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[ Abstract]  Objective To observe the influence of Creb protein over-expression and under-expression in the
prefrontal cortex on depressive behavior in rats. Methods Adeno-associated virus ( AAV) strains that can knock down
Creb expression in the prefrontal cortex of rats were injected using the stereotaxic injection method and screened by Western
blot, reverse transcription quantitative polymerase chain reaction ( RT-qPCR) and immunofluorescence. Forty rats were
divided randomly into Control, chronic restraint stress (CRS), CRS combined with AAV interference (CRS+AAVI) , and
CRS combined with AAV overexpression (CRS+AAVO) groups. The body weight and food intake of the rats in each group
were monitored during establishment of the animal model. After establishment of the model, behavioral changes in the rats
were monitored by sucrose preference, elevated plus maze, forced swimming, and open field tests. The 5-
hydroxytryptamine (5-HT) , norepinephrine (NE) , and corticosterone ( CORT) contents in the prefrontal cortex of rats in
each group were measured by enzyme-linked immunosorbent assay. Results Western blot and immunofluorescence showed
that Creb protein expression was significantly reduced in the short hairpin RNA2 (shRNA2) knockdown groups compared
with the other groups (P<0.05). RT-qPCR showed that Creb mRNA expression was also significantly reduced compared
with the other three groups (P<0.01). The AAV-CREB1-shRNA2 virus strain was therefore selected for subsequent Creb-
knockdown experiments in this study. After modeling, the food intake of rats in the CRS+AAVI group was significantly
reduced compared with the other groups (P<0.01). Rats in this group also showed slow weight gain and decreased desire
to explore new environments, significantly increased despair and nervous behavior, and significantly decreased 5-HT and
NE levels (P<0.01) and significantly increased CORT levels in the prefrontal cortex ( P<0.01). These depressive
behaviors and associated neurotransmitter levels were reversed in the CRS+AAVO group. Conclusions Lower expression
of Creb in the prefrontal cortex can aggravate the degree of depression in rats, while high expression of Creb can alleviate
depression to a certain extent. These result confirm that Creb expression in the prefrontal cortex is an important target in the
pathogenesis of depression, thus providing ideas and references for the construction of animal gene models and further
studies of the pathogenesis of depression.

[ Keywords] Creb; prefrontal cortex; adeno-associated virus; depression; behavior; neurotransmitters

Conflicts of Interest: The authors declare no conflict of interest.

) Creb ,
) ° Creb
2030 (. , N
( cyclic-AMP  response 1
element binding protein, Creb)
. 341 , 1.1
43 kDa, ,  Creb 80 6-~8 SPF  SD
, . ( 180~200 g)
,Creb [ SCXK( )2024-0003],
2 Creb SPF
, . [SYXK( )2021-00157, (24+
(31 2)C, 30% ~50% .,
Creb (DWLL20210310) ,
4 ’ .
Creb 3R o
S , Creb 1.2
‘81 Creb (
, , 140051253) ; (
oy Creb , :170401) ;
o (‘adeno-associated virus, AAV) VA060-

Creb AAV-U6-MCS-CMV-ZsGreen-Crebl shRNA



10 2024 34 12 Chin J Comp Med, December 2024, Vol. 34 No. 12
(3.65x10" vg/mL)  VA056-AAV-CMV-MCS-T2A- , ,
mcherry-Creb1 (3.65%10" vg/mL) ( , (

. V3322556) ; (' Solarbio , :AP 4.2 mm, ML £2.0 mm, DV 2.0
:2312003) ; ( mm) ,
. .017A1268) ; RIPA 0.2 wl/min 2 ul. )
(Solarbio , 120230908 ) ; BCA ,
(BOSTER  ,  :18107A97); , (16 /
(Solarbio ., :240001001) ; PAGE »3d, 4, ,
( 5 , Western blot
, :03791900) ; ECL ( RT-qPCR , 5
. .03771450) ; ,
( Toyobo , : 256200 ) ; TRIzol ( invitrogen (2) Western blot Creb
, : 98597101 ) ; 2 x SYBR Green (
ABclonal , :962303G12W11) ;5-HT ELISA 50 mg,
(MEIMIAN,  : MM-0443M2) ; NE ELISA 5 ul. 5wl RIPA
( MEIMIAN, . MM-0876M2 ) ; CORT 500 L, 6500 r/min ,4 °C 13 000 1/
ELISA ( MEIMIAN, : MM-0061M2 ) ; B- min 10 min, - BCA
actin  Anti-body ( ProteintechGroup , o 10%
10029234 ) ; Creb Anti-body ( CST , , 3 pL.60 V 30 min
9197S) ; HRP HRP 100 V 60 min,200 mA 60 min, 5%
( , 2h,  Creb  (1:1000),4 C
02781115), ZS-FD ( JTBST 10 minx3 | (1:
) : STRONG 102 ( 3000) 60 min, TBST 10 minx3 |
) ;TYDO1 ( . , 30
) ; PowerPac Basic ( min, 5% TBST 2h
Bio-Rad ) ; ELx-800 ( B-actin(1 : 1000) ,4 C
) : NANO DROP ONE TBST 10 minx3 | (1:3000),
( Thermo ); 60 min, TBST 10 minx3
( Thermo ) ; DM750 ( , Image Lab
LEICA) ; Universal Hood 1I ( Bio- o
Rad ) ; QuantStudio 6 Flex PCR (3) Creb
( ABI ) ;DFC450C (
Laica ) ; VisuTrack ( 20
) min, 3% 15 min 5% +0.5%
1.3 PBST , Creb 4 C o 0.1% PBST
1.3.1 AAV-Crebl-shRNA 3, 5 min, 2 h,PBS
(1) AAV 3, Smin, .
40 SD , (shRNAO) . (4) RT-qPCR Creb
1 (shRNA1) | 2 (shRNA2) | 3 mRNA
(shRNA3) 10 50 mg , TRIzol
AAV-Creb1-shRNAO, AAV-Creb1-shRNAT | RNA, RNA
AAV-Crebl1-shRNA2  AAV-Crebl-shRNA3 s 10 pL s
o Paxinos-Watson 95 °C 5 min,37 °C 15 min o



2024 12 34 12 Chin J Comp Med, December 2024, Vol. 34, No. 12 11
PCR , 50
:95 °C 3 min,95 C 55,60 C 30 s 40 cm, 2 2 o
60 C 95 C 15 s, 71 , ,
3 , P 5 min ,
o , L, 4 o
1.3.2 Creb , o
. ( . 100 cm
(1) x 100 ecmx 50 c¢m) ,
40 SD ( Control) . 5 min ,
( chronic restraint stress, CRS) | ( chronic .
restraint stress combined with adeno-associated virus o
interference, CRS + AAVI) | ( chronic 1d,
restraint stress combined with adeno-associated virus , 40 cm, 10 min
overexpression, CRS+AAVO) | 10 o
AAV-Creb1-shRNAO, s 5 min o
Creb AAV-Crebl- 5 min
shRNA2 , Creb o
AAV-Crebl , . (4) ELISA 5-HT,
1.3.1 o , 1 NE  CORT
, s 100 mg s 0.9 mL pH=7.2~
3 1y 7.4PBS ,4°C 20 min(3000
(2) r/min) , o
, . 40 plL, 10 plL(
; L 5 ), 3 ;
(3) 50 L.,
100 nL,37 C 30 min, 5, ,
, 22~26 C, 30% ~40% , 50 pL,37 C 30 min, 5
<14 mg/m’, <60 dB(A), 15 , , 100 pL,37 C
~20 Lux, 10 min, 50 pL,
450 nm oD
21 , o o
, 280 g 1.4
1% , 12 h , SPSS 25.0 o
, + (x+s) 5
: /% = / ,
x100% , , LSD ,
1 t o P<0.05
Table 1 Primer sequence N
(57-3")
Primer Primer sequence (5'—3") P
Crch F. GAGCAGACAACCAGCAGAGT 2.1 AAV-Crebl-shRNA
R: AATCTGTGGCTGGGCTTGAA 2 1.1 Western blot
B-actin F. GTCGTACCACTGGCATTGTG 1 , ’ > Creb
R: CTCTCAGCTGTGGTGGTGAA

(P<0.05) ; 1



12 2024 12 34 12 Chin J Comp Med, December 2024, Vol. 34,No. 12
A
A B
=1
B 15 *
S
A T 14 THhoA T34 o AA
shRNAO group shRNAI1 group shRNA2 group shRNA3 group ) 8
Hg 104 N
Creb | o e . — 43 kDa 5%
= '7
ractin| W o, 2
S5 05
St
=
L
%
0.0= T T
B SRS RS HS
S DS S O
\r‘,//v?g AL Y”\ AL V’} A »
S & FE
B B B B
:A:Western blot Creb;B: Creb . , " P<0.05; 1 , 4P<0.05, *4P<0.01,
1 Creb

Note. A, Western blot for Creb. B, Statistics of relative expression of Creb protein. Compared with the shRNAO group, * P<0.05. Compared with
shRNAT group, 2P<0.05, *4P<0.01.

Figure 1 Creb protein expression in the prefrontal cortex of rats in each group
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Figure 3 Immunofluorescence expression of Creb in rat prefrontal cortex
2 (x%s,2)
Table 2  Statistical description of body weight monitoring of rats in each group(x+s,g)
0 7 14 21
Day 0 Day 7 Day 14 Day 21

408. 00+28. 10

Control group

393.30+18. 69

CRS group

393.50+16. 31

CRS+AAVI group

399.30+24. 03

CRS+AAVO group

465.88+19. 16

425.18+14.90™

395. 60+15.70 44

441.70+30.35*#

487.50+19. 68 502.10+22. 57

439.70£10. 38 ™ 448.80+10. 65
400. 5018, 43 ™44 407.00£13.95 ™44

457.30+28. 78 *** 478.60+28. 12 **

Note. Compared with Control group,

<0.01.

, " P<0.05, ™ P<0.01;

)

24pc0.01;

, #P<0.01,

* P<0.05, * P<0.01. Compared with the CRS group, **P<0.01. Compared with the CRS+AAVI group, *P
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Table 3  Statistical description of food intake monitoring of rats in each group(x+s,g)
0 7 14 21
Groups Day 0 Day 7 Day 14 Day 21
: 38.15+0. 07 39.47+0.53 41.97+1.74 43.47+1.48
Control group
36.53+1. 60 38.28+1.22 37.19+1.31™ 36.75+2.57™
CRS group
CRS+AAVI group 36.26+0. 97 38.77+2. 67 36. 00+0. 64 32.41+0.28
38.27+1.69 39. 65+2.24 41.10+2. 184 43,343, 1844

CRS+AAVO group
: , " P<0.01; , 2P<0.05, *4P<0.01; , #P<0.01,
Note. Compared with Control group, “* P<0.01. Compared with the CRS group, 4P<0.05, *P<0.01. Compared with the CRS+AAVI group, P

<0.01.

Tid 4 (xxs)
600 - _e-Control group Table 4 Statistical description of elevated plus maze test in rats
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2 roups . .
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A ] 1274. 82+770. 00 30. 86+13.52
e A Control group
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0 T T 1 211.90+128. 81" 10.99+7. 127
0 7 14 21 CRS group
HfMl/d Time 102.96+158.947%  5.49+11.76™"

CRS+AAVI group
4

Figure 4 Trend in body weight of rats

At #
CRS+AAVO group 812. 54x603. 36 20. 69+18.22

, " P<0.01; , 4P<0.05;
, ¥P<0.05, *P<0.01,
Note. Compared with Control group, ™ P<0.01. Compared with the

[g: |

50 4 “* Control group CRS group, *P<0.05. Compared with the CRS+AAVI group, *P<
" 0.05, "P<0.01.
40 _"/ﬂ;'_ébh-.{)ﬂ‘ - SRUH
o CRS group
FERS B (P<0.01), 5.
&g a WATIAE
e E 20 CRS+AAVI group (4)
107 v AR , 3
CRS+AAVO group
0 T T 1 (P<0.01); ,
0 7 14 21
1 7/d Time (P<0.05),
5 (P<0.05); ,
Figure 5 Trend chart of food intake in rats (P<0.01),



2024 12 34 12 Chin J Comp Med, December 2024, Vol. 34 No. 12 15

, 5 (x+s)
(P<0.05,P<0.01); Table 5 Statistical description of forced swimming in rats
/s /n
’ Groups Floating time Floating times
(P<0.01) .
3 98.34+57.24 33.00+5. 33
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(P<0.01,P<0.05) ; ,
216.93+59.25 44.70+19. 14
(P<0. 05) , CRS group
(P<O. 01); 5 A Y
CRS+AAVI group 275.10+65. 80 61.60+19. 01
(P
9
<0.01 * At i
) o CRS+AAVO group 155. 86+63. 31 35.20+10. 63
.3 - ;
: . "P<0.05, " P<0.01; CApc
(P<0.01,P<0.05); , 0.05; , "P<0.01,
(P(O 05) Note. Compared with Control group, “ P<0.05, * P<0.01. Compared
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(P<0.05); #Pp<0.01.
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CORT (P<0.01), 7o Figure 6 Results of sugar water preference in rats
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Figure 7 Trajectory of the elevated plus maze test in rats
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(x+s)

Table 6 Statistical description of open field test in rats

Total movement distance

30379. 68+7448. 37

11794. 91+5963. 42

s A
CRS+AAVI group 10008. 85+4960. 50

w4 A##
CRS+AAVO group 17743. 73+6172. 05

*P<0.05, “ P<0.01;

/s /n /n
Central residence time Number of central area entry Number of stands
28.24+6. 65 5.50+0. 84 21. 80+6. 66
8.34+2.10" 2.00+1.49™ 8.00+4.83™
1.20+1.38™ 0. 80+0. 63 ™4 2.90+1.28*4
23.50+37. 01" 3.40+1.50 4% 13.40+7. 08 * 4
, 4P<0.05; , "p<0.01,

Note. Compared with Control group, * P<0.05, ™ P<0.01. Compared with the CRS group, “P<0.05. Compared with the CRS+AAVI group, *P
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Figure 8 Trajectory of rat in the open field test

Table 7  Statistical description of 5-HT, NE and CORT levels in prefrontal cortex of rats(x+s,ng/g)

CRS+AAVI group

CRS+AAVO group

Note. Compared with Control group,

5-HT \NE  CORT (x+s,ng/g)
NE CORT
174. 18+4. 58 59.53+4.19
236.02+63.43 121.36+16. 63 87.69+2.55™
170. 85+£57. 77 =4 116.69+13. 42 101. 04+14. 574
337.57+45. 204* 167. 17£2. 434% 67. 82+3. 454
, #P<0.01,

** P<0.01. Compared with the CRS group, *P<0.05. Compared with the CRS+AAVI group, *P<0.01.
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