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DR. RIcHARDSON's first Lettsomian lecture, which was

delivered on Monday evening last, treated of the subject
of Oxygenation in Animal Bodies.

in commencing, Dr. Richardson said that the study
of life, being the most profound of all subjects that
could occupy the mind of man, has been approached by
some with feelings of anxiety bordering on fear, while
others have shrunk from it altogether, or have invented
for its explanations terms which have only made ob-
scurity doubly impenetrable-magnifying the sublime to
its extreme effect, the paralysis of terror. The lecturer,
however, wished to place himself in the position of those
who, having by constant study made themselves familiar
with the facts of life, had cast aside astonishment, and
viewed the problem with the calmer, but not less manly
feelings of admiration and reverence.
The problem of life may be considered in two ways:

the metaphysical, whereby we consider life as an abs-
traction, and reason from the whole to the part; and
the physical, in which we commence with the parts and
endeavour to rise to the whole. The physical method
was that which Dr. Richardson proposed to follow; and,
in doing this, hle observed that it was necessary to throw
aside all preconceived notions regarding a specific vital
force-the " vis aniimr," "matei-ia vitce," "v is insita,"
etc.

Proceeding to the immediate subject of the lecture,
Dr. Richardson remarked that oxygen has been generally
regarded as a constructive agent. This constructive
agency of oxygen, however, is to be regarded as but one

of its properties-primary in regard to mass, but se-

condary in regard to the action of matter. Again, oxy-

gen in combination is assumed to be in the same state
as when free; but it is not so; and if oxygen could be
reduced by pressure, cold, or other means, to a new and
solid state, this would represent the condition in which
it exists in combination with iron, or phosphorus, or

mercury, etc. Nor is it correct to speak of heat, light,
and electricity, as products of oxidation; but, when oxy-

gen (or when steam) condenses, it does so at the ex-

pense of something lost which before gave it volume.
Oxygen, as it appears in the form of gas, is a ponderable
body diffused through an imponderable medium. Whether
this be caloric, light, or electricity; or one of these, re-

solvable into the others; or a combination of them; or

a separate force, resolvable into one or other of these-
is a question difficult of solution. Nevertheless, Dr.
Richardson believed that the force is one, the form in
which it is evolved being determined. by the nature of
the agent with which the ponderable matter connected
with the imponderable unites. Thus oxygen uniting
with carbon produces heat and light; with hydrogen,
heat and little light; with zinc, electricity; etc.
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In regard to the animal body, the lecturer believed
that the inspired oxygen unites with oxydisable
materials, while both the oxygen, and some of the
materials with which it thus unites, give up the impon-
derable body which preexisted in them; that thus the
vital agent with which the air is endowed consists really
of two parts-a material portion, constructive in its
offices; and an imponderable substance, the active life-
giving force. If this be true, every action disturbing
the equilibrium of the mixture will modify the force of
the oxygen in regard to combination; and, in fact, the
power of oxygen to support life is modified by quantity,
i. e., concentration or diffusion: by temperature; by
electricity; by modes of production; by respiration; and
by the presence or interference of " catalytic" agents.
Each of these modifying agencies was now examined in
detail.
The effects of quantity were exhibited in five experi-

ments, in which mice of the same size had been placed,
at a temperature of 55° Fahr., in jars of a capacity of
nearly 39 cubic inches, containing respectively (1) com-
mon air; mixtures of oxygen and nitrogen in the pro-
portions of (2) 2 volumes of oxygen and 3 of nitrogen,
(3) 3 oxygen and 2 nitrogen, and (4) 4 oxygen and 1
nitrogen; and (5) pure oxygen. The result is that the
animals in common air and in jars (2 and 3) each die in
about two hours. In jar (4) the animal becomes coma-
tose in two hours, but does not die under six hours; and
in pure oxygen, coma also takes place in two hours, but
death follows two hours sooner than in jar (4). The
oxygen, in the first three jars, is found to have been
completely applied in the formation of carbonic acid;
in the fourth jar, carbonic acid is also present, but
about one-fifth of the mixture remaining consists of
oxygen; while in the jar of pure oxygen, it is found
that the proportion converted into carbonic acid is
actually less than in the other cases; and so much
available oxygen is left as will require five more mice for
its complete exhaustion. This shows, as was guessed
at first by Sir H. Davy, that combustion is actually
diminished where we should a priori expect it to be
most intensified. This has been both asserted and
denied; but, according to Dr. Richardson, the
discrepancy of opinion is explained by the effect of
temperature on the result of the experiment. The
explanation of the more rapid death in pure oxygen is
rather obscure; meanwhile, the experiments shewed how
admirably for the purposes of life the proportions of
oxygen and nitrogen in the air are distributed.
The influence of varying temperatures in modifying the

action of oxygen in its relations as a supporter of life
are remarkable; and the neglect of this influence has
given rise to many contradictions among experi-
mentalists. If one animal be placed in a jar of air, and
another in a jar of the same size containing four
volumes of oxygen and one of nitrogen, both being at a
temperature of 200 Fahrenheit, the animal in air dies in
forty minutes or an hour, while the other lives to the
end of the hour, or even five minutes beyond. This
fact was first observed by Beddoes. When one animal
is placed in a jar of pure oxygen, and another in a jar
of common air, and the temperature is reduced to 200
Fahrenheit, the animal in the oxygen dies, on an
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average, one-third sooner than the one in common air.
Dr. Richardson had also caused rabbits to inspire com-
mon air and oxygen cooled by passinig in tubes over a
freezing mixture to 200 Fahr. The results were, drowsi-
ness, a gradual cessation of the heart's action, and
death; the latter event taking place in twenty minutes
in the animal breathing air, and in fifteen minuites in
that breathing oxygen. Hence, cold destroys the sus-
taining power of oxygen; but not from mere constrin-
gent action on the pulmonary capillaries. A certain in.
crease of temperature prolongs life in pure oxygen;
thus if (all things being equal) one animal be placed
in oxygen at 50° Fahr., and another at 700 Fahr., the
former dies in three or four hours, while the latter re-
mains conscious three hours, and may even live twelve
hours. Again, certain high temperatures appear to
equalise the time of death in pure oxygen, and in anv
mixture of the gas with nitrogen. This is observed by
plunging the jars containing the animals into water at
12_5 Fahr. But, if the temperature be gradually raised
from 900 to 120°, life is somewhat more prolonged in the
animal placed in common air. While the animals, in
both these cases, are exposed to tho heated air, the
transparent parts of the body become vividly red, aud,
a few minutes before (leath, almost purple. After deatlh,
the blood on both sides is found of a reddish purple
colour. In larger animals, as the cat, the same condi-
tions are induced at a higher temperature (1400).

Thus, extreme cold and heat both destroy the life-
sustaining properties of oxygen; cold, by removing from
oxygen its imponderable part and preventing combina-
tion; heat, by imparting over-activity to the oxygen. In
the first case, thle muscles are rendered rigid, even be-
fore death; in the second, they are relaxed beyond the
power of conitraction.
The effects of electricity on oxygen are shewn by the

following experiments. If two similar animals be
placed, each in an equal quantity of oxygen, at the same
temperature, and a moderate supply of electricity be
passed into one jar, the animal breathes with more free-
dom, and lives for a much longer period than the other.
But if sparks of electricity be passed into a jar from a
large induction coil-so as, in fact, to raise a tornado in
the jar-the animal is soon seized with tremors, rapid
breathing, and convulsions, and dies.
The source of production of oxygen has been asserted

by Sebnbein to affect the properties of the gas; oxygen
obtained from oxide of manganese being held to possess
mnore active properties, and that from peroxide of barium
less active properties, than that in common air; while a
mixture of the oxygen from these two sources represents
a middle condition. The most active form Schiinbein
has termed ozone: the least active, antozone; reserving
the name oxygen for the intermediate form. If three
animals be immersed at 600 Fahr., in jars filled respec-
tively with eaclh of these substances, the animal in the
ozone will, after very rapid breathing and excitement,
followed by coma, die first. Thle animal in antozone
will live about one third of the time longer than that in
the ozone; the coma, however, setting in at the same
period, but the excitement being less marked. The
animal in common oxygen lives about one-fifteenth
longer than that in antozone; and the coma preceding

death is much less profound. When the gases are
examined after the death of the animals, the ozone pre-
sents most evidence of having been applied. A tem-
perature above 75° removes the distinction in the effect of
these various forms of oxygen.

Dr. Richardson next related the results of a series of
experiments, from which he had found that oxygen,
being repeatedly used, loses its property of supporting
life. In 1852, seeking to determine the cause of the
conflicting statements of Beddoes and Broughton, the
former of whom held oxygen to be an excitant, the latter
a depressant or narcotic, he caused dogs and cats to
breathe the gas, which was supplied to them in a con-
tinuous current so as to avoid the admixture of carbonic
acid. The temperature was 60°. They became excited
and thirsty, and lost appetite; the surface and mouth were
hot; the breathing was quickened; and twice, in dogs,
Dr. Richardson heard distinct crepitation, as of pneu-
monia. Death occurred in from twelve to fourteen hours,
from obstruction of the cavities of the heart by fibrinous
coagula. The tissues anid organs were brilliantly red;
the venous blood was of arterial colour; and in some
cases there was inflamnmatory exudation in the lungs.
One animal had all the signs of croup; and after death
the windpipe was found to contain plastic exudation. In
repeating the experiment on a rabbit, in the same way,
Dr. Richardson found that no material change beyond
loss of weight was produced, at the end of two periods
of nine and twenty-one days respectively. During the
experiment there was often a brilliant vermilion tint of
the ears, and when the animal wanted food the breathing
was more hurried; on two occasions it became oppressed,
but revived when the stream of oxygen was driven
throu,h a little more rapidly.
The same results being repeatedly produced, Dr.

Richardson placed a dog, a kitten, a rabbit, a pigeon, and
three frogs, in a chanlber throug,h which oxygen was
driven; the result being that the frogs and rabbit were
unaffected, while the others either died or were greatly
prostrated. It appeared that animals with the quickest
respiration die soonest in active oxygen. Further ex-
periments, however, had led Dr. PRichardson to modify
hiis views as to the effect of oxygen being connected with
the respiration of the animal.
Having filled one of two reservoirs with oxygen, he

determiined, in order to economise, to re-collect the
oxygen which had passed througb the chamber containing
the animals; passing it over an alkaline solution to re-
move carbonic acid, and over sulphuric acid to remove
ammonia. Arrangements were made for thus passing
and re-passing the oxygen several times. He then placed
a cat, a dog, a pigeon, and a rabbit, with two frogs, in a
large chamber; and commenced passing the ox gen
tlhrough the chambers at the rate of 2000 cubic inches
per hour. In six hours, the whole of the primitive
oxygen, minus nearly 1000 cubic inches which had been
lost in respiration, was transferred into the second
reservoir. The gas having been found to give no re-
action to lime-water, was washed thoroughly with potash,
to be received once more into the first reservoir. As the
first charge of oxygen was passing through the chamber,
there were exhibited signs of excitement; but, as the
second charge passed through, all the animals became
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depressed and drowsy. After four hours, the current
was again changed, the oxygen being purified most care-
fully. It now became obvious that every animal was
under some depressing inflaence; even the rabbit did
not escape. The symptoms were entirely different from
those arising from carbonic acid. The breathing was
quick, but easy and tranquil. There was not the slightest
approach to convulsion. The pigeon buried its head
under its wing, and simply drooped and slept. The
four-footed animals sat with their fore-legs straight and
their heads between them, nodding as if in profound and
pleasant sleep; they were aroused with difficulty, and
fell off again in an instant. Then the fore-legs slowly
gave way forwards as if paralysed; and, before the third
charge of the oxygen was three parts over, the pigeon
was dead, and the kitten was nearly dead: the dog gave
no sign of sensibility, but breathed softly: the rabbit
was fast asleep. The frogs alone were unaffected. A
little air pumped out of the chamber through lime-
water, gave less indication of carbonic acid than the
common air. The animals being removed, a lighted
taper placed in the chamber burned with more brilliancy
than in the air, but with slight yellowness of flame.
The animals were all nearly dead. The kitten died a
few minutes after removal; the rabbit recovered in two
hours; the dog seemed paralysed in the limbs for the
greater part of the day, but recovered. When the bodies
of the pigeon and the kitten were opened, there was found
no indication of asphyxia. The lungs were inflated and
red; the heart contained blood on both sides, but the
blood in each side was of the same hue, neither being
very dark; the brain was bloodless; the other organs
were natural. Other experiments of a like nature, and
presenting similarresults, were related. In two of them,
eooked animal food, placed in the chambers for the use
of the animals, underwent rapid putrefaction and evolved
a most intolerable stench; while pieces of the same
food left in the air remained perfectly sweet.
The experiments shewed, the lecturer observed, that

at an uniform temperature the re-inhalation of oxygen
destroys its active or combining property; and this is
further proved by the fact, that the effects of the spoiled
gas may be arrested and removed by adding to the
air of the chamber a little fresh active oxygen.

Certain Agents, by their presence, prevent oxygenation
in animal bodies. The combination of oxygen with a
substance may be prevented or disturbed by a third
body, which in some cases has a more powerful affinity
for oxygen, while in others it undergoes no change.
Under the term catalysis, modifications of the latter
kind had been long described; but the late Dr. Snow
first pointed out the great extent to which this action of
catalysis influences life. Some of the agents which thus
affect the oxidation process in the animal body are ex-
ternal to the body, including all the known narcotics and
some other substances; while others are produced within
the body, as ammonia, and perhaps other substances
with which we are as yet unacquainted. That such
agents prevent oxidation, was shown by Dr. Richardson
in some simple experiments. A small quantity of chblo-
roform diffused through a jar of oxygen prevented a

taper from burning; the addition of a little ammonia
prevented the decomposition of iodide of potassium and
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starch by peroxide of hydrogen. The effects of extreme
cold, Dr. Richardson said, are analogous to, if not iden-
tical witb, those of the catalytic agents in preventing
aniimal oxidation.
In conclusion, the lecturer pointed out the relation of

his inquiries to the practical study of disease. All
through the lecture, he said there had been a synthesis
of diseases, and an analysis of the remedies.
The production of coma by deprivation of oxygen ex-

plained the immediate cause of coma, in whatever form
presented. Coma is the result of the cutting off the
supply of blood, or of the removal of the active property
of this fluid. Sleep (as Mr. Durham has pointed out)
and convulsions also recognise the same explanation.
The effects of excessive heat show that the same force

that destroys the magiietic property of oxygen also de-
stroys its power of combination; and coUp de soleil is
represented in the laboratory as under a tropical sun.

The effects produced by raising a tornado in a glass
jar illustrate, only more intensely, the symptoms pro-
duced by powerfully electrical atmospheres on the
prostrated man.

The varying effects of oxygen-excitant or depressant
-according to its source, point to the nature of so-called
epidemic influences; showing how an ordinary attack of
disease may become developed into an acute animal con-

flagration, or into its adynamic representative. The ex-

periments show also that impure air in confined rooms

means something more than carbonic acid; it means a

tendency of the air to produce death without reconstruc-
tion-putrefaction.

Finally, the observations on catalytic agents showed
not only the modus operandi of narcotics, but also that
the poison in various zymotic and diathetic disorders stops
existence by arresting oxidation-by giving rise to an

asphyxia commencing in the blood.

SOCIETY OF AuRTs. At the meeting held on Wednesday
night last, Dr. Copland in the chair, the paper read was on

"The Uses of Tea in the Healthy System", by Dr. E. Smith.
The author began by stating the opinions brought forward
by Professor Johnstone and other chemists oil this sub-
ject-views which were still very generally held. These
might be summed up thus: that by the use of tea-1.
The waste of the body is lessened; 2. The body is
nourished; 3. By lessening waste, we may lessen
supply, and yet the bodily powers shall be duly sus.
tained. He stated his reasons for differing from these
statements, and explained the nature of the experiments
which he had undertaken in order to ascertain the
actual effect produced by tea. If there be an abundance
of food in the system, and that especially of the farna-
ceous or fat kinds, tea is a powerful digestive agent, and,
by promoting the transformation of food, it aids in nou-

rishing the body; but with a deficiency of food in rela-
tion to the waste of the tissues by exertion, or the waste
of heat by cold or by too profuse evaporation from the
skin, it wastes the tissues of the body, and lowers the vital
powers. He therefore considered that it was not suit-
able as a partial substitute for food, as was generally
supposed; for it increased the waste of the body. It
was not suitable for persons of spare habits, or while
using exertion; nor was it adapted for men in low tem-
peratures, or where the action of the skin was defective.
Dr. Smith concluded his paper (which was illustrated bv
a diagram showing the results of his experiments) by
giving some detailed directions as to the choice of tea,
and the best method of preparing the infusion.
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