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Abstract : Objective To investigate the possible mechanism of intracerebroventricular injection of mouse nerve growth factor (mNGF)
on learning and memory abilities and behavior of transgenic mouse model with Alzheimer’s disease. Methods Twenty senile dementia
transgenic mice (C57BL/6J) were randomly assigned into Alzheimer’s disease transgenic model group ( AD group,n =10) and experi-
mental group (n =10) by using random number table method , another 10 C57BL/6] aged normal mice were assigned into elderly group
as comparison. The AD group and the experimental group were injected with mNGF to the lateral ventricles of the brain for 3 times (10
days apart) ,while the elderly group was injected with the same amount of 0. 9% sodium chloride injection as comparison. Space explo-
ration experiment was carried out by video tracking analysis system of Morris water maze ;evoked population spikes (PS) in hippocam-
pal area CAl and spontaneous action potentials ( AP) were recorded by using whole cell patch clamp ;immunohistochemistry was used
to detect the expression levels of brain derived neurotrophic factor (BDNF) and nerve growth factor (NGF) in hippocampal area CA1;
Real-time quantitative polymerase chain reaction was used to detect NGF mRNA and BDNF mRNA in the hippocampal area CAl.
Results On the 40th day of treatment ,the protein-positive expressions of BDNF [ (100.51 £2.27) ng/mL] and NGF [ (159. 85 +
1.23) ng/mL] and the expressions of BDNF mRNA [ (72.02 +£0.98) B-actin] and NGF mRNA [ (67.08 1. 16) B-actin] in hipp-
ocampal area CA1 of brain slices of the experimental group mice increased significantly , and their membrane potential of PS [ (63. 02 =

1.25) mV] and AP [ (58.57 £0.93) mV ] decreased with significant differences from those before treatment and the 40th day ( all



Z # B 2§ Anhui Medical and Pharmaceutical Journal 2019 Feb,23(2) - 233 .

P <0.05). The number of crossing plateau (4.29 +0.64) in the experimental group was significantly more than that before treatment
and in the AD group (2.85 +0.12,2.68 £0.24) (F =49.815,232.391,P <0.05). The escape latency in the experimental group
[(21.73 £0.54) s] was significantly shorter than that in the AD group [ (68.59 +£2.01) s]. There were significant differences be-
tween the experimental group and AD group and between before and after the treatment in the experimental group (F =2 910. 165,
3 137.281,P <0.05). The trajectory of the elderly group was mainly located on the original platform,that of the AD group was mainly
scattered around, and that of the experimental group was between the two. Conclusions The mice nerve growth factor can promote

learning and memory abilities of transgenic model mice with Alzheimer’s disease ,whose mechanism may be related to the mNGF’s nour-

ishment and repairing of nerves by stabilizing membrane potential in hippocampal area CAl,upregulating BDNF and NGF protein and

their genetic expressions.
Key words : Mouse nerve growth factor;

Membrane potential

BRSO BRE (AD) BB MRR , B 2N
LR — R X ph 2 RS RR E  EA TR i D AE R
PERI 2PN . AD g N A Fr2e kb AT M 8 fig iR
R, HO N AR CAZ T RE R A7 PE T B, I PR 1 3
B IR AT R T B A T OGS 58 4
AR T AR TG AN RE R T K ) AR, 4 0
JEE GPH I P ER R EAE R o I R IT
B, B2 A4 K 1 (mNGF ) B i ik 52 45 Hh X pih
AR AMEAER X 32 5 AR R AR JE R 22 e B A
BIEAE AT, AT 30 0 A b 2 2T 2 R 0 A
AL 2 S fE M Y . % T mNGF fE1l
PRI FHGRYY AD ELHUS T — 2 197 &%, {3 Hoske = 4
KR S5, 4 T e B A BS54 ST 0L RE 1
[ P BIFSE , A S5 T 2017 AF 5—8 38 o I fii =5 34
S} mNGF, 2R F B R B e SR B AR AT E AN N AT
SRRy ok BRI 98 HAf T 7 AD 55 5L PR AR Y
NEWER, ATV E R PILE
1 #R5FH%

1.1 e zh#  AD HELEE AN 20 H
(C57BL/6]) , 2 4F IF % C57BL/6J /NEL 10 H, 340
HMEPE AR5 (20.0 £1.0) g, A& 7 JH, hip 5
LR ORI PE ) PR R S A 25 R RS
M(P>0.05), shyyng At s BERR R A YR
ARRA R [VFAMIE SYXK(5R)2017-0031 ], #4520 H
BARRIR I B /N (CSTBL/6]) SR I BE ML 7%
WAy h AD GRS A, Bl 10 H, 510 Hg 4R
IE# C5TBL/6] /NI A AR XTI, 205 3R
JE DU AR > ARAK) |, 5255 7 b 3 A R UE Sh )
A AT NGB . B F R ORI DLt
RIGERE, S By 12 h 28 8O0 B A R B DR 4 AE
T5% FeA7 M (22 ~24)°C ., Bkt & AT &3
2T

1.2 (X253 Morris 7Kk B WLA9 IR i 40 A 2
4t WMT-100 ( Jl AR 28 B AR AT BR A &), A5 . WMT-

Alzheimer’s disease transgenic model;

Brain derived neurotrophic factor; Hippocampus;

100 ) 5 Ul 37 A& 8 A (i AR 2= A A BR A
A]) s B A AR R ( HAS Narishige 24 7], #5 .
PP-83) ; - | HORAS (F2 Campden A 7], K15
Mul-ticlam p700A ) ,$8sh¥) F #L (3£ E Campden 2
Al RS 752M) s TG mNGF (JE [ 14E /2 A= 9
TAARA T, #45:017082408 ) 5 /)N B M #ih 22
H I 7 (BDNF) Fifhz4: K K1 (NGF) ; Fgik 4
PEW R (ELISA) 32050 & (B 54 2 AR W 5L
AHBRAHE]) o

1.3 BHFE LA/ RRRE S B T/ R
SEARSE A, Y S g 20 WL 1S mNGF
HERR TS TR 3 P, (B) B 10 d g —ak, 735 3
W BAELE SR 0. 9% AL B TE 5 WA
HRIRYT IR S50 2

1.4 BEEKEHERAHEREWMERHIZRT
% MO 4], ek N TG 95% 0, +5%
COMUFNIF A TKEE (4 °C) 5o /N BT I8 Sk 25
K, meE Sk 2 T, I A B NI 2, BT
4 °C 95%0, +5% CO, 11 F1 N\ T fii & W 12 i
5 min, & B g 0] X5, AR 3 U1 5 HLYT L 2y
300 ~400 wm 5L i B 8] kvl o K5 78 N Tk
B P HE LB g S CAL X, FEE 1 h 2%
Mo ZB3GERES T, ] Mul-ticlam p700A 5 F £ R
ar AT A A0 M IR B SR B CAL IR e F 7
(PS)FIH K MESIERAL (AP) ,iC 5%/ PS Fl AP 3R
JH Pelamp BRAF 5341 0 5577 56 PP-83 #E X Hr
TIB S ( AR 1 ~2 pm ) G pH A
7.2 FRERL R AW FEHE 30 min, FE AT 0. 22 wm
JBE 3t 0 Je, A T S A H B o = L BH R
2~6 MQ, ¥ & CAL X 4= 4fi i B R o i % 7
20 ~25 CHYFEIR T IEAT, e MK £ T 5 [ CAL
DX B AR v B R SR AR SR T 95% O, +
5% CO, VA N TR, SR 5 HE2E G AR, i ol e
e g 55 A MBI 7 L BELA7C , - FC g I i 0 i



. 234 . % # E 25 Anhui Medical and Pharmaceutical Journal

2019 Feb,23(2)

(A7 A B FL A PR Y5 200 6 PR SR A3 ) B AT O
EYLIc %,

1.5 BDNF #1 NGF ZH#M S MICwk[6], 1K
YR o0 B IV [e) CAT DX A, 2R A
RELAAL LRI I 3 R A PP R A . e iR A A
WA S YR B+ s % —$T (BDNF) ,4 C
IR, FIPEXT REGRE I R 2% vh ik (PBS) . R H
JEE R TR, %P0 TAEW,37 CHFE 10 min,
BAREE AR IC 10 min; ] & LB (DAB) .44
BARREY SR GREE K B R s
TFREHLEL 10 A~ LT, 4315 100 4412, 43 i1
5 BDNF 11 NGF 2 [ PHPE R ik . NG i SP e fa
J&i BDNF I NGF 5 {4 BH P A M 3% A58 8% €0 ol 2 48
. H AR 55 BT 80F G20 4% 417 38 06 %
(MOD) {E,

1.6 IMEEREGHENXRMN(PCR) H/rEif
Y Sy [n] CAL DX 3 7, — 25 3% 3 B 3 7
RNA B 1 g & RNA, F AMV S 5% S il 47 s %
S, SR PCR 338, DL B-actin g N 2, Kl
BDNF il NGF mRNA ik, BI#)F%5) L% 1. PCR
R H:93 °C 30 5,94 °C 3 min 64 C 30s.71
°C 1 min,35 MEFR,71 °C 7 min, LI H IR HE K E
i/ B-actin JKEE{E 2 L Ze7x BDNF Fl NGF mRNA )
HIXHE

FHSTATAIEE 40 KRIEAT Morris 7KK B 25 (B HE R 3K
55, s e AL 328 B DY > G BR v AT — A, /D
Bk ) b T ] e BE A K R A SR /N 60 s N 5
P B OB, 25 (B PR R S 30 R A K BIE AT 8
WP Ak KRR 2 2T R iE A2 BE J1 (PEAR 4 Ly
i)™,

1.8 Sit%AE ALEEIT2=Ab# A SPSS 19.0
R, S5 PR AR I DL & = s ROR, Z AL
BRI R I 225087, R 43697 55 F SR D
XTGERE ¢ K, 41 ) B P LR LSD-t K 56, K I
KN a=0.05,LL P<0.05 J2ERAHGIE L.
2 SR

2.1 mNGF 3t/NgE i #3E CAl X BDNF,
NGF EAPRMERIERIFNET  EAF 4697 A0 o ik
F ¥ D [a] CA1 X BDNF NGF 25 19 BH 4 3¢ 3k Jc B
WARE . JGITHT, AD 4S5 41/ B BDNF (NGF
PR TZAEA (P <0.05) . JAITEE 40 K, AD 41K
TRAFH (P <0.05), 525 41/ [ BDNF FI NGF
H I BAPEZR IR T, 5 AD ARG YT T R 24
bR A= E X (P <0.05) , BAR%HE W
#2,

2.2 mNGF st/hExEEEDE CAl X BDNF
mRNA NGF mRNA RiXHFM ZELRITHT
J&5 B0 F- 7 5[] CA1 X BDNF mRNA \NGF mRNA
TCH Bk, AD ZH A1 SE 50 4H /N BRUA ¥T R iE BDNF

x1 5WFHIE
" mRNA NGF mRNA ¥k T4 (P <0.05), A

RWTH 31 RN -
- Kk A 40 K, SEE 4] BDNF mRNA (NGF mRNA %3k
BDNF mRNA  iF[]5]4)) 5'-CACTTGGCAACCAGTCCTATGAT-3' 152 W2 5 AD 20 FIVA T RT IRV 4 L8 24 Sl e it

S 11514 5'-ATGACTGAATCGTTGCCACCTA-3' 2eEE Y (P <0.05), ELAMEHRILES,
NGF mRNA  iE 5|4 5'-CACTCTGCAACCGTGTCTGAT-3' 134 2.3 mNGF /N4 M B 4ia 5350 CAL

JZ 15|41 5'-ATCGCTCCCGTCAGTCCACTA-3! K PS F1 AP SRAGBIN  SAEALA T 5
B-actin TE[M5]4) 5'-TCAAGTCCCGTGCGTCCGTACT-3' 117

J 815 4 5'-ATCAGCTCACCTCCGTACGTGT-3’

1.7 Morris /KHEE R 78 R 2 A A D70l

g Ey ] CAL X PS i AP J5 o A 4576 1E 5 7KF-, HL
IRYTHTIG JCBH WAE . AD 4/ BURYT RIS PS A
AP AL & T AR (P <0.05) SEE 4/ L

%2 /NEUARYTTHTIG BDNF NGF 25 1 PHPE RIS L /% £ 5
BDNF/ ( ng/mL) NGF/ (ng/mlL)
251 FL &k
TRITHT TRITHE 40 K ¢t fH, P H TRITHT TRYTHE 40 K t{E,P1H

HAE 10 102.99 +1.74 102.67 +2.07 0.512,0.621 164.05 +2. 86 163.00 +3.47 0.682,0. 614
AD 4 10 90.06 +1.72° 87.31 £1.33° 3.986,0.003  122.67 +£1.59*  120.39 =1.16° 3.614,0.006
S 2H 10 90.39 +0.89*  100.51 £2.27* -12.635,0.000 120.33 £1.42°  159.85 +1.23" -94.288,0.000
FAY 238. 640 183. 898 1417.557 1 132.489

Pl 0.000 0.000 0.000 0.000

T AR AR, P <0. 055 SIRYTRA4LILEE, " P <0. 05

5 AD 41H#, P <0. 05



Z # B 2§ Anhui Medical and Pharmaceutical Journal 2019 Feb,23(2) - 235 -
%3 /NEUAYTHIG BDNF mRNA NGF mRNA 3235 b4 /x + s
BDNF mRNA/B-actin NGF mRNA/B-actin

21 51 5k

VRYTHT IGHE LIUPS ({E,P{H ey Egil] TRITER 40 K tfH, P {H
LN 10 74.72 £1.16 74.55 £1.02 0.354,0.731 69.22 £1.21 68.37 £0.92 2.107,0.064
AD 4 10 50.92 £0.81° 52.81 +£1.48* -3.804,0.004 58.28 £0.89° 56.19 +£1.50* 1.019,0.001
S 10 51.88 £1.03° 72.02 +0.98" -53.119,0.000 57.38 £1.20° 67.08 £1.16> -19.379,0.000
FAH 1755.573 1 008. 401 349.790 304.283
PH 0.000 0.000 0. 000 0.000

T S S, P <0.05; SIRITATAALLE, " P <0.05; 5 AD 411L48,°P <0. 05
x4 /DRIBITHIG S CAL X PS 1 AP LA LB /7 =5
PS/mV AP/mV

2151 5k

JRITHI JRITH 40 K tfE,P{H YRITHI JRITH 40 K t{E,P{H
AR 10 61.54 £0.92 61.39 +£0.93 0.403,0.696 57.55£1.07 56.91 +£0.83 1.762,0.225
AD 2 10 82.89 £1.69° 83.96 +1.18* -2.700,0.024 68.47 £1.03° 68.72 £0.78* 9.097,0.004
SLEAH 10 81.94 £1.04° 63.02 +1.25"  46.917,0.000 68.73 £1.06° 58.57 +0.93" 22.544 ,0.000
F{H 1796.935 1577.011 361.101 561.629
P i 0.000 0.000 0. 000 0.000

T 5B IR, " P <0. 05 5B T T R4 He e, P P <0. 055 5 AD 2] e, P <0. 05
x5 /NRIBYTHIIG 2 RIEE S A UCEURE AT 6 v R L 7 = s
23 R 28 5 UL FENLAAT R R I/ s

414 R&KL

YT YT 40 K tfH,P(H TBIT R HITH 40 K P AH
HAEL 10 4.20 £0.21 4.47 £0.19 0.625,0.081 41.76 £0.91 40.65 £2.73 0.540,0.091
AD 244 10 2.47 +0.20*" 2.85 +0.12* —-20.083,0.000 69.94 £0.99° 68.59 £2.01* 81.394 ,0. 000
SCHA 10 2.68 +0.24* 4.29 +0. 64" —32.949,0.000 70.94 £0.95° 39.03 £0. 54" 97.471,0.000
F1H 49.815 232.391 2 910.165 3 137.281
P{H 0.000 0.000 0.000 0.000

T B, P <0.05; S3RI7 AR 4L L 4R, P <0. 05 5 AD 4114, P <0.05

TRITHT PS F AP (7 5 T 2441 (P <0.05) 7R
FTER 40 5, PS FIl AP JEHL 7 [ AIK, 5 AD 4 FE YT
HIFZ 22 A Geit24E L (P <0.05) o HAR%E
k4,

2.4 mNGF 3f/NER Morris 7K % = il 45 R 89 8
M AU TR, B AR LR YT AR 40 KK IR
ORI 38E T AR 53R 97 A R 40 LA 25 R R SE 12
B (P>0.05), JAITHT, AD 21 N2 56 40 114 30k ht vk
PRI EAE LA W] B (P <0.05) , {HIRYTHS 40
K, U0 2H g R I8 AD 4 W 46 %0, 5 AD 21
FNBITHTFA L 22 R A Gt 2 L (P <0.05),
FEZS AR R T, S AHERM L6 60 s J5,AD 4
LIS LG 97 H /D BLES BOT &5 B LB 22 R 048
TR L (P >0.05) o JRI75 40 K, SL50 20 /N B
TS B S T AD BIZH (P <0.05) , ZAE4

iz Bl AR JE P B AL, AD 210 3 2 e
HNE TSR A A2 S P AR P 2 ] HAREE WL

x5,
3 itig

mNGF J& M BUA T B 4R B i — 26 26 14 5,
FrF W], mNGF ] g 35 P9 48 i 1 ©0 — R 350/ Bl 7
e J] B 255 L 35 Bl R , T 4 8 52 B b 2 — L
P Sl LA R 35 406 6 3 A0 e 7 T AR 0, o v
3 Bl o 2 ELA SRRV , AT AR 4503 o 28 0 R G
52100 S A UG 2 3T ST mNGF, I8 b i
U i 4% BT, WLEE FE X AD % S5 PRI/ B2
TCAZRE ST BAT 2 S, 43 BT T BEALH

TEAR S, S /NS 3 U (TR 10 d) il i
LS mNGF AT T HE AT, AD 4 A1 4R 21 )
IS ) 5 3 45 A 0. 9% SR AL TE ST WX IR . TEVAYT



. 236 - % # E 25 Anhui Medical and Pharmaceutical Journal

2019 Feb,23(2)

BIFNEIT SR 40 K Morris 7K 32K B #L3% IE 1 0 Hr 32
GEHAT I ALAUA TR0 A5 ] PR 2R S 6 5 >R T4 200 R e
HO SRS CAL X5 & 1) PS Fl AP LA 5 R
BELAAL A I /N B 55 [X i 4140 BDNF Al NGF
HILRF IR KT G5 R BRI UL & hn
T AD 41, #2750 i = B4 S mNGF A 2% AD
/N 2T iR BE

NGF 2 R R B 228 2 I+, F85E i 38
JoT L BENRGE ( Ach ) 2 HEXT 28 27 4 i 18 2 R A AR
FH XS #2800 | 22 U I B #2806 A8 I 22 0 AN
1B SR 28 05 4 B R HEAE IS B AR P A
BDNF " {ZAE1E T & RS b i — 2B\ A R, LU
T X A i o F B, BDNF X 1F 3 #h 4 0143k
KB AN Z B & oo s 2 YA R 2 E
KR B X 52 > A2 B Sy s Ao
fF5¢ mNGF %} NGF F1 BDNF £ & 535 X, ARSL5
o, SEER 2 /N BRI 9 Ty ] CAL X BDNF A1 NGF
% (4 BHPE 235 &% BDNF mRNA  NGF mRNA B &g
PR 28 B HEVE ST mNGF A I 35 b 4 425 35
[l CA1 X 1) BDNF 1 NGF & [ FH P 2 ik & BD-
NF mRNA (NGF mRNA [R5, PR3 S Mg & 23 i)
PREETCAN M . S50 H 3R AT W58 21 22 48 436 7 1
Ji M Ve Fr ¥R Ty 0] CAL [X PS I AP B A5 {3355 7 AH Xt
EF A, BRI i T B ek 48 . AD 41N RUR
JYHIJG PS F AP JBERL A7 345 T2 4F4H (P <0.05)
SEBG A /N BUIR YT ET PS L AP R A = T AR AL
(P <0.05) ,JRI755 40 KX, PS Il AP JEErL o [AIK, 5
AD HFNAYT AT AL b 2 A geit s L (P <
0.05) . iXH/R AD F 3L BRI R A pf 48 R 40
FETERRE MR AL 0405, AD /)N BRI 38 ¥t 5 [
CA1 [X PS HI AP JRHL A7 5 T X5 BB & 4R 41, 3X 7T g
&2 R P 22 T SO B RE Pl 28 T B O i G R
PR o SN = 14 S mNGF J5, mNGF ] G
RAE T HOBEREEE AT, fiph 205 ik Ach PR 2
TEH KA, 52 000 2800 5 0 I e S E A2 A5 DL
2, DTk S B R A 6 ot 28 ST R 5 1 k4 3
I, Z A M oA DB . SEE0 4L /N RS
G UK T AD B (HAIR T AR, BAEH
iz Bl EEAE RO S0 B, AD 40 32 FE 4 A
HNE TS 2 32 2 I AE P 2 ] X BT i
[l CAl [X BDNF 1 NGF 7 {4 [ ¥ %35 &% BDNF
mRNA NGF mRNA 55 £ A1 k3% AD /N2 0
2RI AAT Ry 2, T mNGF AT 7F HA il L 8 35 A
B szt

£ LTIk, mNGEF REfiE #E AD e 3k [NAR /N
DI RE AT, 16 B AT g S A2 A
HAE ML n] B8 5594 #2705 5 1] CAL X A ) BDNF
FI NGF 25 1 BH 4 %% 15 &2 BDNF mRNA \NGF mRNA
AIFEIR I, [RIF, mNGF s ] i 1# 5 5% i 0
BRCRE A 22 5 fsh T 22088 JBE A, 407 S5 JE Hit 7
R AP 2ED REPL 1 MR AL, I E AD e 56 DY A5 1Y
/NI B i A, A 52 08 % 52 45 AR b 22 0k 124
e AD B PIRETI /N 7 ) R RI D BE

S 3k

(1] 24, BUETD TR 1. BATZR IR BROG 5 A= 7 I3 o B BB
T[] KSR B A SRR, 2017, 14 (4) :500-502,505.

(2] sk&de, £330 BAPEAKE FIRT D B2 AERUR ST
R[], Mg BEAE,2014,25(7) :959-961.

(3] R, #iAM, 2 RPN &R K TS RIBFL 28 1R YT I
H AL PR AACR B ke bl 2 S RE S [T ], v PR 2 S ik,
2017,14(5) :145-148.

(4] RAHA, BRfe i, X0, 45 1R SRR AR AR A LT 15 Ml e o7
HRIRIEE[T] . R ERIR 24 ,2012,37(9) :799-801.

[5] AjE2, DRIMR,BRELE, 5. SRS TR R S n kR
e 2tk e[ 1], hIERER ,2010,25(6) :416-418.

(6]  EJ, XU . VS Bl 28 AR 4 DR % R Bl o Pt 2H 4 b 22
AR AT R IR 2 B IR R T Ras g [ )] hE Y S
iR, 2017,17(2) :171-174.

(7] Hlhewe, T30 B, 5. AZRH Rb, HUb X 2 MR
PR R BV Eh 2 SUR IR AR 228 3R IR TRk g [ ]
PP R A & ik, 2017,24 (1) :82-84,

(8] et e, ST, 55, QUG 2 T ST bk v v ohf g o K Bl 2 >
ICAZsE R )], T E AR 22,2011 ,31(2) :266-268.

(97 U5, XA, falF, 55 MR KETX 2,5-2 20 b3 KR
BRI O AR AR I L], o E 2 e 53 oz IR,
2005,19(1) :3943.

[10] JEIR %ok e, Whabs , 45, Bl R R -3 B4R B2k Bl 2 )
ICAZREIRYSE M [ )], sh AT o B2 2% 5 It 2 Z% 35, 2001, 10
(1) :4-6.

[11] ZAbpdn, Sedemd. e KISz nl e [ )] . [ B i 48
iz ,2006,14(4) :294-297.

[12] MA HY,YU B,KONG L,et al. Neural stem cells over-expressing
brain-derived neurotrophic factor ( BDNF) stimulate synaptic pro-
tein expression and promote functional recovery following trans-
plantation in rat model of traumatic brain injury [ J ]. Neurochem
Res,2012,37(1) :69-83.

(137 frTIEl K, S, BRI , 45 B 28 26 1 PR X 4 fii MR A3 K Bl

A RERE R AL ], R B 28 75,2016 ,96 (19) :
1530-1534.

(147 TS, T8 R A I 773 A LBk St i o s
WPERLT]. SR 2551 AR, 2012,15(6) :332-334.
(WicH H 391 :2017-10-14 4 [8] H #1.2017-11-03)



