#77) 8.6 5.0 26 55 7.4 5.0 16 3.3 7.0 5.0 17 3.5 NA NA NA -
3344’5-PeCB (#126) 56 31 136 28 69 24 211 35 120 18 320 71 82 10.0 430 79
3344’55 -HxCB (#169) 371 147 964 215 204 48 428 97 83 31 175 38 45 9.8 160 30
2'344'5-PeCB (#123) 160 77 328 69 245 104 778 134 552 87 1506 341 431 1.0 2600 433
23'44’5-PeCB (#118) 10860 5082 25626 5595 16418 5598 49691 9899 28066 5547 67046 14348 10766 1400 60000 9576
2344’5-PeCB (#114) 4034 688 13765 3264 3289 537 8731 2086 2005 524 3897 981 803 93 3800 658
233'44’-PeCB (#105) 2036 1062 4538 986 3237 893 9292 1940 5404 1214 17245 3322 2706 320 18000 2673
2344’55 -HxCB (#167) 3498 1198 10192 2145 3680 1224 10548 2133 4082 1028 8736 1828 1771 260 7800 1390
233'44’5-HxCB (#156) 93807 33115 278961 68790 42495 5514 107683 24890 10857 3882 22355 4999 4452 690 16000 3112
233'44'5’-HxCB (#157) 26280 9145 76339 19152 12552 1886 34957 7887 2906 1070 6421 1321 1141 170 5300 833
233'44'55'-HpCB (#189) 9879 3768 26812 6210 5189 665 12141 2898 1180 356 2839 661 543 83 2100 388
Total PCDDs-TEQ 36 8.2 70 18 27 9.9 56 13 26 5.7 42 9.7 11 4.0 26 4.2
Total PCDFs-TEQ 260 16 967 219 169 6.0 639 145 16 4.1 65 12 5.8 2.0 21 2.8
Total PCDDs/PCDFs-TEQ 296 24 1037 231 196 21 636 153 42 12 96 18 16 6.4 41 6.8
Total Non-ortho-coplanar PCBs-TEQ 9.3 4.8 19 3.7 8.9 2.9 25 4.0 13 2.2 33 7.3 80 0.3 44 7.9
Total Mono-ortho-coplanar PCBs-TEQ 64 23 186 46 32 5 74 17 11 3.7 21 4.5 4.6 1 19 3.5
Total Co-PCBs-TEQ 74 27 202 43 41 8 84 19 24 6.7 50 11 13 2.4 63 11
Total TEQ(DD/DF/Mono & Non-Co-PCB) 370 57 1221 270 237 34 765 166 66 19 119 25 29 9.9 100 17
Total PCBs(ng/g lipid) 1220 454 3164 610 1097 192 4872 933 624 222 1063 233 - - - -
lipid (%) 0.35 0.23 0.47 0.061 0.37 0.25 0.56 0.080 0.33 0.20 0.50 0.065 - - - -

ND: Not detected NA : Not available

* : Cited from Masuda. Y. ef «l.: Organohalogen Compounds, 55, 2267,2002.

KRBV WD D EBbroie,
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Fig. 2 Histogram of total TEQ in Yusho blood of each PCB pattern and normal subjects
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Fig. 3 Contribution of PDDDs/DFs, Non o7tho Co-PCBs and Mono-ortho Co-PCB to the total TEQ
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Fig. 4 Congener profile of PCDDS and PCDFs in blood of Yusho patient and Yusho oil

(Units of concentration of Yusho oil : ng/g)
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Peculiar Remaining of some PCB Congeners in the Patients
with Yusho for more than 30 Years
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Abstract Concentrations of polychlorinated biphenyl (PCB) congeners, hexachlorobenzene
(HCB) and dichloro dichlorophenyl ethylen (DDE) in the blood of Yusho patients (n = 28) were
statistically compared with those in the blood of Fukuoka residents (n = 151).

The PCB concentrations in the blood of Yusho patients were higher than those of Fukuoka
controls and concentration ratios of Yusho/Control were various depending on PCB congeners,
being 1.6 on 2,3’,4,4’,5-pentaCB (# 118), 17.5 on 2,3,3’,4,4’,5-hexaCB (# 156) and 5.4 on total PCBs.
Correlation coefficients between age and concentrations of 7 PCB congeners, HCB and DDE in
the blood of Fukuoka residents were significantly positive each other (p < 0.001), while in Yusho
patients, the correlation coefficients were positive but various depending on the congeners.
However, correlation coefficient between PCB # 118 and PCB # 156 in the Yusho patients was
remarkably low, indicating their peculiar accumulative properties in Yusho patients. The
concentration of PCB # 118 had been markedly decreased after the ingestion of PCBs and would
be metabolized to hydroxylated PCB, which might cause estrogen disturbance in the Yusho
patients.
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Table 1 Concentrations (ppb in whole blood) of 7 PCB congeners, total PCBs, HCB and DDE in Yusho patients and
Fukuoka Control and their ratio Yusho/Control of average concentrations

Yusho A+B (n = 28) Ratio Yusho A (n = 16) Ratio Yusho B (n = 12) Ratio
Average SD  Median Min  Max VYuho/Cmt  Average SD Median Min  Max VYuhoA/Cot  Average SD Median Min  Max  YushoB/Cont
Age 67.8 9.9 69.6 46.4 85.6 1.9 68.2 10.6 69.5 47.1 85.6 1.9 67.3 9.1 70.0 46.4 79.0 1.8
PCB#118 0.062 0.032 0.051 0.023 0.128 1.6 0.050 0.029 0.038 0.023 0.128 1.3 0.078 0.029 0.075 0.033 0.125 2.0
PCB#153 0.689 0.380 0.551 0.169 1.978 4.1 0.809 0.447 0.718 0.358 1.978 4.8 0.530 0.184 0.532 0.169 0.927 3.2
PCB#138 0.800 1.471 0.410 0.056 8.076 9.8 0.639 0.436 0.599 0.217 1.864 7.9 1.016 2.229 0.391 0.056 8.076 12.5
PCB#182 0.117 0.063 0.099 0.050 0.279 2.8 0.124 0.066 0.111 0.059 0.266 3.0 0.107 0.060 0.093 0.050 0.279 2.6
PCB#156 0.310 0.242 0.246 0.086 1.220 17.5 0.404 0.282 0.324 0.108 1.220 22.7 0.185 0.068 0.166 0.086 0.294 10.4
PCB#180 0.491 0.269 0.381 0.226 1.330 3.9 0.556  0.294 0.507 0.253 1.330 4.4 0.405 0.212 0.347 0.226 1.048 3.2
PCB#170 0.327 0.221 0.260 0.108 1.104 8.5 0.380 0.248 0.314 0.141 1.104 9.9 0.257 0.164 0.202 0.108 0.670 6.7
Total PCBs 4.117 3.340 2.927 1.372 17.538 5.4 4.215 2.445 4.066 1.662 10.897 5.6 3.986 4.381 2.708 1.372 17.538 5.3
HCB 0.107 0.050 0.095 0.061 0.309 2.4 0.095 0.031 0.089 0.061 0.157 2.1 0.124 0.066 0.112 0.062 0.309 2.7
DDE 2.914 1.725 2.609 0.176 6.967 3.9 3.088 1.824 2.598 1.036 6.967 4.1 2.682 1.632 2.609 0.176 6.121 3.6
Control age 20-60 ( n = 151) Control age 20-39 (n = 95) Control age 40-60 (n = 56)
Average SD Median Min Max Average SD Median Min  Max Average SD Median Min  Max
Age 36.6 11.8 35.1 20.0 60.0 28.7 5.8 28.1  20.0 39.1 50.0 5.6 50.1  40.0  60.0
PCB#118 0.038 0.035 0.028 0.006 0.235 0.025 0.019 0.021 0.006 0.133 0.060 0.045 0.047 0.009 0.235
PCB#153 0.167 0.156 0.123 0.013 0.919 0.101 0.056 0.089 0.013 0.339 0.280 0.201 0.211 0.047 0.919
PCB#138 0.081 0.069 0.060 0.014 0.427 0.053 0.028 0.048 0.014 0.195 0.130 0.088 0.103 0.022 0.427
PCB#182 0.041 0.035 0.029 0.008 0.218 0.026  0.016 0.022 0.008 0.095 0.067 0.043 0.059 0.011 0.218
PCB#156 0.018 0.014 0.013 0.001 0.081 0.011 0.007 0.009 0.001 0.035 0.029 0.016 0.023 0.006 0.081
PCB#180 0.126 0.100 0.087 0.018 0.564 0.080 0.052 0.065 0.018 0.247 0.204 0.113 0.180 0.049 0.564
PCB#170 0.039 0.030 0.028 0.007 0.183 0.025 0.014 0.021 0.007 0.079 0.062 0.036 0.051 0.013 0.183
Total PCBs 0.759 0.616 0.547 0.127 3.444 0.482 0.263 0.425 0.127 1.594 1.228 0.749 0.980 0.260 3.444
HCB 0.045 0.033 0.043 0.002 0.174 0.034 0.023 0.030 0.002 0.093 0.065 0.038 0.055 0.009 0.174
DDE 0.749 0.531 0.605 0.091 3.718 0.567 0.361 0.507 0.091 2.124 1.056 0.628 0.966 0.178 3.718
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Figure 1 Ellipse of Constant Distance (95 %) between Age, PCB # 118, PCB#153 and PCB#156 of A
Yusho (@), B Yusho (O) and Fukuoka control (A)

Histograms of Fukuoka control (151, Upper), B Yusho (12, Middle) and A Yusho (16, Lower) in

the diagonal squares
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Table 2 Simple correlation coefficients between Age, 7 PCB congeners, HCH and DDE in Yusho

patients and control persons

Correlation coefficients in Yusho patients (n = 28)

Age #118  #153 #138  #182 # 156 #180  #170 HCB DDE
Age 1.0000 0.2804 0.3958 0.1758 0.4565 0.3273 0.3527 0.2423 0.3302 0.3985
PCB#118 0.2804 1.0000 0.4280 0.3960 0.6620 0.0722 0.4008 0.2612 0.4686 0.4845
PCB#153 0.3958 0.4280 1.0000 0.6826 0.8772 0.7892 0.8722 0.7879 0.2919 0.7716
PCB#138 0.1758 0.3960 0.6826 1.0000 0.6400 0.5783 0.5938 0.8038 0.5834 0.5245
PCB#182 0.4565 0.6620 0.8772 0.6400 1.0000 0.6482 0.9046 0.7643 0.4505 0.7142
PCB#156 0.3273 0.0722 0.7892 0.5783 0.6482 1.0000 0.8473 0.8957 0.2599 0.3372
PCB#180 0.3527 0.4008 0.8722 0.5938 0.9046 0.8473 1.0000 0.8339 0.3257 0.5333
PCB#170 0.2423 0.2612 0.7879 0.8038 0.7643 0.8957 0.8889 1.0000 0.4344 0.3924
HCB 0.3302 0.4686 0.2919 0.5834 0.4505 0.2599 0.3257 0.4344 1.0000 0.2536
DDE 0.3985 0.4845 0.7716 0.5245 0.7142 0.3372 0.5333 0.3924 0.2536 1.0000
>0.374: p<0.05, >0.588: p<0.001
Correlation coefficients in Fukuoka control persons(n—=151)
Age #118 #153 #138 #182 # 156 #180 #170 HCB DDE
Age  1.0000 0.6395 0.6933 0.6678 0.6933 0.7450 0.7537 0.7238 0.4970 0.5368
PCB#118 0.6395 1.0000 0.8424 0.8944 0.8303 0.8110 0.8136 0.7968 0.4867 0.7590
PCB#153 0.6933 0.8424 1.0000 0.9466 0.9139 0.9016 0.9297 0.9212 0.5490 0.7365
PCB#138 0.6678 0.8944 0.9466 1.0000 0.8792 0.8840 0.8982 0.8335 0.4729 0.8016
PCB#182 0.6933 0.8303 0.9139 0.8792 1.0000 0.8655 0.9237 0.9178 0.5315 0.6646
PCB#156 0.7450 0.8110 0.9016 0.8840 0.8655 1.0000 0.9267 0.9336 0.5242 0.7002
PCB#180 0.7537 0.8136 0.9297 0.8982 0.9237 0.9267 1.0000 0.9582 0.5337 0.6971
PCB#170 0.7238 0.7968 0.9212 0.8835 0.9178 0.9336 0.9582 1.0000 0.5119 0.6410
HCB 0.4970 0.4867 0.5490 0.4729 0.5315 0.5242 0.5337 0.5119 1.0000 0.3987
DDE 0.5368 0.7590 0.7365 0.8016 0.6646 0.7002 0.6971 0.6410 0.3987 1.0000

>0.19: p<0.05, >0.32: p<0.001
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Table 2 Spearman’s rank correlation coefficients between Age, 7 PCB congeners, HCH and DDE
in Yusho patients and control persons

Spearman’s rank correlation coefficients in Yusho patients (n = 28)

Age #118  #153 #138  #182 # 156 #180  #170 HCB DDE
Age 1.0000 0.2000 0.5594 0.3186 0.4290 0.3733 0.3594 0.2565 0.4242 0.4968
PCB#118 0.2000 1.0000 0.4923 0.4322 0.6953 0.0197 0.4355 0.2978 0.4607 0.5148
PCB#153 0.5594 0.4923 1.0000 0.8614 0.8878 0.7664 0.8772 0.7855 0.5290 0.7513
PCB#138 0.3186 0.4322 0.8614 1.0000 0.7823 0.7837 0.8331 0.8714 0.5307 0.5402
PCB#182 0.4290 0.6953 0.8878 0.7823 1.0000 0.5521 0.8690 0.7480 0.5524 0.7409
PCB#156 0.3733 0.0197 0.7664 0.7887 0.5521 1.0000 0.8325 0.8725 0.3969 0.3519
PCB#180 0.3594 0.4355 0.8772 0.8331 0.8690 0.8325 1.0000 0.9179 0.5012 0.5764
PCB#170 0.2565 0.2978 0.7855 0.8714 0.7430 0.8725 0.9179 1.0000 0.4719 0.4182
HCB  0.4242 0.4607 0.5290 0.5307 0.5524 0.3969 0.5012 0.4719 1.0000 0.4552
DDE  0.4968 0.5148 0.7513 0.5402 0.7409 0.3519 0.5764 0.4182 0.4552 1.0000
> 0.375:p < 0.05, > 0.483: p < 0.001
Spearman’s rank correlation coefficients in Fukuoka control persons (n=151)
Age #118 #153 #138 #182 #156 #180 #170 HCB DDE
Age 1.0000 0.6511 0.7142 0.6823 0.6885 0.7544 0.7681 0.7303 0.4761 0.5628
PCB#118 0.6511 1.0000 0.8307 0.8868 0.8204 0.7971 0.8087 0.7793 0.5097 0.7620
PCB#153 0.7142 0.8307 1.0000 0.9403 0.9172 0.9128 0.9340 0.9239 0.5571 0.7425
PCB#138 0.6823 0.8368 0.9403 1.0000 0.8727 0.8361 0.9002 0.8739 0.4910 0.8157
PCB#182 0.6885 0.8204 0.9172 0.8727 1.0000 0.8582 0.9202 0.9094 0.5377 0.6873
PCB#156 0.7544 0.7971 0.9128 0.8861 0.8582 1.0000 0.9335 0.9364 0.5055 0.7031
PCB#180 0.7681 0.8087 0.9340 0.9002 0.9202 0.9335 1.0000 0.9565 0.5232 0.7077
PCB#170 0.7303 0.7793 0.9239 0.8739 0.9094 0.9364 0.9565 1.0000 0.4916 0.6506
HCB 0.4761 0.5097 0.5571 0.4910 0.5377 0.5055 0.5232 0.4916 1.0000 0.4251
DDE 0.5628 0.7620 0.7425 0.8157 0.6873 0.7031 0.7077 0.6506 0.4251 1.0000
at n =151 all the correlation coefficients: p<<0.0000
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Equality as Yusho Diagnosis Indices Between
Blood PCB Constitution Data from Using a Conventional Analytical
Method and a PCB Isomer Specific Analytical Method

Reiko Nakacawa, Yuki Asoizuka, Tsuguhide Hori
Hironori Hirakawa, Kazuhiro TopusHi, and Takao Iipa

Fukuoka Institute of Health and Environmental Sciences,
Fukuoka 818-0135, Japan

Abstract This paper reports that we can replace a conventional PCB analytical method with

an isomer specific analytical method in Yusho diagnosis.

The authors analysed 109 blood

samples from people who had the 2002 annual inspection for Kanemi rice oil poisoning using both

methods.

The data from these methods were compared and proved to be almost the same in the

so-called “PCB pattern” which has been adopted as a Yusho diagnosis index since early 1970s.
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Fig.1 The ECD/GC chromatogram of PCB in blood of a typical Yusho patient
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Table 1 The blood PCB levels of subjects classified to each PCB pattern in the 2002 annual

inspection
Average
PCB level
N Average age Age PCB level CB leve
(vear old) (ppb)
(ppb)

Pattern A or B 56 64.9 38-86 3.67 0.70-13.4
Pattern C 53 52.8 5-86 1.64 0.16-4.68

Normal persons 30 42.7 25-56 1.11 - %

* PCB level range is not available due to pooled blood sample.

(67)
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Table 2 Correspondence between two ways of classification of subjects who had the 2002 annual

inspection for Yusho

PCB pattern by HRGC/HRMS

AorB BC C Total
(Number of (Number of (Number of (Number of
subjects) subjects) subjects) Subjects)
55 1 0
PCB pattern A or B 56
P (98.2%) (1.8%) (0%)
0 3 50
by ECD/GC C 53
v (0.0%) (5.7%) (94.39%)

(68)
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Abstract We developed a new analytical method for accurately determining concentra-
tions of polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans
(PCDFs) and non-ortho-coplanar polychlorinated biphenyls (Co-PCBs) at a blood volume
of 5 g. The method consists of three major steps, the extraction of lipid from human
blood by an accelerate solvent extractor (ASE) system, a clean-up procedure at a scale
one-fourth that of the conventional method, and a sensitive determination method by a
high-resolution gas chromatography/high-resolution mass spectrometry (HRGC/HRMS)
equipped with a solvent cut large volume (SCLV) injection system as a large volume
injection technique. By the improvement of the pretreatment method, the operation time
and consumption of the solvent could be drastically reduced, and the sensitivity of the GC-
MS with the SCLV injection system was increased to 10 times the level of the classical
method. From the results of the PCDDs, PCDFs and Co-PCBs concentrations measured
by the developed method and the conventional method using the same blood sample, it was
confirmed that the measurement became possible at a blood volume of 5 g. The devel-
oped method is more effective than the conventional method for treating many samples
within a short period of time with high reproducibility.

Introduction

The Yusho poisoning accident, which
affected over 1800 persons, occurred in 1968
in western Japan, and was caused by the
ingestion of cooking rice oil which
contained contaminated PCBs, PCDFs and
PCDDs. Over 30 years have passed since
the outbreak of Yusho, and almost all of the
Yusho patients’ peculiar symptoms have
improved. However, some patients are
still afflicted with subjective symptoms.
These patients even now have a much
higher concentration of PCDFs in their
blood than do wunaffected persons?®?.
Therefore, a follow-up study of PCDDs,
PCDFs, and Co-PCBs concentrations in the

blood of Yusho patients is very important
when considering the health care of these
patients. We have been determining the
concentrations of PCDDs, PCDFs and Co-
PCBs in the blood samples collected from
Yusho patients in order to establish new
Yusho criteria®®?”. In the conventional
measuring method, 20-50 ml of blood is
needed to exactly measure the PCDDs,
PCDFs and Co-PCBs

However, since most patients are now over

concentrations.

60 years old, collecting blood in this amount
is restricted. These patients can safely
supply only small volumes of blood for the
measurement of PCDDs, PCDFs and Co-
PCBs concentrations. Therefore, to reduce

the physical burden on patients, it is neces-
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sary to develop a highly sensitive analytic
method that can accurately evaluate
PCDDs, PCDFs and Co-PCBs concentra-
In addition,
since the extraction procedure of PCDDs,
PCDFs and Co-PCBs from the blood by the
conventional method is very complicated

tions from 5 g blood samples.

and time-consuming, it is not a suitable
procedure for processing many samples.

In this study, we developed an analytic
method to measure the PCDDs, PCDFs and
Co-PCBs concentrations in 5 g blood sam-
ples using a HRGC/HRMS equipped with a
Solvent Cut Large Volume (SCLV) injection
system as a large volume injection tech-
nique. We also developed and examined
efficient methods to speed up the pretreat-
ment procedure for blood samples and to
reduce the background levels such that they
do not affect the measurement of the
PCDDs, PCDFs and Co-PCBs.

Materials and Methods

Materials.

Native PCDDs, native PCDFs and native
Co-PCBs, as authentic standards, were pur-
chased from Wellington Laboratories,
Ontario, Canada. ['*C,.]- PCDDs, [*C,,]-
PCDFs and ['*C,,]-PCBs, as internal stan-
dards, were also purchased from Wellington
Laboratories, Ontario, Canada. An active
carbon column was prepared as follows:
active carbon was purchased from Nacalai
Tesque, Kyoto, Japan, refluxed five times
with toluene for 5 hr, and dried in vacuum,
after which 500 mg of the active carbon was
mixed with 500 g of anhydrous sodium sul-
fate (Wako Pure Chemicals Ind, Co. Ltd.,
Tokyo, Japan).
was purchased from Wako Pure Chemicals
Ind. Co. Ltd., Tokyo, Japan. Distilled
water used in this experiment was treated

A silver nitrate/silica gel

with n-hexane. All other chemicals used
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were of the analytical grade of PCB and
phthalate commercially available.

Sample preparation.

Lipid was extracted from the blood sam-
ples by an accelerated solvent extractor
(ASE-200, Dionex, Sunnyvale, CA). Each
blood sample was accurately weighted to 5
g and mixed with 4 g Isolute (International
Sorbent Technology Ltd., Hengoed, Mid
Glamorgen, UK).
was loaded into the extraction cell, [**C,, |-
PCDDs, ['*C;,]-PCDFs and ['*C,,|-PCB:s,
The
following programmed parameters were

After the mixed sample

as internal standards, were added.

used for these extractions: a pressure of
2000 psi and a temperature of 150°C, with a
static time of 10 minutes, a flushing volume
of 50 ml, 90 seconds purging, a 609 flushing
volume for two cycles, and acetone : n-hex-
ane (1: 4, v/v) as the extraction solvent.
The extract was evaporated to near dryness
after being treated with anhydrous sodium
sulfate (10 g), and the lipid contents were
determined gravimetrically. The extract-
ed lipid carried out the cleanup at a scale
one-fourth that of the conventional
method???.

was dissolved in n-hexane and treated with

More specifically, the lipid

concentrated sulfuric acid. The separated
hexane layer was applied to a silver nitrate/
silica gel column (0.5 g) and eluted with 15
ml of hexane. The eluted solution was
loaded to an active carbon column (0.5 g)
after being evaporated to 1 ml and separat-
ed into two fractions. The first fraction
containing mono-ortho-choline substituted
biphenyls (mono-ortho-PCBs) was eluted
with 10 ml of dichloromethane/n-hexane (1 :
9, v/v). PCDDs, PCDFs and non-ortho-
PCBs were eluted with 25 ml of toluene as
the second fraction. The eluate was evapor-

ated to near dryness and transferred to an
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injection vial, and the syringe standard was
added. The column packing (silver nitrate
silica gel, active carbon column and anhy-
drous sodium sulfate) used in this experi-
ment was washed by ASE-200 under the
same conditions as the lipid extraction with
n-hexane or toluene.

Analysis of PCDDs, PCDFs and Co-

PCBs.

Concentrations of the PCDDs, PCDFs and
Co-PCBs were measured using HRGC/
HRMS equipped with an SCLV injection
system. The analytical conditions were as
follows: the gas chromatograph was an
HP-6890 A series (Hewllet-Packard, Palo
Alto, CA)equipped with an Autospec Ultima
E, (Micromass Ltd., Manchester, UK) and a
solvent cut large-volume injection system
(SCLV), SGE international., Victoria, Aus-
tralia ; the column used was an BPX-5
fused silica pre-capillary column, 0.25 mm i.
d. 6 m, 0.25¢m film thickness (SGE Interna-
tional., Victoria, Australia) ; the analytical
column, 0.15 mm i.d. X 30 m, 0.15xm film
(SGE International.,
Australia) ; the column was heated from
80°C to 320°C at a rate of 20°C / min,
maintained at 320 °C for 5 min, cooled to
180 °C at a rate of 70 °C / min, maintained at
180 °C for 1 min, heated to 320 °C at a rate of
5°C / min, and then maintained at 320 °C for
5 min. The injection temperature and ion

thickness Victoria,

source temperature were maintained at
280 °C and 270 °C, respectively, and the car-
rier gas (helium) flow rate (constant flow)
was 1.3 ml/min. The ionizing current, ion-
izing energy, accelerating voltage, and trap
current were 550 mA, 40 eV, 7.8 kV and 750
mA, respectively. PCDDs, PCDFs and Co-
PCBs were analyzed in a single ion record
mode. The resolution was maintained at

10000 at 109¢. Analysis of tetrachlor-

T. Todaka et al.

odibenzo-p-dioxins (TCDDs),
odibenzo-p-dioxins (PeCDDs), hexachlor-
odibenzo-p-dioxins (HxCDDs), heptachlor-
odibenzo-p-dioxins (HpCDDs) and octach-
lorodibenzo-p-dioxin (OCDD) involved the
use of [1*Cy,]-2, 3,7, 8-TCDD, [**C;,]-1, 2, 3,
7, 8-PeCDD, [**C,,]-1, 2, 3, 4, 7, 8-HxCDD,
[*Ci2]-1, 2, 3,6, 7, 8-HxCDD, [*C,,]-1, 2, 3,
7, 8, 9-HxCDD, [C,,]-1, 2, 3, 4, 6, 7, 8-
HpCDD, and [**C,,]-1, 2, 3, 4, 6, 7, 8, 9-
OCDD as internal standards, respectively.

pentachlor-

The analysis of tetrachloro-dibenzofurans

(TCDFs), pentachlorodibenzofurans

(PeCDFs), hexachlorodibenzofurans
(HxCDFs), heptachlorodibenzofurans
(HpCDFs) and octachlorodibenzofuran

(OCDF) involved the use of [*C;,]-2, 3, 7, 8-
TCDF, [*Cy,]-1, 2, 3, 7, 8-PeCDF, [**C,,]-2,
3, 4, 7, 8-PeCDF, [“C,,]-1, 2, 3, 4, 7, 8-
HxCDF, [*C,,]-1, 2, 3, 6, 7, 8-HxCDF, [*?
Ci.]-1, 2, 3,7, 8, 9-HxCDF, [**C,,]-2, 3, 4, 6,
7, 8-HxCDF, [2Cy,]-1, 2, 3, 4, 6, 7, 8
HpCDF, [*C,]-1, 2, 3, 4,7, 8, 9-HpCDF, and
[1C,.]-1, 2, 3, 4, 6, 7, 8 9-OCDF as internal
standards, respectively. The analysis of 3,
3, 4, 4-tetrachlorobiphenyl (TCB), 3, 4, 4,
5-TCB, 3, 3’, 4, 4, 5-pentachlorobiphenyl
(PeCB) and 3, 3, 4, 4, 5, 5’-hexachlorobi-
phenyl (HxCB) involved the use of [*C;,]-3,
3,4, £-TCB, [**Cy,]-3, 4, 4,5-TCB, [**C;,]-
3,3, 4,4, 5-PeCB and [*C,,]-3, 3’, 4, 4, 5,
5-HxCB as internal standards, respectively.
[C,.]-1, 2, 3, 4-TCDD was used as a
syringe spike.

Results and Discussion

Because PCDDs, PCDFs, and Co-PCBs
are found at low concentrations in a 5 g
blood sample, a highly sensitive technique is
needed. The response of the analytical
system can be increased with the introduc-

tion of a large volume of the final extract
into the GC/MS. Though several large-
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volume injection techniques have been
proposed for increasing the sensitivity of
GC/MS, a technique using a Solvent Cut
Large-Volume (SCLV) injection system has
been reported to be the most useful for
analysis of PCDDs, PCDFs and Co-PCBs in
human blood”. This method consists of a
two-stage chromatography system, the in-
jected large-volume samples in the GC/MS
being separated the solvent and the analytic
compound by the pre-column to remove the
various interfering substances in the sample.
The solvent containing the various interfer-
ing substances is then vented to waste
through a solvent cut valve. The analytic
compounds are focused at the head of the
analytical column by a cold trap, and the
analytical column is then heated by temper-
ature program, and the analytic compounds
are separated and determined. Because
most matrices in an injected sample can be
removed by pre-column, the analytical col-
umn used can be a narrow bore (0.1-0.15
mm) with a thin film thickness (1.0-1.5
um).
peaks are obtained, and the mass sensitivity
is increased. By using HRGC/HRMS with

a SCLV injection system, the sensitivity can

Consequently, extremely narrow

be increased to 10 times the level of the
classical method (Fig. 1-2).
seemed possible that concentrations of
PCDDs, PCDFs and Co-PCBs could be
measured at a blood volume of 5 g.

It therefore

Sample-extraction procedures are often
perceived as bottlenecks in analytical
methods. Because the procedure for
extracting lipids from the blood by conven-
tional methods is very complicated and
time-consuming, it is not suitable procedure
for processing many samples. An acceler-
(ASE), which

employs a new extraction procedure using

ated solvent extractor

organic solvents at high pressures and tem-
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peratures above the boiling point, is widely
used to replace Soxhlet or liquid-liquid
extraction for extraction of PCDDs, PCDFs
and Co-PCBs from environmental sam-
plesH®o®),

to make possible lipid extraction from

The ASE technique is expected

blood in short periods of time with a small
solvent volume as compared to conventional
methods. We investigated the extraction of
lipids from a blood sample by an ASE at a
pressure of 2000 psi and a temperature of
150 °C using a 5 g blood sample. The results
When lipids
were extracted from the blood by an ASE-

are summarized in Table 1.

200 with the acetone/n-hexane system sol-
vent containing over 209§ acetone, the lipid
content was nearly that resulting from the
conventional method. With regard to the
concentrations of PCDDs, PCDFs and Co-
PCBs, the developed method using acetone :
n-hexane (1: 4, v/v) as a extraction solvent
resulted in almost the same values as with
the conventional method. These finding
indicate that the ASE technique shows good
potential regarding the recovery of lipids
from blood.

Furthermore, the lipid content extracted
by the developed method and the conven-
tional method using 20 g samples of the
same bloods were compared for blood sam-
ples collected from eight normal subjects.
The results are shown in Fig. 3. It was
confirmed that the developed method could
produce the same lipid content as the con-
ventional method. The concentrations of
each isomer of PCDDs, PCDFs and Co-PCBs
by both methods were also nearly the same,
and the total toxicity equivalency quantity
(TEQ) levels were almost equal to those
obtained by the conventional method. In
addition, the developed method demonstrat-
ed high reproducibility based on experi-
ments conducted using the same blood sam-
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Fig.1 High-resolution gas chromatography/high-resolution mass spectrometry chromatograms of

PCDDs in the blood.

A, classical injection (2 x1/5 ul); B, SCLV injection (10 x1/25 wxl).

ple (Fig. 4).
labeled internal standard was 6095 overall
when the concentrations of PCDDs, PCDFs
and Co-PCBs in the blood of 19 Yusho
patients were measured by the developed
method (Table 2).
that the developed method is essentially

Moreover, recovery of the *C-

These finding indicate

equivalent to the conventional method.
Furthermore, the developed method has
the following important advantages : (1) the
extraction of lipids from blood can be done
automatically by the ASE technique, and
one sample can be treated within 30 min;
(2) the volume of the used solvent can be
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Fig. 2 High-resolution gas chromatography/high-resolution mass spectrometry chromatograms of

PCDFs in the blood.

A, classical injection (2 x1/5 ul) ; B, SCLV injection (10 x1/25 ul).

reduced to one-quarter or more that of the
conventional method by the simplified
clean-up procedure; and (3) the improve-
ment of the pretreatment method makes it
possible to sufficiently reduce background

levels such that they do not affect the

measurement of PCDDs, PCDFs and Co-
PCBs. However, when HpCDD and OCDD
in blood samples are extracted by an ASE,
they show high concentrations compared
with those obtained by the conventional
method. Although the cause of this phe-
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Table 1 Extraction of PCDDs, PCDFs and Co-PCBs from blood samples by ASE-200
Concentration (pg/gLipid)
Conventional ~ Acetone: Hexane (2: 1) Acetone : Hexane (1: 4) Hexane
Congeners method Mean (n=3) SD Mean (n=3) SD Mean (n=3) SD
2,3,7,8-TCDD 2.4 1.8 0.7 2.1 0.4 4.2 1.5
1,2,3,7,8-PeCDD 8.7 10.8 1.5 8.9 1.4 20.1 6.7
1,2,3,4,7,8-HxCDD 4.9 4.2 0.2 3.7 1.3 8.3 2.3
1,2,3,6,7,8-HxCDD 34.1 32.3 2.7 31.6 0.8 71.6 9.4
1,2,3,7,8,9-HxCDD 5.2 6.7 0.7 5.2 0.8 14.5 3.2
1,2,3,4,6,7,8-HpCD 28.9 43.1 1.4 35.1 2.2 78.3 15.6
OCDD 247.5 567.4 34.1 395.3 30.6 764.7 149.3
2,3,7,8-TCDF 1.4 2.8 0.4 2.1 0.2 4.9 0.9
1,2,3,7,8-PeCDF 1.4 1.4 0.3 1.3 0.4 2.8 1.0
2,3,4,7,8-PeCDF 18.1 19.1 2.4 18.6 3.3 41.3 6.3
1,2,3,4,7,8-HxCDF 8.4 9.7 0.8 13.3 7.9 19.8 1.7
1,2,3,6,7,8-HxCDF 7.3 7.8 0.7 7.8 2.0 15.9 3.6
2,3,4,6,7,8-HxCDF 2.8 3.1 0.2 3.0 1.0 6.3 1.4
1,2,3,7,8,9-HxCDF N.D. 2.5 0.4 2.6 0.5 5.0 1.7
1,2,3,4,6,7,8-HpCDF 4.2 5.8 0.8 4.8 0.6 10.6 1.1
1,2,3,4,7,8,9-HpCDF N.D. N.D. N.D. N.D.
OCDF N.D. N.D. N.D. 5.2 3.
344’5-TCB (#81) N.D N.D. N.D. 11.2 2.5
3344’-TCB (#77) 10.8 35.9 7.4 28.0 0.3 38.2 8.2
33’44’5-PenCB (# 126) 82.8 81.8 4.6 75.0 2.6 168 .4 27.3
33’44’55’ -HxCB(# 169) 58.8 54.8 2.3 54.1 3.1 136.3 23.4
TotalPCDDs-TEQ 15.9 17 .4 0.7 15.4 1.5 34.5 7.1
TotalPCDFs-TEQ 11.1 12.3 1.3 12.3 2.7 26.1 4.1
TotalPCDDs/PCDF 27.0 29.7 2.0 27.7 4.1 60.6 11.2
TotalCo-PCBs-TEQ 8.9 8.7 0.5 8.0 0.3 18.2 3.0
Total TEQ 35.9 38.4 2.5 35.8 4.4 78.8 14.1
Lipid(%) 0.290 0.290 0.017 0.297 0.006 0.117 0.015

N.D.,less than the determination limit.

nomenon is unclear, it is possible that these
compounds are not fully extracted from the
blood by the conventional method. But,
since the TEF values of HpCDD and OCDD
are small, at 0.01 and 0.0001, respectively,
they do not significantly influence the total
TEQ values on the lipid base. Nevertheless,
this details need to be clarified. Another
remaining problem that must be addressed
is the high background values of 3, 3’, 4, 4’
TCB (PCB 77), making it difficult to precise-
ly measure the concentration.

In conclusion, an analytic method for
measuring concentrations of PCDDs, PCDFs
and Co-PCBs in blood samples as small as 5

(76)

g, and an efficient method for speeding up
the pretreatment procedure for blood sam-
ples can be developed. The developed
method is the most effective method for
accurate measurement of PCDD, PCDF and
Co-PCB concentrations using a blood vol-
ume of only 5 g. Moreover, this method
allows many samples to be treated in a short
period with high reproducibility in compari-
son with the conventional method. Using
this method, we measured the concentra-
tions of PCDDs, PCDFs and Co-PCBs in
blood samples collected from 78 Yusho
patients living in Fukuoka Prefecture in
2001.
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Table 2 Recoveries of PCDDs, PCDFs and Co-PCBs by the dev
Recovery (n=19)

Congeners Mean SD
13C-2,3,7,8-TCDD 69.0 3.3
13C-1,2,3,7,8-PeCDD 81.4 7.1
13C-1,2,3,4,7,8-HxCDD 92.5 11.2
15C-1,2,3,6,7,8-HxCDD 85.0 7.4
15C-1,2,3,7,8,9-HxCDD 85.8 5.6
15C-1,2,3,4,6,7,8-HpC 87.6 7.1
13C-OCDD 81.7 12.0
135C-2,3,7,8-TCDF 91.6 3.9
15C-1,2,3,7,8-PeCDF 78.2 4.8
13C-2,3,4,7,8-PeCDF 76.1 5.2
15C-1,2,3,4,7,83-HxCDF 81.2 5.9
13C-1,2,3,6,7,8-HxCDF 79.0 4.5
15C-2,3,4,6,7,83-HxCDF 95.9 4.8
13C-1,2,3,7,8,9-HxCDF 95.8 7.8
15C-1,2,3,4,6,7,8-HpC 86.6 6.3
15C-1,2,3,4,7,8,9-HpC 89.2 13.9
¥C-OCDF 87.7 18.5
13C-33'45’-TCB(# 81) 66.3 2.9
13C-3344’-TCB(# 77) 63.9 2.3
13C-33’44’5-PenCB(# 126) 68.2 2.9
13C-33’44’55-HxCB(# 169) 73.5 5.6
Japan.
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Abstract Frequency of sister chromatid exchanges (SCEs), which has been considered an
index to the synthetic and sharp genotoxic and clastogenic potencies, was examined by
using the infant lymphocytes postnatal of around ten months, in order to evaluate the
genotoxic or clastogenic potency of exposures to PCBs and dioxins through the breast
milk. SCE frequency (mean+S.D.) as the control culture treated with the solvent, DMSO,
alone (SCEcontrol) was 8.3+1.1/cell and that as the culture treated with 7,8-benzo-

flavone (SCEANF) was 11.9+1.5/cell.

In addition, the difference between SCEANF and

SCEcontrol, that is, A SCEs was calculated 3.6+1.5/cell.
The intake of PCBs (mean=®S.D.) through the breast milk in these infants was 133+85

mg/kg body weight and that of dioxins 24+13 TEQ-ng/kg body weight.
the average was about 5,500 times greater than that of dioxins.
find any significant effect of PCBs on the frequencies of SCEs.

PCBs intake in
We however, could not
Dioxins, on the contrary,

showed a significant negative relationship to the frequency of A SCEs. Therefore, expo-
sure to dioxins through the breast milk seemed to elicit some genotoxic or clastogenic
effects on Japanese general infants postnatal of around ten months.

Introduction

Foods in Japan have been polluted with
some organochlorine pesticides, polychlor-
inated biphenyls (PCBs) and dioxins which
are polychlorinated dibenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans
(PCDFs) and coplanar PCBs (Co-PCBs)'#27,
So,
contaminated with these compounds”®®.

Japanese people have also been

Consequently, PCBs and dioxins have been
determined in Japanese breast milk and
respective median concentrations of PCBs
and dioxins on lipid weight basis were about
110 ppb and 24 ppt as the 2,3,7,8-tetrachlor-
odibenzo-p-dioxin toxic equivalent (2,3,7,8-

TCDD TEQ)'™2®. These results indicate
that the median level of PCB was about 4,
600 times higher than that of dioxins in
Japanese breast milk. Therefore, we
should give due attention to possible health
effects of not only dioxins but also PCBs in
Japanese infants.

In particular, prenatal and suckling stages
of human life as well as animal life are
considered to be the highest sensitivity to
these hazardous chemicals, because of their
remarkably fast differentiation and growth.
We have already done some works from this
viewpoint and got several worthwhile find-
ing516)17)18)19)‘

In the meantime, the formation mecha-
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nism of sister chromatid exchanges (SCEs)
has not been well clarified yet at present.
SCEs, however, seem to be a good index to
the synthetic and sharp genotoxic and clas-
several chemi-

togenic potencies for

cals?192932)  We have also been carried out
several studies from this point of view and
some important results have been
obtained?®?122)23)24)

In this study, changes of SCE frequency in
the lymphocytes of Japanese

lactationally exposed to PCBs and dioxins

infants

were investigated, in order to evaluate their
genotoxic and clastogenic potencies.

Materials and Methods

Fifty to 100 ml of breast milk at the
postpartum period of 2 to 4 month were
collected from 124 healthy mothers in total,
mean age: 29 years old and the range: 22
~41] years old, in July to October, 1994 and
in June to October, 1995 and 1996. These
samples of the breast milk were analyzed
for PCBs by ECD gas chromatography
method'? and for dioxins by HRGC-HRMS
technique using a Finnigan MAT-95 mass
spectrometer (Germany) directly interfaced
with Varian Model 3400 gas chromato-
graph”?19),

Lymphocytes in the whole blood were
stimulated with phytohemagglutinin and
cultured for two replicative cycles in the
presence of bromodeoxyuridine (100 mM) as
detailed elsewhere?®2®24  Differential
staining of sister chromatids was obtained
by a fluorochrome plus Giemsa technique
and the frequencies of control, solvent
(DMSO) treated SCEs (SCEcontrol), 7,8-ben-
zoflavone (ANF) treated SCEs (SCEANF)
and A SCEs (SCEANF - SCEcontrol) were
evaluated.

In order to get normal distribution, fre-
quencies of SCEcontrol, SCEANF and A
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SCEs and lactational exposures to PCBs
and dioxins, namely, intakes of these com-
pounds through the breast milk were trans-
formed by a natural logarithm. Then, rela-
tionship between frequencies of SCEcontrol,
SCEANF or A SCEs and the intakes of PCBs
or dioxins was statistically examined by
Spearman rank correlation method.

Toxic equivalent (TEQ) concentrations of
the dioxins were calculated by using 1998
WHO TEF values®®. TEQ-sum of all con-
geners of the dioxins determined in every
breast milk sample was summarized as the
total 2,3,7,8-TCDD TEQ concentration or
level. Lactational exposure to PCBs or
dioxins was estimated as a product of their
respective daily intake, which was calcu-
lated with their respective level in the milk
times an expected intake of breast milk in
infant, that 120g/kg body
weight, multiplied by individual duration
(days) of breast feeding.

Five to 10 ml of the peripheral blood of

Japanese 1S,

105 infants (60 males and 45 females with
the mean age of 10 months old) born of these
individually obtained by
venipuncture in January ~ March of 1995,
1996 and 1997. Among them, SCE fre-
quency of the lymphocytes was measured in

mothers were

66 infants.
Results

1) SCE frequencies of the lymphocytes in
the blood of Japanese infants

The frequency distributions of
SCEcontrol, SCEANF and A SCEs of
lymphocytes in the blood of infants are
shown in Fig. 1. The mean value of
SCEcontrol was 8.3/cell, and minimum and
maximum ones were 6.5 and 12.4/cell,
respectively. The average value of
SCEANF was 11.9/cell, and the range was 9.

1 ~ 15.6/cell. The mean of A SCE was 3.6/
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cell, and respective values of minimum and
maximum were 0.2 and 7.2/cell.

2) Intakes of PCBs and dioxins through
the breast milk in Japanese infants

The distributions of total intakes of PCBs
and dioxins in Japanese infants during
breast-fed periods are indicated in Fig. 2.
In case of PCBs, the average intake was 133
mg/kg body weight, and the lowest and
highest ones were 28 and 388 mg/kg body
weight, respectively. The mean intake of
dioxins was 24 TEQ-ng/kg body weight
with the range of 3.9 ~ 65 TEQ-ng/kg body
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.1 Frequency distributions of SCEcontrol, SCEANF and A SCEs in the lymphocytes of

weight. The average intake of PCBs was
about 5,500 times greater than that of diox-
ins in Japanese infants of this study.
3) Relationships between lactational
exposures to PCBs and dioxins and
SCE frequencies of the lymphocytes
We could not find any correlation of the
lactational exposures to PCBs with the fre-
quencies of SCE control, SCEANF or A SCEs
of the lymphocytes in the blood of Japanese
infants.
In case of exposure to dioxins through the
breast milk, dioxins did not show any signif-

30
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15 |

10

10 20 30 40 50 60
Intake of Dioxins (TEQ-ng/kg body weight)

70

2 Distributions in total intakes of PCBs (left) and dioxins (right) through the breast

milk in Japanese infants postnatal of around ten months

(82)
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of SCEcontrol (left, r=0.086, p=0.505) or SCEANF (right, r=-0.068, p=0.596) of the
lymphocytes in the blood of the Japanese infants postnatal of around ten months

icant relationship with frequencies of
SCEcontrol and SCEANF of the lymphocyte,
as indicated in Fig. 3. Frequency of A
SCEs, however, of the lymphocytes in the
blood of infants postnatal of around 10
months was significantly decreased with the
increasing lactational exposure to dioxins
(r=-0.292, p=0.020), as shown in Fig. 4.

Discussion

Some conflicting results have been report-
ed about the effect of aging on the fre-
quency of SCEs. In some studies, it has
been shown that the SCE frequency in

human lymphocytes was significantly in-

log (ASCEs / cell)

T T T T T
2.0 2.5 3.0 35 4.0 4.5

log (Dioxins, ng/kg body weight)

Fig. 4 Relationship between the lactational
exposure to dioxins and the frequency
of A SCEs of the lymphocytes in the
Japanese infants around postnatal of
ten months (r=-0.292, p=0.020)

creased with an age®?®®V and in others
not?¥®_ In our studies, frequencies of both
SCEcontrol and SCEANF
lymphocytes at 20 ~ 64-year-old people

21)24)

in human
were clearly enhanced with age In
these investigations, average frequencies of
SCEcontrol and SCEANF were 10.1 and 13.
6/cell, respectively.
this study, the former was 8.3/cell, and the

In SCE frequency of

latter 11.9/cell, which were apparently
lower than the respective values in our
previous studies. Based on these findings, it
seems the SCE frequency probably in-
creased with age in Japanese people.

In 0 ~ 75-year-old persons, SCE fre-
quency of the lymphocytes in the umbilical
cord blood was the highest, that at 1 ~ 5-
year-old is the lowest and after these ages it
increased with age?. Further, we have to
examine SCE frequency of the lymphocytes
in umbilical cord blood or in the blood of
newborn infant, in order to confirm their
findings.

The estimated mean intake of PCBs was
133 mg/kg body weight and that of dioxins
24 TEQ-ng/kg body weight, which was four
orders of magnitude lower than that of

PCBs. In spite of such relatively large



162

amounts of intake, we have never observed
the correlation of PCBs with any fre-
quencies of SCEcontrol, SCEANF and A
SCE:s in the lymphocyte of Japanese breast-
fed infants postnatal of around 10 months.
Contrastively, lactational exposure to diox-
ins was significantly and negatively cor-
related with the A SCE frequency. At
present, although we do not known the
significance of this finding, the average
intake of dioxins through the breast milk in
Japanese general infants is about 30 times
higher than the tolerable daily intake of
dioxins in Japan, that is, 4 TEQ-pg/kg body
weight®. Therefore, this level of intake of
dioxins may cause some adverse health
effects in sucklings, which are one of the
most sensitive stages in not only humans but
In adults,
however, we could not find any significant

also animals to toxic chemicals.

effect of dioxin like chemicals, mostly
PCDFs, on the frequencies of SCEcontrol,
SCEANF and A SCEs of the lymphocytes at
the levels of more than 300 TEQ-pg/g on
lipid weight basis in the blood, which was
about 10 times higher than the Japanese
normal contamination level of dioxins®®.
Accordingly, infants or sucklings are consid-
ered more sensitive to dioxins and dioxin
like chemicals than adults.

This study, however, was carried out with
rather small number of infants, so in order
to get more conclusive findings for the
effects of dioxins on SCE frequency and for
the evaluation of their genotoxic and clas-
togenic potencies, further large-scale inves-
tigations are needed.
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Abstract Changes in the frequency of sister chromatid exchanges (SCEs) in cultured
mammalian cells have been considered as indices to the synthetic and sharp genotoxic and
clastogenic potencies. Frequency of SCEs in cultured lymphocyte obtained from infants
postnatal of around ten months was examined to evaluate the genotoxic or clastogenic
potency of lactational exposures to some organochlorine pesticides such as HCHs, DDT
and chlordane in this study.

Frequency (median, min. ~ max.) of SCEs as the control culture treated with the
solvent, DMSO, alone (SCE control) was 8.0/cell, 6.5 ~12.4/cell, that as the culture
treated with 7,8-benzoflavone (SCEANF) was 11.8/cell, 9.1 ~ 15.6/cell and the difference
between SCEANF and SCEcontrol, that is, A SCEs was 3.9/cell, 0.2 : 7.2/cell. Lactational
exposures (median, min. ~ max.) to the three organochlorine pesticides were as follows :
HCHs; 341 mg/kg body weight, 43 ~ 1449 mg/kg body weight, DDT ; 272 mg/kg body
weight, 33 ~ 1361 mg/kg body weight and chlordane ; 69 mg/kg body weight, 13 ~ 379
mg/kg body weight.

The median exposure level to chlordane through the breast milk was one fourth to one
fifth times lower than that to HCHs or DDT and probably due to such small amounts of
it’s intake, we could not find any correlation of chlordane with frequencies of SCEcontrol,
SCEANF and A SCEs in cultured lymphocytes of Japanese infants postnatal of about ten
months. In the meantime, frequencies of SCEcontrol and SCEANF showed increasing and
decreasing tendencies with the increasing exposure to DDT and also HCHs through the
breast milk. In consequence, the frequency of A SCEs was significantly lowered. There-
fore, lactational exposure to DDT and HCHs seemed to elicit some genotoxic or clas-
togenic effects on Japanese general infants at ages of around the months. These com-
pounds were also considered rather potent S-dependent clastogens than non-S-dependent
ones. So, further detailed studies are needed not only to get conclusive findings but also
from this viewpoint.

biphenyls (PCBs) and pesticides!???.

Introduction Accordingly, Japanese people have also

Our environments including food have been contaminated with these com-
been polluted with some organochlorine pounds®®. Some pesticides such as hexach-
compounds such as polychlorinated lorocyclohexans (HCHs), 1,1,1-trichloro-2,
dibenzo-p-dioxins (PCDDs), polychlorinat- 2-bis- (4-chlorophenyl) -ethane (DDT), diel-
ed dibenzofurans (PCDFs), polychlorinated drin, heptachlor epoxide (HCE) and chlor-
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dane have been determined in Japanese
breast milk®1219191%24) — Their levels in the
breast milk were more than 100 to 10,000
times higher than those of PCDDs and
PCDFs, which were so-called dioxins, in 2,3,
7,8-tetrachlorodibenzo-p- dioxin (2,3,7,8-
TCDD) toxic equivalent (TEQ) value, as
indicated in the above mentioned studies.
Therefore, we should give due attention to
possible health consequences of these pesti-
cides as well as PCDDs and PCDFs. In
particular, prenatal and suckling stages of
not only humans but also animals are con-
sidered the highest sensitivity to these com-
pounds, because of their remarkably rapid
differentiation and growth.

In the meantime, cytogenetic changes
such as micronucleated cells (MNs) and
sister chromatid exchanges (SCEs) have
frequently been utilized as indicators of
mostly genetic damage due to exposure to
different carcinogens or mutagens. These
two cytogenetic changes are considered to
occur as results of different mechanisms of
DNA or chromosome damage. MNs have
been considered to be the result of chromo-
somes lagging behind the genome at cell
division. On the other hand, SCEs are for-
med during the S phase after an initial
change in the form of DNA base damage?®®,
when quadriradials as mitotic chiasmas are
a consequence of mitotic crossing over®?.
Changes in frequency of MNs and SCEs
have been considered good indices to the
synthetic and sharp genotoxic or clas-
chemi-

togenic potency for several

cals™®2029  We have already carried out
several studies from this viewpoint and
have been

some valuable results

Obtainedl7)18)19)20)21)-

In this study, changes of SCEs frequency
in cultured lymphocytes of Japanese infants
exposed to HCHs, DDT and chlordane
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through the breast milk were investigated,
in order to evaluate their genotoxic and
clastogenic potencies.

Materials and Methods

Fifty to 100 ml of breast milk at the
postpartum period of 2nd to 4th month were
collected from 124 healthy mothers in total,
mean age: 29 years old and the range: 22
~ 41 years old, in July to October, 1994 and
in June to October, 1995 and 1996. These
samples of the breast milk were analyzed
for HCHs, DDT and chlordane by ECD gas
chromatography method!V1?191418)24)

Lactational exposure to these pesticides
was estimated as a product of their respec-
tive daily intake, which was calculated with
their respective level in the milk times an
expected intake of breast milk in Japanese
infants, that is, 120g/kg body weight, multi-
plied by individual duration (days) of breast
feeding.

Five to 10 ml of the peripheral blood of
105 infants (60 males and 45 females with
the mean age of 10 months old) born of these
mothers were individually obtained by
venipuncture in January ~ March of 1995,
1996 and 1997. Among them, SCE frequency
of the lymphocytes was measured in 63
infants.

Lymphocytes in the whole blood were
stimulated with phytohemagglutinin and
cultured for two replicative cycles in the
presence of bromodeoxyuridine (100 mM) as
detailed elsewhere!”'®1929  Differential
staining of sister chromatids was obtained
by a fluorochrome plus Giemsa technique
and the frequencies of control, solvent
(DMSO) treated SCEs (SCEcontrol), 7,8-ben-
zoflavone (ANF) treated SCEs (SCEANF)
and A SCEs (SCEANF — SCEcontrol) were
evaluated.

In order to get normal distribution, fre-
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quencies of SCEcontrol, SCEANF and A
SCEs and lactational exposures to HCHs,
DDT and chlordane, namely, intakes of
these compounds through the breast milk
were transformed by a natural logarithm.
Then, relationship between SCEcontrol,
SCEANF or A SCEs and the intakes of the
organochlorine pesticides was statistically
examined by Spearman rank correlation
method.

Results

The distributions in the total intakes of
HCHs, DDT and chlordane in Japanese
infants during breast-fed periods are shown
in Fig. 1. Total intakes (median, min. ~
max.) of HCHs (mostly b-HCH), DDT (sum
of p, p’-DDE and p, p’-DDT) and chlordane
(sum of oxychlordane, trans-nonachlor and
cis—nonachlor) were as follows: HCHs; 341
mg/kg body weight, 43 ~ 1449 mg/kg body
weight, DDT ; 272 mg/kg body weight, 33
~ 1361 mg/kg body weight and chlordane ;
69 mg/kg body weight, 13 ~ 379 mg/kg
body weight.
were one order of magnitude lower than
that of HCHs or DDT.

Median intake of chlordane

30 30

J. Nagayama et al.

Frequencies (median, min. ~ max.) of
SCEcontrol, SCEANF and A SCEs of cul-
in the blood of 63
Japanese breast-fed infants were 8.0/cell, 6.
5~12.4/cell, 11.8/cell, 9.1 ~ 15.6/cell and
3.9/cell, 0.2 ~ 7.2/cell, respectively.

We could not find any significant relation-

tured lymphocytes

ship between the lactational exposure to
chlordane and the frequency of SCEcontrol,
SCEANF or A SCEs.
tions were not observed either between the
frequency of SCEcontrol or SCEANF and the
intake of HCHs or DDT. Fig. 2 indicates
the correlations of the lactational exposure
to DDT with the frequency of SCEcontrol or
SCEANF.
frequency of A SCEs of lymphocytes in the

Significant correla-

We, however, could see that the

blood of infants postnatal of around ten
months was significantly decreased with the
increasing intake of DDT through the breast
milk (r=-0.247, p=0.050), as shown in Fig.
3. This kind of relationship was also obser-
ved between the exposure to HCHs and the
frequency of A SCEs (r=-0.274, p=0.065),
which was indicated in Fig. 4.

30
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1 Distributions in total intakes of HCHs* (left), DDT** (middle) and chlordane*** (right)
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(ug/kg body weight)

through the breast milk in Japanese infants postnatal of around ten months
*. mostly S~HCH, **; sum of p, p’-DDE and p, p’-DDT, ***; sum of oxychlordane,

trans— nonachlor and cis—nonachlor

(90)
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Fig. 2 Relationship between the exposure to DDT through the breast milk and the frequency of
SCEcontrol (left, r=0.109, p=0.405) or SCEANF (right, r=-0.029, p=0.824) of the
lymphocytes in the blood of the Japanese infants postnatal of around ten months

Discussion

The estimated median intake of chlor-
dane was 69 mg/kg body weight, which was
one fourth to one fifth of that of HCHs or
DDT. Probably due to such small amounts
of intake of chlordane through the breast
milk, we could not observe any correlation
of chlordane with frequencies of
SCEcontrol, SCEANF and A SCEs in cul-
tured lymphocytes of Japanese infants post-
natal of around ten months.

Figs. 2 and 3 show relationship between
the lactational exposure to DDT and the

log [ ASCEs / cell |
=]
=]

3.0 3.5 4.0 4.5 5.0 55 6.0 6.5 7.0 7.5
log [ DDT, « g/kg body weight ]

Fig. 3 Relationship between the lactational
exposure to DDT and the frequency
of A SCEs of the lymphocytes in the
Japanese infants postnatal of around

ten months (r=—0.247, p=0.050)

log [ ASCEs / cell ]

frequency of SCEcontrol, SCEANF or A
SCEs.
SCEANF showed increasing and decreasing

Frequencies of SCEcontrol and
tendencies with the increasing intake of
DDT through the breast milk, respectively.
Same kinds of tendencies were also seen in
HCHs of this study and in case of dioxins .
Increasing exposures to DDT, HCHs and
dioxins through the breast milk significant-
ly lowered the frequency of A SCEs, as
indicated in Figs. 3 and 4, and our paper!®.
Frequency of A SCEs has been considered
more sensitive biomarker than that of
SCEcontrol or SCEANF in the evaluation of
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Fig. 4 Correlation of exposure to HCHs

through the breast milk with the fre-
quency of A SCEs of the lymphocytes
in the blood of the Japanese infants
(r=-—0.274, p=0.065)



170

genotoxic and clastogenic potencies??1?.
Although we do not know the significance
of these findings at present, lactational
exposures to these organochlorine com-
pounds seem to elicit some genotoxic or
clastogenic effects in Japanese general
infants postnatal of around ten months.

The types of mutations which could con-
tribute to spontaneous MNs include (a)
mutations to kinetochore proteins,
centromeres and spindle apparatus that
could lead to unequal chromosome distribu-
tion or whole chromosome loss at anaphase,
and (b) unrepaired DNA-strand breaks in-
duced endogeneously or as a result of expo-
sure to environmental mutagens which may
result in acentric chromosome fragments?.
Therefore, the assay of MNs can detect
both clastogens and spindle poisons and can
be preferentially used to estimate the dose
of ionizing radiations or truly radiomimetic
(non-S-dependent) chemicals to which peo-
ple have been exposed. On the other hand,
SCEs, which are not readily induced by
ionizing radiations or non-S-dependent
clastogens, have proved to be the most sensi-
tive mammalian genotoxic endpoint for
determining exposure to S-dependent chem-
icals, because SCEs are considered to form
during the S-phase of the cell cycle®?, prob-
ably at DNA replication forks or sites
There-
fore, according to the results of this study
DDT,
HCHs and dioxins seemed rather potent S-
dependent clastogens than non-S-dependent
ones.

where replication is incomplete®?®,

and our other investigations!®??,
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Metabolism of 2,3,3’,4,4’-Pentachlorobiphenyl in Hamsters

Nobuyuki Koca?, Hiroaki Kurok1?, Koichi Haracucur®, Tomoyo KaNAMARUY,
Yoshihisa KaTo® and Ryohei Kimura®

Y Department of Nutritional Sciences, Nakamura Gakuen University,
5-7-1, Befu, Johnan-ku, Fukuoka 814-0198
D Daiichi College of Pharmaceutical Sciences, 22-1, Tamagawa—cho,
Minami-ku, Fukuoka, 815-8511
8 School of Pharmaceutical Sciences, University of Shizuoka,
52-1, Yada, Shizuoka 422-8526

Abstract The in vivo metabolism of 2,3,3’ 4,4 -pentachlorobiphenyl (CB105) was studied in
hamsters and the effect of cytochrome P450 inducers, phenobarbital (PB) and 3-methylcholanth-
rene (MC) on its metabolism was compared to rats. After administration of CB105 intraper-
itoneally at a dose of 3 mg/body, four metabolites, named M-1, M-2, M-3 and M-4, were
detected in 5 days-feces of all groups and the formation ratio of the metabolites M-1 ~ M-4 was
1:39: 84: 0.2 in untreated hamsters and 1: 19: 6.7: 0.7 in untreated rats. On the basis of the
mass spectra of four synthetic authentic compounds and the retention times on DB-1 and MPS50
columns, M-1, M-2, M-3 and M-4 were identified as 4’-hydroxy-2,3,3’,4,5’-PenCB, 5’-hydroxy-
CB105, 5-hydroxy-CB105 and 4-hydroxy-2,3,3’,4’,5-PenCB, respectively. The pretreatment of PB
and MC resulted in about 2-fold fecal excretion of four metabolites in hamsters and in about 3-
fold in rats. Of four metabolites, only M-4 were detected in the serum at 5 days after CB105
administration and the concentration was 0.39 xg/ml of hamster serum and 0.28 xg/ml of rat
serum. In hamsters, the concentration of M-4 was increased to 1.8-fold of untreated animals
by PB treatment and 2.6-fold by MC treatment. On the other hand, the treatment of rats with
PB and MC did not show such an increase of serum M-4. These results suggested that the
hamster oxidized 2,3,4-trichloro-substituted benzene ring predominantly rather than 3’,4’-dich-
loro-substituted benzene ring differently from the rat and that M-4 formed in hamster liver
distributed to the blood and retained there to a considerable extent in comparison with that
formed in rat liver.
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1. EBRM#

(1) CBL05 D&

CB105 iZ Cadogan 12 & 2 /T TEHEK L 7-.
% ¢, 3,4-dichloroaniline ¥ X 0% 1,2,3-trichlor-
obenzene #7 N7 Z7uu T F LY THEMHEL, &
SICHRERA VX F N E AT, 110°CT 24
RIS, RIisWE 7NV s+ 07 A
(Merck, NA V) THELZDOL, FEMEEZE®H
Wik a~ 7774 — (HPLC) Ik VML
7z. HPLC &R D@ Y TH 5. 47 A, ODS
(250 <10 mm i.d., 5 pm, HEFEF) ; FEHETH,
7 b=tV IV-H,0 (9:1) ; FizH, 2ml/min ;
MHIBE R, 254 nm. CB 105 DM 1354112 99%
UETH-o7z.

CB105: MS (EI) m/z (relative intensity)
324 (100) [M*], 326 (163) [M*+2], 328 (101)
[M*+4], 330 (33) [M*+6], 252 (45) [M*—
Cl,].

(2) R#YIDOER

CB 105 (X &% © & B b Cadogan @ J5 > T
o7z, ¥ 7% b, 3,4-dichloroaniline & 2,3,6-%
% W X 2,3,4-trichloroanisole %, % 7z 1% 2,3,
4-trichloroaniline & 2,6-% % \» X 2,3-dichlor-
oanisole Z/z T, 110°C, 24 BN IG & ¥ 7=,
K, CB105 E[FEIFRICT7 VI FH T LBLD
HPLC TH#LL 72,
4-CH;0 (MeO) -2,3,5,3',4-PenCB : '"H-NMR
(500 MHz, chloroform-d) ¢7.52 (1 H, d, J=
8.1Hz, 5-H), 747 (1H, d, J=2.2Hz, 2~
H), 7.28 (1H, s, 6-H), 7.22 1H, dd, J=
8.3Hz, 2.0 Hz, 6’-H), 3.95(3 H, s, 4-MeO) ;
MS (EI) m/z (relative intensity) 354 (100)
[M*], 356 (160) [M*+2], 358 (105) [M*+
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4], 360 (38) [M*+6], 339 (62) [M*—
CH,], 311 (29) [M*— COCH,l, 241 (25).
5-MeO-CB 105: 'H-NMR (500 MHz, chlo-
roform-d) ¢ 7.530 (1H, d, J=8.33 Hz, 5~
H), 7.488(1 H, d, J=2.02Hz, 2°-H), 7.251(1
H, dd, J=8.33 Hz, 2.02Hz, 6-H), 6.774 (1
H, s, 6-H) ; MS (EI) m/z (relative intensity)
354 (100) [M*], 356 (162) [M*+2], 358 (83)
[M*+4], 360 (30) [M*+6], 311 (32) [M*—
COCHs,].
6-MeO-CB 105 : 'H-NMR (500 MHz, chloro-
form-d) 67.622(1H, d, J=8.07 Hz, 5-H),
7423 (1H, d, J=2.02Hz, 2°-H), 7.159 (1
H, dd, J=8.07Hz, 2.02 Hz, 6-H), 7.101(1
H, s, 5-H) ; MS (EI) m/z (relative intensity)
354 (100) [M+], 356 (148) [M*+2], 358 (105)
[M*+4], 360 (37) [M*+6], 304 (87) [M*—
CH,Cl1], 284 (24) [M*—Cl,], 241 (31).
4-Me0-2,3,4,3’,5’-PenCB : '"H-NMR (500
MHz, chloroform-d) ¢ 7.445 (1H, d, J=
8.33Hz, 5-H), 7.325 (2H, s, 2-H and 6~
H), 7.147(1H, d, J=8.33 Hz, 6-H), 3.967(3
H, s, CH;) ; MS (EI) m/z (relative intensity)
354 (100) [M*], 356 (162) [M*+2], 358 (105)
[M*+4], 360 (40) [M*+6], 339 (65) [M *—
CH,], 311 (30) [M*—COCH;], 241 (50).
5-MeO-CB 105 : *"H-NMR (500 MHz, chloro-
form-d) ¢ 7.454 (1H, d, J=8.32Hz, 5-H),
7175 (1H, d, J=8.32Hz, 6-H), 7.086 (1
H, d, J=2.02Hz, 2-H), 6.845 (1 H, d, J=
2.02Hz, 6’-H) ; MS (EI) m/z (relative inten-
sity) 354 (100) [M*], 356 (173) [M*+2], 358 (100)
[M*+4], 360 (42) [M*+6], 311 (29) [M*—
COCH;]J, 241 (30).

2. BYixs

Golden syrian RN LR ¥ — ((KER 80 g)
B X Wistar JHEMEZ v b (EER 170 g)
P 450 #FE A & LT PB(80 mg/kg/day), &% \»
1 MC (20 mg/kg/day) % 3 HREFEHEN IS L

7z. PB I3 A A K, MC it a2 — > IcEiE L
72. PBBLXUMCORK®ERSHOEHIZ,

CB 105 % 3 mg/body CHEFENIZHE L7z,

=2

¥
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3. KD 2 EE

CB 105 #:5.4% 5 HEOFEREHLL, 60°CT 24
BRI L, O — . — S VTR, YV v 7 AL —
S A2 AW, 7 aukL AT 14 R
1T-o7z.

—7, BImE, CB105#&5% 5 HH I NA X
F—Hd5WET7y FOBEHIRE VITo7. K%
B, 7)) —r-A (MESEHRIARE Y Y @
KWM)W ANT, MEESBEEL, ZhicoE
REIO ST 2T, T2b b, i 0.5ml i
0.5 M FREEYAH 0.25 ml ZERINL 721, 7 ma kv
L-AZ =) (2 1) 1 mlKZFn-~FH>3
ml 2 X 2% 2 BTV, 2N6E2Y TV XY
TXF vibt, GC/ECD B8 X " GC/MS izt L
7.

4. REHOAH

R D 53 #7121 ECD £ HP 5890 Series 11
HAr7u~x 2777 (Hewlett-Packard %) * f
w7z, GC/ECD OFMFIFRDMY TH S, 3 A
DH A5, T%bb, @ DB-1 fused silica capil-
lary column (I5mx0.25 mm id., 0.25umJ&
JE, J&W Scientific #), @ DB-1 fused silica
capillary column (30mXx0.25mm id., 0.25
um JEE, J&W Scientific #) & X '@ MSP 50
fused silica capillary column (50 m<0.25 mm
id, 0.1umEE, RFEEE) 2HEH L. 4 —
7R X 200~240°CT, S S WKEARE X
250 °C, MHERRAE I 250°CIcEEL, ¥+ 7 —
A A& LTN, (1ml/min) %F\iz,

5. DDA IHEES

(1) GC/MS

~ A AT VOl EIXE &5 E A
HP 5980 # X 7~ 277 7 (Hewlett-Packard
&) 2HWT, EIE—RFTfTo%. GC/MS iZX
D 2#Y OFMEEFVW T, @ 47 A, DB-
1 fused silica capillary column (15m X 0.25
mm id., 0.25 ymfEE, J&W Scientific ) ;
F—7 MR, 190°C 5 HALRRE, 250°C 5 #&
HgFERE, 280°C: ¥ ¥V 7 —4 A, He (1ml/
. @ #1724, MPS 50 fused silica capillary
column (50m x 0.25mm id, 0.1 xm &, F
FALEEYD)) A — 7 REE, 100 °C— (20 °C/min)

mm
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—200°C— (5°C/min) —280°C; ¥¥ V7 =74
X, He gas.

(2) 'H-NMR

A7 MVOHIEIZHAETFED JEOL GSX-
500 (500 MHz) #HWTiT->7z. 3k, Eo v
ORNVAZEREL, T T AFNY Tk NERIE
HEYPE L LRV,

X B & R

1. v tEFSIUMFRBMDOBRE

£3,CB105#%57 v Mgk 5 5 HEO#ES
R#P eIz, O 7 aaru LmmtimE x5
WE#, GC/ECD (15mDB-1 4 7 A4) 2ftL 7z
FER, RAOHEICBWT, RZME (7.79 min)
DSz, REmEBbns 3ADE—rnzhz
AR EREF[ 11.82 min, 15.85min B & 1816.27
min I X7z (Fig. 1a). 2h s ZRKICM-
I, M-2BXUM-3 4%, £/, PBRUMC
HIALEREED W I B WV T b SRALEREE & 4 < [k
I 3O E— 7 R s iz, — 7, CB105 #
5% 5 HHOMHARE 2 [F CEETotiLic &
25, WTFROEIZBWT b REMELSIZ, M-
1 &4 < Al U 11.82 min R & Bb
nNd 1RO =7z, ZhxTM-4
L L7 (Fig. 1b).

2, NLRY—HPBLUMFREMORE
RIZ, RALEE, PB 3 & O MC FiLEE AN 2 & —
2O X, CB 105 %54 5 HE 0P REY B L O
5 HEHOIMHFRE#Y % ~7z. Fig. 2 1R
LAY = ofgFo G (A F V) oF
Avuax s 7 7L%m-7, Fig. 2alzmd X1,
#PRBELTM-2BXUM-3137 v b E[E
BB sy, M-1RizsArmBannz
motz, —7, MHFPR#EVOLE, 7 v b LAk
2, REGERE b2 M-4 23 &7 (Fig. 2
b). %5, PB B X O MC RIAENA R Y —DHE
Wb, RAUEHNLRY —EE UK NY — > &R
L7 (77— Ki5#0).

3. REMDILS2EE

GC/MS DR, M-1~M-4 O X FI)VFHEER
WIS FEBIEZEL T2 25, OH
HThH2ZEBHLPITR ST, ZDD bIPFR

(99)

177

a) Rat feces

CB105
M-2
AV
(&M-4)
M-3
Wj\_ﬂ.
—
I T T T T
0 5 10 15 20
b) Rat serum
M-4
CB105 /

I T T T
0 5 10 15

Retention time (min)

Fig. 1 Gas chromatograms of the methylated
derivatives of CB105 metabolites
detected in the feces (a) and serum (b)
of untreated rats.

a) Hamster feces

CB105

Retention time (min)

Fig. 2 Gas chromatograms of the methylated
derivatives of CB105 metabolites
detected in the feces (a) and serum (b)
of untreated hamsters.
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# M-1 B & IR M-4 3R FERFE A3
FTNH11.82min e &L FLTHEZ 6, K
BIF—DbDTHEhr2Raf L, £&15m
D DB-14 7 AL %ZH w7z GC/MS DFEHRE» 5,
M-1BLXUM-4D~AARYZ bW EFN bR
FAF > [Mt—15] Z/RL71IzZ Lo, 4 %720k
4RI DHEFEM 5 £ 721% 50012 NIH #2072 L 72
LEbn s 4-OHEH 513 £-OH D X F v
FEKRTH 2 EHEESI NI (Table 1), 22T,
SR D 4-Me0-2,3,3",4’,5-PenCB & 4'-MeO-
2,3,3,4,5-PenCB 2 EfOFKMHTHIE L /- & 2 2,
DB-1(15m) # 7 A B 2 RFRB L OV~ X
ARY PVISELFEICTRAITE o7z, R,
F&50m D MPS50 4 7 Az CHR{LEYD
SEEE AT, FOREER, Fig. 3ICRT L 91,
4-MeO 1 & 4-MeO & % % 1 & 1L £& £F [
29.88 min & 30.12 min 23S % Z LT X 7z,
Z 2T, MPREY M-4 D X F kIO &, [6
BEDEMETHEIE LT & 2 5, R 29.88 min
Tholz. TN DFERNS, M4 BXUM-1 1%
zhZh 4-0H-2,3,3',4’,5-PenCB # & f4-OH-
2,3,3,4,5-PenCB Th 3 Z L RB S L7z,
—7, M2 BX U M-31coWwTlE, DB-1% 5
ATIHE & 15~30m TRIFICHHET X 7223,
MPS50 77 4 (F&50m) CRERICEL >
(T =2 K\BE). Tz, TSI,
T DB-1#5 A%\, Table 1 IZRL7z &

puilil

ES
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N
o

o
o

“ @ECon
#“PB
.. BMC

@
o

* p<0.05 (vs Con)

N
o

n
o

Amount of metabolites (ug/whole feces)
D
3

0
M-4

M-2

M-1 M-3

Fig. 4 Effect of P450 inducer on the amount
of CB105 metabolites in hamster feces

Iy, RAANY MVvEHADLEM-2EBXLUFM-3
DT BWT R 2 A A4 > [MT—43] 3
BEsNIzZ L » o, 5-OH D %1 5-OH 1k
DAFINViFHFEBREHE SN, 22T, BRER,
ERAARY PIVE XU GC 2B 2 HRFrR R 2
HgELIze 2%, M2 BXUOM-31Z#hFh5-
OH-CB 105 & 18 5-OH-CB 105 T&% % Z & »°Hj
SmER oIz,

3. HEFRBMICRIETT P40 FEROHE
Fig. 412, NAR Y —#EPRBY O E =L R
(ug/&3) ZRL7Tz, M-1 & M4 DERICTIE
MPS50 # 7 A (& 50m) 2, £/ M-28 LW
M-3 DEEICIZDB-1 474 (EX30m) 24
L7z, &3, RUOENAR Y —bREY % H~
e 25, 7N DEKEIE, M-4: M-1: M-2:

Table 1 Mass spectral data and retention times of the methylated CB105 metabolites and the
synthetic authentic compounds in GC/MS

Molecular Mass spectral data Retention time
Compound . .

weight [M*]  [M*15] [M*43] [M*-50] [M*-70] (min)
CB105(feces) 324 100 - - - 45 6.41
M-1 (feces) 354 100 62 41 - - 10.17
M-2 (feces) 354 100 - 44 - - 14.00
M-3 (feces) 354 100 - 26 - - 14.45
M-4 (serum) 354 100 55 31 - - 10.17
2’-CH,;0-CB105 354 100 - - 144 31 8.10
4-CH;0-2,3,3,4’,5-PenCB 354 100 62 29 - - 10.17
4-CH;0-2,3,3",4,5-PenCB 354 100 65 30 - - 10.17
6-CH;0-CB105 354 100 - - 87 24 10.94
5-CH;0-CB105 354 100 - 26 - - 14.01
5-CH;0-CB105 354 100 - 32 - - 14 .46

GC/MS : column (DB-1, 15m) ;

oven temp.(190°C).

(100)
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a) M-4
/M-4
IS
S
T T T
25 30 35

b) authentic compounds

4-MeO

4'-MeO

3-MeO-CB118

T T
25 30

35
Retention time (min)
Fig. 3 Gas chromatograms of the

methylated M-4 detected in the
serum (a) and of three authentic
compounds (b)
3’-MeO-2,2’,3,4,4”,5-hexach-
lorobiphenyl was used as an
internal standard (IS).

M-3=0.2:1:39:84ThV, M43IFELAL
M IRl 7z, FREMIE M-2 £ M-3
ThHholzh, M-3DEFNBM-2 DR 2F L% o
7z, 512, P450 FEARLENLR Y —TIE,
4 FEORBWIZ Vb PB HILE TRUE D
1.7 f5Hi#02, %72 MC RIALE CIE 1.5 5t & »
5k, BIRECHETERICEML Twz,
B, M4ABXUM-1IcBELTIE, PBXLVIE
MC BiLEE T X D % < #EhnL 7z,

Ric, 7 v bEPRIY)OEEER (ng/23H)
% Fig. 5 R U7z, RAUEZ v b OFEPHEYIO
ERRHIEM-4:M-1:M-2:M-3 = 0.7:1:
19:6.7ThHV, M2 RbEERINL TV,
F 7z, P 450 FHEAIHLE Z v b TlX, 4 FEEOR
BT TN Y ITIZE CHE TERESEML T
B, PBHIE THRLIED 2 ~ 3 f%, %7z MC i
METIEHSETHo 7z, 12720, M-4 DARKIZ
MC HiALER TR 7 5B 3L T /e,

4, MPRHEMICREITT P 450 FEJDZE
CB105#5% 5 HHoMmMHPRE#Y 2 EE L,
v MENAKRY —TLHIE LT (Fig.6). % Ofh

(101)

179

~
o

=)
S

Control
PB
. @mmMC

@
o
T

*p<0.05 ('vs Con)

=
=]

'S
S

~
o

Amount of metabolites (ug/whole feces)

|l

M-4

M-1

M-2
Fig. 5 Effect of P450 inducer on the amount
of CB105 metabolites in rat feces

M-3

R, 7 v MIHFO M-4 BEIZRLET0.28 ug/
ml serum TbH - 7243, PB RiALEIZ L D £ &
BT 5 dno Tz, & 72, MC B T b R DK
lAFC@sS mpolz, —J5, NAAY —MFO
M- 4 EEIFRMT0.39 pg/ml serum & 7 v
MO 1 AfFEEDP oA, & 612 PBREIALEIIC X
D RUID 1.8 fF12, MC AT 2.6 12 <
o Tz,

% =

CB105 51N\ A R ¥ —D#hE L Ol th R 35
MaEHEN, Ry —v 2oy b e LE, %
DFER, WEICBWTY, HEhhr s 4 FEDO—
KEBIEAR (M-1~M-4) EIfidh S M-4 O AR
Hanzz, 2hs o ix Klasson-Wehler 59
BLUEDS? O & —%L ¢, M-1, M-2, M-
3B X UMA4IRZ R Zh, £4-0H-2,3,3,4,5-
PenCB, 5-OH-CB 105, 5-OH-CB 105 % X O
4-OH-2,3,3,4',5-PenCB TH -7z, LI EDFER D
5, KX PCB ORI E LT, Fig. TICR$ &5

B Rat
MHamster

* p<0.05 (vs Con)

Concentration of M—4

PB MC

Fig. 6 Effect of P450 inducer on the concen-
tration of M-4 in the serum of rats and
hamsters.
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CB105 \

Cl 1 |
Uaw
(¢}

4' 5'-epoxide

E

180 wH E
Cl Cl
-
Cl | |
reses
(¢]
4,5-epoxide \
Cl | | Cl Cl |
eSS NS es
5
Cl HO
M-4 M-3
(major)

c | o |
LCEe e
51
OH |
- M-1
(major)

Fig. 7 Postulated metabolic pathways of CB105 in rats and hamsters

W2, ZHEREWEAN L VRO 4D DLWV 5D
BB LU THEREBRR VL VRO 47H 5 0k
5RO & 2 & 75 o Tz, FR#EPREY)
EE T, M-2 (5-OH &) B L 1 M-3 (5-OH
Y THo7l. M-2 £ M-3 DAERRERAS L,
B cREEENBZ SN, Tabb, TV
N Tl M-2 DJ558 M-3 O 3 f5Tdh - 7z DIcxt
L, NARY =TIz M-3 D55 M-2 D#J 2
BThotz, —F, M-1 BXUM-41F, NAR
Y —TlkHEF» SEBEE L ol S hig o7z,
7z, PB & X0 MC RTALEIC X 0 5 i
L7zb DD, M-2 8 & U M-3 DA hE T
109D 1 Thole. LEORR®LS T v »
ERWMIT, N ALY —TiE 34 -THEREBRAR V¥
VERE DI, 2,3 4-ZRBREWAN VX UV EO T
fEanedIn LR ani, £/, M-1B8&
UM-4 OERIZT VoA ¥ NhffRERL 72
%, NIHEAL L7z 2 & Z7R L Tuwa 5101920 53 &
B DFEHH S TENNC B CHBMRRE X D I3E
BAKBAEKIGD BN TH % 2 EHRB S iz,
MR & LT, MEMcsnT, KRk
DAz M-4 (4-OH-2,3,3",4’,5-PenCB) D A13%%
HE N, ZOFEEY, Klasson-Wehler 59 5 &
OS5 O & X {—FL Tz, 2721, N
LAY =M M-A4EBEIZT Y sNOBFEEE»o
7z, 72, ZOfEIX PB B X O MC HilEiTZ h
FNHI 2B LUK 3 fZ L 72, Brouwer
V293, 4-OH-3,5- 3 % & #1 D PCB, #l 2

(102)

¥, 4-OH-3,3’,4’,5-TCB &3 1M o BFRER R v
VEE S X7 Th B transthyretin & B WEA
MEETLI e, MPCLIIRFFEhSL L
BEELTWwS, SEOFRIE, £z M-4
7w MR, X0 ERICIMH BT 5 2
EEEWRLTBY, ZORKREL TNLARY —
transthyretin @ M-4 1209 2 EAED T v b X

NEWVWOLDH LIV, #%, Klasson-Wehler
59, M4EEZ2~> ALy THEL, <
TAMI 7 DL4~5FRWIEEZREL TS,
7z, B¥, M-1 (-OH-3 - FREHOD
PCB) kv b, M4 (4-OH-2,35-=HHREBRO
PCB) OFMBEIRNCIMHFICFEL T b En
IHBHEDE S, FNHTH S,

JRO 591k, CB105#5 7 v v oI, A,
fifi, & ¥ X CHEMGHEES OB 2FH 7L 22,
WTNOFBETD M4 DA ZBREL, ZDWEEIE
M > F = fili > B > JRGHBOIETH 5 2 & 2k
S, REFFRICBWT, NARY —TIIMK &
ELUDLFARTOEND, NARY —IZBWTH,
7 v b EFEBRE, EREO M-2 & M-3 133#H
~, M4 I Z1Z U & U B~ £ 09
L2 ENTRBEI NI,

CB 105 #cBE5 3 2 P 450 43 FREIC DWW T
DIEHREB 272912, PB & 5w ix MC BiALE L
TN Y — > OB 2 BIEE L Tz, —# iz, MC 2
SEEHE 2 H T % coplanar PCB 13 MC % & 4
P 450 12 X > T, PBAEEHEEREE*H 3 % mono-H
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%\ % di-ortho-PCB 13 PB &% P 450 12 & -
TR#EN 2, CB105 BREHFEELEL T
W3 ZEnD, WD P450 Ik > TRB#SN S
Erfanien, SHETFEE—HLTNLRY —
DOeRHY L PB B X U MC HiLE O WFh T
b 15~17 fFIcHinl 7z, 2 TORE P 450
Z M7z PCB AGBIZE V9 92 6, NAR Y —]F
T3 PB#E D HPB-1 (CYP2B) 8L 0" MC
FE M D CYP1A2 £ CYP2AS fH 54 % 2 &
DBES MR > TV 3, CB105 DFEH s
DPBONENTHSS.—H, 7Y MZBWTH
EikIz, 2REMOLERKLS PB & X OF MC HijLE
T2~ 3f5IfEtE s Nz, ZOR»S, CB105
DFEITH, INEF TR TIERLE 7 2= A0
TCBo219 TH &5 » 2 8 LT % PBEFHEMED
CYP2B1 £ CYP2B2 s X 0 MC 3 E % »
CYPIAL 5T 2 Z LR I iz, kB, M-
4 B X UM-1 DA IZ MC HALEE T < 2 S
N ems, N"ARXY—TI1ECYPIA2 &
CYP2A8 OBH5.%8, F7:7 v b Tid CYPIAL ©
G R s e,

i &

1. RAUE, PB B XU MCHIAEDNL RS —
BX U7 v pic CB105 (3mg/body) % fEikE
WIZES5 L, s X oMo -
EREITo 72,

CNLRY =BTy vERPREY E LT,
AT eb b, M-1, M-2, M-3 8 X U'M-

4 PRHE N, IS XEBIER £ DR

kv, znFh 4£-0H-2,3,3 4,5 -PenCB,

5-OH-CB 105, 5-OH-CB 105 ¥ & O

4-OH-2,3,3,4,5-PenCB TH % Z £ B &

Mmootz WMEYE bic, ERBYWIIM-2

EM-3ThHolzd8, NARAY—TIZ M-3 3,

Ty N TEM2 0% ERESNT, F2,

Ty MZHANNARY =P TIIM-18 X

U M-4»BFELL Dldpoiz,

CB 105 B fIZd P 450 FHEH| D& %

TR T A, NARY—DOHEPRHBY T

PBB X O MCHiLEIZ LD, WwiFhd 1l

S~L7 5w mL 7z, 7y r CIXEBRKE 2

~ 3L 7.

CNLARY =B XU Ty MPREE LT,

(103)
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REEE L b o M4 BB STz, R
P 450 FER OB LTI &£ 2 5, MHFM-
AEER Iy N THEVEH L 2 o720
L, NARY—TIZ PB HALE TR D
1.8 f51z, F7- MC RiLE T 2.6 fi 8L
7.
IEDOFERL S, NARY—TIZT v b EidH
12, 34 -THREBRR P UL DI, 2,34-Z0
FEBER VL VRO ABPBILI NPTV L, F
72, B E N7 M4 137 v Mgk, X 0 #EREY
IG5 & LR S Tz,

&t 2

AWFoe I3 EERIEHRRERMIES (BELERE
%) B L ORI RERBS: GEEBTE (CO) (2), No.
14572119, No. 15510058) IZ—ERE S b DTH 5.
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Effects of Dioxins on the Reproduction and Development in Mammals and the
Mechanism : Up-to-date Progress of Study

Takumi Isuipa, Yasuhiro Masuzakl, Yoshio NISHIMURA and
Hideyuki YAMADA

Graduate School of Pharmaceutical Sciences, Kyushu University
3-1-1 Muaidashi, Higashi-ku, Fukuoka 812-8582

Abstract In the Seveso episode, increase of female offsprings from the parents exposed with
dioxins has been demonstrated, although the same has not been seen in Yusho and Yu-cheng
patients. However, delay of cognitive development in the children born from Yu-cheng patients
has been reported. This has been recently supported by animal studies in which acquirement of
cognitive capacity such as working memory and social behavior was examined in rats and
monkeys treated in utero with dioxins. In this review, we summarize the prenatal and postnatal
effects of dioxins on reproduction and development. In addition, dioxin-induced alteration of
gene expression and of the function of estrogen-estrogen receptor system which may play a role
in dioxin toxicity is discussed.

FL®IZ

L RY TOET T v N BERPEEOBHFHE, S, BRBEROETHIRE SN I LR E2RBI
w0 FERRSHEIOZEEF ZA —ZA M) T OHREFATLHRESINT VD™, 206D T —ATIE, 3~
DA FFy YBEEMEHOEEBIKM I N TWAAREENF VW E WS, IUVNEELLTH, EHAD
FZENIVEKTH2 Z EOHAIFHSNTES T, £O00DHERMIMERES N TV, /12H
BoEEH Twiw, —7F, polychlorinated biphenyl (PCB) *° polychlorinated dibezofuran (PCDF)
HrERFERYE LT 2HRERGBICB T 2MECYGIX, BE» S HAEL I FROMEIICITERERRD
ERRD STV 8919 v XY HEE L OAR—EBMAICER T 2 00k & S TwRnds, Hl
ICIZRTE SN B, FREOKRSNENES 2L ICk 2T REM b H 2. 514 F ¥ Y EOBIAAD
HENL, MHORMEZTICE 5T, BEECHERBORESHEROEELMEICEET LI
AT ERHETETVRDE, —RADEFEEHECHES OB EE OB ELAED 7z 011X, HHOMRY
EEOTEEPERMRICGZ 2B L ZORB 2R CEET 2 2 eEEn s, KRHTIE, 14+
YVHHOETEICE 2 2 I E TOHIRE £ £ 5 L3z, B CEHIIER ST L 0L T OB EITIFGE D
BCSR 2 BER L 72 W,

TAAF L EOEES M

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) #SEERENYIC T L CIHEERE, HEHERERTIE L OF
B EOEENEELER TS 2 Lid X STV, Bz LARENC TCDD 7w U BEYE
R 5Zici RIS RAPEBRERANOZEL Tablel I £ O TRT., BEHONELZ D
LIRS 28, Table 1 ICIE~Y Y7 A, 79 b BIX UV IVICBIT 3 in vivo TOREFICIRE L Tk
LTw3, TCDD A~ v RICOBFHM L KFEOFH 2 FESE S Z 1% 1971 F12 Courtney & Moore &
Lo THIO THME SN TR, L OWRF L > THERSNLTWE, 0o BRHMEAPIEIBICERERD %
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EQ—EEES ISR I THEI D QEHAETHREL, F1 43y v HosEEHRE T 2 1CEERED £
WIBIEE 2> T w5, 7y b THREZORFIIBEZI N TWEH (Tablel), HOFEZEAKBRED X 5 %8
OISR SRR E IZIZIEY Y ARBREEINTWS, ZOLIBEEOERNIZEZ L S1r>Tn
v, PV TORIRGFEER T, WEPIEEDHEIMPEIE SN TW» 37, JRRADORETII w2, 7
BN TOEBRICBWT, B TEAED TCDD B FENERE 2 &R T 2 2 LRI Nz DA < &l
ENTWVBE™, k&~ v AME WM #55C TCDD D& 2B TSI X 2 L% CH
BUTFER,S, £ MNEEMIZ~ Y AL D b TCDD 23§ 2 EZ MRV EHEE SN TWw 32,

YU ADKBEIZAFAL VEAETHRET 2 2 EDBHSNITENTW 102029 % J- KBEIXIFIRD
EOHMICEE T 20 ich 2 D EShR WD, DBEHIITIREH TCORBENEE THL b1 oT
W32, HAEBOBAERICRA 2 Lz TCDD 2% 217> CKBERELBZE LR RIhBY, %
Mz & 3 L HAHO TCDD IR T HABENER SN, ThED bhHLORECIREHENEL LK
T3 E0nH%, it T, HHBUARIBEMOAZ ST, BEHM 35S 2 HAEERORBETHI] X
Iahs ek s,

BN DRBEIETELH R TIZTEEIC OV T TR ThbT\w5, TCOD ME DT v b Tl
FTFBOBIENBESN T WS, EHED TCDD THLE U 72 it & RAHEHE & O2H Tl s R
BREZ ECELEFRED s Twiwn 2, LirL, HERD WS OOIEDRINRHE - HE O 2 255
BHoENTWS, {EFE TCDD (0.001~0.1 xg/kg/day) ZMEHET v ML C5 2, BHRADEE
% 3HRICTE - TEIZ L W52 T, 0.01 ug/kg/day BLED AR CTEKRKROBA, e, HERKRD
FENHIZN FO~F2 2BV TED SN TV B™,

TCDD LSt o E#H M PCDF 8 X 0'a 75 5 — PCB b w2 &0 %R #FH 2R L (Table 1),
s OPFRTIE, HIMBHRSFED 5T 29, KM O FEREP BRI SIREEIC O W T H I
Z ENZ WM, TCDD E0 4 0Em M 2T 25 E08MohTw b #lz21F,2,3,3,4,4,5-Hexachlorobi-
phenyl X Z LB, ~ v AOBAFEER ZF 722w, TCDD OxR % 10 fEEH£ 9 510, #ig,
2,2",4,4,5,5- Hexachlorobiphenyl (& TCDD O MOZEZFHLIER IO U THEZE D, £ 72 13BGIER 27
T WIS T, FA4 4 F v VEBEMOREFER, B—bLEVORME % BN L L O
BT LI EWHENRD D ZERAML BRI IERS W, ZheDBEET, PCBIRAWIC X 25 M
7T—5 b EHAZMEDS D 555, Table 1 ICRT & 5 ICOBHOBK E RO OEEBEEIRE ST
3.

TAAF L VHECL 2R ERDOPRHERS

BB OHE (Yu-Cheng) D& » 54 N7z T 118 LOFEOERE, HHNAT ICEHIRD SN2
am5w.:@7—XTH,ﬁ%%ﬁﬁ®¥WMPamﬂmB%Ei%ﬁﬂ3$ﬁﬁ&fé—&k@7%k
ETLEHESNTHB®, BIBHLAEIICREZ/E L CTEIL 72 PCDF/PCB I &£ 2 [EE L #HiEE
ENTWw3, 7v b TOFETRERL YV TORSHATENCR IR Z W LRARHED 5 A 4 F > D
BEENCIER T 2 2 NG I TB D0, 2o OFIRIE Yu-Cheng FEHIOFRER EFET 2 EF 2
TEWTH3H. 7v hTORERERIEFEDOA )V MEEM PCB 2 bR 5N TE DO, —lEHFEoMH
FME 13 E O BEE — S MEAEB S EE S 2 ATREME b B 5. PCB RGN b BRIEHAR AR O BEE A L 12
X BERERE E D RS S LT 582,

HIRBREDFB T RIZT I A 4 ¥ VHEOREZ, WESOWEFCRS T, —RORBEHKD S 1 4
FYLHHICLoTHERSIND ZEMNEHESN TS, £ DEENHENMTbNLTEY, BIRMORE
WEEEEZ TOLHEENS VLI CBb 212, BAKRHOEBREZEEH T 2HME LI TV
D310, Z AN IR 2 BLAR S s 225059 JEFLIC X 2B RO ATE I 5 E R ST 55, RELOE
PRI ERBEZE L COFAMABRENICEEZL T, IhE2ELIELETRE LOBRRIES LTV ET
P2ERAMND D LRI T HICHDTB &Iz %0,
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Table 1 Effects of maternal exposure with dioxins on the reproduction and fetal development in
the mouse, rat and monkey

Compounds Species Dose Impairment in offsprings Reference
2,3,7,8-Tetrachloro- Mouse (CD-1) 1or3 pug/kg Cleft palate and kidney malformation Courtney & Moore
dibenzo-p-dioxin (1971) [26]
Mouse (C57BL/6N) 3 ug/kg “
Mouse (DBA/2]) 3 pg/ke “
Mouse (NMRI) >1 ug/kg Cleft palate Nuebert & Dillman
(1972) [76]
Mouse (C57BL/6N) 3 or 12ug/kg Cleft palate and hydronephrosis Birnbaum et al. (1985)
(11]
Mouse (C57BL/6N)  12-24 pug/kg Cleft palate Couture et al. (1990) [28]
“ 3-24 ug/kg Hydronephrosis
Mouse (C57BL/6N  3and/or10xg/kg Increase of endometriotic lesions Cummings et al. (1999)

x C3HF1)
Mouse (C57BL/6N)

Mouse (C57BL/6N)

Mouse (C57BL/6N
x C3H, F1)

Mouse (C57BL/6N)
Rat (F344)

3

Rat (F344)
Rat (SD)

“«

Rat (Holtzman)

Rat (Wistar, male)

Rat (Long-Evans)
Rat (Long-Evans)

Rat (Long-Evans)

3,6 or 12 ug/kg

(via breast milk)

6-30 pg/kg

1,50r15g/kg x 4

5 ug/kg
Lorb ug/kg

“

1,50r15 ug/kgx 4
10 ng/kg

100 ng/kg
1 ug/kg

75(25) ug/kg x 1
and
15 (5) pg/kg/
week

1 pg/kg

“«

Hydronephrosis

Increase in cell depth of the ureteric
and bladder epithelia

Death (70%) of offsprings

Bone marrow toxicity

Depletion of immunoprorefirative
response agaist mitogen stimulation
Increase in susceptibility to bacrerial
and tumor challenge

Decrease in cellular immunity
Decrease of body and organ (thymus
and spleen) weights

Decrease in celluler immunity
Decrease of body and thymus weights
Prenatal mortality

Decrease in fetus number

Decrease in body weight gain after birth
Effect on fetal growth, spermatogenesis,
testicular histology, sexualbehaviuor, and

fertility

Increase of stillbirth

Incompletely ossified fingers
Incompletely ossified ossa zygomatica
Impairment for mammary development
Effect on Mullerian ducts (reproductice
tract)

Impaired growth of the seminal vesicles

(31]

Couture-Haws et al.
(1991) [29]
Couture-Haws et al.
(1991) [30]

Abbott & Birnbaum
(1990) [1]

Luster et al. (1980) [62]

Vos & Moore (1974) [99]
Vos & Moore (1974) [99]

Faith & Moore (1977) [35]
Murray et al. (1979) [74]

“«

Mably et al. (1992) [63]

Chahoud et al. (1991) [21]

Fenton et al. (2002) [37]
Hurst et al. (2002) [50]

Hamm et al. (2000) [46]
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Table 1 continued

Compounds Species Dose Impairment in offsprings Reference

Rat (Long-Evans) Reduction of sperm counts Gray Jretal. (1995) [44]
Involution of sex accessory glands
Impairment of sex behaviour

Rat (Long-Evans Decrease of ovarian weight, clefting of Gray Jr & Ostby (199) [43]

and Holtzman) the phallus, and vaginal thread
Rat (SD) 0.0 0r0.1pg/kg Decrease in saccharin preference in Aminetal. (2000) [5]
female (masculinization in female)
Rat (SD) 0.1 ug/kg/day  Deficits in learning and memory Seo et al. (1999) [94]
Faster acquisition of the working Schantz et al. (199) [91]
memory
Rhesus monkey 50 pptindiet for 7 Abortion and stillbirth Schantz et al. (1979) [87]
months
“ Sor25pptindiet Change in social behaviour Schantz et al. (1992) [88]
for four years
2,3,7,8 - Tetrabromo- Mouse (C57BL/6N) >3 ug/kg Cleft palate and hydronephrosis Birnbaum et al. (1991) [10]
dibenzo-p-dioxin
2,3,7,8 - Tetrabromo- Mouse (C57BL/6N x 600 ug/kg Cleft palate and hydronephrosis Hassoun et al. (1984) [47]
dibenzofuran DBA/2N, F1)
2,3,7,8-Tetrabromo- Mouse (C57BL/6N)  >25 pg/kg Cleft palate and hydronephrosis Birnbaum et al. (1991) [10]
dibenzofuran
2,3,4,7,8-Pentachloro- Mouse (C57BL/6N) 36 ug/kg (EC;,) Cleft palate Birnbaum et al. (1987) [9]
dibenzofuran 6 ng/kg (EC) Hydronephrosis
Mouse (NMRI) Cleft palate Nagao et al. (1993) [75]
Rat (Fischer 344) 10-300 xg/kg  Decrease of fetal weight Couture et al. (1989) [27]
300 ug/kg Prenatal mortality and cleft palate
1,2,3,7,8-Pentabromo- Mouse (C57BL/6N)  >400 ug/kg Cleft palate and hydronephrosis Birnbaum et al. (1991) [10]
dibenzofuran
1,2,3,4,7,8-Hexachloro- Mouse (C57BL/6N)  >144 pg/kg (EC;)  Cleft palate Birnbaurm et al. (1987) [9]
dibezofuran >24 ug/kg (EC;,) Hydronephrosis
1,2,3,7,8-Pentabromo- Mouse (C57BL/6N) ~ >500 pg/kg Cleft palate and hydronephrosis Birnbaum et al. (1991) [10]
dibenzofuran
1,2,3,4,7,8-Hexachloro- Mouse (C57BL/6N) ~ >30 pg/kg (EC;)  Cleft palate Birnbaum et al. (1987) [9]
dibezofuran >60 pg/kg (EC;)  Hydronephrosis
3,3’,4,4’-Tetrachloro- Mouse (CD-1) >4 mg/kg Cleft palate and hydronephrosis Marks et al. (1989) [65]
biphenyl Rat (SD) 2or8mg/kg/day Decrease in saccharin preference in Amin et al. (2000) [5]
female (masculinization in female)
« “ Faster acquisition of the working memory Schant et al. (1996) [91]
3,37,4,4’ 5-Pentachloro- Mouse (C57BL/6N) 783 or 1044 ug/kg Cleft palate Zhao et al. (1997) [107]
biphenyl
Rat (SD) 0.5 or 1 ug/kg/day Decrease in saccharin preference in Amin et al. (2000) [5]
female (masculinization in female)
“ “ Faster acquisition of the working memory Schantz et al. (1996) [91]
2,4,4°-Trichloro- Rat(SD) 32mg/kg/day  Slower acquisition of spatial learning mem- Schantz et al. (1995) [90]
biphenyl ory
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Compounds Species Dose Impairment in offsprings Reference
2,3’,4,4’ 5-Pentachloro- Rat (SD) 16 mg/kg/day Slower acquisition of spatial learning Schantz et al. (1995) [90]
biphenyl memory
2,2",3,5’ 6-Pentachloro- Rat (SD) §or3mg/kg/day  Faster acquisition of the working Schantzetal (1997) [92]
biphenyl memory
2,2°,4,4’,5,5"-Hexa- Mouse (C57BL/6N) 500 or 1000 mg/kg Hydroneprosis and hydroureter Morrissey et al. (1992) [72]
chlorobiphenyl
Rat (SD) 64 mg/kg/day Slower acquisition of spatial learning Schantzetal.(1995) [90]
memory
Kanechlor-500 Mouse (DDY) 10-50 mg (total)/ Cleftpalate, cleftlip, brachydactyly and Watanabe & Sugahara
Mouse syndactyly (1981) [103]
Aroclor1254 Rat (Long-Evans) 6 mg/kg/day Spatial learning deficits Widholm et al. (2001) [104]
“ Male specific deficits in spatial learn- Roegge et al. (2000) [82]
ing and memory
Aroclor1248 Rehsus monkey 2.5 and 5 ppm Facial acne and edema Allen & Barsotti (1976) [3]
Swelling of the eyelids
Loss of facial hair including eyelashes
Hyperpigmentation of the skin
Decrease of infant weight
« 2.5 and 5 ppm Decrease of infant weight Allen et al. (1980) [4]
« 2.5 ppm Effect on learning memory Schantz et al. (1989) [89]
“ “ Cognitive deficit Levin et al. (1988) [61]
Aroclor1016 Rhesus monkey (.25 or 1 ppm Effect on learning memory Schantz et al. (1989) [89]
Fire Maser FF-1 Rhesus monkey 1.5 and 25 ppm Decrease of infant weight Lambrecht et al. (1978) [58]

(Polybrominated biphenyl mixture) Hyperplastic gastritis

TAFF I 2SHRBERIE

FAX ¥y VEBERNTEEZ R T 28 L LT, MECIFEET % arylhydrocarbon  receptor
(AhR) & OBIRWFES % Fii & T DHEREDHT S LT 5499780 - AQR X basic helix-loop-helix (bHLH)
BEUPAS N XA > &b ORFRAEGHRFO—METH 29, AhR ZHIZO TS EIZ BT 25
F® heat shock protein 90 (HSP90), AhR activated 9 (hepatic B virus X-associated protein2 & L
{13 AhR-interacted protein & H FEIEN T\ 2) B L U p23 LEEERZE L, NEHRETEEL T»
21932595060 TCDD DY) 4 > 5 AhR IZFEE T % & AhR EEKIIEAN AT L, HSPI 7 & 03 Ak
L7zDbH, bpHLH B8X U PAS R XA &b D/N— 1+ —% X7 EHTh% AhR nuclear translocator
(ARNT) ~ngusd A4 ~—%2FHKT 5. ZOBEBCBT2)Y > REGORE, AR BITOMKES X
UHSPIO ED 5 > 8 7 EDRMED 5 4 2 > 7O W TOFEMII RSB LW, LirL, 20X 5 i
FETHE S 7z AhR-ARNT ~7 v ¥4 < — &, BEHREEF O 71 € — ¥ —FHBUCTAE 3 2 SR MERY)IE
Y (xenobiotic response element ; XRE) &fi& L CHEE ZFEI L, L DY > 78 %2555 /HIH
TEZEBHSHER S TS, YT AR T v FTO AhR 2/ L BERFHEOH S, FHEOMS & &
SHBET 22 ehn, ¥4 4 Fy VEOFEMIX AWR EDFEEIC L 2RV £ 78 —F i k> TER
NBEEZSNTRBYDON0 = 2FRd 2—DDHEKEE LT, A& D C57BL v 7 A & Ah-5§
JEEED DBA ~ 7 ZDIEEMEOE N 1Z, AhR O—AEEDECICERAL Twa e sricsn Ty

(109)



188 A H = B E»34

540 X512, AhARD /v 777 b~ 7 XA HIEELE L 39899 Z 2 W o, #EEHZ &0
MIXZAWR /v 77 7 b 7 ARRBWCHKRT LI LR EBHHOLER S TWSE®, L, E¥OKLEM Y
278D AhR KRB 26 03, HERBEAOFER LR D2 DO W TR I N TWitwn,

ETEHBE D FEHAE

173-Estradiol (E,) @ estrogen receptor (ER) Z/"U7-/EMIE, AFHEEREDFE IC EE 2 RE] 2 H:
LTwaEeEzohTws, 20—l LT, MIcBT 2 FE0OREBENET NS, E, CX3FHE
BRI, FENE LSS EERRE 2R L TBY, KSBINOREM, RS2 E
BLUDWS N7 BEBEEEZ R C T EEREINCE Y, ZOEHKIEE E, R X > ChHB s h,
TENEMEMEO ERa 25 E, &G L T EEMEOSZEEFIH T2 L EbhTnwd®, /2, E, &
FREAIEAN D ERa 2/ L CHZBGEER 2T 294 7V > A, S 2858 U, 520858 2 16 2
A N4 Y TGF-p OFEFEMGHIT 5 2 & bHE I N T 5309,

—77, HEOHATEIOFIENIC b ER ZBb > T 2, JaF» S HEFHOMO 7 » Far7r >y e A ha s
> DNT 2 ZADPEOBUR T « AT OIS O —8) & W n 2 PRI 2 BE L, 2
MIZ & - THBE OMEATEI ORI DPIE S 115599, B L 72 b & T b ATEIHIBENIBUR T35 - SR RIE C
Tryrus YA b us U hSHIERNICEERET 2 Z & THIIS M T D 22000 8z ERa I3RS O1TE)
HEIZHS> Tw3 ZEDBHLNICENT VBT,

TAF %S HEICK 2ETESHRIEE

AL Fy B L 2ANEEER, iAoy AAEAPRFELEE L LTSI Tw s, iz b
a7 AEHOBEEHMNA L LTI, 1) ZA MaX U Ick> THEEI NS Y 27 BOFEENFE 1 ; (2) =
A~ a7 RS A EERKIGOMH Y BEO ) A My AR ESWOHE ™ BHEFR ST
5, 2ol A ru 7 AMEA%25ER I E LTE, =X by »-ER & L& TCDD-ARR i
WEHLIEERED 5 TH Y, i) TCDD-AKR #H&4D ER OGRS (estrogen response element ;
ERE) ~OiE& #HE ), ii) TCDDALBEIZ X2 2R bu” v LS LGSR ER O NBITOH
22102 jii) TCDD ###f#) 7% ER mRNA #Jfc o< ER U 4 > FEEEIA 989, iv) TCDD fE&al
AhR & EREEF 7 v -8 —HBEF OB AEY] (XRE) & OfEiEicio { EREE T ORERIGIH
=19 Bry) T A Moy oRE RS 2 cytochrome P450 OFEE 99 ) 5 D DAJFEMENZE T ST
w3,

FALFY VEOPLT A b uy ANEROFBEE % 2 28, BiROFE BT % E, I0ER -
BT EIREE D, R S, FENEREMESHET 2 E, ISR = IR B O 4> S g
&, Sy o7 EOEKELEIX TCDD LB clifl S 528, 20D E, ¥ 7 7 )VIHE X F= B R
® AhR FBI5 ¥ FIC FENBEMEMEO ARR 24 L TR I 2 2 EVRBENTWEY, /2, E, FEk
O bR ERER T TH 29 A4 7 ) > A, OFEIE TCDD LI & > THE s #, HIEIHITEN 275
THA Mo A > TGF-B OFRBMEIHEHR SN L, DL EOFEEN S, E, O FEEEMEIWER 2% 3 %
TCDD DD —ER1E, TCDD »* AhR L& L CFENEMEMIE & M B8 W TE, THEM
N7z ER Y 7 P VR RHET 2 2 e F 265,

—77, BTIRAGERRE OHIFENC @ Tv 2 R T & THEAKIC AhR 2 4EL, Z4ic TCDD &L
TERELTR T TH 2 CYPIALl OFEERRL I T 2 EHEINT 0B, 2D LiE, AhR ICKFH % ER
S EFERR CRE Z 2 ATREME 2R L T\ b, 2 ORREM 2 K3 2158 & L T, I T D ER 53R 134T
B2 fH T 2K TES « RAIFFHETEZWEE S, oD s, FEFHICEE L TCDD »°
ER ¥ 7+ vasBA5 3 2 bR 2 HEL L THATEI N2 2 2 SRR e E 2z o b,
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E2 treatment

(a) 15 ug / 25 pl
PND 28 PND 32 PND 52 PND 56
administration for
every 4 days

PND 0
TCDD treatment
2.4 g /20 pl
b) —~
(b) g .
E
£ 57
=, T
SN [] control
>
B s E2
8
> B TCDD
L 2-
2 B TCDD +E:2
; —
@ 1 -
e
2 o0
=)

A..r (+/+) Ar (-/-)

Fig. 1 Schematic representation of dose and dosing schedule of TCDD

and 178-estradiol (E,) for newborn Ar (—/—) female mice (a) and
the effect of TCDD on E,-mediated reversion of uterus atrophy
(b).
(a) The number attached to “PND” means the age (day) of mice
after birth (birth day=PND 0). Following the treatment, uterus
weights were estimated at the PND 56. (b) Each bar represents the
mean += S. D. of 4-8 mice. The numbers of mice used were:
control Ar (+/+), n=8; E,-treated Ar (+/4), n=7; TCDD
-treated Ar (+/+), n=4; E,/TCDD-treated Ar (+/+), n=5;
control Ar (—/—), n=4; E,~treated Ar (—/—), n=5; TCDD
-treated Ar (—/—), n=5 ; E,/TCDD-treated Ar (-/-), n=4. Sig-
nificant difference: * % and ## (»p<0.01) from control Ar
(+/4+), § §(»p<0.01) from control Ar (—/—), bb (»<0.01) from
TCDD-treated Ar (—/—).

TA4FF HIZL3EHE E, LRILEDBEEK

ez ko, 443 F v OP A bay AAEHOBEO—D LT, E, K¥ERETIRZ &
DETONTWDE™, T EEL T, YWFEE Clifl, E, &R TH % aromatase #RIEL7z~v V7
Z [Ar (-/9)] TORHEIT>. Ar (-/-) =7 ZBWEMEE, RUID T, HERER TR IETEHR2 0T
BRELTED, $HTIIFEOZE L WEHHEE 2 23998 D FEEHE I L 0 E, 2Rk
B35k (LHEMHX Fig. 1(a) 2R), BRIKEHEM Y X LRV ANVICETEET %5, Ly
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L, H4H12 TCDD ZHE#EG L TB< &, JMEE, IFN 2 FEEERIRIIEL I 2 b ODZDREILE,
D HTHIRL 72358 L AR TH S 2 icd e h - 72 (Fig. 1(b)). 76> T, TCDD IZ & 3 F5ZEHH 1L E, o1
SUEFHRINTLIMHTE LR OEENTFET 52—, —EDKEDE, WFEET 5 2 L1 & D ESHICIX
FECE 2 b0 LHfEESINT, HCE 2R, ZOfRIE TCDD O4HEFEED D% & & —5» E, /K#ED
ETCERT 2 ETHHEEIFRFT2bDEFEZoNS, AELEANE Ar (+/+) STV ATOERTD
#Esnsy (Fig.1(b)), ZOHEENREE, OFEIC LY, FFEO Ar (-/-) TOMENICH~S L E,
S TCDD ORI T3 720 - 72,

FEROBLZOFEELED T, TA Mar YV VOEBNC L A EEERIOREENRIE S TV 5723,
Zhizix TCDD OFtt A + a7 AAEH OB & U GRARZETRD i~v) O 5 DOBED S &, v) B
LTK %, v ADOERTIHEF E, IBEICELNE Z 5 WwHRO TCDD JUE T ER FHHEDREA &7
HEEHVPHERZINTL S, -5, BRIOTOLA Moy YV OUET Tk L, &lfkTo E,
WAL TTHE SR IBMIPIEETCHZ EF 2o b, TCODDAUHIZ k> THFEEINIBREL T
CYP1AL, 1A2 BX O IBIE»NZET o b0 19, Zho ORI E, R#EEE L Cb@x, CYPIAL
1A2 13 2-OH E, £k IcBE5 L, CYPIB1 13 4-OH E, Ak 2 it 5 2 = L IS T 31, TCDD I &
2R OF LI HHRICB TR I Y, ZOFEHMIE ER BB L ~VAIHERIR LD bRV, fE-o
T, FEEEREIMIGE, TCDD 2 E, (R 278 L CRBEELIIET 2 2 Licky, HHEM X b
Oy Y OREBIEZ 5 2 LI X D ATREMEDFE 2 &b, ARk, TCDD OREEEITEMHNENX, HORKDHR
RTER & % 0 A 0 EFERE % HlfE 3 2 SEI N T E, (REEEE O CYPIAL BFHE I N2 DT, E, R
PMEESNT, IEHREIEEELHER T 20ORCMLER T Y Fa 7 Y E T A N T Y ONT V ADFEET
52X VRET LARESELD S,

R L T&EI LD, FA 4+ VHEOEHKREREE O ER ¥ 77 Vgl & AhR ¥ 7 ) ViR
OMHALERC L 2 A buy AAEHEFICKD 2 ATREMEIZR > T b, L L, FAEBRERICB T 5 L5
REDFEEL, BRR LAV E VDY, ZOERARHACERE 2 BECHBEI NIERTH L0, 1 Fv
BT B 2 HEEREREE I, o 0ENEHOEG e Flshs, V14 %y Y HOERIZT
LAEBDORL I > THRSN TV EHE 2 21Z3PERTH S 5. FHFAIEREO L3 2 R
T2, HRERVEYEDBEEEZED, SHBLLOMEPBLETHL EFEZOND.
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