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Impact of depressive-like behavior on respiratory function in mice
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(1. Shanghai Municipal Hospital of Traditional Chinese Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai 201800, China. 2.
Yueyang Hospital of Integrated Traditional Chinese and Western Medicine, Affiliated with Shanghai University of Traditional Chinese Medicine,
Shanghai 200437)

Abstract  Objective To investigate the underlying mechanisms and effects of depression-like behavior induced by chronic
restraint stress (CRS) on respiratory function in mice. Methods Twenty-four C57BL/6J mice were randomly divided into
normal control (normal), depression-like behavior (depression), and respiratory disease groups (asthma). The depression group
was established using CRS. The respiratory disease groups, serving as a positive control for respiratory disease, was induced
by intraperitoneal injection of ovalbumin. Behavioral tests, respiratory function, spleen and adrenal gland indexes, lung and
hippocampal histopathology, serum inflammatory cytokines, and hippocampal Ezrin expression were evaluated. Results
Compared with the normal group, mice in the depression group showed significantly increased airway resistance (P<0.01),
decreased lung compliance (P<0.01), and increased spleen and adrenal gland indexes (P<0.01). The adrenal gland index was
positively correlated with airway resistance (r = 0.764, P<0.01) and negatively correlated with lung compliance (r= —0.614,
P<0.01). The proportion of degenerating neurons in the hippocampus was significantly increased (P<0.01). Serum interleukin-
1B levels were elevated (P<0.01). Hippocampal Ezrin expression was decreased (P<0.01), and correlation analysis revealed a
significant negative correlation between hippocampal Ezrin expression and the adrenal gland index (r = —0.633, P<0.01).
Conclusions CRS-induced depression-like behavior in mice was associated with increased airway resistance and reduced lung
compliance, potentially mediated by changes involving the adrenal glands.
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1.25 518, H AT 2 A SER BT FUAE 91 MF IR R GeB W] LS BUMAREER ,  F 0 B 4 WL EAT T IR AT
GO, SRR, b T AR IR 2 B 15 B4 B W O T A AR O SE BRI FERIAR R BR = . PR, ERONER T4
SR WP U Ty BE FA) L3 R e AT REAILA,  0F HE S I PR A B — iRy B e O B SR RN TR U R R B A
R XL

ASHIE T A S A TR A W AR, LR Y PR DD RE L AT O SR R B AR 2 A O WA A A DT THD I 22
5, BAETRTTINARIR X /I B P W T RE PR ELRRRE I, LS g DRI 52 1 I I 2% 8 2 93 10 A Sk 7 i ik i
LT

1 ##TTE

1.1 SEIesh¥

SPF Z%METE C57BL/6I /MR, 24 K, 7 &, B E (17.24.2) g, M H Jbut4E8E F) 4
[SCXK(%%)2021-0006]. sLEesh#ia s T LR R 25 K5 SPF s 55 [SYXK(F') 2025-0008], /5
(2542) °C, &% (5035) %, MEi5<50 dB, 12 h/12 h B/ i, HBEEEUUK. ALs Ll
2R E YR B2 R 2 tkdE (PZSHUTCM250603003) , 4% MR SZIGSh W6 I 3R JE I 3EAT 52 56
Wit 4 7 NIE KM
12 FEXWRFISEE

A HIE A& E Covalbumin, OVA) (3£ [E MedChemExpress A&, #1'5 900567) ; A SEALAR B
(& Thermo Fisher Scientific A ®), %5 5808-46) ; A EW (J M4 MBI AR A,
%5 25062001) ; M HAEA Cacetyl-B-methylcholine, MCh) (3[H Sigma-Aldrich A&, %5 62-
25-1) ; 0.9%FALINVESHR (VLA BF IRAE e E BRI A IR A7), T35 2505F040) ; ZRARFR-HHA4y
# (hematoxylin-eosin staining, HE) (R ZE4/RAEVRIF AR AR, 185 2506E012) ; 2>Protein
Loading Buffer (dbmi RIRAMLEHEA R AR, 85 C0123A01) ; HJk¥K (3£[EH Bio-Rad Laboratories
N, 5 #1610732) ; =M TAE A Marker (A BRHEAMBEARAATRAA, KBS
EC2019) ; Ezrin Antibody (Z£[H Cell Signaling Technology A&, 5 3145S) ; il B Hi iR R B
(LR E M E R AR AR, $8%5 SPS119L) ; BRI AY P Al ( LA R A R A
7], PWQO006) ; B-actin Antibody (%[ Cell Signaling Technology A, 'S 4967S) : Anti-rabbit
IgG, HPR-linked Antibody (3% Cell Signaling Technology A ®, %5 7074S) ; 10XTBST 2
(RPRGERAEV R ARA R, 7% G0004-1L) ; ECL Bk ( LM AEMELREERAH,
%5 SQ202) .

TN ARG Lkl v2.0 (RIBBEE BRHEGIRAR, &% VisuTrack v2.0) ; /¥
Il Thae kil 24 (3£ [E Data Sciences International A ], %5 Buxco RC) ; IX81 & &% (HA
Olympus Corporation 5], 5 I1X81) ; mi# B0l (3£ E Beckman Coulter A ], %45 Microfuge
22R) ; HT RV (BB RTPAEREARARAR, 5 FAL1004) ; 2RS4 (£E Luminex
Corporation A #], M5 Bio-Plex 200 system) ; X fHIE#E CHLE BN KRR AR A A, H5
DTH-100) ; Hiyk{¥ (%[ Bio-Rad Laboratories A, %5 PowerPac 200) ; RIEIEFEL (LI A
e AE MR AR AR, A% L00686C) ; Wil (3£ General Electric Healthcare A w], %5
Amersham Imager 600) .
1.3 EWHE
131 #EHESHAE

BEMLK: C57BL/6I /NN 3 4. IER L. AR, PP Thaesidl, S 8 K. FARIERE: iR
2 AH S ST R B R AR A, g FHAS MR SR 4 S8 (chronic restraint stress, CRS) T, 4 K4/ H
50 mL E 0 R, FHIMADAIRGEIIES), Fgk (54D h, [FEIE R 45 I Ih R 5% 41/ R 2R /K 2%
A EW TR, FEsk 21 do PRRTHAE I AR AR A 158 4 SC R (VA I i AR R A Dl I U T 6 % 9 X
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M, o BIEEREE 0 RANEE 7 REEEESS OVA (100 pg/ R FIASEME (1 mg/H) ) 0.9%F 1L
WIRR A B, PRAEHS 1% OVA 11 0.9% & LME R %4k 30 min, &K 1K, ES7 d. 2 H7E
WA 0. 1. 2. 3 EIXS/NRABHATARE, HhicHAR R =

1.3.2 1TAZKEN

(D FraiEses: MRIEEAK 2405, MFE—AE WK/ BB N 75 cm>75 cm>75 cm
P SEIG AR, SIS N TE R AR, BRI /N 10 min PR IR PH I I TE], R
AR R, LI TR BRI R AT, M R N BE R, UL LIRS AR
(15 BRI R Y £ L1200,

(2) W isz8 . FFA% A 50 cm>S0 cm>S0 cm i &, SIb il 75% 2 W5, T K/ R
MR — AL B TR 3 iE G20 5 min, HITHEAZ KRG d%. B VisuTrack v2.0 K40 3 i H 4
AT /I8 BR P g3 ) e g (28,

(3) BRIAVWFIK LI XF &4/ R ATsma ikl ie, K REF/KE 15 cm, HAEZ 14 cm, K
W25 CCIIBEE A AN, SRIAVEK 5 min, AR &M% . M VisuTrack v2.0 B 5 e Jk i E 7 i
70N BBV B i) 122,

(4) BRESK. HEMRSEEDNRER 1~2 cm &, HBHEHETEREHATMAES E, B/
B TE AR AARAL,  HICVE AL R A BT A, IR A EE . JF S SRR R, SN RAT R
£ 5 min. FIF VisuTrack v2.0 {48 2 5236 A5 HR 73 A 35 i FAAT, e 5% /0 B PR B2 428 1 [ 1231,

1.3.3 MERRTHEEHE

FHSEMIER G 24 h N, /NS ThRERI R Ge, e A2 /N BRAE ARG BE I MCh BUR T 1I8
S PFH /7 C(lung resistance, RL) Sl 1% (dynamic compliance, Cdyn) . T LL/NER 1%/% B Eb 2244
ME SRR (10 pl/g) 5 2~3 min Ja /0 REBENTRBERRIOIR A, BTG EERAE; 7RI/ BRI 350
WiEdRY 0, BREAEEANIJERRRKEHAVIO, ZEHALEEE; BORE T3 Thee s
Mr&4 37 °ClEifiR b, X EZEH B DRMEEREE, 50 %2In 140 X/min FRFR AR — 5
Ja, P& 0. 3. 6. 12, 24 mg/mL ) MCh £ BEIUR /N BRUAE = O, 1dsk RL. Cdyn SRR 1)
ReMds, 4218 i 2 M PR 2% vh 2L VAW (phosphate buffer solution, PBS) HJ RL #: KE Al Cdyn f¢ /M [ 7
bb S 208 .

1.3.4 /)~ ER PER AR5 Bk

JRE $ 80— e FE P NN B R G ARE RS 0 o HU/DN BRI FR 2 5 Bk DN R R 2, TH SN BRI
fad. WEAX v BNETE $= = (g)/ 44 7 & (g) <L00% .

1.35 /MRE LBRIEHEEN

B _E RSB e R AP R - K- B AR Chypothalamic-pituitary-adrenal, HPA) #ifi [ #4035 IR
o BUNR 2 NME EIR—EREIFBROUNRAT R, HEADARE LIREE. (R AKCY: B RRIER
=1 I R # (mg) /A 5 5 (g) -

1.3.6 HE #@&i%

U 5 v A RN B AR OK, AR S AT A RS AL, 10 pm JE B LIS HEAT 4 um
BRIV s W E A AU IR TN BAR #5 B 60 °C 100 min; AT RO 2 & H
K 10 min, RJEHTEKOEE. 0% LB 80% LW« 70% L RER W~ 7508 7K IR It 43 A
WU 5 min. PBS ¥E 3 Ik, £EK 3 min; JAATRARZZ G 5 min, HK/KBE 5~10 min, W%
YR RZ SR, R VR I AE AR R B VAT A A, AR 4k 82 SRk R s T B I A i S 5, iR
AL IR 20~30 s; B N ULERGNAR I, B (Rt 1~2 OB EI Rk Mok 2~3
HRAW, m¥EArN—MEES L, BRI DB, HPOE B L8R vk il 41
IR AT IRy : 0 G0 CRMERI R4 ; 1 % COEEEREM ; 2 &% CGCAEW 1-3 24
MR ; 3 & CGRESUNLEW 4~5 ERMEMMERED 5 4 & (KREHLAEFRMEPHEL 5
ERMERAED 1, DAL HE ik ® i ki T WM S AR B L it
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B, vHE 5 AT A R 2 0 A AR ) B
1.3.7 &HESH®N

N BRI SR I S5 UL R B 2~4 h R AT, 4 °C, 3 500 r/min, 10 min B.00H FIE 2 k. L 50
ul /NS FEA, PR 4 £, &b i 5 XA gt T g, WE ks B aifE.
1.3.8 Western Blot

BUNRESHL, RANBBEGR, B REE S (B 10 mg i 100 pL AR AR
R, IMANEEER, 2 300 r/min, 40 s #ffJ% 50K B & 30 min, 12 000 r/min 250> 15 min B _Eig: W&
EEWREE EFEAT K, SREREEE, WE P4 cCER, 52 K TBST Pl )5 % i 5 =4t
1h, Y5 R Imager 600 &AL &5 .
1.4 FitZEFHE

KH SPSS 22.0 Gt KA AT G M. LIRSS R LLP I Hr iR 22 (x3s) Ron, SALREL
RPN R Z0M, ZHEESIFETBILECRH Kruskal-Wallis £r% . £76 1E& 7541748 & A G
PE53#T K A Pearson #HC 74T, 115 Pearson #HOC R %L r L4 P 1H, DL P<0.05 KA B EMEZE R

2 #R

2.1 INBIPERIEAT AN B R EE K

R /NRARE, WEER 3 AErREdt. R 2R, EF4HA/PMR 3 BEKRREEK
18.3%; PR ThEEFIRAL/NE 3 A &K 19.2%, SEWALLEZEZER (P>0.05, B 1) ; 1M
AR /NRAE 3 A EIUEK 2.0%, HEMTIERA (P<0.01, B LD .

IEHAH
20+ Normal group
=) IR T e o 26
= Respiratory disease group
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() Depression group
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JA w14

Week-age/week

H: SIEWAMLE, TP<0.01.

B 1 EAERUS 0~3 BT Rl (X35, n=8)
Note. Compared with normal group, ““P<0.01.

Figure 1 Body weight change curve in mice during 0~3 weeks after modeling (;is, n=8)

2.2 CRSiFES/NRINEHEITH

HIEw HAH L, PR /N BRE B A B & se 50 B A S B AR B K (P<0.01, K 2A)
o I Y VK 92 I ) TR R E ] B R MG % (P<0.01, B 2B) , &R SZIe b B9 R R A BB £
(P<0.01, K&l 2C) , W 37ik5e ity b g X I im) 8] B 2 sk 2> (P<0.01, & 2D) , [A]R % 4k & B /s 7E
PG s B R k> (I 2E) 5 PRI Th RE 7 93 41 /0N BR 78 3B A1 $6 8 SE 56 Hh 1B A B B AR A B e K
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(P<0.01, K 2A) , SEIEWFUK LI T B (M B 48 2 (P<0.01, K 2B) , &L HEER
[EEEH 2 (P<0.01, K& 2C) , W igseis iy de X 3805 a1 (8] B 298k 2> (P<0.01, K&l 2D) , P&k
B2 s e R ) iE sh B B> (B 2E) o BlRAT R AR CRS Bulhif S/ B~ AE AR AEAT
N, BRI TR T RE S 3 AR R A AT R H AL AR AT AR B

= IS g4
PR i 4 WEMASIR ¢ BRI
feeding test Forced swimming test Tail suspension test
**
6- I**L‘ 250 ** 250 . [ Ewa
c c . 2 200 *k 200 Normal group
g.é ‘ g o @ I T RE A 41
% L‘:>)~4_ é i 1504 . @ E 150 Respiratory disease group
g £ =i %o = 5, ]
% gn Lmi}: S 1004 ;:-;H E 100 Depression group
¥ .S 2+ £ E 5
3 £
g | - E 50- ¥ E 50
£ £
0- 0- 0

D I 3 E B R B

Open field test
: Schematic diagram of the open field test

**
**
407 \

0 oL
»2
E & 307
z8 ’
E = - b
=S 20
HE
£F 24

B4 IR T e v 2H AL
0- Normal group Respiratory disease group Depression group

WA SRR SR AT A KX L By AUk SRR I E C: SRS ARIERT B XL De WIS h i

A
WEIATE ;s E: Wi SRt Bl 5IER A, "P<0.01.

2 FHANRAT HF L (X3s, n=8)
Note. A, Comparison of latency to feed in the novelty-suppressed feeding test. B, Comparison of immobility time in the forced swim test. C,
Comparison of immobility time in the tail suspension test. D, Comparison of time in center in the open field test. E, Schematic diagram of
the open field test. Compared with normal group, “"P<0.01.

Figure 2 Comparative analysis of behavioral performance in each group of mice (;is, n=8)
2.3 INRIMBREELT A 5| & 5 R Th sk R m AE X Y IR I BE FE 6

231 INRINEBHEITHEHRLAS

HBEEE MCh BUR/NERRTE, AT REm REVRES, SR K, SIEFEHMEL, #H8/N R AE
0. 3. 6. 12 mg/mL () MCh ¥k F RL LR # %% (P>0.05) ; f£ 24 mg/mL MCh UK THIALZ RL
BIEHHRE T (P<0.01, B 3) , HEWWRIIRELHA LR EMEZR (P>0.05) o KU/NERIMA

FEAT AT DA 2 T RL.
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500 P

Normal group

HPLB AR
Respiratory disease group

AT 2
Depression group

RL /(%Change from PBS baseline)

0 1 T ]
0 3 6 12 24
T F IR/ (mg/mL)
MCh /(mg/mL)

< J& FH /1/(%Change from PBS baseline)

e SIEW4ME, TP<0.01.

3 %4LNE RL AL (X35, n=8)
Note. Compared with normal group, ""P<0.01.

Figure 3 Changes in RL of mice in each group (;is, n=8)

2.3.2 INERHDERFEST A S EL Cdyn FEMR

HIEWHAM, WAH/NRAE 0. 3. 6 mg/mL MCh A&~ Cdyn £EF#%F (P>0.05) ; 7£
12. 24 mg/mL MCh ¥ & ~, #IHRZH Cdyn 5 1E % 41 & 3 Pk (P<0.05, P<0.01, Kl 4) , H5WI)
R L R EEZE SR (P>0.05) o RU/NRIABFEAT T LLE 3 £ K Cdyn.

® IEHH

Normal group

= IR Ty 3 £
Respiratory disease group

A ElURiisN
Depression group

Cdyn /(%Change from PBS baseline)

il M52 12/ (%Change from PBS baseline)

-100

0 3 6 12 24
T R IR B/ (mg/mL)
MCh /(mg/mL)

E: SIEWAEME, "P<0.05, TP<0.01.

4 #4UNR Cdyn ZEfk (X35, n=8)
Note. Compared with normal group, “P<0.05, “"P<0.01.

Figure 4 Changes in Cdyn of mice in each group (;is, n=8)
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2.4 INBRMBHEITAFSMARRERE

SRR, SIEWA/NRAEL, NIRRT LR IR I RN R, AR
W, FRAEWSEEFEE S (P<0.01) ; HMACH/NRATHLA SIERIEE 2, FEEME, RIETE D R
AR EBEAEEE SRR (P>0.05) , WK 5. U BHAR 5] 1=0E m R R 2 — PR 580 1 1
T B, AR ML A S T e T R 2L 14 i TR S A SORE S B

5—
=3 *%x
(]
ﬁ > 1
] =
s 4-
= g =
2 £
100 yum 100x 50 um P e
= = R g 3= A
=3 K OE
=] o =
o 25
g4 ™ 2 29 s
s 3 -
= 3
>
= 5 D 1 eseee wy
~ @ —I—
jondit
§ 100 pm 100 50um N
o 0 Py
o \&;T;Q \§3,2I7 @QQ I §Q
3 e XL FS
5 vy e Ke
Joee] ) o x§ 9
s & L 2
E2 SN
= 3 & o &
o &S <Q
g &
o &
Iﬂﬂm 100x SOE\

e SIEEAMLEL, TP<0.01.

B 5 YU HE Jetn 5 A RE A (X35, n=8)
Note. Compared with normal group, “"P<0.01.

Figure 5 HE staining of lung tissue and inflammation score (iis, n=8)

2.5 INRIDEREEIT A 5| R RS MR AE R L

AT HE R B — B R IR NN R RS RIETS L. SRR, HIER AL, WL T A 4
B T (P<0.01) , AR IEFRE B R Z & (P<0.01) ; SRR ThEEE M A AL, HH8ZH
MEFRHUE E T (P<0.01) , WL 6. FEoR AR5 0 W% 3y 6 5 0 250 o] 5 R R e M 1) B 8 ARE,  {ELAAR
HEE TR I S R I L T I T B 92 5 A5 2R BT AR A 1 56 AR S P 02 8 RN
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He HIEWAMLIL, TP<0.01; SR IhEERME AL, #P<0.01.

B 6 /R ECEN (X3, n=8)

Note. Compared with normal group, ““P<0.01. Compared with respiratory disease group, *P<0.01.

Figure 6 Changes in spleen index of mice (;is, n=8)

2.6 NERIDBREEAT A5 MFRERFAKFEN

ARHIE FE A P VB B8 P B R /N BT AORE B 7 AP AT A . 45 R BoR, HIEW AL, MATH
A A4 Cinterleukin, 1IL) -1 /KPR FEMm (P<0.01) , MR IReHMA IL-1a. IL-2. IL-
4, IL-5. IL-6. IL-10. IL-12p40. IL-13 ¥ & EF 5 (P<0.05, P<0.01) ; 5 FRIRIhREEm 4L AH L,
FARZH IL-Tas IL-2. IL-5. IL-6. IL-12p40. IL-13 ¥ & (L (P<0.05, P<0.01) . FEHIE/NRM

HREAT N RE S R — 8RR FL I Jo) Rk JORE ,  (ERE P2 W 6 AU T I T R s 2L P 51 7 1) 9 S v o

IL-1B IL-1a IL-2 IL-4
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~ ~ T a0 " =
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Es 52 E £ 1004 E £
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E%s_ ?E,\gﬁ' —E’§300 %21500
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TE. | peaen ] & ®2 £
5 52 Z3524 i g 100 S 50
3 @ g5 n
w
0 ol 11111 0 0
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[ FE#a
Normal group

[0 wpmonienonial
Respiratory disease group

[ s

Depression group

IL-13
400 *%  HH#
o
£ E 300
22
= g 200
%e
Hr S
£ 2 100
23

o

W SIEHEAME, "P<0.05, "P<0.01; SIFIRINEERHE AL, “P<0.05, #P<0.01.

Bl 7 SRS IR T KT (X3s, n=5)

Note. Compared with normal group, “P<0.05, “"P<0.01. Compared with respiratory disease group, *P<0.05, #*P<0.01.

Figure 7 Changes in serum inflammatory factor levels in mice (;is, n=5)



FAREE /N RAIESREAT Dy X I Ty BE ) 5 9

2.7 INERIMBREEAT A AT BEIE L BE HPA B2 M M R Th

B B fE R — AL HPA BRI BOS IR . SIEF AU EL, 000 2R P I 1y e o 21 ' L
R By B2 Tk (P<0.01, B 8) 5 SR Ihme R m AL, MAmAE ERELSEYEZER
(P>0.05, K 8) . LIR&FRE/R, MMSFRIIEESIN IR R ZHBOE'E LR, #x HPA Rl B #
T AT BE A I AT S i I T e EEATLAR

*%*
0.5 = |—|
*%*

0.4 -
52 s
22 o
E< 03+
= X [ ]
K °
=
B3 02 |e
&
¥r S

<014
0.0 :

go &

&) ()

& 9
&

e HSIEWAME, TP<0.01.

8 /R LIRS EE M (X3S, n=8)
Note. Compared with normal group, ““P<0.01.

Figure 8 Changes in adrenal index of mice (;is, n=8)
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Figure 9 Correlation analysis of mouse adrenal gland index and lung function
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Figure 10 HE staining of hippocampus tissue and proportion of degenerated neurons (%is, n=8)
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Figure 11 Changes in Ezrin expression in the mouse hippocampus and correlation analysis ( X £s, n=5)
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