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Figure 1 –  Microphotographs of the lung tissue. 
Lungs were obtained 24 hours after exposure; lung specimens were stained with hematoxylin and eosin. 
(A) control group;  (B) saline group; (C) saturated hydrogen saline group.  Original magnification: ×200.

Effects of saturated hydrogen saline on 
cell apoptosis 

The TUNEL demonstrated apoptotic cell 
death in saline treatment animals, and 
saturated hydrogen saline reduced the 
number of apoptotic cells (Figure 2, this 
page).

Effect of saturated hydrogen saline on 
lung edema

The wet/dry ratio of the saline group is 
significantly higher than that of the control 
group (p<0.05). Compared to the saline 
group, saturated hydrogen saline signifi-
cantly decreased the wet/dry ratios 
(Figure  3, facing page) (p<0.05).
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FIGURE 2

Figure 2 – TUNEL staining. 
(A) control group;  (B) saline group;  (C) saturated hydrogen saline group.  Original magnification: ×200.
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Effects of saturated hydrogen saline on 
LDH in BALF and serum

The concentration of LDH in plasma was 
significantly higher in the saline group than 
that in the control group (Figure 4a, left). 
The saturated hydrogen saline group had 
significantly decreased LDH level in plasma 
compared to the saline group (p<0.05). 
However, compared to the control group, 
the LDH level in the BAL fluid and plasma 
in the saturated hydrogen saline group 
were not significantly changed (p>0.05). 
The LDH level in the BAL fluid was 
significantly higher in the saline group 
than that in the control group (p<0.05). In 
contrast, a significant decrease of LDH in 
the BAL fluid was found in the saturated 
hydrogen saline group (Figure  4b, left)
compared to that in the saline group. 

Effects of saturated hydrogen saline 
on total cells and protein concentration 
in BALF

Total cells and protein concentration in the 
BAL fluid were determined as an indicator 
of lung hyperpermeability induced by 
hyperoxic exposure. Results demonstrate 
that total cells and protein in the BAL fluid 
in the saline group were significantly 
increased, compared to the control group 
(p<0.05) (Figure 5 and Figure 6, page 190). 
Conversely, in the saturated hydrogen saline 
group, total cells and protein were much 

 

FIGURE 3
Figure 3 – The wet/dry ratio of lung weight 
(W/D) determined after exposure. Saturated 
hydrogen saline attenuated the increase in 
W/D ratio in saline group. Numbers in the 
bars indicate the group size. 
*p < 0.05 compared with the saline group; 
#p < 0.05 compared with the control group.
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FIGURE 4a

FIGURE 4b

Figure 4 – Lactate dehydrogenase activity in serum (a) and BALF 
(b) from each group of rats after five hours’ exposure to >98% O2 
at 2.5 ATA. Data are mean ± SEM.  #p < 0.05 compared with the 
control group; *p < 0.05 compared with the saline group.

#

*



190

UHM 2010, Vol. 37, No. 3 – Hydrogen saline protects lung against O2 toxicity

lower than those of the saline group (p<0.05). 
In addition, there was not a significant difference 
between the control group and the saturated 
hydrogen saline group (p>0.05).

Discussion 

In the present study, we have demonstrated for the 
first time that saturated hydrogen saline alleviated 
the lung injury induced by hyperbaric oxygen. 
Treatment with saturated hydrogen saline, a potent 
free-radical scavenger, decreased the wet/dry ratio 
of lung weight and protein concentration and LDH 
activity in the BAL fluid, as well as LDH in serum. 
In addition, saturated hydrogen saline decreased 
total cells in the BAL fluid and inhibited apoptosis.

 

 

 

 

 

FIGURE 5

Figure 5 – Protein concentration in BAL 
from each group. Data are mean ± SEM. 
#p < 0.05 compared with the control group; 
*p < 0.05 compared with the saturated 
hydrogen saline group.

Figure 6 – Total cell counts in BAL from 
each group. Data are mean ± SEM. 
#p < 0.05 compared with the control group; 
*p < 0.05 compared with the saturated 
hydrogen saline group.

 

 

   

 

 

 

FIGURE 6

	 The currently accepted primary mechanism for 
oxygen-induced cellular injury is enhanced oxygen-
derived free radical generation, with subsequent 
oxidative attack upon basic cell constituents. Free 
radicals, such as superoxide and hydroxyl radicals, 
are important mediators of lung injury, whether they 
are produced inside lung parenchyma cells or by 
immigrant neutrophils (14). Ikuroh Ohsawa et al. 
have found that molecular hydrogen selectively 
reduces hydroxyl radicals (17). Hydrogen has 
already been used in diving for humans to help 
prevent decompression sickness in divers at the 
level of 2 MPa partial pressure of hydrogen, 
suggesting that 16 mM hydrogen in blood 
could be safe (25). 



191

UHM 2010, Vol. 37, No. 3 – Hydrogen saline protects lung against O2 toxicity

	H ydrogen diffuses very rapidly into cells and 
tissues, and high efficacy is expected (26, 27). To 
date, hydrogen or hydrogen water has manifested 
substantial protection against ischemic hypoxia 
diseases including hepatic injury (24), nerve injury 
(28, 29), and intestinal graft injury (27). Hydrogen 
or hydrogen water is becoming more popular 
and important in many fields.
	 Consistent with the above-mentioned studies of 
hydrogen in ischemic and reperfusion injuries, this 
study demonstrated hydrogen saline reduced lung 
injury resulting from oxygen toxicity. Our results 
have showed that total BALF cell counts and 
proteins were significantly elevated in the saline 
group compared to the control group. This increase 
in the number of total cells and protein in BAL 
fluid may partially reflect the loss of integrity of 
the endothelial barrier. In addition, this oxidative 
damage is indicated by a significant elevation of 
LDH activity in the BALF and W/D ratio after 
exposure to oxygen. Saturated hydrogen saline 
markedly reduced total BALF cell counts and 
LDH activity in BALF and lung edema.
	U nder physiologic conditions, tissue homeo-
stasis is controlled by the tight regulation of 
apoptosis and necrosis. Hyperoxia is lethal to cells 
and has been shown to cause the accumulation of 
apoptosis-inducing reactive oxygen intermediates, 
such as O-2 and H2O2. In our study, to determine 
whether inhibition of apoptosis was one of the 
mechanisms of saturated hydrogen saline’s 
protective effect, we examined lung cells apoptosis 
by TUNEL staining. Results showed that saturated 
hydrogen saline inhibited cell apoptosis, 
but the accurate mechanism of this protective 
effect needs further investigation.
	 In summary, we first determined that saturated 
hydrogen saline protects pulmonary against 
oxygen-induced injury. This shows the need for 
further studies in prevention and therapy for 
oxygen-induced injury.
                                                                       n
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