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�-Tocopheryl disaccharides such as �-gentiobioside, �-
maltoside, �-cellobioside, �-lactoside, �-melibioside, and �-
isomaltoside were synthesized by biological and chemical gly-
cosylation, and their inhibitory effects on superoxide generation
from rat neutrophils were examined.

�-Tocopherol (vitamin E), which has been known as an es-
sential nutrient for reproduction since 1922,1 is well documented
for its antioxidant property, specifically against lipid peroxida-
tion in biological membranes.2 Recently, �-tocopherol has at-
tracted considerable attention clinically because of its potential
to be a very useful drug, and has been widely studied for its anti-
aging, anticancer, antiatherosclerosis, and anticarcinogenesis ef-
fects.3 Irrespective of such pharmacological activities, the use of
�-tocopherol as a drug is limited because of its water-insolubil-
ity and low absorbability after oral administration. Glycosylation
allows the conversion of water-insoluble and unstable organic
compounds into the corresponding water-soluble and stable ones
to improve their bioavailability and pharmacological properties.
Several attempts to synthesize �-tocopheryl glycosides, water-
soluble vitamin E derivatives, by chemical glycosylation have
been made, and some �-tocopheryl glycosides such as glucoside
and mannoside have been reported to exhibit antiallergic activ-
ity.4 On the other hand, there is evidence that superoxide anion
(O2

�), which is generated primarily through the activation of the
plasma membrane-bound NADPH–oxidase system, is responsi-
ble for allergic reactions, and antiallergic drugs such as epinas-
tine and mequitazine have been reported to inhibit O2

� genera-
tion.5 However, there are no reports on the inhibitory effects of
�-tocopheryl glycosides on O2

� generation. We report, herein,
the synthesis of �-tocopheryl glycosides by either biological
or chemical glycosylation, and the effect of �-tocopheryl glyco-
sides on the O2

� generation from rat neutrophils.
A total of 1mmol of �-tocopherol (1, RRR form, purchased

from Sigma-Aldrich Co.) was administered to ten 300-mL-con-
ical flasks (0.1mmol/flask) containing the suspension cultured
cells of N. tabacum (fresh weight 50 g) and MS medium
(100mL, pH 5.7),6 and the cultures were incubated at 25 �C
for 5 days on a rotary shaker (120 rpm). After the incubation pe-
riod, the cells were harvested and extracted (�3) by homogeni-
zation with MeOH and the extract was concentrated. The residue
was partitioned between H2O and EtOAc. The H2O layer was
applied to a Diaion HP-20 column and the column was washed
with H2O followed by elution with MeOH. The MeOH eluate
was subjected to HPLC [column: YMC-Pack R&D ODS column
(150� 30mm); solvent: MeOH–H2O (9:11, v/v); detection: UV

(280 nm); flow rate: 1.0mL/min] to give two glycoside prod-
ucts. The isolated yield of the products was calculated on the
basis of the peak area from HPLC using the calibration curves
prepared by the HPLC analyses of authentic glycosides. The
structure of the products7 was identified using HR-FAB-MS,
1H and 13CNMR, H–H COSY, and C–H COSY as �-tocopheryl
glucoside (2, 30%) and �-tocopheryl gentiobioside (3, 7%).

�-Tocopheryl glycosides, including �-maltoside 4, �-cello-
bioside 5, �-lactoside 6, �-melibioside 7, and �-isomaltoside 8,
were prepared by chemical syntheses in the presence of 1,1,3,3-
tetramethylguanizine. A typical procedure is as follows. Hepta-
O-acetyl-�-D-maltosyl fluoride was prepared from octaacetylat-
ed maltoside and hydrogen fluoride by modification of Noyori’s
method8 in 86% yield. Under a nitrogen atmosphere, BF3.OEt2
was added to a mixture of hepta-O-acetyl-�-D-maltosyl fluoride
(1.5mmol), �-tocopherol (1mmol), and 1,1,3,3-tetramethyl-
guanidine (3mmol) in acetonitrile (20mL) at room temperature.
After the mixture had been stirred for 2 h, saturated aqueous
sodium hydrogen carbonate was added. Organic materials
were extracted twice with ethyl acetate, washed with saturated
aqueous potassium hydrogen surfonate and brine, dried, and
concentrated. The residue was chromatographed on silica gel
to give �-tocopheryl hepta-O-acetyl-�-D-maltoside in 60%
yield. Deacetylation of �-tocopheryl hepta-O-acetyl-�-D-malto-
side with 3% potassium carbonate in methanol afforded �-toco-
pheryl �-maltoside (4) (total yield, 51%). The other glycosides,
i.e., �-cellobioside (5, total yield, 55%), �-lactoside (6, 68%),
�-melibioside (7, 65%), and �-isomaltoside (8, 69%), were
prepared by the same procedure.

Some of �-tocopheryl glycosides exhibited strong suppres-
sive action on IgE formation, e.g., the inhibitory action of glyco-

Table 1. Suppressive action of �-tocopheryl glycosides on IgE
formation

Compound IgE levela

2 195
3 337
4 358
5 369
6 377
7 170
8 228

Hydrocortisone 341
aThe results were expressed as average of plasma
IgE level of 5 rats administered a total of 10mg/
kg of each test compound.
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sides 2, 7, and 8 was much stronger than that of hydrocortisone
(Table 1).9 Next, inhibition on the O2

� generation from rat neu-
trophils using cypridina luciferin analog-dependent chemilumi-
nescence as a probe was examined.10,11 As a result, �-tocopheryl
glycosides 2–8 showed inhibitory effects on fMLP-induced O2

�

generation from rat neutrophils (Table 2). Particularly, �-gluco-
side 2, �-melibioside 7, and �-isomaltoside 8 exhibited signifi-
cant inhibitory activity for O2

� generation.
This is the first description of synthesis of �-tocopheryl �-

gentiobioside by biological glycosylation with N. tabacum and
syntheses of �-tocopheryl �-melibioside and �-isomaltoside
by chemical glycosylation. It was found, for the first time, that
�-tocopheryl glycosides show strong inhibitory effect on O2

�

generation. The �-tocopheryl glycosides, water-soluble vitamin
E derivatives, obtained here can be of pharmacological interest
and importance as potential antiallergic agents.
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Table 2. Inhibitory action of �-tocopheryl glycosides on the
O2

� generation from rat neutrophils

Compound %Inhibitiona

2 60
3 22
4 15
5 15
6 14
7 66
8 41

Mequitazine 58
a%Inhibition ¼ ½ðPc � PtÞ=Pc� � 100, where Pt

and Pc are the photon count of sample solutions
with and without the test compound.
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