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are able to digest the substances as we

to reject the insoluble residue.”
The nature of the digestive

obscure. “The bacilli which hay

continues Metchnikoff, “are much more rapidly digested in the
case of mammals that are either naturally refra(-to}}', as the
dog and fowl, or have been rendered artificially immune against
anthrax by vaceination, as the rabbit. This fact is shown by
the researches of Hess, as well ag my own. It is easy to follow
the digestion of many other microbes wit
Vacuoles are often seen to form
been swallowed, just as we have noticed in the digestion of
nutrient material by the protoplasm of the protozoa and the
myxomycetes. I have been able to observe the changes under-
gone by the spirilla of recurrent fever in the leucocytes. of
monkeys, as well as those undergone by the vibrio septicemiz
in the leucocytes of immunized guinea-pigs, and those by ery-
sipelas streptococei in the leucocytes of man, etec. We are at
present ignorant of the precise manner in which thi
and destructive action is accomplished, and

whether the substance which kills ]
or not.”

Before

1l as to inglobe them, and

process has, however, remained
e been inglobed by leucocytes,”

hin the leucoeytes.
around the bacteria that have

8 digestive
do not even know
e microbes is a ferment

submitting this question to analysis the manner
in which the products of digestion, both the nutritional ele-

ments and the excrementitious products, are disposed of must
be ascertained,

In the spon
“and which eolle
koff, are eliminated “through large
shape, the walls of which, accordi
nished with muscular fibers.” What have we in the leneocytes
to fulfill this function: i.e, to represent what in the higher
forms constitutes the intesting] canal?  This appears to me
particularly well shown in several of the figures in Gul
land’s illustration, In Fig. 10, for instance, a few “fibers”

—our canaliculi—may be seen to project from the inne
of the line which to me represents

the vacuole. The same artangem
Figs. 11, 12, 13, and 16.

ge the materials rejected by the phagocytes
ct in the larger efferent ‘canals,” says Metchni-
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ng to some authors, are fur-
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he cell are probably governed by the
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standpo are not the
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o5 ;}Sail to whose investigations I have
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also stated by Stokes and W elgbf%rr t}lad t?ormed

ole “in the mnucleus 2 on de-
g tll: Z]?:;lppeared.” Furthermore, he noted ;hglic]u?i)ng s
851;81‘11  the staphylococci by adding ettler, ;na e
= ty'h% alized sediment, the graml.l > Slowethe cell and enter
ifm Tlani were seen to leave the periphery of
ion,

4 Stokes and Wegefarth: Lac. cit.

-
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the surrounding medium. Evidently at ]
ules must have been dropped or ej
their canaliculi thus freed of the
constituted.

This is sustained by a closer examin
—the purpose of Stokes and Wegefartl
their researches blood taken from about five hundred persons.
The granules, when observed by them with the aid of artificial
light, “resembled those of the eosinophilic or- neutrophilic leu-
cocyte.”  Kept at the temperature of the room, the latter
showed no activity, hut exposure for an hour to g temperature
of 35° C. caused them to become active.
are quoted from their article: “At times the granular leuco-
cytes become actively ameeboid, and the granules within the
neutrophile exhibit a characteristic activity which might be
compared to the swarming of bees around a hive.
of fine granules free in the plasma is perceptib]
The eosinophilic granulations also show g less vi
ulous motion, and both varieties follow the ch
direction of the pseudopodia, the protoplasm being thrown out
first, and the granules following. The characteristic dancing
motion of the granules in the neutrophilic lencocyte can be
brought out very plainly by simply mixing the drop of blood
with an equal amount of distilled water containing 1 per cent.

of alcohol. The granules become very active and present a
characteristic picture.”

east some of the gran-
ected by the leucocytes, and
impediment their presence

ation of the question,
\’s paper, who used in

The following lines

The number
¥ increased.
gorous trem-
anges in. the

“Can these granules be actually seen to leave the lenco-

cyte? It is certainly

not easy to be sure, even after continuous
observation for an ho

ur or more, that one hag actually seen one
of these granules leave an amehoid leucocyte. We think, how--
ever, that we have observed this phenomenon upon several
occasions, hoth in fresh specimens of blood exposed to 35° (.
and in blood to which 1 per cent. of alcohol has been added.”
Farther on in their text they say:

“Many fine granules can
be seen in the clear plasma and around the neutrophile, and-
it would

seem that occasionally a granule leaves the active
lencocyte and becomes free in the surrounding fluid.”

Bail’s observation, however, that the granules actually
leave the periphery of the cell has been sustained by other
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observers, Gulland refers to this feature of the problem in
the following words: “It has often been remarked that the
large cells show a great tendency to leave their granules behind
them ; thus, one might come on a group of granules while the
nearest cell was far away. Ballowitz was, I think, the first to
declare that all or most of these groups of granules were at-

tached to the cell by fine protoplasmic bridges. It is not al-
Gulland then says, referring to a fig-
ghown in that reproduced herein),
disunited from the cell:

ways easy to show this.”
ure in one of his plates (not
in which the granules are evidently
“In the cell shown in Fig. 31, which was so isolated that there
could be mo doubt that all the granules represented belonged
to it, no trace could be made out of threads extending from
granule to granule. They are probably stretched too much

to allow them to be visible.”

The absolute separation of the granules from the cell wit-

nessed by Bail finds its complementary confirmation in the
observation of E. B. Sangree,
sometimes several hours at a ti
granules escape from an eosinophi

# who, after patient watching,—
me,—states that he saw “three

le cell, and wander away until

lost under rouleaux of red corpuscles, after having reached a

distance of some six diameters from the parent-cell.”
«“While inside the cell,” says this pathologist, “these granules

had participated in the constant, though rather sedate, move-

ments of the granule mass,—but owing, doubtless, to the differ-

ence in specific gravity of the containing medium,—instantly
upon emerging from the parent-cell they underwent the wildest
possible gyrations. The first to come out were fwo attached
pole to pole, and these rolled frantically -over each other,
pushed this way and pulled that, all the time oscillating widely
and rapidly, yet constantly and definitely traveling farther and
farther from the cell, until finally lost to view. The single
granule behaved in an exactly similar way. T noticed, too, that

before becoming lost to view the motion of these granules had

become considerably less marked and approximated more that
ordinarily seen in these bodies.” If these facts are considered
as a normal sequence to the evidence adduced that the cellular

——

#'g. B. Sangree: FPhiladelphia Medical Journal, March 12, 1898,
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net-work of fibers repres
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e granules in le : '
ular :Iv‘wtabolic process at::giiiffe:;:ttﬁiaf;of:;::tic;{z ks
o W];]?C }]PJC[I‘:\:;?I:OUI?AL CHEMISTRY OF LEUCOCYTES—A fea-
ey m‘t_“-or]; O)’,f pmnt‘s tov _’the autonomy of the nucleus and
+ins i "cana‘hc-ul{ in =_1H.Ieucocytes is the uniformity
£ s gra;mzll stain with snu‘llar dyes. The nuclear can-
iy dE:s and the canaliculi of the cell-substance all
i tf:ei’ .meth‘_vlene-hlue and methyl-green, for ex-
Al t.he ;:h. .;111 afg leucocytes the structures mentioned
sl oxidase a source of energy as do other
Beginning with the nucleus, witl i
i e ; 8, 1 what chemi
ini:g:;:eclnzln Sﬂ:és. part of ’the cell could the adr:stl)xi}il(:g
e fubtzlnn a reaction? It is, of course, not the
A tht; t fle nuclea'r granules "that this question in-
Substa,nce FOQto what might !)e termed the nuclear ground-
e ‘.‘The e er refers t(? this substance in the followin
re is present, im somewhat considerable quantit\'g

the nuclei of the corpuscles, and further seer
| sl : ms to 1
:llC ;:::;Ilit E?thrheen called -nuf'lein. This nuclein, “g?icﬁlre:?ztl,‘;ﬁ
e fr.om :g_rterll(;urs_hody, 18 very different in composi;ion and
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e .quantit; i 1?( ¥, and, on the other, for containing a
s ﬁg, Osp‘?wn;s i ‘r; Ing to some observers, nearly 10 per cent.)
g ﬂ;e ]1;11 appears 'to enter more closely into t.l;e
o evidenﬂy.ha:m (?cule than ]t‘ does in the case of proteids.”
stance, a bnay “'h?;llma:hgo;u;l?i?hiﬂ ; Fhethmm]ear Sy
o : . mn m the myelin of ne
e tllllzgj:id;:inn1us§]ets, etc_., enters into active c-omhinart‘;zil’
5 ooy neg(-_)eiliaii?]fm?’ ;-;-, adrepoxidase, and the resulting
5 sarily yleld functional energy, as elsewhere
The ¢ i :
i tha;f:(éign of ;he react‘lo.u. which the simultaneous
e an thrf n.xldlzmg substance within the
e i cleus su.stau.l 18 clearly suggested by the kind
\ en by the canaliculi (both of the nucleus and of the
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cell-substance) and the perinuclear vacuole, E. T. Williams,*”
in a study of the chemical properties of leucocytes, refers to
this feature of the problem in the, following words: “The nu-
clei of all three classes stain best with alkaline dyes, as methy-
lene-blue, methyl-green, or dahlia. They are, therefore, acid.”
Farther on, he says: “We have seen that all nuclei are acid.
They owe this property, without doubt, to the nuclein which
they contain. Nuclein is acid. When boiled with alkalies it
yields phosphoric acid. Phosphoric acid, it may be remarked,
is the only mineral acid which does not coagulate albumin. It
is the presence of this acid undoubtedly which makes nuclein
acid. According to the experiments of Kossel, quoted by
Vaughan and Novy," nuclein, when boiled with acids, yields
certain organic, albuminoid bases, as adenin, sarcin, xanthin,
spermin, and others.” “We must conceive, therefore,
of nuclein as some sort of a phospho-albumin whose composi-
tion has not been precisely determined.” The source of the
various chemical bodies involved in these processes is shown in
the following lines of Professor Foster’s: “The ash of the white
corpuscles 1s characterized by containing a relatively large

quantity of potassium and of phosphates, and by being rela-
tively poor in chlorides and in sodium. But, in this respect,

the corpuscle is merely an example of what seems to be a general
rule (to which, however, there may be exceptions), that, while
the elements of the tissues themselves are rich in potassium
and phosphates, the blood-plasma on which they live abounds
in chlorides and sodium ralts.” :

The chemical process involved may casily be traced with
the foregoing factors &s main clements: The blood-plasma (if
the views already submitted are sound) evidently reaches the
nucleus through the intercanalicular substance of the cell-body ;
this is shown by the fact that this substance likewise—though
to a less marked degree—stains with methylene-blue. Under
ordinary circumstances, according to microscopical evidence,
the perinuclear vacuole is practically collapsed: i.e., its nuclear
wall is more or less close to that of the cell-body. This is well
chown in Gulland’s plate, by Figs. 10 and 12. The nucleus

4 B T. Willlams: Boston Medical and Surgical Journal, Sept. 5, 1901,
8 Vaughan and Novy: “Ptomaines and Leucomaines,” 1301
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b 2
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. i clein of th
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: H Of ] 8
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iOgiealofcattabolu:vgrcvducts. This awakens an important pat’ho
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: . . s n nucleo-proteid -
g:;gohileaxage in the organism, the process inrohid mustulr;e
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blOOdICO;’I;:ZS qra;m?es which constitute the secretion of all varie
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the nucleus, i-n. which the nuclcin of its ﬂuch?-;s, z”“r‘mdase:
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destroyed by proteolysis in the blood-plasma. A

CrassTFIcATION OF LEUcocyTEs—I have p. oy

I could with our analysis of the le.ucocyt.es as a f ,tions

i becomes necessary to ascertain, if possible, the 'unc]

;tf Iﬁ:: v;rious types which histol_ogists, headed by Ehrlich, have

established with the aid of staining methods.

© Metchnikoff: Loc. cit, p. 115,
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Kanthack and Hardy® not only give
cinet, outline of the various varieties of ce
size features of the problem which
us. After briefly reviewing

a clear, though sue-
lls, but they empha-
are of special interest to
the more prominent contributions
to our knowledge of the subject since Wharton Joness mem.-
oirs, published in 1846, including the investigations of Rind-
fleisch (1863) and Max Schultze (1865), they write as
follows :—

“After Max Schultze, no further advance was made or,
indeed, was possible in the histological analysis of the

gporadic
mesoblast, until Ehrlich,

in 1878, furnished a rational basis
for the use of staining reagents by his far-reaching discovery
that the elective affinity of certain constituents of tissues for
particular stains could be referred to two factors:
nature of the staining subst
often neglected by work
the nature

the chemical
ance employed and—a point too
ers who have followed his methods—
of the medium in which the stain is dissolved.’
Ehrlich drew particular attention to the granul
session of which characterizes various forms of wandering cells.
These he divided into five classes, differing either in their
special affinity for bases, acid, or neutral dyes, or in size. The
@ Or eosinophile granulation colors only with acid dyes; the 3
granulation colors with both acid and basic dyes (amphophile) ;
the o granulation colors only with basic dyes, and the individual
granules are large; the § granulation colors .only with basic
dyes, but the individual granules are small; and the & granu-
lation colors only in neutral dyes.

es, the pos-

“The nomenclature of the granules was extended to the
cells bearing them. Thus, the various forms
found by Ehrlich in blood were-

granules, to which the name lymphocyte was given, from the
fact that it appears to be developed in lymphoid tissue. This

Is the small, non-ameehoid form of Max Schultze. II. A cell
characterized by possessing fine. granul
nuclei.

of white cells
I. A small cell free from

es and one or several
This is by far the most numerous form of white blood-
corpuscles in mammalia, and was found by Ehrlich to be neu-
trophile in man, and amphophile in rabhits and guinea-pigs,

% Kanthack and Hardy: Loe. eit., p. 82.
LAl the italics are my own.
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TFL. The eosinophile cell, or coarsely granular cell of Wharton
Jones and Max Schultze. It occurs only in small numbers in
the blood of mammalia, but is abundant in the blood of lower

vertebrates.
(§ granulation).
“The mononucl
apparently grouped
addition to these forms Ehrlich
coarse granules (y granulation), occurring mainly
tissues and also in the blood of frogs, but mot in the blood
These he calls Mastzellen.”

IV. A basophile cell with fine basophile granules

ear amceboid cells of Max Schultze are
with the neutrophile cells by Ehrlich. In
describes a basophile cell with
in connective

of mammals. PG
“From what we have said so far it will be seen that the

group of finely granular blood-corpuscles described by Max
Schultze includes the amphophile and neutrophile and the
finely granular basophile cells of Ehrlich. Since Ehrlich’s work
no contribution to our knowledge of the morphology of the
wandering cells has been made except on points of detail.
Mention must,-however, be made of the group of cells recog-
nized by Metchnikoff* in his treatise on inflammation. The
term ‘leucocyte, originally applied by the French school of
physiologists, i used to designate wandering cells, and the fol-
lowing varieties are recognized: (1) lymphocytes; (11) mono-
nuclear leucocytes with abundant protoplasm and a round
nuclens; (I1I) polynuclear Jeucocytes, or ‘leucocytes neutro-
philes’; (IV) eosinophile leucocytes.”

My purpose being to ascertain the physiological functions
of the various types, Ehrlich’s four classes, by affording def-
inite microchemical limits, will probably prove more useful
than the simplified groupings that other histologists have in-
troduced, and which, by reducing the number of divisions, have
tended to efface landmarks that can serve as clues for research.
1 will preserve, therefore, Ehrlich’s classification, and try to
ascertain whether the various types of cell do mot differ phys-
iologically from one another as they do histologically.

LyMPHOCYTES AND HYALINE Cpris—The first cell of
the Ehrlich series, the lymphocyte, seems fully entitled to the
position accorded it by histologists in general: that of 2 leu-
cocyte in process of development. The cellular substance i§
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