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(EE) BE #3kF B E K F 3 (astragaloside IV, AST IV)#7 = & ¥ B 3 (panax notoginseng saponins, PNS) % A f i 5
i B 3 % 4R 15 (cerebral ischemia reperfusion injury, CIRI)JE # % T &y R 1EF . A3k WA SD K RN HBEF A4 A
4l k40 AST V4L PNS 41 AST IV+PNS 4 7k f+AST IV+PNS 1Kl & 4 vk Fr +AST IV+PNS & 7l & 41 Rk 4 &R 4, Rk 4 &
NGRS 2 M A F % 20,2 k/d, R Sk ik LT 4 U K B % 3 f(middle cerebral artery, MCA), &1 2 h B % 22 h 2
SLCIRIEA, ATH A HMRT 0T E WAy ERPE TR ARG DNED CAL K 4R KR EE ; &% 7% KA N &b
WL CAl R# % # & A 200 (neurofilament-200, NF-200)% 3% ; Westrn blot % 4 3| oll- 11 % & & (all-Spectrin, oIl SP)& ik, R
CIRI J& , % 2L 40 4 o 4 5 AR AF 2 .2 7+ 8 (P<0.01), B Kt iH 40 B 2 80 (P<001), 3 & CA1 X NF-200 X all SP & & & 53 2 W D
(P<0.01), 7k f+AST IV+PNS 417 £ 3 F& % 4 & o fk 8 3037 2, 38 hn B ISR 3T 30 & & NF-200 0 ol SP % # % 35 (P<0.05,P<0.01), %k
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Protective Effect of Borneol Combined with Astragaloside IV and Panax Notoginseng Saponins on

Neurons after Cerebral Ischemia/Reperfusion Injury in Rats
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(Molecular Pathology Laboratory of Hunan University of Chinese Medicine, Hunan Provincial Key Laboratory of Cardio—Brain
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(Abstract] Objective To explore the protective effect of borneol combined with Astragaloside IV and Panax notoginseng
saponins on neurons after cerebral ischemiafreperfusion injury (CIRI) in rats. Methods The adult male Sprague-Dawley (SD) rats
were randomly divided into a sham operation group, a model group, a borneol group, a Astragaloside IV (AST IV) eroup, a
Panax notoginseng saponins (PNS) group, a AST IV + PNS group, a low dose (horneol + AST IV + PNS) group, a high dose (borneol

+ AST IV + PNS) group and a edaravone group. The edaravone group was intraperitoneally injected and the other groups were
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administered by intragastric administration, twice a day. The right middle cerebral artery (MCA) was blocked by wire bolt, and the
CIRI model was established after ischemia for 2 hours and reperfusion for 22 hours. The neurological function scores were scored
and the number of Nissl bodies in the CAl area of the right hippocampus of rats were observed by Nissl staining. The protein
expressions of neurofilament—200 (NF-200) in the CA1 area of the right brain hippocampus were detected by immunofluorescence.
The expressions of all-Spectrin (@Il SP) were detected by Western blot. Results After CIRL the score of neural dysfunction in
the model group was significantly increased (P<0.01), and the number of Nissl body decreased significantly (P<0.01). The expressions
of NF-200 and «lISP protein in hippocampus CAl area were significantly reduced (P<0.01). Borneol + AST IV + PNS could
significantly reduce the score of nerve function defect, and increased the number of Nissl body, the expression of NF-200 and all
SP protein (P<0.05 and P<0.01). The borneol + AST IV + PNS effect was better than that of single drug and AST IV + PNS.

Conclusion Borneol, AST IV, and PNS have anti-neuronal damage after cerebral ischemia reperfusion injury, and the effect of the

combination of the three drugs was enhanced.

(Keywords] borneol; astragaloside TV; panax notoginseng saponins; cerebral ischemia reperfusion; neurons
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B A7 2 B R WY (astragaloside IV, AST V), =
L 1Y F 2R 7 2 =L BV AT (panax notoginseng
saponins, PNS)[Z]O T 25 52 07 A S () 4 B AL A
HEXIES T, RS AR R AST IV
BC AL PNS n] DLid it 22 3675 22 88 AL & #8470 ik dke
AR B ABE 76 ik 2 ORI A i i 2 TR A — A
I 2% 1 A O 45+ J5F 5E —— 1l B Bt B (blood — brain
barrier, BBB),BBB ¥ ifil fili ¥ ¥ 5 1l ¥ 2 18] i 47 o
iz BORBERH L R o> 7 A FH W Bk A2 (H 2
W BR 7 R o 1 245 W E NI kAR 2 BEAE T
AST IV L PNS A% 73 it ¥ 80k, L& i BBB
HEANGZH L, 3 BRI 1 25 B LUK
AR BATT BE AR 2 R Ir T 25 i i BBBPY,
FATAERIBTTERY, vk F 5 AST IV PNS Fifhs,
REfE2E AST IV Jz PNS 19 EZ )l r AZ 2 H Rbl
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ML 5% 73 451 173 (cerebral ischemia reperfusion injury,
CIRT) A J J2 5 FElel 9 — 2D i 58 3R WY, ok e AT
AST IV HIPNS A {H A 3 Ji il % 1f /5 BBB £ 38 i
PE, R mix 52 5t BBB HA R4 VE T, HAZ R 25 )
7 i BBB AR A& i 40 BBB |- 2454 5% 15 4 5%
A HE R 1 AR 24 W B O 1 3 s T 02 2 24 Y i
ABRAERN, VL _E W52 78 vKOR Be{h AST IV A PNS
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MM SPF 9% SD K B, 7 it it 240~260 g, il
TSR s R LI S A BR A IR S A G
F&AIE S :43004700037715 1 3% T b B2 25 K2#5)
Yyscgs ey G F el IESS . SKY (#H)2013-0005, 5%
B AT E N PEME SR 5~T d AR EIAE 12 h, A K
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VKA (ZETe e i, E2Z oA 1,7-=H 5= pi-
2, FriE86% U H L PV FR/A H) it :20170815);
AST IV (4l ¥ =98% , it 5 . MUST-17022804) .PNS(4li
& =98% , It 5 : MUST-17060601) i [ 1 #f = &
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v BEBLMAR (36 E CST 2w, Hit*5 2836); /1 LT K B
all- 1L 5 8 1 (all-Spectrin, oIl SP)H. 55 FEHTIA (3
Abcam A ], 4t 5 ab11755) ; %2 $t K R B-actin
£ vikEdiA (22 ABclonal 24w, #t % A7248) ; HRP
Fric 9 L E Bt e — B0 (€ E Proteintech 22 7], it
SA00001-2); HRP #ric i th 4t/ — i (L AB-
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clonal 24 7], #it 5 AS003); Cy5 #ric 1t FEHT /M K IgG
(A, 1S GB27301) ; DAPT Y0 i (b 5 & [
EUEARHE A BRA LS GD3410);RIPA &2
it YRR M i 20 AR W B AT BR 28 \) L 4iE 5 CW2333) 5
I ) AR A 90 (K5 P1005) |l 152 il 410 1 741
REY AGHS P1082) A = RAEMFARARAF);
ECL b 2% A Ot (b o & B & B AE W B A R A
AL it GE2301); & 1 Marker(3€ [E Thermo—fisher
]IS 515683); BCA B H E il & (db w2
B AR HARA R A 4% K176810E),
1.4 FEZUER

BX51 677 i 5i ( H 4% Olympus 24 7 ) ; Nikon
Eclipse C1 1E# 2¢)% i3 5% Nikon DS-U3 Mif& &4t
( HAS Nikon 2571 ) ;EG1160 41 23 55 i 4, B Y (14 [
leica 7 7] );Chemi-DoC-XRS+1k. 2% & e A% 4
041BR132283 Hi Jk/#% M6 %< # (358 Bio—Rad A+ ) ;
ELX800 £ J e pr ¥ (35 [E Biotek 24 7)),
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2.1 ZhWInH 5%

HRAE AL RIS K S Wy B AL 23 o T AR 20
R VKA 2H(7.5 mg-kg™) AST IVAH (10 mg-kg™) .
PNS 41 (25 mg-kg') AST IV +PNS 41 (AST IV
10 mg-kg'+PNS 25 mg-kg™") MK &= 41 (VK
7.5 mg-kg'+AST V10 mg-kg'+PNS 25 mg-kg™) .
Al (VKA 15 mg-kg'+AST V20 mg-kg™'+
PNS 50 mg-kg™) MKikFiZ 41 (4 mg-kg™) ., VKA |
AST IV \PNS Je HUBCARL A TR ini 3 d #H 4
25,1 H 2 K, A I B e G 45 e AR B ER UK o ARGR L
7 L MR I TE S 25 25 TR IS T 1 450 0.5% 3R Y Sk 21 4
FELEH 2 W B FARA MBI L 0.5% %% T 5
LHHER A 10 mL-kg™ )53 H 25 24, [ I 132 i
G R MK B H 2 IR RIRG )G 2 h &8, 6t
12 bS5 AT PE P R S R 45 2, PR
J5 22 h BEATRRI
2.2 A K i rh 2 ik B %€ (middle  cerebral artery
occlusion, MCAO) il £ K B CIRI % %Y

Fie LM 7 BB VR e i MCAO Jry kb i 5k 1
BEAY BHIT 2 h 5 SRR R b AT T 22 he T
U RN G EHE RO I R IE AR (IR SR LN
Bederson PE43h 1~3 43K L, SIBRESr R 0 4388
4 X IR
2.3 KellE bR
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I A 22 T REVE 43, O 43« T WY W A 28 T B Bk 2 i

AR 51 50 R TRy kP i 22 T RE RS A (AN RE 58 4 fif
ZEMIRT RS ) 52 43« o 3 Jey b o 22 oy i B 6 (A7 )
] ZE M55 ) 33 43 - 35 B A 2 D) R e i (47 A I ) 22
MR ) ;4 43 . B 0 b L T RE R A5 (R BE A K AT 9E
REIRER ),

232 JERYEOBENERAL CAl KFHES
WEVE 22 h 5 FEUCRRIR Sh ), 280 JUE U A B3R K
W S BB, 2 63 /0N ik ARG T, 4.9% 22 5 H S [ 24 ~
48 h, HMAZ )G 2~4 mm &b, @R VITEL 2 mm J& i
HA(ZAMD), WK ZHREY] AW
TR R, F RS pm, 1TJE RU @ AR UK I
A ZHZE T (20 min), —H 2K 11 (20 min) , /K Z
BE 1 (5 min) JE/KZEE (5 min) 75% 544 (5 min)
HoRK Wbk, 28R KR BEIS , & T 19% W R kil
YL H 50~60 CIRYE 30 min, AkEEZRMEAKRETE, T
95% T K H VB 434k, 1 JC K T A ik | R
2 WY R R R o e R OSCER[ 1107 1, LS B
M 5 CA1 X, BUK JE 200 pm #E  CA1 X, ]
Image) EG BT T S IR RS0 | Ak U0 R T4
3 AN T Y e BRSO IO AT AT
233 RIFHECTE KN NF-200 & [ £ ik #%
“2.3.27 T J7 1 A U)K A U0 R T 2R K
J5 BT YU S O v AT B R B 5 AR T
3% BSAWEE 30 min; B3 /N BT K B NF-200
TP —$0(1:500),4 CHFE LR, I HRP
Frid Bt 2E P/ B Pi(1:1 000), FERBEE
30 min, i N Cy5 Fric th 3 Ht /N BIgG(1:500)ik 7,
WO ERTE 10 min, A & 266 B K5
5 min; 55 T IMDAPL 349, #0% ZEHE FFF 10 min
Je , TP E T I B il B F B PO BB N W
FE IR A A i i 1l 03 5 CA1 X %, DAPI 3% &
R ENDE, CYS R by .98 LI 3 A
B 1 1% OLEF (x400) 44 B8 | Nikon DS-U3 E{§ R4 5
Mr 2G5 HE Dy CAL X NF-200 G 5 e i | LA
PR E FRE M EIE,

2.3.4 Western blot ¥ijll o Il -Spectrin Z[1UFRE I
B AE LG 2~4 mm fE4L2Y 50 me, FEHUEHEHH,
BCA il S H &, B AR 80 png HIH,
100 C/K ¥ 10 min i 2 128 ¥ ,SDS-PAGE ik
90 min,200 mA ¥% K 2 h,5%BIEE W E A 1 h,
AN BB K B o [T =Spectrin P [ 4 44 (1:
1 000). fdt KB B-actin £ 7L FEHLIR(1:1 000),
F 4 CWH %, TBST PRk 3 vk, HE4hn E i
N ZH0(1:8 000)5 4T He — i (1:5 000), T 37 C
i E 1 h,TBST BEE3 W5 I ECL 1k & OG5
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%, M Image Lab BEUR B8 400 B 1 5547 1R
53 % JE {H (integral optical density, 10D), Pk H Y
M 10D {5 B-actin 257 10D {H 09 H AELAE R %
H 8 H A X R A 5,
2.4 Gt

BRI L “xves"RoR LA SPSS 26.0 B AF AT 43
BT o P60 25 21 B s AT J7 28R RS, 22 4 1] LA
K B 2R Ty 22 90 1 (One—way ANOVA), Ji 2555 %
F LSD K555 | 75 25 78 55 o 51 4 B84l 7 17 %o B0 4
iz Iy 2255, FHIA) B dEAT 00 . P<0.05 25 7 BA
Gt m L,

3R
3.1 VKABAAL AST IVAT PNS X # 25 I fig ke 481 0F
aNiub=A

58P AL e, AR ZH A RS B A 22 ) g R
T AARAE i 28 D) R S A6 0 23 B 3% TH 85 (P<0.01) , 545
T 85 , AST IV4+PNS 21 IR i 2 | R i 2 AR
Ik $7 75 41 # 22 ) RE B 45 F 20 3 R I (P<0.05, P<
0.01), 7k i 41 \AST V4L PNS 41 # £ Ty & Sk 451 7 53
PR G HE L(P>0.05), 5 AST V41 PNS 41t
3, AST IV+PNS 41 #f 28 ) fig S 451 07 43 22 5% T 4t it
X (P>0.05), 57k 2l AST V4L \PNS 44 AST
IV+PNS 41 L85, AR50 £ 41 4 28 D e it 37 40 Bk 25
fik(P<0.05 il P<0.01); 57K A 20 (AST V41 PNS 41
PR A, v 79 2k 20 b 22 Ty g i 2T 3 8 3 IR (P<0.05
il P<0.01),{H5 AST IV+PNS 41 Hb4w 22 F L4012
X (P>0.05) IR 2 2R i 7)o 4 HL A, e T e
BT o 22 R I g i 3 L(P>0.05) . LI 1,

4

##

w
1

ok R e
£ AA

(X} AA
AA

25 Ty e i 5 D43

Q A

v o 9 <« < o

AT AR BAE A AL ;C0K i 41 5D.AST IV E.PNS; F.AST
IV+PNS; GAR 4 HL s R 4 s LR A R &2l S5 F R4
5 ,*P<0.05,%P<0.01; 5B 41 Ho B, AP<0.05,44P<0.01 5 5 7k )
L, *P<0.01;5 AST IV H &L, #P<0.05,#%P<0.01; 5 PNS 44
4 , *P<0.05,**P<0.01; 5 AST IV+PNS 41 Lt 4: ,®™P<0.05

B 1 & EME )RR 5 BB (vs,n=5)

3.2 VKA BCAH AST IV AT PNS X 5 CA1 X JE [
N &AL

BF ARG D CAL X 2 o0 M I N ] LI
TBEYOR JE [CHR , 51T R4 A, B2 JE G2
i E I (P<0.01), SBA A L8, vk 41 AST
IV# PNS #1 AST IV+PNS £ K5 & 41 & 7 &
MR B2 2 e IR AR B B 1 N (P<0.01), 5
AST V4 PNS 4 H%5 ,AST IV+PNS 41 Je [ 2
1 N(P<0.05 F1 P<0.01), 5 vk A 41 AST V4,
PNS 41 F1l AST IV +PNS 41 4, 57 it 41 Je G AR %L
B FE AN (P<0.01), 5 VK A 2 AST IV4H PNS 41 Fois,
e 7 2 R EAAER I 25 4G in(P<0.01), {2 5 AST IV+
PNS 21 i, v il i 41 22 S o ge 127 2 L(P>0.05).
IR i R0 e R A LR R IR i 22 R e gt
2 X(P>0.05), WAk 1 I 2,

x 1 FAED CAl RERFH BB (ves,n=5)

4 JE FAR$0/200 pm

BT ARH 48.2+3.1

s 29.6+2.1%

VKA A 34,641,544
AST Vi 35.6+1.844

PNS 4] 37.6+2.244

AST IV+PNS 41 30,0+ 6Aw>
fim 43.4+] 5AA00: xxHM
R A0 21 42.0+1.6AA0: %
MR R 220 40.4+2.644

5B FARL L, #P<0.01; SR L, 44P<0.01; 59K 4
42, ®®P<0.01; 5 AST IV I £, *#%P<0.01; 55 PNS 41 b 48, *P<
0.05,**P<0.01; 5 AST IV+PNS £ [t % ,"™™p<0.01

WA FARY B A AL ;CUK A 41 ;D.AST IV ;E.PNS;F.AST
IV+PNS ; GG 21 3 HL s 370 B 4 s AR SR P A= 41

2 £HIED CAl X BRI HE (x400)
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33 VKA ECfh AST IV A1 PNS X i & CA1 X NF-
200 R IK 1 52 1A

P AL R, R CA1 X NF-200
FEAFRIE B E WD (P<0.01), SR A, vk 4,
AST IV #1 PNS 40 AST IV+PNS #17 & CA1 X
NF-200 %3k 2 5 oG8 127 5 L(P>0.05) , {0 521 |
R MBI AR A1 T CAL X NF-200 %35 &
FHHM(P<0.05,P<0.01), 5AST V4 PNS 4 042,
AST IV+PNS 4 & CA1 X NF-200 ik 2% 5 L%
T2 L(P>0.05), 5K 41 (AST V4L PNSZH 1
AST IV+PNS 20 e, A7) e 2H ey 55 2 41 7 55 CA 1
IX. NF-200 ik ) 1 3% 3 00 (P<0.05, P<0.01), 1%
F i 20 R v R = 4 LA, T CAT X NF-200 ik
ZRTIGIFE X (P>0.05), WK 3,

0.004

0.002+

NF-200 & H £ ik K F

0.000-

Y @ O 9O ¢ ¢« o R N

AT AR BACEIL] ;C.vk 415 D.AST IV EPNS;FAST IV
+PNS; GAR B 20 5 Ho s ) 45 HGA R AR 2, DAPL: 5 €4 ;NF-
200 Br2r o, 58T R4, #P<0.01; 5 BE A 4 L1 42 A4P<
0.01; 57K 411k #5, ®®P<0.01; 55 AST IV [L4L,*#P<0.01; 55 PNS
L, **P<0.01; 5 AST IV+PNS 4 [L% , ™P<0.05
3 £AELE CAl X NF-200 EHRIEMLILE
(xX£s,n=5 , X400)

3.4 VKA ELAH AST IV A PNS % o I -Spectrin 2 4
EeuY (oAl
HEFARA LI, BRIAH all-Spectrin FikE

FI A (P<0.01), SEAIAL AR vk R Al L AST V4,
PNS ZH (AST IV+PNS 4 | i) & 4 MK ik i 7= 4
all-Spectrin Fik 22 5 T4 i1 & X (P>0.05), ik 7
it 2 all-Spectrin & ik i 35 H 11(P<0.01) . 5 AST IV
20 PNS 4 L% ,AST IV +PNS 4 all-Spectrin 3 ik
Z G F L (P>0.05), 5 VK4l AST V4L PNS
ZH A AST IV4+PNS 2H e AR5 i 2H adl-Spectrin
ik @ B (P<0.05 Fil P<0.01), 8 5 7 £ 4 all-
Spectrin #3522 5 LG 1T 2 L (P>0.05), 5 & &
2H He 3, AR 2 41 oll-Spectrin 7 38 15 21 i 35 B4
(P<0.05), L& 4,

A B c D E F G H |
all-Spectrin NE—C—_=

T NS v 1 20 kDa

B-actin QD WD QD GNP WPy wr WP @ 42 kDa

L]
1.2 *
sk
oo
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all-Spectrin/B-actin
o o
(-] ©o
L L

=
w
1

0.0-

Aol 4 (<] Ao < < © > N
AR F AU B AL C. oK 41 ;D.AST IV E.PNS;F.AST
IV +PNS 5 G A% 5 41 5 HL 25 R 21 5 LAR A hr A2 4] v . 51 F R4l
L &2, #P<0.01; 5 R 41 [ 4, 44 P<0.01; 5 vk 5 41 L %%, ®®P<
0.01;5 AST IV H 48, *%P<0.01; 5 PNS 41t #5, *P<0.05; 5 AST
IV+PNS 41 L %2, ™P<0.05

4 F 4 all-Spectrin & B &% B PL B (v+5,n=5)

4 tig

CIRT F 5 B — > 5 2 R 4 A0 I S I o 24 il
i R ARSI 4 2 AR A R A % Ay M SR R
BEPE AR/ AL R 1 | Ca? i | R AE S A —
5 R A BAE R P BURAEIE IR 45840 2 4
e 0 o i o o R K S B0 2 2R ] 5
PN, AT A RGN RN Z—,
CIRI J5 nl S B0pf 8 oo 7, 51 & Hi 48 Ty RE s i [
T A 8 L s A S PR B2 0 I 9 1 () ik A P 1
Je A 2 a5 WK A2 2 ) B8 T ol A 447 1)
WITHAEZEE L,

JE ERAR IR 43 A A6 28 T B il 28 A Fr L) AP i
R — B BT, 2 P 2 0 M AR 2 ST )RR AE 45 AR
WAL T AR PEAE T I, JE ER AR T Y B AR B A )
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AL AR BOC TCPR B W] VR S 28 T i A6
i B FE BRI, NF =200 2 S5 24 Fi 28 50 05 A 1 20 Jifd i
PRER I, A Al 28 1 B TG G AT YU ARSI
S8 2B, KRB X R 2 21 rh NF-200 1) 3 A 75 il
A PR B S AR, 0 NF-200 AT B 28 e il
S AR S . all-Spectrin J2 1 28 J0 ) —FP B 22 (1)
BB AT , Ko 43 A 78 Bl 58 5 i iy 48 ™, A0
BFPE i B i | A1 45 P B 4545 B, Calpain—1 fl Cas-
pase—3 B¢ WG, ok B MK # R4 oT 0 S5 R R G
OLH—Spectrin,@?‘#é’éfﬁﬁ@%*@% F 5 it 20 i 235 44
SERENVEZ A, 5| R A 58 12 i B A DT 3 A 28 e
P BT B all-Spectrin 235 7] DL S BB 2850
1% Bt 5 R 9 k403 U A B2, ASBIFSE R WY CIRT J , K B
o B B 22 D RE R AT, AST IV +PNS I 571 &2 Al
T 0 R 21 ¥ BE R I CIRT J5 o 8 T R Bl 40117 43 vk
A AST IV .PNS AST IV+PNS . 55 & il i 75 5 4]
o] e Je B % s vk R +AST IV +PNS 41 7 1 ]
NF-200 # 135, 118 all-Spectrin Fik , #7750k
JBC AT AST IV F1 PNS RE Jall 2 #il 28 0 M 1A W 58
R ,3 Fh 2 A FH AL R 800 B R T 45 25 )
B 4R AST IV4+PNS 41, Z WK F 5 AST IV |
PNS BC 0 Re w52t 22 oo i 45, e CIRL 5 1y # £8
UIe B . X 7 g 5 vk A se e i AST IV | PNSi&
it BBB A, 3455 25 )40 CIRT BN A 5,

g L RTik vk i (AST IV .PNS EA& #T CIRI J&
T A, Bvk R B AST IV+PNS J5 , %F
oG e i S LA e AST IV BCAH PNS B 419 #ft 28 S0 R
Ve, 3 R 2y g AR A RS 5 H T oK A LR
AST IVl PNS 4 X #f 25 50 20 i i O 3/ R 98 R
MR UGR MK A BC{R AST IV Fi PNS 3
SR T B 100 8 05 P B B DT AL o) e 24 ) i 3k O
R A T E— L ],
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