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[ABs1rRACT] Recently，Ohsawa et a1．provide evidence that inha1ed hydrogen gas has antioxidant and antiapoptotic activities that pr(]一 

tect the brain and liver against ischemia-reperfusion injury． In fact，there is some endogenous hydrogen produced by intestinal bacteria 

within animal and human．The contentration of hydrogen in some mice tissues reached the antioxidant effect in their paper demonstrates
． 

so we think that hydrogen should be an endogenous antioxidant in the body
． 
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The most lightweight gas diatomic hydrogen，a 

major component of interstellar space and the fuel that 

sustains the stars，is rare on Earth．Hydrogen gas di— 

rectly and violently reacts with oxidizing elements such 

as chlorine and fluorine and is highly flammable，a 

property evident in the 1937 Hindenburg zeppelin fire 

and its use as propellant fuel for the space shuttle．Hy— 

drogen gas is highly diffusible and reacts with hydroxyl 

radical to produce water[ 
． 

Ohsawa et a1．set out to see if hydrogen gas could 

be used as a therapeutic mitochondrial antioxidant to 

neutralize oxidative stress after ischemia-reperfusion in— 

jur ．To induce the production of reactive oxygen 

species，the authors treated cultured cells with a mito— 

chondrial respiratory complex I inhibitor or subjected 

them to oxygen or glucose deprivation．After oxidative 

damage，cells underwent pathological mitochondrial de— 

polarization，ATP depletion，DNA oxidation，lipid per— 

oxidation，and cellular necrosis and apoptosis．When 

dissolved in the media，hydrogen gas dose—dependently 

prevented these events and improved cell viability．In 

these studies，Ohsawa et a1．found the smallest concen— 

tration of hydrogen which can increase cell survival sig— 

nificantly is 25 tLmol／L(Fig 1)． 

These studies also indicated that hydrogen gas 

could reach subcellular compartments such as the nu— 

cleus and mitochondria．This is particularly important， 
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as the latter is the primary site of generation of reactive 

oxygen species after reperfusion and is notoriously dif— 

ficult to target．Biochemical experiments using fluores— 

cent probes and electron paramagnetic resonance spec— 

troscopy spin traps indicated that hydrogen gas may se- 

lectively scavenge the hydroxyl radica1．The authors 

propose this as a unique cytoprotective pathway that 

specifically quenches the hydroxyl radical while preser— 

ving other reactive oxygen and nitrogen species impor— 

tant in signaling． 

To  test the efficacy of hydrogen gas therapy dur— 

ing oxidative stress，Ohsawa et a1．used a rat model of 

stroke，with middle cerebral artery ligation and reperfu— 

sion．Inhalation of 2 hydrogen gas limited the stroke 

volume if given before the reperfusion phase of inj ury． 

Hydrogen gas treatment a[so reduced brain tissue lipid 

peroxidation and DNA oxidation，findings that were al— 

so noted in cultured cells challenged with reactive oxy- 

gen species．The decrease in reperfusion damage im— 

proved long term neurological function，such as ther— 

moregulation and weight maintenance，at one week，im— 

plying that hydrogen gas can protect cells in vivo． 

Many antioxidants or enzymes that scavenge reac— 

tive oxygen species limit cytotoxicity after ischemia and 

reperfusion．In the presence of catalytically active met— 

als，however，detoxification of superoxide to hydrogen 

peroxide by superoxide dismutase generates the more 
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pected that the type of diet of the animal would affect 

the colonic flora fermentation responses；diet would 

then affect the hydrogen concentrations in tissues，but 

was not studied in this paper．Maier et al also found the 

average hydrogen concentration is over 53 ttmol／L 

(Tab 2)．Molecular hydrogen levels ranged from 118 to 

239雎mol／L in the small intestine of live mice (the 

mean value for 12 determinations was 168 mol／L)， 

and spleen and liver tissue hydrogen levels were ap— 

proximately 43 gmol／LE。一 ． 

Tab 1 Hydrogen concentrations in mouse stomach[。] 

A 50 mm size microelectrode probe was used to measure hydrogen 

in the mucus lining area of the stomach in mice 

Tab 2 M icroelectrode-determined hydrogen 

concentrations in mouse liverE 

The sites measured included all lobes of the liver in mice 

These studies show that the concentration of hy— 

drogen，at least in the liver，stomach，small intestine and 

spleen．reached the concentration which is needed to 

neutralize oxidative stress after ischemia-reperfusion in— 

jury．So we think the hydrogen should be an endogene— 

sis antio：CA‘dant in the bodv． 

Although exogenous hydrogen can act as a thera一 

氢 一种内源性抗氧化剂 

peutic antioxidant as described by Ohsawa et al，there is 

also a gap between the endogenous and exogenous hy— 

drogen．Further studies are required to elucidate wheth— 

er endogenous hydrogen is an antioxidant．In order to 

verify our proposal，we can induce the intestinal bacte— 

ria to produce hydrogen by some special drugs，and ex— 

ami ne the oxidative stress index in some tissl】es． 

[REFERENcEs] 

[1] Fukuda K，Asoh S，Ishikawa M，Yamamoto Y，Ohsawa l，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． 

E23 Ohsawa l，Ishikawa M，Takahashi K，Watanabe M，Nishimaki 

K，Yamagata K，et a1．Hydrogen acts as a therapeutic antloxl— 

dant by selectively reducing cytotoxic oxygen radicals EJ]．Nat 

M ed，2007，l3：688—694． 

[3] Maier R J．Availability and use of molecular hydrogen as an en 

ergy substrate for Helicobacter species[J]．Microbes Infect， 

2003，5：1159—1163． 

[4] Wolin M J，Miller T L．Acetogenesis from CO2 in the human 

colonic ecosystem[M]／／Drake H L．Acetogenesls．New York： 

Chapman& Hall，1994：365—385． 

1-53 Miller T L，Wolin M J．Pathways of acetate，proplonate，and 

butyrate formation by the human fecal microbial flora[J]．Appl 

Environ Microbiol，1996，62：1589—1592． 

E63 Bond J H，Levitt M D，Premiss R．Investigation of small bowel 

transit time in man utilizing pulmonary hydrogen measurements 

I-J]．J Lab Clln Med，1975，85：546—555． 

r7] Tharanathan R N．Food derived carbohydrates structural com— 

plexity and functional diversity[J]．Crit Rev Biotechnol，2002， 

22：65—84． 

1-83 Olson J W，Maier R J．Molecular hydrogen as an energy source 

for Helicobacterpylori[J]．Science，2002，298：1788—1790． 

[9] Maler R J，Olson J，Olczak A．Hydrogen—oxidizing capabilities 

of Helicobacter hepaticus and in vivo availability of the sub— 

strate[J]．J Bacterlol，2003，185：2680—2682． 

[1O3 Maier R J．Use of molecular hydrogen as an energy substrate by 

human pathogenic bacterial-J]．Biochem Soc Trans，2005，33： 

83—85． 

[Editor] CAO Jing 

孙 学军h，John H Zhang 

l_第二军医大学海医系潜水医学教研室，上海 200433 

2．Department of Physiology and Pharmacology，Loma Linda University School of Medicine，Loma Linda，California，USA 

[摘要] 最近 Ohsawa等报道，呼吸氢气能通过抗氧化作用，减少动物脑和肝缺血再灌注引起的细胞凋亡。实际上，人和动物 

消化道内许多正常细菌能产生氢气，这些氢气可被消化道吸收进入血液循环。考虑到小鼠部分器官内氢气水平已达到产生抗 

氧化作用的浓度，我们认为，氢是一种内源性抗氧化物质。 

[关键词] 氢；抗氧化剂；再灌注损伤 
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