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Main active components combination of Astragalus membranaceus and Angelica
sinensis promotes proliferation of aging hematopoietic stem cells
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Abstract: Objective To explore the effects of the combination of main active components of Astragalus membranaceus and Angelica
sinensis such as astragaloside IV, formononetin, calycosin, campanulin, ferulic acid on aging hematopoietic stem cells (HSCs), and
clarify its mechanism through cell cycle regulation. Methods The aging model of HSCs in mice was established with three butyl
hydrogen peroxide (t-BHP) to research the effects of five active components of different concentrations on the senescence and the
proliferation of HSCs, and seek the main active components which could promote cell proliferation. Finally, HSCs aging model was
used to prepare the drug-containing plasm of 4. membranaceus combined with A. sinensis at 1 : 1 ratio. Furthermore, blank control

group, model group, blank plasma group, ferulic acid group, astragaloside IV group, formononetin group, calycosin group, calycosin
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glycoside group, combination group of main active components, drug-containing plasma group of 4. membranaceus combined with
A. sinensis at 1 I 1 ratio were acted on aging cells, HSCs senescence rate was tested by SA-B-galactosidase staining and cell
proliferation rate was measured by CCK-8 method, cell cycle distribution was determined by flow cytometry, and the protein
expression of Cyclin D1 and cyclin dependent kinase 4 (CDK4) were detected by Western blotting. Results Ferulic acid,
astragaloside IV, and formononetin significantly promoted the proliferation of aging HSCs and decreased the positive rate of
senescent cells, but the effects of calycosin and calycosin glycoside on HSCs proliferation and the positive rate of senescent cells
were not significant. The orthogonal experiment showed that the combination of five active components that ferulic acid,
formononetin, astragaloside IV were taken as basic factors, and calycosin and calycosin glycoside were taken as secondary factors,
had the strongest effect on promoting cell proliferation and decreasing the positive rate of senescent cells. Ferulic acid, astragaloside
1V, formononetin, active component combination and drug-containing plasma decreased the positive rate of senescent cells,
down-regulated Go/G1 phase cells while up-regulated Go/M + S phase cells, and increased the expression of Cyclin D1 and CDK4
proteins. The above effects in the active component combination group and the drug-containing plasma group were the best.
Conclusion The main active components of A. membranaceus and A. sinensis such as ferulic acid, astragaloside IV, and
formononetin can promote the proliferation and improve the senescent of aging HSCs, however, calycosin and calycosin glycoside
have no obvious effect. The effect of promoting the proliferation is the strongest on aging HSCs when five active components are
combined, and the combination can improve HSCs senescence, enhance the transformation of HSCs from static stage to
proliferative stage. The main active components and the combination of 4. membranaceus and A. sinensis can promote HSCs
proliferation and antagonize HSCs senescent, which may be related to regulating the expression of cell cycle related proteins and
promoting the transformation of cell cycle.
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Fig. 1 Dose-response curve of five active components promoting HSCs proliferation (X £s, n =4)
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F2 La2d) EXREERRI (X Ls,n=4)
Table 2 Results and analysis of L4(2%) orthogonal experiment ( X *s, n =4)
Etass 1(A)  2(B) 3 (AXB) WAL BABHA % HER%

1 1 1 1 BEREA T+ BERRI - BERERE  86.1614.67°°"  22.87+1.69°°"
2 1 2 2 Behti -+ B 5 63.4613.06°*"  43.08£2.56°°""
3 2 1 2 At + B 5 s i 61.06+1.67°° 4564446200
4 2 2 1 BEfiliR 47.13£3.90°°%"  53.5743.21°°>°
5 Xt 0.0040.00"* 78.61£6.43
6 TH 52.54+2.33 5.04%3.21

RS | 149.62 14722 86.16

B Y2 10819 110.59 171.65

BREREE 41435 36.63°F  85.49™*

HER T 65.95 68.51 21.87

HER 99.21 96.65 142.29

HERWE  3326% 2814 12042**

Has AR U P<0.01; SERALLE: “°P<0.01; SIERE AL

ML “P<0.05 ““P<0.01; #%FEFMAKFHE: *P<0.05

"P<0.05 *P<<0.01; HEERHFETF+EEREI+ BTG

**p<0.01

P <0.01 vs blank group; °°P < 0.01 vs model group; "P < 0.05 "*P <0.01 vs basic factor group; “P<0.05 ““P<0.01 vs basic factor + calycosin +

calycosin glycoside group; *P < 0.05 **P <0.01 vs two levels of each factor

#*3 &H HSCs BERMEEERMILE (X ts,n=4)

Table 3 Comparisons of proliferation rate and senescence

rate of HSCs in each group (X s, n=4)

ZH 5 TR /% LR %
pagiied 86.20+5.17 8.43+2.59
Y 0.00+£0.00°® 70.67+0.83°¢
75 [ 13 2.83+3.70°° 66.80+1.43°¢
R ZE R 363140927 41.0942.56"7"
BT 29.7942.58"**"  48.56+2.81"%"
TERE R 1720437177 57.1841.457
B T 4.4142.98*" 67.25+0.82°"
SR YL ThE 3.63+1.65° 66.05+1.73°°
T I R LA 74.75+1.05" 26.05+2.42°%
B 75.03+£5.55** 23.15+£3.21**

Hxt AL *P<0.05
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A Ee AR A A

4p<0.05

*°pP<0.01; SEMALLLE: “P<0.05
**p<0.01; HiEtE
44p<0.01, F

*P <0.05 **P < 0.0l vs control group; “P < 0.05 ““P < 0.0l vs
model group; *P<0.05 **P<0.01 vs blank plasma group; “P <0.05

“#P<0.01 vs combination group of active components, same as below
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RETAMEERHIFTH GG WL (P<
0.05), Go/M+S B> (P<0.05), T2
I 2% 20 55 35 1 B e AR 2 B B 22 R e GE 2 i X
(P>0.05), ZERWFEK 4,
3.5 BANEMES. EMHRSEEAESEE 11 B
R&Z5MM3EXT Cyclin D1. CDK4 EBFRIAHIZN

55t MR A Bl e, AR RS A A2 (1 1f 2% 40 Cyclin D1
H1 CDK4 5 1Rk B FFIK (P<0.05). HEAAH
EAL, BIBRRRZA. TUWfERA. R HH, Gk
AL Cyclin D1 Al CDK4 5 [ %75 5 2 10
(P<0.05). S5iHMHER A EAHA LR, FIEIERA . B
EHEFH. WieRd. BEREIAAMEERH
i 41 Cyclin D1 Al CDK4 & [ # ik 15 I 2 BRA
(P<0.05. 0.01). 5 HMKALE, F2ifa
Cyclin D1 #1 CDK4 & H & & 32 E 1 n(P<0.05).
g LR 5 fE 3.
4 g

HSCs ZHUAIE MRS MR 200, HARM
(1) 2 1) A F0 B 3R EE Rel. HSCs A AH 4t i 1
B AR AN IE S R B A 4ERF IR IE 1)
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v
pagiit R AL [ GEi
L]
/ 'd
W AL BRI B R
<«
‘{/ :
& PR O AL Y MK
kML N E A (EEGE)
arrow is marked as aging positive cells (blue staining)
2 %4H HSCs 4HAfA SA-B-Gal & (X 400)
Fig.2 SA-B-Gal staining of HSCs cells in each group ( x 400)
F4 FYEHSCs HARFHALLE (X £s,n=4) #+5 &4 Cyclin D1.CDK4EAFRIEMLLE (X ts,n=4)

Table 4 Comparison of cell cycle of aging HSCs in each Table S Comparison of Cyclin D1 and CDK4 protein expression

group (X s, n=4) in each group (X £s,n=4)

i3 28 /% 41 Cyclin D1/B-actin CDK4/B-actin
Go/Gr G2/M+S it i 0.577+0.082 0.440+0.148

Hof I 64.59+1.71 35.4140.64 FEAY 0.123+0.017°° 0.1324+0.078°
it 85.9240.64°° 14.08£1.71°° =Nl 0.170+0.029°° 0.195+0.088°
i =Nk 84.554+0.23%° 15.45+0.23°° R 52 1% 0.453+0.099"" 0.437+0.0517%4%
R ZR TR 73.50+4.50%"" 26.50+4.50"" IR 0.433+0.080"" 0.307+0.073"°
B 80.010.47°74*  19.98+£0.477"" TR R 0.380+0.069"***  0.30740.033"%**
TR 80.1340.74"74%  19.86+£0.74""* By 0.200+0.077° 0.180+0.048""
B R Bl 82.69+0.43°° 17.304+0.43%° B o 0.197£0.064" 0.162£0.021°*
BRI 83.1840.32%° 16.8240.32°° MR AEL 0.578+£0.046™ 0.545+0.037°%
EYERANIM 69.474+0.45 30.5240.45"" HH M 0.540+0.098* 0.557+0.123%
G 66.7142.10% 3329+42.10%

REISERT . MUAREZEHIERYT . W70 TH%
5142 HSCs &4k, HSCs Z AL 2 2 FRE 2 3 I8
g Re JIBEAR, RIHEZN] HSCs 105 BEH 5
REJIFFE, HIRFFRE RIS I Re S, 4

PR B SUIREL A S R I S SR B S, AT
RN, G ThRETEIRAFIE I R 583 2 HUHFAE
PERIUAIR R AR RGN HR B MBS
SN, ST BT ANE RS (ROS) S5 A
FRot 51 S HSCs FEE NI i Ji $3452 35 ) B 2 JE A
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Cyclin D1

CDK4  —

[

T W ——" — —" — — — 3610

L e S S S a— — - e 3AX10°
Xof BR BRI SAME ISRy

Mg HISHHE TR BER BRERR

B LRSS

3 #%%H Cyclin D1. CDK4 EHFIX Western blotting 16l & i
Fig.3 Pattern of Cyclin D1 and CDK4 protein expression detected by Western blotting in each group

HHTIN A, HSCs ZALMIr= S ZFLEAE, H
1 p53/p21 5 SEMKYE T EEMIEM . EN%
R (a1 DNA 5655 SREEAUER LS WS ps3, &
B p21 Ik, p21 REAIHAH L A AR
(CDK) i, SlEdpfaifisi; Fid pl4 ARF
8¢ nutlin-3 5|42 p53 WG p21 mRIA A SR
2402, SA-B-Gal Yeft e % M E M E By
%, HZONE NSRBI 2 A, T 2R 4.
L AL DL R IR A B 5 s gh R
BATEE, G AN KA AT TR,

DAARF ML3R 25880778, WRAL T 3 EE. 4IH
BCATLNT 522 HSCs HFEAIFEM, 250K, 10%[1)
B VA AR 2 245 i e n] R 5 R 3k HSCs Y45, 1M
HUBER-M 10 1 BRI ERRGE, HALH 5
YA A T KRR RS S Bt SR B P,
BRI 101 BRI B R B R . B
S, BAREE. BRPHMTHIEER 5 R
TEPERUY . BRI, TEARSEG R, Nt — P HECE
AR SR REARE-4T 101 BRI
HSCs $FEMIVER, WAL T3 -2400 1 1 1 Bifi & 24
Mm%, F57 AT R, HHS 2 m 2 AE
B8R A3 BCARLAE FH ) S )

ARSI EE R, TR M VIE TR A P R
TP H RIS A AR 3R T R R A M R R
HSCs 5 FAELE HSCs &, NS 4 I3PT HSCs
T2 AR A M 38 B 1) =BG YRR AY o T B AR IR
M 7E 2.5~40.0 pg/mL. &7 B 7E 1.25~20.00
ug/mL B X353 HSCs TG i 25 (i 38 5 AN PR 41 5
ERIER . HIEARIGH FLR, B 5L
BRI SR KW TR RS
AR, TR ER 2 HSCs 345, PS4
WEF KU B A RS e 2 R
BTG HSCs HFEMBE LA =2 MEH, 55 3
AN 32 B 0N S O AL AT 3G 5 32 B R e T

SETEAPEIRE M 2 R, 5 PR BCATL S X4
TS K R A o B S AR E A
T A, 4HH 3 Gy R g s 2 1%
BRI, AR LR e i Ok P ) . DRI
I G R, PTICEA R E . CDK4 &
S Jf A ST A (A% 00041, Cyclin D1 N IEME A
T, AR RO ST HI ) (CKD At
FHEFS, P16 /& CKI FEHF T, £ Gy
WG ER | RURE AR, HALHIZReS CDK4
HEATHR R4S 4, BHIE Cyclin D1/CDK4 £ &%)
e, S8 Rb B H R K SRR, g A ]
T ST Gy e Cyclin A2 U2 40 i & 309 1) 2 2 (A
F2z—, BAEATMME AR B, 5l
oy YEEE, hniEAnR R IHIERE . #E Cyclin KR,
Cyclin D TEZHAE Gi/S ¥ # s o R 354G EEHIVEH,
Hr Cyclin D1 2 G AR Ra s E, it
G 3R I 4 40 2 P R AU, CDK Ak T4
JE U 42 0 % w1 mR o AT, B2 4T R A 2R RS
CDK F 22 id it 5 J JA 8 (1 45 6 1 1 1) 1 15 448
FE IR . AR Cyclin A48 & A F 8 CDK,
HEA K Cyclin-CDK HA4k, HH CDK4 5
Cyclin D1 &4, AliEIdH Rb & AR Rb
R 19 2 X M R AR BELA 7, AT Sl %ot & i
FA IS R LAk . ARSeaG gt k], Sx 4t
B, MR AR A E R (Go/Gr B3 il
DEWMLZ, B (GyMA+S B g 20,
Cyclin D1 #l CDK4 £ A KIA B 3E FF%. B HSCs
TSI T R A AR RS TR U, A R i R R
o SRR, BTEIRG. ToWIEER. PR,
TEMERC BRI TS Go/Gr JAZERL R 8, GyM+
S HAYH M B, Cyclin D1 A1 CDK4 2K %A E
EWaE, SEAMKALE, HE-248 101 ifE
FUMIKAN Go/Gr FALM . 5 E b, Gy/M+S
W4 P S 2E 48 0, Cyclin D1 F1 CDK4 25 [ 314 B 2
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W, SISt R bR, S R B 4
1 Go/G1 IS 2, Go/M+S HIgRfIR/>, Cyclin
D1 fl CDK4 & HKIEH R EFFK. S MKH
5iEES AL H RO R 2= R . RIBT R |
R, WL R A R ARARE HSCs H4%H
()BT, TR o) B S A T
P 5 S AT S W] 3G 58 TR R o) FCATL S 4
HSCs S8FEMPER, |4 1 1 BfRS 5 Mgtk
RS et B AT AR F A4 HSCs SEFAITEH . X sbsk
RULH, EERBTER. R, e RA
FERS GRS BT B 5
i, PAMEEEE. HAERLEER N Cyclin D1 Al
CDK4 ik, MIMifE#E T Cyclin D1/CDK4 & &4
TERG, {233 7 HSCs HH Gy JH#EN S A, SEa x4
JE BRI HE S AN A

AT RLH, AN 101 BRI S
Pl R BRSBTS . R TIER. B
O TN, B A8 S O A1 38 P 0 HSCs 3,
FAE AP A, ek HSCs #5. 5 FPiE R
HERAWESAEN . XA AREE S 1EH T
HSCs M58 AN [FPA T, AT A 438 51 H
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