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Abstract

Objective: This study was designed to evaluate the protective effects of ginsenoside Rg1 on AA and
further investigate the underlying mechanism. Methods: In this study, Cyclophosphamide (CTX) was
injected to establish the myelosuppression mouse model. The mice in the CTX + Rgl group were
treated with Rg1 for 13 days. The pathological changes of bone marrow, thymus, and spleen were
detected through HE (Hematoxylin-Eosin St). Orbital blood of mice was collected for blood routine
examination. Afterwards, the proportions of bone marrow cells were evaluated by flow cytometry
assay. MAPK pathway was detected via WB for the expressions of p-p38, p38, p-JNK, JNK, p-ERK, and
ERK. Results: Pathological examination revealed that CTX severely damaged the structural features
of the bone marrow, thymus, and spleens, and decreased the proportion of hematopoietic cells in
the bone marrow of mice. Treatment of Rg1 significantly alleviated myelosuppression in mice by
inhibiting MAPK signaling pathway. Conclusion: This study suggested that ginsenoside Rg1 treated
AA by alleviating myelosuppression through MAPK signaling pathway.
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1. BY

T A B G PR 2T L (AA) 2 — PP R B . A2 AR W R 3R BT 3 500 i e ik Ak O i O I T 4
(HSCs) A/ MR BT 5 B [1]. AA BERANE KA, FERIDVE MR, 7 S8™E
YL, FMATH ML[2]. AA Z—FrE T #kEL4H A 5 Bom A DR Uk BT 80y i Ba g, A RieE T 40
K (Treg)/ABIPE T B4 17 (THL7)AH M0 G e i 2 AA R B A[3] [4]. Bl S fi] i6 o7 A i -4
RS V) A R, PR A B PR BT ML TS AT 1 W PR 503 o AR, A 3 40 1 70 e 6 18 2 v (75 SR R 3L 5] [6]

ANZ(Panax ginseng C. A. Meyer)& TUNE Z A BAEY), RiEGh2itt. RAIRG TR fhaid
W PR i ZHEER7]. ASEERASTEEEES S . RIS ECHER, A8
53 IR F e R VYA = B . BUom o b B DU B4 =i 2 R ST R IR B [8]. Gk AR, NS R
HZEAE ) R B QIR . RR RIS Pra. PUMIBERNGIT M R AW E[9]-[12]. NS
BRI R R R EAZ MR EF A, X AR5 AN 2280 E A K 1 (HGF) 520 A 5%
[13]. “H HEHE 5 H A 40 B R 70 it AR 52 (1 B8 B 1 (R, AT DUE T Is I S AN B, B (e bt
AR/ 20 B R B A oAk, K M0 BRI A7« ARSI SR BN S 5 8 1 (TSPG) R 75 A 2140 M A Bl 3R
(EPO). Higif - BV 4 P s 7% I B4 K 7 (CSF). A4/ 3 (IL-3). AN 6 (IL-6) A2 4 4
FCR S AR AR - M 40 A A Y5 R 7 3248 o BERI R 25 THE[14]. NS B IE AT R0 1A 41 B
GATA-2 JE[A ) mRNA FIEFIEE A A AN, GATA-2 5 DNA 54 38 i ml i 2 5 G AH 5 3 R
Fik, {2 A p A [ 15]

MAPK {5538 8% 5 B c-jun R A SIEEFINK). p38 24 510 5 (i (038 MAPK). 41l fitd 41
=5 B (ERK) ALK 22 24 5 A0 2R 1 B4 (ERKS/BMK) [16], S 54uA K. KB 2R ABET:

ik
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AR, DL ARMRIA 2 Rl A AR S NAE S AR A AR RO [17] [18]. WER KBNS B3 Rol @il MAPK
BAANH SE R T IL-18 1 1L-6 MIERIE, i F i M 2 55 [19]. KA RIS 2 Rgl nf
HIE MAPK &2 2k /I R 8 P R A 40 e 34 58 [20]

AHIT ST FH PR B i (CTX) 2 37/ B B A R, HE Y (5 00 225 005 AR Ak, 1F B 2R R A2 R
E /) SRR A 1f P 6 2 0 H 0 PR PRI 2 i o SR SE A/ B 3 MAPK {555 3 % (1) 400 R 2 R B 1 T8 AR Ak
IGUE NS 21 Ryl & B ALl MAPK {55l Bk /N BB SEI0H], NIRRIGTT AA $2A0H LRIk HE .
2. &
2.1. Thid

e SPF 2t BALB/c /N (6~8 JE#%) 25 H, H UK S . SR RFFE 20°C~24°C, XTI
58 40%~60%. /NI E R 4E R AE DR A R A A o
2.2. 2549

YT CTX (Tukg3y, X, %753, £E), ¥ 200 mg ¥ RKEMAE 20 m1 0.9% 1)K F . A
BT RQL (P L 7 K& LAY RA TR 2 5] b ZZ g5 i ] 1(A) Fos .
2.3. EEER

BN EBENL D 5 4H: KR, XTERZH + RG1 (15 mg/kg)4H. CTX + AFEEE/K4. CTX + RG1 (10
mg/kg)ZH 1 CTX + RG1 (15 mg/kg)4l, 4l 5 H. il &2 un &l 1(B) s .
2.4, MigKsE

B ARLE M J5 AL BB /N § . SR I8 FURG A (RI-0C 107223, WiFw, H [E)#EAT 4 i i iS5 .
2.5. HE &

HE 4% HE Jefaikifl & (Solarbio, db&, S E)FMIERIT. FisZ, VI (4 pm)HIAKE - L
gett Lmin, JHEAERRTERAMA RS 01k 30s. Jeth &5l )G, DI H 95% M BBk 50s. e, YIATE—
2RISR 2. HHA B AT CI-L S sRBUEIE, £ Image J B A3E4T 2047 .

2.6. FNLABAR

e B BB AN A TR R AT o R B AR A LA AL 105 ANAHAR I A TN 10% FBS (A2 I
HH 2 T AT . B FEIN kS, SR, M PBS (BERRER42r ) etk 2 X, H 0.25%)5%
B AT IR B . 05, FIUERI4ETE 1500 $4/5) R ES0 5 4340, 7E 5 =T+ PBS i ER)E,
RGN A (Attune 401173411, BD ZEVIRFE) W 4 REAT 73 Hr e

2.7. BAREME

ME B IUR 2 A HEAT Western EIIZ k. 22 HFE 5L 5 p38 (Abcam, Waltham, MA, USA). p-p38
(Abcam, Waltham, MA, USA). JNK (Abcam, Waltham, MA, USA). p-JNK (Abcam, Waltham, MA, USA).
ERK (Abcam, Waltham, MA, USA). p-ERK (Abcam, Waltham, MA, USA)}Li¥ & . GADPH (Abcam, [H
L= FE MRS M)A NS %

2.8. Giit oA
KF SPSS 24.0 Giit 84 sea BE AT Gt o, FE RS £ REEX £ SDYERR, T
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ik F

IERAGATT 2500, SRR A3 (B4 EL ) B LSD J7 270 M (2 4LIAI L #%) . SR Dunnett’s-t3 34T
TEARLE R, P<0.05 NERE ST E .
3. R
3.1. ASEH Rol ¥ CTX BESHEEEMNFI/NRBER

SEIGFFURRT, SA/NRAELHEZER. AW TH 7d )5, CTX AU/NRAEM T R4, 2467
13d J5, CTX 4l/NRAE BT X E4L; 1 CTX + Rgl (15 mo/kg)H 5xIBLHALL, AELEEER
(K 1(C))o HXTHRAIAHLL, VRS CTX JG/NRUE BEAN I A i R RD B 45 250 B 2 R B 5 CTX AL,

CTX + Rgl (15 mg/kg) 4/ B A BELH A KL, 10 R BOR I A 41 oy 2 25 8 (151 1(D)~(1))» #27% Rgl ek
# CTX 75 [/ BB Bl ] o

A B C = Control+Saline
[ Control+Rg1 15mg/kg
HQ " . Salinei.p. 48h Saline i.p. Sacrifi B CTX+Saline
3 5 days 5 days acrifice . CTX+Rg1 10mglkg
Control =3 CTX+Rg1 15mglkg
n=5 201 4=
5
s . 2 454
Saline i.p. Rg1i.p. N o £
) ——— —= 5 S
‘ S days 48h 5 days Sacrifice 58 10
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n=5 @ 0- —
" . _CTXip. 48h Saline i.p. acrifice _ 201 o
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CTX+Saline CE ]
n=5 ;% 10
83
. . > 5
‘- ) —>CTX1.p. 48 h—g—bR 1ip. Sacrifice § 0 ||
HO 5 days 5 days
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OH 20 ns
5
- i i 15
‘ ) _CTXip. o 4o RIVID L ooiifice @ S
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n=5 g o | |
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ugiit, (F) MR HE Jefa, (G) MflRsaigiit e, (H) Bk HE e, (1) MAEEHgiE. irg 4
B n=5 R/ *SXB4tbi, P<0.05; 5 CTX %, P<0.05.

Figure 1. Ginsenoside Rg1 prevents myelosuppression
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3.2. ASEH Rl x|\ IN4ARAIF M

4iaIT a . /N RHEJE SR MPEE A i, I 4 v 3o A tb e bn . Wil 2 fos, CTX 4/ A 41
(WBC). FRPERIZIN. RE4HfI(RBC) ZL4(RBC). IML4T 55 [ (HGB) AL /N (PLT) T He o) e 4H  J
. 5 CTX ALk, CTX+Rgl (15 mg/kg)4l /N WBC. H PRI #RE4HE. RBC. HGB 1%t
I, H PLT tHECTE R BN 2(A)~(F)).

A B C mmm Control+Saline
= Control+Rg1 15mg/kg
154 151 151 mm CTX+Saline
mm CTX+Rg1 10mg/kg
== CTX+Rg1 15mglkg
=5 .,g 1.0
3 = 051
2
0.0+
E F
2001 15004
61 150
3 oy _ . 1000+
S 4 5 100 2
o 2 -
2 T o 500
2 504
0- 0- 04
FAIRE(A), PrERAB), WHEAIME(C), A4ME(D), MLEAK(E), M/MRE(F). WBC:
F4if; RBC: ZL40AE; HGB: MLZLERFM; PLT: M/ #5xt AL, P<0.05; ## 55X HEZLLLAL,

P<0.001; ™5 CTX 4H#, P<0.01; ™5 CTX 4HtL#, P<0.001.

Figure 2. Rgl increased cell numbers in the peripheral blood of mice with myelosuppression

B 2. Rol 120 & BEHIHI R SMNE M R 2B 2 &

33. ASEH Rol HBERERMRM/E HSCs BIREMEIR M

A CTX
A Control Rg 1 . Saline Rg1 (10mg/kg) Rg1 (15mg/kg)

47 47 o7 o7 47
0" Zose 238 [0 2096 242 |0 Z187 538 10 Z14s 312 10 I3 334

Pl

v

Annexin V-FITC
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o N £ o @
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(A) BEAREEMRAMBALE R (B) MAMMAG K. *P<0.05, HXFHEAAMLL; "5 CTX 41LkAL, P<0.05,

Figure 3. Rgl inhibits apoptosis of HSCs
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Figure 4. Rgl increased the rate of the cell cycle of LSK

[& 4. Rgl f LSK #RAf B HA R

GO0/G1

S G2/M

TN AR R CTX Bo6 A B 234 HSCs #8121 Rgl (15 mg/kg) I B & B&#A% HSCs 198 T2 (1]
3(A), & 3(B). Wil 4 s, CTX BEIN GO/GL W%z, FRK S WA G2/M Widn e, i

CTX &Mk E K. 1 Rl (15 mg/kg) &b BEA] i 25 1 5 iR ARAk, .

3.4. ASEH Rgl 3 MAPK @& EI ST

mmm Control+Saline

A B 4 C 6 D 5 ——Control+Rg1 15mg/kg
mm CTX+Saline
mm CTX+Rg1 10mg/kg
w4 ## m=m CTX+Rg1 15mg/kg
34 ‘1 i
— 44
EENEE
- 25, 25 g5
L. EES T 85 g3 2§
o - w2 o4
T 1 1 1 IO i
— 14
B e 3
| e e w=— a—CAPDH
0- 0- 0
(A) western blot [€15. (B)~(D) £ western blot F{%. #S5xtiE4IAALL, P <0.05; "5 CTX 4lt%:, P <0.05,

Figure 5. Rgl alleviated myelosuppression in mice by inhibiting MAPK signaling pathway
[ 5. Rol @I %] MAPK {5 S i@ B 32 /N R B RS

Western blot 2 9 )5 EN3ZE3%: 70 513 5E p-p38, p38, p-JNK, INK, p-ERK fil ERK E /K. SxtiE4
FHLEE, p-p38/p38. p-INK/AINK. p-ERK/ERK HEHFRIXHEIEM. 5 CTX 4HAHL, Rgl (15 mg/kg)m] FEA
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p-P38/p38. p-INK/INK Fll p-ERK/ERK IERIE K- (K 5(A)~(D)). Bk, FATIAN Rol @it s MAPK
15 SR CTX V53 (B Bl .
4. ¥+1ig

P A BRI B I (AA) 2 ) L2 0 LR T VRO 2 — o AA SB35 DR WL A4 B2 1240 R A (B0) &
fE I ML AUPR B D) RE R i 3 A2 1ML s ML 20 RE R I AR, S BUmA R TH R MIK[21]. fEPEES T, AA #
IR “CTVETEFER R EREEZAE” [22]. BORBZ ET RN TG EEZRTT AA A U [23]-
[25].

2ok, NS BH Ryl —EH A TIAIT AA FVEBET T il id SIRT6/NF-«B 15 5% T hl i) i i S,
GE LI ML AL 4 2E 2 [26] [27]; 83T i SIRT1-FOXO03 #1 SIRT3-SOD2 15 54 S48, 4E¥: HSC
W HSC fEFBEH I5E, Bk HSC %3, EIEIN[28] [29]. AW Fi@ S CTX MLy 17/
BUE BEFIHIRAY . CTX & — M F BT 254, H0H) & G M5 5 AA [30]. FRATHE RIS CTX )& 7
RAN13 RN TR oA, CTX IERE AR/ BUE BELR M. B A e 2. s Al R BoR CTX
/N, WBC. WhEE4Hf. RBC. HGB. Ifil/Mi PLT S8 B AR . Rol JLHE 15 mg/kg VESHE K Rgl BE
8% CTX FTal i/ R Bl . PRk, X 4R Rol Xt AA 5 — & HIBGEIER

3 IR — 7 A A P ST R A I A0 B ) Bh A FE[31] [32]. H AR N AR de B N I 2 B . AR/
B, WIGME R GeAE i By = AR AR, FE ARG EE 7.5 RITAATEUR B Jerh =2k —RU AR 40 R, +
EAFELLAM . A I (MFS) AT E R 20 (MKS) [33]. %%, FEARHASE 10.5 R4, i sanE ) 3
Bk - M - B (AGM)IX 3, X2 K AIENL[34]. 5HNE B A —FE, NG LR R gt h 2
AN 2R AL R[35] 0 R ERGT A AL T kEE YT, B bR AN E AR (NK)HHE, ML 40A0 . Rign .
A% 4 M R A% [ W A S8 1 i R 40 B [36] [37] AR AR 4T MY, BRI - B W40 M AH 40 i (GMP)
W IEEE R AHANPL(CMP) . EAZ AN LT R 4041 B (MEP) RIS i itk L FEAH 4T (CLP),  F A S8 Sl T4 2 1
AR, AT DL 2 S B E A1 [38]-[40] .

i M40 Mo (HSCs) 7 i M A %5 I AIVE ] . HSCs FIRaA Y 7 &Mt M/ M40 M i 638 o 76 /N R
H, HSC H Lin-Sca-1 + c-Kit + (LSK) SR M) € X, FEm RmFp Al K HSC (LT-HSC) 1% 1A
HSC (ST-HSC) [41]. [ #4H HSCs /A= 5€ [m H A, i — 28 70 A A e i 4B B [42] . ASHit 78 i i = 4
ARAEEF] CTX X/ B BE40 A B 252, £ CMP. GMP. MEP fll CLP &/ . B4k, CTX &b
T HSCs HT:, XS5BT —$. Ryl I CTX 155 0B i 4 M 493 1 o538 /) RO I D) e e
5.

Y GTP 5 RAS 441, RAS BEIE, KK RAF SHERMMAE I, RA&HH MAPK. MAPK
WS I, R AL, BUE R T . WHEY], G-CSF 454 GCSFR wlifid Ras/MEK/ERK 155
0 AR T PR 2 B A SR B A 200 T R R A [43] [44]. BSR4 R R, MEK Bg | )
U0126 fedifil] G-CSF /T B BE4H ARG A [45]. AHI, BUE MAPK n] 3858 G-CSF HIlBCIR 7 B 14 1) v 8
Y HE. p38 MAPK /& MAPK Wk —, nTHEZS S4IMET . ARE 7=, 4008 42850 i
esE[46]. BEAEWTURE, MREREON HES S p38 Mk e, EAMM. 1T B
THRRIEHEBAEA, BN 2 IR R R R IE KF, 0B BE ) & 35 B ZAE FH[47] [48]. CTX 4 p-
p38/p38. p-INK/INK. p-ERK/ERK FiAM &I E . AR, Rgl &M TiXEANEKIE.

5. &P
NZEAE Ryl @6 MAPK 15 2 5 2503 /N RS B, IR TT AA B24E T FIG K HE.
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