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This study was performed to evaluate the antioxidant and a-glucosidase inhibitory effects from the
extract, fractions, and isolated compounds of sea buckthorn leaves. Six compounds, kaempferol-3-
O-f-p-(6"-O-coumaryl) glycoside, 1-feruloyl-5-p-glucopyranoside, isorhamnetin-3-O-glucoside, quercetin
3-O-f3-p-glucopyranoside, quercetin 3-O-f-p-glucopyranosyl-7-O-a-L-rthamnopyranoside, and isorhamnetin-3-
O-rutinoside, were isolated from sea buckthorn leaf extracts. The butanol fraction (ECso = 1.81 ug/
mL) along with quercetin 3-O-3-p-glucopyranoside (ECso = 1.86 ug/mL) had a higher DPPH radical-
scavenging activity and showed stronger reducing power (ODzqo = 1.83 and 1.78, respectively). The
butanol fraction (477 mg GAE/g) contained the highest amount of phenolic compounds and also
the most powerful a-glucosidase inhibitory effect (86%) at 5 ug/mL. The results indicate that sea
buckthorn leaf extracts could potentially be used for food additives and the development of useful
natural compounds.
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INTRODUCTION

Some studies have revealed that fruits and vegetables are
protective against certain forms of cancer (/). The dietary intake
of flavonoids from fruits and vegetables has also been shown to be
inversely related to coronary heart disease mortality (2). A
consequence of peroxidation of human low-density lipoprotein
(LDL) by reactive oxygen species (ROS) could result in these
atherosclerotic diseases (3). Numerous theoretical premises and
experimental studies on the phenolic compounds can perform
protective functions that inhibit the oxidative damage of LDL (4).
Antioxidant compounds may function as free radical scavengers,
complexing agents for pro-oxidant metals, reducing agents, and
quenchers of singlet oxygen formation (5). Because of their
antioxidant characters, antioxidants are important in the preven-
tion of human diseases. However, synthetic antioxidants (e.g.,
butylated hydroxyanisole (BHA) and butylated hydroxytoluene
(BHT)) can cause lung damage (BHT) or promote the action of
some carcinogens (BHA) (6). Therefore, research on natural
antioxidants has been shown to play an important role in disease
prevention.

Interest in glucosidase inhibitors is growing because the number
of diabetes mellitus (DM) cases has been increasing worldwide in
recent years. DM is a metabolic disorder characterized by eleva-
ted blood glucose levels with disturbance of carbohydrate, fat,
and protein metabolism resulting from defects in insulin secre-
tion, insulin action, or both (7). One of the strategies to monitor
blood glucose for type-2 DM is to either inhibit or reduce

*Corresponding author (phone + 82-33-250-6413; fax +82-33-253-
6413; email: kimmjo@kangwon.ac.kr).

pubs.acs.org/JAFC Published on Web 12/13/2010

production of glucose from the small intestine (§8). Acting as a
key enzyme for carbohydrate digestion, intestinal a-glucosidase is
one of the glucosidases located at the epithelium of the small
intestine. a-Glucosidase has been recognized as a therapeutic
target for modulation of postprandial hyperglycemia, which is the
earliest metabolic abnormality to occur in type-2 DM (9). Several
natural o-glucosidase inhibitors including acarbose, voglibose,
and miglitol are clinically used (/0). Thus, natural products of
great structural diversity are still a good source for searching for
such inhibitors, thereby motivating us to explore biologically
active compounds from sea buckthorn (Hippophae rhamnoides).
Sea buckthorn is a deciduous shrub cultivated mainly in
Europe and Asia for use in various life-saving drugs and health
tonics (/7). For example, extracts of sea buckthorn branches and
leaves were historically administered to humans and animals to
treat gastrointestinal distress in Mongolia (/2). Sea buckthorn
berries have high levels of vitamin C, vitamin E, carotenoids,
carbohydrates, proteins, organic acids, dietary minerals, -sitos-
terol, and polyphenolic acids (/3). Extracts of sea buckthorn
berries have antioxidative (/4), antitumoric (/5), anticarcino-
genic (/6), chemoprotective (/7), and nutritional effects (/8).
Many studies have shown that this medicinal plant possesses
antioxidant and o-glucosidase inhibitory activities and protects
the human body against both cellular oxidative reaction and
diabetes (19, 30). However, a detailed pharmacological screen-
ing of sea buckthorn leaf extract, fractions, and isolated
bioactive compounds has not been reported. The aim of the
present study was to isolate and identify of sea buckthorn
phenolic compound and to investigate the biological activities
in vitro, which included antioxidant and o-glucosidase inhibitory
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activity from sea buckthorn leaf extract, fractions, and isolated
compounds.

MATERIALS AND METHODS

General. 'H and *C NMR spectra were obtained using DPX 400 and
AVANCE 600 (Bruker) NMR spectrometers. UV spectra were measured
with a V-530 spectrophotometer (Jasco Co., Japan).

Chemicals. o-Tocopherol, BHA, BHT, 1,1-diphenyl-2-picrylhydrazyl
(DPPH), 4-nitrophenyl-o-p-glucopyranoside (pNPG), a-glucosidase (EC
3.2.1.20), linoleic acid, and Folin— Ciocalteu reagent were obtained from Sigma
Chemical Co. (St. Louis, MO). All reagents were of analytical grade or better.

Extraction and Isolation of Bioactive Compounds. Sea buckthorn
leaves were supplied by Samsung Herb Medicine Co. (Chuncheon,
Korea). The samples were dried at room temperature and then ground
into a powder using a blender. The air-dried, powdered sea buckthorn
leaves (800 g) were extracted with methanol at room temperature. The
solution was filtered, evaporated under reduced pressure, and lyophilized.
The lyophilized sample was dissolved in small amounts of water and then was
further partitioned with organic solvents to yield n-hexane, n-butanol (BuOH;
water saturated), and aqueous fractions. The solvent fractions were assayed
before separation of additional chromatographic subfractions.

The BuOH fraction (20 g) was separated on a silica gel column (400 g,
5 x 50 cm) by stepwise gradient elution with CHCl;/MeOH (9:1, 7:1, 5:1,
2:1, and 1:1) to yield five subfractions (fractions 1—5). Fraction 4 was
again separated on silica gel by elution with water-saturated EtOAc/
MeOH (15:1) to give five subfractions (fractions 4-1—4-5). Compound 1
(44 mg) was separated from fraction 4-1 by silica gel column chromatog-
raphy using water-saturated EtOAc/MeOH (15:1). Fraction 4-2 was again
separated on silica gel by elution with CHCl;/MeOH (7:1) to yield six
subfractions (fractions 4-2-1—4-2-6). Fraction 4-2-4 was subjected to ODS
gel chromatography by elution with 60% MeOH to yield two subfractions
(fractions 4-2-4-1—4-2-4-2). Fraction 4-2-4-1 was recrystallized from 60%
MeOH to give compound 2 (48.7 mg). Fraction 4-2-4-2 was then separated
on silica gel by elution with CHCl;/MeOH/AcOH (7:1:0.1) to give
compound 3 (10 mg). Fraction 4-2-6 was subjected once more to ODS
gel chromatography by elution with 40% MeOH to give compound 4
(36.4 mg). Fraction 4-4 was chromatographed on a 40 g silica gel RediSep
column (Isco Co., Lincoln, NE) with CHCl;/MeOH/H,O (40:10:0.5) to
yield two subfractions (fractions 4-4-1—4-4-5). Fraction 4-4-4 was purified
by silica gel chromatography (43 g RediSep column, silica, 40% MeOH) to
give compounds 5 (63.5 mg) and 6 (39 mg).

Scavenging of DPPH Free Radical. The free radical scavenging
activity was measured by DPPH assay. The 5 mL assay mixture contained
3.98 mL of methanol, 20 uL of extract, and 1 mL of DPPH (0.15 mM in
methanol). After incubation at room temperature for 30 min, the
absorbance was measured at 517 nm using a spectrophotometer (V-530,
Jasco Co., Japan). Ascorbic acid, BHA, BHT, and a-tocopherol were used
as reference compounds. Data were processed using Excel, and the
concentration of tested sample required to reduce the initial free radical
concentration by 50% (ECsg) was calculated. Percent inhibition of
DPPH was calculated by using the following equation: % inhibition =
(1 = AbSgampie/AbSconirol) X 100, where Absg,mpe is the absorbance of the
experimental sample and Abs.y, o 18 the absorbance of the control. The
experiment was performed in triplicate.

Determination of Reducing Power. The reducing power of the
sample was determined by using the Oyaizu method (20) with some
modifications. Different concentrations of sample were mixed with 0.5 mL
of 0.2 M sodium phosphate buffer (pH 6.6) and 0.5 mL of 1% potassium
ferricyanide (w/v), followed by incubation at 50 °C for 20 min. After
incubation, 2.5 mL of 10% trichloroacetic acid (w/v) was added to the
mixture, followed by centrifugation at 650 rpm for 10 min. The upper layer
(0.5 mL) was mixed with 0.5 mL of deionized water and 0.1 mL of 0.1%
ferric chloride (w/v). The absorbance of the resultant solution was
measured at 700 nm. Ascorbic acid, a-tocopherol, BHA, and BHT were
used as reference compounds. The experiment was performed in triplicate.

Determination of Total Phenol Content. Total phenolic content was
measured using the Folin—Ciocalteu assay (27). Briefly, 0.1 mL of sample
and 50 uL of 2 N Folin—Ciocalteu reagent were added to a 5 mL
volumetric flask. The solutions were mixed and allowed to stand for
3—5 min at room temperature. Next, 0.3 mL of a 20% sodium carbonate
solution was added. Solutions were mixed and kept aside for 15 min.
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Finally, 1 mL of distilled water was added and the absorbance measured at
725 nm. The total phenolic content of the sample was determined by
comparing the optical density of the sample with those of different
concentrations of gallic acid, a standard phenolic compound. Analysis
for each sample was performed in triplicate, and values for total phenolic
content are expressed in milligrams of gallic acid equivalent (GAE) per
gram of samples.

Determination of Antilipid Peroxidative Activity. Antilipid perox-
idative activity was determined by using the FTC method in a linoleic acid
emulsion (22) with some modifications. The reaction medium contained
0.02 mL of sample (10 mg/mL), 0.2 mL of 2.51% linoleic acid in ethanol,
0.4 mL of 0.04 M potassium phosphate buffer (pH 7.0), and 0.38 mL of
distilled water. The solution (I mL) was mixed and incubated for 24 h at
70 °C in darkness. The same reaction medium without sample was used as the
control sample. Synthetic antioxidants (BHA and a-tocopherol) at identical
concentrations were used for comparison. A 0.05 mL aliquot of the mixture
was diluted with 2.85 mL of 75% ethanol, followed by the addition of
0.05 mL of 30% ammonium thiocyanate (w/v) and 0.05 mL of 20 mM of
ferrous chloride in 3.5% HCI. The absorbance of the red color of the test
solution was measured at 500 nm. The experiment was performed in triplicate.

The TBA assay is a measure of antioxidant activity based upon the
reaction of TBA with malonaldehyde, an aldehyde product produced by
lipid peroxidation. The sample solution was prepared and incubated as
described above. One milliliter of 20% trichloroacetic acid (TCA) and
1 mL of 0.67% TBA solution were added to 0.5 mL of the sample mixture
prepared for the FTC method. This mixture was placed in a heating block
(95°C) for 10 min and was centrifuged at 3000 rpm for 20 min after cooling
to room temperature. Antioxidant activity was based on the absorbance of
the supernatant at 532 nm after the FTC method. The experiment was
performed in triplicate.

Inhibition of o-Glucosidase. o-Glucosidase (50 uL, 0.5 U/mL) and
0.2 M potassium phosphate buffer (pH 6.8, 50 uL) were mixed with test
sample (50 uL; 10, 50, and 100 ppm). After incubation at 37 °C for 15 min,
3 mM pNPG (100 uL) was added. The reaction was incubated again at
37 °C for 10 min and then stopped by the addition of 0.1 M Na,COs;
(750 uL). The absorption of 4-nitrophenol was measured at 405 nm. The
reaction mixture without sample was used as a control, and the mixture
without substrate was used as a blank. The experiment was performed in
triplicate. The percent inhibition of a-glucosidase was calculated as
[1 - (Abssample - Absblank)/Abscomrol] X 100, where Abssample represents
the absorbance of the experimental sample, Absy, represents the
absorbance of the blank, and Abs.no represents the absorbance of the
control. The experiment was performed in triplicate.

RESULTS AND DISCUSSION

Identification of Isolated Compounds and Quantitative Analysis
of Individual Phenolic Compounds. We separated the BuOH
fraction of sea buckthorn leaf extract by silica gel and ODS gel
chromatography, yielding six compounds (Figure 1; Table 1—3).
The "H and "*C NMR spectra of Com-1 indicated the presence of
kaempferol glycoside (Tables 1 and 2). Chemical shifts of H-6 and
H-8 at g 6.13 and 6.30 (each 1H, d, J = 1.96 Hz), respectively,
and C-2 at ¢ 158.41 showed that sugar was attached to the C-3
position of Com-1 (22, 23). Furthermore, two aromatic doublets
atoy 6.82and 7.30 (each 2H, J = 8.54 Hz) along with two olefinic
doublets at oy 6.07 and 7.40 (each 1H, J = 15.94 Hz) suggest the
presence of a coumaroyl moiety of Com-1. These results allowed
us to establish kaempferol-3-0-3-p-(6"-0O-coumaryl) glycoside as
the structure of Com-1 by comparison of the spectral data with
literature values (24). '"H NMR spectrum of Com-2 (Table 1)
showed three aromatic protons at oy 6.82 (1H, d, J = 8.23 Hz),
7.09 (1H, dd, J = 1.93,8.23 Hz), and 7.19 (1H, d, / = 1.93 Hz),
two olefinic protons at 0y 6.40 and 7.72 (each 1H, J = 15.91 Hz),
amethoxyl at oy 3.88 (3H, s), and an anomeric proton at 0y 5.59
(1H, d, J = 7.85 Hz). '>*C NMR (Table 2) showed a carbonyl
carbon at d¢ 167.75. These data showed that 1-feruloyl-5-p-
glucopyranoside was the structure of Com-2 (25). The "H and '*C
NMR spectra of Com-3 and Com-6 showed ishorhamnetin
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Compounds R Ri R Chemical name

Com-1 Kaempferol-3-O-F-p-(6"-O-coumaryl)glycoside

Com-2 1-Feruloyl-f-p-glucopyranoside

Com-3 H CH; H Isorhamnetin-3-O-glucoside

Com-4 H H H Quercetin 3-0- f-p-glucopyranoside

Com-5 Rham H H Quercetin 3-0-F-p-glucopyranosyl-7-O- a-1 -rhamnopyranoside

Com-6 H CH3; Rham Isorhamnetin-3-O-rutinoside

Glc, glucose; Rham, rhamnose
Figure 1. Chemical structures of phenolic glucosides isolated from the leaf extracts of Hijppophae rhamnoides.
Table 1. "H NMR Data for Compounds 1, 2, 3, 5, and 6 (400 MHz, MeOH-d)
6 of 'H (J, Hz)
no. Com-1 Com-2 Com-3 Com-5 Com-6

2 7.19(d,1.93)
5 6.82(d, 8.23)
6 6.13(d, 1.96) 7.09(dd, 1.93,8.23) 6.22 (brs) 6.46 (d,2.07) 6.16(d, 1.21)
7 6.40(d, 15.91)
8 6.30(d, 1.96) 7.72(d, 15.91) 6.42 (brs) 6.85(d, 2.07) 6.35(d, 1.21)
2 7.99(d, 8.88) 7.95(d, 1.27) 7.96(d, 2.00) 7.92 (d,1.72)
3 6.79(d, 8.82)
5 6.79(d, 8.82) 6.93(d, 8.39) 6.93(d, 8.48) 6.88(d, 8.38)
6’ 7.99(d, 8.88) 7.61(dd, 1.27,8.39) 7.57 (dd, 2.00, 8.48) 7.58(dd, 1.72,8.38)
21" 7.30(d, 8.54)
3" 6.82(d, 8.54)
5" 6.82(d, 8.54)
6" 7.30(d, 8.54)
7" 6.07 (d, 15.94)
8" 7.40(d, 15.94)
-OCH, 3.88(s) 3.97(s) 3.92(s)
5-OH 12.6(s)
glucosyl anomeric H 5.25(d,7.27) 5.59(d, 7.85) 5.42(d,7.12) 5.58 (d,7.52) 5.21(d,7.33)
rhamnosyl anomeric H 5.57 (s) 4.52(s)
rhamnosyl CHs 1.12(d,6.15)

glycosides (Tables 1 and 2). The "H NMR spectrum of Com-3
showed an anomeric proton at dy 5.42 (1H, d, J = 7.12 Hz),
whereas Com-6 showed two anomeric protons at oy 5.21 (1H, d,
J = 7.52 Hz) and 4.52 (1H, s). From the '*C NMR signals of the
C-2 positions at dc 158.54 and 158.79, we found that the sugar
units of two compounds were attached to the C-3 position. The
terminal sugar of Com-6 was determined to be rhamnose by the
low-field chemical shift of glucose C-6 methylene at d¢ 68.94 (23).
These data allowed us to establish isorhamnetin-3-0-glucoside
and isorhamnetin-3-O-rutinoside as the structures of Com-3 and
Com-6, respectively, by comparison of spectral data with litera-
ture values (26, 29). The 'H and '*C NMR spectra of Com-4 and
Com-5 showed quercetin glycosides (Tables 1—3). The 'H NMR
spectrum of Com-4 showed H-6 and H-8 signals at oy 6.22 and
6.44 (each 1H, br s), respectively, and an anomeric proton at dy
542 (1H, d, J = 7.12 Hz), whereas Com-5 showed H-6 and H-8
signalsat 0y 6.46 and 6.85 (each 1H, d, J = 2.07 Hz), respectively,
and two anomeric protons at oy 5.58 (1H, d, J = 7.12 Hz) and
5.57 (1H, s), respectively. The *C NMR spectra of the C-2

positions of Com-4 and Com-5 exhibited at dc 158.49 and 158.79,
respectively. These data suggest that Com-4 had one sugar attach-
ment site, whereas Com-5 had two sugar attachment sites (22, 23).
Confirmation of each sugar attachment site of Com-5 was per-
formed by HMBC spectroscopy. These data allowed us to
establish quercetin-3-O-f-p-glucoside and quercetin-3-O-f-D-
glucopyranosyl-7-O-a-L-thamnopyranoside as the structures of
Com-4 and Com-5, respectively, by comparison of the spectral
data with literature values (27, 28). Although these isolated
compounds were previously reported, Com-1 and Com-2 were
isolated from sea buckthorn leaves for the first time.

The UPLC analyses for the quantitative determination of
Com-1—6 in sea buckthorn leaves were carried out by peak
assignment of the retention times and UV—vis spectra. Among
these compounds, Com-1 showed the highest content in sea
buckthorn leaves. The Com-1 content of the samples was 6.8 +
0.3 mg/g of extract, whereas the other phenolic compounds
(i.e., Com-2—6) ranged in content from 1.8 to 6.1 mg/g of extract
(data not shown).
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Table2. "3C NMR Data for Compounds 1,2, 3,5, and 6 (400 MHz, MeOH-d})
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Table 3. 'H and '3C NMR Data for Compound 4 (400 MHz, DMSO-dg)

o of °C
no. Com-1 Com-2 Com-3 Com-5 Com-6
1 127.53
2 158.41 111.83 158.54 156.34 158.79
3 135.23 149.37 135.32 133.62 135.92
4 179.44 150.93 177.99 177.94 179.66
5 162.98 114.72 161.7 161.23 163.3
6 99.99 124.4 100.06 98.66 100.38
7 165.92 148.27 165.11 161.94 166.37
8 94.85 116.54 94.85 94.95 95.38
9 159.35 167.75 158.63 157.17 159.19
10 105.62 105.67 106.03 106.07
1 122.73 95.78 123.13 121.27 123.33
2 132.25 74.04 114.38 113.8 114.96
3 116.06 78.02 148.43 147.3 148.64
4 161.55 71.09 150.89 149.98 151.21
5 116.06 78.78 116.02 115.58 116.48
6’ 132.25 62.35 123.83 122.64 124.38
1" 103.98 103.67
2" 75.75 75.94
3 75.82 781
4" 71.34 71.51
5 78.01 78.57
6" 64.34 62.55
17 127.11
2" 131.22
3" 116.8
4 161.21
5 116.8
6" 131.22
7" 146.58
8" 114.75
9" 168.83
—0OCH; 56.47 56.78 57.17
rhmanosyl CH, 18.32
Glc-1 101.91 104.96
-2 74.68 76.35
-3 76.76 77.72
-4 70.18 72.44
-5 77.86 78.55
-6 60.96 68.94
Rham-1 99.74 102.93
-2 70.43 72.47
-3 70.59 72.69
-4 71.95 74.26
-5 70.18 70.19
6 18.28

Total Phenolic Content and Antioxidant Activity. To investigate
the antioxidant activities of sea buckthorn leaves, we extracted
phenolic compounds using methanol and analyzed the total
phenolic content (Table 4). The total phenolic content ranged
from 48 to 477 mg GAE/g. Total phenolic contents were determined
to be in the following order: BuOH fraction (477 mg GAE/g) >
methanolic extract (190 mg GAE/g) > aqueous fraction (173 mg
GAE/g) > hexane fraction (48 mg GAE/g). Polyphenolic con-
stituents in the BuOH fractions of sea buckthorn leaves most
likely therefore contributed to their high antioxidant activities
(DPPH free radical scavenging activity and reducing power
activity).

The methanolic extract, the fractions, and isolated compounds
of sea buckthorn leaves altogether displayed various free radical
scavenging activities (Table 5). The BuOH fraction (ECsy = 1.81
ug/mL) along with Com-4 (ECsy = 1.86 ug/mL) had high free
radical scavenging activities. The DPPH free radical scavenging
activities of isolated compounds were in the following order:

no. H 15C

2 158.49
3 135.64
4 179.5
5 163.07
6 6.19(d, 1.77) 99.95
7 166.17
8 6.38(d, 1.77) 94.77
9 159.02
10 105.68
12 116.03
13 145.94
14 149.89
15 117.58
16 123.23
2 7.71 (d,1.89)

5 6.87(d, 8.43) 123.09
6’ 7.58(dd, 1.89, 8.43) 104.34
7 75.76
8 78.14
9 71.23
10’ 78.42
1" 62.57
anomeric H 5.25(d, 7.47)

Table 4. Total Phenolic Content of the Leaf Extracts from Hippophae
rhamnoides

sample TPC? (mg GAE/g)
HR-ex (methanolic extract) 190+3
HR-H (n-hexane fraction) 48+6
HR-B (n-BuOH fraction) 477+7

HB-W (aqueous fraction) 173+12

@Total phenol content analyzed as gallic acid equivalent (GAE) mg/g of extract
and fractions; values are the mean =+ standard derivation of triplicates.

Table 5. DPPH Free Radical Scavenging Activity of Extract, Fractions, and
Isolated Compounds from Hippophae rhamnoides

sample ECso” (1g/mL)
HR-ex (methanolic extract) 5.04 £0.47
HR-H (n-hexane fraction) 30.19+0.36
HR-B (n-BuOH fraction) 1.814+0.26
HB-W (aqueous fraction) 5.40+0.65
Com-1 (kaempferol-3-O-f3-p-(6''-O-coumaryl)glycoside) 532+1.24
Com-2 (1-feruloyl-3-p-glucopyranoside) 13.79 £0.06
Com-3 (isorhamnetin-3-O-glucoside) 159.20 4+ 12.33
Com-4 (quercetin 3-O-/3-p-glucopyranoside) 1.86 +0.22
Com-5 (quercetin 3-O-f3-p-glucopyranosyl-7-O-o.-L- 59.83+6.09

rhamnopyranoside)

Com-6 (isorhamnetin-3-O-rutinoside) 87.194+9.70
BHA (butylated hydroxyanisole) 417 +0.56
BHT (butylated hydroxytoluene) 44.88 +3.85
AsA (ascorbic acid) 1.214+0.03
vitamin E (o-tocopherol) 3.294+0.37

@ Amount required for 50% reduction of DPPH after 30 min. Each value is the
mean =+ standard derivation of triplicate tests.

Com-4 (ECsy = 1.86 ug/mL) > Com-1(ECsy = 5.32 ug/mL) >
Com-2 (ECsy = 13.79 ug/mL) > Com-5 (ECsy = 59.83 ug/mL) >
Com-6 (ECsy = 87.19 ug/mL) > Com-3 (ECsy = 159.20 ug/mL).
Com-4 contains 2,3-double bonds in conjugation with a 4-oxo
group in the C-ring as well as an o-dihydroxyl (catechol) group in
the B-ring. Com-4 demonstrated higher free radical scavenging
activity, consistent with Cai et al. (37), who studied the relation-
ship between structure and free radical scavenging activity for
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Figure 2. Reducing power of extract, fractions, and isolated compounds
from Hippophae rhamnoides. For abbreviations, see Table 5.

many phenolic compounds. For Com-3 and Com-4, there were
many differences in free radical scavenging activity produced by
methylation of the 3’-hydroxyl group of the B-ring. The free
radical scavenging activity was increased by the presence of a
hydroxyl group at C-3 (32), but was decreased upon glycolation
as compared to the data in a previous study (33) (isorhamnetin
(ECsp = 5.7 ug/mL) vs isorhamnetin-3-O-glucoside (ECsy =
159.20 ug/mL) or isorhamnetin-3-O-rutinoside (EC5, = 87.19
ug/mL)). In addition, the BuOH fraction (ECsy = 1.81 ug/mL),
which contained the highest level of phenolic compounds, like-
wise showed a free radical scavenging activity about 24.8-fold
higher than that of the BHT (ECsy = 44.88 ug/mL) positive
control (Table 5). These findings agreed with the model that
phenolic compounds act as reducing agents, hydrogen donors,
and singlet-oxygen quenchers during antioxidant mechanisms (34).

Reducing power was tested by colorimetric assay at 700 nm
(Figure 2). Increasing the sample concentration resulted in the
increase of ferric reducing antioxidant activity for all samples
tested. The BuOH fraction (OD5qy = 1.83) along with Com-4
(OD799 = 1.78) showed higher activity than a-tocopherol (OD7qy =
0.84) or BHT (OD7yy = 0.72), but did not exhibit higher anti-
oxidant activity than that of BHA (ODqy = 1.97) and ascorbic
acid (OD7op = 2.03). The hexane fraction, along with Com-3,
Com-5, and Com-6, showed a moderate degree of reducing
power. Therefore, the polyphenols present in the sea buckthorn
leaves could act as reductor by donating electrons to free radicals
and terminating the free radical mediated chain reaction.

The antioxidant activities of the extracts were measured by the
FTC method, in comparison with the commercial antioxidants
BHT and o-tocopherol. Low absorbance values measured via
FTC method reflect high antioxidant activity. Figure 3A shows
changes in absorbance for each sample during 24 h of incubation
at 70 °C. Autoxidation of the linoleic acid emulsions of control, a-
tocopherol, aqueous fraction, Com-1, Com-4, Com-5, and Com-
6 was accompanied by a rapid increase in peroxide levels. In
contrast, the significantly lower absorbances of methanolic ex-
tract, hexane fraction, BuOH fraction, and BHT indicated an
increased antioxidant activity. Nonetheless, isolated compounds
showed some degree of antilipid peroxidative activity. The order
of increasing antioxidant activity for the isolated compounds
was as follows: Com-2 > Com-4 > Com-6 > Com-5 > Com-1
(Figure 3A).

The FTC method measures the production of peroxide at the
initial stages of linoleic acid oxidation, whereas the TBA method
is used to estimate the production of secondary products such as
aldehydes, ketones, etc. (35). During the oxidation of a linoleic
acid emulsion, peroxides are gradually decomposed to lower
molecular weight compounds such as malonaldehyde, which
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Figure 3. Antioxidative activity of extract, fractions, and isolated com-
pounds from Hippophae rhamnoides as determined by the ferric thiocya-
nate (A) and thiobarbituric acid methods (B). N.C., negative control. For
abbreviations, see Table 5.

can be measured by TBA method. The results obtained were
similar to that of the FTC method (Figure 3B).

o-Glucosidase Inhibitory Effect. The inhibition of a-glucosi-
dase was measured by using the substrate 4-nitrophenyl-o-p-
glucopyranose. The BuOH fraction (86%) was the most effective
inhibitor at a concentration of 5 ug/mL, followed by Com-1
(78%), methanolic extract (76%), and hexane fraction (70%)
(Figure 4). The BuOH fraction showed an o-glucosidase inhibi-
tory effect similar to that of the known a-glucosidase inhibitor
acarbose (ICsy = 2.1 ug/mL), but the other samples showed
effects lower than that of the positive control (not shown).
Among the six isolated compounds, Com-1 had the highest
o-glucosidase inhibitory effect, which was in the following
order: Com-1 > Com-6 > Com-3 > Com-2 > Com-4 > Com-5.
Although the 3'.4'-dihydroxylated double bond between C2 and
C3 in the C-ring showed high a-glucosidase inhibitory activ-
ity (32), Com-4 and Com-5 showed low values of inhibitory rate
due to glycolation. As seen in Table 5, the BuOH fraction
contained the highest level of phenolic compounds and also the
highest a-glucosidase inhibitory activity. In our previous paper,
Rhus verniciflua methanolic extract along with the EtOAc and
BuOH fractions had high phenolic contents and high a-glucosi-
dase inhibitory activities (32). This suggests that high phenolic
content in the BuOH fraction from sea buckthorn may contribute
to the a-glucosidase inhibition.

In conclusion, six active components from sea buckthorn leaf
extract were isolated (kaempferol-3-0-3-p-(6""-O-coumaryl) gly-
coside, 1-feruloyl-3-p-glucopyranoside, isorhamnetin-3-O-gluco-
side, quercetin 3-O-f-p-glucopyranoside, quercetin 3-O-f-D-
glucopyranosyl-7-O-a-L-thamnopyranoside, and isorhamnetin-
3-O-rutinoside). Among the six isolated compounds, quercetin
3-0-f3-p-glucopyranoside showed the highest free radical scaven-
ging activity and kaempferol-3-O-f3-p-(6"-O-coumaryl) glycoside
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Figure 4. Dose-dependent changes in a-glucosidase inhibition for extract, fractions, and isolated compounds from Hippophae rhamnoides. For abbreviations,

see Table 5.

had the highest a-glucosidase inhibitory activity. It is concluded
that sea buckthorn leaf extracts could potentially be used for food
additives and the development of useful natural compounds.

ABBREVIATIONS USED

DM, diabetes mellitus ; DPPH, 1,1-diphenyl-2-picrylhydrazyl,
FTC, ferric thiocyanate; HR, Hippophae rhamnoides; LDL, low-
density lipoprotein; ROS, reactive oxygen species; TBA, thiobar-
bituric acid.

LITERATURE CITED

(1) Block, G.; Patterson, B.; Subar, A. Fruit, vegetables, and cancer
prevention: a review of the epidemiological evidence. Nutr. Cancer
1992, 78, 1-29.

(2) Rosch, D.; Bergmann, M.; Knorr, D.; Kroh, L. W. Structure-
antioxidant efficiency relationships of phenolic compounds and their
contribution to the antioxidant activity of sea buckthorn juice.
J. Agric. Food Chem. 2003, 51, 4233—4239.

(3) Steinberg, D.; Parthasarathy, S.; Carew, T. E.; Khoo, J. C.; Witztum,
J. L. Beyond cholesterol. Modifications of low-density lipoprotein
that increase its atherogenicity. N. Engl. J. Med. 1989, 320,915—924.

(4) Teissedre, P. L.; Frankel, E. N.; Waterhouse, A. L.; Peleg, H.;
German, J. B. Inhibition of in vitro human LDL oxidation by
phenolic antioxidants from grapes and wines. J. Sci. Food Agric.
1996, 70, 55—61.

(5) Parsaeimehr, A.; Sargsyan, E.; Javidnia, K. A comparative study of
the antibacterial, antifungal and antioxidant activity and total
content of phenolic compounds of cell cultures and wild plants of
three endemic species of Ephedra. Molecules 2010, 15, 1668—1678.

(6) Hocman, G. Chemoprevention of cancer: phenolic antioxidants
(BHT, BHA). Int. J. Biochem. 1988, 20, 639—651.

(7) World Health Organisation. Definition, Diagnosis and Classification
of Diabetes Mellitus and its Complications. Part 1: Diagnosis and
Classification of Diabetes Mellitus; Department of Noncommunicable
Disease Surveillance, WHO: Geneva, Switzerland, 1999; pp 1-59.

(8) Lee, S. S.; Lin, H. C.; Chen, C. K. Acylated flavonol monorhamno-
sides, a-glucosidase inhibitors, from Machilus philippinensis. Phyto-
chemistry 2008, 69, 2347—2353.

(9) Yao, Y.; Sang, W.; Zhou, M.; Ren, G. Antioxidant and a-glucosi-
dase inhibitory activity of colored grains in China. J. Agric. Food
Chem. 2010, 58, 770—774.

(10) Scott, L. J.; Spencer, C. M. Miglitol — a review of its therapeutic
potential in type 2 diabetes mellitus. Drugs 2000, 59, 521—549.

(11) Dhyani, D.; Maikhuri, R. K.; Rao, K. S.; Kumar, L.; Purohit, V. K.;
Sundriyal, M.; Saxena, K. G. Basic nutritional attributes of Hippo-
phae rhamnoides (sea buckthorn) populations from Uttarakhand
Himalaya, India. Curr. Sci. 2007, 92, 1148—1152.

(12) Zeb, A. Important therapeutic uses of sea buckthorn (Hippophae): a
review. J. Biol. Sci. 2004, 4, 687—693.

(13) Kallio, H.; Yang, B.; Peippo, P. Effects of different origins and
harvesting time on vitamin C, tocopherols, and tocotrienols in sea
buckthorn (Hippophaé rhamnoides) berries. J. Agric. Food Chem.
2002, 50, 6136—6142.

(14) Rosch, D.; Krumbein, A.; Kroh, L. W. Antioxidant gallocatechins,
dimeric and trimeric proanthocyanidins from sea buckthorn
(Hippophaé rhamnoides) pomace. Eur. Food Res. Technol. 2004,
219, 605—613.

(15) Yasukawa, K.; Kitanaka, S.; Kawata, K.; Goto, K. Anti-tumor
promoters phenolics and triterpenoid from Hippophae rhamnoides.
Fitoterapia 2009, 80, 164—167.

(16) Zeb, A. Anticarcinogenic potential of lipids from Hippophae —
evidence from the recent literature. Asian Pac. J. Cancer Prev.
2006, 7, 32—35.

(17) Padmavathi, B.; Upreti, M.; Singh, V.; Rao, A. R.; Singh, R. P.;
Rath, P. C. Chemoprevention by Hippophae rhamnoides: effects on
tumorigenesis, phase Il and antioxidant enzymes, and IRF-1 tran-
scription factor. Nutr. Cancer 2005, 51, 59—67.

(18) Sabir, S. M.; Magsood, H.; Hayat, I.; Khan, M. Q.; Khaliq, A.
Elemental and nutritional analysis of sea buckthorn (Hippophae
rhamnoides ssp. turkestanica) berries of Pakistani origin. J. Med.
Food 2005, 8, 518—522.

(19) Sabu, M. C.; Kuttan, R. Anti-diabetic activity of medicinal plants
and its relationship with their antioxidant property. J. Ethnopharmacol.
2002, 81, 155—60.

(20) Oyaizu, M. Studies on products of browning reactions: antioxidative
activities of products of browning reaction prepared from glucosa-
mine. Jpn. J. Nutr. 1986, 44, 307—315.

(21) Singleton, V. L.; Rossi, J. A., Jr. Colorimetry of total phenolics with
phosphomolybdic—phosphotungstic acid reagents. Am. J. Enol. Vitic.
1965, 16, 144—158.

(22) Mabry, T. J.; Markham, K. R.; Thomas, M. B. The Systematic
Identification of Falvonoids; Springer-Verlag: Berlin, Germany, 1970.

(23) Agrawal, P. K. Carbon-13 NMR of Flavonoids; Elsevier: Amsterdam,
The Netherlands, 1989.



144  J. Agric. Food Chem., Vol. 59, No. 1, 2011

(24) Haraguchi, H.; Hashimoto, K.; Yagi, A. Antioxidative substances in
leaves of Polygonum hydropiper. J. Agric. Food Chem. 1992, 40,
1349—1351.

(25) Wu, T.; Abdulla, R.; Yang, Y.; Aisa, H. A. Flavonoids from
Gossypium hirsutum flowers. Chem. Nat. Compd. 2008, 44, 370—372.

(26) Miyake, Y.; Mochizuki, M.; Okada, M.; Hiramitsu, M.; Morimitsu,
Y.; Osawa, T. Isolation of antioxidative phenolic glucosides from
lemon juice and their suppressive effect on the expression of blood
adhesion molecules. Biosci., Biotechnol., Biochem. 2007, 71, 1911—
1919.

(27) Kang, S. S.; Choi, J. S.; Woo, W. S.; Chi, H. J. Isorhamnetin
glycosides from the leaves of Typha latifolia. Kor. J. Pharmacogn.
1983, 74, 137—139.

(28) Iwashina, T.; Omori, Y.; Kitajima, J.; Akiyama, S.; Suzuki, T.;
Ohba, H. Flavonoids in translucent bracts of the Himalayan Rheum
nobile (Polygonaceae) as ultraviolet shields. J. Plant Res. 2004, 117,
101-107.

(29) Akhov, L.; Barl, B. Isolation of quercetin glycosides from leaves of
sea buckthorn (Hippophae rhamnoides ssp. mongolica). Acta Hortic.
2002, 626, 384—395.

(30) Fukunaga, T.; Kazikawa, I.; Nishiya, K.; Watanabe, Y.; Takeya, K.;
Itokawa, H. Studies on the constituents of the European mistletoe,
Viscum album L. Chem. Pharm. Bull. 1987, 35, 3292—3297.

Kim et al.

(31) Cai, Y. Z.; Sun, M.; Xing, J.; Luo, Q.; Corke, H. Structure—radical
scavenging activity relationships of phenolic compounds from
traditional Chinese medicinal plants. Life Sci. 2005, 78, 2872—2888.

(32) Kim, J. S.; Kwon, Y. S.; Chun, W. J.; Kim, T. Y.; Sun, J.; Yu, C. Y ;
Kim, M. J. Rhus verniciflua Stokes flavonoid extracts have anti-
oxidant, anti-microbial and a-glucosidase inhibitory effect. Food
Chem. 2010, 120, 539—543.

(33) Pengfei, L.; Tiansheng, D.; Xianglin, H.; Jianguo, W. Antioxidant
properties of isolated isorhamnetin from the sea buckthorn marc.
Plant Foods Hum. Nutr. 2009, 64, 141—145.

(34) Kang, K. A.; Zhang, R.; Piao, M. J.; Park, S.; Park, J.; Kim, J. S.;
Kang, S. S.; Hyun, J. W. Screening of antioxidant and anticancer
effects from flavonoids. Cancer Prev. Res. 2006, 11, 235—239.

(35) Farag, R. S.; Badei, A. Z. M. A.; Hawed, F. M.; El-Baroty, G. S. A.
Antioxidant activity of some spice essential oils on linoleic acid
oxidation in aqueous media. J. Am. Oil Chem. Soc. 1989, 66,
793—799.

Received for review August 12, 2010. Revised manuscript received
November 21, 2010. Accepted November 21, 2010. This work was
supported by the Oriental Bioherb Research Institute, Kangwon
National University, Korea.



