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ABSTRACT
Background

Fatigue decreases exercise performance, and affects work capacity and quality of life. Functional supplement use is one of the
common methods to alleviate fatigue. Rhodiola rosea (RHR) exerts antioxidative and anti-inflammatory effects due to its rich
glycosides and has the potential to resist fatigue. Therefore, this study aims to investigate the effects of the RHR supplement on
physical fatigue induced by exhaustive swimming exercise.

Methods

Forty institute of cancer research (ICR) mice were divided and assigned to one of four treatment groups (0, 600, 1200, and 3000
mg/kg body weight), with 10 animals in each group. After four weeks of RHR supplement intetvention, swimming tests were
conducted to assess exercise endurance, the accumulation of blood fatigue markers, and tissue glycogen storage.

Results

The results showed that after four weeks of the RHR supplement intervention, the exhaustive swimming time significantly in-
creased in three treatment groups with a dose-dependence effect. The accumulation of blood fatigue substances (lactate, blood
urea nitrogen (BUN), creatine kinase (CK) was significantly decreased, and glycogen content in the liver and muscle was elevated.
Conclusion

RHR supplements possess the capacity to enhance exercise performance and prevent exercise-induced fatigue. It is suitable to

develop an RHR supplement as a dietary supplement for anti-fatigue.
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INTRODUCTION

atigue can be categorized into two types: physical fatigue

(which affects the muscles) and mental fatigue (which im-
pacts the nervous system), depending on its underlying mecha-
nism. Physical fatigue is accompanied by a decrease in muscle
function, a sense of tiredness, and an inability to sustain the origi-
nal level of activity.! Factors such as an imbalanced diet, high life
stress, ot irregulat sleep patterns exacetbate fatigue symptoms.?
The causes of fatigue are complex and diverse. First, prolonged
muscle exercise accumulates energy metabolites such as lactate
or blood urea nitrogen (BUN). Second, the production of large

amounts of reactive oxygen species causes an increase in oxida-
tive stress, leading to otgan damage that is harmful to health.” In
addition, insufficient glycogen storage in the liver and muscles
and imbalanced blood-oxygen concentration reduce the recovery
ability of the body and affect exetcise performance.* Short-term
fatigue could be improved through enough rest, however, lasting
fatigue (>6-months) leads to chronic fatigue, which decreases im-
mune system function and may cause diseases such as systemic
lupus erythematosus, rtheumatoid arthritis, and sleeping dysfunc-
tion.” Previous reseatch has shown that functional matetial sup-
plementation such as flavonoids, helps reduce the accumulation
of energy metabolites and improve enetgy utilization.® However,
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there have been limited studies on the anti-fatigue effects of com-
bined herbal supplements. Therefore, it is worthwhile to develop
a functional herbal supplement that could help alleviate fatigue.

Rhbodiola rosea (RHR), known as ‘roseroot’ or ‘golden
root’, belongs to the Crassulaceae family and is native to the
Qinghai-Tibet Plateau region. RHR contains more than 140 dif-
ferent compounds, including flavones, anthraquinones, couma-
rins, volatiles, and organic acids. Unique to plants in the Rhodiola
genus, it contains salidroside (rosavin, rosin, rosarin), which im-
parts various beneficial effects, including anti-diabetic, anti-aging,
anti-cancet, neuro-protective, and cardio-protective propetties.’
Studies have shown that supplementation with salidroside en-
hanced the swimming endurance and forelimb grip strength of
mice, reduced the accumulation of fatigue-inducing substances,
and exhibited an anti-fatigue effect.® Maca (Lepidium meyeni) is na-
tive to the Andes region, growing at altitudes between 3,500 and
4,450 meters. It is rich in water-soluble polysaccharides, endow-
ing it with antioxidant and immune-modulating properties. Maca
has also been shown to enhance the exhaustive swimming time
of mice and reduce levels of lactate and BUN, demonstrating its
anti-fatigue effects.” Fenugreek (Trigonella foenum-graecum), a mem-
ber of the Leguminosae family, is a plant considered both a food
crop and a medicinal herb in China and North Africa. Research
has shown that fenugreek extract can regulate the levels of total
antioxidant capacity (TAC), malondialdehyde (MDA), reduced
glutathione (GSH), superoxide dismutase (SOD), and nitric ox-
ide, exerting antioxidant effects that contribute to the reduction
of skeletal muscle fatigue.'’ Cistanche tubulosa (family Orobancha-
ceae), containing eight phenylethanoid glycosides, ten iridoid gly-
cosides, syringalide A 3-O-a-L-rhamnopyranoside, phenylethyl
oligosaccharides, terpenes, lignans, and other active compounds,
has been studied for its potential health benefits. Research has
demonstrated that supplementation with Cistanche tubulosa extract
can extend the sutvival time of mice under hypoxic conditions."
Another study has shown that Cistanche tubulosa extract has the
potential to prolong swimming time in mice, indicating its anti-
fatigue properties.'” Velvet antler is the only organ among mam-
malian species capable of permanent regeneration. Its regenera-
tive capacity is associated with the stem cells within velvet antlers
which facilitate wound healing,"? Furthermore, arginine and vita-
min B are essential nutrients for the body and have been proven

to contribute to the recovery from fatigue.'*'

A previous study has indicated that a supplement com-
bining RHR with blueberry extract, green tea extract, vitamin C,
and vitamin D could help maintain energy balance during exercise
and reduce post-exercise fatigue, demonstrating its anti-fatigue ef-
16 It is evident that the phytochemicals
rich in herbal plants have the potential for antioxidant, anti-fatigue,

ficacy caused by exercise.

and anti-inflammatory effects, and combinations might exhibit
synergistic effects. Therefore, this study employed a mouse exhaus-
tive swimming test to assess the effect of an RHR supplement
(combined with the extract of Lepidinm meyenii, Trigonella foenum-
graecum and Cistanche tubulosa, velvet antler powder, L-arginine, and
vitamin B) in extending endurance during exercise and reducing
the accumulation of fatigue relative substances.
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METHODOLOGY
Experimental Supplement

The RHR supplement was provided by HealthTake Co., Ltd. (731.6
mg per tablet). The formula contained Rhodiola rosea extract com-
bined with herbal extract (Lepidium meyenii, Trigonella foenum-graecum

and Cistanche tubulosa), velvet antler powder, L-arginine, and vitamin
B.

Study Design

Forty institute of cancer research (ICR) mice (6-week-old males)
were purchased from BioLASCO Taiwan Co., Ltd. (Taipei, Taiwan).
All animals were housed under standard conditions (temperature
2212 °C, humidity at 60-70%, and 12-h light/12-h datk cycle), and
were provided a standard laboratory diet (No. 5001; PMI Nutrition
International, Brentwood, MO, USA) and distilled water ad /Zbitum.
All animal experiments were approved by the Institutional Animal
Care and Use Committee (IACUC) of the National Taiwan Sport
University IACUC-11013). After two weeks of adaption, the mice
were randomly assigned to one of four groups (n=10): the control
group received distilled water, and the RHR supplement groups re-
ceived 1X, 2X, and 5X RHR supplement (600, 1200, and 3000 mg/
kg mouse). All mice received samples with RHR by oral gavage for
five consecutive weeks, and body weight, water consumption, and
feed intake were recorded each week.

Exhaustive Swimming Test

The exhaustive swimming test was performed after treatment for
28 days (day 29). The protocol was referred to the method of Wu
et al."” After 30-minutes of intervention, the mice with 12-hours
diet deprivation were loaded with 5% of their body weight on the
tails, placed individually in a columnar swimming pool (14 cm ra-
diusX25 cm deep water being maintained at 27+1 °C), and forced
to swim. The swimming endurance of each mouse was determined
from when the head of the mice fell under the surface of the water
for 8-seconds, and the time from the beginning of swimming to
exhaustion was recorded.

Blood Fatigue Biomarkers Analysis

To evaluate the effect of the RHR supplement on fatigue biomark-
ers, the mice performed two swimming tests on day 31 (swimming
for 10-minutes) and day 33 (swimming for 90-minutes)."® All mice
were fasted for 12-hours before two tests. On day 31, after a min-
ute intervention, the mice were forced to swim for 10 minutes at 30
°C. Blood samples were collected for lactate analysis before swim-
ming (baseline), immediately after swimming, and after a 20-min-
ute rest. On day 33, after 30-minutes of intervention, the mice
wete forced to swim for 90-minutes at 30 °C following 60-minutes
of rest, and the blood was collected to determine the serum level
of BUN and creatine kinase (CK). Serum was obtained after cen-
trifugation (1500 g, 15 minutes, 4 °C), and the fatigue biomarkers
were measured with an automatic analyzer (model 7060, Hitachi,

Tokyo, Japan).
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Hepatic and Muscle Glycogen Analysis

The mice were sacrificed 30 minutes after the last intervention and
the liver and muscle were collected and weighed for tissue glycogen
level analysis. The glycogen content assay was performed accord-
ing to the method of Huang et al® 100 mg of liver and muscle
tissue were homogenized in 0.5 mL of cold perchloric acid fol-
lowing centrifugation at 12,000 Xg for 15-minutes at 4 °C. The
supernatant was then transferred into a 96-well plate (30 pL), and
200 pL of iodine-potassium iodide reagent was added to each well
to facilitate iodine binding to glycogen. After 10-minutes, the ab-
sorbance was measured at a wavelength of 460 nm using an ELISA
reader (Tecan Infinite M200, Tecan Austria, Austria). The values of
glycogen in the analyzed samples were calculated using a standard
curve of glycogen (Sigma) and expressed as milligrams of glyco-
gen per gram wet weight of tissue.

Statistical Analysis

Results were expressed as the meantSD. All experimental data
were performed by one-way analysis of variance (ANOVA) with
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Duncan’s post hoc test, and a significant difference between
groups was determined to be p<<0.05. All statistical analyses were
performed with Statistical Analysis System (SAS) version 9.0 statis-
tics software (SAS Institute, Cary, NC, USA).

RESULTS

Effect of RHR Supplement on the Growth Parameters of ICR
Mice

Table 1 shows the condition of mice after 5 weeks of RHR supple-
mentation. A results (Table 1), there was no significant difference
in the final body weight, feed intake, energy intake (from feed, sup-
plement, or total energy), and water intake among in each group.

Effect of RHR Supplement on Exercise Endurance of ICR Mice

The results of exhaustive swimming time of mice after 4-weeks of
RHR supplementation are shown in Figure 1. The time to exhaus-
tion in the control, RHR-1X, RHR-2X, and RHR-5X groups was
4.74£0.98, 7.12%0.68, 7.51+1.16, and 11.44£0.72-minutes. Com-

Table 1. Effect of Rhodiola Rosea (RHR) on Growth Parameters
RHR
Growth Parameters Control
IX 2X 5X
Initial body weight (g) 33.6£1.2 33.620.7 33.11.2 33.6£0.9
Final body weight (g) 38.0+1.3 38.01.3 37.9+0.9 38.0£0.7
Feed intake (g/mice/day) 6.5+0.7 6.5+0.8 6.5+0.8 6.5+0.8
Energy intake from feed (kcal/mice/day) 21.842.5 21.8£2.5 21.8+£2.7 21.8+2.6
Energy intake from supplement (kcal/mice/day) 0.00+0.00 0.08+0.00 0.15+0.01 0.39£0.02
Total energy intake (kcal/mice/day) 21.8+2.5 21.8+2.5 21.9+2.7 22.2+2.6
Water intake (mL/mice/day) 7.0£0.2 7.0+0.2 7.0£0.1 7.0£0.3
Total energy intake (kcal/mice/day)=energy intake from feed (kcallmice/day)+energy intake from supplement (kcal/mice/day).
The reported values are the mean+SD (n=10).There is no significant difference of above data between the groups.

Figure 1. Effect of Rhodiola Rosea on Exhaustive Swimming Time of ICR Mice
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The reported values are the mean+SD (n=10). Different superscript letters (a, b, and c) indicate significant difference between groups (p<0.05).
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pared with the control group, the RHR-1X, RHR-2X, and RHR-
5X groups were significantly greater by 1.50-fold, 1.58-fold, and
2.41-fold (p<<0.0001) respectively.

Effect of RHR Supplement on Serum Lactate Level after a
10-minute Swimming Test

The 10-minute swimming test was carried out to evaluating the
change of blood lactate levels after 4-weeks of RHR supplemen-
tation. As shown in Table 2, there was no significant difference
between groups before swimming (p>0.05).
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The level of lactate increased after 10-minutes of swim-
ming, and decreased after 20 minutes of rest. The RHR treatment
groups (1X, 2X, and 5X) had lower lactate level after swimming
when compared to the control group (reduced by 21.71%, 27.55%,
and 31.29%, respectively), and showed a significant difference
(»p<0.0001). The lactate production rate in RHR treatment groups
(1X, 2X, and 5X) were significantly reduced by 22.65, 29.49%,
and 33.33%, respectively when compared to the control group
(»p<0.0001).

After 20-minutes of rest, RHR supplementation groups

Table 2. Effect of Rhodiola Rosea (RHR) on the Level of Serum Lactate after a | 0-minute Swimming Test

RHR
Groups Control
1X 2X 5X

Lactate level (mmol/L)

Before swimming (A) 2.90+0.50° 2.90+0.33* 2.93+0.312 2.94+0.29*
After swimming (B) 6.68+0.32¢ 5.23+0.57° 4.84+0.54* 4.59+0.51°
After a 20-minute rest (C) 5.46+0.44¢ 4.14+0.56° 3.7240.41° 3.33£0.33*
Change rate (fold)

Production rate=B/A 2.34+0.28¢ 1.81£0.06° 1.65+0.09* 1.56+0.09*
Clearance rate=(B-C)/B 0.18+0.03* 0.21+0.04* 0.23+0.04° 0.27+0.03¢

The rate of lactate production rate (fold)=(the value after swimming (B)—the value after a 20- minute

rest (C))+the value after a 20-minute rest (A).The rate of lactate clearance (fold)=the value after
swimming (B)+the value after a 20-minute rest (A).The reported values are the mean+SD (n=10).
There is no significant difference of above data between the groups. Different superscript letters (a, b

and ¢) indicate significant difference between groups (p<0.05).

(1X, 2X and 5X) showed lower values of serum lactate (reduced
by 24.18%, 31.87% and 39.01%, respectively), and there was a sig-
nificant difference (p<<0.0001). In addition, the clearance rate of
lactate was significantly higher in the group of 2X and 5X RHR
supplementation groups by 1.28-fold (p=0.0077) and 1.50-fold
(»<0.0001) respectively than the control group.

Effect of RHR Supplement on Serum CK and BUN Level after a
90-minute Swimming Test

The results of serum CK (A) and BUN (B) level after 90-minutes
swimming exercise following 60-minutes rest are shown in Figure
2. The CK activity in the control, RHR-1X, RHR-2X and RHR-
5X groups was 672164, 559151, 523157, and 461£61 (U/L), re-
spectively. The RHR supplementation groups (1X, 2X and 5X) sig-
nificantly reduced the CK activity by 16.82% (»=0.0001), 22.17%
(»<0.0001) and 31.40% (»p<0.0001) when compared to the con-
trol group. The BUN level in the control, RHR-1X, RHR-2X, and
RHR-5X groups was 34.4%£1.4, 30.7+1.9, 28.4£2.0, and 26.0£1.1
(mg/dL), respectively, and the RHR supplementation groups
(1X, 2X and 5X) significantly reduced the BUN level by 10.50%
(»<0.0001), 17.20% (p<<0.0001), and 24.20% (»<0.0001).

Effect of RHR Supplement on Tissue Glycogen Storage

The hepatic glycogen (A) and muscle glycogen (B) content are
presented in Figure 3. The hepatic glycogen content in the con-
trol, RHR-1X, RHR-2X and RHR-5X groups was 20.35+3.61,
29.62+4.15, 35.514+5.66 and 38.12%5.82 (mg/g liver), respectively.

The RHR supplementation groups (1X, 2X and 5X) significantly
increased the hepatic glycogen content by 1.46-fold (p=0.0002),
1.75-fold (p<0.0001), and 1.87-fold (p<0.0001) when compared
to the control group. The muscle glycogen content in the con-
trol, RHR-1X, RHR-2X, and RHR-5X groups was 0.93+0.27,
1.66%0.31, 1.78%0.19, and 2.05%0.33 (mg/g muscle), respectively.
The RHR supplementation groups (1X, 2X and 5X) significantly
increased the muscle glycogen content by 1.78-fold (p<0.0001),
1.91-fold (p<0.0001), and 2.20-fold (p<0.0001) when compared to
the control group.

DISCUSSION

Fatigue is a phenomenon resulting from an imbalance between en-
ergy supply and demand, and excessive physical activity, leading to
the accumulation of metabolites in the blood (such as lactate, CK,
and BUN), as well as glycogen depletion in the liver and muscle.”®
Previous studies have shown that plants rich in active compounds,
such as polyphenols or glycosides, possessed strong antioxidant
properties, and improved energy metabolism, which had anti-fa-
tigue effects.'®** For example, myrtenol and geraniol, present in
RHR, exhibit excellent antioxidant and anti-inflammatory proper-
ties, having the ability to reduce the free radicals and inflammatory
responses induced by exercise and, therefore, mitigate adverse ef-
fects resulting from excessive physical activity.”' In this study, an
RHR supplement was administered to mice for a 5 week interven-
tion at doses of 1, 2, and 5 times, followed by a swimming test. The
results of this study indicate that supplementation with the RHR
supplement for 5-weeks did not significantly affect growth param-
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Figure 2. Effect of Rhodiola Rosea on the Level of Serum CK (A) and BUN (B) of ICR Mice
after a 90-minute Swimming Exercise and 60-minute Test
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The reported values are the mean+SD (n=10). Different superscript letters (a,b, ¢, and d) indicate
significant difference between groups (p<0.05). CK, creatine kinase. BUN, blood urea nitrogen.

eters such as body weight, energy intake, or water intake in mice
(Table 1). Although the body weights of all four groups increased
by 13%, it was consistent with normal growth patterns, and the
ratio of increase remained within the range of typical growth in
male ICR mice 6 to 12-weeks old (30 to 40 g), unaffected by the
intervention.”* Additionally, the RHR supplement did not change
the weight of organs, muscle tissue, and adipose tissue in mice
(data not shown), and there was no animal with low activity, low
appetite, or death during this study. It indicated that supplementa-
tion with the RHR supplement was not harmful to the growth of
mice. Results of the present study were consistent with a study re-
cruiting 100 male and female participants with prolonged chronic
fatigue symptoms, in which supplementation with RHR extract
for 8-weeks led to a significant improvement in fatigue symptoms
without observed adverse effects.” These results suggested that
RHR might be a safe functional material, and was suitable for de-
velopment into a dietary supplement for anti-fatigue.

During high-intensity voluntary exercise, the occurrence
of tissue hypoxia and a reduction in femoral venous oxygen satu-
ration are recognized to coincide with the production of lactate.
While low-intensity exercise also results in the production of lac-
tate in fast-twitch glycolytic muscle fiber.”” The accumulation of
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Figure 3. Effect of Rhodiola Rosea on the Level of Hepatic Glycogen (A) and Muscle
Glycogen (B) of ICR Mice
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lactate in both the blood and muscles lowers the pH level and leads
to fatigue. Thus, blood lactate concentration is often used as an
indicator for assessing exercise intensity and fatigue level.* Previ-
ous studies have shown that the supplementation of 100 mg/kg of
RHR extract given to mice for 20-days significantly enhanced the
exhaustion time of the weight-loading swimming test. Additionally,
a 30-day supplementation significantly reduced blood lactate levels
after swimming exercise, demonstrating the anti-fatigue function
of RHR.* Another study demonstrated that mice supplemented
with 1, 2 and 4 grams of Maca extract for 30-days significantly
improved forelimb grip strength and rota-rod performance com-
pared to the control group, along with lower blood lactate levels
after exercise.”’ In this study, mice supplemented with RHR sup-
plements had significantly lower lactate levels after 10-minutes of
swimming exercise and 20-minutes after exercise and had a lower
lactate production rate as well as a higher lactate clearance rate
(Table 2). It suggests that RHR supplementation might prevent
fatigue occurrence and prolong exercise endurance by reducing
lactate production and increasing lactate clearance.

When the body engages in prolonged physical activity and
the energy supplied by carbohydrates and fats are insufficient, pro-
teins and amino acids start to degrade, leading to the production of
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the end-product, BUN.” Strenuous exetcise also results in damage
to muscle, increasing cell permeability and causing the release of
CK into the blood.”” Thus, BUN and CK ate commonly used as
indicators to assess protein degradation and muscle damage. Our
results showed that mice supplemented with RHR supplements
for 33-days had significantly lower-levels of BUN and CK than
the control group (Figure 2). A previous study has demonstrated
that mice supplemented with RHR extract for 15-days (1.5 g/kg
body weight) exhibited a significant increase in exhaustive swim-
ming time, an elevation in the activities of superoxide dismutase
(SOD) and glutathione peroxidase (GSH-Px), along with a reduc-
tion in blood BUN level post-exercise, which indicated the anti-
oxidative and anti-fatigue effects of RHR extraction.” In addition,
a combined herbal extract compound (Withania somnifera, Silybum
marianum and Trigonella foenum-graecum) increased the phosphoryla-
tion of Akt and p38 MAPK in C2C12 myotube, promoting pro-
tein synthesis and differentiation of myoblast, which decreased the
degradation of muscle protein, and demonstrated a muscle protec-
tion effect.”’ According to these studies, the anti-fatigue effects of
RHR supplementation, might be related to its muscle-protective

property.

Glycogen is one of the forms of stored energy within
the bodies of animals, including hepatic glycogen and muscle gly-
cogen. During endurance exercise, glycogen is decomposed to glu-
cose to sustain energy expenditure during the activity. Therefore,
when the glycogen content in the body is insufficient, it leads to
fatigue and decteases exercise performance.” Study has shown that
in a low-oxygen environment, mice supplemented with RHR ex-
tract significantly prolonged the exhaustive swimming time and ex-
hibited higher hepatic glycogen accumulation and ATP transporter
enzyme activity, which reduced the consumption of energy sub-
stances and promoted the transport of energy substances.” Addi-
tionally, RHR not only extended the time to exhaustion in mice but
also enhanced glycogen synthesis in HepG2 cells by activating the
AMPK pathway, leading to a significantly increased glycogen stor-
age.* The results of this study showed that supplementation with
RHR supplements significantly increased exhaustive swimming
time and increased the storage of muscle and hepatic glycogen
after exercise (Figures 1 and 3). It suggested that the anti-fatigue
effects of RHR supplementation might be related to its stabiliza-
tion of energy supply during exercise.

Previous studies have shown that RHR increased the mo-
bilization of triglyceride during exercise which stabilized the energy
supplement that lowered the burden of oxidative phosphorylation
to decrease lactate production. It also helped decrease the utiliza-
tion of glycogen and protein which saved the protein consumption
and loweted the production of BUN.* Additionally, RHR protect-
ed muscles from mitophagy by suppressing the PINK1/Parkin sig-
naling pathway under high oxygen stress and enhanced the activity
of Na+-K+-ATPase. Sufficient ATP normalized the contraction
of muscle and prevented muscle damage, which decreased the ac-
cumulation of CK during exetcise.” In summary, the anti-fatigue
function of the RHR supplement might be due to the modulation
of the energy metabolism to decrease the accumulation of fatigue
metabolites. And its high anti-oxidant properties protect muscle
from damage during exercise.
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CONCLUSION

Supplementation with RHR supplements for four weeks enhanced
exercise endurance in mice reduced the accumulation of fatigue
substances such as lactate, CK, and BUN, and increased the stor-
age of energy substance glycogen, which exhibits dose-dependent
anti-fatigue effects. According to our findings, confirmed that
RHR supplements were suitable for development as a dietary sup-
plement with anti-fatigue properties, with an effective dosage of
600 mg/kg for mice, equivalent to a daily intake of 2926.4 mg of
RHR supplements for humans.

INSTITUTIONAL REVIEW BOARD PERMISSION

Institutional Animal Care and Use Committee (IACUC) of Na-
tional Taiwan Sport University (IACUC-11013).

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.
REFERENCES

1. Heil ], Loffing F, Busch D. The influence of exercise-induced
fatigue on inter-limb asymmetries: A systematic review. Sports Med
Open. 2020; 6(1): 39. doi: 10.1186/s40798-020-00270-x

2. Zhou Y, Wu Q, Yu W, et al. Gastrodin ameliorates exercise-in-
duced fatigue via modulating Nrf2 pathway and inhibiting inflam-
mation in mice. Food Bioscience. 2023; 51: 102262. doi: 10.1016/.
thi0.2022.102262

3. AbuMoh’d MF, Matalqah L, Al-Abdulla Z. Effects of oral
branched-chain amino acids (BCAAs) intake on muscular and cen-
tral fatigue during an incremental exercise. | Hum Kinet. 2020; 72:
69-78. doi: 10.2478 /hukin-2019-0099

4. Zhu ], Yi ], Kang Q, et al. Anti-fatigue activity of hemp leaves
water extract and the related biochemical changes in mice. Food
Chem Toxicol. 2021; 150: 112054. doi: 10.1016/].fct.2021.112054

5. Dey M, Parodis I, Nikiphorou E. Fatigue in systemic lupus ery-
thematosus and rheumatoid arthritis: A comparison of mecha-
nisms, measures and management. | Clin Med. 2021; 10(16): 35606.
doi: 10.3390/jcm10163566

6. Huang CC, Hsu MC, Huang WC, Yang HR, Hou CC. Triter-
penoid-rich extract from antrodia camphorata improves physical
fatigue and exercise performance in mice. Evid Based Complement
Alternat Med. 2012; 2012: 364741. doi: 10.1155/2012/364741

7. Pu WL, Zhang MY, Bai RY, et al. Anti-inflammatory effects
of Rhodiola rosea L.: A review. Biomed Pharmacother. 2020, 121:
109552. doi: 10.1016/j.biopha.2019.109552

8. Zhu H, Shen F, Wang X, et al. Reshaped gut microbial composi-
tion and functions associated with the antifatigue effect of salidro-
side in exercise mice. Mo/ Nutr Food Res. 2023; 67(12): €2300015.

6 Chien Y, et al

Orriginal Research | Volume 9 | Number | |


http://dx.doi.org/10.17140/SEMOJ-9-189
http://doi.org/10.1186/s40798-020-00270-x
http://doi.org/10.1016/j.fbio.2022.102262
http://doi.org/10.1016/j.fbio.2022.102262
http://doi.org/10.2478/hukin-2019-0099
http://doi.org/10.1016/j.fct.2021.112054
http://doi.org/10.3390/jcm10163566
http://doi.org/10.1155/2012/364741
http://doi.org/10.1016/j.biopha.2019.109552

Sport Exerc Med Open J. 2023; 9(1): 1-8. doi: 10.17140/SEMOJ-9-189
doi: 10.1002/mnfr.202300015

9. LiJ, Sun Q, Meng Q, Wang L, Xiong W, Zhang L. Anti-fatigue
activity of polysaccharide fractions from lepidium meyenii walp.
(maca). Int | Biol Macromol. 2017; 95: 1305-1311. doi: 10.1016/j.
ijbiomac.2016.11.031

10. Yan D, Yan Y, Ma RY, Chu JL, Mao XM, Li LL. Ameliorating
effect of Trigonella foenum-graecum L. (fenugreek) extract tablet
on exhaustive exercise-induced fatigue in rats by suppressing mi-
tophagy in skeletal muscle. Eur Rev Med Pharmacol Sci. 2022; 25(20):
7321-7332. doi: 10.26355/ currev_202210_30001

11. Al-Snafi AE. Bioactive metabolites and pharmacology of Cis-
tanche tubulosa-A review. IOSR Journal of Pharmacy. 2020; 10(1):
37-46.

12. Oryza Oil, Fat Chemical Co. Food and cosmetic ingredients
with tonics, memory improving, anti aging, anti-fatigue, anti-sex
dysfunction, immune boosting and fat metabolism accelerating
properties of Cistanche tubulosa extract-P-25 (Water-soluble Pow-
det-Food Grade). Website. http:/ /www.oryza.co.jp/html/english/
pdf/Cistanche_tubulosa_ver2.1.pdf. Published 2007. Accessed
October 3, 2023.

13. Zhang G, Wang D, Ren ], et al. Velvet antler peptides reduce
scarring via inhibiting the tgf-beta signaling pathway during wound
healing, Front Med (Lansanne). 2021; 8: 799789. doi: 10.3389/
fmed.2021.799789

14. Tardy AL, Pouteau E, Marquez D, Yilmaz C, Scholey A. Vi-
tamins and minerals for energy, fatigue and cognition: A narra-
tive review of the biochemical and clinical evidence. Nutrients.
2020;12(1): 228. doi: 10.3390/nu12010228

15. Tsuda Y, Yamaguchi M, Noma T, Okaya E, Itoh H. Combined
effect of arginine, valine, and serine on exercise-induced fatigue in
healthy volunteers: A randomized, double-blinded, placebo-con-
trolled crossover study. Nutrients. 2019; 11(4): 862. doi: 10.3390/
nul1040862

16. Lamadrid P, Williams DK, Kilpatrick MW, Bickford PC, San-
berg C. The impact of dietary supplement nt-020 with rhodiola
rosea on energy, fatigue, and perceived exertion. Functional Foods
in Health and Disease. 2019; 9(11): 706-718. doi: 10.31989/fthd.
v9i11.656

17. Wu RE, Huang WC, Liao CC, Chang YK, Kan NW, Huang
CC. Resveratrol protects against physical fatigue and improves ex-
ercise performance in mice. Molecules. 2013; 18(4): 4689-4702. doi:
10.3390/molecules18044689

18. Xu M, Liang R, Li Y, Wang ]. Anti-fatigue effects of dietary
nucleotides in mice. Food Nutr Res. 2017; 61(1): 1334485, doi:
10.1080/16546628.2017.1334485

19. Chen Y], Baskaran R, Shibu MA, Lin WT. Anti-fatigue and

Opmvmtz‘o

PUBLISHERS

exercise performance improvement effect of glossogyne tenui-
folia extract in mice. Nutrients. 2022; 14(5): 1011. doi: 10.3390/
nul4051011

20. Yang C, Yang J, Tan L, et al. A novel formula comprising
wolfberry, figs, white lentils, raspberries, and maca (WFWRM)
induced antifatigue effects in a forced exercise mouse model.
Evid Based Complement Alternat Med. 2022; 2022: 3784580. doi:
10.1155/2022/3784580

21. Zhang §, Jiang S, Deng N, Zheng B, Li T, Liu RH. Phytochemi-
cal profiles, antioxidant activity and antiproliferative mechanism of
rhodiola rosea L. phenolic extract. Nutrients. 2022; 14(17): 3602.
doi: 10.3390/nul14173602

22. Shin HJ, Cho YM, Shin HJ, et al. Comparison of commonly
used ICR stocks and the characterization of Korl:ICR. Lab Anim
Res. 2017; 33(1): 8-14. doi: 10.5625/1ar.2017.33.1.8

23. Sun Y, Liang C, Zheng L, et al. Anti-fatigue effect of hypericin
in a chronic forced exercise mouse model. | Ethnopharmacol. 2022;
284: 114767. doi: 10.1016/j.jep.2021.114767

24, Lekomtseva Y, Zhukova I, Wacker A. Rhodiola rosea in sub-
jects with prolonged or chronic fatigue symptoms: Results of an
open-label clinical trial. Complement Med Res. 2017; 24(1): 46-52. doi:
10.1159/000457918

25. Gojda J, Waldauf P, Hruskova N, et al. Lactate production
without hypoxia in skeletal muscle during electrical cycling: Cross-
over study of femoral venous-arterial differences in healthy vol-
unteers. PLoS One. 2019; 14(3): €0200228. doi: 10.1371/joutnal.
pone.0200228

26. Wei W, Li ZP, Zhu T, et al. Anti-fatigue effects of the unique
polysaccharide marker of dendrobium officinale on BALB/c mice.
Molecules. 2017; 22(1): 155. doi: 10.3390/molecules22010155

27. Zhu H, Wang R, Hua H, Qian H, Du P. Deciphering the poten-
tial role of Maca compounds prescription influencing gut micro-
biota in the management of exercise-induced fatigue by integra-
tive genomic analysis. Front Nutr. 2022; 9: 1004174. doi: 10.3389/
fnut.2022.1004174

28. Wang P, Zeng H, Lin S, Zhang Z, Zhang Y, Hu ]. Anti-fatigue
activities of hairtail (Trichiurus lepturus) hydrolysate in an endur-
ance swimming mice model. Journal of Functional Foods. 2020; 74:
104207. doi: 10.1016/.j££.2020.104207

29. Lee SM, Kim YH, Kim YR, et al. Anti-fatigue potential of
Pinus koraiensis leaf extract in an acute exercise-treated mouse
model. Biomed Pharmacother. 2022; 153: 113501. doi: 10.1016/j.bio-
pha.2022.113501

30. Kang DZ, Hong HD, Kim KI, Choi SY. Anti-fatigue effects of
fermented rhodiola rosea extract in mice. Prev Nutr Food Sci. 2015,
20(1): 38-42. doi: 10.3746/pnf.2015.20.1.38

Original Research | Volume 9 | Number | |

ChienY-J, et al 7


http://dx.doi.org/10.17140/SEMOJ-9-189
http://doi.org/10.1002/mnfr.202300015
http://doi.org/10.1016/j.ijbiomac.2016.11.031
http://doi.org/10.1016/j.ijbiomac.2016.11.031
http://doi.org/10.26355/eurrev_202210_30001
http://www.oryza.co.jp/html/english/pdf/Cistanche_tubulosa_ver2.1.pdf
http://www.oryza.co.jp/html/english/pdf/Cistanche_tubulosa_ver2.1.pdf
http://doi.org/10.3389/fmed.2021.799789
http://doi.org/10.3389/fmed.2021.799789
http://doi.org/10.3390/nu12010228
http://doi.org/10.3390/nu11040862
http://doi.org/10.3390/nu11040862
http://doi.org/10.31989/ffhd.v9i11.656
http://doi.org/10.31989/ffhd.v9i11.656
http://doi.org/10.3390/molecules18044689
http://doi.org/10.1080/16546628.2017.1334485
http://doi.org/10.3390/nu14051011
http://doi.org/10.3390/nu14051011
http://doi.org/10.1155/2022/3784580
http://doi.org/10.3390/nu14173602
http://doi.org/10.5625/lar.2017.33.1.8
http://doi.org/10.1016/j.jep.2021.114767
http://doi.org/10.1159/000457918
http://doi.org/10.1371/journal.pone.0200228
http://doi.org/10.1371/journal.pone.0200228
http://doi.org/10.3390/molecules22010155
http://doi.org/10.3389/fnut.2022.1004174
http://doi.org/10.3389/fnut.2022.1004174
http://doi.org/10.1016/j.jff.2020.104207
http://doi.org/10.1016/j.biopha.2022.113501
http://doi.org/10.1016/j.biopha.2022.113501
http://doi.org/10.3746/pnf.2015.20.1.38

Sport Exerc Med Open J. 2023; 9(1): 1-8. doi: 10.17140/SEMOJ-9-189

31. Salvadori L, Mandrone M, Manenti T, et al. Identification of
withania somnifera-silybum marianum-trigonella foenum-grae-
cum formulation as a nutritional supplement to contrast muscle
atrophy and sarcopenia. Nutrients. 2020; 13(1): 49. doi: 10.3390/
nu13010049

32. Qiao Y, Ye Y, Cai T, Li S, Liu X. Anti-fatigue activity of the

polysaccharides isolated from ribes stenocarpum maxim. Journal of
Functional Foods. 2022; 89: 104947. doi: 10.1016/].jf£.2022.104947

| https://openventio.org/submit-manuscript/

Opmvmtz‘o

PUBLISHERS

33. Qin N, Xie H, Zhao A, et al. Effects of salidroside on exercise
tolerance of mice under high altitude hypoxia environment. Zbeji-
ang Da Xue Xue Bao Yi Xue Ban. 2022; 51(4): 397-404. doi: 10.3724/
zdxbyxb-2022-0158

34. Hou Y, Tang Y, Wang X, et al. Rhodiola Crenulata ameliorates
exhaustive exercise-induced fatigue in mice by suppressing mi-
tophagy in skeletal muscle. Exp Ther Med. 2020; 20(4): 3161-3173.
doi: 10.3892/etm.2020.9072

8 Chien Y-, et al

Original Research | Volume 9 | Number | |


http://dx.doi.org/10.17140/SEMOJ-9-189
http://doi.org/10.3390/nu13010049
http://doi.org/10.3390/nu13010049
http://doi.org/10.1016/j.jff.2022.104947
http://doi.org/10.3724/zdxbyxb-2022-0158
http://doi.org/10.3724/zdxbyxb-2022-0158
http://doi.org/10.3892/etm.2020.9072

