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a b s t r a c t

Cytochrome P450-derived long-chain metabolites are gaining increasing interest as bioactive inter-
mediates of vitamin E. In this study we first report on the HPLC-ECD and GC–MS analysis in human
serum of the earliest metabolite of this vitamin, namely α-(13'-hydroxy)-6-hydroxychroman (α-13'-OH).
The two chromatographic procedure are sensitive enough (LOQ of 10 nM) to measure α-13'-OH after
hexane extraction of 1 ml of sample obtained from healthy volunteers supplemented for 1-week with
1000 IU/d (671 mg/d) RRR-α-tocopherol. The observed concentrations ranged between 15 and 50 nM,
with minor differences between fasting and 4-hr post-meal state. Baseline (non-supplemented state)
levels of 7.271.6 nM were observed extracting higher volumes of serum. Biological effects of α-13'-OH
investigated for the first time in RAW264.7 murine macrophages involved transcriptional control of
inflammatory cytokines, and transcriptional and functional regulation of COX2 and iNOS enzymes in
response to lipopolysaccharides. In conclusion, here we present the first quantitative evaluation of serum
α-13'-OH also providing early evidence of the anti-inflammatory potential of this metabolite that is
worth of further investigation in the area of functional and nutraceutical implications of vitamin E
metabolism.

& 2015 Elsevier Inc. All rights reserved.

1. Introduction

The term “vitamin E” is used to describe a family of 8 fat-so-
luble molecules produced in plant organisms that show close
structural homology in spite of a marked heterogeneity in terms of
biological properties [1]. All the forms have in common a chro-
mane structure with a hydroxyl group in position 6 while the

degree of methylation differentiates 4 conformations identified
with the Greek letters α, β, γ and δ. A 16-carbon atom branched
(tocopherol subfamily, TOH) or isoprenoid (tocotrienol subfamily,
T3) side chain is located in position 2 of the chromane ring. This
confers marked lipophilic character to the vitamers acting as a
docking domain into cell membranes and lipoproteins. These
structural characteristics influence the antioxidant-dependent and
-independent properties of these molecules, also influencing their
metabolism and distribution in human tissues [1,2].

In fact, while all the vitamers have the same route of absorption
together with dietary lipids, a tightly controlled mechanism of
hepatic uptake regulates the fate of each vitamer in order to bal-
ance between the lipoprotein-dependent delivery to peripheral
tissues and cytochrome P-450 metabolism or direct bile excretion.
This selective liver uptake and lipoprotein assembly of the differ-
ent forms of this vitamin are believed to depend on the binding
and thus on the trafficking properties of α-tocopherol transfer
protein (α-TTP). In fact, α-TTP has at least 10-fold higher affinity
for the main form of vitamin E found in blood and several solid
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tissues, i.e. α-TOH in the RRR configuration, than for any other
form [3]. Vitamers with lower affinity, such as desmethyl TOH and
T3, are in fact scantily delivered to nascent VLDL. These forms are
readily processed in the liver by cytochrome P-450 catabolism
and/or excretion [4].

According to Mustacich and coworkers [5], in liver cells, vita-
min E catabolism takes place in three different compartments. The
initial CYP4F2-catalyzed ω-oxidation reaction at the endoplasmic
reticulum produces the (13'-hydroxy)-6-hydroxychroman (13'-
OH) derivative that is further oxidized in a second cycle of reaction
that occurs in peroxisomes to the corresponding carboxylic acid
(13'-COOH). Long-chain metabolites (LCMs) are very efficiently
and rapidly processed in mitochondria through β-like oxidation
degradation of the side-chain to form the end-product (2'-car-
boxyethyl)-6-hydroxychroman (CEHC) (Fig. 1) that is excreted
under the form of sulfate and glucuronyl derivatives in the bile and
urine. Emerging evidence suggests that vitamin E metabolites, and
particularly LCMs, possess selected biological roles relevant to
both the physiological and pharmacological functions of this vi-
tamin (reviewed in [6–10]).

Analytical tools to investigate either LCMs or short-chain me-
tabolites in cells, tissues and body fluids have been developed
(reviewed in [6,8,11]). The analysis of CEHCs in serum and urine is
a relatively straightforward and reliable procedure that has been
widely employed to assess vitamin E metabolism in animal or-
ganisms. On the contrary, the analysis of LCMs is problematic due
to the rapid metabolism that keeps their concentrations in biolo-
gical fluids extremely low. The increasing interest in the biological
functions of LCMs has stimulated our interest in developing

unbiased analytical procedures to measure these metabolites in
human blood. A former qualitative assessment of α-13'-COOH in
human serum by LC-QTOF analysis was recently achieved [6], and
further work is in progress to produce a quantitative estimation of
this LCM in blood and solid tissues.

With this study we aim to define an assay procedure to mea-
sure α-13'-OH in human serum. Moreover, putative biological
functions for this LCM have been investigated in vitro in the con-
text of inflammatory homeostasis, which is one of the reported
roles of vitamin E with possible impact for the prevention of most
prevalent chronic diseases.

2. Materials and Methods

2.1. Chemicals and reagents

Synthesis and characterization of LCMs were described in [12–
14]. Vitamins and metabolites were stored in sealed amber vials
under nitrogen at �20 °C until use. Stock solutions of the analy-
tical standards were prepared by dissolving them in absolute
ethanol and before each session of analysis, purity and the actual
concentration of the test molecules were verified by UV spectro-
scopy and HPLC analysis. Fine chemicals, generic reagents and
solvents were of the highest grade available by commercial com-
panies. If not indicated otherwise chemicals were obtained from
Carl Roth, Sigma-Aldrich or Merck Millipore. For in vitro studies
stock solutions of the LCMs were dissolved in DMSO, stored
at �80 °C and concentrations were verified before each single

Fig. 1. Main steps in the hepatic metabolism of vitamin E. As shown here exemplarily for α-TOH, vitamin E is stepwise catabolized in the liver via subsequent steps of ω- and
α-oxidation followed by several cycles of β-oxidation.
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