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Abstract
paroxetine in a mouse model of CUMS (chronic unpredictable mild stress), focusing on its regulation of HPA

(hypothalamic-pituitary-adrenal) axis function and activation of the cAMP/PKA/CREB/BDNF pathway. Mice

This study aimed to investigate the mechanisms underlying the antidepressant-like effects of

were randomly divided into five groups (n=12 per group): Control, CUMS, L-PX (administered by gavage with
2.5 mg/kg paroxetine), H-PX (administered by gavage with 10 mg/kg paroxetine), and H-PX+H-89 (administered
10 mg/kg paroxetine by gavage and 5 mg/kg H-89 via intraperitoneal injection). A mouse depression model was
established using the CUMS procedure. Depression-like behaviors were assessed using behavioral tests (sucrose
preference test, tail suspension test, and forced swim test). HE (hematoxylin-eosin) and Nissl staining were used to
detect neuronal damage in the mouse hippocampus. The levels of 5-HT, DA, NE, CRH, ACTH, CORT, and cAMP
were measured using commercial assay kits. Dendritic spine density was quantified via Golgi staining. The protein
expression levels of PKA, p-CREB/CREB, and BDNF were detected by Western blot. Compared with the Control
group, the CUMS group showed significantly decreased sucrose preference rate, the levels of 5-HT, DA, NE,
cAMP, dendritic spine density, as well as the protein expression levels of PKA, p-CREB/CREB, and BDNF (P<0.05),
while immobility time in the tail suspension and forced swim tests, and the contents of CRH, ACTH, and CORT
were significantly increased (P<0.05). Compared with the CUMS group, both the L-PX and H-PX groups exhibited
significantly increased sucrose preference rate, the levels of 5-HT, DA, NE, cAMP, dendritic spine density, as well
as the protein expression levels of PKA, p-CREB/CREB, and BDNF (P<0.05), along with significantly decreased
immobility time in the tail suspension and forced swim tests, and the contents of CRH, ACTH, and CORT (P<0.05).
Compared with the L-PX group, the H-PX group showed significantly greater increases in the sucrose preference
rate, the levels of 5-HT, DA, NE, cAMP, dendritic spine density, as well as the protein expression levels of PKA,
p-CREB/CREB, and BDNF (P<0.05), and significantly greater decreases in immobility time and the contents of
CRH, ACTH, and CORT (P<0.05). Compared with the H-PX group, the H-PX+H-89 group showed significantly
reduced sucrose preference rate, the levels of 5-HT, DA, NE, cAMP, dendritic spine density, as well as the protein
expression levels of PKA, p-CREB/CREB, and BDNF (P<0.05), and significantly increased immobility time and the
contents of CRH, ACTH, and CORT (P<0.05). Paroxetine exerts antidepressant-like effects, potentially by regulating
HPA axis function and activating the cAMP/PKA/CREB/BDNF signaling pathway.

Keywords  paroxetine; chronic unpredictable mild stress; depression; HPA axis; cAMP/PKA/CREB/BDNF
signaling pathway
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M PEYT). H-PXZHGEE 10 mg/kgia % iuyT) Al
H-PX+H-8941 (£ B 10 mg/kglh % #6477 +i8 s v
55 mg/kgIH-89), £ H 1K, ELE T 28 K. AHf
FUH B 250 70) B 5 2 BEAE A 90 U129 3L T wir T sk
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i
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AFRIC R K6 min, BT2 miny/s BOE R B, J5
4 min ) Ge it F AL T APRAS 1 e B (BP F ERT R .
1.5 Hm¥EE

TEAT MR A5 R 24 ), St/ SREAT BR EREL
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T80 °CUKF & H . ML/ BEHLEE 6N, %
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J St TSR U o KN BRE T KA B PR e
SrEMAL. KR R NR M AHLRNE T 4% 2 %
FEE VAT D, I 5 24 h, FT HEGL (O 8 K g
o W4 M D A LURNIRAFE , BT -80 °CUKAH,
NG 5 Western blotAll ELISAKG M HAE . LA, K
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D H BT mR AR g
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F IR ARG B 4.5 min, #2345 DL E KK 5810 min, 74
R OIS0 s, Bl EORK P10 min, 2 540
Jett 1 mine SERUBRELK . FE EISEE, H
rR R e A, B )5 H Nikon Eclipse E100% 1 &
2 BB S D H S AZ TS .

1.7 ER#eE

B 169 1l 25 Lp (R s ), A P 8 IR g
40 min, 2 5 FHZ&/KMHEET min, 7 PL9S% L EEHEAT
oAb, B ZWIREY , & E AR R E R
Ao ¥E 5P B T Nikon Eclipse E100
BOEERFRAEE T, WE/NRIED CALXIRT B
METEAS 524k
1.8 ELISA#&

R AR LA TIK BRI ARG, BT 4 °C
WEER, BA1 500 o/minff) 3 50 20 min, Fifif5HCE
TER . TR SR E UL, A BRI S H 2
5-HT. DA. NE/KF-, DL Ifi&+ CRH. CORTHI
ACTH/KF-.

1.9 S/RELRE

HULSH2 B v TH 41, d R S e iRl &
HIR, AL BIRIR G G ROGIRIEAZ 14K, INCIR=E
BN TR, BINDREIRE . B LRERK. F
PER RS (442 ), Nikon Eclipse E1007% I &
HeF BB FA R H Image Pro Plus® 4443 il S 44
CAIXHEAA M2 TTHIM R4y 3, THERF10 pm Sk
1.10 EHRZENE

BOLSHERAF N RS, K EIMANEH
R A1) 7] 5 Tl R A 1) 7 1) RIPA SRR, 7857
WHEEE) . B)E, BHN SR AEW T 4 °CHKMHET
1 500 r/min® 0> 20 min, Y4 LiHH. I BCA%

e ST e TR R A FE IR . 48, X
AR AT T e SR R B — SR TR e T e g e e
W, Z G ENZ PVDFRE L, 5 5% AR 2F =
T L2 ho B S 73 AN — 3t PKA(F B L
1:1 000). CREB(#i¥:LE 1:2 000). p-CREB(FiF: Ll
1:1 000). BDNF(#i#%Et 1:500) L 2 GAPDH(#%5#¢ L
1:2 000), T4 CHEihiFEId & . KH, FH TBSTH
JIES 3UR (BFIR 5 min), FEINN 3T (MR EL 1:5 000) T =
FE2 he WES ARG, FIXHTBSTHE 3K (B
5 min), ¥ INECLAL 5 KGR R 82 A, 18 H Imagel #X
PEIEAT K BE S AT
1.11 FitrZESHh

KA SPSS 23084 AT 5 B A S 46 £ i i3k
TR0 0. BT A SR SR 5 I M IEZS 704 2
J7 3%, UAIBIMEEFRE 2 () T . ZAHFEARIIELL
R BN T 22 93T (One-Way ANOVA) S, 41
i) 22 52 33— K H SNK-gfa %6 . DA P<0.054 % 73 2
BRI R

2 R
2.1 FENRITAFRIELE

5 ControlZHAHEL, CUMSZL/IN BRI 7K (i 1R
0 R, B SR AN 9 i vk S 6 B 1 I [R) 553
ZEK (P<0.05); 5 CUMSAAHLL, L-PXZLA1 H-PX4L
(TR 7K Al U 26 S 25 3, R S 6 AR i e ik S 58
1l A TR) S 35 48 45 (P<0.05); 5 L-PX4LAH EL , H-PX
BB K D e 26 S0 25 S 0, B SIT 6 R A VI K
S 1 I TR S 2 4 46 (P<0.05); 5 H-PXZALAHLL,
H-PX-+H-892H /™ B (R4 7K (i 4 28 4 35 PR AIG, R sk
65 R 55 8 Y K S 6 e 1B (R 3 AE K (P<0.05); L
*1.
22 RBENRBEHELARLPFLEERILER

Control ZHifF Ty ZH A [ h 22 e 25 40 52 4, 2
HE % HA 7, f0MA% A G (5 70 A 35 50 — 8
TMCUMSZH 2 21 B S5 Fr v 5 40 U 3 AR AL, T T
PREE TR BRIG 55 . HEFITET, A0 A s IR I, 4
¥ 2OE GRS . L-PX4L5 H-PXA i 402 0
HEPIE LA BT, @i T8 5%, HAnM B A B
/N 7E H-PX+H-894H 1, /N R i 5 H 2L I i IR A2
FERH-PXA R ENE, WLEI1A.

HE— P M e [K/MA, ControlZH H ) JE K/
IR RIE M 58, R IEH . CUMSZ N H K &
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Je IR/MRTE RIS, B Gtk , HEFI AL
=, L-PX4 5 H-PXAH CUMSHAN A & JE K/
R AR R, LEE R AR 53, HEF RO IR . 7R
H-PX+H-894 H, J& [/MA I IR AR B 45 H-PX 4 B
WneE, WEI1B.
2.3 BLANFEIEDHELS-HT, DAKRNEKFHILLE
5 ControlZHAH b, CUMSZH g T 404 4 5-HT.
DA [t NE/K-F i 2 [£{% (P<0.05); 5 CUMSA
tt, L-PXAHF H-PXA ) 5-HT. DA} NE/KF &
FTFE (P<0.05); 5 L-PX41AHLEL, H-PX4Lf#) 5-HT.
DA} NEJK V&2 Jt 5 (P<0.05); 5 H-PXZHALL,
H-PX+H-8940 ) 5-HT. DA J NE/KF &2 &%
(P<0.05); .32,
24 FHDNRBEZ TR RIS ERIELE
5 Control 2L b, CUMSZH i T 4l 28 5o W 5 ik
B8 IR 2 PRIK (P<0.05); 5 CUMSHAALL, L-PXZLAN

H-PXZH [0 9 o5 5 4 25 38 i (P<0.05); 5 L-PX4H
FHEG, H-PXZH B 505 2 6k 2% 38 0 (P<0.05); 5
H-PXZH A EE , H-PX+H-892H B W 5 ki 257 i B 2 PR A
(P<0.05); W33, 2.
2.5 ZENRIMECRH., ACTH. CORTEER
Ebis

5 Control LA b, CUMSALIML{EH CRH. ACTH.
CORTH & B3 B (P<0.05); 5 CUMSZLAHLL, L-PX
HATH-PX4LH CRH. ACTH. CORT; & i & F#IK
(P<0.05); 5 L-PX4 ML, H-PXZH [ CRH. ACTH.
CORT & & I Z P& K (P<0.05); 5 H-PX4LM L,
H-PX+H-8941[¥)CRH. ACTH. CORT- & & & 1
(P<0.05); W.3%4.
2.6 %&4H/NFEcAMP/PKA/CREB/BDNFIE %48 5%
EBFEKFERLLE

5 ControlZHAH EL , CUMSHLifE & 441y cAMP

®1 BENBIATRF IR

Table 1 Comparison of behavioral indexes of mice in each group

il 7K AR 15 22/ % B SR LI ) /s SR IELE K S B LE I [F)/s

Group Sugar preference rate /% Immobility time in the tail suspension test /s  Immobility time in the forced swim test /s
Control group 76.25+5.83 78.94+4.65 80.45+7.59

CUMS group 40.01+4.36* 162.42+14.26* 175.34+18.99*

L-PX group 51.23+£5.77" 131.87+11.59" 140.78+15.29%

H-PX group 66.14+5.63" 96.34+7.53% 101.32+9.65"

H-PX+H-89 group 53.81+4.39" 123.76+£10.59" 137.26+10.08"

F 85.790 30.467 96.693

P <0.001 <0.001 <0.001

#P<0.05, 5 Control 1 LL#%; *P<0.05, 5CUMSHLLLEL; #P<0.05, SL-PXALLLHE; VP<0.05, SH-PXALLLEL. n=12, ¥ts.
*P<(.05 compared with the Control group; “P<0.05 compared with CUMS group; “P<0.05 compared with L-PX group; " P<0.05 compared with H-PX

group. n=12, ¥+s.

(A) Control group

(B) Control group

A: HE4:ff; B: JE IR,

A: HE staining; B: Nissl staining.

L-PX group

H-PX group H-PX+H-89 group

H-PX+H-89 group

7s

Bl BENREDALARNFRELERIELR

Fig.1 Comparison of histological staining results of hippocampus of mice in each group
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®2 BENRIEDELAS-HT. DARNEKFMELE
Table 2 Comparison of 5-HT, DA and NE levels in hippocampus of mice in each group

415

Group 5-HT /pg-mL™" DA /pg'mL™" NE /pg'mL™"
Control group 261.34+19.82 88.46+7.12 136.89+10.57
CUMS group 183.23+12.49% 32.10£2.63%* 57.94+3.71%*
L-PX group 209.41+15.27* 46.89+4.41" 82.76+6.95"
H-PX group 241.05+18.67* 72.37+7.53% 115.32+10.01%
H-PX+H-89 group 205.71+16.34" 50.39+3.94Y 90.69+8.46"
F 20.502 99.799 80.189

P <0.001 <0.001 <0.001

*P<0.05, 5 Control AL #4; “P<0.05, 5CUMSH LLAL; #P<0.05, SL-PXALLL#K; “P<0.05, SH-PXA LEL. n=6, X+s.
#P<(.05 compared with Control group; *P<0.05 compared with CUMS group; “P<0.05 compared with L-PX group; “P<0.05 compared with H-PX
group. n=6, X+s.

R"3 BLE/NRANEZ TSR R EEER

Table 3 Comparison of dendritic spine density in neurons of mice in each group

Rl TP JEE (1510 pum)

Group Dendritic spine density (per 10 pm)
Control group 11.05+0.89

CUMS group 2.64+0.37*

L-PX group 4.97+0.53"

H-PX group 8.724+0.92"4

H-PX+H-89 group 5.53+0.61Y

F 135.208

P <0.001

#P<0.05, 5 Control4l lL#5; *P<0.05, 5CUMSHLLLE; ©P<0.05, 5L-PX4LLLE:; VP<0.05, SH-PXALLH . n=6, ¥ts.
*P<(.05 compared with Control group; “P<0.05 compared with CUMS group; ©P<0.05 compared with L-PX group; ”P<0.05 compared with H-PX

group. n=6, X+s.

Control group CUMS group L-PX group H-PX group H-PX+H-89 group

F 7 HERR AR 22 TT I T
White boxes marked representative neuronal dendritic spines.
E2 F4H/NRIBE TRISSIRE E RILLE
Fig.2 Comparison of dendritic spine density of neurons of mice in each group

%, PKA. p-CREB/CREBMIBDNFEEKTEE 3 171

PR (P<0.05); 5 CUMSHALA L, L-PXZLAIH-PX 41 JE J3 & IIARE KA R FE M B 2 . CUMS 2
cAMP & &, PKA. p-CREB/CREBFIBDNF#iA /KT — PR IZ Bk AR RE S VDG A T v, T KRk

BT E(P<0.05); SH-PX41AHE, H-PX+H-894H () TN AN R AR B2 SO 58, Ak xR e . BT R
cAMP & &, PKA. p-CREB/CREBFIBDNF#i% /K BLUA K H B AR S ST BB 5, BRI A RO R K
BERT(P<0.05); W#E5. 3., WAL TR 98 R N OIS U, g T A4 S 54 4% s B AR
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%4 BENRMBECRH, ACTH, CORTEEMELE
Table 4 Comparison of the contents of CRH, ACTH and CORT in serum of mice in each group

25

CRH /pg'mL"' ACTH /pg'mL" CORT /ng'mL"!
Group
Control group 69.59+3.12 58.43+3.52 179.94+6.27
CUMS group 102.67+5.29* 79.82+2.97* 238.76+4.54*
L-PX group 89.73+3.37% 70.54+3.23" 209.48+5.37%
H-PX group 73.25+4.05" 63.79+3.07% 185.63:4.29"
H-PX+H-89 group 82.34+4.26Y 71.08+2.92Y 203.18+3.95Y
F 126.156 79.265 263.116
P <0.001 <0.001 <0.001

*#P<0.05, 5ControlZfl LL#%; “P<0.05, 5CUMSHLLLEL #P<0.05, 5L-PXA HLEL; YP<0.05, SH-PXALLLHR . n=6,Xts,
*P<(.05 compared with Control group; *P<0.05 compared with CUMS group; “P<0.05 compared with L-PX group; “P<0.05 compared with H-PX
group. n=6, X=s.
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Table 5 Comparison of cAMP levels of mice in each group

151 .
cAMP /nmol-L

Group

Control group 1.65+0.11

CUMS group 0.86+0.09*

L-PX group 1.15+0.10"

H-PX group 1.47+0.12%4

H-PX+H-89 group 1.22+0.08"

F 54.324

P <0.001

#P<0.05, 5 ControlZH FL#%; "P<0.05, 5 CUMSH L4 #P<0.05, SL-PXAHLLE; VP<0.05, HH-PXA L. n=6, Xts.
*P<0.05 compared with Control group; “P<0.05 compared with CUMS group; “P<0.05 compared with L-PX group; ”P<0.05 compared with H-PX
group. n=6, X+s.
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*P<0.05, 5 Control 41 LL#Z; “P<0.05, 5 CUMSHL LA #P<0.05, SL-PX4LLL#; “P<0.05, SH-PX4ALILEL. n=6, ¥ts.
*P<(.05 compared with Control group; “P<0.05 compared with CUMS group; “P<0.05 compared with L-PX group; *P<0.05 compared with H-PX
group. n=06, X*s.
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Fig.3 Comparison of the expression levels of PKA/CREB/BDNF pathway-related proteins of mice in each group
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