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FAZ GRBLIARAR , A F TR ISR g S AL ¥, B g A 3 T4 3 AKX I K Fe AO/EB X A S As i A A 3L
BEZ AT AT B HeLadg i EBAATHFa, BR HBILH LR A0RELNL T LA AB-8 A X 3L
R A, L AR 2R JE S 2.0 mg/mL, LARRAR 2 140 mL, EARAE 4 1.0 mL/min; S BLEF S8 A 50% #9 T BF 40 mL IR 2%, & A
95% ¥ T EE 160 mL #e i, Ze LRk 4 3.0 mL/min, #640)5 #EA8 3L H ¥ =35 09 R & 03K 34.36% 7+ £ 73.39%, HEABILHE X =ik 4k
A4 5T F74) HeLLa 28 I3 78, F 237 50 5 4 184.20 pg/mL; 5 3 R ALAR MG | 3% sh AL 4 7T 2 249 2h) HeLa 0 ML 6% i 45 423 28 =
(P<<0.05% P<<0.01), Z5if RAMALT HABILE B MR o AL T F a7 A T 374 HeLa L 2 Ao it 45, 5 S L A
KEEE MBILE =0k AL R I Rt AS s B T
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Study on the purification technology of total triterpenoid extracts from Inonotus obliquus and their anti-
tumor activity in vitro

SHAO Junjing"*, YANG Ying',MA Dalong’,LYU Zhigiang’, TIAN Jingzhen', ZHANG Xiaoping" *(1. School of
Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250355, China; 2. Jining Medical
University, Shandong Jining 272067, China; 3. Dept. of Drug Dispensing, the Affiliated Hospital of Qingdao
University, Shandong Qingdao 266000, China;4. Qingdao Academy of Chinese Medicine, Shandong University
of Chinese Medicine, Shandong Qingdao 266112, China)

ABSTRACT OBJECTIVE To optimite the purification technology of total triterpenoid extracts from Inonotus obliquus, and to
investigate the anti-tumor activity of its purified products. METHODS Using inotodiol as control, the method was established for
the content determination of total triterpenoid in I obliquus. The type of macroporous adsorption resin, sample volume, sample
concentration, sample flow rate, eluent volume, eluent dosage and elution flow rate were selected by single factor experiments.
The purification technology of the crude extract was determined and verified. The effects of total triterpenoid purified from 1.
obliquus on the proliferation, migration and apoptosis of human cervical cancer HeLa cells were detected by cell proliferation test,
migration test, flow cytometry and AO/EB kit. RESULTS The best purification technology of total triterpenoid crude extracts from
1. obliquus was as follows: AB-8 macroporous adsorption resin was used; mass concentration of the sample solution was 2.0
mg/mL; sample volume was 140 mL, and the flow rate was 1.0 mL/min; the impurity was removed with 50% ethanol 40 mL,
then eluted with 95% ethanol 160 mL, at the elution flow rate of 3.0 mL/min. After purification, mass concentration of total
triterpenoid from /. obliquus increased from 34.36% to 73.39%. The total triterpenoid of 1. obliquus could inhibit the proliferation of
HeLa cells, and the 50% inhibitory concentration was 184.20 pg/mL. Compared with control group, the purified products could
significantly inhibit the migration and promote the apoptosis of HeLa cells(P<<0.05 or P<<0.01). CONCLUSIONS The purification

technology of total triterpenoids extracts from I obliquus is
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R R AL R, R E
T AR R AP R GBI . SRgeTE, E SUE Y
RIRRARICR I 2R A 07, Bk ALY
AT TR 2 E IR IR SR B TR T R A R
LA R I, R ZH08 B 12y7 T R h R 2
WS 5 PG RA ZiRA 2 BITER NG
R, HATE 28 080R e RI6 7 i g A ] 5k (1 T Be
Z—,

MERE £L TR Inonotus obliquus 7 ZfLH B 48 ML
o 2 A EC I, IR B PR B, AR IE R 3 3R
AR, A 25 AR 0 B A AR A A
B S AR U R S B e T M LI A R At
PR oA I R I B 2 2 B A L o oA A A
AR B R BE 3 RT3 AR FL B 9T iR % A
PR G MR EAT T 0% , R B =i S o R AR
BU IR VE FH ) 32 B RO A 22— , ELRE B S50 41 it
HeLa HAT RAFAMHIEOR  (HAEIBLE] AT,
A KB, HEAE FL T SR IO rh B = S Ak, BT
I A ST AL S ) MERE FL A LG = FEAT 4l , X alifl
Jei B A TR TR PR, Ryt — A e W MEAE L
VR IR VE FH 153 it B ELAARATL I B AL S oAk Al

1 ##
1.1 FE{ES

A5 i 32 ZAL AR AL 48 UV-6000 158 4h-1] L 43
JEEE T (R TTHH AR A FRA ] ), FA2014 #1543
Z— TR Rl TR A A R ]  HF90
B CO. 1E 15 F 48 (i ) B AR A R A R L, U-
LH100HG #5545 ( H 48 Olmypus 8 7] ) , Primaide
IR E 3% ( H AN Hitachi 23 @) ) , Epoch2T % fifi 5 /%
(£ HE BioTek A1) .

1.2 FEHZSKH

HERGFLTA 2561 1 3 PR 2 B (TR ) I A 25k A7
BT ], 28 AR v 2 24 K2 24 2 g s IR - U 26 7
R ELEh o AL R EE X RE L (65 B50360 , 21 =95% )
FUFEAXT IR 5 (L5 B24462 , 40 )3 =989% ) ¥4It [ 15
2 E R AT RS ] 5 AB-8 5 AL IR FFFARY i AT X-5 18k
FLIZ B4 i (HE5- 439310 A875381 ., X875377)#4 H |
1322 SEMRAE AR A BN B 5 D101 AL A i (it
520200624 ) 14 [ [& 254 A AL a00 A PR B s MTT 3K
| (Jit5 EZ6789C126 ) 1 [ % [ BioFroxx /A 7l ; Annexin
V -FITC it X8 746 5 &5 (4165 BMS500F1-100) It

EZGF  20224F48 33 448 184

H 2 [H Invitrogen /A 7] ; AO/EB i | & (4t 5 BB-4132-
100T) W ¥ DU AE MR HE A BRA A 5 B R 46 22 il
(PBS) F1— I EE AR (415 53531y 21036449 [EZ6789C15
0) ¥ [ 22 AT RHE A BRA

1.3 ZHpatk

NE SR A AR HeLa 9 [ 1165 kA PrRHE A TR
T
2 AEEER
2.1 HWBILEASTEEEYH&

ST AT TEAE S5, DAk e R AL B A = i de A
PEBUCT AT - IBOMERS L R A o, B (RIS Betfirh,
12 % (mL/g, F[A])95% £ B A 3% 2 1K, &5 7K 80
min, &I IR, [ 20 2 JOREME ¥ VR T 1 A5 B M AR
FLIALE =il R4, SRR 2 2.136% .

2.2 HBILHEEAZHENSENE

2.2.1 XTERSESWATECH] RS PRI L T R IR
it NTEZK P E ) 0BT 19 B2 0.16 mg/mL (4% B A
a3l 8

2.2.2 MR ATECH] RS PR IBURERE FL TR 25 B4 8y
K5 g, #2117 TR Jy 4 L, ¥ VR T 4% 2 50 mL,
EIEG

2.2.3 KM R R EC2.2.27 00 R AR A A 50
pL, # 10 mL B4, 100 °«CTR /K ZE 1, A 0.2
L 7 PC ] A9 7 T - KT R 1 W (5 i R 82 0.05 g/mlL)
H10.8 mL 5 5842 , #527, 70 °CF /KW AR IR S 15 min,
BH RN, IR OBRES 2 5 mL, IR 550-0] L
A3 CHEHHARIN HAE 550 nm KA

2.2.4 JriksEE 12 2020 4R H E 25 ) (PO ) <
B g kg 2 0 AT Ok g, AR R HE
5 FL B EE (0 [9] 09 )7 #E  ¥=0.058 9X—0.063 2 (R'=
0.999 7) (A Y AWIEEE , X R R i s Mk ) , ek
JEHEIR 3.20~17.60 wg/mL; K5 FE R PE e Mles
B RSD 434 0.71% . 1.27% .0.89% (n="6) ; -2 [A] i
}997.82%,RSD H} 2.35% (n=6) . F 45 B84 (h
25 O ME

2.25  HEARALES ORI S e RS AR
“2.17 T T MERS LB =R Y K 2 mg, FITEK 2
B A T2 25 28 10 mL, 4% °2.2.37 10U J7 k40 B 0 52
WG RE AR I 5 R 50 B ok B, P A A fL
PR AR P B il Y iR 34.36%
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2.3 MBFLES=IERISL
2.3.1 KL RN B ) 70 Ak B K A L R AR i
95% L BRI 24 h, SR 5 % HE, 11 95% L BELL 5 mL/min
F1A) Ik R Y5 5 2 Y5 IS0 R R, P H 2 R K U O 2 TS T A
AT,
2.3.2 RALWEEH BE RIS THE  HUAAL )5 1) AB-8
A X-5 71 D101 BYSCFLIR B I 730 741, 43 ) R 5
2 A EL IR A5 B FH 2 DA B — 35 25 LR A R
FHE, 43 m 2 B IR b, 25 In AHERE £L IR LS =
FLERPIEE W 20 mL G 57 oK, BT 29 B2 O 2.0 mg/mL,
B A YN 0.687 mg/mL, FIA]) , 7% 24 h(25 °C,
110 r/min, F[A]) , 08, BCEL W% “2.2.37 W1 | J7 ik A4k
PR 0 GRS ARA N I R R B v i . S
B S A0 P B i I 22 BRI, i CBE 20 mL,
=% 24 h, 4% LR Dy g R S = A TR B 4%
AN IR B i BT (R 1) P =
V(co—co)/m, iR = (co—c.)/coX 100%, ittt = Vie/
m,JENR=V.e/[V(co—c)]1X 100% , R o et 23 M
HERE FL TR A — 0 A I A B s R B - T vk 2 AT
Je BTV BE , VRV 43 531 R e R (MEe L R s = iR 44
Yrvs e ) B SaRT R ( B PRFR  m Ry AL B A i o ot
RN, AB-8 R LW FRFAR A % A RS Sk 0 T 6 A
15 SRR AU T X-5 RURFLM N AR . 2555 18, i
2835 ] AB-8 BU AL A8 AR 2l AL MERS LIRS =0
F1 REIZEEKFL IR AR AR X 448 L B = 1 IR Bf
RIS

filgHE bt/ (mglg) U b/ (mglg) ST
AB-8 2141 9347 1917 8954
X5 1785 779 1611 9022
DIO! 1967 8588 1541 7836
AB-§+X:5 1.864 8139 1633 8758
DIOIHX-S 1.804 87 1577 8741
AB-$+D101 2035 88.84 1568 7707
AB-8$+X-54D101 1.884 8.5 1634 86.74

2.3.3 WAL IR 2R A 2] O B BRI AL B S Y
AB-8 BURALIL MG 5 g R, FIR)) , B H IR
AR FL RS, =i R P2 0V W 20 mL, FR 9% 24 hitkA 7
W A, /N R0 5 s Y v RE A L B, 0 1) o, I
SRR O AN B R el W S B 2R (BT ) . 1
AN, FE WL 5 h S B R T T A SR 2 W R
93.48% , 7% W] AB-8 1 L 1R B Af Jig T At A L TAT A — il
FLA BE0F 10 W B BB, FE T B 5 b B AR K ) 0
T

2.3.4  BhASL Rl 2 B sl RS R AR T AL B S Y
AB-8 B K AL W B AR i 25 g, P47 7 £, W vk A AT (2.0
emX 30 ecm, £ LA 2:11) , JH 2.0 mg/mL A FERS FL I
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0.5 4 F 20

10

0 0

1 3 5 7 9 11 13 15 17 19 21 23
fffE] /b
E1 AB-SEIKFLKMHEEITHEBILE 2 =fEMEEDS

% Bff pbh %
SR W B, EAEERON 1.0 mL/min, B
th 20 mL 3t H RN G 1 CHERE FL IR =i 1 TR e
SR (B 2) o B2 o, 58 7000 i Af
LTS =l BT i R 2 0.063 75 mg/mL, HEIT I IR 1
FEWR BT R FE 1) 1710, BITACH IR FRHELAN™ Y, Gk b AR
A 140 mL.

0.8

0.7+
%O.G —
Eo054
B
® 0.4
]
¥ 0.3
1710.2
1
0.1 4
0 i 4 T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26
i Ay
E2 #MEBFLEE=T5%E AB-S B K7L &ifE P AIEh
7 M Bt g %

2.3.5  DREVR ST XTSI AR R S [W] 42.3.47
TR 7 B A, FREHFN 1.0 mL/min, FAEARFR A 140
mL, % XA ] i i (0.5.1.0,1.5.2.0,2.5.3.0.3.5
mg/mL ) A HERE L RS — R L I TGS R B 3
SO, AN, IR R Y IR B 53] 98.61%
96.55% . 95.63% . 94.74% .89.38% . 74.69% . 65.82% , ] i,
AR L TR R 4 VY T R VAR N 0.5~2.0 mg/mL
B, IR BRI R T 90% , 25 R B AR P A AN AR, fe ek
FE R R B 2.0 mg/mL,,

2.3.6 AR Sh AR R 2.3.47 R U
et 11 2.0 mg/mL A MERE FL LS = RS ) W I
R, BREARFR R 140 mL, % 28 A ] A 3 4 (1.0.2.0,,
3.0.4.0 mL/min) X WL R AGEM , 45 0 R, bR bR
RN A W B R 4 i R 93.59% . 90.52% ., 88.21%
84.68%, AJ UL 24 | FE# %A 1.0 mL/min A, W% R0,
A FE FAELECA 1.0 mL/min.
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2.3.7  RBEAVARRU S BOS Ve SR B W) <2.3.47
TR vk ht L AR WA RLFIS F 200 mL (4 7 FfAS ]
TRBLI> 80 (20% . 30% . 40% . 50% . 60% . 75% . 95% ) ) £,
WL AT TR, 0 2 5 6 VAL v R A L T = 1) ST ik
BE AT R AR R EOR . 2R R, B RRS
B BRI PRI R 530K 15.27% . 19.05% ,33.40%
40.14% .57.77% .61.26% . 98.16% , 1] WL 2 H 2 Bk
FUMECR TEAR G . DMARS380<50% 11 LI UE L 22
WA TR T3 B 0 R 2R 6, i) WA 2 s (R R
Hh 60% F1 70% (1) LB AR AR s LA 73800 95%
1) DRI I v 4 VR T AR B A AR 2R ¥ 60, FLYRRG
IR o PRS2 56 fe 20 2 e F 50% 19 L BEHEA T
Jiit, 35 AR HARER , SR)5 H 95% 1Y L BEEA TR0 , W4
HARHRAT

2.3.8 PRI R VEBSCR B W 423,47 00 F
T AR | RE B AN S JE FH 50% i £ B 40 mL BR
24, H 11 95% 19 2L 1.0 mL/min 35 FEAT VR , 2507
th 20 mL PE BRI GE 1 IR GE A, 5 %% 20~240 mL (1)
95% L TEXT VR ZE e . 25 BoR 5 L~ 12 i
RV B 243 90 g 39.94% . 15.35% , 13.88% . 6.42% |
6.19% . 4.05% . 3.33%. 2.97%. 1.24%. 1.09% . 0.73%.
0.62% , W] WL55 9~ 12 (3 P O A0 DRI AR ARG, H.22 5% A8
R, & S IS LR AR B VR B 9 6 =i 1l E B 50
PRI, OSBRI R 24 160 mL .

2.3.9  VRBLI A VEBACR R R 2.3.47 R )y
A AR WM RS S8 50% 1 L 40 mL BR2%,
T 95% 1) £ B 160 mL LA AS [a] 3 3 08 17 PR i, % %
1.0.2.0.3.0.4.0 mL/min {4303 X 8B 3= 52 . 25 51
R, bR T A PR B SR S 00 O 84.67% . 87.49%
92.29%.70.12% , 7] YL 437 44 3.0 mL/min B, e 46
1, CEE PRI A 3.0 mL/min.

2.3.10 Afifb T2A5E  FRERR SRR LA B =
P 343, ¥ B de AR AL T8 2 Ak T aiAk , B ] AB-
8 UK AL AR i, AR BT s Vi B2y 2.0 mg/mL, FA
BR 140 mL, FAF 3 1.0 mL/min; & i B 26 1)
50% 1 £, 40 mL BRAY , -1 95% 1Y £ 160 mL BEMG,
PRI A 3.0 mL/min, % 2240 Ak i J5 AEAE FL AR =
R 0 o e AL = P A B (3R 2) . K2R, 5
AALHTAH LG, S =05 B 2 B T L AR S =
JF &3 BB RSD N 1.05% (n=3) , it I AR 4lifb T 2 &
b2 INTIE

EZGF  20224F48 33 448 184

R2 HBILELS=TARYALHNIIELEER
. Hilei tift

filmg  BEWREAM0  FEmg  BSWREMUE  FYE% RSDG

1 280.00 3436 90.69 7258
2 280.00 3436 9445 412 7339 105
3 280.00 3436 96.22 7347

24 HABTLE R =AY RSN PSR T R
241 MRS AEI R R RO LR S
g ALY AE 5, B EP A b i T 3 I AN E VS AR,
RPMI 1640 41 ffd 2 5000 1 22— FF S0 R ) (R R A2 50
0.1%, W HEIRS), 220.22 wm SFLIE R I8 , ENAS A
WU, BT W EE A 1 mg/mL,

2.4.2  PRYEXREZGA w4 RS B BRI
B EPAE 2417 WUR i s BH PR BRZG W)
e R 0.4 mg/mL.

2.4.3  AIEGE S HeLa 44 3WkAEIE 2 —
Jiiz P4 2. 2 -0.25% [ A 2057 IR S , 2T 4R A T4
Fis B A 2 1 X 10° Ay /mL, K 4§80 T 96 FLA
BFL 100 L, 3557 2 40 A B FL 80% B B AT, 51256
T HRZH IR ZE AAERE FL DA S =i 2 o I iR it
A VA VRO RTBH PR T B2 s i, 38 — A% LU AR B 45 8 416
BEMRFE SR B AP T4 K 2 80% LA - 1% 96 FLi 85
I 48 h, BB 6 M E flo R MTT 4% (8 30
490 nm PAAL AL, THEATAERE FL A G =ik 2l k)
AU X HeLa 44 M A F B30 ) ¥ B2 (1Cs0) 43 51 A
184.20.,20.10 pg/mL, AJ UL ME#E £L B S =il 20 4k ) %F
HeLa 4 HA —& B3 HI1EH]

2.4.4 YITERESCEG  SEUGTEE X HRZH TN ZH AR
FLBA B WG A% b R L, X R AL A A7 2% Jif
A I35 F10.5% ST Y RPMI1640 55773 , 258 20 40 it Jin
A% 100,150,200 pg/mL B AR (5 20 pg/mL FHE
XTREZGHIEE L) 2% i A= 10037 11 0.5% ATHY RPMI1640 35
FRIE AU RV 3N AL, SR FH B 8 A o0 ol i S ks
77 0 h Fl148 h (R (B #E (] 3) , fi ] Image J V1.53¢ 3k
P33 4N T #2334 ] GraphPad 8.0.2 S 4FET 48
TR R ORI x + 5 2R, 240 1] e R I BA A
R I7 2250 ARG L F] LSD A o 4528 s, Xt
AL A2 AR FL B L =B AIC b L R A ) 40 e
T R4y 5k (43.04+1.60)% . (12.64+0.40)% .
(26.99+0.73)% . (16.32 +0.34)% . (9.78 + 0.41)% ,RSD
IR 3.711% . 3.17% .2.72% .2.07% . 4.22% (n=3) , A] I,
Y1t 3 R ot 25 A A L T A =il i T e v 1 T
R MREAR . SXT RRZEAE L, 25 25 W 2 09 200 M A% 583
FHIR(P<0.01),
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AL B. %126 C.HERBALIA

BRI DA ALERLE SRR B AR LR i R e

B3 MARFLE B =054 3T HeLa 48 A XIJR 8 BE A9 8500 (x40)

245 AMIETo9EE (1)2RH Annexin V -FITC i 201
TR A TAR I, #2.4.47 T F A4 gy, 8
7748 h, W AR AT, PBS iU , BT 14k, 2 Annexin V -
FITC Jit I T It & vl W B A, R FH i X 4 X
SPTANML LA R TR (R 3 K 4) . HXTIREAAR I,
2L AN AR A R PR 7% 3 TR (P<<0.01) .
(2)>R ] AO/EB iR G ATALIN . #2°2.4.47 T F 73
2y, B5 SR 48 h, WAR 4, PBS ¥ Uk , 18 21 it 7F
IX 104 LAY, 2 8 AO/EB 15 & U FH 5 31, R FH ¢
A ISR e e 2 L (18] 5, e oA 1E T 440 i i 40
U8 T 240 L, R 2 €A G S0 0 T A ) |, £ T Tmage TV

R3 HBILE L =05 Y3 HeLa 4 BE T R 1

A ﬂl‘]

i Annexin V-FITC AO/EB(n=3)
Rimr&e,  BERTRe O ARRTE%  RSDG

popiiel 099 215 7584021 283

PR B =R 129 921° 1007£034 345

Bl =R AR 180 19.14 21294079 3

Peb LR R = Him AR 428 6095 66.81+2.24" 335

I 397 86.76° 5610+ 144 256

a: SRHIRZIAN L, P<<0.05;b: S5%FIR S AR L, P<<0.01

L53¢ AR AT 9 S R A TR (3R 3)
X IRLAR LE , 4% 25 WL (M AL 7% 34 3 T e (<
0.05 8, P<0.01),

Q1-UL(0.06%) Q1-UR(2.15%) | Q1-UL(1.90%) R .76%) Q1-UL(1.68%) Q1-UR(9.21%)
10 T 10° 10
< : < <
T g - N . 0
& 10 & 10 . )
i
0 LT 0 [ R [ '
Q1-LL(96.80%) * - Q1-LR(0.99%) O1-LL(7.37%) < -Q1-LR(3.97%) Q1-LL(87 82%) Q1-LR(1.29%)
T T T e . Rt T T T
0 10 10° 0 10" 10° 0 10 10°
FITC-A FITC-A FITC-A
ARG B.IUEAZH C. HEAB FLERL L = ) k4
Q1-UL(3.19%) Q1-UR(19.14%) Q1-UL(5.98%) Q1-UR(60.95%)
10° 4
<
2 10
[=%
0 o L B B .
Q1-LL(75.87%) - 01-LR(1.80%) Q1-LL(28.78%) Q1-LR(4.28%)
et : T : ey T
0 10 10° 0 10 10°
FITC-A FITC-A

D AEAEFLIA & =il bl i 2

E. HEAE FL AL =il i 70 2

B4 MABFLE R =G5LEL 3T HeLa 40588 T N0 A7 =X 40 fa
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AXTHRZH B. litEAZH
B5 #BFLEE=i5% HeLa 0fAT S
3 iTie
H A e FL AR =i 1Y 2l Ak T B DA FL W BRHR) Ai
alifl =M, e E| B =SSR e N, R A 512

K126 T AB-8 % \ D101 %Y X-5 #Y 3 B M4 /N AL
W2 B ARSI o A 2 X EL I BN R ATT e A T A e Ak
JH AB-8 B FL W B A A7 HERE FL o B = alifk . &
b BRI R SR A T e B RSl AR T : AB-8 UK
FLUZBHARTE , AR BT R 2.0 mg/mL, BAEARF
140 mL, [ FE7# 1.0 mL/min; & Bt i 5 1 50% 14 2.
40 mL B 2%, 1 95% 1) ZLT 160 mL PG, P B ik
>43.0 mL/min,

EHTASL IR I, =i R MR LR T
i Ie A RS PR AR AN, 22— , X 9 4 AL HepG2 |7y 53195
0 HeLa B (0 R AN A375 B 40 AGS . FLIRIE
4 f TATD B EAT RAF AP RIRCR , Horh X HeLa 21 AL 1)
IVHISCR F Lo PRI AS S50 2R FH HeLa 20 M4 AR SH55
USRI G, WL EEAERE FL TR B — il 21k 4 i 0 b I %
o SR B, MR LIRS = AE?thfF’JTTfﬂﬂ%J HeLa 4f]
38 58 A AL | 42 3 LR T, 35 24 A e e A e g D
JHT,

25 F TR ARG ST T MR LA S s SR
afifb T2, Hali Ak vl 1 HeLa 4 I3 58 1A% | 2 F
T ABRHE SR T BARPLR AR, T — 2
PG TR A
S STk
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