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Experiments were conducted with growing rats to investigate the effects of  dietao' 0.05% polychlori- 
hated biphenyls (PCB ), 0.3% chlorobatanol ( Chloretone ), and 0.2% phenobarbital sodium on intestinal 
absorption o f  e~-tocopherol and serum and tissue lipids, and the influence of  dietao" 5% pectin and 
0.2% ethyl p-chlorophenoxyisobutyrate (clofibrate) on the changes in these lipids due to dietao, 0.4% 
Chloretone. Dietary addition q( PCB increased serum concentrations of  e~-toeopherol, cholesterol, 
and phospholipids. These were mainly attributed to the increments in the fraction q[ high-density 
lipoproteins. PCB intake increased tissue ~-tocopherol and apparent absorption of  e~-toeopherol.[?om 
intestine. Similar changes in serum and tissae lipids atld in intestinal absorption of  e~-toeopherol were 
observed with dietary Chloretone and phenobarbital. Dietao, clofibrate attd peetin depressed the 
increase in serum concentrations o f  these lipids by Chloretone. Changes in serum levels o f  c~-tocoph- 
erol, cholesterol, and phospholipids correlated n'ith those in apparent absorption of  c~-tocopherol. 
These results suggest that the increase in serum cholesterol and phospholipids due to xenobiotics 
relates to the increase in serum and tissue a-toeopherol. 

Keywords: e-tocopherol: cholesterol: xenobiotics: clofibrate; pectin: intestinal absorption of c~-tocophero[ 

Introduction 

Administration of xenobiotics (including polychlori- 
nated biophenyls (PCB), chlorobutanol (Chloretone), 
and pentobarbital) to rats causes not only an induction 
of  liver microsomal drug-metabolizing enzymes,  but 
also an increase in serum cholesterol or HDL-choles- 
terol and urinary ascorbic acid. ~'2 Recently, we dem- 
onstrated an increased serum ~-tocopheroi in rats fed 
some xenobiotics. 3 Further, we showed that dietary 
PCB increased concentrations of c~-tocopherol in sev- 
eral organs, including kidney, spleen, lung, muscle, 
etc. 4 These increments in serum and tissue vitamin E 
seem to be a protective response against lipid peroxi- 
dation induced by the chemicals, since PCB feeding 
increases liver lipid peroxidation and vitamin E re- 
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quirement.  5 In the present study, to clarify the mecha- 
nism of these effects on tissue vitamin E, we stud- 
ied the effects of dietary addition of PCB, Chloretone, 
and phenobarbital on intestinal absorption of c~- 
tocopherol .  

We previously reported that serum cholesterol gen- 
erally correlated with serum (x-tocopherol in rats fed 
xenobiotics. 3 Kato et al. reported that the increase in 
serum cholesterol and ~-tocopherol by PCB was po- 
tentiated with high protein diets and with copper defi- 
cient diets. 4'6"7 In view of these facts, we speculate 
that the changes in the metabolism of cholesterol due 
to xenobiotics might relate to the increase in serum e~- 
tocopherol.  Feeding of pectin and ethyl p-chlorophen- 
oxyisobutylate  (clofibrate) has been reported to re- 
duce serum cholesterol in rats fed P C B .  8'9 The present 
study further examines the relationship between the 
changes in serum cholesterol and those in serum c~- 
tocopherol  of  rats fed xenobiotics, as well as the in- 
fluence of dietary addition of pectin or clofibrate on 
the changes in serum ~-tocopherol due to xenobiotics, 
with special reference to serum cholesterol. The distri- 
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bution of a - tocophero l  in serum lipoproteins of  rats 
exposed  to xenobiotics was also studied and compared  
with serum lipoprotein cholesterol.  

Tab le  1 Composit ion of basal diet 

Ingredient % 

Materials and methods 

Animals  and diets 

Male rats of  the Wistar  strain weighing 36-56 g (Hiro- 
shima Labora to ry  Animal Center,  Hiroshima,  Japan) 
were  fed a stock diet (MF, Oriental Yeast  Co. Ltd. ,  
Tokyo)  for 3 days  until day 0 when the rats were trans- 
ferred to the exper imental  diets. Room temperature  
was kept at 24°C with a 12-hour cycle of  light (8:00 
a .m . -8 :00  p.m.)  and dark. 

In exper iment  1,0.05% PCB (PCB-48, Tokyo  Kasei  
Kogyo  Co.,  Ltd. ,  Tokyo)  was added to the basal diet 
as shown in Table I. In exper iment  2, 0.3% Chloretone 
(Wako Pure Chemical Industries Ltd. ,  Tokyo)  and 
0.2% phenobarbi ta l  sodium (Wako Pure Chemical In- 
dustr ies Ltd. ,  Tokyo)  were added to the basal diet. In 
exper iment  3, 0.2% clofibrate (Sigma Chemical Co.,  
Ltd. ,  USA) and 5% pectin (from citrus, Wako Pure 
Chemical  Industr ies  Ltd.,  Tokyo)  were added to the 
basal diet with or without the addition of 0.4% Chlore- 
tone.  Pectin was added at the expense of 4% cellulose 
powder  plus carbohydrate .  The experimental  diets and 
tap water  were supplied ad libitum throughout these 
studies.  After  feeding the test diets for 14 to 15 days,  
the diets were  removed  from the cages at 8:00 a.m.,  
and the animals were lightly anesthetized with ether 
and killed be tween 1:00 p.m. and 3:00 p.m. Blood was 
collected by heart puncture.  Aliquots of blood were 
al lowed to clot at 4°C and serum samples were isolated 
by centrifugation (10 min, 1,500g). Liver,  kidney, 
and spleen were immediately excised and weighed. In 
exper iments  1 and 2, feces of  each rat were collected 
daily over  a 10-day period f rom day 3 to day 13 and 
then combined.  In exper iment  3, feces were collected 
over  a 13-day period f rom day 1 to day 14. 

Analyt ical  procedures 

In exper iments  i and 2, 0.8 m L  sera of  each rat were 
pooled and subjected to preparat ive ultracentrifuga- 
tion. The l ipoproteins,  including chylomicrons,  very- 
low-densi ty l ipoproteins (VLDL),  low-density lipopro- 
teins (LDL) ,  and high-density l ipoproteins (HDL),  
were  isolated by flotation.~° 

The concentra t ions  of  a - tocopherol  in serum, se- 
rum lipoproteins,  tissues, and feces were measured by 
H P L C  method described previously.  4 Apparent  ab- 
sorpt ion of a - tocophero l  was determined as a percent-  
age of intake [100% x (intake-feces)/intake].  Fecal 
neutral and acid steroids were extracted by the 
method  of  Hill and Aries. ~ Neutral  steroids were de- 
termined by a modification of Liebermann/Burchard  
react ion,  using cholesterol  as a standard.tZ Bile acids 
were  de termined fluorometrically by the procedure  of  
Levin  et al., using cholic acid as a standard. ~3 The 
lipids in serum lipoproteins were extracted by the 
method  of  Folch et ai.~4 and used for the determination 

Casein 25 
o~-Corn starch 40 
Sucrose 20 
Corn oil 5 
Cel lulose powder 4 
Salt mixture ~ 4 
Vitamin mixture b 2 

a Harper, A.E.J. Nutr. 68, 405. (1955). 
b Oriental Yeast Co. Ltd., Tokyo. Provided the following (mg per 
100 g diet): thiamine HCI, 2.4; riboflavin, 8; pyridoxine HCI, 1.6; 
cyanocobalamine, 0.001; DL-a-tocopherol acetate, 10; menadione, 
104; D-biotin, 0.04; folic acid, 0.4; Ca pantothenate, 10; p-amino- 
benzoic acid, 10; niacin, 12; inositol, 12; choline chloride, 400; 
retinyl acetate, (1000 IU); cholecalciferol, (200 IU). 

of cholesterol  and phospholipids in serum lipoproteins 
by the procedure  of  Pearson et al. ~2 and by a commer-  
cially available kit (Phospholipid-Test ,  Wako Pure 
Chemical  Industries Ltd. ,  Osaka),  respectively.  These 
methods  were also used to determine the concentra-  
tions of  serum cholesterol and phospholipids.  Tissues 
were homogenized  with ice-cold 5% metaphosphor ic  
acid and centrifuged for 10 minutes at 1,600g. 
Ascorbic  acid in the supernatant  was measured by the 
dini t rophenylhydrazine method.  ~-~ 

Statist ical analysis 

Student ' s  t test was used to statistically analyze the 
data in exper iments  1 and 2.16 In exper iment  3, two- 
way analysis  of  variance n6 and Duncan ' s  multiple- 
range test w were used to analyze the data. 

Results 

Experiments  1 and 2 

Table 2 shows the effects of  dietary PCB, Chloretone,  
and phenobarbi ta l  on growth rate, tissue lipids, tissue 
ascorbic  acid, and apparent  absorption of a- tocoph-  
erol. Growth  rate was significantly depressed by di- 
e tary  PCB and phenobarbi tal ,  but not by dietary Chlo- 
retone.  Dietary PCB caused a 15% reduction in the 
food intake. Dietary phenobarbital  caused a 16% re- 
duction in food intake, but Chloretone intake caused 
no influence. Dietary PCB and Chloretone signifi- 
cantly increased serum cholesterol (Table 2). Dietary 
phenobarbi ta l  caused a trend of  increase in serum cho- 
lesterol.  These  chemicals  significantly increased se- 
rum a- tocophero l  and phospholipids.  Dietary PCB, 
Chlore tone  and phenobarbi tal  caused increases in 
liver weight (61%, 19%, and 31%, respectively) when 
expressed  as percent  of  body weight, but caused no 
influence on the weight of  kidney and spleen. Dietary 
PCB significantly increased the concentrat ions of a-  
tocopherol  in kidney and spleen. Liver  content  of  cx- 
tocopherol  was increased by PCB intake when ex- 
pressed per  100 g body weight, although dietary PCB 
caused no effect on liver concentrat ions of  et-tocoph- 

J. Nutr. Biochem., 1991, vol. 2, February 93 



Research Communications 

T a b l e  2 Effects of some x e n o b i o t i c s o n  serum and tissue l ipids and intestinal absorpt ion o f~ - tocophe ro l  in rats 

Exper iment 1 Exper iment  2 
Groups Control 0 0 5 %  PCB Control 0.3% Chloretone 0.2% Phenobarbi ta l  

Gains in body  wt. 
(g /14  days) 105 + 3 a 89 ± 4* 114 ± 4 118 -+ 4 93 ± 3* 

Serum 
c~-Tocopherol (M, mol /L)  55.5 = 2.8 85.0 ~ 2.8* 54.1 _+ 3.0 89.6 -+ 7.4* 86.4 ± 4.4* 
Cholesterol  (mmol /L)  3.59 ± 0.16 6.18 ± 0.34* 2.95 ± 0.23 4.14 ± 0.31" 3.67 + 0.41 
Phospho l ip ids  (mmol /L)  1 7 6  _+ 0.09 3.05 ± 0.26* 2.80 +_ 0.08 3.52 -+ 0.19" 351 ± 0.21" 

Liver 
c~-Tocopherol (nmol /g  t issue) 157 ± 14 150 ± 7 122 ± 6 145 +- 10" 172 + 18" 
A s c o r b i c a c i d  ( t~mol /g t issue)  1.25 +- 0.08 3 .16 - *  0.08* 1.38 ± 0.06 3.49 +- 0 1 2 "  2.89 + 0.15" 

K idney  
e~-Tocopherol (nmol /g  t issue) 99 -+ 3 126 ~ 8" 110 +_ 6 160 -+ 19" 209 + 15" 
Ascorb ic  ac id  (i, zmol /g tissue) 0.87 ± 0.05 1.98 _* 0.08* 0.87 + 0.03 2.02 _+ 0 0 2 *  1 6 5  _+. 0 1 1 "  

Spleen 
o~-Tocopherol (nmol /g  t issue) 194 _+ 7 228 _+ 10" 165 ± 16 229 +- 16" 254 ± 8* 
Asco rb i c  ac id  ( t~mol /g t issue)  ND b ND 2.20 + 0 0 9  3.15 + 0.12" 2.88 + 0.05* 

Apparen t  absorpt ion of 
e~-Tocopherol (%) 61.3 -+ 1.7 6 7 7  ~+ 11 "  57.5 _+ 1.8 63.9 -+ 1.9" 6 1 0  ± 4 2  

a Means _+ SE (N - 6) 
b Not determined.  
* S ign i f i cant ly  di f ferent from controt group (P < 0.05). 

erol (nmol/g  tissue). Chloretone or phenobarbital  in- 
take increased the concentrat ions of  o~-tocopherol in 
liver, kidney,  and spleen. The concentrat ions of  
ascorbic  acid in t issues examined here were increased 
by the three chemicals  (Table 2). 

Apparent  absorpt ion of o~-tocopherol was signifi- 
cantly increased by PCB and Chioretone. Phenobarbi-  
tal intake caused a trend of increase in the apparent  
absorp t ion  of o~-tocopherol. In exper iment  2, apparent  
absorpt ion  of o~-tocopherol significantly (P < 0.05) 
correlated with serum o~-tocopherol (r = 0.556), cho- 
lesterol (r = 0.660), and phospholipids (r = 0.496). 
Fecal  excret ion of  neutral steroids and bile acids was 
not significantly affected by the chemicals.  

Distr ibutions of  ~- tocopherol ,  cholesterol,  and 
phosphol ipids  in serum lipoproteins were illustrated in 
Figures 1 and 2. PCB intake increased these lipids in 
all of  the fractions.  In addition, the increases of  these 
lipids in serum due to PCB were mainly due to the 
increments  in the fraction of HDL.  As shown in Fig- 
ure 2, dietary Chloretone and phenobarbital  also in- 
creased the levels of  c~-tocopherol, cholesterol,  and 
phosphol ipids  in the fractions of  chyromicrons ,  LDL,  
and H D L ,  although the lipids in V L D L  were slightly 
decreased  by the chemicals.  

Exper iment  3 

Table 3 shows the effects of  dietary 5% pectin and 
0.2% clofibrate on growth rate, serum lipids, and ap- 
parent  absorpt ion of  o~-tocopherol in rats fed 0.4% 
Chlore tone  containing diets. Dietary Chloretone sig- 
nificantly depressed  growth rate. Dietary pectin 
slightly depressed  growth rate. 

Dietary Chloretone remarkably  increased serum o~- 
tocopherol ,  cholesterol ,  and phospholipids.  These ef- 
fects  were significantly depressed by dietary pectin 
and clofibrate. In the rats not receiving Chloretone,  

dietary clofibrate also decreased serum cholesterol 
and phospholipids,  and there was a decreasing trend 
of  se rum c~-tocopherol in rats fed clofibrate (Table 3). 
The concentra t ion of liver o~-tocopherol was signifi- 
cantly increased by Chloretone intake, and dietary 
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pectin and clofibrate significantly decreased liver e~- 
tocopherol ,  regardless of Chloretone intake. 

In this experiment ,  dietary Chloretone,  pectin, and 
clofibrate caused a significant effect on apparent ab- 
sorption of  o~-tocopherol. Apparent absorption of e~- 
tocopherol  was significantly increased by Chloretone 
intake, which was depressed by dietary clofibrate. In 
the rats not receiving Chloretone,  dietary pectin sig- 
nificantly decreased apparent absorption of o~-tocoph- 
erol. Pectin intake caused a trend of depression in the 
increment  of  apparent  absorption of  e~-tocopherol by 
Chloretone.  Apparent  absorption of e~-tocopherol sig- 
nificantly (P < 0.05) correlated with serum concentra- 
tions of 0~-tocopherol (r = 0.669), cholesterol (r = 
0.723), and phospholipids (r = 0.680) in this experi- 
ment.  Dietary 0.4% Chloretone caused a 26 to 35% 
reduct ion in fecal neutral steroids (P < 0.05) except 
for pectin treated groups. However ,  dietary addition 
of  pectin and clofibrate caused no significant influence 
on fecal neutral steroids. Fecal bile acids were not 
significantly affected by these dietary manipulations. 

D i s c u s s i o n  

The present  study demonstrated an increase in appar- 
ent absorpt ion of e~-tocopherol from intestine caused 
by dietary PCB and Chloretone (Tables 2 and 3). A 
similar trend was observed with dietary phenobarbital 
(Table 2) The results indicate that the increase in se- 
rum and tissue e~-tocopherol due to xenobiotics is at 
least in part attributed to the increase in intestinal ab- 
sorption of  e~-tocopherol. 

We have reported increased cholesterol and e~- 
tocopherol  in serum H D L due to PCB intake. ~'4 In 
accordance  with these studies, the present study 
showed that the increment in serum cholesterol,  phos- 
pholipids, and tocopherol  were mainly attributable to 

Table  3 Inf luence of d ietary pect in and clof ibrate on serum and t issue l ip ids and intestinal absorpt ion of o~-tocopherol in rats fed 
0.4% Chtoretone 

Normal Chloretone Main 
Groups None pect in Clof ibrate None pect in CIof ibrate effects 2 

Gains in body  wt. 
(g /14  days) 116 ± 3 al 104 _+ 2 b 111 + 3 ab 89 ± 40 87 -+ 4 c 95 + 3 c CH, PE 

Serum 
c~-Tocopherol 

(p.mol/L) 95.7 -+ 5 3  b CH, CU PE 

Cholesterol  
(mmol /L)  5 7 7  ± 0.31 c CH, CU PE 

Phospho l ip ids  
(mmol /L)  3 4 7  ± 0 . 1 8  d CH, CL, PE 

Liver 
e~-Tocopherol 

(nmol /g  t issue) 110 +_ 4 b 95 _+ 4 C 163 ± 6 d CH, CU PE 
Apparent  absorpt ion 

of ~x-tocopherol 
(%) 71.0 ± 1.7 d CH, CL, PE 

39.5 -+ 4.6 a 3 7 6  ± 3.5 a 30.6 ± 21  a 63.2 ± 4.4 c 61.5 -+ 3.0 c 

3.52 ± 0.21 a 3.08 -+ 0.13 a 2.48 ± 0 0 8  b 4.97 + 0.18 d 4.47 -+ 0.23 d 

2.40 ± 0.08 ab 2.19 +_ 0.10 bc 1.86 -+ 0 0 9  c 3.05 ± 0.18 e 2.71 + 0 1 0  ae 

125 ± 8 a 

58.0 ± 2.3 ab 

110 -+ 5 ab 113 -+ 5 b 

451  +- 3.8 c 50.4 -+ 2 6  ac 64.3 -+2.9 d,e 62.5 ± 4.9 ae 

Means  -+ SE (N = 6). Data were ana lyzed by two-way analysis of var iance and Duncan's  mul t ip le  range test. Means not fo l lowed by the 
same letter are s igni f icant ly  di f ferent (P < 0.05). 
2 CH: S ign i f icant ly  af fected by dietary Chloretone (P < 0.05). CL: Signi f icant ly  af fected by dietary c lof ibrate (P < 0.05). PE: Signi f icant ly  
af fected by  d ietary pect in (P < 0.05). 
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the increase  in the fraction of  HDL.  Similar effects 
o f  Chloretone  and phenobarbital were also observed.  
Furthermore,  an increased cx-tocopherol in the frac- 
tion o f  chy lomicrons  by xenobiot ics  was  found (Fig- 
ures I and 2). (x-Tocopherol is absorbed in the small 
intestine and transported in lymph associated with 
chy lomicrons .  ~8 The increased ~x-tocopherol in chy- 
lomicrons  by xenobiot ics  might be due to the increase 
in intestinal absorption of  ~-tocopherol .  

Previously ,  we  reported that serum cholesterol  gen- 
erally correlated with serum vitamin E in rats fed xe- 
nobiot ics .  3 Further, in the present study, serum cho- 
lesterol  and phospholipids correlated well with serum 
c~-tocopherol and apparent absorption of  ~x-tocoph- 
erol. In addition, there were similar trends in the 
changes  of  c~-tocopherol, cholesterol ,  and phospholip- 
ids in the fractions o f  serum lipoproteins by xenobiot-  
ics (Figures 1 and 2). S o m e  workers  also reported 
general correlation be tween  serum cholesterol  and 
a- tocopherol  in rats or humans  under several dietary 
condit ions .  ~9"2° These  facts stress the importance of  
the metabol ic  interrelationship among these lipids. 

Quazi  et al. s and Nakagawa  et al. 9 showed that the 
increase in cholesterol  due to PCB intake was de- 
pressed by pectin and clofibrate intake. Schaus et al. 
s h o w e d  a depressed availability of  vitamin E by di- 
etary pectin.  "-~ The present study reported here dem- 
onstrated that dietary pectin and clofibrate depressed 
the increase in serum (x-tocopherol, cholesterol ,  and 
phosphol ipids  and in liver c~-tocopherol by Chloretone 
(Table 3). In v iew of  these facts,  we speculate that the 
increase in serum cholesterol  and phospholipids due 
to xenobiot ics  may be necessary for the increase in 
serum and tissue a- tocopherol .  Obviously ,  until more 
direct experimental  ev idence  is obtained, this idea re- 
mains speculat ive .  

On the other hand, in agreement with previous re- 
ports,  1'22'23 dietary PCB, Chloretone,  and phenobarbi- 
tal increased tissue ascorbic acid (Table 2). It has been 
reported that the increment in tissue and urinary 
ascorbic  acid by xenobiot ics  is attributable to the in- 
creased ascorbic  acid synthesis .  22'23 Vitamin C has 
been s h o w n  to be important for the regeneration of  
vitamin E from the tocopherol  radical in in vitro sys- 
tems.  242s Thus,  the increase in tissue ascorbic acid 
may also contribute to the increase in tissue c~-tocoph- 
erol by xenobiot ics .  Further studies are in progress to 
examine  this possibility. 
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