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ABSTRACT Objective: To investigate the therapeutic effect of recombinant human brain natriuretic peptide on pathological brain
injury and cognitive dysfunction in septic mice, and to clarify its mechanism of brain protection. Methods: The cecum ligation puncture
method (CLP) septic mice model was established. thBNP was injected subcutaneously 6 hours after CLP surgery, and the same volume of
saline was used as a control for 14 days, once daily. The basic motion state, exploration ability and anxiety of animals were evaluated by
open-field experiment. The conditional fear test was used to detect the changes in the contextual memory of animals. TUNEL staining
was used to detect the apoptosis of nerve cells in CA1 region of hippocampus. Western blotting was used to detect the expression levels
of TNF-a, caspase-8 and caspase-3 in hippocampal tissues. Results: In the open-field test, the mice in the CLP+Veh group had a signifi-
cant decrease in average movement speed(P<0.0001), the number of line crossing within 5 min(£<0.0001), and the movement time in the
central region (P<0.0001) when compared with that in the Sham+Veh group. There were no statistically significant differences in average
movement speed (P=0.35) and the number of line crossing within 5 min (P=0.064) after thBNP treatment in the CLP+rhBNP group, but
the movement time in the central region was significantly increased (P=0.0005) when compared with that in the CLP+Veh group. In the
condition-related fear test, the percentage of freezing time of mice in the CLP+Veh group was significantly reduced when compared with
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that in the Sham+Veh group (P<0.0001). The percentage of freezing time of mice in the CLP+rhBNP group was significantly increased

when compared with that in mice from CLP+Veh group(P=0.0014). CLP-induced septic mice showed neuronal apoptosis of hippocampal

CAL region. thBNP therapy can significantly reduce brain pathological changes and reduce neuronal apoptosis by inhibiting the TNF-a-

caspase-8 signaling pathway upstream of caspase-3. Conclusions: Therefore, The mechanism of thBNP treatment for SAE may be related

to inhibition of neuronal apoptosis.
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Jile Z5E AH N9 (Sepsis-associated encephalopathy, SAE)
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Iy B AJKFENIL (recombinant human brain natriuretic pep-
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FARIFIGET, /NG T 2 % (i & 1 Limin) 5 JUER A 752
JRER, BT 37°CIndR -, B DU, 5 SRR R e R v
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BB E M AL 50 %abH 5-0 2248454, F 22 G R4k
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HW B RN 2 R R AL NEE B I R S BRI e BE 1
%k, fieJa i 5-0 2465 28601 0 . BTFARSMW R IE,

B B T R RRERAE , BRESFLR RSN . RIS FHZE R
PR R T AR X Sl 5 U1 151 R AR S 0.1 mL 4 % WR-R A, FH R4k
Pl REBCE . A F AR R G A0 £ ERK (5
mL/100 ), RJg 6 /NEFHE W S IR s R 75 mg/ke™ 3 H —
W, HEARG 3 Ko RJG = HAIEHRY) O A RHA 2 -RRECE,
FEAMEEIR

1.3 4754088

MR8 N 5 3h ) 25 1 #5570 2004 rthBNP Ilfi PR i 771 = 17
MBS ST H) RO E 50 werkg NATISE 2580497 &
Sham+rhBNP £ fil CLP+thBNP 4 3174 F AR5 6 /N iz
F i 4+ thBNP, Sham+Veh 2 F1 CLP+Veh 4H 3h4) 45 T [\l 45 44
TR A B K, B H IR, ELHAYT 14 K
1.4 L&t

Sy 1. WEEA [l 7 4 thBNP X edie /N, 14 KA
SN N 80 L C57 /NRIEFENIEL T3R5 4 41, B4 20
A HRTFA + V20 (Sham+Veh) (B FA +rhBNP 50 pe/kg 41
(Sham+rhBNP 50 pg/kg), MEEEAE + VA5 41 (CLP+Veh) F ik 274
+rthBNP 50 pg/kg £ (CLP+rhBNP 50 pg/kg).

SEGG 2. AN thBNP X B2 E /N BUA AT b 24 A8 i 5
Wl A2 AT AR S W A AR 8 CLP FAR )5 14
KIFESIY (A 10 H), 351 RS2 5 1.

SCEG 3. WK thBNP X BeFEAE /N U R 5 CAL1 XA 24
MRAT-ER . A ZAT Rl G, B 3 /Rl
27 TUNEL Jefn,, 420/ NI D CAL X Bl 22 4T
T BEAL 4 H/INBUNG 20 2R i D) TNF-a,Caspase-8 #l
Caspase-3 2 [F3RAK TR, B4 R SEL: 1,

1.5 Zh¥EER

FAREY HBIEFEK, 5 HICRIET $g, LR 14

Ko eI AL, I F AT 04T,

1.6 1T AHZERM

1.6.1 W 1%H35L86( Open Field Test)  SZEGHT 24 /NG, BF /N BLE
T RIS AT N2 SE R 2 N TR RGN o SEE 24 M 40 cmx
40cm ANFITCTEY Y, 40005328 25 A5G . LRI/
BB I i I, SRV INBEED SN H HTE 2l 10 234, i
SRR 5 /N BUZ ShE B | 2R U BRI Hh S X3
BN SRR, S2E0 T, T 70 Yoiliks I e 52067 & A R4 , L
THBRA ST T — Hahi S fE .

162 E=HXE&EZLIESEI (Contextual Phased Memory)
TEW S I S5 TR Y 24 /NG IR T SRR Se MR SR80, SEI0
1 RGN AR T 2MEAR P, e/ BRGE R 8 AR, T A T
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310 43%h. 5 2 R K/ D RERCTRZHYRAR T 2 40, MgEHE
SRS Freezing BERNH . ZEAHEATFERTF 5 R “CR S
RIRPERBEARMET, TO28 2 73 1080 RN 7 Wi 0.7
mA 2 Fb; [H] % : 35~60 BTG5 T 1 LL 5 ARSI, K
L AT 10 RPN 932 SRS F I e A& A0 34 8] Freezing 15
o B a— KR 30 A, 5 3 K, AEARFRARUA
YIZRIY 24 /B TS A TICAZHRI, FRUKE /N RS T W) — 2R
FENAGC SRIF AT I Freezing 47 S i Ii] oty S0 10k 1]
1481 (Freezing time ratio ) 52 /N FRAF -5 DGR Y 2 EI LA RE 1,
AERMEIGRANC IR R B H sl |, T 2 HAs
FEH 70 %tk S S B, ZSBRER B AR . ARSI S
BT AR s
1.7 TUNEL %

WA I A 25 IR, AR I 7E 4 %2 38 H i v s 8L
6 /BT, ERLA LI, 2 g DA UEIR Y R, JR S5 um,
EAEN T3 f,-20 CykAORTF. TUNEL Je@at, 4 q7E
0.1 M PBS s, J£7F 0.1 % TritonX-100 ¥ 75 30 min, i/,
&4 0.03 % TritonX-100.5 %112 1M % ) 0.1 M PBS ¥4-8) J
B 1 h, #%8 TUNEL 050 & U6 B DG G % v TdT B 7 2% o
W, B 50 wL, 37 CHEIR AR PR CIEE 1 /NI, PBS %
33x 5min, #EAEIET, A DAPI(1:8000), &5KY] 5 50 pL,
Z T 5 min,PBS ¥ 3 #ix 5 min, Hl#E R, 7 Olympus
BH60 {58 T Wi%E.
1.8 Western blot

MR R B A2 AR B R & (nvent 2 F]
Sc-003), #EHU LS IRULAA A . @3 F BCA B 5 ik
F £ (Well-bio, China) i 1 85 157 . 30 pg S5 H7E 10 %N
PR BE R 7389, T 4% 5 5] 0.22 wm PVDF ¥ I, 5 %M BB 9k
T & 0.1 % Tween20 1) TBST ¥, FIRE A 1 /NI, %
B B A BE B — T TNF-a (3 I Proteintech 2\ W
60291-1-Ig),Caspase-8(Abcam 7\ &) ab25901) il Caspase-3 (Ab-
cam /A ] ab13847),4 CHFE 37 . {1 ] GAPDH(Abcam 7\ 7]
ab8245)YE A2, TBST % 3 x5 min, “HiHhR it A LW
W4T 1gG HRP 11 3£ 4T 1gG (1:10000, 3& [5 Abcam /A F))
i T 2 /NEF, TBST ¥ 3 3 x 5 min, i Jf] ECL JE#) {62
RICRFE . W Geleap BTG (AVHE, L BN
W2 GAPDH ) A {8 LB S B B 098 ) RIS B
R =R GRECT I,
1.9 gt FEFHE

FIFH Graphpad prism6.0 2 {2 il A= A7 M £k Mo hr . A7
KPUH S FER , #147 Log-rank (Mantel-Cox )64

37 SRR ST Grt T A T B AT 2N
FFERNE SRS B A RS R AW 3 2 50 W4 T SE 5/ N R
BHHEFE , A% B (Number of line crossings ) , 7 H Y& [X iz 3
A5 [E] (Time in the center) ;

BARICIZAT R0 BEHr . Geit T 10 BR/NRTEYI
2 N K Esh Freezing Ast[a] 45l (% Freezing time ratio )=(Freez-
ing time/ JUAFE] )% 100 %3

%1 GraphPad Prism 6.0 ¥ b PIIF A0 0785080, T it
YL R 5 AR 25 (k2 SEM)ZER , 21 ] LL 5% FH 24 [

FI7 250307, LA P LR ] LSD-t 4556 . P<0.05 FnfI 4t

it
2 R

2.1 S HETES thBNP 50 ngkg BERBREFAENR 14 X
FER

Sham+Veh HI Sham+thBNP 50 pg/kg 20 314 76 W5 1 1]
SHAFIE (K 1), CLP+Veh Fil CLP+thBNP 50 wg/kg 20 sh¥77 1%
I R W, A H 2 FEESH thBNP 50 wg/kg 19 CLP /) RUFTS
A 25 %3 F] 55 % (CLP+thBNP 50 pg/kg 2, P<0.0471).
I, AT R thBNP 50 wg/kg VR 97 AT LASE & o - o B R AR
YN VERTE RIS I (D

100 == Sham+Veh
~ 1 _] ns.
s 1 =~ Sham+rhBNP *P<0.0001
m o0 ‘- ='= CLP+Veh
£ H ~ CLP+rhBNP — "P=0,0471
Z 604 -
R Tbees ssmemesREses Seee e
- e
g 401 . -
£ 2 d Simses
& “"[Log Rank P<0.0001

0

o 2 4 6 8 10 12 14
Days after CLP
B 1 thBNP S&fFIRERBENR 14 REFE
EFZREESEFRR, BEY n=20 ] ,*P<0.05,**P<0.01,KkR5
Sham+Veh ZHEL % ;¥P<0.05, % =5 CLP+Veh 4ALLE,
Fig.1 rthBNP treatment improved the 14-day survival rate of septic mice
Values are expressed as survival percentage (n=20 in each group). *P<0.05,

**p<0.01, versus Sham+Veh group. *P<0.05, versus CLP+Veh group.

2.2 thBNP 50 pg/ kg {87 AT & R EE/NRIAA N BEIRE
KT BSVESR ) CLP FAR g7 (9 e 0 /s BB 2 5 i )
5 SAE AR AN HIThRERRAT, FRATTN HZFh R s
AR 2 AN BE A AT 2R A TR I, i — 23T
Hr thBNP X HREEEAHSGAZI DI RE AR 008 7R . %8, FIH
WS B AN R AL B /N R R Z B RE ) B SRR R R
e ES . Vg, X L Sham+Veh 41 5 Sham+rhBNP
H/NRF- Y8 sl O 22 5, A28 X (Sham+Veh
2H :50.50% 4.55 mm/s vs. Sham+rhBNP 2 :51.00% 6.41 mm/s,
P=0.94), Y Sham+Veh 4 A [t ,CLP+Veh £ (Sham+Veh £ :
50.50 + 4.55 mm/s vs. CLP+Veh 4 :20.60 + 2.70 mny/s, P<0.
0001) #1 CLP+rhBNP 4 (Sham+Veh 41:50.50+ 4.55 mm/s vs.
CLP+rhBNP 41: 25.80% 2.91 mm/s, P=0.0002) /| F-1435 5l
FEY WAL, B E L, 4R CLP+Veh 2 fil
CLP+thBNP /)N FUAH LY, - 3412 3l 3 8 20 R D0 W i 2% S+
(CLP+Veh 4 :20.60% 2.70 mm/s vs. CLP+thBNP 4] :25.80 %
291 mm/s, P=0.35), TLHITE Lo WMEE 5 8028k B,
Sham+Veh 2H 5 Sham+rhBNP 4H/NEJC5t 11272 X (Sham+Veh
2H: 264.3% 19.76 vs. Sham+thBNP 4 :265.1% 32.52,P=0.98), 5
Sham+Veh 4] fH [t ,CLP+Veh 4 5 43 i 28 4% Wk % B 2>
(Sham+Veh 4 :264.3+ 19.76 vs. CLP+Veh 41: 111.3% 14.19,
P<0.0001), HABEGZIT¥E L, M%H T thBNPIGIT)H. 5
CLP+Veh #H #H [t , CLP+rhBNP 2H /N B 5 434 28 46 B0 fin
(CLP+Veh 41 :111.3% 14.19 vs. CLP+thBNP 4] : 164.2+ 15.75,
P=0.064), HRNEEGGITH%E L., 45T thBNP G J7 )5,
CLP+rhBNP /N, 5 23 8h 2848 Y85 Sham+Veh 4H /)N R AH b
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(Sham+Veh 2: 264.3% 19.76 vs. CLP+thBNP 4: 164.2% 15.75,
P=0.0017), B W EGZ 228 L.

K0 4% 5 /N BUFE W 37 7P 92 [X 33 Bl B[] , Sham+Veh £ Fl1
Sham+rhBNP 2/ JCH] 2555 (Sham+Veh 244 :93.39+ 9.47 s
vs. Sham+thBNP 41 :71.55% 6.11s,P=0.11), E4iit =X, 5
Sham+Veh £ 4f [t , CLP+Veh £H /)N FLI37 vh ok [X 3 5f st ] 1 (.
Wb (Sham+Veh £:93.39+ 947 svs. CLP+Veh 4:32.92+ 739s,
P<0.0001), BA 35524 5 . Migh T thBNP J3Y7 R AR /N

A B

Open Field Open Field

*+ P=0.0017
** P=0.0002 2 p<0.0001
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R 3 Je X 52 S (] B G380 (CLP+Veh 41:32.92+ 7.39
s vs. CLP+thBNP 41 :79.29% 10.89 s, P=0.0005), H.A5 i & 455 i}
22 Y . Sham+Veh il CLP+thBNP 41/} B3 e [X 32 st
(6], G242 5 o %R, thBNP 50 pe/kg X FHFARLH
NIRRT, ST AR/ A L, ™ 5 M E A
BoSH5UNRE S kA SR e SR A 2 AR KO TR AR R
RESIBGE . TR 45T thBNP 50 pe/kg HEATVARYT , MEEERE /MR
FEE KT T B SR 2R B ) A A ek %

C D

Sham+Veh

Open Field Sham+thBNP

..

** P<0.0001

CLP+Veh CLP+rhBNP

2 thBNP xRS AE/N R ERBE BN 88 F B REEAT HHER
(M) E, B)FHAE, (O RKISIEZIM ), (D) ZMNIEFHEIEE, 4 n=10 R, *P<0.05, **P<0.01, RN SEFRALLE;
P<0.05, #pP<0.01, K5 CLP+Veh AL

Fig.2 Effects of thBNP on basic locomotor activity and anxiety-like behaviour in septic mice

(A) Average speed, (B) number of line crossings, (C) time in the centre zone, (D) motion trajectory map in the open field. (n=10 in each group).

*P<0.05, **P<0.01 compared with the Sham+Veh group. “P<0.05, #P<0.01 compared with the CLP+Veh group.
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2845+ 3.62%vs. CLP+thBNP 41:2336% 2.57%,P=024) (&3B).,
Z45 B4 7s  thBNP 50 pg/kg Xt/ BB EAZ 66 1 A R 5%
me, /NBRAE R AR MR JE B 5 T T AR DG R 2 e Jg , i
3% thBNP VYT )G, MRERIE/INBRA I 091 SeAEDGIC 12 e 1145
F I B GEE
2.3 thBNP #i#l CLP i SHBRSE/MRAKED HLHEH
BTk

Tk TUNEL Ze e A5 I 44 21 7N BRIV 5 4 23 40 L R 127K
FARE, QN 4, L) dUTP 54004% DAPT S i REGH T

TR « 5 Sham+Veh 44 b4, CLP+Veh 20 fil CLP+rhB-
NP 21 /)N UM 15 25 21 23 4 28 40 0 7= /K SF- T+ 55 (Sham+Veh:
0.33 + 0.02 vs. CLP+Veh: 0.76 + 0.01,P<0.0001,Sham+Veh:
0.33+ 0.02 vs. CLP+rhBNP: 0.49+ 0.03, P<0.0001), A5 i 45
P25 Lo CLP+rhBNP 21 /) BN 5 T 21 23 v b 25 40 i 0 7%
i B 5B 25 F CLP+Veh 41 /)0 Bl (CLP+Veh: 0.76+ 0.01 vs.
CLP+rhBNP: 0.49+ 0.03,P<0.0001), E& BE53 2% 1

A B
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Contextual Memory

8.

60 -0 Sham+Veh
*» P<0.0001

LS.

- Sham'h‘h.BNP] * P=0.021
-4 CLP+Veh

404 = CLP+thBNP

J ## P=0.0012

## P=0.0014
—

Freezing time ratio (%)
Freezing time ratio(%)

< <& < & < & S
S N

Rl Conditioned Stimuli & & o $"

Fearing Conditioning Test
3rhBNP X Bk S E /N R 1B R AR X BIRIT IZ s T BRI 1E
(A) 5 REERBEEER BB L(EZGRIE; (B) BREXR
WIZEEREE S ; §4H =10 R, *P<0.05,**P<0.01, R R5BF
REALLEE;7P<0.05, #P<0.01, % K5 CLP+Veh AL,
Fig.3 Changes in the contextual fearing memory ability of sepsis mice
after rhBNP treatment
(A) Freezing time ratio after receiving a foot shock five times
(unconditioned stimulation). (B) Freezing time ratio in contextual fearing
memory test. *P<0.05, ¥*P<0.01, compared with Sham+Veh group,
#P<0.05, #P<0.01, compared with CLP+Veh group.



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.7 APR.2020

- 1221 -

#¢ Sham+Veh 201 & (Sham+Veh: 0.33% 0.02 vs. CLP+rhBNP:
0.49+ 0.03,P=0.0019), £k E EIEHKF, A B ESIT¥E
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