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Abstract: Glossogyne tenuifolia (GT) is a native perennial plant growing across the coastline areas in 
Taiwan. The current study aimed to examine the efficacy of GT extract in ameliorating physical 
fatigue during exercise and increasing exercise performance. Fifty male Institute of Cancer Research 
(ICR) mice were randomly segregated into five groups (n = 10) to GT extract orally for 4 weeks, at 
different concentrations (50, 100, 250, and 500 mg/kg BW/day): LGT 1X, MGT 2X, HGT 5X, and HGT 
10X groups. Forelimb grip strength, endurance swimming time, serum biochemical marker levels, 
blood lipid profile and histological analysis of various organs were performed to assess the anti-
fatigue effect and exercise performance of GT extract. The forelimb-grips strength and endurance-
swimming time of GT-administered mice were increased significantly in a dose-dependent manner 
when compared to the control. Serum glucose, creatine kinase, and lactate levels were increased 
significantly in the HGT 10X group. Liver marker serum glutamic-oxaloacetic transaminase (GOT) 
was increased in the HGT 5X and HGT 10X groups, whereas Serum Glutamic Pyruvic Transaminase 
(GPT) was not altered. Renal markers, creatinine and uric acid levels, were not altered. Muscle and 
hepatic glycogen levels, which are essential for energy sources during exercise, were also signifi-
cantly increased in a dose-dependent manner in all GT extract groups. No visible histological aber-
rations were observed in the vital organs after GT extract administration. The supplementation with 
GT extract could have beneficial effects on exercise performance and anti-fatigue function without 
toxicity at a higher dose. 
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1. Introduction 
Fatigue is defined as the inability to maintain power output and strength, impairing 

physical performance. Redundant physical load, insufficient rest, and mental stress/pres-
sure are the causative factors of physiological fatigue, which is further divided into central 
and peripheral fatigue [1]. Factors affecting the brain, spinal cord, and motor neurons in 
the central nervous system could result in central fatigue, whereas peripheral fatigue re-
sults from muscle weakness induced by changes at the neuromuscular junction [2]. A de-
cline in functional performance could also be associated with physiological fatigue [3]. 
According to the exhaustion theory, a decrease in energy sources, such as glucose, and 
accumulation of metabolites due to physical performance are causative factors of fatigue 
[4]. 
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Fatigue is associated with high-intensity exercise-induced exhaustion, suggesting 
that the functioning muscle capacity has been substantially impaired [5]. During high-
intensity exercise, the body utilizes key energy sources, such as glucose, hepatic, and mus-
cle glycogen; on the other hand, the aggregation of metabolites, such as lactic acid, ammo-
nia, blood urea nitrogen (BUN), and inorganic phosphorus, results in intracellular acido-
sis, which contributes to muscle fatigue [6]. A decrease in energy sources, such as glucose 
and liver and muscle glycogen, and accumulation of metabolites, such as lactic acid and 
ammonia, are the key factors in peripheral fatigue. Peripheral fatigue can be reversed by 
sustaining the availability of energy sources and clearing the metabolic products [7]. 
Chronic low-grade inflammation has also been linked to a wide spectrum of chronic ill-
nesses that are characterized by fatigue. Lower stamina and fatigue may occur from an 
energy deficit caused by mitochondrial dysfunction. Inflammation has been linked to mi-
tochondrial dysfunction and oxidative stress [8]. Recovery from exercise-induced fatigue 
needs the repair of muscular injury by the metabolites, as well as the removal of metabo-
lites produced during exercise. As a result, frequent exercise coupled with a well-balanced 
diet can help to prevent muscle fatigue during exercise [9]. In particular, when the intake 
of dietary protein and energy fail to meet individual demands, body fat and muscle are 
catabolized to provide energy, leading to symptoms such as fatigue [10]. Previous studies 
have shown that natural products boost athletic performance and decrease or prevent fa-
tigue without causing adverse effects [11]. 

The medicinal properties of many Chinese herbal teas or medicines are known and 
include being rich in antioxidants, notably phenolics, alkaloids and antioxidant vitamins 
[12,13]. The G. tenuifolia perennial herb belongs to the Asteraceae family growing in South 
Asia and Australia. Glossogyne tenuifolia (GT) originated from coastal areas of Penghu Is-
lands, Taiwan. In Taiwan, the GT plant was used for preparing herbal tea and in folk 
medicines. Aqueous extract of dried GT powder is used as an antipyretic, hepatoprotec-
tive, and anti-inflammatory medicine in traditional Chinese medicine [13–16]. Herbal 
teas/drinks prepared using GT have been used to prevent sunstroke [17]. In our previous 
studies, we showed that GT extract has antioxidant and hepatoprotective activities against 
acetaminophen-induced hepatotoxicity and high-fat-diet-induced diabetes [14,18]. Fur-
thermore, we have also shown the hypoglycemic and hypolipidemic effects of GT extracts 
in animal models [13,19]. We have also shown the presence of major phenolic compounds, 
such as luteolin, luteolin-7-glucoside, and oleanolic acid, in GT extract by HPLC analysis 
Figure 1 [14,18,20]. 

 
Figure 1. Major compounds present in GT extract. Structure of luteolin, luteolin-7-glucoside, and 
oleanolic acid. 

However, the anti-fatigue effect and exercise performance of GT extract were not re-
ported previously. The purpose of the present study was to assess the potential beneficial 
effects of GT extract on anti-fatigue and ergogenic functions following physiological chal-
lenges. 
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2. Materials and Methods 
2.1. GT Extract Preparation and HPLC Analysis 

GT plant was procured from Kaohsiung District Agricultural Improvement Station 
in Penghu, Taiwan, Republic of China (ROC). The plant was identified by a taxonomist at 
Tunghai University, Taichung City, Taiwan, ROC, and a specimen of the plant was de-
posited in the Tunghai University Taichung City, Taiwan, ROC. GT extract was prepared 
based on our previous study [18]. Safety reports from the Department of Agricultural 
Pharmaceutical Drug Test, Executive Yuan, Kaohsiung, have shown that Lethal dose 50 
(LD50) of GT extract is higher than 10 g/kg BW. 

2.2. Animal Experiments 
Male Institute of Cancer Research (ICR) mice were used in the present study. Eight-

week-old male ICR mice were procured from BioLASCO, Taiwan. Animals were main-
tained in the university animal house with a constant temperature of 25 ± 1 °C under the 
12:12 h light–dark cycle. Animals were freely allowed to access food and water. Standard 
commercial laboratory mice feed (PMI Feeds, Inc., Brentwood, MO, USA) and water ad 
libitum were used. After 1 week of acclimatization, mice were randomly divided into 5 
groups (n = 10). Control group received vehicle treatment, LGT 1X—low-dose GT extract 
(50 mg/kg BW/day), MGT 2X—medium-dose GT extract (100 mg/kg BW/day), HGT 5X—
high-dose GT extract (250 mg/kg BW/day), and HGT 10X—high-dose GT extract (500 
mg/kg BW/day). GT extract was administered for 28 days. All animal treatment proce-
dures were performed in accordance with the Guide for Care and Use of Laboratory An-
imals (National Institutes of Health Publication NO 85-23, raised 1996). Animal-experi-
ment procedures in the present study were approved by the Institutional Animal Care 
and Use Committee (IACUC) of Tunghai University. 

At the end of treatment, mice were euthanized by 95% CO2, blood was collected, and 
serum was separated by using centrifugation and stored at -80 °C. Organs, such as the 
liver, lung, heart, kidney, adipose tissue, and skeletal muscles, were collected, weighed, 
and stored at -80 °C. A small portion of tissue sections was stored in formalin for histo-
logical analysis. A small portion of liver and muscle tissue used for estimating glycogen 
content was washed in saline and stored separately. 

2.3. Forelimb Grip Strength Test 
For estimating the forelimb grip strength of the mice in the different treatment 

groups, low-force testing system (Model-RX-5, Aikoh Engineering, Nagoya, Japan) was 
used. Only the front paws of the mice were permitted to grab the pull bar on the grip wire, 
which was gradually drawn back until they lost their grip on the metal bar. A detailed 
experiment procedure was described in the previous study [21]. The grip strength of each 
mouse has measured 10 times, and the longest duration in each trial was recorded. 

2.4. Weight-Loaded Swimming Test 
 A weight-loaded swimming test in the mice was performed to evaluate the exercise 

endurance time based on the previous report [22]. After GT-extract administration, a 
weight (5% of the mice body weight) was attached to the tail and allowed to swim in a 
small plastic water tank with a depth of 30 cm of warm water (28 °C). Mice were consid-
ered to be exhausted when they failed to rise above the water surface in 10 s. 

2.5. Biochemical Parameters Associated with Fatigue 
After 1 h of GT extract administration, animals were allowed for a swimming test for 

15 min without weight. The blood sample was collected after swimming exercise from the 
submandibular duct of mice, serum was separated by centrifugation and used to analyze 
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fatigue-associated biochemical parameters, such as serum glucose, BUN (blood urea ni-
trogen), lactic acid, ammonia, CK(creatine kinase) and LDH(lactate dehydrogenase), us-
ing an autoanalyzer (Hitachi 7060, Hitachi, Tokyo, Japan). 

2.6. Serum Marker Analysis 
At the end of the experimental period, all mice were euthanized by using 95% CO2. 

Then the blood was collected, and the serum was separated by centrifugation. Biochemical 
markers, such as GOT, GPT, creatinine, CK, uric acid, LDH, CPK(creatine phosphoki-
nase), total cholesterol (TC), TG (triglycerides), HDL (high-density lipoprotein), LDL 
(Low-density lipoprotein), BUN, ammonia, and glucose, were measured by using an au-
toanalyzer (Hitachi 7060, Hitachi, Tokyo, Japan). 

2.7. Tissue Glycogen Analysis 
Liver and skeletal muscles are the two primary sites for glycogen storage; we tested 

the effect of GT extract administration on the liver and skeletal muscle tissues. Glycogen 
content in the liver and muscle tissues was quantified based on the previous report [23]. 

2.8. Histological Analysis 
Liver, skeletal muscle, heart, lung, kidney, pancreas, and adipose were collected from 

all treatment groups. A small portion of tissue was fixed in 10% neutral buffered formalin 
and covered with wax. Then 0.2 µm–size sections were cut from paraffin-embedded tissue 
blocks, using a microtome. Slides were prepared by deparaffinization, stained with hema-
toxylin and eosin (H&E), dehydrated through a series of graded alcohols (100%, 95%, and 
75%), and rinsed twice in xylene. Photomicrographs were obtained by using a Zeiss Axi-
ophot microscope (Carl Zeiss Microscopy, Thornwood, NY, USA). 

2.9. Statistical Analysis 
Data analyses were performed by using SPSS 17 software (SPSS Inc. Released 2008. 

SPSS Statistics for Windows, Version 17.0. Chicago, IL, USA). The results shown are the 
mean ± SEM of three independent experiments. Statistical analysis was performed by one-
way analysis of variants. The level of statistical significance was set at p < 0.05. 

3. Results 
3.1. Effect of GT Extract on Body Weight and Organ Weight 

After 28 days of treatment with low, medium, and high dosages (LGT 1X, MGT 2X, 
HGT 5X, and HGT 10X) of GT extract, the final-day bodyweight of mice was measured. 
The bodyweight of GT-administered mice was not significantly different when compared 
to control. Food and water intake were also significantly changed in the GT-treated group 
and control (Table 1). 
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Table 1. Bodyweight and organ weight of the treatment group. 

Parameters Control LGT 1X MGT 2X HGT 5X HGT 10X 
Final BW (g) 40.92 ± 0.68 41.88 ± 0.63 41.86 ± 0.63 42.22 ± 0.39 39.87 ± 0.23 
Muscle (g) 0.419 ± 0.010 b 0.402 ± 0.013 b 0.420 ± 0.016 b 0.400 ± 0.009 ab 0.368 ± 0.009 a 
Liver (g) 1.585 ± 0.050 ab 1.558 ± 0.100 ab 1.575 ± 0.056 ab 1.845 ± 0.298 b 1.358 ± 0.037 a 
Heart (g) 0.187 ± 0.006 a 0.207 ± 0.012 ab 0.219 ± 0.014 b 0.208 ± 0.008 ab 0.180 ± 0.008 a 

Pancreas (g) 0.226 ± 0.007 c 0.189 ± 0.013 b 0.186 ± 0.009 b 0.152 ± 0.015 a 0.175 ± 0.007 ab 
Lung (g) 0.220 ± 0.005 a 0.211 ± 0.003 a 0.212 ± 0.005 a 0.208 ± 0.004 a 0.216 ± 0.003 a 

Kidney (g) 0.580 ± 0.013 bc 0.533 ± 0.016 ab 0.592 ± 0.033 c 0.527 ± 0.017 a 0.484 ± 0.014 a 
Spleen (g) 0.1081 ± 0.0035 b 0.1093 ± 0.0048 b 0.0974 ± 0.0049 ab 0.0898 ± 0.0050 a 0.0902 ± 0.0029 a 
Testis (g) 0.262 ± 0.016 a 0.269 ± 0.008 a 0.245 ± 0.010 a 0.237 ± 0.010 a 0.246 ± 0.009 a 

Epididymis (g) 0.116 ± 0.020 0.087 ± 0.009 0.094 ± 0.015 0.068 ± 0.010 0.059 ± 0.002 
Epididymis fat (g) 0.97 ± 0.1 b 0.77 ± 0.0 a 0.74 ± 0.1 a 0.76 ± 0.0 a 0.82 ± 0.1 ab 

Data are the mean ± SEM for n = 10 mice in each group. Values in the same row with different su-
perscript letters (a, b, and c) differ significantly, p < 0.05. 

3.2. GT Extract Increases Forelimb Grip Strength and Endurance-Swimming Time in a Dose-
Dependent Manner 

The forelimb-grip-strength test in animal models measures the changes in neuromus-
cular coordination, the intensity of muscle, and total functional capability. The forelimb-
grip strength of the control group was around 95.8, which was found to be increased after 
GT treatment. Grip strength of the animals increased significantly in a dose-dependent 
manner, where maximum forelimb grip was achieved in the HGT 5X and HGT 10X groups 
(Figure 2A). Another parameter used for assessing exercise endurance is the duration of 
the workout/exercise. It is used for testing natural compound ability in alleviating fatigue 
in high-intensity exercise performance. Endurance-swimming time of the different treat-
ment groups was shown in Figure 2B. Endurance-swimming time of the mice was in-
creased in all GT-extract-administered groups. Low and medium GT doses (LGT 1X and 
MGT 2X) significantly increased the endurance time. However, high doses of GT (HGT 
5X and HGT 10X) showed significantly increased endurance-swimming time than the 
control and low and medium GT doses. 

 
Figure 2. GT extract increases forelimb grip strength and endurance swimming time in a dose-de-
pendent manner: (A) forelimb grip strength and (B) endurance swimming time. Data are the mean 
± SEM for n = 10 mice in each group. Values in the same row with different superscript letters (a, b, 
and c) differ significantly, p < 0.05. 

3.3. Effect of GT Extract on Biochemical Markers Associated with Fatigue 
Figure 3 shows the effect of GT extract treatment on fatigue-associated biochemical 

parameters, such as serum glucose, BUN, lactate, ammonia, CK, and LDH, after swim-
ming exercise. Levels of serum glucose, BUN, lactic acid, ammonia, CK, and LDH in the 
blood were quantified to evaluate the anti-fatigue effect of GT extract. Medium and high 
doses of GT extract significantly increased the glucose level in the blood when compared 
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to control. However, low-dose GT extract has no significant changes in glucose level com-
pared to the control. GT extract has no effect on the BUN level. Low dose and medium 
doses (LGT 1X and MGT 2X) do not significantly reduce the lactate and ammonia levels, 
whereas high doses of GT (HGT 5X and HGT 10X) significantly lowered the levels of lactic 
acid and ammonia after exercise. Creatinine kinase and LDH levels in the blood indicate 
tissue/muscular damage after exercise. In our present study, HGT 5X and HGT 10X 
groups significantly lowered the enzyme activity of CK and LDH more than the control 
and low- and medium-GT doses (LGT 1X and MGT 2X). 

 
Figure 3. Effect of GT extract on biochemical markers associated with fatigue: (A) glucose, (B) BUN, 
(C) lactic acid, (D) ammonia, (E) LDH, and (F) CK. Data are the mean ± SEM for n = 10 mice in each 
group. Values in the same row with different superscript letters (a, b, and c) differ significantly, p < 
0.05. 

3.4. Effect of GT Extract on Liver and Muscle Glycogen 
Glycogen is a key energy source utilized during exercise, and higher tissue glycogen 

levels in the liver and muscle promote physical performance. Estimating the tissue glyco-
gen level helps in identifying the severity of fatigue. GT extract significantly increased the 
liver and muscle glycogen level. However, MGT 2X, HGT 5X, and HGT 10X groups show 
significantly higher tissue glycogen levels than the low-dose GT (LGT 1X) group (Figure 
4). 
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Figure 4. Effect of GT extract on liver and muscle glycogen: (A) liver and (B) muscle. Data are the 
mean ± SEM for n = 10 mice in each group. Values in the same row with different superscript letters 
(a, b, and c) differ significantly, p < 0.05. 

3.5. Effect of GT Extract on Biochemical Parameters at the End of the Treatment Period 
At the end of the treatment period, biochemical parameters for liver, kidney, heart, 

and muscle injury markers, such as GOT, GPT, creatinine, uric acid, LDH, and CPK; lipid 
profile; glucose; BUN; and ammonia levels, were quantified to evaluate the anti-fatigue 
effect GT extract (Table 2). Liver markers GOT and GPT, kidney markers creatinine and 
uric acid, heart, and muscle injury markers LDH and CPK do not significantly change 
after GT treatment. In lipid profile total cholesterol, triglyceride and HDL levels were not 
significantly altered in GT treated group; however, GT extract (LGT 1X, MGT 2X, HGT 
5X, and HGT 10X) decreased the LDL level significantly in a dose-dependent manner. No 
significant changes were observed in glucose, BUN, and ammonia levels in all the groups. 

Table 2. Biochemical analysis at the end of the treatment period in treatment groups. 

Parameters Control LGT 1X MGT 2X HGT 5X HGT 10X 
GOT (U/L) 117.9 ± 18.8 a 101.5 ± 6.8 a 116.2 ± 15.1 a 140.8 ± 24.5 ab 176.3 ± 29.5 b 
GST (U/L) 27.8 ± 2.8 a 23.0 ± 1.0 a 26.6 ± 3.6 a 44.9 ± 16.6 a 28.0 ± 2.1 a 

Triglyceride (mg/dL) 66.8 ± 6.1 a 90.1 ± 15.5 a 84.8 ± 7.9 a 75.2 ± 6.8 a 80.1 ± 7.2 a 
Total cholesterol (mg/dL) 153.7 ± 6.4 a 154.6 ± 5.9 a 142.7 ± 6.5 a 151.6 ± 5.4 a 153.7 ± 8.0 a 

HDL (mg/dL) 117.7 ± 4.29 a 120.8 ± 5.63 a 114.0 ± 5.58 a 122.5 ± 4.09 a 123.9 ± 7.24 a 
LDL (mg/dL) 25.0 ± 2.09 b 22.1 ± 1.72 ab 19.8 ± 1.28 a 20.9 ± 0.98 ab 19.5 ± 1.42 a 
BUN (mg/dL) 24.9 ± 0.70 a 27.3 ± 1.32 ab 28.6 ± 1.74 bc 31.0 ± 0.77 c 25.9 ± 1.55 ab 

Creatinine (mg/dL) 0.228 ± 0.014 a 0.225 ± 0.017 a 0.235 ± 0.022 ab 0.214 ± 0.014 a 0.277 ± 0.014 b 
Uric acid (mg/dL) 2.44 ± 0.20 ab 3.01 ± 0.22 b 2.13 ± 0.18 a 2.00 ± 0.24 a 2.35 ± 0.24 a 
Glucose (mg/dL) 131.7 ± 10.8 a 160.5 ± 5.3 bc 152.3 ± 6.7 ab 166.9 ± 11.1 c 138.9 ± 6.6 ab 

CPK (U/L) 5789 ± 1495 ab 3420 ± 490 a 4762 ± 921 a 6019 ± 1632 ab 9168 ± 1841 b 
LDH (U/L) 1214 ± 193 a 721 ± 134 a 810 ± 190 a 924 ± 259 a 1012 ± 111 a 

Ammonia (µM/L) 414 ± 87 a 485 ± 106 a 632 ± 132 a 528 ± 124 a 645 ± 103 a 
Data are the mean ± SEM for n = 10 mice in each group. Values in the same row with different su-
perscript letters (a, b, and c) differ significantly, p < 0.05. 

3.6. Effect of GT Extract on Histology in Various Organs 
A histological analysis of various organs, such as the liver, kidney, heart, muscle, 

lungs, adipose tissue, and pancreas, was performed to understand the morphological 
damage in the tissues. Even high doses of GT extract (HGT 5X and HGT 10X) do not in-
duce any morphological changes in the liver, kidney, lungs, and muscle. Heart and muscle 
sections also display normal cellular architecture in GT-treated groups. The morphology 
of pancreas and adipose tissue do not alter after GT treatment (Figure 5). 
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(A) (B) (C) (D) (E) (F) (G) 

Figure 5. Effect of GT extract on histology in various organs: (A) liver, (B) kidney, (C) heart, (D) 
lung, (E) muscle, (F) adipose, and (G) pancreas. H&E stain (100×). 

4. Discussion 
Endurance-swimming time, forelimb-grip strength, and changes in biochemical 

marker levels were studied and a histological analysis of muscle and other tissues was 
performed to assess the fatigue in animal models [24,25]. Endurance-swimming time in a 
forced-swimming test, forelimb-grip test, and rotary rod test have been widely used in 
animal models for evaluating the anti-fatigue efficacy of drugs or natural compounds 
[26,27]. The enhancement of exercise endurance time is the key manifestation of the anti-
fatigue effect of the drug or natural compounds. In our present study, GT-extract admin-
istration increased the forelimb-grip strength significantly compared to the control. A 
higher GT dose, HGT 5X, and HGT 10X have significantly higher forelimb-grip strength 
than LGT 1X and MGT 2X. This suggests that the potential benefits of GT administration 
have a beneficial effect on increasing grip strength without training. Further, GT extract 
significantly improved the endurance-swimming time in a time-dependent manner com-
pared to the control. The administration of phytochemicals, such as resveratrol, capsaicin, 
and curcumin, has been shown to improve the forelimb-grip strength and endurance-
swimming time in animal models without training [22,28,29]. Supplementation of Chinese 
herbal extract from Cornu cervi pantotrichum increased the swimming time and forelimb-
grip strength [30]. 

Apart from swimming tests, blood biochemical parameters are also used as a marker 
for fatigue. Glucose is produced from tissue glycogen in the liver and muscle and released 
in blood for the energy source [31]. High-intensive exercises have a high energy demand 
and consume glucose from tissue glycogen and increase their concentration in the blood 
[32]. Low-dose GT extract (LGT 1X) does not alter the serum glucose level significantly 
after the exercise. However, in MGT 2X, HGT 5X, and HGT 10X, the glucose levels were 
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significantly increased after exercise when compared to the control. Thus, GT extract in-
creases exercise performance by supplying/maintaining high glucose levels in the blood. 
Blood lactate is the metabolic end-product during glycolysis of carbohydrates under an-
aerobic conditions, and anaerobic glycolysis serves as a key energy source during inten-
sive exercise [33]. Accumulated lactic acid during intensive exercise in the blood decreases 
the pH of muscles, and blood can cause acidosis. Acidosis is known to damage muscle 
and other vital organs and cause fatigue [34]. BUN is a metabolic product of protein me-
tabolism. In amino acid metabolism, ammonia is produced as a metabolic end-product. 
BUN and ammonia accumulation increased during high-intensity exercise, reducing the 
performance and causing fatigue [35]. Preventing the accumulation and removal of lactic 
acid, BUN, and ammonia from the blood could increase exercise performance and prevent 
exercise-induce fatigue. In rats, Moringa oleifera extracts reduced the accumulation of LA, 
BUN, and ammonia and increased the endurance swimming time [36]. In our study, we 
found that GT extract does not alter BUN levels significantly in all groups. However, lactic 
acid and ammonia levels increased in LGT 1X, but higher GT doses, namely MGT 2X, 
HGT 5X, and HGT 10X, significantly decreased the lactic acid and ammonia levels. This 
suggests the potential anti-fatigue effect of GT. 

Tissue glycogen from the muscle and liver is the key energy source during glycolysis 
and oxidative phosphorylation and increases the glucose level in blood during physical 
exercise [27]. High levels of hepatic and muscle glycogen could increase endurance time 
and performance during exercise with high intensity and reduce fatigue [37]. Compounds 
increasing the tissue glycogen level could have an anti-fatigue effect. Antrodia camphorata–
extract treatment in mice increased the hepatic and muscular glycogen level and increased 
the endurance swimming time [38]. GT treatment in the mice increased the muscle and 
liver glycogen levels. 

Liver function marker alanine aminotransferase (ALT); aspartate aminotransferase 
(AST); kidney function marker creatinine and uric acid; and other organ markers, such as 
creatine kinase (CK), creatine phosphokinase (CPK), and lactate dehydrogenase (LDH), 
are key markers for tissue damage during high-intensity exercise [39]. Antrodia camphorata 
extract, an edible fungus extract with high triterpenoids content has an anti-fatigue effect 
by increasing glucose level reducing the accumulation of BUN and lactic acid in blood 
and decreasing CK activity [38]. In our study, GT-extract treatment does not change the 
activity of these enzymes, suggesting no organ damage during exercise performance. The 
presence of phenolic compounds, such as luteolin and luteolin-7-glucoside, in the GT ex-
tract has been shown to have a hepatoprotective effect [14,18]. 

Fats are the second macronutrient that gives energy after glucose. During exercise, 
lipolysis is a major contributor to elevated triglyceride levels during rest [40]. Some natu-
ral phytochemicals induce fat/lipid metabolism, which delays the glycogen as an energy 
source. Aqueous extract of Millettiae speciosae Champ. supplementation increased fat uti-
lization and reduced triglyceride and muscle glycogen usage as an energy source; thus, it 
possesses an anti-fatigue effect [41]. However, in our present study, GT extract did not 
change the lipid profile. Apart from forelimb-grip strength, endurance-swimming time 
and biochemical parameters related to exercise-induced fatigue, histological analysis of 
liver, kidney, heart, muscle, lung, and testis tissue were used to evaluate the impairment 
induced during exercise [42]. GT administration does not cause any morphological abnor-
malities in the liver, kidney, heart, muscle, lung, and pancreas. 

5. Conclusions 
G. tenuifolia is a traditional antipyretic and hepatoprotective herb used in Penghu Is-

land and may soon become an important economic healthy food. However, the infor-
mation on effective ingredients was still rare and unclear until now. In our previous study, 
some active ingredients, including luteolin and luteolin-7-glucoside, were reported in the 
GT extract [14,18]. Safety reports of the GT extract have also shown no toxicity of up to 10 
g/b.wt. The experimental results show that this plant extract could be used for formulating 
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food supplementation/health drinks exhibiting anti-fatigue effect and improving exercise 
performance. 

In conclusion, GT extract treatment in mice could enhance physical performance, in-
cluding forelimb-grip strength and endurance-swimming time. Furthermore, fatigue 
blood biochemical parameters indicate that GT extract improves glucose level and pre-
vents the accumulation of lactic acid, BUN, and ammonia from the blood. GT possesses 
an anti-fatigue effect by increasing tissue glycogen levels in the liver and muscle. Taken 
together, herbal extract GT can be used to mitigate fatigue during exercise and increase 
exercise performance. 

Author Contributions: Conceptualization, Y.-J.C. and W.-T.L.; methodology, R.B.; validation, 
M.A.S. and W.-T.L.; formal analysis, R.B.; investigation, W.-T.L.; resources, M.A.S.; data curation, 
W.-T.L.; writing—original draft preparation, Y.-J.C. and RB. All authors have read and agreed to 
the published version of the manuscript. 

Funding: This study was supported by grants from the Ministry of Science and Technology, Repub-
lic of China (MOST-106-2410-H-029-047-MY2), and the Ministry of Science and Technology, Repub-
lic of China (109-2410-H-029-034-MY3). The funding body did not have any role in the design of the 
study and collection, analysis, and interpretation of data and in writing the manuscript. 

Institutional Review Board Statement: All animal-treatment procedures were performed in ac-
cordance with the Guide for Care and Use of Laboratory Animals (National Institutes of Health 
Publication NO 85-23, raised 1996). This study was conducted following the IACUC-105-25 protocol 
and approved by the institutional animal care and use committee (IACUC) of Tunghai University, 
Taiwan. 

Data Availability Statement: The data that support the findings of this study are available upon 
request from the corresponding author. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Yamamoto, T.; Azechi, H.; Board, M. Essential role of excessive tryptophan and its neurometabolites in fatigue. Can. J. Neurol. 

Sci. 2012, 39, 40–47. 
2. Ament, W.; Verkerke, G.J. Exercise and fatigue. Sports Med. 2009, 39, 389–422. 
3. Smith, I.C.H.; Newham, D.J. Fatigue and functional performance of human biceps muscle following concentric or eccentric 

contractions. J. Appl. Physiol. 2007, 102, 207–213. 
4. Morales-Alamo, D.; Losa-Reyna, J.; Torres-Peralta, R.; Martin-Rincon, M.; Perez-Valera, M.; Curtelin, D.; Ponce-González, J.G.; 

Santana, A.; Calbet, J.A. What limits performance during whole-body incremental exercise to exhaustion in humans? J. Physiol. 
2015, 593, 4631–4648. 

5. Calik-Kutukcu, E.; Savci, S.; Saglam, M.; Vardar-Yagli, N.; Inal-Ince, D.; Arikan, H.; Aribas, Z.; Ozer, O.; Bosnak-Guclu, M.; 
Coplu, L. A comparison of muscle strength and endurance, exercise capacity, fatigue perception and quality of life in patients 
with chronic obstructive pulmonary disease and healthy subjects: A cross-sectional study. BMC Pulm. Med. 2014, 14, 6. 

6. Westerblad, H.; Allen, D.G.; Lannergren, J. Muscle fatigue: Lactic acid or inorganic phosphate the major cause? Physiology 2002, 
17, 17–21. 

7. Finsterer, J. Biomarkers of peripheral muscle fatigue during exercise. BMC Musculoskelet. Disord. 2012, 13, 218. 
8. Azzolino, D.; Arosio, B.; Marzetti, E.; Calvani, R.; Cesari, M. Nutritional status as a mediator of fatigue and its underlying 

mechanisms in older people. Nutrients 2020, 12, 444. 
9. Schwartz, A.L. Fatigue mediates the effects of exercise on quality of life. Qual. Life Res. 1999, 8, 529–538. 
10. Azzolino, D.; Marzetti, E.; Proietti, M.; Calvani, R.; de Souto Barreto, P.; Rolland, Y.; Cesari, M. Lack of energy is associated with 

malnutrition in nursing home residents: Results from the INCUR study. J. Am. Geriatr. Soc. 2021, 69, 3242–3248. 
11. Ballard, S.L.; Wellborn-Kim, J.J.; Clauson, K.A. Effects of commercial energy drink consumption on athletic performance and 

body composition. Physician Sportsmed. 2010, 38, 107–117. 
12. López-Lázaro, M. Distribution and biological activities of the flavonoid luteolin. Mini Rev. Med. Chem. 2009, 9, 31–59. 
13. Lee, Y.-N.; Hsu, G.-S.W.; Lin, W.-T.; Lu, Y.-F. Hypolipidemic and Antioxidative effects of Glossogyne tenuifolia in hamsters fed 

an Atherogenic diet. J. Med. Food 2016, 19, 513–517. 
14. Tien, Y.-H.; Chen, B.-H.; Hsu, G.-S.W.; Lin, W.-T.; Huang, J.-H.; Lu, Y.-F. Hepatoprotective and anti-oxidant activities of Glos-

sogyne tenuifolia against acetaminophen-induced hepatotoxicity in mice. Am. J. Chin. Med. 2014, 42, 1385–1398. 
15. Li, T.S. Taiwanese Native Medicinal Plants: Phytopharmacology and Therapeutic Values; CRC Press: Boca Raton, FL, USA, 2006. 



Nutrients 2022, 14, 1011 11 of 11 
 

 

16. Boye, A.; Yang, Y.; Asenso, J.; Wei, W. Anti-fibro-hepatocarcinogenic Chinese herbal medicines: A mechanistic overview. J. 
Intercult. Ethnopharmacol. 2016, 5, 278. 

17. Ha, C.-L.; Weng, C.-Y.; Wang, L.; Lian, T.-W.; Wu, M.-J. Immunomodulatory effect of Glossogyne tenuifolia in murine perito-
neal macrophages and splenocytes. J. Ethnopharmacol. 2006, 107, 116–125. 

18. Asokan, S.M.; Wang, R.-Y.; Hung, T.-H.; Lin, W.-T. Hepato-protective effects of Glossogyne tenuifolia in Streptozotocin-nico-
tinamide-induced diabetic rats on high fat diet. BMC Complementary Altern. Med. 2019, 19, 117. 

19. Wang, R.-Y.; Huang, J.-H.; Hsu, G.-S.W.; Lin, W.-T.; Lu, Y.-F. Hypoglycemic and antioxidative effects of Glossogyne tenuifolia 
on streptozotocin-nicotinamide-induced diabetic rats. Am. J. Plant Sci. 2017, 8, 1170. 

20. Wu, M.-J.; Huang, C.-L.; Lian, T.-W.; Kou, M.-C.; Wang, L. Antioxidant activity of Glossogyne tenuifolia. J. Agric. Food Chem. 
2005, 53, 6305–6312. 

21. Chen, W.-C.; Huang, W.-C.; Chiu, C.-C.; Chang, Y.-K.; Huang, C.-C. Whey protein improves exercise performance and bio-
chemical profiles in trained mice. Med. Sci. Sports Exerc. 2014, 46, 1517. 

22. Huang, W.-C.; Chiu, W.-C.; Chuang, H.-L.; Tang, D.-W.; Lee, Z.-M.; Wei, L.; Chen, F.-A.; Huang, C.-C. Effect of curcumin sup-
plementation on physiological fatigue and physical performance in mice. Nutrients 2015, 7, 905–921. 

23. Wang, S.-Y.; Huang, W.-C.; Liu, C.-C.; Wang, M.-F.; Ho, C.-S.; Huang, W.-P.; Hou, C.-C.; Chuang, H.-L.; Huang, C.-C. Pumpkin 
(Cucurbita moschata) fruit extract improves physical fatigue and exercise performance in mice. Molecules 2012, 17, 11864–11876. 

24. Lin-Na, S.; Yong-Xiu, S. Effects of polysaccharides from Gynostemma pentaphyllum (Thunb.), Makino on physical fatigue. Afr. 
J. Tradit. Complementary Altern. Med. 2014, 11, 112–117. 

25. Yeh, T.-S.; Chuang, H.-L.; Huang, W.-C.; Chen, Y.-M.; Huang, C.-C.; Hsu, M.-C. Astragalus membranaceus improves exercise 
performance and ameliorates exercise-induced fatigue in trained mice. Molecules 2014, 19, 2793–2807. 

26. Martins, N.O.; de Brito, I.M.; Araújo, S.S.O.; Negri, G.; de Araújo Carlini, E.; Mendes, F.R. Antioxidant, anticholinesterase and 
antifatigue effects of Trichilia catigua (catuaba). BMC Complementary Altern. Med. 2018, 18, 172. 

27. Liu, Y.; Liu, C. Antifatigue and increasing exercise performance of Actinidia arguta crude alkaloids in mice. J. Food Drug Anal. 
2016, 24, 738–745. 

28. Wu, R.-E.; Huang, W.-C.; Liao, C.-C.; Chang, Y.-K.; Kan, N.-W.; Huang, C.-C. Resveratrol protects against physical fatigue and 
improves exercise performance in mice. Molecules 2013, 18, 4689–4702. 

29. Hsu, Y.-J.; Huang, W.-C.; Chiu, C.-C.; Liu, Y.-L.; Chiu, W.-C.; Chiu, C.-H.; Chiu, Y.-S.; Huang, C.-C. Capsaicin supplementation 
reduces physical fatigue and improves exercise performance in mice. Nutrients 2016, 8, 648. 

30. Huang, C.-C.; Chen, Y.-M.; Kan, N.-W.; Chao, H.-L.; Ho, C.-S.; Hsu, M.-C. Cornu cervi pantotrichum supplementation improves 
exercise performance and protects against physical fatigue in mice. Molecules 2014, 19, 4669–4680. 

31. Liu, J.; Du, C.; Wang, Y.; Yu, Z. Anti-fatigue activities of polysaccharides extracted from Hericium erinaceus. Exp. Ther. Med. 
2015, 9, 483–487. 

32. Liu, Y.; Zhou, Y.; Nirasawa, S.; Tatsumi, E.; Cheng, Y.; Li, L. In vivo anti-fatigue activity of sufu with fortification of isoflavones. 
Pharmacogn. Mag. 2014, 10, 367. 

33. Coco, M.; Buscemi, A.; Guerrera, C.S.; Di Corrado, D.; Cavallari, P.; Zappalà, A.; Di Nuovo, S.; Parenti, R.; Maci, T.; Razza, G. 
Effects of a bout of intense exercise on some executive functions. Int. J. Environ. Res. Public Health 2020, 17, 898. 

34. Westerblad, H.; Bruton, J.D.; Katz, A. Skeletal muscle: Energy metabolism, fiber types, fatigue and adaptability. Exp. Cell Res. 
2010, 316, 3093–3099. https://doi.org/10.1016/j.yexcr.2010.05.019. 

35. Li, X.; Zhang, H.; Xu, H. Analysis of chemical components of shiitake polysaccharides and its anti-fatigue effect under vibration. 
Int. J. Biol. Macromol. 2009, 45, 377–380. https://doi.org/10.1016/j.ijbiomac.2009.07.005. 

36. Lamou, B.; Taiwe, G.S.; Hamadou, A.; Abene; Houlray, J.; Atour, M.M.; Tan, P.V. Antioxidant and Antifatigue Properties of the 
Aqueous Extract of <i>Moringa oleifera</i> in Rats Subjected to Forced Swimming Endurance Test. Oxidative Med. Cell. Longev. 
2016, 2016, 3517824. https://doi.org/10.1155/2016/3517824. 

37. Hargreaves, M.; Spriet, L.L. Skeletal muscle energy metabolism during exercise. Nat. Metab. 2020, 2, 817–828. 
38. Huang, C.-C.; Hsu, M.-C.; Huang, W.-C.; Yang, H.-R.; Hou, C.-C. Triterpenoid-rich extract from Antrodia camphorata improves 

physical fatigue and exercise performance in mice. Evid.-Based Complementary Altern. Med. 2012, 2012, 364741. 
39. Luo, C.; Xu, X.; Wei, X.; Feng, W.; Huang, H.; Liu, H.; Xu, R.; Lin, J.; Han, L.; Zhang, D. Natural medicines for the treatment of 

fatigue: Bioactive components, pharmacology, and mechanisms. Pharmacol. Res. 2019, 148, 104409. 
40. Phillips, S.; Green, H.; Tarnopolsky, M.; Heigenhauser, G.; Hill, R.; Grant, S. Effects of training duration on substrate turnover 

and oxidation during exercise. J. Appl. Physiol. 1996, 81, 2182–2191. 
41. Zhao, X.N.; Wang, X.F.; Liao, J.B.; Guo, H.Z.; Yu, X.D.; Liang, J.L.; Zhang, X.; Su, Z.R.; Zhang, X.J.; Zeng, H.F. Antifatigue Effect 

of Millettiae speciosae champ (Leguminosae) extract in mice. Trop. J. Pharm. Res. 2015, 14, 479–485. 
42. Zheng, Y.; Zhang, W.C.; Wu, Z.Y.; Fu, C.X.; Hui, A.L.; Gao, H.; Chen, P.P.; Du, B.; Zhang, H.W. Two macamide extracts relieve 

physical fatigue by attenuating muscle damage in mice. J. Sci. Food Agric. 2019, 99, 1405–1412. 
 


	_Hlk60054323
	_Hlk89945590
	_Hlk93043354
	noRef

