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The Hypothalamus and the 

Central Control of Body Temperature 

In cold-blooded animals, such as amphibia and those 

fishe s wh ich are permanently poikilotnermic, internal 

temperature is practically equivalent to environmental 

t emperature. These animals are not wi thout soma in

herent device for preventing too great a rise or f all 

in tempe r ature , but the adaptation of internal to 

external temperature, although linked to metabolic activ

ities and aided by t h e chromatophores in the skin 

under central nervous influence, is too imperfect to 

be of great value in any extreme variation of' climate. 

In higher phyla such as birds and mammals, thermo

regulat i on is more complex and poss esses t he irrefutable 

advantage of freeing the animal from t he direct effects 

of variat i ons in environmental t emperature. Homiothermia, 

or this re gulation of internal temparature at a higher 

l evel and much narrower range regardless of wide fluctu

ations in external temper ature, is an evolu tionary 

advance. Between the higher mammals and t he lower forms 

are the monotremes, whose internal temperature, while 

notably lower than that of mammals generally, is above 

that of the external air and relatively constant. (Martin, 

1903; Pike and Scott, 1915; Morrison, 1946) 



Somatic Responses to Variations in Environmental Temperature. 

Tbe cons tancy of body temp erature depends upon the 

maintenance of a balance between t he heat production 

and the h e a t loss of the animal body. The former 

depends upon t be me tabolic activity of the tis sues alone, 

the latte r on both physiological and physical factors. 

As far as he at flow from t he internal tissues to the 

s kin surface is concerned, we deal with physiolog.ical 

variables; beyond t hat point, in t h e heat flow t hrough 

t he clothing to t b e surrounding air, with physical 

factors which are largely beyond immediate phys j ological 

control. 

The function of temper ature re gulation is not 

completely developed at birth (when the newborn babe is 

relatively poikilothermic}, nor is that of the adult 

free from considerable limita tions. The progress of its 

development in children (that is, t ne increasingly integrated 

control by the autonom.ic nervou s system) is s t own by 

an increasing constancy in the diurnal cycle, l ead-

ing to a definite establishment in the second year, 

even though t h e range remains still gre ater than that 

of adults for severa l y ears. 

Hardy and Oppel, studying peripheral heat and cold 

receptors, h ave sbovm t hat radiat i ons of different wave 
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leng ths a r e effective in p rodu cing temperature sensation 

only in proportion to their absorption by the s kin. 

Since the non-p enetr a ting radiation is t h e most effective, 

t he depth of t he end -organs in the skin must be unim

portant. Th e heat r egulatory receptors are provided 

with more than adequate sensitivity, responding to 

t emperature di f ferences of less than one-t enth degree 

Centigrade . The r e is s patial integrat i on by t h e impulses 

from t he s k in as evidenced by t h e lowering of threshold 

i nten sity in irradiating a large r area of skin. 'fhe 

number o f cold end-organs is greate r t h an t h at of 

heat end-organs, but t h e spatial summation is poorer , 

and t h e t h reshold more t h an five time s as great as 

for heat end organs. (Burton 1939) Gellh orn ~1938) 

reports a decrease in errors of local ization of warmth 

stimulation when tactile beat simulati on is used instead 

of radja ti on, even t hough n o cons9ious tou ch 

sensation is produced . 

Geblewicz, studying temporal summation, finds that 

sensation reaches its plateau in from three to twenty 

seconds. He finds, p aradoxically, that c omparing the 

intensity of stimuli of short dura tion with a co n stant 

stimulus g iving rise to t he same sensat ion s h ows t h at 

the maximum effect is reached sooner, the less intense 
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the s timulus (1937). However, using two successive 

stimuli separated by a variable interval, he found the 

t hermal receptors behave similar to tbe visual receptors. 

(1939) Woll has found that repeated ap plications of 

cold (ten degrees Centigrade) to the skin diminishes 

selectively the thermal discrimination of cold. 

Physical regulation. He a t is lost from the body 

by the f ollowing mechanisms: radiation, convection; 

conduction, evaporation of water from the lungs and 

skin, raising t he inspired air temperature to body 

temperature, and elimination of urine and feces. Under 

ordinary conditions, over ninety-five per cent of t he 

total heat loss occurs t h rough radiat ion , convection, 

conduction and evaporation. Hardy and DuBois give 

sample figures for partitioning of total heat loss as 

follows: 

radiation 
convection 
vaporization 

58% I 

15% 
27% 

Of course, these vary widely wi tb environn1ental condi

tions (Hardy and DuBois, 1940). 

The loss of he at by radiation, convection and 

conduction varies with the air temperature, humidity and 

movement, the nature and amount of clothing and the 

quantity of he a t produced within the body (metabol1sm). 
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The dead body takes from ten to twenty hours to reach 

tbe temperature of its surroundings {cooling by these 

means) but in tr.e living body, other factors operate 

to keep t h e temperature constant. 

Tbe human s k in radiates nearly all infra-red rays, 

and absorbs rays falling upon it to the same extent. 

The radiating surface of the human body is about eighty

five per c ent of the total surface area (skin surfaces 

in contact with each other ~eing valueless for this 

p urpose). The main factor inf luencing heat loss through 

radia t ion is the temperature of surrounding objects 

relative to the t amperature of tbe s kin. A high 

relative humi d ity s J. ightly reduces the heat lost in 

this manner . 

Convection, the rate of movement of warm air from 

t he neighborhood of a heated object, varies with the 

temp arature of the atmosphere rel a tive to the temperature 

of the body . Thus cloth ing insulates a gainst heat 

loss from t h e body by trapping dead air in the spaces 

of the clothing . When the atmosphere is cooler, 

convection currents are set up which mix the air lying 

against t he skin with the fresh air. Probably the 

most important factor which influences heat loss by this 

means is air movement . 
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At air t emperatures higher than 98.6° Fahren

heit , radiation and convection are, for all practical 

purposes , usele ss. In t h is instance, large quantities 

of beat are lost from the body throug h the secretion 

and evaporation of sweat and the exhalation of water 

vapor. Evaporation from the body surface occurs quite 

independently o f sweat secretion, for the skin is not 

entirely impervious to wa ter; fluid extravasated from 

t he cutaneous capillaries s e eps into the epidermis. 

The rate of . evaporation is reduced by a h i gh relative 

humidity ; it is greatly increased by air movement . 

The respiration s are incre a sed by a rise in 

a i r temp er a ture or b y a greater heat production within 

the body. The heat loss through warming t he inspired 

air and the vaporization of water from t h e lun~s is 

thereby increased. Physically, it is necessary to 

reduce pulmonary ventilation to reduce heat loss, yet 

owing to the increased oxygen consumption and carbon 

dioxide production , i t appears nec e ssary to incre ase 

it. During exposure to cold, t h e r e spirat ory rhythm 

consists of an inspiratory phase of short inspiratory 

efforts without any expiratory phase between them, and 

with expiration finally taking place as a sudden forcible 

act, the whole pattern t hen being repeated (Beattie, 1938). 
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The seat Qf control over the sweat glands 

lies in the sympathetic nervous system. These 

glands are, however , anomalous in their respons e s 

to sympathetic and parasympathetic drugs. They 

ar e stimulated by muscarine, pilocarpine and 

acetylcholine, and t heir secretion is supressed by 

atropine . The u sual stimulus to sweat secr a tion is 

a rise in blood tempera t ure whi ch exerts its effect 

in t wo ways--directly upon the nervous c enters, 

which is of more importance, and reflexly by 

stimulation of heat receptors in t he skin. In the 

initial stages of muscular exercise, sweating is 

due apparently to t he discharge of impulses from 

the motor cortex as it occurs before t here is 

any change in rectal t emperature. 

Spinal centers for t he initiation of sweating 

exist, and after complete transection of the 

cord , reflex sweating occurs in t h e parts of t he 

body below t he level of the lesion , but destruc

tion of the sympathe tic n erve supply to a part 

completely abol i shes the sweating response to a 

rise in temperature, but not to pilocarpine. 

Though usually associated with cutaneous vaso

dilatation, sweating may occur with constricted 
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vessels--tbis is termed cold sweat and is usually 

psychic (Miller 1942). 

At ordinary room temperatures t h e sweat 

evaporates as quickly as formed , so that there is 

no apparent secretion. The loss of sweat in this 

way together with the evaporation of water from 

t h e lungs and from the surface of the body inde

pendently of the sweat glands is called insensible 

perspiration . It varies directly with the basal 

metabolism. Newburgh found that this accounts for 

approximately twenty-five per cent of total heat 

loss during ord:!.nary conditions, excluding periods 

of intense muscular activity (Burton 1939 ). 

Vascular mechanisms. The factors involved in 

heat conservation or heat loss are dependent essen

tial l y upon reactions of t he autonomic nervous 

system. Tb e vascular system plays an integral 

part in t h is as e videnced by redistribution of 

blood, variations in blood v olume, and increased 

circulation rate. 

When the feet are i rmnersed in water above 

the body temperature, there is a vasodilatation of 

t h e skin vessels of t h e firn.r ers , as s r, own by a rise 

in skin temperature. Th is effect occurs b efore 
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there is any a pp reciable alteration in t h e rectal 

temperatur e. Moreove r, it is obtained equally 

well in h emiple gics. 'l'hus it is obvious that the 

vaso-dilatation is of reflex ori gin and t h at the 

delay in oq t aining the vascular ch ange is due to 

t h e deep position of the Ruffini endings in the 

s kin (Beattie, 1938) 

Th e skin vessels may di l ate or constrict, and 

:throug h the dive rsion o f blood from interna l regions 

of t h e body t o t h e surface, or from t h e surface to 

t h e internal organs, he at loss i s increased or 

dimin~ ~hed , re spectively. For example, it has 

been calculated that a t a te r1p e ratu re of thirty- · 

fo u r degrees Centig rade, the quantity of blood 

circulating through the skin may amount to twelve 

per cent of the c ardiac output. The remainde r of 

t h e blood volume found in the s k in a t hi gher 

temp eratures is largely stored in the liver and 

spleen, al t hou g t1 oth er internal art erial trunks 

are also dila ted (Bunton 1939). The se changes may 

be inaugurated by a ch ange in t ·e rap er atur e of the 

blood s upplying the n e rvou s centers; reflexly, through 

centers in the brain and s p inal c ord in r e sponse 

to ch ang es in s k i n temp e r a tur e as p erceived by 
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stimulation of hot or cold spots; throu gh axon 

reflexe s; and finally by responses of the vessels 

to direct stimulation by c h ange s in external t empera

ture. 

Exposure to cold causes a moderate loss of 

water from the blood. Some is lost to t he skin, 

muscle , liver and spleen. Bickford and 1.llJinton (1933) 

have shown that a further redu ction in t h e circula

ting blood volume takes place by an increased fiow 

of urine containing a higher percent a ge of ch lorides. 

They suggest that cold almost abolishes tubular 

function bu t l e ave s the gl omeruli unaffected. 

Barbour and Hamilton (1925 ) demonstra t ed local 

anhydremia,following section of ~~e splancbnic 

nerve~ by transudation of wa te r into t he s kin after 

appl ication of cold. The y a t tribute the migratlon 

of wat er to constrict i on of tl~ e cut aneous arterioles 

and consequent slowing of t he capillary blood f low, 

which in t urn, apparently through oxygen lack , 

increases t he pe r meabi l i ty of t he capillary wall. 

Their experiment is open to question on the basis 

of the degree of cold b e ing suffici en t to directly 

alter t he permeability of t he capill ary b y damage 

to t he epithelium. Tne concentration ofthe blood 
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s erum and increase in osmotic pressure do not occur 

in animals w.nich have been t re ated with ergotoxin 

t o the stage of sympathetic paralysis (Beattie 1938). 

Barbour in experiments on t he do g , po~nted out 

that concentration of t he blood also does not occur 

when the animal is placed in a cold bath after 

section of the cord in the lower cervical region. 

When t h e osmotic pressure of t h e blood is raised by 

the administration of hypertonic saline and w1 thout 

ch anging the environmental conditions, the insensible 

water loss from the skin surface and lungs is reduced 

(Gilman and Barbour, 1933). Concentration of the 

blood or a ri s e in its osmotic pressure by itself 

dim:i.nishes loss by evaporation and thus helps to 

conserve body heat . 

The blood changes which occur under incre ased 

environmental temperature are mainly due to the loss 

of fl uid in the sweat. If t he heat is maintained 

over a period of two hours there is a true loss of 

water from t he blood in spite of t :-1 e dilution 

shortly after t b e heating begins by taking water into 

t he blood from the extra-cellular and intra-cellular 

body fluids, and the expulsion of til. ood from the spleen. 

The loss of chlorides in the sweat is compensated by 
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a diminution of urinary chlorides. The secr etion 

of urine per unit-time diminishes. 

No chang e in cardiac output occurs with a rise 

in environmental temperature until this exceeds 

thirty degrees Centigrade; above this, there is a 

moderate incr 3ase in minute volume. When the i s olated 

mammalian heart is perfused with blood at temperatures 

above that of normal, t b e he art rate rises proportion

al l y with t h e tempe rature. In animals under a deep 

anesthesia a rise in body temp ~rature produces the 

same effect, but in man the pulse r a te rises with the 

rectal ten~erature, but the increment is not as great 

a s wo:Jld be expected in t he fully anesthetized indi

vidual. On the other hand, gradual cooling of the 

unanesth etized human body in air results in a gradual 

increase in pulse rate wh ich varies in different 

individuals. Tr.ere is e arly a v.rell - marke d vaso

constricti on and a rise in blood pressure. Both 

of these effects are absent if the sympathetic chain 

has been removed (Burton 1939 ). 

Chemical regulation. Chemical r egulation of body 

temperature is a matter of increased or decreased 

heat production through alterations in the metabolic 

rate of the individual. Accord ing to Barbour (1921), 
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chemical r egulation comes into play only a.t temperatures 

below fourteen or fifteen de grees Centigrade, but 

Hardy and DuBois have demonstrated t h at heat loss 

increases rather abruptly and the me tabolj c rate 

rises when the air t smperature falls below twenty-

ei ght degrees Centigrade. Under expos ,.1 re to moderate 

cold, there is a rise in oxygen consumption paralleling 

an increase in muscle t~ne , but under less extreme 

conditions of cold, the oxygen consumption may not 

rise perceptibly . This is due to the fact that there 

is a reduction of heat loss from the s kin by the con -

strict1.on of peripheral blood-vessels, shunting the 

blood t o the ljver and spleen. If this reaction is 

not suf f'icient , re at product i on is incr eased. Only 

when t h e blood temperature begins to fall does the 

rise in muscle tone occur , to be followed bys ivering , 

then generalized ri gor, and if all t h is fails, by 

final relaxation (Beattie 1938). 

Duri ng the phase of vasoconstriction without 

increased muscle tone, there is a rise in blood 

sugar (Swift 1932); but once t here is increased muscle 

tone or shivering the blood sugar level remains 

constant. When the body is immersed in very cold 

water, the blood sugar level may fall, due apparently 

to a very rapid utilization of carbohydrate. 
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The regulation of heat .loss by means of a water 

shift to t he skin is at best a wasteful though effec

tive process . Sr-ort-time experiments have faile d to 

offer any conclusive evidence as to decreased metabo

lism as a result of he at, but many obs ervations made 

in the tro pics under conditions of high external 

heat and h i gh relative humidity demonstrate a reduc

ti on of oxygen consumption amounting to a~proximately 

ten per cent below the Benedict standard f or the 

individual. 

Gelineo (1935) had shown that t he re is an 

11 adaptat1 on 11 to hi gh external environmental temperatures, 

provided t he period of observat ion is long enough 

and the environmental temperature is sufficiently 

controlled. Thus it would s e em ths t the lowering 

of the basal metabolic rate is a possible means of 

adapting the body to withstand high tempera tures, but 

it is unknown wh ether or not t h is method is of much 

val1.1e in man . 

The increase in muscle tension, which gradually 

grows more marked as t empe r ature falls is the 1nd1. 

cation of increased muscular work, and therefore, 

increased oxygen consumption. When shivering commences, 
~-

t he oxygen consumption inc re ased rapidly and more · 

-14-



he a t is produced in t he muscle s (Adolph and Molnar, 

1946). Swift {1932) noted an increase in me tabolism 

amounting to four hundr ed pe r cent above normal 

when shivering was s e vere. 
• 

The degree of shiveri ng or i ncre ased muscle 

t one depends to a large extent on the exact physical 

conditi ons. Exposure to a specific t emperature in 

a closed room gives a heat loss much less than in 

the open, but if t h e oody is immersed in water at 

the same temperature, heat loss is greater and sh iv

ering is mor e severe. The initiation of s hiver i ng 

s eems to depend more on the t emperature gradient 

between s ki n and air than on a speci f ic external 

temperatur e. 

It would seem obvious t ha t sh i vering is a r e

flex act. D1.Jring t h e inspi r atory eff orts of a 

typ ical cold re sp i r at i on pattern as desc r ibed a bove, 

s h ivering may be i n itiated or exacerbated. Beattie 

(1938 ) postulated, therefore, t hat t he f low of cold 

air ove r the respiratory membranes of the nose 

stimulatea the sensory vagal endings therein, t o 

produce s h ivering by thalamic-the r mosens itive centers 

and extra.pyramidal n ervous pathways to the muscle s. 
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Uprus, Gaylor and Carmichael (1935) suggest that 

skin stimulation is not the adequate stimulus for 

shivering in man. They advance the view that cooling 

of the blood in the superficial capillary network 

in the skin results in the activation of a thermo

sensitive center in the brain at least as high as 

t he midbrain . 

The generalized muscular activity resulting from 

t Le application of cold to the s Kin suggests, also, 

t hat the thermo-sensitive zone is h igh up in the 

central nervous system and in close connection with 

the extrapyramidal pathways to the motor nuclei. 

Uprus, Gaylor , Williams and Carmichael (1935) found 

that shivering in patients suffering from hemiplegia 

was just as marked on the af f ected side as on the 

normal side of the body. 

Increased muscular activity in response to cold 

is also mediated on a hormonal basis, as the endo

crines play an important part in teml=8rature regula

tion of the body. Cannon observed tr:a t exposure to 

cold caused an increase in the r ate of the denervated 

heart (Cannon, 1932). It has also been reported that 

the serum taken from an animal exposed to cold raises 

- the metabolism of a second animal into which it is 
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injected. If the first animal has undergone ablation 

of the thyroid, the accelerated metabolism was not 

observed in the second animal. 

However , the secretion or liberation of the 

thyroid hormone is not an i mmediate response to 

cold, but appears only after fairly constant and long 

exposure. 'l'his, coupled with its persistent actj_on 

for son:e time after discontinuance of' the initial 

stimulus would lead to tha conclusion t hat it is 

not of value in ordinary moment to moment adjustments 

to temperature variation, but may exert an effect 

after prolonged exposure to cold. 

Th e adrenal secretion exerts a calorigenic 

effect whic h is immediate and of short duration; it 

is liberat ed in increased amounts following short 

exposure to cold (Miller , 1942). 

Cannon (19 ,'.12) intr.oduced sufficient quantities 

of cold water into the stomachs of cats to produce a 

heat debt of nine hundred calories. Under these con

ditions, shivering rarely occurs or is only of short 

duration. The he art rate is accelerated due par

tially to the liberation of adrenalin. Ha re gards 

this response as the first phase in t h e ~eaction 

of the body to cold. ."f he second phase is shivering, 
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which is initiated when heat debts greater than 

nine hundred calories are produced . If the adrenals 

are inactivated the above heat debt is usually 

followed by shivering which may last as long as 

fifteen to seventeen minutes . Cannon's experiments 

on human beings demonstrated that the mechanism 

of the cold reaction is ide::.:tical with that of the 

lower animals. Ha concludes that "when the he at 

producing service of t h e adrenal medulla is lacking, 

the sh ivering mech anism is resorted to" and that the 

essential purpose of the adrenalin secretion in 

the first phase of t h e cold reaction is to accelerate 

the bodily metabolism. (Cannon, 1932) 
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THE HYPOTHALAMUS 

The three principle divisions of the dien

cephalon, the epithalamus, thalmus and hypothalamus, 

are well-defined in t he brain of a three months' 

human fetus. In transverse section may be s een a 

pair of p lates on ei t her side of the third ventricle. 

The s e plat es, with t h e roof and floor, from t be walls 

of the t h ird ventricle. The dorsal plates thi cken 

to f orm t he t halamus and the ventral placques 

become t h e hypoth alamus. They meet at an angle on 

either side--th e hypothalamic sulcus. In s agittal 

section, t h e t h alamus proper is seen as an oval 

eminence in t he lateral wall of the th ird ventricle. 

Th e epithalamus lie s above the su lcu s dorsalis 

whic h forms t h e dorsal boundary of t h e t h alamus. 

Be low t he thalamus, and s eparated from this structure 

by t he sulcus hypoth alamicus, lie s t he hypothalamus. 

Th e hypothalamus f orms t he floor and lower 

part of t h e walls of the t i-,ird ventricle. In it 

are deve loped such structure s as the optic chiasma, 

t he supraoptic commi ssur es, the t uber cinereum, 

infun,H bulu.m., neurohypophysis and t h .mammillary 

bodi es. Anteriorly t I'-e hypothalamus is poorly 

-19-



demarcated from the parolfactory region of t be tel

encephalon (the so-called septal area, which receives, 

among other connections, the media£ root of the 

olfactory tract). Just in from of the anterior 

commissure and optic chiasma (arbitrarily taken as 

the anterior border of the hypothalamus) lies the · 

preoptic region, a part of the telencephalon, in which 

originiates a column of greay matter which runs con

t i nuously through the hypothalamus to the tegmental 

re gion of the mid-brain. Close alongside this 

column of gre a t matter in the lateral hypothalamus 

the medial forebrain bundle runs in an antero

posterior direction ; it contains fine myelinated and 

unmyelinated fiber s connecting the ventro-medial 

areas of the olf actory cortex and the preopti c and 

hypothalamic areas. 

Caudally, the hypothalamus is continuous with the 

central grey matter and tegmentum of the mi dbrain. 

1hus it may be conveniently described as extending 

from t he region of the optic chiasma to the caudal 

tip of t h e mammillary body. Laterally, it is 

directly continuous with the subth alamic region. 

The subthalamus has been indicted in some descriptions 

of t he hypothalamus as synonomous with the latter, 
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but it is to be regarded as the pathway of all the 

elements of the lateral forebrain bundle which pass 

from the cerebral hemispheres to lower levels and 

link up the basal ganglia and the neopallial cortex 

with the brain stem and s p inal cord. The efferent side 

of the lateral forebrain bundle is concerned chiefly 

with the control of the skeletal muscular system. 

In a cephalocaudal direction, t h ree hypothal

amic regions may be conveniently recognize d : the pars 

supraoptica (in relation of the optic chiasma), the 

tuber cinereum to whi ch is attached the stalk of 

the hypophysis, and a caudal or ma.mmii.llary region, 

continuous behind with the central grey of t he iter . 

Each of these regi ons contains groups of nerve cells, 

some of which are diffuse and ill-defined, being 

nothing more than slight local condensations of 

cells, or only to be dist1nguished by their rela-

tion to certain fiber tracts, wbile others are better 

demarcated and consist of cells of a characteristic 

type . 

A sagittal plane passing through the anterior 

pillar of the fornix roughly separateds a medial from 

a lateral hypothalamic area. The lateral area, 

which adjoins the subthalamus and pes pedunculi, 

-21-



is narrow in its rostral and caudal port i on, but in 

the region of the tuber it expands consider ab ly. It 

contains scattered groups of large darkly-staining 

cells, the lateral hypothalamic nucleus which forms 

a bed-nucleus for the medial f orebrain bundle, and 

two or three sharply delimited circular cell groups 

known as the nuclei tuberis which often produce small, 

grossly-visible eminences on t h e basal surface of 

the hypothalamus. 1I1l1ey consist of small pale 

nmltipolar cells surrounded by a. delicate fiber 

capsule about wh ich are found the large cells of 

t b e lateral hypothalamic nucleus. The greater con

densation of t h e large cells around t h e fornix h as 

been called the perifornical nucleus. 

Th e lateral hypothalamic nucleus is also known 

as the nucleus mammillo-infundib ularis, and nucleus 

tubero-mamm.ill aris. It is very ill-define d , being 

essentially an interstitial nucleus of ~h e medi al 

forebrain bundle. Rostra lly, it runs directly 

into t h e lateral preoptic nucleus in front of t he 

optic ch iasma, wb ile behind it is continuous with 

t he ta gmental grey matter of t h e midbrain . Laterally 

it is bounded by the subthalamus and t h e cerebral 

peduncle. 
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The connections of the lateral hypothalamic 

nucleus are obscure. TLey are doubtless mainly 

supplied t J-.rough t he medial forebrain bundle, and the 

nucleus therefore probably forms a link through 

which the medial olfactory areas of th e cerebral 

hemisphere are brought into functional relation 

with other hypothalamic nuclei situated more 

medially. Rioch (1931) has described connections 

with t he thalamus proper which he demonstrated with 

Weigert preparations ; his results need experi-

mental verificat i on. 

The supra.optic r egion, extending approximately 

from the level of the anter i or margin of the 

optic chiasma to the tuber cinereum, contains t wo 

of the most striking and sharply defined hy~othalamic 

nuclei, t he pa raventri cular and t he s upraoptic 

nucleus, both comp osed of large , oft en bipolar, 

deeply staining cells, which fre quently possess 

several nuclei. The Nissl substance is peripherally 

distributed and in t he cytoplasm are fo und inclusions 

of colloidal material which have been re garded as 

evidence of secretory activity (Clark, 1938). Both 

nuclei are very vascular; in e a ch , t be r elation between 

cells and cap illaries is exceptionally intimate. 
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Both nuclei send f ib ers to t h e posterior lob e of 

the hypohp~ysis. In topographical posit i on, however , 

t h e t wo nuclei contrast ra ther strong ly, t h e para

ventri cular nucleus lying closely a gainst the 

ependymal lining of the third ventricle, the 

s upraop tic nucleus being v e ry s uperficial. 

Tr e paraventricular nucleus, in coronal se ctj ons, 

forms a verticle band of ce l ls l ying close alongside 

t h e third ventricle, extending ant e riorly to t h e ven

tral margin of t h e anterior commis ~u re, and reach 

ing from just above t h e op tic ch iasma upward to the 

level of the hypothe,lamic sulcus \: here it adjoins 

t h e midline nuclei of t h e thalamus. I t widens 

somewhat at its dorsal extremity. In sag ittal 

sect i on t h e nucleus is seen , to be a broad flat 

plate of cells that extends over a considerable 

part of the dorsal level of t h e hypot.:ia l amus a n d 

reaches as far forward as the level of t h e anter-

ior mar g in of the optic ch iasma. The cells are 

large, packed close ly together and frequently multi

nucleate. Some of the large cells may be pierced 

by endocellular capillaries. 

The fibre connections of the paraventricular 

nucleus h ave only been surmised, but it is fairly 
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certain that some of the fibers of t he stria haben

ularis taks ori s in in the nucleus and run dorsally 

to t he epithalarnus. Some investigators describe 

hypophyseal connections via the tuber cinereum. 

From a rostral direction t he nucleus receives con

tributions from the septa-hypothalamic tract; caudally 

it appears to contribute to the f c;rmation of t he fas

ciculus longitudinalis dorsalis bringing the hypo

thalamus into direct relation with the motor nuclei 

of the cranial nerves (Clark , 1938 ) 

The supraoptic nucleus is composed of predom

inately bipolar cells, large and closely packed; it 

straddles the lateral portion of the optic chiasma. 

Scattered isolated cells or small cell groups appear 

to form an incompl e te bridge between the two extrem

ities of the nucleus. Detailed histological study 

has failed to demonstrate any fiber connections with 

the optic tract; t ~e main connections of the supra

optic nucleus are with the stria habenularis, the 

more caudally situated hypothalamic nuclei, the 

paraventricular system of fibers and with the 

hypophysis. 

In the tuberal region t he hypothalamus reaches 

its widest extent. Topographically , the tuber 
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cinereum is an oval eminence of grey matter lying 

between the optic chiasma and the mammillary bodies; 

suspended from it by a peduncle is the pituitary 

gland. In the main part of the t uber (hollowed 

out by the infundibular recess of the third ventricle) 

are two fairly well-defined condensations of small 

rounded cells lying close to the ventricle on either 

side. These are the ventromedial hypothalamic nu

cleus and the dorsomedial hypothalamic nucleus. 

They are separated from the lateral hypothalamic 

area by the fornix. 

The ventromedial hypothalamic nucleus bears 

the closest topographical relation to the hypophy

sis. It usually forms a dense mass of cells in 

close relation to the ependymal layer. It receives 

fibers from , the stria terminalis and has numerous 

connections with mo s t of the components of the 

medial forebrain bundle. 

The dorsal nucleus of t he tuber cinereum is 

usually less well -defined. It lies immediately dorsal 

to the ventromedial nucleus and t !:) e two are sometimes 

called the substantia grisea. Besides being connec

ted with nei ghboring groups of cells and the medial 

forebrain bundle, there is some evidence that the 
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dorsomedial hypothalamic nucleus contributes to 

t he periventricular system of f ibers. 

The junctional zone between the tuber cinereum 

and the mammillary region is occupied by rather loose 

collections of large oval or rounded cells scattered 

in a matrix of smaller ones --the posterior hypothal

amic nucleus. The large cells are especially 

numerous in man and extend caudally over the mannnil

lary body to become continuous with the ventricular 

gray and tegmentum of the midbrain. The cells 

resembl e those of t be lateral hypothalamic area 

and are often included with the latter in a single 

and more extensive nuclear mass, the mammilloin

fundibular nucleus of Malone . These large cells 

appe ar to give ris e to a great proportion of the 

periventricular system of f ibers and as such are 

believed to furnish most of the efferent hypothal

amic fibers to the lower portions of the brain 

stem and spinal cord. 

In close relation to the ventromedial nucleus 

of the hypothalamus and close to the ependymal 

lining of t h e infundibular recess is a collection 

of small cells which Krieg has cal led the arcuate 

nucleus . It is intimately related to the hypophyseal 
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fasciculi to which it probably contributes fibers, 

and it receives accessions from the medial forebrain 

bundle as well (Clark , 1938) . 

The mammillary portion consists of hemispher

ical aggregations, the maramillary bodies, covered 

dorsally by the caudal cells of t he posterior 

hypothalamic nucleus. Topographically, it is the 

most differentiated part of the hypothalamus . In 

man, t he mammillary bodies are associated with two 

remarkably well-defined tracts, the fornix and the 

fasciculus ma.mmillo-thalamicus. 

The mammillary body itself consists almost 

entirely of a homogeneous spherical mass of small 

cells sharply circumscribed by a capsule of whlte 

fibers. This is t he large medial mammillary nu

cleus. Lateral to t his is the sraall intermediate or 

intercalated marr,millary nucleus (lateral ma.mmillary 

nucleus of Le Gros Clark ), composed of e ven smaller 

cells, flanked ventrally and laterally by a well

defined group of l&rge cells, the lateral mammil

lary nucleus (intercalated nucleus of Le Gros 

Clark) . This receives fornix fibers and provides 

the origin of the mammillary peduncle. 
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The fornix system consists of fibers collected 

from the whole extent of the hippocampus; t h e main 

part of the tract runs down as the anterior column 

to the mammillary region, penetrating the hypothal amus, 

where it is surrounded by the nucleus perifornicalis. 

Some fibers leave the main bundle to terminate in 

the septal re gion and the preoptic area; others 

have been described as ending i n t he pe riventricular 

nucleus and the tuber cineraum. Many terminal fib

ers of t h e fornix , after giving collaterals to the 

marnmillary body, cross in the s upramammillary 

decu ssation and pass down to t he tegmentum of the 

midbrain. Clark (1938) be lieves, however, that almost 

the entire anterior column ends in the medial and 

lateral ma.rnmillary nuclei and in t he nucleus inter

cala..tus . 

The mammillo-thalamic tract takes origin .from 

t h e medial mamni llary nucleus, and probably also 

from t h e nucleus intercalatus and the lateral 

mammillary nucleus. The tract runs from the lateral 

mammillary nucleus dorsally with a slight forward 

inclina tion to the anterior nuclear group of the 

thalamus. The ma.mmillo-thalamic tract serves as a 

pathway t hrough which hypo thalamic impulses can be 
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conveyed to the somatic part of the thalamus and 

also provides a route through which thala.mic activities 

can be brought to bear on the manimillary complex . 

The mammillo-tegmental tract takes origin 

principally from the medial marnrnillary nucleus and 

curves backwar ds to reach the midbrain where it can 

be traced immediately ventral to the oculomotor 

nucleus as far as the ventral tegmental nucleus . 

It is regarded as an efferent path from the mam

millary body to t n e brain stem. 

The mammillary peduncle contains fibers 1:,hich 

may be seen to detach themselves from the re gion 

of the main b ,mdle of the medial lemniscus, pass 

up on either side of the interpeduncular nucleus 

finally to terml nate in tbe lateral nucleus of the 

mammillary bodies. There is some evidence that this 

tract provides an afferent path for sensory impul

ses from the brain stem to the mamrnillary body and 

thence to t he hypothalamus as a wl tole. It is uncer

tain just ~hat the exact nature 9f t hese sensory 

impulses is (Ingram, 1940). 

The periventricular fibers arise primarily 

from t he large cells of the posterior hypothalamic 

nucleus and run clos e to the ependymal linlng of 
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t h e third ventricle . These fibers ar e both myelinated 

and unrnyelina t e d ; they pass f i r st dorsally in the 

p e riventricular grey. Some t e rmina t e in the dorso

medial t h alamic nucl eus and in some of the mi dline 

nucle i, int ermingled with fib ers which pas s from 

t hese tha lamic nuclei to t h e hypothal amus . This 

two-way connect i on bring s t he hypothalamus in 

relation with t h e neopallial cortex, s i nce t h e latter 

is reciprocally connected with the dorsomedial 

tha lamic nucleus . 

How ever, a majority of the periventricular 

fibers turn caudally, collect to for m a longi tudi nal 

bundle i mmediately b elow t h e poste rior commi s sure, 

and descend to lower port i ons of the brain stem. 

Some of the f ib er s app ear to termi nate i n the 

s uperior an d inferior quadr i geminal bodies. Most 

of them pas s b ack immediate ly v entral to t h e aqueduct 

to for m t h e long itu dinal (dorsal) bundle of SchHtz, 

t h e termina t i on of which is obscure . 

The affe rent f iber s to t he hypo t halamus include 

t he ol factohypoth alamic fibers from t he basal olf ac 

tory region , most of whi ch come to t h e hypothalamus 

in t h e medial forebrain bundle. Othe r afferen t s are 

included in t he fornix, t he mammi llary peduncles and 
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the periventricular system. The hypo t halamus also 

receives fibers from the retina whi ch detach themselves 

from the optic tract and terminate in the supra-

optic and t he ventromedial hypothalamic nucleus. 

The connections of the hypothalamus with the 

posterior lobe of t h e pituitary have been well 

establ i shed. for man. They are urunyelinated fibers 

which arise pri ncipally from the supr aoptic and 

peri ventr:l.cular nuclei and form a well-defined 

bundle, the supraopticohypophyseal tract. A smaller 

bundle, the tuberhypoppyseal tract, is contributed 

by t he medial cells of the tuber cinereum. 

The possibility of a cort i cal control of the 

vegetative nerual apparatus in t he hypothalamus is 

clearly of great significance. It is therefore fitting 

to consider the fiber paths by which the hypothalamus 

is related to t h e neopallial cortex. It is pos-

sible for impulses to be conveye d from the hypo

thalamus to the gyrus cinguli by way of t h e mam

illo-thalamic tract and the thalamo-cortical fibers 

from the ant erior nucleus of the thalamus; there 

is also evidence that impulses may be conducted in 

the reverse direction. 
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Another cortical connection is to be found 

with the prefrontal reg ions of t he cerebral cor

tex which constitute a projection area for the 

medial nucleus of t h e thalamus; it has been estab

lished here, also , that fibers run in the reverse 

direction (Ingram 1940). The medial nucleus is 

connected directly to the periventricular system. 

On the basis of experi ments such as t b ose of Fulton 

and Ingraham (1929), (who made an incision in the 

prech iasmatic region of the medial surface of the 

hemisphere of cats and thus altered profoundly 

t h eir emotional beh avior and reactions) direct 

fronto-hypothalamic pathways have been postulated, 

but these have not been traced anatomically. This, 

and t he bypasses from the frontal re g ion to the 

zona incerta and septal regi on, thence to the 

:hypoth alamus, may be even mor e i mportant in cor

tical control of the vegetative nervous system 

than the tract f r om the gyrus cinguli. 

Hunsicker and Spiegel (1934) found t hat the 

descending cor t icifugal tracts to peripheral parts 

of t h e autonomic system ar e topographically related 

to t he pyramidal tract, and t h ey believe that both 

pyramidal and extrapyramidal conduction of corticifugal 

-3a-



impuls e s to the autonomic centers of the cord 

exist. Also in 1934, Fulton, Kennard and ~.vat ts 

produced 0vi d ence that in monkeys, the motor re pre

sentation of the autonomic system in the cortex 

li e s in the premotor area . In their experiments, 

stimulation i n this region led to vigorous 

peristaltic movements of the gut while extirpation 

produced disturbances in viscera-motor, vasomotor 

and sudomotor activities. 

Blood su£E1.l.. Ev ery artery to the hypothal

amus ta>:es direct origj n from the circle of 'Nillis 

at t he base of the brain. Trie preoptic r egi on 

is s up p lied by t he ant -:rior ceret ral arteri.es as 

t hey converge to meet at t he anterior communi

cating artery . The portions immedi a tely l a teral 

and posterior to the optic chiasma are vas cu lar ized 

d irectly from the internal carotid artery. This 

area includes part of t he t ub e r cinereum, supra

optic nucleus and periventricular nucleus. The 

mo s re caudal and lateral parts of t h e tuber are 

sup p lied from t b e posterior communicating artery, 

a s are t he d orsomedial and lateral hypothalamic 

nuclei and parts of the mammil l ary bo d i e s; these 

latter a lso rec e ive a branch from the poste rior 

cerebral artery. 
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The hypothalamic nuclei are also linked with 

the hypophysis by a hypophyseo-portal system of 

vessels which ascend in the hypophyseal stalk. 

This induces direct hormonal integration between 

the hypothalamus and the pituitary , and gives 

rise to much speculation as to t he basic signif

icance of this relationship. The peculiar endo

cellular capillary networks in some of the nuclei 

' have already been commented upon as suggestive 

.:vidence of secretory activity i n the hypothalamus . 
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EARLY CONCEPTS OF HYPOTHALAMIC Pl:.-YSIOLOGY 

No field of medicine illustrates more strik

ingly the wisdom of close cooperation between clin

ical and experimental study than the history of 

hypothalamic function. The hypothalamus has been 

known anatomically about as long as has the thal

amus. Its early background is associated with the 

great school of Viennese pathologis ts, clinicians 

and pharmacologists . Since "thalamus" is said to 

mean "bed-chamber", hypothalamus presumably means 

"under the chamber 11 (Walker, 1938). 

The fi 1·st observations bearing on hypothalamic 

function came from Karl Rokitansky in 1842, who 

from his vast experience in the dead house observed 

that infectious processes involving the base of 

the brain were frequently associated with grave 

gastric disturbances, and at times with gastric 

hemorrhage or perforations of the stomach or duod

enum. The incidence of t his association was suf

ficient to lead Rokitansky to postulate an imbalance 

in the regulation of visceral organs which was in 

some way conveyed by the vagus nerve. (Fulton 1940) 

That ended the subject until 1890 when Mauthner 

who was at that time a Viennese pathologist , ascribed 
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the somnolence of epidemic encephalitis to involve

ment of the reg i on of the base of t he brain lying 

posterior to the sella turcica. Righetti (1903) 

and Italian, gave this view support in a report 

of a large series of cerebral tumors in which 

sixty-one pe r cent of those occurring at the base 

exhibited abnormal somnolence. 

Since that time, there has existed a period of 

confusion between symptoms referable primarily to 

disturbances of the dienceph alon and t hose attrib

utable to the pituitary itself. In 1884 Fritzsche 

and Edwin KL)bs described a case of acromegaly with 

autopsy and drew attention to the profound hyper

plasia of the pituitary and t hymus. Neither they, 

nor Pierre Marie, who in 1886 also described a 

case of acromegaly, associated the condition with a 

primary disturbance of t ::e pituitary. However , 

slowly it came to be recognized that there was an 

association between acrome galy and pituitary adenoma 

and i n 1892, Onanoff, a Russian student of Babinski, 

de s cribed a tumor of the pituitary whi ch had destroyed 

the gland without causing acromegaly . In 1900, 

Ba t inski pointed out that the young woman also 

exhibited an arrest of sexual development (Ful ton 

1940). 
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In 1901, t h e scene shifted once more to 

Vienn a when Alfre d Fr8hlich published his memor 

able report of a tumor of the hypophysis without 

acromegaly in which t h e patient showe d n ot only 

arre ste d sexual d e velopment, bu t also a distinct

ively distributed adiposity and a peculiar skin 

texture . Tb e fundi s howed optic atrophy with 

comple t e blindness on t h e left and a temporal 

hemianop sia on t he ri ght . Fr8hlich felt that 

t h e t umor must b e large, but h e f ailed to ap ortion 

part of t h e symptom comp l ex to involvement of 

t h e bas e of the brain. 

'Erdhe im i n 1 904 was t he first to ins ist tha t th e 

a d i p osity in this syndrome was due to i n volvement 

of t h e base of the brai n . Not much emphasis was 

placed upon exp erimen t al flork to demonstrate t h is and 

it r emaine d for t'ercival Bailey and Bremer (1921) 

to prove t hat a p r imary lesion of the h ypo t halamic 

area. i n a do g wou ld cause a sim:i.lar p icture . 

In t he me a n time, t h e exp erimental physiology 

of t h e hypoth a lamus had developed a l ong otbe r chan

nels , a gai n i n Vienna . Karplus and Kreidl (1909 - 1914) 

mad e atte rnpts to electrically stimulate the hypo

t h alamus . Th ey demonstra te d pupilla ry dilatation, 
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sweating, change of heart rate, defecation, sali

vation and contract :\.on of the bladder resulting from 

faradic stimulat j on in t h e areas abo v t the walls 

of t b e third ventricl3 . To exclude t h e possi 

bility of stimulation o f descending pathways from 

higher centers, t h ey first removed t be c.: erebral 

hemispheres and allowed t jme for degeneration of 

fiber tracts; the results were unchanged. 

Tracing the pathways involved, they found t hey 

descended into the medulla and the cervical levels 

of t h e spin al cord and that they were completely 

abolished on a g iven side when t h e cord was 

hemi-sected between the seventh a nd eighth cervical 

or when t he upp er t h oracic anterior roots of the 

sympathetic chain were removed, thus establishing 

t h e hypothalamus as the center of con trol of the 

sympathetic nervou s system. (Fulton, 1940) 
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CENTRAL CONTROL OF TE~PERATURE 

The rema r k ably stable body temperature of 

warmblooded animals may be taken as evidence of an 

efficient thermostatic control. Heat is contjnu

ously formed in the bo dy-- e ven at rest, and of cour~e, 

an increased amount is formed during muscular 

activity. It is necessary, in order to maintain 

a constant body temperature, that b eat loss be 

adjusted to heat production, a process made more 

complicated by changing environmental temperature. 

The facility with which this balance is maintained 

has long been considered a basis for assumption 

of neurogenic control of body temperature. 

Exploration to discover the thermal center was 

begun as early as 1870 by Brilcke and Gfinther, and 

by the turn of the century, many experimenters had 

succeeded in produ cing disturbanc e s in heat regu

lation by pun ctn ring some part of the brain (Miller 

1942). 

Early investigators of the cerebral cortex 

failed to conclude that excision of the cortex has 

any enduring effect on thermal regulation (Miller 

1942). However , in t h e hands of Eulenburg and 

Landois electric stimulation of t Le cortex in 
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dogs initiated a f all in s k in tempE:: r atur e , and 

Pinkston , Bard and Rioch (193 4), also working 

with dog s, and Fulton (1934) u sing monk eys, gave 

support to t heir c onclusions. More rec ently , 

Be atti e (1938 ) obs erved tha t t emperatu re regulation 

became r e stric t ed, but not aboli s hed , afte r abla

tion of the cerebrum of the do g . Darrow (1937) 

found t ha t t h e secre t ory r e s p ons e o f the fore

limbs may b e e licited by stimul ation in the pre

motor corte x and t h at an increase d chronic palmar 

s weating may fo l low extirpation of t h is area. 

A central app ara tus for t be indu ction of fever 

was identified wi t h i n the corpu s stri atum and the 

t h a l amu s by a n umb e r of pioneer worke rs, a nd t hese 

were at one ti n:.e co n s i dere d t h e ch ie f sites f or 

t h e co n tro 1 of normal intrabodily te ,Lpe r a ture 

(Richet 1884, Ott 1 891, Sa ch s 1911, Mooreh ouse 

1911, Barbour 1921, a n d Ro gers 1 919, 1922) . 

Observati ons made wh ile applying local h eat to 

t h e c or pus s t ri a t um confirmed t he f act that he a t

i ng t h i s r egion induced gen eral syst emic t emperature 

effe c ts (Prince a nd Rahn 1918), but Moore (1918) 

suggested t hat t re t he rmal i nf l u ence u p on the 

corpu s striatum was t h e i ndirect cons e quence of 
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heat applied to an transmitted from o the r brain areas 

handled d~1ring t h e course of the experiment . About 

this same time , i nvest igators in Germany be gan 

to question t h e s upremacy of the corp us striatum with 

respect to t hermal regulation . The y p ointed out 

that this stru cture could not well possess any 

delicate rheostat ch aracter since varia tions in 

temperat u re brought to bear upon thi s r egi on, as 

in direct intracranial heating or cooling experiments, 

had to be s e veral degrees above or below normal to 

produce a response wh ich was then not instantan-

eous . In additi on to this, extirpation of the 

corpus striatum failed to produce a loss of tem

p erature regulati on (Miller 1942). 

A grou p of investi gators h ave claime d t hat the 

c ente r for heat control resi d ed in t h e t h al amus 

(Rogers 1928). In many experiments, a violent 

rise in t empe rature h as be en associated with damage 

inflicted to the t halmnus. Beattie (193 t=: ) ascribed 

a thermosensitive cent e r for beat c ontrol, at 

least so far as t he initiation of s h ivering in 

response to cold, to the caudal h alf of the medial 

portion of t he thalamus . Eis evidence has not been 
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gen erally confirmed and indeed Ranson (1940) checked 

the work of earlier workers and concluded that "there 

would seem, t herefore,to be no reason to attribute 

any essential part of t empe rature regulation to 

t he tbalamus." (Ranson 1 940) 

Th e pons and medulla too were suspected of 

governing the b ehavior of bodily tempe reture 

because in man and othe r hi gh8 r animals a decline 

or rise i n temperature was obs ~rved with injuries 

to this region. The exr erimental prepar ation with 

t he brain removed down to the mesencephalon be-

comes cold-blooded or poikilothermic--the animal 

cannot hold its normal body heat or resist the 

penetra j on of environmental heat or cold. How-

ever , it is still not cl e ar wh ether t h e tempera-

ture is deranged because sensory impulses from t h e 

skin cannot reach h i ghe r brain centers or whether 

t he absence or dysfunction of s u c h centers is 

s ubordi nated to t he activity of lowe r centers 

guard ing t he fundamental proce sses of heat produ ction, 

conservati on and dissipation. Reflex s h ivering in 

furred animals (c a ts, rabbits) can take place when 

only the lower half of t he medulla is intact 

(Dworkin 1930) and such medullary r e flex centers 
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may be present in man , but accordjng to Beattie 

(1938) t here seems to be little doubt that they 

are of' secondar y importance. 

In 1912, Freund and Strasmann found that 

rabbits with transection of the t boracic cord retained 

some capacity for temperatu:-ee regulation, but those 

with secti on of the ~ower cervical cord were 

poikilot.r,e rmic (Ranson 1940). Sherring ton ( 1924) 

made observations on dogs with spinal transactions 

of twenty-one to five hundred eighty-nine days 

duration, and he also found a marked difference 

between t t,oracic and cervical spinal transections. 

Gordon Holmes (1915) reported t en cases of 

spinal injuries of warfare with lesions in the 

lower part of the cervical enlargements characterized 

by subnormal body temperature. In four of the 

nine cases autopsied, t h e lesions we~e practically 

complete; in t h e othe r five , incomplete transverse 

lesions were present . These cases were slightly 

poixilothermic , but Holmes had seen cases of 

compl e te or v e ry severe injury between t h e fifth 

cervical and first dorsal segments in wl:icb these 

symptoms were not present. In several cases of 

partial or unilateral leslons in the cervical cord., 

he rep9rted hyperthermia . 
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Foerster re ported hypertherrda in several 

cas e s of acute total tre.nsection of the cervical 

cord which he believed due to a destruction of 

t h e descending thermoregulatory paths; he also 

reports a return of t h ermoregulation after a time 

if t h e patient lived . This he reg arded as due to 

the cord becoming autonomous, but he failed to 

describe any adequa te check made to determine 

that the transacti ons were anatomically complete , 

and the results he observed could easily have 

be e n explained on t h e basis of subsiding edema 

and inflammat i on. His patients may have been 

spared the hypothermia suffered by Holmes ' pa

tients by the solicitous nursing care received 

by t he former ( Erick son 1939). 

Thauer beg an inve stig ations on chronic spinal 

rabbits with the hope of cl e aring up the discrep 

ancies between s u ch clinical observations as those 

of Foerster and experimental observations such 

as those of Sherrington. His rabbits suffered an 

initial poikilothermia , but soon r e g ained a capacity 

for tempe rature regulation wh ich was not signi fi

cantly imp aired by removal of the s p inal cord 
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below the transection, by section of the cervical 

sympathetics or by subdiaphragmatic section of 

the vagi ; h e concluded that the periphery, when 

entirely separated from t h e central n e rvous sys

tem , is ab le to maintain the normal temperat1u·e of 

the body , and while he does not deny t hat a hlgher 

c enter may exist which h as some signif' :'cance for 

temp 3rature re gulation, he states thut h is re

s u lts are inconsistent with t h e idea of an indis

pensable temperature r egulating cen te r. He 

found no significant difference between cervical 

and thoracic transect ions (Bur.ton 1 921). His 

work may be criticized on the basis of there being 

a possibility o f incomplete transection here also, 

but if his work were comple t e ly substantiated, it 

would require a complete reorganization of many 

of t h e pres ent conceptions of tempe rat,J re regu

lat~ on. It is one of the avenues open for further 

investigati on. 

Te:'!:perature re gul ation in spinal cats has 

be en stu died in great de tai l by George Clark. In 

h is experiments, c ats with low cervical transections 

were found to be able to adjust t h emselves to 

slowly varying temperature s within a certain narrow 
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range. It has been postulated (Ranson 1940) that 

this is due to a metabolic change on a h ormonal 

rather than neurological basis. 

All , these line s of att &ck conver ge d and brought 

into focus t he realization that, where as none of 

these struc tures could be completely exonerated 

of possessing an inf luence on therrnore gulation, 

not one of t h em proved to be the c hief repository 

of temperatur e control. In 1884, when researcb on 

thermal cente r s was very young , Ott had written of 

the hypothalamus as an important heat regulatjng 

station. Be found that a unilateral puncture into 

t he anterior re gion of t h e hypothalamus frequently 

produced a hypGrth ermia , but t hat b ilateral punctures 

were more constant in producing an increase in 

rectal temperat~re . This effect was not noted when 

equivalent punctures were placed elsewhere in the 

central nervous system (Ott 1884). 

The significance of this work wa s not fully 

ap J reciated until two decades later when Isenschmid 

and Schnitzler (1914) using the more reliable ab

lation apr roach, substantiated fully Ott's correct 

locali zation of t he cephalic thermogenic center 

in the hypothalamus . Of particular importance in 
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the evaluation of t h j s work was their real i zation 

of the limitations of drawing c onclu sions from 

acute experiments about localization of function . 

For this reason, they attempted to carry out chronic 

exp eriments, when initial edema and trauma from 

handling could be eliminated . Their rabbits lived 

from three to thirteen days or loni:;er after t h e 

operation, which time was too s h o r t to produce 

de g ene r a tive processes . Th ey never observed that 

an initially disturbed heat r egulat i on became 

normal, bu t t h ey often witnessed a developing 

disturbance of temperatu re balance . They con

cluded that t h e part of the dienceph alon lying on 
• 

t he optic chiasma and in front of t h e posterior 

edge of the ch iasm was unnecessary for heat 

regulation. 

Tres e investigators also found tht t beat 

re gu lation was not preserved in cases of complete 

transact i on t h rou gh the middle of the t uber, and 

t h ey ass ume d trat t he ante r i or part of the tuber 

coul d be cla imed as the locat i on of t h e cent er for 

heat regulation, but t hey were frank in stati ng 

t hat t h ey d id not know if the funct l on of the caudal 

part of the tuber cin ereum was maintained after such 
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a section or not . They beli eved that t here is no 

part of the central n e rvous system lying caudal to 

t he tuber cinereum which alone, without cooperation 

of the tuber, is ab l e t o maintain heat regulation. 

These auth ors were unable to locate with 

certa ' nty the h eat re gul a ting center any closer 

than within the tuber cinereum. Th e part imme d iately 

surrounding the t h ird ventricle had no more, importance 

for this funct i on in t heir expe riments t h an the parts 

lying s ever al millimeter· s distant laterally . Th e 

pathways which carry forth impulses from the tuber 

cinereum lie in t h e caudal p art of t h e midbrain 

scattered over the ventral and me d ial part of t h e 

transverse section. Even in t h e anterj or part of 

the midbrain they are not joined in tight bundles. 

Isenschmi d and Schnitzler found t r1 at a part of 

these conduction path s are able to maintain per-

fect h e at r e gul a t ion even when an ir ,portant part 

of the rema i ning pa ths a r e eliminated (Blair and 

Keller 1946). 

Nikolaides and Dontas in 1911 were the f irst 

to contribute evidence of definite localization of 

t h e heat loss mech anism in t he cephalic brain stem. 

They studied t h e ab 5.li ty of dogs to pant and noted 
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the rectal temperature at wbich panting began before 

and after t he slicing of the brain stem at various 

levels . It was these investigator·s who originated 

the use of t b e superheated incubator or "hot box" 

which was later used by Keller and Ranson . Nikolai des 

and Dontas observed that panting co u ld never be 

elicited after a complete transection through the 

brai n stem at any level below t h e caudal extent 

of the corpus striatu.m. Complete transecti.ons through 

the cephalic extent of the corpus striatum, or 

incomplete transections at lower levels did not 

eliminate panting, but in many instances did raise 

the rectal t emperature at which panting be gan--

termed the panting threshold . 

These results were thrown open to question when 

Nemoto and Sato in 1929 demonstrated that po l pneic 

respons e s to hea.t were not affected seriously by 

removal of the corp1J s striatum or by a transection 

pass i ng dorsoventrally between the diencephalon 

and mesencephalon to the , substantia p erforata 

(Bazett, Alpers and Erb 1933) . 

Moorhouse (1911) showed that warming the carotid 

blood entering the head caused sweat i n g , peripheral 

vasodilatation and hyperventilation in experimental 
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animals, and he inferred that t h ese effects were 

produced by direct activation of regulating cen

ters in the brain by the rising temperature of 

t he blood. Thi s view has rece ived supp ort from 

experiments in whi ch parts of the brain were he ated 

directly (by warm water passing through a closed 

tube ins 0rted in or apr,;lied to the desired region, 

or by open irrigation with warm saline). Bar-

bour (1912, 1919) described a fall of the rectal 

temperatu re in rabbits following warming the 

corpus striatum. This was accompanied by peripheral 

vasodilatation. Cooling the corpus stria.tum caused 

an incr ease in rectal temp eratur·e. 

Hashimoto (1915) rep orted the same results. 

In h is exper i ments, he found t he l eft side was 

predomi nant. Prince and Hahn (1918) work ing with 

ca t~, , also found a fall in b ody temperature result

ing from heating t h is area. Moore (1918) confi r·med 

the antipyretic action of warming this regi on , but 

showed that t h e corpus striatum was not specifically 

relate d to the effect. Sachs and Greeij a year 

earlier, had been unable to observe any constant 

result of warming or irritating t b e corpus striatum. 

in various other ways . (Sachs and Green 1917). 
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Bazett (1927) pointed out that the effects obtained 

by Barbour and others were probably produced at 

some distance from the site of he ating in the 

corpus striatum because of t he h i gh temperatures 

used to obtain reactioris. 

In 1929, Hasama. found a. fall in body tempera

ture to result from warming the base of the hypo

thalamus and preoptic region in t h e cat; he observed 

a profuse sweating on the f ootpads during thi s 

procedure (Ranson 1940). Irrigation of the third 

ventricle with w-arm saline was s h own to produce 

· polypnea and panting in the dog by Hamrnouda (1933). 

These observations appear to jndicate that a rise 

in intra.cranial teir..perature is able to activate the 

heat loss mechanisms . 

Tbe most convincing evidence of the effect 

of localized heating of the brain ~as reported in 

1938 by Magoun, Har ~ison , Brobeck and Ranson . T~ey 

activated the heat loss mechanisms , including 

panting and s weating by local heating of the 

preoptic and supraoptic :ceglon in cats under urethane 

anesthesia. The heat was provided by a high fre

quency alternating current of low voltage passing 

between two electrodes inserted into the brain, four 
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millimeters apart and parallel to each other, with 

the aid of a multiple needle carrier and the Hor

sley-Clarke instrument. The electrodes were in

serted vertically from above downward and stopped 

every tw o millimeters on the way down to allow for 

the passage of the heating current at these levels 

and for t he obs ervation of its effect. By repeated 

punctures at two millimeter intervals from befor e 

back, some medially and some laterally placed, it 

was ~ossible to explore the brain and locate any 

regi ons which were specifically responsive to 

heat . Not more t h an two or three pairs of pun ctures 

were made i;n any one animal . 'l'hermocouple readings 

tai{en between the electrodes within the brain and 

one millime ter from the nearest electrode s h owed 

a rise in t~mperature of approx i mately three to 

six degrees Centigrade accordi ng to the voltage . 

The h igh tissue temperature s evoked (forty to 

forty-three degrees Centi grade) caused localized 

damage in some of the experiments . 

Extensive explor a tion of' the forebrain and 

midbrain of the cat revealed only a limited region 

from which resp onses to he ating could be obtained. 

The responses were the same as t h ose obtained by 
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heating the entire animal, but the rectal temper

ature never rose. The region from which these 

react i ons were elicited was sharply localized. 

The rostral portion of the area was located in 

t h e preoptic and s upraoptic r egions between t h e 

optic chiasma and the anterior commi s sure and 

extended forward beyond t h em. Continued backward 

from this region through t h e dorsal part of the 

hypothalamus and ventral part of t h e thalamus 

was another area wr,i ch gave reactions of t he same 

k ind but was much l e s s res ponsive, and tr-1e reac

tions were weaker . The reactions to heating were 

always obta i ned from wi t hin four millimete rs of the 

midline in the preoptic region and dienceph alon, . . 

n ever f rom the lateral parts of t h e h emisphere . 

The r eaction s obtained were du e s p ecifically to 

local heati ng sj nee the h igh fre quen .~ y current 

used could not stimulate. (Magoun, Harrison , 

Brobeck and Ranson 1938). 

In 1929, Keller found it desirable to re-

pe a t the work of Ni k olaides and Dontas because of 

t h e observation that li ght anesth esia polypnea could 

be, in some instances, f unctional ly eliminated by 

t h e surgical manipulations in exposing the brain 
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stem without a ctual ly pl a cing a lesion in the 

brain tissue . Be deemed it possible , t herefore, that 

t he h e a t los s cells were not loc a ted an terior to 

but were actually caudal to Nikolaides and Dontas' 

sections, and that t :. ey ware mere l y temporarily 

p aralyzed b y the trauma of the transection. He 

felt t hat if this were true, the heat loss cells 

would return to t h eir normal functioning state 

if s u ch p reparations could be maintained to 

chronicity. His investi gations yielded results 

entirely compatible with t hese probabilities . 

(Keller 1930) Lat ➔r it was found that when the 

entire hypoth alamus was selectively isolated or 

macerated , t he abili t y to pant was not only s p ared, 

but was more easily elicited t h an normally (Keller 

and Har e 1932 ). Subsequently , Keller reported that 

to a limited extent, certa i n of these types of 

p r 8parations re tain the ability not onl y to pant , 

but also to a djust to a warm environment in an 

adequate manner (Keller l :)38). 

Bazett , Alpe r s and Erb (1933) r emoved the 

cerebral hemispheres and par t or all o f t h e dien

cephalon in cats and kept the animals alive f ~r 

periods averagi ng from three to seven days. One 
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decerebrat e cat lived nineteen days. They found 

that transections behind the hypothalamus abol

ished temparature re gulation, but cats in which 

only the anterior hypothalamus was destroyed and 

the caudoventral parts left intact were able to 

keep the body temperature up to normal in a com

fortably warm room, and t t ey developed a febri l e 

response to injury or infection. However, ability 

to react to overheating was abolished. These 

observations were confirmed by Teague and Ranson 

(1936), wh o also demonstrated that a heat loss 

deficit was , at least in some instances, permanent 

aft er anterior hypothalamic lesions. 

In 1934, Barbour, invasti gating the locali

zation of body vapor pressure reflexes to environ

mental temperature , studied cats with transverse 

sections of the brain stem. In t he normal anirn Rl , 

the v apor pressure decreases with cold and increases 

with warmth , but t h e poikilotrermous animal s ~ows no 

osmotic pressure res p onse to cold. He found t h e 

critical point for t h e preservation of this reflex 

to be t h e tuber cinereum of t h e hypothalamus . The 

reflex was comple tely ab olished following complete 

transection posterior to the marnmillary bodies; the 
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supraoptic nucleus and cell groups dorsal or ven

tral to t r e tuberal region were not essential for 

the activation of these r e s ponses to changing 

temperatures. 

Frazier, Alpers and Lewy (1936) demonstrated 

total loss of temperature control in ~a ts wi th 

bilateral destruction of the substantia grisea 

of the third ventricle. The re was no hyperpnea, 

no panting, no shiver j ng. Vasomotor responses 

were lacking . The cats in these experiments sh owed 

a sustained hypothermi a, but no hyperthermia . 

Some of the cats were observed to have minor dis

turbances with unilateral lesions in t h e lateral 

portion of the hypothalamus , but these men also 

decided that the lateral portion was not essential 

to terrperature regulation . In t heir series, a 

bilateral loss of the nucleus tubero-mamrnillaris 

was necessary for a complete loss of temperature 

regulation . 

Abbie (1939) states that the preoptic regjon 

(regarded as predominately parasympathetic in 

nature) gives rise to transient hyperpyrexia when 

damaged, and damage to the posterior-lateral por

tions causes poikilothcrmia . 
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Barbour worked with the relat i on of t he ant

erior and poster :L or hyp othalamic nuclei to anhy

dremic responses to cold in monkeys in 1939. He 

found tbat a disturbed regulation against cold with 

t he water-shifting responses und isturbed resulted 

from a bi lateral lesion involving the mammillary 

bodi ·3 S, t he mammillary bodies and the lower half 

of the thalamus, or the area between the preoptic 

nucleus and the optic chiasm to the cent e r of t h e 

hypothalamus. 

Reversal of the water-shifting res ponses with 

disturbed regulation against heat , b u t not cold 

resulted from destruction of both preoptic nuclei, 

or of the ri gb t preoptic nucleus only, or of the 

area above the preoptic nuclei to the massa inter

media of both thalami. Regulation against cold 

was disturbed and the water-shifting responses were 

reversed in those mon,k~ys with bilateral brain 

stem transections at the level of the exit of 

the t h ird nerve, or extending from t he s uperior 

collicu lus to the foramen of 'Monroe. As a control, 

eight monkeys with lesions in outlying re gions were 

obs erved to show no change in water-sh ifting 

responses. Re concluded that in the monkey, the 
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water-sh ifting resp onses to cold are mediated t h rou gh 

t he anterior h ypothalamic nuclei, and t h e anterior 

and poste rior hypothalamus are centers for regulation 

against heat and cold (Barbour 1939). 

Observations made on animals decerebrated at 

various levels are not a ltogother satisfactory 

because so much of the brain is removed, because 

t he preparations thus obtained differ greatly from 

normal animals and because parts of the brain 

stem remaining in place may have been rende red 

functionless by anemia, hemorrhage and inflammatory 

react i ons. Obs ervati ons made on animals with 

lesions placed witb the Horsley-Clarke apparatus 

furnish more reliable information because the 

lesions are sharply defined, while all the rest 

of t l •e brain is left undamag ed , ana. because such 

anlmals can be kept and studied for as long as 

desired and are normal except for the disturbances 

in temperature control, c han 1:_,es in emotional 

reactions and a tendency to drowsiness, all of 

w~ich are symptoms resulting directly from the 

hypothalamic lesions (Bard 1925 , Kennard 1945, 

Ranson 1940). 
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With this in mind , Ranson , Fisher and Ingram 

(1937) studied monkeys in wl_ich lesions ware placed 

bilaterally in the hypothalamus wi tti the ai d of the 

Horsley-Clarke instrument. Their obs s rvations 

are not entirely compiliete, and it must be borne 

in mind ths.t the monkey normally has a very unstable 

temperature regulating mechanism . Nor:!!!.ally , the 

tempera t u re varies over a range of several degrees 

and frequently s h ows increases as a result of 

emot i onal excitement or struggling. Monkeys also 

do not compensate well for high temperatures . 

Most of the animals showing a tendency to 

have a subnormal temperature after operation were 

kept for a time in an incubator, b u t some were k ept 

from t he start under ord.inary room conditions. 

The monkeys -vrn re obs .:ir·v ed for several weeks and 

tben killed and t h e brains prepared for microscopic 

examination. 

Impaired heat r e gulation was evidenced when 

monkeys with hypothalamic lesions were kept in a 

moderately warm room. Of a series of t wenty-nine 

monkeys, eight showed hypertherr'ia after operation, 

thirteen d emonstrated a more or less prolonged 

hypothermia and eight s h owed no significant 
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deviation s from normal when k ept in a moderately 

. arm room. Fou r of these l ast we r e not subje cted 

to extremes of temperature so t he ext ent of tem -

per atur·e re gulation remaining intact c an no t be 

judged . 

The e ight monkeys s h owin g hypo t h ermia re

covered wit r in a f ew h ours so t 1 ey cou ld maintain 

a normal temperature at normal conditions , but 

they lost heat rapidly on exposure to moderately 

low t emper a tures as did t h e fo ur animals wb ich 

n e ver showed real hypothermi a under the usual room 

condit i ons. Little difference co u ld be dete rmined 

on exposure of these monkeys to moderately h i gh 

extern a l t empera tures , save t ha t t h os e which had 

been oper ated upon were n e ver observed to sweat. 

When t r ese animals were subjected to gradually 

increasing box t emperature s, t h ey we r e less re

sistant t h an t h e normal animal s. In all eight 

animals showin g hypotr e rmia, t he lesions destroyed 

or ser i ously damaged bilateral ly the reg ion dorsal 

and lateral to the ros tral end of the manm1illary 

body , including t h e part of the nucleus to the 

ansa lenticularis wh ich li e s i n t hi s area as well 

as t he i nterv ening p art of t h e lateral hypothalamic 
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nucleus. Any of t be nuclei lying rostral to the 

mammillary bodies may be intact in an animal showing 

hypothermia (Ranson, Fisher and Ingram 1937). 

In most of the animals s bowing hyperthermia , 

t he t emperature returned to normal on the first or 

second postoperative day . The r e s pons j s to cold 

in t hese animal s ~ere not tested . In seven of 

these eight monkeys , the lesions involved the 

rostral part of t he lateral hypothalamic area and 

t n e r egion around t he f ornix bila terally. In one 

animal this region was involved unil-aterally. 

The anterior hypothalam~c area was usually intact. 

No relation between damage t ,:, the t hal amus and 

variations in thermostatic control could be de

tected , and in some of t h e controls , monkeys with 

l esi ons limited to the t halamus were able to 

regulate t hei r temperature normally. 

Thus it becomes cle ar that postoperative 

hyperthermia develops in the monkey when bilateral 

lesions are made in the la t eral part of t he rostral 

portion of the hypothalamus . Hypothermia develops _ 

when t b e bilateral lesions are situated dorsolateral 

to the mammillary bodi es . The more caudally 

placed lesions cause impairment of ability to 
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regul a te a gainst both hea t and cold (Ranson , 

Fisher and Ingram 1937) . 

Two ye ars later (1 G39) Clark, Magoun and 

Ranson studied t he disturbances resulting from 

lesions placed in the hypothalamus with the Horsley

Clark e app aratus in a large series of c a ts. Th e 

lesions were of varying siz·e and locat i on, but 

in every case an atterrv t was made to produce 

l e si ons which were as nearly bilat erally symmet

rical as p ossible . The s e expariments were suf f ic

iently conc1usi ve to ,rnrrant t heir detailed descrip 

tion . Preceding the opera t ion, daily observations 

were made of t Le cat's rectal tempera ture for a 

week or more and t es ts were made of t he ability of 

the antmal to regulate its body temperature in the 

h ot box and t ~ e cold box . After the operation 

the ca t s were kept for on e or more days in an 

incubator at about thirty degrees Centigrade and 

thereafter at room temper ature whlch averaged 

eround twenty-four degrees (Centi grade). Daily 

observations were made of t h e rectal a n d environ

mental temperatures for two week s or more. Tests 

were made in t l: e hot and cold boxes about a week 

aft e r the operation and repeated on the sec ond and 
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fourth wee k s and in some cases afte r even lon ger 

intervals as deeme d desirable . 

Very large le s ions in t h e hypoth alamus r esulted 

i n t he de ath of mo st of the animal s , but large 

l es ions of t he anterior groups we re less fa t al t h an 

t hos e of t he poste rior or mi ddle g roups . Lesi ons 

in front of t h e ant e r 1or commissur' e resulted in 

a n increasing incidence of s ubnormal temperature 

with t h e lapse of time postoperatively . If t h e 

pr e op tic r egion was int act , t h e animal gave a 

normal r e s p onse in the hot box , but if the pre

optic re gion was destroyed , he faile d to pant . 

Larg e lesions of t h e middle group de·stroyed 

most of the hypothalamus from t h e chiasma to t he cau

dal border of t he atta chment o f the hypophyseal 

stalk . Two cas e s involving the mammillary b odies 

we re f atal; thes e died with s ubnormal temp eratures . 

Hot b ox t e sts we r e performed on six of t h ese cats . 

Five failed to p ant b efor e t he rectal tempe rature 

reached forty-one d egrees Centi grade, wh en t 11ey 

were removed from the h ot box . Tte sixth cat 

p anted at t h irty- fou r de grees (rectal tempera ture). 

Large l e s i ons of t he p ostarior hypoth alamus were 

so universally fatal t ha t no h ot or cold box t e sts 
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were performed; these animals all had subnormal 

temperatures prior to t beir death . 

Small to mo 3erate -sized lesions ware made in 

tbe medial p art of t h e anterior hypo tha l amus in 

s e vent-aen cats. Th ey produced no e asily r ecog 

nizable symptoms. The cats h ad nornr-1 da i ly 

temper a ture s subsequent to t h e opera tion except 

t ha t a con si derable number s h owed transient hy

perpyrexia the day following t he operation. The 

cold box react i ons were normal. In the h ot box, 

there was some increase in t b e pant i n g temperature 

l evel and a decrease in t h e final respir a tory rate . 

The lesions all lay close to the midline . 

Modera t e-sized lesions i n tbe lateral p art 

of t h e anterior hypothalamus c aused much greater 

disturbance in temper a ture regulat ~on t h an did 

t h ose more medially placed . Of t he eigh t cats in 

this seri e s, three h ad lesions p lace d so f ar lat

e rally as to damage t h e medial e dge of t he basis 

pedunculi and internal capsule . Th e medial fore

brain bundle in the re gion be tween the fornix and 

inte rnal capsule above t h e optic chi asma was destroyed 

in these . The remaining five cats had assynnnetrical 

l e sions so t h2:.t t he medial foreb r ain bundle was 
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s eriously damaged only unilate rally. The post

operative temp e r atures were normal or above in 

all save one c at , wh ich had a temporary hypopy

rexia . The hyperpyr exia obs erved in six cats dis 

appeared by t h e t h ird postoperative day . Those 

three c a ts with symmetrical lesions s howed a 

marked loss in ability to prevent over - heatin g . In 

the cold box tests , these c a t s fir s t s h owed a greater 

t h an normal drop , but were not abnor mal one mont0 

postopa r ative. Th e five cats wi t h assymmetrically 

placed les · ons showed an e arly loss in ability 

to prevent overheating , but by the end of the 

first month , they reacted normally in hotbox tests; 

they s :--!owed no abnormalities in t h e cold box tests . 

Modera t e-sized les i ons placed laterally in 

the p ost erior part of the hypothalamus c ause a 

gre a t imp rd rment of t h e ability to regulate a gainst ·' 

both heat and cold. These seven cats had lesions 

at the level of the mammillary bod i e s wh ich generally 

involved t h e Fields of Forel and interrupted fibers 

from t h e lateral hypothalami c area to the central 

grey matter . In all but one, t h e lesions were fairly 

symmetrical bilaterally. In t h at one, the left 

lateral hypothalami c area was destroyed , but the 
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right was intact. That lesion was in the midline , 

so as to interrupt fibers descending on the left 

side into the mesencephalic tegmentum as well as 

any fibers entering the central grey through the 

supramammillary decussation. This cat srwwed 

marked disturbances in temperature regul a tion as 

long as one month after operation. On t b e morning 

aft -:: r operation, these cats were lethargic, and had 

subnormal rectal temperatures wh ich had retur ned 

to normal by t h e seventh day . In t h e cold box , 

they demonstrated a decreaRed ability to prevent 

loss of body heat ; two cats recovere d some of th is 

ability . In t he h ot box, t hey we · e unable to 

regulate efficiently against heat . 

Moderate - sized lesions placed medially in the 

caudal part of the hypothalamus caused little dis

turbance in temperatur e regulation. Three cats had 

uni lateral and one c a t had bilateral lesions destroy

ing t he mammillary bodies. Although the authors 

realized the difficulty in measuring sweating and 

shiver j ng , they believe that s h ivering occurred 

less often in the operht ed t han t~e non-operated 

cats. A delayed hypothermia in one cat was postu

lated to be the result ~f toxic absorption from t he 

lesion. 
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These authors concluded t hat the region specif

ically responsive to heat lies above the optic ch~asma 

in the nei ghborhood of, and below, t he anterior 

commissu re. It may send fiber s back in the medial 

forebrai ,. blmdle to t h e lataral hypothalamus. 

They state t nat the transient hypertrermia in 

cats, monk eys and man after lesions in t he ant erior 

hypothalamus and suprach1asmatic reg ion may result 

from irri tatj_on of the centers for heat formation 

and hea t conservation in the hypoth alamus while the 

heat loss center is destroye d or cut off. Bilat

eral destruction of the caudal part of the later~l 

hypothalamus destroys the cent er for h e at formation 

and conservation and interrupts descending pat hways 

which ordinarily regulate a gainst excess ive heat 

( Clark, Magoun and Eans on 1939). 

Beaton, McK i nley, Berry and Ranson (1941) 

a gain resorted to localized heating of the brain 

of t he monkey by diathermy. Trey f ound an area in 

the ventrocaudal p art of t h e telencephalon b e tween 

the op tic ch iasma and t h e anterior commissure 

which gave a maximum sweating res ponse and polypnea . 

Th is is t be area whi ch has been h ere referred to as 

the preoptic region. Tbe effect was not observed 
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after stimulating the area three millimeters lateral 

to the rnidline . There was no extensive destruction 

and t he effects ceased with the cessation of stim

ulati on, so no descending pathways were interrupted. 

In the cat, there can be demonstrated a zone of 

diminished response extending through the dorsal 

hypothalamus; such an area is nonexistent in the 

monkey and dog (Beaton, McKinley , Berry and Ranson 

1941). 

Artificial far•adic stimulation of the ,posterior 

hypothalamic area produces sharp and pDompt vaso-., ,, 
constrict i on and thus decreases t he he at loss from 

t be skin. It also produces a mobilization of car

bohydrate reserves and pile-erection (Walker 1940). 

If unchecked, this le ads t '.J hypertb ermia, b u t it 
,... 

is counterbalanced in t h e normal indi vidual by 

mechanisms brought into play by t Le anterior hypo 

thalamus (Miller 1942). 

Blair and Keller (1946) introduced a semi

quantitative metb od of assaying varying degrees of 

impairment in the heat regulat1ng functions, be

lieving that in the past, t oo many reports were 

based on the subjective interpretations of the 

investigators. In their experiments, all tests 
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were made with t t e animals . under basal conditions a.nd 

in pos t absorp tive stages. Const ant temperatures 

of t I'< e incubators were maintained by t h ermostatic 

cont r ol; t he be at was dis t ributed uniformly through

out the b ox. 

Th ey t ested t h e abi li t y of an animal to p re

vent a fall in its r e ctal temp erature by obs e rving 

t h e di f fer ence t we en r e ct a l and anvironmental temp

erat ures and noting whether a f all in r e ctal 

t emp erature o c cu r red, and if so, t h e relative 

r ate of f all when the animal was abruptly submitted 

to an environmental tempe r ature of ten de grees 

Centigrade as a crite rion for h eat main t enance. 

The t es t was continued for eight h ours or until the 

rectal temp era : ure fell to or below thi rty degre e s 

Cen t i gr a de. Th e pres ence or abs ence of s h ivering , and 

t he time of its appearance we re noted und er each 

circumstance. 

He a t loss was evalu ated by t he ability of an 

animal to p revent an undu e rise in re ctal t empera~ 

t u re when submitted to a warm environmen t of thirty

t h ree, t h irty -six and t hirty-eight degrees Centi

grade for ei ght-h our per i o ds. Respi ra tory rate , 

p ant ing and p olypnea were followed closely. The 
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test was terminated if the r e ctal temperature rose 

to forty-tbree degrees Centigrade. 

These quthors frequently found it impossible 

to test h igh midbrain preparations because they 

are exceedingly prone to maniacal activity with 

an increase 6f rectal temperature , and such 

results had to be t h rown out. 

In the s e experiments, the heat maintenance 

me chani sms were compl etely and permanently elimin

ated in a dog whose sole tissue defect was isola

tion of the hypothalamic grey , or severance of its 

caudal connections. If only a small amount of the 

caudal portion of this grey remained undisturbed, 

considerab le of the ability to prevent a fall in 

r ectal temperature was retained. Evidence was 

encount ered wh ich indicated that at the hypothalamic 

level, there a.re separate neural elerrents for t he 

shivering and non-shivering thermogenic functions. 

They also concluded that over-alt heat loss 

I 
mechanisms can be spared in the pres ence of a complete 

and permanent elimination of t h e heat production 

mechanism. Heat loss powers were markedly impaired 

in certain dogs which retained considerable heat 

maintenance ability by virtue of the intact port ion 
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of the caudalmost hypothalamic grey matter. An 

explanation of t h is seemingly paradoxi c a l situ

ation cou ld logically be the basis for furthe r 

research; althougb seve ral h ypotheses are offered, 

none have bean conclusively proven or universally 

acc epted ( f lair and Keller 1 946 ). 

Referances to the cl i nical aspects of t ~e 

central re gulation of temp er ature in man are 

l Jr; ion in t h e lite rature. In a ddition to those 

discussed below, Cloake (1927 ), Frazier, Alpers 

and Lewy (1938) , Gardi.ner and Pembry (1912), 

Holmes ( 1915), Kornblum (1925), Strauss and Globus 

(1931), Jung, Dou~e and Carmi chael (1937 ), and 

Dott (1938), and Kennedy (1940) are but a few of 

those who have written on the subject. Even so , 

a disturbance of temper a ture regulation which can 

be shown to be hypo thalamic in nature is still 

s ufficiently an oddity to be reportable in the 

literature. 

Allen and Love ll (1932) reported eight c a ses of 

tumors involving t h e p osterior part of tr·· e third 

ventricle. Of t hese, five developed s ; vere hyper 

t hermia immedi a tely postopera tively and died. 

,, 

-72-



Alp e rs (1936) described two cas e s of supra

s ellar cyst with terminal hyperthermia . In the first, 

the tumor f i lled t he entire sp a ce between t h e 

hippocampal gyrii, extending from the op tic ch iasm 

to the anterior border of the pons and producing 

compression and fla t tening o f the op tic chi asm, 

optic n erves and the f loor of the diencepbalon . 

His t olog i ca.lly, the floor of tl,e diencephalon wa ~ 

destroyed as was the entire flo or of the t h ird 

ventricle, thu s destroyi n g the substantia grisea 

of Malone. The second case s h owed a d~ep excava-

tion in the floor of t h e diencephalon which proved 

to involve t he substantia grisea end tuber 

cinereum. 

Davison and Selby (1937) reported a rarer instance 

of hypotrermia which was associated with polydipsia , 

polyuria, a.diposogeni tal dystrophy , hypersomni a. , 

a t sent sense of smell and bilateral primary optic 

atrophy. This proved to r .)sul t from an an g ioma 

e x tending ~rom t he f loor of the t h ird v entricle to 

t he sella turcica and from t h e optic nerves to the 

marnmillary bodies. The nerve ce l ls of t h e substantia 

grisea and t h e nuclei of the tuber were comple tely 

destroyed, the mammillary bodies partially so. 
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Also in 193?, Davison and F'riedman reported 

poikilotberrr~a in~ newborn child as a result of 

an infiltrating neunoblastoma. The floor of the 

t h ird ventricle consisted only of tte pial mem

brane. The entire ventricular system was dilated. 

There was marked pallor of the fiber tracts t h rough 

the hypothalamus and t he hypothalamus itself was 

necrotic or filled with tumor tissue , especially 

the mesial nuclei . 

In 1939 , Erickson described a clinical syn

drome which he termed neurogenic hyperthem.ia . The 

picture is a rapid rise of rectal temperature , 

relative warmth of the trunk, icy dryness of extrem

ities, anhydrosis, usually hyperpnea and tachy

cardia. It does not give rise to discomfort or 

malaise (Riddoch 1938). The patient is usually 

quiet . Neurogenic hyperthe rmia .is frequently 

seen after ope r ation s in the neighborhood of the 

pituitary fossa, t h ird ventricle , posterior fossa 

or wi thin t welve hours after head injuries . 

Erickson believes there is no precisely localized 

center for ove r -all control of tempe r a ure in 

the hypothalamus and tba.t an acutely increase d 

intracranial pressure may cause poikilothermia . 
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He also states that a general anesth etic causes , 

derangement of the thermotaxic centers. Adequate 

nursing c are is h is only sugge s tion for tre atment 

of this type of f e ver (Erick son 1939). 

Morgan and Vonderahe (1939) described cell-

ular change s in the hypothalamic nuclei in thir-

teen patients who died of heat stroke. They found 

t wo t y pes of c ell changes--one indi cative of 

c onsiderable d umage in the past with ce l l de generation 

t a·dng p l a ce slowly at the t ime of d eath . Tr is 

was most mark ed in t h e nucleus periventricularis, 

the supraoptic re gi on and t b e later al part of the 

tuber . Th e other cell chang e was acute, and 

t"bey believed it to be t h e result of t h e heat 

stroke proper . It was seen most universally in 

t h e nuc leus tub ero-mammillaris, subs tantia grisea 

and t b e supraoptic regi on. '11h e nucleus tub e ro

marnmillar j s resembled the picture produced by 

typhoid injections. 

Vonde .:'.' ahe (1940) s ta tes that t he h ypothalamus 

is involved in al l g rave illnesses and t he temper

ature regulation is impaired. He cites t he fever 

of i nfection a s an example . This author also 

reports a case of fracture of the base of the 
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skull followed by diabetes insipidus , drowsiness 

and subnormal temperature . 

Bailey ( 1940) bas ob served that in craniopharyn

giomas, t he body temperature is of ten subnormal 

with occasion al bouts of fever . Other ··symptoms 

vary with the patient 1 s a ge . In ot}-e r in tracranial 

tumo r s, sucb as gliomas and metastatic carcinoma , 

hypothalamic symptoms occur late . 

Davison (1940) reported five cases of hyper

tbermia with hypothalamic involvement, \wo of 

.hypothermia and one of poikilothe rmia . Four of tbe 

five cases of hyperthermia revealed destruction 

of the -rostral part of the hypothalamus; the fifth 

showed destruction of t b e caudal part, but pressure 

on t h e rostral portion was not ruled out . The 

hypot} ermia resulted after transection of the brain 

stem between the pons and medulla and s eversnce 

of the caudal part of the hypothalamus . rrhe 
poikilotherrnia was ob served in a baby with internal 

hydrocephalus. Especially t h e lateral and medi a l 

hypoth alamic nuclei were destroyed. 

Zimmerman ( 1940) discussed three cases wh ich 

were unusual in that most clinical evidence h as been 

unsatisfactory for discrete localization of centers 
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of function as the les i ons are usually very exten

sive; Zimmerman's cas e s had discrete small lesions. 

Th e first was a menin geal lipoma destroying the 

ventromedial tuberal nuclei, part o f the right 

mammillary body and the right mammillothalamic 

tract. This produced hyperthermia for a year. 

Tn e second, also showing terminal hyperpyrexia, but 

of only a week' s duration, was the result of a p ineal

oma implant in the median eminence and the ventro

medial tuberal nuclei. The third instance of 

hyperpyrexia was a. dural metastasis from an 

ovarian sarcoma producing compression of c r anial 

nerves bilaterally , while displaying only a single 

metastatic nodule in the floor of t h e third ven

tricle and thus destroying the ventromedial hypo

tbalamic nuclei. He also discuss e s two cases, one 

of hyp e rthermia following massive c e rebral infarction 

with is chemic chang es in t r ,e hypothalamus , and one 

of hypothermia following calcification in the 

basal ganglia, cerebral cortex, cerebellum, and 

pos t ero-lateral group of hypoth alamic nuclei--which 

run truer to the establj_shed form of r eported cases. 

One of t h e most recent writings concerning 

t h is subject is that of Engel and Aring (1945 ). 
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They report a hypothalamic attack with thalamic 

lesion lasting from bith until death at t e age 

of eighteen . Autopsy revealed a cystic degener

ative lesion involving chiefly t he dorsomedial 

and lateral nuclei of t h e rign t thalamus, apparently 

acquired at birth, and associated with repeated 

paroxysms of hypothalamic overactivity. ~motional 

excitement seemed to prove the stimulus for t h e 

onset of febrile attacks wh ich beg an abruptfY~ 
) 

persisted witL marked fluctu ations for several 

days and declined by defervescence. Tbe onset 

•r: as sometimes preceeded by coldness or even a 

chill . It sometimes d~clined suddenly with pro 

fuse sweating, warm extremities and flushing . The 

fever was reduced by antipyretic drugs . Engel and 

Aring believe t h at although the hypothalamic nuclei 

were intact in this boy , there was a definite 

imbalance, possibly due to the thalamic interruption 

of cortico-hypothalamic tracts. 
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DISCUSSION AND SUl'lMARY 

"Th e nervous mech ani sm of heat re gulat i on, 

therefore, se ems to string f rom the cortex to the 

medu lla, implicattng t h e striatum, hypo thalamus, 

mi dbrain, pons and medulla, w~ether by centers 

or by pa thways. In t h is mech anism, t h e hypo t halamic 

re gion seems to come clos e st to acti n g as a center. 

Certainly it is t he most important part of t h e 

mech anism. To say, however, t n at this is so indi

cates only in a general way the func tlon of' t he 

hypoth alami c region in the regu l a tion of t empera

t ure. It is essential to kn ow what parts o f t h e 

hypoth alamus are important for regulation and 

how this regulation is effected." (Alpers 1936) 

Thus did B. J. Alpe rs s ummarize the state of our 

knowledge in 1 936. And so, essenti a lly, mi ght it 

be summarized today. ";" 

Th e diff i cu l ties encompassed in t h is res e arch 

may be mor e ful l y a ppreciate d when one realizes 

tha t t h e hypoth al amus comprises foun: ~grams in a 

total brain weighing twelve hundred grams. It 

represents one three hundredth of t h e total brain 

volume, and could ac t ually b e eas ily contained in 

a teaspoon. In man, furth ermore, thjs structure 
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is doubled upon itself as a result of the enlarged 

sella turcica. Yet this grossly i n significant are a 

h as been claimed, and wi th a greatly impressive 

weight of evidence, to house t he "Board of Control 11 

for tr e entire autonomic nervou s system. Here are 

found integral centers for not only heat loss and h eat 

produc t j on, but a lso cardiovascular re gulat i on, 

water, carbohydrat e, fat and protein metabolism, 

c ontrol o f s e x function, i ncluding supervisjon of 

t he endocrines directly and indire ctly concerned 

with reproduction, gastrointestinal regulation, 

kidney and bl adder function, sleep and waking, and 

many others. In t his organ is kept a constant 

vigil over the internal environment. 

Thus it i s not to 'be wond ered at that the 

shroud of' mystery surrounding the ne chanisms i n

volved in central control of body temperature have 

not been more deeply and concl ~sively penetrated. 

It is apparent t ha t hea t regulation is 

accomplished by a dual mechanism--the processes of 

heat production and conservation being balanced 

against heat dissipation. Both groups of antipodal 

phenomena appear to have anatomic representation in 

the hypothal amus and it was t he consensus of many 
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investigators before 1940 that there are two 

separate cent e rs of temperature controll--the 

centers for heat production residing in the late1~l 

portion of th~ posterior hypothalamic area, while 

beat loss is governed to a large extent by the 

anterior hypotb alamus--especially the s upraoptic 

and preoptic areas (Ranson, F isher and Ingram 1937; 

Magoun, Ha r rison, Brobeck and Ranson , 1938; Clark 

1938; and Ranson 1940). This hypothesis fits 

nicely with the higher incidence of clinical and 

expe rimental hyperthermia, and many catastrophic 

effects of lesions of the intervening region s were 

explained as having interrrupted des cending fibers 

or integrating pathways b e tween t r e two areas. Also, 

as mentioned above, stimulation of the posterior 

hypothalamic area initiates a series of sympathico

a drenal resp onses which increase heat proquction and 

diminishes heat loss, W~;i le faradic stimulation of 

the anterior hypothalamic areas initiates the counter 

mechanisms of re at loss. 

But this theory may be questioned when attempting 

to exp lain the occurrence of swe ati n g in the 

pre sence of peripheral vasoconstricti.on or "cold 

swe a t"--an evc;,ryday occurrence. 
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Neither is t ::.--ds theory adequate to exp lain the 

c onclusions of Blair and Kellar ( 1946) that the 

ove r - all heat loss mech anism can be spared in the 

presence of a complete and permanent elimination 

of t h e he at production re chanism, while the r everse 

has been a dmitted for at least two decades . Wh y 

does a tis s ue defect p.rossly limited to the anterior 

hypotha l runus eliminate or impair the re at loss me chan

ism wh ich is at leas t partially retained when t be 

entire hypothalamus is removed? The answer to t t ese 

qu estions may well e xp lain some of th e antagonistic 

resul ~s obtained by e a rly investi gators . 

Among the possibilities advanced by these 

authors (Blair and Keller 1 94 6) is that the heat 

loss cells (as yet anatomically undi sting uish ed) 

are distributed throughout the hypottalamus and the 

cephalic part of the midbrain , t he latter capab l e 

of functioning after r emoval of t h e bypothalamus , 

or failing t o function after experimental lesions 

as a result o f operational trauma . The theory of 

ind ividual variat i on of location for t h e heat loss 

cells h as als o been a dvanced . 

At any rate, today more investigators are 

cautioning that specialization of representation 
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may be more apparen~ than real . Miller (1942) 

likens the intra-, and extra-hypothalamic areas to 

nan extensive keyboard on which the hypothalamus is 

able to strike a range of thermal effects," but 

suggests that the anteri or and posterior reg ions 

may re gister dominant responses . 

The adequate physiolog ical stimulus or stimuli 

which call these centers into play in resp onse to 

changing internal environment have been as yet only 

suspected . Incr e ased temperature of t h e blood 

bathing che cells was pos tulaten, but many effects 

are noticed before a ny variat_j.on in rectal t emperature 

is recorded . Ex tremely sen~itive cold and warmth 

recep tors h ave been demonstrated in the s kin; do they 

have counterparts in the visceral organs? The very 

sllght variants wh ich prove adequate stimuli normally 

h ave not been attained experimentally . 

'lihere is a need for a more standardized t ype 

of investigative procedure . Many results 'a r e 

difficult to evaluate because the conditions of the 

experiments were so varied as to make comparison on 

a standard basis impossible . Far too many conclu

sions were subjective one s by the auth ors . Some 

early work tha t has proven incomplete or inconclusive 
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could well be repe ated in t -e light of improv ed 

technique , app aratus, and definite goals. 

The subject of central regulation o f body 

t emperature is f ar from closed . It may even tually 

be discover e d th.at the rang e of tl:ermal control in 

the body is accomplished by quantitative var1ations 

of' a s J. n gle , not a dual , process with the hyp o

t halamus serving as a vital instrumen~ i n this 

regulation . 

. ... 
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