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microinjection of K252a, and to establish a new animal model of depression. Methods SD rats were randomly divided
into five groups, namely the control group, sham group, chronic stress depression model group, hippocampal of K252a
microinjection group, and hippocampal microinjection K252a plus chronic stress group. Open field experiments, sucrose
consumption test, and Morris water maze behavioral assay were used to assess the behavioral changes in the rats. ELISA
was used to detect the plasma monoamine neurotransmitter, radioimmunoassay was used to determine the plasma CRH,
ACTH, CORT contents, and western-blotting was performed to observe the protein expression of BDNF, CREB, ERK1/2,
and BCL-2 in the hippocampus. Results Compared with the control group, the amount of activity, sugar consumption,
learning and memory abilities were decreased( P <0.05 or P <0.01), also the serum monoamine neurotransmitters were
decreased (P <0.01), HPA axis function was improved (P <0.01), and the expression of BDNF, CREB, ERK1/2,
BCL-2 decreased in the CUMS group( P <0. 05 or P <0.01), but there was no significant difference in the DMSO group.
Compared with the DMSO group, the activity, consumption of sucrose, learning and memory ability were significantly
decreased(P < 0.05 or P <0.01), while the HPA axis function was increased (P < 0.05 or P <0.01), the serum
monoamine neurotransmitters decreased (P <0.05 or P <0.01), and the BDNF, CREB, ERK1/2, BCL-2 expressions in
the hypocampus were significantly decreased (P <0.05 or P <0.01) in the K252a group and K252a + CUMS group.
Compared with the CUMS group, the K252a group and K252a + CUMS group did not show significant changes in these
parameters. Compared with the K252a group, these indicators were not significantly changed in the K252a + CUMS
group. Conclusions The results of behavior, hematology, and molecular biology analysis show that this model has a great

similarity to the classical model of CUMS in surface validity, construct validity, and functional validity. It may provide an

alternative investigative technology platform for basic research and antidepressant drug screening.

[ Key words)

PIARAE ( depression) J&—Ff /" &3 A E L
R R ERIE B . BEE +E R TP R, AT
TR, SARAE 1Y A B ARG BT iR
FVABIE B BT 25 W0 e © Bk B2 2R} R SR )
BN, AR IMARAE FE AL 9Y O 4 T 2
R R BT KR B OBN-TE R OB IR
( hypothalamus-pituitary-adrenal , HPA ) %l " {5 15, I
FIZ AR L B b 2 %8 35 e i B o G
WE5E & BLARN L N A5 5 e 5 AH OC 2 11 sl 4 8 R X T
WESEIWABAE 04 % s AL il K2 BT aB 25 Wy i i & BAy
LR v e T A A i VR e 22 5
¥ ( brain-derived neurotrophic factor, BDNF ),
BDNF 5l o % 2 ik 3% i 52 /&K B ( tyrosine kinase,
TrkB ) 15552 W S ARAE Fr) o 2L A= JHL 25 4 0 pf 22 7] 99
PR E AR 2 AN

SRS AU 2 5 IR 2 Y AR DL KT
D51 0 A A M R P A e S 5 B AR 4 R
PHE . A 30 ARAE 2 P A58 AL B 1 £ T
PeAAT Ry S 2 B R ML, SR L I 1 A UL
FoT P 2B SR R B U B AT I A S S A
ARV TR AN I SAZ I ok T Refs, BT,
A5G 4 R i 5§ 5 1 S BDNF 52 44 BH W7 5
K252a , 158 Hook K BRAT by 22 AR A 25 B4 Bn 1Y
A I RS2l N K o o U T TR I S VAR

Depression; Models, animal; K252a;Neurotrophic disorders

( chronic unpredicted mild stress, CUMS ) #JI A 4% 7Y 1f
TR, B EAS 3 — R 5 A SR IE s A A

1w

1.1 SRz

fat AP SD KB, SPF 4,240 ~280g, 50 H,
FH 1 R TSR ek s v SR A3 SEER s A
A[HE: SCXK () 2012 - 0004, 3 ¥ & ¥ iF 5.
HNASLKJ20140814 , 7E56/I5E R 12h/12h (VG HR
fFE] 7:00 ~19:00) 4500 N FE T T, B H RS
Tk AR K (R AT IE 5. SYXK (1) 2013 -

0005) .
1.2 iRF

L ¢ S 2= = ¥ ( brain-derived
neurotrophic factor, BDNF) . cAMP [z i Jo{F 45 &
F ( cyclic AMP response element binding protein,
CREB) —#1l4 A F (9 Abcam 23] ) 5 MIAMREAT &
FH B ( extracellular signal-regulated kinase, ERK1/
2) AT H (B-cell lymphoma-2,Bcl-2) —$HTIl H
F (£ Proteintech 23 7)) ; RIPA 2% .BCA 1
AR & (AL A2 &P A Al 5 Protein: marker
(E[E MBI Fermentas 2% F] ) ; NC i ( 3¢ [E Millipore
NF]) PR 1gG-HRP —Hi (ALt 2 & A w)
B2 5t B ( cortisol, CORT) | fie ' b i Bz Jit ¥ R



28 o R PR a2 i 2017 4E 4 HE 27 5554 1 Chin J Comp Med, April 2017, Vol. 27. No. 4

(adrenocorticotropic hormone , ACTH) | F F-ifie & -
i B BB R B B E ( corticotropin-releasing
hormone , CRH ) Jilt 5 % 38 170 &5 (ma ot 2 A R
Fl) 3 5-F 4 1 ( 5-hydroxytryptamine, 5-HT) | 2 [ i
(dopamine, DA ) | & B ' - i & ( norepinephrine,
NE) ELISA {7 & ( LI A= YA RA A .

1.3 (43§

FREA K AS (25 BN W) 5 = A TR A
(ARWETT AR J5 o AR T ) 5 TSP R B R 4
Morris 7K E (TG HE T Panlab A 6] 5 B KA (AL
AR T) s ELX800SNT % i 1A ( 3% [ Thermo
OS] R Uk B D HL (15 [E Eppendorf A F] )
DYY-8 AUES AR L IKAY (AL 5N —AX %)) s H6-1
TCRY L VR (B TR A5 A ML B B R AR ) 5 DK-
8D Y A FATE VR KA (1T RS LA AR A PR A
Al s AINEREEAN BEIE LG 53 BT R 58 (52 [ Bio-Rad

ACIDR
2 FHiE

2.1 54

B KBRS REREE 3 d, IR EAT 19% BERE K
25, M5E 6 pm ~9 am WRFR 1% FEMEKIE AR, &
BB K A AL 9 50 R RRUBENL > R 5 41, 4
10 2, Bias (4 %5 BRZH ( control ) 5 18 1 IV 15 1 IS A%E 54
L (CUMS) 5 fis A 21 BV ifg T oy ol i v 23— 360
R ( dimethyl sulfoxide, DMSO ) ; ¥ 55 Py f3f & 7 5
K252a; g 5 P R T K252a Bk A 18 1 N B
(K252a + CUMS) ,
2.2 HRAKREBHFXRABED

XA 5 HIAFR, R4 T AT 538
CUMS KRB INSE, 1 RBEYLL T A R %2
TIAMARRE AR B, A4 452 (24 h) 457K (24 h) il
98 45°C JeJ2 (1 min) 4°C UK (15 min) B A& A 2]
(24 h) M7 (5 min) , B REHLZHE 1 Fl, P35 500
FAEH 3 Wk, 4t 21 d, HE A4 KELLL Bregma
RO B K BB A B (AP-3. 8mm, ML
+/-2.5mm, DV-2.5mm) , ¥ A B HEEE T
A, DA Tl e S i T G 2R AR S A, S AR 4

TR RS 3 d, RIS MR RS,

ANEEW Y ISR 1.7 14 21 KI5
TS AR . 259 , 5 Rl CUMS 78 52 56 1Y) 56
1 RIFt5, DMSO 4 K B 5 P i 3 0F 1 pl
DMSO; K252a Z K B S Nl E 4 1 pl 1Y

K252a(10 pg/pL) ,K252a f1 DMSO ¥4 7547
K252a + CUMS #4175 K B S N ol T2 1
K252a( 10 g/ L) 14 [R] B 15650 1 1 3
2.3 1TAZF®RN
2.3.1 Open field SZ5; . 37 FTE MRS , 5 40 em, K5
80 cm, JEIBE JRE I A B (4, T 2R or, PLRRUZE 3
min A 55 B T HR A ( DU AR D7 4% 5 il E %0
A K (locomotor activity ) #4543, DL B YRBCN T B
1% 3l (vearing ) 1553 ( B0 R 25 TF I TH 2 3l ) W
WO —WiE 8l ) o E ST sl i A2 AL,
2.3.2 WEKIEFESEI sh Wy B8 INTR, — DR
1% FERE/K , — AR Al oK, 257K 12 h )5, I 7E 6
pm ~9 am N KB 1% FEMEK A& W E 3h Y hE
IKIHFERAE L
2.3.3  Morris ZKEEIA

(1) ENAAT IS IRk . A B E g 1y 17
~21 diEAT 8 IRMLAT SR i 2R ~T , BEA 4 AN [l Y
G B R BRI [ b RE A K R AR 60 s IR RROR
J& IS5, PR HAE 5| 25 A5 BE 20 s, 7RIS Y
5522 RIFATLAUF 9280 2K b U RAR&0 e, T
B IEXS Y 5 G BR AL, K I B T o) 1t BE Tl A K
WA I s R BT 4RJF € | F 5 19 22 1) [R]
(escape latency)

(2) 3 [ 2R S50 SR 1 6 1 ) — A K 508
IR BT 1) YL BE A K e 0 S H 5 8 E PR BRI
U (crossing target) , HARZ FRWE RIS [E] (Lat. T) |, 7E
AR XIS E D (%),
2.4 HPA 3R ibHE X IE#RE

REAT B F MRS 5, i EE R 24 h,10%
IKEABE 4 mL/kg 7GR, 2 2SIk, TFR
BAE Pl 8E 2 500 +/min B0 15 min, UMK A 1.5
mL BLOAE T, - 80°C IKARDRAF . ™ & 4 BRI 5 3k
FR) G UL 5 D i AR B b R R RO R
(corticotropin releasing hormone, CRH) {2 ' I i fz
JI Z (adrenocorticotropic hormone, ACTH) | JZ Jii
fii ( corticosterone, CORT) & &
2.5 MmFRREBRSENE

KREAT R AR A A G, sh P25 24 h,10%
IKG AT 4 mL/kg B BRI, 2 T2 s Dk, e B
e, 3 000 r/min #5010 min, BUM A 1.5
mlL B, - 80°C IKAH IR AT, MM 4% I ELISA i
& i B T NE 5-HT DA FOR
2.6 PtRAHIRE



T R BE 2075 2017 4E 4 A4E 27 %5 4 ] Chin J Comp Med, April 2017, Vol. 27. No. 4 29

KEAT R 2F MRS o1 5, 18 32 sh Bk, R J5
U ) B A TR AT RS BT - 80 C UK
s,

2.7 Western-blotting #&MIEXE R

B 4 355 mg 44 Sul ELflin A RIPA
ZURIR VK A3 ,4°C (12 000 r/min B> 15 min J5
BRI Y VA A L 2V BB, BCA YA S AR
T IR . #7218 Western-blotting 5256 7 15 43
SRS 44K B D BDNF ,CREB ,ERK1/2 \BCL-2
HFRsE, H UL B-actin A S, [ H Image] K
QAL FRER A X F s FEAT A, I R A, TR A
4 H W AR R i S T2 50T
2.8 MBS

BRI RIELL v +s £, R SPSS 17. 0 48
AT 43 B, K F One-way-ANOVA K56, P <
0.05 HZ5A BENE,

A

60 r O Control

50

30

20 |

Locomotor activity of
K PiESE)

0 AN

B CUMS model

3 GR

3.1 ITHERNER

3.1.1 Open field M 252 . 525 A0 fE4L L8,
DMSO H K BBk s sh i FEE G s Es 7,14
21 K2EFTC B EE, CUMS 4K B K P 3% 3h &
WMEGNEAES 7 R FFE TR (P <0.05); 5
DMSO #H H 45 , K252a K252a + CUMS 4H K B A 7K 3
et T EIG SR IES 7,14 21 RFRE(P <
0.053¢ P <0.01); 5 CUMS 4 H %, K252a 4 .
K252a + CUMS 4 K A9 /K V16 s i 0 BTG sh i i
TR A 225 T M 5 K252a 41 88, K252a
+ CUMS 21K BRUE 21 KA/K T 2l i | 1 ELG ol i
BRETR, AERIEEE, SR WLE 1, KFES)
HN A, EETESEN B,

3.1.2 BEAK IS AEI 5 B, 5 as (0T R4 LR,

DMSO HK252a+CUMS B K252a

1

B -~ O Control

Rearing activity amount
(EHEE)
S = N W ks N0 XX O O

~

B CUMS model

L ## ##
LR
I {‘%”T
! T .
21

14

DMSO HK252a+CUMS BK252a

—
[

SIS HAE " P<0.05, ™ P<0.01;5 DMSO 4 H#,*P <0.05

s, ™P <0.05, "™ p <0.01

, ¥P<0.01;5 CUMS 4 11#,4 P <0.05, 4P <0.01;5 k252a 21

1 : Control (45 FAXT HHZH ) ; CUMS model ( 1214 R AN ABKE AL ) ; DMSO (T A 4 B ¥ B Py ol ik v 3 — FF LS AR ) 5 K252 (¥ 5 P ik
S K252a) ;K252a + CUMS (I 55 P S AT K252 a BRA 12 MR )

E1

AR FOK- 5 S ANE B S A2 (x 5,0 =10)

* P <0.05,vs. thecontrol group, P <0.01,vs. thecontrol group; #P <0.05,vs. the DMSO group; *P <0.01,vs. the DMSO group; 4 P <
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Fig.1 Changes of locomotor activity and rearing of the rats in each group



30 HhE AR E 22 24 2017 4E 4 A 4527 454 1 Chin J Comp Med, April 2017, Vol. 27. No. 4

DMSO 1K B UBMKTHFERAESS 7,14 21 RERTL  K252a 4 K252a + CUMS 41K A H# K TH B = 50
BEVE, CUMS 4R BB AE RETESS 14 KINJT TR H2EFTCWEM; 5 K252a 4 HE, K252a +
R (P <0.05); 5 DMSO 4 Lh#%, K252a 41, CUMS 4R BRI /K IS FE =L R I i 22 57 0 Wb
K252a + CUMS 4K RIFEKIHAE 7R 14 .21 M, ZRILE 2,

KFBE(P <0.05 B, P <0.01) ;5 CUMS 4%,

OControl BCUMS model BDMSO HK252a+CUMS BK252a
140

120 | T

100 |

N

(1%REK I FEE)

1% sucrose intake test

40t

20 f

I

._.
-
—
+ R
[\
—

HaEHARE " P<0.05, * P<0.01;5 DMSO 41164 ,* P <0.05, * P<0.01;5 CUMS 41 1LE;, 4P < 0.05, 44 P < 0.01;5 k252a 41
1z, ™P <0.05, "™p<0.01
TE : Control (55 FIXTHRZH ) ; CUMS model (18 1413 SMARRLRLZE ) ; DMSO (BT AL BV b P fife e v 6 — W RSN ) 5 K252 (15 25 1A Aol i V25
K252a) ;K252a + CUMS (¥ 55 YU i K252 o BRG18 ME R

B2 HARBPKEFERNAZ(x £5,n=10)
(P <0.05,vs control group, P <0.01,vs. the control group; *P <0.05,vs. the DMSO group,” P <0.01,vs. the DMSO
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Fig.2 Changes of 1% sucrose intake of the rats in each group
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Fig.3 The Morris water maze test of rats in each group
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Fig.4 Changes of NE, 5-HT, DA levels in the serum of rats in each group
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Fig.5 Changes of CORT, ACTH, and CRH levels in the plasma of rats in each group
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and ERK1/2 of the western blot strip chart
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Fig.7 Protein levels in the rat hippocampus of each group.
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