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color in the beginning, but this in a few hours gives
place to a dLI‘-le red color. If the immersion has ex-
tended to only the upper half of the ear, the general in-
tense redness will extend slightly beyond the area of im-

but the dilatation of the large vessels, both
arteries and veins, will be seen in the lower half of the
ear. On taking hold of the two ears increased pulsation
can be felt in the injured ear, and on noting the temper-
ature of the injured ear it will be found from 1° to 3° C.
warmer than the normal. In addition to the general
diffuse redness there may appear small, intensely red foci
which, unlike the diffuse redness, cannot be made to dis-
appear on pressure. Another very striking phenomenon
is that the periodic flushing of the ear due to the alternate
contraction and dilatation of the arteries is absent in the
injured ear; the redness is continuous. It is perfectly
evident from this that immediately following the injury
there is dilatation of the arteries, and more blood is
brought to the ear and more flows through it and is dis-
chalged by the dilated veins. The inereased rapidity of
flow is shown in the bright color approaching that of
arterial blood, and in the increased temperature, the
blood in the rapid circulation losing neither its oxygen
nor its heat. The small red foci mark minute blood ex-
travasations in the tissue. If the experimenter expose
his hand to water of the same temperature the same
phenomenon will be observed. By allowing the hand to
remain in the water for periods varying from a few mo-
ments to one sufficiently long to induce distinet pain,
different degrees of hyperszmia will be produced. It is
temporary if the immersion has been short, or may con-
tinue for some hours if the immersion has been for a
longer time. There is also a sensation of increased
warmth and of increased fulness and tension in the hand.
Continued observation of the ear shows another change
which develops more slowly than the redness: the ear
becomes swollen. The swelling begins to appear a few
hours after the immersion and increases in degree up to
twelve hours or longer, dependent upon the degree of
the injury; it finally becomes so great that the animal is
no longer able to keep the ear erect. There is a general
diffuse swelling and on the inner surface of the ear are
seen small blebs filled with a fluid which has come from
the tissue and pushed up the horny layer of the epider-
mis before it. These blebs often rupture, and crusts are
found on the surface due to the drying of their contents.
With this swelling of the tissue there is evidently pain,
for the animal shows uneasiness when the ear is handled
and avoids contact with surrounding objects.

The actual condition of the tissue may be seen on mi-
croscopical examination. Small pieces of the tissue can
be cut out and instantly killed by placing them in corro-
sive sublimate or in Zenker’s fluid. The normal ear
shows in the middle a thin lamella of hyaline cartilage
with a thin perichondrium on each side of this. In the
lower part of the ear there is a thin layer of striated mus-
cle. Then comes on each side a layer of fibrous tissue
which is thicker on the outside of the ear, and in this the
hairs and their glandularappendages are embedded. On
the inside of the ear the hairs are small and few in num-
ber and there are a few small glands not connected with
the hairs. Twelve hours after the immersion the section
may be twice as thick as the normal, or more. The thick-
ness is most marked on the outside of the ear and is due
to swelling of the connective tissue. The fibres in this
are separated and often some granular coagulum is seen
between them. A much creater number of cells is found
in the tissue. The cells are most numerous on the inside
of the ear, and on both sides are.chiefly collected be-
neath the epidermis. Numbers of them willalso be found
within the small blebs on the inner surface. The vessels
are dilated and filled with blood. The capillaries in sec
tions are made out with some difficulty, and only in the
tissue close beneath the epidermis. The larger vessels
are adjacent to the cartilage fmd on the outer side. Not
only are the arteries and veins dilated, but also all the
large lymphatics, which are made out with diﬁi(*ult}- in
the normal ear, are enormously dilated and may be double
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the size of the large veins. They usually contain some
granular coagulated material and a variable number of
cells.

The ear is not the most suitable tissue for the observa-
tion amgd study of the finer details and progress of the
changes, owing to the difficulty of the examination of
the vessels. The gradual development of the vascular
phenomena may best be followed in the mesentery, of the
frog. In acurarized male the abdomen should be opened
on the left side, a loop of the intestine withdrawn, and
the mesentery exposed under the microscope on a suit-
able carrier. Care must be taken to Kkeep the tissue
moistened with salt solution and in as natural a condition
as possible. Stretching or twisting must be avoided as
this will easily interrupt the circulation in the thin-walled
veins. It isnot necessary toinjure the tissue in any way,
for the necessary manipulation for exposing the part and
keeping it outside the body inflicts suflicient injury to
produce all the phenomena. It is probably impossible to
observe a normal circulation in a mesentery so treated, as
hyperemia to a certain degree immediately follows the
exposure and handling of the intestine. As seen under
the microscope, there is a gradually increasing dilatation
of the arteries with a more rapid flow in all the vessels.
The axial and plasma zone in the large vessels is very
evident, and the flow in the capillaries may be so rapid
that it is difficult to distinguish the single corpuscles.
The red corpuscles in the larger vessels form a red core
in the centre and the white corpuscles roll along in the
clear space outside of this. The dilatation of the vessels,
with increased rapidity of flow, lasts a variable length of
time, depending upon the care which has been exercised
in exposing the mesentery. All of the phenomena de-
velop more slowly and are more easily studied the greater
the care taken to avoid injury

In a short while the condition changes; the dilatation
of the v ls continues, but the rate of flow in .all of
them is diminished. It is also seen, and this is a point
which is often lost sight of, that the relative number of
white corpuscles in the vessels is increased. Despite the
dilatation of the vessels the rate of flow is diminished, the
axial zone disappears, and the corpuscles fill the vessels.
The white corpuscles, however, retain their position in
the periphery of the stream and accumulate in such num-
bers that the inner wall of the vessel becomes paved with
them. All the corpuscles pass along more slowly, but
the white corpuseles much more slowly than the red, so
that more accumulate in the vessels. As the process ad-
vances, many of the white corpuscles remain stationary
and while attached to the wall undergo ameboid move-
ments. Some after remaining for a time are rolled away
by the stream, others become permanently fixed. Al-
though this accumulation of leucocytes is more marked

in the veinsit takes place to some extent in the capillaries.

also. Very many more are now seen in these vessels than
at the beginning of the experiment. If cerfain of the
amaeboid leucocytes attached to the veins are watched
they may be seen to pass through the wall of the vessel
into the tissue outside. A small protoplasmiec protrusion

is first seen outside the vessel opposite the point of at--

tachment of the cell, and this gradually increases in size,
while the part inside diminishes, until the whole corpus-
cle has passed without. (Plate XXXIV., Fig. 5.) Outside
the vessel the active ameboid movements continue and
the corpuscle creeps of its own motion through the tissue,
although it may also be seen to.be moved passively. This
process of emigration takes place now with such rapidity
that the vessel is soon surrounded by leucocytes which
have passed out. It takes place chiefly in the veins and
to a much less extent in the capillaries. It is generally
considered that it does not take place from the arteries at
all, but T have many times found the mural arrangemecnt of
leucocytes and active emigration in comparatively large
arteries with thick muscular walls, although I have neve
seen it in the small arteries which 11}1n1('(hatc]v supply tl
capillaries. It cannot be seen to take place in the arter

of the frog’s mesentery on direct observation of the circu-
lation, nor have I ever seen any indications of it in prepa

REFERENCE HANDBOOK OF THE MEDICAL SCIENCES.

Inflammation,
Inflammation,

rations of the rabbit’s mesentery made at varying intervals
after injuries produced in a number of ways. All this
time the circulation has become progressively slower, and
finally in places, and in the vessels which are distributed
to the mesentery itself, it may cease. The wvessels now
become packed with corpuscles and a to-and-fro move-
ment is often seen in them. The corpuscles themselves
seem to lose their outlines and form a solid mass inside
the vessels, while the white corpuscles are passing
through, and usually some time after this has begun, the
red corpuscles also pass through. This process is much
more difficult to follow, but single corpuscles may occa-
sionally be seen in the act of emigrating.' It may take
place from vessels in which the circulation has ceased,
and in some cases numbers pass through at a single spot.
‘When the single corp es pass through the process
seems to take place very much in the samc way as in the
emigration of the white. A small thin point first protrudes
through the wall and the rest of the corpuscle follows,

The same series of changes which take place in the
mesentery of the frog can be seen in the mesentery of the
mammal, although here a complicated apparatusis neces-
sary in order that the mesentery may be observed under
conditions approaching the normal. An excellent way
is to Kkill animals at various times, from minutes to hours,
after injury to the mesentery by the injection of irritating
substances, and then to make microscopic preparations
of the mesentery. The tissue can be instantly killed and
hardened, and the actual conditions thus studied much
better than during life. The different pictures of the
process which are given in this way are extremely sat-
isfactory. All the details of emigrition and diapedesis
can be studied, all the varieties of leucocytes can be
differentiated, and the part each plays can be determined.
(Plate XXXIV., Figs. 1,2, 5.)

For the study of changes which take place in non-vas-
cular tissues the cornea may be chosen. The literature
of acute inflammation of the cornea is enormous. It has
been the battlefield on which the conflict as to the char-
acter and origin of the cells which appear in the tissues
in acute inflammation has been fought. The accessibility
of the tissue and its simplicity a:hmmblv adapt it for
this study. The cornea iscovered with the conjunetival
epithelium. Its tissue is composed of straight fibres of
white fibrous tissue which lie in planes, all the fibres of
the same plane being parallel. Between the fibres there
is a cement substance which stains brown with nitrate of
silver. The cells of the corneca, connective-tissue cells,
are much branched, flattened antero-posteriorly, and lie
in spaces of the same shape between the fibres. All the
spaces open into one another and constitute a series of
channels through the tissue which communicate with the
Iymphatics and lymph spaces in the surrounding parts.
There is also a series of more definite lymphatic channels
around the nerves which communicate with the cell
spaces.

‘When the corneal tissue is injured to a sufficient degree
great numbers of new cells are found in it. The charac-
ter and origin of these new cells were long in dispute, but
it may now be regarded as certainly established that in
the early phases of the process these new cells are leuco-
cytes which come from the blood by emigration and
make their way into the tissue. If the centre of the
cornea has been injured either by cauterization or by in-
oculation with any one of a number of bacteria, the cells
will be found in the ly mph spaces of the periphery and
also around the central injury. In the latter place a
great many of them come from the conjunctival secre-
tion, which after injury to the cornea contains numbers
of leucocytes. If flat sections of the surrounding sclera
be made, the same changes which we have seen to take
place in the mesentery will be observed. It is nece sary,
however, for the injury to be of a certain degree, and
those injuries in which the tissue is torn are more apt to
be followed by the typical phenomena. Very slight in-
juries affecting only the conjunctival surface, or even
u\rendmfr to the corneal lamelle immedia tely below this,
need not produce any but the slightest inflammatory

lesions in the cornea proper. The leucocytes may be en-
tirely absent. % i

It is only within comparatively recent years that we
have been able to recognize definitely the varieties of
leucocytes and the part which they c-everallv play in in-
flammation. The distinctions are made in part on the
morphology of the nucleus and in part on the character
of the granules contained in the protoplasm. In the
blood of the rabbit the followi ing varieties of leucocytes
are found, following the classification of Brinckerhoff -
Amphophiles, 40 to 50 per cent. ; lymphoeytes, 40 to 50
per cent. ; large mononuclears, 5 per cent. ; mast cells, 4
per cent. ; eosinophiles, 1 per cent. The main difference
in the blood of the rabbit, as compared with that of man,
is the greater relative number of lymphocytes in the rab-
bit’s blood. The amphophiles in the rabbit correspornd
in all respects save the character of the granulation with
the neutrophiles or polynuclear leucocytes in man. The
granules of the amphophiles in the rabbit stain with
eosin, but not so intensely as the eosinophiles, and they
are much smaller. We shall refer to these cells in the
rabbit as amphophiles and in man as neutrophiles. The
granules are very much more evident in the amphophiles
of the rabbit than in the neutrophiles of man.

The leucoeytes which mest concern us are the ampho-
philes or neutrophiles. These usually constitute the ma-
jority of the loucocvte:, in the exudation and in some cases
they may be the only ones found. (Plate XXXIV., Fig.
3.) They are the first cells to appearin the inflamed cornea
and when the injury is produced by a chemical agent, no
other cells are found in the first mghteen hours. Thev are
actively amweboid and may be found in the tissue a con-
siderable distance from the vessel from which they emi-
grated. They can be easily recognized both in the tissues
and in the vessels and there is less doubt concerning them
than in regard to any other of the leucocytes. Thereis ver Y
much more doubt regarding the mononuclear leucoeyte.
The amphophile leucocyte of the rabbit or the neutro-
phile of man may be reEzu(ied as almost the most distine-
tive cell in the bedy. Tt or ginates in the bone marrow,
and when once formed it is not certain that ifgundergoes
any but degenerative changes. We recognize other cells
in part by “their morphoiocr\. in part bv their situation
and relations with the tissue, but the amphophlle leuco-
cyte is characteristic in all situations. When it is found
in the tissues under either normal or pathological condi-
tions, we know it has been brought there by the blood
and has reached its present location by enﬂ"'latlol.'l from
the blood-vessels. The mononuelear leucocytes are much
less well known, and their morphological characteristics
are less marked. They are found in the blood in much
smaller numbers and they certainly may be formed in a
number of places. The general teuden(_v seems to be to
regard them as endothelial in origin and as such they
may be formed in any tissue po:-ﬁes:-mr endothelium,
and there is scarcely any tissue in the body in which
endothelium does not exist. Their numbers in the blood
are not subject to the variation which characterizes the
other cells. In the inflamed tissues we know that they
certainly in part come from the blood and in hardened
prEparatmm they may be found in the act of emigration,
but it is infinitely more difficult to see this than it isin the
case of the polynuclear leucocytes. They are usually
present in small numbers, Cermml\' in much smaller num-
bers than the other leucocytes, but in rare cases they may
constitute the great mass of cells in the exudation. T
have seen cases of pneumonia in which all the cells in the
alveoli were of this type. It is difficult, however, to dis-
tinguish them from the cells derived from proliferation
of certain of the epithelial tissues, notably the epithelium
lining the alveoli of the lung and the kidney epithe-
lium. Inthecornea I have never found them in any num-
ber until twenty-four hours after the injury and chiefly
around the periphery. They are much less actively amce-
boid than the polynuclear leucocytes. The same thing is
true of the inflamed mesentery. = In no experimental in-
flammation are they found in such great numbers as they
are occasionally found in man. These cells can easily
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be distinguished from the other varieties of leucocytes
by the character of the nucleus and protoplasm. The
nucleus is in a single mass and varies in shape, being in
different cases round, oblong, or curved. If may have a
horseshoe shape with a central constriction, but is never
separated into the clumps which are so characteristie of
the polynuclear leucocyte. It stains less intensely, and
the chromatin is in small masses. The ]u(stophhm is
hnmu\rvu( Ous Oor very TIDCi\' cranular and there is no we ]11-
defined cell membrane. It seems certain that all of these
cells which are found in the cornea u:u(.h there from with-
out, but it is not certain that they are all due to emigrs
tion. In tissuesof more complicated SL:'uc,Lm'e it is 111()1)—
able that they are, in part at least, formed from the
endothelium of the blood and lymphatic vessels. I have
seen in diphtheria the sinuses of a lymph node filled with
these cells and have traced their origin to the lining en-
dothelinm.

Along with these cellsand a little later other cells begin
to appear in the inflamed area. These are the lymphoid
cells. They are easily distinguished from the other varie-
ties by théir small size and their relatively large and
brightly stained nucleus. It is also very difficult to ex-
plain the origin of these. In the cornea they are never
present in any considerable numbers, and then only
around the outer edge, but they are found in very great
numbers in the sunoumlmg tissue. They are feebly
ameboid and their presence in the tissue is to be ac-
counted for rather by their being conveyed passively in
the lymph stream than by their own active movement.
In all my study of inflamed tissues I have in only two
or three instances undoubtedly witnessed their emigra-

i hown by cells partly within and partly with-
out a vessel. In the spleen and in the lymph nodes
they are not infrequently seen engaged in the walls of
the vessels, but whether they are passing from the ves-
sel or into the vessel is uncertain. In theinflamed m
tery of the rabbit they are found in the biu!’)(l \e“els
in considerable numbers after forty s but not
in such numbers as to explain by this s urce alone the
large numbers of them which may be present in the tis-
sues. In a tissue which contains numerous lymphatics
numbers of them are found in these vessels, and it has
been supposed that they may reach the inflamed area by
this route; but it must be remembered that the direction
of the lymph flow is from and not to the inflamed area.
The subconjunctival lymphatics around the inflamed
cornea may be found filled with them. They may be
formed from similar cells in the tissues. A few will al-

be found in normal tissues in the vicinity of the

v Is, and they increase by division, but no one of
these means nor the combination of all of them has
secmed to me sufficient to account for the great numbers
of the cells which may occasionally be found in the late
sta of inflammation. Ribbert believes that they are
chiefiy produced locally by proliferation of the small
mas of lympheid tissue which are frequently found in
the tissues, but there are several objections to this view.
Such small masses are very infrequent in the mesentery ;
and in the pleura, where they are found in abundance,
there does not seem to be any enlargement accompanying
acute inflammations of this structure and of the adjoin-
ing lung.

The next leucoeyte to be considered is the e
Tt is easily distinguished from the other variet
nucleus and by the presence of the oblong Eid.]m(s which
stain intensely with eosin. In most cases these ¢
found iu very small numbers. They come from the
blood-vessels by emigration and may be n in the
I have seen in one specimen an eosinophile cell pa:
through the wall of a small vein. They are more numer-
ous in the latter stages of inflammation ‘and are extremely
variable in number. They appear to be more feebly
amceboid than the others. In the cornea I have only oc-
casionally seen them and then never far from the periph-
ery. In one specimen of the mesentery, twenty-four
hours after inflammation excited by the injection of one
per cent. turpentine, they form the most numerous of the
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leucocytes in the tissue. In another case considerable
numbers of them were found in a specimen made six
hours after the injury. In the inflamed tissue around
certain animal parasites, notably trichinz, they may be
the only variety of leuc tes found. In a case of echi-
nococecus cyst of the breast in which there was intense
inflammation in the surrounding tissue of the mamma
they were found in enormous numbers.

The leucocytes in wandering through the tissue in part
follow the lymphatic spaces, in part they leave these and
make paths for themselves "between the fibres. In the
cornea, while in the lymph spaces and in the compara-
tively wide communication between these, they preserve
their form toa great extent; when between the fibres they
may stretch out into lines which are as thin as the fibri 1l
themselves. (Plate XXXIV., Fig. 4.) Few tissues offer
a definite bar o their passage. Inthe cornea I have never
found them engaged in the densely hyaline membrane
bounding the anterior chamber. Inflammation of the
cornea does not involve the anterior chamber exceptin the
case of infectious inflammations combined with necrosis,
and when necrotic even this membrane will not prevent
their passage. When wandering along the thin spaces of
the cornea the separate portionsof the nucleus may come
together and form a thin rod within the corpuscle, or the
widely separated nuclear masses may be connected by a
nuclear filament so thin that a high power is nec
to demonstrate it. When wandering in this way the nu-
cleus is drawn to one end of the corpuscle and toward
the front end, that is in the direction of motion. In a

normal corpuscle there is never a complete separation of.

the various parts of the nucleus; when this takes place
it is evidence of degeneration. They pass through the
dense membrana plr»plm below the epithelium of the
trachea, and apparently r]uuu gh small spaces in this, for
while they are engaged in passing mrcmwh it they are
drawn out into filaments.

The leucocytes, especially the polynuclear forms, may
undergo various changes in the tissues after they have
left the vessels. These changes are interesting in them-

selves, and also interesting from the interpretations which

have been placed upon them. They may unde
Incnmtion in a numhor n[ ways. fht ((1[- ms

ation. It is not uncommon to fi
round masses of protoplasm cm_uumng Lh(’ same
philic granules directly in the wake of the corpuscle.
‘We may find a leucocyte with such small mass
constricted off. In some cases the fragments
relatively fewer granules than the main body of t
cocyte. The fragments are not formed by a IIH-II usion
of the protoplasmic contents through the cell membrane,
buf the fragmentshave a membranearound them like the
leucocyte. In the mesentery also these fragments may
be found in great numbers. The leucocyte may undergo
degenerative fragmentation. This is always combined
with degenerative change in the nucleus. In imperfect
hardening and staining, and especially in dried speci-
mens of blood, the nucleus appears to be solid and with-
out structure. In reality it is mot so, the appearance
being due to the abundance and the intense staining of
the chromatin. In the fragmenting leucocyte the nu-
cleus is solid and intensely stained. The fragmentation
may assume the character of direct cell division. The
cell may divide into two parts, each containing a portion
of the degenerated nucleus. The whole mass may break
up into a number of pieces, each of which may contain a
small round particle of the nucleus, or the nuclear frag-
ments may be found together and without any (-mmec-
tion with the fras cments of the ]UOIH')L‘[\‘TL Ther
true proliferation of the leucocytes. These fr .‘Lﬁmezn'
particularly those enclosing particles of chromatin, hs
been the basis of many of the d riptions of prot
the tissues. They form many of the objects whi

een described as the parasi of canc , and are with

le doubt some of the thin h have been described

E sites in smallpox and : resicles. I have
never seen similar forms of degeneration in the mononu-

EXPLANATION OF
PLATE XXXIV.




