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cornea injured by the caustic, and differing from the other parts by
the abundant deposit of the gold chloride, teaches us two im-
portant facts in regard to inflammation, namely, that inflammatory
change produced by injury at a given point may be propagated from
that point along an isolated well-demarcated tract towards the
nearest bloodvessels ; and that further, in an early stage of inflam-
mation, the nature of the fluid present in an inflamed tract differs
chemically from that present in the surrounding uninflamed tissue.

The strengfh of this inference lies in the weight assigned to the
reduction in the tissues of the chloride of gold in the form of a dark
purple precipitate. I am unable to state what the substance is, the
presence of which is necessary to the chemical action indicated by
the precipitate. We know that it is unequally distributed in the
tissues. It is motably present in ganglion cells, nerve fibres, and
in the protoplasm which enters into the composition of stellate
cells in some forms and stages of connective tissue. It exists nor-
mally to a certain extent in the lymph fluid of the tissues, and is
always present in that of the cornea to a greater or less degree.
But when it is present in an inflamed tract in larger quantity than
in the uninflamed portions of the same cornea, it becomes certain
that the lymph fluid in an inflamed tissue differs chemically from
that usually present in the same tissue in a normal condition.

Observations by pathologists, made by other methods in other
tissues, indicate that the change consists in the presence in the
fluid of a fibrinogenic material, and the direction of the tract towards
the conjunctiva indicates the nearest bloodvessel as its source,

Fig. 20 represents, as magnified by a low power, a preparation
obtained by cauterization
of the cornea of a winter
frog (Rana esc.), which was
killed twelve hours after-
wards, and the cornea
treated by gold.

In the figure the dark
diffused appearance result-
Fig. 20—Inflamed tractin the cornea of a winter frog ing from the cauterization

{Rana esc.), twelve hours after canterization. Gold prepara- |
tion. a, Border of tract. b, Cauterized surface. ¢, Nerve 18 shown at b, One of

trunk.—Magn. 50 diam,

the borders of the inflamed
tract is seen at . The dark masses in the tract are the spaces
filled by the gold precipitate. The rest of the cornea was scarcely
stained at all, showing only the ramifications of the larger corneal
nerves, one of which is indicated at ¢,
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corpuscles in inflammation by drawings in which anastomosing rows
of flat cells with dividing nuclei are shown in the clearest manner,
Stricker, in the Juhrbiicher for 1874, in a paper on the suppurative
process, gives a series of figures in which the same fact is amply
demonstrated. T have had occasion to verify the accuracy of the
observations of these authors; and even if I had not, Stricker’s
authority in such a matter would have been sufficient to remove
any doubt. It is not in the observation, but in the interpretation
of the fact, that I differ from that eminent pathologist.

My respect for the authority of Professor Stricker is so great, that
it was ouly after long and careful study of preparations which, to my
mind, admit of only one interpretation, that I ventured to dissent
from his views. I owe too much to his teaching to have done so
unadvisedly. But having been carried by the irresistible logic of
facts far out of the track in which I started in the beginning of
my investigations, I would now do neither Professor Stricker nor
myself justice were I to attempt to write on inflammation without
an examination of his published opinions. In the Vienna Jafir-
bucher for 1874, in the paper on the suppurative process, already
cited, Stricker explains in full detail methods by which inflam-
mation of the cornea may be studied. Appended to the paper is
a Plate (Taf. XIL) which, if interpreted in the light of the views
he holds regarding the normal structure of the cornea, shows at a
glance the nature of the preparations on which his opinions regard-
ing inflammatory change are based.

In the centre of the Plate (Fig. 5), a drawing copied from His
of the “ cell-network ” of the cornea of a new-born infant shows a
wide open network, in the central points of which a large nucleus
is seen. The network is figured as of uniform appearance in every
part. The narrowest parts are half the breadth of the broad cen-
tral points; and there is no part narrower than the narrow diameter
of the large nuclei. It is assumed, to start with, that this network
is a cellular structure, in which the individual cells have not been
“ differentiated,” or sufficiently separated from each other, to make
it possible to say where one cell ends, and another begins. How-
ever, each nucleus is supposed to correspond to one cell, and the
protoplasma of one cell is supposed to be continuous with that of
the one next it. Imagine a field which is cut up by an irregular
network of ditches, with a “ stepping-stone ” at each of their pomts
of junction. According to Stricker's scheme, the field would be
the cornea, the ditches anastomosing protoplasm (branched cells),
" and the stepping-stones nuclei.
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Contrasting with this unbroken network, drawings are given of
other networks as seen in the cornea of the cat when inflamed by
nitrate of silver. These networks from the inflamed cornea,
resemble those of the healthy cornea sufficiently to show that there
is a unity in the two outlines, but the inflamed network is cut into
a number of divisions which have the unmistakable contour of
cells, and that they are undoubted cells, is shown by their contain-
ing nuclei, both entire and divided. To illustrate this by following
out the simile of a field with a network of ditches, imagine the
ditches divided into a great number of separate pools by dams,
and the pools further irregularly subdivided, and in each separate
pool one or more pieces of wood floating in the centre. The pools
represent newly-formed cells, and the pieces of wood their nuclei.

Thus, according to Stricker, you have under the stimulus of
inflammation a number of new or “young” cells developed out
of a pre-existing one. The cells have “ proliferated.”

That the appearances observed are exactly as Stricker has de-
seribed and figured them, can be easily verified. But the explana-
tion he gives of them is irreconcilable with what we now know of
the anatomy of the cornea.

To begin with, the “cell-network,” given as the normal “cornea
cells,” is, as I have shown in the previous chapter, not a cell-net-
work at all. It is a network of spaces formed by the separation
from each other of two lamell@, in such a manner that the visible
contents of the spaces are seen in the reticulated form.

The cells that are seen in Hansen’s and Stricker’s preparations
of inflamed cornea, are the flat cells that can be isolated by pot-
ash solution and maceration in aqueous humour from the healthy
cornea. They are seen in inflammation as a network formed by
rows of cells, because the silver solution then finds its way more
readily along the channels between the laminz than it can in the
uninflamed tissue.

The part of Fig. 21 marked a is the same network seen by
Stricker in silver preparations. His preparations were not, how-
ever, sufficiently successful to stain a large unbroken surface, such
as that of which a part 1s shown at ¢.  (In the simile of the field
and ditches, @ represents the pools into which the ditch is sup-
posed to have become subdivided.) The belief in the existence of
portions of cornea substance, such as that marked b, enclosed by a
network «, is, however, founded on imperfect methods. The eclear
space b is in reality covered by cells similar to those at ¢, but they
do not happen to have stained. The cells at a are not created by
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tribution of nuelei over the field, be oceupied hy one : when
the 1t1||‘li||t|H correspond in colour with the m,.[j"-ﬁ-f,l,.ri 1“11,.][.i.
and when, further, they do not B
belong to flat cells, spindle cells
or to white blood-corpuscles,—
the only structures with which
it could be jtllilj.:'i[liHl that L|1!!I‘g.’
micht be confounded. We shall
afterwards see that these last can
be identified, when they are pre-
sent, by special characters which
they possess

Fiez. 24 shows characteristic

Fro. 24.—Stellate nuclei, entire dividing and

- "¥% 1 r-l -‘:. "= i ] ] -
1I|‘] 15 Ol [ll"f 5 1-.]]:[1.':} ]]H'.-I !-..13‘1-'. divided. Prom n frop’s cornes, five hours ine

divided in inflammation, when .‘glj;*r'r"l'i'i'l'“t':-' mustard. Gold preparation.—Magn,

treated by gold solution.

Botteher represents a similar appearance in one of his plates.

In my experience the demonstration of the division of the
stellate nueclei by gold has not often succeeded, and when it has,
the division has extended only over a very limited area. The
changes in the spindle-cells, which I shall afterwards describe,
take place over an area much more extensive.

Another method of demonstrating the division of the stellate
nuclei consists in staining by purpurine—the dye extracted from
madder, the uses of which in histology have been lately desecribed
by Ranvier. It has the advantage over gold that it succeeds with
more certainty. Its results, in regard to the nucleus, are quite
as demonstrative and beyond question as those obtained by gold,
but are not more so, M. Ranvier lately showed me a frog’s cornea
in which the division of the stellate nuclel In inflammation was
shown by purpurine-staining in the clearest manner. The method
and the preparations obtained by it will be found described in the
paper referred to. He pierces the cornea of a frog by a needle, and on
the second and third days thereafter inserts the needle into the
1-L‘il'_:'l'tl:l] it'[1l-1'1'lll'l.'_ On the fourth l!ill‘n' the ﬂ-u;_;' 15 Eif]]l‘lt and the
cornea is stained in purpurine. The nuelei of the stellate cells are
uniformly stained a very pale rose, and their outline is seen to
correspond to that seen in gold preparations. In the vicinity of
the spot through which the needle was passed, instead of one large
nucleus occupying the position relative to the other nuclei in which
a nuecleus 1s to be l'.\'E-L'c'h'i], two or three ]Iiﬂ'[i-h]]:-'- of a nucleus are

to be seen lyvine near each other, The eye can readily judge that

R D i ————
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lif_era,tiﬂn ” that has been founded on this fact was at one time a
fair and reasonable hypothesis. As a hypothesis, it has however
remained utterly unsupported by evidence, and now lives only as
a superstition. No other term can appropriately describe a belief
in which. faith counts for everything, and evidence nothing.

It I am asked what becomes of the separated portions of nucleus,
I confess my ignorance. That they undergo further disintegration,
degeneration, and absorption, is, however, a supposition consistent
with what we know of the changes that take place in the elements
of tissues whose vital conditions have been disturbed.

It we leave the nucleus, and come to a consideration of the
changes that are observable in the protoplasm and processes
of the stellate cells, we come to a field in which I find little
to crificise in the writings of the (German authors whose names
I have so frequently had occasion to mention. A condition in
which the cell in the inflamed cornea is seen in gold preparations
as a dark spherical body, with distinet contours,is, I believe, that
which is represented in Fig. II of Taf. L of Stricker's Studien.!
But in the other figures of the plate, and in everything else that I
have seen figured, and which has been described, I can find nothing
that I can recognise as belonging to the stellate protoplasm or
processes. Masses of white corpuscles, nuclei, and portions of
separated flat cells, and spindle cells, comprise the mass of what
have been believed to constitute products of the inflamed stellate
cell.

The stellate cell and processes may be sometimes seen in sealed
aqueous humour preparations, or when the cornea is placed in half-
per-cent. salt solution. But I have not often found such prepara-
tions sufficiently distinet throughout to be reliable. All that I
have learned of the stellate cells, has been seen in gold, and more
especially in osmic-acid, preparations.

In an inflamed cornea, and in my experience much more fre-
quently in the rabbit’s cornea than the frog’s, gold preparations
sometimes show the dark spherical bodies to which I have already
referred. Their distribution in the cornea corresponds to that of
the stellate nuelei, but I have seldom been able to observe a nucleus
in them ; on rare occasions, however, I have seen a nucleus. The
contour of these bodies is sharply limited, and I consider their
nature is sufficiently established by preparations which I shall now
describe. Before leaving them, however, I have to add that they
are most frequently seen in a cornea which has been acutely in-

! Studien aus dem Instit. f. Exp, Path. in Wien. Vienna, 1870.
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who are not intimately acquainted with the appearance of the cor-
neal nerves, it becomes necessary to show that they are mot the
same. An opinion originally put forth by Kiihne, and recently

I'l."'-":'\-"'l'l |'}' Ilhi|;|||i|||{'."|"|',| l:|:|l the nerves :I!ll] processes ot 151\' Hll']]'.iﬂl‘-

eells are one and the same structure, makes this the more
necessary.

[n gold preparations in which the nerves are well seen—and this
15 only the case when the very fine ultimate fibrillie. which can be
seen by no other than the gold method, are visible—the final termi-
nation of the nerves is observed to be in exceedingly delicate
beaded threads, which run mostly in straight lines, crossing each
other in different places, and joining each other at central points
These fibrils, if carefully traced, are often seen, after running quite
straicht for a considerable distance, to bend round and take a
direction at right angles to their previous course. One fibril often
joins another at a right angle, their junection representing that of
the limbs of the letter T. They can be recognised by their exceed-
ing fineness, their beaded appearance, their being mostly in straight
lines, and in a very successful preparation by their number, which
is great. The discovery of this property of chloride of gold, to
which science 1s indebted to Cohnheim, has been of inecaleulable
value in studying the nerves,
and 1ts uses in this respect
are still far from exhausted.

Most excellent and in-
structive <l:':l‘~k'i:i::~; of the
corneal - nerves have been
given by Dr Klein in the
(Juarterly Jowrnal rIJ_I' Miero-
,H'n"rlf-.'lr'“'."l Seenece for October
1871. Dr Klein has also
pointed out a fact, which

must often have been Co1l-

firmed by students of the

inflamed cornea, that the

Fiag, 2h.—Nerve hibrilla erossing stellate nucleus in a
fr'J,.{'4 CcOrnen Ciold preparation, —Magn. 400 dinm

best nerve preparations are
obtained when the cornea
has undergone a sligcht amount of inflammmation—a fact no doubt
due to the easy penetration of the solution beine favoured Ly

i Ty [ Sy T 51
e reanlbting serons eflusion.

Fie. 20 shows only suflicient of the appearance and course of

Virchow's Archiv, 62 1., 1 and 2 Heft,
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mx:nke confidence. He rests this opinion on the fact, that Waller
neither described nor figured a “ neck ” or pedicle in the corpuscle
which was in the act of passing through the capillary wall.

I cannot agree with Stricker, in believing that the cause of
Waller's great discovery being allowed to fall dead, was any
omission in the description. Waller described appearances that
were capable of verification, and he told his readers how to
verify them. All that was required was a frog, a sheet of cork, a
microscope, and a moderate amount of patience. The problem to
be solved was of importance enough, it might be supposed, to have
overcome the natural suspicion with which statements of new
facts are always regarded, and to have provoked a repetition of
Waller’s experiment. But this does not seem to have been the
case. 1 can find no evidence that any of the distinguished
physiclogists contemporary with Waller thought it necessary to
follow his simple directions, or to take any notice of his papers
whatever. Had they done so, the “neck” of the corpuscle would
have been observed in due time. As it was, one of the few great
discoveries that have marked a turning point in the history of
medicine—and not the least of them—was locked up in the pages
of the Philosophical Magazine for twenty years.

It was believed at that time by the best authorities that “pus
cells” are formed in a blastema; and so impregnable was this
theory, that Waller's description of how their true origin might be
seen was disregarded on account of its inherent improbability. It
is curious to note that although the faith in the blastema theory
was too strong for a demonstrable truth, it could not resist another
hypothesis, the “ proliferation of the connective-tissue corpuscles,”
which the genius of Virchow imposed unconditionally on Europe,
and which was received for twenty years with scarcely a protesting
voice.

Augustus Waller, the first observer of the emigration of the colour-
less corpuscles of the blood in inflamed tissues, after a life spent in
alternate intervals of medical practice and physiological investiga-
tion, finally settled at Geneva in 1868, and died there in 1870,

Cohnheim, who knew nothing of Waller's papers, again dis-
covered the emigration of the colourless corpuscles in the inflamed
mesentery of the frog, and published his discovery in Virchow's
Archiv in 1867. Thanks to the high scientific reputation of the
author, and the medium through which his essay was communi-
cated to the scientific world, it at once attracted the attention of
pathologists. His experiments were immediately repeated ; and
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although some observers were not able at first to follow all the
details of the process as he described them, the accuracy of his
observations has within the last few years been abundantly attested.

Experiments of the kind had in the meanwhile been much
facilitated by Stricker’s discovery, that diapedesis of the red
corpuscles can be observed in frogs which are under the influence

of ecurari,

When inflammation is produced in a vaseular organ, there are
certain phenomena which are always present, and which must
therefore be considered as essential parts of the inflammatory pro-
cess. An account of these, asjthey are seen in a transparent
tissue, will serve as a typical deseription ; and in the interest of
the reader, I will, although conscious of my inability to do justice
to the original text, translate Cohnhein’s description of the appear-
ances observable in the inflamed frog’s tongue. I quote from
a work he has lately published.! “ When a small piece of nitrate
of silver is placed on the surface of the tongue, slight muscular
twitchings generally appear in the neighbourhood of the caustic, a
rapid dilatation takes place first in the arteries which supply the
cauterized spot, and then in the veins which have their origin in it.
All the capillaries of this part are filled with blood in the most
striking way. The hypereemia extends not only to the vessels
whose branches are directly acted on by the caustic, but also
(especially if a somewhat large piece has been used) always to
other vessels in the neighbourhood, so that the hyperemic zone
may attain very considerable dimensions. Aslong as the dilatation
is increasing, and for some time longer, the blood tlows in the whole
of the widened vessels with great rapidity; and it is an exceed-
ingly striking thing to compare the vessels of the hypersemic zone
with those which have not undergone dilatation, and in which,
therefore, the blood flows at the original rate of speed. But the
scene soon changes. First in the vessels whose terminal branches
are directly in the cauterized spot, there are effects visible which
show that in these branches the circulation is arrested. It is
exactly as if the vessels, as far as the caustic divectly reaches and
acts, were tied, and rendered impermeable. In the arterial branch
which leads directly to the canterized part, the onward movement,
after several futile and fitful efforts to drive the blood-column
forward, comes to an end, and the blood in it stagnates:; on the
other side, in the venous branches which arise from the cauterized

part, the movement becomes gradually slower and slower, until
! Neue Untersuchungen tiber die Entziindung.  Berlin, 1873,
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there also it comes to a standstill,—stagnation. In both arteries
and veins, the stagnation extends to the first collateral branches
which lead to and arise in parts beyond the cauterized spot. In
these parts the circulation is still rapid, and all the more so in the
arterial collateral branches, on account of the increased tension
produced by the occlusion of the affected artery. In the veins,
the arrest of the circulation in several of the radicles leads of
course to the circulation being slower ; nevertheless, even when the
still open collateral radicles do not directly correspond to the col-
lateral arteries, the general acceleration is usually at first so great,
that in veins at whose origin stasis has taken place, the blood cir-
culates more quickly than it did originally before the cauterization.
Of course, there is stasis in a num' er of the capillaries, not only
in all those which have been directly affected by the caustic, but
also in some of those immediately adjoining, as far as they form
the connecting channels between the stagnant arteries and veins.
All these are the evident—so to say, the mechanical—effects of the
caustic, and they exhibit manifold modifications according as a
larger artery, or a vein of greater calibre, happens to have been
affected. These modifications may be left without further con-
sideration, as their varying features may be easily deduced theo-
retically, and as I have treated of them at large in previous
publications!

“To these changes in the condition of the vessels of the hyperemic
zone—which are of purely mechanical origin—are added, sooner or
later, others which are not less striking. In about one or two
hours after the application of the caustic, first the dilated arteries
which are furthest removed from the cauterized part begin to con-
tract, and therewith the eirculation in them becomes slower. This
is naturally followed by slower circulation in the corresponding
veins, and the more so, as it is much longer before their dilated
condition begins to diminish. The vessels which are nearer follow
the more distant ones in this respect, until, after a few hours, in
most of the previously dilated arteries, and a little later in all the
corresponding veins, the lumen and the rate of circulation have
returned to the mormal condition. Only those vessels, arterial
and venous, which lead directly into the cauterized part remain
permanently dilated over a shorter or longer part of their course,
and especially the veins, whose lumen remains permanently twice
or three times the diameter of the veins which arise at a distance

' Venose Stauung.  Virchow's Areh., Band 41, p. 220 ; and Embol. Processe,
Absch. I.










67

process which henceforth will more than all else engage our atten-
tion, namely, extravasation. Generally it is some of the capillaries
in the zone of slow movement, but sometimes one of the dilated
veins, whose contour is first rendered uneven by extravasating
blood-corpuscles ; if it is a vein, then it is always colourless cor-
puscles, which, as I may remark in passing, accumulate regularly
on the inner coat of all the veins at the time the circulation
becomes slow, and remain permanently in this position ; from the
capillaries, on the other hand, both coloured and colourless cor-
puscles pass out from the beginning. The process, which takes
place to a slight degree at first and at isolated points, becomes
gradually more and more general. The veins are surrounded by
colourless corpuscles, which soon embrace them several rows
deep, and not the less increases more and more the passage out-
wards of the blood-corpuscles from the capillaries. At first it
may have been only the capillaries of the zone of slower circulation
from which the extravasation took place; but after some time
those of the external stasis-zone take part in the process. But
here the diapedesis of the red corpuscles is greatly in excess.
The capillaries become bordered with even thicker masses of
them, so that they to a great extent fill the intermediate spaces
between the adjoining bloodvessels. This does not extend to the
inner stasis-zone; here the contour of the distended capillaries
remains quite even ;—not a single corpusele is being extravasated.
On the other hand, in the course of the next and the following
days, the process extends further peripherally, and that in two
ways. The belt of distended capillaries through which the blood
has been hitherto slowly moving, now passes into more or less
complete stasis, and becomes conspicuously the seat of an ever-
increasing diapedesis; but further, the next zone, which has been
hitherto free, begins to be affected, and the capillaries become
fuller, the blood flows through them more slowly, and there is an
emigration from them of white and red corpuscles. The breadth
of this last zone may be somewhat extensive. Meanwhile the
emigration from the affected veins continues, and in the smaller
veins, a few red corpuscles pass out with the white, which consti-
tute by far the greatest proportion; only the contour of the arteries
remains perfectly even. At the points of localized dilatation,
where the circulation is very slow, and where mostly the
arrangement of the white corpuscles along the inner wall of the
vessel is exceedingly marked, not a single corpusele leaves the
channel ; contrasting so much the more with the localized dilata-
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tense fulness of the lymph-sacks with watery fluid. This comes
from the vessels round the eschar, being a product of the active
transudation which has accompanied the extravasation of the cor-
puscles of the blood. To this is also to be referred the fact, I;h:thr
the eschar projects above the level of the rest of the tongue. This
is always the case, and often to a considerable extent, when the
_cauterization has not affected the whole thickness. If it has done
so, only the borders of the eschar are elevated, the centre con-
stituting a pit-shaped depression. Everything remains for a series
of days in the condition described; but extravasation and transu-
dation finally cease, the lymph-sinus at the root of the tongue
collapses, the colourless cells gradually disappear from the circum-
ference of the eschar, whilst the red ones remaining form the
bloody circle which is long seen around it; but weeks usually
elapse before the black eschar is completely loosened and removed.”

The principal features in this account of the changes which
constitute inflammation are divisible into two categories. The
first in order of time consists in dilatation of the arteries and
veins, consequent distension and rapid circulation in all the ves-
sels of the part, and accumulation of colourless corpuscles on the
inner wall of the veins.'

Cohnheim has proved by a series of experiments, that it is pos-
sible to produce these effects without the process proceeding
further, the circulation gradually becoming normal, not a single
corpuscle having left the vessels ; up to this point he does not be-
lieve that the term inflammation is applicable. But when these
changes have been produced by the application of a caustic, they
are followed by a second series, of which permanent dilation of
the artery and vein leading to the cauterized spot, a progressive
stasis in the capillaries, and extravasation of blood corpuscles are
the chief. These facts have received explanation on several hypo-
theses. That given by Colmheim I quote in his own words. “ By

' A momentary contraction of the arteries has been observed by Mr Lister
and others to follow immediately the application of some irritants. It gives
place in a few seconds to dilatation, and it is evidently not an essential link in
the chain of phenomena. I do not enter on the question of the mechanism
by which the muscular fibres of the arteries suddenly relax, because I do not
feel warranted in discussing an unsettled and difficult physiological problemn,
to the solution of which I have nothing to contribute. The view which con-
siders it as being nothing more than paralysis of the muscular coat of the
arteries, and probably also of the veins, as the direct effect of a local cause, seems

to me, however, in the absence of direct proof to the contrary, the more
probable one.

K
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the application of the caustic, a sudden injury to the vessels and
Ehsturbanne of the circulation of the nutritive fluid in the tissues
1s produced, the result-of which is a dilatation of the vessels of the
part without the co-operation of any reflex action. The acceler-
ated circulation which necessarily accompanies the dilatation
begins after a time to slacken; first in the arteries, later in the
veins, so that the effects which follow the application gradually
subside. Then there begin slowly, and step by step, the changes
which are produced on the vessels next the eschar by the direct
action of the caustic and of the chemical products of which it has
been the cause. These gradually extend outwards, but always so
that the vessels nearest the eschar are most, and those further
removed least affected.” Cohnheim believes that the sole cause of
the stagnation and the extravasation is to be found in an abmor-
mal eondition of the walls of the vessels directly produced by the
caustic. He has shown by experiments on the nictitating mem-
Lrane of the frog and the rabbit’s ear, that stasis and extrava-
sation can be observed without the preliminary dilatation of the
vessels, if care is taken to apply the caustic, so that no vessel is
directly touched by it. He considers that he has eliminated the
possibility of reflex action by showing that the phenomena take
place in the same order in the frog’s tongue when all connexion
between the tongue and the animal has been severed, except the
lingual artery and vein. With reference to the exception that
might be taken to this experiment, namely, that a reflex action
may be possible through the medium of the vaso-motor nerves, he
points out that no ganglia have been shown to exist on these nerves.

Mr Lister has shown, many years ago,' by a series of simple
and well-devised experiments, that at least one cause of the tend-
ency of the corpuscles in the blood which flows through an inflamed
part to adhere to each other, and to the walls of the vessels,
is connected with changes in the vascular wall, the vessels
becoming so altered, that they act like a foreign body on the blood
which is in contact with them. To illustrate the nature of
the experiments by which this was shown, I quote part of the
account given of one of them. “In a case,” he remarks, “in
which the circulation was perfectly natural in the web, and the
corpuscles moving on at slight intervals, with no tendency to
adhere, on a drop of chloroform being applied, I saw the very
same corpuscles instantly become checked in their progress by
sticking to each other and to the_capillary walls, and move on

1 Phil. Transact ons, 1855,
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slowly in masses, with considerable intervals. . . . That the effect
on the blood within the vessels of a part inflamed by chloroform is
secondary to a change in the tissues, is further proved by the cir-
- cumstance that abnormal accumulation of slowly-moving cor-
puscles may last for hours together without stagnation, as a
consequence of the application of this irritant for an extremely
brief period. Long after all the blood which could possibly have
been directly acted on by the chloroform has left the vessels,
successive fresh portions continue to experience precisely similar
changes in passing through the irritated area.”

That the adhesiveness of the colourless corpuscles is not the
only cause of their attaching themselves to the wall of the vessel
has been shown by Cohnheim, who found that when the blood
current was shut off by temporary occlusion of the main artery,
the corpuscles left the wall of the vessel and mixed with the
others in the centre of the vessel, but that when the current was
- re-established they again adhered to the wall.

Arnold has described minutely appearances presented by the
colourless corpuscles, which indicate that they are acted on by
the stream of serum which passes outwards through the weakened
wall of the vessel, and assigns to this action an important part in
the phenomena of adhesion and emigration.

As soon as the fact of the extravasation of the blood-corpuscles
was established, the problem that presented itself for solution was
how to account for the passage of solid bodies through an ap-
parently unlacerated tube. The question received various answers,
to which 1t is not necessary to refer, as the investigations of
Professor Arnold and Dr Laidlaw Purves, carried on independently
of each other, have solved the chief difficulty. The epithelium
that constitutes the inner surface of the capillaries and smaller
veins was first demonstrated by the injection into the vessels of a
solution of nitrate of silver mixed with gelatine. After exposure to
the light the outlines of the cells were seen as irvegular black lines.
By a similar procedure the points of exit of the corpuscles were
determined. An animal in which the extravasation was going on
wag killed, and the vessels injected with silver solution. The
colourless corpuscles were found fixed in the wall of the vessel,
and it was then evident that they passed outwards between the
epithelial cells, They were fixed in the dark lines that indicate
the cell contours.

s When epithelial membranes are treated by silver, a dark mass
is often seen at the angles of junction of the cells, Great im-
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portance has been assigned by Arnold to such masses of albuminate
of silver when seen in inflamed capillaries, and he describes them
minutely, the smaller as stigmata and the larger as stomata.
Exudation is supposed to take place freely at these pores; but the
extravasation of the corpuscles is not limited to these points. Dr
Purves describes the emigration as taking place “ not seldom where
three cells meet, but more often between two cells, and especially
in the neighbourhood of the end of the cell.”

The cedema that takes place so rapidly in inflammation, shows
that there is an abundant passage of the fluid elements of the
blood through the vascular wall, and the observations of Arnold
show that this takes place chiefly, if not entirely, through the same
interepithelial spaces in which the corpuscles can be seen. He
infers this from observing the passive movements of corpuscles
which are in the act of passing through. These justify the infer-
ence that there is a streamm which passes through with the cor-
puscle, and carries it away from the point of exit.

That the vascular wall has, as a direct result of the inflamma-
tion, undergone a change by which it offers less resistance to the
pressure of the blood, has been proved experimentally by Wini-
warter.,! He found that in the frog injection masses were extra-
vasated from the vessels of the mesentery by a much weaker -
pressure when the mesentery had been inflamed than when it was
healthy.

I have previously shown, that when a part of the cornea is
cauterized the resulting change in the tissue can often be traced
in a localized tract which stretches towards the conjunctival
border. There the affected tissue is in direct contact with the
walls of the bloodvessels, which in their turn suffer from the
injurious influences which originate in the wounded part. As
soon as the vessels have been reached, the usual phenomena of
inflammation present themselves, and many of the extrfwasa.ted
colourless corpuscles find their way, as we have seen, into the
corneal tissue. ;

The direct result of the inflammatory process, whether in a
vaseular or non-vascular tissue, is thus to fill the interstices of the
inflamed part with the formed and unformed elements of the
blood. These exuded elements provide the means of repair to t]_m
damaged tissues. The changes by which this is accomplished will
be discussed in the next chapter.

1 Der Widerstand der Gefiisswiinde im normalen Zustande und wiihrentd
der Entziindung. Wien. Akad. Sitzh, Ixviii. 1873.
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chromatophorous cells do not alter in form, but that the colourless
fluid and dark molecules which constitute their contents are
capable of remarkable variations in relative distribution, the
molecules being sometimes all congregated in the central parts of
the cells, the offsets containing merely invisible fluid, while at
other times the colouring particles are diffused throughout their
complicated and delicate branches; and between these extremes
any intermediate condition may be assumed. It further appeared
that eoncentration of pigment takes place in obedience to nervous
influence, while diffusion, though also an active vital process,
tends to occur when the pigment cells are liberated from the
action of the nerves.” Mr Lister found that the action of irritating -
substances “paralyzed” the pigment “cells,” and that so long as
the effect of their application remained, although the pigment in
the cells in the neighbourhood of the affected part was capable of
changing its condition, that which was within the area of the
substance applied remained fixed in the original position. It is
1impossible for me, in the short space at my disposal, to attempt
to give even an outline of Mr Lister's experiments. The papers
referred to should be read by all who are interested in the study
of inflammation.

When I first began to observe the changes in the pigment
bodies, I adopted Mr Lister’s views regarding their nature, and in
the abstract of a paper on inflammation, published in the Pro-
ceedings of the Royal Society, No. 160, 1875, I compared certain
appearances observed in the stellate cells of the cornea to a
“ collection of the protoplasmic particles in the centre of the cell,
similar to that which takes place in concentration of pigment.”
In the second chapter of the papers published in this Journal,
whilst describing the spherical condition observed in the stellate
cells of the cornea, I did not give expression to the hypothesis
of the concentration of protoplasmic particles, which may or may
not be true, and in any case is not proven, and I purposely delayed
all reference to the pigment cells, hoping that before these papers
were brought to a close an investigation into the nature of these
bodies, with which I was from time to time engaged, would be so
far advanced that I should be able to express a definite opinion
as to their structure. The investigation is still incomplete, but as
this is the last chapter I shall write on the subject at present,
and as the question is intimately connected with that of inflam-
mation, I cannot pass it over in silence, more especially as my
further researches connected with it may be indefinitely delayed.
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T have come to the conclusion that these pigment bodies are
neither cellular, as usually maintained, nor masses of pigment
granules suspended in the fluid contents of cells, as is believed by
Mr Lister. Without burdening the reader with a mass of technical
details, T may mention that the methods on the results of which I
base this view consist chiefly in submitting small portions of the web
to a process of digestion, by placing them in the stomach of a newly-
killed frog, and in treating portions of the web and other parts of
the skin by saturated solution of caustic potash, according to the
method minutely described by me in the Quarterly Journal of Micro-
seopical Seience for Jannary 1876. By these methods I succeed in
isolating portions of the pigment in small patches and in a complete
network. When isolated from the tissue they mnever contain a
nucleus. On the other hand, in partially digested skin the large
nucleus is left behind, and is seen to have a fixed and firm relation
to the tissue, whilst the pigment has none, either to the nucleus
or the tissue. To complete the investigation it is necessary to
discover the nature of the cell whose large nucleus is visible
amongst the pigment.

I believe that-the pigment is contained in the interstices of the
tissues, but that at the same time it is in certain parts capable of
penetrating the substance of cells, as for example in the choroid.
This view, so far from diminishing the interest of Mr Lister’s
experiments, increases it; for in observing the movements of
pigment, we observe some of the changes that take place in the
contents of the lymph spaces, a series of changes of which we as yet
know almost nothing. In diffusion of pigment we have, as I believe,
a natural injection of those intermembranous interstices which
Recklinghausen has described as Saft-kandichen. The mechanismn
by which the pigment accumulates in the dilated central points
of these interstices is unknown.

For the sake of completeness I must here further interpolate by
adding a few remarks on “giant cells.” Any granular ill-defined
mass containing in its substance a number of nuclei or nuclear
vacuoles, is termed a “giant cell” Such masses are found

~ constantly in the marrow of young bones, in certain tumours of

the lower jaw, and in tubercular deposits. They are further found
in granulations of wounds however produced (J acobson), in
?hmnie uleers (Brodowsky), in typhoid ulcers (Klein), and accord-
g to Jacobson they have been described as existing in tumours
glandular swellings, elephantiasis, lupus, syphilitic gummata, nhscesﬁ;
of the mamma, ete. To regard these structures as having a specific



relation to any particular disease, as has been done for tubereulosis,
is unjustifiable. Axel Key and Wallis observed in the inflaned
cornea large cells with twenty nuclei whicle correspond to the defi-
nition usually given of a “giant cell.” I have never seen such a
cell in the inflamed cornea, but I have on several occasions observed
n serum preparations masses of conglomerated eolourless blood-cor-
puscles,inwhichtheoutlinesof eachindividual corpuscle were sofaint
that at first I was inclined to consider them as single many-nucleated
structures. More careful examination showed that they were
without doubt colomless corpuscles. In osmic-acid preparations
this diffieulty never occurs.

I have deseribed, in a paper on the Structure of Cartilage (Quar-
terly Jouwrnal of Microscopical Seience, January 1876), a preparation
in which a transverse section of healthy articular cartilage, after
being sealed in blood serum for seven months, was resolved into an
immense number of the structures designated giant cells. A most
interesting series of experiments by Ziegler' throw much light on
this question. This experimenter fastened two small squares of
alass together so that a very narrow space was left between them,
and inserted them in the subcutaneous tissue of a dog. The
wound closed over the squares, which were dissected out after
various intervals of time, treated by osmie acid, and examined
under the microscope. The space between the squares was partly
occupied by colourless blood-corpuseles in all stages towards fully
developed “epithelioid ” cells, and by giant cells. So much for the
fact observed. Ziegler’s theory is that the giant cells are formed
from the colourless cells by the development of one cell, which
consumes its neighbours, and grows at their expense. The nuclei
of the giant cell are not the nuclei of the colourless corpuscles, but
nuclei formed by division in the growing “giant cells.” This
process of consumption and growth is purely hypothetical. Not a
single fact is brought forward to support it, and the drawings
afford proof that no evidence has been attainable. What Ziegler
has shown is, that between his glass plates colourless blood-cells
develop into epithelial (or epithelioid) cells, and that later the
shapeless masses known as giant cells are also seen. I believe
that in Ziegler’s experiments, after the epithelium had been formed,
it lost its vitality and degenerated into an ill-defined cell-conglom-
eration. I cannot dwell on the subject, but will take the liberty
of stating my belief dogmatically, that “giant cells” arve either the
product of disintegration of layers of flat cells in tissues undergoing

1 Experimentelle Untersuchungen, ete., von Dr Ernst Ziegler. Wiirzburg : 1875.
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poet as by a histologist. In a paper published in this J ournal, to

. which I have several times had occasion to refer (September 1874),

1 tried to show that the nuclei of muscle are the nuclei of cells that
can be observed in and isolated from the muscle substance. For
more complete evidence of the same fact, T refer to a paper on the
histology of muscle, published in the current number of the Quas-
terly Journal of Microscopical Seience, All that Schultze was
warranted in affirming was, that there are nuclei in a muscular fibre.
I am now warranted in stating that there are nucleated cells in a
muscular fibre, and that many of these are applied to the surfaces
of its constituent bundles. Of the relation that these cells have to
the formation of the muscle substance, if any, we have no knowledge.
New methods have shown what the nuclei of muscle really are,
and Schultze’s theory of the formative activity of the cell must
collapse, or find a different basis of support.

Gelatinous fibrillated tissue forms, under favourable cirecum-
stances, in the homogeneous plasma that is poured out from the
bloodvessels in inflammation. Ranvier has shown that when this
tissue forms in the embryo it is distinet from the cells which are
mingled with it; and, in a series of experiments I have lately
made in cicatrices at various stages, I have always been able to
distinguish the cells from the fibrillated tissue. The cells underg,
gradual and uniform changes whilst this tissue develops, but it by
no means follows that the one set of changes is absolutely de-
pendent on the other. The development of this tissue from the
albuminous plasma, which is its matrix, is a question which
invites further research. Suggestive remarks on the subject will
be found in Paget’s “ Lectures on Surgical Pathology,” and iy
Cornil and Ranvier’s “ Manuel d’Histologie Pathologique.”

The colourless blood-corpuscles (lymph-corpuscles) that are
mingled with the plasma undergo several definite changes, and by
means of osmic-acid solution these can be followed with a
facility that is impossible by other methods known to us. These
cells are the same as those deseribed by Paget as granulation
cells; and as I have been able to verify all the stages of transforma-
tion deseribed by that author, T will quote his words :—

“The nucleus becomes more distinet ; then oval (even before
the cell does), and at the same time clearer, brighter, like a vesicle
tensely filled with pellucid substance. One or two nucleoli now
appear distinctly in it, and soon it attenuates itself; but this it does
%ater, or in a less degree, than the cell ; for a common appearance
is that of elongated cells bellied out at the middle by the nucleus.
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“While these changes are ensuing in the nucleus, each cell
also is developing its structure ; first becoming minutely, yet more .
distinetly, granular and dotted. . . . . It elongates at one or both
ends, and thus are produced a variety of lanceolate, caudate, or
spindle-shaped cells, which gradually elongate and attenuate them-
selves.” !

The processes of the spindle cells which are thus formed join
each other, and form the connected spindle cells, which can after-
wards be demonstrated, by the help of special methods, in fully-
developed tissue: The gradual elongation of the colourless blood-
corpuscles, and subsequent thinning to the dimensions of a deli-
cate cylindrical fibre, I have observed in the reparative stage of
keratitis and in cicatrices.

All the lymph cells which undergo transformation do not be-
come spindle cells. In a great number of them the development
of a large round or oval nucleus coincides with the disappearance
of all granular protoplasm in the cell, and both cell and nucleus
become invisible by almost all the methods hitherto employed in
histological investigation. The employment of special methods,
and especially that of satnrated caustic-potash solution, has during
the last few years enabled us to isolate them from the adult tissue
in complete layers of polygonal and long, narrow, epithelial-
looking cells, in which condition they have until quite recently
been hidden from observation. The changes which render them
invisible coincide with the development of the fibrillary tissue,
and it was hence concluded that they lost their individuality and
merged in the newly-formed gelatinous substance. Their isolation
from the tissue as fully-developed cells shows that this idea was
founded on imperfect methods.

They had indeed been previously observed, but so changed that
they could not be recognised. In tissues undergoing absorption
the cells lose their vitality, and as they disintegrate become
once more visible. Entangled masses of the dead cells have then
been, as I have already pointed out, observed and designated
“giant cells.”

Lymph corpuscles develop also into stellate: cells, their ramify-
ing and anastomosing branches becoming the strong resistent
fibres which, as in the cornea, for example, bind the bundles
together.

The same lymph corpuscles develop into epithelium when they

pass amongst the layers of previously-existing cells, or become
! Loe. cit., 3d edition, p. 142.
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fixed on a denuded surface adjacent to epithelial cells. The ob-
servations which I have made regarding this process, and the evi-
dence which I have collected in support of this view, I hope to be
able to publish shortly. The importance of the subject merits a
fuller treatment than I can give it here.

One of the most striking and essential features of the reparative
process which follows or accompanies inflammation, is the forma-
tion of new bloodvessels. I can here again only sketch dogmati-
cally what T believe to be the general features of this process,
and refer the reader for a more technical discussion of the
subject to the Quarterly Journal of Microscopical Seience for April
1876. |

When the injury inflicted by the inflammatory process has so
far weakened the bond of union between the epithelial cells which
form the tubular lining of a capillary bloodvessel, that blood plasma
and corpuscles pass out between them into the lymph spaces
between the bundles of connective tissue, in some of the points
in the capillary wall the stream enlarges the breach until the blood
flows unimpeded into the space. This is the first important and
essential step in the formation of a new vessel. The direction of
the new development is determined by that of the pre-existing
spaces of the tissue. The effused blood is driven by the heart’s
action in the direction of least resistance. But the blood, when it
is in contact with tissues other than the vascular wall, and more
readily when the tissues are inflamed, undergoes changes by which
a coagulable material present in it forms a membranous substance
on the surface of the current, which separates it from direct contact
with the surfaces of the bundles. On this membranous substance
the colourless blood cells adhere and develop into an epithelium.
The vessel is then complete and fit for the transmission of an un-
altered blood. Whether the new vessel will be permanent depends
not on itself or the blood, but on changes in the tissue in which it
is formed.

In the inflamed cornea I have in the walls of newly-forming
vessels isolated colourless blood cells in all stages, from that of the
normal appearance to a fully developed epithelial cell.

After the very first changes, the cell can only be seen with diffi-
culty. It loses its granular appearance, and acquires a similar
refractive power to that of the tissues amongst which it is placed.
and can only be detected by the application of special methods,
From the wall of young vessels 1 have further isolated cells, in
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transition from colourless corpuscles to the cells of unstriped
muscle.

In the interfascicular spaces, the enlarged spindle cells, which T
have described as one of the inflammatory changes, can be gener-
ally seen before the Dblood-current enters them. The escape of
small rounded bodies from these cells produces an appearance of
vacuolation. But this vacuolation is not a vital process connected
either with the development of the cell or the growth of the vessel.
In the wall of the vessel colourless blood cells elongate and form
the spindle cells, which can be afterwards found in the developed
tissue as minute cellular elements with fine connecting fibres.

The development of spindle cells into epithelium, which has
been deseribed in bloodvessels by Golobew, is not proven. I have
never observed it, and as I find that the spindle cells persist as
spindle cells, and that the epithelivmn is developed from lymph-
corpuscles, I believe that it is unnecessary to conclude that there
is any other mode of formation. Similar facts and arguments
apply to other forms of connective tissue.

Observers who have shown that in processes of development in
different organs, a diminution of size and disappearance of spindle
cells coincide with the development of epithelium, have endea-
voured to connect the two processes by supposing that the
epithelium was produced by a change in the spindle cells. But
the proof is incomplete. The transition has never been shown,
and if appropriate methods are applied, I believe that it will be
always possible to discover the shrunken spindle cell persisting as
a spindle cell. With the disappearance of the granular proto-
plasm, it had ceased to be visible by the ordinary methods of
observation.

The development of bloodvessels in inflamed tissue is similar to
that which can be followed in feetal and young tissue ; and to make
the theory I have explained more easily intelligible, I append a
woodeut, which represents the formation of a capillary blood-
vessel as observed in the mouse feetus.

In this figure, between the developed capillaries, a conical space
is to be observed, the base being formed by the wall of the upper,

1 Arnold, quoted by Paget (L. c., p. 273), found in inflammatory exudation
on the free surface of the pleura, “muscular fibre-cells derived from the
rounded cells of the inflammatory lymph by gradual elongation; and transi-
tional forms, from the simple lymph corpuscle to the spindle-shaped contrac-
tile fibre-cell, were traced in the different layers of the false membrane,”
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