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Abstract: To explore the effect of vitamin C Spirulina mixture on improving sports
endurance. 80 male rats aged 8 weeks were selected. All the rats were fed with basic diet
and boiled water, and they could eat freely. They were randomly divided into 8 groups with
10 mice in each group: quiet control group A, VC group B, spirulina group C, VC Spirulina
mixture Group D. the mice in each group were fed regularly according to the experimental
design, and the control group was given intragastric administration of normal saline. After
the weight-bearing swimming experiment, the general condition of mice and the detection
indexes of Hb, LD, CK and BUN were observed. The data were statistically analyzed by
logical analysis. In the weight comparison, the weight of mice in each group increased
normally and grew well during the whole experiment. Compared with the experimental
group, the weight gain of quiet group was faster, but there was no significant difference (P >
0.05). There was significant difference between group C of Spirulina mixture and group D
of VC Spirulina mixture (P < 0.05), and the delay rate of depletion time was 34.47% and
20.07%, respectively; there was also significant difference between group D of VC
Spirulina mixture and group C of Spirulina (P < 0.05). There was a significant difference
between the spirulina mixture group and the control group (P < 0.05). The serum CK
activity was lower in all resting groups. There was no significant difference between VC
group B and quiet control group A (P > 0.05). There was significant difference between
group C of Spirulina mixture and group D of VC Spirulina mixture (P < 0.05). Vitamin C
Spirulina mixture can inhibit the decrease of Hb content, improve the ability of aerobic
metabolism and delay the occurrence of exercise-induced fatigue.

1. Research Background

Exercise endurance, it can improve the activity of antioxidant enzymes [1-2]. In addition, it can
eliminate excessive free radicals, so as to improve the self immunity [3-5]. In general, if the

Copyright: © 2022 by the authors. This is an Open Access article distributed under the Creative Commons Attribution License (CC BY 4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited
(https://creativecommons.org/licenses/by/4.0/).

14



International Journal of Sports Technology

production and release of free radicals in the body are equal to each other, because of some physical
or chemical factors, the balance state will be broken, then more free radicals will be generated,
which will lead to further cell damage [6-8]. Therefore, it plays an important role in biology and
human body, and under certain conditions, it can also become a toxin to attack the human body
[9-10].

It can be used as medicine and adjuvant medicine to treat a variety of diseases. Its functions
include: enhance the body's immunity, slow down the aging rate of cells, reduce cholesterol, and
have anti-cancer and anti-cancer effects [11-12]. From spirulina, which extracts polysaccharides
from the body, it can then explore whether it can improve the endurance of mice. By stimulating the
synthesis of prostaglandins, we can then regulate the body's physiological function, promote
metabolism, and make our collective get further immunity. It has good curative effect on anemia,
hepatitis, diabetes, gastroduodenal ulcer, vision decline, liver disease and so on. It can also be used
for the rehabilitation of patients with severe malnutrition and the rehabilitation of the weak after the
disease. It has a special effect on the nutrition of children, the health care of the elderly and the
extension of life. Its mechanism is to enhance the proliferation of bone marrow cells, promote the
growth of immune organs, and promote the biosynthesis of serum protein. It can reduce the
decrease of T lymphocyte and thymus atrophy, thus reducing the immunosuppressive effect.
Carotene has a special effect on immune response, which can promote immune function by
eliminating singlet oxygen and other free radicals [13-15]. Spirulina does not accumulate starch, but
accumulates sugar in animal liver.

2. Theoretical Basis
2.1. Vitamin C

Vitamin C is a water-soluble vitamin and exists in the form of reduced ascorbic acid and
dehydroascorbic acid. It is rich in vitamin C, and our body can quickly absorb vitamin C with the
intestines and stomach. Under certain special conditions, the absorption of vitamin C will be
gradually reduced [16]. Vitamin C in food can be quickly absorbed by the intestines and stomach,
but in some special cases, it will reduce the absorption of VC. The stomach acid is insufficient, easy
to be destroyed after taking. VC absorption is widely distributed in all parts of the human body. In
the blood, vitamin C is in the blood cells, white blood cells and platelets are more. The level of
vitamin C in the plasma will be relatively low, there will be bad blood. Therefore, we should pay
attention to timely supplement vitamin C intake, only maintain the normal vitamin content, can the
body maintain the normal state. If the oxidized form continues to be oxidized, it will lose its
physiological activity. The latter is oxidized to L-threonine of oxalic acid [17-19].

VC plays a very important role in many aspects of life activities [20]. VC can promote the
absorption of iron. VC is an indispensable nutrient for organism. It is a strong antioxidant. It has
strong ability of scavenging endogenous and exercise-induced free radicals, which is closely related
to the realization of human physiological function. There are enzymes or non enzymatic substances
to scavenge free radicals. The main enzyme scavengers were SOD, cat and GSHPx. Non enzymatic
scavengers include VC, VE, - carotene, cysteine and glutathione. They maintain the dynamic
balance of free radical production and clearance in vivo through their respective pathways [21-22].

2.2. Spirulina

The development and utilization of Spirulina platensis is worth studying at present. Spirulina
contains more trace elements in beauty, and it has no toxic effect and side effects on the skin.
Spirulina active substances can also reduce free radicals, and the anti-aging speed is to enhance the
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antioxidant capacity and improve the immune capacity. It also contains more nutrients and protein It
can be used as energy for protein intake [23]. Extraction of natural substances: extraction of
carotene from natural plant materials or processed leftovers with organic solvents. The higher the
temperature, the higher the yield. Therefore, supercritical carbon dioxide was used to extract
carotene. All the carotenes in the synthetic products are trans structure. Compared with the chemical
synthesized carotene, the natural extracted carotene has better anticancer effect and has no toxic
side effects. Biosynthesis: biosynthesis is a method of synthesizing carotene in vivo by microbial
culture technology, and then separating carotene from microorganisms [24].

Linolenic acid, which can not only inhibit the spread of cancer cells, but also treat arthritis,
obesity and heart disease and other diseases. The immune response process of human body is a
more complex regulatory system. Under our physiological conditions, cytokines and immune
regulatory substances clear and resist foreign substances through humoral immunity and cellular
immunity. And can limit their own immune excess. Under pathological conditions, it may be that
the mediators of these anti-inflammatory diseases do not provide sufficient control of the diseases
caused by inflammation, or excessively inhibit the diseases caused by inflammatory activities and
immune reactions, resulting in the decline of the anti infection ability of the human body, leading to
repeated infection. Cytokine is a kind of highly active and multifunctional protein, polypeptide
molecule or glycoprotein produced by active immune cells and related cells. As an intercellular
signal transduction molecule, it mediates and regulates immune response and inflammatory
response. Inflammation and anti-inflammatory factors, their interaction is an important part of the
immune system, and there is an indispensable position in the immune response. Regulating
inflammatory response through the interaction between these cytokines and their inhibitors is a very
complex process. Because in fact, the immune system has many ways to regulate similar
physiological factors. When foreign substances invade the body, the body, like a warrior, activates
its own immune system to eliminate the invading enemy. However, under abnormal circumstances,
because the immune system is relatively low, the body can not activate this system to help eliminate
the invading enemy, and the collective can not work normally and can not return to normal state, so
it will cause immune diseases The challenge of cytokines to the immune system is complex.
With the development of individual immune response, it produces the interaction and balance
between inflammation and anti-inflammatory. Spirulina can improve product quality, increase
farmers' income and promote the development of aquaculture [25]. Application in health care: the
comprehensive nutrition of Spirulina is very beneficial to human health. Using spirulina to assist
disease treatment and develop health care products has become a research hotspot. Application in
environmental protection: Spirulina in the growth process is affected by many environmental
factors, such as N, P and some trace elements, such as light, temperature, pH value, etc[26-27].
Spirulina Polysaccharide or its complex has good anti-tumor effect and little side effect, so it has
broad prospects in the development of new anticancer drugs[28]. Polyphenol is a rich and diverse
plant secondary metabolite, which exists in a variety of daily food and traditional plant medicine. It
is a compound that can promote human health. Fruits and vegetables, wine and tea are important
sources of polyphenols in our daily intake. According to the number and structure of phenolic units,
polyphenols can be divided into stilbenes, flavonoids, phenolic acids and lignans.

2.3. Exercise Endurance

Aerobic exercise can enhance our metabolism and activate hormone levels. Oxygen free radicals
in the body can also be constantly eliminated metabolism, the body's free radical defense function,
it can protect cells, not be damaged by free radicals oxidation, when the treatment of lack or
malnutrition, vitamin supply will be lack, thus affecting the human body to absorb vitamins, make
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the human body function further decline, many carbohydrates, fat, protein and other energy Matter
is the necessary energy source for human body. The coupling of calcium dissolved and oxidized
phosphoric acid in cytoplasm and mitochondria reduced Na ion, changed membrane potential and
action potential, and reduced motor ability. With the decrease of energy consumption, muscle
working ability and glutathione oxidation, the intracellular calcium binding decreases, the calcium
regulation imbalance and the increase of free calcium ion, which leads to the occurrence of
exercise-induced fatigue. If carbohydrates are deficient or malnourished, it often reflects a lack of
food, or even a lack of food, so it becomes a state of hunger. PUFA (essential fatty acids for people).
Elements in the human body other than carbon, hydrogen, oxygen and nitrogen are called minerals.
According to its content and human daily needs, it can be divided into macro elements and essential
trace elements. Copper deficiency leads to the deposition of iron in tissues, and iron leads to the
increase of free radicals in tissues. It has many functions. It is related to the integrity and stability of
membrane structure, gene expression and control, hormone synthesis and secretion, immunity and
reaction, production and elimination of free radicals, transmission of nerve information and other
important life activities. These functions of zinc are closely related to exercise ability.

Polysaccharide is a kind of immunomodulator and has no cytotoxicity. Polysaccharides from
different sources have different immunomodulatory effects on immune function. At the same time,
it can secrete or activate T cells, B cells, NK cells, macrophages and other immune cells, promote
immune cells to secrete cytokines, and enhance the body's non-specific immunity, humoral
immunity and cellular immunity. Food, probiotics, pathogens, and even drugs may interact with DC
cells on the intestinal mucosal surface, which can be phagocytized and transferred to other immune
cells, or directly bind to the immune receptor surface of the DC activated signal transmission
system and cytokine synthesis system of the body. Sports nutrition can be divided into two aspects.
On the one hand, it refers to some basic nutrients, such as sugar, protein, fat, vitamins, trace
elements and water; on the other hand, it refers to some nutritional supplements, such as creatine,
fructose and branched chain amino acids.

Carbohydrate: sugar is one of the important components of the human body, is the main energy
supply material of the human body, the main sugar in the human body is glucose and glycogen.
Glucose is closely related to endurance exercise. Glycogen storage and blood glucose level directly
affect exercise endurance. Adequate glycogen reserve can maintain the blood glucose concentration
during long-term exercise and delay the occurrence of central fatigue and peripheral fatigue. Starch,
glucose, sucrose, fructose and so on all have their own functions, so they should be taken
reasonably. The key point of intake should be starch polysaccharide, whose energy supply is
relatively slow and lasting. Lipids: lipids are important energy substances in human metabolism.
Lipid is an important component of cell membrane and nerve tissue, which plays an important role
in the integrity of nerve tissue and cell membrane and the transmission of nerve impulse. In
high-intensity exercise, sterols in fat play an important role in maintaining a high level of oxygen
supply. It can reduce the content of creatine in urine, make creatine react with ATP to synthesize CP,
and partly regulate the recovery of muscle glycogen after exercise; antiphosphoric acid can protect
the body from oxidative damage by eliminating free radicals and reducing the formation of lipid
peroxide (LPO). After a large amount of fat mobilization in the process of exercise, the
concentration of free fatty acids in blood increases significantly, which not only provides the
substrate of oxidative metabolism for muscle and other organs in exercise, but also saves the
consumed sugar reserve, which is conducive to improving exercise endurance. Protein: protein is
the main raw material of muscle. It is the main component of hemoglobin, myoglobin, various
enzymes and hormones. It has an important influence on muscle contraction, oxygen supply and
exercise regulation. At the same time, it affects the excitability of nervous system and the stability
of internal environment, which has an important impact on fatigue. Athletes need more protein than
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ordinary people. In the early stage of increasing exercise, growth and development period, weight
loss period, energy shortage and sweating period, strengthening protein nutrition can delay the
occurrence of fatigue. Branched chain amino acids and creatine: branched chain amino acids
(BCAA) are mainly catabolized in muscle and are easily oxidized to energy supply. BCAA
supplementation is helpful to maintain normal human brain activity and reduce or delay
exercise-induced fatigue. Creatine, a derivative of amino acid, is an important raw material of CP.
Creatine supplementation can promote the synthesis of CP in muscle cells, increase the content of
CP, and increase the maximum contractile force of muscle. ATP utilization will also increase. It can
buffer the accumulation of lactic acid in muscle and reduce the pH in the body. Vitamin B, vitamin
E and vitamin A can assist glucose metabolism and energy metabolism. Make the nerve function
normal. Moreover, the lack of activity and antioxidation increased, and the occurrence of sports
fatigue increased. But not all the biochemical indexes of exercise fatigue are caused by the high
load. When the index changes in the process of exercise, the index which is consistent with the
exercise load and intensity can be used as the evaluation index. In addition, there are some active
substances can also be used as its detection indicators, through these detection materials and
sensitive detection methods, we can easily detect the degree of fatigue of the body, as well as other
characteristics. The normal new supply maintains the body's oxidation balance and can eliminate
certain free radicals. Metal lithium thioprotein, which is a complex protein under the action of the
heart.

Zinc can competitively block its binding with mercaptan, and prevent the oxidation of iron, thus
preventing free radicals from damaging cells. But the breath is the human body essential trace
element, the human body to its demand is also relatively important. When the intensity and range of
exercise step by step increase, our body's energy and oxygen consumption will increase, then
oxygen consumption, reactive oxygen species will also increase, free radical metabolism will be
more, and the degree of peroxidation will also increase. Vitamin C can also be used as an
antioxidant, it can block the oxidation reaction of free radicals, so vitamin C and other free radical
scavengers, it can further reduce the free radicals in the body, is excessive exercise or stress state of
the free radicals are reduced, so as to protect the integrity of the biofilm, is our body's necessary
substances, we have two The first is the enzyme defense system, the second is the non enzyme
defense system. These two systems are very important to the human body, and vitamin E is an
important antioxidant in the non enzyme defense system of human body.

3. Experiment
3.1. Research Object

Male rats, weighing 268-22 weeks, were provided by the experimental center. During the
experiment, the room temperature was kept at 22-27 °C, and the relative humidity was kept at 50% -
60%. Light time changes with nature. Each cage is divided into 10 cages. All the mice were fed
with basic feed and boiled water, and they were free to eat.

3.2. Grouping and Processing

80 mice were used for 7 weeks. After entering the laboratory, the rats were reared adaptively for
1 week to adapt to the laboratory environment. After that, they were randomly divided into 8 groups
with 10 mice in each group: quiet control group A, VC group B, spirulina group C, VC Spirulina
mixture Group D. each group of mice had regular feeding method, and the control group was given
normal saline gastric management. The mice in each group were weighed and their weight was
recorded every week. The living conditions of the mice in each group were observed until the end
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of the experiment.
3.3. Experimental Plan

The mice in the experimental group received 6-week incremental swimming training without
weight-bearing. The first week of training is 30 minutes / D, then increased by 10 minutes per week,
and then 80 minutes / D. in the sixth week, work six days a week and take a day off. On the seventh
week of the first day, the mice in the training group were swimming with fixed load and without
load (180 minutes). The next day, the mice in the experimental group were placed under a load
equal to 8% of their body weight for a thorough swimming exercise. The criteria for depletion are
the same as before. The water temperature is controlled at 32 £2 “C and the water depth is 45cm.
Use ordinary mercury thermometer and advanced dry hygrometer to measure room temperature and
humidity. The weight of mice was measured by electronic balance. Swimming time is measured by
an electronic timer.

Data processing: convert the time data of the whole experiment into 60 systems, the time is
expressed in minutes (min), the mass is expressed in grams (g), and the capacity is expressed in ml
(ML). All experimental data were analyzed by SPSS11.0 software and expressed as mean =+
standard deviation (X £SD). The significance test was t test, and the significance level was p < 0.05.

Weight bearing swimming experiment: on the 4th and 5th day of adaptive feeding, mice in each
group were trained in swimming pool for 20 minutes without load. The size of the animal
swimming pool is 100cm =<50cm > 80cm transparent glass tank with a small submersible pump at
the bottom. The water depth is 45 cm and the water temperature is 32 =2 °C. Then on the first day
of the first week and the fifth week, each group of mice swam at 4% and 8% of their body weight
on the first day of the sixth week. Weight bearing method: paste medical adhesive tape on the tail
2-3cm away from the tail root of mice, open a hole, and then hang the metal object on the tape with
a return needle, and then take out the tape and metal object after swimming. Then put it into the
incubator, dry it with a hair dryer, and then put it back into the cage for routine feeding.

Index detection method: hemoglobin (HB) detection principle -- cyanide iron colorimetric
method, Hb exists in red blood cells. After hemolysis, Hb overflowed. After emulsifying with
trifonx-100, it is easy to react with Drabkin and s solution to form methemoglobin cyanide. The
absorption is the largest at 540nm, and the content of Hb can be calculated by calculation. The
principle of whole blood lactic acid (LAC) colorimetry is that NAD + is used as hydrogen receptor,
LDH catalyzes the dehydrogenation of lactic acid to pyruvate, and pyruvate converts NAD + into
NADH. The results showed that the absorbance of NBT was linear with the content of lactic acid at
530nm. The detection principle of creatine kinase (CK) - colorimetric method, creatine kinase
catalyzes adenosine triphosphate and creatine to produce creatine phosphate. The latter is rapidly
hydrolyzed to phosphoric acid. At this time, ATP and ADP remained stable. Molybdophosphoric
acid can be prepared by adding ammonium molybdate, which can be partially reduced to molybdic
acid. According to the amount of inorganic salt, the activity of enzyme can be calculated. The
detection principle of blood urea nitrogen (BUN) - Urease method under the condition of heating
and acid, urea and diacetyl condense to form red diazine, which is called Ferran reaction. Urea
nitrogen content can be calculated according to color depth.

3.4. Experimental Results

(1) Impact on weight
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Table 1. Impact on weight

Time / day A B C D

7 29.96+2.42 30.42+2 .31 31.64+1.81 29.23+2.66
14 33.48+1.85 34.16+2.15 34.71x.21 33.75%2.25
21 35.7242.52 36.78+2.61 37.0+2.53 36.27+1.61
28 40.6543.60 40.69+1.82 40.6741.15 39.42+.49
35 44.2243.24 43.7582.77 43.43+1.66 43.27+1.63
42 46.66+2.33 45,4542 22 46.39+2.76 46.09+2.56
44 47.7542.15 46.5542.33 47.4542 .22 47.4242 .21

Group
7
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Figure 1. Impact on weight

According to the statistical analysis of data, as shown in Figure 1 and Table 1, the weight of mice
in each group increased normally and grew well during the whole experiment. Compared with the
experimental group, the weight gain of quiet group was faster, but there was no significant
difference (P > 0.05).

(2) Exhaustion time

Table 2. Exhaustion time

Group Exhaustion time Exhaustion delay rate /%
A 58.16+10.17 10
B 69.57+13.52 19.48
C 93.5649.72 34.47
D 82.92+11.98 20.07

3?:\./.
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Figure 2. Exhaustion time
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According to the statistical analysis of data, as shown in Figure 2 and Table 2, there was
significant difference between group C of Spirulina mixture and group D of VC Spirulina mixture
(P < 0.05), and the delay rate of depletion time was 34.47% and 20.07% respectively; there was also
significant difference between group D of VC Spirulina mixture and group C of Spirulina (P <
0.05).

(3) Comparison of Hb and LD

Table 3. Comparison of Hb and LD

Group Hb LD
A 128.64+11.35 5.2740.45
B 133.0547.47 5.1140.21
C 138.35+14.22 4.9540.21
D 99.2048.23 20.08+2.68
! 1:‘0 4 =
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Figure 3. Comparison of Hb and LD

According to the statistical analysis of data, as shown in Figure 3 and Table 3, there was no
significant difference in Hb content between group B of VC group and group A of quiet control
group (P > 0.05), but there was a certain upward trend among the groups; group A and VVC Spirulina
mixture group (P > 0.05); while the difference between Spirulina C group and VVC Spirulina mixture
group D was statistically significant (P < 0.05); Spirulina C group and VC Spirulina mixture group
(P < 0.05). In resting state, the whole blood LD concentration of each resting group was lower, there
was no significant difference between VC group B and resting control group A (P > 0.05); there was
significant difference between group C and group D of VC Spirulina mixture (P < 0.05); there was
significant difference between group C of spirulina mixture and group D of VVC Spirulina mixture (P
<0.05).

(4) Comparison of CK and BUN

Table 4. Comparison of CK and BUN

Group CK BUN
A 59.3943.92 7.8940.48
B 57.2343.48 7.8340.43
C 55.4944.53 7.5640.44
D 90.1543.78 11.2740.85
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Figure 4. Comparison of CK and BUN

According to the statistical analysis of data, as shown in Figure 4 and Table 4, the serum CK
activity of each group was in the normal low level range under the resting state. The serum CK
activity was lower in all resting groups. There was no significant difference between VC group B
and quiet control group A (P > 0.05). There was significant difference between group C of Spirulina
mixture and group D of VC Spirulina mixture (P < 0.05); there was no significant difference in
serum BUN content between group B of VC group and group A of quiet control group (P > 0.05);
there was significant difference between training control group and spirulina group C and VC
Spirulina mixture group D (P < 0.05); there was significant difference between group C of Spirulina
mixture and group D of VC Spirulina mixture (P < 0.05).

3.5. Analysis and Discussion

VC can maintain their own body weight at the same time for sports training mice to supplement
nutrition. The increase of Hb content can improve the exercise ability of the body. In the process of
blood circulation, red blood cells need continuous deformation and recovery, which will lead to the
destruction of red blood cells by mechanical impact, and the ability of cell membrane deformation
is reduced, which makes it stagnate and be phagocytized.

The changes of fatigue behavior were delayed, insensitive, decreased coordination ability,
insomnia and irritability. Physical fatigue is caused by physical activity or muscle activity, mainly
manifested in the decline of exercise ability. After a period of exercise, the body can not maintain
the original work intensity, that is, exercise-induced fatigue occurs in the central nervous system,
central fatigue is a highly comprehensive process, it is difficult to give an accurate definition.
Intense or long-term exercise leads to central nervous system homeostasis and central fatigue. The
synthesis, release and resorption of acetylcholine are essential for muscle strength. Acetylcholine
plays a role in the neurons of the central nervous system and the preganglionic fibers of the
sympathetic nerve. In the central nervous system, acetylcholine is associated with memory,
consciousness and thermoregulation. Dopamine (DA) is the first neurotransmitter to be shown to
play a role in central fatigue. In the central nervous system, lactic acid, as the substrate of energy
pool, has been paid more and more attention. Lactic acid is an intermediate in glucose metabolism.
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Blood lactic acid is not the main source of brain lactic acid. In vitro perfusion of sodium lactate can
significantly increase the blood lactic acid concentration, but the blood lactic acid concentration in
jugular vein does not change much. It provides energy for neurons and maintains the normal
function of neurons. In addition, lactic acidosis caused by lactic acid accumulation is the
pathological basis of hypoxic-ischemic encephalopathy and brain injury, which can lead to brain
cell damage. It is suggested that the change of lactate t may be related to the mechanism of
exercise-induced central fatigue.

4. Conclusion

Vitamin C Spirulina mixture can inhibit the decrease of Hb content, improve the ability of
aerobic metabolism, delay the occurrence of exercise-induced fatigue, inhibit the production of LD
in mice, accelerate the gap of LD, significantly reduce the damage of skeletal muscle and other
tissues and cells, and reduce the oxidative decomposition of protein and amino acids.
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