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Walnut extract exhibits anti-fatigue action via
improvement of exercise tolerance in mice
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This study was conducted to investigate the anti-fatigue effect of walnut extract (WE) on forced swimming
capacity in mice. Twenty-eight male ICR mice were randomly divided into four groups, a vehicle control
(VO) or one of three WE administered groups (300, 600 and 900 mg/kg/day). WE was orally administered
to mice once a day for 4 weeks, during which time a forced swimming test was conducted once a week.
The vehicle control group was given a corresponding volume of sterile distilled water. After 4 weeks, the
forced swimming capacity and levels of blood lactate, glucose, glutamine, ammonia and triacylglycerol,
and liver glycogen were measured. In the WE administration group (600 and 900 mg/kg) the maximum
swimming time increased significantly when compared with the vehicle control group. WE (600 and
900 mg/kg) significantly decreased the levels of lactate andammonia and increased the blood glutamine
levels and liver glycogen content after forced swimming relative to the vehicle control group. The results
of this study demonstrated the anti-fatigue effects of WE in a dose-dependent manner. The effects of WE
at 600 and 900 mg/kg were similar. Overall, these results suggest that walnut has anti-fatigue activity and

could elevate exercise tolerance.

Key words: Walnut extract, forced swimming test, anti-fatigue effect, mice

Received 29 August 2013; Revised version received 23 September 2013; Accepted 27 September 2013

Fatigue is a complex phenomenon that can be defined
as the inability to maintain expected muscle strength,
leading to reduced performance during prolonged
exercise. Fatigue is a time-dependent exercise-induced
reduction in the maximal force generating capacity of a
muscle [1]. Long-term accumulated fatigue can lead to
death or severe health problems [2,3]. Since the currently
available fatigue recovery therapies are very limited,
potential alternatives from traditional medicineand
herbal medicine are worth investigating [4]. Indeed, it
was recently reported that various natural substances
such as green tea extract [5,6] and red mold rice [7] are
effective at preventing or reducing fatigue.

The forced swimming test is a widely-used experiment
for rodents that has been employed to evaluate anti-
fatigue treatments, and induces immobility as a reflection

of fatigue when mice are placed in a deep water tank for
an extended period [8].

Many epidemiological and clinical trials have
demonstrated that frequent regular intake of walnuts is
inversely correlated with myocardial infarction or
mortality due to vascular ischemic disease, regardless of
other risk factors such as age, obesity, hypertension,
smoking and lack of exercise [9-11]. Comba et al. [12]
reported that diets enriched with high levels of ©-9 fatty
acids reduce tumor growth, metastasis and tumor leukocyte
infiltration and that n-3, n-6 and n-9 polyunsaturated
fatty acids alter growth and trigger apoptosis of breast
cancer cells. Moreover, Ma et al. [13] reported that
walnut-enriched diet improves endothelium-dependent
vasodilatation in type 2 diabetic individuals, suggesting
a potential reduction in overall cardiac risk. Walnut
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consumption has been recommended because walnuts
have a high content of polyunsaturated fatty acids [9].
Indeed, walnuts are rich in a-linoleic, a-linolenic and y-
linolenic acids as well as other health-related compounds
such as high-biological-value proteins, fibers, vitamins,
tannins, folates and polyphenols (caffeic, p-coumaric,
protocatechuic, vanillic, gallic, sinapic, p-hydroxybenzoic,
chlorogenic and ellagic acids), flavonols (quercetin,
isorhamnetin, kaempferol, morin) and/or their glycosides,
flavanones (naringenin, eriodictyol) and/or their
glycosides, flavan-3-ol monomers (catechin, epicatechin),
dimers and trimmers [14]. However, the effects of
walnuts on physical fatigue have not been thoroughly
investigated. Therefore, this study was conducted to
investigate the anti-fatigue effect of walnuts on forced
swimming capacity in mice.

Materials and Methods

Animals

Male ICR mice (4 weeks old, weighing 18-22 g) were
purchased from KOATEC (Osan, Korea). All mice were
provided with free access to standard rodent chow
(laboratory chow 5057, Purina Korea, Korea) and
filtered tap water, and housed in an air-controlled room
under standard conditions (temperature; 22+2°C, relative
humidity; 50+10%, 12 hour light/dark cycle) throughout
the study. After one week of acclimatization, the
swimming times of all mice prior to walnut extract
administration were measured.

The mice were randomly divided into four groups
(n=7 in each group). Mice in the vehicle control (VC)
group were administered distilled water (5 mL/kg body
weight) by gavage every day for 4 weeks, while those in
the other experimental groups were administered walnut
extract (WE; 300, 600, or 900 mg/kg body weight) by
gavage every day for 4 weeks. WE was dissolved in the
same volume (5 mL/kg) of distilled water, and the doses
of WE and 4 week treatment time used in this study were
confirmed to be suitable and effective in ICR mice by
previously conducted pilot tests. The amounts of food
and water intake and body weight were measured once
per week. In addition, blood samples were collected
under ether anesthesia after measurement of the swimming
time at the end of the experimental period. After blood
sampling, the liver was removed, instantly frozen in
liquid nitrogen, and stored at 80°C until analysis. All
animal experiments were performed in accordance with

the Guidelines for Animal Care and Use Committee of
Daegu Technopark, Biohealth Convergence Center
(Approval No.: BCCIACUC-2011-03).

Preparation of walnut extract

Walnuts (1 kg; cultivated in Young dong Province,
Korea) were purchased at a domestic market. The whole
body of the walnut was washed, segmented, soaked in
10 L of 70% ethanol for 24 h, filtered, lyophilized and
powdered. Finally, 56 g of WE was prepared. The
powdered WE was then stored —80°C. A voucher
specimen was deposited in the veterinary toxicology
laboratory of Kyungpook National University. The WE
dosage (600 mg/kg/day) was based on the daily
recommended intake as raw walnut (adult standard;

42 g/day) [15].

Forced swimming test

Forced swimming tests were conducted weekly using
the method described by Ikarashiet al. [16] for 4 weeks.
Tests were conducted in an acrylic pool (90x50%50 cm)
filled with water (30+£1°C) to a depth of 40 cm. Current
in the pool was generated by a pump and maintained at
a flow rate of 8 L/min. The mice were then made to
swim until the end point of the swimming test, which
was defined as the time at which the mice could not
resist the current and failed to rise to the surface of the
water to breathe within 7 s. In this study, the mice were
subjected to a 10 min preliminary swim before 10 min of
rest. After resting, the mice were made to swim until the
end point of the swimming test, which was recorded as
the swimming time.

Blood sampling and analysis of blood biochemical
parameters

Blood samples were taken by capillary tubes from the
retro-orbital plexus of mice under light ether anesthesia
30 min after the forced swimming test. The serum was
then separated by centrifugation (1000xg for 15 min)
and stored at —80°C until analyses. The serum glucose
levels were quantified using a glucometer (Abbott
Laboratories Medisense Products, Bedford, MA, USA).
Serum lactate and triglyceride concentrations were
determined using a commercial diagnostic kit according
to the recommended procedures (Sigma Chemical Co.,
USA). Serum ammonialevels were quantified using a F-
kit ammonia (Roche Diagnostics) and serum glutamine
levels were quantified usinga glutamine assay kit
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Table 1. Effects of walnut extract on body weight, food and water intake in mice

Time in weeks

Group

0 1 2 3 4
Body weight (g) 31.243.8 36.7+£3.9 41.5+4.3 44.8+4.9 46.5+4.8
VC Food Intake (g/mouse/day) 5.8+0.6 6.1+£0.6 6.310.7 6.210.8 6.0£0.7
Water Intake (mL/mouse/day) 6.310.8 6.51£0.8 6.910.9 6.410.8 6.5£0.9
Body weight (g) 31.54£3.9 35.844.2 39.4+4.8 43.645.1 47.145.0
WE300 Food Intake (g/mouse/day) 5.6+0.6 5.9+0.8 6.24+0.8 6.610.9 6.510.6
Water Intake (mL/mouse/day) 6.5+0.9 6.9+0.9 7.0£0.8 6.8+0.7 6.84+0.9
Body weight (g) 30.743.5 37.243.8 42.8+4.1 46.2+4.8 48.6+4.9
WEB00 Food Intake (g/mouse/day) 5.7+0.5 6.2+0.7 6.6+0.8 6.9+0.9 6.9+1.0
Water Intake (mL/mouse/day) 6.3+0.8 6.5+0.8 6.9+0.9 6.4+0.8 6.5+0.9
Body weight (g) 32.1£3.6 38.8+4.1 45.61+4.9 48.745.5 50.1£5.4
WE900 Food Intake (g/mouse/day) 5.610.8 6.310.7 6.8+0.9 6.7+0.8 6.5+0.8
Water Intake (mL/mouse/day) 6.5+0.7 6.6+0.9 7.1£1.0 6.8+0.9 6.9+1.0
Values are expressed as means+SEM of 7 mice per group
*: Significantly different from vehiclecontrol (P<0.05)
# Significantly different from WE300 (P<0.05)
(BioAssay Systems, Hayward, CA, USA). 20 1

Measurement of hepatic glycogen

After blood sampling, the mice were sacrificed, their
livers were removed and the liver glycogen contents
were then measured using a Glycogen Assay Kit (Sigma
Chemical Co., USA).

Statistical analysis

All data are presented as the mean+SEM. The data
were evaluated by one-way analysis of variance (ANOVA).
Tukey’s test for multiple comparisons was used to
identify statistical differences between groups. A
P<0.05 was considered to be statistically significant.

Results

Body weight, food and water intake

The body weight of mice at the initial point of the
experiment was 31.243.8 g. There was no significant
difference in body weight in WE treated mice when
compared with the vehicle control animals after 4 weeks.
The body weight, food intake, and water intake of all
WE treated groups were similar to those of the vehicle
control group (Table 1).

Forced swimming capacity

The effects of WE treatment on swimming time in
mice for 4 weeks are shown in Figure 1. After 4 weeks,
mice in the WE 300 mg/kg treatment group showed
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Figure 1. Effect of walnut extract on swimming endurance time
of mice. Each value represent the meanstSEM (n=7 per
group). *P<0.05 (vs vehicle control); #P<0.05 (vs WE300)

significantly increased swimming time when compared
with the vehicle control group. Additionally, mice in the
WE treatment (600 and 900 mg/kg) groups showed
significantly increased the swimming time to exhaustion
after 2 weeks when compared with those in the vehicle
control and the 300 mg/kg treated group. No difference
in swimming time was observed between the WE 600
and 900 mg/kg treated groups.

Serum Lactate, Glucose, Glutamine, Ammonia and
Triglyceride Levels

The serum components were analyzed after the last
forced swimming test. The blood biochemical parameters
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Table 2. Effect of walnut extract on the blood biochemical parameters in mice

Treatment (mg/kg) VC WE300 WEG600 WE900
Lactate (mMI/L) 9.88+0.74 8.25+0.78* 6.72+0.69* 6.70+0.67*
Glucose(mg/dL) 81.4+8.6 87.8+8.4 89.9+8 4 90.4+8.9
Glutamine (mM) 0.71+0.06 0.94+0.10* 1.29+0.11** 1.19+0.13*
Ammonia (ug/dL) 15.6+1.3 14.641.7 14.4+1.8 12.8+1.5*
Triglyceride (mg/dL) 127.3217.3 134.9+16.5 125.7+17.0 127.3+18.1

Values are expressed as means+SEM of 7 mice per group
*: Significantly different from vehiclecontrol (P<0.05)
# Significantly different from WE300 (P<0.05)

are shown in Table 2. The blood lactate levels in all WE
treated groups were lower than those in the vehicle
control group, with significantly lower levels being
observed in the 600 and 900 mg/kg WE treated groups.
The blood glucose levels in all WE treated groups were
slightly higher than those in the vehicle control group.
However, no significant differences were observed in the
blood glucose levels of the WE treated groups and the
vehicle control group.

The blood glutamine levels in all WE treated groups
were significantly higher than those in the vehicle
control group, and these differences occurred in a dose-
dependent manner. The blood glutamine level in the
600 mg/kg WE treated group was highest, and was
significantly higher than that of the 300 mg/kg WE
treated group. The blood ammonia levels in all WE
treated groups were lower than in the vehicle control
group. The blood ammonia level in the 300 mg/kg WE
treated group was similar to that in the vehicle control
group, while the level in the 900 mg/kg WE treated
group was significantly lower than that in the vehicle
control group. The blood triglyceride concentrations in
all WE treated groups were similar to that of the vehicle
control group.

Contents of liver glycogen

Figure 2 shows the changes in liver glycogen content
in WE treated mice. The liver glycogen contents were
enhanced by WE treatment in a dose-dependent manner.
The liver glycogen contents in the 600 and 900 mg/kg
WE treated group were significantly higher than those in
the vehicle control group.

Discussion

Walnuts are an excellent source of a-linolenic acid
that have a high content of antioxidants including
flavonoids, phenolic acid, melatonin, gamma tocopherol

and selenium [14,17-18]. Walnuts have been used in
traditional medicine for treatment of cardio-vascular
insufficiency, atherosclerotic disorders, tumors, hemorrhoid,
diarrhea, bacterial infection, fungal diseases, diabetes
mellitus, hypertension and convulsion [19-21].

Little change was observed in the body weight, food
and water intake of the WE treated groups after 4 weeks
of administration, and no difference in the same parameters
were observed among the WE treated groups (Table 1).
In the present study, walnut intake did not cause weight
gain, despite an increased energy intake, but the reasons
for this are not clear. In experimental animals,
polyunsaturated fatty acids caused less weight gain than
saturated fats [22]. Although high in fat, walnut fats are
mainly polyunsaturated and the effects of consuming
walnuts on physical fatigue are unclear. In the present
study, we confirmed that WE does not cause changes in
the pattern of feeding.

The swimming times in all WE treated groups
increased significantly relative to the vehicle control
group after two weeks of treatment. However, there was
no significant difference in the WE of the 300 mg/kg
treated group except at four weeks (Figure 1). These
results indicate that WE administration significantly
enhanced the anti-fatigue capability of mice as indicated
by the prolonged swimming time.

The levels of serum glucose, lactate, ammonia, and
glutamine are known to serve as indicators of accumulated
fatigue and stress caused by exercise [23]. Blood lactate
is the glycolysis product of carbohydrate under anaerobic
conditions, and glycolysis is the main energy source for
short term intensive exercise. Because the accumulation
of blood lactate causes fatigue during physical exercise,
rapid removal of lactate is beneficial to relieving fatigue
[24]. In the present study, the level of serum lactate was
significantly lower following the administration of WE
relative to the vehicle control group (Table 2). One of the
main pathways to remove excess lactate is the conversion
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of lactate to glucose via gluconeogenesis, after which
excess glucose is saved as a liver glycogen [25].
Therefore, the results of the study indicate that WE could
decrease blood lactate level and alleviate physical
fatigue.

The blood glucose levels in the WE treated groups
were higher than in the vehicle control group. However,
no significant difference was observed in blood glucose
level between the WE treated group and the vehicle
control group. These results suggest that WE did not
significantly influence glucose metabolism factors, such
as gluconeogenesis and glucose utilization in blood. We
also found that blood glutamine levels and ammonia
were significantly increased or decreased by the treatment
of WE, respectively. It is assumed that WE may be
attributable to the increase in glutamine synthesis in the
liver. Vigorous exercise not only consumes glucose, but
also glutamine, which is a primary amino acid for
supplying energy in muscles [26]. Therefore, it is
possible to enhance exercise capacity through WE
administration via an increase in the concentration of
glutamine in the blood.

Vigorous exercise also increases the production of
ammonia, resulting in an increased level of ammonia in
blood. This accumulated ammonia leads to decreased
exercise capacity; however, it is possible to enhance
exercise capacity by decreasing the concentration of
ammonia in the blood [27]. Accordingly, these results
suggest that WE has an anti-fatigue effect by increasing
the activity of ammonia metabolism.

Liver glycogen increased remarkable by treatment
with 600 and 900 mg/kg of WE when compared with the
vehicle control group (Figure 2). The depletion of
glycogen during high-intensity exercise severely limits
energy supply and maximum power output [28]. The
results of the present study showed that WE treatment
enhanced the liver glycogen contents in a dose-
dependent manner. Because liver glycogen is the defense
system of energy depletion, the enhancement of liver
glycogen observed in this study indicated that WE could
be utilized to serve as an energy source during vigorous
exercise. Indeed, it is likely that WE contributes to the
activation of energy metabolism in mice and thereby
causes the prolongation of swimming time.

Finally, it should also be noted that WE intake did not
increase blood triacylglycerol concentrations and that
WE intake of 900 mg/kg per day for 4 weeks did not
induce important changes in blood lipids in mice.
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Figure 2. Effect of walnut extract on liver glycogen contents in
mice. Each value represent the meanstSEM (n=7 per group).
*P<0.05 (vs vehicle control)

Based on these results, it is suggested that oral
administration of WE of more than 600 mg/kg per day
could significantly improve the endurance capability of
mice to fatigue. However, further studies are necessary
to clarify the detailed mechanism(s) involved in the anti-
fatigue effects of WE.
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