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Abstract

Objective: To investigate the effect of deep eutectic solvent (DES) formed with choline chloride
(CHCL) and vitamin C (VITC) as components on the proliferation ability of tumor cells. Methods:
After treating the cells with DES mixture for 24 h, the proliferation ability of the cells was detected
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by MTT assay. Apoptosis level was detected by apoptotic necrosis kit. The expression levels of re-
lated proteins were detected by Western blot. The effects of DES on cell membranes and organelles
were observed by transmission electron microscopy. The results showed that DES had toxic effect
on cells. DES promoted apoptosis and necrosis of hepatocellular carcinoma cells and inhibited cell
proliferation. DES inhibits cell proliferation by inhibiting PI3K-AKT pathway. Conclusion: Deep eu-
tectic solvent can inhibit the proliferation of tumor cells in many ways.
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1. 3]

DESs F 2N B FAALs) e B /05, 1 Abbott T 2003 G p IRFEHI[1], AT BAF JR 2 A0
TR A BT RS RIS EIRE Y, IR T HARRE2]. 1E/2 T DESs B SRR,
AR AN 3] AW AR IN[4]. SR SR S] (6] A TS5 A2 1T 2 BN H .

DESs 3 & FH sl = B o HL22 2 ARk, X R 2H 43 2 (R REGE AR BT OCEK, Jfadnt 2 sl s
FHEAER, B RIL IR E8]. EXMIREY T, Hh—Mi&Y 7R SR MHBD), 75—l
WA EBEZRHBA), EA1Z A& — 2 BRI A, TEINAHE: 1 2 ml b )4 e [9]. & s
TE R AX Fh 3L SR TR A VD B i 22 B BRAG, FLIR G Y B A s A B A 23 B0 R R BT AR 22 [10],
TMIX PR A VAL iR NI 2 B[ 11] o T 4 A0t FE P B A1 2 24 -6 70 A 1 A0 ) 3k 22 TRD 1 431 B 4R
F 73 (S S RIVE AR A & B, IR A BAR 2 AR T S R B e e A R MR S R S 12]. FE
HBD F1 HBA #H4 Z [AFAE] 12 A BEM L, DLRGRE s 2 1 3G 5k, #1045 S0RE [ it (10 R BBE PR AIG,
HEM P T DESs HIFE IR FE[13].

DESs &M 51 NFIR sz — @ Hoil s i A2 e 5, my Ld@ ki ABmt BBk A 7=, HAETE it #2227
AR HEAL, DESs B HN R G IR ARZVAE S T AREEVE . A2 AR T s BV )
[1]o T4 ILs FIHARE HUEFIAHLE, DESs #8 AN AR AR, A EVELF . nTAVESR ., nAEM R, 5
PEAN AR 14], S UEFBT DESs i /2 h 27 5 3 E B a] @ wlvE 7, B e A TaT DL ik b A [A) b 288 () 224
(W1 ChCl)5 A [A] ) A 5 A4 (HBD) 45 G 12 11 e vkt 56 45 ASAH [F] (1) DESs A 2 A [F 1 75 k. Bk, w]
DA% BB AN A BEAL S VR TR (A [ s RS2 FB 5560 pH A 55) B4 € 1Y) DESs [8] IXLL I sibl K Hh
i T DES MISEBRR A« 5 —J5 1, IRJZILEiE R KB R AT SR B2, K240 DESs fE= iR 1
SIAE R . X FER BT PR AR, s, JOEAR AR i, RAUPE(K T DESs
Ve, R R BURE T P RS 255 8, X0 RE S BUE AR R R AE R FE 2, 1XAE
IR KHREE RS T DESs £ il 25 F1 A P e 2 U K SEBR S [1]0 A 1 A TRaX AN T j, AT AT BA R X AL
R IMANK LR T AR BE[15], 385 VR 2 0 N i K ) Bt 1 e it R AT T 75 ZERG BE 1) DESs, 171X
TG AL T DESs AT . AKAERXAN R R TS HEERIER, AMERLMEJy HBD S it &,
SR AR L IR SR EE[16],  ATTIHY N DESs & A 1.

S 2 R (HBA) FIEU B AL (HBD) (1 180>k H ARV AR I, B Qi IRGRAT A= B BESK.
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JRE . AHRMEILR, XEIIEEFIPIRN RIRIFSEBEFINADES) [17]. 15 4aER T 4k
SR, AR T 2 A A A, T NADES BE &R 2R 2 FEI . JA IRIE L, 4 L& M
BRAR, kB SMAEDNVEL £ RIS TR AT LUE R NADES, #F 78 & IR 2 Fi 4 )5 3
AT NADES, 10— SedE KIS M AEYEVER SR =&k ek« DNAL SE A ZHE, 1 NADES
TEREYI R AFAE S R R ], NADES 1 i 2 5410 b SR 3B KA A (1 2E D0 & AT, TR
NADES TE LRI A= W4 G 52 o 25 A1 R Ml 5 TR VE FH 18]

NADES 7& H# £ P43 a2 R b FHIg T . T2 20 LA TEUE R, AT 2 % B,
TR AN AR VT % . DESs 1E RN —FHi MM, GER . TREEERBIER, —REPH— MR BT
TEAE PRV PR 8 2 N 24, B AR 25 A R B FH AR V2 I, B an T DL SR s ik T R R
[19], FTLMERE AR EMI[20], 0] DAE AR B 2590750 dr ik AR [21], 52 0] DR T-25 4 il 77 A
ik R [22]. TR DESs AE AT SEIG A 78 B AR ) 32 2SR K )& DESs 7] DA ik 5 6 3l 15 14 2454 )
TR, PEEARATT VA R RE, RGN 25 LR AR FE B o T AR P I AN DR B AE I 2 R AN b B
SEVEVERII, A2 (0 AR BE R, 8 AR 7 I 8 v Y gk v PR 24 0 T S T R 20 7)) T B e oo 7 2%
PRFA B SR A SR B /NG, TR 7 2B P2 BRAS; eah, MEERIAERE, fEAARN, [
G IR SRR, SRS R, TITTEX T T, A AR A R SRR IR 3R 23]

2. RIS A
2.1. DES Y&

Rz CUA M) VA 2 A (HBA), SALIHBE S M AMHBD), %8 1.2 AJEE/R AT
RE o 1E 400 Fe/p B HEE AN 65 CHIREERAT TR BEFHR SV, B AR SLEW RBE. Bja
el & e B — BN IR), WU E0E WA TS DT A 1

2.2. YMpAIESE

NHFREZH L 2 (Huh-7, HepG2). A IE# AT 41 i £ (HL-02)7E Dulbecco’s Modified Eagle % 7% 3% (DMEM,
Life Technologies, Inc., Rockville, MD)H #5757, 15 FRFE PRI 10% A K G BG4 35 (FBS), 1% 8% 2= M5
FHE, HE 37C, 5% COy 1 9S%IEANEE =M i 5. N TR HI, MBERBEKN B
70%~80%) B 1 H -

2.3. MTT SEI&

I 4H M LA 3000 20 /LI A B2 Redh T 96 fLAR D, A HWREAE K. 24 /NS, 4R R ER T A
[ % 56 5 ) DESGIR FE Tl 0~0.1%), 7 37°C 5%CO2414F R E 24 /Nf. W E S WG, H PBS vt
% DES Wi85933E, LI 10 uL ) Smg/mL MTT & (3-(4,5- - FASEMEMe-2-5L)-2, 5- — ZRFLIR AL Y ),
GREEWEE 4 /NEF. BEJS A 150 pL SR SRS IRAL, VMR A, TREEL) 10 0B, BOGRKLEE. fE
PG IS AE 620 nm A1 570 nm ALJUEIE IR MTT fOGRE, DASPEA0H0E /1. e EE =, HE
DLV EIME £ AR vE 22 (SD)E /RN o I 40 P 1 43 3R 38 3k b 340 A 5 %o R 4T B O RO B8 A 5 R, TCsof BB
SIS JTREAIG S0% HIAG S 00k B Y i i AR R [ 48 R B0 A

2.4. BRRRISESH

¥ HL-02. Huh-7 F1 HepG2 411 LAREFL 3 x 105 MHARMIE FEEF T 6 FLARF, 78 37°C. 5% CO514 T iiF
H 24 /N BfJG, FIHEE ICoM EEREE 1) DES ACERANAY 24 /Mo {5 3] B R A B I i A A28 1k
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2.5. JHT-SCIf

K Hoechst 33342 ¢ IR FRICIEAEI Huh-7 A1 HepG2 4L DESs ALFE 24 /NI TR T 7K F
WA LA AL 2 x 10 AN AP IR 3 RN T 24 fLBRHD, 1E 37°CL 5% CO%M MiF AR . R )5 A EK
J5 1) DESs Ab3AHMY 24 /NEF, I TR 51 940 M 4 (B | mL U G 22 ppiH IN N 5 uL Hoechst F1 5
pL PL), VRAJJETEVKIER 4°CHFE 20~30 708 . JLta5emi)a, F PBS Bk —ik, B4 %0 W is vl g2
FAEE . AT, IEWARERIDA S IE GO, T RRI Y RIE B0,

2.6. RIZENEELE

i RIPA 2R MBARBUS I 1, HRH BCA Rl &l e Ak E. bijs, #id 10%
SDS-PAGE Bt/ B HEE, ¥ H Ik E PVDF (100 V, 100 7045, KIELE 5%BSA trdf i 1 /)
i, ARG SRR R E IR @ C), —HiEHE PI3K (1:1000). P-4EBP1 (1:1000). 4EBP1 (1:1000). AKT
(1:1000). P-AKT (1:1000) % B-actin (1:2000). %4, WML SAHMN —HiiFE 1 /NS, FEE R 2RO
AR AT /TR . TEAL SR IE RS R Gi(Bio-rad) FAGIIEE, @31 Quantity One v4.6.2 #4347 5>
Bre AN A S 2 & EE K pactin 25717 B K EEAA LE R R

27, EHETFRERS

FRA e & Uf e, P iEaRst, A PBS iR RBr IRl . )5 FN 1 mlPBS, HJCH 41 fufl iz
BN, SRR A 1.5ml LSO . 4CTEG, 3000 rpm, 10 438h, B0 E RN
T B R R4 BB . 7R R RN 1 ml [ 2.5%)% g, [ eI, R E . K.
B, Yl B)a, EESHE TS, mifids.

2.8. Giitorih

{8/ GraphPad Prism 9 #AHEATHIE Geit 704 . i 2 LRSS £ bRt Z2(SDYIL A . WAL A LEBER:
H K5, 2 IR LB R R T 2007, )5 2 B HEBCRH Tukey £ B K. P<0.05 RRx %R
HAESG %8 X
3. &5R
3.1. DES ¥4 REH1EER

ISR, FRATUEAG T DES X IEHE A A m 4n M #E P E R . inl®] 1(a)BTR, DES AbBRIE S,
TR IR i 32 B RSN, e 240 0 52 BRI E R ABCR, HBEAE DES WREBERISE N, #i iRCR
HPEZHNoR . [FIR AT LUR I, A4 RS —RE, B2 205 A —FE, Huh7 52 3 4|

1EHZR T HepG2.
DES ##id 5, i SsE e kAR, WK 1(b)RATTLLE S, DES A &1 =F e s
AT —E RN, HARMEEDRA L. REBEFX AR ERZEER, S ERSFRIE;

2t DESs 4bF 24 /NG, FRE4IA Huh-7 1 HepG2 iZ#i k2 IEH A, 404/ A8, H & HUigii
BRAIRBE. ML N, DESs X A IR AT 40H0 HL-02 (FIRZME /0N, 4K 22 A5 R () IE 3 T 45

N T E—P AN DES $0H bR 40 s 5E VR AL, FRATTR DES AbBE JS A0 EEAT FLBE S b
WA 1(c)BATATLLE R, 1ERE DES AR IEH T4, btk w BAa SUZ A, WA TS
W7 AU, TS, HESZIN, K WLEZE R 1A DES AEE S Aok G, Huh-7 4R AL A R A
TRFENR, BIRRAR DA NI, ARG, PN RIS S RN IS T LA SRR 1) P R T R
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Figure 1. Toxic effects of DES on normal hepatocytes and hepatocellular carcinoma cells. (a) DES inhibited the proliferation
of tumor cells. (b) Morphological changes of tumor cells after DES treatment, that is, cell shrinkage, roundness, and even cell
rupture and necrosis. (¢) The cells treated with DES showed obvious swelling, necrosis and vacuole formation under electron
microscope.
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Figure 2. DES promotes apoptosis of hepatocellular carcinoma cells and then inhibits cell proliferation. Compared with the
control group, the proportion of apoptotic cells increased in liver cancer cells treated with DES (weak blue represents normal
cells, strong blue represents apoptotic cells).
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ERMEGEEERRESAN, BEAKRKRBTHR).
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Figure 3. DES inhibits cell proliferation by inhibiting the PI3K-AKT pathway. The expression of phosphorylated 4EBP1 and
phosphorylated AKT were down-regulated, suggesting that DESs may inhibit the proliferation of tumor cells by affecting
downstream proteins of PI3K/AKT pathway.
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AR S AN R AR AR SR, R 50 LA RE BRI 1L % D9 28 73 I B G DESS 6 IE 3 JHF 4
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FIREVEE /N DES 38 AT DA (2 b 87 200 M R 1, g 40 o P R 4R M A2 G . [RINE, DES 3 /] LA
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