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Key Points

* Vitamin E has a high oral bioavailability of ca. 50-80% and follows the general absorptive route of
dietary fats.

e All eight forms of the lipid-soluble vitamin E (-, -, y-, and 8-tocopherol and «-, -, y-, and
d-tocotrienol) are absorbed to a similar extent and reach the liver.

e The liver selectively metabolizes the non-a-tocopherol congeners to their water-soluble short-
chain metabolites.

e The first and rate-limiting step in vitamin E degradation is controlled by the activity of tocopherol-
w-hydroxylase (cytochrome P,s5, 4F2) and is the most important factor regulating the retention of
the different vitamin E congeners in the organism.

e The hepatic a-tocopherol transfer protein facilitates the secretion of a-tocopherol with lipoproteins
into the systemic circulation and is required to maintain sufficient concentrations of a-tocopherol
in blood and tissues.

Introduction

Dietary vitamin E is ingested from plant foods and fortified foods as a more or less complex mixture
of tocopherols and tocotrienols and to a lesser extent tocomonoenols and other related chemical struc-
tures (see Chap. 5) in individual amounts of only a few milligrams. Intakes of higher doses of single
vitamin E congeners can only be achieved by ingestion of dietary supplements. Natural sources of
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vitamin E contain both free and esterified (e.g. with fatty acids) forms [1]. Because tocopheryl esters,
such as oT acetate, are oxidatively more stable than free tocopherols, a-tocopherol («T) supplements
more often contain esters than free oT. The simultaneous intake and amount of dietary fat as well as
the vitamin E dose ingested may affect the extent of uptake of the vitamin into the organism.
Furthermore, the route of administration (oral vs. injection) may not only determine its uptake but also
its fate inside the body (see below).

Vitamin E Bioavailability

Early studies in humans found that 55-79% of an oral dose of radioactively labelled a-tocopherol
(aT) was absorbed, appeared in plasma 1-3 h after administration, and reached peak concentrations
between 5 and 9 h after intake [2]. The high bioavailability of vitamin E was later confirmed in healthy
humans given a single oral dose of 0.78 mg radioactively labelled RRR-oT, in whom 81% of the oral
dose was absorbed [3].

In a human trial comparing the uptake of oT in the small intestine, when administered as deuterium-
labelled RRR-oT or its ester RRR-oT acetate, the authors found free oT derived from the administered
oT acetate in the distal jejunum, indicating that enzymes in the brush border cleave the acetyl group
and release the free oT, which then is available for absorption. The uptake of the free and (upon
intake) esterified form in the jejunum was similar, with ca. 6% of both being absorbed within 1 h [4].

The amount of dietary fat consumed together with vitamin E determines to some extent how much
of the vitamin is absorbed. In healthy humans, ca. 10% of a 22 mg dose of deuterated RRR-aT acetate
eaten with a fat-free breakfast were recovered in blood, whereas 33% were absorbed when the vitamin
was ingested together with a breakfast containing 11 g fat [5]. In agreement, Jeanes and colleagues
found a dose-dependent increase in oT bioavailability with increasing dietary fat in subjects consum-
ing 150 mg deuterated RRR-aT acetate together with breakfasts providing 0, 2.7, or 17.5 g fat.
Interestingly, they also found the food matrix to be an important factor in the bioavailability of vita-
min E. oT was absorbed better when the 17.5 g fat were ingested from toast with butter compared to
a cereal breakfast with whole milk [6].

The bioavailability of orally ingested compounds is influenced by a multitude of factors, including
absorption, distribution, metabolism, and excretion, which in turn are governed by a large number of
parameters themselves. The most important determinants of the bioavailability of vitamin E, absorp-
tion, metabolism, and excretion, are discussed below.

Vitamin E Absorption

The intestinal absorption of vitamin E generally parallels the absorption of dietary fat. In the acidic
conditions of the stomach and subsequently by enzymatic activity of steryl-ester acylhydrolase (also
known as cholesterol ester hydrolase or bile salt-dependent lipase) in the small intestine, vitamin E
esters are hydrolyzed, and only the nonesterified vitamin E is absorbed in the small intestine [4, 7].
The liver secretes bile acids into the small intestine to aid the digestion of lipids and the formation of
mixed micelles. Although dietary fat is required to aid the absorption of vitamin E, the amount of
dietary fat is of limited importance, and even low-fat diets grant a sufficient uptake of the vitamin [8].
The micelles and micellar lipids enter the enterocytes either by receptor-mediated transport or passive
diffusion [9]. The scavenger receptor class B type I (SR-BI), scavenger receptor cluster-determinant
36 (CD36), and the Niemann-Pick Cl-like protein 1 (NPCIL1) have been identified as receptors
involved in the intestinal uptake of free vitamin E [7, 10, 11]. Unlike other lipid-soluble vitamins,
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vitamin E has no specific plasma transport protein. In order to be transported in the aqueous environ-
ment of the circulation, vitamin E is incorporated into chylomicrons, which are secreted into the
lymphatic system by enterocytes with the involvement of the ATP-binding cassette transporter Al
(ABCAL) [9]. The chylomicrons pass through the thoracic duct into the systemic circulation where a
fraction of the transported vitamin E is transferred to high-density lipoproteins (HDL), from where it
is distributed to all circulating lipoproteins or tissues. Chylomicron degradation, catalyzed by lipopro-
tein lipase, ultimately results in the formation of chylomicron remnants, which are taken up into the
liver facilitated by the hepatic low-density lipoprotein receptor-related protein 1 (LRP1) [12]. Up to
this point, there appears to be no discrimination between vitamin E congeners [13].

Our present understanding of the intracellular trafficking of vitamin E, or more specifically oT, in
liver cells (see Chap. 9) is as follows: oT is internalized by endocytosis and accumulates in the late
endosome, from where it is transported to the plasma membrane and secreted with lipoproteins into
the systemic circulation. A cytosolic protein in liver cells, a-tocopherol transfer protein (oTTP),
binds oT (and probably, albeit to a smaller degree, the non-oT congeners) in the outer leaflet of the
endosomal membrane and expedites its transport to the plasma membrane, where the binding to
phosphatidylinositol 4,5-bisphosphate induces a conformational change that results in the release of
oT and its integration into the membrane [14—16]. The secretion of oT from liver cells involves
ABCAL, which is required for the incorporation of vitamin E into lipoproteins that deliver the vita-
min to extrahepatic tissues. The fraction of the lipid-soluble vitamin E congeners that is not secreted
into the bloodstream is degraded to water-soluble carboxyethylhydroxychromanol (CEHC) metabo-
lites by side-chain degradation without modification of the chromanol head and excreted via bile and
urine [9] (see next paragraph). The hepatic secretion of vitamin E favors the (natural) RRR-a-
tocopherol, probably as a result of the selectivity of o TTP toward the two R-congeners (R configura-
tion at carbon 2) [15, 17] in combination with the preferential metabolism of the non-aT congeners
(see below) [18, 19].

Vitamin E Metabolism

In the 1950s, tocopheronic acid and tocopheronolactone, the so-called Simon products (Fig. 4.1),
were discovered in human urine as the first vitamin E metabolites [20]. These Simon metabolites were
thought to be degradation products of vitamin E that had exerted its antioxidant function, as ring open-
ing occurs when the tocopheroxyl radical is formed [21]. Approximately 30 years later, this theory
was rejected when a new metabolite derived from &-tocopherol was found in human urine. This side-
chain shortened metabolite, which was later called 3-carboxyethylhydroxychromanol (§CEHC), had
an intact chromanol ring structure that was conjugated with sulfuric acid [22]. The detection of this
metabolite unmasked the Simon metabolites as oxidative artifacts generated during sample extraction
and cleanup and was the start of further research into vitamin E metabolism [20].

The metabolism of vitamin E, which occurs mainly in the small intestine and the liver [23], com-
prises a number of enzymatic steps that are identical for all four tocopherol respectively four tocotri-
enol congeners (Fig. 4.2). The first and rate-limiting step is the terminal w-hydroxylation of the side
chain by cytochrome P,s5, enzymes (CYP) in the endoplasmic reticulum [18], resulting in the forma-
tion of the long-chain metabolite 13’-hydroxychromanol (13’-OH) [9]. CYP4F2 appears to be the
main enzyme responsible for catalyzing this reaction in humans [24]. However, other CYP, including
CYP3A4, appear to have minor o-hydroxylation activity [25].

The side chain of 13’-OH then undergoes a-oxidation to 13’-carboxychromanol (13’-COOH) in
peroxisomes. Subsequently, f-oxidation in the mitochondria results in the stepwise removal of
2-carbon units and thereby the formation of the intermediate-chain metabolites (ICM) and eventually
the water-soluble short-chain metabolite (SCM) CEHC (Fig. 4.2) [9].
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Fig. 4.1 Chemical structures of the originally isolated Simon products, which were later shown to be artifacts produced
by oxidation reactions during sample isolation and cleanup

Bardowell et al. investigated the role of a murine orthologue of the human CYP4F2 gene in vitamin
E metabolism in Cyp4fl4-knockout mice and found two new metabolites, namely, 12’-hydroxy-
tocopherol (12'-OH: y- and 8-12’-OH) and 11’-hydroxy-tocopherol (11'-OH: y- and &-11'-OH), in
fecal pellets of mice fed a diet rich in y-tocopherol [23, 26]. The metabolites derive from o-1 and
®-2-hydroxylation and were excreted via bile into feces.

Tocotrienols are metabolized similar to tocopherols except that their unsaturated side chain under-
goes saturation reactions, similar to the metabolism of unsaturated fatty acids (Fig. 4.2). Consequently,
some additional metabolites are generated, which have been found in mouse and human feces and
urine [27, 28]. In addition, tocotrienols are metabolized to a larger extent than their corresponding
tocopherols [29, 30]. Carboxymethylbutylhydroxychromanol (CMBHC), not CEHC, seems to be the
quantitatively major metabolite derived from tocotrienols in cultured liver cells (see also section
“Regulation of Vitamin E Metabolism™) [30].

All generated vitamin E metabolites are excreted via feces and urine. In feces, all of the metabo-
lites, including the lipid-soluble long-chain metabolites, can be detected, whereas in urine, only the
more water-soluble short-chain metabolites are present [28]. Similar to xenobiotics, around 90% of
the urinary metabolites are conjugated by the phase II enzymes UDP-glucuronosyltransferase and
sulfotransferase [9, 31]. Hence, vitamin E metabolites in rat urine are mainly sulfate conjugates and
in human urine mainly glucuronidated conjugates [32].

Regulation of Vitamin E Metabolism

The first and rate-limiting step of vitamin E metabolism, which therefore regulates the formation of
the vitamin’s degradation products, is controlled by CYP, mainly CYP4F2, but perhaps to a limited
extent also CYP3A4, in humans [18, 24, 25, 33]. The nuclear pregnane X receptor (PXR) is a central
point of regulation for the expression of CYP as well as other phase I and II enzymes. Tocotrienols,
and to a much smaller degree tocopherols, activated PXR and consequently the expression of CYP in
cultured liver cancer cells (HepG2) [34]. In another study, only the four tocotrienols («, 3, y, 9) but
none of the four tocopherols activated PXR in HepG2 and human colon cancer cells (LS 180) [35].
The induction of PXR by tocotrienols and the lack thereof by tocopherols were confirmed by other
independent experiments in LS 180 and HEK cells [36, 37]. The latter trial also found no PXR-
activating activity of CEHC but for the first time observed a potent induction of PXR by the long-
chain metabolite a-13'-COOH (see also Chap. 6) [36].

In vivo studies also show conflicting results with regard to the activation of PXR and the induc-
tion of CYP in different animal models. Mice given high doses of all rac-aT acetate (1000 mg/kg
diet) for 4 months had a small but statistically significant increase in the mRNA expression of
Cyp3all, the murine homologue to human CYP3A4, in the liver compared to control animals fed
35 mg all rac-oT acetate per kilogram diet [38]. In mice fed RRR-a-tocopheryl acetate for 3 months


https://doi.org/10.1007/978-3-030-05315-4_6

35

4 Bioavailability and Metabolism of Vitamin E

[ouBWOIYO

Axo1pAy[AuarpeInq[AyIawAX0qIed-n DHUIGND-O ‘[OUBWOIYIAXOIPAY[AUIXIY[AYIQWAX0qQIRI-0 DHUIHINJD-0 ‘[OUBWOIYIAX0IPAY[AUII0[AYIWIPAX0qIEI-0 JHUQINAD-©
JOUBRWOIYIAXOIPAY[AUIPRIOOTAYIAWIPAX0qILd-0 JHZ(U)OINAD-P ‘[OUBWOIYIAXOIPAY[AUSIPLIAPIAIOWIPAX0qIed-0 JHZ(UW)NAD-0 ‘[OUBWOIYIAXOIPAY[AYIQAX0qIRd-0
DHAD-0 ‘[ourwioIyoAX0IpAY[AINg[AYIowAx0qied-0 JHGIND-O [OUBWOIYIAXOIPAY[AYIowAx0oqied JHHINAD-O ‘[OUBWOIYIAXOIPAY[AI00[AYIowAx0qied-0  HHONAD-P
‘[OUBWOIYIAXOIPAY[ADAP[AYIOWIPAXOGIBI-0 DHANAD-PO ‘AI[0geioul UIeyd-1Ioys DS ‘AI[0qeioul Ureyd-JeIpaulioiul AD QH[0qeIowl Uureyd-3uo] DT :SUONRIAIQQY
(omSy oy Jo oIS JYSLI 93S) SOUALII000)

JO ureyd 9PIS A} JO uoneINIes Y} I0j paimbal ore sOWAZUS [eUONIPPE AWOS Ing ‘T[S A[9SIe] oIe S[OULI020) puk s[jo1aydooo) Jo wsijoqelowt Y} ur sdojs oy, ‘pouwtioj ore
DHAD SA[0geIaul Ureyd-1I0ys ay) ‘U0NEpPIX0-g JO SA[ILD 9AY 10)JV ‘sawosIxorad ay) ur paje[Axoqied A[[eululLio) udy) pue wnnonal sruse[dopua oy ur paje[AxoIpAy AJ[eurunio) st
(H=2d‘H=T¥Q**HD =2 ‘H =¥ ‘A ‘H=2d “HD = 1¥ J **HD = T “HO = 1Y D) S[OUaLN020) pue s[012yd020} oY) JO UTLLD OPIS A} ‘UONIOLAT SUNTWIT-G)LT PUe ISIIY oY) U]
S9JI[0QBIAW [OUBWOIYIAXOIPAY [AYIOAX0QIED 9[qN[0S-IdJem PAULIOYS UTRYD-IPIS JIY) 0} S[OULI0I0) puk s[o1aydooo) Jo uoneper3ap ureyd-opis oy) ur sdois gy S1q

HO Kl HO g
OH30 N> 2 OH30 A ° 2
OHEND -4 10 HOOO-€ 10 HOOO-€ )
Ho0D-s  "f i %* A o & Wos

@ 5 © . uonepixo-¢g 1l uonepIxo-g ‘Y
PO o oy H o =
S P o N OHEWD o o =
J T~ OHUSEIND T e OO T T NI 8
A o OH AUJ-

y . e
xo:o;mu,xo.m o sidlelzie e ] H o m
Z o o OHHNAO . o cu o

o %, -

Ho OHUSOWAD ¥ woneored Qe[ ol R 40 HOO0O~L W WOl =
> o W U A on oH o

° s U uonepixo-g g uonepIxo-g =

on y y

£ Acsa#a 5 OHOWAD . . 4
s OH(us)owad 10 HO0D+6 o G M y NOT

H X
OHAWao HO uonepixo-¢ u o
SEFEIEED 10 HOOO~ L1 s 0. 2 o
m oy co;%WWwV ool G o NOT m
- |OUBWIOIYOAXOQIED-E | I o X,
< 10HOOD-€F o A by »
JousuAxoqied-g L 5 2 INOT m
*HO (]
J 'OH s

|ouBWOoIYIAXOPAH-,E | UONEPIXO-0 H .
10 HO-E1 HO ] a
0UBLIAXOIPAH- = 3
|ouauy PAH-E o NDT muv.. 2
g3
m —
€
|0UBL}000 | osaydooo NOT 3 w
—

yibus| uieyo
S|oua}1}090 sjosaydoao :

| 111000 043y 1 » uswyedwon




36 S. Flory et al.

at 2 (deficient), 20 (sufficient), or 200 mg/kg diet (supplemented), a reduced mRNA expression of
Cyp3all was observed in the deficient group, but no significant differences were seen between suf-
ficient and supplemented animals [39]. The addition of y-tocotrienol to these diets did not result in
an increased mRNA expression of Cyp3all [39]. In rats, the feeding of diets deficient or adequate
in vitamin E (<2 or 60 mg RRR-aT) for up to 9 months did not change the mRNA of any of the 33
hepatic CYP expressed [40]. In guinea pigs fed 20 or 250 mg RRR-oT per kg diet for 6 weeks, the
hepatic protein expression of CYP3A4 and CYP20A1 and the serum concentrations of products of
the enzymatic activity of CYP3A4 were similar in both groups [41]. The differences between the
study by Mustacich et al. [38] and the other animal studies reviewed above [39-41] might be
explained by the significantly higher oral dose of vitamin E administered; 1000 mg/kg diet of syn-
thetic oT acetate in mice is 33 times more than the recommended dietary dose and corresponds to
ca. 7-10 g per day for an average human, which would be >450-660-fold higher than the recom-
mended dietary allowance of 12 mg/d. This is further supported by studies using subcutaneous
injection of high doses of oT in rats, which results not only in very high hepatic concentrations of
the vitamin but also an induction of CYP mRNA [42].

The notion that vitamin E does not induce PXR and CYP at dietary doses that can be reasonably
achieved in humans is in agreement with studies in humans addressing the effects of oT supplementa-
tion on CYP3A4-mediated drug metabolism. In patients treated with drugs that are CYP3A4 sub-
strates and simultaneously supplemented with 400 mg/d RRR-o-tocopheryl acetate for 8 weeks,
CYP3A4 activity was unchanged [43]. In another human trial, healthy volunteers were given the
CYP3A4 substrate midazolam intravenously prior to and following a 3-week oral supplementation
with 503 mg RRR-aT per day. No differences in CYP3A4 activity were observed between placebo-
and vitamin E-treated subjects [44].

In summary, there is no convincing evidence to suggest that orally ingested tocopherols or tocotri-
enols may induce CYP activity in animals or humans, even when consumed at high but reasonably
achievable doses.

Quantitative Differences in the Retention and Excretion of Vitamin E
Congeners in Humans

Although y-tocopherol (yT) is the main vitamin E form in the human diet in some populations, such
as the United States, oT is the predominant congener in human and animal tissues [45]. Plasma con-
centrations of oT (11-37 pmol/L) are higher than those of yT (2-5 pmol/L) [9]. The extent of the
retention in and excretion from the organism differs between the different vitamin E forms.

Findings in human subjects show that the urinary excretion and plasma concentrations of YCEHC
exceed those of xCEHC by a factor of ~4—5 and ~14—16, respectively, [46]. In agreement, up to ~50%
of ingested yT was excreted in urine as the corresponding YCEHC metabolite in humans [47], while
only 1-3% of the consumed oT dose was converted to urinary xCEHC [48]. Furthermore, the urinary
excretion of deuterated «CEHC derived from natural RRR-a-tocopherol and synthetic all rac-a-
tocopherol was 2—4 times higher for the synthetic vitamin E [49].

Because the extent of vitamin E absorption and transport to the liver is similar for all vitamers [13],
there must be a regulation of the different rates of retention inside the liver. The two potential key fac-
tors regulating the retention and excretion of vitamin E congeners are the rate-limiting steps in their
metabolism, namely, the binding to the hepatic *TTP and the w-hydroxylation of the side chain.

The first key factor that was proposed to be responsible for the preferential retention of «T over the
non-oT congeners was the aTTP (Chap. 9). The hepatic protein facilitates the secretion of oT from
the liver into the bloodstream [15]. Hosomi and co-workers determined the binding affinities of «TTP
for some vitamers relative to that for RRR-a-tocopherol and observed the following lower values:


https://doi.org/10.1007/978-3-030-05315-4_9

4 Bioavailability and Metabolism of Vitamin E 37

RRR-B-tocopherol, 38%; RRR-y-tocopherol, 9%; RRR-5-tocopherol, 2%; SRR-a-tocopherol, 11%;
and a-tocotrienol, 12% [50]. Interestingly, the binding affinity values for the tocopherols reflect, at
least in part, their plasma concentrations, which led to the original proposal that «TTP may be the
primary determinant of the discrimination between the congeners [50], a notion that has been chal-
lenged by more recent findings (see below).

If o TTP were the key factor regulating the discrimination against non-oT congeners, a knockout of
the aTTP gene would be expected to result in increased retention (concentrations) of yT. In conflict
with this expectation, the concentrations of YT in « TTP knockout mice were lower than in wild-type
mice after feeding a yT-enriched diet or a diet containing equimolar concentrations of both oT and yT
[19, 51]. The assumption now is that vitamin E metabolism and not oTTP is the major factor respon-
sible for the regulation of the organismal concentrations of the congeners [19]. This is emphasized by
observations in the model organism Drosophila melanogaster, an organism that does not express a
protein equivalent to « TTP but shows the overall discrimination against non-aT forms. In addition,
tocopherol-w-hydroxylase activities for the individual vitamers in Drosophila melanogaster are com-
parable to the ones in rat and human microsomes [29, 52]. In line with these observations, lower
plasma concentrations of yT than oT were observed in o TTP knockout mice [19, 53]. Generally,
decreased plasma concentrations of all vitamers in o TTP knockout mice indicate that «TTP is impor-
tant for their general retaining in the body, but not the discrimination between them, which is more
likely facilitated by vitamin E metabolism [19].

The first and rate-limiting step in the metabolism of vitamin E is catalyzed by CYP4F2, an enzyme
which has also been called tocopherol-w-hydroxylase [18]. In vitro, CYP4F2 exhibited similar bind-
ing affinities for T and yT but much higher catalytic activity toward yT [18, 24]. Sontag and Parker
identified the following structural features as important factors favoring a rapid conversion by
CYP4F2: absence of methyl groups at the chromanol ring, particularly at carbon 5 (y and & conge-
ners), and unsaturation of the side chain (tocotrienols). This is in agreement with earlier observations
that HepG2 cells produce less CEHC and CMBHC from oT and a-tocotrienol than from yT and
y-tocotrienol [30].

Not only the position but also the number of methyl groups is another factor influencing the enzyme
activity, which is higher for the dimethyl yT than for the trimethyl oT [29]. Tocopherols with fewer
methyl groups are able to penetrate deeper into the membranes of the endoplasmic reticulum, where
the CYP4F2 is positioned. Consequently, the dimethyl congener yT may be more easily available for
interactions with the enzyme than the trimethyl oT, as previously reported for interactions with the
membrane-localized enzyme phospholipase A2 [54]. Furthermore, an inhibitory effect on the metabo-
lism of yT was observed in HepG2 cells co-incubated with oT and yT [19, 29] and may be explained
by competition for enzymatic degradation by CYP4F2 [29].

The central role of the m-hydroxylase activity of CYP for the retention and excretion of vitamin E
congeners is furthermore supported by experiments with phytochemicals with CYP inhibitory activity
[55]. The cereal lipids alkylresorcinols greatly increased the concentrations of YT, but not oT, in rats
by competitive inhibition of tocopherol-w-hydroxylase [56]. The sesame lignan and potent tocopherol-
®o-hydroxylase inhibitor sesamin played an important role in the elucidation of the role of vitamin E
metabolism for the retention and excretion of different vitamin E forms. In HepG2 cells [19, 33, 56],
mice [19], rats [S7-62], and humans [46, 63], administration of sesamin increases the concentrations
of yT and reduces the production of its metabolite YCEHC. Consumption of sesamin with sesame oil
muffins by human volunteers significantly inhibited yT metabolism and resulted in a reduced urinary
excretion of yYCEHC, proving the importance of the in vitro findings for human nutrition [46, 63, 64].

The central role of the w-hydroxylase activity in the regulation of vitamin E metabolism was con-
firmed using knockout mice without w-hydroxylase activity. The knockout leads to significantly
reduced concentrations of urinary metabolites of a-, y-, and 8-tocopherol and higher excretion of
unmetabolized tocopherols; the disruption of the enzyme activity furthermore had a larger impact on
the metabolism of yT than that of T [23, 26].
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However, the processes underlying the selective retention of oT and the preferential excretion of
the non-aT congeners as metabolites may not be as black and white, as an interaction between the
oTTP and w-hydroxylase activities has been proposed [19]. Grebenstein and colleagues observed an
inverse relationship between the expression of « TTP in hepatocytes and their ability to convert YT to
yCEHC. The authors hypothesized that « TTP may bind yT, albeit to a lesser extent than oT, and
thereby prevent the contact of YT with CYP4F2, which would protect the congener from side-chain
degradation [19].

In summary, the above findings indicate that the tocopherol-w-hydroxylase activity is the most
important factor regulating the degradation of vitamin E to its short-chain metabolites destined for
excretion. This activity also appears to be the main determinant controlling the retention of the dif-
ferent vitamin E congeners in humans. «TTP is required for the secretion of vitamin E from the
liver and appears to limit the excretion of mainly oT, but to a smaller extent also the non-oT conge-
ners from the body, thus making sure that sufficient vitamin E is retained for its essential biological
functions.

Research Gaps/Conclusion

Around 70 years ago, the short-chain metabolites of vitamin E were detected for the first time. By
now, the main steps of vitamin E metabolism have been discovered and characterized and the regulat-
ing factors described. Nevertheless, some gaps in our understanding of these processes exist, such as
how the different metabolites are transported from one cellular compartment to the other (e.g., endo-
plasmic reticulum to peroxisomes to mitochondria). Furthermore, the rate-limiting step, which is
mainly catalyzed by CYP4F2, may also be facilitated by additional as yet undiscovered enzymes. Last
but not least, an important question that still awaits a conclusive answer is: Is the main aim of vitamin
E metabolism the prevention of excessive accumulation of all or certain vitamin E congeners by facili-
tating their elimination from the body? Or does the formation of the long-chain metabolites represent
the conversion of vitamin E into the actual biologically active molecules (see also Chap. 6)?
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