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vMany Americans have inadequate intakes and circulating
concentrations of vitamin E (α-tocopherol; α-T)1.

vStrategies to improve its bioavailability could help achieve α-T
nutriture, but accurate measures of α-T bioavailability from α-T-
rich dietary sources requires the development of isotopically-
labeled plants2.

vObjective: establish deuterium-labeled spinach as a tool to
study of α-T bioavailability in humans.

vHypotheses:
(1) α-T in spinach would preferentially bioaccumulate in the leaf

compared with the petiole and
(2) maturation of spinach under deuterium oxide conditions

would generate an isotopomer distribution of α-T suitable for
human bioavailability studies.

vSpinach was grown hydroponically (Figure 1).
vExperiment 1 - Spinach was harvested at 4-weeks post-

germination. HPLC-ECD was performed to quantify a-T
bioaccumulation in raw and cooked leaves and petioles.

vExperiment 2 - Spinach was grown in growth media
containing 30% deuterium oxide prior to harvesting at 6-weeks
post-germination.

vTargeted LC-MS was done for assessing the isotopomer profile
of α-T in spinach at 6-weeks post-germination.
• Spinach α-T was extracted with hexane after saponification

and then analyzed on a Prominence UFLC–MS system.
• Separation was performed at 0.2 ml/min on a Kinetex C18

column (100 x 2.1 mm, 2.6 μm; Phenomenex) using 100%
methanol as the mobile phase.

• Detection was performed by single-ion monitoring after
negative ionization with a dual ion source at mass-to-charge
ratios (m/z) corresponding to unlabeled d0-α-T (429.4)
through d17-α-T (446.4).

va-T bioaccumulated ~5-times greater in spinach leaf tissue
compared with petiole tissue regardless of cooking (Table 1).

vIsotopomer studies indicated that 100% of α-T in spinach
was deuterium-labeled, and that 66% of all deuterated α-T
was hexa- (d6-) to deca- (d10)-deuterium labeled α-T (m/z,
435 to 439; Figure 2)

vThese findings indicate that deuterium-labeled spinach
is isotopically enriched in a manner suitable for clinical
bioavailability studies.

v α-T leaves are the most appropriate plant tissue for
use in these future human studies.

v Support provided by a grant to RSB from the
American Egg Board/Egg Nutrition Center
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Figure 2. Distribution of deuterium-α-tocopherol isotopomers 
in spinach leave; chemical structure of α-T is C29H50O2 and its 
monoisotopic mass is 430.381081 g/mol 

Table 1. Bioaccumulation of a-tocopherol in 100 grams of 
the raw and cooked leaf and petiole of spinach
Sample Mean (mg) SEM

Raw leaf (n=3) 2.02 0.13

Raw petiole (n=3) 0.37 0.04

P-value 0.004*

Cooked leaf (n=3) 2.15 0.29

Cooked petiole (n=3) 0.41 0.01

P-value 0.03*
Abbreviations: SEM, standard error of mean. 
*The independent sample t-test was used. Statistical significance was P < 0.05.
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