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BEFIRINAE R, LZRE. WMAESLRE KN, MPTF &A@ HSR®EIC TC. TG, LDL-C /K, F& HDL-C /K
- (P<0.05), HFEf% MPTF FlEG IS fapbn B HHE, BA —@miekmte. it B8t H i 5 B I
MPTF T2 F8 8 04T, 98 T AR W [ 6 7 2 Bh AR B 24 o I R RIS 3 85558 s MPTF 325U B Bt 8 i g 1 A
KHEIR: ARVEN; SN A BAIRNG WM SRER; =EHE, REEREA; KEEREAS
FESES: R284.2 XA A YEHS: 0253 - 2670(2019)24 - 5995 - 07

DOL: 10.7501/j.issn.0253-2670.2019.24.012

Investigation of ion liquid combined withultrasound-assisted extraction
technology of total flavones from Microcos paniculata and study on its lipids
regulation activity
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Abstract: Objective To explore the high-efficiency green environmental extraction method of total flavones from Microcos
paniculata (MPTF), and investigate its lipid-lowering activity. Methods The ionic liquid was used to assist the ultrasonic extraction
of MPTF, and the extraction process was investigated by single factor experiment and orthogonal test. Wistar rats were randomly
divided into normal control group and positive control group (Resuvastatin Calcium Tablets 5.2 mg/kg) by high fat diet, high-fat model
group and MPTF low, medium and high dose groups (ig dose MPTF 300, 600, 900 mg/kg), with 10 rats in each group. The total
cholesterol (TC), glycerol lipid (TG), high density lipoprotein (HDL-C), low density lipoprotein (LDL-C) levels were determinated.
Results The optimum process conditions for ultrasonic-assisted extraction of MPTF by ionic liquid were as follow: ionic liquid was
[BMIM]CI at concentration of 0.30 mol/L; ratio of material to liquid was 1:40, extraction solvent was 60% ethanol aqueous solution
with extraction time of 30 min at 50 ‘C. The verification test results showed that the extraction rate of total flavonoids obtained from
the extraction process was high and the process was stable. The results of lipid-lowering test showed that the levels of TC, TG and
LDL-C were decreased in all doses of MPTF groups, and the level of HDL-C was increased (P < 0.05). With the increase of MPTF

dose, the indicators showed obvious trends in a dese-dependent manner. Conclusion The ionic liquid combined with ultrasonic-
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assisted extraction of MPTF is stable and feasible, which provides reference for ionic liquid synergistic ultrasound-assisted extraction

of poorly soluble active ingredients in Chinese materia medica. MPTF extract has better lipid-lowering effect.

Key words: Microcos paniculata L.; total flavonoids; ionic liquid; ultrasonic extraction; hypolipidemic activity; total cholesterol;

triglyceride; high-density lipoprotein; low-density lipoprotein

&M Microcos paniculata L. NI BHH AR
W JEAEIRAT R I, R — RIS R S R, Hk
H. o, MEoE. Hukik. R, MO W, L,
HFE. e, Ball, msn BaEREE. 1§
ks HEMRE . FVBREMINEL, ATH TR
JRE . BRI BN, B S
RER, R SIS, DENE R, B
A, JFEERY. Erh S E SR A9
Bl R AHLER. BRI, M RERA AUy, H
Hh B R R o R A Ay, B R IR
BRI Briiae . JEBRIAN B RS, SGaRLA 5
ThRESEThA, TR 2R T8 vT DL et Wl AR AR 1T 6
I RFE AL T omERER, HHEE AL
FNRE G2 E WIAEF o

Hur, Afdm 2 5l (total flavones from
Microcos paniculata, MPTF) WHEHUTEFEA R
FCPRHGE . RIS EGE . A R EUET.
WA O PR I0E DL K B Bh R BRI  SER R
BN B PREEI SR 7 W R G R B
XU T B PR ARG PREUR (A REFE RSB
Mo ERBETHARASEMATIRE. NEERUKL
X HAR) A — B SRR A, R AT BAR
FEGLEFIRE B SR IR TR, T AFRAE R 24 S R AR
VG IR AL 25 B B T RS2 B )z Sl AR
5SRO S RIS B AR S A, DUER A4
77 AL H MPTF J42 = MPTF FIHEIRCE
1 XEEHR
1.1 {435

UV 2550 BN HOGEETE, HARBEA A
Sartorius BP211D HL-F-7r#rR-F, (28 2 Rl &
Al; KQ5200 DE Bt i veas, Rl iS4
WAHPRAT]; Waters €2695-2998 15 XA itk A,
2 & Waters A #); RHTQ-G-1 #5256 %588 76 i $2 B
WE, bERRE SR 1 kg, WREBBEMRI0L,
IR 300~500 W, #EFR 20 kHz, 75
TCEE IS AIRAF
1.2 #H

PR E, fiES 100080-201610, JiE E 4%
99.2%, W4T HR E A2 SR E B AR s AR

Microctis Folium Zi¥ i, & EE FEAWA
Wit 245 7)1 0 A 24T 3 A A 4 e AR R A v
YA Microcos paniculata L. W T 1M . Jo/K
OB, AN WREEREN. MR . HEEINSY
Mraf, bRt )5 SEIG H /KON = IR ZE187K, 0.45 um
JEM, EE S AT . BT 1-25-3-F &k
MDY SRR £ ([EMIM][BF4]). 1- 7T F-3- F JEmk e
VUGB 25 ([BMIM][BF4]). 1- ] -3 HI JEmkme &
H ([BMIM]CD. 1- T J&-3-F KR L ([BMIM]
Br). 1- T Z-3-FETKMREER . ([BMIM][NOs]).
1- 7 2-3- FAL R AR IR & R ([BMIM][HSO4]), i
B HE=98%, iR TRHEE R A .

BH %o HE ZH R B 7 ARt T 45 v, DAZG 4 B
TR H HEEAZE, WRIERERE L “k
I WEIEA, BN SER R EE N
IREERGN &, eyt T 7 KR IZ8GH=E R 5.2
mg/kg, LI RKILFNEMRE G 4 CUKFHE
TTORAT, TR ig ATREAT IN#AEEE . JERt YA R} e Vo) e
BRSO s, SRR 5% s
1%EEEE . 10%8E#HK . 85%FE At A BHE A A .

SD K FRMERE -2, 3L 100 K, A & 180~250
g, JWWEIMTH B ESSLREH L, YGRS
0094687 .
2 FEEHER
2.1 BEERNE

ST P S 2 B STHR O VA YA T
P25 18 WS I T T S - 1 e
120 CHREEERER S T XM 6.85 mg, B
25 mL &, MOmEERE, BHEEER, B,
I BEZRZIEE, ¥55), RIS &K E N 0.274 mg/mL
(0725155 R A
2.1.2  HEEERE S BB 2R Gd
VUS0f) 2905 g, WERE, BEREHERIRT, K
RN 70% CEEEW 50 mL, #2E, FREfisE, #H
FEALER 30 min, JHA, FARERE, H 70% B
ERCRIR R, FRY), JE, WHSRIEW, RIS
I AR A

HU MPTF ¥} K %) 50 mg, A5%WE, B HIEH
eI, REEIN 70% BB 50 mL, %%, X
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SEFRE, AR 30 min, B4, ERERE, A
70% L EEAN IR IR, RRAT, R, WRENSRE
W, B3 MPTF iR 5 7
2.1.3 KRR RERE  BOS TN AT 2 mL,
AR AW 1 mL, 258 25 mL &,
iK% 6.0 mL, N 5%ERSFRENVAEVR 1 mL, #2757,
JE 6 mins I 10%ASERERA R 1 mL, 5], ME
6 min; MEEAANR 5 mL, FEIKEZIRE, %
5], JHE 15 min, PLMHRIAAZH, 78 200~
700 nm ¥ KTEE P, 4558 3 7E (500£2) nm
A B KW, % 500 nm 7RI K .
2.14 MR RFEE  KEEDUS TN IE TR
1. 3.5, 7. 9. 11, 13 mL, 2% &E 50 mL =i,
INKE 13 mL, 1 5%V RSERANVAT | mL, %
5], JE 6 min, HI 10%ASEREAR 1 mL, 5,
JE 6 min, IMEEANATE 10 mL, FINKZE IR,
L), JE 15 min, DAMHMNIRFINZ H, ZRE M-
AP Te VS (CHREZG8) DU 0401) SEER,
£ 500 nm FAKEMEROGE (4, LA EH ML
br (YD, FRERE MR (X AT MR,
BEEITFEN Y=0.708 3 X—0.040 1, =0.999 8,
GERRUAT T AE 5.48~71.24 pg/mL 5 4 152 B
LML R,
2.1.5 BESIIE BX “2.1.27 TN & A -2
MR ST, T8 “2.1.47 TR J5 R IR E
g AT 2544 TR S BN 179.06 mg/g.

AR e = 8 o S 2 R 2 b
2.2 IEFRRLSTIE

232 SCHR 7 1 R 0 S A v v TR L3R . et
IRIFF AN AKALTE 3 Aoy 116-191,
221 EEZMH G~ Phenomenex Kinetex
XB-Cig (250 mm X 4.6 mm, 5 pum); JiEhAH A H
E-0.5% B BRI, BRFEBEML: 0~22 min, 16%~
30% I FE; 22~55 min, 30%~45%FEE; 55~80
min, 45%~62% T EE; AR 0.8 mL/min; AR
30 C; KRl 332 nm; #EFER 10 pL.
222 OPRESARIGHEE B A
H. KA IR 8.90. 10.35. 8.20 mg, FEEEM
E, BT 25mL &, MPEEER, Hil s
ey R KA 5508 0.3564 0.414. 0.328
mg/mL %5 I S
2.2.3 PSR P& BUmEA MR Gt
VU= £91.0g, FHME, B 50 mL HZE 8 4

T, KRN 50%F B 25 mL, FREiE, 8
FALFE (700 W, 40 kHz) 45 min, B4, H 50%
I A2 B O O P i, 80, ENRIER, 1T 0.45 um
TUFLUENE, RS AR v Al i VA

U MPTF ¥y K G55 29 100 mg, %R
JE, B 50 mL HLIEEE CHETZ A, R MA 50% H
B¥ 25 mL, FREFE, HALE (700 W, 40 kHz)
45 min, A, F 50% FEEAN R R 0 U, R,
HV A8, ik 0.45 pum fFLIERE, RI43 MPTF fHK
A -
224 LMEXRRFHE pREERE “2227 UK
Fedl xS R S GE =, B 10 mL =N, F
53 V) 2R 1 R R TRV B 0 BRI, a0 R
IR 10 pL, VFENEBBAH A, % “2.2.17
TR B AT e, ARERE o VR B R AR A
(X), WETHBUAMALER (V), #EATLMERIA, 5
A5 FE 3 B N Y=4 037.51 X—9 630.78, r=
0.999 6; 43 Y=3 926 X—8 802.95,7=0.999 9;
KALEF Y=1985.15 X—9 792.59, r=0.999 5, 455
LW AE 3.56~35.60 pg/mL. 4L IRHEAE
4.14~41.40 pg/mL. /KAIETE 3.28~32.80 ug/mL 5
WETHIAR 2 R IF 4t R &R
225 FESIE BX “2.2.37 TR & A A 24
PR TR, 2 “2.2.17 BT R SR AT
SE, GERATEIZGM AR . Rl R K AL
I3 H1H 0.688. 1.492. 5.873 mg/g.

BT IR A SRR = I R AR B R B2 b
2.3 BF R EBEENZE MPTF

HUAT I FEA 50 g, TN B P PR B
BN IE B R HE B 77 S 8 A (RS BN 22
2 fEEVERD, AR B FEAER AR D2 AR HL,
Jet, W ESREGE TR MPTF FIHERR Ay & & SR E
9% (REME=EERE/4MEE), L MPTF
FFEFR AL PR (FRELER =R B 2 Sl 5 HE
PR R R/ AM R D) JORBRERMNLEE S (4R
A1F4r =MPTF £EUHE/MPTF $2HUR 2 X 0.5+
SR B B R /A R R 6 2 R X 0.1 + S 3R
PEEUR /LR PR IR 2 X 0.1+ KAl SRR/
KANFFIRIEZ M X 01+ R EBR/BEEEZ
MIX0.2) NEGIRIR, R FRAEMIE. &
TIRRISE . ORI 3. $EBUREE . BHREL .
PEHUT [B]%F MPTF $&EXIRE0A, F7E B[R 38 S50 J
fiti b, 0 S E R R 2 AT IR A .
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24 BEZREZRENIZEH
2.4.1 B FBARRSE MPTF 2K S20  BUAG
HFLRY 6 13, B 50 g, RN A SR EEEF, N
NKRFEN 0.3 mol/L HIANE B 1A 50% LBEK
W, B 1WA 3 %) 9 [EMIM][BF4] . [BMIM]
[BF4]. [BMIM]Cl. [BMIM]Br. [BMIM][NOs].
[BMIM][HSO4], 7K¥HREEHIE 50 C, BhE LR
140, BAEBPEIIZEN 400 W, $2H 30 min, JEL,
TR WO G B TR, RE, THEIREEE,
YRR “2.17 “2.27 TUT VAN E S TR A R A
3 FhFEbR L SRR, THHZREVESY, ARIE 1.
A B WA N[BMIMICL B, ZE & i, BT
PLIEFE[BMIM]CI B A 47 )5 2252560
2.4.2 B TARKE S MPTF S B
HRLKY 6 3, B 50 g, BB PR EEEF, N
NI 43574 0.05.0.10.0.20.0.30.0.40.0.50 mol/L
(I [BMIM]CI (1] 60% £ BE K, FoARIRAEF“2.4.17
T, SR NFE 2. H[BMIM]CI K ELE 0.05~0.30
mol/L B}, BRI S, &0k,
AR HE R F) 0.30 mol/L I, ZE&r Pk 1 ik
o THIKERT 0.30 mol/L i, FEE B Ak
BRI, LRGP ESA K& . R £EEs
FWAK[BMIM]CL K FE 4 0.30 mol/L #E47 J5 45256 .
®1 BF R MPTF 12BHIE00
Table 1 Effect of ion liquid types on MPTF extraction

T%mz/(mgg’l) By sh
EVER LR B KL SR % VRS

ERRIAISIES

[EMIM][BF4] 14025 0310 0745 4703 20.446 15.543
[BMIM][BF4] 14658 0.589 1247 5201 23.059 18.484
[BMIM]CI 15823 0.601 1.064 5782 22.908 19.070
[BMIM]Br ~ 141.54 0338 0748  4.025 19.994 15.398
[BMIM][NOs] 143.79 0.395 0.927 2940 20.263 15.688
[

BMIM][HSO4] 147.11 0.337  0.897  3.193 21.008 15.813

R2 BFRIEREI MPTF 2B

2.4.3  HEHUAT CREARFR 73 O MPTF $2 B 520
EUATE T ALRY 6 1, BRA 50 g, TN 75 I FE B
W, IR 0.30 mol/L HI[BMIMICI H 2% /K
W, LRI BN 40%- 50%- 60%- 70%-
80%- 90%, HABEAER “2.4.17 Wi, ZEFIE 3.
L OEEARF G BUNT 60%0), BEE L EEARFR - HT)
EF, AV AWE I ERAEE I, MR
AR BUE B 60%T, ZEATED ISR T i 1.
Y LR B T 60%0), B L EEARAR 5 H)
Frel BTb, ZRG VR IR AT T B (1 5 .
IBI%E B 60% CEE 7K WM J 1 5250 IR HE A 71 .
2.4.4 B MPTF $&EUFI2 0 HUAR A Ry
6 1, B 50 g, N PRASEEEES, IR EE
5 0.30 mol/L fJ[BMIM]CI i) 60% Z.EE /K&, K
WEEZr 5 12200 12300 1240, 1:50. 1°:60.
1:70, HABIRMER “2.4.17 B, S5RNE 4. S48
WEIGAE 12 20~1 40 I, BEERNR LGN, 256
P BER N, RRELAE 12 40~1 1 70 i, [FEE
BHRELESE N, SrEvPaagism, BN KE,
S N EARAR N, SRR VRN R B RN
RERFFHEEM, nraeR R RNE b m A
IR s s E, N, 1580
P A P AR, L 88 [T 77 S A 38 I A2 75 25V #E
®3RBUATIZEMATR S Bzt MPTF 2ENHIS N0
Table 3 Effect of extracting volume fraction of solvent
ethanol on MPTF extraction
g/ R/ (mg-g™") RE %A
% RIEER REREE SRR KT BR% P
40 149.58 0471 0.980 4503 23.670 16.008
50 158.23 0.573 1.064 4.899 22908 16.920
60 16224 0.601 1.201 5.182 22.447 17.449
70 155.69 0.614 1.156 4.865 22.513 16.964

80 148.79 0.617 1.217 4.906 22.074 16.634
90 140.11 0.596 1.204 4974 21.561 16.027

Table 2 Effect of ion liquid concentration on MPTF = 4 RLKREE3x MPTF $12EXAI 220

extraction Table 4 Effect of material to liquid ratio on MPTF extraction

EERI SN JI%/(mg-g™) BE 454 - PR (mg-g ™) aE s
(mol'L™)  SAEEM 4R AL KA FFE% P SN ORI R KA 5% 1P

0.05 140.68 0.485 0.779  4.062 20.825 14.937
0.10 148.83 0.536  0.853  4.418 21.458 15.874
0.20 155.54 0.566 1.119  4.691 22.093 16.967
0.30 162.24 0.601  1.201  4.997 22.447 17.733
0.40 158.79 0.614 1.094 5.064 22.661 17.459
0.50 157.17 0.606  0.868  5.182 22.809 17.030

$20 139.88 0.452 0.719 3.994
$30 154.06 0.513 1.031 4.659
$40 162.24 0.601 1.201 4.997
$50 16239 0.606 1.209 5.021
60 162.79 0.610 1.214 5.003
©70 163.01 0.613 1.198  4.986

18.785 13.929
20.794 15.855
22.447 17.162
23.625 17.374
25.077 17.618
28.237 18.063

— b e e e
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B2 EeURE . ISEBIE, ARFE4r~kbr, HItE
F 1240 BURNE ELEAT 5 2 1 R 2R 5L .
2.4.5 PRBURFEXT MPTF #eEU M BUAvE Al
6 tn, T 50g, MNEAERESEIEET, AWK
JE4 0.30 mol/L fI[BMIMI]CI ) 60% ZB5 /KA »
BHELE N 1 140, 155 BREGEE 737028 30, 404 50,
60 70. 80 C, HAh#RfER] “2.4.17 Wi, SR NE
5. BEERIURE T, 56 VPR, M
HUR LR E] 50 CHY, Z5A Pt na] 1 & K ME .
QST EARHUR AL, LA TR R I AW PR
EH, HMNEIEERT LR, B TIRESRERE Y
ok, BEEASE R PR IR B R T F . AT e R N Bl
HREAUR FERIAE BT, (R HCE 112 3 FE A
AR AWK, 02 25 5508 B A v -2 2340 i
H, IEI A, I INER G5y . (IR RS
&, A RE2 S EUER 7 S SR S I SR AR RR
HAbR MG 2 . Rk, EHFSEIERE 50 Cit
AT e BE5L5 .
2.4.6 FREUNEXS MPTF $2EX I s2m  HUA v Al
¥ 70y, B 50 g, NGRS, K
FE4 0.30 mol/L fI[BMIMI]CI f) 60% £ B /K VAW,
BHELE N 1 140, KR FEREHILE 50 °C, 40 Hl#2EL
10. 20. 30. 40. 50. 60 min, HAhEEAER “2.4.17
Wi, ZERNE 6. BEEFZI BT, Z5E
#5 REUEEXT MPTF 12EUAEZN
Table 5 Effect of extraction temperature on MPTF extraction
PR FREUE/(mg-g ) RE &b
FEC MR BRI SRR KA BER% 1
30 151.56 0.530 1.107 4215 21.135 15.878
40 158.84 0.583 1.169 4.609 21.984 16.786
50 162.24 0.601 1.201 4,997 22.447 17.281
60 160.01 0.577 1.155 4,583 24.892 17.194
70 155.75 0.526 1.024 4206 27.573 16.834
80 139.88 0.501 0.992 3.905 29.668 16.027
%6 1ZERRTES MPTF $2ERA0800
Table 6 Effect of extraction time on MPTF extraction
FEEUT RER/(mg-g™") BE &E
[i/min MR AT AR KT BER% TS

10 12493 0386  0.753 3.054 17.664 12.941
20 149.56 0.549 1.084  4.562 21.795 16.471
30 162.24 0.601 1.201 4.997 22.447 17.765

40  160.19 0.605 1.175 5.018
50  158.81 0.589 1.162 4.895
60 153.78 0.501 1.158 4.516

23.131 17.733
24989 17.814
26.444 17.332

P53t A B ) A K T s, S (3] 50 min B 7]
ELEEVER FHm BINCRAE, PSRN ], 2R
KA FEURIZBIEAG, (HIRE SR B m.
JER R g S A R B[] T A A 9 T o g A S P v
HHEN, E G SRR R (R 2 T R 2R AL A
SERIBEREIRN, (TR T %, [R] s g Ho At pl
I3 BN DR PR PREUS [] D 50 min 3E47 )5 4R
I
25 EXREMHIERTIZEH

1E LR RIS T, BHRLLER] 1 40 JEXT
MPTF $&HGEZMAR /N,  Hid 2 7 & a0 5 4k
AbERAAF R ME, BT DATE IR ARG AR R L [ 2
1140, EFBMIM]CI B FHAKE (A, FEUE
FI TR0 4 (B $REUNTA] (C) M4 EUE
fE (D) fEARRIHITHEE, LRGP AE R
b, AT IERZ RS, i —2 4k MPTF 20T 2,

ATV R 9 1, B 50 g, NGB P A
B, ¥4 4 N 3 AP IERCIRIE R AT RGBT
TERE 25 T X MPTF @HATHEEL, JF4iE “2.17“2.27
WENE, WHEEED, R Ri%
7o IEACIRIG S5 F R, B A8 75 il B B2 L
MPTF % B8 25 (1) 510 K /)N Dy 125 AR AR 38 5 1) e
K, HUGEFEETE], SRS NSREGREE, 525/
)2 B BUA TR 1) L BEAR R 4 L

HEMTER (F 8) RPN EWLEETES
MR AR BEME. Rk, B 5 4 B
PEE MPTF etk T 25648 AsBLCoDo, RIS
&4 [BMIM]CI, ¥#FEH 0.30 mol/L, BRI N 1 :
40, FREUAFIA 60% BRI, FEET N 50
min, $EHUREEN 50 C.
2.6 WIFREIZIIESE

ATV R S 4, R S0 g, TRONER AR
EUHEF, N 2 000 mL KN 0.35 mol/L
[BMIMIC1 1 60% £ B /K, 7K ¥ il P 4% il 72
50 ‘C, $EEUNAIAY 50 min, HARIR{ERE “2.4.17
T, ERNFK 9. AR, HHEIEIRN RSD
BIUNT 5%, RRWPMIER MPTF &1 U4 5
R T2 AR E, BA RN HNE.
2.7 MPTF BMME1ER AR
271 S AGERD mRTERNE R [ 45T MPTF
TR v MG o BEfl TRl AT I& B RS KR 5 d s,
PBRBBENL A 5 4, FARR 10 X, M,
MERESTF, A3 B IE R STIEZE CDASERE A RIE SR,
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Table 7 Design and results of orthogonal test of MPTF extraction

%7 MPTF {EEHIER R IRITESE

IR/ (mg-g™")

RIS A/molLy  B/%  Cmin  D/C AR AR BAHT BREEEY%  SZE1E
1 0.25 (1) 55(1)  45(1) 45(1) 155770  0.516 1.023 4.794 20.703 10.624
2 0.25 (1) 60(2) 50(2) 50(2) 161.94  0.573 1.133 4.885 21.837 11.087
3 0.25 (1) 65(3) 55(3) 55() 16055  0.544 1.118 4.828 21.695 10.975
4 0.30 (2) 55(1) 50 (2) 55(3) 161.72 0.605 1.199 4.997 22.460 11.293
5 0.30 (2) 60(2) 55(3) 45(1) 16245  0.589 1.204 5.019 22.451 11.295
6 0.30 (2) 65(3) 45(1) 50(2) 162.06  0.612 1.191 4.982 22.024 11.263
7 0.35(3) 55(1) 55(3) 50 (2) 160.27 0.577 1.202 5.006 22.525 11.200
8 0.35(3) 60(2) 45(1) 55(3) 161.04  0.551 1.195 4923 22.139 11.111
9 0.35(3) 65 (3) 50 (2) 45 (1) 160.49 0.586 1.186 4951 22.083 11.152
K 32.686 33.117 32,998 33.071
K> 33.851 33.493 33.532 33.550
K3 33.463 33.390 33470 33.379
R 1.165 0.376 0.534 0.479
w8 HENI SR A B B0 AR A A A R & 1 B A I I i
Table 8 Analysis of variance HPEEEE (TC). =EiHM (TG). EEEREREA
BRKIE  BWETHIM HBE FMl BEN (LDL-C). k&% ElFEE (HDL-C) 7K.
A 02346 2 93217 P>0.05 273 GUitiAAbEE HESRH] SPSS 21.0 itk
B 0.0252 2 1.000°0 AT 08T, IES AR EERH X 5 FoR: EIEIE
¢ 0.0509 2o 2B PO AT L % v, 2 AL LR T 2 AT
D (IR %) 0.039 3 2 1.5608 P>0.05

Foos(2,2)=19.00

x99 RERNIZWIESE
Table 9 Optimal extraction process validation test

o JREUE(mg-g™!) BE Z5E
TR AR SRALEEE AR B WA

1 163.05 0.610 1.193 5.004 22.668 20.094

2 161.06 0.591 1.184 4.862 22.075 19.731

3 162.51 0.606 1.201 4990 22.457 20.018

4 162.17 0.598 1.215 5.022  22.931 20.091

5 163.78 0.615 1.208 4.835 22.414 20.067

FREEA CRA R ARARIRSR), MPTF K. H.
R (5 s MR R RN 23 B 3EAT 300+ 600
900 mg/kg ) MPTF ig 452, &K 110, BHMEXTHR
(AT ERTRIER ig 4 FEEF A T8 F
5.2 mg/kg, FER 1K), IEH IR = A b A 2]
G TERMYOK, T8 48445, 258 12h
Jei s PEBHIBKE I 43 55 1355

2.7.2 KR ARFI VAR FRIRG 2 )E, B

NAEIK 12 hy SR SRR, 2218 BN IKCR AR R,
7000 r/min &0 15 min, 23 & IMLIE, —80 CHEMl,

P35 EL A K ] SNK-q ¥25; P<<0.05 B giit 245 Yo
2.7.4 MPTF %1% TC. TG. HDL-C. LDL-C
W 5IEE X IRAMEL, BRHEETE TC.
TG. LDL-C /KF, F#fik HDL-C 7K°F (P<<0.05);
AR, FHTEZ LK MPTF &7 &4 5 Re 0%
F#fik TC. TG. LDL-C /K°F, F+#& HDL-C 7K°F
(P<0.05), HE# MPTF 7 & 38 N &-fa br A8 th it 34
HR, BA—ErRERomiE, 4RNE 10.
3 e

A SIS R F B AR T IR PR S B R B0, X
A I S B IR B R T 2 AT TR B
TR AR (R 75 A B PR U AR 24 “ SR AR B
TR AR P A Bh AR B R AR S5 A 10— ik L $2 L
ik, AMUBAPOE. ke s, mHE R HE
b FERRAK . TT ATz T A 2 o RO gy AR
ARSI R B PRI AR S B A -0 A ST
5k 77, T FIF BRI 22 1A 0% 57

S W A5 B8 -V A e [0 8 75 A B A v o
SR SRR R, SRR RS B 1A AR
o, $REGKER S, @5 TIETEYIRIE SR A T
R, WRIR T ARG EUT v R BT (1 Gy AL



e 2]

Chinese Traditional and Herbal Drugs 25 50 3% % 24 3§ 20194 12 A

* 6001 -

%10 MPTF % AR 1% TC. TG. HDL-C. LDL-C 7KFHIS00

Table 10 Effect of MPTF on serum TC, TG, HDL-C and LDL-C levels in rats

TG/(mmol-L™")

HDL-C/(mmol-L™")

LDL-C/(mmol-L™")

51 7/ (mgkg™) TC/(mmol-L ™)
IEH TG 0 1.98010.404
[y 0 8.290+1.660"
[HERERO R 52 5.94942.765"
MPTF 300 5.445+1.802"A

600 5.214+1.507"
900 4.978+1.785™

0.5354+0.254
4.683+1.221°
3.2984+0.923"4
3.413+1.728™
2.975+1.599*
2.771+1.418™

1.21940.329
1.104+0.261"
1.809+0.966™
2.32340.782*
2.508+1.377*
2.617+1.184™

2.25540.497
9.543+1.886"
6.231+1.624™
6.5871+0.982*
6.304+2.377*
6.167+1.481"2

HIERWAIRAE: "P<0.05; SERALLE: 2P<0.05

*P < 0.05 vs normal control group; AP < 0.05 vs model group
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o A B I O A 1 A I e A e B AR Y T

Z,

P L ZREMEAR FEMS A SRAER . AR e VELS,

AT - Hh SRR S o SR B K AT ST
SEH

(1]
(2]

(3]
[4]

[10]

(11]

HREZG 8 [S]. —#F. 2015.

TLIRFT R 2B, P2 KRR I (R M]. Rifg: R
BRI H AR, 1986.
TRt baitE (55— [S]. 2004.

BRI, 100, 28 5. MEARVESH Bh IR BUAG v I i 3%
B AR E [J]. W R R A&, 2018, 34(10):
176-179.

TR, T AR TE M 2 A T B VA B R i R )
FEBETC [D]. )M JTHI R EEZG K, 2012,

X E AR AT T I R ) I i v 1 e L SR
PE Mg BT D). T M TRZARIR A, 2017.
2R, NG, IS, AT A B O FL IR B AR A
AL TE A (0] FIEAE R, 2017, 34(5): 24-27.
X)Wk, BREFE, Sudih, % T LTI AN B
BUAG A (3 B2 R (7). A T2, 2012,
10(4): 42-46.

oM, Db, DEITIR, 2. RGN R R
EUATE IR BEE (7], B TS H AR,
2012, 34(2): 91-94.
Aoris, = R, BEK, &
TE 2 S b i RN (D).
3561-3565

H NI, 3R, BEE, & DRPREER TR TR R
PRV B R R A SR R R (3], R4S, 2019,
50(7): 1713-1718.

BT A REE AR R
HRELZY, 2013, 44(24):

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

BTN, S, TERAR, 5 B IR A BRI
i E & P EAR R A (3] P E RS, 2018,
43(4): 69-74.

R, XIEH, B F B TRIRIRE A EAh
FEE L2 [J] ET R EARE, 2018, 45(7):
1445-1448

ik e, EAE, BOfh, % RMERE TR =t
FRE RS NS BH Rh BN E BB 1E R
[1]. H%i24, 2014, 45(20): 2917-2923.

RS, Y, Bk, 55 IEASREGIE A A i
MBI T 2R [J]. T RSk, 2008,
24(5): 454-456.

BREKEY, INAHE, TLiMR, &5, A HPLC $R4UER
BIEESLAN 5 R S B REIRE (7). P, 2018,
41(2): 373-377.

INEHME, BET 4, A HPLC (R I) 5E A v i HY
Yo 3 MR RS R (9], T E SIS T AR,
2013, 19(11): 102-104.

FEH =, AAE R E A RS oL 2 (D] )
M TN EEZ R, 2014

TListh, 9%, KM, 55 HPLC [AB I A e
REEIRIH 6 PR sy [I]. A E S8 7 7 2
ZRE, 2016, 22(9): 40-43.

PRI, A S RO 25228 58 (D] M T
JNHEEZ K%, 2013.

5 5. ATVEN SRR R AR ST (0], 1
TEEEBER, 2015, 36(5): 15-18.

TEHERE, AR T:, XUBEER. A7 o v i IfiE oK 5 I i
L AUAACRE T IR TE (7). A PR EE A A AR,
2016, 11(11): 1540-1543.

o, BT, AR R A Wi R AR ORE K B
HIFEFBLET o> 8 (0], B R A AR, 2016, 13(17):
26-29.

VMG, LS, B, 5 AEN A EIREURE
REVEHER S [J]. TR B2 K FE 5, 2014, 16(11):
5-7.



