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Abstract 

In this study, D-galactose was used to establish a model of liver dysfunction caused by oxidative stress in mice, and 
the effect of dandelion on improving the exercise capacity of mice with liver dysfunction was observed and its mech-
anism was expounded. This study examined the role and mechanism of dandelion in improving running ability, swim-
ming endurance, blood biochemical indices, histopathological changes, and tissue mRNA expression changes. The 
animal results showed that dandelion extended the running and swimming time to exhaustion in liver dysfunctional 
mice, reduced the serum levels of blood urea nitrogen (BUN), blood lactic acid (BLA) and malondialdehyde (MDA) 
in the liver, and increased hepatic glycogen (HG) and muscle glycogen (MG) levels as well as uperoxide dismutase 
(SOD) and glutathione peroxidase (GSH-Px) activities. Histopathological observations suggested that dandelion 
alleviated lesions in the liver. The quantitative polymerase chain reaction (qPCR) analysis results showed that dande-
lion downregulated inducible nitric oxide synthase (iNOS) and tumor necrosis factor-alpha (TNF-α) mRNA expression 
and neuronal nitric oxide synthase (nNOS), copper/zinc-superoxide dismutase (Cu/Zn-SOD), manganese-superoxide 
dismutase (Mn-SOD), and catalase (CAT) expression in the liver and skeletal muscle of the liver-dysfunctional mice. In 
contrast, dandelion downregulated syncytin-1 mRNA expression in skeletal muscle of mice with a dysregulated liver. 
The positional analysis showed that the main components of dandelion were gallic acid, protocatechuic acid, chloro-
genic acid, caffeic acid, p-coumaric acid, rutin, myricitrin, isoquercitrin, isochlorogenic acid A, and luteolin.
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Introduction
The functions of organs weaken with age, including mus-
cle activity, due to the decline in organ and muscle func-
tion, particularly a decline in liver function. Studies have 
shown that long-distance runners have higher leukocyte 
telomerase activity than ordinary people, indicating that 
exercise may delay aging. Long-distance runners have 
slower heart rates and lower blood pressure and choles-
terol levels, which directly reflect the association between 

exercise and aging [1]. Maintaining continuous exer-
cise enhances the function of the cardiovascular system. 
Exercise promotes metabolism, delays arteriosclerosis, 
and reduces the frequency of diseases caused by a declin-
ing liver function [2]. In addition, the reasons for fatigue 
caused by aging are more complex, including an imbal-
ance in the absorption and consumption of energy, the 
accumulation of harmful metabolic substances, and dis-
order of the internal circulation in the body. The decline 
in liver function caused by aging, metabolic imbalance, 
and fatigue decreases exercise capacity, so maintaining 
exercise improves liver function, relieves fatigue, and 
maintains body vitality, so aging and exercise mutually 
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affect body health. Good exercise capacity promotes con-
tinuous exercise; thus, delaying aging [3].

The liver relies on oxidative metabolism to provide 
energy, so the liver is very vulnerable to oxidative stress, 
and insufficient antioxidant enzyme synthesis leads 
to dysfunction in the liver mitochondrial respiratory 
complex, eventually leading to aging of hepatocytes, 
increased autophagy, and damage from fibrinogen nitri-
fication [4]. The aging damage of the liver causes the con-
tinuous accumulation of free radicals, leading to effects 
on normal metabolism, enhancing fatigue, and decreas-
ing exercise capacity, resulting in a decline in the quality 
of life in older subjects. Maintaining the normal opera-
tion and health of organs, particularly the health of the 
liver, enables the body to continuously resist oxidative 
stress and slow down the aging caused by reactive oxygen 
species (ROS) [5]. Therefore, liver function, aging, and 
motor ability are closely linked. Enhancing motor func-
tion is an effective way to delay aging by intervening in 
liver function, thus strengthening motor function.

Dandelion is a perennial herb that has been used as tra-
ditional medicine or functional foods in China. The dan-
delion plant body contains a variety of healthy nutrients 
used to treat acute mastitis, lymphadenitis, malignant 
boils, acute conjunctivitis, cold fever, acute tonsillitis, 
acute bronchitis, gastritis, hepatitis, cholecystitis, and 
urinary tract infection [6–10]. Functional foods from 
plants show good liver protection and liver function-
promoting effects, among which improving liver func-
tion through antioxidants is an important effect of these 
natural functional foods [11, 12]. This study induced 
aging in mice liver with D-galactose, which resulted in 
insufficient liver function. We observed that dandelion 
improved liver function, which improved exercise capac-
ity. We also analyzed the active ingredients in dandelion 
to provide a theoretical basis for further research and use 
of dandelion.

Materials and methods
Dandelion extract
The dandelion (Taraxacum mongolicum Hand.Mazz.) 
was produced in Luyi County, Zhoukou City, Henan 
Province, and was collected in 2021. The dandelion was 
identified by Professor Yu Qian in Collaborative Innova-
tion Center for Child Nutrition and Health Development, 
Chongqing University of Education, China. A 200  g 
freeze-dried dandelion was crushed into a fine powder, 
4 L of 70% (v/v) ethanol was added to the powder, and the 
mixture was extracted at 60  °C for 3 h. The extract was 
filtered and the solvent was dried in a rotary evaporator 
to obtain the dandelion extract.

Animal model
Fifty ICR mice (25 males and 25 females) were acclimated 
(temperature: 25 ± 2  °C, humidity: 50 ± 5%) to adaptive 
feeding for 7 d, and were then divided into five groups 
of ten mice/group (weighing 25 ± 2  g, five females and 
five males in each group): the normal group, the model 
group, the vitamin C (Vc) group, the dandelion low dose 
group (L-dandelion), and the dandelion high dose gas-
tric group (H-dandelion). The experimental cycle was 
10 weeks. After the start of the experiment, mice in each 
group, except the normal group, were injected with a 5% 
(w/w) D-galactose solution at a daily dose of 100  mg/
kg b.w. for 6 weeks [13]. The normal group of mice was 
injected intraperitoneally with normal saline (0.01  mL/
kg b.w.). Mice in the normal and model groups were gav-
aged with distilled water (0.01 mL/kg b.w.) beginning on 
week 7. Mice in the Vc group were infused with Vc at a 
daily dose of 100 mg/kg b.w. Mice in the L-dandelion and 
H-dandelion groups were infused daily with dandelion at 
doses of 50 and 100 mg/kg b.w., respectively, which was 
continued for 4 weeks. After 10 weeks, the mice under-
went running and swimming to exhaustion experiments, 
and all mice were killed by extracting capillary orbital 
blood and cutting the neck. The liver and skeletal mus-
cle were dissected for future use. This study was imple-
mented according to the Declaration of Helsinki, and 
the laboratory animals purchased from Shaanxi Experi-
mental Animal Center the protocol was approved (SCXK 
(Shaanxi) 2020–001).

Running experiment
After the end of the gavage experiment, the running roll-
ers were set to 20 r/min, and the mice were forced to 
run, with five consecutive shocks until exhaustion (YH-
CS, Wuhan Yihong Technology Co., Ltd, Wuhan, Hubei, 
China). The running time was recorded.

Exhaustive swimming experiment
After the gastric sample experiment, the mice were 
placed in a homemade thermostatic water tank with 
a water temperature of 28 ± 2  °C and a water depth of 
20 cm and were forced to swim until they could not float 
to the surface for more than 10 s, which was determined 
to be exhaustion, and swimming time was recorded.

Determination of the mice serum indices
Orbital blood was harvested, centrifuged (4 °C, 1500 rpm 
for 10 min), the serum layer was isolated, and blood urea 
nitrogen (BUN), blood lactic acid (BLA), malondialde-
hyde (MDA), hepatic glycogen (HG) and muscle glycogen 
(MG) levels, as well as superoxide dismutase (SOD) and 
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glutathione peroxidase (GSH-Px) activities, were deter-
mined with assay kits (Nanjing Jiancheng Bioengineering 
Institute, Nanjing, Jiangsu, China) [14].

Preparation of the mouse tissue sections
The liver and skeletal muscle tissues were harvested and 
fixed in 10% (v/v) formalin by volume fraction immedi-
ately after three washes in saline. The fixed tissue was 
dehydrated at 4  °C for 48  h, embedded in paraffin, cut 
into 5–10  µm slices, and stained with hematoxylin and 
eosin. The tissue pathology was observed under a light 
microscope (BX53, Olympus, Tokyo, Japan) [15].

Detection of mRNA expression in mouse tissues
A 0.2  g portion of mouse liver or skeletal muscle tissue 
was weighed, washed with saline, 1.8  mL of saline was 
added, and the tissue was homogenized with 1.0  mL 
RNAzol (Beijing Solarbio Science & Technology Co., 
Ltd., Beijing, China) to extract the RNA. The 260 and 
280 nm absorbance values of the RNA extract were deter-
mined, and the concentration of the RNA was adjusted 
after the OD260/OD280 was calculated at 1 μg/μL. The 
cDNA reaction system was prepared after reverse tran-
scription, and the system solution (Thermo Fisher Scien-
tific, Waltham, MA, USA) included cDNA (1 μL), SYBR 
Green PCR Master Mix (10 μL), upstream primers (1 μL, 
Table 1), downstream primers (1 μL), and sterile distilled 
water (7 μL). After the reaction solution was prepared, it 
was placed in the real-time fluorescent quantitative pol-
ymerase chain reaction instrument and the mRNA was 
amplified under the set conditions (60 s at 95 °C and 15 s 
at 95 °C for 40 cycles, then 30 s at 55 °C, 35 s at 72 °C, 30 s 
at 95  °C and 35 s at 55  °C, StepOnePlus, Thermo Fisher 
Scientific), with GAPDH as the internal standard. The 
relative expression intensity of each gene was calculated 
using the 2− ΔΔCt method [16].

High performance liquid chromatography
Standards and the dandelion sample extracts were dis-
solved in methanol and tested. The composition of 
the compounds in the dandelion samples was meas-
ured using the following chromatographic conditions: 
AcclaimTM120 C18 column (4.6 mm × 150 mm, 5 μm); 
mobile phase: methanol and 0.5% glacial acetic acid; 
detection wavelength: 328  nm; column temperature: 
35 °C; flow rate: 0.6 mL/min; sample volume: 20 μL (Ulti-
Mate 3000, Thermo Fisher Scientific).

Statistical analysis
Data were calculated for all mice, and the final experi-
mental results are expressed as mean ± standard devia-
tion. One-way analysis of variance and SPSS software 
(SPSS Inc., Chicago, IL, USA) were used to detect differ-
ences. A P-value < 0.05 was considered significant.

Results
Effect of dandelion on motor capacity of mice
According to Table 2, the longest running and swimming 
times to exhaustion were observed in the normal group, 
while the model group had the shortest times. Dandelion 
and Vc significantly (P < 0.05) prolonged the running and 
swimming time to exhaustion of the mice compared with 
the model group. H-dandelion had the best effect and 

Table 1  The qPCR primer sequences used in this study

Gene Upstream primer sequence Downstream primer sequence

Cu/Zn-SOD 5ʹ-AAC​CAG​TTG​TGT​TGT​GAG​GAC-3′ 5′-CCA​CCA​TGT​TTC​TTA​GAG​TGAGG-3′

Mn-SOD 5ʹ-CAG​ACC​TGC​CTT​ACG​ACT​ATGG-3′ 5′-CTC​GGT​GGC​GTT​GAG​ATT​GTT-3′

CAT​ 5′-GGA​GGC​GGG​AAC​CCA​ATA​G-3′ 5′-GTG​TGC​CAT​CTC​GTC​AGT​GAA-3′

nNOS 5′-TCG​TCC​AAC​TTC​TGG​GCT​CTT-3′ 5′-CCT​TCT​CTT​CCT​CCC​CTC​TCTTC-3′

iNOS 5′-CAA​AGG​CTG​TGA​GTC​CTG​CAC-3′ 5′-ACT​TTG​ATC​AGA​AGC​TGT​CCC-3′

TNF-α 5′-ATG​GGG​GGC​TTC​CAGAA-3 5′-CCT​TTG​GGG​ACC​GATCA-3′

Syncytin-1 5′-GTT​AAC​TTT​GTC​TCT​TCC​AGA​ATC​GA-3′ 5′-CAT​CAG​TAC​GTG​GGC​TAG​CA-3′

GAPDH 5′-TGA​CCT​CAA​CTA​CAT​GGT​CTACA-3′ 5′-CTT​CCC​ATT​CTC​GGC​CTT​G-3′

Table 2  The running and exhaustive swimming times in mice

a −eThe same lowercase letters indicate no significant difference between the 
two groups, and different lowercase letters indicate a significant difference 
between the two groups, P < 0.05

Group Running time (s) Exhaustive 
swimming time 
(s)

Normal 54.82 ± 2.15a 311.83 ± 21.55a

Model 33.20 ± 2.31e 36.61 ± 20.68e

Vc 43.09 ± 2.03c 241.08 ± 19.88c

L-dandelion 37.90 ± 1.92d 186.06 ± 23.46d

H-dandelion 48.72 ± 2.21b 282.43 ± 16.77b
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was significantly (P < 0.05) better than the L-dandelion or 
Vc treatments.

Mouse serum levels of BUN, BLA, MDA, HG, MG, SOD, 
and GSH‑Px
As shown in Table 3, the serum levels of BUN, BLA, and 
MDA were significantly lower (P < 0.05) in the normal 
group than those in the other groups, while the HG and 
MG levels, as well as SOD and GSH-Px activities, were 
significantly higher (P < 0.05) than those in the other 
groups. However, these serum indicators showed the 
opposite trend in the model group to those in the nor-
mal group. In the relative model group, dandelion and 
Vc reduced BUN, BLA, and MDA levels in the serum of 
mice with decreased liver function, while increasing the 

HG and MG levels as well as the SOD and GSH-Px activ-
ities. The values for the H-dandelion group were close to 
those of the normal group.

Pathological changes in the mouse liver
The microscopic liver tissue morphology of the mice is 
shown in Fig. 1. The normal group had clear and intact 
liver lobules and the hepatocytes were arranged radi-
ally centered around the central vein. The hepatic leaf-
let structure was disrupted in the model group, the 
arrangement of hepatocytes was chaotic, some cell and 
nuclear membranes were ruptured, and apoptotic bod-
ies appeared in the microscopic view. Dandelion and Vc 
reduced the damage to hepatocytes. The liver lobular 

Table 3  The BUN, BLA, MDA, HG, MG, SOD, and GSH-Px levels in mouse serum

a −eThe same lowercase letters indicate no significant difference between the two groups, and different lowercase letters indicate a significant difference between the 
two groups, P < 0.05

Group BUN (mmol/L) BLA (mmol/L) MDA (mmol/mL) HG(mg/mL) MG (mg/mL) SOD (U/mL) GSH-Px (μmol/mL)

Normal 6.04 ± 0.36e 15.98 ± 0.87e 6.11 ± 0.49e 12.06 ± 0.56a 1.86 ± 0.31a 332.52 ± 28.79a 232.52 ± 18.63a

Model 18.37 ± 1.52a 34.88 ± 1.05a 14.83 ± 0.72a 4.93 ± 0.39e 0.53 ± 0.17e 94.65 ± 8.36e 82.91 ± 6.89e

Vc 10.99 ± 1.01c 23.05 ± 0.81c 10.86 ± 0.62c 8.61 ± 0.48c 1.15 ± 0.18c 189.99 ± 13.06c 136.52 ± 9.92c

L-dandelion 14.30 ± 1.26b 29.84 ± 0.74b 12.35 ± 0.51b 6.83 ± 0.45d 0.80 ± 0.12d 148.63 ± 11.22d 106.82 ± 7.31d

H-dandelion 8.35 ± 0.62d 19.22 ± 0.69d 8.16 ± 0.41d 10.70 ± 0.61b 1.18 ± 0.16b 261.08 ± 20.63b 185.65 ± 10.50b

Fig. 1  The observation of pathological H&E stained sections of mouse liver tissues (100 ×)
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structure was intact after adding H-dandelion, but some 
cells were damaged in the L-dandelion and Vc groups.

mRNA Expression in mouse liver and skeletal muscle
As shown in Fig. 2, in addition to the normal group, the 
other four groups of mice experienced oxidative dam-
age and aging due to the injection of D-galactose, there-
fore, the intensity of inducible nitric oxide synthase 
(iNOS) and tumor necrosis factor (TNF)-α mRNA 
expression was the weakest in the liver of the normal 
group of mice, while neuronal nitric oxide synthase 
(nNOS), Cu/Zn-SOD, Mn-SOD, and catalase (CAT) 

expression were the strongest; however, the model 
group of mice had the strongest iNOS and TNF-α 
expression levels, but the weakest nNOS, Cu/Zn-SOD, 
Mn-SOD, and CAT expression levels. Dandelion down-
regulated iNOS and TNF-α expression and upregulated 
nNOS, Cu/Zn-SOD, Mn-SOD, and CAT expression in 
the liver tissues of mice with decreased liver function. 
H-dandelion was the best regulator of these indices, as 
the expression levels were close to the normal group of 
mice. The results of the mRNA expression analysis in 
skeletal muscle were the same as those of TNF-α, iNOS, 
nNOS, Cu/Zn-SOD, Mn-SOD, and CAT in liver tissue 

Fig. 2  The mRNA expression of TNF-α, iNOS, nNOS, Cu/Zn-SOD, Mn-SOD and CAT in mouse liver tissue. a−eThe same lowercase letters indicate no 
significant difference between the two groups, and different lowercase letters indicate a significant difference between the two groups, P < 0.05
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Fig. 3  The mRNA expression of TNF-α, iNOS, nNOS, Cu/Zn-SOD, Mn-SOD, CAT and syncytin-1 in mouse skeletal muscle tissue. a−e The same 
lowercase letters indicate no significant difference between the two groups, and different lowercase letters indicate a significant difference 
between the two groups, P < 0.05
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(Fig. 3). In addition, the skeletal muscle of mice in the 
model group had the strongest syncytin-1 expression, 
and H-dandelion, L-dandelion, and Vc upregulated syn-
cytin-1 expression in the skeletal muscle of mice with 
decreased liver function. H-dandelion had the strong-
est upregulating effect, making syncytin-1 expression 
most similar to the skeletal muscle in the normal group 
of mice.

Dandelion compound composition
Figure 4A is the chromatographic diagram of the stand-
ard, after comparing with the chromatogram of the 
standard product, it was found that the dandelion mainly 
contained 10 compounds, including gallic acid, protocat-
echuic acid, chlorogenic acid, caffeic acid, p-coumaric 
acid, rutin, myricitrin, isoquercitrin, isochlorogenic acid 
A, and luteolin (Fig. 4B). The chlorogenic acid and caffeic 

Fig. 4  Compound composition of dandelion analyzed by HPLC, A chromatographic diagram of the standard, B chromatographic diagram of the 
dandelion extract, 1: gallic acid, 2: protocatechuic acid, 3: chlorogenic acid, 4: caffeic acid, 5: p-coumaric acid, 6: rutin, 7; myricitrin, 8: isoquercitrin, 9: 
isochlorogenic acid A, 10: luteolin
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acid contents were relatively high and could be the most 
critical active ingredients.

Discussion
Aging of the body causes liver dysfunction, liver meta-
bolic disorder, and further increases in free radicals. 
Excessive accumulation of free radicals causes organ 
damage and functional decline in movement-related 
organs, eventually decreasing movement ability and 
increasing fatigue [17]. The liver also plays the role of 
metabolic organ in the human body. Substances such 
as carbohydrates and proteins need to be metabolized 
through the liver. If the liver function is not good, it will 
not be able to provide enough energy for the body, and 
the physical strength will be significantly decreased. 
Therefore, the liver function level decreases after liver 
problems, and the fatigue performance of physical 
strength decreases. Appropriate exercise reduces free 
radical damage to cell membranes, enables normal cells 
to maintain normal oxidative respiratory chain activity 
and mitochondrial structure and function, and promotes 
the health of the liver [18]. Endurance running and swim-
ming exhaustion experiments are commonly used to 
verify exercise capacity, as these are the most direct man-
ifestation of fatigue resistance and a key manifestation 
of body resistance to metabolic imbalance [19]. In this 
study, D-galactose caused oxidative damage to the body, 
and promoted mouse aging and liver function decline, 
the experimental results confirmed that dandelion pro-
longed endurance running and swimming to exhaustion 
by the mice, suggesting that dandelion enhanced exercise 
capacity and restored liver function.

Sugar and lipid metabolism is abnormal after func-
tional damage to the liver, so proteins and amino acids 
are metabolized, which increases BUN excessively. The 
body is temporarily in a state of hypoxia during strenuous 
exercise, so that normal energy metabolism changes, and 
a large amount of lactic acid accumulates in the muscle in 
a short time, leading to fatigue. The lactic acid that accu-
mulates in muscle gradually enters the blood circulation 
to form BLA, which is an important indicator of fatigue 
[20]. In addition, the magnesium content in the body is 
directly related to exercise endurance and fatigue resist-
ance. When HG and MG contents decrease, the energy 
supply to the muscle decreases, forcing MG to provide 
the necessary energy through glycolysis. A large amount 
of lactic acid accumulates during this process and is 
released into the blood, which weakens the ability of the 
muscle to contract and affects the ability to exercise [21]. 
Excessive exercise causes a large increase in free radicals 
in the body, which is particularly evident in the state of 
liver dysfunction. CAT, GSH-Px, and SOD enzymes 
maintain normal oxidative stress levels in the body and 

remove excess free radicals. GSH-Px plays an impor-
tant role in catalyzing hydrogen peroxide, protecting the 
structure and functional integrity of cell membranes by 
removing hydrogen peroxide and lipid hydrogen peroxide 
[22]. SOD is an important enzyme regulating the balance 
between oxidation and antioxidation. SOD decomposes 
oxygen radicals into oxygen and hydrogen peroxide, 
effectively removing superoxide anion radicals, thus 
reducing the production of toxic hydroxyl radicals, and 
protecting cells. If the accumulated free base far exceeds 
the antioxidant enzyme defense ability, unsaturated lipids 
in cell membranes will be destroyed by free radicals, and 
membrane fluidity and cell function will decrease, lead-
ing to lipid peroxidation and the production of MDA, 
which further destroys the membranes, leading to cell 
swelling and necrosis. Thus, the level of MDA also indi-
rectly reflects the free radical metabolic changes and the 
degree of tissue peroxidation damage [23]. The level of 
lipid peroxides increases as liver dysfunction worsens, 
and the strength of the antioxidant enzyme activities is 
a decisive factor in the degree of free radical damage to 
cells. Detecting the activities of the antioxidant enzymes 
reflects the state of resistance to oxidative damage and 
reflects the degree of fatigue and exercise capacity [24]. 
The experimental results of this study showed that dan-
delion significantly changed the serum levels of BUN, 
BLA, HG, MG, MDA, SOD, and GSH-Px in the liver-
dysfunctional mice; thus, inhibiting liver dysfunction and 
enhancing exercise endurance and capacity.

The liver is the central organ of the oxidative stress 
response, which significantly reflects the degree of oxi-
dation in the body, and is an organ where free radicals 
and lipid peroxides are easily produced. High levels of 
free radicals can cause lesions in liver tissue. In addition, 
liver dysfunction leads to a decrease in the frequency of 
vasoconstriction in the liver and reduces the blood sup-
ply to various organs, which directly reduces exercise 
capacity [25]. In this study, the pathological observa-
tions confirmed the lesions in the liver tissues. Dandelion 
effectively reduced these lesions and inhibited liver dys-
function. One of its important roles may be to indirectly 
improve motor function.

The main role of CAT is to metabolize hydrogen per-
oxide; thus, removing the products of peroxidative stress 
found in erythrocytes, peroxisomes, and mitochondria, 
which prevent the cell damage caused by ROS [26]. Cu/
Zn-SOD and Mn-SOD are two forms of SOD in mam-
mals. Cu/Zn-SOD is a SOD with Cu2+ and Zn2+ in the 
cytoplasm; Mn-SOD is a SOD with Mn4+ in the mito-
chondria. Both SODs play an extremely important role in 
inhibiting oxidative stress in vivo. With liver dysfunction 
and decreased exercise capacity, the body contains more 
oxidative stress and produces more free radicals after 



Page 9 of 10Zhang et al. Applied Biological Chemistry           (2022) 65:89 	

exercise. To maintain better exercise capacity and inhibit 
liver dysfunction, higher CAT, Cu/Zn-SOD, and Mn-
SOD activities are needed to inhibit free radicals, reduce 
fatigue, and improve exercise ability [27]. The results of 
this study also confirmed that liver and skeletal muscle 
accumulate large amounts of free radicals due to a series 
of oxidative stress responses. Dandelion improved the 
activities of CAT, Cu/Zn-SOD, and Mn-SOD, suggesting 
that dandelion can inhibit liver dysfunction, protect the 
body, and improve the exercise ability of mice.

NOS has been divided into nNOS, which is expressed 
in the normal state, and endothelial nitric oxide synthase 
and iNOS, which are induced after injury. The genera-
tion of NO is closely related to NOS. NO is continuously 
produced in skeletal muscle. When the body is in a static 
state, the NO content in skeletal muscle is relatively low, 
but skeletal muscle contraction during exercise increases 
the NO level. The nNOS is distributed on the myofiber 
membrane, and is significantly upregulated after exhaus-
tive exercise, but decreased after recovery from exercise 
fatigue. iNOS expression is induced by in vivo endotox-
ins and various cytokines, particularly the inflammatory 
cytokines, and is mainly distributed in hepatocytes, mac-
rophages, and neutrophils. iNOS is a NOS subtype that 
generates more NO. NO is involved in liver lesions and 
is an important mediator of liver lesions [28]. TNF-α is 
a multifunctional cytokine secreted by monocytes and 
macrophages that promotes the secretion of ROS, such 
as O2

−, H2O2, and NO by macrophages; thus, promot-
ing aging [29]. Therefore, the expression levels of iNOS, 
nNOS, and TNF-α reflect the oxidative stress level. The 
syncytin-1 gene plays a role in immune regulation, and 
the high expression of syncytin-1 in skeletal muscle 
impairs motor neurons. High expression of syncytin-1 
in skeletal muscle also leads to the accumulation of oxy-
gen free radicals and mitochondrial damage. Activation 
of syncytin-1 by oxidative stress causes muscle and nerve 
damage and affects motor function [30]. As the aging 
process progresses, muscle mass atrophies, and after age 
40, muscle mass is lost at a rate of 8% per decade. After 
the age of 70, the loss of muscle mass accelerates at a 
rate of 15 percent per decade. The loss of muscle mass 
affects the degree of bone protection, reduces the ability 
to exercise, and leads to a significant decline in physical 
strength. By ingesting active substances to reduce the 
degree of muscle aging, avoid amyloidosis and mitochon-
drial dysfunction in muscle, so as to restore muscle vital-
ity, improve motor function, restore physical strength, 
and delay aging [31]. In this study, dandelion significantly 
downregulated the expression of iNOS, nNOS, TNF-α, 
and syncytin-1, indicating that dandelion relieved exer-
cise fatigue and oxidative stress, improved free radical 
scavenging activity, and had the ability to restore muscle 

vitality and increase muscle mass, thus enhancing the 
exercise ability of mice.

Gallic acid, protocatechuic acid, chlorogenic acid, caf-
feic acid, p-coumaric acid, rutin, myricitrin, isoquercitrin, 
isochlorogenic acid A, and luteolin are antioxidants that 
inhibit liver lesions caused by oxidative stress and thus 
inhibit liver dysfunction [32–41]. The combined effect of 
these active substances inhibited liver dysfunction.
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