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for instance, states that “the value of the curdling action is
not at once apparent,” but “we may suppose,” he adds, “that
casein is more easily digested by the j

roteolytic enzymes after
1t has been brought into a solid form.”

Bunge' says that “the
significance of rennet ferment and ecasein coagulati

on in the
stomach is still unexplained.” Stewart™ also

says that “we
on,
Conversely we have in the similarity between the blood
milk good ground for the belief that a phenome
in the former by a given ferment will likewise in
latter. Harris™ has called attention to the m

have no precise knowledge” as to its exact functi

and
non provoked
duce it in the
any points of re-
semblance between milk and blood coagulation. “Both fluids
coagulate by an enzyme,” says this investigator, “the clot en-
tangling the solid bodies being jelly-like, filling the dish, then
respectively.
Decalcification of each prevents clotting. In both heat is
given out during coagulation. In both a low temperature
retards coagulation.” He also states, however, that while
“blood has all its factors for clotting within itself” .

“milk has not.”

contracting and expressing serum and whey

It is as a nutritional agent that milk differs from blood.
This is shown by the relative structure of these fluids. “Milk
1s a perfect food, but blood is not,” continues Harris: “blood-
clot has fibers in a felt-work; curd has no visible fibers, but
is molecular.” Though derived from the blood, in other words,
and containing its main components, the structure of milk
as it is provided by Nature, is eminently fitted for the
of the suckling.

The clot formed in shed milk by rennet hecomes,
fore, an adventitious product, and the presence of “

nutrition

there-
rennet” in

plants, in the stomachs of animals which are not milk-fed, and

in the blood of organs other than the stomach, suggests that
we are dealing with a constituent of the general bl
irrespective of any specific action of milk,

The true identity of rennin is shown by
milk clot and its mode of formation,

ood-stream

the nature of the

™ Bunge: Loc. cit., p. 109,
i Stewart: Loe, eit., p. 304,
" Harris: Jour, Anat. and Physiol., vol. xxix, p. 188, 1895,
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Referring to milk-curdling, Howell™ says: “T_he wht?le
process resembles the clotting of the blood not o.nly ]nl“\le‘b,l.ll-
perficial phenomena, but also 'n the vham.cter of thg 01[L:|:{1< 11\
changes.” (Granting that caseinogen, qs‘lt_s name unlp (1:3, D}
a zymogen or mother substance an.d Fhalt it is an hom\f; c‘).nuef 2
fibrinogen, we are brought to assimilate rennin to fibrin e
ment. Yet, Moro and Hamburger have suggvsted._ onlth.e b(}nlb
of their experiments, that milk might also contain ilibrurl‘ ic%‘:
ment. Moreover, we have seen that the presence of .o.\ldzm
_fibrin ferment—has been made evident by 1'130 guaiac tustf
(Arthus), thus confirming Mnm.ungl Hamburger 8 surn?;se. -l
coagulation were ascribed to fibrin 101‘111}213#, thel'.uinrc, the PT(_)-
cess would have to be explained by an increase In the relative
proportion of the latter in the milk—an obvious fallacy. e

Fibrinogen, on the other hand, meets all th.u needs .Of tu
phenomena witnessed. It is not a normal ('tmstll‘u(‘].lt- (.}1 milk,
but a sine qua non of the blood cougul‘atlirml. The fibrin sz‘r'me]lllt
being present in milk, the addition of hl‘n'x.nfmgcn causes cnflgll a-
tion simply because it re-establishes conditions as the)" were in
the blood-stream—conditions which it is the fum'[mn_af; Hf_“]
mammary glands to prevent. This explains wh_‘\,' “I‘(Eﬂl]l{l is
found in the blood of some plants, fishes and birds, and in or-
gans which should not contain it according to the prevailing
doctrine, and why, also, fibrinogen, a constituent of the general
blood-stream, can act as rennin. :

Again, fibrinogen is no less able to provoke active fm"j??n-
tation than rennin. The fact observed by l']mmmn'..s‘ien,r' for
instance, that one part of rennin can curdle 400,000 to 800,000
parts of milk, is but a parallel of the process 0}'01{0(1 when. tryp-
sinogen and the nucleo-proteid-laden enterokinase combine to‘
form the trypsin. The mere addition of a smalll amount of
mother substance fo a fluid containing ferment 'suih(:uls tf) stiart
this action, and the milk’s adrenoxidase being the fibrin fcr-
ment, a small quantity of fibrinogen (plus calcium sa]tls) suffices
to start the process ascribed to rennin, i.e., fﬂﬂglllﬂtlﬂ]l. And:
this process differs in no way from that ascribed to the ]:lﬁt}‘l‘.
the caseinogen is split into two substances, the curd (va@m)
and a soluble proteid, by the fibrin ferment. The only differ-

” e er. T. B. of Physiol,” vol. i, p. 295, 1900,
”g:;ilérste‘zr:np.]ahrb. u. d. Fort. 4. Thier,-Chem., Bd. vii, S. 166, 1877,
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ence in the clot is that, as already stated, it is not filamentous as
is the fibrinous blood-clot.

This interpretation eliminates all the discrepancies which
have attended rennin from the start and which have never heen
met.

Thus, we have seen that milk, as shown by Arnold, Spol- -

verini, Marfan, Gillet, Wender and others, contains oxidase,
w.£., the fibrin ferment, but that it has not been found to con-
tain fibrinogen. This suggests that the fluidity of the milk is a
physiological necessity which the glandular elements of the
mammary glands insure by preventing the access to it of this
substance. Under these circumstances, it becomes evident that:
(1) Rennin being fibrinogen, the addition of this body to milk
causes clotting because adrenoxidase is present in the latter.
(2) The clotting of human milk when hydrocele fluid is added
to it (Moro and Hamburger) is due to the fact that the latter
contains fibrinogen while the former contains fibrin ferment,
(3) The clotting of milk by organic and blood extracts (Ed-
munds) is due to the fibrinogen combined with adrenoxidase
which all such extracts contain. (4) The clotting of milk on
adding pancreatic juice (Roberts, Edkins, Halliburton) is due to
the presence in the latter of adrenoxidase and of the fibrinogen
combingd with it. (5) Rennin being fibrinogen, it is a normal
constituent of the blood of invertebrates and of the fluids of
plants.

On the whole, it seems evident that such a ferment as ren-

nin, for which no specific fuaction has so far been found, does
not exist as a separate entity, and that, wherever it is associ-
ated with a given process, the réle ascribed to it can be ful-
filled by fibrinogen.

We must not, however, lose sight of the fact that fibrino-
gen contains several substances. Schifer,™ for instance, states
that “fibrinogen is probably a mixture, or loose combination, of
at least three substances: (1) Fibrinogen proper, coagulating
at 56° C.; (2) the globulin described by Hammarsten and termed
fibrino-globulin, coagulating at 65° C., (3) a nucleo-proteid.”

With which of these constituents does rennin correspond ?

Rennin is evidently not adrenoxidase, which, we have now

&1 Schafer: Loc. cit., vol. 1, p. 1865.
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ADRENAL PRINCIPLE IN FIBRINOGEN AND RENNIN. 873

geen repeatedly, Tesists all tempera'tnies up ttz‘llﬂ()" Cs tlhre. boﬂc-l
ing point, for Hamn]_arste_n statesh'. that “if an lac'tu e3 a‘n :
gtrong infusion of the gastric mucosa n water containing 3 per
mille hydrochloric acid is heated to 37-40° C..fﬂ)r‘)ﬁlkﬁ hours, the
rmninvis destroyed, while the pepsin rema1n:s,:0 ‘In neutral
solution, however, rennin is only destroyed at 70 (.

Is it fibrinogen proper? <5

While fibrin is formed, as is well known, when blood is with-

_ drawn from the vessels, Alex. Schmidt observed that pericardial,

ascitic and other fluids did not coagulate spontaneously notwit‘z.l-
standing the presence of fibrinogen in them, .but that Yﬁhey did
<0 on the addition of blood-plasma. He at‘trllmted. this result
40 a combination of the serum-globulin and fibrin ferment.
Hammarsten® showed, however, that serum-globulin played no
role in fibrin formation, and that by half saturating l?lac?d-
plasma with sodium chloride, a precipitate was obtaingd, “fibrin-
ogen proper,” which by the action of Schlnldt"s fibrin ferment
was converted into fibrin. Fibrin ferment being, as we have
seen, adrenoxidase, the formation of fibrin su.gges.ts itself as
another example of the influence of the adrenoxidase on 8 2ymo-
gen, It becomes a question, therefore, whe‘zher_ fibrinogen
proper actually plays the same role here that trypsimogen does
in the building up of trypsin,

If such is the case, the third constituent of the triad we

. have met in all ferments so far studied should also be present,

i.e,, nucleo-proteid. That it is present is striki_ngly shown
by the following quotation: “Fluids which collect in ’F.Ile serous
cavities of the body (pericardial fluid, hydrocele fluid, ascitic
fluid) frequently contain mo leucocytes,” writes Schafer.f‘*
“When this i the case, they are also devoid of nucleo-proteid
and of the properly of spontancous coagulation, although tff.ey
contain fibrinogen.” 1t is evident, therefore, that c?agulatlon
canmot occur without nucleo-proteid. Indeed, coagulation oceurs
whether this body be derived from the blood or from the cellular
elements. Buchanan® found that extracts of lymphatic glands
and various tissues caused coagulation. “But it is only quite

82 T, rsten: Loc. eif., p. 305, ;

8 gggﬁgrsten: Arch. f. d. ges. Physiol., Bd. xix, S. 563, 1879.

8¢ Qchafer: Loc. cit., vol. i, p. 165. s y
%Bﬁxci;nan: cited by Schdfer: “T. B. of Physiol.,” yol. i, p. 168, 1808.
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recently,” says Schifer, “that the active substance extracted
by Buchanan has been examined and found to belong to the
class of bodies known as nucleo-proteids.” From this stand-
point, therefore, fibrinogen proper (rennin) asserts itself as a
Zymogen.

This is shown, moreover, by the chemical connection be-
tween nucleo-proteid and fibrinogen proper. These two bodies
are closely linked in their solutions and may be precipitated by
the same agents. “The nucleo-proteid is precipitated from oxa-
late plasma by allowing it to stand for twenty-four hours at 0°
C.”, writes Schifer. “The addition of acetic acid also throws
it down but not in its pure form, for fibrinogen is carried along
down with it.” This represents undoubtedly the compound met
with in all the reactions previously considered, for the same
author says, “Fibrin obtained by whipping blood leaves a con-
siderable phosphorus-containing residue (nuclein) after subjec-
tion to peptic digestion.”

Rennin, as studied from various standpoints, thus asserts
itself as a ggmogen fibrinogen proper, which becomes active when
nucleo-proteid and fibrin-ferment (adrenoxidase) are present—
all constituents of the blood. Hence its behavior precisely as
if it were a bona fide enzyme such as trypsin—in the light of pre-
vailing views. That no satisfactory function has been found
for it in the stomach is also explained: the zymogen itself, i.c.,
the fibrinogen proper, is not a usual constituent of the gastric
juice, although both nucleo-proteid and, as we will see, fibrin
ferment are. Indeed, this becomes evident when we take into
account the mode of preparation of “rennin,” viz, by infusion
either of the stomach or of its mucosa, or, in other words, of #is-
sues rich in blood and leucocytes, and therefore rich in fibrin-
ogen, including its zymogen, fibrinogen proper. This does not
invalidate the fact that gastric juice itself may provoke coag-
ulation, since it contains nucleo-proteid while fibrinogen proper
and fibrin ferment are ubiquitous constituents of blood from
which its fluids are derived. What it does show, however, is
that the gastric juice does not include as a functional entity an
autonomous ferment such as “rennin,” which has no existence
as such.

Direct experimental evidence to the latter effect was re-

-
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cently contributed by Pawlow and ]c’a:rasts;.chuks‘3 wlﬁlich led to the
.conclnsion, previously formulated by.Danllewsky, tna't the coag-
uiati-on of milk is, from the standpomt-of the experimenter, an
aécidental expression of a general reaction, and Fhat a sepa?afce
and individual milk-curdling ferment does noi? exist, fl’hey falll,-
however, to show the cause of the coagul.atlon, attributing it
theoretically with Danilewsky to some c.onstltuent' developed dur-
ing the digestion of proteids by pepsin and forming part of the
httuﬁy own view that the coagulation of malk atiributed-to
renmin is in reality due to the ferment which causes coagulat@.oin
of the blood, and that “rennin” is one of i}.ze constituents of. thtls
ferment, i.c., fibrinogen. proper, & zymogen, 13 r?.ot 01113'. sustained,
we have seen by considerable direct and indlref_:t evidence, but
the active agent it introduces is one which logically meets the
needs of the process.

All this has also served to show (1) that the zymogen of
coagulation s fibrinogen proper; (2) that like a?l other fer-
menls, the coagulating ferment is composed of lth,‘;s zymogen,
nucleo-proteid and adrenoxidase; (3) t_h..at fibrinogen proper
not being itself a ferment, it is actwated, like ﬁ'w, panca‘raatw 2y-
mogens, by the adrenal ferment in the adrenozidase with wh'tch
it is combined; and (4) that the congulating ferment acquires
ils properties as such from the adrenal ferment of the adrenoxi-
dase it contains.

THE ACTIVE PRINCIPLE OF ADRENOXIDASE AS THE
FERMENT OF PEPSIN.

The presence of adrenoxidase and nucleo-pr({tei‘d in th.e
gastric juice and in pepsin is shown by direct and indirect evi-
dence. .

As to adrenoxidase, Schoenbein® found that the Qastrw
juice gives a blue coloration with guaiac. We haw*e seen, in the’
case of other ferments, that fermentation in which oxidases took
part was attended by an output of CO,. Bunge®® states t}.la.t
“the gases which are formed by the process of fermentatl?{l,
in the stomach are carbonic acid gas, hydrogen, and marsh gas.

8 Pawlow and Parastschuk: Zeit, f. physiol. Chemie, Bd. xlii, 8. 415, 1904.

87 Schoenbein: Loe. cit.
88 Bunge: Loc. cif., p. 143
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He also refers to a case of dilatation of the stomach studied by =

Kuhn* in which “one liter of gastric contents developed four
liters of gas in four hours when kept outside of the body at the
body temperature.” This gas was found to contain twenty per
cent. of carbon dioxide.

The presence of nucleo-proteid is as evident. Thus Nencki
and Sieber”® found nucleo-proteid in the gastric juice. - Moore,
moreover, states that while in pure gastric juice the acidity is
due chiefly to hydrochloric acid, it is also due “in part, to acid
phosphates and phosphoric acid.”

The following lines of Hammarsten®* are striking in this
connection, when we consider that the presence of such a sub-
stance as adrenoxidase was not suspected by the author: “As
chief organic constituent, perfectly fresh gastric juice (of dogs)
contains a very complex substance (or perhaps a mixture of sub-
stances) which coagulates on botling and which separates on
strongly cooling the juice. This substance is considered by
certain experimenters (Nencki and Sieber, and Pawlow) as the
conveyer of the several ferment actions of the gastric juice, i.e.,
the pepsin as well as the rennin action.” By “conveyor” is

meant “transmitter,” the characteristic property of the adren-
oxidase acting as a catalytic in relation to ferments in general,
its identity as such being further shown by its coagulation tem-
perature, the boiling point. With Schoenbein’s observation
that the gastric juice gave the blue coloration to gualac, the
evidence that the gastric juice contains what might be termed
“gastrokinase” as a counterpart of Pawlow’s enterokinase, may
be considered as conclusive. Its purpose is evidently the same
as the latter, since, as- stated hy Landois,” “the glands

themselves contain no pepsin but only a zymogen,” i.c., pep-
sinogen.

The composition of pepsin also coincides with that of tryp-
sin. As to the pepsinogen, Edkins® states that “though the
chief cells will yield pepsin, yet they do not actually contain
pepsin. If the granules then are connected with pepsin, it
must be in some antecedent form. The probable explanation

# Kuhn: Zeit. f. klin, Med., Bd. xxi, S. 584, 1892,

% Nencki and Sieber: Zeit, f. physiol. Chemie, Bd. xxxii, 8. 291, 1901,
" Hammarsten: Loe. cit., p. 208.
2 Landois: Loec. cit.,-p. 293.

® Edkins: Schifer’s “T., B. of Physiol.,” vol. i, p. 532, 1808.
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{ this is that the granules of the chief cells consist wholly or
o

i ' ssinogen, the precursor of pepsin.” ]-Ia;nmarstgn“
i‘n};T;soispigsrﬁiﬁ”’the sltatement of Schiff*® that thel"e Emst-s
.;éigsubstanee forming pepsin, & p‘epsim?genlar prop&gjlﬁ. e
The presence of the adrenoxidase 1s f)eﬂdent. ’L‘ .a,ribed
ready scen that Nencki and Sieber, and.lawlow., have ai?c{ o
t’o' what they consider the chief organic iunstitx?ent'? r(iin
gastric juice, the function of a “trgnm_mtter or Cat,al}it_mi 1t)elpjt .
heing mentioned as one of the bodies ml'i.uenced. .F.h.l‘b cataly .
body was said to be destroyed when bm}ed, tl%us uad.lfa:gii:
identity as the active principle of an 0x1§ase, . “1(,1201 “hO;’I;
That the latter is intimately connected .w1t}% pepsin 1hla § Z e
by the fact that it meets the tests which indicate .t.le pr 'i‘hus
of its active principle, i.c., that (l)f thcj1 adfrc:glz;l :E;rs;(;ln“ L he,
; 98 found in the pyloric end o stoms 7‘
’ilflii?i;)seudopepsin,” wi?ich in turn yielded tr}tptc?phar; filtizlj]—
meister). This substance is even now of unknown {,omp 8 ” ;
though found in the pancreatic juice over se‘v&_&nty }eai atgcte Ty
Miedemann and Gmelin®” When compared with F}-ler‘(, ar iﬁve-
“tie tests of adrenal extract the correspondence is .;ugg;(iiﬁon.
both tryptophan and adrenalin becomle rose-red on the a -
of chlorine water; they both react in the same m'anner1 t &
bromine solution. Both are but slightly solubl'e 1‘1{1 OYEH;? Pﬁy
alcohol. Again, Hammarsten® states that pepsin ”]S r?';l « -
ault to isolate in a pure condition as other enzymes. d._ is e
counts for the fact that all the soluble ferment's, m_clu bmg p;{)d
sin, were found by Schoenbein, Fliigge, Epstem: J_ae]o t:30'1'1] o
others to decompose hydrogen perom‘de, and b.y'bcl'llotn )e:; o
others to give the guaiac blue re;ctmngaidltmna proc
minating substance is adrenoxidase. :
the ngt:;n ‘]L?lztnlzljdeo—proteid, Hammarsten."“ stites t?at ‘.E‘l()l:
an extra-pure pepsin, i.e., that of Peke.lh:;rmg, Wi'ist' ;eeto 5
phosphorus and yielded no nueleo-proteld,“ thus_ poin 1 ;g:“nq i
latter as a possible contaminating body, “pepsin, according

: it., p. 307. f ]
xéﬁ?ﬂ?”ﬁf&bng(}:ﬁrﬂl’i ;‘))hysiol. de la digestion,” Florence, 1867.

i i . Path:;, Bd. i,
% (laessner: Hofmeister’'s Beitrige 2. Chem. u. Physiol. u ik
é i i T la di-
1901;?2’i‘ie‘demann and Gmelin: ‘‘Recherches exper. physiol. et chim. su
ion. ete,,”’ 1827. :
gegt‘g)glammarsten: Loe. cit., D. 299,
9 Hammarsten; Loc. cit., p. 308,
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Nencki and Sieber, was rich in phosphorus and contained nu-
cleo-proteid.”

In the presence of all these tests—those pertaining to pep-
sin confirming the data afforded by those upon the gastric juice
—it is difficult to escape the conclusion that pepsin is built up in
the same manner as trypsin, pepsinogen replacing trypsinogen,
and that it owes its ferment to its adrenoxidase. We may con-
clude therefore, (1) that the gasiric zymogen, pepsinogen, is
converted into pepsin by combining with adrenozidase and
nucleo-proteid; (R) that pepsinogen 1is activated by the joint
action of adrenozidase and nucleo-proteid; and (3) that pepsin

acquires ils property as a ferment from the adrenal ferment of
the adrenoxidase it contains.

THE ADRENAL ACTIVE PRINCIPLE AS THE FERMENT OF
FERMENTS; AND ALL HYDROLYTIC FERMENTS AS
COMPOUND BODIES CONTAINING A ZYMOGEN,
NUCLEO-PROTEID AND ADRENOXIDASE.

Having ascertained the general composition of the various
- hydrolytic ferments, it becomes a question whether the con-
clusions reached are in accord with what data the direct analy-
ses of these ferments have furnished. That they harmonize
is shown in the following pages.

‘B. Moore,'* in a recent work (1906), says: “Little is known
reg'arding the chemical nature of enzymes, because all attempts
to isolate them in a state of purity have hitherto failed. In
fact,” adds the author, “there is nothing to give certainty that
at the end of any process the product in the case of such com-
plicated substances is pure.” Still, he also states that “in ele-
mentary composition the enzymes do, however, resemble the
proteids more than any other class of hodies.” As this state-
ment applies to hydrolytic ferments in general, we may infer
that all these ferments contain proteids—in accord with the
direct evidence I have submitted in the present chapter.
Again, Moore refers only to simple proteids while those we
found in the various ferments were invariably the phosphorus-
laden nucleo-proteid. Recent labors have shown that the pro-
teids bound up with ferments contain phosphorus,  “Ma-

190&10“ B, Moore: Hill's “Recent Advances in Physiol. and Bio-Chem.,” p. 117,
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3 = 3 -t 101
callum has shown microchemically,” says an editorial writer,

éthat phosphorus s clogely associated with the f(.)r.maf{.}ilon of
Zymogen granules in cells, which seem to 1:')e started m't e im;
cieus, and there are many other observations suggestmg.tlsda‘
certain ferments are closely rclat('ad to ’theT nueleo-prote;db.
This is particularly true of the oxidases.” We may 'conclu £
therefore, in view of the presence of nucleo-prot-exd in all tl'le
ferments studied in this chapter, that the proteids present In
the ferments in general, as implied by Moore, are nucleo-pro-
teuis.The presence of zymogens in hydr'olytic ferments needs
hardly to be emphasized. After refel‘rl?:lg to.the fa.c:t that
Langley discovered pepsinogen and -Heldenham trypsinogen,
Moore says, that “since then, the existence of a pro-ierl'l}weu_tj
[zymogen] has been shown for most c.xf the enzymes.” This
applies to all the ferments we have 1‘fa.vlewed. |

The presence of the third constituent, ad@gomdase, may
be shown by tracing to its source the characteristic property lci
ferments, catalysis. Here, again, as we havle seen, Mo,?re
gpeaks of ferment actions as being “such catalytic reactions, t]n:s
characterizing catalysis as a property of all fer.ments. '1(?
which of the three constituents can we attribute this property?

That the nucleo-proteid need not be considered as a pos-
sible factor in this connection is obvious. Neither does.the
zymogen possess fermentative activity. ’I.‘hus,l Maorg “.'rltesz
“Thege zymogens, as has been stated, are inactive wh.lle in the
cell and exist in granular form visible under the microscope;
they are converted into the active form, either at_ the time of
secretion or later, on coming in contact with certain substances
which have heen termed zymo-excitators, or, in certain cases,
kinases.” He then refers to Pawlow’s enterokinase as an ex-
ample of these agents, and to the belief of th-is investigato%' that
this body is a “ferment of ferments.” It 1s to_ enterokinase,
therefore, that we are relegated for the agent which confers the
properties of a ferment upon the zymogen. . .

To the questions: what is the agent in enterokinase which
endows trypsinogen with the properties of a ferment, and what

101 Wditorial, Jour. Amer. Med. Assoc., Feb. 17, 1906,
102 ﬁ%‘{fﬁ?a Schifer’s T, B. of Physiol,” vol. i, p. 317, 1898,
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is the source of this agent, however, no answer is vouchsafed.
These features of the problem do not seem to have, so far, en-
gaged the atfention of investigators. Indeed, though Dele-
zenne, Camus and Gley and others were led experimentally to
agree with Pawlow as to the effects witnessed, some contend
that they are not due to a ferment. A suggestive fact asserts
itself in this connection, however, viz., that the main objections
that have been raised are annulled when, in accord with my
own view, adrenoxidase is considered as one of the constituents
of the “ferment of ferments.” Thus Delezenne and Dastre!®?
deny that it is a ferment, but regard it “as an ‘amboceptor,” in
the language of Ehrlich, which serves to link together the at-
tacked proteid and the trypsinogen and so invokes the proteid
cleavage.” Now, we have seen that adrenoxidase is Ehrlich’s
amboceptor and that it becomes linked with trypsinogen to
cleave the proteid. If we asked Delezenne and Dastre to point
to the constituent of the “amhboceptor” which brings about
such a result, their answer could only be that of Ehrlich, 1.e.,
that the nature of this body is unknown. “Proteid deavage";
whenever witnessed in the organism is due to hydrolysis pro-
voked by a ferment; can they assert that we have here an ex-
ception to this rule? Not without introducing suppositions
bostulates—a weak weapon to offset the mass of evidence I have
adduced in this and the preceding chapter as to the presence of
the adrenal active principle in enterokinase. Largnier des Bar-
cels, Biéry and Henri'® have also pointed out as evidence
against enterokinase being an enzyme, that it is “much more
slowly destroyed by heat than are most enzymes,” all having
found that it could resist boiling, and in some instances higher
temperatures. We have seen that of all the ferments, that con-
tainfifng the adrenal principle is the only one which remains
unaffected by heat up to the boiling point and that it ¢ 7
i ]ﬂiter Seve};a‘fl ht(l‘);r:’.im]mb point and that it can even
That we are dealing with a ferment is emphasized, more-
over, by direct experimental testimony. “Bayliss and Star-
ling,” writes Moore, “have brought forward strong evidence in
favor of enterokinase being a ferment, Thus, they have shown

108 Deleze;ne and Dastre: cited by M 1 HilPs * i
Physiol..fmd Bio-Chemistry,” p. 109, ]9[%. i o
104 Biéry 'and Henri: Ibid.
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that there is no stoichiometric relationship between the amount

of trypsinogen and the amount of_ enterolkinase necessary .t70
activate it, as little as 0.0001 cubie fzentlmeter. of an actm?
enterokinase being capable of activating 5 cubic centnnete]ib
of pancreatic juice provided it was allowed two or three di}-i
to act,” This sustains the evidence adduced to the. effect t 3
enterokinase is activated by a ferment—that to Wh}ch secretin
owes its activity and the chemical properties of which are pre-
éisely those of the active principle of the adrenal .secretlon.
The conclusion is warranted, therefore, that enterr‘}‘kmase con-
fains @ ferment and that it owes 118 prqpef'ty as a fw'm.ent _of
other ferments” (Pawlow) to the aclive p?‘t-ﬂ(:%pl{i which ts
adrenozidase contains, i.e., that of the adrenal secreit?n.

Such being the case, we are brought, by the evidence gub-
mitted in this and the previous chapter, to consider the adrenal
active principle as the sole ferment of ferm.ents. N(_)t only
have we seen that the character of a ferment is determined by
its zymogen, but we found that in every instance it was the
adrenal principle of its adrenoxidase which ex{dowed the fer-
ment molecule, so to say, with the characteristic of a ferment.

The ability of the adrenal principle to carry on such a pro-

cess is, in the light of available evidence, beyond question.

Moore,'> we have seen, states that ferments are catalytic
agents, adding, however: “But when we say that ferments
act catalytically, the problem of how they act 1s Ey no meanﬂs6
solved; we have merely found a name for it.” Now, Loew'
was led to conclude in the course of an extensive research that
““there does not exist a group of organs or any organ, or even
a single vegetable or animal cell that does not contain some
catalase,’—a conclusion sustained by the testimony of Ber-
trand, Abelous and Biarnes, Phisalix, Schmiedeberg, Jaquet,
Salkowski and other investigators, who found that the oxidases
in all plants, invertebrates and vertebrates studied by them
acted as catalytics.
A salient. feature of the problem left in abeyance so far
requires elucidation at this time, viz., the indep-cndenee of the
catalytic action from the oxidizing action of oxidases observed

105 Moore: Schafer’s “T. B. of Physiol.,” vol. i, p. 317, 1898.
106 Loew: Loc. cil.
2—6
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by many investigators, and which led Jolles*** to conclude that
th_e blood contained both oxidases and catalase. The reason for
‘Uns IL)GC()IIICS plain—in the light of my views—when it is borne
in 11‘111.1(1 tha't while the adrenoridase as such is the oxidizing
body, IFS active principle, i.e., the adrenal active principle, is the
ca.talytlc.. The two separate functions are thus fulfilled by t.hu‘
adre.uomdase, its active principle, embodied in the adrenal se-
cretion, enabling the latter to take up the oxygen in the air of
the pulmonary alveoli to transfer it via the r.e*:l corpuscles 'mﬂ
the blo.od-plasma to the tissues. It is strictly as ;111.-“m;\'(”v11
trz?nspmtur” (using Traube’s phrase) therefore, that the ;11-;\-@
principle of the adrenals behaves in the pmceQ; i.6., as a pur
catalytic. bRl
: ll"inally_, Poehl'*® wrote recently, referring to the adrenal
prlnclplu.: “This body brings about reduction ]11‘0("05@(157\\.']1(;1!
present in such very small quantities that I cannot 61]1er\\'i<e
than see in adrenal (sic) a specifically positive katalysator éf
such processes. If we observe these reactions, we must con-
clude that we have here no ordinary reagent that is to \‘:1\’ not
a chemical body which enters into a chanﬁe’in which it”i;)(-nn-
sumed itsellf, but on the contrary, that aErena] is a reulkkétn-
Iysator which undergoes no change.” Applying this concept to
the human adrenals, the strength of my position will become
apparent. Indeed, Jolles has not only ascertained, as previously
stuted,.that the human blood is enllowed with, ‘oxidiyin(r ‘1‘11(.5
catalytic properties, but he observed that these prnpert‘ie: I:l"‘ll'
a ‘deﬁnit.e relation to the number of red corpuscles prvscr;t
being raised in proportion as their number is increased. \~
1 }_lave shown that these corpuscles are storage-cells for adm:n‘-
031.daseftl%e albuminous oxyhaemoglobin—tlg mnsé of this ’re-
Is‘atu?nshq.) is self-evident, provided, however, the active prin-
ciple of the latter—that of the adrenals—is considered as
catalytic. : Y e
2 From all directions, therefore, the evidence available leads
8 GO B L . .
S:{n,. ;;,f:;“;;j}r, ;0;:?.!1:151(.111 that the cf'ciwe pr'im'z'p.f{"r)f the adrenal
‘ y true ferment in the organism, and that all
bodies now known as hydrolytic ferments owe their activity as

197 Jolles: Miinch. med, Wi
neh. . Woch., Nov, 22
108 Poehl: Indian Lancet, May 23, ?.‘:EH. i
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Irenal active principle which one of their constitu-

such to the a
ents, adrenoxidase, conlains.

As corollaries to this fact, additional conclusions, based
on the evidence recorded in the present chapter, are now in order:

(1) That adrenovidase fulfills two functions simultane-
hat of catalytic, carried on by the active principle of
seeretion it contains, and (b) that of oxidizing sub-
adrenal secretion has become oxygenized in the

ously: (a) !
the adrenal
stance, after the
lungs, and converted into adrenozidase.

(2) That hydrolytic ferments are composed of three sub-
a zymogen, which endows the ferment with its spe-
cific character; (D) adrenozidase, which confers upon the zy-
mogen ils properties as a ferment and catalytic; and (¢) nucleo-
proteid, the phosphorus of which by combining with the oxygen
of the adrenozidase liberates heat energy and thus governs the

activity of the ferment.

stances: (a)

ConcLupING REMARKS—Since Schwann, in 1836, demon-
strated the presence of pepsin in the gastric juice, many
theories have been introduced to account for the process of fer-
mentation. “The general point of view regarding the mode of
action of enzymes that is most frequently met with to-day,”
wrote Howell in his text-book,*® “is that advocated especially
by Ostwald. He assumes, reviving the older view (Berzelius),
that the ferment actions are similar to those of catalysis.” We
have seen, however, that, as stated by Moore, this affords only a
name for the process. The identity of the catalytic agent, its
origin in the body and the manner in which it influences the
substances with which it is linked have remained unknown.
These three cardinal features are pointed out in the foregoing
pages.
Moore!® has likewise expressed the view that “little is known
regarding the chemical nature of enzymes, because all attempts
fo isolate them in a state of purity have hitherto failed.” The
data submitted in these pages also indicate why laboratory
methods have remained sterile in this connection, viz., that the
bodies which have been regarded as ferments (or enzymes) are

19 Howell: ‘“T. B. of Physiol.,” p. 658, 1905,
10 Moore: Hill's “Recent Advances in Physiol.,” &c., p. 117,
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Ml A
in reality not f 3
. t ferments at g]l, but compounds of several sub-
ventit,'_ou ] né; marked affinity for one another, and 1'01'med.ad
S ' r 3 'd 1 ]
g Y when removed from their normal environment, t}
wving body. As will be shown i o e
Pheas o shown in the next chapter, one of these
S D8 .S }I- [ ! ..I 'Itll y l
oty “,'h;“o‘e; y 18 @ passive constiluent of these so-called
L q(h;jm -18 the three others, the zymogen, the nuclein and
« y .\: S 4 i y 1 4 . ‘ (
oA 1dase, are active, the active principle of adrenoxi-
,rl‘ a1r11111g, as stated above, the only true ferment ‘
'HE Tr1aps.—T .
ey Aps.—The compounds now termed “ferments”
- i.u dﬁ Jfl.uertheless, aggregates of bodies which jointly take
L H 3 v "‘. ;
i (,rn.le;ltatnc processes, and it is necessary, in order
et satisfactorily t} ctions i e ¢ ,
1e functions in whi
T e s in which they take part
o ct y take part
by m E;a a].utonomous entities. Especially is this dle'ir’
riew of the faet tl I i thie psifa
! 1at as such they retai ifi
S e b as 'y retain the specific
gngld c: now attributed to them as “ferments.” In sul eed
hapters rev o . s
0 “]t ; (;.- ljl—.o“e\er, they will not be referred to as ferments
§ "triads,” each being composed of a zy e d
oty | zymogen, nuclein and
e term. i ;catc the specific action of each triad, the
8 “proteolytic,” “amylolyti i i o
I yue,” “amylolytic,” “lipolytic” and

colytic” aly-

“”l g 2 . o

whether tliel fbe gmp]o) ed as qualifying adjectives, according to

Thus the t '010 -S}mﬁ hydrolyzed is proteid, starch, fat or qub T
B riad which acts on nr - ;) ¥ sugar,
£ e PR A o proteids will f s

th-e proteolytic triad;” that getin ill be referred to

U‘lad,’-‘ ete,

as
g on sugars as the “glycolytic

CHAPTER XV.

THE ADRENAL ACTIVE PRINCIPLE AS THE DY NAMIC
ELEMENT OF LIFE AND THE GRANULATIONS
OF LEUCOCYTES AS THE LIVING
SUBSTANCE.

THE LEUCOCYTES AS TISSUE BUILDERS.

Beddard, referring to the end-products of intestinal diges-
tion in Leonard Hill’s recently published (1906) treatise,
writes:! “Our knowledge of the actual path taken by differ-
ent substances is extremely meagre. We know that the prod-
acts of fat digestion pass into the epithelial cells, but we know

nothing of the path taken by the products of proteid and carbo-
hydrate digestion.”

In the first volume? I pointed out that the granulations
of the leucocytes played a far more important réle in phy-
giological functions than was credited to them in text-books,
and that in all tissues these granulations were a source of
energy when brought into contact with the oxidizing substance,
i.e., adrenoxidase. The final conclusion submitted, after show-
ing that the leucocytes took up the products of intestinal diges-
tion in the alimentary canal to convert them into granulations
which they deposited in the tissues, was that these cells sup-
plied “the entire orgamism with the agencies which combine
with the oxidizing substance to insure the continuation of life
and the efficiency of all organic functions.” Additional re-
searches have only served fo strengthen this conclusion.

A bar to progress in our knowledge of the function of
these minute bodies is the prevailing view that “elementary
granules [the grannlations of leucocytes] are minute particles
hably ariging from the disintegration of
he blood-platelets.” That leucocytes do
ally yield their contents by becoming decom-

of proteid matter, prol
white corpuscles or of t

not physiologic
1 Beddard: Hill's “‘Recent Advances in Physiology and Bio-Chemistry,” P

643, 1906, A
2 ¢f. vol. i, PP 677 to 728 in the first three editions.
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