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[# ZE] HH: HWFEEHEE (EE) Wit m b (1S) #4insem, 914 B 5t 5 EB
(TFEB) A 7EX — i F2 &5 11 LA EE 5 208 i AV A LR N e R o gk 5880 1,
Ve 48 H SD AR, BEHLAN JyxfEZH . IS4 . IS+EEHMISHEE+4% (CQ) #4H (IS+EE+CQ4),
FReH 12 2 S I, FEC16 HREL, BENLSY M IS+EE+sh-NCZH M IS+EE+sh-TFEB4, #4188 H.
MERIF ARG, IS+EE+sh-TFEB 44 K RN % i 4 TFEB shRNA YLER ik 4L 81 TFEB &R %3k . B X}
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BT A A KB LT Re B R, EAL = R0 A e (TTC) Yoo i A8 I 45 20 A UG A BE X i B
Ao, a7 AR I A5 2H KBRS T At L PR A SR R B K OF- . Weestern blotting ¥ K i 4% 20 K B A
WA SC B R A K. G5 SXTIEAl b, ISA KRB mNSSESFRE (P<C0.05), Bl 15 H7 X i
HE PPN E6 (IL-6), AN K18 (IL-18) . MIEIRIEN T « (TNF-a) FH [ (MDA)
KRBT (P<<0.05), @AY EILE (SOD) G B (P<<0.05), TFEB il Beclin-1#&
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Effect of enriched environment on neurofunctional damage in
rats with ischemic stroke via transcription factor EB-mediated
autophagy

ZHU Huiyan, CHEN Min, LI Jinxian, LI Chunli
(Department of Rehabilitation Medicine, People’s Hospital, Xinjiang Uygur Autonomous Region,
Urumqi 830001, China)

ABSTRACT Obijective: To discuss the impact of an enriched environment (EE) on ischemic stroke (IS)
injury, and to preliminarily clarify the role of transcription factor EB (TFEB) protein in this process as well
as the relationship between EE and inflammatory response and oxidative stress response. Methods: Forty-eight
SD rats were randomly divided into control group, cerebral ischemia (IS) group, IS+EE group, and IS+
EE+chloroquine (CQ) group (IS+EE-+CQ group), with 12 rats in each group in experiment |. Another
16 rats were randomly divided into IS+EE~+sh-NC group and IS+EE—+sh-TFEB group, with 8 rats in
each group in experiment II . Before model establishment, the rats in IS+EE-+sh-TFEB group were
injected with TFEB shRNA into the cerebral ventricle to silence TFEB expression in brain tissue. Except
for control group, the IS model was established in the rats in the other groups using the Longa
suture-occlusion method. The modified neurological severity score (mNSS) was used to evaluate the
neurological function injury of the rats in various groups; triphenyltetrazolium chloride (TTC) staining was
used to detect the percentages of cerebral infarction area of the rats in various groups; kits were used to
detect the levels of inflammatory cytokines and oxidative stress factors of the rats in various groups;
Western blotting method was used to detect the expression levels of autophagy-related proteins of the rats in
various groups. Results: Compared with control group, the mNSS score of the rats in IS group was
increased (P<C0.05), the levels of interleukin-6 (I1.-6) , interleukin-1g (IL.-18) , tumor necrosis factor-a
(TNF-«a), and malondialdehyde (MDA) in the brain tissue in ischemic penumbra region were increased (P<<
0.05), the activity of superoxide dismutase (SOD) was decreased (P<C0.05), and the expression levels
of TFEB and Beclin-1 proteins and the ratio of microtubule-associated protein 1 light chain 3 (1.C3)-I[ /
LC3-1 were decreased (P<C0.05). Compared with IS group, the mNSS score and the percentage of
cerebral infarction area of the rats in IS+ EE group were decreased (P<Z0.05), the levels of 1L.-6, TL-18,
TNF-a«, and MDA in the brain tissue in ischemic penumbra region were decreased (P<C0.05), the
activity of SOD was increased (P<C0.05), and the expression levels of TFEB and Beclin-1 proteins and
the ratio of LC3-Il /LC3-1 were increased (P<C0.05). Compared with IS+EE group, the mNSS score
and the percentage of cerebral infarction area of the rats in IS+EE-+CQ group were increased (P<<0.05),
the levels of IL-6, IL-18, TNF-«, and MDA in the brain tissue in ischemic penumbra region were
increased (P<C0. 05), the activity of SOD was decreased (P<Z0.05), and the expression levels of TFEB
and Beclin-1 proteins and the ratio of LC3-1I /LC3-1 were decreased (P<C0.05). Compared with IS+
EE+sh-NC group, the mNSS score of the rats in IS+EE-+sh-TFEB group was decreased (P<C0.05) ,
the percentage of cerebral infarction area was increased (P<C0.05), and the expression levels of TFEB and
Beclin-1 proteins and the ratio of LC3-1 /LC3-1 in the brain tissue in ischemic penumbra region were
decreased (P<C0.05). Conclusion: EE has a significant ameliorative effect on neurological function injury
in the IS rats, and its mechanism may be related to EE inducing autophagy by increasing TFEB protein
expression, thereby alleviating neuroinflammation and oxidative stress in the ischemic brain region.

KEYWORDS Enriched environment; Inflammation; Autophagy; Transcription factor EB;
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Ischemic stroke

Bk o Pk i 25 - (ischemic stroke, IS) & 43K
TN IKER 7SS Iy N A v IR L 2% 3 i | E =R AR
TE A S AL b OGS A T o A 8 SRRE W0 N I B
BT L AR L A R R T AR g8 M A BRI,
(] B £ B S oy P PR R R, R EORR & EE AR
PE IS B . BRIk, R 2 A R AR B
AYREKGEIS A WG . B WS90 3 WA -75 i
T 2 G 5 A 453 43 200 i 25 50 22 4% 0 i 5 40 Jo £ o A
WEoE ™ WoR R G 2 S EOE R BoE R
SRR, TR AL . 2 S0 A 22 0T At
oo IR IER AW A IR ZoeEE, i, IS
WHFERS AR REUME., FEHE
(enriched environment, EE) Jf&— Ff 2 &5 | i .
s A B AETER A, B TAEEY 52
WA T B, X2 Frh il & R g £
B IR R 0 AR LI KRy 7 E2
AH 5% H F 2(nuclear factor erythroid 2-related factor 2,
Nrf2) /%t % fk [ B ot fF  (antioxidant response
element, ARE) 155 i #% LA i B 28 58 AE F 46 1k
LI, R AR/ BT A0 LG Ak, PR S B A A, A2
g A IE S a kA, T EB
(transcription factor EB, TFEB) Wl fg/2 EEH#E A
Wit i G SEE S . ST R 38 Bl R B T
o PO M OE R WG A6 A B B (adenosine
monophosphate-activated protein kinase, AMPK) /
HEL Y W s 2 HF (mammalian target of
rapamycin, mTOR) {55 il #% fi# Bk xf TFEB #Y %
A0, (RS A6, fEIS KRB R, —
FOBUIICIH 2o 3800 AMPK/ TFEB {5 5 % & 3% i 36
FIWE I, FRASASEIRAR ™ B8] 78 BT 40 i 41 i
PR 3 30 mTOR {2 # TFEB 8 8% 1, Wk &2 % il
wIiRe, WRB MR . BRI EE
Al gt A BEARSCAL S G 5 TFEB I 7E, DA 235
AL AE . AR HIT EE X IS J5 A ME ., W2 RAE
FVEAL R R 2w, B B AR AL, S i — 2D TR
ABESE EE (91 22 0 0 1 AR LR AL, O 1S (93BT
& A SR B

1 MBR5FE

1.1 ZBHP . ZZ2RXANFNE 64 LSD K,
M, SPF 4], 7~8JH#%, A& 180~200 g,
H BT S B R 2= s Se g s B AL sh AR ]

JES . SCXK (H7) 2023-0001. ¥ A4L)5 % T
SPF % s b, KA ia T e mitss . At
TN Y LW B A AR BEAR 23 0y S WA E, R
5. TACUC-202406153. IS 2k % (1 ifg £ if 2=
VFRHHCA R A A, &M (chloroquine, CQ) (3
B MCE 2~ #), & & = & & MW R
M (triphenyltetrazolium chloride, TTC) & #I &
(M REEAVWEARARAF), HHMENE6
(interleukin-6, TL-6) & 7l & . M 41 8 A~ & 1p
(interleukin-18, IL-18) il & . MR R F o
(tumor necrosis factor-a, TNF-a) & . N 8
(malondialdehyde, MDA) x5 & 18 48 1k 97 157 fk
fif (superoxide dismutase, SOD) X7 & (BEFH4E
MHEAAGWAHA), MEMXEA1REES3
(microtubule-associated protein 1 light chain 3,
L.C3)-1 . LC3-1I . TFEB. Beclin-1 I B-actin £
FHciE (dEatil B R A AR AR A ) o HL kAL
(%5 : Mini-PROTEAN, % [# Biorad A ), %%
JEAL (B VE-186) FIfk % &G URAL (5.
Tanon 6600) ( L KREERFELA R ), BEbRAL
(M. Fc, E Thermo/A ).

1.2 SR oafe®m KUK S T
oySLEe . O 1ER Oy SEER Sh W o L AAR B 48 HUOR
BEHL 53 S Xt B4 . IS 4l . IS-+EE 41 fl IS+EE+
CQH, M 12 -, BRxI A, HAKHKRE
H Longa i 21k " Mg ISBEAL, Hxf B4R IS 4k
BUBA B BB 3% 7d, ISTHEEAMIS+EE+
CQARBMAEE IR 7d. W, BIS+EE+
CQHLR BUE i 81 CQIF R (50 mg-kg ) ™, H
A5 2H I S AR AR R AR SR K . 5B 2 43 SE R Bl
Yy oy L AnAb 2. 16 2K BB ML 2> 9 IS+ EE+sh-
NC 4 i IS+EE+sh-TFEB 41, & 418 H . IS+
EE+sh-TFEB 41 K Uik % 1 9§ TFEB shRNA JL 5k
fixi 4L TFEB 3£ R 3235 7 . IS+ EE+sh-NC 4
KU % S sh-NCo i 5 3 248 Longa ¥ 1544
HISHAL, A EE R 7 do P ER S S92 50,
YRR 1. 37K, %N R aig;
7= 7 F2 B T 43 (modified neurological severity score,
mNSS) % PP A ALK AL I RE . 5 T KB4
HRRALFE, F2HH 3 HORBL, WO gE 5e B i 2H 21
T TTCH A, PP IR 42 K B i 5 Bk
I > B o DX 2 2, 22 ) A T 4% 2 K R i >
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5 7 X 4 21 2] 3 H TL-6 . TL-1B. TNF-a fil MDA
JKF 2 SOD i ¥, Western blotting 325 K il 45 41 K
BRI I > B X 20 40 TFEB 2 1R A W AH G 2R
EE SV S

1.3 ISERGHE IS4 . ISHEE4]., IS+
EE+CQ 41 . IS+EE+sh-NC 21 1 IS+EE+sh-
TFEB 4 KB, MR E K Z4 (50 mg-kg ') Kk
B, DLEWKER (2mg-kg ) B, HHEEMHR.
KEDEM B2 FF ARG L, SH0 R R A J . Bk
W, ERIFE, e A s sk, sish sk
MNPk, BB kAl AL, HidE 2 5N 3
k. s BkBHZEIM B . 1 hig, BURL®, ki,
WA TR . RIGIELE3dAEIKEHE (2mg-kg ")
W, EHEHER (FH10000U) %, XA
KEHEAT RO o T A RURRIE , 30030 B2 RR 4T JF )5 40 B8
A Bl bk s A R IR

1.4 EEAFHARFEGMAR EEZTEY KM
% (40 cm X 30 em X 60 em) FRI A . BRT
WYy . BV IE . RS RIRAE AR B B SR
o M3dEHIRIA, DIRFE KRB R, &
ANEE AR EB R 5 H R R, DLk 78 i 19 %5 7]
MR AL S E B, W IR B bR o B ¥R T,
Tk HRE, BEABEE 4R KR 2MAEEY R
M 22 °C~26 °C. B 30%~70% ) SPF %% K
B o

1.5 mNSSH R ELZULUXAA LI RMEERE
mNSS LG I H G iz s D he . B UIaE . R
SR = AT DI RE o AR SR R I ) R A D 45

ATV 4 H — kg it , &I 4015 4 o 0~6 41,
RSN S N 4 € T =R AN R iR R ]
A ATy RE AR, 3E KR 100 em . B
BE 4 em, BSHbEE 40 em ST, LA 40 remin”!
SR TR . REUREF# AR I, W44 min, id5%
KA A A 45 A a], a0 o S A s ]

1.6 TTCReE&xAMNEAXABREREEK G R
BoR A KRB RIS LS, 58 R S il 2
ZUREA, A —80 CUkAH h ¥ R B, Wy iR VI
RYIEL6 l, WM 2iu) A 296 TTC 3l b 4
. 37 °C/K# 30 min. K 7843 G €4 1 ik 20 2240 ) B
L R R WS, R R, &R
{G VT R N A P T AN E I S 1 B A P T A
[ER S S RN AR AVANGE RN R AP TE A kA
AL IXTH L) X 100% .

1.7 RARANEX AN ZHEK Ao h FEHFRXBH
L4 R P IL-6.1L-13. TNF-a ## MDA K F & SOD
A KRR RREE S AL SE, R R 2H 2B I
IS, AW IR ER % vh M (phosphate buffer
solution, PBS) 2J%, #EJ5E L, WE LIER.
R AR a5 G U8 B SR TS AR o A L R AR
MR T, 7207 K 450 nm R AG I 45 4~ K 4 FL
WOGEE (A) B, ARYEERAE M LT 5 4 A
25 A I R - 7K ST B

1.8 Western blotting 3 # ®] & 20 X & & & F 85
KA LR ¥ TFEB.LC3-1 .LC3-1I # Beclin-1%& &

FIARF K EGE RIS AN SE, B A 2 2B 1
S X 4, fin A RIPA 2L W &) 3%, &8 2

fife, BOJEUCHE LIS, K WP E KT
BREAR LVE WA L REGE o, WK oA,
il B R DU RE . B B RERE A, &AL BAE (AL
20 pg), FFIRBEMCHLIK , A FE A 90 V. 30 min,
120 V. 90 min. FF b4 2% v i 35 3 B S, 45
WK, EBERER FEAREEEAN L,
HAJEHABREA PR R T E SR . B E
FB, WEUEEIMA ZPE W E 2 h, RFEIEA
VS Uk, A O, B 0T B R H i
EEAM . R Image J 7. 0 3k 1443 M7 & F1 &4 K
JEME, PhB-actin NS, HH HMEHREKFE.
HREARBEKF=HHEARTKEME/ NSE
2k IR FEAE

1.9 % FE45#H  RH SPSS 28. 0 kit 71 G it
SEOHT . AU KRB mNSS RSy, iz sh g b o i
], A% 2 BB I s 5 A7 X i 4 250 3 rh 1L-6.
IL-18 Fl TNF-a /K F K SOD i A G IER 6, £
2 B FEAS S B AR TS R R O 2640 #, AR AE A
R L3 R T Dunnett’ s K 36 5 4% 2H K BUIK B
FEIX WL E 43 % . MDA K. TFEB fil Beclin-1
F 28K B LC3- 11 /LC3- 1 e AFF & IE &4
i, 418 He &% R ] Kruskal-Wallis H #:5%; . PL P<<
0.05 A ZRAGI R L.

2 # R
2.1 BAXZ mNSSELfeTHam A
JG &SI, SRR A, IS KRBT

MR, mNSSIFrTtm (P<<0.05), i
i) AR (P<<0.05) . IS 41 K Bl mNSS ¥ 43 i ¥
AL, Sl o] Wt sk . 351 REF, SIS
%, IS+HEE 40 K B mNSS ¥ 43 F1 3 i B5f 5] 44 A
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W R, 2R LG ¥E X (P>0.05); &
3RM, SISHLE, ISHEE 40 K B mNSS 4>
B RBEAR (P<<0.05), fHSFf7 i fa] ok 0L ie i A8 4k,
EZRILIFE Y (P>0.05); % 7KK, S5ISH

0.05), “Frasm i e (P<<0.05). % 3 XH,
H5IS+EE4 HE, ISTEE+CQ4 K B mNSS
ST B THE (P<<0.05); 3B 7RE, 5IS+HEE4L
., ISTEE+CQA KR mNSS¥4 M WA m (P<

B, ISTHEE 41K B mNSS P43 ] B FEAC (P<< 0.05), “FFaf ] B WK (P<<0.05). W31,
R1 KHKE mNSSTF4HLZ 3 2 e o P-4 B 1]
Tab.1 mNSS scores and balance duration in motor function of rats in various groups (n=12, z=+s)
Neurological function score Balance duration in motor function (#/s)
Group
1st day 3rd day 7th day 1st day 3rd day 7th day
Control 0.1740.39 0.084-0.29 0.0040.00 142.00426.78 147.67+22.01 138.334+25.70
1S 10.17+2.69° 8.33+2.19 7.92+2.87 16.67+11.88" 21.834+15.75 24.00+16.81"
IS+EE 9.834+1.95 6.254+1.42° 5.084-1.88" 17.83+15.47 36.25+19.47 55.83428.84"
IS+HEE+CQ 9.67+2.42 9.08+1.38" 8.92+1.93" 20.67414.92 19.33+12.60 22.33+13.25"
"P<<0.05 s control group; ©P<<0.05 ws IS group; *P<C0.05 vs IS+EE group.
2.2 BAXABRAELGRESE B K Control is IS*EE IS+EE+CQ

i 22T R WA BE I8, ARSI AE RN 05 ISHH
BRI 2 21 rbRT O B S A A AR X 5 IS 4
(26.37%+8.37%) i, IS+EE 4 K BN 5t
X R 20 % (5.87% +2.45%) W BEEE (P<
0.05); SIS+HEE4L#, ISTHEE+CQ4 K Uk
FEBE I AL 43 % (20.61% +6.61%) B R THE
(P<<0.05), WLIE 1.

23 ZFURRGLFBEFTRERARY R P IL-6.
IL-1B.TNF-a ## MDA K-F % SOD & &  5Xf I
FEH, 1S 2H R Bt i >f W5 2l DX 20 4L 2] 3% TL-6
IL-18. TNF-a Al MDA 7K VB & F+ & (P<<0.05),
SOD i T B B B ik (P<<0.05); 5 1S4 i,
IS+EE 2 K Bk i > 9% 47 X i 20 815 3% 1L-6
IL-18. TNF-o f MDA KB @ &% (P<<0.05), Fig. 1
SOD ¥% #E W1 i 7+ % (P<00.05); % IS+EE 41 Ik (TTC staining)
B, ISHEE+CQZH KBk 1M 2 47 X ik 20 21 5]
HIL-6. IL-18. TNF-a FIMDA KBTI (P<

Bl AHRFBBEEEL(TTCRE)

Cerebral infarction of rats in various groups

0.05), SODHMMH B (P<<0.05), W#E2,

FK2 KK BB R X K LA P 1L-6.1L-18. TNF-a F1 MDA 7K X SOD ¥
Tab.2 Levelsof IL-6, IL-18, TNF-a, and MDA, and SOD activities in ischemic penumbra of rats in various groups

(n=6, r=+s)
Group 1L-6 [w,/(ng-g ] TL-18[wy/(ng-g )] TNF-a[w,/(ng-g )] MDA [m,/(pmol-g” )]  SOD [2,/(U-mg )]
Control 22.2146.06 21.8447.84 35.824-10.32 2.514+0.91 162.99+27.96
IS 181.85473.12" 173.30485.38" 297.514-129.33" 52.86418.40" 28.394-9.90
IS+EE 55.714+19.47" 32.11+7.38" 55.29+16.91" 10.05+2.22" 102.24+14.95"
IS+EE+CQ 154.50+40.35" 190.62+63.93" 290.34+112.11% 45.244-14.03" 27.614-10.88"

"P<C0.05 ws control group; “P<0.05 vs IS group; “P<<0.05 vs IS+EE group.
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24 BUAXABLFRBFRBEAELR P TFEB #
Beclin-1 &G k& K-PFRZLC3-M/LC3-1WiE S
HRZH EL R, 1S 4R R i~ 5 77 X i 2 21 +f TFEB
il Beclin-1 8 11 38 35 /K °F W] W B I (P<<0.05) ,
LC3-1 /LC3- T HfE B (P<<0.05); HIS4
I8, ISHEE 41 K BBk I 2 w5 X Rl 20 21

TFEB #l Beclin-1 4 1 & ik K P Bl & 7b 5 (P<
0.05), LC3-M/LC3-1 I HM B HAE (P<<0.05);
S5 IS+EE4 I #, IS+HEE+CQ4H K Bk ifn > 15

1 2 3 4 M,
TFEB s « s e s 53 (000
LC3-] | s sm— s 16 000
LC3-[|  — S o 14000
Beclin-1 «i— . e 50000
B-actin  —

-—
e e L2 000
A

M IX % 20 41 TFEB Ml Beclin-1 2 4 2 1% K F B i
FEAL (P<C0.05), LC3-11/1LC3- 1 Fbfi W % [ ik
(P<<0.05). WK 2,

2.5 RETFEBXRJG &4 XK mNSS#5 F 5
RABRAESER FHIRMETR, H5ISHEE+
sh-NC 4 It %, IS+EE+sh-TFEB 41 Kk il mNSS
WA T m (P<<0.05), A 56 X 1 LA 43 R T =
(P<<0.05), WLIA 3.

»E 4r mm Control
é IS
Sat mm [S+EE
gb IS+EE+CQ
s
« 2F
=]
= A
.2 1
172
1 E
a -
50
28]
TFEB LC3-][ /LC3-1 Beclin-1
B

Lane 1: Control group; Lane 2: IS group; Lane 3: IS+EE group; Lane 4: IS+EE+CQ group. "P<C0.05 ws control group; “P<C0.05 vs

IS group; "P<C0.05 vs IS+ EE group.

B2 &4AKBREEEEXRA4H TFEB.LC3-1 .LC3-1 # Beclin-1 EH B EHKE (A RELE
Fig. 2 Electrophoregram (A) and histogram (B) of expressions of TFEB, LC3-1, LC3-1I, and Beclin-1 proteins in

ischemic penumbra brain tissue homogenate of rats in various groups

18 ' mEIS+EE+sh-NC
w IS+EE+TFEB

g 12| . .
Q
v
W
w1
Z
£ 6f

0

st day 3rd day 7th day

A

IS+EE+ IS+EE+
sh-NC TFEB

Il [S+EE+sh-NC
30 IS+EE+TFEB

*

20 |

10 |

Percentage of
cerebral infarction area

A': Neurological score(n=38). B: Percentage of cerebral infraction area(n=4). P<0.05 compared with IS+ EE+sh-NC group.

F3 VLMK TFEBER RG24 KK mNSS ¥4 F IR B30 m A E 4R

Fig. 3 mNSS scores and percentages of cerebral infarction areas of rats in two groups after silencing TFEB gene

expression

2.6 WK TFEBARE2M K K b ¥0d¥F K&
28 4%  TFEB #= Beclin-1 &% & £ A K F & LC3-T/
LC3-1 W{d 5 IS+EE+sh-NC 4 It &, IS+
EE-+sh-TFEB 41 K BBt i 2 w547 X gl 414 TFEB
FEAFBKFI R (P<<0.05), LC3-11/LC3-1

It {H A1 Beclin-1 & M 3 5 K F B B K (P<
0.05), WK 4,

3 4t it
AW 58 K T Longa £k 48 v A4 2 1S K A A
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/1M 20264F 1 H

1 2 M,

TFEB B— 53 000

LC3-] s = 16000

LC3-11 m— == 14 000

Beclin-]  e— 52 000

Bractin | W W 12 000
A

Expression level of target protein

o
o

Bl [S+EE+sh-NC
IS+EE+sh-TFEB

15F
1.0F
05F -
i; B
0
TFEB LC3-Il /LC3-1 Beclin-1
B

Lane 1: IS+EE-+sh-NC group; Lane 2: IS+EE+sh-TFEB group. "P<<0.05 compared with IS+EE-sh-NC group.
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Fig. 4 Electrophoregram (A) and histogram (B) of expressions of TFEB LC3-1 , LC3-1 , and Beclin-1 proteins in

ischemic penumbra brain tissue homogenate of rats in two groups after silencing TFEB gene expression
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