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Alkaloid constituents from Litsea glutinosa and their in vitro hypoglycemic and
hypolipidemic effects
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Abstract: Objective To investigate the alkaloids from the bark of Litsea glutinosa and their in vitro hypoglycemic and hypolipidemic
activities. Methods The bark was extracted with 95% ethanol under reflux. The total alkaloids were subsequently obtained through
acid dissolution and alkali precipitation followed by organic solvent extraction. Subsequently, the compounds were isolated and purified
by a combination of chromatographic techniques, including silica gel column chromatography (silica gel CC), Sephadex LH-20 gel
column chromatography, and semi-preparative high-performance liquid chromatography (semi-prep HPLC). For structural elucidation,
spectroscopic techniques were employed, primarily nuclear magnetic resonance (NMR) spectroscopy ('H-NMR, 3C-NMR). The
effects of the compounds on cellular glucose consumption and palmitic acid-induced lipid accumulation in HepG2 cells were
investigated. Results Fourteen alkaloids were isolated and identified from the total alkaloid extract of L. glutinosa bark. These
compounds were identified as follows: Aporphine alkaloids: cassyformine (1), launobine (2), N-methylactinodaphnine (3), boldine (4),
isoboldine (5), N-methyllaurotetanine (6), hernovine (7), laurotetanine (9), (+)-10,11-dihydroxy-1,2-dimethoxynoraporphine (11),
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hernangerine (12), nordicentrina (13), and dicentrina (14); benzyltetrahydroisoquinoline alkaloid: reticuline (8); Phenanthrene alkaloid:

litebamine (10). The results of in vitro assays showed that compounds 1, 5, 6, 8, 9, and 11 promoted glucose consumption in HepG2

cells, while compounds 2, 3, 6, 9—11 significantly reduced intracellular triglyceride (TG) levels when co-treated with palmitic acid.

Conclusion Compounds 1, 11, 12, and 14 were isolated from the genus Litsea for the first time, while compounds 2, 7, and 10 were

firstly obtained from Litsea glutinosa. Furthermore, compounds 1, 5, 6, 8, 9, and 11 exhibited significant hypoglycemic activity, and

compounds 2, 3, 6, 9—11 showed potent hypolipidemic effects.

Key words: Litsea glutinosa (Lour.) C. B. Rob; alkaloids; hypoglycemic activity; hypolipidemic activity; aporphine alkaloids;

isoboldine; cassyformine; hernangerine
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Fig. 1 Structures of compounds 1—14
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mg, ®=20.2 min), Fr. C &t Sephadex LH-20 (F
B MR, KRS m R GE, BL
£ 0.5% RN LJ5-0.1% = CRKIEm (22 1 78) 4k
b, BRI 12 (4.1 mg, ®R=18.6min), 13 (18.3
mg, ®rR=32.5min) 114 (224 mg, =443 min).
3 HEMEE

a1 mEeTLERBR AR, 77 R
Ci19H19NOs. 'H-NMR (600 MHz, DMSO-ds) J: 3.36
(2H, d,J=5.2 Hz, H-4), 2.68 (1H, m, H-5p), 3.28 (1H,
dd, /=10.8,9.4 Hz, H-7a), 3.30 (1H, dd, /= 10.8, 5.7
Hz, H-7B), 3.61 (1H, m, H-5a), 3.63 (3H, s, 10-OCH3),
3.94 (3H, s, 3-OCHz3), 4.01 (1H, m, H-6a), 5.88, 6.02
(2H, s, -OCH»0-), 6.73 (1H, d, J = 8.0 Hz, H-9), 6.80
(1H, d,J = 8.0 Hz, H-8); '3C-NMR (150 MHz, DMSO-
ds) 0: 59.6 (3-OCH3), 60.0 (10-OCH3), 100.5 (-OCH,0-),
108.8 (C-1a), 145.4 (C-11), 122.5 (C-8), 42.5 (C-5),
131.9 (C-1b), 123.9 (C-11a), 128.1 (C-7), 119.1 (C-3a),
140.3 (C-3), 135.0 (C-2), 54.4 (C-6a), 29.5 (C-4), 149.7
(C-10), 115.5 (C-9), 144.4 (C-1), 37.4 (C-7). VL L%
5k E B, MEELEM 1A
cassyformine.

a2 wmELERK A, 7> 17K
CisHi7NO4. "H-NMR (600 MHz, DMSO-ds) J: 6.83
(1H, d, J= 8.0 Hz, H-9), 6.78 (1H, d, /= 8.0 Hz, H-8),
6.67 (1H, s, H-3), 6.03, 5.89 (2H, s, -OCH,0-), 3.65
(3H, s, 11-OCH3), 3.86 (1H, overlapped, H-6a), 3.56
(1H, m, H-5a), 3.27 (1H, m, H-5B), 3.18 (1H, m, H-40)),
2.82 (1H, m, H-4B), 2.73 (1H, m, H-7a), 2.62 (1H, m,
H-7B); '*C-NMR (150 MHz, DMSO-ds) 6: 149.2 (C-
10), 146.3 (C-2), 145.4 (C-11), 142.4 (C-1), 129.3 (C-
7a), 127.7 (C-3b), 126.0 (C-3a), 123.3 (C-8), 122.2
(C-11a), 115.7 (C-1a), 113.6 (C-9), 107.4 (C-3), 99.9
(-OCH:0-), 59.7 (11-OCH3), 53.5 (C-6a), 41.9 (C-5),
36.5(C-7),28.3 (C-4). LA -H 5 Cik s —2l,
M E WA W) 2 A launobine .

wEY 3: mELtERK K, 77K
C19H19NO4. 'H-NMR (600 MHz, DMSO-ds) J: 7.53
(1H, s, H-11), 6.76 (1H, s, H-8), 6.56 (1H, s, H-3), 6.11,
5.96 (2H, s, -OCH,0-), 2.70 (1H, dd, J = 15.3, 3.5 Hz,
H-4a), 3.12 (1H, m, H-4p), 3.82 (1H, m, H-6a), 2.55
(1H, m, H-5a), 3.02 (1H, m, H-5B), 2.53 (1H, s, H-7pB),
3.10 (1H, s, H-7a), 3.76 (3H, s, 10-OCH3), 2.41 (3H, s,
N-CH3); BC-NMR (150 MHz, DMSO-dp) J: 146.1 (C-

10), 146.6 (C-2), 111.3 (C-11), 141.0 (C-1), 128.8 (C-
7a), 126.3 (C-1b), 126.6 (C-3a), 115.7 (C-8), 121.3 (C-
11a), 115.7 (C-1a), 146.3 (C-9), 106.2 (C-3), 100.5
(-OCH:0-), 55.9 (10-OCH3), 62.1 (C-6a), 53.0 (C-5),
43.6 (N-CH3), 33.3 (C-7), 28.8 (C-4). VA E¥dE 53¢
MR AR TE — M, MEEREY 3 A N-
methylactinodaphnine

WG 4: BT E BB R, 7373 CroH21NO4.
'H-NMR (600 MHz, DMSO-ds) J: 7.84 (1H, s, H-11),
6.72 (1H, s, H-8), 6.50 (1H, s, H-3), 3.77 (3H, s, 10-
OCHa), 3.55 (3H, s, 1-OCH3), 2.94 (1H, m, H-71), 2.91
(1H, m, H-40), 2.89 (1H, m, H-50), 2.83 (1H, d, J =
13.7 Hz, H-6a), 2.41 (3H, s, N-CH3), 2.33 (1H, t, J =
11.8 Hz, H-5B), 2.28 (1H, m, H-4p), 2.22 (1H, t, J =
13.7 Hz, H-78); *C-NMR (150 MHz, DMSO-ds) o:
149.3 (C-2), 146.1 (C-10), 145.9 (C-9), 142.7 (C-1),
129.5 (C-7a), 128.7 (C-3a), 126.3 (C-1a), 125.3 (C-1b),
122.8 (C-11a), 115.3 (C-8), 114.1 (C-3), 112.0 (C-11),
62.3 (C-6a), 52.7 (C-5), 59.3 (1-OCH3), 55.7 (10-
OCH3), 45.3 (N-CH3), 33.6 (C-7), 28.4 (C-4). LA %%
P55 SCER R TE — B0, WO e A 4 NI R E T

WEY 5 O TEE R AR, 7313 CioH21NO4o
TH-NMR (600 MHz, DMSO-ds) J: 6.59 (1H, s, H-3),
2.94 (1H, m, H-4p), 2.56 (1H, m, H-4a), 2.93 (1H, m,
H-5p), 2.32 (1H, m, H-50), 2.80 (1H, dd, J = 13.6, 3.90
Hz, H-6a), 2.92 (1H, m, H-7p), 2.24 (1H, m, H-70),
6.70 (1H, s, H-8), 7.96 (1H, s, H-11), 3.79 (3H, s, 2-
OCHs), 3.74 (3H, s, 10-OCH3), 2.39 (3H, s, N-CH3);
13C NMR (150 MHz, DMSO-ds) 0: 146.6 (C-2), 145.4
(C-9), 145.5 (C-10), 140.8 (C-1), 129.3 (C-7a), 126.9
(C-3a), 123.5 (C-11c), 123.2 (C-11a), 120.0 (C-11b),
115.1 (C-8), 113.7 (C-11), 109.4 (C-3), 62.5 (C-6a),
56.0 (10-OCH3), 55.9 (10-OCH3), 53.0 (C-5), 43.8 (N-
CH3), 33.8 (C-7), 28.6 (C-4). PL_E¥ 5 ClRRkiE—
U, HMEEENAY S RRIEIRE .

G 6: #ta 0 E AUk K, 43+ 7\ C20H2sNO4o
'H-NMR (600 MHz, DMSO-ds) d: 6.67 (1H, s, H-3),
2.62 (1H, m, H-4a), 2.34 (1H, m, H-4p), 2.96 (1H, m,
H-5a), 2.93 (1H, m, H-5pB), 2.80 (1H, dd, J = 13.7, 4.0
Hz, H-6a), 2.48 (1H, m, H-7a), 2.26 (1H, t, J = 13.7
Hz, H-7p), 6.73 (1H, s, H-8), 7.83 (1H, s, H-11), 3.79
(3H, s, 2-OCH3), 3.77 (3H, s, 10-OCH3), 3.58 (3H, s,
1-OCH3), 2.40 (3H, s, N-CH3); '*C-NMR (150 MHz,
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DMSO-de) J: 143.5 (C-1), 126.3 (C-1a), 128.8 (C-1b),
151.6 (C-2), 112.3 (C-3), 126.9 (C-3a), 28.8 (C-4), 52.7
(C-5), 62.3 (C-6a), 33.7 (C-7), 129.7 (C-7a), 115.2 (C-
8), 146.0 (C-9), 146.1 (C-10), 110.6 (C-11), 122.4 (C-
11a), 55.6 (2-OCH3), 55.7 (10-OCH3), 59.4 (1-OCH3),
43.7 (N-CHs). LA EX5 SR RoE — 307, #MeEEfl
W 6~ N-FH AR5 o

WA T 48 ETEE BB R, 7313 CisHioNO4.
'H-NMR (600 MHz, DMSO-d;) J: 6.57 (1H, s, H-3),
3.10 (2H, m, H-4), 2.61 (2H, m, H-5), 2.23 (1H, t, J =
13.1 Hz, H-6a), 2.73 (2H, m, H-7), 6.79 (1H, d, J= 8.0
Hz, H-8), 6.71 (1H, d, J= 8.0 Hz, H-9), 3.49 (6H, s, 1,
11-OCH3); '3C-NMR (150 MHz, DMSO-ds) J: 146.4
(C-1), 125.4 (C-1a), 129.1 (C-1b), 149.0 (C-2), 115.8
(C-3), 130.1 (C-3a), 27.0 (C-4), 42.9 (C-5), 54.6 (C-
6a), 38.1 (C-7), 128.5 (C-7a), 122.2 (C-8), 115.3 (C-9),
144.3 (C-10), 149.3 (C-11), 124.5 (C-11a), 60.2 (1-
OCH3), 60.1 (11-OCH3). A b5 SCiikfoE — ke,
W 2L AW 7 N hernovine

G 8: it TosE AUk K, 43130 CloH23NO4.
'H-NMR (600 MHz, DMSO-ds) d: 6.75 (1H, d, J = 8.1
Hz, H-5'), 6.62 (1H, s, H-5), 6.57 (1H, s, H-2"), 6.52
(1H, m, H-6"), 6.39 (1H, s, H-8), 3.71 (3H, s, 6-OCH3),
3.71 (3H, s, 4-OCH3), 3.69 (H, m, H-1), 3.54 (1H, m,
H-1a), 3.06 (1H, m, H-3a), 2.84 (1H, m, H-1pB), 2.69
(2H, m, H-4), 2.59 (1H, m, H-3p), 2.32(3H, s, N-CH3);
BC-NMR (150 MHz, DMSO-ds) 6: 64.4 (C-1), 47.1
(C-3), 24.9 (C-4), 124.7 (C-4a), 112.4 (C-5), 146.3 (C-
6), 144.7 (C-7), 114.8 (C-8), 130.1 (C-8a), 40.5 (C-9),
133.1 (C-1"), 117.3 (C-2"), 146.2 (C-3"), 146.3 (C-4"),
112.2 (C-5"), 120.4 (C-6"), 56.0 (6-OCH3), 55.9 (4'-
OCH3), 42.7 (N-CH3). LA 305 SCiikdlaE — 200,
WS AT 8 AR .

WA 9: Mt TEE K K, 79 T30 CroH21NO4o
'H-NMR (600 MHz, DMSO-ds) J: 6.52 (1H, s, H-3),
2.69 (2H, m, H-4), 3.14 (2H, m, H-5), 3.62 (1H, s, H-
6a), 2.75 (2H, m, H-7), 6.87 (1H, s, H-8), 7.90 (1H, s,
H-11), 3.79 (3H, s, 2-OCH3), 3.76 (3H, s, 10-OCH3),
3.56 (3H, s, 1-OCH3); '3C-NMR (150 MHz, DMSO-
ds) 0: 142.7 (C-1), 125.9 (C-1a), 129.4 (C-1b), 149.1
(C-2), 111.6 (C-3), 129.4 (C-3a), 26.6 (C-4), 36.3 (C-
5), 53.4 (C-6a), 35.1 (C-7), 120.1 (C-7a), 115.0 (C-8),
147.7 (C-9), 146.9 (C-10), 106.6 (C-11), 124.3 (C-11a),

55.5 (2-OCH3), 55.4 (10-OCH3), 59.3 (1-OCH3). LA I
B SRR IE — 320, WS EE Y 9 URE TR

& 10 WL ERK AR, 1A
C20H21NO40 1H—NMR (600 MHZ, DMSO—d()) (52 8.94
(1H, s, H-5), 7.63 (1H, d, J = 9.1 Hz, H-10), 7.45 (1H,
d, J =9.1 Hz, H-9), 7.22 (1H, s, H-8), 3.95 (3H, s, 6-
OCHs), 3.73 (3H, s, 4-OCHz), 3.54 (2H, m, H-14), 3.11
(2H, t, J = 5.9 Hz, H-11), 2.71 (2H, t, J = 5.9 Hz, H-
12), 243 (3H, s, N-CH3); !*C-NMR (150 MHz,
DMSO-ds) o: 148.6 (C-6), 147.3 (C-7), 145.7 (C-3),
141.8 (C-4), 130.1 (C-8a), 128.4 (C-1), 127.1 (C-10a),
123.9 (C-2), 123.9 (C-9), 123.8 (C-4b), 122.1 (C-4a),
120.3 (C-10), 112.0 (C-8), 108.4 (C-5), 60.1 (4-OCH3),
55.7 (6-OCH3), 53.8 (C-14), 52.6 (C-12), 46.4 (N-
CH3),27.0 (C-11), DA E#E SR —3502Y, #s
EAAY) 10 4 litebamine .

& 1. wEeLEMK KR, o1
CisHi1oNO4s. "H-NMR (600 MHz, DMSO-ds) J: 6.94
(1H, d,J =7.9 Hz, H-8), 6.86 (1H, d, J = 7.9 Hz, H-9),
6.72 (1H, s, H-3), 3.76 (3H, s, 2-OCH3), 3.30 (1H, d,
J = 5.7 Hz, H-6a), 3.58 (3H, s, 1-OCH3), 3.29 (1H, d,
J=5.7Hz, H-5B), 2.83 (1H, m, H-5a), 2.76 (1H, m, H-
4p), 2.75 (1H, m, H-7B), 2.69 (1H, m, H-4a), 2.62 (1H,
m, H-7a); '3C-NMR (150 MHz, DMSO-d) 6: 149.8
(C-2), 148.7 (C-10), 143.6 (C-11), 141.9 (C-1), 130.4
(C-7a), 129.0 (C-11¢), 126.0 (C-8), 124.8 (C-11a),
124.4 (C-3a), 119.5 (C-11b), 115.7 (C-9), 112.5 (C-3),
63.5 (1-OCHj3), 56.1 (2-OCH3), 54.2 (C-6a), 42.8 (C-5),
37.8 (C-7),29.5 (C-4). VI b-Hds 5 3CikdliE — 022,
W% e EY 11 N (+)-10,11-dihydroxy-1,2-
dimethoxynoraporphine.

& 12: WHELERK K, 1A
CisHi7NOs. "H-NMR (600 MHz, DMSO-ds) J: 6.82
(1H,d,J =7.9 Hz, H-8), 6.77 (1H, d, J = 7.9 Hz, H-9),
6.65 (1H, s, H-3), 6.02, 5.88 (2H, s, -OCH»0-), 3.64
(3H, s, 11-OCHj3), 3.36 (1H, overlapped, H-6a); '3C-
NMR (150 MHz, DMSO-dg) 0: 149.1 (C-11), 146.1 (C-
2), 145.3 (C-10), 142.5 (C-1), 129.7 (C-3a), 128.1 (C-
7a), 126.3 (C-1b), 123.3 (C-8), 122.2 (C-11a), 115.6
(C-9), 113.7 (C-1a), 107.4 (C-3), 99.9 (-OCH20-), 59.7
(11-OCH3), 53.8 (C-6a), 42.3 (C-5), 37.0 (C-7), 28.8
(C-4). DA EEE 5o hkRIE — 3, e

12 /4 hernangerine.
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th& 13: e LE™MB K, o FxX  (-OCH0-), 63.5 (C-6a), 56.3 (10-OCH3), 56.3 (9-

C19H19NO4. 'H-NMR (600 MHz, DMSO-ds) J: 7.56
(1H, s, H-11), 6.74 (1H, s, H-8), 6.59 (1H, s, H-3), 6.12,
5.97 (2H, s, -OCH»0-), 3.79 (3H, s, 10-OCH3), 3.77
(3H, s, 9-OCH3), 3.26 (2H, m, H-5), 2.66 (1H, m, H-
6a), 2.86 (2H, m, H-7), 2.59 (2H, m, H-4); 3C-NMR
(150 MHz, DMSO-ds) J: 146.5 (C-9), 146.4 (C-10),
146.2 (C-2), 140.8 (C-1), 128.4 (C-7a), 127.3 (C-11c¢),
126.5 (C-3a), 123.3 (C-11a), 115.9 (C-11b), 115.4 (C-
11), 111.4 (C-8), 106.5 (C-3), 100.4 (-OCH,0-), 53.7
(C-6a), 55.8 (10-OCH3), 55.7 (9-OCHs), 48.8 (C-5),
34.9(C-7),30.7 (C-4). LA b3l 5 SCik o — 35024,
A& 13 %5 9 nordicentrina.

aEw 14: WEOELERK K, 1A
C20H21NO40 1H-NI\/IR (600 MHZ, DMSO-dﬁ) o0: 7.56
(1H, s, H-11), 6.74 (1H, s, H-8), 6.61 (1H, s, H-3), 6.12,
5.98 (2H, s, -OCH»0-), 3.79 (3H, s, 9-OCH3), 3.77 (3H,
s, 10-OCH3), 3.31 (2H, m, H-5), 3.38 (1H, m, H-6a),
2.89 (2H, m, H-7), 2.60 (2H, m, H-4), 2.73 (3H, s, N-
CHs); '3C-NMR (150 MHz, DMSO-ds) 6: 147.1 (C-
10), 146.8 (C-9), 146.7 (C-1), 141.5 (C-2), 128.6 (C-
11a), 126.9 (C-11¢), 121.7 (C-3a), 117.5 (C-1a), 116.5
(C-8), 115.9 (C-11), 111.9 (C-3), 107.1 (C-11b), 101.0

OCH3), 53.3 (C-5), 45.7 (N-CH3), 34.1 (C-7), 30.7 (C-
4), UL EER S SCERIRIE — 5020, HMUSE A 14
A dicentrina.
4 FEVREEYEMEITEN
4.1 HepG2 ApaE MR

KA CCK-8 iEME A Y% HepG2 A1) 5
PEER, HepG2 4HEfh T &4 10%FBS. 1%P/S
A1 X AR AR BRI DMEM R, 37 C.
5% CO [T T HEATEE IR o 440 M 25 Bk 2] 80% ~
90%FF, FH I AR I A0 Jo oK 4 i o ik, A L S
N 1.0X 103 AN/mL FI4HHLE, BA 100 pL/FL¥Y 504z
FhE 96 FLAR T, FrHIGREJG 77 25 R G IR AL, o0 R
MR, Rl T8 0.1% DMSO iR &
WV (AL &P 0.1% DMSO Eeiil sk 100, 50
25, 12.5. 6.25 umol/L). iR fb &/ 24 h
G, WOES A A YEIER MR TR, AT
TEBEFRIEACUT ) CCKS8 ¥, B4l 100 uL. T4HAE
Br R B RR R 1h 5, TEEFRX 450 nm KT
MEWIERE (4D 2O, ARSEIGHSTEHEE 3 K, $%LA
TARHA A E R,

MMIAFTE R =A 2/ A wm

giRER GR D, EW2. 7. 10~12 ib2E

#z1 BHAYX HepG2 AMMEERZM
Table 1 Effect of different compound on survival rate of HepG2 cells

ey AT R/ %
0 pmol-L™! 100 pmol-L! 50 pmol-L™! 25 umol-L™! 12.5 pmol-L™! 6.25 pmol-L™!
X i 100+£2.23

1 91.84+5.43" 89.60+5.00"" 94.02+1.67" 101.1942.75 100.03+5.00

2 87.56+1.28" 97.34+3.28 100.62+2.57 100.62+2.57 99.34+1.92

3 77.39+1.73" 85.77+4.98" 94.14+3.32™ 104.10+2.26 108.03+2.26

4 40.05+2.43" 72.38+0.46™ 85.62£2.43™ 94.3611.98™ 95.89+4.41

5 90.73+1.19™ 91.93+1.12" 96.49+1.20 98.20+2.32 99.40+5.75

6 89.79+1.13™ 94,98 +2.33™ 94,98 +2.33" 100.1712.86 101.91+5.19

7 92.18+3.80" 99.86+3.80 104.34+3.20 103.07+4.48 102.40+3.20

8 85.49+4.07" 91.28+1.17" 103.49+1.72 101.77+1.72 100.59+2.35

9 72.31£2.15™ 88.261+4.30™ 91.97+3.19™ 96.79+2.67" 102.13+2.08
10 96.17+1.13" 102.80+1.57 100.29+2.51 100.84+2.98 97.32+2.51
11 95.51£1.05" 101.99+1.51 99.51+3.01 100.03+1.96 97.99+2.03
12 98.76 £0.97" 102.42+2.31 103.39+1.34 104.73+2.31 102.42+3.37
13 52.94+1.67" 66.08+1.75"" 90.23+2.79™ 94.261+3.95 97.681+2.89
14 44.09+1.16™ 76.58+1.70"" 93.944+2.24™ 101.81+0.54 102.89+2.78

Lxt AL *P<<0.05
*P<0.05 P<0.01 " P<0.001 vs control group; same as Table below.

”P<0.01

P<0.00; FERM.
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WRIEZIAF] 50 wmol/L B, KT HepG2 4 U FI A7 %
T E W A& 5 Al 8 AEFRIKFEIA S 25umol/L
I, Ho6F HepG2 4 M I AAT5 5 J0 W 35 500 (&)
1. 3. 6. 13 fil 14 bFEIREIAF] 12.5 pmol/L B,
FEX HepG2 Al 4715 3 J0 W35 5000 (b &4 4 H
9 AEFRIRFFIAF] 6.25 wmol/L i, Xt HepG2 40
FERRE ST E S
42 YRR AEYR HepG2 MAEEHEEFER
Al

HepG2 M4 R T 54 10% FBS. 1% P/S
1 X JENZEFEER ) DMEM k%, F 37 C.
5% COy HIM G T~ BEATBE 37 o B A% ik 5 80%~
90%IN,  FHJER 2R G A S5 K At i 2315, (S o
9 1.0X10° /mL FI4EM &, L 100 pL/AL3Y2]
A 96 FLAC, e FLMGEE J5 7 26 JRL s I, 4200
HRAH . A2 2RI PE T BRZE (RO, 43 s
2 0.1% DMSO &l A EWER AL AP 0.1%
DMSO F#ilE 500 25, 12.5. 6.25. 3.125. 1.56.
0.78 pmol/L) 1= FXUIK (2 mmol/L), RIS
ANEAL, BT RFETRIR 24 he FEFREGR I
REFEM, WAL 2 pL 4P IS, B AN
96 FLAR 1, [RIE 420 R ZH S AT bR i 55 EL 2 pL A
HERE IR AL, [FIFEE 5 MEAL: W ERIrA Sl (&
Y IS AL S bR A FRIE L) T AN 200 pL F
PRI, A 96 SRR G 2RSS, 737 C

FAF T E 10 min, BESE 505 nm AR lE &
LA AR, R EE 3R, LN ARHE
A PEH AR

R HEEFE R = Co—(Co X 41)/4o
Cov Ao~ A1 53 BIURWIAET RIWEVR BE RUBRUER . FRI 259010 4

LR, 5 RAAHLE, (A 1(1.56~6.25
umol/L). 5 (3.125~25 pmol/L)+ 6 1 8 (3.125~12.5
umol/L)« 9 F1 11 (0.78~6.25 umol/L) 2 fa 7 2 # 4
FEHEERS (P<0.05. 0.01). L&Y 2~4. 7.
10, 12~14 AP fG, HAE A S FE R S0 0
DEZER. SREIMLEY 1. 5. 6. 8. 9. 11 AfE
TEAH R R 2 BV FE LR AR (R 2D XL
AT (2 mmol/L) 4B I HHHAERE )y (6.98£0.14)
umol/(L-h).
43 EYHE N EYIFHEIERIFSH HepG2 4HRE
BE RRFRRE A2

R AR XA 9 200 B 1 e 00 B e 2657 9 R
SRTEERIREE, FRAAEYNEEER (PA)
753 HepG2 2 A JIR 5T AR 52 5 1l (1) 5 S5 o« AR E
&A%Y HepG2 41, A 10%FBS. 1%75 %% % -5
FBRAPL (P/S) K I X AR TREILRE (NEAA) 1
DMEM 5437 55 JUR5 9%, BN 2 2.0X10°
ANmL H S AIIER . B E R IZ AL 1 mL
S1HeRF 12 LR, BT 37 C. 5% COL:746+
9% 24 he HEREH G A LERRE, Tk

x2 BUAYNAREBEEERE

Table 2 Cellular glucose consumption in response to different compound concentrations

0 MR BRI (ol L™ h )

N

e 0 pmol-L™! 50 umol-L™" 25 pmol'L™" 12,5 pmol'L™"  6.25 pmol'L™"  3.125 umol'L™!  1.56 umol-L™!  0.78 umol-L ™"
X 6204012
1 6.31+0.10 6.29+0.12 6.31£0.03 6.51£0.17" 6.51£0.17" 6.56£0.14™  6.46+0.17
2 6361021 633£021 6.39£0.15 6.24+0.27 6.30£0.18 6.36+0.24 6.39%0.15
3 6.27+0.11 6.33£0.19  6.24£0.20 5.93£0.25 6.38+0.08 6.27+0.17 6.27+0.20
4 6.17£0.11  5.98%0.09 6.0210.11 6.1410.19 6.0710.16 5.9810.04 6.0210.11
5 6.141020 6.48%+0.16" 6.40%0.10" 6.56+0.23" 6.37£0.13" 6.32£0.26 6.01£0.28
6 6.181+0.13  6.24+025 6.671+0.14" 6.51£0.11" 6.70+0.14" 6.45+0.21 6.39+0.22
7 6.401+0.84 6.12+£022 6.29%0.16 6.0910.14 6.21%0.11 6.3110.14 6.151+0.27
8 6.781+0.12  6.70+£0.08  6.9610.03" 6.99£0.29" 6.90+0.03" 6.67£0.06 6.79+0.29
9 6.55+022 6.60£0.14 6.63%£0.19 6.82£0.17" 6.77£0.12" 6.94+0.14™ 7.04£0.03"
10 585+0.84 6.76£0.55 6.701£0.42 6.5010.36 6.8910.23 6.5010.26 7.25+0.62
11 7.13£1.01  7.03£0.56  7.05%£0.95 7.08+0.28" 6.70+0.14" 7.42+0.14™ 7.14£0.48™
12 626047 6.63£037 7.10£0.54 7.44+1.04 6.491£0.67 6.96+£0.54 7.00£0.94
13 6.18+0.17  6.39%£0.79 6.42+0.32 6.501+0.41 6.1210.35 6.42+0.43 6.2510.16
14 642030 6.11£0.79 6.25%0.11 6.73£0.59 6.80£0.44 6.66+0.45 6.62£0.34
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H: WAL TAE PA IH IR IR, WAL,
T 300 umol/L PA [JI57R%E, AZ4HL%A T 300
umol/L PA JAH Ik & AWtk SV R 7 2,
A1, 30 4.9, 11, 13, 14 73 B Z5KE (1.560.
3.125. 6.250 umol/L), &2, 7. 8. 10 454
25 (6.25. 12.50. 25.00 umol/L), k&4 5.
6. 12 7 SIZE 253K F (3.125+ 6.250+ 12.500 pmol/L) .
FUHLE T RTS8 5 24 h, FFRERER
FAAH BRI S A I A0 N TG 75 =281,

gRER (H 2, k&Y 11 £ 1.56~6.25
wmol/L i & I H et () A i s tL A9 64 9 7E
3.125~6.250 umol/L ¥4I H Lt B G ks AL
H) 3 1F 6.25 pumol/L FI H AL UF W RS 5 1
A1) 10 7 6.25~25.00 pmol/L FH HY &b 1R i

TR LA 2 7E 25.00 pmol/L 2 HILH BT (1) B T
P, BIRGREEMAN L AR EEER; R
SAMLE (1. 4. 5. 7. 8. 12~14) N¥KA Bn
A RRE . 2 RRLED 2. 3. 6. 9~11 7] &
Fik#%: HepG2 4HMfig Fi AR & .
5 g

ARSI R A RERAE B . Sephadex LH-20 #EZ
T (L % 2 i) 6 v RO (G 25 4 B R, 454 'H-
NMR FIBPC-NMR %34T, MIERERR RS A )
Bl B AR R 14 NMEWIREEY) . Hd, LAY
1. 11, 12, 14 AERNAKRZFRF 5 EEE, e
V2. 7 A0 N ERNER > SR RIMNE
PR E R, (&P 1. 5. 6. 8. 9. 11 A R &Y
i HepG2 A i 2 HH#E, k&4 9. 11 13E

150
T"
2 1004 I «
E
i\:, 50
G
= =
X iR 1.560 3.125
AP/ (umol-L1)
1507 =2
'an = 7
=]
< 1004 =8
%
g =10
)
9 50
PAHE 12.50 25.00
&/ (umol -L 1)
150 =5
X =6
£ 100 = 12
] o
£ o] xk
S e
s 50 - ﬁﬁ
0 ﬁ} I—%‘ I_EI Z =07 i 7 Al
papiGs eit] 3.125 6.250 12.500
AP/ (umol- L)
_ 150 s
‘Ol)
= 100
S
g
= 50
©
0 ﬁl%ll}l 2 Z 4 2 1 : B Z0
paict et 1.560 3.125 6.250
AP/ (umol L)
XA #P<0.05 #P<<0.01 *#P<0.001; HHEMALLE: "P<0.05 ™P<0.01 *"P<0.001.

P<0.05 #P<0.01 *#P<0.001 vs control group; “P < 0.05

“P<0.01

**P < 0.001 vs model group.

B2 &Y 1~14 XE PAFS HepG2 MAEAS FAR R
Fig.2 Compounds 1—14 ameliorate PA-induced lipid accumulation in HepG2 cells
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PEESR, 1F 0.78 umol/L & & R #t il 458 HepG2 4
PR AE: (LA 2. 3. 6. 9~11 T] B E R
HERR 75 T 1) HepG2 4HMN TG FRE, Hh k& 1
TEVERIE, £E 1.56 umol/L W T BRI A%

WL RO R R, BA RS
EY (1. 5. 6. 8. 9. 11) AN &4 e 25 B AL 0
HEE, Ho#HEHH LR “Hir A" (s
5 1 RS 2 (/10 AL H A FED, XFE
TEREIE “RALp s A e )1+ a1/
SERRTER T, ILEALA 5 75 0 R % AT PR AR
WEE. 2RSS &R, e 2~4. 7. 10,
12~14 BIRIX— P ERY. (ka4 2 X 11 frf
FR%E, AR S A ED .

FLA R RV M A6 A 32 BN BT AR FE/ 25 FE BT
FNEE (b & 2. 3. 6. 9. 11) BLFESE (tb&%10)
B, WAL A 1 BRI AR E, Bk
SERETT E LA S 8 DU ek, s T NI
PEILHORIZ & SN AL EFK M. KX E 1~
3AMET C24 C-9 B, C-10 o7 fy B4R 5 /AT0 FE — 48 5
A 3+ 60 AR TIEMRIE, M C-1/C-11 fif
WA (it &9 7D NS EUEEE R IR
&, C-10/C-11 fi2f —3%: (b&W 11) w R EHE
SRIE T, X R T A MAAME T X R E
W12 NS NE. N-HEELBTARESR (L&D 3.
6) TEVERSAL T H R ALY (bEY 9, (H N-
AL IR TR 2%t a4, 5 BN N-HEL
BAIANSE, A PR SR B U B R AR AR AT A B
P, 3R B TE A A A S R R E

FBAR FAVHEHFEFARGEA TR
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