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Chemical constituents from seedlings of Hordeum vulgare

LI Mengshuang, BA Mingyu, HUANG Doudou, SUN Lianna
School of Pharmacy, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China

ABSTRCT: Objective To study the chemical constituents from Hordeum vulgare seedlings with their hypoglycemic activities.
Methods Silica gel, microporous adsorption resin, Sephadex LH-20, ODS, and semi-preparation HPLC were used for isolation and
purification, then the structures of obtained compounds were identified by physicochemical properties and modern spectroscopic
techniques such as ESI-MS and NMR. The hypoglycemic effects of compounds were examined by a-amylase inhibition test. Results
A total of ten compounds were isolated from the 80% ethanol extract of the aboveground part of H. vulgare seedlings, which were
identified as 6,8,4-trihydroxyflavone-7-C-B-D-glucopyranoside (1), 3-C-B-D-glucopyranosyl-1-hydroxy-7-methoxy-xanthone (2),
luteolin  7-O-B-glucoside-3"-methyl ether (3), formononetin (4), naringenin chalcone (5), phenylalanine (6), (7E)-9-
hydroxymegastigma-4,7-dien-3-on-9-O-B-D-glucopyranoside (7), 4'-glucosyl-6'"-sinapoylsaponarin (8), troxerutin (9), and
divarioside A (10). Compounds 6 and 10 had good hypoglycemic activity, with inhibition rates of 75.40% and 68.70%, respectively.
Conclusion Compound 1 is new flavonoid compound, named damaimiaoside A. Compounds 2—10 are isolated from this plant for
the first time. Compounds 6 and 10 have good inhibitory activities of a-amylase.

Key words: Hordeum vulgare L. seedlings; hypoglycemic effects; 6,8,4-trihydroxyflavone-7-C-f3-D-glucopyranoside; damaimiaoside A;

formononetin; naringenin chalcone; phenylalanine
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Fig.1 Chemical structures of compounds 1—10
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BRI R B RAFD; UVI901 E4Mr et
(LB EHE ARG AT ); ResearchPlus 2 Wikt ;
SY-360H A _EHFHERAY 2 3 2 A PR A 7DD
Milli-Q HEAKFAY (EEZEI AT, Bl
BE (tt5 BI37719, iE 3 H>98%, FEH L2 {R{E
AWRAFD; o-E W E (Sigma AF, #t5
102684207). Spectramax i3x % I AEEHARX (5B
TAXBSERATD; JEk. MBS (tral, EZ
EHZN R A IRAF]D,

RFEHT 2018 4 3 HRET Rilgiifol Rl
B, B RGBS AR AR B K FE H.
vulgare L.[JIICEEN, HARA (HV20180318) /7T 1
MR 25 R 2 AR o
2 RS9 E

WURZ T 10 kg, iR T H 40 L 80% L EEIR I
48h, 150 L 80% LEHARFEI . Ik W4 2
ToEENR, FAMEE. BSER COFE. 1E T REMRIRAERL.
BEETAL. IE T B AES IR £ B %15 2102
267, 150, 70 g.

IETESALRE (150 g) 4 MCI M, K
A EMAFUREE (04 10%-+ 30%. 50%-. 70%-
90%- 100%) HIZEE-/K RS el, 23] 14 Ny
Fral ~Fral4,

Fral & ODS Ak, DLAIE-K (1:
9—1:0) P, 753 13 N4> Fral-1~Fral-13,
Fral-3 R E 4 LH-20 H RHEERATE 3, BL 40%
FE- KB =4, HRMEY 10 (12 mg).

Fra3 4 ODS Ak, PLAE-K (1:
9—1 1 OBEML, 193] 8 ™AL Fra3-1~Fra3-8.Fra3-
2 REZA LH-20 i RPER AT 3l DL 80% HEE-7K
RAEEGHEREREEY 9 (2mg),

Fra5 %4 ODS KAHF:EGRELL NG : KRG
Vet (1091 :0) 132) 11 N4> (Fra5-1~Fra5-
11D Fra5-8 FHTHLEY 8 (2 mg). ¥ Fras5-4~
Fra5-9 &9, 4 LH-20 Hi R MEHEE A i LA 80% H
- /KRG Ve, 193 9 AN (FraS-4-1~Fras-
4-9), ¥ Fra5-4-6 24 ODS AMFELLZJE: KRGk
FEGEML (1291 2 0) 152 13 M4 (Fra5-4-6-1~
Fra5-4-6-13) . Fra5-4-6-7 2 % A it FH 18%
K2 JE-/KRGELL 4.7 mL/min S8R, Bk &
Y2 (1 mg, ®=23.9 min). F Fra5-8 xE % LH-
20 i R B B L 80% F I -7K R G055 B Vet
a1 EMLEY 3 (2 mg).

Fra8 4 ODS SAHRERAE IS LN G : KRG
BEEEWERL (119511 0) A& IEEH Fra8-1~
Fra8-5. Fra8-1 £ LH-20 % S M AL 4 FF BE e i 15
F| 5 NS> (Fra8-1-1~Fra8-1-5). Fra8-1-2 £ 4l
ZAEE (0~10 min, 35%MH EE-7K; 10~30 min:
40%FHEE-K, ARAE 4 mL/min), BEHLEY 6
(30 mg, ®rR=16.8 min). Fra8-3 & ODS KAHK: (%
W, ZHE-K (11951 :0) BREEMENL, B2 114
Y9y (Fra8-3-1~Fra8-3-11). Fra8-3-4 44 #A4%
il 40% RS RIARIED 1 (1 mg, r=
17.2 min). Fra8-3-7 &l a5 AE ik, 30% H ¥ SE
FEVEIAS ML &9 7 (40 mg, ®==19.3 min).

B ZBEERAL (70 g), 4 MCI B i, Rk
AR FEARFL B FE-7K (0n 10%- 30% 50%-
70%- 90%- 100%) RSt HEM, 133 14 N5 Fral ~
Frg8. Frgd 28 ODS A (% DL Z1F-/K (1 2 9—1 ¢
0) RAFHELLEM, 152 7 N7 (Fred-1~Fred-7).
Fred-4 222l k0%, DL 25%1) L E-K RS %
Helli, BEMEY 4 (2mg, ®R=25.1min). Fre4-6
28 LH-20 ) R R R A i, DA S B Ve Mt 5 15
F| 5 Mt (Fra4-6-1~Frp4-6-5). ¥ Fra4-6-4 4:3F
Bl AR, 24% G- KEFRI, BELEY S
(1 mg, ®=23.3min),
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AT (1) BRHSAE 6 MEAL/MIINN 25 L FE i
IR (&R N 600 pg/mL) < 25 X HEZH 5 Wk
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SFLEIRET 3 NN 12.5 pL o-iER EEER, 5 3 4
LN 12.5 ul Z&48/K, 37 CiENE 10 min; (3) F4H
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BT & EIA 100 pL 5 k7 MR H VA
Al (4) 1E 630 nm P NI E SO
(A, A fHRBE o-JEMBEKRTER IR, iR
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R, LB x+s £Rn (n=3),

IR =1—(A prrmss—A eV (A wemmrnms—A s
4 R
4.1 ZHHMEE

WEW 1. ZEOTEMNBMAK, ESIMS m/z:



* 4168 »

¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

431.096 3 [M—H]” GIF5HAE N 431.0984), 454 1B3C-
NMR % 4 #E Wr 2 50 7 X oy #E W 7 5 UK
CaiH2010, AWAER 12, [o]y —2.00 Cc 0.050,
MeOH). UV A (nm): 198,214,270, 340, IR Vi
(em™): 2922, 1508, 1489, 1356, 1250, 1180; #*H
& 1 HAFEZRIR, 25 'H-NMR (600 MHz,
CD;OD) ##fi (GR 1) B/RAFAE 1 40 BRI 2
WEM55 ou7.80 (2H, d, J=8.9 Hz), 6.91 (2H, d, J =
8.9Hz). 2 M AFIE(E T 0u6.55 (1H, s), 6.46 (1H,
s)s 1 ANSESLE du 4.90 (1H, d, J = 10.0 Hz) J% u
4.50~3.20 ZMMEZANEES, HIESE 1 4HB
M TR 24 B BC-NMR (150 MHz, CDs;0D) %
(R D BRIILH 21 MrES. Hf, 601839
N ARIERRAE S, 0c166.1. 165.4. 162.8. 162.0+
158.7 A 5 MEHEWE S, oc 1294, 117.0 A 4 4
CH 55, UESEEXNAEIRIRED B R AELE, ¢
82.6~62.9 H1 54~ CH 1 1 > CH, [R5 5F 5247
76 1 A ENE. HMBC i (B 2) W1, 6c6.46 (H-5)
A1 6 109.4 (C-7), 165.4 (C-6) FHI<, H 78 4 bl i
#z1 L4415 "H-NMR F1 3C-NMR #4E (600/150
MHz, CD30D)
Table 1 'H-NMR and '3*C-NMR data of compound 1
(600/150 MHz, CD3;OD)

/A oc OH

166.1
103.8 6.55(1H,s)
183.9
95.4 6.46 (1H,s)
165.4
109.3
162.0
158.7
105.0
123.1
129.4 7.80(2H,d,J =89 Hz)

© 00 N o o B~ W N -

N P
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35 117.0 6.91 (2H, d, J=8.9 Hz)

4 162.8

Gle-1' 753 4.90 (1H, d, J = 10.0 Hz)

2 726 3.48 (1H, m)

3 80.2 3.48 (1H, m)

4 718 3.43 (1H, m)

5 826 4.12 (1H, m)

6 62.9 3.88 (1H, dd, J=2.3, 12.1 Hz)

3.75 (1H, dd, J = 5.5, 12.1 Hz)
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Fig.2 Structure and Key 'H- '"H COSY, HMBC
correlations of compound 1
4 0u 4.90 F 6c 109.4 (C-7), 165.4 (C-6), 162.0 (C-8)
FHIC, PG A 7 67, H C-6. C-8 3
e IR, DR, e A 1 S5 6, 8,4
=B WH-7-C-B-D-ME R A A B, FE T Bk A
J Sci-Finder f5 %, #EEY 1 &, I

U NREEE Ao

&M 2. FEKAEK, ESI-MS m/z: 403.1 [M—
H] s 127 30CH CaoH2009. 'H-NMR (600 MHz, DMSO-
ds) 0: 13.57 (1H, s, 1-OH), 7.35 (1H, s, H-8), 7.03 (1H,
s, H-6), 6.54 (1H, s, H-5), 6.51 (1H, s, H-2), 4.59 (1H,
d, J = 9.8 Hz, glc-H-1"), 3.90 (1H, s, OCH3), 3.17~
3.68 (5H, m, glc-H-2'~6"); "*C-NMR (150 MHz,
DMSO-ds) §: 182.3 (C-9), 163.8 (C-3), 161.0 (C-1),
156.7 (C-4a), 151.2 (C-10a), 148.5 (C-7), 121.8 (C-8a),
120.8 (C-6), 116.2 (C-5), 110.6 (C-8), 109.3 (C-9a),
103.5 (C-2), 94.2 (C-4), 81.9 (C-5"), 79.4 (C-3"), 73.5
(C-17, 71.0 (C-2%, 70.7 (C-4"), 61.9 (C-6), 56.4
(OCH3)o A F20#E 5 Sk iE FeAR — S0, #ssse
wEY 2 A 3-C-B-D-glucopyranosyl-1-hydroxy-7-
methoxy-xanthone.

a3 BEMA, ESI-MS m/z: 459.1 [M—
H] s 153N C23H2409. 'TH-NMR (600 MHz, DMSO-
ds) 9: 7.58 (1H, d, J = 9.0 Hz, H-6"), 7.56 (1H, d, J =
1.4 Hz, H-2'), 6.92 (3H, m, H-3, 8, 5", 6.44 (1H, s, H-
6), 5.05 (1H, d, J = 7.8 Hz, glc-H-1"), 3.89 (3H, s,
OCH3); '3C-NMR (150 MHz, DMSO-ds) J: 182.3 (C-
4), 164.8 (C-2), 163.3 (C-7), 161.5 (C-5), 157.4 (C-9),
148.8 (C-3",4",121.2 (C-1',6", 116.5 (C-5"), 110.6 (C-
27), 105.8 (C-10), 103.4 (C-3), 100.5 (C-1"), 99.9 (C-
6), 95.4 (C-8), 77.7 (C-3"), 76.9 (C-5"), 73.6 (C-2"),
70.0 (C-4"), 61.1 (C-6"),56.3 (OCH3). LA F%#E 5
PR IE A — O, WS EN A 3 4 luteolin 7-
O-B-glucoside-3"-methyl ether.
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&Y 4. AEERL, ESI-MS m/z: 267.1 [M—
H]: 22N Ci16H 1204 'TH-NMR (600 MHz, DMSO-
ds) 5: 8.34 (1H, s, H-2), 7.98 (1H, d, J = 8.4 Hz, H-5) ,
6.95 (1H, dd, J= 8.4, 2.2 Hz, H-6), 6.88 (1H, d, J=2.2
Hz, H-8), 7.52 (2H, d, J = 8.6 Hz, H-2', 6"), 6.99 (2H,
d,J=8.6 Hz, H-3",5"),3.72 (3H, s, OCH3); 3C-NMR
(150 MHz, DMSO-ds) J: 175.0 (C-4), 163.0 (C-7),
159.4 (C-4"), 157.9 (C-9), 153.6 (C-2), 130.5 (C-2', 6"),
127.7 (C-5), 124.7 (C-17), 123.6 (C-3), 117.0 (C-10),
115.6 (C-6), 114.0 (C-3’, 5%, 102.5 (C-8), 55.6 (4"
OCHs). LA EHR 5 SClRE AR — 502, #s e
WEY) 4 NTEWTEE R

WEY 5. R ORAR, ESI-MS m/z:271.1 [M—
H]™; b2 300 C1sH1205. "H-NMR (600 MHz, DMSO-
ds) 0: 7.89 (1H, d, J = 15.5 Hz, H-a), 7.66 (1H, d, J =
15.5 Hz, H-B), 7.52 (2H, d, J = 8.7 Hz, H-2, 6), 6.84
(2H, d, J = 8.7 Hz, H-3, 5), 5.85 (2H, brs, H-3", 5');
I3C-NMR (600 MHz, DMSO-ds) d: 192.2 (C-C=0),
165.2 (C-4", 164.9 (C-2', 6", 160.3 (C-4), 142.8 (C-a),
130.8 (C-2, 6), 126.6 (C-1), 124.3 (C-B), 116.5 (C-3,5),
104.7 (C-1'), 95.4 (C-3", 5"y, LA %3k 5 kiR iE %
A=), WA EY) 5 A A .

th&Y 6: A E{A, ESI-MS m/z: 164 [M—H];
122N CoHINO2. "H-NMR (600 MHz, DMSO-ds)
8:7.25~7.36 (5H, m, H-2~6), 3.52 (1H, dd, J = 14.4,
4.0 Hz, H-2"), 3.32 (1H, d, J=4.0 Hz, H-3"a), 3.16 (1H,
d,J=14.4 Hz, H-3b); 3C-NMR (150 MHz, DMSO-
ds) 0: 173.7 (C-17), 137.3 (C-1), 130.4 (C-3, 5), 129.9
(C-2, 6), 128.4 (C-4), 57.6 (C-2"), 38.3 (C-3". LL_E¥
I 5 2R I RN IR AR AR B AR — B, MU E
A 6 NARHEAIE -

a7 BtERK KR, ESI-MS m/z: 369
[M—H]; k223N Ci9H3007. "H-NMR (600 MHz,
DMSO-ds) d: 1.96,2.36 (2H, d, J= 16.4 Hz, H-2), 5.79
(1H, s, H-4), 2.61 (1H, d, J = 8.8 Hz, H-6), 5.57 (1H,
dd, J=15.2, 6.4 Hz, H-8), 5.68 (1H, dd, J=15.6, 9.2
Hz, H-7), 4.29 (1H, m, H-9), 1.19 (3H, d, J = 6.0 Hz,
H-10), 0.93 (3H, s, H-11), 0.91 (3H, s, H-12), 1.85 (3H,
s, H-13), 4.18 (1H, d, J = 8.0 Hz, glc-H-1); '3C-NMR
(150 MHz, DMSO-ds) 6: 35.6 (C-1), 47.4 (C-2), 197.8
(C-3), 125.0 (C-4), 161.8 (C-5), 54.6 (C-6), 129.5 (C-
7), 135.2 (C-8), 72.2 (C-9), 21.8 (C-10), 27.5 (C-11),
26.5 (C-12), 22.9 (C-13), 99.6 (C-17), 73.3 (C-2), 77.0

(C-3"), 70.1 (C-4"), 77.1 (C-5"), 61.1 (C-6")o LA - %¥5
Rk IEREA Y, MRS T N (TE)-
9-hydroxy-megastigma-4,7-dien-3-on-9-O-p-D-gluco-
pyranoside.

WEY 8: IRFRIAR, ESI-MS m/z: 961.3 [M—
Hl; t2 A~ CuHs0024. 'H-NMR (600 MHz,
DMSO-ds) o: 13.53 (1H, s, 5-OH), 10.35 (1H, s, 4"
OH), 9.49 (1H, s, 4""-OH), 7.89 (2H, d, J = 8.4 Hz, H-
2',6"), 7.53 (1H, d, J = 15.6 Hz, sinapoyl H-7), 7.16
(2H, d, J = 1.8 Hz, sinapoyl H-3, 5", 5.07 (1H, d, J =
6.6 Hz, H-7-O-glc-1), 4.74 (2H, m, H-1-O-glc, H-1-C-
glc), 3.69 (6H, s, sinapoyl OMe X2); '3C-NMR (150
MHz, DMSO-ds) o: 182.5 (C-4), 167.0 (sinapoyl C-9),
164.6 (C-2), 162.7 (C-7), 161.7 (C-4"), 159.8 (C-5),
156.8 (C-9), 149.7 (sinapoyl C-3, 5), 148.2 (sinapoyl
C-7), 1459 (sinapoyl C-4), 128.8 (C-2', 6", 125.8
(sinapoyl C-1), 123.3 (C-1%, 116.3 (C-3', 5%, 115.7
(sinapoyl C-8), 114.4 (C-6), 111.5 (sinapoyl C-2, 6),
111.0(C-10), 105.3 (C-3), 103.4 (C-1"",101.2 (C-1"",
94.0 (C-8),81.1(C-5"), 79.2(C-3"),76.0 (C-5""),74.2
(C-3",74.0(C-5""),73.0(C-1",2""),71.2 (C-2""),70.3
(C-2"),69.8 (C-4",4",4""),63.8 (C-6""), 60.7 (C-6"),
55.9 (2X OCH3). LA EKdfe 5 3Tk RaE 2 A — 1),
4 B A W) 8 N 4'-glucosyl-6"""-sinapoylsaponarin .

WAEW9: IRFEORIAK, ESI-MS m/z: 741.2 [M—
H]; $h% A CHapO9. 'H-NMR (600 MHz,
DMSO-de) 0: 7.85 (1H, d, J= 2.1 Hz, H-2"), 7.71 (1H,
dd, J= 8.8, 2.1 Hz, H-5"), 7.13 (1H, d, J = 8.8 Hz, H-
6", 6.75 (1H, d, J= 2.2 Hz, H-6), 6.39 (1H, d, J=2.2
Hz, H-8), 5.43 (1H,d,J=7.2 Hz, H-1"), 5.13 (1H, brs,
H-1""), 4.10~3.10 (25H, m, H-2""~6", 2""~5"" 3 X -
OCH,, 3 X-CH,0H), 0.98 (3H, d, J= 6.1 Hz, H-6"");
BC-NMR (600 MHz, DMSO-ds) d: 177.9 (C-4), 165.1
(C-7), 161.2 (C-5), 157.0 (C-2), 156.3 (C-9), 151.2 (C-
4", 147.9 (C-5"), 134.1 (C-3), 122.9 (C-1"), 122.8 (C-
2, 114.7 (C-3"), 113.1 (C-6"), 105.5 (C-10), 101.7 (C-
1), 101.4 (C-7"), 98.8 (C-6), 93.3 (C-8), 76.8 (C-5"),
76.4 (C-3"),74.5 (C-2"),72.1 (C-8"), 71.0 (C-9"), 70.9
(C-4"),70.7 (C-11"), 70.6 (C-10"), 68.7 (-OCH>), 67.6
(C-6"), 59.7 (-CH,OH), 18.1 (C-12"). LA L¥E 5
BRARTE A — 300, MO EEY) 9 e T .

AP 10: BEEK K, ESI-MS m/z: 915.8 [M—
Hl ;s t2 A~ CuHasO o 'H-NMR (600 MHz,
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DMSO-de) 0: 7.92 (2H, d, J = 8.4 Hz, H-2', 6", 7.12
(H, d, J = 8.4 Hz, H-3", 5'), 6.88 (1H, s, H-8), 4.67
(1H,d,/=9.6 Hz,H-1"),4.32 (1H, m, H-2"), 3.28 (1H,
m, H-3"), 3.32 (1H, m, H-4"), 3.19 (1H, m, H-5"), 3.79
(1H, m, H-6"a), 3.34 (1H, m, H-6"D), 5.00 (1H, brs, H-
1'),3.88 (1H, m, H-2""), 3.15 (1H, m, H-3""), 3.02 (1H,
m, H-4""), 2.98 (1H, m, H-5""), 0.67 (3H, d, /= 5.6 Hz,
H-6""), 5.07 (1H, d, J = 6.90 Hz, H-1"""), 3.32 (1H, m,
H-2"), 3.18 (1H, m, H-3"), 3.16 (1H, m, H-4"), 3.05
(1H, m, H-5"), 3.64 (1H, m, H-6"a), 3.55 (1H, m, H-
6'b), 6.93 (1H, d, J= 1.8 Hz, H-2"""), 6.56 (1H, d, J =
7.8 Hz, H-5""""), 6.72 (1H, dd, J = 1.8, 7.8 Hz, H-6""""),
7.08 (1H, d,J=14.8 Hz, H-7"""), 6.17 (1H, d, /= 14.8
Hz, H-8'"), 3.56 (3H, s, 3"""-OCH3); '3C-NMR (150
MHz, DMSO-ds) 6: 163.5 (C-2), 104.0 (C-3), 182.1 (C-
4), 159.4 (C-5), 111.0 (C-6), 162.4 (C-7), 93.6 (C-8),
156.5 (C-9), 105.0 (C-10), 123.0 (C-1%, 128.1 (C-2,
6, 116.4 (C-3',5"), 160.3 (C4"), 72.6 (C-1"), 80.7 (C-
2", 78.8 (C-3"), 69.7 (C-4"), 81.5 (C-5"), 60.8 (C-6",
99.8 (C-1"), 70.8 (C-2"), 69.9 (C-3"), 73.2 (C-4™), 69.4
(C-5"), 18.6 (C-6™), 100.7 (C-1""), 70.3 (C-2""), 77.2 (C-
3", 70.3 (C-4""),73.7(C-5""), 125.3 (C-1"""), 110.6 (C-
2 147.8 (C-3""), 149.3 (C-4""), 115.4 (C-5""), 123.5
(C-6""), 145.5 (C-7"™, 114.0 (C-8"™), 166.6 (C-9"™,
55.6 (3""-OCH3), A E3ffi 5 3ClikoiE A — 27,
HUETEN A1 10 7 divarioside A
4.2 o-EMBETEIEREFELR

XA 6 T+ 10 FEAT a-TEh B PRI 4,
RETR (R 2), WEY 6 XF o-TE ¥ B A BOR
Uf, FERRETERT S LAY 10 MR,
PERERCR: a7 FERERCRARE

*®2 WA a-EMEBIAEIRENLER (X£s5,n=3)
Table 2 In vitroa-amylase inhibition activity of compounds
(Xts,n=3)

wEY IR/ %
6 75.40+0.27
7 52.38+2.59
10 68.70+1.57
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