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Background: Abnormal Ca2+ circulation in cardiomyocytes is an important cause of decreased myocardial
contractility in failing hearts. Nitroxyl hydrogen (HNO) can oxidize Ca™ cycle-related proteins, alter their
biological functions, promote Ca™ recovery as well as release, and enhance myocardial contractility. In this
study, we aim to observe the effect of nitrosyl hydrogen (HNO) on the cardiac function of rats with heart
failure and elucidate the underlying mechanism.

Methods: Twenty six male Wistar rats were randomly divided into heart failure group (HF group),
Angeli's salt treatment group (HF + AS group) and sham operation group (Sham group). The HF + AS
group rats were treated with HNO donor Angeli’s salt by intraperitoneal injection of 1 mg/kg/d, and
the rats in the HF group and the Sham group were given the same amount of normal saline. Cardiac
function was measured by echocardiography before and after treatment. NT-proBNP was measured by
enzyme immunoassay (ELISA) kit after treatment. Western blot were used to measure the expression of
sarcoplasmic reticulum Ca*-ATPase (SERCA) in protein levels in rats. The activities of SERCA2a were
detected by the biochemical kit finally.

Results: We found that Nitrosyl hydrogen could significantly increase LVEF, +dp/dt, -dp/dt (P<0.05),
significantly decrease NT-ProBNP and LVEDP (P<0.01), and significantly enhance the activities of
SERCAZ2a protein (P<0.05).

Conclusions: These findings suggest that Nitrosyl hydrogen could improve the cardiac function possibly
by increasing protein activities of SERCAZ2a in rats.
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Introduction an important cause of decreased myocardial contractility in
. . . . . failing hearts (3-6). However, in myocardial depolarization
Heart failure is the end stage of various diseases (1). It is a J (3-6) ’ Y p ’

: : 2+
type of disease characterized by systolic or (and) diastolic mitochondria release Ca™ to the cytoplasm at a slower

dysfunction (2), and is one of the important reasons for the rate (3), which is also an important cause of the decrease in
. . . . . . 2+ .

decline in quality of life and even death. Recent studies have cytosolic Ca™ concentration.

found that abnormal Ca™* circulation in cardiomyocytes is Recently, isolated hearts (7,8) and cell experiments (9)
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have shown that Nitroxyl hydrogen (HNO) can oxidize
Ca’ cycle-related proteins, alter their biological functions,
promote Ca’* recovery as well as release, and enhance
myocardial contractility. Our preliminary results have
initially proved that HNO can enhance cardiac function
and improve hemodynamics in HF rats, and may become a
better HF treatment drug (10), but its specific mechanism
of action remains unclear.

Through the intraperitoneal injection of HNO donor
Angeli’s salt (11) intervention in HF rats, this experiment
followed the previous experimental method (7,11), and
detected peripheral blood N-terminal B-type natriuretic
peptide (NT-ProBNP) concentration, using cardiac
ultrasound to detect blood flow dynamic changes (LVEF,
LVES, = dp/dt, LVEDP), and the expression of cardiac
tissue sarcoplasmic reticulum calcium pump as well as its
biological activity. The results demonstrated that HNO
could increase the activity of SERCA2a protein and protect
the heart function of rats with heart failure after myocardial
infarction. We present the study in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/cdt-20-201).

Methods
Experimental materials

Experimental animals

Adult, healthy, and male Wistar rats, aged 6-8 weeks,
weighing 160-180 g, purchased from the Experimental
Animal Center of the Chinese Academy of Military Medical
Sciences, Health No. 0011896.

The animals in this study were obtained from the
Experimental Animal Center of the Chinese Academy
of Military Medical Sciences. All animals handling and
procedures were approved by the Ethics Committees of
the Shanxi Cardiovascular Hospital, Taiyuan (Approval ID:
2017574), in compliance with institutional guidelines for
the care and use of animals.

Main equipment

HX-100E ventilator (Chengdu Taimeng Company), BL-
410 Bioassay System (Chengdu Taimeng Company), Small
Animal Ultrasound Instrument (GE Company), Analytical
Balance (Shanghai Henggang Instrument Company),
Spectrophotometer (Bio- Rad), PH (Bio-Rad), centrifuge
(Thermo Forma), electrophoresis (Shanghai Tianneng
Technology Co., Ltd.), gel imaging analyzer (Bio-Rad).
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Main experimental reagents

Angeli’s salt (Cayman), rat amino-terminal forebrain
natriuretic peptide ELISA kit (Abnova), cell lysate, protease
inhibitor, BCA protein concentration assay kit (all from
Wuhan Boster), SERCA2a primary antibody (Abnova),
goat anti-mouse secondary antibody (Abnova), p-actin
primary antibody (Abnova), nitrocellulose membrane
(Abnova), ATPase assay kit (Nanjing Jiancheng Institute of
Bioengineering).

Experimental methods

Establishment of a model of myocardial infarction and
heart failure in rats

Rats were weighed and anesthetized with 1% pentobarbital
sodium 40 mg/kg, prepared for skin, fixed on the back,
intubated, and connected to an animal ventilator (tidal
volume 10 mL/kg, respiratory rate 80 beats/min, breath
ratio 1:1). Monitor the ECG. After conventional strong
iodine disinfection, a transverse incision was made between
the 3rd and 4th ribs on the left side of the sternum to
expose the heart, and the left anterior descending coronary
artery was ligated 2 to 3 mm below the left atrial appendage.
Immediately after ligating, ECG monitoring showed
that the R-wave amplitude of the limbs was significantly
increased, and then the ST segments of I, II, III, avL, avF
and V3 led up to >0.2 mv, and showed a dynamic evolution
process. At 1 week, the pathological Q wave was observed in
the electrocardiogram for the myocardial infarction model.
After 4 weeks of myocardial infarction, echocardiography
showed that LVEF <45% was the successful sign of heart
failure model (12-14).

Experimental grouping and intervention

In the experiment, 50 rats were selected, 42 of which were
prepared for myocardial infarction heart failure model
according to the above method. A total of 18 rats were
successfully modeled 4 weeks after surgery, and were
randomly divided into heart failure group (HF group,
n=9) and Angeli’s salt treatment group (HF + AS group,
n=9). The remaining 8 were used as sham-operated groups
(only a suture was placed under the left atrial appendage
and no ligation was performed; Sham group, n=8). The
HNO donor Angeli’s salt of the rats in the HF + AS group
(AS, vehicle was normal saline) were given 1 mg/kg/d
intraperitoneal injection (11). Both the HF group and the
Sham group were given the same amount of physiological
saline. At 2 weeks of intervention, 2 rats died in the HF
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group and 1 died in the HF+AS group. The cause of
death was unknown. The rest of the rats had poor living
conditions, markedly reduced activity, and shortness of
breath. So, the experiment was over.

Rat heart ultrasound examination

The body weight of the rats was weighed by an electronic
scale. Massage the abdomen until the rats were under deep
anesthesia. The rats were fixed on the back and the skin was
prepared in the chest area with curved scissors (up to the
two forelimbs, down to the lower edge of the rib arch, left
to the left front and rear limbs, right to the right sternal
border). Disinfect the skin with iodophor. The small animal
ultrasound probe (probe frequency 10 MHz, image depth
2.5 cm) was used to measure the left ventricular long axis
and short axis section of the heart, and the measurement
parameters including left ventricular end diastolic diameter
(LVEDd), left ventricular end systolic diameter (LVEDs),
left ventricular ejection fraction (LVEF), and left ventricular
short axis contraction rate (LVFS). Each index was measured
3 times, and the average value was used instead to observe
the thickness of the ventricular wall and the movement.

Detection of amino terminal brain natriuretic peptide
precursor (NT-ProBNP)

Two weeks after the intervention, blood was collected from
the tail vein, serum was separated, and serum and standards
were added to the plate containing the NT-ProBNP
antibody. Incubate at 37 °C for 1 hour, wash the plate 5
times, add the working solution for 30 min at 37 °C, wash
the plate 5 times, add the developer, measure the standard
and sample A values at 450 nm, and calculate the N'T-
ProBNP content in the sample.

Hemodynamic testing

Open the BL-410 bio-detection system, select the
hemodynamic detection interface, connect the pressure
tube, flush the tube with heparin sodium and drain the
air, and lubricate the catheter with paraffin oil. Massage
the abdomen until the rat was under deep anesthesia. Free
the right internal carotid artery, ligature the distal end of
the artery, clamp the proximal end of the artery, use the
ophthalmic scissors to make a inverted “V” incision in the
middle of the artery, quickly insert the pressure catheter
into the artery, and open the artery clip to observe the
change of pressure waveform. Slowly introduce the catheter
into the heart until a high pressure waveform appeared.
After the waveform was stable, the left ventricular systolic
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pressure (LVSP), left ventricular end-diastolic pressure
(LVEDP), the maximal rate of the increase of left room
pressure (+dp/dt), and the maximal rate of the decrease of
left room pressure (-dp/dt) were recorded. Each indicator
was replaced by an average of 3 different moments.

Heart tissue collection

Open the rat thoracic cavity, venous blood was collected
from the inferior vena cava and the heart was quickly
removed, and washed with physiological saline for
3-5 times to clean the residual blood in the heart chamber.
The left ventricular tissue of the left heart was freed,
and the left ventricular non-infarcted myocardial tissue
(excluding the myocardial infarction area and the infarct
peripheral area) was collected and stored in liquid nitrogen
for testing.

Myocardial sarcoplasmic reticulum calcium pump
protein expression

(I) Tissue lysis: Extract total protein from left ventricular
tissue, determinate protein concentration by Bradford
method. (II) Sodium dodecyl sulfate-polyacrylamide
gelation: 5% laminated glue + 10% separation gel. (III)
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis:
a protein sample was aspirated by a micropipette and added
to the well in a predetermined order, with glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) as an internal
reference. (IV) Transfer film: nitrocellulose membrane,
graphite electrode semi-dry rotation, transfer with
constant current 1 mA/cm’ gel electrophoresis for 1 h.
(V) Immunoblotting color development: The diluted
primary antibody, SERCA (antibody titer 1:1,000), was
added according to the antibody instructions. After 2 h
at room temperature, the membrane was washed 3 times
with Trimethylolamine Tween-20 buffer (TBST), and
horseradish peroxidase-conjugated secondary antibody was
added at 1:2,000, which was incubated at 37 °C for 45 min.
ECLwas used, the film was scanned and imaged using an
ODYSSEY 13.0 scanner. The absorbance analysis of the
image was performed using the software Quantity one, and
the ratio of the signal intensity of the target band to the
internal reference band signal represented the expression
level of the target receptor in the tissue.

Sarcoplasmic reticulum calcium pump activity assay

The activity of sarcoplasmic reticulum calcium pump
(SERCA2a) was determined by colorimetry using
the SERCA2a enzyme kit from Nanjing Institute of
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Table 1 Comparison of parameters of echocardiography and NT-ProBNP before drug intervention in rats

Parameters Sham HF AS
LVEDd (mm) 5.10+0.32 7.04+0.42* 7.09+0.42*
LVEDs (mm) 2.92+0.30 5.59+0.42* 5.62+0.43"
LVEF (%) 81.25+2.19 49.89+2.85* 50.22+2.64*
LVFS (%) 42.88+2.42 20.67+1.50* 20.89+1.17*
NT-ProBNP (pg/mL) 83.48+4.69 377.97+20.47* 381.20+20.81*
HR (bpm) 370.88+16.70 387.00+10.06 384.25+18.59

Results are expressed as the mean + SD. *P<0.01 vs. sham. HF, heart failure; AS, Angeli's salt treatment; Sham, sham operation group;
LVEDd, left ventricular end diastolic diameter; LVEDs, left ventricular end systolic diameter; LVEF, left ventricular ejection fraction; LVFS,
left ventricular short axis contraction rate; NT-ProBNP, amino terminal brain natriuretic peptide precursor.

Bioengineering. Calcium pump activity assays were
performed as described in the kit. SERCA2a activity =
(sample OD value - control OD value) + standard OD
value x standard concentration x sample dilution factor x 6
+ sample protein concentration.

Statistical analysis

All experimental data were analyzed using data processing
software SPSS 24.0. Results were presented as means = SD
for continuous variables in normal distribution. One-way
analysis of variance (ANOVA) and Bonferroni correction
were performed to compare the SHAM and HF+AS group
to the HF group. P<0.05 was considered statistically
significant.

Results

At the 4th week after the establishment of heart failure
model, drug intervention was started, and the experiment
was finished 14 days after drug intervention.

Comparison of basic values of vats in each group before
drug intervention

Before drug intervention, compared with Sham group,
LVEDd, LVEDs and NT-ProBNP were significantly
increased in both HF and HF+AS group (P<0.01); LVEF
and LVES were significantly decreased (P<0.01); compared
with HF group, there were no significant differences in
HF+AS group regarding LVEDd, LVEDs, LVEF, LVES,
and N'T-ProBNP in the rats (P>0.05) (Table 1, Figure 1).
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Comparison of parameters of echocardiography and N'T-
ProBNP in rats after drug intervention

After 2 weeks of drug intervention, compared with the
HF group, LVEF of the HF+AS group was significantly
increased (P<0.05), and the N'T-ProBNP was significantly
decreased (P<0.05). There was no significant difference
between the LVFS, LVEDd and LVEDs (P>0.05). The
results are shown in Figure 1 and Table 2.

Comparison of hemodynamics in each group of rats

After 2 weeks of drug intervention, compared with Sham
group, LVEDP was significantly increased in HF group
(P<0.01) and +dp/dt were significantly decreased (P<0.01),
and there was no significant difference in LVSP (P>0.05).
Compared with the HF group, the LVEDP of the HF+AS
group was significantly decreased (P<0.01) and +dp/dt were
significantly increased (P<0.05). There was no significant
difference in LVSP between the two groups (P>0.05)
(1able 3, Figure 2).

Comparison of SERCA2a protein expression and activities
between groups

After 2 weeks of drug intervention, the expression of
SERCAZ2a protein in the HF group was decreased compared
with the Sham group (P<0.01). Compared with the HF
group, there was no significant difference in the expression
of SERCA2a protein in the HF+AS group (P>0.05). After
2 weeks of drug intervention, the activity of SERCA2a
protein in the HF group was decreased compared with
the Sham group (P<0.01). Compared with the HF group,
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Figure 1 Effects of nitroxyl hydrogen on the changes of parameters of echocardiography and NT-ProBNP. Values are means + SD, *P<0.01
vs. sham. “P<0.05 vs. HE.

Table 2 Comparison of parameters of echocardiography and NT-ProBNP after drug intervention in rats

Parameters Sham HF AS
LVEDd (mm) 5.22+0.32 7.46+0.55* 7.28+0.48*
LVEDs (mm) 3.10+0.36 5.98+0.57* 5.65+0.47*
LVEF (%) 79.13+3.80 48.43+3.51* 53.25+2.43*
LVFS (%) 41.00+3.46 20.00+1.63* 22.38+1.51*
NT-ProBNP (pg/mL) 82.48+6.89 437.53+24.12* 393.88+23.37***
HR (bpm) 373.00+8.60 388.29+11.28 379.71+14.01

Results are expressed as the mean + SD. *P<0.01 vs. sham; **P<0.05 vs. HF. HF, heart failure; AS, Angeli's salt treatment; Sham, sham
operation group; LVEDd, left ventricular end diastolic diameter; LVEDs, left ventricular end systolic diameter; LVEF, left ventricular ejection
fraction; LVFS, left ventricular short axis contraction rate; NT-ProBNP, amino terminal brain natriuretic peptide precursor.
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Table 3 Comparison of hemodynamics after drug intervention in rats

LVSP (mmHg) LVEDP (mmHg) +dp/dt (mmHg/s) -dp/dt (mmHg/s)
Sham 138.75+£9.77 7.18+0.91 3950.13+264.29 3842.25+241.07
HF 132.86+8.93 18.39+1.43" 2044.14+236.82* 1966.43+225.43*
AS 136.38+9.52 15.48+1.23"** 2412.00+357.35%* 2302.25+335.54***

Results are expressed as the mean + SD. *P<0.01 vs. sham; **P<0.05 vs. HF. HF, heart failure; AS, Angeli's salt treatment; Sham, sham
operation group; LVEDP, left ventricular end-diastolic pressure; LVSP, the left ventricular systolic pressure; +dp/dt, the maximal rate of the
increase of left room pressure; -dp/dt, the maximal rate of the decrease of left room pressure.

200

150

100

LVSP (mmHg)

50

Sham

5000+

40004

30004

2000-

+dp/dt (mmHg/s)

10002

Sham HF AS

Figure 2 Effects of nitroxyl hydrogen on LVSP, LVEDP, +dp/dt, -dp/dt.

the activity of SERCA2a protein in the HF+AS group was
significantly enhanced (P<0.05) (Figure 3).

Discussion

Nitroxyl hydrogen (HNO) is considered to be a single
electron reduction product of nitric oxide (NO). It has
more unique biochemical properties than other nitrogen
oxides (15). In biological systems it can act as a reducing
agent in combination with the metal reaction centers of
some important proteins in the body (16) (such as reacting
with Fe'* in oxygenated hemoglobin and reducing it to
Fe™, or in superoxide dismutase Cu’* is reduced to Cu’,
etc.), and then their biological effects are changed to exert
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anti-oxidation and inhibit myocardial remodeling. HNO
inhibits the production of reactive oxygen species. NADPH
oxidase is one of the main sources of ROS production
in cardiomyocytes and one of the important factors that
trigger cardiomyocyte hypertrophy. In the failing heart,
the uptake of Ca® by mitochondria is increased, and
the calcium in mitochondria is overloaded, which leads
to the disturbance of oxidative phosphorylation of cells
and the increase of ROS production. The expression of
NADPH oxidase subunit Nox2 is up-regulated during
HE, which is also an important reason for the increase
of reactive oxygen species. In addition, HNO can down-
regulate the protein content of NADPH oxidase subunit
Nox2 in cardiomyocytes, thus reducing oxidative
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Figure 3 Effects of nitroxyl hydrogen on protein expression of SERCA2a. Values are means = SD, *P<0.01 vs. sham. “P<0.05 vs. HE.

stress (17). In addition, it can also be used as an oxidizing
agent to react with sulthydryl groups in the body to oxidize
it to N-hydroxylated sulfinamide (RSNHOH) (18). If other
sulfhydryl groups are present near the sulthydryl group,
disulfide bonds (19) can be formed, altering the protein
conformation, resulting in changes in protein function,
thereby improving cardiac function. Studies have shown
that cysteine-reactive thiol groups in organisms play an
important role in the redox reaction of HNO (20) and are
also important groups involved in oxidative modification
under physiological conditions. Cardiomyocytes involved
in Ca® cycle-associated proteins contain cysteine-active
sulthydryl groups (20-23), so HNO may enhance systolic
and diastolic function by modifying these specific thiol
groups (24).

HNO is a transient substance that is chemically unstable.
It is prone to dimerization and formation of secondary nitric
acid (H,N,0,), which is subsequently decomposed into N,O
and H,O (25). Therefore, pharmacological studies often
use its donors for testing (10,21). This experiment followed
the previous method using the classical HNO donor
Angeli’s salt (AS, Na,N,QO;) for experiments (8,11). It can
be broken down into HNO and nitrite under physiological
pH conditions. Because the vasodilation effect induced by
HNO is 1,500 times that of nitrite (26), and its vasodilation
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effect can be significantly weakened by HNO inhibitors (7),
but not by NO inhibitors, AS exerts its vasodilation effect
mainly through HNO and has a protective effect on heart
failure rats (7,26).

Recent experiments (7,26) have shown that HNO can
increase left ventricular systolic and diastolic function and
is positively correlated with its dose (7). At lower doses,
HNO can dilate blood vessels (27,28), reduce cardiac
load, reduce pulmonary artery pressure (29), and improve
cardiopulmonary function. In this experiment, the LVEF of
the treatment group was significantly increased compared
with the heart failure group, which indicated that HNO
could improve the heart function of HF rats; while LVEDd
and LVEDs did not change significantly, which may
be related to the short time of drug intervention or the
relatively limited effect of HNO.

NT-ProBNP is one of the important indicators that
reflect cardiac function clinically. It is mainly a peptide
substance secreted by ventricular myocytes after being
stimulated by tension, stretching and the like. It is positively
correlated with the severity of HF and is commonly used
in the diagnosis and differential diagnosis of HF. In the
experiment, the level of NT-ProBNP in the surgical group
was significantly higher than that in the sham operation
group. After treatment with HNO donor AS, the level of
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NT-ProBNP was significantly lower than that of heart
failure group, indicating that the ventricular wall tension
of HF rats was reduced. This again demonstrates from
a biochemical point that HNO has an improved cardiac
function in HF rats.

At the end of the experiment, we used a left heart
pressure catheter to detect hemodynamic changes in each
group. The experiment found that after administration
of HNO donor AS, the LVEDP and +dp/dt of HF rats
were significantly improved, which was consistent with
the experimental results of Chin ez 4/. (7). Among them,
+dp/dt represents the maximum pressure rise rate of the
left ventricle, reflecting the change of cardiac contractile
function. In the experiment, we found that the AS treatment
group +dp/dt significantly increased compared with the
heart failure group. indicating that HNO can increase the
pressure development rate of the left ventricle, enhance
myocardial contractility, and play a role in improving
systolic function (26). -dp/dt is the maximum pressure
declining rate of the left ventricle, which mainly reflects the
diastolic function of the heart. In the experimental group,
the drug-treated group -dp/dt was elevated compared with
the heart failure group. Therefore, HNO can also improve
the diastolic function of HF rats (7). In addition, LVEDP, to
some extent, can reflect the early heart function, heart load,
etc. in HE. The results of this experiment show that HNO
can reduce LVEDP in HF rats and protect heart function.

Cardiac sarcoplasmic reticulum calcium pump
(SERCA2a) is an important structure for maintaining Ca’*
circulation in cardiomyocytes (4). In the repolarization
of the myocardium, SERCA2a is activated, and most of
the Ca’* inverse concentration gradient in the cytoplasm
is recovered into the sarcoplasmic reticulum for storage,
resulting in a decrease in the concentration of Ca’* in
the cytoplasm, thereby relaxing the myocardial cells.
Extracellular Ca™ influx induces intracellular Ca’" release
from the sarcoplasmatic reticulum through the ryanodine
receptor (Positive Feedback Loop) causing myocardial
contraction. A sufficient amount of Ca** storage in the
sarcoplasmic reticulum is an important factor in the
enhancement of myocardial contractility (4).

In failing hearts, SERCA2a protein expression is
reduced, biological activity is reduced, and is positively
correlated with the severity of HF, which is considered to
be an important cause of cardiac dysfunction. Studies have
shown (30) that SERCA2a activity and protein expression
are significantly reduced in the coronary heart disease HF
rat model. In this experiment, the expression and activity

© Cardiovascular Diagnosis and Therapy. All rights reserved.

of SERCA2a protein in HF rats were lower than those in
the control group, which is consistent with this view. After
2 weeks of treatment with HNO donor AS, the activity
of SERCA2a in the experimental rats was significantly
increased. This may be because HNO forms a disulfide
bond by oxidizing the cysteine active thiol group on
SERCAZ2a (18), which changes the original spatial structure,
enhances its biological function, and increases the Ca’*
recovery rate and the total sarcoplasmic reticulum Ca™. It
promotes Ca’* circulation in cardiomyocytes (31), thereby
improving cardiac function (7,9,10,26). In addition, the
expression level of SERCA2a protein is also an important
factor affecting the Ca™ cycle of cardiomyocytes, which
directly affects the contractile function of the myocardium.
However, the expression of SERCA2a protein in the
cardiomyocytes of the drug-treated group did not increase
significantly in this experiment, which could result from the
fact that HNO exerts cardioprotective effects primarily by
increasing the activity of SERCA2a protein.

Due to limited experimental conditions, the number
of samples in this experiment was relatively small, and
the duration of drug intervention was short. We did not
set up multiple dose controls and monitor the heart rate,
blood pressure fluctuations and changes in liver and kidney
functions of rats. RT-PCR was not used to detect the
expression of SERCA2a gene.

Conclusions

Most of the current research has been done in cell
experiments or in vitro tissues, without elaborating on
the specific roles they play in living organisms. In this
experiment, HNO donor Angeli’s salt was used to directly
interfere with HF rat model to detect peripheral blood
NT-ProBNP, cardiac ultrasound, hemodynamic changes
and SERCA2a protein expression. It was preliminarily
proved that HNO could increase cardiac ejection fraction,
decrease peripheral blood N'T-ProBNP level, and improve
hemodynamics and enhance SERCA2a activity. This study
provides theoretical evidence for the research of HF drugs
and provides a new choice for the treatment of patients
with HE. With the in-depth study of the mechanism of
nitryl hydrogen drugs, its clinical application will be more
extensive.
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