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Abstract 

This study investigated the antifatigue effects of rutin, a flavonoid extracted from the ethyl acetate 
extract of S. involucrata. Mice were subjected to a weight-loaded forced swim test (WFST) on 
alternate days for 3 wk. Rutin was administered orally to the mice for 7 days in dosages of 15, 30, 
and 60 mg/kg body weight, and several biomarkers of physical fatigue were evaluated: swimming 
time, change in body weight, lipid peroxidation, lactic acid (LA), glycogen, and the activities of the 
antioxidant enzymes superoxide dismutase (SOD) and glutathione peroxidase (GPx). On Day 7, 
the rutin-treated mice had a 3-fold longer exhaustive swimming time than the control mice, as well 
as significantly reduced blood LA concentrations. The 15, 30, and 60 mg/kg body weight ru-
tin-supplemented groups displayed 11.2%, 22.5%, and 37.7% reduced malondialdehyde (MDA) 
concentrations, respectively, in brain and muscle tissues compared with the control exercised 
group. Our results indicated that the administration of rutin protected the mice against the de-
pletion of SOD and GPx activities significantly. Following 7 days of rutin treatment, we sacrificed 
the mice and analyzed their soleus muscle and brain for peroxisome proliferator-activated re-
ceptor-α coactivator (PGC-1α) and sirtuin 1 (SIRT1) mRNA expression. We observed that rutin 
treatment increased PGC-1α and SIRT1 mRNA and protein expression. The changes in these 
markers of mitochondrial biogenesis were associated with increased maximal endurance capacity. 
The application of 2D gel electrophoresis to analyze the rutin-responsive protein profiles in the 
WFST mouse brain further revealed the upregulation of the CB1 cannabinoid receptor-interacting 
protein 1, myelin basic protein, Rho GDP dissociation inhibitor (GDI) alpha, and TPI, indicating that 
rutin might inhibit anxiety through the upregulation of the expression of anxiety-associated 
proteins. Western blot analysis of MAPK expression further confirmed the antianxiety effects of 
rutin. Our study results thus indicate that rutin treatment ameliorates the various impairments 
associated with physical fatigue. 
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Introduction 
In recent years, the public has become increas-

ingly health-conscious, with an increased proportion 
of people exercising routinely to increase their physi-

cal fitness and prevent sedentary lifestyle-related 
diseases. Moderate exercise can contribute to the 
prevention of illness and mental stress; however, 
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overexercise provides a form of stress, causing fatigue 
or various types of damage to organs. Fatigue is a 
symptom that indicates that a person’s health is about 
to be, or has been, compromised [1]. An alternative 
term for physical fatigue is peripheral fatigue, which 
might be accompanied by deterioration in perfor-
mance [2]. Two mechanisms, oxidative stress and ex-
haustion, play important roles in physical fatigue [3]. 
Intense exercise can induce the production and ac-
cumulation of excess reactive free radicals, resulting 
in oxidative stress injury to the body. Exhaustion 
theory suggests that a depleted energy source and 
excess metabolite accumulation can cause fatigue [4]; 
however, studies have also shown that exogenous 
antioxidants can reduce exercise-induced oxidative 
stress [5]. Research into specific nutrients or herbal 
supplements is, therefore, required to identify agents 
that can reduce metabolite production and/or in-
crease energy potential.  

Saussurea Involucrata (Kar. et Kir.) (S. involucrata), 
otherwise known as the snow lotus, grows in rocky 
habitats on mountains at 2600 m elevation or higher in 
the Tian Shan and A’er Tai regions of China. In folk 
medicine, it is used to treat rheumatoid arthritis, im-
potence, irregular menses, cough with cold, stom-
achache, altitude sickness, and other conditions. Pre-
vious studies have shown that the ethyl acetate extract 
of S. Involucrata (SI-2) exerts a potent inhibitory effect 
on EGFR phosphorylation and activation, and on the 
AKT and STAT3 pathways, in PC-3 cells [6]. These 
effects could potentially offer therapeutic advantages 
in the treatment and prevention of human prostate 
cancer. Rutin (3,3’,4’,5,7-pentahydroxyflavone-3- 
rhamnoglucoside; Table 1) is a flavonoid of the fla-
vonol type that occurs plentifully in S. Involucrata. 
Previous studies have reported that rutin displays 
several pharmacological properties, including anti-
oxidant, anticarcinogenic, cytoprotective, antiplatelet, 
antithrombotic, vasoprotective, cardioprotective, and 
neuroprotective activities [7-10]. In our previous 
study, we investigated the protective effects of SI-2 or 
rutin on D-galactose (D-gal)-induced brain injury in 
mice[11]. Several investigations have used mice in-
jected with D-gal as an animal model of oxidative 
stress. We identified that administering SI-2 or rutin 
(30 mg/kg/d) for 6 wk, concomitant with D-gal in-
jection, increased superoxide dismutase (SOD) and 
glutathione peroxidase (GPx) activities significantly 
and reduced plasma malondialdehyde (MDA) con-
centrations. Our results also showed that the oral 
administration of rutin significantly improved mouse 
behavioral performance in a step-through passive 
avoidance task. These results suggested that rutin 
exerts potent antiaging effects on D-gal in mice 
through antioxidative mechanisms.  

Exercise is typically considered the optimum 
strategy to increase muscle mitochondrial number 
and function; however, little is known concerning the 
effects of exercise on brain mitochondria [12, 13]. 
Natural flavonoids, such as resveratrol, and other 
drugs increase mitochondrial biogenesis by upregu-
lating the transcriptional coactivator sirtuin 1 (SIRT1) 
and the peroxisome proliferator-activated receptor-1α 
coactivator (PGC-1α) [14-17]. PGC-1α is considered 
the master regulator of mitochondrial biogenesis, and 
SIRT1 physically interacts with and deacetylates 
PGC-1α to increase PGC-1α activity [18, 19]. Given the 
structural similarities among rutin, resveratrol, and 
other flavonoid derivatives that increase mitochon-
drial biogenesis [14, 16, 17], as well as evidence of the 
effects of rutin on the energetics of isolated mito-
chondria in vitro [17, 20, 21], we hypothesized that 
rutin would increase mitochondrial biogenesis in 
muscle and that this effect would be associated with 
increased exercise tolerance.  

Therefore, the purpose of this study was to 
evaluate the effects of short-term rutin supplementa-
tion, in doses that are safe and practical for dietary 
supplementation, on mitochondrial biogenesis in the 
soleus muscle, endogenous antioxidant enzyme ac-
tivities, and endurance exercise tolerance. We selected 
the soleus muscle because of its relevance to endur-
ance exercise capacity. We used an experimental 
mouse model to examine the effects of 7 days rutin 
supplementation on markers of mitochondrial bio-
genesis, including PGC-1α and SIRT1 gene expres-
sion. We also investigated the effects of rutin sup-
plementation on exercise tolerance using the 
weight-loaded forced swim test (WFST). Overall, this 
study aimed to evaluate the antifatigue properties of 
rutin using forced swimming exercise in mice and to 
identify the mechanisms underlying its actions.  

Materials and methods  
Preparation of Fractions  

The wild plant of S. involucrata used in this study 
was a gift from Biopure Biotechnology (Changhua, 
Taiwan). Twenty grams of dried and powdered aerial 
parts, including flower, of S. involucrate was ex-
tracted with 100 mL of methanol three times under 
reflux for 2 h, respectively. The methanol extracts 
(SI-1) were combined, and the solvent was evaporated 
in vacuum to give a deep brown syrup. The syrup was 
resuspended in water and then partitioned succes-
sively with pentane, ethyl acetate (SI-2) and n-butanol 
(SI-3) to leave a water layer (SI-4). The solvents were 
evaporated respectively, and the residues were used 
throughout this study. 
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Reverse-Phase High-Performance Liquid 
Chromatography (HPLC) Analysis of 
Flavonoids in S. involucrata  

The determination of flavonoids from S. involu-
crata was carried out by HPLC with a photodiode 
detector. The HPLC system consisted of a Shimadzu 
LC-20AT solvent delivery system, equipped with a 
SPD-M20A photodiode array detector, set at 270 nm. 
Samples were injected with SiL-20A autosample to 
separate on the TSK-Gel ODS-100S column. The col-
umn was maintained at an ambient temperature of 
25℃. The flow rate of the system was 1.0 mL/min. 
The mobile phase consisted of solvent A (0.3% formic 
acid) and solvent B (acetonitrile). The elution profile 
for A was 0-10 min, with a linear gradient change of 
0-5%; 10-40 min, with a linear gradient change to 55%; 
and maintained for another 10 min with a post run 
time to equilibrate the column and for the baseline to 
return to the normal and initial working conditions. 

Chemicals and reagents  
Rutin was dissolved in DMSO to a concentration 

of 50mM and stored in -20℃ as a master stock solu-
tion. Dimethyl sulfoxide (DMSO), 3-(4,5-dimethyl 
thizol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), 
2′,7′-dichlorofluorescein diacetate (H2DCF-DA), 
Hoechst 33342, Thiobarbituric Acid (TBA), Hydrogen 
peroxide (H2O2), Trichloroacetic Acid,(TCA), 
Malondialdehyde (MDA), Propidium Iodine (PI) and 
actin antibody were purchased from Sigma Chemical 
Co. (St. Louis, MO, USA). NuPAGE Bis-Tris Electro-
phoresis System (pre-cast polyacrylamide mini-gel) 
was purchased from Invitrogen (Carlsbad, CA, USA). 
COX-2 antibody was purchased from Thermo scien-
tific (Waltham, MA, USA). PARP antibodies and 
horseradish peroxidase - conjugated anti-mouse or 
anti-rabbit IgG secondary antibodies were purchased 
from Cell signaling (MA, USA). Polyvinyldenefluo-
ride (PVDF) membranes, BSA protein assay kit and 
Western blot chemiluminescence reagent were pur-
chased from Amersham Biosciences (Arlington 
Heights, IL). Superoxide dismutase activity assay kit 
was purchased from biovision (Mountain View, CA). 
Glutathione peroxidase assay kit was purchased from 
Cayman Chemical (MI, USA). DNA Fragmentation 
Assay Kit was purchased from Clontech Laboratories 
(Mountain View, CA). Non-Radioactive Cytotoxicity 
Assay was purchased from Promega (Madison, WI, 
USA) 

Animal experiments 
Specific pathogen free male ICR mice (5 weeks 

old) were purchased from National Sciences Council 
(Taipei, Taiwan) and all procedures were performed 
in compliance with the standard operating proce-

dures of the Laboratory Animal Center of Ilan Uni-
versity (Ilan, Taiwan). All animals were given a 
standard laboratory diet (no. 5001; PMI Nutrition In-
ternational, Brentwood, MO, USA) and distilled water 
ad libitum and housed at room temperature (23 ± 1◦C) 
with a 12 h light/12 h dark cycle (lights on from 
6:00AM to 6:00 PM). Mice were divided into 4 groups 
(n = 8 per group in each test) for treatment: (1) vehicle, 
(2) 15mg/kg rutin (3) 30 mg/kg rutin (4) 60 mg/kg 
rutin. Vehicle or rutin was given once by oral gavage 
for 7 days each. The control group received the same 
dose of vehicle. 

Forced Swimming Test  
The protocol was adapted from a previous study 

with some modifications. Mice were pretreated with 
vehicle, 15, 30, 60 mg/kg rutin for 7 days and 1 h after 
the last treatment administration and underwent an 
exhaustive swimming test. The mice were placed in-
dividually in a columnar swimming pool (length 65 
cm and radius 20 cm) with 40 cm water depth main-
tained at 37 ± 1◦C. A weight equivalent to 5% of body 
weight was attached to the root of mouse tail, and 
endurance for each mouse was measured as swim-
ming times recorded from the beginning of the time in 
the pool to exhaustion. The swimming period was 
considered the time spent floating, struggling, and 
making necessary movements until exhaustion and 
possible drowning. When the mice were unable to 
remain on the water surface, they were considered 
exhausted. 

Measurement of MDA content and antioxidant 
enzyme activities 

The content of MDA was determined using the 
thiobarbituric acid method. Equal volumes of 0.67 % 
thiobarbituric acid reagent was added to the sample 
supernatant and boiled for 10 min at 100 °C, and 
cooled, the absorbance of each supernatant was 
measured at 532 nm. MDA content was calculated by 
MDA standard. Antioxidant enzyme activities were 
assayed with Superoxide dismutase activity assay kit 
(Biovision) and Glutathione peroxidase assay kit 
(Cayman). The assay was in accordance with the 
manufacturer’s instructions.  

Determination of Blood Biochemical Variables  
We evaluated the effects of rutin on plasma lac-

tate and glucose levels after exercise. A 15min swim-
ming test was performed 1 h after the last treatment 
administration. Blood samples were collected from 
the submandibular duct of pretreated mice after the 
15 min swimming test. The plasma was prepared by 
centrifugation at 1500×g, 4◦C for 10 min. Lactate and 
glucose levels were determining by use of an autoan-
alyzer (Hitachi 7060, Hitachi, Japan). 
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Western blot analysis and quantification 
The cells were lysed on ice with 200 ml of lysis 

buffer (50 mMTris–HCl, pH 7.5, 0.5 M NaCl, 5mM 
MgCl2, 0.5% nonidet P-40, 1 mM phenylmethyl-
sulfonyl fluoridefor, 1 mg/ml pepstatin, and 50 
mg/ml leupeptin) and centrifuged at 13,000 g at 4 ℃ 
for 20 min. The protein concentrations in the super-
natants were quantified using a BSA Protein Assay 
Kit. Electrophoresis was performed on a NuPAGE 
Bis–Tris Electrophoresis System using 50 mg of re-
duced protein extract per lane. Resolved proteins 
were then transferred to polyvinyldenefluoride 
(PVDF) membranes. Filters were blocked with 5% 
non-fat milk overnight and probed with appropriate 
dilution of primary antibodies for 1 h at room tem-
perature. Membranes were washed with three times 
with 0.1% Tween 20 and incubated with 
HRP-conjugated secondary antibody for 1 h at room 
temperature. All proteins were detected using West-
ern LightningTM Chemiluminescence Reagent Plus 
and the result was quantitated by scanning densi-
tometry using a Bio-Rad model 620Video Densitom-
eter with a 1-D Analyst software package for Macin-
tosh. 

Two-dimensional gel electrophoresis (2-DE), 
gel staining and image analysis 

Approximately 1 × 106 cells were cultured in 
60-mm2 dishes and then incubated in 20 μM GW-H1 
for the indicated time. The cells were lysed on ice with 
200 μl of lysis buffer (7 M urea, 2 M thiourea, 4% 
CHAPS, 100 mM DTT, 2% pH 3–10 ampholyte), 2-DE 
was performed according to the method of O’Farrell 
with slight modifications. Aliquots (200 g) of the cell 
lysates were resolved in 125 μl of rehydration buffer 
[8 M urea, 4% CHAPS, 0.5% IPG 4–7 buffer, and 18.2 
mM dl-dithiothreitol (DTT)] and were loaded onto 
7-cm Immobiline DryStrips (pH 4–7, linear; GE 
Healthcare, Chalfont St Giles, UK) for the 
first-dimension isoelectric focusing (IEF). Sample ap-
plication and gel rehydration were managed in one 
step (14 h, 30 V) on an IPGphor (GE Healthcare). IEF 
was conducted with a total of 13,400 V h at an end 
voltage of 5000 as follows: 300 and 500 V constant 
each for 0.5 h; gradient 500–1000 V over 0.5 h; gradient 
1000–5000 V over 2 h, 5000 V constant to the desired V 
h. Focused proteins were reduced and alkylated dur-
ing the equilibration step, immediately prior to the 
second dimension. Equilibration, 15 min in 50 mM 
Tris (pH 8.8), 6 M urea, 30% glycerol, 2% SDS, 75 mM 
DTT followed by 15 min in an identical buffer with 
DTT replaced by 135 mM iodoacetamide. The second 
dimension was performed on 12.5% 
SDS-polyacrylamide gels using the Protean III System 
(Bio-Rad), as described by Laemmli. 2-DE gels were 

stained with Coomassie Brilliant Blue G-250 (CBB 
G-250), scanned with the ImageScanner ver. 5.0, and 
analyzed with the Prodigy SameSpots software ver. 
6.0 (Nonlinear). All 2-DE analyses were performed on 
triplicate repeats. Spots were compared based on their 
volume percentages in the total spot volume over the 
whole gel image. Proteins were considered signifi-
cantly altered if difference in spot intensity was more 
than 1.5 fold. 

In-gel trypsin digestion 
In-gel trypsin digestion was performed accord-

ing to our previous report with slight modifications. 
Protein spots of interest were excised, cut into about 1 
mm × 1 mm pieces and placed in a microcentrifuge 
tube. 100 μL of 50 mM DTT in 25 mM ammonium 
bicarbonate (pH 8.5) was added into the tube and 
shaken at 37 ◦C for 1 h. After removal of excess DTT 
by centrifuge, 100 μl of 100 mM iodoacetamide (IAA) 
in 25 mM ammonium bicarbonate (pH 8.5) was added 
and the tube was shaken for 30 min at RT in the dark 
environment. Then excess IAA was removed by cen-
trifuge. 100 μl of 50% acetonitrile in 25 mM ammo-
nium bicarbonate buffer (pH to 8.5) was added and 
the gel pieces were soaked for 15 min, then the buffer 
was removed completely. The destaining step was 
repeated twice or more depending on the intensity of 
the dye. The gel pieces were soaked in 100 μl of 100% 
acetonitrile for 5 min and dried by SpeedVac to re-
move the remaining acetonitrile. Trypsin (0.1 μg) in 10 
μl 25 mM ammonium bicarbonate (pH 8.5) was added 
to the gel pieces, and digestion was performed for 16 
h at 37 ◦C. 50 μl of 50% acetonitrile in 5% TFA was 
added to quench the trypsin digestion and the solu-
tion was sonicated for 10 s to release the tryptic pep-
tides from the gel. The peptide solution was concen-
trated and collected for further LC–MS/MS analysis. 

LC-nano ESI-Q-TOF MS/MS analysis 
The resulting peptide mixture was subjected to 

the CapLC system (Waters, Milford, MA,) utilizing a 
capillary column (75 m i.d., 10 cm in length, C SUN, 
Taiwan) with a linear gradient from 5% to 50% ace-
tonitrile containing 0.1% formic acid over 46 min. The 
separated peptides were on-line analyzed under pos-
itive survey scan mode on a nano-ESI Q-TOF (Mi-
cromass, UK) instrument as previously described [24]. 
The scan range was from m/z 400 to 1600 for MS and 
m/z 50 to 2000 for MS/MS. The raw data was pro-
cessed into a text file format of PKL with MassLynx 
4.0 (subtract 30%, smooth 3/2 Savitzky Golay and 
center three channels 80% centroid). 

Protein identification 
For protein identification, the PKL files gener-

ated from MS/MS spectra were uploaded to 
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MASCOT search engine v2.2 (Matrix Science, UK) 
(http://www.matrixscience.com). The parameters for 
database search were as follows: Protein database was 
set to be NCBInr. Taxonomy was set as eubacteria. 
One trypsin missed cleavage was allowed. The mass 
tolerance was set to be 0.4 Da for both precursor and 
product ions. Carbamidomethyl (C) was chosen as a 
fixed modification. Deamidated (NQ) and oxidation 
(M) were chosen for variable modifications. Data 
format was chosen as Micromass (.pkl) and instru-
ment was chosen as ESI-QUAD-TOF. The proteins 
with the scores above the significant threshold (p < 
0.05) are shown as identified proteins. 

Statistical analysis 
Data were shown as mean with standard devia-

tion. The statistical difference was analyzed using the 
Student’s t-test for normal distributed values and by 
non-parametric Mann–Whitney t-test for values of 
non-normal distribution. Values of p < 0.05 were con-
sidered significant. Behavioral data were analyzed 
with one-way analysis of variance (ANOVA), fol-
lowed by post-hoc Dunnett’s t test or Newman-Keul’s 
multiple comparison tests. The q values represent 
those calculated from separate sets of Newman-Keul’s 
analysis. 

Results 
Effects of rutin on body weight and swimming 
time  

Table 1 displays the changes in mouse body 
weight during the experimental period. The sedentary 
and rutin-supplemented groups showed greater 
weight gains than the control group. We evaluated the 
antifatigue effects of rutin according to the swimming 
endurance capacities of the mice. On Day 7, the rutin 
treatment groups had longer swimming times than 
the control group (P < 0.05), with a maximum rec-

orded swimming time of 41.6 min in the mice treated 
with 60 mg/kg rutin (compared with 29.3 min in the 
control group; Table. 1). 

Effects of rutin and exercise on mouse plasma 
LA and glucose concentration  

Endurance exercise reduced glycogen levels in 
the control group. Rutin supplementation increased 
the mouse plasma glucose concentrations compared 
to the controls (P < 0.05). In the vehicle, and 15 
mg/kg, 30 mg/kg, and 60 mg/kg rutin groups, 
plasma glucose levels were 152 ± 4.5, 164 ± 0.9, 183 ± 8, 
and 213 ± 14 mg/dL, respectively (Table 1), and were 
1.4-fold higher in mice treated with 60 mg/kg rutin 
than in the control group (P < 0.05). In the control 
group, exhaustive swimming increased plasma LA 
concentrations significantly compared with the sed-
entary group (P < 0.01 and P < 0.05, respectively). The 
rutin-supplemented groups displayed lower blood 
LA concentrations than the control mice (P < 0.01; 
Table 2). In the vehicle, and 15, 30, and 60 mg/kg ru-
tin groups, blood lactate concentrations were 3.6 ± 1.4, 
3.6 ± 1.5, and 3.4 ± 1.2, 3.2 ± 1.7mmol/L, respectively 
(Table 2). In the 60 mg/kg rutin group, LA clearance 
accelerated significantly after swimming (P < 0.01). 

Effects of rutin on lipid peroxidation and 
antioxidant enzyme activity 

Thiobarbituric acid-reactive substances (TBARS) 
such as MDA are indicators of lipid peroxidation. In 
this study, the swimming exercise group displayed 
significantly higher plasma MDA concentrations 
(43.7%) than the control group. However, the brain 
tissue of the control animals displayed non-significant 
MDA concentrations (data not shown). The ru-
tin-supplemented mice showed significantly higher 
SOD (16.3%) and GPx (31%) activities than the control 
mice (P < 0.05; Table 3).  

Table 1. Effect of rutin on swim exercise performance in mice. Mice were pretreated with vehicle or 15, 30 or 60 mg/kg rutin (R-15, R-30 
or R-60) for 7 days and then 1 h later underwent an exhaustive swimming test with a 5% bodyweight load attached to the mouse tail. Data 

are mean ± SEM (n = 10 mice). ∗P < 0.05, ∗∗P < 0.001 compared to vehicle control. 
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Table 2. Effect of rutin on plasma lactate and glucose levels and after exercise. Mice were pretreated with vehicle or (R-15, R-30 or R-60) 
for 7 days and then 1 h later underwent a 15min swim test. Data are mean ± SEM (n = 10 mice). (a) Lactate: *P < 0.005, **P < 0.0001 
compared to vehicle control. (b) Glucose: *P < 0.05, **P < 0.0001 compared to vehicle control.  

 
Table 3. Effect of rutin on plasma MDA level and SOD and GPx activities in weight-loaded forced swim test (WFST) mice. Mice were 
pretreated with vehicle or (R-15, R-30 or R-60) for 7 days and then 1 h later underwent an exhaustive swimming test with a 5% body 
weight load attached to the mouse tail. Plasma MDA level and SOD and GPx activities were determined. (a) MDA: *P < 0.005, **P < 0.0001 
compared to vehicle control. (b) SOD activity: *P < 0.05 compared to vehicle control. (c) GPx activity: *P < 0.05 compared to vehicle 
control.  

 
 

 
Figure 1. Short-term feedings of the dietary flavonoid rutin increase 
expression of genes associated with mitochondrial biogenesis. Peroxisome 
proliferator-activated receptor-α coactivator (PGC-1α) and sirtuin 1 
(SIRT1) expression were measured in soleus muscle using RT-PCR fol-
lowing 7 days of Rutin feedings. *Significantly different from control group  

Effects of rutin on PGC-1 and SIRT1 
expression  

In our experimental mice, 7 days rutin admin-
istration resulted in increased PGC-1α (Fig. 1) and 
SIRT1 (Fig. 1B) mRNA expression in the slow-twitch 
muscle (P < 0.05). We identified an approximate 100% 
increase in PGC-1α gene expression in the soleus 
muscle following the treatment of the mice with 30 
mg/kg and 60 mg/kg rutin doses, and a 50% and 
100% increase in the muscle following their treatment 
with 30 mg/kg and 60 mg/kg rutin doses, respec-
tively (Fig. 1). We observed approximately 200% in-
creased SIRT1 expression in the muscle following the 
administration of 30 mg/kg and 60 mg/kg rutin dos-
es.  

Two-dimensional gel electrophoresis and mass 
spectrometry  

After forced swimming exercise, 2D gel electro-
phoresis on mouse brain tissue and analysis of gel 
images using Prodigy SameSpots (Nonlinear) soft-
ware (Fig. 2) revealed the upregulation of 2 proteins, 
and downregulation of 3 proteins, in a 
time-dependent manner. Further analysis of the pro-
teins using LC-ESI-Q-TOF MS/MS analysis and the 
Mascot program identified the proteins as glycerate 
kinase 1 (spot no. 34), triosephosphate isomerase (spot 
no. 77), heat shock protein 65 (spot no. 169), myelin 
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basic protein (spot no. 171), CB1 cannabinoid recep-
tor-interacting protein 1 (spot no. 203), cofilin-1 (spot 
no. 211), Rho GDP dissociation inhibitor (GDI) alpha 
(spot no. 248), TPI (spot no. 252), and alpha-tubulin 
isotype M-alpha-2 (spot no. 252; Fig. 2) (Table 4).  

Effects of rutin on fatigue and anxiety 
We evaluated the antifatigue effects of rutin by 

analyzing the expression of the MAPK signaling pro-
teins, including ERK, p38, and JNK1/2, in the mouse 
brain. Exercise training (Fatigue) and concurrent rutin 
supplementation and exercise (Fatigue+rutin) both 
upregulated the expression of phosphor-ERK (Fig. 3). 

Rutin supplementation without exercise (rutin) also 
upregulated phosphor-ERK expression compared 
with the placebo mice, indicating increased MAPK 
signaling. We evaluated the antianxiety effects of ru-
tin by analyzing the expression of the CB1 canna-
binoid receptor (CBR). As shown in Fig. 3, the exercise 
and rutin-supplemented groups with or without ex-
ercise showed upregulated CBR expression compared 
with the placebo mice. CBR expression was signifi-
cantly higher in the rutin-supplemented mice with 
and without exercise than in the exercised mice 
without rutin supplementation. 

 
Figure 2. Two-dimensional gel electrophoresis on antifatigue mice. 2-DE was performed and gels stained with SYPRO Ruby staining reagent. Gel images 
were analyzed by SameSpots (Nonlinear) software, and the protein spots significantly altered were selected and then subjected to LC-ESI-Q-TOF MS/MS 
analysis. 

 

Table 4. Differentially expressed proteins in rutin-treated mice brain tissue compared to fatigue tissue. 
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Figure 3. Rutin supplementation activation MAPK-mediated antianxiety proteins expression in mice brain. The expression level of ERK, phosphor-ERK, 
p38, phosphor-p38, JNK1/2, phosphor-JNK1/2 and CBR and CB1 cannabinoid receptor-interacting protein 1 antibodies. Expression of β-actin was used as 
an internal control. 

 

Comment 
In this study, we identified that fatigued rats 

treated with rutin (15, 30, and 60 mg/kg) intraperito-
neally for 7 days had longer swimming times than 
saline-treated fatigued animals. Plasma and brain 
MDA levels were higher in the fatigued animals than 
in the control mice; however, the oral administration 
of rutin for 7 days reduced the liver MDA levels in 
fatigued animals significantly. In our previous study, 
we identified that rutin, a principal component of S. 
Involucrata, attenuates the senescence effect in a D-gal 
aging mouse model effectively. Our results suggested 
that rutin exerts potent antiaging effects through an-
tioxidative mechanisms. In addition, rutin increases 
the activities of the oxygen radical spe-
cies-metabolizing enzymes SOD and GPx. Rutin is a 
hydrogen-donating antioxidant and free radical 
scavenger (of reactive oxygen and nitrogen species) 
[22-25]. It also possesses metal-chelating properties 
and neutralizes ferric iron to form redox-inactive iron, 
thereby protecting cells against oxidative damage [26, 
27]. In humans, muscular exercise promotes the pro-
duction of radicals and other ROS in the working 
muscle. Increasing evidence has suggested that ROS 
are responsible for exercise-induced protein oxidation 
and contribute extensively to muscle fatigue [28]. 
Muscle cells contain endogenous cellular defense 
mechanisms in the form of enzymatic and nonenzy-
matic antioxidants for the elimination of ROS. These 
antioxidant defense mechanisms weaken during 
chronic fatigue and other disease conditions. The 
natural cellular antioxidant enzyme SOD removes 
superoxide radicals by accelerating their dismutation, 
whereas CAT removes hydrogen peroxide. However, 
the radical scavenging activity of SOD is effective only 

if its action precedes that of CAT because SOD gener-
ates hydrogen peroxide as a metabolite, which has 
higher toxicity than oxygen radicals, which CAT 
scavenges. In this study, swimming induced ROS 
generation in the exercised control mice, resulting in 
reduced SOD and CAT activities compared with the 
sedentary group. However, the rutin-treated group 
displayed higher SOD and CAT activities compared 
to the controls. Thus, exogenous antioxidants from 
rutin might act directly to reduce fatigue or interact 
with endogenous antioxidants to produce synergistic 
antifatigue effects. 

Previous studies have used swimming until ex-
haustion as an experimental protocol to induce stress 
in laboratory animals. The investigators recorded bi-
ochemical, hormonal, and behavioral changes to 
evaluate the physiological responses to a stressful 
situation [29, 30]. Fatty acids must be primed for 
ATP-dependent acylation to form fatty acyl-CoA and 
derive energy. Swamy et al. reported that ATP syn-
thesis increases in animals subjected to forced swim-
ming exercises with antioxidant supplementation 
[31]. Antioxidant supplementation during exhaustive 
exercise can create aerobic conditions by reducing LA 
and neutralizing excess lipid peroxidation [32]. Thus, 
although the relationship between the ROS-related 
enzymes and fatigue is currently unclear, a possible 
mechanism that could account for the antifatigue ef-
fects of orally administrated rutin is protection against 
oxidative insult in the brain. PGC-1α activates mito-
chondrial biogenesis and increases oxidative phos-
phorylation by facilitating transcription, translation, 
and replication [33]. These effects serve to increase 
peak oxygen uptake and delay fatigue during pro-
longed exercise [34]. Rodgers et al. identified that 
SIRT1 and PGC-1α cofunction to promote mitochon-
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drial biogenesis [18]. Although these findings have 
increased interest in the development of drugs that 
target the SIRT1-PGC-1α coactivator complex or re-
lated signaling pathways in muscle, to mimic or po-
tentiate the effects of exercise for the treatment of 
metabolic diseases [16, 18], no previous study has 
investigated such processes in the brain. Our data 
indicated that PGC-1α and SIRT1 expression are in-
creased significantly in the skeletal muscle and brain 
of mice following 7 days oral rutin administration. 
The changes in PGC-1α and SIRT1 mRNA and protein 
expression are likely to reflect the changes in their 
activities [14]. Taken together, antioxidants have been 
shown that can protect tissue from cytotoxicity in-
duced by oxidative stress and some beneficial effects 
in cardiovascular system and other physiological ac-
tivity. In this study, the result indicated that fatigue 
might result in anxiety and attenuated by rutin which 
had antioxidant effect. Therefore, whether antioxi-
dants can reduce anxiety might be an interesting issue 
for further investigation. 

In this study, proteomic analysis based on 2D gel 
electrophoresis showed significant changes in the 
expression of 5 proteins in mouse brain tissue fol-
lowing treatment with 30 mg/kg rutin. Among these, 
triosephosphate isomerase (spot no. 77), myelin basic 
protein (spot no. 171), CB1 cannabinoid recep-
tor-interacting protein 1 (spot no. 203), Rho GDP GDI 
alpha (spot no. 248), TPI (spot no. 252), and al-
pha-tubulin isotype M-alpha-2 (spot no. 252) showed 
upregulated expression (Fig. 2), whereas heat shock 
protein 65 (spot no. 169) and cofilin-1 (spot no. 211) 
showed downregulated expression. Previous studies 
have suggested that rimonabant, a CB1 antagonist, 
induces anxiety and depressive symptoms. In rats, the 
administration of rimonabant increased immobility 
time in the forced swimming test and reduced the 
consumption of sucrose-sweetened water. These 
characteristics are usually indicative of depres-
sion-like phenotypes [35]. Placebo-controlled and 
double-blind trials on humans further showed that 
rimonabant induces depression, anxiety, and suicidal 
ideation in nonpsychiatric patients [36]. Other studies 
have identified that the chronic blockade of brain CB1 
receptors induces depression and anxiety symptoms 
in normal participants. CB1 receptors are involved in 
motor dysfunction and schizophrenia, as well as ad-
diction, bipolar, depression, and anxiety disorders. 
The cannabinoid receptor-interacting protein1a 
(CRIP1a) is an accessory protein of unknown func-
tion. Beyer et al. reported that cannabinoid receptor 
agonists specifically upregulate 5-HT(2A) receptor 
activity through ERK1/2 signaling, and that the ac-
tivities of the cortical 5-HT(2A) receptors are associ-
ated with several neuropsychiatric disorders such as 

the stress response, anxiety, depression, and schizo-
phrenia [35]. Our study findings of the activation of 
phospho-ERK in a rutin-supplemented mouse brain 
indicated the involvement of the MAPK/ERK1/2 
signaling pathway in the regulation of the CB1 re-
ceptor and CRIP1a expression. 

Although fatigue has received considerable re-
search attention, its underlying molecular and neu-
ronal mechanisms remain unclear. In this study, we 
evaluated fatigue objectively and quantitatively by 
using an animal model and several estimated bi-
omarkers. Our results suggested that the antifatigue 
properties of rutin might represent a comprehensive 
effect of its various constituents. Overall, our study 
findings indicate that rutin exerts antifatigue effects 
by modulating the expression of PGC-1α and SIRT1, 
the activities of SOD and CAT (enzymes involved in 
the scavenging of ROS during fatigue), and other re-
lated biochemical parameters. Our results should en-
courage further investigation into the potential use of 
rutin for the treatment of physical fatigue and neuro-
logic diseases for prevention use or therapeutic use.  
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