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氢气的选择性抗氧化氢气的选择性抗氧化

孙学军孙学军

第二军医大学第二军医大学

潜水医学教研室潜水医学教研室

2H2H22+O+O22=2H=2H22OO

氢气还原氧化铜的实验氢气还原氧化铜的实验

我们所了解的氢气我们所了解的氢气

化学上具有还原性化学上具有还原性

生理学上属于生理学上属于惰性气体惰性气体

一、重新认识氢的作用一、重新认识氢的作用

Hydrogen acts as a therapeutic 
antioxidant by selectively reducing 
cytotoxic oxygen radicals
Nature Medicine 2007;13(6):688Nature Medicine 2007;13(6):688
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氢对肝缺血再灌注损伤的作用氢对肝缺血再灌注损伤的作用

Inhalation of hydrogen gas suppresses hepatic 
injury caused by ischemia/reperfusion through 
reducing oxidative stress.Biochemical and 
Biophysical Research Communications 361 (2007) 
670–674

Fig. 1. Suppression of I/R injury by inhaling 

hydrogen gas. Under anesthetic gas, mice 

were subjected to a 90-min ischemic insult, 

followed by 180-min reperfusion. Ischemic 

livers were removed for fixing. Paraffin 

sections were prepared and subjected to HE 

staining. For mice to inhale hydrogen gas, 

hydrogen gas was supplied to the anesthetic 

gas 10 min before reperfusion and 

continued to be supplied until the end of 

reperfusion. Instead of hydrogen gas, 

helium gas (4%) was also inhaled by mice. 

Representative pictures are shown. Scale 

bar: 2 mm (upper panels) and 100 lm 

(lower panels).

Fig. 4. Hydrogen gas significantly decreased 
levels of hepatic MDA, a marker of oxidative 
stress. Mice (n = 6 each group) were 
subjected to I/R with or without hydrogen 
gas. Ischemic livers were removed and 
homogenized in the presence of butylated
hydroxytoluene. After centrifugation, free 
MDA in the supernatant was determined. 
Mice (n = 6) treated with helium gas (4%) 
instead of hydrogen gas and normal mice 
(without any treatment; n = 6) were also 
analyzed. Free MDA levels were normalized 
against protein contents in supernatants. The 
mean is presented with the standard 
deviation. Statistical analysis was performed 
using one-way ANOVA. **P < 0.0001, 
compared with 0% H2 gas.

我们的研究我们的研究》》》》》》》》》》

实验实验33月，月，33月后文章被接受，月后文章被接受，33月后被引用月后被引用33次次

呼吸呼吸2%2%氢氢60 min60 min有显著治疗效果有显著治疗效果

（新生儿缺血模型）（新生儿缺血模型）
能减少神经细胞损伤

神经染色



3

TTunelunel染色染色

减少凋亡细胞 控制酶活性控制酶活性

目前该论文被引用目前该论文被引用88次次
1.1. OhsawaOhsawa I, I, NishimakiNishimaki K, Yamagata K, et al. Consumption of hydrogen water prevents K, Yamagata K, et al. Consumption of hydrogen water prevents 

atherosclerosis in atherosclerosis in apolipoproteinapolipoprotein E knockout E knockout mice.Biochemmice.Biochem BiophysBiophys Res Res CommunCommun, 2008; , 2008; 
377:1195377:1195--88

2.2. OhtaOhta S. Hydrogen gas and hydrogen water act as a therapeutic and preS. Hydrogen gas and hydrogen water act as a therapeutic and preventive antioxidant ventive antioxidant 
with a novel concept Nippon Ronen with a novel concept Nippon Ronen IgakkaiIgakkai ZasshiZasshi. 2008;45:355. 2008;45:355--62.62.

3.3. CaiCai JM, Kang ZM, Liu K, et al. JM, Kang ZM, Liu K, et al. NeuroprotectiveNeuroprotective effects of hydrogen saline in neonatal effects of hydrogen saline in neonatal 
hypoxiaischemiahypoxiaischemia rat model. Brain Res. 2009;1256:129rat model. Brain Res. 2009;1256:129--3737

4.4. Taniguchi H, Taniguchi H, AndreassonAndreasson K.TheK.The hypoxichypoxic--ischemic encephalopathy model of ischemic encephalopathy model of perinatalperinatal
ischemia. J Vis Exp. 2008 in pressischemia. J Vis Exp. 2008 in press

5.5. NakashimaNakashima--KamimuraKamimura N, Mori T, N, Mori T, OhsawaOhsawa I, et al. Molecular hydrogen alleviates I, et al. Molecular hydrogen alleviates 
nephrotoxicitynephrotoxicity induced by an antiinduced by an anti--cancer drug cancer drug cisplatincisplatin without compromising antiwithout compromising anti--tumor tumor 
activity in activity in mice.Cancermice.Cancer ChemotherChemother PharmacolPharmacol. 2009 in press. 2009 in press

6.6. MatchettMatchett GA, GA, FathaliFathali N, Hasegawa Y, et al. Hydrogen gas is ineffective in moderate aN, Hasegawa Y, et al. Hydrogen gas is ineffective in moderate and nd 
severe neonatal hypoxiasevere neonatal hypoxia--ischemia rat models, Brain Res. 2009 in pressischemia rat models, Brain Res. 2009 in press

7.7. Fu Y, Ito M, Fujita Y, et al. Molecular hydrogen is protective aFu Y, Ito M, Fujita Y, et al. Molecular hydrogen is protective against 6gainst 6--hydroxydopaminehydroxydopamine--
induced induced nigrostriatalnigrostriatal degeneration in a rat model of Parkinsondegeneration in a rat model of Parkinson’’s disease. s disease. NeurosciNeurosci lettlett. 2009 . 2009 
in pressin press

8.8. Mao YF, Mao YF, ZhengZheng XF, XF, CaiCai JM, et al. HydrogenJM, et al. Hydrogen--rich saline reduces lung injury induced by rich saline reduces lung injury induced by 
intestinal ischemia/reperfusion in rats. intestinal ischemia/reperfusion in rats. BiochemBiochem BiophysBiophys Res Commun.2009 in pressRes Commun.2009 in press

2%2%氢对心肌缺血的保护氢对心肌缺血的保护

日本随后报道日本随后报道::心肌缺血也有效果心肌缺血也有效果

体外实验体外实验::氢能保护缺氧再复氧心肌损伤氢能保护缺氧再复氧心肌损伤 可迅速扩散到缺血组织可迅速扩散到缺血组织******
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保护心功能，减小梗死保护心功能，减小梗死
体积，降低氧化损伤体积，降低氧化损伤

Inhalation of H2 gas reduces adverse LV remodeling. Representative M-mode
echocardiographic images of sham-operated (sham), ischemia–reperfusion with air
inhalation (Air_I/R), and ischemia–reperfusion with H2 inhalation (H2_I/R).

大量研究表明，大量研究表明，NONO、、COCO、、HH22SS都是气体信号分都是气体信号分

子，具有保护作用，但他们都是毒性很强的分子。子，具有保护作用，但他们都是毒性很强的分子。
氢就不一样了，无毒而且有效！氢就不一样了，无毒而且有效！

2%2%氢对小肠移植后损伤的作用氢对小肠移植后损伤的作用

2%2%氢对小肠移植后损伤的作用氢对小肠移植后损伤的作用

对炎症因子的影响 形态学改变

氢水对动脉硬化的影响氢水对动脉硬化的影响(6M)(6M)

硬化灶
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饮用氢水饮用氢水88周对患者血糖和胰岛素的影响周对患者血糖和胰岛素的影响 目前进展总体情况目前进展总体情况

证明氢气可治疗证明氢气可治疗::脑脑缺血、缺血、肝肝缺血、缺血、

心心肌缺血和肌缺血和小肠小肠移植、移植、应激应激后神经损伤、后神经损伤、

动脉硬化动脉硬化和和糖尿病糖尿病氧化损伤。氧化损伤。

该领域目前发表的文章共该领域目前发表的文章共1515篇，其中篇，其中

日本发表日本发表99篇，美国篇，美国11篇，篇，我们发表我们发表44篇。篇。

将来该领域可能的文章数量将来该领域可能的文章数量
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二、氢气选择性抗氧化二、氢气选择性抗氧化

与传统抗氧化物质的区别！与传统抗氧化物质的区别！

1900 - Gomberg:
discovery of  triphenylmethyl radical

三苯甲基的制备，确
定了自由基的概念

http://www.chm.bris.ac.uk/motm/triphenylmethyl/main1.html

M. Gomberg, Ber., 1900, 33, 3150; J. Amer. Chem. Soc., 1900, 22, 75

University of Michigan

Until 1950/60:
minimal attention was given to biological 
actions of free radicals and reactive 
oxygen species
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Evidence on the existence of ROS
三个标志性发现

Evidence on the existence of ROSEvidence on the existence of ROS
三个标志性发现三个标志性发现

1969 - McKord and Fridovich: Discovery of 
SOD and suggestion of the existence of endogenous 

superoxide J. Biol. Chem. 244: 6049-6055 (1969).

1973 - Babior et al.: Recognition of the 
relationship between superoxide production and 
bactericidal activity of neutrophils

1981 - Granger et al.: recognition of the 
relationship between local ROS production and  
ischemia/reperfusion induced gut injury

Half-life of some reactive 
species
HalfHalf--life of life of some rsome reactive eactive 
sspeciespecies

RReactive specieseactive species Half-life
(s)

HalfHalf--lifelife
(s)(s)

Hydroxyl radical (•OH)
Alcoxyl radical (RO•)
Singlet oxygen  (1O2)
Peroxynitrite anion (ONOO-)
Peroxyl radical (ROO•)
Nitric oxide (•NO)
Semiquinone radical
Hydrogen peroxide (H2O2)

Superoxide anion (O2
•-)

Hypochlorous acid (HOCl)

Hydroxyl radical (Hydroxyl radical (••OH)OH)
Alcoxyl radical (ROAlcoxyl radical (RO••))
Singlet oxygen  (Singlet oxygen  (11OO22))
Peroxynitrite anion (ONOOPeroxynitrite anion (ONOO--))
Peroxyl Peroxyl radicalradical (ROO(ROO••))
NitricNitric oxideoxide ((••NO)NO)
Semiquinone radicalSemiquinone radical
HydrogenHydrogen peroxideperoxide (H(H22OO22))

Superoxide Superoxide anion (Oanion (O22
••--))

HypochloHypochlorous acidrous acid ((HOClHOCl))

10-9

10-6

10-5

0.05 – 1.0
7

1 - 10
minutes/hours

spontan. hours/days
(accelerated by enzymes)
spontan. hours/days

(by SOD accel. to 10-6)
dep. on substrate

1010--99

1010--66

1010--55

00..05 05 –– 11..00
77

1 1 -- 1010
minutes/hoursminutes/hours

sspontpontan. an. hours/hours/daysdays
((accelerated by accelerated by enzymeenzymess))
sspontpontan. an. hours/hours/daysdays

((by SOD by SOD accelaccel.. to to 1010--66))
depdep. . on substrateon substrate

Physiol
conc.

(mol/l)

PhysiolPhysiol
conc.conc.

((mol/lmol/l))

1010--99

1010--99 -- 1010--77

1010--12 12 -- 1010--1111

不能简单看种类，应多方面考虑不同类型的特点不能简单看种类，应多方面考虑不同类型的特点

两类：一是两类：一是活性分子活性分子，如过氧化氢和超氧阴离子，浓度，如过氧化氢和超氧阴离子，浓度
比较高，属于信号分子，扩散距离长；二是比较高，属于信号分子，扩散距离长；二是毒性分子毒性分子，，
如羟自由基和亚硝酸阴离子，属于毒性分子，活性强浓如羟自由基和亚硝酸阴离子，属于毒性分子，活性强浓
度很低，扩散距离小。度很低，扩散距离小。

自由基础产生汇总。
一、超氧阴离子是氧气获得一个电子的产物，在细胞内有4个主要途径：(1) 花生四烯酸途径；(2)
线粒体呼吸链；(3)黄嘌呤和次黄嘌呤被黄嘌呤氧化酶氧化；(4)NADPH氧化。
二、超氧阴离子产生后，有两个发展方向，一是可与NO反应产生毒性强的亚硝酸阴离子；另一
个是在SOD催化下产生过氧化氢。
三、过氧化氢产生后，有三个发展方向，(1)被Gpx或Cat催化，产生水；(2) 在Fe2+存在条件
下，产生羟自由基；(3)被MPO催化产生次氯酸阴离子后再转化为羟自由基。.

抗氧化的手段抗氧化的手段

提高体内抗氧化能力提高体内抗氧化能力,NRF2,NRF2

减少体内活性氧的产生减少体内活性氧的产生,  CO,  CO等等

提高清除活性氧的能力提高清除活性氧的能力, , 氢气氢气
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为什么传统的抗氧化无效为什么传统的抗氧化无效??

还原性太强，敌友不分还原性太强，敌友不分

分子量大，不能自由扩散到任何位置分子量大，不能自由扩散到任何位置

相对浓度低，相对浓度低，无法中和毒性强的活性氧无法中和毒性强的活性氧

有些属于外源性物质，相容性不够有些属于外源性物质，相容性不够

不容易降解，影响正常细胞功能不容易降解，影响正常细胞功能

抗氧化的最佳选择：抗氧化的最佳选择：氢气氢气

还原性相对低，不影响信号类活性氧还原性相对低，不影响信号类活性氧

分子量低，可自由扩散到细胞的任何位置分子量低，可自由扩散到细胞的任何位置

相对浓度高，可中和低浓度毒性活性氧相对浓度高，可中和低浓度毒性活性氧

内源性物质，组织相容性强内源性物质，组织相容性强

释放快释放快 。。

氢气奇妙的选择性抗氧化作用氢气奇妙的选择性抗氧化作用
细胞水平的证据

溶液水平证据：可选择性中和部分活性氧

呼吸氢不是一个理想的手段呼吸氢不是一个理想的手段



8

三、我们的思路：注射氢水三、我们的思路：注射氢水

是否可行？是否可行？

呼吸呼吸2%2%，溶解在血液中的水平最高只能溶解，溶解在血液中的水平最高只能溶解

2%2%分压的水平。分压的水平。

如果先将如果先将100%100%的氢溶解在液体中（饱和），的氢溶解在液体中（饱和），

则只需要注射则只需要注射1/501/50体液的溶液。体液的溶液。

饮用饱和氢水也有一定作用。饮用饱和氢水也有一定作用。

对新生大鼠脑缺血缺氧性对新生大鼠脑缺血缺氧性
脑损伤的治疗作用脑损伤的治疗作用

注射氢水对脑缺血的治疗作用注射氢水对脑缺血的治疗作用 (TTC)(TTC)

神经元染色结果显示：注射氢水可保护神经损伤 注射氢水可减少细胞凋亡

Tunnel染色结果
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注射氢水可降低氧化损伤（注射氢水可降低氧化损伤（MDAMDA））

水迷宫实验水迷宫实验

注射氢水可改善学习记忆功能注射氢水可改善学习记忆功能

日本学者来信祝贺，并希望合作申请专利日本学者来信祝贺，并希望合作申请专利

Congratulation!! It is really a great work. Hydrogen saline is really applicable 
for actual medical uses. I believe that hydrogen saline is more valuable than 
hydrogen gas for inhalation and hydrogen water for drinking.

对小肠缺血再灌注损伤的作用对小肠缺血再灌注损伤的作用

Figure 1.Figure 1.Morphologic observation Morphologic observation of the intestinal of the intestinal 
tissue in shamtissue in sham--operated animals, I/R animals, and operated animals, I/R animals, and 
I/R animals treated with H2 water. I/R animals treated with H2 water. 

Figure 3 Intestinal mucosa malondialdehyde (MDA) levels in sham-operated 
animals, I/R animals,and I/R animals treated with hydrogen-rich saline or 
nitrogen-rich saline. Data are expressed as means Â± SEM for at least triplicate 
independent experiments (n = 8 per group). *P < 0.01 vs.
Sham; #P < 0.05 vs. I/R group
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Fig. 1. Photomicrographs of left lower lung sections from the sham group (A), 
saline-treated II/R group (B) and hydrogen-rich saline-treated II/R group (C) 
after 90 min of intestinal ischemia followed by 4 h of reperfusion. (A) Normal 
histopathology, (B) the lung tissues revealed edema, alveolar hemorrhage and 
inflammatory cell infiltration, (C) moderate edema, hemorrhage and 
inflammatory cell infiltration. Routine hematoxylin and eosin stained (200).

I/R+0.5mlH2 I/R+NS 

I/R+1.5mlH2 I/R+1mlH2

Sham+H2

HE染色×400

I/R+ I/R+ 1.5mlNS     I/R+1.5mlH1.5mlNS     I/R+1.5mlH22 I/R+1mlHI/R+1mlH22 I/R+0.5mlHI/R+0.5mlH2 2 Sham+1.5mlHSham+1.5mlH22

BUN          BUN          21.09 21.09 ±± 4.13      11.12 4.13      11.12 ±±2.47     18.63 2.47     18.63 ±± 4.30     4.30     28.34 28.34 ±± 9.80       9.80       7.46 7.46 ±± 1.70 1.70 
((mmol/lmmol/l))

ScrScr 66.76 66.76 ±± 30.88    34.98 30.88    34.98 ±±5.97     5.97     71.12 71.12 ±± 37.05    37.05    98.82 98.82 ±±54.06    54.06    18.08 18.08 ±± 4.434.43
((umol/lumol/l))

各组BUN比较

0.00

10.00

20.00

30.00

40.00

50.00

I/R+NS I/R+l.5H2 I/R+1mlH2 I/R+0.5mlH2 Sham+H2

血生化结果显示氢生理盐水组可显著改善肾功能

各组Scr比较

0.00

50.00

100.00

150.00

200.00

I/R+NS I/R+1.5mlH2 I /R+1mlH2 I/R+0.5mlH2 Sham+H2

﹡
﹡

四、有关思考四、有关思考

11、内源性氢的作用、内源性氢的作用

体内含有一定水平的氢体内含有一定水平的氢

体内氢水平可达到抗氧化水平体内氢水平可达到抗氧化水平

需要直接证据需要直接证据

文章发表在校学报文章发表在校学报2008.32008.3
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22、电针和直流电、电针和直流电

电流可使组织电解，产生氢气，其作用电流可使组织电解，产生氢气，其作用

机制是否与氢有关？值得关注。机制是否与氢有关？值得关注。

33、具体机制、具体机制

选择性抗氧化证据不足，特别是在体证选择性抗氧化证据不足，特别是在体证

据不足，是目前的主要问题。据不足，是目前的主要问题。

可能的情况是：可能的情况是：相对选择性相对选择性

http://www.llu.edu/llu/me
dicine/physpharm/faculty.
html 小结小结

奇：能清除自由基！奇：能清除自由基！

妙：治疗疾病很有效！妙：治疗疾病很有效！

绝：潜在应用范围广泛！绝：潜在应用范围广泛！

意义重大，不可忽视

我们发表的我们发表的有关氢的论文有关氢的论文

1.1. Sun XJ, Zhang JH. HydrogenSun XJ, Zhang JH. Hydrogen---- an endogenous antioxidant in the body. an endogenous antioxidant in the body. 第二军第二军

医大学学报医大学学报. 2008; 29:233. 2008; 29:233--235.235.

2.2. CaiCai JM, Kang ZM, Liu K, et al. JM, Kang ZM, Liu K, et al. NeuroprotectiveNeuroprotective effects of hydrogen saline in effects of hydrogen saline in 
neonatal hypoxianeonatal hypoxia--ischemia rat model. Brain Res. 2009;1256:129ischemia rat model. Brain Res. 2009;1256:129--3737

3.3. CaiCai JM, Kang ZM, Liu WW, et al. Hydrogen therapy reduces apoptosis JM, Kang ZM, Liu WW, et al. Hydrogen therapy reduces apoptosis in in 
neonatal hypoxianeonatal hypoxia--ischemia rat model. ischemia rat model. NeurosciNeurosci lettlett 2008,441(2):1672008,441(2):167--72.72.

4.4. ZhengZheng XF, Mao YF, XF, Mao YF, CaiCai JM, et al. HydrogenJM, et al. Hydrogen--Rich Saline Protects against Rich Saline Protects against 
Intestinal Ischemia/Reperfusion Injury in Rats. Free Radical ResIntestinal Ischemia/Reperfusion Injury in Rats. Free Radical Res.2009 in press.2009 in press

5.5. MatchettMatchett GA, GA, FathaliFathali N, Hasegawa Y, et al. Hydrogen gas is ineffective in N, Hasegawa Y, et al. Hydrogen gas is ineffective in 
moderate and severe neonatal hypoxiamoderate and severe neonatal hypoxia--ischemia rat models. Brain Res. 2009 in ischemia rat models. Brain Res. 2009 in 
presspress

6.6. Mao YF, Mao YF, ZhengZheng XF, XF, CaiCai JM, et al. HydrogenJM, et al. Hydrogen--rich saline reduces lung injury rich saline reduces lung injury 
induced by intestinal ischemia/reperfusion in rats. induced by intestinal ischemia/reperfusion in rats. BiochemBiochem BiophysBiophys Res Res 
Commun.2009 in pressCommun.2009 in press
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