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Although clinicians now have an in- 
creased understanding of the immuno- 
logical basis of a variety of illnesses, little 
attention has been paid to the psycho- 
physiological aspects of immune processes. 
The immune system, similar to the nervous 
and endocrine systems, plays an important 
role in biological adaptation contributing 
to the maintenance of homeostasis and to 
the establishment of body integrity. The 
similarity between the function of the im- 
mune and central nervous systems main- 
taining the integrity of the organism in re- 
lation to the external environment has 
been pointed out by Salk (1). 

In this article we consider chiefly the in- 
fluence of brain and behavior on the im- 
mune system, with primary emphasis on 
the effect of the central nervous system--- 
and, specifically, the hypothalamus---on 
the humoral immune response. 

Psychosocial Factors and Infection 

It has been noted clinically that psycho- 
social factors modify host resistance to in- 
fection (2). In addition to clinical observa- 
tions, there is a growing body of experi- 
mental data supporting the hypothesis that 
psychosocial factors play a role in infec- 
tious diseases. Rasmussen and collabora- 
tors (3-7) in an extensive series of studies 
have primarily employed avoidance learn- 
ing procedures as the experimental model 
for investigating the effects of psychologi- 
cal stress. This procedure requires mice to 
jump a barrier once every 5 minutes at the 
presentation of a signal to avoid an electric 
shock delivered to their paws, a response 
the animals quickly learn to perform. Dai- 
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ly exposure for 6-hour periods to these 
conditions resulted in an increased suscep- 
tibility to herpes simplex virus (3), polio- 
myelitis virus (4), coxsackie B virus (5), 
and polyoma virus infection (6). Physical 
restraint also increased the susceptibility 
of mice to herpes simplex virus (3), and 
high-intensity sound stress resulted in a 
transient diphasic susceptibility pattern in 
mice inoculated intranasally with vesicu- 
lar stomatitis virus (7). 

Social factors, such as the effect of dif- 
ferential housing, have been studied. Mice 
housed alone are significantly less suscep- 
tible, as compared with animals housed in 
groups, to parasites such as Plasmodium 
berghei (8), Trichinella spiralis (9), and 
Microphallus pygmaeus (10). The type of 
pathogenic agent may determine the na- 
ture of the immune response since mice 
housed alone are more susceptible to a 
virus such as the one responsible for en- 
cephalomyocarditis (8). Intense fighting 
among male mice also results in decreased 
resistance to the parasite Hymenolepis 
nana during the immune induction phase 
(11). When mice are stressed by exposure 
to a predator there is a depression in the 
acquired immunity to H. nana. This immu- 
nosuppressive effect correlated with signif- 
icantly higher concentrations of cortico- 
sterone in the plasma (12). 

Psychosocial Factors and Neoplasia 

Internal and external host factors ap- 
pear to play a role in the development, 
course, and outcome of neoplastic dis- 
orders. Among these factors psychosocial 
influences have been shown both experi- 
mentally and clinically to be determinants 
in neoplasia (13, 14). There is considerable 
experimental evidence that early ex- 
periential factors not only have a profound 
influence on behavior and on the endocrine 
and immunological responsivity of small 

mammals, but that they also influence the 
development and course of experimentally 
induced cancer. Furthermore, the findings 
show that the outcome of the relation be- 
tween the host and the neoplastic process 
depends on the species and the nature of 
the experimental intervention. Brief daily 
handling and mild electric shock adminis- 
tered early in life, for instance, differ- 
entially modify the rate of tumor devel- 
opment and the survival of rats injected 
with Walker 256 sarcoma (15). Infantile 
stimulation also shortens the survival time 
of mice after transplantation of lymphoid 
leukemia (16), but does not modify the 
mortality rate of murine leukemia virus 
(17). Similarly, differential housing and 
sex-segregated groupings modify the inci- 
dence of mammary carcinomas in mice 
(18), decrease the survival time to injec- 
tions of subcellular material (19), but do 
not influence the development of Walker 
sarcoma tumors (17). 

Psychosocial Factors and 

Immune Processes 

Some of the psychosocial situations that 
modify the susceptibility to infection and 
the development of neoplasia also influ- 
ence immune processes. Avoidance learn- 
ing, for example, decreased the susceptibil- 
ity of mice to passive anaphylaxis (20). 
Overcrowding, but not the stress of electric 
shock, initiated prior to immunization of 
rats with flagellin, a bacterial antigen, re- 
duced both the primary and secondary an- 
tibody response (21). Vessey (22) found 
that grouped mice have significantly lower 
titers of circulating antibodies than iso- 
lated mice and, by identifying social rank, 
he demonstrated that dominant mice had 
higher titers than the other mice in their 
groups. In contrast, it has been reported 
that individually housed mice had signifi- 
cantly lower precipitin titers in response to 
bovine serum albumin than animals 
housed in groups (23). In primates, ex- 
posure to a complex pattern of visual, 
auditory, and somesthetic stimulation was 
observed to increase the plasma cortisol 
concentrations and to decrease the magni- 
tude of the circulating antibody response 
to immunization with bovine serum albu- 
min (24). The effects of psychological 
mechanisms on antibody titers have also 
been reported (25). Petrovskii (26), for ex- 
ample, studied changes in agglutinin titers 
associated with behavioral disturbances in- 
duced in immunized dogs and baboons by 
stressful stimuli or by conflict conditioning 
techniques. He observed a parallelism be- 
tween the intensity and duration of the be- 
havioral disturbances and the fall in circu- 
lating antibody titers. Several studies (27) 

435 



have demonstrated that stress modifies the 
delayed hypersensitivity response elicited 
in mice and guinea pigs to 1-chloro-2,4-di- 
nitrobenzene. Wistar and Hildemann have 
shown that an avoidance learning stress re- 
sults in a prolonged survival time of skin 
homotransplants in mice (28). Under cer- 
tain conditions psychological stimulation 
can enhance the immune response. Brief 
handling of rats, for example, during the 
preweaning period increased both the pri- 
mary and secondary antibody response to 
flagellin immunization (29). The exposure 
of rats to electric shock results in a signifi- 
cant increase in blood histamine, which is 
one of the pharmacological mediators of 
immediate hypersensitivity. Handled in- 
fant rats and rats living in groups after 
weaning had significantly higher blood his- 
tamine levels in response to electric shock 
(30). 

The physiologic mechanisms that me- 
diate the psychosocial influences on host 
resistance are complex and need further 
clarification. Perhaps the demonstrated ef- 
fect of psychosocial stress on the modified 

susceptibility to some infections and some 

neoplastic processes may be due to the 
modification of humoral and cell-mediated 
immune responses. 

There is evidence that the hormonal and 
reticuloendothelial systems are involved in 
the mediation of psychological influences. 
Avoidance learning or confinement is ac- 

companied by adrenal hypertrophy, lym- 
phocytopenia, and a slowly developing in- 
volution of the thymus and spleen occur- 

ring in temporal relation with the increase 
in susceptibility to viral infection (31). Im- 
mune reactivity is decreased in in vitro cul- 
tures of spleen cells derived from donor 
mice exposed to stress prior to explanta- 
tion of the spleen (32). The degree of im- 
munosuppression was correlated with an 
increase in plasma corticosterone following 
the stress in the mice (33). The pituitary- 
adrenocortical system, which is known to 
be altered by psychosocial stimulation, has 
been the focus of considerable attention 
because of evidence primarily derived from 

pharmacological studies that adrenal ster- 
oids may modify susceptibility to infec- 

Fig. 1. Sagittal diagram of guinea pig hypothal- 
amus. Lightly shaded areas correspond to re- 
gions damaged by lesions. 

tious disease, alter immune reactions, or 

depress inflammatory responses (34). In 
addition, both psychological stress and 
adrenocortical steroids have been reported 
by some investigators (35), although not by 
others (36), to suppress interferon produc- 
tion. 

Whether changes in endogenous adrenal 
hormones occurring in response to envi- 
ronmental stimulation are responsible for 
some of the effects on host resistance and 
immune processes requires further analysis 
in the context of the different experimental 
models investigated. On the basis of stud- 
ies with stressed, adrenalectomized ani- 
mals, it appears that adrenal steroids are 

responsible for the increased resistance to 

passive anaphylaxis (37), while the re- 
tarded rate of disappearance of vesicular 
stomatitis virus from the site of in- 
oculation and the increased susceptibility 
to this viral agent seems independent of 
adrenal activity (38). These findings dem- 
onstrate the complexity of the field. Little 
information is available on the role played 
by other hormonal systems and physi- 
ological processes in the mediation of psy- 
chologic and environmental stimulation. 

Central Nervous System and 

Immune Processes 

The neurophysiological mechanisms 
which may mediate the psychosocial influ- 
ences on immunological reactions have 
been experimentally studied. At the turn of 
the century the central nervous system 

Table 1. Effect of anterior hypothalamic lesions on immune processes. 

Delayed hyper- 
Cir ulain hIl',~~ .sensitivity reactions 

pCirculating Anaphylactic Groups antibody A 
eathct Picryl Tuber- 

titer* chloride 
+ culin? contactt 

Nonoperated 2.54 - 0.14 20/27 27/29 18.2 + 0.6 
Anterior sham-operated 2.51 ? 0.12 12/18 18/20 19.1 0.8 
Anterior hypothalamic lesions 1.85 ?0.18 3/17 14/20 15.7 0.4 

*Mean log,o of the reciprocal of the antibody titer. t Ratio of the number of animals that died to the number 
tested. tRatio of animals with a 4+ reaction (or more) to the number tested. ?Size of reaction (means ? 
standard error). 
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(CNS) was considered to be involved in the 
development of immune phenomena. The 
brain was thought to be the organ initiat- 
ing the anaphylactic reaction. A series of 
studies conducted between 1910 and 1920 
demonstrated, however, that the character- 
istic signs of anaphylaxis could occur in de- 
cerebrated guinea pigs and dogs. With 
the development of immunological and 
biochemical techniques, an impressive 
amount of knowledge on the cellular and 
chemical aspects of immune processes 
evolved, and the participation of the CNS 
in this phenomena was largely overlooked. 
The consideration of the integrative capac- 
ity of the CNS on a number of physi- 
ological functions has revived interest in 
the role of the CNS in relation to immune 
processes. 

Studies on the effect of sectioning the 
spinal cord on immunogenesis have shown 
changes such as decreased antibody forma- 
tion after sensitization (39) and lowered 
histamine sensitivity (40). These findings 
may be the secondary result, however, of 
peripheral disturbances in temperature 
control and blood circulation. The depres- 
sion of the hemolysin response in rats to 
sheep red blood cells after spinal cord sec- 
tioning was prevented when the animals 
were maintained at body temperature (41). 

The effect of midbrain lesions on the 
course of anaphylaxis in the guinea pig has 
been investigated by Freedman and Feni- 
chel (42). Bilateral electrolytic lesions of 
the midbrain reticulum inhibited death by 
anaphylaxis. Szentivanyi and Filipp (43) 
were among the first to study the role of the 

hypothalamus on anaphylaxis. They dem- 
onstrated that lethal anaphylactic shock in 
the guinea pig and the rabbit can be pre- 
vented by bilateral focal lesions in the 
tuberal region of the hypothalamus. Lupa- 
rello, Stein, and Park (44) investigated the 
effect of hypothalamic lesions on rat 

anaphylaxis and found that anterior, but 
not posterior, hypothalamic lesions inhib- 
ited the development of lethal anaphylaxis 
in the rat. 

We have conducted a series of studies on 
the effect of hypothalamic lesions on im- 
mune processes in the guinea pig. The ef- 
fect of hypothalamic lesions on both im- 
mediate (humoral) and delayed (cell-me- 
diated) hypersensitivity was investigated 
(45). Bilateral electrolytic lesions were 

placed in the anterior, median, or posterior 
basal hypothalamus of male Hartley strain 

guinea pigs. Controls included sham-oper- 
ated and unoperated animals. Each group 
was sensitized with picryl chloride, a hap- 
ten or incomplete antigen, in Freund's ad- 

juvant, 1 week after operation. By this 
method of immunization delayed cutane- 
ous reactions to picryl chloride and tu- 
berculin (purified protein derivative), cir- 
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culating antibodies to the picryl hapten, 
and anaphylaxis were studied consecutively 
in each of the groups. Brain serial sections 
were made for lesion localization. Signifi- 
cant protection against lethal anaphylaxis 
(P < .001), a lower titer of circulating anti- 
body (P < .01), and depressed delayed hy- 
persensitivity reactions were found in the 
animals with electrolytic lesions in the an- 
terior basal hypothalamus (Table 1). Le- 
thal anaphylaxis occurred in 71 percent of 
the control animals and in only 18 percent 
of the guinea pigs with anterior hypotha- 
lamic lesions. In the control groups the ti- 
ter for antibody to picryl chloride, as 
measured by passive cutaneous anaphy- 
laxis (PCA), was fourfold higher than that 
for the experimental group. Delayed hy- 
persensitivity reactions in animals with an- 
terior lesions were diminished as shown by 
the fewer intense skin test reactions to 
picryl chloride (significantly different from 
nonoperated control group P < .05) and 
the smaller tuberculin reactions (signifi- 
cantly different from sham-operated 
P < .001 and from nonoperated P < .01 
groups) (Table 1). The median and posteri- 
or hypothalamic lesions had no significant 
effect on lethal anaphylaxis, circulating an- 
tibody, or the delayed hypersensitivity re- 
sponse (45). 

The localization of the hypothalamic le- 
sions is projected on a sagittal diagram of 
the guinea pig hypothalamus (Fig. 1). All 
the animals included in the group with an- 
terior hypothalamic lesions presented vari- 
ous degrees of damage to the anterior hy- 
pothalamic region and the suprachiasmat- 
ic nuclei, with the lesions impinging, in 
some guinea pigs, on the preoptic area and 
the rostral portion of the ventromedial nu- 
clei. The animals with lesions in the medi- 
an hypothalamus showed damage to the 
ventromedial nuclei and the arcuate nuclei. 
The lesions in the posterior hypothalamus 
damaged the premammillary region and 
the medial mammillary nuclei. The lesions 
in the three hypothalamic areas were of 
comparable size, and there was minimal 
overlapping of lesions among the three ex- 
perimental groups (Fig. 1). 

Subsequent studies were focused pri- 
marily on the humoral immune response 
and immediate hypersensitivity. The effect 
of anterior hypothalamic lesions on lethal 
anaphylaxis was investigated after the ani- 
mals were sensitized with ovalbumin, in- 
stead of picryl chloride (46). In sham-oper- 
ated guinea pigs challenged with 0.25, 0.5, 
and 1.5 mg of ovalbumin the percentage 
with lethal anaphylaxis was 17, 25, and 73 
percent, respectively (Fig. 2). In contrast, 
when the animals with anterior hypotha- 
lamic lesions were injected with the two 
lower doses of antigen there were no 
deaths; and in animals injected with 1.5 mg 
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Fig. 2. Anaphylactic mortality of sensitized 
guinea pigs with anterior lesions and sham-oper- 
ated controls challenged with three antigen 
doses. Figures in parentheses refer to number of 
dead animals per group. 

of ovalbumin the mortality was only 36 
percent. The difference in mortality ratios 
between the anterior hypothalamic and 
sham-operated group was significant (x2, 
6.73; P < .01). Furthermore, surviving ani- 
mals with anterior hypothalamic lesions 
had significantly less severe anaphylactic 
reactions (Fig. 3). These results are con- 
sistent with those from the study with pic- 
ryl chloride (45) in which sensitized guinea 
pigs with anterior hypothalamic lesions 
were markedly protected against lethal 
anaphylaxis. These results suggest that the 
protective effect of anterior hypothalamic 
lesions is not related to the nature of the 
antigen. 

Little is known about the mechanisms 
whereby hypothalamic lesions protect 
against anaphylaxis. Several investigators 
using a variety of techniques have consid- 
ered the effect of lesions on the levels of 
circulating antibodies. Filipp and Szenti- 
vanyi (47) have reported that circulating as 
well as tissue-fixed antibodies were re- 
duced in tuber-injured guinea pigs. Kor- 
neva and Khai (48) found that lesions in 
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Fig. 3. The effect of anterior hypothalamic le- 
sions on the severity of anaphylaxis of sensitized 
guinea pigs surviving antigen challenge. 

the posterior ventral hypothalamus of rab- 
bits completely suppressed the production 
of complement-fixing antibodies and in- 
duced a prolonged retention of the antigen 
in the blood. In cases where the areas of 
destruction were localized in other parts of 
the hypothalamus, the thalamic structures, 
the caudate nucleus, and the posterior 
commissure, the course of immune pro- 
cesses was similar to that in control ani- 
mals. Ado and Goldstein (49), on the other 
hand, reported that anterior, medial; and 
posterior hypothalamic lesions in rabbits' 
had no effect on the titer of complement 
binding and hemagglutinating antibodies 
after the animals were sensitized with egg 
albumin. 

In a study of the effect of hypothalamic 
lesions on lethal anaphylaxis after the ani- 
mals were sensitized with ovalbumin (46), 
protection was not associated with signifi- 
cantly lower titers of antibody to ovalbu- 
min as measured by PCA at the time of 
challenge. As noted above, we have found 
in guinea pigs that anterior, but not poste- 
rior or median hypothalamic, lesions 
(Table 1) were associated with significantly 
lower titers of PCA antibody in response 
to picryl chloride (45). Qualitative differ- 
ences in the nature of the antigen (protein 
as compared to chemical hapten) might ac- 
count for the differences in the antibody re- 
sponse. Differences in the method of picryl 
chloride and ovalbumin studies, such as the 
time between the lesioning of the animals 
and the determination of circulating anti- 
bodies, may account for the discrepancy in 
the antibody findings. 

The significance of low circulating anti- 
bodies in the decreased anaphylactic re- 
sponse, however, remains to be deter- 
mined. If the antianaphylactic effect was 
due solely to diminished antibody produc- 
tion, then no protection would be expected 
in animals passively immunized and pro- 
vided with sufficient antibody to produce 
lethal anaphylaxis. Szentivanyi and Filipp 
(43) have reported that guinea pigs pas- 
sively sensitized with homologous as well 
as with heterologous (rabbit) serum are 
protected by hypothalamic lesions. These 
investigators did not identify the hypotha- 
lamic structures damaged by the lesions, 
nor did they quantify the amount of anti- 
bodies injected in the animals. We have 
found that guinea pigs passively sensitized 
with heterologous (rabbit) antibody to 
ovalbumin are also afforded significant 
protection (P < .02) against lethal anaphy- 
laxis after lesions in the anterior hypothal- 
amus (50). 

Furthermore, in a study in which ante- 
rior hypothalamic lesions were placed in 
guinea pigs 1 month after sensitization, 
significant protection was afforded when 
the animals were challenged 48 to 72 hours 
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after the placement of lesions. This effect 
was found even when there were no differ- 
ences in circulating PCA antibodies to 
ovalbumin at the time of challenge be- 
tween lesioned and sham-operated con- 
trols. These observations and those found 
in passive anaphylaxis suggest that the ef- 
fect of anterior lesions may be related to 
nonspecific aspects of the humoral immune 
response. 

The lesions may interfere with antibody 
binding to host tissues, they may modify 
the antigen-antibody union, they may alter 
the content and release of histamine and 
other vasoactive substances by the tissues, 
or they may diminish the responsiveness of 
the target tissues to the pharmacological 
agents liberated by the antigen-antibody 
reaction. We have studied the effect of an- 
terior hypothalamic lesions on some of the 
nonspecific aspects of the humoral immune 
response by in vitro techniques (46). The 
contraction of isolated ileum from lesioned 
and control guinea pigs was compared in 
response to the addition of a specific anti- 
gen, ovalbumin, after passive sensitization 
in vitro, and the addition of ovalbumin to 
ileum from actively sensitized animals. 
The study showed that anterior lesions of 
size and location comparable to those pro- 
viding protection against lethal anaphy- 
laxis do not modify the anaphylactic re- 

sponse of isolated ileum passively sensi- 
tized in vitro (Fig. 4) or ileum from guinea 
pigs actively sensitized. 

Using passive cutaneous anaphylaxis we 
studied the effect in vivo of anterior hy- 
pothalamic lesions on some of the non- 

specific components of the immune re- 

sponse. Serial saline dilutions of rabbit an- 
tiserum to ovalbumin were injected intra- 

dermally on the clipped backs of guinea 
pigs 2, 15, and 30 days after the placement 
of anterior hypothalamic lesions. Eighteen 
hours after intradermal passive sensi- 
tization, the ovalbumin antigen, mixed 
with a dilute solution of the dye Evan's 
blue, was injected into the jugular vein. The 
diameter of the bluing reaction at the site 
of the injection of the antibody provided a 
measure of the skin anaphylactic response. 
There were no significant differences be- 
tween the anterior hypothalamic lesioned 
animals and the sham- and nonoperated 
controls on each of the days tested. Our 

findings in the studies in vivo and in vitro 
do not support the hypothesis that the pro- 
tective effect of lesions in the guinea pig is 
due to impairment of antibody binding ca- 

pacity or due to interference with the intra- 
cellular processes responsible for the re- 
lease of histamine or other mediators of 
anaphylaxis. In the rat, however, hypotha- 
lamic lesions did influence passive cutane- 
ous anaphylaxis (51). 

In guinea pigs the immediate cause of 
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Fig. 4. The percent of maximum contraction of 
passively sensitized ileum segments from guinea 
pigs with anterior hypothalamic lesions and 
sham-operated animals. The values represent 
mean anaphylactic responses + the standard er- 
ror of three segments per animal sensitized with 
each of two concentrations of rabbit antiserum 
to ovalbumin. 

anaphylactic death is anoxia due to intense 
bronchospasm primarily resulting from 
the liberation of histamine and other phar- 
macologic agents after the antigen-anti- 
body reaction. Several investigators have 
reported that the central nervous system 
modifies the susceptibility of animals to 
histamine. Whittier and Orr (52) found 
that bilateral lesions of the caudate nuclei 
of rats were associated with a significant 
increase in survival time after the intra- 
peritoneal administration of histamine 
phosphate; sham operations and lesions in 
the cerebral cortex did not modify the time 
of survival. Przybylski (53) investigated 
the effect of the removal of the region of 
the quadrigeminal bodies and of the cere- 
bral cortex on histamine toxicity in guinea 
pigs. The animals in which the quadrigem- 
inal bodies were removed showed a de- 
creased susceptibility to histamine admin- 
istered either intravenously or by the inha- 
lation of an aerosol. Removal of the cere- 
bral cortex did not modify the reactivity of 
the animals. Szentivanyi and Szekely (54) 

./ / 
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Fig. 5. Dose-effect curves for hypothalamic le- 
sioned and control guinea pigs injected with his- 
tamine phosphate. 

found that lesions in the tuberal region of 
the guinea pig hypothalamus provided pro- 
tection against lethal histamine shock. 

We have studied the effect of bilateral 
electrolytic lesions in the anterior and 
posterior medial hypothalamus of guinea 
pigs on histamine toxicity as measured by 
dose-mortality curves and the median le- 
thal dose (LD50)(55). The animals with an- 
terior lesions were afforded significant pro- 
tection against histamine toxicity (Fig. 5). 
The observation that guinea pigs with an- 
terior lesions are less susceptible to ex- 
ogenous histamine led to the hypothesis 
that the protective effect of lesions is me- 
diated by a decreased smooth muscle re- 
sponse to histamine. This hypothesis was 
tested in an in vitro study (46). The con- 
tractions of isolated ilia from anterior hy- 
pothalamic lesioned and control guinea 
pigs were measured in response to graded 
doses of exogenous histamine. Comparison 
of dose-effect relationships showed no sig- 
nificant differences between both groups of 
animals. The above study suggests that hy- 
pothalamic lesions do not modify the 
smooth muscle response to histamine chal- 
lenge. There may be, however, differences 
in the target organ response of ileum and 
bronchiolar smooth muscle. 

The integrity of the autonomic nervous 
system may be essential for the mediation 
of hypothalamic influences on the bron- 
chospastic reaction. An increasing body of 
data indicates that the autonomic nervous 
system plays an important role in the me- 
diation of the physiological changes ob- 
served during anaphylaxis (56). Mills and 
Widdicombe (57), in a study on vagoto- 
mized guinea pigs, provide specific evi- 
dence that a vagal reflex is partially re- 
sponsible for the bronchoconstriction that 
occurs in anaphylaxis and follows intra- 
venous administration of histamine. These 
authors reviewed the evidence that anaphy- 
laxis and exogenous histamine, in addition 
to having a direct action on the airway's 
smooth muscle, trigger a vagus reflex 
which superimposes its respiratory and 
bronchomotor effects on the local 
bronchoconstriction. Maslinski and Kar- 
czewski (58) have shown that electrical 
stimulation of the brain of guinea pigs 
through temporal electrodes significantly 
reduces the mortality of guinea pigs sub- 
jected to anaphylaxis and histamine shock. 
The protective effect is accompanied by a 
depression in the afferent and efferent ac- 
tivity of the vagus. This and other observa- 
tions led Karczewski (59) to postulate that 
the protection against anaphylaxis and his- 
tamine shock is due to a depression in the 
activity of the parasympathetic nervous 
system which, by interfering with the vagal 
reflex, leads to a reduced response of the 

airway's smooth muscles to constricting 
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stimuli. Przybylski (60) has studied in the 
guinea pigs the effect of stimulation and 
ablation of the midbrain reticular forma- 
tion on the bronchial smooth muscle re- 
sponse to histamine. Stimulation of the 
dorsocaudal regions of the midbrain retic- 
ular formation produced bronchoconstric- 
tion and potentiated the constrictor effect 
of histamine, whereas ablation of this area 
diminished the bronchoconstrictor re- 
sponse to histamine. Przybylski has sug- 
gested that the effect of the dorsocaudal 
midbrain region on histamine susceptibili- 
ty is mediated by parasympathetic activity. 

In a recent series of studies Gold (61) in- 
vestigated the role in canine asthma of 
vagus reflexes in antigen-induced broncho- 
constriction. He studied the airway re- 
sponse after complete, efferent, and affer- 
ent vagal blockade. The findings suggest 
that the classical concept of bronchocon- 
striction being the direct result of the inter- 
action of antigen with cell-fixed antibodies 
and the release of histamine must be al- 
tered. Gold's findings suggest that the ma- 
jor factor in antigen-induced broncho- 
constriction is a vagally mediated reflex 
with an afferent component triggered by 
stimulation of airway receptors and an ef- 
ferent limb producing airway smooth 
muscle contraction. 

Several lines of evidence (62) indicate 
that bronchomotor tone is the result of a 
balance between parasympathetic and 
sympathetic influences. Damage to the re- 
gion of the anterior hypothalamus, which 
is thought to mediate primarily para- 
sympathetic responses, may decrease vagal 
bronchoconstrictor tone, resulting in the 
predominance of bronchial 3-adrenergic 
receptor activity. In keeping with this hy- 
pothesis, inhibition of vagal activity (63) or 
,-adrenergic stimulation (64) decreases 
histamine-induced bronchoconstriction 
while blockage of p-receptors potentiates 
histamine bronchospasm (65). Filipp has 
reported (66) that propanolol and pertussis 
vaccine, both d-receptor blockers, diminish 
the protective effect of tuberal hypotha- 
lamic lesions in guinea pig anaphylaxis. 

Szentivanyi (67) has postulated that the 
hyperactivity observed in bronchial as- 
thma may be due to the reduced function- 
ing of the ,-adrenergic system leading to a- 
adrenergic dominance and the consequent 
increase in bronchial responsiveness to the 
various pharmacological mediators. Or- 
ange and Austen have reported (68) that 
increased intracellular concentrations 
of adenosine 3',5'-monophosphate (cyclic 
AMP) after activation of 3-adrenergic re- 
ceptors inhibit the immunoglobulin E-me- 
diated immunologic release of histamine 
and slow reactive substance (SRS-A) from 
lung tissues. Hypothalamic lesions may 
produce a functional imbalance in the two 
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adrenergic effector systems or increase the 
concentrations of cyclic AMP, resulting in 
an inhibition of release of histamine and 
SRS-A. At present, however, there are no 
data to support these possibilities. 

The influence of the CNS on immune 
mechanisms may be due, at least in part, to 
changes in neuroendocrine function in- 
duced by the destruction of specific hypo- 
thalamic structures. In the rat, the anterior 
medial hypothalamus is involved in the 
regulation of the secretion of thyroid stim- 
ulating hormone (TSH) by the anterior pi- 
tuitary (69). Electrolytic lesions in this 
area induce low plasma levels of TSH and 
decreased thyroid function. A number of 
investigators have demonstrated, in the rat 
and guinea pig, a relation between thyroid 
physiology and immune processes. It has 
been noted (70) that the resistance to the 
anaphylactic reaction is increased in 
thyroidectomized rats. Similar findings 
were observed by Nilzen in the guinea pig 
after thyroidectomy or administration of 
131I. Suppression of thyroid activity inhib- 
its local and systemic anaphylaxis, abolish- 
es circulating precipitins, and decreases the 
susceptibility of the animals to exogenous 
histamine (71). Little is known about the 
effect of anterior hypothalamic lesions on 
thyroid function in the guinea pig. 

Hypothalamic lesions can also modify 
adrenocorticotrophic hormone (ACTH) 
secretion and blood corticoid levels. Ad- 
renal steroids have a protective effect 
against anaphylactic shock and an inhib- 
itory effect on antibody formation in the 
rat (72). Tyrey and Nalbandov (73) have 
found that antibody titer depression in the 
rat that follows anterior hypothalamic le- 
sions can be significantly blocked by either 
hypophysectomy or adrenalectomy. These 
observations led Tyrey and Nalbandov (73) 
to postulate that the effect of anterior le- 
sions is mediated by an increase in pitui- 
tary-adrenal activity. The enhanced pitui- 
tary-adrenal function after lesions is in 
keeping with the current concept that 
ACTH release is controlled by inhibitory 
and facilitatory neural mechanisms. 

Adrenocortical hormones also have a 
profound action on the metabolism and ef- 
fects of histamine. They have inhibitory ef- 
fects on histamine decarboxylase activity 
(74), tissue binding of newly formed hista- 
mine (75), and on the amount of histamine 
released by the tissues (76). Although adre- 
nal steroids have a protective effect against 
histamine toxicity in mice and rats, the 
findings regarding the effect of corticoster- 
oids on the susceptibility of guinea pigs to 
anaphylaxis and to exogenous histamine 
are contradictory (77). 

It has been suggested that the protective 
effect of anterior lesions may also be due to 
simultaneous changes in thyroid and ad- 

renocortical function. Filipp and Mess (78) 
reported that exogenous administration of 
thyroxin partially restored the sensitivity 
to anaphylaxis of actively immunized 
guinea pigs with lesions in the tuberal area 
of the hypothalamus. They also studied the 
combined effect of thyroxin and metopi- 
rone, an inhibitor of adrenocortical hor- 
mone synthesis, on the anaphylactic re- 
sponse of sensitized guinea pigs with le- 
sions in the tuberal region (79). The obser- 
vation that the administration of both 
substances completely abolished the pro- 
tective action of the lesions led them to hy- 
pothesize that the antianaphylactic effect 
of hypothalamic damage is due to the com- 
bined effect of decreased thyroid function 
and increased adrenocortical activity. 
There have been very few studies con- 
cerned with the neuroendocrine effects of 
localized hypothalamic damage in guinea 
pigs. Additional information is necessary 
on plasma levels of thyroid, adrenocorti- 
cal, and adrenomedullary hormones in 
guinea pigs with well-defined hypothalam- 
ic lesions that decrease anaphylactic re- 
activity. 

Summary 

It has been shown experimentally that 
psychosocial processes influence the sus- 
ceptibility to some infections, to some neo- 
plastic processes, and to some aspects of 
humoral and cell-mediated immune re- 
sponses. These psychosocial effects may be 
related to hypothalamic activity. Review- 
ing the mechanisms that may be involved 
in the role of the hypothalamus in immune 
responses indicates that there is no single 
mediating factor. Various processes may 
participate, including the autonomic ner- 
vous system and neuroendocrine activity. 
The research reviewed has been limited 
primarily to a consideration of the effect of 
hypothalamic lesions on humoral immune 
responses. There is some evidence (45, 80) 
indicating that hypothalamic lesions also 
modify cell-mediated immune responses. 
Further research is required to evaluate the 
effect of the hypothalamus on cell-medi- 
ated immunity. 
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