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Abstract: This study retrospectively analyzed the efficacy
of hydrogen water in the treatment of neonatal hypox-
ic-ischemic encephalopathy (HIE) and its effect on serum
neuron-specific enolase (NSE), interleukin-6 (IL-6), and
tumor necrosis factor-o (TNF-a) levels.

Forty newborns with HIE who received treatment from
April 2014 to April 2015 were divided into a conventional
care group and a hydrogen water group according to the
different treatment methods applied. Twenty healthy
full-term newborns comprised the control group. In the
hydrogen water group, 5-mL/kg hydrogen water was
orally administered two days after birth daily for 10 days
in addition to conventional treatment. After 10 days, effi-
cacy indicators were examined in the HIE groups. The
NSE, IL-6, and TNF-a levels were compared among all
three groups.

The efficacy indicators were significantly lower in the
hydrogen water group compared with the conventional
group. Before treatment, the serum NSE, IL-6, and TNF-a
levels in the HIE groups were higher than those in the
control group. After treatment, these levels in the hydro-
gen water group were lower than those in the conven-
tional group.

Hydrogen water lowers serum NSE, IL-6, and TNF-a levels
in HIE newborns, thereby exerting a protective effect.
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1 Introduction

Hypoxic-ischemic encephalopathy (HIE) refers to partial
or complete anoxia caused by perinatal asphyxia and fetal
or neonatal brain damage that results from cerebral blood
flow reduction or suspension. HIE is a severe illness that
has a high mortality and can cause permanent neurolog-
ical dysfunction [1], such as mental retardation, epilepsy,
cerebral palsy, spasticity, and ataxia. HIE is a major cause
of full-term neonatal deaths and neurological sequelae
worldwide, with an incidence of 0.77%-4.0% in devel-
oped countries; however, neonatal HIE is more common
in developing countries [1]. China has a high incidence of
neonatal HIE, and the reported average annual incidence
ranges from 0.77%-8.00% [2]. Therefore, basic and clin-
ical research studies of neonatal HIE are clinically and
socially significant.

The pathogenesis of neonatal HIE is complex. A study
recently demonstrated that inflammation plays an impor-
tant role in the development of neonatal HIE [3] and that
the neonatal innate immune response occurs within a few
minutes of cerebral ischemia. Inflammatory cytokines
that are synthesized and secreted by nerve cells promote
the accumulation and activation of leukocytes and stimu-
late the release of inflammatory mediators in the damage
area. These cytokines further enhance this inflammatory
effect by inducing the synthesis and release of adhesion
molecules, which results in a series of inflammatory reac-
tions, including vascular inflammatory reactions and
platelet adhesion and aggregation [4]. A previous study
found that rapidly increased levels of interleukin-6 (IL-6)
and other inflammatory cytokines several minutes after
cerebral ischemia promoted ischemic cerebral damage by
inducing nerve cell apoptosis and by increasing toxic nitro-
gen oxide (NO) levels [5]. Tumor necrosis factor-a (TNF-a)
is mainly produced by mononuclear macrophages and is
an important inflammatory mediator in many pathophys-
iological processes during the inflammatory response. A
high concentration of TNF-a leads to local inflammatory
responses and causes damage to body tissues, organs and
systems [6]. Neuron-specific enolase (NSE) is involved
in glycolysis in the cytoplasm of neurons and is mainly
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expressed in neurons and neuroendocrine cells. Low
levels of NSE are present in normal blood, with a small
fluctuation range; therefore, these levels remain relatively
stable. After cerebral damage, nerve cells are impaired
and the blood-brain barrier is damaged. Therefore, NSE
is released into cerebrospinal fluid and blood. NSE can be
used as an early sensitive indicator of nerve cell damage,
which is positively correlated with the severity of HIE. The
NSE levels decrease with improvement of the disease [7].
Serum IL-6, TNF-a and NSE levels can be used to assess
the severity of HIE.

Many basic and clinical studies of neonatal HIE treat-
ments have recently been conducted; however, compre-
hensive therapy is currently recommended for neonatal
HIE. Several new regimens are undergoing clinical trials,
including hyperbaric oxygen therapy; however, the value
of this therapy in neonatal hypoxic-ischemic disease is
controversial. The goal of hyperbaric oxygen therapy is
to improve brain tissue oxygen content and to enhance
the oxygen diffusing capacity in the brain by increasing
blood oxygen pressure. This increase in oxygen pressure
reduces anaerobic metabolism, improves cerebral blood
flow, and removes acid metabolites, thereby reducing
brain cell edema and nervous system damage secondary
to hypoxia-induced ischemia. An advantage of hyperbaric
oxygen therapy is that this treatment promotes neural
stem cell proliferation and improves brain damage when
accompanied by physiotherapy [8]. However, newborns
with HIE often exhibit decreased ATP synthesis, brain
energy deficiency, and cerebral ischemia-induced brain
cell necrosis. Therefore, it is difficult to achieve a thera-
peutic benefit by using simple hyperbaric oxygen therapy
in neonatal HIE. B-Endorphin levels in plasma and cere-
brospinal fluid are significantly increased in newborns
with HIE, but this endorphin aggravates brain tissue
hypoxia in cerebral fluid [9]. Gangliosides, cerebrolysin,
and other pharmacological agents have recently been
used in the treatment of neonatal HIE and have achieved
a therapeutic benefit; however, these drugs are expensive
and may not be widely used in hospitals [10]. Therefore, it
is critical to identify a specific, efficacious and cost-effec-
tive treatment for neonatal HIE.

Hydrogen water, also known as hydrogen-reduced
water, is so named due to its enrichment of hydrogen ions.
Hydrogen water has strong antioxidant capacity and can
remove excessive reactive oxygen species (oxygen-free
radicals) from the body. Many studies have shown that
hydrogen water is safe and exhibits no side effects. Hydro-
gen water has a significant therapeutic effect on senile
dementia, cardiovascular diseases, and arteriosclerosis
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[11-13]. Inflammation plays an important role in neonatal
HIE, and the aim of HIE treatment is to enhance the body’s
own antioxidant system by reducing oxidation and by
fighting against toxic reactive oxygen species. Hydrogen
is an ideal scavenging substance that specifically targets
free radicals. However, the use of hydrogen water in the
treatment of HIE has not been reported.

Since 2014, hydrogen water has been used in the treat-
ment of HIE at the Affiliated Hospital of Taishan Medical
University, and satisfactory outcomes have been achieved.
This study retrospectively analyzed the therapeutic effect
of hydrogen water on neonatal HIE and investigated its
protective mechanism by detecting serum NSE, IL-6, and
TNF-a levels before and after treatment.

2 Materials and methods

2.1 Patients and patient groups

All clinical data were obtained from the Information
Center of the Affiliated Hospital of Taishan Medical
University. A total of 40 newborns with HIE who were
admitted to this hospital from April 2014 to April 2015
were selected to participate in this study based on HIE
diagnostic and clinical grading criteria [14]. The included
patients met the following criteria: (1) full-term newborns
at admission with an age <24 h and a birth weight >2,500
g; (2) no serious congenital malformations, such as dia-
phragmatic hernia, chromosomal abnormalities, or brain
hypoplasia; (3) no heavy intracranial hemorrhage caused
by birth trauma to the head or skull fracture; (4) no
severe obstructive airway disease; (5) no anemia; and (6)
patients with complete clinical data. Excluded patients
included newborns with a treatment course of less than 7
days and newborns who died before treatment or rejected
treatment.

The 40 newborns with HIE were divided into two
groups according to the different treatment methods:
a conventional treatment group and a hydrogen water
treatment group (20 patients/group). Additionally, 20
healthy full-term newborns (1 day after the same period
of birth) in the Department of Obstetrics were selected to
serve as the control group.

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics Com-
mittee of the Affiliated Hospital of Taishan Medical Uni-
versity. Informed consent was obtained from the guardi-
ans of all participants.
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2.2 Treatment methods

The conventional treatment group underwent the follow-
ing comprehensive therapy protocol for neonatal HIE [15]:
(1) newborns were kept warm, airways were kept open,
and, if necessary, hood oxygen or mechanical ventilation
was administered; (2) blood pressure and tissue perfusion
were maintained; (3) blood glucose was maintained at a
normal high value; (4) convulsions were controlled and
cerebral edema was treated; and (5) water and electrolyte
balance were maintained and water intake was limited.
For the hydrogen water treatment group, hydrogen water
was administered on the 2°¢ day after birth. The hydro-
gen water was prepared with the assistance of the Diving
Medicine Department of The Second Military Medical
University. Hydrogen was dissolved in a 0.9% sodium
chloride injection at 0.4 Mpa for 6 h to reach saturation.
The hydrogen concentration was maintained at approx-
imately 0.6 mmol/L. The hydrogen water treatment was
orally administered for 10 days in addition to the compre-
hensive treatment regimen, with a daily dose of 5 mL/kg.
On the 1% day and the 11" day after birth (i.e., before and
after the hydrogen water treatment), magnetic resonance
imaging (MRI) was performed for the two groups of new-
borns with HIE.

2.3 Efficacy indicators

The efficacy of the different treatment methods were
assessed based on the records regarding the anterior fon-
tanel tension, disturbance of consciousness, muscle tone,
primitive reflex recovery time, and convulsion control
time.

2.4 Magnetic resonance imaging

MRI was performed using the GE Discovery MR750 3.0T,
which was equipped with 8-channel head and neck joint
neurovascular dedicated coils. Newborns were exam-
ined under a natural sleep state or after chloral hydrate
enema. Scanning sequences included cross-sectional
T1-weighted (T1WI) fluid-attenuated inversion recov-
ery (FLAIR), T2-weighted (T2WI), T2WI FLAIR, diffu-
sion-weighted imaging (DWI) (echo planar imaging, EPI),
and sagittal TIWI FLAIR. Scanning images were read
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by two deputy chief physicians in the MRI room using a
double-blind method. Diffusion tensor imaging (DTI) was
processed using the Functool software at a random work-
station, and the fractional anisotropy (FA) values of the
regions of interest (mainly the basal ganglia, the semi-
oval center, the corona radiate, and the corpus callosum
area) were measured symmetrically and averaged. The
grading criteria for brain damage in the newborns with
HIE were obtained from “Neonatal Hypoxic-Ischemic
Encephalopathy” and were as follows [16]: (1) mild
cases exhibited cortical and subcortical lesions, with or
without subarachnoid hemorrhage; (2) moderate cases
exhibited deep white matter lesions with focal edema; (3)
severe cases exhibited lesions of the posterior limb of the
internal capsule, the basal ganglia, and the thalamus in
addition to subcortical cystic necrosis and diffuse brain
edema.

2.5 Sample collection and ELISA

For the two groups of newborns with HIE, 3 mL of blood
was collected from the femoral vein on the 1%t and 11"
days after birth (i.e., before and after the hydrogen water
treatment). In addition, 3 mL of femoral venous blood
was obtained from the control group. The blood samples
were centrifuged at 3,000 rpm for 10 min, and the serum
was separated. Samples with hemolysis were removed.
Each serum sample was divided into duplicates, tagged
with their group name, and saved in the -70°C freezer for
further analyses.

Serum NSE, IL-6, and TNF-a levels were detected
using the double antibody sandwich ABC-ELISA method.
ELISA kits were provided by Wuhan Jingmei Biotechnol-
ogy Co., Ltd., China.

2.6 Statistical analysis

The SPSS 20.0 statistical software was used for the
statistical analysis. Quantification data were analyzed
using the chi-squared test. The measurement data were
expressed as the mean + standard deviation (x+s) and
analyzed using the normality test and the homogeneity
of variance test. Comparisons between two groups were
performed using the paired t-test, and analysis of variance
(ANOVA) was used for the comparisons among all the
groups. P<0.05 was considered statistically significant.
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3 Results

3.1 Patient data

Newborns with HIE (23 males and 17 females, with a ges-
tational age of 32-42 weeks and an average birth weight
of 3,346+258 g) were divided into a conventional treat-
ment group (n=20) and a hydrogen water treatment group
(n=20) according to the different treatment methods
applied. The conventional treatment group included
7 mild cases, 12 moderate cases, and 1 severe case. The
hydrogen water treatment group included 8 mild cases,
10 moderate cases, and 2 severe cases. Therefore, 68% of
the HIE cases were moderate to severe. The difference in
the severity of HIE between the two groups was not sta-
tistically significant (y?=0.613, P=0.578). In addition, the
differences in gender, age, birth weight, and gestational
age among the three groups were not statistically signif-
icant (P>0.05). The patient data for the three groups are
shown in Table 1.

3.2 A comparison of the recovery time
between the conventional treatment group
and the hydrogen water treatment group

Anterior fontanel tension, disturbance of consciousness,
muscle tone, primitive reflex recovery time, and con-
vulsion control time were significantly decreased in the
hydrogen water treatment group compared with the con-
ventional treatment group (P<0.05) (Table 2).
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gen water treatment group. After treatment, the MRI
examination showed different degrees of improvement
in both groups; however, the hydrogen water treatment
group significantly improved. The DTI measurement
showed that the mean FA value in the hydrogen water
treatment group increased from 0.348+0.074 before treat-
ment to 0.583:x0.065 after treatment, and this change
was significant (P<0.05). Moreover, compared with the
conventional treatment group, a significant increase was
observed in the mean FA value in the hydrogen water
treatment group (P<0.05) (Table 3). MRI images of the
hydrogen water treatment group before and after treat-
ment are shown in Figure 1.

4 Serum NSE, IL-6, and TNF-a levels

Before treatment, the serum NSE, IL-6, and TNF-a levels
in the two groups of newborns with HIE were higher than
those in the control group; however, this difference was
not statistically significant. On the 11 day after birth, the
serum NSE, IL-6, and TNF-a levels in the control group
were significantly decreased compared with those on
the 1%t day after birth (P<0.05). In addition, the serum
NSE and S-100B levels in the two groups of newborns
with HIE on the 11 day after birth were lower than those

Table 2: A comparison of the clinical recovery time between the
conventional treatment group and the hydrogen water treatment
group (xzs, d).

Index Conventional Hydrogen water
3.3 MRI N 20 20
Anterior fontanel tension 2.48+0.26 2.76x1.07
. Disturbance of consciousness  4.59+1.48 3.36+1.22*
Before treatment, 7 mild ca}ses, 12 moder:flte cases, and 1 Muscle tone 6.1321.24 4.9781.31%
severe case were detected in the conventional treatment  primitive reflex recovery time ~ 6.29+2.31 4.23+1.24*
group according to MRI, whereas 8 mild cases, 10 moder-  convulsion control time 2.030.62 1.85:0.57*
ate cases, and 2 severe cases were identified in the hydro-
*P<0.05 vs. conventional treatment group.
Table 1: Patient data for the three groups.
Data Conventional Hydrogen water  Control X2 (F) Pvalue
Number of cases (N) 20 20 20
Gender (M/F, number) 12/8 11/9 8/12 1.814 0.416
Age (xzs, h) 1126 1115 1215 0.975 0.413
Weight (xts, kg) 3.1+0.3 3.2+0.5 3.5+0.4 0.527 0.613
Gestational age (xzs, d) 27711 276+10 27913 0.857 0.429
Mode of delivery Eutocia/Caesarean section 13/7 15/5 16/4 0.375 0.477
Degree of severity (mild/moderate-severe) 7/13 8/12 0.613 0.578
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Figure 1: A case in the hydrogen water treatment group before and after treatment. The male patient weighed 3.1 kg and had a history of
choking. A and B: At 12 h after birth, MRI scanning showed symmetrical long T1 and long T2 signals in the white matter near the anterior
horns of both lateral ventricles. FLAIR and DWI showed a low signal, and DTl indicated an FA value of 0.316. C and D: After the hydrogen
water treatment, the abnormal signal disappeared and DTl indicated an FA value of 0.533.

on the 1%t day after birth, which indicates that NSE may
naturally decrease in the neonatal body under normal
and disease states. After treatment (on the 9" day after
birth), the serum NSE, IL-6, TNF-a levels in the two treat-
ment groups remained higher than those in the control
group (P<0.05), whereas the serum NSE, IL-6, and TNF-a
levels in the hydrogen water treatment group were lower
than those in the conventional treatment group (P<0.05)
(Table 4).

5 Discussion

HIE is one of the most common neurological diseases
in newborns; however, no consensus has been reached
regarding specific treatment. The incidence of neona-
tal HIE ranges from 0.2%-0.9%. Mild cases of HIE are
self-limiting, whereas severe cases are usually associated
with negative sequelae, such as mental retardation, cer-
ebral palsy, epilepsy, and ataxia. HIE consists of a series

Table 3: A comparison of the MRI findings between the conventional treatment group and the hydrogen water treatment group (xts).

Group MRI findings before treatment MRI findings after treatment P value
Mild Moderate  Severe  FAvalue Mild Moderate  Severe  FAvalue

Conventional 7 12 1 0.356+0.068 11 8 1 0.459+0.072 <0.05

Hydrogen water 8 10 2 0.348+0.074 14 6 0 0.593+0.065 <0.05

Pvalue >0.05 <0.05
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Table 4: A comparison of the serum NSE, IL-6, and TNF-a levels among the three groups of newborns.
Group MRI findings before treatment MRI findings after treatment P value
Mild Moderate  Severe FA value Mild Moderate  Severe FA value
Conventional 7 12 1 0.356+0.068 11 8 1 0.459+0.072 <0.05
Hydrogen water 8 10 2 0.348+0.074 14 6 0 0.593x0.065 <0.05
Pvalue >0.05 <0.05

of complex pathological alterations after hypoxic and
ischemic changes in brain tissue, which result in neu-
ronal cell apoptosis. Inflammatory cytokine-mediated
responses play an important role in the mechanism of
ischemic brain damage [17]. This study retrospectively
analyzed the efficacy of hydrogen water in the treatment
of neonatal HIE and its effect on serum NSE, IL-6, and
TNF-a levels.

The results of our study showed that anterior fonta-
nel tension, disturbance of consciousness, muscle tone,
primitive reflex recovery time, and convulsion control
time were significantly decreased in the hydrogen water
treatment group compared with the conventional treat-
ment group (P<0.05). Before treatment, the serum NSE,
IL-6, and TNF-a levels in the two groups of newborns
with HIE were higher than those in the control group;
however, after treatment, the levels were significantly
lower. In addition, the serum NSE, IL-6, and TNF-a levels
in the hydrogen water treatment group were lower than
those in the conventional treatment group. Preliminary
studies have found that hydrogen water can lower blood
lipids and blood sugar, reduce the side effects of radio-
therapy used for tumors, treat gout (hyperuricemia), and
have a protective effect against pulmonary hypertension
[18, 19]. Inflammation plays an essential role in neona-
tal HIE, and the aim of HIE treatment is to enhance the
body’s own antioxidant system by reducing oxidation and
fighting against toxic reactive oxygen species. Hydrogen
is an ideal and specific radical scavenging species. As an
antioxidant against hydroxyl radicals, hydrogen exerted
a protective effect in a model of cerebral ischemia-reper-
fusion injury [20], which is consistent with our findings
in this study. Therefore, hydrogen water treatment can
improve brain cell function and reduce brain cell damage
and inflammation, thereby greatly improving brain func-
tion in newborns with HIE.

The neonatal innate immune response occurs
within a few minutes of cerebral ischemia. Inflamma-
tory cytokines that are synthesized and secreted by
nerve cells promote the accumulation and activation of
leukocytes and stimulate the release of inflammatory

mediators in the damage area. These cytokines further
enhance this inflammatory effect by inducing the syn-
thesis and release of adhesion molecules, which results
in a series of inflammatory reactions, including vascular
inflammatory reactions and platelet adhesion and aggre-
gation. IL-6 is an important factor in the central nervous
system that regulates the body’s defense. Astrocytes and
microglia are activated to produce IL-6 within several
minutes of cerebral ischemia, and IL-6 and other inflam-
matory cytokines induce neuronal apoptosis to aggravate
ischemic brain damage [21, 22]. TNF-a, which is mainly
produced by mononuclear macrophages, is a polypep-
tide regulatory factor with a wide range of biological
activities; however, the biological activities of TNF-a are
determined by its concentration. High concentrations of
TNF-a can mediate many pathophysiological processes
during inflammatory responses, thereby causing damage
to the body’s tissues, organs and systems [23, 24]. NSE is
involved in glycolysis in the cytoplasm of neurons and
has a biological half-life of approximately 24 h. NSE is
mainly expressed in neurons and neuroendocrine cells.
After cerebral damage, NSE is released into cerebrospi-
nal fluid and blood and can be used as an early sensitive
indicator of nerve cell damage. NSE levels are positively
correlated with the severity of HIE [25-28]. Therefore,
serum NSE levels can be used to assess the severity of
HIE in newborns. This study showed that hydrogen water
can reduce levels of NSE, which is the most sensitive bio-
chemical marker of neuronal damage in neonatal HIE.
In addition, hydrogen water reduced levels of TNF-a and
IL-6, which mediate inflammatory responses. Therefore,
hydrogen water is efficacious in the treatment of neonatal
HIE.

This study has several limitations. This study was
retrospective and was conducted at a single center; there-
fore, the data are limited. Future studies will require an
increased sample size and a multi-center collaboration.

Hydrogen water can promote the remission of HIE
clinical symptoms and lower serum NSE, IL-6, and TNF-a
levels. Hydrogen water has a protective effect against
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neonatal HIE, which may represent a new method in the
treatment of this disease.
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