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Excessive a-tocopherol exacerbates microglial activation
and brain injury caused by acute ischemic stroke
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ABSTRACT The vitamin E family includes both to-
copherols and tocotrienols, where a-tocopherol (¢ TOC) is
the most bioavailable form. Clinical trials testing the
therapeutic efficacy of high-dose aTOC against stroke
have largely failed or reported negative outcomes when
a “more is better” approach to supplementation (>400
IU/d) was used. This work addresses mechanisms by
which supraphysiologic «TOC may contribute to stroke-
induced brain injury. Ischemic stroke injury and the
neuroinflammatory response were studied in tocopherol
transfer protein-deficient mice maintained on a diet
containing «TOC vitamin E at the equivalent human
dose of 1680 IU/d. Ischemic stroke-induced brain injury
was exacerbated in the presence of supraphysiologic
brain aTOC levels. At 48 h after stroke, S100B and RAGE
expression was increased in stroke-affected cortex of
mice with elevated brain «TOC levels. Such increases
were concomitant with aggravated microglial activation
and neuroinflammatory signaling. A poststroke increase
in markers of oxidative injury and neurodegeneration
in the presence of elevated brain «TOC establish that
at supraphysiologic levels, aTOC potentiates neuro-
inflammatory responses to acute ischemic stroke. Exac-
erbation of microglial activation by excessive aTOC
likely depends on its unique cell signaling regulatory
properties independent of antioxidant function. Against
the background of clinical failure for high-dose «TOC,
outcomes of this work identify risk for exacerbating stroke-
induced brain injury as a result of supplementing diet with
excessive levels of aTOC.—Khanna, S., Heigel, M., Weist,
J-» Gnyawali, S., Teplitsky, S., Roy, S., Sen, C. K., Rink, C.
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THE DIETARY REFERENCE INTAKES for a-tocopherol (aTOC)
vitamin E were last revised by the Food and Nutrition Board
at the Institute of Medicine in the year 2000 (1). At that
time, the recommended dietary allowance and upper limit
for aTOC vitamin E were set at 22.35 and 1000 IU/d, re-
spectively, for men and women >14y of age. In consider-
ation of these recommendations and given the broad

Abbreviations: aTOC, a-tocopherol; DHE, dihydroethid-
ium; HT, heterozygous; KO, knockout; MCAO, middle cere-
bral artery occlusion; OCT, Optimal Cutting Temperature
compound; TTP, tocopherol transfer protein; WT, wild type
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range between the aTOC recommended daily allowance
and upper limit, many commercially available  TOC sup-
plements on shelves today are sold in doses that meet or
exceed 4 times the recommended daily allowance. As
reported in 2005, a review of the National Health and
Nutrition Examination Survey revealed that ~11% of US
adults consume =400 IU/d of aTOC from such supple-
ments (2), which is the equivalent of =17.9 times the rec-
ommended daily allowance for  TOC consumption.

As dietary supplement use in the United States con-
tinues to grow (3), large clinical trials testing supra-
physiologic aTOC supplementation against a range of
diseases, from cancer to heart disease, have largely failed
or reported negative outcomes. A 2005 meta-analysis of
clinical trials testing high-dose «aTOC (=400 IU/d)
reported significantly increased risk for all-cause mortal-
ity in 9 of 11 clinical trials reviewed (4). Patients ran-
domized to high-dose aTOC (n = 3520, 400 IU/d) in the
extended Heart Outcomes Prevention Evaluation trial had
greater risk of heart failure and associated hospitalization
compared with placebo controls (5). This outcome was
further corroborated by the Gruppo Italiano per lo Studio
della Soprawvivenza nell’Infarto (GISSI)-Prevenzione trial
that reported increased risk of developing congestive heart
failure in postinfarction patients without congestive heart
failureat baseline when they were randomized to receive
high-dose aTOC (n = 4202) (6). In the context of stroke,
meta-analysis of 13 randomized controlled trials to test
aTOC supplementation in the prevention of stroke (N =
166,282) found no significant benefit for healthy subjects
(relative risk, 0.92; 95% confidence interval, 0.83-1.03) or
those at high risk (relative risk, 1.05; 95% confidence in-
terval, 0.98-1.12) to develop stroke (7, 8).

The clinical significance of «TOC supplementation on
not only prevention, but also stroke outcome remains to be
elucidated. Although the antioxidant properties of aTOC
at physiologic levels served as the basis for testing aTOC
against a wide array of diseases including stroke (5), path-
ologic outcomes associated with supraphysiologic aTOC
supplementation have yet to be characterized in disease
models. The current work sought to test the original hy-
pothesis that tocopherol transfer protein knockout (TTP
KO) mice with lower brain « TOC levels (9) would show an
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exacerbated tissue injury outcome following acute ische-
mic stroke. Despite multiple independent studies con-
ducted in our laboratory, the observation consistently
rejected the stated hypothesis and led to the current work
testing the mechanistic underpinnings of why stroke-
induced tissue injury is potentiated in the « TOCrich brain
of background matched wild-type (WT) controls.

MATERIALS AND METHODS
Animal and diet protocol

All experiments were approved by the Institutional Animal Care
and Use Committee of The Ohio State University. Standard ro-
dent chow (Teklad Rodent Diet #7912; Harlan Laboratories,
Indianapolis, IN, USA), as used in Ohio State University animal
vivaria, is enriched with TOC at a concentration of 150 IU/kg.
For a 25 g C57BL/6] mouse that consumes ~4 g of chow per day
(10), this translates to 0.6 IU/d (0.151U/g X 4g/d),or 241U/d/kg
body weight (0.6 IU/d + 0.025 kg body weight). For a 70 kg
human, this is the estimated equivalent of 1680 IU/d of aTOC
vitamin E. TTP KO mice on a C57BL/6] background as used by
our laboratory in previously published work (9) originated from
the Chugai Research Institute for Medical Science, Japan. All
offspring were born of TTP heterozygous (HT) parents and
were genotyped at weaning (21 d). TTP WT, HT, and KO mice
were provided ad libitum access to water and chow from weaning
until euthanasia. Outcomes were separately validated in
background-matched C57BL/6] mice (The Jackson Labora-
tory, Bar Harbor, ME, USA) maintained on standard chow
(Teklad Rodent Diet #7912) or vitamin E-deficient chow
(Teklad diet #88163). Five-week-old male C57BL/6] mice (n=
11) were provided ad libitum access to water and chow for 10 wk,
after which they were subjected to experimental stroke.

Mouse stroke model

Transient (90 min) focal cerebral ischemia was induced in 10-wk-
old male TTP WT, HT, and KO mice or C57BL/6] mice by the
intraluminal suture method of middle cerebral artery occlusion
(MCAO) as previously described (11-13). Laser Doppler flow-
metry (DRT4; Moor Instruments, Wilmington, DE, USA) was
used to confirm successful MCAO (70 = 10% drop in middle
cerebral artery territory cerebral blood flow).

MRI and infarct volume determination

T2-weighted imaging was performed on stroke-affected mice us-
ing an 11.7 T (500 MHz) MR system comprised of a vertical bore
magnet (Bruker Biospin, Ettlingen, Germany) as described pre-
viously (11, 13). For stroke-volume calculations, raw MRI images
were converted to digital imaging and communications in med-
icine format and read into Image]J software (National Institutes of
Health, Bethesda, MD, USA). After matched contrast enhance-
ment of images in Image]J, digital planimetry was performed by
a blinded observer to delineate the infarct area in 1 mm coronal
brain slices encompassing the entire neocortex. Infarct areas
from brain slices were summed, multiplied by slice thickness, and
corrected for edema-induced swelling (14) to determine infarct
volume. Three mice (2 KO and 1 HT) were excluded from MRI
data analyses and downstream processing on the basis of evidence
of intracerebral hemorrhage.

Vitamin E extraction and analysis

Brain vitamin E levels were determined from mice of MRI studies
using an HPLC coulometric electrode array detector (Coularray
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Detector model 5600 with 12 channels; ESA Inc., Chelmsford,
MA, USA). The CoulArray detector uses multiple channels set at
specific redox potentials. Data were collected using channels set
at600, 700, and 800 mV. The samples were snap-frozen and stored
in liquid nitrogen until HPLC assay. Sample preparation, com-
position of the mobile phase, and specification of the column
were used as previously described (15).

Immunohistochemistry

Immunohistochemical determination of protein expression in
stroke-affected and contralateral control brain tissue of TTP WT,
HT, and KO mice was performed as described previously (11, 12,
16). At 48 h after MCAO and reperfusion, serial 1 mm thick
coronal slices including contralateral and stroke-affected S1 cor-
tices were embedded in Optimal Cutting Temperature com-
pound (OCT; Sakura, Flemingweg, The Netherlands) and frozen
or formalin fixed for 1 wk and embedded in paraffin. Blocks were
sectioned (10 um OCT, 6 um paraffin) and mounted onto
charged slides. Sections were blocked in 10% normal serum,
followed by incubation with antibodies against S100B (1:200;
Epitomics, Burlingame, CA, USA), RAGE (1:200; AbD Serotec,
Raleigh, NC, USA), F4/80 (1:250; AbD Serotec), IL-1B (1:100;
Abcam, Cambridge, MA, USA), p67 phox (1:200; Millipore,
Billerica, MA, USA), NeuN (1:100; Millipore), SOHdG (1:100;
Cosmo Bio Ltd, Tokyo, Japan), 4HNE (1:100; Cosmo Bio Ltd),
and MPO (1:100; HyCult Biotech). Signal was visualized by re-
action with fluorescent secondary antibodies for OCT-embedded
sections (Life Technologies, Grand Island, NY, USA) or bio-
tinylated secondary to 3,3'-diaminobenzidine chromagen
(Vector Laboratories, Burlingame, CA, USA) for paraffin-
embedded sections. Images were captured using an Axiovert
200M microscope (Zeiss, Gottingen, Germany) and expression
quantified as percent area in stroke-affected and contralateral
control S1 cortex using the AutoMeasure plug-in within Axiovert
software (v4.8; Zeiss) as described previously (11, 12, 16).

Fluoro-Jade neurodegeneration stain

Brain sections of 48 h poststroke TTP WT, HT, and KO mice were
stained with 0.0001% Fluoro-Jade C (Millipore) (17). Coronal
slices of primary somatosensory (S1) cortex were analyzed by
fluorescence microscopy (Axiovert 200M; Zeiss), and images
were captured using Axiovert v4.8 software (Zeiss).

Detection of superoxide anion

Histologic detection of the superoxide anion was performed
using dihydroethidium (DHE) (18). In brief, frozen 10 um
thick coronal sections of TTP WT, HT, and KO mice were
prepared from 48 h poststroke mouse brain. Samples were
washed with diethylpyrocarbonate water to remove OCT and
incubated with DHE (0.25 wmol/L; Invitrogen, Carlsbad, CA,
USA) by covering the section with DHE and a coverslip fol-
lowed by incubation at 37°C in a humidified, 5% COs atmo-
sphere for 30 min in dark. Sections from each treatment group
were examined by fluorescence microscopy. Images were cap-
tured by microscope (Axiovert 200M), and quantification of
fluorescent intensity of image was achieved by software Axiovert
v4.8 software (Zeiss).

Statistical analyses

Data are reported as mean * spb. Comparisons between means
were tested by 1-way ANOVA with Tukey’s post hoc test (Figs. 1-5)
or Student ¢ test (Figs. 6 and 7). P < 0.05 was considered statisti-
cally significant.
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Figure 1. Supraphysiologic «TOC
levels in brain exacerbates ische-
mic stroke-induced lesion. A) Rep-
resentative phenotype of 10-wk-
old TTP-deficientmouse (KO) com-
pared with WT and HT siblings;
bar = 1 cm. B) Brain aTOC levels
of TTPWT (n="7), HT (n=12),and
KO (7 =5) mice (*P < 0.01 KO
5. WT, "P < 0.05 KO vs. HT). ©)
Representative T2-weighted MRI
slice of WT, HT, and KO mice at
48 h after MCAQO; bar =5 mm. D)
TTP KO mice had significantly
smaller stroke-induced lesion vol-
ume at 48 h compared with WT
controls. Data are mean * sp
percent lesion volume vs. WT
(*P<0.01 vs. WT).

RESULTS

Excessive brain aTOC exacerbates stroke-induced
lesion volume

TTP WT, HT, and KO mice were born of HT breeder pairs
and genotyped at The Ohio State University Wexner
Medical Center. Parents and offspring were provided ac-
cess ad libitum to a fixed formula: irradiated Teklad 7912
rodent diet containing 150 IU o TOC/kg diet. This diet is
the standard rodent chow given to mice in vivaria at The
Ohio State University unless specialized diets are requested
by investigators. At 10 wk of age, no difference in pheno-
type (Fig. 14) or mean weight (WT'=27.7 = 2.0g, HT =281 =
3.6 g, and KO = 27.6 £ 2.5 g) were observed across
genotype groups. As expected, aTOC levels in brain tis-
sue were significantly lower in HT (11.48 = 3.79 nmol/g
tissue) and KO mice (0.43 £ 0.29 nmol/g tissue) com-
pared with WT controls (21.07 = 4.78 nmol/ g tissue; Fig.
1B). These values are consistent with previously pub-
lished results in TTP KO mice (9). At 48 h after MCAO
reperfusion, stroke-induced lesion volume was de-
termined by T2-weighted 11.7 T MRI (Fig. 1C). Strikingly,
stroke lesion volume was significantly reduced in TTP KO
(65.2 * 30.5%) and HT (91.0 * 18.2%) littermates
compared with that in WT controls (Fig. 1D).

Poststroke S100B/RAGE expression and microglial
activation (F4/80 expression) are increased in
presence of elevated brain «TOC

To determine the effect of brain «TOC concentration on
poststroke glial activation, TTP WT, HT, and KO S1 cortex
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was immunostained for S100B, RAGE, and F4,/80 protein
expression. Compared with contralateral control S1 cor-
tex, 48 h postreperfusion S100B expression in stroke-
affected S1 cortex of TTP WT, HT, and KO mice was sig-
nificantly higher (Fig. 24, B). However, S100B expression
in stroke-affected S1 cortex of TTP KO mice was signifi-
cantly less than that of WT and HT littermates (12.1% of
WT and 18.1% of HT; Fig. 2B). Expression of RAGE, a re-
ceptor for S100B, was similarly induced across WT, HT,
and KO genotype groups in stroke-affected S1 cortex (Fig.
2A, C). Compared with TTP WT mice, RAGE expression in
KO mice was significantly lower in stroke-affected S1 cortex
(38.5% of WT; Fig. 2C). F4/80 immunostained microglia
in WT mice appeared more activated, typified by enlarged
cell bodies and ramifying branches (19), compared with
aTOC-depleted TTP KO mice (Fig. 2A). Quantification of
F4/80 immunoreactivity in stroke-affected SI1 cortex re-
vealed significantly lower abundance in TTP KO vs. WT
mice (Fig. 2D).

Poststroke inflammatory response is aggravated in
presence of elevated brain «TOC

Given the worsening of stroke-induced lesion volume and
increased microglial activation in response to increased
brain aTOC, we tested whether the expression of known
proinflammatory mediators were also affected by in-
creased brain oTOC concentration. IL-18 is a proin-
flammatory cytokine expressed by activated microglia in
the stroke-affected brain (20). Significantly higher IL-18
expression was observed in stroke-affected S1 cortex of
TTP WT mice compared with contralateral control Sl
cortex (Fig. 3). TTP KO mice had significantly lower IL-18

KHANNA ET AL.


http://www.fasebj.org

contralateral

B s C 2°7 D 3° *
§ 25 * S * g 251 .
2 2 "% * 2
o 2.0 8 g 2.0
a * 5 o
x 15 ] x 1.0 1 % 15
© ) " o
o L * o
1.0 | 1.0
8 + 9: 051 3 T
o 05 o L 0.5 4
0.0 0.0 0.0 I { |
cont WT HT KO cont WT HT KO cont WT HT KO

Figure 2. Poststroke microglial activation is sensitive to brain aTOC levels. A) Representative micrographs depicting S100B,
RAGE, and F4/80 immunostaining in contralateral control S1 cortex of WT (n = 3) and stroke-affected S1 cortex of TTP WT
(n=4), HT (n=3), and KO (% = 3) mice. Bar = 50 um. Expression of S100B (B), RAGE (C), and F4/80 (D) quantified as percent
area. Data are mean * sp. *P < 0.05 vs contralateral; P < 0.05 KO vs. WT; scale bar = 50 um.

compared with WT littermates, and no significant differ- NADPH oxidase contributes to poststroke oxidative
ence in IL-183 expression was observed between the con-  stress and inflammation (21, 22) and is the major source of
tralateral S1 cortex and the stroke-affected SI cortex in ~ NMDA-induced superoxide formation in neurons follow-
KO mice (Fig. 3). ing cerebral ischemia (23). Between 24 and 72 h after
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Figure 3. Supraphysiologic levels of « TOC increase IL-13 expression in stroke-affected brain. Contralateral control and stroke-affected S1
cortex were immunostained to determine IL-18 expression at 48 h after MCAO reperfusion in TTP WT, HT, and KO mice. A)
Representative micrographs of IL-13 staining without and with DAPI counterstain; scale bar = 50 um. B) IL-18 expression in contralateral
and stroke-affected SI cortex quantified as percent area. Data are mean = sp, n = 3. *P < 0.05 vs. contralateral; TP < 0.05 KO vs. WT.
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Figure 4. Elevated brain o TOC increases neuronal p67phox expression in stroke-affected tissue. At 48 h after MCAO reperfusion,
contralateral control and stroke-affected brain tissue of TTP WT, HT, and KO mice was coimmunostained for p67phox and the
neuronal marker NeuN. A) Representative micrographs of p67phox, NeuN, and colocalized p67phox + NeuN staining. B)
p67phox expression in contralateral and stroke-affected S1 cortex were quantified (percent area p67phox/percent area NeuN).

Data are mean * sp, n = 3. *P < (.05 vs contralateral; TP < 0.05 KO vs. WT.

stroke, expression of the NADPH oxidase subunit p67phox
was increased in the neuronal cytoplasmic space (24).
At 48 h after stroke, p67phox expression was significantly
higher in stroke-affected neurons of TTP WT and HT mice
compared with contralateral control tissue (Fig. 4). In con-
trast, no difference in p67phox expression was observed
in the stroke-affected S1 cortex and contralateral control
tissue of TTP KO mice. Furthermore, in TTP KO mice,
p67phox expression was significantly lower than that of
WT littermates in stroke-affected neurons (Fig. 4B). Ex-
pression of p67phox in the mouse brain did not colocalize
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with glial fibrillary acidic protein (Supplemental Fig.I). To
evaluate the functional significance of brain aTOC levels
on increased neuronal p67phox expression, superoxide
generation was measured by DHE fluorescent staining. In
line with p67phox expression data, DHE fluorescence was
significantly higher in stroke-affected S1 cortex of TTPWT
mice compared with contralateral control tissue (Fig. 5).
Likewise, DHE levels in stroke-affected TTP KO brain were
significantly lower than that of WTs, and no difference was
observed between the contralateral control and stroke-
affected TTP KO brain (Fig. 5).

HT KO

cont WT

T

Figure 5. Superoxide levels in stroke-affected tissue are increased by excessive brain aTOC. A) Representative photomicrographs
of DHE staining in contralateral (control) and stroke-affected S1 cortex of TTP WT, HT, and KO mice; scale bar = 50 um. B)
Percent area of DHE fluorescence was used to quantify superoxide levels. Data are mean * sp, n = 3. *P < 0.05 vs contralateral;
P < 0.05 KO vs. WT.
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Poststroke oxidative stress and neurodegeneration are
exacerbated in presence of elevated brain aTOC

Unlike peripheral macrophages, resident microglia in the
brain express myeloperoxidase when activated that con-
tribute to oxidative stress and neurodegeneration (25). In
stroke-affected brain tissue of TTP KO mice, myeloperox-
idase abundance was significantly lower compared with WT
mice (Fig. 6A4). To assess oxidative stress, markers of lipid (4-
HNE) and DNA (8-OHdG) oxidation were detected and
quantified in the TTP WT and KO stroke-affected brain.
Lipid (Fig. 6B8) and DNA (Fig. 6C) oxidation was 3 times
lower in the stroke-affected S1 cortex of TTP KO mice
compared with the WT counterparts. Fluoro-Jade C, a se-
lective stain for degenerating neurons, revealed significantly
lower levels of neurodegeneration in stroke-affected tissue
of TTP KO mice compared with WT controls (Fig. 6D).

Dietary lowering of supraphysiologic «TOC levels
attenuates stroke-induced injury

To determine whether the observed effect of supra-
physiologic aTOC on stroke outcome was unique to TTP

EXCESS a-TOCOPHEROL EXACERBATES STROKE INJURY
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Figure 6. Supraphysiologic brain
aTOC increases poststroke mye-
loperoxidase expression and ex-
acerbates oxidative stress and
neurodegeneration. Representa-
tive micrographs and quantification
(% area) of (A) myeloperoxidase
expression, (B) markers of lipid
(4HNE), and (C) DNA (8-OHdG)
oxidation, and (D) neurodegener-
ation (FluoroJade) from stroke-
affected S1 cortex off TTP WT
and KO mice. Data are mean *
sp, n = 3. *P < 0.05 KO vs. WT;
scale bar = 50 um.

WT

KO

transgenic mice, we used additional studies using C57BL/6]
background mice. After 10 wk on a vitamin E—deficient
chow (Teklad diet #88163), brain «TOC levels in
C57BL/6] mice were reduced by ~43% compared with
standard chow (Teklad diet #7912) controls (Fig. 74). At
48 h after MCAO, stroke-induced lesion volume was
21.2% smaller in mice maintained on a vitamin E-
deficient diet compared with controls (Fig. 7B, C). This
reduction in brain aTOC level and stroke-induced
lesions was comparable to the difference observed be-
tween TTP WT and HT mice (Fig. 1).

DISCUSSION

Our observations reported during the last decade on the
potent protective properties of the a-tocotrienol form of
vitamin E led to our original hypothesis that TTP KO mice
would show larger stroke-induced brain injury, which would
then serve as a model to test the efficacy of a-tocotrienol
against stroke. The aTOC form of natural vitamin E is well
characterized for its antioxidant properties, such that it
has been described as the body’s primary chain-breaking
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Figure 7. Ischemic stroke-induced lesion is attenuated in C57BL/6] mice maintained on aTOC-deficient diet. A) Brain «TOC
levels of C57BL/6] mice after 10 wk of unrestricted access to standard chow (Teklad diet #7912) or vitamin E-deficient chow
(Teklad diet #88163). B) Representative T2-weighted MRI slice of C57BL/6] mouse maintained on Teklad diet #7912 or vitamin
E-deficient diet #88163 at 48 h after MCAO; bar = 5 mm. C) C57BL/6] mice maintained on vitamin E-deficient diet #88163 had
significantly smaller stroke-induced lesion volume compared with mice maintained on Teklad diet #7912. Data are mean * sp,

n=11; *P < 0.05.

defense against oxidative attack of lipid membranes (26).
Given the susceptibility of lipid-rich brain tissue to oxida-
tive injury following ischemic stroke (27, 28), the therapeutic
potential for dietary «TOC has been tested in preclinical
studies with limited success. Using a model of permanent
focal cerebral ischemia, van der Worp et al. reported
a >50% reduction in stroke-induced infarct volume in rats
maintained up to 16 wk on diet containing 93.4 IU/kg
aTOC acetate compared with vitamin E-stripped diet
controls (29). In contrast, a supraphysiologic dose of di-
etary «TOC (~65.6 IU/kg body weight) was reported by
Miyamoto et al. to activate microglia and significantly in-
crease GFAP expression in brain tissue of spontaneously
hypertensive rats (30). Furthermore, hippocampal neu-
rons (CAl pyramidal), astrocytes, and microglia of exces-
sive aTOCsupplemented spontaneously hypertensive rats
demonstrated increased numbers of lysosome-related
structures and aggregates of oxidized lipid granules (lipo-
fuscin) compared with controls (30). In TTP KO mice, we
observed decreased lipid oxidation and superoxide de-
tection in the stroke-affected brain. Of note, in the resting
brain of TTP KO mice, lower levels of lipid oxidation and
attenuated superoxide production have also been reported.
Cuddihy et al. (31) observed lower levels of F4 neuro-
prostanes, a specific marker of lipid oxidation in the brain,
as well as decreased cortical superoxide production (mea-
sured by DHE) in the TTP KO mouse brain compared with
controls when maintained on standard rodent chow con-
taining 81.6 IU/kg vitamin E.

In the current work, excessive dietary « TOC increased
microglial activation, exacerbated oxidative stress, and
worsened ischemic stroke-induced lesion volume. Taken
together, these outcomes suggest that at excessive levels,
aTOC may potentiate the neuroinflammatory response
to acute ischemic stroke. A growing body of clinical and
preclinical research also supports proinflammatory re-
sponses to supraphysiologic «TOC. Healthy human vol-
unteers supplemented with 596 IU/d aTOC for 4 wk had
significantly increased levels of lysophosphatidycholine
in plasma, suggesting high-dose aTOC potentiates
a general proinflammatory response by causing dis-
placement and metabolism of membrane phospholipids
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(32). Of note, increased lysophosphatidycholine levels
have also been reported in the stroke-affected brain tis-
sue of rat; this is the result of pathologic lipid metabolism
induced by proinflammatory cytokine signaling and ex-
ecuted by phospholipase Ay (33). More than just a gen-
eral marker of inflammation, lysophosphatidycholines
themselves are proinflammatory mediators known for
stimulating rapid processing and secretion of mature IL-
1B in activated brain microglia (34). In the current work,
we note that supraphysiologic «aTOC supplementation
(TTP WT) is associated with increased microglial activa-
tion and higher expression of proinflammatory cytokine
IL-1B in stroke-affected tissue compared with physiologic
aTOC supplemented controls (TTP KO). The signifi-
cance of dietary aTOC on proinflammatory cytokine
expression has also been described using the TTP KO
mouse model for the study of allergic asthma sensitiza-
tion. Proinflammatory IL-5, TNF-«, and intercellular
adhesion molecule 1 expression were all attenuated in
lung tissue of TTP KO mice after allergen stimulation
compared with TTP WT (35).

Research efforts since the early 1990s have identified
unique biological activities of vitamin E isomers that are
independent of antioxidant function (36, 37). For exam-
ple, TOC is known to inhibit or potentiate arachidonic
acid release and metabolism depending on cell type (38).
v-Tocopherol directly binds protein kinase C-o and
potentiates activation, whereas aTOC inhibits protein
kinase C~x in human microvascular endothelial cells (39,
40). Finally, in the context of neuroprotection, a-tocotrienol
potently protects neural cells from glutamate-induced
neurotoxicity at nanomolar concentration, whereas a TOC
does not (41, 42). In that light, we are led to hypothesize
that the exacerbation of microglial activation by excessive
aTOC depends on its unique cell signaling regulatory
properties independent of antioxidant function.

CONCLUSIONS

This study provides the first evidence addressing the
pathologic consequences of excessive aTOC vitamin E
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supplementation in the context of acute ischemic stroke.
High-dose aTOC exacerbated stroke injury, increased
microglial activation, and worsened oxidative stress
compared with physiologic controls. Taken together with
growing evidence of increased all-cause mortality (4) and
without the significant benefit for stroke prevention
(7,8), thiswork highlights the need to exercise caution in
recommending high levels of aTOC supplementation
for a patient population at high risk for stroke.
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