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Antioxidative Activity of Flavonoids Isolated from Jindalrae
Flowers (Rhododendron mucronulatum Turcz.)
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Abstract . Seven antioxidative flavonoids were isolated from Jindalrae flowers (Rhododendron mucronulatum
Turcz), an edible plant in Korea. These compounds were identified as afzelin, ampelopsin, catechin, myricetin,
myricitrin, quercetin and quercitrin on the basis of IR, UV, FAB-MS, 'H NMR, and “C NMR data. These
compounds weére consisted of two flavonols, three flavonol glycosides, a flavane, and a dihydroflavonol. The
flavonol glycosides (144 g) present in both ethyl ether and ethyl acetate fractions comprised up to 82% of
their total flavonoid amount (17.6 g) finally recovered by means of polyamide C-200 column chromatography,
preparative TLC, recrystallization, and Sephadex LH-20 column chromatography. The antioxidant activities were
measured in an ethanol solution of linoleic acid in the presence of ferric thiocyanate. The antioxidant efficiency
increased in the order of afzelin<a-tocopherol<catechin<quercitrin<quercetin<myricitrin <ampelopsin<myrice-

tin(Received May 16, 1996; accepted June 21, 1996).

Introduction

A large number of plants, which have been used as
food and medicine in Asia, often based on the traditional
prescriptions in literature, have been supplying spices,
beverages and medicines to the other parts of the world.
Many of flavonoids and their related compounds produ-
ced by these plants, have been important sources for
the development of many modern medicines. Flavonoids
are widely distributed in edible plants, primarily in the
form of flavonol glycosides.” It has been estimated that
humans consuming high fruit and vegetable content diets
ingest up to 1 g of these compounds daily.?

Jindalrae flowers and their leaves have long been
known to have high pharmacological potency such as
tonic, diuretic and stomachic in Chinese medicine.*® For
this reason, Jindalrae flowers have also been used for
raw materials of colorful Korean traditional dishes.®
Home-made Jindalrae flower wine showed a significant
antioxidative activity in an i vitro fatty acid peroxidation
assay, so that we have started in an investigation conce-
rning antioxidants.

Although many of the flavonoids and their related co-
mpounds isolated from the flowers of the other members
of Rhododendron were already investigated,®™® no inves-
tigation has been made on flavonoids of Jindalrae flo-
wers. In the course of our investigation on antioxidative
constituents, we isolated and characterized seven flavo-

noids as antioxidative principles in Jindalrae flowers.
Materials and Methods

General procedure and materials

Melting points were measured on a Buchi 535 melting
point apparatus and are uncorrected. IR spectra were
recorded on a JASCO FT/IR-5000. 'H and “C Nuclear
magnetic resonance (NMR) spectra were measured 500
and 125 MHz, respectively, on a Bruker AM-500. Fast
atom bombardment mass spectrometry (FAB-MS) was
carried out with a VG ZAB-2F and electrospray mass
spectrometry (ES-MS) on a VG Quattro-BQ. UV/visible
spectra were recorded on a Shimadzu UV-2100.

Fresh Jindalrae flowers were collected at Tongyoung,
Kyoungsangnam-do, Korea, in April 1993. Solvents for
extraction and shift reagents for UV measurement, and
polyamide C-200 for column chromatography were pur-
chased from Wako Pure Chemical Industries Ltd. (Osaka,
Japan) and then a-tocopherol, ammonium thiocyanate,
and linoleic acid from Aldrich Chemical Company (Mil-
waukee, WI, USA). Catechin, myricetin and quercetin
were obtained from Roth (Karlsruhe, Germany) and
quercitrin from Sigma Chemical Company (St. Louis,
MO, USA).

Extraction and Isolation
Jindalrae flowers (205 kg) were extracted twice with
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40 L of 80% MeOH and of 50% MeOH at room tempe-
rature, respectively. The aqueous methanol extracts were
combined and concentrated under the reduced pressure
to remove most of MeOH. The remaining aqueous solu-
tion was successively partitioned with n-hexane, ethyl
ether and ethyl acetate, resulting in four fractions of
differing polarity, namely, n-hexane (0.12 g), ethyl ether
(812 g), ethy! acetate (41 g), and water fraction (245.92 g).

Total of the ethyl ether fraction was adsorbed onto
polyamide C-200 (45X50 cm) and continuously eluted
by using a gradient of 45~100% MeOH in toluene to
provide six fractions: A (45% MeOH), B (50% MeOH),
C (65% MeOH), D (75% MeOH), E (85% MeOH) and
F (100% MeOH). These fractions were spotted on TLC
plates precoated with silica gel 60 Fu (particle size, 250
um, Merck). The plates were developed with a chloro-
form/methanol/acetic acid (80/20/1) or a ethyl acetate/
methyl ethyl ketone/formic acid/water/benzene mixture
(40/30/10/10/20) and then completely air-dried in a draft
chamber. Flavonoid zones (compound 1 from F, 2 from
E, 3 from C, 4 from D and E, 5 from E, 6 and 7
from E) separated on the plates were detected under
UV light (350 nm) without and with ammonia vapour
(UV/NH,) and subsequently scraped off with a spatula.
Each scraped-off zone (UV : dark purple, UV/NHj; : yellow
fluorescence) was placed in a 300 m/ round bottom flask
containing an adequate amount of MeOH and gently
heated for 20 min, occasionally swirling it. Subsequently,
the hot mixture was filtered on a Buchner funnel, follo-
wed by washing with MeOH. The resulting filtrate was
subsequently concentrated to one-third of its original vo-
lumn #n vacuo with a rotary evaporator and precipitated
by adding a small amount of nonpolar solvent such as
chloroform, followed by filtration on a Buchner funnel.
The precipitate was washed with cold-methanol, followed
by purification on a column packed with Sephadex LH-
20 (3X25 cm, Pharmacia Biotech, Sweden).

8.2 g portions of the ethyl acetate fraction were app-
lied to five of the numbered polyamide C-200 columns
(4.5X50 cm). The columns were eluted stepwise with
distilled water, 20% MeOH, 40% MeOH, 60% MeOH,
80% MeOH, and 100% MeOH and then by using a gra-
dient of 20~100% benzene in MeOH to provide five
fractions : A-1 (20% benzene : compound 4, 5 and 6),
B-1 (40% benzene : compound 4 and 5), C-1 (60% ben-
zene), D-1 (80% benzene) and E-1 (100% benzene). Each
separated fraction was evaporated i vacuo, followed by
purification with a preparative TLC, recrystallization, and
Sephadex LH-20 column chromatography as same me-
thods mentioned above.

Antioxidative Assay in Solution
The antioxidative activities of n-hexane, ethyl ether

and ethyl acetate extracts, and seven purified flavonoids
were tested by ferric thiocyanate assay according to Na-
katani ef I Each sample dissolved in 120 u/ of ethanol
was added to a reaction mixture in a screw-cap test
tube. Each reaction mixture consisted of 2.88 m/ of 2.51
% linoleic acid in ethanol and 9 m/ of 40 mM phosphate
buffer (pH 7.0). The known natural antioxidant, a-toco-
pherol, was used as a comparative standard to evaluate
the antioxidative activity of each sample. The test tube
was covered with aluminum foil to eliminate the influe-
nce of the light upon the lipid peroxidation and then
placed in an incubator at 40C. At daily intervals during
an incubation period, a 0.1 m/ aliquot of the mixture
was diluted with 9.7 m/ of 75% ethanol, followed by
addition of 0.1 m/ of 30% ammonium thiocyanate. Preci-
sely 3 min after the addition of 0.1 m/ of 20 mM ferrous
chloride in 3.5% hydrochloric acid to the reaction mix-
ture, the absorbance was measured at 500 nm.

Results and Discussion

Structural Analysis of Compounds 1~7.

Physicochemical properties of seven compounds isola-
ted from Jindalrae flowers were as follows.

Compound 1 (06 @ : Yellow crystal; mp 317~318%;
FAB-MS m/z 303 [M+H]". The other spectral data
were identical with those reported on the literature.!"?
The original spectra and physical data are available from
the corresponding author upon request.

Compound 2 (04 g : Light-yellow crystal; mp 324C
(dec); IR v¥ cm™! 3314 (OH), 1660 (>C=0), 1595
(conjugated diene), 1552 (phenyl), 1519, 1455, 1225 (C-
0-0), 834; UV A0 nm 254, 272 (sh), 301 (sh), 373;
(+NaOMe) 284 (sh), 325, 423 (dec.); (+AICly) 235 (sh),
269, 456; (+AICIL+HCY) 265, 310 (sh), 358 (sh), 432;
(+NaOAc) 254 (sh), 267, 324 (sh), 383; (+NaOAc+H,
BO,) 259, 295 (sh), 389; FAB-MS m/z 319 [M+H]*;
'H NMR (CD;OD) & 7.35 (2H, s, H-2' & H-6), 6.37 (1H,
d, J=18, H-8), 618 (1H, 4, J=17, H-6); *C NMR (CDs
OD) & 1483 (s, C-2), 1372 (s, C-3), 1775 (s, C-4), 1584
(s, C-5), 995 d, C-6), 1658 (s, C-7), 4.7 (d, C-8), 162.7
s, C-9), 1048 (s, C-10), 1234 (s, C-1), 1088 (@, C-2'
& C-6), 1470 (s, C-3' & C-H"), 1376 (s, C4).

Compound 3 (16 g): Yellow needle; mp 172~174C;
IR v cm™! 3413 (OH), 1652 (>C=0), 1604 (conjuga-
ted diene), 1584 (phenyl), 1440 (rhamnosyl CHs), 1256
(ether), 831; UV AMOH nm 265, 337; (+NaOMe) 273,
327, 389; (+AICl) 273, 302, 346, 396; (+ AlCl;+HCI)
274, 300, 341, 392; (+NaOAc) 270, 290 (sh), 353; (+
NaOAc+H3BOs) 265, 350; FAB-MS m/z 433 [M+H]*;
'H NMR (CD,OD) & 7.78 (2H, d, /=85, H-2' & H-6)),
695 (2H, 4, J=87, H-3' & H-5), 640 (1H, 4, /=19,
H-8), 622 (1H, 4, /=18, H-6), 540 (1H, 4, /=17, H-
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1"), 428 (1H, dd, J=17, 32, H-2"), 3.75 (1H, dd, J=3.2,
9.3, H-3"), 3.38~334 (2H, m, H4" & H-5"), 096 (3H,
d, J=6.1, H-6"); BC NMR (CD;OD) 8 159.0 (s, C-2), 1364
(s, C-3), 1799 (s, C-4), 163.2 (s, C-5), 996 d, C-6), 1652
(s, C-7), 95.1 (s, C-8), 1596 (s, C-9), 1064 (s, C-10), 123.2
(s, C-1), 1320 @, C-2' & C-6), 1168 d, C-3 & C-5"),
1619 (s, C4"), 1035 d, C-1M), 735 d, C-2"), 725 (,
C-3"), 723 d, C4"), 696 (d, C5"), 179 (g, C-6").

Compound 4 (7.6 g): Pale-yellow powder; mp 240T
(dec); IR vE cm™! 3457 (OH), 1656 (>C=0), 1608
(conjugated diene), 1508 (phenyl), 1458 (rhamnosyl CHa),
1065 (ether), 837; UV AMQH nm 256, 265 (sh), 320 (sh),
352; (+NaOMe) 271, 327, 397; (+AICly) 272, 295 (sh),
422; (+AICl;+HCD) 267, 291 (sh), 355, 400; (+NaOAc)
269, 326, 365; (+NaOA-+H3BO;) 260, 278 (sh), 369;
FAB-MS m/z 449 [M+H]*; 'H NMR (CD;0OD) & 7.37
(1H, 4, J=19, H-2", 7.34 (1H, dd, J=19, 83, H-6), 694
(1H, 4, J=83, H-5"), 638 (1H, 4, J=1.7, H-8), 6.22 (1H,
d, J=17, H-6), 539 (1H, d, /=17, H-1"), 426 (H, dd,
J=17, 32, H-2"), 3.75 (1H, dd, /=32, 9.3, H-3"), 345~3.
44 (1H, m, H4"), 3.39~3.35 (1H, m, H-5"), 098 (3H,
d, ]=59, H-6"); C NMR (CD:OD) & 158.1 (s, C-2), 136.5
(s, C-3), 1794 (s, C-4), 1629 (s, C-5), 1005 d, C-6), 165.7
(s, C-7), 954 (d, C-8), 158.7 (s, C-9), 106.1 (s, C-10), 1224
s, C-1), 1167 d, C-2"), 1468 (s, C-3), 149.0 (s, C4",
1172 d, C-5'), 1224 d, C-6"), 1038 d, C-1"), 723 W,
C-2"), 724 (d, C-3"), 736 d, C4", 720 d, C-5), 180
g C-€".

Compound 5 (5.2 g): Pale-yellow powder; mp 270T
(dec); IR v cm™! 3400 (OH), 1666 (>C=0), 1606
(conjugated diene), 1500 (phenyl), 1460 (rhamnosyl CHj),
1066 (ether), 837; UV AMOH nm 258, 325 (sh), 353;
(+NaOMe) 267, 325, 398; (+AICly) 267, 285 (sh), 426;
(+AIC,+HCl) 270, 290 (sh), 398; (+NaOAc) 270, 325,
392; (+NaOAc+H;3;BOs) 258, 296 (sh), 389; FAB-MS m/z
465 [M+H]*; '"H NMR (CDsOD) § 7.16 (2H, s, H-2'
& H6'), 639 (1H, 4, /=19, H-8), 623 (1H, 4, J=19,
H-6), 535 (1H, 4, /=17, H-1"), 425 (1H, 44, J]=17, 3.2,
H-2"), 374 (1H, dd, J=32, 93, H-3"), 339~3.34 (2H,
m, H4” & H-5"), 099 (3H, 4, J=6.0, H-6"); “C NMR
(CD:0D) & 1588 (s, C-2 & C-9), 1365 (s, C-3), 1799
(s, C4), 1635 (s, C-5), 999 d, C-6), 166.3 s, C-7), 95.0
d, C-8), 106.1 (s, C-10), 1214 (s, C-1), 1099 d, C-2'
& C6'), 1472 (s, C-3' & C-5'), 1365 (s, C-4"), 1038 (d,
C-1M, 723 (d, C-2"), 724 d, C-3"), 737 @, C-4"), 722
@, C-5"), 173 (g, C-6".

Compound 6 (2.0 g): Greenish-yellow powder; mp
173~175C; IR v cm™' 3411 (OH), 1612 (alkene),
1515 (phenyl), 1460 (methylene), 1021, 832; UV A Y04

nm 280; FAB-MS m/z 291 [M+H]*; 'H NMR (CD;OD) .

6 686 (1H, 4, /=18, H-2"), 679 (1H, dd, ]=16, 81,
H-6), 674 (1H, d, J=82, H-5), 596 (1H, 4, =21, H-
8), 588 (1H, d, /=21, H-6), 459 (1H, d, =75, H-2),

399 (1H, ddd, ]=54, 75, 82, H-3), 2.87 (1H, dd, J=54,
16.1, H4(ax)), 253 (1H, dd, J=82, 16.1, H-4(eq@); BC
NMR (CD;OD) & 83.1 (d, C-2), 690 (d, C-3), 287 ¢, C-
4), 1578 (s, C-5), 966 (d, C-6), 157.1 (s, C-7), 958 (d,
C-8), 1580 (s, C-9), 101.1 (s, C-10), 1324 (s, C-1"), 1155
d, C-2), 1465 (s, C3' & C4'), 1164 d, C-5), 1204
d, C6).

Compound 7 (0.2 g :Needles; mp 245~246C; IR
vE cm™! 3300 (OH), 1650 (>C=0), 1480 (methylene),
1170 (C-CO-C), 1090 (C-O-C), 830 (phenyl); UV ) ¥e0H
nm 291, 330 (sh); (+NaOMe) 246 (sh), 323; (+AICL)
275 (sh), 351; (+AICI;+HCID) 252 (sh), 316; (+NaOAc)
326, 336 (sh); (+NaOAc+H;BOs) 314, 328 (sh); FAB-MS
m/z 321 [M+H]*; 'H NMR (CD:OD) & 662 (2H, s,
H-2' & H-6"), 6.00 (1H, d, J=1.8, H-8), 594 (1H, d, J]=18,
H-6), 459 (1H, 4, J=108, H-3), 485 (1H, d, /=108, H-
2); C NMR (CD:0D) & 84.5 (@, C-2), 734 (d, C-3), 1988
(s, C-4), 1610 (s, C-5), 974 (d, C-6), 168.7 (s, C-7), 965
d, C-8), 1646 (s, C9), 1022 (s, C-10), 1294 (s, C-1),
1088 d, C-2' & C-6), 1469 (s, C-3' & C-5), 1357 (s,
C4".

Compound 1 was identified as quercetin by matching
most spectral data of authentic sample.

On the basis of IR and UV spectral data, compound
2 suggested the presence of a 3, 5, 7, 3', 4, 5'-hexahyd-
roxyl system flavone. The 'H NMR showed the presence
of 2 aromatic protons on the A and B ring, respectively.
The FAB-MS indicated an M+1 ion peak at 319, sugge-
sting that the molecular weight is greater an oxygen
atom portion than that of compound 1. The BC NMR
also exhibited signals suitable for 15 carbon atoms. Since
all of the spectral data agreed with the structure, com-
pound 2 was confirmed as myricetin having a molecular
formula of CisH;pOs. On the other hand, these data were
mostly identical with those reported on the literature.”®

The IR and UV spectral data of compounds 3, 4 and
5 suggested the presence of 5, 7, 4'-trihydroxylflavone,
5, 7, 3, 4'-tetrahydroxylflavone, and 5, 7, 3/, 4', 5'-penta-
hydroxylflavone, respectively. The NMR data of all these
compounds commonly indicated the presence of O-glyco-
sidic linkages due to rhamnopyranoside at the C-3 posi-
tion. In confirmation of the glycosylation site, the C
NMR data were more informative than the other spect-
ral data. In the case of flavonol-3-O-glycosides, their. gly-
cosylation sites were confirmed by downfield shifts
(about 10.3, 1.95, 0.6 and 1.1 ppm, respectively) of C-2,
C+4, C-5 and C-10 and the upfield shift (about 1.05 ppm)
of the C-3 as compared with those corresponding to their
aglycones.”*™® The molecular formulas of compounds 3,
4 and 5 were suggested to be CyHyOyo, CotHzoOn and
CxH20r2, respectively, by FAB-MS in conjunction with
the 'H and ®C NMR data. Therefore, these compounds
were identified as afzelin (kaempferol-3-O-rhamnopyra-
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Fig. 1. Chemical structures of flavonoids isolated from Jindalrae
flower.

noside), quercitrin  (quercetin-3-O-rhamnopyranoside),
and myricitrin (myricetin-3-O-rhamnopyranoside), respe-
ctively, by various spectral data as mentioned above, ™19

The IR and UV spectral data of compound 6 sugges-
ted the presence of a chroman ring. These reasons were
based on the disappearance of the characteristic absorp-
tion at about 1660 and 1600 cm ! and nearly a stationary
band in various shift reagents. The 'H and 3C NMR
showed that a carbonyl group on the y-pyrone ring is
replaced by a methylene group and that the 2, 3-double
bond is reduced by hydrogenation. Therefore, this com-
pound was suggested to be a flavane on sufficent evide-

10 r

0.D. at 500nm

o 2 49 6 8

Incubation time (days)
Fig. 2. Antioxidative activity of three different solvent extracts
on a-tocopherol at the level of 100 ppm. (@—@®, ethyl acetate
ext; O—0O, ethyl ether ext.; B—M, hexane ext; A—A, a-tocophe-
rol; C0—0, control).

nce by the NMR data. On the basis of FAB-MS and
the NMR data, this compound was identified as catechin
having a molecular formula of CisH,020 %

The IR and UV spectral data of compound 7 sugges-
ted the presence of a chromanone ring. There was
enough evidence that compound 7 is a dihydroflavonol,
because a chromanone ring shows the characteristic ab-
sorption at 1650, 1480, 1170 and 1090 cm™! on the IR
spectrum and the unique shift on UV spectra used va-
rious shift reagents. On the basis of FAB-MS and the
NMR data, this compound was confirmed as ampelopsin
(dihydromyricetin) having a molecular formula of CysHj»
Os. This compound showed greater 2 hydrogen atoms
portion than that of compound 2. The chemical structu-
res of all compounds identified above were as shown
in Fig. 1. These compounds consisted of 82% flavonol
glycoside, 11% flavane, 6% flavonol, and 1% dihydrofla-
vonol.

Antioxidant Activities of Crude Extracts and Com-
pound 1 through 7

Antioxidant activities of three crude extracts were in-
vestigated by measuring the hydroperoxidation of linoleic
acid vta radical chain reaction. Fig. 2 shows the results
obtained from antioxidant testing of the crude extracts.
Although the ethyl acetate extract showed better activi-
ties than those of o-tocopherol, the ethyl ether extract
exhibited slightly less efficiency than those of a-tocophe-
rol. On the other hand, the hexane extract showed pro-
oxidative activity, suggesting the presence of pro-oxida-
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Fig. 3. Antioxidative activity of flavonoids isolated from Jindalrae
flower on a-tocopherol at the level of 10 ppm. (X — X, myricetin;
+—+, ampelopsin; ¢— @, myricitrin; O—0O, quercetin; ®—®, que-
rcitrin; A— A, catechin; A— A, a-tocopherol(10 ppm); 8—H, afzelin;
O—0, control).

nts. The antioxidant activity of these extracts increased
in the order of hexane<ethyl ether<a-tocopherol<ethyl
acetate. However, this result indicated that ethyl acetate
extract may play an important role in the prevention
of lipid peroxidation. The antioxidative activities of all
compounds identified above are shown in Fig. 3. The
antioxidant efficiency of these compounds increased in
the order of afzelin<a-tocopherol<catechin< quercitrin<
quercetin<myricitrin<ampelopsin<myricetin. This result
showed that afzelin exhibited activities almost equivalent
to those of a-tocopherol. On the other hand, the remai-
ning compounds were more effective than a-tocopherol
used as a comparative standard. All compounds identi-
fied in the present study commonly possess meta-dihyd-
roxyl groups at both the 5 and 7 positions of chroman,
chromanone and chromone systems. Since these com-
pounds have two hydroxyl groups at the same positions,
no conclusions can be drawn from the data presented
concerning the importance of these groups. In the case
of flavonol-3-O-glycosides, the antioxidant activities inc-
reased in the order of afzelin<quercitrin<myricitrin. The
hydroxylation patterns and an increase in the level of
hydroxylation on the B ring may cause the variation
of the antioxidant efficiency® ® However, this result
suggested that the B ring definitely acts as an important
factor in the estimation of the antioxidant activity. On
the other hand, aglycones were more potent in their
antioxidative activity than their corresponding glycosides
in the present study. Flavonoids which have the ability

1.0
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Fig. 4. Antioxidative activity of quercitrin on a-tocopherol at the
level of 1, 3, 5 and 10ppm. (+—+, 10; @@, 5 A—»1, 3;
0O—0, 1; 0—0O, control; @—M, o-tocopherol(10 ppm)).

to chelate metal ions by means of either the 3-hydroxy,
4-keto grouping or the 5-hydroxy, 4-keto grouping, may
reduce the pro-oxidative activity of trace metals. Ampe-
lopsin was found to have definitely less antioxidant acti-
vity than myricetin, indicating that the 2, 3-double bond
is of major importance to antioxidant activity. Summari-
zing the relations between structure and antioxidant ac-
tivity from the limited number of comparisons available
in the present study, we concluded that the following
structural characteristics were correlated with antioxidant
activity: 1) dihydroxylation of the B ring increases antio-
xidant activity, 2) unsaturation of the y-pyrone ring is
essential for activity, 3) 5, 7-dihydroxylation of the chro-
mone system did not decrease activity, and 4) 3-glycosy-
lation of 3-hydroxyflavone altered its activity. The influe-
nce of glycosylation at other hydroxyl groups in the fla-
vone structure need to be investigated further.

Fig. 4 shows the evaluation of antioxidative activity
of quercitrin at the level of 1, 3, 5 and 10 ppm, respecti-
vely. This result suggested that quercitrin at the level
of 1 ppm has greater antioxidative activities than those
of a-tocopherol at the level of 10 ppm. However, flavo-
nol-3-O-glycosides are the major components so that
they may play an important role in antioxidant activity
of Jindalrae flowers. Since flavonoids are widely distribu-
ted in various foods, the detailed investigations on the
biological effects of the compounds would be quite va-
luable. Furthermore, characterization of unidentified phe-
nolic compounds is necessary and is currently in prog-
ress.
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