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ferments, or oxidases
has not been found. That these are also prominent factors of
the vital processes is suggested by Howell’s# concluding re-
mark, after reviewing briefly the most salient available data,
that “such facts as these lend. great probability to the heliet
that eventually it will be shown that the oxidations in the body
are effected by the influence of oxidases or peroxid
singly or in combination or in ge
enzymes,”

ases acling
quence with the hydrolytic

Again, Moritz Traube,* in 1858, called
need of some substance in the 1
mediary between hamoglobin

attention to the
olood which could act ag inter-
and tissue-cells to account for
various phenomena witnessed. The term “oxidase” wag intro-
duced to deseribe ferment-like hodies which, without them-
selves undergoing destruction, could so influence oXygen as to
increase greatly its oxidizing activity, In 1858, Traube*s had
already emphasized the need of such a substance to explain the
physiological action of the oxygen carried to the tissues by the
hazmoglohin—g substance which, he thought, could take up oxy-
gen from the oxyhzmoglobin and transfer it to the tissues,
thus acting as an “oxygen transmitter,” Experimental demon-
stration of the existence of 4 body endowed with such proper-
ties was not made, however, unti] 1876, when Schmiedeburg”
published his first paper. His investigations, and particularly
those of Jaquet and the other chemists referred to above, hay-
ing shown that the’ blood-serum contained a. substance which
could absorh 0xygen from the air and then surrender it to re-
ducing substances, the requirements of cellyl
outlined by Traube were met.
latter observer’s conception, as an “oxygen transmitter.”
That a ferment was the active factor of the
demonstrated g few years later, In 1883 g Japanese chemist,
Hikorokuro Yoshida,* found that the ]
Rhus verniciferq underwent, while hardening, slow oxidation,
He aseribed this phenomenon to

a diastase which lost its
POWer as such when heated to the boiling point. A F

* Howell: “Text-book of Physiol.,” p. 836, 1905.

“ Traube: “Theorie der Fermontwirkungon." Berlin, 1858,
45 Traube: Loe. cit. :

. Schmivdeberg: Archiv f, exper,

J Path. u, Pharm., Bd. vi, 8. 233, 1876,
¥ Hikorokuro Yoshida: Jour, of the Chemical] Soc., vol, xlifi, p, 472.
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erer of ozone, took up the question in 1856°! and showed that
many plants gave the guaiac blue test, that it began to receive
serious attention. Since then, oxidases have been found by

various investigators in so many plants that their presence
may be regarded as universal. Indeed, referring to an oxidase

he named “catalase”™—a term which implies the function of
“oxygen-transmitter” i.e., calalysis—Oscar Loew®™ wrote after
a very large number of experiments: “There does not exist
a group of organisms or any organ or even a single vegetable or
animal cell that does not contain some catalase, as far as the
observations of the writer go. This general occurrence of cata-
lase in the organized world cannot be accidental and must have
a certain significance.” The oxidizing property was combined
with that of catalysis (oxygen-transmission) in all these organ-
isms precisely as in the case of the plants studied by Bertrand—
and also in that of animals, as we shall see presently.

One still meets occasionally in literature with the state-
ment that respiration in plants is the opposite of that in ani-
mals, i.e., that while the latter take up oxygen from the air,
plants absorb carbonic acid. Sachs showed over thirty years
ago, however, that such is not the case, The ahsorption of
carbon dioxide and excretion ofs oxygen by the chlorophyll of
the leaves is concerned with the nutrition of the plant only;
and this occurs in the daylight, while respiration goes on both
day and night. The plant takes up oxygen from the surround-
ing air and gives off carbon dioxide, precisely as do animals.
This fact adds greatly to the interest of the experimental data
just outlined. Indeed, so strikingly like the respiratory pro-
cess were the gasometric results obtained by Bertrand that,
although his experiments aimed only to establish the identity
of the ferment which caused the oxidation of lacquer, he refers
to them as being “the first example of diastatic reaction with
interchange of gases.” He also says that “it is all the more
remarkable in that it [the interchange]| resembles in a way
artificial respiration, and one may at least suppose that it repre-
sents a phenomenon very nearly akin to that attending respira-
tion in the vegetable kingdom.” As interpreted from my

6 §choenbein: Cited by P. Sée: Arch. gén. de méd., July 14, 1906.
82 Oscar Loew: ‘‘Catalase,” U. 8. Dept. of Agriculture Rep., No. 6§, 1901,
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standpoint, this does not exemplify artificial respiration, but
instead, the foundation of the true respiratory process of plant-
life. !

The blood of many invertebrates, which contains no blood-
pigment, hemocyanin or haemoglobin, has likewise been found
to contain an oxidase, or oxidizing ferment.

Piéri and Portier® studied experimentally the blood of
mollusks to ascertain whether it contained an oxidizing fer-
ment. Freshly prepared tincture of guaiae had been found by
Bertrand to turn blue when in contact with his laccase.
The labial palps of acephalic mollusks when dipped in a few
drops of water to which one or two drops of tincture of guaiac
had been added, showed blue streaks; the water also soon be-
came blue. A similar effect was produced when the juices of
a palp were dropped in the same solution. That this was not
due merely to oxygen liberated by the living cells is shown by
the fact that when Piéri and Bertrand exposed both the palp
and the liquid to a temperature of 50° to 60° C., the activity

“of the oxidizing substance was enhanced. Now, Salkowski® has

shown that the oxidizing body in the plasma is only destroyed
at 100° C. (212° F.), the boiling point, thus identifying it as
a ferment. Important in this connection is the fact, previously
referred to (page 804), that when the blood leaves the arteries,
its oxygen is rapidly exhausted by a plasmatic constituent.
This is the substance, as will be shown later, that is destroyed
between 50° and 60° C. The conclusion of Piéri and Portier
that the effects witnessed were ascribable to an oxidizing fer-
ment is thus clearly sustained. The gills, treated in the same
way, gave identical results; so did an emulsion of thirty-six
macerated sets of gills and palps—a saturated solution of sali-
cylic acid being used in its preparation to eliminate all possi-
bility of bacterial intervention.

These results, as emphasized . by Piéri and Portier, could
not, be ascribed to corpuscular, i.e., iron-containing haemoglobin.
A solution of this pigment, whether prepared with distilled
water or with a saturated solution of salicylic acid, turned
muddy-red when tincture of guaiac was added thereto.

& Piéri and Portier: Archives de physiol., T, ix, p. 60, 1897,
& Salkowski: Archiv f. path. Anat., Bd. exlvii, 8. 1, 1897,
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Heated to the boiling point a few minutes, a solution
(whether prepared with salicylic acid or not) of macerated tis-
sues such as the above no longer gave the guaiac reaction, not-
withstanding prolonged shaking in the presence of air, Heated
to 90° C., however, a portion of this solution gave a precipi-
tate which, after being rapidly dried on blotting paper and dis-
solved in distilled water, gave the reaction. A similar precipi-
tate allowed to dry in the laboratory air first became gray, then
black. Placed in water in this condition, it did not dissol ve, and
the liquid did not give the guaiae reaction, thus showing that it
had been oxidized by taking up the ozygen of the air. Precisely
the same results had heen obtained by Bertrand with laccase.
The gills and palps of mollusks were found particularly
active as compared to the blood. As these organs h
positive reaction with other reagents, guaiacol in concentrated
solution in distilled water (Bourquelot®®) was used as control.
This agent gives an orange-red color to a solution containing
the oxidizing ferment, The gills of sixteen Ostrea edulis
(oyster) were left three days in a saturated solution (90 cubic
centimeters) of salicylic acid, then filtered. Three cubic centi-
meters of this extract were then added to a guaiacol solution,
and an equal quantity to distilled water. The first solution be-
came red; the second remaiqed clear. These tests were con-
trolled, in turn, by means of two others, the hydroquinone and
pyrogallol tests, with positive results, Hashed gills proved as
active. Positive results were also obtained with blood (except~
ing when hoiled) from other parts of the body, but Piéri and
Portier specify that the gills and palps respond most acti vely to
the reagents. I have repeated some of these experiments in
the clam, oyster and sea mussel, and obtained identical results,
The similarity between the chemical properties peculiar to the

ad given a

blood of the respiratory organs of mollusks, {}
ment and the vegetable ferment laccase, is evident.
Crustaceans were found by Abelous and Biarnés® to cor-
respond with mollusks as to the pre
ment. The haemolymph of crayfish gave a positive reaction not

only with the tincture of guaiac, but also with other reagents

e oxidizing fer-

sence of an oxidizing fer-

 Bourquelot: €. r, de la Soc. de biol., Nov. 7, 189
% Abelous and Biarnes: Archives de physiol., T. ix, p. 277, 1897,
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used. Heating to 60° C. did rot prevent. fche rea?tion, }gutb 223
latter no longer occurred after the boiling point }iat. 5
reached. With Rohmann and Spitzer’s reagent (a solutio o
aphenylene-diamine), which gives a solution .contammg :
E::nfent a violet color, Abelous and Biarnés opﬁalr{ed bgt df:c:;]?—
slight reaction with genera}tive orgaljfs taincd E?iil_e;uinm i
ion. of the reagent in the case of the hver ke
;;Iit;fln—gfﬂlowed l:;' intense violet col(l)ration. B(-)tl1‘act‘l{1)11$e:ti
the ferment, reduction and oxidatllon, were thua' rlni C(}l‘m.. |
The gills showed a .marked reaction, and the viole
perm;ﬂ- second set of experiments, the liver again showe.d the
two phase;s of action, while other organs rgsponded 011][1;;r shgql}liy
or not at all to the guaiac test, but thle gills became ‘ uee a;lg
rapidly and energetically.” Thfa guaiacol, hyqul}-mi(izte i
pyrogallol tests also gave positive rgsnlts. A pr'e:.xl}lj e
tained with alcohol, when dried and dlssolvedlm dlS ille ‘ ‘eré
gave similar results, thus showing that the mvestlga‘tors ;Iant
dealing with the typical oxidizing ferment. An 1Enpfo o
fea,ture of these experiments is that when an extr'ae ot_ ghﬂ,
a solution of pyrogallol, and water were p_lacetl in a tlgineydl
closed flask containing air, Abelous and Biarnés flscerda o
gasometrically not only that (;xydgen had been consumed,
wic acid had been evolved. ‘
9 ;‘EIL:: Grespiratory organs of these crulstacieans c]ear]fvt Sll;l(?; ]e;]ié
therefore, that they contained the specific terment; : ;bsorb
evident, also, that the function of these organs‘ Y&ast g e
oxygen and to transmit it to th}e e}{clamil}t:uzegﬁ:en ed by
in the reaction, namely, the tissue-cells.
pyro%lz‘llllﬁ ;ncli)]?se connectijon between ﬂ.1e oxidizin_g fern}enjc z:;i
the respiratory process actually exists 1s e.:mphaa'ized by equal-
ments in vertebrates. In those of Schnned_eberg, J aquef Lthe
kowski, Abelous and Biarnés, the tissues of 'hlgher ma;mtl}al, s;, .
horse, ox, calf, ete., were used; a faet‘ Whlcl:l suggests l;fa. *
domain of the oxidizing ferment is limitless in organie life. ,E
batrachians, whose adrenals consist of a narrow patch alongtea'(a_}
kidney and are connected with the main l;)lood—vessels, t:,}ilr e(I)'; :
and venous, as in man, a direct conneetm?l E,)’et“-'eenb e :
dizing ferment and “the respiratory function” has been sug
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gested by C. Phisalix®" (though this author, of course. refers
I no way to the adrenals in this connection)’ as Bertrz:nd h
In respect to plants. : E
: I’hlgghg Justly contended that if oxidizing ferments actu-
ally presided over the chemical phenomena of respiration, the
s]fmiuld‘ l?e Present in tissues, such as the skin, that are c-ajpablz;
Eorza;'; g;rilgdogl suppl'emer‘ltary respiratory functions. He there-
- ed the ra;ubJect. in Rq,na esculenta and temporaria and
ufo wlgfzrw. The skin of these batrachians was allowed to
nilaceralte In salt water and the solution thus obtained was
fhdc?d in three tubes: the first specimen was boiled ; the air 1'11'
e 5eeond.was removed and the fube sealed; the third was left
ﬁopfzn, and its solution exposed to the air. The contents 0% the
brbt two tubes remained‘ unchanged; that of the third became
rown, the color proceeding downward from the surface. After
a few days the liquid had become almost black. The col‘mection
ll:;atween these and Bertrand’s experiments in plants is ohvious.
oW, We have seen that boiling destroys the ferment, thus ac
counting ‘for the first tube’s unchanged state ; sealing {;f th e
ond deprived it of air, thus showing that oz;t;rgen wans indise ;IT:
able to the assumption of the brown color, Phisalix :Fuft} :
proved the presence of the oxidizing ferment in the Bat‘fachim
b]och by submitting the expressed juice of frog’s skiné to tiz
illlgu}c fest. ‘The blue co]mt appeared here as it had in plants
mmvertebrates, thus showing that the ferment could not only
alij.sorb oxygen, but also surrender it to reducing agents, Thf%
:hzetiilieq the lung surface, .fi'.e., the ezlernal respiration, in
s fesr;:.zltl;f;_anﬁ the guaiac the tissue elements, i.e., the
z‘\_‘dtlih_tlonal evidence to the effect that the blood contains
an oxzd%zmg substance is that a similar substance is )I'eéenib:
n the liquid portion of milk, which, as stated in the ﬁist vol‘
ume, corresponds with and is derived from the hlood-plasrﬁa -
The first to draw attention to these reactions wag »\rnol(i 5
u.rho showed that “fresh cow’s milk on the addition 0']:’ a lit1;I
tmc’.c_ure of guaiac, gives a blue color of varying intensity.” ﬁe
aseribed this phenomenon to the presence of T)znne., ‘Lmt subsef

5 C. Phisalix: Jour. of hysi
% Arnold: Arch. g, Phafmﬁfl'i\l:ﬂhf %éi.supm" o g 4,
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quent labors showed its true identity. Dupouy,”™ Raudnitz,*
Gillet,* Nobécourt and Merklen,* and others have also found
oxidase similar to that in blood. Spolverini®® observed that
it possessed glycolytic properties identical to those of oxidase.
As we will see farther on, Abelous and Aloy®* recently
found that the cafalytic action of the oxidizing substance was
most active in the absence of air—precisely the condition that
prevails in tissue respiration, i.e., cellular metabolism.

Bourquelot®® showed in 1897 that while milk could not itself

oxidize directly, it could act as reducing agent and then oxi-
dize. This action proved to be due to a substance to which he
applied the term “anaeroxydase”™—i.c., a ferment capable of
carrying on the oxidizing process in the absence of air, by means
of oxygen derived from other constituents of the medium of
which it is itself an occupant.

Returning to the blood of higher animals, we must not
loge sight of the fact that all tests indicating the actual pres-
ence of an oxidizing substance were based on the action of tis-
sues upon reducing substances. As this might be ascribed to
an excess of oxy;gen in these tissues irrespective of the presence
in the blood-stream of any oxidizing agent, it is necessary to
show that the blood itself can respond actively to guaiac. We
have but to recall that the guaiac test is, in medical jurispru-
dence, one of the most reliable in the detection of human
blood-stains, even in the absence of hematin, the iron-con-
taining constituent of hemoglobin. ~ Seifert®™ not only found
that an almost colorless solution became “either at once or in
the course of a minute or two, intensely blue,” but that the test
“frequently demonstrates the presence of blood when the re-
sult of the spectroscopic test is negative and hematin crystals
cannot be obtained.”

Finally, Jolles®” has recently demonstrated that the human
blood contained hoth oxidase and catalase (ome and the same
body, we have seen) and that the ecatalasic, i.e., catalytic,
m These de Bordeaux, 1897.

% Raudnitz: Centralbl. f. Physiol, Bd, xii, 8. 790, 188.

61 Qillet: Jour. de phys. et de path. gén., T. iv, p. 439, 1902,

82 Nobécourt and Merklen: La presse méd., Dec. 24, 1902.

83 Onolyerini: Atti del iv, Congr. Ital, de Pediat., 130L

8 Abelous and Aloy: C. r. de la Soc. de biol,, T. lv, 539.7891, 1903.

% Bourquelot: Jour, de pharm. et de chimie, T. v, 1897.
i, H. 1, 8. 1, 1898,

68 Qoifert: Vierteljahresschrift f. gerichtl., Med., Bd. xv
87 Jolles; Miinch. med. Woch., Nov. 22, 1904.
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power of the blood appeared to have a definite relation to the
number of red corpuscles. This suggests clearly a relationship
between these bodies and respiration ; indeed, Duclaux®® has
expressed the belief that “oxydases are the diastases of respir-
ation.”

On the whole, this evidence has been submitted to show (1)
that an oxidizing substance occurs in the blood of all living or-
ganisms, i.c., from plant to man; (2) that it is a respiratory
[unction that it subserves in both, kingdoms, not only in so far
as the tissues themselves are concerned, but also in respect to the
organs which serve for the absorption of oxygen from the sur-
rounding media: the gills, skin, and lungs; (3) that in all or-
gonic life, plants, invertebrates and vertebrates, this oxidizing
substance absorbs oxygen, and liberates it, thus acting as an
“ozygen transmitter,” L.e., as a catalyser,

What is the relationship between this oxidizing substance

or oxidase and hemoglobin ?

THE OXIDIZING SUBSTANCE (OXIDASE) AS THE :
ALBUMINOUS CONSTITUENT OF HAEMOGLOBIN,

Hxmoglobin, as we have seen, occurs only in the blood of
animals already far advanced in the evolutional scale, to in-
crease, according to zoslogists, its capacity for oxygen. As red
corpuscles appear in still higher organisms, i.e., only in verte-
brates—a relatively small proportion of the animal kingdom—
it seems evident that they, too, are tardy additions intended
still further to increase the blood-plasma’s efficiency
gen carrier pari passu with the incr
animals,

as an oxy-
easing needs of the higher
This is a necessary feature of their development,
since, as shown by Claude Bernard, Magnus, Lothar Meyer, and
Hoppe-Seyler, the blood “holds in solution an amount of oxvgen
greatly in excess of that which could exist in a state of simple
solution.” The history of the. red corpuscle thus suggests that

it acts as a storage-cell for the oxidizing substance, oxidase or
catalase, which

s in the light of the foregoing evidence, is re-
quired to account for tigsue respiration. '

. With which of the known constituents of the bhlood
or of corpuscles do these oxidizing bodies correspond ?

-plasma

e Sl
% Duclaux: FLoe. cif.
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The identity of this substance sugges.ts. itsc;)lfl.w?ii a% s;u;fz
ion is eliminated, viz., the prevailing belief that tis
of confusion is eliminated, viz., : vasaiice
ism i is { due to, oxidation of tiss
bolism is accomplished by, or 1s 18 {0, ‘ .
Hi:f:entsb and that the tissues are the’seat of an exchange oi;
(e)xygen a:nd carbon dioxide similar to that believed to preval
in the lung. : o
a3 C. R. Barnes, professor of plant ph){s-lology at the.Umng
sity of Chicago, wrote recently:* “I diligently exam?llled - i
most modern and most thorough text-books on physiology,

ili ‘but i und no
. naming several familiar to us all, “but in them I fo

treatment whatever, indeed no mention_ Whatevel; ofj ﬂtl}i rtelil
problems of respiration, that is, of what is happening in the -
sues, the processes of which these external pl‘1§n0111ena Yar.et o
: The . respiratory ratio has proved a verl ab]
will-o’-the wisp, leading investiga-tors in.to a bog W‘her(i tﬂeé}t:
labors and their thinking were al-lke_fut;le. for, 'a‘s 511) blﬁltelv
what is going on within, the respiratory quotient is absolutely
valueless.” ‘ e Emaa
The line of evidence offered by‘Profelbsor Barn s
ticularly applicable in this connection, since 1t COTre;E;]lith
in a measure with that of Bohr, Haldane and Lf)rr‘%l‘? .Fre :,
and others, in respect to the pulmonary process: o ont -ﬁCi&:]
and Gruber™ showed that in a dog’s's muscle, -w1t. ariln -
cireulation, contractions are acinlpfn;:dt bfh:; }1;1311 fgsims i
carhon dioxide added to the blood, but t T;qu
se variable (46-10 per cent.) and .Iess than th:e coTTESPo y
ZZE?:;MM of orag/gm, so that the "resplratory mu& beef:giclt(;:n
ered during contraction. d'I‘i.ssot']1 si:x:(;ici;l;ized 1ef Ehe b
hon dioxide in excised muscles W : e
?\jfe::]};ﬁled by heat or were fatigued by prolonggd‘sltlingijzliﬂ
The output of carbon dioxide in su_ch cases was nolt tw fil o 372 .
rate of absorption of ozygen. Six Jeats ago Fle et er, .
Blackman’s apparatus, the most intricate and accura eda%]iﬁ -
vet devised for following gaseous e@hanges, s’nowel ha o
:avolution of carbon dioxide from excised frog’s rrlluse;s 1%; B,.,égd
pendent of the amount of oxygen taken up during the p ;

. i , vol. xxi, No. 529, p. 241, 1905. SBiE
:g%'oé{ %‘ﬁ?‘ﬁf& Gﬁgt??,ﬁe Dumi-s'nelég%' ?;904]1'af[;dP?giﬂ?llT?'vsg?,p. o1, 1905,
7 Tissot: h. de phys., T. vi, p. 838, 1894, ,
G g;::g]ti-er:)ufour, of Physiol., 'vol. xxiii, p. 10, 1898




824 THE ADRENAL SECRETION IN RESPIRATION,

He distinguished, in the production of carbon dioxide, first, a
short period (about six hours), which he thinks dependent upon
the presence of oxygen; and second, a long-continued evolu-
tion of carbon dioxide ‘due to chemical processes occurring
spontaneously within the muscle, in which complex molecules
are replaced by simpler ones, with the conspicuous results of the
appearance of [sarcolactic] acid and of free carbon dioxide.’
He adds: ‘Under suitable conditions the oceur

rence of active
contractions in an excised muscle is

not accompanied by an in-
crease in the rate at which carbon dioxide is yielded by the
muscle,” though oxygen is abundantly supplied then by the
blood.”

“A great number of researches of {l

1e same tenor can he
found in hotanical literature,’

" continues the author, “A single
example must suffice. In an elaborate paper, P

urjewicz™ shows
that the variations in the

carbon dioxide produced and the 0xy-

gen absorhed during a given period under various conditions
are not parallel, the amount of carbon diozide ranging within
far wider limits than the orygen. Thus, the carbon dioxide
varied from 0.14 to 120 per cent. of the average; the oxygen
varied from 0 to 48 per cent. of the average. Purjewiez, indeed,
expressed his conviction that the respiratory ratio has no value
as indicating the actual course of respiration, and would sepa-
rate the taking up of oxygen and the production of carbon di-
oxide as two processes indirectly related.”

This evidence speaks for itself. There is no more corres-
pondence between the oxygen intake and the CO, output in the
tissues than there is in the pulmonary process. What
however, to replace oxidation ?

Armand Gautier,* professor of physiological chemistry in
the Faculty of Paris, as far back as 1881 called attention to
the fact that the truly active and living portion of our cells
(the nucleus and protoplasm) carried on its functions without
the direct participation of free oxygen, and that it was only
outside, as it were, of the protoplasm itself and at the expense
of its products, that the combustion phenomena occurred. To
this extraprotoplasmic combustion he
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art of the body’s heat and energy—the phenomena \\h:;f::
p ing to their prominence, had alone attracted thfe =llL)Llil |
o ;. Indeed, analogy could not but suggest, he
o 1’11.\'510]”3'5::*-.“. n:‘:rli(?i[:atinnmnf oxygen in the intraproto-
e I.5':11rrnundcd as it '\\'Vas, intus el ertra, by

plasmic processes. ; : i sted itself as the
f)xb'gvn the animal -organism logically suggested itself as
on, the

seat of a gradual though ceaseless combustion capable of S_upel]y:
;ntr its hLoul and power. Gautier shnwlud, ]?o\n.-l\.e1'_.,|‘ti‘1¢:] “:l;
Prr:)ln}llasm of our tissues carries on 4 function hll;]';«(tltliu 0
respiratory process of anaerobic luu:ierm, 111011;:‘]‘1 m; l:l(“q i)
ter, it cannot, from simpler materials, :l-m“?““.mlhft.. .1; “ ¢ i
few other mineral salts, L']:lh()l‘ﬂtt? illblllllllmldrhll .)h. a.I .:. ;dv *
apart from the fact that it requires the |‘dt¥t'l" l@(l(}*l]!iitl::i:l;i
it were, it is able to modify them, b.urh[ Hr(»:n_t up ll]flllctt».n]p ”[‘ =
fashion and simplify them again without direct oxidation
materials involved in the process. _ s
Evidence to the same effect is (‘nl‘lll‘l'h]ltt‘{[ :_\,1.. d' ld
“Pfliiger, in the early seventies,” says.thh:: author, l.l lhc{;\f]l[,i[
what seemed a peculiar form of respiration. Hui jmn}l;(m{]:“
a frog put into a vacuum continued to give (|]I.T,(:L.ll:{(]:: ,( P{'-Om,l’.
and presently the same phenomenon was 0 J:-(I\L.(‘, \ o
and others in plants.” He also rvnmrks.;n the same c] ‘ ’
tion: “Plainly the changes that were going on within t ?L,( |
ganism which enabled it to give off carbon dioxide when no tm,‘
o ad ¢ mly be a rearrangement of
oxygen was to be had could only - i
atomic groups within the molecule an‘rl the fn-l-mdltl 5 .}‘ a
ducts which were simpler than those from which 111'0} am'n;..'c
These are adduced by the ;lllf]m-l-.'ds CX&]]II})IGS (?1 }an(u:z:f‘;;q
respiration. After submitting :uld}tmnal.lesfnnon.\‘i 1? b,‘”ua:
that “the analogy hetween anaerobic respiration and fe ir'n.u.fl 13
tion has been suggested early—even h:\- i‘lﬂstmlr—;illtl’,llaj\[t[):”l._t
been growing closer with each added bit of knfwwlodgo. ot tht,lt
and Doyon,™ in their recently published treatise, also .sfa e that
“the \-’iéw that the process which in the human ﬂrgﬂ,ms_]?},,}:r?-
vokes a rise of temperature involves lhe“]n'esvn(-e nil (l.zrrtljtrlg
ferments, is being increasingly aec-e]'r!e.d ; the .}_‘)r;ment I, :[m
being that “fermentation is the prevailing chemical proces
living beings.”
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