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ST T Mp-21 R BRI 80  B AL S E R 5

Th%E, ik, BE, KEE, HAR

WHLImTE KA b2 5 A mBl2e 2 be, Wil &4F 321004

WE. [ B ] Lo Monascus purpureus) Mp-21 I NI Fe A=W 04 43 B alifb 516t [
% it & is A 2 M @ o3 85 7 0 A P Wy EA T o i alidle, fie ) ilad Z2 Fh RS X AL & Wy itk
FTEA AT 5 5 0E o X o3 B AlARAS B Y BRI B W EA T AR AL S R IR AR SC BRI R 5 AR p0 U E o [ 45
RPN Mp-21 N & alifb 56 2 3 NG L &%) baicalein (1) . genistein (2). glycitein (3),
Ho b &9 1 A E L& R ORI, G 2 13 ek N a Ll d T R B, FERAMIT AL R
HIEE S MRS, LS 1% 1,1- 22056 2- SR IE(DPPH) . 07, OH [ i JE HAT BEsR T BRBE 7
XiF oA AT AT oY Ry Tt LA s A I VE T, 1C 50 439010 5.67 .17.46.36.40 ,30.94,430.93 pg/mL.
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SE e KR RE P, 2t H
AT AIBEE T2 EE R AE MPs 194544 o0 S FL AL
57 monacolin K Fl GABA A B &4 i 126 F1 A& 19 1.
MR . ShRe R B mR A E . TR
0 1B 0 A TRV A 0 s P R 00 5 25 1 TR T X T
FEEL M AN 0 USRI ™ ) B B AR D
BEE 7> TR . RIS B AR R 2 2 S R
) PR e R A R b A Bl 1 L TR R G ARG 7 i F
FRERE. T4k, CHUEMERE By,
2) 60% A IR T R BACH =4 EA 21 Ha L)
Kk, A —FRGE A LS Y S
WAL G PRI F 2R BB B R GARs
YA i R 245 0 ) B R — L LI R 32 81z 1)
TR, [FE R T ARBIESE L A 20
PERY P A B A 2T A Mp-21 MRS, X
LN IR BAC T Wy it AT o g alidl, DA ERAS ik
B LALLM g R IR A7 iy, FEgrha gy
FTE AR Lo 250, R B 22 i m] k24 T i)
WP SR 2 e b &, W IRE RS
Dy i 1A 21 i B S H T K 5 0 R R AR Y
WA

U AR
11 et

111 BER: ARSI [ 320 08 DRl i) B A #Y
L2 (M. purpureus) Mp-21 TEH K .

112 SEgedk: DA Ie SR L (PDA K
Ay PRI ENR M 6 g, I 20 g FIBN
JEk 20 g MPVEMT 1 L £ TKP, 23,
121 °C W KT 15 min, & RS A ARR
PREEIRIL(PD WA IR IE) : FRECED RS BRI K 6 ¢
AN 20 g NPT 1 L X7k, L
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MK pH 2 4.5 /247, 433, 121 °C mE KA
15 min, .
1.1.3  FEUEE: BSA-224S HiF R V- (FEL Filr
Bl A BR A W) . D-1 B EZR KR AL &
BRFRARA ). SW-CI-1B 8% TAE & (M
A BR A F]) . Blue pard AEALREFRFE (il —
TR 8845 BR 23 ). BUCHI Rotavapor R-300
Tkt 7% 2 L (BUCHI Z3+]), DHG-9101-2SA Hi#h
P 30 35 KT R A (1 R R Sl R R A B8 3 55 )
WD-9403C MU AL S — AW RHE A FRA F)
- AL UPLC/ZQ400 (3R [E Waters A7) #
REIEARPE L (NMR)AV-600 (Bruker A7), 284k
4y J6 6 BE 3 UV-2550 (H A B ) | AR Y
1510-Z0024 C (Thermo Fisher),
114 FERXH: 95%CWE. LR, FEE.
AT R H0,) . BERE(FeSO,) . 7K
WM. HEER C (Vo). BRIRENS /B ol R 2
TREZEBMARGRA R B B-JH
RN NS — AR AN ER (NADH) . W)W B R H iR
(PMS). SHALAHHE PO & MW (NBT) . 1,1- K 5E-2-
—HHEEHFDPPH) . Fi-REHH (Acarbose) , 4-fiFf
HHE-o-D NI A8 H (DNPG) . 3,5- fiH Ak
iz (DNS) 3 43 My 2l il 50 S W 7= E g BT hr T AR fb
PR 5 o8 00 H G . o-VE M B 551 T
Sigma-Aldrich A ] ; Sephadex LH-20 # i ) 3
GE A vl
1.2 RELHE Mp-21 KRBT

W S B VR R R 2R B 2L i Mp-21 TE B
W B =W, FORE R ERE T/ES b
F PDA BE 3R BV ARERN HEA TG (L35 9%, 30 °C Bk
7 7do FRERITF R R 305 75 mL PD W&
R 250 mL =BT, 30 °C. 180 r/min
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B 9% 4 d 15 3R K B SRR B R L 4 B
A 1 L PDBIARERN 3 L MBI,
30 °C. 180 r/min $53% 7 d B35S 1T LL i &
VR
1.3 REAHE Mp-21 AREABE W HIRIK
WL & R 2-3 B9 ik, FFEuE
W, P mBREAEET 50 oC HIR T T
Mo THRIF 2Lt B AT LR, WS
PITRB T 80% M £ 1 i 21242 3 Ik, BRI A
FEWEZR W AR 3K AT AR o LSRR B N is it
FE TRV R, IRZB I R L BRI
3 WK, AR EE ORI T8 e 45 AR AT R C TR HEL

Nt e

=7
14 FELHE Mp-21 BRSBTS E
aife 5% 5%

¥ TR CBRHLIRE 26 ¢ FHF ARG 5 Rk
(200-300 )5 HLBRAIFERE , AR5 FHAER (520 g,
200-300 EDAEREMr 8, LA k-2 R &k
(20:1-0:100) . Z.FR Z T - FH E(20: 1-20: 5) 86 it
I R BT AT 0y e b L RAT 4 A4 ) Frod
(3.9g). Fr2(1.7g). Fr3 (1.2 g)fl Fr4 (2.1 g). H
T Fr.l FEOEMRY, SORGKSLr B S ¥
Fr.2 Zk4E FRERE(170 g, 300-400 FAEJZMT 08,
A - 2R HE(10:1-0:1) 70 E15 8] Tih&9)
2, FAHESS G ILRARZRBIEY 2
(28.2 mg). Fr.3 4kZz HAEK (120 g, 300400 H)H:
EMEs, FAThE - LR HBR(10:1-0:1), K15
A5 Fr3.1-3, ¥ Fr3.3 4l 4kZ: ] Sephadex
LH-20 BERAE LA AT ve i o s 2k 54 3
(23.7 mg). Fr.4 4k2eHHER(210 g, 300400 H)HE
JENTor e, A @ LR AER(5:1-0:1), LR L
Mg - HEEQO0:1-0: )RR BRI, AR1F4 ) Fr.4.1-5,

i

4 Fr.a.1 41 4k2:F Sephadex LH-20 % HE LA
P UEAT VR B4 B 3R A5 4l 4 Frd1-6, ¥4
Fr.4.1.4 4% 1] Sephadex LH-20 BEJEAT L) I Lk A7
Ve B EME A 1 (19.6 mg). fe)n @XMk
AW BEE S ((H-NMR , *C-NMR , HR-ESI-MS
SN T 40T, 75 AH N ST SRR AL B 1Y
SERIHEA T AR AT S E o

1.5 RSN EATE IR

151 1,1-"%E-2-=MEEBDPPH) A f 2
BREEFIISE . S MESCHR[ 18] LI FRIMEIE L. B
1 mL /) DPPH ¥ (0.15 mmol/L, & T 95%Z. ¥
H), AT mL ARG G 9 A SR S VIR TR
IEIRA 5], e I 254 U8 30 min,
MY ECEETHE 517 nm P AL I E WG
B, BRI 3 YO T EK . W]
Ve AE KBRS . DPPH H L IE BRAE J1 (%) H A
XI5 G5REL ICs [HARFRIR, 1Cs [HFR/RHN
il 50%0) [ F 5L P its B AR R FE (ug/mL)

DPPH 4 A3 A %=%x100 (1)

s A AL REE s 4, 9 E FLEY I
JEEAE.

152 BEABFO)EHEFEREINE: =
FSCHR 91w O I M AE B SR . A
NADH-PMS-NBT J# A HE F(O )RS, #
AP FIERR I RE D NBT B 6. 7650 H i
A 2mL #Y Tris-HC1 2% "% (16 mmol/L, pH 8.0),
1 mL A NADH (78 pmol/L), 1 mL AJ NBT
(50 pmol/L), 1 mL Fi Bl ik B A B AR AL 5 7%
W, 1 mL i PMS (10 pmol/L), IRE5), 1fEEIR
WEOCH S R RN 5 min, FHEAMMEEETHE
560 nm P A E WG REME, IR EE I R Y
803 WAPATE R . [RIET Ve VR BRPEXT IR 8 4R
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RS H RIS BREE 1 (%) 3 A 2RI 45 A
1Cso [HAR IR, ICso (ELZR/R ] 50%) A Hi L ras
BRI B (ng/mL).

A BT 1 TR A %=éiﬁxm0 2)

K Ao A LIRS s A, e LI
R

153 REEOH)BHEFREEIWE: ST
HR[20109 iR IR EIE . FERONIR R HIA 2 mL
R BT 2R B 1 AR S IV . 2 mL 1Y 6 mmol/L
FeSO, E AN 2 mL B 6 mmol/L /KIZFRIE K, B
JE A 2 mL B 6 mmol/L H,0, I, TRA5],
1E 37 °C &M F RV 30 min, FHE4MM6GET
TE 510 nm BRI E WG EEAE, TSR EE AT
I3 AT ER o FIBTH Ve fE R BRMEXTIE . 5
e H I BRAE T (%) A G) T S5 REL 1Cs
ERFIN, 1Cs HFRRIE] 50%0Y F Hh 5L fT 75 %
AL i e S (ug/mL)

FR L ] ph S I A %:ﬁiﬁ«mo 3)

e Ao Fyzs FLEYROGEEME s 40 ST E FL A
JEREAE

1.6 PRSI B MM AR S6 B 1 1T

1.6.1 o-HERFEEHIENEERNE: 2% 30121
T IEIFRE IS . IR Eh 22 v (0.1 mol/L,
pH 6.8 o7 % Wi B A 4-fiF LK I -0-D ML i
ZPHETT (PNPG) /3 L 5 U/mL 1Y o~ 45 5 H
BEHA RN 1 mg/mL B pNPG ¥ . 78 A
50 uL FOBEBREL 28 WP, 50 uL 4 o4 ML A
WA 50wl (AR RS VR B 1Y) BRARAL B VT
96 fLAR P IR G150 78 37 °C 45/F T & 10 min,
FHAA 50 uL (% pNPG ¥, F4MRA, 37 °C 4%
T RN 30 mine FJE A 100 uL A9 Hk R G4
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(2 moVL)Z& 1k [y, TEBFFRY 405 nm KT lAE
WORRENE, U RE ORI 3 WOPATE A,
AT SR P R P B 6 oo A P
HIRE ST (%) He A TRATHEL; S5 5RLL 1Cs [R5,
ICso (LRI SO I 71 T 2 R it e i
(ng/mL),

o T EF B B %:éiéxmo (4)

K Ao XTHRAARIWOCEEE s 4, AFEMANOE
JE(H

1.6.2  o-JEBEEM RGN E . 27 CHk[22]
(TR RIS o . IR 9N 2% ik (0.02 mol/L,
pH 6.8)KF o-TEMBEFI AT PEVE R ELHI K 7 U/mL
() o-TE A A AN 1% (W1 V)R AT T R VAT

H4 0.2 mL o-JE A BEHA TRORT 0.2 mL s BRI 24 ¥R B 1Y
AR S W WOR & Y5 5 PR 8 22 v s i B
% 1mL, T 37 °C/K¥# 10 min J5, fIIA 1%A[%
PEVERHAR , KGN S min 5, fiIA 1 mL DNS
WAL, 8 TR 10 min J5HE &
TUoKIERRH, BEMA 20 mL K&K, 1B
GG T 540 nm AT WEROGEEE, B
JERTE W 3 YA E S, [R] FHBT R
PR T BE o X5 a-DE Ao 8 410 T BB ) (%) 3 A 2K (5)
TR S5 R DL 1Cs IR, 1Cs [HR ] 50%
{18 TS 3 i R S B VR JBE (pg/mL)

o - R B %:%%Axmo (5)
P Ao Ot B B s A, o Sh 2 R
SeREfE

1.7 BaES

S 28 5 DL 48 £ 55 ME 22 (mean+=SD) 2k &
78 o J Microsoft Office Excel 2010 47 53EAbHE |
Ffl SPSS 21.0 144 1Cso {8 o
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2 ERFAM

2.1 EHEAE=YREE S E

szt rs, NEALME Mp-21 &
iz O BRI LS Y b o B Al Ak AR 3 3 SR BAR ™
Wy o 308 3 RS HR I 1) 4 A 5 e B A DG B SCHR i
i, BarEaitb s 3 NSRBIk E N
baicalein (1), genistein (2). glycitein (3)(& 1)

LGP 1 (19.6 mg): EEOERIREIK, B TH
FEFI W, 2 HR-ESI-MS 43 Al 4. m/z [M+H]
271.0606, 43 T3 CsHy,0s, HEEAH A 271.0601 .
PRI %46 S 90 43 F R CisHi0s0 'H NMR
(600 MHz, DMSO-d;) 6 12.66 (s, 1H, Cs-OH), 10.60
(s, 1H, C-OH), 8.83 (s, 1H, Ce-OH), 8.06 (m,
2H, Cy¢-H), 7.59 (m, 3H, Cs45-H), 6.93 (s,
1H, Cs-H), 6.64 (s, 1H, Cg-H); °C NMR (151 MHz,
DMSO-ds) & 182.59 (C-4), 163.39 (C-2), 154.10
(C-7), 150.31 (C-9), 147.44 (C-5), 132.30 (C-4"),
131.43 (C-17), 129.80 (C-6), 129.59 (C-3"), 129.59
(C-5%), 126.77 (C-2"), 126.77 (C-6"), 104.95 (C-3),
104.75 (C-10), 94.48 (C-8). Z&5HIAYEIESHE 5
SCHR[23-24 1B I AH— B, Iz ik & ik
U M baicalein.,

L&Y 2 (282 me): &EGERME, BT
ZFEF DMSO. %4 HR-ESI-MS 4r#ral Hl: m/z

[M+H]" 271.0628, 43+~ CsH\ 05, HHEAEA
271.0601, PRIHENZ A& P53 5N CisHioOso
'H NMR (600 MHz, MeOD) § 8.04 (s, 1H, C,-H),
7.38 (d, J=7.8 Hz, 2H, C, ¢-H), 6.86 (d, J=7.9 Hz,
2H, C;s5-H), 6.34 (s, 1H, Cg-H), 6.22(s, 1H,
Ce-H); C NMR (151 MHz, MeOD) & 180.83
(C-4), 164.61 (C-7), 162.44 (C-5), 158.30 (C-9),
157.41 (C-4’), 153.35 (C-2), 129.98 (C-2"), 129.98
(C-6%), 123.31 (C-3), 121.92 (C-17), 114.86 (C-3"),
104.86 (C-5"), 98.74 (C-6), 93.40 (C-8). iZ&5H
A P 5 A 5 SR [25 1B B9 AR — 320, P8 o zAb
BV YEE N genistein,

&Y 3 (23.7mg): BEHK, T DMSO.
2 HR-ESI-MS 3 ¥ 0l 51 : m/z [M+H] 285.0759 43
TR Ci6His0s, THEAEN 285.0757, KN
ZAEW AT Hh CisH 105 'HNMR (600 MHz,
DMSO-dy) 8 10.57 (s, C4-OH), 9.52 (s, C;-OH),
88.27 (s, 1H, C,-H), 7.44 (s, 1H, Cs-H), 7.39 (d,
J=285Hz, 2H, Cye-H), 6.94 (s, 1H, Cg-H),
6.82 (d, J=8.5Hz, 2H, C;s-H), 3.88 (s, 3H,
Ce-OCH3); 'C NMR (151 MHz, DMSO-d;) &
174.79 (C-4), 157.58 (C-4’), 153.31 (C-7), 152.94
(C-2), 152.18 (C-9), 147.37 (C-6), 130.53 (C-2°),
130.53 (C-67), 123.43 (C-3), 123.26 (C-17), 116.72
(C-10), 115.42 (C-3"), 115.42 (C-57), 105.19 (C-5),

1. & 1-3 NEHE

Figurel.

Structures of compounds 1-3.
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103.30 (C-8), 56.28 (6-OMe). %454 i) 35
5 3CHR26-274GE A — 20, PRIz b A P
RUE R glycitein,
2.2 B EYIRPIE LT

3 MRS WP AR TR PR AR 1 s
FhgEEAIAL, bEY 1 BRI RBUERE
73, %f DPPH . OH H 1 3L#B HA 5058 1975 bR g
ICso (E43514 5.67+0.02 pg/mL F1 36.40+0.15 pg/mL,
Ve I ICs (B4 511K 6.72£0.02 pg/mL F137.43+0.13 pg/mL,
BT Ve IRER s X O™ H IR TEBRAE 12
TR Ve IR, 1CsfE°N 17.46+0.05 pg/mL,
Ve B ICso B4 5.65+0.05 pg/mL, BRI T
Grixt OF B HERYIERRRE 1. LAY 2 A 3 Xt
DPPH. OH #l 0> A i3RI H — & MR AE
2.3 BRALA YRR RIVE

3 AL S ) BB RIAE T AN 2 FoR .
HRPEERATH, (bEGY 1 X o~ 24 17 AR
o-JEA B I R A2 3 Rk B h R4 11
ICso 5354 30.9440.28 pg/mL F1 430.93+2.83 pg/mL.

Xf B Acarbose ) ICso 435120 18.72+0.02 pg/mL
1 17.46£0.07 png/mL. L&Y 2 1 3 B H XT
o- AR a-VE R — S MBI EIAE AT, X
o F A W B R E 220 T a-TE R i

3 itinfegEip

EHRLAEE LA Mp-21 U4,
X LN R AR 0 o B AlA I F S 3 ANE
&Y, 43502 baicalein (1), genistein (2)F1
glycitein (3), ¥ NI EYI(flavonoids), FH:
HALEY 1 S E R E R AL, a2
M3 ERNE LG A, BEKAEY)
JEAR 2 05 PRE G R AR BRI A — R
S, AR Co-Cs-Co OB A1) 2),
BATHUAAL BUMIRE B IRE B0 a5 R I o
SETNRE . ARE I =R EE 0 SRR B MR A R . B
IR 22 S AU, R 23 R R S A0 1) o
AL AP (A 2). ST s, (AW 1 e T
k&Y, & 2 Ml 3 B TREMLEY. 1k

F1. RELHE Mp-21 REK G~ B HERBRFMENLFENER

Table 1. Effects of Monascus purpureus Mp-21 secondary metabolites on free radical scavenging and antioxidant
activities
o o Compounds
In vitro antioxidant activity
1 2 3 Ve

DPPH scavenging activity (ICsg, pg/mL) 5.67+0.02 1596.33+8.18 3417.33+£14.44 6.72+0.02

o> scavenging activity (ICsp, pg/mL) 17.46+0.05 99.55+0.21 177.24+0.41 5.65+0.05

OH' scavenging activity (ICsy, ug/mL) 36.40+0.15 546.98+0.40 74.52+0.20 37.43+0.13

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

R2 RBLHE Mp-21 RERE YN - BEEEEN - TMEMANFIERER

Table 2. Effects of Monascus purpureus Mp-21 secondary metabolites on a-glucosidase and a-amylase inhibition
. . Compounds
In vitro enzyme inhibition assay
1 2 3 Acarbose
a-glucosidase inhibition (ICsg, pg/mL) 30.94+0.28 464.05+1.30 684.41+0.75 18.72+0.02
a-amylase inhibition (ICsy, pg/mL) 430.93+2.83 729.4642.24 935.51+0.70 17.46:0.07

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

actamicro@im.ac.cn
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Isoflavones

Flavanones

Flavanonols

B2 EEELESMHERSSE

Figure 2.

HY) 1 FEAETRIERHEYE S H P (ke EY
2 il 3 EEAAE T EARMEY K G,
TEPTEATE S IR 45 R Rl Al %) DPPH H
HBERTERREE T 1>2>3; X OF H LM TE bR Ak
1>2>3; X} OH H HFEMIEFREE )] 1>3>2, Seyoum
SFEDIGIE T AL A P T AT M 25 )
PIRROC R . WEFEA SRR, TE sl fb & W4
i, A PRF B FRRYAHSBALEA 2 B 3 MRS
HA L B 2 B BB ) 45 i R AR 0 A T 3
B, XF DPPH [ M O [t 2R i BRAE 1 1)
WEZRATS FIRIERE R . A FREA 3 DAL
R LAY 2548 L B IO R ] o 72 B B 1Y
ZEAE I B R PTG PR . 7ETERR Fenton 2

The basic classifications of flavonoids.

N AR R FR SR A ST AR 1>3>2, X[
REJE B T AR B R G I ML [R] i 8 . A
Fenton Jz i FH N S INyE B4 @ B S1ERH, A
FOINNA LALG Y] REiE 1 4 e i8S G sl 2k
E=RAR Y I A VE 3 AL (2T

T Rk 1005 AF G T 410 1) 55 36 45 SR rh Ay e X
o-HIE PR BRI IHIRE S 1>2>3; X o-TERI Y
MHIEES 1>2>3. Li P05 T R AL S Yt
o H 2 WE TR o DR A8 T ) AT TS 1 5 A 22 T
MR R, BFEEREN], A 3L C-6 F1 C-7
[ RARAR A R I RS TR X o- B AR AT B -V
Ky BEAIPDHITE T . Gao ZEUPSHFIY & BB IS A
P A BRI C-6 i b HFR ISR & FERLUN I bt L AT
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A WL C-5. 6. 7 LREEIERXTA AN G o7
PR EEA o-VERM BRI TE MR B XEE M. X o
R TT IR o-JE o 8 0% T 1) 3500 o 25 SR
G ERMIRE R . A B EHRA C-5. 6. 7 LR
SEMUAR I M B 5 P AT o 05 1 o

ARSNGB Mp-21 (19 & BT
3 PRSI, 4 SCRRA B & L4 JC B S ) 40
BEEER M I MR ROE FR b b A A A
631118 2§ S 1 Tl W o O RS0 T =
T2 BN oy e A3 2N AL S Wi o 1B, Regi
— 25 LA R 4R T 2 D A AL 3
R A TEPEVE . (AR SE 45 3R, S marh
B Mp-21 2 V8 A BBt 4201 300 R R i il 7 >
W, AR B ReME & A v T,

2 % MR
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Separation, purification and bioactivity analysis of intracellular
secondary metabolites from Monascus purpureus Mp-21

Yunzhang Ding, Feng Ni, Xin Zhao, Yijia Zhang, Donghua Jiang
College of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang Province, China

Abstract: [Objective] The active components of intracellular secondary metabolites from Monascus purpureus
Mp-21 were studied. [Methods] The intracellular secondary metabolites were separated and purified by a variety of
chromatographic separation methods, and the structure of the compounds was analyzed and identified using a
variety of chromatographic data. Monomeric compounds were tested for antioxidant activity and
hypoglycemia-related enzyme inhibitory activity. [Results] Three active compounds, namely baicalein, genistein
and glycitein were isolated and identified. Baicalein was first discovered from Monascaceae whereas genistein and
glycitein were first discovered from Monascus purpureus. In vitro antioxidant activity test and hypoglycemic-
related enzyme activity test, baicalein had strong scavenging ability on 1,1-diphenyl-2-picrylhydrazyl (DPPH), 0
and OH radical, and strong inhibitory effect on a-glucosidase and o-amylase, with 1Csy of 5.67, 36.40, 17.46,
30.94, 430.93 pg/mL, respectively. [Conclusion] Secondary metabolites from Monascus purpureus Mp-21 have the
potential to be developed into functional food such as antioxidant and hypoglycemic agents.
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