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Abstract : The purpose of this study was to optimize the extraction process of two forms of Monacolin K from highland
barley Monascus,and to establish their content determination method. On the basis of single factor experiment,and adop-
ting the Box-Benhnken central composite experiment and response surface analysis to determine the optimal extraction
technology. The HPLC method for the determination of two forms of Monacolin K was as follows: with ZORBAX Eclipse
XDB-C,g column (4.6 mm x250 mm,5 pwm) ,in the mobile phase of acetonitrile-0. 1% phosphoric acid water (60: 40,
v/v) ,the flow rate was 1.0 mL/min,the detection wavelength was 238 nm. The results showed that the linearity, preci-
sion, repeatability , stability and recovery of the developed HPLC method were good. The optimized extraction conditions
were finally determined to be : using methanol as extraction solvent, with extraction temperature of 60 °C , liquid-solid ratio
of 20: 1 (mL/g) and ultrasonic extraction of 1 h. Under the optimized extraction,the contents of acid form and lactone
form of Monacolin K were 2. 51mg/g and 1. 65 mg/g,respectivly.

Key words: highland barley Monascus ; Monacolin K; response surface analysis; high performance liquid chromatogra-

phy ; determination

T PRZL R 20 th 8 E R T R W
B —Fh &2 il H& A 1Y Monacolin K (R £
1) WA A X 3-F2 56-3-H L 3 — E Rl il A ( HMG-
CoA ) ¥ JEU R4 bl /6 o o s JELA e ot T L o
LA 9870 Bl ok oks A8 B Ak A A= | B R e o0 s A5 AR
Y . ELL R Monacolin K LT ¥ (1 1% 784 il 4
eI PR AT AE Y o PEHESE & BLRR % Monacolin
K RIREBE AR LW, & FE BB AE T, Bl 2D 1

Weks H 81 .2014-10-23 157 H#1.2015-09-09
* M IR/EH Tel :86-013980598196 ; E-mail ; mayuntong06@ 163. com

B R IR T35 26 AR K i e Ak R FF 3R L R 5 2Y
LI TEETRY Monacolin K PRI , A SCHR Ui B4
it Monacolin K, F-JEf I 5 H WG FpOE 25 19 75 & F1
LA, X I 2 245 40 0 5 R AR IR FC R B VR HLA &
B X o AR R 7S PR B, P e iz TRT 9 0 3
S R~ B LRSS [ | 9 B IR b =2 8] i) R — T A8
AT TREA RS, 15 1 s R4 O B
21 it 7 Monacolin K ) T- 2S5, 3>k | HPLC % [H]
A5 5 P TR U AN R 5 Monacolin K #9818 K H g, Sl
F Rl Monacolin K 8 % F1| FH B AL BRIS K4



Vol. 27

TRLAC A5 M 17 TR 25 8 75 BREL iy P Pl Monacolin K (& U T Z At ik 1931

HyC
B8E Acid Form

ABE% Lactone Form

1 BRBEIFA R EEEY Monacolin K 4L 2454
Fig. 1 Chemical structures of acid form and lactone form of

Monacolin K
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Fig. 3 The effect of extraction temperature on the extraction
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Table 2 Box-Behnken design arrangement and the experimental results

fifz % Monacolin K 1832 &) Monacolin K 153

gﬁf A B C Yield of acid form Yield of lactone form

: Monacolin K(mg/g) ~ Monacolin K(mg/g)
1 -1 1 0 2.32 1.52
2 0 1 1 2.34 1.54
3 1 0 -1 2.10 1.40
4 0 1 1 2.08 1.42
5 0 -1 -1 2.05 1.46
6 1 0 -1 2.07 1.44
7 0 0 0 2.48 1.67
8 0 0 0 2.50 1.64
9 1 0 1 2.20 1.50
10 0 0 0 2.43 1.66
11 0 0 0 2.45 1.65
12 -1 -1 0 2.21 1.48
13 1 -1 0 2.31 1.52
14 1 1 0 2.22 1.49
15 0 1 -1 2.10 1.45
16 0 0 0 2.49 1.68
17 -1 0 1 2.25 1.49
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Table 3 Analysis of variance for regression model of extracting acid form Monacolin K

T 22 AU Rl F ¥J5 FiE Prob
Source SS DF MS F >F
Model 0.39 9 0.044 21.82 0. 0003

A-A 0.0003125 1 0.00005 0.025 0.8787
B-B 0.014 1 0.014 6.82 0.0349
C-C 0.065 1 0.038 18.94 0.0033
AB 0.010 1 0.010 5.01 0.0602
AC 0.002025 1 0.0016 0.80 0.4004
BC 0.011 1 0.011 5.52 0.0491
A? 0.036 1 0.039 19.54 0.0031
B? 0.040 1 0.050 24.94 0.0016
c? 0.20 1 0.20 100.92 <0.0001
%2 Error 0.014 7 0.001996
Je APk Lack of fit 0.011 3 0.003525 4.15 0.1015
4lii% 2% Pure error 0.0034 4 0.00085
B2 Total 0.41 16

TE R =0.9656 ,R3,; =0.9213,P <0.05 225 i3, P <0.01 FmEFH B,
Note;: R* =0. 9656,1?ZMj =0.9213,P <0.05 means significant difference; P <0.01 means extremely significant difference.

Fz4 MEEE Monacolin K $2EXAY Z X Im 5z T [ 4R B 75 £ S 4

Table 4  Analysis of variance for regression model of extracting lactone form Monacolin K

Ji 22U SFJ7 A B ¥J5 F{d Prob
Source SS DF MS F >F
Model 0.14 9 0.015 28.82 0. 0001

A-A 0. 00005 1 0. 00005 0.095 0.7674
B-B 0.0018 1 0.0018 3.41 0.1075
C-C 0.005 1 0.005 9.46 0.0179
AB 0.001225 1 0.001225 2.32 0.1717
AC 0. 000625 1 0. 000625 1.18 0.3129
BC 0.004225 1 0.004225 7.99 0. 0255
A? 0.030 1 0.030 55.87 0.0001
B? 0.023 1 0.023 43.33 0. 0003
c? 0.059 1 0.059 112.33 <0.0001
5%2  Error 0.0037 7 0.0005286
JePAPE Lack of fit 0.0027 3 0.0009 3.6 0.1239
4lii% 2% Pure error 0.001 4 0. 00025
2% Total 0.14 16

R =0.9737 ,R*Adj =0.9399 ,P <0.05 £ 7% P <0.01 F752% 50 2%
Note: R? =0.9737 ,R*Adj =0. 9399, P <0.05 means significant difference;P <0.01 means extremely significant difference

M3 ATLIE Y, B8 P =0.0003 <0.01,1t  WFY, USSR R, RIZAR Tk 5 &
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Fig. 6 Response surface plots and contour plots showing the interactive effects of extraction temperature and liquid/solid ratio (A) ,

extraction temperature and extraction time ( B) ,liquid/solid ratio and extraction time ( C) on the extraction yield of acid

form Monacolin K
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Fig. 7 Response surface plots and contour plots showing the interactive effects of extraction temperature and liquid/solid ratio (A) ,

extraction temperature and extraction time (B) ,liquid/solid ratio and extraction time ( C) on the extraction yield of lactone

form Monacolin K
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WO ZT RO IR T DR Z2 800 5T O e 21 il
H1 Monacolin K 5 & 5F B A6 A BEZY Monacolin K 5
i, NI Z A0 =35 LB R e , AN RE BT AR BREL
] R R PU e N . 2 e A AN
1 Monacolin K BT 20 K fr il g ik, Wil e
it 1 Monacolin K i — 0 58 2 (L3R SE Al

1 Chen P (B&F). Research status and prospects of Monascus
metabolites. Guangxi Light Ind (] P43 k) ,2009,9(9) .
4-5.

2 Chen CY ([E#H#). Advances in functional red yeast rice
with Monascus pigment. J Hunan Univ Sci Eng (i1 FFHE %
e~ 4% ) ,2007 ,9 :40-42.

3 Wang WF( E ), Yuan BB(FRELE) , Xu L(#EE) et
al. Current application of red koji. Fermn Sci Tech ( & W}
HmiR) ,2014,43 3944,

4 Wen J(3C55),Chang P( %), Liu D(X3) , et al. RP-
HPLC quantitative determination of Lovastatin in Monascus
at its open ring form. Food Sci( & i#}22),2003,24.108-
112.

10

11

12

Sun W (M) , Lin AY (X1 Z35) , Liang 2Q (R 55
Studies and development of Monacolin K in Monascus spp.
Southwest Chin J Agric Sei (FARGAR2A4R) ,2003,16.112-116.
Zhang ZZ(KiFE) ,Wang FA(LAR% ) ,Gao X(H) et
al. The response surface method optimization celery micro-
wave extraction technology of total flavonoids. J Zhengzhou
Univ (FFM K2E2247) ,2010,31(6) :95-99.

Pan GB(HE ) , Yang XM (/M) Ding Y ( TH) e
al. Optimization of ultrasound-assisted extraction of total trit-
erpenoid saponins from Chaenomeles speeiosa using response
surface analysis. Nat Prod Res Dev ( KR 7= W38 5 7+
&) ,2012,24.1292-1296.

Zhang 7ZZ.( k% &), Gao X (B EE ), Lin Y (BREE) ,et al.
Microwave extraction peanut shell flavonoids by the response
surface method optimization process. J Henan Univ Tech (7]
BTl K 222247 ) ,2010,31(4) :32-36.

Zhang ZZ. (5% ) ,Han CLOE#FFSE) ,Li CW(ZERIR ).
The response surface method in the application of the experi-
mental design and optimization. J Henan Inst Edu (ARG T
B4R ) ,2011,20(4) ;34-37.

Shen-Du JZ( B B3 H) , Zhang X (#EF ), Chen ZG (B
) ,et al. RP-HPLC determination of simvastatin in human
plasma by solid-phase extraction. Chin J Pharm Anal ( 2%
Arprdea) ,2002,22.18-23.

Wan YP( J7 E#) ,Li Y(ZEH% ). The content determination
of lovastatin in health food by HPLC. Chin J Pub Heal( #[E
NI 2003,19:1255-1256.

Luo RC(EM=A) ,Sun KQ(FMIF4T) , Xie SM (I HI %) , et
al. Determination of total Lovastatin in red rice. J Hyg Res

( BAFH5T) ,2003,32.157-158.

(L#% 1978 W)

24 Kulkarni SS, et al. Synthesis and SAR optimization of quin-
azolin4 (3H) -ones as poly ( ADP-ribose ) polym-erase-1 in-
hibitors. Eur J Med Chem ,2012,50.:264-273.

25 Khan MT, et al. Identification of novel quinazolin4 (3H)-
ones as inhibitors of thermolysin, the prototype of the M4
family of proteinases. Bioorg Med Chem, 2010, 18.4317-
4327.

26 Lannutti BJ,et al. CAL-101,a pl10delta selective phosphati-
dylinositol-3-kinase inhibitor for the treatment of B-cell ma-
lignancies, inhibits PI3K signaling and cellular viability.
Blood ,2011,117:591-594.

27

28

29

30

Tsantrizos YS,et al. Novel quinazolinones and enniatins from
Fusarium lateritium Nees. Can J Chem, 1993, 71, 1362-
1367.

Shen S, et al. A novel and other bioactive secondary metabo-
lites from a marine fungus Penicillium oxalicum 0312F1. Nat
Prod Res,2013,27.2286-2291.

Pathak SR, et al. Synthesis and antihypertensive activity of
novel quinazolin4 (3H)-one derivatives. Cent Nerv Syst A-
gents Med Chem ,2014 ,14 .34-38.

Krishnan SK, et al. Synthesis, antiviral and cytotoxic investi-
gation of 2-phenyl-3-substituted quina-zolin4-( 3H ) -ones.
Eur Rev Med Pharmacol Sci,2011,15:673-681.



