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ROS KW 5T+ (P<<0.05), GSHIK 1 SOD 3% 3 1 B A% (P<<0.05); 5 PSD+AAV-NC
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Effect of nucleoredoxin in medial prefrontal cortex on
depression-like behavior in mice with post-stroke depression
and its mechanism

ZHAO Dan, SHI Bo, WEI Zhixuan, CUI Qunjian
(Department of Neurosurgery, First Affiliated Hospital, Nanyang Medical College , Nanyang 473058, China)

ABSTRACT Objective: To discuss the effect of nucleoredoxin (NXN) in medial prefrontal cortex
(mPFC) region of the mice with post-stroke depression (PSD) , and to clarify its possible mechanism.
Methods: A total of 42 mice among 80 C57BL/6 mice were randomly divided into NXN over-expression
adeno-associated virus infection group (AAV-NXN-OE group, n=21) and negative control adeno-associated
virus infection group (AAV-NC group, n=21). The remaining mice were divided into sham operation group
(n=20) and PSD group (n=18). After injectied with NXN over-expression adeno-associated virus, the
remaining mice in AAV-NXN-OE group and AAV-NC group were further divided into PSD+AAV-NC
group (n=18) and PSD+AAV-NXN-OE group (n=18). Three weeks before surgery, NXN over-
expression adeno-associated virus was injected into the mPFC region of brain tissue of the mice by
stereotaxic method, and the expression of the virus in mPFC region of the mice was observed under
microscope. Western blotting method was used to detect the expression levels of NXN protein in brain
tissue of the mice in various groups; middle cerebral artery occlusion (MCAQO) model was established by
thread embolism method, followed one week post-surgery by three weeks of chronic unpredictable
moderate stress (CUMS) combined with isolation feeding to construct the PSD mice model. During
modeling, the body weight changes of the mice were monitored. After modeling, sucrose preference test,
tail suspension test, and forced swim test were used to observe the depressive-like behavioral changes of the
mice in various groups; biochemical method was used to detect the levels of malondialdehyde (MDA ) and
reduced glutathione (GSH) , and superoxide dismutase (SOD) activities in mPFC region of brain tissue of
the mice in various groups; DCFH-DA fluorescence probe labeling method was used to detect the reactive
oxygen species (ROS) levels in mPFC region of brain tissue of the mice in various groups; Western
blotting method was used to detect expression levels of NXN protein in mPFC region, amygdala, and
hippocampus tissues of the mice in various groups. Results: A large amount of green fluorescence was
observed in the mPFC region in brain tissue of the PSD mice, indicating successful infection and expression
of AAVs virus labeled with ZsGreen green fluorescent protein in mPFC region in brain tissue of the PSD
mice. Compared with AAV-NC group, the expression level of NXN protein in mPFC region in brain tissue
of the mice in AAV-NXN-OE group was significantly increased (P<Z0.05). Compared with sham operation
group, the body weight of the mice in PSD group was increased slowly (P<C0.05), the sucrose preference
rate was significantly decreased (P<Z0.05), and the immobility time of the mice in the tail suspension test
and forced swim test was significantly increased (P<C0.05). Compared with sham operation group, the
sucrose preference rate of the mice in PSD+AAV-NC group was significantly decreased (P<C0.05), and
the immobility time in tail suspension test and forced swim test was significantly increased (P<Z0.05).
Compared with PSD+AAV-NC group, the sucrose preference rate of the mice in PSD+AAV-NXN-OE
group was significantly increased (P<Z0.05), and the immobility time of the mice in tail suspension test and
forced swim test was significantly decreased (P<C0.05). Compared with sham operation group, the MDA
and ROS levels in mPFC region in brain tissue of the mice in PSD+AAV-NC group were significantly
increased (P<C0.05) , while the GSH level and SOD activity were significantly decreased (P<C0.05).
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Compared with PSD+AAV-NC group, the levels of MDA and ROS in mPFC region in brain tissue of
the mice in PSD+AAV-NXN-OE group were significantly decreased (P<C0.05), while the GSH level
and SOD activity were significantly increased (P<C0.05). Compared with sham operation group, the

expression level of NXN protein in the mPFC region of brain tissue of the mice in PSD group was

significantly decreased (P<C0.05), the expression levels of NXN protein in amygdala and hippocampus

tissue had no statistically significant difference (P>>0.05). Conclusion:Over-expression of NXN in mPFC

region of brain tissue of the mice can improve the depressive-like behavior in the PSD mice, and its

mechanism is possibly related to regulating the redox balance.
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5. SCXK (%) 2019-0004, I&RMiPEMEFE1E, 3
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9 NXN 2 2% 35 i #H 5C 9% 2 pHBAAV-CMV-MCS-
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MK E (AAV-NC) MUEAEYERE: () A
PR A P24 . N %  (malondialdehyde, MDA) |
A AL ) B AL i (superoxide dismutase, SOD) |
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KA RS A, Pt NXN 850 B 504k i bt
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1.2 BishRiEsREs FPLER42 HC57BL/6
ANE, 4 o NXN & 3R 56 IR AH OC e B B g A4
(AAV-NXN-OE 4, n=21) FIB¥ExF 1R B AH 56 9
FRYA (AAV-NCH, n=21), FKH3% &Et
TG T SRR /N, MR BE A 30 mg-kgT!, JFH%
/0N BT S A I S AR e A b o B R 32 5 Ak
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G, EFEES R, KA L BCE 9 min,
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WYL, KRV R, AU T W 5 E /N R
fili 2 41 mPFC X 1) & 3816 &0, JF R Western
blotting 146 M /Iy BUR 2H 24 rh NXIN 45 11 R A K-
1.3 S£BH5af A PSDERME L IEH
18 HRIERGL AR e 7 1)/ N BUE S PSD L (n=18),
P T 19 20 HAR Sk Gy B A0 OG0 B 19/ BV 0 (R R
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M, B2 A, B0, i “1.37
o 4% 19 AAV-NXN-OE & 4t /N Bl /E & PSD+
AAV-NXN-OE 4 (n=18), 4 AAV-NC &4t
INBAE N PSD+HAAV-NCAH (n=18),

BRIF AR, Hagal/h R R sk
SR ORE R Bl Bk %€
occlusion, MCAQ) #ERI Y % H 22 80 18 s 1 5
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k. BN Bk A ESN S K . R 7-0 F R T #ish
ke O AL, 5 — 4R 7-0 F R L 2F i i sh
Bl KA S SR B K Ay SUAR AT TG 45, TIs4s
J 1.5 mm Ak FA S Bk B BT 1A /NE L, KR TR
JE g 2 AR A A /N T, R A 5P Sk K S ik
AL A R em, B 60 min J5, I K,
B KK o BT AR AL /N ALY I S0 e f Bk, 2R
MBIk, RG24 h, KM Longa 543k " %}
/N BRH 28 Ty BE AT TE 43 DA I MCAO #8578 2 75 Bl
I, BEE Longa P4y h 1~3 43 /NRL, FARIGH 7K
FE 45 ok M8 M AN B WL b % N B (chronic
unpredictable mild stimulus, CUMS) %5 & 9K 3% i&
P PSD /N AT RS U R IO IR 3R I SR 1, A
R K F BE ML ANAS 2 22 19 W 3 2 R /N B, st
kKWK (5 min) . ¢ (15 min) . i {& k)
(24h) . B (24 h) . ZEK (24 h) B 7% i £
(12h/12h), #HZegl21d, CUMSWmE, 4R
E1R/NRE & . MCAO ARG 1JH IR T AR41/)h
FROICIET-, PSDAI/NRIET-6 H, PSD+AAV-NC4
/INEFETZ 6 H, PSD+AAV-NXN-OE 4 /NRAET:
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BF, £ A2 R B BE L F 10 HU/NER AT S50 .
1.4 FAHREBRUEZ A RFARHEITHAH A
/NERAE PSD i BE 25 o5 A7 A7 R 2k . OB K
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WEKGE W I 2R, 28 24 ho W40 B A 1% REME K
S 38 AR FH K I ORI T RIS H L 8 hiE B ik
Ao TESELIRAT . 5 KA AR AR AR R (mL)
THERE K 32, 7K b R =B /K I #E it (mL)/
MWBARERE (ML) X100% ., Q& RB9K . HK
/N ES 1 em &b I & F 40 em X 40 cm X
40 cm Y B R MRAE L /N BRS04 S
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ANShFE], R SR E SCA B OE H IE AN, o HAh
AT RAR IR FL B VE . O Bmaa e vk S5 . K /s B
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HEA KB 15 em, KR 25 “CHYTE 30 cm Al E £ 20 cm
SRLE R, /N BUE Y 2 min 5, 0 BT 4 min AN
B ]
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It A= A A IR & 0 T B R, A3 iR DN /) B 2
A mPFC X H MDA 1 GSH /K- & SOD I .
1.6 2,7-=— & % & &% = ¢ # & (2, 7-
dichlorodihydrofluorescein diacetate, DCFH-DA)
RAEA AR E SR &4 LB A28 mPFC R ¥
ROS &+ WU FARH . PSD+AAV-NC 4 Fl
PSD+AAV-NXN-OE 4 /) Ul 41 2 mPFC X % £
BEAS, BYRRIRIEAT RS AR AL B, i A A W R £k %
W (phosphate buffered saline, PBS) # ki fk,
500 g # 0> 10 min, YHELNMIUTEE . A DCFH-DA
HAM M TIVE , EIRE LM F 30 min, 1000 g &
O 10 min, WCARAHMITTTE , A PBS 2% il &,
it FH 28 5 B b5 AX T 3%k I K 500 nm FiE G K
525 nm &b K 5E G FEAE L DhER T AR 21 /)N B 41 41
mPFC X PG N 1, PAUOE MRS 4/ R
ROS K-,

1.7 Western blotting & #a & 48 A WAL R F
B R P NXNZ g REKFE SE 2RI/ B
Jei W Sk BBORN - oKk b R 43 BN B 41 2 mPFC
X AR RN S 21, R FH RIPA 24 ik 24 i
FHLREA, RBEEH. M HBCA & k&
FE K G K I B Tk B, SDS-PAGE HL 3k 43 B &
Mo MK E A EPVDF B, 5% BAS T8
4 CHMA SR . MA—d, NXNHf£ (1:1000)
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IO 40, FRWEE 1 he A2 &6, w3
W, T E A A KA, L GAPDH B N
Z, IR HMEAREKE, HWEARSBEKFE=
H 8 40 K BB/ N S8 2k B A

1.8 %t %44 K SPSS 22. 040 4k (F itk 47
Goit2t b . 4540/ BB K br %, B R SLE A Bh
FF ) SR 3 VK LB AN SR, /N BURZHZ mPFC IX
H MDA . GSH 1 ROS /K J SOD i ¥, fisi 4141
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KFEHFFEEBDA, YaotsEn, ZAHMBEAR
PR B R FH BT 3R 5 26 40 BT, 200 ) A AR X 500 1
FL# R LSD-2 K 58, 2 41 8] FE AR 35 %50 LL 35 R
MSTREA (K 5:. LLP<<0.05 MZESF AL E L,

2 5H5 B

2.1 PSD &MWL mPFC K  NXN it & % &
£ PSD /UG 20 21 mPFC X A K & 4% 596,
R ZsGreen SO NG AR 19 AAVs i 5
7 PSD /N2 mPF C X B I+ £k (K1),
5 AAV-NC 4 (0.1540.03) %, AAV-NXN-
OE 44 /)N BUIK 2H 1 mPFC X o NXN & 1 £ ik 7K
(0.44+0.02) BB FARE (P<0.05). WK 2,

2.2 BANERKREBRGIEFEELEIRR R
MHREBRAHEE HEFARALK, PSDA
ANEUPR TR BB K 218 (P<<0.05), BH/K MR iR 1]

500 pm

B1 %% 8 e WME PSD /D R W4 4 mPFC X #
ZsGreen RN E HRIATEO
Fig. 1

mPFC region in brain tissue of PSD mice observed by

Expression of ZsGreen fluorescence protein in

fluorescence microscope

NXN [ 000
GAPDH .. 36 000

Lane 1: AAV-NC group; Lane 2: AAV-NXN-OE group.
B2 241PSD/MRKAL mPFC X H NXN & H KL
HL YK
Fig. 2 Electrophoregram of NXN protein in mPFC

region in brain tissue of PSD mice in two groups

W EEAL (P<<0.05), /N BUTE B R 55 50 5 38 I Uk
S R Sh ) 4B B (P<<0.05). ULIEI 3FN
F1., 5EFARALE, PSD+HAAV-NC 4/ A
KA R B FEAL (P<C0.05), /INBU7E B R 525 Fn
56 30T 90 UK S5 TP S Bl A TE) 38 B B e (P<<0. 05) .
HPSD+AAV-NCH ILE, PSD+AAV-NXN-OE4]
N BRSO B 28 ] 0 (P<<0.05), /) BUTE &
R S I R 36 Vi K S 5 v S B i [ 35 B s (<<
0.05), &2,

35
Sham operation
. —a— PSD
Lo
E 30 |
=
.20
[}
=3 *
>
m '
'
0 : ] ] ]
7 14 21

Time(#/d)
‘P<<0.05 compared with sham operation group.
B3 CUMS A 2 4/ A B B it 4%
Fig. 3 Growth curves of body weights of mice in two

groups during CUMS modeling period

K1 2HNBHKMEEMBR LR R BEHWIXZERAZ
i [8]
Tab. 1 Sucrose preference rates and immobile time in tail

suspension and forced swimming tests of mice in two groups

(n=10,x+Es)
Sucrose Immobile time (¢/s)
Group preference Tail suspension Forced
rate (/%) test swinmming test
Sham operation ~ 74.47+7.46 58.2447.39 48.07+8.89
PSD 62.31+6.17"  142.134+10.66" 139.6349.72"

"P<C0.05 compared with sham operation group.

2.3 B@) &MAL mPFC K + MDA, GSH #=
ROSAK-FZSOD#EH HEFARALEK, PSD+
AAV-NC 4/ B 41 21 mPFC X 71 MDA #il ROS
JKSEH 8 B T e (P<<0.05), GSHZKEHISOD 1%
PEH B B AL (P<<0.05). 5 PSD+AAV-NC 4
48, PSD+AAV-NXN-OE 4/ Bk 20 41 mPFC
X ot MDA 1 ROS 7K *F ¥ B 1 f A% (P<<0.05),
GSH /K °F #1 SOD 3% ¥ ¥ B & F+ &5 (P<<0.05) .
3 3.
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Tab.2 Sucrose preference rates and immobile time in tail suspension and forced swimming tests of mice in various groups

(n=10,x=+s)

Immobile time (¢/s)

Tail suspension test Forced swinmming test

Group Sucrose preference rate (/%)
Sham operation 75.81£8.97
PSD+AAV-NC 63.25+6.51"

PSD+AAV-NXN-OE 70.97+5.82"

57.32-+8.58
141.52+13.43"
122.64+10.86"

47.984+9.26
137.96+12.25"
109.95+8.29”

"P<0.05 compared with sham operation group; “P<C0.05 compared with PSD+AAV-NC group.

#3 FH/PMRKAL mPFC XK MDA .GSH M ROS KK SOD ¥ #
Tab.3 Levels of MDA, GSH, and ROS and activities of SOD in mPFC region in brain tissue of mice in various groups

(n=10,x+5s)
Group MDA [my,/(pmol-g™")] SOD[A,/ (U-mg™")] GSH [my,/ (mmol-g™")] ROS
Sham operation 6.24+1.29 101.28410.92 69.85+3.26 1.0040.08
PSD+AAV-NC 16.33+1.67" 67.8945.70° 50.86+£2.92° 1.7040.13"
PSD-+AAV-NXN-OE 10.984+2.40% 81.79+9.08" 63.78+6.31° 1.43+0.12°

"P<<0.05 compared with sham operation group; " P<<0.05 compared with PSD+AAV-NC group.

2.4 2480 RABARREREENXNEZ§ L&LKPF

HFARHA (mPFCX: 0.80+0.09, #F{#IX .
0.4340.06, HWHX . 0.2840.06) i, PSD4H
/N B 41 21 mPFC X NXN & [ 3% ik K F
(0.13£0.04) BB EEAR (P<<0.05), PSD /M
iy 20 275 47 A2 DX RN 5 20 40 NXIN 2K 1 3838 7K
(0.4140.08 f1 0.27+0.08) Z R LG it % E X
(P>0.05), WK 4,

1 2 3 4 5 6 Mr

NXN .".“” 48 000

Lane 1—2: mPFC tissue; Lane 3—4: Amygdala tissue;
Lane 5—6: Hippocampus tissue; Lane 1, 3, and 5: Sham
operation group; Lane 2, 4, and 6: PSD group.

B4 24/MRR4AR mPFC K A LBEX MG DA+
NXN & R 3X i k E

Fig. 4 Electrophoregram of expressions of NXN protein
in mPFC region, amygdala region, and hippocampus

tissue in brain tissue of mice in two groups

3 #

PSD % L & 2%, 40 & — LB HRR IR A #4228
YA B o BEAE # 2 BB B B KRR

NN PSD &9 A 22 JERlAT T IR AR T M
mPFC X 7E £ F ik A1 D) 66 bl 25 5 2210 5 1E
FgE ' LB . mPFC X J2& % & FE 28 BFA 0 6E T
TSR . B B W A K 5% 5%
U5/ R B AR R AR R R AT Oy, LR B AL AT
fit 5 mPFC X 4 & #f 22 S0 5 M h BE 2 A % .
FAETR A I R o T R B M S S
A0 B 5T R 22 ST AR S B R R JE PSD Y k22 4E
Yredkmt o WEAE U o P mPRC X A3
37y I B TR U s Sl X R R i S UK VR 1§51
SN BAMAR A SCAT M FE B . B, mPFC X ALH
BUANAR 245 W) 0t K 1) G A 0 ) X 02— o A WIS R
MCAO F1 CUMS 45 & 857 i #4 # PSD /) R A,
ANERH B ER AT M R B, NXN & H 78 PSD /R
M2 mPFC X g IR R 3k, i LA A 4% X
M by FRGA M B AR, 7R mPFC X i
NXNEETHATGES S T PSD & HLH .

NXN 12— Fp S A3 8 1 8 1, 78 A fk i
J 8h 2557 i 9 1 R rh R R E AR, BAEANTEE
FFN5 A5 b 0 VR AL IE R — 3, TRANZ
KB . NXN 0] LA 545 U 2 380 2a 1 AR 25 N
T, I S S fh R0 kLA R A AR Ak S R AR T
W, YARHE NXN R Ak ag ek m, AN
FE S ALANE BRI A o BEgE Y R B TR TR MR
RSN AR AL . NXN g ROS 8 ] 4%, 17 NXN
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1t 22354 5 WY GSH M RIE B ROSWE KR, B
1% 40 e S0P R SR o [, NXIN A A ok 2 e
ARG5S G T A 1 B A 4y o 7 FE Y 40
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