
Abstract
!

In our ongoing efforts to identify effective natu-
rally sourced agents for the treating of diabetic
complications, two new (1 and 2) and 11 known
phenolic compounds (3–13) were isolated from
an 80% ethanol extract of Litsea japonica leaves.
The structures of the new compounds were es-
tablished by spectroscopic and chemical studies.
These isolates (1–13) were subjected to an in vitro
bioassay evaluating their inhibitory activity on
advanced glycation end products formation and
rat lens aldose reductase activity. Of the com-
pounds evaluated, the flavonoids (3, 4, 6–8, 11,
and 12) markedly inhibited advanced glycation
end products formation, with IC50 values of 7.4–
72.0 µM, compared with the positive control,
aminoguanidine (IC50 = 975.9 µM). In the rat lens
aldose reductase assay, consistent with the inhi-
bition of advanced glycation end products forma-
tion, the flavonoids (3, 4, 6–8, 11, and 12) exhib-
ited considerable inhibition of rat lens aldose

reductase activity, with IC50 values of 1.1–
12.5 µM. In addition, the effects of kaempferol (4)
and tiliroside (7) on the dilation of hyaloid-retinal
vessels induced by high glucose in larval zebrafish
were investigated. Only kaempferol significantly
reduced the diameters of high glucose-induced
hyaloid-retinal vessels, by 52.2% at 10 µM, com-
pared with those in the high glucose-treated con-
trol group.

Abbreviations
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AGEs: advanced glycation end products
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DA: dihydrodehydrodiconiferyl alcohol
HG: high-glucose
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Introduction
!

Diabetic vascular complications are a leading
cause of acquired blindness, renal failure, and
nerve damage. Chronic hyperglycemia is funda-
mental for the development and progression of
diabetic vascular complications through various
hyperglycemia-induced metabolic derangements,
including increased AGEs formation, increased
polyol pathway flux, activation of protein kinase
C isomers, and increased hexosamine pathway
flux [1–3]. AGEs, the products of nonenzymatic
glycation and oxidation of proteins and lipids,
have been recognized as important pathogenetic
mediators in diabetes-related complications. The
accumulation of AGEs causes structural and func-
tional changes in proteins such as collagen, elas-
tin, and albumin and leads to the development
and progression of numerous complications
associated with diabetes, such as neuropathy,
nephropathy, angiopathy, and retinopathy [4]. AR
(alditol/NADP+ oxidoreductase, E.C.1.1.1.21) is
the key enzyme of the polyol pathway that cata-
lyzes the NADPH-dependent reduction of glucose
to sorbitol. Under diabetic conditions, elevated
glucose levels enhance AR activity by increasing
glucose flux through the polyol pathway, which
induces functional and morphological changes
associated with diabetic complications, such as
cataracts, retinopathy, neuropathy, and nephrop-
athy [5,6]. Thus, the development of pharmaco-
logical agents that inhibit AGEs formation or AR
activity might provide a therapeutic approach to
delay or prevent diabetic complications [7,8].
Medicinal plants, which are likely to be nontoxic,
may be useful for the prevention and treatment of
Lee IS et al. Flavonoids from Litsea… Planta Med



Original Papers
diabetes-related complications. Litsea japonica (Thunb.) Juss.
(Lauraceae) is an evergreen tree that grows in the southern parts
of Korea, Japan, and China. Previous phytochemical studies on
this plant resulted in the isolation of a number of essential oils,
fatty acids, alkaloids, lactones, anthocyanins, and terpenoids [9–
14]. Recently, it was reported that a crude extract from the leaves
of L. japonica induced apoptosis of HL-60 leukemia cells [15] and
significantly inhibited complement activity in vitro [16]. In our
ongoing efforts to identify effective, naturally sourced therapeu-
tic agents for diabetic complications, we found that an extract
from L. japonica reduced the development of diabetic nephropa-
thy via the inhibition of AGEs formation in db/db mice [17] and
prevented diabetes-induced lens opacification via the inhibition
of AR activity [18]. However, the active compounds underlying
these effects of L. japonica remain unknown. Further phytochem-
ical studies of this plant resulted in the isolation of two new (1
and 2) and 11 known compounds (3–13). In this report, we de-
scribe the isolation and structural elucidation of these com-
pounds, as well as the characterization of their inhibitory effects
on AGEs formation and RLAR activity. The effects of kaempferol
(4) and tiliroside (7) on the dilation of HG-induced hyaloid-reti-
nal vessels in larval zebrafish were also investigated.
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Results and Discussion
!

An 80% ethanol extract of L. japonica leaves was suspended in
water and partitioned successively using n-hexane, EtOAc, and
n-BuOH. The EtOAc-soluble fraction that significantly inhibited
both AGEs formation (IC50 = 8.5 µg/mL) and RLAR activity
(IC50 = 2.3 µg/mL) was subjected to a series of chromatographic
techniques. This led to the isolation of two new (1 and 2) and 11
known compounds (3–13; l" Fig. 1). By comparing their physico-
chemical and spectral datawith those in literature, the 11 known
compounds were identified as epicatechin (3) [16], kaempferol
(4) [19], afzelin (5) [16], rhamnocitrin-3-O-rhamnoside (6) [20],
tiliroside (7) [16], kaempferol 3-O-rutinoside (8) [21], quercitrin
(9) [16], rutin (10) [16], quercetin 3-O-β-D-apiofuranosyl-
(1→ 2)-β-D-glucopyranoside (11) [22], myricitrin (12) [16], and
lyoniside (13) [23].
Compound 1 was obtained as a white amorphous powder with a
negative specific rotation, [α]D25 − 43.0 (c 0.1, MeOH). HRESI‑MS
analysis of 1 yielded a molecular ion peak at m/z 537.1964
[M + H]+, in accordance with the molecular formula C26H32O12.
The UV absorption maxima of 1 in MeOH observed at 276 nm
suggested the presence of aromatic ring(s). Acid hydrolysis of 1
yielded an aglycone and a monosaccharide unit. The 1H NMR
spectrum (l" Table 1) of the aglycone unit displayed five aromatic
protons, including two meta-coupled doublets [δH 6.77 (1H, d,
J = 2.0 Hz) and 6.73 (1H, d, J = 2.0 Hz)] and ABX aromatic system
protons [δH 7.13 (1H, d, J = 8.4 Hz), 7.02 (1H, d, J = 2.0 Hz), and
6.92 (1H, dd, J = 8.0, 2.0 Hz)], a pair of hydroxymethylene protons
[δH 3.74 (1H, dd, J = 11.0, 7.5 Hz) and 3.70 (1H, dd, J = 11.0,
4.0 Hz)], and two methoxyl protons [δH 3.82 and 3.86 (each 3H,
s)], in addition to aliphatic peaks corresponding to a dihydroconi-
ferylic acid side chain and a dihydrobenzofuran ring. These spec-
troscopic data suggested that 1 is a dihydrobenzofuran-type neo-
lignan, after comparing with reported analogs [24,25]. This pro-
posed skeleton was supported by the 13C‑NMR spectrum
(l" Table 1), which revealed two carbon signals at δC 88.63 (C-7)
and 55.85 (C-8) characteristic of a dihydrobenzofuran neolignan.
These spectroscopic datawere similar to those for DA [24], except
Lee IS et al. Flavonoids from Litsea… Planta Med
for the resonance of a carboxyl group (δC 179.72) instead of a hy-
droxymethylene group at C-9′ in DA, suggesting that the dihydro-
coniferyl alcohol group of DA was replaced by a dihydroconi-
ferylic acid group in 1. The presence of a dihydroconiferylic acid
moiety in 1 was further confirmed by the 1H-1H COSY correla-
tions between H-7′ [δH 2.85 (2H, t, J = 7.7 Hz)] and H-8′ [δH 2.49
(2H, t, J = 7.8 Hz)], together with the HMBCs of both H-7′ and H-
8′ with a carboxyl carbon signal (δC 179.72; l" Fig. 2). The attach-
ment of this moiety at C-1′ was deduced from the HMBC experi-
ment. The six carbon signals at δC 102.89, 78.32, 77.97, 75.04,
71.45, and 62.58 and an anomeric proton signal at δH 4.87 of 1
were typical of a glucose unit, which was identified as D-glucose,
followed by GC analysis of the acid hydrolysate. Moreover, the
large coupling constant (J = 7.5 Hz) of the anomeric proton indi-
cated that the glucose unit was linked in a β-configuration. The
location of a glucose unit at C-4 was elucidated from the HMBC
between the anomeric proton signal at δH 4.87 (H-1′′) and the
aglycone carbon signal at δC 147.73 (C-4; l" Fig. 2). The large cou-
pling constant (J = 6.4 Hz) between H-7 and H-8 indicated the rel-
ative trans-vicinal coupling of the dihydrobenzofuran ring. This
was confirmed by the cross peaks observed between H-7 and H-
9b and between H-8 and H-6 in the NOESY spectrum (l" Fig. 3).
The absolute configuration at C-7 and C-8 was determined to be
7S,8R from the circular dichroism spectrum of 1, showing a posi-
tive Cotton effect in the region of 270–290 nm, compared with
those reported for dihydrobenzofuran lignans [26,27]. Thus, the
structure of 1 was determined to be (7S,8R)-dihydrodehydrodi-
coniferylic acid 4-O-β-D-glucopyranoside.
Compound 2was obtained as awhite powder with the molecular
formula C22H28O10, as established by HRESI‑MS, based on a mo-
lecular ion peak atm/z 453.1753 [M + H]+. Its UVabsorptionmax-
ima (282, 315, 330 nm) suggested the presence of a naphthalene
nucleus [28], which was supported by the analysis of the 1H- and
13C‑NMR spectra (l" Table 2). The 13C‑NMR spectrum, together
with the DEPT data, showed that 2 contained 22 carbons, 10 of
which were consistent with those of a 1-naphthol unit [29]. The
12 remaining signals were assigned to glucose (δC 102.86, 78.38,
77.18, 75.22, 71.76, and 68.09) and rhamnose (δC 102.35, 74.17,
72.55, 72.33, 70.01, and 18.06) units, which were identified as
D-glucose and L-rhamnose, respectively, by GC analysis of the ac-
id hydrolysate. The β-configuration of the glucose unit was con-
firmed by the coupling constant of the anomeric proton at δH
5.04 (1H, d, J = 7.8 Hz), and the α-configuration of the rhamnose
unit was determined by the anomeric proton at δH 4.71 (1H, d,
J = 1.5 Hz). The HMBC correlation between H-1′′ (δH 4.71) and C-
6′ (δC 68.09) indicated a rhamnopyranosyl-(1→ 6)-glucopyrano-
syl linkage (l" Fig. 2). Furthermore, the attachment of the sugar
chain at C-1 on the 1-naphthol structure was deduced from the
HMBC spectrum, showing HMBC correlations between H-1′ (δH
5.04) and the aglycone carbon C-1 (δC 154.73; l" Fig. 2). Thus,
the glycoside linkage was identified as α-L-rhamnopyranosyl-
(1→ 6)-O-β-D-glucopyranosyl located at C-1 of the aglycone.
Finally, the structure of 2 was established as 1-naphthol 1-O-α-
L-rhamnopyranosyl-(1→ 6)-O-β-D-glucopyranoside.
Previously, we reported that some phenolic compounds, such as
afzelin (5), quercitrin (9), and rutin (10), exhibit considerable in-
hibitory effects on AGEs formation and RLAR [30]. In this study,
we further investigated the inhibitory effects of isolated com-
pounds, apart from the previously evaluated compounds, on
AGEs formation and RLAR activity in vitro (l" Table 3). Of the
compounds evaluated, flavonoids, epicatechin (3), kaempferol
(4), rhamnocitrin-3-O-rhamnoside (6), tiliroside (7), kaempferol



Fig. 1 Chemical structures of compounds 1–13 from L. japonica.
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3-O-rutinoside (8), quercetin 3-O-β-D-apiofuranosyl-(1→ 2)-β-
D-glucopyranoside (11), and myricitrin (12) markedly inhibited
AGEs formation, with IC50 values of 7.4–72.0 µM, compared with
the positive control AG (IC50 = 975.9 µM), the first AGEs inhibitor
used for the treatment of diabetic nephropathy [31]. On the other
hand, the other four isolates, including two new compounds (1
and 2), did not exhibit any significant activity. In the RLAR assay,
consistent with the inhibition of AGEs formation, flavonoids (3,
4, 6–8, 11, and 12) exhibited considerable inhibition of RLAR,
with IC50 values of 1.1–12.5 µM. Of the active compounds,
kaempferol (4) and tiliroside (7) exhibited greater inhibitory ef-
fects on RLAR, with IC50 values of 1.1 and 3.4 µM, respectively,
than those exhibited by the positive control, TMG (IC50 = 4.1 µM).
Zebrafish has been used extensively for drug screening and as a
model organism to analyze early and late diabetic complications
[32]. Thus, kaempferol (4) and tiliroside (7), which potently in-
hibited both AGEs formation and RLAR activity, were investigated
for their effects on retinopathy in diabetic zebrafish in vivo. The
change in hyaloid-retinal vessel dilation was assessed in trans-
genic zebrafish embryos expressing EGFP in the vasculature (flk:
EGFP) under HG (130mM) conditions. In a toxicity test, com-
pounds 4 and 7 were not toxic at concentrations up to 10 µM in
the zebrafish (data not shown). Thus, to evaluate the effects of 4
Lee IS et al. Flavonoids from Litsea… Planta Med



Table 1 1H (300MHz), 13C NMR (75MHz), and HMBC data for compound 1
(in CD3OD).

C δc δH (J in Hz) HMBC (H→C)

1 138.52

2 111.28 7.02 d (2.0) 151.05, 147.71, 138.52,
119.52, 88.63

3 151.05

4 147.73

5 118.15 7.13 d (8.4) 151.05, 147.73, 138.52

6 119.52 6.92 dd (8.4, 2.0) 147.73, 111.28, 88.63

7 88.63 5.56 d (6.4) 147.73, 138.52, 129.63,
119.52, 111.28, 65.14,
55.85

8 55.85 3.44 ddd (7.5, 6.4,
4.0)

147.73, 138.52, 129.63,
117.95, 88.63, 65.14

9 65.14 3.74 dd (11.0, 7.5),
3.70 dd (11.0, 4.0)

129.63, 88.63, 55.85

1′ 129.63

2′ 114.17 6.77 d (2.0) 147.71, 145.38, 117.95,
33.07

3′ 145.38

4′ 147.71

5′ 136.86

6′ 117.95 6.73 d (2.0) 147.71, 145.38, 114.17,
55.85, 33.07

7′ 33.07 2.85 t (7.7) 179.72, 136.86, 117.95,
114.17, 39.74

8′ 39.74 2.49 t (7.8) 179.72, 136.86, 33.07

9′ 179.72

1′′ 102.89 4.87 d (7.5) 147.71

2′′ 75.04 3.48m 102.89, 77.97

3′′ 77.97 3.46m 75.04, 71.45
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and 7 on the HG-induced dilation of hyaloid-retinal vessels, flk:
EGFP transgenic zebrafish embryos were treatedwith these com-
pounds at 5 and 10 µM. As shown inl" Fig. 4, only kaempferol sig-
nificantly reduced the diameters of HG-induced hyaloid-retinal
vessels by approximately 52% at 10 µM compared with those in
the HG-treated control group, whereas the positive control, a
VEGFR inhibitor, exhibited a 77% reduction at 1 µM. These results
suggest that kaempferol inhibits the development of experimen-
tal retinopathy during the early larval stages.
In the current study on effective agents for diabetic complications
derived from L. japonica leaves, several flavonoids were isolated.
These flavonoids displayed considerable inhibition of both AGEs
formation (IC50 7.4–72.0 µM) and RLAR activity (IC50 1.1–
12.5 µM). Among the isolated flavonoids, kaempferol (4) signifi-
cantly reduced the dilation of HG-induced hyaloid-retinal vessels
in a diabetic zebrafish model. Flavonoids, a large group of natu-
rally occurring polyphenolic compounds with a benzo-γ-pyrone
structure, are widespread throughout the plant kingdom; vari-
ous plants used in traditional medicine also contain significant
amounts of these compounds. They have low toxicity and a vari-
ety of pharmacological activities, including antiallergic, antibac-
terial, antidiabetic, anti-inflammatory, antiviral, antiproliferative,
hepatoprotective, estrogenic, insecticidal, and antioxidant effects
[33]. However, due to the low bioavailability of flavonoids, they
have not yet been approved as therapeutic agents. Indeed, low
water solubility and stability, poor absorption, and extensive
and rapidmetabolic bioconversion contribute to the low bioavail-
ability of flavonoids [34]. Therefore, further investigation is re-
quired to improve the bioavailability and subsequent efficacy of
active flavonoids using medicinal chemistry approaches.
4′′ 71.45 3.39m 77.97

5′′ 78.32 3.38m

6′′ 62.58 3.84m 88.63, 71.45, 55.85

3.67 br d (10.30) 78.32, 71.45

3-OMe 56.85 3.82 s 151.05

3′-OMe 56.83 3.86 s 145.38

Fig. 2 Key 1H-1H COSY and HMBC correlations of compounds 1 and 2.

Fig. 3 Key NOE correlations of 1.
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Materials and Methods
!

General experimental procedures
Optical rotations were measured using the JASCO P-2000 digital
polarimeter. UV and CD spectra were recorded using JASCO
V-550 UV/VIS and JASCO J-715 spectrometers, respectively.
1H‑NMR (300MHz) and 13C‑NMR (75MHz) spectra were ob-
tained using a Bruker DRX-300 spectrometer with tetramethylsi-
lane as an internal standard. Two-dimensional NMR experiments
(COSY, HMBC, and NOESY) were performed on a Bruker Avance
500 NMR spectrometer. HRESI‑MS was performed using a Shi-
madzu LCMS‑IT‑TOF spectrometer. Column chromatography
was performed using silica gel (70–230mesh and 230–400mesh,
Merck) and YMC‑gel ODS‑A (S-75 µm, YMC). Thin-layer chroma-
tography was performed on pre-coated silica gel 60 F254
(0.25mm, Merck) and RP-18 F254s plates (0.25mm, Merck). Spots
were detected by UV light (254 nm) and spraying of 10% H2SO4

followed by heating.

Plant material
The leaves of L. japonicawere collected in Gimnyeong-ri, Gujwa-
eup, Jeju-si, Jeju-do, South Korea in March 2011 and identified by
Prof. J‑H. Kim, Gachon University, South Korea. A voucher speci-
men (DiAB-2008–061) has been deposited in the Herbarium of
the Institute of Oriental Medicine, South Korea.

Extraction, fractionation, and isolation
The air-dried leaves of L. japonica (6.1 kg) were extracted using
80% aqueous ethanol (three times with 30 L each) at room tem-
perature for 7 days, filtered, and concentrated to give an 80%
Lee IS et al. Flavonoids from Litsea… Planta Med



Table 2 1H (300MHz), 13C‑NMR (75MHz), and HMBC data for compound 2
(in CD3OD).

C δc δH HMBC (H→ C)

1 154.73

2 110.76 7.19 dd (8.1, 2.3) 154.73, 127.45, 123.28

3 127.09 7.41 dd (8.1, 8.0) 154.73, 136.16, 127.45,
110.76

4 123.28 7.52 dd (8.0, 2.3) 154.73, 136.16, 128.5,
127.45, 110.76

5 128.57 7.80 dd (8.1, 8.0) 154.73, 136.16, 126.49,
123.28

6 127.47 7.47m 136.16, 128.57, 127.45,
123.43, 123.28

7 126.49 7.45m 136.16, 128.57, 127.45,
123.43, 123.28

8 123.43 8.37 dd (8.1, 2.3) 154.73, 136.16, 127.45

9 127.45

10 136.16

1′ 102.86 5.04 d (7.80) 154.73, 78.38, 75.22

2′ 75.22 3.65m 102.86, 71.76, 68.09

3′ 77.18 3.61m 78.38

4′ 71.76 3.43m 78.38, 77.18, 68.09

5′ 78.38 3.51 t (9.0) 102.86, 75.22, 71.76

6′ 68.09 3.62m, 4.05 d (9.4) 102.35, 77.18, 71.76

1′′ 102.35 4.71 d (1.5) 72.33, 70.01

2′′ 72.33 3.85 q (1.60) 74.17, 72.55

3′′ 72.55 3.71 dd (9.5, 3.3) 74.17, 72.33

4′′ 74.17 3.35 t (9.3) 72.33, 70.01, 18.06

5′′ 70.01 3.66m 68.09, 18.06

6′′ 18.06 1.18 d (6.2) 74.17, 70.01

Table 3 Inhibitory effects of compounds from L. japonica against AGEs for-
mation and RLAR.

Compound IC50 (95% CI) µMa

AGEs Formationb RLAR

1 > 100 > 100

2 > 100 > 100

3 67.2 (65.8–68.6) 10.8 (9.9–11.7)

4 32.1 (30.5–33.7) 1.1 (0.4–1.8)

6 60.9 (60.2–61.6) 12.5 (11.3–13.7)

7 7.4 (7.2–7.6) 3.4 (3.3–3.5)

8 72.0 (71.0–73.0) 11.3 (8.9–13.7)

11 25.0 (23.0–25.0) 7.9 (7.0–8.8)

12 33.3 (32.5–34.1) 4.8 (4.2–5.4)

13 > 100 > 100

AGc 975.9 (961.3–990.5) –

TMGc – 4.1 (4.0–4.2)

aResults are expressed as IC50 values and 95% confidence intervals (95% CI). IC50 indi-

cates the concentration (µM) at which the inhibition percentage of the AGEs forma-

tion or RLAR was 50%. Values were determined by regression analysis using GraphPad

5.0 Prism software; bAfter incubating for 7 days, the fluorescent reaction products

were assayed on a spectrofluorometric detector; cAG and TMG were used as positive

controls.
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ethanol extract (800 g). This extract (500 g) was suspended in
water (4 L) and partitioned successively using n-hexane (3 × 4 L),
EtOAc (3 × 4 L), and n-BuOH (3 × 4 L) to afford n-hexane- (144.2 g),
EtOAc- (64.8 g), and n-BuOH-soluble fractions (116.3 g), respec-
tively. The EtOAc-soluble fraction (62.3 g), which significantly in-
hibited both AGEs formation and RLAR activity, was subjected to
silica gel column chromatography (70–230 mesh, 40 × 10 cm)
and eluted with a gradient solvent system consisting of CHCl3-
MeOH (50:1, 30:1, 10:1, 5 :1, 1 :1, 0 :1, 2 L each) to afford four
fractions [A (2 L, 10.8 g), B (2 L, 8.3 g), C (4 L, 30.7 g), and D (4 L,
2.8 g)]. Fraction D (2.8 g) was subjected to YMC RP-18 column
chromatography (50 × 5 cm) and eluted with a MeOH‑H2O gra-
dient (1 :10, 1 :5, 1 :0, 0.5 L each) to afford three subfractions
[D1 (0.5 L, 0.8 g), D2 (0.5 L, 0.9 g), and D3 (0.5 L, 0.8 g)]. Subfrac-
tion D2 (0.9 g) was subjected to further chromatography using a
YMC RP-18 column (50 × 3 cm) and a MeOH‑H2O gradient (1 :10,
1 :5, 1 :2, 1 :1, 0.5 L each) to obtain 1 (8mg) and 2 (7mg). Chro-
matography of fraction C (30.7 g) on a silica gel column (70–230
mesh, 50 × 10 cm), eluting with a CHCl3-MeOH gradient (50 :1,
30:1, 10:1, 5 :1, 1 :1, 0 :1, 2 L each), afforded six fractions [C1
(2 L, 3.2 g), C2 (2 L, 3.5 g), C3 (2 L, 3.2 g), C4 (2 L, 2.3 g), C5 (2 L,
3.5 g), and C6 (2 L, 3.8 g)]. Fraction C3 (3.2 g) was further purified
on a YMC RP-18 column (50 × 5 cm) using a MeOH–H2O gradient
(1 :1, 2 :1, 4 :1, 6 :1, 0.7 L each) to obtain 3 (197mg), 4 (15mg),
and 5 (35mg). Chromatography of fraction C5 (3.5 g) on a YMC
RP-18 column (50 × 5 cm) using a MeOH‑H2O gradient (1 :1,
2 :1, 3 :1, 4 :1, 0.7 L each) afforded four fractions [C5.1 (0.7 L,
0.5 g), C5.2 (0.7 L, 0.8 g), C5.3 (0.7 L, 0.8 g), and C5.4 (0.7 L, 0.6 g)],
one of which, C5.3 (0.8 g), was further chromatographed on a
YMC RP-18 column (40 × 5 cm), eluting with a MeOH–H2O gra-
dient (2 :1, 4 :1, 6 :1, 8 :1, 10:1, 0.5 L each) to obtain 6 (119mg),
7 (350mg), 8 (9mg), and 9 (21mg). Fraction A (10.8 g) was sub-
jected to silica gel column chromatography (70–230 mesh,
50 × 5 cm) using a CHCl3-EtOAc gradient (50:1, 30:1, 10:1, 5 :1,
1 :1, 0 :1, each 2 L) to afford three fractions [A1 (2 L, 1.2 g), A2 (4 L,
2.5 g), and A3 (6 L, 5.8 g)]. Subfraction A3 (5.8 g) was further chro-
matographed on a YMC RP-18 column (50 × 5 cm), eluting with a
MeOH–H2O gradient (2 :1, 4 :1, 6 :1, 8 :1, 10:1, 0.5 L each), to af-
ford four subfractions [A3.1 (0.5 L, 0.5 g), A3.2 (0.5 L, 0.6 g), A3.3
(1 L, 2.1 g), and A3.4 (0.5 L, 0.8 g)]. Subfraction A3.3 (2.1 g)
was chromatographed separately on a YMC RP-18 column
(40 × 3 cm), eluting with a MeOH‑H2O gradient (1 :1, 2 :1, 3 :1,
4 :1, 5 :1, 0.5 L each), to yield 10 (5mg), 11 (9mg), 12 (10mg),
and 13 (32mg).
(7S,8R)-dihydrodehydrodiconiferylic acid 4-O-β‑D-glucopyrano-
side (1): white powder; [α]D25 − 43.0 (c 0.1, MeOH); UV (MeOH)
λmax 230, 276 nm; CD (MeOH) Δε (nm) + 2.5 (275), + 6.8 (290);
1H- and 13C‑NMR, see l" Table 1; HRESIMS m/z 537.1964
[M + H]+ (calcd. for C26H33O12

+, 537.1967).
1-Naphtol 1-O-α‑L-rhamnopyranosyl-(1→ 6)-O-β‑D-glucopyra-
noside (2): white powder; [α]D25 − 15.0 (c 0.1, MeOH); UV (MeOH)
λmax 282, 315, 330 nm; 1H- and 13C‑NMR, seel" Table 2; HRESIMS
m/z 453.1753 [M + H]+ (calcd. for C22H29O10

+, 453.1755)

Acid hydrolysis of 1 and 2
Compounds 1 and 2 (2mg each) in 10% HCl/dioxane (1:1, 1mL)
were heated separately at 80°C for 3 h in a water bath. The mix-
ture was neutralized with Ag2CO3, filtered, and then extracted
with EtOAc (20mL). The aqueous layer was evaporated, and the
residue was treated with L-cysteine methyl ester hydrochloride
(2mg) in pyridine (0.5mL) at 60°C for 1 h. After the reaction was
completed, the solutionwas treated with acetic anhydride (3mL)
at 60°C for 1 h. Authentic samples were prepared using the same
procedure. The acetate derivatives were then subjected to GC
analysis. GC conditions: GC-2010 (Shimadzu) instrument; detec-
tor, FID; column, TC-1 capillary column (0.25mm × 30m; GL Sci-
ences, Inc.); column temperature, 230°C; programmed increase,
38°C/min; carrier gas, N2 (1mL/min); injection and detector
Lee IS et al. Flavonoids from Litsea… Planta Med



Fig. 4 Effect of compound 4 on dilation of hyaloid-retinal vessels from a
high-glucose (HG)-induced diabetic retinopathy model. Hyaloid-retinal
vessels of flk:EGFP transgenic zebrafish; A Untreated normal group (NOR).
B HG-treated control group (HG). C 5 µM and D 10 µM compound 4 in
the HG-treated group. E 1 µM VEGFR inhibitor in the HG-treated group.
F Data are displayed as mean artificial units (AU) for vessel diameters. The
diameters of hyaloid-retinal vessels were measured at locations proximal to
the optic disc (red circle). Scale bar = 50 µm. The hyaloid vessel diameter of
each lens was measured three times and the experiment was performed in
triplicate. ###P < 0.001 vs. NOR, *p < 0.05 vs. HG, ***p < 0.001 vs. HG.
(Color figure available online only.)
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temperature, 270°C. D-Glucose (tR 16.31min) was detected from
1 and 2, and L-rhamnose (tR 10.16min) was detected from 2.

Inhibition of AGEs formation assay
In accordance with a well-established method, a reaction mix-
ture of bovine serum albumin (10mg/mL, 700 µL; Sigma) in
50mM phosphate buffer (pH 7.4) with 0.02% sodium azide was
added to 0.2M fructose and glucose (100 µL). In screw-cap tubes
(1.5mL), the reaction mixture was then mixed with 200 µL of se-
rially diluted compounds or AG (99% purity; Sigma). After incu-
bating at 37°C for 7 days, the fluorescent reaction products
(200 µL) were transferred to 96-well plates and assayed on a
spectrofluorometric detector (Synergy HT; excitation wave-
length, 350 nm, emission wavelength, 450 nm). The AGEs assay
was performed in triplicate. The IC50 values and their 95% confi-
dence intervals were obtained by regression analysis using the
GraphPad 5.0 Prism software.

RLAR inhibitory assay
All experimental protocols for animal care and use were ap-
proved by the local ethics board (South Korean Institute of Orien-
tal Medicine Animal Care and Use Committee; Approval date and
number: March 20, 2013 and 13–018, respectively), and animal
husbandry and procedures were performed in accordance with
institutional guidelines. Rat lenses were removed from the eyes
of 8-week-old Sprague-Dawley rats (Dae-Han Bio Link Co.)
weighing 100–150 g and homogenized in 12 volumes of
135mM Na/K phosphate buffer (pH 7.0) containing 0.5mM phe-
nylmethylsulfonyl fluoride and 10mM 2-mercaptoethanol. The
homogenate was centrifuged at 100000 × g for 30min, and the
supernatant was used to evaluate the crude RLAR. The incubation
mixture contained 135mM Na/K phosphate buffer (pH 7.0),
100mM lithium sulfate, 0.03mM NADPH, 1mM DL-glyceralde-
hyde as a substrate, and 50 µL of the enzyme fraction, with or
without 25 µL of the sample solution, in a total volume of 1.0mL.
The reaction was initiated by the addition of NADPH at 37°C and
stopped by the addition of 0.3mL 0.5M HCl. Then, 1mL 6M
NaOH containing 10mM imidazole was added, and the solution
was heated at 60°C for 10min to convert NADP into a fluorescent
product. Fluorescencewasmeasured using a spectrofluorometric
detector (Shimadzu RF-5301PC; excitation: 360, emission:
460 nm). The RLAR assay was performed in triplicate. The IC50
values and their 95% confidence intervals were obtained by re-
gression analysis using the GraphPad 5.0 Prism software. TMG
(99% purity; Sigma) was used as a positive control.

Measurement of vessel dilation in larval zebrafish
All experimental protocols for animal care and use were ap-
proved by the local ethics board (South Korean Institute of Orien-
tal Medicine Animal Care and Use Committee; Approval date and
number: April 10, 2013 and 13–022, respectively), and animal
husbandry and procedures were performed in accordance with
institutional guidelines. Adult zebrafish were maintained under
standard conditions at 28.5°C under a 14 h light/10 h dark cycle.
Embryos were obtained from crosses between flk:EGFP trans-
genic fish and raised in egg water (sea salt, 0.06 g/L). One-day-
old flk:EGFP embryos were placed in a 24‑well plate (five em-
bryos per well) and maintained in 2mL egg water containing
130mM glucose. HG-induced embryos were treated with 4 and
7 (5 or 10 µM) from 1 to 6 days post-fertilization (dpf). At 6 dpf,
HG-induced embryos were fixed with 4% paraformaldehyde, and
the lens containing the hyaloid-retinal vessels was isolated.
Lee IS et al. Flavonoids from Litsea… Planta Med
Fluorescence was visualized using the Olympus SZX16 stereo-
microscope, and diameters were measured using ImageJ soft-
ware. Experiments were performed in triplicate. VEGFR inhibitor
(99.4% purity; Calbiochem) was used as a positive control.

Statistical analysis
Statistical significance was assessed using one-way analysis of
variance (ANOVA) and Dunnettʼs multiple comparison tests with
the GraphPad 5.0 Prism software.
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