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ABSTRACT OBJECTIVE: To investigate the effects of dihydroartemisinin (DHA) on the metabolism of amino acid metabolites
in human hepatocellular carcinoma cells Huh7 and BEL-7402, and to provide theoretic basis for clarifying the mechanism of DHA
regulating the metabolism of hepatocellular carcinoma cells. METHODS: CCK-8 method was taken to detect the effect of different
concentrations of DHA (12.5, 25, 50, 100 umol/L) treating for 24, 48, 72 h on the two kinds of cells. Two kinds of cells were
divided into control group and administration group (DHA, 25 umol/L), and then cultured with drug-free or drug-containing
medium for 24 h, operated in parallel for three times. After derivatization of cell samples in each group, GC-MS method was used
to detect the content of amino acid metabolites, combined with SIMCA-P software analysis and compound library comparison, the
differential metabolites in two kinds of cells were screened out. The pathway enrichment analysis of differential metabolism was
conducted with Metaboanalyst 4.0 software. RESULTS: Compared with control group, the contents of glutamine, glutathione,
phenylalanine, fumaric acid and taurine were trending down in Huh7 or BEL-7402 cells. There were 28 and 29 differential
metabolites obtained from the above two kinds of cells, and 10 of them were common differential metabolites, including
glutamine, glutathione, taurine, fumaric acid, phenylalanine, etc. The differential metabolites were enriched in 8 and 6 pathways
respectively. The common enrichment pathways were amino acid-tRNA biosynthesis, aspartate-alanine-glutamate metabolism,
nitrogen metabolism, phenylalanine metabolism and pentose phosphate pathway, etc. CONCLUSIONS: DHA can significantly
reduce the activities of Huh7 cells and BEL-7402 cells, and the contents of glutamine, glutamic acid, glutathione and

phenylalanine, etc. It may regulate the growth of the two kinds of cells by influencing the mechanism of aspartic acid-

alanine-glutamate metabolic pathway, etc.

KEYWORDS Dihydroartemisinin; GC-MS; Liver carcinoma; Mechanism; Metabolic pathway; Amino acid

A 2018 - FOHTEUE R | TR SE 2 AE S BRI A
BE PO HEEE AL, SR Tt A gt TR R
R, BRI 50 T3 W AR S, AR A AIK
SR AT ARIBIT S5 R AR AR BEE BT
JHIEE VYT TR AR I JUAEA G 2 2 U A S, el
KR 22 9 AH GBI 53 R 8 e 20 B G 2 2 o T . AR
27 SOPRAIA A R 43 BT , S 41 300 2o X 25 A A 0 o /)
BT (5 <1 000) ACE = P EA 1 53t
I I, LA AS [R5 0 1 7K S B AR A, DA 42
T AR AEY) RS0 2% BRI BR A 1) — [ 2%
B, A EIE-BEH (GC-MS) Fe AR HAT R AU 5
R R PG R, TR b 43 B RIS I A A Gl ™=
GBS W WA G, AR RAE AR A b2 S,
BTz Y E XA A A E A, O
FET I T = IRBRAE IR SR ZGIR BRI SR A2 1 43
BT e AR A SR T . WEH &R
(Dihydroartemisinin, DHA) 7 & 2= AT A9, J& T4
il MBS AW, AU A PUEE PR 25306
LT = ST 71 L N i 2 R a1 2 A S eS
FHE, HHT, & T DHA X H-J8 20 M A VR FH B A DG 55 45
A S TSR A A G TR i SR R D BT,
ABIFSE AT 40 M Huh7 F BEL-7402 A RFFE 014, %42
2 DHA il b 25 JH-9is 200 REL TG P R0 248 i v 2 LR 25 A
WrEYIn A L, B 76 T % DHA ST & 40 g sz,
4y B WY DHA 2 5 JH-Ji 40 M4 G35 1 7 428 AL ol 4 it e
Fei
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1 ##
L1 {4

GC-MS-P2010 % GC-MS 1%, it £ i F 3% i 2 I
(EI) \AOC-20i [ Bl AE 2% ( H A & {2 F] ) ; CENCO
T3 HE A (faf 2= Breda 23 7] ) ; Spectra Max 190 B4 R4
(Z£[E Molecular Devices 23 H] ) 5 5804R Y i i K i 25 .0
B (3% [ Sigma 23 7] ) ; FreeZone® B V3 VR T ML (55 5]
Labconco 23 1] ) ; LS-CO150 %I — 4 Ah R 1 i3 5 5 41 (55
Thermo Fisher Scientific 23 A ) ; AC2-4S 4 G4 L)%
2 HE B InY% Esco 23 w1 ) ; DMi 1 B8 B i i (15 Lei-
ca/A ) ; AMOAF1000 %) [ 0 41 i 145 1% ( 26 [ Invitro-
gen 2 1] ) ; CP324S Y H1 - fill it K F- (7[5 Sartorius 23
) 3 YM-080S U 7 It A ORI T 77 Bl A R
NP
1.2 #AmEiH

DHA (3% [#] Sigma 23w, 4B : =98% ) 5 4 i (41t
5 :BCBC3441V) (ML IE (45 : SHBG8498V ) | N-H1 K:-N-
(= W2 g Be ) - = %0 & Mt ik (MSTFA, #it 5 .
BCBV0257) ¥l [ 32 [# Sigma-Aldrich /A 7] ; DMEM 1%
FRHE (5 : 8118199) S 4F 1L i (FBS, L5 : 2010092)
0.25% [k & 1 Mg - £ — W& MU & B8 %5 W (0.25% Tryp-
sin-EDTA, it % : 1951049) .pH 7.4 R £k 2% v ik (PBS,
fit5:8118213) \ I ELEA (DMSO, #it-55: 1213C0343)
W Ab R S R A PR F] s CCK-8 12 4 (113
BRAEVEARARR ) s PEEh @5k, HAti50 35
A, KRB AtiK
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1.3 4HpE

AR Huh7 . BEL-7402 41 it 24 W [ 35 [ B Fh A 8
Hts (ATCC 20 E )
2 Fik
2.1 #HpEEESR

It Huh?7 2/ s 1 BEL-7402 48 Jfd , 43 % 7E 37 °C .5%
CO A1 MR SR 24 h, Fpdi AR K B=XTECE KR T

JaBHRE
2.2 DHA %! Huh7 £ Bf1 0 BEL-7402 48 i1 i 4 B9 2 i
Z%=

B 2.17 350 6 504 K 91 Y Huh7 48 ifd 1 BEL-7402
A, FH 0.259% e 25 1 i AL , LA 800 r/min #5.0> 5 min,
FEE FWEWL A 109%FBS i DMEM 15 3535 (DL
FRYEFRHE) 1 mL, 40 BEITE0US , # 2 000 ~/ALINA 96 £L
B, 5% 58 = A 50 P48 T ARG EI AT . Y H |, 15 4 O
B 5 85 40 g o BEZH FI DHA AN [R) 37142 2 ( DHA 249k i
43504 12.5.25 .50, 100 pmol/L) , Xf BRZH T A 2 254
[R5 7R 5L DHA 2577 2 2 A 2 1) 7 2 15 7R 3
TR AN E S, N2 G AREEAE 3T C 5% CO M
it 24.48.72 he BUR M, ¥ CCK-8 Rl il & ik
AR, LN A CCK-8 35 20 L, R FH i br A F 450
nm I A6 45 FL WK Y BE (OD)E, FH 3k 278 40 i v
PR I EE 3R,

2.3  GC-MS % ill & Huh7 £8 B 1 BEL-7402 40 ffl th &
EBREMEE

2.3.1 i ik . DB-5 MS B4 HE (30 mx
250 um, 0.25 pm) ; 2K S R E FE £ 40 em/s; 1H IR
B : 1.19 mL/min; 87 FHil (R 46 W 2 70 °C, fR4F 3
min J5, A5 °C/min {38 T2 300 °C, P-4F 10 min) ; iF
FEIREE : 280 C; dEFE & 1 pL; b 10: 1,

2.3.2 JUIEAM BIESTUE SR : 300 °C5 &1 U5
TGP 1230 CEIZE AR : 70 eV R - 0.2 s 5 Rl i e
0.92 KV ; YL : A He (m/z) + 33~600 Da 711
BFE] - 5.5 min, SR, S0 B &1
AT IR 55 -

2.3.3  AUMEFESLFUALEE B2, N AU K 1Y Huh?
A LA BEL-7402 411, 14505 43 5 LA 2x 10°A/ U422 A
10 cm FAEIILA , 7E 37 °C 5% CO, M FINGEJE 15 754 o 84
F7 24 ho BERPAHMIISBERL A AL, — ARG TR 2L 10
mL fE R Xt BRAL, 55— 4 A% 25 pmol/L DHA B 15 7
FE10 mLAE RG22, AR5 55 24 h, B PATHAE S
By o BEFREE ARG WO AL IR 0L, 5 L s g Ak, ATve
() PBS Pk 3 ¥k, B LI A A 1 F R 1 L, FH 200 A 1)
BEEI 400, A% % 5 mL EP 45, IR iEIE 57 5 min, # 5
AL 20 s, FRRER ) 1 min 5, & 10 min; 7£4 C R LA
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13 500 r/min #§.0> 15 min J5 , W B F 5 700 pL % 1.5
mL B0 T A . IR A B RS
20 pLIRS)  VE N A B i 45 1 (QC) FE S, VR T, 4%
o BCEIRVRTHE A, 20 B A 480K 50 uL, 7E 37 C
K 1 h, LA 14 000 r/min 5.0 2 min; i ARG A= 46387
MSTFA 40 L, 7£ 37 C/Ki# 1 h, L 14 000 r/min £5.0> 10
min, % “2.3.17 92.3.27 TN €035 F1 5T 3% 2% 1 2E A 43
Mo THE QCHEA GC-MS % &l Hh £ i o i 1 FL RSD ,
AR it T4k B AR RS 4 BT A AR E M (RSD<<
309%BIT]) .
2.3.4  BHEALERA BT AL AL ORI R RTRRAE B T
EEBERIEER, A GC-MS /Y3t & A% Postrun Anal-
ysis 2.7 TAES, X5 UE A Ttk S R A B, SR AR A 55
PR R] REAIE 55— R0 B A B i e 2, I A I 1T AR
THA AR W T AR A TR E

K SPSS 17.0 GE i34 X8 4 i 7% 1 12X A i i
Frab 3 ; % GC-MS s ARt SIMCA-P 11.0 ¥4
H ) 32 B3 43 BT (PCA) DX A5 4 5 1l 2 25 ik
Frabeg,
3 #R
3.1 “~[E R E DHA 1€ A A [E B 18] X Huh7 28 A #0
BEL-7402 48 ff1 4 < B9 84013

SEHGAE R N, B DHA W EE (3800, s %5 254
VE FHS [E] R 38, Huh 7 41 i F0 BEL-7402 241 it 11 775 14 35
SR, SR R ERIA R EE X (P<
0.05) , W] DHA EA I PRl 40 i A= K e T, B
L TR AAERT R (IR AR 3 . LAk 2 200 3 2 oAy 35
WESEAT HL 8L, 48 25 pmol/L DHA /] 24 h i}, Huh7 4 iy
BRI MR 2 58 9% , BEL-7402 40 ML f 36 L% 28 75 % ; 253%
e B DHA 1 F] 48 h i}, Huh7 40 M9 59 35 1 [ 2 41%
BEL-7402 40 i (3G YERE 2 47% .tk %, 25 pmol/L
DHA 1EF 24 bl %l 9 48 6 g8 2 300 11 B S8 1 35 0 o
VEFH, BOASIF 9T 645 L) 25 umol/L () DHA A FH 24 h 47
JE SRR, TE 1,
%1 DHA X} Huh7 4 f2 §0 BEL-7402 28 ff i 14 #9 22 Mg

(xts,n=3)
Tab 1 Effects of DHA on the viability of Huh7 cells
and BEL-7402 cells(x = s,n=3)

B A ol - Huh7 4 — 24SEL-7402ZH0@48}1
JopEl 0 1.00+0.08 1.00+0.05 1.00+0.04 1.00+0.02
DHA# 125 0.77£0.07" 058003 0874002 0.63£001"
25 0381003 0414005 0755004 04720027
50 0411006 036+0.047 0621004 03740027
100 026£005  026+0.02° 037£0.04°  028£001°
2 5 [R)—Bsf fa) s 4T BE A R4, " P<<0.05, " * P<<0.01

Note: vs. control group at same time point, *P<<0.05,*P<<0.01
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3.2 DHA Xf Huh7 48 ff1 §1 BEL-7402 48 fifl h S E B X
Lkl ap=A |

QC FEA 22 GC-MS Fi i Je % s b BRI , 245 51] 186
AN RS0 (R 5> RSD<30% ) , % b3k i o ik
A7 VC LI e B ta AR /)N 3 02 MR A 2 A DA, gk
310 BT IR . 28 GC-MS AG: - Xt BE 2 P-4 745
YRR 3 A it P35 v A A 400 ol 53 e T AR B R 14E 4T O
B, 255 2R, LA 25 pmol/L i) DHA /EH T P F# 4 il 24 h
J& , T AR RSD<10% FY AL o3 3k 424>, o5 T Loy Gl i
TAAR Y L A5 2R 60.00 % 5 W T AR RSD h >10% ~30% 1)
BT FE 204, 7 AT LAY R TR R L6 Ry 28.57 9% 5
TAIFARSD>30% MR o3 84, o FIr A 10 S e TRT AR
Fe il 11.43% ., P, RSD<<30% MY 843 o5 T A 143
S TRIRR Y LU A3 88.57 % , R IH A 254 Fi i , 4 i
T A3 AR W 53 1 7 A A AR AR o 0 ThT AR
RSD<30% 1) 62 ML 2.

£2 IETFRRSD<30% X540
Fig2 Metabolites with peak area RSD<30%

fF5 RSD,% || FF5 il RSD, %
1 Xylitol 6.58 32 Gluconic acid 424
2 Valine 997 33 Fumaric acid 952
3 Uridine 5'-monophosphate 11.85 34 Fucose 25.10
4 Tyrosine 6.37 35 Erythronic acid 448
5 Tryptophan 2.00 36 Erythritol 6.15
6 Trans-4-hydroxy-proline 923 37 D-myo-inositol-4-monophosphate 6.09
7 Threonine 549 38 Cytindine-5'-monophosphate 475
8 Tartaric acid 329 39 Cysteine | 6.52
9 Succinic acid 6.12 40 Citric acid 34
10 Stearic acid 448 41 Cholesterol 5.55
11 Sorbose 793 42 Cellobiose | 394
12 Serine 12.44 43 Beta-alanine 633
13 Pyruvic acid 6.82 44 Benzoic acid 2135
14 Pyroglutamic acid 9.72 45 Aspartic acid | 1152
15 Proline 16.45 46 Asparagine 18.17
16 Phenylalanine 1781 47 Arabinopyranose 22.64
17 Pantothenic acid 593 48 Aminomalonic acid 6.14
18 Palmitic acid 315 49 Alphaketoglutaric acid 7.84
19 Ormithine 19.80 50 Allose 214
20 Oleic acid 16.94 51 Allo-inositol 5.76
21 Nicotinamide 2 1250 52 Alanine2 2435
22 N-acetyl-serine 543 53 Adenosine-5-monophosphate 14.59
23 N-acetyl-aspartic acid 343 54 Adenine 1048
24 Mimosine | 12.19 55 6-phosphogluconic acid 3
25 Malic acid 5.96 56 4-guanidinobutyric acid 790
26 Leucine 18.55 57 3-phosphoglyceric acid 3
27 Lactic acid 10.26 58 2-hydroxypyridine 10.88
28 Hypotaurine 34 59 2-Hydroxyglutaric acid 7.00
29 Glycine 8.99 60 Glucose-6-phosphate 476
30 Glycerol l-phosphate 943 61 Glucose | 374
31 Glyceric acid 9.81 62 Glutamic acid 13.79

R 22 2 iy 62 AR (Y i TR L 2210 SIMCA-P %K
PE3 AT, I S AL S YIS A 0 B FUXF, BIZRAT HuhT 46

PEZES 2020 45 31 2 1

[ #1 BEL-7402 4 iy b i 22 AR . 45 2R ER, S50
WAL HE%E, 12.5 umol/L A DHA {E FH 24 h Ji5 , Huh7 41 Jifg
ti 22 AR A 281, 4346 Glutamine (45 2 BEE )
Glutathione (4t H ik ) . Alanine ( N 2/ ) . Fumaric acid
(& SR ) \N- acetyl-serine (N-Z 22212 ) . N-acetyl-as-
partic acid (N-Z ¥ K 4 218 ) %46 G4 ; BEL-7402 4 fifd
o 22 AT YA 29 1, 4245 Pantothenic acid (212 )
Phenylalanine (78 N 22 ) .75 Bt H BK . Hypotaurine ( 4 fiff
12 ) 554k &%) s Huh7 Fll BEL-7402 () 3t [7] 22 AR A
104>, (U 4EZ R \N- Lt 22 24 R N- T R A28 A+
iz A e H K . Gluconic acid (CEJHER ) . & h R Erythron-
ic acid (FRHERR ) AF 2 MENG AN TR . AP A Ay A
22 AR I 3 AR X AR L 4 3R 5
&3 Huh7 %1 BEL-7402 fHRE R £ 5 = F AR 54
Tab 3 Common differential metabolites of Huh7 cells
and BEL-7402 cells

G5 R [3¢4 URES R
I IR Pantothenic acid CHON 219.24
) NLREER N-acetyl-serine CHNO, 147.13
3 N-LBERAER N-acetyl-aspartic acid CHNO;s 175.14
4 R Hypotaurine CHNOSS 125.15
5 Ak Glutathione CHNOS 30733
6 kR Gluconic acid CHnO; 196.16
7 HOR Fumaric acid CH.O: 116.07
§ W@ Erythronic acid CHO:s 136.10
9 AERH Glutamine CsHiN:Os 146.15

10 FRER Phenylalanine CHiNO, 165.19

F4 FHHuh7ERFEEERREHYRIBEXTIERR

Tab 4 Relative peak area of common differential me-
tabolites in Huh7 cells

. popiieil inth
ER P~ P — pr—y 7 - —
H1k Gk HIR Bk Bk 3%
A 10100 07971 08301 0.1215 00100 00843

N-LEHER 08196 10100 08973 00100 01089 00106
N-LBRAER 09415 0.9049 1.0100 02576 00100 03648

R 10100 09513 09530 05224 04704 0541 4
AR AR 09140 06582 1.0100 04337 01978 03964
i 10100 09713 09723 00132 00100 00227
wOm 10100 09157 07607 00589 00782 00378
g 10100 09038 0.9909 04108 00521 05680
AR 10100 05695 0.9062 0.0100 00758 02002
KA 00804 02004 0.0212 06342 03878 05870

M2 4. R 5 A1, 1A W A8 A iy 22 AR
W, DHA %5 2440 Huh7 2l ifd f1 BEL-7402 21 it o ) Z2 80X
T34 5 R #, R W] DHA Al Bl ) T
] IR PR 20 2R R R A R ek, AT R
M) P56 200 %) 1R 15 3 ¢
3.3 Huh7 ZBF1 BEL-7402 AR £ SR = &=
SiE g

% ] Metaboanalyst 4.0 % {4 43 51 % Huh7 40 itg Fi1
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5 &HBEL-7402 485 4 £ FACHH RO FE X1
[
Tab 5 Relative peak area of common differential me-

tabolites in BEL-7402 cells

" bopiEl E|
ERRY — - - P, i - -
Bk FR 3% Bk FIR 3%
78 09160 10100 08195 00211 00100 00410

N-ZBREER 10100 09647 09226 0.1231 0.1527 02733
N-CERAER 10100 08456 05107 0.0100 00227 0.0513

TR 10100 08545 0.7379 00976 01819 01909
Ak 07070 0.6459 10100 01973 00100 00785
Hikhm 10100 0763 8 06057 01506 00769 01965
LT 10100 09475 0.805 4 00640 0.146 4 01026
P 10100 09419 04910 00680 02361 02168
Al 07287 10100 06690 01164 00100 01327
KA 10100 02787 04511 07548 06970 10100

BEL-7402 4 i i) 22 A G A4 738 1 AR b o 45 2R
7, Huh 20 i i 22 S AR & 45 31 8 A5 A E % L 4y
B R B FE R ARNA L) A R A H R - N AR - 2 R
R R RN RIS — RIRIGIE AR R R
i AQ 21 e a2 R - B A IR A L OB B R ik AR
BEL-7402 4l i () 22 SAC ) & 4R 51 6 S5 AR %, 4351
R AAIETRARNA LY A R4 2R - N A TR -4 2 IR
R RS E R R B R IR AR 12 TR A
A I, T LT L « P e B A AR, LB B
AR R |, DU 56 ) A F A 5 ) 25 S AR i Ak
FE), Horp Huh7 400 1 BEL-7402 41 itg 22 A
T B B A PR M B FEFR-RNA AR )45 i R AR R -TN
MR- AR B A IR P 2R A5 A0 34 5 i

15 Alaning mm.&.
[ BTerine and hypotauri g e
ihe an ioniné metabojism ‘ ED kol %
entose[phos upalhway. | 5 % - d Cod
& 4 [5)
)
C) B 900
0 0.05 0.10 0.15 0.20 0.25 0 0.1 02 03 04
g il
A.Huh7 2l B.BEL-7402 ZHJifl

E 1 Huh7ZHAEF BEL-7402 i = RGN EEK
151 2%
Fig 1 Enrichment metabolic pathway of differential
metabolites in Huh7 cells and BEL-7402 cells

4 itig

— LR, = LAY T2 2
RHEAGUEBEA . WifE AT R ATA Y, DHA HAT
B A AREESER AL AR Ok B Y R IR
ICEAHUESAE R, i A (2 2 g 4 B0 1 L 45 4
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It 130 A5 B e 4 (5L B R R AR I 4 2
T )42 DHA X JH-98 40 i 52 0 () BIF 52 413 . A IR i
HXF 9 o JHF98E 20 i 22 (£2. 55 Huh7 .SMCC-7721 \HepG2
MHCC97H , Huh6 , SNU389 %5 ) 5% F 40 Jifa 75 5 i 36 ik 4 7
HEE BRI AT DHA 8 85U ) Huh 7 4H 2 # BEL-7402
AT IS SR SY . SRR A A ol fe R ) o
PGS SR, 2 2 M1 5 43 2R e v (R 0 5 35 SR i, i
e 240 B XoF B IR 1) 5 SR I R T I A AR TR
FT ORI 25 5 B , DHA R R A5 1R 1 52 0 i
SRR S, DR AR R 5T 2K F GC-MS 32 Al & DHA =
PR 240 i 2 SRR A W Y A2 A, B A5 53 B DHA X
e 240 M S R R AR AR 1 R

GC-MS sr#ras S o, I DHA T AL EE 5 , P
A RS B & DR AR S A R &
R TR XTI A0, A e 2
BB , PR A0 SE i B B AR 2 I e T T s
SO TE () BER AR T SRR AR B 1 4 2
JHg | 3 T A A A I IS IR A B P A T SR,
TAC ek 9 240 L T 7 B T P ) 5 BB 87 g JHL A 2 B R
I 200 i 18 A B T e 3 s e A R T e A b 2 AR
R RTR , 2 A e ot S e A0 T B 1 —
M2, F I E AN =R IRAG IR , 52 BXT = IR BRI R 1Y) [ET b
PR, 23 22 e e I 80 AR P 97 128 L i vt v 7% o
H R IERR , vT e A N SR I o HAh 2 R R
FIUBE A B HE U, 1 L2 5 T HUARE SRR 2 e H K
A, PRI, DHA X Ik e 1 12 () R ARAE i rT
REfHT bR A PR ) AR RS2 B . DR =R IR
IR R RS SRR, AT 5 rp A b A i b S R
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