Respiration / by John Reid.

Contributors

Reid, John, 1809-18409.
Royal College of Surgeons of England

Publication/Creation
[London] : [publisher not identified], [18487]

Persistent URL

https://wellcomecollection.org/works/hqdewc94

Provider

Royal College of Surgeons

License and attribution

This material has been provided by This material has been provided by The
Royal College of Surgeons of England. The original may be consulted at The
Royal College of Surgeons of England. where the originals may be consulted.
This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/







RESPIRATION. 3

weight, in the 1000. The air collected in the
pit of the Opéra Comique a short time before
the termination of the performance contained
2:3; while in another experiment the air
from one of the boxes contained 43, by weight,
of carbonic acid gas in the 1000, In one of
the stables at the Ecole Militaire, the air
collected after it had been kept closed for a
night yielded 1'05 in the 100 ; and the air
from another which was better ventilated
{riﬂlded about 2 parts in the 1000, by weight.”
s according to the opinion of Leblane and
others, carbonic acid gas exerts n{wjudiciu'l
effect upon the vital actions in the human
species when it has accumulated to the cxtent
of 1 per cent. in the air to be breathed, the
above facts, to which many others might
readily have been added, pont out the im-
nee of securing sufficient ventilation both

in our private and public buildings.
As tLemﬁ helgu by water in solution sup-
¥ the means of aquatic respiration to many
animals and plants, a knowledge of the quan-
tity and composition of these gases is also
necessary for the full comprehension of the
function of respiration. Humboldt and Gay
Lussac state that the water of rivers, and dis-
tilled water well aired, hold in solution about
hof their volume of air composed of about
32 of oxygen and 68 of azote, by volume.
Morren} concludes from his experiments that
sea-water contains in solution between Ath
and ,:Eth of its volume of air, a quantity sen-
sibly less than that ebtained from fresh-water,
which usually contains from th to J'5th, or
even of its volume.§ He found that the
air obtaingd from fresh-water under ordinary
circumstances, whether distilled and again
perfectly agrated, or the limpid water of a
moderately rapid stream, contains 32 parts of
oxyaen, aind 1{'}0111 2 to 4 of carbonic acid, by
volume, in the 100; while the air obtained
from sea-water yielded 33 of oxygen and
from 9 to 10 of earbonic acid in the 100. The
relative proportion of the gases obtained both
from fresh and sea-water varies nnnsidemhfly
under certain conditions. In fresh-water ponds
abounding in plants or green animaleule, and
in shallow parts of the sea, where numerous

= Aceorling to the experiments of M. Lassaigne

(Comptes Rendus, 13th Juillet, p. 108, 1846) the
enrbonie aeid formad 'I;:E; respiration in apart-
ments where the ventilation is very imperfect, is not

eonfined to the parts nearest the foor, but is diffused
nearly in muu.ﬁnmpnrtlma throngh every portion
of thi mass of air in the apartments.

+ Journal 1Ir PII}?HmﬂGt‘dﬁ Ehimfﬂ,&ﬁr Dla-
miitherie, tom. Ix. p. 158, The percentage of 0x
firiam l.hEu'ﬂ.ir of wnlt:er of the SaEme was 310 M}Ee;:
tilled water which had again absorbed air, 32°8;
amud of rain water, 310, (p. 1693 ¥

Ammnales de Chim. et de Phys,, tom. xii. 1844

M. Lewy ﬁﬂmﬁﬂ Rendus, 28th Sept, 1846
that, in his experiments, one litre (6102
cubic inches English) of Seine water yiclled about
40 enbie centimetres (22440 cubic inches ) of air, and
the same quantity of water from the ocean furnished
only 20 cubic centimetres (1220 cubic inches). The
water of the ocean, in consequence of the salts it
holls dn solution, ubsorbs much less atmospheric

air than fresh water,

algae flourish, the proportion of oxygen
mgf be mnsi:leralﬂ &';::rmaed durﬁ; HE:E
shine, especially if the water be at the same
time still.  Morren analyzed, in a bright day
in July, the gus dissolved in the water of
a fish-pond of a green colour, chiefly from
the numerous animaleulz it contained, and
found in that procured in the morning 25, at
mid-day 48, and in the wun'mg,: as much as 61
of oxygen in the 100 parts.®* Similar changes,
but to a less extent, were detected by Morren
in the air of sea-water, and they are chiefly
dependant upon the action of the alge, In
one experiment, performed on a fine sunny
day, when the sea was at the same time calin,
the air obtained from the water yielded 40 per
cent. of oxygen in the early part of the day,
and 536 in the evening, x['i:c total quantity
of air obtained from both kinds of water varied
at different times of the day ; and its increase
was chiefly dependant upon the addition of
oxygen, the carbonic acid at the same time
suffering a decrease, but not in the same pro-
rtion, while the nitrogent seemed to suffer
ittle change. This increase of oxygen will
partly contribute to the supply required for
the respiration of the numerons aquatic ani-
mals which usually frequent the localities
where it is evolved, and be partly given off to
the superincumbent air, and tfms assist in

mantaining the purity of the atmosphere.
Notwithstanding the large quantity of oxy-
gen daily removed from the atmosphere by tﬂe
respiration of animals and other causes, yet
from the great extent of the atmosphere, and
the rapid mixture of its different parts, a long
|mt‘imfnl' time must necessarily elapse before
it suffers any marked deterioration, even were
there no compensating operation in the vege-
table kingdom. The oxygen gas in the atmo-
sphere is equal in weight to a column of 78
feet of water pressing upon every part of the
earth’s surface : and it has been stated that it
would require 10,000 years, supposing the
earth peopled with 1,000,000,000 of men to
produce a pereeptible effect upon the eudio-
meter of Volta, even though vegetable life
was annihilated ; and that to suppose all the
animals on the surface of the earth could by

* Opus cit. p. 9. Wahler (Poggendorl™s Annalen
ier Physik nmd Chemibe, band Ivil. S 808 1842)
analyzed the gas exhaled from the greyish yellow
mnss, consisting in a grest mensure of Tiving infu-
goria. mixed with some conferyme, which eolleeta in
a galt spring at Rodenberg in Hesse, and found it to
ba comy of 51 per cent. of oxyvgen, and 49 of

'njl:mﬁ!n.
t M. Lewy (Comples Rendus, 28th Sept. 1848)
has obzerved similar changes, but not to the =amo
extent, in the relative proportions of oxygen and
carbonic acid in the air of sea-water under the cir-
cumstances. mentioned by Morren,  According to
the results of Lowy, the waters of the ocenn eontain
a small quantity of sulpharetted hyidrogen gas, ap-
parently evolved from the bodies of cortain mollug-
cous animals, which may be impartel to the air
resting npon the sarface of the water; and Dumas,
in his report upon Lewy's Momoir, throws ont some
remarks on the possibility of the sulphur contained

this gas serving an important parpose in the
nutrition of plants.

AR



4 RESPIRATION.

their respiration deteriorate the air to the ex-
tent of removing in a century the 8000th part
of the oxyzen in the atmosphere, is to make a
supposition very much beyond the truth.#

Respiration of planis. — The results of the
chemical actions between the atmospheric air
and the vegetable kingdom, are chiefly influ-
enced by the presence or absence of light,
and the condition of the plants at the time.

When a plant is !.’-'I.Il'l‘l'.'ll.ll'l(I-:!il by the ordinary
atmospheric air, and exposed to the sunshine,
the green parts of the plant, and especially the
leaves, decompose the carbonic acid contained
in the atmosphere, seize upon the carbon, and
liberate the oxygen; while the same plant in
the dark, not only censes to decompose car-
bonie acid, but actually exhales into the sur-
rounding atmosphere a portion of this gas.
A quantity of nitrogen gas is also given off
l}ﬁ' plants along with the oxygen.f Plants,
thercfore, during exposure to hihh purify the
atr by removing carbonic acid and adding
oxvgen, while during the night they, like
animals, deteriorate the air by exhaling car-
bonic acid gas. As, however, the quantity of
oxygen gas liberated during the day from the
decomposed carbonic acid is more than suffi-
cient to counterbalance the quantity of car-
bonic acid formed during the night, plants on
the whole must counteract, either entirely or
in part, the accumulation in the a.tumupl{ere
of the carbonie acid gas formed by the respi-
ration of animals, and in various chemical
esses going on at the earth’s surface,
ndeed, neurly the whole of the carbon which
enters so largely into the formation of the ve-
etable tissues, appears to be obtained through
the decomposition of the carbonie acid of the
atmosphere.

The parts of a plant which are not of a
green colour, such as the roots, &c., ahsorb
oxygen from the atmosphere, and give out
carbonic acid gas even in the sunshine ; and
this process seems essentinl to the vigorous
growth of the plant. The Howers of a plant
also absorb oxvgen, and exhale earbonie acid,
and the quantity of the latter gas evolved
during intlorescence is considerable.  The
seeds of plants during germination also absorb
oxygen and give out carbonic acid.f The

* Dumas’ Essnl de Statiqee Chimigqoe des Eircs

Oirganiscs, l]’k 18, Brd edit. 1844 ; Diimas and
Boussinganlt in Annales de Chim. et de Phys., tom.
jii. p. 268, 1841,

+ Danbeny, in Philoa. Traneactions of Loendon for
1856, p. 149 ; and Professor Diraper, in London, Edin-
burgh, and Dublin Philnﬁhical Magazine, vol.
xxiil. p. 161, 1843, Acconding to Draper, “ when
the leaves of plants under the influence of light de-
compose carbonie acid gas, they assimilate all the
carbon, and a proportion of oxygen disappears, at
the same time they emit a volume of nitrogen equal
fo that of the oxygen conswemed” The greater part of
the mt.roﬁrm evolved comes, he helieves, from the
ﬁm{rﬂ::m tion of some nitrogenized constituent of

1

The animalcula, especially those of a green
l!ﬂt-lIJI‘Ir, geem to exert the mmc};ﬂhta upon the at-
mospheric air under the infloence of light as the

rech & of plants.  Vide observations of Morren
and Whiler, already referved to; and also Ehren-
berg; in Pogge & Annalen, band Ivii. 8 311.

Fungi evolve carbonic acid gas in large quan-
tity E:m all parts of their structure, and at
all periods of their growth, even when exposed
to a bright sunshine, and these plants derive
their supply of carbon from the soil in which
they grow.® It is also maintained that a
quantity of oxygen is absorbed by the surface
of plants tll.lring spring and summer, to assist
in the elaboration of their acids, resins, and
volatile oils. 'We thus perceive that the che-
wical actions between the atmospheric air
and plants are varied, and differ in some
important respects from those that occur in
ammals. Attempts have been made to show
that the respiratory function is essentially the
same in these two great divisions of the or-
ganic kingdom ; that the fixation of earbon
and the liberation of the oxygen gas by the
leaves, and other green parts ::ﬁ' plants during
their exposure to the rays of the sun, form a

rt of their digestive process ; while the evo-
ution of carbonic acid, which proceeds during
the day as well as during the might, from sceds
during germination, from the flowers, from
the surfaces not coloured green, and also, it
is nssnrtefl, partly from the leaves, is their
true Iratory process, According to
n:hersﬁ? the actions of the juices upnnﬁ the
atmospheric air, by which they are changed
from the erude to the fully elaborated sap,
and rendered fit for the nutrition of the plant,
constitute the function of respiration, then
the green surfaces, and especially the leaves,

* Marcet (Bibliothéque Universelle de Gendve,
ces &t Arts,) tom. Ivii. p. 303, 1884; and An-
nales de Chim. et de Phys., tom. lvii. P 407, 1835)
ascertained that Fungi, when confined in a limited
quantity of air for some time, disengoge a larger
?Uﬂnl“}' of carbonic acid gas than could have been
ormed by the combination of carbon with the XY=
gen wl °h hm_} disappeared from the air: that when
confined in _mm,gtc-.n gas, o small quantity of car-
bonic acid is evolved, and in some cases a small
mm'l"nh of nitrogen 1s ni.‘ﬁmrlmi; and that when
confimed i oxygen gas a largoer quantity of this
is ahsorbed than what js auﬂir:ientl. to agn.atitma m
carbonic acid gas evolved, and that this is replaced
at least in part, by a quantity of azote {limlgsgmi
from the plants. We thus perceive that if certain
of the lower organized bodics, pencrall rograrded as
belonging to the anfmal hi::gﬁim. eﬂ{ct the same
gllll.::lllk'ﬁ Il:ﬁq gnu atml’-::quﬁr by their respira-
igher vegetal th
other hand, certain of the lﬂn&r ngﬂfhﬁ
that resemble in this respect the higher organized of

the animal kingdom. Other rr}?ug‘nmic plants

ving a green colour, such as the Ferns and
liberate oxy, whien exposed to T
Vide Hﬂlmﬁn periments on ﬂ.:I:e:T}Pmre-&

to; and those of Daunbony, u F
Alge, in London Philos Transact, vol. 3 i 166,

Burnett, in the Journal of the Royal Tnstituti

1 ki

nf'émt Britain, vol.i. p. £3. lﬂﬁl?'“hfr. Bllmﬁ
also maintains that the analogy further holds good
- batv_:'alm the fanctions of iration and i on
in animals and plants, for to both is car e acid
deleterions when breathed, and to both fs it

i | ! invi

mating to the digestive svstem when Im:urbmlgﬂ‘
!bogi:ﬁ 100.  Professor Direaper [lmnﬂnizl;: and msﬂ
Philos. Magazine, 1844 atill farther, and

asserts that the whole qll the action of the leaves
upon the atmospherie air constitutes a true dj ti
and not a respiratory funetion, e
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are the true respiratory organs of plants.*
Besides, it hay been alleged that the evolution
of the carbonic acid gas from the leaves duri

the night i= not attended by an absorption o
oxygen, as in the respiration of animals ; that
it 15 a wechanical process, having no con-
nexion with the nutrition of the plant ; and
that it depends upon the carbonic acid ab-
sorbed along with the water by the roots and
leaves, escaping into the air along with the
water evaporated during the wds when
the plant, as in the absence of sunshine, is
incapable of fixing the carbon.4 As the re-
spiratory process in animals forms a part of

e great Nutritive Function, for preparing,
cluborating, and assimilating the nutritious
Jjuices, nnd as the two functions performed
respectively htl the digestive and respiratory
organs in the higher animals are not definitely
separated in the vegetable kingdom, we can
readily understand eghul: the same structures
in the vegetable kingdom which carry on the
process of respiration, may also at the same
tune assist in the performance of other parts
of the nutritive function.

In some of the lower organized plants
EFEI':,‘ part of their surface is rubahl}r Equu"}'
efficient in the performance of the function of
respiration ; while in the higher plants, though
the whole of the ext.ernulg surfuce may still
aid, the leaves are the chief organs of respira-
tion. Botanists are not agreed as to what ex-
tent the spiral tubes, usually regarded as ana-
logous to the trachewm of insects, act as organs

respiration. These spiral vessels do not
form continuous canals, and do not open
upon the stomata, so that the air cannot enter
them without having previously permeated a
greater or less thic%mcss of vegetable tissue
covering them. Their share in the perform-
gnee olt the function of respiration cannot,
probably, be great.

Respiration in animals, — The function of
respiration varies greatly in activity, and in
the external form and position of the ap-
paratus by which it is effected, in the different
divisions of the animal kingdom. In all ani-
nrals, except some Infusoria, the nature of the
chemical changes between the atmospheric air
and the nutritious juices is pretty uniform,
and essentially consists in the evolution of car-
bonic acid gas and the absorption of oxygen.
Azote may be exhaled by, or ubsorbed at, the re-
spiratory organs in small quantities ; but these
changes seem to be of u&nuud:l?«' lnportance
in the function of respiration, do not appear
to be uniform in the saume animals at different
times, and occasionally cannot be detected.
The evidence, however, preponderates in fa-
vour of the opinion that a small quan-
tity of azote is exhaled at the respiratory
oroans.

The function of respiration in animals in-
cludes two distinet processes—the evolution

* Cours ﬂ&ifn;:.i}e :]_'I-I.iatnilm?ﬂ‘nl.m'ellr!- Bo-

i nasien, p. 1577,
tm;-'q]l_:fﬂ??;*s Orrgamic ﬁllumiut.r?,f.mm!ah.ﬂl by Play-
fair, p. 31, 1840, Hunt's Rescarches on Light, p. 194,
15844, Dumas® Essai de Statique Chimigue des Etres
Organisds, 3vd ed. p. 24 HBdd

of one gas from the nutritious juices, and the
absorption of another ; and while the former
is an act of excretion necessary for the main-
tenance of the purity of the nutritious juices,
the latter is an act of absorption necessary for
their proper elaboration.  These two acts are
of equal importance in supporting the vitality of
the organism, are so closely linked together,
and are so reciprocally dependent for their
continued action, that tﬁe:.r have been regarded
as belonging to the same function, though in
u logical point of view they are parts of two
distinct functions, viz. 1st, the absorption by
the organism of new materials from the sur-
rounding wedia for completing the elaboration
of the nutritious juices ; and, 2dly, the excretion
from the organism of those substances which
are of no further use, and would even prove
prejudicial if retained. Many of the defini-
tions given of the respiratory process are liable
to strong objections in conscquence of its com-
pound character not having been kept strictly
in view., These mutual actions between the
nutritious juices and atmospheric air are purely
chemico-physical, take place wherever the
air and the flunds are brought into con-
tact, and do not require the agency of vitality
for their manifestation. When a urinary
bladder has been filled with venous blood and
placed in atmospheric air, the oxygen of the
atmospheric air, and the free carbonic acid in
the blood, mutually permeate the coats of the
bladder, the oxygen gas being absorbed by the
blood, and the carbonic acid escaping into the
surrounding atmosphere.  This interchange
depends upon the strong tendency that dif-
ferent gases have to intermix or diffuse them-
selves through each other, and as this action
in this particular case takes place through a
'p-:rmcalﬁc membraneg, it may be regarded as
o kind of endosmose and exosmose,

It necessarily follows, that wherever the
nutritious juices of organized bodies are se-
parated from the atmospheric air by tissues
permeable by oxygen and carbonic acid gas,
the function of respiration may be performed.
The energy of this function will be regulated
b}r the rJﬁuwirlg conditions : — the sreater or
less thickness and permeability of the tissucs
interposed between the atmospheric air and
the nutritions fluids ; the quantities aml con-
stitution of these substances thus brought into
action : the extent of surfice over which the
operate ; and the rapidity with which fresh
portions of both are brought into contact, in
the place of those whose mutual actions have
been completed. In the higher animals, where
this function is performed in greatest perfec-
tion, the apparatus for effecting it is very
complicated and extensive, and consists, Ist,
of a specinl organ — the lungs, affording an
immense extent of surface where the blood flows
in innumerable minute streamlets only sepa-
rated by very thin membranes from the atmo-
spheric air ; 2dly, of an assemblage of muscles,
bones, and nerves, for efficiently renewing the
air in the lungs ; and, 3dly, of a series of vessels
with a contractile propelling organ attached
to them — the pulmoenary arteries and veins
and right side of the heart, — for rapidly
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changing the blood in the lungs, and bringing
successive portions of it into contact with the
atmospheric air. On the other hand, in some
of the most simple forms of animal life, which,
with the exception of some of the entozos,
are all aquatic, the function of respiration is
effected by the external surfiuce, and they have
no special organ for E;.llll]ﬁillg their nutritious
juices to the action of the atmospheric air,
no apparatus for bringing fresh supplies of
the surrounding fluid into contact with their
bodies, and no canals or tubes for securing a
more rapid change of those portions of the
nutritious juices exposed to the action of the
atmospheric air.

Numerous and interesting modifications of
the respiratory apparatus, each wonderfull
adapted to the wants of the individual animal,
and the mediom in which it lives, and in ad-
mirable relation to its other nutritive func-
tions, fill up the wile interval between the
most complex and the simplest methods of
carrying on the function of respiration. This,
like the other functions of the body, is, in
propartion to the energy of its manifestations,
more concentrated upon ndividual organs
chiefly or entirely constructed for this pur-
pose, and it thus becomes more and more
specialized as we ascend in the zoological
scale.

The position of the respiratory apparatus
iz chiefly regulated by the circumstance of
the animal being terrestrial or aguatic, or, in
other words, by its supply of atmospheric air
being in the gasiform condition, or held in
solution by water.  In the greater number of
aquatic animals, the respiratory apparatus is
laced on or near the external surface of the

ody ; while, in the terrestrial animals, it is
situated more or less deeply in the interior
of the body. The mediom in which the
animal lives also influences the size and
complexity of its respiratory organs.  As the
quantity of atmospheric air in contact with
respiratory organs of the same extent of sur-
face must be much smaller in aquatic than in
terrestrial animals, a more extended respira-
tory organ is required in the former than in
the latter to effect the same amount of re-
spiration, just as n more extended digestive
apparatus is required in herbivorous than in
carnivorous ammals to extract the same
amount of nutritious matters from their food.
As water cannot furnish to terrestrial animals
an adequate supply of atmospheric air, their
vital actions are brought to a stand when
their res imtur{ organs are immersed in that
fluid, and this the more quickly in those im-
mediately dependant, as the birds and mam-
malia, upon large and frequent supplies of
atmospheric air. The respiratory organs of
a:lunlic animals are, on the other hand, in-
adequate for the performance of respiration
in the atmospheric air, but from very different
circumstances. The most obvious of these
are, 1st, their respiratory organs, from their
external position, are either freely exposed or
only partially covered, so that when they are
renioved from the water into the atmosphere

they become dry in consequenge of the eva-
poration of their moisture, and this the more
rapidly as there is little or no provision in-
dependent of the water in which they live, for
keeping these surfaces moist by a secretion, as
in air-breathing animals: 2dly, in those cases
where the respiratory organ consists of nu-
merous membranous plates or laminge that
float apart in the water, and have every por-
tion of their external surface bathed in this
fluid, removal into the atmospheric air causes
them to fall together, so that comparatively
a small quantity of their surface is now in
contact with the air. In some of the Crusta-
cea, and in some fishes, as the eels, the bran-
chim, or respiratory organs, being covered to
a great extent, desiccation proceeds slowly,
and life may be prolonged for a mnsidumh{:
time in the atmospheric air. In one of the
groups of the Crustaceans, the land-crabs or
Giecarcimans, though the respiratory organs
have a close resemblance to the branchie of
the aquatic tribes, yet as they inhabit damp
situations, and have a provision for keepi
the respiratory surface moist, they are ena

to live as terrestrial animals.

It has already been stated that the respira-
tory apparatus in all the higher animals con-
sists of three distinct parts ; — of an expanded
membrane, throngh which the atmespheric
air and the nutritious fluid the blood, act
chemically on each other ; of organs for re-
newing the atmospheric air in contact with
the external surface of this membrane ; and
of organs for. circulating the nutritious fluid
along channels placed upon the inner surface
of this membrane., OFf these three portions of
the respiratory apparatus, the first, or the ex-
panded membrane, which may be termed the
respiralory membrane, is the most essentiul,
and the other two may be considered as
merely accessory to it. {n those animals, as
the Infusoria, the Polypes, &e., that have no
special organs of respiration, the surfaces,
bathed by the fluids in which they live, act as
a respiratory membrane : the atmospheric air
n the surrounding fluids is there brought into
contact with the nutritious juices, and the
function of respiration is effected in the feeble
manner in which it is manifested in such
animals. In those animals possessing special
organs of respiration, the respiratory mem-
brane is formed in almost all cases by pro-
longations, folds, or reduplications of the
internal or external tegumentary membrane,
and all of these different arrangements are
evidently with the view of increasing the
extent of surface of that membrane. nlgn the
pulmograde Medusa the margin of the disk,
though smooth, and presenting no prolonga-
tion of the external tegumentary membrane,
acts more efficiently in the function of respira-
tion than the other parts of the surfaces of
the body, and may be considered as a re-
spiratory organ, in consequence of a la
rtunntuy of the nutritious juices flowing
throngh numerous vessels distributed there,
In some of the Echinodermata, as in the star-
fishes (Asteride ), and in the sea-urchins ( Echi-
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nidee), the internal integumentary membrane
is materially aided in the performance of this
function by the waquiferous canals in the
former, and by the peritoneal cavity in the
latter ; indeed, the peritoneal eavity may be
considered the special organ of respiration in
the Echinidee.

The respiratory membrane, in most cases,
presents one of three forms, which have re-
ceived the names of gills or branchie, of
frachea, and of fungs. In the gills or
branchize the tegumentary membrane is pro-
longed outwards, in the shape of lamine,
tufts, or branches; and this arrangement is
found in aquatic animals, This form of the
respiratory membrane is not, however, uni-
versal in those aguatic animals possessing
special organs of respiration. In the Ho-
lothuridee, one of the tribes of the Echinoder-
mata, the chief respimtory organ consists of
two aquiferous tubes, of an arborescent form,
that open upon the surface of the cloaca.®

In the Ascidians, among the Mollusea, the
chief respiratory organ is a large cavity, re-

by some as a dilatation of the wso-
phazus ; and in certain of the aguatic Gastero-
poda it consists of a sac, with lamelle on its
iner surface, opening upon the external sur-
fuce of the body. The small cavities placed
along the sides of the body of the lcc:g, and
opemng externally, are believed to be
re?imtnry organs.
he nrransgcmmt of the respiratory mem-
brane, termed trachem, is present in the Arti-
culata, among the Myriapods, insects, spiders,
and also, with a few exceptions, among the
larvee of insects living in the atmosphere ;
aml is observed in greatest perfection in the
adult insects. [t consists of a prolongation
of the external membrane into the interior of
the body, in the form of tubes, often ex-
tensively sobdivided and ramified, kept open
by fibres rolled round their walls in a spiral
manner, and commencing at the external sur-
face of the body by orifices termed stigmata.
In certain of tl;:e i;)rvse of insects, this ar-
rangement of the respiratory membrane is
modified te adapt it for aquatic respiration.
In the larvee of the Ephemera, these trachea,
instead of terminating in stigmata, are prolonged
outwards into a fﬂﬁncmua expansion of the
external integument, where they are subuli-
yided and ramified, and terminate in shut ex-
tremities. A constant interchange between
the air in the trachee of these larvie, and
the atmospheric air dissolved in the water,
will go on through the membranes interposed
between them.t In the larvae of the Libella
the trachem are distributed in a similar man-
ner in a membrane placed within the anus,
and the animals draw in and expel the water
with considerable force from that cavity, so

* This form of the respiratory apparatns has been
termed ceelobranchinte Ly Straus-Durckheim, being
derived from ssiaes, hodiow ; and Seswpes, qill,

+ This modification of the tracheal respiratory
organ has been desiguated fracho-branchiate by
Btraus- Durckheim.

that these respiratory movements uct at the
same time in causing locomotion.

The arrangement of the respiratory mem-
brane called fumgs consists of the prolonga-
tion of the tegumentary membrane inwards in
the form of sacs, and is destined for aérial
respiration.  In some of the terrestrial gos-
teropodous Mollusca, the lung is formed by a
single, large, and simple sac, opening by an
orifice on the right side of the body. In the
Arachnida the lungs are composed of two or
more separate cavities, lamellated on thejr in-
terior, opening on the external surface of the
body, and are analogous to the branchial cm‘itr
in some of the aguatic Gasteropoda. In all
the air-breathing {"mlﬂhmtﬂ, the respiratory
membrane is formed by a prolongation of the
internal tegumentary or mucous membrane
from the upper part of the digestive tube, and
this also holds in the aguatic Vertebrata, or
the fishes. When the expanded respiratory
membrane is placed at some distance from
that portion of the mucous membrane of the
digestive tube with which it is continuous, as
is especially the case in the Mammalia and
birds, this mucous membrane is prolonged to
the part where its expansion occurs, m the
form of a tube, strengthened on the outer sur-
face by elastic textures to enable it to with-
stand the atmospheric pressure. Along this
tube (trachea), and its branches (bronchi
and bronchial tubes), the air passes to and
from the proper respiratory membrane on the

inner surface of the lungs. In the water
newt the lungs consist of a pair of elongated
sacs, without any internal lamine or folds.

In the frog these membranous sacs present
ridges on their inner surface, especially at the
upper ; and in the longs of the turtle and
crocodile these ridges increase in number and
in size, and form partitions dividing the interior
of the lungs into numercus cells communi-
cating with each other.

In birds the bronchial tulies on entering
the lungs have numerous parietal cells on
their inner surface; and this extension of the
respiratory surface is still further inereased by
some of the trachew opening into membra-
nous bags, often presenting a cellular appear-
ance, and communicating with the interior of
certain of the bones. In the lungs of man
and the other Mammalia, the bronchial tubes
divide and subdivide into minute branches,
each of which ends in a cluster of terminal
eells, forming one of the small lobes into
which the lung may be divided. By this
arrangement an immense extent of resrimtury
surface is packed up in a small space.

* Hales (Statical Essays, vol i p. 242, 1769)
eatimated the inner surfuce of the whole lungs in
the ealf at 289 square feet, equal to 19 times the
gurface of a man’s body ; and Licberkuhn caleulates
(mﬁg&mlm iy Schultz in his System der Circulation,
™ that the whole surface of the air-tubes and
air-cells in the human species mmounts to 1400

uars feet.  Monro, on the other hand (1s=ays of
Monre Secundus, p 59, Edinburgh, 13-111? calen=
lates that the inner surface of the human lungs ia
only equal to 440 square feet, or nearly thirty times
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In those animals possessing special organs
of respiration, this function is not necessarily
restricted to these organs; on the other
hand, there are generally other parts of the
organism which serve as auxiliary organs of
respiration. We have already seen that re-
spiration may take place wherever the atmo-
spheric air and the nutritious juices are not
separated by tissues im ble to gases.

hen these tissues are feebly pﬁmﬂhﬂsh}!

or when the quantity of nutritious
Juices in these tissues is small, their re-
:ﬂimmry ualitics must be feeble, however
undant :Le amount of atmospheric air in
contact with them may be : while under more
favourable physical conditions of the tissues,
the amount of respiration effected may be con-
siderable. We can readily understand, there-
fore, how the external cutaneous surface in
fishes and in the batrachian reptiles may con-
siderably assist the special organs of respira-
tion ; and how, in some fishes, the mucous
surface of the digestive tube may act as an
accessory organ of respiration when they rise
to the surface of the water, and swallow a quan-
tity of air. As in the crocodiles, and in eertain
cartilaginous fishes, there are apertures by
which the water may enter the peritoneal cavity,
it is believed that in these animals the large ni‘:-
dominal serous membrane, which is the chief
respiratory organ in the Echinida, serves as an
auxiliary organ of respiration.* In fishes the
air-bladder, formed by a prolongation of the
internal tegumentary membrane, and consti-
tuting a rudimentary lung, is generally consi-
dered to be an accessory respiratory organ.
Even in the higher Mammalia, the external
tegumentary membrane, and the internal tegu-
mentary membrane of the digestive tube, but
more especially the former, may be regarded
as auxilinry organs of respiration, but the aid
they afford to the special respiratory mem-
brane in the lungs is so feeble, that in a prac-
tical point of view they may in most cases be
disregarded, and they can under no circum-
stances supply the place, even for a brief period
of time, of the special respiratory membrane.

A moist condition of the respiratory mem-
brane appears to be essential to the proper
performance of its [unctions, and this is
obtained in those animals which breathe atmo-
spherie air, by its deep position, and by the
fluid secretions poured out upon its surface.

The structure of that portion of the respi-
ratory apparatus which acts in bringing fresh
supplies of atmospheric air into contact with
the respiratory surface, is chiefly regulumd by
the animal being terrestrial or aquatic, and by
the amount of respiration required.  In many
of the lower aquatic tribes the respiratory
surface is external and floats in the water,
and any movements on the part of the animal,

greater than that of the whole external surfice of
the body.

* Tu the Helothuria the tentacula appear to act
as auxilisry respiratory organg 1 have observed an
active circulation of the nutritions juices in the ten-
tacula of the Oenns lirunneas of For

and currents in the water, must change, more
or less rapidly, the fluid in contact with the
respiratory surface. [In such cases, the only
structural provision for promoting such move-
ments in the water, is the presence of nume-
rous cilin on the surface of the respiratory
membrane, which by their incessant action
produce currents in their neighbourhood. In
those aquatic animals, where the respiratory
organ assumes the form of branched tubes or
of cavities, the water in their interior 15 con-
stantly undergoing a gradual renewal by the
incessant action of the cilia upon the inner
surface, and it is at other times expelled or
renewed much more rapidly by the action of
the surrounding contractile tissues. In some
of the Crustacea where the branchize arelodged
in a cavity placed under the lateral ions
of the carapace, the renewal of the water is
effected by the movements of distinet appen-
dages, belonging more especially to the masti-
catory and locomotive organs ;: and in the
'_[}elnhalujmdn. where the branchiz are placed
in a cavity beneath the mantle into which the
rectum and generative organs also open, the
water is chiefly renewed by the contractions
of the mantle. In fishes, whose demand for
atmospheric air is greater, a complicated appa-
ratus of muscles, bones, and nerves is arranged
around the branchize, for keeping up a con-
stant stream of water over the respiratory
membrane.  In insects the air in the traches
18 chiefly renewed by the contractions and
ifijﬂatiuns of the abdominal segments of the

¥

In all the vertebrata that breathe by lungs,
the muscles for renewing the air in contact
with the respiratory surface are numerous,
are called into action involuntarily and by ex-
citations conveyed through the nervous sys-
tem, and contract more or less frequently
according to the wants of the organism. In
‘_um.mchinn rel:lilu.u, where the ribs are want-
ing, and in chelonian reptiles whose ribs are
soldered together and immovable, the air is
not drawn ito the lungs, as in birds and the
Mamuu:.ulin. by the dilatations of the walls of
the cavity enclosing them, but it is forced into
the Iun%s chiefly by the action of the muscles
attached to the hyoid bone as by a foreing-
I;lum[.-, from which it is again expelled chie
vy the abdominal muscles, as in til.e Mamnmii:;,
and birds, # 5

The manner in which the nutritious juices
are carried to and from the respiratory mem-
brane is usually regarded as a of the
function of the circulation, and has alread
heen described in the article on that function.
The position and extent of the respiratory
membrane, and the degree of activity required
of it, are the circumstances that chi y in-
fluence the arrangement of this portion of
the circulatory apparatus, and the quantity
and velocity with which the nutritious juices
are circulated through it.  When the respira-

* Dotailed accounts of the respirato

the ﬂi‘“bﬁmnftiﬁtﬂum ?If the animal H umaai:
given in the articles under these lieads,

the article Parso, supplement, Wi s ol
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tory membrane is closely packed in a par-
ticular part of the organism, and the function
of respiration is at the same time energetic as
in the Mammalia, the blood is cireulated with
great activity, and in great quantity, through
vessels distributed in  this membrane, and
?gpmpri?ted solely to this purpose. When
e respiratory membrane is extensively dif-
fused, as in insects, throughout the organism,
and the atmospherie air is brought into contact
with it in the different tissues, a particular set
of canals for carrying the nutritious juices to
and from the respiratory membrane is not
required ; and were we, in such animals, to
examine the circulatory apparatus without
any reference to the nature of the respiratory
apparatus, we could not understand how a
cireulatory apparatus, apparently so imperfect,
is yet equally efficient in carrying on the nutri-
tive processes as in other animals where its
mechanism is much more complicated.
Apparatus for rencwing the air in the lungs
in the human species.— In man, as in the other
Mammalia, this consists of three distinet parts :
— 1st, of a movable framework composed of
articulated bones and cartilages, but chiefly of
the former, termed the thorax ; 2dly, of muscles
for enlarging and diminishing the capacity of
the thorax ; Sdly, of nerves through which the
movements of these museles are excited and
regulated. The uses of this apparatus are
not, however, restricted to respiration, The
bones of the thorax furnish a certain degree
of protection to the lungs, heart, and other
important enclosed by them ; and
during certmin violent efforts of the voluntary
museles, as in lifting a weight, they are
po longer mobile as in the respiratory move-
ments, but are rendered fixed, and afford a
firm and steady point d’appui to the powerful
muscles ing between the external surface of
the thorax and the thoracic extremities, durinF
their contraction. The same muscles which
act involuntarily in dilating and contracting
the chest in respiration, are frequently engaged
in the performance of voluntary muscular
movements, as in articulate speech, straining,
&ec. They also, in connexion with other
muscles, or even alone, perform various in-
voluntary muscular movements which are not
re:spirutu:ry, as in the excito-motory movements
of coughing, sneezing, defecation, and urin-
ation, and in the sensational and emotional
involuntary muscular movements of laughter,
sighing, yawning, vomiting, &c. T
The thorax can be enlarged in all its dia-
meters by the action of its muscles, —in the
vertical or atlanto-sacral, in the antero-pos-
terior or vertebro-sternal, and in the trans-
verse. Its enlargement in the n||1:¢m+||'u:lsteriur
and transverse directions is effected by the
elevation of the ribs, and its enlargement m
the vertical direction by the descent of the
diaphragm, and by the elevation of the upper
of the thorax, but chiefly by the former.
As the ribs in the human species differ in
length, in the degree of their inclination to the
spine,”in the form and extent of their curva-
ture, in the mannoer in which the anterior

extremities of their cartilages of prolongation
terminate, and in some other anatomical points
which must influence their mode of action,
the phenomena attending the elevation of the
ribs are not the same over all parts of the
chest, but it will be sufficient for our present
purpose to state the general effects of these
movements.®  As the osseous arches formed
by the ribs are so inclined upon the vertebral
column that their lower edges form acute
angles with that column, and their anterior or
sternal are placed lower than their vertebral
ends, and as their vertebral or posterior
ends have a very limited extent of motion +,
their elevation brings them to or near the
horizontal plane, and earries forward their
sternal extremities ; and as the greater num-
ber of the ribs are attached to the sternum
through their cartilages of prolongation, this
bone must by this movement be pushed for-
wards, and the antero-posterior diameter of
the thorax be enlarged.

The wransverse diameter of the thorax is
increased by the circumstance that the ribs
during their elevation do not simply ascend,
but perform a slight rotation round an axis
passing between their anterior and posterior
extremities, by which two effects are pro-
duced ; 1st, their lower, which form a segment
of a somewhat larger circle than their upper
edges, are turned somewhat outwards, and
the upper slightly inwards, so that the con-
cavities of the arches formed hy the ribs are
now perpendicular, or nearly so, to the median
lane of the body, instead of being oblique as

fore their elevation ; 2dly, the middle portion
of the greater number of ribs, which before
was placed below a straight line passing
through their two extremities, in consequence
of the shalt of the rib bending upwards near
the sternal end at what has been termed the
anterior angle, is now placed on the same
plane with the two extremities, and the whole
rib rendered horizontal.  This rotatory motion
is greater at the middle of certain of the ribs
as they rotate upon their two extremities, so
that each rib in the performance of this move-
ment may be considered as forming two levers,
the two extremities being the pivots, and the
middle of the ribs the emfa of the levers most
remote from the pivots. The forward move-
ment of the sternum is greater at its lower
than at its upper part, in consequence of the
greater length and inclination of the lower
vertebro-sternal or true ribs, and the greater
length of their cartilages, and the more acute

* Mr, Sibeom has Jately (Philos Transact, of
London, art IV, for 1546, p 5287 given an elabe-
rate amalysis of the movementa of the thorax in
respiration.  Dr. Hutchinson has also lately {Me-
dico=-UChirurgical Transactions of London, vol. xxix,
LEdE, po 188 published gome of the results of Lis
ohaervations on this subjeet,

t Aceonding to the ohaervations of Haller (Ele-
ment. Plivsiologiae, tom. fii. p. 23, 17646) the great-
est movement at the vertebral extremity of a rib ia
starcely the one=zsixth part of a line

1 These ohservations do not apply to the inferfar
ribs, expecially the two last or foating ribe, as they
are depressed in inspivation, and wot elevated,

[1}
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angles formed by their articulation with the
sternum ; and this difference in the extent of
movement in the two portions of the sternum
must be still greater before the manubrinn and
the body of the bone are united by ossific
matter. *  Though this description of the
movements of the sternum in respiration,
which is that given by Haller$, has been
called in question by some modern anatomists,
there can be no doubt of its correciness, for it
can be proved, by an appeal to the mechanism
of the thorax, that, in the upward and for-
ward movement of this bone, its upper and
lower ends will pass through paths which
differ considerably in their curvature and
direction. ] Though Haller was wrong in
maintaining that the first rib is almost im=
movable in these actions of the thoracic walls,
yet there can be as little doubt that Magendie
is in error in asserting that this is the most
movable of all the ribs ; for however favour-
able the nature of its vertebral articulation
may be for motion, this is counteracted by the
mode in which its cartilage of prolongation is
united to the sternum. §

The position and form of the diaphragm is
well adapted for enlarging, by its contraction,
the vertical diameter of the thorax ; and being
placed in the most capacious part of the
thorax, even a slight elongation of the vertical
diameter there will add considerably to the
area of its inner surfuce. The convex or
upper surface of the diaphragm, in its relaxed
state, projects upwards on each side of its
central or gordiform tendon into the thorax,
and is higher anteriorly than posteriorly, and
on the right side than on the left. This
cordiform tendon is made a fixed point for
the arched fibres that run from it to the ribs
during their contraction, since it is pulled
upon from below and behind by the two crura
of the diaphragm, and in front by the short
muscular fibres which pass to it from the
point of the sternum and the lower edges of

* During the clevation of the ribs the elnstic
cartilages of prolongation of the sternal ribs undergo
a certain amount of torsion, and the angles they
form with the sternum become less acute. The oni=
largement of the chest produced by the elevation of
the ribs is greater in the antero-posterior than in
the transverse diameter, and the enlargement in the
transverse direction is much greater at the anterior
than at the erior portion of the chest, from the
maode in which the ribs are articulated with the
vertebral columu.

F HMaller (Mémeire sur plusienrs Phénoménes
Importantes de ln Respiration. Lausanne, 1758)
Found that the upper edge of the sternum was care
ried forwards 2%, and the lower end from 3 to 8
lines, in a moderate inspiration.

g Ward's Human Osteology, p. 212, 1838

The elasticity of the cartilaginons and oeseous
portions of the walls of the therax will afford con-
giderable resistance to the wuscles in dilating it
during inspiration. From the results obtained in
two experiments upon the chest after death, Dy
Hutchinson calenlates {Medico-Chirur, Transact, of
Lomdon, vol. xxix. 200, 1846) that the fores
which the museles of inspiration have to overcome
in ordinary breathing from this source §s probably,
at least, equal to about 100 1bs., and in decp inspi-
ration to abont 800 Ibs. In these ealeulations the
additional resistanee from the elasticity of the lungs
waz not taken into account.

g ' RESPIRATION.

the cartilages of the ribs. If the lower ribs
have been previously rendered steady by
the action of the quadrati lumborum and
serrati postici inferiores muscles, the arched
museular fibres of the diaphragm have another
fixed point during their contraction. As the
heart rests on the uglpl:r surface of the cordi-
form tendon, and the base of the lungs on
the upper portion of the arched part of the
diaphragm, the descent of the arched muscular
fibres and their ch to the horizontal posi-
tion, causes a considerable enlargement of
that part of the chest occupied by the lungs,
while the position of the heart is compara-
tively little affected when the respiratory
movements are moderate; but during forcible
inspiration the heart recedes deeper into the
chest, and during expiration It aguin comes
forward.* The vertical diameter of the chest
may be increased in inspiration by the pulling
up of its superior portion, by the strong
muscles of the neck attached to it, at a time
when the lower portion is prevented from
ascending, but an increase in the vertical dia-
meter by an elongation of its upper part
must have a much less effect in enlarging its
capacity than an elongation of its lower part
secing that the thorux is at least four times
as large at its lower as at its upper end.
ordinary respiration, and when the body is at
rest, the ribs move little in the male, and the
muscular movements of inspiration are chiefly
carried on by the diaphragm.{

_ The ribs are elevated, in ordinary respira-
tion, by the levatores costarum, external and
internal intercostal muscles 1, and alse, more

* In the article Heant, Vol. IT. p. 578, in stating
thia circumstance, the wond inspiration was inad=
vertently uscd for expiration, and vice versd.

t D Hutchinson (Medieo-Chirarg, Transact. of
London, vol. xxix. p. 187, 1846) by a delicate in-
strument mensured the costal movement during
orlinary respiration in healthy individuals of the
male sex, and foumd it not to exeesd from two to
four tenths of a line. The costal movements in the
female sex, especinlly at the upper part of the chest,
are considerably more extensive. Dr. Hutehinsen
states that the difference between the circnmferomes
of an ordinary man’s chest measured over the ni
in the two states of a deep inspiration and a deep
mmlmﬂ, mmounts to 3 inches (Opus cit, p 2223 .

Valentin, under the same circumstances, found
the average difference in the circomference of the
chest, measured over the serobicnlus cordis, in seven
individuals of the nfale sex between 17} and 33
venrs of to be 1:820 of the whole cirenmfer-
enee.  (Lehrbuch, &e. erster band, 8. 541, 1844.)
In old age, when the costal cartilages of prolonga-
tion hecoma gssified, the mobility of the must
bt diminished.

I The mode of action of the intercostal muscles
has been & subject of dizenssion since the time of
Haller, — many entertaining the opinion of Haller,
that both the internal and external sets act simul-
tancously as muscles of inspiration ; some, that they
are muscles of expiration; while others, again, as-
sert that ong set act during inspiration, and the
other set during expiration. Those who maintain
the last opinion are not agreed among themselves
a8 to what set act ns muscles of inspiration, and
what as muscles of expiration. The mode of action
of these muscles has lately been carcfully examined
by MAM. Bean and Maissiat and Mr. Sihson Eﬂpuu
nit.)l; and the two former (Archives de
Mddecine, 4 série, tom. i. p. 268, 1843}, conclude
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P{:]wcinlly in the female, by the scaleni muscles.
hen the respiration becomes hurried or more
luboured, the diaphragm and the muscles that
elevate the ribs not only act more vigorously
in Tms.p:mt';ﬂn. but numerous other muscles,
which may be termed auxiliary muscles of
mspiration, act in unison with these.* In
cases of great dyspneea, as in a fit of asthma,
the shoulders are fixed, the head is thrown
back, and all the auxiliary muscles of inspi-
ration are brought into vielent action. When
the shoulders are fixed by the action of the
levatores anguli scapula, the rhombodei ma-
Jores et minores, and the humeri also fixed by
the scapulo-humeral muscles, or by the person
grasping some fixed object by the hands, then
the muscles, or portions of them which pass
between the thoracic extremities and the an-
terior and lateral walls of the chest, as the
serrati magni, the pectorales minores et ma-
Jores, the subelavi, and perhaps the costal
portion of the latissimi dorsi, act as muscles
of inspiration, by pulling the ribs upwards
and outwardst ; and when the head, cervical
vertebrie, hyoid bone, and larynx are fixed by
the numerous muscles capable of performing
this action, then the sterno-cleido-mastoidei,
the sterno-hyoid, and sterno-thyroid muscles,
may aid the scaleni muscles in drawing the
superior part of the thorax upwards.f The
serruti postici superiores, and the cervicales
descendentes, are also accessory muscles of
inspiration, if the former be not, at times, in
fact a muscle of ordinary inspiration. The su-

rior aperture of the larynx is dilated during
mspiration by the crico-arytenoidei postici
muscles when the breathing is in the least

that both sets are muscles of expiration, while the
Intter mnintains the more probable opinion, that
they act differently in different partz of the thorax.
Drr. Hutchinson has also lately made some obser-
vations on the actions of thess musclos in Modico-
Ehimrg,ilul Tronznct. of London, vol. xxix. p. 213,

El}r. lutchinson regards the external intercostals
amil the intercostilaginons portion of the internal in-
tercostals as musecles of inspiration, while the rest of
the internal intercostals are muscles of expiration.
Ste a further exposition of this author’s views in
the article Tnomix. — En.

* According to Dr. Hute {Opus cit. p.187)
the chief enlargement of the thoracic cavity in deep
ingpiration is made by the ribs, and net by the

diaphragm.

1!:1‘&.11. of the muscles passing between the thoracic
extremities and the anterior and lnteral walls of the
chest, here enumerated among the accessory muoscles
of inspitation, may, in certain cuses, ack 05 accessory
museles of cxpiration, by dewing the seapui for-
cibly downwards opon the riba, (Vide observa-
tions of Mr. Siison and MM. Beaw and Maissint.)
These authors are not of the anme opinion reganding
the action of all these muscles: for, while the two
former class the serratus magons among the muscles
of inspiration (Opus eit. tom. fil. po 268 1843), the
latter affirms that the greater portion of its fnscicnli
acts visibly in viclent expiradion (Opos eit. p. 5850
they agree, however, in placing the latissimus dorsi
among the acceszory muscles of expiration,

i ’.ﬁle hyoid bone, larvox, amd trachiea ane some-
times deawn downwarda during vielent inspirations
Ly the strong contractions of the sterno-hyoid and
sterno-thyroid muscles, causing a depression of
these parts, ot the same time that they elevate the
sternum.,

hurried : and in laboured Ell*eathin_g the nos-
trils are expanded by the contraction of the
muscles, which draw the ale of the nostrils
outward, The greater or less demand for
fresh air in the lungs regulates the number
of these nccessory reapimtury muscles brought
into play, and the energy of their contraction.

A diminution of the eapacity of the thorax
or an act of expiration, by which part of the
air is expelled from the lungs, follows imme-
diately each inspiratory movement. In ordi-
nary respiration, after the muscles of inspi-
ration have ceased to contract, the elasticit
of the thoracic walls, especially of the carti-
laginous portion, causes it to return to the
state i which it was before its dilatation ;
and when the contracted diaphragm has re-
laxed, the elasticity of the parts displaced by
its descent, is sufficient, without much, if any,
aid from the abdominal muscles, to push the
diaphragm again upwards, The gas present
in greater or less quantity in the digestive
tube, being compressed during the descent of
the diaphragm, will, from its elasticity, assist
in pushing upwards the relaxed diaphragm.#
In more forcible expirations, when the walls
of the chest are compressed beyond the state
they assume when the muscles of inspiration
are relaxed, the compressing muscles expe-
rience considerable resistance from the ¢las-
ticity of the walls of the chest.

hen the expirations are performed more

forcibly than ordinarily, the diaphragm is
pushed wp, and the sternum and ribs de-
pressed by the contractions of the three broad
muscles of the abdomen, by the recti abdo-
minis, and by the triangulans sterni muscles.
The levator ani, one of the ant ist
muscles of the diaphragm, assists also in
pushing the abdominal viscera npwards. In
hurried or laboured expirations the diaph
is pushed more forcibly upwards the
muscles mentioned, and the ribs are pulled
downwards, and the chest compressed, by the
quadrati lumbornm, serrati postici inferiores |,
sacro-lumbales and longissimi dorsi museles.

MM. Bean and Maissiat T have described
three kinds of ordinary respiratory move-
ments : 1. the abdominal, in which the abdo-
minal walls chiefly act: 2. the costo-inferior,
in which the movements chicfly take place in
the lower ribs, from the seventh inclusive,
downwards: 3. the costo-superior, in which
the superior part of the chest is carried up-
wards by the elevation of the superior ribs
and the sternum,  The first kind, or the ab-
dominal type, is observed in infunts up to the
end of the third year in both sexes ; but after
this period the costo-superior type in girls,
and t?m costo-inferior and abdominal types in
boys, generally prevail, and this difference
becomes more marked as they advance in
years.  Almost all men, therefore, breathe by

* Afaissiaty in his Etudes de Physique Animale,
and TDean and Maissiat in Arch. Génér. de M&L
tom. iii. p. 263, 1843,

t Dr. Hutchinson informs us that the body is
eonsiderally shortened during viclont expiration.
(Op. eit. pp. 191, lu:.!?

rj.ﬂ:hi\'. (e, do Méd, tom. xv. o 899, 1842,

B2
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the lower part, and women by the upper part
of their l:hlzlst, and this jlulﬂi{ﬂlldcﬁﬁi of the
effects of particular articles of dress!®*  This
difference in the mode of respiration in the
two sexes is, in general, maintained even in
dyspneea, unless it be very severe. As the
costo-inferior and abdominal types of respi-
ration would be impeded in the female when
pregnant, the ordinary costo-superior type of
respiration in the female has apparently a
reference to that condition.t

Valentinf, Dr. Hutchinsunﬁ, and Men-
delssohn ||, have lately made experiments upon
the force of the muscular movements of in-
spiration and expiration. Those of Dr. Hutch-
inson are much the most extensive, and are
1500 in number. He found that the power
of expiration is nearly one third stronger
than that of inspiration ; and he states that
whenever the expiratory are not stronger
than the inspiratory muscles, that some dis-
ease is present.  He tested the force of the
two classes of respiratory muscles by I:El.llﬂil"l%
persons to make the most powerful efforts o
which they were capable when breathing
through the nose into an instrument con-
structed for the purpose, and the subjects of
experiment were taken from individuals of
the male sex, following very different oceu-
pations. In examining the results of the
whole experiments, and including all the
thirteen classes of men subjected to expe-
riment, the power of the inspiratory mum.!lea
is found greatest in men of 5 feet 9 inches in
height, their inspiratory power being equal, on
an average, to a column of 2°75, and their
expiratory power to 3:97 inches of mercury ;
while in four of these classes, composed ge-
nerally of active, efficient, and healthy indi-
viduals, viz. Firemen, Metropolitan Police,
Thames Police, and Royal Horse Guards,
the inspiratory power of the men of 5 feet 7
inches was the greatest, being cqual to 307
inches of mercury, and those of 5 feet 8
inches to 2 96 ﬁm.'nr!f 3 inches)., The aver-
aze power of the 5 feet 7 inches and 5 feet
8 inches men of all the thirteen elnsses was
only 265 inches of mercury. The inspiratory
power of twelve six-feet men in the first bat-
talion of Grenadier Guards was only 1'92
inches, while that of thirty-one of the same

* These observations of Bean and Maissiat upon
the differences in the respiratory movements in
males and females are confirmed by Dr. Hutchin-
BOn (D{L cit. p. 1953, amd they were known so far
to Boerhaave and Haller,

T These anthors also state that this difference in
the respiratory movements of the two sexes have
impressed upon the chest certain anatomical differ-
ences; for while the intercostal spaces at the upper
part of the chest are larger in the female, those at
the lower part are larger in the male ; amd while the
first rib is movable in the female, it is almost or
en;in;lyhilmmﬂv?l-hiin the male,

sehrbuch der Physiologie des Menchen, band i
8. 524, 1844, 3 e

§ Journal of the Statistical Society of London,
vol, vii. p.198. 1844; and Medieo-Chirarg, Trans-
actions of London, vol. xxix. p. 197, IB-IIE.

[ Der Mechanismug der Respiration und Ciren-
lation, 8. 116—120. DBerlin, 1845,

height in the Blues (Life Guards) was 271
inches. e infers from these experiments
that a healthy man of 5 feet 7 inches or 5
feet 8 inches, should elevate by inspiration 3
inches of mercury. The force of the expi-
ratory muscles is more liable to be affected
by the ordinary occupation of the individual
tl{an that of the inspiratory muscles, and
therefore the state of the former is less to be
relied upon in judging of the health of the
individual than that of the latter.* The elas-
ticity of the walls of the chest is, no doubt,
one cause of the greater force of the expi-
ratory over that of the inspiratory muscles.
In inspiration the pressure of the elastic
air in the lungs causes these organs to ex-
pand, so as to keep their outer surface in
contact with the inner surface of the dilating
thorax ; and by this the air of the lungs be-
comes rarified, and a tity of fresh air
rushes along the trachea and brenchial tubes
to restore its equilibrium; in expiration, on
the other hand, the lungs are mmrgreased, and
a portion of air is forced outward along the
same passages. In these movements the
lungs are not quite passive. The external
surface of the Ttmgs\, and of the numerous
lobes into which they may be divided, is
covered with an elastic membrane, and this,
conjoined with the weizht of their tissues,
must favour the expulsion of the air duri
expiration, and present a certain amount
resistance to its entrance during inspiration.

* Valentin's experiments u the respiratory
forces were 'pﬂtfl.}ﬂ'lr::{] upon aiﬂmlm b-:ft.anen 18
and 82 years of age. In ordinary tranguil respira-
tion the force of each of the acts of inspiration and
expiration was equal to the weight of a column of
mcmu?' of from 4 to 10 millimetres (or from 1674
to 5957 of an English inch); in the least forcible
reapiration it ranged between 20, 85, and 40 milli-
metres of mercury (from 7874, 1877, and 16748 of
an English inch). In ordinary trandguil iration
in the same individual, at different periods, the range
of the respira force was even more than
tween 5 and 10 millimetres (or between 1968 and
‘3957 of am inch).  The average foree of an ondinary
tranquil respiration, when the nose was held and the

individoal inspired and expired through the mouth,

was 645 mill. (-25689 of an inch); when they in-
spired through the mose and expired throngh the
mouth alone, it was 10-6 mill. (<4178 of an inch);
and when they inspired through the nose and ex-
red through the nose and mouth, it was 5 mill.
"L068 of an inch), or about one half of the strength
when they expired through the mouth alone, He
found that the strongest inspiration of which these
individuals were capable was equal to 144:3 mill.
(56812 inches) of mercury, and the strongest expi-
ration to 204 mill. (80316 inches) of mercury. Men-
delssohn’s experiments were formed upon seven
individuals, and they breathed through one nostril,
the other nostril and the mouth being shut. He
found that the force of the most powerful expiration
was greater than that of the most powerful inspi-
ration by about one inch of mercury. The most
powerful expirations were on an average between
4'4 and 48 inches of mercury. In performing such
experiments it is necessary to breathe through the
nose, the mouth being shat, as in those of Dr.
;Iilut-r;_hm@n:fn.r]:d Mendelssohm, if we wish to obtain
e force of the muscles of the
that of those of the cheeks. Ak Al
t Dr. Carson (Philos. Trans. of London for 1820,
p- 42), states that in his experiments on " calves,

B A —
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When the external air is admitted freely into
the sac of the pleura, by an opening in the
parietes of the thorax sufficiently large to
permit the air to pass through it in greater
quuntities than it can enter Ehe lungs by the
traches, the lung collapses rapidly and is
compressed inst the spine; and if this
take place on both sides of the chest, the
respiratory process is arrested, and the indi-
vidual dies, as from suffocation. When the
lungs lose their elasticity, and the air-cells
become dilated and their septa partially broken
down, as in emphysema, the respiratory mem-
brane is not only diminished in extent, but
expiration is more difficalt, and when the
chest is laid open after death, the lungs col-
lapse imperfectly or not at all. It is evident
that still more serious evils must follow inter-
lobular emphysema, or effusion of air into the
cellular tissue surrounding the smaller lobes
of the lungs, if this occurs to a considerable
extent.

Tht:ruﬁh the trachen, the bronehii, and even
the smaller bronchial tubes are provided with
distinct museular fibres which can be thrown
into contraction by direct excitation, and
even, according to some experimenters, hy
excitation of their nerves, yet the notion
entertained by many of the older, and even
by some modern physiologists, that the lungs
have an active power of contraction and
dilatation synchronous with and aiding the
movements of inspiration and expiration, is
undoubtedly untenable. These muscular fibres
of the bronchial tubes are endowed with that
kind of contractility termed simple contracti-
dity, which manifests itself by more slow and
prolonged contractions and relaxations than
that of the voluntary muoscles and the heart.*
The possession of this property of simple
contractility unfits these muscular fibres from
acting simultaneously with the muscles of
respiration moving the thorax, but fits them
for effecting these changes on the capacity of
the air-tubes, which may aid in the expulsion
of substances from their interior, as in cough-
ing. The movements of the cilia placed on
the inner surface of the respiratory organs,
ean assist little, if at all, in repewing the at-
mospheric air in the lungs. The passage of
the air into and from the lung, has an im-
portant effect upon the muscular respiratory
movements.  When a lung, or a considerable

rtion of it, is prevented from expanding
E; disease or any other cause, the pressure
of the air on the inner surface of that por-
tion of the chest covering the unexpansible

shoep, and la doﬁa, the resilicney of the longs
Wis [.I'n:mnd MI‘E: balmnesl by a column of water
varying in height from one fisot to a foot and a half,
and in rabbits and cats by a column of water wua;
ing in helght from six to ten inchea” Vide a
Observations by M. P. Berard on the Effects of the
Elasticity of the Lungs, in Archives Génér. de M-
decine, tom. xxii. p. 180, 1550

* Vide experiments of Wedemeyer (Untorsuch-
un iiber den Kreislaof, ';ll:?, and of Dr. O, J.
B. Willinms  (Transact. of ].E:il' i Scient. Assoe, for
1840, p411%, upon the contractility of the Lron-
chinl tubes,
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lung is not now exercised during iis dilata-
tion ; in other words, this portion of the
chest in expanding must do so0 in opposition
to the whoele of the atmospheric pressure on
its outer surfice, amounting to 15 pounds on
the square inch. This pressure appears to be
too great for the muscles of inspiration, acting
upon that part of the chest, to overcome, for
the ribs are there motionless or nearly so,
and if the lung is in a state of collapse, the
walls of the thorax covering it fall in.

The muscular movements of inspiration
and expiration are, in the natural and healthy
state of the body, performed without the in-
tervention of volition, and even without our
eonscionsness, and belong to the class of
movements which have Iﬁml_l,-' received the
appellation of excito-motary. When, how-
ever, the free aeration of the blood in the
lungs is impeded, a sensation, urgent and
imperious in its demands, is felt, which in
our language is somewhat clumsily designated
“ the sensation of the want of fresh air in the
lungs,” and more elegantly in French, /e

in de respiver, These respiratory move-
ments, therefore, depend upon the transmis-
sion inwards of certain excitations along
afferent nerves to the central organs of the
nervous system, whence a motive influence is
sent outwards along the motor or efferent
nerves distributed in the muscles to be
moved. One of the principal excitor or af-
ferent nerves of respiration 15 the par vagum ;
and the medulla oblongata is the portion of
the central organs of the nervous system to
which all the exeitations of the nervous
system capable of producing a respiratory
muscular movement must be brought. The
motor or efferent nerves that convey outwards
from the medulla oblongata the motive in-
fluence which stimulates the muscles of respi-
ration to contract are the phrenie, and part of
the anterior roots of the dorsal and [umbar
spinal nerves, the recurrent laryngeal, the
portio dura, the spinal accessory, and some
branches of the cervical and upper part of the
axillary plexus besides the phrenie, especially
the branch distributed in the serratus magnus
muscle, termed by Sir Charles Bell the ex-
dernal respirmtory,  Some of these effirent
nerves, like the muscles in which they are
distributed, are habitually engaged in carry-
ing on the respiratory muscular movements,
while others aid these only when the respira-
tion requires to be carried on more vigorously
than usual.

We have already pointed out the extent
to which the nervus vagus acts in conveying
to the central organs of the nervous system
those impressions that excite the besoin de
respirer and the muscular movements of in-
spiration.  ( Vide art. Par Vacun.)

It is impossible to determine whether or
not the pulmonary ganglionic nerves can con-
vey inwards to the central organs of the
nervous system impressions capable of excit-
ing the respiratory muscular movements ; but
that impressions capable of exciting such
movements to a certain extent may be re-
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ceived by other nerves than those distributed
in the lungs, is proved by the fact, which we
have witnessed, that a few distinct respiratory
movements may be observed in an animal
after its lungs have been removed. That
portions of the posterior roots of the spinal
nerves distributed in the external cutaneous
surface do act as excitors of respiration
under certain circumstances, is proved by
the effects of dashing cold water on the sur-
face of the body, especially on the face. It
is also probable that the circulation of venous
blood in the arteries of the medulla oblongata
may also eause the transmission of the motive
influence outwards to the respiratory muscles.
What are the excitations which lead to the
performance of the muscular movements of
expiration ¥ Do the same excitations that
occasion the muscular movements of inspira-
tion, operate in the production of the expira-
tion which immediately follows, so that they
are to be considered two stages of the one
and the a-mrll:: lr::u&cu]&r action ¥ These are

esttons which we are not |M-I‘E'll to
E:swer, When the functions oflntlfu medulla
oblongata are arrested, the motive influence
of volition cannot pass downwards from the
encephalon to the motor nerves that move
the chest in respiration; and as all the ex-
cited or involuntary movements of respiration
of the same muscies must, for the reasons
already stated, instantly cease, immediate
death is the consequence. Destruction of a
portion of the spinal chord below the medulla
oblongata and above the origin of the phrenic
nerve will also produce the same result, for
though the excitations that lead to the per-
formance of the respiratory muscular move-
ments reach the medulla oblongata, the motive
influence cannot pass downwards to reach
the motor nerves distributed in the muscles
which act on the thorax.

Frequency of the respiratory muscnlar move-
mcu!:.—"‘ltgc frequency of the respirations
varies in different individuals, and at different
ages, and is so much influenced by the condi-
tion of the body and the mind at the time,
even when the individual is in perfect health,
that it is a much more difficult watter to
determine their average frequency than may
at first be imagined. Quetelet® has con-
structed the following table on the frequency of
the respirations, at different ages, per minute,
from observations made on 300 individuals.

Inspirations.
Average. | Max. Min.
At birth 44 T i
& yoors 26 a2
15=20 20 24 16
20—25 187 24 14
25—230 16 21 14
B0—50 181 23 11
* Sur 'Homme et le Dévelap t de ses Fa-

cultés, fc. tom. il p. 81, Bruxelles, 1856.

RESPIRATION.

Mr, Hutchinson * gives the following table
of the number of respirations per minute in
adults when in the sitting posture, in 1714
adults of the male sex, considered to be in a
state of health.

Number of | Number | Nomber of | Nomber
Reapirations af Respirations af
per Minnte, | Cases, | per Minnte. | Cases.
i 1 o6 B
& 1 or 8
10 2 28 30
11 1 209 2
12 19 80 [
13 10 | 0
14 a1 52 G
1o 12 53 (1]
16 Zl6 3t i
17 a5 85 (1]
18 181 &6 1
19 70 a7 0
a0 610 33 i
21 120 &9 1
28 186 41 1
23 41 —
24 Pl Total | 1714
20 16

From Mr. Hutchinson's table it would a
r that the majority of male adults breathe
ween 16 and 24 times per minute, and that
of these a great number make 20 respirations
per minute.}

According to Prevost and Dumasf, the
ratio of the respirations to the pulsations of the
heart isas 1 to 4. According to Mr. Hutchin-
son§, “the prevailing numbers run as four
beats of the heart to one respiration.” Quetelet ||
states, that “it does not appear that there is

* Medico-Chirurgical Transactions of London,
vol. xxix, ﬁ;m 1846,

t The following resulis upon the frequency of the
respiration in a state of rest have been obtained by
others; but as these were made upon their oen per-

s, thi unly the value of individual cases,
Dialton {Fllemnin of the Literary and Philosophiceal
Society of Manchester, 2nd series, vol il p 26,
18L3) fownd the number of his rations ln];;a 240}
per minote; Thomson gﬂ}fn-tem of Uhemistry, vol. iv.
p. 604, 18207 to be 10; Sir H. Davy (Researches
chiefly concerning Nitrous Oxide and its Respi

tiom, p. 434, 1800}, to be 26 or 27 ; Magendie (&::

wlinm of Physiologry, translated e,

» 1881}, to be Li; Du wman Phyaio=
lurgyl,l vol. ii.), to be 16 ; and Allen and Pepys, on one
of L

emselves (Philos. Trans. of Londoen for 1808),
tobe 19, Menzies ( Teutamen Physiol. Inaug. de Ee-
spiratione, 1790}, them l{rl':a 14 in the minute
in the person on whom he experimonted ; Vierordt

Article = RmEimtiun“.in“' rmer's Handwirterbuch
o Ph.:"slulu-gm_ band ii. 8. 854),in his own persen,
found them on an average to be 118 when sitting,
and the mind dimf(ﬂr-‘:ﬂﬂi while iheir maximum
was 15, and their minimum 9. Dz, Guy hﬂ;luuiwa
Vade-Mecum, edited by Dr. Guy) ascertained that
the respirations in his own person were 22 in a
minuts while standing, 19 when sitting, and 18
when in the recumbent position.
Vide Burdach's Traitd da Physiologie, traduit
de I"Allemand par Jourdan, tom. vii. p,“gs. 1837,
dournal of the Statistical Bociety of Loudon,
ol wil. p 205,
I Op. cit.
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& determinate ratio between the pulsations
and respirations ; however, in many indivi-
duals, and 1 am of the number, it is as 1 to
4. Dr, (. Hooker® imforms us that, from
numercus careful observations, he has arrived
at the conclusion, that the numerical relation
between the beats of the heart and the respi-
rations (except in infancy) is as 1 to 4§, and
that any marked deviation from this relation
indicates some mechanical or structural impe-
diment to the free play of the lungs. Accord-
ing to Burdach+, the same circumstances
which diminish the frequency of one of these
movements acts equally upon the other ; but
it is proved by the recent observations of Dr.
Gy, that these variations do not bear the
saune proportion to each other.  In Dr, Guy's
experiments |, the proportion between the
respirations and the pulse has varied from 1 :

260 to 1 : 523 ; and whereas the pulse be-
comes less frequent as the day advances, the
respiration increases in frequency, so that
there are 18 respirations in the evening for 17
in the morning. The chief cause of the varia-
tion in the ratio of the respirations and the
pulse “is the position of the body. Thus, for
a pulse of 64, the proportion standing was
1 : 2:03; sitting, 1 : 3-35 ; and lying, 1 : 497,
In the sitting posture, but from diferent fre-
quencies of the pulse, it has varied from
1:2%61 to1:500. The proportions morn-
in% and evening for the same frequency of the
pulse are about 1: 360 and 1: 340, The
proportions which the respiration bears to the
pulse decreases us the pulse increases. Thus,
for a pulse of 54 the proportion was 1 : 3, for
a pulse of 72 it was I : 4.

Quantity of air draum indo the lungs al each
inspiration, and expelled al each expiration ;
and the quantily of air in the lungs at different
fimes. — During ordinary respiration in a
state of health, and when the body is at rest,
a small quantity only of the air which the
lungs can contain is exchanged by each act
of nspiration and expiration. The average
amount of air in the Iunﬁa in the state of
ordinary respiration, may be considerably in-
creased or diminished by forced inspirations
and expirations, but the whole air contained
in thel;ungs cannot be expelled by the most

erful action of the muscles of txrimtian.

he quantity of air drawn into the lungs by
each inspiration and again expelled by expira-
tion, in the state of ordinary respiration, not
only varies in different individuals, but in the
same individual in different conditions of the
body, so that the results obtained by physio-
logists on this point must necessarily be dis-
similar, and the more especially as the er
number of these have experimented only upon
a single, or a very limited pumber of indivi-
duals. The difficulty of ascertaining the ave-
rage quantity of air exhaled at an ordinary

* Roston Medical amil Surgical Journal for 1858
Vide also British and Foreign Medical Review, vol.
wii. p. 268

. cit. .39 "

I %:mmr’ﬂ Vade-Mocum, edited by Dr. Guy,

pp- 131, 142, 1846
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expiration, and the great range that occurs in
this respect, may be judged of by the state-
ment of Vierordt, that the variation in his
own person is as great as 1 ; #75.% The pro-
bable average quantity of air drawn into the
lungs at each inspiration even in healthy indi-
viduals, at different ages and in different states
of the body and of the physical conditions
under which it may be p‘ar:cd, can only be
ascertained by the performance of a much
more extended series of experiments than we
at present possess ; and the ascertainment of
the causes which determine these variations
from the avernge quantity will be still more
difficult, and ullsstill more importance. All
such experiments are liable to many sources
of fallacy, both from imperfections in the
instruments used in conducting them, and
trom the muscular movements of respiration
being unwittingly influenced by the attention
of the persons experimented upon being fixed
o t{'nam: movements ; but Lfne later experi-
ments on this point are more trust-worthy
than the carlier, as the instruments Ell!i;!ﬂ}'ﬂ-:l
are better suited for the purpose, and by fre-
quently repeating the experiment on the same
persons, they at last become accustomed to
the artificial circumstances under which they
are placed, and they breathe more naturally.
erbst, from his experiments, concluded,
that a healthy adult of average size should
in an ordinary inspiration inhale from 20 to
25 Parnisinn cubic inches (24211 to 30-263
English cubic inches), and exhale the same
quantity in expiration; while an individual of
a feebler constitution of body should inhale
from 16 to 18 Parisian cubic inches (19:368
to 21°789 English cubic inches).t Valentin
gives as the result of his experiments upon
seven males between 172 and 33 years of age,
that the quantity of air expired in ordinary up
to a somewhat quickened respiration, ranges
between 2393 and 15677 cubic eentimetres
(14603 and 95672 English cubic inches),
the average of which was 65511 ¢.e. (40:081
English cubic inches).t Vierordt§, in re-
peated experiments upon himself, ascertained
that at each expiration, when in a state of
rest, he expelled from the lungs on an average
507 cubic centimetres (300940 English cubie
inches ), and that the average of the five high-
est values was 699 ¢. c. (42657 E. c. inches),
and of the lowest 177 c. e. (100801 E. e.
inches).|| Bourgery, from experiments upon

* Wagner's Handwiirterbuch der Physiclogie,
band ii. s 836,

t Meckel's Archiv filr Anatomie und Plysio-
logie, band xiii. 8. 83. 1828,

1 Lebrbmch der Phvsiologie, band i 8 538,
These calonlations of Valentin rest on the supposition
that the expired air is fully saturated with moisture
—a supposition invalidated by the experiments of
Moleschott.

§ Wagner's Handwirterbuch der Physiologie,
band ii. 8. 835 Vievordt elsewhere states that he
is of the middle height, and haz no particularl
roomy chest, was 58 kilogrammes in weight and é
years of when he performod his experiments.,

The following estimates have been drawn from
a limited wumber of experiments wpon a single
individual, or upon a very small number of in-
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fifty males and twenty females®, with the view
of ‘ascertaining the relation between the inti-
mate anatomical structure of the lungs, and
the functional capacity of these organs in the
two sexes, conclodes that the volume of air
required by an individual in ordinary respira-
tion augments ually with the age, being
least in youth (from 5 to 15 years), in conse-
quence of the extreme vascularity of the
lungs ; increased from 15 to 30 years of age, in
consequence of the proportional diminution
in the closeness of the pulmonary capill
network of blood vessels; and to a lmﬂ

ter amount in old age, in consequence of
the more rapid diminution of the extent of
the respiratory membrane, which begins to
take place after the lungs have arrived at their
full development, or the age of 30.

It is obvious that we are not yet in posses-
sion of data to enable us to venture upoen an
estimate of the average quantity of air in-
spired and expired at an ordinary respiration,
when the body is at rest and the mind undis-
turbed, at different periods of life, in the two
sexes, and in different physical configurations
of body. It is equally apparent that this
is liable to considerable varation, and that
the different results obtained by most experi-
menters,—setting aside those where an obvi-
ously faulty method was pursued, — depends
as much upon the inherent differences n
the extent of the respiratory movements in
the individuals experimented upon, as upon
errors in the mode of experimenting, and tﬁl.t
the chief error committed by some of them
consists in deducing averages from the few
and insufficient experiments performed by
themselves, and ecasting doubts upon the
results obtained by others, simply because

dividualz, amd are therefors of little value in enabiling
ug to ascertain the aeerage quantity of air taken into
the Iungs and again expelled in ordinary respiration,
Besides, some of these experiments are liable to
obvigus objections.  DBorelli (De Mota Animalium,
Fars Secundn, p. 118, Lugdand, 1685) who appears
to have bean the first who attempted to ascertain
this experiment, ostimates it at 15 cobic inches,
Tuarin (Dizs. p. 41, 42, as quoted by l[!.]l!l:r?, from
experiments on his own person, at 40 cubic inches ;
and this is the estimate alze formed b
g{; cit, pu 28,) from his experiments. Goedwyn (The
nexion of Life with Iespiration, &c., po 86
1788), from experiments on three individonls, esti-
mates the quantity inspired at 12 cubie inches, which
he supposes to be increased to 14in the lungs by the
increase of temperature,  Bir H. Davy ( Researches
Chomical and Philosophical, &e., p 488, 1800
informs us that he throw out of his lungs at eac
1“; Mhmf 'mtinni m-ﬁrl I 13 vl:uhic inches; Mr.,
Eul] Surgical and Physiological Essays, Part
1. p. 145, ‘:T-‘ﬂﬂjf. that he i.};}:ixﬁi 12 mhi.;";;’-.-hns;
Dalton (Memoirs of the Literary and Philesophi-
cal Society of Manchester, #nd Series, vol. ii. p. 26),
also from experiments on his own person, esti-
miates an ordinary inspiration at §0 cubic inches;
Allen and Pepys (London Phil. Trans, for 1808),
from experiments on one individual, at 16} cubic
inches; and Thomson (Animal Chemistry, p. 612,
184:) eatimates his own inspirations at 16 cubic
inches,
* Archiv, Gendral. de Béd. 4¢ Bdre, tam. i .
il;ihlm. and Comptes Bendus, 23 Janvier, p. 182,

Menzies
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they do not accord with their own. It also
necessarily follows that we are not in a posi-
tion to form an estimate of the av (quan-
tity of air which passes out and in from the
lungs in twenty-four hours in ordinary respi-
ration, Vierordt®, from experiments on his
own person, caleulates that he respires G034
cub. cent. (368074 English c. ches) of
atmospheric air in one minute, or 8,688,960
cub. cent. (530,026:560 Eng. c. in.) in the
twenty-four hours. As, however, the respi-
ration is rendered more energetic by speaking,
walking, &c., any estimate drawn, as this by
Vierordt is, from observations made when
the body was in a state of rest, will be, as he
was aware, too low ; and proceeding on some
of the results of Scharling’s experiments, he
makes allowances for this increase, and esti-
mates the quantity of air respired in the
twenty-four hours at 624,087401 English
cubie inches, Valenting calculates that in
his own person, after making allowances for
temperature and watery vapour, he respires
469°9755 litres (28681°1948 English cubic
ilmhus} in an hour, and G&8,3456761 Eng.
cubic inches, or nearly 3983 cubic feet of
atmospheric air in the twenty-four hours.}
The guamtity of air drawn into the lungs
during gquickened or foreed inspiration, and
again expelled during expiration, also varics
very considerably in different individuals of
the same age. Sir H. Davy§, in many ex-
periments upon himself, ascertained that at a
temperature from 58° to 62° Fahr. he threw
out of his lungs by a full forced expiration,

Cubic Inches.

After a full voluntary inspiration,
frm‘ lllllllllllllllllllll TEEEEF AR ]ﬂﬂ tn ]91
After a natural inspiration, from 78 — 79
After a natural expiration, from 67 — 68

So that, making corrections for temperature,
he calculates that his lungs, in a state of vo-
luntary or forced inspiration, contained about
254 cubic inches ; in a state of natural in-

* Op. eit. pp. 856, BAT.

t Op. cit. p 570, The effects of exercise, diges-
tion, &, are included in this estimate.

1 Mr. Copthupe (Londen and Edinburgh Phil
Magaz vol. xiv. p. 401, 1839}, from experiments
on hig own person in a state of rest, estimates the
number of rue,rpimlinm at 20 in the minote, the
avierage bulk of each respiration at 18 culic inches,
and the quantity of air that passes throngh the
lungﬁ in 24 hours, at 460,800 cubic inches; or 26666
cubic feet.  Mr. Coatlpe’s estimate agrees pratiy
closely with that of Dumas (Statique Chimique des
Etres Organisés, 3° eldit. p. 87), alse formed from
(- iments on his own in a state of rest.

¢ estimate of the quantity of air that passces
through the lungs, given by Bostock (System of
Physiology, p. 821, 1886) is in all probability above
the average. He proceeds on the supposition that
in ordinary respiration a man respires 40 culie
inches of air 20 times in a minute, so that he makes
the quantity respived in the 24 hours, 1,152,000 cubie
inches or about GGG} enbic feet, Tt is probable that
hﬂwmim Elga:innniﬂu _ﬁlﬂn inclies of air for ench ordi-
nary in wi found to be near the a
in an ad'EIt male when in a state of rest. o i

Researches Chemical *hilosoplii
11.§]ﬂ, 1800, wud Fhilosopliical, -&o,




RESPIRATLON.

spiration about 135; in a state of natural
expiration about 118 ; and in a state of forced
expiration 41.* Goodwyn+, in his experiments
on the capacity of the lungs upon IEuur inli-
viduals a!{'eranuturnl death, found the resi-
dual air in the lungs to vary from 90 to 125
cubie inches, giving an average of 109, and as
the chest, after a natural death, may be re-
garded as in a state of natural or ordinary
expiration, this result differs very little from
that of Davy. Allen and Pepysf, in one
experiment on the eapacity of tﬁe lungs in a
middle-sized man after death, also obtained a
little more than 100 cubic inches of residual
air. Vierordt§ supposes that the residual air
in the lungs, after the deepest expiration, is
about 600 cub, cent. (36'600 Eng. cub. in.}),
which differs but little from the estimate of
Davy.

Herbst || made experiments upon 11 males,
between 16 and 30 years of age, with the
view of ascertaining the quantity of air drawn
into the lungs in forced inspiration. The
smallest quantity observed was in a Jew aged
22, of small stature, and feeble muscular sys-
tem. He inspired between 60 and 70 Parisian
cubic inches (between 72:635 and 54-738 Eng.
cub. in.) after an ordinary expiration ; be-
tween 102 and 118 (123476 and 142544
Eng. cub. in.) after a strong expiration ; and
120 (145266 Eng. cub. in.) after the strong-
est expiration, I?he largest quantity inspired
was by a young man of 25 years, of middle
height with a broad chest and large and
powerful muscles, who inspired by a forced
mﬂﬁ.l'u:mn, about 169% English cubic inches,
without any previous voluntary expiration;
about 290% a a strong expiration; and
about 290} or 2095} after the strongest ex-
piration. A young man of 23 years of age,
6 feet high, with broad chest and large mus-
cles, inspired, without any previous voluntary
expiration, 121 English cubic inches, and
280-72 after the fullest expiration. The guan-
tities of air drawn into the lungs in forced
inspiration in the other eight males, were in-
termediate between the highest and lowest
mentioned above, and the average was about
202 English cubic inches.¥ Herbst also sa-
tisfied himself that the lungs of females have
a considerably smaller capacity for air than
those of males. He states that robust fe-
males, about the age of 30, may inspire with-
out a previous voluntary expiration, 72}
English cubic inches, after an ordinary ex-

* Sir H. Davy states that this capacity is most
probably below the medium, as his chest was nar-
FOW.

()'ip. it F 28,

Philos. T'rans, of London, 1804,

Cip. cit. p. 892,

Uﬂ.;it. 8.

Herhbst I that a boy of 15 yeara ‘inspired

116°16 English cubic inches after o strong cxrirn-

tion, and expired the same quantity after a full in-
tion. Another boy of 183 years, but of the size

of ongof 15, likewise expired 116:16, while a boy

of 11 years inspired without a provious expiration,

86:60; after a strong expiration he inspired 7260

English cubic inches, aml expired the same quantity

after a full inspiration.
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piration nearly 109, and after the strongest
expiration, from about 15373 to 1743 English
cubic inches.®* Herbst had an opportunity,
in two of these experiments on males, of
ascertaining the effects of tight clothing on
the extent of the respiratory movements.
One individual who inspired 128 and another
11616 English cubic inches, without a pre-
vious expiration after the clothes were loos-
ened, could before this only inspire 9680
and 604 English cubic inches. + The most
extensive experiments by far, made with the
view of ascertaining the quantity of air which
can be thrown out of the lungs by forced
expiration, after the deepest inspiration, are
those of Mr. Hutchinson. % Tlmﬂt experi=
ments were performed upon 1923 males, and
they were made to breathe into an nstrument
constructed for the purpose, and which he
has called a spirometer. He has inferred from
the data he has collected on this point, the
rule, that “for every inch of hei%ht (from
5 feet to 6) 8 additional cubic inches of air
at 60° Fahr. are given out by a forced ex-

iration 3 so that he believes that from the
I:eight alone of an adult male, he can tell
what quantity of air he should breathe to
constitute him healthy, and that this method
may be turned to important practical appli-
cation in ascertaining disease of the lungs,

* Bour }np. eit.) states, that in well formed
and healthy individuals, aman at 300will, by a forced
ingpiration, drawinto the lungs 2:50 to 4-30 litres (or
1525667 to 262416 English cubie inches), and a wwman
from 1-10 to 220 litres (or 67129 to 134258 English
enbic inches), and has inferred from his experiments,
that at the same age the amount of forced iration
of the male doubles that of the female, and this con-
clnsion accords with the results of My, Thackrah
{The Effccts of Arts, Trades, and FProfessions, &c.,
on Health and Longevity, 2nd odit. p. 181, 18527,
who states that “extensive examination shows us
that, while healthy men exhale by the pulmometer
200 cubie inches and apwards, women rarely excead
100, and often do oot reach that amount,”  Mr
Thackrah sapposes that thia difference is due, to a
considerable extent, to tight lacing by fumales.

+ The condition of the stomach as to folness,
also affects the extent of the respiratory muscular
movements. Mr. Hutehinson says, 1 have found
a dinner diminish the vital capacity (by which he
means the greatest voluntary expiration followin
the deepest inspiration) to the extent 'of 12 a
oven 20 cabic inches” ‘Ihe position of the body
has also, according to Mre, Hutchinson 513"!1,13 cit. .
1973, o consideralle eifect upon the vital capacity of
thechest, In experiments npon himself he found
that when ﬂmmlinF he could throw out 260 cobic
inches ; sitting, 255 ; and when recumbent (suping),
230, (prone) 220, so that position effected a difference
of 40 cubic mehes, Inoa it of dyspnaea a person ean
birenthe easier m the ercct or sitting than in the ne-
combent posture, £z the dorsal movements that
attend difficnlt respiration, are freer in the former
than in the latter position.

f Journal of the Statistical Society of London,
vol. wii. 1844, and Medico-Chirurgical Transac-
tions of London, vol. xxix. p. 137, 1846, The
memoir in the last publication contains a more
extensive series of experiments than that in the
former. These researches would require to be still
farther extended npon Loth sexes at the variong
erigda of life, and nnder varied circumstonces, be-
ore they can yield all the information on this subject
that is geaﬂ: 2,

C
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under circumstances where the ordinary me-
thods fail. Mr. Hutchinson has given the
following table to show the quantity of air
expelled by the strongest expiration after the
deepest inspiration for every inch of height
between 5 and 6 feet, ns ascertained by actual
experiment (column 1) by his spirometer, and
as caleulated according to the rule mentioned
above (column 2).

L From Regular
Height. Chservation, fm{:ﬁﬁ‘ﬂiuﬂ.
ft. in. 1t in. coh. in. eul, in.
b Dtob 1 174 17
f§ 1—45 2 177 152
b 8—=0L 8 18D 10
b 8—4 4 198 198
b 4—05 5 201 LM
S 5=050 6 214 214
b G—a 7 239 292
s ¥—0 8 228 230
h B—05 O 237 2408
& 0=—20510 240 246
Gl —511 o247 207k
GI1l—6G 0 259 Difae

Mr. Hutchinson has found that two other
conditions of the body besides the height,
rerulate the ({uantity of air that passes to
and from the lungs in forced voluntary respi-
ration, and these are age and weight. 1He
states that weight does not affect the respira-
tory power of an individual of any height
between 5 feet 1 inch and 5 feet 11 inches
until it has increased 7 per cent. above the
av weight of the body in persons of
that height, but beyond this it diminishes in
the relation of 1 cubic inch per pound for the
next 35 pounds—the limit of the calculation.
In males of the same height the respiratory
power is increased from 15 up to 35 years of
age, but from 35 to 65 years it decreases
nearly 1} cubic inch for each year.4+ Bourgery

* Med.-Chir. Trans. vol. xxix. p. 287, Experi-
ments to ascertain the quantity of air that may be
ingpived or expired in frumed respiration have also
been performed by Hales (Statical Essays, vol, i

243), Jurin, Menzies, Goodwyn, Dr. Bostock (Sys-

em of Physiology, p. 816, 1856), Dalton (Opus eit.
]‘:. Ell},’[‘hunmug%m:imnl Chemistry, p.610. 1843),
Falentin (Opos eit. p 640), and Thackrah (The
Effects of Arts, es, and Professions, &e. on
Health and Longevity, 2od edit. pp. 27, 30, G4, 76,
88, 151, and 182). These experiments, however, are
meither sufliciently numerous— several of them hav-
ing been performed on o ainﬁlf.t individual only,—
nor i they accompanied with the details nee

to enable us to contrast them with these of Mr.,
Hutchinson ; but the results obtained in the greater
number of these doe not differ wmnch from those of
Mr. Hutchinson npon men of middle stature, Va-
Ientin experimented on six males, and his estimatos
Test on questionable supposition that the ex-
pired air is fully satarated with moisture.  Thom-
son experimented on 11 males and 1 female, from
14 to 33 years of age; and Mr. Thackrah's experi-
ments were considerably more extensive, and wera
made en individuals of different trades and pro-
fessiona

t Mr. Huichinson has not observed any direct
relation between the cirenmference of the chest and
the respiratory power or what he terms the vital
eapacity, According to the experiments of Herbst
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concludes from lis experiments already re-
ferred to, that the measure of respiration (by
which he apparently means the tity of
air which may be drawn into the lungs by a
forced inspiration) is greater the younger and
thinner the person is; that its maximum n
both sexes occurs at the age of 30; that the
relation of a forced and ordinary iration
diminishes with the age of the individual,
being, he says, from 1 to 12 at three years of
age, as 1 to 10 at fifteen, as 1 to 9 at twenty,
as 1 to 3 at sixty, and as 1 to | or § at hty
years; whence it follows that in youth there
15 an immense respiratory power in reserve
for any violent exertion, while in old age the
individual under such circumstances is at
once out of breath.®

Changes upon the atmospheric air in respis
rafion.— One of the most obvious changes,
under ordinary circumstances, upon the air
that enters the lungs in respiration is an
increase of its tcm;fau-atum. and consequently
an augmentation of its bulk. As a quantity
of water is readily supplied by the fluid secre-
tions of the inner surface of the air-passages,
and by the blood in the pulmo capillary
blood-vessels, this ientation of the tem-
perature of the air is also necessarily attended
by an increase of its watery vapour, and con-
sc:;;luently by an additional increase in its bulk
and elasticity. The expired air, therefore,
contains more caloric, more watery vapour, is
more elastic, and is of less specific gravity
than the inspired air. Valentin performed 12
experiments on his own person by breathing
thmug_h an apparatus invented by Brunner
and himself, to ascertain the temperature of
the expired air, and he obtained the following
results,  In breathing atmospheric air of o
temperature varying from 85 to 33%5 Reau-
mur (51%125 to 107°375 Fah.), he observed
a diflerence of 1%75 R. (3*637 F.) in the
temperature of the expired air. While breath-
ing in the lowest temperature, viz. 51°-125 F,,
the tmnfumurejc:-f the expired air was 96 687
F., and was warmer than the inspired air by
452562 F.; and when breathing in the
highest temperature the expired was colder

(Opus cit. p. 104), and Mr, Hutehinson, the mode
uftlehmnini:{g the quantity of air which the lu.ugﬂ-
are capable of containing during life in any
cular ease, by measuring after death the quantity
of air which can be thrown into them b{ inflation,
is fallacions. ‘This ia probably chiefly due to the
congestion of the depending parts of the ] Ly
Lloand, 2o frequently FE:M uﬁn death. Both Herbat
amd Mr. Hutchinson have 11::§rl'i:-1'|n-:e:{1 experiments to
show the extent to which the quantity of air in forced
ml[dmt!ml is diminished i;lf;dnh‘mw

Among the proofs of these conclusions, ad-
vameed by ry it ds stated hl' him that tha
measure of respiration of a boy of 15 years of age is
2 litres (122054 Eng. cubic inches), and a man of
B vears 135 litre {%‘33& Eng. eubic inches): {hat

while a boy of 10 years and a man of 80 inspire
a forced inspiration the same guantity of air, ﬂ

1
155 litre, the ordi respitation of the former
is only 1 deeilitre git]:lﬂ . cub, i), while that
of the latter is 9 litres {54018 Eng. cub. chl:ﬂd

50 that with a mass three times smaller, the
possesses an energy of hematose eight times greater,
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than the inspired air by 6°75 F. In the last
experiment, though the inspi nir wos
78756 F. warmer than the internal tempera-
ture of the body, the expi air was only
about 19+125 F, warmer than what it is when
air of the ordinary temperature is breathed.
The average temperature of the expired air is,
according to Valentin, 99%5 F. when breath-
ing in an atmosphere of moderate tempera-
ture.®  According to his caleulations, when
a person breathes 100 cubic centimetres of
atmospheric air at the temperature of 60° F,,
their bulk is increased to 10787975 cubie
centimetres when raised to the temperature
of 99'5 F. in the lungs, since the expansive
co-efficient of atmospheric air is 0°3665. As
the expired air, however, contains 44 per
cent. of carbonic acid gas, and as the ex-
pansive co-efficient of this last is 0-3GH0ET,
the expansion of the expired air will differ
slightly from what it would be were it com-

of oxygen and nitrogen only, and will

107882197 cubic centimetres.:

It is difficult to obtain an accurate estimate
of the quantity of watery vapour that escapes
from the lmr.ﬂr along with the expired air.
Were the inspired and expired air always fully
saturated witFl moisture, and were their quan-
tities, barometric pressure, and relative tem-
perature accurately ascertained, the absolute
amnd relative quantities of watery vapour which
they contain could be calculated by certain
plgebraic formule, The atmospheric air
which we breathe is sometimes saturated with
moisture, more frequently the dew-point, or
that at which the precipitation of the atmo-
spheric moisture can occur, is considerably
below the temperature of the air, and the
number of thermometric degrees between the
actual temperature of the air and the dew-
point shows the degree of dryness in the air,
or in other words how much it is below the
point of saturation with moisture. The

* Moleschott I(Hnllﬁnr‘limhe Beitrtige #n  den
anatomischen wnd pg&.'s-in]ngischeu Wissenschaften,
band 1. heft i 8. 86, Utrecht wmd Drasseldort,
1846 has more Intely made experiments on the
temperature of the air in the back part of the mouth,
and asgeertained that in a range of temperature in
the external air to the extent of 12%6 F. that
there was scarcely any difference in the temper-
aiure of the expired afr. In 26 experiments,—
three of which were upon women, — upon indivi-
duals chiefly from 19 to 43 years of age, he found

the average temporature of the expired air to be
nearly 895896 F, The longer or shorter time which
the inspired air remains in the langs will modify the

resnlts in such experiments.
Opus cit.
Aceording to the calealations made by the lata
Professor Daniell { Elements of Meteorology, vol. il
. 816, London, 1845) from meteurological tables,
pt for 17 years consecutively, the mean temiper-
ature of Londoen is 4554 F., whila the mean dew-
point is 44731, giving 5258 upon the thermometric
geale, and 827 upon the hygrometric scale, as the
degree of dryness. The mean elastic force of this
watery vapour is, he says, 342 of an inch of mereury,
and a cubic foot contains J-806 grains of moisture.

The test degree of dryness was 499 I, or the
least @ of moisture when the hygrometric scale
was 235, According to Dalton's chservations ( Man-

chester Memoirs, 2nd series, vol.ii.) the medium of

1]

loss of watery vapour by the lungs will evi-
dently be regulated by the temperature of the
inspired air, the quantity of watery vapour it
|m1I:|5 in solution, the volume of mr inspired,
and the length of time it remains in the lungs.
The lower the temperature of the inspired
air, the less it approaches to the point of sa-
turation with moisture, and the greater its
volume, the greater will be the loss of watery
vapour by the lungs. When the respirations
are more rapid, and the sojourn of the air
within the lungs is short, the same volume of
expired air will probably contain less water in
solution, than when its sojourn there is more
prolonged, but the more frequent renewal of
the air within the lungs will be more than
sufficient to compensate for this.

The most correct and trust-worthy expe-
riments to ascertain by the direct method the
quantity of watery vapour in the expired air
are those of Valentin and Brunner.® These
experiments were performed upon seven males
between the ages of 17 and 33 years, and
the maximum of watery vapour exhaled was
13156:323 Troy grains in the 24 hours; the
minimum 4511°374 grains, and the average
7819242 grains. %I’lﬂ quantity of watery
vapour in the expired air within a given time
varied in the same individual ; and in one
experiment it was increased after drinking.
In these experiments the entire quantity of
water in the expired air was ascertained, so
that the actual quantity given off by the fluids
of the body must have been less than this;
and Valentin  calculates that if a person
breathes atmospheric air  saturated  with
moisture, at the temperature of G0° Fahr., and
if the expired air be at the temperature of
9975 Fahr., and also satnrated with moisture,
about § of the watery vapour contained
in the expired air will be furnished by the
fluids of the body.t We have seen that

aquecus vapour in this climate (that of Manches-
ter) e estimated at -30 of an inch of mercury
dlus to the temperature of 449 F.  This vapour, ha
says, is increpsed by the temperature of 357 in the
lungs from <30 to 174 inch of mercury, being an
incrense of 1+ inch; but it will only be Eqmﬁ in
weight to air of 1 inch of foree, as the specifio
gravity of vaponr is less than that of air in the pro-
portion of 7 to 10.  Valentin calealates (Opus cit.

. 883} that 100 cubic centimetres of dry air under a
tlmm:.-uic pressure of 20022 English inches, raised
to the temperature of 0006 ¥, and snturated with
modsture, would be cxpanded to LG485 cubie contis
metres.

* (Opus cit. po 586, Lavoisier has given different
estimates of the quantity of watery vapour in tha
expired air in his papers on respiration and trans-

iration in the Mémoires de I'Académie des Sciences,
les; Menzies, and Abernethy, from experiments
on themselves, and employing different Jinds of o
paratus, all more or less imperfeetly suited for tha
purpose, have respectively calimn‘loxrit at 9792 grs.
or bt 20 oz, 2880 g, or about 6 oz, 4820 pra or
about § oz Dalton anid Thomson, from ealoulationa
based upon the relative quantitics of watery vapour
required to saturate the inspired amd expired nir,
have estimated it respectively at 1:55 or nearly 14 Ib,
Tro}r ot 8B40 gra, and at 19 oz

t Opuseit. p. 588, Vierondt (Physiologic des Ath-

mens, &e, 8. 165. 1845) calenlates from the quantity
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severnl of the ecaleulations of the amount

of the vapour exhaled from the
rnceﬁ i:lnﬁ;:hu mppusitiun that the

lun
ex_pguﬂ air is saturated with moisture, but
this has not been substantiated by the only
experiments made with the view of deter-
mining this point. In Moleschott’s experi-
ments, the amount of water held in solution
varied. In five out of seven experiments the
watery vapour in the expired air was appre-
ciably less than what 1s sufficient to saturate
air of the same temperature, while in one
experiment it was saturated. On taking the
avernge difference in the seven experiments
performed, as much as possible under similar
circumstances, between the actual quantity of
moisture in the expired air, and in air of the
same temperature saturated with moisture, he
found that 2420 cub. cent. (147620 Eng.
cub. inches) of the expired air would require
a quantity of watery vapour additional to that
alrea.déexinting in it equal to 10 millegrammes
150 Eng, Troy grains ) to satorate it. From
these experiments he concludes “ that in the
reater number of instances the expired air
m man is not saturated with watery vapour,
but sometimes such a saturation occurs,”*
ie observed, in experiments on dogs,
that the escape of an increased quantity of
watery vapour from the mouth follows the
injection of water into the veins, caused, as
he supposes, by the transpiration from the
lungs being considerably increased.t
Animal matters in qluantitim! too minute
to be subjected to analysis are also exhaled
from the lungs, and escape along with the
expired vapour. The condensed vapour
from the lungs, when collected in a vessel,
and kept for some days, putrefies, and
emits an ammoniacal smell.] We are also
often sensible of the escape of different
substances, previously taken into the sto-
mach, along with the expired air, by their
smell ; and the experiments of Nysten§,

of air respired by himself in a state of rest, supposing
the temperature of the expired air to be ﬂﬂﬂ"ﬁli‘u:hr.,
and saturated with moisture, the temperature of the
inspired air to be 5792 F., and containing only its
average quantity of moisture, that the quantity of
water in the expived air will amount in the 24 hours
to HB65-BE0 Troy grains, of which, on an average,
4953-093 grains may be allowed for the loss of water
from the inner gurface of the lungs and air passages,
and 601887 grains for the quantity previously con-
tained in the inspired air. &8, however, the baaly is
not at rest during o considerable part of the 24 hours,
the loss of watery vapour must be greater than this,

* Holliindische Beitriige o den  anatomischen
ilg;l&phjﬁfnlngischm Wissenschalten, band i S, 96,

i mdinm of P'hysiol translated Ly -
lignm, 1. 395, 1831, g y

3 Valentin and Brunmer (Opus cit. pp. 571, 572},
in their experiments on the human species, detected
the presence of & minute quantity of organic matter
in the expired air. This was ascertained by the
n:ﬂhurlu acid, throngh which the expired air was
made to pass, becoming red.  Marchamnd (Journal
fiir praktische Chemie, von Erdman und Marchand,
band xxxiii. 8. 120, 1844), in his expuriments on

also observed this,
Recherches de Physiologle, &e. p. 145
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Magendie®, Tiedemannt, and others, prove
th:f?;rinu; organic and mineral substances,
when injected into the veins, escape in part
by exhalation from the lungs.

If the inspired air, during its sojourn in the
lungs, becomes increased in bulk from an
increase in temperature and an addition of
watery vapour, it suffers a small diminution
from the absorption of part of its constituent
gases. The older experimenters a
diminution in the air respired, but as they
experimented with imperfect aratus, and
transmitted the expired air through water
which would absorb part of the carbonic acid
gas, little confidence is to be placed in their
results.] There can be no doubt that a
greater amount of oxygen disappears from
the inspired air than wgm is sufficient for the
formation of the quantity of earbonic acid
gas in the expired air, and that there is a
slight diminution in the bulk of the expired
air from this cause ; but we cannot speak so
decidedly regarding any changes in the quan-
tity of the nitrogen. encal and Hum-
boldt§, in their experiments on the respi-
ration of fishes, and Spallanzani||, in his
experiments on snails, observed an ion
ofazote : whileJurine§ and Nysten ##, in their
experiments on the human species, and Ber-
thollet 44, Despretzf{, Dulong§§, and Mar-
tigny|| ||, in their experiments on warm-blooded
animals, and TreviranusYY in his experiments
on the cold-blooded animals, observed an
exhalation of azote. Dr.W. F. Edwards***, in

* Opns cit.

$ EZeitachrift filr Physiol band v. 1535. This
paper iz translated in the British and Foreign Quar-
terly Review, wvol. & p. 241, Tiedemann, in this
paper, has given an account of all the cxperiments
pmnmuli-!r performed on this point by others,

1 Goodwyn (Opus cit. p 61), Plaif (Nicholson's
Jouwrnal of Natural Philosophy, vol, xii. 240,
1805), Dr, Alex. Henderson (Nicholson’s Jg‘llﬂlﬂ,
vol. viii. p. 4070, and Sir I Davy (opus cit.), in their
experiments on the human species, observed a dimi-
nution in varable ons in the reapired airg
and Henderson, Plafl;, and Davy, sup that part
of this diminution was caused by the absorption of
nitrogen at the lungs.

1359 ém. de la Société d'Arcueil, tom., ii. p. 388,

|| Mémoire sur la Respiration, tradoit par Sene-
bier, pp. 162, 184, and ‘EE 1303.’ An lhanP:prtion of
azote was not uniformly observed by Spallanzani.

9 Mémoire couronné en 1787, par la Socidid
Rn;n‘m de Médecine, as quoted hy‘li}'atam

; ¥ a6 1o So0id Are
i Boci "Arcueil, tom, i, p. 45

l ?Mig'lﬁ:de Chimie et de Physique, tonl;.'u%i.

P #37. .

Ma s Journal de Phyvsiologi
oy lﬂm‘: urmal de Physiologie, tom. iii.

HI Magendie's Journal, tom. x. p. 387, 1824,
¥ Zeitschrift fiir Physiologie, iv. Trevi-
Tamms says, “in some of my experiments there was
more azote than carbonie acid exhaled, and this not
only in the avertebrata, but also in the frog.” . 88.
*** De I'Influence des Agens Physigues sur la Vie,
P 420. Tablenux 63,64, and 65, 1@. Dir, Edwands
concludes from his experiments that there is both a
constant exhalation and absorption of azote at the
l?:ﬁ: ':zﬂq th::t :Em two actions are sometimes
1 ot other times the one preponderat
over the other., i ¥ i
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his experiments upon warm-blooded animals
and reptiles, found that in some cases the
quantity of azote in the air respired was
mcreased, in others diminished, while in
others it remained unchanged; but these
chnnfm in the quantity of azote did not equal
the difference between the amount of oxygen
absorbed and of carbonic acid exhaled. -
voisier and Seguin®, Allen and Pepyst, Va-
lentin_and Brunnerf, and Dr. Thomsonf,
in their experiments on the respiration in the
human species, detected no change upon the
quantity of azote]] Boussingaulty, by a
series of comparative analyses -::g‘ the aliments
consumed, and of the excrements in a turtle-
dove, arrived at the conclusion by this in-
direct method of research that azote was
exhaled.

Marchand **, in his carefully-conducted ex-
periments on frogs, detected a quantity of
ammonia in the tube of his apparatus, con-
taining the concentrated :mlPhu.ric acid, and
concludes that nitrogen in this combination is
exhaled from the lungs and skin,

From a review of all the experiments upon
the nitrogen of the respired air, we perceive
that though the evidence preponderates in
favour of the exhalation of a small quantity
of nitrogen from the lungs T, yet that it is not
sufficiently conclusive to justify us in stating
that its operation is constant. It appears,

* Miém. de I'Académie Royale for 1780, p. 674
Opus cit.
Opus cit.
Animal Chemistry, p. 612. 1843, Dr, Thom-
SO0 5ays, in experimenting upon animals placed in
vessels in which the air was renewed during the
experiment, no diminution of the volume of air took
place, but tha case was very different when the
animal was obli to hreathe confined air. Nveten
ijm cit. po 280) observed an evolution of azobe in
g human species, both in a state of health and
disense, when the snme air was breathed sewveral
times, Marchand, on the other hand (Journal fiir
ische Chemie, bhand xxxiii. 8. 166), from his
experimenis on frogs placed in close vessels, con-
cludes that it is exc gly probable, if not certain,
that, uniler this condition, t{m animals absorh part
of the azofe of the ie air.
| Vierordt remarks upon Valentin and Brunner's
periments, and the same observation applies to
the others on the human species, that the evolu-
tion of & minute quantity nruitmgm not readily
detected during the short time each of these experi-
ments was cartied on, might amount to a notable
quantity in the 24 hours. { h
Annales de Chimie et de Physique, tom, xi.
1544, In taking the mean of the result of
Eja experiments, he found a turtle-dove, weighing
28R5971 English Troy grains, evolved in 24 hours
from the lungs 288-597 grains of carbonic acid gas,
and 2-469 grs. of azote, or in volume 576:155 English
enbic inches of carbonic acid and 7689 cubic inches
of azote,—a considerably smaller quantity than was
obtained by Dulong and Despretz in their expori=
ments by the direct method, This quantity of nzote,
according to Bonssinganlt, constitutes the one-third
of the 'I'ﬁ:n'!u of this substanee which entered into
the composition of the aliment of the pigeon.
¥ ous eit.
++ It must, however, be remembered that in the
majority and in the most trust-worthy of these
iments in favour of the inerease of the nitrogen,
the exhalations from the skin were mixed with
thoss from the Inngs.
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however, from the evidence adduced, that
the nitrogen in the expired air is at least
frequently increased n quantity in ordi-
nary respiration, but not to the extent of
affecting materially the percentage of this gas
in the respired air.* Valentin and Brunner,
in their carefully conducted experiments, could
detect no traces of hydrogen, carbonic oxide,
or carburetted hydrogen, in the exl:nre& air.

By far the most important chemical change
the atmospheric air undergoes during its so-
journ in the lungs, is a diminution in the
quantity of its oxygen and an increase of its
cirbonic acid gas ; and it may be safely af-
firmed that all the other changes in the
respired air are of trivial importance in the
function of respiration, when compared with
this. There can be no doubt that the con-
clusion drawn by Allen and Pepys from their
experiments, that the amount of oxygen
which disappears from the inspired air is
exactly equal to the quantity required to form
the carbonic acid that appears in the expired
air, is incorrect ; for all the latest and most
accurate experiments have confirmed the
inneral accuracy of the results obtained by

avoisier and Davy on this point, and have
satisfactorily determined that a larger quantity
of oxyzen disappears from the mspired air
than what is sufficient to form the carbonie
acid gas present in the expired air,

Pereentage and absolule quantily of carbowic
acid gas in the expired ﬂ.‘r.—rﬁe results of
the earlier experimenters on this point are of
so little value that we need not refer to them.
The following results have been obtained by
some of the later experimenters ; —

QUANTITY OF CARRONIC ACID GAS 1% THE 100 ranrs
OF THE EXPIRED ATE ESTIMATED BY VOLUME.

Difference
between
Averaga, | Max. | Min. anﬂmum
Minimusm,
Prout g I 410 | 3-80 H]I
Caonthnpa 402 7E8 | 191 607
ﬁ:{::;;’n&} 4380 | 5496 | 8208| 21968
Vierordt 4334 | 6220 8:358| 2-B6
Thomson 416 16 | 171 b
* Even supposing the nitrogen of the respired air

to remain unaltered in quantity, yet as the quantity
of oxygen absorbed is somewhat greater than what
is necessary to form the carbonic acid exhaled alo
with the expirel air, the percentage of the nitrogen
in the inspired air will be slightly greater than in
the expired air when estimated by volume.

$ Thomson's Annals of Philosophy, vol. ii. ;i. J33,
1813, In some subsequent experiments by Prout
(same work, vol. iv, p.831) the range in the quan-
tity of earbonic acid gas in the expired air was be-
tween 260 and 4-70, the minimum number oCenrring
once only, and while he was sleepy. Prout’s expe-
Fiments wers mﬁ‘n;mmllupan himself, and at every
hour of the and night.

1 London, Alinhmgi and Dublin Philosophical
Magazine, vol. xiv. p. 401. 1339, These experi-

1]
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The results obtained by Brunner and Valen-
tin, and by Vierordt, appear especially trust-
worthy ; and though the number of experiments
15 too small to enable us to deduce averages \?ith
any confidence, yet we may in the meantime
consider that, in an adult male of middle age,
the average quantity of carbonic acid in the
expired air is about 4°35 per cent.* The quan-
tity of carbonic acid gas in the expired air is
not uniform in the same individoal, but varies
repeatedly, even in the course of the twenty-
four hours, and these variations are deter-
mined by certain conditions of the body and
of the surrounding media.

Period of the day. — Dr. Prout believed that
he had discovered that the guantity of car-
bonic acid formed during respiration 1s always

r at one and the same period of the day

an at any other ; that this maximum occurs
between 10 A.u. and 2 p. 1., or generally be-
tween 11 A. a1, and 1 v, m.; and that the
minimum commences about &° 30" . ., and
continues nearly uniform till about 3® 30’
a.s.  The beginning and end of the period
of minimam evolution of carbonic acid he
believed to be connected with the beginning
and end of twilight, and he adduces some
experiments in favour of this opinion. In
these experiments Prout attended only to the
percentage of the carbonic acid in the expired
air, and took no means to ascertain the volume
aof air ing through the lungs at the time, —
an omission which seriously diminishes their
value.t Prout's results do not accord with
the previous experiments of Brande [, nor

menta were 124 in number, and performed upon
himself at almost every hour of the day between
B and midnight. The difference between the
maximum and minimum percentage is at in
Conthupe's experiments ; but this was nly found in
gingle cases. L

Opus cit. p. 546, These experimenta wora 84
in number, and performed upon three adult males
between 53 and 53 years of nge.

| Article Respiration in Wagner's Handwiirter-
buch, p. 853, Vieronlt's experiments wers
1] imself, were nearly 600 in pumber, were con=
ﬁﬂl over 4 period of nearly 15 months, and were
chiefly made Detween 9 A, 3. and 7 = Vierordt,
in his Physiologie des Athmens, has given in a
tabular form the results ecbtained in 578 experi-
ments, po 21—>65.

% Animal Chemistry, p.614. 1843, Thesa axpe-
riments were made on 10 males and 2 females, and
between 11 and 12 o'clock A, 3L

* Dalton (Opus -:it.Fp. 25&, Dumas (Fssai de
Statique Chimigue des Etres isés, Smo odit.,
p- 87, 1844), and Gay Lussae (Annales de Chimie
et de Ph% tom. %i. 14  1844), estimate the
average carbonic acid in the expired air at 4 per
cent.  Apjohn (Dublin. Hospital 8, volL v.
1830 m:ﬁ!l Macgregor ( Transactions of British Sci-
enitific Association for 1840, p.87), cstimate it at
&6 and 85 per cent.  The estimate of Allen and
Pepya (Opns cit.), and Dr. { Diszert. Chemico-
Physiol. Inmug. de Copin Acidi Carbonicl ¢ Pulmo-
nibms inter respirandom evoluti, Edinburgh, 1814

mn.kmg the average quantity 8- to 85 per cent.,
undoubtedly considerably too high; an werg
led into this error by the impediment to the free

respiration oecasionsd by the imperfect apparatus
emploved.

Themaon's Annals of Philosophy, vols. ii. and iv.
I Hicholson's Journal, vol. xi. p. 82,
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with the subsequent experiments of Coa-
thupe* and Vierordt.+ It would appear,
therefore, that the variations in the quuntity
of carbonic acid in the course of the day do
not occur at uniform periods, independent of
other circumstances, as Prout supposed. It
is, however, proved by the experiments of
Scharling 1 upon the human species, by Bous-
singault § upon the turtle dove, and by Mar-
chand || upon frogs, that the absolute amount
of carbonic acid exhaled is very considerably
less during the night than during the day.
Scharling gives in the following table the
relative proportion of the carbon exhaled

during the day and night in six individuals
upon whom he experimented : —
Kight. | Day.
1. Scharling - s 1 1237
2. Thomson - - 1 1-285
8. A Soldier - - 1 1420
4. An adult Female - 1 1-240
5. A Boy - - - 1 1266
6. A Girl - - - 1 1-225
The average proportion is 1 during the
night to 1-237 during the day, or, in other

words, nearly a fourth part more carbonic
acid gas is evolved during the day than durin
the night.Yy How much of the dimini
evolution of carbonic acid during the night is
dependent upon the languor and drowsiness
incident to that period, and how much upon the
absence of the sun's rays and other causes, it
is at present impossible to determine. It
appears that this diminished evolution of ear-
bonic acid during the night does not require
the occurrence of sleep, though no doubt it is
increased by sleesp_

Digestion. — Seguin  and Lavoisier **, in
their experiments upon Seguin found that
when he was in a state of repose and fasting
he vitiated only 1210 cubic inches of oxygen
gas in an hour, while, during digestion, this
was raised to between 1800 and 1900 cubic

* Oipus cit.

Physiologie des Athmens, &c., S. 66,

% Annalen der Chemie und Pharmacie, band xlv.
s, 214, 1843, Translated in Annales de Chimie ot
de Physique, tom, vii, p. 478, 1843,

Amnales de Chim. et de Phys, tom. xi, p- 445,
1844. Boussingault caleulates from his experiments
that, su the entiro day to be divided into 12
hours of sleep, and 12 hours of waking, the quantity
of earbon consumed in respiration by the turtle-dove
during the day and night would be as follows: —

Carbon consumed in the day (English
Troy grains per hour) ..ocoinvieeicinns 8981
Carbon consumed in the night (ditte) .. 2-500
Journsl filr pralktische Chemi Eridm
u.r!tll Marchand, band xxxiii. 8. mﬂj ;IT'!. .
&%3%-an der Chemie und Pharmacie, band xlv,

** Mémaoire de I'Académie Rovale for 1789, p. 57
575, Jurine (Encyclopédie Méthodi E,Hﬁf:;ciuk
article Air, tom. i. p. 497, 1787) has also maintained

that a ter ti j
lligﬂa!.inngrﬂ quantity of air is vitiated during
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inches. Spallunzani® observed that snails,
after a redundaut exhaled considerably
more carbonic f& than when fasting.
Similar observations have been made upon
insects by Sorgt and Newport T, upon the
Mammalia by Zimmermann §, and upon the
human species by Scharling ||, Valentin,
and Vierordt. The most ccrmp%cte experiments
on this point are those of Vierordt, performed
on himsell, the results of which are contained
in the following tables. His dinner lasted
from 30 minutes past 12 to 1 o’clock : —

A

§ | Volume | Brpiretin 2]

.E of an | one minute. | #

‘3 Expiration. 3'2‘

= 2 Eatbu-‘s‘ﬁ

B nig ]

Hoairs. i E Adr. acid %\ws
.g gﬂ-ﬂ. E.ﬂ

il 53

= IuEnguahmmcmumnﬁ|

|

12 Eﬁﬁ‘{i ,I-I‘HI] 8143 (86264 | 1577 4-52

g 21277 8226 |412:17 | 1823 |487
ﬁﬁmnml'lﬁ-sf 1-22i 83 | 4908 | 245 | 05
_ To ascertain that this increase in the :l|uun-
tity of carbonic acid evolved from the lungs

was really dependent upon digestion, and not
upon any other cause, the experiment was
repeated at the same period of the day when
he had not dined, and had eaten nothing since
his breakfast at 7 o'clock, and the following
results were obtained : —

£ | Volume | Expiedin E x
e of an one minute.
4 8 |Expiration. 5 g'
§ E . {Carbo- = ﬂ
mi
E. % Alr. acid _E:‘ §
] g | 2
g 25 53
& | & | In English cubic inches, [ =
12 10 8325 (43258 | 1649 | 4-60
1 9 8216 | 2B04 | 1475 | 50D
2 |l?-‘.¥'-ﬁ ﬂﬁl BG-08 | B3EBS | 16-TH | 478
* Mémoires sur la Respiration, p. 217—228,
1 Dizquinitio Physiologiea cirea Respirationem In-

sectorum et Vermium. 1805,

London Phil. Trans. for 1836 and 1837,

The result of Zimmermann's experiments is
_givan on Vierordt's authority in Wagner's Hand-

wilrterbnch, band ii. 5. 884,

| Opus cit. In Scharling’s experiments the total

nantity of carbonic acid exhaled from the body
E‘nrin A given time was determined, and are,
thercfore, not liable to the errors of these experi-
ments where the ntage only was ascertained.

9 Opus cit, 6. Valentin states that an hour
after he had t a meal of bresd and butter, the
guantity of carbonic acid off by the lungs was
raised from 616085 to 627505 English Troy grains

hour, while after n fast of 16 hours it fell to
g’?&-ﬂ?ﬂ graina per hour.
** Phyai ¢ des Athmens, &ec. 8. 01 und S4
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Notwithstanding, therefore, that Prout
failed to observe any decided increase in the

uantity of carbonic acid gas thrown off by
the lungs during digestion, and that Mr. Coa-
thupe maintains from his experiments that the
carbonie acid in the expired air increases with
increased abstinence from food, and that its
mazintam quantity is before breakfust and intme-
diately befire dinner ®, we must consider the
evidence detailed above ectly conclusive
in proving that the quantity of carbonic acid
evolved in respiration is considerably in-
creased after a full meal.

Fasting. — In describing the effects of di-
gestion upon the quantity of carbonic acid
evolved from the lungs, we were led to refer
to the manner in which the opposite condition
of the body, or that of fasting, operates. That
fasting diminishes the quantity of carbonie
acid in the expired air is not only proved by
the facts already mentioned, but also by the
experiments of Scharling upon the human
species, of Boussingault upon the turtle dove,
and of Marchand upon frogs. The two last
experimenters found that in very prolonged
fasting the quantity of carbonic acid was
greatly diminished.

Afeofiol, — Dir. Prout states that aleohol,
and all liquors containing it which he had tried,
have the remarkable property of diminishing the
quantity of carbonic acid gas in the expired
air much more than any thing else he had made
the subject of experiment, and its effects were
most remarkable when taken on an empty
stomach. Vierordt mentions, in confirmation
of Prout’s observations on this point, that in
four experiments, after having taken from one
half to a bottle of wine, the percentase of
carbonie acid had fallen, a quarter of an hour
after this, from 454 to 4:01, and it continued
to exercise this effect from one to two hours.+

The quantities of atmospheric air and carbonic acid
ara caleulated in the original tables in cobic centi-
metres.  In reducing these to English cubic inches,
ome cubic centimetre has been considered to be equal
to 06102528 of an English eubie inch.

* London, Edinburgh, and Dublin Philes. Magaz.
vol. xiv. po 400 and 418, The number of meals and
the times at which they were taken explain the re-
sulta obitained by Mr. Coathupe. He lunched at
1 o'clock .oz, and at 2 a1, the average percenta
of carbomic acid gns was raised from 492 to 4°17,
and thus go far in accordance with the experiments
mentioned above. At &f et he took a good dinner,
with a pint of wine. Now, as akﬂhuﬁdjn&nimu
the quantity of carbonic acid evalved from the lungs,
this might have counteracted the cifects of i
tion for a time. It must also be remembered that
Mr, Coathupe ascertaincd only the entare, not
the absolute quantity of carbonic acid evolved ; and
Vierordt ascertained by experiment (Physi 8
des Athmens, e, 5. 98) that when he drank wine
at dinner the pemnmr the earbonic acid in the
excpired air was diming ; and that, thongh its ab-
solute quantity was increased, this was not nearly to
the same extent as when no wine was faken, Were
experimenters always to detail minutely the circum-
stances under which they performed their experi-
ments, it would frequently be fonnd, as in the
presént case, that results, apparently most discord-
ant, are not go in reality,

“3 Wagner's Handwirterbuch, band ii. 8. 884;
Physiol. des Athmens, &e. 5. 07,
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A strong infusion of tea has, according to
Prout, an effect similar to alcohol.

According to Dr. Fyfe, when a person has
taken mercury or nitric acid for some time, the
quantity of carbonic acid is diminished.

Conditions of the mind.— Prout found that
anxiety and the depressing passions diminish
the percentage of carbonic acid in the expired
air ; and Vierordt, on two occasions, observed
this effect, for a short time at least, from
mental emotions, both of a joyful and of an
opposite nature.  Scharling remarked that in
those persons who felt very anxious on being
enclosed in the box used by him in his expe-
riments, the evolution of carbonic acid gas
from the body was much diminished.

FErercise, — Prout states that moderate ex-
ercise, as walking, seems always at first to
increase the evolution of ecarbonie acid, but
when continned it ceases to duce this
effect, and when carried the lpe? h of fa-
tigue the quantity is diminished : that violent
exercise appears to lessen the quantity from
the first, or if any increase occurs, this is
trifling and transitory ; and that, after violent
exercise, the quantity is much lessened. In
Prout’s mode of experimenting, the percen-

e of carbonic acid having been alone ascer-
tained, we have no certain means of judg
of the changes in the absolufe quantity r:]%
carbonic acid evolved, as the increase in the
number of respirations and in the bulk of the
air renEired, occasioned by exercise, was not
taken into account. In the experiments of
Seguin and Lavoisier already referred to, it
was found that Seguin, when fasting and at
rest, vitiated in the hour 1210 cubic inches of
oxygen gas: by an amount of exercise equal
to raising 15 Ibs. to a height of 613 feet, this
was increased to 3200 while still fasting, and
to 4600 cubic inches, while digesting food.
In Scharling’s experiments, where the absolute
quantity of carbonic acid gas evolved from the
whole body in a given time was ascertained,
the quantity of carbonic acid was increased
during exercise. Vierordt ascertained that
during the increased respiratory movements
occasioned by moderate exercise, that on an
average there was an increase per minute of
18978 English cubic inches in the expired
air, eontaining an increase of 17197 cubic inch
of carbonic acid gas, giving, however, an in-
crease of carbonic acid gas in the expired air
of only 07140 per eent. There can, therefore,
be no doubt that the evolution of carbonic
acid gas from the lungs can be considerably
increased by exercise.”

Temperature.— The effects of low tempera-
tures upon the respiratory process, as ascer-
tained by Spallanzani and Treviranus upon
snalls and inseets, by Marchand upon frogs,
and by different observers upon lef: hyber-
nating warm-blooded animals, are not appli-

* G. B. Treviranus (Zeitsehrift filr Physiologle,
vierter band, 5. 29. 1831) and Newport (opera cit.)
in their experiments upon insects, ohserved o mark-
ed increase in the exhalation of carbonic acid gas
in thess animals during active voluntary move-
ments.
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cable to the human species, since the re-
duction of the temperature to a certain
extent induces in these animals a lethargic
condition, well known under the term hy-
bernation, altogether different from its effects
upon man and the other warm-blooded animals.
Seguin and Lavoisier state that in their ex-
Eermaeuts, Seguin, in a temperature of §2°
ahr,, fasting and at rest, consumed, in the
space of an hour, 1210 French cubic inches of
oxygen ; while in a temperature of 57° Fahr.,
he consumed in the same time 1344 cubic
inches.* Crawford4, in ﬂx%erimmtﬁ upon
guinea-pigs, ascertained that these animals, in
a given time, deteriorate a greater quantity of
air in a cold than in a warm medium. The
most perfect experiments on this point, at
least on the human species, are those of
Vierordt.] He ascertained, by numerous
trials upon himself, the effects of remperature
from 37°4 to 75°2 Fubr. From a table,
showing the results obtained, both upon the
respiration and the pulse, at each degree of
the centigrade thermometer within the limits
mentioned, he has constructed the I'al]uwi:g
shorter table, where the first table is arrang
in two divisions,—the one containing the aver=
e of all the lower, and the other the average
of all the higher temperatures. In the follow-
ing table the measures of the expired air and
carbonic acid have been reduced to English
cubic inches,

e | B | 2
ES |5 |38
=
-3 | =S B35
SE|%f 3
= BE g
E!a £% |28
= = 4
EE £l ER
<2 |=3% |83
Pulze A 7208 | T1-29| 1-64
Rzapimﬁum} P TIN '[ 1216 | 11:57| 0-59
Yolume of an expiration =
in-cubic inches } B9 |- BLT8 | 2B
Expired air 406-99 366:07 | 4002
s igi'r'l}ﬂ*f minute 4 3005 | 1572 | 258
Carbonic acid gas in the
100 parts of the expired 448, 498| 020
anr = - =
Barometer, in English ; -
it } 29719 IEH'G-L-
The experiments of Letellier§ on warm-

blooded animals agree in their results with

* Mémoires do I'Académis Rovale for 1789,

+ Experiments and Observations on Animal Heat,
p. 811—315. 2nd edit. 1788,

Wagner's Handwiirterbuch, band ii. 8. 878,
874, und 880, Physiologie des Athmens, 8. 75—82,
Ren tom, xx, p. 795, 1845. An-
niales de Chimie et de Phys. tom. xiii. p. 478. 1545,
Letellier has thrown the results of his experiments
into the following table. He does not state whether

he measured the temperature by Reaumur, or the
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those of Vierordt. He found that the quan-
tity of carbonic acid evolved from the
body at the freezing point, was double of that
at an elevated temperature, in the two mice
and E“in“"l‘fl{;‘- and a little more in the canary
and pigeon. There can, therefore, be no doubt
that more carbonic acid gas is evolved from
the body in a cold, than in a warm tem-
rature,

Effect of the seasons.—Dr. W, F. Edwards #
ascertained, by several well-devised experi-
ments, that birds placed under exactly the
same circamstances, and with the surrounding
air of the same tem ure, consumed more
oxygen in winter than in summer, and this
appears to be connected with that change in
the constitution of the warm-blooded animals
in the colder regions of the earth, by which
they are enabled to generate more calorie in
winter than in summer.

Barowmetric pressure.— Legallois found that
when warm-blooded animals breathed air in a
vessel under an atmospheric pressure reduced
to 30 centimetres (1 1'811 English inches), the
quantity of oxygen gas consumed was dimi-
nished.+ Prout, on the other hand, informs
us, that, in every instance in his experiments,
any remarkable increase in the percentage of
carbonic acid in the expired air was accom-
panied by a sinking barometer.§ Vierordt
tested the effects of a of the barometric
scale between 330 (29°309 English inches)
and 340" (30°197 English inches), and has
thrown the results into a tabular form. The
measure of the expired air was calculated
under the ordinary pressure of 336" (20-841
English inches). He found that a rise of
5767, (the mean between the experiments at
the lower and those at the higher pressures,)
produced the following effects : —

It increased the pulsations in one minute 1-3
" ml‘-:imiﬂl:]! L.L L) l.ll-l.lliﬁl 'JIT.}
= expired air (cubic in.) 35746

As, however, the percentage of the carbonic
acid in the expired air was greater at the
lower than at the higher pressures, in the

Emﬁgmlu seale, but we believe that it was the
tter.

Surronnding Temperature

At the
From | From :

: froezing
1550 207 30 o 40 point.

IS EPATNIES Framimes
For a Canary IFE*EM 0129 | 0325
For a Pigeon (-684 | 0°366 | 0074
For two Mice o498 [ 0-268 | 0581
For a Guinea Pig 2080 1458 S0

* D¢ Iniuence des Agens Physiques sur la Vie,
chapitre vi. e :
da Chimie et de Physique, tom. iv.

1o sty
13. : :
& + Thomson's Annals of Philosophy, vol. iv. p. 335.

-
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E:apnrtiun of 4450 to 4141, the difference
tween the absolute quantity of that gas in
the expired air at the higher exceeds so little
that at the lower pressures, that it may be
reckoned as nil.* :
Age, sex, and constilution of body, — The
quantity of carbonic acid evolved from the
body is not only influenced by the ingesta and
the varying conditions of the surrounding
media, but also by the age, sex, and constitu-
tion of the body. The only important re-
searches into the effects which these last con-
ditions of the body have upon the evolution
of the carbonic acid, are those of Andral and
Gavarret+, and Scharling | ; and though they
are far from having cxﬁuuaml the subject,
they possess the merit of having been care-
fully and accurately conducted, and of bein
carried on in the right direction, Andral a
Gavarret availed themselves in their experi-
ments of the apparatus suggested by Dumas
and Boussingault. Part of this apparatus
consists of a mask, which can be fitted air-
tight to the face, and having a tube on each
side, on o level with the commissures of the
lips, provided with valves permitting the ex-
ternal air to pass in, but preventing its pas-
sage outwards., In front of the mouth there
is a large aperture for conducting outwards
the expired air; and to this a tube can be at-
tached for conducting it into the receivers
and other parts of the apparatus prepared for
ascertaining the quantity of carbonic acid gus.
A person can breathe through this apparatus
without constraint ; and the experiments were
all performed between one and two o'clock
P.or., each lasting from eizht to thirteen mi-
nutes, and the individuals experimented upon
were placed, as far as possible, under the
same conditions with regard to food, muscular
exertion, and state of the mind. They ex-
erimented upon sixty-two individuals of dif-
erent ages, and of both sexes. They restricted
their valuation of the quantity of carbonie

* Dr. Hutchinson

(LMadimChirn i -
tions of Londom, vel. xxix. p. o&‘J has given
some experiments upon the effects of an inereased

barometric pressure upen the frequeney of the re-
gpiratory movements. These were made upen six
ns before and after descending a mine, 1488
t deep, whera the barometric pressure wos 10354
inch more than at the level of the sen. As there was
a difference of 10 degrees in the tempersture at the
top amd Bottom of the mine, this cught to be taken
inte account in judging of the results.  The pulse
was inecreased at the bottom of the mineon an aver=
age 1°3 'Fe: minute, and the respirations 2-4 per mi-
nute.  The accounts given by travellers of the effects
apon their respiration in clevated regions are so
discordant that we can deduce no very satisfuctory
conclusions from them.
IBI&MMIH de Chim. ct de Phys. tom. viii. p. 129,

1 Annalen der Chemic und Pharmacie, band xlv.
8. 214, 1848, translated in Annales de Chim, et de
Phys. tom. viii. p. 478. 1848, In Scharling’s ex-
periments, a3 in those of Andral and Gavarret, the

absolute mut{]md not the percentage of car-
bonic £33 in the expired air was determined.
In Echarling®s first experiments, the carbonic acid

gas given off at the external surface of the
was mixed with that given off by the lungs,
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acid evolved from the lu to one hour,
being perfectly aware of :ﬁ: fallacy of at-
tempting to estimate from experiments so
limited as to time, the quantity given off in the
twenty-four hours.  Scharling conducted his
experiments in a different manner. He en-
elosed the individuals experimented on in a
box, perfectly air-tight, and so large as to
permit a person to work, read, or even nlucp,
during the experiment. Tubes were fixed in
the box, to admit the external air freely, and
to conduct the expired air into an apparatus
fitted for determining the amount of the car-
bonic acid. The imfivi:luu.la experimented on
remained in the box generally for an hour at
a time, sometimes an hour and a half, but
also often from thirty to forty minutes only ;
and precautions were taken to keep up a free
circulation of atmespheric air through the
box during the whole of the experiment. His
experiments were performed upon six persons,
of different and of both sexes.

Andral and Gavarret have drawn the fol-
Iuwin{ri‘::cmclmiunﬂ from their experiments:

1. The quantity of carbonic acid gas ex-
haled from the lungs, in a given time, varies
according to the age, the sex, and the consti-
tution n&'i‘ndi\riduﬁ:; and that, independent]
of the weight of the body. 2. At all periods
of life extending from 8 years (the earliest
:EE subjected to experiments) up to the most

vanced old age, the guantity of ecarbonic
acid evolved from the lungs differs in the two
sexes, but, ceeferis paribus, the male exhales a
considerably larger quantity than the female.
This diffcrence is most marked between I6
and 40 years of aﬁe, during which period the
male generally evolves nearly twice as much
as the female. 3. In the male, the guantity
of carbonic acid exhaled poes on conti-
nually increasing from 8 to 30 years of age,
and becomes suddenly very great at the age
of puberty. After 30 years of age it begins
to decrease, and this so much the more de-
cidedly as the person approaches extreme old
age, at which period it may be reduced to the

uantity evolved at 10 vears of age. 4 In
the female also, the evolution of carbonic acid
increases from infancy up to puberty ; but at
this period, contrary to what takes place in
the male, it remains stationary, so long as the
menstrual secretion continues natural, At
the time the menses cease, the evolution of
carbonic acid gas from the lungs undergoes a
marked augmentation ; but after a while it
begins to decrease, as in the male, and pro-
pﬂ¥tiunall¥ as she advances towards old age.
5. In the female, during gestation, the exha
tion of carbonic acid from the lungs equals
the quantity exhaled at the period of the ces-
sation of the menses. 6. In both sexes, and
at all ages, the quantity of carbonie acid is so
much the greater, as the constitution is
?tm:iger and the muscular force more deve-
Ir-..I]Tlle most important of the data wpon
which the above mferences are founded are as
follows :— .

In the male child, in his progress upwards
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from his 8th to his 15th years, the quantit
of carbon given off by the lungs was ra
on an average, from 5 es (77165 Tro
grains) to 87 grammes (134:267 Tro gm’msﬂ
per hour; while in the female at the same
it was on an average | gramme (15433
roy grains) less per hour. In the male at
16 of age, or soon after puberty, it sud-
denly increased to 157416 Troy grains, on an
average, per hour ; and from this [‘rerim:l up to
the age of 20 and 25 it gradually increased,
on an average, to 172°849 and 191-369 Troy
grains per hour, At this point it remained
nearly stationary until about 40 years of age,
when it began to undergo a slight diminution,
but not to any great extent until G0 of
age. Adult females, who menstruated regu-
larly, lost, on an average, 95771 grains only
of carbon, by the lungs, in an hour,—a quan-
tity not greater than that lost by girls, Take
the average loss of carbon, by the lungs, in
the male at 174-392 grains between the
of 15 and 20 years, it 15, on an average, 155°5873
grains between 40 and G0 years ; and 141°953
grains between 60 and 80 years. In the fe-
male, at the period of the cessation of the
menses, the loss of carbon is suddenly ele-
vated from an average of 98:771 to 120°637
grains per hour; and a similar elevation, and
nearly to the same extent, was observed in
four females during pregnancy. In females
between 50 and G0 years of age, the loss was
112660 grains, and between 60 and 80 it was,
on an average, 104844 grains in an hour. In
one female of 82 years, it was 92°595 grains,
and in a male of 102, but remarkably hale for
his years, it was 91°590 grains. In a male,
aged 26, and remarkable Er his muscular de-
velopment, the loss was as high as 217105
grains, while in another male, aged 45, of mo-
derate height, but extremely feeble muscular
development, it amounted on an average only
to 132°723 grains an hour.®* Scharling, after
allowing seven hours for sleep to an adult,
and nine for a child, calculates, from his
experiments on six individuals, the amount
of the loss of carbon from the body as
follows : —

i Cuantity of ca
g Weight [exhaled in grains.
uﬂm%‘iu

é Troylbs.| In24 Inl

- houra. | hour
Mala - - 16 | 154-73 | 845390 | 148-01
—_— = - 28 | 21970 | 869950 | 154-14
= = = | 85 | 17549 | 888677 | 141-11
Average of men Eﬁji L8330 | 8513-89 | 146-80
Boy - = | o3l 5896 | 205458| =560
Girl - - 10 GlG4 | 192989 8041
Aver. of children 9;] 60-80 | 199221 | 8310
Woman - ml 149-41 | 254068 | 105°67 4

* Brunner and Valentin (opus cit. p. 567), from
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In these iments of Scharling the evo-
lution of mic acid by the nkiEu was in-
cluded, with that evolved through the mouth
and nostrils ; and the quantity is calculated
for the twenty-four hours. But in some sub-
sequent experiments, by uniting the use of
the mask used by Andral and Gavarret with
the box, he has been enabled to ascertain the
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relative amount of the loss by these two dif-
ferent channels in an hour. * In other respects,
he has endeavoured to assimilate his experi

ments, in to the hour of the day, &c.,
to those of Andral and Gavarret, and has
g'i'.r{:rll the following comparative view of the
results : —

Carhon expired throngh the
makith nostrils in Troy
Total quantity graing
of carbon from En;}:;:l I':::'I'
the whole body £
o of body.
in Troy graing, | "4°¢ Amniral
BSeharling. ani
Gavarret,
L. Malo aged 28 years 181-183 5750 175426 191-569
2 — — 15 — 168763 2708 166G 157416
BBy — 0§ — 101086 1915 90-172 H1-054%
4. Young Woman 19 — 198340 4-197 124-143 104051
& Girl - = 1) — 95622 1-313 43700 925081

Influence of the respiraf movements
nqmnﬁh mﬂu{m o m?reui:?dd the
lungs.—This point has been particularly ex-
amined by Vierordt in 171 experiments upon
himself, and he has ascertained that the fre-
quency, extent, and duration of the respiratory
movements have a marked effect, not only
upon the relative proportion of the carbonic
acid in the expired air, but also upon the
absolute quantity evolved from the lungs in a
given time.§ We shall afterwards find, when
we come to deseribe the theory of respiration,
that the results obtained by :"Eﬁermxﬁ} are of
considerable importance in a theoretical point
of view.

Frequency of the vespiratory movements, —
When the number of respirations is less than
usual, the percentage of the carbonic acid in
the expired air is increased, while its absolute
quantity is diminished; on the other hand,
when the respirations are more frequent than
usual, the percentage of carbonic acid in the
expired air is diminished, while its absolute
quantity is increased. Vierordt endeavours
to point out that the diminution in the per-
centage of the carbonic acid gas in the ex-

six experiments on themselves, calenlote that 1724664
Troy grains of carbon were thrown off from the
lungs in an hour

t This table is given in the form inte which it
has been thrown by Hannover (De Cuantitate
relativa et absoluta Acidi Carbonici ab homine sano
et mgroto exhalati, p. 17. 1845) and the kilo-

mes amd grammes in the omginal table have
n reduced to Troy pounds and Troy grains.

® As the Loy upon whom Scharling experimented
was of slender form, he has taken the average of the
results of Andral and Gavarret upon two boys of
10 and 8 years as the standard of comparison in
this case,

+ Withler and Liehkig's Annalen der Chemie nnd
Pharniacie, band lvii. 8. 1. 1845. The male adult
and the boy were naked during the experiment.

1 Physiologie des Athwens, vierter abschnitt,
8. 102—149,

pired air when the respirations are more fre-
uent, probably bears a certain proportion to
their frequency or length per minute, sup-
posing their bulk to be the same. TEe
operation of this law, according to Vierorde,
may be illustrated as follows, Let us take
the average number of respirations in a state
of rest as 12, and suppose these to be
doubled or increased to 24, the relative
percen of carbonic acid will be dimi-
nished by 0°8; if the number of respirations
be again doubled, or increased to 48, the
carbonic acid will suffer a still further dimi-
nution of 04 per cent. ; and if the respira-
tion be again doubled, and increased to 96
minute, the carbonic acid will suffer a
arther reduction of 02 per cent. On the
other hand, if the number of respirations
be less than 12 (here taken as the normal
number of respirations by Vierordt) by one
half or reduced to 6 in the minute, the re-
lative Ierccntagc of carbonic acid will be in-
creased above what it is in the normal fre-
quency by 1'6. IFf the percentage of carbonic
acid in the expired air be 4°1, when the re-
spirations are 12 in the minute, it will be
&7 per cent. when the respirations are G,
and 2'7 per cent. when they are 96 in the
minute. Proceeding upon the existence of
this law, he supposes that if the respirations
were incrcﬁm;l rom 96 to t;:-i::lf that number,
or 192, the percentage of the expired air
would suffer a farther reduction of only 0-1
er cent. ; in other words, it would be reduced
m 2'7 to 26 per cent. This last ratio, viz.
2:6, he believes to be the smallest percentage
of carbonic acid gas that the expired air can
present. If Vierordt be correct in supposing
that the percen of carbonic acid m the
expired air has a fixed arithmetical proportion
to the frequency or length of the respiratory
movements, we could, after determining the
normal number of respirations, the bulk of air
expired, and the percentage of carbonic acid

=
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gas, when the body is in a state of rest, be
able to determine both the relative and the
absolute quantity of carbonie acid gas in the
expired air from the number of respirations
alone, when these are either increased above, or
diminished below the normal number, provided
the bulk of each respiration continues equal,
He has constructed the following table to
illustrate the variations in the absolute quan-
tity of carbonie acid gas occasioned by alltera-
tions in the frequency of the respiratory move-
ments. The normal number nlf;-!au virations is
supposed to be 12, the average bulk of each
respiration to be 500 cubic centimetres (305
English cubic inches), and the percentage
of carbonic acid to be 4-1.

Yolume
Volume jof carbuo- ?3]1:;::?
of theex- nic acid “arlin=

pired air (gasin the e EF"J'

ina | expired Bf“ﬁ'"
Number [Percentage| minute. | airina| H'“_
of respi- |of carbonic minute. [P1FAKID-

rationa inlacid in the
|n minute, jexpired air,

Measured in English cubie
inches at a temperature of
G5=6 F., and undera haro-
maottic pressure of 29841

English inches,

[ &7 185-000 | 10-431 1-738
12 4-1 G000 | 15006 1-250
24 b TH2-000 | 24156 100
48 2:9 LAGA-000 | 42-456 | (-BE4
06 27 2928-000 | 79056 | 0-528

Bulk of the air expired.— The quantity of
air thrown out of the lungs at each expiration
has also an influence upon the percent
and absolute quantity of carbonic acid gas in
the expired air, Vierordt, in six experiments,
found that while the average of carbonic acid

s in the expired air in a normal expiration
in a state of rest was 4°78 per cent., in the
deepest expiration he could make, it was 4:05
per cent.

The stoppage of the respivatory movements
for a time has also a marked effect upon the
q}mntity of carbonic acid in the expired air,

ierordt has made four series of experiments
upon himself to ascertain the extent of this
influence upon the quantity of carbonic acid
evolved from the lungs. In the first series he
shut his mouth and held his nose from 20 to
60 seconds (the longest period he could con-
tinue the cxj;'nariment), and then made the
deepest possible expiration. In the second
series he made the deepest inspiration pos-
gible, then suspended the iratory moye-
ment for a longer or shorter tune, at the ter-
mination of which he made the deepest ex-
piration. This experiment he was able to
prolong to 70, 90, and even 100 seconds. In
the third series he made an ordinary inspira-
tion before suspending the respiratory move-
ments, and after this suspension had con-
tinued for different periods up to 30 seconds,
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he made an ordinary expiration. The fourth
series of experiments was to ascertain the
period of time after the sto of the respi-
ratory movements when the percentage of
carbonic acid gas becomes uniform in the
different parts of the lungs and air passages,
and this he found took place after 40 seconds.
He has arranged the results of the three first
geries of experiments in several tables, ex-
hibiting the difference between the percentage
and absolute quantity of carbonic acid gas n
the expired air at various periods, after the
suspension of the respiratory movements
under the circumstances mentioned, and when
the respiratory movements proceed in the
normal manner. In the first series of ex-
periments, the percentage of the carbonic
acid in the expired air, after the respiratory
movements had been suspended 20 seconds,
was higher by 1'73 than when these move-
ments were normal, but the absolute quantity
evolved from the lungs had diminished by
2642 English cubic inches, and at the end of
435 seconds its percentage had increased 2132,
but its absolute quantity had diminished to
the extent of 12352 cubic inches. In the
second series of experiments, where the deep-
est possible inspiration preceded, and the
deepest possible expiration followed, the sus-
pension of the respiratory movements, the
absolute cluﬁ.ntity of carbonic acid gas evolved
from the lungs, for the first 15 seconds, was
somewhat more than what would have oc-
curred had these movements proceeded in
the normal manner, but after this it' began to
diminish ; and when the respiratory move-
ments had been suspended for 95 seconds, it
was diminished to the extent of 14078
English cubic inches, though its percen-
tage had considerably increased. At the end

82C of the 100 scconds, the percentage of the

expired air was 3'08 above the normal
tity in ordinary respiration. In the third
series of experiments, the carbonic acid in the
expired air, at the end of 30 seconds, was 1°55
per cent. above the normal quantity. These
experiments prove, therefore, that when the
respiratory movements have been suspended
for a time, the percentage of carbonic acid in
the expired air will increase, but the absolute
:l:.m!it_il evolved from the lungs will be
iminished, so that the increase in the per-
centage of this does not by any means
compensate for the diminished quantity of air
passing through the lungs.

When the same air is breathed more than
once, the quantity of carbonic acid in it is
ncreased.  Allen and Pepys * state that air,
passed 9 or 10 times through the lungs, con-
tained 9'5 per cent. of carbonic acid gas; and
the greatest quantity obtained, in air breathed
as often as possible, was 10 per cent. Mr.
Coathupe + found the average quantity of
carbonic acid gas, in air in which warm-
blooded animals had been confined until they
were becoming comatose, to be 1042 per

* Philos. Transact, of London for 1808,
t Opus cit,
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cent. ; while, if they were allowed to remain in
it until they bad become asphyxiated, it con-
tained 1275 per cent. ierordt, in three
Elrcriments. breathed, from 1} to 3 minutes, a
volume of air amounting to 427 English cubic
inches, and found, on an average, the carbonic
ucid gas 15 per cent. above that contained in
air breathed only once.

The percentage of carbonic acid in the
expired air differs at different periods of the
same expiration. As the air expelled in the
first part of an expiration consists chiefly of
that contained in the trachea and upper part
of the air passages, its amount of carbonic
acid gas must necessarily be smaller than that
expelled at a later period of the expiration.
Allen and Pepys found the carbonic acid gas
in the first and last portions of air in a deep
expiration to differ as widely as 3°5 and 95
per cent. Dalton states that while the ave-
rage carbonic acid in an ordinary expiration is
4 per cent., the last portion of a forced ex-
piration contains 6 per cent.  Vierorde divided
the air of an ordinary expiration as far as
possible into two equal parts, and in twenty-
one experiments nscertained that while the
average quantity of carbonic acid in the whole
expiration was 448, the first hall contained
372 per cent., andl the last half 544 per cent.
We have already seen, that Vierordt concludes
from his experiments that the air, after a
sojourn of about 40 seconds in the respiratory
apparatus, has the same percentage of car-
bonic acid gas in the different parts of the
lungs and air passages.

From the above details, it must be obvious
that nearly all the attempts made to estimate
exactly the average quantity of carbon evolved
in the form of ecarbonie acid gas from the body
in the 24 hours are entitled to very little con-
fidence. The greater number of these are
founded on a few experiments performed upon
one or a very small number only of indi-
viduals in a state of rest, and vpon the result
of a few respirations in some cases performed
under constraint. The estimate of the amount
of loss of carbon in the 24 hours fronr the
lungs and external surface of the body, based
upon the direct method of experiment, in
which the greatest number of the circumstances
that influence the evolution of carbonie acid
gas from the lungs were taken into account, is
undoubtedly that of Scharling, though this
even must be regarded as an approximation
only to the truth. Suppose we take the
average estimate of the two adult males be-
tween 28 and 35 years of age for the 24 hours,
as given by Scharling *, the loss of carbon by
the lungs and skin is 3543:13 Troy grains, or
7382 oz, Troy, + Liebig { has endeavoured

* Vide table given in p. 26,

4 The estimates of the average loss of carbon, in
the form of carbonic aciil gas, from the lungs in the
twenty=four hours by other experimenters, differ con-
giﬂem{]}', Lavoisier and Segnin estimated the loss
of carbonic acid gas at 14,950 cobic inches, which
they believed wouldl yield 2776504 ing Troy;
Messra. Allen and Pepys at 88,554 cuﬁ?imhm of
carbonic acid gas, containing mther more than 11
oz. Troy of carbon ; and Mr. Coathupe at 10,666 cubic
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to ascertain the quantity of carbon lost at the
lungs and skin in the 24 hours by the indirect
method of research, which he maintains to be
by far the most trust-worthy. He procecded
to ascertain the quantity of charcoal in the
daily food and drink of a body of soldiers, and
alter deducting the a:mni]mmtwnly small quan-
tity of this substance that passes off in the
fieces and urine, the remainder was taken ns
the amount of carbon that vnites with oxygen,
and escapes in the form of carbonic acid gas
bi; the lungs and skin. From the data thus
obtained he calenlates that an adule male,
taking moderate exercise, loses 139 oz of
carbon daily by the lungs and skin; and that
37 oz. of oxygen gas must be daily absorbed
from the atmospheric air for the purpose of
converting this charcoal into carbonic acid

From similar experiments upon the in-
mates of the Bridewell at Marienschloss (a
prison where labour is enforced ), he calculates
that each individual lost in this manner 105
oz. of carbon daily ; while in another prison,
where the inmates were deprived of exercise,
this loss amounted only to 83 oz daily, #
Allowing that this indirect method of research
is more accurate than the direct, —a point
which we are not at present prepared to de-
termine, — the accuracy of tl;ne data upon
which Liebig's inferences rest regarding the
guantity of carbonic acid exhaled from the
lungs and skin in an adult using moderate
exercise, has been called in question by Schar-
ling.+ He endeavours to prove, by an ana-
lysis of the food and drink allowed to the
sailors on board of his Danish Majesty's vessels
of war, that the whole carbon taken dail
into the body of each of these individuals
must be somewhat less than 10} oz.; yet
these sailors are subjected to harder work than
ordinary seamen. I -

The quantity of carbonic acid gas evolved
from the body in respiration varies greatly in
the different divisions of the animal kingdom,
It is greater in birds, in proportion to their
bulk, than in the culd—hlumlecrmtdmtn, andd
still smaller in the invertebrata, with the ex-
ception of insects,§ The ascertainment not

feot, of carbonic acid gas, vielding 2380-27 prains, or
55 o, nwirﬂnjmim Vierondt, from HUMETOUE (X -
periments on himself, ascertained that when in a
state of rest the quantity of carbonic acid pas ox-
haled from the lungs per minute was for the maxi-
mum 452 cubic centimitres (27572 Eng. cub, in.
for the minimum 177 cub. cent. (10797 Kng, cub. in. ),
anid for the average 261 cub. cent. (12261 Eng. cub,
in.}, 50 that the relation of the minimum and maxi-
mum was 100; 255, If the quantity of carbonic .
acill evolved from the lungs diffors so much at dif-
ferent times in the same individoal in the minute,
amil is 20 materially influenced by the vury:i::;i,:m—
ditioma of tha ¥, how difficalt must it Loy
ascertain the average quantity during the twenty-
four hours

1 Animal Chemistry, &e,; edited by Dr. Gregory,
P 135 Brd odit. 1846,

* Opus cit: po 46,

+ Annalen Iu;rl:hnmie und Pharmaeie, von Wih-
ler und Lichig, Band Ivii. S. 1. 1846

i D{:u:u it I :
The results of the various cxperiments upon
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only of the absolute quantity of carbon which
escapes from the body in the form of carbonic
acid gas in the different classes of animals, but
also the relative proportion of this to the
weight of the body, is a matter of considerable
physiological interest, especially with refer-
ence to the source of animal caloric. From
the experiments of Scharling, Andral, and
Gavarret, it is evident that the young of the
human species relative to their weight consume
considerably more oxygen gas, and evolve
more carbonic acid I:j: respiration, than the
middle-aged ; and that the latter again evolve
more carbonie acid than those far advanced
into old age. Valentin and DBrunner have
calculated, from experiments performed on
Valentin, who at the time was 33 years of age,
that for every gramme weight (15433 Troy

ins) of his body, there was evolved 0089

v grain of carbonic acid gas, containing
0024 Troy grain of carbon ; and this calcu-
lation approximates pretty closely to one
based upon the results of Andral and Gavarret
upon the evolution of carbon, combined with
those of Quetelet upon the average weight of
the body at this period of life. *  The follow-
ing table, calculated from the experiments of
different observers, to show the quantity of
carbon consumed in the 24 hours for every
100 grammes weight (15433 Troy ﬁraim} of
the body in the four divisions of the verte-
brata, is given by Vierordt : —

Grains.

Tench (Provencal and Humboldt) -370= 1
Frog (Marchand ) c.esereessonnesss 17342= 4
Man (Scharling) $+506= 12
Pigeon ( Boussingault )............ $2:317=114

CQuantity of oxygen absorbed at the fungs, —
That a quantity of oxygen Igas greater than
what is necessary to form the carbonie acid

in the expired air disappears from the
mspired air, is now placed beyond a doubt.
The quantity of oxygen gas that disappears
from the inspired air by absorption at the
lungs s not uniform, even in the same indi-
vidual, for any length of time, and the varia-
tions in this respect are in all probabilit
determined by the same circumstances whic{
affect the evolution of carbonic acid gas, the
absorption of oxygen being increased when
the evolution of carbonic acid is increased,
and wice versa. Dalton calculated that he
himself respired 500 cubic feet of atmospheric
air, containing 105 cubic feet of oxygen, in
the 24 hours, and that 25 cubic feet of the
oxygen, weighing 15,120 grains, or 26 lbs,
Troy, were absorbed at the lungs. Valentin
and nner, in 34 analyses of the air expired
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the quantity of earbonic scid evolved in respiration
in t clases of animals up to the period when
the work was published, are thrown into a tabular
form in Burdach’s Physiologie, 2nd edition, trans-
lated by Jourdan, ton. ix. p 512,

* A table constructed on these data, exhibitin
the probable quantity of carbon which combines witE
oxygen to form the carbonic acid gas evolved at
the Tunga at different ages in the human species, is
given at p. 5689 of Valentin's Lehrbuch.
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by 3find];ridl:mh between Ea‘n“if 54 years of
age, tfound the aperage quaniity of oxygen

to be 16:033, the m.r?mum 17246, and g:
minimum 14°068 parts by volume in the 100
parts of the expiredair.  Proceeding on these
results of Valentin and Brunner, we may esti-
mate the average amount of oxygen that dis-
appears from the inspired air at +758 by
volume in the 100 parts.

While the experuments upon the relation of
the quantity of oxygen absorbed at the lullllsu
to that of the carbonic acid gas evolved, made
by Lavoisier, Sir H. Davy, and Dalton on the
human species, by llois, Dulong, Despretz,
and Dr.W. F, Edwards upon the warm-blooded
animals, by Treviranus wpon several cold-
blooded animals, and by Marchand upon frogs,
all concur in making the oxygen absorbed
greater than what is neee to form the
carbonie acid exhaled, they exhibit very con-
siderable differences in :E:E relative propor-
tions of the absorbed oxygen and exhaled
carbonic acid gas. In some of these experi-
ments, the oxyzen absorbed was considerably
greater than what is ne to form the
carbonic acid gas. In Marchand’s experiments
on frogs subjected to prolonged fasting, the
relation of the oxygen absorbed to the car-
bonic acid evolved constantly increased, until
it amounted to between 410—430 : 100.*
Valentin and Brunmer, in their experiments
on the human species, found the relative
proportions of these two gases to approximate
so closely to their diffusive volumes, that they
believed the small difference between the
results obtained by actual experiment and
when calculated according to the law of the
diffusion of gas, discuvnre?l by Graham, arose
from incidental circumstances; and as the
diffusive volume of carbonic acid is to
oxyzen gas as 1 : 1"11742, they maintain that
for every 1 volume of carbonic acid
evolved from the blood, 11742 volume of
oxygen gas is absorbed. Valentin has given
the following table, constructed from facts
furnished by Quetelet, Andral, and Gavarret,
conjoined with calculations of the relative
quantities of oxygen absorbed and carbonie
acid evolved according to the law of the
diffusion of gases, to exhibit the weight of the
body, the quantity of carbon consumed in
respiration, and the probable amount of oxy-

absorbed and carbon consumed at t
ifferent periods of life in the human spe-
cies :—

* At 563 of Valentin’e Lehrbuch are two
tabiles m:hiEitiug the relative rtions of oxygon
abzorhed and carbonic acid evolved, as ascer-
tained by direct experiment, and as calealated ae-
cording to the law of the diffusion of gases. Wa
shall have oceasion to make some remarks on this
subject when we come 1o discuss the theory of respi-
ration.
t Opus cit. p. 571.  The weights and measures in
the u?il;;innl table are here reduced to Troy weight
and English cubic inches.
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From the details given above we may ob-
tain information of considerable impurtnnne
on several practical points. A consideration
of the large quantity of atmospheric air pass-
ing through the lungs in the 24 hours, and
the extent to which it is vitiated by this in the
removal of & part of its oxygen and the sub-
stitution of a guantity of carbonic acid
will assist us in acquiring definite information
regarding the amount of ventilation required
in the apartments of our private and public
buildings. It appears that between 400 and
500 cubic feet of atmospheric air pass daily
through the lungs of an adult enjnym%mudn-
rate exercise; and the estimate of Dalton,
that 23 cubic feet of oxygen gas are, during
the same period, absorbed at the lungs, is pro-
bably not far from the average. The same
air cannot be breathed twice without in-
ducing prejudicial effects, so that at each in-
spiration entirely fresh air ought to be su
p?ied, or the air already breathed ought to be
so0 largely diluted by the admission of fresh
air as to be restored very nearly to its original
composition. Leblanc informs us, that in the
Chamber of Deputies in Paris, where the
system of ventilation is based upon the prin-
ciple of furnishing to each individual from 10
to 20 metres cubes (353316 to 706331
English cubie feet) of air per hour, the air
issuing from the apartment contained from
2 to 4 of carbonic acid gas in the 1000 parts
by weight.* The quantity of pure atmospheric
air here furnished is probably somewhat insuf-
ficient, if the presence of 1 of carbonie
acid in the 100 of atmospheric air be likely to
act prejudicially when breathed for a long time

* Annales de Chimie et de Physique, trolsitme
série, tom. v. p. 241, 1842, In the Model Prison at
Pentonville from 30 to 45 cubic feet per minnte, or
from 1800 to 2700 cobic feet per hour, of pure fresh
air is made to pass into every cell. [ rt of the
Burvevor-General on the Construction; &e. of Pen-
tmt'Jn Prison. 184d.)

continuously. From Dr. Snow's experiments,
it appears that the prejudicial effects of breath-
ing air deteriorated by respiration, is not en-
tirely due to the presence of an increased
quantity of carbonic acid gas, but also in a
considerable degree to the diminution of the
oxygen, He found that birds and mammalia
introduced into an atmosphere containing
only from 16 to 104 per cent. of oxygen soon
died, though means were adopted tor remov-
inz the c nic acid formed by respiration.®
"i}ﬁe increase of the carbonic acid gas to 12
and 20 per cent., provided the oxygen gus was
still as IEigh as 21 per cent., did not appear to
enfechble the vital actions more rapidly than
the diminution of the nx:i*gcn to the extent
above stated. Any notable diminution in the
percentage of the oxygen gas, even when no
carbonic acid is present, cannot take place
without danger to the warm-blooded ani-
mals+, and the carbonic acid in the air
respired acts more or less energetically in
destroying life, as it has been produced at the
expense of the nx_ann of the air, or been
added to it already formed. ]

* Edinburgh Medica! and Surgical Journal, vol.
Ixv, 1546, -linnet was confined in o vosse]
eontaining 2 cobic inches of air, consisting of 16
of oxyien and 84 of nitrogen in the L) parts by
volume, amd it died in ten minutes. A monse was
introduced into the same vessel fillsd with air con-
taining 10} per cent. of oxygen, and in five minutes
it was no longer able to stand.

$ There is a marked difference in this respect be-
tween the cold-Tloeded and warm-blooded animals.
Vauquelin { Annales de Chimie, torm, xii, p, 271, 1702)
in experiments npon some snails, found that
when confined in & quantity of air, all the oxygen
had disappeared at the time of their death; and
Bpallanzani chserved the same thing in a few of hia
experiments on the sgame animals. Matteneed (Le-

sur lea Phénomines Physigoes des Corps Vi-
vants, p. 115, 1847), obtained similar results on a
torpedo confined in a limited quantity of water,

1 Dr. Snow infers from his experimenis on the
lower animals that in the huwman species “ five or



The experiments on the effects of dimi-
nished frequency of the respirations in re-
ducing the amount of carbonic acid gos
evolved from the blood in a given time, are in
accordance with observations made on the
state of the blood and its circulation, when
this condition has been induced in man or in
the other warm-blooded animals. A diminu-
tion in the frequency of the respiratory move-
ments occasionally occurs to a notable extent
in the course of some diseases, and this de-
serves the careful attention of the practitioner,
as it is likely to lead to very serious conse-
quences.®

The greater length of time that the respis
rations may be suspended without inducin
inzensibility, when a deep expiration follow
by a deep inspiration has immediately pre-
ceded, affords additional illustration of the
procedure which a person ought to adopt
when he wishes to suspend, during diving,
&c., the respirations for the longest period
consistent with his safety. The manner and
the order in which the vital actions are
brought to a stand when the chemical changes
between the blood amd the atmospheric air
are arrested, have been discussed under the
article Aspayxiat

gix per cent. by volume of earhonic acid cannot
exist in the air withont danger to life, and that less
than half this amount will 2oon be fatal, when it ia
formed ot the ex of the oxygen of the air.”
5(:-1““ cit. p. 64.) Leblane ascertained that an ad-
ition of 8 or 4 per cent. by weight of carbonic acid
formeid by the combustion of charcoal, and at the
expense of the oxygen of the air respined, ?rm'm:]
instantly fatal to dogs, while it required the addition
of 30 or 40 per cent. of purce earbonie acid to the
atmospheric air to prodoce the same effect.  The
great activity of air deteriorated by the burning of
charcoal in producing aspliyxis, lang attributes
to the rzeaem:a of carbonie oxide. He states that
i aced in air containing ome per cent. of this
df-; in two minutes (Opus cit-dg[:. 240 amd 2457,
allois (Annales de Chimie et de Physique, tom.
iv. p. 115, 1517) had previously performed experi-
ments, from which it may e inferred that an addi-
tion of somewhat more l.ﬁm:. 20 per cent. of carbonic
ackl to the atmospheric air, is sufficient to bring
the evolution of earbonic acid from the blood in the
lungs to astand in the warm-blooded animals, and
that, when the of carbonic acid in the
inspired air is incrensed to above 30, part of this gas
is absorbed by the blood.

* We have given some illustrations of this in
pointing out the manner in which division of the
wigi nerves causes death.  (Edinburgh Medical and

ical Journal, vol. li. p. 208 to 802, 1830.)
f We have published a series of experiments
i h Medical and Surgical Journal, vol. Iy,
12841 which go to support the account given of the
manner in which the vital sctions are arrested in
asphyxia in the article referred to,  In this we ob-
tainel satisfactory proof of the opinion of Bichat npon
the effects of the venous blood in suspending the sen-
sorial functions, Inan excellent experimental cssay
om this !u‘tijn-cl. blished subsequently to our essa
{ Edinburgh Med. and Surg, Journal, vol. Ixiii. 1845%,
the author maintaing, in opposition to the doctrine
Inid down in the article Asewvxra, “that the flow of
blood throngh the lungs is arvested o uenes
of the venous bload acting as an excitant to the
minute hranches of the pulmonary veins and eansing
their contraction.” In our experiments we found
that, when the suspension of the respiration had been
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Experiments have been made by Nysten®,
by Mr, Macgregor+, Dr. Malcolm}, and by
annover §, upon the guantity of carbomic
acid gas evolved from the Iunﬁe in some
diseases, but these have not n carried
sufficiently far to furnish us with any practical
or theoretical conclusions of importance.
Diffevences between arterial and venons blood.
— A knowledge of the chemical and physical
differences between arterial and venous blood,
or, in other words, between the blood-imme-
diately before and immediately after it has
through the lungs and been subjected
to the action of the atmospheric air, consti-
tutes part of the data requisite for discussing
the Theory of Respiration. Although many
able chemists and physiologists have of late
years directed their attention to this subject,
yet, from its inherent difficulties, much discre-
paney of observation and conflicting evidence
still require to be cleared up and reconciled.
Most, if not all, of the comparative analyses
of the venous and arterial blood hitherto pub-
lished are of considerably less value for our
present {Jll se than they may at first appear,
since only those of the venous blood flowing
from the right side of the heart, and the arte-
rial blood flowing from the left side of the
heart or along the arteries, ought properly to
be taken into account. The blood returnin
along the veins of the abdominal viscera, anﬁ
entering the heart by the cava inferior, differs
in composition from that entering the heart by
the cava superior, for, independently of other
reasons, a quantity of water and certain sub-
stances taken into the stomach are absorbed
by the mesenteric and gastric veins. The
composition of the blood m the large veins at
the lower and lateral s of the neck must
also be somewhat affected by the lymph and
chyle poured into that portion of t?'llﬂ venous
system.  The analyses of venous and arterial
blood taken at the same time from the carotid
artery and the j:‘fular vein, — the plan most
generally followed in these researches, — are
better fitted for throwing light upon the
changes the blood undergoes in the perform-

carried so far as to arrest the flow of blood throy,
the lungs, the admission of atmospheric air was m-
stantancously followed by the renewal of the

of the blood to the left side of the heart,—a fact in-
eompatible with thiz opinion, seeing that the blood-
vessels are endowed with that kind only of con-
tractility which manifests itself by slow contractions
and equally slow relaxations.

* Eechierches de Physiologie et de Chimie Patho-
Ingiqgfl._ Seconde section. 1811,

t Edinburgh Monthly Journal of Medical Science,
vol. fit. p. 1. 1843,

1 Tranzactions of British Scientific Association,
for 1840, p. B7.

§ Do Quantitate relativa et absoluta Acidi Car-
Bonicl ab Homine sano ¢t mgroto exhalati, 1545,
Hannover, in his experiments, employed the appa-
ratus at‘Schur'Eing. and wasz enabled to ascertain the
absolute quantity of carbonic acid evolved from the
body; while the other experimenters ascertained

it percentage only.  There can be no doubt that the
plan adﬂ“pmqﬁ by l{nmv-:r is the one which ought
to be followed.



RESPIRATION.

ance of nutrition and secretion than of respi-
ration.

The most marked difference, more espe-
cially in warm-blooded animals, between ar-
terial and venous blood is that of colour, —
arterial blood being of a scarlet red, and ve-
nous blood of a dark Modena hue. The
extent of this difference of colonr between
the blood in the arterics and in the veins
varies in the different vertebrata, and is greater
in birds and in the mammalia than in reptiles
and fishes ; and it al=o varies in different con-
ditions of the body and surrounding media in
the same apimal, In animals ex to
artificial high temperatures®, or living mn
warm climates+, when the energy of the re-
spiratory function is naturally diminished, the
venous blood may be of a brighter colour
than usual, while the arterial may be less so,
and it may then be difficult to distinguish the
one kind from the other. In certain cases of
high febrile excitement of the circulation, as
in acute rheumatism when the blood passes
rapidly and abundantly through the lungs, the
blood in the veins may be of a scarlet colour :
on the other hand, where the aération of the
blood is imperfect, as during the state of hy-
bernation, in certain diseases, or from some
mechanical impediment to the free passage of
the air into the lungs, the blood flowing alon
the arteries approaches more or less the dar
colour of venous blood.

The temperature of the arterial blood in the
left side of the heart, aorta, and large vessels
springing from it, is higher than the venous
b[::lﬂfhj from 1° to 27 Fahr., according to
Dr. John Davyt, and 1701 C (1° 818 Fahr.)
on an average, according to Beequerel and
Breschet.§  According to Dr. Davy, the ca-
pacity of venous blood for caloric is 852, that
of arterial blood 839. ||

The specific gravity of venous is somewhat
greater than that of arterial blood. Dr. Davy
gives the specific gravity of arterial blood as
1050, that of venous as 10539 Some of
those who have published analyses of both
kinds of blood, procured more solid materials
and less water from venous than from arterial
blood ; others again have obtained the oppu-
site result; while Denis, in his analysis of the
blood of a dog, observed no difference in this
respect. The number of instances, — taking
the more trust-worthy analyses only into ac-

* Crawford. Experiments and Observations on
Animal Heat, p. 804, 8rd edit.
+ Dr. J. Davy. London Phil. Transact. for 1838,

3 Iiﬂhm'ﬁ.m Physiological and Anatomical, vol.
i p. 147, 1839, At page 211 of the same volame,
ancther series of experiments is given, in which the
difference in temperature varied from 12 to 5° F.

§ Annales des Sciences Naturelles, 2me série, tom.
vii. p. M. 1857. Beequerel and Breschet, in their
experiments, used a thermo-electric apparatus. They
found the difference of temperature between the two
kinds of Lloel diminizh as the bleod-vessels are more
distant from the heart. , o

|l Researches, Physiological and Anatomical, vol. i.

4.
IJl'1 Opus cit. vol. ii. p. 22.

a3

count, — where the quantity of water was
greater in the arterial than in the venous
blood decidedly preponderates. In all pro-
bubility the relutive quantity of water in the
two kinds of blood is determined by the reln-
tive extent of the loss of that fluid by the
arterial blood at the kidneys, lungs, skin, &c.,
and of the supply entering the weins from
without, but chiefly through the mesenteric
veins,

A larger quantity of fibrin has been ob-
tained by some analysts from arterial than
from venous blood in man and in the domes-
ticated animals; others again have procured a
larger quantity from venous than from arterial
blood ; while a few have obtained dissimilar
results in their analyses of these two kinds of
blood in different genera of animals, and even
in different individuals of the same species.®
In the grcntar number of the analyses, however,
more fibrin was obtained from arterial than
from venous blood. 4+ According to Denis and
Scherer, the fibrin of the two kinds of blood
differs in to its solubility in nitre, When
a portion of well-washed fibnin from venous
blood is triturated with a third part of nitre,
and four times its weight of water, and a
small quantity of caustic potass or soda is
then added, it dissolves into a gelatinous
mass, having the chemical characters of albu-
men ; while the fibrin from arterial blood si-
milarly treated undergoes no such changes.

The blood-corpuscles are more abundant
in arterial than in venous blood, according to
Prevost and Dumas, Lecanoe and Denis ; ac-
cording to Meyer, Hering, and Nasse, th
are more abundant in the wvenous blood;
while the analyses of Letellier and Simon
tend to show that the propertion is fluctu-
ating. According to Simon, the blood-cor-
puaglu of ﬂrtaries contain less hematin than
venous blood, while the quantity of globulin
is variable. Mulder states that the chemical
composition of hematin is the same whether
derived from arterial or venous blood.f

The statements made regarding the relative
proportions of the albumen, fat, osmazone,
and salts in the two kinds of blood, differ too
much to justify us in attaching any importance
to them,—a remark which, as yet, we are
afraid applies with too much truth to most
of the other statements regarding the che-
mical differences between the two kinds of

* Wasse (article Blut, in Wagner's Handwiirter-
buch der Physlologie, Band i 8. 171) states that
the difficulty of conduncting a correct quantitative
analysis of the fibrine of the blood is sulficient to ac-
count for these discrepancics,

+ We refir those whe may wish to obtain more
detailed information upon this and some other points
connectsld with the chemieal differences between
the arterial and venous DLilood, with references to
the different authors who have investigated this
gubject, to Nasse's Treatise, entitled Das Blat, &e.,
and the article by him in Wagner's Handwiirter-
buch alrendy referred to, and the first volume of
Bimon's Animal Chemistry, translated for the Sy-
denham Society, by Dir. Day.

The Chemistry of Vogetable and Animal Phy-
it . Translated from the Dutch by melnrg_
Part 1. p. 354



34

blood, mentioned above. Michaelis *, and
Marcet and Macaires, in their ultimate or
clementary analyses of hoth kinds of blood,
found more carbon and less oxygen in ve-
nous, and less carbon and more oxygen in
arterial blood; but Berzelius has ced
sufficient reasons to induce us to doubt whe-
ther, in such investigations, at least as at
present conducted, the distinetive characters
of the two kinds of blood can be preserved
during the analysis, and that they are de-
m”inig of any confidence.]

A larger quantity of fixed carbonic acid
has been obtained from venous than from
arterial blood by Mitscherlich, Gmelin, and
Tiedemann.§

It is now placed beyond dispute that
Sfree gases exist in the blood, and it be-
comes a point of great importance in de-
ciding upon the true theory of respiration
to ascertain their nature, quantity, and rela-
tive proportions in the two kinds of blood.
Four methods have been followed in pro-
curing the free gases from the blood. 1. By
the application of heat. 2. By the use of
the air-pump. 3. By agitation of the blood
with other gases. 4. By the respiration of
other gases than atmospheric air.

The first of these methods is imperfect, as
the albumen coagulates when the temperature
is raised towards the boiling point, and may
retain gases present in the blood. The se-
cond method is also liable to lead to negative
results, unless the air-pump employed be of
the best construction, for, according to Mag-
nus, it is not until the pressure of the ar
within the bell-glass is reduced to one inch,
that the gases begin to escape from the blood.
In such experiments it is also necessary to
employ blood from which the fbrin has been
removed, for coagulated blood will retain the
free guses, and prevent their escape.

Sir H. Davy stated that by raising the
temperature gradually to 200 Fabr., he ob-
tained from 12 cubic inches of the arterial
blood of a calf 14; cubic inch of carbonic
acid gas, and 7 of a cubic inch of oxygen||;
and that he procured carbonic acid gas from
human venous blood heated to 112 Fahr.§

Enschut assures us that, by mll}jmﬁnﬂlmd proen
ob-

to the temperature of boiling water,

tained carbonic acid gas both from venous
and arterial blood, and a greater quantity
from the former than the latter kind of

* Dizs, Ina

T:I;E:'“ Partium Sanguinis arteriosi et venosi, 1
i
lsimﬁ.nnnlm e Chimie et Physique, tom. 1i. p. 382
Lebrbuch der Chemie, Band iv, , 100,

Df!z:-u]nn, 1831, " g

§ Leitachrift fiir Phyaivlogic, Band v. 1838, Mit=
scherlich, Gmelin and Tiedemann, by the addi-
tion of acetic acid, amd the application of heat, oh-
tained from 1000 parts of venors biood at least 123
partz, and from the same quantity of arterial blogd
85 parts of combined carbonic acid.

|| Beddoes’ Contributions to Physical and Medical
Enovwledge, p. 182, 1799,

% Idem opus, p. 134

de Partibus Constitutionis singula-
i. Berolini,
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blood.* It is alleged that Brande obtained
carbonic acid both from venous and ar-
terial blood in considerable quantity by the
use of the air-pumpt; and Scudamore states
that he procured it by the same means in
variable quantities from venous blood.f Col-
lard de Martignyy and Enschut]| procured
carbonic acid both from wenous and
arterial blood, by placing them in the Torri-
cellian vacuum, and a larger guantity from
the former than from the latter, Nasse, sen.¥,
Stevens*#, Dr. ;. Hoffiman ++, Enschut 1§, Dr.
Maitland §§,and Bischoft| ||, obtained i

acid gas from venous blood on agitating it
with hydrogen, or by nlluwinF this gas to
stand over the blood for severul hours. The
existence of free carbonic acid in the
blood was still, however, regarded by some
physiologists as very problematical, since se-
veral trust-worthy and careful experimenters,
such as Dr. J. Davy 99, Mitscherlich, Gmelin,

* Dhssertatio Physiologice-Medica de
tionis l‘.:i:l;.'mimo. P 86 to 99, 1836, Enschut, in
one set of experiments, obtained in this manner from
40 cubie centimitres (2440 English cubic inches) of
each kind of the bleod of the calf, 2 to 4 cobic eenti-
miirtres 12206 to 24410 lish cubic inches) of car-
bonie acid from venons hlood, amd 1 to 25 cubic
contimitres (G025 to L5250 lish cubic inches)
of the same gas from arterial Blood, p. 99,  Enschut
[rints out various precautions necesaary to be ob-
served to geenre necurncy in such experiments, a
wiant of attention to which, he believes, was the
cause of the failure of Dr. J. Davy, Miiller, and
others, in their attempts to obtain carbonic acid gas
from blood Uy heat, po 100—104.

Sir Everard Home, in London Philes. Trans.
vol. xxix. p. 172, 1818, Tt is stated by Sir Everard
T 181}, that Mr. Brande obtained carbonic acid in
the proportion of 2 cubic inches for ounce of
Ilowl, — 2 rf[mtil.}' 6 large, and obtained apparently
with such facility, as to raise insuperable suspicions
reganliu%llm accnracy of the experiments.  Sir
Everanl Home (20th vol. Philos, Trans, p. 180) and
Seudamore state that they observed the escape of
free carbonic acid from the blood during its
coagulation, —an rvation mot mn.ﬂ.rmef by
others. 1t appears that Vogel also obtained carbo-
nig M1{9I;:,“|-:" Fuumls Ij_lmn.FEhj" means of the air-

1m wiigzer's Journal, Band xi.
Guoted by Biseholt) ; R

An on the Blood, 108. 1824. The
hrg‘ea‘rl‘-:jlml ty of carhonic m:hlp' that Sendamora

from venous blood, was half a cubie inch of
oA f;rn mﬁlm?s of Dlosd,
idic’s Journal de Plysiol :
p. B ey Fdloghy S Sk

*Eﬁm it . 115
eckel’s Archiv, Band ii. 1816, Nasse al-
lowed the hydrogen to stand over blood from 24 to
48 houra.

** Philos. Transnct. vol. xlvi. p. 845. 1835.

1-1-I Medical Gazette, for 1832 — 1838, vol xi,

881,

1f Diss, de Respirationis Chymismo, p. 124 to 126,
Enschut obtained carbonic acid by this means also
from arterial blood, but in smaller quantities than
from venons blood.

&8 Experimental on the Physiology of
Blood, p. 2. I-huphm-ém:ﬁaa?. e e

[l Commentatio de Novis quibusdam Experi-
mentis Chemico=Physiologicis aguilluatrmdnm
trinam de Respiratione institutis, pp. 17, 18, Hei-
delberg, 1837, Bischofl' also proeured carbonie acid
gas 1‘;mT1mnﬂl blood by means of the air-pump,
Pp- 11,

99 Philos. Trans. vol. xxxiv. p. 506. 1823,

Respira-
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and Tiedemann#, Stromeyer{, Miiller and
others |, failed in obtaining any carbonic acid
gas from the blood by the air-pump and other
means, and it was not until the publication of
the important experiments of Magnus, con-
firmed as they have been to a certain extent
by other observers, and strengthened by evi-
dence collected both before and since on the
results of the respiration of animals in hy-
drogen and nitrogen gases, that the existence
of any free gas in the blood has been gene-
rally admitted. Bertuch and Magnus pro-
cured carbonic acid gas from human venous
blood by agitating it with hydrogen.§ Mag-
nus has not only obtained carbonie acid gas
from both kinds of blood in some of the
domesticated animals, but also ﬂu}'%en and
azote by means of the air-pump. The two
latter gases were also procured from both
kinds of blood by agitation with carbonic acid

. The quantity of gases obtained from
the blood by the air-pump in these expe-
riments by Magnus amounted to hth, and
sometimes to Lth of the volume of the blood
employed ; but from the difficulty of libe-
rating the gases from the blood, he believes
that this quantity forms but a small part of
that actually held in solution in this fluid.
In some experiments with hydrogen, the quan-
tity of carbonic acid obtained amounted to th
of the volume of the blood employed. The
relative quantity of oxygen gas to the car-
bonic acid gas is greater in arterial than in
venous blood. In venous blood the oxygen
was asth, and often 2th, while in arterial blood
it was at least as Jd and sometimes & to the
carbonic acid.|| Magnus, in a second memoir
on this subject, states that he obtained the
following- quantities of oxygen and nitrogen
from the arterial blood of two old horses, by
agitating it in carbonic acid gas : —

Oxvgon. Azote,
1075 2:0] per cent. of the volume
10 33 | of blood employed.]

By addin ther the fotal quantity of gases
cgilmted%m“:ﬁamh kind of blood 'f:1 his dif-

ferent experiments by means of the air-pump,
and then comparing the relative proportions

* Loc. cit.
$ Dissertatio Libernmne Acidum Sanguine con-
tinetur. Gittingen, 1851,

Two at least of these experimenters, viz. Dr.
]}.-Lt\ry amd Gmelin, have gince r:ltisfm-ll themsclves
that carbonie scid gas i evolved from blood under
the air-pump. Dr. Davy (Philes. Transact. for
1838, p. 291) obtained it in small quantitics both
from venous and arterial blood, ond Gmelin (Preface
to BischofPs Commentatio de Novis quibusdam
Experimentis, &c.) also in small quantity from
wvenous b

§ I dorfl’s Annalen der Physik und Chemie,
Band xL 5. 583, 1837,

|| Tdem opus.
" o Poggendori®s Annalen, Band 1xvi. 8. 202, 1845,
Enschut had, previons to Magnuns's experiments,
obtained azote from both kinds of blood, and in

Emm uantity from venous than from arterial
Hood. 3["1'5 cit. o 1B

a5

of their constituent parts, the following results
are obtained : —

Arterial blood. | Venous bilood.
Cubic Cuhic
centimidires, centimitres
Carbonie acid gas 395 or 62-8 per 475 or 7146 per
cent.) cent.
Oxvgen - = 1T =202 — 1] — 1508 —
Nitrogen * - 14 — | BT — 181 —

The quantity of oxygen s procured from
the blood of calves, oxen, and horses, pre-
viously agitated with atmospheric air, was not
less than 10 per cent. and not more than 12
per cent. The blood can, however, absorb a
greater quantity of oxygen and nitrogen than
was collected in the experiments last-men-
tioned, for by repeatedly shaking blood with
renewed quantities of carbonic acid gas to
remove the whole of the oxygen and nitrogen
gases it contained, and then agitating it in
measured quantities of atmospheric air, he
ascertained, by again measuring the atmo-
spheric air, that the minimum quantity of oxy-
gen absorbed amounted to 10 lllmr cent., and
the maximum to 16 per cent. The quantity of
nitrogen procured in pumerous experiments
on the blood of calves, oxen, and horses, pre-
viously agitated with atmospheric air, was,
when reduced to the temperature of 32 Fahr.
and the mean barometric pressure, from 147
to 33 per cent. of the volume of the blood
employed. The quantity of oxygen gas which
blood is capable of absorbing from the atmo-
spherie air, is, according to Magnus, from 10
to 13 times more than water can do under
the same circumstances.t The experiments

* Poggendorfls Anmalen, Band Ixvi. 5 189, Gay
Luszne (Annales de Chimic et de Physique, Sme
adrie, tom. x. oo 1. 1844, has brought forwand va-
rious objections sgainst the inferences drawn by
Magnus from his experiments.  He asserta that
they lead to the conclugion that more earbonie acid
gras exists in arterial than in venons blood. Mag-
nus las replicd, snd on the whole suecessfully, to
these objections of Gay Lussac (Opus cit. Band Ixvi).
He contends that as the quantity of gases procured
was only a part of what the h!mg actually contained,
amil as the experiments were of different duration, it
mist lead to error to compare, as Gay Lussae has
done, the relative gquantities of carbonic aciil
obtained from rmspmulinﬁaqunnmim of the two
kinds of blood; and that the legitimate mode of
procedure under the circumstances of the case, is to
compare, 85 has been dome in the above table, the
relative quantities of the whele of the gases procured
from each of the two kinds of blood.

t Poggendorit’s Annalen, Band Ixvi. 8 202, In
B exmmmtu the quantity of nitrogen absorbwd
by the blowd, when previonsly agitated with earbonic
acid, was 65 K]ernnnt. Thongh these various results
obtained by Magons in his experiments have not
been fully confirmed by others, indesd several oxpe-
rimenters, such as Enschut, Bischiof, and Dr. J.
Davy, who succesded in procuring carbonic acid gas

from venous and arterial Llood, fuled in o=
taining decided evidence of the presence of oxygen
vet they appear o have been so carefully and
repratedly performed, that a belief in their general
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of Dr. J. Davy, Mitscherlich, Gmelin and
Tiedemann, Enschut and Magnus, prove
that venous blood can absorb considerably
more than its own volume of carbonic acid
gas ; and according to Mitscherlich, Gmelin
and Tiedemann, and Enschut, more of this

can be absorbed by arterial than by venous

lood.®

Lehmann has endeavoured to ascertain the
relative quantities of free and combined car-
bonic acid in the blood. In twelve experi-
ments upon bullock’s blood the average quan-
tity of free carbonic acid in 1000 grammes
(15433°0 Troy grains) of blood, was 0°132

m. { 1"937 grains) of free, and 0°6759 gram.

10-431 grains) of combined carbonic acid :
or, estimating these quantities by volume, in
61250 English cubic inches of bload, there
were £°271 cubic inches of free, and 21068
cubic inches of combined ecarbonic acid.

The results obtained on causing animals to
breathe gases devoid of oxygen are in unison
with those derived from direct experiment, and
furnish additional evidence in proof of the
existence of free gases in the blood. That a

uantity of carbonic acid gas may be exhaled

m the blood during the respiration of gases
devoid of oxygen is proved by the experiments

AECUEAEY 13 _]mllg' almost universally entertained by
hysiologists. Marchand (Journal fir praktischie
Ellumil;e. xxxV. 8§, 301) is the only other che-
mist, as far as we are aware, who

oxygen gas from the blooad. He ascertamed, by
gualitative but nut.uH quantative analyvsiz, that

oxygen gas is contained in the venous blood of the

t has heen argued, and the objection is antiei-
pateid and examined by Magnus, that part of the
carbonic acid gas obtained from the bloed in the
ahove experiments may not have existed in the free,
but in the combined state in the blood. Tt has been
proved h?* the experiments of Heinrich Rose (Tog-

mdoriTs Annalen, Band xxxiv, & 149, 18357, and
maw_hmul Journal filr praktische Chemie, Band
Xxxv. & , 300, 1845), that when a solution of
Bicarlemate of soda is agitated with, or even exposed
fir some tima to, atmosphieric air or hyvdrogen, it gives
off part of ita carbwonic acid, and becomes a i~
carbonate ; and if heat b now applied, an additional

uantity of carbonic acid is given off, and it is re-
duced to the state of carbonate of soda,  If, there-
fure, bicarbonate of soda cxists in the blood, of
the carbonic acid gns obtained in the experiments
of Magnus and others may have been derved from
this souree.  The exact condition of the carbonates
of soda in the blood i3 not known @ indesd their ox-
istemee there has lately been called in -lur_qtim: by
Enderlin (Annalen der Chemie und Pharmacie,
Band =lix. S .'i!'?{ anidl Liebig (idem opus, Band
Tvii. 8. 126. 1846, but withont sufficient reason, as
Marchand {Jouwrnal fiir praktische Chemie, Band
xxxvil. & 821, 18467, Lehmann (idem opns, Band
xl, ), and Molesehott { Holllindische Beitriige, Band i,
ledft 3. 2. 168, 1847 have shown.*

* Dr. J. Davy (Philos. Transact. for 1838, p. 208)
has made an im|’mrtn11t olgervation on the absorbing
capacity of the blood for carbonic acid under different
circnmstances,  In o animals, one of which was
killed by strangulation, the other by exhaustion of
the air of the lungs by the air-pump, the blood of
the former absorbed only 150 per cent., that of the

latter 370 per cent.
Chemie, von Erdmann

t Journal fiir praktischa
und Marchand, Iﬁl;ud xL B, 188. 1847,
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of Spallanzani* and Dr, W. F. Edwardst on
the products of the respiration of snails con-
ﬁneg in hydrogen and azote ; those of Dr, W,
F. EdwardsT on a fish (Cyprinus aureus)
confined in water saturated with hydrogen;
thmnfﬁr.l'lw. F. dEdﬁmrds i, Uuan;;l dinh,:“n*r:
tizny ||, Miiller an i nn Y, Bisc
nlfdjllu[ﬂ:l:hnnd t1, on ;rngs confined in h
drogen or azote ; and those of Dr. W. F.
Edwards £, upon the young of certain of
the mammalia confined in hy mien gas. The
exrerimcuts of Nysten §§, in which he first
exhausted the air, as far as possible, in the
lungs of adult dogs, and then caused them to
breathe hydrogen or azote; and those of Sir
H. Davy || ||, and of Coutanceanand Nysten 59,
on the respiration of nitrous oxide and azote
in their own persons, though not free from
serious ohjections, are still, as far as they go,
in favour of the opinion that free carbonic
acid gas is contained in the blood.

In a former part of this article we have de-
tailed several observations, both upon the
human species and the lower animals, to prove
that a quantity of azote is frequently exhaled
in respiration. The experiments of Allen and
Pepys ***, and Nysten ++1, show that the
fnl:;:lnﬁ?‘tl of azote is l:;u:;mlerahl_-,r increased
1y breathing oxygen or hydrogen, or a mixture
nJII: these l'lifﬂ gn:’sgci, and ghua afford additional
evidence that free azote exists in the blood.
Marchand coneludes from his experiments on
frogs, that when they are mmde to breathe
pure oxygen gas, azote is evolved from the
]I:Iuim]. ai Ijlmlf when made to breathe pure

‘drogen, both oxygen and azote are evolved
frjulr.'-m ﬁfenhluml.iiige

Differences in the form of the red corpuscles
in venous and arterial blood. — The physical

* Mcémoires sur la B

t De I"Influenes. dos
P 449, 1824,

é Opus cil. p. 47, 448

iration, p. S46 to 851,
ens Physique sur la Vie,

: ns -u::iIL % :liﬂ to 447,
agendie’s Jonrnal de Physiologie, tom,
p.IHEMI-:-IIE-Lr R ]
uller’s Llements of caiol translated
b;.-‘!nah-, vol.i. p. 854, M i
** Commentatio de Novis quibusdam Experi-
mentis Chemico-Physiologicis, p. 20,
tt Journal fllr prakiische thmie, Band xxxiii.
5. 154, 1844, Marchand thinks that in the X Peri=
ments of those who preceded him, upon the respir-
tiomn of frogs in h gen, that the gas employved
must have containel some oxygen, as the animals
lived longer than fhose used in his experiments
where the gas was quite pure.
g ?’tpmilpl 453 to 455,
o &8 de Physiologie ot de Chimie Patho-
lo%ﬂquu.s, P 225 to 220,
- |H]i-:emrdms, Chemical and Philosophical, Divi-
1REHI] 5
11 Coutancean’s Révision des Nonvelles Doctrines
Chimico-Physiologiques, p. 250 to 802, 1821, Cou-
tancean and Nysten breathed azote alone ; and their
Eup-er%‘r;ﬂmlta were regarded, oven by Coutaneean
imself, a5 “essals bien incomplets.”
-5 ﬂ“;%h Opus eit. p.
hn ilog, Trams, 1809, n. 404,
}-t Recherches, &e, p. EE{L 231,
Opus cit. Band xxxiii. 8.154—159. Band xxxv,
8.5 #3. Marchand does not distinetly state
that he ascertained this by direct analysis of the
expired gases.
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conditions of the red corpuscles can be changed
by the action of various agents, such as pure
water, and solutions of certain neutral salts.
By the action of the former, the corpuscles
swell, become more globular, and reflect less
light ; by the action of the latter, they become
smwaller, thinner, somewhat bent and notched,
and reflect more light. These changes are
apparently dependent upon endosmotic and
exosmotic currents, between the fluid.contents
of the red corpuseles and the surrounding
fluid. It has been maintained that the red cor-
puscles of venous and arterial blood differ in
their external form, — the former approaching
in their shape those acted upon by water, the
latter those subjected to the action of solutions
of the neutral salts; and this change in the
form of the corpuscles has been adduced as
the cause of the difference in colour between
arterial and venous blood. Kaltenbrunner #,
Schultz+, H. Nasse !, Schererf, Reuter ||,
Mr. Gullivery, and Harless **, have de-
scribed various differences in the external
form of the red corpuscles of the two
kinds of blood, as observed by them under
the microscope, from which some of them
infer an increase in their power of reflect-
ing light44; while Burdach i, Miillcrjﬁ,
Bruch || ||, and Marchand 99, have failed in de-
tecting by the microscopeany difference in their
external form in the two kinds of blood. ###
Those observers who have described differ-
ences in the shape of the red corpuscles in
arterial and venous blood do not quite agree
in their account of these. They agree, how-
ever, in this, that the red corpuscles are

- Exr(»rim{.-nt.ﬁ circa Statum Sanguinis et Vaso-
rum in Inflammatione, p. 71, 1826,

; Das System der Circulation, 5. 27, 1836,

Handwiirterbuch der Phy=iologie, von Wagner,
Band i. & 97. 1842,
& Zeitschrift Fir Rationelle Medizin, Hera
fEE“ von Henle und Plenfer, Band i heft ii. 5
Iifem opus, Bamd iif. heft . 5. 165, 1845,
Work of Hewson, printed for the Sydenham
Society, note at p. 9. 1846,

R 'hlﬂnn:rgmq i iber den Einfluss der Gase anf
idie Form der Blutkérperchen, von Kans témporaria.
Erlangen, 1846,

t+ We have not included, for obvions reasons,
among these anthorities in favour of there being a
difference in the shape of the red corpuscles in the
two kinds of blood, those anthors who, like Henle
amd Mulder, have adopted this view withont stating
thiat they haid personally investigated by the micro-
seope the peint at issue,

11 Traité de Physiologie, &e. traduit par Jourdan,
tom. vi. p. 185, 186, 1587,

Elements of Physiology, translated by Baly,
vol. L po 36, 1840,

[l &iuu:hrift, Bee. Von Henle und Pleafer, Band
i. heft fil. 5. 440, 1844 ; Band v. heft iii. 5. 440, 1847,

15 Jonrnal (i praktische Chemie, Band xxoviin,
5,279, 1846,

**% Dir, G, O, Rees (Med. Gazette, Session 1844-5,
fr B40) maintains that the structure of the red par-
ticles provents the ibility of their assuming any
other form lhm:,ﬁt i lhi.mnﬁam in a fluid of the
specilie eravit soruim, whether nxp-mﬂ:d Lo alr or
nluj;?: huﬁ.‘r:in :'tutemunl appears to be founded upon
the presumed effects of the endosmotic and exosmo-
tie conditions of the red corpuscles, and not uponany
examination by the microscope of the effects of gases
upon these hodics,

ar

more turgid and less clear in venous than in
arterinl blood.  Scherer describes the red
corpuscles in arterial blood as biconeave, and
those in venous blood as biconvex and de-
cidedly swollen. Mr. Gulliver states that in
all his experiments “ the red corpuscles were
reduced in size, both in breadth and thickness,
by neutral salts, and in a less degree by sugar
and oxygen; while the first effect of water
and of carbonic acid was to swell the cor-
puscles and make them more globular.” Nasse
says that the red corpuscles of the arterial
blood in the mamnalia, on the contact of car-
bonic acid gas, become muddy in the middle,
the ring formed by the colouring matter be-
comes bronder, they become darker and some-
what thicker, at least on one side, and they
adhere closer together. Harlass gives measure-
ments of the corpuscles of the blood of the
frog, when brou Et into contact with oxygen
and carbonic acid, to show that they become
somewhat broader and thicker when exposed
to the action of the latter gns. He also states
that while the corpuscles in the former are
finely granulated on the external surface, those
in the latter are smooth,

Theory of respiration, — The actions be-
tween the blood and the atmospheric air in
the performance of the function of respiration
are regulated entirely by chemico-physical
laws. No doubt the blood and air are con-
veyed to and from the lungs through the in-
strumentality of the vital properties of the
nervous and muscular tissues, but the cha
they there undergo do not appear to be in-
fluenced by vitality. When venous blood and
atmospheric air are brought into contact out
of the body, the same actions apparently occur
as in the lungs during life, viz., the atmospherie
air loses part of its oxygen, acquires in its
place a quantity of carbonic acid gas, and the
blood assumes the arterial hue. The distri-
bution of the blood in innumerable minute
streamlets upon the surface of the air-cells,
filled with atmospheric air, affords much more
advantageous means than can be obtained in
experiments out of the body, for facilitating
the mutual actions of the blood and atmo-
spheric air. From the known rapidity with
which gases permeate both living and dead
animal membranes, the moist delicate mem-
branes that intervene between the blood con-
tained in the capillaries of the lungs, and the
atmospheric air in the air-cells, will readil
permit the endosmose of a portion of the at-
mospheric air, and the exosmose of a portion
of the gases held in solution in the blood.

The rest of our remarks on the theory of
respiration may be arranged under three heads :
viz. 1st, the manner in which the air in the
upper and in the lower parts of the respiratory
apparatus is intermixed ; 2dly, the nature of
the immediate actions between the blood and
atmospheric air in the lungs, in which a quan-
tity of carbonic acid gas appears in the expired,
and a quantity of exygen disappears from the
inspired air ; 3dly, the nature of the changes
the blood underzoes in passing from the venous
to the arterial condition.



38

On the manner in which the air in the upper
and lower paris of the respiralory apparafus
becomes intermired, —The respiratory qualities
of the other parts of the inner surface of the
wir-passages must be very feeble when com-
pared with the membrane of the air-cells of
the lungs ; and there can be no doubt that
almost all the carbonic acid present in the
expired air is derived from the blood circula-
ting in the capillary blood-vessels of the air-
cells ; and that this evolution of carbonic acid
gas is continuous, going on during expiration
as well as during inspiration. As a portion
only of the atmospheric air, probably not
much more than a fourth or a Elgh part, is re-
newed at each ordinary respiratory movement
when the body is in a state of rest, the air
expelled during expiration will chiefly consist
* of that oceupying the larynx, trachea, and the

larger hmncgiul tubes ; so in the same man-
ner, the air drawn in by inspiration will
chiefly occupy the same parts of the respira-
tory apparatus. It is well known that the
air expelled in the first part of an expiration
contains less carbonic acid than that expelled
towards its close ; thus the air in the deeper
parts of the respiratory apparatus must be
richer in carbonic acid and poorer in oxygen
than that in the upper parts. The amount of
intermixture of the gases in the different parts
of the respiratory apparatus effected by the
muscular movements of the chest would, in
all probability, be too imperfect for the proper
arterialisation of the blood, were this not
aided by the well-known tendency of gases to
diffuse themselves through each other. As
the air in the air-cells differs from that in the
higher parts of the respiratory apparatus in
containing more carbonie acid nrugl less oxy-
gen, the m n being nearly the same in
both, this diffusion of gases is probably chiefly
confined to the two former., m the oxy-
gen being of lighter specific gravity than the
carbonic acid gas, the descending current of
oxygen gas will exceed the nmunﬁiﬂg current
of carbonic acid, and 81 of carbonic
acid will be replaced by 95 of oxygen, for
according to the law regulating the diffusion-
volumes of gases under such circumstances,
established by Graham, in the case of each
gas this is inversely proportional to the square
root of its density.*

On the nature of the actions between the
blood and the atmospheric air in the lungs, ?-
which a quantity of oxygen is removed from the
inspired aiv, and a quantity of carbonic acid gas
added to the erpired air.— Four views have
been maintained on this point. — 1. That of
Lavoisier, La Place, and others; that the
oxygen which disappears from the inspired
air unites directly in the lungs with hydro-
carbon furnished by the venous blood, and
forms the carbonic acid gas and watery vapour
that escape along with the expired air.}

- Transactions of Royal Society; vol.
xii. p&?m ' 4
t Beguin and Lavoisier “Sur la Transpiration

des Animanx,” in Mémoires de VAcadémic des
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2, That of La Grange and Hassenfratz;
that free carbonic acid gas is present in a state
of solution in the venous I;ﬂuud het‘gm it
arrives at the lungs, where this gas is ex-
haled ; that nearly the whole of the oxygen gas
abstracted from the inspired air is absorbed
at the lungs, and held in solution by the
arterial blood ; and that the combination of
the ox with the carbon and formation of
carbonic acid chiefly take place when the
blood is passing through the capillaries of the
systemic circulation.*

3. That the oxygen that disappears from
the inspired air enters into chemical combina-
tion with one or more of the constituent

arts of the blood in its course thmnﬁh the
rungs, that in the passage of the blood through
the capillaries of the systemic ecirculation this
oxygen leaves the substance or substances to
which it had united itself, and combines with
carbon to form carbonic acid, or with carbon
and hydrogen to form carbonic acid and
water, and that the carbonic acid thus formed
does not combine chemically with any of the
constituent parts of the venous blood, but is
held in solution by it, and is evolved while
passing through the capillaries of the lungs.

4. That not only :Ilre oxygen that disap-
pears from the inspired air is wnited chemi-
cally in the arterial blood, but also the
carbonic acid formed during its circulation
through the systemic capillaries enters into
chemical combination with some one of the
constituent of the venous blood ; that
the combination thus formed is decomposed
in the pulmonic capillaries by the agency of
the absorbed oxygen, and the carbonic acid
thus set free is evolved and escapes in the
expired air.

The first view, viz. that the carbonic acid
that q;pw; in the expired air is formed in the
lungs by the combination of part of the oxy-
gen of the inspired air with the earbon of the
venous blood, must now be regarded as unte-
nable. The existence of free gases in the
blood, the evolution of carbonic acid from the
blood at the lungs in animals made to breathe

gases devoid of oxygen, the small increase of

Sciences for I‘im.lp. G01. Tt is still maintained by

some chomists and physiologists, who appear to re-
gard the function afp]mpirnmn simply as 8 process
of combustion, but who do not uphnl;:i the opinion
that this combustién takes place in the 1 amd
that the watery vapour in the expired air “{:ﬁuw-
dmtalr-:};cﬁiﬂ:m&m tili_aauullﬁ. that o part of tha
OxXygen ppears from the inspired air unites
with hydrogen to form water. No satisfactory evi-
dence is offered in support of this opinion, and in
the present state of our knowledge it must be pe-
Th?: mm conjecture,

- trine, as propounded Hassenfratz
{Annales de Chimie, tom. ?;. I EEIII.IFITD!], which
has received various modifications since his time,
was based on the view that the purple colour of the
venous blood is the result of the combination of
oxygen with the carbon and hydrogen of the blood,
while the searlet colour of arterdal blood is comsed
by the solution of oxygen gas in it, and consequently

can be little combination of the carben aml
m;l{ngmaf the Lleed with the atmoespheric air in
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temperature the blood acquires in its chan
from the venous to thumurtl:rinl nundiﬁuu&f
und the result of observations made npon the
bleod out of the body, when subjected to
alternate applications of oxygen and carbonie
acid gas, are all opposed to the supposition
that the formation of carbonic acid gas takes
place to mli: great extent in the lungs. The
existence of a quantity of free carbonic acid
in the venous blood, more than sufficient to
furnish the whole of this gas thrown off at the
lungs, and the avowedly conjeetural explana-
tion of the manner in which the carbonic acid
is combined and the agency by which its com-
binations are decomposed in the lungs, given
by those who advocate this view, justily the
adoption of the opinion that the carbonic
acid gas evolved at the lungs exists in a free
state in the venous blood before it reaches
the lungs.

An mterchange, therefore, takes place be-
tween the air in the cells of the lungs and
;he blood in the pu'lmic capillaries, tlui-
atter receiving oxygen iving up part o
the free carbonic IIFI;.'IEE held %. ir.giu solution.
These from their solubility, readily per-
mente the thin moist membranes interposed
between the blood and the atmospheric air
contained in the cells of the lun We have
already mentioned that Valentin and Brunner
have concluded from their experiments that
this interchange of oxygen and carbonic acid
gas is regulated by the law of the diffusion of

established by Graham ; but besides
objections that may be urged against this
view, drawn from the considerable ﬁgﬂ'rait}' in
the relative proportions of these gases inter-
changed during respiration as ascertained by
different experimenters, the conditions under
which the two gases are placed in respiration
are very different from those in the experi-
ments nstituted by Graham.t  In respiration
the gases are separated by moist animal mem-
branes, and one of these, viz. the carbonic

* Dr. J. Davy ascertained (Lond. Thilos. Trans
for 1838, p.208) that oxypmm pas shaken with ve-
nous blood out of the raised the temperature

of the latter from 1° to 22 Fahr, Marchand (Joumal
fiir praktische Chemie, Band xxxv, 8, 400) adduces
reasons for believing that thizs increase in temper-
ature arose from the mere a ion of the gos, and
not from any chemieal action between it amd the

loenl.

+ Graham’s first @ ents, foom which he de-
dueod his law that © diffusive velocities of dif-
ferent gases are inversely as the square root of their

densities,” wers made b
tam of stuceo betwein

inferposing & porous sep-
e gases experimented upon
and the external air. The equivalent diffusion=vo-
lumes of oxygen and ¢ acil caleulated ac-
cording to this theory, with which the experimental
results closely agree, are—air equal to 1,
oxygen 0-04587, and carbonic acid 0-8081. (Trans-
acfions of Royal Soclety of Edinburgh, vol. Xii
. 232, 1834.)  In some later experiments Mr. Gra-
];um ascerfained that this law also helid when gases
pass thmuﬁ minute apertures in a thin plate into a
vacuum, whil
the same gases through tubes into a vacumm has
no uniform relation to the density of the gases
(Plilosophical Transactions of London for 18546,
p. 878.) _

e, on the other hand, the discharge of
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acid, is held in solution in a fluid subjected to
an increased pressure caused by the action of
the heart.*

We are not, in the present state of our
knowledge, in a condition to form any thing
like an accurate estimate of the varions cir-
cumstances which regulate this interchange
between the oxygen of the air and the car-
bonic acid gas of the blood, but it is obvious
that it will be affected in a most important
manner by the relative proportion of these
gases in the air contained in the air-cells of
the lungs and in the blood, and by the quan-
tities of atmospheric air and blood trans-
mitted through the respiratory apparatus.

We have seen, from the experiments of
Vierordt, that when the air is rapidly renewed
in the lungs, though the percentage of car-
bonie acid in the expired air is diminished,
et the total amount of this gas thrown off

om the lungs within a given time is

wrtionally increased ; while, on the other

d, when the respirations are diminished
below the natural standard, though the per-
centage of carbonic acid in the expired air is
increased, yet the total quantity thrown off
from the lungs in a given time is propor-
tionully diminished. hen the atmospheric
air in the lungs is rapidly renewed by an in-
ereased frequency of the respiratory move-
ment, the diffusion of the oxygen in the
higher, and of the carbonic acid in the deeper,
parts of the air tubes wiil proceed more
rapidly, and the air in the deeper parts or in
the air-cells will contain a less percentage of
carbonie acid, and a greater percentage of
oxygen, than when the respirations are carried
on with the usual frequency and force. This
diminution of the usual quantity of carbonie
acid gas and increase of oxygen in the decper
parts of the lungs will accelerate the inter-
change between the oxygen of the air and the
carbonie acid of the blood, provided the blood
holds its normal amount of free gases in solu-
tion, and a quantity than usual of car-
bonic acid will be separated from the blood at

* The pazsage of throngh moist membranes
is not simple difusion, az it 18 influenced by the
aolubility of thess gases in the fluids of the mem-
Lrancs.  In the case of respiration it will also pro-
bably be affected by the attractive force of the
constituents of the bleed for the gases, The relative
rapidity of the passage of different gases through
mambraneus septa, a8 obsarved in the experiments
of Dir. Faust and of Mr. Mitchell ¢ American Journal
of the Medical Sciences, Nov. 1880), and by other
experimenters, is not in accordance with the law of
the diffusion of gasez, as determined from experi-
ments upon their diffusive velocities through porous
seépta into the atmospheric air, and through minute
apertures in a thin plate into & vacoum. When a
l:Ilul:Irr filled with oxygen gas is introduced into a
vessel full of carbonic acid gas, the latter passes so
miuch more mmd]&umraugh the coats of the bladder
than the former, that the bladder becomes gradually
distended, and at last may burst. In these last expe-
riments, equally as in those of Graham, the condi-
tions under which the diffusion of the gases occurs,
are not the same as those in respivetion ; and wo
finel the carbonic acid gas ing in greater quantity
through the omgmnie mmnﬂ‘:rﬁﬁ than the oxygen,—
the reverse of what takes place in respiration.
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the lungs, and carried out in the expired air,
If, then, we add an increased flow of blood
through the capillaries of the lungs to an in-
creased frequency of the respiratory move-
ments, as occurs in exercise, the interchangze
between the oxygen of the air and the free
carbonic acid of the blood will be carried on
with greater activity. When, on the other
hand, the air is renewed in the lungs less fre-
quently than usual, as happens when the
respiratory movements are diminished in
number and in extent, the air in the deeper
parts of the lungs will contain less oxygen
and more carbonic acid than usual, and the
interchange between the oxygen of the atmo-
spheric air and the free carbonic acid of the
hlln-ud will proceed more slowly. When the
respirations are reduced to about one half of
their normal frequency, as occurs in the course
of some diseases, and after division of the
vagi nerves, the carbonic acid gas gradually
accumulates in the blood, less oxygen is ab-
gorbed, and the individual generally sconer or
later dies of asphyxia. When the quantity of
carbonic acid gas in the air-cells reaches a
certain amount, the evolution of this from
the blood will cease; and when this is carried
still farther, there will be an absorption of a
part of the carbonic acid gas by the blood.
The interchange between the nitrogen and
the other gases at the lungs is very small in
the normal condition of the respiration, but
there is every reason to believe that this is
lated by circumstances similar to those
which determine the interchange of the oxygen
and carbonic acid. The mitrogen is much
less soluble in the blood than the oxygen and
carbonic acid, and we presume that its power
of permeating moist animal membranes is
much inferior to these pases, and that the
smaller quantity of it held in solution in the
blood may be in this manner explained. We
have already pointed out that, in the experi-
ments made to determine whether nitrogen is
absorbed or exhaled at the lungs, opposite
results have been obtained, but that the evi-
dence preponderates in favour of the opinion
that a small quantity of this gas is evolved
from the blood during respiration. By an
alteration of the usual relation between the
quantities of nitrogen present in the air and
in a free state in the blood, the evolution of
nitrogen from the blood may be increased or
suspended, or it may be absorbed by the blood
mstead of being evolved by it.  In a previous
part of this article we have referred to ex-
periments which prove that when animals
breathe oxygen or hydrogen gases, or a mix-
ture of both, azote is evolved in greater
quantity than usnal from the blood in the
lungs; and that when they breathe azote
alone, part of this gas is absorbed at the

]uI:IFS.

he exact condition in which the whole of
the oxygen absorbed at the lungs exists in
the blood, notwithstanding the light thrown
upon this point by recent researches, is still
not free from considerable difficulties. Pre-
vious to the experiments of Magnus upon the
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gases of the blood, already referred to, the
opinion of Le Grange and Hassenfratz, that
the greater part of the oxygen gas absorbed at
the lungs is dissolved in the blood and carried
along with it in that condition to the systemic
capillaries, was considered untenable by many
celebrated physiologists, the more especially
as the attempts to detect free oxygen in the
arterial blood had failed in all the more
trust-worthy experiments, Different opinions
as to the kind of chemical combination
formed by the oxygen in the arterial blood
have been entertained by those who believe
that the portion of this gas that disappears
from the inspired air does not unite with car-
bon in the ?unga to form carbonic acid, and
that little or none of it is simply dissolved
in the arterial blood. In the greater number
of these hypotheses, however, the oxygen is
supposed to unite itself in whole or in
to 51.1: red corpuscles, and ecially to the
iron contained in these: an-.F as the exact
state in which the metal exists in the red
corpuscles is still undetermined, this has given
rise to very different notions regurding the
changes ﬁmted upon it by the oxygen.
According to other views, the oxygen in
whole or in part is united chemically to some
of the other constituent parts of the arterial
blood, and from these it 1s amain separated in
passing through the ?-ntemn.- ca;.ffimm, and
unites with carbon to form carbonic acid.#

* We shall here very shortly noticé a fiw of the
more recent theories of respiration, which an
the supposition that the oxygzen abstiracted from the
inspired air is combined, in whole or in with
some of the constituents of the arterial blood. Gme-
!Er;: ’I‘itlaﬂemunﬂ. anil :I;htmht—rlu.h (Leitschrift fiir

ilogie, Band v.) supposed that the oxygen
nbﬁﬂmﬁl the lungs partly unites with m}lr'ﬁon
amil  hyd to form ie acid and water
which are exhaled, and partly with i
substances in the blood to form acetic and tic
acids : that these acids decompose some of the car-
bomates of soda brought to the lungs in the venous
blood, and that the carbonie acid thus set free is
alsoexhaled. The arterial blood in its course through
the tissues, morne mram‘nll}r those of the kidneys and
skin, loses part of its acetic and lactic acids; and
the soda with which they were combined, being set
free, unites with the carbonic acid formed during
the process of nutrition, and these carbonates ara
again decomposed in the lungs in the manner de-
geribed.  Dumas ﬁtnliqm Ehumiw des Etres Or-
gamiscs, pp 4%, 44, Bme ddit) believes that the
absorbed oxygen combines with certain matters of
the bloosd forms lactic acid, the laetic acid com-
Lings with seda to form Inctate of soda, and this
latter salt, by a real combustion, is converted into
carbonate of soda, which is decomposed in its tum
in the lun%’h}- a fresh portion of lactic acid. Liebig
(Organic Chemistry of Physiology and Pathology,
edited by Gregory, p. 265. 1841) supposes that car-
bonate of protoxide of iron exists Pu the red cor-
puscles of venous blood, and that in its
through the | o large portion of the a Tl
oxygen unites with it, forms hydrated ida of
irom, and sets the carbonic acid frec.  Mulder {The
Che of Vegetable and Animal Physiology,
tramslated by Fromberg, Part 11. p. 837 aﬂiﬂa gﬂt
an alternate change into carbonate of the protoxide
of iron and peroxide of iron in respiration is impos-
silile, and maintains that the ab;?ﬁ:ed OX¥EN Com-
Linges with the proteine eom ds of the b and
forms oxy-proteine, which being conveyed by the
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The presence of a 1 antity of free
oxygen ms in the arterial blood than what
15 sufficient to form the carbonic acid gas
evolved at the lungs, amounting in some cases
to rather more than 10 per cent. of the vo-
lume of the blood in Em: experiments of
Magnus, naturally leads to the conclusion
that the ter part, at least, of the absorbed
oxygen 15 not chemically combined in the
arterial blood, and is simply held in solution
by it. We are not, however, quite prepared
to concur in the opinion of us, that the
whole of the absorbed oxygen is held in solu-
tion in the arterial blood, and that an inter-
change between part of the free carbonic acid
of the venous blood, and part of the oxygen
of the atmospheric air, embraces the entire
changes in the blood as it passes from the
venous to the arterinl condition : for, if the
opinion be correct that the elaboration of the
materials of the chyle into blood is completed
in the lungs, and that certain marked diffir-
ences in the fibrin of the two kinds of blood,
noticed above, really exist, something more
than this is probably necessary. Though the
experiments of Marchand appear to prove
that the absorbed oxygen does not enter into
any chemical combination with the consti-
tuent parts of the arterial blood in the lungs,
by which earbonic acid gas is formed ; yet,
while the Fn:uxer part of the absorbed gas is
held in solution in the arterial blood, a small
portion of it may enter into chemical combi-
nation in a manner hitherto not definitely
ascertnined . ®

It is almost universally believed that the
free carbonic acid gas in the blood is formed
by the combination of the absorbed oxygen
with carbon in the blood, chiefly if not en-

arterial hlood to the capillaries is decomposed darin
the nutritive mpund carbonic acid is I'urm.og
and helil in solution in the blood.

[ Dr. G. 0. Rees has Iutel}'Ht forward the following
ingenious theory of Nﬁ:in i He finds by analysis
that the corpuscles of venous blood contain fatty
matter in combination with phosphorug, which docs
not exist in arterial blood, or, at most, ia found in it
only in very small quantity. In respiration the oxy-
gen of the inspived air unites with this phosphorus
and fatty matter, and a combustion of it takes place,
of which the prodects are water and carbonic acid,
from the union of the oxygen with the cloments of
tha fatty matter, and ih oric acid, from the union
of the oxygen with the phosphoros. The earbonic
acid and water are exhaled, and ap in the
expired air; the phosphoric acid attracts the soda
of the liquor sanguims from its combination with
albumen and lactic acid, and thus forms a tribasic

phate of soda, a salt which in a marked

the property of giving a bright ‘colour to

hamatosing. See Dir. Rees' paper in the Lond. Edin,
and Dubl. Phil. Mag. for July, 1848, — Ep.]

* Marchand (Journal fiir praktische Chemie, Band
xxxv. 5. 883, 1845) in his experiments found that
oxygen gas does not unite with fibrin to form car-
Bomie acil until it has been exposed to its action for
gome days, in fact not until it is passing into o state
of putrefaction ; and that, on anﬁ;ecting to o conti=

nuons current of ox the red seles, and
beaten venons bl after all the free carbonic acid
held in solution had been carefully separated by the

air-pump and agitation with hydrogen, no carbonic
acil gas was evolved, Thmexpmmw'u‘mruhdnm
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tirely in the course of its circulation through
the systemic capillaries ; but this opinion,
however plmlsihlz: it may appear, and though
it apparently accounts for the evolution of
animal ealoric in a satisfactory manner, does
not rest upon any direct evidence. There
are no facts that militate against the exist-
ence of such a combination, and there ean be
no doubt that in the present state of our
knowledge it affords the readiest and most
complete interpretation of the phenomenn
referred to it, but sull it is quite ible that
the carbonic acid may be formed during the
process of nutrition differently from what is
generally supposed.

Cause of the change of colour in the blood. —
The manner in which the changes of colour
in the blood is effected as it passes through
the pulmonic and systemic capillary vessels,
has not yet been satisfactorily determined.
It seems now to be pretty generally admitted
that the hematosine or colouring matter of
the blood is enclosed within the envelopi
membrane of the rod corpuscles ; that this
hzmatosine, though it may be combined with
iron, does not derive its colour from the pre-
sence of this metal ; and that all attempts to
explain the change in the colour of the blood
in the lungs by the formation of certain
oxides and salts of iron must be abandoned.
gt is well known that various atl:'h:_cti]mner;i

esides oxygen gas, can impart a bright
colour to rreg:nus blood when mixed "Erith it,
and without being attended with any evo-
lution of carbonic acid gas. The best known
of these are solutions of the sulphate of soda,
nitrate of potass, phosphate of soda, carbon-
ate of soda, carbonate of potass, and sugar.

The opinion of Stevens *, that the change
from the venous to the arterial hue in the
blood is to be attributed to the actions of the
salts dissolved in the blood upon the hemato-
sing, after the removal of the free carbonie
acid of the venous blood through the attrac-
tive force of the oxygen of the atmospheric
air, has not been confirmed by uent
researches. It has been ascertained that the
removal of carbonic acid from venous bload,
by means of the air-pump+, or by agitation

the inferences in favonr of the opinion, that the
oxygen abaorbed at the lungs partly enters into
combination with the constituents of the blood in the
lungs and forms or liberates carbonic acid gas, drawn
from the experiments of Scherer (Annalen der Che-
mie und Pharmacie, l]m;l:l xl. '!da-i upon the action
of 0% u fibrin, a ose of Bercoling
Lelirbuch dor Chemie, Band iv. S. 91, 1831), and
anck {De Ratione que Colorem Sanguinis inter,
e, p. 85 Kilim 1834) upon the greater absorbing
wer for oxygen of the colouring matter of the
lood over the serum.  Mulder { Hollindische Beit-
rilge, &, Band i hett i . 20, 1 6 adduces varions
arguments to show that the experiments of Magnus,
and they apply equally to those of Marchand, by no
means prove that a part of the oxygen absorbed at
the lungs does not enter into chemical combination
with the constituents of the blood before it reaches
the capillarics of the syatemic circnlation.
London Philos, ck. wvol. xlvi. p. 845

18355,
t Dr. 4. Davy and others.
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