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[Abstract] Objective To observe the changes in depression-like behavior and cAMP-PKA-CREB-BDNF signaling
pathway in the hippocampus of rats with mild brain blast injury (mbTBI) caused by blast shock wave, and to explore the mechanism
of neurological dysfunction caused by mbTBI. Methods 44 male SD rats were randomly divided into control group and model
group, 22 in each group. The rats in the model group were placed in a gridded iron cage, with the head facing the explosion center
and fixed on the ground 15 m away from the explosion center in a fan shape. At the same time, the shock wave intensity at the
location of the rats was detected. After the explosion, 7 rats in each group were randomly selected and fed in separate cages. Open
field test and elevated plus maze test were used to evaluate the depression-like behavior of rats at 7, 14 and 28 d after exposure. The

remaining rats in each group were randomly sacrificed at 7, 14 and 28 d after exposure. The hippocampus was removed and protein
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extracted. Western blotting was used to detect the relative expression of cyclic adenosine monophosphate (cAMP), protein kinase
A (PKA), cyclic adenosine monophosphate response element binding protein (CREB), phosphorylated CREB (p-CREB), brain-
derived neurotrophic factor (BDNF) and oncogenic protein c-FOS. Results  After the explosion test, all the rats in the model
group survived, but within 24 hours, they were apathetic, slow in action and poor in appetite. After 72 hours, the above symptoms
gradually eased. There was no significant difference in body weight between the two groups at each time point (P>0.05). The
results of behavioral experiments showed that compared with the control group, the total moving distance, the residence time
in the central area, the number of times and the proportion of time entering the open arm of the model group were significantly
reduced at 14 d after the explosion test (P<0.05). The results of Western blotting showed that compared with the control group, the
expression levels of PKA, CREB, pCREB and BDNF protein in the model group were significantly decreased at 7, 14 and 28 d after
explosion test (P<0.05). Compared with the control group, the expression of cAMP and c-FOS in the model group was significantly
decreased at 7 and 14 d after the explosion test (P<0.0S), and there was no significant difference between the two groups at 28 d
(P>0.05). Compared with 7 and 14 d after the explosion test, the expression levels of PKA, CREB and BDNF in the model group

were significantly increased at 28 d after the test (P<0.05). Conclusion Single blast shock wave exposure can cause depression-like

behavior changes in rats, which may be related to the down-regulation of the cAMP-PKA-CREB-BDNF signaling pathway.

[Key words]

B9 P B 52473 (traumatic brain injury, TBI)J&—
Aot ey S0 3 3 RS fik Zh e R A o S ) [ By AR T 42
D543 R0 BE 3192001 — 20 184F 14383 9471 TBI
di, Z1/3 5ERES RN —T2000 —20164F
1928 A ANTBIW E 45 R R, 82.3% M TBIY 4% A
B0, )5 280% S tHRKES LAY, BV E ik
/l%%?{ﬁ(mild blast traumatic brain injury, mbTBI)[S]C
B2 Wr Iy mbTBIRY & & W & AR 0I5 L I s 6%
(posttraumatic stress disorder, PTSD)MO PTSDZ 1
ARYE . BIESMAREEAT AR, RS
B NG e 5 A 2 A i R I B I 1 5
M, ABERR IR (cyclic adenosine monophosphate,
cAMP)-E El?%ﬁﬁﬁA(protein kinase A, PKA)—%@%H%&
RERS I L e g (cAMP-response element binding
protein, CREB)—HE{EVI"TEP 2 Y= W?(brain—derived
neurotrophic factor, BDNF){i5 51 % 1Y 38 1 -5 0 il
XoF 5 1 PR 2R A kA543 5 DR AR AR AT Ry A 45 A
HEAHGEY, FHER B S 5mbTBIS]E M A
FEAT R (R IR i AN A o ASBIF R S A X
HE R B mbTBIEE R, WL EEmbTBIG S 1 K BLAIMAR
FEAT R S it T cAMP-PKA-CREB-BDNF{5 53 1 725
b, ROTH A 2T Re R S AEDLE], DA OC
P 1Y) RIS R R T R AR R i

1 MR5FE

1.1 2 zhY  SPRMETESD K44 H, {AH
(220 +£20) g, MW B 7 DUAR (b0 LE I HOR AT R 23 7]
(LB s W = AIIES . SCXK(5)2019-0010]
SR RS . IRE20~26 °C, 1BJF40%~70%,
HR /RIS [E] 12 h/12h, i@ iR 3R

1.2 ERpA Sl R4 44 HSDK R
Loy A Xt BRdl Fnop il i B2 fR 4, Bdl22 2. ik

traumatic brain injury; depression; cAMP-PKA-CREB-BDNF pathway; hippocampal; blast shock wave

[T i A U D = T o L R
HEHR B2 T 150 kg TNTHRKE 248 0 B4R O
1S mI AR A 50 2 ) 1 2 8 00 . AR e
B, BB L 15 mAh T AR R 29 93 kPa.
KB Mg R, LA O, IR
FETEHLTA b o 78 K B A 2 Ak A 5 e DU w2
B X RRAUICE T2 MR N S S5 ™ b T
PR 5 s e B 2Kk, PR T RAAR LI =R
PR 51 25 W A it o (TACUC202107) .

1.3 — eSS 505 AR R MRS
HESYOKE, XHAMFERIE) RN S AR T AR A

1.4 froh2eigs IRIESS S, AL H
KEGT RS, THEREGE7. 14, 28d3 04T
™ 37 S 36 R e R+ R B DU

1.4.1 B 3050 W5 K B 2l SR 2 Fn v e X
WEREmIE SRS SR, IR AT
YI RS0 em, [R40 cm, JEEE KB v iR, KT
R AR . S5 R BUR A S AE N,
N 3min, 1WA H)S, {#iHTSE MCS-Locomotor
Activity/Open Field SCA UM T R 220 MT RGeS K
FLS min N AYIZ BB . S50 AT B 7E IS 2= N AT,
FRMNRZE A, T8 B R 0 R BRIS MR RIE , JF
F170% £ B3 VAR R o AR RN BE 97 1k b R Bl
BAURSE I T RS IR ZE A . St R BRAEF A ISR Y
(RS By R B b o DS B ], DAEAS R R
H 16 shRE 1 FAMARRE IS 25 .

1.4.2 SRR E LA KRR e A T U IR
WA &5 (OE% . OT%)  S2iehin, ek R

S S b i — A T R g b, LA R
WRZEWG D), S minJ7 B HATE = 48 5k 5 i X
B, SRR ML ] — AN RO, RS SR ZH-
DSGHRIIE A = 2RISR 43 BT R BEV2.010 5% S min A K



WHERAG 20037 A28 0 as ST

FLHE A TF A B9 B (OE), #E A S B B 1Y 8
(CE), #E ATFHUE W E] (OT) itk A S5 A1 1
B (CT), RIGZOE. OT. CE. CT/HHIiHEIEATF
TR B 5 L (OE% ) Fl e A O B[] 1) 4 B
(OT%), OE%=0E/(OE+CE) x 100%, OT%=0T/
(OT+CT) x 100%., LhOE%FIOT%AE F AR (1K F
febr .

1.5 Western blotting &l JC i £ ZH 2Lt c AMP |
PKA. CREB. #§fRfLCREB (p-CREB). BDNEAI
IR HE - FOSIRIAK T ZREE/7. 14, 28d%
oy BIFEHLEHRS R, 8 T 5 29% 8 B L %2
(S0 mg/kg) BRIFJ5 405 ; B i S 2ZHEY, AR FER
FKIE VR JE BT A B A R A RIPA A 2% vh i
IR, 4°CF15000r/minES.[>10 min, HU I
Ho RABCAEAEEIAN &M EWRE (L
T ) B A A BR 2N ) TN R AR AR R 32 5 T a5 A
AR M, 100 CAEMES min, HL20 pghbE AR TSDSH
PIRS TE e BE S LUK (60 V, 3h), SR M4 ZPVDF
Il [-(300mA, 1h), S%MifEYIH E 60 min5 ,
ERPicAMPZ SeFEHTAR (1:20 000% B ; Abcam,
MA, USA). RITPKA(1:2000FiF; CST, USA).
CREB (1:2000F7B; CST, USA). p-CREB(1:2000
Fi®¥; CST, USA). BDNF(1:2000%F¢; Abcam,
MA, USA). c-FOSHL3EREPLIAR(1:2000% FE; CST,
USA)4 CHFF 117, TBST IS min x SYX, Sl A B
M ALY R 1Y 5T % =P (1:5000), IR
M E 1h, TBSTHYES min x SIK, ECLB{, L
TanonS200%E i IR R GE Ak iUEMR . RIS A
(Tubulin)fE NS EHEH .

1.6 Giterabs RHISPSS 2005k 4F EAT 48143
Mro BT E IES DMl Urts®Ran, WALE
LR ST FEAR R 35, 2 41 8] L3R H BRI 3R
Jr2emir, H—L WM R HILSD- A 56, HE
N2 Rk LR B 2 N T 2550 B . P<0.05°K
ERHFIHE L,

2 % R

2.1 R ERARAE v A R R e 4
Ja . KRB OO B 2 05 T T A% IR BRI AT

S3MT s, R ZH R SR AL A R A
90.18 kPa, FFLEMT[H]2.58 ms(F1).

R BRI R BT B Y e e 2 R 2

Tab.1 Test results of blast shock wave parameters

fEREER IR R I (kPa) IEJERFEEAT[E] (ms)  Lb ip i (kPa-ms)

1 94.37 2.67 1.67 x 10°

2 85.98 2.48 1.80 x 10°

2.2 WAL RR—BRESIE BRI 4] K BB KE R
U5 A TRAETG, SR bhd, 4 BRI Y AR
b, RN IR TRS . PRI, AT
JE BN, RG24 hPAE I ZERE | f78hIR 4% |
B 72h)a BRI #i . THe . XTHRA
FIVRE 76 21 I R A R o 6 ) (1] 4 R 389 52 10 o i 3,
A B[] 2 P4 A 22 S 3 e 4e 12 5 L(P>0.08,
#1).

5007 g ¥if HE 2
A

0 7 14 28
i 15 (d)

B RS P 2R R LA

Fig.1 Comparison of weight of two groups of rats after the

explosion experiment

2.3 AT R g R

2.3.1 WiZsEEe SR, BRI REEE
14 dB RS Sl B B | A e X el 52 B e i) 447 A dgl ek 2>
(P<0.05); #FZ)528d, M4 e [X a5 81 i) ] 22
SIG I X (P>0.05, K2).

2.3.2 EAETTFRELE SXMA R, B
HOBW(E T REIG7. 14 AW K (P<0.05),
28dZE R TG i E L(P>0.05); FIAOT%IET .
14, 28 A i fEf (P<0.05, 3).

2.4 KB LHL P cAMP-PKA-CREB-BDNF
A R H BRI AIE Western blotting
K gh B 8o, SxFIa i, R4 PRA .
CREB. p-CREBFIBDNFAX} 1k it 78 4 4 o of U
FFRIGT7 . 14, 28 A B K (P<0.05); HEAIL
cAMP ., c-FOSFIEMERTEG7. 14 d¥ I W FEAL
(P<0.05), 28dZEFLGIT2E X (P>0.05), 52
J57. 14dbE, #FE)528 AR AIZ4IPKA . CREBFI
BDNF# [ 5 ¥ i 7+ 5 (P<0.05, [£14),

3 it it

mbTBHEZIRYT A K Hla R, {HH FHIS
B AN . SRR SR ARG, ARG i i
P AGIFITHLEY . BB/ mbTBIZAT £ Fp A FI K
W fE e, R G LR A R . BI0IIE SRR .
TR OREEE L IR, DL e ) S



3000
§ 2000
®
ol
e
R 1000
B
04
7 14 28
Rl (d)

A DX ] (s)

Med ] Chin PLA, Vol. 48, No. 7, July 28, 2023

I R A
[y e
404 (3)
304 (1)
(2)
20+
104
0-
7 14 28
Fif ] (d)

S5XTRA e, (1)P<0.05; H57dEbE, (2)P<0.05; H14dibi, (3)P<0.05

73 59 800 R kg e e D i T 2L K RS 8l B D e X Bl B I ] (n=7)

Fig.2 Total moving distance and residence time in the central area of two groups of rats in open field test (n=7)
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