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/NRIET DG XA B 2 oA R B D TS 7 d(P <0.01) . #8585 3.18.28 d, TBI + ChR2 41 5{RF R4/
i DG X DCX-EGFP [HM:H A ph&on o iR 22 RS2 L (P >0.05) ; ¥ %5 5.7.9 .12 d, TBI + ChR2 44
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Abstract: Objective To investigate the effect of optical regulation depolarization on the survival, maturation of neo-
natal cells in dentate gyrus of hippocampus in mice with traumatic brain injury( TBI) and the cognitive function of mice with
TBI. Methods ~ Sixty-six male C57BL/6 mice were randomly divided into sham operation group(n =10) ,TBI group(n=12),
TBI + enhanced green fluorescent protein( EGFP) group(n =12) and TBI + channelrhodopsin-2 ( ChR2) group(n =32). The
mice in sham operation group underwent simple craniotomy without hydraulic shock ;the mice in TBI group were given hydrau-
lic shock to prepare TBI model;the mice in TBI + EGFP group were given hydraulic shock to prepare TBI model and then in-
fected with lentivirus DCX-EGFP ;the mice in TBI + ChR2 group were given hydraulic shock to prepare TBI model and then in-
fected with lentivirus DCX-ChR2-EGFP. All mice were injected BrdU( 100 mg - kg™") intraperitoneally for 7 days after model-
ing. The survival and maturation of the neonatal neurons in the DG area of the hippocampus of mice in the TBI group was de-
tected by immunofluorescence staining on the 7" and 28" day after modeling; the changes of DCX-EGFP positive neurons in the
DG area of the hippocampus of mice in the sham operation group and the TBI + ChR2 group at different time points(3,5,7,9,
12,18,28 days after modeling) were observed by inverted fluorescence microscopy;the cognitive function of mice in each
group was detected by Morris water maze test at 21 — 26 days after modeling; the survival and maturation of cells expressing
DCX in DG region of hippocampus in TBI group,TBI + EGFP group and TBI + ChR2 group were detected by immunofluores-
cence staining at 28 days after modeling. Results The number of neonatal mature neurons in the DG area of the hippocampus
in TBI group at 28 days after modeling was significantly less than that at 7 days after modeling( P <0.01). There was no sig-
nificant difference in the number of DCX-EGFP positive neonatal neurons in the DG area of the hippocampus of mice between
TBI + ChR2 group and sham operation group at 3,18,28 days after modeling( P >0.05) ;the number of DCX-EGFP positive
neonatal neurons in the DG area of the hippocampus of mice in the TBI + ChR2 group was significantly higher than that in the
sham operation group at 5,7,9,12 days after modeling( P <0.05,P <0.01). The number of DCX-EGFP positive neonatal
neurons in the DG area of the hippocampus of mice in TBI + ChR2 group at 9 days after modeling was significantly higher than
other time points( P <0.05,P <0.01). There was no significant difference in the latency for searching hidden platform of mice
among the four groups at 21 days after modeling( P >0.05). At 22 — 26 days after modeling, the latency for searching hidden
platform of mice in TBI groupand TBI + EGFP group was significantly longer than that in the sham operation group( P <0.01) ;
there was no significant difference in the latency for searching hidden platform of mice between TBI + ChR2 group and sham
operation group( P >0.05) ;there was no significant difference in the latency for searching hidden platform of mice between
TBI + EGFP group and TBI group(P >0. 05) ;the latency for searching hidden platform of mice in TBI + ChR2 group was sig-
nificantly shorter than that in the TBI group and TBI + EGFP group( P <0.01). The target quadrant staying time and the num-
ber of crossing platforms of mice in TBI group and TBI + EGFP group were significantly lower than those in the sham operation
group( P <0.01) ;there was no significant difference in the target quadrant staying time and the number of crossing platforms
of mice between TBI + ChR2 group and sham operation group( P >0.05) ;the target quadrant staying time and the number of
crossing platforms of mice in TBI + ChR2 group were significantly higher than those in the TBI group and TBI + EGFP group
(P <0.05) ;there was no significant difference in the target quadrant staying time and the number of crossing platforms of mice
between TBI + EGFP group and TBI group (P >0.05). At 28 days after modeling, the number of neonatal mature neurons in
the DG area of the hippocampus of mice in TBI + ChR2 group was significantly higher than that in the TBI group and TBI +
EGFP group( P <0.01) ;there was no significant difference in the number of neonatal mature neurons in the DG area of the
hippocampus of mice between TBI group and TBI + EGFP group( P >0.05). Conclusion Optical regulation depolarization of
cells expressing DCX-EGFP can enhance the survival and maturation of newborn neurons in hippocampus dentate gyrus and
significantly improve the cognitive deficits of mice after TBI.
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1.1 SEISaH (R JCH &€ i J5L (specific patho-
gen-free, SPF) ¢ 8 JAl i1 C57BL/6 /N L 66 H {4
itk 22 ~24 ¢, W9 [ P EZEFEAREE B, shir el
IF5 : SCXK ( 71)2016-0011,

1.2 i{F 542 NeuN BrdU Hiik ¥yl B 3 =
Abcam 23], BrdU Wy B 35 [E Sigma 2w, 2¢ 6 4t
Alexa Fluor 405 488 F1 610 ¥4 H A AW Invitro-
gen 4w, 18455 ChR2-DCX-EGFP fy 17l FIoCHE W)
BRI AT B FIR 5 BRI 3 < 107 L7153k
JE i 3430 B 22 [ Custom Design and Fabrication
A)o N TG (0. 119 0 mol - L™ G AL &,
0.002 3 mol - L™" Z44L%,0.001 3 mol - L™ FHER%EE,
0.002 5 mol - L™ 5 fL45,0. 026 2 mol - L™" fiit i &
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1.3 XWHZE

1.3.1 W/ HEK TBIEBGH & /NEFEHL N
RFARL(n=10) [ TBL 2 (n =12) [ TBI + 35 U £

£8,5¢ 4% [ (enhanced green fluorescent protein, EG-
FP)ZH(n=12) fl TBI + ChR2 #H(n =32) ., TR
H/NRAT LT T AR, RAT S s s TBI 2171 B
4T W R rhifi il 45 TBI A 8Y; TBI + EGFP 2H /)N Bl 45
T bt ) A TBT A8 J5 R G 8 05 2 DCX-EG-
FP; TBI + ChR2 2H /N i 45 ¥ s s i 4 TBI 452 1Y
Je B 18 5 7 DCX-ChR2-EGFP, 2% 20/l 4 T3
BUFELE T d AN S BrdU(100 mg - kg™') .
FLURKEAS 7 1 /N 50 mg - ke ™' IS A T A
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YIR,JE 20 pum, fF TBI ALV A 8 F & R FL 0 5k
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PBS Z M i 3 U, AR S min, RIFRUI R A
PR 40 0. 5% H,0, H A 0H 10 min DARH
Wt PR SR A L SRS 50 g - LN AR LI R
HPEZ R T B PR R S-S5 G007 55 30 ming A —
Pt BrdU T4 C R B, I H A —4T NeuN T4 C
T, ARIE K 610,405 488 nm 506
PUEE 60 min, 4, 6-k PK-2-2K 5 3| Wk (diamidine
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B, d el R R B U SR AR M 2 T AE T
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I BEAFANAL DAPLEE 10 min, PBS Wiy 3
VAR S min, BUSE K B R O
MUBELZE DCX-EGFP M #2256 1975 4k , DCX-
EGFP FIHHE W2t R O R 1.3, 2 107
1.3.4  Morris 7Kk S S M & A /NN M I 8
RS SN L A5 ZF AR I DG X, 3 4
53~ 12 d PAFEROL M. WRR 21 ~26 d 15
Morris 7K 2k B 55, Y15 4 41/ T 4K F BT
G AEKN AR KA TR B KR e
2926 °C . GWINGER 3 WOFE LS s) Lo AR
SRBAE TG IR, R 26 d T4
i%,28 d }ET-A, 0T/ N RGHT A WROBRE
FRG R R I
1.3.5 SEHLEERNNAED DG KEiA
DCX WETHEERRRER  HHUS 28 d, RA
e Gy k6 TBI ¢ . TBI + EGFP 4 F1 TBI +
ChR2 21/ R 00385 24 350K 402 NeuN A1 BruU %
BRI 1 95 2 R 25 T, 469 T o e 5, 25 B I
“1.3.20”
1.4 GEibAbEE i SPSS 16. 0 HPFEf O
SIHT AR IIR £ BRE RS (i 5 5) 8%, LI LB
FH AP 7 22 47 , T H B R B/ 2 2 5
P <0.05 W2 RAGHER

2 #R

2.1 TBIA/NRED DG XRFFEMEZTIFEFRK
HIFR ARWE, @5 7.28 d, TBI 41/ ik
DG XA L b 2 TR 43 ) A (2 1000
236.9) .(584.3 £69.2) 4 - mm ;¥EAE )G 28 d H
A ST B TR T d, 2 A5
RN (P <0.01), M5 7 ~28 d,278% WA
PZTTIH R

TBI7d

TBI28 d §

AC: x200;B D:AC 1.2 fHCKIE( x400)

1 &E#E7dFfn28 d TBIA/NRIEDS DG RIFEMHE
THERMRAERL( RERELE)

Fig.1 Survival and maturation of newborn neurons in DG
area of hippocampus at 7 days and 28 days after modeling

( immunofluorescence staining)
2.2 BFARAMAERE L TBI + ChR2 H/NR
i85 DG X DCX-EGFP [RiE# M EZ T THIER
GERLIE 2 i 1. NS 3 d k2, TBI + ChR2
/NI DG X DCX-EGFP [HPEHT A4 # 28ou 4k
Fih EFE,9 d kB, 12 d FFEE R R e, W
J53.18.28 d,TBI + ChR2 4 5 F R4 /MR
DG [X DCX-EGFP [HPEHT A= v 2 o0 ik 22 R
Biit2EE X (P >0.05) ; ¥Ef)5 5.7.9.12 d TBI +
ChR2 £/ T DG [X. DCX-EGFP BH 8 A4 o 48
TR B ERSTRFARL, ZRASRITFE XL
(P<0.05,P<0.01), 7459 d,TBI + ChR2 41/)
S DG X DCX-EGFP FHME A= & e fe 4
e T AL B E AR, ZF A G FE (P <
0.05,P<0.01),

A ABRTFARLL ;B TBI + ChR2 445 )5 3 d;C.TBI + ChR2 41 #%)5 9 d;D.TBI + ChR2 ZH 15455 28 d.

B2 {BFARLEF TBI+ChR2 AARERESED DG X DCX-EGFP R4 4 #42 T Rk 158 ( DAPI &, x200)

Fig.2 Expression of DCX-EGFP positive newborn neurons in hippocampal DG region of mice in sham operation group and
TBI + ChR2 group at different time points( DAPI staining, x200)
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F1 (RFAEF TBI + ChR2 AR ES/NRBESD DG
X DCX-EGFP [REHT £ METTHE LK

Tab.1 Comparison of the number of DCX-EGFP positive
newborn neurons in DG region of the hippocampus of mice
between the sham operation group and the TBI + ChR2

group at different time points (x x5)

4 n_ DCX-EGFP FAEHE M Zea/ (1~ mm )
BFAR4 3 1032.0+89.9
TBI + ChR2 2]

WG 3 d 3 1129.0+98.5

G S d 3 1 875.0£178.3"

R 7 d 3 2356.9 £247.8"

MG 9 d 3 3542.7 £365.3"

WRIE12d 3 2475.6 +233.9"

WEHE18d 3 1578.6 +147.2¢

WHG28d 3 1295.6+128.4°
T ST AL P <0.05,"P <0.01; 535 3.5.7.12,18.28 d I

P <0.05,
2.3 RiFERIE DCX WM KR 3T TBI /MR

24

WA BERI RN AR WK 2 MR 3. S
21 d,4 41/ BU SRR P 6 T IR0 LU 5 22 57 4
£2 SANRIRBETEMOERY

TGt X (P >0.05) , 3&#ij5 22 ~26 d,TBI 4
F1 TBI + EGFP 20 /N B F-$R B 7 & i AR 3
FRTFBRFARA, ZRAFITFEX(P<0.01);
TBI + ChR2 4 5{RF AR/ FHRFRE - & AR
Wk 2e 7 I g it 22 X (P >0.05) ; TBI + EGFP
205 TBI 41/ RS HREE - & i R e 2= % T
Giit2 7% X (P >0.05) ; TBI + ChR2 41/l T4k &
B SF- 45 1 v AR 409 24\ 2% 4 TBI 44 fil TBI + EGFP
W, EZFBHAHGIF2#E XL (P <0.01), TBI 41 F1
TBI + EGFP /)N BR7E H Fr 5 FR 45 B Bsf 1] 1 2 181
BUREHBELTHRFARL, ZRARITFEE X
(P <0.01);TBI + ChR2 21 5% T A4/ BAE H br
SRR A5 B B[R] R 2 BRF- 5 B L 22 R R R
Y. (P>0.05). TBI +ChR2 40/ GL7E AR fR{= 5
s [F) R 2 88 7 5 YR 302 5 T TBI 45 Fi TBI + EGFP
H, 2ZFWH G X (P <0.05) ; TBI + EGFP 4
55 TBI ZH/INERAE H b 52 FRAS B3 B5f (] T 28 10T 5 UK
i ZES TG FE L (P>0.05),

Tab.2 Latency for looking hidden platforms of mice in each group (xxs)
g5 N FHRERE T & BRI/ s

214d 22.d 23 d 24 d 25d 26 d
BRFARA 10 59.5+1.1 38.2£4.2 23.6 2.4 18.9+2.2 11.0+1.5 6.5+0.8
TBI 4 9 59.8+1.7 51.0+7.0° 38.8 £5.4° 36.6 £5.8" 30.7 £4.9° 24.7 +3.9°
TBI + EGFP 21 12 59.6 1.0 52.4 +£5.7*% 39.7 £3.5* 36.9 +4.1° 28.9+3.9*% 22.4 +3.2*
TBI+ChR2 4 14 59.5+1.5 43.7 +6.3" 29.9 £3.7" 25.4 £4.9" 15.6 £3.9™ 10.4 2.5

T ST A AP <0.01; 5 TBI 41 4 P <0.01; 5 TBI + EGFP 41 4P <0. 01,

*3 FBHENREBRKREBRBEMFETEERE
Tab.3 Time in targeted quadrant and the number of plat-

form crossing of mice in each group (xxs)
21 51 n HEFRHERNE/ s 7 58
BFARA 10 42.4£6.0 5.9+0.7

TBI 21| 9 19.4 +3.7¢ 1.9 £0.3*
TBI + EGFP 44 12 20.9 +3.9* 2.1+0.4°
TBI + ChR2 41 14 34.7 +4.2% 4.420.6™

F: SIFARILESP <0.01; 5 TBI 41 4P <0.01; 5 TBI +
EGFP 4] lb#:°P <0.05,

A.TBI 21 ;B.TBI + EGFP 4 ;C.TBI + ChR2 4,
&3

2.4

INRBEDS DG RIEMETFRRBAER
LERL LI 3, YEAE)S 28 d,TBI 41 . TBI + EGFP 4
F1 TBI + ChR2 4/l 5 DG IXOB A= A 48 04K
AW R (723,04 £82.3) . (783.0 +89.6),
(3201.5 £365.1) + mm " ; TBI + ChR2 ZH /N filifF
I DG XH A A 22 oo 8 i B B = T TBT 41 AN
TBI + EGFP 41, 2 R A Giil2: 5 L (P <0.01);
TBI 455 TBI + EGFP 4{/N§UifE 5 DG X A
Zouoe L 2E T Iogiit2 @ L (P >0.05) .

INRIBD DG RFTEMETTIFE R ARER (R NIRRE, x400)

Fig.3 Survival and maturity of neonatal neurons in hippocampal DG region of mice in each group ( immunofluorescent

double labelled staining, x 400 )
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JAAR NSC H AT /INER A BEAE AT 1 1 Ab i, e 408
BAMGEIR G, 5IERBTEB A NSCIET- R R A
Bz, Hoa LA Re IR B EZEN RN Z —.
R uR TBI J 35 A= 20 AR 175 TR B2 R 1 )
A FE B30 A5 27 7 V300 o B 2 A i 3 3
Y. M T 3545 ChR2-EGFP 4 554 #E [n) ik DCX
B R AR 20, K 1805 3 ChR2-DCX-EGFP 57 {4
FE AESTEGY /N R ) DG X 28 T4 fif, W5 3
WEOGIE AT A A | 2 2R3k DCX 2 11 240 i A e
FtleAl, S 35 0 18T A A0 M A A7 R

TBI A[i% 5 5 DG [X. NSC 458 I/ 1k R f 2
TE' o AR SR A M 2 TR A AT 6 52 TBI 5
ZIiRe” . AWEgE 45 R W%, TBI J5 7.28 d DG [X
A R B AW 4R B Be oAb o 4800 (H B &
A DR AE 76 I 2, B 5 DG X i A pif
2R AR AU A M T A R RS R AR e &
EMIET

HAL TG ShE A 28 K A B 45 B B e 2 R
VERT, EHREM 2 ML B . AR B, A
2253 54 A28 0 4N I I 2 AR Ak RT R T 28 DG AT
RS IR A BRI, AR G 0 H A B R
AMELUE B R 5 — 2040 . Ststfe = O T
W8 e 2 e R I T AE " FERDR B 1 25
AL TR 141 30 22 B A 7 2B M e i I 3 k%
ORI A G0t AL 2 R PR 4 — AL A M sl 2 A A
PREE LK, X061 T#E BH B+ ChR2 4 /) Lk fk
YERHRA P Je o St fl2# i ph 2 oo Y ae HAT B
25K B T YRR A, A O T A% S 1) v A B R L
HARKBGPLR, K L, AR FT PRt (L2~ 18 b i
MM AL T H. . ChR2 EHWFSE #4500 sh 28 1k il
— Rl A S T HSY S e E B R 3 TR, EGFP-
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