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Abstract

Objective: Systemic and myelotoxic effects of 2,3,7,8-tetrabromodibenzo-p-dioxin (TBDD) were

examined by the single administration of TBDD by gavage to rats.

Methods: Fifteen Wistar rats of both sexes per group received 0, 10, 30, 100 or 300 μg TBDD/kg

body weight. Rats surviving to the scheduled necropsy on Days 2, 7 and 36 after TBDD administration

were examined for growth rate, organ weight, hematology, histopathology and adipose tissue levels of

TBDD.

Results: Three 300 μg/kg-dosed females died on Days 21, 23 and 27, and exhibited a marked

decrease in body weight, severe thymic atrophy, decreased bone marrow hematopoiesis and hemor-

rhage in the subarachnoid space of brain and spinal cord. TBDD-dosed surviving rats exhibited

growth retardation, decreased bone marrow hematopoiesis, decreases in red blood cell counts,

hemoglobin concentrations, and hematocrit values, an increase in reticulocytes and decreases in

platelet counts, white blood cell counts and eosinophils. These signs suggested TBDD myelotoxicity.

Splenic extramedullary hematopoiesis was increased in both sexes given TBDD, whereas atrophy of the

splenic white pulp occurred only in TBDD-dosed females. Marked decreases in body weights and the

size and weight of the thymus, severe thymic atrophy and death in TBDD-dosed females suggested a

wasting syndrome. The adipose tissue level of TBDD culminated on Day 7 and decreased to 20–30% of

the Day 7 level on Day 36.

Conclusions: The TBDD-induced effects were characterized by a wasting syndrome and myelo-

toxicity that appeared at the dose levels of 30 μg/kg and higher and caused death in 300 μg/kg-dosed

females.
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Introduction

Polybromodibenzo-p-dioxins (PBDDs) and polybromodi-

benzofurans (PBDFs) are not intentionally produced, but are

formed during the thermal decomposition processes of plastics,

carpets, textiles and other materials containing brominated

flame retardants in incinerators and fires (1–4) and during the

extrusion and molding processes of polybrominated biphenyl

and diphenylether flame retardants in workplaces (1, 5, 6).

Waste residues from various products of brominated flame

retardants incinerated in a laboratory-scale incinerator were

reported to contain total PBDDs/PBDFs ranging between 3000

and 130,000 ng/g (4). The atmospheric concentrations of total

PBDDs/PBDFs in Kyoto were reported to range between 1.1

and 11 pg/m
3

 in the gaseous state and between 0.38 and 1.2

pg/m
3

 in particulates in 2000 and 2001 (7). Workplace air

concentrations of tetra-BDDs and tetra-BDFs measured during

the extruder production and injection molding of polybutylene-

terephthalate polymer blended with the glass fiber, Sb
2
O

3

and decabromodiphenylether (DBDPE) were reported to be 2

and 34 ng/m
3

, respectively (5). The same manufacturing pro-

cess using tetrabromobisphenol was reported to contaminate

workplace air with total PBDDs/PBDFs ranging from 30 to
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260 pg/m
3

 (6). The concentration of 2,3,7,8-tetrabromodibenzo-

p-dioxin (TBDD) in human adipose tissue collected from the

general Japanese population was reported to have a median

value of 1.7 pg/g with a range of 0.8–4.2 pg/g in 1970 and a

median value of 0.5 pg/g with a range of 0.1–2.0 pg/g in 2000

(8). However, little is known about the toxicities of PBDDs

and PBDFs. There are a few experimental toxicology data of

TBDD available for the characterization and assessment of

human health risk, although many studies on experimental

toxicology and epidemiology of a chlorinated analogue, 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD), and its related compounds

have been reported so far (9). Single oral and intraperitoneal

administrations of TBDD were reported to induce teratogenic

effects in mice (10) and thymic atrophy, body weight loss and

induction of hepatic microsomal enzymes in immature male

rats (11), respectively. Furthermore, by studying overall evalua-

tion of hematological, hepatic and systemic toxicities and

target organ doses after single administration of TBDD by

gavage to male and female rats, Ivens et al. (12) reported that

most effects and toxic symptoms of TBDD seemed to be

comparable to those seen after TCDD administration. However,

myelotoxic effects of TBDD have not been reported so far,

although bone marrow and its hematopoietic stem cells have

been shown to be sensitive targets for treatment in rats and

mice with TCDD (13–19). These myelotoxic effects seem to

be associated with a wasting syndrome, reported as the most

characteristic sign of acute toxicity that appeared in experimen-

tal animals treated with lethal and sublethal levels of TCDD

(20–22).

This study was designed to examine myelotoxic effects

of TBDD and the wasting syndrome developed after single

administration of TBDD by gavage to Wistar rats of both sexes.

The adipose tissue levels of TBDD were determined on Days

2, 7 and 36 after TBDD administration to clarify a relation

between the TBDD effects and internal dose. Dose-response

relationships for those effects were characterized with refer-

ence to the acute toxicity of TBDD and TCDD reported thus

far.

Materials and Methods

Chemicals

TBDD (purity >98%) and all-
13

C-labeled TBDD were

purchased from Cambridge Isotope Laboratories, Inc. (MA,

USA). Corn oil of biochemistry grade and toluene of reagent

grade (purity >99.5%) used for the oral administration of

TBDD, and dichloromethane, hexane, silica gel, 10% AgNO
3

silica gel and 44% H
2
SO

4
 silica gel used for the analysis of

TBDD were obtained from Wako Pure Chemical Industries,

Ltd. (Osaka, Japan).

Animals

This study was approved by the ethics committee of the

Japan Bioassay Research Center (JBRC). Crj:Wistar rats were

obtained at the age of 4 weeks from Charles River Japan, Inc.

(Tsukuba, Japan). The animals were quarantined and accli-

mated for 2 weeks, before the start of the experiment. The

animals were housed individually in stainless-steel wire hang-

ing cages (150 [W]×216 [D]×176 [H] mm). All dosing and

animal maintenance were performed in a high-hazard area

designed to prevent exposure of personnel to, and environmen-

tal contamination with, animal wastes. The high-hazard area

was maintained at a constant temperature of 23±2°C and a

relative humidity of 55±15% with 12 air changes/hr. Fluores-

cent lighting was controlled automatically to give a 12-hr

light and 12-hr dark cycle. All rats were given a sterilized

commercial pellet diet (CRF-1, Oriental Yeast Co., Ltd., Tokyo,

Japan) and sterilized water ad libitum.

Experimental design

The same administering methods and dose levels of

TBDD as those used by Ivens et al. (12) were employed in

this study. The test substance was predissolved in degassed

toluene and added to corn oil. The toluene concentration in

corn oil was 5% for all treated groups. TBDD was orally

administered by gavage to groups of 15 rats of both sexes

each at a dose of 10, 30, 100 or 300 μg/kg body weight. The

control groups of both sexes received corn oil containing 5%

toluene. The total volume administrated to rats was 5 ml/kg

body weight. Any deleterious effects persisting on Day 2 and

longer, after the oral administration of 250 mg toluene/kg by

gavage as a vehicle were absent when compared with findings

in the literature (23), showing that a marginal increase in

sleeping time, induced by an intraperitoneal injection of 200 mg

toluene/kg in rats, was observed only on Day 1 after the

injection, together with a maximum blood level of 24.7 μg/ml

and an elimination half life of 3 hours in blood. Five males

and 5 females per dose group were necropsied on Days 2, 7

and 36 after TBDD administration. The preparation and

dosing procedures were performed under yellow fluorescent

light to protect TBDD from decay by ultraviolet light (24).

Clinical observations and analysis, and pathological examinations

The animals were observed every day for clinical signs

and mortality. Body weights were measured on Days 2, 4, 7,

10, 14, 21, 28 and 36 after TBDD administration. Animals

surviving up to the scheduled necropsy on Days 2, 7 and 36

or found dead during the 36-day observation period underwent

complete necropsy. Blood samples were taken under etheriza-

tion from the abdominal aorta of all surviving animals, and

hematological parameters were measured using an Automatic

Blood Cell Analyzer (ADVIA120, Bayer HealthCare, NY,

USA). Organs were examined for gross lesions, removed and

weighed at necropsy. Wet organ weight measured at the time

of necropsy was defined as absolute organ weight, and the

wet organ weight as percentage of final body weight was

defined as relative organ weight. The relative organ weight

was reported to be best expressed for the organ toxicity as in

the case of toxicity affecting the liver (25), when the body

weight was decreased by toxicant administration. In this study,

however, both absolute and relative organ weights were used

for the evaluation of organ toxicity. Bone marrow, thymus,

spleen, brain, spinal cord, lung and other organs affected

were fixed in 10% neutral buffered formalin and embedded in

paraffin. The femoral bone was fixed, decalcified and embed-

ded in paraffin. Tissue sections 5 μm thick were prepared, and
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stained with hematoxylin and eosin (H & E) for microscopic

examination.

Determination of TBDD in adipose tissue

At the scheduled necropsy, adipose tissue was quickly

collected from the perirenal region for two rats of both sexes

administered with TBDD at a dose of 30, 100 or 300 μg/kg and

stored at −20°C. The samples were handled in the dark, because

TBDD is subject to photolytic decomposition (24). Extraction

was carried out by refluxing the adipose tissue with dichloro-

methane in a Soxhlet-apparatus for 12 hours. An aliquot of the

extract was mixed with all-
13

C-labeled TBDD, and concentrated

under vacuum and chromatographed on a 5-layer column con-

sisting of silica gel, 10% AgNO
3
 silica gel, silica gel, 44%

H
2
SO

4
 silica gel and silica gel. The column was eluted with

5% dichloromethane/hexane. TBDD was determined using a

mass spectrometer (Autospec Ultradetector, Waters, MA, USA)

equipped with a gas chromatograph (HP6890, Agilent Technol.,

CA, USA) with a DB17HT fused silica capillary column

(Agilent Technol.).

Statistical analysis

Body weights, organ weights, and hematological parame-

ters were analyzed using the previously described algorithms

(26, 27). Bartlett’s test was used to test whether the variance

was homogeneous or not. When variance was homogeneous,

one-way ANOVA was performed. When variance was not

homogeneous, the Kruskal-Wallis rank sum test was performed

by arranging all data from the control and exposed groups in

descending order. Statistical differences in the means and the

rank means among the groups were analyzed by Dunnett’s

multiple comparison test and the same multiple comparison test

by rank, respectively. A two-sided analysis with p values of

0.05 and 0.01 was performed, to determine statistical signifi-

cance.

Results

Survival, clinical observation and body weights

Three females from the 300 μg/kg group died on Days 21,

23 and 27 after TBDD administration. These animals exhibited

decreased locomotor activity and emaciation, before death.

Their terminal body weights had fallen below their initial body

weights measured just before the TBDD administration (Fig. 1).

All other TBDD-dosed animals survived to the scheduled

necropsy on Days 2, 7 and 36.

Growth rates of TBDD-dosed rats of both sexes were

retarded in a dose-related manner (Fig. 1). A decrease in

terminal body weight occurred in the 300 μg/kg-dosed females

on Day 7 and in the females dosed at 30 μg/kg and higher on

Day 36. On the other hand, only the 300 μg/kg-dosed males

exhibited decreased body weights on Days 7 and 36.

Hematology

Decreases in red blood cell counts (RBC), hemoglobin

concentrations (Hb) and hematocrit values (Hct) were noted in

both males and females dosed at 30 μg/kg or higher on Day

36 (Table 1). The decreases in these erythrocyte parameters

were accompanied by an increase in reticulocytes on Day 36,

although a transient decrease in reticulocytes was noted in the

males dosed at 30 μg/kg and higher and in the females dosed at

100 μg/kg on Day 7.

Platelet counts were decreased dose-dependently in both

males and females dosed at 100 and 300 μg/kg on Days 7 and

36. White blood cell counts (WBC) were decreased dose-

dependently in both males and females dosed at 30 μg/kg or

higher on Day 36. Percent eosinophils were decreased dose-

dependently throughout Days 2, 7 and 36. Although no signifi-

cant change in percent lymphocytes, neutrophils or other types

of leukocytes occurred in any of TBDD-dosed rats (data not

shown), the significantly decreased WBC in the TBDD-dosed

Fig. 1  Time course changes in mean body weights of male and female rats after single administration of TBDD by gavage at 0 (vehicle), 10,

30, 100 or 300 μg/kg. The crosses linked with a dotted line indicate the body weights of the 3 dead females dosed at 300 μg/kg, and their final

body weights at the time of death are shown at the end of the dotted lines.
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rats on Day 36 may indicate that both lymphocytes and

neutrophils were also decreased by TBDD administration.

Gross findings, organ weights, and histopathology

Dead animals

Macroscopically visible lesions from the 3 dead females

were hemorrhage in the cranial cavity or vertebral foramen,

the subcutaneous tissue of the neck and the nasal cavity,

congestion and edema in the lung and a markedly reduced size

of the thymus. The histopathological finding was characterized

by hemorrhage in the subarachnoid space (Fig. 2) and ventricle

of the brain, the subarachnoid space of the spinal cord, the

subcutaneous tissue of the neck and the lamina propria and

cavity of the nose. The primary cause of death was attributed

to the hemorrhage in the brain and spinal cord. Notably, those 3

dead females exhibited the decreased bone marrow hemato-

poiesis characterized by decreased number of hematopoietic

cells including erythroblasts, granulocytes and megakaryo-

cytes, as well as marked thymic atrophy characterized by the

disappearance of lymphocytes in the entire region of the

cortex. Decreased number of lymphocytes in the slightly atro-

phied white pulp of the spleen was also observed in the 3 dead

females, in addition to congestion and edema in the lungs.

Surviving animals

A 300 μg/kg-dosed male necropsied on Day 36 exhibited

hemorrhage in the subcutaneous tissue and muscle of the right

limb as a macroscopically gross lesions.

On Day 2, absolute and relative thymus weights were

Table 1 Hematology of male and female rats on Days 2, 7 and 36 after single administration of TBDD by gavage at 0 (vehicle), 10, 30, 100

or 300 μg/kg

Item Dose (μg/kg)

Male (Days after administration) Female (Days after administration)

2 7 36 2 7 36

Red blood cell 

(×10
6

/μl)

0 6.05±0.23 6.63±0.25 8.19±0.49 6.45±0.38 6.74±0.36 8.00±0.51

10 6.16±0.14 6.50±0.46 8.12±0.46 6.42±0.35 6.95±0.26 7.66±0.30

30 6.45±0.45 6.31±0.40 7.66±0.24 6.54±0.49 6.82±0.42 7.46±0.29

100 6.53±0.53 6.49±0.26 7.03±0.80 6.59±0.41 7.06±0.49 6.95±0.67**

300 6.35±0.63 6.94±0.65 5.84±1.25** 6.70±0.30 7.72±0.57** 5.97±0.31
a

Hemoglobin 

(g/dl)

0 12.9±0.4 13.7±0.2 14.9±0.7 12.9±0.8 13.6±0.5 14.6±0.7

10 13.1±0.3 13.5±0.7 15.0±0.4 13.4±0.4 13.9±0.5 14.0±0.5

30 13.6±0.5 12.9±0.6 13.8±0.7* 13.4±0.4 13.5±0.9 13.3±0.3*

100 13.5±0.7 13.0±0.4 12.5±1.0** 13.5±0.3 13.7±1.0 12.3±1.3**

300 13.3±0.7 14.1±1.4 10.3±2.3** 13.2±0.6 15.2±1.2 10.5±0.8
a

Hematocrit 

(%)

0 37.1±1.2 40.4±0.7 42.6±1.9 37.0±1.7 39.0±2.1 41.2±1.9

10 38.1±1.0 40.2±2.2 43.7±1.9 38.4±1.1 40.3±1.3 39.9±1.5

30 39.5±2.7 37.5±1.9 39.4±1.3 38.3±3.2 39.2±2.2 37.5±0.6**

100 39.8±2.7 38.3±1.7 36.7±2.9* 38.6±2.1 39.7±2.4 35.3±3.8**

300 38.9±2.5 41.1±4.1 30.8±6.0** 38.5±1.3 43.8±3.7 30.9±1.8
a

Platelet 

(×10
3

/μl)

0 1326±131 1298±123 1140±211 1440±114 1357±85 1148±102

10 1284±157 1410±62 1106±178 1349±146 1311±86 1112±158

30 1293±153 1260±93 1123±176 1324±210 1144±131* 998±149

100 1180±69 907±251** 907±330 1182±169 749±156** 821±152**

300 1297±115 828±166** 510±339** 1262±154 762±149** 354±192
a

Reticulocyte 

(%)

0 3.5±0.5 5.7±0.8 2.5±0.2 2.4±0.4 4.2±1.1 2.5±0.6

10 3.4±0.8 6.0±0.5 2.9±0.4 2.4±0.3 3.9±1.2 2.8±0.5

30 3.2±0.3 4.0±0.8** 2.9±0.3 2.6±0.2 2.9±0.6 2.8±0.3

100 3.0±0.4 2.9±0.5** 5.0±1.4** 2.7±0.6 2.4±0.2* 4.5±1.6

300 2.9±0.4 2.3±0.9** 8.1±5.5** 3.8±0.6** 2.8±1.1 5.3±0.7
a

White Blood Cell 

(×10
3

/μl)

0 6.62±0.98 8.06±2.59 11.73±3.53 3.83±0.92 4.52±1.03 7.87±0.65

10 7.36±2.51 6.94±0.96 8.62±1.26 5.00±1.17 6.57±1.36 5.65±1.78

30 7.12±1.49 5.98±1.90 7.27±3.33 6.10±1.93 5.82±1.34 4.64±1.82*

100 6.65±2.46 7.98±2.41 8.27±3.66 6.25±1.11 9.52±3.38* 5.18±1.53*

300 7.06±2.39 9.60±3.21 3.96±1.60** 4.99±0.99 9.63±4.38* 4.14±0.10
a

Eosinophil 

(%)

0 1.2±0.3 1.0±0.3 1.3±0.2 2.5±1.0 1.5±0.4 2.3±1.0

10 1.2±0.4 0.9±0.3 1.4±0.5 1.2±0.5* 1.2±0.5 1.6±0.7

30 1.0±0.4 0.4±0.2** 0.6±0.3* 1.8±0.4 0.9±0.4 1.4±0.2

100 0.8±0.2 0.2±0.1** 0.6±0.6* 1.2±0.5** 0.5±0.3** 0.6±0.1**

300 0.5±0.3* 0.3±0.1** 0.5±0.2* 1.2±0.2** 0.3±0.1** 0.4±0.0
a

Values are expresed as mean±SD of 5 rats in each group.

Significantly different at p<0.05 (*) and p<0.01 (**) by Dunnett’s test.

a

 Statistical analysis was not applied, because the number of animals examined was 2.
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decreased only in the males dosed at 30 and 300 μg/kg TBDD,

but not in any of the TBDD-dosed females (Table 2). Absolute

and relative thymus weights were decreased in both males and

females dosed at 30 μg/kg and higher on Day 7, and in both

males and females dosed at 100 and 300 μg/kg on Day 36.

Absolute and relative spleen weights were increased in the

males dosed at 100 and 300 μg/kg on Day 36 but not in any of

TBDD-dosed females.

The lesions of the bone marrow, thymus and spleen, and

their severities, in the TBDD-dosed rats of both sexes surviving

Fig. 2 Hemorrhage in subarachnoid space of brain in 300 μg/kg-dosed female rat that died on Day 27. H & E stain. Bar indicates 100 μm.

Table 2 Absolute and relative organ weights of male and female rats on Days 2, 7 and 36 after single administration of TBDD by gavage

at 0 (vehicle), 10, 30, 100 or 300 μg/kg

Item Dose (μg/kg)

Male (Days after administration) Female (Days after administration)

2 7 36 2 7 36

Body weight (g) 0  220±9  259±9  387±20  167±11  189±17  262±9

Schedule necropsied 

animals

10  219±13  264±9  401±18  166±7  190±11  279±16

30  220±7  242±13  414±26  171±8  189±9  231±11*

100  212±9  242±12  364±42  166±7  175±16  230±21*

300  209±11  224±16**  306±54**  164±7  163±9*  226±25
a

Thymus 0  615±78  652±130  666±128  431±100  501±57  526±86

Absolute weight 

(mg)

10  591±151  599±71  639±139  459±118  485±99  504±152

30  428±47*  441±87**  602±60  388±75  355±98*  341±37*

100  577±86  290±83**  360±136**  425±53  240±48**  177±94**

300  423±111*  263±65**  187±79**  446±107  207±59**  138±42
a

Thymus 0 0.279±0.024 0.252±0.047 0.172±0.028 0.256±0.049 0.266±0.020 0.201±0.037

Relative weight 

(%)

10 0.268±0.052 0.227±0.026 0.159±0.033 0.275±0.062 0.254±0.038 0.180±0.051

30 0.195±0.022* 0.181±0.031* 0.146±0.019 0.226±0.035 0.187±0.050** 0.148±0.024

100 0.273±0.043 0.120±0.033** 0.098±0.037** 0.256±0.029 0.136±0.018** 0.078±0.041**

300 0.201±0.047* 0.116±0.024** 0.060±0.020** 0.271±0.063 0.126±0.031** 0.061±0.012
a

Spleen 0  677±70  950±165  856±115  562±76  638±140  700±85

Absolute weight 

(mg)

10  758±62  948±105  900±118  487±59  609±43  729±115

30  770±103  818±102  1043±179  593±49  601±49  565±43

100  671±61  827±200  1039±128  502±90  587±114  685±78

300  583±198  825±181  1198±513  546±92  551±51  688±33
a

Spleen 0 0.308±0.020 0.366±0.057 0.222±0.031 0.335±0.034 0.336±0.049 0.268±0.037

Relative weight 

(%)

10 0.346±0.011* 0.360±0.051 0.224±0.024 0.292±0.029 0.321±0.005 0.262±0.036

30 0.351±0.044 0.337±0.030 0.251±0.038 0.347±0.043 0.317±0.020 0.245±0.017

100 0.317±0.021 0.345±0.092 0.286±0.027* 0.302±0.049 0.334±0.044 0.298±0.025

300 0.277±0.091 0.367±0.072 0.401±0.181** 0.332±0.055 0.339±0.028 0.306±0.019
a

Values are expressed as mean±SD of 5 rats in each group.

Significantly different at p<0.05 (*) and p<0.01 (**) by Dunnett’s test.

a

Statistical analysis was not applied, because the number of animals examined was 2.
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to the scheduled necropsy on Days 7 and 36 are summarized in

Table 3. On Day 2, no histopathological lesions were found at

any dose level in those three organs of TBDD-dosed rats. On

Day 7, decreased hematopoiesis with slight grade of severity

was seen in the bone marrow of both males and females dosed

at 300 μg/kg. On Day 36, almost all surviving animals dosed

at 100 and 300 μg/kg exhibited the decreased bone marrow

hematopoiesis that progressed to a more severe grade (Fig. 3).

On Day 36, increased extramedullary hematopoiesis in the

spleen was noted in the males dosed at 100 and 300 μg/kg and

in a female dosed at 300 μg/kg, whereas two 300 μg/kg-dosed

females exhibited atrophy of the splenic white pulp. On Day 7,

thymic atrophy with slight and moderate grades of severity was

observed in both males and females dosed at 100 and 300

μg/kg. This was characterized by a decrease in the number of

lymphocytes in the thymic cortex. On Day 36, more severe

thymic atrophy was noted in both males and females dosed at

100 and 300 μg/kg. The macroscopically visible hemorrhage

in the subcutaneous tissue and muscle of the right limb was

confirmed by the histopathological examination. However, no

hemorrhage in the subarachnoid space of the brain and spinal

cord was detected histopathologically in any of the surviving

TBDD-dosed rats necropsied on Day 7 or 36.

Table 3 Number of animals bearing the histopathological lesions on Days 7 and 36 after single administration of TBDD by gavage at

0 (vehicle), 10, 30, 100 or 300 μg/kg

Finding

Male (μg/kg) Female (μg/kg)

0 10 30 100 300 0 10 30 100 300

Day 7 (Number of animals examined) 5 5 5 5 5 5 5 5 5 5

Bone marrow

Decreased hematopoiesis (1+) 0 0 0 0 2 0 0 0 0 2

Thymus

Atrophy (1+) 0 0 0 2 3 0 0 1 4 1

(2+) 0 0 0 1 2 0 0 0 1 4

Day 36 (Number of animals examined) 5 5 5 5 5 5 5 5 5 2

Bone marrow

Decreased hematopoiesis (1+) 0 0 0 2 1 0 0 0 2 0

(2+) 0 0 0 1 2 0 0 0 3 0

(3+) 0 0 0 0 2 0 0 0 0 2

Thymus

Atrophy (1+) 0 0 0 3 0 0 0 0 3 0

(2+) 0 0 0 0 2 0 0 0 0 0

(3+) 0 0 0 0 3 0 0 0 2 2

Spleen

Atrophy: white pulp (1+) 0 0 0 0 0 0 0 0 0 1

(2+) 0 0 0 0 0 0 0 0 0 1

Increased extramedullary hematopoiesis (1+) 0 0 0 1 4 0 0 0 0 1

The values indicate the number of animals bearing the lesions with 3 different grades of severity, i.e., 1+: slight, 2+: moderate, 3+: marked.

Three 300 μg/kg-dosed females died on Days 21, 23 and 27.

Fig. 3 Decreased hematopoiesis in bone marrow of 300 μg/kg-dosed male rat necropsied on Day 36 (right), compared with bone marrow

of control male rat necropsied on Day 36 (left). H & E stain. Bar indicates 100 μm.
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Adipose tissue levels of TBDD

The mean levels of TBDD in the adipose tissue collected

on Day 2 were increased proportionally with an increase in dose

levels (Table 4). The TBDD levels culminated on Day 7, and

decreased to 20–30% of the Day 7 levels for the 100 and

300 μg/kg-dosed rats of both sexes on Day 36, when the TBDD

levels on Day 7 were taken as 100%. There were no gender

differences in the adipose tissue levels of TBDD.

Discussion

In this study, we confirmed that the TBDD-induced

systemic effects previously reported by Ivens et al. (12) who

demonstrated growth retardation, decreased locomotor activity,

emaciation, deaths of females accompanied by marked weight

loss, and reduced size and weight of the thymus seen after a

single administration of TBDD by gavage to rats of both sexes.

The lethal wasting syndrome, which was characterized by the

marked weight loss and emaciation resulting in death, was

found to appear only in the 300 μg/kg-dosed females in this

study, whereas the lethal wasting syndrome occurred in the

100 and 300 μg/kg-dosed females in Ivens et al.’s study (12).

It was found from the present macroscopic observations of

the cranial cavity and vertebral foramen and the histopatho-

logical examinations of the brain (Fig. 2) and spinal cord that

the primary cause of death in the 300 μg/kg-dosed female rats

was attributed to the hemorrhage in the brain and spinal cord.

Single administration of TCDD by gavage to rats was reported

to produce the lethal wasting syndrome at the dose levels of

50 and 100 μg/kg (20), 25 and 50 μg/kg (21), and 37 and 75

μg/kg (22). Therefore, comparison between the results of the

two TBDD studies, that is, the results reported by Ivens et al.

(12) and found in this study, and the results of the three

TCDD studies (20–22) revealed that the lethal wasting syn-

drome of TBDD was induced at higher dose levels than that of

TCDD, indicating less potent toxicity of TBDD than TCDD.

Higher sensitivity of females to TBDD than males observed

in this study and in Ivens et al.’s study (12) was similar to the

finding reported by Harris et al. (20) who showed that female

rats appeared to be more sensitive to acute toxicity of TCDD

administered by gavage than males.

The organs of TBDD-dosed rats in which hemorrhage

was observed in this study were different partly from those

reported by Ivens et al. (12) who showed that TBDD induced

hemorrhage in the gastrointestinal tract, the genital region and

the subcutaneous tissue of the front paws of rats. They did not

observe hemorrhage in the brain or spinal cord, whereas we

found the hemorrhage in the subarachnoid space (Fig. 2) and

ventricle of the brain and the subarachnoid space of the

spinal cord in the 300 μg/kg-dosed females in this study. It is

noteworthy in this study that platelet counts were decreased

dose- and time-dependently at a dose level of 30 μg/kg or

higher. Circulating platelets are known to be a major constituent

of the hemostatic system (28). It can be inferred, therefore,

that the TBDD-induced hemorrhage was causally related to

the decreased platelet counts, through an impaired clotting

mechanism. Furthermore, the TBDD-induced thrombocytopenia

and hemorrhage are essentially consistent with the reported

findings demonstrating that single or repeated administrations

of TCDD by gavage to rats induced a decrease in platelet counts

(13), and the decreased platelets, diminished clot retraction and

prolonged prothrombin consumption time (14), and subcutane-

ous hemorrhage in the tail and paws (15).

The present histopathological observations revealed that

the single administration of TBDD to rats induced a decreased

bone marrow hematopoiesis (Fig. 3), marked thymic atrophy

and atrophy of splenic white pulp. The decreased bone marrow

hematopoiesis was characterized by a decreased number of

hematopoietic cells including erythroblasts, granulocytes and

megakaryocytes, while a decrease in the number of lympho-

cytes was observed in both the thymus and spleen of TBDD-

dosed animals. However, Ivens et al. (12) reported that the

histopathological findings of bone marrow (data not shown)

did not indicate any changes in the number of cells. Both the

decreased bone marrow hematopoiesis and the decreases in

the number of erythrocytes, leukocytes and platelets found in

this study may reflect possible TBDD-induced alterations in

bone marrow hematopoietic stem cells and their proliferation,

differentiation and maturation, since erythrocytes, leukocytes

and platelets are known to originate from the hematopoietic

stem cells in the bone marrow (29). Consistent with this

inference, it has been demonstrated in mice that TCDD

adversely affected the multilineage hematopoiesis in the

hematopoietic stem cells of the bone marrow, mediated

through aryl hydrocarbon receptors (AhR) in the target tissue

(16–19). It can be inferred, therefore, that the adverse effects of

TBDD on bone marrow hematopoiesis exist behind possible

impairment of the clotting mechanism induced by the TBDD-

induced thrombocytopenia and the resulting hemorrhage in the

brain and spinal cord that primarily caused death in the 300

μg/kg-dosed female rats.

In this context, the possible impairment of the cellular

immune system in the TBDD-dosed rats is also suggested by

the present histopathological findings of the thymus. Since the

thymus is known to perform a function in the cellular immune

system in rodents (29), the thymic atrophy which was character-

ized by a disappearance or decreased number of lymphocytes

in the thymic cortex might be a morphologic correlate reflecting

the possible impairments of differentiation and maturation of

thymocytes in the cellular immune system of TBDD-dosed

rats. This inference is comparable with the reported findings

that TCDD administration causes thymic atrophy, by directly

affecting the cortical epithelium of the rat thymus (30) and

Table 4 Adipose tissue levels of TBDD on Days 2, 7 and 36 after

single administration of TBDD by gavage at 30, 100 or 300 μg/kg

Adipose tissue level 

of TBDD (ng/g)

Dose 

(μg/kg)

Days after administration

2 7 36

Male

30 47 — —

100 125 200 39

300 440 500 120

Female

30 34 — —

100 140 210 62

300 515 545 120

Values are expressed as mean of two rats in each group.
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through the induction of apoptosis in mouse thymocytes (31),

and by directly targeting the hematopoietic compartment of the

mouse thymus originating from the bone marrow hematopoietic

stem cells through the AhR, resulting in thymic atrophy (32).

Although a statistically significant change in only one

hematological parameter (decreased eosinophils) was observed

in the 10 μg/kg-dosed females on Day 2, toxicologically signif-

icant and interrelated changes were thought to occur at a dose

of 30 μg/kg. The reason for this is that this dose level caused

significant decreases in erythrocyte, leukocyte and platelet

counts, thymus weights and body weights of the female group

on Day 36, as well as slight thymic atrophy in a female on

Day 7. Therefore, the nonlethal wasting syndrome and the

myelotoxic effects seen after the single administration of

TBDD by gavage to rats would be manifested at the dose levels

of 30 and 100 μg/kg, which corresponded to the adipose tissue

levels of 47 and 125 ng/g in males and 34 and 140 ng/g in

females on Day 2.

The present results of the adipose tissue levels of TBDD

on Days 2, 7 and 36 are in sharp contrast to both the adipose

tissue levels of TBDD and their temporal patterns in the

100 μg/kg-dosed rats reported by Ivens et al. (12) who showed

that the adipose tissue level of TBDD was 20 ppb (ng/g) on

Day 2 and below the detection limit on Day 28. The per-

sistence of TBDD in the adipose tissue until Day 36 after the

single oral administration is comparable with the findings of

the adipose tissue levels of TBDD after single intravenous and

subcutaneous administrations of TBDD reported by Kedderis

et al. (33) and Nagao et al. (34), respectively, although the

route of administration and the dose levels of TBDD used in

the present study were different from those used in these two

studies.

Acknowledgments

This study was financially supported by the Health and

Labour Sciences Research Grant, Research on Occupational

Safety and Health (Grant-in-Aid No. H14-Labour-26).

References

( 1 ) International Programme on Chemical Safety (IPCS). Envi-

ronmental Health Criteria 205. Polybrominated dibenzo-p-

dioxins and dibenzofurans. Geneva: WHO; 1998.

( 2 ) Buser H-R. Polybrominated dibenzofurans and dibenzo-p-

dioxins: Thermal reaction products of polybrominated diphe-

nyl ether flame retardants. Environ Sci Technol. 1986;20:404–

408.

( 3 ) Zelinski V, Lorenz W, Bahadir M. Brominated flame retard-

ants and resulting PBDD/F in accidental fire residues from

private residences. Chemosphere. 1993;27:1519–1528.

( 4 ) Sakai S, Watanabe J, Honda Y, Takatsuki H, Aoki I,

Futamatsu M, et al. Combustion of brominated flame

retardants and behavior of its byproducts. Chemosphere.

2001;42:519–531.

( 5 ) Brenner KS, Knies H. Formation of polybrominated dibenzo-

furans (PBDF’s) and -dioxins (PBDD’s) during extrusion

production of a polybutyleneterephthalate (PBTP)/glassfibre

resin blended with decabromodiphenylether (DBDPE)/Sb
2
O

3
;

product and workplace analysis. In: Hutzinger O, Fiedler H

editors. Organohalogen Compounds. Vol. 2, DIOXIN ’90-

SEMINAR Toxicology, Environment, Food, Exposure-Risk.

Bayreuth, Germany: Ecoinforma Press; 1990. P. 319–324.

( 6 ) Brenner KS, Knies H. Workplace monitoring of PBDFs and

PBDDs during extrusion production and injection molding of

a polybutyleneterephthalate (PBTP)/glass fiber/tetrabromo-

bisphenol A carbonate oligomer (BC52*)/Sb
2

O
3

-resin; Part II.

Chemosphere. 1993;26:1953–1963.

( 7 ) Hayakawa K, Takatsuki H, Watanabe I, Sakai S. Polybromi-

nated diphenyl ethers (PBDEs), polybrominated dibenzo-p-

dioxins/dibenzofurans (PBDD/Fs) and monobromo-polychlo-

rinated dibenzo-p-dioxins/dibenzofurans (MoBPXDD/Fs) in

the atmosphere and bulk deposition in Kyoto, Japan. Chemo-

sphere. 2004;57:343–356.

( 8 ) Choi J-W, Fujimaki S, Kitamura K, Hashimoto S, Ito H,

Suzuki N, et al. Polybrominated dibenzo-p-dioxins, dibenzo-

furans, and diphenyl ethers in Japanese human adipose tissue.

Environ Sci Technol. 2003;37:817–821.

( 9 ) International Agency for Research on Cancer (IARC). IARC

Monographs on the Evaluation of Carcinogenic Risks to

Humans. Vol. 69. Polychlorinated dibenzo-para-dioxins and

polychlorinated dibenzofurans. Lyon: IARC; 1997.

(10) Birnbaum LS, Morrissey RE, Harris MW. Teratogenic effects

of 2,3,7,8-tetrabromodibenzo-p-dioxin and three polybromi-

nated dibenzofurans in C57BL/6N mice. Toxicol Appl

Pharmacol. 1991;107:141–152.

(11) Mason G, Zacharewski T, Denomme MA, Safe L, Safe S.

Polybrominated dibenzo-p-dioxins and related compounds:

Quantitative in vivo and in vitro structure-activity relation-

ships. Toxicology. 1987;44:245–255.

(12) Ivens IA, Löser E, Rinke M, Schmidt U, Neupert M. Toxicity

of 2,3,7,8-tetrabromodibenzo-p-dioxin in rats after single oral

administration. Toxicology. 1992;73:53–69.

(13) Zinkl JG, Vos JG, Moore JA, Gupta BN. Hematologic and

clinical chemistry effects of 2,3,7,8-tetrachlorodibenzo-p-

dioxin in laboratory animals. Environ Health Perspect. 1973;

5:111–118.

(14) Weissberg JB, Zinkl JG. Effects of 2,3,7,8-tetrachlorodi-

benzo-p-dioxin upon hemostasis and hematologic function in

the rat. Environ Health Perspect. 1973;5:119–123.

(15) Gupta BN, Vos JG, Moore JA, Zinkl JG, Bullock BC.

Pathologic effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin in

laboratory animals. Environ Health Perspect. 1973;5:125–

139.

(16) Luster MI, Boorman GA, Dean JH, Harris MW, Luebke RW,

Padarathsingh ML, et al. Examination of bone marrow,

immunologic parameters and host susceptibility following

pre- and postnatal exposure to 2,3,7,8-tetrachlorodibenzo-p-

dioxin (TCDD). Int J Immunopharmacol. 1980;2:301–310.

(17) Luster MI, Hong LH, Boorman GA, Clark G, Hayes HT,

Greenlee WF, et al. Acute myelotoxic responses in mice

exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).

Toxicol Appl Pharmacol. 1985;81:156–165.

(18) Murante FG, Gasiewicz TA. Hemopoietic progenitor cells

are sensitive targets of 2,3,7,8-tetrachlorodibenzo-p-dioxin in



Environ. Health Prev. Med. Acute Effects of Orally Administered TBDD in Rats

144

C57BL/6J mice. Toxicol Sci. 2000;54:374–383.

(19) Sakai R, Kajiume T, Inoue H, Kanno R, Miyazaki M,

Ninomiya Y, et al. TCDD treatment eliminates the long-term

reconstitution activity of hematopoietic stem cells. Toxicol

Sci. 2003;72:84–91.

(20) Harris MW, Moore JA, Vos JG, Gupta BN. General biological

effects of TCDD in laboratory animals. Environ Health

Perspect. 1973;5:101–109.

(21) Seefeld MD, Corbett SW, Keesey RE, Peterson RE. Charac-

terization of the wasting syndrome in rats treated with

2,3,7,8-tetrachlorodibenzo-p-dioxin. Toxicol Appl Pharma-

col. 1984;73:311–322.

(22) Christian BJ, Inhorn SL, Peterson RE. Relationship of the

wasting syndrome to lethality in rats treated with 2,3,7,8-

tetrachlorodibenzo-p-dioxin. Toxicol Appl Pharmacol. 1986;

82:239–255.

(23) Nakagaki K, Arito H, Tsuruta H. Changes in sleep-waking

rhythms of rats following a single injection of toluene. Ind

Health. 1983;21:165–174.

(24) Buser H-R. Rapid photolytic decomposition of brominated

and brominated/chlorinated dibenzodioxins and dibenzo-

furans. Chemosphere. 1988;17:889–903.

(25) Popp JA, Cattley RC. Hepatobiliary system. In: Haschek

WM, Rousseaux CG editors. Handbook of Toxicologic

Pathology. CA: Academic Press; 1991. P. 309.

(26) Yamazaki M, Noguchi Y, Tanda M, Shintani S. Statistical

methods appropriate for general toxicological studies in rats.

Algorithms for multiple comparisons of treatment groups

with control. J Takeda Res Lab. 1981;40:163–187. (Article in

Japanese)

(27) Hamada C, Yoshino K, Abe I, Matsumoto K, Nomura M,

Yoshimura I. Detection of an outlier and evaluation of its

influence in chronic toxicity studies. Drug Inf J. 1998;32:

201–212.

(28) Bloom JC, Brandt JT. Toxic responses of the blood. In:

Klaassen CD editor. Casarett and Doul’s Toxicology, The

Basic Science of Poisons, 6th ed. NY: McGraw-Hill; 2001.

P. 403–405.

(29) Schuurman H-J, Krajnc-Franken MAM, Kuper CF, Van

Loveren H, Vos JG. Immune system. In: Haschek WM,

Rousseaux CG editors. Handbook of Toxicologic Pathology.

San Diego, CA: Academic Press Inc.; 1991. P. 421–483.

(30) De Waal EJ, Schuurman H-J, Loeber JG, Van Loveren H,

Vos JG. Alterations in the cortical thymic epithelium of rats

after in vivo exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin

(TCDD): An (immuno)histological study. Toxicol Appl

Pharmacol. 1992;115:80–88.

(31) Kamath AB, Xu H, Nagarkatti PS, Nagarkatti M. Evidence

for the induction of apoptosis in thymocytes by 2,3,7,8-

tetrachlorodibenzo-p-dioxin in vivo. Toxicol Appl Pharmacol.

1997;142;367–377.

(32) Staples JE, Murante FG, Fiore NC, Gasiewicz TA, Silverstone

AE. Thymic alterations induced by 2,3,7,8-tetrachlorodibenzo-

p-dioxin are strictly dependent on aryl hydrocarbon receptor

activation in hemopoietic cells. J Immunol. 1998;160:3844–

3854.

(33) Kedderis LB, Diliberto JJ, Birnbaum LS. Disposition and

excretion of intravenous 2,3,7,8-tetrabromodibenzo-p-

dioxin (TBDD) in rats. Toxicol Appl Pharmacol. 1991;108:

397–406.

(34) Nagao T, Yamashita K, Golor G, Bittmann H, Körner W,

Hagenmaier H, et al. Tissue distribution after a single subcu-

taneous administration of 2,3,7,8-tetrabromodibenzo-p-dioxin

in comparison with toxicokinetics of 2,3,7,8-tetrachlorodi-

benzo-p-dioxin in female Wistar rats. Life Sci. 1996;58:325–

336.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


