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[ ABSTRACT] Aim To explore the mechanism of oxiracetam promoting neurogenesis and migration in rats with cer-

ebral infarction through stromal cell-derived factor-lae (SDF-1a)/C-X-C chemokine receptor 4 ( CXCR4) pathway.
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Methods 100 SD rats were randomly divided into control group, cerebral ischemia (CI) group, oxiracetam (200 mg/kg)
group, and oxiracetam (200 mg/kg) +AMD3100 (5 mg/kg) group, with 25 rats in each group.

used to create rat model of local permanent cerebral infarction.

Electrocoagulation was
After 1, 7 and 14 days of modeling, neurological deficits
were scored, TTC staining was used to detect the volume of cerebral infarction, Nissl staining was used to detect cell surviv-
al in the infarcted area, Western blot was used to detect SDF-1ae and CXCR4 protein levels in ischemic zone.  After 1 ~7
days of modeling, BrdU (50 mg/kg) was continuously injected intraperitoneally.  After 14 days, immunofluorescence
double staining was used to detect the number of BrdU" Nestin"and BrdU"DCX" cells in the SVZ region. 5 days before
After 14 days, immunofluorescence double stai-

C17.2 cells

modeling, retroviruses carrying GFP were injected into the SVZ region.
ning was used to detect the number of GFP*DCX", GFP*MAP-2" and GFP*GFAP" cells in infarction area.
were divided into control group, oxygen-glucose deprivation (OGD) group, oxiracetam (final concentration: 200 mg/L)
group, and oxiracetam ( final concentration; 200 mg/L) +AMD3100 ( final concentration; 100 pmol/L) group. OGD was
used to create cell CI model.  After 12 hours, immunofluorescence double staining was used to detect the number of Br-
dU*/Nestin® and BrdU*/MAP-2" cells, Transwell experiment was used to detect cell migration, Western blot was used to
detect SDF-1a and CXCR4 protein levels in cell culture supernatant. Results Animal experiment results showed:
compared with control group, mNSS score in CI group was increased, cerebral infarction volume was increased, the number
of surviving cells in infarcted area was decreased, SDF-1a and CXCR4 protein levels were increased, the number of GFP*
DCX", GFP"MAP-2" and GFP* GFAP" cells in SVZ region were increased (P<0.05); compared with CI group, mNSS
score in oxiracetam group was decreased, cerebral infarction volume was decreased, the number of surviving cells in infarc-
ted area was increased, SDF-1a and CXCR4 protein levels were increased, the number of GFP*DCX", GFP*MAP-2" and
GFP*GFAP" cells in SVZ region were increased, the number of GFP*DCX", GFP*MAP-2" and GFP*GFAP" cells in in-
farcted area were increased (P<0.05) ; compared with oxiracetam group, mNSS score in oxiracetam+AMD3100 group was
increased, cerebral infarction volume was increased, the number of surviving cells in infarcted area was decreased, CXCR4
protein level was decreased, the number of GFP*DCX", GFP"MAP-2" and GFP*GFAP" cells in the SVZ region were de-
creased (P<0.05).
dU*/MAP-2"cells in OGD group were increased, the number of cell migration, SDF-1a and CXCR4 protein levels in cell

culture supernatant were increased (P<0.05); compared with OGD group, the number of BrdU*/Nestin” and BrdU*/

Cell experiment results showed; compared with control group, the number of BrdU*/Nestin" and Br-

MAP-2"cells in oxiracetam group were increased, the number of cell migration, SDF-1a and CXCR4 protein levels in cell
culture supernatant were increased ( P<0.05); compared with oxiracetam group, the number of BrdU’/Nestin® and
BrdU*/MAP-2" cells in oxiracetam+AMD3100 group were decreased, the number of cell migration, CXCR4 protein level in
cell culture supernatant were decreased ( P<0.05). Conclusion  Oxiracetam may promote the migration of neural
stem cells from the SVZ region to the ischemic zone, promoting neurogenesis and functional recovery in rats with cerebral
infarction by activating SDF-1a/CXCR4 pathway.

[KEY WORDS] cerebral infarction; oxiracetam; SDF-1a/CXCR4 pathway;

neurogenesis; neuromigration

IRAREAE SCRR tife 1L A R 2 e, 2 — R ey T 16 1
Bk Bl A 2, d AR AN 2 T U 4
ZURTE B M 28 BRI, 29 7 BT A7 26 b (B Y
85% " . IIRIESE ALAEA T K95 4.5 h A EHS
BT RRTT  OF HOB AR AR AN i A B 1 22
J5 FBRE S AU PRI R 2 B v R T A B
AR ERIGIT ., AT M (neural stem cell,
NSC) BA AW s A 2 16) /LRI RE 1 ,NSC B2
PTI0G3 Bl 53 05 A 5 58 B i 28 3R A7 1 5 11 O
FE AR NSC BRIAEE G HE S AE T e
i) R A YA R A6 ke s, R B T Il PRIR YT, NSC
FEAFE T MK = =45 5T X (subventricular zone,
SVZ) 1 B 43 R [\ UKL T X ( subgranular zone of
the hippocampal dentate gyrus,SGZ) , iX P~ X Jaf #

RSB A 1 A7, 245 NSC R4 5 | /3
AR BT s IS FE RE RS TG SVZ X
NSC (345, - NSC B8 FHmALJE B SR
J5PE NSC B A B, IR e I, i oo 5 ) 434k
AU ASCRIEE fi dfe 0L 340 935 1S e i, DX i) #2808, S R
DAAERR IRAESE S 1Y P25, PRI, i S U AT 5K
107 A hsR 2 H A 512, LLBBNR ST IAESE Y
H, BT A R T la(stromal cell-derived
factor-lat, SDF-1a ) /C-X-C #&1bH F 32 1K 4 (C-X-C
chemokine receptor 4,CXCR4) il 5 iEW S 5 M4 &
G B Mg AR BT R GBI, SDF-1a
FIRIGNN, SDF-1a RES 5 SVZ DX 22 40 Jfd 1) ikt
MXIERS I JE D REVK A, 7 A8 B A= 5
MR E B IACT B, SR B A P



CN 43-1262/R 1 [E sh ik fb42ids 2024 4F55 32 55 4 ) 295

NSC #4758 534k, IF [l ke i DX 3% F0H 5 W] A RE A%
A ke i DX 1 AR 1 245 0 AR Y O U2 B TR
TR

SRR PG IR — 7 A 1Y) i e AT A=, B
WO ORAPRVE S B 2 T i D Re, R T A A
HERM LI RE K 01258 1 BT,
ANMA 45 AR s | BT 7R 2 T BRORE L I RE B L A A5 0
281 Jiang 25 G BT R BREX A ALY HH BE IS L
L MNAESE & NI T g A R 3K AT I AR M
EAIEHFKF- . Cui 1 R IR RLA TR A LA
VG SHE A 00 7 A S8 R U P 22 A B A 1, R A 2
TP VERT . MBLT 7, B0 G 30 02 0 i 48R 2F &=
F5 L% N B A K T (vascular endothelial growth
factor, VEGF) A 3" {2 7F # 25 40 0 . PN B 40 i 7
WS PI3K/ Akt A SC SR BB P 1 AR
75 3 A # SDF-1o/ CXCR4 3 [ A2 348 fiki 48 58 K B
PRZSHT A ANIE RE R, A B 55 480\ 3l 40 R0 200 i
PN 2 R ST RGOS NSC 195 AL FLE RS 1
VEF AL, LA Ry 25 036 97 4 v K ik #9114 4
A SR BE RIS RN S SRR

1 #RFTTE

1.1 SCIEEh¥FnLmpa

100 R &R E H (220+20) g B9 SPF %Ak SD &
R, o Hmlienmk LRham RAFE, & FiF
F[E 5 SCXK () 2019-0004, 47 7 T % i (22 +
2)C 8 Z 55% +5% 12 h X/ B EFIIEF B &
WA, ENEARL AR TE®H, A KA
HAR B EBAEETR S HE (HET.
20210427), C17.2 W& T4/, B Kb X E 4 4%
WA A RN F (5 AW-CNMO082) , 3 & T 4
10% fb 4 M & 1% -4 B % 5 RPMI 1640 3 5 i
BT 37 C 5%C0, BHRE TR,
1.2 FERKFSMNE

BT E 4R E B e AR = K 7 IR A TR
N ([ 2% F . H20060070 ) ; AMD3100 1 B #
Sigma /A ] ;37 L £ AZ #F R ¥ v2 ( bromodeoxyuridine ,
BrdU) . # & & (nestin) . X & JE % ( doublecortin,
DCX) . #h % # x & B 2 ( microtubule-associated
protein-2, MAP-2) | fiX Jit 4F 4 B 1% % & (glial fibrillary
acidic protein, GFAP) # /& ¥ @ % [& Proteintech /A 7
(B2 5 4 Bl #.66241-1-AP [ 19483-1-AP  13925-1-AP
17490-1-AP |16825-1-AP) ; 4.7 7% K # i 71 W & b
HEEFEWAHARANF (%5 .S2110) ; Triton

X-100 A w B E B & EWEAA R KA F
%5 . DH351-4) ; EIx800 B % (L 1 B % [E BioTek

N5 CM1900 7k 1 A Hl DFC310FX % 3t B 45

W B 12 E Leica 2 H

1.3 Zh¥EBHES T/

100 2 A B AL 2 3 BB 41 i Bt ot ( cerebral
ischemia , CI) 241 | B4 V5 38 41 Fn BL 47 7 32 + AMD3100
4,425 R, KR Bk AR R A Ak A M R
AKREA SR T . KREEES 1% K ELZH
(40 mg/kg) MR J7 , B £ T ML R E AL b a3
SKEHEATE R H F A TUE FBE R K
B RBAAE (B4 2 ~3 em) , 0 & HAL, £ H &
HERTHHERABELATBEEF A EHT,
2 FE KR AT H ik A2 A K R 3 kAR T
R X T 7 AL & R v 4R 8 ] 3 Bk (i k&
WAGEEA) MEse KRk BREFE, K
NRBA T EFAE, R HAKXRREEF 5K,
TR, HAEE24 h, B4 EIEA EH v
3 +AMD3100 4 A R # Jik 7 4% A8 5L B9 B 4 7 38
(200 mg/kg) F2 AMD3100(5 mg/kg) ; xF f& 41 CI 41
KERHHOER SR 0.9% A hshimit, X1
KyEGEHFT R, #HE 1.7.14 RIATHE ) 6
BeARIP 2, MR TE AR

HEHMNTS AAR, EEHE1~7 X, %S
FE 15 4F BrdU (50 mg/kg) ,1 K 2 %k, 14 K5 BUK
PG IR AR e 4 | SVZ X BrdU* Nestin” |
BrdU'DCX* % i

ZAMHIS R AR, EREA S5 K, KA R LR
FESLE 4T 45 48 K K& 8 (green fluorescence
protein, GFP) By & %% i # i 5T 2| K B SVZ X,
BT . KRB G EE Tz b, st
KEHATE R HE;ELBEFMER B (W B
%2 cm), £, H £ 4% 2| Bregma 7 Lambda %
A5 VA Bregma & 7 0, # F SVZ X, B 4K
FRIEH) 2 AN AT B4R T KB GFP B R % X &
ZEESE A (FILESS pl, #)E 0.5 pl/min,
ESE YA 10 min) ; BB 4 A K RSk R BR
HERNREHPEAFE, S KEEH 14 RER
Ji 2 ., % O AR e B A B fn X GFPDCX” |
GFP*MAP-2" .GFP*GFAP" % ik .

1.4 HHEANEEFIRITS

fF mNSS A4 ARAERN KBS 1.7.14
REWHE ., TLrEEQCFEEH KE, T
WERG 480, Ba18 0, EH KO0 0, BoHE
KT WA BB E, mNSS o4 Lk 1,



296

ISSN 1007-3949 Chin J Arterioscler, Vol. 32, No. 4,2024

% 1. mNSS #5280
Table 1. mNSS scoring rules
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Figure 1. The effect of oxiracetam on neural

function in rats(n=25)
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Figure 2. The effect of oxiracetam on neuronal survival in the brain ischemic zone of rats(n=5)
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Figure 3. The effect of oxiracetam on proliferation and migration of NSC in the affected SVZ area of rats(n=5)
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Figure 4. The effect of oxiracetam on the migration and
differentiation of NSC from the affected SVZ area

to the ischemic zone in rats(n=5)
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Figure 5. The effect of oxiracetam on SDF-1a/ CXCR4

pathway in the ischemic zone of rats(n=>5)
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Figure 6. The effect of oxiracetam on the proliferation, differentiation and migration of C17.2 cells(n=3)
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Figure 7. The effect of oxiracetam on SDF-1o/ CXCR4
pathway in C17.2 cells(n=3)
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