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Abstract
The aim of this experiment was to test the effect of brief exercise on the concentration of plasma hypocretin-1, a 

peptide that regulates many physiological variables. Blood samples were collected from participants (men, n=6) before 
(time 0 min) and after (times 15 and 30 min) a cycle ergo meter exercise at 75 W for 15 min. The physical exertion 
was monitored by heart rate registration. The exercise causes a significant increase in plasmatic hypocretin-1, in 
association with an increase of hearth rate. These results are the first demonstration, which indicates that plasma 
hypocretin-1 is involved in the reactions induced by physical activity.
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Introduction
The hypothalamic neuropeptide “hypocretin-1” [1] is also named 

orexin-A for its influence on food intake [2,3]. An intracerebroventricular 
injection of hypocretin-1 does not merely affects food intake, but 
it also causes an increase in heart rate (HR) [4], blood pressure [5], 
and metabolic rate [6]. These autonomic modifications indicate that 
this neuropeptide plays a role in the control of vegetative functions. 
Hypocretin-1 also affects thermoregulation, including changes in 
“core” temperature and temperature of interscapular brown adipose 
tissue (IBAT) [7,8]. 

The presence of hypocretin receptors in many cerebral areas 
indicates that several functions are played by hypocretin-1 [9]. Some 
antipsychotic drugs, as haloperidol, clozapine, risperidone, and 
quetiapine, modify the sympathetic and hyperthermic reactions due to 
hypocretin-1 [10-13]. A role for the hypocretin-1 in sleep regulation has 
been demonstrated [14]. Deficiency in hypocretin-1 causes narcolepsy 
in mice, cats, dogs, and humans [15-18]. Studies in rodents have 
indicated that hypocretin-1 crucial for the regulation of respiration 
[19-22]. 

Since there are few studies concerning the modification of plasmatic 
hypocretin-1 in humans and, in particular, there is no study during 
exercise, the aim of the present research was to investigate the effect of 
exercise on the concentration of plasma hypocretin-1. This experiment 
could reveal a role for hypocretin-1 in the reactions induced by physical 
activity.

Methods
Subjects

Six male sedentary were enrolled among those who contacted the 
Clinical Unit of Dietetics and Sports Medicine of the Second University 
of Naples. Age and anthropometric values, expressed as mean ± 
standard error (SE) are reported in Table 1.

Ethics statement

The experimental procedures followed the rule approved by Ethic 
Committee of the Second University of Naples. Patients were informed 
on the research and permission for the use of plasma samples was 
obtained. All procedures were conforming to the directives of the 
Declaration of Helsinki.

Study protocol

The study protocol consisted of one day of testing in which each 
participant was asked to continue his normal work and leisure activities. 
The subjects were instructed to consume food and beverages as usual 
and to sleep a sufficient amount of hours. The period of experiment was 
divided in 3 times: resting time (0 min), exercise time (1-15 min) and 
recovery time (16-30 min). Three blood samples were collected in all 
periods of experiment. One sample at resting time, one sample at last 
min of exercise, and one sample at recovery time. The physical activity 
consisted in a cycle ergometer exercise at 75 W for 15 min, performed 
at 1-15 min period. All tests were performed in laboratory environment 
with a normal ambient climate.

Measurement of HR

After standard adjustments of seat and handlebar, the participants 
cycled on a calibrated mechanically braked cycle ergometer (Kettler 
ergometer E7) at 75 W, with no stop for 15 minutes. HR data were 
recorded during all period of experiment. Each participant wore a chest 
belt hard-wired to a digital R-R recorder (BTL08 SD ECG), where the 
QRS-signal wave-form R-R signal was sampled at the resolution of 1 ms. 
The HR (beats min-1) was calculated according to the following formula: 
HR = 60 R-R interval-1; where, R-R interval was converted into seconds.

Plasma hypocretin-1 detection

Blood samples were collected from all participants in the study. 
Blood samples were drawn from forearm vein at 8:00 a.m. after overnight 
fast into Vacutainer tubes (BD, Franklin Lakes, NJ) containing EDTA 
and 0.45 TIU/ml of aprotinin. Samples were gently mixed and then 
immediately centrifuged at 3000 rpm for 12 min at 4 °C. Plasma was 
stored at − 80°C until analysis. Plasma hypocretin-1 levels were measured 
using commercially available enzyme-linked immunoassay (ELISA) kits. 
Hypocretin-1 ELISA kit was purchased from Phoenix Pharmaceuticals. 
Before measurement, plasma hypocretin-1 was extracted using Sep-Pak 
C18 columns (Waters, Milford, MA). The columns were activated using 

Age (Years) 23.7 ± 3.12
BMI (Kg/m2) 20.09 ± 1.9

Table 1: Age, Body mass index (BMI) of subjects.
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10 ml of methanol and 20 ml of H2O. 1-2 ml of sample was applied 
to the column and washed with 20 ml of water. Samples were eluted 
slowly with 80% acetonitrile and resulting volume was reduced to 400 
μl under nitrogen flow. Aliquot was further evaporated into dryness 
using Speedvac (Savant Instruments, Holbrook, NY). The dry residue 
was dissolved in water and used for ELISA. There was no crossreactivity 
of the antibody for hypocretin-1(16–33), hypocretin-2, agouti-related 
protein(83–132)-amide. The minimal detectable concentration was 0.37 
ng/ml, the intra-assay error < 5% and the inter-assay error < 14%.

Statistical analysis

The values are presented as means ± SE, Statistical analysis was 
performed using analysis of variance. Multiple comparisons were 
performed by the Newman-Keuls post hoc test. All data were analyzed 
with GraphPad Prism-version 5.01 statistical software package 
(GraphPad, CA, USA).

Control group

Three subjects without any exercise were used as controls. HR and 
hypocretin-1 were monitored as exercising subjects. 

Results
Figure 1 illustrates the modification of the HR. Exercise induced an 

increase in HR. The analysis of variance showed significant effects [F 
(2, 15) =87.42, p<0.01]. The post-hoc test showed a difference between 
pre-exercise and post-exercise values.

Figure 2 shows changes in blood concentration of hypocretin-1. 

The physical activity caused an increase in hypocretin-1. The analysis of 
variance showed significant effects [F (2, 15) =22.24, p<0.01]. The post-
hoc test showed a difference between pre-exercise and post exercise 
values.

In the control group, HR and hypocretin-1 level did not modify 
during the times of the experiment. The data are not reported in the 
figures.

Discussion
This experiment is the first demonstration showing an increase 

of plasmatic hypocretin-1 during exercise in humans. The values of 
hypocretin-1 concentration are plausible with published reports. The 
peripheral origin of hypocretin-1 is not well known. The pancreatic 
beta-cells are retained secretor cells of hypocretin-1. Double 
immunohistochemical staining, using a polyclonal anti-insulin 
antibody, showed that hypocretin-1 is co-expressed with insulin [23]. 
In our experiment, the increase of plasmatic hypocretin-1 probably 
is due to an increase in the secretion of hypocretin-1 by pancreatic 
beta-cells. Since the sympathetic nervous system is involved in the 
regulation of pancreatic hormonal secretion [24], an enhancement of 
the sympathetic discharge of nerves to pancreas could increase the 
secretion of hypocretin-1.

Exercise is associated to the sympathetic activation, as demonstrated 
by increase in HR. Exercise elicits adaptive responses to sustain muscle 
engagement. Physical activity induces not only the sympathetic 
activation, but also hormonal changes [25,26]. The increase in plasmatic 
hypocretin-1 could be included among hormonal adaptations due 
to exercise. Plasmatic hypocretin-1 could be involved in the control 
of cortisol secretion. Indeed, relationship between hypocretin-1 and 
cortisol has been described. Since hypocretin-1 increases the expression 
of steroidogenic enzymes in human adrenocortical cells [27], an 
influence of hypocretin-1 on cortisol secretion (enhanced during 
physical activity) is conceivable. In further studies, determination of 
plasma insulin and cortisol levels will be measured using the present 
experimental design.

In the present experiment, the sympathetic discharge is positively 
associated with level of plasmatic hypocretin-1. Muscle exercise induces 
an increase in HR, controlled by the sympathetic nervous system, 
which is accompanied by an increase in plasmatic hypocretin-1, as 
demonstrated by the findings of the present experiment. Although it is 
well established that cerebral hypocretin-1 is related to the sympathetic 
discharge, the results of our research are the first ones showing an 
association between the plasmatic hypocretin-1 and HR, as expression 
of the sympathetic activity. An intracerebral injection of hypocretin-1 
causes a generalized increase in the sympathetic discharge with 
augmented firing rate of sympathetic fibers innervating interscapular 
brown adipose tissue [28,29] heart [30], kidneys [31], etc. Studies in 
rodents have concluded that hypocretin neurons have a major role 
in the regulation of HR. Intracisternal hypocretin administration 
increases HR and blood pressure [32-34] and microinjections into the 
nucleus of the solitary tract elicit dose dependent changes in HR and 
blood pressure.

These evidences suggest that cerebral hypocretinergic pathway 
controls the sympathetic nervous system with possible relationship 
of “cause-effect” between hypocretin-1 and sympathetic activation. 
Although the findings of the present experiment do not indicate a 
secure “cause-effect” relationship, but only an association, it is very 
possible that hypocretin-1 could influence the sympathetic activity and/
or vice-versa. Since hypocretin-1 rapidly enters brain from blood by 

Figure 1: Changes in heart rate during resting (time 1), exercise (time 2), and 
recovery (time 3).

Figure 2: Changes in hypocretin-1 during resting (time 1), exercise (time 2), 
and recovery (time 3).
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simple diffusion [35], it is possible that increased plasmatic hypocretin-
1during exercise time could induce cerebral stimulation of areas that, in 
turn, control the sympathetic reactions. 

In a broader vision of the physiological role of hypocretin-1, the 
benefits of physical activity [36] in the control of body weight could 
include an increased peripheral secretion of this peptide. Since 
hypocretin-1 is involved in the regulation of body weight [37,38], and 
in the patho-physiology of obesity, an increased secretion of plasmatic 
hypocretin-1during physical activity, as showed in this experiment, 
could influence body weight probably through an activation of energy 
expenditure [39]. The findings of this experiment shed further light 
on the positive effects of exercise, including hypothetic positive effect 
exerted by plasmatic hypocretin-1.

In conclusion, our study represents the first demonstration that the 
exercise induces an increase in plasmatic hypocretin-1 and this peptide 
could play an important role in the peripheral adaptations to physical 
activity.
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