9 Z e
168 2273 é&(II ¥ ’L‘ﬁ)i 2026 Jul., 53(4)
Fudan Univ J Med Sci

— M ERNEADNITNRITAFREE T

REEY XEET K AF £ oA
s,

(" BRSBTS B - RE S P 2 T S LI 2000323 T & B RSERN AN AR G LI 200032)

[EZE] BR gy —Fopr BB d AT o = AJ g5 FE g g X3 (controllable stress-coping test, CSCT) , A
/N B S 2R TR D IR AT AR, 92 B X 32 2l 5 Bk gl 10 o) R AL 0 2 00 DX, DT A g Iz ke phe 3 ) el 2 AL
AT TS AE T SRR AT . FE SR 0.25 mA YR S H RIVE Dy AT 45 e s, /) BRURT O 32 Bl R AT R A
AE AR, B PR R B SRR 40 s SR I B Bh AR, R T 120 IR AT S R I, 45 T W B IR 28 07 I /N R
TR 25 o HE— 25 (198 3 000 3 A0 7o 2 T S ok B 5 0 6 I A 4 7 5 K A s U M R R TEUKOT s R RMA: ) 5
PR ARV 2 B o B0 P2 7E 5 > FIAT RE K. &R R Hr Wl X 43 1 3 2 07X 5 8 8l i %) P4 &=
By R 21 3 B AR E O B AR PR L R AT Ry T R Sl IO X 2 O SR BRI A7 A R SR o AT A 4 R I B T A AE 58 R I i
TR AL KT S MISATRE ) LR B E 25, Ei RO T —Fh AR B AR M X o T 4 RO S R )
L XoF SR WS 1 /0N BRATT SRy 273 5, D R A8 % I R D 2 S 5 DR SR AT O Ak 2 AL A T R S TR
[XgRY EHRX; AR5 WG AR, e AR

[FESES] R-332 [xairEFERB] A doi: 10.3969/].issn.1672-8467.2026.04.002

Development of a controllable stress-coping mouse behavioral model
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[ Abstract] Objective To establish a novel operant behavioral model, the controllable stress coping
test (CSCT), to quantitatively characterize the active termination of an aversive stimulus in mice, thereby
enabling objective differentiation between active and passive coping phenotypes and providing a validated
behavioral model for investigating the neural substrates of stress-coping decision-making. Methods A
mild foot-shock (0.25 mA) served as a controllable aversive stimulus. Mice were given the option to
actively press a lever to prematurely terminate the shock or to passively endure the shock until its automatic
cessation at 40 s. Behavioral performance was analyzed across 120 trials, and unsupervised clustering was
applied to classify subjects based on their response patterns. Results Cluster analysis distinctly
segregated mice into active and passive coping groups. The active coping group demonstrated consistent
operant shock-termination behavior, whereas the passive coping group exhibited a tolerance-based waiting
strategy. Further assessments of pain threshold and the elevated plus maze test revealed no significant inter-
group differences in either baseline pain sensitivity or innate anxiety-like behavior. Furthermore,
conditioned fear learning and operant reward learning assays indicated comparable learning capacity and
task execution between groups. Conclusion We have developed and validated a novel behavioral

paradigm that effectively discriminates between distinct stress-coping strategies in mice. This model
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provides a robust experimental tool for elucidating the neural mechanisms underlying stress-related

psychopathologies and adaptive decision-making.
[Key words]

mechanism;

stress-coping ;

mouse

behavioral paradigm;

electric shock;  pain threshold test; neural

* This work was supported by the Shanghai Science and Technology Innovation Action Plan Rising Star Program ( Calss A, 24QA2701500).

7 % 2 A AR A TG R B O fE B A P Ak
A5 R T3 PR, Ry 4 R A 25 SR BRI A Rk
TR SR me . B FAT Ry RO FRRAE , R ) L% 5
[T X N T S B DIV 1 R VD G e o DO
IR R OB AT 3l DL 2% 1k B 28 i 1R 0 U5, /8 R
% 45 1N V8 R I ) (ELE R BE R Y BE i T
FE 5 B 20 X D) 3% B R 6 R i it A2 AT o, A R
J1ASRIHIR 78 2 8] AR 2 R TG B v B B A P
i R A DS I N = S = NG =X 11 T N 9 7 Kl K ]
Jei 7 i R e A5 R Al B AR A O, TR R T R T IR
PR P 28 AL T T B B A B R T RN R X 9 e 1)
LB B OC

H AT H Y s 7 0 % A5 A 32 B4 5 Sk N
IS 1S 4 22 $ 1 (chronic social defeated stress,
CSDS) K o 20k I I 3 3E 1 6 sh ik & F o
Ak S F O VR B S AR AT S BRI 5 G T UK
S 4 (forced swimming test, FST) F1 8 B 5% 4 (tail
suspension test, TST) & H & # i . £ FST
3= 3 1wk 2 B T B UK 5 IR AT Sy, Bk S Ikt )
DA 11 577 I ) DA F8 A5 TST W3 o I 2 45 4L 5
i Lk B PR R AT O ok 43 S S i 3 g BB B T
XA, CSDS i 20 SR 0 ) #4 58 FR 1 8 S i
WU 38 o R 2 AL 2 ph 5 T N BOIR S o TR IS
Ao, 3 Bl N0 R B RS AL S IR R AT R, BB
VRS RREN SR S vl B A N TR R S B s A DR E)
A7 AE B I8 R BR % < e D7 AN 1T 3k okt |, 30 fiff 50 4 o ¢
e o) g B IO X A X 5 I R B v LA EC S R B A
SR H IS B H T 0 N 6 R 5 5 E LU RLIX 43 H )
N7 X SR W 515 2 B v

BEOF 3 ) A, A AF 5 4 S 0F 96 iE — b ik T 45
YEME S5 F A Y AT 42 R g % U (controllable stress-
coping test, CSCT) 4T K 2% =0, HAZ O AE THl A E
Bl e AT hy T 42 0L 9858 O % S 0 AR 9 R i
2SI S 6 e A R E X 43, O E— 2 W
Bl 559 Bl AT O TR D SR T A AR BT 22 S, AT R S
SLWEGT 7 0 p2e ATL ] B L AT A 0 9
Ry figE A 3 SR BIL A 4 B B AF SR TR

wORF R 5 R

LWEhY AR/ (C57BL/60) I [ db 5T
3 ) 42 S = B B R AT BRA B SE 56 /N BRURE AR
(25~30 g,2~3 J#% ,3~5 H /%) , B Rk 12 h
P /12 hGIE(7:00—19:00 G AW o shi b 5
MR (22+2)°CMR R 40%~60% . s A
R ROK . A s P 5 56 ¥ o &2 B oK 2% il
AP L sh e B S md & (S .
20240903-002) , 4% A2 B 2= Sl Wy O 40 Fn il FH 22
23 B 46 T R 0 AT o

A2 B E A Rz 3K (CSCT) g iy X 2%
(Med-307A-B1, 3 [ Med Associated 2 &) ) 48 #& K
SF A 15.24 em X 13.34 em X 12.7 em (K X 58 X &) ,
e % AT % ) R o AR AT A 6 A

WM ESE A R AR AR/
FETBCA AR 35 By 6] 38 7 A 3 40 A M5 R I 3 4 B 05

ATAMAE R (2R) BREDNRE T A
P A G ) 30 min, HE 2 K iE RS AR, T 75 %0 10
e 1A AT B R

Tyegd EaaX (2 R) WRAIFIR G, 5
VE/ANER B R 30 s, 85 TF1h 0 L, 18
i B KR 40 s, B ol A BR (inter trial interval, I'TT) By
KR 20 s, 58 o 0.25 mA. AR T 4R R
A1 s AT 5206 BUR i i 4R R R HT K
UsJRAARZE A FEAR L BEMLE SC—MIFF R A 3504%
FF A R AT 8008 R AFAE 2 R R4 — 3

S A H B TR DS B A ORE ) A o 5 R
JEHEA 20 s T, A i 9 18] 4% T S0 304 s AT,
Wiy AT 40 s J5 B B & 0, B S #E A 20 s TTT. ITI
0 TR) AT A 52 VR JC 5% i, RN 3 o TTT 45 05 IF
N — R o AR A RORE A T AR R
A, 6 AR /N T 15 s 0 L s ik E L NP
(normal pattern) ; W R AR T 15 s /N T 40 s B9 L 7



470

HHARR(ESE) 202647 H ,53(4)

B AE LA DP (deficit pattern) ;40 s P TG AT (1 H
i k2 Xk FP (failure pattern) o 5E 55 25 W5 H
75 Yo WA HE AR T R UK

RENA WEHIRALE R G ARG E KRN
LA AT A48 45 (NP DP (FP 78 # i 39 8] L B TT T
] B A R0 TG A8 AT R #5477 k-means 52404,
PNTIRS NI RN eIk 7/ Bri i v 4= 3 e <38

BEBEMNK 7 CSCTMAT 10 X, #4771
bl H o 2 B I . e D BB T S S A
RLIDSA, 2R B AL (T O A R A WL 20 em X
24 cm X 18 cm ] N & M 5 ming B & H /N R g2
32 s B LAy, BE R B B 10 s, HL AT 9 A
0 mAHIINE] 0.5 mA. FL W2 [A —5RE T 3K
o 2 /N R R 12 H i o B AR Dy L T RO
1A

5 38 & MK (Von Frey test)

SIS I A N T R e O R A S N
J& W 3 B R B R, — KR — /R ] L DA
W /0 HL N B N o B TS A Von Frey £F 4 22 3 B T
Jei R AT R, 6045 0.16 g.0.4 2.0.6 g.1.0 g
2.0 g LSRR Ty EER 2R 4E 22, DL 0.16 g TF iR .
Aoz CTIE I e R 2 s, WE B Bh ) A 4
JICCES G T AT 2 A0 5E S B BB, i 5%k
X7, LR IE R 07 TC RN B4R TR — G T BERY
L Y22 A RN — R A Y22 AR
21 Y 22 0 Pz 18] 22 /0 [B] B 2 min.

% Rt F  JH Dixon up-down J7 ¥ , MR 4f ic 5%
) 14 20 235 S B 4 Sy 4 JTC R 1, 3% 48 B 2 I /s
B AL R 1

#4775 ( Hotplate test)

A HN B I AT 2 h 38 6 SE 5 A 4R
10 min (R F AR b 3% W] 52 B ok ) o #bim
PO 53 FE K/ BB E B IR 3R JF 57 209 IR
Aef L R4 /0N B O B TC RS TC L TC 5k TG 8k iR
149 BRI B0y B 452 1k I, I BBCHE /s Bl D .
PRI AR S5 17 T — RN E . 20 min /5
265 2 3, 40 2R ] — H/IN BRI e ) 2278 T 3 s
U2 1k S 50, i 2R ] 22 K 75 3 s W) 30 min 5 U
55 338 .

g5 R T S BEMUR R 22/ T 3 s IR IR 45 SR HL
- A AE Ay B S AR 8T 38 AR S /)N B AR
1A

B 22+ = iiK (elevated plus test, EPM) % ff]
TR E K E, BB (30 em X5 em X 15 em,
o XCTE X FBE 5 ) A BB (30 em X5 em, i1 5
0.5 cm B ¥ #2) 3 5 52 XM AL, il b ko f
(5 em X5 em) A%, B R QB T #1860 cm 4k .
SR RN BUE T R R 5 AR HAE 10 min N
HHERERE S X, RHTIERRE2BEIL
SE/NRAT R, 38 i Tracking Master 17 4 43 A1 5% 4
( B AL B e B A BRA R B B LS 280
FEHCE 55 3t PR 45 B ) 1L 4% DX Sk AR B M is
S A o B RN RIS RS 75 26 W
00V T T 2K B A A T BR AR T LS AT R —
HUN R I

SRIE KK (FST) 25625 By 30 em
ELAR 20 om (1935 B B AE AR, 1A 23 °C~25 “CHY I 1
H 2K KR GEFRAE 20 om (B £ /N BUR TOR BE firk &
JEFR ) o M 1) /N B A K R TS B 6 min, B
PiAT o B b 38 18 3k il 5%, 38 2ok Tracking Master 47
R 4 A A U N B O e KA 2 Bl R R A
P) B W WA N R 7 B N N s O W 1 72 S | Y (LR )
SN ARG AR . W 45 o B /DN B T I ik Tl
SR T T B e N K, #EAT R — A

REEZI g AN EEMCSCT 15,
K 45 A M R AR P AS /N B DR & 2 fig
S ZR 45 Med Associated &R 4% 14 [ 5 2% & (Y
5 307A-B1, 3% FH Med Associated 23 7 ) # Tracking
Master 174 73 1 R G 4

FEHERAKRERL(HIR) F/NRETITNE
o B #R T B 120 s, FEZE 10 s BY 3 )
(conditioned stimulus,CS) (4 kHz,75 dB) /15K .

FHBIEE I (F2R) 5N BY BAH [
0 3 A A, N B A2 5 IR S8R — R AR A Y CS.
BIR CSE R E B4 T 1s,0.6 mA [ 2K H
(unconditioned stimulus, US) o & H Tl 814 3k i
SE/NRAT A, 38 1 Tracking Master 17 4 43 B 54 H
S IR AE 10 s CSHIR/N BB ARE5 B ] . O
S5 LA R UREE I A) o $ R B RS R B 4 L

BALAT I BRI (% 3 K ) B/ BUE T8 # 5
WA (EH A 8 om, & 12 cm WY BAEAR) 1, 25 7 3 WK AH
[ CS,HATERE US. it FH AR [R) /9 5515 3 48 f K
e I A /N BRAE CS BRI R 45170

BREEREZFIRAWIK 7ECSCTHI1LM,



LT B, 45 . — il R4 B4 T 7 R X /N BT Sy 2 A A g S

471

I FH #AE PE 0 K T 6 TSI 3 TP Al /N BRI 22 5 2
2 RE J) o MK AT 1 R D BB E T8 5 A A
[IDSA, % kBl 2= A& (T ) A R AL 20 em X
24 cm X 18 cm | P 3 B 30 min; M 43 A7 /N B 2% K
12 he WY H AL ]2 60 mine /) B ASE
& —1Ml 6 cm X 6 cm fiil & X 38 I 45 B 3 s I, AR AR
PORAT 22 1 s H K T 0.05 mL 10 % BERIA
W (w/v) o BEJEIEA 10 s B AS R 3, 76 I 49 18] 15 vk
it J2 il & 25 A AN 23 3045 R il o SR Tl #8443k 4
Fic st /N U474, i 1d Tracking Master 17 4 43 #1 &
gt 1 3R B0 g8 3+ I a3 1]/ BB AR 7K 3R 0K L
DL K AE filh % IX 455 B3GR 3 3 s K DAL A A Rk 2 YR B

SEitFE o A St B ¥R GraphPad
Prism 9.0 3458 B . X T P 2 (8] b3, | S AT IE
A A 5 (Shapiro-Wilk K 56 ) Fl 5 22 55 MK 56 (F K
). A BIEAT G RS A B 22 5%, Wk AR R
X e K B 5 A7 7 25 SRR ST, Wik F Welch 22 1E ¢
R o Y R N AF A IE S A B R AR 28
Mann-Whitney U Kz % o X} F 3 K W > il 57 43 22 48
SR B, R W B R 2 4 B (two-way
ANOVA) , & HEAEH B3, Wit -2 T2 H
BRI, P<<0.05 HZERAGITFE L.

4k 28

CSCTEX R AmMMER CSCT AR
JH AT 2 1k 04 (55 F a5 VR S D0 U, 45 30 ) e 08 3 ik
FEFFAT T B2 1k 1 (3 3l g R ) 5358 % 4% 2 55
1 B sh & R (e sh i xf ) (B 1A (1B) o FEF A7
R REAIE 1 TG W BRSBTS e/ BT 43 R
2+ F Bl X 2H R B Sy v A R AR B 0 AU
FFAT A7 5 B 8l 07 XoF 2 D) 32 300+ A sz o7 2 R 1 R 44
FAAE(EI1C) o ATRE R o CSCT 3230 /4% 3h %k i
LA Ko A7 SR 48 A5 JC 25 5 (L 1D~11) , GIE B 2 488 Y 11
PRI o S S 6 34 P A R

CSCT H, 3 3l /4 sl b %t 21 /N BRAZE 90 46 5 )
R R I LR AT AR 20~30 ), {H B 25 3
HEHE | 32 2l 0 2H AT VAR 00 32 0 A RO AR5 2 R
W rp OR R AR, 2R B LB & 8 1 32 3 [l e o s
T4 2l 1y X 2 0 AR I e A 4E 47 7E 40 s B FR $275 H
K U A2 SR W, W20 7™ A T W AT o i R 2 o Ak
[F(119,3 720)=2.625, P<(0.000 1, 1E]. #—2

15 25 5y B o, 8l N X 2H AR FPIRBLF (1,
31)=10 047, P<<0.000 1, [ 1F ] ¥ JE #7119
[F(1, 31)=7735,P<C0.000 1, E 1G] K 2 ik if K
[F(1, 31)=7 720, P<<0.000 1, A 1H]& ¥ 115
T (1 ) IS I R T i s RS VD B2 EN D 4
JEFF BN AATE 3% 22 5% [F (1, 31)=3.372, P=
0.075 9, 11], $&/R F 8 R FF R S5 T L i e ke AT R
X 25 BAE S, CSCT ¥ 20 RE A7 2% X 43 P i S8 AN
7] %) g g o A5 =X 2 3 Bl 0 % A 1A G S AR AT
FEUR [l 388 i g, 177 4 2l R A4 U] ¢ B i bk s if A2
FAT Ay 410 80 i 1

BADMROFBHRELE MR T30/ 8 30 xS
HAECSCT AT H 2 7 2 E 5/ BRI 22 74 ¢,
FATHEAT T W T B E I 3R BRI 3 B v o
i, 43 AR I /N B A R o R I L AT R AL R
TEfJm — M Z5 1 8 J5 R CSCT sl X 43
3l /%% B /N B (B 2A) 6

A, ol (03 v, 7 0L /0N BROK Al o R ™ AR R
AR E T B3 2% 5 (U=57.5, P>0.99, A
2B) , R U R B A — B, BRI,
/N B 40 TOHS AR IR oKk W48 12 25 57 [ 40, =0.463,
P=0.647 9, & 2C ], 15 W] H 2008 O (E AH O o 15 9B
W i — 25 R, P 20 /0N BRZE BILAR0RI 8075 & 1 4 T
N B A BT R 3 X (U=56.0, P=0.802 0, &
2D) , $EOR AL B AH Y . R R R W] TR
CSCT 47 Ryt 3K v UL 5 21 1 3= 301 5 4 5l 1o ) 5 s 11
AR 2E S5, IFAE BN BRUAS B9 9 9 AN TR] T 5 3

CSCTERWAMNMNRERKELLE I THREARN
7] 2 %of 5 W /N BRI 2 IR 22 55, 7 CSCT 5 1)
2K, RH EPM AT FST I3t % 15 4170 B 1 45 A
AT R BEAT T VPG, £E CSCT /i1 B HEAT T LRl 42
JEKE EPM IR, D HE IR 25 il £ 0K T 22 % X S
L) CSCT K H 5 EPM &5 g e s2 ), T 3%
X4, CSCT i 9 EPM & L8 EPM-pre,
CSCT J5 9 EPM % SCH EPM-post(E 3A) .

EPM-pre 25 58 7R , 32 8l /4% 3l b % 4l 78 IF ik
B[ 1,,=0.584 8, P=0.564 9, & 3B HIHH & [ 110,=
0.500 1, P=0.625 7, & 3C J (915 B8 i} (8] JC b & 25 5%,
kB P 4N A e L AR EOK I 22 5 . T 7E EPM-
post MK 45 7, 5 4 20 0 X 41 A L, 32 80 0 x4
T AR BT . BARSR Iy« 3 B %
2H A ITHUE 45 B8 1R B K [ 4,,=2.638, P=0.043 7,



472 M HER(ESRD) 2026487 H ,53(4)
A B c
[Day 1 : habituation 30 min]
[Day 2 : habituation 30 min] 1.0
0.8
ay 3 : 30 s exploration .
Day 3: 30 lorati gg
[ 60 controllable shocks | o 8'2
o
Houselight oft' 1 s AT AT
TS S @ S
S FFe &S E e E
T FTFTE
$ W W R
RS oL &
W e & ST &
Q‘b cozf’ ‘2‘:‘ ,‘\0 =
D E - f}cti\je-mahl:
—» Passive-male
Male - 50 — Active-female
— Passive-female
= fstive, 40|
‘5 30
5 20 (] (1
= I
~ 1
ID IF
Day 4 : repeated day3 il sl oat % § :
(60 controllable shocks) Total=19 Total=16 e O e T S e
1 11 21 31 41 51 61 71 81 91 101111
End Trails
F G H 1
i i M 1 il M l ns M I
. Mal Y oMale ” oMale . o Male
150 ns ns :Fe‘:é.h 30 ns ns  gFemale 000 s 2 Female h ol hs 1S o Female
’:‘.‘- Lr ]
e <6000 | £
100 b = 30 0= g240Ff °
& £ 5 %
& 2 E 4000 f 5
220 b . 2
S0+ 3 2 2
10 % 2000 H .§
= 5

Active Passive Active Passive

Active Passive

A': Schematic overview of the controllable stress-coping behavioral paradigm. B: Detailed illustration of the operant chamber setup. C:

Unsupervised clustering analysis of behavioral parameters revealed two distinct subpopulations: the active coping group and the passive coping

group. ITI: Inter-trial interval. D: Population distribution showing 37.5% active coping (n=7) versus 62.5% passive coping (n=12) in males and

36.8% active coping (7n=6) versus 63.2% passive coping (n=10) in females. E: Trial-by-trial evolution of response latencies across 120 trials,

demonstrating progressive behavioral divergence between groups (two-way ANOVA). F: Between-group-comparison of FP trials counts (two-

way ANOVA). G: Between-group-comparison of mean response latency (two-way ANOVA). H: Between-group-comparison of total task

completion time (two-way ANOVA). I: Inactive lever press count (two-way ANOVA). "P<0.000 1. ns: Not significant.
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A: The experimental timeline of the electrical shock, hotplate test, and Von Frey test. B: Currents required to elicit vocalization (Mann-

Whitney test; active: n=7; passive: n=17). C: Paw withdrawal latency in hotplate test (unpaired z-test). D: Paw withdrawal threshold in Von

Frey test (Mann-Whitney test). ns:Not significant.

B2 E3h/4 3 x4 /N BR A9 7 =K

Fig 2 Pain threshold tests in active and passive coping mice
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A: The experimental timeline of EPM-pre, EPM-post, and FST. B: Time spent in open arms in EPM-pre (unpaired -test; active: n=10,
passive: n=14). C: Time spent in close arms in EPM-pre (Welch’s z-test). D: Time spent in open arms in EPM-post (unpaired -test, active: n=
23, passive:n=19). E: Time spent in closed arms in EPM-post (Welch’s z-test). F: Behavioral classification in FST (immobility, climbing, and
swimming). G: Duration of immobility (unpaired z-test; active: n=23, passive: n=19) , climbing (Mann-Whitney test) , and swimming

2p<0.01; ns: Not significant.
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Fig3 Behavioral performance of active/passive coping mice in EPM and FST
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A': Schematic of the aversive learning behavioral paradigm. B: Configuration of conditioned stimulus (CS) and unconditioned stimulus (US)
presentations. C: Freezing ratio during CS presentation in fear conditioning (two-way ANOVA; active: n=6, passive: n=8). D: Average
freezing levels across three tone presentations during fear memory retrieval (unpaired z~test). ns: Not significant.
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Fig4 Behavioral performance of active/passive coping groups in the aversive learning paradigm
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A': Schematic diagram of the operant conditioning chamber. B: Experimental timeline of the operant reward learning task. C: Trial-by-trial
changes in lever-press latency during the 60-trial stress-coping task (two-way ANOVA, active: n=10, passive: n=6). D: Number of rewards
earned during the reward learning task (unpaired z-test). E: Number of valid trigger zone entries (dwell time= 3 s) during the reward learning task
(unpaired #-test). ‘VP<C0.000 1, ns:Not significant.
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Fig 5 Behavioral performance of active/passive coping mice in the operant reward learning task
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