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The effect of aerobic exercise and Lycium ruthenicum murr polysaccharide on

chronic cerebral ischemia in mice and differential expression of Notch pathway tissue
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[ ABSTRACT ] Aim  To observe the effect of aerobic exercise and Lycium ruthenicum murr( LRM) polysaccharides
on chronic cerebral ischemia and the differential expression of Notch channel related factors in brain and blood tissue.
Methods 50 male KM mice were used to construct the model of chronic cerebral ischemia. They were randomly divided
into model group (M group), and the intervention group including SW group, LRM group, LRM + SW group, positive
control group (BLDJ group). The mice in the intervention group were treated with moderate intensity aerobic exercise and
/ or Lycium ruthenicum Murr polysaccharides (200 mg / kg). False surgery group (SO group). Neurobehavioral as-
sessment was performed in each group; Nissl staining was used for brain tissue microstructure morphological observation;
immunohistochemistry was used to detect the protein expression level of related factors. Real-time fluorescence quantitative
technique was used to detect the expression of Notch pathway-related factors in brain tissue and blood. Results Brain

tissue injury score was M group> SW group> LRM group> BLDJ group> LRM + SW group> SO group ( P<0.05). Brain
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tissue neuronal structure of M group had a large area of injury, LRM + SW group had the best effect (P<0.01).

The ex-

pression of Notchl, Jaggedl, NCX1 and SYP in the SO group was the highest, the positive expression in the intervention

group was higher than that in the M group ( P<0.01, P<0.05).

than that of LRM group ( P<0.01).

The positive expression of LRM + SW group was higher

The intervention group regulating the expression of nerve cell repair related factors in

tissues and blood was significantly higher than the M group (P< 0. 01), and the LRM + SW group had the highest level of

expression.

higher than the expression in the blood (P< 0. 05).

Notchl, Jaggedl, NCX1 are positively correlated with tissue and blood, and the expression in the tissue is

Conclusion Aerobic exercise and Lycium ruthenicum Murr poly-

saccharides have a significant reduction in brain damage caused by chronic brain ischemia in mice,which can promote neu-

ronal repair to varying degrees,and the combined effect between the two is more significant.lts role may be through the regu-

lation of Notch channel related nerve repair factor expression, thereby inhibiting brain injury.
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%% fin X RNase Free dH,0 £7 Total RNA Z 10 pL( %
J& Jm RNA # &%), £ 1% KA 30 min,

REFRR R BTk E84E, BT 7 &R
(#% F B % +2 By E B4 ) RNase Free dH,0 4.0 pl,
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5'-AAT CGC ATC GTA CTG CCT T-3', T3 41 %
5'-GTG TCA TTA CTG GAA TCC CA-3';NCX1 L i#
514 % 5'-ATG CTT CGA TTA AGT CTC CCA-3', T
W5 4 5'-AAT GGG CAA GAT CAC CCC T-3';
SYP %8| 41 % 5-AGA CAT GGA CGT GGT GAA
TCA-3', T# 5 4 % 5'-ACT CTC CGT CTT GTT GGC
AC-3"; CaBP-D28k _F Ji 5] 41 4 5'-GGC TTC ATT
TCG ACG CTG A-3', T U5 4 4 5'-ACG TGA GCC
AAC TCT ACA A-3',
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Figure 1. Mouse whole brain appearance
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2 LRM £l BLDJ 419 BRAR (A M 20 4%, #1405
T ARSI fHHEB R 55, Nissl /MR 4 505 36 i L #h
2L TUEEHA B [V FE B i #6405 s LRM+SW 2 T i i
005, Nissl /MEKCERE 2 HES A )7, 4540 F A IE

Table 1. Comparison of neurobehavioral scores in each

group(x+s, n=10)

Vx| Sk — s
IREPF o IRevEor
M 41 e 10.21+1.94  5.82+0.92
6 G 11.53+2.41"  7.03+1.24"
SW 4 i 11.83+1.25 5.64+0.58
6 G 3.4420.15  3.10+0.26*
LRM 41 B 10.25+1.53  4.98+0.39
6 A5 4.01£0.24"  2.44+0.31"
BLDJ 4 e 11.08+1.37  5.17+0.28
6 G 3.27+0.51*  2.38+0.27*
LRM+SW 4 LS 10.79£1.25  5.59+0.62
6 5 2.42+0.31°  1.82+0.20*

a H P<0.01,5 M 40 6 J&J5 lL# ;b 2 P<0.05, ¢ 2 P<0.01, 5[] 2 2
BE i,

A~F 350 M 4 . SW 26 .LRM 4 .BLDJ 20 . LRM+SW £H 701 SO 2H . 5 3k I/ Ay e i IX 35 35 WG 20 21 25 40

(K2),
2.4  BxZA 4R Notchl, Jagged] NCX1,SYP ®EZE AWK
ilgE R

% #i 4 Notchl |, Jaggedl \NCX1,SYP & H %
KK T M, H LRM+SW 4 %3k K& (P<
0.01) , FH M358 1H KK & SW<LRM<BLDJ<LRM
+SW<SO( 3,%2) .
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Figure 2. Nissl staining chart of histopathological sections of each group of mice brain tissue( x200)
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Figure 3. Immunohistochemical staining of related factors in brain tissue of each group(x200)
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2. HEE/PMRRAL Notchl, Jaggedl NCX1,SYP % AU PAMERIZAIELEE (vis, n=10)
Table 2. Immunohistochemical positive expression of Notchl, Jaggedl, NCX1, SYP in the brain tissue of each group (xzs,

n=10)

4y W Notchl (%) Jagged1( %) NCX1(%) SYP( %)

M 4 12.40+1.21 10.44+0.33 13.73+1.09 12.58+1.17
SW 4H 22.11+1.08" 21.26+1.27" 19.17+1.73" 20.46+1.51°
LRM £ 26.37+1.76™ 27.42+1.84" 20.18+1.29° 25.82+1.47"
BLDJ 41 24.74+0.98" 20.08+2.42" 23.92+1.81° 24.35£1.53"
LRM+SW £H 35.37+£1.51™ 37.23+1.40™ 40.23+1.280™ 41.82+1.570™
SO 4 43.24+1.71" 38.47+1.81™ 45.18+2.31" 46.14+1.83"

a N P<0.05,5 M4t ;b A P<0.05,5 BLDJ .SW 41t ;¢ A P<0.05,5 LRM 41 H;d & P<0.05,5 LRM+SW 41 It

2.5 Notch 1B EEHECLREEF MK R ANELR mRNA FKik

iz 23, M 2H Notchl | Jaggedl . NCX1,SYP |
CaBP-D28k mRNA ik i {1k, {H = T 7E 1l i £ 21
)RR ;SO Rk m , &£ T4l S M4l 25 H
AR B3P (P<0.01) ; LRM+SW 204 [H 1% ik
Y% T BLDJ 41 .LRM 41 ( P<0.05) , it BLDJ 41,
LRM 4+ Jaggedl NCX1 SYP Fik75 5 BA I 1k

(P<0.05;%3)

M, A Ee M4, 45 B4/ BUZE o
Notch1 , Jaggedl , NCX1,SYP , CaBP-D28k mRNA %
KR TACEIZH (P<0.05) ; LRM+SW 2H 263k it 55
(P<0.01) ;i 1t BLDJ \LRM 4, LRM+SW #H 4% [H 1
FikmERHA B EM(P<0.05) ;LRM 4 Jagged! |
SYP mRNA #iAE#%F BLDJ 41 (P<0.05;3% 3) .

R 3. BANRKALR R M Notchl  Jaggedl NCX1,SYP,CaBP-D28k mRNA HIRIEE (x+s, n=10)
Table 3. Expression of Notchl, Jaggedl, NCX1, SYP, CaBP-D28k mRNA in brain tissue and blood of each group(x+s, n=

10)
i) Notchl Jagged1 NCX1 SYP CaBP-D28k
M £ fikiZH 21 1.17£0.04 1.07+0.05 1.10£0.02 1.09+0.03 1.02+0.15
ik 1.21+0.03 1.26+0.10 1.15+0.07 1.08+0.06 2.09+0.18
SW 4 fiki ZH 21 2.53+0.41" 1.76+0.10" 2.29+0.20" 1.75+0.05" 2.75+0.15"
(17 1.63+0.18" 1.38+0.05" 1.83+0.20" 1.48+0.03* 4.46+0.16"
LRM 2 ki £H 25, 2.01+0.18° 3.07+0.09" 2.64£0.10" 2.25+0.04" 1.91+0.03°
(177 2.02+0.08" 2.09+0.13" 1.21+0.10° 2.59+0.18" 6.82+0.14"
BLDJ 4 ki 2 4 2.87+0.28" 3.01+0.14" 2.94£0.20" 2.17+0.07* 2.46%0.17°
%73 1.71+0.11° 1.68+0.24™ 2.04+0.09" 2.48+0.17" 6.48+0.27"
LRM+SW 40 i & 4.34+0.31" 3.78+0.160™ 4.53+0.39" 3.88+0.11" 3.98+0.39"
(17 3.68+0.21" 2.24+0.41" 2.32+0.28"" 3.31£0.05"" 7.20£0.26™
SO 41 Jiki£H 24 6.26+0.27" 5.07+0.19" 4.89+0.20" 5.24+0.13" 5.63+0.21"
iR 4.86+0.19" 4.71+0.29" 3.84+0.14" 5.23+0.31" 10.24+0.28"

a i P<0.05,5 M #1Lt;b N P<0.05,5 SW ALt ;c  P<0.05,5 BLDJ .LRM #1t;d & P<0.05,5 LRM+SW 4L,

2.6 Notch BIEMEXHAMEFMAERMKAL m
RNA RiEHEX M4

H 2% 4 AT J, /N BUR 2H 21 Notchl | Jagged1
NCX1 mRNA Y33k 7 24 i T I 1 Rk i (P<
0.01), AL/ /NERUIG 2H 21 5 1l ¥ Notehl | Jag-
gedl NCX1 SYP ., CaBP-D28k [ - 35 & 1Y AH 6 i
i, 4555328 Notchl Jagged1 — 3 HAT /51 BE AU AH
F(r>0.75) , HHA M R BRI AR 2 A Gt
22 L (P<0.05) ,NCX1 [HFLEMx 41 SUr i i 2121

JINEFHE AR DG E &R (r>0.5, P<0.05) ; SYP  CaBP-
D28k 7E MK -5 gl 2 Feak ToAH & (r<0.5) .

3 3 i
3.1 KM /sER12 1 Rk it 453 457 4R B

P2 A A I 2 5 5 A R 5 | K 1 K U ik I
TEEAE, I IR b U Bt 4 2 — , BT R 9%
TR | 1L M 1 R F Binswanger I 55 22 BV i &
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F4. MNRMALS & Notchl, Jaggedl, NCX1, SYN,
CaBP-D28k mRNA RixHI#EX 14

Table 4. Correlation between brain tissue and expression of
Notchl, Jaggedl, NCX1, SYN, CaBP-D28k mRNA in

mouse brain

& 1kfi3 £ LIPS
Notchl 2.10£1.02 3.65£0.88" 0.86
Jaggedl 1.78+0.10 2.52+0.15" 0.82
NCX1 1.83+1.01 2.24+0.96" 0.61
SYP 2.380.15 2.68+0.21 0.34
CaBP-D28k 4.48+1.02 4.78+1.58 0.15

a i P<0.05, 51K L&,

JR S AR v g — A S [ B AR T AR G Tk B
I A8 Ao AT LB o AR £ K 7 3 ) ST 30 AP 0 A
R 22 | PHAEL A0 1 P ke i 3550 63 15 3 4 B R
SCIAF Y R ARG RN N R —, T4
GOV B SR PC12 i A AU <7 bR 25 i 2 4
A S S i P A AR Y AR I R HL AR B R
TFF 5 1) D ol 35 R iV i e it ASE 801 {5 A 208
P A ke AL S 355k A A P s B sk R A 25 B, AR S
Z% Yoshizaki 551 B 550 i 5 Jik 4] ZE 4 A (rUC-
CAO) I mEAek B, S BUFE T 241K, A T /)
SUR 2Bk & B A R, 38 11 7k A 25 $ LA 30 80 ik (i
ANER I g b R e Bl ) BRI N R
AR R B P BB I IRL L A H A, 28 Clark
PRZTIRETES3  Nissl JL @1 TTC Y2 (ka0 Sk if 5 Al
RAF, Ui R oy, 2 500E 19 3h W S Sk B, A
B —Fh &8 2 17 B B3R 5 HAE TR A%, g3
D ASEAUL N 25 e e e I 850 ki 5 45 2% s AR I 7 B AR
/NERABEAY
3.2 Nissl BESFETNH

Nissl 74 5 ZAFAE T 0P 28 0 B 58 DL S B IF
HAEBIEN T, B SN e /MR R AR £, il
HH A 28 A G R 1 BT ) RE A0 A A2 B — BB L R
(A I | S E ) T 350G 2 2 B R 25 41 A [\
FREERET , JE IO /MR AR Ak 8 35 WISl il 2 0 4
ikt ARz T LRM X8 1 A e 1t /) B A e
Zeoui A B ek AR T, e A AR PR 40T,
SW WA FHFEVE B LR B 55 T LRM, PIAREX &
THRCR A,
3.3 Clark 24T A F 1Y

i ke AR R (%) il 2247 Sy 2 AL H RTA V2
WHIRRE N A F 2N MGE 3 B IEE S
W28 RS 45 2 A AT PEH . Bederson S5

T ERERI B AT ), H 2 A 5 B
(UNIRAES B R %) ik, AR REY, 2%
Clark PFA3FF AN R, Ry kEF— R D B I A 7 T
P DI RERERT - HEATIFA, B RE T 41 S /)N BR s 25 4
Pt i, BOR M A R A 52 58 (R W 247y 248
Bro GEREI, ML M4, T 455 0 BRI
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