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[ Abstract] Objective: To explore the inhibitory effect of dihydroartemisinin (DHA) on the
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proliferation of HepG2 cells, elucidate the mechanism from the perspectives of oxidative damage and energy
metabolism, and discuss the possibility of combined use of DHA with sorafenib (Sora). Method: Cell
counting kit-8 (CCK-8) assay was used to obtain the 50% inhibitory concentration (I1Cy,) of DHA and Sora on
HepG2 and SW480 cells and Chou-Talalay method was used to obtain the combination index (CI) of DHA and
Sora. HepG?2 cells were classified into the control group, DHA group (10 pmol-L"), Sora group (5 umol-L"),
and DHA + Sora group (DHA 10 pmol-L", Sora 5 pmol-L") and then incubated with corresponding drugs for 8-
12 h. Seahorse XF glycolytic rate assay kit and cell mito stress test kit were employed to respectively detect the
glycolysis function of cells and oxidative phosphorylation function of mitochondria. DCFH-DA and lipid
peroxidation MDA assay kit were separately used to analyze the intracellular levels of reactive oxygen species
(ROS) and malondialdehyde (MDA ). Western blot was applied to determine the intracellular levels of heme
oxygenase-1 (HO-1) and glutamate-cysteine ligase catalytic subunit (GCLC). Result: Compared with the
control group, DHA alone inhibited the ATP synthesis in mitochondrial oxidative phosphorylation and glycolysis
(P<0.01), increased the levels of intracellular ROS and MDA (P<0.05), and decreased the levels of HO-1 and
GCLC (P<0.05) in HepG2 cells. DHA and Sora had synergistic inhibitory effect on proliferation of HepG2 and
SW480 cells, with CI < 0.90. The DHA + Sora group showed stronger suppression of ATP synthesis in
mitochondrial oxidative phosphorylation and glycolysis (P<0.01), higher levels of intracellular ROS and MDA
(P<0.01), and lower levels of intracellular antioxidation-related proteins HO-1 and GCLC in HepG2 cells ( P<
0.01) than the DHA group. Conclusion: DHA may increase the level of MDA by reducing HO-1 and GCLC and
increasing ROS in HepG2 cells, which results in mitochondria oxidative damage, restricts cell glycolysis and
mitochondrial oxidative phosphorylation, and thus finally inhibits the proliferation of HepG2 cells. DHA and
Sora have synergistic inhibitory effect on the proliferation of HepG2 and SW480 cells, and the mechanism may
be related to the synergistic oxidative damage that affects the mitochondrial electron transport chain and
suppresses cell energy metabolism.

[Key words] dihydroartemisinin; sorafenib; synergism; aerobic glycolysis; mitochondrial oxidative
phosphorylation; reactive oxygen species (ROS) ; heme oxygenase-1 (HO-1) ; glutamate-cysteine ligase
catalytic subunit (GCLC)
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Fig. 1 Effect of DHA on glycolysis of HepG2 cells (x+5,n=6)
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Fig. 2 Effect of DHA on oxidative phosphorylation of
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Table 2 Effect of DHA on oxidative phosphorylation of mitochondria in HepG2 cells (x+s,n=6) pmol-min™'
21 5 )% /umol - L SN 2 JHE 1 iR ATP & i
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3.3 DHA X4 Sora %} HepG2 LA Iz SW480 41l ifl Y

DrEAMHIE R 78 HepG2 F1 SW480 41l it , 43 51l 7E

[ %2 24 W) He )i 1L 4] (DHA-Sora, 1.45: 1 f13: 1) 4 &
. 28 .

T, 5B A CHE 5 3 5 T 0.65~0.78 }2 0.62~0.88,
SR T R AT SR B P RIAE 5 A R 1 e R LR S
™, 7£ HepG2 1 SW480 41 ity H ¥ 25 Bt 4 CT{H 5
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JE T 0.66~0.89 J 0.74~0.85, [F] FE 2 BLAC B W By 2.79; M0 7E 3: 1 [E 2 25 W ¥R B L 5] T, DHA 1 Sora [
[FI/EF o 30 62 B I 45 50 ( DRI) 2 48 3k 21— 2 P il 2% DRI 4> W 7E 1.92~5.21 F1 1.93~8.02;; 41 {1 , 7E SW480
T it B — 25 W ) S R A FH 2 B 2 I R i L 2 i I [ e L 8 =X b, ] Sora H S 0.4~
1E 2 W) Vi B DHA-Sora 1.45: 1 [& 5 25 ¥ ¥k BF 1 16 6.3 umol- L' ) DHA 7] fifi Sora 7| & f& Ik 2~8 5. WL
T, DHA Fl Sora i) DRI{H 43 5| 7E 2.91~3.74 1 2.20~ #3,4,

#*3 DHAB:A SorathE#H HepG2 45 (n=3)

Table 3 DHA in combination with Sora causes synergistic inhibition of growth in HepG2 cancer cell lines (n=3)

20 51 DHA/umol-L"! Sora/umol-L"! CI (3+s) DRI(DHA) DRI(Sora)

DHA-Sora(1.45:1) 4.8 33 0.70+0.01 2.91 2.78
6.4 4.4 0.65+0.06 3.45 2.79

8.0 5.5 0.65+0.11 3.74 2.70

9.6 6.6 0.70+0.09 3.50 243

11.2 7.7 0.78+0.16 3.28 2.20

DHA-Sora(lF: [# 2 ¥ B 1) 3.2 6.8 0.89+0.14 4.92 1.57
6.4 6.8 0.86+0.03 3.72 1.83

9.6 6.8 0.74+0.19 3.95 2.19

12.8 6.8 0.66+0.19 4.39 2.51

16.0 6.8 0.71£0.17 3.44 2.50

Y CI=0.1~0.3 i, P 25 LA 9 B W) 7 T 5 24 C1=0.3~0.7 B, P 25 LA B IRl B T 5 24 C1=0.7~0.85 i 25 HA5 v B R Il 4B T 5 24 C1=0.85~0.90
IF, P 245 HAT 5 S DR IR T 5 24 CI=0.9~1.1 I, 7 25 JL-F- A I Ak 58 5 24 CI=1.1~1.2 I, P 25 A 2 s /e T 5 24 Cl=1.2~1.45 I, W 25 LA v g
FEVUMEH ;2 CT=1.45~3.3 IF , W5 25 HLA F5 90/ RO K 4 7)) .

*4 DHAEKS SorathE#MHI SW4801E5H (n=3)

Table 4 DHA in combination with Sora causes synergistic inhibition of growth in SW480 cancer cell lines (n=3)

24 51 DHA/pmol-L"! Sora/umol-L"! CI (x¥+£s) DRI(DHA) DRI(Sora)

DHA-Sora(3:1) 1.2 0.4 0.62+0.06 2.10 8.02
23 0.8 0.74+0.05 1.92 5.00

4.7 1.6 0.81+0.04 2.02 3.28

9.4 3.1 0.88+0.03 235 2.24

18.8 6.3 0.720.09 5.21 1.93

DHA-Sora(3 [ & # B L) 8.8 8.8 0.85+0.03 4.47 1.65
8.8 10.1 0.84+0.06 6.00 1.59

13.0 9.4 0.74+0.06 4.60 1.77

13.0 8.8 0.75+0.05 4.23 1.84

3.4 DHA I & Sora X} HepG2 4fl its fig & X i} (1) 5% %5 DHAEES Sora¥t HepG2 4 MIMEBEMR LN B A0 IR (Fts,n=6)

I][ﬂ DHA E;EA Sora ,ﬁ; H F HepG2 QH] H@E ﬁ%u Tﬁ Table 5 Effect of DHA in combination with Sora on glycolysis of
=} = s Y

5 TR e o \ N HepG2 cells (x+5,n=6)

240 it ) L A SR AL W R A L SR R R BE T . 5

DHA 4 H. %, DHA 5 Sora B F 4 fdf HepG2 41 it 1Y E:% Aol L Pi:;n;ir:m :
W fift PER 525 IR (P<0.01). W3 5. 45 DHA DHA 10 639:8i17j72)

41 %, DHA 5 Sora Bk FH 41 68 & 3 % ik HepG2 41 Sora s 568.2434.27
Ly 2 A BV ) 46 I B ) L ATP 451 HA-Sorn lors 156 AL04n

fiE J7 (P<0.01) , Jf- fiE % o ik 464 13 2 b 0k 5 2 5 1 Ui 5 IE w4 U P<0.05,2P<0.01; 5 DHA 10 umol-L' 44 [t
(P<0.05). W36, BV P<0.05,9P<0.01(% 6~8 ).

3.5 DHA Bt 4 Sora X} HepG2 4l Jfd P4 1) ROS K& ZH¥6E W] 5 FF & 40 Ml 9 ROS 7K ( P<0.05) ; 5 DHA
MDA K F-H 56 m  51F % 41 %, DHA #H il Sora  #H It% , DHA 5 Sora B¢ JT] 40 ROS /K i 35 FH /5 (P<
. 29 .
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% 6 DHABXE SoraXf HepG2 ML ik S BEER L T BERI BT (+5,n=6)
Table 6 Effect of DHA in combination with Sora on oxidative phosphorylation of mitochondria in HepG2 cells (x+s,n=6) pmol-min!
415 e /umol - L™ NI # I J T U ATP & i,
E# 141.7+7.7 69.746.3 4.542.6 67.545.2
DHA 10 103.246.5% 45.6+8.3%) 15.6+£5.3V 50.3£10.5%
Sora 5 88.8+6.5% 37.1£7.5% 12.4+£2.5Y 43.34+2.6%
DHA+Sora 10+5 60.5+11.1>% 8.6+3.4%4 28.3+5.31%) 23.7+4.6%

0.01); 5 1F % 4 % , DHA 2H 1 Sora 2H ¥4 7} =5 41 ity
W MDA 7K °F- (P<0.05) ; 5 DHA 41 [t % , DHA §

* 7 DHAEXA SoraXf HepG2 40l ROS #1 MDA 7K FHI S HE (k+s,n=6)

Sora % Jl 41 MDA /K F & F J+ & (P<0.01) .
L7,

Table 7 Effect of DHA in combination with Sora on level of ROS and MDA of HepG2 cells (X+5,n=6)

21 51 #eJ¥ /umol- L ROS/MFI MDA/nmol-L"!
IEH 22 134.40£521.36 0.72+0.02
DHA 10 32 365.12+5 986.12" 0.970.09"
Sora 5 32 568.25+4 123.87" 1.06+0.11V
DHA+Sora 10+5 63 985.59+4 325.964 1.79+0.16'%

3.6 DHA It 4 Sora % HepG2 4f it HO-1 &% GCLC
FEHAKFERNER S51EW 4% ,DHA 45 Sorad
¥ 66 W1 1 % Ik HepG2 4l il GCLC & H /K - (P<
0.05,P<0.01) ;5 DHA 41 [t % ,DHA 5 Sora Bk F 41
GCLC # FI K- i FEAR (P<0.01) 5 5 1% 41 &L,
DHA 415 Sora 2 ¥ & B &8 [ ik HepG2 41l g HO-1
I H K- (P<0.05) ;5 DHA 4 Ho % ,DHA 5 Sora Bk
JH 41 HO-1 2 1 7K °F & 3 B AR (P<0.01) . JL &
3,%8,

CIC — — — 0

a-tubulin ” ” ” ” 52 kDa
A B C D

A.IEH 41 ;B.DHA 41 ;C.Sora#l ;D.DHA+Sora 4]

3 DHA BX F Sora & fi% 1 [5] B& 1% HepG2 48 F2 1 &) GCLC #n
HO-17k
Fig. 3
decrease level of GCLC and HO-1 in HepG2 cells

Combination of DHA and Sora can synergistically

4 itig
Otto Warburg if i W % e B AE S S AFAE B, b
I8 24 Tt EL A W WA 7 A O R L R I R LR A [
FE PR X Bl R B A SR I A, R R TE
ARTTRE ST s 40 iR J& LA 4 ATP E £
. 30 .

#* 8 DHABELA Sora X HepG2 il HO-1F1 GCLC EH K FEM &
Mg (x+s,n=3)

Table 8 Effect of DHA in combination with Sora on level of HO-1
and GCLC of HepG2 cells (x+5,n=3)

e iz GCLC HO-1
21 5]
/umol- L /a-tubulin /a-tubulin
E# 1.17+0.07 1.24+0.11
DHA 10 0.89+0.13" 1.01£0.07"
Sora 5 0.71+0.092 0.98+0.10"
DHA+Sora 10+5 0.47+0.10%4) 0.67+0.06>%)

1) 2 A A S A B TR Ak T = T 2 A - SR W %
J5 2 A7 25 R AR 5 X PR AR T ik JeE 4 i bR 3
A R R D3 N RGP S A R I T 22 LR 4 £y
FLTR M SRR BT , 106 3 G0 28 W W LA B ) T oG B A5
(A Itk WARBURG #2& H} 26 07 {4 09 0 it 5 2 A5 4800 197
St I8 I P VR SRR O AR I R S g 4
F) — A~ b S RRAE , E S BRI A L < Warburg R0 7 &
e AR ™ 2z A8 ) ) ot 4 ) 260 W 1 F R S T B L
Wi )2 £ A (FDG-PET) b 4% i 56582 . H A,
ARTSs [T /983 L) 3 24 v 7955 5 o 88 240 i 1) 2
FET A5 7 T 06 T RE AR A 9T i E 0 H
it = RGP, LA B 52 % DHAAE T HepG2 4
JL 5 Y e A 2R G4 455 W T A DA S SRk B TR Ak
DIREHEAT T R GER M o % Tl I i 1) A8 {45 R R
B, 5 1E % 4t , DHA /E A F HepG2 i i J5 , o0k
% ik ) A 9 400 ), 2% B Ol W 8% A PER 19 b 35 B AIG .
KT LR RE RN EGREN, 5IEF4 T
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% ,DHAYEH T HepG2 4l id J , HeE R 461405 , S 4k
TR 16 2 fig 52 3 40 1), 5 3 B by 2ok 4450 45 3 B
B4 J5 - 90+ TR BN, 4 T LA SR R IR U RE T B
5, 20 M 3% 7 BR B A8 £k 04 25 FH O 0 8 7 BEAIG L DL &
ATP & H 20 .

20 i 1 A A7 BPE T AR R AR B b IO T 2ok IR
1 D) BER A . ROS 2 41 i AR 8 ok A& rp A a3kt A
W)=, L RE AR T 2ok i, 02 5| 2ok iR 461 45 &=
BHE A Z — . HLIR N ROS — HL 34 22 1fif ¥ fik 4 41
JiL 53 i 5, ROS 5 23 52 M) 2R 1A 0T W 55 525 ) 1) 1
VIR NTTh- A3 RN R =R R0 Rt (i
ATP [ & 2. kA R AmET AN EEY
T, FLAE b e fig AR B R A B E T AL, C
TR AR 1 i ROS A= J 388 22 (1 ML F 5t 48 )
Z, HO-12 T Mff 2 —, Ergl KT %
T PR 2 A B PR A N S R R
HO-1 Bk 4 i J5 7 40 mk e AR W W% — % 1 R W 1R
(NADPH) K 41 Jfd {5 2% P450, i i 1 4% £ i J5 fifi
(BVR) [ fiff 1M 21 28 I A= Wi IR &% 3, CO Al Fe™* , 14
PR TR R B 0 R R A S A T 2 R R
YA B E B0, BESE & IR HO-1 76 A 300 ) 4k A 4 45
4 K Ty 1 B 5, DA e e AR AR I SR 495 . GCLC
F2 R T AR BR A DA Sk Ak, 7 A e Ak b
ARG rh REE EEAEN , RE IR R U] GCLC &k
SR A R RA Y R T S Ak R 2 i 5
5 19 ) J5 JE il , MDA 2 IR 5 ok 4801 i J AR R
Wy, H A 9 v I AT LA ] 42 Sz e S 40 1) 0T 448 i
SRR TR 3 N S e ST AT NS 1 ol 4 e A
DHA {E F T HepG2 41l lfd ) , 4 g P ROS /KF- T 7,
SH AL ) MDA JK V- T, Ui W48 B 9 30 4804k
405, B R J5 A7 4 [R) Esh 40 B PN A8 B AR AR DG B
HO-1 Lk & GCLC 7K “F- FEAIK , 40 it i Bt %0 1k g 77 9
55 5 PRI AS BF 9T 4 0, DHA (49 48 FH ML 55 30
HepG2 41 g b 5% fif , 11k HepG2 41 g N 14 it S8 Ak A
K 1 HO-1, GCLC /K-, 34 it ROS i i 2 r 44 461
P, 2R A 5 49 32 B A ek 3 o i 5 4k )
R I3 3k 42k, AT 410 ) 6 R S B R b A O .

25 1) X0k G O 5 R0 A AT] 22 1) ) A B A R R 2 B
S0 I H A L Ay AR IR E 2 A R
PERRMRIT AR H A e g EMim. h
6] £ FH 04 1T BB I 45 SR A48, 32 3R 97 RIOR 5
A5 et ARG 0 s R SR A [ 78 7 A, O 7 P RN
SR D B % T T 250 S DRIUZE TR 1K 3
— E MR B — 25 R S B 2 i

2 1 3R i L, A7 OB A K, 3R 5K B A — 25 ) A
[F] £ 7 2850, Wk A FH 245 I 32 2 1) ) A 1 A B 35 L F
FREAR T2 25 1 R i, 0 R 0 D 2 e HILAA 1 B
Mo ARBESEEE R WoR S WRR 258 LUE E LR
TE HepG2 F1 SW480 4if iy 1 iy CI{H 4 %1 24 0.65~
0.78,0.62~0.88; >4 % il 25 9 LA AE 1 % L i i, CIEL
43514 0.66~0.89,0.74~0.85, A Ak i o T 45 AR
EEW M EIER o DRI T3 B, 78 SW480 J HepG2
2 B e, 35 B4R [R] 40 f 28CR B 10 Sora H S I DHA
Al i Sora 71 & FEAIK 1.5~8 %, 45 B R & B A I
FH AT B A 25 %) &L A T R KD R RO
N o M4, DHA 5 Sora ik Ml 5 , 5 DHA 51 i 4H
Lt , HepG2 2 it 1) W% % fif ol 5 iff — 20 B A%, 40 i 9
ROS, MDA 7K - J+ &% , ¥t % fk A 5¢ 25 11 HO-1,
GCLC /K F-BEAR, 0TI 3 3 38 0, 55 K W %
FEAIG, 45 FH VI A ) R AIG , ATP 4 sk /b . 1 Sora
5 DHA W 2] 1 P [ 453 003 2 b AR H - 1% 88 %, 40
G AN ORI

Zi I T ik, DHA (9 5t g AL 1 T g 55 B AR
HepG2 4 Jifd ) HO-1 LA &2 GCLC 7K -, ROS #4 i &
S 20 ML P AR R R R G R A T R R
10 54 e 5 240 L ) AR TR A DA B SRR R AR A G
It 4k, DHA 5 Sora i H J5 fig % P [A] #10 i] HepG2 4
0k W 1 = RS R N B el I (=R ek R NI}
SR R A L A% s A 0 400 B R AR G

[(FIzEMsR] AXRAEAEATH B4R,
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