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K015 25 0 i o D-gal K BROA 1T RE
5 NR2B i [H HH B Ak 2% 38 ) 52 T

Fo70 dER Eea F AT KT R

HWE B HITKBHAHRESEg KAWL mbdl, FiE FHEAEEZE F 70 X
Wistar X 5% K A AL %, /\%7 =gt D-gal in EACAR AL S e A4, A4l 14 R B AR &
FOEARRABALEFRALL ARBE RO FEF; RAHGEHAT % 524 D-gal 0. 1g/(kg - d) # & fi&
2R AR ﬁf‘x)‘ﬂ/T\?’T%ﬁ%ﬂfiﬁzlﬁi,1%%&7%@&‘%%2}1/{&1%;‘1}]ﬁ‘Ti'fﬁ%ﬁi%i;ﬁi)ﬂ Morri’s Kk E I
LRERXAKRTF &M (SPL), 30 KR 5 Tt lehdk; £ A ELISA ml & X R b 42 B L AR B R % &
(ACTH) #= & i BA (CORT) 4% ; R 52 K il HAE ARSI &4 3, R A 7 ALH F 1 PCR & (MSP) &l 4 1
N-F-D- R ITARBR 2 h-2B TR (NR2B) A Hif 42 K Jew5v — Brik — B 2o 45 5 (CpG) W AL E,
K ELISA kml & W AALEA B 1 (DNMT1) F0k . Z5R 5 D-gal A A 20 oA, g s % AL 28 K R 69
SPL 23 %k ,NR2B £ K B3 F X CpG F itz & % DNA DNMT1 KR 2 E 45 (P <0.05),
CORT.ACTH K-F 2% & (P<0.05), &it KHELAT R R ALY ik bk K n £ ALt A2, L AuH] T
He 5 1Z M gk S AU R R R WAL I S A K

9&%313 M 2 g ; DNA WAL, B0 N-FA-D-RITARBR K28 LA ; Ak 4k

Effects of Long-term Negative Emotional Stress on Cognitive Function and Methylation of NR2B
Gene in Hippocampus of D-gal Rats LI Ning', LIU Zi-yang®, ZHAN Xiang-hong', LI Wei', LIU
Yong1 , and HOU Jun-lin' 1 Basic Medical College, Henan University of TCM, Zhengzhou (450046 ) ;
2 Basic Medical College, Shandong University of TCM, Jinan (250355)

ABSTRACT Objective To study the mechanism of long-term negative emotional stress on the
brain aging process in rats. Methods Totally 70 Wistar rats, half male and half female, were randomly
divided into a blank control group, D-gal brain aging model group, and stress-induced brain aging group,
14 in half male and half female each group. As offense side, the remaining rats were involved in the in-
duction of negative emotional stress. The D-gal brain aging model was prepared by subcutaneous injec-
tion of D-gal 0. 1 g/(kg - d) into the posterior neck of a rat. Unpredictable stimulation was used to induce
long-term negative emotional stress of rats in the stress-induced brain aging group. Morri’s water maze
test was used to record the rats’ searching platform latency (SPL) and evaluate their learning and mem-
ory function. The contents of adrenocorticotropic hormone (ACTH) and corticosterone (CORT) in rat
plasma were detected by ELISA. Rat hippocampal samples were collected to prepare homogenate, and
methylation-specific PCR (MSP) was used to detect the degree of methylation of cytosine-phosphoric
acid-guanin 2 (CpG) in the region of NR2B gene regulation. The activity of DNA methyltransferase 1 (DN-
MT1) was detected by ELISA. Results Compared with the D-gal brain aging model group, the SPL of
was significantly prolonged, the degree of CpG methylation and DNA DNMT1 activity in the hippocampal
NR2B gene regulation region were significantly elevated, and plasma CORT and ACTH levels significantly
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increased in the stress-induced brain aging group (P <0.05). Conclusions

Long-term emotional malad-

justment accelerated the brain aging process. And its mechanism might be related to increased methyla-
tion of specific genes in the body caused by chronic emotional stress.
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i 25 B A EEERICIAN IR 2R, his
SEFRIGCOR O R Z R, RV BB E 212
TIfe , TA R il ) 24k 3= B2 MR LSS I A A
LRI N ot T L LN L P B O A= 9N
i E 2 R R L FEAE S5 R IR R A
WA — O R AT B A TS 2 T
SIE R SZ R AR T B ) 3 22 ] A AR e g g 5|
A B A T g PR R, 5 1 A B DDA 56 5 AR LA
I HT G RIS A IR, B 2 AG 5 R AP A i
AR AU 42 FF DA 0 T 8 BE A% (mild cognitive impair-
ment, MCI) JB AN s B ke, I HR s %
T LA R 2 A AR K 2 S K Y
8 25 L AT LA BN N R T B o FUaE A% Bt 55 A
R AR PR 2 A HH A0 7K T A8 b B e e 2 PR R 35
S, RS EER R E R BN EENEY M
KB RR 5% 2T ICAC B VIAHOC ) NR2B ik [ 5 3y
T SRR, v S 80Z 3L F FR DB, 51 &
22 S)ICAC RS, i BN I RE B IR S, A I FR
K2 5 DNA HIEALAY SC RS LB, — i PR 2 7
PR 25 1 3 A A0 58 B0 55 B R 3R, AT i v X
DNA HIEALFE R &, S BUP M & R G DI RE 450
PET R A IR 3 B RIF 5T B AR DA 26 W8 A5 2 14
FAEER R G N RE B AT TR R HE T K
ST 07 17 4 7 TR B 5 A 3 i) 3 SR8 A 81 1 1T 3 i
INFI P REFEIR M T0 8 18 , A 52 90 B 0 b T 0 1 P A%
ENHORAS D-gal K BGE#E T OISR, 8 3 4G I LA R 2
AE Y B HoR S5 NR2B L R S Ab i i A8 4k, A3k
WIS 27 1) F FE R I 071 1 2 L B RE e oA R ) g
T A AR AL

57 %

1 ¥ SPF % 3 At Wistar K 70 2, #f
T2, (AR 4303l oA fE R (300 + 10 ) g R (360 +
10)g, W& TILREHIAFE (L5 : SCXK[ 4 12013 -
0001) ; 7EVHI R 44 H 5 25 W1 5 Bt 8 49 5 B v 0 ik 37
FREE 2l ) 5% 5 % i) 5% ( SYXK [ % 12012 - 0009 ) ;
SEYG Ak TR 22 ) B B 2K S Bl A0 I B S L v
(No. DWLL201302006 ),

negative emotional stress; DNA methylation; N-methyl-D-aspartate receptor subtype-

2 FERGNSEE  D-PELR (3£ Amresco
ANF]L S :20130806) ; SDS-PAGE i F vkt £
(R PLEE, 5 KGP113) s i iz i & % & (GR)
77l & (Sc-1004 Santa CruzBiotechnology. Cat.
No:L3188); NMDAR,CaM.CREB Western Blot-
ting iaUf & (g mt L 3E, 1L 5 : KGP1201) ; H L4k 4k
P & (3£ E ZYMO &+, #it% : d5006 ) .DNMT1
A& (i, #5- . FAO3364B ) .Smart #i 47 [&
% R M1 & %5 (Media Cybernetics.Inc) . Power-
Pac J fiff Bt k {X HL 5 ( 3¢ [ Bio-Rad 24 A, 164-
5051) EEI SN (FE SYNGENE A7), G:BOX-
ChemiXR5) 4,

3 W EEmEFERER A A BIER R E Y
A o s B R AR 5 HCHER 3 H, MR
2 H) B4 65 K BUHRME 43R T BEA L7 3R
B s X IR (D-gal & AL BRI ZH | 7 i %4k
B2 14 HMERER s By 1k F i S R BB SRIAR
WEXGHROR K RS SR 23 A RERAS X
AR AL 28 Hs5) ot B, 72 Bir (14 R
IR LR NN i NR S E AR GIPANOI I E )
A RGBT B — N 2 32 i i o ok H bR
BRI T—X— it .

4 D-gal & kB ik D-gal &k
RS | N I 2 Ak 20 K BRI JG 8 B2 T 2 R0 Y
D-gal 0.1g/(kg - d), ¥F&: 6 &, & il i & b K &R
R

5 KIWAMAEL N EATIA R AA T EIA
B A AT TRUHIE 3 5 R ™ A T 4 1 e
ELARTT IR R - NG AL K B 2505 15 RIFIR K
WBF B2 A R vk 2 i o B2 S8 5ROt L
TRHRE MR FETTEROK 8 FhA [ A A 38 rh i — Fib
Figk 4 .

5.1 R4 HRKEAK 17 cm H&E 6 cm
— Wit A AR 1 B B TR SRR 1 B SR AR R, TKOF ik
6 h, WRATIRE.

5.2 iR K KRETAELHBRA
(23 £0.5) CHY T 7K 28R N (A &5 50 cm, B
30 cm, /KR 30 cm ) TS K aREFIK , B lE



THEPIELS S

%7 2019 4 6 H 55 39 #5556 ] CJITWM, June 2019, Vol. 39, No.6

Pk 15 min, & RAFFSEF K 8 WK, Bk 8] B i [A] A 8 1
1 min,

5.3 [AMEHLTE  CRAA B o R A a4 L
2, EALIEEI 1 HNE 30N Ak 41K BRAE i H bR B
MR BT 4 8 S8 Y, TR e BRP BEPLIE R 1
TCANGE N ;45 I8 S8 % 12 TDGC I 42 il =X 38 JF 45 , 4%
HRIE N 36 U (MK —umiE 48 %8, 7 —mfE
Shy e ot ity ) FE PR AR ) R o i il 2 o BB L B0
8 57 W A S X B bR BRUR R By, R AEAT S X
U A5 2 AR E AR B AR O BN B B L E
P B e B — H Moo BB AT H o R, AR 1 ~
2 Wimin, B R RS KA 15 min, 2 )5 768 4%
Yok B A R AL B 1 OB I e BRI AT L K
PRI HoAt H AR B

5.4 5% BRI B E E 2 T HR G 4
NS #2160 /min SR KR 1R A TR
i, WK 30 min,

5.5 )t BEAINALEEE A 300 [N/min FF[EE
FREIRAERT S 10 cm 40,5 hid,

5.6 WHEHE  28.00 M KRB I RE, H
HEAE 100 g HukHGE 250 mL AR EmE 2848 /K 5 8 K UL
o] B , 1 8 :00 Fsh B 45y i 4kl

5.7 WEE SRR RIKK i 25256 R g0 ik B
FECRFEE M), M A s B2 0l 90 dB, 48 0.25 ~
4.00 KHz, il % ¥ 5 1 B KR 20 ~30 cm #
FEAHET,3 hid,

5.8 FESIMEMOK 5250 Fir 1 25 ik & Ak W A K
FUKIK 48 h, Jf4ERT 4 h $ R RS TOK b2 & B
FEHIE N SR — AT AR AOK I . KB 201K
RIS 25T 1 0.5 mA o 3, )38 B )
2 s, HREUIE 10 min,

6 PRACREE Nl SCURSE 37 KAR, #ETOMI
6 K11 Morri's 7KK Bl ; bl J5 4% 2 g/kg SHHIE
I 3 SF R LA

6.1 I3k %S EDTA-2Na flER e
ZE MK 5 ~8 mL, .0, B i, -80 C
TRAE S

6.2 BT IS KBRSk 5 G A ki
BB TR, B 228 T UK b o B S R E S
PL1:10 M LL BN A 0. 4 mol/L i1 S ; ks F 743
A1 VKIS ULEE 30 min, T4 °C .10 000 r/min &5.0
15 min; B FIEW, 51 mL FIEWMO0. 75 mL 4% 6
TR ENTE I, IR A1 T 4 °C .3:000 r/min B.0» 5 min;
W, 4L 0. 45 pum JERE, 4336, -80 CIRAE, T

D & T A Ak 2 e o

7 BRI R

7.1 AEEEICRE I E R Morri’s 7K
HEE S LR KRR TR & R, B & 6
B (SPL) , M 6 K,

7.2 HPA BiZhgeRI R A ELISA M€ KB
M3EAE B F R Bz i & (adrenocorticotropic hor-
mone,ACTH ) #1 % Jii fil] ( corticosterone, CORT)
T,

7.3 FMHLAERI SR AT B R 5 PE PCR
% (methylation-specific PCR,MSP) #llj NR2B
BEH PR IX CpG H AL

KRR 51 Wit & R (51 F s %R 1) -
DNA $2IUTi K — DNA 6 R S R 181 — 554 - Bl
o HL VRS

&1 GWAIGER
EiEZ B 3191751 FEHIRIE (bp)
NR2BM-F  TGGGGTGAAGAATAAATTTAACG 325
NR2BM-R  ACAAAAATCACACACCACCAAT 325
NR2BU-F  TGGGGTGAAGAATAAATTTAATG 325
NR2BU-R  ACAAAAATCACACACCACCAAT 325

7.4 RHA] ELISA il I BLAL L 5 i 1 (DNA
methyltransferase1, DNMT1) 744,

8 SiitsJr: R SPSS 20.0 4iif ik
P, ERVERER x £s FR, 2415 R
FHE R 2R J5 2553 B, 4L 18) P W EL R T LSD 5% Dun-
nett T3 ¥4, P <0.05 ANZEFAGITH#E L,

% R

1 —BEHMEE 2 X IR R R BOLE R
MR GBI B W RS RRES R 4T D-gal i & fb B
HARRER THIAE KBS AT80R% OB
I I AL AR BB & 2L G 22 RS M 25 BE L g
IR A

2 HBKEUMY CORT K ACTH /KF Ho# (%
2)  Hasponk AL e, I G A 4 KRR i 3
CORT.ACTH /K¥THiE (P <0.05) ;55 D-gal iz 1k
REAIZH LA, G & Ak 4 K BRI 2% CORT ACTH 7K
I (P <0.05)

3 HBKE Morri's K E SPL Hi (£ 3)
Ejas (0 B4 Ho 4, D-gal i AL AR R 20 | 7 3 % 1k
ZH R SPL B B IE K (P <0.05) ; 5 D-gal it kA
R P 3, I 3 fb 41 K L SPL B i 4t K (P <
0.05),
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R4 SHERRIEES NR2B H S 811X

£R2 HAKKBIMIE CORT M ACTH KFLbE (X +s )
21757 n CORT(nmol/L) ACTH(ng/L)
25 0 IR 14 336.40 +42.77 59.67 £17.97
D-gal i LA 14 345.75 +43.61 57.73 +15.96
N AL 14 431.28 £40.66"> 90.16 £14.47 "%
F — 21.331 17.660
P — 0.001 0.001

WS A X BA A, P <0.05, 5 D-gal i L5 4 1
#%, 2P <0.05

CpG HALLREE LI (X +s )
25 n CpG H#:AL
25 X IR 14 0.04 +0.01
D-gal fisi# LR 14 0.19+0.02"
IR LA 14 1.07 +0.07 **
F — 12.553
P — 0.000

#£3 HHKM Morri's /KikE SPL b3 (s, x s )
251 n SPL
25 P IR 14 22.10 +11.22
D-gal fili &AL A A 14 30.08 £7.60
IO 3 2 A 14 37.99+9.86 "%
F — 10.435
P — 0.001

W 5o P X AL, " P <0.05; 5 D-gal i £k 455 %0 41
&, 2P <0.05

4 KAKREED NR2B MG 5 7 X CpG H
FALTEE A (R 1,52 4) S axf A i, D-
gal Ml A BT AYZH | W O & AL 41 K BRI 5 NR2B %
K ol F X CpG H 3AL 2 B . T+ &5 (P <0.05) 5
55 D-gal fisi A B RIAH LA, i & AL 4 K Ui
NR2B M5 shFIX. CpG H JLALFE B BH . 7t 5 (P <
0.05),

02

200 bp
100 bp

e RN A s u FERAR T BEAL 451 5 M Ol mark-
er, PR 400 bp; HAR A BHVERRIE & 5 BAAR A B VE bR
At s NTC BT C 28 % B 45 D iy D-gal Jili & fb B 1Y
415 M R el

B1 H4KEIED NR2B HEHE S FIX
CpG HIIEARE AL B BBl L vk

F S5 AN BARE, P <0.05,5 D-gal In& b8 4 H
&, “P<0.05

5 KHAKEED DNMT1 WEPELE(%5) 5
25 O IR 2 Fe A, D-gal Jili & AL AR 4 |7 380 4 Tk 21
K BRI DNMTA 5% . 3 7t (P <0. 05) ; 5 D-gal
o A Y 4 e, IO 0 S Ak 41K BRI 5 DNMIT1
TEPERE TR (P <0.05)

R5 HHKEED DNMTT Gtk b

(x£s )

4151 n DNMT1 (pg/l)

25 AR R 14 64.83 +18.72
D-gal Jixi# b 14 195.88 +27.91"
Iof 4 A 14 613.02 +38.52 %
F — 846.580

P — 0.001

5% B AL, " P <0.05; 5 D-gal & LA H L1
i, 2P <0.05

Wit

o BE 2O A A Pl R R B 5 2 T, T
o3 IE T HNE, HD6e DL H RS S o P Al N
WAL, DA AE B R AR R ((F A - BIFH  Ke
) ) g ik TE H A AR R, OV AR R R
i WA EA RE T IR R4 i NP B I S AN
DU RS SCHIL B3 2R A AL BV i A N, ASfig ik
T, DI 2 BT, I G A R AR i
WFFEUER , 18 PSRN I (B — 1 4 ) i 3k 52 v
P2 TC LR A TS L7 38 T S PP o T T e, DA &
i Fefi— A —"5 L i%h (hypothalamic pituitary
adrenal ,HPA) FIzg & — & I IR %6 i & 4t (sympa-
tho-adrenomedullary system, SAS) {542 2477 1 il
P2 NS ZE AL AN e e D sE 4 ), AT & D-gal X
B R AT I g e e 0" L AR SE
ZEIR IR 525 X BR YL HL#, D-gal i A 4]k
FRE Morri’s 7K B 52860 SPL B i #E K, & H D-gal
[ AR 4 K B2 B) S 6 FN 2 2T e C D Re BT B
W RE, 3R E R R ; 5 D-gal fixi & L BEALA [
B, O AR 4L K B Morri’s 7K 3 B 5256 SPL B i
MK, FLif CORT ACTH /KB B Ik , 2 WK 4
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TS I AE D-gal ik LK Bl HPA fliZh e Tt
BRI I REZ 40, 1 A D-gal k& 1k K Bl a8 ) 2
2Rk — R , R K O M 26 0 D-gal
A= AR BN A REA 5 034 o 3 FE AR -8 A1 iy
FEE M R — 17 2% 1 3 mT i AR AL NE A
LRI AT T IRAIR R

BB AR, A A3 A5 TR R Rt S R 58 R 1
RO, 3 AT R R AL R Y, S BLAR N IE
WAL R AL A5 2 ot DNA L %
Mgt G2 FERR Z — A FL s P, DNA H 3L
feid 8 E ik 3 A DNA I JEAL % #41 (DNMTs )
F A FH I SE B0, 0 () DNMT 32 2 2 43 4 £ 1k & 7
12 DNA RS e, 258 T 2 X EER
VRS S bt 120y FHLRI BB SE A e T
Vi S A 22 02 i I S A % A M o 22 588 I A7 AR N
3-D K& & R % 1K (N-methyl-Daspartatc rcecp-
tors ,NMDA ) J& 2 il if 1 K2 K IR 34 58 200 (long-
term depression, LTP) ) & B ¥ &, 0 1L T A AKX
M R Y ) RO I 25 B h e 3Rl sNR2B 2
NMDA 321l 3 i — Fp o0, LGB 0% 5 % A i 42
3 TR A5 A A AR 1A, iy T2 Ih g ™ Bl
YOS IR AR R R 55
X HRZHAH H, D-gal fisi 2 AL AR B2 17 8 I 4 Ak 21 K B
5 NR2B A CpG & X F B4k (1) 72 B2 Fli 5 DN-
MT1 BTt 53 5 Miiller M"'®) 4538 5 5 3L R ) Jy
2L /N RTINS NR2B S B 3R0A , Z9 NR2B %k
PR /N2 2D R AZ A 14531 25 380, T 78 il
Bk NR2B JE[H 5 , Has [a)2= 2] fig ) B BRI, LTP 58
SR IVFTCLE R IA— B, JER AT D-gal fiki &1k
RRARUZH N & A2 K B N T RE I #2493 , 7T RE 2 e
T 5 DNMT {5 M3 s i NR2B 2L CpG &y X H
FEALFEE T, 5 NR2B LRI TR 5 B Fe ik bl , £l
E I FRR RS A5 BT RER RS 2

K G A 25 0T s B HPA il 3t 38 38005 M T
W, FEOHMIIEER N, 1M NR2B 2
AR 15 B R T NI AR K, R 4 K 30 f p
2% I IBE T T I SR T NR2B JE[H CpG & [X H 4t
A, T3 A H D RE A T R 7 R S [T BN X4 1
AN R K BUI X NMDA 52 4 (1 BiF 5% 32 B, 18
AR R R BRI RERY R, nT g5 NR2A
FINR2B 33k A AR M T 52 1 1t 25 19 2 fgh w98 1, fif
LTP i S rd B2 S A 56 5 gl 8 & 2L,
KA P 7 3R] B K HPA Sl 4 15w AK 7 5 Th
HHLHI AT e 505 R B R 2K (GR) 1 NR2B (141 A

% s Kader F 22 15 fle BT 58 v S B, 17 4% 14 B
BEETL 5 DNA WAL S50 BEAH G, ABF R TE
D-gal fiii & AL B R I il 1, 51 A K B 52 6 97 1 1 26 R
U 3B AT ARSI 45 2 I Ak K B2 2D eI S R L i iR A G
HARFERR L B T DNMTA 6 ¢ F1 NR2B 3L A CpG
8 DX AR A R B, PR 0 0 1 o7 s o A
TR T B 2R st 1% 2 AL, 25 R R . 50 RRA L
#:,D-gal N & fb B B 2 K R T DNMTA 3 4 il
NR2B JL[H CpG & X F LAk i B 1 v, {HUJ2: I 3¢
CORT.ACTH /K V170 & /)22 1k, 15#H D-gal fiki&
AR ZH K BN N B g JaliR 5 B NR2B %: K CpG
B XL R SCR %), {0 NR2B H L AL 3 3y
FIFAIE T HPA Bl g B 3 i g R 1, 378
D-gal &b KRB ). 5 D-gal &b i RiZ
FoAs , I A2 R B Morri’s 7k 2 By 5256 SPL B
AR 7 DNMT1 3G PR NR2B H AL B B I
B I RINHE A 1% CORT . ACTH /K & # 75,
VB AE NP O 1 4 N VE R T, 7 I & T 4 R
SR IA SN T e 649 5 ™ B, W] R ol K
25N Z ALK B HPA Sl se Tk, i — 15k T
Hifg 2 DNMT1 3 1, i 1 5 NR2B K CpG
B X AL, 511 5 NR2B & [H # kB,
e EONHIT BRI i — 40005 s 1) o

g5 b KN APEE 45 N AR D-gal 5 3% Mk
LK B2 2T IE IS RE T, ek ik % Ak 2 5 ¥ T DNMT1
TGP S BTG S NR2B JE[H CpG & X H AL i 7
JETH R, SR S NR2B K R A B iG, nTRE R K
A BP9 4 O i A R P BLAR 2 —

I ETRU LI v

s % x #
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