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ot B AR RARRI LY, MR BEix DPPH A w4, OH & & A A=A A M & F 6975 R /1 R Pk s L AL
Eh M BB A RFGAE RN G RRIFMR AR A EN . AT BB o-F AT o- i B0
H) FRAP MRS e o $E H M W€ BAL IR-HepG2 @ # A2 KA Z O H kit M AR %otk Eh, 2% AR
RAERRLE N CEAARRSH 45%, #igt 1:41 (ymL). RIUE A 65 C. RIETE] 1.60h, £ T2 T AR
£ 9037%. BELAMKI I DPPH A, ZAGEAARANET LA RFORGRRSD; EAARIFLERE R
B A e (P<0.05) , ¥EBA RGBS BRI a-K A o-F B HE3FEE 49 1C;, 1A 2 A A 0.588 mg/mL Fe
0.575 mg/mL; 7 1.2 mg/mL B &40 ¥ IR-HepG2 A #) 42 H A ZTH LA W m oM B F 4R F 47.42% (P<0.01) .
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Extraction of Anthraquinone from Fermented Morinda officinalis and
Its Antioxidant and Hypoglycemic Activities
PENG Dong', LUO Zhifeng', TAO Qian’, AN Miaoqing', ZHU Siyang®, LI Pan', DU Bing""

(1.College of Food Science, South China Agricultural University, Guangzhou 510642, China;
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3.Hua An Tang Biological Technology Group Co., Ltd., Guangzhou 511500, China)

Abstract: Objective: Optimization of the extraction process of anthraquinone from fermented Morinda officinalis and
investigated its antioxidant and hypoglycemic activities. Methods: Taking the extraction ratio of anthraquinone as the
evaluation index, the optimal conditions were obtained by response surface methodology. /n vitro, the antioxidant activity
was evaluated by determining the scavenging ability of anthraquinone against DPPH free radical, hydroxyl free radical and
superoxide anion assays. /n vivo, the antioxidant activity was evaluated by measuring the effect of anthraquinone on the life
span and motility of Caenorhabditis elegans. The hypoglycemic activity in vitro was evaluated by determining the
inhibition rate of anthraquinone against alpha-glucosidase and alpha-amylase. The hypoglycemic activity in vivo was
evaluated by measuring the effect of anthraquinone on glucose consumption of IR-HepG2 cells. Results: The optimal
conditions were obtained as follows: ethanol concentration, 45%; solid-to-solvent ratio, 1:41 (g/mL); temperature, 65 C;
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and time, 1.60 h. Under these conditions, the extraction ratio of anthraquinone was 90.37%. In the antioxidant assay in vitro,

anthraquinone exhibited good scavenging ability against DPPH free radicals, hydroxyl free radicals, and superoxide anions.

In the antioxidant assay in vivo, anthraquinone significantly prolonged the life span (P<0.05), and enhanced the motility of

Caenorhabditis elegans (P<0.05). The ICs, values of anthraquinone on alpha-amylase and alpha-glucosidase were 0.588

and 0.575 mg/mL, respectively. Glucose consumption of IR-HepG2 cells in the anthraquinone group (1.2 mg/mL) was

increased by 47.42% compared with the model group. Conclusion: The anthraquinone from fermented Morinda officinalis

exhibited good antioxidant and hypoglycemic activities, facilitating the development of natural therapeutic agents for

diabetes treatment.

Key words: Morinda officinalis; anthraquinone; extraction; anti-oxidation; hypoglycemic activity; fermentation
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1.1 MRI5LER

R (B LT RE = A r

DA RN N3 BT STR A (Y AN 29 SN & 17V WY (€5 E
Boe R ERMEYI L R K (Morinda officinalis How.)
TR AR P2 LR ZE AT P DU-106(Ffi i F1E 58 K
By, JEZ24E) N T A= 2 il il 1<10' CFU/g
W) B N2 AUSHINaATLR L AR
HE IR S DI REE R A A8 R PR TR
fit; HepG2 4ififs  WASE T [ER} 2 B4 M % 1,8-—
FRIELBEIER(=99.5%) T MMA AT LR R
FROS T BRI 557 AWilma BRA 7 o-Fi
ZEIFHTTIF(50 U/mg) . a-TEFF(1000 U/mg) . AL
. 1L,1-2RE2- S (DPPH) | X RGBS AL
o-D-NL M2 H (PNPG)  35[E Sigma 2\ EhR
THORK SN IRV AT B W A2 I
HAE ISR E 2 A BRA W] DU HF LA Salnk
Eh Z2HE Amresco A F]; CCK-8 i ) HHNAA AR
VIR A RS F] s DMEM Sibiisge i 38 [E Gibeo
N

Varioskan™ LUX £ Ih GEifi #151¥ . Countess 11
NP2 3E1E Thermo Fisher 4\ F]; ScanSpeed
40 ELAS R UR T HEPL  F15F LaboGene 2\ H]; UV759
NG T IR SRR R A E
BPNZ-300CD CO, g5 374a Bl fER s
HRRAF]
1.2 LWHE
1.2.1 FESEIZE HL 0.10 g ZEFIAFEE DU-106 By
¥F 50 mL AEBEER KR, #E 37 °CL 160 r/min 544 T
Y% 30 min HENEILAE . LKA 100 °C /K&
#il 20 min J&, B 150 g B F A B FRIE (B 2% #i4
HEFN 1% NaCl) =, #22FF 1 mL ZEAAT R G fL i, F
30 °C K% 12 d'Y, B ELERR, T 60 °C ML T 24 h,
Kt 20 Hf, BIAE A B RAR S
1.2.2 RGO BRI & I B ml AR S
Bl —xE Y LB R D, AE— BRSNS ] 2R 742
B, 45 2 RE LR IR . SR EE AE 4000 r/min 5518
B0 15 min, B EIEWAE 60 °C R I 7 He i, F
PR J5 I R VR TR o
1.2.3 PREZRIE  DUBERPEHCR NFEPR, B
SRS E . B b, SRR R R B S A %) A
LR O BUAR PR USRI T . DO PR F T T &
WNF : BB EE S EEARTRST B 20%. 25%. 30%. 35%.
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40%. 45%. 50%, KBFR& LM 1:40 (g/mL), $EBURE

65 °C, $REUFE] 2 1.5 hy A6 BRI b 1:20.

1:25.1:30, 1:35, 1:40, 1:45, 1:50 (g/mL), L&
BT B R 45%, $EHUIR B S 65 °C, $ B[R] oy
1.5 h; BEEEHREUE BEE &7 50, 55, 60, 65, 70 °C, 21
PRFST R 45%, BHE EE A 1:40 (g/mL), HEHATE]
Sk 1.5 h; BB EESR B E] S 0.5, 1.00 1.5, 2.0, 2.5 h,
CEERFST R 45%, BHE LA 1:40 (g/mL), $EHL
RN 65 C.

1.2.4 M EOLAEES: AR R ER Se g ARl _ AT
D IVATETR Y iR S P = I PS 75 7 i ] (G O N 1187 &S ]
L) NV (= W = v 4 S e 1 N L

1 WE T i PR R RSP

Table 1 Factors and levels of response surface methodology
K-
-1 0 1
A LEEHARI (%) 40 45 50
B BH# Lt (g/mL) 1:35 1:40 1:45
C #EBURE(C) 60 65 70
D $dTa] (h) 1.0 1.5 2.0

1.2.5 REFEERRBEERNE R 0.5% BERsE-H
Py I b AR 5 U, BRI 2R T R R y=1.9508x+
0.0011, R>=0.999(n=7) . HL 1 g KPR AL, #%
AECALPR 2R S50y 1 H BB, AR B A v ply £ 00 s B
PR JEERFRIBCR A == (1) .

HRLICE (%) = X 100 (D

. My AR BUITS R B 5, mg; M, S R %
B Bl R RO T e, mg o
1.2.6 ARSMTAEALIE D E
1.2.6.1 DPPH H HIEWHFRAESIMIE B 2 mL #£5
R (1~5 mg/mL) TR 7, MLA 2 mL DPPH Jo/K

LW (0.1 mmol/L), 1R2), TEE IR T iCE ) W
30 min J&, 517 nm &b 2 W SGIEDNT, Ve VBN BEMAE

A —-A,

0

DPPH H H12&7E R 2 (%) = (1— )x 100

S @))

i Ay S DPPH+IC/K ZBEHIWOGIE A SEE
nh+DPPH MYIGIE; A, ARG+ IC/K S BERIWOGE
1.2.6.2 FEHBEFERAEEINE 2 mL £ 50ER
(1~5 mg/mL) F- il ], I A 2 mL FeSO, & WK
(6 mmol/L)#1 2 mL H,O, # & (6 mmol/L), {R%], T7E
FEiE R #EEE RV 10 min S5, A 2 mL /KAGRRE
(6 mmol/L), 510 nm AbMIEMGAE . Vo VERBAME

iéamgiﬁﬁ@L%(%):(l-%)xmo £ (3)

K 1 : By A FeSO,+H,0,+7K 45 1&g 19 T ' 18 ;
B, ML +FeSO,+H,0,+/KA5 MR 1 i ; B, AR
hh+FeSO,+H,0, MG
1.2.6.3 HABIEFIHEREEIMIE L 4 mL RGN
W (1~5 mg/mL) T4 W, I A 5 mL 50 mmol/L
Tris-HCl 22 (pHS8.2), IR, £ 25 °C /K 15 min
J&, A 0.15 mL 3 mmol/L 252K =HyEw v, 4 min,
320 nm AZbMERSGIE s Ve VB BEEXT IR, 1L
E(2) o Hirp, Ay S Tris-HC1 2% 0P +4B2E — i
P SEAE A, AR S+ Tris-HC1 22 h i -+4B 28 — 1 i)
W CAE Ay RES+Tris-HCL 28 Wi W 618 o
1.2.7 ARPPTEACIE I
1.2.7.1 £kHFEHE  FH M9 &bk byt &4 r=op
HAZR d 55 3R 3L, JO 1R EP 45 AR BEAS- UM AA, 1 ie
30'5,4000 r/min 250> 1 min, & FiE#K. EEMA 1 mL
2k 1 24 i % (ddH,O. 2 mol/L NaOH ¥ ¥ 1 60%
NaClO VAR 1:1:1 (YELBRRS), IRE 1 min J&
¥ 5 min, 4000 r/min &5 .0> 1 min, 3% FWEW% . H
M9 PR EE W UE 2 IR, B Bk BRI (F
OP50 XJGATE) 7, 20 °C %35 48 h 153 [F i1k L4
HAZR
1.2.7.2 ZdFFamllae Pk L4 HILk B b7 505,
53 RAs L RIS ZH CEBRMREE 1.2, 2.4, 4.8 mg/mL),
TRHTEE 3 MR, Btk 30 451", 20 °C fHIRIETE, & 2d
TOSRER 751, H e R4k HIBT RIS 4s R .
1.2.7.3 ZiHuzEshRe iMaE LR RS RN 2 Gy
Bege ke AAS FIL RS 5G4l b 4 Sk 15 40k
BELUY . BEFREF )N 3 d ALk iU RS B I 2 L s
FeFerh FELR K IE ) 2 min J5, 0L R
SABIEBNAIUREL T 20 s PILEH B A 100 B R B
1.2.8  [fFEI#] 20 a2
1.2.8.1 o~ 2T BP0 #2000 B 10 pL FE&S
(0.4, 0.8, 1.2, 1.6, 2.0, 2.4 mg/mL) T ],
I 10 pL o~ 2B B W (0.2 U/mL), 1RS), &
T 37 CEERIEFFFA TR 15 min J5, IIA 20 L
PNPG %W, 1857, MRS I & F 37 °C [HiR
B%5 32 48 0 S W 30 min, HcJ5 AT A 80 uL 1 mol/L
Na,CO, ¥ W 2 1k JZ ¥, 405 nm b 52 T S AE

BT I R, 85T (4) -
sl 00 = (1- 22 100 R (@)

K. C, MRS +a- I PE H BE--PNPG 191G
{H; C, LS +PNPG WK OGAE ; Cy o o~ 45 Bl 11
li+PNPG HIWG(H; C, i PNPG I OGAE .
1.2.8.2 o-JEMEFINHIZRME B 0.5 mL o-JEH
W (1 U/mL) TR F, A 0.5 mL & &% K
(0.25.0.5. 1.2, 4, 8 mg/mL), IR5), BT 37 C |8
IRAE R 10 min, A 0.5 mL 1% JEBNAEWK, IR,
TE 37 C TN 10 min JE A 1 mL 3,5-—fif LK
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1% (DNS), WK N 5 min J& 37 BIvK#, &5
Ja 28 TR BITAE 520 nm AbIE R CES BT
AP R BT R, TR A E N (4) o o, €
FE il +o-VE B3 T +1% UE B 19 W G AE s C, i A i+
1% JEB BIEOGAE; Cy h a-TERBYE+1% JEM G
{H; C, 1% TERIIGIE.
1.2.9 JHESFEAPAIMARIAHES. HepG2 4ilfitd
DMEM &5 355 (& 10% a4 Mg A 1% F0)
TE 37 C.. 5% CO, AMMIIEFFA D IS, 7 AR RE A=
K H 40 i 78 55 38 i 80% S5, PBS WUk 3 WS
0.25% JRE A BEHA TIH AR, BUE RARES R 4T
HASTF BRI An i, FH# 10 pg/mL JEE 3119
DMEM ¥ ## 3L 15 3% 24 h, #5765 2 HEPT HepG2
(IR-HepG2) 4H AR . IR-HepG2 #H i1 3% I FH I
135 TCHr4. DMEM % Eblis I, fRram b e
TRIRF] 80% Ji, IAE Vs W A A A b R .
FU A TE & 4 it S5 A AU A1 g 20 A e B WE T AR R I T
AT LD, RN SR IR-HepG2 435 EE
h 1x10° ~/mL AT IE 2656
1.2.10 IR-HepG2 4iliturftAaiie  BOdl] IR-HepG2
A, LAEEFL 100 pL #2270 2 96 FLANMEET F=t b, 55
i ZE MM BETE o5 R IA 5] 80% J&, JILA 100 pL J&HR
WK (0.5,. 1, 2, 4, 8 mg/mL), - EIXE 6 1N
1L, T 37 C. 5% CO, &AM F 55 24 h Jm, BHFLIMA
10 uL CCK-8 ¥k, TEFEFEFA I E 2 h J57E 450 nm
AR RE W AR s A A IR A = an=0(5) o
D, -D,
D,-D,

K H: D,y CCK-8 & W Y Y6 1{H ; D, 4l
Jifd -+ BR+CCK-8 15 WK 1 W G AE s D, A 4 ifd +CCK-
8 VAR I EAH
1.2.11 IR-HepG2 4 I FETHFE S I E 3 A
HULH | IEHH . BRPEXT FRA NS gl . BRG] IR-
HepG2 4iifs, DL4EEFL 200 pL 32502 96 FLANMLIES 55
A, SZERLHIINA 100 L BRRAH (0.6, 1.2 mg/mL),
FEFIZHE AN 100 pL DMEM 5535 3L, BHM: X BR 25
A 100 pL — F XU WA e 2 W B8 1 mg/mL.
TEH LR HepG2 A, HAERERSARIZH >,
FEPDUIE R E 6 NEFL, T 37 C. 5% CO, &M T
3% 24 h i, P20 S0l e A A M A AL
1.3 R

W 2= /03T 3 IRCPAT. i SPSS 22 #F17
225787, Origin 9.1 #E47 A ALALFE . FHH Duncan
T = RS T .
2 HERESH
2.1 BREERLESH

AR 06 BUBR AR BSCR i s mm an 18] 1a T
7N, TE L BEEARFRSYEL 20%~50% 5 FEIN, BERIEBCR
kit se BIHa FRE#aF . X T RESE Y Sl T 5

PEAEIER (Yo) = x 100 = (5)

BB, T D S5 A5 58 2 R vE |« s
A= S B R, 5 R 43 3a S R 4l 3 22
T LBEAARFRSI BN 45% W), BRRHEBCR e, HA5H:
MR SEAFTE 22 57 (P<0.05), HUifi a2 B fE 2 A
o ECH 45%

A X BRRER IBCR A2 & 1b s, ek
WL 1:20~1:40 (g/mL)JEfE N, BEEREEICR ALk 2
A, 3O AR Y R N E RN T

a

20 25 30 35 40 45 50
ZERFIHL (%)

1:20 1:25 1:30 1:35 1:40 1:45 1:50
BHE L (g/mL)

50 55 60 65 70
BRI (C)

ERRFHCR (%)
S x & 7

N
W
T

D
(=]

2.0 2.5

0.5 1.0

A o
1 BRI B R SR IR 5L )
Fig.1 The effect of single factor on the extraction ratio of
anthraquinone

E: B PR ING T RER R 22 5 B (P<0.05)
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2o L R R A IR PN &/ 5 25 1 TR, DA T 2 v AR
PREBCRPY . AERHE L 1:40~1:50 (g/mL) 75 FEIPY, B
LR N S =l S W1 @ SR S E P = = A
1:40 (g/mL),

FRECERE X} BERR BCR A2 an &l 1c iR, 76
M 50~70 °C Bl P, Bl BeR il 256 s
TR BEEERBETE, HRBiERe 188 —
RE PGSR, A )T REERAO SR (AR, SR8
BRI L5 IR, M FEERIBCRIEIY . 75
A 65 °C I}, R AP BUR I g, HL 5 HoAth 7k SF
2555 2 (P<0.05), Ui B AR BUREE S 65 C.

FRHLA () %) R CR A2 an &l 1d B, 75
PEHUAR] 0.5~2.5 h Ju s PN, EHREEHCR A2 52 56
THE T REEaS . X n] e A TR ) v i P e
BRI S5 F 32 31— 2 PR, Fe 2 2 i 2 o,
R BRI PR ECRE, FEPRES R A 1.5 h B, BEOR
PRI B e i A, WO B AR E] 2 1.5 ho
22 MIRZEEYIREES

DL BA R 2R 45 SR K HE, 54T Box-Behnken Wi )i
A3, e i Mg SR LR 2., A Design-
Expert %f 2 2 F 28 F B ER S ICR I R EE 2 o0
BRI, BETFRLAT(6) .

22 Box-Behnken M)y A5 545
Table 2 Design and results of Box-Behnken
response surface test

v A B ¢ D Y
ARV R SRBORAE SRS R (%)
1 0 -1 0 -1 60.34
2 1 0 -1 0 70.78
3 -1 0 0 -1 78.35
4 1 1 0 0 75.54
5 0 0 1 -1 70.32
6 0 0 0 0 89.56
7 1 0 0 -1 64.61
8 1 -1 0 0 60.93
9 0 0 -1 -1 74.79
10 0 -1 1 0 60.35
11 0 0 0 0 90.49
12 1 0 0 1 77.67
13 0 -1 0 1 70.21
14 -1 0 1 0 66.71
15 -1 -1 0 0 63.17
16 0 1 0 -1 73.43
17 0 0 0 0 88.49
18 0 1 1 0 75.44
19 -1 1 0 0 71.11
20 0 0 1 1 78.68
21 0 1 0 1 76.91
22 -1 0 -1 0 73.56
23 0 1 -1 0 71.93
24 0 -1 -1 0 70.34
25 0 0 0 0 91.01
26 -1 0 0 1 75.31
27 0 0 0 0 90.37
28 0 0 -1 1 75.37
29 1 0 1 0 70.15

Y =89.98—0.71A +4.92B — 1.26C +2.69D + 1.67AB+
1.56AC +4.02AD + 3.37BC — 1.60BD + 1.94CD—
10.09A2 - 12.36B> - 8.77C* — 6.58D" X (6
2 3 mlgn, AR R2, 0 T 0.9522, P {H
/INF0.0001 FEAHFRAI W32, SIS .3 (P>0.05),
VIS 254 [T AR 5 SRS IR AU BRI S JE
P R i PR ZRHEF )T 2 - B H (B ) >HE B[R]
(D)>FHURE (C)> AT (A) .

£ 3 BIABAL G 20 R
Table 3  Analysis of variance table for the regression model
A AT EHRM HAME F%E P PE BEMNE
FEE 2177.97 14 15557 40.81 <0.0001  ***
A-ZEABML 6.06 6.06 159 02279
B-BHE L 290.28 290.28 76.15 <0.0001  ***

1
1
C-H IO B2 19.05 1 19.05 5 0.0422 *
D-HEIHS ] 86.99 1 86.99 22.82  0.0003  *¥*
AB 11.12 1 1112 292  0.1097
AC 9.67 1 9.67 2.54 0.1335
AD 64.80 1 64.8 17 0.0010 o
BC 45.56 1 4556 11.95 0.0038 **
BD 10.21 1 1021 2.68  0.1240
CD 15.13 1 1513 397  0.0662
A 660.26 1 660.26 173.2 <0.0001  ***
B’ 991.39 1 991.39 260.06 <0.0001  ***
c? 499.22 1 499.22 130.95 <0.0001  ***
D’ 280.55 1 280.55 73.59 <0.0001  ***
B2 53.37 14 3.81
AU 49.50 10 495 512 0.0648
Al 3.87 4 09674
JEN=P = 223134 28

e * 25 B (P<0.05); ** 22 5 58 B3 (P<0.01); ¥+ 2= 5l 3% (P<
0.001),
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IR Fern 38 AR B35, [RE W 3R 22 HAE AN i
0O, & 2¢. d A TR BEIY, X 4 A i IR
ERIE, #28H 2 IAAFR S BOM B BR8] . R He A
$ SR W P ] 3R 22 181 14 38 AR FH X B A B3R 11
UM, X 53 3 Ty 285 BT B — 24
2.4 RBYIIIE

(] ASE A TN RS ) e AR I T 25 R £ AR
I 45.08%. B L 1:40.93 (g/mL) . 32 UG B
64.93 °C. $2HXITE] 1.59 h, ZE T 2545440 BIBR M
RIS 90.69%. - TE T SLBRERAE, TR H L EE
AT ET 45% . BRI LL 1:41 (g/mL) ., $EBGREE 65 °C..
HPEHRISTE] 1.60 h, iz PRSI T 255 R T 50 56
IE, BEREEBCE N 90.37%, STIE G E 4w, 2
B N7 14 [T U ASE IR ) L) e T 2 1 B ik K v el
AOPRICR . A TAER IR e 1 T D A ke B - R
PFRIT. 2, BERIRIBCREN 74.51% . X FREAARSLE
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DPPH [ FHIEWBRAE 1. & 3 o, A% P ik oK AR
T DPPH H 3k, OH H i 3L A8 AU 2 2R3
— B FYTE IR RE 1, ELIR SRR A 2 TR 22 i 3 o i 18
5, 4% P PR O R MR BE N S mg/mL B X DPPH
A 3L OH [ H ZEFmE U B F 13 R 35301
74.18%. 85.48% Fll 90.24%., i 5K Hb 4B [F] 1 B 19
Vo X = [ B BRI R RS, (RS 2] it 32 7t
ali i 1l 55 HAth P S Ao B FC e 2 — 24 i HAT 4R
TLBETT o
2.6 BEERAERIREWESE
75 H B ek B B 2B A . BAHRE J15R . 5
FI B OL A, RS BT A I R 1 BRAR AR =0 A
Py, LR i AL R e AT o S B RS BTE

IR B, Rt T £ H g A Az S RE 1R PP H
Pt bRE ST . B3 4 AT, FE IR IR 1.2, 2.4 F1
4.8 mg/mL 20T PP AR S 12,43 13.67
1525 d, 825 AL R FF a0 B EE S 7.71%(P<
0.05) . 18.46%(P<0.01) Fll 32.15%(P<0.001), H. £k
WK Fam N E A 19.67 d 43 5 2
21.45(P<0.05) . 23.05(P<0.01)F1 26.76(P<0.001) d,
2% B IR BB 1 325 S 2R V- 2 A3 R I T34 o
Sk RIS B A USR] R PPAS 2 iz
ShRe 1. FEIE 4b vh, Bzs A, R 1.2, 2.4
4 EERATL H AT R
Table 4 Effects of anthraquinone on the life span of C. elegans

BB (mgmL)  PH%EA(d) EeKAfr(d) FRIFRmEKRE(%)

0z H4l) 11.54£0.34  19.67+0.50
1.2 12.43£0.26"  21.45+0.26" 7.71
2.4 13.67+0.55"  23.05+0.68% 18.46
4.8 15.25£0.31""  26.76£0.63** 32.15

T 528 L A B AT L, *3RR 225 535 (P<0.05), **FR 275
JE R (P<0.01), #**FIR2E 51 8 % (P<0.001); 5725 AL R K F iy
A, "R 22 57 B35 (P<0.05), R 22 R B35 (P<0.01), 3R 2
SR (P<0.001)
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Fig.3 Antioxidant ability of anthraquinone in vitro
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Fig.4 Antioxidant ability of anthraquinone in vivo
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Fig.5 The inhibitory effect of anthraquinone on enzymes
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Fig.6 The effect of anthraquinone on IR-HepG2 cell activity
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