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ESERCIZIO FISICO 



RISPOSTA ORMONALE  

ALL’ESERCIZIO FISICO 
 

ê INSULINA    à ê glicogenosisntesi e liposintesi 

é  stop ai risparmi !!!!! 

 

é  CATECOLAMINE  à é  G da glicogenolisi  

é  apporto di sangue ai muscoli  
 

é  GLUCAGONE   à é  G da glicogenolisi   

é  gluconeogenesi 
 

é  CORTISOLO   à ê sintesi proteine e é gluconeogenesi (aa.  

é  PA 
 

é  GH    à é G da glicogenolisi + ricostruire proteine 
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mediated by elevated sympathetic tone, and unrelated 
to alteration of GH secretion upon exercise.   

Plasma ghrelin level decreased during acute moder-
ate exercise in this study.  Recently significant suppres-
sion or no change of plasma ghrelin level during 60–90 
min running or brisk walking were reported, but plasma 
des-acyl ghrelin and catecholamine concentrations 
were not examined in these reports [33-35].  Although 
the physiological significance of ghrelin suppression 

by exercise is unclear, a number of potential mecha-
nisms may be proposed.  In humans, plasma ghrelin 
concentration increased through the activation of the 
vagal efferent pathway using sham feeding and by a 
cholinergic agonist such as pyridostigmine [11, 36].  
On the other hand, plasma ghrelin level was decreased 
by cholinergic antagonists such as pirenzepine and 
atropine [36, 37].  During acute exercise, vagal efferent 
activity was attenuated and sympathetic nerve activity 
increased.  Plasma NE, E, and DA levels rose, in fact, 
during exercise in this study.  These findings suggest 

that the significant suppression of ghrelin level during 

exercise might be induced by the activation of sympa-
thetic nerve activity and/or relative inactivation of the 
vagus.  Ghrelin, which enhances appetite and increases 

Fig. 2 Plasma levels of GH (A), epinephrine (B), norepinephrine (C) and dopamine (D) at rest, during exercise, and during post 
exercise recovery. Data are mean ± SE. *, P < 0.05; **, P < 0.01 in comparison with basal levels. 

Fig. 3   Plasma levels of glucose (A) and insulin (B) at rest, 
during exercise, and during post exercise recovery. Data 
are mean ± SE. *, P < 0.05; **, P < 0.01 in comparison 
with basal levels.
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ships between acute exercise and ghrelin, plasma total 
ghrelin level did not change [19-22], decreased [24-26] 
or increased [27-29] during acute exercise.  The rea-
son for the discrepancy with our results is unclear.  We 
speculate that this discrepancy is due to combined fac-
tors including sample collection, storage conditions, 
and assay systems used.  Hosoda et al. reported that sta-
bilization and acidification are essential for measuring 

ghrelin level [31].  In the present study, since ghrelin 
is rapidly converted to des-acyl ghrelin, blood samples 
were immediately collected in tubes containing EDTA-
aprotinin (a protease inhibitor) and centrifuged as soon 
as possible.  Hydrochloric acid was immediately added 
to the plasma samples obtained to stabilize n-octanoyl 
modification.  Moreover, in this study, we used novel 

sensitive ELISA kits that can separately detect acy-
lated and des-acyl ghrelin up to 2.5 and 12.5 fmol/mL, 
respectively [32].  Since assay systems for total ghrelin 
in previous reports recognized all of ghrelin, des-acyl 
ghrelin, and fragmented ghrelin, they could not detect 
the change of only ghrelin.  Taken together, these opti-
mum sample treatments and the novel sensitive assay 
systems may probably allow us to detect the specific 

alteration of ghrelin during exercise.  

food intake in animals and humans, exhibits a diurnal 
pattern with preprandial increases and postprandial 
decreases [3, 5].  Ghrelin has been postulated as a hun-
ger signal and meal initiator [38, 39].  Appetite is sup-
pressed during and after intense exercise, however, this 
suppression does not last long [40].  We suspect that 
ghrelin suppression by exercise may reflect the dim-
inution of hunger sensations experienced during and 
after vigorous exercise.  Exercise, especially intense 
exercise, can lead to a variety of gastrointestinal abnor-
malities, such as abdominal pain or discomfort, nau-
sea, vomiting, and diarrhea [41, 42].  Exercise induces 
the development of reduced blood flow in the gastric 

mucosa in an exercise intensity dependent manner [41, 
42].  We hypothesize that this exercise-induced ghre-
lin suppression may be related, at least in part, to gas-
tric mucosal ischemia.  Gastric mucosal ischemia also 
may decrease the activity of ghrelin O-acyltransferase 
[43], which acylates ghrelin with n-octanoic acid in the 
gastric mucosa.  As these mechanisms are speculative 
theories, further studies will be necessary to clarify the 
fundamental mechanisms of exercise-induced ghrelin 
suppression.   

Although some studies have examined the relation-

Fig. 4 Correlations between plasma ghrelin levels and plasma GH (A), epinephrine (B), norepinephrine (C) and dopamine (D) levels at 
rest, during exercise, and during post exercise recovery. Data are mean ± SE. 
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nificant (Fig. 1B, C).  The ghrelin to total ghrelin ratio 

significantly reduced during exercise (30–60 min) 

(Fig. 1D).  Plasma GH, NE, E, and DA concentrations 
increased significantly during exercise and decreased 

at 90 min (Fig. 2A–D).  Plasma glucose concentrations 
gradually decreased during exercise and became sig-
nificantly lower at 90 min than pre-exercise level (Fig. 

3A).  Plasma insulin level significantly decreased dur-
ing exercise (30–60 min) and recovered at 90 min (Fig. 
3B).  Spearman rank correlation test showed significant 

negative linear relationships between plasma ghre-
lin levels and plasma GH, NE, E, or DA levels (each 
Spearman’s rho = –0.943, P = 0.0048) (Fig. 4A–D). 

Discussion

We here reported significant suppression of plasma 

ghrelin level but not des-acyl ghrelin level during acute 
moderate exercise.  Plasma ghrelin level was negatively 
correlated with plasma catecholamines and GH levels 
during exercise.  We thus concluded that acute exercise 
lowered plasma ghrelin concentration: this was likely 

Statistical analysis 
All statistical calculations were performed using 

JMP statistical software (JMP 8; SAS Institute, Cary, 
NC, USA).  Plasma NE, E, DA, GH, ghrelin, des-acyl 
ghrelin, glucose, and insulin levels at before and after 
exercise were analyzed by paired t-test.  Correlation 
between the plasma ghrelin level and plasma GH, NE, 
E, or DA was analyzed by Spearman rank correlation 
test.  All values are shown as means ± SE.  P < 0.05 
was considered to be statistically significant. 

Results

Fasting plasma ghrelin and des-acyl ghrelin levels in 
the subjects were 11.0 ± 2.0 fmol/mL and 64.4 ± 12.8 
fmol/mL, respectively.  Plasma ghrelin levels tended 
to decrease after exercise (15 and 30 min, P = 0.061 
and P = 0.063, respectively), and were suppressed sig-
nificantly during cycling exercise (45 and 60 min, Fig. 

1A).  Plasma des-acyl ghrelin and total ghrelin (ghre-
lin plus des-acyl ghrelin) levels tended to decrease dur-
ing exercise; however, there was no statistically sig-

Fig. 1 Plasma levels of ghrelin (A), des-acyl ghrelin (B), total ghrelin (C), and ghrelin/total ghrelin ratio (D) at rest, during exercise, and 
during post exercise recovery. Data are mean ± SE. *, P < 0.05; **, P < 0.01 in comparison with basal levels. Shiiya T et al, Endocrine Journal 2011, 58 (5), 335-342 
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Gibney, J. et al. Endocr Rev 2007;28:603-624 

The response of serum GH concentrations to exercise of different intensities 
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Schematic representation of the possible association 
 between the GH response to exercise and lipolysis 
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?60 min) after sub-maximal exercise and decreased after

maximal exercise (at 0-post and ?15 min); compared to
sub-maximal, DHEAS/C ratio at 15 and ?30 min of

recovery was lower after maximal exercise (Table 4).

Discussion

In this study, besides well-known physiological classic

adaptive hormones modifications—we mainly observed

that: (a) a 30-min sub-maximal endurance exercise has
been sufficient to acutely increase testosterone concen-

trations (TT, cFT and cBioT), similarly to a maximal

endurance exercise; (b) mean testosterone concentrations
(TT, cFT, cBioT) remained significantly high during all

recovery after both exercises (i.e., for 60 min), and at

end-recovery were higher after sub-maximal exercise,
compared to maximal; (c) at an individual level serum

testosterone concentrations (TT, cFT, cBioT) increased

after both exercises in all volunteers, and very often they
reached supra-physiological values (Table 2; Fig. 1); (d)

testosterone increased in parallel to GH after both

exercises and to ACTH, C and DHEAS only after
maximal exercise; and, finally, (e) testosterone increases

were not correlated to _VO2, La peaks and respiratory

exchange ratio.

Our data differ from the existing literature showing that

sub-maximal exercises induced no modification or

decreased serum TT and free-testosterone concentrations in
adult males [3, 6, 20, 35–37]. TT and free-testosterone

increases have been reported immediately after strenuous

exercises and only after prolonged sub-maximal (C45 min)
endurance and resistance exercises, often with a rapid

return to pre-exercise levels during recovery [3–8, 13, 20,

21, 35, 38–41].
Interestingly, our results partially differ from the studies

showing that testosterone acutely increases after exercise

linearly and similarly to other stress hormones (e.g.,
ACTH, GH, C) once a specific exercise-intensity threshold

and/or duration are reached. Due to the lack of parallelism

between HPT and HPA axes responses to sub-maximal
exercise (i.e., increased testosterone and decreased C)

(Fig. 1), we suggest that testosterone increases could rep-

resent a specific adaptive response to exercise-related
physiological needs, and not a component of classic non-

specific stress-reaction. In this sense, the fact that _VO2, La

peaks and respiratory exchange ratio were positively cor-
related only to ACTH, GH and C maximal increases, and

not to testosterone variations (Table 5), reduces a direct

role for these variables in influencing the HPT axis during
exercise; consequently, other exercise-related central or

peripheral factors influencing the HPT axis adaptation

should be investigated.

Fig. 1 Serum cortisol and
testosterone values before and
after exercise-related stress.
Serum total cortisol and total
testosterone concentrations
immediately before (0-pre)
starting both a sub-maximal
exercise at individual anaerobic
threshold (IAT) and a maximal
exercise until exhaustion (Max)
on cycle ergometer, at the end
of exercises (0-post) and at ?15,
?30, and ?60 min of recovery
in healthy male volunteers
(n = 12). Hormones
concentrations are reported as
mean ± SD and as individual
values. The stippled horizontal
lines depict the respective
reference ranges. *p \ 0.05 and
**p \ 0.01 vs. respective 0-pre;
#p \ 0.05 and ##p \ 0.01 vs.
respective IAT

20 J Endocrinol Invest (2014) 37:13–24
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DHEA, DHEA-S and cortisol

Training status

There were no significant group differences in any of the
hormone parameters at any of the time points. Accord-
ingly, all subsequent results are reported for participants
as a whole. VO2max was positively associated with
DHEA-S levels in women, although this was not
statistically significant [r(18)=0.42, p=0.07]. There
were no other trends for VO2max and hormone levels.

DHEA

There was a significant main effect of time for
DHEA, where DHEA levels increased immediately
post-exercise [F(2,92)=6.62, p=0.004, η2=0.126].
This effect is displayed in Fig. 1a.

DHEA-S

There was a trend for DHEA-S to increase immedi-
ately post-exercise, but this failed to reach statistical
significance (p=0.07). However, the effect was
significant for females [F(2,42)=4.37, p=0.02, η2=
0.172]. Compared to pre-exercise, females had a
significant increase in DHEA-S immediately post-
exercise. Although they did not exhibit a response to
exercise, males had significantly higher overall
DHEA-S levels than females [F(1,43)=4.48, p=
0.04, η2=0.094]. Descriptive statistics of hormone
levels for males and females are displayed in Table 3.

Cortisol

As shown in Fig. 1b, there was a significant main
effect of time for cortisol, which decreased immedi-
ately post-exercise and 1 h post-exercise compared to
pre-exercise [F(2,92)=19.58, p<0.001, η2=0.299].
Males had significantly higher cortisol levels than
females [F(1,47)=4.06, p=0.05, η2=0.079] (Table 3).

Cortisol/DHEA or DHEA-S ratio

There was a significant main effect of time for the
cortisol/DHEA ratio [F(2,90)=20.04, p<0.001, η2=
0.308], where the ratio decreased immediately post-
exercise and 1 h post-exercise compared to pre-
exercise (Fig. 2a). The cortisol/DHEA-S ratio also

decreased significantly immediately post-exercise and
1 h post-exercise compared to pre-exercise [F(2,78)=
19.08, p<0.001, η2=0.329] (Fig. 2b).

Discussion

Older adults demonstrated a significant increase in
DHEA immediately post-exercise. DHEA has been
previously shown to increase in response to submax-
imal aerobic (Giannopoulou et al. 2003) and resis-
tance exercise (Copeland et al . 2002) in
postmenopausal women, and this study extends
previous findings to older males. Despite a similar
exercise protocol, the present findings contrast with
those from a recent study which failed to find an
increase in DHEA with exercise in individuals aged

S
er

um
 D

H
E

A
 (n

m
ol

/l)

0

14

16

18

20

22

24

26

Pre Immediately post 1 h post

S
er

um
 c

or
tis

ol
 (n

m
ol

/l)

0

240

260

280

300

320

340

360

380

400

420

*

*

*

b

a

Fig. 1 a Serum DHEA response to acute exercise in older
adults. DHEA values immediately post-exercise increased
significantly from pre-exercise values, *p=0.004. b Serum
cortisol response to acute exercise in older adults. Significantly
different from pre-exercise values, *p<0.001
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between 65 and 75 years (Aldred et al. 2009).
However, this could reflect the small sample size
employed in this previous investigation.

Cortisol decreased immediately post and 1 h post-
exercise compared to pre-exercise. Independent acti-
vation of the zona fasciculata and zona reticularis has
been noted previously (Velardo et al. 1991). A
decrease in cortisol post-exercise has also been noted
in postmenopausal females (Kemmler et al. 2003);
this decrease continued throughout the 2-h recovery
period. As with the present study, Kemmler et al.
(2003) exercised their participants in the morning;
however, the authors suggested that their observed
decreases were above that of normal diurnal decline.
It is difficult to separate the effects of exercise from
the effects of diurnal variation. However, the first
blood sample taken in the present study was nearly
3 h after waking; therefore, participants would have
already experienced the large decrease in cortisol that
occurs following the cortisol awakening response.
This is suggested by cortisol diurnal rhythm data
collected on average a week before acute exercise
testing in the present participants (unpublished data
available on request). Further, the present finding is in
contrast to Traustadottir et al. (2004) who reported an
increase in cortisol in older females after 15 min of
cycling; this exercise bout also took place in the
morning period, suggesting that time of day is not
responsible for this difference.

As a result of the decrease in cortisol, which was
not apparent with DHEA/S, the cortisol/DHEA/S
ratio significantly decreased immediately and 1 h
post-exercise. This represents a more favourable
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Fig. 2 a Serum cortisol/DHEA ratio response to acute exercise
in older adults. Significantly different from pre-exercise values,
*p<0.001. b Serum cortisol/DHEA-S ratio response to acute
exercise in older adults. Significantly different from pre-
exercise values, *p<0.001

Table 3 Mean (SD) hormone
values (in nanomoles per
litre) for males and females:
overall, pre-exercise,
immediately post-exercise and
1 h post-exercise

Males (n=26) Females (n=23)

DHEA (nmol/l) 18.9 (12.23) 20.8 (12.70)

Pre-exercise 18.9 (8.61) 19.5 (12.72)

Immediately post-exercise 20.2 (9.66) 23.6 (22.44)

1 h post-exercise 17.6 (8.38) 19.2 (14.24)

DHEA-S (nmol/l) 2,649.8 (971.25) 2,036.9 (971.24)

Pre-exercise 2,650.3 (1,028.99) 2,002.4 (923.70)

Immediately post-exercise 2,659.4 (1,028.99) 2,096.8 (935.97)

1 h post-exercise 2,639.7 (1,007.09) 2,011.5 (939.47)

Cortisol (nmol/l) 362.6 (107.22) 300.8 (108.24)

Pre-exercise 402.6 (132.77) 355.3 (110.46)

Immediately post-exercise 375.6 (130.80) 308.4 (118.40)

1 h post-exercise 309.6 (141.10) 238.6 (112.47)
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DHEA, DHEA-S and cortisol responses to acute exercise
in older adults in relation to exercise training status and sex
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Abstract The aim of the present study was to
investigate resting measures of dehydroepiandroster-
one (DHEA), dehydroepiandrosterone sulphate
(DHEA-S) and cortisol, and the response and recov-
ery of these hormones to acute exercise, in male and
female older adults of different exercise training
status. Participants were 49 community-dwelling
older adults (23 females) aged between 60 and
77 years who were either sedentary (n=14), moder-
ately active (n=14) or endurance trained (n=21).
Participants undertook an acute bout of exercise in the
form of an incremental submaximal treadmill test.
The exercise lasted on average 23 min 49 s (SD=
2 min 8 s) and participants reached 76.5% (SD=5.44)
of the predicted maximal heart rate. Blood samples
were collected prior to exercise, immediately, and 1 h
post-exercise. DHEA levels significantly increased
immediately post-exercise; however, DHEA-S levels
only significantly increased in females. Cortisol
significantly decreased immediately post-exercise
and 1 h post-exercise compared to pre-exercise. There
were no significant differences in resting hormone
levels or hormonal responses to exercise between
training status groups. The findings suggest that
exercise can stimulate DHEA production in older

adults and that hormonal responses to exercise differ
between male and female older adults.

Keywords DHEA .DHEA-S . Cortisol . Acute
exercise . Training status . Sex . Older adults

Introduction

Dehydroepiandrosterone (DHEA) and its sulphated
metabolite, dehydroepiandrosterone sulphate
(DHEA-S), are androgens produced by the adrenal
cortex. DHEA/S has been proposed to affect various
systems of the body and to be anti-ageing (Chahal and
Drake 2007). It has been established that DHEA/S is
immune enhancing, where cortisol, also produced by
the adrenal cortex, is immunosuppressive if chroni-
cally elevated (Buford and Willoughby 2005). DHEA
and DHEA-S production peaks at age 20–30 and then
declines progressively with age (Belanger et al. 1994;
Labrie et al. 1997; Orentreich et al. 1992). In contrast,
cortisol has been reported to increase with age
(Deuschle et al. 1997; VanCauter et al. 1996),
although counter-evidence exists (Orentreich et al.
1992). Reductions in DHEA/S have been implicated
in the disturbance of other physiological systems,
such as the musculoskeletal system (Walston et al.
2006). Further, over-representation of cortisol com-
pared to DHEA, and the consequent increase in the
cortisol/DHEA ratio with ageing (Phillips et al. 2007),
is associated with immune impairments and infection
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ESERCIZIO FISICO ACUTO 
 
! Il muscolo utilizza glucosio derivato dalla glicogenolisi 

muscolare 

! Il muscolo incrementa l’estrazione di sostanze 
nutritizie dal sangue (glucosio e acidi grassi liberi); 
l’estrazione di glucosio può aumentare anche di 20 
volte 

! Il fegato, per mantenere i livelli ematici di glucosio 
nella norma, deve aumentare la sua produzione di 
glucosio (attraverso la glicogenolisi prima e la 
neoglucogenesi poi)  



POCHI MINUTI DOPO L’INIZIO DELL’E.F. 

ATTIVAZIONE ADRENERGICA 

ß CELLULA 

RIDUZIONE INSULINEMIA 

AUMENTATO  
OUTPUT EPATICO  

DI GLUCOSIO 

“PROTEZIONE” DA 
ECCESSIVA  

UTILIZZAZIONE 
MUSCOLARE 

 NORMOGLICEMIA STABILE  
(PROTEZIONE DALL’IPO) 



Insulinemia media in due gruppi di volontari. 
Simboli rossi: soggetti di controllo;  

Simboli verdi: soggetti con DMT2 + SU ore 8.  
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Changes in plasma glucose with  
regular or lispro insulin during Ex 

RHI	100%	

LP 100%	

LP 50%	

Insulin 1.1 U 
each 10 g CHO 

Shaded area = 
normal range 

mmol/L 



RISPOSTA GLICEMICA ALL’ATTIVITA’  FISICA  
IN RAPPORTO ALL’INSULINIZZAZIONE PORTALE 
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Metabolismo glicidico  
dopo sforzo 

•  Lo stimolo alla captazione del glucosio da parte di: 

o   muscolo  

o   fegato  

    persiste per rigenerare i depositi di glicogeno 

 

•  L’assunzione di carboidrati può facilitare il processo  

Pencek et al. Diabetes 2003;52:1897-1903 
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Guidelines for reduction of premeal insulin 
analogue wrt exercise intensity / duration 

                 % Dose reduction 

Exercise intensity  30 min of  60 min of 

(% VO2max)  exercise  exercise 

25   25  50 

50   50  75 

75  75  - 

Rabasa-Lhoret et al. Diabetes Care 2001; 24: 625  
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Guidelines for carbohydrate (CHO) snack 
before short-term, moderate exercise  

Pre-exercise BG (mM)         Grams CHO                             

  

 < 7  20-30 

 7-10  10-20   

 10-15  None   
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