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and study on antitumor activity of total triterpenoids
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Abstract: Objective To study the extracting technology of Antrodia camphorata total triterpenoids (ACTT) and their anti-tumor
activity. Methods To optimize the ACTT extraction process by central composite design of response surface methodology
(CCD-RSM). To compare the inhibition of ACTT extract at different concentration and different time on in vitro proliferation of
cultured HepG2 cell using MTT assay; To observe the HepG2 cell morphology by fluorescence microscopy and flow cytometry and to
detect the cell apoptosis rate by AnnexinV apoptosis assay kit. Results The optimized process was plus 20 times amount of 90%
ethanol, ultrasonic extraction twice, 40 min each time, ultrasonic power of 400 W. ACTT extracting rate was 11.87%, deviation
between the actual and predicted values of ACTT extraction rate was 1.56%. MTT assay showed that in 12.5—200 pg/mL, ACTT
extract at different concentration (12.5—200 pg/mL) on the proliferation of HepG2 cells showed significant inhibition (P < 0.01).
Microscopic observation and direct form Hoechst 33342 staining were used to observe the nuclear enrichment and nuclear
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fragmentation and other typical features of apoptosis and apoptotic bodies; Flow cytometry showed that there was significant difference

of apoptosis rate in the administration group (P < 0.01) compared with the control group. Conclusion Using CCD-RSM to optimize

antrodia ultrasonic alcohol extraction process, the actual and predicted values are consistent with high and good predictability which is

feasible. ACTT extract can significantly inhibit the proliferation and induce apoptosis on HepG2 cells in vitro.

Key words: Antrodia camphorata; total triterpenoids; central composite design; response surface methodology; HepG2 cell; MTT

assay; Hoechst33342 fluorescence staining
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$1=98.5%, T rp [ A 5 2y SR E TR
IR 5% WlE-IK LR LBE, hral.

NI HepG2 41 il B 5 BRY) B A B A # 5

MTT. DMSO. T bRuERE 2 F 56 E Sigma 2 F 5
=1 H DMEM, Gibco A, fit*5 81121365 Annexin
V-FITCPl W 4R &, Hoechst33258 1 [ ¥ 5E/E
Yy BRZRIYE . BRI . TEER RGN
H Cyagen Biosciences A ] .

ARG Z AT AR IR AR AT PR 2 7] 42
PER AR TR Pk, &) NS 2 K 24 Wk pa vt
RS N2 ILE RS L8 2 A R AR 2
Antrodia camphorata 75244, R T4, WiE, i
100 Hfi, 194828 AK.

2 FEEHR

21 FHEFER

211 WTHREIIEIA ORI E AR AR I
10.00 mg - 100 mL =i, VABSIR SRR €2,
3 0.10 mg/mL HE S0 FE A

2.1.2 PR IIEIR  OREEPRIUERE R 1
g, I 20 mL 90% Lt PR 32 1 Ik, 8L, %
SERT 250 mL . B 1 mL 10 mL S, 27,
.

2.1.3 ZMERFRFES K% EI 0.10. 0.20. 0.40,
0.60. 0.80. 1.00. 1.20 mL A& M} M S, 7K
WZE T AN 0.2 mL 5% HE g - UK R AN 1 mL
HEIER, T 65 C/K¥ 30 min, VKK 10 min,
I 5.00 mL OKEEZ, #55) )5 00E =0, AT
T H. AR WL 0GR VT 548 nm bl e S
WG (A L, DARESRRR IR OO X A (Y)
AT EMIE, 153774 Y=56.405 X+
0.031 4, r=0.999 3, KIRELIRAE 10~120 pg £k
PER R RIS

214 EEERLE RSB ION I ORI AR
VWA 1 mL, 2 5E T 20 mL HZE R T E T
A, % “2.1.37 WUk BAEERINM O
LIRS E 6 Yk, b FOn) SRR R ) AE
f) RSD 431124 0.10%7F1 0.24%, 4% 522 WA 48 K 2%
ARSI

2.1.5 FREMERL SR ION B R AR
WA 1 mL, 2355 T 20 mL HZERAE 5 T
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F, % “2.10.37 WF HkEAS, 1E 160 min J4&
B 20 min W52 A {H. 4530, 0 RI AR 5 2
BRI T 120 min EGE, AR RSD 44l
3 0.82%71 1.90%.

216 HEEMHRE WFEHCFEZRK 6 0, 1%
“2.1.27 TR 7S A SR, HE “2.1.37 IR
JIiEsE ACTT &, JEHE4RIE, 450 ACTT #&
H( % RSD b 1.90%, FKUIAVEEREL MR I

207  IFEEIRCRIREE R RR A T e AR R 2
i CACTT FiE/%¥11.75%) 1 g 3L 94y, 2r5li%
80%- 100%- 120% LMl in A fE IR IE &, 4% “2.1.2”
T 7 4% R v, RIS AR I, B
1 mL ¥RZT, % “2.1.37 TR J7ikilleE ACTT
B GiRZONE IR, 100.01%, RSD
K 1.78%.

22 BAZRK

221  ZEARFRDEOT ACTT HREBUK SN Ky
FRE 5.0 g 2K 5 4, 25K K 50%.
70%. 80%. 90%. 95%. 100%Z. [ 100 mL, 75
(Py% 500 W) $2HX 1 ¥k, BEK 60 min, JEk, JEW
Bt E AT 250 mL & fi. B 1 mL F 50 mL £,
EA . WL mL BERSEBOKI 25T, % “2.1.3”
TR e A, VHE ACTT 48108, 4555571
2 (1.34+0.06)%. (2.8240.07)%. (5.81+0.07)%.
(9.41+0.02)%. (11.4740.08) %, (11.26+0.04) %.
(11.17£0.03) % (n=5). M LEAAFHHCH 90%
i, ACTT $-HURE K, [FILIER: 90% LIAE A 2
ST PRI A 0 R

222 HFEIEXT ACTT H-IUCRIMEM KSR
5.0 g ZFFEZ2 MK 4 43, A 100 mL 90% LB, 4>
WIZE 200, 300, 400. 500 W Th% N 1K,
X 30 min, JEMA I AT 250 mL &=, B 1mL
F-50 mL #ff, . U1 mL RS BUKIG 75
T, % “2.1.37 WUR5EIE A, THEACTT &
B, 255995 5]k (8.2140.04) %, (9.0540.03) %.
(11.3140.01) %. (10.1840.03) % (n=5). ACTT
SR AR 75 Dy F 3G G G, M ThEIAE] 400
W IR 15k, L 400 W ACTT $HUR TFAR FEAIL,
NI E SUD NG & e TS AN 8 (AL €7 N WS ) A
PR FE D)2 400 W AE R AL R B E IS R vt s

223 WBAHEXT ACTT IRECRIIRm KRR
509 2FEZMA 44y, ZulinA 10, 15, 20, 25,
30 fi e 90% LEEALEEE 5 D)% 400 W 41 M2 1

R, BR300 min, A IFIEHOE AT 250 mL S,
U1 mL 750 mL &0, 2% B 1 mL i id
KBZET, & “2.1.37 TR J5kie A {5, 5
ACTT $2HL 3, 45 R 425k (8.84£0.01) %.
(9.91+0.02)%. (11.3640.09) %. (11.47£0.05) %.
(11.53+0.05) % (n=5). ACTT HEHUKRE% 7 H]
IR SRR 20 fERR s, 2
JEaTP M, BRI, EROREHEAN 20
FE A A R s BT IR R PPt A

2.2.4  FEHUN X ACTT $-HCRIG M K3 FR
5.0 g ZFHE 2R A 4 43, N\ 100 mL 90% Z (£ 400
W IR FIER 1k, &A1 43504 204 30,
40, 50. 60 min, & IFUEME AT 250 mL &=, HX
1mL J 50 mL &, 7. B 1 mL {5 H oK
WA, 1% 92,037 TR ikl A, tHE ACTT
FEHCE, 4558 ACTT $#2HLZ 471100 (9.91£0.12) %,
(10.184-0.04)%.(11.36+0.13)%. (11.42+0.09)%.
(11.584+0.14) % (n=5). ACTT $RHUEBEHREUN
() BE AN s, 4N (] 4 40 min Bk 215K,
Z a1V, WOk R AR IUN [A] 40 min /E 4 2
ST A

225 $RIUKRECT ACTT $RECR M K% H e
5.0 g AFHEZ kK 4 4y, M 100 mL 90% Z 535l
B (ThE 400 W) 2L 1. 2. 3. 4 %, £:% 40 min,
B IEM e 2T 250 mL &R, B 1 mL - 50 mL &
i, B2 WL mL B BRI 25T, $%“2.2.17
TR ke AME, VHE ACTT 48108, 4555571
Jy (10.49+0.06) %. (11.64+0.06) %. (11.78+
0.13) %. (11.94+0.03) % (n=5), ACTT #LHU%
BEAL IR EIE i Ty, B 2 RIS DA
SEAT, WORREE R IRIURECH 2 IR,
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i, AREHHATIIEANRE, 854 7t 4 BTl
AR SRR, BTN 2 IR, RS DL S 400
W, 3T 3 IER 5 AT i RS, AR —o.
-1, 0. 1. o Ca=+3) Fox, REMEFRERD
HENE 1, Bl R R K LR #E K
PR 1, BRSO RS RN 1.
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1 EARBRITSER (=5
Table 1 CCD design and result (n =5)

F2 2MABEFESE
Table 2 Variance analysis of binomial fitting

R 5 X% Xl Xa/min Y% WERM  AmE CFiM i FME PME
1 84.23(-1) 14.23(-1) 2845(-1) 11.33 LAY 9 1760 0.200 870 0.0011
2 95.77 (1)  14.23(-1) 2845(-1) 11.44 Xy 1 0120 0120 518 0.0461
3 84.23(-1) 2577(1) 2845(-1) 11.69 X, 1 0.110 0.110 4.86 0.0520
4 95.77(1)  2577(1)  2845(-1) 11.40 X3 1 0.095 0.095 424 0.0665
5 84.23(-1) 14.23(-1) 51.55(1) 11.46 X1X; 1 0.041 0041 181 0.2087
6 95.77(1)  14.23(-1) 51.55(1) 11.04 X1X3 1 0.086 0.086 3.83 0.0788
7 84.23(-1) 2577(1) 51.55(1) 1151 XoX3 1 0.019 0019 085 0.3795
8 95.77(1)  2577(1) 5155(1) 1092 X, 1 0.390 0390 17.21 0.0020
9 80 (—a) 20 (0) 40 (0) 11.39 X5 1 0.550 0.550 24.43 0.0006
10 100 (a1 20 (0) 40 (0) 11.34 X3 1 0.670 0.670 29.94 0.0003
1 90 (0) 10 (—a) 40 (0) 10.99 Bk 25 10 0.220  0.022
12 90 (0) 30 (o) 40 (0) 11.56 AL 5 0.160 0.033 273 0.1473
13 90 (0) 20 (0) 20 (—a) 11.28 i e 5 0.060  0.012
14 90 (0) 20 (0) 60 (a) 11.15 B 19 1.990
15 90 (0) 20 (0) 40 (0) 11.94
16 90 (0) 20 (0) 40 (0) 11.90 %UXTI Xl\ XZ\ X3 j{{ﬁgﬁ’ #’%EI’%? 0, '/f‘:EJl:H:lj E(J
17 900 20 0) 40 0) 1182 PR T 240 SRR A3 5 90%. R L 20 £
18 90(0) 20 (0) 40 (0) 11.87 PEHCHT ] 40 min, 3X 3 ANERREUR 9 P I 42
19 9000 20 (0) 40 0) 11.69 W IF HAEGBEIVE I 2 N o[RS 74 45 5 Wi S [ A 55
20 90(0) 20 (0) 40 0) 12,01 e A LK R 45 R 3 — S RSB R G L

Expert V8.0.6 JRAXAF LA Y X & L3 Xov Xon Xa i
172 JEER PR 2 T4

Z JeENERIA T FE o Y=12.888 24—0.015 803
X;+0.015 317 X,—22.419 106 X3, r=0.4021, P=
0.006 4<<0.01, K NBIRLELIATLR:, {H r=0.4021,
KGR, vt 2z, ISRtk
PEBAS AT IS

— I A RN Y=11.87—0.091 X;+0.088
X,—0.083 X3—0.071 X;X,—0.10 X1 X3—0.049 X,X3—
0.16 X°—0.19 X,2—0.21 X%, r=0.9417, H{T75%
AT, AR WK 2.

ISR A (0 T ZE b ok, FAECN 8.7,
H F % P=0.0011, /MR M/KF0.05, 1]
DL AR 2 1) o K AN AR 40 S AT Wl 3
R, SRR Xon Xoi X' X BRJUAME R b
FH (P<0.05. 0.01). RIULBAIIUA A KL P
3 0.147 3, KT 0.05, UiH HFiRZE S E A
HREEAER AT RE TR D, RS ELE
2.3.3 WNMEVAAIRICTE MR 2 TRy

E 3N AR — AT, DAULA I H ARk O £
SR, IR AR B Y (e TR RN A 2, DL
1o 7EFRAS B 2 1 OO BE Atk P4 B0 o I T A0 45 ey 2K
P, 5 M N RN A R I X T S S, 15
Bl XL, B4 bR ERE R s, R
ACTT M4 HlmfE T2/ : X, 4 85%~91%, X,
) 18~24 1%, Xg K 31~45 min. MGG,

ffiE ACTT Wi tEfE I T 200 20 £ 90% 4
MBI 2 YK, HBFIK 40 min, B IE 400 W,

234 BAUFSTBOGREE A N A ) T
A, FRHRPERUAREZ 2586 3 4y, R 209, 1EA
PEERH T 24 I, BT IR, 4525 3 I FF
a7 ACTT 4054 (11.8340.42) %.
(11.7740.11) %. (11.46+0.29) % (n=3), F¥)
ik (11.68+0.29) %, RSD K 2.50%; #&#thT
SSH TGN 2 IR 2 AL TR, Tl
ACTT $2H %N 11.87%. it HAN W2 [RD,

RD = (LM — TRMAEL)/FEMAE ), 15 RD & 1.56%.
4l R A0 P96 7 A2 nT LU Rk Fa s 5
2 Z MG R, P r B iR BAT R i
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Fig. 1 Response surface (A) and contour (B) plot of Y
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2.4 ACTT {KIMBE B R

241 MTT A4 s EI%  HepG2 41
DA 5X 10Y LR T 96 FLAR, # T 37 “C. 5% CO,
REFRAR T, O H A0 RN RE 5 57 R il
A JFCRIKE N 12,5, 25, 50, 100, 200 pg/mL ¥
ACTTE MR 75 100 uL, SANFEKER 5 1L,

I BETC 25 BT AL i) 5 4L, BAARHTE
X4 (5-FU, 50 pg/mL), $&5 fL; RJ5E 37 C.
5% CO, 55 J-46 70 % 12, 24, 48 h; BUE SN
5 mg/mL Y MTT ¥ 20 uL, 37 ‘CREGAkELER: I 4
hy W I, 4400 DMSO 150 pL, 7%% 5 min,
TEAAE F B2 i R s TR AR X 490 nm i
KA L A EL, B S N R AL A A A5 R
THE AR 2 (R,

IR=(1—4 2441 A {H)/FIVEXT HEZH A {8

H# 3 W41, 12.5~50 pg/mL ACTTE 7£ 12~
48 h BFXF HepG2 4B IR e85, ik 50
ug/mL, Zy¥xt HepG2 4l IR FFaa FF%, H4
R 50 pg/mL. AR 48 h 1), IR TATIA
86.93%, IR i+ FHPEZ) 5-Fu (85.95%). ACTTE
11 12, 24, 48 h [FFEM 2 (1Cs0) 431124 130.63.
22.28. 4.56 pg/mL.
242 FICRUBIMEAMMINT: HepG2 41 Lh
1X 10> ANALIv B ReRh 2] 6 FLA, BN 200 uL JiR
FRE A 50 pg/mL ) ACTTE W5 48 h, 15975
H, H PBS ¥E 3k, H 4%% B S =0 R e an
Jf1 30 min, PBS ¥t 3 ¥k, %EfLANA 300 pL Hoechst
33258 ZL{iyf, =R 5 min, PBS 3 X,
D BB I R AL 53 o 7] 8% BH P %o R BH 2 )

%3 ACTTE Xt HepG2 HfafASMEFERI AT (X s, n=5)
Table 3 Effect of ACTT extract on proliferation of HepG2 cells (X £s, n =5)

sl S IR AfH IR/%
J¥/(ugrmL ™) 12h 24h 48 h 12h 24 h 48 h
B o — 0.9174+0.030  0.860+0.000  0.78240.040 — — —
ACTTE 125 0.740+0.010” 0.556+0.020™ 0.34140.070" 19.32+1.09° 35.29+2.01° 56.34+8.56
25 0.552+0.010" 0.376+0.020” 0.17140.010" 39.83+1.19" 56.29+2.01° 78.18+1.54"
50 0.369+0.020° 0.266+0.010™ 0.1024+0.000° 56.79+1.89° 69.03+1.06° 86.93+0.39™
100 0.412+0.010™ 0.322+0.020  0.115+0.000  55.11+1.21" 62.50+2.39" 8525+0.56"
200 0.455+0.010" 0.310+0.010  0.148+0.010 50.42+0.84" 64.00+1.72° 81.03+1.64"
FH 0 R 50 0.228+0.000” 0.182+0.010™ 0.110+0.000” 75.10%0.17" 78.89+0.60" 85.95+0.43"

v B ZH LA "P<<0.05

"P<0.01, FIA

“P<0.05 P <0.01vs negative control group, same as below
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FH 1€ 2 AT %, HepG2 41 g 48 50 pg/mL ) ACTTE
4bFE 48 h J5, J1] Hoechst 33258 YLt 7r 48 it ik
AT S 40 e LR T SRR S O A
B, R i SO A B MA, A0 AR s T
A DR G SO (PRI PR DO, R TIE
A% BRI IO, PO I BT 4l
(R4 H T IR A
2.4.3 ACTTE X HepG2 i i T-fisem KW
240 M SR I 4 R TS . HepG2 4 gLl 1X10°
ANFLIC 3 FERR R 6 FLAR, NN 200 pL JTaiilk
b 50 pug/mL ¥ ACTTE BiF & 48 h, ¥ide)a, HA®
EDTA [{R AL, AR 4H M5 ) PBS Padcai il 2
%, 28 J5 H Bind Buffer Bk 40 i, /A 5 pL Annexin

V-FITC A5, I 5 pL ik pome Jeta i, 1857,

0

ACTTE 50 pg'mL™*

=i, WG, KNV 5~15 min. BT AN AR
I, Cell Quest 73 AT T4 f % o (7] B i B %o S A
FH X HE 20 . 50 pg/mL ¥ ACTTE 1EH] HepG2 41 ity
48 h FIE R 40 P 400 CROLHE S I TR ]
JHTD RIRZEANH AT & L] W 3 Rk 4. il
L 5 45 R RO, HepG2 4 B 4h 25 417F 48 h ST
TR LE R T3 B W (P<<0.01), H AT
WIRT N E
3 itig

FREZEE . 2. RS2 MR A
TP RAR =), Horp =S A e sE L bt
RS R, Ak, ASSEG SR B e # (¥ CCD-
RSMITU AL T 2482 i =G 3 T2, AR IE 2R 11
R A LU HepG2 41 il 5t 4.,

by T

5-FU pg'mL™*

2 HYAIBEHY HepG2 MABEBIFZSF T4 (200X, A) #1 Hoechst 33258 ST 2444EH HepG2 4RAf 48 h [F4AREF

BET (200X, B)

Fig. 2 Morphology changes of HepG2 cells treated with ACTT extract (200 x, A) and treated with ACTT extract for 48 h by

Hoechst 33258 staining (200 x, B)

3 3 3.
10 ZE1 2 10 E1 2 10 E] E2
H0.0% 0.0% ; {o0.8% 5.8%
10% 4 10°= 10%
z 10' 3 x 105 & 10

10° _E

R TS

T o
Annexin V-FITC

B3 SRRMAEARN ACTTE (50 pg/mL) ES HepG2 MBAT X
Fig. 3 Apoptosis of HepG2 cells after ACTT extract (50 pg/mL) induction detected by flow cytometry
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F4 ACTTE X HepG2 HfEIATBIFMM (X £s,n=5)
Table 4 Effect of ACTT extract on apoptosis of HepG2 cells
(Xxs,n=5)

27 25 24 R P (ug-mL ) JHT5/%
B ) R — 3.094+0.04
EeE | 50 86.92+0.39"
PoE 6 50 85.95+0.43"

PRIT ACTTE X HepG2 4 i A il 4 FH T e f
HEUEIKE

AR5 E L CCD-RSM fiifb 53] ACTT [ fE
T E0h 20 51 90% LBEHEB AR 2 W, &K
40 min, A 7 D& 400 W DARIE R T 2328 ACTT,
PR T, A% ACTT Hmik
55.56%. it MTT L0259 o e ik S b AT 4120 i
WG, RIEFREIREN ACTTE 346858 2 Hii
A HepG2 1184, H IR 78 =3 [ 4y 50 pg/mL
I IA 28 K, MTT IESE T ACTTE X HepG2 4ff il H
AW EAEIER, ER—REREERT,
SCIGAL IR fE— 2 YuE N (12.5~50 pg/mL, 12~48
h) BTG, YT 50 po/mL, VEHEER
48 h i, 252520 IR nlik 86.93%, it &k /& ol I [i)
AREETH I, A4 IR RS N R, AR — e ElH
P SIS ) ST IR B AOREE,  M25 2Nk 48 h, 45
24 TR JE A 50 pg/mL I, H 1Cs 4 4.56 pg/mL.
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