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Role of ATP-Sensitive K* Channels in Protection of NaHS against (3-amyloid
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Abstract: [Objective] To explore the role of ATP-sensitive K* channels in the protection of hydrogen sulfide
(H,S) against B-amyloid-induced injury in PC12 cells. [Methods] Sodium hydrosulfide (NaHS) was used as a H,S
donor. The percentage of apoptotic cells was assessed by propidium iodide stain flow cytometry (FCM). The
morphological change of apoptotic cells was tested by using the chromatin dye Hoechst 33258. The mitochondrial
membrane potential (MMP) was analyzed by rhodamine 123 stain FCM. The level of reactive oxygen species (ROS)
in PC12 cells was measured by dihydrohodamine 123 stain FCM. [Results] Amyloid B-peptide 25~35 (ABys.35)
at 20 pwmol/L and 40 wmol/L significantly induces PC12 cells apoptosis; and inhibits MMP and induces ROS in
PC12 cells. NaHS at 100 pwmol/L or 200 pwmol/L alone did not damage PC12 cells,but obviously attenuated A,s.s
induced apoptosis,and blocked the dissipation of MMP and the over-production of ROS induced by AR,s.ss;The
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ATP-sensitive K* channel (Kp) inhibitor, glybenclamide (Gly) ,which was pretreated 30 min before co-administration

of NaHS and ABssss, obviously and partly blocked the cytoprotection of NaHS, increasing the percentage of

apoptosis; Furthermore, Gly at 10 pmol/L partly and significantly blocked the preservation of MMP and inhibition
of overproduction of ROS afforded by NaHS. [Conclusion] NaHS obviously protected PC12 cells against the damage

induced by ABssss, the cytoprotection of NaHS was associated with the preservation of MMP and inhibition of ROS

over-production; Kyp channel inhibitor, Gly, significantly partly blocked the cytoprotection of NaHS, indicating

that Kyp channels activation played an important role in the protection of NaHS against PC12 cells damage induced

by ABasas.
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ATP-sensitive K* channels
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I K B #2458 (long term potentiation, LTP) K&
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2| 50 ~ 160 wmol /L, BATJR PRV BRI (Alzheimer’s
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R B8 4% 4H Bt JRg 41 B Bk PC12 (pheochromocytoma
cells, PC12 Z0AE) =1 (HEMLH M AR T , HS
Bk 2 N VR PE ATP SE0URR P B 38 1E B TT R
(ATP-sensitive K* channels opener) , Kt Vg =
FE AR ATP SO L 40 38 JE  (ATP-sensitive K*
channels, Kyp)7E H,S XTHi AB-i5 5 PC12 4 ff 45
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1.2 #MpaEEsRfnstIg o8

PC12 40 FR AP LR 2# S0 3 4 oo S 4t 1%
T4 100 mL/L 5 17 .50 mL/L i5 4 Il 15 #Y
RPMI-1640 353, F 37 C E&FR5% 5% CO,
ST RESR , BB B AR 1 Al A T SR 5

S R OZS AN IRA ; @ARFHRE ABosas
BGLE . 4> BN 20 wmol/L 1 40 wmol /L ABysas
YEF] PC12 4 jE 24 h; @NIFI MR E NaHS HRAEHE
20 . 4RI 100 wmol/L 1 200 wmol /L NaHS %
F PC12 40 24 h; @NaHS+APBysss 2EFIVE A .
43I R E M (100 wmol /L 5 200 pumol /L)
NaHS 5 R [F¥REE (20 wmol/L 5 40 pmol/L)ABysas
SE[RIVEFH PC12 4 24 h; ®ATP Gsi: £ 38 38 40
il + NaHS+ABos.55 1EFHA
1.3 PI i = 4m A (FCM ) 4 PC12 21
=

W Z2 20 40 it , B PBS ¥ 2 i, Fl 700 mL/L
Z. T 4 CREE R, B 108 B EE R4, A PBS
VEWI , £ F¥EE A 300 pL DNA 449 (P& PI
100 pg/mL FI Rnase A 20 Bfi/mL),F 4 CvkFH
HCE 45 min, 300 B JE e Wit i, b =4t Y
(2:[E BENKMAN-COULTER 72 &) H d ) A6 (3 %
WK 488 nm; KT 610 nm) 4 il DNA #) &
&, LI DNA 477 B H KT G1 ] DNA S8/
G1 Wy R/IMURIAT- sk i 220,
1.4 Hoechst & & i 28 i A =

B PC12 4HJEAERD T 24 FLARIY, 2550554
3R 45 DL R [RI AL B R R AE A — 2 IR, A
BT A 40 o/L Z R B 4 CHEE 40 10
min, fIA 5 mg/L Hoechst 33258 YL /EM 10
min, PBS Wik, 760 BAMER T WSS B, IEH 4
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' Rh123 j2—F R Zb A ir i i s e e £a, 1
WK WA (. [t 28 0 2% JIEE B 137 (mitochondrial membrane
potential , MMP ) [ 240 A5 17y £2 AH A A9 AR 4k, DA T i A8
MR DGR, PR, WA I 4 RH123
B 6 2 L4 D ) MMIP,, 25440 B 24 h )5,
FH 0.25 o/L JHREE ABGIHLIGEER) PC12 408, i
£ 1x 10° 40/, A PBS YEMIIK , BUHBF T -20°CH
F DMSO ¥ 1 g/L Rh123, FHA & /4 I 35 19
RPMI-1640 #&BZE 100 wg/L, B2 iR ket
F 37°CHEE 45 min J5 47 I 4000 2 (%
P 488 nm, KT K 525 nm) , B FHE TR R
2 0 ST T B SR A A T BB AR 3, 314K 10 000
ANTE YU, LA BH A4 40 A Y T35 75 S5 BE (MFT) 38
7~ MMP,
1.6 ZHAEA ROS =My

FE R SCOM R 9 5 0 E 40 i ROS & &
B R A FHEH AL TR PC12 40 12 h JE {22 4R IH
ReFEE, FJCILYE R RPMI-1640 3% 2 ¥, IIAMH
TC Il 35 B RPMI-1640 5 BE B9 AW B4 1 wmol /L,
KIS S FHE , BT 37°CIE 1 h J5, e
L, PBS ¥k 1 ¥k, il 1 x 10%/L AR, EHi=40
A4S I (38 2 e 4 488 nm, K ET I 525 nm)
N R 504 i X 4 S T P A A A 0 A
B, EAEEAIIE 10 000 MEAAE, BT R
Rh123 W P2 GRE (MFI), 28 BSR40
ROS MK,
1.7 Sitarin

SEBYEZ SPSS 10.0 ot B4 #1748 3 4
BT, e AR 22 (s ) o7, 2L 1) 38 FH 5
F 5 2253 H7 (One-way ANOVA) K6 | A G it
BEXFHENE B XL ZRKER (least significant
difference, LSD) #4735 (8] )£ T LU, K56 7K
HE 0=0.05, '

2 & R

2.1 NaHS 3% AB25-35 155 i 20 B E
Hoechst 33258 4% & 46 I 4 A 078 1= A9 25 3§

N, 20 wmol/L AB25-35 4bFH PC12 40l 24 h

J&, PC12 4f 2 BB 008 TR AR, T0 40 B Az vk

454 (18 1C), 100 wmol/L NaHS HH R 5|#PC12
YA T (K 1B), HH 5 20 wmol/L ABssas 2L£[F]
AbFE PC12 4liffl 24 h, BEME ABsss 5l AR A EA
TRHIE A 4 i 25 H B 282> (] 1D), FCM A
Y SE I 45 RS  BR , 100 pumol/L 1 200
wmol/L NaHS ] & {2 25 i %K 20 pmol /L F1 40
pwmol/L AB,sss 5l AL A PC12 4 fi 8 T- K (P <
0.01,E 1) ,

60 OO0 pmol/L NaHs 1)
@ 100 pmol/L NaHs
50l W 200 pmol/L NaHs
1)
2)
~ 40
S : i
g L 2)
g 30 9
2. 2)
= 20t
0 1 1
Control 20 pmol/L AR 40 pmol/L AB
Group

Bl 1 HS R PC12 HREXTHT ABsss 5 S HI AR =
Fig.1 H,S protects PC 12 cells against apoptosis
induced by Aps.s
A-D: Hoechst 33258 nuclear staining for assessment of apoptosis
(x400). A: control group; B: 100 pwmol/L NaHS group; C:20
pmol/L ABysas group; D:  NaHS+ABysss group. The histogram
showing the results from propidium iodide stain flow cytometry

(FCM). F=31.449, P < 0.01. 1) ws control, P < 0.01; 2) wvs 20
pmol/L or 40 pmol/L ABysss group, P < 0.01.
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THW Ky BEIFHREE S NaHS X5 ABosss 5
& PC12 i T B/E A 58, ASSCHERL A 100
pmol/L NaHS 5 20 pmol/L ARy 1EF PC12 4
2 B 30 min, M 10 wmol/L K 38 T 7
# Glybenclamide (Gly) X} PC12 4H jfd#F47 T 4b 2
(pretreatment) , & 2 BIZ5 5 27K , 10 pmol/L Gly H
BN PC12 4G R A T-%  (E2 A e o 25 Hh 7
A3 HiFEHL 100 pmol/L NaHS X34t 20 pmol/L ABysss
HIBRET-VER (P < 0.01),3275% NaHS HIZ0 il

VEFHTT B 5 H P Ky BIEH L,
50 1)
a0l 1 i
§ 30} 5
%‘ 20 |
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m B oW NN
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Fig.2 ATP-sensitive K* channels (K*yp) inhibitor
blocks the anti-apoptotic effect of NaHS
The percent of apoptosis was tested by PI FCM. 1)vs control,
P < 0.01; 2) vs ABasss(20 pmol/L) group, P < 0.01; 3)vs AR+
NaHS group, P < 0.01. Gly: 10 pmol/L Glybenclamide; NaHS:
100 pmol/L NaHS; AB: 20 wmol/L AByss; n=4. F = 42.276, P <
0.01.

2.3 Kyp BEHPEIF 35 HT NaHS HDH] AR5 PEAK
MMP HI1EF

MMP A 2 20 I 8 1= R ) — D EEERRE
Rh123 %¢ Y6 Y €0 36 T 4G I 2 Sl 58 B 194 O /) e ke
MMP 182z, 3 878 ,PC12 4H4E 20 pmol/L
ABasss /EF 6 h J5 ,MMP B & [%{% (&l 3D), 100
wmol/L NaHS 7 B N & Wi Rh123 52 65RE (&
3B) ,{E%,I/E\:‘i 20 Mm()l/L ABE-3§ ;:E‘IEM/HEH PClZéEH
i 6 h J5 ,NaHS 8.2 & Ml 20 pmol/L ABysss
Bl MMP F&% (B 3E), & 3G & FCM HIFH
B GHG I 5 BE (MFT) B GE T 453, [FAE 7R NaHS
AE B @ M0 ) ABus.as 51 PC12 4H ffl MMP [%
{9

HT B Ky BIEFFBGRE S5 HS BRY
MMP £, 7 SCULEE Ky BB A HI 5 Gly (10

wmol/L) THALBE (FALHEFv5 5 bk i 7 i AH )

X HoS il ABosss [/ MMP YERRFZ M, & 3C

5 G R EW, 10 pmol/L Gly A B Xt PC12 41

Jifd i MMP JCRA 5200, {H 2 58 B 2 R 43 BEL by

NaHS 14l MMP FEAA491EF (B 3F #1 G,P < 0.01),

PR NaHS TP AB,sss KA MMP 4E F B WL =2
— AR5 HFFH K BIEA K,

P
’_‘
F

S
=)
T T
8

Rh123 Fluorescence (MFI)
- N W
= e = (=] (=]
“
)

3 Ky BEIMHIFIRT NaHS 05 MMP FEARAE R0
Fig.3 Effect of ATP-sensitive K* channels (Kyp)
inhibitor on the preservation of mitochondria membrane
potential (MMP) by NaHS (x 400)

A :the control group; B:100 pmol/L NaHS group; C:10 pmol/L
Ky inhibitor Glybenclamide (Gly) group; D:10 pmol/L ABysss
group; E:NaHS+AByss group;  F:Gly +NaHS +ABysss group; G:
showing the data of RH 123 MFL 1) ws control, P < 0.01; 2) ws
AB group, P < 0.01; 3)vs AB+NaHS group, P < 0.01, n=3. F=
24.628, P < 0.01.
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EREA|
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529 %

(B 4D 5IE % 0t B B 4A HS) , 387K ABosss 5
HHP ROS A5 i £, SRTH 24 B B AR50 ROS 4=
. (P 4B) K9 100 pmol/L NaHS 5 20 pmol/L
" ABasss SEFIVEF T PC12 40HE 3 h J5, BIB9S
B P55 R B /D (B 4E) , #3278 NaHS #8
M) ABasas 517289 PC12 1M ROS LM% , {4
B , Ky SEIE I HIH Gly (10 pmol/L) T
AP AE BA B 3T NaHS #4 ROS ERUAEA (B
4F) ai&%ﬁ Ky 18 1B FF ] BETE H,S MEI LA ROS
A PR E —EHIFER . 10 pmol/L Gly 48 B AR5
M ROS 7K (& 4C)

=

4 NaHS Ml ABsss 51K ROS &M F Ky 818
i3 NaHS 1 F #9500
Fig. 4 NaHS inhibits Af,.s-induced reactive oxygen
species (ROS) overproduction and influence of KATP
inhibitor on the effect of NaHs (x 400)

A control group; B:100 pmol/L NaHS group; C:10 pmol/L
Glybenclamide (Gly)group; D: 20 pmol/L ABysss group; E:NaHS+
ABass group; F: Gly+NaHS+AB,ss5 group.
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LB R (AD) R — e R T R R
HYR AR N 2 I E B (senile plagues) o
AR RUMISN AT EZE NS, AR RIRTFIEH

FERIAZE H (amyloid precursor protein, APP) FJZE
HKfEY, BA 39 ~ 43 MR, K 25~35
Wrpk Ay BAA #2581k, R AT RESE AD J B
FHPS

AT R HS BB XTHT AR 51 & ot
FIAERLE, ACEEAWETHIES KX I)6E
REAERY PC12 AHMIEESE ARy SRANMEB LR, Jif
Fi NaHS 1E8 H,S BB, MZ A W B NaHS %o
ABosss 1455 PC12 AHBAE RN , A< SCHYBIF SR 25
BB 20 wmol/L~40 pmol/L AP, BEB] B2 |H
PC12 YA T (| 1), FF51H MMP Pk X i Py
ROS B2 , Wang S AIEE] ABys.ss T
AN B (oxidative stress) I 5] PC12 41 it U8
Tt

HAWIAE AR BB H HE b 5 Lot A 5 i
(mitochondrialmatrix) K AR 45 & 2 & i &
(AB-bindingalcohol dehydrogenase, ABAD) #H & {E
F, AT S 28 ROS 4B il £ | Bokifik 2 2k T g
YRR R T X BRI SCRpAS SCRY bR S e 4G

HEIRARSCTEIESE T HyS BEXTHL ABssas 51
S A A LR T\ MMP A K ROS F= 488 Ve H
AYEEAE b, #F— PR T Ky BB 7E NaHS $14
IO ) 240 B P B WL A R R A

H,S J&—F/E AR 1 N IRIE ATP SRR Y 4
BIETFFLF) (ATP-sensitive K* channel opener) ™, K
18 TE T AR ORI U WLAR X Bt S8 A 0 85 | RS ) R
04 AR SCMER B Ky 38 B 5 Glybenclamide
(Gly) AERH R 73 BELEBT HLS 40 ABosss 440
OB VE PR (508 T B 2 i, 9 BEHR 4 Hb 45 L
H,S {47 MMP B ROS A= AEH , 327K K 38
TEFF AT BB HoS XL ABasas 4N MI4R 15 1E FH B
EHZ— E84 5 — PRI,
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