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NDP-MSH activates melanocortin-3 receptor to attenuate oxidative stress and
neuronal apoptosis in mice with intracerebral hemorrhage via PKC/ERK signaling

pathway
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[ Abstract | Objective To investigate the inhibitory effect of Nle4-D-Phe7-o-MSH (NDP-MSH) that
binds to melanocortin-3 receptor ( Mc3r) on oxidative stress and neuronal apoptosis in mice with intracerebral
hemorrhage (ICH). Methods A total of 170 male mice were randomly assigned into sham-operated group
(n=22), ICH model group (n=46), and ICH+NDP-MSH group (n=102). The modified Garcia score,
Beam balance score, and brain water content of the mice were measured 24 h after ICH. Dual-label
immunofluorescence assay was used to detect the colocalization of Mc3r and the neuronal marker NeuN, and
ELISA was used to detect the contents of MDA, SOD and CAT contents in the surrounding tissues of cerebral
hematoma of the mice. Western blotting was performed to detect the expression of Mc3r, PKC, ERK1/2,
Bel-2, and caspase-3 in the brain tissue of the mice. Results The peak level of Mc3r expression in the brain
tissue of the mice occurred 24 h after ICH with a diffuse distribution in the neurons. Treatment with NDP-MSH
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significantly increased the modified Garcia score and Beam balance score (P<0.05), decreased water content in

the ipsilateral basal ganglia and the cortex (P<0.05), and lowered ROS activity in the brain tissue of the mice with

ICH (P<0.05). Down-regulation of the expressions of Mc3r and PKC using a Mc3r siRNA and staurosporinein

(a PKC inhibitor ), respectively, significantly decreased the expressions of p-PKC, p-ERK1/2, and Bcl-2 and

enhanced the expression of c-caspase-3 in the brain tissue of the mice (P<0.05). Conclusion NDP-MSH, by

binding with Mc3r, ameliorates oxidative stress and neuronal apoptosis in mice with ICH wvia the PKC/ERK

signaling pathway.
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WIEE 1 h S5 AEA LUTHT NeuN FIHT Me3r SE47 , 75
4 CHFFIR . %62 KA 0.01 mol/L PBS ¥k
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J T i — 2 HE5% NDP-MSH {4 54745 F , 200 g
ZEIES T Mc3r siRNA DI IR Me3r 1923855 @
% Mc3r Ji % T NDP-MSH % ICH J5 44k 1 8 52 7 1
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AR ICH J& 24 h &2 7% B Garcia #F%;B:ICH /& 24 h &8 Beam balance +F4;C: ICH 5 24 h &40 /m /K42 a: P<0.05,
5 Sham 28564 ; b: P<0.05 ,5 ICH+NDP-MSH (5 pg) 41164
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AR ICH j5 24 h &% MDA 43 ;B & ICH J& 24 h %48 CAT 4% ;C.; ) ICH /5 24 h %41 SOD 4%
sham ZEJL45; b: P<0.05 5 ICH 22345 ; C: P<0.05,%5 ICH+NDP-MSH( 1.5 ug) 22345

250 1

200 A
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213
ICH+NDP-MSH(5 pg) ; 5: ICH+NDP-MSH( 15 pg)
a: P<0.05 ,%5

415

3 /MERHME24h ZEMMEEMALFEMEHBEXEFKE (n=6, ¥xs)
Fx1 Mc3r #iiFliE/NiR ICH FixEZE CAT MDA SOD Mc3r PKC ERK Bcl-2 caspase-3 Rix (n=6, xxs)
5% Sham ICH ICH+NDP-MSH ICH+NDP-MSH+Scr siRNA  ICH+NDP-MSH+Mc3r siRNA
MDA 75.5+6. 1 53.2+8.3" 212.3£22. 7" 185.2+18.5™ 110.1£12.5
CAT 73.3+8.4 294. 1£30. 5° 135.4£22. 2" 143.8+19.1" 286.3+27.3
SOD 101.7£9. 1 52.3+7.5" 248.0+23. 5™ 187. 4£20. 6™ 110.5£16.3
Mec3r 1.030. 12 1. 87+0. 36" 2.56+0. 58" 2.48+0. 54" 2.43+0. 46
p-PKC 1.08+0.21 0.53+0. 13° 1.2120.27™ 1.17+0.23" 0.49=0. 18
p-ERK1/2 0.97+0. 18 0.43+0.17° 1.1320. 32" 1.22+0. 27" 0.47+0. 18
Bel-2 1.14=0.24 0.37+0. 16 1.0420. 31" 0.97+0.28™ 0.410. 13
c-caspase-3 0.98+0. 13 2.01+0.32° 1. 1420. 20" 1. 08+0. 24" 1.8320. 47

a; P<0.05 5 Sham 20364%; b: P<0.05,%5 ICH 41t4%; ¢: P<0.05,%5 ICH+NDP-MSH+Mc3r siRNA 283148
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1. Sham; 2. ICH; 3. ICH+NDP-MSH; 4. ICH+NDP-MSH+
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4 Mc3r 5{%J§ Weston blot # ] Mc3r , PKC ERK
Bcl-2  caspase-3 7£/\ RIS A 4R sh B R 3%

2.4  PKC % 4 #7 %) 7 Staurosporine % 32 ICH &
NDP-MSH &) £ 47 1§ 7

1 it NDP-MSH [ &R 977 T 2 &

3 PKC 5530 EE R Y, 76 ICH 5 551 48 h 38 10 i

4t ] PKC A4 S5 P ) 7). Staurosporine , - 7

ICH J5 24 h Jfl NDP-MSH 3447, 7 ICH J5 24 h, #1141
PKC 248 AL L3R I ( P<0. 05,36 2) o Bk4h, PKC
B T A ek JE R A2 R c-caspase-3 3R I8, IF:
H&E T p-PKC,p-ERK1/2 1 Bel-2 {53235 ( P<0. 05,
ElS5) .

Mc3r(40x10°)— —_—

P-PKC(78x10°)—
PKC(78x10°)—
P-EPK1/2(44x10°)—
EPK1/2(44x10°)—
Bel-2(26x10%)—
c-caspase-3(17x10°)— -— @ - -
caspase-3(34x107)— CENES CEED IS Cmuw ="

Tubulin(50x10*)— D NS c—— c— —

1; Sham; 2; ICH; 3. ICH+NDP-MSH; 4. ICH+NDP-MSH+
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B 5 PKC #) 4l /5 Weston blot & il Mc3r . PKC . ERK |
Bcl-2  caspase-3 ZE/N RN A A IR E
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&2 PKC#H#HF/INR ICH FiNHZ CAT MDA . SOD Mc3r PKC ERK Bcl-2 caspase-3 FRKik (n=6,x+s)

55 Sham ICH ICH+NDP-MSH ICH+NDP-MSH+Vihecle ~ ICH+NDP-MSH+Staurosporin
MDA 99.8+8.2 50. 4£6. 3" 210. 6£26. 7" 195.2+22.3" 118.1£13.6
CAT 60. 4+6.2 330.7£35.1° 175. 1£20. 4" 185.9+20. 1" 286.2+29.8
SOD 101.2+8. 1 49.3+6. 5 250.7+30. 3" 226.2+28.6™ 125.4+16.9
Mec3r 1. 0020. 15 1. 800. 24° 2.73+0. 52" 2.63+0.45™ 1.90+0. 32
p-PKC 0.980. 13 0.52+0. 16" 0.95+0.47™ 1.13£0. 44" 0. 54+0. 28
p-ERK1/2 1.25+0.26 0.530. 11° 1.10£0. 36" 1.12£0. 41" 0. 48+0. 16
Bcl-2 1. 140. 31 0.48+0. 14° 1.32+0.41"™ 1.19+0. 39" 0.4420. 14
c-caspase-3 1. 05+0. 23 1. 86+0. 48" 0.97+0.32™ 1.12£0.27™ 1.92+0.38

a; P<0.05,% Sham #8}t3%; b, P<0.05,% ICH #48}t4%; ¢: P<0.05,%5 ICH+NDP-MSH+Staurosporin 48 bt 2%

3 itig

SRR N R 22T PR T & B ICH )5 SBI 5k
0l e iop i R L o W AR A VIR I [ = S e
B, ICH J5 (i % AL 57 (ROS / RNS) FIHi A A 77 Z 8] /Y
AN 5 B A SRR DL EORN 22 R R 5 1 R 2T A
BT EREREENMEMTY . ICH 5, K b R oR
Jil, ROS 2 BENE Bt 84k 2 1 B Fl DNA | SR AL i
03t BRAh, B ARG JAE , AN R T, 6 A
fit , LRSS FRF 22 T A 2 T T B, ol an e i
JATZHY) Bel-x Hl caspase-3, & ICH 53 #f1 2 0 T2 1Y
FHERR, AWFEE JetiE T NDP-MSH XJ ICH )5 %
A ORI 22 TG R T 1 R 22 DR T [R] s R 88 3] LA
TFEER /N ICH U, o ik J5 BBl Me3r 23k 7K
This ) iz FRB TG T s QI 4 T NDP-MSH /]
PITE ICH J5 24 h 52 FAR A AL N A i K i, IF A A
P22 Ty RE B 15 1 2035 ; @ NDP-MSH 697 5 p-PKC,
p-ERK1/2 F11 Bel-2 8 _FJELL K c-caspase-3 1 F A 5%;
@im L ek siRNA 1] Mc3r 5538 15 Staurosporine 111
il PKC 34241604 T NDP-MSH S48 16 7 38 Fi e 22 G 8
T-HIE

WFFE ], NDP-MSH AJ L) 5 o il ok 5 i 2  fl
SRR T Y Me3/Med 32 (R0 28 E i 24 1y JIE
IAETL AR AR IE S G 2R AT o R R
HE IS 3 ek 920 A0 S S 9 Y O (ERKL/2) 1Y
iR Ak, NDP-MSH FHIEr T SAH 75 S it 5L 1S 30 ik 3L [
FEARTGHARA W T K ARAE , FACI BN, 4
PATRIMA I BeAh, AR ZE T, NDP-MSH i
it 5 Me3r 255 RS ERK1/2 {5 S5 34, Wi
SANpuEEE " BT S ANE A Ca® K, IR

PKC 32 AR DAk 8 2 Th A . 5 AT &
I—3, A58 45 R K W] NDP-MSH (1936 7 Al f¢ #F
p-PKC .p-ERK1/2 , Bcl-2 f4) | JH Fl caspase-3 f{) T 1,
NI =R C AR Gl b E ST

HiT, C kB NDP-MSH 38 i 25 & A [] 1 28 Kz Joie
FZ M (Mclr 2 McSr) 7EH XM R G0 h B AN
Pri M R eI SR, Mc3r S o i i 28
R REE 2R FE W, E N BN R
RGP EEFE, I A SRS ny R Y]
M ARSI E] Mc3r 16 /N R K IR 28 oo 40
Mirp ik, b, H Mc3r siRNA fAIK Mc3r AJ DL &f
HEMPA T A 7T caspase-3 (B FIFE(R Bel-2 13-
I8 DA 5 2 T Bk NDP-MSH () #if 22 {97 /E . ELISA
G5 R, rR Me3r J5 A A0 N U N F R . B, A
H A, Me3r B3G5 T ICH J5 NDP-MSH % &
IR ER . R RIS DLRT i IR 45 R,
X B F§ NDP-MSH & R027-3225 #15 Mcdr 1] DLk
# ICH g BRI fy i 8 g, AT BOX Fh 2= H ]
REJEH TR SR 22 57

PKC € 7R it 815 ERK1/2 [y S5 Pk
B2 SR AR O R A B A T AR . ORI E AR R
W], ERK1/2 5 PKC 15k 1058 S 5 2 R 5 512 S0l
Tl B , B AnTE 4L (ROS) /NO, Bel G , M T £ H
UG A S8 A R A 2 e TR IR A Y ey
HIBEFE T, PKC & P A AR AR T p-ERK1/2, Bel-2
M35, THE T caspase-3 13235, H 5 B AL N I
SN A2 T T, R, Bk PKC 9i% T NDP-
a-MSH [t 2 1EH .

P4 NDP-o-MSH 7E H A fift 48 28 Gt 2 9 v i ik
Z % 12 (CREB, MAPK %) % % JL pfi 28 {4 4 1
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R HARBESEAUTSE T Me3r il id PKC/ERK1/2
WARPIVER AR B — 20 B 58 AR A2 5 HOR AU 5
T NDP-o-MSH X ICH J&5 S A I J N 22 o M T Y i
ZRPVERT, AR VE— 20 W58 o AE BT B W 46 T T B9 1
FH 88 = R ARG R BE T NDP-o-MSH (157 #L
il 38 R Me3r, J0E ERK1/2 {55 38 5 A S 10+
ZA% S E R, (B & NDP-o-MSH [6] B %} Mclr Mc4r
AH—EER, R ETEX —id # v & AR A & ik —
ARV, BLAb, 3 — 20 BB 5T IR AR AEFR R Mc3r
FETEANVE A LA B Me3r el 34 i ERK1/2 7K 1 1
TEBLHI L.
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