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Hydrogen-containing preservation solution relieves oxidative stress and inflammatory damage of rat donor heart
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[Abstract] Objective To study the effect of hydrogen-containing preservation solution against oxidative stress and
inflammatory damage of rat donor heart. Methods Thirty-two SD rats were evenly randomized into four groups(n=8): control
group (the hearts were protected by HTK solution), H1 group (hydrogen concentration was about 0. 2 mmol/L in the HTK
solution) , H2 group (hydrogen concentration was about 0. 4 mmol/L in the HTK solution) and H3 group (hydrogen
concentration was about 0. 8 mmol/L in the HTK solution). The rat hearts were harvested in all groups and were mounted on
the Langendorff apparatus to estimate baseline hemodynamic values. All the hearts underwent hypothermic (4°C) storage for 6
h in the corresponding cardioprotective solutions. Then, superoxide dismutase (SOD) activities and malondiadehyd ( MDA)
contents in myocardium tissues were measured after reperfusion by xanthine oxidase method and TBA method, respectively.
The levels of 8-hydroxydeoxygunosine, TNF-a, and IL-6 in the myocardium tissues were measured by enzyme-linked
immunosorbent assay (ELISA). Results The MDA levels in H1, H2, and H3 groups were lower than that in the control
group 6 h after preservation (P<Z0.01 or P<C0. 05), and the SOD activities in H2, H3 groups were higher than that in the
control group (P<C0. 01 or P<C0. 05). The levels of 8-hydroxydeoxygunosine, TNF-a, and IL.-6 in the control group were
higher than those in H1, H2, and H3 groups (P<C0. 01 or P<C0. 05). Conclusion Hydrogen-containing preservation solution
can relieve the oxidative damage and reduce production of inflammation factors during preservation of rat donor heart.
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1 #MRFFE

L1 2ZRXANREH I ALY L
(SOD) N [ (MDA) 71 &5 ke 3 2B ) T4
WF5E B 7= S, KBl TNF-o B B A 28 W BE 52 56
(ELISA) I # & . K Bl IL-6 ELISA 5] & N %
RapidBio Lab 2 & 77 i, K B 8-F & i | 2 4
ELISA X7 & 4 3 H Cell Biolabs 22 &l F= i, SPF
e PE Sprague-Dawley (SD) K R (250 ~ 350 g) 32
H S R R g sy oo 32 4t 3h i ol ik
5o SCXK () 2007-0003, & I PEE 7 7 d, W FR7E
KSR 35 % IR (25+£2)°C 1B 40 % ~60% ,
JEHR 12 h BIWE 3SR L U R IR . F T AROK .

1.2 AZ HTK R A& e 4 & HTK 2 — MK
B 200 i P YRR R A R L R E T IR I e Tz Y
WERAW , AU S IRk 6] kil & & &
EHMAME HTK #:500 ml HTK % #E 1 30 ml |
SLERE (0.4 MPa)6 h & F. A< EmT
HTK %, #l%&5E ACHIEMRE, T2 dNEH,
SR FH UM (0 35 30K I LS & i B AR 2R 0. 8
mmol/L,F(0.81140. 037) mmol/L. & &1l
i) HTK W A/E 8 H3 41 HTK ¥, H1 41 HTK # .
ffFHECR H3 4 HTK MAEE SN 5 A& AN
HTK W% 1 : 3 1R A & R ORI, & Sk B
244 0. 2 mmol/L, F 3 (0. 198+0. 007) mmol/L,
H2 41 HTK & . ffi A H3 41 HTK W7 % H 4%
HFEARETEM HTK W% 1 : 1 RA . M6
IR, & S W E Y R 0. 4 mmol/L, F 3K
(0.403+0.010) mmol/L,

1.3 FHmaarsAsE& 32 2 SD KB
N4 LR 8 K, TR N HTK WAE N0
PRI, H1 4. & &2 0. 2 mmol/L ) HTK #

YERBEORAER ., H2 H . & EEZ 0. 4 mmol/L B
HTK W AE RO RAFW, H3 4. F &Y 0.8
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oW e T IR T L 28 65 mg/kg BREE AW ENE 2 T
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Jik o B O JUE S BRGEA 0~4°C K-H 2 shifg o, i
EE105 3=l (o o) D1 A 117 R L1 A N T )
Langendorff #EEBIR P HE T4 L. & E KA K-H
T ETE R ERRAE 75 emH, O(1 emH, 0=
0.098 kPa), 95% O, M 5% CO.IRA AR F 1. &
JEAEREAE 37°C . Il Bl kAR 5 U0 I i S iR 3h ik e
WIS TIH . TF BB 2 3E 1 I 86 B AE 50~70 s
WSS R, IS 70 s NS 528 . W 3 min 5. DIJF
LEOE B0 By R K E A I RS RO
FERPIR AL E L ik 2 B e R AL
0 28 TR 9 G248 U Sl AR B3R K (40 ~60 pl) s
AL EEFRAE RN 10 mmHg (1 mmHg=0. 133
kPa), #J 15 min J& .0 BE4 2 7 38 B A2 R &L &
R AT T R & 30°C AT L 28 2 Bl JBkORR 358 9 i)
T 4°C B 25 20 JDE LR A A8 00 JOE A5 8 A B0 DR 43 )
FEAS O WECR A7 2% AR B A7 6 h, 6 h
Jei o BT 4R O WEVE v L R WK A W IR & 37°C,
O ERE Bk B AR e R A S L UGG WL 2L AT 45 I
EiE iy Al
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1.4.1 QAL 4% MDA 4 & .SOD ¥ 77 th 4 |
AR DR 4 D LA B 0. 5 g, 4°C &0 T HE
FRER KR 10 % 4H 2] 3% .12 000X g B> 10 min,
WV T —80°CVRAF . R JH % Ih M5 i 1 7 I
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U AR AU 2 R I E O L 2 MDA
B, FH BRSO LA 4L SOD i

1.4.2 NA8d &EEMA L HF TNF-o.IL-6
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. TNF-o.IL-6 &5,
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F(a) R 0.05,
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F2 SOD & A w#ra 4538 (R 1)KV HI H2 H3
4 MDA &N T X B4, 2R A%t %E X
(P<<0.01,P<C0.05), H3 44 F1 H1 20 H1 FL B#AIG, 22
SAEGH#E X (P<<0.05), H2,H3 4 SOD & /1
TR B, 2R A it B X (P <o, 01,
P<C0.05) 5 H1 4L FxF BALAH b 22 % LG T2 &

MsH3AS HIL H2 ML & . Z R A% % E
X(P<<0.01), X M4 S-FRIEW A S FKEET
H1.H2 H3 A, EZ R A4%115%E L (P<<0.01),H3
M HI AR 25 A% ib% 8 X
(P<<0.05),

®1 BEAXRONEALAS-EEREESH MDA 275 SOD & R L&

Tab 1 Comparison of 8-OHdG and MDA levels and SOD activities in myocardium tissues between different groups
(n=8.r*s)
Group /87(‘)Hd(,}71 ) MDA . SOD .
op/(ng *ml™H) mp/(nmol «+ mg~ 1) zp/(U s+ mg b
Control 24,1346, 34 11.41+£2.09 91.85430.51
H1 17.28+£5.13* & 9.51£1.81*4 114. 69436, 4644
H2 15.25+3.97* 8.42+£1.70" % 143. 95433, 0344
H3 12.14£3.447 7.63+£2.26" " 223.36+76.11" "~

H1. HTK solution containing about 0. 2 mmol/L hydrogen; H2. HTK solution containing about 0. 4 mmol/L hydrogen; H3: HTK solution

containing about 0. 8 mmol/L hydrogen; 8-OHdG: 8-hydroxydeoxygunosine; MDA Malondiadehyde; SOD: Superoxide dismutase. * P<C0. 05,

** P<C0. 01 ws control group;” P<C0. 05, &4 P<C0. 01 vs H3 group

2.2 A UM ¥ TNFo, IL6 A %8 %
o SR 2) R XA TNF-o 1L-6 & & & T
H1.H2 H3 #H, 7% A 4% it = L (P<o0. 01,
P<0.05) ; H3 2R H1 ZHAH HLREAIR, 22 5 A e it
B (P<C0.05),

®2 BFAXRBRONALRSP INF-o.IL-6 SEHLLE
Tab 2 Comparison of TNF-¢ and IL-6
levels in myocardium tissues among different groups

[n=8,x%5,p8/(ng » ml"1)]

Group TNF-« 1L.-6
Control 66.214+18. 90 75.34414.15
H1 49.684+11.50*~ 57.254+12.51* "4
H2 41.81+8.86" 52.3949.78" *
H3 35.67+6.62° 43.22+8.79*

H1:. HTK solution containing about 0. 2 mmol/L hydrogen; H2:
HTK solution containing about 0. 4 mmol/L hydrogen; H3:. HTK
solution containing about 0. 8 mmol/L. hydrogen. * P < 0. 05,

** P<C0. 01 ws control group; & P<<0. 05 vs H3 group
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h BRI /NGT T AR 5 5 0B A T AE MR A
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i 1 2o 98 D S Ak 7 ORI 48 MR s I, DR A i ol PR
4005 o DT XAV ek A A7 19 1) 7 8 A R B U e 3] R
PVER, MG IR A B B A A PR B 408 T — N7 S
SR, SR WL DL A e (5 a2 5 7
PRI Ve AR E i — 2B 5T,

[Z % x #k]

[1] Hunt S A, Haddad F. The changing face of heart transplanta-
tion[J]. J Am Coll Cardiol,2008,52;587-598.

[2] Makazan Z,Saini H K, Dhalla N S. Role of oxidative stress in
alterations of mitochondrial function in ischemic-reperfused
hearts[ J]. Am ] Physiol Heart Circ Physiol,2007,292: H1986-
H1994.

[3] Vinten-Johansen J,Jiang R,Reeves ] G, Mykytenko J, Deneve
J.Jobe L J. Inflammation, proinflammatory mediators and my-
ocardial ischemia-reperfusion injury [ J ]. Hematol Oncol Clin
North Am,2007,21:123-145.

[4] Ohsawa I,Ishikawa M, Takahashi K, Watanabe M, Nishimaki
K, Yamagata K, et al. Hydrogen acts as a therapeutic antioxi-
dant by selectively reducing cytotoxic oxygen radicals[ J]. Nat
Med,2007,13:688-694.

[5] Hayashida K, Sano M, Ohsawa I, Shinmura K, Tamaki K,
Kimura K,et al. Inhalation of hydrogen gas reduces infarct size
in the rat model of myocardial ischemia-reperfusion injury[]J].
Biochem Biophys Res Commun,2008,373.30-35.

[6] Zheng X,Mao Y,Cai J,Li Y,Liu W, Sun P,et al. Hydrogen-
rich saline protects against intestinal ischemia/reperfusion inju-
ry in rats[J]. Free Radic Res,2009,43:478-484.

[7] Hicks M,Hing A,Gao L,Ryan J,Macdonald P S. Organ pres-

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

ervation[ J]. Methods Mol Biol,2006,333:331-374.
Bretschneider H J. Myocardial protection[]J]. Thorac Cardio-
vasc Surg,1980,28:295-302.

Nelson S K, Bose S,Rizeq M, McCord J] M. Oxidative stress in
organ preservation: a multifaceted approach to cardioplegial J].
Biomed Pharmacother,2005,59:149-157.

Nanetti L, Taffi R, Vignini A, Moroni C, Raffaelli F, Bacchetti
T,et al. Reactive oxygen species plasmatic levels in ischemic
stroke[J]. Mol Cell Biochem,2007,303(1-2) :19-25.

Sheu S S, Nauduri D, Anders M W. Targeting antioxidants to
mitochondria; a new therapeutic direction[]J]. Biochim Biophys
Acta,2006,1762:256-265.

Sato Y,Kajiyama S, Amano A,Kondo Y,Sasaki T,Handa S,et
al. Hydrogen-rich pure water prevents superoxide formation in
brain slices of vitamin C-depleted SMP30/GNL knockout mice
[17. Biochem Biophys Res Commun,2008,375 : 346-350.

Cai J,Kang Z,Liu K,Liu W,Li R,Zhang J H,et al. Neuropro-
tective effects of hydrogen saline in neonatal hypoxia-ischemia
rat model[ J]. Brain Res,2009,1256:129-137.

Sun Q,Kang Z,Cai J,Liu W, Liu Y,Zhang J H, et al. Hydro-
gen-rich saline protects myocardium against ischemia/reperfu-
sion injury in rats[J]. Exp Biol Med (Maywood) , 2009, 234 ;
1212-1219.

Fukuda K, Asoh S,Ishikawa M, Yamamoto Y, Ohsawa I, Ohta
S. Inhalation of hydrogen gas suppresses hepatic injury caused
by ischemia/reperfusion through reducing oxidative stress[J].
Biochem Biophys Res Commun,2007,361:670-674.

Kasai H. Analysis of a form of oxidative DNA damage, 8-hy-
droxy-2’-deoxyguanosine, as a marker of cellular oxidative
stress during carcinogenesis [ J]. Mutat Res, 1997, 387 147-
163.

Frangogiannis N G,Smith C W,Entman M L. The inflammato-
ry response in myocardial infarction[ J]. Cardiovasc Res, 2002,
53:31-47.

Niemann J T,Garner D, Lewis R J. Tumor necrosis factor-alpha
is associated with early postresuscitation myocardial dysfunc-
tion[J 7. Crit Care Med,2004,32:1753-1758.

Steffens S, Montecucco F, Mach F. The inflammatory response
as a target to reduce myocardial ischaemia and reperfusion inju-
ry[J7]. Thromb Haemost,2009,102.:240-247.

Buchholz B M, Kaczorowski D J, Sugimoto R, Yang R, Wang
Y,Billiar T R,et al. Hydrogen inhalation ameliorates oxidative
stress in transplantation induced intestinal graft injury[J]. Am
J Transplant,2008,8:2015-2024.

BV

[A X 5]



