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The effect of 800 IU vitamin E (dl-cw-tocopheryl acetate) supplementation for 30 days on (Y- and y-tocopherol 
concentrations in gastrocnemius muscle and the relation between vitamin E concentrations and the distribution 
of Type I and II fibers was investigated in nine healthy adults (21 to 44 years). The plasma concentration of 
a-tocopherol increased by 300% (65.2 f  7.7 versus 21.8 + 2.3 ,umollL) and y-tocopherol decreased by 74% (I .3 
f  0.1 vs. 5.2 X!Z 0.6 umollL) within 15 days of supplementation and was maintained at this plateau with continuous 
supplementation. Muscle biopsies taken before and after supplementation showed a significant 53% increase 
of a-tocopherol(57.3 f  12.1 versus 37.6 f  7.0 nmollg) and a 37% decrease of y-tocopherol(7.8 f  1.1 versus 
12.5 f  1.1 nmollg). There was a significant correlation between plasma and muscle concentrations of c1- and 
y-tocopherol (r = 0.71, P = 0.001 and r = 0.59, P = 0.009 respectively). Muscle ol-tocopherol, but not 
y-tocopherol, was inversely correlated with body mass index (r = -0.69, P = 0.008). The percentage of Type I 

fibers was inversely correlated with plasma concentrations of cY-tocopherol (r = -0.69, P < 0.05), but this 
correlation with muscle concentrations of ol-tocopherol was weak. It appears that individuals with a higher 
percentage of Type I fibers may utilize more cY-tocopherol, perhaps to prevent oxidative damage from contractile 
activity. (J. Nutr. Biochem. 8:74-78, 1997.) 0 Elsevier Science Inc. 1997 
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Introduction 

Human skeletal muscle consists of two main fibers, Type I 
and Type II fibers, which are further broken down into 
subtypes. Type I fibers (slow-twitch) are rich in myoglobin 
and mitochondria enzymes, whereas Type II fibers (fast 
twitch) have a well-developed glycolytic capacity.le3 The 
percentage of distribution of fiber types varies among mus- 
cle groups and between individuals, especially in men.4 Dis- 
tribution of muscle fiber types does not appear to be greatly 
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affected by physical training; however, it has been sug- 
gested that specific training or perhaps inactivity may alter 
the biochemical and/or physiologic properties of the fiber 
enough to transform one type into another.4S5 

Differential glycolytic enzyme activity in muscle fibers 
provides a basis for distinguishing between the two types of 
fibers. However, there is an overlapping spectrum of en- 
zyme activity for terminal substrate oxidation for Type I and 
II fibers. The adenosine triphosphatase (ATPase) activity of 
muscle fibers provides a biochemical link between the spe- 
cific histochemical and functional properties to the myosin 
content of fiber type8; based on the differential pH sensi- 
tivity of myofibrillar ATPase activity, fiber types can be 
identified histochemically.7s Type I fibers replenish their 
phosphocreatine more efficiently through oxidative phos- 
phorylation than Type II fibers.’ Furthermore, relative to 
Type II fibers, Type I fibers contain three times more tri- 
glyceride” and higher catalase activity.” The higher cata- 
lase activity in Type I fibers is likely necessary due to 
oxidative metabolism in the large number of mitochondria 
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and the associated production of peroxides.12*‘3 Therefore, 
the metabolism of fat-soluble antioxidant nutrients such as 
vitamin E may substantially affect and be affected by the 
different metabolic patterns present in Type I and II fibers. 
The present study was undertaken to investigate the effect 
of vitamin E supplementation on the increase of vitamin E 
in muscle and its association with muscle fiber distribution 
in human gastrocnemius muscle. 

Methods and materials 

Subjects 

Nine healthy volunteers between 21 and 44 years of age (x: 29.7 
years) participated in this study. Subjects’ weight ranged from 53.3 
to 95.2 kg (x: 74.2 kg) with body mass index (BMI) (kg/m*) 
between 19.8 and 27.8 (x: 23.4). Participants were free-living and 
were not taking vitamin supplements. The subjects supplemented 
their usual diet with 800 IU dl-a-tocopheryl acetate (vitamin E) 
taken as two capsules (400 IU in soybean oil) daily (gift from 
Hoffmann-La Roche, Nutley, NJ USA) for 30 days. Blood samples 
were obtained before and after 2, 15, and 30 days of vitamin E 
supplementation. Heparinized blood samples were collected from 
the antecubital vein of fasted (14 hr) subjects. Percutaneous needle 
biopsies were obtained from the lateral head of the gastrocnemius 
muscle14 before and after 30 days of vitamin E supplementation. 
This study was reviewed and approved by the Tufts University/ 
New England Medical Center Human Investigation Review Com- 
mittee, and informed consent was obtained from each subject. 

Tissue preparation 

Plasma was separated from red blood cells by centrifugation at 400 
g for 20 min at 4”C, and aliquots were stored under nitrogen at 
-70°C. To obtain muscle needle biopsies, the skin was anesthe- 
tized with 1% lidocaine (Xylocaine), and a 2-cm incision was 
made in the skin and overlaying fascia. The muscle samples were 
separated from adipose tissue, divided in half, and weighed. One 
sample was immediately frozen in liquid nitrogen and stored at 
-120°C (Cryomed, New Baltimore, MI USA) until analysis. The 
other sample was placed in mounting medium, frozen in isopen- 
tane, and cooled to the temperature of liquid nitrogen for histo- 
chemistry. Samples collected at different time points from each 
subject were analyzed together for tocopherol content and muscle 
fiber types to eliminate interassay variation. 

Analytical measurements 

Vitamin E concentration in plasma was measured by a modified 
high-performance liquid chromatography (HPLC) as described by 
Meydani et al.” Tocol (gift from Hoffmann La-Roche) was used 
as an internal standard, and eluted peaks were detected with Per- 
kin-Elmer 650- 15 fluorescence detector (Perkin-Elmer, Norwalk, 
CT USA) set at 292 nM excitation and 330 nM emission. Con- 
centrations of a- and y-tocopherol were measured in muscle bi- 
opsy samples after saponification. Briefly, muscle tissue (10 to 30 
mg) was homogenized at 4°C using a glass mortar and pestel 
homogenizer. After saponification with 60% KOH in the presence 
of pyrogallol, tocol was added as an internal standard and extracted 
with hexane for tocopherol analysis by HPLC as described. 

Fiber type determination 

Transverse sections (8 km) were obtained from the muscle sample. 
prepared for histochemistry and stained for myofibrillar ATPase 
activity at a preincubation pH of 4.3 to determine Type I and Type 

II fiber populations.16 An average of 450 fibers per biopsy were 
counted under a microscope for determination of muscle fiber type 
distribution. 

Statistical analysis 

Univariate analysis of variance was performed for the significance 
of changes in plasma tocopherols, followed by paired Student’s 
t-tests with Bonferoni correction for multiple comparisons. Paired 
Student’s t-test was also used to determine significant differences 
in muscle concentrations of tocopherols and fiber types measured 
before and after vitamin E supplementation. Pearson correlation 
was used to determine associations between concentrations of to- 
copherols in plasma and muscle with BMI and muscle fiber types. 

Results 

After vitamin E supplementation, plasma concentration of 
a-tocopherol increased (Figure IA) and y-tocopherol de- 
creased (Figure IB). Two days after vitamin E supplemen- 
tation, plasma levels of ol-tocopherol increased by more 
than 100% (45.5 f  3.3 versus 21.8 f  2.3 bmol/L, P < 
0.001). After 2 weeks, the concentration of plasma a-to- 
copherol increased by more than 200% (65.2 f  3.3 p,mol/L, 
P < 0.01) compared to baseline (Figure IA), but the increase 
was not significantly different from levels recorded on day 
2. Two more weeks of vitamin E supplementation did not 
further increase plasma levels of a-tocopherol (Figure IA); 
however, the level remained higher (P < 0.001) than base- 
line. Plasma y-tocopherol concentrations decreased by 41% 
(3.1 f  0.5 versus 5.2 f  0.6 pmol/L) after 2 days of vitamin 
E supplementation (P < O.Ol), and after 2 weeks was 74% 
lower than baseline level (1.3 + 0.3 pmol/L, P < 0.01) 
(Figure IB). Plasma y-tocopherol did not decrease further 
with 2 more weeks of vitamin E supplementation. Relative 
to day 2, concentrations of y-tocopherol were lower at day 
15 (P < 0.001) and at day 30 (P < 0.01). 

After 30 days of vitamin E supplementation, the concen- 
tration of cY-tocopherol in gastrocnemius muscle increased 
by 53% (57.3 + 12.1 versus 37.6 f  7.0 nmol/g, P < O.OOOl), 
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Figure 1 Effect of vitamin E supplementation (800 NJ/d) on plasma 
CY- and y-tocopherol concentrations. A: a-tocopherol; B: y-tocoDh- 
erol. Data are mean * SEM. n = 9. Significantly different from before 
supplementation at *P < 0.01, **P < 0.001. sianificantlv different 
from day 2 at tP c 0.05, *P < 0.001. 
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and y-tocopherol decreased by 37% (12.0 f 1 .O vs. 7.5 f 1.1 
nmol/g, P < 0.0001) (Figure 2), compared with baseline 
values. Muscle IX- and y-tocopherol concentrations were 
correlated with the plasma levels of these tocopherols (o- 
tocopherol: Y = 0.71, P = 0.001; y-tocopherol: r = 0.59, 
P = 0.009; Figure 3). 

Muscle o-tocopherol concentrations were also inversely 
correlated with BMI, both at baseline (r = -0.69, P = 
0.04) and after vitamin E supplementation (r = -0.72, P = 
0.03). In contrast to ol-tocopherol, muscle y-tocopherol 
showed no significant relation to BMI. 

Despite the high inverse correlation between muscle 
o-tocopherol and BMI, the correlation between plasma 
o-tocopherol and BMI (r = -0.54 at baseline, r = -0.42 
after vitamin E supplementation) was not statistically sig- 
nificant. However, plasma y-tocopherol was positively cor- 
related with BMI at baseline (r = 0.67, P = 0.05), but this 
association diminished after vitamin E supplementation. 

The distribution of Type I and II fibers in gastrocnemius 
muscle was unchanged by vitamin E supplementation 
(Table I). The average percent distribution of Type I and II 
fibers among all biopsy samples obtained before and after 
vitamin E supplementation was 66.3 + 8.0% and 33.7 f 
8.0%, respectively. There was an inverse relationship be- 
tween the percent of Type I fibers and concentrations of 
o-tocopherol in plasma (r = -0.69, P < 0.05) before vita- 
min E supplementation (Figure 4A); for example, subjects 
with an initially higher level of plasma a-tocopherol had a 
lower percentage of Type I fibers in the gastrocnemius 
muscle. The relationship between muscle o-tocopherol and 
Type I fiber from pre-supplementation biopsy samples was 
weak (r = -0.38, P < 0.3; Figure 4B). No significant as- 
sociation was found between y-tocopherol levels in plasma 
and muscle and muscle fiber type distribution (data not 
shown). 

Discussion 

Vitamin E supplementation was found to increase the con- 
centrations of plasma and muscle a-tocopherol in healthy 
adults. The magnitude of an immediate increase in plasma 
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Figure 2 Effect of vitamin E supplementation (800 iU/d) in gas- 
trocnemius muscle (Y- and y- tocopherol. A: a-tocopherol; B: y-to- 
copherol. Data are mean f SEM. n = 9. Significantly different from 
before supplementation at **P c 0.0001. 
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Figure 3 Correlation between plasma and muscle tocopherols. A: 
a-tocopherol; B: y-tocopherol. 

o-tocopherol concentration is more dependent on the dose 
than the duration of supplementation with vitamin E.” For 
example, after an early rapid increase, any further signifi- 
cant rise in plasma concentrations up to the saturation level 
may require a longer period with continued supplementa- 
tion, depending on the dosage. Supplementation with 800 
IU vitamin E increased the plasma levels of cl-tocopherol 
close to the saturation level within 2 weeks, after which 
plasma levels remained relatively constant with continuous 
supplementation up to 30 days (Figure 1). However, long- 
term supplementation with the same dose can increase lev- 
els in adipose and other tissues where vitamin E accumu- 
lates with lipids.18,‘9 Thus, tissue a-tocopherol concentra- 
tion can vary significantly depending on the lipid content, 
metabolic turnover, and oxidative activity of tissue. Despite 

Table 1 Distribution of Type I and II fibers in gastrocnemius 
muscle before and after vitamin E supplementation 

Type 1 Type II 

No. of 
fibers % 

No. of 
fibers % 

Before vitamin E 
supplementation 311 f 71 65.6 f 8.6 134 f 30 34.4 * 8.6 

After vitamin E 
supplementation 333 * 73 64.1 * 6.9 126 * 25 32.5 + 7.7 

Values expressed as mean + SD. n = 9 
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Figure 4 Relationship of presupplemental concentrations of a-to- 
copherol in plasma (panel A) and muscle (panel 6) with Type I 
myofibrils of gastrocnemius muscle. 

the low lipid content of muscle tissue relative to adipose 
tissue, concentration of cw-tocopherol can be significantly 
increased with high intakes of vitamin E within 7 weeks.*’ 
The magnitude of the increase of vitamin E in the muscle 
may be attributed to the tissue’s high oxidative metabolic 
activity, lipoprotein lipase, and low-density lipoprotein re- 
ceptor activities, as well as to the non-specific exchange 
with plasma vitamin E. “J-*~ 

Concentration of cx-tocopherol in the skeletal muscle has 
been reported to be about 32 to 37 nmol/g wet tissue.igZ2’ 
Meydani et a12’ reported that the concentration of o-to- 
copherol in the vastus lateralis muscle of young subjects 
supplemented with 800 IU/d vitamin E for 7 weeks was 44.6 
f 5.3 nmol/g muscle, comparable to the values obtained in 
this 4-week study. Even though muscle a-tocopherol con- 
centration was not measured beyond 30 days of supplemen- 
tation, 57.3 f: 12.1 nmol o-tocopherol/g of muscle likely 
approximates the maximum concentration that can be 
achieved by 800 IU vitamin E supplementation. 

Despite the difference in the magnitude of the increase of 
vitamin E levels in plasma and muscle after supplementa- 
tion, muscle o-tocopherol concentrations were strongly cor- 
related with plasma concentrations. Thus, a close metabolic 
association between plasma and muscle vitamin E appears 
to exist. 

There was a significant inverse correlation between 
muscle a-tocopherol concentrations and BMI in this study, 
which was not only evident at baseline, but also apparent 
after 30 days of supplementation with vitamin E. The find- 

ings of this study support the theory that in individuals with 
high BMI and thus, potentially high adiposity, low muscle 
lipoprotein lipase activity may limit lipid oxidation and fa- 
vor deposition in adipose tissue23 along with such fat- 
soluble vitamins as vitamin E. Our results indicate that in 
subjects with a higher BMI, a-tocopherol did not wholly 
accumulate in muscle tissue, but was most likely deposited 
in adipose tissue. 

Dietary a-tocopherol supplementation decreased the 
concentrations of y-tocopherol in plasma as well as in 
muscle. This inverse association of y- with a-tocopherol in 
plasma and other tissues has been previously reported.20s24 
In contrast to the differential increase between plasma and 
muscle or-tocopherol, the decrease of y-tocopherol concen- 
trations in muscle was similar to that observed in plasma 
(37% and 41%, respectively). The presence of a specific 
high-affinity binding protein for a-tocopherol and its dis- 
crimination between o-tocopherol and y-tocopherol may 
explain the selective excretion of y-tocopherol from liver 
through bile.24*25 o-Tocopherol binding proteins may be 
present in non-hepatic tissues, although this has not yet been 
demonstrated in skeletal muscle. The decrease of muscle 
y-tocopherol reported here may be related to a direct meta- 
bolic exchange between plasma and muscle tissue. It is 
important to note that even though y-tocopherol is fat 
soluble, we found no inverse relation between this tocoph- 
erol in muscle and BMI, either at baseline or after vitamin 
E supplementation. However, plasma concentrations of 
y-tocopherol, in contrast to o-tocopherol, were positively 
correlated with BMI at baseline before supplementation. 
However, after 30 days of a-tocopherol supplementation, 
this relationship was diminished. This lack of association 
can be attributed to the inverse relationship of y-tocopherol 
with a-tocopherol as discussed. 

Tissue levels of a-tocopherol may have an influence on 
the oxidative metabolism in the exercising muscle.*’ Inter- 
estingly, we observed association of plasma and muscle 
o-tocopherol with the percentage of fiber types in the gas- 
trocnemius muscle. Subjects with a higher percentage of 
Type I fibers had relatively lower plasma and, to some 
extent, lower muscle levels of ar-tocopherol than those with 
a lower percentage of Type I fibers. It is important to note 
that the specific cr-tocopherol concentrations in each fiber 
type were not determined in this study; rather, they were 
measured in muscle samples containing a combination of 
both fiber types. This may have contributed in part to a 
weaker association of percent Type I fiber with muscle 
o-tocopherol. As Type I fibers are dependent on the oxida- 
tive metabolism of their large number of mitochondria,5 
they may utilize more a-tocopherol (as an antioxidant) than 
Type II fibers, which produce energy primarily through an- 
aerobic processes. Increases in oxidative stress induced by 
an intensive bout of eccentric exercise will utilize and re- 
duce vitamin E concentration to prevent oxidative damage 
to exercising muscle as we have previously shown.*’ 
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