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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.
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and responsiveness of individual mRNA species to different
types of contractile activity is variable, but peak induction for
both ‘‘metabolic’’ and ‘‘myogenic’’ genes generally occur 4–
8 hr after an exercise bout, with mRNA levels returning to pre-ex-
ercise levels within 24 hr (Yang et al., 2005). Another level of
regulation of mRNA and protein abundance by exercise involves
alterations in DNA methylation status (Barrès et al., 2012), his-
tone modifications (McGee and Hargreaves, 2011), and micro-
RNA expression (Zacharewicz et al., 2013). Ultimately the ability
of a given muscle cell to alter the type and quantity of protein is a
function of its half-life. Proteins that turn over rapidly and have
high rates of synthesis are capable of attaining a new steady-
state level faster than those that turn over slowly during adapta-
tion to contractile and other stimuli.
Mitochondrial Biogenesis and Endurance Training

Adaptation

Mitochondrial biogenesis requires the coordination of multiple
cellular events, including transcription of two genomes, synthe-

sis of lipids and proteins, and the stoichiometric assembly of
multisubunit protein complexes into a functional respiratory
chain (Hood et al., 2006). Impairments at any step can lead to
defective electron transport, failure of ATP production, and an
inability to maintain energy homeostasis. Since the seminal
work of Holloszy (1967), who discovered that muscles of tread-
mill-trained rats exhibited higher levels of mitochondrial proteins
than those of untrained animals, major breakthroughs in unravel-
ing the cellular events controlling skeletal muscle mitochondrial
biogenesis have occurred. Several transcription factors that
regulate the expression of the nuclear genes encoding mito-
chondrial proteins were discovered (Scarpulla 2006). These
include nuclear respiratory factors 1 and 2 (NRF-1, NRF-2) that
bind to the promoters and activate transcription of genes that
encodemitochondrial respiratory chain proteins (Kelly and Scar-
pulla 2004). NRF-1 also activates expression of the nuclear
gene that encodes mitochondrial transcription factor A (TFAM),
which moves to the mitochondria and regulates transcription
of the mitochondrial DNA (i.e., the mitochondrial genome).
Because not all promoters of genes transcribing mitochondrial
proteins have NRF-1-binding sites, other transcription factors
are involved in contractile-modulated mitochondrial biogenesis,
including the estrogen-receptor-related receptors (ERR) a and
d and the peroxisome proliferator-activated receptor coactiva-
tors (PPARs), which regulate expression of the mitochondrial
fatty acid oxidative enzymes (Kelly and Scarpulla, 2004; Scar-
pulla, 2006).
Another major breakthrough in unraveling the cellular events

that promote mitochondrial biogenesis was the discovery of
PGC-1a, an inducible coactivator that regulates the coordinated
expression of mitochondrial proteins encoded in the nuclear and
mitochondrial genomes (Lin et al., 2005). A critical feature of the
PGC-1 coactivators is that they are highly versatile and interact
with many different transcription factors to activate distinct bio-
logical programs in different tissues (Lin et al., 2005). In skeletal
muscle, PGC-1a has emerged as a key regulator of mitochon-
drial biogenesis that responds to neuromuscular input and the
prevailing contractile activity. A single bout of endurance exer-
cise induces a rapid and sustained increase in PGC-1a gene
and protein in skeletal muscle (Mathai et al., 2008), whereas
muscle-specific overexpression of PGC-1a results in a large in-
crease in functional mitochondria (Lin et al., 2002), improve-
ments in whole-body VO2max, a shift from carbohydrate to fat
fuels during submaximal exercise, and improved endurance per-
formance (Calvo et al., 2008). Gain-of-function studies reveal
that expression of PGC-1a at or near physiological levels leads
to activation of genetic programs characteristic of slow-twitch
muscle fibers (Lin et al., 2002), with the muscles of these trans-
genic mice resistant to contraction-induced fatigue. Loss of
function studies challenge the absolute requirement of PGC-1a
for exercise training-induced changes in muscle mitochondrial
biogenesis, angiogenesis, and fiber type changes (Geng et al.,
2010; Rowe et al., 2012). On balance, current observations place
PGC-1a as a central player in orchestratingmany of the oxidative
adaptations to exercise.
AMPK and p38 MAPK are two important signaling cascades

that converge upon the regulation of PGC-1a and consequently
the regulation of mitochondrial biogenesis (Figure 4). AMPK

Figure 4. Schematic of the Major Signaling Pathways Involved in

the Control of Skeletal Muscle Hypertrophy and Mitochondrial

Biogenesis
Multiple primary signals, including, but not limited to, mechanical stretch,
calcium, pH, redox state, hypoxia, and muscle energy status, are altered with
voluntary dynamic exercise. Following initiation of one or more of these pri-
mary signals, additional kinases/phosphatases are activated to mediate a
specific exercise-induced signal. In mammalian cells, numerous signaling
cascades exist. These pathways are regulated at multiple sites, with sub-
stantial crosstalk between pathways producing a highly sensitive, complex
transduction network.

744 Cell 159, November 6, 2014 ª2014 Elsevier Inc.

Hawley et al. Cell. 2014;159(4):738-49
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For a more exhaustive review of this topic, readers are
referred elsewhere (124).
For aerobic exercise, the duration of time spent in

each intensity domain in a given session is the key de-
terminant of the physiological demands of that exercise
session, whereas, for resistance exercise, the number of
repetitions per set (usually as a function of the % 1RM
lifted), number of sets per exercise, and number of exer-
cises per session are the key determinants of the physi-
ological demands of that exercise session. In turn,
whether for aerobic or resistance exercise, the accumu-
lation of these individual exercise sessions, and the
characteristics thereof, determine the volume of exer-
cise training being undertaken, with this training vol-
ume being the key determinant of the type and
magnitude of the various adaptations to exercise
training (125, 126).

Therefore, muscular contraction during aerobic exer-
cise is of higher frequency (repetition) and lower power
output (force) demand, whereas resistance exercise is of
lower frequency and higher force demand. These diver-
gent demands are reflected to a certain extent in the na-
ture of the adaptations observed following prolonged
aerobic exercise training compared to resistance exer-
cise training when either is performed in isolation (sect.
1.4) (FIGURE 3). Therefore, one postulation has been
that the type of exercise stimulus (88), and the contem-
poraneous environmental conditions (127–129), are
reflected in both the specificity and divergence of the
molecular signatures that are induced and these signa-
tures underpin the specificity of adaptation in skeletal
muscle to exercise. In fact, we and others have previ-
ously illustrated aerobic and resistance exercise at op-
posite ends of the spectrum for exercise type to
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FIGURE 2. Overview of exercise types/categories and nature of the exercise stimulus. A: conceptual representation of various sporting activities
along continuums of the predominant training undertaken and the duration of performance in competition. B: a major distinction between aerobic and
resistance exercise is the force of each contraction and the number of contractions that are performed during typical training sessions or that can be
performed at a given intensity before fatigue. C–E: representations of moderate-intensity continuous exercise (MICE; C), high-intensity interval exercise
(HIIE; D), and low-volume sprint interval exercise (SIE; E). The intensity is depicted as a percentage of the maximal power output (%Wmax) achieved dur-
ing a typical incremental exercise test to assess maximal oxygen consumption (V_ O2max) on a cycle ergometer. A similar representation could be made
using the percentage of velocity at V_ O2max (vV_ O2max) instead of %Wmax for testing and training using running as the exercise mode. Image adapted
from Refs. 21 and 119, with permission from the Journal of Physiology and Routledge, respectively. Image was created with BioRender.com, with
permission.
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conceptualize the breadth of differences in the acute
metabolic and molecular responses and chronic adapta-
tions (85–88, 130). However, as discussed later in sect.
5.10, while this conceptualization is useful in theory and
as a didactic tool, it must also be said that for several
reasons it is too simplistic as a framework to fully explain
the specificity and continuity between acute molecular
responses, and the physiological and functional adapta-
tions manifested as the endurance and hypertrophy
phenotypes.

Intermediate types of exercise are best exemplified
by both the concurrent aerobic and resistance training
and the high-intensity intermittent exercise (HIIE) models
of exercise that have increased in popularity in the past
two decades. Concurrent training was initially of consid-
erable interest in the early 1980s when a phenomenon
known as the “concurrent training” or ‘‘interference”
effect was first reported (131). Simply stated, training for
both endurance and strength outcomes through concur-
rent aerobic and resistance exercise training resulted in

FIGURE 3. Overview of adaptations in skeletal muscle to exercise training. At a cellular and regulatory level in skeletal muscle, adaptations to exer-
cise training take many forms, including changes in abundance, regulation and/or maximal activity of key proteins involved in energy provision, the
remodeling of cellular components such as contractile proteins and the extracellular matrix (ECM), and the biogenesis of organelles such as ribosomes
and mitochondria (70, 86, 88, 92, 101). Consequent to these cellular changes are alterations at the level of tissues and systems such as angiogenesis,
muscle hypertrophy, and altered substrate metabolism (4, 16–21). The teleological understanding of these coordinated changes in skeletal muscle
form and function is that they occur to minimize perturbations to cellular homeostasis, with this better maintenance of cellular homeostasis likely con-
tributing to improved fatigue resistance during future sessions of exercise (17). Image was created with BioRender.com, with permission. FFA, free fatty
acid; CHO, carbohydrate; CSA, cross-sectional area; IMTG, intramuscular triglyceride; HK, hexokinase; B-HAD, 3-hydroxyacyl-CoA dehydrogenase.

MOLECULAR RESPONSES TO ACUTE EXERCISE
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histone proteins respectively. The phosphorylation of
histone proteins, especially in the tail regions of histones
H3 and H4 (65, 67), is also an important epigenetic mod-
ification. Other modifications include SUMOylation and
ubiquitination, but methylation (of DNA and histones)
and acetylation of histones after acute exercise are the
most studied to date (65, 67). The enzymes that catalyze
these modifications include DNA methyltransferases
(DNMTs), which increase DNA methylation (hypermeth-
ylation) (FIGURE 11), with DNMT 3a and 3b involved in
de novo methylation and DNMT1 responsible for main-
taining methylation, whereas the ten-eleven transloca-
tion (TET) enzymes TET1, 2, and 3 remove methyl

groups (hypomethylation). For histone modifications, im-
portant enzymes adding acetyl groups are the histone
acetyltransferases or HATs (e.g., GNAT, MYST, and
P300/CREB families) and those responsible for remov-
ing acetyl groups are the histone deacetylases or
HDACs (including class I, II, II, and IV HDACs). Increased
methylation to DNA, especially, for example, in CpG
islands within promoter regions (and/or enhancers), is
generally associated with reduced gene expression due
to the recruitment of CpG methyl binding proteins that
inhibit binding of the transcriptional apparatus (i.e., RNA
polymerase and associated transcription factors), as well
as a tightening of the adjacent chromatin (954, 955).

FIGURE 9. Overview of major exercise-induced signal transduction pathways in skeletal muscle that arise from factors intrinsic and extrinsic to the
exercising muscle. The onset of myofibrillar activity via shortening (concentric) and lengthening (eccentric) contractions during exercise results in a mi-
lieu of biochemical and biophysical stimuli localized within the contracting muscle cells, and elicit changes in circulating factors extrinsic to the exercis-
ing muscle. These perturbations in whole body and skeletal muscle homeostasis lead to the activation of networks of signaling molecules including
protein kinases, phosphatases, and deacetylases, which are integrated into physiological processes by downstream targets, including transcription fac-
tors, coregulators and repressors that in turn regulate a myriad of pre- and post-transcriptional and pre- and posttranslational processes. The relative
activation, contribution, and magnitude of the described pathways and downstream targets are dependent on the intensity, duration, and mode of the
exercise stimulus, and on imposed environmental variables. Here, linear pathways are depicted, but in fact, these pathways demonstrate some degree
of dependence, cross talk, interference, and redundancy in their regulation, making the exact contribution of each signaling pathway to measured
changes in gene expression difficult to isolate. PHDs, prolyl hydroxylases; CaM, calmodulin; SIRT, sirtuin; GH, growth hormone; IGF-IR, insulin-like
growth factor-I receptor; b-AR, b-adrenergic receptor; AR, androgen receptor; DGK, diacylglycerol kinase; mTORC1, mechanistic target of rapamycin
complex 1; MPB, muscle protein breakdown; MPS, muscle protein synthesis; UPS, ubiquitin-proteasome system; FAK, focal adhesion kinase; PA, phos-
phatidic acid; RONS, reactive oxygen species and nitrogen species. Image was created with BioRender.com, with permission.
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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.” 

© 1936 Nature Publishing Group

32 NATURE jULY 4, 1936 

(I) If tissue cells are brought from their liquid 
culture medium, after several washings, into a 
medium free from electrolytes, then within a few 
seconds the following phenomena, consisting of three 
main effects, take place: (a) an assumption of 
globular form by the cells; (b) the appearance of a 
vivid Brownian movement of the granules and 
vacuoles in the cytoplasm, as a sign of a maximal 
reduction of the viscosity in consequence of a dis-
charge with simultaneous increasing absorption of 
water; (c) a process of slow coagulation in the 
cytoplasm, which manifests itself in the appearance 
of new particles in vivid Brownian movement, which 
continuously incrt')ase in size. The gradual multipli-
cation and increase of the particles is best seen with 
dark field illumination, but the vivid Brownian move-
ment is also well seen with direct illumination. 

(2) In some of the cells which have become 
globular, there occurs a bursting of the cell, with 
extrusion of liquid contents containing particles in 
Brownian movement (analogous to hypotonic 

with extrusion of Some-
times the torn parts adhere together again after 
diminution of the interior pressure. 

(3) The presence of non-electrolytes in the medium 
(nf36-nf!2 dextrose: nf5-nf! urea) does not 
hinder the appearance of the phenomena described, 
but naturally reduces the activity of the Brownian 
movement in the cytoplasm. 

(4) The phenomena described are reversible. The 
reversal can be produced after several minutes by 
means of Ringer solution, nf!O sodiwn chloride, or 
n/10 sodium bromide. The cells regain their former 
shape extremely quickly, with immediate stoppage of 
the Brownian movement in the cytoplasm. The cells 
then show normal vital staining. 

(5) The phenomena can only be produced with 
living and not with dead cells. Failure is a sure sign 
of cell death. 

The results of these experiments prove the justness 
of the above assumptions. Furthermore, they show 
that hypotonic is only a special case of a 
general phenomenon in tissue cells. They reveal, 
furthermore, a fundamental property of tissue cells 
in which the salt ions of the tissue liquid participate 
decisively in the maintenance of the particle charge 
of the protoplasm. 

Anatomical Institute, 
Turin. 

H. GROSSFELD. 

A Syndrome produced by Diverse Nocuous Agents 
ExPERIMENTS on rats show that if the organism 

is severely damaged by acute non-specific nocuous 
agents such as exposure to cold, surgical injury, 
production of spinal shock (transcision of the 
cord), excessive muscular exercise, or intoxications 
with sublethal doses of diverse drugs (adrenaline, 
atropine, morphine, formaldehyde, etc.), a typical 
syndrome appears, the symptoms of which are 
independent of the nature of the damaging agent or 
the pharmacological type of the drug employed, and 
represent rather a response to damage as such. 

This syndrome develops in three stages : during 
the first stage, 6-48 hours after the initial injury, one 
observes rapid decrease in size of the thymus, spleen, 
lymph glands and liver ; disappearance of fat tissue ; 
redema formation, especially in the thymus and loose 
retroperitoneal connective tissue ; accumulation of 
pleural and peritoneal transudate ; loss of muscular 

tone ; fall of body temperature ; formation of acute 
erosions in the digestive tract, particularly in the 
stomach, small intestine and appendix ; loss of 
cortical lipoids and chromaffin substance from the 
adrenals ; and sometimes of the skin, 
exophthalmos, increased lachrymation and saliva-
tion. In particularly severe cases, focal necrosis of 
the liver and dense clouding of the crystalline lens 
are observed. 

In the second stage, beginning 48 hours after the 
injury, the adrenals are greatly enlarged but regain 
their lipoid granules, while the medullary chromaffin 
cells show vacuolization ; the redema begins to dis-
appear ; numerous basophiles appear in the pituitary ; 
the thyroid shows a tendency towards hyperplasia 
(more marked in the guinea pig) ; general body 
growth ceases and the gonads become atrophic ; in 
lactating animals, milk secretion stops. It would 
seem that the anterior pituitary ceases production of 
growth and gonadotropic hormones and prolactin in 
favour of increased elaboration of thyrotropic and 
adrenotropic principles, which may be regarded as 
more urgently needed in such emergencies. 

If the treatment be continued with relatively small 
doses of the drug or relatively slight injuries, the 
animals will build up such resistance that in the later 
part of the second stage the appearance and function 
of their organs returns practically to normal; but 
with further continued treatment, after a period of 
one to three months (depending on the severity of 
the damaging agent}, the animals lose their resistance 
and succwnb with symptoms similar to those seen 
in the first stage, this phase of exhaustion being 
regarded as the third stage of the syndrome. 

We consider the first stage to be the expression of 
a general alarm of the organism when suddenly con-
fronted with a critical situation, and therefore term 
it the 'general alarm reaction'. Since the syndrome 
as a whole seems to represent a generalised effort of 
the organism to adapt itself to new conditions, it 
might be termed the 'general adaptation syndrome'. 
It might be compared to other general defence re-
actions such as inflammation or the formation of 
immune bodies. The symptoms of the alarm reaction 
are very similar to those of histamine toxicosis or of 
surgical or anaphylactic shock ; it is therefore not 
unlikely that an essential part in the initiation of the 
syndrome is the liberation of large quantities of 
histamine or some similar substance, which may be 
released from the tissues either mechanically in 
surgical injury, or by other means in other cases. It 
seems to us that more or less pronounced forms of 
this three-stage reaction represent the usual response 
of the organism to stimuli such as temperature 
changes, drugs, muscular exercise, etc., to which 
habituation or inurement can occur. 

Department of Biochemistry, 
McGill University, 
Montreal, Canada. 

May 18. 

HANS SELYE. 

Estimation of Fatty Acids in Organic Mixtures 

FoR the determination of the volatile fatty acids 
in cheese, it is usual to subject the acidified cheese 
mush to a normal steam distillation at constant 
volume. In this laboratory, it is the custom to 
collect a volume of distillate equal to three times 
the volume of the liquid in the distillation flask, and 
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February, 1946 ADAPTATION SYNDROME 123

factual evidence that it is almost impossible to determine exactly what
phenomena they observed. It appears, however, that their concept came
very close to what Cannon (89, 90) termed ' 'homeostasis." Lassabli&re
(354) found that injection of such "nutrients" as 40 per cent glucose,
rice water, wine, beer, organ extracts, milk, etc., increases the resistance
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PLATE I. Schematic representation of the changes in specific (full line) and crossed
(dotted line) resistance during the three stages of the general adaptation syndrome

The progress of time is indicated along the abscissa and the degree of resistance along
the ordinate. Note that specific resistance to the agent with which the animal is treated
decreases during the shock phase of the alarm reaction and increases during the counter-
shock phase, reaching its maximum during the stage of resistance; in the stage of ex-
haustion, it falls below normal and finally, death ensues. Crossed resistance, to agents
other than that with which pretreatment occurred, falls even lower than the specific
resistance during the shock phase, rises but slightly during the counter-shock phase and
is definitely subnormal in the stage of resistance. This indicates that while resistance to
one agent (specific) is acquired by pretreatment with this same agent, resistance to
other stimuli (crossed resistance) falls below the normal level (horizontal line).

of mice to cobra venom, a phenomenon which he described as "tropho-
phylaxis."

In 1913, the Belgian histologist Dustin (160, 161) began a series of
studies on the effect of certain drugs on nuclear pyknosis and mitotic di-
vision. He concluded that certain drugs, which he termed "poisons caryo-
clasiques," increase the number of pyknoses, especially in the thymus and
lymph glands and decreased the number of mitotic figures. He and his
followers designate this response "crise caryoclasique" (73, 95, 104, 140,
160a, 162, 242, 243). Later, however, regeneration with an increase in the
number of mitoses occurs. More recently, it was concluded that some of

glands (i.e. source of catecholamines and glucocorti-
coids), atrophy of the thymus, and lymph nodes (due
to the now well-known effects of glucocorticoids 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 indiscriminately,
commenting that “it was hard to get acceptance in

the 1940s – now it is almost 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 neuroendocrine 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. Thus, in keeping with the original
concept of Selye, it is important that researchers
should use more than one agent/stressor before
describing the response as “stress”.

Catecholamines and “steroids” versus
glucocorticoids

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. The 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 24h. Note the marked

enlargement of the adrenals (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).
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Figure 3. Illustration of the specific and non-specific (stressor)

effect of various agents (modified from Szabo 1998).
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coids), atrophy of the thymus, and lymph nodes (due
to the now well-known effects of glucocorticoids on
lymphocytes) as well as gastroduodenal erosions or
ulcers (Selye 1943c, 1950, 1976) (Figure 4).
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stressors. He was concerned that reviewers/editors of
reputable scientific journals would allow the label of
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would more likely be an effect of “cold” as such, or a
specific action of ether, if no other stressors were
investigated. Thus, in keeping with the original
concept of Selye, it is important that researchers
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describing the response as “stress”.
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enlargement of the adrenals (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. Illustration of the specific and non-specific (stressor)

effect of various agents (modified from Szabo 1998).
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Szabo et al. Stress. 2012 Sep;15(5):472-8

creativity and originality in medical research (Selye
1975). Selye was surely an “outlier” by recent
definitions (Gladwell 2008), working extremely hard
and meeting the “10,000 h” rule as the most
productive and creative people did in the 20th 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 includingmost traditional
holidays. Thus, 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
pointing out that although he discovered the “biologic
stress response,” he was not the first to use the word
“stress” (Selye 1950, 1956, 1976). His historic article
three quarters of a century ago (Selye, July 4 1936)

had the title: “A syndrome produced by diverse
nocuous agents”. This 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. The word “stress” was not
used, but his first comprehensive monograph (Selye
1950) on the subject published in 1950 in Montreal
had the short title “Stress” (Figure 2). This 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 Montreal 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 connections with
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. (Modified from: A personal reminiscence by Dr Istvan Berczi). Selye was

born January 26, 1907, Vienna, Austria and died October 16, 1982, Montreal, 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 glucocorticoids and pro-inflammatory
action of mineralocorticoids (CanMed Assoc J, 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).
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focus on the following de!nitions of stress: good stress, tolerable stress, and toxic 
stress (Box 4.1).

Good stress, also known as “eustress,” is a term used in popular language to refer 
to the experience of rising to a challenge, taking a risk and feeling rewarded by an 
often positive outcome. Good self-esteem and good impulse control and decision- 
making capability, all functions of a healthy architecture of the brain, are important 
here. Even adverse outcomes can be “growth experiences” for individuals with such 
positive, adaptive characteristics.

Perhaps halfway down the spectrum of stress is “tolerable stress,” which refers to 
those situations where bad things happen, but an individual is able to cope, often 
with the aid of family, friends and other individuals who provide support. Here we 
can also introduce the term “distress” that refers to the uncomfortable feeling related 
to the nature of the stressor and the degree to which the individual feels a lack of 
ability to in"uence or control the stressor (Lazarus and Folkman 1984).

Finally, “toxic stress,” on the extreme end of the stress spectrum, refers to the 
situation in which bad things happen to an individual who has limited support. In 
this case, previous life experience may have resulted in neurophysiological changes 
that can impair the development of good impulse control and judgment and ade-
quate self-esteem, all known to help modulate the negative effects of stress. Here, 
the degree and/or duration of “distress” may be greater. With “toxic stress,” the 

Box 4.1 Types of Stress
Positive stress

 – A personal challenge that has a satisfying outcome
 – Result: Sense of mastery and control
 – HEALTHY BRAIN ARCHITECTURE
 – Good self-esteem, judgment, and impulse control

Tolerable stress

 – Adverse life events buffered by supportive relationships
 – Result: Coping and recovery
 – HEALTHY BRAIN ARCHITECTURE
 – Good self-esteem, judgment, and impulse control

Toxic stress

 – Unbuffered adverse events of greater duration and magnitude
 – Result: Poor coping and compromised recovery
 – Result: Increased life-long risk for physical and mental disorders
 – COMPROMISED BRAIN ARCHITECTURE
 – Dysregulated physiological systems

4 What Is Stress?
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What this nonlinearity means is that when any one mediator is increased or 
decreased, there are compensatory changes in the other mediators that depend on time 
course and level of change of each of the mediators (McEwen 2006). Unfortunately, 
biomedical technology cannot yet measure all components of this system simultane-
ously and must rely on measurements of only a few of them in any one study, or their 
secondary consequences (McEwen and Seeman 1999). Yet the nonlinearity must be 
kept in mind in interpreting the results. One approach is to “tap into” these mediators, 
and their surrogates, and obtain a broader picture of the network of allostasis is the 
“allostatic load battery” (McEwen and Seeman 1999; Seeman et al. 2010).

A further important aspect of the mediators of allostasis is the biphasic nature of 
many of their effects, a concept embodied by the term “hormesis” (Calabrese 2008) 
and represented very clearly for cortisol (Joels 2006) and for pro- and anti- 
in"ammatory cytokines, e.g., interleukin-6 (Campbell et al. 1993; Moidunny et al. 
2010; Patterson 1992).

4.5  Stress: An Ecological Perspective

The operation of allostasis in the natural world provides some insight into how ani-
mals use this response to their own bene#t or for the bene#t of the species. As an 
example of allostasis, in springtime, a sudden snowstorm causes stress to birds and 

CNS function 
 e.g. Cognition 
       Depression 
       Aging 
       Diabetes 
       Alzheimer's

Cortisol

DHEA

Sympathetic

Parasympathetic

Cardiovascular function 
   e.g. Endothelial cell damage 
          Atherosclerosis

Metabolism 
   e.g. Diabetes
          Obesity

Inflammatory cytokines

Anti-inflammatory cytokines

Oxidative stress

Immune function 
e.g. Immune enhancement 
        Immune suppression

Fig. 4.2 Multiple interacting mediators and nonlinearity of interactions between them. Arrows 
represent direct and indirect regulatory in"uences of one mediator system upon the other systems. 
At the corners of the #gure are listed some of the body systems that are concurrently affected by 
these mediators and their dysregulation
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Seiler et al. "The impact of everyday stressors on the immune system and health." Stress 
challenges and immunity in space: From mechanisms to monitoring and preventive 
strategies (2020): 71-92.
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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…
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February, 1946 ADAPTATION SYNDROME 123

factual evidence that it is almost impossible to determine exactly what
phenomena they observed. It appears, however, that their concept came
very close to what Cannon (89, 90) termed ' 'homeostasis." Lassabli&re
(354) found that injection of such "nutrients" as 40 per cent glucose,
rice water, wine, beer, organ extracts, milk, etc., increases the resistance

« o

V
LU
O

13
tr .+ \+

SHOCK COUNTER
SHOCK

STAGE :ALARM REACTION STAGE » RESISTANCE STAGE* EXHAUSTION

PLATE I. Schematic representation of the changes in specific (full line) and crossed
(dotted line) resistance during the three stages of the general adaptation syndrome

The progress of time is indicated along the abscissa and the degree of resistance along
the ordinate. Note that specific resistance to the agent with which the animal is treated
decreases during the shock phase of the alarm reaction and increases during the counter-
shock phase, reaching its maximum during the stage of resistance; in the stage of ex-
haustion, it falls below normal and finally, death ensues. Crossed resistance, to agents
other than that with which pretreatment occurred, falls even lower than the specific
resistance during the shock phase, rises but slightly during the counter-shock phase and
is definitely subnormal in the stage of resistance. This indicates that while resistance to
one agent (specific) is acquired by pretreatment with this same agent, resistance to
other stimuli (crossed resistance) falls below the normal level (horizontal line).

of mice to cobra venom, a phenomenon which he described as "tropho-
phylaxis."

In 1913, the Belgian histologist Dustin (160, 161) began a series of
studies on the effect of certain drugs on nuclear pyknosis and mitotic di-
vision. He concluded that certain drugs, which he termed "poisons caryo-
clasiques," increase the number of pyknoses, especially in the thymus and
lymph glands and decreased the number of mitotic figures. He and his
followers designate this response "crise caryoclasique" (73, 95, 104, 140,
160a, 162, 242, 243). Later, however, regeneration with an increase in the
number of mitoses occurs. More recently, it was concluded that some of
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MODULAZIONE SISTEMA 
IMMUNITARIO

MIGLIORAMENTO UMORE

STRESS ECCESSIVO SUL 
SISTEMA IMMUNITARIO

PEGGIORAMENTO UMORE
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Immunità Innata

•Prima linea di difesa: è sempre presente e pronta a 
rispondere alle minacce.
•Meccanismi aspecifici: non distingue tra diversi 
patogeni.
•Barriere fisiche e chimiche: pelle, mucose, succhi 
gastrici, etc.
•Cellule fagocitiche: neutrofili, macrofagi, etc. inglobano 
e distruggono i patogeni.
•Risposta infiammatoria: arrossamento, gonfiore, calore 
e dolore.
•Citochine: proteine che orchestrano la risposta 
immunitaria.

Immunità Acquisita

•Si sviluppa dopo l'esposizione a un patogeno.
•Specificità: è rivolta contro un patogeno specifico.
•Memoria immunologica: ricorda i patogeni incontrati in 
passato.
•Linfociti: cellule B e T che producono anticorpi e mediano la 
risposta immunitaria.
•Anticorpi: proteine che si legano ai patogeni e li neutralizzano.
•Vaccini: stimolano l'immunità acquisita in modo sicuro e 
controllato.

SISTEMA IMMUNITARIO



Paoli A. Dranoff G. Nat Rev Cancer. 2004 Jan;4(1):11-22.

Sistema immunitario
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virus

Primorac et al. Front Immunol. 2022 May 4;13:848582
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Previews

The Immune-Mind Connection

Saiyu Hang1 and Jun R. Huh1,2,*
1Department of Immunology, Blavatnik Institute, Harvard Medical School, Boston, MA 02115, USA
2Evergrande Center for Immunological Diseases, Harvard Medical School and Brigham and Women’s Hospital, Boston, MA 02115, USA
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How does stress promote anxiety? In this issue of Cell, Fan et al. report that immune cells have a
direct role in this process. They show that chronic stress promotes mitochondrial fission in CD4+

T cells, causing increased synthesis of xanthine, which acts on the brain and induces anxiety-like
behaviors.

Exposure to stressful and traumatic
events can lead to pathological condi-
tions such as post-traumatic stress dis-
order and depression (Hammen, 2005;
Pitman et al., 2012). But how does stress
lead to changes in brain function and
behaviors? Accumulating data both in
human and animal models suggest
that the immune system plays a critical
role in mediating these stress-induced
phenotypes. For example, stress stimu-
lates inflammatory immune responses,
including the release of cytokines, which
in turn are implicated in avoidance
behavioral responses (Miller and Raison,
2016). This unexpected connection be-
tween stress and the immune response
may be rooted in the perilous environ-
ments of our ancestors to promote
survival, whereas in present day, it may
underlie increased anxiety and depres-
sion (Raison and Miller, 2013). Consistent
with this, treating depression patients
with Infliximab, a monoclonal antibody
targeting the inflammatory cytokine
tumor necrosis factor alpha (TNF-a), pro-
duced significant improvements (Raison
et al., 2013).
Recent advances in the emerging field of

neuroimmunology have also begun to
elucidate themechanismsbywhich thepe-
ripheral immune system interactswithboth
theperipheral and central nervous systems
and influences animal behaviors. In this
issue of Cell, Fan et al. (2019) present
another provocative model connecting
the immune system and anxiety. They
demonstrate that changes in themitochon-
drial function of CD4+ T cells increase the
production of xanthine (a purine base) and
result in chronic stress-induced anxiety-
like behaviors in mice (Figure 1). To induce
chronic stress in mice, Fan et al. used an

electric foot shock or a restraint stress
model. Thesemanipulationswere followed
by two behavioral tests to quantify anxiety-
like behaviors: the open field arena and the
elevated plus maze tests (Figure 1). When
animals are anxious, they are less likely to
venture out to the center of the open field
arena or to explore the open arms of the
plusmaze. Control wild-type (WT)mice ex-
hibited anxiety-like behaviors in both tests
following exposure to either stress model.
In contrast, Rag1-knockout (KO) mice,
which lack adaptive immune T and B cells,
did not display anxiety-like behaviors. To
address which types immune cells are
responsible for stress-induced anxiety-
like behaviors, they treated WT mice with
blocking antibodies to deplete CD4+ or
CD8+ T cells. Depleting CD4+, but not
CD8+, T cells abrogated anxiety-like be-
haviors. Conversely, adoptive transfer of
CD4+ T cells from electric foot shock-
treated, but not from untreated, WT mice
into Rag1-KO recipient mice phenocopied
the anxiety-like behaviors even without
being exposed to stressful conditions,
suggesting that CD4+ T cells are both
necessary and sufficient for chronic
stress-induced anxiety.
To explore the mechanisms by which

CD4+ T cells mediate such anxiety-like
behaviors, Fan et al. performed RNA
sequencing (RNA-seq) analyses on CD4+

T cells isolated from mice exposed to
chronic stress. Compared to T cells from
control mice, those from stress-exposed
mice differentially expressed genes that
are closely associated with mitochondria.
Furthermore, the authors found bothmeta-
bolic and structural changes in the mito-
chondria of CD4+ T cells isolated from
stress-exposed mice. To verify a direct
role for altered mitochondrial function in

promoting anxiety-like behaviors, Fan
et al. took advantage of several genetic ap-
proaches known to affect mitochondrial
morphology and function. For example,
loss of mitoguardin 2 (Miga2) or mitofusin
1/2 (Mfn1/2), genes that promote mito-
chondrial fusion, led to fragmented mito-
chondria phenotypes in CD4+ T cells.
Intriguingly, adoptive transfer of Miga2-
deficient CD4+ T cells into Rag1-KO recip-
ient mice is sufficient to produce anxiety-
like behaviors even though the donor
mice were never exposed to chronic
stress. Furthermore, selective removal of
Miga2 or Mfn1/2 in CD4+ T cells using
T cell-specific Cre also produced both
fragmented mitochondria and anxiety-like
phenotypes. Thus, changes in mitochon-
drial morphology and function in CD4+

T cells alone can cause anxiety-like
behaviors.

Further mechanistic clues came from
the metabolic profiling of serum samples
collected from Miga2-conditional KO
(cKO) mice as well as WT mice exposed
to chronic stressful conditions. Both ana-
lyses found increased levels of xanthine, a
product of purine metabolism, in the
affected mice. Importantly, treating mice
withxanthineproducedanxiety-likebehav-
iors, while inhibiting the xanthine synthesis
pathway with BCX-1777, a purine nucleo-
side phosphorylase inhibitor, reversed the
anxiety-like behaviors observed in Miga2-
cKOorWTmiceexposed tochronic stress.
These data demonstrate that xanthine is a
key molecule that influences anxiety-like
behaviors. But how does xanthine affect
brain function? The authors focused on
the amygdala, based on its previous
connection to mood-related behaviors
and stress responses. Single-cell RNA-
seq analysis performed with cells isolated
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from the amygdala revealed high expres-
sion of receptors for adenosine (and
xanthine), including Adora1, in oligoden-
drocytes. These results implicate the
Adora1 receptor on oligodendrocytes as
playing a role in xanthine-induced anxi-
ety-likebehaviors. Indeed, a stereotaxic in-
jectionof short hairpinRNA (shRNA) target-
ing Adora1 in the amygdala of Miga2-KO
mice not only reduced Adora1 mRNA
expression in the amygdala but also pre-
vented the development of anxiety-like
behavioral phenotypes.
All in all, repeated exposure to stressful

conditions resulted in changes in both
the function and the morphology of
mitochondria in CD4+ T cells, leading to
increased levels of xanthine in the sera
of affected mice that act on the amygdala
to induce anxiety-like behaviors (Figure 1).
But how do changes in mitochondrial
morphology and metabolism lead to
increased xanthine production? The au-
thors noted that T cells from Miga2-cKO
mice had decreased expression of genes
involved in glycolytic and fatty acid oxida-
tion pathways. By contrast, expression
levels of those involved in the purine syn-
thesis pathway such as purine nucleoside
phosphorylase 2 (Pnp2) were increased.
In addition, the authors found that
both Miga2 deficiency and exposure to
repeated stress increased protein expres-
sion of interferon regulatory factor 1
(IRF1), a key transcription factor driving
expression of various enzymes including
Pnp2, needed for xanthine synthesis.
Consistent with these findings, removal
of Pnp2 or IRF1 in Miga2-deficient
T cells abrogated their ability to induce
anxiety-like behaviors.
Fan et al. identified an intriguing mech-

anism by which immune cells in the pe-
riphery communicate with cells in the
brain by producing the purine derivative
xanthine and contributing to chronic
stress-induced anxiety. However, studies
are needed to determine how repeated
exposure to stress affects mitochondrial
function in T cells. They showed that

increased LTB4 levels correlated with
this process, but questions remain as to
the mechanisms by which stress is
sensed, what cell types respond by pro-
ducing LTB4, and how increased levels
of LTB4 lead to changes in the mitochon-
drial function in CD4+ T cells. In addition,
given the accumulating data suggesting
that the gut microbiome contributes to
depressive-like symptoms in both mice
and humans (Marin et al., 2017; Zheng
et al., 2016), it will also be interesting to
investigate the modulatory roles of the
microbiota in CD4+ T cell-mediated,
stress-induced anxiety.
Most drugs developed so far to treat

anxiety disorders or depression have
mainly targeted the function of neuro-
transmitters. By doing so, such drugs
modulate neural function in the brain,
but as expected, not all patients are
responsive to them. Recent advances
in the neuroimmunology field have
begun to uncover neuro-modulatory
roles of the peripheral immune system
in controlling brain function (Choi et al.,
2016; Derecki et al., 2010). For those pa-
tients whose symptoms of depression
stem from a heightened immune sys-
tem, the elegant work by Fan et al. pro-
vides a potential new treatment option:
targeting CD4+ T cells to suppress the
synthesis of xanthine and modulate neu-
ral circuit function in the central nervous
system.
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Figure 1. Metabolic Changes in CD4+ TCells
Promote Stress-Induced Anxiety
Chronic stress elevates serum levels of leukotriene
B4 (LTB4), which induces mitochondria-depen-
dent metabolic changes in CD4+ T cells, leading to
increased production of xanthine. Xanthine then
acts on the brain to produce heightened anxiety.
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 WK\ SWUeVV IV Bad IRU YRXU BUaLQ

 RRbeUW M. SaSROVN\

 SXVWaLQed VWUeVV caQ KaYe QXPeURXV SaWK-
 RORJLc eIIecWV. APRQJ WKe PROecXOeV WKaW
 PedLaWe VXcK eIIecWV aUe WKe adUeQaO VWeURLd
 KRUPRQeV, LQcOXdLQJ WKe KXPaQ JOXcRcRUWL-
 cRLd (GC) K\dURcRUWLVRQe. AORQJ ZLWK eSL-
 QeSKULQe (adUeQaOLQe) aQd QRUeSLQeSKULQe,
 GCV aUe eVVeQWLaO IRU VXUYLYLQJ acXWe SK\VLcaO
 VWUeVV (eYadLQJ a SUedaWRU, IRU e[aPSOe) bXW
 WKe\ Pa\ caXVe adYeUVe eIIecWV ZKeQ VecUe-
 WLRQ LV VXVWaLQed, VXcK aV ZKeQ ZaLWLQJ WR
 KeaU abRXW a JUaQW UeQeZaO (1).

 E[ceVVLYe e[SRVXUe WR GCV KaV adYeUVe
 eIIecWV LQ WKe URdeQW bUaLQ, SaUWLcXOaUO\ LQ WKe
 KLSSRcaPSXV, a VWUXcWXUe YLWaO WR OeaUQLQJ aQd
 PePRU\ aQd SRVVeVVLQJ KLJK cRQceQWUaWLRQV
 RI UeceSWRUV IRU GCV (2). A IeZ da\V RI VWUeVV
 RU GC RYeUe[SRVXUe "eQdaQJeUV" KLSSRcaP-
 SaO QeXURQV, cRPSURPLVLQJ WKeLU abLOLW\ WR VXU-
 YLYe VeL]XUeV RU LVcKePLa; aV WKe OLNeO\ XQdeU-
 SLQQLQJ RI WKLV, WKe VWeURLdV ZRUVeQ WKe SRRU
 UeJXOaWLRQ RI JOXWaPaWe aQd caOcLXP WKaW Rc-
 cXUV dXULQJ VXcK QeXURORJLc LQVXOWV. OYeU WKe
 cRXUVe RI ZeeNV, e[ceVV GC UeYeUVLbO\ caXVeV
 aWURSK\ RI KLSSRcaPSaO deQdULWeV, ZKeUeaV
 GC RYeUe[SRVXUe IRU PRQWKV caQ caXVe SeU-
 PaQeQW ORVV RI KLSSRcaPSaO QeXURQV. AO-
 WKRXJK a IeZ VWXdLeV VXJJeVW WKaW VLPLOaU eI-
 IecWV RccXU LQ WKe bUaLQV RI SULPaWeV (3), WKeUe
 KaV beeQ YLUWXaOO\ QR eYLdeQce IRU GC-LQ-
 dXced daPaJe LQ WKe KXPaQ. SRPe QeZ, e[-
 cLWLQJ VWXdLeV SUeVeQW WKe ILUVW VXcK eYLdeQce.

 A ILUVW e[aPSOe, UeceQWO\ SXbOLVKed b\
 SKeOLQe aQd cROOeaJXeV aW WaVKLQJWRQ UQL-
 YeUVLW\ ScKRRO RI MedLcLQe, cRQceUQV PaMRU
 deSUeVVLRQ (4). ASSUR[LPaWeO\ KaOI RI deSUeV-
 VLYe SaWLeQWV VWXdLed VecUeWe abQRUPaOO\ KLJK
 aPRXQWV RI GCV. AOWKRXJK LQYeVWLJaWRUV Kad
 VeaUcKed ZLWK PaJQeWLc UeVRQaQce LPaJLQJ
 (MRI) IRU KLSSRcaPSaO aWURSK\ LQ deSUeV-
 VLYeV, WKeVe VWXdLeV cRXOd QRW dLVWLQJXLVK WKe
 KLSSRcaPSXV IURP QeLJKbRULQJ VWUXcWXUeV RU
 XVed JeULaWULc deSUeVVLYeV ZLWK bUaLQ-ZLde
 aWURSK\ IURP aQ aUUa\ RI dLVeaVeV. TKe aX-
 WKRUV RI WKe QeZ VWXd\ UeSRUW MRIV ZLWK IaU
 PRUe UeVROXWLRQ WKaQ LQ SUeYLRXV VWXdLeV aQd
 KaYe e[cOXded LQdLYLdXaOV ZLWK QeXURORJLc,
 PeWabROLc, RU eQdRcULQe dLVeaVeV. TKe\ KaYe
 IRXQd VLJQLILcaQW UedXcWLRQV LQ WKe YROXPe
 RI bRWK KLSSRcaPSL (12% LQ WKe ULJKW aQd
 15% LQ WKe OeIW) ZKeQ cRPSaULQJ LQdLYLdXaOV
 ZLWK a KLVWRU\ RI deSUeVVLRQ WR aJe-, edXca-
 WLRQ-, JeQdeU-, aQd KeLJKW-PaWcKed cRQWUROV.
 NR cKaQJe LQ RYeUaOO bUaLQ YROXPe ZaV Rb-
 VeUYed. TKe LQdLYLdXaOV VWXdLed Kad beeQ

 TKe aXWKRU LV LQ WKe DeSaUWPeQW RI BLRORJLcaO ScLeQceV,
 SWaQIRUd UQLYeUVLW\, SWaQIRUd, CA 94305, USA.

 deSUeVVLRQ-IUee IRU PRQWKV RU decadeV aQd, aW
 WKe WLPe RI WKe VWXd\, Kad QRUPaO GC cRQ-
 ceQWUaWLRQV. TKe LQYeVWLJaWRUV UXOed RXW VeY-
 eUaO cRQIRXQdLQJ YaULabOeV: aOcRKRO RU VXb-
 VWaQce abXVe, eOecWURcRQYXOVLYe WKeUaS\, aQd
 cXUUeQW XVe RI aQWLdeSUeVVaQWV. RePaUNabO\,
 WKeUe ZaV a VLJQLILcaQW cRUUeOaWLRQ beWZeeQ
 WKe dXUaWLRQ RI WKe deSUeVVLRQ aQd WKe e[-
 WeQW RI aWURSK\ (Vee ILJXUe, WRS SaQeO).

 A VLPLOaU UeOaWLRQ LV VeeQ LQ SaWLeQWV ZLWK
 CXVKLQJ'V V\QdURPe: GCV aUe RYeUSURdXced
 aV a UeVXOW RI a K\SRWKaOaPLc, SLWXLWaU\, adUe-
 QaO, RU SXOPRQaU\ WXPRU, aQd WKeUe LV bLOaW-
 eUaO KLSSRcaPSaO aWURSK\ (5). UQIRUWXQaWeO\,
 IRU cRQWURO YaOXeV WKe aXWKRUV RI WKLV VWXd\
 Kad WR UeO\ RQ cRPSaULVRQV ZLWK SXbOLVKed
 daWa IURP MRI VcaQV. HRZeYeU, aV aQ LPSUeV-
 VLYe LQWePaO cRQWURO, aPRQJ WKe CXVKLQJ-
 RLd LQdLYLdXaOV, WKe e[WeQW RI GC K\SeUVe-
 cUeWLRQ cRUUeOaWed ZLWK WKe e[WeQW RI KLSSR-
 caPSaO aWURSK\ (ZKLcK aOVR cRUUeOaWed ZLWK
 WKe e[WeQW RI LPSaLUPeQW LQ KLSSRcaPSaO-de-
 SeQdeQW cRJQLWLRQ) (Vee ILJXUe, PLddOe SaQeO).
 NR aWURSK\ RccXUUed LQ WKe caXdaWe QXcOeXV,
 a bUaLQ UeJLRQ ZLWK IeZ GC UeceSWRUV (6).

 AddLWLRQaO eYLdeQce RI WKe UeOaWLRQ be-
 WZeeQ GCV aQd KLSSRcaPSaO IXQcWLRQ KaV
 ePeUJed IURP VWXdLeV RI LQdLYLdXaOV ZLWK
 SRVWWUaXPaWLc VWUeVV dLVRUdeU (PTSD). IQ
 VLeWQaP cRPbaW YeWeUaQV ZLWK PTSD,
 BUePQeU aQd cROOeaJXeV IRXQd a VLJQLILcaQW
 8% aWURSK\ RI WKe ULJKW KLSSRcaPSXV (aQd
 QeaU VLJQLILcaQW aWURSK\ RI WKe OeIW) (7). IQ a
 VWXd\ LQ BLRORJLcaO PV\cKLaWU\ (LQ SUeVV),
 GXUYLWV, PLWPaQ, aQd cROOeaJXeV aOVR e[aP-
 LQed VLeWQaP YeWeUaQV ZLWK PTSD aQd IRXQd
 VLJQLILcaQW 22 aQd 26% UedXcWLRQV LQ YROXPeV
 RI WKe ULJKW aQd OeIW KLSSRcaPSL, UeVSecWLYeO\
 (8). FLQaOO\, LQ aQRWKeU VWXd\, aOVR LQ SUeVV LQ
 BLRORJLcaO PV\cKLaWU\, BUePQeU eW aO. IRXQd a
 1:2% aWURSK\ RI WKe OeIW KLSSRcaPSXV LQ
 adXOWV ZLWK PTSD aVVRcLaWed ZLWK cKLOdKRRd
 abXVe (ZLWK QeaU VLJQLILcaQW aWURSK\ LQ WKe
 ULJKW KLSSRcaPSXV) (9). TKe VWXdLeV cRQ-
 WUROOed IRU aJe, JeQdeU, edXcaWLRQ, aQd aOcR-
 KRO abXVe-aQd WKe BUePQeU VWXdLeV UXOed
 RXW deSUeVVLRQ aV a cRQIRXQdLQJ YaULabOe aV
 ZeOO. TKeUe LV VRPe XQceUWaLQW\ aV WR WKe aQa-
 WRPLcaO VSecLILcLW\ RI WKe eIIecW. IQ WKe VWXdLeV
 b\ BUePQeU, WKe UeVXOWV ZeUe RQO\ SUeVeQWed
 aV abVROXWe KLSSRcaPSaO YROXPe, aQd WKeUe
 ZeUe QeaUO\ aV OaUJe (bXW QRQVLJQLILcaQW) Ue-
 dXcWLRQV LQ YROXPeV RI WKe aP\JdaOa, caX-
 daWe QXcOeXV, aQd WePSRUaO ORbe. HRZeYeU,
 WKe VWXd\ b\ GXUYLWV eW aO. VKRZed KLSSRcaP-
 SaO aWURSK\ aIWeU cRUUecWLRQ IRU ZKROe-bUaLQ
 YROXPe, ZLWK QR aWURSK\ LQ WKe aP\JdaOa.
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 MRQWKV RI cRPbaW e[SRVXUe
 DR VWUeVV-LQdXced JOXcRcRUWLcRLdV caXVe
 bUaLQ aWURSK\? ReOaWLRQ beWZeeQ KLSSRcaPSaO
 YROXPe aQd (WRS) dXUaWLRQ RI deSUeVVLRQ aPRQJ
 LQdLYLdXaOV ZLWK a KLVWRU\ RI PaMRU deSUeVVLRQ
 [IURP (4)], (PLddOe) e[WeQW RI cRUWLVRO K\SeUVecUe-
 WLRQ aPRQJ CXVKLQJRLd SaWLeQWV [adaSWed IURP
 (5)], aQd (bRWWRP) dXUaWLRQ RI cRPbaW e[SRVXUe
 aPRQJ YeWeUaQV ZLWK RU ZLWKRXW a KLVWRU\ RI SRVW-
 WUaXPaWLc VWUeVV dLVRUdeU [IURP (7)]. CRUWLVRO LV
 aQRWKeU WeUP IRU WKe KXPaQ GO K\dURcRUWLVRQe.

 IW LV QRW cOeaU ZKeWKeU WKe aWURSK\ LV aVVR-
 cLaWed ZLWK WUaXPa (cRPbaW RU abXVe) RU ZLWK
 VXccXPbLQJ WR PTSD (ZKLcK RccXUV LQ 5 WR
 20% RI VXcK WUaXPaWL]ed LQdLYLdXaOV). IQ WKe
 GXUYLWV VWXd\, cRQWURO JURXSV cRQVLVWed RI
 KeaOWK\ YROXQWeeUV (PaWcKed IRU aJe, edXca-
 WLRQ, aQd RWKeU cKaUacWeULVWLcV) aQd PaWcKed
 YeWeUaQV ZLWK a KLVWRU\ RI cRPbaW e[SRVXUe
 bXW QR PTSD. IQ WKe cRPbaW YeWeUaQV, bRWK
 ZLWK aQd ZLWKRXW PTSD, ORQJeU dXUaWLRQV RI
 cRPbaW ZeUe aVVRcLaWed ZLWK VPaOOeU KLSSR-
 caPSL (Vee ILJXUe, bRWWRP SaQeO). HRZeYeU,
 becaXVe WKe PTSD SaWLeQWV VXVWaLQed ORQJeU
 cRPbaW e[SRVXUe WKaQ dLd WKe cRQWUROV ZKR
 Kad e[SeULeQced cRPbaW bXW dLd QRW KaYe
 PTSD, LW ZaV LPSRVVLbOe WR dLVVRcLaWe cRPbaW
 IURP PTSD aV a SUedLcWRU RI aWURSK\. IQ cRQ-
 WUaVW, LQ WKe BUePQeU cRPbaW VWXd\ (LQ ZKLcK
 WKeUe ZaV QR QRQ-PTSD cRPbaW cRQWURO

 WQeQW RI aWURSK\- ^E]. FeEA>ES^E AY[LQaOO,R- LQ.5 WKe cLOdKRR abXVe \ L: ' L '
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 WK\ SWUeVV IV Bad IRU YRXU BUaLQ

 RRbeUW M. SaSROVN\

 SXVWaLQed VWUeVV caQ KaYe QXPeURXV SaWK-
 RORJLc eIIecWV. APRQJ WKe PROecXOeV WKaW
 PedLaWe VXcK eIIecWV aUe WKe adUeQaO VWeURLd
 KRUPRQeV, LQcOXdLQJ WKe KXPaQ JOXcRcRUWL-
 cRLd (GC) K\dURcRUWLVRQe. AORQJ ZLWK eSL-
 QeSKULQe (adUeQaOLQe) aQd QRUeSLQeSKULQe,
 GCV aUe eVVeQWLaO IRU VXUYLYLQJ acXWe SK\VLcaO
 VWUeVV (eYadLQJ a SUedaWRU, IRU e[aPSOe) bXW
 WKe\ Pa\ caXVe adYeUVe eIIecWV ZKeQ VecUe-
 WLRQ LV VXVWaLQed, VXcK aV ZKeQ ZaLWLQJ WR
 KeaU abRXW a JUaQW UeQeZaO (1).

 E[ceVVLYe e[SRVXUe WR GCV KaV adYeUVe
 eIIecWV LQ WKe URdeQW bUaLQ, SaUWLcXOaUO\ LQ WKe
 KLSSRcaPSXV, a VWUXcWXUe YLWaO WR OeaUQLQJ aQd
 PePRU\ aQd SRVVeVVLQJ KLJK cRQceQWUaWLRQV
 RI UeceSWRUV IRU GCV (2). A IeZ da\V RI VWUeVV
 RU GC RYeUe[SRVXUe "eQdaQJeUV" KLSSRcaP-
 SaO QeXURQV, cRPSURPLVLQJ WKeLU abLOLW\ WR VXU-
 YLYe VeL]XUeV RU LVcKePLa; aV WKe OLNeO\ XQdeU-
 SLQQLQJ RI WKLV, WKe VWeURLdV ZRUVeQ WKe SRRU
 UeJXOaWLRQ RI JOXWaPaWe aQd caOcLXP WKaW Rc-
 cXUV dXULQJ VXcK QeXURORJLc LQVXOWV. OYeU WKe
 cRXUVe RI ZeeNV, e[ceVV GC UeYeUVLbO\ caXVeV
 aWURSK\ RI KLSSRcaPSaO deQdULWeV, ZKeUeaV
 GC RYeUe[SRVXUe IRU PRQWKV caQ caXVe SeU-
 PaQeQW ORVV RI KLSSRcaPSaO QeXURQV. AO-
 WKRXJK a IeZ VWXdLeV VXJJeVW WKaW VLPLOaU eI-
 IecWV RccXU LQ WKe bUaLQV RI SULPaWeV (3), WKeUe
 KaV beeQ YLUWXaOO\ QR eYLdeQce IRU GC-LQ-
 dXced daPaJe LQ WKe KXPaQ. SRPe QeZ, e[-
 cLWLQJ VWXdLeV SUeVeQW WKe ILUVW VXcK eYLdeQce.

 A ILUVW e[aPSOe, UeceQWO\ SXbOLVKed b\
 SKeOLQe aQd cROOeaJXeV aW WaVKLQJWRQ UQL-
 YeUVLW\ ScKRRO RI MedLcLQe, cRQceUQV PaMRU
 deSUeVVLRQ (4). ASSUR[LPaWeO\ KaOI RI deSUeV-
 VLYe SaWLeQWV VWXdLed VecUeWe abQRUPaOO\ KLJK
 aPRXQWV RI GCV. AOWKRXJK LQYeVWLJaWRUV Kad
 VeaUcKed ZLWK PaJQeWLc UeVRQaQce LPaJLQJ
 (MRI) IRU KLSSRcaPSaO aWURSK\ LQ deSUeV-
 VLYeV, WKeVe VWXdLeV cRXOd QRW dLVWLQJXLVK WKe
 KLSSRcaPSXV IURP QeLJKbRULQJ VWUXcWXUeV RU
 XVed JeULaWULc deSUeVVLYeV ZLWK bUaLQ-ZLde
 aWURSK\ IURP aQ aUUa\ RI dLVeaVeV. TKe aX-
 WKRUV RI WKe QeZ VWXd\ UeSRUW MRIV ZLWK IaU
 PRUe UeVROXWLRQ WKaQ LQ SUeYLRXV VWXdLeV aQd
 KaYe e[cOXded LQdLYLdXaOV ZLWK QeXURORJLc,
 PeWabROLc, RU eQdRcULQe dLVeaVeV. TKe\ KaYe
 IRXQd VLJQLILcaQW UedXcWLRQV LQ WKe YROXPe
 RI bRWK KLSSRcaPSL (12% LQ WKe ULJKW aQd
 15% LQ WKe OeIW) ZKeQ cRPSaULQJ LQdLYLdXaOV
 ZLWK a KLVWRU\ RI deSUeVVLRQ WR aJe-, edXca-
 WLRQ-, JeQdeU-, aQd KeLJKW-PaWcKed cRQWUROV.
 NR cKaQJe LQ RYeUaOO bUaLQ YROXPe ZaV Rb-
 VeUYed. TKe LQdLYLdXaOV VWXdLed Kad beeQ

 TKe aXWKRU LV LQ WKe DeSaUWPeQW RI BLRORJLcaO ScLeQceV,
 SWaQIRUd UQLYeUVLW\, SWaQIRUd, CA 94305, USA.

 deSUeVVLRQ-IUee IRU PRQWKV RU decadeV aQd, aW
 WKe WLPe RI WKe VWXd\, Kad QRUPaO GC cRQ-
 ceQWUaWLRQV. TKe LQYeVWLJaWRUV UXOed RXW VeY-
 eUaO cRQIRXQdLQJ YaULabOeV: aOcRKRO RU VXb-
 VWaQce abXVe, eOecWURcRQYXOVLYe WKeUaS\, aQd
 cXUUeQW XVe RI aQWLdeSUeVVaQWV. RePaUNabO\,
 WKeUe ZaV a VLJQLILcaQW cRUUeOaWLRQ beWZeeQ
 WKe dXUaWLRQ RI WKe deSUeVVLRQ aQd WKe e[-
 WeQW RI aWURSK\ (Vee ILJXUe, WRS SaQeO).

 A VLPLOaU UeOaWLRQ LV VeeQ LQ SaWLeQWV ZLWK
 CXVKLQJ'V V\QdURPe: GCV aUe RYeUSURdXced
 aV a UeVXOW RI a K\SRWKaOaPLc, SLWXLWaU\, adUe-
 QaO, RU SXOPRQaU\ WXPRU, aQd WKeUe LV bLOaW-
 eUaO KLSSRcaPSaO aWURSK\ (5). UQIRUWXQaWeO\,
 IRU cRQWURO YaOXeV WKe aXWKRUV RI WKLV VWXd\
 Kad WR UeO\ RQ cRPSaULVRQV ZLWK SXbOLVKed
 daWa IURP MRI VcaQV. HRZeYeU, aV aQ LPSUeV-
 VLYe LQWePaO cRQWURO, aPRQJ WKe CXVKLQJ-
 RLd LQdLYLdXaOV, WKe e[WeQW RI GC K\SeUVe-
 cUeWLRQ cRUUeOaWed ZLWK WKe e[WeQW RI KLSSR-
 caPSaO aWURSK\ (ZKLcK aOVR cRUUeOaWed ZLWK
 WKe e[WeQW RI LPSaLUPeQW LQ KLSSRcaPSaO-de-
 SeQdeQW cRJQLWLRQ) (Vee ILJXUe, PLddOe SaQeO).
 NR aWURSK\ RccXUUed LQ WKe caXdaWe QXcOeXV,
 a bUaLQ UeJLRQ ZLWK IeZ GC UeceSWRUV (6).

 AddLWLRQaO eYLdeQce RI WKe UeOaWLRQ be-
 WZeeQ GCV aQd KLSSRcaPSaO IXQcWLRQ KaV
 ePeUJed IURP VWXdLeV RI LQdLYLdXaOV ZLWK
 SRVWWUaXPaWLc VWUeVV dLVRUdeU (PTSD). IQ
 VLeWQaP cRPbaW YeWeUaQV ZLWK PTSD,
 BUePQeU aQd cROOeaJXeV IRXQd a VLJQLILcaQW
 8% aWURSK\ RI WKe ULJKW KLSSRcaPSXV (aQd
 QeaU VLJQLILcaQW aWURSK\ RI WKe OeIW) (7). IQ a
 VWXd\ LQ BLRORJLcaO PV\cKLaWU\ (LQ SUeVV),
 GXUYLWV, PLWPaQ, aQd cROOeaJXeV aOVR e[aP-
 LQed VLeWQaP YeWeUaQV ZLWK PTSD aQd IRXQd
 VLJQLILcaQW 22 aQd 26% UedXcWLRQV LQ YROXPeV
 RI WKe ULJKW aQd OeIW KLSSRcaPSL, UeVSecWLYeO\
 (8). FLQaOO\, LQ aQRWKeU VWXd\, aOVR LQ SUeVV LQ
 BLRORJLcaO PV\cKLaWU\, BUePQeU eW aO. IRXQd a
 1:2% aWURSK\ RI WKe OeIW KLSSRcaPSXV LQ
 adXOWV ZLWK PTSD aVVRcLaWed ZLWK cKLOdKRRd
 abXVe (ZLWK QeaU VLJQLILcaQW aWURSK\ LQ WKe
 ULJKW KLSSRcaPSXV) (9). TKe VWXdLeV cRQ-
 WUROOed IRU aJe, JeQdeU, edXcaWLRQ, aQd aOcR-
 KRO abXVe-aQd WKe BUePQeU VWXdLeV UXOed
 RXW deSUeVVLRQ aV a cRQIRXQdLQJ YaULabOe aV
 ZeOO. TKeUe LV VRPe XQceUWaLQW\ aV WR WKe aQa-
 WRPLcaO VSecLILcLW\ RI WKe eIIecW. IQ WKe VWXdLeV
 b\ BUePQeU, WKe UeVXOWV ZeUe RQO\ SUeVeQWed
 aV abVROXWe KLSSRcaPSaO YROXPe, aQd WKeUe
 ZeUe QeaUO\ aV OaUJe (bXW QRQVLJQLILcaQW) Ue-
 dXcWLRQV LQ YROXPeV RI WKe aP\JdaOa, caX-
 daWe QXcOeXV, aQd WePSRUaO ORbe. HRZeYeU,
 WKe VWXd\ b\ GXUYLWV eW aO. VKRZed KLSSRcaP-
 SaO aWURSK\ aIWeU cRUUecWLRQ IRU ZKROe-bUaLQ
 YROXPe, ZLWK QR aWURSK\ LQ WKe aP\JdaOa.

 E 2700

 V 2500

 _

 > 2300 -
 LV

 1E 2100
 CZ

 CL1900

 -M 0 LdRR 2000 3000 4d000
 TLPe deSUeVVed (da\V)

 [ . S * -L - L

 _eX .0044
 C:

 (D

 E .00400

 0
 > 0036

 -a

 E .0032-

 C Q . . . . . . .. -.-L..--...-..L. 2 ...L-...V L. . 5..... 0LES Ea
 O 1 700 ? I ^>-EEZO -< -E--S> J > -[Z eE = < H *-- (. . . .S 2. ........ ... ... .. ....... .. LJLL ;....'2,5W,,-(I

 &L.0026 . . 2000 . 4000

 .0024 - 1 2 1 8 24 30 36

 MeaQ SOaVPa cRUWLVRO (JJ/dI)

 .1 2

 __12

 -J040 \ 00 >.0036-aaaa NR PTS

 a 8 0 0

 E O E Y E E ...<.

 Cd

 T 6

 5
 0 10 20 30 40

 MRQWKV RI cRPbaW e[SRVXUe
 DR VWUeVV-LQdXced JOXcRcRUWLcRLdV caXVe
 bUaLQ aWURSK\? ReOaWLRQ beWZeeQ KLSSRcaPSaO
 YROXPe aQd (WRS) dXUaWLRQ RI deSUeVVLRQ aPRQJ
 LQdLYLdXaOV ZLWK a KLVWRU\ RI PaMRU deSUeVVLRQ
 [IURP (4)], (PLddOe) e[WeQW RI cRUWLVRO K\SeUVecUe-
 WLRQ aPRQJ CXVKLQJRLd SaWLeQWV [adaSWed IURP
 (5)], aQd (bRWWRP) dXUaWLRQ RI cRPbaW e[SRVXUe
 aPRQJ YeWeUaQV ZLWK RU ZLWKRXW a KLVWRU\ RI SRVW-
 WUaXPaWLc VWUeVV dLVRUdeU [IURP (7)]. CRUWLVRO LV
 aQRWKeU WeUP IRU WKe KXPaQ GO K\dURcRUWLVRQe.

 IW LV QRW cOeaU ZKeWKeU WKe aWURSK\ LV aVVR-
 cLaWed ZLWK WUaXPa (cRPbaW RU abXVe) RU ZLWK
 VXccXPbLQJ WR PTSD (ZKLcK RccXUV LQ 5 WR
 20% RI VXcK WUaXPaWL]ed LQdLYLdXaOV). IQ WKe
 GXUYLWV VWXd\, cRQWURO JURXSV cRQVLVWed RI
 KeaOWK\ YROXQWeeUV (PaWcKed IRU aJe, edXca-
 WLRQ, aQd RWKeU cKaUacWeULVWLcV) aQd PaWcKed
 YeWeUaQV ZLWK a KLVWRU\ RI cRPbaW e[SRVXUe
 bXW QR PTSD. IQ WKe cRPbaW YeWeUaQV, bRWK
 ZLWK aQd ZLWKRXW PTSD, ORQJeU dXUaWLRQV RI
 cRPbaW ZeUe aVVRcLaWed ZLWK VPaOOeU KLSSR-
 caPSL (Vee ILJXUe, bRWWRP SaQeO). HRZeYeU,
 becaXVe WKe PTSD SaWLeQWV VXVWaLQed ORQJeU
 cRPbaW e[SRVXUe WKaQ dLd WKe cRQWUROV ZKR
 Kad e[SeULeQced cRPbaW bXW dLd QRW KaYe
 PTSD, LW ZaV LPSRVVLbOe WR dLVVRcLaWe cRPbaW
 IURP PTSD aV a SUedLcWRU RI aWURSK\. IQ cRQ-
 WUaVW, LQ WKe BUePQeU cRPbaW VWXd\ (LQ ZKLcK
 WKeUe ZaV QR QRQ-PTSD cRPbaW cRQWURO

 WQeQW RI aWURSK\- ^E]. FeEA>ES^E AY[LQaOO,R- LQ.5 WKe cLOdKRR abXVe \ L: ' L '
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 WK\ SWUeVV IV Bad IRU YRXU BUaLQ

 RRbeUW M. SaSROVN\

 SXVWaLQed VWUeVV caQ KaYe QXPeURXV SaWK-
 RORJLc eIIecWV. APRQJ WKe PROecXOeV WKaW
 PedLaWe VXcK eIIecWV aUe WKe adUeQaO VWeURLd
 KRUPRQeV, LQcOXdLQJ WKe KXPaQ JOXcRcRUWL-
 cRLd (GC) K\dURcRUWLVRQe. AORQJ ZLWK eSL-
 QeSKULQe (adUeQaOLQe) aQd QRUeSLQeSKULQe,
 GCV aUe eVVeQWLaO IRU VXUYLYLQJ acXWe SK\VLcaO
 VWUeVV (eYadLQJ a SUedaWRU, IRU e[aPSOe) bXW
 WKe\ Pa\ caXVe adYeUVe eIIecWV ZKeQ VecUe-
 WLRQ LV VXVWaLQed, VXcK aV ZKeQ ZaLWLQJ WR
 KeaU abRXW a JUaQW UeQeZaO (1).

 E[ceVVLYe e[SRVXUe WR GCV KaV adYeUVe
 eIIecWV LQ WKe URdeQW bUaLQ, SaUWLcXOaUO\ LQ WKe
 KLSSRcaPSXV, a VWUXcWXUe YLWaO WR OeaUQLQJ aQd
 PePRU\ aQd SRVVeVVLQJ KLJK cRQceQWUaWLRQV
 RI UeceSWRUV IRU GCV (2). A IeZ da\V RI VWUeVV
 RU GC RYeUe[SRVXUe "eQdaQJeUV" KLSSRcaP-
 SaO QeXURQV, cRPSURPLVLQJ WKeLU abLOLW\ WR VXU-
 YLYe VeL]XUeV RU LVcKePLa; aV WKe OLNeO\ XQdeU-
 SLQQLQJ RI WKLV, WKe VWeURLdV ZRUVeQ WKe SRRU
 UeJXOaWLRQ RI JOXWaPaWe aQd caOcLXP WKaW Rc-
 cXUV dXULQJ VXcK QeXURORJLc LQVXOWV. OYeU WKe
 cRXUVe RI ZeeNV, e[ceVV GC UeYeUVLbO\ caXVeV
 aWURSK\ RI KLSSRcaPSaO deQdULWeV, ZKeUeaV
 GC RYeUe[SRVXUe IRU PRQWKV caQ caXVe SeU-
 PaQeQW ORVV RI KLSSRcaPSaO QeXURQV. AO-
 WKRXJK a IeZ VWXdLeV VXJJeVW WKaW VLPLOaU eI-
 IecWV RccXU LQ WKe bUaLQV RI SULPaWeV (3), WKeUe
 KaV beeQ YLUWXaOO\ QR eYLdeQce IRU GC-LQ-
 dXced daPaJe LQ WKe KXPaQ. SRPe QeZ, e[-
 cLWLQJ VWXdLeV SUeVeQW WKe ILUVW VXcK eYLdeQce.

 A ILUVW e[aPSOe, UeceQWO\ SXbOLVKed b\
 SKeOLQe aQd cROOeaJXeV aW WaVKLQJWRQ UQL-
 YeUVLW\ ScKRRO RI MedLcLQe, cRQceUQV PaMRU
 deSUeVVLRQ (4). ASSUR[LPaWeO\ KaOI RI deSUeV-
 VLYe SaWLeQWV VWXdLed VecUeWe abQRUPaOO\ KLJK
 aPRXQWV RI GCV. AOWKRXJK LQYeVWLJaWRUV Kad
 VeaUcKed ZLWK PaJQeWLc UeVRQaQce LPaJLQJ
 (MRI) IRU KLSSRcaPSaO aWURSK\ LQ deSUeV-
 VLYeV, WKeVe VWXdLeV cRXOd QRW dLVWLQJXLVK WKe
 KLSSRcaPSXV IURP QeLJKbRULQJ VWUXcWXUeV RU
 XVed JeULaWULc deSUeVVLYeV ZLWK bUaLQ-ZLde
 aWURSK\ IURP aQ aUUa\ RI dLVeaVeV. TKe aX-
 WKRUV RI WKe QeZ VWXd\ UeSRUW MRIV ZLWK IaU
 PRUe UeVROXWLRQ WKaQ LQ SUeYLRXV VWXdLeV aQd
 KaYe e[cOXded LQdLYLdXaOV ZLWK QeXURORJLc,
 PeWabROLc, RU eQdRcULQe dLVeaVeV. TKe\ KaYe
 IRXQd VLJQLILcaQW UedXcWLRQV LQ WKe YROXPe
 RI bRWK KLSSRcaPSL (12% LQ WKe ULJKW aQd
 15% LQ WKe OeIW) ZKeQ cRPSaULQJ LQdLYLdXaOV
 ZLWK a KLVWRU\ RI deSUeVVLRQ WR aJe-, edXca-
 WLRQ-, JeQdeU-, aQd KeLJKW-PaWcKed cRQWUROV.
 NR cKaQJe LQ RYeUaOO bUaLQ YROXPe ZaV Rb-
 VeUYed. TKe LQdLYLdXaOV VWXdLed Kad beeQ

 TKe aXWKRU LV LQ WKe DeSaUWPeQW RI BLRORJLcaO ScLeQceV,
 SWaQIRUd UQLYeUVLW\, SWaQIRUd, CA 94305, USA.

 deSUeVVLRQ-IUee IRU PRQWKV RU decadeV aQd, aW
 WKe WLPe RI WKe VWXd\, Kad QRUPaO GC cRQ-
 ceQWUaWLRQV. TKe LQYeVWLJaWRUV UXOed RXW VeY-
 eUaO cRQIRXQdLQJ YaULabOeV: aOcRKRO RU VXb-
 VWaQce abXVe, eOecWURcRQYXOVLYe WKeUaS\, aQd
 cXUUeQW XVe RI aQWLdeSUeVVaQWV. RePaUNabO\,
 WKeUe ZaV a VLJQLILcaQW cRUUeOaWLRQ beWZeeQ
 WKe dXUaWLRQ RI WKe deSUeVVLRQ aQd WKe e[-
 WeQW RI aWURSK\ (Vee ILJXUe, WRS SaQeO).

 A VLPLOaU UeOaWLRQ LV VeeQ LQ SaWLeQWV ZLWK
 CXVKLQJ'V V\QdURPe: GCV aUe RYeUSURdXced
 aV a UeVXOW RI a K\SRWKaOaPLc, SLWXLWaU\, adUe-
 QaO, RU SXOPRQaU\ WXPRU, aQd WKeUe LV bLOaW-
 eUaO KLSSRcaPSaO aWURSK\ (5). UQIRUWXQaWeO\,
 IRU cRQWURO YaOXeV WKe aXWKRUV RI WKLV VWXd\
 Kad WR UeO\ RQ cRPSaULVRQV ZLWK SXbOLVKed
 daWa IURP MRI VcaQV. HRZeYeU, aV aQ LPSUeV-
 VLYe LQWePaO cRQWURO, aPRQJ WKe CXVKLQJ-
 RLd LQdLYLdXaOV, WKe e[WeQW RI GC K\SeUVe-
 cUeWLRQ cRUUeOaWed ZLWK WKe e[WeQW RI KLSSR-
 caPSaO aWURSK\ (ZKLcK aOVR cRUUeOaWed ZLWK
 WKe e[WeQW RI LPSaLUPeQW LQ KLSSRcaPSaO-de-
 SeQdeQW cRJQLWLRQ) (Vee ILJXUe, PLddOe SaQeO).
 NR aWURSK\ RccXUUed LQ WKe caXdaWe QXcOeXV,
 a bUaLQ UeJLRQ ZLWK IeZ GC UeceSWRUV (6).

 AddLWLRQaO eYLdeQce RI WKe UeOaWLRQ be-
 WZeeQ GCV aQd KLSSRcaPSaO IXQcWLRQ KaV
 ePeUJed IURP VWXdLeV RI LQdLYLdXaOV ZLWK
 SRVWWUaXPaWLc VWUeVV dLVRUdeU (PTSD). IQ
 VLeWQaP cRPbaW YeWeUaQV ZLWK PTSD,
 BUePQeU aQd cROOeaJXeV IRXQd a VLJQLILcaQW
 8% aWURSK\ RI WKe ULJKW KLSSRcaPSXV (aQd
 QeaU VLJQLILcaQW aWURSK\ RI WKe OeIW) (7). IQ a
 VWXd\ LQ BLRORJLcaO PV\cKLaWU\ (LQ SUeVV),
 GXUYLWV, PLWPaQ, aQd cROOeaJXeV aOVR e[aP-
 LQed VLeWQaP YeWeUaQV ZLWK PTSD aQd IRXQd
 VLJQLILcaQW 22 aQd 26% UedXcWLRQV LQ YROXPeV
 RI WKe ULJKW aQd OeIW KLSSRcaPSL, UeVSecWLYeO\
 (8). FLQaOO\, LQ aQRWKeU VWXd\, aOVR LQ SUeVV LQ
 BLRORJLcaO PV\cKLaWU\, BUePQeU eW aO. IRXQd a
 1:2% aWURSK\ RI WKe OeIW KLSSRcaPSXV LQ
 adXOWV ZLWK PTSD aVVRcLaWed ZLWK cKLOdKRRd
 abXVe (ZLWK QeaU VLJQLILcaQW aWURSK\ LQ WKe
 ULJKW KLSSRcaPSXV) (9). TKe VWXdLeV cRQ-
 WUROOed IRU aJe, JeQdeU, edXcaWLRQ, aQd aOcR-
 KRO abXVe-aQd WKe BUePQeU VWXdLeV UXOed
 RXW deSUeVVLRQ aV a cRQIRXQdLQJ YaULabOe aV
 ZeOO. TKeUe LV VRPe XQceUWaLQW\ aV WR WKe aQa-
 WRPLcaO VSecLILcLW\ RI WKe eIIecW. IQ WKe VWXdLeV
 b\ BUePQeU, WKe UeVXOWV ZeUe RQO\ SUeVeQWed
 aV abVROXWe KLSSRcaPSaO YROXPe, aQd WKeUe
 ZeUe QeaUO\ aV OaUJe (bXW QRQVLJQLILcaQW) Ue-
 dXcWLRQV LQ YROXPeV RI WKe aP\JdaOa, caX-
 daWe QXcOeXV, aQd WePSRUaO ORbe. HRZeYeU,
 WKe VWXd\ b\ GXUYLWV eW aO. VKRZed KLSSRcaP-
 SaO aWURSK\ aIWeU cRUUecWLRQ IRU ZKROe-bUaLQ
 YROXPe, ZLWK QR aWURSK\ LQ WKe aP\JdaOa.
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 MRQWKV RI cRPbaW e[SRVXUe
 DR VWUeVV-LQdXced JOXcRcRUWLcRLdV caXVe
 bUaLQ aWURSK\? ReOaWLRQ beWZeeQ KLSSRcaPSaO
 YROXPe aQd (WRS) dXUaWLRQ RI deSUeVVLRQ aPRQJ
 LQdLYLdXaOV ZLWK a KLVWRU\ RI PaMRU deSUeVVLRQ
 [IURP (4)], (PLddOe) e[WeQW RI cRUWLVRO K\SeUVecUe-
 WLRQ aPRQJ CXVKLQJRLd SaWLeQWV [adaSWed IURP
 (5)], aQd (bRWWRP) dXUaWLRQ RI cRPbaW e[SRVXUe
 aPRQJ YeWeUaQV ZLWK RU ZLWKRXW a KLVWRU\ RI SRVW-
 WUaXPaWLc VWUeVV dLVRUdeU [IURP (7)]. CRUWLVRO LV
 aQRWKeU WeUP IRU WKe KXPaQ GO K\dURcRUWLVRQe.

 IW LV QRW cOeaU ZKeWKeU WKe aWURSK\ LV aVVR-
 cLaWed ZLWK WUaXPa (cRPbaW RU abXVe) RU ZLWK
 VXccXPbLQJ WR PTSD (ZKLcK RccXUV LQ 5 WR
 20% RI VXcK WUaXPaWL]ed LQdLYLdXaOV). IQ WKe
 GXUYLWV VWXd\, cRQWURO JURXSV cRQVLVWed RI
 KeaOWK\ YROXQWeeUV (PaWcKed IRU aJe, edXca-
 WLRQ, aQd RWKeU cKaUacWeULVWLcV) aQd PaWcKed
 YeWeUaQV ZLWK a KLVWRU\ RI cRPbaW e[SRVXUe
 bXW QR PTSD. IQ WKe cRPbaW YeWeUaQV, bRWK
 ZLWK aQd ZLWKRXW PTSD, ORQJeU dXUaWLRQV RI
 cRPbaW ZeUe aVVRcLaWed ZLWK VPaOOeU KLSSR-
 caPSL (Vee ILJXUe, bRWWRP SaQeO). HRZeYeU,
 becaXVe WKe PTSD SaWLeQWV VXVWaLQed ORQJeU
 cRPbaW e[SRVXUe WKaQ dLd WKe cRQWUROV ZKR
 Kad e[SeULeQced cRPbaW bXW dLd QRW KaYe
 PTSD, LW ZaV LPSRVVLbOe WR dLVVRcLaWe cRPbaW
 IURP PTSD aV a SUedLcWRU RI aWURSK\. IQ cRQ-
 WUaVW, LQ WKe BUePQeU cRPbaW VWXd\ (LQ ZKLcK
 WKeUe ZaV QR QRQ-PTSD cRPbaW cRQWURO

 WQeQW RI aWURSK\- ^E]. FeEA>ES^E AY[LQaOO,R- LQ.5 WKe cLOdKRR abXVe \ L: ' L '
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 WK\ SWUeVV IV Bad IRU YRXU BUaLQ

 RRbeUW M. SaSROVN\

 SXVWaLQed VWUeVV caQ KaYe QXPeURXV SaWK-
 RORJLc eIIecWV. APRQJ WKe PROecXOeV WKaW
 PedLaWe VXcK eIIecWV aUe WKe adUeQaO VWeURLd
 KRUPRQeV, LQcOXdLQJ WKe KXPaQ JOXcRcRUWL-
 cRLd (GC) K\dURcRUWLVRQe. AORQJ ZLWK eSL-
 QeSKULQe (adUeQaOLQe) aQd QRUeSLQeSKULQe,
 GCV aUe eVVeQWLaO IRU VXUYLYLQJ acXWe SK\VLcaO
 VWUeVV (eYadLQJ a SUedaWRU, IRU e[aPSOe) bXW
 WKe\ Pa\ caXVe adYeUVe eIIecWV ZKeQ VecUe-
 WLRQ LV VXVWaLQed, VXcK aV ZKeQ ZaLWLQJ WR
 KeaU abRXW a JUaQW UeQeZaO (1).

 E[ceVVLYe e[SRVXUe WR GCV KaV adYeUVe
 eIIecWV LQ WKe URdeQW bUaLQ, SaUWLcXOaUO\ LQ WKe
 KLSSRcaPSXV, a VWUXcWXUe YLWaO WR OeaUQLQJ aQd
 PePRU\ aQd SRVVeVVLQJ KLJK cRQceQWUaWLRQV
 RI UeceSWRUV IRU GCV (2). A IeZ da\V RI VWUeVV
 RU GC RYeUe[SRVXUe "eQdaQJeUV" KLSSRcaP-
 SaO QeXURQV, cRPSURPLVLQJ WKeLU abLOLW\ WR VXU-
 YLYe VeL]XUeV RU LVcKePLa; aV WKe OLNeO\ XQdeU-
 SLQQLQJ RI WKLV, WKe VWeURLdV ZRUVeQ WKe SRRU
 UeJXOaWLRQ RI JOXWaPaWe aQd caOcLXP WKaW Rc-
 cXUV dXULQJ VXcK QeXURORJLc LQVXOWV. OYeU WKe
 cRXUVe RI ZeeNV, e[ceVV GC UeYeUVLbO\ caXVeV
 aWURSK\ RI KLSSRcaPSaO deQdULWeV, ZKeUeaV
 GC RYeUe[SRVXUe IRU PRQWKV caQ caXVe SeU-
 PaQeQW ORVV RI KLSSRcaPSaO QeXURQV. AO-
 WKRXJK a IeZ VWXdLeV VXJJeVW WKaW VLPLOaU eI-
 IecWV RccXU LQ WKe bUaLQV RI SULPaWeV (3), WKeUe
 KaV beeQ YLUWXaOO\ QR eYLdeQce IRU GC-LQ-
 dXced daPaJe LQ WKe KXPaQ. SRPe QeZ, e[-
 cLWLQJ VWXdLeV SUeVeQW WKe ILUVW VXcK eYLdeQce.

 A ILUVW e[aPSOe, UeceQWO\ SXbOLVKed b\
 SKeOLQe aQd cROOeaJXeV aW WaVKLQJWRQ UQL-
 YeUVLW\ ScKRRO RI MedLcLQe, cRQceUQV PaMRU
 deSUeVVLRQ (4). ASSUR[LPaWeO\ KaOI RI deSUeV-
 VLYe SaWLeQWV VWXdLed VecUeWe abQRUPaOO\ KLJK
 aPRXQWV RI GCV. AOWKRXJK LQYeVWLJaWRUV Kad
 VeaUcKed ZLWK PaJQeWLc UeVRQaQce LPaJLQJ
 (MRI) IRU KLSSRcaPSaO aWURSK\ LQ deSUeV-
 VLYeV, WKeVe VWXdLeV cRXOd QRW dLVWLQJXLVK WKe
 KLSSRcaPSXV IURP QeLJKbRULQJ VWUXcWXUeV RU
 XVed JeULaWULc deSUeVVLYeV ZLWK bUaLQ-ZLde
 aWURSK\ IURP aQ aUUa\ RI dLVeaVeV. TKe aX-
 WKRUV RI WKe QeZ VWXd\ UeSRUW MRIV ZLWK IaU
 PRUe UeVROXWLRQ WKaQ LQ SUeYLRXV VWXdLeV aQd
 KaYe e[cOXded LQdLYLdXaOV ZLWK QeXURORJLc,
 PeWabROLc, RU eQdRcULQe dLVeaVeV. TKe\ KaYe
 IRXQd VLJQLILcaQW UedXcWLRQV LQ WKe YROXPe
 RI bRWK KLSSRcaPSL (12% LQ WKe ULJKW aQd
 15% LQ WKe OeIW) ZKeQ cRPSaULQJ LQdLYLdXaOV
 ZLWK a KLVWRU\ RI deSUeVVLRQ WR aJe-, edXca-
 WLRQ-, JeQdeU-, aQd KeLJKW-PaWcKed cRQWUROV.
 NR cKaQJe LQ RYeUaOO bUaLQ YROXPe ZaV Rb-
 VeUYed. TKe LQdLYLdXaOV VWXdLed Kad beeQ

 TKe aXWKRU LV LQ WKe DeSaUWPeQW RI BLRORJLcaO ScLeQceV,
 SWaQIRUd UQLYeUVLW\, SWaQIRUd, CA 94305, USA.

 deSUeVVLRQ-IUee IRU PRQWKV RU decadeV aQd, aW
 WKe WLPe RI WKe VWXd\, Kad QRUPaO GC cRQ-
 ceQWUaWLRQV. TKe LQYeVWLJaWRUV UXOed RXW VeY-
 eUaO cRQIRXQdLQJ YaULabOeV: aOcRKRO RU VXb-
 VWaQce abXVe, eOecWURcRQYXOVLYe WKeUaS\, aQd
 cXUUeQW XVe RI aQWLdeSUeVVaQWV. RePaUNabO\,
 WKeUe ZaV a VLJQLILcaQW cRUUeOaWLRQ beWZeeQ
 WKe dXUaWLRQ RI WKe deSUeVVLRQ aQd WKe e[-
 WeQW RI aWURSK\ (Vee ILJXUe, WRS SaQeO).

 A VLPLOaU UeOaWLRQ LV VeeQ LQ SaWLeQWV ZLWK
 CXVKLQJ'V V\QdURPe: GCV aUe RYeUSURdXced
 aV a UeVXOW RI a K\SRWKaOaPLc, SLWXLWaU\, adUe-
 QaO, RU SXOPRQaU\ WXPRU, aQd WKeUe LV bLOaW-
 eUaO KLSSRcaPSaO aWURSK\ (5). UQIRUWXQaWeO\,
 IRU cRQWURO YaOXeV WKe aXWKRUV RI WKLV VWXd\
 Kad WR UeO\ RQ cRPSaULVRQV ZLWK SXbOLVKed
 daWa IURP MRI VcaQV. HRZeYeU, aV aQ LPSUeV-
 VLYe LQWePaO cRQWURO, aPRQJ WKe CXVKLQJ-
 RLd LQdLYLdXaOV, WKe e[WeQW RI GC K\SeUVe-
 cUeWLRQ cRUUeOaWed ZLWK WKe e[WeQW RI KLSSR-
 caPSaO aWURSK\ (ZKLcK aOVR cRUUeOaWed ZLWK
 WKe e[WeQW RI LPSaLUPeQW LQ KLSSRcaPSaO-de-
 SeQdeQW cRJQLWLRQ) (Vee ILJXUe, PLddOe SaQeO).
 NR aWURSK\ RccXUUed LQ WKe caXdaWe QXcOeXV,
 a bUaLQ UeJLRQ ZLWK IeZ GC UeceSWRUV (6).

 AddLWLRQaO eYLdeQce RI WKe UeOaWLRQ be-
 WZeeQ GCV aQd KLSSRcaPSaO IXQcWLRQ KaV
 ePeUJed IURP VWXdLeV RI LQdLYLdXaOV ZLWK
 SRVWWUaXPaWLc VWUeVV dLVRUdeU (PTSD). IQ
 VLeWQaP cRPbaW YeWeUaQV ZLWK PTSD,
 BUePQeU aQd cROOeaJXeV IRXQd a VLJQLILcaQW
 8% aWURSK\ RI WKe ULJKW KLSSRcaPSXV (aQd
 QeaU VLJQLILcaQW aWURSK\ RI WKe OeIW) (7). IQ a
 VWXd\ LQ BLRORJLcaO PV\cKLaWU\ (LQ SUeVV),
 GXUYLWV, PLWPaQ, aQd cROOeaJXeV aOVR e[aP-
 LQed VLeWQaP YeWeUaQV ZLWK PTSD aQd IRXQd
 VLJQLILcaQW 22 aQd 26% UedXcWLRQV LQ YROXPeV
 RI WKe ULJKW aQd OeIW KLSSRcaPSL, UeVSecWLYeO\
 (8). FLQaOO\, LQ aQRWKeU VWXd\, aOVR LQ SUeVV LQ
 BLRORJLcaO PV\cKLaWU\, BUePQeU eW aO. IRXQd a
 1:2% aWURSK\ RI WKe OeIW KLSSRcaPSXV LQ
 adXOWV ZLWK PTSD aVVRcLaWed ZLWK cKLOdKRRd
 abXVe (ZLWK QeaU VLJQLILcaQW aWURSK\ LQ WKe
 ULJKW KLSSRcaPSXV) (9). TKe VWXdLeV cRQ-
 WUROOed IRU aJe, JeQdeU, edXcaWLRQ, aQd aOcR-
 KRO abXVe-aQd WKe BUePQeU VWXdLeV UXOed
 RXW deSUeVVLRQ aV a cRQIRXQdLQJ YaULabOe aV
 ZeOO. TKeUe LV VRPe XQceUWaLQW\ aV WR WKe aQa-
 WRPLcaO VSecLILcLW\ RI WKe eIIecW. IQ WKe VWXdLeV
 b\ BUePQeU, WKe UeVXOWV ZeUe RQO\ SUeVeQWed
 aV abVROXWe KLSSRcaPSaO YROXPe, aQd WKeUe
 ZeUe QeaUO\ aV OaUJe (bXW QRQVLJQLILcaQW) Ue-
 dXcWLRQV LQ YROXPeV RI WKe aP\JdaOa, caX-
 daWe QXcOeXV, aQd WePSRUaO ORbe. HRZeYeU,
 WKe VWXd\ b\ GXUYLWV eW aO. VKRZed KLSSRcaP-
 SaO aWURSK\ aIWeU cRUUecWLRQ IRU ZKROe-bUaLQ
 YROXPe, ZLWK QR aWURSK\ LQ WKe aP\JdaOa.
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 MRQWKV RI cRPbaW e[SRVXUe
 DR VWUeVV-LQdXced JOXcRcRUWLcRLdV caXVe
 bUaLQ aWURSK\? ReOaWLRQ beWZeeQ KLSSRcaPSaO
 YROXPe aQd (WRS) dXUaWLRQ RI deSUeVVLRQ aPRQJ
 LQdLYLdXaOV ZLWK a KLVWRU\ RI PaMRU deSUeVVLRQ
 [IURP (4)], (PLddOe) e[WeQW RI cRUWLVRO K\SeUVecUe-
 WLRQ aPRQJ CXVKLQJRLd SaWLeQWV [adaSWed IURP
 (5)], aQd (bRWWRP) dXUaWLRQ RI cRPbaW e[SRVXUe
 aPRQJ YeWeUaQV ZLWK RU ZLWKRXW a KLVWRU\ RI SRVW-
 WUaXPaWLc VWUeVV dLVRUdeU [IURP (7)]. CRUWLVRO LV
 aQRWKeU WeUP IRU WKe KXPaQ GO K\dURcRUWLVRQe.

 IW LV QRW cOeaU ZKeWKeU WKe aWURSK\ LV aVVR-
 cLaWed ZLWK WUaXPa (cRPbaW RU abXVe) RU ZLWK
 VXccXPbLQJ WR PTSD (ZKLcK RccXUV LQ 5 WR
 20% RI VXcK WUaXPaWL]ed LQdLYLdXaOV). IQ WKe
 GXUYLWV VWXd\, cRQWURO JURXSV cRQVLVWed RI
 KeaOWK\ YROXQWeeUV (PaWcKed IRU aJe, edXca-
 WLRQ, aQd RWKeU cKaUacWeULVWLcV) aQd PaWcKed
 YeWeUaQV ZLWK a KLVWRU\ RI cRPbaW e[SRVXUe
 bXW QR PTSD. IQ WKe cRPbaW YeWeUaQV, bRWK
 ZLWK aQd ZLWKRXW PTSD, ORQJeU dXUaWLRQV RI
 cRPbaW ZeUe aVVRcLaWed ZLWK VPaOOeU KLSSR-
 caPSL (Vee ILJXUe, bRWWRP SaQeO). HRZeYeU,
 becaXVe WKe PTSD SaWLeQWV VXVWaLQed ORQJeU
 cRPbaW e[SRVXUe WKaQ dLd WKe cRQWUROV ZKR
 Kad e[SeULeQced cRPbaW bXW dLd QRW KaYe
 PTSD, LW ZaV LPSRVVLbOe WR dLVVRcLaWe cRPbaW
 IURP PTSD aV a SUedLcWRU RI aWURSK\. IQ cRQ-
 WUaVW, LQ WKe BUePQeU cRPbaW VWXd\ (LQ ZKLcK
 WKeUe ZaV QR QRQ-PTSD cRPbaW cRQWURO

 WQeQW RI aWURSK\- ^E]. FeEA>ES^E AY[LQaOO,R- LQ.5 WKe cLOdKRR abXVe \ L: ' L '
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Esercizio, stress, cervello e immunità
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