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Abstract 
Exercise has different effects on human body in oxygen-enriched environment. In order to improve the 
health level of human body in this situation, oxygen-enriched ecological environment is constructed, 
including oxygen metabolism dynamics model, hemodynamics circuit model, ventricular dynamics circuit 
model, electrocardiogram RRI to QTI dynamic model, which provide theoretical basis for the analysis of 
human body health. In the oxygen-enriched room, 10 males aged 19-21 were selected to enter the oxygen-
enriched room in two batches. The free radical metabolism, cardiac reserve, blood lactic acid, blood ammonia 
and myoglobin were measured after exercise. The results showed that exercise in oxygen-enriched 
environment could improve free radical metabolism and cardiac reserve; PCO2, PO2 and SaO2 in blood 
increased and AaDO2 decreased after oxygen-enriched exercise compared with that after non-oxygen-
enriched exercise; AST, LDH, alpha-HBDH, CK and CK-MB activities increased after exercise in oxygen-
enriched environment were compared with those in quiet environment. In conclusion, exercise in an 
oxygen-rich ecological environment can improve human body health to a certain extent, and provide 
scientific basis for improving human body health. 
Keywords: oxygen-rich ecological environment, oxygen metabolism, free radical metabolism, exercise, 
physical health, impact 
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INTRODUCTION 
Exercise in an oxygen-rich environment can easily 

change the health of human body, which mainly affects 
free radical metabolism, cardiac reserve, blood lactic 
acid, blood ammonia, myoglobin, blood gas, heart rate 
and myocardial enzyme activity (Ulrich et al. 2017). 
Exercise-derived free radicals are an important factor 
causing exercise fatigue and injury. How to enhance the 
body’s ability to resist free radical injury is an important 
research topic of sports injury. Cardiac reserve is an 
important index for evaluating human cardiac function. 
It includes heart rate reserve, diastolic reserve and 
systolic reserve (Benatti et al. 2017, Hasegawa et al. 
2017). Sports human science and medical samples also 
use a variety of cardiac function testing methods and 
assessment methods. Daily assessment methods mainly 
use heart rate indicators, if we can use some myocardial 
contractility indicators, we can make a more 
comprehensive assessment of human cardiac function 
(Zhang et al. 2015). International studies on the 
relationship between heart sound and myocardial 
contractility suggest a way to solve the above problems. 
Because the magnitude of the first heart sound (S1) is 
closely related to the strength of myocardial 

contractility, we can use the variation trend of the S1 
amplitude to evaluate cardiac reserve and cardiac 
endurance. Exercise can make the body undergo a series 
of physiological and biochemical changes, of which the 
most obvious is the change of energy metabolism. 
During intense exercise, human tissues, especially 
motor muscles, are in different degrees of ischemic 
environment. Accelerating the supply of tissue oxygen 
and improving the regulation level of energy 
metabolism are important factors to improve the body’s 
motor ability. Blood lactic acid (BLA) and ammonia 
(Ammo), as important metabolites of muscle activity, 
are important fatigue substances (You et al. 2015; 
Apalasamy and Mohamed 2015). Hypoxia not only 
causes acute altitude sickness, but also significantly 
affects the ability to work. 

This paper constructs an artificial oxygen-enriched 
ecological environment. Ten healthy young men aged 
19-21 years old of Han nationality were selected and 
entered the oxygen-enriched room in two batches, five 
in each batch. By measuring the changes of SOD, GSI-
Px activity and MDA content in blood before and after 
oxygen enrichment, the effects of exercise on free 
radicals metabolism were studied; ECG was recorded to 
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study the cardiac reserve after oxygen enrichment 
exercise; blood lactic acid, ammonia and myoglobin 
content were detected (Liu et al. 2015); the pH value, 
partial pressure of carbon dioxide (PCO2), partial 
pressure of oxygen (PO2), alveolar and arterial partial 
pressure of oxygen (AaDO2) and oxygen saturation 
(SaO2) were measured to study blood gas and heart rate 
(Kim and Choi 2015). Finally, the activity of myocardial 
enzymes was measured. According to the above results, 
the effects of exercise on human body health in oxygen-
enriched environment were studied by using oxygen 
metabolism dynamics model, hemodynamics circuit 
model, ventricular dynamics circuit model and 
electrocardiogram RRI to QTI dynamic model. 

MATERIALS AND METHODS 
This paper studies the effects of exercise on human 

body health under oxygen-enriched environment. 
Firstly, a kinetic model of oxygen metabolism is 
constructed to analyze the convective transport process 
from oxygen to alveoli, the blood diffusion process from 
alveoli to pulmonary capillaries, the convective 
transport process from blood circulation to tissue 
capillaries, and the diffusion process of oxygen from 
capillaries to surrounding tissue fluid, which provides 
the theoretical basis for human oxygen uptake process 
under oxygen ecological environment (Daly et al. 2015); 
secondly, the circuit model of hemodynamics and 

ventricular dynamics is constructed to simulate the 
blood flow process and heart beating process by 
simulating the circuit operation principle; finally, the 
dynamic model of RRI to QTI is constructed, RRI is 
used as input signal, and QTI is used as output signal to 
simulate human heart rate. The four models mentioned 
above provide reliable analysis basis for studying the 
effects of exercise on human body health. 

Oxygen Metabolism Kinetic Model 
Fig. 1 is a schematic diagram of the system dynamics 

model of oxygen transport. Oxygen metabolism in the 
body is achieved through the following four processes. 

 (1) The convective transport of oxygen from the 
atmosphere to the alveoli (the exchange of alveolar and 
external gases) through pulmonary ventilation. After 
some simplified assumptions, the expression reflecting 
the ventilation volume (𝑉𝑉𝑇𝑇) during inspiration can be 
obtained. 

 
𝑉𝑉𝑇𝑇 = � 𝑉𝑉𝑉𝑉𝑉𝑉 =

𝑡𝑡𝑡𝑡

0
�

𝑃𝑃𝐵𝐵𝐶𝐶 − 𝑉𝑉0
𝑅𝑅𝐶𝐶

𝑒𝑒−𝑡𝑡/(𝑅𝑅𝑅𝑅)𝑑𝑑𝑡𝑡
𝑡𝑡𝑡𝑡

0

= (𝑃𝑃𝐵𝐵𝐶𝐶 − 𝑉𝑉0)�1 − 𝑒𝑒−𝑡𝑡𝑡𝑡/(𝑅𝑅𝑅𝑅)�
 (1) 

Among them, V is the inspiratory airflow velocity, PB 
is the atmospheric pressure, V0 is the residual capacity 
of lung function, R is the resistance of lung airway, C is 
the compliance of lung-thoracic system, VT is the 
ventilation volume of per breath, ts is the inspiratory 
time of one breath. Because the maximum inspiratory 

gas flow rate is p0C−V0
RC

, the maximum inspiratory gas 

flow rate decreases with the increase of V0, R or the 
decrease of C. The longer the inhalation time is, the 
shorter the exhalation time is, the better the pulmonary 
ventilation is. 

(2) Gas diffusion from alveoli to blood in pulmonary 
capillaries. This process conforms to Fick’s first 
diffusion law (Yang et al. 2017). The partial pressure of 
oxygen (PaO2) in normal pulmonary artery blood is 
completely balanced with the partial pressure of oxygen 
(PAO2) in alveoli, that is, PaO2 = PAO2 . But when 
diffusion disorders such as emphysema and pulmonary 
fibrosis occur, PaO2 < PAO2  occurs when oxygen in the 
alveoli does not fully diffuse into the blood. According 
to the conservation of mass, there are the following 
equations: 

 
𝑆𝑆𝑉𝑉�𝐶𝐶𝑎𝑎𝑂𝑂2 − 𝐶𝐶𝑉𝑉𝑂𝑂2� =

𝑉𝑉𝐴𝐴𝐹𝐹𝐹𝐹𝑂𝑂2 − 𝑉𝑉𝐴𝐴
𝑃𝑃𝐴𝐴𝑂𝑂2

𝑃𝑃𝐵𝐵 − 𝑃𝑃𝐻𝐻2𝑂𝑂
+
𝑉𝑉
𝑉𝑉𝑉𝑉
�

𝑉𝑉0𝑃𝑃𝐴𝐴𝑂𝑂2
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 (2) 

 
Fig. 1. Dynamic model of oxygen transport 
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Among them, SV is pulmonary blood flow, CaO2  is 
arterial oxygen concentration, CVO2  is venous oxygen 
concentration. It is the alveolar ventilation rate, FIO2 is 
the oxygen content in air, PB atmospheric pressure, PH2O 
is the vapor pressure, and V0 is many times larger than 
fresh air inhaled, so alveolar gas has only a small 
temporal change due to the mixed effect. For the upper 
integral, there are: 

 𝑆𝑆𝑉𝑉�𝐶𝐶𝑎𝑎𝑂𝑂2 − 𝐶𝐶𝑉𝑉𝑂𝑂2� = 𝑉𝑉𝐴𝐴 �𝐹𝐹𝐹𝐹𝑂𝑂2 −
𝑃𝑃𝐴𝐴𝑂𝑂2

𝐶𝐶𝐵𝐵 − 𝐶𝐶𝐻𝐻2𝑂𝑂
� (3) 

VA is the difference between the lung ventilation and 
the lung dead space VDS, VA = VT − VDS, which is 
defined as the ventilation volume. The dead space is the 
volume of the air exhaled from the trachea without gas 
exchange with the blood through the trachea. It is only 
the volume of the respiratory tract in healthy people. 
For some patients with pulmonary dysfunction, it also 
includes the volume of the alveolar cavity without blood 
flow. 

(3) Convective transport through blood circulation 
to tissue capillaries. The oxygen transported by blood is 
mostly chemically bound to hemoglobin. The oxygen 
saturation of hemoglobin is determined by the oxygen 
partial pressure of blood. It can be expressed by Hell’s 
empirical equation of the oxygen partial pressure 
function SO2 = f�PO2� in the following forms: 

 𝑆𝑆𝑂𝑂2 =
𝑃𝑃𝑂𝑂2
𝑛𝑛

𝑃𝑃𝑂𝑂2
𝑛𝑛 + 𝑃𝑃𝑂𝑂2

∗𝑛𝑛 (4) 

Temperature, pH value and PO2  are also factors 
affecting oxygen binding. In normal physiological state, 
the parameters n and PO2

∗  were 2.5 and 27.2 mmHg 
respectively. 

When CHb is the concentration of hemoglobin in the 
blood, the oxygen concentration in the blood is 
expressed as: 

 𝐶𝐶𝑂𝑂2 = 𝐶𝐶𝐻𝐻𝐻𝐻 ∘ 𝑆𝑆𝑂𝑂2 = 𝐶𝐶𝐻𝐻𝐻𝐻 ∘ 𝑓𝑓�𝑃𝑃𝑂𝑂2� (5) 

(4) Diffusion from capillaries to surrounding tissue 
fluid. It also obeys Fick’s first diffusion law. The 
Equation of mass conservation is: 

 𝑆𝑆𝑉𝑉�𝐶𝐶𝑎𝑎𝑂𝑂2 − 𝐶𝐶𝑉𝑉𝑂𝑂2� = 𝑉𝑉𝑂𝑂2 +
𝑉𝑉
𝑉𝑉𝑉𝑉
�𝑉𝑉𝑡𝑡𝑡𝑡𝐶𝐶𝑂𝑂2� (6) 

Among them, VO2  is the rate of oxygen 
consumption, Vti is the volume of tissue, CO2  is the 
oxygen concentration of tissue. To study the steady state 

and assume that the tissues do not store oxygen, that is, 
the oxygen concentration is constant, there are: 

 𝑆𝑆𝑉𝑉�𝐶𝐶𝑎𝑎𝑂𝑂2 − 𝐶𝐶𝑉𝑉𝑂𝑂2� = 𝑉𝑉𝑂𝑂2  (7) 

The expressions of partial pressure of oxygen in 
alveoli and venous oxygen concentration can be 
obtained by simultaneous Equation (3) and (7): 

 𝑃𝑃𝐴𝐴𝑂𝑂2 = �𝐹𝐹𝐹𝐹𝑂𝑂2 −
𝑉𝑉𝑂𝑂2
𝑉𝑉𝐴𝐴
� �𝑃𝑃𝐵𝐵 − 𝑃𝑃𝐻𝐻2𝑂𝑂� (8) 

 𝐶𝐶𝑉𝑉𝑂𝑂2 = 𝐶𝐶𝑎𝑎𝑂𝑂2 −
𝑉𝑉𝑂𝑂2
𝑆𝑆𝑉𝑉

 (9) 

Cellular oxygen supply depends on the difference of 
cardiac output and oxygen concentration in 
arteriovenous blood. In order to meet the oxygen 
consumption of the body, the partial pressure of venous 
blood usually varies between 27 mnHg and 75 mmHg, 
that is, the range of variation of venous oxygen 
concentration is quite large, so the oxygen supply 
capacity in normal human blood far exceeds the oxygen 
consumption required for normal life activities (Cheng 
2015). When carrying out vigorous physical activities, 
the oxygen consumption in tissues is much higher than 
that required for normal life activities (Cheng 2015). 
The surge resulted in a decrease in venous oxygen 
concentration. 

Oxygen partial pressure and its distribution in 
interstitial space are important parameters of 
extracellular environment. Krgh established a 
cylindrical model of tissue oxygen diffusion (Nakamura 
et al. 2016) under certain physiological assumptions. 
Assuming that oxygen exchange is steady, tissue 
diffusion along the axial direction can be neglected, and 
the equation describing the partial pressure of oxygen 
PO2  in tissue can be obtained. 

 𝐾𝐾 �
𝑉𝑉2𝑃𝑃𝑂𝑂2
𝑉𝑉𝑟𝑟2

+
1
𝑟𝑟
𝑉𝑉𝑃𝑃𝑂𝑂2
𝑉𝑉𝑟𝑟

� −
𝑉𝑉𝑂𝑂2
𝜋𝜋𝑅𝑅2𝑙𝑙

= 0 (10) 

Among them, K is oxygen diffusion coefficient, 
VO2
πR2l

 

is R oxygen consumption per unit volume of tissue, and 
the equivalent length of capillary l is 1. By solving this 
differential equation, the oxygen partial pressure PXO2  at 
each point of tissue gap can be obtained, where x 
represents the vertical distance from the capillary, P1O2  
is the oxygen partial pressure on the vessel wall, r is the 
microvessel radius and R is the tissue radius of the 
oxygen supply area of the vessel. 

 𝑃𝑃𝑋𝑋𝑂𝑂2 = 𝑃𝑃1𝑂𝑂2 −
𝑉𝑉𝑂𝑂2
𝜋𝜋𝐾𝐾

�
1
2
𝑙𝑙𝑙𝑙
𝑥𝑥
𝑟𝑟
−
𝑥𝑥2 − 𝑟𝑟2

4𝑅𝑅2
� (11) 
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Circuit Model of Hemodynamics 
In order to study the effects of exercise on blood gas, 

blood lactic acid, blood ammonia, myoglobin, cardiac 
reserve and myocardial enzyme activity in human body 
under oxygen-rich environment, the circuit models of 
blood flow circuit and ventricular dynamics were 
constructed to provide an effective theoretical basis. 
The most basic research object of blood in 
cardiovascular system is the relationship between flow, 
resistance and pressure (El-Ramady et al. 2015, Zhang 
et al. 2017). The elasticity of blood vessels and the non-
Newtonian (non-ideal fluid) of blood make the flow of 
blood in blood vessels similar and incomplete with the 
general principles of fluid mechanics. 

The analog circuit model of the relationship 
between blood pressure and blood flow is shown in Fig. 
2. Ri, L, C and Rj in the circuit diagram are used to 
simulate blood flow resistance, blood flow inertia, 
elasticity of vascular wall and viscoelasticity loss 
coefficient caused by displacement of vascular wall. The 
values of Ri, L and C are determined according to the 
following equations: 

 𝑅𝑅𝑡𝑡 =
81𝜂𝜂
𝜋𝜋𝑟𝑟4

 (12) 

 𝐿𝐿 =
9𝜌𝜌𝑙𝑙

4𝜋𝜋𝑟𝑟2
 (13) 

 𝐶𝐶 =
3𝜋𝜋𝑟𝑟3𝑙𝑙
2𝑁𝑁ℎ

 (14) 

Among them, N is the Young’s coefficient of vessel 
wall, η is the blood viscosity coefficient, ρ is the blood 
density, l is the length of vessel, r is the radius of vessel, 
ℎ is the thickness of vessel, Ri is determined by 
experience. 

Circuit Model of Ventricular Dynamics 
Ventricles play a major role in heart pumping. The 

left and right ventricles are almost synchronized. The 
left ventricle is taken as an example to illustrate the 
establishment of the model. During circulation, the left 

ventricle is regarded as a device containing energy 
storage elements, which can be simulated by time-
varying “inverted capacitance”. We can simulate the 
Frank-Stalin theorem (Tsuruya et al. 2016). That is, the 
systolic force of the left ventricle is approximately 
proportional to its diastolic end-point volume. For a 
given left ventricular inverted capacitance 1/CL, the 
relationship between pressure PL and volume VL is as 
follows: 

 𝑃𝑃𝐿𝐿 = (1/𝐶𝐶𝐿𝐿) × 𝑉𝑉𝐿𝐿 (15) 

The function of time-varying capacitor is similar to 
that of pump, but it is neither a pressure (voltage) source 
nor a blood flow (current) source. The model of left 
ventricle and its relationship with left atrium and aorta 
is shown in Fig. 3. 

The aorta and mitral valve are modeled as a time-
varying variable resistance and a diode in series. During 
a cardiac cycle, with ventricular contraction and 
diastole, arterial blood pressure fluctuates regularly. 
The conductivity of the valves usually varies from 0 to a 
set value. The aortic balloon pump (in vivo 
counterpulsator) can be simulated by a time-varying 
inverted capacitance as the left ventricle. 

Kinetic Model of RRI to QTI in ECG 
By continuously measuring Q, R and T waves of 

electrocardiology (ECG), discrete RRI signals and QT 
signals (Zhang et al. 2017) can be obtained. RRI signals 
represent changes in heart rate variability (HRV), while 
QT signals represent changes in action potential 
duration (APD). QTI signals are influenced by various 
physiological and pathological factors, such as heart 
rhythm, autonomic nervous tension, hormone levels, 
drugs, electrolytes and cardiac function, among which 
the influence of heart rhythm is particularly important. 
Therefore, a dynamic model from RRI to QTI of ECG 
is constructed to provide a basis for studying the effect 

 
Fig. 2. Analog circuit model of blood pressure and 
blood flow relation  

Fig. 3. Left ventricle and its relationship with left atrium 
and aorta 
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of exercise on heart rate and psychological reserve of 
human body in oxygen-rich environment. 

Using RRI as input signal and QTI as output signal, 
the following dynamic model can be established 
between RRI and QTI signal (see Fig. 4). The transfer 
function H(s) of this model is a second-order linear 
model, because the difference of phase and amplitude 
between the QTI signal and RRI signal can be 
approximated by such a mathematical model. The 
natural frequency of the system is the ωn in H(s), and 
the main frequency of RI signal is taken, that is, the 
angular frequency of LF component in HRV is the ωn 
value: 

 𝜔𝜔𝑛𝑛 = 2𝜋𝜋𝑓𝑓𝐿𝐿𝐿𝐿 (16) 

 |𝐺𝐺(𝑗𝑗𝑗𝑗)| =
𝑘𝑘

�(1 − 𝛺𝛺2)2 + (2𝜁𝜁𝛺𝛺)2
 (17) 

In the equation, Ω is the ratio of the angular 
frequency to the natural frequency of the input signal, 
that is, Ω = ω/ωn. 

If the angular frequency ω of the input signal is 
equal to the natural frequency ωn of the system, the gain 
of the transfer function H(s) is as follows: 

 |𝐺𝐺(𝑗𝑗𝑗𝑗)| =
𝑘𝑘

2𝜁𝜁
 (18) 

We can regard the political amplitude of the QTI 
signal and RRI signal at the frequency of fLF as the gain 
of H(s), then k = 2ζ|G(jω)|. By substituting equation 
(1) and (3) intoH(s), the following results can be 
obtained: 

 𝐻𝐻(𝑠𝑠) =
2𝜁𝜁|𝐺𝐺(𝑗𝑗𝜔𝜔)|(2𝜋𝜋𝑓𝑓𝐿𝐿𝐿𝐿)2

𝑠𝑠2 + 2𝜁𝜁(2𝜋𝜋𝑓𝑓𝐿𝐿𝐿𝐿)𝑠𝑠 + (2𝜋𝜋𝑓𝑓𝐿𝐿𝐿𝐿)2 (19) 

ζ is an undetermined parameter in the equation. 

In order to determine the ζ value, the actual RRI 
signal is input to the center to minimize the sum of 
squares of errors e(ζ) between the simulated output 
signal QTIs and the measured QTI. 

 𝑒𝑒(𝜁𝜁) = �[𝑄𝑄𝑄𝑄𝐹𝐹𝑡𝑡(𝑉𝑉) − 𝑄𝑄𝑄𝑄𝐹𝐹(𝑉𝑉)]
2
 (20) 

When the error is minimum, the ζ value of the 
system is determined as the ζ value of the system. 

Experimental Preparation 

Subjects 
An artificial oxygen-enriched ecological 

environment was constructed. Ten healthy young men 
aged 19-21 years old of Han nationality entered the 
oxygen-enriched room in two batches, five in each 
batch. 

Experimental equipment 
According to the relevant literature, an oxygen-

enriched ecological environment with a volume of 
50.49 m2 was established, and the indoor oxygen (O2) 
concentration was maintained at 27.0%-28.0%. At 9:30 
p.m., the subjects entered the oxygen-enriched room 
and could move freely or rest in the room until 9:30 
a.m. the next day. Two self-made alkali lime units (area 
about 1.2 m2) were used to remove the accumulated 
CO2 gas in the room. During the experiment, indoor 
CO2 and CO2 were monitored every 30 minutes. The 
mean and standard deviation of CO2 and CO2 were 
(27.30±0.23)% and (0.16±0.07)% respectively. 

Experimental steps 
Each participant took the same step twice. The first 

experiment was one week before entering oxygen 
enrichment chamber (control), and the second 
experiment was 12 hours after oxygen enrichment. The 
experimental process was tested in random order. 
Participants were tested for their first step motion in the 
room (room temperature 18°C) from 10 to 14 a.m. with 
a rhythm controller controlling the step speed for 25 
minutes and a continuous step for 5 minutes. The 
physical health of the human body after exercise was 
measured from different aspects. The specific methods 
were as follows: 

(1) Detection of free radical metabolism: After 5 
minutes of rest after exercise, venous blood of elbow 
were collected to detect SOD, GSH-Px and MDA. One 
week later, the subjects entered the oxygen-enriched 
room for 12 hours. The free radical metabolic indexes 
were measured at the same time and place the next 
morning. 

 
Fig. 4. Dynamic model between RRI and QTI signals 
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(2) Measurements of cardiac reserve: ECG was 
recorded immediately after exercise and treadmill 
exercise. One week later, the subjects entered the 
oxygen-enriched room for 12 hours, and repeated the 
experiment at the same time and place the next day. 

(3) Detection of blood lactic acid, ammonia and 
myoglobin: After 5 minutes of rest after exercise, 
venous blood of elbow was collected to detect the 
content of blood lactic acid (BLA), myoglobin (Mb) and 
ammonia (Ammo). One week later, the subjects 
entered the oxygen-enriched room for 12 hours. The 
changes of BLA, Ammo and Mh were detected at the 
same time and at the same place the next morning. 

(4) Detection of blood gas and heart rate: Heart rate 
was recorded by electrocardiograph after exercise and 
rested for 5 minutes. Local blood arterialization was 
made by hot compress of earlobe with hot water bag at 
45°C. The blood of earlobe was taken by heparinized 
capillary. pH value, partial pressure of carbon dioxide 
(PCO2), partial pressure of oxygen (PO2), alveoli, 
arterial partial pressure difference of oxygen (AaDO2) 
and blood oxygen saturation (SaO2) were measured by 
AVLOPTICCA blood gas analyzer produced in 
Switzerland. One week later, the subjects entered the 
oxygen-enriched room for 12 hours. The changes of 
blood gas, heart rate and recovery heart rate after step 
exercise were detected at the same time and place the 
next morning. 

(5) Detection of myocardial enzyme activity: After 5 
minutes of rest, blood samples were collected to repeat 
the above detection. One week later, the subjects were 
enriched with oxygen for 12 hours. The changes of 
myocardial enzymes activity were detected at the same 
time and place in the morning of the next day. 

Statistical analysis 
All the data were expressed by x� ± s, and the 

significance test was performed by two-factor analysis 
of variance and t-test. 

Basic measurement method of cardiac heart reserve 
signal in human exercise 

The electrocardiogram exercise test (PCGEI) 
method was used to measure the cardiac monitor 
developed by Institute of Medical Sciences. The 
hardware of the system includes heart sound pulse 
sensor, CCM signal collector, multimedia computer, 
speaker and so on. The heart sound and pulse signal 
processing software is written in Visual Basic as 
WINDOW S9598 operating system. Cardiovariability 
and chronotropic state were assessed by self-controlled 

observation before and after exercise (Tonoli et al. 
2015). The myocardial contractility and cardiac reserve 
were measured by the change trend of the first heart 
sound amplitude (S1). The subjects breathed quietly 
and the heart sound pulse transducer was placed at the 
most obvious point of apical beating in the precardiac 
region, and the electrocardiogram was recorded. The 
cardiac contractility reserve index (CCRI) is defined as 
the corresponding multiple of the increase of S1 
amplitude to that of S1 amplitude at rest after exercise. 
The diastolic/systolic ratio (D/S ratio) was calculated 
using diastolic and systolic duration data. 

RESULTS 

Effects of Exercise on Free Radical Metabolism 
in Oxygen-rich Ecological Environment 

The contents of SOD, GSHI-Px and MDA before 
and after step exercise are shown in Table 1. Compared 
with non-oxygen-enriched exercise, SOD increased 
significantly (P<0.05), CSH-Px increased and MDA 
decreased significantly (P<0.01). 

When the production and removal of free radicals in 
the body lose balance, it will lead to the damage of 
biological macromolecules, causing extensive damage to 
cell structure and function. SOD and GSH-Px are 
important antioxidant enzymes in the body, which 
decompose hydrogen peroxide and lipid peroxide and 
block lipid peroxidation. As a metabolic product of lipid 
peroxidation, MDA can also indirectly reflect the 
changes of free radical metabolism. Animal experiments 
have shown that hyperoxia preconditioning can reduce 
the production of free radicals during myocardial 
ischemia-reperfusion. Some studies have shown that 
oxygen inhalation can improve the activity of 
oxyalcohols in the lungs of animals, increase the 
resistance to free radical damage, and facilitate the 
scavenging of free radicals. 

Effects of Exercise on Human Heart Reserve in 
Oxygen-enriched Ecological Environment 
The changes of heart rate (HR), D/S, S1 amplitude 

and CCRI before and after oxygen enrichment are 
shown in Table 2. The amplitudes of HR, D/S and S1 
increased significantly after exercise compared with 
those of non-exercise (P<0.01), and the amplitudes of 

Table 1. Free radical metabolism in vivo before and 
after aerobic exercise (�̅�𝑥 ± 𝑠𝑠,𝑙𝑙 = 10) 

Grouping SOD 
(nUl/ml) 

MDA 
(μmol/L) 

GSH-Px 
(μg/L) 

Control group 101.04±19.11 7.45±1.189 6.77±9.44 
Test group 125.98±21.53* 5.88±1.01** 126.4±15.28** 

Note: * P < 0.05, ** P < 0.01, compared with the control group 
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CCRL, DYS, D/S and S1 increased significantly after 
exercise (P<0.05), but HR had no statistical 
significance (P>0.05). 

A variety of cardiac function testing methods and 
cardiac function evaluation methods have been applied 
clinically. For example, ECG is currently the best 
monitoring method for cardiac chronotropy and 
conductivity, but it can not be used to monitor cardiac 
variability: Echocardiography can assess the state of 
cardiac function by measuring the degree and velocity 
of changes in cardiac chamber diameter from diastole to 
systole and ejection fraction, and it can assess the state 
of cardiac function noninvasively, but some indicators 
have poor sensitivity. Cardiac catheterization is 
objective and quantifiable, but it belongs to traumatic 
examination and can not be reused and used routinely. 

Effects of Exercise on Human Blood Lactic Acid, 
Ammonia and Myoglobin in Oxygen-enriched 

Ecological Environment 
The changes of BIA, Mb and Ammo before and after 

step exercise in oxygen-enriched chamber can be seen 
from Table 3. Compared with non-oxygen-enriched 
exercise, the changes of BIA, Mb and Ammo after step 
exercise in oxygen-enriched chamber have significant 
difference (P<0.05): BLA, Ammo have significant 
difference (P<0.01). 

The occurrence of physical fatigue is related to 
energy consumption, accumulation of metabolites and 
changes in the internal environment of muscles after a 
certain load exercise. Resisting physical fatigue will 
contribute to the improvement of the body’s sports 
ability. Metabolite dimension mainly refers to the 
accumulation of lactic acid in the body. Lactic acid is an 
important intermediate product of energy supply 
system. It is not only the end product of glycolysis 
energy supply, but also the oxidizing matrix of aerobic 

metabolism energy supply. It is another form of energy 
reserve. Further oxidizing energy supply is more 
advantageous than glucose, and can quickly shuttle 
between tissues through cell membranes. 

Effects of Exercise on Blood Gas and Heart Rate 
in Oxygen-enriched Ecological Environment 
The changes of blood gas in 10 young people before 

and after step exercise are shown in Table 4. 

Table 4 showed that PCO2, PO2 and SaO2 
increased and AaDO2 decreased after aerobic exercise, 
with significant difference (P<0.01) and no significant 
difference in pH (P>0.05). The changes of heart rate 
and restored heart rate before and after exercise in 10 
subjects were shown in Table 5. The analysis Table 5 
showed that the restored heart rate after aerobic exercise 
was significantly lower than that after non-aerobic 
exercise (P<0.01). The heart rate immediately after 
exercise decreased in data, but there was no statistical 
significance (P>0.05). 

Effects of Exercise on Human Myocardial 
Enzyme Activity in Oxygen-enriched Ecological 

Environment 
The changes of myocardial enzymes activity after 

exhaustive exercise in oxygen-rich environment are 
shown in Table 6. 

The activity of AST, LDH, alpha-HBDH, CK and 
CK-MB increased after exhaustive exercise compared 
with that at rest (P<0.01 or P<0.05). AST and LDH 
decreased significantly after oxygen-enriched and 
exhaustive exercise compared with those after non-
oxygen-enriched exhaustive exercise (P<0.01), CK-
MB decreased significantly (P<0.05), and alpha-
HBDH and CK had no statistical difference (P>0.05). 

Table 2. Changes of cardiac index after oxygen-enriched exercise (�̅�𝑥 ± 𝑠𝑠 ) 
Index 

Oxygen-enriched ecological environment P Unenriched Oxygen Eco-environment 
P 

When quiet After exercise When quiet After exercise 
HR (beats/min) 80.70±12.5 144.00±13.03 <0.01 80.8±4.53 140.00±12.52 <0.01 

D/S (%) 1.68±0.21 1.48±0.13 <0.01 1.86±0.27 1.61±0.15* <0.01 
S1 7.29±1.89 53.08±26.27 <0.01 10.29±3.98* 85.65±32.32* <0.01 

CCRI 10.28±50.05 15.10±4.62* 
* comparisons with Oxygen-enriched Exercise, P<0.05 

Table 3. Changes of BIA, Mb and Ammo before and 
after aerobic exercise in subjects (�̅�𝑥 ± 𝑠𝑠) 

Time BL (mmol/L) Ammo (μg/L) Mb (μg/L) 
Before oxygen 

enrichment 8.85±0.68 86.56±9.21 111.25±13.58 

After oxygen 
enrichment 7.42±0.66** 71.38±8.84** 93.26±14.20* 

Comparison with before oxygen enrichment, *P<0.05, **P<0.01 
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To study the changes of myocardial enzyme activity 
can reflect the effect of hypoxic exercise on myocardial 
enzyme metabolism, and also reflect the damage of 
myocardial cells or the change of cell membrane 
permeability. The results showed that AST, IDH, 
alpha-HBDH, CK and CK-MB increased after 
exhaustive exercise compared with quiet exercise. 
Hypoxia resulted in the decrease of sodium pump 
function, the accumulation of sodium ions in cells, the 
increase of cell edema and permeability reduced the 
stability of cell membrane, the escape of cell enzymes 
and the increase of serum enzyme activity. At the same 
time, hypoxic exercise increases the production of free 
radicals, which is reflected by free radicals and 
unsaturated fatty acids in the biofilm, thus increasing 
the permeability of the biofilm, leaking enzymes from 
the cell to the extracellular, and increasing the activity 
of enzymes in the blood. 

DISCUSSIONS 

Effects of Exercise on Free Radical Metabolism 
in Oxygen-enriched Ecological Environment 
The subjects’ SOD increased significantly 

(P<0.05), CSH-Px increased and MDA decreased 
significantly. Gerard AB’s double-blind experiment at 
3800m altitude showed that a small increase in indoor 
oxygen concentration (24% of oxygen content) at night 
could improve sleep and work efficiency on the second 
day. John B’s research also confirms that oxygen-rich 
ecological environment can significantly improve 
people’s thinking, behavior and work ability. The 
results showed that the MDA of oxygen-enriched 
exercise was lower than that of non-oxygen-enriched 
exercise, and the level of free radical metabolism was 
increased with the increase of SOD and GSH-Px. 
Overproduction of free radicals may be one of the main 
causes of abnormal skeletal muscle structure and 
exercise-induced fatigue. Oxygen concentration in 
blood increases after oxygen enrichment, which 
significantly promotes the activity of SOD and CSH-
Px. It is suggested that keeping high concentration of 
oxygen in blood can promote the activity of SOD and 
GSH-Px, or at least protect them. This coincides with 
the changes of MDA in blood, suggesting that oxygen 
enrichment can significantly inhibit the free radical 
damage caused by exercise. It can accelerate free radical 
scavenging, promote fatigue recovery, and play an 
important role in enhancing aerobic oxidation pathway. 

Effects of Exercise on Human Heart Reserve in 
Oxygen-enriched Eco-environment 

The amplitudes of HR, D/S and S1 increased 
significantly after exercise in the oxygen-enriched 
environment compared with those in the quiet 
environment (P<0.01); the amplitudes of CCRL, DYS, 
D/S and S1 increased significantly after exercise in the 
oxygen-enriched environment compared with those in 
the non-oxygen-enriched environment. Hansen et al. 
used six dogs to study the effects of anesthetics and 
cardiotonic agents on myocardial systolic force of first 
heart sound intensity. The results showed that the 
change of S1 amplitude was positively correlated with 
the change of the maximum rate of left ventricular 
pressure rise. Xiao et al. proposed the relative value 

Table 4. 10 subjects’ blood gas raking after step exercise before and after entering oxygen-enriched room (�̅�𝑥 ± 𝑠𝑠 ) 
Time pH PCO2 (mmHg) PO2 (mmHg) SaO2 (%) AaDO2 (mmHg) 

Before oxygen 
enrichment 7.417±0.06 20.6±2.05 40.8±2.71 81.4±2.88 13.9±2.75 

After oxygen 
enrichment 7.432±0.06 27.3±2.03* 50.5±20.8* 86.4±3.05* 9.6±1.98* 

* comparison with before oxygen enrichment, P<0.01 

Table 5. 10 subjects’ heart rate and restored heart rate 
before and after exercise in oxygen-enriched room (�̅�𝑥 ±
𝑠𝑠) 

Time 
Immediate heart 
rate (Times/min) 

Heart rate recovery 
(Times/min) 

Before oxygen 
enrichment 152.1±11.3 107.8±5.2 

After oxygen 
enrichment 142.4±22.9 96.2±4.09 

* comparison with before oxygen enrichment, P<0.01 

Table 6. Changes of myocardial enzymes before and 
after oxygen enrichment and after exhaustive exercise 
(𝑈𝑈°𝐿𝐿−1, �̅�𝑥 ± 𝑠𝑠) 

 When quiet 

No oxygen 
enrichment 

after 
exhaustive 

exercise 

Oxygen 
enrichment 

after 
exhaustive 

exercise 
AST 39.60±7.61 58.71±7.64b 46.30±7.39ab 
LDH 315.40±49.6 488.3±52.9b 400.4±51.2lb 

α-HBDH 329.1±50.9 432.1±58.3b 403.9±56.7b 
CK 298.8±54.7 439.5±59b 397.2±57.6b 

CK-MB 27.03±5.12 38.26±5.98b 32.51±5.24ac 
aP<0.05, bP<0.01vs When quiet；cP<0.05, dP<0.01vs No oxygen 
enrichment 
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method to establish the parameters of heart sound 
amplitude, with special emphasis on measuring 
myocardial systolic force and evaluating cardiac reserve 
with the change trend of S1 amplitude. 
Phonccanliogram exercise test (PCGET) was proposed 
and carried out. Between cardiac cycles, the myocardial 
contractility changes constantly and shows certain 
regularity under the action of different factors. The 
change and regularity of myocardial contractility is 
called “heart rate variability”. Different exercises can 
cause different changes in S1 amplitude, which contains 
myocardial contractility and cardiac reserve information 
to evaluate cardiac reserve status by CCRI. The time 
measurement of modern digital electrocardiogram is a 
useful tool for acquiring the time limit data of diastolic 
self-blood supply because it can be precisely measured 
in milliseconds by computer clock. The D/S ratio is 
used to evaluate the adequacy of diastolic heart blood 
supply time. 

Effects of Exercise on Human Blood Lactic Acid, 
Ammonia and Myoglobin in Oxygen-enriched 

Ecological Environment 
The Mb of subjects in aerobic environment was 

lower than that in non-aerobic environment, with 
significant difference (P<0.05): BLA, Ammo were 
decreased, with significant difference. During intense 
exercise in an oxygen-rich environment, the glycogen 
of human muscle rapidly enzymates, which is 
manifested by the rapid increase of BLA and excessive 
accumulation of lactic acid in the body, which will affect 
the relative stability of the internal environment and 
disturb the normal metabolic process in the body. It is 
one of the important causes of exercise-induced fatigue, 
and the elimination of lactic acid is conducive to the 
relief of fatigue. Mb is a protein with the function of 
transferring and storing oxygen in muscle cells. It is a 
respiratory pigment in myocytes and myocardial 
cytoplasm. It helps cells store oxygen and provide 
energy for oxidative acidification. It is a serum marker 
reflecting the damage of muscle tissue and 
myocardium. The increase of Mb after exercise is a 
compensatory increase of the heart in a continuous 
hypoxic environment, which is beneficial to improve 
tissue oxygen diffusion rate. Excess Mb can be regarded 
as non-lactic acid oxygen debt under hypoxic load. 
Ammo is a sensitive index for judging sports ability. The 
increase of Ammo concentration during exercise is 
related to ATP utilization. 

Effects of Exercise on Blood Gas and Heart Rate 
in Oxygen-enriched Ecological Environment 
PCO2, PO2 and SaO2 increased and AaDO2 

decreased significantly after exercise in oxygen-
enriched environment. Heart rate and restored heart 
rate of 10 young people after step exercise before and 
after oxygen-enriched environment decreased 
significantly after oxygen-enriched exercise compared 
with 5 minutes after non-oxygen-enriched exercise. 
Under hypoxic environment, the absorbable oxygen of 
muscle decreases, the adaptive response of ventilation 
and gas exchange occurs, and the internal steady state of 
acid-base blood gas is affected by respiratory factors and 
metabolic processes. Its main characteristics are that 
PO2 and PCO2 of population decrease with elevation, 
which directly affects the oxygen absorption of tissue 
cells. Hypoxia can lead to the structural damage of 
mitochondria and enzyme loss of intracellular 
productivity devices. Activation, thus affecting the use 
of oxygen by cells, reduces energy production, and 
ultimately results in energy metabolism disorders and 
reduced labor capacity. Therefore, when the body is 
engaged in physical activity, it needs cells to provide 
sufficient energy for aerobic metabolism. Accelerating 
the supply of tissue oxygen and improving the 
regulation level of energy metabolism are important 
factors to improve the body’s sports ability. Blood gas is 
an important means to measure and observe 
cardiopulmonary function. The change of SaO2 is very 
important for evaluating the hypoxic condition and 
labor ability of human body. It has been reported that 
the exercise ability of human body depends on the 
hypoxic ventilation responsiveness. Compared with 
static to maximum load exercise, the hypoxic ventilation 
responsiveness of all subjects is negatively correlated 
with the decrease of blood oxygen saturation. Hypoxic 
ventilation leads to hyperventilation. On the one hand, 
hypoxic ventilation is conducive to alveolar gas 
exchange and increases alveolar partial pressure of 
oxygen. On the other hand, it also increases oxygen 
consumption due to intensive exercise of respiratory 
muscles, thus counteracting the beneficial effect of 
increased maximum respiratory capacity on improving 
labor efficiency. 

AaDO2 is an important index reflecting the 
matching of pulmonary ventilation and blood flow. The 
observation of 10 young people in oxygen-enriched 
room showed that under the environment of oxygen-
enriched environment, PCO2, POA2, AaDO2, SaO2 and 
Sportsman’s Re-Heart Rate were significantly 
improved, and the heart rate immediately decreased 
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after exercise. This indicated that oxygen-enriched 
room reduced the activity of chemoreceptors, 
significantly improved the effect of gas exchange and 
myocardial function in hypoxic human body in a short 
time, enhanced the oxygenation function, and made the 
internal environment system heavy. A new adjustment 
improves the ratio of ventilation to blood flow, which is 
an ideal way of oxygen supply. It is very helpful to 
prevent and treat acute and chronic diseases, improve 
the combat effectiveness of troops and restore the 
insufficiency of compensatory function caused by 
extreme hypoxia. 

Effects of Exercise on Human Myocardial 
Enzyme Activity in Oxygen-enriched Eco-

environment 
The activities of AST, LDH, alpha-HBDH, CK and 

CK-MB increased after exercise in oxygen-rich 
environment compared with those in quiet 
environment (P<0.01 or P<0.05). AST and LDH 
decreased significantly after oxygen-enriched and 
exhaustive exercise compared with those after non-
oxygen-enriched exhaustive exercise (P<0.01), CK-
MB decreased significantly (P<0.05), and alpha-
HBDH and CK had no statistical difference (P>0.05). 
In this study, AST, IDH and CK-MB decreased after 
oxygen-enriched and exhaustive exercise compared 
with those after non-oxygen-enriched exhaustive 
exercise, indicating that oxygen-enriched has played a 
significant role in correcting hypoxia and reserving body 
energy. Cardiac myocytes are mainly aerobic 
metabolism and are very sensitive to oxygen. Because of 
insufficient oxygen supply, ATP production decreases 
during hypoxic exercise. Gerard AB et al. conducted a 
double-blind experiment at 3800 m plateau. The results 

showed that a small increase in indoor oxygen 
concentration at night (24%) could improve sleep and 
work efficiency on the second day. This indicates that 
the oxygen-enriched ecological environment has 
improved the hypoxic state of the organism and made 
the internal environmental system reaching a new 
adjustment. 

CONCLUSIONS 
This paper builds several models to provide 

theoretical basis and support for studying the effects of 
exercise on human body health under oxygen-enriched 
environment. At the same time, an oxygen-enriched 
environment (oxygen-enriched room) is constructed. 
Ten healthy young men aged 19-21 years old are 
selected to enter the oxygen-enriched room in two 
batches, five in each batch. The subjects are exercising 
in the oxygen-enriched room according to the 
regulations, and the free radical metabolism and cardiac 
reserve of the subjects are measured. By comparing the 
differences of body activity before and after oxygen 
enrichment, the results of the analysis of the effects of 
blood lactic acid, blood ammonia, myoglobin, blood 
gas, heart rate and myocardial enzyme activity are finally 
effective. The results provide an effective basis for the 
study of the importance of oxygen to human movement 
and the improvement of human body health during 
exercise. 
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