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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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at they are developed with relative suddenness

from non-granular mononuclears, and that they are constantly
being developed, also suggests, according to Levaditi,® that they
are secretory products. Stokes and Wegefarth® observed, in
blood taken from some 500 patients, that at 35° C. the
lencocytes became actively amaeboid, their rapid motions re-
gembling the swarming of bees around a bee-hive, and that
after this the number of free granules in the plasma was in-

Sangree'® saw eosinophile granulations leave the cell
Bail'! also saw

Gulland'? noted

lations. Th

creased.
and wander away oscillating very actively.
leave the periphery of the cell.
< show a marked tendency to leave their granules
e0 Loeb!® observed that if a cell was
in order to produce the elimination
uld be

granulations
that leucocyte
behind them. Finally, I

drawn out with a needle,
of a widely diffused mass of granules, many granules co

“seen to move very actively.”
What is the origin of these granulations? Are we dealing

with a sui generis product of the leucocytic protoplasm, or with
the end-products of materials ingested by the cell? If, as
ave abundant proof that leucocytes secrete
their granules, we have in phagocytosis as evident a demon-
stration that they ingest assimilable materials; and if to this
we add the known facts that they contain proteolytic ferments,
and that they are able to digest what they ingest, we cannot
but conclude that their granulations are elaborated out of the
materials they appropriate while carrying on their function as

geavengers.
E This, in turn, suggests another question: May the food-
materials of the alimentary canal not serve as their main
source of supply for this purpose? Not only do the leucocytes
ingest food:stuffs in the intestinal canal, as shown helow, but
also the “ferments,” i.c., the various hydrolytic triads which
carry on the digestive process in the intestine, to continue this
process in their digestive vacuole and elaborate granulations

as end-products.

shown above, we h

8 Levaditi: *‘Le leucocyte et ses granulations,” Paris, 1902,
v Siokes and Wegefarth: Bull. Johns Hopkins Hosp., Dec., 1897,
Phila. Med. Jour., Mar. 12, 1808.

10 Sangree:
11 Bail: Berl. klin. Woch., Oct. 11, 8. 887, 1897.

12 Gulland: Jour, of Physiol., vol. xix, D. , 1896,
13 Leo Loeb: Univ. of Penna. Med. Bull., Apr., 1905,
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0 - y , p 3 :
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the alimentary canal.
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understood.” Indeed, in
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deed,
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The form in which proteid is absorbed
. & mystery.”
= o . 5 d S
Twenty-five years ago Hofmeister's compared the
to the red blood-corpuscle, the white ¢
the intestinal wall to the tissues, while the red cell carried
oxygen to the latter. Laboring, however. under “the
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form, being liberated by the le
way, he was unable to de
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leucocyte
ell carrying peptones from

impres-
as such and in Auid
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fend his theory successfully, and it is
14 Moore: Schiifer’s *
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) - of Physiol.,"”" p, 716, 1905

8 Hofmeister: Zeit. f. i em,, Bd. 5

127, 1980 A oy 1Ssle:d:ny.'slol. Chem., Bd. iv, 8, 253, 268, 18%0: B4, o5
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The second reason ad-
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the digestive process, ‘ e
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.y it endndts 61 e oT] ¢ 1
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i j oo this can he detected agan n the course of t y
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showing that it has {raversed the lymphatic system umha(;x,lT .
e i ; rmph— nay add, the
. © oo omords nroof that the lymph—and, 1 ma) !
This merely affords proof : : A o4
d—are ia 1 i igestiv cocytes inges
blood—are not media 1n which the digestive leucocytes @
‘ } that in whic 7 so phy-
peptones and that the only organs In which they do so ph]
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Hofmeister based his conception that these cells carrie

; e the pres-
e B  testine to the tissues upon (1).
tones from the inte proliferation of leuco-

pep b
ence of an enormous number and active i
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evtes in the intestinal wall during proteid absorption; {

2
ansyv Jour., Oct. 1, 1905.
19 payy: Transvaal Med. . ) L I
Ve i : . f. Biol,, Bd. vi, &, &ii, 5, 1855,
z‘;?l(é‘i}{{:(l;lhsyi);': ZA(:cth. f. d. ges. Physiol., Bd. xliii, Suppl, 8. 6
= o: Loc. cit., vol. i, p. 441 rd
“;[I;Jgrr; .}oér. of Physiol.,, vol. Xl, P. 553, 1890.
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increase of leucocytes in the blood-
proteid meal; and (3) the marked
intestinal canal during fasting.
no peptone in the blood-plasma,
that neither peptones nor

stream, which follows a
decrease of leucocytes in the
On the other hand, he found
and it is now a recognized fact
albumoses appear as such in the
blood. Indeed, when injected into the latter
lated and is excreted in the urine (
found peptones in blood-clots wi
lated, and a large amount of p

, it is not assimi-
Bunge). Hofmeister also
iere leucocytes had accumu-

eptones in the spleen where
these cells were correspondingly numerous. Moreover, Poh]*+
observed an increase of Je

ucocytes in the intestine during diges-
tion whe

n the meal was rich in proteids, but not during the
digestion of carbohydrates, fats, salts and water. He found
that this increase during the digestion of proteids was due to
cells which migrated from the intestinal wall,
a very large increase of leucocytes in the intestinal veing dur-
ing the digestion of a meal rich in proteids, over and aboye

the normal number of eells in the corresponding arteries.
Furthermore, the cells are traceable beyond the in-
testinal walls, toodall, Gulland and Nogl Paton* found ex-
perimentally that there occurs “during digestion g slight pre-
liminary fall in the total number of leucocytes in the blood- -
stream” (which points to a possible concentration of the ap-
propriate leucocytes towards the intestinal structures) ; that “a
fairly regular rise in the total number of leucocytes then fol-
lows and the maximum in about four hours after food”; that
the increase “is due (a) to a lymphocytosis which is Very con-
stant as regards its incidence and degree, (1) in the majority
of cases to a polymorphonuclear leucocytosis.” Cabot2® also
states that the increase of leucocytes during digestion is
polymorphonuclear lencocytosis.
all granulation-forming cells, it is evident that such cells
migrate to the infestine, In the first volume, T attributed to
neutrophile leucocytes the réle of taking up food-products from
the intestine and showed that as lymphocytes they could

originate from the lymphatic glands of the intestine. This is
s

He also noted

a
As polymorphonuclears are

f: Pohl: Arch, f. exp. Path. u, Pharm., B4, xxv, 8. 31, 1888
* Goodall, Gujlqnd and Noé| Paton: Jour. of Physiol., vol, XXX, p. 1, 1903,
® Cabot: “Clinical Examinations of the Blood," 1901.
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had wandered between the epithelial cells m s

i ells.” In an
i isplac 1 distort the cells.
o villi, to displace anc : A
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’s observations were ;
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}' ( . A
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Jour. of Physiol., vol. xIx, . mmf’?st‘:(}raduate, July, 1906.

27 Gulland: T Einhorn:
. » E::r-herioh and Schurg: cited by EI p. 268, 1894,

e , vi, e ,
» Macallum: Jour of Physiol, VoL SVL. T "Ré. xvi, 8. 1705, 1908

. Centralbl. 1.
" élsg]eﬁa?mz\rfgt.wt]?éxrf‘.p?’taﬁl. u. Pharm., Bd. xl, §. 20, 189
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Pohl, but are themselves indirectly sustained by Metchnikoft,
who found that however introduced into the body—by way of
the skin, the peritoneum, the blood, ete.—soluble preparations
of iron were taken up by leucocytes. Kobert® also observed
that a soluble saccharate of iron was at once absorbed by these
cells.

Macallum noted, moreover, that “in all the preparations,
the epithelial cells themselves were comparatively free from
the iron compound,” and that in sections of the small intestine
of lake lizards, fed on iron albuminate, the leucocytes were
“loaded with an excess of iron, so much go that the ammonium
sulphide gave them the appearance of huge eollections of
greenish-black granules.” That the epithelial cells only play
a secondary réle in the process of absorption is also shown by
the fact that Hoehhaus and Quincke* found in a series of
micro-chemical experiments that the iron albuminate was pre-
cipitated in the form of granules among the epithelial cells of
the duodenum, and that leucocytes then passed these granules
to the center of the villi, In Macallum’s illustration the
actual transfer is clearly depicted. Macallum then found the
iron-laden leucocytes beyond the villi, i.c., in their venules,
in the capillaries of the liver, the spleen, etc., a fact which
shows that these cells are capable of taking up a substance in
the intestine and of transferring it to the tissues,

This process is also exemplified by the absorption of fats,
Thus, in the first volume (1903), I stated that “while leucocytes
Wwhich ingest proteids from the intestinal food-stuffs pass
between the epithelial cells and enter the venules, the leuco-
cytes which ingest fats only carry the latter from the inner
limits of the epithelial cells to the interior of the lacteal, and
deposit them therein,” and that other leucoeytes took them up
and carried them to the tissues, Schiifer (1885) had previously
regarded leucocytes as the agents in fat absorption, while
Reuter (1902) found. as stated by Ferguson?® fat droplets
“in the tissue spaces as well as in the lymphatic corpuscles of
the diffuse lymphoid tissue.” As the latter author remarks,

= == AN
32 Metchnikoff: Annales de I'Inst. Pasteur, vol. viii, p. 706, 1894,
3 Kobert: Arb. d. pharmakol. Inst. z. Dorpat, 8. 123, 1892 u. 1894,

& “];ggchhaus and Quincke: Arch, f. exp. Path. u. Pharm., Bd, xxxvii, 8.

*a Ferguson: “Normal Histology and Microscopical Anat,,” p. 298, 1905.
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this fact “would seem to indicalc'ttlhzi't 01:11:: “150111:1?:&?1;11111111
sit of the fat from the epithelium B JAGLEAL S
:l;: :zz';‘;;ftfé for by the purely mechanica_l tl]ec)l'f,"nifnhﬁ::i'eli.w
In truth, Schifer’s view differs from mine On:?]. e
observed the first part of the process, iy %hz]lt l‘t,ulm;i”.,thé
their amceboid activity, include1 the cntml:i:f(uthl:zl:n“ e
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break down, while, as I pointed out two },'ear; ; o:c; ey
work was published, they convert the pmf lm‘ t.s ;he ;tissue
digestion into granulations and carry the l-tlt}[;,r ‘ (:{qu e
cells. I wrote at the time that leucc)c:y'te:, 11;3' ;rzﬂ_] i)
entire organism with the agenclies \\'hlth- (furi);];l(,’ ;:mtimm-
oxidizing substance [now adrenoxidase] tn‘mhum.t' ,]:. &
tion of life and the efficiency of all organic funﬁsl(, ' :} ek
If now we gauge the importance of these fact:,])) th s
plicity of the substances which leucocytes are a le ‘0.1‘1 ges
liges oir ability to take up peptones as well as iron in
and digest, their ak A e
the intestine asserts itself. J. Carles (”. Pligiarnile s
réle of these cells in the body as “immense. NOt}m‘“\- C“‘ 11]“
these scavengers of the economy,” says this author, ‘1211';(‘1(]}-
fibers, red corpuscles, weakened IEUFO(‘_\'tOS“ are tho:mi( v :,flﬂ
voured and destroyed.” He also writes: “Leucocy f(‘ h,lmvltlh ;
thanks to the ferments they contain, arc.also cn(lf)\\ e;r ]\:m("p
most active fransforming activity. A given tOXt(:, 81l .b f i
modified by them becomes capable of FE{‘f!!:,g as thc‘q]r oW nl.iderg
and likewise as food for the entire organism.” Ehrlich considers

3 Clarles: Loc. eit., pp. 7 and 9, 1004,
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the granulations of his mastzellen as nutritive reserves which
t!-hese, and perhaps other leucocytes, transfer to the Ct'»;lin('('ti\'e
{:)s:;iuslﬂ‘:lc;:;.wlleru, according to his view, they are supposed
Evidently Hofmeister is no longer alone to speak of the
Feuc'ocytos as the nutrient cells of the organism. But here if
is nv(-es‘sur}' to recall the misleading feature of his conce otion 'l
ﬂle belief that the leucocytes supplied hiquid /Jr‘/..'fn.m'\‘. 110‘ i'lu:
tissues. T was first to point out, in the first m]umv' of il
work,* which appeared in January, 1903, t]mtr veplones )”"
gulfed by leucocytes in the intestine were (‘UJH'I'I'/(‘]H' ]infn‘h') -{ I]‘-
u.cts suitable for assimilation by the tissue cells, this mlnlvti)(-
sion hei{)g based on the foundation upon “'hi(‘f] (';;r](-< '11110-
poises his statement, viz, the wonderful “tl'alrlsl’r'Jl'rllil{?r' g
t1v1t_yf’ of which leucocytes are capable in the course of zqthiljr
function as phagocytes. I then submitteds” the conelusion
that “the granules in leucocytes are the products ’ol’ al ft
cellular metabolic process and represent a true sof*rlétionl "} i
_ As. L have previously stated, the intestinal ditfosti\'(: ITOCess
18 continued in the leucocytes. The ond-pt'mhu; of tlmli t'.-bb
cellular digestion is then built up, and gradually h“]naforr'r]-]r]Itd-
the periphery of the cell, as e.fplained in the ﬂ(  wolnid
’I‘ha_t the intracellular digestive process is similar to that i
the intestine ig emphasized by the fact that. ge shown I)il()\]\:1
Ieucocy.tes contain the constituents of the pancreatic juice, 7.e ;
}]m various zymogens and the two components of unf@ Sk
including adrenoxidase,

rst volume,

rokinase,

The presence of adrenozidase is demonstrable in various
v;'ays. In the ‘first volume®® T stated—Ehrlich having fnuna
:(.‘131:' the essentr'al conditions- to methylene-blue staiuiig were
oxygen saturation and alkalinity” (Barker)—that the fact that
leucocytes took this stain showed they contained the O\'I'(]iﬂ.I;‘T.
subst‘ance and blood salts. T sustained this COHChI;iOIIJIC:
showing that other stains endowed with reducing pr;> )erti:"
were taken up by leucocytes. That these cells Oc-ont;én 1]1:

oxidizing substance is clusi
dizing substance ig conclusively shown, moreover by the
2 ”

B Of. val. 1, p. 668 ef seq

aoh Yo L p. 6se 7., in the first three editi

Mé',ﬂ \vnl, I, p. 682, in the first three vditm(u;. R
{. vol. i, p. 540, in the first three editions.
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fact that Portier*® found that leucocytes contained “oxidase”
as shown by the guaiac test, an observation confirmed by
Brandenburg.*®. M. Labbé** states that “the coagulating fer-
ment of the blood, fibrin-ferment, is secreted by leucocytes,”
and he refers to Hewson,** Briicke** and Glénard,** as having
demonstrated this fact experimentally. We have seen that
fibrin-ferment as shown by Arthus gives the guaiac-blue test.
Labbé also states that the researches of Portier, Salkowski,
Abelous and Biarnés and Brandenburg have shown the ex-
istence of oxidizing ferment, oxidase, in the white corpuseles.

The presence of nucleo-proleid in leucocytes, whether as
guch, or in the form of its antecedents—the phosphorus-laden
gide-chain which, by combining with a proteid nucleus, forms
this body (Kossel)—is also evident. Thus, as stated by
Schiifer,* “in plasma obtained by subsidence of the corpuscles,
there is most nucleo-proteid in the lower layers which contain
most leucocytes; and least in the upper which contain very
few.” Again, we have seen that nucleo-proteid, as shown by
Stassano and Billou,** was present in enterokinase. So closely
18 this reproduced in lencocytes that Delezenne,*" after a series
of experiments, concluded that the “eytase™ of leucocytes and
enferokinase were identical.

The presence of irypsin and other ferments in leucocytes
is now recognized as a fundamental feature of phagocytosis.
Metchnikoff’s “cytase” is regarded by him and by Bordet and
others, as a trypsin; Kanthack and Hardy also attribute the
proteolytic activity of leucocytes to soluble ferments. The
more recent writers refer increasingly to the presence in leuco-
cytes of such a ferment. Thus, Bulloch states** that “thou-
sands of facts point to the conclusion that our leucocyte-form-
ing tissues are our great defensive organs against parasitic in-
vasions,” and Beattie,*® referring to lencocytes, says, “the cells
act as phagocytes. They englobe, and by a special secretion or

3 Portier: These de Paris, 1897,
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