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A2 BH9:483F BNP/NPR-A/BKCa 13 5 i3 & X RAY 2 98 T A%, 7 49 VE R ZAUHI AT R o ik L B SPF 28X R AR A B R4 %, b #
BAYZ IR B IEERIR K RARA oA T G BF K4 A (20 ng/mL BNP 45 472 4t) B 21(50 ng/mL BNP # 1 724¢ ) f=
C #1(100 ng/mL BNP #} 1 iz 4%), £ /A qRT-PCR F= Western blot #: NPR-A #» BKCa #) mRNA Fo % & 4k K -F & A ELISA %
M KRBT A fm R R AR RECRAE I SR 90 A 2250 BKCa 3 i W, 37 5 3¢ K R AT UM R 0 3 S0 X Ao B MR e A K, £
R. 5594k, #A 0 A B A= C 20 PWT fo PWL ¥ B # /&(P<<0.05); 5 A 20401k ,A B #w C 42 PWT #= PWL B 2. % 5,
HCHKXTFTBMAAMBAKTAMP0.05), 55 g4k, 87 40 NPR-A #5% & f= mRAN K-FH 2 # &, m BKCa-o A 2
FAK(P<0.05); 54040k A B #= C 21 NPR-A #oe BKCa-a 9 Z G A~ mRNA BB # 5 A CAKXTBAFAA,BAKXTA
(P<0.05), BwEKF, 5zt B4 A B A C 4 BKCa-o &7 K-F R F4K(P<0.05); 5B 4408, A B A= C
20 BKCa-o AR FAREZH, ECAXTBARAMABAXT AMP<005), 5=gat, BiA0 A B #= C 41 TNF-a,
IL-6 F= IL-18 /R-FHH R F %(P<0.05); HEA 40k, A B f» C 41 TNF-o . IL-6 #= IL-18 /K-F-BA 2 # 4%, . C 20/ F B #= A 41,B
28 F A 28(P<0.05), 451t : ¥2.67 L BNP 49 £k K -F 7T ¥ hm BKCa ¢4 £ 12 & BKCa %37, F] 6 BNP #9 & ik R84 80 T 4]
KR T RF ATk F] £ 2% ARG B 6.

5219 BNP/NPR-A/BKCa 13 5 i@ % ; K K. ; A 2 7
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The Role and Mechanism of BNP/NPR-A/BKCa Signaling Pathway

in Neuralgia Formation in Rats*
XUE Ji-jiao, FENG Hui, MENG Xiang-jun, LI Shuai, XI Fu-qiang”
(Department of Neurology, The First Affiliated Hospital of Baotou Medical College,
Inner Mongolia University of Science and Technology, Baotou, Inner Mongolia, 830011, China)

ABSTRACT Objective: To investigate the role and mechanism of BNP/NPR-A/BKCa signaling pathway in neuralgia formation in
rats. Methods: SPF rats were selected as research subjects and pathologic pain rat model of neuralgia was established. They were divided
into blank control group, sham operation group, group A (20 ng/mL BNP injection), group B (50 ng/mL BNP injection) and group C
(100ng/ml BNP injection). The mRNA and protein expression levels of NPR-A and BKCa were detected by qRT-PCR and Western blot.
Inflammatory factors were examined by ELISA. BKCa channel currents of pain-sensing neurons were detected by whole-cell patch
clamp technique. Mechanical hyperalgesia and temperature hyperalgesia were tested in rats. Results: Compared with blank group, PWT
and PWL in model group, groups A, B and C were lower (P<0.05). Compared with the model group, the PWT and PWL in groups A, B
and C were higher, and the PWT and PWL in group C were higher than those in groups B and A, and the PWL in group B was higher
than that in group A (P<0.05). Compared with blank group, the level of NPR-A protein and mRAN was higher in model group, while the
level of BKCa-a was lower (P<0.05). Compared with model group, the protein and mRNA of NPR-A and BKCa-« in groups A, B and C
were higher, and group C was higher than that in groups B and A, and group B was higher than that in group A (P<0.05). Compared with
blank group, the current level of BKCa-« in model group, groups A, B and C was lower (P<0.05). Compared with the model group, the
current level of BKCa-« in groups A, B and C was significantly higher, and group C was higher than that in groups B and A, and group B
was higher than that in group A (P<0.05). Compared with blank group, the levels of TNF-a, IL-6 and IL-18 in model group, groups A, B
and C were significantly higher (P<0.05). Compared with model group, the levels of TNF-q, IL-6 and IL-18 in groups A, B and C were
significantly lower, and group C was lower than that in groups B and A, and group B was lower than that in group A (P<0.05).
Conclusion: Targeted up-regulation of BNP expression level can increase the expression of BKCa and the current of BKCa. Meanwhile,
the up-regulation of BNP expression can also help to inhibit the level of inflammatory cytokines, so as to achieve the purpose of pain

relief in multiple ways.
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PR ERME O TR TR & R G SN 2 RGN H
HESUR IR TL B IR M , B E IR 2RI B &M
PR IR BORUBSE S  S5 1 BE ge i R, Al 2 B
SR IRHRLT 6 %8 Yo, 29 ISP 17.9 Yoo FhZHTHL
PRSI I A AL B2 2%, Lo A WA C, R R b o i O 2 b
IR B s 2o B PR S50 1) B B AR, T B AR
28403 X 04 SR P T A2 B S DGR, Bl & TT Rl 8
finh A% b4 R P BT A B R AR ORI T 25 3 Y Zh R
W IR G A TTH Y S il {2 s G TR B P AR OGP, BB FilE 2
BT F I D3 AR 2 0 — i, AR A% Fp 223
YRR = A v R A B TN, [ i3 24 BRI AN AR M R AR
[) , FE SR 43>k SUFL AR S 38 3 (K2p ) | P9 ) 38 3 B4 B 73
T8 (Kir ) 55 B T4 i) #4257 (Kea ) . BKea 3@ i8] 2 50 fi
T G R AT I LA L, R IR R
W17, BKca 2 5415 1 30 18 22 AL DG AP IBT o b BRI
Jik (B-type natriuretic peptide, BNP) W] g0 JJLAH A8 4335 , JF380%
Hoz ik, FI4hJik 214 -a (Natriuretic peptide receptor type A,
NPR-A), VPhwl/b.0 % £ ik . A SR8 41 57 0 0F 58 & 91
BNP/NPR-A/BKCa {553l [ 7E A1 2205 B M AR A 80 vp S i 36
ik SRTTELRTEL , BNP/NPR-A/BK Ca {55 A SN #2805
PIPEASIR AT S AR R BRI . BT, AR EREHR
LR LR FE ST M S TR A Y IR IR AR
BNP/NPR-A/BKCa {5 5@ f&11EH .

1 AR5 07

L1 ER5RAT&

1L 10 &% C57BL/6 K B (1R T :220-240 g) WWFFE T4 .
SR K B33 1A 3: T SPF shi s GRE 23°C IRJE 60%, 4
12 h 58 BR BRI, H AR EROK ) o NI H ERSARBEC HIE 251
L
1.2 HEZREEXRERNAE

TR BRSO P PR R R A T AR . 1 SR FNE R
30-50 mg/kg 19 3 %)JG B L Z AN A TIRRIE , Fo BRI RS K B
[ERE o PG IR 14 2R FPA AR AR 0, FRIT ARk R UK
JR K B T S TR R DI, A 2 A 55 LR R 5 A
PESTES I Lo BESS R 0 5288 , BRI ER R E BRI K RE
HZE i Gt Hods A0 . L6 (W74 55 AT L4 1 LS A pise
HBLZE AL T BB R RE LS B2/ N0, I Lt AT 45 4L .
SEFLERAEE G B VISR B 1 A% 0, R T8 3 1l 3% 3h 5
M TIE R4, V) L B 248 4 B Wk B R4,
TR 56 WUS HEA TR R IR e e
1.3 iR A

ARRBEFENG 40 RARE SR , 28 FO6 BREH (AU T b 2, 8
FOFERIZA (32 1, Mg shppii i), o szl 43y I F AR

A (ETAREERK,8 H),A 4l (20 ng/mL BNP A5 4,8
H),B 41 (50 ng/mL BNP N7 4F,8 H)F1 C 21(100 ng/mL
BNP A NES, 8 R D)o B R EISESRSFHE, fES 1 mL,

BNP 4 13577 58 : £ KBS U TR £ )5 4 d HEATAS N
ST, kAT R BEUREM , TR R L6 A & ffthric, IR A
ZEFARFE AT 43 B E T Lo Al S1 [HBRFM, P48 1) 48 H 7%
KRB HRINE | W B A T e T 5 4 DA TR BRE 4T, I8 8%
A2 RN AT ST, TR 10 s NSE ST . AT SRR S
4 d, R AEE DR FER B, I TC R R AL ARl 28797 B e
WAL TR
1.4 #HEREHEERT AR

0 HUABEE PEAT ML « SR A E LB S S A TAIL
AR e R D, 48 K BRI e B BT 4 A S e
AR, B K RS TR A GE SR — i B 7 B
ARENAIREHRIRNGS ), S0 X KBS IRIMUZE S 1t
TP ZE RS G 77, T3 RIN N 10 g/s, Wi R 48R ] Ratemeter,
MR B UG B 26 0E 5255, IF f AL AR 2 SRR BUS T [ 4
A AR 32 I B KR 7, B4R R (PWT) . I & — IR BT
¥fH.

O I AR « SR PR IS A TR R e
W K BURCE AR R A 38 9, LUAR [R] D7 3660 K BUR AT
HERfE 7, IR ALLAMR Ik B AT RN, 2 R
I NI L E A I i ALES F 3hic ok B [ T By e
], Bp4 AR (PWL) ., ZEAMIHGE R R /Nl , ANEERT R R
WA, BIRES =R, BOFHIE,
1.5 qRT-PCR #@ Western blot

0 qRT-PCR

IR 2T P A RNA, 7Rl R B R B 2H
BUIATIRES , Re RS ERAE SE S T A Trizol  JHIR A8 28
DA TR T SRR, SIRERAER PR B S) AR HEA T 503K I
BRRNTREE 2 435 . ReS) 3R S8 i E SR I M Hh A RNA,
RNA (3™ e GRG0 T , T B DB L B0 T
THASEYTIFREY 15 min, F)5 AT 15 min B850, Ff B0 581K
JEMRI i IR B 0 T, IE IR A R R S E .
FE 10 min f& , FRRHE TR O, RS O 10 ming  HER ] B0
BINTHA 75 %I EIRIB NGRS, RHIRET G S
TN IET, I 61T cDNA (30 S 4f | i S 5% /4. 94°C 5 s
60°C 155s;72°C 15 s, 3L 40 PMEFF , FF i 5 5% ¢cDNA J5 347
RT-PCR §#%, 31:L4 GAPDH JNZ . 7t & PCR ¥4 554411
P . (95°C,5 min)1 MEFF; (95°C,305;60°C,305;72°C 30 s)
40MEFF; (72°C, 5 min) 1 NMEFR 5 5% 2* ¢ T NPR-A
1 BKCa f) mRNA HIXf RikKF-

0 Western blot

EAARBAE T BN (PRBURECE : V g V zemmim
=100:1), f)5 K BCA LT A E m G EWE T ), Of
PEATH AR B A o3 B S PO TC o, TS0 B 4R S0 A5 A T 8 e L UK
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(FFFLIRA 40 ng ), HLIKIRAE 2 U 185, 8] PVDF Ji -
(WETF ), IEHATE A 2 hREER 5 %Ik ), b5 & T
4CYKFEIFE W . WHRH 5 %Bilg I —hi 5 9w
HATHERE(V —PLIR - VTBST % =1:1000) , BB HEA G i
17 1h &8, R0 TBST #1706, 44K 10 min, 3:9k 3 ¥k F
WAEZER FHFT Lh IFE R 7Y%, 15 min Ak, 36 3
o RS R ECL AL RNk B aGRF&EME T ), 30T
T IR BEAE (3F 4 : Image 1), 1145 NPR-A il BKCa & [1H94H
POy G
1.6 E4RaRE F AN 4 T BKCa BIEER

Hiks 26°C LA IR, UE A AR 2T gl
AR T BB Y A B 32T RPIRES  RNTIE A
FFIREE, T LI 335 BT 2 M B 5 3 A B AR AT 2o i ik
A A R G E e T 4. R A A
Fi B By 10 mV, JEHL A7 £ I 7E -70 mV, 7E -70 mV~+100 mV
MISEI T & BKCa HLJE, FREEff (] 0.4 s, SEE T AR M
AT 10 mM 4-AP 1 200nM 1 Apamin FH T FH W7 i R 490 #i :
FAEE (KV ) FI8F 3838 (SKea)

1.7 SERE B FHai

AR FUR# KM 3 ml, 3500 r/min 454 T AR E L 10 43
B, WEE 20 23800550 E B, JFEA -SOCURARRI . SR
ELISA JEA TNF-o IL-6 IL-18 FYRIAK o AR/ ™45 3 IR
WA & T,

1.8 GitE A&

AR TR EIREE SR H SPSS22.0 #F 47 4b #EAN 4347, 11
TR DL (B8R 2 ) R, ZA4LIR L BECR RS R R 225
7 (one-way ANOVA )FEATH: 50, PIZH 1] LLBER T t K56, 46 50
JKHE «=0.05,

2 BR

2.1 RAKR PWT #n PWL R b3k

Lzs A L BEAIZH A B I C 20 PWT il PWL BH i 5
R (P<<0.05); SHIRILIAH L, A B Al C 41 PWT Al PWL B¢
i, H CZRT BAIAZL,BAKT A ZH(P<0.05), L
#1.

x| RAKR PWT 1 PWL 5 REL B ( B4R HEE)
Table 1 Comparison of PWT and PWL results in each group (mean + standard deviation)

Groups n PWT(g) PWL(g)
Blank control group 8 14.35+2.01 14.65+2.15
Model group 8 5.32+£0.31° 4.32+0.31°
A group 8 8.23+0.35* 7.56+0.25®
B group 8 10.02+0.21% 9.65+0.32%
C group 8 12.3242.12% 12.18+2.25%
F - 69.456 26.546
P <<0.001 <<0.001

Note: compared with the Blank control group, *P<<0.05; compared with Model group, "P<<0.05; compared with A group, °P<<0.05; compared with B

group, ‘P<<0.05, the same below.

2.2 KLAKFR NPR-A #1 BKCa-o BE B0 mRNA B3} Rik &
Rk

52 A4 L, R BIZH NPR-A 18 (A mRAN 7KF-BH i
B, 1 BKCa-ao BB BAIR(P<0.05); SR AH L , A B F1

C # NPR-A Fll BKCa-a (125 1 F1 mRNA B g ¥ 5 (P<<0.05),
H C4KF B A AL (P<0.05),B 4l KkF A4 (P<0.05), i
T 2,

5 2 FEAKR NPR-A F1 BKCa-o HJE H 1 mRNA HHX FIALERILB(HH 4R EE )

Table 2 Comparison of the protein and mRNA relative expression results for NPR-A and BKCa-« in each group (meanz standard deviation)

Groups n NPR-A BKCa-a NPR-A mRNA BKCa-a mRNA
Blank control group 8 1.02+0.12 0.99+0.12 1.01+0.11 1.02+0.09
Model group 8 1.67+0.11* 0.76+0.02° 1.85+0.13° 0.65+0.14*
A group 8 3.65+0.11* 1.06+0.04* 4.65+0.05® 1.17£0.35®
B group 8 5.65+0.31% 4.56+0.21 6.54+0.34% 3.56+0.21%
C group 8 8.64+1.31%¢ 7.24+0.34" 8.24+0.13% 6.57+0.21%
F - 56.452 182.31 23.544 64.464
P <<0.001 <<0.001 <<0.001 <<0.001

2.3 &AKE BKCa-o B RIS

FHUTRK, 525 AR e, B A (B il C 41 BKCa-a

B A B B A (P<<0.05); SRR AHEL ,A B Fl C 4
BKCa-o Hi /KB E R, H CH4 KT BMAH,BHKT
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AZH(P<0.05), ¥ L 3.

R 3 BAKR BKCa-o BiRER LB (B B+AREE)

Table 3 Comparison of BKCa- « current results (meanz+ standard deviation)

Groups n -40(mV) 0(mV) 40(mV) 60(mV)
Blank control group 8 1.03+0.0° 53.54+6.21 223.21+12.54 308.64+12.21
Model group 8 0.98+0.03* 21.31+1.23* 135.25+22.12° 231.21+10.21*
A group 8 0.95+0.03® 31+3.12* 153.12+16.12* 256.54+9.45%
B group 8 0.94+0.027 41+4.21% 189.54+12.21% 278.21+6.45%
C group 8 0.96+0.01% 49.54+5.31% 193.45+11.23%4 298.45+12.64™
F 167.541 25.545 65.455 75.456
P <0.001 <<0.001 <<0.001 <<0.001

24 ERKXKBRREERFLERILR
Hos AR, RRIZH A B il C 4 TNF-o . IL-6 i1 IL-18
JKEIA S B (P<<0.05) ; A 4 AH L ,A B Al C 241 TNF-a,

IL-6 A1 IL-18 /KB A, H C4H/NTF B f1 A 4H,B H/NTF
A 4 (P<0.05), 115 LR 4,

R4 BHARRERFERIER(HEARHEE)

Table 4 Comparison of inflammatory factors (mean =+ standard deviation)

Groups n TNF-a(ng/L) IL-6(ng/mL) IL-18(pg/mL)
Blank control group 8 103.64+11.01 12.31+3.65 83.54+11.21
Model group 8 225.54+9.54 39.54+2.45° 182.45+8.24
A group 8 185.64+11.21* 32.21+5.21* 165.65+6.54®
B group 8 155.65+9.54% 26.54+4.21% 135.2145.54%
C group 8 115.54+10.54% 16.54+3.54% 96.54+9.45%4
F 67.546 58.545 126.456
P <<0.001 <<0.001 <0.001

3 91t

A UTHFTE S5 M8 (1 7 v, 8 b 20 2 LR ey i 2
56 A PR R R L IR R S B Ll 20 M K A
NPR-A ffj mRNA K7 (4% |, i BKCa f{y mRNA K3 (4
kK F B AT, H BKCa MW IR B, £ W
BNP/NPR-A/BKCa {551 4 764 22956 B POR A BURIS %2
I E A

BKca i 1 4 NPT MEE (1 B LA 4 MR o
LAY . BKea M EIEST ] &4 12 1L W12 iRk , gk
BT B R R RS . HE AR AR, BKea
LT BE S 2R PR PR T K 2 T BRI, BNP
K NPR-A B2 E S 700 IS v e 47 B P2 i
HEHE & B U9, BNP/INPR-A {55 (030 1] 2 598 1 2O AR D 11
SERBREHIPLA . AU SIS, S R, 2R B O A B 4T
BNP J5 BKCa ffj mRNA FI%E (1A X kK P44 B #7185, H
AR E ST BNP AT BKCa iy mRNA FIZE 11505 T, X
5 zhang % A\BF5T 45 LA — 0, Zhang 2509 A HH 7%, I
AT SZ A NPR-A 7 i P05 E VAR o f5 ik, JFHL
TEM E PO 15 ARhZIT gl BNP/NPR-A/PKG/BK Ca 5%

I, TS HLA SSE PR o AP 45 R R, PR2
PEPORR R RS BNP J5 BKCa B AKE I BT h s, $2R 5
78 BNP 43835 [ #7% BKCa Hijfi . Sarantopoulos S5 55 il
52, BKca Fl Tkca (14 Hi it BRI 5 K B8 0 248 M DI A G
Ming Z5U9HF 5% % 30, BKca 38 38 A48 B BUE A5 T RSN /
52 S (H/R) FIMA Py B I / T3 1 (UR) 1753 1 1 5 it 22 T8 403
Furukawa ZE0MIFSE, 540K RAMNE AL B & 05, HAEBE TS A0 pi
270 H R 2SAT M sl AT B 7, B RT-PCR 452
/R, BKea il o WWIETE LA-LS HHETT A o0 h 2k 0 B 7%
. Chen &M% H, 4540 L5 L6 H# 4 )5, >k H RT-PCR 1
Western blot 46 & ¥l BKca f) mRNA FIZE [ /K-35 i 2 f
G, 3 45 S BRI B B IBTX 1315 & LA 15 T A
W, Cao ZENESL, BKea 3 (1476 Sh7E A& M2 i 441 21
R 7 BB, SR T BB # A B, AU ST 45 R
WIR, MRS K BRE S BNP 5K PWT i PWL ]
TR HRAR S 9E BNP (14334 AT K AR (e . Ik
BKca 3 i 7 FA- P 19k V2 UESE, Horh BKea HL 58
JEE T AP G R 150 L 14 R A FH 0 g UE 522021, BNP/NPR-A (1)
Wi AT e E BKea mRNA B35 KF TR, [FEHE U BKea 8
TEHL KT TR T R K-35 1) BKeca mRNA FITE 3t 7K -
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A T o T K DA T B R AR B H Y, SR e LA
BNP ({18 M 2 BRI BRI K P S I, iteob
ST A ) e 2R IR S 2 M 2 BV A A R A5G
FEPRATPY, TNF-o IL-6 IL-18 JE MR B9 JEAE 1, Pk
5P 20 BRI AR OG0 AR ST 4 SR 7, Rl e B
S KB 5T BNP Ji5 TNF-o IL-6 IL-18 (9365 R, RUITES
BNP A 2 i 205 B R BRARAE A A 73 . A WA IA
4, BKea il i AERE = SCM 2 B R A R R R P AR A RAE
RIEUEHE R TNF-o nlidd fie of BKea 38 15 MM 580 =3
ZORIR AT R o LU S50 R — T sl ) S A B St
Mz IT R Ik R BKCa i 38 AT o 0 ) ST 5= R AT
RAR R BRI, T BK Ca 38 18 1] B 264 ] S8 RE AR O
TR E A O R AR TS AR B AL
e 9 A7 A BEOS IE S A% DR R A BNP/NPR-A
55 3 T ) PR BKCa (93234, NI —J7 [ 4% BKCa i@
TSGR0 88 38 18 DA U P B (EL, [R] I 94 4% BKCa mRNA ()
Fb bR AT Bl T e 22 1 59 2k T2 T 22 4R
R o 22 BRI B0 R AR R R, S i R T e
5 2 BNP F1 BKCa (R A/KF-, R AL ) 5K
M DACTTE S J 85 1 AR B 1 14 X 22 AP A ) 000 A 1
T T TR (AL B 2 S 4%
g5 bR, Mg B R (Y Kk A= i B i BNP/NPR-
A/BKCa {5 51l e & 4546 U A FE T S8 1] 1 BNP fy3%
KK RI g BKCa Y353k J BKCa By, [A]if BNP Y33k
_EVREAT B T RAE PR TR A B 22 5842 G2 A ma 14
FAY . SR, AUBFTAAFAEA 2 , BIARBIETEA R sh 52,
it BE— 2 TR RIS A T A IE
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