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Abstract

Objective: The rat chronic unpredictable mild stress (CUMS) model is one of the animal models
commonly used to study the pathogenesis of depression, and sleep disturbance is a common con-
comitant symptom of depression. In this study, we analyzed the Electroencephalogram (EEG) sig-
nals and sleep structure changes in CUMS rats to provide a basis for the application of the CUMS
model to the study of sleep disorders in depression. Methods: Male SD rats were taken and divided
into the control group and the model group. 7 types of CUMS were applied for modeling, and beha-
vioral tests were conducted using the sucrose preference test, the forced swimming test and the
open-field test to evaluate the depressive-like behavior of CUMS rats. Wireless telemetry EEG
technology was used to collect and analyze the EEG signals in the CA3 region of the rat hippocam-
pus. Results: Compared with the control group, rats in the CUMS group showed decreased sucrose
preference rate, increased forced swimming immobility time, and decreased number of crossings
in the open-field test, total distance and rearing behaviors. The analysis of the EEG data showed a
significant increase in the Beta and Theta occupancy, an increase in the WAKE occupancy, and a
decrease in the REM and NREM occupancy values of the rats in the CUMS group. Conclusion: The
EEG and sleep structure changes of CUMS rats and clinically depressed patients are in good
agreement, which can be further used for the mechanism study of depression accompanied by
sleep disorders and the evaluation of drug therapeutic effects.
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1. 53|

FIHIRE A2 —Ff B 2 PP R 36 T B0 AP0 T SR MEAS A B AT 0, DURRERIE G IRTE . RN 22, MRk
SONFBIGARFFEL], AR EZRE LTRSS, BN F A BRI ™ B g5 2] ARYEH A T
AR, AR 2.64 CNEAEEEVE, FEFIT 80 AANER, RERASLTIE K
BRI[3]. SUVARSE A 53 P 2 BERIAE RO AL . IRIKRR I 697 R TS 557 T A [F[4]. SR SE
(R CVRE R BRI 25 44 256, B0 FEREAR R MEZEIR . AR cHRANFER, DL SRR, a0 B RIE 7,
FWLREE L 9 SN TP I LR EAE IR 59 [5] . 2 HUEFE AR IR AR 2 B 2 R I H BEAR RS, 5
FIABAEIRAH FLRE MR [6] . W FE RN, 40%~50% [ KR B # & H B A HARKE B [7]. 76 1 DU O R
HE B S B A I PR TT 70 X 160 451 2k M i 3 42 2 B MRS B M0 T 2 ) AL VP A i R B 93,29 1) S A7 AE
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FEJE AL, b AT RE (B3 15 08 ) AFAE AR 1 E AL AL « A A7AE ™ AR EL 7 3 ) 76.3%+30.1%.
9.6% [8]. [Alitt, Xof T HVARIE MRS, K4 PRI 5 A& VA T7 $VAISRE M 8E G o 408 IR P A 1Y) K A I A8 ) DG B o

RN IE BRI A A A B B JEBLIE AR 2/ (Non-Rapid Eye Movement Sleep, NREM)HERR
FERIE IR 1 (Non-Rapid Eye Movement, REM)HEAR[9]. i B IEI(EEG) & Kt & uigshr=AE Mz 5, 7
DA AN FRE SRS N RIS S)[10], W T X 73 5B (WAKE). NREM 1 REM BEHR[11]. FHAE
N—FRTEER . 2 MBI D RE VAl T B A5 S FHAEAAR RS R 0 ZR80E 58 D\ R B b S5 T 1R A B2
TS

T8 AN ] 00 4 E N34 (Chronic unpredictable mild stress, CUMS) R & H1 5 1 3 BRI AR R A AL 2
—, o AR AL SE AT A N SRAMARRE R Am L, 2 — AN SR Sh AL [12] . A% b, )
WA I 52 B AN R F R0 3 R S S 1 e A, DT R AL L R 2 ) S R PR PRI = SRR R AR O
WKy BN RS NRIMACEIT A BABLR AR [13]. CUMS /N BRIP4 SR T, L S AR T (1)
1 NREM HEAR I (8] 98/ [14]. {H H BIERA XS CUMS K 5 HEAR 45 14 1) SEES 0 7%

AL, ASHEFEE 6 CUMS K U LS S TR, #RZE 7 CUMS B AL K B FAE 5 S MR 45
FIRIAEAL, AR S F T AT ik Rl R s A B 42 (AR HE

2. MRFAEE
2.1. scHEn)

SPF it SD KR 22 H, fATE 250~280 g (W H Hr DARAEME ARG RAF]), A VFaiES
SCXK(3%) 2019-0010. 7% SPF zh#n 7, iRFF 22 +2°C, W/ 50%~70%, Y& 12h, fFHEH#E
K, TERLPEMEFR 1 JE HEAT S8 o BT s SE I8 1548 25 1 25 25K 24 sl AR B S 36 2% B 2 v (ke 5
R-062023026).

2.2. Zm5iRH

SACE SR (LS 21032628, 75 2 5 P AUES 25\ VA IR A 7)) RERE(ILS GB317, BT HAEX & f
J ) FEEEEES 20092301, EHVRMEAEGTAEIRIERAE). B ETFOKIIVTERELS 202106, L#EEST
B A PR A F]) o

2.3. {437

SR E LA (LS E03566, IikfEA: R A R AR /ANShPIREEHLAL S R5401E, HiikiEAd: iy
BHE B R AR mE S & (kS BW-SHDI08, LilfkfERIB R EARAR). HrizEasdts
XH-W2140, (L7 RMEHEAF]). #iaFkEE#HES DOIT02-FS-G, FigME(E R AR A ). &
AL B (b5 DoiT02-TS-M, EigifE BRHA R AR AHE S LR RGN 5 MX2, KHE
DSI A #l). TLfE5 REZRG (A Ponemah, £[E DSI AF])—i@#iE DSI H% (%5 FS0EE, 3£ DSI

NG
2.4. TR
¥ 22 HAEREMErE SD K BRBENL NS EOR IR AL (CUMS) 4L, 4] 11 H, BRI R R

CUMS I # 7 ik BEAT AR ), A5 21 d Ji5 Y s a3l vk S 46 I CUMS A 53 2 15 i 2y 41K
8 HAWIHITIE KA 28 d AT 957 5k4e, SRR 3 KRR T i e Hedh R 2k
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2.5. CUMS #&EEI By S 1)

FHESCRR I 7 VA AT CUMS I8 AR[15]. 75 N 41 7 FAS 8] (ol R R 8o BEATLREH 1 Fofil s H R 1
W, ek 28d. 7 RHIEY BN © 0°CUK/KIFK 5 min; @ BREIE 24 h; @) kK. kK 24
h; @ KE 1min; & 45CHUKJIK 5 min; © WIRIIE T 45° 24 h; @ WRHEHMEL 24 ho IERZE RS XK
RHEAT HE K R U 256 . SRAE JE PR SO AN 3 500G, B AR 1S T

2.6. FEKIREFSELE (Sucrose preference test, SPT)

KRR EEEK 24 h ]G4 T 1 1% (WIV)FITERE KSR 1 ZE1EK, 4 h JERREAmKEE, it
HRRTE 4 h WEEFEKTHAE R, THEEMH M. MR = EREKIEFE/ERKERERE + KIEFE
) x 100% [16].

2.7. 3BRiBiHEKSEEE (Forced Swimming Test, FST)

TEIRIE N 40 cm, B4R 18 em (KR FFBEAT IR . 1038 K RAE K EF L AR ShiN 8] [17]. & R sh¥
TR 6 min, BT 2 8 NEhIEN, CESIE 4 min FEF LSS A .

2.8. H#3ELE (Open field test, OFT)

PR BRZEEAZEK 12 h G AW A5G0 O, N ST NURER B /341 R G RS0 % K RATEE 5
min, BEJEECH K R 75%3F0S 25 BR AR AR B A% . 10K I sh AN aRE BB S, KBS N K RS
FEES(m), S 3N K BB BRI, SE B 2 F[18] .

2.9. EBEBEORES S

187 1.5%3K 5 1) 57 b 175 5 K BRUBRIE F LA 1% P03 5 5 S ORI o 447 K B0 Sl 3408 ol 5 7 i S A4 e (v A L,
P2 MR, B S B K BRI R, 5 58 i, P v i 4 A L 4 P e, AR R N K BRI  CA3
[X(AP: =3.6 mm, ML: +4.2 mm, DV: —3.8 mm). J& {4 3585 7-/K 17T [ 2 Bbl,  fp K SRR B J5 N
TGRSR, WA T d f5 TR AR RS . £/ Ponemah SR&E RGURE SRR 24 h (1w s £ H
{8 F Neuro Score #EXT ixi HUE S AT 7047 155 REL WG R KR ALSE, B e 8 M2, WLE M
AN B 75 HE A

2.10. Hiw®STSAIE

SKIGEAE A LI EME + FrifEZE(Mean £ SD)RIR, IEAMG H 7 2554, WAL EEBCR ISR A t
K%, J7 AR RS HRL, P<0.05 K ERAASIHHEE L.

3. HR
3.1 PEKIRIFEHEER
CUMS £ K B3 B f7 20405 1E 5 of B4 S22 FAMIR(P < 0.01), Z5 LI 1.
3.2. RIEHFIksELE
HIEHEXIRAMEL, CUMS KR LA S a4 (P < 0.01), 455 WK 2.
3.3. BHiFsCIe
HIEFXT R4, CUMS KR 2 8ut% T4, sl i 58 CEoRb (P < 0.01), 4RI 3.
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Figure 1. Results of sucrose preference test in

CUMS rats (y£SD,n=8)
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Figure 2. Results of forced swimming test in

CUMSrats (¥ +SD, n=8)
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Figure 3. Results of open field test in CUMS rats ( £SD , n = 8)
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3.4.1. CUMS XFRH) Beta/Total SFRIE
HIEHEX BAMEL, CUMS 20k 5 Beta/Total {214 & (P < 0.01), 455H LA 4,

C
30+ (©)
o
0P
204 [0
10
*%
[
oo
0 T = oy =
Control Model

(c) Btk %L

DOI: 10.12677/hjbm.2024.143054

506

YR


https://doi.org/10.12677/hjbm.2024.143054

CBE S

-e- Control
- Model

25+

Beta/Total

I I I I I ] I 1 I I I
O O S S S S
NV QR a0 @ AV F S W
Time(min)

v HIEWEAMLE, "P<0.05 “P<0.01

Figure 4. Beta/Total frequency change in CUMS Rats ( 7 +SD , n = 3)
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Figure 5. Theta/Total frequency change in CUMS rats ( ¥ +SD , n = 3)
& 5. CUMS AR &Y Theta/Total $ZRIE{( 7+SD , n=23)

3.5. CUMS KR RIEIRG M
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Figure 6. Structural changes of sleep in CUMS rats ( 7 £SD , n = 3)
[ 6. CUMS KR HBERRZ5H T4k ( 7 +SD , n=3)
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Figure 7. Structural changes of sleep in CUMS rats ( 7 +SD , n=3)
B 7. CUMS KR HIBERR 5T (7 £SD , n=3)

4. ¥1ig

CUMS #5238 3 5 ik R S AN K 1 B TR A AN ] B R REER B o, SR PR BRI SEIR, H B
F FST. OFT F1 SPT Zsibif i HoR Fis i Ak Il . FST a3 s U6 Sh 4%t I F7 0 SN, 3 AT RG0EAil 24
Vs 2 IRAS I TE 2 M BRI VE I [19]. SPT W] FH T PRk ah P bR sk SRtk S AR FR I, (e e i) shAid o
B R R (S ROk, T DI SRR (14 Zh P mT B B R0 1) 5 G FE B B AIR[20]. 76 FST o, K3
WIRON TC2308 it R0 2 A PR ik, 6K SRR . 28I€. Wk BT AE % (0B TR) 2R 47 . ASBh2 KR4
BEAT R —FERIL, SRR BB 2RI A I, B E U E M Zs Y, RRIIA
BN A2 IR 2D, WUk, BEIRAT NI IN[21]. OFT A JE BRI F S 3k N 57 P88 4725 10 22 AR 4R R 0
B, AR BIRE S IE G, AT VPG WG U B RIS SRR AT N LR AMARIRES [22] . s raKF
IBH(BEhEEAT) e ML [ GBI /7, BB B (5 5T S5 8 ) s i L X 7 A A ) D, REUNIR AT N -
AL S LE RS R IR BRAT NS D, HARRIEY 35250 rh Kz s RS iz 2 5 15 A T2
FEPEPRK[23]- CUMS K BRAE FST A (i ki (8] B 5238 0, 9/ 778 OF T w27 ks 74 SRS shBE 85
BT R LA B i 22 . 1X R CUMS K BROG I f5 R I B B AR ATy, W T 5 2R 9T

i FiL P SRy — e 7 b 22 KRS P s AT b o IR 2 079, Ol A A e S 2 P e 1 1 R T AR
PERLIE S, IR KN T RES A A L, 4 V2 T A0 AR AR AR PR 3 A 75 [24]. Beta 35 HBILTE Bk
R B, SAMEE, 23, SIS B3N J5[25]. Theta /21 S 1 H A 2%
SER NS EAC B DGR [26], LB — AT R AR R A AR EN[27]. Theta P28 A J0-1% 44 ib
PRI AR NI R A AR AN, R A AR AR B S R B A, AR S T B A B R AR B AC AL I A
[28]. AR FTARE IS 55 1) Beta A Theta 1& 2402 5 b2 B R 1 IN[29] o FHICAE 26 35 B AR B A5 (1) AR AIE 14
AL ALAE BEARE 22 1 25 6L . REM BERR IS [A) A1 NREM BRI [R] 80 [30] 0 — I500F 3R Sk Jos A\ RIS &5 #4) 1)
Fu[31]. AW, HIEFEXIRAM, CUMS 4K Beta Ml Theta (5 LL RIS, FE] CUMS HIARAR
AR SR US4 R AT EAS . R, CUMS B K B WAKE I [a] ZEK:, REM F1 NREM i 8] $45AS [ 2 i 45
Ji, AR ZE R 00 K BRI B AR A, 5 PR AT 28 2 R IR 465 440 72 A LA AR B

5. &

AHTFLE LT CUMS K BRI RS S5 BEAT AL, 2047 1 CUMS SIVAIASE 2R K Bl 0 FELA 5 2 BRI 4 ) ) A
e, KB CUMS KRR 5 i RIS AE &35 1) EEG ANBE RS #4220 A B — Bk

E&WE

B X [ 48R3 400 H (NO. 82060823) -
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