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NS AF Rel BEA P25 %) K562/ ADR 201 545 K ifif 2%
13 i

BEZR', =8, K, NE, AR

(1. RIFRZHA 2 GG HNE, ©F K 671000; 2. AR AWELM L E SLBE, =8 KM
671000; 3. Z5FHRA R L E R T A TRIFR PO, =/ K 671000)

WE. a« HBIEASE Rel XS EAEAM A MR BTEEZE  (adriamycin, ADR) Z0fifl K562/ADR 34 E i 52 i &
HXF K562/ ADR ARG 253056 /EH . # ek CCK-8 IR [FMR B I A R Rgl X K562/ ADR 21 i34 5 1) 52 Wil 5
CCK-8 WA A2 B Rgl 5 ADR BJTIXF K562/ADR 4 O34 5 (9 52 mi A E MGl W e (1C,,) FLSFE 54k,
SETETE S IR I N 2 B Rl BCA ADR Xt K562/ ADR 475 T2 B ik 71 952 ;0 =40 ARAG I 2 -4 Rel
XA ADR Xt K562/ADR 4 i JE WA iy g mi, 45 & 5 % BRALAH B, 4% ok B2 AR A s 18] (9 N 2 2 AF Rgl ¥y 07 41
i K562/ ADR ZHHI358 (P<0.001), 4 AZ A Rl MR 120 pg/mL, VEFHNIE] A 48 h i, 2 434 410 o) ¢ e
B (P<0.05); S ADR MLk, AZS 1T Rel B4 ADR 7EFH 48 h 5, KS562/ADR 4l IC,, (5 & FF& (P<
0.05), ASRH Rgl XF K562/ADR 41 fifd (T 25 18 54508 2. 34; 55T ELAMI ADR i A S 21 Rel HZ5{EHMALL,
ANZ R Rgl B4 ADR YEIBEW] A0 K562/ ADR 4K IE N (P<0.05); 5 ADR s A H Rgl H2454E 4
I, ANZEH Rl Bk ADR AEHI AT LUK 20 i RUIABH B 7E Go/G, W, 4 ANZ R Rgl B4 ADR G 40
K562/ ADR 4l i 5 -3 5% K562/ ADR 4%t ADR RMH 251, X nl A5 40 A IR T G,/ G, I 6,

KA. AS R Rgl; PR ER; KS62/ADR 4ifit; 4uf/EW; iz
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Effect of ginsenoside Rgl combined with adriamycin on proliferation and drug resistance of K562/ADR cells

TANG Ziyun', LI Minrui', ZHANG Chenggui®, LIU Heng’, ZHOU Yue'

(1. Department of Histology and Embryology, Dali University, Dali 671000, China; 2. Key Laboratory of In-
sect Biomedical Research and Development, Dali 671000, China; 3. National Local Joint Engineering Research
Center for Pharmaceutical Special Insect Development, Dali 671000, China)

Abstract: Objective To investigate the effect of ginsenoside Rgl on the proliferation of adriamycin ( ADR) -
resistant K562/ADR cells in human chronic myeloid leukemia ( CML) and its reversal of drug resistance in
K562/ADR cells. Methods CCK-8 assay was used to detect the effects of different concentrations of ginsenoside
Rgl on the proliferation of K562/ADR cells. CCK-8 assay was used to detect the effects of ginsenoside Rgl combined
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with ADR on the proliferation of K562/ADR cells, and the half maximal inhibitory concentration (ICy,) and re-
versal fold were calculated. Colony formation assay was used to detect the effects of ginsenoside Rgl combined
with ADR on the colony formation ability of K562/ADR cells. Flow cytometry was used to detect the effects of
ginsenoside Rgl combined with ADR on the cell cycle of K562/ADR cells. Results Compared with the control
group, the proliferation inhibition rate of K562/ADR cells treated with 120 pg/ml ginsenoside Rgl for 48 h was
significantly increased (P<0.001). Compared with the ADR alone group, the IC, value of ginsenoside Rgl
combined with ADR for 48 h decreased significantly in K562/ADR cells (P<0.05), and the fold reversal of
ginsenoside Rgl resistance to K562/ADR cells was 2. 34. Compared with the control group and ADR or ginsen-
oside Rgl alone group, ginsenoside Rgl combined with ADR could significantly inhibit K562/ADR cell colony
formation (P<0.05). Compared with the ADR or ginsenoside Rgl alone group, ginsenoside Rgl combined with
ADR could arrest the cell cycle in G,/G, phase. Conclusion Ginsenoside Rgl combined with ADR can signifi-
cantly inhibit the proliferation of K562/ADR cells and reverse the resistance of K562/ADR cells to ADR, which
may be related to the cell cycle arrest in G,/ G, phase.

Key words: ginsenoside Rgl; adriamycin; K562/ADR cells; cell cycle; drug resistance

PEPERELNML IS  (chronic myeloid leukemia, CML) 278 I T3 1M 200 Ff0 (0 S v e ek 498 2 1%
WARGNME, LLBRERSNE b R 400G | 23k efk (Ph) 1 BCR-ABL Rl &3 R FH My 247
e EETEXT CML ARYT FZE LS BB 32, (HUR RS CML A2 a0 J HCAh 7 T 245 - bt
ZHM, ARSI, CML B sER G 2R DhoE o, h 2 AT AR B A k7 25 T A A
5 P I T 2 A X AT 25 ) B R R, SR R TR 20 R, G SR 25 40 X AR 2y
Y BUEE A MR E L, ASEPEESESL M Z—, BAEIL TR AT LA Z R0,
A “ARZE” ZW. ASEA ZWmKS AE, HuhE e F2EEsr 2 NS 2 H ., JHir,
ANZSRBA Rl MR ZE P FHRUBAMR R, CAHEEN, NS 217 Rgl /T LA 505 40 CNE-2
Wagl | RBAERSAE S, JHASHMTY . AS B Rel rli0H KS62 4 siitiA e M- A
BAF Rgl S HAPURY | Hig MIAEE i s SR ARIREA RTS8 k3, AS B Rel 1L
) K562 4nff e, FHM40E AW T G /G, 1, FFHT PI3K/AKT/mTOR {55 5 %5 5 Hogg g0
EAZRH Rgl X P55 & (adriamycin, ADR) 4 K562/ADR Y50 1 R WARIE . A 5250 2 A
CML Tif ADR 48 K562/ADR RSLE X%, R AS B H Rgl XF K562/ ADR 4 Al 1) 38 78 $1 hi K2 336 56 4
FH, A I I DR YA 7 B AL S B0 A%

1 HEFLEE

1.1 ERAE 5 R A

A VERE R 1 05 AR K562 20 ML T 55 [RAE IR A BRA )5 AP ERE R F IS T ADR 48 it
Pk K562/ADR 4iJf1I4 T GRS FAEYRHCA AR ASEH Rgl (EHEFHOT R ABRAFR, w5
510607, #it5 22427-39-0); MR (HEAYREHARAE, WS 6585, L5 23214-92-8) ;
RPMI1640 35 F2 5 (R CAWREARA R, B M5 MA0215, 5 MA0215-Oct-14G ) ; fifi 4 IfiL %
(FBS, THiBFEAM, W5 164210-50, #t5 SA220126 ); CCK-8 ikHl& (H = RAWRHLAF, B

2 —



i R RS NS Rel BEGBTEZ%T K562/ ADR 4454 M 25 s 2023 4

FhE C0042, #5 031521211214) ; PBS iR rhi (R3EE, WSS P1010, 45 20210201),
1.2 LIHLE

IR G E 0L (CLBOP R EERA R A BRA R, A5 SC-3610) 5 1K &R K& (11E
RS AR AR, B YXQ-50S1) 5 MM (TR I ARARA R, 5 BSC-1301
NA2); ZAAbBIGFRAE (FEK, B5 371); B BHEE (Motic AW, #5 AE31); ZINREMHRY
(Bio-Rad A, %5 iMARK) ; HHVHIEKBH ( LEHEBEWARA R, B5 HWS24) ; Hia 40 L
(Beckman 22 H], #%5 CytoFLEX) ,

2 SKWHE

2.1 K562 #1 K562/ADR 4 i 3% 3

K562 & K562/ADR 2082 FHEC 419 10% FBS HI 1% H5 4% 55 2 0 RPMI1640 5¢ 4 55 75 5L MR
I, WIREKMEN 3T C L 5% CO, ., MBEWAMAIEL, 1~2 d HR L1, K562/ADR 41 ks Fad e b 7
JA ADR DAZEREICT 254, ADR 9k EE R 1 pg/mL, SERIFURET 1| I E4 AR 5 255 R 5055
2.2 CCK-8 =4l A % 2 Rgl #F K562/ADR 41 i1 34 78 1 % v

PEBOGBUE K K562/ADR 4L, 1000 v/min B0 5 min, SEEEYLE, HEMGTEL s
110 /FLEFN T 96 LAk, RFFL 100 wl, SEH04- R SCgnd | AHM BRAL RN IR, g0l NS 2T
Rgl B S 80, 100, 120, 140, 160 . 180 peg/mL; 40 L X FR 41 A I AF 4] 25 9 855 3%, A &
K562/ADR 41l ; RN RS =M, NS, BAk 3 NMES, TRFRM SR 24 h
48 h )5, BALIMA 10 uL CCK-8 W, 4RZE THEFRAMIHIFE 4 he BEARICKLI 450 nm Ab 25 FLAYIOGEE(H
TR AN AN A AHEFEIN G R =1- [ (As-Ab) / (Ac=Ab) ] x100%, HH, As HSesfLMoE
JE (A, FiSREE . CCK-8 IRIRMZSYITE) 5 Ac WANIERT BALIOLEE (& 4ni . F55R%E . CCK-8
W, RNEZY) 5 Ab R EFLBOGEE (15775 . CCK-8 . 25, AN&aiif) .
2.3 CCK-8 E# Ml A% 24 Rgl xf K562/ADR 48 j5 1y 3 4 1

VIO UL K01 K562/ADR 4, 1000 r/min B0 5 min, SEMEY0, THEMGTE, Al
1x10*/FLIEFN T 96 FLAR, FFfL 100 pL, EE7r4H . K562/ADR 4 %fIRZH . ADR SZ56 40 Fil ADR+Rgl
ST, AR BRAL . K562/ ADR 4 f XS BRAL S AN IMEAT 254 i 9%, AU K562/ADR 4iif; ADR
FIAMA ADR LW RN 2, 4, 8, 16, 32 pmol/L; ADR+Rgl SLH417E ADR S50 41 LAt [ f54L
120 peg/mL I AS AT Rl , BdB 3 NEFL, BTFHFHEMEE 48 h, BALMA 10 pL CCK-8 ¥, 4%
LT R ARAA R SR 4 h BEARCRI 450 nm A AL RS, FIA GraphPad Prism 8. 0 23K H 1C5,
B, AR, A5 = ADR 2504 1C, fH/ADR+Rgl SC5041 1C,, {A.
2.4 MM EE R E R

I3 K562 40 . K562/ADR 40, 1 wmol/L ADR £ 48 h () K562/ADR ZH il . 120 wg/mL
AZ A Rgl VEH 48 h Y K562/ADR 40 . 1 wmol/L ADR BE4 120 wg/mL AZB1F Rgl /E/H 48 h 1y
K562/ADR #fiffl, 1000 r/min Z5.0> 5 min, HBEEE, HERITE, AR 500 4/ fLEEFT 12 1L
Bz, BFLS00 pL, BT 37 C. 5% CO,, MMM FRF T 7 d G RERE R, LR Y
R (%) = FMEEEY B I A I x 100% , VAR T 50 MM R A N 1 N R,
THELE 3K,



%1 Rt 5 #A 55 40 &

2.5 A A A AR 40 e JE

I3 A SE KS62 4 . KS562/ADR 4ifif, 1 wmol/L ADR 1 fH 48 h () K562/ADR 4iJfl, 120 wg/mL
NS A Rgl /£ 48 h 9 K562/ADR 4ififd . 1 wmol/L ADR B4 120 wg/mL A S 4F Rgl 1EH] 48 h 1y
K562/ADR 4ififl, 1000 r/min B.L> 5 min, JLHE 70% L BEFE E 54N, T4 K PBS PR, Mbpneye
o, EEAMMTIIE, 37 CHEYGHIRE 30 min, FRAER LMK 488 nm P KAMGILT (58, [H
N alll B/ IR - RhS
2.6 ZitFE

S EE R GraphPad Prism 8. 0 XA TAREE, S50 DL xs o, ZAHRI(E BRI I R 7
ZE0rHT, PRALIA LR Tukey K255, P<0.05 HZEFH G #E L,

MR

w
¥

3.1 K562 2 K562/ADR 41 jL  7s %2

K562 Fl K562/ADR 4iiffi T 37 C . 5% CO, . MEEARMAYEEFRA 5% 48 h, f81E W HUEE T WL
MBS, K562 1 K562/ADR A Mi 5 itk B4R LA, DY, REEIFARK, EAMEL, Tl zES
(El1),

D4

V“" s’_.""lOO wm 5

e
- ) GV
° &

A K562; B K562/ADR
1 K562 #ApF1 K562/ADR MR ASELE: (100x)

3.2 A%EI Rgl x K562/ADR 4 il 34 78 1 % v

AR NS BT Rl 43 3E T K562/ADR Zii 24 h 148 h J&, SXFRE4LIAHLL, 403 s 4
HlEH R AR (P<0.001); ASHEAH Rgl RN 120 wg/mL, YEHIBE D 48 h B, 4 AR ] % 5w,
A (20.04 +£0.01)% (P<0.05), JAZesi NS RAT Rel RAIZMR B FE -], R 1,
3.3 ABEFH Rgl x K562/ADR 4 i, iy ¥ 4 1E F

ADR X K562/ADR ZHff1f% 1C5, M 1. 38 pmol/L, 5 120 pg/mL A Z B4 Rgl BEA1EHG 16, A
0.59 wmol/L, WHEAH¥CH 2.34 (P<0.05), FWAS B Rel Gl /i K562/ADR 4ifi% ADR 1)
5P (&2),



%1 RS, NS Rgl BRA PR %] K562/ ADR 45 K fH 25 52

2023 4F

£1 ASEFH Rgl Xf K562/ADR BILEIISNE (x+s, n=3)

biiliiv4 1 B3 FE AN R/ %
211531
(pg - mL™") 24 h 48 h
X HE2H 0 — —
80 11.02+0. 01 14.31+0.01™
100 16. 26£0. 02° 13. 56+0. 02"
120 17.31+0.01° 20. 04+0. 01°
NSRBI Rgl Y u
140 11. 72+0. 02 15. 06+0. 02"
160 13.1120.01* 14.96+0. 03
180 12.05+0.01™ 15.17+0. 01
F 52.170 32. 190
P <0.000 1 <0.000 1

X IR A, " P<0. 001 [AlBF1A] 5 120 pg/mL AS B3 Rel 4104 ,"P<0. 05

100 =
-~ ADR

80 [= - ADR+Rgl
s 6O
i
$£
2 4

20 -

& 1 1 1 I I

0 2 4 8 16 32

ADRIEJE/ (pmol - L)
B2 ASEH Rel BAREIRE ADR 3t K562/ADR HHIEEMBI (x5, n=3)

3.4 A% 2% Rgl B & ADR *f K562/ADR 40 i 5 % 0 it F th % v

5 K562 4 tl, K562/ADR ML V%L iR 2 R g 245 ;5 K562/ADR A A S 2
Rgl 8¢ ADR 25 (b BIZHAR L, AZRBAF Rgl 5 ADR BESVEFIRT, A0 KT MR Rk (P<0.05), ML

2, K3,
%2 AZET Rgl K& ADR Xt K562/ADR B ST EE NI (xxs, n=3)
Rl EIRTE R, %
K562 41 88.00+1. 20"
K562/ADR £ 89. 00+0. 88*
ADR 4 49.33+4, 33"
AZ B Rgl 41 67.67£3. 18"
ADR+Rgl 4 41.67+2. 08"
F 199. 100
P <0.000 1

5 ADR 4 8, P<0.05; 5 K562/ADR 41 H#¢,"P<0.001; 5 ADR+Rgl 4 H#¢,° P<0. 05
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R
(€ " %,
2 ﬁ:}’" :
i %
G s o,
. 100 ‘1 m

"ﬁ? 100 . m ; i . 100 pm

A K562 4; B K562/ADR #H; C ADR4; D AZ R+ Rgl 4; E ADR+Rgl 4
3 £%EK (100x)

3.5 A% EH Regl B4 ADR xf K562/ADR 4 i J& #1 09 % vl

5 K562 4L, K562/ADR 444 E 25 55 o g it4 2 ;5 K562/ADR 4i#f Lk, ADR fIAZ
BAY Rgl BRI, BHEEFE Go/G, MM A LB T+ R (P<0.05), G,/M 1 4 i b ] 35 B AR
(P<0.05), ADR 4 S AL LLHITH R (P<0.05), HARA S WA L B A2 1k ; 58 H] ADR 5
NS RBAT Rgl ML, ADR BEA NS RH Rl 1EHGBLIEFE G,/ G, WA 200 LU I BT+ (P<
0.05), SHAZNMELLEIREAR (P<0.05), W3, K4,

%3 ASE% Rgl BX& ADR %f K562/ADR HMEHKFNN (x+s, n=3)

451 Gy/G, /% S /% G,/M ¥/ %
K562 4 23.35 + 1.30 31.55 + 1.58 45.10 + 0.85
K562/ADR £ 23.73 + 0.57 34.82 % 0.26 41.46 + 0.31
ADR %1 30.85 + 1.19° 45.47 + 1.24° 24.02 £ 1.43"
AZ B Rel 4 36.96 + 1.58" 38.20 + 1.74" 24.51 % 0.45°
ADR+Rgl £ 44.98 + 297" 32.32 % 0.96 22.70 % 2.51°
F 86. 070 59. 680 186. 700
P <0.000 1 <0.000 1 <0.000 1

L K562/ADR AL, P<0.05; 5 ADR AL, P<0.05; 5 AS R Rgl 4141k ,°P<0. 05
4 itig

Em%%mﬁ%%%ﬁWEZ—,ﬂ“¢u#h%%ﬁﬁmﬁ%@kgﬁﬁﬁ£ A AT R
ZWEMEZAL, MEIEREmEE, M, H, B BORSEERN . B EIAYT I s
EABE AT . B RIT Lm$%%éﬁ@f %ﬁéf% ﬁi%ﬁ%m%%éf”
BEE AT IT SRR WTCHE, B B A AR B AR, (B — 8 B R 1S B R st T,
AT AT 2 D) 2 i PR 2 PR A L X A7 24590 7 A T 25 1 B PP 258 30 AT, RS
R T 24 BRI B IR DAy PR 22 24Tk 245 1) 30 50 8 o R AT S0 48 Y e

— 6 —
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g 20 £ 0
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E B
= 180 E 200
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YAFZ REXT L DENAR TANXT SR
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400

AR A1 A

200

120 160
PEIAT B AT R
A K562 41; B K562/ADR 41; C ADR 4; D AZSREH Rel 41; E ADR+Rgl 41;
BN Go/G, ]y BRIl Gy/M #; TFEIN S
4 AZE# Rgl BX4 ADR %t K562/ADR 201 E HA B 5400
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AHWFFE AT ADR A4 NS 156 40 1 L5540 K562/ ADR SHS2Ib X4 | @it CCK-8 B A2 5
H Rgl XHIFEMGIER] . 459218, Y ASEH Rgl HEEH 120 wg/mL, fEAIRFEIY 48 h B, A%
BT Rgl % K562/ADR AR R, 4 (20.04 £ 0.01) %, FFUHHKE R AS AT Rgl SR
FEF) ADR B GVE T K562/ADR 4000 48 h 7, K562/ADR 4HMHY IC,, (AW B, JFnli i AS Rt
Rgl %} K562/ADR i) #5 4550 2. 34, UiBl5 ADR BaifE FAH L, A SR H Rgl BES ADR fig ]
BT K562/ ADR AUAEsE, Ji4E %8 K562/ADR 4iExT ADR bk,

0 It 4 Y5 T I S 6 R ARG 40 P 3 9 R T 0 ik 22—, T LA e R 0 i A I R SR K I A4 i Y
HBARE S, AMMAETSIEECR s, AS BT Rel B4 ADR fER] K562/ADR 4 48 h J5, AfusE&IE
BRI A AT R I — i A ORI AR R, AT s A5 W A 20 o 2 A i 5
bk, 175 SR 4 I S0 SELU T A S ] 22 R R G R R SR RIS T, 40 M ) S S
R RN R BB AN R TS A DG,k BH P 200 ] A0 DT 00 6 s 200 L 0 3 8 1A e R 25 W O R Y
Fogim e AR R AR A S R R, AS B Rel BKA ADR fEF] K562/ADR 48 h 5, 4
Ji JE A B B B T G/ G, 1, U A S BT Rel BA ADR RERA A1) K562/ ADR 43458

AW REN, NS BAF Rgl REASINHI A CML Tif ADR 20l K562/ ADR M55 -0k it 251k, 42
f51 K562/ADR ZHfiEEX) ADR B, v a8 B A0 S T G/ G WA G, (H IR s 25 2 — > 2 4L
il . ZILRME I RE, HATE A EHN A S 24T Rel B4 ADR %% K562/ ADR it 245 5 41 it J& 3 (1) 5&
F, HEROURE A FFIRADI, fEESL 58, #Ea/ 0 K562/ADR 4Ll ADR SR b A
2R P-gp KK E— 30T NS 5 4F Rl % K562/ADR BT 245306 56 A5 FY [ s A6 3000 40 il 4
A Cyclin Fll CDK 1 FRIAKF K dE—2 3 A S B 1T Rl & ADR i#i%% K562/ ADR i 25 5 4 g J&]
WIBHA A OCZR, N FLILRR RO TN 259697 SR A5 S 004K 3
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