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(] BB i d e s v i I e A A B & ORI R/, LR Sh 41 213k 28 14 ( Noggin )
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[ Abstract] Objective To observe the expression of noggin mRNA in the hippocampus of rats with chronic
cerebral hypoperfusion, and explore the effect of electroacupuncture (EA) at the " baihui" and " dazhui" acupoints
on their learning and memory and on hippocampal neurogenesis. Methods In total, 120 Sprague-Dawley rats had
cerebral hypoperfusion induced by permanent bilateral ligation of the common carotid artery. The 104 successfully in-
duced were divided at random into a model group and an EA group, each of 52. The EA group was given EA on the
baihui and dazhui acupoints for 20 minutes daily for seven days followed by a two-day break. The output current was
ImA at 15Hz. No special treatment was given to the model group. After one, two, four and six weeks of treatment, 6
rats were given BrdU injections to observe the proliferation and differentiation of neural stem cells. Learning and
memory were assessed using the Morris Water Maze. The expression of noggin mRNA and neurogenesis in the dentate

gyrus of the hippocampus were measured using reverse-transcription polymerase chain reactions and immunohisto-
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chemistry. Results After one, two and five weeks of intervention, the average learning and memory ability of the
EA group were significantly better than those of the control group. The average expression of noggin mRNA was
significantly higher in the EA group than in the model group at the same time points. Compared with the model group,
there were more BrdU-positive cells in the hippocampal dentate gyrus in the EA group, and the number decreased
with the prolongation of ischemia. Pearson correlation analysis showed that the levels of noggin mRNA in the hippo-
campus of both groups were positively correlated with their number of BrdU-positive cells. The correlation was stronger
in the EA group than in the model group. Conclusions Electroacupuncture can promote hippocampal neurogenesis

in rats with chronic cerebral hypoperfusion by regulating the expression of hippocampal noggin mRNA | thereby impro-

ving their spatial learning and memory ability.
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T RE R g o 2 R By 02 M B 5 . B AT R
B HE AW AAE 25, 2% T B3R T 09 12 1 i A
TERIRRAW T e, R IESE R B 18 il AR 78 v 2
INFITIRE B 15 | BT /R % 16 BR 9 ( Alzheimer’s disease,
AD) I A N T BE & A5 ( vascular cognitive impair-
ment, VCI ) %5 HAK A 28955 A8 1) 3 ] B Al
W, ART A A I 9 A e AR T T 2 VR T I 2R Y
HZ— ORISR, AN O 1 e ik R P
WOCHE AR b2 — 12 ES 5 T AD HlVCI 45k
R Y K M K R A NG e it i b 22 ST 4 405 PR
FOCEEAE

2 HET A AR 52 2] 21255 R R 2 D1 kg
I 3 BAT 8 U1 0GR i B X, ol 1 ) ¥ 2 f) 451 40 02
PR Y T2 PR . HATOF SRS UA RN T
HRPEE AP AE AN 22 R Az, BIOEE S AT 7 A s 22T 20, T X
FRANIBELA Z e D BE™ | AT RETE 2% 2 e i e i
L AR BRI & 3, H A T o ik e
15 R AT BE R A5, 7T LAGE E Jay ek fili e 1 /5 P
PP 2 TN A 1 59 el B e AR T v Sk
A2 (Noggin) mRNA 35 3k M8 12 M il 5 1 K B 1 2%
2CAZRE T WO B A T e I A4 A0 T RE
L RS T Noggin mRNA 2R3k K 8 7 i B ph 2
KA AT iz 5-1R R R 1 (5-bromodeoxyuri-
dine BrdU) He g2 b 39 5 53 -5 G 5% =X M (reverse
transcription-polymerase chain reaction, RT-PCR) J7 7% 4%
B AT R LB R 2 T A0 g A T
Noggin mRNA [P35 B , M HR 35 H 130 1ok o 45 v
I Noggin mRNA 35 X 18 P4 figi ke 1fiL K B IAF 5 #ih 28
Az R R B 2T AR 52

MBI 5 TIE

— BB B IR S 2

39 FH TG 4% 72 9% JE A (specific pathogen free , SPF)
9 fEFEHEPE 3 A~ H & ) Sprague-Dawley (SD) Kl
120 H KT (230+20) g, W4 H 1 RkSE L 3256 sh 4 b
O [ vl 17 3 v S 9% B W A7 PR BT AR 2 WL 1R AT IE S
SCXK (1) 2007-0005 ] , fi = F- Wi Hp = 25 K24 5056 5
P, AT, Morris 7K 24 B 3T A K Sk aE v
RIT, SRFHZE 845 G Btk Jr 32k gk Ak 45 LR RO
A S50 8, 28 ik o vt F3C ot o) 7 A B e i A Y AS A2
BRI DA ek it ELARERAE O . FH 3% G L 24
(40 mg/kg TR ) IE Ji E SRR IS5 A0 iR B F R R B
I, TSy BRI AT IEFR YT 29 1 em), 43 BB 558
Bk, 4 SEEGLES L, REH KRB E T 50 €k
2930 s Ja , s BITERE KRB 32 0.7 em AbBY B AL,
TR R BRI B 10% (SR AY 7.4%) |, $% )8
b ML R A R T B, 4% A U0 10 9 ) R e T
B, PP K RUE T 37 CERbEH , fr H e @00 B 5 31T
YA IET LIAHRB AL BRI s FAR AT 4R 12 h
HIAT 12 h B0 R AR, A IR E .

TR A R R BRI R e R e B4R S
HAET- 4 H O ERESE 1 RT3 2, Morris 7KK B K
WFET- 4 H e 11 H s s KR 109 2
1 T REHTFE Morris 7K 28 BRI L 45, DA AR f5 K Rl ik
P R O B o S0 K Oy 1 A R Db o, SRR 5 R s AR S
b 3tV IR JC B B AR A KRR, e 2 104 HAA
SRS WERAL YRR 86.67% . 4 104 HK AL FEALEL T
T MR B 52 1 AR T A s A
WENES 1.2.4.6 JADUASIEE] 2 A mE] 13 R
W 13 R RS 5 5 e BEALE Z R i 6 H AT
K ERAT BrdU e 4l A WA il 28 T 20 M G 7, Ak e 6 2
Kl Noggin mRNA (335, B4 1 H HE YL 550
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2 TR R R BRI R 8 T s, T [ s KRSk T
#B, BUE SRR HESC, B & 7O Sk TE 2] )5 A1
H 0.2 em, RMESCE R 0.5 mm, HUAFH HIHL P 1 mA,
W 15 Hz B2E0% , IF1A] 20 min, & H 1K, I8)7 7 K
JERE 2 d, A BITFIRITIR S 1.2.4 F1 6 JEHs K Ak
FEIFHUE

2 AR A2 AR 20 R P RS R i 28 S2 Morris 7K 2
BRI A AR BN T L ERIR YT, LA 8 O ik
8] AbFE 7 35 5 o BT AL AR [R) (R HEBS 7 R S AT E A
FNHA A BRI 52 ), 35 SR T AR [ A9 [ ATy
%),

= BrdU #5ic

R KRB 6 H7ERE BRI )5 AL FERT 3 K
#47 BrdU( Sigma 23w, 4t B5002-MW307-1,50 mg/kg
AT ,0.9%NaCl FiBEh 10 mg/ml ) i J¥ VE 5T, 7 28 10 5t
3d, 8 H 2 K, BRI 2 K HEIE I KI5 20 B F AR
B[] s AR SE R B A T H8 A i

PO Morris 7K 28 B #1 2847 Ry 2 A6

HL BT 2 RN AR A 40 K BRFE AR FE T 5 d JF IR R
Fric 251" J7 47 Morris /K 2R B AGIN | 4 220047 4 d 19
YIZrmR Rk R R, A2 H 4 W50 5 REFTas 45
F A FE N AT S5 DZS MR ER LI, WL e
B ] PR R BRUZE b v ) 90 K A (H R R ) s @ ir
AUAT SC 36, 2% 9k sk v OR B0 R Uit Dk % AR (ke v AR
W), LR e R A AR LA B ) H i
AT 5 HEA TSR |10 5% A A7 AR S | I8 AT
SR R R AR G (MT App ) #5417 43 M AT &k i Ak 21
(SDK-2000 %, iy 4t 50 KA B A R A 7 K S A
H L) |

. GLH SN Tk

BT A T BrdU (H1E5 B5002-MW307-1, Sigma
cE R KRB (6 K/ 4H) H 3% I Lk 2 gl
(40 mg/kg TREE ) G I 1 SRR, AR B K & 220
ERNTE SRR, H A WO T AR, A
A% ZRWEER 0.1M B2 52 M (pH7.4) 200 ml;
B T T 4% 22 B I 500 ml (SEPUE 18 TE) R G
FFA B B2l 2GR B BT RIRE e W, 4 C [
FE 24 h J5, H 15% 1 30% BEMEAS BE K, O EGE R 5
S7.BIE T80 CHBARIRVKAR 1T,

7N RT-PCR 2 28 1 A6 U #2235 5 I F Noggin
mRNA &1k

K H RT-PCR J7 721 2 st o 004 4 i 1 8 1 R B

(6 H/4) g 5 Noggin mRNA B & &, DL R s
IG5 1.2.4 A6 JH 816 Dl S B HR YT 1Y 42
fb, 528 % IR B P I AE 18 °C; 1 3% SR L L 24
(40 mg/ kg IATE ) I Jis VE SRR 5 AE VK & 1 7 3k 9B
ity , R BT S BUIG I, o3 B M 2 2 B g 2 2 SR e
FEA 2 ml BB T, B -80 °C VKAl T iBAT . MBIk
TEFRIBUIKZH 2 A b 3 RNA B2 50 45 Y BB 2 41
RUARERE BT FH A AR S vk & SR A7 op e, EARERAE DTk
mr,

1.5 mRNA $EH. 4% 116 W1 BE R A= 0 A7 BR A )
PEAE Trizole RNA FhAER ) U8B AT, 396 5 520 B )
HR A 08 7 s i) G I F AT B MR R 2T RNA
fiti 14 .

Noggin [ {519 (5'-3") : AGC ACC CAG CGA
CAA CCT; Noggin R 514 (5'-3") : GCC ACA TCT
GTA ACT TCC TCC T ¥ 34 F¢ 5 & 341 bp Tm {H
61.94 C

B WLEh# H ( B-actin) _LI#ES ¥ (5'-3") : TGT ATG
CCT CTG GTC GTA CCA C;B-actin FIFGIHI(5'-3") .
ACA GAG TAC TTG CGC TCA GGA ¥ #4 /% % K i
460 bp Tm {H 58.00~60.07 °C , Noggin X B-actin | F
ol m LAY TRARAAE &R (HS
AF50320-1,AF50322-3) .

PCR #"# . @ Noggin JZ I 7% {F——THi AL 4 95 C
5 min,ZBME 94 °C 30 s,iB K 54.5 CC 40 s, ZEfH 72 C
30 5,30 NMEI, 5 T 8 min, 4 C PRAF ZHIK;
@B-actin I F&AF—TAEH: 95 °C Smin, Z5% 94 °C
30 s,1B 2K 54.7 °C 40 s, FE{H 72 °C 30 5,30 ME, &
JEHEAH 8 min, 4 CARAE R HLIK

2T YT 10 wl I 2wl R
BOK FEL AL Z5E (EB) (0.15 peg/ml) (4 1.6% 35

SRR P EL YK B 75V, B IE] 45 min, f# ] 1xTris
PR 2% 0 (TBE ) o FLUK W28 52 50z S5 S 53 43 A
O3, LU 2 2%t 1) - 34 % AL, 9T LA B-actin 1Y
By AR OE, AP LU 7R mRNA AR Rk,

£ Ay

25 AR A O UG 20 2134 S K R e R VT A (R
JE 15 wm) BEFE 3 5KEC 1 9k, A R OREE 2~3 22, 3% L
TABRIEAT BrdU 4l o . OBrdU 41 1k Y i
IR DNA e fAR P i B B . A U0 i A 509%
Wt/ 23T IR IR BN G2 W (SSC) T BT 64 CIEE A,
30 min, A 2N HCI H7,37 CH¥F 30 min, &2 2 [0
1 AW s @ A AL B Y7k R AT BrdU o0, IEH K
G ( Hemicon 2 Al & 41E, 44 %5 M360-0608033376)
WIREA 1 b, A, k2 A —P0 — PN KRBT
BrdU HL5g FEHLIAR ( Abcam 23 A4, 435 ab6326-250-
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274536) ] ,4 CIBEIFE LR, IMAZIU ZP btk
FlIeG (H+L) Bk ( Abcam 23 A #2143t 4 5 ab6730-1-
305279) ], 1 h, 4k R IR ( DAB) 2 a5
(A TREA AR B 5~8 min, A
REY 40 s BikE R, BRbZ RV FEmG

ST, SRR DML2500 s IR b 3 2
Gt AT B AN TR, % S0 3 A AR AL BF A D 1)
WURLAN A JZ ( granular cell layer, GCL) BrdU BH 1 41 g
B, LB 5 Z ok & £ 404 BrdU BH M 40 g
(n/mm*) R, B KR AMERE K A 3~5 KT A1
BI%.

VAN W2 B9 Rv S

fdiFH SPSS 13.0 RRGET AR XS I A3 5 it 47 4 it
ST B R OREE UL (745 ) FRoR AT AN R
D7 25570 LR P L, O 22 55 PR T LSD A 46, Jr
ZAF50H Dunnett-t #5565 ; Noggin mRNA &35 57
BrdU FHVE4H f 55 0 347 Pearson #HE 20 #7. P<0.05
hESAEGIHE X,

# =X

— Morris 7K 3K B 356

VBT S5 8 AV DA T S 36k I KRR B 28
B (2 BIRETT (1), ESV R IR R, 1R)T
551 JRIAE, 2 2 R A Bk ke TR AR I A 1) 22 S/ e T
B (P>0.05) ;{HEE 2.4 F1 6 JAE, 2 21 [R] s [ o5 AH
L, A 22 A it 2R B L (P<0.05) , H gk
SRUBEE A7 B[] ) SE S 2y sl vk PR30 4 4, (HL S5 40
WES 1 b, N 22 5 IR B g 122 B L (P<0.05) ,
TEWFE 1,

275 [ AR 2 S0 (R BRTE 58 — 2 B oA 19 3 K et
[E)) + EL A2 KRR 2 — 42 PR P i Uk B ) B e S 4, L
S IR 55 1 R AN, 2R AT EE X
(P<0.05) ; [AIAsa] 55 HL BT 2 SERUZAR B 55 2 4 Fil 6
Jms 2 2H 20 ] 22 R 4 et 2E 5 L (P<0.05) , 3 L
x1,

T HERXE S22 Noggin mRNA 23K 5210

ANF B S TP ) Noggin mRNA 3945 ik, H#E
IRTETE RS0 ey, (E B 2 S A e [) P B, 2520
Noggin mRNA Fikig />, anEl 2 pros, B A A2 241K
M Maker 1 W (55 1 J8) B8 1 W(ES 1) LA,
2 W(ERS 2 JE)REA 2 WSS 2 J8) s 4 W(ER 4 )
B 4 WS4 J8) mAt .6 W(EE 6 i) BALA 6 W (4
6 J&) HEF4H , 5 —17 4 B-actin 55747, 1 490 bp; 55 —
174 Noggin 257 , < 341 bp,

FT 1 2GR AT ] AR AR A5 — S B PN ik
IHE] LA (s, 2+s)

BB IR A

2171 R eV R D i
CER i 52
B 13 27.52+8.03 26.20+7.91
%2 13 23.80+4.16° 31.96+9.51°
4 13 23.70+7.28" 34.43+6.03"
%6 A 13 22.26+4.90° 36.51+7.36%
AR 52
51 13 25.07+6.44 15.62+6.28
5524 13 32.21+7.91 19.82+5.16
E Xy 13 32.91+11.68 22.65+4.01
%56 JH 13 30.11+5.76 27.79+4.63

T . SRR 2 [ A ) B, 2 P<0.05,°P<0.01; S N 1 Bk
#,°P<0.05
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Maker 1 WHL4H 2 WHLEF 4 WHIEF 6 WHLAT

Ll B—actin

1 WiE 2 WHERL 4 WiRE 6 WHEE]
B2 KEED Noggin Al B-actin 7 F HL K &

FERIZH Noggin mRNA & Ik Fifi 185 452 B[] 1) 428 < &2
U B A TR 1 RS 2 SRl R LT A
2 2 4 RS 6 R 5 2 At
Noggin mRNA 7K ~F- 5 5 5 [A] I 8] £ AH be, o BT 2H 1Y
Noggin mRNA Fik ¥ THRIAIA (P<0.05), I
*2,

Fz2 2 HKERIREIBSE] 2 A ) Noggin mRNA AHXT k4t
FOHE (7ts)
2 )

4 ¥ HE1 A %4 %56

IR (P<0.05) , 5 [RIER] SRS AY AL L 2R 1
JERIERS 2 JRI R SRR A A g 5 R ISR R )2 Brd U FHP
ML (P<0.05) HEF 4 RIS 6 JF B 44 5 [R)
i [R] A 7R AL A B, LR 22 S RS i X (P>
0.05), L% 3,
32 R REURIE ] i T iR (] BrdU B 20 i 5
3 (n/mm? | &+s)

AR HE W1 %2 H4R %6
HEFL 6 122.60+15.86° 98.49+10.64%" 32.84+9.85> 15.11+4.20"
B4 6 99.86+14.93 78.12+9.36  25.01+3.24> 13.51+2.29"

T A A [ B ) LB, 2 P<0.05; AL NEE 1 R AP P<
0.05; 5414 2 J LA, ©P<0.05
P4 Pearson AHICE 4T
Pearson #H 3¢ 73 A1 W /<, 2 20 K B & Noggin
mRNA #5445 BrdU PHEAIECR IEAC (r=0.561,
P=0.000), HHEHMAHCRBR THE A (P<
0.05) ,FEILFE 4,

F 4 M Noggin mRNA 5 BrdU BH:4H 045 A AH G 1

HEZ 6 0.85+0.03° 0.87+0.04° 0.84+0.06° 0.74+0.07*"

BB 6 0.75£0.06 0.70£0.03 0.69+0.08 0.62+0.10" o
VE R 1 [ I ) L, 2P < 0,055 S AL 1R e, P< R Nogg(iglm)RNA Bﬂﬁégﬂﬁﬁ_ﬁiﬁ *ﬁﬂ‘(é%%t P

Xxs Xxs r

0.05; SHINE: 2 JHAL, *P<0.05 MR 24 0.729£0.090  56.450x40.299  0.520  0.019
= I I 2 A B A 3 B WAL 24 0.765:0.111  65.500+24.685  0.577  0.008
B RS T BredU FHME 40 B A% 2 hite (0,

S RS, KN — GCL X BrdU BHA%: 20 fifd 77 ik N

8 E

SR R R B i okl T2 & R
YRR 5 T2 0 A i i fa 3 58 4 JRRER 6 R4
FH/bH BrdU FHPEAHAEE A GCL X ( 3)

Wit 255 B i FSF ) P4 S 2 2H R B Brd U FH P 40 it

g 2 A A Zh RE R A 0F 50 vh 5 S e 2 O I IX 2
—, EHES 5EBRCAAFN R ki i) & 8 S
BT kL~ T IC R TT R T 5 CAT XA 20 AYIR

VE:E 284

4FA 6AA

3 YRR E BrdU S 48U Yk J (10x40)



- 774 - ARy 2 S R 2t 2021 4E 9 A 45 43 %45 99 Chin J Phys Med Rehabil, September 2021, Vol. 43, No.9

JRAEPRFE AT ] A ke i P i it s O R Y T
1 IR R AR R B SRS
TEMZ AL PP AR 2 T A BAT 22 ) o34k v T, ki
AT G g R TP S H LA T | i 5, 8 T )
PO 28 5 A R 28 20 ML 00 3 A% R 4 R A AR T
M2 TC R FEDIRED . A VR 22 IR UE W i 2L 3h 4wl
ST UM S0 12 IR B HOCH IR R | AR Hh
B AT R L AR BRA VRS [R) T G i 22 0T, X
BETTRRAM AU, X i B A BT RE Y 52 00 LG Y
AT ARBFFEAE R o 18 P it i A R
SRR T 2 ol 2 200 6 1% 18 5 By I S i ] ) S
TR BB H T F A 2 O BRUBORE R J2 o 28 20 i
SHRE 2107 A W] A S e, 33 S e L i 24 v A 3
SPPRAt T — i L

RH PR A & F BB Noggin 11 #
SR BHBEERGES, B R YR E H-4
( bone morphogenetic protein-4, BMP4 ) i) 4F FH X A [5] i
DX 28T 240 L 1 1 0 5 o A TR T
Noggin K& PR BEAE K BT B i 28 S AR AR IR T AR
i HRCSCSE R 1 3t P P9 TR Noggin R E, R
S VR B 147 1] Brd U #6922 FH A 40 i 50 8 AR, O P A7
B I o A 0 ) R 4 2 5 IN TR Noggin £ Y
Bl SYE AR T e TRV A [ o 2 T A 4 JHL 10 1 9, AT
FE43 [MHCAZ I T8 A0 8 B Sk A v i s AR T A
wEEE A, AN TR B H v A Noggin mRNA WhE Rk,
H AR RS | (H B A I 1] A SE K, 2%
ZH Noggin mRNA Rkl /b Mo EFLHAESS 1 J A 2
Sy BT R 2 R 4 A 6 JR 3 5
Hath 5 2 JEH AT 2H Noggin mRNA 23k i i g 5 iX 42
7N HLER VA IT B BE B v 1 A i A T A A O BV
Noggin mRNA (35, Bleik Ryl R 52 B v iy 7 W gk 47
FRIGYT , AR AEIRYT I HL, 38 M7

ARAIFFE R FH R A 235 LOBUA) 25 3 Jpk B2 i J3C it
AR P AN AR TR I I ARt ml AT R A
LN QIHE BE IS Sl DK A | 250 50 Jok ok A9 RS 1 TR B 18
A5 ol o i LA A R DM ot A A2 T S Bk
TR A PERSRG . T BrdU ARic i S &
TR, S VR MUBURE R JE Brd U FH A4 200 i 1) $4
A S WRAZZ AR AL A 25 T 40 15 5 R ) B RIS 5 AR B 5
L BrdU SEARICHZ T 410, I LUIE 72 1L
J WS AL R B A2 O, AL e X
I AERPRE VS 2R A L 78 5 200 B DR AP 4 T A e BDULHE A
DATEWRSE T R, F T et 1 i 1 8 A R
g Th 20 UL 540 5 1 BT A B 20 5 vl B B
g IR [RUBORE T 2 AT R M 28 T A i 5, R AT 4
SHMAM G, 257 A G2 X (P<0.05) , 1A B

AL BT R B 2% 1 IR RE D L T Y 2§27 it B
TRYT BB 27 2 I B g R PR 25 ] 27 > RE ), HoHY
B SRR [ (8] g AH LU, FLEFEH 2 T RE ) BE 5 F,
B 2H R LB R 7 IR TR] 198 22 < - 47 398 st 5 (R 30 44
XL TEBH B BTIA YT P E A Ao 28 T 0 i A 1 R R Bl 2
~igiZnE

ABIFTEIE KB, VBT T 4 A8 Pl e i, A B i D
Noggin mRNA Rk, H R IRTERAA) 8 5  (HBEE
TS B[R] AR SE K | 45 2 Noggin mRNA &3k I8 /0 ; 1M
TG T 2 R AR RS IR X 2 A E) i B 3, BB
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