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Background: Molecular hydrogen (H,) has been recognized as an effective antioxidant with
no or little side effects. While it is known that oxidative stress is closely associated with
aging, the beneficial effect of H, on oxidative stress-related aging is still unclear. In this
study, a mouse model of D-galactose-induced aging was employed to investigate the
protective effects of Hj.

Methods: The mice were administrated of H, via different routes (4% H, inhalation, H,-
rich water drinking, and H,-rich saline injection), the aging-related biomarkers in plasma and
the oxidative stress in different tissues were measured.

Results: The results showed that H, improved aging-related biomarkers, ie, total antioxidant
capacity, advanced glycation end products, tumor necrosis factor-a, free fatty acids, and
alanine aminotransferase in plasma. Furthermore, H, alleviated oxidative stress in the liver,
brain, and heart by reducing the levels of lipid peroxidation and malondialdehyde and
increasing the activity of superoxide dismutase. In addition, it seems that 4% H, inhalation
was the most effective regarding the amount of H, taken up and in reducing the markers of
oxidative stress in some of the tissues; however, the other routes of administration resulted in
the same efficacy in most indicators.

Conclusion: H, can prevent oxidative stress in D-galactose-induced aging mice when
administered by different routes.
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Introduction
Aging is a multifactorial process characterized by the progressive loss of physio-
logical functions that are closely associated with a diversity of chronic diseases.
The mechanism of aging is still not clear, although many theories have been
proposed to explain this process.'" Among them, the free radical/oxidative stress
theory of aging has been receiving considerable attention. This theory postulates
that aging is caused by cumulative oxidative damage to cells and tissues by reactive
oxygen species (ROS).? Oxidative stress occurs when the natural production of
ROS cannot be balanced by the antioxidative capacity of tissues, with consequent
excessive free radicals causing lipid peroxidation, protein oxidation, DNA damage,
and mitochondrial dysfunction.> Based on this aging mechanism, antioxidant agents
might add a potential therapeutic value in treating aging-associated diseases.

It is important to select a safe and effective antioxidant for alleviating oxidative
stress to prevent and/or delay aging and aging-related diseases. Molecular hydrogen
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(H,) is a colorless and odorless gas with a small molecular
weight. In 2007, Ohsawa et al demonstrated that H, could
react with strong oxidants such as hydroxyl radical in
cells.* Since then, several researchers have confirmed the
therapeutic and preventive effects of H, in various clinical
trials and animal disease models.”’ H, therapy has been
applied in aging-related diseases, such as type 2 diabetes,
atherosclerosis, Parkinson’s disease, and Alzheimer’s
disease.®® H, can be administered via different routes
such as H, gas inhalation,” H,-rich water (HRW)
drinking,’ H,-rich saline (HRS) injection,'® and direct
incorporation of H, through diffusion (such as taking H,-
water bath'' or dropping H,-saline into the eyes).'”
Previous studies have mainly focused on the effectiveness
of H, administered via a specific route. It is of great
importance to explore the best administration method for
different diseases. In addition, the functions of H, in aging
have not been deeply explored.

The D-galactose (D-Gal)-induced accelerated aging
model is commonly used to study the pathological char-
acteristics of senescence and to screen antiaging
candidates'® D-Gal overload accelerates the accumulation
of ROS, resulting in oxidative stress. This further increases
the levels of free radicals, decreases antioxidant activity,
and aggravates oxidative stress in the liver, brain, heart,
kidney, and lung.'*'* The D-Gal exposure can exacerbate
oxidative damage, including increased level of lipid per-
oxidation (LPO), and decreased activity of superoxide
dismutase (SOD)."* In the meantime, the D-gal-induced
oxidative damage drives aging-related disorders, accom-
panied by the formation of advanced glycation end pro-
ducts (AGEs) due to the glycation, oxidation, and/or
carbonylation of proteins or lipids.'> As the chronic pro-
inflammatory status is a pervasive feature of aging, it is
recognized that the levels of the pro-inflammatory cyto-
kines are elevated, such as tumor necrosis factor (TNF)-
0.'° Aging is accompanied by a decline in physiological
function of many tissues and organs. This may lead to the
increased free fatty acids (FFA) release from adipose
tissue,'” and the elevated markers of organ damage,
including the liver damage marker of alanine aminotrans-
ferase (ALT).'®

The present study aimed to compare the different
routes of H, administration and investigate the protective
effects of H, on oxidative stress in D-Gal-induced aging
mice. This may provide an experimental basis for its

potential clinical applications against aging.

Materials and Methods

Animals and Study Design

Six-week-old C57BL/6J male mice (Vital River Laboratory
Animal Technology Co., Ltd., Beijing, China) were housed
in a controlled environment (12 h per day/night cycle,
temperature 22°C + 1°C, humidity 50-60%) with free
access to a standard chow diet and water. All animal care
and experimental procedures were approved by the labora-
tory animal ethics committee of Shandong First Medical
University (Approve No. W202107080305). All the proce-
dures were performed in accordance with the guidelines of
the laboratory animal ethics committee of Shandong First
Medical University. After 1 week of acclimatization, mice
were randomly assigned to six groups (n = 10/group):
Control, Model, 4%H,, HRW, HRS, and Ator groups.
Except for the mice in the Control group, all mice were
injected subcutaneously with 200 mg/kg bw D-Gal (Sigma-
Aldrich, St. Louis, MO, USA) once a day. Mice in the
4%H,, HRW, and HRS groups were given 4% H,-
inhalation, HRW drinking, and HRS injection, respectively.
As the antioxidative, anti-inflammatory, and anti-aging
properties of atorvastatin have been proved, mice in the
Ator group were intragastrically administered with atorvas-
tatin (0.1 mg/kg bw/d) and served as the positive
control."®!'” The Control group was given the same volume
of physiological saline.

Mice were sacrificed after 10 weeks of administration.
After starved for 12 h, blood samples were collected in
EDTA-coated tubes from the orbital sinus under isoflurane
anesthesia. Then the mice were sacrificed by cervical dis-
location, and tissue samples were collected. Blood samples
were centrifuged at 3000 rpm for 15 min at 4°C, and the
plasma was stored at —80°C. The liver, thymus, and spleen
of each mouse were carefully dissected out, washed with
cold phosphate-buffered saline (PBS, pH 7.4), and
weighed. The ratio of organ weight to the final body
weight was calculated and set as the organ index (mg/g).
A portion of the brain, liver, and heart tissues were rapidly
excised, dipped in liquid nitrogen, and stored at —80°C
until further biochemical analysis. A portion of the liver
tissues was fixed in 4% paraformaldehyde for 24 h for
histopathological examination.

H, Administration

4% H, Inhalation

Mice in 4%H, group were given 4% (v/v) H, gas via our
self-made device for 2 h once daily as previously
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described.?° Briefly, H, from an H, generator and air from
an air generator were controlled using flow meters and
mixed in a plastic box. The concentration of H, in the
mixed gas was confirmed using a H, detector (XP-3140,
New Cosmos Electric Co., Ltd., Japan). Mice in Control,
Model, HRW, HRS, and Ator groups were provided
with air from an air generator in a similar device

simultaneously.*
HRW Drinking
Mice were provided with HRW ad libitum. HRW was
prepared in an HRW-producing apparatus (ZQLH-

F-150G, Zhongginglianhe Tech Co., Ltd, Liaocheng,
China), in which H, was dissolved in pure water under
a pressure of 0.6 MPa. HRW was stored in a drinking
bottle with stainless steel balls in the outlet. The concen-
tration of H, in water was monitored using a Clark-type
hydrogen microsensor (Unisense, Aarhus N, Denmark).
HRW was changed every 8 h to ensure that the concentra-
tion of H, is above 600 pmol/L.

HRS Injection

Hydrogen-rich saline was prepared as described in our
previous report.'® Briefly, H, from an H, generator was
dissolved in saline under high pressure (0.4 MPa) with the
air removed. HRS was stored at 4°C and freshly prepared
every day to ensure a constant hydrogen concentration.
The concentration of hydrogen was monitored using
a Clark-type hydrogen microsensor (Unisense, Aarhus N,
Denmark) and was found to be above 700 umol/L. HRS
(0.1 mL/10 g bw/day) was intraperitoneally injected once
daily in mice.

H, Concentration Monitoring in Mice

Liver

Six-week-old C57BL/6J male mice were anesthetized for
the entire hydrogen monitoring procedure by administer-
ing an intraperitoneal injection of 20% urethane (7 mL/
kg). A Clark-type hydrogen microsensor (Unisense,
Aarhus N, Denmark) with a sensing anode (tip diameter
40-60 um) was used to measure real-time H, concentra-
tion in the liver. A standard curve was established by
diluting H,-saturated PBS at 38°C. The liver tissue was
exposed and the tip of the microsensor was inserted at
a depth of 1 mm. 4% H, was prepared using a self-made
gas mixing device as described above and the mixed gas
was administered through a gas supply hood.

Biochemical Analysis

Plasma total antioxidant capacity (TAOC), ALT, and FFA
levels were measured using commercial kits purchased
from Nanjing Jiancheng Bioengineering Institute (Nanjing,
China). AGEs and TNF-awere determined using ELISA
kits (Enzyme-linked Biotechnology, Shanghai, China)
according to the manufacturer’s instructions.

Tissue samples of the liver, brain, and heart were homo-
genized (10% w/v) in icy PBS (pH 7.4) and then centri-
fuged at 3000 g for 10 min at 4°C. The supernatants were
collected and used for biochemical evaluation. SOD activity
was determined using commercial kits according to the
protocols (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China). LPO was determined using a reaction
with N-methyl-2-phenylindole to yield a stable chromo-
phore with maximal absorbance at 586 nm (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China). The
level of malondialdehyde (MDA) was determined via spec-
trophotometric measurements of thiobarbituric acid-reactive
substances (Beyotime Biotechnology, Shanghai, China).
Protein concentration was determined using the bicinchoni-
nic acid method with bovine serum albumin as the standard

(Beyotime Biotechnology, Shanghai, China).

Histological Examination

Liver tissues in 4% paraformaldehyde were processed with
graded volumes of alcohol, embedded in paraffin, and
sectioned into S5-um-thick slices. Samples were stained
with Hematoxylin and Eosin (H&E) and viewed under
an optical microscope (Olympus BX53F, Tokyo, Japan).

Statistical Analyses

Data were analyzed for normal distribution by the
Kolmogorov—Smirnov test. Continuous parameters were
normally distributed and presented as mean =+ standard
deviation (SD). Differences among the groups were assessed
using one-way analysis of variance followed by least sig-
nificant difference post-hoc test. Differences were consid-
ered significant when P < 0.05. All statistical analyses were
performed using IBM SPSS Statistics for Windows, Version
20.0 (IBM SPSS Inc., Chicago, IL, USA).

Results

H, Intake Dose Following Different Routes
Different routes of H, administration result in different H,
intake doses and pharmacokinetics. After inhalation of 4%
H,, the concentration of H, raised rapidly and achieved
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Figure | H, concentration measurement. (A) H, concentration in the liver of mice during inhalation of 4% H, (n = 3), (B) H, concentration in the liver of mice after
inhalation of 4% H, (n = 3), and (C) H, concentration of HRW in drinking bottled water (n = 3). Data are presented as mean * SD.

equilibrium at 20 pmol/L in approximately 5 minutes in
liver (Figure 1A). As H; is a small gas molecule with strong
penetrability, it is not preserved in the body for a long time.
After withdrawing the administration of H,, its concentra-
tion in the liver exhibited a sharp drop and then the curve
decreased gradually until it reached the baseline in approxi-
mately 8 minutes (Figure 1B). Also, we monitored H, con-
centration of HRW in drinking bottles. Drinking HRW led to
an intermittent access to H,. Supersaturated H, in HRW
(1000 pmol/L) was kept at a high concentration for a long
time and stayed above 600 pmol/L even after 8 hours
(Figure 1C). In order to maintain a high H, concentration,
HRW was freshly prepared and replaced every 8 hours
throughout the experiment. The water intake of mice was
about 1.5 mL/10 g bw/day,”"** and thus the H, intake with
HRW was 0.6-1.5 pmol/10 g bw/day. For HRS injection,
mice received 700 umol/L HRS for 0.1 mL/10 g bw/day,
equal to a H, dose of 0.07 umol/10 g bw/day.

Effect of H, on Body Weight and Organ

Index
As shown in Table 1, after an 8-week exposure to D-gal, the
Model group showed a significant decrease in body weight

Table | Effects of H, on Body Weight and Organ Index in Mice

as compared with the Control group (P < 0.05). The liver
and thymus indexes of the Model group decreased signifi-
cantly as compared with the Control group (P < 0.001 and
P <0.01, respectively). The administration of H, or atorvas-
tatin did not improve the body weight significantly com-
pared with the Model group (P > 0.05). Different H,
administration routes led to different effects on the organ
indexes. The liver index with HRS injection and thymus
index with 4% H, inhalation increased notably (P < 0.05),
whereas HRW drinking significantly decreased the spleen
index compared with the Model group (P < 0.05).

H, Improves Aging-Related Biomarkers in

Plasma

Aging is accompanied by the accumulation of ROS that
causes oxidative damage.” As shown in Figure 2A, plasma
TAOC was significantly decreased in D-Gal-induced aging
mice, indicating a decline in their antioxidant status. The
administration of H, via 4% H, inhalation, HRW drinking,
and HRS injection significantly increased the levels of
TAOC by 26.4%, 30.6%,
Compared with the Control, treatment with D-Gal was

and 34.8%, respectively.

able to induce an increase of plasma AGEs, of which

Group Body Weight (g) Organ Index (mg/g)
Liver Index Thymus Index Spleen Index

Control 26.7 £ 0.97 4431 £ 2.12 2.07 £ 0.34 2.55 £ 041
Model 2549 £ 1.33* 41.71  1.66%F* 1.76 + 0.24%* 2.73 £0.32
4% H, 26.09 + 1.48 40.82 = |1.72 1.95 + 0.22* 2.64 £ 0.32
HRW 24.78 £ 0.69 4322 + 1.73 1.93 £ 0.22 2.48 + 0.19%
HRS 2598 £ 2.17 43.72 + 3.54" 1.85 + 0.38 2.77 £ 0.56
Ator 2591 £ 1.00 4297 + 4.54 2.11 £ 032" 2.84 £ 039

Notes: Values represent the mean * SD, n = 0. *P < 0.05, **P < 0.0, and **P < 0.00] compared with the Control group. P < 0.05 and *P < 0.01 compared with the

Model group.
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Figure 2 Effects of H, on aging-related biomarkers in plasma of D-gal-induced aging mice. (A) TAOC, (B) AGEs, (C) TNF-o, (D) FFA, and (E) ALT levels. Data are
expressed as mean * SD (n = 10). ¥P < 0.0, ¥*P < 0,001 compared with the Control group; “P < 0.05, P < 0.01, and P < 0,001 compared with the Model group.

a biomarker implicated in aging (P < 0.01, Figure 2B).
The levels of AGEs after 4% H, and HRW administration
were 17.4% and 28.0% lower than those of the Model
group (P < 0.05 and P < 0.01), respectively. The level of
AGEs also showed a decreasing trend after treatment with
HRS injection (P = 0.11). Development of chronic inflam-
mation is a hallmark of oxidative damage accumulation as
the inflammatory processes contribute to cellular dysfunc-
tions and tissue damage. As shown in Figure 2C, different
H, treatment methods significantly reduced the level of
TNF-a, an inflammation-associated indicator. A high FFA
level is associated with inflammatory states and aging-
related diseases, such as vascular endothelial disorders,
insulin resistance, and diabetes.”> D-Gal treated mice
showed a significant increase in plasma FFA, and admin-
istration of H, (4% H, inhalation, HRW drinking, and
HRS injection) significantly decreased the levels of FFA
(P < 0.05, P < 0.001, and P < 0.001, respectively,
Figure 2D). As a biochemical parameter of liver function,
the level plasma ALT increased in the Model group in
comparison with that in the Control group (P < 0.01),
and administration of H, attenuated ALT elevation induced
by D-Gal (P < 0.05, P < 0.05, and P < 0.01 for 4% H,
inhalation, HRW drinking, and HRS injection, respec-
tively) (Figure 2E).

H, Attenuates D-Gal-Induced Oxidative

Stress in the Liver, Brain, and Heart

We next examined the antioxidative effects of H, on
different organs. The free radical chain reaction of lipid
results in the production of LPO. MDA is the most stable
breakdown product of LPO and is also regarded as
a possible marker of aging.** LPO and MDA levels in
liver (Figure 3A and B), brain (Figure 3D and E), and
heart (Figure 3G and H) of mice in the Model group were
significantly higher than those in different organs of mice
in the Control group. All H, administration methods sig-
nificantly decreased the hepatic LPO and MDA levels. In
addition, 4% H, inhalation showed statistically significant
effects on LPO and MDA levels in the brain and heart,
whereas HRW drinking significantly reduced the LPO
level in the heart. However, HRS injection did not demon-
strate any significant effect on the levels of LPO and MDA
in the brain and heart. The activity of the antioxidant
enzyme SOD has been reported to decrease in the aging
process.>> As shown in Figure 3C and F, mice treated with
D-Gal showed a significant decrease in SOD activities in
the liver and brain as compared with mice in the Control
group (P < 0.001 and P < 0.05, respectively). Treatment
with H, or atorvastatin was able to significantly increase
the activities of SOD in the same organs. In this
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experiment, D-Gal or H, treatment did not show any
significant effects on the SOD activity in the heart (P >
0.05, Figure 3I).

Histological Analyses of Liver

D-Gal is mainly metabolized in the liver. Oxidative stress
damage and inflammatory response induced by D-Gal can
result in cell death and consequent damage to hepatic
functions.> The histological features of liver sections
were illustrated by H&E staining. Hepatic tissues from
the Control group showed normal architecture with
a regular arrangement of hepatic cells radially around the
central vein (Figure 4A). In contrast, D-gal treatment
resulted in a disordered arrangement of hepatocytes with
infiltration of inflammatory cells and hepatocytes necrosis
(Figure 4B). The hepatic pathological alterations were
notably ameliorated by H, or atorvastatin treatment.

Liver cells of the mice in the Control group showed
a more orderly arrangement compared with those of the
mice in the Model group, while hepatocyte inflammation
treatments

and necrosis reduced across all

(Figure 4C-F).

were

Discussion

In this study, we demonstrated that the administration of
H, can alleviate oxidative stress in D-Gal-induced aging
mice, and the effects of different H,-administration routes
may vary. We proposed that H, may serve as an antiaging
intervention partly through its antioxidative properties.

As an effective medical gas with great biosafety, H,
has been attracting an increasing interest. Several studies
have suggested that H, may suppress the progress of
aging. Klichko et al reported that supplementation with
H,-rich food prolonged the life span in Drosophila.*®
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Figure 4 Effect of H, on liver histopathological alterations in mice injured by D-Gal (H&E staining, magnification 200x). (A) Control group, (B) Model group, (C) 4% H,
group, (D) HRW group, (E) HRS group, and (F) Ator group. Black arrows indicate inflammatory cell infiltration and red arrow indicates necrosis.

A hallmark of aging is the chronic accumulation of cellu-
lar senescence in aged organisms, which contributes to
dysfunction and aging-related phenotypes.*’
A previous report showed that drinking HRW could
decrease the number of endothelial cells in an atheroma

tissue

expressing the senescence factors pl6INK4a and p21 in
high-fat diet-fed low-density lipoprotein receptor-deficient
(Ldlr ") mice.” AGEs are a heterogeneous group of mole-
cules generated through nonenzymatic glycation and oxi-
dation of proteins, lipids, and nucleic acids and can result
in various aging-related disorders. A recent study showed
that orally administered HRW had the potential to decrease
AGE:s and the expression of their receptors in streptozoto-
cin-induced diabetic rats.”® The antioxidant property of H,
has been demonstrated against hydroxyl radicals (*OH)
and peroxynitrite (ONOO™).* In this study, we studied
the effects of H, on free radical damage in D-Gal-
induced accelerated aging model.

D-Gal-induced oxidation-related damage includes the
decreased activity of antioxidant enzymes, increased gen-
eration of protein carbonyls and lipid peroxides, inflam-
mation, apoptosis, and DNA fragmentation.'? Besides the
well-recognized lipid lowering effect, the antioxidative,
anti-inflammatory, and anti-aging properties of atorvastatin
were also established.'"®'® Thus, mice intragastrically

administered with atorvastatin served as the positive con-
trol. The antioxidative effects of H, have been reported in
several studies.® We previously observed that the intraper-
itoneal injection of HRS decreased serum oxidized low-
density lipoprotein level and reduced ROS accumulation
in the aorta in an atherosclerosis model of Ldlr~'~ mice.*
Furthermore, we demonstrated that inhalation of 4% H,
decreased the concentration of oxidized phospholipids in
rats fed with a high-fat diet.*° In the present study, free
radical-mediated formation of LPO and MDA decreased,
whereas the activity of the antioxidant enzyme SOD
increased in targeted organs after H, treatment. These
results strongly suggested that H, presents preventive
effects against oxidative stress in D-Gal-induced aging
mice. Plasma aging indicators, such as AGEs, antioxidant
ability of TAOC, inflammatory cytokine TNF-q, and liver
injury marker ALT, all improved upon H, treatment. These
results suggested the preventive and therapeutic potential
of H, as an effective antiaging intervention.

There are several possible mechanisms of action. The
most influential hypothesis is that H, acts as a therapeutic
antioxidant by reacting with cytotoxic ROS and thus pro-
tecting against oxidative damage.* Our results showed that
a very small amount of H, administrated by HRW drinking
or HRS injection are comparable to 4% H, inhalation in
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many indicators. Whether exogenous H, exerts its effects
as a gaseous signal molecule is still uncertain. Recently,
a study provided the evidence for the direct interaction
between H, with proteins. Thus, H, may directly influence
the enzymatic activity and protein structure. Whether H,
can affect the antioxidant enzymes needs to be explored in
depth.

Changes of organ indexes in mice have important
reference value for analyzing mouse aging and the effects
of antiaging candidates. The effects of various H, admin-
istration routes on diverse organ indexes were different. In
order to explain the underlined effects of H,, further
experimental research is needed.

Dosages and routes of drug administration play an
influential role in its efficiency. Three routes of H, admin-
istration were compared in the present study. After H,
inhalation, H, enters the arterial blood through the alveoli
and is then taken into tissues by a pressure gradient.>® H,
is maintained at a relative saturated level in circulation and
tissues based on the H, concentration inhaled. It is worth
noting that the H, concentrations of different tissues
showed different saturation rates. A previous study
showed that with 2% H, gas inhalation, the arterial and
myocardium Hj levels reached a maximum level after 5
min; by contrast, the H, saturation rate was much slower
in the center of the thigh muscle with attaining a maximum
level after 30 min.>' The current study revealed that the
equilibrium was reached quickly in liver within 5 min. The
equilibrium time of H, in other tissues and organs needs to
be studied further in detail. Oral H, from HRW is in direct
contact with the gastrointestinal tract. This is a convenient
and the most widely applied method to study the uptake of
H,. For intraperitoneal injection of HRS, the dissolved H,
spreads into the abdominal organs. Here, the H, uptake
can be accurately controlled. We evaluated the H, concen-
tration in the liver during and after H, inhalation.
However, as HRW drinking or HRS injection provided
a relatively small amount of H, and it is extremely easy
to escape, we could not detect the accurate H, concentra-
tion in vivo.

The dose—response relation in H, has not been well
studied. Inhalation of hydrogen—oxygen mixture (66% H,
/33% 0O,) produced by electrolyzing water proved to ben-
efit cancer patients.’® Several studies have suggested that
inhalation of low concentrations of H, (1-4%) could pro-
tect cells and tissues against oxidative stress.**® Similarly,
small amounts of oral Hy—water are sufficient for gastric
induction of ghrelin and exert a neuroprotective effect.’

The current study revealed that although the various H,
administration methods led to different dosages and action
times, they all exerted an antioxidant effect. Among them,
4% H, inhalation decreased the accumulation of lipid
peroxides in the brain. Compared with H, inhalation, oral
H,-water and intraperitoneal injection of H,-saline
resulted in limited H, intake. It is worth noting that
although the amount of H, taken up by HRW was reduced,
compared to that of H, gas inhalation, it resulted in the
same efficacy in most indicators. Compared with a certain
period of H, inhalation or given amounts of H, by HRS
injection, drinking HRW leads an intermittent source of
Hj,. A previous report revealed that intermittent hydrogen
gas exposure could prevent 6-hydroxydopamine-induced
Parkinson’s disease in rats.*® Additional research is
required to further confirm the biological effects of H,
via different administration routes.

This study compared three different routes; however,
the doses chosen are also different. In addition, the dose—
response effect for a specific route of administration of H,
has not been the focus of our research in this study. The
dose-response effect has been observed in H, gas inhala-
tion for the treatment of ischemia—reperfusion injury.®'=
Lower concentrations of H, (0.5-2%) provided better
effects than 4% H, inhalation.®' Therefore, further inves-
tigation is necessary to identify an optimal H, dose.

There still exist some limitations in the study. The
aging-related parameters measured were insufficient and
a more comprehensive study is needed to verify the effects
of H,. We measured the LPO, MDA, and SOD Ilevels in
liver, heart, and brain, as these tissues are most aging-
related. Other tissues such as kidney, muscle, skin can be
further studied. Moreover, we measured the aging-related
biomarkers of TAOC, AGEs, TNF-a, and FFA in plasma.
The more specific aging-related markers in tissues are
worthy of in-depth study. In addition, we only selected
male mice as the experimental subjects; however, the
female subjects should also be included as gender-
specific differences.

This study provides support to an effective anti-aging
intervention of H, administration by mitigating oxidative
stress in aging. It is known that H, administrations via
different routes such as H, gas inhalation, H,-rich water
drinking, intravenous H,-saline infusion, and H,-rich
water bath have been applied in different clinical trials.
Owning to the great biosafety of H,, it will be of great
interest to translate our study to humans.
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Conclusion

In conclusion, H, can prevent oxidative stress in D-Gal-
induced accelerated aging model of mice when adminis-
tered by different routes. Among the different routes of H,
administration, 4% H, inhalation was the most effective in
reducing the markers of oxidative stress in some of the
tissues, however the other routes resulted in the same
efficacy in most indicators. H, treatment may be

a promising antiaging intervention.
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