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Antioxidation and inhibition of a-glucosidase activity of
secondary metabolites of Monascus purpureus Mp-21

DING Yunzhang, KONG Lichun, ZHANG Yijia, JIANG Donghua*

College of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang, China

Abstract: [Objective] To study the separation, purification and biological activity of secondary
metabolites from Monascus purpureus Mp-21. [Methods] The secondary metabolites of Monascus
purpureus Mp-21 were isolated and purified using silica gel column, RPC;g column and Sephadex
LH-20 gel column and other column chromatographic separation techniques, and the structure of the
compound was identified by spectroscopy technique (NMR and HR-ESI-MS). The anti-oxidation and
hypoglycemic-related enzyme inhibitory activities of the identified compounds were determined.
[Results] Ten active compounds were identified from the secondary metabolites of Monascus
purpureus Mp-21, namely FMOC-ALLO-THR(TBU)-OH (1), quercetin (2), hesperetin (3), monascin
(4), monasphilone A (5), oleanolic acid (6), B-sitosterol (7), ergosterol (8). indole-3-carboxylic acid (9)
and chlorogenic acid (10). Among them, compound 1 is a new natural product, which complements the
information of the compound in nature and the information of the organic spectrum. Compounds 2, 6, 9
and 10 are discovered from the Monascus for the first time. In the in vitro antioxidant activity tests of
O*, DPPH and OH™ free radicals, compound 2 (ICs, of 5.07, 4.84 and 27.39 pg/mL, respectively)
showed strong antioxidant capacity. Electron paramagnetic resonance (EPR) showed that compound 2
had strong scavenging ability on DPPH and OH". Compound 6 had strong inhibitory activity on
a-glucosidase with /Csy of 22.87 pg/mL. [Conclusion] Monascus purpureus Mp-21 is a high-quality
germplasm resource with high development performance, and has the potential to be developed into
functional food such as antioxidant and hypoglycemic.

Keywords: Monascus purpureus; new natural products; antioxidant; hypoglycemic
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Ethyl acetate extract

Silica gel columm chromatography (200-300 mesh),
PE:EtOAc (10:1-1:100). EtOAc:MeOH(20:1-4:1)

Vo

Fri(52g) Fr2(3.5g) Fr3(d4g) Fr4(56g) Fr5(102g) Fr6(7.6g) Fri(7.1g) Fr8(58g)

I

Silica gel columm Silica gel columm
chromatography (300-400 chromatography (300—-400 mesh),
mesh), PE:EtOAc (5:1-1:100) |PE:EtOAc (1:1-1:100)

Silica gel columm
chromatography Compound 10 (58.2 mg)

(300-400 mesh), Compound 2 Fr.6.1 Fr.6.2
Compound 7 (56.4 mg)

PE:EtOAc (5:1-1:100)
(55.2mg)
MeOH:CHCI, (2:1) MeOH:CHCI; (2:1)
Recrystallization

elution Sephadex LH-20 | eJution Sephadex LH-20 l
l l l l Compound 3 (41.8 mg)

Silica gel columm EtOH elution Sephadex LH-20

chromatography (300-400 mesh),
PE:EtOAc (10:1-1:100)

Silica gel columm
chromatography (300-400 mesh),
PE:EtOAc (10:1-1:100)

l D

Fr.1.1 Fr1.2 Frl3

Fr2.1 Fr22 Fr23 Compound 8

Recrystallization (63.7mg)

Fr.5.1 Fr5.2 Fr.5.3

Compound 5 (1156 mg) - Compound 4 (84.7 mg) Fr41  Fr42  Frd3  Frd4

MeOH elution

Sephadex LH-20 | MeOH elution

Sephadex LH-20

MeOH:H,0 elution RPC ¢
Compound 1 (52.9 mg)

Compound 6 (46.9 mg) Compound 9 (37.4 mg)

1 ZERZERBRMNS B

Figure 1 Isolation and purification of ethyl acetate extract.
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LR CERHIRLIE Y b B a4 5] 10 ASiE 4
=y, K k&% 1 (FMOC-ALLO-THR
(TBU)-OH)Z: SCRk#x [ LA} Reaxys #1 SciFinder
B PEA UE AR KAR 0 5 300 X0 5 580 1)
o3 M5 A B AH G R STk S, o B Ak 2Ry
AT 9 MEMEARM P E A quercetin (2) .
hesperetin (3) monascin (4). monasphilone A (5).

oleanolic acid (6) . B-sitosterol (7). ergosterol (8).

indole-3-carboxylic acid (9). chlorogenic acid (10)
(&l 2).

2 L& 2-10 B E

Figure 2  Structures of compounds 2—10.
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EY 1 (529 mg): LKA, WTHE,
22 HR-ESI-MS 43 #7 0] Hl m/z: [M+H]" 398.196 6,
Exact Mass {E"~ 398.196 7; [M+Na]+420.178 6,
Exact Mass {H°/ 420.178 7. HULHEMZL &Y
31N C3HpNOs, N 'H NMR(F 1)a] DA 8.
% i FMOC 47 FERRIE R 4 A 255770 (d,

*x1 &% 18 "H-NMR (600 MHz, MeOD)#N
BC-NMR #{#&(150 MHz, MeOD)

Table 1 'H-NMR (600 MHz, MeOD) and *C-NMR
data (150 MHz, MeOD) of compound 1

C on Jc

1 172.56, C
2 4.64 — 4.38 (m, 1H) 59.76, CH
3 4.16 —4.08 (m, 1H) 67.45, CH
4 1.18 (d, /= 6.4 Hz, 3H) 17.88, CH;
5 157.31,C
6 4.37 — 4.32 (m, 2H) 66.70, CH,
7 4.25 (t,J=17.1 Hz, 1H) 46.98, CH
8,19 143.88, C
9,18 7.70 (d, J= 7.5 Hz, 2H) 119.50, CH
10,17 7.32 (t, J=7.4 Hz, 2H) 124.91, CH
11,16 7.40 (t, J=17.5 Hz, 2H) 127.37, CH
12,15 7.81(d,J=7.5Hz, 2H) 126.77, CH
13,14 141.17,C
20 74.23,C
21,22,23  1.22 (s, 9H) 27.14, CH;

Compound 1

J=7.5Hz, 2H), 7.32 (t,J=7.4 Hz, 2H). 7.40 (t,
J=17.5Hz, 2H)1 7.81 (d, J = 7.5 Hz, 2H)]. 1}
W ELEUES 4.37 — 4.32 (m, 2H)FIT 1 Sk 3
M55 425 (t,J=7.1 Hz, I1H), 1 DAHEARRFFE
B2 NS 5 14.64 — 4.38 (m, 1H)F1 4.16
—4.08 (m, TH)fI 1 MHIEEES 1.18(d, J=6.4
Hz, 3H), A1 1=K 3 M EREE S
1.22 (s, 9H), *C NMR %54 DEPT (3 1)a] LA
BA 15 MifFs, HP s 7 -k B RS
S 2 PRGSO IG5 4 4
T (BLFE 1 A 13U ) LK 1
MNERFERRAS S . A& 1 1) "H-"H COSY i /R
H-9/H-10/H-11/H-12 . H-15/H-16/H-17/H-18 .
H-6/H-7. H-2/H-3/H-4 HIHXEES5 & 3). tbé&
¥ 1 /Y HMBC %2/~ H-7 5 C8/C13/C14/C19
MK, H H-75 C-6 #HE. Hy-6 5 C-5 #HK,
H-3 5 C-20 #H5¢, B ] LAHEWT 4 C7/8/13/14/19
P B TOOCER S — A5 R 1 I B AR 3%
H-15 5 C14/19/16/17 #1¢ \H-18 55 C16/17/19/14
FHOG, $87R FOCHR SRR , DR R 20 2 Ak
BV 2-((9H-fluoren-9-yl) methoxy)
carbonyl)amino)-3-(tert-butoxy)butanoic acid, i
44 FMOC-ALLO-THR(TBU)-OH.,

23
22 °
o N e
o7 % 21 \n<_/ 0
0
o OH

7 %, HMBC

S 'H-'H COSY

E3 k&1 WEHREZER 'H-'H COSY #1 HMBC {55
Figure 3  Structure and key correlations of 'H-'"H COSY and HMBC of compound 1.
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&2 (552 mg): ALK, BT
£ HR-ESI-MS Z3#Hr o] Al m/z: [M+H]"303.052 5,
Exact Mass {H°} 303.050 5. K#EM iz
XK CisHiO;. 'H NMR (600 MHz,
DMSO-ds) & 12.51 (s, 1H, Cs-OH), 9.42 (s, 4H,
C7,3’3"4'-OH), 7.69 (d, J=2.1 HZ, lH, Cg'-H), 7.55
(dd, J=8.5,2.1 Hz, 1H, C¢-H ), 6.89 (d, J= 8.5 Hz,
1H, Cs-H), 6.42 (d, J= 1.9 Hz, 1H, Cs-H), 6.19 (d,
J = 1.9 Hz, 1H, C¢-H), "C NMR (151 MHz,
DMSO-d;) & 17627 (s,C-4), 164.34 (s, C-7),
161.15 (s, C-5), 156.57 (s, C-9), 148.13 (s, C-4),
147.22 (s, C-2), 145.49 (s, C-3), 136.18 (s, C-3),
122.40 (s, C-1), 120.43 (s, C-6), 116.05 (s, C-5),
115.49 (s, C-1%, 103.45 (s, C-10), 98.64 (s, C-6),
93.81 (s, C-8). %45 M I I Hidis 5 SR 264 iE
(A — S, 48 K 1A B P 5 46 %5 58 N quercetin.

L&Y 3 (41.8 mg): RO, % TH
i, %4 HR-ESI-MS 4 #r vl %1 m/z: [M+H]"
303.086 9, Exact Mass i} 303.086 3, [HILHE
MZAE A5 F3 R CieH1406- 'HNMR (600 MHz,
MeOD) & 6.95 (d, J = 20.2 Hz, 3H, Cy.5¢-H),
5.91 (m, 2H, Ceg-H), 5.31 (dd, J = 12.7, 2.9 Hz,
1H, C,-H), 4.87 (s, 3H, 4-OCHj3), 3.06 (dd, J =
17.1, 12.7 Hz, 1H, H-3a), 2.72 (dd, J = 17.1, 3.0
Hz, H-3b). >*C NMR (151 MHz, MeOD) & 196.20
(s, C-4), 166.93 (s, C-7), 164.04 (s, C-5), 163.35
(s, C-9), 147.93 (s, C-4), 146.36 (s, C-3), 131.72
(s, C-1), 117.61 (s s, C-6), 113.14 (s s, C-2),
111.17 (s, C-5), 101.98 (s, C-10), 95.69 (s, C-6),
94.81 (s, C-8), 78.86 (s, C-2), 55.03 (s, 6-OMe),
42.65 (s, C-3). IZZERIMEITERAE 5 STk [27 1A
FAH 25, 2 b B W e 2 385 N hesperetin,,

L& 4 (84.7 mg): WEEAREIA, B TE.
£ HR-ESI-MS 43471 0] Hl m/z: [M+H]" 359.186 0,
Exact Mass iy 359.185 8. [RILHEMiZ4k &5
TN Cy1Hx705. 'H NMR (600 MHz, CDCls) &
6.53 (dd, J=15.3, 7.1 Hz, , Cy¢-H), 5.93 (dd, J =
15.4, 1.4 Hz, 1H, Co-H), 5.29 (s, 1H, C4-H), 5.08
(s, 1H, H-1b), 4.75 (s, 1H, H-1a), 3.68 (d, J =
13.3 Hz, 1H, Ci3-H), 3.26 (m, 1H, C¢-H), 3.04 (dt,

J =18.0, 7.5 Hz, 1H, H-5b), 2.70 (dd, J = 17.5,
4.0 Hz, 1H, H-15b), 2.63 (dt, J= 18.0, 7.2 Hz, 1H,
H-5a), 2.46 (dd, J = 17.5, 11.7 Hz, 1H, H-15a),
1.89 (m, 3H, C;;-H), 1.64 (dd, J = 14.5, 7.4 Hz,
2H, Cs-H), 1.47 (s, 3H, Cy,-H), 1.33 (m, 4H,
Ci7.15-H), 0.91 (dd, J=12.0, 4.8 Hz, 3H, C,o-H).
BC NMR (151 MHz, CDCl;) & 202.48 (s, C-14),
189.79 (s, C-8), 169.49 (s, C-13a), 160.49 (s,
C-3), 150.34 (s, C-4a), 135.42 (s, C-10), 124.40
(s, C-9), 114.04 (s, C-8a), 103.27 (s, C-4), 83.16
(s, C-7), 63.84 (s, C-1), 54.91 (s, C-13), 42.91 (d,
J = 8.5 Hz, C-3,15), 31.16 (s, C-5), 29.46 (s,
C-17), 22.80 (s, C-16), 22.41 (s, C-18), 18.49 (s,
C-11), 17.73 (s, C-12), 13.89 (s, C-19)., iZ L5 Y
155 i 5 SCRk (2814 18 A AH— 2, B oK ik
A B 2 % %F SN monascin.

A 5 (115.6 mg): EETMARIREIA, ¥
T4 . % HR-ESI-MS 437 0] A1 m/z: [M+H]"
361.237 5, Exact Mass {4 361.237 9, [K it #
MZAE A 153§ R CHy04. 'HNMR (600 MHz,
CDCls) & 6.48 (dd, J = 15.2, 7.2 Hz, 1H, C,o-H),
5.90 (d, J = 15.3 Hz, 1H, Co-H), 5.23 (s, 1H,
Cs-H), 5.02 (d, J = 12.5 Hz, 1H, C,-H), 4.76 (d,
J = 12.5 Hz, 1H, C;-H), 2.97 (m, 1H, C;3-H),
2.61 (s, 1H, C¢-H), 2.45 (dd, J = 7.3, 4.9 Hz, 3H,
Cis-H), 2.40 (s, 1H, C,5-H), 2.10 (m, 1H, Cs-H),
1.87 (d, J = 6.9 Hz, 3H, C;;-H), 1.58 (m, 2H,
C16-H), 1.28 (S, 8H, C17,18,19,20-H), 1.17 (S, 3H,
Ci,-H), 0.89 (s, 3H, C,-H)., *C NMR (151 MHz,
CDCl;) & 210.09 (s, C-14), 197.93 (s, C-8),
160.34 (s, C-3), 152.52 (s, C-4a), 134.65 (s, C-10),
124.68 (s, C-9), 112.93 (s, C-8a), 103.40 (s, C-4),
74.14 (s, C-7), 63.95 (s, C-1), 43.24 (s, C-15),
42.01 (s, C-13), 39.36 (s, C-6), 32.63 (s, C-5),
31.65 (s, C-19), 29.11 (d, J = 19.2 Hz, C-17,18),
23.86 (s, C-16), 22.59 (s, C-20), 19.91 (s, C-12),
18.42 (s, C-11), 14.05 (s, C-21). iZ 454 4 & 5 %k

P55 SCHR 2919038 B9 AH— 350, e e iz AL & Y0
2L UK 5 i monaphilone A
&Y 6 (469 mg): HEK K, BT
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DMSO, % HR-ESI-MS Z3#7 ] 51 m/z: [M—-H]"
455.356 5, Exact Mass {H} 455.352 5, [HHfE
MRZAEE W3 TR CioHagOs. 'H NMR (600 MHz,
DMSO-d;) & 5.16 (t, J = 3.5 Hz, 1H, C,-H),
3.00 (dd, J = 10.4, 5.2 Hz, 1H, Cs-H), 2.74 (dd,
J=13.8, 4.1 Hz, 1H, Cy5-H), 1.10 (s, 3H, Cp3-H),
0.90 (s, 3H, Cp4-H), 0.88 (s, 6H, Cy6,5-H), 0.86 (s,
3H, Cy-H), 0.72 (s, 3H, Cy-H), 0.68 (s, 3H,
Cs-H). C NMR (151 MHz, DMSO-ds) "“C

NMR (151 MHz, DMSO) & 179.03 (s, C-28),
144.30 (s, C-13), 121.99 (s, C-12), 77.29 (s, C-3),
55.28 (s, C-5), 47.56 (s, C-9), 46.16 (s, C-17),
45.92 (s, C-19), 41.79 (s, C-14), 41.27 (s, C-18),
39.35 (s, C-8), 38.85 (s, C-4), 38.53 (s, C-1),
37.08 (s, C-10), 33.79 (s, C-21), 33.30 (s, C-7),
32.89 (s, C-22), 32.56 (s, C-29), 30.86 (s, C-20),
28.70 (s, C-15), 27.68 (s, C-12), 27.43 (s, C-23),
26.08 (s, C-27), 23.84 (s, C-30), 23.38 (s, C-16),
23.08 (s, C-11), 18.50 (s, C-6), 17.31 (s, C-26),
16.49 (s, C-24), 15.58 (s, C-25). Z&EHI MY KL
e 5 SCHR 301408 A A — 2k, JR bz e &
2 %% R oleanolic acid.

e 7 (56.4 mg): FIEAACRIEA, T
M. %4 HR-ESI-MS Mol 5l m/z: [M+H]
415.394 6, Exact Mass {H N 415.394 0. [K 4
MZALE 15> F 2N CooHsO. 'H NMR (600 MHz,
CDCls) 8 5.30 (s, 1H, C¢-H), 3.52 (s, 1H, C5-H),
1.01 (s, 3H, Co-H), 0.92 (d, J = 6.5 Hz, 3H,
Czl-H), , 0.86 — 0.80 (m, 9H, C26,27,29-H), 0.68 (S,
3H, C;s-H). “C NMR (151 MHz, CDCl;) &
140.77 (s, C-5), 121.72 (s, C-6), 71.81 (s, C-3),
56.78 (s, C-14), 56.08 (s, C-17), 50.15 (s, C-9),
45.85 (s, C-24), 42.32 (d, J = 4.1 Hz, C-4,13),
39.79 (s, C-12), 37.27 (s, C-1), 36.51 (s, C-10),
36.16 (s, C-20), 33.96 (s, C-22), 31.92 (s, C-7,8),
31.67 (s, C-2), 29.17 (s, C-25), 28.26 (s, C-16),
26.10 (s, C-23), 24.31 (s, C-15), 23.08 (s, C-28),
21.10 (s, C-11), 19.83 (s, C-26), 19.40 (s, C-24),
19.05 (s, C-27), 18.79 (s, C-21), 11.99 (s, C-29),
11.87 (s, C-18). &5 B BT 5 SC#ik[31]
B A — B, WIS REEEN

P4 actamicro@im.ac.cn, 7 010-64807516

B-sitosterol,

k&Y 8 (63.7 mg): G SIRE A, &F
SMli. 4 HR-ESI-MS Z3Hi Al A1 m/z: [M+H]'
397.346 5, Exact Mass {E 4 397.347 0., It
MRz A5 7308 CosHasO. 'H NMR (600 MHz,
CDCl3) & 5.59 (dd, J = 5.5, 2.3 Hz, 1H), 5.41 (m,
1H), 5.22 (dd, J = 15.8, 7.6 Hz, 2H), 3.66 (s, 1H),
1.06 (d, J = 6.6 Hz, 3H), 0.95 (m, 6H), 0.85 (dd, J
=9.1, 6.8 Hz, 6H), 0.65 (s, 3H). "*C NMR (151
MHz, CDCl;) & 141.37 (s), 139.80 (s), 135.58 (s),
131.99 (s), 119.60 (s), 116.30 (s), 70.47 (s), 55.74
(s), 54.57 (s), 46.26 (s), 42.84 (d, J = 1.7 Hz),
40.81 (s, C-4), 40.43 (s, C-20), 39.09 (s, C-12),
38.38 (s, C-1), 37.04 (s, C-10), 33.10 (s, C-25),
32.00 (s, C-2), 28.30 (s, C-16), 23.01 (s, C-15),
21.11 (s, C-11,21), 19.96 (s, C-26), 19.66 (s, C-27),
17.62 (s, C-28), 16.29 (s, C-19), 12.06 (s, C-18).
LA B s 5 SCBR[32 4B R A — 2, 48
MK Z AL A P i 228 5E R ergosterol .

A 9(39.4 mg): FIEEIA, i THEE
% HR-ESI-MS 43 # °] H1 m/z: [M—-H]"160.039 7,
Exact Mass {H°/ 160.039 9, [HL#EMZ4L &8
313 A CoH,NO,., 'H NMR (600 MHz, MeOD)
58.10 (dd, J= 6.8, 1.7 Hz, 1H, Cs-H), 7.98 (s, 1H,
C,-H), 7.56 — 7.36 (m, 1H, Cs-H), 7.28 — 7.12 (m,
2H, C¢;-H)., “C NMR (151 MHz, MeOD) &
167.88 (s, C-10), 136.80 (s, C-4), 132.03 (s, C-2),
126.16 (s, C-9), 122.21 (s, C-6), 121.01 (s, C-7),
120.63 (s, C-5), 111.50 (s, C-8), 107.31 (s, C-3).
LA ) TS 5 SCRR33 1R A A — 2, it
Bz & W E A€ O indole-3-carboxylic acid.

L&Y 10 (582 mg): IREECAAMIA, IETH
fill . ZEEF DMSO, %4 HR-ESI-MS Z3#7 Al Al
m/z: [M+Na]"377.086 5, Exact Mass {H} 377.084 9.,
R A Z A & 0 4 20k Ci6HisOg 'H NMR
(600 MHz, DMSO-dy) & 9.62 (s, 1H, C4-H), 9.18
(s, 1H, 1H, 3'-OH), 7.42 (d, J = 15.9 Hz, 1H,
C,-H), 7.04 (d, J= 1.7 Hz, 1H, C,-H), 6.99 (dd, J
=8.2, 1.7 Hz, 1H, C¢-H), 6.77 (d, J= 8.1 Hz, 1H,
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Cs-H), 6.15 (d, J = 15.9 Hz, 1H, Cg-H), 5.06 (d,
J=4.0 Hz, 1H, Cs-H), 3.93 (s, 1H, Cs-H), 3.57 (s,
1H, C4-H), 2.15 — 1.67 (m, 4H, C,-H), *C NMR
(151 MHz, DMSO) 8175.37 (s, C-7), 166.16 (s,
C-9), 148.78 (s, C-4), 146.00 (s, C-7), 145.40 (s,
C-3), 126.03 (s, C-1), 121.82 (s, C-6), 116.18 (s,
C-5), 115.21 (s, C-8), 114.71 (s, C-2)), 73.88 (s,
C-1), 71.33 (s, C-4), 70.75 (s, C-5), 68.48 (s, C-3),
37.64 (s, C-6), 36.64 (s, C-2). &% kY K% %L
P55 SCHR[34 14038 A9 AH— 20, 3 OB Z A & W i
U 5E M chlorogenic acid.,
22 BHEKEYIHMImEMAEN

10 AP bGP P EfbiG gk 2 fr
RNo HERPEERATH, LAY 2 RIDKIFH
PraafLfE )1, XF O, DPPH Ml OH H 3L HA
R T BRAE J1, ICs fHAT 5 H 5.07+0.02 .
4.84+0.02 Fl1 27.39+0.34 ug/mL, Vc B ICso {H4
K 5.65£0.05. 6.72+0.02, 37.43+0.13 pg/mL,
BALFXTH Ve BRCR; XT ABTS™H i A3
FRAE S BEAL T X B8 Trolox ML, ICso (H N
10.76+0.07 pg/mL, Trolox K ICs, N 2.55+

0.03 pg/mL, {HHL I T4 A% O [ i3
KT BREE 1T ; 1b-E % 10 X} DPPH Hl OH [ i %t
FITERBE AL T Ve BIRCR; 2 M ARL S
Y7 F0 8 RFRIIEBUAALRE ST, WRAEY 6.
AEYIRRIL A 9 BRAXT DPPH [ H R £ B
P A xE A 3 Bl B e LRI —E B AR
J15 ALEY 3. 4 F1 5 R RR Tk &9 1 %
B — 7 LA RE T .
2.3 B{REYIRIERINHI{ER

10 Flr B R AL S W G o5 260 A T T ) 1
W 3 Fim. MRPLERITA, LAY 2. 6
10 X o~ 2 M 17 il EL A BRI BE T, 1Cso
I35k 24.29+0.22 pg/mL ., 22.87+0.21 pg/mL Fl
26.75+0.42 pg/mL, FCPHPEXT AR Acarbose (ICs
B} 18.72+0.02 pg/mL)AIBURFEES ; PS5 14K
FALEW 7 8 LU EWZRL G 9 RKI
X - A I EE T kB 3. 4
S DR RIRT LA 1 X o3 26 B 1T 1
FEIH S I HIVEF o

R2 HKELAME Mp 20 XK~ BEAEMNBRMMALEENER

Table 2 Effects of Monascus purpureus Mp-21 secondary metabolites on free radical scavenging and antioxidant

activities

In vitro antioxidant ~ ABTS" scavenging 0% scavenging DPPH scavenging OH' scavenging
activity activity (/Cso, pg/mL)  activity (ICso, pg/mL)  activity (ICso, pg/mL)  activity (/Csg, pg/mL)
Compound 1 550.45+2.87 135.86+2.09 650.29+2.79 535.88+1.12
Compound 2 10.76+0.07 5.07+0.02 4.84+0.02 27.39+0.34
Compound 3 32.37+0.26 60.78+0.47 198.87+1.21 95.45+0.78
Compound 4 1 218.29+2.58 110.66+0.89 1 806.65+2.93 70.83+0.45
Compound 5 45.62+0.69 62.67+0.39 661.67+2.02 1 037.81+4.68
Compound 6 626.58+1.09 na na 522.65+1.36
Compound 7 na na na na

Compound 8 na na na na

Compound 9 958.42+256 260.25+1.89 na 429.38+2.17
Compound 10 11.24+0.18 7.21+0.05 5.65+0.04 30.25+0.43
Trolox 2.55+0.03 nt nt nt

Ve nt 5.65+0.05 6.72+0.02 37.43+0.13

Data derived from three independent experiments were statistically analyzed, and the results are presented as mean£SD (n=3).

na: not active; nt: not tested.
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x3 KEIHE Mp-21 RERE =X o-FE
PEEEERHNFIVE R 45
Table 3 Effects of Monascus purpureus Mp-21

secondary metabolites on a-glucosidase inhibition

a-glucosidase inhibition
(Cs0, ng/mL)

In vitro enzyme
inhibition assay

Compound 1 1 025.97+4.89
Compound 2 24.29+0.22
Compound 3 912.79+3.36
Compound 4 816.274+2.32
Compound 5 1 175.87+4.57
Compound 6 22.87+0.21
Compound 7 na

Compound 8 na

Compound 9 na

Compound 10 26.75+0.42
Acarbose 18.72+0.02

Data derived from three independent experiments were
statistically analyzed, and the results are presented as
mean+SD (n=3). na: not active.

24 EPR EARNES BAXLEMIBEH
E &l A

DPPH 1Em—FhfeEny A 3, v HiEfE
FI TR E] EPR (55, HAEMBE AL

KA . R IR IR H AR B 5T T AN ]
WEMLEY 2. 10 FFHYEXTEE Ve X DPPH
H AL ATEBREE S . WK 4 /s, DPPH HH
B EPR AR5 W HEVE, MEEY 2 REMT
AN, WEROREEAAR PR S R R A T AR
k. HHEAX(5) DPPH R mHE AR, 7
DR EIEAY 2. 10 FAIFHYEXT B Ve X7 DPPH
B A AT ER R UNEE 4, R 4 7Y EPR K45
R RIALAY 2. 10 X} DPPH A B3R5 BR
RESAETX R Ve BIRCR, 5% 2 J1) DPPH
FIEERMYE, L RIETHEY 2. 10
X DPPH H H 2 5 31 il 58 1

OH H MMy B 2L, KU
WA RAT 10 s, 7EIE T ANRE B
F| EPR 155, WUINMA H i F4#3K55 DMPO A4
RETE RS E M A 2, BDEBEM&Y . AR
FH EPR FiAR, W5 T H 4 SR A A % 38 2k
Fenton Vi /=H: 00 OH H HHIEAIEFREE ST . WKL 5
fff7%, DMPO-OH ] EPR {55 A IUEE, {5558
A 1:2:2:1, DMPO-OH {55 EkE LG

---- No inhibitor
........... 12 pg/mL
— 10 pg/mL

3420 3440 3460 3480 3500 3520 3540 3560 3580 3600

4 FRIRERILEY 2 3t DPPH A5 1EF A EPR i E
Figure 4 EPR spectra of DPPH after adding different concentrations of compound 2.
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” No inhibitor
‘ — 30 pg/mL

|
l | - 15 pg/mL

3420 3440 3460 3480 3500 3520 3540 3560 3580 3600

5 AREIREBLEY 2% OH EMRIEAR EPR EE
Figure 5 EPR spectra of OH after adding different concentrations of compound 2.

#x4 2FILEYX DPPH BIERE

Table 4 DPPH scavenging rates of two compounds

Sample concentration (pg/mL) DPPH scavenging

DPPH scavenging rates/%

12 10 g 6 5 4 activity (/Csg, pg/mL)
Compound 2 91.87 85.26 75.16 64.49 54.83 45.24 4.53
Compound 10 84.45 80.95 72.68 47.38 42.17 38.26 5.80
Ve 78.35 65.83 57.84 44.71 38.27 35.58 6.37

x5 2MILEYIX OH BIBRE

Table 5 OH scavenging rates of two compounds

Sample concentration (pg/mL)
30 25 20 15 10

OH scavenging
activity (/Csy, pg/mL)

OH' scavenging rates/% 3s

Compound 2 61.62 52.49 45.45 34.26 25.06 18.32 27.88
Compound 10 53.96 48.03 41.57 32.85 24.61 17.13 31.88
Ve 49.57 44.85 35.76 25.34 19.59 14.82 36.33

Wy 2 WREER TR AR /N, VU BRI A AT FEA R 4 rs .

ROE, SRR TR, sk o O WRGER

H B IEERRRITTEA, TSRS 2. AL LGEAEHAEREEN . M Ci )2
10 FPHPEXTAE Ve X OH A EERIEFRFMEK 5, Hr . Sephadex LH-20 BEAT 2745 1% 4> 85 )y
M 5 /9 EPR Bl 550 R BUEEY) 2. 10 X yExb g @rth @ Mp-21 IRGACI = W47 T 24

OH H HIEMIERREE NI T AR Ve FIRER, 5
29 OH A HILLIRLE A&, H—45
WETAES Y 2. 10 %F OH [ f 3L sl fk

WAk 2E AT Ay B A AL NS 2 TAE, R
BELE TR A B8] 10 MEA Y, BJEE LX)
1k & W 1) B 3% 5P (H-NMR . PC-NMR
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HR-ESI-MS 553 ) Fl AL 45 17 4 BEAL 1 Jot 2R £
SIRTEE], IF SR I SR B AL S IR St
AT EE . 10 N A W e
FMOC-ALLO-THR(TBU)-OH (1). quercetin (2).
hesperetin (3). monascin (4). monasphilone A
(5). oleanolic acid (6) . B-sitosterol (7). ergosterol
(8).indole-3-carboxylic acid (9).chlorogenic acid
(10). HAEEY 1 58 KRR W), #h3E T %Ak
Y THA PCIEE, LE2. 6.9, 108
HIRMLLITE R A . B E A& 2B
KF, L Mp-21 RGBT Yrdh 45
HEERMEY, P ass 2 RIS,
2R EY, | DI EY, 1 AEEE
MATAY, 2 D EERAEY, 1| M EYZEAL
Y. 1 DRNRELEY . FNRELEY
& 1 N ELE 2L AR 2> AR 2], 4 T 21
AL E Y RSS2 B, LEAR ST AL TR 1
FAMG o- AT ISP BB, EEatheE
Mp-21 IRGACH Yy rh i A 2 e BT AR
PUAAATE PEFN o1 2 B T BRI VS 1 . oM
SAARTEPEIRER T, X5 B b BR AR ) B A0 Ak
Gr/E Ty { [P qen7/bIE SIS iaeyy/R
I E YR I EPR FOAN 56 (.21 1t 2 Mp-21 I %%
AR Yy R HT AR TR PEEA T T IR, SIS
BARW A5 AT o B 2 MBS FBR T
&) oleanolic acid I LF-LASN, w24k
B P RIR N R AL S W AT B A A 1
FRATTHED 21 fth 25 rh BT AL AT o 7 2 0 1 Tl
TG PR ) 25 20 o BR it n] RE T 202 BU 2R AL &)
FORN R AY - X2 E L0 8 Mp-21 Ik
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