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2-O-(B-o-Glucopyranosyl)ascorbic Acid, a Novel Ascorbic Acid
Analogue Isolated from Lycium Fruit
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A novel stable precursor of ascorbic acid (vitamin C), 2-O-(3-b-glucopyranosyl)ascorbic acid, was
isolated from both the ripe fresh fruit and dried fruit of Lycium barbarum L., a plant of the Solanaceae
family. The chemical structure was inferred by instrumental analyses and confirmed by chemical
synthesis. The dried fruit of Lycium barbarum L. contained ca. 0.5% of it, which is comparable to the
ascorbic acid content of fresh lemons. It increased the blood ascorbic acid by oral administration to
rats, and it was also detected in blood from the portal vein.
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INTRODUCTION conditions. Following oral administration it is hydrolyzed by

a-glucosidases present in the digestive organs (saliva, intestinal
digestive juices, and the small intestinal tract) to generate active
ascorbic acid. It is also hydrolyzed at a moderate rate by

antioxidant and a catalyst of oxidatiemeduction reactions of )
the iron ion in cytochrome (1). Ascorbic acid is widely used enzymes present in the C(?" membrape of cultyred cells, whereby
the action of ascorbic acid is exhibited continuously.

as a nutrient in the pharmaceutical and cosmetic industries as Lve hi il | f the Sol family. i

well as a preservative on the basis of its antioxidant activity %C'!Jmﬁ Inenseli grﬁ_a planto J el 0 an?éeae arg!y, IS ;

(2). However, ascorbic acid is extremely unstable on exposure isted In the _anslent nnese medical text “Compendium o
Materia Medica”. The ripe fruit of this plant known dgcii

to light, heat, oxygen, and metal ions. Various attempts to ‘ dthe | K i foli d as food
modify the structure have been made in order to improve the rugtusan the leaves nown A olium are used as toods,
while the root, known alycii cortex radicis is used as a Chinese

stability and alter its physical properties. o . ;
It has been attempted to introduce substituents at the hydroxylherba_I mt()adlc_lne (8). Plants of _th@'_m_umsp_gmes are kl;l_own to d
groups of the 2,3-enediol, which is the unstable and antioxidizing contain betaine, carotene, nicotinic acid, zeaxanthin, and a
cerebroside (9) and exhibit hypoglycemic, antihypertensive,

moiety of ascorbic acid, to develop a more stable ascorbic acid,l_ oD d hepatic functi tocti focts. The ipotropi
which is easily able to cleave the bond(s) to generate active Ipotropic, and hepatic function-protecting efiects. The ipotropic
and hepatic function-protecting effects are attributed to betaine,

ascorbic acid in the body, known as “provitamin C”. For hich hvl d Al fh
examples, the B-sulfate B) and 20-phosphate4) have greatly which acts as a methyl group ondi). A plant extract of the .
Lyciumspecies has been reported to promote growth and lactic

enhanced stability compared to unmodified ascorbic acid and 4l production i b 2 (11
are known to be converted to ascorbic acid in vivo and by acid production In some “acterla( .)' . -
Some effects cited in “Compendium of Materia Medica

intracellular hydrolysis through the action of sulfatases or b lained by the k listed ab
phosphatases. These compounds are already used in cosmetiG@nnot be explained by the known components listed above,

and quasi-drugs. Stable forms of ascorbic acid that are glyco-SUCh as th_e ability to_benefit complexion anq ma”?tai” beauty,
sylated at the 2- or 3-hydroxyl groups are also known. For and antiaging properties. These effects ofltheiumfruits could

example, 20-(a-D-glucopyranosyl)ascorbic acid was produced be_ attributed to the aptions of ascorbic acid. Howeyer, no
by glucosyltransferas®), 2-O-(5-b-Galactopyranosyl)ascorbic evidence could be attained for the presence of ascorbic acid in
acid was obtained by gf.ilactosida@: @nd 30-(8-o-glucopy- either the fresh or dried fruit ofycium barbarumL. It was

ranosyl)ascorbic acid was also obtained by chemical synthesispmposed that a provitamin C cquld be present, and research
@) was consequently undertaken to isolate such a substance. Thus,

2-0-(a-p-Glucopyranosyl)ascorbic acid has been the most we carefully examined water-soluble fractions of the dried fruits,
thoroughly investigated of the three and is currently used in and found a new analogue of ascorbic acid)-g5-p-glucopy-

cosmetics and quasi-drugs and as a food additive in Japan. Théanosyl)ascorbic acid (1) (Figure 3).
a-glucoside is highly stable to acidic and various oxidative

The physiological roles of ascorbic acid are well established.
It is involved in collagen biosynthesis and is a biological

MATERIALS AND METHODS
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10.1021/jf035445w CCC: $27.50 © 2004 American Chemical Society
Published on Web 03/05/2004



2-O-(B-p-Glucopyranosyl)ascorbic Acid from Lycium Fruit

4.5

s
3.5
3L
2.5
27 1.0 M AcOH
1.5

#19-25 ¢

Absorbance at 280 nm

1

0.5

0
T 11 21 31 41 51 61 71 7 17 27 5 1525 35 10 20 30 40 50

Fraction No

Figure 1. Elution pattern of the extract of dried fruit of Lycium barbarum
L. on Dowex 1-X8 column chromatography.

chinenseéMiller harvested in Hebei in China) were imported by Shinwa
Bussan Co., Ltd.

Chemicals.Chemicals used were of reagent grade.

Animals. Guidelines from the Prime Minister’s Office of Japan (no.
6 of 27 March 1980) were followed for the care and use of laboratory
animals. Ten-week-old male Wistar rats were purchased from Nihon
Charles River Co.

Instrumentation. NMR ['H, 13C, double quantum filtered correlated
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with anhydrous MgS@® concentrated under reduced pressure, and
purified by silica gel chromatography (EtOAehexane 3:1) to obtain
1.1 g of 30-benzyl-5,60-isopropylideneascorbic acid,(39% yield).

A mixture of 3 (0.6 g, 2.0 mmol) and (2,3,4,6-tetra-O-acetybf}-
glucopyranosyl)carbonic acid 2,2,2-trichloroethyl esterZ.1 g, 4.0
mmol) was heated at 120130 °C to melting. Afte 3 h of reaction,
the reaction solution was purified by column chromatography (gradient
from 25% to 50% EtOAgi-hexane) to obtain 850 mg ofQ@-(2,3,4,6-
tetraO-acetylf-p-glucopyranosyl)-39-benzyl-5,60-isopropylidene-
ascorbic acidp (67% vyield).

Compound (850 mg, 1.3 mmol) was dissolved in EtOAc (40 mL),
10% Pd—C (200 mg) was added, and the mixture was stirred under
hydrogen atmosphere. After 2 h, the catalyst was filtered off and the
filtrate was concentrated to yield approximately 750 mg &-22,3,4,6-
tetra-O-acetyl{5-p-glucopyranosyl)-5,8-isopropylideneascorbic acid.

The debenzylated compound (500 mg, 0.9 mmol) was dissolved in
AcOH (5 mL), water (5 mL) was added, and the mixture was heated
at 50—60°C for 1.5 h while being stirred. After concentration of the
reaction solution, the residue obtained was extracted with EtOAc,
washed with water and then with saturated NacCl, dried with anhydrous
MgSQ,, and concentrated under reduced pressure, and then the residue
obtained was recrystallized from EtOAehexane to obtain 320 mg of
2-0-(2,3,4,6-tetra-O-acetyl-p-glucopyranosyl)ascorbic aci@,(48%
yield). IH NMR [0 (parts per million, ppm), DMSQ@}] 1.94—2.01
(12H), 3.42 (3H, m), 3.74.3 (4H, m), 4.75.1 (4H, m), 5.3-5.4 (2H,

m), 12.00 (1H, br s). FABMS (M+ H)* m/z507.

After 6 (300 mg, 0.6 mmol) was dissolved in MeOH (10 mL), a
solution of K,CO; (600 mg) in water (9 mL) was added and the mixture
was stirred for 30 min. The reaction solution was neutralized with IR-

spectroscopy (DQF-COSY), total correlation spectroscopy (TOCSY), 120 (H"), the resin was filtered off, and washing was performed with
heteronuclear single quantum coherence spectroscopy (HSQC), ant\ieOH and 50% aq MeOH. The filtrate and washing solution were

heteronuclear multiple bond correlation spectroscopy (HMBC)] were
recorded on a Bruker DRX 750 spectrometdd. NMR were also
recorded on a Bruker DRX 400 spectrometer. High-resolution mass

combined and concentrated, and then water was added and the mixture
was lyophilized to obtait as amorphous crystals (190 mg, 100% yield).
IH NMR [6 (ppm), D:O] 3.1-3.3 (4H, m), 3.4-3.5 (3H, m), 3.58 (1H,

and fast atom bombardment (FAB) mass spectra (negative and positived) 3.80 (1H, t), 4.61 (1H, d), 4.66 (1H, d). FABMS (M H)~ m/z
mode) were recorded on a JEOL JMS HX-110/110A spectrometer. The 337.

infrared spectrum was recorded on a Mattson FT-IR. High-performance

liquid chromatography (HPLC) for purification was performed with a
type 305 master pump equipped with a type 116 UV detector and FC-
203 type B fraction collector (Gilson). Analytical HPLC for measuring
the content ofl in plants and blood concentration of ascorbic acid and
1 were performed by a LC-10Ai System (Shimadzu Co., Ltd.).
Isolation and Purification of 1 from Lycium barbarumL. After
100 g of dried fruit of NingxiaLycium barbarumL. was pulverized
with a model TS-10M tablet pulverizer (Tosho Co., Ltd.), the material
was immersed in 800 mL of 30% EtOH at room temperature for 6

days, followed by filtration, concentration under reduced pressure, and

lyophilization to obtain 65.7 g of extract. A 1.94 g portion of the extract
was dissolved in distilled water to make 40 mL of the sample solution
(pH 4.5, electric conductivity 1.7 mS/cm). It was passed through a 1.5
x 12 cm Dowex 1-X8 column (acetate form,) at SV (space velocity)
= 1. It was then washed with 200 mL of distilled water and subjected
to linear gradient elution (100 mix 2) with 0—0.1 M acetic acid
(AcOH), subjected to linear gradient elution (100 mL2) with 0.1—

1.0 M AcOH, and then eluted with 1.0 M AcOH. The fractions were
monitored at 280 nm (Figure 1). Fractions-126 with 0.1-1.0 M
AcOH linear gradient elution were collected and lyophilized to give
26 mg of powder. A portion was further purified by HPLC. The
conditions were as follows. column, 4:6 250 mm i.d., 5um, ODS-
UG-5 (Nomura Chemical Co., Ltd.); mobile phase, 5% MeOH/20 mM
ammonium formate/5 mM di-n-butylamine acetate; flow rate, 0.5 mL/
min; detection wavelength, 254 nm; fractionation at 0.5 min increments.

Measurement of Content of 1 in Plants ofLycium Species.
Extracts obtained by immersing 3 g of different dry plants in a 10-fold
volume of 70% EtOH at room temperature for 7 days were diluted
10-fold with 1.5% metaphosphoric acid/5 M KOH (pH 3.5) and used
as test samples for identification of naturally occurrindprased on the
retention time of 2.63 min in analytical HPLC of chemically synthesized
1 (using a 4.6x 150 mm i.d., Sum Inertsil ODS-3 column (GL Science
Co., Ltd.), mobile phase 20% MeG+H20 mM H;PO,—5 mM tetra-n-
amylammonium bromide; flow rate 1.0 mL/min; column temperature
35 °C; detection wavelength 254 nm.

Intestinal Absorption of 1 in Rat. A solution of 1 in Milli-Q
ultrapure water (Millipore Corporation) (100 mg/4 mL) was orally
administered at a dose of 100 mg/kg by using a feeding tube to
overnight-starved and awake test ratsH 3). After 0, 0.5, 2, and 4 h,
heparinized blood samples were collected from the portal vein. Each
sample was separated by centrifugation (&)000 min), and after
addition of an equivalent of ice-cooled 10% metaphosphoric acid,
containing 40 mM deferoxamine mesylate, the mixture was centrifuged
(1000@, 10 min) to obtain protein-removed portal vein plasma, of
which the unchangetiand ascorbic acid concentrations were measured
by HPLC on a 4.6x 150 mm i.d., 5um Inertsil ODS-3 column (GL
Science Co., Ltd.), mobile phase 15% Me©H mM KH,POyJ/Hs-

PO, (pH 3.5)—5 mM tetran-amylammonium bromide; flow rate 0.3
mL/min; column temperature 3%C; detection wavelength 254 nm.

The fraction detected at 254 nm was concentrated under reducedRESULTS AND DISCUSSION

pressure and lyophilized to obtain a high-purity product, which was

analyzed by FAB mass spectrometry and NMR spectrometry.
Synthesis of 1.After 5,6-O-isopropylideneascorbic aci2l(2.0 g,

9.3 mmol) was dissolved in DMSO (20 mL), potassium carbonate (1.3

g, 9.4 mmol) and benzyl bromide (1.1 mL, 9.3 mmol) were added and

the mixture was stirred at 5 for 4 h. Water was added to the reaction

solution, which was then acidified with 1 N HCI, extracted with ethyl

Isolation and Purification of 1 from Lycium barbarumL.
The hot water extract of the dried fruity€ii fructus) from
Lycium barbarumL. was analyzed by HPLC to evaluate
ascorbic acid. UV detection (254 nm) revealed a peak that could
not be attributed to ascorbic acid. The extract was also found
to contain some organic acids such as citric, malonic, succinic,

acetate (EtOAc), washed with water and then with saturated NaCl, dried maleic, and lactic acids as well as glucose and fructose. From
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Figure 2. H NMR spectra from a 750 MHz NMR spectrometer. (A) Natural product isolated from fruit of Lycium barbarum L.; (B) synthetic product.
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Figure 3. Assignment of *H and 13C chemical shifts of the natural product.

—M—  Ascorbic Acid
—&—  2-O-(B-D-Glucopyranosylyascorbic Acid

2300
Ef
T 200 —F
g i_:
£ 100 B -
2 00
0 1 2 3 4 5

Time (h)
Figure 4. Time course of the blood concentration of 1 and vitamin C. An
agueous solution of 1 was orally administered at a dose of 100 mg/kg.
Data represent the mean + SD of three independent measurements.

Chemical Structure Determination of the Compound
Isolated from Dried Fruits of Lycium barbarum L. Mass
spectrometry revealed the (M H)~ peak atm/z337.1 in a
negative-ion FAB spectrum. On this basis it was speculated that
the molecular weight of this compound was 338, and high-
resolution mass spectrometry (HRMS) indicated the molecular
formula to be G;H1g011. Evidence from both TOCSY and
COSY H NMR spectra suggested that the molecule consisted
of a p-glucose moiety an@-glucoside linkage, based on the
coupling constant of the anomeric prota (4.85, d,J = 8.0
Hz), and K (6n 3.46, t,J = 9.1 Hz), respectively. ThiH NMR
spectrum is shown in Figure 2A.

The TOCSY and COSY spectra revealed that the aglycon
portion had a structural moiety of -CH-CH-GHoy 4.92, d,J
= 1.86 Hz;6H 4.03, dddJ = 1.86, 6.07, and 7.55 Hz; an,
3.46, 2H, respectively). The chemical shifts of the protons led
to the proposal that the carbons were directly bound to oxygen
atoms. The infrared spectrum showed carbonyl stretching bands
at 1681, 1600, and 1366 crhand hydroxyl stretching bands
at 3350 and 2955 cm. On the basis of this evidence, the
aglycon moiety was proposed to be ascorbic acid. The NMR
spectra of this moiety are very similar to those of ascorbic acid
calcium salt hydrate.

the results, we undertook to isolate the substance detected at Following identification of ascorbic acid as the aglycon

254 nm from the extract.

moiety, it was necessary to establish the position in which

The extract was chromatographed on the anion-exchange resirascorbic acid was bound tglucose. The HMBC spectrum
Dowex 1-X8 eluted with ag AcOH and monitored at 280 nm confirmed the bond position, as a correlation between the
(Figure 1) to isolate the substance detected at 280 nm. The UV-anomeric protondy 4.85) of b-glucose and the carbon in the

detected fractions were eluted by a linear gradient of-Q.0
M AcOH and collected in 1.4% vyield. A quantity was

2-position of ascorbic acidd¢ 117.3) was evident. Therefore,
the structure was proposed to be02({5-p-glucopyranosyl)-

subsequently purified by HPLC and the product was analyzed ascorbic acidl. The chemical shifts of bottH NMR and!3C

to elucidate the chemical structure.

NMR were assigned as shown in Figure 3.
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Figure 5. Synthesis of 2-O-(3-p-glucopyranosyl)ascorbic acid (1).

Synthesis of 2-O-8-p-Glucopyranosyl)ascorbic Acid (1).
Confirmation of the structure of was achieved by chemical
synthesis of the natural product as shown in Figure 5.

The intermediat® was synthesized in the following manner.
Specifically, commercially availabl2 was selectively benzy-
lated at the 3-hydroxyl position by a known methd®), to
produce3. The compoun@ as the aglycon was reacted with
(13) by heating at 12630 °C without a solvent to obtain the
condensed produch. According to KomuraX3), 2 in which
both the 2- and 3-hydroxyl group are free was glycosylated with
4 under the same condition to generate th®-gtucoside, not
the 2-O-glucoside because the 3-hydroxyl grouf @ more

and in cytoplasmic form in hepatic and renal tissue)(
o-Glucosidase is widely distributed in the digestive organs,
where it presumably hydrolyzed Q-(a-D-glucopyranosyl)-
ascorbic acid to ascorbic acid on oral uptake. Yamamoto et al.
(15) describes that only ascorbic acid is detected in the blood
in an experiment with oral administration ofC{o.-pD-glucopy-
ranosyl)ascorbic acid to rats, thus suggesting that instead of
activation bya-glucosidase, which is widely distributed in the
body, hydrolysis and activation df by -glucosidase, which
is less widely distributed, would be more advantageous in terms
of the transport into tissues and long-lasting action.

As shown in Figure 4, the unchangédand the metabolite

acidic and reactive than the 2-hydroxyl group. The benzyl group (ascorbic acid) were found to be present in maximum amounts
of 5 was removed by ordinary hydrogenolysis in the presence at 30 min in blood after oral administration @fto rats. The

of Pd—C, followed by deisopropylidenation with ag AcOH at
50 °C to obtain6. Compound6 was treated with KCOs to

result indicates that it can be absorbed in unchanged form
through the intestinal tract. On the other hand, as mentioned

remove the acetyl groups, and then the reaction solution wasabove, 2-O-(ae-glucopyranosyl)ascorbic acid is not detected

neutralized with a cation-exchange resin, IR-120"XHThe
neutralized solution was lyophilized to obtdin

Chemical Structure Confirmation of the Isolated Product
by Synthetic 1. Synthetic1 was confirmed by NMR and
negative-ion FAB in/z337). ThelH NMR spectrum ofl as
well as other NMR spectra (data not shown) proved identical
to that of the isolated natural product, as shown in Figure 2.
Thus, the natural product lnyciumfruit was confirmed as -
(B-p-glucopyranosyl)ascorbic acid.

Measurement of Content of 1 in a Plant ofLycium Species.
A peak corresponding tbwas found in extracts dycii fructus
(dried fruit) from NeimonggolLycium barbarumL., Hebei
Lycium chinenseéMiller, and Ningxia Lycium barbarumL.,
although it was not detected in either ledfc{i folium) and
root (lycii cortex radicis). It was also not found in other plants

in blood on oral administration, therefore it is almost completely
hydrolyzed in the digestive organs to exist in blood as ascorbic
acid. Thus,1 existing in blood could migrate into the tissue,
and then it is more likely activated to ascorbic acid in the tissues
and cells.

1 was contained in dried fruits dfycium barbarumL. in
about 0.5%, and in fresh fruits in 0:0.3%, which is
comparable to the ascorbic acid content of fresh lemons. Some
of the healthy effects of fresh fruits or dried fruits bycium
species may originate frorh.

ACKNOWLEDGMENT

We are grateful to Dr. Takashi lwashita (Suntory Institute for
Bioorganic Research) for helpful discussion for NMR data.

of the Solanaceae family such as green pepper and tomato, nor
other fruits such as barbados cherry, lemon, camu-camu, S€3 | TERATURE CITED

buckthorn, and grapefruit, which contain plenty of ascorbic acid.
Therefore,1 was localized only in fruit of thé.yciumspecies.

1 might be synthesized and accumulated in the fruit. The content
of 1 of each extract was analyzed by use of the calibration curve

obtained from chemically synthesized by HPLC. As the

results, the contents in the extracts were determined to be from

0.86% to 1.2% in all of them, that is, the content in dried fruits
is about 0.5%.

Intestinal Absorption of 1 in Rats. It is a question whether
1is useful as a provitamin C or ngt-Glucosidase is known to

be present in membrane-bound form in small intestine tissue

(1) Myer, Y. P.; Kumar, S. Ascorbate reduction of horse heart
cytochromec. J. Biol. Chem.1984,259, 8144—8150.

(2) Feature/Functions and applications of vitaminF€agrance J.
1997,25(3), 7—93.

(3) Mead, C. G.; Finamore, F. J. The occurrence of ascorbic acid
sulfate in the brine shrimpirtemia salina Biochemistry1969,

8, 2652—2655.

(4) Nomura, H.; Ishiguro, T.; Morimoto, S. Studies on L-ascorbic
acid derivatives. 3. Bis(L-ascorbic acid-3hosphate and
L-ascorbic acid 2-phospha@&hem. Pharm. Bulll969 17, 387—
393.



2096 J. Agric. Food Chem., Vol. 52, No. 7, 2004

(5) Yamamoto, I.; Muto, N.; Nagata, E.; Nakamura, T.; Suzuki, Y.
Formation of a stable L-ascorbic acid alpha-glucoside by
mammalian alpha-glucosidase-catalyzed transglucosyl&ion.
chim. Biophys. Actd990,1035, 44-50.

(6) Shimono, Y.; Hattori, N.; Donpo, M. Japanese Patent. H6-
263790, 1994.

(7) Sato, T.; Miyadaka, H. Japanese Patent. S58-198498, 1983.

(8) Nanba, T. InGensyoku Wakanyaku ZukHhustrated Compen-
dium of Oriental Drugs]; Hoikusya: Osaka, Japan, 1980.

(9) Kim, S.Y.; Lee, E. J.; Kim, H. P.; Kim, Y. C.; Moon, A.; Kim,

Y. C. A novel cerebroside from lycii fructus preserves the hepatic

glutathione redox system in primary cultures of rat hepatocytes.

Biol. Pharm. Bull.1999,22, 873—875.

(10) Kajimoto, Y.; Kurokawa, S. Pharmacological study on compo-
nents ofLycium chinens#iller (in Japanese)rolia Pharmacol.
Japon.1960,56, 151.

(11) Nishiyama, R. Studies on components of Kukizyum chinense
Miller). Part lll. Growth effect for lactic acid bacteria by the
components of KukoNihon Syokuhin Kogyo Gakkaish965,
12, 313—318 (Chem. Abstt965,64, 20530b.)

Toyoda-Ono et al.

(12) Kato, K.; Terao, S.; Shimamoto, N.; Hirata, M. Studies on
scavengers of active oxygen species. 1. Synthesis and biological
activity of 2-O-alkylascorbic acidsJ. Med. Chem1988 31,
793-798.

(13) Komura, H. Ph.D. Thesis, Tokyo Institute of Technology, 1977.

(14) Day, A. J.; DuPont, M. S.; Ridley, S.; Rhodes, M.; Rhodes, M.
J.; Morgan, M. R.; Williamson, G. Deglycosylation of flavonoid
and isoflavonoid glycosides by human small intestine and liver
beta-glucosidase activit}-EBS Lett.1998,436, 71-75.

(15) Yamamoto, |.; Suga, S.; Mitoh, Y.; Tanaka, M.; Muto, N.
Antiscorbutic activity of L-ascorbic acid 2-glucoside and its
availability as a vitamin C supplement in normal rats and guinea
pigs.J. Pharmacobio-Dyn1990,13, 688—695.

Received for review December 10, 2003. Revised manuscript received
February 2, 2004. Accepted February 2, 2004.

JF035445W



