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Abstract: The ultrasonic-assisted extraction process of total triterpenoids from Inonotus sanghuang was employed in this
paper. Based on the single factor experiments, the response surface methodology (RSM) was used to determine the optimal
extraction condition, and its hypolipidemic and antioxidant activities were primarily evaluated. The results of optimum
extraction conditions were as follow: Extraction time 49 min, ethanol concentration 80%, ultrasonic temperature 61 C,
ratio of solid to liquid 1:22 (g/mL). Under these conditions, the yield of total triterpenoids was 12.32%+0.17%. The binding
ability of 80 mg/mL triterpenoids to sodium glycylcholate, sodium taurocholate and sodium cholate in vitro was 50.93%,
52.14% and 43.06% of that of colenamine in the same dose, which indicated that the total triterpenoids of Inonotus
sanghuang had the activity of lowering blood lipids in vitro. The iron ions reduction results showed that the total
triterpenoids had certain reducing power. The ICy, values of scavenging capacities of DPPH and ABTS free radical was

0.304 and 0.520 mg/mL, respectively, which showed it possessed good antioxidants in vitro.
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FHIE-MERNEZ R, X — 2R TE
FERAR KPR ) B, (H X e g < SR S B
TEPTRRIA AN ], 2538 B A0 R v JA 28—
J&, HUESEIESR A AR KAESR | T 1, &
—Fh AL R FLEE, 2 Rl
(Inonotus sanghuang)V . IS5 ¥ A0 o7 22
AT K ARETIZFLE (P.igniarius) . 245512 FLE
(P.linteus) FN#fI [CAET ZFLE (P.baumii) 1P, X ELHT
TR EAAREINAR . bréafb. Py seze fnf e
™ G2 Fh RS A PITIRE . R & SPEM ST,
BN 2205 . R . =2 iR R 2 T S A
5T, BRitb 2 At 2Rl Horh =i ) B ik

PUmEEE™ . e DA IE R EUR SRR, v
LIHF Z i B 78 Al ARIET o

HAET =525 fb &R B T Z20A M 2 . &
DY DI . O B BRI UOK AR B A . G246 fiff
I T i R B GR B (P igniarius ) S =5 Y T. 25, 15
B T A R BUR = WE A B A, (B R BCREIL, 1Y
A 1.48 mg/g. HTL T M R A IEASR S BIH Lk
HEP PR (Pigniarius) B =5 T2, 145438 T —
FhAHET > | $RECRE 1 71k, B Z3R18 T 9.40 me/g
FIFRICE, {H A FIEASIREE 14 SR BR P EAS REAR 4y b 5z ik
AR EAEH G T/ NG AT
FARTEE T X — 8, (2B SR E o KRETZETL
B (P.igniarius), ITAER L FLE . R RS R
WA A A HA R ) S R g, T
D EAHARR A A i SR B TR AT S AN (L, 15 H AT
X FE A SR E RO, = A9 T2 A HARS N RIS
/DA HRE .

AT SR FH AR 7S I PR PR BGGER AR SR  Fk h )
=AY, JHE AR R S A i B R R e Y AT
R TT 28, I B = T A N IR A 4R
ARSEEG, LIEH R & RARAT 2L A B I B AT S ™ 5
PSS
1 MRERE
1.1 MRS5S

R TIE I ALV EAIT B
A H SRR (L5 Y28F10C81486) | 2Tt AR 4M
(#{t5: L1715127) . HEEREM (HE+: L24F11F108900) .
B B (HES: Y27M10I84202) | JHZE 1 g (LS
R11J10D92532) . FFEIUCR I (Hit 5 : H04J9Z62784) |
A2 CHIES: W12J11S115700) i 4E4)
B A PR Al ok M licii (20141108)  mAUEA
25l A BR 4> | 5 1,1- 28 B 297 iif & ( DPPH)
(D9132) . 2,2-BR A - WL (32, 45 Ff- 128 ik bk - 6T 73R )
( ABTS) ( SLBF4684V) . TPTZ( K1319026)
Sigma 2\ Al HgsiadG50 Bk arbrati.

UV-5500 54T WAEYERETE  _Ligoniid s
FABRAF] RE-52 fighkzzkay IR IRAEAUER A

Al; SC-04 B0l LR RIS TR F;
HH-4 U EiRIR G4 & PNE AR A R A
H]; DS-7510DTH M H iE Vel /NEE A A
BR 2\ 7] 5 Nicolet6700 {8 7. - 21 4R Y6 i 4L 38
ThermoElectron 2y 5] .

1.2 KWHE

121 REWRELDEMARRTYE ekt T
SR E T AR T R, B SR OB
e, ik 40 Hf, 8B TBOEHEETD . PREGE 15
WA, I 75% B 2B, FRimH 55 T
55 °C MO RIS R B HREL, B PEE RN
300 W, #5534 40 kHz. 45 min 5B, 7E 4000 r/min
A Z5AF SO 18 min, UAE 2T T iefE 28 KX
HRE LTINS, e A B SR SR R i PR U .
1.2.2 HHEZRLE

1.2.2.1 BRE FEXT B =S5 3R 520 42 AR B 3
55 °C, $EHUNAE] 45 min, ZEEHRE N 75%, 53 B %L
BRR LN 1:5,1:10, 1:15, 1:20, 1:25(g/mL) I Xf
S ARSI

1.2.2.2 FEHCGREEXT S =i 380520 i R L
A 1:20 (g/mL), $EHUAT [E] 45 min, Z B N
75%, 43S SR BUEE N 25, 35, 45, 55, 65 °C A5
XoF R A SR A 2]

1.2.2.3  FEHUEF R0 E =1 280520 o R L
A 1:20 (g/mL), PEEGREE 55 °C, ZWEHKREE N 75%,
SN EARBNAS ] 2 25, 35, 45, 55, 65 min A XTEL
RS RS

1.2.2.4  CEEREEXT S =R 500520 i R L
& 1:20 (g/mL), $EHUFE] 45 min, $EBUESE 55 °C,
SF RN EL L BEURE T 55%. 65%. 75%. 85%. 95%
Hs X B AR 2R S

1.2.3 MR EEEARRECT 2, S TP 225286 it 4
R, S B REHR AT TR (A) . ZEEHRBE(B) . $RBUREE
(O AR EL (D) A B AF i, DLE =il A5 R AE A )
RAHE, PEA B8 = AL E T 25, e T e 1.

F 1w R ROk

Table 1 Factors and levels table of the response surface

experiment
K=
KV AR BLERE  CHMIUREE DRI
(min) (%) (cc) (g/mL)
! 35 65 45 1:15
0 45 75 55 1:20
1 55 85 65 1:25

1.2.4 S A s rgile

1.2.4.1 FHECRIRARMERZ RS, AERIFREL 20 mg
PSSR BRE IS A T P, B R B L1535
0.2 mg/mL WA HEEE R - W BARHEWE 0. 0.1, 0.2,
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0.3. 0.4, 0.5, 0.6 mL T 7 i, KxEZFHETH
o mn A 0.2 mL 5% [ B - UK IS R 1A TR
(Tt ECHD , BN 0.8 mL B4R, IRz 4], 146
75 °C EIEKE N 18 min Jig BUH PR EAD, It A Z,
MR ZBEE A2 5 mL, 76 552 nm &b 5 i SGAE 1O,
LA B S PAAB R, SRR I & i AL bR, 25
bRl £k, 15 2] [ 5 : y=10.161x+0.061, R*=
0.9986.,
1242 B=SSEMNE  $EH 20 mg 198 =157
By T b, #2208 1.2.4.1 097077 GBI - oK I 12 -
1o R ) W M W SYGAH, AR AR v it eyt Hat
B e S St A DS RS 7 R g =
cXVxD
1000 x m

. W RIS B R, %; ¢ FRAE IO IE
A BRI T MR Y, mg/mL; D FERIE IR RS
BV FORERIMATL, mL; m FoRF[E AR E, mgo
1.2.5 PSS =R N IR T e
1.2.5.1 MHERERFRUEMZREEST 439 2EH 0.2, 0.4,
0.6. 0.8, 1.0 pmol/mL M H & IHFR 4N 2 mL T4
L A 5 mL B4 EUCN 60% B AR R VA W, 1F
70 °C PFETR/KIASA T N 20 min, B S5 FHVKKE
# 5 min, 7E 387 nm A E W EEN . LIH AR R
BT e A AR B, O AE SR DA Al b i ST AR v TR,
SRAS bR i gl R L M 5 AR M - y=1.312x+0.1244, R*=
0.9969

=Tt JIFL P 7R R IEL R A e N7 b o 1D 2R ) D Tk T
b, SR AS A R IH PR 4N 04 B v R 2R 2R E T R R .
y=2.677x—0.0702, R*=0.9954 . HHEZEM kR 2esl
PR y=4.013%+0.1287, R?>=0.9984,
1.2.52 S =g E MR Re IE s b
S¥HUSINA 20, 40, 60, 80, 100 mg/mL [ ZEI & i
=i 3 mL, FEEHRINA 10 mg/mL #UBHEIHEE 1 mL
1 10 pmol/mL MIEL MR 3 mL, £ 37 C 1544+
TEEIRZETFE 1 he A 10 pmol/mL YA LN
K pH T 2 6.4, SR IMABCHILF 1Y 10 mg/mL
JRER i 4 mL, £ 37 °C MO5MF MEBVRZRETFE 1 he
A 1 pumol/mL AYAHEREL 4 mL, #E 37 °C &4 F
TERIRZGFEFR 1 h, BEAe e A #0487, 4000 r/min
B5.0> 18 min, B FIEWIN 2 OGRS, ARPatrEth Zeik
TR AR ER S, A=Y, DL 80 mg/mL 53R MG NAE N

W (%) = x 100

1.2.6 FRFE B ARSI MUA TSR

1.2.6.1 X%f DPPH HHIHBREEIMIE 2% Heleno
L0V (17, B Se 4% 0.02 mmol/L 1 DPPH £ %
W, A3 B 2 mL TS AR v, T o A
0.1.0.2.0.3, 0.4, 0.5, 0.6, 1., 1.5 mg/mL 4.5 =1
FREEVSAR 2 mL, 1R5], TERG 2 N IR 0.5 h, SRS
FE 517 nm AW e H S E . DL = Y 2 B

YE M as 140, DPPH 1Y 2 BE VR W AE o Xt BB 2, LA
Ve VERBHPEXTRE A, AR F =3T3 DPPH H 3L

DPPH [ H 595 B % (%) = W % 100
b A, FER 0 BRAL ROGAE ; As 275 8 =

5 DPPH #EWRIIGIE; A, Fnas FIZH O BIE.
1.2.6.2 X% ABTS H HAEIEERAEIMIME 2% Singh
S5O (A ABTS TAER: B 7 mmol/L ) ABTS
JKE MR 0.5 mL Fl 2.45 mmol/L FY i 5 BiR 49 15 WK
0.5 mL, V&%), 7TERE ZE N X W 15 h, 135 ABTS £k
Wo ¥ ABTS Bl FHBSRRZE hi i B 22 HAE 734 nm
A GAR A 0.7+0.1, BIFS ABTS TAE#K -

Fiddl 0.1, 0.2, 0.3, 0.4, 0.5. 0.6, 1. 1.5 mg/mL
AL =R VAU A ABTS TAEW T, 1RSI
1E 734 nm A E R SGAE . ABEIRSE vhik 5 5 =ik
M SCAEAE R 25 FTEHIROGIE, 281R7K 5 ABTS 19k
FABNE AT HRLA S CIE . LA Vo VB BEPEXTRE A, AR
TR ABTS H HEEG .

Aymgm%ﬁ@%w@=5l%iéﬁxmo
S A, Fr I AU A, FE =

5 ABTS ERIIBOGIE; A, FRas FIZHOGE.

1.2.6.3 HETFRIENE 2% Benzie 552" (i Jrik
JFH 10 mmol/L i) TPTZ. 0.3 mol/L FYZB&F1 20 mmol/L
A =GRS RLA 1:10: 1 BORFR LG4 FRAP .

FB N7 R R MY AR v 2R P, A3 E 0.5, 1.5,
2.5, 3.5, 4.5 mmol/L HJHRIER W ERPRMEA R 0.08 mL
T4, LA 4 mL 19 FRAP W, IR WS G &
F 37 C IR Y 10 min, 7 593 nm 4bM
S W CAE, DABRLIE VAR ) R B SR AR R, W 'GAEL A
YAAE AR, 13 B bR fE 207 B2 M : y=0.267x-0.0266,
R’>=0.9919,

REEMZHE 0.5, 1. 2. 3. 4 mg/mL [ 5 =AW
TR, A 2.5 mL 1) FRAP &, IRz 5
TE 37 °C BRI H B 10 min, F 593 nm AR 5E
WG . 4FBILL 0.1, 0.2, 0.3, 0.4, 0.5 mg/mL 1)
Ve VERBHPEXS IR G, P BT Pt AL L. FRAP 10
o LAGRE i S s 11080 HH W 1R SV 2K 1 e 5 B Sy
FRAP {H™,

1.3 #IEAIE

RIS F ] SPSS 21.0 #8554 40 T,
TR0 Fe SR FH Origin 2017 FRAFFEATLH, Wi v 1
iR 5G] Design-Expert 8.0.6 PFA7SL 565 1T FIEHE
SR, BRI S 3 K, I EE R DL E AR
HEZERFIR
2 FBR55H
2.1 BEREEXWE
211 RHE LEXT S SRS IR 1 AT, fE
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B LA 1:5~1:20(g/mL) I}, B =ik A5 R B %Rt
VR LU A RIS, 33 DRI Ayt > v v B2 e e o
P T AL B AR L (H 2Rl AR 1:20 (g/mL) i,
SRR R R, T QEERARL MY S
e 70 1 2 flod e AR YA /DS, A2 B AR R D AR FH A s b,
445 B = wE AR N R, I LR REBL M L S 1:20
(g/mL).

- 121 _____‘E
e
Tof 7
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1:5 1:10 1:15 1:20 1:25
BRI (g/mL)
BT ORR LS S =i A58 5 e
Fig.1 Effect of solvent-to-solid ratio on extraction
of total triterpenoids

2.1.2 PO TR E WA R AN aniE 2 B,
SR B AR AR BE AR P I TR B9 S SR IS T A
A, SHETE S 45 min A B RAE . 43 HT H 5
PN, A A P R s A=, BN TR S
()AL AR B S . (E S P i [R)RAT SE FC,
RS TE A2 il =54 B S A B RIR, S0 T
PEBGICRP, K 45 min AOHREE ] R Fe Pt

147
12 B
g HH"!-H
5 ; T
Z 0t —
=
1]
pic)
8 -
6 . . . . .
25 35 45 55 65
PRILET ] (min)

B2 SRR RN S =B F R A5

Fig.2 Effect of reaction time on extraction of total triterpenoids

2.1.3 FREUER BT B =R & 3 K, iR
BEZh 25~55 °C Bp R =00 AR SRAE B R 1Y, (HEL
TE 55~65 °C X[a]H, S =55 R, HE AN
SR RERE M A, BT RO s Sy 2 (Al AiE Bl
HE, (.8 =S LA = AL SR, AT LA
Sy VAR . AF IR L S A T BRIl R A
[T ARt Il B NI = 1 A N2 0 1 A v [ v v ==
55 °C NEAERBUEE

2,14 LBEWRPEEXT R MR LWk E

141
12 .
S / !
3 ¥
¢ 10 7
= ____,//
I i
gu
8 L
P . . . .
25 35 45 55 65
FREGERIE (°C)

(&3 BB XS S =R A
Fig.3 Effect of reaction temperature on extraction of total
triterpenoids

55%~75% Bk, Ja =i B A5 3 B AR WA I I3 1) 1
i, AR B L 75% B, S s A SR IR R R
T BB P A Y s B 3 RS, R A s 1 4% S %
H, TS S B AR R Y, R e
LR 75% FMBAEHEORE .

14
12 &
P o
s if“"ir’l \
y 4
E 10 T
=
]
g
8 L
6L . . . .
55 65 75 85 95
LRI (%)

K4 LB =m0
Fig.4 Effect of reaction ethanol concentration on extraction of
total triterpenoids

2.2 MR EGEM
2.2.1 W A ST 545 B Design-Expert
AR LI LE A T2 50 BRI G H0HT, S0 4s 2R UL
22 2, 19 A R R0 AR S AR PR HS R R AR
A A9 R 5 R AL S Y=11.94+0.45A+0.28B+
0.5C+0.37D+0.24AB+0.18 AC+0.28 AD+0.38BC—
0.13BD+0.33CD—0.94A>~0.6B>~0.74C>—0.68D",,
e 3 Al IR P<0.0001, D ] 445550
A2 SR 5, B A R PITYME 0.1771>0.05, 3X 3%
BHAE I3 DX 8] PN AR R DL A IR ALY RP=
0.9686, R IANZALRI YL IR W35, HBEIS I R, o=
0.9372, FRIABIAIA] DUFRE 93.72% 14 M) i A8 S o
MRS 1) 7 2250 M AR O BRI i AL B C.
D IXF A i A4 A5 S5 5 i B4R k25 (P<0.01), Horr
C I FAHB K, B BAXT 3 =515 R M 45 i R 2]
JEHEEUGIR R, B 4% DN 28 X8 4% SR A 5 i R R 43 1)
Soe: PR EE>H BB Ta] >l vy bb> 2, W5 B, PR b AE
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Table 2 Design and results of response surface experiment

23 HES

Table 3  Analysis of variances

R ess A B C D YA =R (%) SR FHM HBE ¥ FA PfE 2
1 35 65 55 1:20 9.89+0.26 ET 19.32 14 138 30.86  <0.0001 ok
*k
3 3 %5 s 1:20 99340.18 B 0.94 1 0.94  21.03  0.0004
_ C 3.00 1 3 67.06  <0.0001 ok
4 3 85 3 1:20 11162021 D 1.64 1 1.64 3672  <0.0001 4k
5 45 75 45 1:15 9.77£0.15 AB 0.22 1 022 494  0.0433 *
6 45 75 65 1:15 10.24+0.23 AC 0.14 1 0.14 306  0.1021
7 45 75 45 1:25 9.9240.14 AD 0.32 1 032 726 00174 *
8 45 75 65 1:25 11.71+£0.27 BC 0.59 1 0.59 13.25 0.0027 **
0 3 75 s 1:15 0654025 BD 0.068 1 0.068 151 02392
CcD 0.44 1 044 974  0.0075 ok
10 55 75 55 1:15 10.1440.17 ,
125 A 5.67 1 567 12681 <0.0001 4k
1 35 & 35 9:96£0.15 B2 2.34 1 234 5223 <0.0001 4k
12 3 » 33 1:25 11.59+0.22 c? 3.51 1 351 7837  <0.0001 Hk
13 45 65 45 1:20 10.03%0.19 D2 3.00 | N 6708 <0.0001 -
14 45 85 45 1:20 9.98+0.13 5o 0.63 14 0.045
15 65 65 1:20 10.48+0.25 KB 055 10 0055 268 01771
16 45 85 65 1:20 11.9740.14 SRE 0.08] 4 0.02
17 35 75 45 1:20 9.79+0.20 B 19.95 i
18 550075 45 120 10.320.13 VB R S W, P<0.0S, T For S . P<0.01,
19 35 75 65 1:20 10.07+0.24
20 55 75 65 1:20 11.340.19 BOEREH, B =R AR AT IR 12.32%+0.17%, JEH 0T
21 45 65 55 1:15 10.1540.11 . o . ot e
FIMAE, 2 H IR AT L T4 0T S i) S i — ik
22 45 85 55 1:15 10.8620.13 BT Ak,
23 45 65 55 1:25 10.94:0.09 < °
2 45 85 55 1:25 11.1340.18 2.3 REWREFERBRZAEAINES BRI ARG R
25 45 75 55 1:20 11.9240.11 . R
23.1 RRRE D ZAETIHREENE AR R RN
26 45 75 55 1:20 11.8620.13 i L R 25 B BT 6 e R
27 45 75 55 1:20 12.1820.15 = Wi R . =R AT He ) 7, AT
28 45 75 55 1:20 11.94+0.07 BBl P, S =5 Y Rk B S5 IE AR Sk i ¢ S S IE AR
29 45 75 55 120 11.81£0.11 5, TR A 20~60 mg/mL B, S =i H2IE

IS R RS PR B BORE . fERC H I, AC S
BD M2 HAEAH AN B3 (P>0.05), AB 5 AD HIsCH.
1EFH & 3 (P<0.05), BC 5 CD 938 B 4E FH K W 2%
(P<0.01), HULnI1s, ZEe E SIBORE | JREBUE
B SR EE PR PR IR 2R 22 8] B 52 ELAE FH R A =i R
FOSZIRER K. RI A?, B2, C?. D? SN ik 2%
(P<0.01),

i 7 T ] BE 4 Ry T WL 2 ke HH 4% IR 2R (8] 32 B A
FHXH i BB G S0, HH TR B | TR B b = 1 BH
SR P, & 5 FIAHL, AB. AD. BC. CD il
TR BEI, 18 EH X LB PR 28 2 (8] (1 38 B .25, i
AC 5 BD il th 250N, FRAZZ BE/EFAA R
XS I 22T A R AR — 3
222 IAREREEURAE R B TR T BT,
15 B AR PR A FR T (] 49.35 min., ZL PRk
BE 79.66%. $EEUIRE 61.22 °C, Blw b~ 1:22.35
(g/mL), TR S5 5% B 0 =i 9 i e A5 3R 1] s 3
12.35%. A TAEFHEAE, FF i pd PR 2 14 72K 5550 A
R PEHUAT[E] 49 min, Z BRI A 80% . FEHURE
A 61 °C, BHEEE A 1:22 (g/mL) o VEIE S A9 I IEt

TR 4A | Atk IE R 4 A0 AR R AN 1 445 5t ) o B P v
(P<0.05), ZEJ0 B &y 80~100 mg/mL A, Bl =il
S RAmRER M as G B AR, H S 2R iR . iR
R M 10 25 -G 1 0 i AR (P>0.05) , X H IR R
BN B 45 A R [ (P<0.05) o FE T R
80 mg/mL BJXTHHMRER 45 & i R .

232 RWFRBEEEASNEIMIRTE Y S okdany
(Colestyramine ) f&—Fh a5 WLV R IMAE 254, F=ZAEH
AP 4 AP sl I E [, B 500 = IUIRE B 1Y
IARACE, BABLAIIRAI TR . 5281, 80 mg/mL
MR LS G NAFRFER A RE TV %ot BB, 0 W] 5T bt
P S S R =l SRR 45 G0, JPR g R
VEMBUE FE R T O . S5 SR 4 iR, B =ik
X H AR AN . A IR R A AR EREN 1Y 45 45 B8 J1AH
YT [ FIE T SR Y 50.93% . 52.14% K1 43.06%,
T ] SB35 B B iy B B U 1 25 6 IR R £k 1 e
Jio MRRERERBEEE G IS S D, SRR p AR
T RAE e A= N R L A Ak A= sl 25 V-, WA (el )L [ e o
A B MAR A B U7, P AT L 26 BH SRt SR8 B
=i EA AT ARSI B TS P
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Fig.5 Response surface and contour plots of the interaction of various factors
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Table 4 The binding capacity of total triterpenoids from Inonotus sanghuang to bile salts in vitro
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Fig.7 DPPH free radical scavenging ability of total
triterpenoids from Inonotus sanghuang
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Fig.8 ABTS free radical scavenging ability of total
triterpenoids from Inonotus sanghuang
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