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chemist, however, G. Bertrand,48 succeeded in isolating the 
ferment itself and termed it "lacease." 'fhe juice from which 
he isolated this body was obtained by incising the tree Rhus 
succedenea. lle íound that this cream-like juice could be kept 
in its normal state a long time in well-stoppered bottles, but 
that as soon as it was exposed to the air, it became brownish, 
and soon acquired a thin, intensely black layer, insoluble in 
ordinary solYents and resisting tbe action of liquid alkalies and 
acids, i.e., lacquer. The process was due, as stated by Bertrand, 
to the very active absorption of oxygen from the air by the lac
ease and oxidation of the remaining bodies of the juice, collec
tively known as "laccol.'' It is plain that in order to do so, 
lacease acted as "oxygen transmitter." 

This latter process, and the fact that oxidation actually 
occurred, Bertrand was able to prove experimentally. Thus, 
1 gramme oí hydroquinone in a one per cent. solution, shaken 
three hours in the presence of but 0.1 gramrne of lacease and 
174.9 cubic centimeters oí air was íound to have absorbed 25.4. 
cubic centimeters of oxygen. Even more (32 cubic centi
meters) was taken up in a second experiment, in the presence 
of more air. In another in vestigation the carbonic acid output 
was also ascertained, the ratios being 23.3 cubic centimeters of 
O absorbed to 13.7 cubic centimeters of C02 output in one ex
periment, and 20.8 oí O absorbed to 16.4 oí 002 in the sec
ond. A large number of plants of various kinds were then 
analyzed by Bertrand49 and :found to contain this lacease. With 
nourquelot,°º he also íound it in mushrooms, in gum arah:c, 
E;tc. It is -through the intermediary of lacease that, for in
stance, pyrogallol, gallic acid, tannic acid and other familiar 
substances are oxidized. 

A property among others which distinguishes any vege
tablc or animal fluid or tissue that contains the "oxygen trans
mitter" is lhat of causing tincture oí guaiac to become blue. 
This phenomenon was first observed in the nineteenth century 
by Tacldey, Rudolphi, and Planche, the latter observer having 
found that boiling of an organic substance caused its ftuids to 
lose this property; but it was only when Scboenbein, the discov-

48 G. Bertrand: Archives de physlol., T. vlli, p. 23, 1896. 
•• Bertrand: C. r. de l'Acad. des sel., T. cxxl, p. 166, 1895. 
60 Bourquelot: C. r. de la Soc. de biol., 2e Série, T. ii, p. 579, 1895. 
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erer of ozone, took up the question in 1856i'it and showed that 
many plants gave the guaiac blue test, that it began to receive 
serious attention. Since then, oxidases have becn found by 
various investigators in so many plants that their presence 
may be regarded as universal.· Indeed, refcrring to an oxidase 
he namcd "catalase"-a term which implies thc function of 
"oxygen-transmitter" i.e., catalysis-Oscar Loew52 wrote aíter 
a very large number of ex peri ments: "There does not exist 
a group of organisms or any organ or even a single vegetable or 
animal ccll that docs not contain sorne catalase, as far as the 
observations of thc writer go. 'l'his general occurrcnce of cata
lase in the organized world cannot be accidental and must have 
a certain significance." 'l'he oxidizing property was combined 
with that of catalysis (oxygen-transmission) in all these organ
isms precisely as in the case of thc plants studied by Bertrand
and also in that of animals, as we shall sce prescntly. 

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 thc latter take up oxygen from the air, 
plants absorb carbonic acid. Sachs showed over thirty ycars 
ago, howcver, that such is not the case. The absorption of 
carbon dioxide and excretion of, oxygen by the chlorophyll of 
the lea ves is concerned with the nutrition of the plant only; 
and tqis occurs in the daylight, while respiration goes on both 
day and night. The plant takes up oxygen from the surround
ing air and givcs 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 obtaincd by Bcrtrand that, 
although his experiments aimed onlv to establish the identitY 
of the Ierment which caused the oxidation of lacquer, he refe;s 
to them as bei11g "the first example of diastatic rcaction 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 attcnding respira
tion in the vegetable kingdom." As interpreted from my 

"'Schoenbein: Clted by P. Sée: Arcb. gén. de méd., July 14, 1906. 
02 Osear Loew: "Catalase," U. S. Dept. ot Agriculture Rep., No. 68, 1901. 
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standpoint, this does not exemplif y artificial respiration, but 
instead, the foundation of the true respiratory process of plant-
life. . 

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

Piéri :md Portier53 studied experimentally the blood of 
mollusks to ascertain whether it contained an oxidizing fer
men t. Freshly prepared tincture oí guaiac had been iound by 
Bertrand to turn blue when in contact with his lacease. 
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
carne blue. A similar effect was produced when the juices of 
a palp were dropped in the same solution. 'I'hat 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 
oí the oxidizing substance was enhanced. N ow, Salkowski5 -1 has 
shown that the oxidizing body in the plasma is only destroyed 
at 100º C. (212º F.), the boiling point, thus identi.fying it as 
a íerment. Important in this connection is the fact, previously 
referred to ( page 804-), that when the blood lea ves the arteries, 
its oxygen is rapidly exhausted by a plasmatic constituent. 
This is the substance, as will be shown later that is destroved 

) • V 

bctween 50º and 60º 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 uscd in its preparation to eliminate all possi
bility of bacteria! intervention. 

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

"'Piéri and Portier: Archives de physiol., T. lx, p. 60. 1897. 
.. Salkowskl: Arcbiv t. path. Anat., Bd. cxlvli, s. 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. H~ated 
to 90º ?·, however, a portion of this solution gave a precipi
tate wh1ch, after being rapidly dried on blotting paper and <lis
solved in distilled water, gave the reaction. A similar precipi
tate allowed to dry in the laboratory air first became crray then 

. o ' 
black. Placed m water in this condition, it <lid not dissol ve auc1 
the liquid di_d _not give the guaiac reaction, thus showing tl;at it 
had been ox1d1zed by taking up the oxygen of the air. Preciselv 
the same results had been obtained by Bertrand with lacease. • 

. The gills and palps of mollusks were found particularly 
ach_v~ as cornpared to the blood. As these organs had given a 
pos1bve reaction with other reagents, guaiacol in concentrated 
solution in distilled water (Bourquelot0•) was used as control. 
This a~e~~ gives an orange-red color to a solution containing 
the ox1d1zmg ferrnent. The gills of sixteen Ostrea edulis 
(oys:er) were left three days in a saturated solution (DO cubic 
centimeters) of salicylic acid, then fütered. Three cubic centi
rneters of this extract were then added to a guaiacol solution, 
and an equal quantity to distilled water. The :first solution be
carne red; the second remained clear. These tests were con
trolled, in turn, by means of 'two others, the hydroquinone and 
py~ogallol t~s!s, with positive results. Hashed gills proved as 
active. Pos1bve results were also obtained with bYood ( exccpt
ing when boiled) from other parts of the body, but Piéri and 
Portier specify that the gills and palps respond rnost actively 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 
blood of the respiratory organs of rnollusks, the oxidizing fer
ment and the vegetable ferment lacease, is evident. 

·crustaceans were found by Abelous and Biarnes56 to cor
respond with mollusks as to the presence of an oxidizino- fer
ment. The hremolymph of cray:fish gave a positive reactio~ not 
only with the tincture of guaiac, but also with other reagents 

:! Bourquelot: C: r. de la Soc. de blol., Nov. 7, 1896. 
Abelous and B1arn~s: Archives de pbyslol., T. ix, p. 277, 1897. 
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d Heating to 60º C. did not prevent the reaction~ but the 
use. . hdb 
latter no longer occurred after the boiling pomt a . een 

l d With Rohmann and Spitzer's reagent (a solution of reac 1e , · · th 
paraphenylene-diamine), which gives a so:ution _contammg e 
ferment a violet color, Abelous and Biarnes obtamed but a very 
slio-ht reaction with generative organs and muscles, and decolor
ali~n oí the reagcnt in the case of the li ver-<lue to. reduc
tion-followed by intense violet coloration. Both actw~s of 
the ferment, reduction and oxidation, were thus_ manifest. 
The gills showed a .marked reaction, and the v10let color · 

persisted. . . 
In a second set of experiments, the hver agam showe_d the 

two phases of action, while other organs responded only sh~lltly 
or not at all to the ruaiac test, but the gills became blue very 
mpidly and energettally." The guaiacol, hydroqu!n.one and 
pyrogallol tests also gave positive r~sults. ~ p~ec_1p1tate ob
tained with alcohol when dried and dissolved m d1stilled water, 
gave similar result~, thus showing that the investig~tors were 
dealing with the typical oxidizing ferment. An 1mport_ant 
fea.ture of these experiments is that when an extract of g1lls, 
a solution of pyrogallol, and water were placed in a tig_htly 
closed fiask containing air, Abelous and Biarnt:s ascertamed 
gasometrically not only that oxygen had been consumed, but 
that carbonic acid had been evolved. 

The respiratory organs of these crustaceans clearly showed, 
therefore, that they contained the speci:fic ferment. It became 
cvident, also, that the function of these organs was to absorb 
oxygen and to transmit it to the elements represented by the 
pyrogallol in the reaction, namely, the tiss~e-_c~lls. 

That a close connection between the oxid1zmg ferment and 
the respiratory process actually exists is ~mphasized by experi
ments in vertebrates. In those oí Schmiedeberg, Jaquet, Sal
kowski, Abelous and Biarnes, the tissues of higher mammals, the 
horse ox calf etc. were used; a fact which suggests that the 
'' '' ·n I domain of the oxidizing ferment is limitless in orgamc 1 e. n 

batrachians whose adrenals consist of a narrow patch along eacb 
kidney and' are connected wi~h thc main ~lood-vessels, arteri~l 
and venous, as in man, a duect connechon between the ox1-
dizino- ferment and "the respiratory function" has been sug-e 
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gested by C. Phisalix57 (though this author of course refers . ) ' 
~ no way to the adrenals in this connection), as Bertrand had 
m respect to plants. 

Phisalix justly contended that if o:xidizing ferments actu
ally presided over the chemical phenomena of respiration, they 
should ~e present in tissues, such as the skin, that are capable 
of carryrng on supplementary respiratory functions. He there
fore studied the subject in Rana esculenta and temporaria and 
Bufo vulgaris. The skin of these batrachians was allowed to 
macerate in salt water and the solution thus obtained was 
placed in three tu bes: the :first specimen was boiled; the air in 
the second was removed and the tube sealed; the third was left 
open, and its solution exposed to the air. The contents of the 
:first two tubes remained unchanged; that of the third became 
brown, the color proceeding downward from the surface. After 
a few days the liquid had become almost black. The connection 
between these and Bertrand's experiments in plants is obvious. 
Now, we have seen that boiling destroys the ferment thus ac
counting for the first tube's unchanged state; sealing ;f the sec
ond deprived it of air, thus showing that oxygen was indispens
able to the assumption of the brown color. Phisalix further 
proved the presence of the oxidizing ferment in the batrachian 
blo~d by submitting the expressed juice of frog's skins to the 
gua1~c test. The blue color appeared here as it had in plants 
and mvertebrates, thus showing that the ferment could not only 
ab~orb o~ygen, but also surrender it to reducing agents. The 
skm typifie~ the lung suríace, i:e., the external respiration, in 
!hese expenments, and the guaiac the tissue elements, i.e., the 
internal respiration. 

Additional evidence to the effect that the blood contains 
~n oxid!zin_g substance is that a similar substance is present 
m the liqmd portien of milk, which, as stated in the first vol
ume, corresponds with and is derived from the blood-plasma. 

The :first to draw attention to these reactions was Arnold 5s 
who showed that "fresh cow's milk on the addition of a little 
tincture of guaiac, gives a blue color of varyin()" intensity." He 
ascribed this phenomenon to the presence of ~zone, but subse• 

67 
C. Phisalix: Jour. ot pbysiol., vol. xxiii, Suppl. p. 49 1899. 08 
Arnold: Arch. d. Pbarmak., Nu. 41, 1881. ' ' 

OXIDASE AS RESPJRATORY AGENT IN ALL ORGANISMS. 821 

uent labors showed its true identity. Dupouy,59 Raudnitz,ªº ó ·n t a1 N obécourt and Merklen, a2 and others have also found 
o~d:;e similar to that in blood. Spolveriniªª observed_ that 
it possessed glycolytic properties identical to those ~f oxidase. 

As we will see farther on, Abelous and Aloy recently 
found that the catalytic action of the oxidizing subs~a?ce was 

t active in the absence of air-precisely the condit10n that 
mm bf 

revails in tissue respiration, i.e., cellular meta o 1sm. . 
p Bourquelot0s showed in 1897 that ,~hile milk could not 1tse~f 

oxidize directly, it could act as reducmg agent and the~ oxi
dize. This action proved to be due to a substance to wh1ch he 
applied the term "anaeroxydase~'-i.e., a ferment_ capable of 
carrying on the oxidizing process m t~e 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 

lose sight of the fact that all tests indicating the ac~ual pr~s
ence of an oxidizing substance were based on the acbon_ of bs
sues upon reduc_ing substances. A~ this mi?ht be ascnbed to 
an excess of oxygen in these tissues irrespechve 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 hrematin, the iron-con
taining con~tituent of hremoglobin. Seifertªª not only fou~d 
that an almost colorless solution became "either at once or m 
the course of a minute or two, intensely blue," but that the test 
"frequently demonstrates the presence of blood wh~n the re
sult of the ~pectroscopic test is negative and hrematm crystals 
cannot be obtained." 

Finally, Jolles67 has recently demonstrated that the human 
blood contained both oxidase and ca talase ( one and the same 
body, we have seen) and that the catalasic, i.e., catalytic, 

•• Dupouy· These de BordPaux, 1897. 
oo Raudnit~: Centralbl. t. Pbyslol., Bd. xli, S. 790, ~8:.i8. 1902 
e, Gillet: Jour. de nhys. et de path. gén., T. lv, p. 

24 
,
1902 

· 
<> Nobécourt and Merklen: La presse méd., Dec. , · 
"" Spolverlnl: Atti del iv, Congr. Ita!. de ~edlaTt., 11901. 891 1903 
M Abelous and Aloy: C. r. de la Soc. de_b1?l., . v, p. , · 
.. Bourquelot: Jour. de pbarm. et d~ cb1m1e, T. v. 1897. S 1 1898 . 
.. Seifert: Vierte!Jahresschrift f. ger1cbtl. Med., Bd. xvl, H. 1, • , 
.., Jolles: Müncb. med. Wocb., Nov. 22, 1904. 
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power of the blood appeared to have a definite relation to the 
number of red corpuscles. 'l'his suggests clearly a relationship 
between these bodies and respiration; indeed, Duclaux0s-· has 
expressed thB 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
ganis~is, i.e., from plant to man; (2) that it is a respiratory 
function that it subserves in both kingdoms, not only in so far 
as the ti.ssues themselves are concerned, but also in respect to the 
organs which serve f or the absorption of oxygen from the sur-
1·ounding media: the gills, skin, and lungs; (3) that in all or
ganic lif e, plants, invertebrates and vertebrates, this oxidizing 
substance absorbs oxygen, and liberates it, thus acting as an 
"oxygen transmitter," i.e., as a catalyser. 

~hat is the relationship between this oxidizing substance 
or OXldase and hremoglobin ? 

THE OXIDIZING SUBSTANCE (OXIDASE) AS THE 

ALBUMINOUS CONSTITUENT OF H.iEMOGLOBIN. . 

. Hremoglobin, as we have seen, oécurs only in the blood of 
anunals already far advanced in the evolutional scale to in
crease, according to zoologists, its cApacity for oxygen. 'As red 
corpuscles appear in still higher organisms, i.e., only in verte
?rates-a r~latively small proportion of the animal kingdom-
1t. seems ev1dent that they, too, are tardy additions in tended 
still furt~er to increase the blood-plasma's efficiency as an oxy
gen carner pari passu with the increasing needs of the hiO'her 
animals. This is a necessary f eature of their developm

0
ent 

since, as shown by Claude Bernard, 11Iagnus, Lothar :hfeyer, and 
Hoppe-~eyler, the blood "holds in solution an amount of oxygen 
greatly lil excess of that which could exist in a state of simple 
~olution." The history of the. red corpuscle thus suggests that 
1t acts as a storage-cell for the oxidizing substance, oxidase or 
ca~aladse, which, in the light of the foregoing evidence, is re
qmre to account for tissue respiration. 

. With which of the known constituents of the blood-plasma 
or of corpuscles do these oxidizing bodies correspond? 

08 Duclaux; Loe. ()it. 
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The identity of this substance suggests itself when a s~urce 
of confusion is eliminated, viz., the prevailing ~elie~ that t~ssue 
metabolism is accomplished by, or is due to, oxidat10n of tissue 
elements, and that the tissues are the ·seat of _an exchange ~f 
oxygen and carbon dioxide similar to that beheved to prevail 

in the lung. . . 
c. R. Barnes, professor of plant phys10logy at the. Uruver-

·ty of Chicago wrote recently :69 "I diligently exammed the 
Sl ' · J " most modern and most thorough text-books on phys10 ogy, 
naming several familiar to us all, "but in_ them I found no 
treatment whatever, indeed no mention whatever, o~ the r~al 
problems of respiration, that is, of what is happening m the hs
sues, the processes of which these external phenomena ar~ the 
sign .. . ..... The . respiratory ratio has proved a ventab~e 
will-o'-the wisp, leading investigators into a bog where. thei~ 
labors and their thinking were alike _futile. For, as a s1gn of 
what is going on within, the respiratory quotient is absolutely 
valueless." . 

The line of evidence offered by Professor Barnes 1s par-
ticularly applicable in this connection, since it co~respo~ds 
in a measure with that of Bohr, Haldane and Lorram Smith, 
and others, in respect to the pulmonary process: . "V on. F~ey 
and Gruber7º showed that in a dog's muscle, w1th artificial 
circulation, contractions are accompanied by an increase i_n ~he 
carbon dioxide added to the blood, but they found this ~n
crease variable (46-10 per cent.) and l,ess than t~ corresponding 
absorption of oxygen, so that the respiratory ratio became l~w
ered during contraction. Tissot11 show~d that th: produchon 
of carbon dioxide in excised muscles was mcreased if t_he mu~cle 
wcre killed by heat or were fatigued by prolonged stllllulahon. 
The· output of carbon dioxide in such cases was not relate~ to ~he 
rate of absorption of oxygen. Six years ago Fletcher, usmg 
Blackman's apparatus, the most intricate and accurate apparatus 
yet deviséd for following gaseous exchanges, showed t~at_ the 
~volution of carbon dioxide from excised frog's muscles 1s i~de
pendent of the amount of oxygen taken up during the penod. 

.. e R Barnes · Sclence. vol. xxi, No. 529, )). 241, 1905: 
33 1885 

10 Von Frey and Gruber; Dubois-Reym. A89rch. f. n:-~01,l-~¡ • p. 6Ú, 189lj. 
n Tissot: Arch. de phys., T. vi, p. ~:. 1 4, an i ·• · • 
12 Fietcher; Jour. ot Physiol., vol. xxm, p. 10, 189ª. 
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He disti~guished_. in the production of carbon dioxide, :first, a 
short penod (about six hours), which he thinks dependent upon 
t~e presence oí oxygen; and second, a long-continued evolu
tion of carbon ~io~de 'due to chemical processes occurring 
spontancously withm the muscle, in which complex molecules 
are replaced by simpler ones, with the conspicuous results oí the 
appearance oí [ sarcolactic J acid and of free carbon dioxide.' 
He adds: 'Under suitable conditions the occurrence of active 
contrac~ions in an excised muscle is not accompanied by an in
crease m the rate at which carbon dioxide is yielded by the 
muscle,' though oxygen is abundantly supplied then by the 
blood." 

"A great number oí researches of the same tenor can be 
found in botanical Jiterature," continues the author. "A single 
example must suffice. In an elaborate paper, Purjewicz73 shows 
that the variations in the carbon dioxide produced and the oxy
gcn absorbed during a given period under various conditions 
are n~t par~ll~l, the amount of carbon dioxide ranging within 
far wider limits than the oxygen. Thus, the carbon dioxide 
rnr!ed from 0.14 to 120 per cent. of the average; the oxygen 
var1ed from O to 48 per cent. of the average. Purjewicz indeed 
expressed his conviction that the respiratory ratio has ~o valu: 
as indicatin~ the actual course of r~spiration, and would sepa
rate the takmg up of oxygen and the production oí carbon di
oxide as two processes indirectly related." 

'l'his evidence speaks for itself. There is no more corres
~ondence between the oxygen intake and the C0

2 
output in the 

tissues than there is in the pulmonary process. What is there, 
however, to replace oxidation? 

Armand Gautier,74 professor of physiological chemistry in 
the Faculty of Paris, as far back as 1881 called attention to 
the fact that the truly active and liYing portion of our cells 
(the nucleus and protoplasm) carried on its íunctions without 
the _direct ~articipation of free oxygen, and that it was only 
out_s1de, as 1t were, of the protoplasm itself and at the expense 
of Its products, that the combustion phenomena occurred. To 
this extraprotoplasmic combustion he also ascribed the greater 

;: PurJewfcz: Jahr. ~lss. Bot., Bd. xxxv, S. 573, 1900. 
Armand Gautler: La cblmle de la cellule vivan te," Parls, 1881. 
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part oí the body's heat and energy-the phenomena whi:h, 
owing to their prominence, had alone attracted the attention 
of physiologists. lndee~,. an~ogy could no~ but s~ggest, h~ 
thought, the direct partic1pation of _oxygen ~n the rntraproto 
plasmic processes. Surrounded as 1t was, intus _ et extra, by 
oxygen, the animal organism logically suggesled itselí as the 
seat oí a gradual though ceaseless combustion capable o.C supply
ing its heat and power. Gautier showed, ~owe~er'. that the 
proloplasm of our tissues carries on a funct10n sm'.1lar to the 
respiratory process of a11aerobic ba~teria, thoug~1 unhke the lat
ter it cannot, from simpler materials, ammomacal salts and a 
fe,;. other mineral ¡;alts, elaborate albuminoid substances. But 
apart from the fac:t that it requires the latter_ ready-ma~e, as 
it were, it is able to modify them, build theni up m ~ co~phcatcd 
fashion and simplify them again without direct ox1dabon of the 
mnlcrials imol\'ed in the process. 

fü·idence to the same effect is contribuled by Barnes: 
"Pfliiger, in the early seventies," says _thi~ author, "discovered 
what ~cerned a peculiar form of respHabon. He foun_d ~hat 
a frog put into a racuum continued to give ofI carbon d1ox1de; 
antl prc•ently the same phenomenon was _obser\'ed by Píe[er 
and otheri; in plants." He also remarks. m the s.am_e connec
tion: "Plainly the changes that were gomg on withm the or
ganism which enabled it to give off carbon dioxide when no free 
oxygen was to be had could only be a rearran~ement oí 
atomic groups within the molecule and the formahon of pro
ducts which were simpler than those from which they arose." 
These are adduced by the author as examples of anaerobic 
rei.'\piralion. .After submitting additional testimony, he states 
that "the analogy between anaerobic respiration and fermenla
tion has Leen suggested early-eYen by Pasteur-and has thus 
been growin()' closer with each added bit of knowledge." Moritt 
and Doron,7

~ in their recently publishecl treatise, also state that 
"the vi~w that the process which in the human organis~ _P~O
rnkes a rise of temperature inrolres the presence of oxidtzing 
ferments, i::; bcing increasingly accepted"; the _present tre~d 
being that "fermentation is the prevailing chemical process in 

living bei11gs." 

•• Morat and Doyon: "Tralté de pbyslologle," Parls, 1899-1904. 


