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Effects of astragaloside IV with active components in Panax notoginseng on
energy metabolism in brain tissues after cerebral ischemic-reperfusion in mice
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Abstract: Objective To investigate the effects of astragaloside IV respectively combined with the effective components of Panax
notoginseng such as ginsenoside Rg;, ginsenoside Rb;, and notoginsenoside R; on energy metabolism of brain tissues after

cerebralischemic-reperfusion in mice. Methods C57BL/6 mice were randomly grouped and treated for 3 d. After 1 h of the last
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administration, cerebral ischemia-reperfusion injury was established by bilateral common carotid artery (CCA) ligation for 20 min
followed by reperfusion for 24 h. The contents of ATP, ADP, and AMP were determined by high performance liquid chromatography
(HPLC) and the level of energy charge (EC) was calculated. The expression of glucose transporter 3 (GLUT3) gene and protein in brain
tissues was detected by reverse transcription-polymerase chain reaction (RT-PCR) and Western-blotting. Results In the model group,
the contents of ATP, ADP, and AMP and the level of EC were significantly decreased (P < 0.01), and the expression of GLUT3 protein
was significantly up-regulated in brain tissues (P < 0.05). Astragaloside IV, ginsenoside Rg), ginsenoside Rb;, notoginsenoside R,
astragaloside IV + ginsenoside Rg, astragaloside IV + ginsenoside Rb;, and astragaloside IV + notoginsenoside R; could obviously
increase the contents of ATP, ADP, and AMP and strengthen the expression of GLUT3 gene and protein. The effects of astragaloside
IV + ginsenoside Rg;, astragaloside IV + ginsenoside Rb;, and astragaloside IV + notoginsenoside R; were better than those of the
active components alone; Except four active components alone, EC level was obviously increased in astragaloside IV + ginsenoside
Rg,, astragaloside IV + ginsenoside Rb,, and astragaloside IV + notoginsenoside R; groups; astragaloside IV respectively combined
with ginsenoside Rg), ginsenoside Rb;, and notoginsenoside R; had the synergistic or additive effects on improving the indexes of
energy metabolism in brain tissues. Conclusion Astragaloside IV and the main active components of P. notoginseng could improve
the energy metabolism in brain tissues after cerebral ischemic-reperfusion and promote the use of energy material in ischemic brain
tissues, which is enchanced in astragaloside IV + ginsenoside Rg;, astragaloside IV + ginsenoside Rb;, and astragaloside IV +
notoginsenoside R; groups.

Key words: astragaloside IV; ginsenoside Rg;; ginsenoside Rb;; notoginsenoside R;; combination; cerebral ischemia; energy

metabolism; glucose transporter 3
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BR/AH]), SDS-PAGE & [ FFFZEM (5X) (34
D REWEARGFD, w5 R A TG & R
Marker. 1587 HRP-DAB J&Y) B (A3 F & (dbig
RIAEMEE AR AR D, oR Ak R
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4. NS HEAF Rb, (40 mg/kg) 41. =-L2FF R, (10
mg/kg) 4. FHIEHT (40 mgkg) + AZ2FF Rg
(50 mg/kg) 4l. HEFH (40 mgkg) + NS
Rb; (40 mg/kg) 4. MEFH (40 mgkg) + =L
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2.3 gEEREERNE
231 FEALEE  HUA AR AZ AT 42320 120
mg, F TR 1 1 9 L 5% i SR K 10% x40
1573, 4 "CEL 15 min (15000 t/min), B F3EWH
£50.8 mL, JIA 3 mol/L ] K,CO; 0.12 mL, i pH
i, 4 “CELy Smin (3 000 r/min), B i RE
4T ATP. ADP. AMP ] HPLC 4477, JEi1 5 Rgsy
(EC) {8, EC=(ATP+0.5 ADP) / (ATP+ADP-+
AMP).
232 WHESIEI 2 R BRI B ATP
16.4 mg. ADP 15.0 mg. AMP 13.1 mg & 50 mL &
R, PR B AV A A 5 B 43 0 A 328.0
300.0. 262.0 pg/mL [RIX} FE SA T -
2.3.3 HPLC MlE4MF  Aik+EA Hypersil ODS2
C g 1 (250 mm X 4.6 mm, 5 pm); ¥ 5404 K.HPO,
(A) -KH,PO; (B), BAEEEME: 0~12 min, 86.8%
B, 12~22min, 85.5% B, 22~38 min, 86.8% B;
R 25 °Cs R K 254 nm; ABURE 0.7
mL/min; BEFEEY 10 pLl.
234 HNCHRFELE JpPO TR 1 ~5 pL ik
FEIE, DR TRIREE (ng/mL) PAAFR (V).
UEETHIRME A REAR bR (XD 2ilbruERRZE, 3R RE,
ATP: Y=-27.3268 X+0.5658 (+=0.9998); ADP:

Y=-9.549 9 X+0.576 1 (r=0.999 9); AMP: Y=
—18.304 0 X+0.2822 (+=0.999 8).
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CTTCAACACCCCAGC-3’, Fii51¥h 5°-CCACA-
GGATTCCATACCCAA-3>, ¥ #4)7 B 446 bp. 1«
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TBST PEMiE 3 7K. Hfam Y HRP-DAB Ji&4) Wl (i)
ST 5% . ¥ PVDF B TH4E, Image Pro-Plus
6.0 EUR T8 A0 e H 4T AR RO BE AR, A
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3.1 EBHDRNELEERIGHEIRAY LA
H5RFRALLLE:, BARAN4LZ ATP. ADP /K
FREFRL (P<0.01). SHEAALLE, 2504
ATP. ADP /K P EETHE (P<0.05. 0.01). ¥

EHF+ A2 R 4 HEH T+ AS 21 Rb,
M + =L R 41 ATP. ADP /K13
S E TR (P<0.05. 0.01). 22 HAEMS
IR : {EMNALIZ ATP KV J7TH, HIKHFITSAS
EAF Rgiw ABRIF Rby. =BT Ry 20 HIEALK)
SRRV LA T IL R N 2 Fl, R BT
EANZ 21 Rgiw AZ 1T Rby. LR R Bl
B ALZL ATP N3 A A INAE T s FE 228
ADP /K5, WHERTF S5 AS 21 Rgs AS 2
1 Rbyw LA Ry 23 BB SEBR N 3K T3
BMSN 2, REEEFH 5 NS 21 Res
ANZBAF Rby =GR 4F Ry B N2 ADP
NI A P RIVE T . &5 R 1.

*1 SENRNARESREIEREE (x+s,n=8)
Table 1 Comparison on indexes of energy metabolism in brain tissue of mice in each group (x +s,n=8)

4151 ATP/ (ng'mL ™) ADP/ (ng'mL ") AMP/ (ng'mL™") EC
BFR 101.52+9.99 250.52+11.17 426.42+25.28 0.29+0.01
2 41.08+5.84%* 170.79+10.49** 294.97+24.34%* 0.25+0.02**
PO HH 63.90+6.83°° 189.09413.13% 375.55+25.91%° 0.25+0.01
ANZE2H Rg, 58.76+5.34°° 188.93+15.63° 364.13+£22.50"" 0.25+0.01
NS B Rb, 58.55+7.83°" 190.59+17.56"* 373.114+21.91°* 0.24+0.02
=2 R, 64.07+£8.72°° 192.97£15.61°° 375.79+27.92°% 0.25+0.02
HIEHH + AS 2 Re 80.09+6.75%"7  212.53£12.7944"" 404.661+26.39°°"" 0.27+0.01°"
W+ AS 21 Ry, 83.5249.96""""  211.92417.59"""" 405.56+25.10"""™" 0.27+0.02""""
HRHH+ = LRHF R, 87.4349.72°"F  221.75413.04%°7 399.99+22.09%* 0.28£0.01°%""*

H5BFEARL4LR: *P<0.05 **P<0.01; SHAALE: “P<0.05 “°P<0.01; SEEPHFALE: "P<0.05 “P<0.01; 5AZEH Re

A “P<0.05 “7P<0.01; 5 AZ R Ry, 4HE: "P<0.05

""p<0.01; H=hBAr R 4AkE: “P<0.05 “FP<0.01, FEF

*P<0.05 **P<0.01vs Sham group; “P<0.05 ““P<0.01 vs model group; "P<0.05 ““P<0.01 vs astragaloside IV group; °P<0.05 “°P<0.01 vs

ginsenoside Rg; group; "P<0.05 ""P<0.01 vs ginsenoside Rb; group; *P<0.05 *P<0.01vs notoginsenoside R; group, same as below

BT AL, BRI AMP /KT 235 BRI
(P<0.01). SHIMALLE, #2924 AMP /KF-)
WEFE (P<0.0D. WEHTF+ASER Re 4
AR+ ASB1F Rb, 41 AMP [{I7K 4 3 i
FRTHPA (P<0.05. 0.01). 3 HAETHT
K EHXT AMP ZKF, R 5 AS 21T Re.
ANZ2AF Rby. =-LRBFF Ry 20 5 Bl ) 5L bk v )
INFR 2RO 2 R, KRR R 5 A S8
1 Rg;w AS 4 Rby. =L Ry Bofass kgl
20 AMP RN B FEUE R . S5 R 1.

BETFARA R, MR EC (1 EFBEIK (P<
0.0, SHRALLE, #25H M EC (HLRE¥
M (P>0.05); #EHIF+ASEF Reg 4. HE
A+ NS 21 Rb, 41, HEHFH+ L2t Ry

4 EC iR & TH (P<<0.05. 0.01). HEEHFH+ A
Z2AF Rgy A AT+ A S 2147 Rby 41 H
B+ =t2HRAECHEHS KT ASEH Re 4.
ANZ AT Rb 4181 =-B2F R, 41 (P<<0.05. 0.01);
HEKHHE+ASE2H Rb A KHH+ —=-Le
Ry 41 EC {H2 3 m TR 4l (P<<0.05. 0.01),
THAER TR mEFHS5AS21 Rg. A
Z AT Rbyy =GR Ry 23 0 BCATL IR SEBR RN 25K
THAEHPBN 2, RHMERTSASEE
Rg;w AZEAF Rbyw —-BRIF Ry FAHE Nk 2:
EC {E RN A P FEH . 2R WA 1.
3.2 RUA/NFENAL GLUT3 mRNA RikBIELER
HFARYIE:, #iA4] GLUT3 mRNA %Kik
WETE (P<0.05). SHEBALILE, BRPH4.
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ANZ BT Rg 41, ASE4F Rby 4. —LEIF R
4. WEHF+ASE Rg 4l HEHFH+AS
A Rby M F R+ =-L2H R, 4 GLUT3
mRNA RIEEEA S (P<0.05. 0.01). B
i+ AZ 217 Rgs BN+ AS 4 Rby )
A+ =LA Ry 41715 GLUT3 mRNA 154
Mo T4 B2 4 (P<<0.05. 0.01). T HAFH
SR BT 5 ASBAT Re BUATL ) SERR 2
N H A TR 2 A, R 5 A3
1 Ry Bo IR N 24123 GLUT3 mRNA FRik [R50
JEER] BERPH 5 AS 2 Rb. LR
Ry 43 ) FC A 10 552 B 5 N 34 2 45 1 DL 50 ) () R0 2
Al R KT 5 AS 21 Rb. L2 R AL
AN ZH 20 GLUT3 mRNA 23k (13508 340 49 A
EH . 2R LE 1 MR 2.
3.3 HE/NDRKELR GLUT3 EARIEB LR
HFARALLLE:, BMY GLUT3 RAXEE
FOE (P<0.05). SHRAIER, WEFE. A
Z A Rg s — L2 R VEHEN T+ AZ 21 Ry
HEHFT+ AS 24 Ry L ERF+ L2 R,
e B m 42 GLUT3 & [ #£3A(P<<0.05.
0.01); HEHT+ AR R AAE KR+ A
Z B Rby 41 GLUT3 & AREES ST ASE

H Rg A NS 215 Rby 4] (P<<0.05), #IEHIF+
ANZRAY Rg 41 GLUT3 HEHRE =R E & T
HHFdl (P<0.05). ZZHAFHAHTRM: HWEFH
5 ANZ B Rgw AS 21 Rb. L2 R 20
PC AT R SRR N 3 2 55 T s I RS 2 i, e
W5 NS R2T Rg. AZETF Rb. =L2
A5 Ry BUAT I 20 28 GLUT3 48 [ R IE RN 1)
FINVER o 455 W3R 2 R 2.

M1 2 3 4 5 6 7 8 9 M

practin — 446 bp

M-Marker 1-RFARA 2-BHA 3-HEFHH 4+-ASE8H
Rgil S-AZEIFRbLA 6-=-LRERA 7T-HEFT+AS
BH Rg A 8 EKHHE+ASEH Ry 4 9-WEHH+ =1
B R 41, THIFE

M-Marker 1-Sham group 2-model group

group group
6-notoginsenoside R; group 7-astragaloside IV + ginsenoside Rg;

377 bp

3-astragaloside IV

4-ginsenoside Rg; S-ginsenoside Rb; group

group 8-astragaloside IV + ginsenoside Rb; group 9-astragaloside

IV + notoginsenoside R, group, same as below

1 F4H/)RELELE GLUT3 mRNA Fik
Fig. 1 Expression of GLUT3 mRNA in brain tissue
of mice in each group

*2 FBEPDREREALL GLUTI ERMERFZIEMILE (x£s,n=5)
Table 2 Comparison on expression of GLUT3 protein and mRNA in brain tissue of mice in each group (x +s,n=5)

215 GLUT3 mRNA GLUT3 £
RFR 0.11840.034 0.363+£0.024
il 0.21740.086°* 0.41140.054°
R 0.31240.072° 0.461+0.029°
NS B R, 0.31740.045° 0.460+0.027"
NS B Rb, 0.310+0.103" 0.44340.033
=tbEER, 0.31340.062° 0.45740.040"
WICFH + AS2H Re 0.42840.07344""1 0.5134+0.024°4"
HEFH+ NS R2H RD, 0.393+0.052°°™" 0.495+0.034"""
WEPT+ =121 R, 0.405+0.068""** 0.495+0.024""

4 itig

1 2 3 4 5 6 7 8 9
- e N N 45000

—

B-actin

R 42000

GLUT3 g

2 BENRINBLE GLUT3 EHRIALLE
Fig. 2 Expression of GLUT3 protein in brain tissue
of mice in each group

kAL, 5 RS AR L A A R S B,
PR

LA RER ARG, B iR
Py ML 5RBRARIR . JORE S NN T AT
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s B, DS U L LS
42 B 2 Bl B ATP SURIIR/D, e iR 1L
BRI, iR SR A B AS . I i
LRI o, AT R, (23 Na', It
N FEAE R KB A A I E i K o 7 B
BENLERLAR Y [0 Ca> ANREEIAE, AP Ca® I
Thr, filk—RFVRE N, SR siE—0
I,y LA AR A I, A KR AR
SR e I LY = NEER S = NEs P AEI K 27N 5y R ENTU] R 218 P)
B, A AE A R, DRI, e e A SR
e S0 T PR [T, 388 o i 20 2R g ) o 1
AR, kA e s, B EERRT
=X

ARSI AR, WEAT. AZ21F Re.
ANZ 21 Rb. —LREIF R B, HEFEFH Y
ANZBB2F Rgi» AZ2AF Rb. =-LEF R it
Bya] B k44 ATP. ADP. AMP {11, i3t
B 4 FhAES A, MRS 5 AS B2
Rg;. AZE1F Rb. —-BRIF R, fidfh, Halekss
AL ZARE AR . H 4 B R8s S A B T
EC fH, M R4 5 NS 21 Rgin AS BT
Rb,. LR Ry Bofhn] BT EC {8, B3
EHHFS5AS 2 Rgw AZETF Rby. LB
Ry oA e A E R T . A3 8
1 Rg,w AZRAF Rb. =-L2H R M. HE
e IPE B AT B, B 5 A S 21 Rers
ANZBAF Rbyy =R Ry 230 Bl 39 0 i 21 21
ATP [N A A IAE R, B ZH 28 ADP ()34
IR A EMFEIEF, G2 EC E RN A P
FIVEF, BEINAKZHZY AMP [0 1 0 F P .
ATP Fil ADP 3424 =gt &4, a2 &=
BERER KU . AMP iy ATP. ADP [ EEEAMA 1)
EC {8 F 2L g T ATP 1 ADP [ . S 5 A
Z A Rgw AR Rb,. =BT R, 2 HIlAL
WINK 44 ATP. ADP F1 EC i i4E ] EL A P[] Bk
FHIBNY, R ERT S5 AZE1 Rgw ASE
H Rby. =GB Ry A B NS i ik 228 ATP.

ADP )4 B AR LV FE A B8, AT 1 5
TOn ki 20 2R RE AR I G E R, AR T AL
UM PE . ME KPS AS 21 Regs AS
BAF Rbyy LA R AL INALZE AMP 2559t
EH, Xulfedh TP S5 A 81 Rg. A
Z AT Rby s =G4 Ry BCAILS, mT e — 4l
121 ATP. ADP [153fi#, Biiil-Ge s REmER S
JUE TSP

i ke 1. SR 40 i i 2L 2 ORT T 25 T R i, 1K
A e B TH 5 A 2R 40 B 1) — PP AR S
YL LU0 A RE R A BT AR s a
(GLUTs), LA GLUT3 J hE%, GLUT3 XFK
PR TCA AT PR IS AR, A0 SO 1 #8160 B R FH %
W GLUT3 Rk Bl UI4HC, GLUT3 Kk |
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