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DEFINIZIONI

Dasso NA. Nurs Forum. 2019 Jan;54(1):45-52
WHO. Global recommendations on physical activity for health. 2010

Attività fisica: qualunque sforzo esercitato dal sistema muscolo-scheletrico che 

si traduce in un consumo di energia superiore a quello in condizioni di riposo

Esercizio fisico: è una sottocategoria dell’attività fisica. Esso è pianificato, 

strutturato, ripetuto e finalizzato al miglioramento o mantenimento di una o più 

componenti della Fitness

Attività sportiva: comprende le prime due ma in situazioni competitive o non 

competitive ma strutturate e sottoposte a regole ben precise. È codificata in 

modo tale da essere riconosciuto e riconoscibile da tutti per regole e 

meccanismi, ai quali si fa riferimento per la sua pratica in contesti ufficiali o non 

ufficiali.



Paoli A. Chow et al. Nat Rev Endocrinol. 2022 May;18(5):273-289

EFFETTI ESERCIZIO



Paoli A. Chow et al. Nat Rev Endocrinol. 2022 May;18(5):273-289

Effetti esercizio



Paoli A. Zierath & Wallberg-Henriksson H. Cell Metab. 2015 Jul 7;22(1):25-30

Effetti esercizio
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Endurance Training Resistance Training

Lasha

Talakhadze
Height 197 cm

weight 168,65 kg

World Records

Snatch 220 Kg

C&J 264 Kg

Total  484

Eliud Kipchoge

Height 167 cm

weight 52 kg

World Records

Marathon 1h59'40" unofficial
30 km 1h27'13"

Kelvin Kiptum
Height 180 cm

weight 65 kg

World record
Marathon IAAF 2h01'39"

Effetti esercizio: quale esercizio?



Paoli A. Hawley et al. Cell. 2014;159(4):738-49

Effetti esercizio: quale esercizio?



Paoli A. Egan  & Sharples Physiol Rev. 2023 Jul 1;103(3):2057-2170

Effetti esercizio: quale esercizio?



Paoli A. Egan  & Sharples Physiol Rev. 2023 Jul 1;103(3):2057-2170

Effetti esercizio: quale esercizio?



Paoli A. Contrepois et al. Cell. 2020 May 28;181(5):1112-1130.e16.

Some molecules increased following 

exercise and quickly returned to 

baseline (cluster 1) whereas others 

presented a de-layed increase post-

exercise before returning to baseline 

(cluster 2). The remaining analytes 

decreased in response to exercise 

with some returning to baseline within 

1 h (cluster 3) and others continuing 

to decrease in recovery (cluster 4). 

Effetti esercizio: timing
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PBMC gene expression changes in response to acute exercise 

Effetti esercizio: timing
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Hans Hugo Bruno Selye, 

Vienna 26 Gennaio 1907

Montreal 16 Ottobre 1982 

CHE STRESS!
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“Se un organismo è danneggiato da un 

agente nocivo aspecifico (es. freddo, agenti 

chimici, esercizio fisico eccessivo), appare 

una sindrome (un insieme di sintomi) tipica. 

Questa sindrome è indipendente dal tipo di 

danno e rappresenta così una risposta in se, 

generica.” 

Esercizio fisico e stress



Paoli A. 

glands (i.e. source of catecholamines and glucocorti-
coids), atrophy of the thymus, and lymph nodes (due
to the now well-known effects of glucocor ticoids on
lymphocytes) as well as gastroduodenal erosions or
ulcers (Selye 1943c, 1950, 1976) (Figure 4).

Until the end of his life, he complained that people
used the term “ stress” almost indiscr iminately,
commenting that “ it was hard to get acceptance in

the 1940s – now it isalmost a household term” (Selye,
personal communication) . Importantly, he used to say
that nobody should call an effect a “ stress response”
until the same effect is reproduced by several stressors
different in nature, e.g. physical and chemical
stressors. He was concerned that reviewers/editors of
reputable scientific journals would allow the label of
“ cold stress” or “ ether stress” without using any other
stressors to ascertain whether the changes monitored
reflect a specific response to a stimulus or a
characteristic neuroendocr ine response also induced
by various stressors. Indeed, we agree with him that it
would more likely be an effect of “ cold” as such, or a
specific action of ether, if no other stressors were
investigated. T hus, in keeping with the original
concept of Selye, it is impor tant that researchers
should use more than one agent/stressor before
describing the response as “ stress” .

Catecholam i nes and “ ster oids” ver sus
glucocor t icoids

Hans Selye faced similar frustration (Selye, personal
communication) by suggesting that not only catechol-
amines (released mostly from the adrena medulla) but
also corticoids (steroids produced by adrenal cortex)

Figure 4. T he typical triad of the “ general alarm reaction” . (A) adrenals, (B) thymus, (C) iliac lymph nodes, and (D). gastric mucosa of a
normal rat (left) and one which was exposed to the frustrating mental stress of being immobilized on a metal board for 24 h. Note the marked
enlargement of theadrenals (which also showed lipid discharge and hyperemia, and consequently became reddish-brown), the intense atrophy
of the thymus and lymph nodes and the numerous blood-covered gastric erosions in the stressed rat (right; modified from Selye 1952).

BODY
Inner conditionin
(e.g. genotype,
endocrine and

immune systems)

AGENT
(Physical, Chemical, Biological or Psychological entity)

Nonspecific effect
(i.e. stressor,

neuroendocrine,
gastrointestinal)

Outer
conditioning

(e.g. nutrition,
environment,

drugs)

Stressor =
agent which causes stress

Specific effect
(e.g. cold, insulin,

virus, fear, joy)

Stress =
the phenomenon (response)

Figure 3. I llustration of the specific and non-specific (stressor)
effect of various agents (modified from Szabo 1998).
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Selye H. J Clin Endocrinol Metab. 1946 Feb;6:117-230

Szabo et al. Stress. 2012 Sep;15(5):472-8

creativi ty and originality in medical research (Selye
1975). Selye was surely an “ outlier” by recent
definit ions (Gladwell 2008), working extremely hard
and meeting the “ 10,000 h” rule as the most
productiveand creativepeopledid in the20th century,
which is reflected by the publications of over
1500 articles and 32 single authorship books in his
lifetime (Gladwell 2008). Specifically, we know from
personal experiences and working with him for
4–5 years over the 30-year period of his active
scientific life, that he was working at his Institute
06:00–18:00 h, 7 days/week including most traditional
holidays. T hus, it is not surprising that he discovered
much more than the “ stress syndrome” (Table I).

Despite this huge intellectual and physical invest-
ment, he remained modest and objective, often
point ing out that although he discovered the “ biologic
stress response,” he was not the first to use the word
“ stress” (Selye 1950, 1956, 1976). H is historic article
three quarters of a century ago (Selye, July 4 1936)

had the title: “ A syndrome produced by diverse
nocuous agents” . T his was a brief Letter to the Editor
of Nature describing the most stereotypical manifes-
tations of the “ general alarm reaction of the
organism” , i.e. including thymicolymphatic involu-
tion, gastric ulcers, lipid discharge from the adrenal,
and loss of chromaffinity in the medulla that Selye
established as a non-specific adaptive response to
various kinds of agents. T he word “ stress” was not
used, but his first comprehensive monograph (Selye
1950) on the subject published in 1950 in M ontreal
had the short title “ Stress” (Figure 2). T his was
followed by a series of “ Annual Reports of Stress”
published during the subsequent 5 years by the same
publisher. In addition to these books and hundreds of
original and review articles devoted to stress research
using animal models (University of M ontreal 1970;
Szabo 1985), he extended his research interest to
other fields. Namely, he discovered, through not
ignoring “ unexpected results” (Szabo 1985), calci-
phylaxis, anaphylactoid edema, new roles of mast
cells, new models of experimental cardiovascular
diseases, and the anesthetic properties of steroids that
no doubt had some direct or indirect connectionswith
the “ stress syndrome” (Selye 1962, 1965, 1968, 1970;
Szabo 1985). At the end of his productive research
life, he returned to the field of “ Hormones and
Resistance” (Selye 1971) and recognized the “ cata-
toxic” and “ syntoxic” effects of steroids (Selye 1969,
1971; Selye et al. 1969) and the difference between
distress and eustress (Selye 1974).

Figure 1. Photographs of Hans Selye from 1950s (left) and 1960s. (M odified from: A personal reminiscence by Dr Istvan Berczi). Selye was
born January 26, 1907, Vienna, Austria and died October 16, 1982, M ontreal, Canada.

Table I. Hans Selye: major original discoveries and contributions.

† Stress syndrome (Nature, 1936; Lancet, 1943).
† Classification and naming of steroids (Science, 1941; Nature, 1943;

Endocrinology, 1942; 1944).
† Anti-inflammatory action of glucocorticoidsand pro-inflammatory

action of mineralocorticoids (Can Med AssocJ, 1942, 1943, 1949;
Am J Physiol, 1943; Lancet, 1940, 1946; JAMA, 1944).

† Steroid anesthesia (Am J Physiol, 1941; Endocrinology, 1942).
† Catatoxic steroids (Science, 1969).
† Distress versus eustress (Book, 1974).

Selyeand theorigins of stress research 473

St
re

ss
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
Pr

of
 Jo

hn
 A

. R
us

se
ll 

on
 0

8/
29

/1
2

Fo
r p

er
so

na
l u

se
 o

nl
y.

Esercizio fisico e stress



Paoli A. 

L'ESERCIZIO FISICO È UNA FORMA DI STRESS IN CUI 

L’ADATTAMENTO DEL NOSTRO ORGANISMO SEGUE, IN LINEA 

DI MASSIMA, LA SINDROME GENERALE DI ADATTAMENTO 

DESCRITTA DA SELYE

E SI TORNA A LUI…

Esercizio fisico e stress
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Fino a 2 ml anni fa scimmie sedentarie bipedi per 

lo più vegetariane con piante locali

Raffreddamento – ambiente secco, 

incominciarono a cacciare e raccogliere

Cacciatori-

raccoglitori fino a 

10000 anni fa.

Durante questa fase 

ci fu un aumento 

delle distanze 

percorse – > 20 Km 

(molta più attività 

aerobica rispetto ad 

altre scimmie)
Aumento dell’impegno cognitivo per verificare la propria 

localizzazione. Questi compiti sono svolti dall’ippocampo 

(che viene stimolato da esercizio)

Anche la ricerca e riconoscimento del cibo e la verifica 

dell’ambiente hanno stimolato il cervello ed anche i 

circuiti della memoria a breve e lungo termine

Stimolo di ippocampo 

e corteccia prefrontale 

(coinvolta anche nel 

mantenimento della 

comunicazione tra simili 

mentre si svolgono altri 

compiti)

SCIMMIE CHE DEVONO MUOVERSI



Paoli A. Raichlen & Alexander Trends Neurosci. 2017 Jul;40(7):408-421.

Scimmie che DEVONO muoversi
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Siamo animali che si sono evoluti grazie allo sviluppo del cervello e della nostra 

adattabilità non certo grazie alle nostre doti fisiche.

L’adattabilità di manifesta nei comportamenti ma anche con l’adattamento dei 

meccanismi fisiologici.

Questi compromessi però comportano anche degli svantaggi tra cui quelli legati a 

sedentarietà (post rivoluzione industriale) e modifica alimentazione (cerealicoltura).

COME SI CAMBIA…



Paoli A. Cordain et al. Am J Clin Nutr 2005;81:341–54

Come si cambia…
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the “Theory of Optimal Foraging”

La frutta non coltivata, i vegetali, fogliame e radici disponibili per I

cacciatori-raccoglitori sono generalmente a bassa densità energetica.

Rapporto negativo spesa per raccogliere e preparare questi cibi/ energia 

ottenuta → cibi non utilizzabili come fonte primaria - optimal foraging

theory -

Animali più vantaggiosi in termini di rapport spesa/beneficio, solo frutta

stagionale zuccherina e miele possono competere.

Mann N. Eur J Nutr. 2000 Apr;39(2):71-9.

Come si cambia… cervello
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L’aumento del volume del cervello umano 

da 650 cc a 1500 cc è stato causato 

anche dall’estinzione (a causa dell’uomo) 

dei grandi animali.

Questo ha costretto gli esseri umani a 

diventare più abili nel cacciare piccole 

prede più mobili e abituate ad essere 

prede.

Con l’avvento dell’agricoltura (10.000 anni 

fa) il cervello si ridusse a 1300-1400 cc.

La dimensione del cervello degli 

scimpanzè, ad esempio,  è rimasto stabile 

per 7 milioni di anni; il cervello umano 

invece raggiunse la sua massima 
dimensione 300.000 anni fa.

Ben-Dor et al. Quaternary. 2021; 4(1):7.

Come si cambia… cervello
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