666 INTERNAL SECRETIONS AND THE LEUCOCYTES.

manner: From an angular granulation, from 11 to 10 y in di-

ameter, very tenuous fibrils start divergingly, then subdivide,
to unite with other fibrils, in order to form a delicate net-work.
The preparation is covered with these small net-works, each
of which has its central granulation. The granula-
tions which serve as centers for each diminutive fibrinous retic-
wlum have the same microchemical properties as the fibrils.”
A normal deduction which seems to me to impose itself

in this connection i8 that fibrin is to the blood what myosin
is to the muscle-cells, i.e., a post-mortem product due to arrest
of the oxidation process which during life i insured by the’
adrenoxidase—the supposed «fbrin-ferment.” In other words,
it not only hecomes probable that peptones, majosinogen, and
fibrinogen are products of the same variety of leucocyte, the
neutrophile, and therefore chemically similar when liberated from
{he latter, but also that fibrinogen subserves the same purpose in
the blood that myosinogen does in muscle: e, it supplies it
with its primary source of functional energy.
True, the solubility of fibrin differs somewhat from that

of myosin, but fhis is probably due not to a difference in the
molecular structure of fibrinogen as against that of myosinogen,
but to the influence of the medium in which the granules are
dropped by the leucocyte. Indeed, the ashes of fibrin contain
a larger proportion of calcium and magnesium phosphate than
does myosinogen.
Another “conclusion which now seems warranted is that

the neutrophile leucocytes are the agencies which take up proteids
in the intestinal canal, and, after submitting them to a process n
which various physio—chemical bodies taken up by them in the
portal and hepatic systems take part, distribute the products to

every part of the organism, including the blood itself.

Such being the case, the proteids, inclosed in their diminu-

tive carriers, should not be found in the blood of the portal
system. Foster writes, in this connection, after referring to the

difficulties attending the experimental determination of the path

taken by proteids: “Bearing this In mind, we may state that

all ohservers are agreed that peptone is absent from chyle, or at
least that its presence cannot be satisfactorily proved. On the
other hand, while some observers have succeeded in finding

{

peptone in the portal blood after food, b :
anxy s ’ ut no .
et fime B ook presencta i‘}mgfpf?imig :
el her of the polrt'al vein or of the vessels at laron
Again: “Ifa ’meatl C?”m’“_’lmg large quantities of proteidz(;i
Int?sent.eric alj;zlriaitlﬁmal cjn'cu]ation of blood be kept up in ﬂ;e
the body thé IooLh supplying a ]?OP of intestine removed from
During t’his survI;v];laz 1::)112?321?111)11‘: . S?me s
i s . . quantity of pept ;
huttl;zn(:;tltgecfei)l'feioegpfwlll ﬁsﬂppear: i.e., will)l Il)): [:1?)31;]12,%051
tho: artificial o .' red from the blood which is being us :
'travzll*stiﬁgi‘lh(e:n;m’lgldtl-on’ and.WhiCh escapes from the \%eiljl: ifig
Al (»lcﬁon estinal capﬂ].aries. The disappearance is not
the blood befor e”*ji‘f .th; :blood itself, for peptone introduced into
the experiment TS riven through the mesenteric arteries in
i I‘na:\, be .recovered from the blood as it escapes
155 Chmo:ése]?t;rlc :mms. It would seem as if the peptfr?;
e j;to t}e:m.'e 1tlactua1]y gets from the interior of the
my S’[and})ﬂinﬁ ]:‘F interior of the capillaries.”™® Viewed from
s whic} i-]m pe{)tnnes are hidden in the neutrophile
These cells ﬁftb > f:OU‘a(:-Ies of the segment continue fo P"Odﬂlf/‘t’f
constantly Jase )te-r‘m:[gmtm.g over the serum-bathed (and fftus.
i {; .:.-c.Lze ) f%pithehal surface, and ingesting thei
44 me;gﬁﬁ@ z,e]u way nto the ville's venules and thence 1 T
¢ channels. 60 Ao
It th Do .
mitted ar(;3 si(:lrlfgmzb s E.md the various deductions sub-
P oraanism, he neutrophile lencocytes must fulfill a role
L b]of) d_qtreac‘ommensurate with their relative proportion
o FET }m;, rbe m. Infleed, the following conclusion appears
i e]u_zsustamed —
their granules ti.:é z?:;‘::g; E:f tk?lo;lgh e ntermodiagiop
il R &.‘mﬂ-s of Ehrlich, supply
R A i i s Siﬂe{nf)thf;;ﬁ
blood, the corﬁpf)lft;%d;.e;;‘o[:rjpi?:'e?; il t.he muscles and the
onergy Shory sipisid ot Thi aszo,f,hi? ﬁiazz P?]aezf_mecizanvfrle
myosinogen and fibrinogen. PGS e e
Euruicn’s EosivornILE Levucocyres.—Metchnikoff d
A oes

n rlich’ i
ot grant Ehrlich’s ecosinophiles phagocytic properties, these
, thes

% All italics are my own.




ES.
668 INTERNAL SECRETIONS AND THE LEUCOCYT

: . . o
cells being unable to inglobe foreign ‘bo{:hes.1 Aga;rrll,iyasste;rir;zbh
gized by Ehrlich, the granules OJF’ the.se cells are w,alkahne
it acid dyes, the other varieties either tak.mg anl; R
glth 3:‘ simult;neously, as does the neutrophile j]u?t renew)l.al;
bﬁf; ::cid and alkaline dyes, etc. Th-is ma‘rkedfa,i’imtswf;)r zz:i(le
obviously gives the eosinophile an identity o t} sit f“,)m -
it nonjphagocx'tie functions as c‘i_earl.y separate e
i ly ¢ nu]ar“ cell just reviewed, which 18 essentially p gl
le*?igcy b}r?lﬁilrlich’s eosinophile 18 usually considered under the
il % . oranular oxyphile cell.”

headl';lg\ezi c;:ﬁzrii%y grf;resent fgom 2 to 4 per (:fmt. _of all ’(til;e
Jeucocytes in the blood-stream, but this pl'op:i)rrtm':xrll ;;erzﬂidi
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N sely
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finely granular basophile cell. In the rat, rabbit, and guinea-

:» on the other hand, it is smaller than the largest hyaline
P1g;

cells, but larger than the finely granular oxyphile and basophile
¢ o

cells. ‘ :
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bedded has the appearance of a clear, transparent, structureless
jelly. The intensity of the oxyphile reaction of these granules
differs in different animals, but is always high. Thus, it is very
high in the case of the granules of man, these staining with
eosin dissolved in 95 per cent. aleohol. The granules
also stain with weak acid dyes, such as Orange G, heematoxylin,
and sodium sulphindigotate. Ehrlich-Biondi’s mixture (washed
out with 95 per cent. spirit) colors these bodies brown-purple,
and the ‘nentral’ mixture (washed out with water) stains them
a very intense purple. Corrosive sublimate increases the oxy-
phile reaction, as does also heat when applied to the dried
film.”

Gulland found Heidenhain’s iron-h@matoxylin extremely
valuable to counteract “the bright refraction of the granules”
which “blinds the eye to the presence of the threads” (my
canaliculi). The granules are stained opaquely in shades of
black and gray. He was thus able to ascertain that the gran-
ules varied greatly as to size, the smallest granules lying close
to the astrosphere and the larger at the periphery, the arrange-
ment pointed out by Heidenhain and shown in Figs. 10, 12, and
16 of Gulland’s plate. In the newt’s blood, as already stated,
“these cells are markedly amceboid, and have the habit of
throwing out circular pseudopodia, which are often connected
to the main part of the cell only by a very delicate thread.”
Gul'and illustrates this feature in Figs. 3 and 6 of his plate,
and states that “it is evident that the threads are often broken
through and the spherical portion of the cell-body set free, as
the blood contains a large number of them.” He also refers
to the fact that, “when the eosinophile cells are found degen-
erated in blood or pus examined in the fresh state, the granules
are always in the Brownian movement.”

In the study of the granules of neutrophile cells I re-
ferred to the chemical analysis of Milroy and Malcolm and to.
various points of dissimilarity between these cells and the
coarse oxyphiles now in question. Considered from the stand-
point of the latter, these investigations showed that, while
neither alcohol nor ether, nor both of these agents used suc-
cessively, produced alterations in either variety, the failure of
the latter process ezcluded the possibility of their consisting of
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fat or lecithin. Weak alkaline solutions at about 120° C. caused

(a feature referred to by the authors as striking) the removal

of practically all the granules of the finely granular cells (the

neutrophiles), and “persistence of two structures, the nuclei

and the coarse oxyphile granules.” Acetic acid in alcoholic

solution and oxalic acid caused partial removal of both gran- -
ules, but “sodium ethylate in alcoholic solution removed the

fine oxyphile granules almost completely and only affected the

coarse ones to a slight extent.”

The authors, while concluding that the granules might also
be nucleo-proteid in nature, i.e., similar to those of the neutro-
phile cells, account for the discrepancies in the results of their
analyses by the following argument: “he fact that weak acid
solutions dissolve- both types of granules at least partially is
not against the view that they are nucleo-proteid in nature,
because these bodies are more easily soluble in weak acid solu-
tions than almost any other complex proteid. The fact that
some granules are undissolved, while others are removed, 18
probably due to the fact that the former have undergone coagu-

Jation, while the latter have been rapidly fixed, although it may

be also due to the nature of the salts which are combined with

the proteid.”
Still, the very high refractive index to which Kanthack

and Hardy and Gulland refer is not characteristic of the neu-
trophile granules, and this seems to me to testify against an
absolute functional similarity between them and the granules
of the eosinophiles. Indeed, with the plasma as excipient for

the adrenoxidase, we can as readily account for the presence of

the “brilliant, greenish luster” witnessed by the above authors
as we can for the phosphorescence of the photogenic organs of
lightning-bugs: i.¢., by the simultaneous presence of phosphorus
and oxygen, This seems to.me to indicate that we are dealing
with a nucleo-proteid body, as Milroy and Malcolm contend, but

with one richer in phosphorus than {hat forming the neutrophile

granules.
What are the functions of the eosinop

organism? The high percentage of phosphorus in their gran-
ules suggests the possibility of their being lecithin carriers;
but we have seen that the investigations of Milroy and Mal-

hile leucocytes in the
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g)‘:rrllc clTiarly show that this orgamic body is absent. L. F
ulels erf, ; }(I)f Bal.tlmorfa, noted the presence of iron in t.he g'ran:
e (k), fe eosinophile leucocytes,—a point which he thinlks
Ieugoe i of some Vfalue in determining the significance of the
L5 i)}r] tlc gtr:;nulatlons,—but we cannot consider them as the
rusted with transportation of i
. ; ‘ of iron from the intesti
dc;rn ttl;e}, ar}e not phaggcytze. Indeed, it has now becomiSttl:\lr?
Macanllat the ci:leu]’;roplnles are intrusted with this function f01_'
i used albuminate of iron. The i i :
el : : ( : e intestinal leucocyt
; ;: I;}I]'EWOUSI.V starved animals evidently took this suhst;nsz
p hey would the proteids of their usual food. Barker’s

v O &
bservation, however, adds another link to-the chain of evi-

d 3 . ;
: I;an(::} d;t}iuch tumteia the eosinophiles to the neutrophiles, for
s lon. 0 be1ng:?r both nucleo-proteid carriers, thev’ 1:10\1&j
“ mava i(}) 1r0fn cam;rs. By tracing the itinerary of this iron
. may, therefore, obtai identi
i ’ n a clue to the true identity of its
Of ir’gl]llebp%la,gocytes seen by Macallum to ingest the albuminate
eing assimilated to those char, i
' ] i g ged at all times wi
El;zodut} of se]e(.:tmg proteids from the intestinal foodst;ffjlti};
4 n(lies a ques}:{on as to where they can part with their };0 ‘
culzr efr tt;l .faelhtaffe its absorption into the ]wemoglobi; mo]et-1
Sﬁt, of which, as 1s_well known, it forms an important con
; S;men’c. hFroml the intestine the iron is carried to the rtai
tg en;], t ence into the hepatic lobule. It must be heﬁpo that
la: dp Jcagocy‘ﬂe leucocytes must take part in some proceéq
Pagee 3:;)513;119 telaboration of hamoglobin, for we have see;l I:;
hat in the spleen the leucocyte
; : _ eucocytes are formed in sit:
I(J':ssbo}ult into the .pu]p-channe]s, take up the iron—p;:r;:tsi;
t]f:o]'aj y that (.)f disorganized red corpuscles), and carrvc it to
o llg(;r:ﬁ Again, and for reasons which are there g{ven I
ey buoﬂ;og;h;]de h(page 1339) that bilirubin and iron ‘\:ere
: up the heemog obin in the lobular (hepati i

:ia_nei.. Thel hmt’ therefore, seems to receive i(ronp f;ELCT)E}cl};
irections—intestine and spleen—a normal mechanism when

we consider that the liver’s blood :
heart, and thence to the lungs. Diisegsalmiogt directiy- 4o the

L. F. :
Barker: Johns Hopkins Hospital Bulletin, Oct., 1894,




672 INTERNAL SECRETIONS AND THE LEUCOCYTES.

How do the eosinophile (n.'on.—phagocytic) leucocytes ac-

quire their iron? We can hardly imagine that when the splenic
or intestinal leucocytes reach the hepatic lobule their contents
or any part thereof is disgorged to enable another cell to ap-
propriate it. Indeed, there is mot the slightest evidence that

such a process 0CCUTS, although the eosinophile has already
been shown to contain not only iron, b

ut also the other main
constituents of the neutrophile cell. There exists a physiolog-
jcal process, however, through which the eosinophile can ac-
quire all the attributes of the latter: i.e., by mitosis, a mode
of cell-multiplication xnown to apply to Jeucocytes and par-
ophiles. Gulland refers to this feature in the

ticularly to neutr
«The cells which one Sees dividing or about

following lines:
to divide have generally the appearance of medium-gized hy-

aline cells, with a relatively large, rounded nucleus and a com-
paratively small cell-body, in which the mitoma 18 not easily
But there is 1o doubt that eells with horseshoe-

made out.
shaped nuclei [the cosinophiles] divide, and that the nuclei
ithout altering

may even advance as far as the spirem stage W
their shape. Cells with more markedly polymorphous nuclei,
ly divide also,

to go through 2 preliminary resting
the rounded

as, for instance, the ordinary oxyphile cells, certain

but they seem generally
stage in which the polymorphous nuclens returns to
form.”
In Gulland’s plate, Pigs. 3 and 6, which refer to eosino-
philes from newt’s blood, graphically portray a gecondary process
‘through which these cells can subdivide, or rather yield a por-
tion of their substance. In 3, a spherical pseudopod 18 in the
act of being formed ; in 6, three similar masses appear, the
Jowest of which is on the point of being separated by the
mother-cell. Referring to the bridges that connect net-works
of granules with basophile leucocytes, Gulland remarks: i
have little doubt that when that stage 1s reached [he associates
the phenomenon with a supposed process of degeneration] these
bridges are torn across and the granules are actually left be-
hind. This forms an exact parallel to what happens in the
eosinophiles of the newt’s blood.” -

It thus becomes evident that recognized eytological phe-
nomena sustain the conclusion that neutrophile leucocytes are

blood-forming organ.

EOSINOPHILES AS HA
MOGLOBIN
BUILDERS. 673

the parent-cells of eost ]
can [;;zri zfith scgfnentsng]g) ];;:eir'li’z;zziiﬁ}es:ed e
ut ¢ ' .
e hve(;e; tl;; p];olf::j T(zt j;et;ﬁropilifiic mitosis actually occur
iy M. - is study of the haem et
thec;c;;)llii ocf0 ljdus ;)rﬂga.n, refers to the proportion of tiz()l;z:iﬂtlg
ey tllatPusi ltlea in th_e bl(fod of the portal vein as com-
b o in the hepatic vein, and writes: “Researches in
e .V;I; give as rem}lt: 1 white corpuscle to 746 red ;n
hepatic veins. ,T&;ES (;iﬁ:f;i:g?md]e tl? At v
2o : ice can only e due to i
pus\zll;:i coTr}}J!z:cI?sdm the liver or to a destructiona (Ffmri;mt?ﬁ
o el; l—)e'orpuscle destruction is a function of the
ey y the presence “in the spleen-pulp,” usin
vorin Bc.Iileo fre;c}l corpu'scles “In various stages (;f disorg-
e ém. . 10 hem lym.g within the substance of large
B s epofc ET’ gnd., as it were, being eaten by themc”
Fiesites ?10 -pigments in the liver has heen thougl’lt
o e ih corpuscles were destroyed in this organ;
gl pmc,es . e Fontrary, that it is the seat of a reconi
s beﬂ which h@moglobin is the product. Though
il ;_1 sea't of .destruction for red-cell fragfnen%s
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irect part in the formation of
hich the blood-corpus-
through its vessels.

ever, that it does not take a d
the blood, but only serves as an area in w
cles proliferate during their slow passage
The blind, sac-like endings of the venous capillaries seem to be
particularly adapted for this purpose, as in them the blood-
current stagnates, and it is here that the greater number of
blood-cells reveal mitotic figures. The newly formed clements
are finally swept away by the blood-stream and enter the gen-
eral circulation.”

Gulland likewise states that the eosinophile -cell ig derived
“finely granular acidophile” (the neutrophile), and
the latter is itself traced back to the lymphocyte. “The transi-
tion-forms between the finely granular and the coarsely gran-

ular acidophile cells are seen much more frequently in the
says this investigator, “and

bone-marrow than in the blood,”
it seems certain that both from this source and from mitotic

division the main source of the eosinophile cells is in the bone-
marrow.” That there is ample margin for my view that mitosis
may oceur in the liver is also suggested by the following addi-
tional lines: “They must arise elsewhere, however, in abun-
dance,” for Schaffer™ and 17 have shown that they are present
in the thymus and in lymphatic glands before either bone or
bone-marrow is properly formed at all, and Engel™ has seen
them in the chick’s blood on the fifth day of incubation. In
the transition-forms (see Figs. 2, 8, 11) there is little in the
general shape of the cell and nucleus to distinguish them from
the preceding stage.” All the evidence tends to show, there-
fore, that the process of mitosis, through which eosinophile leuco-
cytes are formed from neutrophile leucocytes, is carried on i the
capillaries of the hepatic lobules, though i can also occur else-
where in the organism.

T hawe referred to the divect path which leucocytes can
follow from the liver to ihe heart and thence to the lungs. 1f
eosinophiles are formed in the liver, therefore, the lungs ghould

f the presence of these Jencocytes. Proof that
the aid of pathol-

from the

gshow indications 0
such is actually the case is obtainable with

R P
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i ]L(Ec.gci as ‘alveolar epithelia’ are variously altered
el )?‘ZS.’ l The protoplasm very frequentiy shows
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Eagy gmh le t}(:ml as an accompaniment of the morhid
el e ;llat‘ls “Te}l] case is shown by the fact emphasized
f;om o ’Aq ik he longer the asthmatic subject is free
paroxysms,—that is, the more time allowed for the forma-
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While all these facts sustain my opiion th?t ’;Il;en:;ﬁﬁz
how ample evidence of the presence 1n .them 0 f e
e £ their granules, their identity as offsprings
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dr);ed preparation for one hour in absolute alcohol a

W ' - lution
quent staining ith Chenzinsky’s eosin-methylene-blue solutl
(o]

ives very good results.” s e
2 ilﬂestllesé fgacts further confirm the origin of the eosmo

i that
hile leucocytes from the liver, for there 18 10 o]thezegicl::o »
1\?vould have brought them to the lungs. They also &

to indicate that, after their formation byZ mlt?;.ls ;:b ;;;Z lier,

eosinophile leucocytes are carried to the pf}ti motibeng:io,n o
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alveoli and, therefore, of the lobule of which they form part
now seems clear, if interpreted in the light of the data I have
submitted: The cells to which Lenhartz refers, i.e., the lobular
epithelial cells, are aggregates of the polynuclear neutrophiles
and of the daughter-cells of the latter, the eosinophiles.

We have seen that the neutrophiles start from the intes-
tinal canal; that Macallum and L. F. Barker found leucocytes
gorged with iron in this region, and, finally, that some bilirubin
at least is recovered from the intestine—obviously, now, by leu-
cocytes. We have traced the latter from the intestinal canal,
through the portal system, liver, hepatic veins, heart, thence
to the alveoli. After giving the formula of hemoglobin, Foster
writes: “It will thus be seen that hamoglobin contains, in
addition to the other elements usually present in proteid
substances, a certain amount of iron, that is to say, the
element iron is a distinet part of the hemoglobin molecule, a
fact which of itself renders heemoglobin remarkable among the
chemical substances present in the animal body.” Kanthack
and Hardy noted, as previously stated, that “in fluid prepara-
tions the granules have a brilliant, greenish Iuster”—a charac-
teristic of fine hemoglobin crystals. Hazmoglobin is readily
soluble in blood-serum, as are the granules, we have seen.
Ether coagulates hamoglobin; it caused, in Milroy and Mal-
colm’s experiments®* the granules to lose a part of their re-
fractive power, even when boiling ether was used. The proteid
constituents of the granules of the neutrophiles, myosinogen
and fibrinogen, belong to the globulin group.

This recalls my statement in the first edition of this work
(p- 441), in respect to the manner in which the heart-muscle
was nourished: “Paradoxical as the statement may seem, I
was led to conclude that the minute granules referred to om page
433”— a general outline of the prevailing views concerning the
histology of the myocardium, in which the minute pigment-
granules, easily seen therein microscopically, are mentioned—
“were actually supplied to the heart through the intermediary
of leucocytes. These cells were found to migrate from the liver
(also through the hepatic veins) to the inferior vena cava, where

8 Milroy and Malcolm: Loe, eit., p. 112.




