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Background: Asiaticoside is one of the main components of triterpenoid saponins extracted from Centella asiatica. Asiaticoside
has shown the effects of wound healing, osteoclastogenesis, anti-inflammatory, anti-cancer, and improving cognition in multiple
human disease models. However, studies on the antifatigue effects of asiaticoside have not been explored. Therefore, the aim of
this study was to investigate the potential antifatigue effect and underlying mechanism of asiaticoside administration on exhaus-
tive exercise performance.
Methods: Male Kunming mice were divided into four groups randomly (n = 20/group). Saline (10 mL/kg) was administered to
the model control group and the other three experimental groups were fed with low (10 mg/kg), medium (20 mg/kg) and high (40
mg/kg) asiaticoside once/daily for 14 days. The antifatigue effect of asiaticoside on mice was estimated by analyzing changes in
body weight, weight-loaded swimming time, rotating time, lactic acid, urea nitrogen, liver/muscle glycogen, serumal superoxide
dismutase, superoxide dismutase and the liver tissues of hematoxylin and eosin (H&E) staining.
Results: The results indicated that no significant differences were observed in the body weight of each group (p > 0.05). Com-
pared with the model control group, supplementation of asiaticoside significantly prolonged the weight-loaded swimming time
and rotating time; Decreased the blood lactic acid (LA), blood urea nitrogen (BUN), and serumal malonaldehyde (MDA); And
increased the content of liver/muscle glycogen and serumal superoxide dismutase levels (SOD) (p < 0.05). Furthermore, the
pathological results of the liver were improved greatly. The maximal effect was observed in the medium group of 20 mg/kg.
Conclusions: Asiaticoside is capable of reducing the fatigue effect by regulating energy consumption, energy metabolism and im-
proving antioxidant activity after exercise. While there are still some shortcomings in this study, our findings provide a scientific
basis for developing an asiaticoside-based antifatigue supplement.
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Introduction

Fatigue is a complex process of physiological changes
in the human body. It is the inability of the body’s physi-
ological process to continue its function at a certain level
or the failure of various organs to maintain a predetermined
exercise intensity [1]. The occurrence of fatigue indicates a
temporary decline in the body’s original working ability or
a precursor to the body’s development of an injury state [2].
Due to civilization, diet, faster pace of life, and greater psy-
chological pressure, the human body easily turns to a state
of fatigue. Fatigue may cause depression, aging, Parkin-
sonian syndrome, multiple sclerosis, cancer, and other dis-
eases [3]. In the United States, the male population suf-
fering from persistent fatigue has reached 2.3%, while the
figure for women is 1.9% [4]. A survey investigating the
student population in Suzhou found that nearly 1% suffered
from long-term fatigue symptoms [5]. The pathophysiolog-
ical mechanism of fatigue is complex, including energy fail-
ure, accumulation of fatigue-related metabolites, oxidative

stress damage, central transmitter imbalance, homeostasis
imbalance, changes in muscle excitability and activity, and
reduced muscle strength [6]. Delaying the occurrence of
fatigue, quickly eliminating fatigue, and maintaining vig-
orous energy are essential for individuals living in a fast-
paced society.

The ways to improve exercise-induced fatigue mainly
include drug intervention, nutrition supplements and other
means [7]. The drugs are mainly synthetic drugs (ben-
zedrine, caffeine, some sympathomimetic stimulants, etc.)
and natural plant-derived substances (ginseng, rhodiola,
garlic, etc.) [8]. However, synthetic drugs have massive
side effects and are unsuitable for long-term use [9,10]. Ex-
tracting antifatigue drugs from plants might be emerging as
the direction [11].

Centella asiatica is the dry whole plant of Centella
asiatica (L.) Urb, a plant of the Umbelliferae family. Asi-
aticoside is one of the main components of triterpenoid
saponins extracted from Centella asiatica, has been widely
documented and shown to be involved in a series of phar-
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macological processes. Asiaticoside has shown the ef-
fects of wound healing [12], osteoclastogenesis [13], anti-
inflammatory [14], anti-cancer [15], and improving cog-
nition [16] in multiple human disease models, which are
related to its modulation in oxidative stress [17–19]. Al-
though antioxidants have been reported to play a significant
role in the antifatigue process [20–23], the role of asiati-
coside on antifatigue activity, however, is still unknown.
Based on this point, we speculated that asiaticoside may
have effects on improving exercise endurance and reduc-
ing fatigue.

This study used Kunming mice as a model to elucidate
the antifatigue effects of asiaticoside. After 14-day admin-
istration of asiaticoside, the weight-loaded swimming test
and rota-rod test were performed on the mice to estimate the
antifatigue effect of asiaticoside. The weight-loaded swim-
ming time and rotating time of the mice and the fatigue-
related biochemical parameters were determined.

Materials and Methods

Reagents

The asiaticoside (purity ≥98%) (SA8540) was pur-
chased from Soleibao Biotechnology Company (Beijing,
China). The kits for biochemical analysis of lactic acid
(LA) (A019-2-1), Urea (C013-2-1), liver/muscle glyco-
gen (A043-1-1), superoxide dismutase (SOD) (A001-1-2),
malondialdehyde (MDA) (A003-1-2) were purchased from
Jiancheng Bioengineering Institute (Nanjing, China). All
other reagents were of analytical grade. Rota-rod (ZB-200)
was purchased from Taimeng Science Technology Co., Ltd.
(Chengdu, China).

Animals

Mice (Specific Pathogen Free (SPF) grade, n = 80)
in this study were provided and maintained in the Exper-
imental Animal Center of North Sichuan Medical College,
license number: SCXK-(Chuan) 2018-18, SYXK-(Chuan)
2018-076. The initial body weights of the mice were 18 to
22 g. Every five mice were in a cage. All animals were
kept in an air-conditioned room with a 12:12 h light-and-
dark cycle, room temperature (23 °C ± 1 °C) and relative
humidity (50%–60%). They had free access to laboratory
standard water and diet.

Experimental Design

Five days of adaptive feeding were conducted on the
mice prior to performing the tests, and then divided ran-
domly into four groups (n = 20/group) in accordance with
doses set in reference [24], being low (10 mg/kg), medium
(20 mg/kg), high (40 mg/kg), and model control (saline
of 10 mL/kg). Intragastric gavage was performed on the
groups for 14 days.

Antifatigue Capacity Analysis 1: Weight-Loaded
Swimming Test

The weight-loaded swimming test was conducted as
previously described [25]. Briefly, after the last intragastric
gavage, the mice of each group (n = 10) were allowed to
rest for half an hour and loaded 5% of their corresponding
bodyweight fixed to the tails. Following that, themicewere
placed into a 30 cm diameter plastic pool with a depth of
30 cm water at 25 ± 2 °C for swimming individually. The
swimming time was recorded from the time that mice began
to swim until they failed to return to the surface within 10
s. The mice were moved onto a paper towel for drying,
and then the fatigue-related biochemical parameters were
determined.

Antifatigue Capacity Analysis 2: Rota-Rod Test
After the intragastric gavage, the mice of each group

(n = 10) without weight-loaded swimming test had three
times training on the rota-rod at 15 rpm for 1 min. During
the formal test, mice were put on the rota-rod at 15 rpm. The
rotating time was recorded from the mice began to rotate
until they were exhausted and dropped from the rod [26].

Measurement of Fatigue-Related Biochemical
Parameters and Histological Tissue Staining

After the weight-loaded swimming test, the blood of
the mice was collected into eppendorf (EP) tubes immedi-
ately. Serum was obtained by centrifugation at 4000 rpm
and 4 °C for 15min and then the blood urea nitrogen (BUN),
lactic acid (LA), superoxide dismutase (SOD) andmalondi-
aldehyde (MDA)were determined. Gastrocnemiusmuscles
and liver were removed and washed in cold saline and kept
at –80 °C until the determination of glycogen content was
conducted.

The liver tissues of twomice in each groupwere hema-
toxylin and eosin (H&E) staining. Liver tissues were sep-
arated and fixed in 4% paraformaldehyde for 6 h, then de-
hydrated by different concentrations of ethanol and xylene
step by step and embedded in paraffin. The 3–5 µM thick
paraffin sections were dewaxed with xylene, hydrated with
gradient ethanol, rinsed with tap water, soaked with hema-
toxylin semen for 5 min, rinsed with tap water, differen-
tiated with hydrochloric acid alcohol, rinsed with tap wa-
ter, rinsed with 1% NaCO3 for 30 s, soaked with eosin
solution for 2 min, and then a neutral resin was added to
seal the slices after being dehydrated and transparent. The
histopathological changes were observed under a light mi-
croscope.

Statistical Analysis
The data were presented by the mean ± standard de-

viation (M ± SD). Statistical significance was analyzed by
SPSS 19.0 software (IBM, Armonk, NY, USA) through
one-way analysis of variance (ANOVA) followed by the
least significant difference. A p-value under 0.05 was sta-
tistically significant.
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Fig. 1. Effects of asiaticoside on behavior test in mice. (A) The weight-loaded swimming time of mice (n = 10/group). (B) The rotating
time of mice (n = 10/group). The data of each group were expressed as mean ± SD. ∗∗p < 0.01, vs model control group; ∗∗∗p < 0.001,
vs model control group.

Fig. 2. Effects of asiaticoside on glycogen levels in mice. (A) The levels of liver glycogen of mice (n = 10/group). (B) The levels of
muscle glycogen of mice (n = 10/group). The data of each group were expressed as mean± SD. ∗p< 0.05, vs model control group; ∗∗p
< 0.01, vs model control group; ∗∗∗p < 0.001, vs model control group.

Results

Effect of Asiaticoside on Body Weight
The mice in each dose group were active, with good

mental states, smooth fur, and no adverse reactions were
observed. No significant differences existed in the change
of bodyweight at the beginning or the end of the experiment
in each group (p > 0.05) (Table 1).

Effects of Asiaticoside on Behavior Tests
The weight-loaded swimming times in the low,

medium, and high doses groups increased by 25.31% (p <

0.01), 95.93% (p< 0.001), and 54.49% (p< 0.001), respec-
tively, compared with the model control group (Fig. 1A).
The rotating times in the low, medium, and high doses
groups were 96.35% (p < 0.01), 219.71% (p < 0.001) and

Table 1. The change in body weight of mice in all groups
(mean ± SD) (n = 20/group).

Groups Initial (g) Final (g)

Control 20.84 ± 0.56 35.02 ± 1.73
Low-dose asiaticoside 21.28 ± 0.59 35.80 ± 2.12
Medium-dose asiaticoside 20.74 ± 0.77 34.33 ± 1.89
High-dose asiaticoside 20.68 ± 0.82 34.14 ± 1.76

141.24% (p < 0.001) longer than that in the model control
group, respectively (Fig. 1B).

Effects of Asiaticoside on Glycogen Levels

Compared with the model control group, the levels
of liver glycogen in the asiaticoside groups of the low,
medium, and high doses increased by 29.78% (p < 0.05),
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Fig. 3. Effects of asiaticoside on LA and BUN levels in mice. (A) The serum levels of LA in mice (n = 10/group). (B) The levels of
BUN in mice (n = 10/group). The data of each group were expressed as mean ± SD. ∗p < 0.05, vs model control group; ∗∗p < 0.01, vs
model control group; ∗∗∗p < 0.001, vs model control group.

Fig. 4. Effects of asiaticoside on SOD and MDA levels in mice. (A) The levels of SOD in mice (n = 10/group). (B) The levels of
MDA in mice (n = 10/group). The data of each group were expressed as mean ± SD. ∗p < 0.05, vs model control group; ∗∗p < 0.01, vs
model control group; ∗∗∗p < 0.001, vs model control group.

50.26% (p < 0.001), and 36.69% (p < 0.01), respectively
(Fig. 2A). As for the level of muscle glycogen, the asiatico-
side groups of the low, medium, and high doses increased
by 11.84% (p> 0.05), 75.24% (p< 0.01), and 66.35% (p<
0.01), by comparison to the model control group (Fig. 2B).

Effects of Asiaticoside on LA and BUN Levels
Compared with the model control group LA levels

in the asiaticoside groups of the low, medium, and high
doses were lower by 9.1% (p< 0.05), 28.95% (p< 0.001),
and 12.71% (p < 0.01), respectively (Fig. 3A). Likewise,
12.36% (p < 0.05), 23.19% (p < 0.001), and 16.98% (p <
0.01) reduction of the BUN levels compared to the model
control group were observed (Fig. 3B).

Effect of Asiaticoside on SOD and MDA Levels
The SOD activity in all the asiaticoside groups in-

creased, having a percentage increase of 35.29% (p< 0.05),

47.12% (p < 0.001), 41.84% (p < 0.01) in low, medium,
and high doses groups respectively, by comparison to the
model control group (Fig. 4A). Compared with the model
control group, the MDA levels in the asiaticoside groups
of the low, medium, and high doses decreased by 18.91%
(p < 0.01), 27.98% (p < 0.001), and 21.39% (p < 0.01),
respectively (Fig. 4B).

Histopathological Changes of Liver Tissue
The volume of liver cells of mice in the model control

group was increased, there was edema between the liver
cells, and some of the liver cells were necrotic (Fig. 5A).
The pathological results of the liver cells in the asiaticoside
groups were significantly improved and the medium dose
group has the most favorable effect.
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Fig. 5. The histopathological results of liver tissue of mice (200 magnification, 50 µm scale bar) (n = 2/group). (A) The model
control group. (B) The low-dose asiaticoside group. (C) The medium-dose asiaticoside group. (D) The high-dose asiaticoside group.

Discussion

Fatigue can affect diet, sleep, and even energy con-
sumption in mice, which directly affects their body weight.
Therefore, it is possible to estimate the development level
and physical condition of mice according to their body
weight. This study shows that compared with the model
control group, the weight of mice in the asiaticoside-treated
group decreased, but the amount of decrease was not statis-
tically significant, indicating that the set asiaticoside dose
treatment had no significant impact on the weight of mice.

Theweight-loaded swimming test and rota-rod test are
reliable methods widely utilized for detecting the degree of
fatigue and physical strength in laboratory animals [27,28].
The current study found that the supplementation of asiati-
coside could prolong the exhaustive swimming time and
rotating time in the mice, in particular, a maximal effect
was observed in the 20 mg/kg/d group. The results demon-
strated that the intake of asiaticoside is capable of produc-
ing antifatigue, and the medium dose to the corresponding
body weight appeared to have the greatest antifatigue effect
among the groups.

Glycogen is the main energy resource to the body dur-
ing exercise and the storage occurs in the liver and mus-
cles. Glycogen provides energy through its oxidation dur-
ing intense exercise [29,30]. Thus, glycogen reserve can
thereby directly enhance exercise capacity, and slow the oc-
currence of exercise fatigue [31]. After exhausting swim-
ming, the contents of liver glycogen and muscle glycogen
of mice in the asiaticoside-treated group were significantly
greater than those in the model control group. These results
indicated that the supplementation of asiaticoside may be
beneficially delaying energy consumption during exhausted
swimming.

Intensive exercise is accompanied by a large con-
sumption of energy. Glycolytic metabolism produces large
amounts of LA results from an essential step, glycolysis
[32]. Excessive levels of LA reduce the pH in the body’s
muscle tissue and weaken the contractile function of mus-
cles, thereby inducing fatigue [33]. Therefore, the benefit
of rapid elimination of LA is seen in alleviating fatigue [34].

In addition, protein degradation occurs following in-
tensive exercise. As the final metabolism product of protein
and amino acid, raised level of BUN leads to lowering mus-
cle contractility and causing fatigue [35]. The present study
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showed in mice that the supplementation of asiaticoside re-
duces the levels of LA and BUN following strenuous swim-
ming. Such reduction in LA and BUN indicates that the
supplementation of asiaticoside can assist in reducing lac-
tate accumulation, inhibiting protein degradation, and re-
lieving fatigue via regulating the body’s energymetabolism.

Furthermore, strenuous swimming can promote the
production and accumulation of free radicals and induce ox-
idative stress damage to the body [36]. As an antioxidant
enzyme in the organism, SOD fights fatigue by decreasing
the development of reactive oxygen species and eliminat-
ing the products of metabolism from oxidative stress reac-
tions [37,38]. In organisms, MDA is one of the end prod-
ucts of the peroxidation reaction of unsaturated fatty acids
in biofilms, and its content is closely related to exercise-
induced fatigue. When the body exercises vigorously, it re-
sults in an accelerated oxidative phosphorylation reaction
and a sharp increase in the content of free radicals in the
body, which exceeds the scavenging capacity of the free
radical scavenging enzyme system, leading to a lipid per-
oxidation reaction, reducing muscle vitality, and causing
exercise-induced fatigue or sports injury [39,40].

It has been reported that asiaticoside could improve
the damage to the lung and kidney, and its mechanism is
related to inhibiting oxidative stress, inflammatory reaction
and enhancing antioxidant capacity. Asiaticoside plays a
role in improving septic lung injury in mice by upregu-
lating the expression of peroxisome proliferator-activated
receptor γ (PPAR-γ), an inhibiting signaling pathway of
mitogen-activated protein kinase (MAPK) and nuclear fac-
tor kappa-B (NF-κB) [41]. Asiaticoside could ameliorate
sepsis-induced acute kidney injury in mice by downregulat-
ing the expression of interleukin-6 (IL-6) in serum and ni-
tric oxide synthase in renal tissue [42]. Asiaticoside could
attenuate hyperoxia-induced lung injury in rats by reduc-
ing the levels of myeloperoxidase, MDA, tumor necrosis
factor-α and IL-6 levels, increasing total antioxidant lev-
els [43]. The current study demonstrated that the supple-
mentation of asiaticoside significantly reduced MDA and
improved SOD activity compared with the model control.
These results suggested that the antifatigue effect of asiati-
coside might be intimately associated with its antioxidant
characteristics.

There are still some limitations in the present study.
From the design and result data of this study, we only con-
clude that different concentrations of asiaticoside may have
a certain antifatigue ability compared to Kunming mice
treated with normal saline. However, it is not possible to
rule out the influencing factors as to whether the experi-
mental animals have differences before drug intervention.
We need to perform more experiments to confirm this con-
clusion.

Conclusions

In conclusion, we revealed the antifatigue effects of
asiaticoside in mice. In the present study, we proved that
asiaticoside significantly increased weight-loaded swim-
ming time and rotating time, eliminated the metabolites ac-
cumulated during the exercise by reducing the levels of LA
and BUN, enhanced glycogen reserves by increasing the
content of live glycogen and muscle glycogen, attenuating
oxidative stress by increasing the activity of SOD and in-
hibiting the production of MDA. In addition, the maximal
effect was the medium group of 20 mg/kg. This might im-
ply that there is a dose-dependent effect within a particular
range, also beyond that optimal range, not only does such
a dose-dependent relationship no longer stand but also the
assisting effect of antifatigue is weakened. Taken together,
our findings suggested that asiaticoside might be a poten-
tial drug for broad application prospects in antifatigue drugs
and healthy diets.
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