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HE . B TS HS si4a (DDP) i FiE 3 50 Lk el — o FHRER ., FiE s
A PR, DDP 20, DDP+ AL &AL 48 NaHS 48, DDP 48 : DDP & E 4 0, 1. 2, 5. 10, 20 #= 40 mg/L ;
DDP+NaHS 28 : NaHS iR E 4514 0. 02, 04, 05, 08, 1.0 F2 2.0 mmol/L, A2 DDP (20 mg/L) 3REAEMA, wiedif
(MTT )53 . DDP 28 . DDP+NaHS 0.5 A 3% B8 L i gm fadk ( HK -2 2o fe ) 3L F13& 75,24 h S REE E(OD)
18, NaHS( 0.5 F= 1.0 mmol/L ) /7 DDP( 20 mg/L ) 5 HK—2 fa kR 357% 24 ho 4,6— B —2— 3R F w37 ( DAPI),
Annexin V=FITC/PI 4 &3 i 2 HBIILR & 2120 J009 T S F K, Annexin V-FITC/PI 7L 2 i A A &-28 2 L
M F, BER MTT %30, 1,2, 5, 10 #2 20 mg/L DDP K OD 5314 (0.270 +0.064 ), (0.229+0.022 ),
(0.198£0.024 ), (0.189+0.069 ), (0.188+0.030) F= (0.165+0.012), OD 14 4 DDP & & L F & % F %, &
20 mg/L AR T B M R0 (P <0.05), 20 mg/L DDP #e i # 4% %4 0.2, 0.4, 0.5, 0.8 2 1.0 mmol/L NaHS
# OD 1A 4 71 24 (0.173+0.051 ), (0.186£0.023 ), (0.259£0.050 ), (0.263+0.033) F= (0.268 £0.098 ), VA
L5 A 20 mg/L DDP #9 OD 1A (0.153+0.017) ¥ik, ZFH %5 %L (P <0.05), DAPI, Annexin V—
FITC/PI % & % & AL 2w, * B4 HK-2 M ie-F 3 A —amiei ) (4230£1.015), 20 mg/L DDP #a T
A (35.020+6.079), BHEZFHG%ITFEL (P<0.05), DDP A& F AR, DDP+NaHS 214 0.5 Fo
1.0 mmol/L & F 34 B =@ fe 5 A (22.550£2.912) F= (9.780+2.063), £ F A % it 5 & L (P <0.05),
DDP+NaHS £84&F DDP 28, Annexin V-FITC/PI A X aafo R, FlMEst B4l HK-2 n A =& (5.167 +
0.612) %, f£20 mg/L DDP %A, % (31.598+1.014) %, @@MAT=H3gmm (P <0.05), & NaHS A Tk
YL 2 0.5 = 1.0 mmol/L 898 =% % (18.375+2.239) % A= (11.636 +1.233) %, £+ A it FE L (P <0.05),
DDP+NaHS 284&F DDP 41, £51& NaHS *F DDP -5 6438 3% BN Lk dm i e 8 A 3P 4E A

KT . YRR Bl taie ; BALE; sE ; A T

FESES : R692.6 SCERFRINED ¢ A

Intervention of hydrogen sulfide on apoptosis of proximal renal
tubular epithelial cells induced by cisplatin*

Bo Yang', Qian Ni', Yan Zhu', Huan-shun Zhao', Cheng Yang’, Shao-bin Duan’, Yun-sheng Jiang’

(1. Department of Nephrology, the First Affiliated Hospital, University of South China, Hengyang, Hunan
421001, China; 2. Clinical Department, Changsha Medical College, Changsha, Hunan 410219, China;
3. Department of Nephrology, Second Xiangya Hospital, Central South University,

Changsha, Hunan 410011, China)

Abstract: Objective To explore the intervention of hydrogen sulfide (H,S) on apoptosis of proximal renal
tubular epithelial cells induced by cisplatin (DPP). Methods The HK-2 cells were randomly assigned into a control
group, DPP treated groups (0, 1, 2, 5, 10, 20 and 40 mg/L) and DDP (20 mg/L)+NaHS (0, 0.2, 0.4, 0.5, 0.8, 1.0 and
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2.0 mmol/L) treated groups. After the HK-2 cells were co-cultured with DPP or DPP+NaHS for 24 h, MTT assay
was used to measure the OD value. Using 4°,6-diamidino-2-phenylindole (DAPI) and Annexin V-FITC/PI double
staining the morphological changes of each group were observed under fluorescence microscope, and flow cytometry
was used to detect the apoptosis rate of each group. Results According to MTT, the OD value was (0.270 + 0.064),
(0.229 +0.022), (0.198 + 0.024), (0.189 £ 0.069), (0.188 £ 0.030) and (0.165 + 0.012) respectively in the DDP groups
with different concentrations (0, 1, 2, 5, 10, and 20 mg/L), DDP accelerated HK-2 cell apoptosis in a concentration-
dependent manner, there was significant difference in the OD value between the 20 mg/L DDP group and the control
group (P < 0.05). Adding H,S (0.2, 0.4, 0.5, 0.8, and 1.0 mmol/L) and DPP (20 mg/L) into the cells, the OD was
(0.173 £ 0.051), (0.186 + 0.023), (0.259 + 0.050), (0.263 + 0.033) and (0.268 + 0.098) respectively, with significant
increases compared to (0.153 £ 0.017) after adding 20 mg/L DDP alone (P < 0.05), the protective effect of H,S was
also in a concentration-dependent manner. Through the DAPI, Annexin V-FITC/PI staining, under the effect of 20
mg/L DDP, the average number of apoptotic cells in visual field of HK-2 cells was (35.020 + 6.079), while that in the
normal negative control group was (4.230 + 1.015), there was statistical significance between them (P < 0.05). Adding
0.5 and 1.0 mmol/L of NaHS could ameliorate apoptosis, the average number of apoptotic cells in visual field was
(22.550 £ 2.912) and (9.780 + 2.063), which were significantly lower than that of the DDP group (P < 0.05). Flow
cytometry revealed that 20 mg/L DDP incubated with HK-2 cells for 24 h led to apoptosis with the rate of (31.598
+ 1.014)% which was significantly higher than (5.167 + 0.612)% of the normal negative control group (P < 0.05).
However, adding NaHS (0.5 and 1.0 mmol/L) could reduce apoptosis, the apoptosis rate were (18.375 + 2.239)%,
(11.636 + 1.233)%, which were statistically lower than that of the DDP group (P < 0.05). Conclusions The apoptosis
of human renal tubular epithelial cells induced by cisplatin can be protected by hydrogen sulfide in a concentration-

dependent manner.

Keywords: human renal tubular epithelial cell; hydrogen sulfide, cisplatin; apoptosis
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H,S X T A T B0 U s /VE_E B A human
renal tubular epithelial cell, HK-2 M) B E5AHEE

A1, HATHEARIWARGE . ASE HS #E7 T8, SRR
X HK=2 & A BT T arE . ASSRET4n g
TR

1 #MHEERE

st
TR TS B/ NE R AR (HK-2 40 ) (56
[ ATCC 2] ), MasF I N UZR CHT R
B A BRA ] ), DMEM/F12 55325 (34 Hyclone
SN, A ( Dmethyl sulfoxide, DMSO ) ( SE[H
Sigma 2w ), MUK (VLIRSERRZL B AR )
AH], BEAEN NaHS (5 —i0) ). WEMEEE [3-
(4, 5-dimethylthiazol-2—yl ) =2, 5-diphenyltetrazolium
bromide, MTT] ( £ [E Amresco 2 F] ), Annexin V-FITC/
PLGH & ( LIgRTREAE YR R AR ), 4, 6- =
R FE —2— FEFEM| M (4', 6-diamidino—2-phenylindole,
DAPL) B (il & ( BiBE A RAEYHEARAGRAF),
6. 24 196 fLANMIE IR ( £ Coring 2] ).

1.2 FHik

121 DDP, NaHS #98 % ¥ DDP BLHl AL 1 mg/ml
VWL, SLUBBRTA 20k, B 20 CUKFIR VR IRAFA H o
H NaHS FCHi 8 16 mmol/L VR, i UEBR T 4325€ , -20°C
VKPR A5
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MTT % OBAEXT IR - A SRR 7%
F;DDPA 0. 1. 2. 5. 10, 20 140 mg/L ; DDP+
NaHS 24 : 0 mg/L. DDP+0 mmol/L. NaHS, 20 mg/L
DDP+0 mmol/L NaHS. 20 mg/L DDP+0.2 mmol/L
NaHS. 20 mg/LL DDP+0.4 mmol/L NaHS. 20 mg/L
DDP+0.5 mmol/L NaHS. 20 mg/L DDP+0.8 mmol/L
NaHS. 20 mg/LL DDP+1.0 mmol/LL NaHS, 20 mg/L
DDP+2.0 mmol/L. NaHS, Q¥ A 4 2 X 4] HK-2 4
i % 5 B Ry 1 x 10° 4> /ml,. @A 96 LAk, 4L
100 w1, BIHXT BRELC A SRR 772 58 i B IR AL,
XTREAL, ShZ A PBS HisE . @DTE 5% % kK CO,,
37°CHFE, RAMEPAZFILIR (24 h), A LS
JEWREEZGY), FEFL 100 w1, 57 5 AE L. @RALN
A 10 w1 MTT % (5 mg/ml ), 4RE:855% 4h, ©Z 11
iR, WEALNIEFR, I PBSIEBE 2. 3. @
FFLINA 100 1 DMSO,  FFEX G A4S 2 4L 1Y
JeHEE (optical density, OD ) . AR (%) =
(SZ5FL OD ¥{H - 25 (4L OD M) / (XFHEFL OD 3
- Z5FH4L OD ¥{H ) x 100%.

1.2.3  DAPI, Annexin V/PI ¥ &40 HK-2 %8 e 7%
AT O HK-2 %N 1x 10> /ml,
T 24 LA (HREEZEDE R ), AL 1 ml. QFF4HH
WEEESS , MRPEICIR A, TUORFET, #% 3 N AL,
Bigs 24 ho QWFE LI, H PBS W UE 3 . @ffH
XGEKHFE, ¥4 5 x Binding Buffer #i B¢ 4 1 x Binding
Buffer TAEW, A:FLIN 500 wl AR A, &%
FUMIA 2.5 w1 Annexin V-FITC FI15 w1PI, 1 w1 DAPI,
O©FFZIRHERS), EHBEEE 5 min, O PG W%
BEMER

1.2.4  Annexin V—FITC/PI i &, 28 AL R A0 4 fe )8 ==
Z (DA HK-2 4005 R R 5 % 10° A /ml, 4R
6 bR, AL 2ml. QFFAHMINGEES , RS 534,
TUARTH, I EAINT AR, —
Y5, —41 A Annexin V-FITC, —21 H il PI,
RV 3 NETL, B 24 ho QREFRLETH, (I FHER
1HAE, 1000 t/min B0 5 min, 3% 13, #TH PBS i5
23k, @ X ZEKHMRE, H 5 x Binding Buffer 7 B
4 1 x Binding Buffer T/E#, 48N 500 w1 TAFKE
BN, TR N 5 x 10" 4 /ml, @EESIA
2.5 w1 Annexin V-FITC 15 w1 Pl, @B FIRIER),
FIREDE 5 mine O TR AT

1.2.2

1.3 SiEFE
BT R SPSS 18.0 Geit#iit, %ok
B + bRifE2E (xxs) Fom, RN ZE D7 2200HT,

W LR ¢ KB, P <0.05 HERA SR E X,
&R

&£ 4HR OD {EELER

0 ~ 40 mg/L 4 XF 4 A E A7 A B, 2%
WoR : 48 OD H LA, ZRAGITFENL (F=
7.969, P =0.000 ). 20 mg/L DDP £ 5 [H ¥ % B 21 Hb
B, ZERAEGIFE X (1 =3.640, P =0.007). i
H NaHS J&, 40889 OD {EA7 fr L, s, 78
NaHS Jy 0.5 mmol/L I 225 G817 L (1 =-4.741,
P=0.001). fH*4 NaHS ¥4 0.5 ~ 1.0 mmol/L, 3 41
] OD {H22 7 LG i2¢ 8 X (1=0.024, P=0.977), 4
NaHS & 2.0 mmol/L i}, OD {H#%: 1.0 mmol/L, Ff& (¢ =
3.785, P =0.005 ),

22 &40 HK-2 HEAT thE

PEC BT, 20 mg/L. DDP Fl HK-2 4 i/
24h Ja, IR T/ MA, RIRZIE GG, R, B
KNG G /ME, HHARESERE . DAPL J4 /]
BRI, Annexin—V FITC K58 T 20 i 40 i
Yefr gt (RWIETS ), PLAREAZ YL (Ll 5 (1
BT )e 2 NaHS J5, 5 DDP 41 kb4, JET-40
s, R EEHOIME, WREEEOR, AT AR R
20 mg/L DDP 20 V- o4, 5 BAPEXS IR s 22
S Gt Ut =-14.130,P =0.000 ), LA NaHS 5 ,
B e B L TR T AR /D, 1.0 mmol/L NaHS+20 mg/
L DDP 415 20 mg/L. DDP 41 HL #5252 7 4 Geit 22 5 X
(t=11.121, P=0.000 ), WL 1, 2 5% 1,
2.3 FAEMMBATEILER

TEARME FITC/PL AR (AL T2 R IX), T4l
FITC @i PLIRYE (A FIX ), SRFE4HM FITC/
PLE Y (T4 EIX ). DDP AT R 51 8
Ak, ZRAgIt¥E L (r=11.121, P =0.000).
DDP ZH = TRITEXTRAZE . Jin NaHS J&, FT-3 TR, 2
SHGFE X (129320, P=0.001), FfiZi NaHS ¥
FERAR, TR, 20 me/L DDP+1.0 mmol/L NaHS 20
55 20 mg/L. DDP+0 mmol/L NaHS ZH b5, MT-%EH
Fait#m X (1=4.568, P=0.010). W3 2 FfIE 3,
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X R 20 mg/L. DDP # 20 mg/L DDP+0.5 mmol/L. NaHS 21 20 mg/L. DDP+1.0 mmol/LNaHS 21

1 NaHS. DDP f HK-2 {RRUAT AR ( DAPI 4{f x 400 )

3% HE A 20 mg/L. DDP 4] 20 mg/L DDP+0.5 mmol/L NaHS 241 20 mg/L DDP+1.0 mmol/L NaHS £

B2 NaHS. DDP X HK-2 ZABEE T8I0 ( Annexin V/PI 4% x 400 )

%1 DDP. NaHS X HK-2 4 paE T 150 % 2 NaHS. DDP %t HK-2 41 agG5E i) =40
(n=8, >, x+s) (n=3, x+s)
il JAT- 40 205 NaHS/( mmol/L)  JHT=% /%
[ R 423 +1.015 FHPEXT B ZH 0 5.167 +0.612
20 mg/L DDP 4 35.02 + 6.079 20 mg/L. DDP £ 0 31.598 £ 1.014
20 mg/L DDP+0.5 mmol/L NaHS ZH 22.55+2.912 20 mg/L DDP+0.5 mmol/L NaHS £ 0.5 18.375 £2.239
20 mg/L DDP+1.0 mmol/L NaHS £H 9.78 +2.063 20 mg/L. DDP+1.0 mmol/L NaHS 1 1.0 11.636 + 1.233
F A4 119.353 FAg 193.344
P{E 0.000 P 0.000
10101 P 10501 Q2 101701 107101 0
10.584% 5.37% . 0.238% 30.7% . 1 0.326% 0.306% 7. 39%

10 3 10° | 101
3 EAvAle ¥ l~

10 =103 Q::
i 3 ! 3
I N 3
: =101 -
10' 504 K 10" 57
189.8% 03 R 162.1%
0] A 421% Lo P34 SIS 100 3 1%

10’ 10° 10 10° 100 100 10" 10 10" 100 10° 10" 10
F1L2-H Annexin V-FITC FL2-H Annexin V-FITC F1.2-H Annexin V-FITC FL2-H Annexin V-FITC

X R 20 mg/L. DDP 20 mg/L DDP+0.5 mmol/L NaHS #4120 mg/L. DDP+1.0 mmol/L. NaHS 24

3 NaHS. DDP Xt HK-2 ZRAfE T I =0



R BREE 2 Ak

5 28 &

3 iTit

B WE R AE Sl 22 K0 FEs DL, A AR & i AR
W, AR TR TR R, FREIE M B s
( chronic kidney disease, CKD ) %% K 10.8%. JF &
ok R R E S R S eSS B . e 3
A, WAE AT S ik . WHO FRERAE g
Jihyea 5 1 400 J7. 20 fHed 70 4FARLSK, DDP B4
R 2P, b afs s . e .
R, IRV SRR MR, DL R
AN BRI 5, SRR SR IR A ORI R TR i R
24z — . AHEH T IR LT R R KON R
il TG IR . DDP AS R WA B ditk . Hoagtk
HREE . iR SR, Hep ek
Few UL, 29 1/3 g mal et B 7, HoEAe
A BEHEAR R B T I R . IR R kA A
W E T NS R A, MR E RS R
G, B JE B H b R R USSR S B A
XEEERR BRG] T DDP (R B IE 1 8 &R
T bR e JEERG DDP YA LR S ", I i LS
LT PR 2 KA TN . 3XCRp R 35 0T L5 30
FHESF RIS, SEME AR AR . DDP iRYT IS
P B R AE R IF RORE SR IRBE NUAE . 7E474E DDP iR
S, ATRES AR R UK A B . BETA
A2 IEFEIRGE DDP I B a8t R AL, SHRBIR
Ik R .

HS R #ERK, HIE6 ., K, wakE
PR, HAE 1777 AR — MER A R R fn 44, 7E
JE R UA AR BN R —FP A B SUAR . BRI R
ZRFRME (PEL) A 10 ppm, 4¥KJE <400 ppm B AT LIS
FNTRIRICT . BAE HS BN KRS 3 Fp 7.
e e SR 1 IO S SE R IR 7L 3 HLS 1 2R IR . %
1R CBS Ml CSE k. CBS 7E K i o AR 2 X 45
ik, FEALETPRZ RS ", 1 CSE R EAETFIA
R Fk ", SOk, HS MR RG R G
IRRGARA AR ZAE . HS B i 2L
HEPU AR, SRS — KA, HLS 25
KPR, AT ORFEN IR S, A R KA
FAALF, AT L ROS 16 A 4% K g 4 it ™. ek
B IA I ERER AR o T, B et e ik
PE, MRIBIEA T, BT YE N A . fR
AU, HS ATLARBLHARZ 8540, FhanxhOiss R 56
B VE L TSR 2 RS, 38 ] LI v

YN R EE RO

WA R I, HLS 25 AR N BN I a2
WA ALE, A ZRME SRS 5. HS AT
DA3E 2o 2 Fh 2 A A B 28 BT AR A TR R A H
H,S ALk ik ROS =/, il it i p66She ik
W AT LU e e Rt 4 A 2, L4
=R/

ARSCES MTT He A kA I DDP A9k B 5 HK-2 4]
Muki7%, B DDP¥REE LFF, OD & PR, m~AuiE
T2, % PAE DDP & 20 mg/L I, 40 A KAl
7R DDP X HK-2 A ML i s PEAE T, Bl 0] 422 38 fin i
INE, SHEEIEMHYE. 7€ DDP R 20 mg/L BEA
NaHS J&, #fgdT-/>, JfFH NaHS S, 40AE
=B/ . Hon HS AT LAES DDP X240 i 35 5 ,
I H S5 X, {A7E NaHS<1 mmol/L I, % HK-2
AN VE ] RS, NaHS AR5 78 F R BEEIALEA
it — 5 .

1E DAPI 44 Fll Annexin V-FITC/PI Yeft,, F.11H
T2 PR R e izt I T 2 A L T
DI Ge paT o, S50 R UL DDP 21 A9 4 8 1% 5
TFRAMEXTIEZE , £ NaHS J5 , T84 Bf PR, I
H 55745, Annexin V-FITC/PT i 2 40 g A 7] 57
HER D S WA T 1B B0, PR [R5 RS UK ff 1 s
e, 7RI T, T LIS WL DDP AJE T, 1
B NaHS J& , AT B R0, ROt .

AR JFE R G, XA A A RE S A Thfe
AR CEEMEMN, EHMWNPUEARGEAN (A1
HIKRG MG AL EA RS ) AR WGHE RS
YRR IE R =, Hean 2ok A B R gy sl
FEARPEH A, mARERARS, WA
WM. AR E TR (TrxR ) FIAR B IR
W AT RIERR ( NADPH ), 740 MLl 55 5 5%
FHEREE A HEENA AR MAEMAT . BRTHA
R TR NAE S, R LI H 3 A AL B i
SAARR, EFRIEBRIEMESA (ROS), T/ Sk A
P U B S AL R [Tk, DDP S350 48 L 08 T F1 ROS
SEY p53 THALA K, T HS WAIHIZRA ROS =
A, B p66She Sk, (HZ H,S J& A28 i x4
PSRN DDP XA FEE , AR 2. Y
NaHS ¥ J¥ <1 mmol/L 5}, XA A R VEH FRE, Al
(AT e

DDP S8 B AL K 2Rk, WRAES
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