























PREFACE.

— - —

It has been my good fortune to be so situated during the past few years
that my entire time has been devoted to the study of histology and micros-
copy, with special reference to the microscope in its relation to the practice
of medicine. J

Each year has accumulated the proofs that a good knowledge of the use
of the microscope is of the first importance to the student of medicine,
whether an undergraduate, or a practitioner in private or hospital practice.

Two reasons are generally given by our physicians as excuses for their
ignorance of this important branch; lack of skill in the manipulation of the
instrument, and the great outlay of time and money,

It is a fact that our busiest practitioners are the ones who give the pro-
fession the most knowledge through the press. It is also a fact that among
these same men are found those who do so much work with the micro-
scope.

I am convinced that those physicians who do not use the microscope
are either totally devoid of any desire to advance in their profession or are
lacking the necessary qualifications to enable them to appreciate the useful
and practical. i

I hold the great majority of the medical colleges of this country directly
responsible for the lack of this love for scientific research. They seek to please
the students by prejudicing them against the scie.ntiﬁc investigation of disease;
and the students become practitioners before they are aware of their ignorance
of matters that should have been familiar to them during the term of their
pupilage. A few strong men are commencing to express themselves in
favor of microscopic inquiry, but to the coming physician must we, as
microscopists, look for a solution of the more exact nature of disease and
the more effective methods for its prevention and cure.

Scientific work does not unfit a man for practical work, and I take the
liberty to prophesy that the physician of the future must be a scientific man
or he will not be called a practical man.

- I believe I show in the first part of this work that the microscope is
not only eminently useful but also absolutely necessary for the correct diag-
nosis of certain, not uncommon, forms of disease.

A careful study of the first chapter will enable any one of ordinary
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-intelligence to understand the manipulations of the instrument sufficiently
well for him to go to work without delay, and then with the aid of the illus-
trations he will be able to recognize the various forms described in the fol-
lowing pages.

The illustrations for the chapter on ‘‘ Urinary Deposits” were prepared
with unusual care. The strictest attention was given to the most minute
detail in the preparation of the original specimens. As soon as prepared
they were given to Mrs. Stowell, who made' the drawings with her acknowl-
edged accuracy. These drawings were then given to the engravers with
instructions to carry out the artist’'s design in every particular. The proofs
were carefully examined, and as a result I feel assured that neither more
beautiful nor more accurate representations of the various urinary deposits
have been offered to the public.

The second part of the work consists largely of original articles con-
tributed by Mrs. Stowell during the past two years to prominent journals.

This work in Vegetable Histology has been sadly neglected in this
country. It is Mrs. Stowell’s purpose to add, from time to time, to the present
list of subjects until it shall embrace the great majority of the medicinal
plants. It is the beginning of a task never before attempted in this country,
and the beauty and truthfulness of the drawings together with the text are
sufficient to class it as an unique contribution to our meagre knowledge of
Vegetable Histology.

The articles on ‘‘ The Study of Wheat” originally appeared in the
American Miller of Chicago.

The articles on Eucalyptus Globulus, Jaborandi, Sarsaparilla, Fucus
Vesiculosus and Ustilago Maidis, were contributed to ZLeonard’s Illust}zztell
Medical Fournal of Detroit.

The articles on Boldo leaves, Alstonia Scholaris, Folia Caroba and
Jamaica Dogwood, appeared in 7%e Zherapeuntic Gazette, of Detroit,

Thanks are due to the editors of these journals for the use of the cuts
illustrating the text.

Dr. Leonard also loans the cuts illustrating the chapter on ‘‘The Micro-
scope in Skin Diseases”; these cuts were made for his work on ‘‘ The Hair.”

Mr. Fred. K. Stearns, wholesale druggist, of Detroit, has shown similar

favors.
CHAS. H. STOWELL.

‘¢ HISTOLOGICAL LABORATORY,"”
UNIVERSITY OF MICHIGAN.

OCTOBRER, 1882.
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THE MICROSCOPE.

ICROSCOPES may be divided into two general classes, simple

and compound. '

The simple microscope is used for coarse dissections of small
objects, and for the purpose of obtaining a general view of the
specimen.

With a simple microscope we see the magnified image of the
object; the rays of light proceeding directly from the specimen
itself to the eye.

A simple microscope may consist of but a single lens, although
two or more lenses are frequently employed. These lenses are so
arranged that they act upon the rays of light as a single lens.

A valuable form of a simple microscope is that known as the
“Coddington” lens. It consists of a sphere of glass with a deep
groove in its equatorial part, filled with opaque matter. While
this opaque matter limits the central aperture, yet it allows of the
admission of considerable light, and gives a large field good in
every part.

The “Stanhope” lens is another form of a simple microscope.
It differs from the “Coddington’ lensin that its two convex surfaces
are of unequal curvatures. These surfaces are separated by a
quantity of glass of such a thickness, that when the more convex
surface is turned toward the eye, any object placed on the less con-
vex surface will be exactly in focus. A good “Stanhope” lens is a
convenient form of a pocket-magnifier, although for this purpose we
have not found it equal to a first-class “Coddington.”

For the small sum of two dollars one can procure a “Codding-
ton” lens, well mounted in brass, giving plenty of light, and having
a large field, suitable in every way for the office table; while for five
or six dollars a lens can be purchased, elegantly mounted in silver
or aluminum bronze, and especially adapted for a pocket-magnifier.

3



4 MICROSCOPICAL DIAGNOSIS,

The simple microscopes offered by dealers as “dissecting” micro-
scopes, frequently have one or more “Coddington’s” as a part of
their outfit.

While a single lens is all that is required to constitute a single
microscope, two lenses, at least, are required for the compound
microscope. One lens is required to form an enlargéd image of the
object, hence called the objective; and another lens to magnify this
enlarged image, and as this lens must be placed nearer to the eye
than the former lens, it is called the eye-piece, or ocular.

Thus the image is inverted. This, however, can be remedied
by placing between the objective and the eye-piece a set of lenses,
known as the erector. This causes the object to appear in its
natural position, as in the simple microscope. We cannot recom-
mend this accessory to either the novice or the expert.

The stand of a compound microscope includes all the frame-
work to which the eye-piéce and objective are attached.

Stands are sold separately by many makers, although one or
more eye-pieces usually accompany them. This is very convenient
for the purchaser, for he is now free to make his own selection of
objectives.

A stand usually consists of the following parts

The Base or Foot (Fig. 1) ““A,” the part which gives support
to the rest of the stand. The base should be heavy enough to make
the instrument rest firmly on the table, especially when inclined for
the camera, and it should rest upon three points only, giving the tri-
pod form.

The Body “B,” that part to which the objective is attached.
It should be supplied with the “society screw,” in order that any
standard English or American objectives may be used with it.

The Draw-tube “C,” which slides within the body.

Nearly all the better stands are provided with single draw-tubes,
while some have double tubes, thus giving greater range of magni-
fying powers.

The Arm “D,” a support for the body. This is usually broken
by a joint, in order that the instrument may be mchned to any angle
with the horizon.

The Collar “E,” a tube surrounding the body. This is not
present on many stands. :

The Coarse Adjustment “F,” for coarsely and quickly focusing



MICROSCOPICAL DIAGNOSIS. 5

Fig. 1. Compound Microscope. (Bausch & Lomb.)

A, the base or foot ; B, the body; C, the draw-tube ; D, the arm ; E, the collar;
F, the coarse adjustment ; G, the fine adjustment ; H, the stage ; I, the object-carrier;
K, the diaphragm; 1, the mirror : 2, the eye-piece ; 3, the objective. (Cut one-third of
actual size.)
the instrument. The coarse adjustment is affected in the cheaper
stands by sliding the body within the collar. . The microscope
shown in the engraving has the “rack and pinion’ coarse adjust-
ment. In some stands this adjustment consists of a delicate watch

chain, controlled by a large milled head, on either side of the tube.

The Fine Adjustment “G.” . This is one of the most essential
parts of a stand, and it should be carefully examined by the pur-
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chaser. It should be so delicate that the slightest movement of the
milled head will be apparent by an alteration in the distinctness of
the image.

The Stage “H,” the part upon which rests the object to be ex-
amined. It is made of either glass, brass, or hard rubber. Inorder
that the stage may be suitable for all kinds of work, it should have
combined “the minimum of thinness with the maximum of
strength.”’

The Object-Carrier “I,” attached to the stage in order that the
object may be moved more accurately and carefully about.

Although not strictly necessary, yet it is a great convenience,
and as it increases the cost of the instrument but a trifle, it should
accompany every stand.

A “Mechanical Stage” is so arranged that the object can be
accurately moved by means of finely adjusted screws.

The Diaphragm “K.” This is placed beneath the stage and has
different sized openings to regulate the amount of light. The
smaller holes are employed with the higher powers. An “Iris diaph-
ragm’” is so constructed that the size of the opening may be
changed without ceasing to observe.

The Sub-Stage is used for holding various accessories; as con-
densers, polarizing apparatus, etc. A stand should be examined
with especial reference to the following four points; (see Carpenter
on the Microscope. ‘6th Ed. p. 47.)

First. The optical parts and the stage should be so disposed
as either to be altogether free from tendency to vibration, or to
vibrate together.

Second. It should be capable of accurate adjustment to every
variety of focal distance, without movement of the object.

Third. It should be capable of being placed in either a verti-
cal or a horizontal position, or at any angle with the horizon, with-
out deranging the adjustment of its parts to each other, and without
placing the eye-piece 1n such a position as to be inconvenient to the
observer.

Fourth. Simplicity in the construction and adjustment of every
part.

The Mirror “1.” It should consist of two surfaces; a plane
surface, to reflect the light just as it falls upon it, and a concave
surface, to converge the rays.
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The Mirror-Bar should swing with an easy and firm motion to
any obliquity. On some stands the mirror-bar is so arranged that
it can be raised over the stage for the illumination of opaque
objects.

The Eye-piece “2.” The one most generally used is the Nega-
tive or Hughenian eye-piece. It consists of two plano-convex
glasses, with the convex sides directed downward, and placed at a
distance from each other equal to one-half the sum of their focal
lengths. The lens nearest the eye is called the eye-glass, and the
one more distant from the eye and nearest the field, the field glass.

A positive eye-piece differs from the above in that the field
glass has its convex surface directed upward.

A Diaphragm is placed between the two glasses of the eye-piece,
in the visual focus of the eye-glass.

A solid eye-piece is really a Stanhope lens. It gives a large
field and clear definition. Eye-pieces are generally lettered in this
country and numbered abroad.

In lettering eye-pieces, “A” represents the lowest magnifying
power; hence it is known as a “low,” or “shallow” eve-piece. In
numbering, “1’’ corresponds to “A.” :

An “A” eye-piece then might be known as an “r 1-2 inch,” a
“low” or “shallow’” eye piece; while a “D” might be known as an
“1-2 1nch,” a “high,”” or a “deep” eye-piece.

As an eye-piece magnifies the image formed by the objective so
will it magnify the imperfections of the objective. It must be
apparent, therefore, that high or deep eye-pieces should only be
used with the very best of objectives.

The Objective “3.” This is the most important part connected
with the microscope.

Objectives are numbered according to their equivalent focal
lengths. Thus, by an one-fourth inch objective we mean an object-
ive whose magnifying power is the same as a simple lens with a
focal distance of one-fourth of an inch. It is a fact, however, that
the objectives constructed by different makers and said to be of the
same focal lengths, differ from each other in magnifying power to a
considerable extent.

The shorter the equivalent focal length the ‘“higher” the
objective, and the greater its magnifying power.

An objective is composed of one or more systems of glasses.
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It is not made of a single glass because the powers of refraction
and dispersion are not equally united in any single refracting
medium. Now crown and flint glass act with regard to each other
in such a manner that if a crown glass lens be united with a flint glass
lens, the refraction of the former will be lessened by the dispersive
action of the latter, while the color dispersion of the former is neutral-
ized by the opposite action of the latter. Thus by combining these
glasses the aberrations are remedied to a large extent.

In the case of our figure the lower plano-concave lens is made
of flint glass, and the upper bi-convex lens of crown glass. These
two glasses constitute, in this case, a system, and in fig. 2, three of
these systems complete the objective. ‘T'hese systems are mounted
in either brass or hard rubber, which, at its upper extremity, is pro-
vided with a screw of standard size. Such a sized screw is termed
a “society screw.” All the first-class stands are so made that the
body will receive any objective provided with the standard screw.

A
At A s

e z

(-3 o
T hg, R
A, Achromatic objective of three systems ; B, objective with high angle of aperture ; C, ob-
jective with low angle of aperture.  The angle of aperture is the angle ca c.

When estimating the comparative value of different objectives
the following “good qualities” should be considered:

1. Defining power.
2. Resolving power.
3. Working distance.
4. Flatness of field.

Defining power is, without question, the most important quality
to be sought in a lens. Its presence makes the objective of great
value and its absence renders it simply worthless. It depends upon
the completeness of the corrections for spherical and chromatic
aberrations, especially the former. Deﬁn'ing power gives a clear,
distinct and sharp outline to the image. ~ Its absence 1s denoted by
haziness, indistinctness and a general want of clearness. As any
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imperfection in the objective is exaggerated by using “deep” eye-
pieces, so any imperfection. in the defining power can be thoroughly
tested in this way; for an image which appears clear and distinct
with a low eye-piece may be found to be very deficient under hlgher
amplification.

Spherical aberration exists when the peripheral and central rays
do not actually reunite in a single point. Those rays passing near
the periphery, being more strongly refracted, come to a focus sooner
than those which pass through the more central portions. Now if

Fig. 3. Microtome. (R.& J. Beck.)

some parts of a lens bring the rays to a focus sooner than other
parts, then the lens will magnify unequally, thereby distorting the
figure. This distortion is present with all objectives not properly
corrected, causing what is Known as “aberration of form.”

Chromatlc aberration exists when a ray of hght is not refracted
as a' whole, but is decomposed into rays of various' colors, which
being refracted to different degrees, give rise to a spectrum. i

Al objects examined now. aré seen fringed with'colots. An
objective is called “achromatic” when it is freé or nearly free from
this aberration. It is impossible to ‘perfectly remedy. these two:
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aberrations, but by the use of the two kinds of glass already men-
tioned they are nearly obviated. Objections thus made are said to
be ¢corrected.” ’

An objective is over-corrected when it shows a bluish border
and under-corrected when it shows a reddish border,and as the blue
color is the more agreeable to the eye, so all objectives are slightly
over-corrected. While defining power shows the outline of a speci-
men well, resolving power enables the observer to detect the most
intricate structure on its surface. Every practical worker is aware
that this quality depends upon the “angular aperture” of the glass.
Given two glasses equal in all respects but that of angular aperture,
and that glass having the widest or highest angle will give the best
resolving power. Professor Abbe says that the hhaximum attainable
resolving power, with an angular aperture of 180° should separate
118,000 lines to the inch. Yet just at this time Mr. Ed. Bausch, of
the firm of Bausch and Lomb, of Rochester, N.Y., has completed an
one-eighth inch objective of high angular aperture which, in Dr. Up
de Graff’s hands has resolved the band on Fasoldt’s test-plate 152,-
400 lines to the inch. Perhaps Fasoldt with his 1,000,000 lines to
the inch may not be able to conquer the whole world of working
microscopists after all!

For the discussion of the vexatious question of angular aper-
ture, the reader is referred to Frey, Carpenter, Smith, and to the
many articles in various journais, on that subject The usual defini-
tion is this: The angle of aperture is the angle formed by two lines
extending from the point in focus to opposite sides of the aperture
of the objective, 4

Working distance is the distance between the front glass and
the point in focus. While even in the lower powers working dis-
tance is a desirable quality, yet in the case of the higher powers
itis of essential importance. It is here that the immersion systems
are so valuable, giving an increase in this distance. Penetrating
power enables us to look deep into the structure of an object.

Carpenter says it may be defined as consisting in the vertical
range through which the parts of an object not precisely in the
focal plane may be seen with sufficient distinctness to enable their
relations with what does lie precisely in that plane to be clearly
traced out. Professor Abbe says that, theoretically,—the plane of
construction remaining the same—the “penetration” of an objective
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decreases, as the square of the angular aperture increases. This
quality of an objective is exceedingly desirable, even essential for
some kinds of work; hence different observers over or under-value
it according to the nature of their work.

The “field” includes all the circle of light presented to the eye
through the microscope. It is said to be flat when the object shows
equally well over every part of the field, without changing the
~ adjustment. If the field be perfectly flat, then the lines of a stage

micrometer should be equally as sharp and distinct at the periphery
as at the centre.

Having reviewed, briefly, the stand, the eye-piece and the
objective, we are now prepared to answer the question—what
microscope is best adapted to the needs of the busy practitioner
and the no less active pharmacist?

The expert is able to choose for himself; we only venture
advice to the inexperienced. In the first place, the stand should

.have a good, smooth, coarse adjustment, with as perfect a fine
adjustment as it is possible to obtain. An object-carrier or movable
stage is very desirable. Two eye-pieces should accompany the
stand, and an “A” and “C” cr Nos. 1 and 3 will meet the demands.

Two objectives will answer all purposes for a long time. Our
experience would say: Purchase an one-inch objective of about 25°
angular aperture, and an one-fourth inch of about 1o00° angular
aperture; or a three-fourths inch of about 35° and an one-fifth of
about 100°. These are not expensive glasses, and yet they will do
fine enough work of the kind for which they are recommended.
We have seen good glasses of still lower angles. Having taught
over four hundred students a year, for a number of years, practical
laboratory work, and having purchased for them a very large num-
ber of microscopes, we are prepared to believe that an instrument
as described above, is one of the best outfits of the kind a physician
or pharmacist can purchase.

Such an instrument, with a few accessories, as a condenser, for-
ceps, slides and covers, can be purchased for a sum ranging between
850 and $75. Thus the old excuse that “too great an outlay is
needed at the start,”” will no longer remain valid; and with such a
number of hand-books in the market the beginner need not suffer
for helps.

From the great list of accessories a few only must receive
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notice. A nose-piece will prove one of the most useful accessories
that the working microscopist can possess. By the aid of this, a
low power can be used for finding the objects. when without delay
it can be examined with a higher power.

A camera lucida or neutral tint reflector .s useful for pur-
poses of drawing. As seen in the figure, the image is thrown upon
a piece of paper where its outlines may be traced. The prism con-
trived by Dr. Wollaston is the one in most general use. It can be

purchased for about $6.0o. As a substitute for a neutral tint
reflector, Mr. T. B. Jennings recommends the following: A hole is
cut in a flat cork, of sufficient size so that the cork just slips over
the end of the eye-piece without its cap. A transverse slit is made
beneath the hole and a common cover-glass inserted, at an angle of
45° to the optical axis of the microscope. .

An eye-piece micrometer is a very useful accessory. Knowing
the value of the spaces to which it is ruled, objects can be accurately
and quickly measured. = Of course the relative distance between the
rulings will depend upon the objective used, the length of the tube of
the microscope, and .the eye-piece, . By always using the draw-tube
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fully extended, the length of the tube will be fixed, and with the aid
of the stage micrometer the value of the spaces of the eye-piece
micrometer for the various objectives and eye-pieces, is reckoned
once for all. This is done in the following manner: Bring in focus
the lines of the stage micrometer, place the eye-piece micrometer in

Fig. 5. Eye-Piece Micrometer. (Increaséd one-third.)

its proper position in the eye-piece, notice how many spaces on the
eye-piece micrometer cover a single space on the stage micrometer,
then divide the distance between two lines on the stage micrometer
by the number of spaces covered on the eye-piece micrometer; the
result will be the value of each space on the eye-piece micrometer
for that particular ocular and objective.

Using the one-fourth inch objective and “C” eye-piece, we will
assume that five spaces on the eye-piece micrometer cover one
space on the stage micrometer— t-1000 of an inch—then one space
on the eye-piece micrometer would be equal to one-fifth the value
of the five spaces, viz., 1-5000 of an inch.

Now remove the stage micrometer and place in the field a spec-
imen of blood for instance, and a white blood corpuscle is seen just
to cover two spaces on the eye-piece micrometer; it is the 2-5000
of an inch in diameter. -

A number of additional accessories will be added to the micros-
copists’ outfit as their demand becomes manifest.

There are several methods by which the magnifying
power of a microscope can be deteymined. The follow-
ing are convenient: Incline the instrument wuntil the
centre of the eye-piece 1is ten inches from the table;
the lines of a stage micrometer are then accurately focused; by
means of a camera lucida or neutral tint reflector the magnified
image of the lines is thrown upon a sheet of paper resting on the
table just beneath the eye-piece. The eye is placed as seen in the
figure, and the lines are traced with a pencil and their distances
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from each other measured with a scale; this distance is divided by
the distance between the lines on the stage micrometer, and the
result will be the number of diameters. Or, place a scale in front
of, and ten inches below the eye-piece; by looking in the instru-
ment, keeping both eyes open, the lines of the stage micrometer
can be seen resting on the scale, when their distance apart can be
measured; divide this distance by the distance between the micro-
meter lines, and the number of diameters will be given.

The magnifying power of a simple microscope is ascertained as
follows: The lens is placed on a rest of such a height that its upper
surface will be ten inches from the table; a scale is used as a speci-
men; one eye being closed-the other is applied to the glass, and tne
markings on the scale carefully focused; upon opening the closed
eye the scale will be seen resting on the table; the distance between
the lines as measured on the table is divided by their known dis-
tance on the scale, giving the number of diameters magnified.

Having no eye-piece micrometer, the size of any object 1s ob-
tained in the following way: ¢ The image of the specimen to be
measured is thrown down upon paper by means of the camera
lucida, as were the lines of the micrometer, and carefully measured;
this measure is divided by the magnifying power of the microscope,
giving the real size of the specimen. Or, the size of the object may
be ascertained in the same way the magnifying power was obtained,
by holding a rule ten inches below and in front of the eye-piece.

A microscope is said to be in focus when the relative positions
of the object and objective are such that the image is distinct. The
following rule should be observed in focusing: Incline the head
until one eye is on a level with the stage; with the coarse adjust-
ment place the objective near the cover glass, too near to be in
focus, then, while looking in the microscope, focus up. 'Never
focus down. If this rule be carefully observed, the breaking of
cover glasses and the destruction of specimens will be materially
‘diminished.

Artificial or natural light may be used for purposes of illumina-
tion. For general microscopical work good daylight is to be pre-
ferred to any other kind of light. Not the strong sunlight, which
is useful only under certain circumstances, but such an even, steady
light as can be found by a window looking to the north.

Nothing can take the place of this northern light, both when
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the sky is clear, and when, best of all, the sunlight is reflected from
a white cloud. While artificial light is generally inferior to day-
light, and weakening to the eyes, direct sunlight is positively in-
jurious. Still, good lamplight is to be preferred to poor daylight.

When the light passes directly through the specimen and micro-
scope, not reflected by the mirror, it is said to be direct. If the
mirror is placed so that the reflected rays are in the optical axis of
the microscope, the light is said to be axial or central. If the mir-
ror be turned to one side so that the rays pass through the object
at an acute angle, oblique light is obtained. In the illumination of
opaque objects, when ordinary daylight or lamplight is allowed to
fall on the object without any means of concentration, we have dif-
fused light. When it is desirable to have stronger illumination,
some means of concentration must be ewrployed. For this purpose
a bull’s-eye condenser is used. This consists of a plano-convex
lens, either mounted on a stand or attached to the stage of the
microscope. It should be placed at right angles to the direction of
the illuminating rays, with its plane side toward the object.

In the care of the microscope the following practical hints may
not be out of place: !

When removing from or placing on the stage a specimen, if the
higher powers are in use, always raide the body of the instrument.

It is rarely necessary to clean a good microscope. Always use
soft chamois, well beaten, or silk to clean the instrument with, and
camel’s hair brushes to remove dust.

To remove balsam, etc., from objectives, moisten the chamois
slightly in alcohol or benzole and carefully wipe it off, remembering
that any excess of the solvent may work around the lower glass and
dissolve the balsam that unites the glasses of the lower system.
Handle the instrument as little as possible, always carrying it by the
arm.

Clean immersion objectives thoroughly and immediately after
using.

When the instrument is not in use it should be placed in its
case or under a bell-jar.

A microscope will suffer more injury at the hands of a careless
and dirty person in twenty minutes than it need sustain by proper
care in twenty years.
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REAGENTS.

_In preparing specimens for the microscope it is necessary, in

many instances, to keep the specimen surrounded by a fluid, as near

as possible of the same nature as the fluid that bathes the tissues in
the body. These fluids are called the normal fluids. They are:

1. Normal saline solution. It is prepared by dissolving 7.5
grammes of sodic chloride in rooo c, c. of distilled water.

2. Blood-serum. Obtained by allowing some blood to clot in
a flat vessel.

3. The aqueous humor of the eye.

4. Todized-serum. A few crystals of iodine are dropped into
fresh serum to preserve it; or, a quantity of amniotic fluid, obtained
from an embryo calf, may be substituted for blood-serum. It is not
highly recommended as a normal flaid.

Dissociating fluids are fluids which dissolve, or partly dissolve,
certain parts of a tissue without affecting other parts, so that byA
shaking or teasing the unaffected portions can be isolated.

Iodized-serum, of a light brown color, is generally useful.

Chromic acid in weak solution, .02 per cent., is useful for isolat-
ing the nerve cells in the spinal cord.

Osmic acid, .1 to 1 per cent., solution, is a dissociating fluid of
very general application. :

Miiller’s fluid is useful for the stomach and kidney.

Sulphuric acid is used for isolating the cells of cornified
epithelium, nails, etc. The tissue is placed in the acid for a few
minutes when it is removed and washed in water to which a few
drops of ammonia have been added.

Hydrochloric acid, 50 per cent. solution, is useful for isolating
the uriniferous tubules of the kidney. The section of fresh kidney
should be thin, and it should remain in the acid from ten to fourteen
hours, when it is washed in alkaline water. .

Caustic potash, 3o per cent. solution, is useful for the muscular
and nervous tissues.

For softening bone, Dr. Seiler recommends the following:

Chromic acid, 1 grain.
Nitric acid, (C. P.) 2 C. C.
Water, 200 C. C.

In four or five days the bone will be soft.enough to allow a fine
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needle to pierce it. We have tried this mixture and are highly
pleased with it. 2

HARDENING.

Hardening reagents act by coagulating the albumen and
gelatine in the tissues and by abstracting water. Among the var-
ious reagents used for this purpose there are two of general use;
alcohol and Maller’s fluid.

As alcohol extracts the water from the tissue besides coagulating
the albumen and gelatine, it is very liable to shrink the specimen.
To obviate this shrinking as much as possible a small piece of
tissue should be first placed in dilute alcohol and gradually trans-
ferred to stronger solutions until the - absolute alcohol is reached,
where it should remain until it is hard enough to cut.

Miiller’s fluid does not extract as much water as alcohol, but
acts on the albumen and gelatine. It is prepared as follows:

Potassic bichromate, 2 parts. (or 2} parts.)
Sodic sulphate, 1 part.
Water, roo parts.

After this fluid has acted on the specimen for a few days it
should be removed and a fresh quantity added.

At the end of ¢avo weeks the specimen is transferred to alcohol
for a week or ten days, and then it is placed in absolute alcohol un-
til the hardening process is complete.

Dr. Seiler uses a solution composed of equal parts of Miiller’s
fluid, and ¢35 per cent. alcohol, claiming that large organs, as whole
kidneys, brains, etc., may be hardened throughout in a comparative-
ly short time. :

The working microscopist will soon become familiar with a large
number of other hardening reagents.
SECTION CUTTING.

But few specimens are in a suitable state in their natural con-
dition to be submitted to an examination. They must be either
‘teased or cut into thin sections.

: If it be so desired, sections can be cut from fresh tissues with
flat bladed scissors or with a Valentin's knife. For this purpose,
however, the freezing microtome is generally employed. The
specimen is placed in the well of the microtome and by means of
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the ether or rigoline spray or by a mixture of ice and salt, itis frozen
hard enough to cut. | ;

When the material has been reduced to a fit condition for cut-
ting by the action of alcohol or like reagents, it may be held in the
left hand and thin sections cut with a razor held in the right hand.
The razor or knife should be plane on one side and concave on the
other, and when cutting, the concavity should be kept flooded with
alcohol. Some experience is necessary in order to cut good off-
hand sections, and if it be desirable that the sections compare well
with each other in thinness, it will be necessary to employ a microtome
as an aid, for without this aid a large number of the sections will be
more or less imperfect. Before the specimen is placed in the well
of the microtome it should be dipped in a solution of gum arabic,
which is allowed to become nearly dry. Thus protected, the tissue
is placed in the well close to that edge which will be nearest the
knife when cutting and in such a position that the sections may be
cut in the desired direction. The warm embedding mixture is
poured over and around the tissue until the well is filled. The
microtome is now removed to a cool place when the mixture soon
hardens. The following are recommended as embedding mixtures:

Solid paraffin, 3 parts.
Cocoa butter, 1 part. ; SOFT,
Hog’s lard, 3 parts.

Solid paraffin, 2 parts.
Cocoa butter, 1 part. - HARDER.
Spermaceti, 1 part.

Solid paraffin, 3 parts.
Cocoa butter, 2 parts. » HARD.
Spermaceti, 1 part.

Paraffin, 2 parts. TRANSPARENT
AND
Vaseline, 1 part. EASY TO CUT.
STAINING,

After the sections have been cut it will be necessary to stain
them in order to differentiate their several parts. The following are
a few formule in general use:
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BEALE’S CARMINE.

Carmine, 10 grains.

Strong liquor ammoniz, % drachm.
Glycerine, 2 ounces.

Distilled water, 2 ounces.

Alcohol, ¥ ounce.

The carmine, in small fragments, is placed in a test-tube, and
the ammonia added to it. By agitation and by the aid of heat, the
carmine is dissolved. The ammoniacal solution is boiled a few
seconds, and then allowed to cool. After the lapse of an hour,
much of the excess of ammoria will have escaped. The glycerine
and the water are added, and the whole passed through a filter, and
allowed to stand for some time, when the clear supernatant fluid is
poured off and kept for use.

Woodward's carmine, modified from Tiersch, is prepared as fol-
lows:

Best carmine, 15 grains.
Borax, 1 drachm.

Water, 5% ounces.

Alcohol (95 p. c.), 11 ounces.

Mix and filter. The filtrate should be thrown away. On the
filter will remain the crystals. The filter, with the crystals, is placed
in a mortar and thoroughly mixed with 8 ounces of water. This
solution is filtered, and the filtrate evaporated to 4 ounces, when it
is ready for use. After the section is stained a lilac color, taking
from 30 seconds to one minute, it is placed in a fixing solution com-
posed of—

Hydrochloric acid, 1 part.
Alcohol (95 p. c.), 4 parts,

Here it is allowed to remain until the lilac color changes to a
rose red.

Hematoxylin. Make a saturated solution of crystallized calcic
chloride in 70 p. c. of alcohol. Shake and let it stand. Add alum
to excess. Shake well, let it stand, and then filter. Make a satu-
rated solution of alum in %o p. c. alcohol. Add this to the above
filtrate in the proportion of 8 to 1. To this mixture add, drop by
drop, a saturated solution of haematoxylin in absolute alcohol, until



20 " MICROSCOPICAL ‘DIAGNOSIS.

the mixture has a dark purple color. An excess of this staining can
be removed with dilute acetic acid.

Aniline blue-black. Dissolve five grains of aniline blue-black
in 100 c. c. of water. Dilute with water to any strength required.

Sulphindigotate of soda, osmic acid, eosin, nitrate of silver, and
the various aniline colors, all have their general and special uses.

The difficulty of preparing these staining reagents is such that
it is the wisest economy to purchase them, already prepared, from
some responsible dealer.

MOUNTING.

There is no substance more generally used for mounting pur-
poses than Canada balsam. It is used also in solution with benzole

Fig. 6. Turn-Table. (R.& J. Beck.)

or alcohol. l'o prepare it in this way, a clear sample of the balsam
is taken and evaporated in a water bath until all odor of turpentine
has disappeared. This balsam will be hard and brittle when cold.
The hard balsam is warmed, and enough benzole or absolute alco-
hol added to dissolve the balsam, and make the solution, when cold,
of the consistence of thin syrup. To mount sections in this
medium, it is necessary to remove all water from them by transfer-
ring to alcohol, and from that to absolute alcohol. The alcohol is
then removed, and the oil of cloves added. When transparent the
oil is removed, and the sections are now ready for mounting. In a
few weeks the mounts will become dry; this drying may be hast-
ened, of course, by keeping the specimens exposed to an elevated
temperature.
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If it is desirable to mount the section in some watery medium,
it will be necessary to make a ring or cell upon the slide. The cell
may be made with white zinc, Brunswick black, or géld size. The
slide is placed upon a turn-table, and with a sable brush a cell is
made a trifle smaller than the diameter of the cover, so that the edge
of the cover is in the center of the ring of cement. A number of
these cells can be kept on hand, and when one is wanted for use,
it is only necessary to apply a little fresh cement to the outer Half
of the ring, in order that the cover may adhere to it at once. After
the specimen has been placed in the cell with the mounting fluid—
in which the specimen has rested for some time—and the cover
applied, another ring is spun around the edge of the cover in order
to seal up the cell. The various methods of making cells cannot be
discussed here. They are all useful, and many of them beautiful.
Deep cells can be made by using rings of glass, or of wax, or, as
Mr. Griffith has suggested, of curtain rings. The details for this
work must be sought for either in works devotéd exclusively to
mounting, or in the various microscopical )ournals published at
home and abroad.

INJECTING.

It is impossible to describe the art of making satisfactory injec-
tions. Anything approaching perfection is attained only after long
practice and careful attention to the many minute particulars. A
small brass syringe, supplied with a stopcock and several nozzles of
different sizes, answers every purpose; or an injecting apparatus
may be made as represented in figure 7. A, represents a pail
partly filled with water, which can be raised or lowered, to regulate
the pressure, by fastening one end of a cord to the handle of the
pail, and then passing the other end over a pulley fastened to the
ceiling of the room; b is a bottle with an air-tight fitting cork,
pierced by two short glass tubes; c is a bottle partly filled with the
injecting fluid. Through the cork of this bottle are two glass
tubes, one of which is short, while the other reaches nearly to the
bottom of the bottle; d is a brass nozzle with a stopcock; r is rub-
ber tubing, which unites the different parts as seen in the figure.
A Y-shaped glass tube can be inserted midway in the rub-
ber tube between the two Dbottles, so that two Dbottles
of the injecting mixture can be attached to the one
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large bottle b, which is empty at first. A third glass
tube can be placed in the cork of the bottle ¢, which can be united
by rubber to a U shaped glass tube partly filled with mercury, and
thus the amount of pressure obtained. By raising the pail the
water descends the rubber tubing and compresses the air in the
bottle b. The air is forced through the middle piece of rubber tub-

i
Fz:g'. 7. Injecting Apparatus.:

ing and presses on the top of the injecting mixture in the bottle c.
The injecting mixture is thus forced up the long glass tube, along
the rubber tube to the canula, and through it into the organ or ani-
mal to be injected. A slow and steady pressure is obtained in this
way, which we have found exceedingly desirably in many cases.
The most perfect and most beautiful injections we have ever
made have resulted from the use of “Seiler’s carmine gelatine.” It
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can be purchased of any dealer in microscopical accessories for one
dollar an ounce. One ounce of this gelatine is dissolved in ten
ounces of water, and the mixture injected into the vessels while it
and the organ to be injected are both hot. Dr. Seiler prepares the
gelatine as follows:

Take of

Best carmine, 2 drachms.
Distilled water, 3 ounces.
Strong liquor ammonia, 20 drops.

Dissolve this and filter through cotton, covering the funnel
with a piece of glass plate, to prevent the evaporation of the ammo-
nia. The filtration is a somewhat tedious process, but is absolutely
necessary; the solution, however, will keep, and may therefore be
kept in stock.

Then take of—

Cox’s gelatine, 2 drachms.
Distilled water, 2 ounces.

Soak the gelatine in the water until it becomes soft, and then
dissolve it in a water bath and strain through fine flannel while hot.
Heat the gelatine solution again and add the carmine solution, and
bring the temperature up to about two hundred degrees, Fahrenheit.
Dilute acetic acid must then be added, drop by drop, under con-
stant stirring of the mixture, until the ammonia is just neutralized,
which is indicated by a sudden change of color in the solution, from
a lilac to scarlet.

Dr. Seiler describes this process very minutely, and yet, in our
estimation, it is wiser economy for the busy worker to purchase it
rather than to make it.

For a blue injecting mixture we have had the best success with
Beale’s Prussian blue. In fact, could we be assured of a perfect
mixture, we should regard it as superior to.the carmine gelatine.
It penetrates the finest capillaries, and, if properly prepared, shows
no fine granules under the microscope.

It is made as follows:

Best glycerine, 2 ounces, by measure.
Muriated tincture of iron, 10 drops.
Ferrocyanide of potassium, 3 grains.
Strong hydrochloric acid, 3 drops.
Water, 1 ounce.
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BLOOD.

F a ldrop of blood should be placed on the slide, covered with
the thin glass and transferred to the microscope, the examina-
tion would be anything but satisfactory. The number of corpuscles
in the field would be so great and the number of layers so many
that the specimen could not be studied to advantage. Again, if
mixtures be used to dilute the blood, unless prepared with the
greatest care, the corpuscles will be materially changed in appear-
ance,

When a comparatively short examination is required, the fol-
lowing method will prove satisfactory: To procure the drop of
blood, one of the fingers is congested by tying around its base a
string or handkerchief; when well filled with blood, a fine cambric
needle is thrust quickly through the skin over the end of the con-
gested finger; one surface of a glass slide is now gently breathed
upon, and this slightly moistened surface brought in contact with a
drop of blood, just pressed from the puncture; one surface of the
cover-glass is also breathed upon and its edge placed close to, just
in contact with the edge of the drop of blood, and with the aid of
a needle the cover is lowered away from the drop—not over it—
until it comes in contact with the slide; the blood-corpuscles will
readily flow between these moist glasses, by capillary attraction,
until the surface beneath the cover-glass is nearly or entirely cov-
ered; prepared in this way, there is but one layer of corpuscles and
the whole specimen shows to the best possible advantage.

For this method to be successful it should be carried out rapid-
ly and the moisture should not be in excess, as water causes changes
in the corpuscles; yet it should be sufficient to allow the corpuscles
to flow readily under the cover. The amount is soon learned after
one or two trials. If the examination is to continue for some time
a layer of oil can be placed around the cover-glass to prevent the
drying of the specimen.

*
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Examined with a magnifying power of about four hundred
diameters one never fails—when the specimen is prepared as
described above—to see beautiful and perfect representations of the
rouleaux. ;

Nearly all the red corpuscles are seen adhering to each other by
their flat sides. The rouleaux can be broken and the corpuscles
separated from each other by gently tapping the edge of the cover-
glass. Not all the red corpuscles necessarily enter into the rouleaux,
yet the white never do, therefore when examining a specimen of
blood, showing the rouleaux, a few corpuscles will be seen alones
larger in size than the mass of corpuscles, globular and granular,

W

(o8}

Fig. &

A, human blood ia rouleaux, a, white corpuscles. x 400. B, human red blood corpuscles.
a, seen on edge. b, white corpuscle. x 1000.

these will be the white corpuscles, or leucocytes. The beginner is
frequently troubled to find the white corpuscles of the blood. He
should, first, become familiar with the appearance of these bodies
by studying them apart from the red corpuscles. This can be done
very easily, in a specimen prepared as above, by placing a drop of
water to one edge of the cover and a strip of blotting paper at the
opposite edge. In this manner all the red corpuscles can be
washed away while the white will remain.

Another method is this, while looking at the red corpuscles
they are thrown slightly out of focus by the fine abjustment. If any
white corpuscles are in the field they will appear as bright dots;
fixing the eye on one of these ‘bright dots the fed corpuscles are
refocused when the bright spots appear as white corpuscles.

Besides the plan described above for obtaining a thin layer of
blood the following may be tried: Draw the end of a smooth,
ground glass slide through the drop of the blood on the end of the

.
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finger, press the end of this slide against the flat surface of another
slide, and draw it quickly across the same, holding the two slides
perpendicular to eachother.

The end of the first slide should be placed a little to the right
or left of the centre of the other slide, in order that the middle of
the film of blood may be on the middle of the slide. ~ The cover is
applied at once and the specimen examined.

If it be desirable to preserve the specimen, then proceed as just
described only do not apply the cover. Then examine the specimen
and if found suitable a ring of the white zinc is placed around the
most desirable portion. The slide is now gently heated in order to
dry the air that is in the cell. The cover is then applied and an-
other ring of the white zinc added.

The red corpuscles appear as circular, flattened, biconcave discs
with rounded edges. When seen on the side the centre appears
either light or dark, depending upon the focus. Acting as a bicon-
cave lens, when the object is slightly within the focus, the centre
will appear light, when without the focus dark. The red corpuscles
of all the mammalia are of this shape, with one exception, the
camelidee, in which they are oval.

The red-corpuscles have a light amber or yellowish-green color;
they are red only when seen in masses.

The size of the red corpuscle varies, not only in the same in-
dividual at different times, but also in the same drop of blood ex-
amined at any one time. The size usually give is from 5555 to 555
of an inch.

The following is a list of measurements of the red corpuscles of
some of the different animals, as gived by Gulliver:

Man, - - - - 1-3200
Dog, - - - - 1-3542
Cat, - - - - 1-4404
Hog, S - - - 1—-4230
Horse, - - - - 1—4600
Sheep, - - - - 1-6355
Ox, - - - - 1-4267
Musk-deer, - - - - 1-1232§

(For full table see Sydenham edition of Hewson’s works, p. 237,0r
consult some of the standard works on physiology). The point that is
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of interest in this connection is; what is the value of these corpuscles
in medico-legal cases ? That is, by a microscopical examination of
a blood-vessel or clot, either fresh or otherwise, can human blood be
told from the blood of the lower animals?* This must be considered
a very easy matter in some cases. Take, for instance, the red blood
corpuscles of all the birds, reptiles, amphibia, and fishes; here the cor-
puscles are large, oval bodies, with a large, round or oval nucleus, (The
red corpuscles from the family of the lampreys are circular, but the
nucleus is prominent.) If, then, the question arises, “Is this human
blood,” and an examination shows the red corpuscles as oval, nucle-
ated bodies, the answer can positively be given, “No.” If, how-
ever, the corpuscles are circular in shape, having no visible nucleus, :
then an entirely different problem is involved. Here the question
is one of size, and not of shape, and it must be decided by meas-
urement. First of all, there must be fixed, if possible, a standard
size to the human red corpuscle; for the size of the corpuscles of
many of the lower animals is so nearly the same that the figures
in each case should give a fixed average size.

Has the red blood-corpuscle of man a fixed size? It appears
not; in fact, by consulting the various authorities, we cannot
arrive at a fixed average size. In examining a drop of blood
with high powers, one very frequently finds a few minute
colored corpuscles below the 1-4800 of an inch in
diameter. Some few may be found as large as the
1-2600 of an inch in diameter. These few, very small and very
large, corpuscles are not included in making up the average size;
they are easily excluded, and only the most perfect and most com-
mon corpuscles are measured. Yet notice what the various author-
ities say: A

Diameter of the human red blood-corpuscle as given by

Gulliver, 1-3200 of an inch.

Flint, 1—3500 of an inch.

Dalton, 1-3531 to 1—3050 of an inch.
Woodward, 1—-3092 of an inch.

Frey, 1—2840 to 1-4630 of an inch.
Welcker, 1—3230 of an inch.

Our own observations give 1-3367 of an inch.

Thus it cannot be said that there is any fixed average size to
this corpuscle, each investigator having an average size of his own.

]
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Schmidt says that over go per cent. of the red corpuscles found in
a single specimen are of the same dimensions. This much, how-
ever, can be said; that, after measuring a large number of corpus-
cles if their average diameter be found either the 1—3500 or 1-3200
of an inch, or any fractional part between these two, the blood may
be that of man. It need not necessarily be that of man, for all
authorities’ agree that the blood of the monkeys, baboons, etc.,
beaver, porcupine, guinea-pig, and a few other animals have cor-
puscles identical with those of man. Yet only the blood from cer-
tain of the more common inferior animals would be liable to enter
a medico-legal contest. We refer especiaily to the dog, cat, hog,
horse, sheep and ox.

Before considering these cases, this significant fact should be
borne in mind; the blood of these animals has not been studied
with anything like the care and time bestowed upon human blood.
It follows, then, that if the blood of these animals should be
studied as carefully, we would find as great a variation in the size
of their red corpuscles as exists in man; further, there would be as
great a variation from the size given by Gulliver as is true in the
case of man. As each investigator gives a particular size to the
human red corpuscles, all varying from that given by Gulliver; so,
we have every reason to believe, would each investigator give his
particular size to the red corpuscles of the lower animals, all vary-
ing from Gulliver.

Can the blood of the dog be told from that of man? From the
table of Gulliver we learn that there is a difference,—such a differ-
ence as exists between the 1-3200 and the 1-3500 of an inch.
Woodward, however, has completely settled this question. He says,
“The average of all the measurements of human blood I have
made, is rather larger than the average of all the measurments of
dog’'s blood. But, it is also true that it is not rare to find specimens
of dog’'s blood in which the corpuscles range so large that their
average size is larger than that of many samples of human blood.”
The mean average of corpuscles in 22 dropsof human blood (1766
corpuscles) ranged from .000,309 to .000,343 of an English inch.
Nearly the same number of corpuscles of dog’s blood gave .ooo,-
396 to .co0o,340 of an inch. Monthly Microscopical Journal, 1876,

P:s132.
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No other conclusion can be reached than that the red
corpuscles of the blood of man and the dog are the same in

size.
In the case of the five animals, the cat, hog, horse, sheep and

ox; the corpuscles of the ox and hog are the nearest in size to those
of man; hence if we can tell the blood of these animals from that
of man, we shall be able to tell, even more readily, the blood of the
cat, horse and ‘sheep.

Can the blood of the ox and hog be told from that of man,
even when dried or in clots? We believe that a positive distinction
is possible, not only in freshly prepared specimens, but also when
the specimens have been placed under very unfavorable conditions,
as when the blood has been dried upon clothing or pieces of wood,
etc. Still the very best of aids should be at the manipulators com-
mand. Very high magnifying powers should be used, from three to
five thousand diameters, requiring a 1-25 or 1-30 or 1-50 objective.
A very accurate cob-web eye-piece micrometer has proved indis-
pensable in our hands. The value of the spaces on the milled head
should be ascertained by using a stage micrometer known to be
accurately ruled. Again, a large number of corpuscles should be
measured and their mean average taken. In no part of the general
or special work of the microscopist are attention to detail, great
care, judgment and skill in such demand. What then shall we say
of those who show such a reckless ambition in this particular line?

If, then, the question be asked us—is this the blood of man as
distinguished from the blood of all other animals? We should be
forced to reply,—it is impossible to tell. If, however, the question
is to decide between the blood of man and one of the inferior ani-
mals, many times a positive answer could be given.

Between the blood of man and his most constant companion,
the dog, there appears to be no difference; while it is possible to tell
the difference between the blood of man and the blood of the
sheep, cat, horse, hog and ox.

There is some discussion concerning the best method of exam-
ining a specimen of dried blood. We believe the following method
will give as good results as any: Some of the dried blood is scraped
from the surface to which it is attached, and the dry clot placed on
a slide and covered with a thin glass. If the operator should not
have thin enough glass to use with his 1-30 or 1-50 he can use, for
the time, a thin scale of mica. A drop of saline solution (three-
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fourths of an one per cent. solution) is placed to the edge of the
cover and allowed to run under and moisten the specimen. The
specimen is examined now with the highest power at command. If
the particles of clot are so deeply colored that the corpuscles are in-
distinct, then the color may be washed out by placing some of the salt
solution at one edge of the cover and a piece of blotting paper at
the opposite edge. Care should be used not to move the cover-
glass during the operation. If found desirable, all the color can be
removed from the clot in this way. Try again to see the corpuscles
sufficiently well to be able to measure them. If they are too pale
they may be colored. Sometimes a drop of iodized-serum will
suffice, added cautiously to the edge of the cover. Weak solutions
of isdine have proved the best of anything for this purpose in our
hands. We do not believe this coloring changes the diameter of the
corpuscles in the least. Those corpuscles most perfect in shape
should be chosen for measurement.

Persons have testified, as experts, in criminal cases, and have
accurately described their methods and measurements of corpuscles,
and have actually sworn that the stain they examined was composed
of human blood, when upon closer examination in the hands of
genuine experts the corpuscles were proved to be vegetable spores.
There is scarcely a microscopist in this country that does not
remember the details of the case to which we refer. Let it be
remembered that potassic hydrate and glacial acetic acid will com-
pletely destroy the blood corpuscles in a short time, but will not
materially affect the spores of the vegetable kingdom. v

We are not able to give any positive distinctions between the
blood-crystals of the various animals sufficient to make them of
value in criminal cases.

The blood of most of the mammalia, including man, generally
yields prismatic or rhomboidal crystals. The blood of the guinea-
pig crystallizes very easily, giving beautiful tetrahedral crystals. In
the squirrel the crystals are hexagonal tables. To obtain haemin
drystals, a drop of blood is placed in a watch crystal and about
twenty times its bulk of glacial acetic acid added. The mixture is
then warmed, and as it evaporates the desired crystals will be
formed; or, to a drop of dried human blood add a few crystals of
common salt, cover with a thin glass and place a drop of glacial
acetic acid to its edge, allowing it to run under and come in contact
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with the blood. The specimen is then carefully warmed, and soon
the reddish-brown hzemin -crystals appear. To obtain a larger
number of cystals, a quantity of blood is boiled for one or two
minutes in twenty times its bulk of glacial acetic acid and immedi-
ately filtered. As the filtrate cools the cystals will be deposited.
To obtain crystals of hemoglobin, a drop of the blood of a rat is
mixed with two drops of water and allowed to evaporate slowly.

CHANGES IN BLOOD.

In 1881 Manassein made an extended series of observations
upon the changes which the red corpuscles undergo under various
circumstances. He made over 40,000 measurements of the corpus-
cles from 174 animals. The following results were obtained:
A reduction in the size of the red corpuscles was caused by septi-
ceemic poisoning and probably traumatic fever, by an increase in the
bodily temperature, and by remaining a short time in a space sur-
changed with carbonic acid gas. An increase in their size was
caused by a reduction of the bodily temperature, by medium and
large doses of muriate of quinia, by cold, hydrocyanic acid in fatal
and non-fatal doses, muriate of morphia, oxygen, acute an®mia
(after arteriotomy), and by alcohol in intoxicating doses.

Laschkewitsch found that the red corpuscles, in Addison’s disease,
were larger, paler and altered in shape. Torueroth, Ilmoni and
others have reported the red corpuscles as wrinkled, crenated, and
shrunken in typhus and tabes. The same has been observed in
Asiatic cholera, attributed to the reduction of serum. It has been
reported that in the various peurperal disorders the rouleaux of
the red corpuscles is absent.

EXCESS OF WHITE CORPUSCLES.

We believe that this condition was first noticed by Professor
Virchow, in 1845. At that time he made a careful examination of
the body of a person whose death was not satisfactorily explained.
He found an enlarged liver and an enormous excess of white
corpuscles.

By preparing the blood in the usual way, and examining it with
a power of about 4oo diameters, any great excess of the white cor-
puscles will be apparent, especially to one familiar with the appear-
ance of normal blood. This increase may be so great as to cause
one white to two red, in which case it will appear that the white
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outnumber the red, owing to their larger size.- The excess appears
very marked, however, if there is one white to ten red.

OTHER ELEMENTS IN BLOOD.

Small elements have been found in the blood varying from
1-6000 to 1-800o of an inch in diameter, having a bright, shining
look, and the same color as the red corpuscles. Observers, who
have described these bodies, call the disease under which they are
found microcythemia. These elements may be identical with the
syphilitic corpuscles of Lostorfer.

" A few cases have been reported where filariz have been found
in the blood. Notably the cases described by Beale in the fourth
edition of Zhe Microscope in Medicine, p. 480. Also in the Queckett
SJournal of Microscopy for July, 1881,

They are found quite frequently in the blood of the Chinese, at
least when in their native country. The persons may, apparently,
enjoy good health at the time. A mysterious phenomenon is con-
nected with the periodicity of these organisms. One writer says that
between four and six in the afternoon the filarie begin to appear
and they increase until midnight, then diminish until nine or ten in
the morning, when they have entirely disappeared. This periodicity
appears quite independent of the habits of the patient.

To ascertain the globular richness of the blood the corpuscles
must be counted in a known quantity.

It is necessary, first, to select a proper diluting fluid. Dr.
Frederick P. Henry, of Philadelphia, has given this subject a great
deal of attention, and he prefers a solution of sulpho-carbolate of
soda, although the borax-urine solution of Keyes’ is highly recom-
mended.

Dr. Henry prefers the Hayem and Nachet instrument, diluting
the blood one to two hundred and fifty.

Should any of our readers desire to investigate this subject,
they can get great help from a perusal of the Cartwright Prize Essay
for 1881, published by F. A. Davis, and written by Dr. Henry, both
of Philadelphia.

Virchow, Meckel, Donders, Vogel and Von Duben have report- -
ed the presence of cells in the blood. The cells were supposed to be
the epithelium from the walls of the vessels. But little is known on
this subject and the cases described have been found in the blood
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by such observers as Virchow, Queckett, Paget, and others. Their
presence would be accidental and they would only corroborate a
diagnosis that must be clear at such a time in the advanced stage of
the disease. '

In examining blood it is well to remember that water causes the
red corpuscles to become spherical, dissolving out the coloring mat-
ter, and later, causes their total disintegration. Normal saline solu-
tion gives them the crenate or horse-chestnet form. Tannic acid, in
a two per cent. solution, causes the hemoglobin to collect at the
periphery in the form of one or more round masses.
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EPITHELIUM, CONTENTS OF  ORAL CAVITY,
SPUTE, VOMITED MATTERS, “FACAL
MATTER, MILK.

’

/THE general distribution of epithelial cells and the great variety

in their size and shape, render their careful study a necessity.

The microscopist is liable to find these cells when examining
almost any tissue.

The surface of the body is covered with a stratified layer of
epithelium, consisting of irregular, broken cells, without nuclei.

The cells composing -the nails are irregular in shape, enclos-
ing a round or lens-shaped nucleus. They can only be demon-
strated by the aid of reagents, as by boiling in a 1o per cent. solu-
tion of soda. :

CONTENTS OF ORAL CAVITY.

The epithelium lining the oral cavity is of the pavement er
flattened variety. The cells are of large size, from 1-450 to 1-750
of an inch. They have usually a single nucleus, with granules de-
posited in the formed part. Besides these cells, the saliva will con-
tain a number of globular bodies, containing one or two nuclei, and
averaging about the 1-2500 of an inch in diameter.. They are the
so-called salivary corpuscles. Normally, then, the saliva contains
only these two kinds of cells; however, in examining the contents of
the oral cavity there are almost invariably found a number of
minute hair-like bodies, consisting of filaments of one of the alge,
leptothrix buccalis.  ‘These filaments are attached to, and grow upon
the cells of epithelium situated toward the back of the tongue.
They are found also between the teeth and in the tartar. Aside
from these filaments, it is quite common to find in the mouth frag-
ments of food, infusoria, starch granules and fat. The coatings of
the tongue appear to be composed of epithelial cells and mucus,
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and the various colors seem to be due, in some cases at least, to the
presence of the coloring matter of the blood. The microscope will
be of great value in diagnosing the peculiar disease of the mouth,
known as aphth@. This chiefly occurs in infants but may extend
to adults who have suffered from long-exhausting disease.
Aphtha was first correctly described by Gruby, of Vienna, in 1842,

Fig. 9. Saliva. a, epithelial cells. b, salivary corpuscles. x400.

and was shown by him to be due to a vegetable parasite which is
distributed between the epithelial cells covering thte lips, cheeks,
gums, tongue, pharvnx and esophagus, and according to Robin
sometimes the stomach, small intestines and rectum. ‘The fungus
is classed by Robin under the genus o/diwm and called by him
- oidium albicans.
The spores of this fungus are round, oval, and irregular in
.shape, sometimes nucleated, and varying from the r-i1500 to the
1-12000 of an inch in diameter. They are seen either floating free or
grouped together closely connected with the epithelium. Besides
the spores there are tubular, articulated filaments in which are ex-
ceedingly fine granules, which are sometimes seen in motion. To
examine for these spores some of the whitish matter is placed upon
a slide and a drop of potash solution added to make the cells and
mucus transparent; the whole is now covered with the thin glass afid
examined under a power of from 400 to 750 diameters.

SPYE AL

All the normal and pathological ingredients of the ora]
cavity may be found when examining the sputa for the purpose of
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determining the condition of the respiratory passages. The micros-
copist must be more or less familiar with all their various appear-
ances or ludicrous mistakes will be liable to occur. If, however, the
three following suggestions be carefully carried out the necessary
difficulties will be greatly overcome. First, during the collection of
the sputa, the patient should rinse and brush the mouth thoroughly
after each meal, using a stiff brush and taking pains to remove all
particles from between the teeth. Second, the dish, in which the
sputa are to be received, should be very clean. Third, if the patient
places tobacco in the mouth he should be denied his luxury at this
time, for particles of vegetable leaf may mislead the observer. If
the amount of sputa be small, then all raised during the twenty-four
hours should be saved. If large, that first raised ipn the morning
should be preferred. Any little grayish masses should be chosen
and placed at once under the microscope. Acetic acid will clear up
the mucus, etc., and render more distinct the yellow fibres if they
should be present. If this examination reveals nothing, the follow-
ing method should be adopted:

Make a solution of sodic hydrate, 20 grains to the ounce of
water. Mix the sputa with an equal bulk of this solution, and boil.
Then add to this mixture four or five times its bulk of cold water.
Pour into a conical-shaped glass and set aside. Soon the yellow
fibres, if present, will fall to the bottom; from here they can be
drawn up with a pipette and examined. Several glass slides should
be examined at a single sitting, and the examination should be
repeated every few days until the presence or absence of these fibres
is satisfactorily demonstrated. If these fibres are not found it does
not by any means prove that serious trouble may not exist, but if
these yellow elastic fibres—fragments of lung tissue—are found, it
proves that there must be a disintegration of the pulmonary tissue,
a condition which must denote serious trouble. In 1878 Sokolowski
and Grieff made a report on the value of elastic fibres in the sputa.
Their report is based upon an examination of seventy patients,
The examinations were made by two methods,—fresh and by Fen-
wick’s method. Usually they mixed the sputa with a solution of
soda,—liquor sodz, 1 part, distilled water, 2 parts—and boiled it for
four or five minutes, then diluted it with an equal quantity of dis-
tilled water, and fished out and examined the particles suspended in
the water. Of the 70 patients, 19 had breaking down of lung sub-
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stance with hectic; in 18 of these cases they found the elastic fibres.
In one case the absence of fibres corresponded with temporary
improvement. Of 11 cases of chronic phthisis, with unmistakable

Fig. 10.  Fragments of lung tissue (yellow elastic fibres.)  Spula
Srom case of phthisis.  Mucus, pus, epithelium, granular
maltter, elc., were in great abundance. x2715.

signs of lung destruction, elastic fibres were found in all. In 75
per cent. of cases of consolidation they found the elastic fibres
present, which shows, they say, how frequently destruction is going
on’although the physical signs are those of consolidation only. In
one-third of the cases of slight consolidation elastic fibres were
found. In many cases, then, in spite of Seeming temporary
improvement, the microscope will decide that destructive changes
are still going on.

The rusty color of the sputa of pneumonia is due to the pres-
ence of escaped red blood-corpuscles, and as their esCape is gradual
they become thoroughly mingled with the exudate.

VOMITED MATTERS,

T'he examination of vomited matter requires no special direc-
tions. The great variety of material met with in the vomice
renders it necessary that the examiner be familiar with the general
microscopic character of nearly all the tissues,animal and vegetable.
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Vomited matter is usually examined to ascertain the nature of some
serious affection of the stomach, usually suspected cancer. The
“coffee-ground vomit” appears to be due to the presence of the
coloring matter of the blood. The blood has gradually escaped
into the cavity of the stomach and after a time has become broken
down with the above result. This peculiar vomit, due to this cause,
may occur in other diseases than those of a cancerous nature. The
vomited matter, in cases of suspected cancer, should be carefully
examined for any large, irregular, boldly nucleated cells. The
presence of such cells, together with physical signs, would aid in
arriving at a correct diagnosis.

’

FECAL MATTER.

Matter passed by the bowels may be examined in particular
cases with great benefit. In this way the character of casts can be
determined, as well as the presence of the various entozoon. Objects
which present an unusual appearance in the faces tend to frighten
the ignorant and the physician is often called upon for an opinion
in such cases.

As a sample we recall the following:

A patient called in great trouble of mind over her distressed
condition. “The mucous membrane of the whole alimentary canal
was gradually passing off.” Home remedies had been tried for a
number of days without effect, in fact the disease was on the
increase.

The person was exceedingly nervous and greatly agitated over
her “deplorable condition.” We obtained some of the “mucous
membrane” and brought the microscope to our aid. The membrane
was resolved into the beautiful spiral vessels of the vegetable king-
dom. A close questioning revealed the fact that celery had formed
a large part of the diet for a number of days, and the more the
patient worried so much the more celery was eaten ‘“to quiet the
nerves.” Fragments of tobacco leaf have been the cause of alarm,
“looking like long, slender worms.” Von Duben relates how frag-
ments of linen, imbedded in the mucus and feces, were mistaken for
intestinal worms. Again, how a number of small, white, equally
wide pieces of cellular tissue from meat-balls looked like links of
tapeworm.
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Prof. Buhl reports a case where the mucus had undergone such
changes, that to the unaided eye, it simulated tapeworm.

Dr. Bennett, in his “clinical lectures,” reports the following: A
child was supposed to be affected with worms, because it passed
yellow shreds in abundante, which to the naked eye closely re-
sembled ascarides. All kinds of vermifuge remedies had been tried
in vain. On examining the shreds with a microscope, he found
them to consist of the undigested spiral vessels of plants; and they
ceased to appear when the vegetable broth, used as food, was.
abandoned.

He reports. this also: An individual was supposed to be labor-
ing under dysentery from the frequent passage- of the yellow pulpy
masses in the stools, accompanied with tormina and other symp-
toms. On examining these masses under the microscope, he
found them to consist of undigested potato skins. On inquiry it
was ascertained that ‘this person had eaten the skin with the pota-
toes. On causing them to be removed before dinner, the alarming
appearance ceased, and the other symptoms also disappeared.

We have found a number of larva in the faeces; they were from
three-eighths to one-hall inch in length, but were dead when exam-
ined.

There is conclusive evidence that maggots, larve, etc., will pass
through the whole length of the alimentary canal in a living state
Cheese mites, insects and fragments of insects may be discovered.

MILK.

The examination of milk is without difficulty. A drop of the
fluid is placed on a slide, the cover-glass applied, and the specimen
examined with a power of about 400 diameters. The “milk glob-
ules,” or oil globules, vary from the 1--2500 to the 1-2000 of an inch
in diameter. They do not have, as a rule, a perfectly regular out-
line. They do not run together to make large globules, neither will
the addition of ether effect their solution. Each globule is sur-
rounded by a thin covering, which must be destroyed before the
ether will act. Strong acetic acid will dissolve the covering, and so
will several of the alkalies. If the milk be examined shortly after
delivery, it will be found to contain large, spherical bodies, consist-
ing of a collection of oil globules embedded in some soft material.
These are the colostrum corpuscles. Occurring normally after
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delivery, their presence is of valie many times in a forensic point
of view. When milk is added to other fluids for purpose of impo-
sition, it can be detected by the presence of the milk globules, and
by the precipitation of the casein by acetic acid. Flour, chalk, etc.,
are easily detected when used as adulterations.

Fungi rapidly develop in milk as soon as it commences to
change, and a drop is seen to contain myriads of bacteria in a few
hours after its removal from the living animal. The microscope
will show, many times, countless numbers of bacteria in the clotted
milk vomited by the infant. Thus the whole alimentary canal
might become filled with undigested milk swarming with bacteria,
causing irritation, and perhaps serious illness.



MUSCLE.

The examination of muscle for trichina is very simple.
Small shreds of the muscle should be teased with needles ip
some normal fluid medium, and examined at once with a low
power; one giving so diameters will be sufficient at first, al-
though for a more careful examination one of 250 or 3oo
diameters should be employed. Thin sections can be made.
with a razor through the trichinous muscle hardened in alcohol,
using the proper care that the sections be -made in the direc-
tion of the fibres. The worms are seen coiled up as in figure 11.

Fig. 11, Trichinous Muscle.

A, from psoas muscle of hog. B, encysted trichina from arm of man. B, x 3s. v

They may be found in any of the transversely striated
muscles with the exception of the heart. They are most fre-
quently found, however, in the diaphragm and muscles of the
jaw and neck. They are in greatest abundance at the ten-
dinous extremities of the muscles, for they are here prevented

42
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from moving farther. ' In the hog, fragments of muscle should
be examined especially from the ham and tenderloin. They are
usually found arranged spirally just beneath the sarcolemma.
This spiral arrangement gives them their specific name, trichina
spiralis. They were discovered in January, 1860, by Professor
Zenker of Dresden. In 1864 Professor Dalton counted the
number of trichinz in a piece of muscle {5 of an inch square and
< of ‘an inch thick, and found 12. This would give about 8s,000
to the cubic inch.  In another specimen of the same size he
found 29 trichinz, giving again in round numbers 208,000 to

Fig. 12.

A, fatty iofiltration of heart (man). x 75. B, fatty degeneration of muscie from arm
of boy, amputated on account of paralysis of three years standing.

the cubic inch. The trichina in half a pound of infested meat
would be sufficient in a few days to develop the extraordinary
number of 30,000,000, When it is remembered that each of
these worms must puncture the mucous membrane in its way to
the muscles, it is readily understood why they should occasion
such notable disturbance. As found in muscles they are usually
surrounded by a cyst containing granules or calcareous matter.
In size they average about J; of an inch in length and i of
an inch in thickness. They retain their vitality in the encysted
state for a great length of time.

Muscle sometimes becomes streaked with fat when it can
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be examined either fresh or after being treated with Miiller’s

fluid or chromic acid. When the fat is confined to the con-
nective tissue between the muscle fibres as in obesity, nothing
serious can result from it, unless in some particular organs when
it may cause a dilatation and weakening from pressure. A speci-
men of fatty infiltration is seen at figure 12.

When the fat molecules are arranged in rows correspond-
ing to the longitudinal striee, they usually increase in number
until all the contractile substance disappears and the muscle
fibre becomes transformed into a row of fat cells, the fatty de-
generation causing a complete wasting of the muscle. Non-
striated muscle cells undergoing this fatty metamorphosis are
found in the uterus a few weeks after delivery, when in order
for this organ to become reduced to its previous size many of
the cells become thus broken down and carried out of the
body.



URINARY DEPOSITS.

In examining a specimen of urine it is desirable to have
the whole quantity passed in the twenty-four hours. If, how-
ever, the presence or absence of any particular substance be all
that is desired then a few ounces passed at any time will suf-
fice. The urine should be examined within a few hours after
its secretion, although a second examination is many times im-
portant after the urine has been allowed to stand eighteen or
twenty-four hours. Four or five ounces of the urine should
‘be poured into a tall, cylindrical glass vessel, and allowed to
remain for a sufficient time to allow any deposit to subside.
The deposit is best removed by means of a pipette or glass
tube. The usual magnifying powers are all that is required.
A power of 25 diameters to distinguish the large uric acid
crystals and a power of goo diameters to see the small octa-
hedra of oxalate of lime.

The examiner should first make note of the whole amount
passed in the twenty-four hours, remembering that in health
even there is a wide limit. It may be said to range from
thirty to sixty ounces, or .even a greater range, about fifty
ounces being the .average.

The color of healthy urine varies from a pale-yellow to a
reddish-yellow, red, or brown; or it may be almost colorless,
like water. The pale urine is generally neutral or alkaline in
reaction and is frequently observed in perfect health after
copious drinking. High colored urine is more usually acid in
reaction and has a greater amount of solid constituents. This
occurs in perfect health when the amount of water excreted
by the kidneys is diminished, as after profuse perspiration, or
after hearty meals. It is the kind of urine found in nearly all
febrile diseases. As abnormal coloring agents to the urine there
are the blood and bile pigments, indican, urohematin, and

45
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uroerythin. There are also various coloring agents introduced
from without with the drink, food, or medicine. Among these
are especially, santonin, rhubarb, and senna.

The odor of urine is affected by various matters and it is
of no material value to the physician.

Normal urine is either clear or only very slightly cloudy.
When it is turbid it is evidence that there is some abnormal
condition. It may be due to the presence of pus, mucus, or
epithelium, or to the various sediments.

Normal urine generally turns blue litmus red, that is, it
has an acid reaction. It may have an alkaline or neutral reac-
tion. If the urine has an alkaline reaction the red litmus
paper will become biue; if the blue paper be allowed to dry
and in so doing turns red again, then the cause is due to
the presence of a volatile alkali; or if a volatile alkali be pre-
sent then a glass rod moistened in hydrochloric acid and held
over the urine will cause a white cloud to arise. If the blue
color remains after drying then the cause lies in the presence
of a fixed alkali, If the alkaline reaction of the urine be
temporary, a few hours each day or for-.a whole day now and
 then, it does not bear with it any great value, and it must
be regarded rather as a physiological condition. If the urine
be permanently alkaline, however, much aid to a diagnosis can
be derived from the fact. Rademacher calls a condition where
the urine is constantly alkaline “an iron affection,” that is, an
affection calling for tonic remedies.

The specific gravity of the urine varies from roo5 to
1030. If it remains persistently below 1010 and at the same
time contains no sugar, the case is one of Jiabetes insipidus.
When the specific gravity is below 1015 it should be tested
especially for albumen; but when it is 1030 and above, it
should be tested for an excess of urea and for sugar.

If the urine be turbid and has a sediment after standing it
should be tested for albumen. About a drachm of the urine is
placed in a narrow test-tube and from ten to fifteen drops of
strong nitric acid added ; if albumen be present it will be pre-
cipitated. To a similar portion of the urine in a test-tube heat
is applied and the albumen, if present, is precipitated. The
urine should always have an acid reaction before applying the
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heat-test ; if it be not already acid it can be made so easily
by adding ten or fifteen drops of nitric acid to the drachm
of urine. It should be borne in mind that if a very little
nitric acid be added to albuminous urine and heat applied, no
precipitate of albumen will occur ; the nitric acid should be
added in excess, ten or fifteen drops to the drachm of urine.
Some of the resinous matters, as cubebs, turpentine, etc.,
might be mistaken for albumen. These are differentiated from
albumen by adding some alcohol to the specimen ; if the tur-
bidity disappears by so doing, it denotes the presence of these
resinous matters. :

The microscope is of aid in examining the following :
First. Substances that float on the surface of] the urine or

are diffused through it.

Second. Light and flocculent deposits.

Third. Dense and opaque deposits.

Fourth. Crystalline and granular deposits.

Belonging: to the first-class are the fatty matters found in
the urine. Fatty matters often get into the urine accidentally,
however it may be found in the molecular state as in chylous
urine ; or in the form of oil globules in cases of fatty degen-
eration of the kidneys; or it may be found in casts,  Beale
reports cases where cholesterine was found in the urine with the
fatty matter which passes in fatty degeneration of the kidneys.
The crystals of cholesterine are rectangular or rhomboidal, very
thin and transparent, with regular borders, and frequently mark-
ed by a break at one corner. 'The crystals have a great ten-
dency to break in parallel lines; this 'property with their trans-
parency and the parallelism of their borders renders these crys-
tals very characteristic.

THE LIGHT AND FLOCCULENT DEPOSIT.

Mucus.—This is observed in healthy urine, after it has been
allowed to stand a few hours, as a bulky, flocculent deposit,
which shows under the microscope a few granular, circular
cells, not unlike the white corpuscles of the blood, and a trans-
parent substance which may show a few very thin interlacing
fibrils.

Spermatosoa.—These are easily recognized by their char-
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acteristic shape. They are indestructible in the urine, sink to
the bottom of the vessel, and cannot be confounded with any-
thing else. They become of value to the microscopist in this
connection largely from a medico-legal point of view.

Vibriones, Bacteria.—These little bodies appear in urine that
has been allowed to stand for some time, but are sometimes
developed before the urine has left the bladder. They possess
very active movements and the larger ones twist about after
the fashion of a serpent.

Vegetable Jfungi—Certain forms of torulz are developed in
urine, especially in diabetic urine where they may be found in
less than twenty-four hours after the secretion of the urine.
Penicillium glaucum is not uncommonly met with in acid urine
containing albumen. The spores of these fungi appear as round
or oval globules, averaging the 54,5 or 4y of an inch in
diameter. They afterwards become united in chains overlap-
ping one another and giving rise to a fine network of fibrils.
Masses of fungi, spores and mycelium .are found in the urine
of patients laboring under disease.

Epithelium.—A great variety of epithelium is found in the
urine, from the large scaly cells from the vagina to the small
cylindrical or spindle-shaped cells from the ureters. The cells
are generally nucleated, will take carmine staining, are render-
ed pale and their nuclei prominent by acetic acid. ,

Casts.—Casts are usually mixed with pus, epithelium, and
blood-corpuscles, and they are found in urine containing a con-
siderable quantity of albumen.

Mucous Casts.—Mucous casts are found in urine of high
specific gravity, with excess of urea and urates. The casts are
large, averaging 4l to -4, of an inch in diameter, pale, and
transparent, and are not colored by carmine. ‘

Epithelial casts.—These casts are found in cases of acute
nephritis, and they are accompanied with much loose epithe-
lium and with a considerable deposit of uric acid. They may
have in them oil globules, blood-corpuscles, and perhaps pus cor-
puscles. s
Waxy casts.—These are very pale and transparent and have
well defined margins. Owing to their transparency they are
easily overlooked. They are colored by carmine. They may
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be more :easily detected by adding to the urine a few drops
of a solution of iodine in iodide of potassium; this will give
the "casts a brownish color. They vary in size from the
to the' 135 of an inch in diameter. The casts have a smooth,
waxy, glistening appearance under the microscope.

Granular casts—Casts may be composed of a large number
of granules with but few, if any, epithelial cells. These are
found in the. early stages of chronic nephritis. They may be so
abundant as to form a. deposit in the test-tube, if the urine
be left undisturbed for a few hours. ;

Other casts are sometimes so filled with oil globules that
it is all that can be seen at first. This.is the case frequently
in fatty degeneration of the kidney. Crystals of lime, both the
dumb-bell and octahedra, and crystals of the triple phosphates
have been seen in casts.

The presence of epithelial casts in the urine, for a few
days only, admits of a favorable prognosis. If pus be mingled
with the casts the inflammatory process is of a more severe
type. Granular and hyaline casts always indicate a graver and
more chronic disease. The greater the quantity of casts, and
the longer they appear in the urine, so much the more exten-
sive the degeneration and so .much the graver the prognosis. If
the casts contain well marked epithelial cells and blood-corpus-
cles, and if the granular matter in the casts be of a brown color
consisting of disintegrated blood-corpuscles, and if the -urine con-
tains a large quantity of albumen, then the probabilities are that
the case is an acute one. If, however, there are a number of
granular casts without any brown color and a number of
transparent casts, with a pale color to the urine and a smalj
quantity of albumen, then in all probability the case is a
chronic one.

THE DENSE AND OPAQUE DEPOSIT.

Pus—The pus corpuscles appear as round, pale, granular
bodies, averaging about the 4/;5 of an inch in diameter.
Acetic acid causes them to swell up with a smooth faint out-
line, and it develops in their interior from one to four small
bodies. After the lapse of a few days the urine completely
disintegrates the pus corpuscles.
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Urate of Soda—Urate of soda forms a very common urin-
ary deposit, and it is found in the urine of persons in good
health. It is held in solution in the healthy urine, but it is
frequently precipitated. It appears, generally, in the form of
amorphous, irregular, very small granules. It is slightly sol-
uble in cold water and is readily soluble in warm water; sol-
uble in the. alkalies and in solutions of the alkaline carbon-
ates and phosphates. If a solution of pure urate of soda be
prepared and the salt allowed to crystallize, it will form small,
acicular crystals, The deposit containing urate of soda varies
very much in color from a pale, white cloudy precipitate to a
pink, brown, or even dark red color. The urine containing
this deposit is never turbid when freshly voided; it is only
after the urine has cooled that the cloudiness occurs. Some
of the urine is placed in a test-tube and heat applied. If the
sediment dissolves, but reappears again on cooling, then it con-
sists of the amorphous urates. The urate of soda dissolves at
about 100° Fahr., while the wurate of ammonia does not dis-
solve much below 200° Fahr. After the wurine has stood for
some time the supernatant fluid is poured off and half its bulk
of a solution of potash added. If this causes the mixture to
become clear, not viscid, then the wurates of soda and ammo-
nia enter largely into the composition of the deposit. Filter
some of the boiling urine, the filtrate will give a deposit of
urates when it is cool. Add some strong acetic acid to the
deposit ; it will be dissolved, but will soon recrystallize, which
shows under the microscope the rhombic crystals of uric acid.
Urate of soda is found in spherical, globular masses from the
surface of which project sharp points of uric acid crystals.

Urate of Ammonia—Under the microscope urate of am-
monia appears as an amorphous deposit. When prepared arti-
ficially and allowed to crystallize, it forms delicate needle-shaped
crystals collected in spherical groups, or in opaque masses with
fine projecting points.

To distinguish between the urates of sodium and potas-
sium and the urate of ammonium is very easy under the mi-
croscope. The washed sediment is treated with hydrochloric
acid and allowed to evaporate on a glass slide. If the de-
posit be either urate of sodium or potassium then the micro-
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scope will show, besides the crystals of uric acid, the cube crys-
tals of the.chlaoride of..sodium and-potassium. If the deposit
be urate of ammonia then the leafy crystals of chloride of
ammonium will be found. If the urate of ammonia deposit be
treated with nitric acid and then filtered, and the deposit al-
lowed to dry on the filter, and if to this dry deposit ammonia
be added a beautiful purple or violet-red color will be pro-
duced. This is known as the “murexide test.”

The Earthy Phosphates—The earthy phosphates are insol-
uble in water and alkaline solutions, but soluble in acids. The
more common forms are the triple phosphate and phosphate of
lime. The phosphates are deposited from the alkaline and neu-
tral urine, and sometimes from urine feebly acid. The most
common form of the crystals of the triple-phosphate is that of
a triangular prism with beveled edges. The terminal edges are
sometimes also beveled; when this condition exists and when
the crystal is much reduced in length, it appears almost square
and closely resembles the octahedral crystal of oxalate of lime.
The crystals of *the triple-phosphate are soluble in acetic acid,
but the octahedra of oxalate of lime are unaffected by it. The
earthy phosphates are insoluble in hot water, and are unaffected
by alkalies. When ammonia is added to the healthy urine the
crystals assume the stellate form, consisting of from four to
five or six feathery rays. Beautiful crystals of the triple-phos-
phate are not unfrequently found among the urates. If the
turbidity of the urine be due to the presence of the phos-
phates a few drops of any acid will clear the specimen up.
If the urine has been secreted recently, boiling will precipitate
the phosphates, and acids will again render the mixture clear.
If an excess of ammonia be added to the urine, agitated, and
then allowed to rest, a precipitate of the earthy phosphates will
be found; this precipitate can be redissolved by acids.

Phosphate of Lime.—Phosphate of lime is found in pale
urine having a faintly acid reaction, with a tendency to alka-
line fermentation. It is frequently associated with the oxalate
of lime. It crystallizes as small rods, either singly or in stel-
late groups, or arranged in the form of bundles or rosettes
It may be composed of needle-shaped crystals, crossing each
other at right angles and lying together. The deposit may be
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granular in character or it may occur as small spherical masses
in the form of dumb-bells. Phosphate of lime is precipitated by
alkalies as an amorphous powder.

THE CRYSTALLINE AND GRANULAR DEPOSIT.

Uric Acid is deposited as a sediment only when the urine has
an acid reaction. The sediment is never colorless, although it may
have but a pale-yellow color. It has, usually, either a deep yellow,
an orange, or a brown color. The unaided eye is generally suffi-
cient to identify the presence of uric acid, for it is the only sub-
stance giving a spontaneous deposit of brown crystals. The
crystals usually lie scattered as colored specks on the sides of the
glass vessel, forming also a layer of deposit at the bottom. It ap-
pears in many different forms under the microscope, the more com-
mon being that of smooth tables of the rhombic form. These
rhombic crystals are modified by having their angles rounded off in
such a way that spindle-shaped crystals are produced. Other varie-
ties exist, as dumb-bells, six-sided plate§, rectangular tables, saw-
shaped, fan-shaped, etc. If there be any doubt as to the nature of
any particular form it is only necessary to dissolve the sediment on
the glass-slide in a drop of potassic hydrate, and then add a drop of
hydrochloric acid, when the usual form will appear. Uric acid is
insoluble in hot water but soluble in alkalies, potash, soda and
ammonia. Some of the sediment, supposed to be uric acid, may be
placed on a slide and a drop of strong nitric acid added to it. After
evaporating it to dryness, one or two drops of ammonia are added.
If a purple-violet or violet-red color appears-it denotes the presence
of uric acid or a urate. In testing for an excess or for a deficiency
of urea the quantity of urine passed in twenty-four hours should be
taken into account. If the amount passed be below the average it
should be diluted with water until it reaches that point; if the quan-
tity be in excess of this average then it should be evaporated to that
point. After proceeding thus, if the urine has a specific gravity
over 1030, an excess of urea may be the cause. To test for this,
place enough of the urine in a test-tube to fill it an inch in depth;
add to this one-third its bulk of pure nitric acid, and set in a cool
place, or in cold water, better always in water near the freezihg
point. If crystals of nitrate of urea form in a few moments then an
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excess of urea is present. Nitrate of urea crystals are colorless,
flat, rhombic or hexagonal plates, closely united to one another.

To test for a deficiency of urea, take some of the urine, of nor-
mal quantity, and reduce it to one-half its bulk by slow evaporation;
when cool add nitric acid as given above, and set in cool water, If
no crystals of nitrate of urea form in five minutes then the normal
amount is not present. This is a very simplé method, is easily ap-
plied, and approximates the true results.

Oxalate of Lime—Urine containing oxalate of lime hag
usually an acid reaction and a high color. The deposit is
scanty and generally conjoined with uric acid and the urates.
After the urine has been allowed to stand for a short time a
drop of the colorless, mucous-like deposit is placed on a slide
and examined with a high power of the microscope. The drop
of urine to be examined should be taken from a little above
the bottom of the vessel, for the mucous deposit at the bot-
tom appears to hold these crystals in its upper part; they are
in the greatest abundance just in the upper part of the mucous
deposit. The crystals of oxalate of: lime are very character-
istic and cannot be mistaken for anything else found in the
urine. It is to be borne in mind that some of these crystals
are very minuté indeed, appearing only as angular points. This
salt usually crystallizes in well defined octahedra, but sometimes
it is found in the dumb-bell form. The dumb-bells of oxalate
of lime are readily told from those of uric acid both by mi-
croscopic and chemical methods. The uric acid dumb-bell
is dissolved at once in dilute potash solution while the
oxalate of lime dumb-bell is insoluble even in boiling potash
solutions. Again, after the uric acid dumb-bell has been dis-
solved by the potash, if an excess of acetic acid be added
the characteristic rhombic crystals will appear.

Oxalate of lime is insoluble in water, alcohol, alkalies, and
the vegetable acids, hence it can be readily distinguished from
the phosphates which are, soluble in acetic acid.

This salt is soluble in the mineral acids and in the acid
phosphate of soda. The octahedra of chloride of sodium can
be distinguished easily from the oxalates by the fact that the
former are readily soluble in water, and that the urine must
be evaporated to show them. '
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Cystine—Cystine is a very rare deposit. It forms a whitish
sediment which consists of colorless, transparent, six-sided plates
or prisms. These -crystals are soluble in ammonia and upon
spontaneous evaporation of the ammonia the crystals are again
deposited unchanged in shape. As uric acid crystals are not
soluble in ammonia this test serves to differentiate between
the two. Cystine is insoluble in acetic acid, while the earthy
phosphates are soluble. The surfaces of the crystals of cystine
are frequently marked with lines of secondary crystallization.

They are also often seen overlapping one another and
united by their sides. Cystine is insoluble in boiling water,
in carbonate of ammonia, in strong acetic acid and in weak
hydrochloric acid. It is soluble in the strong mineral acids,
in ammonia, potash, and oxalic acid.

Carbonate of Lime.—Carbonate of lime is occasionally found
in the crystalline state. It occurs in an amorphous form, and
is recognized by its effervescing when acetic acid is added to
it. Before applying this test the deposit should be washed with
distilled water to remove any soluble carbonate that might be
present.

Blood-corpuscles.—When blood-corpuscles are in the deposit
they give to it a red, or brownish-red, granular, or smoky ap-
pearance. The deposit should be examined for the character-
istic corpuscles. It should be remembered that the blood-cor-
puscles may become very much altered in their appearance by
remaining in the urine for a considerable time. If no blood-
corpuscles can be detected then the guaiacum test can be ap-
plied. A few drachms of the tincture of guaiacum are mixed
with an equal volume of oil of turpentine and well shaken
until an emulsion is formed. The urine is carefully added to
this mixture. As the urine comes in contact with the emul-
sion a precipitate 1s formed. The precipitate is at first white,
later it becomes yellow or green. If the urine contains any
blood, even slight traces of it, the ‘precipitated resin will be
colored a more or less intense blue, many times. an indigo-blue.

TO TEST FOR SUGAR.

The quantity of urine in diabetes, secreted during the twenty-
four hours varies from eight to fifteen or more pints. It usually
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has a pale straw color and a high specific gravity. The speci-
fic gravity is almost always above 1030 and it may be as high
as 1060. Sometimes, however, the specific gravity is below
normal ; hence this is no sure guide as to the amount of
sugar present. Deposits are rarely observed in diabetic urine.

To test for sugar, it should be first ascertained if there is
any albumen in the urine. If heat and acid show that no al-
bumen is present then apply Trommer’s test at once. If albu-
men - be present then add a few drops .of acetic acid to the
specimen and boil. Filter, and neutralize the filtrate with car-
bonate of sodium and apply the test of Trommer. If the urine
has an alkaline reaction then boil it in a test-tube with a
small quantity of sodic hydrate or potassic hydrate. Filter and
apply Trommer’s test to the filtrate.

Two solutions are necessary to carry out the test of Trom-
mer ; a solution of sulphate of copper, ten grains to the ounce,
and a solution of caustic potash, of twenty-five per cent.
strength.

A drachm of the urine is placed in a test-tube and three
or four drops of the copper solution added ; then nearly half
as much of the potash solution as there is of urine is added;
enough of the potash solution should be added to completely
dissolve the precipitate at first formed. The clear blue solu-
tion is now heated to the boiling point. If the precipitate be
either blue or black it denotes an absence of sugar; if the
precipitate be yellow or brown or brownish-red then sugar is
present.

There are various modifications of Trommer’s test. One of
the best modifications is that of Fehling. Fehling’s solution is
made as follows: “6g9 grains of sulphate of copper are dis-
solved in 345 grains of distilled water, to this solution a con-
centrated solution of 268 grains of tartrate of potash, and
then a solution composed of 8o grains of carbonate of soda
in an ounce of distilled water are added ; water is added in
sufficient quantity to make 1,000 grains.” To use this solution
it is only necessary to add about an equal bulk of it to the
suspected urine in a test-tube and boil the mixture. If sugar
be present a similar precipitate will occur to that from Trom-
mer’s test.
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Fehling’s solution should be kept in tightly corked  bottles
and protected from the light. After.. having. been kept for
some time this solution may deposit the suboxide when boiled
alone ; if this should be the case some fresh potash should be
added before testing the urine.

THE PRESERVATION OF THE URINARY DEPOSITS.

Urinary deposits may be preserved in Canada balsam, in
glycerine, in a 1 per cent. solution of carbolic acid, in equal
parts of glycerine and camphor water, in a solution of naphtha
and creasote and in various other media.

The naphtha and creosote solution is of very general use
It is made as follows :

Creasote, - - - - - 3 drachms.
Naphtha, - - - - - - 6 ounces.
Distilled water, - - - - 64 ounces.
Prepared chalk, - - - - a sufficient quantity.

Mix the naphtha and creasote together, then add as much
of the chalk as may be necessary to make a thin, pulpy mass;
the water is now added gradually, the whole being well rubbed
together in a mortar. One or two small pieces of camphor are
added and the whole mixture is allowed to stand two or three
weeks in a closely covered vessel, being frequently stirred. At
the expiration of this time the clear fluid is poured off, and
filtered if necessary, and preserved in well corked bottles.

When any urinary deposit is to be mounted in a fluid the
foilowing method should be carried out: The sediment is al-
lowed to settle in the test-tube, when as much as possible of
the urine is drawn off from it by a syphon. A quantity of the
preservative medium, equal in bulk to the contents of the tube,
is added to the sediment and the mixture well shaken ; this is
allowed to rest until the sediment settles to the bottom of the
tube again. The preservative fluid is now drawn- off, as was
the urine, and a fresh quantity of the fluid added. By so do-
ing the deposit is thoroughly impregnated with the preservative
medium. ;

Casts are preserved very well in the naphtha and creasote
solution. The very pale casts show much better by coloring
them with the carmine solution.
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Phosphate of lime is preserved in the naphtha and creasote
fluid. The crystals of the triple phosphate are preserved the
best in water to which a little chloride of ammonium has been
added. Cystine is preserved either in glycerine jelly or in the
naphtha and creasote solution.

The urates and uric acid are preserved in the naphtha and
creasote solution also. Crystals of uric acid show nicely when
mounted in Canada balsam. To mount them in balsam, they
must first be thoroughly washed with distilled water and then
carefully dried. They are dried the best under a bell jar over
sulphuric acid. When dry, a drop of oil of turpentine is ad-
ded, and this is allowed to nearly evaporate when a drop of
Canada balsam is added and the slide gently warmed. @are
must be exercised here that the heat be slight, otherwise the
crystals will be cracked in every direction. These crystals
show very nicely when mounted in this way. Crystals of ox-
alate of lime are best preserved in the naphtha and creasote
solution.

Many of the crystals obtained from urine are preserved
the best in a dry state. Such are urea, nitrate of urea, ox-
alate of urea, creatine, creatinine, and many others. These
crystals are allowed to form upon the glass slide, when they
are thoroughly dried under a bell jar over sulphuric acid. A
shallow ring of white zinc can be placed around the crystals
and the cover applied and hermetically sealed. In the great
majority of cases the crystals obtained from urine are not pre-
served in their mother liquid.



THE MICROSCOPE IN PARASITIC DISEASES
OF THE SKIN.

While the microscope is an indispensible aid to the diag-
nosis of certain parasitic- diseases of the skin, it is also' of great
valye in the examination of non-parasitic skin lesions 7z sifu.
For an examination of the skin only low powers are necessary
with special mountings. In many cases a good bi-convex lens
of low power will answer the purpose. When a higher power
is required, the binocular microscope described by Dr. Pifford
of New York is to be employed. A description of this in-
strument is given in “Pifford on Diseases of the Skin,” pub-
lished by MacMillan & Co. The publishers kindly furnished
us with a cut of this instrument. The ingenious physician can
take the low powers of his microscope and mount a monocular
after the fashion of the illustration without
material cost. With this instrument the
skin can be examined when the patient is
in any posture, and with much accuracy
and ease. In cases of eczema and psor-
iasis it is many times exceedingly difficult,
almost impossible to make a differential
diagnosis, but the matter is rendered much
more simple by the aid of the microscope.
There are many other skin diseases that
can be diagnosed by the microscope.

It is, however, among the parasitic
diseases where the microscope is of most
value. The parasites investing the skin
belong both to the vegetable and animal kingdom, and are
called respectively vegetable and animal parasites. The dis-

eases due to a vegetable parasite are designed by the term
58
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“tinez.” There are the following varieties : tinea favosa, tinea
circinata, tinea tonsurans, tinea sycosis, and tinea versicolor.

Tinea favosa, favus, or crusted ringworn, is due to the
presence of a vegetable parasite called ackorion Schoénleinii. See
fig. 14. Under a power of four or five hundred diameters this para-
site is seen to consist of both mycelium and spores in great quanti-
ty. The mycelium is composed of narrow tubes or threads of
varying length. It is usually very abundant. It differs greatly
in appearance with the stage of its growth, for the tubes may
appear perfectly empty or they may contain spores, in which

case they are called “receptacles” or ‘“spore-

! tubes.” These tubes look like links of chains,

gy some of the links being found single, in others

| -united, two or- more together, and all inter-
mingled with the spores. The spores are
very irregular in- shape; they may be round,
oval, dumb-bell, or flask-shaped. They vary
in size from .5, to 4oy Of an inch in
size. They are highly refractile bodies and
have a grayish or pale-greenish color. They
exist in vast quantities and are everywhere
Fig. 15. Split Hair-present in the specimen examined. This
shaft showing spores.fungus is the most luxuriant of the vegetable
parasites. To examine for them, a small part of a crust or
hair should be placed on the slide and covered with the thin
glass. A drop of liquor potassae is placed to the edge of the
cover and allowed to come in contact with the specimen. A




.60 MICROSCOPICAL DIAGNOSIS.

magnifying power of about four or five hundred dlameters is
sufficient to show the features already described.

Cases of tinea have been treated per ora for months and
even for years without benefit, when had a correct diagnosis
been made and anti-parasitic remedies applied directly to the
parts affected, the cure would have been a question of a few
weeks.

Fig 16. Hair tn Tinea Tonsurans.

Tinea circinata, tinca tonsurans, and tinea sycosis, are caused
by a vegetable parasite known as the #zycopiyton fungus. This
fungus consists of myvcelium and spores which vary a trifle in
each of the three affections. !

Tinea Circinata, ringworm of the scalp. In this affection the
mycelium is most abundant and is embedded in the epidermic
cells. It consists of very long, siender threads, having a sharp
outline and containing spores and granules. A single thread not
unfrequently extends entirely across the field giving off branches
in every direction. The spores of the fungus in tinea circinata
are highly refractile bodies of a pale-green or grayish-color.
They are small and round or rounded. They never assume
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Fig. 18 Sarcoptes Hominis (female).
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the many shapes characteristic of the ackorion Schénleinii. They
may be single or two or-more may be united together.

Tinea Tonsurans.—~The fungus is the same as in the last
named disease, but it exists in a different stage of its develop-
ment. In tinea circinata the epidermis is the seat of the dis-
ease while in tinea tonsurans the hair is involved. In the lat-
ter disease the spores exist in vast quantities. The hairs are
thoroughly invaded with them, not only around the outside of
the bulb and root, but also inside the hair structure. They
are many times placed in rows corresponding to the filaments

Fig. 19. Sarcoptes Hominis (male).

of the hair. The outline of the hair is seen to be ragged in
places, owing to the protruding of the filaments of the fungus.
The fungus may be sufficiently abundant to. completely disin-
tegrate the hair. Taylor says that this fungus invades the hair
down to the bulb, but that it never advances to any distance
in this structure, neither does it attack the hair papilla or root
sheaths. To examine for the fungus one or two of the short
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stumpy hairs should be placed on a glass-slide, covered and
treated with ‘liquor potassae.

Tinea Sycosis—Barber’s itch. The hairs are
dry, swollen, brittle and many times twisted.
They are loose and may be extracted without
pain. The fungus penetrates into the hair fol-
licle and affects chiefly the roots of the hair.
The parasite differs but little from that found
in tinea tonsurans only perhaps there is rela-
tively more mycelium ‘in- tinea sycosis. The
spores, however, still predominate in this affec-
tion.

Tinea Versicolar—This disease is caused by
a vegetable parasite, known as wmicrosporon fur-
A Y Sur. The mycelium of this fungus is composed

Folliculorum. ~ of short, slender threads, that may be either
empty, or that may contain a few spores and granules. It is
not uncommon to find a single spore on the end of a thread
of the mycelium. The threads vary considerably in form, being
found jointed; twisted, straight, or crooked and wavy. The
spores are small and irregular in shape as in achorion Schon-
leinii. They have a tendency to aggregate in groups. These
masses are very characteristic, as they are not found in any
of the other vegetable parasites. Free spores are met with
everywhere. The growth is very luxuriant and there is no
difficulty in detecting it with the usual magnifying power. A
few of the epidermal scales are placed upon a slide, covered.
and treated with a drop of liquor potassae.

Animal Parasites—The animal parasites are so readily de-
tected by the unaided eye that it is scarcely necessary to
mention them. The itch mite is the least liable to be de-
tected, but this is easily seen” with the microscope. On turn-
ing one out of the pustules from between the fingers with the
points of very fine needles and,k placing it under the micros-
cope the minute animal sarcoptes scabiei is seen. It gives rise
to the disease known as scabies.

The Demodex Folliculorum (fig. 20) inhabits the sebaceous fol-
licles of heélthy skin, hence gives rise to ro trouble. If one of the
follicles about the nose or forehead be squeezed rather hard,
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and .the contents placed on a glass-slide with a drop of olive
oil, and then covered with the thin glass, one or more of
these parasites may be found. The oil causes the hard por-
tions around the parasite to separate from it when it can be
emoved to a separate slide.

Fig. 2r1. Fig. 22, Fig. 23.
Pediculus Capitis. Pediculus Pubis. Pediculus Corporis.

Pediculosis.—There are three varieties of this disease, de-
signated according to the names of the species of pediculi. The
pediculus capitis, or head louse; the pediculus corporis, or body
louse, and the pediculus pubis.



TUMORS.

HE INFLAMMATORY new formations are very unstable and

when their cause, usually some irritation, is removed they will
have a strong tendency to return to a healthy standard or condi-
tion. The non-inflammatory have great independence, grow by an
inherent activity of their own, and are constantly tending to become
removed farther and farther'from a healthy condition. Their
general tendency is to increase in size, although after a time they
may remain permanent. To this class belong the new formations,
known as tumors. A tumor is many times pathological simply be-
cause its specific elements occur in a place where they do not nor-
mally belong. Virchow calls a tumor composed of but one tissue
“histioid,” when composed of several tissues “organoid.” When
in addition to the latter there are organ-like tissues “systematoid.”

If a new formation occurs in a tissue agreeing with it in struc-
ture it is said to be ‘“homologous.”  If unlike it, it is ‘“heterolo-
gous.”

All of the pathological elements found in a new formation, in-
cluding the cells, nuclei, matrix, vessels, etc,, are prototypes of
those found in the normal tissues, only undergoing change and de-
struction more readily.

The cells of these growths are reproduced most frequently by
cell division, the nucleus dividing first, followed by a division of the
formed part of the cell. This has been observed to occur in a very
few seconds. Sometimes the nucleus alone will divide, these nuclei
thus formed dividing again and again, until one cell may possess in
this way from four to twenty or more nuclei.

These cells are known as the “giant,” “mother,” or “myeloid”’
cells. They are found normally in the medullary substance of bone.

Pathological cells, then, come from pre-existing cells, and when
newly formed are usually small and round, having a nucleus or com-

posed of nucleus matter alone, simple undifferentiated protoplasmic
65
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cells. At this stage it would be impossible to tell the future of the
growth, Like the small cells of the embryo, they are entirely un-
differentiated. These célls may be the round cells of a sarcoma or
the cells of connective tissue,

As soon as a tumor is completely developed it is liable sooner
or later to undergo some of the forms of degeneration. If it has
been of short duration, attained a considerable size, and if it is
composed largely of cells, then it will undergo these changes all the
more rapidly. If it has been of slow growth and its elements are
developed into tissue, then it will not be liable to degenerate. Fatty
degeneration is most commonly met with. This is probably due to
the fact that in the rapid formation of new tissue there is not a pro-
portionately new formation of blood-vessels, and as a result of the
insufficient circulation and want of nutritive material, the fatty
metamorphosis occurs.

Tumors may also undergo pigmentary degeneration, usually
from a deposit of melanin. This is a black, or nearly black, sub-
stance found physiologically in.the skin and eye. It is seen either
as free granules in the tumor or deposited in the cells. It does not
appear to be at all susceptible to reagents, and its origin is probably
the same as that of hematoidin. In caseation the fluids are ab-
sorbed and the elements are dried up, changed into a yellowish
cheesy material, which process may continue until the whole mass
may become surrounded by a capsule of fibrous tissue. In calcifi-
cation, small calcareous particles are infiltrated through the mass.
Sometimes softening liquefies the whole mass into a thin liquid,
which under the microscope is seen to consist of broken down ma-
terial, granular matter, fat, etc.

Colloid and mucoid degenerations also occur when the albumi-
nous ingredients are transformed into substances chemically resem-
bling mucin and an allied colloid material.

A tumor is malignant when it has a tendency to recur in the
same or some distant place after its removal.

It is innocent when this tendency is not present. The term
“malignancy,” then, is purely a clinical one and does not refer to
any property of the growth to destroy life. ‘The heterologous char-
acter of a growth is an evidence of its malignancy.

In the examination of tumors the fresh cut surface should
be scraped and this examined for cells: their shape, number, size,
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nuclei, the size and number of nuclei in each cell, all should be
carefully noted. Then the tumor should be cut in small pieces, not
over one-half an inch square, and placed at once in dilute alcohol,
to be replaced in a few days by common methylic alcohol, and if the
tissue still remains too soft for cutting thin sections, stronger alco-
hol may be added for a day or two. Maiiller’s fluid may be em-
ployed, but at this laboratory the best results have been obtained
by the use of alcohol alone. In two weeks the tissue will be of suf-
ficient consistence to allow thin sections to- be made with the aid of
a razor. By holding the piece of tissue firmly between the thumb
and fingers of the left hand, the razor held in the right hand can be
drawn from heel to point over the tissue, cutting the section sufh-
ciently thin for examination. Or by using one of the embedding
mixtures already given the piece may be embedded in the micro-
tome and sections cut as has been described. The arrangement of
the fibres -and cells should be noticed, together with any alveolar
stroma that may be present.

Carmine and haematoxylin are useful staining reagents.

The sections are best preserved, after staining, by clearing
them in the oil of cloves and mounting in balsam or damar.

It is very difficult to make a satisfactory classification of the
new formations. . The classification given in T. Henry Green’s
“Pathology and Morbid Anatomy " is as free from objections as any
with which we are acquainted. It is here given with slight changes:

CLASSIFICATION OF TUMORS.

Type of the fully: developed connective tissues,

Type of fibrous tissue, - - £ Fibroma.
Type of adipose tissue, - - - Lipoma.
Type of cartilage tissue, - - - Enchondroma.
Type of bone tissue, - - - Osteoma.
Type of mucous tissue, = - - -  Myxoma.
Type of lymphatics, - - - Lymphoma.
I1. Type of higher tissues.
Type of muscle, - - - - Myoma.
Type of nerve, - - - - Neuroma.
Type of blood-vessels, - - Angioma.
Type of papilla, - - - - Papilloma.

Type of secreting glands, - - Adenoma.
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II1. Type of embryonic tissue.—The sarcomata.
Spindle-celled sarcoma.
Round-celled sarcoma.
Myeloid sarcoma.
IV. The carcinomata.
Scirrhus. ‘
Encephaloid.
Colloid.
Epithelioma.
FULLY DEVELOPED CONNECTIVE TISSUE,

Of the two kinds of corpuscles found in connective tissue, the
movable, or wandering kind, is the most important in this connec-
tion. In size, contractility, ability to wander; etc., they seem identi-
cal with the white blood corpuscles. In all probability they have
their origin in the blood. It is not known whether they can pass
into the regular connective-tissue corpuscle or not. Neither is it
known in what channel they move.

IY PEL QF o HELBROUS § (LIS SEA

Fibroma, fibroid or connective tissue tumor. This tumor con-
sists of quite distinct fibres that are without any arrangement, and
that are separated only with difhculty. If the section be made
across a blood-vessel the fibres will be seen running in a circular
manner around it. Only a few cells will be found, and these are
most abundant in the neighborhood of blood-vessels. They are
usually of the spindle-shaped or stellate variety. Nuclei that take
the staining readily are seen distributed over the field. As a rule
there are but few blood-vessels, but it sometimes occurs that the
“walls of the vessels have become firmly united with the structure of
the tumor, hence if the growth be cut into or injured severely the
mouths of the vessels will not be able to contract and profuse
Lzmorrhage results. !

In size the fibromata vary from a very small circumference to
an immense growth. Their form is also varying. The fresh cut
surface is usually dry, only in the rapidly growing younger growths
when a serous or mucous fluid exudes. Arising from the skin they
are usually softer and less dense than those found in other parts,
end in this situation are usually single. They are generally limited
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by a capsule and have a slow growth, occurring in middle and ad-
vanced life. They increase in size by a central growth, by a multi-
plication of their own elements, and do not invade the surrounding
healthy structure.

They are then innocent growths and cause disturbance to the
organ or tissue in which they are situated and to the whole organ-
ism only from their size. The fibromata are not liable to undergo
degeneration. Fatty degeneration, calcification, mucoid softenings
and hemorrhages are met with usua]ly' affecting only a part of the
growth. Growing beneath the skin these tumors are sometimes
soft, without a capsule and multiple. They are known here as wens.
Nasal polypi are a variety. So is a tumor often described as a
neuroma, which under the microscope is seen to consist not of true
nerve tissue, but of fibrous tissue. These growths usually commence
from the connective tissue surrounding the nerve, the neurilemma,
and by increasing in size, either press upon the nerve proper or grow
around it, and thus, as they increase in size they compress the
nerve. They are generally small, round, hard tumors that are pain-
ful in the extreme. Uterine fibroids are rarely composed of fibrous
tissue. They will be described under muscular tumors. The fibro-
mata are frequently combined with other forms. :

TYPE OF ADIPOSE TISSUE.

In structure a lipoma resembles ordinary adipose tissue, con-
sisting of large cells that are fully distended with fat. The nuclei
of the cells are not visible unless the fat be dissolved from the cells,
or unless a cell is found containing but very little fat. They vary
in size, frequently attaining a most enormous growth. The fresh
cut surface shows fatty tissue. It occurs most frequently in parts
where fat normally exists, rarely in other parts, is usually sharply
circumscribed, encapsuled, grows slowly and with a central growth.
It has no tendency to return after removal.

It rarely undergoes any of the degenerations, and when occur-
ring only small parts are affected.

TYPE OF CARTILAGE.

Enchondroma, chondroma. This tumor is rarely found com-
posed of cartilaginous tissue alone, but usually combined with con-
nective tissue. It may be either hyaline, reticular or fibrous carti-
lage, or all three combined. The number and size of the cells are very
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variable. Some are spindle-shaped, some stellate and movable. Usu-
ally, however, they resemble the cells of normal cartilage. The en-
chondromata vary in size, are usually single, occasionally multiple.
They occur in the early part of life, even in the new born. By far
the greater number affect the bones and most frequently the medul-
la. Thus the articulating surfaces are rarely affected. They may
arise from cartilage itself : their likeness to normal cartilage is then
more exact, In some of the softer forms there is a tendency to re-
turn after removal, affecting even the lymphatics, and in the young
causing cachexia. The malignant properties of the encondromata,
when present, are probably due to the fact that sarconratous ele-
ments are associated with them. However healing almost invaria-
bly occurs after complete extirpation, and in the case of a pure en-
chondroma malignancy may be said to be entirely absent. Of the
many degenerations to which this tumor is subject calcification is
the most common. Ossification sometimes affects the periphery of
the growth so that it is surrounded by a thin bony wall. Spicule
of bone are frequently found through the growth. A specimen in
the author’s possession shows about one-third of the growth truly
ossified, the remainder resembling normal cartilage. The line be-
tween the two being sharp and distinct.
\

TYPE OF BONY STRUCTURE.

Osseous tumor, Osteoma. In the case of this tumor the bony
appearance is the natural result of development, whereas in many
other cases—tumors having undergone osseous degeneration—it is
accidental. It has an independent growth and is not to be con-
founded with the products of inflammation of bone, as the callus
after fractures, etc. Most of the osteomata arise from connective-
tissue. They may have their origin from cartilage, bone, or the
periosteum of bone. Those having their origin apart from bone,
heterologous, are known-as osteophytes. They are found near
diseased joints, near the seat of inflammatory processes and in many
other situations. ‘They are found not uncommonly in the lungs
and brain. They are to be carefully distinguished from growths
that have become partly ossified, for in the latter case they might
be more or less malignant, while a true osteoma is perfectly inno-
cent. The homologous exostoses are found most frequently on the
external and internal surfaces of the skull, in the orbit, on the up-
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per and lower jaw, etc. They are troublesome only when some
neighboring part is affected by pressure. The appearance under
the microscope is not unlike that of the true bone, at least the lacu-
nz and canaliculi are present, although not arranged in any order.

TYPE OF MUCOUS TISSUE.

Myxoma, mucous tumor, tumor mucosus, gelatiniform or col-
loid sarcoma. A myxoma consists of a mucous basis substance in
which are spindle-shaped or stellate cells which anastomose with
each other. A few are round or oval or spherical. This is very
generally the case in the younger growths. If young and rapidly
growing the number of these cells will be largely increased propor-
tionately. A nucleus is seen in each of the cells. Sometimes two
nuclei are present. The refracting power of the mucus is so great
that some care is necessary in order to see the outlines of the cells.
Staining will be of advantage here. The cells are easily obtained
by simply scraping the cut surface and adding a little saline solu-
tion to the scrapings. They are closely related to cells found in the
sarcomata, and by many are so classed. The same kind of tissue
exists in two places in the body physiologically, in the vitreous hu-
mor of the eye and in the umbilical cord.

‘The myxomata usually occur as single tumors, and are gener-
ally round, uniform and small. The fresh cut surface may show
septa of connective tissue, giving the growth a soft but quite firm
consistence, or the connective tissue may be nearly, if not entirely
absent. There will then escape a viscid mass of mucilagenous con-
sistence to such a degree that the whole tumor will become flat-
tened and formless. Their most favorite seat is in the adipose tis-
sues, and they are here generally encapsuled. The growth is usual-
ly slow, although they are many times of extraordinary size. The
walls of the blood-vessels are very thin and liahle to rupture.
Hence the frequency with which sanguineous cysts are met with.

The cells themselves may become destroyed by either fatty or
mucoid degeneration. As a rule the myxomata are innocent
growths. Sometimes, however, they exhibit malignant properties.
This probably is due to the fact that many times these growths are
combined with others, especially the sarcomata.
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TYPE OF LYMPHATIC TISSUE.

Lymphoma, Lymphadenoma. . It is not very unlike a lympha-
tic gland in structure, consisting of a basis of distinct fibres which
branch and cross each other like a net-work, and of cells identical
with the white blood corpuscles. These cells filt up the space in
the basis, but in a thin section they can be all removed by
brushing it well with a camel’s hair brush moistened in water.
The firmness of the tumor will depend upon the comparative
amount of basis fibres and.nucleated ceils. If the growth is young and
increasing rapidly in size then the cells will be the more prominent
part of the growth. Later the number will diminish and the retic-
ulum become thicker and firmer. These tumors not infrequently
acquire a large growth even infiltrating the surrounding tissues.
They are homologous primarily, and become heterologous only from
the new tissue extending into surrounding parts, or from their grow-
ing in a place where the lymphatics are very small and few in num-
ber.

The lymphomata are innocent growths and are not liable to
undergo degenerative changes. In the disease known as “ Hodg-
kin’s disease ” the new growths in various parts of the body are like
the ore described. The enlargement of the spleen in leukamia is
of the same nature.

TYPE OF MUSCULAR TISSUE.

Myoma. A tumor composed of striated muscle is one of the
rarest of the new formations. A myoma composed of smooth or
non-striated muscle is most frequently met with in the uterus, where
it is generally known as a ‘“uterine fibroid,” and when projecting
into the cavity of the uterus or extending by a pedicle out of the
neck is called a “uterine polypus.” The muscle cells form one but
not the only element. Connective tissue may exist in great abun-
dance. This is especially the case in the older growths. In the
new growths it is not uncommon to find almost exclusively the char-
acteristic non-striated muscle cells. There are few blood-vessels
distributed through the connective tissue. These are homologous
growths, of slow growth, usually single, but often multiple. They
are liable to undergo softening, or more frequently to become calci-
fied. They are perfectly innocent, exhibiting no tendency to re-
turn after removal.
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TYPE OF NERVOUS TISSUE.,

Neuroma. These consist of true nerve fibres and are not the
growths so commonly met with growing from the sheath of nerves
or within the sheath, They are composed of ordinary medullated
nerve fibres associated with connective tissue. They are found on
the ends of divided nerves, growing after amputations. They are
usually very small nodules, innocent, and are remarkable largely for
the great pain they cause.

TYPE OF BLOOD-VESSELS.

Angioma. These tumors are composcd of blood-vessels held
together by connective tissue. The diagnosis is readily made with-
out the aid of the microscope.

Fig. 24. Papilloma.

TYPE OF PAPILLZAE.

Papilloma, papillary or villous tumor. This tumor consists of a
body of connective tissue with a covering of epithelial cells, re-
sembling the papillee of the skin. They are rarely without blood-
vessels, which end either in a capillary net-work or in a single loop.
Cells may be seen scattered through the connective-tissue basis.
The epithelial covering is generally like that from which the part
arises. The papillomata may occur on any surface of the body, but
more generally where papillee and villi normally exist. They occur
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