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Foreword

Kazuta Ocuri
Chief, Study Group for the Therapy

of “Yusho”, the Ministry of Health and Welfare,
and Professor, Division of Pharmaceutical Sciences, Graduate School, Kyushu University

The 18th collection of reports of study on Yusho contains papers describing the results of
studies conducted by the members of the Study Group during the past 2 years. In this forward,
the contribution of patients made to our Study Group by continuing participation to Yusho
examination is greatly appreciated for follow-up study of Yusho even after over 30 years of the
outbreak. Even more impressive is the fact that every member of our group made efforts to help
and support the patients by the medical examination and basic research for these long years.

Yusho occurred involving more than 1,800 persons in Western Japan in 1968. Following the
onset of non-specific symptoms such as general malaise, loss of appetite, and headache, some
characteristic symptoms for Yusho gradually appeared, including increased discharge from the
eyes with swelling of eyelids, dark brownish nail pigmentation, acneform eruptions, peripheral
neuropathy, irregular menstruation in women and growth retardation in infants and children.
Today over 30 years have past since the outbreak of Yusho, almost all of these symptoms have
improved. However, some patients still complain of dermatological changes and other subjective
symptoms. The prevalence of oral pigmentation has decreased somewhat over the years, but it
remains higher in Yusho patients than in normal subjects.

A first study tried to clarify the correlation between PCB types and TEQ concentration was
recently examined. The characteristic chromatogram of blood PCBs has been classified into 4
types, Type A : peculiar to Yusho, Type C: commonly observed in the blood PCBs of the general
population, Types B and BC : intermediate patterns between Types A and C. The quantification
of PCBs in the blood was developed after 1973, five years after the onset of Yusho. Since that
time, blood samples of patients analysed and classified to the 4 Types. The TEQ concentration
in lipids of the blood sample of patients showing 4 Types at 1998 and 1999 was reported. The
results of TEQ concentration are compatible with the Types classified by PCB pattern; Type A ;
7.5 and 11 times higher than the general population, Type B; 4.7 and 5.9 times higher, Type BC;
3.7 and 3.3 times higher, Type C; 1.5 and 1.8 times higher.

A cohort analysis of the death observed among Yusho patients over the past 30 years was also
re-evaluated by use of newly obtained data, which is important not only to understand the
possible human effect of a prolonged exposure to PCBs, PCDFs and other chlorinated hydrocar-
bons. The total number of patients officially registered, as suffering from Yusho by January 31,
1996 was 1815. The death seen in the cohort during of observation period was analyzed by

(1)
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calculating the expected number of death on the basis of liver cancer death rates in patient
prefectures. The cohort analysis seems to support previous analysis of excess deaths from liver
cancer of male in early stage of Yusho, and to suggest decreasing risk of liver cancer with
lowering of contaminated chemicals in the body.

I am pleased to announce that Japanese version of “YUSHO” has been published in June 2000,
which was translated by all authors of the original written English and supplemented with several
chapters.
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Evaluation of Dermatological Symptoms of Yusho Patients
in the Annual Examination in 1999-2000

Tetsuya Koca and Masutaka FURUE

Department of Devmatology (Dirvector : Prof M. Furue), Graduate School of Medical Sciences,
Kyushu University, Fukuoka 812-8582

Hiromaro Kiryu and Juichiro NAKAYAMA

Department of Dermatology (Divector : Prof ]J. Nakayama), Fukuoka University
School of Medicine, Fukuoka 814-0180

Masakazu ASAHI

Department of Dermatology (Divector : Prof M. Asahi), University of
Occupational and Environmental Health, Kitakyushu 807 -8555

Abstract We analyzed the severity grades of the skin symptoms of Yusho patients who visited the
annual examinations in 1999 and 2000. The severity grades of the skin symptoms clearly improved. The
patients graded as 0 increased and those graded as II « III~III or III - IV~IV decreased as compared to
the data in 1993. The pattern of the skin severity scores did not change much, although the patients who
showed 0 « 1 reached 68% in 2000. The blood PCB concentration of Yusho patients also clearly decreased,
especially in the patients who showed “A” pattern.

Furthermore, the skin changes of the aged patients should be analyzed in detail in the future.
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Mitogen-Induced Lymphocyte Transformation in Patients with Yusho

Hiroshi Tsuji, Norihisa Suzukl and Shotaro SAKISAKA
Third Department of Medicine, Fukuoka University School of Medicine, Fukuoka 814-0180, Japan

Abstract To evaluate chronic immune effects of polychlorinated biphenyl (PCB), in vitro lymphocyte
transformation in response to nonspecific mitogens were studied in 74 patients with Yusho in 2000.
Elevated response in phytohemagglutinin (PHA)-induced lymphocyte transformation was detected in
fifteen (20.395) patients, while decreased PHA response was found in six (8.193) patients. Concanavalin A
(Con A)-induced lymphocyte transformation was increased in six (8.19%) patients, and decreased in eleven

(14.99%) patients.

lymphocyte transformation in response to PHA, Con A, or pokeweed mitogen (PWM).

There were no significant correlations between blood PCB concentrations and

We conclude that

abnormality of lymphocyte transformation in patients with Yusho is frequent, but it may not be associated

with blood PCB concentration.
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An Epidemiologic Examination on the Prevalence of the Periodontal Diseases
and Oral Pigmentation in Yusho Patients in 2000

Isamu HasnicucHl, Takayoshi Yamaza, Yuko KoisHi, Yasuharu GoTo
Yoshito YosHIMINE and Akifumi AKAMINE

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

Hiroshi Fukuyama

Department of Oral Pathology (Director : Prof. H. Fukuyama) Kyushu Dental College,
Kitakyushu, Fukuoka 8038580

Hidehiko OKUMURA
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 in 2000.

The results obtained were as follows.

1) 63 patients out of 69 patients with Yusho, who were measured periodontal pocket depth according to
Ramfjord’ methods, had at least one tooth with periodontal pocket deeper than 3 mm. Similarly, 188
teeth out of a total 285 examined teeth showed periodontal pocket with more than 3 mm depth.

2) In this examination, intraoral sinus tracts stoma were observed in 9 patients out of 70 patients.
Radiographic examination and probing examination of pocket depth indicated that periapical lesions
were involved in these intraoral sinus tract formation.

3) Oral pigmentation was observed in 46 out of 76 patients with Yusho. In this study, gingival
pigmentation was most predominant among oral pigmentation.

These results indicated that PCBs had yet affected the mechanism of oral pigmentation and metabolism
of alveolar bone.
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Examination of Serum Nitric Oxide in Yusho Patients

Kazuhiro Summizu, Naoko TukazAkl, Fumihide OcawaA and Ichiro KaTAyAaMA

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

Abstract In order to evaluate the influence of oxidative stress by PCB, we measured serum nitric oxide
(NO) in Yusho patients by the Griess method, which detected nitrite (NO,~) formed by the oxidization of
NO. Serum NO,~ concetrations were significantly increased in Yusho patients as compared to healthy
controls, but no correlation was detected between serum NO,~ concentration and PCB or PCQ level in
The relationship was analyzed between serum NO,~ concntration and certain parame-
ters such as clinical symptoms, habits and clinical data. Serum NO, ™ level had a positive correlation with
CPK in male patients, but not in female and all Yusho patients. Furthermore, no mutual relation was
detected between serum NO,~ concentration and the other parameters such as blood pressure, smoking
and each laboratory data. Therefore, the possibility is considered that Yusho is one of the diseases which

Yusho patients.

show the increase of serum NO.
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Fig. 1 Serum concentrations of nitrite in
Yusho patients (2.10+0.53M) were
significantly higher than those in con-
trols (1.26+0.88uM). (p<0.01)
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Association between Blood Concentration of Polychlorinated
Biphenyls and Manifestations of Symptoms and Signs in Chronic
“Yusho” Patients from 1986 to 1997

Shoji TOKUNAGA

Department of Preventive Medicine, Graduate School of Medical Sciences,
Kyushu University, Fukuoka 812-8582, Japan

Kyoichiro KATAOKA

Fukuoka Institute of Health and Envivonmental Sciences, 39 Sano, Dazaifu-shi,
Fukuoka, 818-0135, Japan

Abstract To examine the association between blood PCB level and manifestations of symptoms
and signs by Yusho patients, a cross-sectional study was conducted using the results of nationwide
health examination for Yusho. The subjects were the officially identified Yusho patients who
admitted the health examination from 1986 to 1997. The number of examinees with known blood
PCB level was 334 in 1986, and decreased to 214 in 1997. The numbers of male and female
patients were similar. The geometric mean (959 confidence interval) of blood PCBs concentra-
tion was 4.05 ppb (3.75 to 4.37) in 1986 and 2.85 ppb (2.63 to 3.08) in 1997. Multiple logistic
regression analysis was carried out for the data of each year with log-transformed blood PCB
level as an explanatory variable and a manifestation of a sign or symptom as a response variable.
Sex and age adjusted odds ratio and significance level (P) were computed. Positive association
of blood PCB level with manifestations of comedones on the trunk and acneiform eruptions on the
genital and gluteal regions was statistically significant for five, eight and six times, respectively.
No other symptoms or signs showed such strong associations. Associations between manifesta-
tions of these signs and blood PCB level, however, did not seem to diminish in the twelve years
of observation. It is suggested that the positive association of these signs with blood PCB level
will still be maintained.

. tion were stored as a database by a comprehen-
Introduction . )
sive data-processing system?.

A nationwide health examination for Yusho

has been conducted annually from 1986 using a
standardized examination form in order to
promote health of the patients and to determine
the health status of the chronic Yusho patients.
The health examination is open not only to
officially identified Yusho patients, but also to
those who regard themselves as potential vic-
tims. The participation to the examination is

voluntary. The results of the health examina-

(18)

Utilizing the database, some cross-sectional
studies had been conducted on the association
between blood PCB level and clinical manifesta-
tions of symptoms and signs in internal medi-
cine, dermatology and ophthalmology. Hirota
et al. (1991 and 1995) analyzed the result of the
nationwide health examination conducted in
1988 using Kolmogorov-Smirnov test and Man-
test. The officially identified
Yusho patients were selected as study subjects

tel-Haenszel
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in both studies.

were analyzed, blood PCB level was differently

Although the same subjects
categorized in the two studies. In the former
study, statistically significant association with
blood PCB level was observed in manifestations
of general fatigue, headache, abnormality of
breath
comedones in face and trunk, and acneiform

sound, tendency of suppuration,

eruptions in genital region®. Manifestations of
general fatigue, headache, numbness in extrem-
ities, abnormal breath sounds, comedones on
face, comedones on trunk, and acneiform erup-
tions in genital region significantly associated
with blood PCB level in the latter study®.
Hirota (1997) analyzed the results of health
examination carried out in 1993%. Only exami-
nees of officially identified Yusho patients from
Fukuoka Prefecture were selected as subjects.
With Cochran-Mantel-Haenszel test of ten-
dency, manifestations of comedones on the
trunk and other regions, acneiform eruptions in
the genital and gluteal regions, and hypersecre-
tion of the meibomian gland were found to be
statistically significantly associated with blood
PCB level.

regression model adjusting for sex and age

Further analysis using logistic

showed that manifestations of acneiform erup-
tions in the gluteal region and hypersecretion in
the meibomian gland were significantly as-
sociated with binary converted blood PCB
level.

The observed association of blood PCB level
with manifestations of symptoms and signs was
interpreted that the observed level of blood
PCB concentration was the general index for
exposure, and that PCBs with a peculiar pattern
in components and PCB-related compounds,
such as PCQs and PCDFs, might have played a
role in bringing about the associations®®.

There remain some problems in the studies
conducted so far on the association of symp-

(19)
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toms and signs with blood PCB level; 1) the
subjects of the cross-sectional studies were lim-
ited to the examinees of 1988 and 1993 health
examinations, 2) the difference in statistical
methods applied made the comparison between
the results of the above studies is difficult, 3)
possible confounding factors are not adjusted in
some cases. These problems make it difficult
to generalize those finding to the whole Yusho
patients. This study addressed the problems
by using data of all available years of examina-
tions and adopting a standardized statistical

method for the analysis.
Subjects and Methods

The data analyzed in the current study was
taken from the database provided by the data-
processing system of the nationwide annual
health examination for Yusho established by
Kataoka et al.”
and signs, blood PCB level, age, sex and smok-

Manifestations of symptoms

ing habit were retrieved from the database for
the examinations conducted from 1986 to 1997.
From the database, the officially identified
Yusho patients with known blood PCBs concen-
Table
1 shows the number of male and female subjects

tration were selected as study subjects.
analyzed and their age distribution. The num-
ber of examinees with known blood PCB level
decreased from 334 in 1986 to 214 in 1997. The
numbers of male and female patients were simi-
lar.

The systematic identification of the patients
across examinations in different years had not
In this study,
the patients were tentatively identified by their

been conducted in this database.

name, both in Chinese characters and pronunci-
ation, and birth date. With the tentative identi-
fication, the participation of officially identified
Yusho patients to the health examination was

summarized as follows. Of the officially
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Table 1 Age distribution of the subjects by sex and the year of the nationwide annual health

examination for Yusho.

Year of health

.. 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
examination
Men
15 - 19 1 0 3 3 3 0 0 0 0 0 0 0
20 - 29 21 7 6 3 5 3 4 2 0 1 1 0
30 -39 20 11 7 5 12 7 8 10 7 7 2 5
40 - 49 18 10 11 17 11 8 9 12 14 7 9 11
50 - 59 49 45 49 36 37 31 26 22 19 19 15 10
60 - 69 38 53 52 52 50 47 49 52 49 37 47 42
70 - 79 12 14 10 19 22 22 24 29 32 33 24 32
80 - 89 2 1 3 2 5 3 2 6 4 5 8 6
Total 161 141 141 137 145 121 122 133 125 109 106 106
Women
15 -19 5 3 3 1 0 0 0 0 0 0 0 0
20 - 29 11 4 8 5 3 6 3 1 1 2 1 2
30 -39 22 13 9 9 12 8 7 7 6 5 3 3
40 - 49 25 16 20 21 17 16 15 15 15 13 14 10
50 - 59 51 36 35 32 40 29 29 26 26 19 16 20
60 - 69 36 43 35 51 56 49 42 52 52 46 41 38
70 - 79 20 14 14 19 16 13 24 26 25 26 31 27
80 - 89 3 1 1 1 3 2 3 0 3 7 7 8
Total 173 130 125 139 147 123 123 127 128 118 113 108

identified Yusho patients who had ever par-
ticipated to the health examination, only 7%
took the examination every year, and twenty-
five percent of the examinees took the examina-
The mean number of
The
turnover rate (the number of the subjects who

tion only one time.
examinations per attendant was 4.98.

had the examination in that year but not in the
previous year/the number of subjects examined
in that year) was 29, 33, 37, 37, 24, 24, 29, 26, 24,
28 and 249 for the examinations from 1987 to
1997, respectively.

The method of analyzing PCBs in the blood
had been reported elsewhere®”. Information
on the symptoms or signs corresponding to or
related to the diagnostic criteria for Yusho at
the chronic phase® was obtained from the stan-
dard examination form. Of these symptoms
and signs, the following items were selected for

(20)

the analysis ; general fatigue, headache, cough,
sputum, abdominal pain, numbness in the exter-
mities, abnormal breath sounds, paresthesia in
extremities, abdominal ultrasonography, and
of
suppuration,

hepatomegaly from the examinations
internal medicine; liability to
comedones on the regions of face, auricle, and
trunk, acneiform eruptions on the regions of
face, fingernails, and toenails, from the exami-
nations of dermatology; and hypersebum, con-
junctival pigmentation, cyst formation of the
meibomian gland, and secretion of cheesy mate-
rial from the meibomian glands, from the exam-
inations of the ophthalmology. Some signs and
symptoms were not included for the analysis.
Troubles with menstruation were not analyzed
because no information on menopause was
acneiform erup-

available. The comedones,

tions and pigmentation in “other regions”, and
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splenomegaly were excluded from the analysis
because only a few or, in some years, no patient
showed the signs.

The standardized form indicates the results
by a semi-quantitative scale for most of the
items, e.g., —, + and + + for subjective symp-
toms; —, =, +, ++, and ++ + for signs on
the skin or eyes. In this analysis, the result
was classified into two categories as presence
for + and ++ of symptoms and -+, ++,
+ -+ + of signs, and absence for — of symptoms
and — and £ of signs.

Unconditional logistic regression model was
applied to analyze the association between
manifestation of the symptoms or signs and
blood PCB level adjusting for sex and age. As
mentioned above, the clinical manifestations of
the symptoms and signs were converted to
binary variables. The distribution of blood
PCB level was highly skewed to the right. To
minimize the effect of outliers at the logistic
regression analysis, the blood PCB level was
transformed with natural logarithm. Age was
included as a continuous variable in the multiple
logistic regression model. When the symptoms
or signs were manifested by only one sex, sex
was not adjusted in the logistic regression anal-

ysis. For manifestations of cough and sputum,
smoking habit was adjusted for as a binary
variable, current smoker or not, because these
symptoms are expected to be associated with
smoking habit. All statistical tests were two-
sided. The significance level of P<0.05 was
considered as statistically significant. Statisti-
cal analyses were carried out with Stata ver.
6.0.

Results

Table 2 shows the geometric and arithmetic
means of blood PCB level of the patients who
admitted the annual nationwide health exami-
nation of Yusho. The decreasing tendency was
observed in geometric mean and maximum
values of blood PCB level. In 1986 and 1987,
the geometric mean of blood PCB level was 4.05
ppb, but decreased to 2.85 ppb in 1997. The
maximum blood PCB level was 35 ppb in 1986
and decreased to 11 ppb in 1997. Accordingly,
the ratio of maximum value to minimum value
of the blood PCB level decreased from 70 in
1986 to 22 in 1997.

The frequency of symptoms and signs in
internal medicine is shown in Table 3a. The
prevalence of medical manifestations varied

Table 2 Blood PCB level (ppb) of Yusho patients.

Yee;;n?ifnZteizlr‘ih NSLlllrlrjljl:;eCrtSof Geometric mean (95% CI) ﬁlrelillnzggs Minimum Maximum
1986 334 4.05 (3.75 to 4.37) 5.12 (3.97) 0.50 35.00
1987 271 4.20 (3.87 to 4.56) 5.24 (3.68) 0.50 22.00
1988 266 3.83 (3.54 to 4.15) 4.73 (3.47) 0.60 32.00
1989 276 3.72 (3.46 to 4.01) 4.48 (2.88) 0.88 19.40
1990 292 3.49 (3.24 to 3.76) 4.26 (2.85) 0.43 24.77
1991 244 3.75 (3.47 to 4.05) 4.48 (2.79) 0.95 16.63
1992 245 3.31 (3.06 to 3.58) 3.99 (2.61) 0.55 19.27
1993 260 3.95 (3.67 to 4.26) 4.78 (3.46) 1.00 31.00
1994 253 3.36 (3.11 to 3.63) 4.04 (2.79) 0.16 24.00
1995 227 3.15 (2.92 to 3.41) 3.74 (2.47) 0.34 23.80
1996 219 3.19 (2.95 to 3.46) 3.83 (2.61) 0.70 21.00
1997 214 2.85 (2.63 to 3.08) 3.34 (1.94) 0.52 11.00

(21)
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among symptoms and signs. For general
fatigue, headache and numbness in the extrem-
ities, more than half of the patients showed the
symptoms. The prevalence of cough, sputum
and abdominal pain was higher than 509 in
some years, and it rarely decreased below 30%.
Clinical manifestation at abdominal ultrasono-
graphy was shown by 14 to 37% of the exami-
nees. Seven to 209 of the patients showed
paresthesia in extremities. Manifestations of
abnormal breath sounds and hepatomegaly
were observed in less than 109§ of the exami-
nees.

Table 4a shows the frequency of signs in
dermatological examination. The variation of
the prevalence was lower than that in internal
medicine. Liability to suppuration was most
abundant, and its prevalence ranged from 10
and 229%.

trunk was shown by 5 to 149 of the examinees.

Comedones on the face, auricles and

Acneiform eruptions on the trunk, pigmentation
on the toenails and deformity of nails was
Other
dermatological signs, acneiform eruptions on

present in 3 to 109 of the patients.

the face, genital and gluteal regions, pigmenta-
tion on the face and fingernails, were shown by
1 to 8% of the examinees.

The frequency of the signs of ophthalmology
was shown in Table 5a. Hypersebum was most
abundant in ophthalmological signs, and its
prevalence ranged from 10 to 349. Cystic
formation of the meibomian gland was present
in 4 to 19%.

secretion of cheesy material

Conjunctival pigmentation and
from the
meibomian glands were observed in 1 to 99§ of
the examinees.

Table 3b shows the association between blood
PCB level and the presence of symptoms and
Of statistical tests
conducted for 120 times, i.e. 10 items for 12

signs in internal medicine.

years, statistical significance was observed for

S. Tokunaga et al.

11 tests.
ciations were observed only in a manifestation

Statistically significant positive asso-

of general fatigue in 1988 and that of numbness
in the extremities in 1987. Statistically signifi-
cant negative association was observed three
times in manifestations of sputum and paresth-
esia in extremities, and one time in manifesta-
tions of cough, abdominal pain and abdominal
ultrasonography.

The association between the presence of the
dermatological signs and blood PCB level was
shown in Table 4b. Statistically significant
positive association was frequently observed.
The association of blood PCB level with mani-
festations of acneiform eruptions on the genital
and gluteal regions was statistically significant
for eight and six times, respectively. Manifes-
tation of comedones on the trunk was signifi-
cantly associated with blood PCB level for five
times. The statistical significance of the asso-
ciation of these signs with blood PCB level was
observed in the last half of the observation
Statis-

tically significant association with blood PCB

period as frequently as in the first half.

level was observed two to three times in mani-
festations of liability to suppuration, comedones
on the face and auricles, acneiform eruptions on
the trunk, and deformity of nails. The nega-
tive association between blood PCB level and
acneiform eruptions on the face and pigmenta-
tion on the fingernails and toenails was statisti-
cally significant in one of the twelve years’
examination.

Table 5b shows the association of blood PCB
level with the presence of ophthalmologic signs.
Statistically significant positive association was
observed three times in manifestation of secre-
tion of cheesy material from the meibomian
glands, and one time in manifestation of conjun-
ctival pigmentation. The negative association

between manifestation of hypersebum and
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Table 3a The frequency of subjects with the symptoms and signs in internal medicine.
Year of health 500 19g7  jogg 1089 1990 1991 1992 1993 1994 1995 1996 1997
examination
Number of subjects 334 271 266 276 292 244 245 260 253 227 219 214
General fatigue 2943 212 200 205 207 176 171 180 174 161 149 129
(76.0)b (78.2) (75.2) (74.3) (70.9) (72.1) (69.8) (69.2) (68.8) (70.9) (68.0) (60.3)
Headache 219 143 178 187 187 143 142 150 145 138 128 111
65.6) (52.8) (66.9) (67.8) (64.0) (58.6) (58.0) (57.7) (57.3) (60.8) (58.4) (51.9)
Cough 142 150 134 138 132 111 121 129 129 109 104 88
(425)  (55.4) (50.4) (50.0) (45.2) (45.5) (49.4) (49.6) (51.0) (48.0) (47.5) (41.1)
146 153 137 136 135 119 119 118 129 114 96 102
Sputum (43.7)  (56.5) (51.5) (49.3) (46.2) (48.8) (48.6) (454) (51.0) (50.2) (43.8) (47.7)
Abdominal pain 151 130 14 104 101 &7 88 9 90 69 75 60
(45.2)  (48.0) (42.9) (37.7) (346) (35.7) (35.9) (34.6) (35.6) (30.4) (34.2) (28.0)
Numbness in the 227 193 162 185 193 139 143 154 167 136 139 111
extremities 68.0) (712) (60.9) (67.0) (66.1) (57.0) (58.4) (59.2) (66.0) (59.9) (63.5) (51.9)
Abnormal breath 5 4 7 11 5 2 1 3 3 2 5 2
sounds (15 (15 (26 (400 (17 (08 (04 (12 (12 (09 (23 (09
Paresthesia in 38 31 19 34 31 24 27 15 2 30 44 30
extremities (11.4)  (114) (7.1 (12.3) (106) (9.8 (11.0) (58 (7.9 (132 (20.1) (14.0)
Abdominal 59 37 60 65 8 78 8 73 93 74 75 T3
ultrasonography (17.7)  (13.7)  (22.6) (23.6) (28.1) (32.0) (35.1) (281) (36.8) (32.6) (34.2) (34.1)
Hepatomegaly 17 20 21 14 1 8 12 8 6 3 7 9
(51) (74) (79 (51) (38 (33 (49 (31 (24 (13 (32 (42

a: The number of subjects with the symptom or sign.
b : Proportion of the subjects with the symptom or sign in 9.

blood PCB level was statistically significant in
one year.

Discussion

The difference in blood PCB level, the preva-
lence of symptoms or sings, and odds ratio were
observed among the years of examination. It,
however, does not necessarily reflect the tempo-
ral change. A part of their temporal change
and tendency can be caused by the turnover of
Therefore, interpretation of their
Statisti-

cal test of temporal tendency in these variables

the subjects.
temporal change should be cautious.

is difficult, because some of the examinees in
different years are common. By the presence
of common examinees in different years, depen-
dency of the variables between different years

occurs. Generalized estimating equations or

(23)

multilevel model are candidates for the statisti-
cal test. In order to apply the elaborate statis-
tical models, however, systematic and thorough
identification of the participants across exami-
nations in different years is prerequisite. Even
if thorough identification of patients is complet-
ed, the abundant missing values caused by the
frequent absence of examinees from the health
examinations will make it difficult to apply
these models.

The blood PCB

decrease from the start of nationwide health

level was observed to

examination of Yusho. The decrease was only
about 309§ during the twelve years of observa-
tion. PCBs were found to be more retainable
than PCDFs in human blood, and their half-
lives were reported to be about 20 years!®'.
Although the observed decrease in blood PCB
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Table 3b The association between the presence of the symptoms and signs in internal medicine and blood

PCB level.
Year of health g0 19e7  jogg 10989 1990 1991 1992 1993 1994 1995 1996 1997
examination
Number of subjects 334 271 266 276 292 244 245 260 253 227 219 214
General fatige 1032 LIS 168 Ll4 085 063 103 091 078 109 08 090
0.89b 046 0.04* 061 047 008 074 068 028 075 057 0.70
Headache 083 077 131 101 104 099 092 076 091 087 108 091
034 019 022 096 08 098 072 022 068 058 076 0.71
Cough 1.02c 093¢ 0.87c 0.74c 0.68¢c 0.59c 0.82c 0.87c 0.67c 0.75¢ 0.78c 0.88c
091 070 051 019 006 003* 037 053 007 024 032 064
Sputum 1.07¢  089c 0.72c 0.74c  0.62c 05lc 054c 093¢ 0.74c 1.05c 0.66c 0.94c
070 056 012 020  0.02* <0.01** 0.01* 076 017 085 011 081
Abdominal pain 14 L4 110 080 083 058 083 094 067 085 088 063
046 049 065 033 035 003* 042 077 008 054 060 0.10
Numbness in the 1.27 161 142 153 094 145 067 099 088 107 091 0.86
extremities 023 0.03* 011 008 077 012 009 095 058 077 072 055
Abnormal breath 029 052 161 046 062 487d 095d 442 048 030 030 1.15d
sounds 009 037 048 017 049 025 098 010 036 026 016 092
Paresthesia in ~ 1.67 094 029 086 069 047 053 131 061 038 035 102
extremities 0.08 0.84 <0.01** 065 024 005 008 056 018 <0.01%*<0.01** 0.97
Abdominal 096 085 097 104 117 130 136 143 123 079 068  0.44
ultrasonography  0.88 0.58 0.89 0.87 0.48 0.28 0.21 0.15 0.36 0.34 0.14 <0.01**
Hepatomegaly 189 115 148 208 204 149 064 073 083 270 062 185
014 071 030 017 019 054 038 061 081 036 050  0.40

a: Age and sex adjusted odds ratio of the presence of the symptom or sign for an increase of natural log-

transformed blood PCB level in pph.

b: P from logistic regression analysis. *P<0.05, **P<0.01.
c: Age, sex and smoking habit adjusted odds ratio of the presence of the symptom or sign for an increase of

natural log-transformed blood PCB level in ppb

d: Odds ratio adjusted for age only because the symptom or sign was manifested by no subjects in one sex.

level cannot be attributed solely to temporal
change, its general tendency and degree of
change coincide with the above mentioned find-
ings.

In this study, logistic regression model was
applied adjusting for possible confounding fac-
tors. In general, the same model was used to
examine the association between blood PCB
level and manifestations of symptoms and signs.
This helps the comparisons on the results of the
statistical tests carried out on the same symp-
tom or sign in different years. In spite of the
turnover of a part of subjects every year, statis-

tically significant association was often obser-

(24)

ved on some of the items examined.

Among dermatological signs, comedones on
the trunk and acneiform eruptions on the geni-
tal and gluteal regions showed statistically sig-
nificant positive association for more than five
The statisti-
cally significant association of blood PCB level

times in twelve examinations.

with manifestations of comedones on the trunk
and acneiform eruptions on the genital and
gluteal regions has been observed in other
studies as well®~*. The frequent statistically
significant associations of these signs with
blood PCB level along with the similar results

from the previous studies suggest that the sta-
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Table 4a The frequency of the subjects with the dermatological signs.

Year of health 405 1957 1938 1989 1990 1991 1992 1993 1994 1995 1996 1997
examination
Number of subjects 334 271 266 276 292 244 245 260 253 227 219 214
Liability to 52 a 51 41 40 42 29 38 39 26 49 34 33
suppuration (15.6) b (18.8) (15.4) (14.5) (14.4) (11.9) (15.5) (15.0) (10.3) (21.6) (15.5) (15.4)
Comedones on 21 17 31 29 19 28 32 22 14 19 19 14
the face (6.3) (63) (11.7) (105) (6.5 (1150 (13.1) (85 (55 (84 (87 (6.5
Comedones on 16 18 20 27 18 25 23 20 19 17 23 18
the auricles (48 (66) (75 (98 (6.2) (1020 (94) (7.7 (75 (75 (105 (84
Comedones on 15 25 31 27 18 26 22 30 20 19 31 19
the trunk (45) (92 (1179 (98 (6.2) (10.7) (9.00 (115 (7.9 (84 (142 (8.9
Acneiform erup- 23 19 12 16 12 2 19 18 12 13 15 11
tions on the face ( 6.9) (7.00 (45) (58 (41 (08 (7.8 (69 (47 (57 (6.8) (5.1
Acneiform eruptions 11 12 12 6 10 7 8 8 13 18 14 6
on the genital regions ( 3.3) ( 4.4) (45) (22) (34 (29 (33 (31) (51) (79 (6.4) (298
Acneiform eruptions 5 9 9 4 6 3 8 16 9 9 12 5
on the gluteal regions ( 1.5)  ( 3.3) (3.4) (14) (21 (12) (33 (62) (3.6) (40 (55 (23
Acneiform erup- 14 14 17 25 14 15 20 24 16 13 21 14
tions on the trunk ( 4.2) (5.2) (6.4) (91) (48 (6.1) (82 (92 (6.3) (57 (9.6) (6.5)
Pigmentation on 6 10 7 6 8 10 14 9 7 7 8 8
the face (1.8) (37 (26) (22 (27 (41) (57 (35 (28 (31 (37 (37
Pigmentation on 4 3 6 7 5 6 6 14 9 12 9 4
the fingernails (1.2 (11) (23 (25 (17) (25 (24 (54 (36) (53 (41 (1.9
Pigmentation on 18 13 16 13 9 13 20 13 14 10 10 12
the toenails (54) (48 (6.00 (47 (31 (53 (82 (5.0 (55 (44 (4.6) (56)
Deformity of 12 10 26 17 14 18 16 25 13 22 22 17
nails (36) (37 (98 (62) (48 (74 (65 (96) (51) (9.7 10.0) (7.9

a: The number of subjects with the sign.
b : Proportion of the subjects with the sign in 9.

tistically significant association may generally
exist between these signs and blood PCB level
in Yusho patients. Other dermatological signs
showed statistically significant association with
blood PCB level only a few times. It is suggest-
ed that they have little or weak, if exists, associ-
ation with blood PCB level.

The biological significance of the statistically
significant negative association observed three
times in the dermatological signs is not evident.
Considering the large number of statistical
tests, some or all of observed negative associa-
tions can be caused by chance alone.

Among ophthalmologic signs, secretion of

cheesy material from the meibomian glands

(25)

showed statistically significant positive associa-
tion with blood PCB level three times out of
twelve examinations. The frequency of the
statistically significant results suggests that the
association might be generalized to the whole
population of Yusho patients. The lower fre-
quency of the sign and decreasing odds ratio in
recent years, however, suggest that the associa-
tion may be dwindling. In some of the symp-
toms in internal medicine, statistically signifi-
cant negative association was observed. The
medical significance of the negative association
It might be related to the fact that

all the symptoms presenting the negative associ-

is unclear.

ation are subjective.
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Table 4b The association between the presence of the dermatological signs and blood PCB level.

Year of health

. 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
examination
Number of subjects 334 271 266 276 292 244 245 260 253 227 219 214
Liability to 1.79a 0.89 2.73 1.30 165 118 193 167 135 136 1.73 195
suppuration 0.02b* 0.64 <0.01** 041 0.08 0.63 0.04* 0.09 040 029 0.11  0.08
Comedones on 155 074 244 .74 119 099 116 1.09 057 133 621 151
the face 0.25 042 <0.01** 014 067 097 0.65 082 0.16 0.53 <0.001**0.43
Comedones on 1.79  0.62 2.64 .36 1.13 1.20 117 122 132 1.07 228 1.24
the auricles 018 0.21 0.02* 043 0.77 065 0.68 0.63 049 089 0.04* 0.65
Comedones on 1.80 078 4.11 384 237 143 123 194 119 377 252 298
the trunk 0.19  0.45 <0.001**<0.01** 0.05 0.34 0.60 0.06 0.66 <0.01**<0.01** 0.03*
Acneiform erup- 1.54  0.60 2.34 1.67 126 279 141 144 039 082 434 195
tions on the face 0.24  0.16  0.13 0.35 0.64 044 041 040  0.03* 0.69 <0.01** 0.28
Acneiform eruptions  5.50 1.33  3.22 0.84 238 1290c 3.67 939 235 249 372 7.03
on the genital regions <0.01** 0.52  0.03*  0.82 0.12 <0.01** 0.04* <0.01** 0.09 0.04* 0.02* 0.03*
Acneiform eruptions  9.85  0.39  5.25 352 657 207 170 387 113 799 505 6.77
on the gluteal regions <0.01** 0.06 <0.01** 0.18 0.01* 0.48 0.38 <0.01** 0.84 <0.01**<0.01** 0.05
Acneiform erup- 2.33 061 154 1.58 211 116 080 1.24 1.04 073 252 13.26
tions on the trunk  0.07  0.24  0.16 0.28 013 0.76 060 057 092 052 0.03* <0.001**
Pigmentation on 1.50  0.64 1.10 0.27 2.00 046 0.79 147 056 098 156 1.52
the face 055 036 0.88 0.10 0.28 020 0.63 051 032 097 0.48 055
Pigmentation on  2.13¢  0.11c 0.98 1.02  0.63 025 076 053 051 054 230 0.43
the fingernails 0.36  0.01* 0.98 098 051 0.06 071 019 016 023 016 0.33
Pigmentation on 1.68  0.36 1.12 0.76 055 075 235 081 1.07 155 117 1.08
the toenails 0.20  0.02* 0.80 059 0.27 056 0.06 067 0.89 045 0.79  0.90
Deformity of 360 088 1.03 1.43 1.08 095 217 0.82 313 1.05 191 247
nails <0.01** 0.80 0.92 0.43 0.87 090 0.09 059 0.03* 090 0.10 0.08

a: Age and sex adjusted odds ratio of the presence of the sign for an increase of natural log-transformed blood

PCB level in ppb.

b: P from logistic regression analysis. *P<0.05, **P<0.01.
¢: Odds ratio adjusted for age only because the sign was manifested by no subjects in one sex.

On the statistical point of view, the shrinking
range of the explanatory variable, i.e. blood
PCB lelvel, in general, is expected to weaken
Associations of blood PCB
level with manifestations of comedones on the

the association.

trunk and acneiform eruptions on the genital
and gluteal regions, however, did not seem to
It
is suggested that the positive association of
these signs with blood PCB level will still be
maintained.

diminish in the twelve years of observation.

(26)
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Year of health

.. 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
examination
Number of subjects 334 271 266 276 292 244 245 260 253 227 219 214
Hyvpersebum 79a 91 39 40 68 67 61 51 51 36 22 21
yp (23.7)b (33.6) (14.7) (14.5) (23.3) (27.5) (24.9) (19.6) (20.2) (15.9) (10.0) ( 9.8)
Conjunctival 25 13 11 8 3 9 9 20 22 13 14 7
pigmentation (75) (48 (41 (29 (1.00 (37 (37 (77 (87 (57 (64) (3.3
Cyst formation of the 45 34 30 31 24 47 34 45 37 19 15 9
meibomian gland (13.5) (12.5) (11.3) (11.2) ( 8.2) (19.3) (13.9) (17.3) (14.6) ( 84) (6.8) (4.2
if;iiiﬁnfférihfﬁzy 21 17 9 15 10 9 19 18 20 9 3 7
(63) (63) (34 (54 (34 (37 (78 (69 (79 (4.0 (14 (3.3

meibomian glands

a: The number of subjects with the sign.
b : Proportion of the subjects with the sign in %.

Table 5b The association between the presence of the ophthalmologic signs and blood PCB level.
Year of health 500 19g7  jogg 1089 1990 1991 1992 1993 1994 1995 1996 1997
examination
Number of subjects 334 271 266 276 292 244 245 260 253 227 219 214
Huversebam 1.04a 141 101 061 076 113 079 085 058 088 062 052

ypersebu 0.85b 009 096 012 023 063 037 056 003* 069 024 012
Conjunctival 206 101 159 445 148 079 056 120 1.00 063 092 071
pigmentation 0.04* 098 036 005 068 069 033 065 1.00 034 087 061
Cyst formation of ~ 1.02 127 093 069 176 107 189 138 153 120 119 1.64
the meibomian gland  0.95  0.40 082 029 012 080 005 026 018 068 071 045
Secretionofcheesy ) o 400 (71 111 113 236 300 196 172 137 123 042
material from the

0.02* <0.01** 051 084 082 016 001* 011 019 061 084 0.20

meibomian glands

a: Age and sex adjusted odds ratio of the presence of the sign for an increase of natural log-transformed blood

PCB level in ppb.

b: P from logistic regression analysis. *P<0.05, **P<0.01.
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Detection of Underlying Causes of Death among the Deceased of Yusho Patients by
Linkage to the National Vital Statistics Data

Satoshi KANEKO* and Takesumi YOSHIMURA

Department of Clinical Epidemiology, Institute of Industrial Ecological Sciences, University of
Occupational and Environmental Health, JAPAN

Masato IKEDA

Department of Occupational Health Economics, Institute of Industrial Ecological Sciences,
University of Occupational and Envivonmental Health, JAPAN

Kazuko NISHISAKA

Department of Nursing Science and Arts, School of Health Sciences, University of Occupational
and Environmental Health, JAPAN

Abstract As of January 31, 1996, 292 deaths among registered patients of Yusho were identified by three
follow-up studies conducted in 1986, 1990, and 1996. In this study, we attempted to identify underlying
causes of death by linkage of the registered data to the National Vital Statistics Data provided by the
Management and Coordination Agency of Japan, which included 15 million deaths between 1978 and 1996.
The two datasets were linked by matching for six variables ; birth year/month/day, death year/month,
and sex, along with a variable of death day or death place, or both. The matched cases were 203 among
235 deaths between 1978 and 1996 (matching rate was 86%). Among the 203 deaths, 58 underlying causes
of death were newly identified, 146 causes of death were already grasped by the follow-up studies, and 31
deaths did not have matching pair in the National Vital Statistics data. Among the 146 deaths, 110 causes
of death were concordant with each other, however, 35 causes of death were completely discord. The
reason of the discordance and the unmatched deaths might be due to difference in information of the
matching variables in the two datasets. In order to conduct an efficient follow-up study of Yusho
patients, identification of underlying causes of death by linkage to the National Vital Statistics Date is
evitable. For that, we need to substitute basic information in the Yusho database to those compatible to
the National civil registration system.
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(2HBEMN 2961, 3MEE1H, 4HE 1), B
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NIFETIRN & —B L 72 D73, 87 4 (B 55 %4, ik
324), BEBELN LoD MN 324 (HE18 4,
214 4), WEPBSNIBINE TAFLIET
JFH (a—F) L& 2200584 (B34 4, ik
24 44) Th o7z (Table 1),

HBEIZ LB NZER EREIC L DB e /-35ER
WEIL 5 58 LT DWW T DR T, BFk I LT W 723EH
(72— NZHHD) EIRE» 0B o NFER T — F 65
HE U 72 BRI S FEHCHBLL T B ERNE, 2361TH
D, s, FIFE—CHML TELZZ W EHE
Zlz. =, FERAS, &< B o T BIERDS, 3541
FLEL T,

% £

EAICIE, EFEHH, SETE, SETH, ERln—
HL oL, »2VOBETENE—ETILEFZ
3. SEAW 7025 A3, f2 OFETHER % 1500
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NISEAE S B HESRIE, 1978 E0 5 1996 £ % TD 18 £
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ENWFE LY FHNCFEET I EELD L
1.6X1077 (1 /18 GELCHE) X 12 BETZH) X 40 (4:4F) X
365 GECHH) X 2 (HD) TH Y, 1500 ST T—

1E 3%

Ky aELTHlEf 2 Hich s (Fig. 1). 2%,
RALSDORIN L &S B ATREREE, 40 2 fild 1
IWENTHBEHZEZ D ENTE B0, 1500 THIE
TT14 (1500 0 1) L7835, S5 TCH, %
TSECHHERT (XA 12 X 2 88R25mb iz,
FEAEHECZ AN E—BT 2, BEHENSD
B2 50, BEHREES OBBHEHE CITbhi AL
REIETS T — 7 L DIRA DO —BHFIE, 99%12 KA TW»
39,

Lirl, SEO—HEZ, 86% & FHLD &<,
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WAL T LD ANEREERIEE LTWwE b Tlidk
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AFL, BEEEDTWIZTTH 52, BRI R
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AR D %, Bz 1E, AFEOEE, B L MEARE
TEHROFTIES D, BEHGED S OEHRE TITbN s X
IR, NER L RSN ER I NS &
S kolcleweFEZLNG, iz, EROA—ED
B HNc kD, oBEE LT, £EAH, SECEAH
DFBERIC L VR, AT FICLz>TLE->
7o, EloiE, BEHEEROFERSTECZHEICL S D
DTS FKIEE1ZIZEBD A S DIEIwRTH > 127z
O EFICRN IR T > I IREELN B 5.

Table 1 Results of matching along with six matching variables: birth date, death
year, death month, and sex among 236 deasesd cases, and underlying causes

of death (ULCD)

Matching variables along with birth year, month, day, death year, Number of
death month, and sexused for the linkage deceased
+ Address codes (city, town, or village) 11
+Death day 22
+ Address codes and death day 170
Not matched 32
Total 235
Matched : (matched rate: 86.0%) 203
Matched and the ULCD newly identified 58
Matched and the ULCD concordant 110
Matched, but the ULCD disconcordant 35
Not matched : (unmatched rate: 14.0%) 32
Not matched but, the ULCD identifiedy by the follw-up study 26
Not identified 6
Total 235
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Fig. 1 Schematic explanation for the detection of underlying causes of deaths by
linking to the National Vital Statistics Data to follow-up data of Yusho

patients
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Follow—up Survey of Dioxins in the Blood of Yusho Patients (in 1998-1999)

Shigeyuki TAKENAKA, Hironori HiraAkAWA, Matayoshi NAKAMURA
Reiko Nakacawa and Takao Iipa

Fukuoka Institute of Health & Environmental Sciences, 39 Mukaizano,
Dazaifu, Fukuoka 818-0135

Takashi ToDAKA
Japan Food Hygiene Association, 2-6-1 Jingumae, Shibuya—Ku, Tokyo 150-0001

Abstract Follow-up survey of the blood concentration of PCDDs, PCDFs and non-ortho-chlorine
substituted PCBs in Yusho patients is very important for their health control. We determined the blood
concentration of these dioxin isomers in 119 blood samples collected in 1998 and 1999 using by a high-
resolution gas chromatograph/high-resolution mass spectrometry (HRGC/HRMS). Thirty years had
passed since the Yusho occurrence, and the total blood concentrations of PCDFs in the blood of Yusho
patients were still as high as ever, except the patients with the PCB pattern C. 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, excluding the group BC because of the small number of cases. The
findings indicate that these isomers are not decomposed in human body since they had highly contaminat-
ed the causal rice oil at the onset. In typical Yusho patients (Group A of PCB pattern), the mean TEQ
concentrations of PCDDs, PCDFs and non-o7tho-chlorine substituted PCBs in the blood collected in 1998
were 21, 206, and 14 pg-TEQ/g lipid, respectively, and in 1999, 30, 308 and 14 pg-TEQ/g lipid, respectively.
The toxic contribution rate of PCDFs TEQ was still at high levels for total TEQ in both years. The
patients of the group C, however, the mean blood levels of the dioxins TEQ in 1998 and 1999 did not differ
from those of the normal controls determined in 1996 although some patients in this group showed a high
toxic contribution rate of PCDFs TEQ for total TEQ. We will try the PCB isomer specific analysis of
the Yusho patients blood, and will investigate the difference from normal controls blood.

it Uz BEIH I B W T b RRICERE LM &

S 5N T 29, JE4E, MMt PCB EIET L, flix

WA 43 b AUN =P e LCRE Lo h 2 3 OIAME PR IZER L Tw 228, BEFICB LT
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NN EIEFEE L LThERHSRTED, ¥
EFPTHRESINTOLREORPICII IO 1 4 F
SURENBEE L TWBY, I8 A A ¥y IR
ENHHITIE, BB Yu-Cheng ¥ THRIEET,
BREIHIED 28, XY OFETIENF RN D
O PRREINT WS, 2D LSRR T, BEEN
W23 % PCDF %o i [N YE % B IR 5 2
ZEiE, SBOBEOREBEEMEF 2 5 LTEEER
bz, £IT, MERHEIMPY A A ¥ SJHRE %
SATL, EEEBEICXVEESNTWS2,3,7,8-
TCDD 3 % B4 MR (TEF)™® 2HWT, 2,
3,7,8-TCDD #M 4 (TEQ) %3ROFHML 7.

®x BR F &

1. sr#ratet

SRR 10 36 & U8 11 AR EEAR R IRE — TR & X2
L7z, FEN119 O BEME LR E Uiz, MR
R 5 10mL O~ %) > A D EZ2 R M 12K 10
mL 2L, 479 % £ T4 CUUTTHREL .

n-/ F VBB ORI R R, OO
BUE T NTHA A v oA (BEEREFE) &2 Hv
7. KB NV v 203 PCB 2041 (BIs{b2E6)
ZHwiz, GC/MSOF¥ v ) 7V —ya v Ay vy —
R i3 Wellington Lab. #:#%® CS3C/CP81 % i F L
Jo. WEBHEHEY)E L L CRCTINNV LI TED
PCDDs, 10 # & PCDFs, 4 f& ® Non-ortho-

1Z 5 %4

coplanar-PCBs (Non-o07tho-Co-PCBs) #, ¥V v
ANAL 7 ELTBCTI~IVLI1,2,3,4-TCDD %
L7 (Tablel), ¥V A7 VIF A7 HEF—¥
VN 60 & RS — )V CREF G LTI L e
%, #I7ABME—7— B %210mm MU Tzl TA
i, 130°CTHY 18 IRefHlezie U 7= 18, HEARSHICAN
Ty —8 —NTHEAT 2 £ CHRE L. EERIET
574 T A7 HEE B, ZOMORIEIITHROR
SRR 2 Wz,

3. oMk

3.1 BREOHH

BH MBI 5 g % 50 mL RmICE ICPRR L, PNEREH%E
MEBIOTX Y In-~FHY (211, v/v) 20
mL 2%, RV bor®T 20 B 21757,
2500 rpm T 10 SRl OBE L, L& o mEhE I
BL, n-~FH oAk 10mL T 1 B¥EE L 72, b
7y in-~FHY (201, v/v) 10mL 20
Z, RV bo rOTHEEHE 21Ty, EEROEL -
#, 2500 rpm T 10 SO BE L, BIE 2 oEE
B LT, COBEEHERIEKL, LERORINC n-
~NFYUEERERELIKERL, Rl LEES
b, EAREE S B Y v A 10 g THiZk L, 100 mL F A
B 7 7 2 a40°CLAF CRIERMEL, 1mLicl
2. DED - AF Y U THRE VICHkVIAA, HRT
—WE U CIR I R se i R U ictk, EREZIEL,
BREroREL2Z LI WrERLRER L Lk,

Table 1 Internal standards for dioxins analysis

PCDDs

PCDFs

[*C,,]2,3,7,8-TCDD
[3C,,]1,2,3,7,8-PeCDD
[13C;,]1,2,3,4,7,8-HxCDD
[3C,,]1,2,3,6,7,8-HxCDD
[3C,,]1,2,3,7,8,9-HxCDD
[13C,,]1,2,3,4,6,7,8-HpCDD
[13C;,]1,2,3,4,6,7,8,9-OCDD

[*C,,]2,3,7,8-TCDF
[13C,,]1,2,3,7,8-PeCDF
[13C,,]2,3,4,7,8-PeCDF
[13C12] 1,2,3,4,7,8*HXCDF
[*C,,]1,2,3,6,7,8-HxCDF
[*C,,]1,2,3,7,3,9-HxCDF
[13C,,]2,3,4,6,7,8-HxCDF

Non-ortho-Co-PCBs

[13C1,]1,2,3,4,6,7,8-HpCDF

[**C,,13,3",4,4-TCB
['*C,,]3,4,4’,5-TCB

['*C,,]3,3",4,4’,5-PeCB
['*C,,]3,3",4,4°,5,5-HxCB

[2C,,]1,2,3,4,7,8,9-HpCDF
[1*Cy,]11,2,3,4,6,7,8,9-OCDF

Syringe spike
[*C,,]1,2,3,4-TCDD

(36)
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3.2 ATALZ)—=VT VT

HHLCIEEZVED n-~FV VICBHEL, 10%
(w/w) TEBRER/ S ) A7V 2 g % n-~F 4> THRF
WL7-h T 2CEBL, n-~F3¥ > 100mL TEHL
Jo. WEHIW % 4CCUAT CRUE#EHE L, ®2mL & L
Jz. ik, 0.1% (w/w) &R/ KRR b Y >
L% n-~NFH U THEATIE LA 7 ACERL, 10%
v/v) YyZ7anu Xy v /n-~F%> 100 mL T PCB &
Z, RAT NV ¥100mL T A 4 F v v
(PCDDs, PCDFs 3 & tf Non-ortho-Co-PCBs) %
&, 0.5mL BUFICEREL, ) ¥ A8 2
20pg £ E BN TNV EIZREL, B THEE 25
I E LIz, GC/MS SRR iZ 5 L D n-/ >
BINZ T, BMEEEHL, 2yl % GC/MSIZEAL
7z.

3.3 GC/MS S#igett:

BERALBROKGRUTOEBY TH D,

GC: A —1tAvy=r ¥ —f& HP6890 (Hewllet-
Packard)

MS : AutoSpec-Ultima E (Micromass)

Fy¥EZY—4 724 BPX5 60mx0.25mm id.
BRE 0.25 um (SGE)

717 LRE 11500 (1 43FEEREE), 20°/437C 220°% T
FiR, 3°/50T 2800k THIR, 20°/437T 320" % THIA,
2.1 53R FE,

F oy )7 AAFRE D 1.3mL/53 (~NY L)

WA LRE - 280°

Ay —7 x4 AMWE 1 280°

A4 M1bE—F I EI

A A PIRE T 2807

A A4 AMUEHE L 40eV

IEERE 8 kV

SMERE 1 10000 (5 9% valley)

Eiz, AEHEAZATY v b v AREEEAZE TIT-
7. E—27 O SIM iz £ v [M*] 6 & 0 [M+2]
(4~ 51331t CBs/DDs/DFs) 7% 5 Nz [M*2] BL U
[M*] (61t CB & 6~ 8 #ift DDs/DFs) @ 2 {H D
A A EEZY =L, ZOFHELD 309 % T4
tl, E—7 2FELR, NEEEMEO -7 1%
[M*2] (4~ 71t CBs/DDs/DFs) 7 & UMz [M*]
(831 DDs/DFs) D 1D A A > &= —1L Tz,
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FEMNIE Table 2 12R T,

%B, TRTOEHEIXZ OPUS Quan (Micromass)
ZHWTITo7. TEQ OFF# I WHO (1997) 23K E
L7z TEF™ % w7z,

BREIUER

SR 10 SFEES L O 11 EE OMEREIF S A 4 F
S AR 2 Mt PCB /X% — > 5z Table 3-1 5 X
U Table 3-2 127%3, PCB/$% — 3K 10 £ B
& O 11 AR R R E — AR R O 7 - R
U7z, BT X CHiE L2 IREER YD OEER
LT3 R 10 FEEDMF 5 A 4 F ¥ VFRE D
PHEZ IR T 2 £,C N9 — v OBE RS, WL
% PCDDs ¥ X U 4 PCDFs 4 235 W B 25 4 &
ha, LirlL, =80 CNy—>DEETY, 2,3,4,
7,8-PeCDF #E N E <, # PCDFs #2225 PCDDs
B LD EWNEAD D 26 A 57z, TR 1L FED
FRk 2 AR A Sz, BE% PCB vy — 3 (BC
NG — BBV T OB ) 2A B L, SR
THEERZE (p<0.01) BHrshbDi32,3,4,7,8-
PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF
BEU3,3,4,45,5-HxCB i (IUPAC #169) T
bHoiz,

PLED & 2, FE 30 LU E 2GR U 7z g
2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF & X %1,
2,3,6,7,8-HxCDF 8B IXKA £ L THEWY, Zhid,
2 OEBEEIERRA A VRCEREICE EN
THEY, RPN W EE2RLTWS, Table4 2
HERRKA A VDS A & F v VHRE R,

B S 3, HERE & — A0t 3,3 ,4,4,5-
PeCB (IUPAC #126) #EE v~V 2 KT % &, JHAE
BHEOMT v~ E— RN HEARE W G LT w5,
Z DA IIERIER, 25 FE R L 72 1991 £ D
F—59ThHDH, 1996 FFIZ45H LIz—BAD 3,3,
4,4 ,5-PeCB (IUPAC # 126) OIMHEE L~V (SFH
119 pg/g lipid)® g3 % &, £¥D PCB /X% —> D
BHEICBWTHERICRI LT3 L wI HEEZAS
Nizdpo 7z, PCBs OEBRIZREHEN KIS %2 50
THEY, BHRADOBEFB B W ZANE» SBET
H 5. 1980 FFE~1989 & D 10 F[H D PCBs D
1 HIBIE® 12 2.4 ug T, ZDHD 1990 FE£FE~1999
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Table 2 SIM conditions for dioxins peak detection
. o, | Determination limit
Type | Compounds Function ml m2 ml/m2 | Tolerance (%) (pg/g lipid)
2,3,7,8-"TCDD 2 321.8936 | 319.8965 | 1.30 30 1
1,2,3,7,8-PeCDD 3 355.8546 | 353.8576 | 1.61 30 1
1,2,3,4,7,8-HxCDD 4 389.8157 | 391.8127 | 1.24 30 2
1,2,3,6,7,83-HxCDD 4 389.8157 1 391.8127 | 1.24 30 2
1,2,3,7,8,9-HxCDD 4 389.8157 | 391.8127 | 1.24 30 2
1,2,3,4,6,7,8-HpCDD 5 423.7766 | 425.7737 | 1.03 30 2
OCDD 6 459.7348 | 457.7377 | 1.13 30 5
2,3,7,8-TCDF 2 305.8987 | 303.9016 | 1.28 30 1
1,2,3,7,8-PeCDF 3 339.8597 | 337.8627 | 1.61 30 1
2,3,4,7,8-PeCDF 3 339.8597 | 337.8627 | 1.61 30 1
Native | 1,2,3,4,7,8-HxCDF 4 373.8208 | 375.8178 | 1.24 30 2
1,2,3,6,7,8-HxCDF 4 373.8208 | 375.8178 | 1.24 30 2
2,3,4,6,7,8-HxCDF 4 373.8208 | 375.8178 | 1.24 30 2
1,2,3,7,8,9-HxCDF 4 373.8208 | 375.8178 | 1.24 30 2
1,2,3,4,6,7,8-HpCDF 5 407.7818 | 409.7790 | 1.03 30 2
1,2,3,4,7,8,9-HpCDF 5 407.7818 | 409.7790 | 1.03 30 2
OCDF 6 443.7399 | 441.7428 | 1.12 30 5
3,4,4'5-TCB (#81) 1 291.9194 | 289.9224 | 1.30 30 10
3,3,4,4-TCB (#77) 1 291.9194 | 289.9224 | 1.30 30 10
3,3",4,4’ 5-PenCB (# 126) 2 325.8804 | 323.8834 | 1.64 30 10
3,3°,4,4’,5,5-HxCB (# 169) 3 359.8415 | 361.8385 | 1.24 30 10
ISS | *C-1,2,3,4-TCDD 2 333.9339
13C-2,3,7,8-TCDD 2 333.9339
13C-1,2,3,7,8-PeCDD 3 367.8949
13C-1,2,3,4,7,8-HxCDD 4 401.8559
13C-1,2,3,6,7,8-HxCDD 4 401.8559
13C-1,2,3,7,8,9-HxCDD 4 401.8559
13C-1,2,3,4,6,7,8-HpCDD 5 435.8169
13C-OCDD 6 471.7750
13C-2,3,7,8-TCDF 2 317.9389
13C-1,2,3,7,8-PeCDF 3 351.9000
13C-2,3,4,7,8-PeCDF 3 351.9000
IS 13C-1,2,3,4,7,8-HxCDF 4 385.8610
13C-1,2,3,6,7,8-HxCDF 4 385.8610
13C-2,3,4,6,7,8-HxCDF 4 385.8610
13C-1,2,3,7,8,9-HxCDF 4 385.8610
13C-1,2,3,4,6,7,8-HpCDF 5 419.8220
13C-1,2,3,4,7,8,9-HpCDF 5 419.8220
C-OCDF 6 455.7801
13C-3,3",4,5-TCB (# 81) 1 303.9597
13C-3,3",4,4-TCB (#77) 1 303.9597
13C-3,3",4,4’,5-PenCB (# 126) 2 337.9207
18C-3,3",4,4’,5,5-HxCB (# 169) 3 371.8817
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Table 3-1 Dioxins levels in the blood of Yusho patients (1998)

1998 Pattern A (N=22) Pattern B (N=13) Pattern BC (N=2) Pattern C (N=31)
Mean| Max | Min | SD |Mean| Max | Min | SD |Mean| Max | Min | SD |Mean| Max | Min | SD
Congeners
2,3,7,8-TCDD -l -l =1 -1 -1 -1 -1 —-—|=-1-|-1-
1,2,3,7,8-PeCDD U] 4 3| 11| 13] 25 5 5 14| 4| 14| - 100 25 3 5
1,2,3,4,7,8-HxCDD e et A A e (R A B R I ) B B
1,2,3,6,7,8-HxCDD 84| 31| 12| 79| 59| 17| 15| 41| 45| 69| 21| 34| 23| 52 8 9
1,2,3,7,8,9-HxCDD St A T A e (e A I I R I B
1,2,3,4,6,7,8-HpCDD 5] 38 5 8] 18| 30 7 8| 23| 25| 21 3 25| M4 4| 14
0CDD 257 857 | 65| 214 | 3341168 | 83| 281 | 514 | 812 | 215| 422| 4171599 | 67| 396
2,3,7,8-TCDF S i A I A e e A N R I A I B
1,2,3,7,8-PeCDF -l -l =1 -1 -1/ -/ =1—-|=-1-|-1-
2,3,4,7,8-PeCDF 37312346 | 151 509 | 225| 670 49| 200| 181 | 353 9| 243 | 31| 227 8| 40
1,2,3,4,7,8-HxCDF 146 | 1016 710229 79 298| 11| 88| 67| 126 81 8| 14| 9 3| 17
1,2,3,6,7,8-HxCDF 46| 272 6| 61 30| 86 T| 26| 24| 42 5] 26 9] 31 3 6
1,2,3,7,8,9-HxCDF -l -1 -1 -/ =-1-/=-1—-/=-1—-|=-1-|-1-
2,3,4,6,7,8-HxCDF -l -1 -1 -1-/=-1-/=-1-/=-—1—-|=-1-|-1-
1,2,3,4,6,7,8-HpCDF 9] 21 2 5 8] 15 3 4 9 9 8 1 T 037 2 6
1,2,3,4,7,89-HpCDF - -1 -1 -/ -=-1-/=-1—-/—=-1—-|-=-1-|-1-
OCDF - -1 -1 -/ -=-1-/=-1—-/—=-1—-|-=-1-|-1-
3,3 4,4-TeCB -l -l =1 -1 -1 -1 -1 —-—|=-1-|-1-
3,3 4,4 5-PeCB 114 | 547| 38| 107| 90| 167| 42| 34| 92| 109| 74| 25| 12| 393| 37| 80
3,3,4,45,5-HxCB 286 [ 1091 | 53| 278 | 155| 276 | 73| 64| 83| 124| 42| 58| 61| 150 | 15| 28
Total PCDDs-TEQ 21 8 50 18| 17| 38 30 10 12| 21 20 13| 11| 28 1 6
Total PCDFs-TEQ 206 | 1302 9| 283 | 124| 368| 26| 11| 100| 193 6| 132| 17| 125 1] 22
Total PCDDs/PCDFs-TEQ 22711385 | 16| 300 | 141| 406 | 33| 121| 112 215 8| 146 28| 142 2| 2
Total non-ortho-Co-PCBs-TEQ 4] 56 41 11| 11| 18 5 4 10| 12 8 30 12 40 4 3
Total TEQ 241 [ 1409 | 20| 303 | 151| 424| 41| 122| 121 227| 16| 149| 39| 156 8| 28
Lipid (%) 0.40 | 0.52| 0.29 | 0.05| 0.42 | 0.53 | 0.33 | 0.06 | 0.37 | 0.40 | 0.34 | 0.04 | 0.41 ] 0.54 | 0.32 | 0.07

Data represent the mean, maximun and minimum of dioxins levels (pg/g lipid), and the standard deviation in

the blood of Yusho patients.
— : did not detect, or did not calculate.

FEED 10 FH D PCBs ¥y 1 HEREIX 1.1 4g
WA L Tw a9, K, ANEHRkTHE ki
WEDLYD 2w, LedS - T, FHERD & 30 5 & v 5 iy
Mo e £ b, Mo 3,3,4,4,5-PeCB 13 RZEH
DNy 77T RIEhTLE>TOd Ltk
W, LaL, Z0OfMo PCBs 22w TId4st:, Mz
S ERAD T, —MALDOEWE BT 206
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Table 3-2 Dioxins levels in the blood of Yusho patients (1999)
1999 Pattern A (N=18) Pattern B (N=38) Pattern BC (N=4) Pattern C (N=21)
Mean| Max | Min | SD |Mean| Max | Min | SD |Mean| Max | Min | SD |Mean| Max | Min | SD
Congeners

2,3,7,8-TCDD -l -1/ -1-1-1-1-1-1-1-1-1-
1,2,3,7,8-PeCDD 200 68 6 15| 13| 20 7 50 4] 18] 10 41 12 20 5 5
1,2,3,4,7,8-HxCDD -l ===/ -1-1-1-1-1-1-1-1-1-
1,2,3,6,7,8-HxCDD 103 | 339 20 76| 76| 138| 29| 38| 44| 54| 33 9 34| 64| 12| 17
1,2,3,7,8,9-HxCDD -l ===\ -1-1-1-1-1-1-1-1-
1,2,3,4,6,7,8-HpCDD 18| 66 3| 14| 18] 28 9 6 23| 46 71 16| 31| 81 50 19
0CDD 224 379 80| 89| 4161020 | 112| 301| 4891|1030 | 205| 386 | 690 | 1918 | 84| 569
2,3,7,8-TCDF e e et At A A e I R e R e
1,2,3,7,8-PeCDF -l -1 =-1-=-1-1-1-/-1-1-1-1-1-1-1-1-
2,3,4,7,8-PeCDF 557 | 2381 | 36| 549 | 278| 498| 81| 166| 138| 272| 30| 114| 39| 147| 12| 30
1,2,3,4,7,8-HxCDF 226 930 12| 230 124| 369| 18| 119| 50| 75| 16| 28| 18| 48 5 11
1,2,3,6,7,8-HxCDF 69 | 225 9| 56| 42| 117 81 35| 19| 27| 10 81 12| 25 5 6
1,2,3,7,8,9-HxCDF -l ===/ -/-=-1-=-1=-1-1-1-1-1-1-1-
2,3,4,6,7,8-HxCDF -l ===/ -=-1-=-1=-1-1-1-1-1-1-1-
1,2,3,4,6,7,8-HpCDF 9 17 4 3 8| 13 4 4 8| 12 6 3 8| 14 2 3
1,2,3,4,7,89-HpCDF -l -l -1-=-1-=-1-1-1-1-1-1-1-
OCDF - -1 -1 -/ -=-1-/=-1—-/—=-1—-|-=-1-|-1-
3,3 4,4-TeCB -l -1/ -1-1-1-1-1-1-1-1-1-
3,3'4,4"5-PeCB 98| 228 | 54| 46| 83| 135 43| 32| 120) 209| 77| 60| 156| 554 | 39| 107
334,455 -HxCB 382 | 1341 | 122 285 207| 388| 77| 11| 105| 153| 80| 34| 95| 200| 36| 43
Total PCDDs-TEQ 300 102 10 22| 21} 29| 11 7| 15| 23 4 81 15| 27 6 7
Total PCDFs-TEQ 3081306 | 20| 302 155 297| 43| 97| 76| 46| 18| 61| 22| 81 8] 16
Total PCDDs/PCDFs-TEQ 3371408 | 31| 322 176 323| 56| 103| 91| 168| 31| 62| 38| 108| 14| 21
Total non-ortho-Co-PCBs-TEQ 4| 36 7 71 10| 16 5 41 13 22 9 6 17| 57 50 11
Total TEQ 351 | 1444 | 38| 328 | 187| 336| 65| 105| 104| 180| 41| 60| 54| 123| 20| 27
Lipid (%) 049 | 0.84 | 033 0.17] 049 0.74] 0.27| 0.16 | 0.62 | 0.82 | 0.46 | 0.15| 0.55 | 0.80 | 0.34 | 0.14

Data represent the mean, maximun and minimum of dioxins levels (pg/g lipid), and the standard deviation in

the blood of Yusho patients.
— : did not detect, or did not calculate.

DMEHFGREHRT 5, PCB/Sy —> 3 A, BB X
U BC O 3% 1d % O#ME 5 OKERST % PCDFs H%15
B TWw5 (73~88%). —f A T ik Non-ortho-Co-
PCBs O#EMZF 53 (39%) g b E\v28, PCDDs %
PCDFs O#FHMHSREDEF ST ER P>, LD
FEISHEFHZIESNE I LIE, PCB/ty—v»
A, BB XU BC 0EE TIIFER 30 4ELL B2 AL

(40)

THRAR & U CHERK A A V3D PCDFs 0 # M
HEPFEAEWI ZETHD, PCBRY—23CD
BEIMALHAL, BEHEOS A 4+ v VI &
L EMHFSENE VS, PIZIFAPLB Y —YDR
#7512 PCDFs OBUTF SN REWER b ik,

1995 412 4T - 72 FHED T3 PCB Xy — > Bl B
POBEUTREREZRLTORVY, 3~ 4 FEHOSE
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Table 4-1 Concentrations of PCDDs and PCDFs in Yusho causal rice oil

Congeners Conc.(ng/g) Congeners Conc.(ng/g) Congeners Conc.(ng/g)
1,3,6,8-TCDD 1.1 1,3,6,8-TCDF 10.9 1,3,4,6,9-PeCDF 1.3
1,3,7,9-TCDD 1.0 1,3,7,8-/1,3,7,9-TCDF 151 1,2,3,4,8-/1,2,3,7,8-PeCDF 386.9
1,3,7,8-TCDD 0.8 1,3,4,7-TCDF 334 1,2,3,4,6-PeCDF 122.9
1,2,4,7-/1,2,4,8-/1,3,6,9-TCDD 0.6 1,4,6,8-TCDF 34.2 1,2,3,7,9-PeCDF <0.1
1,2,6,8-TCDD 0.3 1,2,4,7-/1,3,6,7-TCDF 236.2 1,2,3,6,7-PeCDF 46.3
1,4,7,9-TCDD 0.8 1,3,4,8-TCDF 28.7 1,2,4,6,9-/2,3,4,8,9-PeCDF 156.2
2,3,7,8-TCDD <0.1 1,2,4,8-/1,3,4,6-TCDF 1544 1,3,4,8,9-PeCDF 4.3
1,2,3,7-TCDD 0.3 1,2,4,6-/1,2,6,83-TCDF 107.0 1,2,4,8,9-PeCDF <0.1
1,2,34-/1,2,38-/1,2,4,6-/1,249-TCDD 0.3 14,78-/1,3,6,9-/1,2,3,7-TCDF 63.7 1,2,3,6,9-PeCDF 88.9
1,2,3,6-/1,2,7,9-TCDD 04 12,3,4-/1,6,7,8-TCDF 66.5 2,3,4,6,8-PeCDF 4.0
1,2,7,8-/1,4,6,9-TCDD <0.1 1236-/1238-/146,7-/2468-TCDF 78.8 1,2,3,4,9-PeCDF 5.6
1,2,3,9-TCDD <0.1 1,3,4,9-TCDF <0.1 2,3,4,7,8-PeCDF 585.1
1,2,6,9-TCDD <0.1 1,2,7,8-TCDF 534 1,2,3,8,9-PeCDF <0.1
1,2,6,7-TCDD <0.1 1,2,6,7-/1,2,7,9-TCDF 170.3  2,3,4,6,7-PeCDF 391.9
1,2,8,9-TCDD <0.1 1,4,6,9-TCDF <0.1 1,2,3,4,6,8-HxCDF 79.4
1,2,4,6,8-/1,2,4,7,9-PeCDD 38.5 1,2,4,9-TCDF <0.1 1,3,46,78-/1,3,4,6,7,9-HxCDF  141.1
1,2,3,6,8-PeCDD 285 2,3,6,8-TCDF 99.2 1,2,4,6,7,8-HxCDF 120.4
1,2,4,7,8-PeCDD 3.7 2,4,6,7-TCDF 511.0 1,2,4,6,7,9-HxCDF 3.3
1,2,3,7,9-PeCDD 15.7 1,2,3,9-TCDF <01 12,34,78-/1,234,79-HxCDF  643.3
1,2,3,4,7-/1,2,4,6,9-PeCDD 2.1 2,34, 7-TCDF <0.1 1,2,3,6,7,8-HxCDF 108.6
1,2,3,7,8-PeCDD 79 1,2,6,9-TCDF <0.1 1,2,4,6,8,9-HxCDF <0.1
1,2,3,6,9-PeCDD 1.0 2,3,7,8-TCDF 89.6 1,2,3,4,6,7-HxCDF 558.0
1,2,4,6,7-/1,2,4,8,9-PeCDD 2.8 2,3,4,8-TCDF 268.0 1,2,3,6,7,9-HxCDF <0.1
1,2,3,4,6-PeCDD 0.1 2,3,4,6-TCDF 64.0 1,2,3,4,6,9-/1,2,3,6,8,9-HxCDF 8.0
1,2,3,6,7-PeCDD 1.2 2,3,6,7-TCDF 82.0 1,2,3,7,89-HxCDF 2.3
1,2,3,8,9-PeCDD <0.1 3,4,6,7-TCDF 9.4 1,2,3,4,8,9-HxCDF 6.6
123468-/1.24679-/124689-HxCDD 161.7 1,2,8,9-TCDF <0.1 2,3,4,6,7,8-HxCDF 75.3
1,2,3,6,7,9-/1,2,3,6,8,9-HxCDD  117.2 1,3,4,6,8-PeCDF 389 1,2,3,4,6,7,8-HpCDF 181.4
1,2,3,4,7,8-HxCDD 11.7 1,2,4,6,8-PeCDF 46.0 1,2,3,4,6,7,9-HpCDF 8.8
1,2,3,6,7,8-HxCDD 51.2 1,3,6,7,8-PeCDF 88.9 1,2,3,4,6,8,9-HpCDF 1.4
1,2,3,4,6,9-HxCDD 3.7 1,3,4,7,8-PeCDF 3.7 1,2,3,4,7,8,9-HpCDF 3.2
1,2,3,7,8,9-HxCDD 31.7 1,3,4,7,9-/1,2,3,6,8-PeCDF 1254 1,2,3,4,6,7,8,9-OCDF 194.8
1,2,3,4,6,7-HxCDD 79 1,2,4,7,8-PeCDF 355.1
1,2,3,4,6,7,9-HpCDD 69.0 1,2,4,7,9-/1,3,4,6,7-PeCDF 67.3
1,2,3,4,6,7,8-HpCDD 84.4 1,2,4,6,7-PeCDF 298.7
1,2,3,4,6,7,8,9-OCDD 54.7 1,2,3,4,7-/1,4,6,7,8-PeCDF 815.4

DOFAE & e LT b eIt A 4 v U SEEE O
WA BERTE o lz, MY A4 4 F ¥ BRI
o « MRS A 4 F v FEEE - S HEEESRH D,

M4+ Fy o EHeE=5) 7952 i3S -
T DS A A v VHHREE TS 5 L TRbYER)
BHETH Y. SENIFER 30 FLA L2 RE L 7
1998 4F-~1999 4FICEFIN S Mz BE MBI D W T T A
¥ % ¥ VOB 21T o 7. 5#1% Mono-ortho-
PCBs 3 & U Di-01tho-PCBs % & % 72 PCBs @ 43 #t

(41)

E2T0, Zho OBEFSEREIICHS Mz Lz,
% 7o iwilt, PCBs RREI0S N IBEELIE & L C & 1F
AT 22 eniEsnTBY, PCBsREMOFHED

[FIRFICfT W Ic W EFZ TV 3,

&

1998 FE~1999 £\ BRIX & N7z i B (RE-X 119
£) OMIKIZOWT HRGC/HRMS 2 kY, ¥ 44 F
v 48 (PCDDs, PCDFs ¥ X tf Non-ortho-Co-
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Table 4-2 Concentrations of PCBs in Yusho causal rice oil

IUPAC# Conc.ng/g)

IUPAC# Conc.(ng/g)

IUPAC# Concing/g)

IUPAC# Conc.ng/g)

IUPAC# Conc.ng/g)

Mono-CB 37 6652 94

1 14 Tetra-CB 102,98,93,95
2 1 54 5 88,91,121
3 12 50 <1 92

Di-CB 53 436 84

10,4 99 51 186 89,90

2,5 20 45 518 101

6 59 69,46 2475 113,99

8,5 699 52,73 10427 119,112

14 16 49,43 7761 83

11 268 47,48,75,65,62 6883 109,86,97,125,117
12,13 192 44,59 11042 115,87,116,111
15 257 42 3749 120,85
Tri-CB 72,71,41 6561 110

19 444 64,68 15084 82

30 <1 40,57 2446 124

18 10281 67,58 975 107,108
17 2579 63 2285 123

24,27 433 74,61 30167 118,106
32 5956 76,70,80 63263 114

16 <1 66 54184 122

23,34 26 55 475 127,105
29 23 60 31632 126

26 1763 56 21673 Hexa-CB
25 441 79 460 155

31 47578 78 659 150

28 <1 81 1333 152
21,20,33 10690 77 12559 145

22 6917 Penta-CB 148

36 1116 104 <1 136

39 630 96 2 154

38 1672 103 <1 151

35 370 100 <1 135

<1 144,147 229 174 1693
534 149,139 5017 181 413
<1 140,143 <1 177 875
151 134,133 611 171 1556
251 142,131 <0.1 173 381
1557 165,146 2424 172 917
15074 153,161 12667 192 <1
4742 132,168 5841 180 6660
<1 141 3805 193 566
<1 137 1739 191 <1
20230 130 2370 170 5326
48770 163,164 <0.1 190 1753
<0.1 138 21785 189 816
47651 158,160 7175 Octa-CB
7974 129 5747 202 128
3598 166 1894 201,204 92
7132 159 758 197 69
2788 162 483 200 313
61822 128,167 8850 198 163
6494 156 9420 199 513
<1 157 2704 203,196 1479
3130 169 46 195 580
1245 Hepta-CB 194 934
188 5 205 231
<1 184 16 Nona-CB
<1 179 308 208 85
22 176 447 207 90
19 186 34 206 368
45 178 270 Deca-CB
799 175 248 209 54
619 182,187 1179
802 183 1771
855 185 802

PCBs) ##I7E L, B L T 2 SBMEARBOPE S X
U TEQ #RE % 3K 7z Wik B M+ O# PCDFs #E
X PCB XY — N COBELZRE, (KRELL L
ZhbHZEeENbhrolz, Kz, 2,3,4,7,8-PeCDF,
1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF ¥ & tf
3,3,4,4,5,5-HxCB g} (IUPAC #169) 1% PCB /¥
¥ —VHlcH D, ZHHTERERZE (p<0.01) 2
otz (BC/NY —ZBIED D niz bk ).
PCB /X% — % A OB 20 BERE TIE, 1998 4F
@ - #1113 PCDDs %3 21 pg-TEQ/g lipid, PCDFs %3
206 pg-TEQ/g lipid, Non-ortho-Co-PCBs 73 14 pg-

(42)

TEQ/g lipid TH -7z, 1999 FEDFixz iz, 30
pg-TEQ/g lipid, 308 pg-TEQ/g lipid, 14 pg-TEQ/
g lipid T, PCDFs 0#HMHFLGFORE S 1TIFZbixk
molz, CoXF— Y DBFRFEOFITO VT, 1996
FO—WADIMF T A A4 F > VEREL KT 20
BErEZERDONL,roT, LrL, HIZIF ANY —
> DEHFNO PCDFs O#MHLGEE b DBEFEL A5
nirz.

& 32
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0 50 100 150 200 250 300 O 50 100 150 200 250 300 350 400
| | 1 | | | | 1 1 1 |
Pattern A 241 351
Pattern B 151 187
Pattern BC
Pattern C
B Total PCDDs-TEQ
Total PCDFs-TEQ
Normal controls* [] Total Co-PCBs-TEQ 33
T I T I T T I T T T T T
0 50 100 150 200 250 300 o 50 100 150 200 250 300 350 400

TEQ levels (pg/g lipid) TEQ levels (pg/g lipid)

Fig. 1 TEQ levels in the blood of Yusho patients and normal controls.
* cited from reference 2.

1998 1999

Pattern A

Pattern B

Pattern BC

Pattern C

Normal controls*

Ratio (%) Ratio (%)
B Total PCDDs-TEQ

Total PCDFs-TEQ
[] Total coplanar PCBs-TEQ

Fig. 2 Ratio of TEQ contribution in the blood of Yusho patients and normal controls.
* cited from reference 2.

(43)
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HEREICH TS PCBs, PCDFs D 30 FEDEE & fER

B—HERBRF
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John Jake Ryan

The Changes of PCBs and PCDFs as well as Symptoms in
Yusho Patients for 30 Years

Yoshito Masupa, Koichi HArRacucHI and Hiroaki KUROKI

Daiichi College of Pharmaceutical Sciences 22-1
Tamagawa-cho, Minami-ku, Fukuoka 815-8511

John Jake Ryan
Health and Welfare Canada, Health Protection Branch Ottawa, Ontario KIA OL2, Canada

Abstract Two mass-food poisonings called Yusho and Yucheng occurred in Western Japan and
Taiwan in 1968 and 1979, respectively. Blood samples from 5 Yusho patients and 3 Yucheng patients
were collected several times from 1982 to 1998 and from 1980 to 1995, respectively, and analyzed for PCB
and PCDF congeners. Fat base concentrations of 2,3,4,7,8-penta-CDF in the Yusho patients, which were
responsible for about 7094 of the dioxin toxicity, are estimated to be decreased from 60 ppb in 1969 to 0.8
ppb in 1997 with the median half-life of 2.9 years in the first 15 years after the onset and 7.7 years in the
next stage of 15 years. Fat base concentrations of total PCBs in the blood of Yusho patients are
estimated to be decreased from 75 ppm just after the onset to 2.3 ppm after passage of 30 years. Typical
Yusho symptoms of acneiform eruption, dermal pigmentation and increased eye discharge were very
gradually recovered with lapse of ten years. However, enzyme and/or hormone mediated sign of high
serum triglyceride, high serum thyroxin, immunoglobulin disorder and others are persistently maintained

for 30 years.

i L & (2

1968 4F, F I fR R IR K O R IRF I 36 v CE SR
(PCB th#) »Sfc&/z, RVE(E” == (PCB)
DERTHEI A7 a—NVPBEBAINITA AL AN
B L 7272812 1800 A LA LD hEEEBFAE L 72,
JRRPE X PCB 7210 T <, ZhanmEuz X vz1b
L CERS IRV RV 7 F > (PCDF), R
Vb7 A —% 7 2= (PCQ) EDOREWOP#HET
HB, 1979 F, BEICBWT, @ OME & F U
12 PCB, PCDF KU PCQ WSREASNIZT A XA AV
U X 2 FEEERDH Y, 2000 HU O BEFE

L7210, ZhERRME & XBI3 2 72 O I BB HEE &
T %, fEEHEFEA LT 1968 FEEEH Tk PCB O
FHccETngho iz, Fiz, Mz PCDF 23
BT 2T 60 Tnkhot, BEIENT
U7z 1979 4E6H 2 & PCB, PCDF S5 0#5 % 70 4347 h3
PRARATES LS5, BEIERSE CIIHEME
E D & I 2 F-EC L ¢ PCB K& U PCDF O 4353 T
X7z fERMERE I O W CIREE, S 15 FFR L7
BE & v B & 7z Ik >\ ¢, PCB Kt PCDF @
ST & Tz, fRR K OB OMAE B O 54T
Fy EORXEbE® LI EICLD, BRIERZED
HEFELKE» S HAEE TI0EMOPCB RV
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PCDF BEOZEEHET 2 Z L TE 2, HEADSY
44 F v VENE—HERE (TDI) RESI N
1996 FEEM 5, 54 4 F ¥ > OBREEYSK & ofts
R X oo tz, 54 4 v VBEITETHEERIF 2 & Kk
CFEEL, BEAERLTED, FANEYsENC X
DRI ERSNTWE, KUY R YO
¥ v > (PCDD), PCDF K PCB @& Mk E 20 s
DWME X VR 251 4 F > »HEHELE (TEQ) O
RN D & OFLE CRBEEE LS EC 20 2R 50
Wk %, WHER PCB ) PCDF, $%bb, 444
FYLHCEZPHETHLOT, MBI L5144
FOUEMRTMT A O IZEELENTH S,
FERFIC BT 5 PCB KU PCDF O#EZ L & 2 i
FESIEROZEE R TANT, 5744 VDO AEAD
B E R L 72,

x B F &

1. H#tmig

& R FR 5 3 v 3 AL b 2o T SR A Y
(1968 ) OFHIL 31~51 /K CTh o7z, WIhb O E
WHERFE D 7 a7 7 2 %7 L, I PCB ® % A
TREBED A ¥4 T ThoTz, TRHDEHIZD
WITIBFITO N T S IHEMZREIC, 1982 40 & 1998
FIHT T, §~11EHME e, BEHERE 3%
W2 ADSBE, 1 ADZOMET, B EHE R A 2517 (1979
) DFRpIZ 17T~33KTHY, wIndborEwraiu
T ABBol, TS DEHDS 1980 F0 5 1995
FEZHT T T~ S EFRIML 7=,

2. PCB, PCDF EH&EaHix

(1) PCB ZEHEAAEOIT

Mg H PCB SR D 4387 /7 3 X B0 e FH
TW3DT, 2 TCEMEOHFERRT, M3 ~5g
PREEL, WEHYE 2,2°,3,4,5,5,6-hepta-CB 5
ng, 1mol/L KOH =% /—n 3mL Zhiz, &L
7o, NFFUHEHE L, AFVUEREY ) NS
NDHFTL7AxNT T T 4=, ~FHUUH
BWEREEL A0~ b 7T 7 4 =0k e L.
PCB 8HEMTIEF v €5V —HF 524 (60m DB-5
MS) ##EZ L e A 70~ 75 7 THEEL, BT
MR AR USR5 TR 3 2 58T o
7z,

2
F+

A

1E 3%

(2) PCDF £MEARD ST

M+ PCDF SR D 3 H1 i i3 iR 920 O H T
Hb, ZZTEIHEOSHTAEERRT. MK 5mL 2
13C-PCDD & 0 *’C1-PCDF o 100 pg & & O — & &
BMZ, ~FY otz L, ~NF I B E RS
B, [BEOEERD . IBEFEREZAFY 2B »L,
R, 1 %NaOH, KT L 728, WHlE/> ) 57
WEERY Y YN/ AT IVOREEY T A OE
7aVINHTLAENT I, Y rav Ry R E
##E L Carbopack C/+% 7 A b 545 OIEMEIR 7 T A
P, MV UEHEREREREL, S AZuax NI T 7
(DB-5) 2 EICRERSHET (VG Analytical-70 70
EQ) T PCDF Bk %E 5 L7z,

& S

BYEHHERE CIREMER (0.6 4£4) » 5 15.6 4
#F COMICERRE Wizl o PCB 244k 7o
BE (ZE~R—R) PHES N, BRMERECS
WTIREAD 14 505 29.1 212000 THRIE R
7o O U PCB #4k 7 O RE (&~ —2R)
BHEE SNz, 2D S b D 3D PCB BEMAKIZ O
T, WEGEIC L S IRER S 5 & 52 Fig. 1
WiRs. R UM o PCDF Bikik 3 oy (I5E
R—2R) BPEESNIZDT, BEEENI»DE LS
Fig. 2 12® 9.

BBHE R 3 4K O RE B 5 AOEMEA
B % PCB U PCDF S04k D AR A % 3K
2. P 1-a = X TV DO—RATE
LT, Z0O#5HE% Table 1 2R,

31D PCDF BMAD BB MHELHE BT 5, B
#5700 H (15.6 4F) % TOEWEIIE 3 FRETH -
7. RICEEICB TS, 2,3,4,4,5-penta-CB %[ <
5D PCB #MEAO R 5 FRETHY, 35
@ PCDF BHEADFFIA L 0 S iR w, 2,3,
4,4 ,5-penta-CB O HIX 1.6 FFRERETH Y, fho
PCB % 0 PCDF Sk & v B & »iz/h& v, PCDF
FYEOBREERE BT 5, FHE5100H (14
) 5 10600 H (29 ) F TOFFIAR 5.4 FFEE
THY, BEMEEREOFEMHE 15.6 4 % ToD PCDF
IR (34E) KV R &> Twb, PCDF O#EH#
JE VS IRFIRGME & HIE S 725 T B, R UHE R IHE &
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Fig. 1 Elimination of PCB congeners in the Yucheng and Yusho patients (Whole base, ppb)
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R o7z, F12, 20 PCB B LI I 5%
fEERH DL 15.6 4 F T (5 FEREE) LD
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Fig. 2 Elimination of PCDF congeners in the Yucheng and Yusho patients (Fat base, ppb)

7o, Fie, REIEBE 2B 5 % 0 PCB oIl i
FEE— R A DM TIE X D EWEE b H o7, Fh
5 DEERREFE 2 5 &, mmMEREICB T 3 2,3,
4,4 5-penta-CB OJFH (Table 1) IZERE N Z
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Table 1 Biological Half-life of PCDF and PCB Congeners in Yusho and Yucheng Patients
Half-life (Years)
Yucheng patient Yusho patient
0.6~15.6 years after onset 14.0~29.1 years after onset
BS SS RK Median KK TS YUM TH HH Median
2,3,4,7,8-Penta-CDF 2.7 3.6 2.9 2.9 14.3 7.7 6.1 5.2 114 7.7
1,2,3,4,7,8-Hexa-CDF 2.7 3.6 3.5 3.5 6.5 4.5 39 5.1 6.9 5.1
1,2,3,4,6,7,8-Hepta-CDF 2.6 2.5 2.2 2.5 6.6 2.6 35 35 34 3.5
Average 2.7 3.2 2.9 3.0 9.1 4.9 45 4.6 7.2 5.4
2,3’,4,4’ 5-Penta-CB 1.6 1.9 1.5 1.6 19.5 6.9 33.7 176 104 176
2,2’,4,4 55 -Hexa-CB 34 4.2 4.2 4.2 9.1 7.4 16.0 12.9 7.4 9.1
2,2’,3,4,4’5-Hexa-CB 4.4 4.5 55 4.5 12.8 8.9 13.7 31.0 95 128
2,3,3',4,4’,5-Hexa-CB 3.8 5.6 5.3 5.3 94 8.5 215 13.2 144 132
2,2°,3,3 4,4 5-Hepta-CB 4.7 6.0 5.9 5.9 184 12.3 —2375 13.3 443.7 184
2,2°,3,4,4 55 -Hepta-CB 4.3 6.0 6.0 6.0 16.7 12.2 20.4 103 2246 16.7
Average 3.7 4.7 4.7 4.6 14.3 94 211 164 1183 146
except-237.5
% - EHEZ oML, ZOEWR 4-ALKEEL DV,
) ZOWANCEELERL TS, ZOMEE, Y10

WMEZWTEHEY O BEEALTHH I [1M# PCB Ok
KOREORYE] 255 5, 2 X MiERZIR+ o
PCB/y—>v L EENBREER CEE2HMAM
RO H DB ENPInoTCE LS TH S, HER
EBRED ARY —> E132,3,4,4,5-penta-CB D%
FEDLERIIC /NG <, 2,3,3,4,4,5-hexa-CB Dy
PHIEHICKE W ETh 5, HERZCB T % PCB
BEEOLEH 2T L Tws Tablel 12k 2 &, B
HEEREICBWT, 2,3,4,4, 5-penta-CB D301
16 ERETHY, Fth 1~ 2 ETEEIERL T
W3, k7, GEIEREROEMIEREICB VLT,
2,3,3,4,4,5-hexa-CB @ 3k ] (5.3 4 K& 10 13.2
) 132,2°,4,4,5,5-hexa-CB O (4.2 FE KO
9.14F) L b zhZhE\wv, 2,3,3,4,4,5-hexa-CB i
HAR O 30 £/ T, BRI E I AR IREE T
bole, MEBEREEL PCBD ANRY —V3BHE
R PCB 2B L Ths 1~ 2FTHR ENY, 304F
DI L 7 B £ CRESEL T B,

2,3,4,4 ,5-penta-CB 3 —HAWICEE L T 5
1~ 2 FEDOFFHTHRZCFEA LT 20T, ZOM
HrICRBE ST 4-0H-2,3,3,4,5-penta-CB L Of
4-0OH-2,3,4,5,5-penta-CB & 2> THEZY L Tw»

F v U AKIBEOTENC I v E R E - TV 2RSS &
UTHED, YA aFy VEBOEARH 2, b Lk
VW, ERE TIIMET O 1 aF v o b~V EER
EHMR SN 222 2 L LBfRD 20 LR,

B HE B TR 15.6 £ T 0, 58 e &
FHCIIEM L 14 90 5 30 £ % TD PCB & U PCDF
FUEOEEZESHES N TV S, BB &R UER O
HWERFICB W T, M 15 FR AT o+ PCB,
PCDF BRI E 2 bl T & 5, HMk 15 FEHICB
0% 2,2,4,4,5,5-hexa-CB OB EMHNERE 3 LD
SRR IR IIE R 5 B OTRIRE LD 2.2 58
W, %72, 2,3,4,7,8-penta-CDF D& EHIE BEE O
IR (It RE B OSFITRE D 1/3.8 Th 5.
DfE % FAV THRRE B8 O 482 0.6 FEOIRE & HE
ET B E£2,2,4,4,55-hexa-CB O # & 13 36 ppb
(&1 v), 2,3,4,7,8-penta-CDF D JE 13 58 ppb
(FEE%Y) a2, MKRFORREOSEE 0.3% LT
% &, fAHEREOBMHR 0.6 FIcB T2 2,24,
4,5,5-hexa-CB OB X D ¥ 1% 12 ppm & HEE S
N3, %7,2,2,4,4,5,5-hexa-CB i34 PCB & D
16%FERE 2 5 %29 D¢, 4 PCB ¥R 13 75 ppm &
HESNZ, BRMERE T 2,2,4,4,5,5 hexa-

-
(-
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CB 1% 12 ppm D EWIEEE D o8R0 O 15 F M 1E 500
4.2 5, &0 15 FRIZEIT 9.1 T, 30 FRIiE
0.37 ppm X257z b D EF 2 5N 5, fERHEBRE I
B3 2,3,4,7,8penta-CDF OFE Y D 12 E XM
# 0.6 ££ 1% 60 ppb TH - 7z b DHSFEIFE D 15 F£E T
VA 2.9 4, 522 0> 15 FERTCIE A 7.7 £E T
DL, 294FE%ICIZ0.8pphlc ko2 bDEEz N
5. 2 D2,2,4,4,5,5-hexa-CB & 102,3,4,7,8-
penta-CDF D& HiE £ 12 8 1T 5 EEZ L% Fig.
31T, 2,3,4,7,8penta-CDF 3% D5 A F ¥ >
BHAE2Y 0.5 TH Y, WEIMERE IS A4 F v
v (TEQ) OKIFTH 5 10% % 5D T35 D
T, 2,3,4,7,8-penta-CDF & X v TEQ & 5+
T2 L, fERMESRE CIEEFESLTIE 40 ppb &%
%, 2O TEQ IZ 2B O35 4.5 FTa L, 30
FRIZIZ 0.6 ppb Ik o7zb D EHEES NS, TEQ @
30 ERDOWEZE D Fig. 3IWRLTw3,

A

1E 3%

TEFMREF A BV TERFBEN OS2 PCB KU
TEQ ¥ (feE4v) »Zn2n 75 ppm KU 40 ppb
Th AR, WEBRED 7 LT 7 %, KR
FbE, RIERLS%00 L WERNFE L, s
OERIFZI0ERAL 2E» S HRLACREEL TB
02020 30 ERGE L 72 BAE CIRHINERE TH 5 £ 0f
ANFA P S5 ETERVIRETH 5. 20 30 F£DORTIC
A O PCB I 1 1/33 12, TEQ ¥R 1% 1/70 12 Fd
LT3, fiRH S 1% 1996 41 48 R e e 83 40
MwEF TEQHEE (BEHY) 2HIEL, Fy156
ppt, i IZ 86~1016 ppt TH - 72, T DFHIEIT—%
AD 12 8 fEEVIREETH > 72, FLE & WHIE L 7= 1@ i
HUERE 5 40 1996 FFEEHO TEQ . (JBEYY) 1k
300~980 ppt Td 2 DT, HiH S HHEIE L 7o 18 b e
BHF 834D B TIF, TEQ HELEEMIIRIIC S { FBiE
I BFITHET 5,

HEEZI2 13 PCB U PCDF 12 k 2 BB /E M

ppt, Fat base
100000000
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Half-life 9.1
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\.galf-life 2.9
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Fig. 3 Estimated elimination of PCB, PCDF and TEQ in the Yusho patients during 30 years (Fat base, ppt)
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T UV & > BEHRN TFE L e NRIER DS B %
b, 2o DEREBHLZ S WZFERIEIZ Table 2
WWRLTWS, MEDONY 7V LI 4 K, ¥ foFy
v, WA 7)) v, RO o8RO RALASFEAREAL
T3 D S AR R E B PR AR M o, 30 FEDA R
WUBREE T LTwa eFEzonhTwa, A
PHIE SR OREB b & 4 F e THEDY 4 ~ TR DRI
HIBETRBD—RAD T L D H 0, 11~14 K ORE
R TFHOHER = ZADEENEWD L OHE N
bholz, Tho DR IZ/NBICEET 2 PCB KU
PCDF 4 03— N & D 10~30 {555 7230 120 &
LTWw3,

1990 FERI2 B 1 2 —f A D4 PCB & U TEQ 125
1& % 2 AR R E B O 1/2~1/9 K& 1N 1/3~1/14
TH D2, KRELEEZTEEV, —RATH->TH,
I IEZH 7% O PCB, TEQ KM UEE R #2358
LTW3DT, ThoBFERTHRVEVERICH LD
HHEDREIR, #1201, MiEFY A afy > r~ovo
FUED R PIIFEEL Tw B b L n,

# &

ERAMERFZE S L XD, 1982 o 1998 1z )
T 8~11 [EFRML 7z, BEMERSE 34 L B4R

D 1980 £ 5 1995 FEAZ T T 7T~ 8 [EEIM L7z, 2
s ommEH o PCB #4%4k 6 & U° PCDF #2144k 3
FEORE ZRE Lz,

1) 2,3,4,4,5-penta-CB %[z < 5 fEdD PCB 4%
HRIT B BIE R TR 4.2~6.0 F TR L, 18
I JHE B C IR 9. 1~18 4 FE L %2 1, Ik
Bl oz,

2) 2,3,4,4 5-penta-CB I3 B & HIEREZE T B W
THEMCH S CRBEH 1.6 ) BELTBY, ME
BHELPCBOD AXNXY —r2EK LI D EFZ o
5.

3) PCDF Stk 3 ff 1 5 8 HE B3 TR
2.5~3.5 4, f@RHE B TR 3.5~7. T T
Wy Uiz, 2o OEEERERR—E#HICE T % PCB
SR S OWMERE LD /A v,

4) fEFMIEBE I BT 54 PCB kU TEQ # &
(BB YD) FEHFEL T, 22 75 ppm KT 40
ppb TH o7z b DS, 30 FhEE L IBAETIE, ThT
N2.3ppm RV 0.6ppb 1275 > 7z EHEHI S 7z,

5) MHEREREOER, 7uav7 7 %, KR
BRWE, RIEBZ %13 10 FRR L 72 Ee SRz 1clE
WLTwD, BERFELCRLVEREICLDFEL
TeeFEzZ ok, FlZEmERo rY 7Y 2T A

Table 2 Effects of enzymatic and/or hormonal disorders in Yusho patients

Organ Sign Time of examination
Yusho outbreak 1968
Liver Smooth surfaced endoplasmic reticulum: 1 19699
Female Irregular menstrual cycle: 1 1970
Urine Androsterone : tend T in male, | in female 19702%
Serum IeG: 1, IgA, IgM: | 19703V
Serum Triglyceride : 1 1973%®
Serum Bilirubin: | 19747
Serum Ribonuclease : 1 19743%
Teeth Anomalies in number and shape: 1T 19782
Serum helper T/suppressor T : 1 198329
Serum Thyroxine, Triiodothyronine: 1 198422
Lymphocyte Aryl Hydrocarbon Hydroxylase: T 198529
Serum Triglyceride : 1 19889
Body General fatigue, Numbness: 1 1988%
Serum Triglyceride, Total cholesterol : 1 199332
Serum Thyroid Stimulating Hormone : tend 1 199639
Oral cavity  Pigmentation: tend 1 1996/1998%
Serum IgA, IgG, IgM : tend 1 19973
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Assessment of Hydroxylated Metabolites of Polychlorinated Biphenyls and
Polychlorinated Dibenzofurans as Potential Estrogens by Yeast Two-Hybrid System

Hiroaki KURrOKI, Sayuri YONEKURA, Satoko SAKODA,
Kyoko Fujino, Hitomi NaAKAoKA and Hironori ARAMAKI

Daiichi College of Pharmaceutical Sciences, 22-1, Tamagawa-cho, Minami-ku, Fukuoka 815-8511
Nobuyuki Koca

Department of Food and Nutrition, Nakamura Gakuen University,
5-7-1 Befu, Johnan-ku, Fukuoka, 814-0198

Jun-ichi NisHIKAWA and Tsutomu NISHIHARA
Graduate School of Pharmaceutical Sciences, Osaka University, Suita, Osaka 565-0871

Abstract The estrogenic activities of several hydroxylated metabolites of PCBs and PCDFs were
investigated by yeast two-hybrid assay based on the ligand-dependent interaction of estrogen receptor
with coactivator.

For the hydroxylated PCBs, the order of estrogenic potency was 4-OH-2’,4’6-triCB>4-OH-4"-
monoCB, 4-OH-biphenyl. These compounds were evaluated as 10° to 10* less potent than 173-estradiol
based on the concentrations of test compounds showing 1095 activity of 10~ M 178-estradiol. 2-OH-3’,
4,4'-triCB, 4-OH-2,3,4’-triCB and 3-OH-/4-OH-2,2’ 5,5 -tetraCB, the metabolites of 2,255 -tetraCB
were inactive as estrogens at the highest concentrations used in this study (10~° M). Also 4-OH-3,3"4’,
5-tetraCB, the metabolite of 3,3’ 4,4’ -tetraCB was inactive as estrogen, indicating that this hydroxylated
metabolite did not take part in the estrogenic activity of 3,3’4,4’-tetraCB. OH group at 4-position of
biphenyl was necessary for the expression of estrogenicity, but one or two chloro-substitution adjacent to
OH group inhibited the activity.

For the hydroxylated PCDFs, 8-OH-2-monoCDF, 7-OH-3,4-diCDF, 8-OH-3,4-diCDF, 8-OH-3,4,6-
triCDF and 3,8-(OH),-2-monoCDF exhibited estrogenic activity. The estrogenic activity of 3,8-(OH),-2-
monoCDF was comparable to those of 4-OH-2’,4’,6’-triCB and 4-nonylphenol (mixture of compounds with
branched sidechain). The order of activity was 3,8-(OH),-2-monoCDF >8-OH-3,4-diCDF, 7-OH-3,4-
diCDF>8-OH-2-monoCDF, 8-OH-3,4,6-triCDF. These compounds were evaluated as 2.5X10% to 3X10*

(54)
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less potent than 178-estradiol.
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On the other hand, no estrogenic activity was observed for 2-OH-

dibenzofuran, 3-OH-2,8-diCDF, 6-OH-3,4-diCDF and 9-OH-3,4-diCDF at concentrations as high as 10~*
M. Substitution of OH group at 2(8)- or 3(7)-position of dibenzofuran and no chloro-substitution
adjacent to OH group was required for the estrogenic activity.

x L & (2

Polychlorinated biphenyls (PCBs) *° polychlor-
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DERIYTH 2 5-KEAbErr~ 7 2128w TRHE
HEVOREORMERNE (LDs) 2ET 22 03,
CENTW3B, £z, 2,2°,5,5-tetraCB OE#HIT
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4-OH-2,3,5-trichloro-D##iE 2 HT % b DF, 5
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{, ZOFERE LT FEE LIk o BRI & v
T2 (Ty, TO)REYIVADOESEZ T IR
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BRI KR £ O T B 23 38 R 7 CiE L & 7z PCDF 7k
AR b R AN IR I JRFE T 2 C L 2 S M Iic L
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I A b oy EEEM % Nishikawa 52 O BERE two-
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hybrid k12 & D #RET L7z, AHIEEIZ A ba s >3
BB 25k & ARG R T OM &2 N3 21T T
H2a7 7 FR=F =DV > FKEFERHEEER
HEONWTWw5, oT, KikZk>TZ X bar UEk
WEENIRD 5 NIcGEE, WREN A ba sy o2
BREEET ALY TR vay Vv EEEE 2R
ZEEREW®RT S,

x BR F =&

1. FEEAAE

4-OH-biphenyl, 4-OH-4-monoCB, 2-OH-diben-
zofuran K O bisphenol A IZEEFEIbLE» SEEA L 2.
17T~ Z AN IIF— VRN 4-/ = v 7=/ —) (%
LKy LIl S REY) &, 2nzhfl
HMEER T B TA T AT POBALI, Y AFIVA
ViR F v K (DMSO, FIX#E) EAFHEHv
7z. 4-OH-2",4,6’-triCB 7¢ ¥ K45 D PCB 7Kg bk
1%, Cadogan D J71:9 LR 12 & > T MeO-PCB %
B L7z, BBry ThiA FIVERIE 2T WSIG Y 2
KL E G L 72, 2 Ofid PCB KRB LR I3 BE
Ot > TER L 7z, PCDF /KB bR I BE 1 12
fit > T MeO-PCDF =& L 72#, BBrs Thix 7V
(B IEZ2ITWR S % PCDF KBtk % &R L7z,

2. TR~y UREEEOHIE

T 2 b vy vk M X Nishikawa 52 0 R}
two-hybrid #IC X DVHEIE L 72, RETIE I v PO R
b rgFEKa £ a7 7 F =8 — (TIF2) O 2 &
HOFW T IAINRIB-HT77 by =YL R—
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WERTA a7 URPPE E LTI R b a2
LG, REWE T 7 F =8 — LA
ALTVvR— —BEFTTHZ -HT77 by -2
EEEALT 5, 0T, B-HT 7 MY —EORRE
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HWERHET LI ENTED, A7 27 vy —EiHE
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ERR L, —WEEEEE U 72 BRI DMSO I8 » L 7z
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W L 72 @ B, 2-Nitrophenyl-g-D-galactopyr-
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HE (415 nm F U550 nm) L7z,
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ES

1. PCB kEftik

Table 1 R T—HERIE~MERLE 7 = = VD E
J KIBALAR 7 FEIZ O W CERE Two-hybrid #:12 L D,
WP E O RKEEL~10°"MIC BT % 6~
galactosidase WHE#HIE L = A ~ 17 ARG % 3K
w7z, SRR LT PCB ARBEALARD 72 20T, KiREE
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A-PIIC AR EEEE DS E R L 72 4-OH-biphenyl = X b 1
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Zv MBI ZREWTH 2 3-KBALE R O 4-7KEE
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THI R by UEREEEZED stz e,
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Fig. licz A buy UigEEZR L2 EEL 2 O
PCB 7kEg{t4k, 4-OH-biphenyl K ONEHEAFED & 1L
po itz 4-0H-3,3,4,5-tetraCB iz >WT, BEL
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%R L7z BRS 3 FDOKBLETIE, 107" M H 25 W»ik
Z NP EDEEE T B-galactosidase VM D FEFTE D
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L7 iEBRETH 5 10 M 2B W T HIEERILIEE
Do noiz,
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BHizowT, 10"M D 17 -T A N T V4 —VRT
f-galactosidase 1G4 D 10% % 7~ 7 WA YE O 12 E
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Table 1 Chemical structures of hydroxylated PCBs used in this study and their REC10

Compound Structure REC10 (M)

Compound

Structure REC10 (M)

4-OH-biphenyl 3%x10°°

0L~

4-OH-4'-monoCB HO 2x10°®

4-OH-2',4',6-triCB 2x107

4-0H-2' 3 4-triCB >1x107°

4-OH-2,2',5,5"-tetraCB

4-OH-3,3',4',5-tetraCB

2-OH-3',4,4'-triCB

3-OH-2,2',5,5"-tetraCB

>1x107°

1 I
no{ ()
o o«
a

Hoa

Cl Cl

OH
CCI

Cl

fa54]

>1x107°

>1x107°

>1x107°

2000 A~

1500 4
1000 A
: J

Log Dose (M)
17 B-estradiol

4-0OH-2',4',6'-triCB
4-OH-4'-monoCB
—&— 4.OH-biphenyl

—®— 4.0H-3,3',4',5-tetraCB

Fig. 1 Estrogenic activity of hydroxylated

PCBs by yeast two-hybrid assay
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(REC10) =3k, 17 A M7 VF—VDiEEE
BLTw3, SEOMEHTS RECI0 235K, Tablel
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ENTWwW34-/=V7x /- GREY) % Bis
ACOVTHERFZEICI DRI LIz E Z 5,
RECI0Z # L Zh 4 X10"M e O 2 X105 M T
bHoiz,

Table 1 26BN LS, TTIKFEERSD
MCF-7 #ufa#a5i 2 8121 U 7e FEIc X VLT X b
Oy UREMETH D 2 EBNIRES LT WS 4-0H-2,
4,6'-triCB'? 1%, SEOEFRF two-hybrid 2B W T
bixbinwr X oy sRRENE (RECI0: 2 X1077
M) ZRL, ZOEEOES T 4-/ =7 =/ =)V (R
&Y L IIZERECTCHh -7, %72, 4-OH-biphenyl
K 0" 4-OH-4-monoCB ® = X b v 7 > KE¥E M
(REC10 : 72 X10-* M) i¥, 4-OH-2’,4’,6-triCB 0
ZIE1/10 TH o7z,

2. PCDF 7Kgtk

—HB~ZHEE YR T DE ) KRV K
Btk 8 fEIc DWW, BERFtwo-hybrid #EI2 Xk D = R

phenol

ey URREEERRIE L., s Of&E %R Table 2
WRLTW3, 2055, 8-OH-2-monochlorodiben-

zofuran (monoCDF), 7-OH-3,4-diCDF, 8-OH-
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3,4-diCDF, 8-OH-3,4,6-triCDF } ¢* 3,8-(OH) ,-
2-monoCDF %, 8LXZ 10" M H 20X 10°M LAk
DPEE T p-galactosidase IEEDFHHEEZ/RL T A 1
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M) %, 4 OH-2",4,6-triCB®4- /=7 x/—)
(REY) LIZIZFABEOWEEE2R L. £/, o
PCDF A Btk o & (REC10 1 5 X107 M~ 1 X
1075 M) &, 3,8-(OH),-2-monoCDF DI 1/10 T
bHojz.
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1T-ZT AN IVF =NV 4/ =72 /=) (R
aY) DX A Fuy URREEOR S (RECI0) I3,
Nishihara 522 OFER EIFIF—H LTz o, Kk
% > T PCB 7kEg{t44 K 8 PCDF K#g{tfkod = 2 b

B 384

0y URREE O S 2B TE 2 cBbhb, L
L, FHH 52 X 5 Bisphenol A ® RECI10 o f# 1
2 X10°M T & Y, Nishihara 522 @ (3 x107°
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1. PCB Kbk

IR buy rEREEOE X IE4-0H-2°,4,6-
triCB > 4-OH-4-monoCB, 4-OH-biphenyl DOJET®H
D, FEEEZREOEELHOIEENIC X D iE» T 2
b URETH S Z EBRHMSNT WS 4-O0H-2,
4,6'-triCB 1%, 4 HOERE two-hybrid 2B W T H
LTI b u s URREEEE T 2 2 LoER S e,
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YThB 4/ =NT = —)v (REY) OIEH L FRE
EThHot, Fh, AL /KEEE%E b > 4-0H-4-
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4-OH R TH > T b KRIEED AV i (BF) 25 1 {HD
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ol 7z 4-OH-3,3,4’,5-tetraCB TIIIEMELTED 5 1L

Table 2 Chemical structures of hydroxylated PCDFs used in this study and their REC10

Compound Structure REC10 (M) Compound Structure REC10 (M)
HO Cl: Cl
2-OH-dibenzofuran \ | >1x10% 3-OH-2,8-diCDF | [ >1x10%
O O OH
OH
HO a
8-OH-2-monoCDF | [ 1x10° 9-OH-3,4-diCDF ! \ >1x107
0 O Cl
a
HO.
8-OH-3,4-diCDF ‘ ‘ 5%10° 6-OH-3,4-diCDF \ I >1x107*
o a o ol
d OH a
HO.
8-OH-3,4,6-triCDF I | 5 .
o a  1x10 3,8-(OH)2—2—monoCDF | 8x107
a a OH
7-OH-3,4-diCDF i | 6106
HO 0 a
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inolz, TO X512, 4-OH OB ERL T 2 HHEK
T, 4-OHEO TR b oy UEEME 258 < HEL /2,
F 7z, KBED 201 H 5 \»id 3-ALICE# L 72 2-OH-
3,4,4-triCB (OKEEED A v +MLICHERE T I FEEL
W) R 3-0H-2,2’,5,5 -tetraCB (kEEFEED A4 v M
W2 1 OEHRIFEFEE) TIET X b oy UG
FEAERD NPTz, ZheDZ s, PCB
ARBGES TR b ay VEREEEZR T oo iE, S
MWITL-ZADTIF— VD ABRICHEHEMUL TS Z L,
I 7% B, biphenyl O 4-( I /KEEEZ2H UMk I31E35E
TP CEBESNTHRNI ERBRE R,

I A by URREE%E R LTz PCB KB LAEIZ Dw
T, RECI0 ZHHWT NSO T A+ s VHREEOH
xR L 25, 4-0H-2,4,6'-triCB 12 17 g-=
ANTZYVE=NVDOK 1/1000TH Y, 4-0H-4-
monoCB & tf 4-OH-biphenyl %, 178-= X h 7 ¥
F—DFI1 /10000 ThHolz, B, 1T/~ T AT Y
4 —) @ REC10 & L T Nishihara 52» @ & 3 X
1071 M Z w7z,

2,2",5,5-tetraCB 13 U iE F# (L PCB O E 43 0 1
O2THY, 7v b TIEFAM S T3-0H-2,2,5,5-
tetraCB % 4-OH-2,2’,5,5-tetraCB & & L ¢
5232k dkoga 5V ICE VAL MICENT VS,
IS OWREHYNE SR O T = A b a s UEEE
HEELEZWZ EBHsMcENz, LrL, 4-OH
DRI 1 HOHBERIEFLEFLL T b & v ) m Tl
BIRE %o T 4-0H-2,2',5,5-tetraCB & #2348
L L Twv % 4-0H-2,3,4’,6'-tetraCB % 4-OH-2, 3,
3,5,6'-pentaCB i3, MCF-7 ffifd o3ghifize & % F54%
W L7eEE, =AMy UEREE R RS 2 £ 28 Ander-
sson 5V % Connor 57 IZ Lo THHF I N T W 5,
o T, Rt two-hybridiBEIC Ko CHEHZ RS &2
o7z 4-OH ol 1 MoHEERT 2457 5 PCB
KEEEAEIC OV, & 612 MCF-7T#lllg%z HwT=x
A~y URREEERE T 2 LEND 5.

Coplanar PCB Th % 3,3’,4,4 -tetraCB 1%, MCF-
7~y A D FEEEEE AW 2 S5 = A
ba s URER TR T 2 EBPIE ST WS, S
DIREST 3,3,4,4'-tetraCB OKBELIERETH 2
4-OH-3,3,4’,5-tetraCB Iz = X } 1 % > KEiE 2332
ool Z b, 3,3 ,4,4-tetraCB D A b
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a7 UERER KB EE (4-OH-3,37,47,5-tetraCB)
BEAG L Tk nwZ LS M o7z,

4-OH-3,3,4’,5-tetraCB 12 13 = A + v % > K&
BERO SN rolzn, 2D L5 7% 4-0OH-3,4-dich-
loro-& %\ % 4-OH-2,3,5-trichloro-#!®» PCB 7k
1EfiE, HURER ARV E > O hiies sz AE < BN E W
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RVEVZERE DD D BEOND Y, ZOMIZD
WTRIFEAEREIENTWRY, 2D XS RBSAH»
OO NSGBRBLEEBb S,

2. PCDF /kEftik

T A v URREME O S, 3,8 (0H),-2-
monoCDF >8-OH-3,4-diCDF, 7-OH-3,4-diCDF >
8-OH-2-monoCDF, 8-OH-3,4,6-triCDF DJET»H -
7z, MEFL7H T, 3,8-(0OH),~2-monoCDF @ = X
hu s URREESS R DR L, T OEEIEARRN LB
AVEVELTHIONTWS 4-/=Vv 72/ —)v (R
&) L EREETH - 72, 8-OH-2-monoCDF, 7-OH-
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PCDF AEAbfk b &I KFE LIz = A a7 vk
fE=H 35 2w, Bz, 6-OH-,
7-OH-, 8-OH- K& O* 9-OH-3,4-diCDF %, —H D>
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2(8) L d %\ id 3(7N) Pz ki E»4H 3 % 7-OH-/
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phenol A [FREO X b a sy VEEERABED S 1L
Jz. LL, 1(9)id % wid 4(6) -ficKgEs2HE 3
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% 6-OH-/9-OH-3,4-diCDF 2 i3, iEHIEED sk
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ZOMBE LT, 109)-0id 2 4(6) -Aric ks
DEET 2 &, KBECHEL 77 VRSTFEET %
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L CwinZ epERa iz, Lpl, EELogst
723 2-OH-dibenzofuran 1213 = A b 0% VRIS
A7 <, 8-OH-2-monoCDF 3§ s T R b o
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KEACHEEBRE L T0 5, o T, ADEYEEL T
BH 9 % PCBs oz, @& X buar v ikd
ZWIEPLT A b a7 UEER &R T KB bR — B
R T2 2 edvFEz2ond, S, Z0XD
BHSED S PCBs OBEIRLVE Y E LTCOIEAZ2E
O 1B EF IR D LETH 5.

L7 &

&t two-hybrid # % H \w» ¢, PCB/KER{bA 7
(—HEF R ~uE R k) K& U PCDF Kigqbik 8 f#
(BRI~ ZE R O X b a s UG %
Nz, ZFORER, RO LS nARERSES R,

1. METL7- PCB KA LD 2 »T, =X buay
YRS ME OB & 13 4-0OH-2",4’,6"-triCB>4-OH-4"-
monoCB, 4-OH-biphenyl DIETH 572, = A +as
CHIEMEE T 5 LIS T W S 4-0H-2', 4,
6'-triCB 1%, AETHRLBOEELZRL, ZOENE
BREMERERVEYTHDE 4/ =NV T2/ —)
LR E T Hol., 4-OH-4-monoCB, 4-OH-hi-
phenyl O¥FH kX, 7% { & b Bisphenol A & 1ZIE[FEIZ%
Thotz, $7z, ThoDOFEWER 17T AN T V4 —
Ve LG, 4-OH-2",4",6'-triCB Tx# 1/
1000, 4-OH-4-monoCB & ' 4-OH-biphenyl TiZ#J
1/10000 ThH - 7z.

2,2’,5,5-tetraCB 0 fR#f ¥ T & % 3-OH-2,2,5,
5-tetraCB & O* 4-OH-2,2’,5,5-tetraCB iz, — A b
oy UREERIRRO Sk motz, £z, 3,3,4,4-
tetraCB ® = X b v U ERIGEHEFHEILCRBI Y TDH %
4-OH-3,3",4’,5-tetraCB 135 L T\wix\» 2 & 3HH
ShER DTz,

2. PCB/KEE(LFEDR T A b ar G %2 5637
B RS F e £ LT, biphenyl @ 4z KFgE:2H
LB IHERIE FCEBR SN TLR NI ERE S 1L
7z,

3. ®MEI L7 PCDF AfgftfkDzm»T, =X by
UREEME D S 13, 3,8-(OH) ,-2-monoCDF >8-0OH-

Gl
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3,4-diCDF, 7-OH-3,4-diCDF>8-OH-2-monoC-
DF, 8-OH-3,4,6-triCDF OJHT®H > 7z. 3,8-(OH) .-
2-monoCDF 1%, 4-OH-2’,4’,6-triCB > 4-/ = v
7z /=BT B EEE R W IE M R R L Tz
8-OH-2-monoCDF, 7-OH-3,4-diCDF, 8-OH-
3,4-diCDF K tf 8-OH-3,4,6-triCDF O35 M1, Bis-
ArFABEE~1/10THhotz. £ 72, 3,8
(OH) ,-2-monoCDF OEHDM X 1k, 178-= X b 7
YA =D 1/2500, 8-OH-2-monoCDF, 7-OH-
3,4-diCDF, 8-OH-3,4-diCDF J% ©f 8-OH-3,4,6-
triCDF 1%, #71/20000~1/30000 T& > 7.

4, PCDF KEAtARS T R b v 7 UGS % FB T
LG F D& LT, dibenzofuran @ 2(8)iidh %
WIE 3N LTKIREZH L CTB Y, KEEDAT Vb
PRI T EIR L T n 2 EARB S e,

phenol
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Species Differences in the in vitro Metabolism of 2,4,5,2’,3’,4’~-Hexachlorobiphenyl

Nobuyuki Koca, Tomoyo KaANAMARU and Nahoko OisHI
Department of Food and Nutrition, Nakamura Gakuen University,

5-7-1, Befu, Johnan-ku,
Yoshihisa KaTo and

School of Pharmaceutical Sciences,
Yada, Shizuoka

Koichi HAraGcucHI and Yoshito MAasuDpA

Daiichi College of Pharmaceutical Sciences, 221
Tamagawa-cho, Minami-ku, Fukuoka, 815-8511

Fukuoka 814-0198
Ryohei KIMURA
University of Shizuoka, 52-1,

422-8526

Abstract In vitro Metabolism of 2,4,5,2°,3’,4’-hexachlorobiphenyl (CB138) was studied using liver
Guinea pig liver microsomes formed four metabolites
named as M-1, M-2, M-3 and M-4 and these metabolites were all increased to about 4-5 fold of untreated
microsomes by pretreatment of phenobarbital. Liver microsomes of rats and hamsters showed much less
activity to metabolize CB138 than those of guinea pigs. Only phenobarbital-treated microsomes
produced very small amounts of M-3 in rats and M-1, M-2 and M-3 in hamsters, but untreated and MC-
treated microsomes did not. When mass spectra of the methylated derivatives of M-1, M-2, M-3 and M-
4 were measured in GC/MS, the former two possess the molecular ion of 354 and the latter two had the
molecular ion of 388. In addition, the mass fragmentation pattern indicated that M-1, M-2, M-3 and M-
4 are 2-OH-4,5,2’,3’,4'-pentachlorobiphenyl, 5-OH-2,4,2’,3’,4’-pentachlorobiphenyl, 3-OH-CB138 and 2-
OH-3,4,5,2’,3’,4’-hexachlorobiphenyl, respectively. Of four metabolites, the chemical structures of M-3
and M-4 were supported by the synthesized authentic compounds. From these results, it is suggested that
the metabolism of CB138 in guinea pig liver proceeds mainly via 2,3-epoxide as an intermediate and a PB-
inducible P450, CYP2BI18, is the most important isozyme in CB138 metabolism.

microsomes from rats, hamsters and guinea pigs.

& L & (<

AomEn, RIEREE7 2= (PCB) 134 %
SHEDFRHEWE TH % L & b ICHIBRIE O BRES 5 Yy
WETHD, —fiEIz, PCBI3EAENICBWT, T

(63)

T7uY—2u (Ms) WRFET 2 F b7 v kP50
(P450) 2 &> THBEROBILEZZT, Tic—KEEl
(OM) Rzt a n %2, PCBR#HY L LTIk OH &
PAcy e Fua vt —ufk, 4 — g, S SEREY)
BLOHEHED LKL 72 OH ki EAHE s T
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W2, PCB I3— Mz EDSmn 2 e o, BNICE
L3 w2y, EUERED 4 HUT oSS, e
& HICHIIA S RSN HRt S 528, 5 EEL i
7% EIEREICRE S iz < < e 0 TR IERARLS I E
BanhzZticks,

—7, Bodicix, HREED PCB XL T,
BOWRBHGEEZE T 2 ONM S TWw3, Schnell-
mann 5% 13F v b, H, BIUPE FTRIFEAL
R#ENewn2,4,52.485-AEKELE 7=
(HCB) (CBI153) 234 X CHEG @ asns 2 L %2
#1172, %72 Ariyoshi 592 134 X T Tid% L, BV
v hTH CBIG3 FRBIEENH W Z &, & 5121 3-OH
&, 2NIOHEFEHS 3 i1z NIH #0417 L7 2-OH-3,4,5,
2,4,5-HCB & & UL 1 EisE L 7z 2-OH-4,5,
2.4 5-HIEFIE 7 £ =)L (PenCB) BMERK S 112 &
LrRE LT

ZD & 7% PCBR#HIAE 51T 5 & CYPLA,
CYP2A 5 X W'CYP2B 12 J& ¥ % P450 12 & - T filtfit
i pymmn~202 CYPIA 8 X tf CYP2A 1 PCB
HURO S B 3,4, 5 fLciEREB S Lz b D% X < fil
B, 4-OH & 24m 5., —F, CYP2BIZ/g+ %
P450 1% 2,5 PricsihmEas iz b O % & < fildii L,
3-OH A% £ T 5. AR CB153 fR#icik CYP2B
BT 3 P450 T72b b, 4 X Tid CYP2B117 23, €
JVE Y b TlE CYP2BI8® L4 2 & L B3 & i
toTWw5hb,

2,4,5,2’,3,4-HCB (CB138) i3 CB153 & & &1,
PCB 85 CTEBETEENTHE D, S5, ffEY
B L OHEEHALENY) O b IR, & M EL
Fp®2028 e iR fERAREAR V19209 TR TR
XhTwa, £72, CB138 13, CB153 & [FAlkEIZ P450 %
DR BEEZ DN 7 = /v E ¥ —)L (PB) I
FHEREEET LI EDHONTVE, LrLEss,
ZNE Tz CB138 f#Ic B3 2 #Hid in vivo 1
B L Win vitro R IN TR Bbizokwn,
% 2T, AWFETIZ CB153 ICEERT, & cRF#sh
S WEEbN224,5-ZHFEMBLPCBTH 3
CB138 DXz WT, 79 b, NARY —BLUE
WVE Y MFMs ZHW TR 2INZ 72, %72, (R#EIicE
54 % P450 HFREZHS NI T 5012, RERR
P450 FEH L LTHISNT W3 PB BL U 3-XF v

a7 > by (MC) THALEL L 72BHT Ms T b G
WZHRET L 7z,

=

x B F &

1. EERM#

(1) CB138 &L

CB138 i& Cadogan IZ & % /5 TER L7z, &7,
2,4,5-trichloroaniline & 1,3,4-trichlorobenzene %
7 hIr7uur SV ACERL, RS YT
TY TV 7Y 7Rk 1000CT 16 KT 5 72,
RIS T Vv 2 F 77 5 (Merck, RA V) TRHEL
Db, BREEEGHERKEZ O NS T T4 —
(HPLO) 12 & W 43 L7z, HPLC &MF13 kDD TH
3. 515 4, 0DS(250 %10 mm i.d., 5 um, FEREF) ;
BEMH, 72 r=FVYV-H,O0(9 @ 1) ; FH, 2ml/
min ; HEERE, 254 nm,

35, CBI38 DM I FE FHIEEMHERMAY 2 7 0
~ b7 74— (GC/ECD) DFE®R, >98%Th-o7z.
%7z, CIL CKE) »5HEA L7 CB138 & GC/ECD
PRI R S e e —3 L 7z,

CB138 : MS (EI) m/z (relative intensity) 358 (100)
[M*], 360 (182) [M*+ 2], 362 (159) [M*+ 4],
364 (65) [M*+ 6], 366 (13) [M*+ 81, 323 (9)
[M*—Cl], 288 (61) [M*—Cl,], 218 (23).

2) R#YOERK

2-Methoxy (MeO)-3,4,5,2’,3,4-HCB ® &% 1
BERV ICHECRD & S5 efTo7, Thabb, 2,3,4-tri-
chloroaniline % HifgfE > bV 7 ATY 7 VL L 2%,
2,3, 4-trichlorophenol 2Nz T, 130°C, 2 RffEIXIG &
B, K, zuusvATHHEL, chEy U
ZFNV60 17 2 (30X2.5cmid., Merck, KA ) T
BEL, 2hk, Y7V A TAF VL, HE
YVATINVE0 AT A THERL, &EWIZiE HPLC
WY 1 REEOAKRY) (S-4) BE s S4D
HPLC 12 B % LRI, 30. 7 min TH VD, GC/MS
B LU 'H-NMR OffEE, S43HME T % 2-MeO-
3,4,5,2,3,4-HCB Th > 7z, HPLC &M ERD L 5
DThHbH, H7h, YMC-ODS (250%20 mm id., 5
um, YMCH) ; v # Z A, YMC-Guardpack ODS
(50x20 mmid., 5xm, YMC &) | B@#itH, x5/ —
W-H,0 (9 1 1) ¥, 2ml/min; BRHEE, 254



2,4,5,2’,3,4-HCB O in vitro {U#

nm,

2-MeO-3,4,5,2",3",4-HCB : 'H-NMR (500
MHz, chloroform-d) ¢3.557 (3H, s, 2-CH;,
0), 7.155 (1H, d, J=8.33Hz, 5°-H),
7.262(1H, s, 6-H), 7.462(1H, dd, 6'-H) ; MS(ED
m/z (relative intensity) 388 (100) [M+*], 390 (193)
[M*+ 2], 392 (155) [M*+ 4], 394 (65) [M*+
6], 396 (16) [M*+ 8], 338 (155) [M*—CH,
Cl], 318 (17) [M*—Cl,], 275 (33) [M*—COCH;
ClJ.

3-MeO-CB138 (S-3a) ¥ £ ' 4-Me0-2,3,5,2’,3,
4-HCB (S-3b) 1% 2,3,6-trichloroanisole & 2,3,4-
trichloroaniline % J5Uf} & L € Cadogan 12 & % /5 1EY
THR L7z, MeO D4R L UFERIZ CB138 0%
N EFEERIZ TV, 3-MeO-CB138 & 4-Me0-2,3,5,2’,
3, 4-HCBAZIZ1 : 1 0REME L THES N, 3-
MeO & & 4-MeO D K1 GC O friFRf & & O
YAANRY MVIZ & B [M*—CHy] A 4 > O
LoThahi.,

3-MeO-CB138 : MS (EI) m/z (relative intensity)
388 (100) [M*], 390 (185) [M*+ 2], 392 (153)
[M*+ 4], 394 (68) [M*+ 67, 373 (8) [M*—
CH;], 345 (40) [M*—COCHS,].

4-Me0O-2,3,5,2’,3,4-HCB : MS (EI) m/z (rela-
tive intensity) 388 (100) [M<*], 390 (176) [M*+
21, 392(129) [M*+ 4 ], 394(54) [M*+ 6 ], 373(54)
[M*—CH,], 345 (46) [M*—COCH,].

2. BYks

Wistar M7 v b (RER 170 g), Hartley R
Me'vE Y b (RER 280 g) B & U Golden syrian %
HEMEN AR Y — (REH 85 g) 12, P450 FHAI L LT
PB (80 mg/kg/day), & %X MC (20 mg/kg/day)
% 3 HREFERENIC 5. U7z, PB4k, MC
o —cER L 7. PB B X O MC RiTALEEIY) X
REEESOEHER LUES I EmMmE L, £EA
HAKCHEER L7214, 0.25 M & =2 8-0.1 mM EDTA-50
mM Tris-HCl B (pH 7.4) TREY F A R 21T
WV, HERIZE D Ms 238U 72,

3. CB138 X3

JFs7ay—raz k2R3 BEEHRY CH¥EL TT-
7. Tbb, 40 M CB138, NADPH 4:1%% (0.33
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mM NADP, 5mM Z)va—2x-6-Y >, 73—
Z-6-Y YEERBIKERER 1.0unit), fFIr7uy—A4 =0
mg protein) 3 & 0% 100 mM HEPES #& i (pH 7.4)

HEr1ml & LT, 37°CT2HfHA >~ F 2 X— M &,
R#E 7 a0RNVL-2F /=L (2 1 1) & n-~F
P TERETNIET OB Lz, R Y 7 VX
& o TAFIVEE, GC/ECD Icft L7z, &, Y
D5IHTICIE ECD {1 HP5890 Series I ¥ XA 7 u~ 7
7 7 (Hewlett-Packard #) #H\ 7z, GC/ECD 0%
HFROEEY ThH B, H 5 2, DB-1 fused silica capil-
lary column (30 mx0.25 mmi.d.,, 0.33 xm &, J&
W Scientific #) ; 4 —7 >, 230°C ; A MRE,
250°C ; B 2R, 250°C £+ V7 —4 A, N, (1
ml/min).

4. (DD SITHESS

(1) GC/MS

T ARANRY POV ORE B B STEHT HP5980 A7
Az7u~x 2727 (Hewlett-Packard &) %\,
El ®—FTfro7. GC/MS &I RDED ThH 5.
71 2 2, DB-1 fused silica capillary column (15 m X
0.24 mm id., 0.33 xm &=, J&W Scientific #) ;
F =7 |E, 210°C ; HALEE, 250°C ; MH#siE
&, 280°C; ¥+ VY 7—#4#A, He (1 ml/min).

(2) 'H-NMR

Az bV OHIE R HAREFH O JEOL GSX-
500 (500 MHz) 2 fHwvCiT->72. FkHd, EZ7 ook
WAICHEIREL, T h I A FNY T v 2 NEEEYE &
L THWw.

X R & R

1. ELEY FIF Ms I2& 2R

HRALFE, PB HALE S X O MC BiLE €V E T
Ms 12 & % CB138 @ = FH /2, Fig. 1 237
(XFIVR) OH A7~ I T LERT. T D
R, RAOFEEB X0 PBEHLE Ms 28 W CREH £ 8
bihvd 4 KD E—7 PERFERFE 17.08 min, 17.28
min, 21.68min B L U 22.09 min IZEH S Nz, B
T, ZnszznEh M-1, M-2, M-3 BX U M4 &
5. %8, Zhs o 4 EEORBYOLRHIL, PB i
JLEC XD, RO 4 ~ 5 fFi2dgk L7z, —F, MC
HIALEE Ms 2 BWTiE, T XTORFOLERIZITIT
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ES

=
parl

170 i

STl s, 7272 M4 MERE I NI &k
molz,

PLEDOFER» S, EvEy MFIZB T % CB138 O
B, KA Ms 1272 ) OBRECHEEL, »D2 PB T
HFHEIND PAS0 s FRIC L Vil S T 5 Z
EDRIEE S Tz,

2. Sy brBELUNLRXY—FF Ms I2& K5

Riz, 7 v M Ms & CEBRICHE L7z, Fig. 2
WRE (A FNAEER) OF A 7o~ v 7T AERT.
Z DFER, PBHILE Ms TOA 1 ADR#YE— 2
N E NIz, 2O —7 OFFRRIZ 21.70 min T
by, ErEy NFTORBEY M-3 LITIF—FL 7.

—F, NAAY —HF Ms ZRHWCHEBRICHRET L7z &
25, REWEBbinsd 3 KDY —2 5 PB il
Ms T & iz, 2o O Y — 27 ORI 17.06
min, 21.67 min X 22.08min THY, ENVEY b
TOREY M-1, M-3 BX U M4 &IZI—3L 7.
BB, TV PBIUNLARY —WTFNOEYT b R
H Ms & X O MC HiALE Ms 12 5\ TR I31E &
AR ISN Lo T2,

A) Untreated B) PB-treated

CB138

\

CB138

\

1E 6 %

DEofER LY, CBI38 I3 2 A #EEM LT L
v MNFTZELLEWD, NARY—BLXUT v MNT
TR DENZ ERHS M5 T2, & 512,CB138
ORFIZIE, ELVEY D, TV MBILUNLRSY —IZ
3L T, PB &M P450 285780 < B G52 2 L 35
MIZIE o7z,

3. KBt LEE

AR 7z A ORI OGS 2 PET 572
»Iiz, PBHEALEE)LVE Y MF Ms ZHWT 100 ml @
KE=T, 3r°C, 2WHRIGETY, LML L
Jo. B, HEMEY TV A TR F VL, v
VATFNH T Ah7ax NI T 7 4 —CRER TS,
R DU n-~F > TIFWv, £50ml 35 10
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#5 No. 1 wixRZ bk (CB138) 728, %7-, 4f@MH
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(F—=2 K¥gik). % THHEES No.2 % GC/MS 12
WF Y AARY MVOHIE ERTTo Tz,

Table 1 ICERFYID~ AART VT —F IR,
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Fig. 1 Gas chromatograms of methylated derivatives of CB138 metabolites formed by liver microsomes of
untreated, PB-treated and MC-treated guinea pigs.
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Fig. 2 Gas chromatograms of methylated derivatives of CB138 metabolite formed by liver microsomes of
untreated, PB-treated and MC-treated rats.
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Fig. 3 Gas chromatograms of methylated derivatives of CB138 metabolites formed by liver microsomes of
untreated, PB-treated and MC-treated hamsters.
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313 3-OH-CB138, M-4 13 2 i35 3 fific NIH
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2o DI RRE R HERT 2 72012, FRNRHO
G EERAT. 2T, M4 OFREREE LT S4 %
|5 2w U (ARSI, Table 112
X512, SHURBEFDTAARY P VT —F B LUGC
DPFRIFED M4 O X F MUK ESEL I8 LTz, &
72, 'TH-NMR X b, S-4 Ofbiis i3 2-MeO-4,5,5,
2,3, 4-HCB Th 3 Z Loz o7 (Fig. 4).
IS DR LY, CBISSKRHYWD S B, M-413
2-OH-3,4,5,2’,3,4-HCB L& S iz,

=
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Riz, M-3 OFERBVIOEGR EH AT E S, S-
3a & S-3b DIREVIEED Z LISTE L (EBFES
..... INHIEYAANRZ P LVED, WwTFhbaaTFE
B8 THBIL, ST TITRYT—¥a Ny —
s, ZhEN 3-MeO-CB138 % X Uf 4-MeO-2,3,
5,2,3,4-HCB t iE& 7z (Tablel)., 20355 S-
3a 1x GC ORI B L O~ X 222 h L M-3 O
AF ALK L SESIc—E LTz, ZOFEED» S, M-3 1
CBI38 D 3-OHMTH 2 Z L B8 Moz, &t
B, R#WDOM-3 L M-4DEICS3b L —KF 3
E—27 bBME LD S ER SN TwS Z LB L 72,

% o

CB138 1x CB153 & [A kR iz, 2,4,5-ZHFRiEH O
HCB D 15TH 228, #MABETHSL I Lr 5B
TEEMEDRE W PCB Th 5., A5 TlE CB138 OfX
FEITY N, NAZY—BIUELEY M Ms TH
R, ZTOFER, TLEY NPMBTHICHENTELLLSE
WRBEEHEZET 2 2 s pICE 5, Tabb,
TLE Y MFCRARME Ms OBEIC b 4 BIEO R
), M-1, M-2, M-3 8L ' M4 B4k & h, & 51
s OREWIZVTI S PBEILELT 4 ~ 5 {5128
2z ensmntiol, COFRENS, ENVEY
N FT o CB138 » A #1213 PB 84 0 P450 0 &
WIS DRI S 7z,

ENLEY MFP450 2DV T, PBEFHEEED L D &
L C CYP2BI18 #3515 1T \» 5292030 CYP2BI18 134k
WERRF Ms thC, 778 ) OEEELEL TV 2GR
P450 TH %53, 2 PBALHEIC X - T 3~ 5 fFicHg

Table 1 Mass spectral data and retention times of methylated derivatives of four CB138 metabolites and
three synthetic compounds in GC/MS and GC/ECD.

Molecular Mass spectral data Retention time

Compound  weight [M*] [M*—15] [M*—43] [M*—50] [M*—70] (min)
CB1338 358 100 - - - 61 14.57
M-1 354 100 - - 38 - 17.08
M-2 354 100 - 22 41 - 17.28
M-3 388 100 - 32 13 - 21.68
M-4 388 100 - - 101 - 22.09
S-3a 388 100 8 40 15 - 21.68
S-3b 388 100 54 46 - - 21.36
S-4 338 100 - - 155 17 22.09
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Fig. 4 'H-NMR spectrum of the synthetic S-4.
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Fig. 5 Postulated metabolic pathways of CB138 in guinea pigs.
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Abstract Sister chromatid exchange (SCE) frequency which was an index to the synthetic and
sharp genetic toxicity was examined using the infant lymphocyte cells around postnatal of 1 year.
SCE frequency as the control culture which was treated with the solvent, DMSO, alone (SCE ontro1)
was 8.2+0.9/cell and as cultured with 7,8-benzoflavone (ANF) (SCE,yr) was 11.8+1.4/cell. In
addition, the difference of SCE,yy and SCEconiro1, namely, A SCEs became 3.6+1.3/cell.

The concentration of the dioxins in the mother’s milk, which had taken by the infants, in the
2~4 month postpartum was 0.95+0.51 pg-TEQ/g in the male infants, and 0.97+0.48 pg-TEQ/g
in the female ones. The sex difference could not be recognized in contamination levels of the
dioxins in mother’s milk.

The SCE frequency of the infant lymphocytes was examined in order to evaluate the genetic
toxicity of the dioxins which had contaminated mother’s milk. As the result, either the SCE
frequencies or A SCEs did not show any significant correlation to the dioxins. Therefore, the
dioxins were considered not to induce the genetic toxicity such as the SCEs at the present levels
of pollution in Japanese mother’s milk around postnatal of 1 year.

Introduction

Although the humans have been contaminat-
ed by various chemical compounds??, the pollu-
tion by the dioxins (polychlorinated dibenzo-p-
dioxins, polychlorinated dibenzofurans and co-
planar polychlorinated biphenyls) of which the
toxicity is extremely high has been particularly
noticed'®~®).
which the

Prenatal and suckling stages of
differentiation and growth are

remarkably fast and, therefore, the sensitivity
to the hazardous chemicals seems to be the
highest.
research from this viewpoint, and a large num-

We have already carried out lots of

ber of worthwhile
obtained!®~119),

In the meantime, the formation mechanism of

knowledge has been

sister chromatid exchanges (SCEs) has not been
SCEs, how-
ever, seem to be a good index to the synthetic

well clarified yet at the present.
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and sharp genetic toxicity for several chemical
compounds®”?®26_  We also have been carried
out several researches from this point of view,
and a much important knowledge has been
acquired!®91O1n,

That the mother’s milk has been contaminat-
ed with the dioxins is due to their pollution of
the mother’s body, and the chemical substance
of this species will contaminate the foetus and
infant through the placenta and from the
mother’s milk, respectively. In this research,
the relationship between the SCE frequency of
the infant lymphocytes around postnatal of 1
year and level of the dioxins in mother’s milk
was statistically investigated in order to evalu-
ate their genetic toxicity to the next human

generation.
Materials and Methods

Fifty to 100 ml of mother’s milk at the pos-
tpartum period of 2~4 month were collected
from 124 healthy mothers, mean age: 29 years
old and the range: 22~41 years old, in July ~
October, 1994, June ~ October, 1995 and June ~
October, 1996. These samples of the mother’s
milk were analyzed for the dioxins by HRGC-
HRMS technique using a Finnigan MAT-95
mass spectrometer (Germany) directly inter-
faced with Varian Model 3400 gas chromato-
graph?®?b,

Toxic equivalent (TEQ) concentrations of the
dioxins were calculated by using 1998 WHO
TEF values?”.
the dioxins determined in the milk samples was
summarized as the total 2,3,7,8-tetrachlor-
odibenzo-p-dioxin (2,3,7,8-TCDD) TEQ concen-
tration or level.

Five to 10 ml of the peripheral blood of 105
infants (60 males and 45 females with the mean

TEQ-sum of all congeners of

age of 10 months old) born of these mothers
were individually obtained by venipuncture in

J. Nagayama et al.

January ~ March of 1995, 1996 and 1997.
of the
lymphocytes was measured in 64 infants.

Among them, SCE frequency

Lymphocytes in the whole blood were
stimulated with phytohemagglutinin and cul-
tured for two replicative cycles in the presence
of bromodeoxyuridine (100 M) as detailed
elsewhere!®917  Differential staining of sister
chromatids was obtained by a fluorochrome
plus Giemsa technique and the frequency of
SCEs was evaluated.

Relationship between control, solvent
(DMSO) treated, SCE frequency (SCEcontro1), 7,8~
benzoflavone (ANF) treated SCE frequency
(SCExr) or A SCEs (SCEx:~SCEconiro1) and the
dioxins levels in mother’s milk was statistically
examined by Spearman rank correlation

method.
Results

1) SCE frequency of the lymphocytes in the
blood of infants

The frequency distribution of SCEcontror,
SCEavr and A SCEs of lymphocytes in the
blood of infants is shown in Fig. 1. The mean
value of SCEconiro1 was 8.2/cell, and minimum
and maximum ones were 6.6/cell and 10.4/cell,
respectively. The average value of SCE,yr
was 11.8/cell, and the range was 9.3/cell~14.7/
The mean of A SCE was 3.6/cell, and
respective values of minimum and maximum
were 0.7/cell and 6.1/cell.

cell.

2 ) Contamination of the dioxins in mother’s
milk
The distribution of the contamination levels
of the dioxins in the mother’s milk is indicated
in Fig. 2, dividing into male and female infants.
In case of the male infants, the average concen-
tration was 0.95 pg-TEQ/g, and the lowest and
highest ones were 0.23 pg-TEQ/g and 2.92 pg-
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Fig. 1

Frequency distribution of SCE¢oniro;, SCEAxs and A SCEs in lymphocytes of infants

left : SCEcontror, middle : SCE,yy, right : A SCEs

255

2.0

0.5

0.0-t

Fig. 2 Distribution of concentrations of the dioxins in the mother’s milk

left : male, right : female

TEQ/g, respectively. The mean level in the
female infants was 0.97 pg-TEQ/g with the
range of 0.15~2.37 pg-TEQ/g. The average
contamination level was a little higher in the
female infants than in the male ones, and both
their minimum and maximum levels were lower
in the female infants than in the male ones.
We could not find any significant difference
between the male and female infants in contam-
ination levels of the dioxins in the mother’s
milk.

3) SCE frequency of the lymphocytes and
levels of the dioxins in mother’s milk
The relationship between the frequency of
SCEcontro;, SCEsyr or A SCEs in the lympho-
cytes of infants and the concentration of the
dioxins in mother’s milk is shown in Fig. 3.
We could not find any significant correlation
of the dioxins levels with the frequency of
SCEcontro;;, SCEany or A SCEs in the infants
around postnatal of 1 year.

Discussion

There is no fixed conclusion yet concerning
whether the frequency of SCEs is affected by an
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aging or not. In some researches, it has been
shown that the

lymphocytes was significantly increased with

3)22)25)
)

SCE frequency in human

an age and in others not?. In our

studies, frequencies of both SCE.onwor and
SCEaxr in human lymphocytes at 20~64-year-
old people were clearly enhanced with age!®®.
In these two researches, average frequencies of
SCE¢ontro1 and SCE,yr were 10.1/cell and 13.6/
cell, respectively. In SCE frequency of this
study, the former was 8.2/cell, and the latter
11.8/cell, which were apparently lower than the
respective values in our previous investigations.
Based on these findings, it seems the SCE fre-
quency probably increased with age.

In 0~75-year-old persons, SCE frequency of
the lymphocytes in the umbilical cord blood was
the highest, one 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.

Similarly to the results reported before®®?V,
the average concentration of the dioxins in

mother’s milk was also about 1 pg-TEQ/g in

(76)

this research. The mean value of estimated
intake of dioxins through mother’s milk is con-
sidered to be 120 pg-TEQ/kg body weight,
assuming that the infant of our country takes
120 g of mother’s milk per 1kg body weight.
Therefore, infants take 30 times more the diox-
ins from mother’s milk on average than the
tolerable daily intake of dioxins in our country,
that is, 4 pg-TEQ/kg body weight. Although
the lactation is about 1 year, and not a so long
period, it is apprehended whether or not the
relatively high intake of the dioxins during
breast-feeding may cause some ill effects upon
infant’s health!®~1219

Then, the
lymphocytes was statistically analyzed in this

SCE frequency of infant
research in order to evaluate the genetic tox-
icity of the dioxins in mother’s milk. As the
result, the dioxins of mother’s milk did not
indicate any significant correlation to the fre-
quencies of SCE ontro1, SCEany or A SCEs. From
these findings, the dioxins seemed not to show
the genetic toxicity such as the induction of
SCEs in the lymphocytes at the current levels of
contamination in Japanese mother’s milk
around postnatal of 1 year.
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This investigation, however, was carried out
with rather small number of infants, so in order
to get more conclusive results for their SCE
induction or genetic toxicity, further large-
scale studies are needed.
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Influential Factors in the Elevation of Serum Creatine Phosphokinase for the
Patients with Kanemi Yusho

Freeze Fracture Study of Rat Muscle Plasmamembrane

Toshiro YosHiIMURA and Minoru OKITA
School of Allied Medical Sciences, Nagasaki University, Nagasaki 852-8520
Yoko Nakao, Taku Fukupa and Takeshi Fujimoro
First Department of Internal Medicine, Nagasaki University, Nagasaki 852-8102

Abstract We studied the factors of the elevation of serum creatin phosphokinase (CK) using the data
from the routine medical checkup of Kanemi Yusho patients during 1995 and 1999. We also studied rat
muscle plasmamembrane by the freeze fracture method, which were given the polychlorinated biphenyls

(PCB) and controls.

The patients with elevation of serum CK showed significant elevation of PCB in
their blood but not in polychlorinated quanterphenyls (PCQ).
a slight increase of orthognal array density but it was not statistically significant.

The rat muscle plasmamembrane showed
The densities of

caveolae and particles were not changed. Accordingly, PCB were thought to be a factor in the elevation

of CK in the serum.
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Fig. 1 Histogram of serum CK in Kanemi Yusho
patients.

Table 1 Rates of abnormal serum CK among each

year.
Year Rates of abnormal CK
Number (%)
1995 (n= 84) 17 (20.2%)
1996 (n=101) 21 (20.8%)
1997 (n= 97) 10 (10.3%)

1998 (n=107)
1999 (n=107)
Total (n=496)

14 (13.1%)
8(75%)
70 (14.1%)
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Fig. 2 Histogram of serum concentration of
PCB.
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Fig. 7 P face muscle plasmamembrane in PCB (A) and control (B).
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Table 2 Particle density.

E face P face
PCB Control PCB Control
EDL 907 +348 920+344 2358+640  2421+323
(zm?) (n=53) (n=41) (n=59) (n=27)
Soleus 886+289 8714255 2780401  2423+748
(em?) (n=34) (n=29) (n=18) (n=30)
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Effects of a Highly Toxic Coplanar Polychlorinated Biphenyl,

3,3,4,4’ ,5-Pentachlorobiphenyl on Intermediary Metabolism :
Reduced Triose Phosphate Content in Rat Liver Cytosol

Yuji Isun?, Harutoshi KaTo, Megumu HATSUMURA, Takumi ISHIDA,
Noritaka ArrvosHi?, Hideyuki Yamapa and Kazuta OGURI*

Graduate School of Pharmaceutical Sciences, Kyushu University,
Higashi-ku, Fukuoka, 812-8582, Japan

Abstract The effects of a highly toxic coplanar polychlorinated biphenyl, 3,3’,4,4’,5-pentachlor-
obiphenyl (PenCB), on triose phosphate metabolizing enzymes were studied. Male Wistar rats

received 25 mg/kg PenCB, i.p. At this dose the compound provokes a wasting syndrome.

The

activity of triose phosphate metabolizing enzymes, glyceraldehyde-3-phosphate dehydrogenase,
triose phosphate isomerase, glycerokinase, transaldolase and transketolase were significantly
reduced by PenCB treatment to 5094, 6095, 5095, 7095 and 409§ of free-fed controls, respectively.
An inhibition study with pyrazol, a specific inhibitor of alcohol dehydrogenase (ADH), showed
that ADH makes about a 309§ contribution to the formation of glycerol-3-phosphate from

glyceraldehyde-3-phosphate.
protein expression level.

Our current study revealed that PenCB suppresses ADH at the
The reduced formation of glycerol-3-phosphate from glyceraldehyde

dehydrogenase by PenCB could be due to the suppression of ADH. The triose phosphate content

in the liver cytosol of PenCB-treated rats was significantly lower than in free-fed controls.

The

suppression of triose phosphate metabolism could be a cause of the wasting syndrome provoked

by highly toxic coplanar PCB.

Key words : triose phosphate, polychlorinated biphenyl, alcohol dehydrogenase, suppression,

wasting syndrome
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alcohol

dehy-

(86)

Coplanar polychlorinated biphenyls (PCBs?)
are well known to be one of the causal agents of
Yusho!9?2% and are widespread environmental
3,3,4,4’,5-Pentachlorobiphenyl
(PenCB) is the most toxic congener of all
PCBs®*®.
have been shown to be similar to that of 2,3,7,8
~tetrachlorodibenzo-p-dioxin (TCDD) and are
considered to occur via an Ah-receptor-mediat-

pollutants'®.

The toxic effects of coplanar PCBs

ed reaction®?, although the details are not fully
understood. These toxic chlorinated aromatic
hydrocarbons cause wasting syndrome in labo-
ratory animals®? ; however, the mechanism has
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not yet been elucidated.

Hypoglycemia is a well-documented effect
when rats are treated with TCDD®*® or
PenCB*". This effect could be due to the
reduced gluconeogenesis®”. The key enzymes
of gluconeogenesis, especially phosphoenolpyr-
uvate carboxykinase (PEPCK) activity, in rat
liver are suppressed by TCDD- or PenCB-treat-
The mRNA level of PEPCK is also
reduced by TCDD-treatment®®. Although inhi-

bition of gluconeogenesis had been considered

ment?3®.

to be one of the causes of wasting syndrome®?,
the detailed mechanism is still unclear and
requires further study. There are some glu-
cose donors such as glycogen, amino acids and
glycerolipids, but glycogen could not be
involved as a glucose donor since PenCB
reduces food intake® which may involve the loss
of liver glycogen stores. The other glucose
donors are involved in the metabolism to triose
phosphate. Our recent work shows that one of
the triose phosphate metabolizing enzymes,
aldolase B, in rat liver catalyzes the reversible
cleavage of fructose 1,6-bisphosphate or
fructose-1-phosphate to triose phosphate and is
significantly suppressed by PenCB-treatment!?.

Alcohol dehydrogenase (ADH) class I is a
major isoform of ADH in liver cytosol'?.
Although ethanol is a good substrate for ADH,
the physiological function of the enzyme has not
yet been elucidated. Current studies propose
that ADH could be capable of catalyzing the
dehydrogenation of steroid hormones®, w-oxi-
dation of fatty acids®, biosynthesis of bile acid
from cholesterol®*” and oxidation of retinol®'®,
It seems that the endogenous substrate of ADH
remains to be identified. Our current study
revealed that PenCB suppressess liver cytosolic
ADH in rat at protein expression level'®.
Recently, triose phosphate was suggested as a

candidate endogenous substrate of ADH?¥.

(87)
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In these circumstances, we hypothesized that
utilization of triose phosphate could be an
important factor in producing glucose during
PenCB intoxication. However, we have only
information about the effects on aldolase B.
Some triose phosphate metabolizing enzymes
catalyze the reversible metabolism of triose
phosphate. In particular, triose phosphate
could be formed via the pentose phosphate
pathway. We have now focused on the effects
of PenCB on the triose phosphate metabolizing
enzymes, glyceraldehyde dehydrogenase, triose
phosphate isomerase, transaldolase, and trans-
Further,

which is involved in producing glycerol-3-phos-

ketolase. glycerokinase activity,
phate, was also investigated. Then, the effect
of PenCB on ADH and its involvement in triose
phosphate metabolism was discussed. We
describe here the reduced triose phosphate
metabolism that could be one cause of the
wasting syndrome provoked by highly toxic
coplanar PCB.

Experimental Procedures

Materials

PenCB was synthesized by the method of
Saeki et al*”. The purity of PenCB was con-
firmed to be at least 989§ by GC using an
electron-capture detector, MS, NMR and UV
spectroscopy.

Animals and treatment

Male Wistar rats (3 weeks old), purchased
from Charles River Japan (Tokyo, Japan), were
housed in stainless-steel cages for one week
prior to treatment. These rats were given
PenCB at a dose of 25 mg/kg/4 ml corn oil, i.p.
The dose of PenCB chosen was that which is
known to suppress body weight gain and
29 Free- and pair-fed animals
Each

Five days after

gluconeogenesis
were treated as described previously?®.
group consisted of 4 rats.
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treatment, the livers were removed and cytosol
prepared by the method of Andersson et al.V.
Assays
ADH activity was determined as described by
Lad et al.®®.
hydrogenase activity was assayed by

Glyceraldehyde-3-phosphate de-
the
method of Duggleby et al.”. Triosephosphate
isomerase activity was measured according to
Beisenherz?. Glycerokinase activity was
determined by the method of Bublitz et al.®.
Transaldolase activity was measured according
to Tchola et al.??.

determined as described by Kochetov!'”.

Transketolase activity was

The formation of glycerol-3-phosphate from
dihydrox-
yacetone phosphate was determined according
to Fondy et al® and Sillero et al.*® with slight
modifications as follows.

glyceraldehyde-3-phosphate or

The activity in liver
cytosol was determined in the presence or
absence of pyrazol, a specific inhibitor of alco-
hol dehydrogenase. The activity in the absence
of pyrazol was considered as the total activity.
dehy-

drogenase was determined from the difference

The activity arising from alcohol

between the activities assayed in the presence
or absence of 10 mM pyrazol.

Deproteination of liver cytosol was perfor-
The dihy-
droxyacetone phosphate and glyceraldehyde-3-

med as described by Karl et al.'¥.

phosphate content of liver cytosol were assayed
according to Minakami et al.?”.

The statistical significance of differences
with respect to each control group was calcu-
lated by Student’s t-test.

Protein was assayed by the method of Lowry
et al.?V with bovine serum albumin as a stan-
dard.

Results

We have investigated the effects of PenCB on
triose phosphate metabolism. Figure 1A shows

(88)
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that glyceraldehyde 3-phosphate dehydrogenase
activity in liver cytosol of PenCB-treated group
was significantly lower than that in free- and
Approximate 509§ of the
activity of both controls was observed in the

pair-fed controls.

PenCB-treated group. Figure 1B shows that
the triose phosphate isomerase activity in the
liver cytosol of the PenCB-treated group was
significantly lower than that in free- and pair-
fed controls. Approximate 609 of the activity
of both controls was observed in the PenCB-
treated group. The effect of PenCB on glycer-
okinase activity is shown in Figure 1C. The
glycerokinase activity in the liver cytosol of the
PenCB-treated group was significantly lower
than that of free-
Approximate 509 of the activity of free-fed

and pair-fed controls.

controls and 309§ of the activity of pair-fed
controls was observed in the PenCB-treated
group. The activity in pair-fed controls was
markedly higher than that in free-fed controls.
The elevated activity observed in the pair-fed
controls could be due to the restricted food
intake, since activity has been reported to be
induced by starvation®®. Transaldolase and
transketolase play a connecting role between
anaerobic glycolysis and the pentose phosphate
pathways. The transaldolase activity in the
liver cytosol of PenCB-treated rats was signifi-
cantly lower than that of both controls (Fig. 2).
Approximate 709 of the activity of both con-
trols was observed in the PenCB-treated group.
The transketolase activity in the rat liver
cytosol of PenCB-treated rats was markedly
lower than that of both controls (Fig. 2).
Approximate 4095 of the activity of both con-
trols was observed in the PenCB-treated group.

The ADH activity in rat liver was markedly
reduced by PenCB-treatment (Fig. 3). Our
current study suggested that PenCB suppresses

ADH at protein expression level'®. Taken
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Relative GA3PDH activity

Pair-fed PenCB
Free-fed control = 1.0

Free-fed

Relative triosephosphate
isomerase activity

Pair-fed PenCB
Free-fed control = 1.0

Free-fed

Cc

-
(=]
I

Relative glycerokinase
activity

PenCB
Free-fed control = 1.0

Fig. 1 Effect of 3,3’4,45-pentachlorobiphenyl
on the activity of glyceraldehyde-3-phos-
phate dehydrogenase (GA3PDH) (A),
triosephosphate isomerase (B) and glycer-
okinase in rat liver cytosol. The activity
in the liver cytosolic fraction from free-
fed control, pair-fed control and PenCB-
treated rats was assayed according to
Fondy et al.®, Beisenherz® and Bublitz et
al.¥, respectively. Each group consisted of
4 rats. The activity relative to that of the
free-fed control group is shown (free-fed
controls=1.0). The values represent the
means+S.E. Significantly different from
free-fed controls; *, p<0.05; ** p<
0.01; *** p<0.001; Significantly differ-
ent from pair-fed controls; f, p<0.05;
11, p<0.01; f1f, p<0.001. The GA3PDH,
triosephosphate isomerase and glycero-
kinase activity in free-fed controls was
1.58+0.17, 1.92+0.12 and 6.8+0.2 (nmol/
min/mg protein).

Free-fed Pair-fed

(89)
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Transaldolase
[0 Transketolase

Relative activity

Pair-fed PenCB

Free-fed control = 1.0

Fig. 2 Effect of 3,3',4,4’,5-pentachlorobiphenyl
on transaldolase activity (closed bar) and
transketolase activity (open bar) in rat
liver cytosol. Transaldolase activity was
measured according to Tchola et al.®®.
Transketolase activity was determined
according to Kochetov'”. The activity in
the liver cytosolic fraction from free-fed
control, pair-fed control and PenCB-
treated rats was assayed. Each group
consisted of 4 rats. The activity relative to
that of the free-fed control group is shown
(free-fed controls=1.0). The values repre-
sent the means+S.E. Significantly differ-
ent from free-fed controls ; *, p<0.05; **,
p<0.01; *** p<0.001; Significantly dif-
ferent from pair-fed controls; f, p<0.05;
111, p<0.001. The transaldolase and trans-
ketolase activity in free-fed controls was
24.57+0.86 and 22.90+1.21 (nmol/min/mg
protein), respectively.

Free-fed

together, the suppression of ADH activity is due
to a reduced protein expression of ADH.
Recently, triose phosphate was suggested as an
endogenous substrate for ADH?*? and so we
investigated the contribution of ADH to triose
phosphate metabolism. The total formation
activity of glycerol-3-phosphate was signifi-
cantly reduced by PenCB-treatment (Fig. 4).
Results of the activity of triose phosphate in the
presence of pyrazol, a potent inhibitor to ADH,
show that ADH may make a 309§ contribution
to the formation of glycerol-3-phosphate from
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Free-fed Pair-fed
Fig. 3 Effect of 3,3’,4,4,5-pentachlorobiphenyl
on alcohol dehydrogenase (ADH) in rat
liver cytosol. ADH activity was assayed
according to Lad et al.*® with ethanol as
substrate. The activity in the liver
cytosolic fraction from free-fed control,
pair-fed control and PenCB-treated rats
was assayed. Each group consisted of 4
rats. The activity relative to that of the
free-fed control group is shown (free-fed
controls=1.0). The values represent the
means+S.E. Significantly different from
free-fed controls; **, p<0.01; Signifi-
cantly different from pair-fed controls;
11, p<0.01. The ADH activity in free-fed
controls was 12.3+1.9 (nmol/min/mg pro-
tein).

glyceraldehyde-3-phosphate, whereas it made a
smaller contribution to the formation of glycer-
ol-3-phosphate from dihydroxyacetone phos-
phate (Fig. 4).

Figure 5 compares the triose phosphate con-
tent in free-fed controls, pair-fed controls and
the PenCB-treated group. The triose phos-
phate content in the PenCB-treated group was
markedly lower than that in the free-fed con-
trols. While that in the pair-fed controls was
comparable with the PenCB-treated group, this
was significantly lower than that of the free-fed
controls. These data suggest that the reduced
triose phosphate content could be due to the
suppressed food intake caused by PenCB-treat-
ment or a restricted food intake caused by pair-

feeding.

Y. Ishii et al.

Total
O ADH

Glyceraldehyde-3-phosphate

-
o
1

o
—_

Free-fed Pair-fed PenCB

Dihydroxyacetone-3-phosphate

Relative activity (total activity in free-fed control = 1.0)
5

Pair-fed PenCB

Fig. 4 Effect of 3,3',4,4’,5-pentachlorobiphenyl
on the metabolism of glyceraldehyde-3-
phosphate (upper panel) and dihydrox-
yacetone phosphate (lower panel) to
glycerol-3-phosphate. Closed and open
bars represent total activity and alcohol
dehydrogenase (ADH) activity, respective-
ly. Formation of glycerol-3-phosphate
from glyceraldehyde-3-phosphate or dihy-
droxyacetone phsophate was determined
according to Fondy et al.¥ and Sillero et
al.*». The activity derived from ADH was
determined from the difference in activity
assayed in the presence or absence of 10
mM pyrazol. The activity in the liver
cytosolic fraction from free-fed control,
pair-fed control and PenCB-treated rats
was assayed. Each group consisted of 4
rats. The activity relative to that of the
free-fed control group is shown (free-fed
controls=1.0). The values represent the
means+S.E. The total activity in free-fed
controls toward glyceraldehyde-3-phos-
phate and dihydroxyacetone phosphate
was 198+12 and 898+34 (nmol/min/mg
protein), respectively. Significantly differ-
ent from free-fed controls; *, p<
0.05; *** p<0.001; Significantly differ-
ent from pair-fed controls; t, p<0.01

Free-fed
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Dihydroxyacetone phosphate
O Glyceraldehyde-3-phosphate

umol / g liver

Pair-fed PenCB

Free-fed

Fig. 5 Effect of 3,3’,4,45-pentachlorobiphenyl
on the content of triosephosphate in rat

liver. Closed and open bars represent dihy-
droxyacetone phosphate and glyceralde-

hyde-3-phosphate, respectively. De-
proteination of liver cytosol was perfor-
med according to Karl et al.'¥. The dihy-
droxyacetone phosphate and glyceralde-
hyde-3-phosphate content in the liver
cytosolic fraction from free-fed control,
pair-fed control and PenCB-treated rats
was assayed according to Minakami et
al.?”. Each group consisted of 4 rats. The

values represent the means+S.E. Signifi-
*

cantly different from free-fed controls ; *,
p<0.05; ** p<0.01

Discussion

Figure 6 summarizes the effects of PenCB on
intermediary metabolism. We have shown
here that PenCB significantly suppresses the
enzyme activity of triose phosphate metaboliz-
ing enzymes. Because PenCB reduces the pro-
tein expression level of ADH in rat liver
cytosol'®, the suppression of ADH may be
involved in the suppression of triose phosphate
metabolism by PenCB. The triose phosphate
content was also reduced by PenCB-treatment.

Glyceraldehyde-3-phosphate dehydrogenase
activity in the liver cytosol of rats was signifi-
This
enzyme had been considered as a “house keep-

cantly suppressed by PenCB-treatment.

ing” protein, the level of expression of which is
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28)

the
mRNA and protein level of glyceraldehyde-3-

unaffected by xenobiotics Recently,
phosphate dehydrogenase in skin keratinocytes
were reported to be induced by TCDD?®.
However, the present results show that signifi-
cant suppression of glyceraldehyde-3-phos-
phate dehydrogenase in rat liver is produced by
a toxic coplanar PCB, PenCB. It is interesting
to think that there could be differences in the
regulation of glyceraldehyde-3-phosphate dehy-
drogenase between skin and liver. However
the reason for such differences in the response
to toxic chlorinated aromatic hydrocarbon
between skin and liver needs to be identified.
The activity of transaldolase and trans-
ketolase in liver cytosol was suppressed by
PenCB-treatment (Fig. 2).
induces glucose-6-phosphate dehydrogenase
(G6PDH) activity in the liver cytosol of rats and
The induction of G6PDH has been sug-
Although it
is likely that the pentose phosphate pathway is

PenCB significantly

mice.
gested to involve an Ah-battery!®.

elevated by PenCB, the supply of triose phos-
phate through transaldolase and transketolase
to the glycolytic and gluconeoge-netic pathway
could be suppressed.

The level of protein expression of ADH class
I was suppressed by PenCB!®. Recently, triose
phosphate was suggested as a candidate en-
dogenous substrate of ADH??. It is interesting
to consider that ADH could be involved in lipid
metabolism through triose phosphate metabo-
lism. Glycerokinase, which supplies glycerol-
3-phosphate, was suppressed by PenCB (Fig.
1C), whereas abnormal lipid metabolism, such
as a marked increase in triglycerides® and a
reduction in the proportion of arachidonate®®,
was observed in PenCB-treated rat liver. In
addition, coplanar PenCB has a significant
effect on the reduced synthesis of physiological-

ly essential long-chain unsaturated fatty
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Glucose

( ;) G6PDH T 6-Phospho
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1,5-lactone

Fru-6-P
Triglyceride
Fru-1,6-diP

TAldolase *
Trans

t ‘L aldolase q
Pentose

HA-P «<—T> GA-3-P <~ phosphate

A pathway

Trans

ketolase*

Glyyzerol

Glycerokinase ¢
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ADH
*GA3PDH

1,3-DiP-glycerate
A

Phosphoenolpyruvate
carboxykinase
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Phosphoenolpyruvate

Oxaloacetate

\

Fig. 6 Summary of the effect of 3’4,4’,5-pentachlorobiphenyl on the
intermediary metabolism in rat liver. Abbreviations : Glc-6-P,
glucose-6-phosphate ; G6PDH, glucose-6-phosphate dehy-
drogenase ; Fru-6-P, fructose-6-phosphate; Fru-1,6-diP,
fructose-1,6-diphosphate ; G-3-P, glycerol-3-phosphate ;
GA3PDH, glyceraldehyde-3-phosphate dehydrogenase; TPI,
triosephosphate isomerase ; 1,3-DiP-glycerate, 1,3-diphosphog-
lycerate.

Pyruvate <> Alaninef

acids®®. It is likely that the supply of triose

the metabolic pathway from glycogenic amino

phosphate via lipid metabolism is suppressed by
PenCB, although significant fatty livers have
Marked protein catabolism
in TCDD-treated rats®.
Glycogenic amino acids derived from protein

been observed®.
was also observed

catabolism could be precursors of triose phos-
phate. However there is a key enzyme for

gluconeogenesis, PEPCK, which is involved in

acids to triose phosphate. PEPCK is known to
be suppressed by TCDD or PenCB in rat

2939 In addition, we recently reported

liver
that PenCB markedly suppresses aldolase B in
rat liver cytosol’V. Taking these observations
into consideration, it could be that the abnormal
intermediary metabolism caused by PenCB-

treatment is due to the suppression of these
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triose phosphate metabolizing enzymes.

The marked reduction in triose phosphate
levels in pair-fed controls and PenCB-treated
groups suggests that the food intake could be an
important factor in determining the triose phos-
phate content. The reduced triose phosphate
content in pair-fed controls could be due to the
restricted food intake ; however, this may not
be the only reason for the reduced triose phos-
phate content in the PenCB-treated group.
Giving nutritional supplements to TCDD-treat-
ed rats failed to cure the wasting syndrome
caused by TCDD?.

sed triose phosphate metabolism in PenCB-

It is likely that the suppres-

treated rats affects the utility of energy sources.
In combination with these observations, there
was a suppressive response to the enzymes of
glycolysis and gluconeogenesis pathways, which
might influence the energy utilization.
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3777+ —PCB L& 3hEAH~NDRE
Sy brFHAIPYILDPYF—RY) VEEEENETICOWVT

FUMNRFR AT T o B

AR I B B - AN &

FfHEE - §HF#EB - IUHXZ
/N — K

TNVRZ =X, FVA—RY) rBOREIED >
TWaERTH S, 3,3,4,4,5-pentachlorobiphenyl
(PenCB)IZ LD 7V R T —X¥ BOBIHIS NG, Zh
WXL ZEHEDOHEICIEE S5 R WAREEN b 5. %
2T, KRBT, bVA—R Y CEABHRSEE (O
VeV7VTeER-3-VYBTe Rarr—¥, Y
F—AV VAV RAT—¥, ZVkxuFF—¥, +T
VATIWVR T =¥, BLUVNTI AT T —¥) K
123 PenCB O &% F N7z, 72, PenCB 2L 37
Na— ik FEEESR (ADH) ORBIHH L, L ORE
FUA =2 CBRAHICEEERIZL THw L rE,
F—F VD7) Lu—n-3-Y VBAERIEEAND
ADH 1 0H 5 2 a8 12 #as L7z, PenCB LB IC &
D, INSEEHOEE T TN D S0%HEE  CERE
WAR T L Cwiz, ADH IE, & > 87 Br~ T L L
HHENTWEZ 2B S M LT3, NAD
KERZ 7D 2V 7 VT e R-3-) VBBBXUYER

DL R SRR BRI R
P FIERER IR R BESE AE

oXy7 ) VBOR#EDOS B, €7V -V TH
FEIhnHiEME % ADH ik & L7254, ADH K
0% DELE WD 5 Z LMY, R Z OEL~OH
HIPEETH oI, PUA—R Y VEBIE, BEEAUEREE
ROFEAERIZ T TR P =AY VBRI b
MO ems, TANVF G, BERH, SRAH
NOEELPER#M LD S, 2D LiE, PenCB
X BB ENSHENTH L L 2T /L TwE X
SIBbN S, B L PenCB ALHEEE T 13 s
O YA =Y YOS, HEBEEICHART
BLLEp Tz, 2D kX, NIA—R) VERER
PEEICEKGFET 22 E2RLTWS X IBbh s,
PenCB MLEEERIC BT, MU 4 —R Y Y EBORHR
ROWEEDEAEINTET LT3 Z Eh 5, PenCB 4L
HIZL > T YA =2 YBRHOREESE L, 58
ERHBLTHOIANNF - LTHHIhICL WY AT
LADHER T W 2 AR D 5,
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Suppression of Stress Proteins, GRP78, GRP94, Calreticulin and Calnexin
in Liver Endoplasmic Reticulum of Rat Treated with a Highly Toxic Coplanar PCB

Yuko YosHioka, Yuji Isun, Takumi Isaipa, Hideyuki YaMaADpA and Kazuta OGURI
Graduate School of Pharmaceutical Sciences, Kyushu University, Fukuoka 812-8582
Kiyoto MoTojimMA
Department of Biochemistry, School of Pharmaceutical Sciences, Toho University, Chiba

Abstract The present study was addressed on the effect of 3,3’,4,4’,5-pentachlorobiphenyl (PenCB) to
the expression of molecular chaperon proteins, glucose regulated protein (GRP) 78, GRP94, calreticulin
and calnexin in liver endoplasmic reticulum of rat by treatment with acute exposure. Male Wistar rats
received PenCB in corn oil at once a dose of 10 mg/kg i.p., then at 5 days after treatment the microsomes
were prepared. Free-fed and pair-fed control groups were given the vehicle. The microsomal proteins
were separated on SDS-PAGE, transferred to membrane and blotted using antibody towards respective
chaperone proteins. The protein levels of GRP78, GRP94, calreticulin and calnexin were significantly
decreased with the acute exposure. In addition, albumin level in the microsomes was also significantly
reduced by the PenCB treatment. The transferrin level was significantly higher than pair-fed but not
from free-fed group. These chaperone proteins have important physiological functions against synthes-
ized and/or denatured proteins, which include assembling, folding of proteins. PenCB-treatment may
alter the extent of biosynthesis of secretory protein such as albumin through the decreasing levels of
chaperone proteins in endoplasmic reticulum. Interestingly, reduced GRP78 protein level by PenCB was
not due to decreased mRNA level. Our results suggested that a part of the toxicity of PenCB is
associated to significant decrease of the chaperone proteins in the endoplasmic reticulum.

B2 ENHONTWES, E7 2= )VvDA )V ML

# = WCHEFRERZ b 727 PCB I3, HEmiSER 0 5

Polychlorinated biphenyls (PCBs) 133655 0 EH#afi; {, coplanar PCB £ IHENTH Y, non planar PCB
BEPHOE NI L EE L 209 O BEESTFET S CHANTHEEDEWZ LB TWS, ZHTHR
N, T OEMEIFERT 2EZOBCMEICL > TAKE WF52 . w72 3,3 ,4,4, 5-pentachlorobiphenyl
(IUPAC PCBI126, PenCB) & PCB £k, fH&iED

1) BURBE R SR R BRI Y AFEE 2279199, Coplanar PCB % polychlorinat-
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ed dibenzofuran I2f{FE & W 2 EEMLIERILFTELR MFIHEHEBICH 2 2 EBHLPITEINT WS,

RALAF R, WHEOFRWE L LTHMonTn5, F AhR 1%, 1992 2D T~ 7 2D cDNA 23 HfE S 1L
-4 H, PCB 3N WMHELEE O—> & L T4 TSRS £ b b cDNA MBS L1019, 2 DiE
BEREIC 5 2 2 B D IS N T B 3102910, 2 (D3 BRTELTOWEBPRBEHSPICSNTETNDS,
HDOLEAFER R A = X A5 TIEREH S L Tnizn, TDEIIT, A X F Y VEOBMEFEHERE T ADR

Coplanar PCB O #MEFIE A 1 = X L OfRIAHSEN ONENBEECTH D Z LMD ho>TEN, FA4FF
TWwa R, ZOZHNEHEEND L. Zhoofk VUL VFE I NS EET ORI XRE OfF

EWE—Rac, RERIIG], FoRRse B O Z=iE, ERERENL TRV DONRDH B I L0, SGEE
FER, SeisneiR T, AJEkEE, mEaHPts L omEt TCDD %##:5.1 7z AhR K~ 7 2 Ofifi, Kz
EIRT ZEDHISNTWB™™ = &Y ER THAIZO—YABEONE 2 P 06, Zho D
DIFE L AL IZHIIEE 2 F4E F % arylhydrocarbon FEPIRERE X AhR 203 288572 10 TSI T & 7,

receptor (Ah-receptor, AhR) #K##lE X 7 = X A %A AhR KB A D =R LD ELET B e E 26N T

TLEFEZLNTVD, W3, IhoDI e, FA4FFy VHEOLENE
AhRZ YV # ~ N K17 1% @ bHLH (basic-helix- A EET 2121, FIEFIREPEEEFEZ oMb,
loop-helix) #i&E B & F PAS (Per-AhR/Arnt-Sim WMgeE Tk, ZM % T coplanar PCB O# 4TI
homology) F X4 ¥ % b DRZEFEIDEERN T TH B2 3 2 HIVC, [HIEORBLL IR B W T
%39 TCDD %2 7% 7 — PCB I, AhR IZEHH i, ABEEICEHEELEEE b O o HORBES
WDV B RTHD, £z, FA4FEUMNTH, FLLSZELT 5] LS EERGLE L TR 2MTb
3-methylcholanthrene (3-MC) % benzo [a] pyrene TEY, ZOFEE, PenCB U Z v MFY-4 b Vv
bULTRERDL, LaLEans, NEEDOY VR WCBWT, FES4kDa Dy > 7 BEnE L L FHE
3, BEEShTwin, BN, TR TADRV UESEY V08, %72
Z @ AhR 73 TCDD @@ Z ML T d 2 L i3, B72 7S/ 7 2 VEEMS v /X7 B O counter-
AhR 1Z2Xt9 % TCDD O [AlJEE O & &1 A TCDD part ThH 5 Z BB I N, £, Tht
IR D 4t & HEPIBERIcH 5 2 &7, ARR Dt R, 7y NFY A MY VRO 7 VR S —E B,
fRTEEIZE DD L~ 7 AR, b5k AhR R class I7Vva—nvFeRFuar+F—¥B L U0s LR
B~ 2Z0fEriz X v, TCDD O#F A AhR OEE =77 re R 7 —XIINMHIsns Z b
THRNWCHKFEL T b 2 ENRE NIz T £208080), LT 2401810 Z 3z Z T, 4 A4 F ¥ VFHDRZRE
TCDD i & % cytochrome P4501A1 (CYP1Al) O W EoT, 7y b OINEME DT, ¥ 4L D key
EFEBA AhR ICREEL T 3 2 & B45-FHIICHED enzyme OHIHD, 27 )L 3 — A WREAR D FEIHINH] > A
BWONIZZED R DERFSN TS, YA ¥ DI £ OVERIC X 2 BERI R OET
AhR 1% 90 kDa heat shock protein (HSP90) & MEIEHL I ENDE Z EDHIS LT BE0T78100 - X 5
EHERER L CHINERICEELTED, VIV RR 12 PenCBALEE Z v Mz BWT, fFO~RY b —2 Y >~
fEe9 % & HSPOO I3 LN EITT 5. R T R OE— AT v 7 Th % glucose 6-phosphate
Ah-receptor nuclear translocator (Arnt) &7 o dehydrogenase 1%, FHE S 11553, FERRH IR

YA ~v—2ER L, FREAIC xenobiotic responsive 53 2% OBRIEENERICET T2 2 8L,
element (XRE) EFEIX# 5 consensus BtdicfE& L, ICEN T 24010102 = 7 512 PenCB LB I X

Spl LHHAMFR L CES RIEH LT 29, 4 4 %> DRI D AR A A X F v ZAD8fE L 7 REEIZ B W T,
VI vFE IS CYP1IAT™, NAD (P) H: TNV a—ARE ¥ >~ 8 7 E (glucose regulated
quinone oxidoreductase??, glutathione S-transfer- protein, GRP) DFIREHZHEL L ZILT 2 2 L FHE

ase Ya subunit®®, UDP-glucuronosyltransferasel A6 Nz,

(UGT1A6) ) 5Tz id w9 b XRE O HIHIF GRP 32 0 DEY , HYIHES Mz 7 v 3 — 2
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FUERIRRE I L 2c BRI B Ic i s by VN7 e L
THEINID, 20O, /IMIFANECIES 2T
Brrhnwsy Y7 EeEEIE 5 L5 2L DA
PRI DFEESNLZEBPS MR, FHEEk
HEO—BEP SR MV R VSV ECBET 5 L1
otz

ANVAY NTBIZFERZDOA NV AIZHIIEDS E 5
SNTGEWCY R BEOEME, BHEEERIIZ 22 L
L DM EBHIL TWE EFEZ SNTWEY, TORKk
DIFFETZ K DA MV AY X7 BEIXFEHEERC b HIE
WTH 78 DA ZELC T, MEOER%
REPEFIC L > TRHDOEEEH > T2 2 L
STl otz ZOWEEN S A VALY VST H XS
FyyRu IR TE D, SR E iR Y
~7F REOI D EH (folding) &4 (assembly)
O, DL eIy v BOMBIPEZE R W E
i (quality control), FEERF DI 7 F VR
B LY 7 FVREROEERA, 5139wy
722 % T, W CIRHAMEEEIC 2 2bo T
%2060 WMBEIC BT HMENC LD, T v MR
D4 F ¥ v~u > HSP70 8 X O HSPY0 iX PenCB
B X o THFH SN B DKL, /INadFHERED
G F ¥y u ¥ GRP78% B X tf GRP94%® (X
PenCB AL IC Ko T T 2 2 BRI T W
%9, L7z -> T PenCB LEIC X - T, GRP 234
TLHZ kY, MUARNOFREGH Y > X7 BT
BEREBIZRYD, ZOZEDBTA 4 F v VEOHENE
FEHNCBARL TW B AREMEN D 5 EFH 2 s i,

GRP L [FIERIZ, MR D & > % 7 BDZE Iz
bbdA MV XY X7 HEL Tcalnexin ®
calreticulin 7% E23 4 %99, Calnexin I3 /N AR D 5
12, calreticulin I3/MIAENBEICJFFET 243 F > v u
YTHY, MEHIF—XEERCHREIESEWZ T TR
<, BERERIIC DHEPIL T B EF 2 5T\ 5399009
— folding 23T L 72 RV 77 F N EH1E, FESHATIN
%3%1) %78, calnexin % calreticulin & Z DOFESHE % 78
FUKES T 27, FE T X apolipoprotein B % insulin
receptor @ folding ~DOE 5% ¥, FhZFho/Nafk
JRTEMSF v Y ERIc e Dy X7 B4
GERICEET 2 b PIZENDDH BV, Fz,
NS O/NERFEES T vy oa vy D A
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AEELELTEY, NMIEND AV ARED K X
AAIYALBWTHEETHI EHFZ o T W
%9)48)64).

DED &S nisn o, Kt5eTld, PenCB LI
£% 7 v MFo/NatRREERS T ¥ 2o > GRPTS,
GRP94, calnexin % calreticulin v~V D22
T MR To7z. 3, PenCB LT » NS 7
o Y —2A D, GRP78, GRP94, calnexin ¥ X O
calreticulin V _WVAKITTHEICOWT, FRZF NI
BRERTHREHGIEA L 7oy M & B HE %
Totz. XKz, HlEcEBT 25 2o o/NaEEEES
T v u rORDD, RG> 87 I S
D h 5 2 2l E2%F 2, MR TEGKR S
%8 2 X7ED S B albumin B X U transferrin O v
NV DB TR #1T> 72, & 512, PenCB iz & /)
BHEBEEA NV R Y o8 7 BOFBIENIC O W» T
mRNA VUL TOME 2175 7z,

Vil &

1. EERM#

PenCB 13, Saeki & Q&S 12HE > T, BHIIEET
G bOEEH LT, GRPT8EHEY » 87K
(hamster ; recombinant expressed in E. Coli) i,
Sigma th X DEEA L7z, $ii7 v M GRP78 C- K 12
7 I BRTTRERT 2V FRY 7 u—F ik
1%, Affinity Bioreagents#:X v, KV 7o —J
P FHi calreticulin IgG 1X, 7+ a3y (B) Lo, £/
7 a—JF )~ A calnexin IgG 1k, + T VA Y7
YaryIiR7 b=t ED, KVZa—FvoyyF
W7y v TAT I gGlE, A v —kN-T /1
=% &V, ¥ FH transferrin FUIME X, ICN-
Cappel fE X DA L7z, &7z, fiiv v A GRPY4 74
FHMEY X, HHEFE fd GUERFE Y 1 VAR
AL UEC C R A

2. EPRES LV I/0Y - LORR

AMRBEERICB W TIE, 634 Wistar A1
Fv & EBAT YV Ay =Y CHE, BitL:
%, FERCHEL 72, 7 v i3, PenCB LEEE, free—fed
ary ha— VB X Upairfed 2> b g — L EBEOD 3
BEIZ43 1T, PenCB ALEEREIZ1X, PenCB % 10 mg/2 ml
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corn
L7,

corn

oil/kg body weight & L T, HERENIZE[E#E5
Free-fed ¥ & Of pair-fed 2 > s v — VERIZ 1,
oll DA EELG LT, AiEE, HHICERESE,
BFENIEED 72 D OBEED PenCB JUHHEE L [F U
W2 LD R R 2 7., @FEREICOWT, i
#5. 5 HEE IS % fH U7z, Total RNA #itiFH O+
Y INIZIE, FDOFI50~100mg 2RV, HbIZHK
RERPTHE S, —80°CTHRFEL 2.

JElg I, kAR RERC CHER LIz b E, 3
Z5 0 KCl buffer (10 mM Tris-HCI1 (pH 7.5) buffer-
0.15M KCI-0.1mM EDTA) THEY JF 4 XL,
9,000 xg T 20 Sl LAt L 72, ZOE L B S
512 105,000 X g T 60 43 04 BEL 72, 2 Ok
%, KClbuffer THREY A XL THIFL, 105,000 X
g T 60 a7z, ZoWwB% 10 mM  Tris-
HCI (pH 7.5) buffer-20% glycerol-0.1 mM EDTA
WCEEBL, oY —AgEE L7z, Lz 70
Y — LSYEIINF T L, B £ T—80°CITERIEL 72,

3. SDS-polyacrylamide gel TXUikE (SDS-
PAGE)
SDS-PAGE 1%, Laemmli O /552 [2fE W {To 7z,

4 . Immunoblotting

SDS-PAGE 12 T¥ > 87 'H % 538k, Towbin &
DFEFD R, €I FF7AATnT 4 v 7HEET
polyvinylidene difluoride (PVDF) JEIC#2E. L7, ¥4
Bt%, PVDF &% 5 %A+ 4 32 (in TBS-Triton
X-100) T 37°C, 60 43[E blocking %17 - 72%&, w#b]7x
BECAR L7 1 XURIco 0, 4°CT—HiA >+ =
N— b L7z, IREBIEILITORETHER L. Jidk
DI X, GRP78, 0.19% rabbit anti-peptide of C-
terminal 12 amino-acids of rat GRP78 serum ;
GRP94, 0.259% rabbit anti-mouse GRP94 serum ;
transferrin, 0.19 rabbit anti-rat transferrin
serum ; calreticulin, 0.05% rabbit anti-calreticulin
IgG ; calnexin, 0.19% mouse anti-calnexin IgG ;
albumin, 0.29% anti-albumin IgG & L7z, i s 3 %
AFLIN2E0.1% NaN; Z&Ee TBS-Triton X-
100 ¥ & L7z, 1 Rk & O RIGHK T, PVDF %
TBS-Triton X-100 221}, ZEHE T 543 X 6 [FI¥EE

[

(100)

1Z 5 %4

U7z, Yok 71, PVDF % 2 XAk, =in
T30 5EA v F ax—v 3> Lk, 5ot e AR
TECERE L7z, bR 2 5613, Blake & D3
IZHEL THT o 7z,

5. Northern blotting

Total RNA X, RNeasy kit (QIAGEN) ZFHWw<T
BREREL TB W HE» o HEEL, "VAT VT E
R 2&BZ M7 (1% agarose) TERIKEIL T,
TAVY ATV LTz, Tu—7ik, 7y
N GRP78 cDNA 77 7 x> % %, [*2P] ACTP &
rediprime II random probe labelling system (Amer-
sham Pharmacia) 1 & o> TEERL THEALZ, A
7N FA X = a3 3 I8 KL LTV, Sl HNC i3 A
X—=Y v 7 Frv—bIZHEFEL 2%, Bio-Imaging
Analyzer BAS-2500 (Bt 7 4 Vv Aatt) 2 X DL
T, NY RO EITo 2, /=74 ¥ —ya i
X7 v b D B-actin cDNA (+478 7» & +767 12 X
)7 & Tz,

X B & R

1. PenCBIZ & % 78 kDa 8 £ 1894 kDa 7' /v a2 —
A o828 (GRP78, GRP94) DFEIRAM
ifil

ZNE Tz, PenCB 25 mg/kg (i.p.) MLEEL 72 4 38

4 Wistar 27 v b Cl¥, 55 HEOH I 70y —
L2 BWT, GRP78 ]t GRPY D ¥ 7 E v~ v
METT 22k, £/, ZOHRRIT, EHRED PenCB 1
mg/kg (i. p.) OWRERERTHEI Y, ZOHHI 458
MBI bR 5N D Z & 2SI L1z,
AW Tl 68 Wistar RHEME v b 2
PenCB 10 mg/kg # BN # 0¥ 5 L, GRP78 KU}
GRP94 Ok % immunoblotting 12 & D iEFEL 72, 1
RPURICIE, GRP78 O C-Kijig 12 7 S/ B> ©75 %%
ZFRIEHT LR 7 a—F iR E Aviz, 2o
W o 1%, IMNIUEFEEEDO Y VX7 BBHELTWS
KDEL W9 % 3% 9 2 FifErrE S h B Y, GRPT8
T BEEEN ER > TnE, Ty MFE ey —
A% > )k L 7z immunoblotting O #5 H % Fig.
TAWWRLTWS, TFERPOFZT, AV v —/"F
NGRPIB DN FTHbEeHFzohsb, Fig 1B
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immunoblotting D #E R % 2% A F v 7 —12 T Apple
Macintosh I > & 2 —% —IZH D A, Y 7 b
x 7 NIH image 2 CE&EILL7Zz b DTH S, PenCB
W Z v M GRP78 D% > /8 7 EFH L ~OVIE, Tl

Yhro— LR LTCERRESLTED,
PenCB LR T 13, freefed 2> b o— VDK
20% 2% F T L7z,

Kiz, GRPY4 ZRp RIS 2P0 2 VT,
immunoblotting 217> 7z, Fig. 2A I Z DFER %R
9. GRPY4 I%, PenCB 4LEHIZ X - T, free-fed, pair-
fed wFhoa > bo— VL L T Y EE D
L Cw/z, PenCB MLEEED GRPY4 &1L, free-fed 2
Y hu—NVEEDORIS0%THY, WY DESEWIX
GRP78 2z £V b5 -7 (Fig. 2B).

ZD &Iz, 6:HF Wistar B7 v MiZBWT b,
PenCB #L# 12 X - T, GRP78 & GRPY 24 3 %
ZEDBHLMNTHo T,

A Free-fed Pair-fed PenCB
]

W

Band intensity
(% of free-fed control)

Free-fed Pair-fed PenCB
Fig. 1 Effect of PenCB on GRP78 in rat liver
microsomes.

Immunoblot analysis of rat liver mi-
crosomes (1 ug protein) with anti-GRP78
antibody (A). The values represent the
means®=S.E. of the percentages to the
free-fed controls (B). Significantly differ-
ent from free-fed controls: *, » <0.05, and
from pair-fed controls: T, p <0.05.

2. PenCB 1z & % calreticulin O FEHHIH]

XKz, GRP78, GRPY4 & [FEfRIc/MAEN A b v A S
YNIZEDOEDTH B, calreticulin L X Vi,
PenCB #LEE Y B IE 3528 2 5T U 7z, PenCB 4LE
7 v MFS 70y —24%,calreticulin IZFF AT R Y
7 a—JF ViK% v T immunoblotting U 7z 558 %
Fig. 3A 127" ¥. Freefed 2 > b u— VEEIZHL X,
o — VTR, BEZBES RO 50
7z. PenCB LERFEIZ 8\ TlX, calreticulin %3 free-
fed, pair-fed WD a > b o — L EEE R L THIH
DL TBY, PenCB MEHEIZ I T 5 calreticulin L'
WL, free-fed HE DK 60%T Hotz, 2D L 5K
calreticulin ® 84> L7223, GRP78 ® GRPY4 054
X, pair-feeding OFZIE WA R Sz,

pair-fed 2>

3. PenCB IZ X % calnexin OFEERH
Rz, calreticulin & fHEIMELE <, 2 O/NEAKIC B
5 EERE B BEMPIL T v % calnexin I DWW T, PenCB

SR AS ROE S 528 2 #3) L 72, Calnexin & /NARRTE
A

Free-fed Pair-fed PenCB
1

S C— ——  — —  — ——— . —

g
8 8

@®
o

Band intensity
(% of free-fed control)
8 8

n
o

Free-fed Pair-fed PenCB
Fig. 2 Effect of PenCB on GRP94 in rat liver
microsomes.

Immunoblot analysis of rat liver mi-
crosomes (1 ug protein) with anti-GRP94
antibody (A). The values represent the
means*=S.E. of the percentages to the
free-fed controls (B). Significantly differ-
ent from free-fed controls: **, »<0.01,
and from pair-fed controls: 11, »<0.01.
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DA MVAY YRZETHY, 5F¥rurEl
TOMERHN YT AEERE, APV AREEEZHL
Tw3, LpL, calnexin BERE&S VX2 ETH
0, /INEENEECRET 25 o0 BORERY 7 )
NTH 5 C-FKigd KDEL Fedi3FF> Tz,

PenCB JLEEZ v R & 7 1 Y — A % calnexin &
e/ 7a—F VPR TA 4/ 7ay M LIcRER%E
Fig. 4A 1Z/R9, PenCBAWEFETIE, I > bu—)b
TR THEEZL calnexin VUV DR T D & 1,
free-fed FED 60%RE A L T iz, Pair-fed BT
1%, free-fed # 12 It X T calnexin L XV 28K <,
calreticulin N8 L FEN R & iz,

4. PenCB WUE /Mt T DS > 37 H D

EERARIZ T E

PenCB ML T v FFIZ B W T, NEBEREA b

VY VB TH S, GRPT8, GRPY4, calreticulin

A

Free-fed Pair-fed

o er—

V]

Band intensity
(% of free-fed control)

Free-fed

Pair-fed

PenCB

Fig. 3 Effect of PenCB on calreticulin in rat liver
microsomes.
Immunoblot analysis of rat liver mi-
crosomes (7 ug protein) with anti-
calreticulin antibody (A). The values rep-
resent the means=*S.E. of the percentages
to the free-fed control (B). Significantly
different from free-fed controls: *, p<
0.05: ***  »<0.001, and from pair-fed
controls: T, p<0.05: T1, p<0.01.

[
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1Z 5 %4

B L Ucalnexin BMIfl a2 Z L ZHSPIZLTE
7z (Fig.1-4)., ZNSANVAY VI HIZHTY v
~uUEREERLTE D, #iEY v 7 H O folding
X assembly 2@}, BEEZIIET 2 0wbNTWn5,
ZIT, INODYYNRIVEWEBLTLEIEICESE
REsc, Thbb, /NIENTHHEGHKS NS Y
2RI EANDFE O W TR 21T o 7o, INERETE
HaFyyu YR ARET S I & T, folding ®
assembly 23IE U S R S N WEE ¥ X 7 B N4
UsZ RTINS, BERES 7 B34k
WS> THEBER DD, ThENERET L2V AT
ABHISNT WS (FEEH) 2990 PenCB JULEEH
JENRD a6 8 o7 B D VAV ARIE T 5B
DV, AWHMETE, HMIETEGER S 1, SIS
N3 X7BE055, MFEHOTEY VX7 ETH
% albumin & transferrin 2 H L, #EfL 7z,

%3, PenCB U & 2 /NMNERRFEEA b LAY~
RI7BEORLWE|EH Z Sh2REET D, albumin ©

A

Free-fed Pair-fed PenCB

Band intensity
(% of free-fed control)

Free-fed Pair-fed PenCB
Fig. 4 Effect of PenCB on calnexin in rat liver
microsomes.

Immunoblot analysis of rat liver mi-
crosomes (15 pg protein) with anti-calnex-
in antibody (A). The values represent the
means*+S.E. of the percentages to the
free-fed controls (B). Significantly differ-
ent from free-fed controls: *** »<0.001,
and from pair-fed controls: T, p< 0.05.



NFRRAEFEA b v A VB O FEBUHIH]

EEHICOWTHRET 21T 5 7z, Albumin (Z4M#E s >
WNI7BDRI60%% H &, M DREED 5% 5
80%%H-TWB EFZ 6N TWS, £, HLDE
P13 albumin EFEET 2 2 Ep o, FEHEWICHEE
ThH5.

fFs7uay—2d@albumin ¥ > 87 HDED S,
albumin ODAEGHOBREZH S Z LUk £F 2,
immunoblotting 12 & Y & U7z, —XRPiEciz v 5
FPLZ7 v b albumin PLE % Fv7z (Fig. 5). PenCB
W Wistar 27 v MF S 7 0 Y —ATlE, albumin
L LS, free-fed, pair-fed i 2 > b o — Vi & Ehi
LT, BRIZELLFED L Tz, PenCB JLEET
1%, albumin v~V 23 free-fed BEDK) 209% F T L
T\wiz, Pair-fed #® albumin v~V & free-fed #f
H T 5 EEBEIET L Cwie, UL, Z0ORE
X PenCB AUEFED Z L L LER B ER&E S evo Tz,

Rz, PenCB LB & 2 /MR R b LV A8 v o7 E

A

Free-fed Pair-fed PenCB

Band intensity
(% of free-fed control)

PenCB

Free-fed Pair-fed

Fig. 5 Effect of PenCB on albumin in rat liver
microsomes.
Immunoblot analysis of rat liver mi-
crosomes (1 pg protein) with anti-albumin
antibody (A). The values represent the
means*S.E. percentages to the free-fed
controls (B). Significantly different from
free-fed controls: *, p<0.05; *** p<
0.001, and from pair—fed controls: 11, p<
0.01.
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DIRA DG & Z S NIARRET D, transferrin DA S
RIZ DWW TS 21T -5 /2. Transferrin (M O #
RGBT 2L TEOHMERIET 5 Lig, ThnsE
RSN BEANCHET 2 £ v, HANTOgORHI
B THLNEE 2D L » T3, Transferrin 1,
albumin & [k, R TEEGRK S WM END,
ZZTH, 7y —2H0 transferrin D ¥ > /87
HELOZOEBHROEELMZ ZEBTE L EHEZ,
immunoblotting 12 & U Fi#g L7z, —XPifkiciz v 4
FHi 7 v b transferrin Fifkz A7z (Fig. 6). Pair-
fed # T X free-fed 2t N E I transferrin L~ )L
WKL, free-fed HEDHI 50% TH > 7z, Z D pair-fed
B L Hig L ¢, PenCB ALHIE: T3 I transferrin
VARUDSE o, L LRSS, PenCB ALEEE D
transferrin ' )L (& free-fed 7 > b 0 —VEED Z 11
ERER IOz,

Free-fed Pair-fed PenCB

@

-

=]

8
?
|

®
<

Band intensity
(% of free-fed control)
3

'y
.2

Free-fed

Pair-fed PenCB

Fig. 6 Effect of PenCB on transferrin in rat liver
microsomes.
Immunoblot analysis of rat liver mi-
crosomes (3 ug protein) with anti-trans-
ferrin antibody (A). The values represent
the means+S.E. of the percentages to the
free-fed controls (B). Significantly differ-
nt from free-fed controls: **, »<0.01, and
from pair-fed controls: 1, » <0.01.
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5. PenCBLERIZ X 2 7 v M /MR EMEA b v
R % %7 '8E (GRP78) mRNA L~V D2

INETIE, 7y MFS 7wy —2450 GRP78 23,
PenCB 10 mg/kg (i. p.) BEHICLX>TELLL AT
% Z &% immunoblotting I X DEAS ™ ic LT & 7z,
ZhPFHic s, PenCB ALHLC & - THBH S 5
FoR7EELTE, TVRI—X¥B, 7Vva—iu7
t Far)>—¥ (classD), ZViR=v 77> RT—
YIS, BIFFEE THH S M2 S 10O H ) R=v 7
7 e R I —=¥IIZDOW T, mRNA v~z L
T 9 5% 2 & Northern blot 12 & D BE S H iz
2o T 54, TlE, GRP78 ¥ > 37 L~ )LD
WA, FEEHIH S mRNA O FE#EZ ¥ O mRNA
VAOVOETRRIL TW2 0, H%0IdEIRESE
Y NI EDOSENPITTAEL T2 7% Y, mRNA v
NV s Or RS MICT 2 2 E 2 HNE
L, PenCB 2 & % 7 v M GRP78 OFFHNHNC DU
T northern blot f##T1Z & 5 mRNA v~ )L TORES
Eiro .

Fig. 1 ® immunoblotting ¥ > 7V & [El—{E & D
fEligios & B U 72 total RNA % Fiv» T northern blot
fif#AT 217> 72. GRP78 ® mRNA v ~L (%, PenCB 4L
HizckoTdbhgh K& FEMET, freefed,
pair-fed iz > b o —VEEIC AR TEE LI &
sngrot: (Fig 7).

e
(G,

Free-fed Pair-fed PenCB
' I 1] 1
GRP78 | e & o
8 -actin Q, o, 4 iy
R 2R

Fig. 7 Northern blot analysis of GRP78.
Total RNA was isolated from free-fed
controls, pair-fed controls and
PenCB-treated rat liver and subjected
to northern blot analysis. A B-actin
probe was used for normalization of
mRNA amount and transfer effi-
ciency.

[
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1Z 5 %4

% £

AHFFETIE, PenCB LT v M2 B W T, /IMafk
JRTEEAR N VA Y X7 TH B GRPT8, GRPY4,
calreticulin 8 X Uf calnexin D % > /X 7B L~V 3K
T4 %2 &%, immunoblotting IZ X VRL7z. 2hb
DY R 7FIFnwTFNY free-fed, pair-fed ija > bk
v — Ve iR L C, BRICEA L Twiz, GRP8 B
X OV GRPY OFHIZ, 7 va—RFEIC XY in vitro
WBWTHEHINDS Z EBBUCHAS L %> T 5%,
ZFh I, 50%0 VX —HIRL-AEL L 2
727 ATl mRNA OLEWDER T2 6 2 OFEH &
BT 2 Ll ST 519899,

Lo Lsss, KEZETIE, pair-feeding 12 & % &
HIHENEL GRP78 8 X O GRPYM 3B s L Twit
W (Fig. 3,4). 2O Z&2»5 PenCB iz &k %, GRP78
B LU GRPY4 OFEHMNHIC, BEHEOKTIREHSL
TwiweEbhs,

% 7z, calreticulin 38 & O calnexin i2Bd L T, #HX
JeBRY Tix, Zva— AP L 2T 28
BRVA, ZOFEBMN TN a— A ERZT S
MRS b 5. FHE, AEBRTIIGRPI8 L &
GRPY4 & igxfiEmiz, 3 7 vy —A 0 calreticulin
B X ¥ calnexin I, pair-fed 2 > b g —VEHITBWT
bEERBOBED SN TWS, 2O Ehs, 20
2008 I HIZOWTIE, BEEEEA LD, I
flahTtwzsdboBEbhsd, LarL, PenCB LB
BT, MIHENZ bV R o7 EOFEBEL,
pair-fed 2> bu— VL L THOEREICED L
TW3 Z &h 5, PenCB OREITEHEDORHD %N L
TRITRL, ZhUAcy, fAorOBERNEAL T
Wb TWw B REMED D 5. £z, PenCBALEEET
1%, calreticulin @/ N> N & VRS FRICH 2N F
PIHHEL U 7223, calreticulin 12569 2 ik & S35 28 Xk
WHbHEEbNTWwW5 protein  disulfide
(PDI) 122w IiX immunoblotting 1 & ¥ (data not
shown), calsequestrin (2 DWW TIPS TIZFEEL 42
WZEPSS, INSDY NI ENFELI DT
Faw RIS NIz, 2O XS L FED calreticulin
RERZBHONTE ST, BKEETIE, S TH
LEHEZTND,

isomerase



NIEHRTEMEA b v AR EE O FEHANH

L DA TV A & B/NBERIEEA bV AL 2%
J7EOFHEIE, mRNA VXLV THRI S I ERHA SN
T2, NIERNA b VRS 287 B OFEERE
IHEMTRABEICHS MIZENDDDH B, L, M
TN oD B 70 i % £ 5 AT O MR A M B D
RETHL, 7TVINAXROKRRERFTH 3
presenilin-1 (PS1) 73, /MafER b v R BIIEET
% unfolded protein response (UPR) O3EWr»nFKN T
B2 EMBEHSEMIZEI NI, A NV ABNAMFIN
72 & Z/NJIAR T 1 unfolded protein 2 U D 7272
E¥ 5 (refolding) &5 GfENEMHLEINED, <
% UPR I3,

INFEDRE FI2i3 A b v R & v —53F Irelp D3E
fET 299100100 Trelp T ER A bV ARERTE NS &
ZEAREEEL, BV YBlick ) YERiban
T, EERFCIE UPR RN 2 EH IR F Haclp
DFBFEMET, HaclpOFEHIFIIhEI-FFT 3
mRNA 28 Irelp IC L > THEA S 747352
ETHIEIE N C» 31980, Z 0 Haclp 75, /Nafk b
VR Y X7 BOFH LB RIS & L CREE S
7z, UPRE (unfolded protein response element)
WHEE L, BEHE S N519%, UPR IR Z T X
CRFESNTEY, WABICB W T Irelp 25FEE S
N, Fz, falt, RO UPRE VLS 2 By A8
TALEIC DEAET 5 2 LG S 7270109, /Nfafk
REEWEA NV RS V7O 7 a -8 —fHEIC
CCAAT-N9-CCACG L \vw) a v v ¥ AWF| R
WwWHEN. ZOEFIX ERSE (ER-stress response
element) L &4 5N Tw3, ERSE 134 7%< &% 3
OOFEL/INEREREA v A5 v 87 B GRPTS,
GRP94 B X Of calreticulin D FHE IS LB +43 54 &
LUCHEET 2 2 RSN TV 319, 2@ ERSE 1@
T 2T EER LR, ATF6 o=y
suaAyryYyN—Hr by N7 APHES R
7219 ATF6 O~_—v v 78O 7 & BECY X, B
Haclp oz &b OFREMEE R~ L, ATF6 23
HAEY O UPR 2H S EEHEHIRFTHL Z L, &
512, ATF6 ZA T4 v > 7T Fuart )y
AW L DEEAT 2 2 LS IR o720, R
PS1 132Dy 7 F MREBERED Irelp @ ) > AL = FF
BTS2 72, Z< DA VAL O
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PEEREAR S, MREHIEZEEE S 3 2 E S H
1278 o 7249 RIS N R - v AT, 2O
ROHEEL 2 EEFT 2 Z EMTE 32105089,

AL XY BT K BAMIENA N VA NG
DOFETNE & Tk & OBMRIZBAS 2 Tld vy, 574
A ¥ U LD UPR 25N S /- HRRE, B 5 »id
UPR 3> T2 DD, Ao »DERTEAROS
BB Re, MEEE & D /IMEBERIEEA b LRy v
N7 EOFEBE SRR > Tw 2y,
DS A b v AL T & I eo iR E LT, B
BN AREME L D 5.

% 7z, AEINT (interleukin-3, IL-3) DHHEIZ L -
T GRP78 B £ ' GRPY4 D F B mRNA v X)L T
Bl s g C BB piz s Tn3Y, 4
I ¥y Lo CIL-18, TNF-a, TGF-8 7% &%
A MHAYDVFav—ya BB BI 52 e
OPoTENEZE A NhAf Ry DT —27 D
BlOhrb L,

PenCB &4 A A ¥ & VO HME & AHAICEE L
ST v OFEBHIE & v S BIGIE, BB
L CWBHREMED D 5. 2o, INEHRRERS T +
RuYRY N EEEROERT, 532 b
No, WS 87 BOLV VDT S BEIERN S 72
ns,

RIZ, PenCB AUHIC X O /N RFEEA vV A8 >~
N7 EPREBIIH S IR s 0 5, oy o2
BOHEERIZDOWTHES LTz, Pair-fed 2> b —)v
e L 7oA, PenCB AL IC Xk > THF S 70 Y —
2O albumin 13384 U7z (Fig. 7). Transferrin O
Eld pair-fed 2 > b 0 — VEIC R TE 2o T2 08,
free-fed 2> b u— VEE L FIFRE CTH -7z (Fig. 8).

Albumin & transferrin (&3 F O /NEERTH IR E
BENDHWSY NI BT 5P, transferrin 13 HE S
YNIETHD DI L, albumin ZFEEZ b 7280
EWVIENDDH DY, %L DY N7 B, Nk
WHECBWT, 97 A8 F oI A Y THEE (3
o7 nva—z, 9fln~>/ —A, 20D N-7 & F
VAT YY) BRY a—EESE» SIER SR,
PESEDMI NS D EKIHD 7V 3 — A FEBIZ 7V a
V=¥ 1, &> CliRE»1LZ, 2510 T, 2
DDA — AWM, T OB S i E



==
=

210

DE /7 )NVa—A%, calnexin ¥ calreticulin 255%:%
L, fEET 2%, JEO 7V —AhnEhrh, Thosn
Yy R0 VREEL T RS T Y o B ORBED AR K
BOGEIE, BEDY N 7BEOBEHLICKS
7235 (BT S B) EFEHO N-7 2 F L7 a
W 3 v % W+ % UDP-glucose : glycoprotein
glucosyltransferase (UGGT) 2 &V 7 v a—ZAnH
FE — 1 {0 & 7Y, O calnexin ¥ calreticulin @
& —2 vy + k7%, Calnexin < calreticulin 2554 L
T IIMIBNICE D THEL 2 ENTE S, B
> X2 B TH 5 transferrin 12 1% calnexin BEE T 5
A, BEEH % b 72 28 v albumin 12 iF calnexin ®
calreticulin IZHG L2 SN Tn 39,

Calnexin IZ R HE S > X 7 FITHsSE L, /ANafk
WICHEH D TE L 2 2T /Natk-a v VRgshic 2 ©
FFU-TOTEY —LRITE DN SEEL T
2 WO IREHNDH 2199, Calnexin & calreticulin 134H
POME2HET 203, 2fR» 0 DRFEIZDOVTH,
BRE AT, £ calnexin DABEEL TWwW5 EH 2
SNTW5S, J#Y > 87 BIZE D W BRI cal-
nexin 23BH5 L 72 \» albumin D354 1% PenCB 4LE L
727y MFS 70y —AIXBWTHED L, calnexin 3
B5.9 2 transferrin D ¥5E 13 pair-fed 12 th T HEf0
T4, ZOLD BRI SHERT 2 &, PenCBIZ L %
calnexin D VIV DIE T B o T T h, ZORIE
/NIEEN THREE 2 R 3 IC T4 0 i Th - I v REED
%, %7z, Pair-fed 2 >~ b 0 — VT transferrin &
AL T2, PenCB#5 Tl, free-fed 2> b+
oV LRBE L WOIBRTH -7z, ZOFWETI,
RIS X7 B L G o8 7 8 % TR XI5
523 TERWIERFET S L, GRPT8®
GRPY (& 512, ZDMDOMET E2{T> TR WHTF
Y eRuy) ORACE - T, KRBT E 2w trans-
ferrin 233 S 912, REFVLIRFE T calnexin & #%
HALT, NIERZHEEL W 2TEEERH 2, D& D,
ZHRIET, IMIENICERL T2 eH2 52
T&5%, ZDZ ki3, Fig.1-4 12BWT pair-fed a2 >
bo—VEEE IR L e & 12, PenCB JLEE Z » AT &
7 a Y —AH 0O GRP78 & GRPY O kA O H & »
calnexin DA IHERTHS PICKE 0T 2 En
S5LIRFENG, Ll s, ABFFEIE immunob-

[
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1Z 5 %4

lotting IZ & 2MET 2T 72720 THY, oDy~
NI EPRBCEERRED Y VXV ETh D Ll %E
TFZEETER,

Albumin i insulin'?, C/EBPa, HNF1a'°? T
ENbZENPHSNTE Y, TCDD AL T insulin™
£ C/EBPa® MMEFT 2 ZLdbHoNTwDS, Fi,
transferrin % insulin % estrogen IZ & - T 43 ¥ D #
ML I B2 EBHONTWE, ZDZ EPSHZ
% &, albumin < transferrin Q& T I3/ RLEE X
MUVARY URZBEDIRTIZOAMKET 2 EFRS T,
BELV )V TORELZ T T LAREE DB ETE 2
W,

A5 T, PenCBALEIC X2, 7y MFS 271
Y — 240D GRP78 ¥ > X 7 EDRAIZOWT, mRNA
L~V DZEALDIE S 312 DT, northern blotting 12
X 2E 21T 2. Z OFER, free-fed, pair-fed i 2
v hu— VLR L T, GRP78 mRNA &3 7
ZAe37% <, GRPT8 ® ¥ v/ 7 B v~V DIET I,
mRNA VOV 2D 73 2 EBH S 2 IZ o
7. SHEOFRED X 512 mRNA v~V TOZEER 7%
WIZb b 6T, FUNIELVRUNES L TnS
Bitr, WIRETCORES, ¥ 0 0o ek
ENFEZ oD, ZhETIT, GRPT8 0FHEOZELL
R 2 IEA bV RIS L BFEESP, Zva— Rl
HCRFERF DA 22 EL 3N TV B, ThsDIE
EAEPMRNA VX LVOEMICERT 2D TH
%59, PenCB 12 & 5 GRP78 DA D & 512, mRNA
LV AizZ2 kit 7 <, GRP78 @ % > X 7 v~ v D
PP L T aE—DflE LT, BREMERFELZE &
#d 23 Zucker rat 285 %°Y, Zucker rat TlZ, BIERT
DEF LI D L 02 8 Ry HoN R S
TWEEFEZONTWS, FAXFY LT,
HLIEOT T 7 —ERFEES L BEE s h T
ZAjReEbEZ o5,

GRP78 X/ FmEby 7 v e bt b KDEL
Bi% % CREICEE > T 250, Z O H % 729

12, —EI VIR E T H KDEL receptor 12
S OFER ST, COPI &g s a— ¥ oo%

JREWEHENT, IMIEAEDIRENS Z LS
WCENTE, PenCB I X D, Z Oifikidfe T
PEET 2 Y AT AMTEHEL 72 0, KDEL receptor &
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METFLD, ZOMENEEL2ZITL22ELT, —
B, sNfaf s 5 Hi7e GRPT8 M3t & N 2 2K 2 7
e, 270V —A0EPSZFEILTWS EnS
HLHETE 2,

KWF9 Tk, PenCB iz X % GRP78 0 3 4 7
mRNA VLT, FX7BVv~\)VTHELT
WBZERHBMER ST, ORI, ALR=y
77YERI—YIcA SN S L% mRNA L~V
DIET &%, 5o - WIHIERE TR 2 WTREM: 2 =
LT, JFERICEERE N, GRPTS I3/ ETENE
THHDEHL, AVR=y 77 R 7—F¥IIFY
A NYNVEEZETHEH, INSHITEIMNCBNT,
TRTCDY VX TEBEADT 2505 bITiEEwn,
5 R BOREEDERTICR, B 6  BHRRN S
o7 7 —YOiEtti L, b 2EEOIREWEICE
B A R IR > T3 2L 2GR 5,

a3 GRP78 ICBIL T O A DG TH %23, o
INERRAEEA b LAY o7 BIZDOWT bIRET R 1T
HZERED, ZOBWPOEMICOWT, Fitok B
RSN L, £z, PenCB O & A
HNCEE 22 5 X 7 BOFBEIE v 5 R, i
WEEL Twa b bds, 544 Fy v EHP
PenCB 12 £ % ¥ > 7 EFEIO A O FAHFERE X &
MIZEN TR, KR TE S Lo fERI1X, PenCB
2 & %8 X7 BOFEOMGIRFERRHO - » DEE
=t bbb,

# &

KGR CIE, PenCB ALEIC X 2 7 v b FO/IMEIAR
MR P VR o8 B ORBHTIRGE ORI &, %
DR EERET 22 2 ML, 52
BL~UE L U mRNA VARV TORSN 217572, &
MR THoNIAREEN L TUTERT.

1. PenCB 10 mg/kg (i.p.) A Z v s DffF s 7 o
V=BV, MMIEREEEA VRS N sE
GRP78, GRP94, calreticulin ¥ & O calnexin ® % >~
NIBVRVPERICEA L Tws ZERBHLIZL
7z.

2., U XVETHD, albumin DI 7Y —
A TOFH L, free-fed, pair-fedija > r v —L &
e U C, PenCB LI & > THEWHMA T2 2 L %
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BHS M2 LTz, S 70 Y — A28 5 transferrin FE
=, pair-fed FEE KT % &, BRICE LS H,
free-fed & XFRIEETH - 72,

3. GRP78 icBdL Tl&, PenCBALHIZ LD, ZD
mRNA VOV BEZE R 2 b3 v 2 L 25 5 i
Tz,

INET, FA44Fy Y HOHBERBECOVT
BRR eiFFE 7 &, AhR Z4- L7z CYPIAL 2 D
FEFHRTIER IOV TR VEIHI T E 212
b od, REFEEOEHSHES NI LTV
#Evs,

INFER R AEME A M v R F v X 7 B GRPT8 O
PenCB 12 & 242 AhR KFRIICHE 2> T2
T IEB S 2T w A, mRNA VAL O % £
bW GRP78 ¥ N7 BV~ DA, AhR KTF
BThHrELTH2RNEDDTHL Z EBnTFRHEN,
BB \ix AR JEHKGFER 2 b D TH B HREME bR S
TWwb, K5 THE L NIMRD, HEDOESIERZ
EOMRENRHALEZ LD THZDNITDOWTIE, i
BRI EIATHEN, ¥ 7E0REEHIZED
% GRP78, GRPY4, calreticulin 3 & Uf calnexin 7% £
INFERA VRS VORI, SA A F
VVBEOBENSENTH 2 2 &2 AT 250D
TH Db HNR N, HE IR 2 R £ DiE
Wiz, SaBEABIEZ->ED L TWEWVLL, ALV R
F 7 BORR»RRER 2 R 2 Loy, mER
DIEMBAREEDERIN TV,

5 A X ®
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