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Effects of astragaloside IV combined with active components of Panax
notoginseng on apoptosis and endoplasmic reticulum stress in brain
tissues after cerebral ischemia-reperfusion in mice
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Molecular Pathology Laboratory, Key Laboratory of Hunan Province for Prevention and Treatment of Integrated Traditional
Chinese and Western Medicine on Cardio-Cerebral Diseases, Key Laboratory of Hunan Universities for Cell Biology and Molecular

Techniques, Hunan University of Chinese Medicine, Changsha 410208, China

Abstract: Objective To probe the effects and mechanisms of astragaloside IV combined with the active components from Panax
notoginseng on apoptosis of nerve cells through endoplasmic reticulum stress (ERS) after cerebral ischemia-reperfusion (I/R) in mice.
Methods C57BL/6 mice were randomly divided into Sham, model, astragaloside IV (AST 1V), ginsenoside Rg; (Rg;), ginsenoside Rb;
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(Rb)), notoginsenoside R; (R), four active components combination, AST IV + Rg;, AST IV + Rb,;, AST IV + R, and Edaravone group,
pretreated for 3 d. After 1 h of the last administration, the model of cerebral I/R injury was established by bilateral common carotid artery
(CCA) ligation followed by reperfusion, then TUNEL method was used to detect the apoptosis in hippocampal CA1 and apoptosis rate was
calculated; The expression of cysteine aspartic acid specific protease (Caspase-3), glucose regulated protein 78 (GRP78), Caspase-12 and
phosphorylated C-Jun amino terminal enzyme (p-JNK1/2) proteins in brain tissues was tested by Western-blotting at 24 h after reperfusion.
Results

expression of Caspase-3 protein in brain tissues were increased. All drugs could decrease the apoptosis rate and inhibit Caspase-3 protein

After cerebral ischemia for 20 min followed by reperfusion 24 h, the apoptosis rate of nerve cell in hippocampal CA1 and the

expression. Furthermore, the decreased effects of AST IV + Rg; and AST IV + R, on the apoptosis rate and Caspase-3 protein expression
were better than those of the active components alone; In the four active components combination, the decrease of the apoptosis rate was
stronger than that of the four active components alone and the inhibition of AST IV + Rb; on Caspase-3 was greater than that of the four
active components alone as well as AST IV + Rb; and AST IV + R;. After the cerebral I/R, the expression of GRP78 and Caspase-12,
p-JNK1/2 proteins were up-regulated. AST IV, Rg;, R;, and the combinations could further increase GRP78 protein expression in brain
tissues, and the effect of the combinations was better than that of the active components alone; The effect of the four active components
combination was better than that of AST IV + Rb; and AST IV + R;. Ry, the four active components combination, AST IV + Rg;, and AST
IV + R; could down-regulate Caspase-12 protein, and the effect of the four active components combination was more obvious than that of
the four active components alone and AST IV + Rb,. The expression of p-JNK1/2 in AST IV, Rg,, the four active components
combination, AST IV + Rg;, and AST IV + Rb; was decreased, the decrease in the four active components combination was stronger than
that in the four active components alone as well as AST IV + Rg; and AST IV + R,. Conclusion AST IV combined with the effective
components from P. notoginseng has the potentiation on the inhibition of apoptosis, and the mechanism underlying might be associated
with relieving ERS via different links. AST IV + Rb; might affect JNK pathway and AST IV + R, might act on the Caspase-12 pathway;
Moreover, the four active components combination and AST IV + Rg; could act on both Caspase-12 and JNK.

Key words: astragaloside 1V; ginsenoside Rg;; ginsenoside Rb;; notoginsenoside R;; combination; cerebral ischemia-reperfusion;

nerve cell apoptosis; endoplasmic reticulum stress
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Positive nuclei with brown granules that arrows indicated were considered as apoptotic cells, cells with blue nucleus were normal
1 ZENDRED CAl RHEZMAATIER (TUNEL i)
Fig. 1 Detection of apoptotic cells in hippocampal CA1 of mice in each group at 24 h after reperfusion
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Fig.2 Comparison on apoptotic rate in hippocampal CA1 of mice in each group (X £, n=28)
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Fig. 3 Comparison on Caspase-3 protein expression in brain tissues of mice in each group (X *s, n =8)
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Fig. 4 Western-blotting patterns of GRP78 as well as Caspase-12 and p-JNK1/2 protein expressions of mice in each group

R1 KRE/)RGEL GRP78 F Caspase-12. p-JNK1/2 EEEMRIASHILLE (X £s5,n=8)
Table 1 Comparison on GRP78 as well as Caspase-12 and p-JNK1/2 protein expression of mice in each group (X *s, n=38)

45 GRP78 Caspase-12 p-INK
BFAR 0.1140.04 0.040.01 0.48+0.07
B 0.27+0.04°° 0.08+0.01°° 0.724+0.06°°
ASTIV 0.3140.03°44 0.071+0.02* 0.631+0.08°44
Rg; 0.30£0.03"44 0.06+0.02** 0.64+0.06"4*
Rb, 0.30+0.02* 0.06+0.02* 0.71+0.08**
R, 0.3140.02°44 0.05+0.01°* 0.65+0.09**
4 A 24k gy AT 0.424£0.04°°700mmx 0.030.01°°"0mmx 0.53+£0.05°°7 0w
AST IV+Rg, 0.4240.03%°7° 0.04+0.01°°"" 0.620.08""*
AST IV-+Rb, 0.38+0.03°°7"""4 0.07+0.02** 0.53+0.06"°™""
AST IV+R, 0.35+0.03°°744 0.04+0.01°%" 0.65+0.07**
Mk hr A 0.4240.04°° 0.04£0.01°* 0.5440.10%°

SETFARAE: “°P<0.01; SHIH4IHE: “P<005 “°P<0.01; 5 ASTIVAHE: "P<005 “P<001; 5 Rg 4 "P<005 ““P<
0.01; 5 Rb 41t "™P<<0.01; 5 R, 41HE: “P<0.05 “P<0.01; 54 Ff A TRMALLE: *P<0.05 **P<0.01

“P<0.01 vs Sham group; “P<0.05 ““P<0.01 vs model group; "P<0.05 P <0.01 vs ASTIV group; "P<0.05 ““P<0.01 vs Rg, group; ""P<
0.01 vs Rb; group; “P<0.05 “FP<001vwsR group; “P<0.05 44p <0.01 vs four active components combination group
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WAL B PR KRS, a2t
FREEKSP L . Caspase-12 240 T A i IR I,
fE ERS IN ] s S vEes i ST () F
CHOP ik, C/EBP [AJJi# [ (C/EBP homologus
protein, CHOP) & C/EBP # %[N 1Kk, £
AT, BARME, 76 ERS WS 2
MIR%, % GADD34. ERO1 FIZET- 324k DRS 2%
T RN E AR, (EHETIY (3) R INK,
ERS B30 INK, INK JE— DR b IR R 8 DN 5
AR T (TRAF2) 2, FSgimE-l". of
FURIN, AKIEH7 7= TG J % o e 11, PV 3 1 B A
PRI 2 of fid A T N 34 B 92 1 A A T A R i 7K
Jir, ez R4 H 5 ek CHOP AT Caspase-12
ik Ay S,

AR, Ik iR S, 2 GRP78
WIFRE I, 3K TR ™ AL I —Fl
TR WL, DA AT B sl 1R 3T B 8 (1 46 9 i)
WIGRLZ, PR T M () IEH ThEE. BR T Rby, 4%
e B EHE GRP78 EAMEL, H&
[URETRAE NN Y R T BT 7/ 2 I A L S A LW
(RN 3% T AST IV+Rb; A1 AST IV+R; . $275 AST
IV 5 =LA 8080 e A A0 o 22 40 B 1 (9 4
M5 F4120 GRP78 A MZRIE, AR S
T S5 ERS, I 4% X0 4 2040 B (0 AR 4 1 FE A
Ky H 4 B 2Bl S AST IV+Rg; IE R AH
e HURIBFR 4 RS, Ikl R 24 h s, in
2121 Caspase-12. p-JNK1/2 & FHRIA L EH N,
YLl Ae it i EE A ) ESR dlid Eif Caspase-12
WARIEAEEE INK1/2 8 AR S 30 T 41

FT@ . Ry 4 FATRUS M BCA. ASTIVHRg 5

AST IV+R, BE 2 E NN 4121 Caspase-12 S 11 I

M, H AST IV+Rg, HIZLMN5E T AST IV 5 R, H

HI, AST IVA+R, FIZUN 5T ASTIV HH], 4 Fifr 2k

B AT BN T 4 BiA Ry B 1) Je AST IV +

Rb;. AST IV. Rg;. 4 FI i, AST IV+

Rg; & AST IV+Rb, JRAEN/D INK1/2 HIBERRI K

-, H 4 B R8O RN 9 T 4 BT RB0U8

B K AST IV+Rg;« AST IV+R, . ix 2645 BHIR,

AST IV 5 =B 3 27 e il eI ESR (1A

[FIFA Py 50, ERS 403433 AR Al o e AST IV

Rb, 1] & 2R T INK @ #%: AST IV+R, 1l HEE:

PAEHT Caspase-12 il 4 P 208 o Bt Al

AST IV+Rg; ¥JREVE T Caspase-12 Fil INK i i .

Sk

[1] B/, XIBEP, SHE. B =0 F 28U sy
FCATXS PC12 4 o A A A3 0 S50 A 0 00 T2 R R 4 26
KA FE I [J]. VBB 455474k, 2012, 10(10):
1127-1134.

[2] Lee E J, Shin S H, Hyun S, ef al. Endoplasmic reticulum
(ER) stress enhances Tip60 (a histone acetyltransferase)
binding to the concanavalin A [J]. Open Biochem J, 2012,
6: 1-10.

[3] Brewer J W, Jackowski S. UPR-mediated membrane
biogenesis in B cells [J]. Biochem Res Int, 2012, 2012:
738471. doi: 10.1155/2012/738471.

[4] Kuga A, Ohsawa Y, Okada T, er al. Endoplasmic
reticulum stress response in P104L mutant caveolin-3
transgenic mice [J]. Hum Mol Genet, 2011, 20(15):
2975-2983.

[5] Nakka V P, Gusain A, Raghubir R. Endoplasmiic
reticulum stress plays critical role in brain damage after
cerebral ischemia/reperfusion in rats [J]. Neurotox Res,
2010, 17(2): 189-202.

6] #/NF, EOF%, Bk, 55 mEHE. AR
Rg; Rby FI=-ERF Ry Hv/IN Bl M - 40P W ik
45 A B g B ACH RIS (9], WP EE 2R
2R, 2014, 34(7): 5-11.

(71 FNF, E A, DBukbd, A5 SR =R
A0 A /N Bl o e 100 9 ) T 4 2R e A
PRI [7]. T2y, 2014, 45(2): 220-226.

[8] Yonekura I, Kawahara N, Nakatomi H, ef al. A model of
global cerebral ischemia in C57BL/6 mice [J]. J Cereb
Blood Flow Metab, 2004, 24(2): 151-158.

[9] ZhangH, Song L C, Liu Y'Y, et al. Prinacidil reduces neuronal

apoptosis following cerebral ischemia-reperfusion in rats



* 2264 ¢

t¥b

Chinese Traditional and Herbal Drugs

465 B 158 20154E8 5

[10]

[12]

through both mitochondrial and death-receptor signal
pathways [J]. Neurosci Bull, 2007, 23(3): 145-150.

Oida Y, Shimazawa M, Imaizumi K, et al. Involvement of
ecdoplasmic reticulum stress in the neuronal death
induced by transient forebrain ischemia in gerbil [J].
Neuroscience, 2008, 151(1): 111-119.

Reddy R K, Mao C, Baumeister P, et al. Endoplasmic
reticulum chaperone protein GRP78 protects cells from
apoptosis induced by topoisomerase inhibitors: role of
ATP binding site in suppression of caspase-7 activation
[1]. J Biol Chem, 2009, 278(3): 20915-20924.

Ma Y, Hendershot I M. Herp is dually regulated by both
the endoplasmic reticulum stress-specific branch of the
unfolded protein response and a branch that is shared
with other cellular stress pathways [J]. J Biol Chem,
2004, 279(14): 13792-13799.

Kuga A, Ohsawa Y, Okada T, er al. Endoplasmic
reticulum stress response in P104L mutant caveolin-3
transgenic mice [J]. Hum Mol Genet, 2011, 20(15):
2975-2983.

(14]

[16]

[17]

(18]

Nakagawa T, Zhu H, Morishima N, et al. Caspase-12
mediates ER-specific apoptosis and cytotoxicity by
amyloidbeta [J]. Nature, 2000, 403(6765): 98-103.
Martinez J A, Zhang Z, Svetlov S 1, et al. Calpain and
caspase processing of caspase-12 contribute to the ER
stress-induced cell death pathway in differentiated PC12
cells [J]. Apoptosis, 2010, 15(12): 1480-1493.

Nishitoh H. CHOP is a multifunctional transcription
factor in the ER stress response [J]. J Bioehem, 2012,
151(3): 217-219.

Arshad M, Ye Z, Gu X, et al. RNF13, a RING finger
protein, mediates endoplasmic reticulum stress-induced
apoptosis  through the inositol-requiring
(IREla)/c-Jun NH2-terminal kinase pathway [J]. J Biol
Chem, 2013, 288(12): 8726-8736.
S S.
neuroprotection in a diabetic stroke model via inhibition
stress [J]. Basic Clin
Pharmacol Toxicol, 2011. doi: 10. 1111/j. 1742-7843.
2011. 00763. x.

enzyme

Srinivasan K, Sharma Edaravone offers

of endoplasmic reticulum





