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Effects of enriched environment on neuroinflammation and reactive astrocytes in vascular dementia rats Lin Lu . Zhou
Tiantian, Hao Chizi, et al. Department of Neurological Rehabilitation , Zhongnan Hospital of Wuhan Universi-
ty, Wuhan 430071, China

[Abstract] Objective: To investigate the effect of enriched environment (EE) on the hippocampus neuroinflamma-
tion and reactive astrocytes of vascular dementia (VaD) rats. Methods: Totally, 36 adult male SD rats were random-
ly divided into sham operation group, model group and model+ EE group with 12 rats in each group. 2-vessel Occlu-
sion (2-VO) surgery was used to make the rat model of VaD. After 4 weeks of environmental intervention, Morris
water maze experiment, terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick end labeling
(TUNEL) staining, real-time quantitative polymerase chain reaction (RT-qPCR), and double immunofluorescence
labeling were used to detect the changes of learning and memory ability, the hippocampus neuron apoptosis, inter-
leukin-13 (IL-18) and glial fibers in acidic protein ( GFAP) and lipocalin-2 (LCN2) in reactive astrocytes of VaD
rats. Results: The model+ EE group performed better in escape latency, the time spent in target quadrant and the
number of crossing platform than the model group (P<C0.05), but still not as good as the sham group (P<Z0.05).
The TUNEL positive cells, IL-18, GFAP and LCN2 in the model group were significantly increased as compared
with those in the rest two groups (P<C0.05). The expression levels of TUNEL positive cells, IL-18 and LCN2 in
the sham group were significantly lower than those in the model+EE group (P<C0.05), except for GFAP. Conclu-
sion; EE can reduce hippocampus neuroinflammation and the activation of reactive astrocytes, accompanied by im-
proved cognitive function in VaD rats.

[Key words] enriched environment; vascular dementia; neuroinflammation; reactive astrocytes
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R AR R 2 3 e B & R 2 it ME (No:
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minal deoxynucleotidyl transferase, TdT ) : Jlit 5 R 1%
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L9 MR IR-E W, 37°C K% F 60 min, PBS
(pH = 7. O VR 3., 4.6 - kK- 2 -2 Jng| gk
(4", 6-diamidino-2-phenylindole ,DAPI, AS1075, Wu-
han) B U1 A b iR BEE Smin, P45 189408 B3
N W%, A Image-Image-Pro Plus it E B 5
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CT 434t RT-qPCR 6  f & K Rk A X 22 4k . B-ac-
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tin fE A 2. cDNA F U F: pactin EJiF N 5'-
CGTTGACATCCGTAAAGACCTC-3'(110), FiiE N
5 TAGGAGCCAGGGCAGTAATCT-3' (110), IL-
18 I H 5-ATGAAAGACGGCACACCCAC-3'
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3'(156) o @G 3 5 6 BUBR I b 10 1 h 114 5 T i I 40
A BG Bl 28 B T AT 4k R 1 B H (glial fibrillary acidic
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2 5 40 8 1 A s 0 . LON2 A Sk B o L O e
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1.4 it R SPSS 22. 0 #4750, Fr A7
HEEAYL 2t T, KA GraphPad Prism 8. 0
2], SR IR 2R A 6 U7 25 43 T R LSD K 5 L
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2 H#R

2.1 EEsAXRF I MiLicie A0 Hrh i
T 28d JE AT KR S5 . DE WAL AT I 2R A AR 2
KIT U o 4500 20 1) 6 kv AR I B 2 K TR TR 4 (P <<
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EE 4 (P<C0. 05) , iX F 22 7 — H 7 2L 3 & m A7
YA 5 K, BARBE -+ EE 26 K KLY ok kv Ak 11
N AN W 46 AR R 245 TR F AR 41 (P<<0. 05),
R 1. TEKRE LIS 6 KAy 2 R L .
BRI ZH R B B AR 4 BRAS B i ] > TR R (P <
0.05) , /> FHIH +EE 4 (P<C0. 05, f ! + EE 4
FRFARAZMB 2 FRERASIT 22X (P<
0.05) 3t Ak, 3 2H 28 B J5 7 & 19 Bt KA A [A] (P<<
0.05) R FARH 5 MR B 2 R OZ A +EE 44,
BEAYL e /D53 20 2-VO KB 200 vk G BE 19 25 55 OR
HAZI¥E X, Wik 2.,

2.2 EEsT KR BELNZ 0% Tunel Y0145
Fon, T 28d J& A4 K R DA 4 2ot T
I H BT R TR R4 (P<<0. 05) , i8I + EE 20 #i £
TR T A B B/ TR 2 (P<<0. 05) (B A & F
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BFEARHP<0.05) ., WK 2,5 3,
xR 1 T 28d J5 3 4l Bk vk IR 1 10 b4
4151 n 1K H2K % 3K 4R 5K
FEARE 12 53.6743.11 38.57+3.41a 28,274-3,18 14692122 9, 762,03
HBORZH 12 53.45+2.98 46.59+3.04 40.98+3.54b 36,0642, 860 29,5042, 44b
MIEI+EE 4] 12 53.934:3.38  45.4043.20c 36.57-1.66c 22.2341.46c 15.53+2. 06
SRR R,  P<<0. 05; SR +EE 4 i .Y P<C0. 05; 5| F
AR < P<<0. 05

F£2 TH28d 5 3 AR BRAES AR RN H i L

Ss]‘i.\’

xts

415 n PHALRBRFTIEI ] () ZRBE0F A RGO TG BE (s)
BT R4 12 34.57+4. 262 8.174+1.70a 30.59+2. 97
T2 12 17. 3444, 30> 2.5841. 08P 29,2142, 39
BRI+EE4 12 27.79+2. 53¢ 5.9141.78¢ 29.2742.91

SRR R« P<<0. 05 5 M+ EE 4t i, P P<C0. 05; 5| F

AR HH < P<<0. 05
2.3 EEx VaD KRR HES X MHBATHHm 28d 1
W T .3 4K B XA 0E K TL-18 () ik 2
SH G E X (P<C0.05), FAI4] IL-18 mRNA &
i T HAL L (P<C0. 05) , B8 +EE 411 ¢ 5 T 1)
SEREEFARAR(P<0.05, WLFES3,
2.4 EE st VaD X % 5 K & W 2 W I i 0 i Y
Hoh RREROGRI G R B R L 28d BB I L B R
2 GFAP /KW i 5 T H A 2 44 (P<<0.05) . i F
RAGEA 4+ EE 4 2 8] ) GFAP 10D/ Area W
ZR, BRI LCN2 10D/ Area fi {5 » H UK 2 B A +
EE 4. F A4 LCN2 Ffik, H 3 41 [A1 {4 22 5 77 7%
Giitap i L (P<<0.05), WA 3.% 3,

F3 TH28dJ5 3 41K BUME 40 08 T IL-1B. 2 g 1k 2

TE 5 S5 41 B AH 5C 25 1 A LA rts
245 n BFARA UK HEHIH+EE 41
CAL KHZICIT H (Y0 5 10.16+1. 262 44,53+2. 65 22.17+2.38¢
MR 1L IBmRNA AR 5 0,990, 08 2,580, 14> 1,490, 13¢
WG TX. GFAP 10D/ Area 5 2,900, 40 6.47-40, 210 3.3140.35
WX LON2 10D/ Area 5 2,450,100 4,1740.13 3,310, 76¢

SRR A, P<<0.05; 58 + EE 4] th 4 ,* P<<0. 05; 5 F
AR # . P<<0. 05
2.5 ABE MM Spearman AKX BRI (rs) B, =T
it 28d &, K BRAE B bR BRAS BR i [] 55 258 K TL-18(rs=
—0. 859, P<C0. 05) fil GFAP(rs = — 0. 830, P<C0.05),
LCN2(rs = —0. 866, P<<0. 05) i E AR, WK 4,

3 g

2-VO R LR R BN P 4 ik e I 5 K L B A R
] MHCAZ Y BB B S, TS AU N2 VaD i 48
I VR T g B A B R . LG 2-VO BORLT 2 T
VaD (R 5 o A BFFE T 2-VO K RU7E K 8 5 5
5 ) R B B A AR R 2 TUNEL Bt (4 i) BH
20 M LL 1) K Vg o GFAP B AR X 2 8 3 0 TR &



646 Chinese Journal of Rehabilitation, Nov 2021, Vol. 36 No. 11

DAPI TUNEL Merged

BFAA

R

&R+ EEZH

B2 FM28dE3aXRKED CAI RAYZ T M =& (Y, X400)

DAPI GFAP LCN2 Merged

BFEAREH

(e TELEE

1RERY+EEH

A3 FM28dE3MRRBDLREEBMEE B Mm%, X400)



HFEFESE - 2021 4F 11 A - %5 36 %55 11 4 647
a b C
201 - 201 5 =-0.866, P<0.05
2 Pl . r,=-0.830, P<0.05 ~ "
& ® ®,
= 15} & 15} g
z : g’
g 10 5 10f &
a a2

% S S
= 5f A~ 5 (]
= 5 ¢
2 . . . : 0 , . : . .

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

7EH b SRR | (GRk)

B da~c

AKX 5 e R By — B R Bl 2-VO K
Bl S T i AR A5 o R e BRREE AR AT A9 . T 2-VO
KA J7 W] BESZ 40 5 WA B 5 X0 Jie Dk R R AT 4 A HE
Br T 2-VO BRI T B fig XF N Fn R A %2 . A EE
BT 2-VO KRB ARI R .

BRI 52 3 W L 48 AT B 7 il Bk i, 74 18 M B &2 aod
o S EOA R BT . RE TSR R RE N A
M TR . AT g R B, TL-18 B 38 i i 2
T eAZEY . ARERGE R, VaD oK RO R
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ARSI EE fR %38 1 T R 558 B+, FEARE 5
P HAE . PURAEHI T REAE EE 180 4% D\ 0 B i (9 1 78
BL .

BV BN AE VaD i B 2 RAE Hh & 35 8 %
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