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Mu{:h anecdotal evidence has accumulated over the
millennia to support Aristotle’s suggestion of a
connection between mood and health. Clinicians in
human medicine have long observed that “stress” con-
tributes to the course ol disease states and that social
and environmental lactors can influence susceptibility
to illness and disease by altering the responsiveness ol
the immune system.’ Since Solomon and Moos® first
proposed then-speculative theoretic integration ol
cmotion, immunity, and disease 35 years ago, a rapidly
expanding body ol clinical and experimental evi-
dence—on humans and other animals—supports a
strong interrelationship and  bidirectional influence
between emotional states and physiologic processes ol
somatic health. An extensive body of literature reveals
the influence of emotional states on the course and
outcome ol physical illnesses in human beings; howev-
er, although the evidence for such a relationship in
nonhuman animals is equally vast, these diversely
reported data have not been comprehensively
reviewed. Moreover, until recently, a biochemical ratio-
nale for the influence of mental states on somatic
health was lacking. Recent advances in neuroscience
have revealed a plausible biochemical mechanism for
these interactions. The purpose ol this report is to pre-
sent evidence for the integration ol mental states and
physical health in nonhuman animals.

The Organism as an Information Network
All organisms, lor optimal lunction and survival,
must maintain and preserve the homeostasis and
integrity ol the body. In so doing, the organism must
respond o a wide variety ol threats and attacks from
outside and within the body proper. An organism, as a
whole, gathers and processes information, then
responds o and interacts with the environment as an
cnsemble; the interaction is not by brain or body
alone.” In preserving body homeostasis and integrity,
all defense mechanisms—behavioral, immunologic,
detoxilication, wound healing—work cooperatively as
@ unit;, to accomplish this, there must be a constant
exchange of information throughout the body cells and
systems 1o coordinate integrated and organized
responses. The biological basis and evidence for such a
body-wide system ol coopnmunication was only theoret-
o speculanon until results ol recent rescarch on neu-
ropeptides and  the anatomic  distribution ol their
receptors revealed a mechanisim by which various body
systems that were believed o operate independently
may commumcate with and modulate one another ina
single tunctional network ol inlormation exchange.™
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Neuropeptides, short chains of amino acids origi-
nally known [or their role as neurotransmitters, func-
tion as hormone-like messenger molecules, transmit-
ting information from the secreting cell 10 other cells
by binding to and activating specific receptors on cell
surfaces.” These peptides and their receptors have been
conserved structurally in evolution and are widely dis-
tributed across phyla.® In the CNS ol the recently
evolved mammals, neuropeptides and their receptors
are most densely concentrated in the limbic regions,
classically known to contain the brain’s emotional cir-
cuitry.”” Among their other functions, neuropeptides
play a large regulatory role in mental states; much evi-
dence supports the role ol opioids in controlling or
mediating emotional and alfective (feeling) states, such
as pleasure,” pain,” and emotions ol social bonding
and attachments.®” This is consistent with current evo-
lutionary theory, which interprets mental states as
serving the same goals as the physical body (ie, optimal
survival and reproductive [itness)."” As motivational
guides for behavior, emotions appear to control psy-
chobehavioral circuits, which generate adaptive behav-
iors during circumstances that challenge the homeo-
static and existential integrity ol animals.® The promi-
nent role of opioid peptides in mental states has led 1o
the postulation ol neuropeptides as the biochemical
mediators ol emotions.’

Neuropeptides and their receptors originally were
believed 1o be confined 1o and thus act solely within the
nervous system. This view was changed radically in
1980 by Blalock and Smith," who discovered that endor-
phins were produced not only by cells ol the CNS but
also by cells of the immune system. Their [indings in
human lymphocytes''—followed by that of Lolait ¢t al®
who found that mouse spleen monocytes secreted the
mood-altering brain peptide endorphin, as well as
ACTH-—established that the immune system was com-
municating not only with the endocrine system but also
with the nervous system and the brain, using a chemical
mechanism that consisted ol opiate neuropeptides and
their receptors 1o code lor information.”"" Results ol sub-
sequent studies revealed opiate receptors on lympho-
cytes, which indicated that opioid peptides, through
activation ol receptors on immune cells, were capable ol
modulating the immune system,"" a linding borne out in
results ol studies that revealed stimulatory and inhibito-
ry elfects ol opioid neuropeptides on mouse and guinea
pig lymphocytes and macrophages in vivo." With the
additional linding that the CNS contains receprors lor
immunopeptides such as interleukins, cytokines, and
lymphokines” and that interleukins may modulate the
actions ol opioid peptides in animals,” it became clear
that the immune and nervous systems were communi-
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cating bidirectionally™™; the immune system was capa-
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ble of sending information to the brain via immunopep-
lides and receiving information from the brain via neu-
ropeptides.” Results of subsequent studies’ revealed that
opiate and other neuropeptide receptors were not con-
[ined to nervous tissue, but are found throughout the
body (eg, throughout the gastrointestinal tract).* Results
ol research on disease states revealed certain cancer cells
lo contain neuropeptide receptors and the behavior of
these cells to be influenced by peptide binding, thus
enabling certain cancer cells to be modulated by the
brain and neuropeptide network.® Opioid peptides, such
as B-endorphin and bombesin, enhance, respectively, the
rate of tumor cell metastasis' and growth'’; opioid ago-
nists and antagonists are capable of retarding tumor
growth." Growth and tissue localization of tumor and
macrophage cells are thereby influenced by neuropep-
tides released in the brain, as well as the body, as the
result of cognitive, emotional, or other stimuli.” Results
ol these studies helped confirm that neuropeptides and
their receptors lorm a network of inlormation exchange,
which extends throughout the brain and body, including
the immune system,’ that the nervous system is directly
implicated as part of the process by which the body
maintains health,” and that there is a [unctional link
among the body's cellular defense and repair mecha-
nisms, endocrine glands, brain, behavior, mood, and
emotions.”’

At the same time, results of studies continued to
elucidate the long-recognized integration ol the
endocrine and nervous system revealing, for example,
that stress-induced immunomodulation in animals is
mediated through glucocorticoid hormones and
endogenous opioids, among other biochemical
processes.”™ The influence of the hypothalamic-pitu-
itary-adrenal axis on immunologic function was deter-
mined to be one of the most important mechanisms ol
intersystemic communication.

Emerging from this large body of research was the
view ol the organism as an “information network,”
constantly exchanging information to respond to the
demands ol the environment in a coordinated and sys-
tematic way. Experimentally, there was a chemical
mechanism through which the nervous, immune, and
endocrine systems could communicate. Results of neu-
ropeptide research confirmed that the view of an
autonomous immune system was no longer valid.
Evidence indicated that all body systems interact con-
tinuously to maintain homeostasis, linking all body
systems together into a single, undissociated organism,
with the entire complex served by a biochemical mech-
anism that also regulates mental states.

Effects of Cognitive Mental States

Clinical evidence for the link between the brain
and immune system was revealed in a series of ground-
breaking experiments in the 1970s by Ader and
Cohen,"” who expanded on earlier research by Russian
investigators. In the 1920s, Russian scientists found
that classical conditioning—the method ol learning
used by Pavlov to train his dogs to associate the sound
ol a bell with the presentation of food—could be used
to train the immune system. Il a neutral stimulus, such
as a particular sound or laste, is presented repeatedly

(ie, paired) with the presentation ol an antigen, even-
tually the presentation ol the neutral stimulus alone
without the antigen will induce the same stimulated
immune response. Russian investigators found that
pairing a trumpet blast with an injection ol bacteria in
guinea pigs and rabbits would eventually lead to an
immune stimulation upon just hearing the sound ol
the horn. Immune responses could be suppressed or
enhanced.” Ader and Cohen" demonstrated that the
immune system can be conditioned to suppress
humoral and cell-mediated immune responses.
Working with rats, they paired the neutral stimulus of
a sweet laste (saccharin) with the immunosuppressive
drug cyclophosphamide. When the drug was discon-
tinued and saccharin alone was given, the immune sys-
tem had the same immunosuppressive ellect as the
drug had elicited."* Results ol these studies caused a
major conceptual shift in the [lields ol neurobiology
and immunology, as the body systems always believed
to operate independently were now seen as a function-
ally integrated circuit.""

Subsequent studies yielded findings with promis-
ing clinical applications. Using the same technique of
classical conditioning that resulted in immunosuppres-
sion, experiments performed in mice with autoim-
mune disorders revealed that the onset of disease could
be signiflicantly delayed when compared with a control
group ol mice.”

The link of cognitive mental states to bodily effects
in systems other than the immune system revealed
similar responses 1o classical conditioning. In dogs,
conditioning was applied to toxic reactions and ill-
nesses in general. A dog given a daily injection for 8 to
10 days of a drug (morphine) that caused vomiting,
delecation, and sleep was then given an injection of
water that resulted in the same adverse efllects.
Eventually the response did not require an injection;
the mere arrival ol the experimenter in the room
evoked the physical response.” The investigators con-
cluded that conditioned reflexes may play a very
important role in immune responses, as well as a mul-
titude ol other diseases, including asthma, heart dis-
ease, and neuroses. In such disorders, onset or exacer-
bation may occur as the result of conditioned stimuli
that have nothing in common with the real cause of the
illness.”

Recently, a new relationship between cognitive
mental states and somatic states recently has been
revealed by strong evidence that, through operant
learning, autonomic processes can be brought under
voluntary control in animals.” Using bioleedback based
on positive and negative reinforcement, cats, rabbits,
and rats have learned to raise and lower their arterial
blood pressure.” Rats learned to increase and decrease
renal blood flow, glomerular filtration rate, and rate of
urine production.” Monkeys could be trained to slow
their heart rate and attenuate the tachycardia ol exer-
cise, and they can perlorm this behavior reliably.”
Monkeys are able to learn to use bioleedback to sell-reg-
ulate increases and decreases in hand temperature.”

Effects of Emotional Mental States
Results of many studies have indicated that emo-
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tional states strongly influence somatic processes in the
animal body. Broadly, emotional states in animals are
associated with a wide array of health effects ranging
from immune modulation to tumor enhancement to
cardiovascular and renal disorders.*

Anxiety and fear—Effects of anxiety and fear, 2
closely related emotional states, have been studied
extensively in nonhuman animals. Anxiety and other
emotional and psychosocial stresses in experimental
animals result in low immunocompetence to cancer,
infective agents, and other disease processes that the
body resists with cell-mediated immunity.”’ Viral and
neoplastic diseases are enhanced in animals subjected
to emotional stress; the mechanism of enhancement is
at least partially through compromised immunologic
competence of the host. Emotions and anxiety in ani-
mals can have lethal consequences.” Emotional stimuli
profoundly affect cellular and humoral delenses in ani-
mals.' Emotional stress in the form ol fear ol punish-
ment will alter activity of the immune system of the
rat.” Mice maximally protected [rom chronic anxiety
and other environmental stressors had significantly
less incidence of mammary tumors.” Juvenile pigs
handled in an unpleasant manner (lightly slapped,
snout noose used, briel electric shock) had high corti-
costeroid concentrations and slowed growth rate, com-
pared with pigs handled in a pleasant manner.”
Cynomolgus monkeys fed a moderately atherogenic
diet were challenged by threatened capture and physi-
cal handling. The increase in heart rate during the
challenge period was directly proportional to the
degree ol atherosclerosis on necropsy, indicating that
emotional stimulation is related 1o the development of
atherosclerosis and that the degree of pathologic
change is proportional 1o the degree of emotional stim-
ulation, as measured by cardiovascular responsive-
ness.” The onset of clinical signs of idiopathic lower
urinary tract disease in cats is associated with aversive
environmental stimuli.”

Anxiety in dogs in the veterinary clinic is associat-
ed with high blood pressure, which can be erroneous-
ly diagnosed as hypertension.” This condition is anal-
ogous to a syndrome in human patients termed “white
coat hypertension,” in which blood pressure increases
as a result ol the anxiety experienced in the environ-
ment of the doctor’s office.” In mice, a sustained
increase in systolic arterial pressure resulted from psy-
chosocial stimulation (eg, confrontation and conflict
with other mice, confinement to small spaces, subject-
ing animals to threats from predators).™

In mice” and rats' exposed repeatedly to an expe-
rienced fighter, the subordinate had a low primary
antibody response. A dominant rat that loses its social
position becomes an dutcast and the object of aggres-
sive chases and challenges by virtually all other colony
members; il not removed [rom the colony, these rats
soon die [rom gastrointestinal bleeding and infections.'

Fear has been induced in wild rabbits by repeated-
ly exposing trapped rabbits to dogs. The emotional
response induces an acute thyrotoxicosis ol such sever-
ity that death ensues.” Termed by the investigators
“fright-thyrotoxicosis,” this represents a noncorticoid

mediated pathophysiologic response to severe psycho-
logic trauma. In a study on the effects of fear, guinea
pigs and rabbits were given digitalis and exposed to a
fear-inducing stimulus. The groups exposed to the
stimulus had clinical signs ol digitalis toxicosis; no
such adverse elfects were apparent in the control
group, which received the same dose of digitalis but
was not exposed to the fear-inducing stimulus."”*

Social emotions—Emotions associated with social
alfiliation and bonding, regulated largely, if not solely,
by endogenous opioids,” caused a wide variety of
pathologic effects if social bonds are disrupted, sev-
ered, or impaired. Disruption of the mother-infant
bond adversely affects health at all ages. Completely
weaned squirrel monkeys that were separated from
their mothers had immune suppression at 7 and 14
days after separation.” Those monkeys that were
placed in cages with others had less immunosuppres-
sion than those caged alone.” Squirrel monkeys sepa-
rated from their mothers at 6 months old experienced
suppressed immune [unction (ie, low antibody
response). Infant monkeys placed in a familiar home
environment or with familiar peers had a lesser degree
of separation-induced immune suppression.
Environmental familiarity and social companionship
inhibited the emotionally induced immunosuppressive
effects of separation.”

In a 2-year study of male cynomolgus monkeys,
members of 1 group were allowed to remain with the
same social partners for the entire period; whereas,
those in the second group were assigned new partners
each month. Animals in the “unstable” group had
reduced immune function, compared with those in the
“stable” group.” Disruption of social relationships
caused a significant decrease in survival among Rhesus
monkeys inoculated with simian immunodeficiency
virus, as compared to simian immunodeliciency virus-
positive control monkeys not separated [rom [amiliar
social companions.” Social alfiliation can mitigate the
adverse immunologic consequences ol social stressors
in nonhuman primates.”* Separation anxiety in dogs,
resulting from separation of dogs from the human
companions to which they have formed social bonds,
can cause intestinal disorders such as diarrhea and
bloody stools.”

Other emotional states—To maintain proper
function and organization, brains of the higher animals
appear Lo require optimal stimulation; too much or to0o
little is a cause ol distress.” Boredom, the emotion
resulting [rom insufficient mental stimulation, causes
emotional distress and inlluential eflects on health in
animals.” In farm animal species, understimulation
[rom a socially deprived environment resulted in high-
er mortality and physiologic changes, such as a high
incidence of atherosclerosis.™ Conversely, enriching
the environment results in improved reproduction and
endurance against disease.” Increasing the complexity
and stimulation of the environment has a [avorable
effect on health and results in low susceptibility to dis-
ease in nonhuman primates.”

Anger was induced in laboratory dogs by having
another dog challenge their access to food.” Cardiac
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evaluation ol these animals revealed myocardial
ischemia characterized by low coronary arterial blood
flow, high coronary vascular resistance, and electrocar-
diographic changes indicative of impaired myocardial
perfusion.™

Psychologic State of Helplessness

A specilic type of mental state that is cognitive and
emotional has been induced experimentally in a variety
ol animal species; that is, the experience of helpless-
ness.” " In addition to the emotional component, help-
lessness has a cognitive component in the appraisal ol
one’s situation. The critical element of helplessness is
control; helplessness is the perception of no control
over one's environment. Results ol extensive research,
using the classic experimental method of escapable and
inescapable electric shock—wherein animals either
would or would not have the control 10 escape from or
turn off the shock—has revealed the differential effects
of control, and the findings have led consistently to the
conclusion that the ability to control or predict envi-
ronmental stressors is of lundamental value 1o the
organism' and critical for the modulation of cellular
and humoral immunity. Lack of perceived control over
a stressor is related to the development ol diverse
stress-induced pathologic changes, immunosuppres-
sion, and tumor enhancement'; conversely, control and
predictability permit animals to cope with stressors
and are protective against adverse somatic effects asso-
ciated with a variety of forms of stress.”*

Results of experiments that have used escapable
and inescapable shock in animals have revealed signif-
icant differences in effects on health. Inescapable
shock suppresses natural killer cell activity in rats* and
suppresses T-cell lymphocyte responsiveness to mito-
gens,” indicating that psychologic states that involve a
loss of control are critical in modulating immune
function. In rats, inescapable shock results in low
lumor rejection and low survival.® Stress of
inescapable shock caused earlier tumor appearance,
exaggeration ol tumor size, and low survival times;
escapable shocks had no such effects.” The elfects of
predictability ol the stressor stimulus were exam-
ined.” Rats subjected to 1ail shocks developed gastric
ulcers only il they could not predict when the shocks
would occur, whereas those that could predict but
received the same amount of shocks did not develop
ulcers.”” Results of these studies indicate that
immunomodulation and tumor rejection are not a
function of shock per se, but are a function of the abil-
ity to control or predict shock.” These results indicate
that the psychologic experience of helplessness exerts
a strong influence on somatic health and disease
states. Shock avoidance has been the classic experi-
mental method for inducing and studying helpless-
ness; however, this psychologic state can result from a
variety ol stressors. For example, isolation, which
makes social control impossible, may be considered a
favorable psychobiological condition for tumor
growth.' From the results of these studies, it is reason-
able to conclude that the experience of helplessness is
an important modulator of the immune-suppressive
and tumor-enhancing eflects of stress, and opioid pep-

tides are involved in mediating these immunologic
and oncologic ellects.™

Variable Effects of Mental States
on Somatic Health

Taken together, the complex data on the physio-
logic elfects ol psychosocial factors suggest that such
factors have a marked impact on the humoral and cel-
lular delense mechanisms and, jn general, the health of
animals. However, the data are not consistent; evidence
supports the notion that psychologic stressors dilleren-
tially alfect health mechanisms." In general, psycholog-
ic and emotional stress results in low resistance to
infective agents and enhances tumor induction and
development in animals."” However, several reports
found that stress has a protective effect against infec-
tion, hence, stress has immunomodulatory effects that
can be stimulatory or suppressive. In addition, stress in
some reports has been [ound to retard tumor growth."
Much of this inconsistency is now attributed 1o the
helplessness/control factor. Other variables appear 10
play a role; for example, the nature and chronicity of
the stress (a biphasic ellect of stress has been elucidat-
ed whereby some forms of acute stress are immuno-
suppressive and some [orms ol chronic stress mildly
immunoenhancing),’ the type of infective agent, tumor
lines, housing and social conditions, and animal
species.

In summary, the literature on the influence of
mental states on somatic health in nonhuman animals
supports a number of conclusions. It appears that all
body systems of the organism communicate with and
influence one another; mental states exert a profound
effect on the course and outcome of health and disease
states; the inlluence ol mental states is complex and
multifactorial and results in beneficial and detrimental
modulation of physical health; “stress” can not be con-
sidered all good or bad; the adverse ellects of emotion-
al stress are a scientilic reality despite some contradic-
tions in the experimental data”; the sense of control is
a critical determinant ol physical well-being; and all
known pathologic processes in animals are, to some
extent, subject to the inlluence ol psychosocial inter-
ventions of one kind or another.™

*Shavit Y, Ryan SM, Lewis JW, et al. Inescapable but not escapable
stress alters immune function. Physiologist 1983;26:A-64.
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