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Effects of astragaloside IV combined with Panax notoginseng saponins on
proliferation, apoptosis, migration and neuronal differentiation of bone marrow
mesenchymal stem cells in OGD/R model rats
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Abstract: Objective To observe the effects of astragaloside IV (AST IV) combined with Panax Notoginseng saponins (PNS) on
proliferation, apoptosis, migration and neuronal differentiation of oxygen glucosedeprivation/reoxygenation model rat bone marrow
mesenchymal stem cells (BMSCs). Methods BMSCs were isolated, cultured, amplified and purified by the whole bone marrow
adherent method. The positive expression rates of BMSCs surface markers, CD29, CD90, CD34, and CD45 were detected by flow
cytometry. The third generation of BMSCs was pretreated with AST IV and PNS doses of high (100 pmol/L + 60 pmol/L), medium
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(50 umol/L + 30 pmol/L), and low (25 pmol/L + 15 umol/L) for 24 h. The model of ischemia-reperfusion injury was established by
OGD/R. Meanwhile, the normal group (BMSCs were cultured normally) and the model group (OGD/R was used to establish an
ischemia reperfusion injury model) were established. The cell increment rate was detected by CCK-8 assay. Cell apoptosis was
detected by flow cytometry. Transwell assay was used to detect the migration of BMSCs. The condition of BMSCs differentiation
into neurons and astrocytes was observed by Nestin/NSE and Nestin/GFAP immunofluorescence double labeling. Results BMSCs
were successfully cultured and separated, and the positive rates of CD29 and CD90 detected by flow cytometry were 94.23% and
94.69%, while the positive rates of CD34 and CD45 were 5.76% and 5.31%. Compared with the normal group, the survival rate of
the model group was reduced significantly and the apoptosis rate was increased significantly (P < 0.05). Compared with the model
group, the combination of different doses of AST IV and PNS could promote the proliferation of BMSCs (P < 0.05, 0.01) and inhibit
the apoptosis (P < 0.05, 0.01). Compared with the normal group, the model group and the AST IV and PNS group at different doses
could promote the migration of BMSCs (P < 0.05). Compared with the model group, the number of migrated cells in the AST IV and
PNS groups at different doses was increased significantly (P < 0.05). Compared with the normal group, the model group and the AST
IV and PNS groups at different doses could promote the differentiation of BMSCs into neurons and astrocytes (P < 0.01). Compared
with the model group, the positive expression rates of Nestin/NSE and Nestin/GFAP in the AST IV and PNS groups at different doses
were increased significantly (P < 0.01). Conclusion AST IV combined with PNS can promote the proliferation and migration of
BMSCs of ischemia-reperfusion model in vitro, inhibit the apoptosis, and induce their directional differentiation into neurons and
astrocytes.

Key words: astragaloside 1V; Panax notoginseng saponins; BMSCs; cerebral ischemia-reperfusion injury; apoptosis; migration;
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CD34-PI. CD45-PI (Ebioscience A ] ); Anexin/PI
S0 oA IR A (R DA R TR A
A B E (Nestin) R 4ERPES 2 (GFAP).
P e e I AL (NSE)D i/ (Abcam A ) );
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SW-CJ-1FD #8i% TAE & (M TR ss A& s
BRAFD; BOGIRERMS (HA Nikon A F]);
Z UReE bR (G EE B AR A FD; MoFlo
XDP A (S & AF]D.

2 Rk

2.1 BMSCs 75, ExRNEE

SD K ip 10%/K& & (0.3 mL/kg) WREE,
T5%AGTH B T S B B bk o TR RR 43 B R R ok
M, 7RI E s, BB WMo, %
BT RERFRI R FFE RS — 0N
A TAEG ™, B I AR W, 6
BEfE . FH 5 mL yES 8L L-DMEM R38R b e i
Ji s WE T 15 mL 5004 P 1 500 t/min 250 5 min,
3+ b3, MO 5 mL PBS 28, 1500 r/min B0 5
min, P 2K, F L3, 1 L-DMEM (£ 10%f5
A MyE. 100 U/mL #5823 100 U/mL H&ER)
FREEH AT B . 15K BMNCs &4
o e e PGS4I, R A 1X 1054y /mL
YRR e F T T-75 $59800, BT 37 'C.5% COa.
MOFIVRE RIFE AR S 7% 3 d J5 SIS IR, 37 JR
RGN, DUEHE 3 RAeENE, FIFWEI0REE
BB NPT AL A G EE T B e ARl B S
0.25% (REMAML EEHIER, & 3 RaeE
il . Lt AWTHALAE MSCs §H# F14iifL .

IEH P3 AX BMSCs, 1A% 80%~90%fil & i
Fi& 0.02% EDTA K] 0.25%EEEH L4, A
10%6 4= 1135 1) L-DMEM 4 Jfo 4% 5% i B 2 40 i,

1 000 r/min &> 10 min, W%F L&, I 10 mL
TR Eh 22 pP (PBS) 1000 r/min B0 10 min, ¥
Y2 W, FELTE, b0 PBS o R AN MR, M
AW E N 1X 106 /mL, 1 000 r/min B> 10
min, 3 _EiE, ZelN 90 uL PBS, WFT A4 B,
FIMARA A (CD34. CD45. CD90. CD44)

S FLEIAISF IR S 10 ul, 37 CEBENHEE 30 min J5 i
400 pL PBS, _F i =04 Akl .

2.2 AST IV Bc{h PNS ¥ OGD/R X5 BMSCs 1
JERIFZNE

R 5 A TR0 4L I 3 AR 9 4 SR S-6), SRS R
110 mg/kg Bt/ PNS 115 mg/kg 4 Bir R0/ 5 i ke i
P IVER, SCHRARE D813 ) 7E 20~80 g/L,
PNS 7£ 0.5~2 mg/mL H 55 BMSCs Al #H £ -2
SRR . BRYETHE, ASKIRH AST IV 5 PNS
& (100 pmol/L+60 pumol/L). 1 (50 pmol/L+30

e
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J5» L 100 pL, BERARFLINN AR L-DMEM
BrgRds, WAL 8 NMEAL, MBI 24 ho FEKT
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B E 2h, T2 IRERAR OGN E R (4D 1H.
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—{EM

FBEBE AL P3 ARUIAL, AL A 5X10*
ANmL, R 6 Uik, giff gl S b EL R “2.27
W, AEREEWE, UCEAME, REAREE N 1X
1064~ /mL, #2208 Annexin V /PT 7 & E K37 2
gutry, BB 5 ANEFL, FR 4G4 2 000
AN, HEOETAM, TR,

L R T8 = Y T 40 R 4 R
2.4 AST IV Bg{h PNS 3 OGD/R X & BMSCs it
#B1ER

YR “2.27 TR /AR S, K54 n
L 5% FBS ] L-DMEM X753 # &, 741 i %
& 1X10°M/mL, EFTHE CO, WEshH -1 30
min [ Transwell /NE F=, HH3ANEf. %
N 100 pug/L SDF-1a & 10%fiA 4 1% i) L-DMEM
BrFRdk 500 pL, B TWIARPAREERER 12 he HUH
Transwell /N%, PBS /NOEE: 3 Ik, BT 4%2 %
FH % [ 72 15 min. PBS ¥E¥k 2 X, DAPI 4 10
min, FYEOM, PBS iF¥E 3 Ik, HMMAHEE L=
AUGHR . TEIE SO RS F /N E T4
Mo BEAS/NEBHLE S MLEF AT, BCP
BIBE G4
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2.5 AST IV BZ{E PNS 3f OGD/R AR BMSCs ##
LN A A

FARRBE A P3R40, A4y 5X 104
AL, #EFFHEGARCH K 12 fLik, %8
“227 TR HEAT /P 4HALFE . PBS ¥ 3 %, O 4%%
EHEEE 2 15 min, PBST 8%k 3 ¥k, X 5 min,
BN 2% BSA (F 0.1% PBST Ec i) $4 30 min )&,
WSS WG, N 10300 FERE—H O 0.1%
PBST fic#l), B Tiwf&, 4 Cidid. W HWIHE—3,
Fi PBST j&¥E 3 ¥, X 3 min, JHH01 11 000 H
Bt =i (EEEHE#T), &P 37 C
8 1 h, PBSTIZVEH A 3 UK, N DAPI i
H 5Smin, PBSTIRYE3 i, WKWK T 2 Rk,
FPTR A K E FflE A, Bos R E R REER

SR EUR, TR AN 20 585 FEH 5 AMEFE T
FHEAN AR AT, THE AR .

BEL 2 400 L 2 = X5 P 40 4 8
2.6 GitFHE

BIEIH SPSS 19.0 4iit i b#rgiit. it&E
PRI X 5 R0, RABHEE T 200, AP
Lei oy 2255 # H LSD %, 77 ZAS553# F Dunnet
T3 £ 4.

3 #R
3.1 BMSCs ¥E&

TEGH AR BMSCs % 41 JR 45 B TR,
CD29.CD90 FHM:H 43524 94.23%-94.69%; 1fif CD34-
CDA45 MAMELIEZR I HIN 5.76%. 5.31%, FACLHPAT
4 BMSCs RIEPUFAHIE, %528 BMSCs (1),

ALOP 10° A0 105
B 10* 10* 10* 10+
'g‘ 103 103 'g‘ 103 = 103
:?D 10— 102 i%lo 10— 10—
% 10! 10! 2 o] ## F
10% 64 128 192 256 10" 64 128 192 256 1000 & 18 192 256 % 64 128 192 256
CD29 CDY0 R CD34 CD45 R
SSC-Height - SSC-Height g

1 RAHFAREN BMSCs RER
Fig. 1 BMSCs surface antigen detected by flow cytometry

3.2 AST IV fi{f PNS % OGD/R X5 BMSCs 1
JERIFN

xRl b, BRI NIZ OGD/R RIS,
A EHUREK, fAEd e 2mb, A
REL (P<0.05). 5BAHLLE, ASTIV 5 PNS
s S AR E RS AR A R G, (e i
BEE (P<<0.05. 0.01), WK 2.
3.3 AST IV fig{f PNS % OGD/R X5 BMSCs /]
TR

Exf i b, BRI Z OGD/R Hli)5,
YU TR BRI (P<<0.05). SXFIRZ L,
AST IV 5 PNS & . (KRR AT A [FIFE B
0 BMSCs T2 (P<<0.05. 0.01), W% 1.
3.4 AST IV Bt{f PNS % OGD/R K5 BMSCs i
BRI

RS R EoR, MRANA (56.42+

Xof BR A 100460 50+30 25+15
AST IV+PNS/(umol-L )

EXHRALLE: #P<0.05; SHMMALLLE: "P<0.05 "P<0.01
#P < 0.05 vs control group; “P <0.05 P <0.01 vs model group
2 AST IV Fi2ffi PNS 3 OGD/R K& BMSCs H5ERIFZN
(X *s,n=5)
Fig. 2 Effect of AST IV combined with PNS on BMSCs
proliferation of OGD/R model rats( X xs, n=15)
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%1 ASTIV E{f PNS % OGD/R K5R BMSCs AT IS (X £5,n=5)
Table 1 Effects of AST IV combined with PNS on BMSCs apoptosis of OGD/R model rats (X xs, n =5)
51 C/(umol-L™") T %/% T T4 A 2 WG S 080 T A A S
o — 9.60+0.07 128.60+11.76 6340+ 6.25
F Y — 42.46+0.45" 386.80+ 9.95 462.40+13.18
AST IV+PNS 100+60 21.5540.04™ 215.80+ 7.47 21520+ 5.25
50+30 28.6410.90™ 281.40+11.98 291.40+ 9.99
25+15 36.66+0.45" 325.40+12.44 407.80+ 8.66
X H e #P<0.01; SEBALLE: "P<0.05 “P<0.01, £2[H

#P <0.01 vs control group, "P < 0.05

6.12) MR AT, BAHATEAMMmEE N
88.45+3.42, AST IV ECff PNS = H. fKFI=EA
YA R H 235308 102.44+3.21. 131.06+2.89.
139.49+4.88.. 5xFHEA L, Y2040 it # 20 H
BRI (P<<0.05), 2B SR ILERE IR EE o] {2 12
BMSCs M5 X T, SHAALLE, AST IV 5
PNS A5 &AL I nT R 4l e R (P<
0.05), LK 3.

Xof IR

B

100+60

*P < 0.01 vs model group, same as table 2

3.5 AST IV E{f PNS % OGD/R K5 BMSCs
Z I

1E% BMSCs Nestin &5 FIPHMHERIAZAK, Ui
BMSCs 7E1E# 15 il F A& a4k e iess (K 4
%R 2), OGD/R H¥# /5 , Nestin & [ RH MR IA R 1
T, RSk B EMEA B 5 K BMSCs
ZEAT AR, (AT L ) A 0 T R 4 R 5 A i )
. SRR, AST IV Bl PNS &, 1.

50+30 25+15

AST IV +PNS/(umol-L™")

&3 ASTIV EZ{f PNS X} OGD/R AR BMSCs iERZHIENE (X 100)
Fig. 3 Effects of AST IV combined with PNS on BMSCs migration in OGD/R model rats(x 100)

DAPI

GFAP
Nestin
Merge

25415

50430
AST IV +PNS/(umol-L ™)

paiis LR 100460

Nesnn ....-
- .. ‘. -. |

Xof BR FEEH 100460

50430
AST IV +PNS/(umol-L™")

25+15

54 AST IV B{h PNS % OGD/R KR BMSCs £ 53{L RIS M (X 200)
Fig. 4 Effects of AST IV combined with PNS on neural differentiation in OGD/R model BMSCs (*x 200)
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&2 ASTIV Ec{f PNS %t OGD/R K5 BMSCs #£2 53LBIFM (X 5, n=5)
Table 2 Effects of AST IV combined with PNS on BMSCs neural differentiation in OGD/R model rats (X *s, n =5)

51 C/(umol-L™1) Nestin/NSE X BH #3135 2%/% Nestin/GFAP X H PR 1E %/%
ot R — 10.11£0.96 3.08+0.09
it — 32.18+2.88% 24.18 £3.02%
AST IV+PNS 100+60 54414532 66.09+2.34"
50430 62.14+3.81" 79.01£1.30
25415 63.18+£2.59" 78.88+£3.66™

R =AM Nestin/NSE. Nestin/GFAP XU [H 4%
R R, £ ASTIV 5 PNS AR F &/ L
Hya 2t OGD/R #:% BMSCs [i #1458 7T M 4122 Jie It
2 € [ 434k
4 e

S R R G S R R R R 2 AT, £
K. Z@EHn gL, HAz0 in d w2 4
M2 T SIS — R L ThRE RS . S5 AR
B s M0 5 AR WA BRI B, S48 T 2 41
PR i, X4/ NEEZETIAR, 5035 T A B A )
NE R . XA RGO 4T B ARG T
A XA RGN R B S M AR A, B
WoE IR 2 A Th Re OB RAME S 104 BB AT
PR AR LY, TR B E @M AL S AR A
ThRe—Ria a7 J7i%,  TERRR i B0 (a7 75 T
RS2 N0, BMSCs BLHSRIE 2, Bk 7
i, PRAM B, §IbfEE, HARBE I R HER R
N, BT TAH G R, BN R G5 R
AR R F4E M, {HE— () BMSCs BAEAIfEAE
A P PR T SRR [ 49 42 40 i 52 17 4k D g DA
FE . FEME S e T R S v A R 45 T AE PRI HL A i AN
BH G RO B 6

HH R 25967 SRR SRR A, H 25 BETT LB BAE
RN T8, (23858, 1k arblig
i FCAROA SR, ek HARE S ThRe s B TR
e ThEe, TR EH bR s HE R B . KB
FAESE, S I 2505 A R k. Z A P A
BMSCs # 48, KAFUHR i i 1515 o/ F . SR
AT B R =B A R (R o Ee T B
5 15 VE R RET T RG>, REL AST 1
PNS Fc ] 5 35 32 s s i 5 A g AE i =%, —
OB A P R A FENLH S R i 5 B
1 o e 1T i S A LA o i 2H 2R e = AR
P Ao R IS5 A 2 AR T2 25 5% . BT AST )

TGRS AST IV, PNS 124 8085 2
ANZ 24 Rgiw AZ 21 Rby =L Ry, K,
BE—IDHTTT T 4 Fh 32 B RO B AR AU sk LA
Fle I 4 P 24p o Bo A mT 4w s Uik 20 23 47
AAIEE . W SRRSO . B 2 e
AR R AL G AT S A 2 R T
At BRI AST IV B PNS Bt BMSCs
ARG YT ISR I 5 B A P RIS PR RT, A5
FESLARSMER M PR REERERY, TSE AST IV AL PNS
X OGD/R K BMSCs DiReffsgnmy. 5% 8oR
OGD/R #iffi J& , — 75T BMSCs £ s 3458 2 35 J /> »
P T BRGNP R VE 0 T 3 B
BMSCs i, MR A G RN P A7 R
BMSCs [ {J X IE RS 40 I 4 22, HL A e s it
Je 527K Nestin/NSE. Nestin/GFAP XU BH ik % ]
B, FRGRMERA IR T L3t BMSCs [7]45
X TR IR TR B A a1 e
Nestin FHIEZRIL 1) BMSCs, FH{E#EIL 40 KA
IR R AR 04k . AST IV 55 PNS AN[FIFIE L
{L¥Refedt BMSCs H9%H . fMfIZnfm . (2l
AR ALE RS . IR I A oA B TR 40
FE 15346, 1EBT AST IV Ffi PNS —J7 [ AJ iz
BRI PG 5 BMSCs BI44%, 53— 7 Tl
SRR IIRE . AHE TN i U I 25 2
Sy k& BMSCs ARG YT it 42 it S8 44
SE R
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