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Abstract The fruit, leaves, and roots of Elaeagnus multiflora

Thunb. have been used in traditional Chinese medicine to treat

cough, diarrhea, and itching. However, the anti-fatigue effects of

E. multiflora fruit (EMF) extract have not been studied in detail.

The aim of this study was to examine the effect of EMF on fatigue

and exercise performance in BALB/c mice. EMF was orally

administered to mice at four doses (10, 50, 100, and 200 mg/kg/

day) for 2 weeks. The anti-fatigue activity was evaluated by

determining the exhaustive swimming time. Blood lactate and

glucose levels and serum lactate levels after a 10 min swimming

time, as well as ammonia, creatine kinase (CK), blood urea

nitrogen (BUN), lactate dehydrogenase (LDH), and glycogen

contents after exhaustive swimming time were measured. The

exhaustive swimming time of the EMF 200 group was significantly

increased (p <0.01). The EMF groups showed significantly low

levels of CK, BUN, LDH, and lactate compared with the control

group (p <0.05). Increased liver glycogen was observed in the

EMF 200 group (p <0.05). These results suggest that EMF can be

utilized as an efficacious natural resource for its anti-fatigue

effects.
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Introduction

Fatigue is best characterized as trouble initiating and maintaining

voluntary mental and physical activities and is accompanied by a

feeling of extreme physical or mental exhaustion resulting from

hard physical labor, mental work, and social relationships [1]. It is

generally characterized by physiological, psychological, and

pathological fatigue [2]. Fatigue is accompanied by a feeling of

extreme physical or mental exhaustion, resulting from hard

physical labor, mental work, and social relationships [3]. Thus,

fatigue can cause various disorders related to bio-regulatory,

autonomic nervous, endocrine, and immune systems [4]. These

disorders can result in a reduction in exercise intensity or even

interruption of activity [5]. According to the exhaustion theory,

many energy sources such as glucose and liver glycogen are

exhausted during exercise, leading to physical fatigue [6]. Other

biomarkers, such as lactate, ammonia (NH3), creatine kinase

(CK), lactic dehydrogenase (LDH), blood urea nitrogen (BUN),

and glucose, are widely used to assess fatigue [7-9]. Serum BUN

is the by-product of protein and amino acid metabolism. CK and

LDH are known to be accurate indicators of muscle damage.

Lactate has been proposed as an active metabolite that plays vital

roles in producing muscle glycogen and in causing muscle fatigue

[11,12]. There are many factors other than renal disease that can

alter BUN levels, such as protein breakdown, stress, and fatigue.

In particular, BUN levels were found to increase significantly after

exercise [13].

Previous studies have shown that herbal medicines and foods

are important resources that improve exercise performance and

reduce fatigue [14].

Elaeagnus multiflora Thunb., commonly called oriental cherry

silverberry, belongs to the family Elaeagnaceae. Several parts of

Elaeagnus multiflora Thunb., commonly called oriental cherry

silverberry, have long been used in traditional Chinese medicine

for the treatment of cough, diarrhea, and itching [15-17]. E.

multiflora extracts have been shown to have pharmacological

properties including anticancer and antioxidant activities [18,19].
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In addition, compounds isolated from EMF have been shown to

have physiological effects [20-22]. However, the anti-fatigue

effects of EMF extract have not been investigated in detail.

In this study, we aimed to investigate whether EMF improves

exercise performance and physical fatigue by using an exhaustive

swimming test, biomarker analysis, and tissue glycogen measurement

in mice.

Materials and Methods

Preparation of EMF

The EMF used in this study were collected in Yeosu, Jeollanamdo,

Republic of Korea and authenticated by Dr. Choi at the Jeonnam

Bioindustry Foundation, Center of Nature Resources Research

(Jangheung, Jeolloanamdo, Republic of Korea). EMF were

washed two times with distilled water. Briefly, the plant material

(1 kg) was extracted with 10 L distilled water at 100 oC for 4 h.

The residue was removed by filtration through a 150 mm mesh.

The filtrate was evaporated under vacuum and freeze-dried to

obtain EMF powder (124 g). The dried EMF extract was stored at

4 oC until it was used in the assays.

Animals

Male, 5-week-old BALB/c mice weighing approximately 20–23 g

were purchased from Samtako Bio Korea (Osan, South Korea).

The mice were housed in plastic cages at a controlled temperature

(22±2 oC) and humidity (50±5%), with 100 % fresh HEPA-

filtered air and a 12:12 h light:dark cycle (lights on at 08:00 AM).

All experimental procedures were conducted in accordance with

the guidelines for the care of experimental animals and approved

by the Institutional Animal Care and Use Committee (IACUC) of

the Jeollanamdo Institute of Natural Resources Research (approval

number JINR-1803).

Experimental groups and drug administration

The mice were acclimated for a one-week period and were then

divided into six groups based on body weight (20~23 g, n =6 per

group): no administration of EMF (control), 100 mg/kg of taurine

(Taurine), 10 mg/kg of EMF (EMF 10), 50 mg/kg of EMF (EMF

50), 100 mg/kg of EMF (EMF 100), and 200 mg/kg of EMF

(EMF 200). Taurine, a known anti-fatigue agent, was used as the

positive control. Control group mice were fed only distilled water.

The EMF and Taurine doses were administered for 2 weeks. The

mice were trained to swim twice per week during the 2-week

administration period to accustom themselves to swimming. Body

weight was measured at the end of each week. After the end of the

treatment period, the mice were fasted for 12 h.

Adjustable-current swimming pool

One hour after administration of the last treatment, swimming

capacity was measured as described previously [23]. An acrylic

plastic pool (90×45×45 cm) was used to determine the swimming

capacity. The pool was filled with water to a depth of 35 cm

(temperature: 30±1 oC). The pool current was generated by

circulating water with a pump, which included spout and suction

parts. The water current was adjusted by controlling the voltage

supplied to the pump and monitored with a water flowmeter.

Swimming time was measured at a flow rate of 8 L/min.

Exhaustion, defined by the stop of movement and failure to return

to the surface within 7 s, was evaluated.

Blood lactate and glucose analysis

At the end of the 12 h fasting period, after the last administration

of EMF, blood was collected from the tail vein (before swimming

and after 10 min swimming). Lactate and glucose levels were

measured using an autoanalyzer.

Biochemical analysis

At the end of the 12 h fasting period and completion of the

swimming exercise, blood was collected from the abdominal

artery. Serum was obtained by centrifuging the blood at 9,000× g

for 20 min. BUN was measured in the serum using the appropriate

kit (DRI-CHEM 4000i; Fujifilm, Tokyo, Japan). LDH and CK

contents were measured in the serum using the respective kits

(Biovision, CA, USA) according to the manufacturer’s instructions.

Tissue glycogen determination

The mice were killed immediately after blood collection, and the

liver and muscle tissues were excised and weighed for glycogen

content analysis. Glycogen was measured using a glycogen

colorimetric assay kit (Biovision, CA, USA), according to the

manufacturer’s instructions.

Statistical analysis

The results are presented as the mean standard error of the mean

(SE). The data were statistically evaluated using one-way analysis

of variance (ANOVA), followed by Dunnett’s multiple comparison

test using the GraphPad Prism (GraphPad Inc., San Diego, CA,

USA) software program. P-values less than 0.05 were considered

statistically significant.

Results and Discussion

Body and organ weights

The body, gastrocnemius muscle, and liver weights of mice

treated with EMF for 2 weeks are shown in Table 1. In the control

group, the body weights did not change during the first week of

treatment but gradually increased from week 2 until the end of the

experiment. These results indicated no significant changes in

body, gastrocnemius muscle, and liver weights among the groups.

EMF effects on exhaustive swimming test 

Swimming time is considered an appropriate scale for measuring
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fatigue level objectively and quantitatively [24]. The anti-fatigue

activity of EMF was determined as the swimming endurance

capacity of mice by using an adjustable current swimming pool.

The results showed that the swimming time to exhaustion of each

EMF-treated group increased when compared with that of the

control group (Fig. 1). The exhaustive swimming time of EMF

200 group was significantly longer than that of the control group

(p <0.01). These results suggest that EMF enhanced swimming

capacity by delaying the onset of physical fatigue in mice.

Effect of EMF on blood lactate and glucose

Lactate is produced by glycolysis under anaerobic conditions

during high-intensity exercise. Therefore, blood lactate is an

important parameter for determining the degree of fatigue after

exercise [25,26]. Increased lactate level results in decreased pH

value, which can have a detrimental effect on glycolysis, enzyme

activities, and muscular contractions due to calcium ion release

[27]. In the present study, the blood lactate levels before the

swimming test did not significantly differ among the treatment

and control groups (Fig. 2A). However, after the 10 min swimming

test, the blood lactate levels were significantly lower in the EMF

groups than in the control group (Fig. 2B, p <0.01). Likewise,

glucose levels did not differ significantly among the treatment and

control groups either before or after the 10 min swimming test

(Figs. 2C, D).

Effect of EMF on clinical biochemistry tests after acute

exercise challenge

LDH activity was significantly lower in the EMF groups than in

the control group (Fig. 3A). EMF decreased blood lactate levels

(Fig. 2B) by decreasing LDH activity, thereby reducing the fatigue

of muscles by preventing energy depletion during exercise (Fig.

3A) and reducing the excessive accumulation of fatigue indicators.

The increase in NH3 levels is associated with peripheral as well as

central fatigue during exercise [28]. The EMF groups tended to

show low NH3 levels. However, the difference in NH3 levels

between the control and EMF groups was not significant (Fig.

3B). Several factors including protein breakdown, stress, and

fatigue can cause BUN alteration [25,29]. The BUN levels are

shown in Fig. 3C. After swimming, the BUN levels were

significantly lower in the EMF groups than in the control group

(p <0.05). CK serum activity has been shown to delay increase in

structural muscle damage [30]. In the present study, compared

with the control, the EMF groups showed a significant decrease in

CK activity (Fig. 3D). The rapid recovery of serum CK with EMF

could have contributed to exercise performance by ameliorating

fatigue.

Effect of EMF on liver and muscle glycogen after acute

exercise challenge

Glucose is stored as glycogen, which is mainly found in the liver

and muscle tissues [31]. The endurance capacity of the body is

markedly decreased if energy is exhausted. Since glycogen is the

most important source of glucose during fatigue, an increase in

liver glycogen level contributes to augmented endurance during

exercise [26]. Previous studies have shown the importance of

muscle glycogen levels in endurance exercise [32] and suggested

that low muscle glycogen was a factor causing fatigue and

exhaustion [33]. As shown in Fig. 4A, the concentration of liver

Table 1 Effect of Elaeagnus multiflora fruit extract on relative body and organ weights of mice

Group Initial BW (g) Final BW (g) Muscle (g) Liver (g)

Control 21.47±0.33 22.31±0.44 0.23±0.01 1.03±0.05

Taurine 21.51±0.32 22.58±0.58 0.24±0.01 1.06±0.01

EMF 10 21.47±0.29 22.58±0.58 0.25±0.01 1.08±0.05

EMF 50 21.46±0.29 21.95±0.43 0.23±0.01 1.07±0.02

EMF 100 21.47±0.29 22.95±0.28 0.25±0.01 1.04±0.02

EMF 200 21.44±0.29 22.12±0.33 0.24±0.01 0.98±0.01

Control, no administration of EMF; Taurine, 100 mg/kg taurine; EMF 10, 10 mg/kg EMF; EMF 50, 50 mg/kg EMF; EMF 100, 100 mg/kg EMF; EMF
200, 200 mg/kg EMF per day; BW, body weight. The values are the mean ± standard error (SE)

Fig. 1 Effect of Elaeagnus multiflora fruit (EMF) extract on swimming

exercise performance in BALB/c mice. The mice were assessed after 14

days. An exhaustive swimming exercise was performed 1 h later.

Control, no administration of EMF; Taurine, 100 mg/kg taurine; EMF 10,

10 mg/kg EMF; EMF 50, 50 mg/kg EMF; EMF 100, 100 mg/kg EMF;

and EMF 200, 200 mg/kg EMF per day. The values are the mean

standard error (SE). Asterisks above the bars indicate significant

differences, as determined by the Dunnett’s multiple comparison test

(p <0.01)
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Fig. 2 Effect of Elaeagnus multiflora fruit (EMF) extract on serum (A, B), lactate (C, D) and glucose levels before (A, C) and after (B, D) 15 min

swimming test. BALB/c mice were administered 10, 50, 100, and 200 mg/kg EMF for 14 days. Control, no administration of EMF; Taurine, 100 mg/

kg taurine; EMF 10, 10 mg/kg EMF; EMF 50, 50 mg/kg EMF; EMF 100, 100 mg/kg EMF; and EMF 200, 200 mg/kg EMF per day. The values are

the mean SE. Asterisks above the bars indicate significant differences, as determined by the Dunnett’s multiple comparison test (p <0.01)

Fig. 3 Effect of Elaeagnus multiflora fruit (EMF) extract on serum (A) lactate dehydrogenase (LDH); (B) ammonia; (C) blood urea nitrogen (BUN);

and (D) creatine kinase (CK) levels after acute exercise. BALB/c mice were administered 10, 50, 100, and 200 mg/kg EMF for 14 days. Control, no

administration of EMF; Taurine, 100 mg/kg taurine; EMF 10, 10 mg/kg EMF; EMF 50, 50 mg/kg EMF; EMF 100, 100 mg/kg EMF; and EMF 200,

200 mg/kg EMF per day. The values are the mean standard error (SE). Asterisks above the bars indicate significant differences, as determined by the

Dunnett’s multiple comparison test (*p <0.05 and **p <0.01)
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glycogen in EMF 200 group was higher than that in the control

group (p <0.05). The glycogen contents of muscle did not differ

significantly among the groups (Fig. 4B). The mechanism underlying

the effects of EMF in exercise performance should be elucidated

in future studies.
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