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them, for they recognized that these 
treatments were actually stabs in the 
dark whose consequences could never be 
accurately foretold. 

Perhaps the most fundamental differ- 
ence between medieval and modern rnedi- 
cine is that the former was primarily 
based on pure empiricism and directed 
by mysticism and intuition, whereas the 
latter attempts to understand the mecha- 
nisms of disease-through an objective 
scientific analysis-and to treat it by in- 
fluencing well-defined points along the 
pathways of its development. U p  to the 
present time, the greatest progress that 
has been made along these lines has re- 
sulted in specific therapeutic procedures 
that are designed to eliminate in each 
case the particular primary cause-the 
eliciting pathogen of a disease-for in-
stance, by chemotherapeutic measures 
or with the surgeon's knife. 

By contrast, t l~rougl~out  the centuries, 
we have learned virtually nothing about 
rational, scientifically well-founded pro- 
cedures that would help the body in its 
own natural efforts to maintain health 
quite apart from the attacks on the patho- 
gen. Yet, often, the causative agent can-
not be recognized or is not amenable to 
any therapeutic procedures directed spe- 
cifically against it. Resides, elimination of 
the causative agent frequently does not 
cure, because the effects of the disease 
producer may greatly outlast its actual 
presence in the body. Let us remember 
that it is not the microbe, the poison, or 
the allergen but our reactions to these 
agents that we experience as disease. A 
man may die from a single exposure to 
ionizing rays, a rheumatic heart, or an in-
fectious nephritis long after the original 
cause of his illness is no longer present 
i1.1 his body. 

Whenever the available procedures of 
specific therapy are imperfect, the phy- 
sician is forced to say that he has done 
what he could and "nature will do the 
rest." The  fact is that very often nature 
actually does the rest, but unfortunately 
not always. Indeed, we may say that the 
leitmotiv of our work on stress was the 
question: "How does nature do 'the rest' 
and, when nature fails in this, could we 
not help if we learned more about natu- 
ral methods?" 

When we were first confronted with 
the "alarm reaction," the idea that pre- 
sented itself most vividly was that the 
very tangible and accurately measurable 

Almost two decades have gassed now 
since the publication of a short note on 
"A syndrome produced by diverse nocu- 
ous agents" ( I ) .  Since that time, the rela- 
tionships between this "general-adapta- 
tion syndrome," or "stress syndrome," 
and virtually every branch of physiology 
and clinical medicine have been subjected 
to studv. Those who seek detailed infor- 
mation concerning certain aspects of the 
stress problem will find a key to the 
world literature in the monographs 
(2-10) and yearbooks (11-14) that are 
especially devoted to this topic. Hence 
there is no need to burden this text with 
numerous references. I t  may be oppor- 
tune. however. to take stock now in the 
form of a brief synopsis surveying the 
most fundamental facts that we have 
learned about the relationships b e t ~ ~ e e n  
stress and disease. This will give us an 
opportunity also to outline what we 
would consider to be the principal scope 
and the limitations of this new approach 
to problems of medicine ( 1 5 ) .  

Ever since man first used the word 
disease, he has had some inkling of the 
stress concept. The  very fact that this 
single term has been used to denote a 
great variety of manifestly distinct mala- 
dies clearly indicates that they have beer1 
recognized as having something in com- 
mon. They possess, as we would now say, 
some "nonspecific disease features" ( the  
feeling of being ill, loss of appetite and 
vigor, aches and pains, loss of weight, 
and so for th) ,  that permit human beings 
to distinguish illness from the condition 
of health. Yet, precisely because these 
manifestations are not characteristic of 
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any one disease, they have received little 
attention in comparison with the spe-
cific ones. They were thought to be of 
lesser interest to the physician, for, unlike 
the specific symptoms and signs, they did 
not help him to recognize the "eliciting 
pathogen" or to prescribe an appropriate 
specific cure. \.\'henever it was impossible 
to determine precisely what the cause of 
the trouble was, therapy had to be limited 
to such general measures as the recom- 
mendation of rcst, an easily digestible 
and yet nutritious diet, protection against 
great variations in the surrounding tem- 
perature, or the use of salicylates to stop 
pain. 

Experience had likewise shown long 
ago that what we noru call nonspecific 
stress can also have certain remarkable 
curative propcrties under certain condi- 
tions. Nonspecific therapy was con-
sciously or unconsciously based on this 
principle. In  the Middle Ages, flogging 
of the insane was practiced "to drive the 
evil spirit out of them." This procedure 
LYas subsequently replaced by the more 
humane fever therapy, Metrazol shock, 
insulin shock, electroshock, and numer-
ous other measures, but all of these have 
in common the property of producing a 
state of systemic, nonspecific stress. Such 
practices as bloodletting, fasting, or the 
parenteral administration of milk, blood, 
and colloidal metals may serve as addi- 
tional examples of nonspecific proce-
dures, which undoubtedly can produce 
beneficial results in patients afflicted by a 
variety of diseases. These measures were, 
and some of them still are, widely used 
for lack of more effective and less trau- 
matic means of therapy. However, the 
mechanism of their action remained ob- 
scure, and therefore scientifically minded 
physicians were always reluctant to use 
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morphologic characteristics of this first 
stage of the stress response might give us 
a key to the objective scientific analysis 
of systemic, nonspecific reactions. Thc  
enlargement of the adrenal cortex and 
the atrophy of the thymus and lymph 
nodes, for example, were changes that 
could be expressed in strictly quantita- 
tive terms, and they Fverc certainly not 
specific, since any agent that caused sys- 
temic damage or stress elicited them. 

A multitude of questions presented 
themselves immediately. Which among 
the manifestations of this alarm reaction 
are useful for the maintenance of health 
and ~vhich are merely signs of damage? 
How does an injury to a limited area of 
the body reach the various internal organs 
that are eventuallv affected during the " 

alarm reaction? For instance, how does 
a trauma to one limb eventually influence 
such distant structures as the adrenal cor- 
tex or the thymus? IVhich organ change 
is the cause and 11hich the consequence 
of another structural alteration? For in- 
stance, does the disintegrating thymus tis- 
sue liberate substances that stimulate the 
adrenals or does the enlarged adrenal 
cortex secrete hormones that affect the 
thymus? 

I t  Ivas quite evident, of course, that to 
answer these questions would take much 
time and probably long series of often 
monotonous stereotypic experiments, 
using various stressors on various species 
of animals. Nevertheless, a general blue- 
print for the dissection and clinical utili- 
zation of the stress syndrome presented it- 
self immediately. I n  particular, we asked 
ourselves five questions, which we 
thought would now be amenable to ex- 
perimental analysis: ( i )  IVhat are the 
changes characteristic of stress as such? u 

( i i )  HOM does the stress response evolve 
111 time? (iii) What are the pathnays 
through mhich stress reaches various or- 
gans? ( i c )  Are thrre "diseases of adap- 
tation," that is, maladies principally the 
result of errors in the adaptation syn- 
drome? (v )  T o  what extent are the ani- 
mal experiments on stress applicable to 
clinical medicine? 

None of these questions has been fully 
answered, and, indeed, the complete 
clarification of biologic problems is 
hardly an attainable aim. Ho11 ever, par- 
tial answers have been obtained to all of 
these basic questions, and-most impor-
tant of all-it appears that they have 
bcen so formulated that further progress 
is noFv largely a rnatter of tirne. 

\Ye have learned, for instance, that 
acute involution of the lymphatic organs, 
diminution of the blood eosinophiles, en- 
largement and increased secretory activity 
of the adrenal cortex. and a varietv of 
chanqes in the chemical constitution of 
the blood and tissues are truly nonspe-
cific and charactelistic of stress as such. 

I t  has also become evident that they rep- 
resent a syndrome, in that they are 
closely correlated ~vi th  one another, both 
in time and in intensity. \$'henever dis-
sociations among them tend to occur, it 
can usually be shown that these are at-
tributable to one of the follo~ving t ~ v o  
reasons: ( i )  either the specific actions of 
the evocative agent are superimposed 
upon the stress syndrome and thus ob- 
scure some of the nonspecific manifesta- 
tions (for example, if insulin is used as 
a stressor, the glycemic response is 
masked by the hypoglycemic effect of the 
hormone); or ( i i )  one of the pathways 
through which stress acts in the organis111 
is deranged (for example, stress causes 
no thynius involution after adrenalec-
tomy). 

No agent produces only stress. Hence, 
in actual experimentation, the stress re- 
sponse is invariably complicated by cer-
tain superimposed specific changes, and 
in every species-indeed, in every indi- 
vidual-one or the other path~vay is more 
or less functional than thr rest. Thrse fac- 
tors tend to mask or deform the typical 
stress response, and failure to recognize 
them was undoubtedly the principal 
handicap to clear characterization of the 
stress response in the past. Let us now 
return to our five basic problems and 
enumerate at least the most important 
factr about them that have come to light 
during these 20 years of rrsearch on 
stress. 

Changes Characteristic of Stress 

In  attempting to answer the question, 
''\$:hat are the changes characteristic of 
stress as such?" the first problem was, of 
course, to define stress, at least as accu- 
rately as definitions can be formulated in 
biology. The  ~vord, especially when it is 
used with its mate s t ~ a i n ,has long becn 
in everyday usage, but its significance in 
biology had never been defined. The  lay- 
man speaks, for instance, of eyestrain or 
mental stress in referring to rather spe-
cific complaints. Cannon, the great stu- 
dent of homeostasis, also used the terms 
stresses and s t~a insin connection with 
specific reactions. H e  emphasized, for in- 
stance, that the stresses and strains of 
oxygen lack, hemorrhage, and starvation 
elicit totally different and specific homeo- 
static rractions. Conversely, it is a char- 
acteristic of the stress syndrome, as rue 
understand it, that it is al~vays the same, 
no matter ~vha t  happens to elicit it. For 
over-all responses, which include specific 
and nonspecific features-and this is even 
more true of purely specific responses- 
the term now used would be reaction 
(not stress) and the eliciting agent would 
be called a stimulus (not a stTessor or 
alarming s t imulus) .  Such specific reac-

tions are precisely the part of the ovc r-;dl 
response that rue must subtract to arribe 
at our stress syndrome, 

T o  make this distinction clear, 11e al- 
ways used the term nonspecific stress in 
our early publications. Later, unfortu-
nately, it became customary to omit the 
adjective, for brevity's sake. T o  avoid 
confusion, we then pointed out that in 
the sense in which ive use the term, stress 
may be defined as a nonspecific deviation 
flom the normal resting state; it is caused 
by function or damage and it stimulates 
repair. 

Here, the nonspecific causation of the 
change has been selected as its most char- 
acteristic feature. H o ~ e c e r ,  ecen the term 
speczfic had been used some11 hat loosely 
in medicinc: n e  therefore defined a non- 
specific change as one that can be pro- 
duced by many or all agents, as opposed 
to a specific change, ~vhich is elicited only 
by one or few agents. Correspondingly, a 
nonspecific agcnt acts on many targets, 
a ipccific one acts on few targets, and a 
stressor is an agent that causes stress. 

Of course, rue realized from the outset 
that these, like all biologic definitions, 
are imperfect, but trying to formulate 
them helped us to impart precision to 
our own conceots of stimulus. stresso?.. 
siTess, specific, and nonspecific. Among 
other things, these considerations brought 
out with particular clarity the fact that 
stress is not necessarily the result of dam- 
age but can be caused by physiologic 
function and that it is not merely the re- 
sult of a nonspecific action but also com- 
prises the defense against it. These are 
cardinal facts, as we shall see later when 
we consider the relationship bet~veen 
stress and disease. 

In  our efforts to identify the charac- 
teristics of stress, our main problem m a r  
to eliminate all specific manifestations 
that are typical either of the agent or of 
the reacting organism. Hence, a large 
number of animal species had to be stud- 
ird, f o l l o ~ ~ i n g  exposure to a great variety 
of essentially different stimuli, to com-
pare the resulting structural, chemical, 
and functional changes. This made it pos- 
sible to determine which are the responses 
common to all types of exposure, and 
only these could be considered to br truly 
nonspecific-that is, the result of stress 
as such. T h e  residue that remained after 
subtraction of all the specific changes is 
the general-adaptation syndrome. 

In  this response, every part of the bodv 
is involved, but the trio great integrators 
of activity, the hormonal and the nervous 
systems, are especially important. T h e  
facts known today may lead us to believc 
that the anterior pituitary and the adrenal 
cortex play the cardinal roles in coordi- 
nating the defense of the organism dur- 
ing stress. This view is probably distorted 
by the fact that the syndrome has been 
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studied primarily by endocrinologists, and 
investigations concerning the participa-
tion of the nervous system are handi-
capped by the greater complexity of the 
required techniques. I t  is considerably 
easier to remove an endocrine gland and 
to substitute for its hormones by the in- 
jection of extracts than it is to destroy 
minute individual nervous centers selec- 
tively and then restore their function to 
determine the role they may play d u r i n ~  
stress. 

Stress Response in Time 

T o  establish the evolution of the stress 
response in time, animals had to be re-
peatedly exposed to stressors (cold, 
forced muscular exercise, bloodletting, 
and drugs) of a constant intensity over 
long periods of time. I t  was found that, 
after a while, the same agent does not 
continue to produce the same nonspecific 
response. For instance, treatment with a 
drug that initially causes discharge of 
adrenocortical lipid granules will later 
actually promote accumulation of lipids 
in the adrenal cortex, after the animals 
have become more resistant to the dam- 
aging effects of the agent. Upon still 
more continued exposure, sooner or later, 
this acquired adaptation is invariably 
lost; then the animals again show signs of 
damage, and their adrenal cortices again 
discharge their lipid granules. 

These adrenal changes are taken as 
only one example among the many char- 
acteristics of the general-adaptation syn- 
clrome that sho~v such a triphasic pattern 
(for example, glycemia, chloremia, and 
body weight). I n  fact the whole syndrome 
is essentially triphasic; thus its mani-
festations depend as much on the stressor 
effect of the eliciting agent as on the time 
elapsed since the organism was first ex- 
posed to it. 

The  three stages of the stress syndrome 
are ( i )  the alarm reaction, in which 
adaptation has not yet been acquired; 
( i i )  the stage of resistance, in ~vhich 
adaptation is optimum; and (ii i)  the 
stage of exhaustion. in which the ac-" 
cluired adaptation is lost again. 

The  physicochemical basis of the curi- 
ous terminal loss of acquired adaptation 
is still quite obscure. Exhaustion cannot 
bc fully compensated, eithrr by changes 
in the caloric intake or by anv known 
hormonal substitution therapy. The  term 
n d n ~ t n t i o ne z e r g y  has been suggestrd to 
designate the adaptability that is qradu- 
ally consumcd during exposure, but de- 
spite much research we have learned 
nothing about the nature of this "energy." 

Many of the changes characteristic of 
the stage of exhaustion are strikingly 
similar to those of senility. I t  is tempting 
to view the general-adaptation syndrome 
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as a kind of accelerated aging. I t  appears 
as though, because of the greater intensity 
of stress, the three major periods of life 
-infancy (in which adaptation has not 
yet been acquired), adulthood (in \\ hich 
adaptation has been acquired to the usual 
stresses of l ife),  and senility ( in  which 
the acquired adaptation is lost apain) -
are here telescoped into a short space of 
time. 

HOMever. these 11ill remain sterile 
speculations until some ingenious mind 
can devise neI1 experimental procedures 
~ i t hwhich to analyze them in quantita- 
tive terms. I t  is only to stimulate thought 
along these lines that I venture even to 
mention these problems here. I hope that 
some talented younp mind, still suffi-
ciently uninhibited by textbook knowl- 
edge to sec a new approach, nil1 follow 
this trail. 1'0 me it scems more promising 
of truly great progress in the understand- 
inp of life and adaptability than any 
other aspect of stress research. 

Pathways of Stress 

T o  clarify the pathways through 
which stress reaches various organs, it 
was merely necessary to use the classic 
procrdures of experimental medicine- 
namely, the destruction of suspected re- 
lay stations and, ~vherever possible, their 
restoration (for example, removal of an 
endocrine gland and substitution therapy 
u i th  extracts containing its hormones.) 
Figure 1 helps to summarize the princi- 
pal data that have come to light in this 
respect. 

All agents that act on the body or any 
of its parts exert dual effects: ( i )  specific 
actions, with which we are not concerned 
in this review, except insofar as they mod- 
ify the nonspecific actions of the same 
agents and ( i i )  nonspecific o r  stressor 
effects, whose principal path~vays (as  
far as we know them today) are illus-
trated in Fig. 1. T h r  stressor acts on thc 
target (thc body or some part of i t )  
directly (thick arrow) and indirectly by 
way of the pituitary and the adrenal. 
Through some unknown pathway (la-
beled by a question mark) ,  the "first 
mediator" travels from the directly in- 
jured target area to the anterior pitui- 
tary. I t  notifies the lattcr that a condition 
of stress exists and thus induces it to dis- 
charge adrenocorticotrophic hormone 
( A C T H ) .  

I t  is quite possible that this first media- 
tor of hormonal defense is not always the 
same. In  some instances, it may be an 
adrenaline discharge, in others a libera- 
tion of histaminelike toxic tissue metabo- 
lites, a nervous impulse, or even a sudden 
deficiency in some vitally important body 
constituent (such as glucose or an en-
zyme). During stress it is rarely the lack 

of adrenal corticoids that stimulates 
ACTH secretion, through a self-regulat- 
ing "feed-back" mechanism. 

ACTI-I, alone or in cooperation with 
othcr hormones, stimulates the adrenal 
cortex to discharge corticoids. Some of 
the cortical hormones, the mineralocorti- 
coids, also known as prophlogistic corti- 
coids (P-Cs) ,  stimulate the proliferative 
ability and reactivity of connective tissue; 
they enhance the "inflammatory poten-
tial." Thus, they help to put up a strong 
barricade of connective tissue through 
v.hich the body is protected against fur- 
ther invasion by the pathogenic stressor 
agent (examples are desoxycorticoster-
one and aldosterone) . 

I-Towever, under ordinary conditions, 
ACTH stimulates the adrenal much 
more effectively to secrete glucocorti-
coids, also known as antiphlogistic cor-
ticoids ( A-'Cs). These inhibit the ability 
of the body to put up  granulomatous 
barricades in the path of the invader; 
in fact, they tend to cause involution of 
connective tissue with a pronounced de- 
pression of the inflammatory potential. 
Thus they can suppress inflammation, 
but, by this same token, they open the 
way to the spreading of infection (ex-
amples are cortisol and cortisone). 

Certain recent experiments suggest 
that, depending on the conditions, A C T H  
may cause a predominant secretion of 
one or the other type of corticoid. How- 
ever, be this as it may, the "'gro~vth hor- 
mone," or somatotrophic hormone 
(STFI ) ,  of the pituitary increases the in- 
flammatory potential of connective tis-
sue very much as the prophlogistic cor-
ticoids do; hence, it can sensitize the 
target area to the actions of the prophlo- 
gistic corticoids. 

I t  is possible that the hypophysis also 
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Fig. 1. Diagram illustrating the principal 
pathways of the stress response. [After 
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secretes some special corticotrophin that 
induces the adrenal to elaborate predomi- 
nantly p~ophlogistic corticoids; indeed, 
S T H  itself may possess such effects, but 
this has not yet been proved. Probably the 
electrolyte content of the blood can also 
regulate mineralocorticoid production. I n  
any event, even if A C T H  were the only 
corticotrowhin. the actions of the corti- 

L 3 

coids produced under its influence can be 
vastly different, depending on "condition- 
ing factors" (such as S T H )  that specifi- 
cally sensitize the target area for one or 
the other type of corticoid action. Actu- 
ally, conditioning factors could even alter 
the response to A C T H  of the adrenal cor- 
tex itself. so that its cells would ~ r o d u c e  
more antiphlogistic or  prophlogistic cor- 
ticoids. Thus, during stress, one or the 
other type of effect can predominate. 

As work along these lines progressed, 
it became increasingly more evident that 
the actions of all the "adaptive hor-
mones" (corticoids, ACTH, S T H )  are 
so largely dependent on conditioning fac- 
tors that the latter must be considered 
to be equally as important, in determin- 
ing the final outcome of a reaction to 
stress, as the hormones themselves. I t  
will be rewarding, therefore, to discuss 
this topic thoroughly. 

Cozditiozzng of hormone nctionc. He-
redity, age, p re~ ious  exposure to stress, 
nervous stimuli, the nutritional state, 
and many other factors can affect both 
the production of the adaptive hormones 
and their effect on individual target or-
gans. T h e  action of rnineralocorticoids on 
most of their target tissues is augmented, 
and that of glucocorticoids is diminished, 
by an excess of dietary sodium. However, 
stress during the secretion of adaptive 
hormones is perhaps the most effective 
and most common factor capable of con- 
ditioning their actions. Thus systemic 
stress augments the antiphlogistic, lym- 
pholytic, catabolic, and hyperglycemic 
actions of antiphlogistic corticoids. Fur- 
thermore, one of the salient effects of the 
adaptive hormones, that of modifying the 
course of inflammation, naturally cannot 
manifest itself unless some "topical stres-
$or" (for example, a nonspecific irritant 
nctinq on a circumscribed tissue region) 
first elicits an  inflammatory response. 

A few words about the recently intro- 
duced concept of the "permissive ac-
tions" of corticoids may be in order here. 
This hypothesis assumes that the corti- 
coids do not themselves affect the targets 
of stress but merely permit stressors to 
act on them. Thus the presence or ab- 
sence of corticoids could only allow or 
disallow a stress reaction but could not 
vary its intensity. T o  illustrate this con- 
cept, one might compare the production 
of light by an  electric lamp to the bio- 
logic reaction and the switch to the per- 
missive factor. T h e  switch cannot pro- 

duce light or regulate the degree of its 
intensity, but unless it is turned on the 
lamp will not function. Correspondingly, 
the functional signs-generally consid-
ered to be characteristic of overproduc- 
tion of corticoids during stress-would 
result not from any actual increase in 
corticoid secretion but from the extra-
adrenal actions of the stressors them-
selves. T h e  presence of corticoids would 
be necessary only in a "supporting ca-
pacity" to maintain the vitality and re- 
activity of tissues (16) .  

Actually, it is precisely in the specific 
and not in the nonspecific (stress) reac- 
tions that the corticoids play a purrly 
permissive role of this type. Here they 
are necessary only to stress and 
collapse, thus keeping the tissues respon- 
sive. For instance, adrenalectomized rats 
will not respond to injected S T H  with 
somatic growth or to sexual stimulation 
with mating without a minimal-mainte- 
nance corticoid treatment. However, 
these are specific reactions; they are not 
characteristic either of stress or  of the 
corticoids and could not be duplicated in 
the absence of the specific stimulus 
I S T H  and sexual stimulation), even \\ it11 
the highest doses of corticoids. 

T h e  characteristics of antiphlogistic 
corticoid overproduction that we see in 
the alarm reaction (for example, atrophy 
of the lymphatic organs, catabolism, and 
inhibition of inflammation) are also im- 
peded by adrmalectomy; they are also 
restored even by mere maintenance doses 
of antiphlogistic corticoids in the pres- 
ence of stress, because the latter sensitizes, 
or conditions, the tissues to them. T h e  
fundamental difference is, however, that 
-unlike specific actions-these nonspe-
t ific effects can be duplicated, even in 
the absence of any stressor, if large doses 
of antiphlogistic corticoids are given. 

T h e  importance of such conditioning 
influences is particularly striking in the 
regulation of stress reactions, because, in 
the final analysis, they are the factors 
that can actuallv determine whether ex- 
posure to a stressor will be met by a 
physiologic adaptation syndrome or cause 
"diseases of adaptation." Furthermore, 
in the latter instance, these conditioning 
factors can even determine the selective 
breakdown of one or the other orpan. IYe 
are led to believe that differences in pre- 
disposition, caused by such factors, might 
explain why the same kind of stressor 
can cause diverse types of diseases of 
adaptation in different individuals. 

"Buffering action" of the ndrennls. I t  
has long been noted that it is much more 
difficult to obtain overdosa~e with either " 
glucocorticoids or rnineralocorticoids in 
the presence than in the absence of the 
adrenals. Thus, for instance, cortisol ex- 
erts its typical actions (for example, on 
inflammation, bodv weight, and the thy- 

rnicolymphatic organs) a t  much lower 
dose levels in intact rats than it does in 
adrenalectomized rats. This is largely, if 
not entirely, the result of the absence of 
mineralocorticoids, for it proved possible 
to restore the glucocorticoid resistance of 
the adrenalectomized rat to normal by 
treatment with small doses of mineralo- 
corticoids (desoxycorticosterone and al- 
closterone). F,ven a mere excess of dietary 
sodium can, a t  least partially, substitutc 
for the adrenal in such experiments; 
hence it is reasona1,le to assume that here 
the rnineralocorticoids antagonize the 
glucocorticoids, as a direct result of their 
effect upon mineral metabolism. 

These experiments definitely disproved 
the so-called "unitarian theory" of adre- 
nocortical function, which was still held 
by some of the most distinguished adrenal 
physiologists a short while ago. I t  is clear 
not only that the cortex produces more 
than one kind of corticoid but that the 
mineralocorticoids and the glucocorti-
coids are mutually antagonistic in many 
respects, as postulated by the "corticoid 
balance theory." 

However, several observations still did 
not seem to be consonant with our con- 
ccpt of corticoid antagonism. For in-
stance, in the presence of the adrenals, 
both in experimental animals and in 
man, it proved extremely difficult to 
stimulate inflammatory reactions much 
above normal, even with very large doses 
of mineralocorticoids. On the other 
hand, glucocorticoids always succeed in 
overcoming the buffering action of an 
intact adrenal, as long as the dosage is 
sufficiently high. 

I t  is only quite recently that the cause 
of this apparent exception to the con-
cept of adrenal hormone antagonism has 
been clarified by the demonstration that 
the corticoids act in accordance with the 
"law of intersectinz dose-effect curves.'' u 

Law of i z t ~ ~ s ~ c t i z g  cu1ues.d o c ~ - ~ f f ~ c t  
!\'hen a solution containing fixed propor- 
tions of cortisol acctate and desoxycorti- 
costerone acetate ( D C A )  is administered 
to adrenalectomized rats, the cortisol 
action (catabolism, thymolysis, and in-
hibition of inflammation) predominates 
a t  low, and the opposite, desoxycortico- 
sterone type of activity, predominates a t  
high dose levels. This was ascribed to the 
fact that the DCA activity rises rapidly 
to its optimum level, but then a "ceiling" 
is reachrd, and raising the dose further 
\\.ill not increase the effect. T h e  cortisol 
type of activity, on the other hand, rises 
more slowly but does not flatten out 
until it far exceeds the ceiling of its an- 
tagonist (Fig. 2 ) .  

T h e  relationship between the t ~ v o  types 
of corticoids explains why it is readily 
possible to overcome the adrenal buffer 
with appropriate doses of cortisol-like 
hormones, whereas even the highest doses 
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Fig. 2. Effect of varyins the dose while thc ( 

constant. Difference in the slopes results in 
and Bois ( 1 8 ) l  

of DCA cannot inhibit this effect. I n  the 
presence of the adrenals the normal level 
of mineralocorticoid production is 
usually already at its optimum of efficac).. 
This may also explain the frequently 
made observation that in adrenalectom- 
ized animals and man-where the start- 
ing point is below the mineralocorticoid 
ceiling-desoxvcorticosterone stimulates 
inflammatory phenomena (for example, 
arthritis), and this can be antagonized by 
concurrent treatment with cortisol. 

However, in certain respects, the des- 
oxycorticosterone action does not appear 
to have a definite ceiling. Thus, in the 
rat, the production of renal damage b) 
desoxycorticosterone is quite proportional 
to the amount given, within a very wide 
dose range. 

Exceptional  pocition of t h e  k idney  
crnong t h ~  tulgetc. of corticoid a c t i u i t ~ ~ .  
Numerous obqerl ations show that there 
exists a rather special relationship br-  
tween the corticoids and the liidney, a 
relationship that clearly distinguishes 
renal tissue from other targets of corti-
coid acti\,ity. 

Thus, the renal damage (nephrosclero- 
sis) produced with high doses of desoxy- 
corticosterone, in the rat, is not antago- 
nized but is actually aggravated by 
concurrent treatment with cortisol. In  
other words, here there is no mineralo-
corticoid-glucocorticoid antagonism. 

Furthermore, the kidney-damaging 
effect of various agents (for example, 
cold, foreign proteins, large doses of 
STH-preparations, and methylandro-
stenediol) can be prevented by adrenal- 
ectomy, while their extrarenal effects 
(including, for instance, the influence of 
S T H  and methylandrostenediol upon in- 
flammation) are not markedly affected. 

T h e  cause of this exceptional reacti\,- 
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ortisol/desoxycorticosterone quoticnt is kept 
intersecting dose-effcct curves. [After Selye 

ity of renal tissue to corticoids is not yet 
known. However. two factors undoubt- 
edly play an  important role here: ( i )  
glucocorticoids and mineralocorticoids 
arc not strictly antagonistic (and may 
even be synergistic) in their actions on 
the liidney; ( i i )  the inability of mineralo- 
corticoids to produce more than a limited 
effect on extra-adrenal tissues (no matter 
how much the dose is raised) does not 
apply to the kidney. 

I11 the preceding discussion Ire have 
just barely mentioned the "topical stress- 
ors," but now we shall have to consider 
these a little more carefully before we 
turn our attention to the diseases of adap- 
tation. 

Concep t  of t h e  local-adaptat ion syn- 
drome .  I n  Fig. 1 Ire ha1.e indicated that 
nonspecific damage to a limited tissue 
area can influence the pituitary-adrenal 
system and consrquently initiate systemic 
reactions to stress. I t  has long been 
known, furthermore, that many local re- 
sponses to injury a te  nonspecific; it has 
been observed, for instance, that a variety 
of topical stressors (burns, microbes, 
drugs) share the power of producing local 
nonspecific tissue damage and/or inflam- 
mation. However, it is only recently that 
the close relationship between the sys- 
temic and local types of nonspecific reac- 
tions has been more clearly established. 
IVhile the characteristic resoonse of the 
body to systemic stress is the general- 
adaptation syndrome, ~ h i c h  is charac- 
terized by manifold morphologic and 
functional changes throughout the organ- 
i,m, topical stress elicits a local adapta- 
tion syndrome, the principal repercussions 
of ~vhich are confined to the immediate 
licinity of the eliciting injury. They 
ronqi\i, on the one hand, of degeneration, 
atrophy, and necrosis and, on thc othcr 

hand, of inflammation, hypertrophy, hy- 
perplasia, and, under certain conditions, 
even of neoplasia. 

At first sight, there appears to he no  
striking similarity between the systemic 
and the local reaction types. A patient in 
traumatic shock furnishes a characteristic 
example of the general-adaptation syn- 
drome and, in particular, of its earliest 
stage, the shock phase of the general 
alarm reaction. O n  the other hand, an 
abscess formed around a splinter of wood 
represents a typical example of the local- 
adaptation syndrome and, in particular, 
of its stage of resistance, during which 
the defensive inflammatory phenomena 
predominate. O n  the surface, these two 
instances of disease reveal no striking 
similarities; yet more careful study shows 
them to be closely related: ( i )  both are 
nonspecific reactions, comprisinp. dam- 
age and defense; ( i i )  both are triphasic 
(with systemic or local alarm, resistance, 
and exhaustion) ; (i i i)  both are singu-
larly sensitive to the adaptive hormones 
(ACTH,  S T H ,  and corticoids) ; ( iv)  if 
the two reactions develop simultaneously 
in the same indi\,idual, they greatly in- 
fluence each other-that is, systemic 
stress markedly alters tissue reactivity to 
local stress and vice versa. 

T h e  fundamental reaction pattern to 
topical stressors is a local-adaptation syn- 
drome: to svstemic stressors the funda- 
mental reaction pattern is the general- 
adaptation syndrome. Various modifica- 
tions of these two basic responses consti- 
tute the essence of most of the diseases 
known today. 

Are There Diseases of Adaptation? / 
By diseases of adaptation, Ire mean 

maladies that are caused principally by 
errors in the adaptation syndrome. Thus 
we arrived a t  the conclusion that the 
pathogenicity of many systemic and local 
stressors depends largely on the function 
of the hypophysis-adrenocortical system. 
T h e  latter may either enhance or mitigate 
the body's defense reactions against stress- 
ors. We think that derailments of this 
adaptive mechanism are the principal 
factors in the production of certain mala- 
dies, which we consider, therefore, to be 
essentially diseases of adaptation ( 1 7 ) .  

I t  must be kept in mind that such dis- 
eases of a d a ~ t a t i o n  do not necessarilv be- 
come manifest during exposure to stress. 
This is clearly demonstrated by the ob- 
servation that temporary overdosage with 
desoxycorticosterone can initiate a self-
sustaining hypertension, which eventually 
leads to death, long after hormone ad- 
ministration has been discontinued. Here, 
we speak of "metacorticoid" lesions. T h e  
possibility that a temporary excess of 
endogenous mineralocorticoids could in- 



duce similar delayed maladies deserves 
serious consideration. 

Among the derailments of the general-
adaptation syndrome that may cause 
disease, the following are particularly im
portant : (i) an absolute excess or de
ficiency in the amount of adaptive hor
mones (for example, corticoids, A C T H , 
and S T H ) produced during stress; (ii) 
an absolute excess or deficiency in the 
amount of adaptive hormones retained 
(or "fixed") by their peripheral target 

organs during stress; (iii) a disproportion 
in the relative secretion (or fixation) dur
ing stress of various antagonistic adaptive 
hormones (for example, A G T H and anti
phlogistic corticoids, on the one hand, 
and S T H and prophlogistic corticoids, on 
the other h a n d ) ; (iv) the production by 
stress of metabolic derangements, which 
abnormally alter the target organ's re
sponse to adaptive hormones (through 
the phenomenon of "condit ioning"); and 
(v) finally, we must not forget that, al
though the hypophysis-adrenal mechan
ism plays a prominent role in the gen
eral-adaptation syndrome, other organs 
that participate in the latter (for ex
ample, nervous system, liver, and kidney) 
may also respond abnormally and be
come the cause of disease during adapta
tion to stress. 

With this in mind it may be convenient 
for investigative purposes to classify as 
"diseases of adaptat ion" those maladies 
in which an inadequacy of the adaptation 
syndrome plays a particularly important 
role. This means that the term should 
be used only when the maladaptat ion 
factor appears to be more important than 
the eliciting pathogen itself. No disease 
is purely a disease of adaptation, any
more than it could be purely a disease of 
the heart or an infectious disease, without 
overlap with other nosologic groups. Con
versely, there is no disease in which adap
tive phenomena play no part. 

I t is undoubtedly useful to realize, 
however, that some agents are virtually 
"unconditional pathogens," in that their 
influence on the tissues is so great that 
they cause damage almost irrespective of 
any sensitizing or adaptive factors (for 
example, immediate effect of x-rays or 
of severe thermal and mechanical in
juries, and the actions of certain micro
organisms to which everybody is suscep
tible.) 

Most disease-producing agents, how
ever, are to a greater or lesser extent 
"conditionally acting pathogens"; that is, 
their ability to produce illness is largely 
dependent on our adaptive reactions to 
them. Here, correct adaptation may pre
vent disease, (for instance, a focus of 
tuberculosis perfectly held in check by an 
appropriate inflammatory barr icade) , but 
insufficient or excessive adaptive reac
tions may themselves be what we experi-

630 

ence as illness (excessive and unnecessary 
inflammation around an otherwise harm
less allergen). 

Application of Animal Experiments 

to Clinical Medicine 

Since most of the fundamental work 
on stress had been performed on lab
oratory animals, it was reasonable to 
question its applicability to problems of 
clinical medicine. It may now be said, 
however, that although there are certain 
differences in the stress response of every 
species, the general pattern of reaction is 
essentially the same in the various kinds 
of experimental animals and in man. 
Furthermore, a good deal of evidence 
has accumulated in support of the view 
that the experimental similes of spon
taneous diseases produced in animals by 
exposure to stress, or by overdosage with 
certain adaptive hormones, are closely 
related to the corresponding maladies of 
man. 

Let us merely mention a few of the 
most striking similarities in the responses 
to stress and to adaptive hormones of 
animals and man. 

Morphologic and junctional adreno
cortical changes during stress. There can 
be no doubt that, during intense stress 
(for example, severe mechanical or ther
mal injuries and massive infections), the 
adrenal cortex of man, just as that of 
laboratory animals, shows morphologic 
changes characteristic of hyperactivity. 
At the same time, there is a demon
strable increase in the blood concentra
tion and urinary excretion of corticoids 
and their metabolites. The other mani
festations (morphologic, functional, and 
chemical) of the stress syndrome also 
failed to exhibit any fundamental dis
similarity in the reaction patterns of ani
mals and man. 

Corticoid requirements during stress. 
During stress, the corticoid requirements 
of all mammals are far above normal. 
After destruction of the adrenals by dis
ease (as after their surgical removal) , the 
daily dose of corticoids, necessary for the 
maintenance of well-being at rest, is com
paratively small, but it rises sharply dur
ing stress (for example, cold, intercurrent 
infections, and hemorrhage) , both in ex
perimental animals and in man. 

Anti-inflammatory effects of corticoids. 
The same antiphlogistic corticoids (corti
sone and Cortisol) that were shown to in
hibit various types of experimental in
flammations in laboratory animals exert 
similar effects in a human being afflicted 
by inflammatory diseases (for example, 
rheumatoid arthritis, rheumatic fever, 
and allergic inflammations). 

Sensitivity to infection after treatment 
with antiphlogistic corticoids. In experi

mental animals, the suppression of in
flammation by antiphlogistic hormones is 
frequently accompanied by an increased 
sensitivity to infection, presumably be
cause the encapsulation of microbial foci 
is less effective and perhaps partly also 
because serologic defense is diminished. 
Thus, even a species naturally resistant 
to the human type of tuberculosis, such 
as the rat, can contract this disease dur
ing overdosage with A C T H or cortisone. 
Similarly, in patients undergoing intense 
treatment with antiphlogistic hormones 
(for example, for rheumatoid arthrit is) , 
a previously latent tuberculous focus may 
suddenly spread. It is a well-known fact 
that in patients suffering from tuberculo
sis the disease is especially readily ag
gravated by exposure to any kind of 
stress situation. Rest cures have long been 
practiced in view of this. It is perhaps 
not too farfetched to consider the possi
bility that an increased A C T H and Corti
sol secretion during stress may play an 
important part in the development of 
clinical tuberculosis. 

Sensitization to mineralocorticoids by 
sodium and the buffering effect of the 
adrenals. In experimental animals, min-
eralocorticoids tend to raise the blood 
pressure and to cause vascular and renal 
damage (nephrosis and nephrosclerosis) 
often with edema. This effect is aggra
vated by simultaneous treatment with 
sodium chloride and becomes particu
larly severe after adrenalectomy. Simi
larly, in man on a high sodium intake, 
and especially after adrenalectomy, 
otherwise nontoxic doses of desoxycorti-
costerone will produce hypertension and 
edema. Apparently, in man as in the lab
oratory animal, sodium acts as a condi
tioning factor for mineralocorticoids, 
while the adrenal exerts a buffering 
effect. 

This may also explain why, in many 
cases of clinical hypertension, bilateral 
adrenalectomy exerts a beneficial effect, 
as long as only cortisone or Cortisol is 
used for substitution therapy, while treat
ment with desoxycorticosterone restores 
or further aggravates the hypertensive 
disease. Apparently, the adrenals of these 
patients produce some desoxycortico-
steronelike factor that plays at least an 
adjuvant role in the pathogenesis of hy
pertension. 

In patients suffering from rheumatoid 
arthritis, adrenalectomy has also been re
ported to exert a beneficial influence if 
only glucocorticoids are used for mainte
nance. Furthermore desoxycorticosterone 
tends to elicit arthritic changes only in 
the adrenal-deficient but not in the in
tact patient. This effect of desoxycortico
sterone is, in turn, corrected by simulta
neous cortisone treatment. 

Finally, let us point out that, both in 
man and in animals, the various charac-
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tcrictic effects of cortisone are also ob- 
tained a t  especially low dose levclc after 
adrenalectomy. 

P s ~ ~ c h o l o g i c a la n d  ps?~chiatric cffccts of 
corticoid ozlcrdosage. Considerable atten- 
tion has been given of late to the possible 
rncntal effects of stress and of the adap- 
tive hormones. I t  ~vould be beyond the 
scope of this article (and certainly out- 
side my competence) to discuss these in 
detail, but a few remarkc based on our 
experimental obcervations may be in 
order. 

I t  hac lo~lg been noted that various 
steroids-including desoxycorticostcron~!~ 
corticone, progesterone, and many otherc 
-can produci: in a variety of animal 
species (even in primates such as thc 
rhesus monkey) a state of great excita- 
tion follorved by deep anccthesia. I t  has 
more recently been sho~vn that such 
steroid anesthesia can also be produccd 
in man, and, of course, the marked emo- 
tional change? (somctirncc bordering on 
psychosic) that may occur in prcdis-
poccd individuals during treatment with 
ACTI-I, corticone, and cortisol are ~vcl l  
known. Several laboratories reported fur- 
thermore that the electroshock thrrchold 
of experimental animals and thcir scnsi- 
tivity to anesthetics can be affected by 
corticoids. 

'I-hus, it appears very probable that 
corticoids secreted during stress also have 
an important influence on nervous anti 
emotional reaction?. Convercely, it is nor\- 
definitely established that nervous stres- 
sors (pain and emotions) arc particularly 
conducive to the development of the 
somatic manifestations of the stresc syn- 
drome; thus stresc can both cauce and be 
caused by mental reactions. 

I n  conclusion, let us reemphacize that 
no illness is exclucively a diecase of adap- 
tation, but considerable evidence has ac- 
cumulated in favor of the view that 
strecs, and particularly the adaptive hor- 
mones produccd during ctrcsc, exert an 
important regulating influence on the 
development of numerous maladies. 

I t  is virtually certain that our con-
cepts conccr~ling the role of pituitary 
and corticoid hormones in the patho-
genesis of certain diseases of adaptation 
will have to undergo modifications as 
more factc become knorvn. However this 
is true with every thcory. The  came \vaa 
true, for inqtance, of the original thcory 

that related diabetes to a cilnple hypoin- 
sullnicrn, when the role of the anterior 
pituitary rvas diccor ercd. Yet, the realiza- 
tion of some pathogenic relationship be- 
tween insulin and diabetes mas an  almost 
indiepencable ctep 111 the subsequent dc- 
velopment of thir; field. 

T h e  best theor) is that nhich nececsi- 
tates the minimum number of assump-
tions to unite the maximum number of 
facts, since such a theory is most likely 
to possess the polver of assimilating neTv 
facts froin the unkno~vn without damage 
to its olvn structure. Our  factc must be 
correct; our theories need not be if they 
help us to di~covcr nev facts, even if 

these discoveries nccescitate some change? 
in the structure of the theory. 

Mcanrvhile, the stresc theory, as out- 
lined in this article, permits uc to corre- 
late the known facts and furnishes a con- 
crete plan for the syst~rnatic dcr clopmcnt 
of thic field throueh planned inr estiga- 
tion rather than throuqh the mere ern-
pirical collection of chance obcer~ationc. 

Outlook 

Pasteur, Icoch, and thcir conternpo-
rarics introduced the concept of speci-
ficity into medicine, a concept that ha, 
proved to be of the greatest heuristic 
value up to the present time. Each indi- 
vidual, well-defined disease, the) held, 
has its own cprcific cause. I t  has been 
claimed by many that Pastcur failed to 
recognize the importance of the "ter-
rain," because he Ivac too preoccupied 
with the pathogen (microorganicm) it- 
self. Hie work on induced immunity shorvs 
that this is incorrect. Indeed, a t  the end 
of his life he allegedly said, "Le microbe 
n'cst r im,  le terrain est tout." 

The  thcory that dircctcd the rnoct fruit- 
ful invectigationc of Pastcur and his fol- 
lowers was that the organicm can develop 
specific adaptive reactions againct indi- 
vidual pathogene and that by imitatinl 
and complcrncnting these, whenever. they 
arc short of optimal, ~ v c  can treat Illany 
of the disi.ascs that arc caused by \pecific 
~ a t h o r e n s .  

T o  my mind, thr general-adaptatiot~ 
yndrornc rcprecents, in a sense, the nega- 
tive counterpart, or mirror image, of this 
concept. I t  holds that many diccasrs have 
no cinrrlc cauce, no specific pathogen, but 

are largely due to noncpccific stress and 
to pathogenic situations that result from 
inappropiiate response? to such noncpc- 
cific ctrcss. 

Our  blueprint of the pathwayc through 
which strcsc actc may be partly incorrect; 
it ic certainly quite incomplete. But in it 
V V . ~have a basis for the objective scicn- 
tific dicsection of cuch time-honored, but 
hitherto rather vague, conceptc ac the 
role of "reactivity," "constitution and re- 
sistance," or "nonspecific therapy," in the 
genesis and treatment of diseace. 

If I may venture a prediction, I would 
like to reiterate my opinion that research 
on strcss will be most fruitful if it ic 
guided by the principle that Ive must 
learn to imitate-and if neceysary to cor- 
rect and complement--the body's own 
:lutopharmacoloqic efforts to combat the 
stresc factor i11 disease. 
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