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Fi] /R PR VR R ( Alzheimer’s disease, AD) J& % WL
PR 28 RGEBRAT IR , th T R HILHI &2 2% ELATR
gl MRl T R R I i F 7 T 2
AD BFH HMBEAR K- BEAR, s 2 T, O 5
R HRNE SN IR AT MR R B UM DG . iR 4y
S ARSI AR 28 R AEAE T A 1 28 58 A5 I TG PR A A
IR 2Tt , s /N RO I E RE S D7 T Hh &
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1 #B5E7EE

1.1 #F#

1.1.1 S¥miassh4  BV2 4iffiFl PC12 20
M ZR R R 25 5 Be 4R ik, SPF 9t C57BL
/N30 2,6 ~ 8 JAWE IR 18 ~22 ¢, H LR
RSB s bl . /NS T RUER
Y, HEERIE 22 ~ 24 °C, MIXHEE K 40% ~
60%

1.1.2 XA BME  KREBEIRHUE A AL 2 2y
VA R (P2 SRS H20163265 ) 5 1 B K. Eagle
15355 (dulbecco’s modified eagle medium, DMEM)
() B R A RS I & ( minimum essential medi-
um, MEM) FI#5 — 4% %5 2 WP IE W A 95 [ Hy-
Clone A #] ; R4 1.7 (fetal bovine serum, FBS) A1
ML (horse serum, HS) W FH 3 [E Gibco A F); JEZ
B (lipopolysaccharide, LPS) 2 HH#i &R ( poly-L-ly-
sine, PLL) Fl#f1 28 = K A F (nerve growth factor,
NGF) 15 [ 2 [ 3R 52 2> b 5 240 M 1T £l 0] & (cell
counting kit-8, CCK-8) NO &&=l & i & H I
MR = KA F L, HZ It mbr i (MQX200, 3 H
Bio-Tek 23 W] ) I %€ W Y6 BEAEL, DN AT DI BE R Morris
IKREEFEATIEAL  THEALAC % 73 078 B R 52 (Viewer
2, BifEE EAARHEARAT]) .

1.2 Fik

1.2.1 mm&K 5% 4 BV2 40 H PC12 400
DABEAL 2 x 10° Y% BE M TE 96 fLAR 557 24 h
JEFE ISR U BT R | e v B R I B 2
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YA, X BRAUI A K S IR U0 B R 2, vk
FMIC U 2 245 4 21 3 500 ACBC i1 47 19 7% 1000, 800
pg/ml R GBEARHLA G SR 5L, 595 24 h 5, AL
A 10 pl CCK-8 VAR, W78 2 h J i 2o g A 430K I
450 nm K TR (OD) ., 47T (% )
= (ODyyg. = ODuypin )/(ODyyug = ODoypy ) X
100% , %3555 BV2 4 i £ ] MEM 15 3% 3 (5%
FBS) ,PCI12 4HMfdi ] DMEM #5573 (5% FBS) .,

1.2.2 A2 XEtER £ K BV2 i LIEAL
6 x 10° ()% B2l 7E 48 LA, K595 24 h R 25
HEEFREL, WE S HH RRH SR 5 A
Tofs FEE R P (R 2 D 20L 45 A T A i 5 5 0 L 1 2
FIRE I P AR FEE S 10 pmol/L; 24
YA in AR G BERGHL, i L2k B 20 5110 5,10 .25,
50,100 pg/ml, FLH VA7 3 AL, ALK N
300 pl, W& 1 h 5, BRas AN FLNA 30 wl i
ZHE(LPS) R (LR 1 pg/ml) , 55724 h )5
FIFH NO 5 0 52 1270 5 0 5 R 5 b NO 5 &,
M 48 FLAR A 50l EIE R RS 2 96 fLtk T, Bifi
JE &P 1 96 FLAR - I A 50 wl Griess T 150 pl
Griess 1l ,ﬂfﬁ?}]%%ﬁfﬁ?% 5 mln,%%ﬁﬁj\] 500 r/min,
FE 540 nm PRI SEAE , 00 40 B i NO
(MR E , I AR HR 2 Ry 4o R, 1545 41 NO B AE XS &5
i, LR BV2 4] MEM 3558 (5% FBS) .
1.2.3 RAAZETAKFTRTLE HELEHEAR
(PLL) % (25 pe/ml) Gk 24 fLAR,24 h J5 W
PLL %59, PBS ¥& 2 W, B H &% 5% FBS ) DMEM %
FEIEMEVE 1 W, B PC12 4 LLAEFL 2 x 10° B3
FERRTE 24 FLAR P, 1595 24 h J5 5 L IHEE IR,
FLUIMA 1 ml & 2% HS F1 1% FBS ) DMEM 3% 35 it
PURANN, B XA NGF 4 Z5¥ 4 NGF + i
WYL NGF + sk B4, 24 h 5, &4
IR I B 7R 5L NGF 4L A NGF, 259 40 i A
50 wg/ml B K G BEASHL, NGF + KK ik 259
A [FIRHIMA NGF K G @ Ag L, Hh K 2 B AR
el 43 5124 50 100 we/ml, 55 2H NGF £ i 14k
20 ng/ml, 48 h J&, A A8 & WG AL IR IR,
WEH— Pl M Masi, FHEDA g%
A AR B K T B8 55 T R A58 1) 200 R g B 2 4
Ji R EEE D 5 AN BT AT A0 M 1, B Bl L
PP 2047 100 S4HH . g i s fe A 2
YR b3 = (PP S 40 M550 x 100% .,

1.2.4 R E S SARLE B30 Hif
PE CSTBL /NE, BENL A 0 3 41, B 10 2, 43 51k

X RRAH MU R 25 WA E e R T N R
10% FLw W, TERT 7 K, XF 18 4 Fn A AU 4 3
0. 5% (MR BELF AE 2240, 25 W AL ' AR R 300
mg/kg KEBENGH, A 8 KIFhh, Xt B 418 Jis v
S B R K, AR TR AR 2 ) A A TR R R 2
me/kg 7R B RN, LA 2 21 d DLEEST R B 2R
0 Morris 7K B ( Morris water maze, MWM ) 524
LG X B St A SR AT 8 A T ARG R A
KIGHLHE 4% Z KW BEhEE I, HE
Pt 25 B LA B AR AL

1.2.5 k&mfT st shiimla sy 2 ls , R H
Morris 7K 2K 525G #5470, Morris /KRB REGA
[T K RN B 07T 2R 3 A R G PR A 2, 7Kt
EA2 150 em, 55 60 cm ;A5 HAR 10 em; KRR
FFfE22 ~25 C, fESLE kol 4 DRI,
WAETVHEETE =L Rdhd, DEE®AETS 1 em
(R B KT 2R, InA A& — A LR K2R, DL
WA SR E . AT 4 RIEFFIIER, K/ BN
E—Z Bk K s/ BN 7 & I E] iz
Sk, it 60 s REGETFHH, I A LGS
INEAR B B IR 15 s, B8R E BRI 4
W4 DARFEIZRRA . 26 5 RIbRE AT &,
/NN — G BRI A K T, A /N BRER R i) — A
TR IESR/INRTE 60 s NS T 5 YR BRI 3
1.2.6 #LRAZmipEEn e S4TEHR3 H
N AU GESTI R RS wm, B 5 R
15K, AR E S 3k HE Jeft ) AR5k U0 R 1et#
WA ( x30 %) T/l 7EiE 520241 DG ,CA1 ,CA2
CA3 BtRfibLEC 4 /> 00 B 847 B8 R 048, Bl Js A1
Image J BRI BT KA1 HE0R 22 240 25 B

1.3 it (A SPSS 22. 0 B Hr i
CERLD) ¢ x5 Fo, PIALYROE BRI ¢ K, £
ZH AR R T 225011, P < 0. 05 N ERA S

NES-98
2 R

2.1 KEBEEXT BV2 #1 PC12 HAREH 7
FH CCK-8 AT 5 AN [R] v 8 K 52 B g 300 ol 46 4 i
FEEERANER 1.2, 4553 BoR KO BRSOk &R
1 000,800 wg/ml i, BV2 4 Al PC12 40 i 77 16 5
55X REZ AN A A Y, 2 R RSB A
AR AR R, LI 1, R R i 2R
fIRTF 1000 wg/ml ¥ B (4 K G B B, AT AL R T
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B 1 XEBESX BV2 fiEf0 PC12 HEHSZERR
A:BV2 4l ; B PC12 400 ;a. X IRAL ; b, VR 2G04 ; o MR
YA

)
S

2 A5 5 (%
AL (%
N A N
o O O O O

R1 KEBIESST BV2 ARMEMERE(n=3,x+s)

215 W' i (%)
Xt IR 1.589 +0.028 100. 00 +0. 00
800 weg/ml K E HA5HL 1.594 +0.037 100.37 +2.32
1 000 pg/ml KRG HEGHL 1.579 £0.034 99.37 +2.15
F1H 0.199 0.199
P1H 0.824 0.825

R2 ASBFEEY PC12 HAMEUMAR(n=3,x+5)

4151 WOLREAE G (% )
POyl 0.332 +0.006 100.00 +0.00
800 pe/ml K H BENEHL 0.326 +0.006 98.09 +1.94
1 000 wg/ml K GHEASTH 0.331 +0.009 99.70 +2.76
F A8 0.832 0.833
Pl 0.480 0.479

2.2 KEBAEHX BV2 MR NO K FHS0E
FERE 2 F 3 S A4 AR 1 pe/
ml 1) LPS 55 24 h A9 BV2 4 B A NO 5 5
B Th R, /N A i A A B S SR E S g, AR A
AL, 28 L EE AL BRES  BV2 4R NO 43
W EFIR(P <0.001) , 2 B 2225 WA Sk PR X
HEAH 3031 T LPS W R M4 R E, XM H 5 ~ 100
pg/ml K EBEASHALHE 1 h J5 B H LPS #1% BV2
A, SARIZH AR E, NO A XS B i 22 A gt e R
X (P <0.01), H NO FXI & = Bl K 85 Hok
FESEIN T REA, 1C,, M (54. 68 +2.16) pg/ml, #F5E
TR G W HCBET ) LPS 5519 BV2 40 0 RE i
NO, HA — & B Prpf 28 RAEAEF , REOR 3 /0N e o 4
ML A2 T 5 LR 25 R B3 I 0 A AR 2
2.3 KEBIEEIXT PC12 422 58 K 220
BES , HARFEK W BE B AR ph 28 28R AR K 7 Yy
YEH, B T R E 4 1AL BEXLER PC12 40 il Y i 45
ARG ME3 LS, 5 XA L, 5351

100 —

o0

(=}
T
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skkok

koskook

(=)
(=]
T

sk sk
sdokok

NOAHXS & 7 (%)
IS
(=]
X
*
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(=]
T

1
a b c d e f g h

2 KREMBEHEX LPS 58 BV2 #ff NO 73K &I 1E A
a: 4 AL b R s e B REAL  d - b 25 A (R 2 R L
HWeRE 4 R 5.10,25.50, 100 pg/ml); SHETUL & P <
0.01,*** P <0.001

S

30
#
## T
~ T
é 20 ETTS
g
Q% 10 I~
0
a b c d e

E3 ATBEAEHRE PC12 MfMEREKFERR
a: % AL ;b NGF £ ;¢ 2594 ;d . NGF + MK BEZ5 84 ;e . NCF +
B2 S AL LA ** F P <0.001; 5 NGF 4 H#. " P <
0.01
£R3 KEBEZHX LPS FS8 BV2 4
NO &b BIMFIMER (n =3 ,x 5)

20 5] NO AHX 1 (% )
2 4.66 +0.33
TR 100. 00 £0. 00
EEAS] 46.64 £1.03***

75.05 £3.00" "
65.39£1.79" " "
55.80 £2.39 "~

5 we/ml K BEART
10 pe/ml K E BEASHL
25 peg/ml KEBEAEHL
50 pg/ml K EBEAEHL 49.89 £2.62% % *
100 pg/ml KNG AL 46.12 £2.17***
F1{H 585.46

P1E <0.001

SRR L. P<0.01,* " * P <0.001
R4 KEBEHIEDH PC12 HEMERSUE(n=3,x+s)

ZH 5 YA (% )
pOpie 2.28 £0.49
NGF 15.38 +1.86" * *
259 14.60 £0.76 " * *
NGF + fILHe 259 20.95 +1.97%
NGF + =i 254 24.53 £1.99*
FAE 117.01

P 1A <0.001

EXFRA R, * 7 P <0.001 ;5 NGF 4 1% . ™ P <0. 01
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JIA NGF #1150 pe/ml KGHBENRHEUS , PC12 4011
IALRI B W (P <0.001) , FE 0K G REAS U
A NGF AHEWE , Refe sk ps s A4, =ik, 250,
100 pg/ml K G 85 RE L5 5 NGF B A N H BT,
PC12 4531k 2 24 %5 B (o FH e d 2 388 m (P <
0.01),3FH 55 50 weg/ml #H kb, K GG ok
100 wg/ml B, PC12 4 Jfd 1 43 fk 2 i — 20 Tt v, 3R
IR S W B T R I B 1 9 NGF 16 P RO .

2.4 AXEBESMAREREER/NRESEIZH
g P KGR B R I SR AR R A
T A 7. AT 7% PR 1A SR DA N T B R AR AR | 24 ) 20 i
JE AL 2, /N I | 6 B ORI IR GH R |
BRI B TE H bn 5 FR 9 45 B3 ][] S 348

A

EE BT IR 4 BrR, A28, N BUA R
KBS P s sk B R F R, AR 4A S5 X
ZHAH b BT 2 /) Bk 2 VAR A K | i Dk R
P2 I BT B TR SLEE | 7E B ARG BR A 45 B B
[E 247 15 B s B - 15 B B0 (P < 0. 05 ) , 3R W
ARG RN 2 e 1268 1 F R IR Th e
PRFRRG , iR, SRR g, 254/ Bk
TR 4 5 YDk TR I ER, G f Ak, 7E H AR 5 R
{5 IR - S IR B £ (P <0.05) , 45
RN, R EE O/ B BN BERS, 1K S B AR
(G AT E A E ST B i VAN W =2 BT VY EW A s
[HRRBE S, W ph i 4 B PR 7EH

2.5 KEBEHENFAREREEINRESHARE

241 —o-a 701 g
:tc’ 60t =
L 7
_ 22 ng' % %
1‘?‘; 20 F i.E; I / /
] SN %
oy %30 % %
18 + 201 % %
| /
16 L " L - - - - 1 0 % %
0 1 2 3 4 5 6 7 8 1 2 4
] [E] (d) i1 (d)
€ o3p D Esop
= = - = —*|i %30' :j
£ 02 T X 4r T = -
i% § %20— L
s | 1 & 1o} -
0 a b c 0 a b ¢ 0 a b c
F
a b c

B4 KREBIEBME AD RE/NRFESBIZRNHAR
A/DERIRIRT d BB ;B 2/ B B Morris 7K 8 APEORIT 5 C o /IS BRITEDICHREE 5 D+ /) BB 1 13 B OB B /N LT I B R B I
)3 F o /N RIS BB s a0 X IRAL s b BT s o 252 s HARTULA LA * P <0.05, " * P <0.01, " * " P <0.001
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E5 KEBESRE AD EE/NREDIRGHR
A/ NRIG T2 HE x 30 ;B #5441/ R T 41 S0 240058 B 5o X BRAL ;b AR s 25041 SRR HL A, * P <0. 001

REMEMmM  WES FiR, HE G n] WXt 141 i
DG, CA3 J¢ CA1 X E5HIEH  HES B %, 7% A
T K s 2 R 25 A AR 4 /) B 4% DX B A el s
YRR A AR, RFRAR /N 43 DX A0 MR /D HEB AL, e
AR, P 2 e R B IR 98 (P <0.001) . 5
RS BRI T L, 25 47 5 DG .CA3 [ CAl X
PR TCHGTIER , A M 245 R4 B0 B, e R, HES
I AT R Z N (P <0.001) , K KE
BERR B A I AR s ookl S 2 e I S A5 F it
Vit Be Ty, BEAR PR 2T 2 FE

3 itig

PRZIRAT PPN BTN P AT P 27
PEFRAFIDIREREAT . /IS5 20 2 rP AR 28 R B 0
FER B RN 2, 25 B0 RN FHE R 4
FE AR HA S 2 RE R R AT
PERIBIL 22—, 0 A 28 9 0 Bh T 28 AD i A%
R Ze i3 . LUk, AD B IR P A A R R M
FRIG TS 5 5 St 2748 1 FA H ) e B 4
e R, AR M A R E  MeE M A R R K
REIA B T80 AD & i & it L8,
SR G BENR BT AL B BV2 4% LPS J 5
A NO W& kA 1o BRI, PC12 4 i pil 28 8 A K
TEPERGIN, IR NGF K AETE M, 45 KR KT8
P FBCELA W i 22 SR T, AR i o 22 S 43k 3
K RGN bR EM R EA, X 5K
HEHICTE I A AT v B I R ) 25 SR — 3, sl o
I S AR A M W B 58 3 R Pk TR 7K SF | % ik A M 41
LU RE

K2 R g i SR 5% ) et AVEE

R EELE R, AD IR A B kAR 5 1 A5 R %
PAFEFEVIRER, F, BRI AKFBRS AD Bk
A RS : AD Jiki b A T 22 R W IR TR JUL S |
I PO ML Bl 25 22 o i I A1 AR, I HLA5 R 5248 IX
SR EE , AD 52 3 DXICN i B 1A R i 7K S AR
TR A, B s T E B K i 5 ) ——LPC
(A I B T IELK ) 7K -5 7 T A (4 1212 2 BRI
FEM . Morris 7K B AT LA g PFAG /N BRUIA i g
i) — RS RS R AR KR
BT /N RO, 28 R AR AL B /N BRTE Mor-
ris KRR E IR R B 22 2T IC I RE s | i S A
SIS BRI, U] R SRR BOsE T
I/ NI, WA R TG A RSk R )
FLRIY AN FER LW AR = T AR R A B R B
PRI BERR KT, A 1 I S 4k i, e 1IN
RO, M A% A 2 ORGP AE T

L5 BRI RSP R A ) SR AR S A, 5
HIE T RSB HCHE i RSN 2 RAE Al M 22 5 A
A IR AR R A | R /) B S sk e oT i
BIE ISl X E W L E P (B E ISR S
AR A R K T BRAE S5 A 2B A TV A B ) T A
7T RS (L SCT Hph G A HTIT J id
SR FAL , LARAE e R B B D07 3, T A
5 RRAE R — 2L BT
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Study on the protective effect of soybean

phospholipid powder on nerve injury
Zhou Mengli, Rao Xianyue, Fang Jing, Wang Hao

(Dept of Oncology Radiotherapy, The First Affiliated Hospital of Anhui Medical University, Hefer 230022)

Abstract

nerve cells in vitro and rats neural tissues. Methods

Objective  To investigate the protective effects and mechanisms of soybean phospholipid powder on
In the cell experiments, the cytotoxicity of soybean phospho-
lipid powder with different concentrations on mouse microglia cells (BV2) and rat adrenal pheochromocytoma
(PC12) cells was observed by cell counting kit-8 (CCK-8) assay. The effect of soybean phospholipid powder on
the NO level of BV2 cells was analyzed by NO determination experiment, and the synaptic growth of PC12 cells was
observed under the microscope. In the animal experiment, the cognitive dysfunction of rat was simulated by scopol-
amine rat model. Then the learning and memory abilities of rat were tested by Morris water maze experiment; hipp-
ocampal tissue morphology and nerve cell density of scopolamine model mice were observed by hematoxylin-eosin
staining (HE) staining. Results Soybean phospholipid powder had no obvious cytotoxicity on BV2 cells and PC12
cells within the concentration of 1 000 pwg/ml. Compared with the control group, the NO secretion of BV2 cells pre-
treated with soybean phospholipid powder significantly decreased (P <0.01), and the neuronal synapse growth of
PC12 cells significantly increased (P <0.01). In comparison to the model group, soybean phospholipid powder
significantly improved the learning and memory ability of scopolamine model rats (P <0. 05) , reduced the neuronal
damage in dentate gyrus (DG) , cornu ammonis3 (CA3), cornu ammonisl (CAl) areas of hippocampus, and in-
creased the density of nerve cells (P <0.001). Conclusion Soybean phospholipid powder can play a neuropro-
tective role by reducing neuroinflammation and promoting neuronal synapse growth at the cellular level, and im-
prove the learning and memory ability of rats with cognitive impairment, reduce hippocampal tissue damage.

Key words

soybean phospholipid powder; neuroinflammation; neuronal synapse growth promotion; learning and

memory ; hippocampal tissue damage ; neuroprotection



