
Acta vet. scand. 1990,3/, 129-136.

The Vitamin EDistribution in Serum, Liver, Adipose and
Muscle Tissues in the Pigduring Depletion and Repletion

ByMarianne Jensen, Arne Lindholm and Juhani Hakkarainen

Department of Medicine and Surgery and Department of Clinical Nutrition, Faculty of Veterinary
Medicine, Swedish University of Agricultural Sciences, Uppsala, Sweden.

Jensen, M., A Lindholm and J. Hakkarainen: The vitamin E distribution in se
rum, liver, adipose and muscle tissues in the pig during depletion and repletion.
Acta vet. scand. 1990,31,129-136. - This study was designed to examine the stor
age capacity for vitamin E in liver, adipose tissue and skeletal muscle of growing
pigs during a period of supplementation and of depletion. Therefore, biopsy spe
cimens of these tissues and samples of serum were frequently taken from 7 pigs
throughout the experimental period.
After a 7-week period on a diet highly supplemented with vitamin E (405mg/kg),
a significant increase (p < 0.00I) in the concentration of this vitamin was observed
in all tissues sampled. The highest level (102.9±26.2 mg/kg) was observed in the
liver. After 2 days of depletion the concentration of vitamin E in the liver had fal
len by 80llJo, whereas the concentration in the fat and muscle remained unchanged
during I week of depletion .
The serum vitamin E value rose significantly (p<O .ool) after I week on the sup
plemented diet and then remained at about 7 mg/I throughout the supplementa
tion period and decreased (p<O .ool) after 2 days on a nonsupplemented diet.
Generally, the serum vitamin E levels among growing pigs are between 2 and 3
mg/1. The results show that the serum and liver valueswerecorrelated when the se
rum levelwas within this range. Moreover, it is clearly demonstrated that the con
centrations of vitamin E in serum and liver reflect the immediate nutritional status
of the animal, whereas the vitamin concentrations in adipose and skeletal muscle
tissue reflect its long-term nutritional history.

diet; supplementat ion ; concentration; serum ; biopsy spec imens ; adi
pose tis sue ; skeletal muscle ; myocardium .

Introduction
Vitamin E is known to be a potent antioxi
dant in vitro (Dam 1944) and to act as a free
radical scavenger in vivo, thus protecting
cell- and subcellular membranes from dama
ging peroxidation (Mach/in 1980) . In addi
tion to its antioxidant properties, it has been
suggested that vitamin E may have structural
functions in biological membranes (Lucy
1972).
The vitamin E status of an animal can be as
sessed by measuring the concentration of

this vitamin in serum and various tissues . In
several experiments it has been shown that
the serum vitamin E concentration reflects
the daily intake of this compound, whereas
the concentrations in skeletal muscle and
adipose tissue reflect the intake over a period
of time (Bieri 1972, Lehman 1979, Mach/in
et 01. 1979, Roneuset 01. 1986, Jensen et 01.
1988a).
In a previous study (Jensen et 01. 1988a) it
was found that the liver had a remarkable
storage capacity for vitamin E . However,
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Table I . Composition of the basal diet".

"Calculated analysis: CP , 24.8: MJ ME /kg, 12.5;
lysine, 0.8010; digestible lysine, 0.7010; g digestible lys
ine/MJ, 0.56; Ca, 0.83010; P, 0.67010 .
bContaining a total of 41 mg of vitamin E/kg, corre
sponding to 16 mg of d l -n-tocopheryl acetate equi
valents /kg.
' P rovided (per 1,000 kg of feed) : Vitamin A, 5,000,
000 IV; DJ, 1,000,000 IV; riboflavin, 3 g; niacin , 18
g; pyridoxine, 2 g; vitamin 8 12, 20 mg.
dContained (per 1,00 kg of feed) : Ca , 6 g; Cu, 9 g;
Zn, 121 g; Mn, 20 g; Fe, 74 g; I, 100 mg.

equivalents/kg feed (Table I) . Th is was fol
lowed by a 7-week period (supplementation)
on the same diet but now supplemented with
405 mg of dl-n-tocopheryl acetate/kg of
feed. Finally , the pigs were again fed the ba
sal diet for I week (depletion 2), after which
the experiment was terminated.
The concentration of PUFA in the diet was
12.7 g/kg and the selenium concentration
was 0.1 ppm . The pigs were fed according to
the SLU feeding scale (Andersson 1985).
The animals were inspected at least twice
daily for their clinical state of health and the
weekly body weight gain was noted. Blood
samples were collected once a week through
out the experimental period, and an additio
nal sample was taken during depletion 2.
Surgical biopsy specimens were taken from
the liver, adipose tissue and the deep portion
of the biceps femoris in all animals at the end
of depletion I, at the end of supplementa
tion, after 2 days and at the end of depletion
2, i.e. at slaughter. In order to compare the
vitamin E concentration in highly oxidative
muscles with that in a moderately oxidative

the data indicated that the liver had non
long-term storage capacity of vitamin E.
Since the liver is a target organ for hepatosis
dietetica (HD), a major symptom within the
vitamin E and selenium deficiency (VESD)
syndrome in pigs (c.f. Lannek & Lindberg
1975, Van Vleet 1980), it is of great interest
to study the rate of accumulation and deple
tion of vitamin E in the liver.
The primary objectives of the present experi
ment was therefore to study the vitamin E
storage capacity in the liver, under a period
of supplementation and depletion, and to
confirm the results from the previous experi
ment. The storage capacity for vitamin E in
adipose and muscle tissues with different
oxidative capacities was also evaluated.
In addition, a possible relationship between
the vitamin E concentration in serum and li
ver was investigated.

Materials and methods
Animals
A litter consisting of 7 weaned crossbreed
(Swedish Yorkshire x Swedish Landrace x
Hampshire) pigs was used in this study.
Their age at start of the experiment was 7
weeks and their mean weight 16kg. The hogs
were kept in the same stable in conventional
pens with a concrete floor and with cut news
paper as bedding.

Experimental design and diets
The vitamin E was supplemented to the feed
as d l-n-tocopheryl acetate. Therefore, as
concerns the dietary intake, the term vitamin
E is referred to dl-u-tocopheryl acetate.
Since a-tocopherol is the predominating iso
mer in the body, the expression vitamin E is
equivalent to a-tocopherol when the tissue
concentrations are discussed.
For a period of 4 weeks (depletion I) the ani
mals were fed a basal diet low in vitamin E,
containing 16 mg of dl-u-tocopheryl acetate

Acta vel. scand. vol. 31 no. 2 . 1990

Ingred ient

Ground barleys
Dried skim milk
Limestone
Dicalcium pho sphate
Sodium chloide
Vitam in' and mineral rnixs

Percentage
of diet

78.7
18.0
0.5
1.4
0.4
1.0
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muscle, samples were obtained from the va
stus medius muscle and the myocardium at
slaughter (Fig. I).

Sampling procedure
Blood samples from the external jugular
vein were drawn into 10ml vacutainer tubes
and centrifuged at a force of 1,600 x g for 10
min. The serum was separated and stored at
-20°C until analysed. The tissue samples
were obtained under general anaesthesia by
a surgical procedure as described previously
(Jensen et 01. 1988a). Briefly, a piece of
about 3 g was taken through a skin incision
from the midportion of the muscle belly of
the biceps femoris. After an incision at the li
nea alba, specimens (approximately 2 g) we
re cut from the cranial lobe of the liver, and
specimens of subcutaneous fat were taken
from a site at the linea alba .
Samples of the papillary muscle of the myo
cardium and of the midportion of vastus
medius muscle were obtained at slaughter.

Measurements of vitamin E
The concentrations of vitamin E and its iso
mers in serum and tissues were determined

by high pressure liquid chromatography
(HPLC) as described previously (Jensen et
01. 1988a). As shown in the latter study, it
was sufficient to express the vitamin E con
centration as mg/I serum.
Thus, the concentration of vitamin E is ex
pressed as mg/I serum or as mg/kg wet tis
sue.

Measurements ofserum lipids
The serum lipids were assayed weekly by the
method of Epstein et al. (1972)and the mean
CV of the determinations was 3.10/0 .

Statistical methods
SAS procedures (SAS 1985) were used for
statistical analyses. Two-way analyses of va
riance, with weeks and animals regarded as
classes, were applied to the concentrations
of vitamin E in serum and tissues. Linear re
gression and analysis of covariance were
used to evaluate the relationship between the
vitamin E concentrations in serum and liver.
The differences in the vitamin E concentra
tion between the biceps femoris muscle, the
vastus medius muscle and the myocardium
were assessed by the paired Student's test.
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The results are given as mean values .± SD
unless otherwise indicated.

Results
Clinical state ofhealth
Normal body weight gain was noted in all
pigs throughout the experimental period .
All animals remained healthy, except I ,
which succumbed as a result of anaesthesia
at the end of supplementation.

Serum vitamin E concentrations
In addition to the prevalent isomer a -tocop
herol , traces of u-tccotrienol were found in
the majority of the samples.
During depletion I the vitamin E values re
mained at the same low level, ranging from
0.27 to 1.08 mg/l serum.
During the supplementation there was a ra
pid increase in the vitamin E concentration
and as early as after I week the serum values
had risen more than seven-fold (p<O.OOI).
As shown by the analysis of variance, no fur 
ther increase in the serum values occurred
during the remaining 6 weeks of supplemen
tat ion, indicating that the serum was satura
ted with vitamin E. At this time the vitamin
E concentration ranged from 4.82 to 10.23
mg/l.

VII.mlnE
mall

•

2

During depletion 2, a significant decrease
(p<O.OOI) in the concentration of vitamin E
was observed after 2 days on the basal diet.
On termination of the experiment a further
decrease of the concentration was noted, the
mean value now being 2.64 .± 0.35 mg/l
(Fig. 2).
The SE of the mean difference as obtained at
analysis of variance was 0.46 .

Serum lipid concentrations
The total serum lipid concentration did not
change with time. The values ranged from
1.64 to 4.06 gil.

Tissue vitamin E concentrations
In all tissues the dominating isomer was a
tocopherol. The isomer n-tocotrienol was
found in a few samples of liver and skeletal
muscle in an amount of less than 10% and of
adipose tissue in an amount of up to 10%.

Liver. A significant increase (p<O.OOI) in
the vitamin E concentration in the liver was
observed during the 7 weeks of supplementa
tion . The value rose precipitously from 0.76
.± 0.15 to 102.93 .± 26.22 mg/kg. During
depletion 2, the vitamin E concentration
decreased markedly. After 2 days of deple
tion the value had dropped to 17.82 .±3.10
(p<O.OOl) and after 7 days, on termination
of the experiment it was still lower, 6.03 .±

0.92 mg/kg (Fig . 3).
The SE of the mean difference as obtained at
the analysis of variance was 6.80.

Figure 2. Mean weekly serum vitamin E concentra
tions in all pigs, throughout the experimental period.
Note the significant increase (p < 0.(01) in the vita
min E concentration after I week of supplementation
and the rapid drop (p<O.OOI) after 2 days of deple
tion .

Adipose tissue. In the adipose tissue a signi
ficant increase (p<O.OOI) in the vitamin
concentration took place from the beginning
to the end of the supplementation. The con
centration of vitamin E increased about ten
fold, from 2.77 .± 0.87 to 31.59 .± 10.82
mg/kg.

Depta llon 2

o 1 w.ak.
1. ,.

Daplallon 1 Supplamanl.llon

o 1 234o 1 234 5 •

Ac ta vel. scand. vol, 3 1 no. 2 • 1990



Vitamin E distribution in the pig 133

Figure 3. Tissue concentrations of vitamin E
(mean.±SD) in all pigs, throughout the experimen
tal period . At the end of supplementation there was a
significant increase (p< 0.(0) in the vitamin concen
tration in the liver, adipose tissue and skeletal musc
le. The values remained at this level in the fat and
muscle tissues but decreased (p < 0.(01) in the liver
after only 2 days of depletion.
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Relationship between the concentration of
vitamin E in liver and serum
The linear regression analyses revealed a cor
relation between the serum and liver values
both at the end of the depletion 1 (r = 0.82,
p < 0.05) and at the end of depletion 2
(r = 0.84, p < 0.05). On the former sampling
occasion the serum values were about I mg/I
and on the latter occasion about 3 mg/1. As
described above, the serum value showed a
plateau, and serum thus seems to be satura
ted with vitamin E at a mean level of about 7
mg/1. This finding may explain why the liver
and serum values are not correlated when
the value in the liver is very high.
The analysis of covariance revealed a negati
ve intercept when the serum vitamin E con
centration was zero, indicating a nonlinear
relationship between these two tissues.

During depletion 2 there was no decrease in
the vitamin E value (Fig. 3).
The SE of the mean difference as observed
from the analysis of variance was 3.44.

Skeletal muscle. The biceps femoris exhibi
ted a pattern similar to that of adipose tis
sue, with a significant (p<O.OOI) increase in
the concentration of vitamin E from the be
ginning to the end of supplementation. Du
ring this period the value rose from 0.50 .±

0.23 to 6.77 .± 0.99 mg/kg. As in the case of
adipose tissue the vitamin E concentration
remained at the same level during depletion
2 (Fig . 2). The SE of the mean difference as
obtained at analysis of variance was 0.35.
At slaughter, the vitamin E concentration
was significantly higher (9.05 .± 1.44
mg/kg) in the vastus medius than in the bi
ceps femoris (p < 0.05).

Myocardium. At the end of the experiment
the vitamin E concentration in the myocar
dium was 13.60 .± 1.52 and significantly
(p < 0.05) higher than in the skeletal muscles.

Discussion
The distribution of vitamin E takes place
throughout the body, with the highest con
centration in the adrenals, ovaries, liver,
spleen and plasma, as measured 12 h after
intragastric administration of dl-u-tocophe
ryl acetate in rats (Gallo-Torres & Miller
1971). The data obtained in the present stu
dy show that in the pig, the liver has a very
large capacity for short-term storage of vita
min E, thus confirming the result from a pre
vious study (Jensen et al. 1988a).
After 7 weeks of the supplemented diet the
concentration of vitamin E was about 3 ti
mes higher in the liver than in adipose tissue.
In this respect the pig differs from the rat
(Bieri 1972), guinea pig (Machlin et al. 1979)
and mink iTyopponen et al. 1984), all of
which have their peak values in fat.
After only 2 days of depletion the vitamin E
concentration fell by 80% in the liver. This
rapid loss of vitamin E from the liver during
depletion may to some extent be referred to
the large amount of blood in this organ, sin-
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ce it is known that the daily intake of vitamin
E is well reflected in the serum (Simesen et
01. 1979). Moreover, the large interindivi
dual variations in the vitamin content of the
liver might be due to differences in the
amounts of lipids in the organ.
On supplementation with 405 mg dl-n-to
copheryl acetate, the serum vitamin E level
rose precipitously within I week, and then
reached a plateau, indicating saturation at a
mean level of 7 mg/I. When pigs were given
lower supplementary doses of vitamin E a
plateau was reached within 3 to 4 weeks
(Jensen et 01. 1988a). Thus, in practice, a
high daily dose of vitamin E given orally for
I week only will result in a rapid increase in
the serum vitamin E concentration.
In addition, the rapid rate at which both the
serum and liver lose vitamin E during deple
tion show that daily intake is necessary in or
der to maintain the vitamin concentration in
these tissues .
Rousseau et 01. (1957) proposed that the li
ver storage of tocopherol might be estimated
from plasma tocopherol concentrations in
pigs. The data obtained in the present study
show that such an estimation is feasible only
when the serum vitamin E is within a range
of 1-3 mg/I. Supplementation of 25 mg/kg,
which is often used in commercially availa
ble diets , will result in a serum vitamin E
concentration of 2 to 3 mg/I (Jensen 1989).
The concentration of vitamin E in the serum
will therefore reflect the concentration in the
liver when growing pigs are on a standard
feeding scale, but not when they are recie
ving a highly supplemented diet as used in
the present experiment.
In pigs, the addition of 15 mg dl-u-tocophe
ryl acetate/kg feed was found to be suffi
cient to maintain the tocopherol stores in the
body fat at an unchanged level tHakkarai
nen et al. 1978).
As regards the rate of loss of vitamin E from
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the adipose tissue and skeletal muscle , there
was no decrease in these tissues similar to
that observed in the liver during I week of
depletion . However, in the previous study
(Jensen et al. 1988a) it was shown that a con
siderable amount of vitamin was mobilized
from the fat and muscle tissues during 7
weeks of depletion. Thus, the mobilization
of vitamin E from the adipose and skeletal
muscle tissues will occur in the interval bet
ween 2 and 7 weeks after the start of deple
tion. The concentration of vitamin E in these
tissues will therefore reflect the long-term
nutritional history of an animal rather than
the immediate nutritional status.
The cardiac muscle , an active muscle with a
high oxidative capacity, had a higher vita
min E concentration than the skeletal musc
les sampled . Analogously, the vastus medius
muscle with its higher oxidative capacity had
a higher concentration of vitamin E than the
biceps femoris. These findings are in accor
dance with previous observations in pigs
(Jensen et 01. 1988b). Interestingly, in rats it
has been shown that the phospholipid con
tent of the myocardium is higher than that of
skeletal muscle (Narayan et 01. 1975). Since
vitamin E both protects the phospholipid
containing biological membranes from free
radical damage (Machlin 1980) and fulfills a
physico-chemical role in these membranes
(Lucy 1972), it seems very probable that the
myocardium contains more vitamin Ethan
skeletal muscle . In muscle tissue the concen
tration of vitamin E apparently varies accor 
ding to the need for antioxidant protection.
In conclusion, the porcine liver has a very
high short-term storage capacity for vitam in
E. The concentrations of vitamin E in the li
ver and serum reflect the immediate nutritio
nal status of the pig, whereas those in fat and
skeletal muscle reflect its long-term nutritio
nal history.
Furthermore, measurements of vitamin E in
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serum will indicate the vitamin concentra
tion in the liver, if the serum concentration
ranges between I and 3 mg/l.
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Sammanfatlning
£ vitaminets fordelning i olika vavnader hos gris un
der en period av utamning respektive tillskott.
Denna studie syftar till all bestamrna lagringskapaci
teten for vitamin E i lever. fettvavnad och skelettrnu
skulatur hos vaxande grisar. Djuren erholl en basal
diet med eller utan E-vitamintillskott (405 mg/kg fo
der) . Under forsoksperioden togs frekventa vav-

nads- och serumprover. E-vitamininnehAllet i dessa
bestarndes med hjalp av HPLC. Det konstateras all
levern har storst forrnaga at inlagra vitamin E. Ell
samband mellan E-vitaminkoncentrationen i lever
och serum foreligger da E-vitaminhalten i serum ar
mellan 1-3 mg/I, Leverkoncentrationen kan saledes
beraknas utifran analyserade serumvarden.
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