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Abstract

Objectives: Resistance exercise is an effective method for weight control programs, and it might be useful to understand its in-
fluence on acute body energy hemostasis changes. Therefore, the present study aimed to examine the response of nesfatin-1 and
insulin resistance (IR) to acute circuit resistance exercise and their changes during recovery periods.
Methods: Twelve participants (age: 22.1± 2.1 y, height: 176.2± 6.5 cm and weight: 69.0± 8.2 kg) attended voluntary in this research.
After performing one maximal repetition (1-RM) test in a separate session for each participant, they completed circuit resistance
exercise trial at 50% of 1-RM intensity. Exercise session consisted of 3 circuit of 7 exercises with 2 minutes and 30 seconds rest between
circuits and exercises, respectively. All participants attended a control session with 1 week interval. After 8 - 10 hours fasting blood
samples were obtained from antecubital vein before exercise, after exercise, 1-hour and 24-hour after recovery from the last exercise
session, and at the same times of the rest session. Nesfatin-1, insulin and glucose were measured from plasma samples. All data
series were analyzed with repeated measure ANOVA (2 × 4).
Results: Data analysis revealed significant increases in nesfatin-1 and IR in response to acute circuit resistance exercise (P < 0.05),
but no significant changes were observed in nesfatin-1 and IR at 1-hour recovery period and 24-hour after recovery (P > 0.05).
Conclusions: The present study revealed that nesfatin-1 significantly increased in response to circuit resistance exercise, which
suggests that plasma nesfatin-1 may have an influential role in short-term anorexia and insulin secretion immediately after exercise.
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1. Background

Nesfatin-1 is a hypothalamic anorexigenic peptide
shown to counter appetite in different way from other
anorectic peptide like ghrelin and leptin (1). Nesfatin-1
is cleaved from N-terminal of the precursor protein nu-
cleobinding 2 (NUB2) and expressed in different tissues
such as brain and adipose tissue and pancreatic β cells
(2). Nesfatin-1 expression level has been reported 20-fold
higher in the stomach oxyntic mucosa than in the brain (3,
4). Nesfatin-1 showed important role in energy hemosta-
sis and metabolism. Intracereblo-ventricular (i.c.v) injec-
tion of NUCB2 decreased food intake, and long-term ad-
ministration of nesfatin-1 reduced body weight in rats (5).
Nesfatin-1 was thought to act through independent mech-
anism from leptin because it active property was not af-

fected in Zucker rat in which leptin receptor was mu-
tated (6). Nesfatin-1 also showed caused hyperpolariza-
tion in arcuate nucleus, which are important sources for
neuropeptide-Y (NPY) secretion (4, 7). Oxytocin release
in the paraventricular nucleus (PVN) was promoted by
nesfatin-1 because it has been shown that nesfatin-1 in-
jection to 3rd brain ventricle can activates the release of
oxytocin in PVN (6, 8). Postprandial control of feeding
mode and energy homeostasis may be in somehow con-
trolled by feeding activated nesfatin-1 neurons in the PVN
and supraoptic nucleus (SON) (3). Nestafin-1 plasma levels
showed a significant correlation with weight-related ab-
normalities in health and diabetic conditions (9). Regula-
tory effects of nesfatin-1 on insulin resistance (IR) is some-
how similar to changes in glucose homeostasis caused by
exercise training stress (10) and accordingly, it is presumed
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that exercise-induced changes in the metabolism of glu-
cose and insulin may influence nesfatin-1 release at differ-
ent levels (11).

Impact of physical activity and different types of exer-
cise on the release of hormones involved in food intake
and energy homeostasis showed the beneficial role of ex-
ercise and physical activity on appetite regulation (12). Ex-
ercise training in different modes can decrease adiposity
and affect whole-body fat metabolism (13) This is an im-
portant aspect of exercise, whose main consequences are
enhancing energy expenditure and release/suppression of
hormones like orexigenic (NPY , ghrelin) and anorexigenic
peptide/protein (obestatin, leptin, and visfatin) in central
and peripheral tissues (14-16). Furthermore, some investi-
gations suggest that appetite suppression in acute exercise
is greatly intensity related and more intense exercises can
cause greater stimulation of anorexigenic signals (14).

2. Objectives

Changing hormone levels involved in energy regula-
tion in response to different stimuli like physical stress at-
tracted a lot of research attention. Acute effects of exer-
cise on peptides involved in metabolic response and ap-
petite control like nesfatin-1, may give us important in-
sight about their roles, and these effects may persist dur-
ing recovery hours after exercise (10, 17). Some types of
training workouts like low volume resistance exercise in
form of circuit training with minimum rest time showed
to be more effective in postponing the manifestations of
non-insulin-dependent diabetes mellitus compared to aer-
obic endurance exercise (18), Furthermore because of mini-
mum rest time between sets and intervals of this type of ex-
ercise, circulating levels of some hormones that affect sub-
strate utilization like GH, cortisol, and insulin are higher,
which may elevate bloods glucose and lactate levels as well
as nesfatin-1 concentrations (17). Therefore, we were in-
terested in studying the effects of acute and delayed re-
sponses of plasma nesfatin-1 and IR to workouts like circuit
resistance exercise that alters both aerobic and anaerobic
metabolic systems.

3. Methods

3.1. Participants

Twelve healthy male non-smokers voluntarily partici-
pated in this study (Table 1). All participants completed
a medical questionnaire to ensure that they were free of
drug and medication, and had no history of hormonal dis-
orders, diabetes or obesity. The Ethics Committee of Ker-
manshah University of Medical Sciences initially approved

the experimental protocols. All participants were briefed
on all study procedures and potential risks, and signed a
written consent after having viewed and understood all as-
pects of the trials and measurements.

3.2. Experimental Design

After the determination of 1-RM, participants were
asked to attend in two counterbalanced randomized ses-
sions (exercise and control) that were performed with a
seven-day interval starting at 08:00 a.m. The exercise ses-
sion was conducted after the ten-minute warm-ups. Ex-
ercise session included the performance of three circuits
that consist of seven exercises with ~ 14 repetitions for each
one at 50% 1-RM and completion of three circuits lasted
~ 25 minutes. Two-minute and 30 seconds rest was allowed
between circuits and exercises respectively (19). The resis-
tance exercises order were as follow: bench press, leg ex-
tension, lat pull-down, leg curl, biceps curl, triceps push-
down, and squat. After acute circuit exercise, all partici-
pants had 1-hour of recovery and seated throughout this re-
covery time. In the control session, all participants rested
for a similar time just equal to exercise session. To con-
trol for the potential effect of food and strenuous physical
activity, all experiments took place after at least 10 hours
fasting and all participants were asked not to have stren-
uous physical activity 48 hours before the start of the test.
Caution was taken to ensure that the environmental condi-
tions (ambient temperature, 22 - 24°C and relative humid-
ity, 45% - 50% were identical during both sessions.

3.3. Body Composition and 1-Repetition Maximum (1RM)

Although all participants had experienced working
with weights and resistance training, one familiarization
session was planned. During this session, participants
were habituated with the experimental protocols and labo-
ratory environment setting. Further in this session, height
was measured to the nearest 0.5 cm using a calibrated sta-
diometer (Seca 206, Seca Corp, Harmans, MD) and body
mass and body percent were measured using the Body
Composition Analyzer (VENUS-5.5, Jawon Medical, Seoul,
Korea) with correction for light indoor clothing. Accord-
ing to the familiarization session, participants were asked
to report to the weight training Gym for an additional ses-
sion designed to determine 1RM for seven exercises includ-
ing upper and lower body parts. During determining 1-RM
all participants must use the correct technique for each ex-
ercise and the heaviest weight successfully lifted was con-
sidered as the 1-RM.

3.4. Blood Sampling and Analysis

Blood samples were collected from an antecubital vein
(8 mL each time) at each sampling point time (before and
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instantly after the exercise, after 1-hour recovery and 24-
hour following exercise cessation) following exercise ses-
sion and corresponding time at control session. Immedi-
ately after blood sampling plasma was separated by cen-
trifugation (2500 g, 15 minutes at 4°C) and frozen at -70°C
for following analyses. Plasma nesfatin-1 was measured
using human ELISA kit (Cusabio Biotech, Wuhan, China).
The intra- and interassay coefficients of variation (CV) were
both < 6% and sensitivity for this assay was 7.8 pg.mL-1. In-
sulin was measured by human ELISA kit (Mercodia Insulin
ELISA, Mercodia AB, Syleveniusgatan, Sweden). The sensi-
tivity of insulin kit was 1 mU/L, and the intra- and interassay
CV were < 3.2% and < 4.7%, respectively. Plasma glucose was
determined by an enzymatic, calorimetric method (Pars
Azmoun, Tehran, Iran). IR was determined using Dill and
Costill homeostasis model assessment (HOMA-IR) (20) as
following formula:

HOMA − IR =
(insulin (lU/mL) × glucose (mmol/L))

22.5

3.5. Statistical Analysis

Statistical analyses were conducted by SPSS software
for Windows, version 16.0 (SPSS Inc., Chicago, IL). Means
± SD were computed and normal distribution of all vari-
ables was evaluated using the Shapiro-Wilk test. A two-way
ANOVA with repeated measures across two sessions (exer-
cise and control) and four times (pre, post, 1-hour, and 24-
hour recovery) was applied to explore differences in mean
values. When ANOVA showed a significant difference, Bon-
ferroni’spost hoc test was used to determine differences be-
tween times. Baseline values were compared using Paired
t-test. Data are shown as mean (± SD) unless otherwise
stated. Statistical significance was accepted as P < 0.05.

4. Results

Characteristics and body composition of the study par-
ticipants are presented in Table 1. No significant differ-
ences were observed in resting levels of all factors in two
sessions (P > 0.05). Results for 1-RM testing included: chest
press (65.3 ± 2.7 kg), triceps pushdown (33.7 ± 3.5 kg), bi-
ceps curl (45.1± 1.9 kg), latissimus pull-down (51.0±2.3 kg)
for upper-body, and squat (159.4 ± 8.3 kg), leg curl (35.1 ±
1.2 kg), leg extension (49.8 ± 2.7 kg) for lower-body.

Changes in plasma nesfatin-1 levels during time series
in both sessions (Figure 1), showed main effects of exer-
cise on nesfatin-1 (P = 0.004). Post-hoc analyses revealed
a significant rise at post-exercise nesfatin-1 in exercise ses-
sion compared with rest values (P = 0.008). During recov-
ery, these values decreased and reached resting levels. In
the control session plasma nesfatin-1 was significantly de-
creased by 21% and 26% respectively at the equivalent times

Table 1. Demographic Characteristics of the Participants

Demographic Mean ± SD

Age (y) 22.1 ± 1.9

Weigh (kg) 68.9 ± 7.9

Height (cm) 176.2 ± 6.2

BMI (kg/m2) 22.2 ± 2.3

WHR 0.77 ± 0.04

Fat percent (%) 16.6 ± 5.1

Sum of 1-RM of 7 movements (kg) 359.4 ± 69.7

to post-exercise and 1h recovery at exercise sessions (P <
0.05). Compared with pre exercise values, nesfatin-1 lev-
els remained unchanged 24-hour after at both exercise and
control sessions.

Statistical analyses of data comparing two sessions
showed a, significant effect of acute circuit resistance ex-
ercise (Table 2) on insulin (P = 0.001) and glucose (P =
0.032) concentrations. In the exercise session, post hoc
analyses revealed a significant difference between rest and
post exercise values for both variables (P < 0.05). Dur-
ing 1-hour recovery, insulin and glucose levels returned
to baseline levels. However, insulin and glucose concen-
trations remained unchanged compared with resting lev-
els in 24-hour post-exercise (P > 0.05). In the control ses-
sion, repeated measure ANOVA did not show any signif-
icant changes for both insulin and glucose at the time
points equivalent to post exercise, 1-hour recovery and 24-
hour after exercise periods (P > 0.05).

IR at exercise session showed a significantly different
response compared with the control session (P = 0.013). In
the exercise session, post hoc analyses showed a remark-
ably significant difference between rest and post exercise
IR (P = 0.008). During 1-hour recovery, these values de-
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Figure 1. Plasma Nesfatin-1 values Mean (± SD) at before (PRE), immediately after
(POST), after 1-hour recovery (1h Post) and 24-hour recovery (24h Post) at both ses-
sions. A significant main (P < 0.01) effect of exercise comparing pre levels is denoted
by *. Significant (P < 0.05) difference comparing pre levels at control session de-
noted by **.
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Table 2. Plasma Glucose and Insulin Concentrations (Mean ± SD) of the Participants at Pre-Exercise, Post-Exercise, 1-Hour and 24-Hour After Acute Circuit Resistance Exercise

Session Pre Post 1-Hour Recovery 24-Hour Recovery

Glucose (mg/dL)

Exercise 95.8 ± 7.3 108.4 ± 13.9a 95.5 ± 14.2 93.4 ± 6.9

Control 93.9 ± 4.6 97.8 ± 4.8 92.8 ± 3.5 91.7 ± 3.8

Insulin (mU/L)

Exercise 5.09 ± 1.36 9.10 ± 3.74b 4.83 ± 1.52 4.46 ± 1.61

Control 4.27 ± 1.16 5.16 ± 1.70 4.46 ± 1.17 3.95 ± 1.08

aIndicates a significant (P < 0.01) effect of exercise compared with pre-exercise levels.
bIndicates a significant (P < 0.05) difference compared with pre-exercise levels at the control session.

creased and reached pre-exercise values and no changes
were observed between IR values at resting and those of 24-
hour post-exercise. In the control session, repeated mea-
sure ANOVA reveled that IR did not show any significant
changes when comparing different times (P = 0.052) (Fig-
ure 2).
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Figure 2. Insulin resistance values mean (± SD) at before (PRE), immediately after
(POST), after 1-hour recovery (1h Post) and 24-hour recovery (24h Post) at both ses-
sions. A significant main (P < 0.01) effect of exercise comparing pre-exercise levels
is denoted by *.

5. Discussion

The present study revealed a significant effect of acute
circuit resistance exercise on plasma nesfatin-1 concentra-
tion and IR in healthy men. Our hypothesis of increased
nesfatin-1 concentration immediately after exercise was
supported by our findings (~ 19.8% increase was observed).
However, during the 1-hour post-exercise, plasma nesfatin-1
returned to pre-exercise level. In contrast plasma nesfatin-1
in the control session was significantly decreased at times
corresponding to post-exercise and 1-hour recovery of ex-
ercise session. This increase can be explained as that cir-
cuit resistance training session under fasting condition in-
volved upper and lower body movements, and resulted
in a physical stress that was sufficient to cause signifi-
cant changes in plasma nesfatin-1 concentrations. How-

ever fasting condition in the control session that changed
cellular energy status in a different way caused a signif-
icant decrease in nesfatin-1. In contrast to our study,
Ghanbari-Niaki et al. reported no significant increase in
plasma nesfatin-1 after interval anaerobic exercise or cir-
cuit anaerobic exercise (17). Other satiety peptides includ-
ing obestatin and ghrelin showed no significant changes
after circuit resistance exercise (21, 22), but Agouti-related
peptide (AgRP) showed a significant increase in response
to acute circuit resistance exercise (23). Mohebbi et al. re-
vealed that intensity of exercise may have an important
effect on varieties of plasma levels of nesfatin-1 after run-
ning at anaerobic threshold and maximal fat oxidation
intensities (1). The plasma nesfatin-1 level is in a ranges
2 - 5 ng/mL (2.0 - 5.0 × 10 mol/L) in non-obese healthy
men and eating meals or oral glucose tolerance test (OGTT)
showed no effects on plasma nesfatin-1 levels in normal
males (24). Nakata et al. also showed that insulin secre-
tion in mouse islet P-cells can be enhanced with nesfain-
1 through promoting Ca2+ influx by L-type Ca2+ channels
(25). Because of insufficient plasma nesfatin-1 levels in nor-
mal humans/animals for influencing insulin release from
P-cells, they suggested that nesfatin-1 paracrine secretion
from islets themselves is responsible for increasing insulin
secretion (26). Because of all body parts muscle contrac-
tions and more metabolic stress exerted on the whole body,
the increase in insulin and glucose levels immediately af-
ter acute resistance exercise has a different mechanism
compared with eating meals or OGTT. Based on data form
Nakata et al., a significant increase in plasma nesfatin-1 in
this condition may be one of the reasons for increasing in-
sulin secretion and IR immediately after exercise. An in-
crease nesfatin-1 after acute resistance exercise may be one
of the mechanisms that can explain short-term anorexia
after acute exercise which is reported by most studies (16,
27). Data from control session showed a considerable de-
crease in nesfatin-1 in response to fasting condition. This
result is similar to that of Foo et al. that showed a signif-
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icant decrease (~ 18%) in nesfatin-1 levels at fasting condi-
tion in rats (26). Its appears that cellular energy status af-
fected by fasting condition causes liver ATP and glycogen
depletion (hypoglycemia), which may somehow be the re-
sult of a reduction in nesfatin-1 levels, which is the best way
to induce mechanisms for blockage of anorexia; however
the exact mechanism responsible for these conditions is
still not known well and more research is needed in this
field (28). The lack of nesfatin-1 changes in 1-hour and 24-
hour recovery periods in the exercise session is in agree-
ment with Ghanbari-Niaki et al. study, probably due to the
short duration of exercise protocols and low energy expen-
diture of this type of exercise (17), It is possible that greater
total caloric expenditure by longer exercise protocols at
a lower exercise intensity would have affected nesfatin-1
plasma concentrations in the recovery periods.

5.1. Conclusions

Our study demonstrated that circulating plasma
nesfatin-1 was affected as a result of both acute circuit
resistance and fasting condition in healthy males. These
results suggest that plasma nesfatin-1 may have an influ-
ential role in short-term anorexia condition and insulin
secretion immediately after exercise. Nesfatin-1 secretion
is suppressed under fasting condition. Further investi-
gation is warranted with longer exercise duration and a
different post exercise follow up on plasma concentrations
of this peptide.
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