PERGAMON

Chemosphere 45 (2001) 195-200

CHEMOSPHERE

www.elsevier.com/locate/chemosphere

Enhancement in fecal excretion of dioxin isomer in mice by
several dietary fibers

Osamu Aozasa “*, Souichi Ohta ®, Teruyuki Nakao ?, Hideaki Miyata *,
Taisei Nomura °

& Faculty of Pharmaceutical Science, Setsunan University, 45-1 Nagaotoge-cho, Hirakata, Osaka 573-0101, Japan
® Faculty of Medicine, Osaka University, 2-2, Yamada-Oka, Suita, Osaka 565-0871, Japan

Received 25 May 2000; received in revised form 18 October 2000; accepted 24 October 2000

Abstract

The effect of increased nutrients (protein, lipid, vitamins and minerals) on dioxin-induced toxic manifestations such
as immune suppression, hepatic hypertrophy, splenic atrophy and enzyme induction was investigated in mice after oral
administration of 1,2,3,4,7,8-HxCDD (HxCDD) as one of a representative compound of dioxin isomers. Consequently,
it appeared that increased minerals and vitamins in the diet prevented immune suppression by HxCDD. In addition, to
clarify the additive effect of nutrients and the ability to hasten the excretion of dioxins by dietary fiber, the adsorbing of
dioxins by 16 dietary fibers was investigated by in vitro experiment. Among 16 dietary fibers, locust bean gum, pectin,
alginic acid, guar gum, chitin and cellulose were effective in binding dioxin isomers. These dietary fibers also enhanced
the fecal excretion of HXCDD in mice. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Our bodies are continuously exposed to toxic dioxins
(PCDDs, PCDFs and Co-PCBs) through food, ambient
air, water and soil. Biologic half-lives for most of the
extremely toxic 2,3,7,8-chlorine-substituted isomers
have been estimated to range from 3 to 15 years (Flesch-
Janys et al., 1996). Therefore, dioxins accumulate in the
human body transfer from the mother to the baby, and
alter thyroid hormone regulation and immune function
in babies who seem more sensitive to these compounds
than adults (Nagayama, 1998). Moreover, pollution of
the human body by these compounds has attracted at-
tention as a factor in the incidence of atopy in babies
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and the rapidly increasing incidence of endometriosis in
women. To maintain our health, it is necessary to pre-
vent possible adverse effects of extremely toxic and
highly persistent dioxins.

Previous studies have shown that adding activated
charcoal or cholic acids to chow hastened the elimina-
tion of 2,3,78-tetrachlorodibenzo-p-doixin (TCDD)
from the tissues of mice (Coccia et al., 1981; Manara
et al., 1982). Moreover, chow containing activated
charcoal or cholic acids reduced mortalities in rodents
treated with a single lethal dose of TCDD (Manara et al.,
1984). However, in humans, it is difficult to ingest both
compounds continuously. Recently, as an effective
means of hastening the excretion of dioxins, ingesting
dietary fibers capable of adsorbing mutagens and car-
cinogens has been reported (Kada et al., 1984; Morita
et al., 1997). The dietary fiber extracted from vegetables
and cereals increased fecal excretion in rats fed rice-bran
containing dioxins. Among the fibers examined, spinach
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fiber and rice-bran fiber showed high potency in aug-
menting excretion. The results indicated that the ability
to promote the excretion of dioxins depends on the
composition of dietary fibers contained in food.

In the present study, the potency of adsorbing diox-
ins by 16 dietary fibers was investigated in an in vitro
experiment for the selection of dietary fibers having the
highest ability to absorb dioxin isomer. The selected
dietary fibers showed the ability to improve fecal ex-
cretion of dioxins in mice. In addition, the effect of in-
creased nutrient (protein, lipid, vitamins and minerals)
absorption on dioxin-induced toxic manifestations such
as immune suppression, hepatic hypertrophy, splenic
atrophy and enzyme induction in mice after oral ad-
ministration of a dioxin isomer was investigated to
clarify the additive effect of nutrients and the ability of
dietary fiber to hasten dioxin excretion.

2. Experimental conditions

2.1. Preventing HxCDD-induced toxicity in mice by
increasing dietary nutrients

Female C57BL/6 mice, weighing 20-25 g, were ob-
tained from Nihon SLC, Shizuoka, Japan. Six groups of
10-week-old mice (four or five mice per group) were used
for this experiment. Basal diet and four high nutrient
diets rich in protein, lipids, minerals and vitamins shown
in Table 1 were, respectively, given to five groups of mice
for 14 days. The minerals and vitamins were the same as
those in the commercial diet AIN-76. All five groups
were treated with a single oral administration of
HxCDD dissolved in ethanol:Tween 20:saline (1:10:89)
at a dose of 10 pg/kg body weight on day 8. A dosage of
10 pg was selected for toxic manifestations such as im-
mune suppression, enzyme induction, hepatic hypertro-
phy and splenic atrophy observed in mice orally treated
with HXCDD dose of 0.1-100 pg/kg. An additional
group (control animals) was maintained on the basal
diet for 14 days and received only vehicle on day 8. All
the mice were challenged with antigen (DNP-dextran)
one day following the HxCDD administration. On day
14, all mice were sacrificed, and whole blood was col-

Table 1

lected. The anti-DNP-IgM antibody in the separated
serum was determined using an enzyme-linked immu-
nosorbent assay. The liver and spleen were removed and
weighed. Hepatic microsomes were prepared from the
liver and EROD activity was measured fluorometrically
according to the procedures described by Pohl and
Fouts (1980).

2.2. Adsorption of dioxin isomer in an in vitro experiment

Methanolic solution (3.0 ml) containing 10-50 ng of
three dioxin isomers (TCDD, HxCDD and OCDD) and
30 mg dietary fiber were added to 0.1 M buffer pH 7.6
(3.0 ml). The solution was incubated at 37°C for 30 min
and centrifuged at 3000 rpm for 10 min. On centrifu-
gation, the solution deposited dietary fiber and dioxins
binding to fiber. The '3C-labeled dioxin internal stan-
dards (each 500 pg) were spiked to the supernatant, then
the free dioxins were extracted from the supernatant by
mechanical shaking with n-hexane (5 ml). The n-hexane
layer was cleaned using a multi-layer column containing,
from the bottom, 2% KOH-silica (3.0 g), silica (0.9 g),
44% H,SO,4-silica (4.5 g), 22% H,SOy4-silica (6.0 g),
silica (0.9 g) and 10% AgNO;-silica (3.0 g). The n-hex-
ane layer was transferred to the top of the multi-layer
column, then eluted with a 150 ml of n-hexane. The
purified eluate was concentrated, allowed to stand at
room temperature for complete evaporation of solvent,
then dissolved with 50 pl of n-decane. Analysis of three
dioxin isomers was performed using a Hewlett Packard
6890 gas chromatograph-JEOL JMS700 mass spec-
trometer in EI-SIM mode at a resolution of 10000. A
Supelco SPB-5 (30 m x0.32 mm 1.D., 0.25 um film
thickness) capillary column was used for analysis of
tetra-through octachlorinated congeners, and the tem-
perature was programmed as follows: 180°C isothermal
for 1 min, 20°C per min to 310°C, and held for 3.5 min.

2.3. Enhanced fecal excretion of HxCDD in mice with
increased intake of dietary fiber

Six groups of 10-week-old C57BL/6 female mice
(four or five per group) were used for this experiment.
One group was fed the basal fiber-free diet shown in

Compositions of basal diet, test diets containing high nutrients and basal fiber-free diet (g)*

Constituent Basal High protein High lipid High mineral High vitamin Basal fiber-free
Casein 25 50 25 25 25 25

Oil, soy 6.0 6.0 30 6.0 6.0 6.0

Mineral mix. 3.5 3.5 3.5 17.5 3.5 6.0

Vitamin mix 1.0 1.0 1.0 1.0 5.0 2.0

Starch, corn 41.5 41.5 41.5 41.5 41.5 41.5
Granulated sugar 5.0 5.0 5.0 5.0 5.0 5.0

% Mineral and vitamin mixture were identical with AIN-76 in the basal diet.
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Table 1 and other five groups were, respectively, given
diets containing 10% of the following dietary fibers ad
libitum for 10 days: cellulose, chitin, pectin, locust bean
gum, guar gum. These dietary fibers were selected on the
basis of the adsorption rate for three dioxin isomers
shown in in vitro experiments. All six groups were
treated with a single oral administration of HxCDD
dissolved in ethanol: Tween 20:saline (1:10:89) at a dose
of 10 png/kg body weight on day 4. Feces were collected
every day for three days after exposure. 1-10 g of the
collected feces was extracted with 100 ml of methanol/
chloroform (1:2) for 5 h under reflex after spiking with
internal standard (500 pg of *C-HxCDD). The extract
was replaced with 5 ml of hexane and cleaned up on a
multi-layer column, then analyzed by GC-MS according
to the procedures described in Section 2.2.

3. Results and discussion

3.1. Preventing HxCDD-induced toxicity in mice by
increasing dietary nutrient

The oral administration of dioxins to mice resulted in
toxic effects such as reduction of antibody level in serum,
the decreased ratio of spleen versus body weight and
increase in liver weight, and the biological effects such as
an elevation in hepatic microsomal EROD activity (Vos
et al., 1974; Peterson et al., 1984). Positive close corre-
lation has been confirmed between the EROD activity
induction and toxic effects of dioxins such as the lethal
effect and the inhibition weight gain in rodents (Safe,
1987). The oral dosage of a dioxin isomer used in this
study was determined by the findings of the toxic man-
ifestations described above. In this study, 1,2,3,4,7,8-
HxCDD (HxCDD) was given to mice as a representative
compound among dioxin isomers. Congener-specific
differences have been observed in gastrointestinal ad-
sorption and degree of toxicity among 2.,3,7,8-substi-
tuted PCDDs. The toxicity of TCDD is the highest
among dioxins, and degree toxicity among 2,3,7,8-
PCDDs gradually decreases with increasing chlorine
content. In contrast, highly chlorinated isomers show a
slow elimination rate from the tissue of experimental
animals. Both the toxicity and pharmacokinetic behav-
ior of HXCDD are considered intermediate among seven
2,3,7,8-PCDDs.

Fig. 1 shows a comparison of dose-response curves
for the serum anti-DNP-IgM antibody level, the hepatic
microsomal EROD activity and the ratios of tissues/
body weight in the mice. The mice were maintained on
the basal fiber-free diet, and were given HxCDD on day
8. On day 6 after HxXCDD treatment, the liver weight
was increased in mice treated with an oral dose of 0.1 pg/
kg in an early stage of dosage compared to that in the
vehicle-treated control group. The serum anti-DNP-IgM
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Fig. 1. Anti-DNP-IgM antibody level, EROD activity and
ratios of tissues/weight in mice treated with HxCDD.

antibody level was decreased at a dose of 10 pg/kg body
weight. In addition, HxCDD treatment at a dose of 10
ng/kg significantly increased the ratio of liver/body
weight, reduced the ratio of spleen and elevated EROD
activity. From these results, a dosage of 10 pg/kg was
confirmed to be suitable for this experiment, because this
amount-induced immune suppression as well as hepatic
hypertrophy, splenic atrophy and induction of enzymes.

Fig. 2 shows the effects of increased dietary nutrients
on anti-DNP-IgM antibody levels in mice treated with
HxCDD. Mice in the control group were maintained on
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Fig. 2. Effects of high nutrients on anti-DNP-IgM antibody
levels in mice treated with a single oral dose of HxCDD at
10 pg/kg.
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the basal diet, which contained less vitamins and min-
erals than the basal fiber-free diet, to clarify the effect of
the four nutrients added to the diet. The amounts of
protein, lipid, vitamins and minerals contained in the
four test diets were two-fold to five-fold higher than the
amount of nutrients in the basal diet as shown in Table 1.
HxCDD administration decreased the serum anti-DNP-
IgM antibody level to 22% relative to that in mice treated
without HxCDD. When mice were maintained on a high
mineral diet containing a five-fold increase in mineral
mixture for 14 days, there was a 51% decrease in the anti-
DNP-IgM antibody level. Intake of a high vitamin diet
caused a 34% reduction in the antibody level. These re-
sults suggest that increased minerals and vitamins in the
diet prevent immune suppression by HxCDD. There
were no significant differences between the values in mice
fed basal diet and tests diet containing high protein and
high lipids, respectively. It was expected that a high lipid
diet reduces the gastrointestinal absorption of liposolu-
ble dioxins and decreases immune suppression by diox-
ins. However, the gastrointestinal absorption of HxCDD
was slightly increased by the high lipid diet, and no re-
covery of immune suppression was observed.

Mohammad et al. (1985) investigated the effects of
vitamins A and E on TCDD-induced lipid peroxidation
and other biochemical changes in the rat. Vitamin E
markedly inhibited microsomal lipid peroxidation, and
did not prevent the reduction of body and liver weights.
Furthermore, vitamin E had little effect on TCDD-in-
duced lethality. Vitamin A inhibited lipid peroxidation
and provided a TCDD-induced decrease in glutathione
concentration in the liver.

On the other hand, it has been reported that in-
creasing the calcium level in the diet increased fecal dry
weight and decreased the gastrointestinal transit time.
This result suggests that high dietary calcium inhibits the
gastrointestinal adsorption of HxCDD. In addition, the
lack of some minerals causes suppression of humoral
immunity. Therefore, the supply of these components
with high mineral diet might lead to the recovery of
immune suppression. These results indicate that vitamin
intake reduces the dioxin-induced toxic manifestations
and biological change. From these results, in the fol-
lowing experiment, the enhancement of fecal HxCDD
excretion by adding dietary fiber to diet was investigated
using basal fiber-free diet containing a two-fold increase
in mineral and vitamin concentrations compared to
those in basal diet, in order to clarify the additive effect
of increased nutrients and the ability of dietary fiber to
hasten dioxin excretion.

3.2. Adsorption of three dioxin isomers in in vitro
experiment

The potency in promoting fecal excretion of dioxin
by dietary fiber depended on the ability of dioxin ad-

sorption. It was necessary to select the dietary fiber
that demonstrated a high adsorption ability in the in
vitro experiment. To assess the potency of several di-
etary fibers in adsorbing dioxin using an in vitro ex-
periment, the amount of dioxin adsorbed by cellulose
was determined as the standard because cellulose is a
typical dietary fiber contained in numerous plants.
Three dioxin isomers (TCDD, HxCDD and OCDD)
were, respectively, incubated for 30 min at 37°C in the
presence of 30 mg cellulose. Fig. 3 shows each ad-
sorption rate (%) in 5, 10 and 50 ng of three dioxin
isomers by cellulose, respectively. The data showed
amounts of dioxin isomers extracted from the super-
natant of samples incubated with cellulose as a per-
centage versus that of dioxin isomers in controls
incubated without cellulose. Each 5 ng of TCDD and
HxCDD were absorbed by added cellulose at rates of
8% and 10%, respectively. Compared to TCDD and
HxCDD, the adsorption rates of OCDD were in-
creased to 52%. High rates of OCDD adsorption were
also observed for 10 and 50 ng of the three dioxin
isomers. However, the level in 50 ng of TCDD was
significantly decreased compared to those of 5 and 10
ng. This result indicated that 50 ng of TCDD might
exceed the adsorption potency of cellulose. A similar
pattern was also seen in HXCDD. Therefore, 5 ng of
dioxin was selected for the following in vitro experi-
ment, because this amount was absorbed at a rate
similar to that of 10 ng and was the smallest amount
possible for stable measurement.

Table 2 shows the adsorption rates of three dioxin
isomers by 16 dietary fibers in the in vitro experiment.
Locust bean gum was maximum effective in binding
three dioxin isomers among 16 dietary fibers tested,
and the bound percentages of dioxin isomers were in-
creased from 47% for TCDD, 64% for HxCDD and
76% for OCDD. In addition, pectin also bound large
amount of the three isomers in a range from 37% to

100

5 10 50 (ng)

Adsorption rate (%)

TCDD HxCDD

OCDD

Fig. 3. Adsorption rates (%) of TCDD, HxCDD and OCDD
by cellulose.
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Table 2

Adsorption rates (%) of dioxins by 16 dietary fibers in in vitro experiment®

Dietary fiber

Adsorption rate (%)

Water solubility

TCDD HxCDD OCDD
Heteroglucan
Gum, Locust Bean 47 64 76 Soluble
Gum guar 23 44 58 Soluble
Gllucomannan from konjac 8 30 36 Soluble
Glucronan
Pectin 37 60 79 Soluble
Alginic acid 27 42 58 Soluble
Gum karaya 11 23 35 Soluble
Aromatic hydrocarbon polymer
Lignin 10 29 34 Soluble
Homoglucan
Chitin 13 21 55 Insoluble
Cellulose 8 10 52 Insoluble
Mannan 0 4 22 Insoluble
Xylan 0 0 39 Soluble

#Levan, inulin, gum arabic, L-arabingalactan, agar < 20%.

79%. High adsorption rates were also seen in gum guar
and alginic acid. The adsorption rates of the three
isomers were elevated with increased chlorination of
the isomer. These four dietary fibers are water soluble.
Chitin and cellulose, which are water insoluble dietary
fibers, also absorbed high rates of OCDD, showing
55% for chitin and 52% for cellulose. The adsorption
rates of OCDD by chitin and cellulose showed levels
similar to those of guar gum (58%) and alginic acid
(58%). In contrast, the adsorption rates of TCDD and
HxCDD were lower in chitin and cellulose (8-21%)
than in pectin and alginic acid (23-44%). Chitin and
cellulose, which are insoluble dietary fibers, absorbed
OCDD with high chlorination at an especially high rate
compared to soluble dietary fiber such as guar gum and
alginic acid. Among the six dietary fibers showing high
absorbing potency, there were significant differences in
contributions to the adsorption rate for three dioxin
isomers between water-soluble dietary fibers and in-
soluble fibers. However, in all the 16 dietary fibers, the
adsorption rate of the three isomers was elevated by
increased chlorination of the isomers. Increased ad-
sorption activity of dietary fiber for less polar highly
chlorinated isomers was observed compared to that of
polar isomer, suggesting that the adsorption process is
hydrophobic in nature.

Birkner and Kern (1974) investigated in vitro ad-
sorption of bile salts to dietary fibers such as nondi-
gestible food residues and hemicellulose. The adsorption
of bile salts to food residues was greater for less polar
bile salts. Consequently, in bile salts as well as in dioxin
isomers, dietary fibers demonstrated greater adsorption
potency for less polar compounds.

3.3. Enhanced fecal excretion of HxCDD in mice by
increased intake of dietary fiber

Fig. 4 shows the effects of five selected dietary fibers
on fecal excretion for three days in mice treated orally
with HxCDD at 10 pg/kg. As shown in Fig 1, the dosage
of 10 pg/kg was confirmed to be suitable for this ex-
periment, because this amount-induced immune sup-
pression as well as hepatic hypertrophy, splenic atrophy
and induction of enzymes. The following dietary fibers
were selected on the base of adsorption rate for HxCDD
shown in an in vitro experiment: cellulose, chitin, locust

@ 119
3 120
& B 81 . 81 ®
H 80 ® ®
«H [31 38 ®
= 40 - g @
. 0_
o - In vivo
=}
B~ 60
&g
bl
28 40
8
S 20l
] oS .
5 & S &S
& 3 Fe &
&« O &
‘eo © e\}&‘ Go
Water Solubility . Insoluble | [ Soluble |

Fig. 4. Effect of dietary fiber intake on fecal dioxins excretion,
fat in feces and feces in mice treated orally with HxCDD dose
of 10 pg/kg, and adsorption rate in in vitro experiment.
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bean gum, pectin, and guar gum. Each dietary fiber was
mixed with the diet at a 10% ratio. The five mixed diets
increased the excretion of HXCDD in a range from 33%
to 57% compared to that in mice eating basal fiber-free
diet (22%). The maximal level (57%) of fecal excretion
was observed in mice given a guar gum diet which
showed the highest potency in adsorbing dioxin isomers
among the five fibers tested in the in vitro experiment.
From these results, it appears that the intake of guar
gum is most effective in fecal dioxin excretion in mice.

Morita et al. (1997) reported the effects of 12 dietary
fibers extracted from vegetables and cereals on the fecal
excretion of PCDD congeners in rats. The fecal excre-
tion of 1,2,3,6,7,8-HxCDD in the group fed a non-fiber
diet was 21% of the dose. Fecal excretion in the group
fed 10% rice-bran fiber and spinach fiber was, respec-
tively, promoted to 44% and 45%. The rate of fecal ex-
cretion of 1,2,3,6,7,8-HxCDD (21%) in the group fed a
non-fiber diet was close to that of 1,2,3,4,7,8-HxCDD
(22%) in our study, and enhancement of excretion by
rice-bran fiber and spinach fiber was similar to that
obtained in mice fed chitin, pectin and guar gum.

The fat in the feces of the group fed guar gum, which
showed the highest ability to promote fecal excretion,
was clearly elevated (119 mg) compared to that in the
group given other dietary fibers (38-81 mg). The eleva-
tion of fecal fat level after cellulose intake was minor
along with HXCDD excretion. The enhanced fecal ex-
cretion rate for HXCDD by dietary fiber was closely
related to fecal fat content. This result indicates that
enhancement of fecal dioxin isomer excretion by dietary
fiber is associated with lipophilic compositions such as
lipids and lipophilic vitamins.
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