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A preliminary study on protective mechanism of ginseng root exosomes against
doxorubicin induced myocardial injury

LIU Tian-jia, QIU Zhi-dong, QIU Ye, CHEN Ya-jun, HU Shuang, LIU Da
School of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117, China

Abstract: Objective To study the extraction process of ginseng root exosomes and its cardiac protective activity. Methods
Extraction of ginseng root exosomes was carried out by differential centrifugation and sucrose gradient centrifugation; The exosomes
were identified by transmission electron microscope and NTA granulometric analysis; Proteomic analysis of ginseng root exosomes
was performed by liquid chromatography-mass spectrometry; Small RNA species in ginseng root exosomes were analyzed by Small
RNA sequencing; H9C2 cardiomyocytes injury model was established and the cell viability was detected by CCK-8 assay; HIC2
cells were treated with the best concentration of ginseng root exosomes, and the apoptosis rate was determined by Hoechst and JC-1
staining; The apoptosis of related proteins was detected by Western blot. Results Double-layer membrane structure of ginseng root
exosomes was clearly visible under transmission electron microscope; NTA particle size analysis showed that ginseng root exosomes
with 112.7 nm particle size length was accounting for 92.7% of the total ginseng root exosomes. A total of 5585 proteins were
identified by proteomic analysis; Small RNA sequencing identified five Small RNAs: miRNA, tRNA, snRNA, rRNA and snoRNA.
The results of in vitro experiments showed that the cell viability of the model group was lower than that of the control group.
Ginseng root exosomes increased cell viability and decreased apoptosis rate in a dose-dependent manner; The results of Western Blot

showed that Bcl-2 protein level was decreased. Bax, Cyt C protein levels were increased. Conclusion In this study, the extraction
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process and identification of ginseng root exosomes were reported for the first time, and the protective effect of ginseng root

exosomes on doxorubicin-induced myocardial injury was found.

Key words: ginseng; exosomes; doxorubicin; HOC2 cells; myocardial injury; cell apoptosis; differential centrifugation; gradient

centrifugation technique; Small RNA
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%, Thermo Fisher Scientific /A &]; Spectra Max
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W&, PR ECL b2 robilif &, RigE AR
AR IR AT EEEENRE, Mt
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IEHREERHEARAA; Itk p NshEH
(B-actin). WT-AHCEE B k4R -2 A
(B-cell lymphoma-2, Bcl-2). Bel-2 fHX X &
(Bcl-2 associated X protein, Bax). Ziffifiz  C
(cytochrome C, Cyt C), Cell Signaling Technology
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2.1 ASRINDIARRIHZE

L 1 kg B NSHE e 5 TR . R 2
THELOVER KL 1000 X g B0 10 min, 3000X g &5
> 20 min, 10 000X g &.0» 30 min, H biF. ¥ L
THRE T E AT, DL 100 000X g B0 1 h,
PUEEF T | mL PBS . RS FER B D
FEMFER 30%. 45%. 60%IERIA TR 150 000X g B
O 2 h, WEE 30%~45%EREERTIRZ, IndEE
PBS ¥ &M 150 000X g B0 1 h, EEDTIE, 1 mL
PBS WCEILIE, 15 EISMBMAIEIR .

)\%i%if[i PURTITES
000 X g, 10 mi 1XPBS
000X g, 20 mj 50 000Xg, 1
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Fig. 1 Schematic representation of major steps and results

of ginseng root exosome separation

2.2 ASIRINBARIZRIE

2.2.1 TEM A FHWRAEEL 1 /NERE STl b,
EIUE] PO Aol 7 S R I (%) 3R T 505 ot v R T e fe, 5
3~5 min BUH, BUHEM, BRI 2 R 1K
T, FHRET . B 3%BEESERIAVR, W 1 /N T A
o WRBHAERE i R S T R T CRE S
W), BE 3~5 min. BUHATM, FIELARE
Br 2 AH0MEH, AT T . TEM 18 Ry
A4 1004 200 nm), MEENSIRIMNBERIER, 25
FETE W] WA () NS RSN TS R AEIR,
AW R SE R B s e e, 2R E 2.,
222 PIKPRLERER 73 B (nanoparticle tracking
analysis, NTA) AR T ASHRINBERIR 735
(AN AR RE B 1 X PBS 22 1P iidE 4 wiske,
ZetaView PMX 110 X &5 F1AH R 3K AT Zeta View

8.04.02, fH KK FERER /2T (NTAD &AM
REIRIAAFIRE (ZetaView RGiH 110 nm FIEEFE
CIFTRIBATRCHE, IREHERRAE 23, 37 C). BT
NTA BRI E] 112.7 nm KA KERASR
AN &5 NS ARANB R 92.7%, £5FILIE 3 Al
£ 1. LR ERTR, MHEIHIEI AR/ B ] LU e
NSRRI R IR AR BRI A IAR

2 ABIRINDAE TEM THRASYE
Fig.2 Morphology of ginseng root exosomes under TEM
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Fig.3 NTA particle size analysis of ginseng root exosomes
Fz 1 ABRINILIKE NTA RIRIEES TSR
Table 1

ginseng root exosomes

Results of NTA particle size peak analysis of

¥ifdmm  RTFH/ LY CREAS/am 5%
112.7 3.3X106 74.2 927
262.5 4.0X10° 163 33
3109 1.9X10° 73.5 2.3
368.7 6.7X10* 249 0.7
4157 3.7X10% 10.5 0.2

223 ASHYMNMETREARSENE RA%ED
Wi R VRN E NS RN AP E A SR, %
B ey o e SRS PV E: Y o I W W= e
Hl, . A BIECHI S A FRuEdL . I E LA
FHEAEL 0.05 mL W7EKS 3 mL B iE B
WORSIHI 1, druEZHE 0.05 mL Bl AEA
(BSA) #rifdh UREIRE 0.524 ¢/L) 53 mL %5
W2 W5 W AR AT e HEUN S AR SM AR
i 0.05 mL 5 3 mL % 5 #5505 B AR ST 15
RAIEMES A ksl I AR E 10 min
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J&, BB 200 pL T 595 nm AREROGEE (4)
B, FRHEE 3 IR mAERINEH 4189 0.229 1,
PR A 58 0.203 9, HA A7 0.144 8, R
FtEAR, WEASHINMET AEANSERN
2.992 pg/g.

R IBEAR TR (A R BIRIE = (4 s — A we)/(A s — A ) X B
TR it T BV B X ot D T AR R i
224 EEAMAFESNT BEEEREGE AT,
FH 24 A 0K AR R B & — S, IO\ R O
(DTT) fFH AR E N 5 mmol/L, 56 CIEJE 30 min.
TN (TAAD AW 11 mmol/L, =
TREECIE B 15 mine ARG HIREAC L 72 2
B, IR 12000X g B0 20 min, FH 8 mol/L JREKE
3K, FHHEY buffer BIRJRE 3K, UEAN
HEARREL 150 MIpin N EE AR, Mgt
W o I 12 000X g B0 10 min [BIAKEL, FHE
Ak B AKEL 1k, &IF 2 IRIKBUAW, Rtk )it
1T Stage Tip Br#h. RABAH k- BTISH EEAT
GIHTRO2N, 3RS BN 87 242, TLICHE EIHCHN
22 605wk E AT I S E B 22 605 ARKEL, H
o SRR BN 19 219, %5EF] 5585 NMEE.
2.2.5 Small RNA(sSRNADIIF 4041 1l AASRA
F1 cmsearch A5 NS R AMBAAF AT sRNA 5%
2% RNA HHATH. FELRXT b RE s, FTRefFAE 1 A4
sRNA [FIRFEES b 2 PR FE RS B oL,
TAEREA sRNA AHE—FERE, %I MiRbase>
pirnabank>snoRNA (human/plant) >Rfam>>other
sRNA IS sRNA 3 iR, $SEfA
SN AT &2 SRNA FiF 5 ELil i 2 Fas

T2 ABIRINLAEDZ I SRNA FF ATEL G

Table 2 Proportion of SRNA in exosomes of ginseng roots

exosomes
sRNA i /% S 53T B/ %
genome 55.1 intergenic 82.6
intron 12.1
exon 53
sncRNA 223 snRNA 65.5
rRNA 31.7
tRNA 2.7
snoRNA 0.1
unknown 223 unmap 99.1
rfam gene 0.9

miRNA 0.3

2.3 ABIRINMAEST Z EH 2 F SO IRA R
HFE LS

231 AfulE IR LSEE A KRGO UL HOC2 41
BHRTE 10%HBE0E. 1%E 5 = NS RN
DMEM k353, 37 C. 5% CO 1B AR R -4
Bigt. RN 3 A, Rl iRA. BERA (1
pumol/L Z LB ML)l (1 pmol/L 23tk
B+ AREFREWRE 204 40, 80 ug/mL I NS AL
&) LLFE 24 he

232 GuitEath Irast T 240 3 A
Yt B S, BIELLX £ s IRERoR, 4Ll
KH BN ZR T 20, AR LLECR A Tukey’s
e, Gt Ea i AEEI N GraphPad Prism 8
Imagel Ao FEEYE 7347 B MaxQuant #5044
2.3.3  ASHLAMBARXT HOC2 4 ity 40 it 78 12 0 5
B B4 K 011 HOC2 4 i FH 6k 2 F B £k, B0,
HEGIM, G YT K R R R A
FE 5X 103 4~/mL, M T 96 fLARH, 4541 200 uL,
BT 37 C. 5% CO 5 Feff 7%, 595 24 h 20/
WGEE S, JFARINZG A2 . 23 BN &K E R 0. 5.
10. 20. 40. 60. 80. 100 pg/mL ] ASHAMNAA
WS 200 pL, FHAEE 6 MEIL, ¥ 96 FLIR
FOFBNEE FEAE TP AR B3GR . 24 h JE 3 TR,
FFA LN R 100 pL. CCK-8 10 pL, 1%
FRFETIRE 2~4 h, FEEFRATE 450 nm P AL
ESFLIN A, BCPYIME, THEMRAER.

MPAFTE R = (A rra— A 2e)/(A e — A 201)

Hrp, FAHRESAERFRE, HTFHE4
G2, X IR RGN INZ, FEa 4240 m.
SRR 3, NSARIMNBME 5~100 pg/mL i &Rk E
YEFHT HOC2 ZMMt, X} HOC2 4iffioiifh, &
NS IR AN 20.40.80 pg/mL #E4T LL 5256
234 ZRWEIFES HIC2 405K K ik
RIEFEIEZ RIS RRE, & 2337 0K
JTERCEE, B WA EE A 04 0.5+ 1, 2. 4,
10 pmol/L {2 F L B IFWR 200 uL, R4HIEE 6 1
Tl MELIMAEIESR, BCPEE S 4
fff GraphPad Prism 3XAFiH B EANEIHKE (half
maximal inhibitory concentration, ICso) {8, Z5R %K
4, B 2 LA AR RE B ASBTES N, HOC2 ZHiffl
A7 26 B S PR, MR 0 4T B 0 1797 3R B 1Cs0
N 1.770 pmol/L. HR#E S bRl 5 i 4145 HIC2 4
M) 2 2 bR 15 FIREER 1 umol/L.
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&3 TRERIREREASRINDERIERT HIC2 BAEFFER
BISME (X ts,n=3)

Table 3 Effects of different concentrations of ginseng root
exosomes solution on survival rate of HOC2 cells (X £ s, n=3)

x5 ASRINDETEELEMRG HIC2 HiGEEERM
=l (X£s,n=3)

Table 5 Effect of ginseng root exosomes on doxorubicin-
damaged HIC2 cells viability (X £ s,n=3)

#H5 Ji R /(ng-mL ) ATV R /% 5 JREWRE/(ngmL™)  HIEAEE R %

X i - 100.000.03 Xt 1 - 100.00+0.03

Ry 5 99.954+0.07 T 1 umol-L™! 66.53 +0.05"##
10 100.01+0.02 NSHRSMB A 20 76.74+0.08
20 99.98+0.03 40 82.27+0.11**
40 100.0240.02 80 92.5140.06™*
60 99.9940.01 EXIIRALLE: #P<<0.001; HRRHLE: "P<0.01 "P<0.001
80 99.90+0.05 ###p < 0.001 vs control group; P <0.01 ***P<0.001 vs model group

100 99.96+0.06

x4 TRREZERLEIN HIC2 HEFEENIT
(Xts,n=3)

Table 4 Effect of different concentrations of doxorubicin on
survival rate of H9C2 cells (X £ s, n=3)

5] Ji B FE /(pmol - L) A MLA7 5 26 /%

Xt HE - 100.0040.01
eps) 0.5 76.83+0.05

1 62.84+0.05

2 46.33+0.11

4 29.3340.02

10 15.1640.07

2.3.5  ASHAMNBRNT 2 F R HOC2 41l

TEERMEI 4% “2.3.37 TR ykab s, &N
A 1 umol/L I ZE LR IEW 200 uL, 12 h 53 K%
FEC BRI B M R 43 A 204 40,
80 ng/mL NZHRAMARE L, &L 200 uL, 24 h J5
FEFEAEF, LI FRR 100 pL,
CCK-8 10 puL, 3575+ E 2~4 h, FEFRMUAE
450 nm AN & BFLI) 4 E, BOPE, H5EH
MOAETE %, 45 0 W3R 5. SxFIRZA B, iR ZH HOC2
s 2 R B G, NMEiE /1 RERIE (P<
0.001). SHAFHEL, NSHAMBAE 40, 80 pg/mL
R HIC2 M PR B ER R (P<0.01.
0.001), #E7~, ASARIMNBMKFER B A H 3% 2
ZEC X HOC2 4 At 5 i 4l

2.3.6 ASHRANLARRT 2 ZZ B i1 HOC2 4y
AT (Hochest Jefascitid)  BUOMAAK
I HOC2 4y, Joids AIRGVH LIRSS AR, T2
3X 105 /mL % EHFT 6 FLikH, 4k4E559% 24 h

I B 5 3 _EIEVL N 1 umol/L 1Y 2 2t 2 %
W, 12h J53F BiE, IMAAKFE R EERE RN A SRS
WA (0. 20, 40, 80 pg/mL) AEELL, £59% 24 h
Ja R RG> & Hoechst 33342 T
VB, TN TAEMR AR B 55 4E 6 FLAR H (40 i
RIS, J821. =IRHFE 20 min. W% H Hoechst 33342
e, H PBS BE¥ 3 X, BHX 5 mine HIELENR
R FA%E. Hoechst %¢ 't YL kMRS I 240 i 4 1=
SERIE 4, ZRIWERGEMREE R ER
[l 45, ANMA% RECEWR Yy, SCRHUIRBUE R
Eep B gL, RIET 4N B8, FEARZ
H NSRRI FESE I, IR GORE sk -
2.3.7 ASHAMBARRS 2 Z2 R 54511 HOC2 4
LRRARRE AT R (JC-1 Yefaseifis) it
HITVER “2.3.67 T, FEGLHREFRE, AL
& JC-1 TAEM, N TAEM AR B 551 6 FLAR
HI4IBRI AT, YRS . iR FRAE R 37 CHEF 20
min. W% H &5 ARG TAER, H JC-1 PRl
(IX) PEB 2K, AN 2 mL 4HHB: 7. BLIEAE
PR T MEE

LR R A S 5 SR T O A e 8 S
2, (RGN ) R R R S M R
FARRSIN, B R, EAFF RS SRR
T2, TEAHMTZAS 5 008 2 i 350 H I 4 s A s Ha 7
(R B0, JC-1 2 G b A I 4 e o 1 485 S LT S
X HEZHGH M 2L IR AR, SRIN N IR R AR A
fro MMANZFRIWE)G, B YHMR I 22k
8 JC-1 HAk, ZRRLAR AN FEAK. JRTM, 2990
S L A B P T SR T R, R LR 21 RIS 00
KNSRI RN 22 F Lb B 5 1 2 bar Ak B i Aoz
PR A B R I SGE R
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4 ABRINBT S RLEHHH HIC2 ADETHY
e

Fig. 4 Effect of ginseng root exosomes on doxorubicin-

damaged H9C2 cells apoptosis
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S S

NSRS b/ (pg-mL™)
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S

5  ABIRINDAETT % R 2 15 H0 HOC2 ALk R 4 R
==RVE: AL
Fig. 5 Effect of ginseng root exosomes on doxorubicin-

damaged H9C2 cells membrane potential

2.3.8 ASHSMBAEXT 2 AT T8 HIC2 41/
FTAH B A RIA B2 K F Western blotting 5
DA T AR . AR B T VA “2.3.67 T,
3000 r/min &0 5 min WA, 72 B3, IIAGE
(1) RIPA 2@, Z4% 4 h, 12 000 r/min &0 30
min, PREC EIEH BCA B R I e k7 il e 4

HWRELSS, IININFEGE M, £ T UEiRSE £ 95 C
ZFE S min, FEIEAES. EOMS LR 10 pL
2 SDS N BIR 7 B e % PVDF I E, 5%[1)
e B0 1.5 h, IIAA[E—Hi B-actin (1 :
5000). Bax (1 :2000). Bcl-2 (1:1000). Cyt-C
(1:1000), 4 CHEFENER, BEE—PL, IMABRY
FALYIBE (HRP) AridMEdif/R =9, WH
1.5 h, 1M B IIVR SIS ECL A2 K6, FIH
Z DIREBE I R AR5

TS, FraE TR T Bel-2 IFH L
RRARBEFLHI TG AR TS BT Bax 355 H:
T, BRI SLIF AT 2 2E Cyt C MERRLAARE T
BENAART R, R ARIET . NS
2 2L R S IR TR 15 S B A RIA I
s WL 6 MR 6. SXTRRALAHEL, 2R
J& Bel-2 FKIE TFF#; Bax. At Cyt C MIERIET &
TN NSRS TG, B FE I3 A Rt i)
Z LR S HOC2 4H 1) Bax A Cyt C RIK,
¥NT Bel-2 K

Cyt-C D G D S s 14000

Bax e S e s " 21000

BCl-2 g s SR S @R 26000

B-actin WENEGE_EEG —— — S - 43 000

pagitct i) 20 40 80
NSHRAMLAR/(ug-mL™")

6 ASRINDIAIT % ELLEIRARY HOC2 AR+ A T1E
RERTREHNFM

Fig. 6 Effect of ginseng root exosomes on expression of
apoptosis-related proteins in doxorubicin-injured H9C2

cells

&6 ASIRINBIAZTZ R ERAR HIC2 A ATHXEBRENFN (X+s,n=3)

Table 6 Effect of ginseng root exosomes on expression of apoptosis-related proteins in doxorubicin-injured H9C2 cells

(X£s,n=3)
2H ) R /(ng'mL ™) Cyt C/B-actin Bax/B-actin Bcl-2/B-actin
Xof R - 1.000.03 1.01£0.02 0.99+0.03
it 1 umol-L™! 1.31+0.14* 2.1440.08% 0.65+0.07%
e 20 1.06+0.08 1.3240.15" 1.0340.09*
40 0.85+0.11" 0.82+0.21* 1.154£0.13"
80 0.35+0.06™ 0.53+0.09"** 1.31£0.14™

EXIRALEES: #P<<0.05 #P<0.01; HSHRALLLE: "P<0.05 “P<0.01 ™"P<0.001
#P<0.05 *P<0.01vs control group; P <0.05 *P<0.01 P <0.001 vs model group
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3 e FEBIRIRTT JT IRt %,

% F R i —FhAE A BORH LT 254,
FH TR YT AR I B SR T AE AT 78 A IR 2
ORI R E DR R, PR B R
R FG ST 2 2 LW B 75 O IERRME I 25 2 R
D). BT RIS O L8 R S A IR 4T
PRI R, (Bl THEMEAR. etz &
W) FH BEALG DA B 5o 440 ) A 08 [ e S5 1 R, RO
HEA Z M A YE NG T R R AE I R (8
SR TR I F A TR L ] A TR g
BREE, WA KBRS TR m A S
AR FE ARG B 258 A B — 5 1) R FRPE,
I R A R B E AR, i AV B 2 S5 W s
Reff oo ASUR A B d i SR N AR A4 A i ok
NS AR FH B o) R it SR

ANIAATE AR B AN U A K B, A AR
HIAEA R e 7 W AN, A R D 248 P ) (1) 3 L
RIFBELEAER . X LAE YRR SN AART N KA
CUAIBEERR I, HA S ML g o,
FYIF RN AT e AN 5T 8 A 2 T B O R % FE A
FE BSOS T VE T AN S AR SR B A A, @
T B A NTA KRR IX s A2
R A A4 B AT AL T W 3L 3 ) SR IR 1 0 WA Ak 1) 25
¥, HHEFEAR. &R sRNA FHRN D
FIFH HOC2 LA T 2 2 b B 15 S L LR
Py, RIS MRS A B B AR
Mo HAERPLEI ] fe il R 2 R LR T 22
FARM ST TIE A8, ki 2 R LB RO R
i3t Hoechst %Y tt R I NSHRAINBR L 255 %
F R R AR Bk . JC-1 Guth
W52 3 2 2 bR 5 30 UL Ja e b AR I F for
B, B AT Wk ta JC-1 B4k, A NS INBAE G
Wi 7IX— % .. Western blotting IESZ | ASHR4b
WA N Bax F1_EI Bel-2 A&di/b Cyt C IR
BRI 2 R R SR O EEE, PR LA
Hf% o

ZE EPR, ARSI DR BRI 4 E B N SR Ab
WA, IFEUGIE T NS RSN AT AR S 2L
G 2 R LR SRR B O AR , TR 2k A i LA
E Bel-2. T Bax B TCHSCHE H RIS I
Cyt C PRI XELR I 2 F b B AH ST I T
Bt T —ANE A, ASIRINMENE R — 2
S5 FLA A O WUERFF (R R 5 7 9 — 28 A K 259))
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