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Protective effect of ulinastatin against hypoxia-induced injury in PC12 nerve cells
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Abstract: Objective To investigate the effect of ulinastatin on hypoxia-induced injury in PC12 nerve cells and its molecular mecha-
nism. Methods PCI12 cells were divided into control group, hypoxia group, hypoxia + low/middle/high-dose ulinastatin groups, hy-
poxia + miR-NC group, hypoxia + miR-190 group, hypoxia + ulinastatin + anti-miR-NC group, and hypoxia + ulinastatin + anti-miR-190
group. Related kits were used to measure the leakage rate of lactate dehydrogenase (LDH) in the culture medium and the activity of
superoxide dismutase (SOD) and the content of malondialdehyde (MDA) in cells; flow cytometry was used to measure cell apoptosis;
Western blotting was used to measure protein expression; quantitative real-time PCR was used to measure the expression of miR-190.

Results Compared with the hypoxia group, the hypoxia + low/middle/high-dose ulinastatin groups had significant reductions in LDH
leakage rate, MDA content, and cell apoptosis rate and a significant increase in SOD activity, as well as significant increases in the
relative expression of Bel-2 and miR-190 and a significant reduction in the relative expression of Bax, in a dose-dependent manner ( all
P <0.05). After miR-190 overexpression, there was a significant reduction in LDH leakage rate, a significant increase in SOD activi-
ty, significant reductions in MDA content and cell apoptosis rate, a significant increase in the relative expression of Bel-2, and a signif-
icant reduction in the relative expression of Bax (all P <0.05). Inhibition of the expression of miR-190 reversed the effect of ulinasta-
tin on hypoxia-induced injury of PC12 cells. Conclusions Ulinastatin can exert a protective effect against hypoxia-induced injury of
PC12 nerve cells possibly by upregulating the expression of miR-190.

Key words: ulinastatin; miR-190; nerve cell injury; oxidative stress; apoptosis
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PC12 41 i W [ 3% [E ATCC ; RPMI-1640 J% 37 5
W [ 3 E Gibeo 24 H] 5 B wl T W 7 i FidtE W
TREA WA Al 2B B A B (lactic dehydrogenase ,
LDH) . # & 1k ¥ B 1k B ( superoxide dismutase ,
SOD ) . N [ ( Malonaldehyde , MDA ) i 7| & g B B4
50 A AR ) BOR A B ) 5 A O T A D R
B b 2 AR Y RO B2 B RIPA 35 1 4 ff R
. 3F 0] T 1R ( bicinchoninic acid , BCA ) i3 & W B E
Ve WE A ) B A BR 22 W) 5 Trizol 4 7] (. SYBR Premix
ExTaqT™M 1] & ) H H A TaKaRa 23 ] ,
1.2 fApEExSHaA

PC12 4 ] & 10% Ji&G 25 I35 ) RPMI-1640 15
FEWAE3TC 95% %< 0, 5% — ALk CO, kT
B e O B AE KO A0 B, K B T 94% AN, .
5% CO, 1% 0, Z T #EAT i 040 B2, F 8 B 4,
IEH BE FF 09 40 M AE D Xk BR4L 5 PC12 41 Ml 43 00
100,200 F1400 u/mL & =)l T 4L FH, 9K 5 iE47 4
AR 6 h i Sy AR + O mI A TR A bR A
A4 5 K miR-NC \miR-190 % 4L % PC12 4l 5
HEAT B AR AL B 6 h, i B4 + miR-NC 41 |k 460 +
miR-190 41; ¥ anti-miR-NC | anti-miR-190 %% & &
PC12 4l J5 FH 400 u/mL 1% @]l T &b BR, P 9E 47 B

AL 0 B4 + BRIl T + anti-miR-NC 41 | ik
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AU M BE 75 48 h, WCHE #5240 0 B 4N i B R 1T
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P o L 2 4t P SO 000 248 i 9 1 3
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BEEEA,BCA KA G EAKE. EH
HEAT DA 0 T g 95 e R YK, B R R R L0 IR
EL 5% BT R B L b A — B 4CHE
R, A ZHE R F 90 min, L2 & G B
5%, Quantity One {4 5 25 11 45717 JK B {6, 2 11 AH
Xt ik K F = B 1Y &5 IR ¥ {5/ GAPDH. 4% 717 JK
JEEAH -
1.6 TR 3 3% 8 PCR (qRT-PCR) # Il miR-
190 Fik K F

PEHUAN M B RNA | & #% S5E ¢DNA L DL U6 i N

#E4T PCR 4 3%, 48 35 25 14 4 95°C A5 1 30 s, 60C
K30 8,72 CHEA 30 s, S 40 405 FF 5 A0 X £ 35
HORA 205 . 51 WF 8 miR-190 , 1E [ 5 -
GGTCTTTGATGATGATTCTGC -3 *, JZ [i] 5 ~CTAGGCA-
CAGTATTGAAGGTT-3 *; U6, IF [i] 5 ~GCGCGTCGT-
GAAGCGTTC -3, JZ [ 5 ~GTGCAGGGTCCGAGGT -3 7,
1.7 S%itZEHiE

K SPSS 20. 0 # fF i#E 47 B4 43 A, 31 W R
A s hpfE2E (v 2s) R WERA AR, £
41 IA) H 45 R F B DR 3R Oy 22 40 BT, A R)E— 25 R
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Zﬂﬁiﬂ 23.2112.11\ 248.75i114§4\1 2.4550.24 K G40 R U T 28 Bel-2 % [ M % 32 ik B L Bax
A 76.81 +5.06% 80.37 +7.58% 7.68 £0.69” s
AR _ O RAMA RS R, 2 BRI B (P <
N 60.08 +4.232  127.14+12.17%  5.99+0.47? 0.05). 5%k B2 Hfe , B4 21 PC12 40 i v %
?iéia%T 48.12£4.18%%  177.84£13.33%% 4,23 £0.40%% &, Bel-2 85 [ AH X 33k & AL, Bax 2 A A X 3R
L KT E (P <0.05) ; 5H A L, i + B
SR+ HART @3 23 23® .
gaga LSRN MLOSLILAITE 2924023 fis TG b 062 PC 12 49 TR R, Bel -2
Fik 286.303 258.267 20.764 B FUA A2k BT, Bel-2 B 1A 0 42 3 R A
P AL 0.000 0.000 0.000
| P<0.05), W 1,52,
(D5 A ALLE P <0.05; @5 S AL P <0.05; @5 5 & + & LSRR ( Vo REL, R
SR TIRA ZUIE, P<0.05;@D5 84 + 5 a4 T P A ZUE,P <0.05
A @?% ®@> 2 B X ARZH Beaam
%,f ‘8” \\ ></ \<3” 10*3 10*]
AN g SRR s& ©
&7 “S & 10°4 3
N S - 107
Bel-2 e — — 26 kDa = 10%4 ;n-rﬁ = 1074
Bax S M s s w21 kDa 10'- 104
GAPDH WS NS SN S S 36D 10° L.
10° 100 100 10° 10 10° 100 10°  10° 10°
Annexin V-FITC Annexin V-FITC
B + 1w TR BA + Sl T PR B + )t T R
1043 104] 1043
10°4 10°4 P 10*4
= 104 % = 10%4 % = 107 %
105 o 10'4 S 10'4 -
10 Rt [ Kb RS P 10—
100 100 10> 10° 10 10° 100 10> 10° 10 10° 100 10> 10° 10

Annexin V-FITC

Annexin V-FITC Annexin V-FITC

A’)‘ﬂt#ﬂﬂéméii‘i Bémﬂ‘l/)?,]-f_‘”ﬁ‘;\‘go

B 1
R2 EBAMTXREIFSH PCI2 AMETHEN (x+s,n=9)
Bel2 o Bax & &
25 P =&/ % o Lo
] AERT i RuASE
1848 7.92£0.68 0.77 £0.07 0.16 +0.02
A4 35.15£2.117 0.28 +0.02% 0.59 £0.04%
BR o+ 53 ®
k%: ba kT 27.73 £2.49% 0.41 £0.04% 0.45 £0.04%
bl
R BART 10 56514677 0.5 50,0427 0.33£0.03%7
Lkt
R+ LA T 11.94 £1.15%9% 0,67 £0.05%%%  0.23 +£0.022%%
ahlEm
F i 385.562 157.827 272.020
P 0.000 0.000 0.000

#: D5 ARk, P <0.05;Q5 A4, P<0.05;D5 84 + &
M TRA B, P<0.05; @554 + 58T P A B4 E P <0.05

B4 T 2t Ee B S0 PCL2 A T 09 % v

2.3 L5EMTMREFSH PC12 4 A & miR-
190 33X K%M

H A UM miR-190 MXT RIAE LK, ZR A%
HEE X (P <0.05), 55X HA kK, ft"4A
miR-190 A X] LK FEM(P <0.05) 5 5Hk A4 [
A WA+ 5 ] TG L P R 4L miR-190 A
XRKESAE, HEA & KBEC(P <0.05), W
#3,
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£3 BREMMTHREIFSH PCI2 A miR-190 X KL S
BRI (x£s,n=9)
il miR-190 A8} & ik &
*F 8 2E 1.00 +0.07
1 3-%:1 0.35 +0.03%
B+ 5 S 4 TARH E 0.51 £0.04?
BA + LT R A EA 0.68 +0.052%

0.82 +0.052%%

A+ LA T HAFA
F 14 235.415
P AL 0.000

E: D5 Rk, P<0.05;Q5 s A4k, P<0.05;0%
B + B A e TARA AR, P <0.05; D5 68, + 1 3 46T & 7
@A, P <0.05
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A +miR-NC 1.00£0.06 77.63+5.82 78.93+4.49 8.12+0.55

HZ +miR-190 3.04 £0.22" 39.53 +3.36 197.66 +12.85"3.93 £0.28
X 26.838 17.008 26. 168 20. 367
Pia 0.000 0.000 0.000 0.000
E: o+ 5 A + miR-NC 28138, P <0.05

2.5 miR-190 FREFFHREFFFH PC12 H A
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L4 + miR-NC 4 Ho 4, B4 + miR-190 4141
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A B
o N AR +miR-NC B +miR-190
% >
S § 10 1
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\53; % 103{ 103_
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= 10°
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A:ATHAZROAZX; B ATAXNA,

& 2
£5 miR-190 FRETHREF SH PC12 ZHHE T RIS
(x+s,n=9)
Bel2 & @Ay Bax & §Aasf
e AR/ % ! =1
7 */% F 8% ke
B4 +miR-NC  38.58 +3.67 0.27 +0.03 0.57 £0.03
B8 +miR-190 15.54 £1.59*  0.61 £0.05*  0.31£0.02*
t4E 17.282 17.493 21.633
P14 0.000 0.000 0. 000

E: o+ HE A + miR-NC 211635, P <0.05

miR-190 it & ik x4 &35 F 49 PC12 oA = &9 % w

2.6 #M% miR-190 XA Xt 5 F 42 T (400 U/mL)
EAMREFS PC12 ARG BN

kA + Sl fih T + anti-miR-NC 4 HAL, ik 41
+ 5 @ fh T + anti-miR-190 Z0 miR-190 4 %f % ik
G, LDH J 2 T, SOD i 1 B ik, MDA &
T AU TR T R Bel -2 MG AR G5 BRI
Bax A3 Rk BT (P <0.05) . WE 3 %6,
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B . ] TR 55 P B A R AR B
Ly w) b T 2 Be A AR ML O R M e o ) R 4R
HARPER . L Egs R RIS a T HA
AL K g R E T . AW SE R TR A X R
ST T P A B A R R R AR BE SR e
B A A PR PCT2 20 A At 7 A ke I 240 Bf A3 1 B A, AR
Je FAAS T 3 8 12 ) At T A B, 25 L o, it 4R A B
19 PC12 #fi s i LDH s i 5 AR, SOD I 7 I+ 7
MDA 5 5 FE A, 20 L 0 T2 R BE AL, Bel-2 3k 7K
Th , Bax 23k K VB AIG, H &2 50 &K, LDH |
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