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Cardioprotective effects and active components of red millet Huangjiu

LI Shuang, CHEN Lin-yu, WANG Dong-hao, LI Ying-mei, LIU Teng-teng, LOU Shu-qi, Bl Yue-feng
Pharmacy College, Zhengzhou University, Zhengzhou 450001, China

Abstract: Objective In this paper, two kinds of Henan Nanyang red millet Huangjiu and one kind of glutinous Huangjiu were
selected to compare and study their myocardial protective effects and active components of red millet Huangjiu. Methods The
oxidative stress injury model was established by applying hydrogen peroxide (H202) to cardiomyocytes. The cell viability was
measured by CCK-8 assay; The levels of cellular lactate dehydrogenase (LDH), superoxide dismutase (SOD) and malondialdehyde
(MDA) were measured colorimetrically. The contents of total phenolic acids, total flavonoids, as well as related nutritional
components were determined using the Prussian blue chromogenic method and the sodium nitrite aluminum nitrate sodium
hydroxide chromogenic method. A systematic study of the chemical constituents in red millet Huangjiu was carried out using column
chromatography methods such as silica gel and ODS, combined with various spectroscopic techniques. Results All 3 kinds of
Huangjiu exhibited some degree of protection on cardiomyocytes from oxidative damage by H20z, especially the red millet Huangjiu
exhibited significant protection. A total of 17 compounds, mainly phenolic acids and flavonoids, were isolated from red millet
Huangjiu. The results of content determination showed that the red millet Huangjiu had the highest contents of total phenolic acids,
total flavonoids as well as y-aminobutyric acid. Conclusion Red millet Huangjiu has a good protective effect on the cells damaged
by oxidation, and its main active components were total phenolic acid, total flavonoids and y-aminobutyric acid.
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TR B R R G0 T8 M AR IR o S8 Sk
i, y-2I3E T (y-aminobutyric acid, GABA)
2 H RTBIF T IR N 1) — o 2 400 ) 1 Ao £ 34
i, B2 52 MRUNES), REXTPE RS0t O
KB, BAB ARS8 (P) 2542
FRAERES), O B S 4ERFE I IE
WAL AL IR P J B BB, SR ZE AT RE
NANKEET S O NURS A SIS FR 14 -

ASEE R H9c2 A A LA (H202) 4%
Ay, I E 4 ME 7). LR A (lactate
dehydrogenase, LDH). A /% (malondialdehyde,
MDA). AN EALES (superoxide dismutase,
SOD) AR AL Bk H Bk (glutathione, GSH) & &
= N N T N O o 7 A A NN AN
[CRW-XY(RK)]. Z/NKEEH (CRW-XY) FI4HM%
FEK A B (CRW-SX) i A 451475 48 P F A8 477
ER, RIL CRW-XY iU LA A 1 R 37 4 F B F
Hexd 3 Fh I EE N B . M. FHORE IR
By y-REE T IRABEIEAT T ErEilE K b i, 5
RARERS . ODS S5tk (il 71k, &56 & Fhpi o
AR, X CRW-XY HLS 3T T REH 7T, LA
N CRW-XY R ArER R RS
1 XE5HH
1.1 &

UV-2550 240400t CHARREA D
SW-CJ-2D #i# TAE G (IR BAE AR A
H)); COy [HiREEFE46 (£ E Thermo Fisher 24 7] );
37XB fBIE B (AR 1) ); Research
plus Z IhfAEEFRIL (3EE Bio Tek A#]).

1.2 #H&E5iRFH

CRW-XY(RK) (3tt5 20200805). CRW-XY (it
5 20200807) ¥ H ] B4 T B TR, R
Lk K FHRAE B8 CRW-SX (#1k'5 20200822) 9 H
WA T FE i BT ORAT T H M R 524 22 S
%, BRI E A Al

HO9c2 Ll & (CRL-1446™) I [ 35 [ st
BUELFEW IR o

XTI % TR (LS 110831-201906). 1 T
(flt% 100080-201811) JFi&E /43N 94.2%, THH
¥ [ 2 A e B R PH M B
(resveratrol, It BKEERHFH AR AR, 5
R8350); LDH & ikl & A RAEDHEAAGIRA
"D BEATERAE (BCA ). MDA lE ik

&, SOD & ik & GSH Ml Rk & (Pt i
A ATFD: CCK-8 ifila CEMAEREATR AR,
2 Fk
21 3IMEBHONFRIMEAAR
2.1.1 H9c2 LR IR mHEEAET K
H9c2 4fiti & - CO. H5 374+ (37 'C. 5% CO2) i
ITEETR, 42 EIAH) 80% LA LY, FA Mkt
BT AR, AR EE, BL 5X 103 AM/AL
T 96 FLAR - K85 TR (1) HOC2 (Lo JJLAH 53 it
TR, HoOo . PHMEZHA. 4524540 (55 CIgJEIK
5T TR IR E ) A B AN T AT A b B IE 5 1
7 HOc2 Lo I4HAE; H202 41457 300 pmol/L AL B IE
WREFRI HOC2 LA FHPEZGZH M 200 pL (1)
10 pmol/L 1 1 22 P B 45 2452053 A N 200 pl
ANFEFEWE (0.1, 0.5, 1.0 mg/mL) EHEER
THGA FRIREE & 6 MR AL INFEER 24 h 5,
BRXHRZ, FJEEEFREL, M 200 pL 300 pmol/L
H202 7, 3597 2 h, n]ALEE 240 M4 tH IR 4 45
o/ LR Az Ak, B HoOp Ak MK
R,
2.1.2 CCK-8 VEMIEANiEIG /1 3+ RJRK IR,
LI 200 pL Aol ) CCK-8 ¥, #£21JF CO;,
Bi9%%6 (37 C. 5% CO) W%E 4 h, 450 nm R
MSFLREE (A fH.
2.1.3 PrEALIERRIIINE B HIc2 4HfuiEM T 6
FUBR I, 45 B Ry 30X 104 ANFL, 4r4 % 254kt
FE[E “2.1.1”7 . 2 mL 500 pmol/L f#) Ho0 1E L
WI4HME 2 h )5, USRS FRE, bridirdlnl, A
F LDH 35 /1860 CHsh). 4 PBS i3k 2 1K,
400 L BEE AREETHEAL, 4 °C. 3500 r/min &0
5 min, WCEEANALTTHE - NN 500 uL 4 “C Fi4 i) PBS,
UK A N R4, 4 °C. 3500 r/min B50» 5
min, BRI LDH 3% 71 (B9 ). MDA, SOD.
GSH & &M THEH L EL & & hEM, EE S EN
B BCA %, DL EHUEATRAR I E 248 A ik
FIERTI, A B A A A AT .
22 REEAERKRBEISENE

ME CRW-XY (RK). CRW-XY 1 BTy R Flis 35
fii &, [FNRTEE CRW-SX, RAEE ik B
RSN SR S &, R ER - RS R AR - A AN
AR E S
221 XTHREEWMHS R ERRIOE B TR
TR G R, 430 F BRI 70% SRR fE Fe e &2
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B, FOH SR EIREE N 0.1 mg/mL (5% R Fh VAT -
222 HHAMIEWRMIE % 3 AR B IUE
B, 55 CIERGE B E, HaRE,
HEHREL 3 Fh IR E & 100 mg, FH 70% 2 FEV g
a2 10 mL &, Bo i i E IR BN 10 mg/mL
(R A i TR VR

2.2.3 S ERINGE TR 5

(1) &MEXRAELR.: R E L AL
WE SR 2, RS SRS U & RN R L V3 0.
0.05. 0.10. 0.15. 0.20. 0.25. 0.30 mL J- 25 mL
B, A5 mL FEE. 2 mL SDS %S 1 mL
FeCls-Ks[Fe(CN)¢] VRA A, WEAFHE 5 min;
RSWESY, ¥E2), BHE 20 min, 1E 743 nm A&
EWRIERE (A)o DU IR BN AR AR (XD,
AMEAHPASE (YD, FATEME DM, HEMETE
Y=0.0354 X+0.009 1, R2=0.999 5, % K%
TRE 5~30 ug ZEPER R RITS

(2) FE2 R WL 0.10 mL HH S A,
MsE AE, EEEME6 IR, 4% 3 /MEM RSD 1
/INT 2%, U EH R0 RE 5 R AT

(3) FaEtEile: "N 0.10 mL SHRASAR, 435
T-0. 2. 4. 6. 8. 12hWllE AMH, 255 3 M4 RSD
BIINT 2%, Ui IATE 12 h WA E T R

(4) HEEMHRL: FEPREL 6 it mik “2.2.27
TR i 5 R s . RS 0.10 mL, il
E A, 455 3 ANEER RSD %/ T 2%, BT
FESERLT.

(5) forEREIeER L 53 AL 6 7 0.05 mL
PR S 0.10 mL SRS, T 25 mL &=l
e, BOFENE A B TEE IR RNE,
CRW-XY (RK).CRW-XY Fl1 CRW-SX []-F-34 in# =]
WS35 99.84%. 99.39%. 99.55%, 3 ANEE
RSD fE¥)/NT 3.0%, Ut 7V H R R R 4.
2.2.4  ETEERNE TR 5

(1) &Mk R85 WRRN-RIRE-2 81
BN LN e S A, RS SRS R
W 0. 0.2, 0.4, 0.8. 1.0. 1.2mL T 25 mL &
o, KN 5 mL 2%, 1 mL NaNO2 %W, #£21,
HALERE 6 min. I 1 mL AI(NOs)s /&, Mg AbEf
& 6 min. A 10 mL NaOH AW, ZFEEZR, %
%), WEAbERE 15 min, 7E 356 nm 4bIIE AfE. DL
XTRE R TR IR A REARAR (X, A AR (YD,
HATENE T, 32172 Y=0.008 5 X—0.003 7,

R2=0.999 6, £5RELHI™ T 7E 20~120 pg LMK R
ER/5

(2K % B0 s 43 IR 3 Ak il ¥ 0.10
mL, WE A{H, EEEE6 K, 455 3 MM RSD
BN 2%, IR0 RS T R AT

(3) R MEiRse: PRI 0.10 mL (s iAW,
S F 0. 2. 4. 6. 8. 12 hilllsE AME, 4R34
FE il RSD 3/ T 2%, Ui B AL I VRLE 12 h v Ea
EPER LTS

(4) BEEMERLS: FEEFR 6 frifhd% “2.2.27
TR 5 44 B A . RS E 0.10 mL, U
SE AE, Z55 3 MRS RSD ¥1I/NT 2%, UBALL T
EEERT.

(5) eI E: 43 W 6 iy 0.05 mL
P AR S 0.40 mL X & ST 25 mL &5
TN N S = £ S i A1 I = O [ e <
CRW-XY (RK).CRW-XY #I CRW-SX [1J~F-34 Jin#: [=]
RSN 99.72%. 99.68%. 99.79%, 3 ML
RSD H#4/NF 2.0%, 1t BH L 7 v ISR R 47
23 HEXEFHHNE

Il 5E CRW-XY (RK). CRW-XY H1AHKE F: Lo
&, [N CRW-SX. BRSBTS % (&
i PRI AN E (GB 5009.124-2016)) 471,
T o FR B E B E 2% GB 5009.87-2016 317
24 CRW-XY DBE5%HWERE

BHL 2 L CRW-XY, 55 CUEWKYE, 385
(62.39). L 35.0g HiRE, 6 GEPIEHEAN 7
W, 13 CRW-XY HIEEEAIIZE (CRW-A, 29.69),
5E F N 84.57%. CRW-A K H A GBI (200~
300 H, 110 cmXx20 cm), 5 FHke-Fimg 2.0 (2 .
1), BARR L 1E-95% 4 FE-7K (101211, 8:2:1)
JBETR MR- FIE-30% FH R /KA (6221 1.5) #h
FEGEML, TLC 436 FF15 2] 10 A~4145 Fr. 1~10.

Fr. 1(8.26 g) &Rk o AE (it — & F Je- P I (4
D Belit, TLC 73 #r& 3115 5 MH S Fr. la~1e. Fr.
lc RELERAE A H-HEE (511 KA.
FH I EE 45 i, A9 310 &4 1(10.14 mg)+ 2(9.28 mg).
3 (16.78 mg). Fr. 1b ZRERAE (i Ay Bk -BH L £,
fis (12 : 1), CEEELHFLE 5 (37.76 mg),
A 7 B RERAE (s Al k- — & e (10 D),
BREMAEY 7 (12.97 mg). Fr. 1d KRG
S LE-BERR 2 lE- R (5030 1), WImEL LG
FMLAEY 6 (12.42mg). 13 (15.33mg).
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Fr. 3 (1.26 g) &rERAE RS, —&H k- F i
(10 : 1. 5: 1) BREVENL, TLC /ir& 3815 2 N4l
43 Fr. 3a~3b. Fr. 3a & Sephadex LH-20 %t/ AL itk
[FEE-7K (22 8.3 0 T 1M, B2MLEY) 12 (11.24
mg). 14 (8.99mg).

Fr.4 (2.30g) £ ODS il [FEE-7K (100 :

100D VBEEEBRRE, 15 7 N4 Fr. da~4g. Fr.
4b (582.17 mg) ZRERAE IS & - HEE (3
1) Wi, 15514k &4 4 (96.11 mg). 17 (10.01 mg).
Fr. 4f (57557 mg) Jx & Sephadex LH-20 &t/ (i
[FFmE-/K (2 1 8) ], bt il — S e- s (10 1D
eli, HEMLEY 8 (36.95mg). 9 (27.33mg).

Fr. 7 (369.75 mg) &R (GBS L £ 1H-95%
ZFE-K (6021 1) Wi, TLC air& s 3 Ny
Fr. 7a~7c. Fr. 7c ZRERAEEALE, Friblk-HEee L85
(311, 1: 1) BREEHEML, 52145 10 (1152 mg).

Fr.9 (3.10 90 ZhEM A EIEESTR £ /K- H
(8:1: 1), REMCEEL R LR BELE
¥ 11 (47.86 mg). 16 (20.72mg).

Fr. 10 (3.10 9) &I A, BEER LEE-7K-
HEZ (8:1:1. 6:1:1) BEEREN, BEMLEY
15 (17.53mg).

3 #R

3.1 WWBRIPIER

311 4HAEVE AR 3 M4 H45 24 0.1, 0.5,
1.0 mg/mL, CCK-8 VAR ilZH s /145 R WK 1. 5
THRZHEEHE, Ho00 AN A A7 35 PG (P<<0.05),
ViR R N I, 5 H0, AHEL, RES (10
pmol/L) & 3 FhEg (1.0 mg/mL) X 4 i sk ¥ 5
AR EET S (P<0.05), HHHHAE &
T H02 FALMIEAEH . HA CRW-XY 7£ 1.0
mg/mL B fefE, Bl T P2 2 .

312 PEMIEARRIMESS R A S i B
I LDH Y%, 450K 2. 5XTRAE, H0;
MM LDH JRHZFEBE &, (HE4 RES (10
pmol/L) K 3 Fh#Eil (1.0 mg/mL) X 4 Jifg T {5 3
25, WHEFRE (P<0.05), BEAEGit%
B, W RES K& 3 BTl AT HaOo A R HEIUR
MR LA B — 5 TPTAE R, Hr CRW-XY TR 2L
Rl

PR & U B PG MDALSOD K GSH &,
ZER LA 3. Hxf IR L, HoO, 2041 MDA & i
BETE (P<0.001), BB S 5 H0,

=X
150 H202
RES
CRW-XY(RK)
1004 * * CRW-XY
5 & -
o CRW-SX
™~ LN
H * * T2
2 sodll# +Ta T
%}E T
O L T LI T L T
rzz N 0N
= O
2 QU 01 05 10

CRW/(mg mL™)

RES-FI i SHf4Ib: *P<0.05 #P<0.01 #™pP<
0.001; 5 H,0, 4l H%: "P<<0.05 "P<0.01 ™P<0.001, FEFH
RES-resveratrol #P < 0.05 #P < 0.01 *#P < 0.001 vs control
group; "P < 0.05 "P <0.01
below figures

1 AEREKE BN H02 3 HIc2 DAL A S 46 B i
il e RS Al
Fig. 1 Effect of different concentrations of Huangjiu on cell
viability against oxidative stress in H9c2 cardiac cells
induced by H202

P < 0.001 vs H,O, group, same as

= X
H20,
120- RES
CRW-XY(RK)
g 0§ CRW-XY
g“f E T . ox CRW-SX
601 ~ Ui s T,
I T
[a]
3 30
G I’ 'N (,I) L] L] L]
E Qg W01 05 1.0
= I

CRW/(mg mL™?)

2 AEKEEIEX H0: 3 H9c2 (L AR AR SR X B2 4 Al
LDH i tH Z & i
Fig. 2 Effect of different concentrations of Huangjiu on
LDH leakage rate in H9c2 cardiac cells with oxidative stress
induced by H20>

HAAEL, RES (10 umol/L) K #%252454H (1.0 mg/mL)
MDA &EA &K, Frlld CRW-XY 7£ 1.0
mg/mL JFiEKE T, MDA %K% 3.22 nmol/mg,
T RES. HxfHEZHAALL, H.0, 40412 SOD &
GSH &8 T 3E FR% (P<<0.01), i BRI ST i T
5 H,0, 40, RES (10 pmol/L) M % 452454 (1.0
mg/mL) SOD & GSH & & T, Ui 3 Fhaify
A —E TBT Ha02 S8 A S E L, R0 72 CRW-XY
7 1.0 mg/mL Ji K E T, W SCR#E T RES.
32 RBEAERMIEL R
AL 0.10 mL #AHE AR, e A E,
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124 60- 80 =i
H,0,
fiziod
T 91 Fxx 601 *% T
= . = 40 i ot T e T CRW-XY(RK)
% P g T e = % CRW-XY
E o wx D e E 40 L CRW-SX
- ! = = T
< Kk ¥ T*;c* 8 204 | ## r'a % ”
a -
S 3 n * % 1 | | ke
0 Jy '~ ¥ ¥ T 0 N 5 T T T 0 ;D, TS :n T T T
= Qw 04 05 10 = QW 04 05 1.0 = QuWw 01 05 10
Trcx o T

CRW/(mg mL™1)

CRW/(mg mL™)

CRW/(mg mL™)

E 3 #HE¥ H02 4515 HIc2 (L ALZRAA MDA (A). SOD (B) & GSH (C) &2/
Fig. 3 Effects of Huangjiu on intracellular levels of MDA (A), SOD (B) and GSH (C) in H9c2 cardiac cells injured by H202

| N —N

MR 26 11 07 FE VT SR o i
CRW-XY SR 7 B 5 e o
3.3 BHEENELR
73X 0.10 mL OB VATRL TE A, AR
PEANE TR SR B i, S5 R WA 2.3 Ml RSD
ARV 2.0%, 45 5REH] CRW-XY S B & i i o
*1 HREBHMEBEEENELER (X+s,n=6)
Table1l Determination results of total phenolic acid content

ZERNE 1, RY

of samples (x+s,n=6)

Fea Mg P mE e SRR
(mg-mL™)
CRW-XY(RK) 9.799+0.223 0.509+0.012
CRW-XY 11.014+0.195 1.530+0.027
CRW-SX 15.2231+0.195 0.662+0.008

Fz2 HRRERSENELER (X+s5,n=6)
Table 2 Determination results of total flavone content in
samples (x+s,n=6)

. B R g P8BSR S B
(mg-mL™)
CRW-XY(RK) 81.259+3.729 4.217+0.194
CRW-XY 81.612+2.553 11.336+0.355
CRW-SX 76.318+2.200 3.32040.096

34 HHEXEFHAERNA

V-2 T RAN P AR A R EIER], %
POV AR o ARSI 3 FhER il b S5 O WU EFH A
KHVE TR v-2 I T A P BT S8 E, 4550
#* 3. K CRW-XY Fi) y- 2B TR & &, P
EEMNT R, R T FH N CRW-XY O HLRT
FH 45 i
35 EMEHEE

M CRW-XY 3L B3 2] 17 MEEH, 539

#x3 IMEBIHEXEFEHSSENELER
Table 3 Results of determination of relevant nutrients in
three kinds of Huangjiu

Jii &7 #(mg L7

.
e R T P
CRW-XY(RK) 7.1+0.8¢ 48.4+1.0¢
CRW-XY 104.8+1.2° 120.0+3.5¢
CRW-SX 43.1+1.8°¢ 258.0+5.6°

AT EAnF AR R 257 B3 (P<0.05)
significant differences are indicated by different superscript letters of
the counterparts (P < 0.05)

AT 25 TIE .

a1 REEHAR, mp 89~92 C, Ml
MRk, FeCls-Ks[Fe(CN)s] BB NEE, Rz
N YR . ESI-MS m/z 137.1 [M—H], 2 7=
4 CgH1002. IH-NMR (400 MHz, CDCls) &: 8.10 (1H,
s, -OH), 7.09 (2H, d, J = 8.4 Hz, H-2, 6), 6.78 (2H, d,
J = 8.4 Hz, H-3, 5), 4.77 (1H, s, 8-OH), 3.82 (2H, d,
J = 6.5 Hz, H-8), 2.79 (2H, d, J = 6.5 Hz, H-7);
BC-NMR (100 MHz, CDCls) d: 154.3 (C-4), 133.6
(C-1), 130.2 (C-2, 6), 115.5 (C-3, 5), 63.8 (C-8), 38.2
(C-7)o bR ¥ 5 SOk B AR — 8010, 2t
HW LRI O

&Y 2. AEEE CAMEED, mp 168~
172 °C, ®ERHAIR, FeCl-Ks[Fe(CN)e] & i
t, R B O 6, ORI TN BRI .
ESI-MS m/z 195.0 [M+H]+, /\¥ﬁy\j C10H1004-
IH-NMR (400 MHz, MeOD) ¢: 7.56 (1H, d, J = 15.9
Hz, H-7), 7.14 (1H, d, J = 1.9 Hz, H-2), 7.02 (1H, dd,
J =82, 1.9 Hz, H-6), 6.77 (1H, d, J = 8.2 Hz, H-5),
6.27 (1H, d, J = 15.9 Hz, H-8), 3.85 (3H, s, -OCHa).
BC-NMR (100 MHz, MeOD) ¢§: 171.0 (-COOH),
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150.5 (C-4), 149.4 (C-3), 146.9 (C-7), 127.8 (C-1),
124.0 (C-6), 116.5 (C-8), 115.9 (C-2), 111.7 (C-5),
56.4 (-OCHs). L IR%HE 5 SChk R A — 12,
Y E A 2 ABTELIR -

A 3: Akt dn (HEE, mp211~213 C,
FERC MR IR, FeCls-Ks[Fe(CN)e] & A, 1RE)
W R B, sz i NI B R4 T - ESI-MS m/z
181.1 [M+H]*, 737N CoHgOso H-NMR (400
MHz, MeOD) 6: 7.53 (1H, d, J = 15.9 Hz, H-7), 7.03
(1H, d, J = 2.0 Hz, H-2), 6.93 (1H, dd, J = 8.2, 2.0 Hz,
H-6), 6.78 (1H, d, J = 8.2 Hz, H-5), 6.22 (1H, d, J =
15.9 Hz, H-8); 13C-NMR (100 MHz, MeOD) ¢: 171.2
(-COOH), 149.6 (C-4), 147.2 (C-3), 146.9 (C-7),
127.9 (C-1), 123.0 (C-6), 116.6 (C-5), 115.7 (C-8),
115.2 (C-2). bid##E 5 SOk HoE He A — g irs-24],
YA AW 3 AWMHERR »

e 4: otk i (B, mp 118~120 C,
FERAR KGN, ZEE-IRIRIR B GBI E L at,
ESI-MS m/z 121.1 [M—H]", 4+ F N CaH1004.
IH-NMR (400 MHz, MeOD) : 3.70 (2H, dd, J = 10.3,
5.0 Hz, H-2, 3), 3.58 (8H, ddd, J = 17.5, 11.4, 5.3 Hz,
1, 2,3,4-OH, H-1,4,). 3C-NMR (100 MHz, MeOD)
9: 73.6 (C-2, 3), 64.0 (C-1, 4). Lik#¥¥E 5 CrikiikiE
TR0, BE A 4 AR EERERE.

& 5. LR (4FE, mp300 C,
FERCHR K, FeCls-Ks[Fe(CN)s] BB NIEE, $ER
Z T Ny R . ESI-MS m/z 109.0 [M—H]~, 4
TN CeHe02. H-NMR (400 MHz, DMSO-ds) J:
8.81 (2H, s, H-1, 2), 6.74 (2H, m, H-3, 6), 6.61 (2H,
m, H-4, 5); 3C-NMR (100 MHz, DMSO-ds) ¢: 145.4
(C-1, 2), 119.4 (C-4, 5), 115.8 (C-3, 6). ik ¥ 5
BRHRE A — O, e &Y 5 LA .

& 6: RIEERMAK, mp 175~176 C, #E
etk iR, AICK U in#, 365 nm 35 4751,
PR ZY TR N B F . ESI-MS m/z 291.2 [M+
H]+, ﬁ}?fﬁ?’ﬂ C15H140601H-N|V|R (400 MHZ, MeOD)
9:6.84 (1H, d, J=1.9 Hz, H-2"), 6.76 (1H, d, J = 8.1
Hz, H-5'), 6.72 (1H, dd, J = 8.2, 1.9 Hz, H-6'), 5.92
(1H, d, J = 2.3 Hz, H-6), 5.85 (1H, d, J = 2.3 Hz, H-8),
456 (1H, d, J = 7.5 Hz, H-2), 3.97 (1H, dd, J = 13.2,
7.9 Hz, H-3), 2.85 (1H, dd, J = 16.1, 5.4 Hz, H-4a),
2.50 (1H, dd, J = 16.1, 8.2 Hz, H-4b); 13C-NMR (100
MHz, MeOD) ¢: 158.0 (C-7), 157.7 (C-5), 157.1

(C-9), 146.3 (C-3', 4'), 132.4 (C-1'), 120.2 (C-6"),
116.2 (C-5"), 115.4 (C-2'), 101.0 (C-10), 96.4 (C-6), 95.6
(C-8), 82.9 (C-2), 69.0 (C-3), 28.7 (C-4). _Lid¥ifs 5
RARIE AR — 308, BB 6 LA FR .

&Y 7: AEFE, mp 205~209 C, M
BRAG IR, FeCls-Ks[Fe(CN)e] &t s (h, R 5
FEME, Foomz B N R SRY) . ESI-MS m/z 196.9
[M—H], 273 CoH100s. H-NMR (400 MHz,
MeOD) ¢: 7.33 (1H, s, H-2, 6), 3.88 (6H, s, 8,
9-OCH3); 3C-NMR (100 MHz, MeOD) &: 170.0
(C-7), 148.9 (C-3, 5), 120.8 (C-1), 108.3 (C-2, 6), 56.8
(C-8,9). R EHE 5 ik iE A — 2021, Mg
WEM T /T EFR-

&) 8: Tk A, mp195 C, RERHUGIN,
AICI; B 5N, 365 nm B A5, RNy
N BB . ESI-MS m/z 608.9 [M—H]~, 4T
ﬁ?’\j C27H300160 lH-NMR (400 |V|HZ, DMSO-da) 0.
12.60 (1H, s, 5-OH), 7.54 (2H, m, H-2', 6'), 6.84 (1H,
d, J = 8.4 Hz, H-5"), 6.38 (1H, d, J = 2.0 Hz, H-8),
6.19 (1H, d, J = 2.0 Hz, H-6), 5.34 (1H,d, J=7.4
Hz, H-1"), 5.28 (1H, d, J = 3.0 Hz, 2'-OH), 4.38 (1H,
s, H-1""), 0.99 (3H, d, J = 6.2 Hz, H-6""); 3C-NMR
(100 MHz, DMSO-dg) J: 177.6 (C-4), 164.3 (C-7),
161.4 (C-5), 156.8 (C-2), 156.6 (C-9), 148.5 (C-4"),
144.9 (C-3'), 133.4 (C-3), 121.8 (C-1"), 121.2 (C-6),
116.4 (C-5'), 115.3 (C-2'), 104.2 (C-10), 101.2 (C-1"),
100.8 (C-1""), 98.8 (C-6), 93.7 (C-8), 76.6 (C-3"),
76.1 (C-5"), 74.2 (C-2"), 72.0 (C-4""), 70.7 (C-3""),
70.5 (C-2""), 70.1 (C-4"), 68.4 (C-5""), 67.2 (C-5"),
17.9 (C-6""). LiR%ds 5 ks A —8222%, %5
&Y 8 NPT .

&Y 9: FENAK, mp 314~317 C, HER
AR, AICI A5 In#k, 365 nm B3 G5O,
PR ZY R NS F . ESI-MS m/z 300.9 [M—
H]~, 7+ N CisH1007. ' H-NMR (400 MHz, MeOD)
5: 7.73 (1H, d, J = 2.2 Hz, H-2"), 7.63 (1H, dd, J = 8.5,
2.2 Hz, H-6"), 6.88 (1H, d, J = 8.5 Hz, H-5"), 6.39 (1H,
d, J = 2.1 Hz, H-6), 6.18 (1H, d, J = 2.1 Hz, H-8);
BC-NMR (100 MHz, MeOD) §: 177.2 (C-4), 165.6
(C-7), 162.5 (C-5), 158.1 (C-9), 148.7 (C-2), 148.0
(C-4"), 146.1 (C-3"), 137.1 (C-3), 124.0 (C-1'), 121.7
(C-6"), 116.2 (C-5"), 116.0 (C-10), 104.5 (C-2), 99.2
(C-8), 94.4 (C-6). b ¥¥s 5 SCHRFEA — 512425,
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&4 10: % CFREE), mp 139~142 C,
RERAARL IR, LRE- IR B AN AR RO A,
ESI-MS m/z 397.5 [M+H]*, 4+ FN CaoHs0-
IH-NMR (400 MHz, CDCls) d: 5.35 (1H, s, H-6), 3.52
(1H, m, H-3), 1.01 (3H, s, H-19), 0.92 (3H, d, J = 6.6
Hz , H-21), 0.85 (3H, d, J = 7.7 Hz, H-29), 0.82 (3H,
d, J = 1.9 Hz, H-26), 0.80 (3H, d, J = 6.9 Hz, H-27),
0.68 (3H, s, H-18); 3C-NMR (100 MHz, CDCl3) ¢:
140.9 (C-5), 121.9 (C-6), 72.0 (C-3), 56.9 (C-14), 56.2
(C-17), 50.3 (C-9), 46.0 (C-24), 42.5 (C-4, 13), 39.9
(C-12), 37.4 (C-1), 36.7 (C-10), 36.3 (C-20), 34.1
(C-22), 32.1 (C-7), 31.8 (C-7), 31.7 (C-2), 29.3 (C-25),
28.4 (C-23), 26.3 (C-15), 24.5 (C-16), 23.2 (C-28), 21.2
(C-11), 20.0 (C-26), 19.6 (C-27), 19.2 (C-21), 18.9
(C-19), 12.1 (C-29), 12.0 (C-18). _iR¥¥i 5 kB
— 2627, YA 10 O B S R

WEY 11: AEEMAR, mp 228 C, fiE
FEARAS IR, o R AR B B, PORHE N
G iR a2, R ZEEYNE
Femp 2R ui ik B &Y. ESI-MS m/z 116.0 [M+H]*,
43T 3N CsHoNO2. H-NMR (400 MHz, MeOD) 4:
3.98 (1H, dd, J = 8.8, 6.4 Hz, H-2), 3.38 (1H, m, H-3),
3.24 (1H, m, H-3), 2.30 (1H, m, H-5), 2.11 (1H, m, J =
13.3, 6.3 Hz, H-5), 1.97 (2H, m, H-4); 13C-NMR (100
MHz, MeOD) §: 174.1 (C-1), 62.6 (C-2), 47.0 (C-3),
30.4 (C-5), 25.1 (C-4). LiR¥di 5 CikiRiEFHA—
e, SE A 11 AIRETR -

WA 12: Ak d CREE, mp 197~200 C,
TER KGR, FeCls-Ks[Fe(CN)e] &t N5 (1, IR
WEFON S, RRZUAYW NI .
ESI-MS m/z 152.9 [M—H]", 473~ CiHgO4.
IH-NMR (400 MHz, MeOD) §: 7.41 (2H, m, H-2, 6),
6.78 (1H, d, J = 7.8 Hz, H-5); 3C-NMR (100 MHz,
MeOD) §: 170.4 (C-7), 151.7 (C-4), 146.2 (C-3),
124.0 (C-6), 123.3 (C-1), 117.3 (C-2), 115.7 (C-5).
AR 5 SRR TE FE AR — 52090, MR A ) 12
N LA -

&Y 13: Atadiin (I, mp240 C, &E
AR, AICKs i, 365 nm B AL,
PR ZH N BT . ESI-MS m/z: 291.1 [M+
H]*, 5T 3 A C1sH1406.'H-NMR (400 MHz, MeOD)
9:6.98 (1H, d, J = 1.8 Hz, H-2"), 6.76 (1H, d, J = 2.7

Hz, H-6'), 6.65 (1H, dd, J = 5.9, 3.5 Hz, H-5'), 5.94
(1H, s, H-8), 5.92 (1H, s, H-6), 4.82 (1H, s, H-2), 4.18
(1H, s, H-3), 2.86 (1H, dd, J = 16.7, 4.6 Hz, H-4a),
2.74 (1H, dd, J = 16.8, 2.8 Hz, H-4b); *C-NMR (100
MHz, MeOD) ¢: 158.2 (C-7), 157.8 (C-5), 157.5
(C-9), 146.1 (C-3"), 145.9 (C-4"), 132.4 (C-1"), 121.1
(C-6"), 116.0 (C-5"), 115.4 (C-2), 100.2 (C-10), 96.5
(C-6), 96.0 (C-8), 80.0 (C-2), 67.6 (C-3), 29.4 (C-4).
IR 5 SRR GE H A — B8, e A 13
NEILEZE.

WA 14: A g il (BER 408D, mp 210 °C,
TEMEHRG AR, FeCla-Ks [Fe(CN)g] i i, Y
W R B, S o M BRI 5T - ESI-MS miz
352.9 [M—H]", 73~ Ci16H1809. *H-NMR (400
MHz, MeOD) &: 7.56 (1H, d, J = 15.9 Hz, H-7), 7.05
(1H, d, J = 2.0 Hz, H-2), 6.95 (1H, dd, J = 8.2, 2.0 Hz,
H-6), 6.78 (1H, d, J = 8.2 Hz, H-5), 6.26 (1H, d, J =
15.9 Hz, H-8), 5.33 (1H, m, H-5"), 4.17 (1H, dd, J =
6.3, 3.3 Hz, H-4"), 3.73 (1H, dd, J = 8.5, 3.2 Hz, H-3"),
2.15 (4H, m, H-2', 6'); 13C-NMR (100 MHz, MeOD)
5: 177.2 (C-7'), 168.8 (C-9), 149.7 (C-4), 147.2 (C-7),
147.0 (C-3), 127.9 (C-1), 123.1 (C-6), 116.6 (C-5),
115.4 (C-8), 76.3 (C-1"), 73.6 (C-3"), 72.1 (C-4"), 71.4
(C-5"), 38.9 (C-2"), 38.4 (C-6"). _iR¥#i 5 kLA
— B3, SEAL B 14 NERIRTR .

&Y 15 A IREE (L8, mp 300 C,
FERHOR IR, o5 R RO B e B S B o, $RR L
N JET; Bi=fZBER a2, Brizbamh
RIEBMIA A . ESI-MS m/z 132.0 [M—H], 41
LN C4H/NOs. H-NMR (400 MHz, D;0) : 4.08
(1H, dd, J = 6.9, 4.6 Hz, H-2), 3.00 (2H, m, H-3);
BBC-NMR (100 MHz, D;0) ¢6: 174.3 (C-1), 172.9
(C-4), 50.7 (C-2), 34.6 (C-3). ik # ¥ 15 ki iE 3
AR, %) 15 N RAER.

&Y 16: A REE (282, mp 215 C,
FERCHR ARG IR, O R AR B (Bt s, R
N JEF; Bi=fZBER AR, Rizamh
RIEBIA A, ESI-MS m/z 147.0 [M+H]*, 71
M CsH1aN202. H-NMR (400 MHz, D,0) §: 3.38
(1H, t, J = 6.3 Hz, H-1), 2.95 (2H, m, H-5, 5"), 1.67
(4H, m, H-2, 4, 2", 4, 1.40 (2H, m, H-3, 3');
3C-NMR (100 MHz, D,0) ¢: 180.7 (-COOH), 55.3
(C-2), 39.3 (C-6), 32.7 (C-5), 27.0 (C-4), 21.8 (C-3).
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R EE 5 SRR GE A B, EENGY) 16
NIEIR -

a7 ORI, mp94~98 C, fif
AR R, LT - R W 55 JE I R R ALt
ESI-MS m/z 143.0 [M—H]", 7 F 3N CioHs0.
'H-NMR (400 MHz, MeOD) ¢: 8.23 (1H, m, H-8),
7.72 (1H, dd, J = 6.2, 3.2 Hz, H-5), 7.39 (2H, m, H-6,
7), 7.27 (2H, m, H-3, 4), 6.84 (1H, dd, J = 7.3, 1.1 Hz,
H-2); 3C-NMR (100 MHz, MeOD) ¢: 154.5 (C-1),
136.4 (C-10), 128.5 (H-5), 127.2 (C-6), 127.1 (C-3),
126.4 (C-7), 125.6 (C-9), 123.2 (C-8), 120.2 (C-4),
109.0 (C-2). FiR%ds 5 kA A —8 B, %Eih
YT N o-ZE .
4 g

ASLBGHETR T3 M O ULOR AP &
CRW-XY JiEMER ;. LAAHMIAE A7, LDH J %,
MDA. SOD K GSH Jyfftr, KILHZ I K& 4%
R — R E T Em AR A AE R BRC LDH
H#% & MDA & &7 SOD f GSH & &, #iH]
B P EEEIN HaO2 A N 45 3 4 i AT A [R) A B2 1 £
PEF, F5 7 & CRW-XY 7E 1.0 mg/mL Rk R bT
B T A3 i o 0 HOE YR AT 1 — Bt
T, MRS 7 17 M-S, FE IR
PRI, 4T 2 KR IR SR BT AL R,
ARHFFEME T 3 Pl b By R . S B S AH O
TGy y-2BEETIRE R, 4REKY] CRW-XY i 2
Vo R T A 2 MR, 5 O LR
1 F d5 8 AH EIAEE

KWL CRW-XY AR A )
GFRIERIPE T, O 5 S I il A0 JEORE B — e AH R
P, WHFE NN EARHE R RS CRW-XY it
RISl AR SR 1R AR
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