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Thermal stability, which is one of the hall marks of
mammalian efficiency, must always be associated
with metabolism and chemical stability, for the pro-
duction of heat depends largely on biological
oxidations and these in turn depend upon the supply
of oxygen. Anything which interferes with this
constitutes an immediate threat both to chemical
stability and thermal stability, but the temperature
of the body also plays a vital part in regulating the
metabolic rate and hence the demand for oxygen,
so that each reacts upon the other.

The Basis of Thermal Control
The maintenance of thermal balance rather than a

constant internal temperature may be the real basis
of temperature control (Glaser and Newling, 1957),
for both the central and superficial temperatures do
vary as part of their participation in the overall
stability of the adult body, but these are among the
finer points at present. Thermal stability is brought
about by the production of heat and the loss of heat
being kept about the same. Heat production is the
result of the metabolic activity of all the cells of the
body when it is at rest, together with the additional
production due to muscular exertion. The basal
production is extensively modified by thyroid
activity and affected by the environmental tempera-
ture (Osiba, 1957). Heat is lost mainly from the
body surface, and if a person were completely
insulated against heat loss his temperature would go
up at a rate which would bring it to boiling point in
about two days if the mechanisms for heat produc-
tion were not, as ofcourse they would be, inactivated
long before this temperature had been reached. The
amount of heat lost from the surface of the body
would tend to vary only in accordance with air

* The Leonard Parsons Lectures delivered in Birmingham on
May 12 and 13, 1959.

movement and the surrounding temperature, were it
not that the rate of loss can be greatly reduced at low
temperatures by constricting the blood supply to the
periphery and extremities and allowing them to take
up temperatures far below the central parts and not
much above those of the surroundings. Animals
with fur and birds with feathers can modify their
heat losses to some extent by erecting their hair or
fluffing out their feathers, and some large animals
which live in a cold environment are very well pro-
tected against heat loss by long hair and a thick layer
of subcutaneous fat. Heat is also lost from the
lungs by the evaporation of water and by warming
the inspired air, but in man these losses are linked
to the metabolic needs and are not varied apart from
them. At high environmental temperatures the rate
of heat loss in man is adjusted to the requirements of
the body by sweating, which deposits a film of water
on the skin. The evaporation which follows keeps
down the body temperature even when the environ-
mental temperature is higher. In animals without
sweat glands this way of losing heat may be replaced
by passing air very rapidly in and out over the large
wet surfaces provided by their tongues.
Animals vary greatly in their response to a change

in their environmental temperature, but there are
features common to all. There is a fast response
followed by a much slower one if the change persists,
and the whole constitutes the process of acclimatiza-
tion which enables the animal to become master of
its new surroundings. A rapid increase in metabolic
rate is the immediate response in all warm blooded
animals to a fall in environmental temperature, and
this is indeed the chief response of mice and other
small rodents, for they do little to reduce their loss of
heat by varying their insulation or vasomotor
control. It is a biological impossibility that they
should do so to any extent, for the weight of the
insulating material required for such small animals
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ARCHIVES OF DISEASE IN CHILDHOOD

at low temperatures would immobilize them. Some
strains of mice increase their oxygen consumption by
as much as four times when they are transferred from
a temperature of 21°C. to -3°C. By doing so and
making for themselves good nests (Barnett and
Manly, 1958) they are able to maintain a normal
body temperature, but they require just that much
more food, which in nature they have to find
(Barnett, 1956, 1959; Barnett and Manly, 1956;
Barnett, Coleman and Manly, 1959). Increased
tone and shivering constitute the first line of defence
against a sudden fall in the environmental tempera-
ture, and this is the role of the skeletal muscles. It
is initiated by reflexes from the skin, and if the
shivering thus initiated is not enough to maintain the
'core' temperature, the fall in the latter greatly
intensifies the muscular response (Giaja and Gelineo,
1931; Pickering, 1958). After the process of
acclimatization is complete the metabolic rate
remains high, although the animals are no longer
shivering. This is usually attributed to increased
'tone' in the skeletal muscles, but what this means in
terms of mechanical work and tissue metabolism
nobody knows (Baker and Sellers, 1953; Burton and
Edholm, 1955; Scholander, 1958). The basal meta-
bolic rate also rises after a time, and this rise persists
and can be demonstrated after the animal has been
restored to a higher environmental temperature once
more (Engelmann, 1930; Sellers and You, 1950). The
liver participates in this (Burton and Edholm, 1955)
as well as the muscles and heart, but not, it seems,
the thymus, testis or brain (Hart, 1958).
A fundamental point in thermal control at all ages,

but particularly in the newly born, is the environ-
mental temperature at which the metabolic rate of
the animal is at its lowest. This is variously termed
the critical temperature or the point of thermal
neutrality. It is really a band or range of tempera-
ture within which variations in heat loss enable the
animal to maintain a normal body temperature with
the least possible expenditure of energy. Departure
from it in either direction raises the metabolic rate.
If the environmental temperature has fallen the rise
in metabolic rate will serve a useful purpose in
maintaining the temperature in the body desirable
for that species, but if the reverse has taken place the
body temperature will rise and it is this which
produces the rise in metabolic rate (see later). The
critical temperature varies with the age of the animal
(Cairnie and Pullar, 1957) and the plane of nutrition
(Graham, Wainman, Blaxter and Armstrong, 1959),
and is considerably higher soon after birth than it is
in later life. It also varies from one species to
another.
The laws of physics and chemistry provide that

the rates at which chemical reactions proceed vary
directly with the temperature of the system in which
they are taking place. The metabolic rate of an
animal without temperature control, therefore,
varies closely and directly with the environmental
temperature. If the temperature of an animal with
any semblance of temperature control is lowered
sufficiently there comes a time when its metabolic
rate and oxygen consumption fall in spite of the
increase in metabolism which was tending to prevent
it, and this can be enormously facilitated by abolish-
ing the normal adaptive response. This is the way
in which the body temperature is lowered (Hellings,
1958; Pickering, 1958) in order to reduce the meta-
bolism for therapeutic or experimental purposes, but
a subnormal temperature in a newborn baby or any
other young animal is no proof that it has a lower
metabolic rate than it would have at its critical
temperature. In fact, the reverse is much more
probable if it is making any adaptive response
(Giaja and Gelineo, 1931; Krog, Monson and
Irving, 1955; Hart, 1958).
The response of an adult to a change in the

environmental temperature is a very complicated one
(Scholander, 1958), integrated at various levels and
depending upon the central nervous system (Picker-
ing, 1958), and a co-ordinating 'centre' in the
hypothalamus (Ranson, 1940; Kennedy, 1953).
Successful adaptation depends upon the hypophysis
(Thibault, 1949), and the suprarenal glands partici-
pate at two stages. Part of the immediate increase
in metabolic rate is almost certainly due to the
release of adrenalin and nor-adrenalin, although
precisely how these operate is obscure (Griffith,
1951). Their effects are not abolished by curare
(Hsieh and Carlson, 1957), and they are intensified in
an animal which has become fully acclimatized to
cold. Thyroidectomy reduces them (Swanson,
1956). The cortex of the suprarenal is also essential
for successful acclimatization to a lowered environ-
mental temperature (Ingle, 1958), and is thought to
be one of the organs responsible for the higher
metabolic rate which develops slowly and persists
for some time. The thyroid is also involved in this
(You, You and Sellers, 1950).
The energy derived from the oxidation of protein,

fat and carbohydrate is used for the synthesis of
compounds such as adenosine triphosphate and
creatine phosphate, which contain high energy
phosphate bonds and with which the cell is able to
carry out the work required of it. Some of the
energy is 'wasted' and dissipated as heat which the
homoeotherm also requires per se, but it is generally
thought that in the healthy and intact cell most of the
oxidation is coupled with the synthesis of these high
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MAINTENANCE OF STABILITY IN THE NEWLY BORN
energy phosphate bonds and limited by the amount
of work required for functional efficiency. Bilirubin
and a number of other poisons, such as cyanide,
interfere with many of the oxidation processes in a
less specific way and reduce the coupling as well.
Others, such as dinitrophenol and possibly thyroxin,
also interfere with the coupling, but in a different
way, for they allow the oxygen consumption and
heat production to rise to high levels without the
performance of any visible or invisible work. Some
such uncoupling, if physiological, or some purposeful
deviation of the metabolic pathways to bypass the
coupling mechanisms, would produce the heat
required by the body for acclimatization more
economically than any other way, and the possibilities
of this happening in the processes of acclimatization
are being actively explored (Depocas, MacLeod and
Hart, 1957; Hart, 1958; Potter, 1958; Smith, 1958).
Adaptive changes in the enzyme systems are well
recognized to take place in the kidney, at any rate in
some animals (Rector, Seldin, Roberts and Copen-
haver, 1954; Rector and Orloff, 1959), and some
such deviation from the more usual metabolic path-
ways is now accepted as a cause of hereditary obesity
in mice (Tepperman, 1958; Zomzely and Mayer,
1958) and possibly in human obesity (Pawan, 1959).
Whatever its size, the body temperature of an

adult is largely a matter of its own genetics and
biophysical efficiency. The white rhinoceros or the
hippopotamus, which both live in equatorial Africa
where the temperature may be 32°C. in the shade,
and which both weigh upwards of 3,000,000 g., have
body temperatures of the order of 35°C. (Allbrook,
Harthoorn, Luck and Wright, 1958; Luck and
Wright, 1959), whereas a mouse living at -3C. and
weighing about 30 g. has a body temperature around
37 5°C. (Barnett, 1956).
The matter of size, however, is an important one

in temperature regulation because small bodies have
relatively greater surface areas than large ones and
therefore cool more quickly in surroundings below
the temperature of their bodies. This has been
compensated for, however, in nature by the arrange-
ment that birds and animals, large and small, have
metabolic rates in proportion to their surface areas
rather than to their weights. This is one of the
great biological generalizations, but how it is brought
about is quite unknown. Why each cell in a mouse
has so much higher a metabolic rate than each one
in an elephant is unknown, but the solution of this
problem should help us to understand the processes
of acclimatization.

The Newborn Animal
Whatever it may do towards maintaining its own

chemical stability in utero, the unborn animal has no
responsibilities for its body temperature, and most
animals are born before they have acquired all the
integrated mechanisms they will later require for the
control of their body temperatures. The newborn
rat is almost poikilothermic at birth and takes up
the temperature of its surroundings. Puppies and
kittens have little more thermal stability, but less is
known about them. The lamb and the pig are both
examples of animals with a good measure of tem-
perature control at birth, and so within limits is the
human infant. Edwards (1824, 1832), the great
pioneer in this subject, showed that this was not just
a matter of size, but also one of immaturity. By
choosing adults and newborn animals from different
species he found out that tiny adult birds like wrens
had far greater thermal stability than newly hatched
birds such as hawks which were much larger, when
both were exposed to an external temperature of 1 7°C.
Edwards also realized that many newborn animals
would never survive unless a special environment
had been created for them by nature. He pointed
out that the proximity of the rest of the litter huddled
together in a nest protected each member of the
litter from the cold they would have to face in
isolation. With this shelter of the nest and the
warmth of the mother's body, to which the newborn
animal always tends to move, even the newborn rat
can achieve a body temperature high enough to
enable it to feed and grow, and mice can be reared
by their mothers in a good nest at -3°C. (Barnett,
1956) and breed in cold meat stores at much lower
temperatures, even down to -21°C. (Laurie, 1946).
If the mother of an animal without temperature
control leaves the nest and fails to return for some
time the temperature of the newborn animals must
fall and with it their demands for oxygen. This is
probably no disadvantage for a time, for it reduces
the consumption of energy material within the body
without doing the newborn any harm (Fairfield,
1948). The survival time of eviscerated, and there-
fore poikilothermic, adult rats is reduced if the
temperature is raised from 260 to 38°C., but this
effect can be countered to a large extent by the
administration of glucose (Ingle and Nezamis, 1950).
The metabolic rate of a poikilothermic animal like

the newborn rat varies with its environmental and
consequently its body temperature. The oxygen
consumption of the newborn lamb, however, rises
three to four times between the last days in utero,
when it has an oxygen consumption in keeping with
its mother's surface area, and the second day of life
when it has one more in line with its own (Dawes
and Mott, 1958, 1959). Pigs have not been investi-
gated in utero but their oxygen consumption also
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ARCHIVES OF DISEASE IN CHILDHOOD
rises rapidly in the first days after birth (Mount,
1958a). With the knowledge available to us at the
moment we must regard this rise in oxygen con-
sumption as the response of struggling but still
imperfect homoeotherms to a fall in their environ-
mental and also, probably, in their somatic tempera-
ture, for after birth pigs have been shown to raise
their oxygen consumption steadily as the ambient
temperature falls below that of their own point of
thermal neutrality (Holub, Forman and Jezkova',
1957; Mount, 1958b). Giaja (1925a, b), another
pioneer, put forward a way of expressing all this
quantitatively and of comparing the response of one
young animal with that of another.
Man certainly, and most large animals also,

regulate their thermal balance to a large extent by
'physical' methods, i.e. by varying the dissipation
and conservation of the heat produced within them
by their natural activities, but there is evidence that
this is not so to any great extent in the newborn
human infant or animal (Hahn, 1956c; McIntyre and
Ederstrom, 1958). Piglets (Mount, 1959) and many
other newborn animals with similar possibilities open
to them (Baccino, 1935) increase their effective size
by huddling together and so reducing their cooling
surface, but speaking generally the newborn animal
achieves what measure of thermal control it may
possess (if in isolation) by 'chemical' methods, i.e. by
varying its heat production, and this is not possible
before the neurones in the hypothalamus are mye-
linated (Reynolds, 1953). Adult rodents and par-
ticularly mice (Barnett, 1959; Barnett et al., 1959)
certainly employ chemical rather than physical
methods, particularly in isolation, and this is what
makes them a valuable study for those interested in
the newborn of larger species. Barnett and Manly
(1958) have given an account of the ability of young
mice of various ages and strains to survive trans-
ference from 21°C. to -3°C., and in this work
investigations were made of the role of the thyroid
and adrenal glands in various ways.
On the analogy of what happens in adults, it may

be presumed that the greater part of any increase in
the oxygen consumption registered during the hours
following birth or subsequently in response to a fall
in the ambient temperature takes place in the
skeletal muscles. The lamb and pig may shiver
violently soon after birth, but a great increase in the
metabolic rate can take place without it (Dawes and
Mott, 1958, 1959). It is not known why the oxygen
consumption Aoes not reach the level at which it
stabilizes for some days, but if the skeletal muscles
are as poorly equipped with respiratory enzyme
systems as the liver of the rat would appear to be
(Dawkins, 1959) it is fully understandable. The

liver of all animals develops many of its functions
with great rapidity after birth (Driscoll and Hsia,
1958), and this may contribute something to the
increased heat production, but it can have little to do
with the thermal regulation of the body, for the
respiratory enzymes in the liver of the newborn rat
mature in a matter of days, whereas thermal stability
is not attained for several weeks and the liver is not
the centre of it.
Wherever it takes place, the increased metabolic

rate which follows birth in animals with some
measure of thermal control at that time can only be
brought about by the combustion of protein, fat and
carbohydrate. These may have been in the body at
birth or be supplied as food. In either case they are
the price which the newborn animal has to pay for
thermal stability outside the uterus. The newborn
poikilothermic rat pays no such price; the mother
provides the whole service, and nearly all the food
can be used for somatic development. It is worth a
thought, therefore, that every degree below their
critical temperature at which the pig, lamb or human
baby may be held, reduces the amount of material
available for survival or growth. This is no doubt
why the young rat 10 days old lives no longer without
food at an environmental temperature of 20°C. than
at 30°C. although it has had a lower body tempera-
ture all the time it has been exposed to the lower
environmental one (Braun and Mosinger, 1958).
We have been able to put a quantitative figure on
this by keeping newborn pigs in metabolism cages
without food or water for the first 24 hours of their
lives. At an ambient temperature of 31°C. these
animals lived quite comfortably for at least 48 hours
and had blood sugars and body temperatures within
normal limits at the end. At an ambient tempera-
ture of 12°C., however, the animals could only
maintain reasonably normal body temperatures for
8-12 hours. Their temperatures fell more and more
rapidly after this and by about 24 hours were usually
20-22°C., their blood sugars were very low and the
animals were in extremis (Fig. 1). Hypoglycaemia
has been observed before in newborn piglets who
were at the point of death (Morrill, 1952; Goodwin,
1957) and the administration of glucose is said to
have been beneficial (Morrill and Sampson, 1952).
Table 1 shows the way in which the ambient tempera-
ture affected the breakdown of protein, fat and
carbohydrate within the body. In these animals
glycogen was the main source of energy, for newborn
pigs contain practically no fat, and the Table shows
to what extent lowering the environmental tempera-
ture increased their rate of utilization. This is not
the whole story, however. Once the body tempera-
ture falls, deviations from the normal metabolic
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FIG. I.-Rectal temperatures of piglets kept at
24 hours.

TABLE 1

EFFECT OF AMBIENT TEMPERATURE
OF TISSUE SOLIDS IN STARVING NE

Solids C;

(g./kg./24 hr.)

Hot Cold

Total solids . . . 13*4 28*6Protein . . 0 6 1*7Fat .. 2-9 3 9
Carbohydrate 'by difference' 9*9 23*0Glycogen directly determined 9 0 19 8

pattern may follow (Wynn, 1954, 19'
ourselves encountered some of therr
Widdowson, 1959b). A suggestive
opened up in the course of this worl
of weight lost and volume of urir
similar at 310 and 12°C., but the;
12°C. metabolized so much more of I
that they became more watery than
actually developed oedema. Prema
do the same even when they are gi
mouth. This oedema may have a s
The development of temperatur

birth can be studied most complete
animals which have very little contr(
born. The puppy has recently b
(McIntyre and Ederstrom, 1958),
(Barnett and Manly, 1958), but the r
attention. Adolph (1948, 1957),:
and others in America have worked
and so have a group of active
Czechoslovakia (Hahn, 1956a, b, c, d
and Krieckova, 1956; Kriecek,
Martinek, 1957; Hahn and Koldo
1959). Many of the conclusions s

upon results obtained after removing the thyroid or

mm
adrenal glands which may be a rather crude tech-
nique (Astwood, 1957), and some of them may have

P'glet,kept been confused by the effects of restraint (Bartlett,
Bohr and Inman, 1955; Hahn and Koldovsky,
1958b). Full temperature control is not acquired
till the animals are about 26 days old. Only at 14
days does the thyroid begin to play any part, and
although the newborn animals soon begin to grow
hair, this does not improve their thermal control till
they are 18 days old. The adrenal glands may also

-PlgIts kept \ be involved (Tyslowitz and Astwood, 1942; Hubble,
at 120C 1957). Jailer (1953) thought that they only began

to respond to the stimulus of cold about the sixteenth
1'6 '8 2'0 i2 24 day of life although they were capable of reacting to

ACTH and adrenalin before this time. More recent
12'C. and 31'C. for work (Hahn and Koldovsky, 1958a) suggests that a

response can be detected by the fifth day if the
stimulus is not too severe. To what extent these
glands function in the newborn pig or man is still

ON BREAKDOWN unsolved, in spite of all the work which has been put
IWBORN PIGLET into their investigation by paediatricians (Gardner,
atabolized 1956; Harlem and Myhre, 1957).

Percent of Total With such poor control of their own body tem-
Hot Cold peratures few animals would live through their first

days in the world were it not for the fact that they
4 9 6-7 can tolerate and survive a much greater fall in body
2145 80-6 temperature than adults of the same species (Adolph,

* 67 69 1951). In that investigation Adolph showed that
_. some adult guinea-pigs, rabbits and cats survived

body temperatures of 18°C., and rats 14°C., whereas
56), and we have golden hamsters could be cooled with impunity to
i (McCance and much lower body temperatures. Newborn guinea-
side issue has pigs were cooled successfully only to 1 5°C., but these

k. The amount animals are very mature at birth. Newborn kittens
ne formed were and rabbits were cooled to 6°C. and rats and ham-
animals kept at sters survived after their temperatures had been as
their body solids low as 0°C. Work on hypothermia in adults has
i the others and gone forward very rapidly since Adolph's publica-
ture babies may tion (Andjus and Smith, 1954; Goldzveig and Smith,
iven nothing by 1956; Colloquium, 1957), and it is now known that
similar origin. by taking the right precautions remarkably low body
^e control after temperatures can be achieved even in man (Drew and
ly and easily in Anderson, 1959; Drew, Keen and Benazon, 1959).
DI when they are Rats and monkeys have been cooled to 5°C. with
een investigated recovery (Niazi and Lewis, 1954, 1957). The con-
and the mouse centration of carbon dioxide in the tissues may be
at has had most important for survival (Miller and Miller, 1958), as
Fairfield (1948) it is in oxygen deficiency. A young woman, who
at it extensively was found in the snow with a body temperature of
investigators in about 16°C., has recovered although extensively
1; Hahn, Kfecek injured by frostbite (Laufman, 1951). Other
Kfeckova' and examples of accidental hypothermia in man, not
vsky, 1958a, b, quite so severe, and not complicated by frostbite
o far are based have been recorded by Rees (1958).
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The Human Infant
Physiologically the human infant born at term

seems to fall into the natural scheme of things so far
as its thermal stability is concerned. In cold
surroundings it can maintain a normal body tem-
perature better than the puppy, kitten, rabbit or rat
but probably not as well as the guinea-pig, and
certainly not as well as the lamb. The full term
infant is so much larger than the newborn pig that
the control of its body temperature must always be
easier, but it seems to have about the same measure

of thermal control. It has been known for many

years (Preyer, 1885; Raudnitz, 1888; Burnard and
Cross, 1958; Smith, 1959) that the body temperature
tends to fall soon after birth and then to rise again
within the next 12 hours to a more normal adult
level. This is exactly what one would expect from
work on the rise in oxygen consumption which
follows birth in the pig or lamb, and the way in
which newborn infants respond to a change in their
environmental temperature (Mordhorst, 1932). In
all respects the premature infant has much less
stability (Blackfan and Yaglou, 1933). In all infants
much depends on the ambient temperature, but the
chances of hypothermia must always be high so long
as the basal metabolic rates remain below those of
adults per unit of surface area. This has always
been found to be the case (Marsh and Murlin, 1925;
Du Bois, 1936; Day, Curtis and Kelly, 1943;
Boekelman, 1957), and these rates would certainly
have been lower had they been measured in the zone
of thermal neutrality.

Like all other newborn animals the human infant
is very tolerant of low body temperatures, and
moderate hypothermia has been advocated for
premature infants with the idea that it would reduce
their metabolic rate and oxygen requirements. This
must remain sub judice at present and each case will
always require separate assessment, but the work of
Silverman, Fertig and Berger (1958) indicates that
hypothermia is not good paediatrics. Uncontrolled
exposure to cold is certainly an insidious and danger-
ous enemy (Mann and Elliott, 1957). Babies born
in very cold weather in homes that are inadequately
heated are sometimes admitted to hospital suffering
from the effects of this. By the time these babies
reach the eye and the touch of an expert they may
have passed from a physiological to a pathological
state, and present with some superadded infection.
They always feel cold, but in spite of this they may
appear surprisingly well, with red face and hands.
Sometimes the external cold has made the extremities
oedematous and the skin hard and white. The
protracted exposure lowers their body temperature
internally and makes them apathetic and unwilling

to take food, and perhaps because of this they some-
times have blood sugars low enough to cause
convulsions. They may die before or during treat-
ment from what appears to be respiratory failure,
and pulmonary haemorrhage has often been found
after death.
From what is known about animals one must

suppose that the thyroid and suprarenal glands are
integral parts of the stabilizing mechanisms, but our
knowledge of their role in thermal regulation or
anything else at birth is woefully small (Gardner,
1956; Harlem and Myhre, 1957; Khalil, 1958), and
there is scope for some imaginative work on this
subject in animals and then in mankind.
Once a baby has become pathologically chilled,

glucose should probably be given cautiously before
the temperature is raised, for hypoglycaemia may be
expected, and warming without giving glucose may
precipitate convulsions in piglets.
Up to this point one may say that newborn

animals have very variable but always poor tempera-
ture control, and in their usual surroundings tend to
get cold. Life in nature must always be a com-
promise, in this instance between the well-being of
the mother and the newborn. Young animals
tolerate a subnormal body temperature extremely
well, but there is no evidence that it is ever in itself
beneficial or should be allowed, and there is good
evidence that newborn animals might benefit if they
could spend the first critical days of their lives within
their range of thermal neutrality. Such ambient
temperatures, however, would sometimes be harmful
to the maternal organism.

The Lesser of Two Evils
The lethal effects of a complete or partial failure

of the respiratory exchanges have already been
described. The tolerance of the newborn for a lack
of oxygen has also been discussed, the reasons for it
and its results in terms of chemical stability. A
change-over from aerobic to anaerobic metabolism
has, however, got other important consequences, for
anaerobic metabolism produces much less heat.
The complete oxidation of a molecule of glucose to
CO2 and water, for example, provides at least 10
times more heat than its conversion to lactic acid,
which is as far as the process can go in nitrogen
(Hendricks, 1957). This fall in heat production
makes no difference to the body temperature of a
poikilotherm such as the newborn mouse, but it tends
to lower the body temperature of others (unless they
are in very warm surroundings), particularly of those
with imperfect control of their body temperature.
As already described, if adaptation is not taking
place, any fall in body temperature slows down all
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MAINTENANCE OF STABILITY IN THE NEWLY BORN

the chemical processes of the body, including the
utilization of the glycogen stores and the accumula-
tion of acid metabolites, either of which may be
fatal. Notwithstanding any bad effects which
hypothermia itself may have, many experiments
have demonstrated the survival value of a fall ofbody
temperature when the animal is facing immediate
extinction from anoxaemia. Thus Fazekas, Alex-
ander and Himwich (1941) and Himwich (1953)
found that the survival time of day-old and therefore
still poikilothermic rats in nitrogen was raised from
20 minutes to 50 minutes by lowering their body
temperature from 34°C. to 24°C. (see also Adolph,
1948, 1957). Selle and Witten (1941) made some
experiments with a bearing upon this. They showed
that the isolated heads of newborn rats gave more
gasps per minute when the temperature was raised,
but not more gasps in toto. Consequently, raising
the temperature reduced the time for which the heads
went on gasping. Cooling the heads had the
opposite effect. More recent and more extensive
experiments on newborn guinea-pigs have shown
that cooling the animals in ice water up to the neck
prolongs their life when they are made to breathe a
mixture of 95% nitrogen and 5°% carbon dioxide
(Miller and Miller, 1953, 1954; Miller, 1954).
A reduction in the partial pressure of oxygen in

respired air has been a common enough human
experience since men began to mountaineer, and the
effects have been well investigated; respiratory
failure and distress are dangers at all times of life.
Cardiac failure and abnormalities may produce very
similar end results. It is generally recognized in
adults that there is rarely, if ever, any reduction in
oxygen consumption when the pressure of oxygen in
the ambient air falls, even to the low levels met with
at very high altitudes (Barcroft, Elliott, Fraser,
Herkel, Matthews and Talaat, 1934; Houston and
Riley, 1947; Rothschuh, 1947; Frank and Wezler,
1948; Pugh, 1957). The oxygen tension falls in the
arterial blood, but a sustained increase in respiration
and alveolar ventilation helps to maintain the supply
of oxygen to the tissues. This is true also of the
adult dog (Cordier and Mayer, 1935; Gorlin and
Lewis, 1954) and to a somewhat lesser extent of
the rabbit (Hamon, Kolodny and Mayer, 1935), and
no doubt of most other adult mammals over a certain
size (Cross, Dawes and Mott, 1959). A reduction in
the percentage saturation of the arterial blood,
therefore, does not materially affect the heat produc-
tion of adult men, sheep or dogs. The smaller
mammals, however, do not react in this way
(Behague, Garsaux and Richet, 1927; Gellhorn
and Janus, 1936), except when they are held within
their range of thermal neutrality (Lintzel, 1931), and

at usual environmental temperatures the oxygen
consumption and with it the body temperature of
mice begin to fall when the percentage of oxygen in
the surrounding air is reduced to about 16%
(Chevillard and Mayer, 1935), with a corresponding
fall in the percentage saturation of the arterial blood.
The fall in body temperature so diminishes the
demands of the tissues for metabolic exchange that
it prolongs the survival time of these animals
(Strughold, 1954), and this has repeatedly been
demonstrated experimentally in a number of ways
(Campbell, 1936, 1938). It is possible that the
thyroid is involved in this fall of temperature (Smith,
Emmens and Parkes, 1946-1948).
Newborn animals, including the human infant,

behave like the small adult rodents. This was first
observed by Cross, Tizard and Trythall (1955, 1958),
who showed that when the oxygen in the ambient air
of a newborn baby was reduced from the normal
21 % to 15% there was only a trifling increase in
ventilation rate, and the consumption of oxygen fell
by some 17%. The respiratory effects in infants
have also been observed by Behrle and Smull (1957),
and it has been claimed that reducing the oxygen in
the ambient air has a place in the management of
infants (Sjostedt and Rooth, 1957). The fall in
oxygen consumption was confirmed by Moore
(1956a, b), who used puppies and kittens as his
experimental animals. Similar effects have been
noted in the lamb (Acheson, Dawes and Mott, 1957;
Cross, Dawes and Mott, 1958b). Hill (1958) has
reconfirmed all these results in kittens, and added the
important point that the oxygen consumption only
falls to any extent if the animals are being held below
their critical temperature. This suggests that the
decrease in oxygen consumption takes place mainly
in those organs in which it is thought to increase
when the environmental temperature falls below the
critical one. The organs mainly involved are
probably the skeletal muscles, and work on the lamb
supports this suggestion (Cross et al., 1958b, 1959).
It is known that animals do not shiver when they
are anoxic. If the reflex circuit required for shivering
and tone in the skeletal muscles at this age could
operate only when the tension of oxygen in the
tissues was sufficiently high, a great deal of these
facts could be very simply explained, for then the
thermoregulatory metabolism of the skeletal muscles
would virtually cease when the tension of oxygen
fell. Alternatively, one of the oxidizing enzymes in
the muscles may become inoperative when the
tension of oxygen in the tissues falls. It is impossible
to decide between these suggestions at present, even
if either is right, for it has not yet been shown, and
this is a vital theoretical point, whether the reduction
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in aerobic metabolism is replaced by an equivalent
amount of anaerobic metabolism. The second
theory suggests that it would be. At all events, as
might have been predicted on either theory, all the
investigators are agreed that a fall in body tempera-
ture follows the reduction in oxygen consumption
(Moore, 1956b; Brodie, Cross and Lomer, 1957).
Burnard and Cross (1958) showed this in experiments
which had been arranged for them by nature in a
group of full-term infants who had suffered from
some degree of asphyxia at birth. Other things
being equal, one must suppose that a fall in oxygen
consumption per se will mitigate the effects of partial
asphyxia or hypoxaemia if they are prolonged, and at
most environmental temperatures any reduction in
oxygen consumption, whatever its cause, must be
followed by a fall in the production of heat, par-
ticularly in those organs which are responsible for
maintaining the temperature of the body above that
of its surroundings. Everything which is known
suggests that the fall in body temperature, which will
invariably follow, will further mitigate the effects of
the deficiency of oxygen and prolong the period of
survival. Within the zone of thermal neutrality
hypoxaemia did not lead to the same reduction of
oxygen consumption (Hill, 1958) and consequently
there should have been less fall in body temperature.
One would expect both these statements to be true
of the foetus in utero yet, strangely enough, progres-
sive hypoxaemia in the foetus does lead to a pro-
gressive reduction in its consumption of oxygen and
the same seems to be true of the newborn animal
immediately after birth (Dawes, 1959; Cross et al.,
1959; Dawes and Mott, 1959). In these experiments
on the foetus the lamb was being maintained at a
constant temperature in a saline bath, but its body
temperature must be equally well maintained in
utero, so there can be no fall in it there.
The pathological sequence is now clear enough to

indicate that if anoxaemia has been a cause of a fall
in the body temperature of the human infant,
treatment should begin with the administration
of glucose. This will enable the anaerobic meta-
bolism to go on as long as possible, and the acidosis
which will inevitably be created by it should be
countered by simultaneous administration of bi-
carbonate. There is no concrete evidence at present
whether the hypothermia should be put right before,
during or after the relief of the anoxaemia, but there
are many indications that one should begin by
correcting the hypoxaemia.
When I was privileged to give the Goulstonian

lectures at the College of Physicians in 1936 I waxed
very enthusiastic about the future of biochemistry.
I recalled Prout's discoveries in it over 100 years

before and I suggested that its influence on medicine
was still only beginning to be felt and that there was
no reason why neurology might not become just as
chemical a subject as nutrition, or that certain
problems of psychology and even of human,
behaviour might not be solved in the future by the
biochemists (McCance, 1936). As I sat down the
President rose to his feet and castigated me properly
for my presumption, and in particular for supposing
that anything which came out of a test tube could
ever influence the psyche of man. I felt utterly
crushed and went home that night feeling that I had
been a very silly young man. Times have changed
very rapidly, and biochemistry has been acclaimed
by all to be one of the great conquering forces in the
world of medicine of today. More and more bio-
chemists are trying to isolate functions, cells, even
parts of cells and enzyme systems, and to study them
apart from their natural surroundings. This is most
valuable work and no one could admire it more than
I do, although I am not able to keep up with the
pace, but many of the adaptations to extra-uterine
life will not be solved by organic chemistry. Most of
them involve the integration of several functions,
and sometimes the co-ordinated responses of mother
and young. I do not wish to go back now on one
word which I said in 1936 and I am not yet as old as
the President was at that time, nor will I ever have
his wisdom, but I can see the dangers now and I am
inclined to think that no army of biochemists,
equipped with all the photometers and chromato-
graphy in the world, will ever solve these problems
by themselves. The study of isolated systems can be
very misleading and it tends to breed isolated minds.
There will always be a place in physiology and in
medicine for men like Sir Leonard Parsons who are
interested in the study of the whole animal and have
the breadth of vision necessary for it. The study is
a specialization in itself, and perhaps the most
difficult one of all. Those who attempt it will never
any more be able to understand all the biochemistry
behind the isolated functions they are trying to
co-ordinate. They must always be prepared to talk
humbly to the experts (other experts!) for the best
information available about it, and use the know-
ledge to further the welfare of the animal to which
they are devoting their lives.

I have received help over these lectures from people
who work all over the world and I have visited some of
them in places as far apart as Prague and Vancouver.
It would be difficult to acknowledge them all. I must,
however, single out our secretaries, the nurses, the
hospital staff, the animal attendants, and all those past
and present members of the department who have made
the lectures possible at all. They are my joint authors,
in fact, if not in name.

466
copyright.

 on M
ay 19, 2023 by guest. P

rotected by
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.34.178.459 on 1 D

ecem
ber 1959. D

ow
nloaded from

 

http://adc.bmj.com/


MAINTENANCE OF STABILITY IN THE NEWLY BORN 467
REFERENCES (Parts 1 and 2)

Acheson, G. H., Dawes, G. S. and Mott, J. C. (1957). Oxygen con-
sumption and the arterial oxygen saturation in foetal and new-
born lambs. J. Physiol (Lond.), 135, 623.

Adolph, E. F. (1948). Tolerance to cold and anoxia in infant rats.
Amer. J. Physiol., 155, 366.
- (1951). Responses to hypothermia in several species of infant

mammals. Ibid., 166, 75.
(1957). Ontogeny of physiological regulations in the rat.
Quart. Rev. Biol., 32, 89.

Ahlfeld, F. (1906). Fruchtwasserschwund in der zweiten Schwanger-
schaftshalfte, eine typische Form der Oligohydramnie. Z.
Geburtsh. Gynak., 57, 67.

Alexander, D. P., Nixon, D. A., Widdas, W. F. and Wohlzogen, F. X.
(1958a). Gestational variations in the composition of the foetal
fluids and foetal urine in the sheep. J. Physiol. (Lond.), 140, 1.
Ibid., ,40, (1958b). Renal function in the sheep foetus.
Ibid., 140, 14.

Allbrook, D. B., Harthoorn, A. M., Luck, C. P. and Wright, P. G.
(1958). Temperature regulation in the white rhinoceros. Ibid.,
143, 51P.

Allison, A. C. (1955). Danger of vitamin K to newborn. Lancet,
1, 669.

Ames, R. G. (1953). Urinary water excretion and neurohypophysial
function in full-term and premature infants shortly after birth.
Pediatrics, 12, 272.

Anderson, E. P., Kalckar, H. M. and Isselbacher, K. J. (1957).
Defect in uptake of galactose-l-phosphate into liver nucleotides
in congenital galactosemia. Science, 125, 113.

Andjus, R. K. and Smith, A. U. (1954). Revival of hypothermic rats
after arrest of circulation and respiration. J. Physiol. (Lond.),
123 66P.

Apgar, V., Girdany, B. R., McIntosh, R. and Taylor, H. C. (1955).
Neonatal anoxia. 1. A study of the relation of oxygenation at
birth to intellectual development. Pediatrics, 15, 653.

Astwood, E. B. (1957). The adrenal cortex and energy metabolism.
In Hormonal Regulation of Energy Metabolism. Ed. L. W.
Kinsell, p. 223. Thomas, Springfield, Illinois.

Baccino, M. (1935). La temp6rature optimum de croissance des
jeunes hom6othermes. Diverses methodes de determination.
C.R. Soc. Biol. (Paris), 119, 1246.

Baird, D. (1957). Combined Textbook of Obstetrics and Gynaecology,
6th ed. Livingstone, Edinburgh.

Baker, D. G. and Sellers, E. A. (1953). Carbohydrate metabolism in
the rat exposed to a low environmental temperature. Amer. J.
Physiol., 174, 459.

Baker, H., Ziffer, H., Pasher, I. and Sobotka, H. (1958). A compari-
son of maternal and foetal folic acid and vitamin B,2 at
parturition. Brit. med. J., 1, 978.

Bangham, D. R., Ingram, P. L., Roy, J. H. B., Shillam, K. W. G. and
Terry, R. J. (1958). The absorption of 131-labelled serum and
colostral proteins from the gut of the young calf. Proc. roy. Soc.
B, 149, 184.

Barcroft, J., Elliott, R. H. E., Fraser, F. R., Herkel, W., Matthews,
B. H. C. and Talaat, M. (1934). A case of deficient acclimatiza-
tion to low oxygen pressure. J. Physiol. (Lond.), 82, 369.

Barnett, H. L. and Vesterdal, J. (1953). The physiologic and clinical
significance of immaturity of kidney function in young infants.
J. Pediat., 42, 99.

Barnett, S. A. (1956). Endothermy and ectothermy in mice at
-3°C. J. exp. Biol., 33, 124.
(1959). The skin and hair of mice living at a low environmental
temperature. Quart. J. exp. Physiol., 44, 35.
, Coleman, E. M. and Manly, B. M. (1959). Oxygen consump-
tion and body fat of mice living at -3C. Ibid., 44, 43.
and Manly, B. M. (1956). Reproduction and growth of mice
of three strains, after transfer to -3C. J. exp. Biol., 33, 325.

-, - (1958). Adaptation to cold in young mice. Physiol.
bohemoslov., 7, 19.

Bartlett, R. G., Bohr, V. C. and Inman, W. 1. (1955). Relationship
of oxygen consumption to body temperature in the restrained rat.
Canad. J. Biochem., 33, 654.

Bates, G. S. (1933). Bilateral renal agenesis in the fetus, associated
with oligohydramnios. Amer. J. Obstet. Gynec., 25, 41.

Bedford, P. D. (1957). Cerebral damage from shock due to disease
in aged people with special reference to cardiac infarction,
pneumonia and severe diarrhoea. Lancet, 2, 505.

Behague, P., Garsaux and Richet, C. (1927). Modifications thermi-
ques observees sur le lapin, soumis a la depression atmospherique.
C.R. Soc. Biol. (Paris), 96, 766.

Behrle, F. C. and Smull, N. W. (1957). Differences of somatic and
respiratory response to hypoxia in newly born and older infants.
Pediatrics, 20, 601.

Bernard, Claude (1865). Introduction a l'Etude de la Medecine
Experimentale. Bailli&re, Paris.

Bernstein, J. (1958). Renal tubular and pancreatic islet necrosis in
newly born infants. A.M.A. J. Dis. Child., 96, 705.

Blackfan, K. D. and Yaglou, C. P. (1933). The premature infant.
A study of the effects of atmospheric conditions on growth and
on development. Amer. J. Dis. Child., 46, 1175.

Boekelman, T. (1957). Diaferometrische gasstogwisselingsbepalingen
bij verschillende proepen Zuigelingen. Thesis. GroningenP
University.

Bound, J. P. and Telfer, T. P. (1956). Effect of vitamin-K dosage on
plasma-bilirubin levels in premature infants. Lancet, 1, 720.

Bourne, J. G. (1957). Fainting and cerebral damage: a danger in
patients kept upright during dental gas anaesthesia and after-
surgical operations. Ibid., 2, 499.

Boyle, R. (1672). The works of Robert Boyle, 3, 355. London.
Brambell, F. W. R. (1954). Transport of proteins across the fetal

membranes. Cold Spr. Harb. Symp. quant. Biol., 19, 71.
Braun, T. and Mosinger, B. (1958). Effect of hypothermia on death

by starvation. Nature (Lond.), 181, 968.
Brodie, H. R., Cross, K. W., and Lomer, T. R. (1957). Heat produc-

tion in new-born infants under normal and hypoxic conditions.
J. Physiol. (Lond.). 138, 156.

Brown, A. K. and Zuelzer, W. W. (1958). Studies on the neonatal
development of the glucuronide conjugating system. J. clin.
Invest., 37, 332.

Bullough, J. (1958). Protracted foetal and neonatal asphyxia.
Lancet, 1, 999.

Bunge, G. (1898). Lehrbuch der physiologischen und pathologischenr
Chemie, 4th ed., p. 118. Leipzig. Quoted by Lusk, G. (1928).
The Elements of the Science of Nutrition, 4th ed. Saunders,
Philadelphia.

Burnard, E. D. and Cross, K. W. (1958). Rectal temperature in the
newborn after birth asphyxia. Brit. med. J., 2, 1197.

Burton, A. C. and Edholm, 0. G. (1955). Man in a Cold Environ-
ment. Edward Arnold, London.

Cairnie, A. B. and Pullar, J. D. (1957). The metabolism of the young
pig. J. Physiol. (Lond.), 139, 15P.

Campbell, J. A. (1936). Body temperature and oxygen poisoning.
Ibid., 89, 17P.
(1938). Oxygen-want and its alleviation. Lancet, 1, 914.

Campbell, W. A. B., Cheeseman, E. A. and Kilpatrick, A. W. (1950).
The effects of neonatal asphyxia on physical and mental develop-
ment. Arch. Dis. Childh., 25, 351.

Capek, K., Hahn, P., Kfe6ek, J. and Martinek, J. (1956). Studie o
fysiologii novorozenych mlad 'at. Rozpr. ceske Akad., 66, 1.

Chevillard, L. and Mayer, A. (1935). Recherches sur l'influence de la
tension d'oxygene sur les echanges. 3. Influence de la tension
de l'oxygene contenu dans l'air inspir6 sur les 6changes gazeux
de la souris. Ann. Physiol. Physicochim. biol., lt, 225.

Collipp, P. J. and Donnell, G. N. (1959). Galactosemia presenting
with gangrene. J. Pediat., 54, 363.

Colloquium (1957). A discussion on viability of mammalian cells
and tissues after freezing. Proc. roy. Soc. B., 147, 424.

Conference (1958). Aerobic and anaerobic metabolism in the fetus
and newborn. Trans. Josiah Macy Foundation Conferences on
Physiology of prematurity, 2, 9.

Cordier, D. and Mayer, A. (1935). Recherches sur l'influence de la
tension d'oxygene sur les 6changes. 1. Influence de la tension
de 1'oxygene contenu dans l'air inspir6 sur la consommation
d'oxygene des mammiferes ... #,tude sur le chien. Ann. Physiol.
Physicochim. biol., 11, 199.

Cort, J. H. and McCance, R. A. (1954). The renal response of puppies
to an acidosis. J. Physiol. (Lond.), 124, 358.

Cremer, R. J., Perryman, P. W., and Richards, D. H. (1958). Influ-
ence of light on the hyperbilirubinaemia of infants. Lancet, 1,
1094.

Cross, K. W., Dawes, G. S. and Mott, J. C. (1958a). Changes in the
cardiac outout of the lamb after birth and during anoxia.
J. Physiol. (Lond.), 144, 16P.

(1958b). A change in regional oxvgen consumption
during anoxia in the new-born lamb. Ibid., 143, 71P.

(1959). Anoxia, oxygen consumption and cardiac
output in new-born lambs and adult sheep. Ibid., 146, 316.
, Tizard, J. P. M. and Trythall, D. A. H. (1955). The metabolism
of newborn infants breathing 15 Y. oxygen. Ibid., 129, 69P.

(1958). The gaseous metabolism of the new-born
infant breathing 155% oxygen. Acta paediat. (Uppsala), 47, 217.

Crosse, V. M., Meyer, T. C. and Gerrard, J. W. (1955). Kernicterus
and prematurity. Arch. Dis. Childh., 30, 501.

Csap6, J. and Kerpel-Fronius, E. (1933). Zur Pathologie der
Sauglingstoxikose. 1. Uber das Saure-Basen-Gleichgewicht bei
der experimentellen Exsikkose. Mschr. Kinderheilk., 58, 1.

Cusworth, D. C., Dent, C. E. and Flynn, F. V. (1955). The amino-
aciduria in galactosaemia. Arch. Dis. Childh., 30, 150.

Danoff, S., Boyer, A. and Holt, L. E. (1958). The treatmnent of
bilirubinemia with glycuronic acid. Trans. Ass. Amer. Phycns.
71, 120.

(1959). The treatment of hyperbilirubinemia of the
newborn with sodium glucuronate. Pediatrics, 23, 570.

Darke, R. A. (1944). Late effects of severe asphyxia neonatorum.
J. Pediat., 24, 148.

Davies, J. and Routh, J. 1. (1957). Composition of the foetal fluids
of the rabbit. J. Embryol. exp. Morph., 5, 32.

Dawes, G. S. (1959). Arch. Dis. Childh., 34, 281.
and Mott, J. C. (1958). A threefold increase in 02 consumptiorr
at birth. J. Physiol.(Lond.), 143, 7P.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.34.178.459 on 1 D
ecem

ber 1959. D
ow

nloaded from
 

http://adc.bmj.com/


468 ARCHIVES OF DISEASE IN CHILDHOOD
Dawes, G. S. and Mott, J. C.,(1959). The increase in oxygen con-

sumption in the lamb after birth. Ibid., 146, 295.
--, -, and Shelley, H. (1958). The ability of the foetal and new-

born animal to withstand total anoxia. Ibid., 144, 18P.
,- (1959). The importance of cardiac glycogen for the

maintenance of life in foetal lambs and new-born animals during
anoxia. Ibid., 146, 516. See also Dawes, G. S. (1959).
Frederick Still Lecture to British Paediatric Association.

Dawkins, M. J. R. (1959). Respiratory enzymes in the liver of the
newborn rat. Proc. roy. Soc. B, 150, 284.

Day, R., Curtis, J. and Kelly, M. (1943). Respiratory metabolism in
infancy and childhood. 27. Regulation of body temperature
of premature infants. Amer. J. Dis. Child., 65, 376.

Day, R. L. (1954). Inhibition of brain respiration in vitro by bili-
rubin; reversal of inhibition by various means. A.M.A. Amer. J.
Dis. Child., 88, 504.

Dean, R. F. A. and McCance, R. A. (1949). The renal response of
infants and adults to the administration of hypertonic solutions of
sodium chloride and urea. J. Physiol. (Lond.), 109, 81.

Depocas, F., MacLeod, G. K. and Hart, J. S. (1957). Studies on
glucose metabolism of warm and cold acclimatized rats at -5C.
Rev. canad. Biol., 16, 83.

Dickerson, J. W. T. and McCance, R. A. (1957). The composition
and origin of the allantoic fluid in the rabbit. J. Embryol. exp.
Morph., 5, 40.

Drew, C. E. and Anderson, I. M. (1959). Profound hypothermia in
cardiac surgery. Lancet, 1, 748.

-, Keen, G. and Benazon, D. B. (1959). Profound hypothermia.
Ibid., 1, 745.

Driscoll, S. G. and Hsia, D. Y-Y. (1958). The development of
enzyme systems during early infancy. Pediatrics, 22, 785.

Du Bois, E. F. (1936). Basal Metabolism in Health and Disease,
3rd ed. Bailliere, Tindall and Cox, London.

Dutton, G. J. (1959). Glucuronide synthesis in foetal liver and other
tissues. Biochem. J., 71, 141.

Edelmann, C. M., Troupkou, V. and Barnett, H. L. (1959). Renal
concentrating ability in newborn infants. Fed. Proc., 18, 40.

Editorial (1957a). Effects of foetal anoxia. Lancet, 1, 572.
(1957b). The newborn infant's oxygen-supply. Ibid., 1, 1338.

-(1958). Neonatal hyperbilirubinaemia. Ibid., 2, 1162.
Edwards, W. F. (1824). De l'Influence des Agents Physiques sur la Vie.

Crochard, Paris.
(1832). On the Influence of Physical Agents on Life. (Trans-

lated from the French by Dr. Hodgkin and Dr. Fisher). Highley,
London.

Elkinton, J. R. and Danowski, T. S. (1955). The Body Fluids.
Williams and Wilkins, Baltimore.

Engelmann, B. (1930). Anhaltende Grundumsatzverminderung
durch Warmeeinwirkung. Arbeitsphysiologie, 2, 387.

Evans, P. R. (1948). Antecedents of infantile cerebral palsy. Arch.
Dis. Childh., 23, 213.

Fairfield, J. (1948). Effects of cold on infant rats: body temperatures,
oxygen consumption, electrocardiograms. Amer. J. Physiol.,
155, 355.

Falk, G. (1955). Maturation of renal function in infant rats. Ibid.,
181, 157.

Farquhar, J. W. and Smith, H. (1958). Clinical and biochemical
changesduringexchangetransfusion. Arch. Dis. Childh.,33, 142.

Fazekas, J. F., Alexander, F. A. D. and Himwich, H. E. (1941).
Tolerance of the newborn to anoxia. Amer. J. Physiol., 134, 281.

- and Himwich, H. E. (1941). The significance of a pathway of
carbohydrate breakdown not involving glycolysis. J. biol. Chem.,
139, 971.

Flexner, L. B., Wilde, W. S., Proctor, N. K., Cowie, D. B., Vosburgh,
G. J. and Hellman, L. M. (1947). The estimation of extra-
cellular and total body water in the newborn human infant with
radioactive sodium and deuterium oxide. J. Pediat., 30, 413.

Frank, E. and Wezler, K. (1948). Der Gaswechsel in 0 -Mangel bei
Behaglichkeitstemperatur. Pfldg. Arch. ges. Physiol., 250, 320.

Friis-Hansen, B. (1954). The extracellular fluid volume in infants
and children. Acta paediat. (Uppsala), 43, 444.

Gardner, L. I. (1956). Adrenocortical metabolism of the fetus, infant
and child. Pediatrics, 17, 897.

Gellhorn, E. and Janus, A. (1936). The influence of partial pressure
of O, on body temperature. Amer. J. Physiol., 116, 327.
and Kessler, M. (1942). The effect of hypoglycemia on the

electroencephalogram at varying degrees of oxygenation of the
blood. Ibid., 136, 1.

Giaja, J. (1925a). Le metabolisme de sommet et le quotient m6ta-
bolique. Ann. Physiol. Physicochim. biol., 1, 596.
(1925b). La marge de la thermog6nese et le quotient m6ta-
bolique au cours du developpement embryonnaire et de la
croissance. Ibid., 1, 628.
and Gelineo, S. (1931). La thermog6nese aux temp6ratures

inf6rieures a celle de la resistance hom6otherme. Ibid., 7, 152.
Glaser, E. M., and Newling, P. S. B. (1957). The control of body

temperature in thermal balance. J. Physiol. (Lond.), 137, 1.
Goldzveig, S. A. and Smith, A. U. (1956). A simple method for

reanimating ice-cold rats and mice. Ibid., 132, 406.
Gonzales, R. F. and Gardner, L. I. (1957). Concentration of pyruvic

acid in the blood of the newborn infant: demonstration of

differences in concentration between maternal and cord circula-
tion. Pediatrics, 19, 844.

Goodland, R. L., Reynolds, J. G. and Pommerenke, W. T. (1954).
Alveolar carbon dioxide tension levels during pregnancy and
early puerperium. J. clin. Endocr., 14, 522.

Goodwin, R. F. W. (1957). The relationship between the con-
centration of blood sugar and some vital body functions in the
newborn pig. J. Physiol. (Lond.), 136, 208.

Gorlin, R. and Lewis, B. M. (1954). Circulatory adjustments to
hypoxia in dogs. J. appl. Physiol., 7, 180.

Graham, N. McC., Wainman, F. W., Blaxter, K. L. and Armstrong,
D. G. (1959). Environmental temperature, energy metabolism
and heat regulation in sheep. 1. Energy metabolism in closely
clipped sheep. J. agric. Sci., 52, 13.

Griffith, F. R. (1951). Fact and theory regarding the calorigenic
action of adrenalin. Physiol. Rev., 31, 151.

Hahn, P. (1956a). The development of thermoregulation. 2. The
participation of the thyroid gland in the development of thermo-
regulation in rats. Physiol. bohemoslov., 5, 291.
(1956b). The development of thermoregulation. 4. Carbo-
hydrate metabolism and thermoregulation in infant rats. Ibid.,
5, 432.
(1956c). The development of thermoregulation. 3. The
significanice of fur in the development of thermoregulation in rats.
Ibid., 5, 428.
(1956d). Effect of environmental temperatures on the develop-
ment of thermoregulatory mechanisms in infant rats. Nature
(Lond.), 178, 96.
and Koldovsky, 0. (1958a). Significance of the adrenal glands
during the post-natal development of thermoregulation in the rat.
Ibid., 181, 847.
- (1958b). The effect of restraint on rats with special

reference to their post-natal development. Physiol. bohemoslov.,
7, 515.

(1959). Some factors affecting the level of glycogen in
the heart during fasting in rats at various ages. Ibid., 8, 180.

-, KfeUek, J. and Kteckova, J. (1956). The development of
thernoregulation. 1. The development of thermoregulatory
mechanisms in young rats. Ibid., 5, 283.

Hamon, F., Kolodny, S. and Mayer, A. (1935). Recherches sur
l'influence de la tension d'oxygene sur les 6changes. 2. Influence
de la vie a basse tension d'oxygene sur les echanges du lapin.
Ann. Physiol. Physicochim. biol., 11, 211.

Harlem, 0. K. and Myhre, E. (1957). Congenital adrenal hypoplasia.
A.M.A. J. Dis. Childh., 94, 696.

Hart, J. S. (1958). Metabolic alterations during chronic exposure
to cold. Fed. Proc., 17, 1045.

Harvey, W. (1651). De generatione animalium. Translated by
Willis, R. (1847). The works of William Harvey. Sydenham
Society, London.

Hatemi, N. (1959). Personal communication.
Heller, H. (1947). The response of newborn rats to administration of

water by the stomach. J. Physiol. (Lond.), 106, 245.
Hellings, P. M. (1958). Controlled hypothermia. Brit. med. J., 2,

346.
Hellman, L. M. (1953). Fetal tolerance of anoxia. In Proceedings

of a Conference sponsored by the Association for the Aid of
Crippled Children: 'Prematurity, congenital malformation and
birth injury', p. 240.

Henderson, H., Mosher, R. and Bittrich, N. M. (1957). Oxygen
studies of the cord blood of cesarean-born infants. Amer. J.
Obstet. Gynec., 73, 664.

Hendricks, C. H. (1957). Studies on lactic acid metabolism in
pregnancy and labor. Ibid., 73, 492.

Hill, J. R. (1958). The relation between oxygen consumption,
hypoxia and environmental temperature. J. Physiol. (Lond.),
143, 64P.

Himwich, H. E. (1953). The maturation of the respiratory enzymes
in the central nervous system of experimental animals. In
Proceedings of a Conference sponsored by the Association for
the Aid of Crippled Children: 'Prematurity, congenital mal-
formation and birth injury', p. 59.

-, Bernstein, A. O., Herrlich, H., Chesler, A. and Fazekas, J. F.
(1942). Mechanisms for the maintenance of life in the newborn
during anoxia. Amer. J. Physiol., 135, 387.
Fazekas, J. F. and Alexander, F. A. D. (1941). Hypoglycemia

in the infant rat. Ibid., 133, 328.
Holman, G. H. (1958). Studies on physiologic hyperbilirubinemia of

negro and white premature infants. Pediatrics, 22, 1115.
Holub, A., Forman, Z. and Jelkova, D. (1957). Development of

chemical thermoregulation in piglets. Nature (Lond.), 180, 858.
Holzel, A. and Komrower, G. M. (1955). A study of the genetics of

galactosaemia. Arch. Dis. Childh., 30, 155.
Houston, C. S. and Riley, R. L. (1947). Respiratory and circulatory

changes during acclimatization to high altitude. Amer. J.
Physiol., 149, 565.

Hoy, P. A. and Adolph, E. F. (1956). Diuresis in response to hypoxia
and epinephrine in infant rats. Ibid., 187, 32.

Hsieh, A. C. L. and Carlson, L. D. (1957). Role of adrenaline and
noradrenaline in chemical regulation of heat production. Ibid.,
190, 243.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.34.178.459 on 1 D
ecem

ber 1959. D
ow

nloaded from
 

http://adc.bmj.com/


MAINTENANCE OF STABILITY IN THE NEWLY BORN 469
Hubble, D. (1957). Some principles ofhomoeostasis. Lancet, 2, 301.
Ingle, D. J. (1958). Endocrine mechanisms in adaptation to cold.

Fed. Proc., 17, 1064.
and Nezamis, J. E. (1950). Effect of temperature upon survival
of the eviscerate rat. Amer. J. Physiol., 160, 122.

Jailer, J. W. (1953). Pituitary and adrenal responsiveness in the new-
born. In Proceedings of a Conference sponsored by the
Association for the Aid of Crippled Children: 'Prematurity,
congenital malformation and birth injury', p. 84.

James, L. S. (1958). Personal communication.
-, Weisbrot, I. M., Prince, C. E., Holaday, D. A. and Apgar, V.

(1958). The acid-base status of human infants in relation to
birth asphyxia and the onset of respiration. J. Pediat., 52, 379.

Jeffcoate, T. N. A. and Scott, J. S. (1959). Polyhydramnios and
oligohydramnios. Canad. med. Ass. J., 80, 77.

Jeliu, G., Schmid, R. and Gellis, S. (1959). Administration of
glucuronic acid to icteric newborn infants. Pediatrics, 23, 92.

Joppich, G. and Wolf, H. (1958). Reststickstofferhohungen im Blut
von Frugeborenen in den ersten Lebenstagen. Klin. Wschr.,
36, 616.

Kabat, H. (1940). The greater resistance of very young animals to
arrest of the brain circulation. Amer. J. Physiol., 130, 588.

Kaiser, I. H. and Goodlin, R. C. (1958). Alterations of pH, gases
and hemoglobin in blood and electrolytes in plasma of fetuses of
diabetic mothers. Pediatrics, 22, 1097.

Kennedy, G. C. (1953). The role of depot fat in the hypothalamic
control of food intake in the rat. Proc. roy. Soc. B, 140, 578.

Kerpel-Fronius, E. (1933). Chloropenie und Osmoregulation.
Z. ges. exp. Med., 90, 676...
and Leovey, F. (1931). Uber die Storung der Osmoregulation
bei der experimentellen Exsikkose. Arch. Kinderheilk., 94, 9.

Kety, S. S. (1950). Circulation and metabolism of the human brain
in health and disease. Amer. J. Med., 8, 205.

Khalil, M. (1958). The circulating eosinophil level in the newborn
infant following normal and difficult labor. J. Pediat., 53, 662.

Kramar, E. (1927). Untersuchungen uber die Pathologie der
Sauglingsintoxikation. 2. Die Rolle des Eiweisses. Jb.
Kinderheilk., 115, 289.

Ktecek, J., Ktedkova, J. and Martinek, J. (1957). The development
of thermoregulation. 5. Effect of rearing under cold and warm
conditions on the development of thermoregulation in young rats.
Physiol. bohemoslov., 6, 329.

Krog, H., Monson, M. and Irving, L. (1955). Influence of cold upon
the metabolism and body temperature of wild rats, albino rats
and albino rats conditioned to cold. J. appl. Physiol., 7, 349.

Lathe, G. H., Claireaux, A. E. and Norman, A. P. (1958). In
Recent Advances in Paediatrics, 2nd ed. Ed. D. Gairdner. p. 87.
Churchill, London.
and Walker, M. (1957). An enzyme defect in human neonatal
jaundice and in Gunn's strain of jaundiced rats. Biochem. J.,
67, 9P.

Laufman, H. (1951). Profound accidental hypothermia. J. Amer.
med. Ass., 147, 1201.

Laurie, E. M. 0. (1946). The reproduction of the house-mouse (Mus
musculus) living in different environments. Proc. roy. Soc. B,
133, 248.

Leaf, A. and Newburgh, L. H. (1955). Significance of the Body
Fluids in Clinical Medicine, 2nd ed. Thomnas, Springfield,
Illinois.

Lintzel, W. (1931). Uber die Wirkung der Luftverdunnung aufTiere.
5. Gaswechsel weisser Ratten. Pflug. Arch. ges. Physiol., 227,
693.

Lucey, J. F. and Dolan, R. G. (1959). Hyperbilirubinemia of new-
born infants associated with the parenteral administration of a
vitamin K analogue to the mothers. Pediatrics, 23, 553.

Luck, C. P. and Wright, P. G. (1959). The body temperature of the
hippopotamus. J. Physiol. (Lond.), 147, 53P.

McCance, R. A. (1936). Medical problems in mineral metabolism.
Lancet, 1, 643, 704, 765, 823.
(1950). Renal physiology in infancy. Amer. J. Med., 9, 229.
and Dickerson, J. W. T. (1957). The composition and origin of
the foetal fluids of the pig. J. Embryol. exp. Morph., 5, 43.
and Otley, M. (1951). Course of the blood urea in newborn
rats, pigs and kittens. J. Physiol. (Lond.), 113, 18.
and Widdowson, E. M. (1952). The correct physiological basis
on which to compare infant and adult renal function. Lancet,
2, 860.
,- (1954a). Normal renal function in the first two days of
life. Arch. Dis. Childh., 29, 488.
, (1954b). The influence of events during the last few days
in utero on tissue destruction and renal function in the first two
days of independent life. Ibid., 29, 495.

-,- (1955). The response of puppies to a large dose of water.
J. Physiol. (Lond.), 129, 628.

(1956). Metabolism, growth and renal function of piglets
in the first days of life. Ibid., 133, 373.

-,__-- (1957). Hypertonic expansion of the extracellular fluids.
Acta paediat. (Uppsala), 46, 337.

-,- (1958a). The response of the newborn piglet to an excess
of potassium. J. Physiol. (Lond.), 141, 88.

McCance, R. A. and Widdowson, E. M. (1958b). The response of
the newborn puppy to water, salt and food. Ibid., 141, 81.

- , -(1959a). The effect of colostrum on the composition and
volume of the plasma of new-born piglets. Ibid., 145, 547.

--, (1959b). The effect of lowering the ambient temperature
on the metabolism of the new-born pig. Ibid., 147, 124.
and Wilkinson, E. (1947). The response of adult and suckling
rats to the administration of water and hypertonic solution or
urea and salt. J. Physiol. (Lond.), 106, 256.

-and Young, W. F. (1940). The secretion of urine by newborn
infants. Ibid., 99, 265.

McIntosh, R. (1957). On growth and development. Arch. Dis.
Childh., 32, 261.

McIntyre, D. G. and Ederstrom, H. E. (1958). Metabolic factors in
the development of homeothermy in dogs. Amer. J. Physiol.,
194, 293.

Makepeace, A. W., Fremont-Smith, F., Dailey, M. E. and Carroll,
M. P. (1931). The nature of the amniotic fluid. A comparative
study of human amniotic fluid and maternal serum. Surg.
Gynec. Obstet., 53, 635.

Malpress, F. H. (1958). The biosynthesis of lactose. Proc. roy.
Soc. B, 149, 362.

Mann, T. P. and Elliott, R. I. K. (1957). Neonatal cold injury due
to accidental exposure to cold. Lancet, 1, 229.

Marsh, M. E. and Murlin, J. R. (1925). Energy metabolism of pre-
mature and undersized infants. Amer. J. Dis. Child., 30, 310.

Meyer, T. C. and Angus, J. (1956). The effect of large doses of
'Synkavit' in the newborn. Arch. Dis. Childh., 31, 212.

Miller, F. S. and Miller, J. A. (1953). Effects of hypothermia on
neonatal asphyxia and its sequelae. Bull. Ga Acad. Sci., 11, 54.

Miller, H. C., Behrle, F. C., Smull, N. W. and Blim, R. D. (1957).
Studies of respiratory insufficiency in newborn infants. 2.
Correlation of hydrogen-ion concentration, carbon dioxide
tension, carbon dioxide content and oxygen saturation of blood
with trend of respiratory rates. Pediatrics, 19, 387.

Miller, J. A. (1954). Effects of variations in body temperature upon
resistance to asphyxia in the neonatal guinea pig. Cold Spr.
Harb. Symp. quant. Biol., 19, 152.
and Miller, F. S. (1954). Factors in neonatal resistance to

anoxia. 2. Effects of elevated and reduced temperature upon
survival and recovery by neonatal guinea pigs. Surger,y, 36, 916.

(1958). Effects of drugs and anaesthetics on reanimation
of ice-cold mice. J. Physiol. (Lond.), 140, 23P.

Moore, R. E. (1956a). The effects of hypoxia on the oxygen con-
sumption of newborn dogs. Ibid., 131, 27P.
(1956b). Hypoxia, oxygen consumption and body temperature
in newborn kittens. Ibid., 133, 69P.

Mordhorst, H. (1932). Uber die chemische Wiirmregulation friuhge-
borener Sauglinge. Mschr. Kinderheilk., 55, 174.

Morrill, C. C. (1952). Studies on baby pigmortality. 10. Influence
of environmental temperature on fasting newborn pigs. Amer.
J. vet. Res., 13, 322.
- and Sampson, J. (1952). Studies on baby pig mortality. 12.

A note on the influence of ingestion of distilled water, physio-
logical saline, and glucose solutions on fasting newborn pigs.
Ibid., 13, 327.

Mount, L. E. (1958a). Changes in oxygen consumption with age in
piglets during the first week of life. J. Physiol. (Lond.), 142, 57P.
(1958b). Change in oxygen consumption of the new-born pig
with a fall in environmental temperature. Nature (Lond.), 182,
536.
(1959). The effect on rate of heat production of grouping new-
born pigs together. J. Physiol. (Lond.) (Not yet published.)

Murtagh, J. J., Martinez Castro Videla, C. E., Marenzi, A. D. and
Braegger, E. (1957). Plasma electrolytes during the neonatal
period. tt. neo-natal, 6, 150.

Niazi, S. A. and Lewis, F. J. (1954). Tolerance of adult rats to
profound hypothermia and simultaneous cardiac standstill.
Surgery, 36, 25.

-, - (1957). Profound hypothermia in the monkey with
recovery after long periods of cardiac standstill. J. appl.
Physiol., 10, 137.

Nyberg, R. and Westin, B. (1957). The influence of oxygen tension
and some drugs on human placental vessels. Acta physiol. scand.,
39, 216.

Osiba, S. (1957). The seasonal variation of basal metabolism and
activity of thyroid gland in man. Jap. J. Physiol., 7, 355.

Pawan, G. L. S. (1959). The possible conversion of fat into carbo-
hydrate in the obese human. Biochem. J., 72, 20P.

Pickering, G. (1958). Regulation of body temperature in health and
disease. Lancet, 1, 1, 59.

Potter, E. L. (1952). Pathology of the Fetus and the Newborn. Year
Book Publishers, Chicago.

Potter, V. R. (1958). Possible biochemical mechanisms underlying
adaptation to cold. Fed. Proc., 17, 1060.

Preston, M. I. (1945). Late behavioral aspects found in cases of
prenatal, natal and postnatal anoxia. J. Pediat., 26, 353.

Preyer, W. (1885). Specielle Physiologie des Embryo. Grieben,
Leipzig.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.34.178.459 on 1 D
ecem

ber 1959. D
ow

nloaded from
 

http://adc.bmj.com/


470 ARCHIVES OF DISEASE IN CHILDHOOD
Pugh, L. G. C. E. (1957). Resting ventilation and alveolar air on

Mount Everest: with remarks on the relation of barometric
pressure to altitude in mountains. J. Physiol. (Lond.), 135, 590.

Ranson, S. W. (1940). Regulation of body temperature. In The
Hypothalamus and Central Levels of Autonomic Function. Res.
Publ. Ass. nerv. ment. Dis., 20, 342.

Raudnitz, R. W. (1888). Die Warmeregelung beim Neugeborenen.
Z. Biol., N.S. 24, 423.

Reardon, H. S., Baumann, M. L. and Haddad, E. J. (1954). Respira-
tory alkalosis-a frequent phenomenon observed in newborn
infants. A.M.A. Amer. J. Dis. Child., 88, 371.

Rector, F. C., Jr. and Orloff, J. (1959). The effect of the administra-
tion of sodium bicarbonate and ammonium chloride on the
excretion and production of ammonia. The absence of altera-
tions in the activity of renal ammonia-producing enzymes in the
dog. J. clin. Invest., 38, 366.
, Seldin, D. W., Roberts, A. D. and Copenhaver, J. H. (1954).
Relation of ammonia excretion to urine pH. Amer. J. Physiol.,
179, 353.

Rees, J. R. (1958). Accidental hypothermia. Lancet, 1, 556.
Rennick, B. R. and Hamilton, B. (1958). Accumulation of para-

amino-hippurate and tetraethylammonium by renal slices of the
newborn puppy and piglet. Fed. Proc., 17, 131.

Reynolds, S. R. M. (1953). Maturation of respiratory enzymes.
In Proceedings of a Conference sponsored by the Association
for the Aid of Crippled Children : 'Prematurity, congenital
malformation and birth injury', p. 75.

Rothschuh, K. E. (1947). Zur Frage eines 'Sparstoffweshsels' bei
kurzdauerndem Sauerstoffmangel. Pflug. Arch. ges. Physiol.,
249, 175.

Scholander, P. F. (1958). Studies on man exposed to cold. Fed.
Proc., 17, 1054.

Schwartz, W. B., Jenson, R. L. and Relman, A. S. (1954). The
disposition of acid administered to sodium depleted subjects: the
renal response and the role of the whole body buffers. J. clin.
Invest., 33, 587.

Schwarz, K. C., Cohen, B. D., Lubash, G. D. and Rubin, A. L. (1959).
Severe acidosis and hyperpotassemia treated with sodium
bicarbonate infusion. Circulation, 19, 215.

Selle, W. A. (1941). Influence of age on survival of respiration,
spinal reflexes, pupillary responses and heart action. Proc. Soc.
exp. Biol. (N. Y.), 48, 417.

-and Witten, T. A. (1941). Survival of the respiratory (gasping)
mechanism in young rats subjected to anoxia. Ibid., 47, 495.

Sellers, E. A. and You, S. S. (1950). Role of the thyroid in metabolic
responses to a cold environment. Amer. J. Physiol., 163, 81.

Shields, L. V. and Taylor, E. S. (1957). Serial oxygen saturation
studies of newborn infants following obstetrical complications,
difficult deliveries, and cesarian section. Amer. J. Obstet. Gynec.,
73, 1011.

Shnier, M. H. and Levin, S. E. (1959). Hyperbilirubinaemia and
kernicterus in premature and full-term Bantu newborn infants.
Brit. med. J., 1, 1004.

Silverman, W. A., Fertig, J. W. and Berger, A. P. (1958). The
influence of the thermal environment upon the survival of newly
born premature infants. Pediatrics, 22, 876.

Silvette, H., Britton, S. W. and Kline, R. (1938). Carbohydrate
changes in various animals following potassium administration.
Amer. J. Physiol., 122, 524.

Singer, R. B. and Hastings, A. B. (1948). An improved clinical
method for the estimation of disturbances of the acid-base
balance of human blood. Medicine (Baltimore), 27, 223.

Sjostedt, S. and Rooth, G. (1957). Low oxygen tension in the man-
agement of newborn infants. Arch. Dis. Childh., 32, 397.

Smith, A. U., Emmens, C. W. and Parkes, A. S. (1946-48). A simple
mammalian test for thyroidal activity. J. Endocr., 5, xxxii.

Smith, C. (1959). The Physiology of the Newborn Infant, 3rd ed.
Thomas, Springfield.

Smith, R. E. (1958). In discussion. Fed. Proc., 17, 1069.
Stapleton, T. (1958). Mineral metabolism. In Modern Trends in

Paediatrics. Butterworth, London.
Stone, W. E., Marshall, C. and Nims, L. F. (1941). Chemical changes

in the brain produced by injury and by anoxia. Amer. J.
Physiol., 132, 770.

.Stransky, E. and Bilint, A. (1920). Die Nierenfunktion im Sauglings-
alter. Die Stickstoffverteilung im Blute und Harne im Sauglings-
alter. Jb. Kinderheilk., 93 [3 ser., 43], 350.

Strughold, H. (1954). Hypoxia, hypoxidosis, hypoxidation, hiberna-
tion, apparent death and suspended animation. J. Aviat. Med.,
25, 113.

Swann, H. G. (1953). The principles of resuscitation. Anesthesio-
logy, 14, 126.
and Brucer, M. (1949). The cardiorespiratory and biochemical
events during rapid anoxic death. Tex. Rep. Biol. Med., 7, 511.
, and King, B. R. (1953). Assay of resuscitation pro-
cedures. J. appl. Physiol., 5, 421.
, Christian, J. J. and Hamilton, C. (1954). The process of
anoxic death in newborn pups. Surg. Gynec. Obstet., 99, 5.

Swanson, H. E. (1956). Interrelations between thyroxin and adrenalin
in the regulation of oxygen consumption in the albino rat.
Endocrinology, 59, 217.

Tepperman, J. (1958). Etiologic factors in obesity and leanness.
Perspectives in Biol. Med., 1, 293.

Thibault, 0. (1949). Les facteurs hormonaux de la regulation
chimique de la temperature des homeothermes. Rev. canad.
Biol., 8, 3.

Thoms, R. K. and Hiestand, W. A. (1947). Relation of survival time
of respiratory gasping mechanism of the isolated mouse head to
age. Proc. Soc. exp. Biol. (N. Y.), 64, 1.

Turnbull, E. P. N. and Baird, D. (1957). Maternal age and foetal
oxygenation. Brit. med. J., 2, 1021.

Tyslowitz, R. and Astwood, E. B. (1942). The influence of the
pituitary and adrenal cortex on resistance to low environmental
temperatures. Amer. J. Physiol., 136, 22.

Usdin, G. L. and Weil, M. (1952). Effect of apnea neonatorum on
intellectual development. Pediatrics, 9, 387.

Usher, R. (1959). The respiratory distress syndrome of prematurity.
1. Changes in potassium in the serum and the electrocardiogram
and effects of therapy. Pediatrics, 24, 562.

Vest, M. (1958). Insufficient glucuronide formation in the newborn
and its relationship to the pathogenesis of icterus neonatorum.
Arch. Dis. Childh., 33, 473.

Vesterdal, J. (1959). Glomerular filtration and renal water
excretion. In Die physiologische Entwicklung des Kindes.
Springer-Verlag, Berlin-Gottingen-Heidelberg p. 204.

Walker, W. and Mollison, P. L. (1957). Haemolytic disease of the
newborn. Lancet, 1, 1309.

Walters, W. J. and Bowen, W. R. (1955). Bilirubin encephalopathy;
studies related to cellular respiration. A.M.A. J. Dis. Child.,
90, 603.

Weisbrot, J. M., James, L. S., Prince, C. E., Holaday, D. A. and Apgar,
V. (1958). Acid-base homeostasis of the newborn infant during
the first 24 hours of life. J. Pediat., 52, 395.

Westin, B. (1957). Technique and estimation of oxygenation of the
human fetus in utero by means of hystero-photography. Acta
paediat. (Uppsala), 46, 117.

Widdowson, E. M. and McCance, R. A. (1956). The effect of develop-
ment on the composition of the serum and extracellular fluids.
Clin. Sci., 15, 361.

-, (1958). The development of acid-base control. Ciba
Foundation Colloquia on Ageing, 4, 209.
, (1959). The effect of food and growth on the metabolism
of phosphorus in the newly born. Acta paediat. (Uppsala), 48,
383.

Willi, H. (1956). Synkavit-Schadidung bei Fruhgeborenen. Helv.
paediat. Acta, 11, 325.

Wynn, V. (1954). Electrolyte disturbances associated with failure to
metabolise glucose during hypothermia. Lancet, 2, 575.

Wynn, V. (1956). The metabolism of fructose during hypothermia in
man. Clin. Sci., 15, 297.

You, S. S., You, R. W. and Sellers, E. A. (1950). Effect of thyroid-
ectomy, adrenalectomy and burning on the urinary nitrogen
excretion of the rat maintained in a cold environment. Endo-
crinology, 47, 156.

Zetterstrom, R. and Ernster, L. (1956). Bilirubin, an uncoupler of
oxidative phosphorylation in isolated mitochondria. Nature
(Lond.), 178, 1335.

Ziskind. A. and Gellis, S. S. (1958). Water intoxication following
tap-water enemas. A.M.A. J. Dis. Child., 96, 699.

Zomzely, C. and Mayer, J. (1958). Levels of serum cholesterol in
obese mice. Nature (Lond.), 182, 1738.

Zweymuller, E., Widdowson, E. M. and McCance, R. A. (1959). The
passage of urea and creatinine across the placenta of the pig.
J. Embryol. exp. Morph., 7, 203.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.34.178.459 on 1 D
ecem

ber 1959. D
ow

nloaded from
 

http://adc.bmj.com/

