
441

Korean J Physiol Pharmacol
Vol 18: 441－446, October, 2014
http://dx.doi.org/10.4196/kjpp.2014.18.5.441

ABBREVIATIONS: UA, ursolic acid; RT, resistance training; IGF-1, 
insulin-like growth factor-1; 1RM, 1 repetition maximum.

Received August 19, 2014, Revised September 19, 2014, 
Accepted September 25, 2014

Corresponding to: Jin Han, Department of Physiology, College of 
Medicine, Cardiovascular and Metabolic Disease Center, Inje Uni-
versity, Bokgiro 75, Busangin-gu, Busan 614-735, Korea. 
(Tel) 82-51-890-6727, (Fax) 82-51-891-8748, (Email) phyhanj@ 
inje.ac.kr
*Both authors contributed equally to this work.

This is an Open Access article distributed under the terms of the 
Creative Commons Attribution Non-Commercial License (http:// 

creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial 
use, distribution, and reproduction in any medium, provided the original work 
is properly cited.

Ursolic Acid-Induced Elevation of Serum Irisin Augments Muscle 
Strength During Resistance Training in Men

Hyun Seok Bang1,*, Dae Yun Seo2,*, Yong Min Chung3, Kyoung-Mo Oh4, Jung Jun Park5, Figueroa 
Arturo6, Seung-Hun Jeong2, Nari Kim2, and Jin Han2

1Division of Humanities and Social Science, POSTECH, Pohang 790-784, 2Department of Physiology, College of Medicine, Cardiovascular 
and Metabolic Disease Center, Inje University, Busan 614-735, 3Department of Physical Education, Tongmyong University, Busan 608-711, 
4Department of Physical Education, Pukyong University, Busan 608-737, 5Division of Sport Science, Pusan National University, Busan 
609-735, Korea, 6Department of Nutrition, Food and Exercise Sciences, Florida State University, Tallahassee FL 32306, USA

  Ursolic acid (UA), a type of pentacyclic triterpenoid carboxylic acid purified from natural plants, 
can promote skeletal muscle development. We measured the effect of resistance training (RT) 
with/without UA on skeletal muscle development and related factors in men. Sixteen healthy male 
participants (age, 29.37±5.14 years; body mass index=27.13±2.16 kg/m2) were randomly assigned to 
RT (n=7) or RT with UA (RT+UA, n=9) groups. Both groups completed 8 weeks of intervention 
consisting of 5 sets of 26 exercises, with 10∼15 repetitions at 60∼80% of 1 repetition maximum and 
a 60∼90-s rest interval between sets, performed 6 times/week. UA or placebo was orally ingested as 
1 capsule 3 times/day for 8 weeks. The following factors were measured pre-and post-intervention: 
body composition, insulin, insulin-like growth factor-1 (IGF-1), irisin, and skeletal muscle strength. 
Body fat percentage was significantly decreased (p＜0.001) in the RT+UA group, despite body weight, 
body mass index, lean body mass, glucose, and insulin levels remaining unchanged. IGF-1 and irisin 
were significantly increased compared with baseline levels in the RT+UA group (p＜0.05). Maximal 
right and left extension (p＜0.01), right flexion (p＜0.05), and left flexion (p＜0.001) were significantly 
increased compared with baseline levels in the RT+UA group. These findings suggest that UA-induced 
elevation of serum irisin may be useful as an agent for the enhancement of skeletal muscle strength 
during RT.
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INTRODUCTION

  Resistance training (RT) precipitates an anabolic envi-
ronment by inducing both hormonal and molecular varia-
tions in skeletal muscle. RT contribute to enhancement of 
insulin, insulin-like growth factor-1 (IGF-1), and myokines, 
which are well known as anabolic hormones [1-3]. Specially, 
RT-induced elevation in IGF-1, which can regulate muscle 
hypertrophy and muscle strength, has been strongly asso-
ciated with myokine levels [4]. Numerous studies indicate 
that the novel myokine irisin, which is a cleaved and se-

creted form of fibronectin III domain-containing 5 found in 
organs including brain, heart, adipose tissue, and skeletal 
muscle, provokes browning of white adipose tissue a process 
controlled by uncoupling protein 1 and peroxisome pro-
liferator-activated receptor-gamma co-activator-1 alpha [5]. 
Some authors have suggested that exercise- mediated in-
crease in circulating irisin was strongly related with im-
provement of body fat mass, insulin resistance, and IGF- 
1 [6-10]. Furthermore, a study by Bostrom et al. [11] sug-
gested that the plasma level of circulating irisin increased 
after 10 weeks of endurance training. In contrast, Norhein 
et al. [12] and Moraes et al. [13] found a decrease in the 
plasma concentration of irisin after 12 weeks of training 
and 6 months of resistance exercise, respectively. There-
fore, the precise role of irisin in exercise-related physio-
logical change is currently controversial [14].
  The benefits of nutritional strategies to increase muscle 
strength have been widely investigated for potential im-
provements to health outcomes in humans [15-19]. In this 
context, supplementation with phytochemical compounds 
has received significant attention for its potential applica-
tions to resistance training. Ursolic acid (UA) is an isomer 
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of oleanolic acid and a lipophilic triterpenoid compound pri-
marily found in apples and many herbs [20]. Recently, UA 
has been demonstrated to have important biological roles 
including anti-fat accumulation [21], anti-insulin resistance 
via IGF-1 [6], anti-muscle atrophy [22], anti-cancer [23], an-
ti-oxidation [24], and anti-inflammatory effects [25]. Above 
all, the underlying mechanism of UA is the enhancement 
or maintenance of skeletal muscle mass and function in 
vivo and vitro [22,25-27]. However, it is not clear whether 
increase in skeletal muscle mass is associated with signal-
ing via the same IGF-1-irisin-pathway found to promote 
skeletal muscle strength in existing clinical studies. To 
date, several studies have assessed the impact of UA sup-
plementation on muscle atrophy or obesity, but no reports 
have elucidated the biological effect of UA supplementation 
on human subjects involved in RT. For that purpose, we 
determined differences in body composition, fasting glucose, 
insulin, IGF-1, irisin levels, and muscle strength following 
RT with or without concomitant UA supplementation. We 
hypothesized that UA-induced elevation of serum irisin 
would promote body fat loss and improvements in skeletal 
muscle development during RT in men.

METHODS

Study design

  The participants of this study performed an exercise pro-
gram that included supervised RT with or without UA sup-
plementation for 8 weeks. Body composition, blood parame-
ters and muscular strength were determined at baseline 
and after this program. All participants signed written in-
formed consent approved by the Pusan National University 
Institutional Research Board (PNU IRB/2014_42_HR).

Subjects

  Twenty-four Korean men with over 3 years of RT experi-
ence were recruited from Dong Myoung University by news-
papers and e-mail for this study. All respondents completed 
a family history and detailed health history questionnaires. 
Respondents were excluded from this study (n=8), if they 
met exclusion criteria including diagnosis of chronic disease 
including cardiovascular disease, hypertension, cancer, kid-
ney dysfunction, or musculoskeletal dysfunction during the 
previous 3 months. Sixteen healthy participants (age: 29.37 
±5.14 years) were ultimately selected to participate in this 
study. All eligible participants were nonsmokers and had 
not taken medications or steroid therapy within 1 year pri-
or to or during this study period. Participants were ran-
domly divided into the following interventions: RT with pla-
cebo supplementation (RT; age: 28.71±5.76 years, n=7) and 
RT with UA supplementation (RT+UA; age: 29.88±4.91 
years, n=9). Before the investigation, participants stopped 
consumption of other ergogenic aids immediately and were 
subjected to a 5-week washout period. 

Resistance training

  Participants performed the RT program for 8 weeks using 
free weights and machines under the supervision of a 
trained instructor, who directed stretching exercises as a 
warm up to prevent soft tissue injuries and ensure subject 
safety. The accuracy of a prediction equation to estimate 

1 repetition maximum intensity (1RM) until executed to fa-
tigue was evaluated at each exercise session before starting 
the program [27]. This RT program consisted of a total of 
26 exercise types, with 13 upper-body (chin-up, lateral 
pull-down, bent over/up-right row, bench press, fly, cable 
cross-over, shoulder press, lateral raise, biceps curl, concen-
tration curl, barbell elbow extension, and kick back) and 
13 lower-body training exercises (squat, leg extension, leg 
press, sissy squat, leg curl, dead lift, stiff leg dead lift, lung-
es, back extension, seated/standing calf raise, sit-up, and 
abdominal crunch) to strengthen the extremities. Partici-
pants performed 5 sets of 10∼15 repetitions at 60∼80% 
of the 1RM with a 60∼90-s inter-set rest, 6 times/week for 
8 weeks.

Ursolic acid supplementation

  The placebo group was provided with 3 capsules daily 
containing 450 mg of guar gum, and the UA group received 
3 capsules daily containing 450 mg of UA from rosemary 
leaf extract (Labrada, Houston, Texas, USA). The capsules 
had the same color, shape, and size, and participants took 
1 capsule (150 mg) after each of 3 meals. We monitored 
the participants by questionnaire via e-mail, cell phone, 
and visits to the laboratory to confirm compliance with sup-
plementation throughout the study.  

Anthropometric and biochemical parameters

  Blood samples were collected before and after the 8-week 
intervention. Body weight and height were measured with 
the participants wearing light clothes and no shoes. Body 
composition including body weight, body fat percentage and 
lean body mass was measured before and after the 8-week 
intervention using a multi-frequency electrical impedance 
analyzer (X-scan Plus II, Jawon Medical, Seoul, Korea). 
Body mass index was calculated as body weight (kg) divided 
by the square of height (m). Blood samples were collected 
from the antecubital vein of the arm into vacutainer tubes 
(BD Bioscience, San Jose, CA, USA) before and after the 
8-week intervention. Blood samples were separated by cen-
trifugation at 1,500×g and 4°C for 15 min and stored frozen 
at −80°C until assayed. Fasting serum glucose level was 
measured using an automated glucose analyzer (ADVIA 
1650, Bayer). Serum insulin (Mercodia, Winston Salem, 
NC, USA) and irisin (Phoenix Pharmaceuticals, Inc., Bur-
lingame, CA, USA) were assessed using enzyme-linked im-
munosorbent assay kits. IGF-1 was determined by chem-
iluminescence immunoassay using the IGF-1 assay kit 
(Siemens Corporation, UK). 

Isokinetic muscle strength (peak torque)

  Participants’ maximal muscle strength was evaluated at 
baseline and after 8- week intervention during a laboratory 
visit. They were seated on a Human/Norm Testing and 
Rehabilitation System (Computer Sports Medicine, Inc., 
MA, USA, 2006). Their chests, hips, and thighs were fixed 
using a belt to minimize the influence of other muscles. The 
axis of rotation of the knee joint was aligned with that of 
a dynamometer. After the dynamometer was fixed to the 
ankle with a strap, anatomical zero was set, and the mov-
able range was set with extension at 0° and flexion at 110°. 
The participants were provided with sufficient explanation 
of the test procedure and asked to repeat the flexion/ex-
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RT (n=7) RT+UA (n=9)

Baseline After 8 wk Baseline After 8 wk

Age, years  28.71±5.76 -  29.88±4.91 -
Height, cm 172.57±4.89 - 174.09±5.13 -
Weight, kg  83.15±6.71 80.91±6.90  80.30±6.00 79.89±6.50
BMI, kg/m2  27.97±2.58 27.20±2.58  26.48±1.63 26.36±2.03
Body fat, %  11.95±3.13 12.78±3.36  11.70±1.80    8.70±2.51*†

LBM, kg  68.55±6.23 68.22±7.03  67.75±4.31 68.92±3.94

Values are expressed as mean±standard deviation. BMI, body mass index; LBM, lean body mass. Within-group differences were 
analyzed by paired t-test (*p＜0.001). Analysis of variance was used for group-by-time interactions (†p＜0.001).

Table 1. Characteristics of participants before and after study interventions

RT (n=7) RT+UA (n=9)

Baseline After 8 wk Baseline After 8 wk

Glucose, mg/dl  90.00±15.81  95.57±15.08  84.55±32.11 98.11±17.35
Insulin, mg/dl  18.57±13.66 12.97±8.27 16.79±6.84 13.70±11.78
IGF-1, ng/mL 179.65±51.47 182.54±48.08 180.43±59.88  221.04±58.29*†

Irisin, ng/mL 1461.70±219.88 1384.94±159.49 1436.49±362.79  1613.05±295.25*†

Values are expressed as mean±standard deviation. IGF-I, insulin-like growth factor-I. Within-group differences were analyzed by 
paired t-test (*p＜0.05). Analysis of variance was used for group-by-time interactions (†p＜0.05).

Table 2. Blood parameters of participants before and after study interventions

RT (n=7) RT+UA (n=9)

Baseline After 8 wk Baseline After 8 wk

MRE, N/m 266.42±57.13 256.28±46.99 265.44±42.33 281.00±41.07**††

MLE, N/m 238.28±56.69 231.57±42.80 237.11±45.97 256.44±50.61**†

MRF, N/m 166.00±33.02 154.14±21.25 164.88±20.44 179.33±11.50*†

MLF, N/m 146.28±20.77 139.57±21.25 143.55±17.40 161.00±14.95***†

Values are expressed as mean±standard deviation. MRE, maximal right extension; MLE, maximal left extension; MRF, maximal 
right flexion; MLF, maximal left flexion. Within-group differences were analyzed by paired t-test (*p＜0.05, **p＜0.01, ***p＜0.001). 
Analysis of variance was used for group-by-time interactions (†p＜0.05, ††p＜0.01).

Table 3. Maximal muscle strength of participants before and after study interventions

tension exercise twice to adapt to the test before the 
measurement. Peak torque was determined by completion 
of 1 set of 3 flexion/extension 60°/s. Participants had con-
tinuous verbal encouragement from supervisors during all 
tests, and as measurement criteria we selected peak and 
average torque at each repetition. 

Statistical analysis

  For all variables, data were expressed as mean±SD and 
analyzed using PASW Statistics for Windows software ver-
sion 19.0 (SPSS, version 19.0 for Windows; SPSS, Inc., Chi-
cago, Illinois, USA). The effects of RT and UA supplementa-
tion on body composition, blood parameters and muscle 
strength were tested using two-way ANOVA with repeated 
measures (2 [groups]×2 [time points]). When a significant 
group-by-time interaction was detected, within-group dif-
ferences between mean values were analyzed using a paired 
t-test. The level of significance was considered p＜0.05.

RESULTS

  The characteristics of the study participants are shown 
in Table 1. At baseline, no significant differences in age, 
height, weight, body mass index, body percentage, or lean 
body mass were observed between the RT and RT+UA 
groups. After the RT+UA intervention, body fat percentage 
was significantly decreased compared to that at baseline 
in the RT group (p＜0.001). Although lean body mass dem-
onstrated a slight increase compared with baseline levels 
(p＞0.05), no significant changes were observed in any char-
acteristics of body composition.  
  Blood parameters of the study participants are shown in 
Table 2. At baseline, no significant differences in blood pa-
rameters were observed between the RT and RT+UA 
groups. After RT+UA intervention, IGF-1 and irisin levels 
were significantly increased compared to baseline in the RT 
group (p＜0.05), while glucose and insulin did not change 
in either group.
  Isokinetic maximal muscle strength of the study partic-
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ipants is shown in Table 3. At baseline, no significant differ-
ences in muscle strength were observed between the 
groups. After RT+UA intervention, maximal right ex-
tension (p＜0.01), maximal left extension (p＜0.01), max-
imal right flexion (p＜0.05), and maximal left flexion (p
＜0.001) were significantly increased compared to baseline. 
There were significant group-by-time interactions for max-
imal right extension (p＜0.01), maximal left extension, 
maximal right flexion, and maximal left flexion (p＜0.05) 
indicating that the increases in isokinetic maximal strength 
in the RT+UA groups significantly differed from the 
non-significant changes from baseline in the RT group.

DISCUSSION

  In the present study, we demonstrate for the first time 
that prolonged RT with UA supplementation in men strik-
ingly enhanced physiological changes including a decline in 
body fat percentage, increase in IGF-1 and irisin levels, and 
increase in muscle strength. In contrast to, no change in 
skeletal muscle mass was observed. These findings indicate 
that RT with UA supplementation may represent a better 
strategy for increasing skeletal muscle strength via an im-
provement in plasma IGF-1 and irisin compared to RT 
alone. Therefore, it appears that UA supplementation can 
exert a beneficial effect on a combined exercise program, 
although it may have a mismatched effect on skeletal mus-
cle mass.
  Relevant strategies for improving exercise performance 
include not only positive training methods [28-30], e.g. re-
sistance exercise, but also nutritional protocols [15,31]. 
Many edible fruits and herbs contain UA, which is a bio-
active phyto-constituent [20,32-35] and is also used in an-
ti-obesity herbal medicines [21]. UA appear to strongly in-
hibit body fat gain in obese humans and animals [26,27]. 
Similar to these previous results, we observed significant 
changes in body fat percentage, but no changes in body 
weight (Table 1). These results suggest that UA supple-
mentation lowered the body fat percentage in men during 
the study intervention, whereas RT alone did not affect 
body fat percentage. Therefore, the significant decrease in 
body fat percentage without change in body weight induced 
by UA supplementation may be explained by favorable 
changes in body composition including a decrease in body 
fat mass [36]. 
  A recent study suggested UA supplementation as a new 
therapeutic application for skeletal muscle hypertrophy 
through activation of IGF-1 signaling [6]. In addition, 
Ogasawara et al. [26] found that UA supplementation 
stimulated skeletal muscle hypertrophy after RT through 
Akt-independent activation of mammalian target of rapa-
mycin complex 1 activity, which is known as an important 
regulator of muscle protein synthesis and hypertrophy [37]. 
For these reasons, we hypothesized that UA supplementa-
tion may improve skeletal muscle hypertrophy via IGF-1 
signaling during RT, however, we did not observe sub-
stantial gains in lean body mass (Table 1), although a 
slight, non-significant upward trend was noted. A previous 
study reported that an increase in lean body mass can 
stimulated hormones or myokines, which are associated 
with increased skeletal muscle mass [38]. Additionally, 
IGF-1 is strongly associated with skeletal muscle mass; is 
an important hormone involved in skeletal muscle hyper-
trophy [39]; and regulates cell proliferation, differentiation 

[40], and satellite cell function during muscle regeneration 
[41]. To support our hypothesis that UA exerts effects 
through increased IGF-1, we observed a significant increase 
in IGF-1 in the RT+UA group compared to the RT group 
(Table 2). It appears that UA supplementation may play 
a role in augmenting IGF-1 without a change in skeletal 
muscle hypertrophy. Many studies have reported that RT 
alone [42,43] and UA supplementation [22] significantly im-
pact stimulated IGF-1. These findings indicate that an en-
hancement of the increase in IGF-1 could be expected in 
skeletal muscle hypertrophy. However, our training pro-
gram was not associated with marked skeletal muscle 
hypertrophy. This discrepancy may be due to our study pop-
ulation, since the men already demonstrated muscle hyper-
trophy, and thus a further significant increase in muscle 
mass following 8 weeks of RT alone and RT+UA is not easi-
ly achieved. In addition, the adaptation of skeletal muscle 
hypertrophy, which can lead to the stimulation of other 
phenomena, may depend on exercise training intensity, fre-
quency, and the duration of physical activity [44]. There-
fore, further investigation is needed to consider exercise 
training protocols and verify the mechanisms underlying 
UA-associated skeletal muscle hypertrophy in resistance 
trained-men.
  Skeletal muscle has been recently identified as an endo-
crine organ that can regulate several physiological and met-
abolic pathways in response to muscle contraction [45]. 
Several myokines [46] and IGF-1 may be involved in induc-
ing skeletal muscle hypertrophy or suppressing skeletal 
muscle atrophy [47]. One of these myokines is irisin, which 
plays a role in energy generation in the skeletal muscle 
[48]. The exercise-mediated increase in circulating irisin 
was strongly related with improvement of IGF-1 [6-10]. To 
clarify the inconsistency in previous findings on irisin, we 
measured the plasma level of irisin during RT+UA supple-
mentation and found a significant increase in irisin level 
in the RT+UA group compared to the RT group (Table 2). 
This finding is the first reported evidence that UA admin-
istration leads to increased irisin and that RT alone does 
not affect this myokine in men. This result raises the possi-
bility that blood levels of IGF-1 and irisin are regulated 
differently, but the mechanisms underlying their regulation 
remain unknown. 
  Finally, we hypothesized that the increase in IGF-1 and 
irisin would improve maximal muscle strength, since skel-
etal muscle strength is a quality indicator of skeletal mus-
cle function. UA supplementation during RT significantly 
enhanced isokinetic muscle strength (Table 3). This result 
provides another indication that UA may play an important 
role in muscle strength as well as muscle mass. The finding 
highlights a novel possibility for obtaining more muscle 
strength through UA supplementation in men that may 
perhaps be applicable to other populations who practice RT, 
such as individuals with muscle atrophy due to aging 
and/or disease. It is difficult to directly connect increased 
muscle strength with irisin level following UA supple-
mentation and we cannot exclude the possibility that the 
increased muscle strength may be related to irisin in combi-
nation with IGF-1 or IGF-1 alone. However, these findings 
suggest that irisin may be involved in exercise-mediated 
skeletal muscle contraction by increasing the ability to gen-
erate maximal muscle force (i.e. muscle strength). The in-
crease in maximal muscle strength in the RT+UA group 
is highly relevant to health-related fitness benefits, even 
in well-functioning subjects, since muscle strength helps to 
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maintain a high level of physical capacity. To our knowl-
edge, no other study has reported independent muscle size 
and muscle strength responses to UA supplementation in 
resistance-trained men during RT. The relevance of specific 
mechanisms underlying these effects of myokines requires 
further study.
  The present study has some limitations. Although sig-
nificant results were observed in the relatively small num-
ber of participants, significant correlations could not be de-
tected in this study. Future studies should aim for a larger 
number of participants. We provided education about diet 
to all participants to avoid other diet effects during the 
study; however, we could not confirm detailed dietary pat-
terns during the study period. Finally, our study was per-
formed in healthy men. In future investigations, the bio-
logical effect of UA intervention alone or combined with RT 
should be performed in individuals with disease states such 
as muscle weakness and age-and/or disease-related muscle 
atrophy to further elucidate the muscle strength-enhancing 
properties of UA. 
  In conclusion, our results show that an 8-week RT pro-
gram with UA supplementation can decrease body fat per-
centage and increase IGF-1, irisin, and skeletal muscle 
strength without affecting muscle mass in men. Thus, this 
approach appears to be a promising strategy to improve 
skeletal muscle strength in men. However, the underlying 
molecular mechanisms involved in the increase of IGF-1, 
irisin, and muscle strength achieved through UA supple-
mentation require further investigation. 
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