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1% M R 44 5 % (Chronic restraint stress, CRS) 2 50 22 5 # A A, 5f 48R & An 42 2 % (Melatonin, MT) T, #) A
A% ELISA, A9 F | AR FRALRARKFFHR, 746 MT 5 CRS I8 AWH G 9 R PAER, &
REMW:. CRSFH DR BN EBWAMAETH, FBF EADRK 2R AEDL KT CORT, NE, IL-1p, IL-6 = TNF-«
4% (p<<0.05), 2F FiA 5-HT. MT. DA é\%(p<o.o5>- Flot 8% E@ADR AP MDA K-F, T8 CAT.
SOD. GSH-Px & T-AOC K F(p<C0.05), #t—F AR LI, CRS £ F A& s R K IG 3T 40 T KR Ao il T 1k Ab 2

% NeuN E @Mt &iE @A & (p<<0.05), 48E, &t MT F % BT CRS 5 R B R B fo & 8 3 AR AT A
R A, IR TAVRBEALEEAKT, AR DR XEAZT, AAAREFTRADSAREP CORT. NE. 1L-18.
IL-6 f= TNF-a 4% (»p<C0.05), £ 5-HT, MT, DA R # & ALE CAT, SOD, GSH-Px & F (p<C0. 05), M i 37 4]
MDA # 7 4, #7#%) NeuN % & Fab: & K 69 A&, S M R 38 B A2 & . &9 MT & CRS #/) SR 4 LA %k
w G T AR,
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Study on the Role of Melatonin on Brain Injury Induced by

Chronic Restraint Stress in Mice
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Abstract: Psychological stress is one of the major health threats faced by companion animals such as dogs
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and cats in modern domestic environments. lLong-term exposure to high-stress conditions can lead to
behavioral abnormalities, suppression of immune function, and neurodegenerative diseases, seriously
affecting animal welfare and quality of life. This study established a psychological model in Kunming mice
through 28 days of chronic restraint stress and then intervened with exogenous melatonin. Behavioral,
ELISA, biochemical, histological and immunohistochemical techniques were used to evaluate the potential
protective effect of melatonin (MT) on brain injury caused by chronic restraint stress (CRS) in mice. The
results showed that CRS led to anxiety and depression-like behaviors in mice, significantly increased the
levels of CORT, NE, IL-18, IL.-6 and TNF-«a in the plasma and hippocampus of mice (p<C0. 05), signifi-
cantly decreased the levels of 5-HT, MT and DA (p<T0. 05), and significantly increased the level of MDA
in the plasma of mice and decreased the levels of CAT, SOD, GSH-Px and T-AOC (p<C0.05). Further
studies found that CRS significantly reduced the proportion of positive expression areas of prefrontal cortex
and hippocampus neurons and NeulN protein in mice (p<0.05). In contrast, after the intervention with
MT, the stress response and anxiety and depression-like behaviors caused by CRS in mice were alleviated,
the level of oxidative stress in the body was inhibited, and the neurons in the brain of mice was protected,
which was manifested as a significantly decrease in the levels of CORT, NE, IL-18, 1L.-6 and TNF-« in the
plasma of mice (p<C0.05), an increase in the levels of 5-HT, MT, DA and the antioxidant enzymes
including CAT, SOD and GSH-Px (p <{0.05), thereby inhibiting the production of MDA and the
reduction of the positive expression of NeuN protein, and alleviating the degree of psychological stress of
mice. In conclusion, this study shows that MT has a potential therapeutic effect on the brain injury caused
by CRS in mice.
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f1 0 B RS S8R E AL AR AL S IRST L BB M (IR ) | = R LS ol R S sh L Ho,
18 PE T4 1V ¥ (Chronic restraint stress, CRS) Ay — Fift it B iy m] 455 00 B OB RS L [R5 5K 62 T2 ) B 0
B T 5% 297 14 S B 7 0 50 B AL A O 9 £ AR 3 0 o7 SR S b e i 5 1) R B a0 . — ROk AT
1B B0 BN B G TE R S0 7848, HGUUA AT Ktz (I ag I Ah . Wk, BB SR 97 90 310
HA o EENE L,

AW RM, OB T BOE R e RS L RHl (Hypothalamic-pituitary-adrenal axis, HPA),
A0 R TR i R S T, RS & RS E R AT R )2 ORI S BOR 26 B
B AR . JCH B | fhag AR 2B AT Rt s AR B 00 3 B Aok L HE e S ol
BESE AT AR & L, CRS BENS S & sh ¥ B IEAARREAT Jy , I AF BEDLAR AR 42 40 i DS 7 88 2 7K F 14
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S SR TR A 0 DR A X B ST EROIG F5E 40 AR S T Z W, X R4S Bl I IR R 2
HAEEME,

HR PR 2 (Melatonin, MT)J2& i R #A SR AR 7306 19 K AR IR MR ER . L0k R A BE VA PR AR AE A L AT B/ 28 3%
M5 e, PR 2 R G Th e . Hn T M 2 A B R, SRR s ThiE L M
P AR L AR R B R L O RN R g T AR AL B WY, MIT nl i S A HPA Bl B
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JE3E LB Nri2 36 #6085 U8 PP AU S v [ B NF-«B {5 5 1% 5, FEAIRMZH 2L TL-18, TNF-a 7K
FLL BRk 2 A, MT At MT1/MT2 Z &4 S PISK/ Akt {553 ¥, 19816 Dk BDNF £k, &
Sl T B PR R AT L R L a1 R Sk 7 MUT B3t H A B IR A IR R B, MRS MT Y
A R R AR A R R R

SRIMT S AMIRER N MT J2& 75 BE 22 A 18 4 137 3BT SOUL A Co BB SRR BE o D477 FilG DX 45 4 R ) B 1) 5 B 1 45 R
AL, PR, AW o X B B SRE AT ) 28 d i CRS Sy O BN S /L, IR AR MT i, i 17
I ELISA B8 AL %58 | Niss] Yt S Gl e Yo (045 07 1, 3P4 MT %4 CRS BT 80/ BURG B
AE DR AP VERT . D MT FUAEA5 sh .0 BV e B e R 35

1 #R5FRZE
1.1 FERFENEE

CORT, NE, 5-HT, MT, DA, IL-18, IL-6, TNF-o ELISA il i 7] & W T 21 2= 7 B Bk W 0 A bR
ATl (B85 SEA133Mu., CEA907Ge, CEA808Ge, CEA908Ge, CEA851Ge, SEA563Mu. SEA079Mu,
CEA540Ge); CAT, MDA, SOD i ¥R IR 7 &, DAPT W, W28 B 5 g (o i, v i A e i T b 5t
RIFEERHFARA A (S BCO205, BC0025, BCO175, C0065, G3662, G8590) ; GSH-Px, T-AOC
K I3 70 & W T R BT R TREBF S BT (4R 5. A005-1-2, A015-3-1); #24E OCT vK % fu 34 57 g F
N FEWAE R H A BR A W (B850 4583) 5 144k 5@ JH B MR R VR T OMAZ T A W B A R A

P25 ES-8792); Anti-NeuN Rabbit pAb ) F ® I 2& 4k /R = W B8 A R A & (525 . GB11138-50) 5

iFluor™ 488 Conjugated Goat anti-rabbit IgG polyclonal Antibody W T #7048 %2 A= ¥ 4 AR A BR 2\ 7 (5%
3. HA1121); Ultra SensitiveTM SPCEL /%) THC Kit g T & M L LW R IF R A B A & (5% 5.
KIT-9710) ; B E 98 %W T 11 & s M AE AL B A A FRA R (5855 . M813985) 5 4= H 3l il b5 {1l
T T E XA ER AR A E (B S ELX808) ; 8] B 2¢Ot WM W T 7 N T B 28 06 B R A R
ANE(BE MF52-ND s TR R RV R LI TR BMASECEB RS A RA R (S CM1950) 5
AAEVS R B 2B O P T SRR B R R A RS ] (LS. 5804R)
1.2 FHik
1.2.1 X&EFHHhELAE

AR5 TR A SN K2 S YA IS PR . BT U R AR 38 0 SN A sl W 18 B 2 5L S it
HE G ESR S . EAE-GZY-2024-T222) ,

WIS . Mk 6 IR 48 H, KB E (35+2) g, MFHE THEIRE (22+2) °C, HEW A (504
5) YR g Sh W R IR G . BN 7 d JE . BEALS O X R 4 A2 B4R K 41 (Control with normal saline, CTL+
NS) ., X} B8 + %l 38 £ 4H (Control with melatonin, CTL+MT) ., 18 ¥ o8 4 1 ¥4 + 4= B 5 /K 41 (Chronic
restraint stress with normal saline, CRS+NS) S 18 ¥ o 4 )i ¥ + 48 & 3 41 (Chronic restraint stress with
melatonin, CRS+MT)3k 4 4, &4 2 B/, 8 REBIFIRHET 30 min, CTL+NS Fl CRS+NS 4§ 1
SRR K (B 0.1 mL AAHERKPEH 20 pL TAKLED) , CTL+HMT K& CRS+MT 4118 5 45 MT %
(BES . W ff %4 50 mg/mL, HIA:BER KBS 10 mg/mL, A& R 20 mg/ke) . MR # 5 h/d
(9: 00—14: 00), AW LA /N R EEK, R FFE 28 d, ids/MRE0d. B 7d. 14 d. F21d M
5528 d BRI AR AL . 3 REEE oS /N BRUEAT IR BROR IS B SAL BE M VRREAS I R ANBUEESS T 4 CORAE
il 2 2R AR A B S F — 80 CIRAE
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1.2.2 A7 H F 0%

2 29~31 d, BABEVLIEI 6 H/N BU#EAT 5838 i Uk I (Forced swimming test, FST) | B R
(Tail suspension test, TST) . MK G Mk (Sucrose preference test, SPT) MW 37l (Open field test,
OFT), ZIRERHKENIXE LY, Wik SMART 3. 0 {47547 .

1.2.3 ELISA # |

M3 ZH 2R CORT, NE, 5-HT, MT, DA, 1L-18. 1L-6 & TNF-a {2 BN = B ELISA K
R B U T B AT ERAE SO AEEEFRAY 450 nm P A AR G A AL EEAA .

1.2.4 BB g8 A7)

SR . g at g B SE A N A A T A ) & ], I /N Rl CAT. MDA, SOD,
GSH-Px } T-AOC K,

1.2.5 /A KBE Nissl &

ANERK IR A OCT 3, F —80 CLRAF. MG /N BRG IX & 33 % A 1 4 it B2 J5t (Prefrontal cor-
tex, PFC) K ifg Kk CAL1 X, CA3 X}z DG XAz &, VEIR VI o oK ZR T v 7 B b [ € 10 min, 281K
2 YE 5 min, HIEREEE Y AW T 60 °CHEAS A 30 min, 13 ¥R Y 20 min, ZEMEKIRYE 5 min, 95 % LB
34 3~5 s, LK CEEWLK , W E W], AR e 3 18 9140 B ie 5% . Fiji Is Just Image] v1. 50 15
LT P 22 G 1 AR
1.2.6 R KM NeuN £E R KL E

e @i AL BRI 1. 2.5, PO IRARBUL R RS . —HU AR NeuN = HUAR B (1 = 1 0000, 2 HiiliF
o IgG + PUERTRBR (1 2 1 0000, Z BRG] & U] B AT 84 . I DAPT YK, 3 min J5 7E2¢ 6 W B8
THAREE S, FFH Fiji Is Just Image] v1. 50 A THAPLEF N NeuN 2 1 BH M 2k mi B
1.2.7 HFEL%T 5 54

ffi ] IBM SPSS 26. 0 B0 %8 i 50 B4 A7 W v 22 5 0 A, Jl i B P 3 ANOV A K6 30 4 1) 22 5
JEHEAT LSD K XR 5 F 5 K i . 41 6] 22 508 0 F BE AR 0 #E AT bR ], NG FREAR TR RS 4 B A 4t
HRE N (p<<0.05), /INEFRMFE R EABA G %E L (p>0.05), ffi H Graghpad Prism
10.1. 2 41,

2 HRE5HMH

2.1 DENH/NRERE MT FHU/NRAREETI0IE S

5 CTLHNSZH A, CRSENSHE KXW EL 7 d 245 28 d AR & B % T 2.29% ~
11. 68 % (p<<0.05), #WhI MT THif5, 5 CRSHENSHZE R AR E(p=>0.05, B la), fT HFEERE
R, MET CTLHNS 4, CRSHNS K FST K& TST A XF A g i fa) 43 591 & 2% I F+ 20. 26 %, 20. 35 %
(p<<0.05), SPT BH/KIBEHH 4> b 3 FFE 18. 97 % (p<<0.05); ¥ MT T #if5, CRS+MT 4111
FST K TST #XF A gy i 1] 43 51 8 & F R 9. 44 %, 7. 45% (p<<0.05), SPT Wi/K B A 43 Hb &8 & Tt
28.31% (p<<0.05, Bl 1b-d), OFT &5 /k . CRSHNSH MG sh il 45 b T g X3 (& 1e) . tHER
T CTL+ NS 41 A CRS+ NS 4 i34 i sh BE 2 . 30 505 2h B 25 5 rboO 3 2 R 8 Lo (S0 ) B BE 2 1
H LT 57.13% ., 106.25%, 41.72% (p<<0.05); & MT F#i )5, CRS+MT 4 Y1 2 i oh 5 & .
S S B 0 T B B R L (E e TR S B PR R B 3 R R 31.36% . 43.12% . 16.82% (p<<0.05,
Bl 1f-h . B Eg5RER . CRS SEUNBR M BRI AL REAT S, IFFEBER S K R M4, W MT
TR T /N B £ R ABREAT b .
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JIN BRI 2 2K AR 8 40 M TR 7 5 B A8 AR TS 0 UL 18] 2, ELISA 455 %0, 5 CTL+HNS 4 . CRS+
NS 4 1fiL % (4 Bz i3 fE (Cortisol, CORT) #il 2 ' I it 2 (Norepinephrine, NE) [t il 8 2 [ F+ 51.00% .
59.21% (p<<0.05); WM MT FHi)5, CRS+MT 41 A CORT & NE & 3 T 17.77% . 20. 94%
(p<<0.05), /R CRS SEMLALL T R #CRA . B0 MT TR . HUAR N BOKFE R, M5 T CTL+NS
20, CRS+ NS 41 i 3¢ % 1M 74 % (5-hydroxytryptamine, 5-HT), MT K& Z [l (Dopamine, DA) & & B E T
[ 33.72% . 16.72% . 26.75% (p<0. 05); I MT T HiJ5, CRS+MT A 5-HT, MT & DA &
BF EJF33.25%., 43.10% . 16. 71 % (p<<0. 05),
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B2 MNEMEHEREABHUEFEEBTHER

5-HT f DA F i 5.0 B 0™ R 2 DG, #2785 CRS S BUML IR B e 2 b 28366 J K P 5. /B
PEACBIRDE . BN MT THU5 . SR M 208 Bk Fh i /N B SRR R BE S 3 28 % . 55 CTLA+NS
ZHAH L, CRSH NS 20 1M 3 #4114 Z-18(Interleukin-1B, IL-18). 14+ Z-6 (Interleukin-6, IL-6) . IR IE
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A F-a(Tumor necrosis factor-a, TNF-o) & & &2 [ FF 86.53% . 124. 36 % . 53. 85% (p<C0.05); ¥ MT
F 5, CRS+MT I3 (4 11-18, 1L-6, TNF-o &8 8% F M 26.64% ., 21.57% . 12.31% (p<<0.05),
PR CRS S 2L = 4 RV, W MT TS . ML SRE SOV I8 4% . 27 BTk, A7 2% Ml 45 28 %
ELISA &5 R IL[GEW], 03 0N BB K MT T TR 784 34 N7 i o)
2.2 MT Fxt CRS /NER I 3% AL Bz g 5 4% B 52

AL R BAE AR I E SE R R, M T CTLHNS 41, CRSH NS 4 1fi 3% 9 9 — /% (MDA) /K- 8 % E
T+ 9.94% (p<<0.05), 4L A/ (CAT) , 8 E LY B AL (SOD) . 45 b H Bk i 401k 9 i (GSH-Px) &
BMHLEALEE 1K (T-AOC) B I 46.64% . 30.89% . 53.03%. 28.57% (p<<0.05); ¥in MT T i
Ji» CRSHMT 413 B MDA /K &3 TR 26.81% (p<<0.05), CAT, SOD, GSH-Px & T-AOC /K
W BT 67.57% . 46.77% . 73.83% . 60.53% (p<<0.05, [ 3a-e), $£/R CRS FHUNRALIAK I AL BE
FIF R AL T AL BORES . wn MT F8UR . /MRS ST RLsE ) BT

40r 4 % 251
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2.3 MT FHX CRS/INRBSEHZRERAMEFRENZ N
ELISA 55 % 1, 5 CTL+ NS 4 A lt, CRS+ NS 4 # & {k ) CORT f1 NE & & & # I J+
67.58% . 53.55% (p<C0.05); H MT FHij5. CRS+MT A LIk CORT & NE & # 8 % F %
23.72% . 15.23% (p<<0.05, & 4a, 4b), $#E75 CRS 80 DK W BGK & & EJF, B MT TG,
T A N M R A R R M. AT CTLHNS 4, CRSHNS i k) 5-HT & DA & &40 8 & T
[ 33.64% . 39.25%(p<C0.05), MT & & FREARE(p=>0.05); WM MT THi)5, CRS+MT il
) 5-HT, MT & DA &8 # FJF58.81% ., 9.96% . 54.82% (p<<0.05, K 4c-e), $#2/5 CRS S5
AR 1R B fie 2 e 2 30 T R R R N BRURR A O BN . VRN MT TS /N B S AR A B 2K b 2 5ok I
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K L TFh, B RS R, 5 CTLHNS 4 M . CRS+ NS 41 5 & % 1L-18, 1L-6., TNF-a &
2 FFF 133.83%. 100.44% . 95.39% (p<<0.05); Wil MT TH#iJ5. 5 CRS+NS 4 ALk, CRS+
MT @i SRR 1L-1B, 1L-6, TNF-o & B % N 21.42% ., 16.15% . 28.05% (p<<0. 05, [ 4f-h), &
/R CRS S 8UG DR AP G RAE, (R RMME F & & LI, W MT THUS . 18 5040 fh 2 5805 WUk
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B4 MNEBOHBEREXABNEFLIETHER
2.4 MT FHxt CRS /NR K42 T @R A 52
Nissl Je (1,45 50 20 (K 52), #HEH T CTL+NS 4, CRSH+NS 44 PFC [X, CAl X, CA3 X, DG X ft ¥ B
P 22 G TR AR 5 LE B 35 R R 29. 80940 29.53% . 22.65% . 16.52% (p<C0.05); @ MT FHiJ5. CRS+MT
41 PFC X, CAl X, CA3 X, DG X P RLIEF A #l 22 T0 1H AR o Le S 3 b FF 34. 56 %0, 27.28% . 31.69% . 17.32%
(p=<<0.05, ¥ 5b, 50)., $& CRS FHEUNR KNG PFC K iff DR M o0z S0, Maocsint. BE . KB &
TR, ARHEAR AL, FEAEARE . R, W MT TG, £ Kb 2o iR B
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B A 57 i (Prefrontal cortex, PFC)
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2.5 MT FHxt CRS /MR K& NeuN F [ PA M R X E A B &
NeuN Bt 25 LW, M4 T CTL+NS 4., CRSH+NS 4] PFC [X, CAl X, CA3 X, DG X ¥ 5 N
NeuN 2 FFH M B E R E TR 37.00% . 41.83% . 46.50% . 53.32% (p<C0.05); & MT T i
Ji s CRS+MT 41 PFC X, CAl X, CA3 X, DG X ) NeuN 2 [ P 26 35 W ALy b 25 7 51,2270,
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69.05% . 66.37% . 130.57% (p<C0.05, & 6a, 6b), $#£/5 CRS FHUNR KM PFC K 5K X df NeuN &
P 3R TH AR AR, MR, M. B MT TG . & XA NeuN & A HMEEABRAS.
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