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Abstract Vitamin E (a-tocopherol) is a major lipid-solu-

ble chain-breaking antioxidant in humans and mammals

and plays an important role in normal development and

physiology. The localization of a-tocopherol within the

highly unsaturated phospholipid bilayer of cell membranes

provides a means of controlling lipid oxidation at the initiation

site. Mitochondria are the site for major oxidative processes

and are important in fat oxidation and energy production, but

a side effect is leakage of reactive oxygen species. Thus,

incorporation of a-tocopherol and other antioxidants into

mitochondria and other cellular compartments is important

in order to maintain oxidative stability of the membrane-

bound lipids and prevent damage from the reactive oxygen

species. Many studies regarding mitochondrial disease and

dysfunction have been performed in relation to deficiency of

vitamin E and other antioxidants, whereas relatively sparse

information is available regarding the eventual beneficial

effects of antioxidant-enriched mitochondria in terms of

health and function. This may be due to the fact that only

little scientific information is available concerning the effect

of supranutritional supplementation with antioxidants on

their incorporation into mitochondria and other cellular

membranes. The purpose of this review is therefore to

briefly summarize experimental data performed with dietary

vitamin E treatments in relation to the deposition of

a-tocopherol in mitochondria and microsomes.
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Introduction

Vitamin E (a-tocopherol) is an essential nutrient for

humans and animals and functions as an essential lipid-

soluble antioxidant, scavenging lipid peroxyl radicals in a

lipid milieu. Novel functions of vitamin E also comprise

the regulation of gene activity (Nell et al. 2007). The lipids

associated with the subcellular organelles (e.g., mitochon-

dria and microsomes) are especially susceptible to oxida-

tion by virtue of their high contents of phospholipids

containing relatively large amounts of polyunsaturated

fatty acids (Pearson et al. 1977). Oxidative stress, charac-

terized by increased generation of reactive oxygen species

(ROS), and subsequent damage to mitochondria, has been

proposed to cause a wide range of metabolic disorders

(Mao et al. 2011). It has been estimated that as much as

1–2% of all oxygen consumed may result in the formation

of ROS, with the vast majority of ROS being generated in

the mitochondria (Gille and Sigler 1995; Ischiropoulos and

Beckman 2003). Vitamin E prevents the propagation of

free radicals in membranes, and when peroxyl radicals are

formed, these react 1,000 times faster with vitamin E than

with polyunsaturated fatty acids (Buettner 1993). Interest

in preventing oxidant-induced pathologies and reduced

stabilization of polyunsaturated fatty acids in the mito-

chondria and other subcellular fractions has therefore led to

studies on antioxidant therapy. Recently, it was claimed

(Mao et al. 2011) that the effectiveness of antioxidant

therapy seems to be largely limited by the poor capacity to

accumulate specifically within the mitochondria. However,

there are actually limited amount of data available on the
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incorporation of vitamin E and other antioxidants into

supranutritional dietary levels. The purpose of this review

is therefore to briefly summarize experimental data per-

formed with vitamin E treatments provided via the diet in

relation to the deposition of a-tocopherol in mitochondria

and microsomes. It is beyond the scope of the present study

to describe behavior and location of tocopherols and

tocotrienols in membranes, as these topics are already

covered in the recent excellent reviews by Atkinson et al.

(2008, 2010).

Vitamin E form and function

Vitamin E comprises a group of compounds possessing

vitamin E activity, and the most abundant sources of vita-

min E are vegetable oils, nuts, and green leafy vegetables.

Molecules having vitamin E antioxidant activity include

four tocopherols (a-, b-, c-, and d-) and four tocotrienols

(a-, b-, c-, and d-). a-Tocopherol is the compound demon-

strating the highest vitamin E activity, and the natural form

available in plants is always RRR-a-tocopherol, while

the more common used form is synthetic manufactured

all-rac-a-tocopheryl acetate. Due to the occurrence of three

chiral carbons in the phytyl part, 23 possible confirmations

of a-tocopherol exist. Thus, the commercial available

a-tocopherol consists of a racemic mixture of all eight

possible stereoisomers (RRR, RSR, RRS, RSS, SSS, SRS,

SSR, and SRR) differing in configuration of the side chain

(Fig. 1). The antioxidant activity of these eight stereoiso-

mer forms is equal, but those with 2R-configuration have

the highest biological activity.

Animal feed is commonly supplemented with all-rac-

a-tocopheryl acetate although other esterified forms such as

tocopheryl succinate are available as well. Tocopherols

(vitamin E) are absorbed in the small intestine as free

alcohols alone or in combination with emulsified fat

products; these commercially available forms must be

hydrolyzed by the bile acid-activated enzyme carboxylic

ester hydrolase before absorption, a process that may

be limited in young animals due to limited activity of

carboxylic ester hydrolase (Lauridsen et al. 2001).

Once absorbed in the intestine, vitamin E enters the

circulation via the lymphatic system. It is absorbed toge-

ther with lipids, packed into chylomicrons, and transported

to the liver with the chylomicrons and the remnants derived

thereof. No differences among the different vitamin E

forms appear at this stage. However, the liver is playing an

essential role in the vitamin E metabolism due to the

presence of the a-tocopherol transfer protein, a-TTP,

whereby the a-tocopherol, not b-, c-, d-tocopherols, is

maintained in human plasma and tissues. Most of the

ingested b-, c-, d-tocopherols are secreted into the bile or

not taken up and excreted in the feces. Likewise, a-TTP

preferentially discriminates between the 8 stereoisomer

forms of a-tocopherol, that is, the 2S-forms exert very little

importance for the vitamin E activity due to their limited

bioavailability. Whereas nutritive vitamin E deficiency is

rare in humans, defects in the gene for a-TTP lead to severe

general vitamin E deficiency with characteristics neuro-

logical disorders. In patients suffering from familial iso-

lated vitamin E deficiency having defective a-TTP (Traber

et al. 1993), the default pathway results in lysosomal

accumulation of a-tocopherol and its ultimative excretion

rather than the secretion of a-tocopherol into plasma.

In addition, we have found notable differences between

animal species with regard to the biodiscrimination

between the 2R-forms (Jensen and Lauridsen 2007), and

symptoms of vitamin E deficiency also depend on the

animal species, that is, rodents and calves develop myo-

cardial necroses, rodents and poultry encephalomalacia,

and myopathy (such as Mulberrys heart disease in swine)

retinophatia pigmentosa are often observed phenomena.

The relative bioavailability of the different forms of

vitamin E varies between tissues as well as with dose and

time after dosing and duration of dosing as demonstrated in

a review by Blatt et al. (2004). With regard to enrichment

of plasma and the further incorporation into cellular

membranes, Mino et al. (1985) injected vitamin E-deficient

rats with 10 mg/kg of all-rac-a-tocopherol intramuscularly

and observed that the tocopherol concentration in plasma

promptly increased and reached a maximum level at 3–6 h,

while that in red blood cells (RBC) reached a maximum

after 12 h. The changing pattern of RBC tocopherol con-

centrations coincided with that of tocopherol concentra-

tions in total liver homogenates and in subcellular fractions

of the liver, except for the microsomal fractions, which had

a maximum concentration at 6 h. Irrespective of supple-

mentation or control, close correlation between RBC

a-tocopherol and liver subcellular fraction a-tocopherol

was obtained (supplemented rats: mitochondrial fraction,

0.85, p \ 0.001; microsomal fraction, 0.75, p \ 0.001;

deficient rats: mitochondrial fraction, 0.97, p \ 0.001;

microsomal fraction, 0.98, p \ 0.001), whereas with regard

to plasma, no correlation to liver subcellular fractions was

obtained (Mino et al. 1985). When vitamin E was provided

by dietary means to rats, it was furthermore demonstrated

that mitochondrial and microsomal fractions were theFig. 1 Chemical structure of a-tocopherol
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major tocopherol-containing fractions of liver subcellular

membrane fractions and that both inner and outer mito-

chondrial fractions contained substantial amounts of

a-tocopherol (Buttriss and Diplock 1988a). Buttriss and

Diplock (1988b) furthermore reported that in different

intracellular membranes, there are different proportions of

tocopherol not only with respect to total lipids but also to

individual polyunsaturated fatty acids. Recently, it has been

hypothesized that a-tocopherol partitions into domains of

membranes that are enriched in polyunsaturated phospho-

lipids, amplifying the concentration of the vitamin in the

place where it is most needed (Atkinson et al. 2010).

Due to the great interest in the antioxidant function of

vitamin E, studies of metabolism have concentrated on

metabolites resulting from oxidation of the chroman moi-

ety. Besides degradation in the liver by side chain reaction,

the main hepatic oxidation product is the a-tocopheryl

quinone (Liebler 1993). The distribution of a-tocopherol

and a-tocopheryl quinone was investigated in mitochon-

drial inner and outer membranes of liver mitochondria of

rats receiving excessive tocopherol, and the ratio between

quinone and tocopherol tended to be higher in the mito-

chondrial inner membrane than in the outer membrane

(Gregor et al. 2006). The data furthermore showed that the

a-tocopheryl quinone arising from excessive oxidative

degradation of a-tocopherol can potentially interfere with

mitochondrial electron transfer (Gregor et al. 2006).

Searching for urinary metabolites of vitamin E, another

metabolite of a-tocopherol, 2,5,7,8-tetramethyl-2(20-car-

boxyethyl)-6-hydroxychroman (a-CEHC), was identified

(Schultz et al. 1995). The metabolites of vitamin E are the

CEHC products of the respective forms of vitamin E, that

is, a-, b-, c-, and d-CEHC, and the various non-a-tocoph-

erol forms are metabolized in preference to a-tocopherol

(Swanson et al. 1999; Sontag and Parker 2002). Recently, it

has been indicated that mitochondria play a role in the

metabolism of a-tocopherol, as the end product, a-CEHC,

was found almost exclusively in mitochondria (Mustacich

et al. 2010). Thus, mitochondria play a role in a-tocopherol

b-oxidation at both basal dietary and high hepatic levels of

a-tocopherol.

Dietary enrichment of mitochondria and microsomes

with a-tocopherol

In relation to mitochondrial health and disease, most

interest has been given to the importance in case of defi-

ciency of vitamin E and/or lack of other antioxidants.

However, since vitamin E is widely ingested via food or as

food supplement, studies on the enrichment of mitochon-

dria through supranutritional vitamin E supplementation

are an important issue. In fact, little scientific information

is available on the possibilities of enriching mitochondria

with antioxidants. The amount of vitamin E in membranes

is reported in different ways, that is, lg/mg total lipid,

lg/mg total protein, or as the ratio of the number of

phospholipid molecules per tocol molecule (Atkinson et al.

2008). With regard to vitamin E, most interest in the

capability of increasing the concentration of a-tocopherol

in mitochondria and microsomes has arisen due to the

impact in relation to increased oxidative stability of muscle

food. Thus, most data on the effectiveness of dietary

vitamin E on enrichment of a-tocopherol in subcellular

fractions have originated from experiments performed on

skeletal muscle of livestock.

Experiments with muscle membranes isolated

from livestock

Lipid oxidation is one of the primary mechanisms of

quality deterioration in cooked meat systems during stor-

age (Pearson et al. 1977, Tichivangana and Morrissey

1985; Gray and Pearson 1987). It is generally believed that

lipid oxidation in muscle foods is initiated in the highly

unsaturated phospholipids fraction of subcellular mem-

branes (Gray and Pearson 1987). a-Tocopherol functions as

a free radical quencher in biological cells (Machlin 1984);

its localization within the phospholipids bilayer of cell

membranes provides a means of controlling lipid oxidation

at a likely initiation site (Hafeman and Hoekstra 1977).

a-Tocopherol from the diets of animals is probably pref-

erentially incorporated into the plasma membranes of

mitochondria and microsomes (Arnold et al. 1993), that is,

compared to muscle homogenate, a-tocopherol has been

found to be approximately 6.0 and 8.2 times higher

in muscle mitochondria and microsomes, respectively

(Monahan et al. 1990a, b). It appears that cytosolic binding

proteins facilitate the transport of a-tocopherol into

the mitochondrial (Mowri et al. 1981) and microsomal

(Murphy and Mavis 1981) membranes. Thus, a-tocopherol

is most concentrated in cell fractions such as mitochondria

and microsomes. Table 1 summarizes the different in vivo

experiments performed to study the positive effect of die-

tary vitamin E on the increase in a-tocopherol in mito-

chondria and microsomes of different animal species. In

brief, the a-tocopherol content of the subcellular mem-

branes of porcine and chicken muscle can be elevated by

supplementation of a-tocopherol in the diets of these ani-

mals. The increase can be obtained both by using long term

lower dietary doses and by short-term supplementation

with high levels of the vitamin in the diet (Wen et al. 1997)

(Table 1). It appeared also that the mechanism of

a-tocopherol deposition in the subcellular membranes may

be species specific as the microsomal concentrations in

cattle/beef were higher than the mitochondrial content
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(Engeseth et al. 1993; Arnold et al. 1993), whereas this is

generally not the case for pig subcellular membranes, that

is, in the study by Lauridsen et al. (2000), the concentration

of a-tocopherol in the mitochondrial fraction was found to

be more sensitive to the feed level than was the concen-

tration in the microsomes.

With regard to chicken, Asghar et al. (1989, 1990)

found that supplementation of the diet with a-tocopherol

Table 1 Experiments showing influence of dietary vitamin E supplementation on a-tocopherol levels in muscle membranal fractions of

livestock

Animal

species

Muscle Subcellular

fractions

Dietary treatments Results References

Pig Longissimus dorsi Mitochondria,

microsomes

40 and 160 mg/kg diet 2.7- and 2.6-fold increase of

mitochondria and microsomes,

respectively

Monahan

et al.

(1990b)

Pig Loin Mitochondria,

microsomes

10, 100, 200 mg vitamin E/kg feed Mitochondria: 8.3- and 12.0-fold

increase with 100 and 200 mg/

kg, respectively

Microsomes: 2.5- and 4.4-fold

increase with 100 and 200 mg/

kg, respectively

Asghar et al.

(1991)

Pig Muscle Microsomes 10 and 200 mg all-rac-a-tocopheryl

acetate/kg

6.6-fold increase Monahan

et al. (1993)

Cattle Longissimus lumborum Mitochondria,

microsomes

0 and 2,000 IU/day all-rac-a-

tocopheryl acetate/kg

4.4-fold increase for

mitochondria and microsomes

Arnold et al.

(1993)

Cattle Leg muscle

(semitendinosus,

semimembranosus,

adductor and biceps

femoris)

Mitochondria,

microsomes

0 and 500 mg 8- and 5.1-fold increase for

mitochondria and microsomes

Engeseth

et al. (1993)

Chicken Breast and thigh Mitochondria,

microsomes

20 and 200 mg all-rac-a-tocopheryl

acetate/kg feed and either olive oil

or tallow

Mitochondria: 3.2-fold increase

for breast and muscle

Microsomes: 4.7- and 6-fold

increase for breast and thigh,

respectively (tallow), and 2.4-

and 2.6–fold for breast and

thigh, respectively, for olive oil

Lauridsen

et al. (1997)

Pig Gluteo biceps Mitochondria,

microsomes

30, 200, and 1,000 mg vitamin E/kg

feed (duration 4 weeks)

Mitochondria: 3.6- and 6.1-fold

increase with 200 and 1,000,

respectively

Microsomes: 2.9- and 5.6-fold

increase w 200 and 1,000 mg,

respectively

Wen et al.

(1997)

Pig Longissimus dorsi (ld)

and psoas major (pm)

Mitochondria,

microsomes

20 and 200 mg all-rac-a-tocopheryl

acetate/kg feed

Mitochondria: 3.1- and 2.4-fold

increase for pm and ld,

respectively

Microsomes: 2.1- and 2.2-fold

increase for pm and ld,

respectively

Lauridsen

et al. (2000)

Pig Semimembranosus Mitochondria,

microsomes

0, 200, and 500 mg all-rac-a-

tocopheryl acetate/kg feed

Mitochondria: 1.8- and 2.0-fold

increase with 200 and 500 mg/

kg, respectively

Microsomes: 1.9- and 2.9-fold

increase with 200 and 500 mg/

kg, respectively

Onibi et al.

(2000)

Pig Muscle (biceps femori

and/or gluteus biceps)

Mitochondria,

microsomes

70, 150, and 250 mg all-rac-a-

tocopheryl acetate/kg feed to sows

[muscles of piglets obtained at

weaning (d 28 of age)]

Total a-tocopherol levels

increased 1.6- and 1.8-fold

increase in mitochondria and

microsomes, respectively (70

vs. 250 mg/kg)

Lauridsen

and Jensen

(2005)
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(200 mg/kg) only appeared to increase the a-tocopherol

concentration in the microsomal membranes in the dark

meat of chicken and did not increase, to any extent, the

concentration of a-tocopherol in the mitochondrial frac-

tions isolated from dark and white meat as compared to

those isolated from the control group.

In most of the experiments mentioned in Table 1, the

differences in the concentrations of a-tocopherol in the

subcellular fractions were evident in the enhanced oxida-

tive stability of the enriched membranes, that is, reduced

rates of Fe2?-catalyzed lipid peroxidation (Monahan et al.

1990a), lower peroxidation rates when subcellular fractions

were exposed to metmyoglobin/hydrogen peroxide (Asghar

et al. 1991), and lower rate of formation of free radicals in

subcellular fractions as determined by ESR-spectroscopy

using spin-trapping technique (Lauridsen et al. 2000).

The pig is generally accepted as a large animal model in

human research due to its similarity to human size, physi-

ology, organ development, and disease progression (Lunney

2007) and is especially a good human model in terms of

lipid digestion and absorption (Innis 1993), and the obtained

dietary effects may therefore be extrapolated to human

membranes. Hence, the effectiveness in a-tocopherol

accumulation in mitochondria and microsomes by dietary

means seems rather ineffective, underlining that the interest

in developing mitochondria-targeted antioxidants, which

can accumulate 100- to 1,000-fold within the mitochondria,

has arisen (Murphy and Smith 2007).

Other dietary factors to enhance deposition

of a-tocopherol in membranal fractions

Although the effect is far as significant as relatively to

dietary vitamin E, it should be noted that other dietary

components may increase the subcellular concentration of

a-tocopherol. In the study by Lauridsen et al. (2000), an

additive influence of dietary all-rac-a-tocopheryl acetate

(200 mg/kg feed) and copper (175 mg/kg feed) was

observed on the concentration of a-tocopherol in mito-

chondria and microsomes. In addition, the deposition of

a-tocopherol in the mitochondrial fraction of the dark

(thigh) muscle was higher when chickens were fed olive oil

than animal fat; however, no effect of dietary oil treatments

was obtained on the deposition of a-tocopherol in mito-

chondria of light (breast) or microsomal fractions of the

chicken muscle (Lauridsen et al. 1997). Furthermore, a

sparing effect of coenzyme Q, which is also located in the

inner membranes of mitochondria, on vitamin E was

observed in a liver mitochondria study with rats (Ibrahim

et al. 2000). Thus, both the presence of antioxidant

enzymes such as copper-dependent superoxide dismutase

and the proportion of unsaturated fatty acids and antioxi-

dants such as coenzyme Q may affect the deposition

a-tocopherol in subcellular membranes. Another factor

may be the eventual additive effect of dietary vitamin C on

the deposition of a-tocopherol in subcellular fractions.

Thus, in pigs, we have shown that vitamin C supplemen-

tation increased liver concentration of a-tocopherol, and in

immune cells, the proportion of the RRR-a-tocopherol was

increased with vitamin C supplementation on the expense

of the RRS-stereoisomer form (Fig. 2) (Lauridsen and

Jensen 2005). The interaction of these two vitamins in vivo

probably indicates an increased regeneration of a-tocoph-

erol (Hamilton et al. 2000). It would be interesting to study

the impact of high dietary levels of vitamin C on the

deposition of a-tocopherol as well as the distribution of its

stereoisomer forms in mitochondria and other subcellular

fractions. We have observed differences between animal

species with regard to the biodiscrimination between

a-tocopherol stereoisomer forms when provided dietary

supplements of all-rac-a-tocopheryl acetate (Jensen and

Lauridsen 2007), and it is likely that this species influence

would also be reflected in the distribution a-tocopherol

stereoisomer forms in cellular fractions. It may be expected

that RRR-a-tocopherol and the all-rac-stereoisomers

behave differently in biological membranes where the

protein content is high and stereoselective tocopherol-

protein binding may occur (Atkinson et al. 2008).

Experiments with rat liver mitochondria

and cultured cells

Injections with a-tocopherol seem to be more efficient in

enrichment of subcellular fractions with a-tocopherol

compared with dietary vitamin E. Table 2 summarizes

experiments with rats given daily injections (or dietary

supplements) with a-tocopherol on the subcellular deposi-

tion of a-tocopherol in the liver. The strategy of provision
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of vitamin E to rats in the study by Gumpricht et al. (2004)

was achievable by dietary supplementation. In addition,

when endothelial cells from human umbilical vein were

cultured with RRR-a-tocopherol, incorporated tocopherol

was found (in a dose- and time-dependant manner) to

associate predominantly with membrane fractions of the

cell, and when expressed on the basis of organelle protein,

the highest amount of tocopherol was found in the

plasma membrane followed by mitochondria [ endoplas-

mic reticulum [ cytosol (Can and Tran 1990). Likewise in

human monocytes, it was found (Baoutina et al. 1998) that

most (app. 88%) of the a-tocopherol partitioned into the

membrane fractions (plasma membrane app. 41%, mito-

chondria and lysosomes app. 26%, and endosomes plus

endoplasmic reticulum app. 21%).

Tocopherol analogues forms

Fariss et al. (2001), Fariss and Zhang (2003) have dem-

onstrated that compared with unesterified a-tocopherol or

a-tocopheryl acetate, a-tocopheryl succinate may provide a

form of the antioxidant that more rapidly accumulates in

liver and liver mitochondria (and hence may be a more

effective hepatoprotective agent under ROS-generating

conditions). In contrast, trolox, which is a structural analog

of a-CEHC, is not taken up by subcellular fractions

(microsomes, peroxisomes, or mitochondria) (Mustacich

et al. 2010), although app. 100% of the liver trolox was

recovered in the liver homogenates.

Recently, Murphy and co-workers developed a series of

mitochondria-targeted antioxidants by conjugation with

triphenylphosphonium cations, which can permeate lipid

bilayers easily and accumulate manyfold within the mito-

chondria. One of these mitochondria-targeted antioxidants

is a mitochondria-targeted vitamin E derivative (Mao et al.

2011). The molecule rapidly permeates lipid bilayers and

because of the large mitochondrial membrane potential

(negative inside) accumulates several hundredfold inside

isolated mitochondria and within mitochondria in cultured

cells (Smith et al. 2003). However, the biological response

of this molecule (or its potential oxidation products) in

comparison with a-tocopherol is yet not known. The in

vivo preference for a-tocopherol in comparison with other

natural occurring tocopherol analogues forms may also rest

on the potential ‘‘toxic’’ activity of the analogues, for

example, non-a-tocopherols may generate cytotoxic

adducts (Cornwell et al. 2002; Wang et al. 2006).

Importance of function and health of mitochondria

As seen above, it is possible to enrich mitochondria and

microsomes of livestock and animal models with

a-tocopherol through supranutritional dietary levels of all-

rac-a-tocopheryl acetate. However, daily injections with

a-tocopherol or provision of mitochondria-targeted vitamin

E derivatives seems to be more efficient in provision of

a-tocopherol to mitochondria. There is a lack of knowl-

edge, however, regarding the composition of a-tocopherol

stereoisomer forms in mitochondria after dietary all-rac-

a-tocopheryl acetate supplementation. The reviewed stud-

ies have furthermore shown that increased deposition of

a-tocopherol would lead to increased stability of mito-

chondria and microsomes. In some experiments, the impact

Table 2 Experiments showing influence of a-tocopherol provision on a-tocopherol levels in liver membranal fractions of rats

Subcellular fractions Treatments Results References

Mitochondria (inner and

outer), microsomes, and

lysosomal and nuclear

fraction

Depletion versus 100 mg vitamin E

(all-rac-a-tocopheryl acetate)/kg diet

a-Tocopherol levels were 16.2-, 8.3-, and 2.9-fold

higher in whole washed, inner, and outer

mitochondrial fractions, respectively, and 21.6-,

10.2-, and 302-fold higher in nuclear, lysosomal,

and microsomal fractions, respectively

(supplemented versus deficient rats)

Buttriss

and

Diplock

(1988b)

Mitochondria 10, 110, and 1,320 IU/vitamin E

(RRR-a-tocopherol-equivalent/kg diet)

and coenzyme Q

App. 1.8- and 2.9-fold increase in mitochondria after

14 and 28 days of dietary treatment with 1,320 IU/kg

diet, respectively. Treatment with 110 IU/kg

resulted in app. 0.8- and 0.9-fold increase after 14

and 28 days of dietary treatment

Ibrahim

et al.

(2000)

Mitochondria, microsomes Daily injections for 9 days with

a-tocopherol (subcutaneous) with

10 mg RRR-a-tocopherol/100 g body wt

Total a-tocopherol levels increased 30- and 29-fold in

mitochondria and microsomes, respectively (treated

vs. control rats)

Gumpricht

et al.

(2004)

Mitochondria,

microsomes,

peroxisomes

3 daily a-tocopherol injections

(subcutaneous) with 10 mg

RRR-a-tocopherol/100 g body wt

Total a-tocopherol levels increased 28-fold in

microsomes, and 8-fold and 3-fold in mitochondria

and peroxisomes, respectively (treated versus

control rats)

Mustacich

et al.

(2010)
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of increased membrane a-tocopherol concentration has been

studied with respect to the activity and concentration of other

antioxidants in the compartment. Although antioxidant

therapy has been intensively studied to prevent or treat dis-

eases associated with oxidative damage of mitochondria, the

enrichment of a-tocopherol or other antioxidants by mito-

chondria has not been investigated in parallel with mea-

surements on the function and health of mitochondria.

According to the literature (for review see Traber and

Atkinson 2007), it seems likely that incorporated a-tocoph-

erol can alter membrane properties by protecting oxidizable

lipids and thereby modulate receptors and signaling path-

ways that are dependant on insertion in specific membrane

regions. It was furthermore concluded by the authors (Traber

and Atkinson 2007) that virtually all of the variation and

scope of vitamin E’s biological activity could be seen and

understood in light of protection of polyunsaturated fatty

acids and membrane qualities that polyunsaturated fatty

acids bring about. Although vitamin E is generally not con-

sidered as having any toxic effects at high dietary levels, it

should be mentioned that some possible harmful outcomes

have been reported (Traber and Atkinson 2007).

Hence, when addressing the biologic impact of antioxi-

dant therapy such as vitamin E supplementation in relation

to mitochondrial function and health, it may be recom-

mended in future studies to take into consideration the fatty

acid composition of the cellular membranes and the parallel

effect on gene expression analyses. Both diet and biosyn-

thesis are informatic codes for membranes fatty acid com-

position, which is also prone to genetic variation. Studies on

incorporation of vitamin E into mitochondria and the

impact on membrane function in terms of lipid stabilization

actually show that the response is influenced by dietary fatty

acid treatments (Lauridsen et al. 1997; Onibi et al. 2000).

The possibility that modulation of gene transcription may

be indirectly linked through tocopherol’s effects on mem-

branes as discussed (Nell et al. (2007); Atkinson et al. 2008)

may open for further research of the vitamin in relation to

mitochondrial alterations and human health.

Conclusion

a-Tocopherol is most concentrated in membrane-rich

fractions such as mitochondria and microsomes, and it is

possible by dietary means to further increase the concen-

tration. Injection with a-tocopherol may provide efficient

mitochondrial deposition of the vitamin. However, the

optimal level of vitamin E supplementation for mitochon-

drial health still has to be determined. In addition, its

deposition in mitochondria and other membranal fractions

may be further influenced by the presence of fatty acids and

other antioxidants. Hence, future experiments studying

antioxidant therapy for increased mitochondrial perfor-

mance should also consider the impact of the variation in

membranal fatty acid composition and the relationship with

gene regulation.
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