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reader” “of the existence” in muscle “of a proteolytic enzyme”
and finally states that “glycolysis oceurs in many tissues, and
that the agent or ferment to which this is due, is believed by
Cohnheim® to be rendered active by the internal secretion of
the pancreas.” That trypsinogen is common to all cells is
evident.

The presence of nucleo-proteid has heen sufficiently em-
phasized in the preceding section. I showed therein that all
cells, from the lowest unicellular organisms up to the highest
members of great cell colonies, contained nucleo-proteid gran-
ules. I may add the testimony of Chittenden,® who wrote re-
cently: “Nucleo-proteids of various kinds are conspicuous con-
stituents of all cells; they are found in all tissues, in all gland-
ular organs, and their widespread distribution may be taken as
evidence of their great physiological importance.”

The term “oxidizing substance,” we have seen, is syn-
onymous with “oxidase,” and, in the higher organisms, with
adrenovidase. “It has been positively proved by the researches
of Jaquet, Salkowski, Spitzer, Rohmann, Abelous and Biarnés,
Bertrand, Bourquelot, DeRey-Pailhade, Medvedew, Pohl,
Jacohy, Chadot and Bach, and others,” says Hammarsten,®
“that in the blood and different tissues of the animal body, as
also in plant cells, substances oceur which have the property
of causing certain oxidations and are therefore called oxidation
ferments or oxidases. Little is known in regard to the natute
or the manner of action of these hodjes.” In the thirteenth
chapter'® I stated that, while Claude Bernard, Pavy and Lépine
had observed that blood-plasma could oxidize sugar, Pohl, Spit-
zer and others had found that intercellular and tissue Juices
produced a similar effect; that Loew had been led by his re-
searches to conclude that “there does not exist a group of or-
ganisms or any organ, or even a single vegetable or animal cell
that does not contain some catalase;” and finally that “this

general occurrence of catalase in the organized world cannot be

accidental and must have a certain significance.” We have
i 0o

% Halliburton: Loe. i, p. 3

" Cohnheim: Zeit. f, phys. Chemie, Bd. xxxix, S. 336, 1903,
% Chittenden: Boston Med, & Surg. Jour., Aug, 17, 1905,
™ Hammarsten: Loc. oil., p. 1.

% ¢f. this vol,, p. 813,

11 Jolles: Miinch. med. Woch., Nov. 22, 8. 2083, 1904,
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geen also that recently Jolles'™ found t.lmt tl'llc‘ c&;tala.lsilz
which decomposes h_ydrogfn pm:zfid; ij-::isoiila:e]i“\;:“,-_,,it\.fnl e:o
corpuscles. As 1 have shown,"** cats . . ; : .1 .é.“als e
cidase, or its homologue in animals in which ac renals (
;i.ze::si}::d:;:d, j111 plants, ow;xg to the catalytic pr(’)‘p;ﬁrt 1(st oi“:t;
aetive principle. Adrenoxidase is thus vnd‘m\‘ed \."llt',l'il‘:,.oqlielllt
erties, viz., that of a cuta].\-t.ic and th.at of a1; (z.\u 1;“11:('(?1 it;
Loew’s generalization, therefore, applies .to a;( rla‘ntt;.:‘(;jt:u“lm;
homologue in lower forms. lts presence in the ;.- .ul ?]i(,; g
emphasized by the fact that sponges pmtm}t t]ffl 1_): L.ll,i:‘,-]de*
cording to Ray Lankester,'"® n(?t Unl:\' h}.' fflﬂg?bf :"m Et . ;:1‘011;
of spicules, but “also by excretion of })()715011011:1‘. ]t-lfnt, llzti‘m 3
the surface of the body which have a strc)jlgl)' OXi IZ.I;IDl f “ m;t
Not only are the three components of .1.1')'1)51njt e — j(l,llfl o
jtself in fact—thus shown to be present in al.l tl.-:?u.u-cgt‘: ;en-
in all organisms, but tissue-cntaboh.‘ﬂn correspon(llb -411‘1317.3 ;ied
eral characters with the digestio_n of {111Cl(;’(')-llf)[‘ﬂf"('lld::ld:: car
on by trypsin—the hydrolytic irmd—'—m the mt'e:tlln(. bt
As stated by Barnes,'** there is a remarhaf; e 1};11[1 ﬁ !ha__t
in the decomposition of products of al} cellf. 1\(; .n‘m]lt:t “)1“,.,
the organism from which they are derived, Sa,'\bi t. 1is ],)1[.1 “11“;“
siologist, “no matter how simpl-e th?y are or hmfl_c,u:]lvit_h, o
broken up by the process of digestion or by ‘bmln'l{?‘\] 1.8 "i
they yield invariably a series of products \‘«;hl(‘h‘ 1fl\‘('. ;m‘mo_ 0
the last few years much better know.n‘ I‘hefe lm. Hi
amido-acids, such substances as !eu'em, t_\'rosm', a.lgi]m,nf(,“
tamin, glycocoll, ete.” As this a[t)'];}l?sltg‘thetid:feit-: ccilr Cn;]._
i intestine as well as to artificia igestion,
::?uctitet}llzieirft these decomposition products are {E]m' L"Z\:CZI'C‘{E‘:']:I ::y
the tissue cells, these cells are the seat of a digestive process
gimilar to that of the intestinal canal. eyl
That such is the case is shown b\ the .fact that the p "
eursors of urea, which include the amino-acids, can l?ejgtﬂra;;:]
to the tissues. Salkowski,® Schl‘lltzen. and I\enc. 1,t o
other chemists, have shown that amino-acids arr‘e con\]o)r ]0-(,0]1. i
urea during the transit through the body. ‘That the liv
"m0, this vol., p. 822.
E%%fi%:g%ﬁée,L\:’gi.‘i’ii. No. 529, p. 241, 1905,

i i iv, 8. 100, 1879.
kowski: it. f. physiol, Chemie, Bd. iv, 1 .
m%ﬁ‘ﬁ‘ﬁ‘fz?ﬁ’u:ﬁflmencki: Zeit. f. Biol, Bd. viii, S. 124, 1872
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not the only organ in which this conversion occurs, as was
formerly believed, may be shown in various ways. Experi-
mental removal of this organ by Slosse,'”” Nencki and Paw-
low,*** and others, failed to arrest the formation of urea, while
Kauffmann'® found that when the liver and kidneys were en-
tirely isolated from the circulation (to which, we have seen, the
lymph carries waste-products derived from the cells), the blood
was found to contain an excess of urea. This was confirmed
by the researches of Wurtz, which showed that under the same
conditions, “lymph contains more urea than does the blood of
the same individual” (Schifer'*)—considerably more, in faet,
since the ratio is 0.009 parts per cent. in the blood to 0.016
parts per cent. in the lymph.

Finally, Halliburton''! states that “there can be but little
doubt that muscular tissue, being our most abundant tissue, is
the ultimate source of most of the nitrogenous waste that leaves
the body as urea.” Indeed, Barnes refers to the ease with
which lactic acid (and this applies also to the familiar muscular
acid, 1.e., sarco-lactic acid) “can be converted into an amido-
acid, glycocoll.” Chittenden also says:'* “Muscles, liver, kid-
neys, lymph-glands, lungs, spleen, ete., all contain proteid-dis-
solving ferments, and when the tissues are subjected to auto-
digestion or autolysis, such products as the ‘amido-acids, leucin
and tyrosin, tryptophan, glycocoll, hexone bases or diamino-
acids and ammonia result from the breaking down of the various
proteids of the tissue.” He closes the paragraph with the state-
ment that “the general trend of action with these intracellular
proteolytic ferments is hydrolytic cleavage, much the same as the
influence exerted by mineral acids, or by ordinary digeslive
enzymes.”

It is evident, therefore, that the tissue cells are the seat
of a digestive process similar to that in the intestinal canal, and
that it is carried on by the same hydrolytic triad “trypsin.”

Two sources of confusion in the current interpretation of
tissue metabolism require attention in this connection. The

107 Slogse: DuBois-Reymond's Archiv f. Physiol,, S. 482, 1890,

108 Nencki and Pawlow: Arch. d. Sc, Med. de St. Petersburg, T. V.
1% Kauffmann: C. r. de la Soc. de biol., T. xlvi, p. 323, 1894,

110 Schiifer: Loe. eit., vol. 1, p. 182, 1898,

11 Halliburton: Loe. cif., p. 41, 1904

Y2 Chittenden: Boston Med. & Surg. Jour., Aug. 17, 1905
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first of these is the multiplicity of. fumncn‘ts which.al.'e thyught}
necessary to explain tissue function—a i.eutur‘c.“-lnch,bllil my
opinion, accounts for the growing cumplenty 0.1 the pro un

Chittenden'® remarks: “There 18 p?actlcally 1no pmu:ra
of metabolism so intricate or obscure that 1t can not well be ex-

- e ]
o action and interaction of intracellular fermenlta.
when

i y th
%hl?:an:gn?lsing feature just referred to appe.ars,‘l‘mwm'er, a
he adds: “New ferments are constantly being (l1scox’ere.d, n!w.
actions are being traced to the power (.)f sp.emal fer-
ments ?  This applies also to the’omdmng terr_nen.ts;
“(Oxidation is preéminently one of Nature’s ways of bl.‘mgmgj
about alteration and decmnpositinn,"‘sa}‘s ﬂ?e same mltht.Hi
“nd in intermediary metabolism especially, oxidative pr(lucefzen
must be quite conspicuous. Yet to-day we ha'\'c al'ccumu atu ‘aj
mass of evidence tending to show that F\xulatmn in the tissues
is due primarily to the presence and aot?fm‘ of a row ofﬁmli)re (—)r
less closely related, though chemically dlslmct'femlent?, m_mn.
as oxidas‘es.* Physiological oxidation, therefore, as it occurs
in metabolism, is likewise a result of %n.tra(-?llular form-(m“f
action.” This corresponds with the prevailing view, the varm‘uh
ferments bearing characteristic names, aldehydase, guanase,
tyrosinase, adenase, ind(:11_1}1L!n01-0x1f1alse, nuclease, ete., eta?..,
according to the substances upon which they ac-t., the 0}‘gansl m'
which they are found, the organic substance with which they

chemical re

happen to be combined, ete. g
ppAt best, this multiplicity of ferments—both proteolytic and

oxidizing—can only be assumed, since as recently '(15105)‘ stﬁtec‘l
by Halliburton:*** “Ferments are mﬂ)star}ces which ha\-e,ﬂtn. a
great extent, eluded the grasp of the chemist. All he (.?illl.:.\'ﬂ):

adds this physiologist, “is that they are prnb‘abl_\f -pmteu.l.-hkt}‘ 111r
nature, and in some cases the proteid material with \'vhu-h they
are either identical or united is, as in the case of fibrin frzf'-mfmt,
of .the nucleo-proteid variety.” On .thc other ’hand, this is a
guggestive statement in view of the mterpreta't‘mn o.f T}? cm;:-
position of ferments in general I have submitted in the 8 t
ceding chapter: viz., that there is but one true ferment—tha

* The italics are my 'own._S.
118 Chittenden: Loe. cil. ¢
14 Halliburton: Lec. ¢it., p. 30.
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represented by the adrenal active principle of adrenoxidase (or
its homologue in organisms deprived of adrenals); that all “fer-
ments” contain nucleo-proteid; and finally that the specific
action of any “ferment” is due, not to a specific ferment, since
there is but one “ferment of ferments,” but to the Zymogen
which the triad termed “ferment” happens to contain,

Once fully apprehended, this simplified conception of the
composition of ferments will tend to eliminate many of the ob-
stacles met with when any attempt is made to interpret clearly
the intrinsic processes of tissue-metabolism—obstacles which
have made it impossible, so far, to discern the true nature of
gical explanation of the
lied to the tissues (the process
thirteenth chapter of this work) we
would not be constantly confronted with new “ferments,” but
with combinations of known tangible bodies, whose chemical
properties have been thoroughly serutinized—al] endowed with
their quality as a “ferment” by the “ferment of ferments.”

Examples are not lacking in which these principle
plicable. Thus, we have seen that P
Bayliss and Starl ing’s secretin are

this process. Besides supplying a I
manner in which oxygen is supj
I have submitted in the

8 are ap-
awlow’s enterokinase and
not ferments, but that they
contain adrenoxidage. Cohnheim’s “muscle ferment”

need
only be adrenoxidase to cleaye

sugar when combined with the
secretion of the islands of Langerhans if either the latter or
the adrenoxidase contain nucleo-proteid.

Finally, Cohnheim’s
erepsin need not be a “ferment,”

since, as shown by various in-
vestigators, it has the same properties as trypsin; it may be,
therefore, only the proteolytic triad known under the name of
“trypsin.”  Yet, Cohnheim holds, on good ground, that erepsin
is not trypsin, and that it is endowed with other properties. So
is the pancreatic juice endowed with properties other than those
of trypsin—those it receives from zymogens other than trypsin-
ogen, and which are all, we have seen, taken up by the diges-
tive leucocytes. Tt may thus happen that erepsin will prove to
be an aggregate of all the hydrolytic triads—proteolytic, amylo-
Iytic, lipolytic, glycolytic, ete.—which bathe the intestinal
mucosa, and which, through the intermediary of the lencocytes,
reach the tissue-cells, to carry on therein a function similar to
that performed by them in the intestina] canal, 4.e., digestion
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iect i issue-cells reak-
by hydrolysis, but having as object in the tissue-cells, the b
i [ worn-out elements.
ing down of w A BN e g
: The second misleading feature now suggests itsel he E -
iling belief that the tissue-cells themselves are a sourc f
s st e S
:;e “intracellular ferments,” and that the intrinsie PI'O(.G:;L:) :
' ; suck
the cell are ascribable to the presence of a large number o
erments. L. 0 20
: Phis doctrine has also done much to obscure ourll\nov.ulcti,e
of cellular metabolism by suggesting fictitious functions in o
1 - Fe : e e
tissue-cell, thus defeating any attempt to discover tl;e a.e%qu j
E ich 1t is ges ugges-
i ‘hich it is the seat. Sugg
rents i 1terchanges of which it _
of events in the ir g s S
ive in this connection are the following lines by X
ve in this connectior
: tly published work:1® “Much has been made of the faﬁt
recen Rl s e
that intracellular enzymes have been 1sol.1_t£d from lhvn])f_rw(l
hich are capable of producing actions hitherto 0111 )1 ot n(_l i
b ( ' ised that all, o
i as urmised ;
i sence of the cell, and it has been s
in the presence of , AN ;. b
i ivity of ell may be due
:al activity of the cell ma)
nearly all, the chemic: y o i
ctim)lr of a large number of such intracellular enzymes. e
; i - A the importance and value of such
. . “Without disparaging the img robgia i
work of separation of intracellular enzymes, it mai ) f th(,
is i ' riew cplanation o >
ere is in such a view no explan .
be urged that there is i : Ao
i : of the actio
i ivity e cell, no taking into accoun
hasic activity of the cell, o taking in 5 iy
Ef the living cell in co-ordinating, so to speak, the my i
tivities going on within it whereby the whole process
o
regulated.” : ‘ it il
g-uIn the light of all the facts submitted so far m.]thlst‘u )
. ‘ i iti gsue-
regarding the role of leucocytes in the nutrition offt 1e T
inati aarious phases of its life-cycle as-
0T of the various phases y
cell, the codrdination | 5%
’es a normal sequence. The leucocyte not only S'll]})pll(h i
i | S alls them, thus satis-
iti icles,” as Spencer calls them,
L re particles,” as Herbert Sj
nutritive particles, i § o
fying the constructive or anabolie phase of the process, but “
' reak down the worn-o
the hydrolytic enzymes necessary to br‘m%n (1(.m n tl;e W 2hh01ie
nutrient material and prepare it for elimination—the cats
hase of the process. ) e i
¥ A question at once imposes itself, however, in th;h] co]n'gec
2 ' i issue-cells of highly differ-
i ] o8 ow with the tissue-cells ghly
tion. We are dealing nc U il
tiated animals in which the pancreas affords an endless sup
entiate :

. gt ’ . ’
15 Moo Hill's “R Ce ysiology and Bio-C emlstry P 11
re. 1 ecent Advances in Physi h

1906 2-8
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ply of zymogens for the elaboration of “ferments,” which the
leucocytes transfer to the cells. How can we account for the
presence of these same enzymes—or aggregate of enzymes
characterized as “trypsin”—in an animal devoid of pancreas,
down, in fact, to the lowest in the zodlogical scale, the unicellu-
lar organisms? Fven the latter differs in no way, as to the
manner in which its life-cyele is sustained, from the tissue-cell
of the highest of vertebrates, man. Although it has to provide
for itself, it acquires from the organic materials it engulfs in
its protoplasm the three bodies required to build up its “fer-
ments,” and which, we have seen, are present in all living
structures,

All this clearly points to a common governing prin-
ciple in all organic life concerning the manner in which a
living cell acquires the ferments which carry on its metab-
olism, viz, combined with the food materials it ingests., It
is evident that since, as we have seen, it is the function
of the digestive leucocytes to provide the tissue-cells their
nutrient materials and the hydrolytic ferments required to
break the latter down when they are no longer of use, these
ferments cannot be said to originate in the tissue-cells them-
selves, but in the digestive apparatus from which the leucocytes
obtain them.,

Since I first advanced these views in 1903, the brilliant
labors of Abderhalden'** have contributed much confirmatory
evidence. “Each separate cell with very few exceptions,” writes
this physiclogical chemist,” disposes of the same or similar fer-
ments as those secreted by the digestive glands in the intestinal
canal.” As to the manner in which the ferments are conveyed
to the tissue-cells, he says: “Many facts accord with the sug-
gestion that the leucocytes play a part in this connection.”

In brief, it seems to me permissible to conclude: (1)
that the tissue-cells do not contain, as now believed, g large num-
ber of special ferments differing from those found in the intes-
tine; (2) that the tissue-cells of all living organisms contain
the three constituents of at least one hydrolytic triad, trypsin,
including adrenoxidase, the active principle of which confers
upon the latter its properties as a ferment ; (3) that whereas in

i5a Abderhalden: ‘“‘Defensive Ferments,” third edition, 1914,
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the intestine and in the digestive h’lrrt.l-('yfe“'.@, iryp.e.in.hyr[irnf{/xt'._\_'
d-proteids prior to their transformaiwn into assimilable gm'u
H in the tissue-cell it hydrolyses worn-out pro-
teid granules or chromosomes to convert them .in.'o elimin.r;;:ljr'.
waste-products (catabolism) ; (?) that the lrypsin ()-r--ar?-y ;: l:l::!
hydr‘olytir ferment found in h-.s'-'-‘!w-('(,’”-\' does not ora‘;{;r:ulve’[)r-.
these cells, but from the digestive apparatus through the wnte

mediary of the digestive leucocytes,

ules (anabolism),

THE GRANULATIONS OF LEUCOCYTES _.-\Nl‘) ;\]?RENOXIDAhE
IN THE FUNCTIONS OF THE NERVE-( ELL.

@What the nerve-impulse actually consists . we do not

i 8 LA L s solved
know,” says Stewart.'® Nor have the more recent labors solve
2 T "

the prol)lmn. . e
] § » chromatin granules, which
We have just seen that the chromatin g

gorrespond chemically and tinctorially with the nucleoproteid
anulations of leucocytes, are also present in the nerve-cells.
R irst volume™™ T pointed out a fact which seemed
Again, in the first volume I ; '
¢ affording a clue to the nature of the nerve-
to me capable of affording a o
that the oxidizing substance—the adrenoxidase—

impulse, viz., : Hi=hit i g
axis-cylinders of nerves, the cell-bodies an

circulates in the ¢ L e
their protoplasmic processes or dendrites, and other nerve-struc
fures. and that the nervous system, as far as the plasma is con-
E b 1 8§ consti-
cerned, is an extension of the gemeral circulation, thus consti
s ) 3, { . . .
1 i me raneural circulation.
tuting what might be ter med the int ¢ SIS T s
That the various nervous structures reierred to lht
tudinal channels or canaliculi similar to (dp]]]jll'lﬁ..., ,11.1(1 lr la
the blood-plasma circulates in these channels, 1s sustained Dy
considerable evidence,
= ic rork of all gan-
Holmgren'* found that the reticular network uf. all g ;
lion-cells was, in reality, a system of lymph-canaliculi anc
e . fin? ceived two delicate vessels. This was
that the nucleus itself received two de .
i 'S ¢ ? con-
confirmed by Studnickal, Bethe and others. Donaggio'® e _
~ ducted cimilar researches, using, however, material from vari-
ous parts of the brain and gpinal system. He not only con-
3 s of his predecessors, but found that the dis-
firmed the findings of his predecessors,

18 Stewart: ‘‘Manual of Physiology,”

u7 (ff. vol, i, pp. 552 to 590. ) 2T o
us g—lfc'olr:;glren': ppAnaatom. Angeiger, Bd.‘n.\.l_. JNULEPU:.I 8, 161,
1 Donaggio: Rivista sperimentale, Fasc. I, ]

fourth edition, p. 592, 1900.
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tribution and general characters of the minute canaliculi were
identical in all types of cells, the only variations being in the
caliber of the canaliculi, these minute channels being somewhat
larger in some cells than in others. That it is not lymph, how-
ever, as these authors believe, that circulates in the ganglionic
canaliculi, and that it is the blood-plasma—its vascular homo-
logue—is shown by the earlier (1886) experiments of Adamkie-
wicz.'**  This observer found that injections into blood-vessels
caused the plasma alone, i.e., blood-plasma without blood-cor-
puscles, to penetrate minute capillaries which coursed in gang-
lionic cells,

Zoblogy affords many examples in which the blood-plasma
circulates in the nerve ganglia. This is best shown in animals
whose blood contains no red corpuscles and in which the hsemo-
globin is dissolved in the plasma. Thus, Ray Lankester'®
found that in the sea-mouse the chain of nerve ganglia was a
bright crimson color, the hue in the supra-cesophageal ganglion
being as intense “as g drop of fresh human blood,” the color
impregnating “the nerve itself.” Gamgee'? also states that
“hemoglobin has been found diffused in the substance of the
nervous tissue,” and that Hubrecht:2s “found hmmoglobin in
the red-colored cerebral ganglia of cerfain Nemertine worms,
which possess no colored blood-corpuscles.”

Pathology supplies striking testimony in the same direc-
tion.  Although the fact that the toxin of tetanus affects
mainly the central nervous system has been known a long time,
the manner in which it reaches the cellular elements has only
been established within the last few years. Marie and Moras,
in 1902, found that when this toxin was injected into the

tissues it entered the blood. Thence it passed into the motor
and vasomotor nerves, beginning with the peripheral nerve
endings, and steadily progressed upward by way of the ais-
cylinders, until the central nervous system, cord, pons, medulla,
ete.,, were saturated. While motor nerves were found to “ab-
sorb” toxin more rapidly than others, the sensory and sym-

pathetic nerve endings were also found to take up portions of

2 Adamkiewicz: Neurol. Centralbl., Ba. xix, 8. 2, 1900

2l Ray Lankester: Proc. Royal Soc., London, vol. xxi, p. 70, 1872,
12 Gamgee: Schifer, Loe. cif,, vol, I, p. 187,

12 Hubrecht: Niederland Arch. . Zodlogie, Hft. 3, 1878,

1% Marie and Morax: Ann, de I'Inst, Pasteur, vol, xvi, p. 818, 1902.
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the toxin. These observations were confirmed lty L{(;}*er (5)1;1:1
Ransom'® by independent researches. They Oibbe?:h é ::“iou
over, that the symptoms of tetanus nccurret'l‘ear y .lnd thatothe
inoculated was near the central nervous s) >t(-m., a ot
period of incubation was long when the mocu!a'tmn “a? (, o
from the cord, thus showing that .the leng.th of the rllci:!eg 44
erned the period of incubation, a fact previously em‘p m f mma
Courmont and Doyon.”®®  Meyer -amll l{tlnS(:?;] :ém:]::te::. i
oxin in the axis-cylinders, and ascertaine :
S‘aes itnjec-ted after these sf}ruutulr(‘s hﬂdfl‘l;f?r;a::g:rf;l,\-f.lf]i 511:‘1:‘011'
nt did not contain the poison. ¢ latt _ e
:ilg[:fally and entered the nerve, not by way nt‘ t.he tr;::n:}lu:i\]l;
illaries, but by the bare ax1s—o_\‘lmder.endmg.a 1111t mm;u&e
These and other experiments led these IIW(‘Stl,‘_{ﬂtOI‘am n} c o
that the toxin did not reach the cvntrgl nervous S)art(.m“;i s
lymphatics, but solely by the axis-cylinders. They s:m_i,,._m”
that there must be in these structures “a current of pro lop fjxin
which carried the toxin to the central cells. T{latl‘[.m)h‘lik‘q
did not penetrate the axis-(;-‘\"lindere? by way of t‘;s; y rl“]ll]l(,s{: in:
had also been demonstrated by Marie and ')’o[orax. 5wl s
vestigators suggested that it was “ahso.ri)oq' byotheac ; i tent;
With the axis-cylinders as plasnm-oa.plllarmst, we nee 150 s
tive theories to explain this process: ‘lt i t}}e b}?go -\]; a.‘ »
that enters these minute channels to wh]uh. Schaf@f‘ . 1;. etrs‘ih.1
“extremely fine tubes filled with fluid” which carries the to:
vhi rsing through them. ‘ '
“hﬂeT(liTl:'}r];;;ncv ofpthe oxidizing suil)s.tnn:je, L.e., a(}r;nn:(}[:;ls;t,
in these nerve-channels suggests i-tsell in view of t}'lel ae : R
the plasma invariably contains this suhst'an(’e, as \.\(.: :a\(:u e;
and that it is the albuminous and main cjm]poﬂllun-, g fhc
cent.) of hemoglobin, which circulates as Jll:st nmvt.n] in -
lia and nerves of some animals. But direct evidence
this effect i ' As stated by Barker,'*® “the con-
this effect is also available. As ata‘re(. A il
ditions in the nerve structures essential tnumeth}'?ftno-) uf r{-
actions” are, according to Ehrlich (183(‘:)., ; ( 1.) rmf gont::l]::e :
tion, (2) alkalinity.” As is well known, injections of meth)
B R e it Paria W,
1% Marie and Morax: Joc. ¢il.

y i, p. 535. .
mggﬂ‘agi‘: "N Y. Med. Jour., May 15, ef seq., 1897-.
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blue into animals causes their axis-cylinders
to become intensely blue, thus proving the
able oxygen in these structures.
blue penetrates the nery

, nerve-endings, ete.,

presence of consider-

Again, since the methylene-

es, though  injected in the subcutaneous
tissues to be absorbed by the blood, it is evident that it is the
latter, or rather its oxygen-laden plasma, which carries the stain
into the axis-cylinders, nerve-endings, etc.—precisely as is the
case with tetanus toxin.

That the methylene-blue actually penetrates into the axis-
cylinders was recently demonstrated by Meltzer, of New York.!3
Intravenous injections were followed not only by staining of
these structures throughout their entire length, but when a
segment of nerve was isolated hetween two ligatures, it failed
to be stained, thus showing that the methylene-blue entered the
nerve by way of its extremities, central and peripheral. Al-
though chloride of gold and nitrate of silver solutions pene-
trated the axis-cylinder from the side, at Ranvier’s nodes, stain-
ing the axis-cylinders a short distance, the methylene-blue solu-
tion cireulated from end to end. The concurrence with the
circulation of tetanus toxin as to the role of the axis-cylinders
as channels for the methylene-blue stained plasma is self-
evident, !

Again, as shown by Apéthy, the structures stained with
methylene-blue are also stained by his chloride of gold method.
This coincides with Meltzer’s observation that the axis-cylinders
also take both these stains. Now, Barker writes: “Inside the
ganglion-cells a recticulum of fine fibrils derived from the neuro-
fibrils in'transit can be stained a beautiful deep-violet color by
Apathy’s chloride of gold method.” This confirms the obser-
vation of Adamkiewicz as to the circulation of blood-plasma in
the ganglionic cells. Tt explains also why Meltzer found that
the methylene-hlue entered the axis-cylinde

rs by way of the
central nerve-cells as woll

as through peripheral nerve-endings.
Indeed, that it'is the fluid which circulates in the axis-cylinders
that is present in the cellular network of neuro-fibrils is further
shown by the familiar fact that the latter is also stained by
methylene-blue. The link with Meltzer’s observation now ap-
pears: “Apathy, Bethe, Nissl and other histologists have all

18 Meltzer: Amer,. Jour. of Physiol, -vdl. ¥;-p. xxiv, 1903-4,
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found that the neuro-fibrils which reach thc‘ cell-l.mdy {;f ka
peuron by way of its dendrites Qassed_ out of it again _to 152
part in the formation of the a.us-cy!mdcr—thus”entermg
latter from above, 1.c., by way of the c‘-cutral ce.ll.’ ¢ |
All this points to another fact, viz., thf%t Apithy’s 1}1(131113-
fibrils are likewise channels for adrenoxulase?!‘a(.hq}" 1-)100(1—
-plasmﬂ, as I suggested in the first vnlmne,.fn'r if 1t‘ is ]; gﬂ-(i
plasma which carries the stains from below, it is the same flui
i rries it from above. _ ;
Whlc%\l\"[l:llai]e this affords evidence in favor of the nel;r?-?i-lrn)';!
theory, it does not support ;\P;ith_\', Bethe, Nissl 'z*tn(i} the [;m.(nn
Jowers in the belief that this theory .o'f'er'fhro“a. the s
doetrine now accepted by most neum]oglfsts, including Du :]ﬁ-r]l.ne’
Obersteiner and Barker, and histo]ug:s_ti such as ]'\u‘ nt(]'r:
Ramon y Cajal, van Lenhossek and_ van (:e]m:htellu smlc‘e” lL:
neuro-fibrils can no longer be considered fls k ('.ﬂlldllf‘ltn]:s, f:
plasma capillaries. Moreover, Ramon y Cajal has blﬂ]‘.‘;I;.I'f
cently’®* by means of new staining nmthnds,l tlmt‘, 111? .Ulj( h.‘:.e
the aentll‘ites, i.e., the n(-uron'fs ]n:otnp]nsnlnc e.\telmc}n‘l:,t]a‘V
independent nervous elements with free endings, and ‘t 1(1] tr_v
are varicose, while the neuro-fibrils are s‘mnoth.. The s; L;l‘
were found to form two close notwnrks‘. in which the ﬁ-;n 8
anastomosed freely, one network extun.dmg 1‘)etw(}m.1 ‘t?let {fln;
drites (Golgi’s network), the other sa."ndmg large fjl-hl'llh into t; :
cell. In some dendrites large fibrils could be _n'am?d to . 1u,
nucleus, around which they formed 'd.dt'nse perinuclear maTT.
As these, interpreted from my \'it‘\'-'pf)]nt, are a‘ll plasma capil-
laries, the neuron preserves its identity as an md‘ependen.t anl-
atomical structure, just as a kidney remains a.klf"lne}' thol'lgj
traversed by many blood-vessels, and though its pﬂren(.-h}rrd
contains a multitude of capillaries. The need of ‘these in t](:‘
formation of the nerve-impulse is shown by the fact that, as
stated by Howell,'** “a nerve placed i‘n A atm'osphere fre(;]frmln
oxygen loses its irritability, and regains 1t qnwk].\;-‘ uponﬂt ‘e f(i
mission of oxvgen.” Briefly, we are not (]Q{{hng, as sta 0:3
above, with conductors of nerve energy as _Apathy, Bethe an
their %nllm\'ors believe, but with the circulation of the neuron.
-Tnmony Cajal; Archives latines de méd. et de biol, T. i, No. 1, Oct,

o }Q’Bz}'{owe”: “T, B. of Physiology,” p. 113, 1905,




