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Hydrogen peroxide induced oxidative stress in the spleen of metallothionein I /II
knockout mice

He Jing, Wei Si-yu, Liu Feng-yong, Ye Jing, Shen Bing-ling, Yao Xiao-mei

Department of Pathophysiology, School of Basic Medical Sciences, Tianjin Medical University, Tianjin
300070, China

Abstract

BACKGROUND: In the early stage of cerebral ischemia-reperfusion, there is a tremendous amount of
inflammatory factor expression in the spleen. These inflammatory factor cause oxidative stress damage which
leads to cell apoptosis in the spleen after cerebral ischemia-reperfusion.

OBJECTIVE: To investigate the effect of exogenous hydrogen peroxide on spleen cell viability and the effect of
N-acetyl-L-cytokine on protection of induced oxidative stress in the spleen of metallothionein- 1 /1l knockout mice.

METHODS: Metallothionein- I /1 knockout mice spleen cell suspension was prepared and treated with various
concentrations of hydrogen peroxide (0.1, 0.2, 0.5, 1, 2 mmol/L) for 2 hours, and the cell viability was detected by
MTT colorimetric method. Based on the cells and mitochondria level, hydrogen peroxide induced spleen cells
were divided into six group: control group, N-acetyl-L-cytokine group, 0.5 mmol/L hydrogen peroxide group,

1 mmol/L hydrogen peroxide group, N-acetyl-L-cytokine+0.5 mmol/L hydrogen peroxide group,
N-acetyl-L-cytokine+1 mmol/L hydrogen peroxide group. Then, the cell viability was detected by MTT colorimetric
method, lactate dehydrogenate activity were assayed by microplate reader; mitochondrial permeability transition
pore was evaluated by ultraviolet spectrophotometer after 2 hours.

RESULTS AND CONCLUSION: With the increase of the concentration of hydrogen peroxide, the spleen cell viability
was significantly decreased (P < 0.01), and 0.2, 0.5, 1, 2 mmol/L hydrogen peroxide groups had the greatest reduction.
Compared with the control group, N-acetyl-L-cytokine could significantly increase spleen cell viability (P < 0.01),
decrease lactate dehydrogenate activity (P < 0.01) and decrease the opening state of mitochondrial permeability
transition pore (P < 0.01). Compared with 0.5 mmol/L hydrogen peroxide group and 1 mmol/L hydrogen peroxide
group, N-acetyl-L-cytokine+0.5 mmol/L hydrogen peroxide group and N-acetyl-L-cytokine+1 mmol/L hydrogen
peroxide group could also increase spleen cell viability (P < 0.01), decrease lactate dehydrogenate activity (P < 0.01)
and decrease the opening state of mitochondrial permeability transition pore (P < 0.01), respectively. These findings
suggest that with the increase of the concentration of hydrogen peroxide, the spleen cell viability is significantly
decreased in a dose-dependent manner, especially for 0.2, 0.5, 1, 2 mmol/L hydrogen peroxide; N-acetyl-L-cysteine
can relieve the oxidative stress damage induced by hydrogen peroxide in metallothionein- 1 /11 knockout mice spleen
cells, through reducing the lactate dehydrogenase release and the opening state of mitochondrial permeability
transition pore, and increasing spleen cell viability.

Key Words: tissue construction; cytology experiments in tissue construction; metallothionein; metallothionein- 1 /11
knockout mice; spleen; apoptosis; N-acetyl-L-cysteine; hydrogen peroxide; oxidative stress; mitochondrial
permeability transition pore; cerebral ischemia/reperfusion; lactate dehydrogenase; the National Natural Science
Foundation of China
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L2 5 o St ek /Y I ot P VS 0 o fi
YU HUE S, 75 o0 o3 8 B W 7= A KR 1
PI7, A s 40 ST A AN AP B MRARER, 7 5 R
PEAEC, I A 20 T B 110 T e BT AS 5 3577 AR AN
g 0 i e P 99 A 48 3230 e 4
W g B A B EL R T, A S g R B A
il S I e ) R R PR R I, [
7 TS M NG St I P R TS o DAL, ST I
S e P 00 R A 0 SR 3E 6 RE S 5 £
SR, A I A e G 2 R R T, A
G BEIMHPRAS, T AE AT B % ok 9 J A 6 3
et .

A E(HL0,) 7T 5 R AL i, O iz H
VA AR A AT T i 2 T N- - L2
(N-Acetyl-L-Cysteine, NAC) & —F 4 4L 5, nl B HeH
B 3, RN SR U EE 7 R T ik Y,
XoF BEL 40 B A A A0 A AR . S0 A4 i 2 1
T /10 BRI A 70 %, ik Ho O B 497 /0 BRI 4
AR B AL SR 0L P Y PR PR A N
MEAEBAT BB A PR 00T, 640
HNGEAR KL RIS Ho O 1 S AU LU S NAC K]
AL I FEPTVERT, O o ot ot 7 v i A 21
P03 R 2 Th RE TS - KB ) JE 2% .

1 MRFNTE

Wit: g AES .

) Rt sn: T-20124F2 H 201248 A E Kt
RIR 24 FE AR R 2 B 93 A= 32 S0 5 5E o

LRSS

L. TR SEmED T/ kAR,
BOIKA, SR 5002211, §h R4 129S7/SVEVBrd-
xR I 1tm1Bri 4 & B 8K 1 2tm1Brild, T3
Jackson®i 4 % . SPFIFRE, 4idE= Wl (21+2) C,
AR BE30%-70%, Jel 12 h /12 h, BBk
&, PRHEENEFERES g8RIRR), P HUUKIHFER
6.0-7.0 mL(8J&i). FEEISSAWE, ALFIRARLF, &
FiEIk$)21-23 gJa, LAMEME2 ¢ LECGEAE, 300 52
FliE A . AEgRII19-21 d, ~PIREES 4o B\,
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WA RA T H1.0-2.0 g, WFLEI19-21d. TARKIAL)S,
LS TR, ARSI BEH LG I 7-8 8 e 4 JHE /) Bl 1
AT, k20 2 iR

NRBR A PR IE SR A X E T R AN

Main reagents and instrument for culture of mouse

spleen cells:

T R AL RE KR

Ja- 1035, RPMI-1640 15753
WEMEE, D-H#EEE, EGTA
N-Z1-L-F Bt & 8 (NAC)

Z&[H Thermo scientific 23 7]
5[ Amresco A ]
1t Solarbio 24 7]

Hepes Sanland chemical 2 7]

L T S 2 R R (A L) P R S AE ) TR ST

H>0, et T

R FRAY %[ Perkin Elmer A ]

4 CrpdiEsopl 2[H Sigma A7

CO, W E# 78 [¥ Binder /A )

TR E BNy ESCO AH

UV1102 40t Bt M RIERIEALI A R A A
Tk

EEHES [/ A/ RBARERAH & LW &IF
NHUSAFE S B E T/ b/ BUBAT, FHPBSHiE2
W, FH2 mUE S 2B PBS, &k ph o i, H3
1 S IS S S L S RN = L
1 000 r/min& 0310 min, 2 By, AN 105 KB K
Tris-NH,CI 21 41 Jfd % fi# ¥ (139.6 mmol/L NH,CI,
16.96 mmol/L Tris, pH 7.2), 411110 min. &5
1 000 r/minZ>10 min, 4yl HPBSIEME2IK )5,
HECT 5 R 43 H010% 15 2F 1L 1 RPMI-1640%% 77 1)
EP[H]O

HOARGEBFER 1 /11 51k R AR isE R . H
AR TR H, 0 LB 5% 108 L, R
F964LA (100 pL/FL), [l I HoO (1 U 223k 55 53 531
0.1, 0.2, 0.5, 1, 2mmol/L), LAIEH B IR %t
WAL, RABTANEIL. 4T 37 C. AR5 $5%C0,
WEM T RFR2 h, BN REKES g/LIMTT
10 pL, 4k&EREgR4 h, In—=BRAH(SDS 10 g, S+ 1
55 mL, 10 mol/lL HCl 0.1 mL, MZ /KK RS
100 mL)100 pL/fL, JANKGFRA MRS H4-6 h, Bi
TUER, Ry 4 AT S T IR 570 nm A IR G E
A, e w3

AN MIAHRS A7 2 (%0)=(45 S J A1 A B~ P10 AL
A {E)QEH S IR A -5 0 R 41)x100%

NACXH,O. S ERFER 1 /11 Bk /)R IR0 AE Y
RIPERR: IRIEMTT 45 R FEA R E H,0,(0.5,
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1 mmol/L)i% 3 Mgl 1=, I ANACE H &k ik
10 mmol/L) &b B, SEI6 H AR5 % 4l . NAC4L .
0.5 mmol/L H,0,4 . 1 mmol/lL H,0,4]l . NAC+
0.5 mmol/L H,0,2H . NAC+1 mmol/L H,0,21 164,
HBTANIAL, 37 C. AR F5%CO, M B A 15772 h
JEMT T IS HL 3% 75 Fc HE L8 ot S ) 70 46 i P
500 5 e 2 7L ot S e P

L RLIR 5 B IR BN S £ R K18 iE 1% 4% 42 FL (mitochondrial
permeability transition pore, MPTP)FHIERME: HBLHE
SIEBA T/ B S 70K b, A PBS
MU, BT REEAIRKAR T, N L0F5 AR Lokt
A HE B 7] (50 mmol/L Hepes, 1 mol/L H # i,
350 mmol/LiERE, 5 mmol/L EGTA, pH 7.5), ¥k L4)3.
AJIRMAEA CELHLF, LL600xg 5 min, HY i
11 000xg 50210 mint™, FrARiTiE 1 Lhr 4 5 1 4 e
FLI K 3 5T (230 mmol/L H #& §E, 70 mmol/L i Bl ,
3 mmol/L Hepes, pH 7.4)& %11 000xg&-»10 min, T
TE R A BRI G A o 2Rk FH 2o A T 325 2 2 48 L
I TR, JEREHL Y AR R4, NAC4L. 0.5 mmol/L
H,0,41. 1 mmol/L H,0,41 . NAC+0.5 mmol/L H,O,41 .
NAC+1 mmol/L H,0,41 L6441 (n=6, NACLK K E N
10 mmol/L), ETF37 C. B H5%CO 07 & #iH 7
772 ho SR H SR A7 P 4 Lo iR 2 213 mL
WA UVIL1028L 58413 6 G FETHEA0 nmii K A Ik
E{E[ls-le]o

FEMBRIGER: O MTTHI AN TG ). @B
RrI B 5 b3 LR I M K35 ) o @ZRiARKE L,
FRANIT G E VA I A L A4 300 375 1 2 4 FL T T

ST F N PR RR LxesEoR, IR
B I SPSS 16.04¢ v 4 3 T 2t 73 Hr . 2R IR] S50k
ZE I G IRR B 22 07 22 00 HTidee 7 2255 I, 2410
B bl FHLSD: ;s J7 2 AR5}, K Tamhane’s T2
%, K%K #Ea=0.01.

2 #R

21 &REAREEG T/ 3k M@t H0,4 2 2
KRB A FHEH,0,(0.1, 0.2, 0.5, 1,
2 mmol/L)abBE & J@midr 1 1 /11 B W4 fe2 h
i, MTTllEZ 3R, x4, 0.1, 0.2,
0.5, 1, 2 mmol/L H,O, 2 1 40 f 3% 11 ' % F %
(P < 0.01), AN[FIREHO 41 ] 40 M%7 22 747 2
FMER X (P <0.01). WKL,

1246

F 1 AR HoOp 0SB AT 1 1/ 11RE R /N Bl i v
gl

Table 1 Effect of different concentrations of hydrogen peroxide

on spleen cell relative viability in metallothionein- 1 /11

knockout mice (XS, n=7)
451 W {8 AES 40 M3 ) (%)
X R4 0.131+0.005 100.00+0.00
i 4k 0.1 mmol/L 0.103+0.002 78.46+1.32
I 4k 0.2 mmol/L 0.041+0.002 32.68+1.11
14 k4 0.5 mmol/L 0.023+0.001 18.38+0.68
34 Ak 1 mmol/L 0.018+0.001 14.10+0.73
LA 2 mmol/L 0.016+0.000 12.14+0.62

e BRRRT AR, RFEWIE HaOp 41 R4l M ) 2 57
MR (P < 0.01). UESE HaOp Al FEHCISPE A S JB AR 2 11 T /11
WD~ B P T % o

2.2 NACHS X EH,0,FF & Baka /1%
RMamieE ) MTTRIIZR, S5xR41AH, NACAL
HE 75 P w4l g% 71 (P < 0.01), 50.5 mmol/L H,0,
AL, NAC+0.5 mmol/L H,0,41 fig & # %3%0.5 mmol/L
Ho0, 15 3 (1 I 41 i v% ) R (P < 0.01), 51 mmol/L
H,O, Al Lt , NAC+1 mmol/L H,0, 41 f¢ & % & 3%
1 mmol/L H,O,i% T 14l il is J) FRE(P < 0.01), {H
NAC+0.5 mmol/L H,O,ZH FINAC+1 mmol/L H,O,24 5
XPIRATAH LG, BRAn Mg BRI, k2.

K 2 N-OW-L-EIEEx H.0, 531 e 1 1/ 11/
Ik 71~ B TR0 6 375 75 114 5% )
Table 2 Effect of N-acetyl-L-cysteine on hydrogen peroxide-

induced spleen cell relative viability in metallothionein-
[ /11 knockout mice (xts, n=7)

415 W A AR 40 3% T (%)
X HE AL 0.042+0.006 100.00+0.00
N-ZE-L-2- e 2% 10 mmol/L 0.056+0.004 137.43+4.71%
H,0, 0.5 mmol/L 0.028+0.001 74.10+2.71°
H,02 1 mmol/L 0.025+0.002 63.66+2.55
N-ZBE-L-F ez i+ 0.0350.001 77.04+1.50%
0.5 mmol/L H,0;
N-Z Bl P i+ 0.034+0.002 76.44+0.19%

1 mmol/L H,0;

Lxi#4gitk, ®P < 0.01; 5 0.5 mmoliL A fLA4lLL, P < 0.01; 4
1 mmol/L iF LA 4ltt, °P <0.01, FRENZEHH.

W N-ZEE-L-F R R R G Ho0, WM& @i ar a1/ 10/ U
A% 7

2.3 NACHREZH,0, -+ & EEE 1113 % R
P2 JL SUBR B SBa b TR N G I S B R o A v
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BN, AT LA S A Al 45 15 2 T T ELIR
ot SR LS AR LR i S

AEEE2 b FLRR ARG e S5 R s, o A
Et, NACZH IR i A i ) W% (P < 0.01), 0.5,
1 mmol/L HyO, 2015 75 i FLR I A% T (P <
0.01), {H¥HN10 mmol/L NACAL B )5, 0.5 mmol/L
H,O, /1 Lt , NAC+0.5 mmol/L HoO,4H 55 3% _F37 FLIR i
U W R (P < 0.01), 51 mmol/L H,0 M L,
NAC+1 mmol/L H,O, 185571 I it FLIR i A M vis gt
W W PR (P < 0.01), {H/ZNAC+0.5 mmol/L H,O,41fll
NAC+1 mmol/L H,O, 41 55} FEATAH bL , LR M AU )
5Tk, W3,

£ 3 N-ZM-L-PBEERA H.0, 52 a Jmim i [/ 1%
Ik~ R 400 e P I SRS 7 4 5
Table 3 Effect of N-acetyl-L-cysteine on lactate dehydrogenase
activity in hydrogen peroxide-induced spleen cells in

metallothionein- I /Il knockout mice (xts, n=3)
A5 FLIR I VB ) (pkat/L)
o} HEZH 58.41+0.69
N-ZB-L-: 2% 10mmol/L 57.08+0.23"
4L 0.5mmol/L 88.02+0.40%
4 1 mmol/L 89.75+0.46%
N-Z. - L->F b 2% +0.5 mmol/L H,0, 64.28+0.61%°
N-Zi-L-2F 5 +1 mmol/L Hz0, 78.95+0.23%

Hxtgitk, P < 0.01; 5 0.5 mmollL WA MLALILL, P < 0.01; 5
1 mmol/L i AL, °P <0.01, HRIZETT 2.

W N-ClE-L- PR AR Ho0, 5S4 B A 1/ 11 ailf /s UM
A0 M LI P S S )

2.4 NACHRE2H,0,# F8 42 BmEa [/ &% R
P-4 i, R A AR AE B M A R LT A e R ALK AT IR £ KT
A 8 375 1 Bt 8t L T ORI 0 5 R R B v A 0 s R 2k
RIAARNEZIN, SRR EEAE k> o DRI, 38 A I e i
AT S S5 AL 1) A A T s e 0 0 A 308 55 7 2 ke L T

fmel,

AFE2 hjE I 25 R R, SR REIAIEL, NACH]
RARIE O B TH e (P < 0.01), 0.5, 1 mmol/L H,0, 41
2 A B A FAI(P < 0.01), {H 1110 mmol/L NAC
M JE, 50.5 mmol/lL HO. /1, NAC+0.5 mmol/L
H.Oo 4 & B A WO FEE W F (P < 0.01), 5
1 mmol/L H,0,4H L, NAC+1 mmol/L H,0,2H £k 441K
SR W E B (P < 0.01), NAC+0.5 mmol/L H,0,

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

ZHFINAC+1 mmol/L HoO41 5 % AL AT EL, £k RO
oA B, I NAC fig W & 24 3% H,0,(0.5,
1 mmol/L) i S A Z R A4E 37 M 7 49 £ LT TBOR 2 R A4 i
Mo WE4,

R 4 N-LP-L—FPEERX Ha0, 155 1 4 M e fr pAc i 75
PRI AL R
Table 4 Effect of N-acetyl-L-cysteine on the opening state of

mitochondrial permeability transition pore in H,O,-
induced spleen cells in metallothionein- I /Il knockout

mice (Xs, n=6)
eh| R REN SIK ]
o 0.039+0.001
N-Z Bt L2t 2% 10 mmol/L 0.055+0.001°
1A 0.5 mmol/L 0.038+0.001°
W& A 1 mmol/L 0.035+0.001%
N-Z.E-L-2£ 5 2+0.5 mmol/L H,0, 0.048+0.001%
N-ZB-L->F P 2% +1 mmol/L HzO, 0.047+0.002*

x4, P < 0.01; 5 0.5 mmollL W& fLa4llt, P < 0.01: 5
1 mmol/L i LA, °P <0.01, HKIZETTEMH.

W N-SlE-L-2P IR RR RIS HoOp WS4 BN A 1T 1 /11 b/ B
2 0 7 A T80 3 P B A L IORN e b A P i«

3 itie

DR TR0 I G 52 I oL, 7 E VA 3 ) SRE R 73R
5 RS PR S A N AR O R 1, SRR AL I S T
BE, XTI S L PR FOUIS A R S e I P £
/INISE A RIS 42 B R R GE, SR RGEAL T IR
& AL KR RIEN TR, X RAE T BE P
PEOCRRICG YRS, 0 TR o P SR B0 AT
TIFGUR WM S I F-JREE i A A I i P S S 2
HF Bt A R U A AL B A Bl L S AL U AT
EMER A e Ik, e R CATEVE I BLRRAR. UIER
FE M S L P PR 7 300 4 B R JERE JNE, IR REHS T4k
Sl HAR AT R, xR O A LA AT s IR AE
FHIOY, L2 PO ST) 83 J 25 | Il P 98 B 1 R 4
MO TR 2R, A RGEAL THIHIIRAS, 19 ik
SRR B R A AL, AR T S P
Ja SBAE TG o DA, R N8 A 3 o O P 3 45
D3 (R E R A, I L P ) SR T8 AR T I 1 R i
AIIRERY SRR SRR W INE iR I E R i ISR e
FIUG = HE AN o ok 2 o e L7 7 30T PR S R 4
38 505 110 75 62 ) A 2 RSB A R £ 7 ik e I 539 e 391
JRRANII T, A2 A T I R I PR I 45 1 ) O
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S AR AN U ANE R AR K, T I 2 A A D R 4 A
A R S 7, IR I BT TINACYE T TitAb #,
O I L P B 0 R T S OB R T i

O IR W 4 JE i R 1 2L oK b éa fb e
CATRKIRF RS R S B, MEGRE TEE,
YR E B TR, ARy WA G2, RESRE
T R A SR M e 2 e S T R S
VUSRS 2SRRI T A 45 80 A e BS54
5, ARG ORI AR (AP RIE Y I s
2 FE AN G R S 7 FATT . TR
LW, R CAER N AN A T SR E A T/ MR
B, yuss O iR 2 RS R I, SRR
T /T03E D Bl B e B A Bk, B 2R it vy
B, RS R T TAR IR T AN B 07 . 4R
B TR T REFS P A LS R AL R LA, i
e F Ik Caspase-3 113 ) FF 18 in M6y M ph 2838 i 73 & R
(), TR I 2 4 60 2 S A I B 472 szt DA
ST T/ R BB AT SO 5, MERAEBRAT
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