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BEEET Culdl (¥P<0.05) , 11 JAAMA/NUAEZER LG I#E X (¥ P>0.05) . 11 &5 CUMS 4/ il
RS ) ALK PR A A B T Crl 4/NBL (25 P<<0.01) , 4R /Rt sl, A8Ih)E, CUMS 41/ R gz
IR EEBA F AgRP mRNA . OXIR mRNA ikt 5 T Ctl 41 (# P<0.01) , M EHAF LEPR mRNA 23k 51K
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Effects of chronic stress on hypothalamic appetite-regulating factors in mice
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[ Abstract | Objective To explore the effects of chronic stress and stress cessation on hypothalamic appetite
regulators in mice, and to explore the stress-dependent mechanism of appetite change. Methods A total of 32 male C57BL/6
mice were randomly divided into control (Ctrl) group (n=16) and chronic unpredictable mild stress (CUMS) group (n=16).
The mice in the CUMS group were given CUMS to establish the stress model, and those in the Ctrl group were fed normally.
The food intake and weight of mice were recorded. The CUMS model was verified through tail suspension experiments and
forced swimming experiments. Eight mice in the Ctrl group and 8 mice in the CUMS group were randomly sacrificed at the 12"
week. The Ctrl group was re-grouped into the cessation-control (C-Ctrl) group (n=8), the CUMS group was re-grouped into
the cessation-stress (C-CUMS) group (n=8), and the mice were sacrificed at the 15" week. The mRNA and protein levels of
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appetite-regulating factors, including orexin 1 receptor (OX1R), leptin receptor (LEPR) and agouti-related protein (AgRP) in the
hypothalamus, were detected by quantitative polymerase chain reaction and immunochemistry. Results From week 2 to week
11 of stress, the food intake of the mice in the CUMS group was significantly higher than that in the Ctrl group (all #<<0.05),
while there was no significant difference in body weight between the 2 groups within 11 weeks (all 2>0.05). Compared with
the Ctrl group, the immobility durations of forced swimming and tail suspension of the CUMS group were markedly longer
after 11 weeks (both P<<0.01), indicating successful modeling. 4gRP and OXIR mRNA expression in the hypothalamus of
the CUMS group was significantly increased (both £<<0.01), while LEPR mRNA expression was significantly decreased
(P<<0.01); AgRP protein in the hypothalamic arcuate nucleus of the CUMS group was significantly higher than that of the Ctrl
group (P<<0.05), and LEPR protein was markedly lower than that of the Ctrl group (P<<0.01). However, after 3 weeks of stress
cessation, the C-CUMS group had less food intake and lower body weight than the C-Ctrl group (both £<<0.05). The LEPR
mRNA of the C-CUMS group was significantly increased (£<<0.01), while AgRP and OX/R mRNA were not significantly
different (both P>0.05). There was no significant difference in AgRP protein levels between the C-CUMS group and the
C-Ctrl group (P>0.05), while LEPR protein level of the C-CUMS group was significantly higher than that of the C-Ctrl group
(P<<0.01). Conclusion CUMS can lead to increased appetite in mice, which may involve the functional regulation of LEPR
and AgRP. After the stress cessation, the appetite decreases, which may involve the functional regulation of LEPR.
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1.1 A egEzs 54 C57BL6 /MR,
PE, 6~8 JElE, AT 18~22 g, 1 A EHESE
s A B E [ s A =Vl iE S . SCXK (97)

2018-0004 ] $2Ht, Kr/NEBEHL A F XTI (Ctrl) 4H
(n=16) FNi% (CUMS) 4 (n=16) ., /NETE
12 hOGHR /12 h SRWEPESR . TR 20~25 °C . AHXHE
FE 65%~75%. A HEE KK FMANEFE 1
JE A TS

CUMS 4 /> BB SR BE ML AEA T 7 Fh B2 (B
Dal O Lo U I S A TS S IS A /1] N
SEOGHE S 36 h ), HELE 11 JH, #37 CUMS K
R, XRRALIEE R SR, e/ R e E A,
T Aok R S R 3 9 UK S B A T /IS ERAM AR AR A T
R, R RLR S E N N AR e (5
12J8) , NP FEALE 8 H/NRIRE M. T
FEidHEt; PIZHATIATH 8 H/INEE T gm ] R 1o ik
51k (C-CUMS ) dH RN #fs IR XTI (C-Ctrl ) 4,
kSRR 3 G, TH 15 RBCA . T g,
L2 BV 2 R P A A, BES T A
A VIR N R4S RV —80 ‘Cuk4E
TRAERFI
1.2 qPCR #m /)y S F & 2458 7 B -F mRNA &9
Fik BUNRT ERHSURLT 1.5 mL B.048 T,
JA 1 mL RNAiso Plus 2 f# i (925 9109, H AR
TaKaRa /v ) ) , i FHAL 2R EEHLAR S ; 215 &
FuKk L, A 200 uL 05 (185 67-66-3, ELILI4Ak
WAERAF ) , HilERiRGaRIZIES 15 s 5,
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4°C. 16 000X g B.0> 15 min; B 3, finA 500
uL SRR (595 67-63-0, 1 ifE A v kA AL ARk
MAERAF ), IREHL), 4 CHE 10min 5, 4 C.
16 000X g B.L» 15 min; 77 FIEW, A 1 mL 75%
CECIIARRIRBEESFRHERA A R A E ) BUkE,
4 °C 6300Xg .05 min; 7 LW, Eil T4
25 min ZJLHBH, A DEPC /K [ $5 B501005-
0500, A T AW T (L) BhARAF %
fi# RNA, $F 3R 45 i RNA ¢ I8 R % stk 7 & (1%
‘5 RRO36A, H A TaKaRa A ) H45 B#RAE, 3k
73 cDNA, LA B-WLBhEH (f-actin) HNZ, *
FH qPCR EEA /N B Fefii £ 8K 5 [ §~ OXIR
LEPR. AgRP mRNA [f) 3 ik, B-actin IE 7] 5| ¥
5"GTGCTATGTTGCTCTAGACTTCG-3', K[54
5-ATGCCACAGGATTCCATACC-3'; OXIR 1E[7]5]
Y 5-CAGGCTTTGTGCAAGGTCAT-3', JZ [ 5|4
5-CTTGAACAACAGTGGGTGGC-3% LEPR iE[W]5]
¥) 5-ATGACGCAGGGCTGTATGTC-3', [ 5|4
5"TGGACTGTTGGGAAGTTGGTAG-3'; AgRP iF
i) 5] ¥ 5-GGAAGCAGTCACGTGTGGACCC-3',
K1 5149 5'-AGTGGAGCCACGCCCATCTGG-3",
PR & (595 RR420A, H7 TaKaRa /A ) it
H-BECHIY 14K % (20 L) : TB Green Premix Ex
Tag 10 pL, 1E. Ia51% (10 pmol/L ) 4% 0.4 pL,
ROX Reference Dye I (50X ) 0.4 uL, DNA #A
2 uL, KIE/K 6.8 uLo A4 51K 2 43 il A\ Bk
%, I QuantStudio 1 25 & PCRAY (55 [FF§
BROCAE]D) AT, SRAT 27 B H Y3
FOEERS Sy s

1.3 SR gF ek ) KT Lk AgRP =
LEPR & &ty ik HWUNREMALY F, &=
2K, oK LB, 90% L BE. 80% L BE. 70%
P i 2= /K J5, I PBS G218 k% Ve 5 IR Bk
3 min; ZFR N TEER R 15 min, ] PBS 2%
MEPRH VRS 6 . BRI S min; 033 & Wb I T HT
JfAES, IR E T KIS Y 20 min, BAIRER
J& F PBS 2B IR AR 6 IR, BFK S min; AW
TP AL P B BH TR (3% ik AL AR ) I
15 min, ] PBS Z¢& %7k 5 . AKX 3 min;
KHWEMEEZR FFE 10 ming AR RS
f)—4T (LEPRFilK: 25 20966-1-AP, i — /&

EYHARAIR A A, AgRPHILR: 175 ab254558,
Yi[E Abcam A H] ) , 4 CHWFENLR; 552 RAEZER
N2 30 min, JH PBS 2R UEEE 5 K. I
3 min, PEEAREEMW—P; MMAX R —HiFhE—
Lkl (525 PV-9001, b iz &R A
BT ), ZEIRIEE 25 min, F] PBS S8 HR%5VES
59K, K 3 min; HIA HRP FRICHIEEEE N 285,
FEIMEE 15 min, FH PBS 18 PR DRI 5 K.
UK 3 min; EOEINATE HBIRE B DAB B AF], =
EIFE, 6 S P 5~15 min, K&IE L
A HSRAKHZOE B4, F PBS 124G 1UERR 5 K.
FHR 3 ming FATRAKEGLZ 30 s; A 5% KRk
30 s; WK MPE 1 h; 70%. 80%. 90%. 100% £, &
Sl 30 s; HHORIRIE 1 ming HPERIIEE .
1.4 %54 ) GraphPad Prism 8.3.0 #ff
PEATEAE BT N2 B, 52 IE A0 A0 1 T R
+s Feow, AT AL IE] Y B AR A ST RE AR ¢ K
5. KgKHE (a) 24 0.05,

=I

2 # B

21 CUMS /D RBEZAKZINH®m CUMS
MRS 2~11 A BB E RS T Cald (1
P<0.05, K 1A) , 11 FNPA /N A 25 7 058
TR (¥ P>005, K 1B) . Ailre, 510
03 R, 45 15 A C-CUMS 4/l B2 /b
T C-Ctrl 4] (P<0.05, K 1C) . 5 11 J& Bf CUMS
N Cul /N RIAE 22 5 ST 2 L (n=16,

P>0.05, K 1B) , {HC-CUMS 4155 11~15 Ak &
PET C-Cul 4 (n=8, ¥ P<<0.05, K 1D) . L\ I
Z5RRY] CUMS X/ U B RCH 25200

22 CUMS AR B 4E R T8 R 55 5 o 38 Ui
VKL B PE /s BUMABREAT Ry, CUMS 4 /)s B Ak
J& AN By B[] 1K rp S R B ] 3 KT Cerl 41/ R
[(42.8248.07) svs (26.48+6.44) s, (223.01+%
14.27) s vs (165.12£20.39) s, ¥JP<<0.01] . LI
R A R R YN B T W) WA AR T

CUMS AR EE K]

23 CUMS & F w2 % P A skl B F &
HegHea qPCRAZINZE R (£ 1) BIiR, CUMS
ZH/NEUT k422 % OXIR mRNA F1 AgRP mRNA
FIREE Cul 41T+ (¥ P<0.01) , LEPR mRNA
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Fig1 Changes of cumulative food intake and body weight of mice in each group

A, C: Changes of cumulative food intake; B, D: Changes of body weight. "P<<0.05, "P<<0.01 vs Ctrl group at the same week; “P<

0.05, ““P<<0.01 vs C-Ctrl group at the same week. =16 in Ctrl and CUMS group, n=8 in C-Ctrl and C-CUMS group, X*s. Ctrl:

Control; CUMS: Chronic unpredictable mild stress; C-Ctrl: Cessation-control; C-CUMS: Cessation-CUMS.

F1 PCRENEHNRT EMARF AT EFH
mRNA X RIEE
Tab 2 mRNA expression of appetite-regulating factors
in hypothalamus of mice in each group detected by qPCR

n=4,x*s
Group AgRP OXIR LEPR
Ctrl 1.000.09  1.00=0.14  1.00%£0.25
CUMS 1.50+0.147  120%+0.117  0.58+0.24"
C-Ctrl 1.000.18  1.002£0.14  1.00%0.16
C-CUMS  0.92+0.16  0.99+0.11 1.37+0.29%

"P<0.01 vs Ctrl group; ““P<0.01 vs C-Ctrl group.
gPCR: Quantitative polymerase chain reaction; Ctrl: Control;
CUMS: Chronic unpredictable mild stress; C-Ctrl: Cessation-
control; C-CUMS: Cessation-CUMS; AgRP: Agouti-related
protein; OX1R: Orexin 1 receptor; LEPR: Leptin receptor.

B H AU Qe A 25 ] R, CUMS 4/ B
T e S R AgRP B H KA KPR Curl 4715
(P<0.05) , 1fif C-CUMS 4 5 C-Ctrl 41 H %5 /N Bl
S R AgRP B (IR K- 28 57 TES T
HE X (P>0.05), WK 2, LI EgHREH CUMS
WO T /INBUT il 5 AR Y AgRP MIZETT
T PE B2 e 0 25 L R, CUMS 41/ B
I i 5 R A% H LEPR 28 A A /K48 Cerl 41 R %
(P<<0.01) , [fif C-CUMS #/NEUF Fe il 5 R A%
LEPR #& [ &5 /K P4 C-Cal 417+ (P<<0.01) ,
UL 3, DA B R B U LR SR /N BT Fe i
AR A% LEPR AJ B8 76 /> BUES A28 b b 45 G
YERL
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Fig2 Immunohistochemical staining of AgRP in hypothalamic arcuate nucleus of mice in each group
A-D: Representative immunohistochemical staining images (A: Ctrl group; B: CUMS group; C: C-Ctrl group; D: C-CUMS group);
E: AgRP positive area in Ctrl group and CUMS group; F: AgRP positive area in C-Ctrl group and C-CUMS group. "P<<0.05. n=3,
x=+s. AgRP: Agouti-related protein; Ctrl: Control; CUMS: Chronic unpredictable mild stress; C-Ctrl: Cessation-control; C-CUMS:
Cessation-CUMS.

LEPR positive area/%
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0 0 F
Ctl CUMS C-Ctrl C-CUMS

3 BHEHMRTERSIREZ LEPR REEALLFREER
Fig3 Immunohistochemical staining of LEPR in hypothalamic arcuate nucleus of mice in each group
A-D: Representative immunohistochemical staining images (A: Ctrl group; B: CUMS group; C: C-Ctrl group; D: C-CUMS group);
E: LEPR positive area in Ctrl group and CUMS group; F: LEPR positive area in C-Ctrl group and C-CUMS group. ~"P<0.01.
n=3, x£s. LEPR: Leptin receptor; Ctrl: Control; CUMS: Chronic unpredictable mild stress; C-Ctrl: Cessation-control; C-CUMS:
Cessation-CUMS.
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5512 RIS 1S C-CUMS 2H /) B B A AR
fofash, S 15 FEM S C-Cul H % S A %
T X, I CUMS /U B/l BB,

T e AN R 4 B RS A R IX
SRR 4R R RE - 90, X ERIE T A H
FEI S O E S RO S AT T T AgRP
A B GEHA RSB MR, Wk R
B B (pro-opiomelanocortin, POMC ) | B H7
JR & K AR R . R Rk
AgRP JEHE IS/ FEE T 7, EREMaEa
ARG EEAEH Y L AR, CUMS 41/
il AgRP mRNA ik it flEE 238K 5 T Curl
2H, 1 C-CUMS 45 C-Ctrl 41 Fb 4% # 7 L4 it
X, $ER CUMS /N BV RJE 5 HIL T BB 5 AgRP
AR,

BMEE—FEME RGN Z oM
SR, 5 HAZ ARG 5 B0 T U 5 %,
PSS R . SE 2 M
R AETE, BIE M E A (orexin-A) FIEHEB
(orexin-B) . EAKEKZMAEA 2 MR, B OXIR
FEAE 2 B2 1K (orexin 2 receptor, OX2R) .
OXIR HXF &M E A HAERN T, 1fii OX2R X & Hk
ZAMEHEBEAMENEMT ., SEWEB
FTOX2R AL, EAKZE A Al OXIR ZEA T 1T R
FHRMERE R, A8, EREAN ey
AR A AE R R, SEUARE TR,
A WFFE H CUMS 20/ B, OXIR mRNA 3 1k 7
Ctrl 41, C-CUMS 4|5 C-Ctrl 41 OXIR mRNA % ik
BNERLFEIFE L. X—458 5 CuMS F3
ZIN R £ e A I — 2, i/ R AR G I i AR
fbo HBEHEN, CUMS E/hRERK ETE. REAT
WAk, ERRRIRTRERIE T RHAE .

98 R (O IR D AN 43 I i —Fp 2R 1 R, Bk
e MR B R (IR EROEE RS ) 3
WHTFZ—, Bl 52z iR &7 008
BYREA, TS5 T ERF ) LEPR 1S5 &6l &

w, WliE S 2 E S SIRAER T POMC #i4:
T, PRHPAMEIE AT o- SRR MARNEE, R
IRATVEFR T AgRP B 2ot -9l H = A= e B Ak
AgRP, Sl ERIEMT . HLARRESE W FER I
AHFFE H CUMS 41/ B LEPR mRNA F1 8 [ 1Y 3
RAKEHE T Cerl 4H, 1 C-CUMS 41 LEPR mRNA
I AR KE R & T C-Cerl 4, W e 1k
Je /N BB BT B AL T BE 95 S LEPR 1% T g I
7, AR SR T A A R — DAY . — AR B
REFHRENTESBEERZ DR IEHE, AR5
RN T BN B & R e R EHI A T,
AT REER N S0 S IR S R A O, /N RN e
TSR SRR EDEL, N RERME N T FERYfiE
i, FTDVARE AN, FA TN O AgRP AT
REPNH 798 £ 5 LEPR 254, 7=4 T RIS
YEH .

2R LTk, ARWFFERIIEH] CUMS F 83U
B BT, HALG AT §E 5 LEPR Ml AgRP [ T RE 1
WA N R JE /N BB AKCT R ELIR EE AL,
LEPR W] GE7F I R 45 T HEAER .

[& % 3 #f]

(1] BR—22, % . WAl S X R 17 1 5
Wi [J]. PR ERE 2019, 9(10): 1755-1766. DOI:
10.12677/AP.2019.910213.

[2]  SIEMIAN J N, ARENIVAR M A, SARSFIELD S, et al.
Hypothalamic control of interoceptive hunger[J].
Curr Biol, 2021, 31(17): 3797-3809.e5. DOI: 10.1016/
j.cub.2021.06.048.

[3] ABDELMEGUID N E, HAMMAD T M, ABDEL-
MONEIM A M, et al. Effect of epigallocatechin-3-
gallate on stress-induced depression in a mouse model:
role of interleukin-1P and brain-derived neurotrophic
factor[J]. Neurochem Res, 2022, 47(11): 3464-3475.
DOI: 10.1007/s11064-022-03707-9.

(4] T, TN, 5, A AR PR R EOR U ik
SRAZ R R AR AL [T o R B AR B 2
7£,2019,35( 3 ):473-478. DOI: 10.3969/j.issn.1000-
4718.2019.03.015.

(5] XUBG A%, kA0, 45 . R0 B AR 3 A A X /N R
RS SRR rA UE A RN T FEWNE == AQEE/N
B0 ),2018,46( 5):77-82. DOI: 10.15983/j.cnki.
jsnu.2018.05.354.

[6] ORTOLANI D, GARCIA M C, MELO-THOMAS L,
et al. Stress-induced endocrine response and anxiety: the
effects of comfort food in rats[J]. Stress, 2014, 17(3):



e IR o

WFELEER A 20254 1 H L5 46 %

(7]

(8]

(9]

[10]

[11]

[12]

211-218. DOI: 10.3109/10253890.2014.898059.

ZHAO Y L, GAO P H, XIAO Q, et al. Effects of
stress on appetite in rats through hypothalamus and
stomach ghrelin pathway[J]. Lab Anim Comparat
Med, 2021, 41(3): 207-214. DOI: 10.12300/
j-issn.1674-5817.2020.160.

YOO E S, YU J, SOHN J W. Neuroendocrine control of
appetite and metabolism[J]. Exp Mol Med, 2021, 53(4):
505-516. DOI: 10.1038/512276-021-00597-9.

SMITKA K, PROCHAZKOVA P, ROUBALOVA R,
et al. Current aspects of the role of autoantibodies
directed against appetite-regulating hormones and the
gut microbiome in eating disorders[J]. Front Endocrinol
(Lausanne), 2021, 12: 613983. DOI: 10.3389/
fendo.2021.613983.

LEIM M, WU S Q, SHAO X B, et al. Creating leptin-
like biofunctions by active immunization against
chicken leptin receptor in growing chickens[J]. Domest
Anim Endocrinol, 2015, 50: 55-64. DOI: 10.1016/
j.domaniend.2014.09.001.

KRASHES M J, KODA S, YE C, et al. Rapid, reversible
activation of AgRP neurons drives feeding behavior in
mice[J]. J Clin Invest, 2011, 121(4): 1424-1428. DOI:
10.1172/JC146229.

SONGY, L1J, LI H, et al. The role of ventral tegmental

area orexinergic afferents in depressive-like behavior

[13]

[14]

[15]

[16]

[17]

in a chronic unpredictable mild stress (CUMS) mouse
model[J]. Biochem Biophys Res Commun, 2021, 579:
22-28. DOI: 10.1016/j.bbrc.2021.09.062.
BERNER L A, BROWN T A, LAVENDER ] M, et al.
Neuroendocrinology of reward in anorexia nervosa and
bulimia nervosa: beyond leptin and ghrelin[J]. Mol
Cell Endocrinol, 2019, 497: 110320. DOI: 10.1016/
j.mce.2018.10.018.
TESKE J A, MAVANIJI V. Energy expenditure: role
of orexin[J]. Vitam Horm, 2012, 89: 91-109. DOI:
10.1016/B978-0-12-394623-2.00006-8.
GARCIA N W, PFENNIG K S, BURMEISTER S S.
Leptin manipulation reduces appetite and causes a
switch in mating preference in the plains spadefoot
toad (Spea bombifrons)[J]. PLoS One, 2015, 10(4):
e0125981. DOI: 10.1371/journal.pone.0125981.
FENG H, ZHENG L, FENG Z, et al. The role of leptin
in obesity and the potential for leptin replacement
therapy[J]. Endocrine, 2013, 44(1): 33-39. DOI:
10.1007/512020-012-9865-y.
BARRIOS-CORREA A A, ESTRADA J A,
CONTRERAS 1. Leptin signaling in the control of
metabolism and appetite: lessons from animal models[J].
J Mol Neurosci, 2018, 66(3): 390-402. DOI: 10.1007/
s12031-018-1185-0.

[(AxHE] T+ %



