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EREBE A C .

A sHoRT course of lectures, which was given in the spring of
last year, forms the basis of the present volume. To the notes
which had been prepared, and which the author had origmally
intended to print for the use of his pupils, much has since been
added, and it is hoped that, in its present shape, the work may
afford some assistance to practitioners and students in medicine
who employ the microscope in clinical investigation, or in phy-
siological and pathological inquiries.

In the present day this branch of investigation is being
pursued by all who are most anxious to increase our know-
ledge of the structural alterations taking place in disease, and
of adding to our information with reference to some of those
important processes which interfere with the due performance
of the healthy functions of different organs—investigations in
which all may find ample employment, and may thus contribute
to the advancement of the true interests of their profession,
and aid in the eluecidation of truths which may ultimately pro-
mote the interests and welfare of mankind in a degree not
less than they will add to the advancement of seience.

Except in cases referred to in the text, the woodeuts, which
have been ecarefully executed by Mr. Davies, have been copied
from drawings taken by the author from objects actually under
observation.

The dimensions of all the drawings which are magnified
with one of Powell’s quarter of an inch object-glasses, can be
readily ascertained by applying to them the scale figured in
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page 36, which represents divisions 1-1000th of an inch apart,
magnified with the same power as the objects delincated.

In preparing the work, the author has to acknowledge the
assistance he has derived from the suggestions of many; and
he 1s very desirous of taking advantage of this opportumty of
acknowledging how much he owes to his kind friends Dr. Todd,
Mr. Bowman, Dr. Johnson, and Dr. Acland, not only for the
valuable assistance and information which he has on all ocea-
sions derived from their instruction and advice, but also for
the warm encouragement they have constantly afforded him
while he was a pupil and ever since.

To his friend, Mr, Conway Evans, the thanks of the author
are also due for much kind assistance.

27, Carey Street.
4th April, 1854.

The author will feel greatly obliged to any gentleman who will commu-
nicate to him the results of any processes for the preservation of animal
structures, which have been found to succeed better than those usually
followed, or any hints upon points of manipulation, &c., connected with
microscopical research.
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EXPLANATION OF THE PLATE.

All the objects, except figs. 6 and 10, are magmfied 220 diameters.

1. Blood-crystals from the finger of a healthy man treated
with a drop of water.

2. Another specimen of human blood-erystals.

8. Crystals obtained by diluting putrid blood with a drop of ,
water.

4, Crystals found among some clots which had been effused |
into a large hydated cyst of the liver.* Two are seen to H
be situated within a large oil globule.

5. Guinea-pig’s blood, crystallized, after the addition of a ‘
drop of water.

6. Very large crystals obtained fron Guinea-pig’s blood,-

=]
.

magnified 40 diameters.

Crystals obtained from dog’s blood after the addition of a
drop of alcohol.

Crystals from squirrel’s blood.

Crystals from cat’s blood after adding alcohol.

Crystals from mouse’s blood after the addition of a drop of

ether,

* The liver from which these erystals were taken, was shown at the
Pathological Society by Dr, Cotton, March 1854.
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THE MICROSCOPE,

AND ITS APPLICATION TO CLINICAL MEDICINE.

CHAPTER 1L

INTRODUCTION.

In the following pages it is my wish to direct attention to
microscopical examination, more especially in its bearings upon
clinical medicine, and the investigation of healthy and morbid
structures of the human body ; not to describe minutely the
appearances observed upon placing a specimen under the
microscope, but to consider the praetical methods by which the
investigation may be most successfully carried out, and the
means at our disposal for demonstrating the minute structure of
those tissues and deposits, with the characters of which it is
important for the practitioner to be acquainted.

My aim will therefore be, to endeavour to show how the
structures are to be submitted to examination, rather than to
deseribe what are the appearances observed.

The question often occurs, whether an object is to be ex-
amined after having been immersed in some fluid medium,
*:.lml:-h enclosed between two pieces of glass, without any
previous preparation, and then placed in the field of the miero-
scope. Again, it will be inquired what liquid is best adapted to
display the minute structure of the substance under examina-
tion, or in what manner can we hope to preserve most effec-
tually the characters it possessed when recent, in order that it

I




—— e

2 THE MICROSCOPE,

may be compared with other specimens, at a subsequent period
of time. The application of certain reagents may be necessary,
either to dissolve matter which is accidentally present, or,
perhaps, to render one element of the tissue more transparent,
in order that the structure of another constituent may be
better observed.

To the practitioner, a familiar acquaintance with the micro-
scopical characters of the elementary tissues, and a knowledge
of the way in which their structure is to be demonstrated, are
essentially necessary. Without this, how can he expect to be
able to investigate successfully the changes which take place
in certain textures in disease; or to make out the complicated
structure of morbid growths —In the examination of urine, he
may fail to discover the presence of most important deposits, in
consequence of not being acquainted with some very simple
mechanical contrivance adapted for collecting them ; and, in
many instances, he may lose the advantage of making a correct
diagnosis in an obscure case of disease, in consequence of not
being able to resort to microscopical examination.

1. The value of the Microscope as n means of Dingnosis.—
It may be well here briefly to refer to a few of tho=e instances
in which the microscope is known to have afforded valuable aid
to the practitioner in the diagnosis of disease.

Diseases of the Kidney.—There is no class of diseases in which
its powers have been more advantageously brought to bear by
the practical physician, than in those of the kidney. By a
microscopical examination of the urine, we are frequently
enabled to ascertain the mnature of certain morbid changes
which are going on in the kidney, and even to distinguish,
during life, the existence of certain well-defined pathological
conditions of that organ. The laborious researches of Dr.
Johnson have shown us how, by the peculiar character of the
casts (fig. 1) of the uriniferous tubes, which are found in the
urine, we can ascertain whether the epithelium be desquamat-
ing, or, on the other hand, whether it presents no such ten-
dency, but remains firmly attached to the basement membrane
of the tube. If the epithelium be undergoing that peculiar
change termed fatty degeneration, we shall often be able to
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ascertain the fact, by examining a specimen of the deposit
from the urine by the microscope. So again, by the presence
of certain other .{11.‘"1}(?:-5-IL'[S, and a knowledee of the symptoms
usually associated with
them, the physician is
enabled to direct his
attention, as the case
may be, to the exist-
ence of local changes,
affecting some part of
the genito-urinary mu-
cous membrane, or to
more general disturb-
ance, in the changes
which .take place in
primary and secondary assimilation.

Fatty Degeneration.—Of late years, the remarkable changes
which take place, and which haye been described under the
name of fatty degeneration, in some of the highly complex
textures of the body, in consequence of which their properties
become changed, and their functions impaired, or altogether
destroyed, have beenundergoing care-
ful investigation by a vast number of
highly talented investigators.

The recent discovery of a state of
fatty degeneration affecting the
arteries of the brain (fig. 2), in the
majority of cases of apoplexy, by
which the strength of their coats
becomes deteriorated, and their elas-
ticity entirely destroyed, would tend
to lead us to infer, that this disease
18 dependent rather upon compli-
cated changes affecting nutrition,
than upon the presence of a condi-
tion of plethora or hy peremia, as was
be‘l‘J‘IUI‘]}' supposed, and acted upon.

The connexion hetween fatty degeneration of the margin of

B 2
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the cornea (arcus senilis), and similar changes taking place in
the muscular tissue (fig. 8), of the
heart (a subject which has been
carefully investigated by Mr. Canton),
or in the cerebral vessels, must be
regarded with great interest by every
practitioner.

The microscopical examination of
the matters vomited in certain cases,
has proved to us that the presence of
minute fungi, originally discovered by
Professor Goodsir, and named by him
Sarcinge Ventriculi (fig. 4), oceurs In
connexion with certain morbid conditions of the stomach.

|
|

“ These remarkable cases are much more frequently met with

1 . than was formerly supposed, and form

Eigid an exceedingly interesting class of

O i diseases.

LQ:;Q%:’%L?’I Tumours and Morbid Growths.—The

o rs, D A?f-‘“ microscope has many fimes afforded

@n’n Tﬁﬁ important aid in the diagnosis of

0, =d P ; = :
o @or tumours, although it has certainly

failed in many instances; which eircumstance has been
brought forward by some, as an argument against its em-
ployment altogether.  After ecareful microscopical examina-
tion, the best observers have failed in deciding as to the nature
of a particular tumour submitted to examination; and they
have been unable to pronounce as to its malignant or non-
malignant character.

On the other hand, not unfrequently this question. has
been positively and correctly answered in the affirmative or
negative, and therefore it ‘would surely mot be right alto-
gether to discard the use of an instrument which, although
i eminently useful in many instances, is not infallible; for it
| | would appear to be the opimion of some, that the use of
ﬁ the microscope ought to be altogether abandoned in the
diagnosis of tumours. We shall have to return to this im-

portant question at a fufure time.
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For the discovery of Imposition, the microscope is invaluable,
as it almost necessarily follows
that, in consequence of the fre-
quency with which urine is sub-
jected to minute investigation,
patients often resort to various
expedients to deceive the prac-
titioner. Perhaps flour, starch (fig.
5), sand, and milk, are more fre-
quently employed for this pur-
pose than any other substances.
The microscope will obviously enable any one to detect {he
first three. If milk be added to

: : - Fig. 6
urine, the mixture may very readily B
be mistaken for a specimen of the & hee8Ces
i N e T e oy
so-called chylous urine. Although 150 020 82000
. " . . D2 p % gD pot
a considerable quantity of fatty J} a2 s 0%d
; s e : eg 2=(32 2 2300
matter 18 present, in either case ﬁl:l"i' g j « 03
e . - a9 a2
this fatty matter exists 1n a very a8 _ae5ds o §ihu
L # P -=a 3 _‘T :1 n
different state. In milk, we find H5e2 5 1 255

the oil-globules (fig. 6) so charae-

teristic of this fluid, while, in true chylous urine not a single
oil globule can be found, although the specimen may contain a
large quantity of fatty matter in a
molecular state (fig. 7).

Larve of the Blow-fly in Urine.— e
A specimen of urine containing
several bodies of about half an inch
in length, and of a rounded form,
was once sent to Dr. Todd for
examination. The bodies in ques-
tion looked not unlike the larve of
some large fly, but, as it was con-

Fig, 7.

fidently affirmed that they were passed by the urethra of a
gentleman, the accuracy of this view of their nature was
doubtful.

Upon placing a portion of one of them under the microscope,




i THE MICROSCOTE,

trachew (fig. 8)— (the air-vessels characteristic of the class of
insects) were observed in con-
siderable mumbers; and this
circumstance alone enabled me
to say positively that they
were not entozoa, and that
they could mnot have been
passed in the manner stated.
They were afterwards proved
to be the larvee of a fly.

The claws of echinococei and
portions of hydatid cysts have
on several occasions been discovered in the urine, sputa, &ec.,
upon submitting portions of these fluids to microscopical
examination, proving beyond a doubt the existence of hy-
datids.

Substances passed by the Bowels.—If the practitioner have a good
knowledge of the use of the microscope, he can often ascertain
the nature of substances passed from the alimentary canal ; and,
by the aid of this instrument, he can often at once decide as to
the nature and origin of substances, which, to the unaided eye,
only present most doubtful characters. Considerable perplexity
has arisen from the.presence of bodies in the stools of patients,
which afterwards proved to be portions of almonds, goose-
berry skins, portions of potato, the testa of the tamarind,
husks of wheat, &c.: not many years ago the uredo of
wheat was mistaken for, and described as, a peculiar fungus,
to which it was supposed the phenomena observed in cases
of cholera were due.

Portions of vessels which, unlike the other constituents of
the food, have resisted the process of digestion, have been met
with in the feces, and mistaken for small intestinal worms,
which they much resemble when examined by the unaided eye.
Upon being subjected to microscopical examination their true
nature was readily discovered.

In Medico-legal Inquiries the microscope has often afforded
valuable aid. The distinetion between blood spots and red
stains produced by fluids resembling blood in colour,—between

Fig. 8.




AND ITS APPLICATION TO CLINICAL MEDICINE. 7

human hair and that of animals,—and the detection of sperma-
tozoa in cases of rape, need only be adduced as examples of
the importance of the microscope in such investigations.

For detecting Impurities in Food and Drugs the microscope has
afforded important aid, and there are several other purposes to
which it may be applied, some of which will come under con-
sideration in a subsequent chapter.

2, Imporiance of n knowledge of the methods of Preserving
Microscopical Specimens.—The preservation of certain substances
of rare oceurrence is often a matter of great moment to the
scientific practitioner, either for the purpose of comparison
with other specimens, or for obtaining the opinion of different
observers as to their nature. This desirable object, it need
scarcely be said, cannot be effected without a certain amount of
mechanical manipulation, and an acquaintance with the pro-
perties of preservative fluids.

3. Arrangementi of the uul}jntl-.t,-—T]'ll‘: different mechanical
operations, the different methods of examining various tissues,
their behaviour under the influence of chemical reagents, and
other practical points bearing upon microscopical examination,
will be especially dwelt upon in the following pages.

A minute deseription of the instrument, and the various
accessory apparatus, with directions for their employment in
this branch of investigation, naturally forms the introduction
to a work on the use of the microscope ; but, as this book is to
be looked upon as strictly practical, this part of the subject will
be dismissed as soon as possible, and I shall only attempt to
bring under notice those instruments and pieces of apparatus
that are most essential to the purposes of investigation. So
many beautiful contrivances have lately been devised by various
observers, that to enter into a short description of each would
occupy all the pages which I have proposed to devote to the
whole subject. For an excellent deseription of the different
microscopes, and of several beautiful and eminently useful
pieces of apparatus, I eannot do better than refer the reader to
the treatise of Professor Quekett. After this subject has been
briefly noticed, I shall direct attention to the method of making
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cells to contain microscopical preparations ; and then the various
processes by which thin sections of different tissues can be
obtained, and the mode of injecting will be considered.
Afterwards the mode of demonstrating the structure of those
tumours and morbid growths, which the physician is most
frequently called upon to submit to examination, will be dis-
cussed. Next, the method of collecting the deposits which
subside from different fluids, such as serum, urine, &c., will be
brought under notice; and, in the last chapter, will be consi-
dered the great importance of a knowledge of chemistry to the
microscopical observer, and the most convenient manner of
applying chemical tests to minute quantities of matter, together
with the principles upon which the microscopical and chemical
examination of different substances are conducted.
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CHAPTER II

THE MICROSCOFPE.

T sHALL not enter into a deseription of the different microscopes
made by various makers, but shall eontent Fig. 9.
myself with directing attention to the most
important points to be locked for 1n a
cood practical instrument. - In discussing
this question, the price of the microscope
forms a most important part of the con-
sideration.

Miecroscopes may be divided into two
classes : the instruments usually termed
students’ microscopes, below the value of
ten pounds, meluding object-glasses, &e.;
and the more elaborate instruments, which
cost more than this sum, and, when com-
plete, even attain the price of fifty or sixty
pounds.

The microseope in use in the present day
for delicate observation is the “ compound”
microscope (fig. 9), so called because the
magnified image produced by the object-
glass, ¢, and brought to a focus at 4, is
again magnified by a second glass, =,
before it enters the eye; while, in the simple microscope,
(fig. 10), the object is only magnified by one lens. Figs. 9
and 10 illustrate the construction of the “compound ” and
“simple "’ mICroscope.

n 3
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!! 4. siudenis .H.'Il':l"u-u'll-]lnl'.u.—'11h[".‘il" tl]il‘]‘IJHL'Hi}L"H are !H:H.ll" ]]I"
1 most of the London makers, and vary in price from five to ten
pounds. Of these, the
| Fig. 10. instruments of Ladd and
1 Pillischer, I think, deserve
special recommendation.
1l The cheapest instrument,
| however, that I have seen,
i and one which is very effi-
| cient and well adapted for
' students, has bheen made
Ll by Mr. Salmon (fig. 11).
[ This microscope has two
' | powers, a small bull's-eye
i condenser and diaphragm.
! :. Packed in an upright case
{i 1t costs five guineas, or,
l ‘ fitted with a coarse as well
i il as with a fine adjustment
r f SCTEW, S1X FUINeas.
i h Mr. Highley has also brought out an excellent in&:tz*unELfHL
| -]:i provided with two powers, for the price Uf_ 6L, Ilﬂ';*‘- This
IE II microscope 1s mounted upon a double pillar with tripod stand
i ; (fig. 12). The foreign mieroscopes nf'_:‘};mh:*l: Ul]i.!l'h..'ll.lf.it‘l‘_.:'ll]l.l
I ! others, are many of them very useful instruments for general
I -'aj use, and are very imrL;L}llU. These may be ]}HI'L']HIHL'{]. at from
I I.. five to seven or eicht pounds.
!E , 5. Large Microscopes.— he larger microscopes are nnlu-h
E hil more elaborate and beautiful instruments, but I do not think
| {l that the practical advantages afforded to the student are suf-
il ficient to make up for the great increase of price. For those
i observers who wish for an instrument as perfect in all points as
Al can be obtained in the present day, those made by Powell and
, Lealand, Ross, and Smith and Beck, may be especially recom-
| | mended. TFor an accurate description of these beautiful
. : instruments 1 must refer to Mr. Quekett's Treatise on the
| Microscope.
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STUDENTS' MICROSCOPE, MADE BY MR, SALMON.
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8. Microscope-makers, — The microscope-makers whose ad-
dresses I have been able to find, are arranged alphabetically as
follows :—

English Makers.
Bryson . . . . Princes Street, Edinburgh.
Dancer . . . . 43, Cross Street, Manchester.

Ladd . . . . . 29, Penton Place, Walworth.
Pillischer . . . . 88, New Bond Street.

Powell and Lealand . Seymour Place, New Road.
Pritchard . . . . Fleet Street.

Ross . . . . . TFeatherstone Buildings, Holborn.

Salmon . . . . 100, Fenchurch Street.
Smith and Beck . . Coleman Street, City.

Foreign Makers.

Amiei . . . . . Modens.

Brunmer . . . . Pans,

(hevalier™: - & - LEAris

rauenhofer, Merz . Munich.

Nachet . . s« 16, Hue Serpent, Fars,
Oberhduser . . . Paris.

Pistor +»+ «+ » < '+ Berhn;

Ploeslinl laniitur &40 Vienns:

Sehiele s 06 0 sl “Berlin:

Essentinl peoints in the Constructiomn of @m Microscope.—
It will be convenient to refer, in the first place, to the me-
chanieal, and secondly, to the optical, portion of the instrument,
Under the former head, the stand, the stage, and the apparatus
for adjusting or altering the foecus will be considered ; and in
the latter division the mirror, eye-pieces, and object-glasses
will be brought under notice.
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MECHANICAL PORTION OF THE INSTRUMENT,

7. Sand.—The instrument should stand firmly, whether the
body be inclined or arranged in a vertical position ; and not the
slightest lateral movement should be communicated to the body
of the microscope when the focus is altered by turning the
adjustment screws. The base or foot should be sufficiently
heavy to give steadiness, and should either be made of a tripod
form, or placed upon three small feet (a simple means of
insuring steadiness not attended to in many of the foreign
instruments).

8. Arrangement for inclining the instrument.— ['he h{)d}'
ought to be provided with an arrangement by which it may be
inclined or placed in a horizontal position (figs. 11 and 12),
which is required when drawings are made with the camera,
or when objects are measured by the aid of this mstrument.
Another advantage which is gained by the microscope being
provided with this moveable joint is, that the muscles of the
neck do not become so tired when the body is inclined, as when
the head has to be bent over an instrument standing upright for
several hours at a time. The larger the microscope may be, the
more necessary does this joint become for the comfort of the
observer; and as it in no way impairs the steadiness of the
instrument, and only adds a few shillings to the expense, I
recommend every one, in the choice of a microscope, to select
an instrument which may be used in a vertical, inclined, or
harizontal position. Many of the foreign instruments are
deficient in this respect.

9. swmge—The stage (fig. 13) should be sufficiently large
to admit either edge of a glass-slide, two inches in diameter,
to be brought under the object-glass. The stage of the mi-
croscopes of Nachet, Oberhiuser, and others, are too small, and
inconvenience is often felt in consequence of it being im-
possible to subject every part of a surface little more than an
inch in diameter to examination, without removing the slide,
and turning its opposite edge towards the pillar of the
instrument. The distance from the centre of the object-glass to
the upright pillar (@ to b, fig. 13), should therefore not be less
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HIGHLEY'S HOSPITAL MICROSCOPE., FROM A PHOTOGRADH.
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THE MICROSCOPE. 17

than two inches. In thisrespeet the microscopes of most of the
English makers cannot be found fault with. If a moveable stage
be adapted to the instru-
ment, the movement in
every direction should be

Fig. 13,

perfectly smooth; and - if
this object be gained, the
particular kind of motive
power,—lever, rack, and
pinion, endless screw, &e.,—
which is applied, is not a
matter of so much im-
portance. In those in-
struments which ecan be
inclined at an angle, the
ledge at the lower part of
the stage upon which the
slide rests, should reach from
side to side (fig. 13), instead of being interrupted in the centre,
as may be observed in some of our instruments, in which case
much inconvenience is found to result from the glass slide, with
the preparation, occasionally slipping down. It is very con-
venient to have a piece of plate-
glass, with a ledge, which may
be laid upon the brass stage,
particularly when objects are to
be subjected to the action of
chemical reagents which would |
mjure the brass-work if brought
n contact with it (fig. 14).

10. Axrangement for altering the Focus.—The arrangement
by which the focus is altered must be of the best workmanship,
a8 1t is very important that this should be effected without the
slightest lateral or irregular motion being communicated to
the portion of the instrument which bears the olasses. In
microscopes of inferior workmanship this will often be found
to occur, in consequence of the thread of the screws being too
coarse and roughly made. The alteration of the focus is

Fig. 14.

TR e X - T |
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18 THE MICROSCOPE,

usually effected in a more satisfactory manner, when that part
of the tube which bears the object-glass of the instrument is
raised or lowered (fig.12), than when the stage of the microscope,
and with it the object, is moved up or down by means of a
serew, an arrangement met with in some continental miero-
scopes. Usually, two adjustments are provided, one coarse,
for low powers; and the other fine, for higher powers. The
cheaper glasses are only supplied with one movement, in con-
sequence of which a certain amount of difficulty is experienced
in focussing with the higher powers, as the thread of the screw
is often made too coarse. The chain movement of Mr. Ladd
supersedes the necessity of a fine adjustment. In the instru-
ment made by Mr. Salmon, the tube is provided with a fine
adjustment ; but when low powers are used the focus is altered
by sliding the tube up and down with the hand, as in Nachet’s
and Oberhaiiser’s microscopes.

OPTICAL PORTION OF THE INSTRUMEXNT.

11. The Object-glass.—1 shall not attempt to diseuss the
causes of the imperfection of object-glasses, or the means by
which such imperfection is prevented in the best glasses,
further than may be necessary to explain one or two terms
in frequent use amongst observers.

The defining power of a microscope used by the practitioner
should be good; for many observations which he is called upon to
make, can only be effected with a good glass. If the defining
power is not good, the observer is liable to overlook many im-
portant alterations of structure, such, for instance, as fatty
degeneration of certain tissues, in which

Fig. 15. : : e
e very minute oil-globules are deposited in
.'._.'.?n : the texture (fig. 15). In aninferior instru-
S ment it would often happen that the precise

7Ot s @ state of the tissue could not be ascertained
,@ @  with certainty, in consequence of the
defined circular outline of each minute

individual oil-globule not being rendered sharp and clear.
19. Spherical Aberration—By “ spherical aberration™ is un-
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derstood that every part of an image is not equally distinet, or in

focus at the same time ; Fig. 16.

and this arises from the
different points of focus
to which the rays of hight
passing through the peri-
pheral portion, and those
which pass through the
more central part, of an
uncorrected lens, are col-

lected. The peripheral ?
rays A, ]H'illu; refracted 1 A Freater {f-;-;grm- than those which
pass through towards the centre B, are broucht to a focus
much nearer the lens than the latter. Hence Ulllj.' the central
-or peripheral part of the field of an uncorrected lens ean be in
focus at one time (fig. 16).

13. Chromatic Aberration.—** Chromatic aberration” depends
upon the unequal refrangibility of the different colours of the
spectrum, the violet and blue rays A being brought to a focus
much nearer to the lens than the red rays T ; and hence if we
examine objects with an uncorrected lens we find them fringed
with colour, which varies as we alter the focus (fig. 17).

Fig. 17.

14. Augle of Apertuve.—The excellency of definition of the
modern object-glasses depends in great measure upon the
increased “ angle of aperture,” a term which has been much
used of late by microscopists. The angle of aperture is that
angle which the most extreme rays that are capable of being

transmitted through the object-glass, make with the point of
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focus. Thusin figs. 18 and 19, B, A, B, is the angle of aperture.
Fig. 1. Fig. 19. Upon "‘”f’i””i”f—‘-' the two ii[_:LJI‘I'H_,L

peL S S both of which represent glasses of
gimilar magnifying power, the angle
of aperture is seen to be much
greater in fig. 19 than in fig. 18,
which represents an uncorrected
lens. Consequently, a much larger
quantity of light is transmitted by
the former than by the latter, when
any given point of an object is sub-
jected to examination. In order to
R M . see an object at all distinetly with
V74 SN an uncorrected lens, 1t 18 necessary
. to diminish the aperture so much,
as to interfere with the transmis-
sion of the amount of light required.

Upon subjecting a delicate object to examination with
inferior glasses, it may appear confused and indistinet, some
points being in focus, and others out of focus, or it may be sur-
rounded by a coloured ring, or the lines may be slightly fringed
with colour,—appearances which result from the glasses not
being corrected, or only partially corrected for * spherical and
chromatic aberration,” or from the ©angle of aperture™ being
too small to admit sufficient light. As the corrections neces-
sary to overcome these imperfections involve a great amount of
labour and very skilful workmanship, the
price of a good achromatic English glass of
high power becomes considerable (fig. 20).
Many of the foreign object-glasses, how-
ever, possess good defining power; but it
must be borne in mind, .that others are
equally bad, although the price may be the
same in either case. Foreign glasses are

now adapted to many English microscopes;
and before purchasing one of these instruments it 1s well to
subject some well-known object to examination. The glasses
of the best English makers are almost perfeet in this respect.
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15. Over-corrected.— The best object-glasses are what is
termed * over-corrected,” by which is meant that the tliﬁl}l:r;-aive
power of the different lenses composing the object-glass is so
arranged that the blue rays shall be brought to a foecus more
distant than the red rays, which it will be remembered is the
reverse of what occurs in an ordinary lens (fig. 17).

The object of this over-correction is to reduce the coloured
rays to a state favourable for being transmitted colourless to
the eye of the observer, by the influence of the eye-piece, pre-
sently to be deseribed.

18. Object-glnsses necessary.—The large microscopes are
generally furnished with several object-glasses, the lowest power
being a two or three inch, and the highest an eighth or twelfth.
The student will only require two or three powers—the most
useful being an inch, or a two inch, and a quarter. With these
he will be able to demonstrate almost everything he is required
to observe.

17. Method of Ascertaining the Magnifying Power.— The
magnifying power of a glass cannot, however, be ascertained
by measuring the focal distance: it becomes, therefore, im-
portant that the observer should be able to aseertain the mag-
nifying power of the different combinations with which his
instrument is provided. The microseope being arranged as for
observation, a stage micrometer, divided, say into hundredths,
15 placed in the field. Two or three inches divided into tenths
are then accurately measured out upon a piece of white paper
or card-board, the lines being made distinet by drawing them
with ink. This measure is next placed on a plane, parallel with
the stage of the microscope. TUpon examining the lines of the
magnified micrometer with one eye, and looking at the measure
with the other, we can read off accurately the length of the
interval which the magnified image covers. Suppose, for in-
stance, that the magnified 1-100th of an inch covers a space
of two inches, the magnifying power of the glass will be two
hundred, or two hundred linear, or two hundred diameters ; for
the magnified image of 1-100th of an inch iz found to cover a
space of two inches. The camera may also be employed for
nmeiimmnﬂ; the magnifying power of a glass, the same pre-
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cautions being observed as recommended in section 37. Ii,
however, the magnifying power be expressed 1 1ts superficial
extent, it will be as 200 x 200 = 40,000 times. This mode ot
expression, however, is only used in the most popular treatises.

18. Eyc-picces. The 1"‘.'I."-l'lil."l'l." consists of the eye-glass

and the field-glass (fig. 21), the former being the farthest from,
and the latter the nearest to, the object-glass.

Eve-pieces are of two kinds, the negative (fig. 21), or Huy-

ghenian, which was the nvent ion of Huyghens, and used by

him for lr.-]p:w':'n]n-.-é_ ancl the [H;Hi“‘.'{‘ 1'}'|'—]Ji-.'l.'t'. invented I|

Ramsden (fig. 22).

Fig. 21. Fig, 22.

— | Eye glass

H:—
I

1 Field glass
|

The former 18 the l.'}'i'—il.ll.'l'l‘ which is now employed i1 ac
matic mieroscopes for ordinary purposes; but the micrometer
is often adapted to the positive eye-piece, in consequence of the
divisions hq*ing HEE INOre r1-|~.~'1§|1{'1l"«.' than with the !H':.'_fil.'lli".L".
The magnifying power of the eye-piece may of course be in-
creased to almost any extent, but any imperfection which may
exist in the definition of the object-glass, becomes inereased in
the same degree as the image so produced 15 macnified, hence
no advantage is derived from having eye-pieces of high mag-
nit'_rin;_: pOWer, [t is usual to supply two or three eye-pieces
with the best instruments, but the student will find that one

orood ﬂyr—lnirw of not very high magnitying power will be all
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that he requires, and will enable him to demonstrate almost
every structure with which he should become aecquainted.

19. Defining Power—In order to test the defining power
of a microscope, we have merely to subject some object, the
structure of which is exceedingly minute and delicate, to ob-
servation. The objects generally employed for this purpose have
been termed * test objects ;”’ and the structure of the most deli-
cate of these can only be clearly made out when the glasses are
good, and the illumination of the object is properly managed.
Among the most favourite tests are the scales of the podura
and some species of navieula; but if minute oil-globules, or the
transverse striee upon muscular fibre, are well defined, or the
outline of some delicate epithelial cells, as those from the
mouth, is rendered sharp and well defined, the instrument will
be well adapted for all the purposes of the medical practitioner,
although the glasses may not be sufficiently good to separate
fllﬁl‘]]ll;ti\ the delicate lines upon the scale of the podura, or
define Hw minute dots 11]}{311 the navieula angulata. In all
cases, however, the objects in different parts of the field should
be in focus at the same moment, and the lines should be gharp
and free from coloured fringes.

20, The Mirror.—The Mtrrm' is placed below the stage,
and is so arranged that its position
13 easily altered, and that it may be Fig.
melined at any angle, in order that
the rays of light may be reflected
thtmurh an {ﬂ:}{:f,l placed upon the
stage, and their direction varied,
according as it is found nee essary to
examine the preparation by the in-
fluence of oblique or direct rays of
light. The concave mirror collects
the rays to a foeus, and in this way

we may obtain a much more intense light than by the flat
mirror.

A white porce lain mirror 18 also sometimes use {1 or a 'E}in_-ut
of opaque white glass, or even w rllmg -paper may ho employed ;
but for general examination, a mirror of this kind is not often
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required. Every microscope should, however, be furnished
with a coneave and a plane mirror, which should not be much
less than two inches in diameter.

91. Choice of n Microscope.— With reference to the purchase
of a microscope, it may be observed, that the selection of the
particular kind of instrument will be affected somewhat by the
nature of the research to which it is intended to be applied by
the student. If the microscope is required for the examination
of urinary deposits, and other substances likely to engage the
attention of the medical practitioner, it will, 1 think, be found
that one of the simpler microscopes, without moveable stage,
but with good glasses, will be as efficient (figs. 11 and 12)
as a more expensive and complicated instrument. On the
other hand, if the purchaser wishes for what may be termed a
perfect instrument, he must buy one of the beautiful micro-
scopes made by the great English makers, and provided with a
moveable stage. By this arrangement some time may be
saved in examining objects, and, in using the higher powers,
greater facilities for subjecting different parts of the field to
examination, are certainly obtained ; but a moveable stage 18
not necessary for observation. An efficient microscope for all
general purposes, without moveable stage, may now be obtamed
for five guineas ; and a more perfect instrument, provided with
a moveable stage, and supplied with two powers, bull’s-eye
condenser, two eye-pieces, &e., costs from twenty to twenty-
five or thirty guineas.®

On the subjects referred to in Chapter II. the following works may be
consulted :—

Article Microscope, by Dr. Carpenter, “ Cyclopedia of Anatomy and
Physiology ;" ‘ Hannover on the Microscope,” edited by John Goodsir,
1853 : several articles in the * Microscopical Journal,” 1852-3; * Pritchard’s
Microscopic Illustrations,” quoted by Quekett; “ A Practical Treatise on
the Microscope,” by John Quekett, second edition, 1852; * Du Micro-
scope et des Injections,” par le Dr. Ch. Robin, Paris, 1849.

* For list of makers, vide page 13.
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CHAPTER II1.

ACCESSORY APPARATUS,

tear
up delicate portions of tissue upon the field of the microscope,
or to float them out, as it were, from the ceneral

22. Compressovinm,—NOT Uilt‘l‘i‘llllt'llu_'g.' it 1s I'L‘l!llil‘i‘tl Lo

substance
under examination. In examming minute living animals we
often wish to fix them in a position for careful observation. These
objects are effected by an instrument termed g conpressorium,
(fig. 24), which simply consists of a mechanical arrangement, by
which we are enabled to apply a certain amount of pressure
upon the thin glass covering an object, which may be regulated
at will. The compressorium consists of a flat piece of brass,

with a small ledge on one side, and a large hole in the centre,
To one end is attached a lever, bearing a flat brass ring, about
a quarter of an inch in width, which is free to move, and
capable of being eradually raised up and down upon the ohject,
by moving a screw, having a fine thread, which passes through
the other extremity of the lever. The compressorium I have
just described is one of the simplest forms I have seen. and
presents this great advantage, that the ordinary glass slide,
with the preparation upon it, may be

subjected to pressure
without the latter being removed

, and placed upon the glass,
which is, in most compressoriums, fixed in the hole cut out of
the brass plate.

A compressorium, made at the suggestion of my

L
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friend, Dr. Branson, also possesses this advantage, but the shde
is held in its position by springs, an arrangement which 18 not
so simple as the ledge of brass in the instrument just described.
This eompressorium is made by Messrs, Powell and Lealand.
93, Amimalenle ©age.—This piece of apparatus, particularly
ithe form shown in fig. 25, may also be used as a compres-
sorium, although the amount of pressure which can be exerted
by it is not very much. It will,
however, be found an exceed-
ingly useful instrument when the
amount of pressure required is
not great, and especially, where
strata of fluids varying 1n
thickness are to be submitted
to examination. These cages are
usually supplied with the larger
microscopes, but the form represented (made by Messrs. Powell
and Lealand) in the adjoining woodcut 18 the most useful, and
does not easily get out of order. If the thin glass should be
broken, it is readily replaced by unserewing the upper ring.

94, Dinphragm.— Lhe
object of this instrument
is to cut off the most
oblique rays of light, and
all those reflected from
the mirror which are not
required for the 1llumi-

@  nation of the object. The
clearness of definition 1s
in this way much m-
creased. The holes in
b the diaphragm are made
of four different sizes,
adapted to the various
magnifying powers that

P T T e —
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Fig. 25
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Fig. 25.

— may be used. The -
on underneath the stage (fig. 26). When opaque
at portion of the diaphragm not per-

strument fits
objects are examined, th
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forated, may be placed under the object to ecut off any rays of
light that may be accidentally reflected from the mirror, The
same end is obtained by the stops in those instruments which
are provided with them.

25. Licberkuhms.—These instruments consist of little cjp-
cular concave metallic reflectors, which are fitted on at the
lower part of the object-glasses. The polished surface presents
that degree of coneavity which is adapted to reflect, and bring
any rays of light that may fall upon it, to a focus, coineiding
with that of the object-glass itseélf.

These little reflectors are named from their discoverer. In
the present day they are not s o

. . 1g: &f,
much employed. Theiruse will m—0 U _°
be seen from the accompanying | [EEEEEEER=———
diagram (fig. 27).

The light reflected from the
mirror @, passes through that
part of the glass slide b, not
covered with the object, and
the rays after having impinged
upon the concave metallic
reflector, or lieberkuhn d, are
collected and brought to a
focus upon the object ¢. If
this be transparent, it becomes
necessary to place a stop e, or

a small round piece of cardboard, underneath, in order to pre-
vent the light from being transmitted through the object.

26. Achromatic Condenser.—There are many delicate struc-
tures, the nature of which can only be clearly made out when
they are subjected to examination by achromatic light.
Minute lines or markings, which cannot be seen at all with
common light, become often sharp and well defined when the
light is achromatized ; an object which is readily effected by
transmitting the light through an achromatie combination of
lenses, placed beneath the object. The framework supporting
the lenses is either provided with a rackwork, or fitted with a

sliding tube, which ap ‘angement enables us to alter the in-
o l}
U &
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tensity of the light as may be desirable. Mr, Quekett has
. adapted a lever to the condenser fitted in a sliding tube,

by which means a very simple

Fig. 28,

and efficient arrangement for

altering the focus is obtained
(fig. 28). A foreign combma-
tion of half-an-inch foeus makes
an excellent achromatic con-
denser.

All the instruments attached
to the larger microscopes are
provided with a rackwork. In
these the condenser is usually
fitted on underneath the stage,
with a bayonet joint, or by
| means of a sliding plate.

97 Bull's-eye Condenser.—The bull’s-eye condenser 18 em-
ployed for condensing the light upon anything that is to
be examined as an

Fig. 29. opaque object, or for
concentrating the
light upon a prepara-
tion which requires
minute dissection; a
large bull’s-eye lens,
about two inches in
diameter, or more,
and mounted upon a
stand (fig. 30), will
be found of great use

to the microscopical
observer. Those at-
tached to the student’'s instruments (fig. 29) are inconve-
niently small, although, with good management, they may be
made to answer the purpose for which they are intended,
namely, for condensing the light upon opaque objects, for exa-
mination with low powers.

98. siage Worceps.—Many microscopes are provided with
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small spring forceps (fig. 31), fitted with a hinge or universal
joint, and arranged so that they may be fixed upon one side
of the stage. For ex-

Fig. 30.

amining parts of in-
sects, calenli, and
other small objects
with low powers, they
will be found useful,
but I do not think
that they will often
be required by the
practitioner. Other
torceps will be spoken
of in Chapter TV,

In those cases in
which small erystals
or crystalline frag-
ments, which would
be injured by being
placed in the forceps,
are to be examined as
opaque objects, 1t will
be found eonvenient
to lay them upon a
small slab of black ;
wax (§ 86), which may be placed upon the stage.

With the aid of needles (§ 52) the object can easily be turned
round, and by slight pressure may be readily fixed in any posi-

tion.
Fig. 31.
g t®

29, Pol ariscope,

The polarizing apparatus in ordinary use
18 that proposed by My, Niecol, and consists of two prisms of
Leeland spar, one of which is fitted beneath the stare, while the

T ST
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other is attached to the eye-piece. Each prism is divided into
two portions, the division being carried from one angle to the
opposite (fig. 82). The two surfaces are next polished, and
afterwards cemented together by Canada balsam.
The object of this arrangement is to get rid of
one of the images produced by this doubly-re-
fracting crystal; and this is effected by the
layer of Canada balsam which causes one of
them to be refracted to the side of the tube
which holds the prism, and it is in this way re-
moved from the field of vision. The lower prism
is termed the polarizer (fig. 83), and the upper
one, the analyzer (fig. 34). In Mr. Salmon’s
student’s microscope (fig. 11) the polarizer fits
into a small piece of tube adapted to the diaphragm, which also
receives the achromatie condenser, &e.
Tourmaline is also used for polarizing the light for microscopi-
cal purposes, but the colour of this erystal usually renders it ob-
Fig. 33. i jectionable. Lately
a most beautiful
crystal has been
applied to this
purpose by Dr.
Herapath., A so-
lution of disul-
phate of quinine
in acetic acid 1s
raised mnearly to
== the boiling point,
and a strong solution of jodine in spirits of wine is care-
fully added by drops. As the solution cools, numerous
crystals are found, which form most beautiful microscopie
objects. In consequence of the light being pﬂ]nrized as it
passes thrggeh them, the most beautiful appearances are
produced when they overlap each other. A lm-gc‘u:r}-stul
of this sort may be mounted, and used for polarizing the
light in microscopical examination ; but it is, I believe, a difficult
natter to obtain one sufficiently large for this purpose.

Fig. 32.
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30. Polarized Light is important for displaying the struc-
ture of many substances. Objects mounted in Canada balsam,
or turpentine, sometimes exhibit their minute structure in a
more perfect manner by this than by any other mode of exami-
nation. Various erystals form beautiful objects when examined
in this way, especially those of a spherical or oval form, as, for
instance, the erystals of carbonate of lime, so common in the
urine of the horse, or the dumbbells of oxalate (oxalurate ?) of
lime, occasionally met with in human urine. The influence of
polarized light upon the cerystalline lens has formed the subject
of a most valuable paper by Professor Brewster, in the Edin-
burgh Philosophical Transactions.

The polariscope is not often required in pathological researches,
but is occasionally used for ascertaining the particular character
of certain crystalline substances which occur ready formed in
the animal body, or which are prepared, by various chemical
processes, from organic substances. Upon examining certain
erystals in this way, we shall find that some polarize, while
others are not affected by polarized light. If, for instance, we
examine some erystals of oxalate of lime, or chloride of sodium,
we shall find that they do not allow the light to pass through
them when the upper prism, or analyzer, is rotated so as to
render the field dark ; while, if we place some crystals of car-
bonate, or sulphate of lime, under similar circumstances, the
light will pass through, and often the erystals will be most
beautifully coloured.

The former crystals belong to the regular, or tessular system,
and do not possess the property of depolarizing light ; while the
latter belong to ecrystallographic systems, which possess this
property.

In testing very minute quantities of a saline residue, for the
presence of potassium or sodium, récourse may be had to ex-
amination under the influence of polarized light. The solution,
to which a little bichloride of platinum has been added,
after having been concentrated by evaporation, is allowed to
erystallize. The octohedral crystals, composed of the double
chlorides of platinum and potassium, do not polarize the light,
while the corresponding sodium salt, which crystallizes in long

| —
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needles, possesses this property in a greaf degree. Professor
Andrews states, that by employing this method, he has been
enabled to detect the presence of the most minute traces of

e e e

chloride of sodium,®
31. Drawing objecis with the nid of the Camern Luocidn, dcc.

_Tn making drawings of appearances observed m the mi-
croscope, much time will be saved, and correctness imsured, by
drawing the ouftline of the object with the assistance of the
camera, or one of the instruments presently to be deseribed
1 (32). They are only adapted for taking the outline,. Whichever
instrument be employed, it is used in the same manner, The .
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microscope, with the apparatus placed on the eye-piece, and the

Al object carefully fixed in its place in the field, is arranged in the
I ]IEJT'iir'.H““ll 1:11.-1i_|_i-::-[] I:|'|[_T ij‘? 'rlkl.,' l]!'i_‘_,‘.’]ﬂ. M uEl h-\- L-;m-i'r.-“g.'

reculated in order that the image obtained on the paper maj
be of the same size as the magnified image: for this will vary

according to the distance of the paper from the eye. The

* Report of the British Association, 1852
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proper distance from the camera to the paper will be found to
be about the same as that from the eye-piece to the object ; but
after having made the drawing, it may be compared in size with
the object, by placing the paper on a level with the stage, and
looking at the object in the microscope with one eye, and at
that on the paper with the other. If the two images cor-
respond in size, we may be sure that the microscope is arranged
at the proper height. In drawing with one of these instru-
ments 1t will always be found necessary to throw a stronger
light upon the field of the microscope than upon the paper, or
the pencil will not be distinctly seen. Frequently it will be
found advantageous to shade the paper by placing a thin blind
between it and the light. A little practice, however, will soon
teach the student these points.

A microscopical drawing should be made with a very fine
sharp-pointed pencil, and pains should be taken to make it as
true to nature as possible. The drawings may be afterwards
tinted, or, if preferred, they may be made with a very fine steel
pen and ink. Prout’s brown is a very convenient form of ink for
making microscopical drawings, as with it exceedingly thin and
sharp lines may readily be made. The importance of being
able to make accurate delineations of the microscopical cha-
racters of tissues, and especially of morbid growths, can hardly
be sufficiently dwelt upon, and every student should learn to
draw as soon as possible.

32, Steel Mirrror; Neatral Tint Glass Refleetor.— [ e steel
disk, or Soemmering’s mirror, is fitted
on in the same way as the camera
lucida. It consists of a little cireular
disk of steel, smaller than the pupil
of the eye, mounted at an angle of
452 Tt ia sufficiently small to
enable the observer to see his pencil
round it as it were. The only objec-
tion to this instrument is its liability
to rust,

The neutral tint glass reflector consists of a small piece of
plate glass about an inch in length and half an inch in

c 3

Fig. 36.
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breadth, also placed at an angle of 45°. It reflects the image
towards the eye, and is at the same
time sufficiently transparent to enable
the observer to see his pencil through
it very readily, particularly if he takes
the precaution of not having too much
light upon his paper.

33. Micrometer
Mensuring. — Formerly objects were
measured by placing in the field some
substance, the diameter of which was
known. Leeuwenhoek used small grains of sand; and since
his time the sporules of certain plants have been employed.
Small portions of thin wire, and hairs, the diameter of which
had been previously ascertained, have also been used for this
purpose. Blood-corpuscles will be found very useful for rough
measurements. A few may be placed with the objects between
the glasses, and the size of the latter compared with that of the
former. The diameter of the blood-corpuscle may be reckoned
to be about 1-8500th of an inch.

In this country we usually take the inch as the standard for
measurement, but on the Continent other measures are em-
ployed. Some of the most important are represented in the
following table from Hannover, which also shows their com-

parative value :—

THE MICROSCOFE,

and methods of

Mitiiactas | “PaeTines | Visnow Tiness || e il 1 Rl b Tocks
1 0443206 0455500 0-458313 0=0393708
2-255820 | 1 1°027643 | 1-085003 | ©0-0838138
2.195149 | 0-973101 | 1 1-0071625 | 00864248
9:179538 | 0-966181 | 0°+992888 | 1 0+0858101
95+ 39954 1125052 1157076 1165364 1

34, Btage Micrometer.—The only stage micrometer that 1s
now used, consists of a slip of glass on which very fine lines are
seratched with a diamond, at certain distances apart. These

slips may be easily obtained with lines separated by a distance
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of the 1-100th to the 1-1000th of an inch. This method is only
applicable when low powers are employed, because in the
examination of objects by higher powers the lines will be out of
focus at the time the object is in foeus, and no accurate
measurement can be obtained.

35. Eye-piece Mierometer—Of late years the micrometer,
consisting of a glass divided, as above deseribed, has been
placed in the focus of the lens of the eye-piece. An excellent
improvement on this plan was proposed by Mr. Jackson about
twelve years ago. It consisted in having the glass with the
lines ruled upon it, so arranged in a small brass frame, that by
turning a screw at one end, the scale could be made to traverse
the field for the required distance, until one of the lines was
brought accurately to one side of the object ; when its diameter
could be at once read off, if the value of each degree had been
previously ascertained, by placing a stage micrometer in the
field, and ascertaining the number of divisions that corresponded
to one of the divisions of the latter. This apparatus was placed
between the lenses of the eye-piece, and with it a measurement
could easily be effected.

36. Cobweb Micrometer.—The cobweb micrometer is the in-
strument i most common use, and by it, with a little practice
and care, tolerably accurate measurements may be taken very
quickly. The instrument essentially consists of an eye-piece
(§ 18), in the focus of which two cobwebs are placed across the
stage, and so arranged that one may be separated from the other
by turning a screw, to which a graduated circle is attached.
The value of each turn of the screw having been obtained by
placing a glass micrometer in the field as just now mentioned.
This beautiful little instrument, however, is expensive, and
not usually provided with the student’s microscopes.

For a further description of it, and for the method of cal-
culating the diameters of an object with this micrometer, 1
must refer to Mr. Quekett’s treatise on the mieroscope.

87. Method of Measuring the Size of Objects with the Camern
Sicel Disc or Neutral Tiut Glass Reflector.—This method was de-
vised by Mr. Lister. Ttis exceedingly simple,and at the same time
accurate.  One of the above instruments being attached to the
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eye-piece, and the microscope being placed horizontally (fig. 85),
a stage micrometer, graduated to hundredths or thousandths of
an inch, is to be placed in the focus of the object-glass, and
the magnified lines are to be accurately traced upon the piece
of paper intended to receive the drawing. The micrometer is
next to be removed, and the object to be substituted for it.

Upon now tracing the object upon the paper, it is easy to see

how many of the intervals between the lines it occupies; and
the measurement of each interval being known, the diameter
of the object is at once obtained (fig. 38).

Fig. 38. The magnified divisions of the micrometer,
| when examined by different powers, may be
| scratched upon pieces of slate or ground

glass. The value of each division, and the

Z @ ® object-glass and eye-piece which was used
©18 |°g being also indicated ; any object which we
. 8 : ol@ wish to measure may be traced with a
= pencil upon the slate, and its diameter at
— *—l once read off, care being taken that the
F distance from the eye-piece to the surface
BT m‘ﬁh

upon which the drawing is made, is always
the same,

38. Goniometer—This instrument is emplnyed in the
measurement of the
angles of crystals.
Although mnot much
used in this country at
present, it is important
briefly to refer to its
~— - construction, as by it

we are enabled to dis-
tinguish the nature of certain crystals met with under various
circumstances. Crystals which nearly resemble each other in
their general form, and even in size, will be found to exhibit
differences in the measurement of their angles.

The simplest method of measuring the angles of microscopic
erystals is that of Schmidt. The goniometer consists of a
positive eye-piece (fig. 22), which is so arranged as to be
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easily rotated within a large and accurately-graduated circle,
Across the focus of the eye-piece a single cobweb is drawn ; and
to the upper part is attached a vernier. The erystals being
placed in the field of the microscope, and care being taken
that they lie perfectly flat (for without great attention to
this point it will obviously be impossible to obtain an accurate
measurement), the vernier is brought to zero, and then the
whole apparatus turned until the line is parallel with one
face of the crystal: the framework bearing the cobweb with
the vernier is now rotated until the cobweb becomes parallel
with the next face of the erystal, and the number of degrees
which it has traversed may then be accurately read off (fig. 39).

Dr. Leeson has applied the property of double refraction,
possessed by Ieeland spar, to the measurement of the angles
of erystals under the microscope. A deseription of his appa-
ratus will be found in Mr. Quekett’s treatise ; but the cobweb
goniometer just referred to, will, I believe, be found to answer
all the purposes for which this instrument is required by the
physiological or pathological observer. For special erystallo-
metrical investigations, however, a more elaborate apparatus
becomes necessary.

39, Application of Photography io the Microscope,— Within
the last year or two, great advances have been made in bring-
ing to perfection the application of photography to taking
microscopical drawings, and in the hands of Mr. Delves some
very beautiful results have been obtained. The third number
of the “Microscopical Journal” is illustrated with two photo-
graphie pictures taken from negatives made by this gentleman ;
and although much more perfect representations have since
been obtained, these indicate the immense advantage which
microscopical seience will ere long receive from this beautiful
discovery.®* The same number of the journal contains a short
communication from Mr. Delves, and an excellent paper by
Mr. Highley on this subjeet. These papers contain some sug-

® Since the publication of this Number, I have had an opportunity of*
seeing a most beautiful photograph of the Navieula angulata taken by this
gentleman with a J; objeet glass,
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gestions of great practical value, and should be read by all
interested in this branch of science.

40. With the ordinary FPhotographic Cameran.—Mr, Delves
produces photographic pictures of microscopic objects, by re-
moving the lens from an ordinary photographic camera of long
range, and substituting for it the tube of the microscope, with
the object-glass attached, but from which the eye-piece has been
withdrawn. The junction between the microscope tube and
camera is made complete by winding a piece of black cloth
round them at this point. The direct rays of the sun are then
received upon the plane mirror, from which they are reflected
up the axis of the arrangement. The object being placed upon
the stage of the microscope, and carefully focussed, its image is
received upon a plate of ground glass placed at a distance of
about twenty-four inches from the object-glass.

Allowance must now be made for the difference between the
focal distance of the chemical, or actinie, and visual rays—a
difference which exists in all mieroscopic object-glasses; these
latter not having been yet corrected for this defect, as has been
effected in photographie object-glasses. This 1s effected by in-
creasing or diminishing slightly, the distance between the object
and object-glass, by means of the fine-adjustment screw; sepa-
rate photographic pictures being taken until a satisfactory and
well-defined image is obtained.

Everything being carefully arranged, the ground glass upon
which the image has been received is removed, and a plate of
glass prepared with a sensitive collodion film substituted for it.
After a few seconds’ exposure, the plate is removed and the
latent image developed in the usual way. Mr. Shadbolt has
obtained photographs of microscopic objects by the aid of
the light derived from a camphine lamp, and Mr. Busk by that
of a gas lamp.

Tn those cases, in which, from the extreme tenuity of certain
crystals, the lines are too thin and delicate to be seen distinctly,
Mr. Highley has suggested the employment of the polarizing
apparatus, with a Darker’s selenite stage; by which arrangement
the form of the crystals becomes well defined, while their colour

differs from that of the ground npon which they are placed.
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4]1. Photographic Cameran for tnking Microscopicnl S pae-
cimens.—Mr. Highley has suggested a very convenient Arrange-
ment, which possesses some advantages over the plan just
described. It 1s more steady and compact, and is :Ll*ﬂ.'n_\'s ready

Fix, 40.

for immediate use. This-improvement consists in adapting a
stage with adjustment-screws, object-glass, and mirror, to the
end of a long camera box. TFig. 40 shows the very simple
manner in which this ingenious arrangement has been effected,

Fig 41.
e T
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which has been described in No. IV. of the Microseopical
Journal. Fig. 41 represents the whole arrangement,
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My, Highley has also suggested to me the possible use of the
photographic camera for class demonstration, The image being
received upon the ground glass plate might be readily seen by
several persons at a time, while the whole apparatus might be
mounted upon a semi-cirecular tramway, and could thus be very
readily moved round the lecture table. I have, however, not
yet had the opportunity of trying this experiment, and cannot
therefore speak of it from practical experience.

I much regret that T cannot enter more into the details of
this beautiful process, which bids fair to advance accurate
observation more than almost any discovery of modern times ;
but must content myself by referring for more extended infor-
mation to the papers just mentioned.

42, Tmportance of Cleanliness in Microscopical Investign-
tons.— After the microscope has been used, it should always
be placed in its case ; or it may be kept constantly under a glass
shade, which saves the trouble of putting on the glasses when
the instrument is required for use.  Mr. Highley’s microscope
(fig. 12) is placed upon a stand arranged to receive a glass shade.
Great inconvenience results if the instrument cannot be placed
in its case entire, and much time is lost if we have to unserew
the barrel, and detach other parts, before the micrascope is put
away ; a fault which exists in some instruments.

Whenever anything is examined which is of a fluid nature,
care must be taken to avoid injury to the brass-work by allow-

ing the liquid to escape ;

Fig. 42 in which case it should be

immediately wiped up with
a dry cloth. When corro-
sive liquids are employed,
we must always use the
plate glass stage (fig. 42).
If any of the glasses be
covered with dust, they
should be brushed over with a very soft and perfectly dry
camel’s-hair brush, which has this great advantage over a
cloth or leather, that there is no danger of seratching the
glass with grit or sand which frequently adheres to a cloth.
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Schacht recommends a piece of clean and dry elder pith for
cleaning the object-glass. It is, I think, a zood plan to have
the stand of the microscope bronzed, as this does not tarnish
like brass-work,

All slips of glass should be washed immediately after use,
and returned fo their places, and the utmost care should be
taken to preserve all the instruments from rust, which will
soon render them quite useless for delicate dissections,

The student eannot be too eareful to preserve the most seru-
pulous cleanliness in all his investigations ; for, not only does
carelessness on this point render it more difficult for him to
prepare his objects for examination, but exposes to his view a
host of objects, such as filaments of cotton, portions of hair,
&c., which he may suppose were derived from the objeet under
his observation; and he also runs the risk of finding some of the
objects met with in a former examination in any fresh specimen
he may obtain. By carelessness on this point, particularly by
not keeping pipettes and glasses clean, much inconvenience and
annoyance may be caused, besides which an observation may be
rendered useless.

Besides the works referred to in the last chapter, the following may
be consulted :—* Leeuwenhoek, Arcana Naturm, 1722 ;" “ Entwurf einer
allgemeinen Untersuchungsmethode der Sifte und Excrete des thierischen
organismns von Carl Schmidt, Mitan und Leipzig, 1846 ;" ¢ Microscopical
Journal,” Nes, III, V., VI.; Dr. Herapath's paper on the Sulphate of
Iodoguinine, * Phil Mag.,” March and September, 1852,
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CHAPTER 1V.

APPARATUS NECESSARY FOR MICROSCOPICAL RESEARCH.—
CEMENTS.

Berore proceeding to describe the various methods by which
the microscopical structure of different textures ean be demon-
strated, and the manner in which they may be preserved as
permanent objects, it will be advantageous to give a short de-
seription of those pieces of apparatus which may be necessary
for this object. Such instruments as may be required for spe-
cial investigations will be deseribed when these come under
notice. Objects are generally mounted in glass cells, which
may be purchased ready for use ;*
Fig. 43. ! but microscopists living in~ the
country will find it more economical
to be acquainted with a method by
% which they may prepare for them-
selves cells of any required size, for
otherwise it becomes necessary to
keep a large stock always on hand.
43, Spirit ELamp. — The Epirit
lamp may be made of brass, tin, or
glass, fitted with a ground glass cap.
The latter form is readily obtained,
and at small cost. The ordinary
spirit lamp is very convenient for
microscopical purposes. It may be
fitted with a stand for holding
watch-glasses, as is shown in fig. 43; or brass lamps, to which
a small retort-stand is fitted, may be purchased.

# (Glass cells of every variety may be obtained of Mr. Dennis, 1, Charles-
street, St. John-street Road ; Mr. Matthews, Portugal-street, Lincoln's-Inu ;
Mr. Topping, New Winchester-street, Somers-town.
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44. Small Retort Stand,—Simple wire stands, which are fixed
to a heavy leaden foot, as represented in fig. 44, will be found
exceedingly useful little instruments to the microscopical ob-
server. The rings can be readily raised or lowered at pleasure,
and are well adapted to support light objects, such as glass
slides over a lamp, test-tubes, flasks, watch-glasses, &c.*

i Fig. 44,

45. Tripeds are made of thick iron wire, and will be found
useful for supporting several pieces of apparatus used in
microscopical research. They may be obtained at any philo-
sophical instrument makers (fig. 45).

46. Flat Brass Plate.—The brass plate should be about six

Fig. 46. :

. * To be obtained of Mr., Matthews, price 1s. 6d., of whom most of the
instruments referred to in the text can be purchased.

.
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inches long by two broad, and about the thickness of thin
millboard. Tt should be supported on three or four legs, of a
convenient height for the spirit lamp to be placed underneath
(fig. 46), or it may be placed upon a small triped, or sup-
ported on one of the rings adapted to Mr. Highley’s lamp
(fig. 81). The brass plate is used for heating the glass slides,
in order to fix on the glass cells by means of marine glue (§ 68),
for mounting objects in balsam, and for other purposes, where
a uniform degree of heat is required to be applied to plate
glass, which is very liable to crack if exposed suddenly to the
naked flame.

THE MICROSCOPE,

47, Small Water-Bath (fig. 47).—This is of great use for
drying objects previous to being
mounted in Canada balsam. The
object may be placed in a small

™ porcelain basin or large watch-

glass, or it may be simply laid bk
upon a flat plate. The basin or
plate is then to be placed over -
the bath and heat applied. In
order that vessels of different sizes may be placed upon the
bath, it is very convenient to have a few pieces of thin copper
slate, with holes of different sizes eut n them, adapted for
watch-glasses (fig. 48). The advantage of drying by a steam
heat consists in there being no danger of destroying the texture
of the object by the application of too great a heat. A water-
bath may be very readily made by placing two porcelain basins
one above the other (fig. 45), water being poured into the lower
one. These may be supported upon a tripod or upon one of the
rings over the spirit lamp.

Fig. 47,

48. Watch-glasses.— Watch-glasses of various sizes should
be kept by every observer, as they will be found most conve-
nient for many purposes. They may be obtained for about a
shilling a dozen, of all the required sizes. The lunette-glasses
are very useful for examining substances in fluids with low
powers, as we are enabled to obtain a considerable extent of
fluid of nearly uniform depth for observation.




AND ITS APPLICATION TO CLINICAL MEDICINE, 45

48. Plate Glass Slides, the edges of which are ground
and polished, may be obtained ready for use at siXpence or
eightpence a dozen, or they may be easily cut out with the
diamond, and the edges ground on the grinding-slab (§ 67).
The slides now in common use in this country are three inches
in length and one in breadth. They should always be
made of plate-glass, and pieces as clear as possible should be
selected. :

50. Thin Glass.—The thin glass now used for microscopical
purposes is called eylinder glass, and is manufactured at Bir-
mingham. It may be obtained of different thicknesses. Thin
glass in sheets should be kept in fine sawdust, as it is very
readily broken, in consequence of heing mmperfectly annealed.
When cut up in small pieces for microscopical purposes, it
should be kept in a small box, with a little powdered starch,
which prevents the pieces being broken.

51. Writing Diamend. *—This instrument (fig. 49) is used
for cutting the thin glass for
covering objects ; and also for
writing the name of the prepara-
tion upon the glass slide. Direc-
tions for cutting thin glass will
be described when the methods
of making cells are brought
under consideration,

52. Needles, of various sizes,
form very useful instruments to |
the microscopical observer, They |
are used for making minute dis- '
sections ; for tearing or unrayel- /
ling various tissues, in order to display their elementary strue-
ture, or for separating any minute object from refuse or
€Xtraneous matter, previous to being mounted, Very thin
needles may be employed for separating substances under the
field of the microscope. |

* Price from five to seven shillings,
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Needles may be mounted in the cedar handles used for
Fig. 50. sticks of camels’-hair brushes

(fig. 50). A very convenient
handle for needles, used for

e —— dissection, will be found in the
holder sold with crochet needles used by ladies.

53. Scissors.*—Several pair of scissors are required for micro-
scopical purposes. Besides the ordinary form used for dissec-
tion, the anatomist will find & small pair, with curved blades
(fig. 51), of great service in dissection, and a pair of very deli-
oate scissors, with blunt points (fig. 52), such as are employed

Fig. 51.

e,

for the dissection of inseets, will be found of use. Scissors ol
the form of forceps have been recommended. Another form
of spring scissors, somewhat resembling the microtome, which
1 have been much in the habit of using, and which are
adapted more especially for dissecting the nervous systems of
insects, for following out the delicate ramifications of nerves

* Seissors of all kinds required by the microscopist may be obtained of
Mr, Matthews, Messrs. Smith and Beck, Mr. Weedon, and other instru-

ment makers.
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and vessels, or other minute dissection, is represented in fig, 53,
The advantages of these scissors is, that the blades can only
be opened a very short distance, and that they are under the
command of the forefinger and thumb ; so that the movements
are perfectly under control. Seissors with curved blades will
be found very useful in cutting off fine sections of tissue, for
examination,
54. Knives; Sealpels.—In the dissection of testures for
microscopical examination, but few knives are re-
Fig. 54, quired ; a good dissecting scalpel or two ; a knife with
a thin blade, for cutting sections of soft tis-
sues (fig. 54); and a stronger knife for Fig. 55.
making sections of horn; are all that will
be absolutely necessary. Knives adapted
specially for making sections of soft tissues
will be described when this subject comes to
be considered.
! 55. Forceps. A pair of thin brass forceps
| will be found convenient for laying on the
| thin glass cover, after the preparation has
i been placed in the cell. Two pair of dissecting
forceps will be found wuseful. One should
be a strong pair with straight limbs, the
| other pair should be small, with thin eurved
| blades, terminated with slightly rounded
ather than pointed ends (fig. 55).

Wooden foreeps made of box-wood, with broad ends,
are convenient for holding the glass slides when hot,
as, 1f held with cold metal torceps, they often crack.
The same object may be gained by fastening a small piece of
cork with a flat surface on the end of each leg of a pair of
common brass or steel forceps, as shown in fig. 56,
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CEMENTS,

The chief cements in use amongst microscopical observers
are gold size, sealing-wax varnish, solution of shell-lae, solution
of asphalt, marine glue, Canada balsam, gum, and a French
cement composed of lime and India-rubber. These cements
are used for fixing the glass cell on the glass slide; for fixing
the cover after the preparation has been properly placed in
the cell, and for other purposes. The liquid cements should
be kept in very wide-mouthed bottles, or in the capped bottle
figured in 57, which will be found a most convenient form.

58. Gold Size is prepared by melting together gum animi, boiled

Fig. 57. lius?ed oil, red lead, litlmrge, sulphate

; of zine, and turpentine.* Gold size

adapted for microscopical purposes
may be also prepared as follows:—
95 parts of linseed oil dre to be boiled
with one part of red lead, and a third
part as much umber, for three hours.
The clear fluid is to be poured off;
and mixed with equal parts of white
lead and yellow ochre, which have
been previously well pounded. This
is to be added in small successive
ortions, and well mixed ; the whole

is then again to be well boiled, and the clear fluid poured off
for use. In this country gold size may be obtained at almost
any of the oil-shops, and forms a very useful cement, as it
dries slowly and firmly. If lamp-black be rubbed up with
anger of it running into the prepa-
spirit, but 1s dissolved by tur-

it, there i not so much d
ration. It is not acted upon by
pentine.

57. Sealing-wax Varmish is prepared by dissolving small

pieces of the best sealing-wax in strong alcohol : sufficient
sealing-wax should be employed to make the solution thick
enough to use with an ordinary brush, Sealing-wax varnish 1is

S

of making see * Ure's Dictionary of Arts

# For proportions and method
and Manufactures.”
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apt to dry rather brittle, and should not, therefore, be used in-
cases where it is of the greatest importance to kkeep the cell
perfectly air-tight. It forms a good varnish for the last coat.
Various colours may be kept according to taste.

58, Solution of Shelldac is recommended by Mr. Ralphs.
It 18 made by dissolving shell-lac in spirits of wine. The shell-lac
should be broken in small pieces, placed in a bottle with the
spirit, and frequently shaken, until a thick solution is obtained.
It dries rapidly, and, if put on in thin layers successively, forms
a good cement. It is not acted upon by weak spirit.

58. Brunswick Bilack.—Solution of asphalt in turpentine
commonly known by the name of Brunswick black, may be
obtained at any oil-shop, and forms a most useful cement, both
for making very thin cells, and also for fixing on the thin glass
covers. If a little solution of India-rubber in mineral naphtha
be added to.it, there is no danger of cracking when dry; a
hint for which I have to thank my friend, Mr, Brooke, of the
Westminster Hospital.

Common Brunswick black is prepared by melting one pound
of asphaltum, and then adding half a pound of linseed oil, and
4 quart of oil of turpentine. The best Brunswick black is pre-
pared by boiling together a quarter of a pound of foreign
asphaltum, and four and a quarter ounces of linseed oil, which
has been previously boiled with half an ounce of litharge until
quite stringy ; the mass is then mixed with half a pint of oil of
turpentine, or as much as may be required to make it of a proper
consistence. It is often improved by being thickened with
lamp black. Tt must be remembered that this cement is
soluble in oil of turpentine,

80. Marine Glue.—This substance was, I believe, first used
for microscopical purposes by Dr. Goadby, now of Philadel phia.
It is prepared by di ssolving, separately, equal parts of shell-lac
and India rubber, in coal or mineral naphtha, and afterwards
mixing the solutions thoroughly with the application of heat.
It may be rendered thinner by the addition of more naphtha.
Marine glue is readily dissolved by naphtha, ether, or solution
of potash. It is kept best in a tin box.

The method of applying the marine glue will be deseribed in
speaking of making ecells, b
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A cement for attaching cells of gutta percha or India rubber
to the gl:lrﬁ::i glide may he made as follows :—According to
Harting, gutta percha is to be cut into very small ]J-Il'l.:t‘-‘:'.q'l.[]il
stirred, at a gentle heat, with 15 parts of oil of turpentiye ;
the gritty, insoluble matter, which the gutta percha always
contains, is to be separated by straining through linen cloth,
and then one part of shell-lac is to be added to the solution,
kept at a oentle heat, and occasionally stirred. The mixture 18
to be kept hot until a drop, when allowed to fall upon a cool
surface. becomes tolerably hard. When required for use, the
mixture is to be heated, and a small quantity placed upon the
slide upon which the cell is to be fixed ; the slide itself is then
to be heated.

8l. Cannda Balsam is now much employed by microscopical
observers : formerly it was used for cementing cells together,
but this is now effected more readily by the aid of marine
glue.

Canada balsam is a thick viscid oleo-resim, which becomes softer
upon the application of a centle heat. If it be exposed to too
high a temperature, the volatile oil is expelled, and a hard
brittle resin remains behind. Tt 18 chiefly employed for
mounting hard dense textures;

5. B
Fig. 5H8.

and, in consequence of its great
power of penetrating, and highly-
refractive properties, the strue-
ture of many substances, which
cannot be distinguished n ordi-
nary examinations, is rendered
manifest when immersed in this
medium. Canada balsam should
be ]:-]‘i‘.rﬂ'l“-L‘{L in a tin box of the
form |*v1‘:1'1.':s¢*1114:d in fie. 58, care
beine taken to exclude the dust;
or in one of the bottles (fig. 57).
Care should be taken to keep the

halsam very clean, otherwise pre-
parations mounted in it will often be spoiled 1n consequence
of the accidental ‘ntroduetion of foreign hodies with the balsam.
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It has been frequently recommended that the oldest specimens
of balsam should alone be employed for microscopical exami-
nation. By exposure to the air, the balsam becomes very
thick, and unfit for use: it may be thinned by the addition of
turpentine. It 1s, however, always better to use balsam which
has been kept in well-closed vessels.

62, Gum.—Thick gum water will be found very useful for
attaching labels to preparations, and also for fixing on the cover
when preparations are mounted in the dry way. It is prepared
by dissolving common gum-arabic in water, and keeping the
bottle in a warm place until the solution has become sufficiently
thick, Tt should always be strained before it is placed in the
bottle for use.

Gum water, thickened with powdered starch, will be found a
very useful cement for fixing the glass cover on preparations
mounted dry. When dry it forms a hard white coating. The
addition of a little arsenious acid will prevent the growth of
mildew. Another very convenient solution is made by dissolving
powdered gum in a weak solution of acetic acid.

63. French Cement, composed of Lime nnd Endin-rubbey,
This cement is made as follows :—Some common India-rubber,
or any refuse pieces (which ean be bought by the pound), are
placed in an earthen pipkin over a fire, and stirred frequently
with an iron rod, until the whole has become a liquid mass.
Powdered lime is then thrown in, in small quantities at a time,
and the mixture well stirred until it becomes thoroughly incor-
porated. TLime should be added until the mass becomes very
thick and tenacious. Tt may now be coloured by mixing ver-
milion with it, or a little Venetian red, which gives a fine rich
brown eolour,

This operation should always be performed out of doors, as
it gives rise to a very offensive smell; and care should be
taken that the mixture does not ecatch light, as, in this case,
much would be spoilt, in consequence of the ecarbonaceous
residue which remains rendering it gritty and unfit for use.
It may be kept in tin or earthenware pots.

The great advantage which this cement possesses is, that it
never becomes hard, so that large quantities of fluid may be kept
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in a cell, the cover of which is fixed on with this substance,
without danger of the glass cracking in consequence of the
alteration of the volume of the fluid by variations of tempera-
ture. Another advantage is, that when pressed upon wet glass,
the thin layer of fluid is expelled by the pressure, and the
cement adheres firmly. In order to fix on the cover of a pre-
paration jar with this cement, all that is mecessary is to roll a
small piece out between the hands, and lay it all round the top
of the jar or cell. By pressing it gently with the finger and
thumb, it adheres firmly to the glass; the cell is then filled with
the preservative solution, and the cover applied (§ 93). The
edge may be covered with any coloured varnish, or paper, or it
may be bronzed or gilt, according to taste. This cement will
hot answer where strong spirit is used, but if only weak spirit
be employed, or some aqueous preservative solution, the joint will
last for almost any length of time. I have several preparations
which have been placed in the creosote and naphtha solution
(§ 97) in large cells, and theyare now perfectly air-tight, although
upwards of five years have elapsed since they were first put up.
The lime and India-rubber cement answers well for fixing on
the glass tops of large preparafion jars, and looks exceedingly
neat: but, if spirits be used, a little air must be permitted to
remain in the jar, or the cover may be cemented on the cell
according to the plan described in § 93.

The apparatus, cements, &e., used in microscopical investigations, may be
obtained, arranged in a case, of Mr. Highley, 32, Fleet Street.

Upon subjects treated of in the preceding chapter, the following works
may be referred to .—Translations from *Het Mikroskoop,™ Harting,
Utrecht, in the Edinburgh Monthly Journal for March, 1852, New Series ;
¢t Anatomical Manipulation,” Tulk and Henfrey ; Papers by Dr. Goadby,
in Silliman’s ** American J ournal of Science ;” Dujardin *“ Nouvean Manuel
de I’Observation au Microscope,” Paris, 1843 ; Strausdurkheim Traité
pratique et theorique 4’ Anatomie Comparative,” Paris, 1842,




AND ITS APPLICATION TO CLINICAL MEDICINE. a3

CHAPTER V.

OF MAKING CELLS FOR PRESERVING PREPARATIONS. THE
VARIOUS FORMS OF CELLS EMPLOYED.

84, ©f Cutting Glass.—In making the cells which are intended
to contain anatomical preparations we often require to be able
to cut very thick plate glass. For this purpose a large plate-
glass diamond is necessary. The use of the diamond is easily
learned with a little practice. The most important points to
bear in mind are—

Ist. To hold the diamond firmly in its proper position,
by placing the upper part of Fig. 59.
the handle between the first
and middle fingers, the fore-
finger resting on the anterior,
and the thumb pressing upon
the posterior flat surface (fig. 59).

2ndly. To be careful not to
bend the wrist, but to allow the

. entire movement, when the dig-
mond is drawn over the glass, to
take place in the elbow and shoulder joints; and,

3rdly. Always to keep the instrument inclined at the same
angle. The diamond should not he pressed strongly upon
the glass, for in this case it frequently produces only a mere
seratch. It should never be attempted to go over any part of
the same line twice ; as in this way the diamond would soon he
injured. For cutting plate glass of ordinary thickness, a com-
mon glazier’s diamond only will be required.

85. Of cutting the thin Cylindor Glass.—The thin glass
which is used for covering preparations is cut with what is

| termed a writing diamond (fig. 60) : a small instrument which
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is used for seratching marks on glass. In order to cut the
thin glass into small squares, the sheets
must be placed upon a very flat surface ;
as, for instance, a piece of plate glass,
or a board planed perfectly smooth.
The diamond being held wupright,
straight lines arve marked with the
aid of a flat ruler, according to the
size of the squares to be cut. When
all the lines are made, the pieces of
i olass can be readily broken off. They
:% should be kept in a box with a little
|

i

Fig. 60.

starch powder, to prevent them from
being broken in smaller pieces.

A piece of thin glass of any shape can be readily eut with
the writing diamond, taking care not to lean too heavily.

66. Method of cutting cirenlar pieces of Thin Glass.—
Thin glass circles have been cut with a beautiful instrument on
the principle of a pair of compasses; but the following method
is very simple and officacions. Common brass curtain rings
of various sizes are obtained; and on each side of a ring is
soldered a straight piece of wire, or a
round hole is made in a perfectly flat
piece of brass, as shown in fig. 61. By
; placing a finger on each side, the ring
can be maintained in a proper position,

F, ' while the eircle is marked out with the

; diamond. These rings may be obtained

of Mr. Matthews ; or small pieces of cardboard, or gutta percha,

i1 which circular holes of various sizes have been eut out, may
be substituted for them.

87. Of grinding Glass for maling Cells, &c.—Dor the pur-

oses of grinding, it is essentially necessary to obtain a per-
tectly-flat surface. A large flat piece of thick cast iron will
answer the purpose very well, or a perfectly-flat stone may be
employed, which should be about a foot square, or larger, if cells
of considerable size are required.

Perhaps, however, the best substance to make a plate for

Fig. 61.
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grinding glass upon is pewter. A flat slab of pewter can be
readily obtained, and as the emery becomes imbedded in the
metal, a most efficient grindstone is obtained. This, T believe,
was first suggested by Dr. Goadby. Common sand, of a fine
quality, or emery powder, will be required. The grey sand,
which can be purchased at the oil-shops, answers very well for
coarse glass-grinding. Water is poured upon the slab, and the
glass rubbed very gently round and round. If rubbed too
forcibly, there is danger of breaking it, or of chipping off small
pieces from the edge. Care must be taken to keep the sand
constantly wet during the operation. After being ground
upon a stone with sand, it may be rendered more smooth by
being further rubbed down with emery.

Sometimes it is merely required to roughen the surface of the
glass, as in making the thin cells. In this case, it is better to
use fine emery powder moistened with water or turpentine,
and placed upon a small piece of thick plate glass; or a com-
mon hone may be used. The surfice of glass may also be
ground by rubbing it well with a rag covered with emery
powder.

68. On fixing Cells 10 the Glass Slides.— Before I‘Efﬂl‘l‘illg to
the various kinds of cells, it will be better to deseribe the me-
thod of fixing them to the glass slides. This may be effected
by gold size, Canada balsam, or by varnishes of various kinds ;
but the method which is to be preferred in most instances, and
that which is now in constant use, is to cement them with ma-
rine glue, which forms a most perfect Joint. To effect this, it
15 necessary that the glass should be heated some degrees
above the boiling-point of water, in order that the glue may
run upon it freely. When the glue is thoroughly melted upon
the slide, the cell is applied, gently pressed down, and the
whole allowed to become cool.

The most convenient manner of making the slides sufficiently
hot is to place them on a flat brass or iron plate, to which heat
may be applied by a lamp placed below (fig. 62).

If a considerable number of cells are to be mounted, it is
better to have a large and perfectly-flat cast-ivon plate, which
can be heated by a gus or oil lamp, upon a proper support, or
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by a small stove. The slides may be placed in a row in one part
of the plate, and the cells in another part. As soon as the slides
ave hot, a few small pieces of marine glue may be laid upon the
slide in the position in which it is intended to place the cell, or
the glue may be first melted in a pot and applied to the warm

Fig. 62,

glass with a stick. ‘When the glue is thoroughly melted, the
cell is moved to its placé with a pair of forceps, and gently
pressed upon the slide until it is found that the glue has wetted
it in every part, forming a thin and almost myisible layer between
the glass surfaces. It is frequently necessary to press the cell
firmly on the glass slide, in order to break down little gritty
particles often present in considerable quantity in marine glue.
The whole can then be removed from the hot plate, and allowed
to cool gradually. In moving the cell or slide, forceps, the
onds of which have been protected with small pieces of cork, or

Fig. 63,  covered with thread, pieces of stick, and a cloth
will be found of service. The sudden application
of the cold finger often causes the glass to crack.
The greater part of the glue which has run over
the slide may be removed with any small instru-
ment having a sharp square end. A large brad-awl
(fig. 63) answers very well. If a little solution of
potash be rubbed upon the glass with the aid of a stick, the
superfluous clue can easily be removed from the glass, or the
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cells may be soaked in dilute potash for half an hour, and the
sottened glue removed with a hard brush and soap and water.
After cleaning the slides with potash, they should be well washed
in soap and water, and afterwards thoroughly cleaned by being
rubbed with a little weak spirit and a soft cloth,

CELLS FOR PRESERVING PREPARATIONS.

In order to preserve a preparation for any length of time, it
becomes necessary to place it in a cell or air-tight vessel, more
especially if it be preserved in a liquid. In order to effect this
object, several precautions must be observed, the nature of
which will be considered in the next chapter. In this place I
propose to deseribe the most useful cells to the microscopical
observer, and the method of making them,

The forms and thickness of cells for microscopical prepara-
tions must of course vary according to the nature and size of
the object to be mounted.

Thin cells may be made of various substances. Even paper
answers exceedingly well in some cases, and is well adapted
for dry preparations. A thin layer of white lead, which has
been allowed to dry, has also been employed for the same pur-
pose. White lead, made into a thick liquid with linseed-oil
and turpentine, has been recommended by some observers.
Various varnishes have likewise been used; but where it is
required to keep the specimen in some preservative solution,

glass 1s the substance which in all cases forms the best material
for making cells.

THIN GLASS CELLS.

Sometimes preparations are of such extreme tenuity that it
is only necessary to place them on the slide with a drop of some
preservative solution, and then to cover them with a square of
thin glass, the edges of which have been anointed with gold size
or other appropriate cement. The superfluous fluid is next
absorbed with bibulous paper, and the slide allowed to dry for
a few minutes. A layer of gold size or other cement is then
applied round the edges of the thin glass in order to fix it to
the slide. In this way an excessively-thin cell may be formed ;
but preparations mounted in cells made in this manner ean
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seldom be kept for any length of fime without the entrance
of air-bubbles. This arises from the outer layers of the
gold size drying more rapidly than the more internal layers.
By the contraction thus produced the edges of the cement are
drawn off from the glass, to which, however, it does not ad-
here with great tenacity, in consequence of the surface being
highly polished. Tt is, therefore, always better to make very
thin eells of glass or other material, which can be cemented to the
glass slides with marine glue or other cement; or else to make
the cell by painting the slide with a ring of varnish, marine
glue, or Brunswick black, and allowing this to dry thoroughly
before the preparation is placed in it. In this manner the
thinnest cells which can be required are readily made.

89. Cells made of Brumswick Black.—Perhaps Brunswick
black (§ 59) is, for the purpose just mentioned, the best. It is
painted upon a glass slide with a fine camel’s-hair brush, and al-
lowed to dry perfectly, when, if the cell be-not sufficiently thiek,
another layer may be applied, If the cell be required imme-
diately, it is better to warm the slide slightly before applying the
varnish, If too great a degree of heat, however, be employed,
the varnish becomes brittle and the cell unfit for use. Very
neat circular cells, composed of Brunswick black, are readily
made by the little instrument designed by Mr. Shadbolt, and
figured in the margin (fig. 64). The glass slide is placed under
the springs on the eireular table,
which is then made to revolve,
while a brush containing the
varnish is held about three-
cighths of an inch from the
centre of the slide. These
. cells are very useful for mount-
ing the most delicate urinary
deposits, such, for mstance, as
casts of the renal tubes, &c.

Fig. 64.

By this method the thinnest cells that can be possibly re-
quired may be readily made in a few minutes.

70. Very thin Cells made of rinfoil.—This may be easily accom-
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plished by cutting with a pair of scissors a piece of thiP tiufc:iI
the size of the cell which it is desired tomake. A holeis cut in
the centre of the tinfoil sufficiently large to hold thé preparation
which is to be preserved, and the tinfoil is then attached to the
glass slide with marine glue. When cold the cell may be filed
perfectly flat with a very fine file, or rubbed with a little emery
upon a piece of plate glass, and the marine glue Eh.uulrl be after-
wards removed from the centre with a little solution of potash.
The cover may be fixed on with gold size or varnish, as in other
cases. Thin cells have also been made of gutta percha, but there
1s great difficulty in fixing the cell firmly upon the glass slid‘e,
This, however, has been effected by some observers; but in
consequence of the difficulty, it is a method not generally em.
ployed.  Preparations, however, mounted in cells, composed
entirely of gutta percha, keep very well for a length of time,
For the cement adapted for attaching gutta percha cells to glass,
vide § 60.

Tl. Cells composed of very thin Glass.—These cells ape very
convenient, and will be
found useful for preserving
many preparations. They —
may be obtained of differ- L
ent degrees of thickness, =i
and are made usually by
perforating the thin cylinder glass which is used for covering
the cells, or by grinding sections of a thick glass bottle to the
required tenuity (fig. 65). Round cells of thin glass are made
as follows :—A great number of squares of thin glass are
cemented firmly together with marine glue, and, when .cold, a
hole of the required size is drilled through them all. They are
next separated from each othep by heat, and after being eleaned
with potash, may be fixed on the glass slides with marine glue
in the usual way, and kept ready for use. Tt is a good plan to
roughen the surface of these cells, which renders the subse-
quent entry of air less likely, as the gold size adheres much
more firmly to a ground, than to g polished, surface. This is
readily effected by rubbing the cell, after it has been fixed upon
the glass slide, up and down a narrow hone or strip of plate

Fig. 65.
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olass, on which some moistened emery powder has been placed.
In this way also the thickness of the cell may be reduced if
required.

72. New method of making thin Glass Cells,—For some time,
however, I have been in the habit of making these thin glass
cells as follows :—

One of the thick glass rings (fig. 68) is heated on the brass
plate, and one side covered with marine glue. As soon as the
glue is thoroughly melted, a small piece of the thin glass 18
carefully applied, and the whole allowed to cool (fig. 66). When
quite cold, the point
of a semicircu-
lar, or round file
is sharply thrust
through the centre
of the thin glass,
which is carefully
filed to the size of
the interior of the ring, and then taken off by heating it a second
time on the plate, when it may be cleaned with potash, and 1s
ready to be fixed to the slide. The success of this simple pro-
cess depends upon the very intimate adhesion of the thin glass to
the ring ; and this is so firm, that however roughly the file may
be used, any crack which is made, never runs across that part
of the thin glass which is fixed to the ring. In this way, thin
olass cells may be made of any shape without the slightest
trouble; and by having many of the rings on the hot plate at
the same time, and taking them in rotation, a very short time
only is required to make a great number. Very large thin
glass cells can thus be readily formed (fig. 67), which could
not be made at all, or only with great labour, by any other
process.

Fig. 66, Fig. 67.

THICK GLASS CELLS.

73. Deep Glass Cells—The deep glass cells which are used
for mounting injections and other preparations of considerable
thickness, ave made either by cutting sections of thick glass

—
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bottles, or round tubing (fig. 68) ; or by drilling holes of the
required size, in pieces of plate glass, gutta percha, &ec. (fig.
Fig. G8.

69.) All these of course require fixing to plate-glass slides, as
above described.

Cells made by these methods may be obtained of various shapes
and sizes ;®* the small
round, or square cells
are very convenient
for mounting small
pieces of injection.
When larger prepara-
tions are to be pre- 1
served, the oval or =
square-shaped  cells,
(figs. 69, 70,) may be
employed. Mr. Storer has succeeded in making cells on this

* The g‘ull::-wiug table gives the prices and dimensions of some of these
cells previous to being mounted upon the glass plates—

Length. Breadth.  Depth. Price.
In. In. In.
f 3 3 2s. each.
3 3 6d, each.
1 1 3 2d, or 3d. each.

Smaller cells from 1s. 6d. to 2s, per dozen.
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plan, as large as six inches by three, and half an inch deep.
The glass is cast in a mould, and thin sections are cut off of the
required depth,

74, Concave Glass Cel,—Another form of cell which has
lately been much used for mounting injections, is made by
Fig. 71, grinding a deep con-
: cavity (which may
either be circular or
oval),in the centre of
a strip of very thick
plate glass. (Fig.
71.)

(lells of all the forms above mentioned, varying from a
quarter of an inch in diameter to six inches, and of any re-
quired depth, may be obtained of Mr. Dennis, Mr. Topping,
or Mr. Matthews, and when fixed upon the slides and ready
for use, vary in price from threepence to two shillings or half-
a-crown each.

75. Shallow-built Glass Cells.— Very large glass cells cannot be
made by any of the above processes ; and when only one cell of
a particular size is required, it will be better to make it according
to one of the following plans. The simplest method of construct-
ing such a cell, provided it be not required of great depth, is the
following :—A. piece of thick plate glass, of the proper dimen-
sions, is selected, and portions of
equal width are cut off from the
o — four sides, as shown in the an-

/‘Ejy";— nexed diagram (fig. 72); these are

e e afterwards fixed in their proper
places on the slide, with marine glue, care being taken to place
the surface which has been eut by the diamond downwards, so
that the furrows thus made may become filled up with marine
glue. The upper surface is then to be cround rough with
a little emery powder.

78, Deep-built Glass Cells,— If the cell be required of coysider-
able depth, it must be made by joining together four strips of
plate glass, the edges and ends. of whic}} have been ground
perfectly flat and smooth. The following is the method of pro-
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ceeding :——Four strips, of any depth and length required, are
carefully cut off a piece of thick plate glass (§ 64); the
surfaces of the four

pieces are then joined
together with marine

glue, in the usual man- o =
ner, and are adjusted | | =.=='i!:,'_'|'”;.= ‘I
as evenly as possible & Al
(fig. 73). When cold,

both edges are ground perfectly square on a very flat stone,
with common sand and water (§. 67). Time, of course, will
be saved by using a grindstone, but the above method answers
very well.

By joining the slips of glass in this manner, we must
necessarily obtain the ground surfaces perfectly square, a point
of great diffieulty if each piece be ground separately. The
ends of the slips of glass must now be ground perfectly square ;
all together, if the sides of the cell are to be equal ; but if two
are to be longer than the others, they must be separated and
ground two and two. When the cut surfaces are ground
perfectly even, the glass slips may be separated from each
other, and the ends, after being cleaned, joined together with
marine glue. The junctures are rendered stronger by fixing a
small triangular piece of glass in each corner, as shown in
fig. 74. The triangular piece is prepared by grinding down
one of the angles of a very narrow
strip of plate glass, which may then s
be cut into the proper lengths with F \f
a file. To join the ends we must | .
proceed as follows : the ends of two ‘
of the sides are first warmed on the
hot plate and joined with marine glue, b 4
taking care that they are placed per-
fectly square, and that the triangular piece is in its place ;
when cool, a third side is added with the same precautions ; and
lastly, the fourth is joined to the others: if the slips have
been properly ground, this is easily effected, but if the ends be

Fig. 73.

Fig. 74.
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not perfectly square, it is quite impossible to make a good
cell.

Mr. Dennis, who makes most excellent cells of this kind, has
lately bevilled the ends of the sides before joining them to-
gether, as shown in fig. 74. By this excellent arrangement,
the junctures are much firmer, and the future collapse of the
sides, which sometimes happens after the preparation has been
put up for some time, is rendered impossible.

When the angles are all joined, and the glue hard, it
becomes necessary to grind both surfaces of the cell again, in
order that they may be perfectly flat before it is attempted to
fix the cell on the glass slab. This last grinding must be con-
ducted very cautiously, particularly if the cells be large; one
surface may be ground, and this fixed to the slab in the usual
way, taking care not to raise the temperature too high, for fear
of melting the glue by which the corners are joined together.
The slab of plate glass should be cut rather larger than the
cell, and the edges ground smooth.

When the slab is sufficiently heated, small pieces of glue are
to be placed upon it, and, when these are melted, the cell may
be applied, by aid of forceps, as describedin § 68; narrow strips
of glass should then be fixed all round the cell, as shown in the
firure, care being taken that every point of the cell is
connected with the slab by the glue. After the whole has
become quite
cold, the other
surface of the
cell may be
groundsmooth
and the su-
perfluous glue
afterwards
serapedoff,and
the cell tho-
roughly cleaned with potash, naphtha, or ether. (Iig. 75.)

Cells made in this manner occasionally leak after a time, in
consequence of: the numerous joints which they contam ; and

e~
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this is more particularly liable to happen if tolerably strong
spirit be employed to preserve the preparation, because marine
glue is softened by it.

For the method of making the built glass cells, and indeed
most of the cells mentioned in the present chapter, we ave
indebted to Dr. Goadby ; to whom also the thanks of practical
observers are due, for the many improvements suggested by
him in several branches of manipulation, especially in making
minute and delicate dissections.

77. New method of making deep Glass Cells.—A method of
making these large glass cells, which T have adopted for some
time past, to a great extent, obviates someof the defects of the
built glass cell, and, at the same time, the cell is made in much
less time. Instead of joining the angles of separate pieces of
glass together with marine glue, I take one long strip of plate
glass of the proper depth, and with spots of ink accurately
mark the length of the sides of the cell. At these marks the
glass is carefully bent at a right angle in the flame of the blow-
pipe, taking care to keep each side perfectly square as it is
bent ; the ends are joined together in the blowpipe flame, and the
surfaces are afterwards ground even on the stone. The heat must
be applied very gradually, commencing below. In this process
there is some difficulty in preventing the glass from cracking as
it cools. This may, to a certain extent, be avoided by allowing
the cell to cool very gradually, or, what is better, by placing it
in an oven for a short
time. If flatted flint
glass could he ob-
tained, the process
would be very easy of
execution, and cells
of considerable depth
might be readily
made. When the
surfaces have been
ground flat, the cell is fixed to a slab in the usual way (fig. 76).

78, Cells made with the aid of Gutta Pereha— Oceasionall ¥

Fig. 76.
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cells may be required of very peeculiar shapes, wide perhaps in
one part, and narrow in another; or of a form which it would
be very difficult to make with glass only. Some time ago 1
required a cell of such a form that
Fig. 77. it would contain a proteus, while the
eirculation in the branchiz could be
observed under the microscope.
The part of the cell containing the
branchie and head must necessarily
be perfectly flat, otherwise the
object would not be sufficiently
distinet.

A cell of a form which would
enable the animal to be kept quite
steady, and which allowed the water
to be frequently changed while he
was under observation, was made as
follows :—A_ built cell of the form
shown in fig. 77 a, was made in the
usual manner (§ 67), one end
only being left open. A piece of
tube, of rather less diameter than
the cell in its shortest dimensions,
was then fixed to the open end with
gutta percha, made soft by soaking
in boiling water (fig. 77 b). Two
pieces of glass tube of the form
shown in the figure at ¢ were then
inserted into a cork, which accu-
rately fitted the mouth of the tube.
The total length of this cell was
about twelve inches. The gutta
percha joint was found to be quite firm, and the cell answered
the purpose for which it was designed. The flat part of the
cell, containing the head and branchie, was placed upon the
stage of the microscope, and the animal supplied with fresh
water from time to time by the funnel tube. In this way the
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proteus could be kept under observation for upwards of two
hours. The same plan may be successfully followed in making
cells of other shapes.

On the subject of making cells, Papers by Dr. Goadby, in Silliman’s
““ American Journal of Science and Arts,”” 1852, and “ Quekett on the
Microscope,” may be also consulted with advantage.
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CHAPTER V1.

EXAMINATION OF OBJECTS BY THE MICROSCOPE—REFLECTED
LIGHT —TRANSMITTED LIGHT—LAMPS—BUBSTANCES EX-
AMINED IN DIFFERENT MEDIA—DISSECTION TUNDER THE
SURFACE OF FLUID.

REFLECTED LIGHT.

79. Examination of Objects by Reflected l;iglll.—nl‘.ﬁ{‘tft[‘li
light is employed for the examination of the surface only of sub-
stances placed in the
field of themicroscope,
these objeets being of-
ten too thick to admit
the passage of light
through them. In
those cases in which
the surface of trans-
parent objects is to be
examined, a piece of
black paper, or cloth,
or other opaque sub-
stance must be placed
behind in order to

prevent the passage
of any rays of light
through them. The
licht 1s usually ren-
dered more intense by

lwing condensed upon

the object by means
of a bull’s-eye con-
denser (fig. 79). This is the method usually resorted to for
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the examination of objects by reflected light. The microscope,
light, and condenser are arranged as shown in fig, 78.

TRANSMITTED LIGHT.

80, Examination of Phjects by Transmitied Lighh—This
mode of investigation is by far the most important with which
the microscopical obser- Fig. 79.
ver will be concerned.
All transparent objects
are examined in this
manner, and it is that
which more especially
concerns the medical
practitioner, for it will be
according to the facility
which he aequires in
making thin sections of
various tissues which he
will subject to examina-
tion by transmitted light,
that his success in this
branch of clinical inquiry
will depend,

The illumination of
objects which are to be
examined by transmitted
light may be effected in
two ways, either by re-
flecting the light from a
mirror situated beneath
the stage (fig. 80), or by arranging the instrument in such a
manner that the direct light from the lamp may be transmitted
through the object. The former plan is the one commonly
adopted, and it is the only one that need oceupy attention here.

The different appearance of the same objects under the

- influence of transmitted and reflected light is represented
| 1n § 82,




= E—————————— —

e -

S —
———

|
|
(|
[ 5 1
LY THE MICROSCOPE, '
81. Eluminination of 'Transparent Ohjects — L s, -The :
best light for microscopical examination is ordinary daylight.
If the sun be shining, the light sghould be obtained from some |
other part of the sy, as the direct rays of the sun are too .
dazzling to enable the observer to examine the minute structure '
of objects, and should never be employed. It has been said
that the best licht for microscopical examination is to be
Fig. 80,
{

obtained from a cloud n.ppn.-:ih1 the sun. Of artificial lights,

the gas-lamp shown in fie. 81 18 to be 5}1‘1-t1-1'|'vd.

This lamp was devized by My, Highley, of Fleet-street, and a
:lc*m'r'iptiml of it will be found in the second number of the
B .T"-l'wrnrat'npi:-:ﬂ Journal,” p. 143.

The burner is an Argand, with very small holes, This 1s

covered with a Leblond’s h1'||.|."-;_fl:|..“:h: chimney ; and the hght
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before passing to the mirror is transmitted through a circular
piece of neutral-tint glass (which is fixed in the hrass shade),
as well as through the blue-glass chimney: Thus an unusually
white light is obtained, which is very powerful and quite
'm'T.L‘.'li["n.',

The lamp is also fitted with ey

e

a small water-bath, and brass T
plate for mounting cells, &e.
An oil-lamp, constructed up-

on the same principle as the
gas-lamp just deseribed, is an
excellent substitute. A com-
mon fish-tail gas-burner covered

with a ground glass answers
exceedingly well, and so also
does the white light produced
from a gaslamp covered with one
of the opaque white bell-glasses,
The small eamphine lamp made
by Messrs. Smith and Beclk,
fig. 82, forms a very convenient,
and a most efficient means of
llumination to thosewho do not
possess the advantages of gas.
The French moderator lamps,
which are now coming into
general use, are excellent lamps for the microscope. An or-
dinary Cambridge ]"I.‘-'.Hi“l;.;‘—].‘l!ll|] also answers very well ; and
where nothing better can be obtained, the light derived from a
common wax candle may be employed, more particularly if it
be protected with a glass in order to prevent flickering. Tn all
ases the observer will find j a great comfort to protect his
eyes from the direct glare, eithep by covering the
tin or paper shade, or by placing a piece of thick cardboard
around the eye-piece of the microscope, in such a IMANNEr a3
to prevent his eyes being dazzled by the 1
same time he is enabled
withouf Inconvenience,

[.-me with a

amp, while at the
to look through the instrument

B
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It cannot, however, be too much insisted upon, that mi-
croscopical examination should be as much as possible avoided
at night ; and there cannot
Fig. 82, be a question that artificial
illumination, however perfect
it may be, is highly injurious
to the eyes; and if persisted :
in for any length of time will ‘
lead to serious impairment of
vision, Every observer who
has had any experience with
microscopical examination by
candle-light, can ftestify to
the fact that working for a
few hours fatigues the eyes
greatly, although by daylight
no such effect is produced.
For the examination of
' opaque objects, such as in- 3
i jections, &c., artificial light 1s
‘ | advantageous, particularly if
2 the bull’s-eye condenser be used, in order to concentrate the %
@ rays of light more fully upon the object, ’
i

EXAMINATION OF TRANSPARENT OBJECTS.

‘When an object is to be examined by transmitted light, the
mirror should be so inclined as to reflect the rays directly
through it, except in those cases in which exceedingly delicate
structures are subjected to examination when minute lines or
points, which were previously invisible, will be brought into
view if the mirror be placed so as to throw the rays obliquely
through the object. If sufficient light can be obtained in that
way, & plane mirror is the best, but if a powerful light is
required, a concave reflector must be substituted. The larger
| microscopes are furnished with both, but to some of the smaller
! instruments a slightly concave reflector alone is attached.
4& Mirrors made of porcelain, plaster of Paris, and perfectly white

e WP P, vk -
- -

A —
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writing paper, have been used with certain advantages, but th{?}'
are not commonly employed, and are only necessary for certain
special investigations (§ 20). . _

The well-known appearance of air-bubbles and oil-globules
when examined in a fluid medium, is due to the difference of
their refracting power, and should be familiar to the eye of
every microscopic observer, for in the course of his mvestigations
he will be constantly meeting with these bodies. Figs. 88 and

Fig. 83. Fig. 84,
: i : "'.“'E;lf %
" U::.m 'q'-'.ﬂ.l r-a
o ° .,Q.'n.;"f.,'&." ;
] o o
o j %)
2 o @@

84 show the appearance of air-bubbles and oil-globules of

different sizes, in water, when examined with a quarter of an
inch object-glass,

82.—Influence of the medinm  in which the substnnce is
immersed upon its appearnance in the Microscope.—The mi-
croscopical appearance of a particular substance will be found
to differ very much according to the nature of the medium
in which it is immersed, This, therefore, is a point especially
worthy of attention. The thickness of the outline of any
specimen subjected to examination depends upon the different
refracting powers of the substance itself, and of the medium in
which it is immersed. The greater the difference of refran.
gibility between the object and the surrounding medium, the
thicker will the outline appear ; but in those cases in which
the refracting power is nearly equal, the outline of the specimen
will appear as a very thin line., ig. 87 ¢c. If the ref racting power
of two substances is quite equal, one cannot be distinguished
from the other, except by variations in colour, &e,
E

i
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If we treat blood corpuscles with a drop of acetic acid, or
of a solution of an alkaline carbonate, we ghall find the mem-
brane of the corpuscle swell up, become more transparent, and
appear to dissolve. This solution is rather apparent than real,
for if a little solution of iodine be added, the cell wall will
become again visible, and it probably depends upon a change
taking place in the refracting power of the corpuscle, by which it
approximates very nearly to that of the liquid in which it floats.
After the addition of strong acetic-acid to a drop of blood, the
globules will still be faintly visible with a dull light, although
by a strong light they are quite mvisible.

Many substances should be examined in two or three dif-
ferent media, for in this way we are often enabled to discover =
peculiarities of structure which could not be recognised by
examining the substance in one medium only. The student
will gain much practical information by subjecting the same
substance to microscopical examination—first, in the dry way ;
secondly, in water; and, thirdly, dried and afterwards mounted
in turpentine, oil, or Canada balsam. The most instructive
specimens to examine in this manner are erystalline sub-
stances and hard tissues, the intimate structure of which is
not destroyed by drying and by being subsequently moistened
with different fluids.

@6;
%?0 a@
uﬁ ﬂ
o O @

In fig. 85 is represented the appearance of some crystals
of carbonate of lime from horses’ urine, examined in different
media ; @, in the dry way; b, in water; ¢, in Canada balsam ;
and under the influence of reflected light (fig. 86 @).
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[n fig. 87 are represented some erystals of oxalate of lime
under the same circumstances,
Fig. 86.

i h

Fig. 86 b represents some of the crystals of oxalate of lime
viewed by reflected light.

Fig. 87.
[} fi e
/s
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It is extremely difficult to lay down rules which will enable
the observer to tell which method is best adapted to display
the microscopical characters of any particular substance to the
greatest advantage,

Substances having naturally a very smooth or polished sur-
face, or to which such a surface can be artificially given, if suffi-
ciently transparent, may be put up as dry preparations.

Thin sections of bone and teeth, specimens of hair and several
erystalline substances, may be mounted in this manner,

Substances found moist in their natural state will usually pe-
quire to be mounted in flujid. In certain cases, however, where
outline and general form only are required, the objects may be
dried ; as, for instance, blood corpuscles or spermatozoa, which
exhibit their general characters very well when mounted in this
manner. Specimens of epithelium, muscle, nerve, and most of
the tissues in g healthy or morbid state, require to be immersed
in fluid.

If the substance be very dense and opaque, or contains smal]

E 2
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cavities filled with air, which are rvendered indistinet by the
opacity of the surrounding texture, it will be advantageous to
examine it in Canada balsam, which will render the intervening
substance more clear, in consequence of approaching it in re-
fracting power, while the little spaces filled with air will appear
quite dark and well defined. If, however, the walls of the cavi-
ties are to be examined, it is better to use turpentine, or thin
balsam, which will penetrate the cells and drive out the included
air. Moderately-thick sections of bone, teeth, or shell, and sub-
stances generally, the structure of which is not affected by dry-
ing, such as hair, nails, horn, &e., may be mounted in Canada
balsam.

In order to remove adhering particles of fatty matter, it be-
comes necessary to wash the substance in ether, or in a mixture
of aleohol and ether. It may afterwards be dried over the
water-bath (§ 47) at a gentle heat, or all owed to dry sponta-
neously, and then moistened with water. Portions of certain
textures, siliceous substances, &e., may be freed from particles
of phosphate or carbonate of lime, by soaking them for a few
minutes in moderately-strong acid. White fibrous tissue may
be rendered clear and trangparent by the addition of a drop of
acetic acid. This is an operation which is frequently necessary
in examining various textures, particularly if we wish to ascer-
tain the presence of a nucleated structure, or of yellow elastic
tissue. These substances having been completely obscured, in
consequence of the abundance of the white fibrous tissue, which
becomes perfectly transparvent after the addition of a drop of
acetic acid., Certain other processes are requisite in special
cases, which will be more particularly dwelt upon when the
methods of examining the different textures and deposits are
considered.

83. Xmpertance of cleaning Specimens for Microscopical
Examination, and of separating them from other substances with
which they may be mixed.—Substances intended for examin-
ation should always be carefully separated from impurities,
such as dust, &e., which would render their strueture indistinet.
Washing in water, or other liquid, is often very necessary.
In order to effect this object, the substance may be simply held

——
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in foreeps, and shaken about in a glass of water, or a small
stream of water may be projected upon it

from a wash-bottle (fig. 88), or from a  Fig, ss, A
common syringe, to which a small jet has *
been attached.

Deposits may be separated from dust
and lighter particles by treating them with
water, and after subsidence, pouring off
the supernatant fluid, and replacing it with
fresh, as often as may be necessary.

Large particles may be picked out with
the aid of forceps or with needles, e —

84, Dissection under the surface of Fluid,—[n 1'|:'I:1kitlg mi-
nute dissections of certain tissues, great advantage is often
gained by dissecting under the surface of water; or of aleohol,
in those instances in which the substance has been for some
time previously immersed in the latter fluid. In this way, many
delicate tissues may be separated and floated off, as it were,
from the adjacent textures (fig. 89). When it is required to

separate from each other the coats of an artery or mucous
membrane, this becomes a very convenient method of proceed-
ing. In certain cases, however, in which tissues are in-
tended for microscopical examination, a certain amount of
change of structure must he expected ; the epithelium will
often be abraded, and the cells much distended from endos-
mosis, so that such tissues should be immersed as short a time




73 THE MICROSCOPE,

as possible. In tracing sweat, or other minute ducts, or deli-
cate branches of nerves, more especially in the lower animals,
dissection under the surface of fluid is the only method by
which success can be anticipated.

85, Glasses for dissecting under Water.—The vessel for con-
taining the fluid should be proportioned to the size of the pre-
paration to be dissected, and it should be of sufficient depth for
the complete immersion of the object, fixed upon a loaded cork
in its proper position; but at the same time the vessel should
not be too deep, because greater difficulty would be experienced
in following out the delicate branches of nerves, &e. The upper
surface of the object should not be more than a quarter of an
inch under the surface of the fluid (fig. 89). Vessels for this
purpose may be made of glass, zine, or earthenware. For small
dissections, circular glass cups, similar to those sold in water-
colour boxes, will be found most convenient; but for larger
preparations a square zinc trough may be employed. The
square-built glass cells (page 64) used for mounting anatomical
preparations will often be found very convenient for dissection
in fluid.

86. Method of fixing the Object.—The object intended for
dissection must be fixed to some soft substance by means of
small pins, TFor general purposes, pieces of cork, about a
quarter of an inch in thickness, attached to a piece of sheet-

lead, of sufficient weight to

Fig. 90. sink the cork (fig. 90), an-

swers exceedingly well ; but,
in some cases, Wax, or &

preparation made by mix-

ing wax and gutta percha,

will be more convenient. A
— small plate of this mixture

may be placed at the bot-

tom of the cell in which the

dissection is to be made, and may easily be fixed in its place by
being a little pressed down at the edges, after it has been
placed in the cup; or it may be poured while hot into the bot-
tom of the cell, and there allowed to cool.
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The preparation is to be fixed by means of small pins, or
small pieces of thin silver wire, in a convenient position for
dissection ; and as the fluid becomes turbid from the accumu-
lation of small portions of tissue which have been removed, it
is to be poured off and carefully replaced by fresh. IFrom the
cell in which the dissection is made, the preparation, intended
for mounting in a glass cell, may be removed by allowing it to
float with some of the fluid into a watch-glass or tea-spoon, and
in this manner it may be transferred. '

87. Preparation of Wax and Guita Percha for fixing @bjects
to, for Disscction, mounting in Cells, &e.—This preparation is
readily made by heating about equal parts of white or yellow
wax and gutta percha in a pipkin, over a coke fire, or gas lamp
(care being taken to prevent the mixture catching fire, as it is
very inflammable), and stirring with an iron rod until an uni-
form fluid mass is obtained. In order to give a darker colour
to the mixture, lamp-black or indigo may be added. Cakes of
this substance may be readily made, by pouring it while hot
into a tin tray, which has been slightly wetted to prevent the
wax adhering too firmly. When cold, this mixture forms a
material which will hold a pin firmly, and which is not so
brittle as wax. A very thin layer will be found sufficient for
most purposes, If required very tough, a larger quantity of
the gutta percha than that mentioned in fhe text may be
added. The operation of making this substance should al-
ways be performed in the open air, as a very offensive smell
is evolved from the melted gutta percha.
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CHAPTER VII.

OF PREPARING OBJECTS FOR MICROSBCOPICAL EXAMINATION,
AND OF PRESERVING THEM—MOUNTING OBJECTS IN A DRY
BTATE—IN FLUID. PRESERVATIVE SOLUTIONS. MOUNTING
CBIECTS IN CANADA BALSAM. ARBANGING PREPARATIONS IN
THE CABINET.

SUBSTANCES require different methods of preparation, in order
to display their minute structure to the greatest advantage.
As already indicated (page 74), the nature of the medinm in
which the body is immersed, determines, to a considerable
extent, its microscopical appearance. The appearance will
also be modified according as the examination is made with
transmitted or reflected light (§ 79, 80). In many cases it is
important to subject a specimen to examination in two or
three different ways, as described in page 74.

The mode of examination and the methods of preserving
objects, may be arranged under three heads, each nf which will
now be separately considered :—

1. Preservation of objects in a dry state.

2. Preservation of objects in aqueous fluids.

3. Preservation of objects in turpentine, oil, Canada balsam,
or some highly-refracting medium.

OF MOUNRTING OBJECTE IN A DRY STATE.

88, Examination and Prescrvation of Objects in a dry stnte.—
If 1t is only required to examine the character of a specimen in
a dry state, it may simply be laid upon a glass slide, and placed
in the field of the mieroscope ; if, however, the substance be of
a very delicate structure, or in a minute state of division, it is
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better to place a piece of thin glass over it in the usual man-
ner, in order to protect it.

Dry objects may be mounted in a thin glass cell (§ 71), or in
a paper cell, or, if of extreme tenuity, they may simply be placed
on a glass slide, and covered with thin glass, which should be
fixed to the former by a small piece of gummed paper (rather
larger than the glass cover), in the centre of which a hole has
been cut of sufficient size to permit the entire object being seen.
The paper may of course be of any colour, or ornamented
according to the taste of the operator. *

When objects are to be examined by reflected light, they
may be placed in little glass or cardboard cells, or in pill-boxes ;
or they may be put up in glass cells. The preparation should
be placed upon a dark ground, which may be effected either by
cutting a piece of dark blue or black glazed paper, of the exact
size of the cell, and placing it within; or the black paper may
be fixed on the posterior surface of the slide; or this surface
may be covered with black paint or black varnish (§ 59).

OF THE PRESERVATION OF OBJECTS IN AQUEOUS FLUIDS.

89. Examination of Objects in aqueous Fluids.— There are
various methods by which preparations may be subjected to
examination, and preserved as permanent objects in a moist
state, and the different value of the various preservative solu-
tions which are in use, entirely depends upon the nature of the
substance to be mounted. Distilled water forms a very good
fluid for some objects, while for the preservation of most, it is
necessary to immerse them in water impregnated with some
antiseptic agent, which is not volatile at ordinary temperatures.
Many, again, are best preserved in spirit, or in a solution of
some salt. Tt is very difficult to lay down rules which will
enable the observer to choose a preservative fluid for any parti-
cular specimen. A little experience, however, will soon enable
him to judge which solution is best adapted for the purpose.
In those cases in which special solutions are of advantage, it will
be stated.

80. Of mounting Objects immersed in fluid in Cells. —Cells

E 3



TT—

82 THE MICROSCOPE,

of any form or size may be used in mounting objects in the
moist way, according to the size and nature of the preparation.
Some objects require to be pinned down to a piece of wax (§ 87),
others may be allowed to float in the fluid in which they are
placed. Many require a certain amount of pressure between
the glasses in order to display them well. The operation,
however, is performed in much the same way in each case, and
the same general rules will apply to all moist preparations.

After the object has been allowed to sonk for some time (a day
or two) in some of the fluid in which it is to be preserved, it may
be removed by means of forceps, or a pipette, to the cell, which
should be previously filled with the solution. After all air-bub-
bles have been carefully removed by shaking the preparation a
little in the fluid, or by conducting them to the surface by means
of a camel’s-hair brush or a fine wire, the object may be placed
in the proper position. The cell should then be quite filled
with solution, which may be caused to rise above its walls by
pouring it n very carefully, or by letting it gradually flow from
a pipette.

01. Of placing on the thin glnss cover.—The thin g]ﬂ.ss
cover which should of course be rather less than the external
dimensions of the cell, and previously cleaned with a little spirit
of wine, may then be taken in the forceps, and, after gently

breathing upon the lower surface, one edge is allowed to tnu‘ula
the fluid, and the glass cover may then be permitted to fall
gradually, until it floats on the convex au.rfacﬁ: of the solution;
this may be conveniently effected with the aid of a needle, as
shown in fig. 91. Gentle pressure is then applied in order to
force out the superabundant fluid, which must be sucked up by
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a cloth, soft sponge, or piece of blotting paper; or, if in areat
quantity, it may be removed with a pipette.

The edges of the cell may be allowed to dry for a minute or
two, and the thin glass coyer may be fixed in its place by putting
on a thin layer of gold size, Brunswick black, or solution of
shell-lac, with a small camel’s-hair brush, or with a small piece
of soft wood cut to a blunt point, and hammered in order to
separate the fibres alittle, which in many instances is more con-
venient, A very thin layer of the gold size or varnish should be
first applied, and this should be allowed to dry thoroughly
before a second is put on ; if a large quantity be painted on at
once, some of it will probably run into the preparation, or the
surface of the varnish, in consequence of becoming hard before
the inner portion, will contract ; the cement being gradually
drawn from the surface of the cell, a little of the fluid evapo-
rates, air enters, and the preparation requires remounting. It
is a very good plan to put a little gold size round the edges of
the thin glass before placing it on the fluid, as by this method
air is not so likely to be admitted into the cell while the edges
are drying, previous to the application of the varnish externally.
The best way of preventing the ingress of air after the prepa-
ration has been mounted for some time, is by first applying a
few layers of gold size or black carviage varnish, and when these
are thoroughly dry, painting them with a solution of shell-lac or
sealing.wax in spirit, taking care that each subsequent layer of
varnish is a little broader than that previously applied.

82, Of mounting Preparations in large Glass Cells.— The
method of mounting preparations in the large glass cells is some-
what different to that employed in putting up small micro-
scopical preparations. In consequence of the great size of the
cover, it is more difficult to apply than those of the small
cells, and gold size or Brunswick black are not very well adapted
to fix it to the walls of the cell. After the vessel has been well
cleaned with g little weak spirit, the preparation may be placed
in it, either floating in the preservative solution, or fixed
to a piece of mica, which is cut to fit the cell exactly. Or,
perhaps, it may be displayed to greater advantage by being
pinned to a tablet of wax, or of the composition described in
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§ 87, cut so as to fit the cell exactly. The preparation may also
be kept in its proper place by strings attached to loops of
thread, fixed in various parts of the cell. The loops may be
placed in any situation, by attaching them first to a small
piece of glass, which is to be cemented to any part of the
cell with a little marine glue, and the aid of a hot iron. This
was the method employed by Mr. Goadby in mounting his
beautiful dissections of the nervous system of the lower
animals, many of which are now in the Museum of the College
of Surgeons. When the preparation is placed in its proper
position, the cell should be filled with fluid. The cover, after
being carefully cleaned, may be put on, by allowing one end
first to touch the fluid, and then gradually inclining it until it
falls in its proper position, the cell being quite full of fluid, and
free from air-bubbles.

93, Methods of fixing the Glass Cover on the large Cell—
The next operation is to fix the cover in its place. All ex-
cess of fluid round the edges must first be removed with a
soft cloth, piece of sponge, or blotting-paper, and then a layer
of thick solution of shell-lac (§ 58) should be immediately applied
round the cover, to connect it to the walls of the cell. The
edges of the cover may be advantageously anointed with a little
of the shell-lac solution before it is applied.

Mr. Goadby fixed on the cover of his large cells with marine
glue. This he effected as follows :—The cell being quite clean,
and the preparation having been arranged in the proper
position, a little of the preservative fluid is to be poured in.
The cover, with a hole already drilled in one corner, was
applied, and fixed in its place with marie glue, which was
melted with a hot iron. When the top was thoroughly fixed
with marine glue, the cell was filled with fluid through the hole.
After all bubbles had risen to the surface and had been
replaced with fresh fluid, the hole was stopped up with a cork,
and a small piece of glass was cemented over it to keep the
cork in its place. The hole should not be closed for a day or
two, in order to permit all the air-bubbles to rise to the
surface.

The method of which I have had the greatest experience is
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the following :—Some of the French cement (§ 63) is rolled
out into thin strings, which are pressed all round the top of the
cell with the finger and thumb, care being taken that there is
not more cement in one part than in another. This operation
must be performed before the preparation is placed in the cell.
One small space, about a quarter of an inch wide, is left un-
covered with cement at one end of the cell.

The preparation is next put in, and the cell filled with the
preservative solution up to the brim. One end of the cover is
slightly pressed into the cement at the opposite end of the cell
to that in which the vacant space was left; the cover is then
allowed to fall gradually, until it everywhere touches the
cement. The cell is now quite full of fluid. After the cover
has been pushed sufficiently into the cement, and a certain
quantity of fluid has escaped, the hole may be stopped up with
a small piece of cement, and the preparation should then be
allowed to lie still for a time, when it may be wiped dry, all
superfluous cement removed with a knife, or smoothed down
with a hot iron, and the edges painted with gold size or some
kind of varnish. This plan is exceedingly simple and easy of
execution, and appears to last quite as well as other methods.
The great advantage of it is, that the cement never thoroughly
hardens, but always retains sufficient elasticity to allow for
change of volume of the fluid, when exposed to the extremes of
temperature. If the preparation be preserved in strong spirit,
however, the cell will not remain air-tight, as the spirit in-
sinuates itself through the cement and evaporates,—air of
course rushing in to supply its place.

The different cements employed for fixing the thin glass
cover to the cell have been already described (§ 56-63).

Various other cements have been recommended for the pur-
pose of fixing the cover upon large glass cells. Roman cement
has been used by some observers: and my friend Mr. Stewart,
who has had considerable experience with it, tells me it answers
perfectly well.
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PRESERVATIVE SOLUTIONS.

84, Spirit and Water.—DMixtures of spirit and water of
various strengths are required for preserving different pre-
parations. In diluting spirit, distilled water only should be
employed ; for if common water be treated with spirit, a pre-
cipitation of some of the salts dissolved in it not unfrequently
takes place, rendering the mixture turbid and unfit for use.
Proof spirit will be strong enough for all general purposes,
except for hardening portions of the brain or nervous system,
when stronger spirit must be used. Two parts of rectified
spirit, about sp. gr. -837, mixed with one part of pure water,
makes a mixture of sp. gr. *915--920, which contains about 49
per cent. of real aleohol, and will therefore be about the
strength of proof spirit. One part of aleohol, 60 over proof,
to five parts of water, forms a mixture of a sufficient strength
for the preservation of many substances.

85. Glycerine.—A solution of glycerine adapted for pre-
serving many structures is prepared by mixing equal parts
of glycerine with camphor water. The latter prevents the
tendency to mildew. It may be used as other preservative
solutions.

Glycerine is obtained by boiling oil with litharge. The oleate
of lead remains as an insoluble plaster, while the glycerine is
dissolved. It may be rendered free from lead by passing a
current of sulphuretted hydrogen through it; and the clear
solution, after filtration, may then be evaporated to the con-
sistence of a syrup.

96. Thwaites' Fluid.—This fluid has been much employed by
Mr. Thwaites for preserving specimens of desmidie; but it is
also applicable to the preservation of amimal substances.

Water . . . . 16 ounces.

Spirits of wine . 1 ounce.

Creosote, sufficient to saturate the spirt.
Chalk, as much as may be necessary.

Mix the creosote and spirit, stir in the chalk with the aid of
a pestle and mortar, and let the water be added gradually.
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Next add an equal quantity of water saturated with camphor.
Allow the mixture to stand for a few days, and filter. In
attempting to preserve large preparations in this fluid, I found
it always became turbid, and therefore tried several modifica-
tions of it. The solution next to be deseribed was found to
answer very satisfactorily. Water may also be impregnated
with creosote by distillation. It should be remarked that
M. Strausdurkheim has succeeded in preserving preparations in
camphor water only.
97. Solution of Naphtha and Creosote,

Creosote . . . 8 drachms.
Wood naphtha . 6 ounces.
Distilled water . 64 ounces.

Chalk, as much as may be necessary.

Mix first the naphtha and creosote, then add as much pre-
pared chalk as may be sufficient to form a smooth thick paste ;
afterwards add, very gradually, a small quantity of the water,
which must be well mixed in a mortar. Add two or three small
lumps of camphor, and allow the mixture to stand in a lightly-
covered vessel for a fortnight or three weeks, with occasional
stirring.  Pour off the almost-clear supernatant fluid, and
filter it if necessary. Preserve it in well-corked or stoppered
bottles.

I have some large preparations which have been preserved in
upwards of a pint of this fluid, for more than five years, and the
fluid is now perfectly clear and colourless. Some dissections of
the nervous systems of insects have kept excellently ; the nerves
keeping their colour well, and not becoming at all brittle.
Two or three morbid specimens are also in an excellent state of
preservation ; the colour being to a great extent preserved, and
the soft character of the texture remaining. I have one pre-
paration mounted in a large gutta percha cell, containing nearly
a gallon of this fluid.*

98. Solution of Chromic Acid.—A solution of chromic acid
will be found well adapted for preserving many microscopical

* Mr. Quekett recommends a mixture of one part of naphtha to seven
or eight of water as a good preservative solution. Op. eit., p. 281,

S T
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specimens. It is particularly useful for hardening portions of i
. the nervous system previous to cutting thin sections, The
solution is prepared by dissolving sufficient of the crystallized
acid in distilled water, to render the liquid of a pale straw
colour.

The crystallized acid may be prepared by decomposing 100
measures of a saturated solution of bichromate of potassa, by
the addition of 120 to 150 measures of pure concentrated
sulphuric acid. As the mixture becomes cool, erystals of
chromic acid are deposited, which should be dried and well
pressed on a porous tile, by which means the greater part of
the sulphuric acid is removed, and the erystals obtained nearly

pure.

e 99. Preservative Gelatine. ¥—
Gelatine . 1 ounce. Spirits of wine 1 ounce.
Honey . . 4 ounces. Creosote . . 6 drops.

Soak the gelatine in water until soft, and to it add the
honey, which has been previously raised to the boiling-point in
another vessel. Next, let the mixture be boiled, and after it
has cooled somewhat, the creosote dissolved in the spirits of
wine is to be added. Lastly, filter through thick flannel to
clarify it. When required for use, the bottle containing the
mixture must be slightly warmed, and a drop placed on the
preparation upon the glass slide, which should also be warmed
slightly., Next, the glass cover, after having been breathed
upon, is to be laid on with the usual precautions, and the
edges covered with a coating of the Brunswick black varnish.
Care must be taken that the surface of the drop does not
become dry before the application of the glass cover; and the
inclusion of air-bubbles must be carefully avoided.

100. Goadby's Solution.—

Baysalt . . . . 4 ounces.
Alom & & « & ¢ Z2ounces.
Corrosive sublimate 4 grains.
Boiling water . . 4 pints.

* Mr, H. Deane, Transactions of the Microscopical Society, quoted in
Quekett's Treatise on the Microscope.
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Mix and filter. This solution may for most purposes be
diluted with an equal bulk of water. For preserving delicate
preparations it should be even still more dilute,

101. Burnett's Solutiom.—This fluid has been patented, and
may be obtained in a concentrated form, in bottles of different
sizes, 53, King William-street, London-bridge.

Its preservative properties appear to depend upon the chloride
of zinc. A strong solution of chloride of zine forms a very
powerful antiseptie, and also possesses the property of absorbing
noxious odours, &e.

102. Other saline solutions.— Many other saline solutions
have been employed by different observers. Of these, a satu-
rated aqueous solution of chloride of calcium, free from iron,
has been much recommended for preserving specimens of bone,
hair, teeth, and other hard structures, as well as many vege-
table tissues (Schacht). A solution of alum in the proportion
of 1 part of alum to 16 of water has been found to answer
pretty well for some substances. (Gannal’s solution, which
consists of 1 part of acetate of alumina dissolved in 10 parts
of water; solutions of common salt (1 part to 5 of water, with
a little camphor), corrosive sublimate, persulphate of iron,
arsenious acid, sulphate of zine, and solutions of several other
salts, have been recommended as preservative solutions, but
their employment has not been always attended with the most
satisfactory results.

Arseniuretted hydrogen gas has also been recommended for
the preservation of animal substances, but it is not adapted for
microscopical preparations.

The particular preservative fluid adapted for the preservation
of the different textures will be indicated when the method of
preserving these is brought under consideration, and at the same
time any special processes adapted for demonstrating the strue-
ture of different textures will be adverted to.
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MOUNTING OBJECTS IN CANADA BALBAM,

103. Methods of drying the substance previous to iis immer-
sion in the balsam.—It is of the utmost importance that sub-
stances which are to be mounted in Canada balsam should be
thoroughly dried before being placed in this menstruum, other-
wise the preparation will always be covered with little bubbles
of steam, which will prevent it from being seen distinctly.
Many substances may be dried by leaving them exposed to the
air, especially in the sun; but usually it will be better to expose
them over the water-bath (fiz. 47) for a short time, before
putting them up. If a slight elevation of temperature does
harm to the structure, it may be thoroughly dried by exposing
it for some time over a dish containing strong sulphurie aeid,
the whole being covered with a bell-jar, or placed under a
receiver, which may be exhausted by connecting it with the
air-pump.

104, Omn moving anir from the interstices of n tissne.— L his
may be effected by placing the substance, previously carefully
dried in a little fluid balsam, under the receiver of an air-pump;
any air in the tissue is then forced out as exhaustion proceeds,
and its place becomes occupied with balsam.*

When membranes and thin sections of tissues, such, for
instance, as sections of the spinal cord, muscular fibre, &c., are
to be preserved in balsam, they must be very slightly washed,
and then spread out upon the glass slide with the aid of needles
and forceps. They should be allowed to dry spontaneously, and
afterwards it is better to expose them for a short time over sul-
phuric acid, and the section may then be put up in the usual
way, but without removing it from the slide. Frequently 1t
will be found advantageous to wet the surface very slightly
with turpentine before the balsam is applied. If the sections
appear too thick when dry, the surface may be scraped with
a sharp knife, or very thin shavings may be removed.

—

* & Dy, Golding Bird has applied this method for mounting the polypi
doms of zoophytes with great success.”’—Microscopical Journal, 1853, p. 85.
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105, Precauntions to be observed in applying the Bolsan.—
(Canada balsam (§ 61) forms a most useful agent for mount-
ing various substances; and the structure
of many can only be clearly made out Fig. 92,
when they are examined in this menstruum.

In this method of mounting objects no
cells whatever are requisite. The balsam
should be pale and old. The glass slides
must be warmed before the balsam is put
on, and for this purpose the glasses may
be held in a pair of wooden forceps, or in
a pair of common forceps, the legs of
which are covered with cork (fig. 93) and
heated over the spirit-lamp (fig. 92) or
upon the brass plate (§ 46). The latter
plan is the most convenient when several
preparations are to be mounted at the
same time, because they may be arranged
in a row along the plate, and the balsam placed upon each slide
as 1t becomes hot.

The Canada balsam may be heated after it is placed upon the
slide, or the tin vessel, fig. 94, may be kept warm for some
little time before the balsam is taken out, in order to allow the
air-bubbles entangled in it to rise to the surface before it is
applied.

The slide being warm, and the small quantity of Canada
balsam sufficient to contain the preparation having been placed
upon it, it must be gently moved about while the balsam is hot
and quite fluid, until all the air-bubbles have floated to the sur-
face and collected together towards one spot. A pointed wire or
needle should then be taken, and all the bubbles either drawn
out upon the end of it, which may be readily effected, or broken
by the wire after it has been heated. In those cases in which
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the preparation is not detached from the glass slide upon which
it has been allowed to dry, it is only necessary to place the
drop of balsam upon it and gently warm it, following the usual
Fig. 94. precautions ; afterwards the thin glass
cover may be applied. When the pre-
paration has been dried separately over
the water-bath and cleaned, it may be
taken in a fine pair of forceps, gently
warmed, and carefully placed in the hot
and perfectly fluid balsam. After it has
been thoroughly wetted by the balsam,
and all adhering air-bubbles removed
(§ 104), it may be placed in the position
it is intended to occupy. The thin glass
cover, adapted to the size of the pre-
paration, having been previously cleaned
and warmed, may then be taken in a
pair of forceps, and, after being held
over the warm balsam for a minute, allowed to fall gradually
upon the preparation (beginning at one side), until it becomes
perfectly wetted with the balsam. The glass may now be
slightly pressed in order to force out the superfluous balsam,
and the preparation allowed to cool.
136G. OFf removing the Aidr-bubbles from the llnls-lmu.—_-ThE
only difficulty of mounting preparations by this method con-
sists in getting rid of all ad-

iy 09 hering air-bubbles completely.
et s st ~  This may generally be effected
_— by carefully heating the balsam

on the slide, and the prepara-
tion, first separately, and then together, and by removing the
bubbles after they have been made to collect at one spot, with
the aid of a fine-pointed wire. A needle, which should be stuck
into asmall wooden handle, is a most convenient instrument for
this purpose (fig. 95).
If the balsam be heated to too high a temperature it becomes
hard and resinous before the preparation can be placed in the
proper position ; in such a case it is better to clean the slide
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and use fresh balsam. Any balsam may be removed from the
preparation by soaking it for some time in turpentine. Some
preparations require boiling in the balsam, in order to drive out
air contained in cavities in their interior. As a general rule,
however, eare must be taken to prevent the balsam from boil-
ing, because many organic substances curl up and become
entirely spoiled at this temperature.

107. ©f mounting Preparations of considerable size in Fluid
Balsam.—It is sometimes necessary to mount opaque objects of
considerable size in liquid Canada balsam, in which case we
must either place it in a glass cell or between two pieces of
window-glass, which are joined together at the edges with seal-
ing-wax ; a plan followed by many continental anatomists. In
this case the balsam should be perfectly fluid, but not thinned
with turpentine, for Mr. Quekett has observed that i* this be
done, air-bubbles appear to be developed some days after the
preparation has been finished, although when first put up it was
perfectly clear. This result is occasioned by the turpentine not
being thoroughly mixed with the balsam at first. After some
days a complete admixture oceurs, and little cavities are formed
mm consequence of the two bodies oceupying a larger bulk when
separate, than when intimately mixed with each other,

‘When the preparation has been placed in its proper position,
and the thin glass has been applied, it only remains to remove
any superfluous balsam from the slide. This is readily effected
by the aid of some rags, an old knife, or the large bradawl,
(fig. 96,) and a little turpentine, The greater quan-
tity can be seraped off with the knife, and the re-
mainder may be rem _ved by carefully moistening it
with turpentine, and then cleaning it off with arag.
The preparation is now finished, and may be left
plain, the edges of the balsam varnished over, or
the slide may be covered with ornamental paper,
according to the taste of the operator.

Fig. 96.
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NAMING PREPARATIONS AND THEITR ARRANGEMENT IN THE
CABINET,.

108. Placing the Name on the Glass !!llillt.-—]:':‘ll't‘.l'}' prepara-
tion should be named as soon as it is finished, The name is
generally written at one end of the slide with the writing dia-
mond, fig. 49, but a small paper label answers every purpose;
and 1t is a good plan, when long descriptions are necessary, to
affix a number to each slide corresponding to the number
referring to the deseription of the preparation in a catalogue.

In this catalogue all the particulars having reference to the
, object should be entered, including a note of the date of mount-
& ing, and also describing the fluid in which it was preserved.

: Cabinets for Preparations.— Microscopical preparations should
be kept in drawers or in boxes prepared for the purpose, in
order to preserve them from dust and from the influence
of light. Dry preparations and those mounted in Canada bal-
sam may be arranged in vertical grooves cut in the parti-
tions of the drawer. The grooves should be wide enoungh to
B! allow the slide to fall in easily, and should be about a quarter
1 of an inch apart. Preparations mounted in fluid, however,
must be kept in a horizontal position, although they necessarily
occupy much space; but otherwise it will be found that the
tendency for the cells to leak is much increased. Large pre-
parations can only be kept lying perfectly flat in shallow
drawers.

Boxes and cabinets of all kinds for keeping colleetions of
microscopical preparations may be purchased of Mr. Topping,
Messrs, Smith and Beck, and of Mr. Matthews.

Upon the subjects treated of in chapters VI. and VII., besides those works
referred to in the text, the following have been consulted :—Translations
from ‘ Het Mikroskoop,” Prof. Harting, Utrecht, in Edinburgh Monthly
Journal ; ¢ Lectures by Dr. Goadby,” in Silliman’s Journal; * The
Microscope, in its Special Application to Vegetable Anatomy and Physio-
logy,” Dr. Hermann Schacht, translated by Currey; * Ralph’s British
Desmidiwe ;" Papers in the * Mieroscopical Journal,” and ** Transactions
of the Microscopical Society ;" * Traité pratique et théorique d’anatomie
comparative,” Paris, 1842, Strausdurkheim ; “ Nouveau Manuel de I'ob-
servateur au Microscope,” Dujardin, Paris, 1843 ; Quekett, op. cit.
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CHAPTER VIIL

ON INJECTING., INSTRUMENTS EMPLOYED IN INJECTING—CO-
LOURING MATTERS—OF THE OPERATION OF INJECTING.

Ix order to examine the different arrangement of the ulti-
mate divisions of the blood-vessels in various parts of the
animal structure, it becomes necessary to fill them with some
opaque substance, by which their distribution may be ren-
dered distinct, and their general arrangement readily observed,
when subjected to examination by the low powers of the micro-
scope. When the capillaries are empty, they are scarcely
visible, and frequently it is quite impossible to distinguish them
from the tissues in which they ramify. The process by which
these minute vessels are rendered distinct, is called injecting, and
portions of structure which have been treated in this manner are
spoken of as imjections, or injected preparations. Injections are
of two kinds,—mnatural and artificial. Natural injections, as the
name implies, are obtained from the dead animal without any
preparation whatever, the capillaries being gorged with blood,
and thus rendered distinet. Avrtificial injections are always
prepared by forcing some opaque or coloured liquid into the
small vessels from a large one.

109. Natural Emjections are frequently found very perfect,
and in some instances show the arrangement of the minute
vessels more perfectly than they can be exhibited by any arti-
ficial process. This condition results from the capillary vessels
being distended with blood at the time of death, or perhaps
soon afterwards, and the general redness which is always
observed in a tissue in this condition, is said to be due to a state
of congestion. Patches of the mucous membrane of the intes-
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tines are often found in this state; and if a small portion be trans-
ferred to a small saucer of water, and examined with a low power,
the vascular arrangement may often be observed very distinetly.
Preparations of this description may often be streteched out
and carefully dried on a glass slide without heat: when dry,
the preparation may be mounted in Canada balsam, The vas-
cular arrangement in some morbid growths may frequently
be advantageously examined in this manner, although it is often
quite impossible to malke an artificial injection of the part.

[NSTRUMENTS EMPLOYED 1IN MAKING ARTTFICIAL INJECTIONS.

Artificial injections require much care for their preparation,
and a few instruments are used, of which it will
be better to give a short description, before re-
ferring to the general arrangements for con-
ducting the process.

110. Emnjecting Enlllﬂﬂ.—Thﬂ Ej'l‘i]].gE: should
be of brass, and should be adapted to the size of
the preparation which is to be injected. ~Small
syringes have the advantage over large ones, as
a general rule (fig. 97) ; and a syringe of an ounce
capacity, will be found large enough for all ordi-
nary purposes ; but to inject organs of consider-
able size, or the larger animals, one holding a
greater quantity is of course required. In choos-
ing a syringe, care should be taken that the
piston be at least half an inchin depth, and that
when the finger is placed over the opening, and
the piston drawn up so as to exhaust the interior,
it readily returns to its former posifion when
let go.

Fig. 98 shows a section of the piston of an
injecting syringe. The arrangement is very con-
venient for re-leathering the syringe, as the but-
tons represented in the drawing can be unserewed from the rod,
when the old pieces of leather can be removed, and new ones
substituted for them.
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Syringes of less than two ounces capacity are conveniently
made with a ring fixed on each side of the top, in order that the
first two fingers may be firmly fixed, while the g 2. 95,
piston is gradually forced down by the thumb.
The syringe must always be kept perfectly clean,
and the piston should be well greased with some
kind of fat; but oil should never be used for this
purpose. Syringes of all kinds may be obtained
of most instrument makers. The price varies
according to the size; one capable of containing
half an ounece costs about 3s. 6d. ; one holding
an ounce 4s. 6d.; and so on. The price of the stopcock is 2s.,
and each pipe costs about 1s.

Syringes of this description are made by Mr. Neeve, Broad
Street, Holborn.

111. Stopcocks nnd Imjecting-pipes, — EFE]‘}F syﬂnge should
have a small stopecock (fig. 99) fitted to it for the convenience
of its being refilled without the chance — p. 2. 99. Fig. 100,
of any of the injection escaping from the
vessel into which the pipe is inserted.
The most convenient form of pipe is
that delineated in fig. 100. The tube
is of silver, and there are two projecting
wires at the base, to which the thread
may be attached after the vessel is
firmly tied to the pipe, in order to pre-
vent all possibility of slipping. Each r
syringe should be furnished with several pipes of various sizes.
It the pipes get clogged up, they may be cleaned by passing
a very fine wire down them; also, by heing boiled in water, or
gently heated in the flame of a lamp, they may be made pervious.
When a very fine pipe is required, it has been recommended
that the opening should be situated at the side, a short distance
from the extremity, which may terminate in a blunt point, as
this enables us to introduce it into minute vessels very readily.

112. Syringe for Mercurinl Enjeciions.—The mercurial sy-
ringe should be made of steel, and of about half-ounce capa-

city. Perhaps, however, the most convenient and sim-
F
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i plest form of apparatus for mercurial injection, consists of a
| glass tube about half an inch in diameter, and a foot or more
| Fig.101,  in length, to one end of which is fitted a steel
- stopeock, with pipes of various sizes. The weight
of the column of mercury is sufficient to force
the fluid into the vessels, and the pressure can be
altered by inclining the tube or holding it perpen-
dicularly, while the quantity of mercury which
escapes 18 regulated by the stopeock.

118. Forceps of the kind delineated in fig. 101, -
are very convenient to stop any vessels that may
. beruptured ; and in injecting parts of animals or

' small portions of any tissue in which there are
Jl several open vessels, they are indispensable. The operator
b should be provided with several pair of these forceps, so that he

Fig.102. can stop the escape of injection at one or several

| points if necessary.

114. Needle for passing Thread round the Vessel
—A small needle like that figured in the margin,
will be found very useful for passing the thread
round the vessel into which the injecting-pipe 1s to
be inserted. Where the vessels are large, a common
aneurism needle answers very well, but for small
vessels it is better to use a much smaller instru-
ment. Such an instrument may be readily made
by fixing an ordinary needle in a small handle (fig.
102). It should be previously heated to redness
and allowed to cool, when it may easily be bent
into proper shape. If necessary the eye of the
needle can be enlarged by introducing some pointed
instrument while it is red hot,and carefully moving
it from side to side, so as to dilate if.

\ Thread.—'The thickness of the thread used for
*  tying vessels, &c., must of course vary according to
their size. Silk is best adapted for the purpose,

and it should not be too thin, for if so, it is liable to cut
through the vessels.
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115. Corks for lnjl:-:!ing-]rip-:s;.--“'Thﬁre 1t is llE{.’E!EE:‘Il'}' to
use several pipes, or in those instances
in which the use of the stopecock is
inconvenient, from its weight or
bulk, corks of the form figured in the
margin, will be found useful to stop
the pipes, when the syringe is being
refilled. They may be procured at
any cork-cutter’s of the proper size to
fit the pipes (fig. 103).

116. Enjecting-cans, — For minute injections melted size is
the liquid usually preferred for suspending the colouring mat-
ter, and upon the cleanliness and care with which the size is
prepared, and mixed with the colouring matter, will the success
of the injections mainly depend. As it usually takes some
time before the vessels are filled, it is also necessary that the
size should be kept at the proper temperature, so that the
syringe may be refilled with warm injection as often as re-
quired. The size must always be kept hot with the aid of
warm water; for, if a naked fire be used, there is danger of
burning it. The size may be placed in a vessel which can be
heated by standing it in a common tin saucepan of hot
water, After it
has been strained,
great care must
be taken to keep
the vessel covered
over, in order to
prevent dust from
falling in, and so
rendering a second
straining  neces-
sary. A conve-
nient form of ap-
paratus for melt-
ing the size, and
keeping it at a proper temperature, is shown in fig. 104. It
consists merely of a water-bath, in which the cans, containing the

F 2

Fig. 103,




O e e

o o

100 THE MICROSCOPE,

injecting fluid, can be conveniently kept at the proper tempera-
ture, and their contents protected from dust, &e., by means of
small covers. The bath should be about nine inches in diameter,
and four or five in height. It may be made of tin, zine, or copper.
The cans may be about six inches high, and rather less than two
and a half wide: if of these dimensions they hold nearly a
pint. The bottom of each should be cup-shaped, and perfectly
smooth, so that it may be thoroughly cleaned ; at the same time
the can should be made to stand well, by prolonging the sides a
little below the bottom, as shown in the figure. The handles
ought to be fixed on the outside of the can, and the cover
should be allowed to project a little over the top. When only
two or three cans ave in the bath, the holes for the others can
be covered over with their covers, in order to prevent the
unnecessary escape of steam. A little above the middle of
each can there is a wide rim, by which it is made to rest upon
the top of the water-bath, as it 1s better that the eans should
not quite touch the bottom.

An apparatus of the size above mentioned is quite large
enough for all ordinary purposes, and can be conveniently
heated over a gas or oil lamp; but if a great amount of injec-
tion is required, the cans should of course be much larger.

117. Size and Gelatine unsed for Imjecting— The size used
in injecting should be of the finest quality. Of the different
kinds of size, that called parchment size is the best that can be
procured, as it is more free from grit and dirt than the ordinary
double size, which, however, answers very well if it be obtained
quite fresh and well stramned before use.

The size should be of sufficient strength to form a tolerably
firm jelly when cold. While warm, however, it should form a
perfectly limpid fluid, which will flow readily into the most
minute vessels.

Gelatine is an excellent substitute for size, particularly
if it is required to be carried a long distance. The proportion
of dry gelatine required to make the solution of the proper
strength varies somewhat according to the temperature. In
winter about seven, and in summer twelve parts of gelatine to
one hundred parts of water, will be found about the right pro-
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portion. The gelatine should be soakedin eold water for some
hours until it has become swollen and softened, when the vessel
in which it is may be placed in a basin containing hot water,
or in the injecting-can (fiz. 104), and the mixture soon becomes
perfectly fluid. If sufficient gelatine has been dissolved in
the water, a drop of the solution placed upon a cold surface
will become solid in a few minutes.

Size, or the cold jelly made from gelatine, may be preserved
by covering the surface with a thin stratum of alcohol, which
can be poured off when it is required to be melted for injection.

COLOURING MATTERS USED FOR INJECTION.

Various colouring matters have been used for injecting. They
are usually obtained in very fine powder, and suspended in some
fluid. Carmine dissolved in ammonia forms a very fine red liquid,
and has lately been very successfully employed by Mr. Smee
for injecting the capillaries of the brain. The objection to
this, and all other fluids which hold the colouring matter in
solution, instead of in suspension, is that the mixture frequently
permeates the coats of the vessels, and colours the surrounding
tissue in such a way, that the outline of the capillaries fre-
quently cannot be distinguished from the surrounding tissues.

When a fine powder is suspended in size, it is better in all
cases, In which 1t is possible, to prepare the colouring matter
immediately before use ; for by proceeding in this manner the
particles are in a much more minute state of division, than
when some time has been allowed to elapse before injecting,
in which case numerous particles adhere together, forming
small collections too large to penetrate the minute vessels.

118. Size of the Particles of the different Colouring Mat-
The comparative size of the granules,
of which the colouring matters most commonly used for in-
jection consist, is shown in the annexed woodeut.

Upon comparing the dimensions of the particles obtained
from the dried powder with those of the freshly-prepared pre-
cipitate, the importance of using colouring matters which have
been recently precipitated will at onee become evident.

This is especially shown in fig. 105, which represents the

ters uscd for Injection.
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microscopical chavacters of the dried powder, and freshly-pre-
cipitated deposit of several of the substances commonly used
for injection.

The colouring matters represented are as follows:—a, pre-
cipitated chalk (purchased in a dry state); b, recently-pre-
cipitated chall ; e, whitening ; d, Prussian blue; e, recently-
precipitated Prussian blue; f; freshly-precipitated carbonate of
lead; g, dried carbonate of lead; #, freshly-precipitated binio-
dide of mercury; 7, dried biniodide of mercury; %, indigo;
I, vermilion (as purchased); m, levigated vermilion; n, dried
chromate of lead; o, freshly-precipitated chromate of lead (cold
solutions) ; #, freshly-precipitated chromate of lead (hot solu-
tions) ; p, pure carmine ; g, lampblack.

All these drawings were taken with the aid of the meutral
tint glass reflector (§ 32), and were all magnified with one of
Powell’s quarters with the shallow eyepiece, which is equal to
about two hundred diameters. A scale of thousandths of an
inch is represented at the lower part of the figure, magnified
with the same power.

119. Rea Emjections.— Vermilion is generally considered one
of the colouring matters best adapted for fine injections, and
is employed more frequently than any other. It may be
obtained in exceedingly-fine powder, and runs readily into the
smallest vessels, while at the same time there is no chance
of its passing through their coats.

Some vermilion is very gritty, and such should not be
used. Numerous small crystalline particles may frequently be
detected in the common vermilion of the shops upon miero-
scopical examination (fig. 1057). This is quite unfit for use;
and in order to render it free from grit, it should be mixed
with about eight times as much water, and then well shaken :
after allowing a few seconds to elapse for the coarser grit to
settle, the mixture holding the finer particles in suspension,
may be nearly all poured off into another vessel, and allowed to
subside. The gritty residue may be treated a second time with
water (or oftener if necessary), and the fine particles poured off,
and allowed to subside with the previous washings. When all
the powder has settled, the clear water may be poured off, and
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the vermilion after being dried, without tlie application of heat,
may be kept ready for use (fig. 105m). About two ounces of
vermilion to a pint of size will be found to give a good colour;
and in these proportions a mixture is formed which runs well.

Great care should be taken in the selection of vermilion for
purposes of injection, for upon the quality of this substance in
great measure depends our success. The best Chinese ver-
milion is very good, but dear. Excellent vermilion may be
obtained at the price of six or seven shillings a pound.

Golden sulphuret of mercury and the biniodideof mercury have also
been used as red injections. The colour of the latter is pecu-
liarly bright, but the precipitate is of a erystalline nature, and
does not penetrate readily. Both this and the sulphuret of
antimony require to be finely powdered, and levigated ,with
water in the manner just deseribed, before being used for injec-
tion.

120. Yellow Emjections.—Chromate of lead forms a very good
colouring matter, and has some advantages over vermilion. TIf
freshly prepared it frequently runs better, and, as it is lighter,
does not so readily separate from the size or solution in which it
is suspended. It is, moreover, much cheaper ; although it must
be admitted, that chromate of lead injections do not form such
beautiful microscopical objects as those in which vermilion has
been used for the colouring matter, Mr. Topping prepares
many very fine injections with this substance.

This colouring matter is obtained by mixing solutions of
bichromate of potash and acetate of lead, when the yellow
precipitate of chromate of lead is immediately thrown down.
If the cold solutions of the two salts Just named be used,
the precipitate is pale, and contains one atom of water; if, on
the other hand, the solutions be mixed while hot, the precipitate
is of a deeper colour, and anhydrous.

The appearance of these two precipitates, magnified with the
same power, 18 shown in fig. 105; o, represents the precipi-
tate obtained by mixing cold, and r, that which results from
mixing hot solutions of similar strength.

Chromate of lead which has been dried, should never be used
for injecting, as it does not run well, in consequence of the
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particles becoming aggregated together, and forming small
lumps.

Harting gives the following directions for making this injec-
tion, which he highly recommends :—

Two solutions are prepared; the first consisting of 2000
graing of acetate of lead, dissolved in a pint of water. The
second is prepared by dissolving 1048 grains of chromate of
potash in two pints of water,

‘When it is required to prepare the injection, one measure of
the first solution is mixed with two measures of the second,
and to this mixture, after it has been well stirred, two
measures of a strong solution of gelatine, consisting of one part
of dry gelatine to four of water are to be added. Thisinjection
should be used when freshly prepared. It is better, however,
to allow the chromate of lead to settle, and pour off the solution
of acetate of potash before adding the size, as this salt is apt to
corrode the walls of the vessels in those cases in which the
preparations are preserved moist.

Injections of chromate of lead may also be made by allowing
decomposition of the solutions to take place in the vessels.®
The vessels are first injected with one solution, and afterwards
the other is slowly forced in. Very fine injections may be
readily made in this manner with little trouble, and for dry
preparations which are to be mounted in Canada balsam, this
plan answers admirably ; but if the injections are to be pre-
served moist, the former method should be employed, as the
acetate of potash is apt to destroy the vessels after the prepara-
tion has been preserved for some time.

Dr. Goadby uses gelatine in preparing this injection, and
suggests the employment of nitrate of lead instead of the
acetate, because the resulting salt of nitrate of potash would
not exert any injurious action upon the vessels, but, on the
contrary, would assist in their preservation. His proportions
of bichromate of potash and acetate of lead, are as follows :—
Saturated solution of bichromate of potash, 8 fluid ounces;

* M. Doyire, “ Comptes Rendus,” 1841.  Bowman, “Phil. Trans.” 1842,
p- 58.
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water, 8 ounces; gelatine, 2 ounces. Saturated solution of
acetate of lead, 8 fluid ounces; water, 8 ounces; gelatine, 2
ounces.* The syringe should always be very carefully cleaned
after it has been used for injecting these salts,

121. Blue Imjections.—/ndigo used for injections should be of
the best quality that can be procured. After it has been well
soaked in water for some time, the coarser particles (fig. 105 k)
may be removed by treating it with a large quantity of water,
when the finer particles alone will be held in suspension, and
may be separated in the manner described when speaking of
vermilion. :

Prussian blue may also be employed as a blue injection. It
15 softer and more easily powdered than indigo. If injected
pure, the colour will be too intense, but it may be rendered
lighter by mixing it with a certain proportion of white injec-
tion. - Prussian blue forms one of the finest powders possible,
especially if freshly prepared (fig. 105 e).

Schreeder van der Kolk uses freshly-precipitated Prussian
blue, prepared by mixing solutions of the persulphate of iron
and ferrocyanide of potassium together.

As the alkali of the blood tends to destroy the colour of
Prussian blue, it is necessary to mix with the solution a small
quantity of dilute sulphuric, acetie, or tartaric acids, in order
to neutralize this alkaline reaction.

Prussian blue can be obtained in a state of very minute
division if mixed with a solution of oxalic acid, and in this case
the colour is not affected by the free alkali of the blood.
Equal parts of oxalic acid and Prussian blue are to be finely
powdered in a mortar, then water is to be very gradually
added, and afterwards the strong size solution. Harting
strongly recommends this injection, when it is wished to ex-
amine injected vessels by transmitted light, and particularly
i injecting the capillaries of the lungs.

122. White Emjections.— IWiite lead. Finely-powdered car-
bonate of lead has been msed as a fine injection. It may be
prepared by mixing a solution of acetate of lead, consisting of

* Quoted by Dr. Wythes, ““ The Microscope,” Philadelphia, 1852,
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2000 grains of acetate of lead to a pint of water, with an equal
quantity of a solution of carbonate of soda, containing 1520
{ grains in a pint of water. A measure of each of these solu-
tions is to be mixed with two measures of a strong size

solution.
; Precipitated Chalk also forms a good white injection, if care-
'} fully prepared ; but it does not mix so well as the former.

J The microscopical appearances of precipitated chalk which
has been dried, freshly-precipitated chalk, whitening, and white
J: lead, are shown in fig. 105 a, b, ¢, f.
. | Freshly-precipitated chalk is readily prepared by adding a
d | solution of carbonate of soda to a solution of chloride of cal-
eium.
‘ Carbonate of lead is made by mixing together cold solutions
of acetate of lead (sugar of lead) and carbonate of soda, as
above.
| 123, Injecting different Systems of Vessels with different
Colours.—In those cases in which we desire to examine the
arrangement of the different systems of vessels in the same
animal or in the same tissue, it becomes necessary to use a
distinet colouring matter for each system. It is also a matter
I of importance when two colours meet in the capillaries, to
employ those which, in combination, will produce a tint that
reflects the light well, and shows distinetly the outline of the
vessels. If red be used for the arteries, and blue for the veins,
a dark brownish-red colour is produced in the capillaries, which,
it has been observed, renders the vessels indistinet when
; subjected to microscopical examination. On the other hand, if
| blue and yellow be allowed to mix in the capillary system, a
fine green is produced which does not present this inconveni-
ence. M. Robin therefore recommends blue for the arteries,
yellow for the veins, red for the portal veins, and white for the
bile duets or renal tubes.*

—

e

i * Du Microscope et des Injections, p. 16.
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OF INJECTING.

124, General Rules to be observed in Enjecting.— Great
attention should be paid to the cleanliness of all the instruments
to be used in injecting. The syringe should always be kept
scrupulously clean and in good order, and the injecting-cans
should be carefully covered, to prevent the ingress of dust.
Before commencing the operation, plenty of warm water should
be at hand ; and the subject should be allowed to soak for some
time in a basin of hot water, before it is attempted to inject it,
in order that it may be thoroughly warmed through. The
temperature of the water must vary according to the degree to
which the injection is required to be heated : if size and ver-
milion be used, the water need only be warm ; but if melted wax
be employed, the water must be so hot that the hand can
scarcely be borne in it. The length of time which the prepa-
ration is allowed to soak must depend upon its bulk; and the
water should be changed as soon as it becomes at all cool.

Time at which the Injection should be made.—With respect to
the length of time after death that is most favourable for this
operation, no absolute rules can be given.

Generally, it may be remarked that we should not attempt to
inject while the rigor mortis lasts. Many days may in some
cases with advantage be allowed to elapse, particularly if the
weather is cold, while in warm weather we are compelled to
inject soon after death. As a general rule, the more delicate
the tissue, and the thinner the vessels, the sooner should the
injection be performed. Many of the lower animals, annelids,
mollusea, &e., and fishes, should be injected soon after death.
In making minute injections of the brain, only a short time
should be allowed to elapse after the death of the animal,
before the injection is commenced. Injections of the ali-
mentary canal of the higher animals should be performed early,
—not more than a day or two after death.

Minute injections of the papille of skin, particularly of
the fingers and toes, cannot be successfully made until the
cuticle has become somewhat softened by allowing the pre-
paration to remain in a damp cloth, or to soak in water for
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some days. In these situations the vessels are strong, and in
their ordinary state the injection will not traverse them, in
consequence of the cuticle preventing their gradual distension
by the injecting fluid. A similar plan must be followed in
making injections of the tongue, and other parts where the
epithelial covering is unusually dense, and firmly adherent to
the vascular surface beneath.

125. ©f fixing the Pipe in the Vessel— When everything
is properly prepared, we may proceed carefully to fix the pipe
in the vessel through which we intend to inject; and this ope-
ration will vary slightly in different cases, according to the
nature of the preparation to be injected. If the subject be a
small animal, it is better to take out part of the sternum, and
fix the pipe in the aorta. If only part of an animal is to be
injected, the largest artery supplying the part should be
selected, and all the other open vessels may be tied or stopped
with the small forceps shown in fig. 101.

A small portion .of intestine can be injected by cutting out
the corresponding portion of mesentery attached to it; and
after searching for a large vessel, all the others may be tied
together with the open ends of
the alimentary tube. This
arrangement is roughly repre-
sented in the diagram (fig.106).
In each case the proceeding
is conducted in a similar man-
ner., A pipe of somewhat
smaller diameter than the ves-
sel should be selected, and an
opening may then be made in
the vessel of sufficient size to
admit the pipe, which ean now

S S be inserted. The needle (fig.
102), charged with thread or silk, is then carefully passed
round the vessel, the thread seized with forceps, and the
needle withdrawn over the thread. This operation is suf-
ficiently simple where the vessel is large and strong; but
where thin and easily torn, it requires great care. The thread
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is now tied tightly round the vessel close to the extremity of
the pipe, and then attached to the two projecting wires, to
prevent the possibility of slipping.

In injecting from veins a similar method is pursued, taking
care to choose a vein in which the valves are not numerous,
or in which they are altogether absent. The portal vein can
be reached by opening the abdominal eavity, care being taken
not to tear any of the branches below the point where the pipe
is inserted.®

126. Of preparing the Fluid for Injection.—It is very import-
ant that the size and vermilion, or other injection which is to be
thrown into the vessels, should be thoroughly mixed and well
strained before being used. The colouring matter, properly
powdered, should be placed in a small earthenware mortar, and
the melted size or other fluid carefully added by degrees, the
whole being constantly stirred until well mixed. When the
proper colour has been obtained, the whole must be strained
through muslin, or through a fine perforated strainer, into
another vessel, which should be kept warm. The injection

* Injecting the Vascular System of Fishes, Mollusca, and Insects,—
Greater care is required to fix the pipe in the vessels of fish in conse-
quence of their being so readily torn. Excellent injections of fish may
frequently be made as follows : —The tail is cut off with a sharp knife at
a short distance posterior to the anus, and if the cut surface be examined,
the ventral artery may be easily found situated immediately beneath the
bodies of the vertebrse. A pipe is carefully introduced and pushed down
some distance, so as to prevent the injection from coming out, or the end of
the vessel may sometimes be separated from the surrounding parts and
tied in the usual way. By this simple proceeding capital injections can
often be made very easily.

Minute injections of the branchi® of some of the mollusea may often be
made by very carefully placing the pipe in the largest vessel that can be
found, and slowly injecting. The extreme delicacy of the vessels prevents
any attempt being made to tie them to the pipe, and of course much
injection will be lost. From the large size of the vessels, however, much
will often run into the capillaries. In this way I have easily succeeded in
injecting the branchim of the Pinna ingens and fresh-water mussel (Anodon),
both of which form beautiful microscopical objects.

In order to inject the smaller gasteropods (slugs, snails, &c.), we must pur-
sue a different method. In the muscular foot of these are situated many
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should be well stirred with a wooden stick previous to filling
the syringe.

We can judge of the intensity of the colour by removing a
drop of the solution with a stirring-rod, and allowing it to fall
on a white plate so as to form a thin stratum, which should
have a pretty deep colour. It is always better to have too
large a quantity of the colouring matter rather than too little.

Of vermilion, about two ounces will be sufficient for a pint of
size ; but it is better in all cases to regulate the quantity by
‘examining the intensity of the colour in the manner just
mentioned.

127. Oorf the operntion of Illjcntiu[{.—“o‘irherl thﬂ ])I'Ep.ﬂ.l'ﬂt-iﬂll
is warmed through, the injection properly strained, and the pipe
fixed in the vessel, we may proceed carefully to inject, taking care
that the injection is kept at a proper temperature, by allowing
it to remain in the warm water-bath during the operation.

The air should be first withdrawn from the upper part of the
vessel by means of the syringe, after which the stopcock is
turned off and left attached to the pipe. The syringe is then
disconnected, and after being washed out once or twice with
warm water, is nearly filled with injeetion, which must be well
stirred up immediately before it is taken. The syringe should

=

large lacunw, or cavities, which communicate with the vascular system,
or, in fact, form the vessels which are distributed to this organ. If the
injection can be forced into any of these lacun, it may be made to tra-
verse the whole vascular system. To introduce the pipe, a small hole is
made obliquely in the foot, taking care not to force the instrument too far.
A small pipe is next inserted, and when the preparation is warm enough,
the injection of size and vermilion is very slowly and carefully forced in,
and the progress which is made can be seen by observing the vessels dis-
tributed to the respiratory organs. When a sufficient quantity of injection
has been introduced, the pipe may be withdrawn, and the hole plugged
with a piece of wood cut to the proper size, to prevent the injection again
escaping before the size has had time to set.

The vascular system of insects may sometimes be partially injected by
forcing injection into the abdominal cavity, from which it finds entrance
into the dorsal vessel, and from thence is distributed to various parts of
the body. The injection in the cavity of the abdomen is then allowed to

escape.
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not be quite filled, in order that the air in the pipe may be
made to rise into the syringe through the injection, by the
ascent of the piston, before any of the latter is forced into the
vessel. The end of the syringe is then to be pressed firmly
into the upper part of the stopcock with a slightly screwing
movement.

The piston is now very gently forced down by the thumb, until
the syringe has been nearly emptied, when the stopcock
must be turned off,
and the syringe re-
filled with warm in-
jection as before.

The corks de-
seribed in § 115
may be substituted
for the stopeock.
Care must always
be taken to keep
the syringe in the position shown in the engraving, fig. 107, so
that any air which may be in it, may remain in the upper part ;
and for the same reason, all the injection should not be forced
out, for fear of the enclosed air entering the vessels, in which
case all chance of obtaining a successful injection would be
destroyed.

After a certain’quantity of fluid has been injected, it will be
necessary to use a greater amount of force, which, however, must
be increased very gradually, and should only be suffidlent to de-
press the piston very slowly. If too great force be employed,
extravasation will be produced before the capillaries are half
filled. Gentle and very gradually-increased pressure, kept up
for a considerable time, will cause the minute vessels to become
slowly distended without giving way to any great extent. At
the same time it must be borne in mind that extravasation fre-
quently oceurs at various points in a successful injection ; but
the longer this event can be kept off, the more likely are we to
succeed. .

When the injection begins to flow from the large veins
mixed with the blood contained in these vessels, and the surface

Fig. 107.




114 THE MICROSCOPE,

of the injected preparation looks of a red colour, and has a some-
what velvety appearance, we may infer that the injection has
been completed. This occurs at different periods. Sometimes
the first or second syringeful causes a general redness of sur-
face, while in other instances a considerable time will elapse
before more than a slight blush appears. As a general rule, it
is better to proceed slowly and cautiously, and to use as liftle
force as possible, which should not be more than sufficient to
produce an observable depression on the piston. Many minute
injections will require an hour or more to complete.

When the injecting is completed, and all the openings by
which any of the injection could escape during cooling are
closed, the preparation should be placed in cold water, and
allowed to remain until the size has set, which will require
twelve hours or more in hot weather.

128, ©Of preparing portions of Enjection for the Microscope.
—Those parts which are required for mieroscopical examination
must be carefully cut out and placed in a saucer of water, in
which they may be examined with the microscope, and the best
parts selected to be put up as permanent objects.

If a mucous membrane be the subject of examination it will
be necessary to brush off the adhering mucus with a camel’s-
hair brush, the preparation being kept under water while this
operation is performed. If the injection be considered suffi-
ciently good, it may be preserved in spirit or other preservative
solution, Chapter VII. Portions of mucous membrane should
be pinned dut perfectly flat upon a piece of cork or wax (§ 86),
and allowed to harden for a short time in spirit. When hard-
ehed, the edges may be cut square with a sharp knife or pair of
scissors, and the preparation may be mounted in a cell (§ 90).

Gland stractures should be examined both on the external
surface and also in section. After hardening in spirit or other
preservative solution, clean sections can readily be made with a
sharp knife.

As an invariable rule the preparation should be allowed to
soak for some time in the fluid in which it is to be preserved,
previous to placing on the thin glass cover, in order to allow
time for all air-bubbles to rise to the surface.
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Many injections are shown to the greatest advantage by
being dried, and mounted in Canada balsam as opaque prepara-
tions. Injections of the liver and kidney are easily prepared
in this way:—A thin seetion is cut with a sharp thin knife,
slightly washed with clean water, spread smoothly on a clean
glass slide, and allowed to dry thoroughly without the aid of
heat. When quite dry the surface can be seraped smooth with
a knife, and the preparation mounted in Canada balsam in the
usual way (page 90). A small quantity of the balsam need
only be used if the surface has been scraped perfectly smooth ;
the thin glass may be carefully pressed down on the in-
Jection.  Often, before applying the balsam, it will be found
advantageous to wet the surface of the injection with a drop
of turpentine.

Preparations of this kind look neater when covered with
cireular pieces of glass (§ 66).

Injections of thin membrane are merely to be stretched out and
dried on the slide, when they may be covered with Canada
balsam and thin glass, In this way specimens of the iris, serous
membranes, &e., may be prepared, and some will be shown off
to greater advantage if placed upon a dark ground.

At the same time we must remember, that in the process of
drying, a considerable alteration may take place in the appear-
ance of the parts. Thus, for instance, the arrangement of the
vessels in the villi of the intestines, and of the mucous mem-
brane generally, cannot be properly demonstrated upon dried
specimens. It is always better to examine injected prepara-
tions previous to drying them, when, from the arrangement of
the vessels generally, some idea may be formed of the change in
appearance which will probably take place from this process.*

* On the process of injecting, the following authors may be referred
to:—Tulk and Henfrey, “ Anatomical Manipulation ;” Robin, “ Du Micro-
scope et des Injections ;" Harting, ““ Het Mikroskoop ;” Translations in the
Edinburgh Monthly Journal, 1852 ; Dujardin, op. cit. ; Strausdurkheim,
op. cit.
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CHAPTER IX.

PREPARATION OF OBJECTS FOR EXAMINATION BY TRANSMITTED
LIGHT—METHOD OF EXAMINATION—EXAMINATION OF BOET
TISSUES—EIDNEY—LIVER.

129, Methods of Examination,— The most advantageous
method of examining particular tissues, and the best manner of
preserving them, can only be learnt by long practical experience.
It will only be attempted here to introduce some of the methods
which are most frequently employed to demonstrate the minute
anatomy of those textures which most frequently come under
the notice of the practitioner.

In order to examine the structure of many tissues, it is neces-
sary to obtain a section sufficiently thin to permit the trans-
mission of the light readily, and so evenly cut, that the minute
structure of the tissue may be submitted to examination n
every part of the section. The difficulty of making thin sections
of many textures is often very great, and, to effect this object
satisfactorily, a knowledge of cerfain mechanical operations
becomes necessary. Sometimes we require to cut a thin section
of a soft pulpy texture, which can scarcely be touched without
injuring its delicate structure, and altering the position of its
constituents ; while, in other instances, we must obtain a very
thin transparent section of a substance so hard, that steel tools
will scarcely scratch it, such as the enamel of teeth, fossil
teeth, &c.

The method of making sections of soft tissues will first be
briefly described, and afterwards the processes adapted for
cutting hard textures will be alluded to. Other mechanical
operations, such as tearing up the tissue with fine needles,




AND ITS APPLICATION TO CLINICAL MEDICINE, 117

pressing it between glasses, removing soft pulpy portions by
washing, &e., are often necessary, and will also require to be
considered.

Chemical reagents are frequently very useful in elucidating
the nature of minute structures, either by destroying or altering
some of the component parts of the tissue, or by simply ren-
dering the substance more transparent. Much may frequently
be learnt concerning the nature of the inorganic portion of the
tissue by ignition upon platinum foil, and burning off the car-
bonaceous portion of the residue by exposing the specimen for
a length of time to the action of a red-heat.

By simply drying a tissue we are sometimes able to make out
a point in ifs structure, which had entirely eluded our observa-
tion when the tissue was examined in a recent state, and there
are other processes of practical importance in the demonstration
of minute structures, which should also be considered.

130. Boiling the Tissue previous to Exnmination, — This
operation is often of great service in enabling us to demonstrate
the structure of a fissue. For instance, the fibres of which the
crystalline lens is composed, are best shown after boiling the
lens in water. The branched muscular fibres in the tongue of
the frog, and in other situations, may be made out very readily
by boiling the organ in water for a few moments, and then
tearing up small portions with fine needles, Beautiful sections
of muscular fibre can often be obtained after the texture has
been boiled in water. Various glands and other textures often
require to be boiled for some time in water, in order to harden
them sufficiently to enable us to cut thin sections; but in all
cases the microscopical characters of the recent texture should
be examined, as well as that which has been hardened by
boiling. Small portions of tissue can be readily boiled in a
test-tube over the spirit-lamp. .

131. Washing, seaking, or pressing the Tissne.— Not unfre-
quently we wish to get rid of the soft and more pulpy part of a
tissue, in order to subject the more dense and fibrous portion to
examination. This object is usually effected by soaking the
tissue in water for some little time, and then placing it under a
running stream of water, by which means the softer portions
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are gradually washed away. Soaking in water frequently
enables us to tear up a tissue very veadily with the aid of
needles, and thus to demonstrate
Fig. 108, its structure. Occasionally it is
found necessary to press the tissue,
and rub parts of it together, before
the soft pulpy portions can be got
rid of. In this way we may demon-
strate the supporting or trabecular
tissue of the spleen, and the areclar
and vascular tissue of the liver, &e.
Thin sections of kidney, liver, and
other glandular organs, may be thus
R treated when the matrix 18 to be
: subjected to examination separately.
In these operations the wash-bottle (fig. 108) will be found
useful. Generally it will be better to make a thin section of
the tissue first, and then soak and wash carefully, when the
parts may be seen n sifu. :
132, Drying the Tissme previous to Examination—Thin sec-
tions of various tissues can frequently be obtained only by first
drying the substance thoroughly, and then cufting off’ a thin
shaving with a sharp knife. In this way specimens of skin,
mucous membrane, and many other tissues, are often most
advantageously prepared. The tissue is stretched on a board
with pins, and then allowed to dry, when a very thin section
can be cut off and examined in Canada balsam; or it may
be placed in water for a short time, in which case, when sub-
jected to examination, it will often be found to have regained
its first appearance. Portions of muscular fibre, the tongue,
skin, and many other tissues, may be allowed -to dry in this
manner, and then we may with a sharp knife readily obtain
exceedingly thin sections, which could not be procured m any
other manner. The drying may be effected in a warm room,
orin a eurrent of air. A high degree of artificial heat should
be avoided.
1838. Application of Chemical ngcmu.—:[]l the examina-
tion of various substances, much information may frequently be
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gained with respect to their nature by exposing them to the
action of various chemical agents., The action exerted by
alcohol, chromic acid, corrosive sublimate, &c., is often very
useful in enabling us to cut thin sections for microscopical
examination. 'When we require to make a tissue ve v hard, we
need only soak it in alcohol or some other chemical reagent which
has the property of coagulating albumen. By resorting to the
use of chemical reagents we are frequently enabled to make out
the true nature of a body, which has entirely baffled our powers
of observation, when subjected to microscopical examination
only. Chemical reagents assist us in microscopical investiga-
tion, by rendering parts of the texture transparent, so that we
are enabled to see structures which were previously obscured,
or by making the tissue itself darker, or by causing certain
alterations in its general characters which are not easily ex-
plained. The method of applying chemical reagents, and a
general description of the changes which ensue, will be found
m Chapter X VT,

In describing the methods of demonstrating the minute
anatomy of the most important animal tissues in g healthy or
morbid state, I shall have frequently to refer to the assistance
which is derived from the application of chemical tests,

134. Egniting the Substamce in order to remove Organic
Matter.—When the inorganic portion of a tissue which we wish
to examine is not altered by exposure to a red-heat, recourse
may be had to ignition, in order to get rid of the animal matter.,
In this way crystals of carbonate and phosphate of lime, and
granules of siliceous matter, may be separated from the organic
material with which they were combined. The beautiful
siliceous shells of the diatomacesm may be separated from organic
matter by a similar process. The ignition should be performed
in a small platinum capsule, or upon a small piece of platinum
foil. The carbonaceous residue must be exposed to the dull red-
heat of a spirit-lamp (§ 43) for some time, until only a pure
white ash remains, which will be found to contain the objects of
our search in a very perfect state. If the siliceous matter only
18 wanted, the ash should be treated with strong nitric acid,
which will dissolve any carbonate or phosphate. The insoluble
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residue may then be washed and dried, and subjected to micro-
scopical examination while immersed in turpentine or Canada
balsam. In many cases, this method is superior to that of
boiling in nitric acid, in order to remove the organic maftter.
Both processes may, however, be employed where only the gili-
ceous residue is wanted, but if we require the salts of lime,
b ignition at a dull red-heat is alone applicable.
185. Of cutting thin scctions of Sofl Tlsunci.-—ThGTE 18 No
more important operation in microscopical investigation than the
- present. The student is continually requiring thin gections of
‘ different textures, and whether he pursues the study of vege-
table or animal physiology, or morbid anatomy, it will often be
necessary to make a very thin section of the tissue which is to
be examined; and upon the amount of gkill he displays in
! cutting these sections, will the success which attends his
investigation mainly depend. The darker and more compli-
, cated the tissue may be, the more important: does it become to
) obtain a section of extreme tenuity, for otherwise sufficient
light cannot be transmitted through the tissue to enable us to
see its structure ; moreover,1n a thick section, the objects occu-
pying different planes so much interfere with each other as to
prevent the possibility of any one being defined clearly-

Cutting a thin section of a soft tissue may at first sight
appear 4 very simple process, but it will be found to require
considerable skill on the part of the operator. Sections of the
large glands, and other soft tissues, may be made with an
ordinary knife which should be very sharp. A clean surface
is first cut, and then a thin dJice is removed with a slow
sawing motion of the knife, which is much facilitated by the
application of a drop of water; indeed, whenever we require
a very thin section of a soft tissue, the blade of the knife should
always be well wetted with water.

The most important instruments for making thin sections of
soft tissues are the following: scissors of different sizes (§ 53),
Valentin’s knife, double-edged scalpels, or lancets mounted in
handles, and a few other instruments, such as forceps (§ 59).
and needles of different sizes (§ 52), mounted in handles, are
often required in demonstrating minute structure.
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136. Scalpel specially ndapted for Cutting thin sections of Sof

Tissues.— Double-edged Sealpel. — For eutting thin see-
tions, a knife of the form represented in fig. 109,
will be found very useful, and, where only sections
of small dimensions are required, this will answer
all the purposes of Valentin’s knife. In cases
however, where a section is wanted of considerable
size, the latter instriment must be used. The
double-edged scalpel is made after the fashion of a
common lancet; it is not so wide, but should be
quite as thin. When employed for making a
section (after cutting a clean surface), the point is
made to perforate the surface, and earried along at
a proper depth, so as to cut its way out. The
width of the section may then be increased by
carrying the knife first to the right, and then to the
left, until a section of the desired width is ob-
tained.

Common Lancets mounted in handles will be found
convenient for cutting thin sections, but each side
of the blade should be sharpened down to the point
of insertion into the handle.

Seissors are also very useful instruments for cut-
ting small thin sections of different tissues. The
most convenient form for this purpose is that
shown in fig. 110. When only very small portions

Fig. 109,

of a tissue are required for examination, they will be more
readily removed with the scissors than with any other instru-

ment.

Fig. 110,

137. Valentin’s ¥nife.—This instrument is of the greatest
value in making thin sections of soft tissues, but it requires care

(83
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to keep itin good order. Itis very easily made blunt if used for
cutting fibrous or cartilaginous textures. By its aid most
beautiful sections of the kidney, liver, and other soft glandular
organs may be obtained with the greatest facility. The blades

Fig. 111.

should always be dipped in water just before use, for, if wet, the
operation of eufting 1s much facilitated, and the section is
more easily removed from between the blades. Immediately
after use the blades should be washed in water, and dried with
o soft eloth or a piece of wash-leather. If a drop of water gets
into the upper part of the knife where the blades meet, the
<crew must be taken out, and each blade cleaned separately.
With care the knife may be kept in use a long time.

Two forms of Valentin’s knife are used; in one of these the
blades are sharp on both edges and of a lancet-shape, and in
the other, which I much prefer, of the form represented in the
figure (fig. 111). The best form of Valentin’s knife that I
have used is that represented in fig. 112, which has lately

Fig. 112.

BRI i

- -*".1'I'.‘ S -i‘uiﬂ“lﬂ'i'

been made by Mr. Matthews. The blades of this knife can
be completely separated from each other and easily cleaned.
Moreover, the distance between the blades is regulated by a
little serew @, which is a most convenient arrangement.

EXAMINATION OF SOFT TISSUES.
Before examining morbid tissues the student should acquire
o thorough knowledge of the appearances which the textures
resent when in a state of health ; for, without being familiar
with the minute anatomy of healthy tissues, he will hardly be in
a position to appreciate the changes which have been brought
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about by disease. In this work it will be quite impossible to
discuss, even in the most cursory manner, the healthy and
morbid condition of the various tissues, and the methods of
subjecting them to examination ; nor can I attempt to describe
the morbid alteration which may have taken place in any one
gland or texture. At the same time it is my desire briefly to
refer to the mode of investigating the healthy and morbid appear-
ances of those textures which most frequently engage the atten-
tion of the physician. Where any particular method of investi-
_ gation is required to demonstrate the minute anatomy of a tissue,
it will be my endeavour to give an illustration of it, so that the
student will, I hope, be enabled without much difficulty to fill
up for himself at leisure, by reference to standard works, those
deficiencies which limited space will not permit me to supply.

138, Mecthod of ubmitting a portion of Tissue to Microscopical
Examination.—In order to subject a portion of tissue or other
substance to examination by transmitted light, we usually pro-
ceed as follows:—One of the glass slides (§ 49) is carefully
cleaned, and the thin seetion of tissue which has been removed
by the aid of forceps and scissors, or a scalpel, placed in the
centre; a drop of clean water is then added, and the whole
covered with a square of thin glass (§ 50), also perfectly clean.
If the under surface of the thin glass be gently breathed upon
it becomes wetted more easily. The substance may be un-
ravelled with needles, or, if necessary, any other operation per-
formed before covering it with the thin glass. If the substance
be covered with too much soft pulpy matter, it may be slightly
washed in water before being placed upon the slide, or a jet of
water from the wash-bottle (fig. 108), may be forced upon it.
Thin sections will require to be laid flat upon the slide, with
the assistance of needles and forceps.

138. Great cantion necessary in drawing inferences from MHi-
croscopical Appearances.— | he difﬁcu.’lt}' of making out the
structure of many organs and tissues is very great, and con-
siderable experience is often required to demonstrate distinetly
the anatomical characters of a healthy texture. These difh-
culties are much increased in the examination of morbid
growths. When chemical reagents are applied, the effects

G 2
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must be very carefully observed, otherwise there is danger of
mistaking the change of character produced by the application
of the reagent for a morbid alteration. Kven the addition of
a drop of water often materially alters the microscopical cha-
racters of a tissue. It is ouly by very frequent and careful
examination of morbid growths that the observer can hope to
recognize and interpret their characteristic appearances, and it
should only be with the utmost caution, and after long fami-
liarity with microscopical examination generally, that he should
attempt to pronounce an opinion with reference to the nature
of a morbid growth ; for without extensive observation and great
care, he will run the risk of bringing discredit not only upon
himself as an observer, but also upon microscopical investigation
generally. :

Every observation should be carefully recorded in a note-
book at the time it is made, and drawings added, if necessary ;
and it is very important that the student should take every
opportunity of describing, in the simplest manner possible, the
appearances which he has observed under the microscope.

The examples of tissues and morbid growths which will be
brought forward have been introduced more especially for
the purpose of referring to some particular process of manipu-
lation which is important in the investigation.

As examples of glandular organs the kidney and liver may
be referred to, because these are very frequently the subjects of
investigation in cases of disease, and the changes which they
undergo in structure has received a large share of attention.
For a detailed description of the anatomy of these organs in a
state of health I must refer to the different treatises on physi-
ology and physiological anatomy, and I shall only here mention
such points as should be especially taken notice of in a micro-
scopical examination.

140. Eidney.—The kidney may be examined by making very
thin sections (§ 135), or by simply scraping a freshly-cut surface
with a knife; in which case small portions of the tubes,
isolated Malpighian tufts, and cells of epithelium will be ob-
tained, but the relative position of the structures will of course
be lost. A thin section may be obtained either with a sharp
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knife, or more advantageously with a Valentin's knife (§ 137),
by which means a section ineluding both the cortical and me-
dullary portion of the organ may be Fig. 115.
made. After washing the section very
slightly, it may be placed with a drop
of water between two pieces of glass,
and examined in the microscope, first
using a low power (an inch glass), by
which the general arrangement of the
tubes will be seen, and afterwards a quarter of an inch object-
glass, by the aid of which the different characters of the epithe-
lium in the straight and convoluted portions of the tubes may
be demonstrated.®

141. Basement Membrane and Epithelinm.—Just at the edge
of the specimen, a por- Fig. 114
tion of a tube stripped
of epithelium,and exhibi-
ting the basement mem-
brane (fig. 114a) very
distinetly, may often be
observed. The thick
glandular epithelium of
the convoluted portion
of the tubes (fig. 113)
should be compared with
the more scaly form of
that which occupies the
straight part., It will
be found that in the
latter the central chan-
nel is wider than in the
former position,although e
the total diameter of the tube is less. This arises from the

* In this, and in the following chapters, unless stated to the contrary,
the appearances described are observed with a quarter-of-an-inch object-
glass (about 200 diameters) ; but, as already indicated, it is always important
to subject specimens to examination with low as well as with high powers,
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greater thickness of the secreting epithelium in the convo-
luted portion. In looking at knuckles of tubes, an appearance
is often produced as of a circumscribed cyst, arising, as Dr.
Johnson has shown, from the bending of a tube as 1t enters
and emerges from the different meshes of the matrix (fig.
114 b). The cut ends of the tubes often appear curled over, as
it were, giving the appearance of a thick ring.

149, Mawix— The matrix may be seen very clearly in a sec-
tion of the kidney of a mouse, or in that of many other rodents.
Of late, much discussion has arisen with reference to the pre-
sence or absence of a fibrous matrix in the healthy human
kidney, and observers are not agreed as to which is really the
case. Tt was first described by Goodsir ; and both Kélliker and
Dr. Johnson have given drawings representing it very distinetly.
With care, I believe, it may be always demonstrated in the
healthy human kidney, and in some specimens of fatty kidney,
as well as in the small contracted kidney of chronic nephritis,
it may very readily be seen by washing a thin section with
a stream of water, in order to remove the epithelium and re-
maining portion of the tubes. The matrix appears to consist of
very fine fibres (fig. 114 c), amongst which no indications of the
yellow element can be detected. By the addition of acetic
acid it becomes more transparent, and a few granules are
developed, but no other change 1is produced. Large intervals
will be seen which were originally occupied by the tubes.

143. Vessels of the Malpighian pufi.—Here and there on the
vessels of the Malpighian tuft (fig. 114 d), a few cell-like bodies
are often seen. These have been described by some as epithelial
cells upon the external surface of the vessel, but from the re-
<earches of Mr, Bowman it appears probable that the vessels
are quite bare. These cells, or nuclei, frequently appear, how-
ever, as if situated within the substance of the wall of the
vessel.

144. Brighrs Kidney.— By this term has been understood any
of those morbid conditions of the kidney which are accompanied
with the secretion of albuminous urine. Of late, however,
some important characters have been made out, which have
enabled us to distinguish several essentially distinct pathological
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conditions of kidney, which result from special morbid changes
having taken place in those organs. Some physicians, however,
still insist that the pathological states of kidney which have been
described as distinct diseases, are really different stages of the
same disease. We cannot, however, from a careful considera-
tion of the facts at present known, be brought to the conclusion
that the small contracted kidney so commonly met with in old
drunkards, with its rough tuberculated surface, and diminished
cortical portion, is a different stage of the fatty kidney, or that
it results from the occurrence of morbid changes, at all resem-
bling those which end in the production of the large, smooth,
and pale kidney of fatty degeneration. Microscopically, as
well as chemieally, these forms of disease are distinguished by
well-marked characters. Dr. Johnson distinguishes acute and
chronie nephritis from fatty degeneration, and he gives cases of
three other forms of disease which have not been accurately
described by any previous writer; these are “waxy degenera-
tion™ (corresponding to, and often found in conjunction with,
waxy degeneration of the liver), “non-desquamative disease,”
and “ suppurative nephritis.’” *

145. Microscopical Examination of the Kidney in Disease,—
Portions of diseased kidney are subjected to examination in
the same manner as sections of the healthy organ. Sometimes
a thinner section will be required, in consequence of the opacity
resulting from deposition of fatty matter, or a morbid quantity
of epithelium, &ec., within the tubes; or from thickening or
hypertrophy of the matrix external to them. In the chronic
nephritie kidney, the condition of the minute vessels should be
especially taken notice of, as their walls are often much thick-
ened. The addition of a little acetic acid, or weak solution of
caustic soda, often renders the vessels very distinet ; and if the
preparation be well washed in water previous to examination,
in order to wash away the epithelium and granular matter from
the tubes, the matrix and vessels will be more distinetly shown.
The kidneys of cats are usually found to have the convo-
luted portion of the tubes loaded with oil, and, in many instances,

* * Diseases of the Kidney,” 1852.
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much oil is found in the Malpighian tuft. The fatty matter is
frequently so abundant as to give the tubes the appearance of
being injected with some white material when examined by
reflected light. Sections of kidney may be preserved by immer-
sion in some preservative solution, such as weak spirit and
water (§ 93), or in the creosote solution (§ 96). They should
be placed in large thin glass cells made after the method de-
seribed in § 72.

148. Liver.—For the examination of the liver, the same
general directions as were given when considering the kidney
will suffice. If the cells alone are to be examined, a freshly-cut

_surface may be scraped with a sharp knife, and the matter thus

removed placed in a drop of water or serum, and covered with
the thin glass. In order to demonstrate the relation which the
different elements bear to each other, the best way is to cut a
very thin section by means of Valentin’s knife, from the fresh
liver of the pig; or thin sections may be taken from portions of
liver, which have been hardened in aleohol, chromic acid, &e.
The vessels of the liver which, with condensed cellular tissue,
form a sort of matrix or network, in the meshes of which the
cells are situated, may be readily demonstrated -by washing the
cells away from a thin section with a stream of water, and then
treating it with a little dilute caustic soda.

147, Wiver Celi.—The hepatic cells even in a state of health,
generally contain a few oil-globules, which vary a good deal in
size, but which are for the most part very minute (fig. 115a). In
disease the cells may become wasted and shrunk in appearance ;
they may be filled with granular matter, or gorged with fat, as

shown in the cell situated in the centre of

MR the figure; or the fatty matter may have
increased so enormously in quantity as to
cause the obliteration of the cell wall alto-
gether, in which case a thin section of the
liver will be found to present, under the
microscope, an appearance not to be dis-
tinguished from ordinary fatty tissue. Not unfrequently the
cells of the liver will be found to contain granules of yellow
colouring matter. The cells of a fatty liver contrast
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remarkably with the starved state of the cells of a serofulous
liver, or with the pale granular cells which are often met with
in the liver of patients who have died of diabetes. Chemically,
the amount of fat is found to vary much, and the balance shows
the enormous increase in a more striking point of view than the
microscope. From a fatty liver which I analyzed some time
ago for Dr. Budd, I obtained as much as 65:19 per cent. of fatty
matter ; and upon comparing this with the quantity obtained
from a scrofulous liver a remarkable difference was noticed, for in
the latter only 57 grs. per cent. of fatty matter were obtained.*

148. Advaniages derived from the Examination of the Organs of
the lower Animals.—The student will often experience a great
difficulty in making out clearly the structure of the kidney and
liver in a healthy state in man : owing to various circumstances,
particularly to post-mortem alterations, or to the commencement
of morbid changes, the microscopical characters are often but
ill defined. Great difficulty again is found in obtaining per-
fectly healthy specimens of these organs in the human subject,
and it is only in the oceasional cases of accidental death,
occwrring to young healthy persons, that we have an oppor-
tunity of examining these glands in a normal state. For these
reasons, great advantage will be gained by subjecting the cor-
responding organs in the lower animals to examination. In
these, the structures will often be found to be more distinet,
and may be more readily demonstrated. The importance of
being thoroughly familiar with the structure and microscopical
characters of any particular organ in a healthy condition, cannot
be sufficiently dwelt upon, and it is to a want of this know.
ledge, that many erroneous descriptions of morbid appearances
may be attributed. All who wish to use the microscope suc-
cesstully, with reference to the examinations of organs in disease,
will do well to become acquainted with minute anatomy gene-
rally, not only of the human subject, but of animals; and without
such knowledge it will be found impossible to prosecute patho-
logical inquiries with any degree of success.

149. Kidney of Krog amd Newt.—The general arrangement

* * Diseases of the Liver,” second edition, pp. 284, 313.
G 3
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and structure of the kidney may be beautifully seen by examining
a portion from a recently-dead frog or newt. The tube in the
case of the frog will be found ciliated for a short distance from
the Malpighian tuft ; but in the newt the uriniferous tube inits
whole length is lined with ciliated epithelium, which continues in
active motion for some time after the removal of the organ from
the body of the animal. In order to display this beautiful object,
Tz 116, we must proceed as follows : After destroy-

3 ing the newt by cutting off the head, the
abdominal cavity is laid open, and by
turning the viscera to one or other side
the kidneys may be exposed. Towards
the pelvis the kidney presents much the
same appearance as that of the frog: but,
upon tracing it upwards, it will be found
to become gradually thinner, and to extend
quite into the thoracic portion of the
animal. It is this upper thin part of the
kidney which shows the ciliary motion to
the greatest advantage (fig. 116 ay. A
probe is represented in the cut underneath
that portion of the kidney which should
be examined. Here the secreting tubes
lie upon one plane, so that an individual
tube may often be seen at one time with
active ciliary motion throughout its whole
length. A more beautiful object under a
half-inch object-glass, can scarcely be conceived. The por-
tion of the kidney, above described, 1s to be very carefully
removed from the body by delicate manipulation with fine
forceps and a pair of scissors, moistened with a little water,
or, what is still better, with some of the serum of the animal,
and placed in a large thin glass cell, and carefully covered
with thin glass. The cell should be sufficiently thick to pre-
vent any pressure upon the preparation.  After ciliary
action has stopped, the cilia are with great difficulty distin-
guished. In examining the frog’s kidney a thin section must
be made with a very sharp knife, taking care to disturb the
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structure as little as possible. The seetion may be moistened
with a little of the serum, and examined in a glass cell.  After

examination by the low powers, both these preparations may
be examined by a power of 200 diameters or upwards,

150. Kidney of the Horse and other Animals.— [he ]{:[{IDE_}-' of
the horse is well adapted for displaying the Malpighian tufts, as
in this animal they are unusually large, and, when injected, show
the arrangement of the vessels in the tufts very distinetly.
A section of the straight portion of the tubes cut at right
angles from a fresh kidney will be found to show well the general
minute anatomy of this part of the organ. A section may be
made with the double-edged scalpel (§ 136), or with Valentin’s
lnife (§ 137), at right angles to the course of the tubes.

The kidneys of mice and other rodents, as above mentioned,
will be found to display the matrix well. All that is required
for this object is to cut a thin section and wash it well previous
to examination.

The kidneys of small fish and snakes are well worth careful
examination. The tubes of the kidney of the common field
snake (coluber natriz) will be found to be ciliated.

151. Liver of the Pig and other Animals.—The liver may also
be examined in different animals. The anatomy of the liver in
the Crustacea (crabs, lobsters), Mollusca (snails), and the cwecal
tubes which appear to represent the hepatic organs of insects,
are especially worthy of study. The liver of the pig is the most
favourable for demonstrating the relation of the constituent
parts of the organ to each other; that of the frog, when injected,
shows well the arrangement of the minute vessels. If injected
from the portal vein with one colour, and from the hepatie
artery or vein with another, the injections may often be made
to meet, and mn this manner a good illustrative specimen
obtained (§ 123).

Besides those mentioned in the text, the following works may be re-
ferred to upon the subjects treated of in the present chapter :—* Physio-
logical Anatomy and Physiology of Man,” Todd and Bowman ; * Killi-
ker's Handbuch der Gewebelehre des Menschen,” translated for the Syden-
ham Society, by Busk and Huxley ; Strausdurkheim, op. cit. ; Dujardin,
¥ Observateur au Microscope,” Paris, 1843.
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CHAPTER X.

EXAMINATION OF BRAIN AND NERVE §—VESSELE—MUBCULAR
FIBRE—LUNG—GLANDULAR STRU OTTRES—EFITHELIUM —
SEIN—MUCOUS MEMBRANE—VILLI— SEROUS MEMBRANESE—
ADIPOSE TISSUE— CORNEA—RETINA— CRYSTALLINE LENS.

1592, Examination of the Brain—The brain should be sub-
jected to examination as soon as possible after death. In
examining the fresh brain small porfions may be removed on
the end of a knife, placed upon the glass slide, and moistened
with a little serum, or weak solution of sugar. For examin-
ing the arrangement and distribution of the nerve fibres, por-
tions of brain should be hardened in the chromic acid solu-
tion, when very thin sections can be obtained with a Valentin’s
lnife. Dilute solution of caustic soda is also exceedingly useful
for rvendering the merve tubes more distinct. The minute
anatomy of the brain may be studied in man and in the higher
animals.

The examination of the dura mater and arachnoid is con-
ducted according to the general plan already laid down.
Very small pieces are removed, carefully torn up with needles,
moistened with water, and covered with thin glass. The gritty
substances (corpora amylacea) in the pineal body, and those which
are not unfrequently met with in other parts of the brain, may
be separated from the brain substance by washing them in a
glass of water, in which they will sink to the bottom; the
supernatant fluid may then be poured off, and replaced by fresh
water. After this process has been repeated a few times the
bodies in question will become quite clean. They may then be
examined in water, or dried and mounted in Canada balsam.

The vessels of the brain may be readily examined if the white
or grey cerebral matter be first removed by washing a thin
section with water, and occasionally applying gentle pressure

e SRt
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(§ 157). The addition of a little very dilute caustic soda
renders the outline more distinet.

If a portion of white cerebral matter be treated with water,
the nerve fibres soon become changed in character, apparently
in consequence of the partial separation of the ‘
oily from the albuminous constituents which Fig. 117.
are contained within the tubular sheath. The o NoF
oily matter forms distinet and separate glo- ;ﬂ:;:g\:.‘“‘é 4
bules, often of considerable size, or it tends =/,
to collect in quantity in different parts of the ¢y 8 o/
fibre, which produces a beaded appearance. =
A similar change takes place in nerve fibres
generally, if they are not examined very recently, or if they
have been soaked for a short time in water., Fig. 117 repre-
sents some of these changes.*

153. Examination of the Spinal Cord.—Different parts of
the cord may be examined in the fresh state, but in order to
demonstrate the beautiful structure deseribed and figured in
modern works we must have recourse to certain methods of
preparation. A solution of chromic acid is invalnable for inves-
tigating the structure of the cord. Segments of different
parts are placed in the solution and allowed to harden, when
very thin sections may be readily obtained and examined.

The method of preparation adopted by M. J. Lockhart
Clarke, in his beautiful and highly important investigations on
the structure of the spinal cord, was the following :—

“ A perfectly fresh cord was hardened in spirits of wine, so
that extremely thin sections, in various directions, could be
made by means of a very sharp knife. A section so made was
placed on a glass slide, and treated with a mixture composed of
one part of acetic acid and three of spirits of wine, which not
only makes the nerves and fibrous portion more distinet and
conspicuous, but renders also the grey substance much more
transparent. The section was then covered with thin glass, and
viewed first by reflected light with low magnifying powers, and
then by transmitted light with higher ones.

* Bee also Todd and Bowman’s * Physiclogy,” vol. i. fig. 252.
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J ““ According to the second method, the section is first mace-
rated for an hour or two in the mixture of acetic acid and
spirit. It is then removed into pure spirit, and allowed to
remain there for about the same space of time. From the spirit
it is transferred to oil of turpentine, which expels the spirit in
the form of opaque globules, and shortly (sometimes imme-
diately) renders the section perfectly transparent. The pre-
paration is then put up in Canada balsam, and covered with
thin glass. By this means the nerve fibrils and vesicles become
so beautifully distinet, that they may be clearly seen with the
highest powers of the microscope. If the section be removed
from the turpentine when it is only semi-transparent, we some-
times obtain a good view of the arrangement of the blood-
vessels. This mode of preparation succeeds best in cold
weather ; for in summer, the cord, however fresh when im-
mersed in the spirit, remains more or less spongy, instead of
becoming firm and dense in the course of five or six days. The
spirit should be diluted with an equal quantity of water during
the first day, after which it should be used pure. Certain
modifications of this mode of preparation may be sometimes
employed with advantage by a practised hand.””*

All Mr. Clarke’s observations were, however, verified on per-
fectly fresh sections of the cord unchanged by the addition of
any chemiecal reagent,

154, Examination of Nerves.—N erve fibres may be examined
from various situations in the body. A portion of a thick trunk
may be removed and torn up with needles; or we may subject
some of the fibres nearer the point of distribution to examina-
tion. The mesentery of small animals, particularly that of the
newt, is very favourable for examining nerve fibres, but the
investigation of their general anatomy and arrangement in
different parts of the body and in different animals is not
attended with great difficulty. The ultimate distribution, how-
ever, is very difficult to demonstrate.

Nerve fibres which are not quite fresh will be found to ex-
hibit numerous varicosities, and are disposed to break up, form-
ing twisted or -:Eml masses, or even large globules (Fig. 117).

* ¢ Philosophical Transactions,” 1851, Part I1.

¢ 4




AND ITS APPLICATION TO CLINICAL MEDICINE, 135

Phosphoric acid and solutions of iodine have been used by
some investigators in researches upon the structure of nerves,
Doubtless there are many other chemical reagents which expe-
rience will show to be useful in investigations of the ner-
vous system. For examining the arrangement of nerve fibres
in papille, those of the tongue of the frog will be found advan-
tageous.* A transverse section is made with a very sharp knife,
moistened with very dilute caustic soda, and subjected to ex-
amination. Preparations of nerves are usually preserved moist,
but they may be put up in Canada balsam.

In some cases in which nerves have been subjected to long
stretching or pressure during life, certain changes in their
minute structure will be observed. Perhaps the nerve fibres
have become entirely converted into fibrous tissue, and in a few
rare instances that change termed fatty degeneration will be
found to have oceurred. Of this latter condition I met with a
most beautiful example not long ago, in a case of Dr. Todd’s, in
which one of the pneumogastric nerves had become incorpo-
rated with, and stretched over, the walls of a large aortic
aneurism.

155. Examination of Vessels,—The smaller vessels may be
examined entire, and present beautiful objects for microscopical
observation. A portion of the mesentery of a child or of one
of the lower animals, or a small piece of the pia mater may be
selected ; or one of the smaller arteries of the brain may be freed
from cerebral matter by gentle washing in water, and placed in
the microscope, with the usual precautions. If the specimen
be treated with a drop of acetic acid the nuclei of the con-
tractile fibre cells, and also those of the epithelial cells, on the
lining membrane are brought into view.

In order to make out the fibre cells of the contractile coat,
described by Koélliker, a little care i1s necessary. To effect this
object it is better to take an artery of moderate size, which is
not quite fresh, but at the same time in which decomposition
has not commenced. The artery is to be slit up, and its lining
membrane removed by careful seraping. Small portions of the
subjacent elastic tissue are then to be removed, carefully torn

* Dr. Waller, ¢ Phil. Trans.” 1849.
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. up by the aid of fine needles upon a glass slide, moistened with
a little water, and placed in the microscope with the usual pre-
| cautions. According to Kolliker the spindle-shaped or mus-
b cular fibre cells are also to be obtained from the veins. The
vein from which they may be most readily procured is the renal
vein. Many of the fibre-cells contain distinet nuclei, which are
rendered very clear upon the addition of a little acetic acid.
156. Oapillary Vessels of the Kidney.—A thin section of the
cortical substance of the kidney often displays the minute vessels
very well. The examination of the vessels in this organ is of
especial interest, because they are known to undergo alterations
t which could not be detected unless the observer were previously
well acquainted with the appearance of these vessels in health.
L If a section of a healthy kidney is to be examined, with.the view
of observing the characters of the minute vessels, it will be
better to wash the preparation previously in water, or with the
wash-bottle (§ 181), in order to remove as much as possible
of the epithelium of the renal tubes, Upon the addition of a
drop of acetic acid the vessels are at once brought into view.
Tt will now be noticed that the coats of the veins everywhere
appear to be very thin, being represented only by a defined line
on each side of the vessel, while the arteries are at once recog- |
nized by the greater thickness of their walls, and by the distinct
arrangement of the nuclei of the circular and longitudinal fibres.
The coat of a healthy Malpighian artery appears to be about
the fifth or sixth part of the total diameter of the vessel, but in
disease the vascular wall may have increased in thickness to
such an extent as even to equal in width the canal itself, and
to be as much as one-third of the diameter of the
vessel. The most perfect specimens of this morbid
condition are to be obtained from the small con-
tracted kidneys of intemperate persons. This
change is described by Dr. Johnson,* to whom I am
indebted for the advantage of having seen many
excellent examples of it. Fig. 118 represents the
appearance of a portion of a Malpighian artery considerably
thickened, but not to such a degree as often occurs. The

-

#* ¢ Diseases of the Kidney,” 1852, fig. 229.
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thickening of the walls is sometimes well shown in injected
specimens.

157. Minute Arvteries of the Brain.—A\ liﬂD“'lCdgﬂ of the
appearance of the minute arteries of the brain in a state of
health is especially important to the morbid anatomist, because
in disease these vessels are not unfrequently found to have un-
dergone a very important change, which must necessarily much
interfere with the discharge of their functions. In cases of
white softening of the brain, this change is very common ; in-
deed in such instances it is, I believe, rarely absent. If we
tear away some of the smaller vessels from the softened portion,
and after washing them in water, place them in the microscope,
we shall often find at short intervals collections of minute oil-
globules, easily distinguished by their high refracting power
(fig. 119). These may form small aggregations of globules at
short intervals, or may extend entirely round the vessel for
some distance. Frequently small collections are found on oppo-
site sides of the tubes, alternating with each other, and appearing
to oceupy the position of the nuclei of the development cells of

Fig. 119. Fig. 120.

[3
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the vessels. This condition has been termed fatty degeneration of
the vessels, and is probably intimately connected with the cor-
responding change in muscular fibre. Fig. 120 represents the
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characters of an artery from a healthy brain, magnified in the
same degree as fig, 119 ; the different diameter of the vessel in
various points is due to the unequal pressure of the thin glass
cover. _

158. Atheromntous and Bony Deposits in Arteries,—The
atheromatous deposit, so common in the larger vessels in disease,
usually contains numerous oil-globules, with granular matter and
much cholesterine (fig. 121), which appears to have gradually
erystallized out, having been originally de-
posited in a state of solution in the oil.*
This crystallization of cholesterine having
taken place may possibly exert an influence
on the still further deposition of atheroma-
tous matter, and so lead to the accumula-
tion of the large quantity often met with.
Besides atheromatous deposit, plates of bone
are often found in the coats of arteries, sometimes forming
an osseous ring, completely surrounding the vessel. Thin
sections may be obtained and subjected to microscopical exami-
nation, according to the method described in Chapter X11.

159. Examination of Muscular Fibre.—For a description of
the minute anatomy of muscular fibre, I must refer to the various
works on physiology and minute anatomy; and especially to
the beautiful paper by Mr. Bowman in the Philosophical Trans-
actions.

Two forms of muscular fibre have been described, the striped
or voluntary fibre, or muscular fibre of animal life, and the unstriped,
involuntary, or muscular fibre of organic life, the characters of which
will be presently referred to. Both forms possess inherent
contractility, and each is stimulated to contract by simple irrita-
tion, as may be proved by direct experiment under the micro-
scope. The voluntary muscle alone is under the direct control
of the will, while the involuntary fibre performs its functions
altogether independent of volition.

Striped muscular fibre may be obtained from the voluntary
muscles of man or any animals. If specimens be taken from

Fig. 121,

# Vide § 243, note.
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the different vertebrate kingdoms, certain characteristic pecu-
liarities will be met with, and the muscular fibre of the crustacea,
mollusca, and insects, differ from the muscles of the higher
animals in many important particulars.

In order to subject a portion of muscular fibre to micro-
scopical examination, it is only necessary to remove a small
piece with a sharp knife or a pair of scissors, and after tearing
it up with needles, and moistening it with a drop of water, the
thin glass cover may be placed on it, and the specimen examined
with different powers.

The general arrangement and form of the fibres in voluntary
muscles is well shown in a transverse section of the pectoral
musecle of a teal (Querquedula crecea), which has been put upon
the stretch, and allowed to become perfectly dry. A section
cut as thin as possible, may be remoistened with water, and
examined in the usual manner.

160. Sarcolemma.—The fibre of the skate, as Mr. Bowman
has shown, is remarkably well adapted for showing the sarco-
lemma, as the sarcous matter may be ruptured while the
investing membrane remains entire, and may be thus easily
demonstrated. A few of the long fibres from the fin may be
spread out upon a piece of glass with the aid of needles, and in
this operation it will often be found that the rupture of the
sarcous matter in the interior has taken place.

161. Branched Muscular Fibres.—Branched muscular fibres
have been found in the heart, but they are not very easily de-
monstrated. Fibres of this nature may, however, be shown to
exist in great abundance in the tongue of the frog (as was
pointed out by Kélliker), from which organ they may generally
be obtained as follows : the tongue is to be separated from the
animal, and boiled for a few moments in water; the mucous
membrane is cautiously dissected off from a small portion, and a
few minute pieces are to be carefully snipped off with seissors,
from the edge of the tongue, just beneath the mucous mem-
brane. These are to be torn with very delicate needles, and
then examined with a quarter-of-an-inch object-glass. In this
manner these beautiful fibres may be generally ; found but care
must be taken not to boil the tongue for too long a time, in




=

i

o s

W R R il

140 THE MICROSCOPE,

which case the fibres become too brittle to admit of separa-
tion. Branched fibres also exist in the upper lip of the rat.*

162. Preparation of Muscular Fibre for Microscopical Exami=-
nation.—The transverse strie may usually be demonstrated
upon a piece of fresh muscular fibre, and are often seen very
distinetly in a portion of ordinary voluntary muscle that has
been boiled. I have often obtained most beautiful specimens
of portions of fibre from the back of the tongue, a few hours
after a meal, of which meat has formed a portion. The fibrille
often separate readily from each other ina portion of muscle
which has been macerated in a solution of chromie acid.

Amongst the matters vomited by patients suffering from
certain affections of the stomach, beautiful specimens of striped
muscular fibre may often be found ; and in the evacuations of
cholera patients, such specimens were almost constantly ob-
served. In the stomach the fibres sometimes break up into
discs (Frerichs).

The thin, narrow muscular bands, immediately under the
skin of frogs and other small animals, will be found to exhibit
well the general anatomy of voluntary muscle. The muscular
fibre of the eel will be found to split up readily into its ulti-
mate fibrille ; and beautiful preparations, exhibiting the fibrille,
have been obtained by Mr. Lealand from the pig. Sections
of muscle in various directions may be made from muscles
which have been boiled, or hardened in spirit, bichloride of
mereury, or chromic acid. The reagents of the greatest use
in investigating the structure of muscular fibre are a dilute
solution of caustic soda and acetic acid, which are employed
more particularly in investigating the arrangement of the nuclei.
Preparations of muscular fibre may be preserved moist in
glycerine, chromic acid, or solution of creosote, or they may be
dried and mounted in Canada balsam.

163. Examination of Muscular Fibre in a state of Faity Begen-
evation—This most interesting subject has lately received the
attention of many observers, both in England and also on the

* Huxley; “ British and Foreign Med. Chir. Review,” 1853, No. xxiv.,
p. 313.
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Continent. The paper of Dr. Quain, in the Medico Chirurgical
Transactions (Vol. XXXTIL.), contains a most excellent account
of fatty degeneration of muscular fibre.

The muscular fibres of the heart are found very commonly to
have undergone this change, and it is frequently well marked
in the musculi papillares, to which the tendinous cords of the
mitral valve are attached. Almost any muscles which have
long been out of use, as happens in many cases of paralysis,
and in numerous forms of club-foot, will also be found to ex-
hibit it. .

Sometimes there is not the slightest appearance of transverse
strie on the fibre, which appears to be com-
posed of rows of minute, and highly refract-
ing little globules of 0il. In other specimens,
no distinet globules can be seen, but the
whole fibre appears made up of granular
matter. Fig. 122 represents two elementary
fibres in a state of fatty degeneration from
one of the papillary muscles of the mitral
valve. If must, however, be borne in mind,
that fibres in a state of commencing de-
composition exhibit, in a slight degree, this
granular appearance. :

The examination is conducted in a similar manner to that
of healthy muscle; very small pieces may be cut off with
scissors, and torn up carefully with very fine needles. The
addition of acetic acid causes the oil-globules to become more
distinet. The oily nature, both of the globules and granules,
may be proved by the addition of a drop of ether, which dis-
solves them ; and upon the evaporation of this ethereal solution,
a globule of oil remains behind, which will be found to leave a
greasy stain when rubbed upon a piece of clean glass. This
reagent also enables us to distinguish between globules of
oil and globules of phosphate of lime, which often much re-
semble the former in general form, and indeed have been occa-
sionally mistaken for them.

Not unfrequently fibres of muscles become converted into
fibrous tissue, a change which is particularly ecommon in the

Fig. 122,
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small papillary muscles of the heart. By carefully tearing up
with needles, the fibrous structure can be clearly made out.

184, Examination of Non-strinted Muscular Fibre.— Involun-
tary, smooth, or non-striated muscular fibre may be obtained
from various situations, both in man and also in the lower
amimals. These fibres are most abundant in the alimentary
canal, the uterus, the bladder, and large vessels, but they are
also found dispersed amongst fibrous tissue in certain situations,
particularly in the skin. The elongated cells, of which they
are composed, are also to be demonstrated in the small
arteries, veins, and lymphatics, as well as in the trabecular
tissue of the spleen, and corpora cayernosa penis, the urethra,
&e.  The muscular fibres, which have hitherto been described
as consisting of flattened bands, have been demonstrated by
Professor Kolliker to consist of the elongated cells just referred
to. The contractile fibre cells have been arranged in three
classes :— :

1. Short rounded or flattened cells, somewhat resembling
epithelium.

9. TFlattened bands, with fringed edges.

3. Long rounded or fusiform fibres, slightly wavy, and
terminating at each end in a point.

The first two varieties are obtained from the blood-vessels.
The last form is met with in the intestinal canal, uterus,
&ec. These cells may be readily isolated by macerating small
pieces of the muscular coat of the alimentary camal, &c., in
dilute nitric acid, containing about 20 per cent. of strong
acid. By a little tearing, with the aid of fine needles, separate
cells may be readily obtained. Fig. 128 represents some of the
contractile fibre cells from the

deum. These cells may also be
> :Qj:_—ﬁ"// demonstrated in most of the lower

Lbé’:_—,_,h-n*q_:_:r_ﬁ:?_;@; animals; but 1t 18 worthy of re-
ﬂﬂﬁ%‘%&% mark that a portion only of the

R v alimentary canal of some fish is
surrounded by involuntary muscle, while it has been shown that
the whole of the muscular fibre of the intestine of the common

tench is of the striped variety.

Fig. 123.
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~ 185. Examination of the Musculary Stracture of the Eienvi.—
The muscular fibres of the heart will be found to exhibit the
transverse strie characteristic of voluntary muscle; but they
are arranged in long bands, and upon ecarefully examining a
well-prepared specimen, taken either from the heart of man
or of most animals, frequent and distinet anastomoses and
branchings of the fibres may be observed. The sarcolemma
is of such extreme tenuity that it is exceedingly difficult to
demonstrate; mdeed its existence is questioned by many
observers.

In order to exhibit these fibres, the heart of man, or that of any
small animal may be taken, and after boiling it for a short time
in water, small pieces may be cut off, and ecarefully torn up
with needles. The length of time which the boiling should be
continued varies in different cases. Half a minute is sufficient
for the hearts of very small animals; sheep’s hearts may be
boiled for a quarter of an hour* TFatty degeneration of the
muscular fibres of the heart has already been alluded to.

188. Examination of the Lung.— |'here is not much difﬁﬂll]t}'
in demonstrating the different tissues of which the lung is com-
posed. Small pieces of the pulmonary tissue may be cut off,
and spread out upon the glass slide in the usual way ; the pre-
paration may be moistened with water. The addition of a
little acetic acid causes the yellow elastic tissue to become very
distinet. The boundaries and arrangement of the air-cells may
also be readily shown. In order to examine the distribution of
the vessels, it becomes necessary to look at injected specimens.

A most instructive preparation of the lung, however, is made
by injecting the vessels with tolerably thick transparent
gelatine, which transudes through their walls, and fills the air-
cells. After the lung has been thoroughly injected, it is set aside
to get cool. Thin slices may be examined, and the vessels will
be seen in situ apparently bare, and uncovered by epithelium.+

* For the method of demonstrating the arrangement of the bands of
muscular fibres of the heart, see Mr. Searle’s article in the * Cyclopedia of
Anatomy and Physiology,” vol.ii. p. 619.

T ** Physiological Anatomy,” Todd and Bowman, p. 393.
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The mucous membrane of the trachea and bronchial tubes
must be examined in the recent state by cutting thin sections
with a very sharp knife.

In examining the ciliated epithelium of the air-passages it
is only necessary to scrape the surface gently, and, if necessary,
the preparation may be moistened with a little serum, as water
, would very soon stop the motion,

[l The breathing apparatus in various animals may be examined
b with great advantage.
. Traches, characteristic of the class Insecta, may be readily
| obtained by removing the viscera of a common fly or other
, small insect, and tearing carefully with needles. They may be
; examined after the addition of a drop of water, or they may be
' dried, and moistened with a drop of turpentine, or mounted in
Canada balsam. The branchie of many mollusca (oyster,
.' mussel) exhibit ciliary motion very beautifully.
[ The gills of fish, the lungs of frogs, newts, and serpents, will
! . also furnish many very instructive specimens.
| 167. Exnmination of the Lung in a Morbid state.— L he same
general method of procedure is employed here. The lungs of
{ emphysematous persons are particularly worthy of study.
| According to the observations of Mr. Rainey, the pulmonary
' membrane. is found perforated with many minute holes, and
here and there numerous oil-globules may be detected ; the
fibres of yellow elastic tissue are stretched, and have lost their
elasticity ; the vessels are much elongated, and the interspaces
between them much enlarged.

Different parts of a tuberculous lung should be examined.
If we find a cavity, its contents, the surface of the walls, and
o section of the immediately subjacent tissue should be
separately examined. If the tubercles have not broken down,
small portions may be removed upon the point of a knife,

moistened with a drop of water, and examined in the

~7406%, microscope.
hﬂ;pa;f; The figure in the margin represents the general
‘9fgelf appearance of the small cells (tubercle corpuscles)
met with in tubercular deposit, before it has become
softened and broken down. These cells are usually found with
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a considerable quantity of granular matter, and many minute
oil-globules.

Crystals of cholesterine are occasionally met with amongst
the cheesy matter which malkes up the greater part of some
tuberculous masses, If, however, no ecrystals ean be de-
tected, a portion of the mass, placed in a watch-glass, may
be treated with a few drops of alecohol. As the aleohol gra-
dually evaporates, beautiful crystals of cholesterine form, and
may be subjected to microscopical examination in the usual
manner.

The small white, calcareous masses, which are not unfre-
quently met with in the lungs of phthisical patients, and which
are from time to time present in sputum, may be examined as
opaque objects, with low powers ; or fragments may be broken
off, and subjected to examination. After having been dried,
they may be placed in turpentine or Canada balsam.

If we test them with a drop of acetic acid, we shall find that
they dissolve with effervescence, showing the presence of car-
bonate. One part of the acetic acid solution may then be
treated with excess of ammonia, when a precipitate of phos-
phate of lime will be immediately thrown down. The pre-
sence of lime may be detected in the other portion of the
acid solution, by adding to it a little solution of oxalate of
ammonia.

The relation of the tuberculous matter to the walls of the
air-cells, may often be beautifully seen in an injected specimen
of tuberculous lung.

168. Exnmination of the Thymus and Thyroid, &:c.—ThESE
glands should be examined in the perfectly fresh state. Thin
sections, obtained by a Valentin’s knife, will afford the best spe-
cimens ; the section will generally require washing slightly, in
consequence of being covered with the softer and pulpy portion
of the gland, which renders the arrangement of the tissue
obscure. The glands may be hardened in a solution of chromie
acid, in spirit, or by boiling in water—but by these processes
the cellular portion of the gland becomes somewhat modified.
For making out the relation of the lobules and other structures
to each other, hardened specimens are, perhaps, to be preferred.

I




e

146 THE MICROSCOPE,

In many of the smaller animals the thyroid gland is almost
membranous, and this renders it very favourable for micro-
scopical examination.

169. Examination of Lymphatic Glands,—In the examination
of lymphatic glands, a little of the thick flnid which is poured
out from a freshly-cut surface, should be placed between glasses,
without the addition of water or any other preparation, and
examined in the microscope. The student should become very
familiar with the character of the cells obtained from | ymphatic
glands, and should carefully observe their behaviour upon the
addition of acetic acid, dilute solution of eaustic soda and
other reagents, and he should compare the changes which take
place with those which occur when pus globules, and white
blood corpuscles are treated in a similar manner. The minute
structure of lymphatic glands is an exceedingly difficult subject
to investigate.

170. Salivary Glumits.—The salivary glands should be ex-
amined in the recent state. A very thin section is obtained,
which is slightly washed, and then treated with a little acetic
acid or weak caustic soda. The structure may frequently be
more clearly defined if we treat the section first with acetic
acid, and afterwards with excess of caustic soda. The epithe-
lium of the ultimate lobules is sometimes well seen after the
preparation has been soaking for some time in acetic acid,
which for this purpose must not be too strong.

Healthy saliva contains a great many round granular cells,
which are about the 1-2000th of an inch in diameter ; acetic
acid renders them more transparent, and the nucleus more
distinet.  Oceasionally the salivary duets have been found to
contain a considerable number of small white granular masses,
which consist of cells filled with large oil-globules.

171. Examination of Epithelium.— The miecroscopical pxami-
nation of epithelium does not usually present much difficulty.
The surface from which the epithelium is to be taken is gently
seraped with a knife, and a small portion removed upon the
blade. If necessary, it may be moistened with a drop of water,
or with a solution of sugar, or serum if the cells are delicate,
and there is danger of rupture from endosmosis. Generally,
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however, the addition of fluid will not be necessary. The
chief reagents which will be found of use in the examination of
epithelium are acetic and nitric acids, strong and weak solu-
tions of potash and soda, and tincture of iodine. Epithelium
is_not soluble in boiling water, alecohol, ether, ammonia, or
dilute mineral acids; it is for the most part soluble in strong
golutions of caustic soda and potash, and in strong acetic acid.
Most forms of epithelium will be found to keep very well in
the naphtha and creosote solution (§ 97), or in a dilute solution
of chromie acid.

172. Scaly Epithelinm can be readily obtained from the
cavity of the mouth, and from several other situations. The
nuclei of the epithelial cells from the cavity of the mouth are
very distinet, and can always be demonstrated without difficulty.
If the cells be placed in a solution of potash for a short time
endosmosis takes place, they become somewhat globular, and
ultimately the cell-wall dissolves. The addition of acetic acid
causes the granules in the interior of the cell to become less
distinet, an effect, the reverse of that which usually occurs
upon treating many cells with this reagent.

The scaly epithelium from the vagina is composed of very
large, irregular, and often
ragged cells (fig. 124). In
consequence of the flattened
character of the cells of scaly
epithelium, portions of them
will often be found folded
uponeach other,and creased,
as it were, in various direc-
tions. The cells of the epi-
dermis, as well as those of
nail and hair, present modifications of scaly epithelium.

173. Tesselated or FPavement Epithelinm,—This term has
been applied to the cells of epithelium which form an even
layer of uniform thickness, each individual cell being placed
i juxtaposition with its neighbours, but not overlapping or
exhibiting the imbricated arrangement often met with in the
variety of epithelium just referred to. The epidermis of the

H 2

Fig, 124,
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frog presents a beautiful example of this variety of epithelium ;

Fig. 125. the choroidal coat of the eye, the epithelium of
& (5 serous membranes, of the lining membrane of
LTl Yy the heart, arteries, and veins, and that of the
‘@?g@ _ pelvis of the kidney (fig. 125), also present more

O () or less of this character. The nucleus of the
51 cell is usually distinet and well-developed.

174. Glandular, or Spheroidal Epithelium.—The cells are of a

more or less rounded form,although in many instances, from

mutual pressure, they become polyhedral.

1t is this form of epithelium which takes

(®)  part in the process of secretion in most

(®) glandular organs. It may be readily de-

G monstrated in the convoluted portion of

E_}QJ the tubes of the kidney (fig. 126), in the

& sweat glands, in the secreting tubes of

the stomach, in the follicles of the pancreas, in the liver, &ec.

The nucleus is usually well developed, and frequently sur-

rounded by a considerable number of minute granules, and,
in many instances, small oil-globules are also present.

175. Colummnar, Prismatic, or Cylindrical Epllliclll"lh——T].lﬂ
general characters of this variety of epithelium may be well
demonstrated by the examination of the intes-
_ tinal villi, or Lieberkithn’s follicles. The epi-

N A« thelium of the gall-bladder, of the ureters, and

“';5: "“\ﬂ of the urethra (fig. 127), is of this variety.
(R j;]d" In the evacuations of cholera, the sheaths of
mb{‘) the villi will often be found entire, and afford
o an excellent opportunity for the examination of

the arrangement of this variety of epithelium.

176. Cilintea Epithetium.—There are two principal varieties
of ciliated epithelinm, the one consisting of small cells of nearly
the same length and breadth, and the other, of the prismatic
or cylindrical form. Ciliated epithelium may always be ob-
tained for demonstration from the back part of the frog’s
mouth, or from the branchie of an oyster or mussel. The
cells must be moistened with some of the mucus taken from
the same surface, or with some of the juice from the animal,

Fig. 127.
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or with a little clear serum., If water be added the move-
ment soon stops, in consequence of endosmosis taking place.
In examining ciliary movement, it is often advantageous
to place the smallest quantity of lampblack or carmine with
the cells, so that the direction of the current produced by the
cilia can be clearly demonstrated by the movement commumi-
cated to the insoluble particles.

In the human subject, ciliated epithelium is found in the fol-
lowing situations :—on the surface of the ventricles of the brain
and on the choroid plexuses; on the mucous membrane of the
nose and its sinuses; on the upper and posterior part of the
soft palate, and in the Eustachian tube; in the cavity of the
tympanum ; on the membrane lining the frontal and sphe-
noidal sinuses; on the inner surface of the lachrymal sac and
lachrymal canal; on the mucous membrane of the larynx,
trachea, and -bronchial tubes; upon the os uteri; within the
cavity of the uterus; throughout the whole length of the Fal-
lopian tubes, and upon their fimbriated extremities.

177. Examination of Skin— Cuficle,—The cuticle may be
subjected to examination either by scraping the surface with a
knife, in which case only the most superficial cells, which are
often not well defined, will be obtained ; or by making a thin
section of dried cuticle with a sharp knife. If a portion of
skin be allowed to remain for some days in a moist atmosphere,
it will be found that large flakes of cuticle can be readily
detached, small fragments of which may be moistened with
water in the usual way, and subjected to examination.

The epithelium will be found to vary in character according as
it is taken from the deep or the most superﬁu'tl layers of cuticle.
In the former situation the epidermic cells are more or less
rounded in form, while on the surface they are flattened and
adhere to each other, forming small scales, in which the ori-
ginal form of the cell is with difficulty made out. The deepest
layer of the cuticle appears to consist chiefly of minute granules,
with a few small cells. Tt is in the eells in this situation that
the colouring matter is deposited, and it was to this portion of
the cuticle that the term rete mucosum was applied. As the
cells approach the surface, the colouring-matter appears to
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diminish in quantity, owing probably to changes taking place
in the chemical nature of their contents. The cells composing
the deeper layers of the cuticle are soluble in acetic acid, while
those on the surface are unaffected by this reagent.

Upon examining the under surface of the cuticle, which has
been removed as above directed, it will be found to present
several depressions, in which the tactile papille of the cutis
are lodged; and upon removing the cuticle by maceration,
from some situations, such as the palm of the hand, or heel, or
from the anterior surface of the leg, the epithelial lining of the
sweat-ducts as they pass through the cutis will often be found
adhering firmly to it.

178. Wigment Cells,—The cells containing pigment are very
readily demonstrated in the skin of the negro, in that of several
of the lower animals, or in the freckles which may often be
obtained from different parts of the body of some subjects.

A preparation of the cuticle of the negro may be preserved
in Canada balsam. The euticle may be separated as above
described, dried flat between folds of clean paper, or between
two plates of glass, and mounted in the usual way (§ 104).
The method of preparing a vertical section of the cuticle is
deseribed in § 180.

The vessels of the peritoneum, lungs, &e., and the skin of the
frog, exhibit beautiful varieties of very dark pigment ecells,
which consist of several branches of irregular form radiating
from the central part of the cell.

179. Papille.—The papille may be shown in two ways,
either by making a vertical section of the skin previous to the
removal of the cuticle; or the latter may be taken off in the
manner described in § 177, and a section of the true skin
only made.

The best situations from which to take the skin for the

purpose of examining the papille, ave the palmar surface of
the hand, and the sole of the foot. After the cuticle has
been removed, a transverse section of the skin with the papille
may be made as follows: a gentle stream of water is to be
allowed to flow over the papille, in order to make them all fall
in one direction, which is readily effected by inclining the piece

T TELa TS
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of skin while the water is running. After being drained, a cut
is made with a very sharp knife across the piece of skin in its
upper part, in a direction at right angles to that which the
papillee have been caused to assume. Upon now turning the
preparation, so that the freshly-cut surface is in the most
dependent position, and allowing the jet of water to flow, the
direction of the papille will be reversed, and it is obvious that
a very thin section off the freshly-cut surface will contain one
or more rows of entire papille. The section may then be
examined, and may be preserved in liquid; or it may be placed
upon aglass slide, gently dried, and mounted in Canada balsam,
The papille of the skin of the foot of the dog are large and well-
marked.

In order to examine the structure of the papille, a tolerably
fresh specimen of skin should be chosen, and as thin a section
as possible should be made. The specimen may now be treated
with weak caustic soda, or with a little acetic acid, and sub-
jected to examination. It isin this way that the nerves may
occasionally be demonstrated in the papille, and frequently
the vascular loop may be thus rendered distinct; but the ar-
rangement of the vessels is always better shown in an injected
specimen.

The “ axis-corpuscles,” or touch-bodies, may be shown in the
papille situated at the tips of the fingers, or in the palm of the
hand, by treating the specimen with acetic acid. A papilla
may be met with in this situation terminating in two or three
points. One of these will perhaps contain a touch-corpuscle,
while in the others only a vascular loop can be seen, and
no nerve fibre whatever can be distinguished. For detailed
information on the subject of the axis-corpuscles, I must
refer to Kolliker's ¢ Gewebelehre,”” translated for the Sydenham
Society.

180. Method of making a Vertical Section of Skin.—In a
section of this kind all the structures enfering into the forma-
tion of skin can be seen, and the arrangement of the hair-
bulbs and sebaceous follicles may also be demonstrated if the
skin be taken from a part in which these structures abound.
The disposition of the sweat-ducts and the arrangement of the
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glands may be well shown in such a preparation. It is exceed-
ingly difficult to cut a section of skin in the recent state suffi-
ciently thin for observation ; hence, a modification of the method
usually employed must be resorted to.

The skin should be perfectly fresh, and a piece about two
inches square, or rather less, is to be stretched, with the outer
surface downwards, upon a thick deal board, by means of
numerous pins. 1f the sudoriferous glands are to be included
in the preparation, care must be taken to leave sufficient of the
cellular tissue adhering to the skin. The piece of skin is
allowed to dry by exposure to the air. Several small pieces,
talen from various parts of the body, may be pinned out on the
same board, eare being taken to attach a label to each. Speci-
mens may be taken from the scalp, eyelids, chin, mamma, axilla,
arm or leg, palm of the hand, tips of the fingers, serotum, and
sole of the foot. With these, the varying thickness of the epi-
dermis and other peculiarities in the different regions may be
demonstrated.

The portion of skin being quite dry, it is to be removed from
the board, and, after cutting off the edge, several thin sections
may be made, by the aid of a very sharp knife, through the
whole thickness. In order to obtain a good specimen of the
spiral portion of the sweat-ducts, the skin of the heel should
be selected, and the section should be made parallel with the
furrows, and in a slightly slanting direction, instead of at a
right angle with the surface.

The sections may next be placed in a wateh-glass with a few
drops of clean water ; and i the course of a short time it will
be found that they have again attained the original thickness
of the skin, in consequence of the absorption of water.
They may now be submitted to examination, and after selecting
a satisfactory specimen, it may be mounted in weak spirit and
water, Goadby’s solution, or other preservative fluid; or the
specimen may be washed in water, placed upon a slide, and
allowed to dry slowly by spontaneous evaporation (when it
will be found to have adhered tightly to the glass), and
mounted in Canada balsam with the usual precautions.

If the section appear opaque when examined in aqueous :
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fluids, it may be treated with a little weak potash or caustic
soda, and carefully washed again before being mounted. If
the skin contains very much fat, this may be removed by
soaking the section for a short time in ether previous to moist-
ening it with water. In this way a most beautiful section,
showing all the structures, including the sweat-ducts, may be
sometimes procured. Carbonate of potash has been employed
for rendering the section transparent. The skin may be mace-
rated in dilute nitric acid (one of acid to two of water) for
twenty-four hours, whenthe sweat-glands are easily distinguished
upon making a section (Giraldes, quoted by Kélliker).

Warts, Corns, and other growths, which consist of thickened
epidermis, may be subjected to examination, and sections ob-
tained in a similar manner.

The subeutaneous areolar tissue is sometimes found thick-
ened over a considerable extent, or over small ecireumseribed
spaces; in which latter case the sensation of small subeutaneous
tumours is produced if the affected portions of skin be pinched
up between the finger and thumb. The condifion termed
elephantiasis appears to consist of a thickening and hyper-
trophy of the subcutaneous cellular fissue, and the pouring
out of lymph into the areol® or cellular interspaces, which
subsequently becomes a part of the tissue. Sections of skin in
this state may be made after being hardened in alechol or in a
solution of chromie acid.

181. Examination of Mucous DNMembrane.— 1 he {‘:l}ith(’:lillm
of mucous membranes is very readily subjected to examination,
and its character is found to vary much according to the
locality from which it is taken. The chief varieties of epithe-
lium, and the method of examining them have alveady been
referred fo (§ 171-176). In order to obtain a specimen of epi-
thelium from a mucous membrane all that is required is to
scrape the surface gently with a knife, and place what has been
removed upon a glass slide, and, after moistening it with a little
water, syrup, or a mixture of glycerine and water, which
does not cause the cells to become so turgid from endosmosis,
the specimen may be placed in the microscope. The thin glass
cover should not be allowed to press too hard upon the specimen,
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which may be prevented by inserting one or two pieces of hair
or thin hog's bristles.

The basement membrane is sometimes demonstrated with
difficulty, but from various accidental circumstances its pre-
sence may now and then be seen in the examinafion of pieces
of mucous membrane. Frequently, however, the epithelium
cannot be sufficiently removed in order to see this structure
distinetly ; perhaps the most favorable situation to look for it
is the kidney (§ 141). The submucous areolar tissue may be
very readily demonstrated by removing a small piece from the
under surface of the mucous membrane with scissors, and tear-
ing it up with needles.

A thin layer of pale muscular fibres has been described by
Briicke situated immediately beneath the basement membrane
of the small intestine. The contractile fibre cells of which it is
composed are arranged in two layers, one of which takes a
eivcular and the other a longitudinal direction. This is termed
the muscular layer of the mucous coat, to distinguish it from the
muscular coat of the intestine which lies external to the sub-
mucous tisssue.

182. Villi. Miuscular Fibres.—The villi are best shown by
making a perpendicular section of the mucous membrane of
the small intestines with a very sharp knife, taking care, if pos-
sible, to make them take one direction by allowing a stream of
water to flow over them, as referred to in describing the method
of examining the papille of the skin (§ 179).

The muscular fibres of the villi, demonstrated first by Briicke,
are to be shown by washing off the epithelium, and treating
them with a solution of acetic and nitric acid, composed of
about four parts of water to one of acid. For a description
of the arrangement of these fibres T must refer to Kolliker's
work.

The elementary structure of the muscular coat may be de-
monstrated by soaking small shreds in nitric acid diluted with
four parts of water (§ 164).

183. ¥iypertrophy of Submucous Tissne., Cancer of Stomach,
_ Tn certain morbid conditions, the submucous tissue in this
region is found as a hard, dense, somewhat transparent-looking
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layer, varying in different cases from the eighth or tenth of an
inch to an inch or even more in thickness, and almost of a
cartilaginous consistence. Thin sections may be very readily
examined ; but nothing more than the original elements of the
tissue with granular matter, and a few badly-defined cells, can
usually be made out.

In certain cases, however, the meshes or areol® of the tissue
are much enlarged, and filled with cells hayving the general
aspect of cancer cells, while the fibres composing the walls of
these spaces are found to be more numerous and of increased
thickness. After a time these morbid changes involve the
mucous membrane itself, and an irregular ulcerating surface is
formed. Such is a general deseription of a common form of
the disease known under the name of cancer of the stomach.
In examining an ulcer of this description, a little of the secre-
tion on the surface, the surface itself, and the hardened tissue
beneath, should be separately subjected to examination.

In the majority of cases of the so-called * cancer of the
pylorus,” nothing more than the thickening of the submucous
areolar tissue above referred to can be observed, and upon
microscopical examination none of the cells characteristic of
malignant growths can be detected. A similar condition is not
unfrequently found affecting the submucous tissue of the colon,
ceecum, and other situations. It is important to distinguish
this affection from cancer, as in its general appearance to the
naked eye it is found so closely to resemble scirrhus, although
it is essentially different from this disease in a pathological
point of view.

In the examination of these structures, thin sections entirely
through the thickened mass should be obtained with the aid
of a Valentin’s knife. The section, after being slightly washed,
may be subjected to examination with the usual precautions.

184. Wicers of the Emtestines.— The surface of ulcers of the
intestine may be examined by scraping, or by cutting off small
pieces with curved scissors. Sometimes the villi sitnated im-
mediately around the ulcer will be found to be very much
increased i length. This change had taken place to a great
extent around some ulcers of the small intestine of a patient,
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who died of fever some time ago in King's College Hospital.
The villi round the margin of the ulcers were many of them
three or four times as long as those in other parts of the intes-
tine, Whenever ulecers of the intestinal canal are examined,
we must always endeavour to ascertain if the ulcer has eaten
into the muscular coat of the intestine, a point which can easily
be decided by the presence or absence of unstriped fibre in the
tissue which forms the base of the ulcer.

185. Secrous and Synovial Membranes.— Serous membranes
may be examined according to the general directions previously
given. It will sometimes be found difficult to demonstrate the
delicate cells upon their surface, and fresh specimens only
should be examined. The epithelium of serous membranes 1s
generally of the pavement or tessellated variety, and appears
to form one layer on the surface of the delicate basement
membrane. :

A small portion of the peritoneum of a mouse or other small
animal will be found to display well the fibres of the sub-
basement tissue, and often vessels and nerves may be seen
beautifully distinet in this situation. The greater part of the
thickness of serous membranes is made up of condensed areolar
fissue, in which the yellow fibrous element is very abundant.
This areolar tissue becowes less dense at a greater distance
from the surface, and often contains fat cells like the sub-
cutaneous cellular tissue. In disease the epithelium often
increases very much in quantity ; and in old cases of ascites, or
pleurisy, it is not uncommon to find the serous membrane com-
pletely altered in structure, its surface being covered by a
tolerably thick cellular layer. Frequently the fluid contained
in the cavity is rendered turbid by the presence of a great
number of cells of a similar character.

Tn order to examine the distribution of the vesselsin synovial
membranes, an injected specimen 1s necessary. The fringe-like
processes which project into many of the joints are highly
vascular, and a well-injected specimen forms a beautiful object.
The surface in the recent state is covered with large cells of
a more or less globular form.

The vessels which run between synovial membrane and
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cartilage are very tortuous, and exhibit considerable dilatations
and varicosities.

186. Adipose Tissue—Adipose tissue may be examined by
cutting off a thin section, and placing it with a little water
between two pieces of glass, care being taken not to allow the
thin glass cover to press upon the section. The surface of one
of the small collections of fat cells which may be taken from
the subeutaneous areolar tissue may be subjected to examina-
tion as an opaque object (§ 79).

In order to examine the arrangement of the vessels, the spe-
cimen must be previously injected.

Frequently the more solid portion of the contents, con-
sisting of margaric acid and margarine, will erystallize on the
surface of the more oily part in small acicular crystals, which
radiate from a centre forming a star-like mass.

- Adipose tissue should be examined by low as well as by high
powers (a quarter-of-an-inch object-glass).

Fat cells are sometimes found degenerated, the fat having
much diminished in quantity, and the greater part of the cell
being occupied with a serous fluid, which, however, exists in
very small quantity in a state of health ; and under these cir-
cumstances the nucleus is often very distinct. The cell may
also be in a shrivelled condition, and of a more irregular and
frequently angular form. The fluid in its interior has been found
to contain granular matter with many small oil-globules.

Adipose tissue obtained from emaciated subjects often shows
the stellate crystals of margarine or margaric acid; and not
unfrequently also the nuclei of the cells may be seen here and
there, after treatment with a little acetic acid.

187. Of making Secctions of the Cornea and Retinn.— Thin sec-
tions of the cornea and retina are made upon the same prin-
ciple as those of the skin (§ 180). The sclerotic is first
cleaned by cutting away all the muscles adherent to it with
sharp scissors, and the eye is then cut in two parts with a sharp
knife, without removing the vitreous humour. It may be
divided either transversely or in a longitudinal direction.
‘When the cornea is to be examined, the anterior part may be
well washed with water, and the ciliary processes, &c., removed ;
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after making little notches around it with scissors, in order
that it may dry as flat as possible, it is to be pinned out upon
a small piece of board with numerous pins. It is allowed to
dry spontaneously, and then thin sections may be made with a
sharp scalpel and moistened with water, when they swell out to
their former size. The section may be treated with a drop of
acetic acid, when the structures of which it is composed will
become clearly visible,

In order to obtain a section of the retina, the posterior part of
the eye with the vitreous humor adhering is carefully notched,
and pinned out as in the former case. With care the greater part
of the vitreous may be cut away with scissors, but a thin layer
should be allowed to dry upoen the surface of the retina. Thin
sections may be made and treated as in the case of the cornea.
Dilute acetic acid or dilute caustic soda may be applied to the
section after it has been examined in pure water.

188. Examination of the Crysialline Lens, —The EI'}'Btﬂ.lHnE
lens may be examined in the recent state by moistening a
portion with a drop of water. It may be boiled, and some of
the fibres carefully torn off, and afterwards moistened. Or 1t
may be soaked for some time in a solution of chromie acid, and
then subjected to examination; or lastly, 1t may be dried,
soaked in oil for a considerable time, and a thick perfectly
transparent section made, which may be ground to any re-
quired degree of tenuity; the surfaces may be afterwards
polished. Sections prepared in this manner may be mounted
in Canada balsam.

In examining cataracts we should carefully observe the
microscopical characters of the soft external pulpy part, as
well as of the hard internal nucleus. In many of these cases
pumerous oil-globules will be observed, which, from my own
observations, appear to consist chiefly of cholesterine held in
solution in an oily fat; and other larger globules, consisting of
some very transparent substances presenting nearly the same
refracting powers as this portion of the lens, but evidently of
very different composition, as they are not miscible with it.
Occasionally, also, small plates of cholesterine have been noticed.
There is always much granular matter.




AND ITS APPLICATION TO CLINICAL MEDICINE. 159

In examining the character of the fibres of the lens, it is
better to boil it previously, and tear off a few fibres with for-
ceps : these may be afterwards carefully separated from each
other with needles. The arrangement of the fibres should be
examined in different animals, especially in the human subject,
the ox, the horse, and in fishes.®

If the disposition of the fibres of the surface of the lens is to
be shown, it requires hardening in a solution of chromic acid.
The lens may then be examined in a deep glass cell (§ 73),in
some of the chromie acid solution with a low power.

* Todd and Bowman's * Physiology,” chap. xvii.

Upon the subjects treated of in the last chapter, amongst many others,
the following works should be consulted :—

Various articles in the “ Cyclopmedia of Anatomy and Physiology ;”
“ Kolliker's Haudbook,” translated by Busk and Huxley for the Sydenham
Society ; Todd and Bowman's “ Physiology ;" * Chemistry of Vegetable
and Animal Physiology,” Mulder; “ Lectures on Clinical Medicine,”
Dr. Bennett, 1853. *Chemie und Mikroskop am Krankenbette,” Dr.
Hefle—Erlangen, 1850.
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CHAPTER XL

MORBID GROWTHS—ENTOZOA—VEGETABLE PARASITIC
BTRUCTURES.

189. Gencral Characters of Tumoers.—Morbid gmwths and
tumors are met with in various parts of the body, sometimes
appearing quite superficially, being united to the adjacent tissue,
by the intervention of a long narrow pedicle containing the
necessary vessels and nerves for the supply of the tumor;
while in other instances we find tumors deeply imbedded in
the substance of solid organs, such as the liver or brain, and
deriving their nutriment from every point of the surrounding
texture.

Sometimes a tumor is produced by the rapid growth of
a tissue at a particular point, and it therefore consists
simply of the elements of this tissue, Fatty tumors, certain
tumors of a fibrous structure, exostoses from bones, and
many others, are produced in this way, and, as might be ex-
pected, but little difference can be made out between their
minute structure and that of the tissue of which they are, as
it were, the off-growth. In otherinstances, however, and these
extremely numerous, the morbid growth 1s found to possess a
structure of a much more complicated character ; and although
it may contain the elements of one or more of the tissues in a
healthy state, it cannot be compared with any texture of the
body in a normal condition neither can any individual charac-
ters be laid down, by which many of these growths could be
included in well-defined classes.

Although possessing certain points in which many resemble
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one another, there are other peculiarities which often render it
difficult to apply to them any specific name. Not only is there
a difficulty in defining the species of different fumors by
their microscopical characters, but the so-called benign tumors
pass by almost imperceptible shades into those of a malig-
nant and dangerous nature.

It is hardly possible to indicate the most important points in
the structure of tumors without referring more or less to
their distinctive anatomical peculiarities. I must, therefore,
very briefly enumerate those which appear to me the most im-
portant, referring for more complete information on the miero-
scopical structure to the different works on the subject,
especially to Professor Bennett’'s work, and those referred to
in the note in page 165.

In taking a general survey of the more common morbid
growths which are brought under our nofice, and examining
carefully into the tissues involved, or inquiring from what
particular texture the morbid structure has originally sprung,
we cannot fail to remark the peculiarly localized condition of
many of these tumors: often an enormous mass appears
to have been formed by the rapid and circumseribed growth of
one or more elements of a tissue; as, for instance, by a re-
dundant growth of epithelium on some part of the cutaneous

surface, large warts are produced. By simple hypertrophy of
the subcutaneous areolar tissue of the leg and foot, or of that
of the serotum, most formidable diseases are caused. Subeu-
taneous fibrous tumors depend upon a morbid development of
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the same tissue, only circumscribed. TFig, 128 shows the
general appearance of hypertrophied cellular tissue. The
specimen from which this drawing was made, was taken from
the serotum of a patient operated upon by Mr. Fergusson.
Upon the addition of acetic acid to the preparation, the fibres
of the yellow element, a, became very distinct. By a rapid
and irregular development of epithelium in various parts either
of the cutaneous or mucous surface, which extends inwards,
and gradually invades deeper structures, a class of tumors
and ulcers are produced which have been deservedly termed
¢ malignant,” in many senses in which that word has been
used. To these tumors, which more or less closely resemble
those of a truly cancerous nature, the term © cancroid”’ has
lately been applied.

The truly cancerous growths frequently commence deep in
the substance of a fissue, and gradually make their way towards
the surface: they arise from a peculiar condition of the system
generally, which we know, in many instances, to be hereditary,
and they often exist in different and very distant parts of the
body at the same time. The cells, of which these tumors are
in great part composed, possess an inherent power of multipli-
cation, so that if one of them, or even, perhaps, a portion of
its contents, obtains entrance into the blood, it may be carried
to distant parts of the body, and there become the germ of an-
other tumor, which shall encroach upon the structure in which
it may have taken root. The tumor thus formed usually
resembles the original one in its essential points of structure,
but differs from it according to the nature of the tissue which
has been invaded. If, for instance, the growth takes place in
a part where areolar tissue is abundant, and where there is
considerable resistance to its increase, we may expect to find a
hard, condensed, and fibrous tumor ; but if the growth begins
immediately beneath the surface of the peritoneum, or i a
like situation, where it will encounter little resistance, a
tumor of a very different character will be produced In this
latter case, a soft spongy tumor will probably be formed, m
which the cells bear a much larger proportion to the fibrous
element than in the former instance.
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180. ©amecer.—A cancerous growth may be deseribed as
consisting of a fibrous matrix (fig. 129), more or less abundant,
and arranged so as to form areolw®, or interspaces, upon the
walls of which the vessels ramify. These interspaces contain
cells in considerable number, suspended in a more or less
viscid fluid, with much granular matter.

The great difficulty of deciding as to the cancerous or non-
cancerous nature of a tumor, arises prmmpaﬂy from the fact,
that no single element, of which the structure is composed, can
be looked upon as characteristic of true cancer. Neither the
character of the cells, nor the nature of the matrix, nor the ar-
rangement of the elementary constituents can separately deter-
mine the point, and it is only by carefully noting the collec-
tive appearances observed upon a microscopical examination,
that we shall be enabled to decide. In the great majority of
cases, however, it is possible to speak with folerable certainty ;
but at the same time it must be borne in mind that in-
stances come under notice from time to time, in which the
most careful and experienced observers would be unable, from
a microscopical examination, to determine the nature of the
tumor.

The distinetion between cancerous growths and osseous tu-
mors, fatty tumors, and many fibrous tumors, is too obvious
to need explanation; and it will
be necessary here to refer only
to a few of those instances, in
which thenon-malignant struc-
ture approaches very closely,
in its microscopical characters,
to the cancerous growth.

A cancerous growth, in its
microscopical characters, does
not resemble, and eannot be
confounded with any healthy
texture ; while many of the
non-malignant tumors, in their
essential characters, bear great similarity to certain healthy tis-
sues, or are actually identical with them in structure. A section
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of a fatty tumor cannot often be distinguished from a section
of ordinary adipose tissue: many fibrous tumors resemble
ordinary fibrous tissue. Epithelial growths frequently appear
to be made up entirely of cells, which cannof be distinguished
from healthy epithelium. Again, there are certain large tumors
of the mamma, which, in intimate structure, are found to be
composed entirely of the ordinary gland tissue.

From the freshly-cut surface of a cancerous tumor, a more
or less turbid juice exudes, which, upon examination in the
microscope, is found to contain cells varying much in size
and form, as well as in the character of their contents: a few
fragments of fibrous tissue ; a number of free oil-globules, and,
perhaps, a few cells containing oil-globules; and much free
granular matter (fig. 129).

Upon examining a thin section made with a Valentin’s knife,
the relation of these structural elements to each other may be
observed. The fibres will be seen to form meshes or inter-
spaces, in which the cells and fluid are contained (a). In some
instances the fibres resemble those of ordinary areclar tissue;
sometimes they consist chiefly of fibres resembling those of
yellow elastic tissue; and not unfrequently the fibres become
perfectly transparent; upon being treated with acetic acid,
showing the absence of the yellow element.

The cells vary much in size and form : they may be perfectly
round, or prolonged at either end into delicate fibres, or of
most irregular ontline (fig. 129).

They usually contain one nucleus, but very often two are
met with, and not unfrequently many more may be observed.
The nuclei of different cells often differ much in size. The
nucleus generally contains several granules, and much granular
matter exists between it and the cell-wall. Cells are often
observed which contain several smaller ones in their interior;
these have, on this account, been termed “mother-cells™ (). The
cells readily separate from each other, and exhibit no tendency
to aggregate together, nor do they appear ever to have been ad-
herent to each other at their margins,

A tumor from which a milky juice is poured out from
the cut surface, and which, upon microscopical examination,
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is found to consist principally of cells exhibiting the above
general characters, and arranged in the meshes of a fibrous
stroma, may be pronounced to be of a cancerous nature,

Cancerous tumors have been divided into three principal
varieties by Dr. Walshe, determined by the relative quantities
of the viscous juice, fibrous, or cellular elements present. * If
the fibrous element be in excess, it constitutes scirrhus, or
hard ecancer; if the cells be numerous, encephaloma, or soft
eancer ; and if the fluid abound, and be collected into loculi, or
little eysts, it is called colloid cancer.,” (Bennett.)

191. Cancroid Grewths.— Tubercle corpuscles and pus globules
are distinguished from cancer-cells by their more general
uniformity in size, by the nature of their contents, and by other
characters.—See ¢ Tubercle’ and ¢ Pus.’

Enchondroma is distinguished from cancer by its general
cartilaginous aspect, by the absence of milky juice, by the
character and arrangement of the cells, and by the clear
transparent intercellular substance. Cartilaginous tumors may,
however, become softened and broken down into a pulpy mass,
which closely resembles, in its microscopical characters, true
cancer, (Bennett.)

Fibre-cells—Certain forms of fibrous tumors contain long
spindle-shaped cells, somewhat resembling some cancer-cells : so
also in inflammatory exudations cells are met with, which in
general characters, are very similar to true cancer-cells; but,
as observed before, the character of the cells alone must not
be looked upon as pathognomonic of the nature of the growth
from which they were taken.

Epithelial Growths—Epithelial Cancer.— Epithelioma.—The tu-
mors included under these heads resemble the ecancerous
growths more closely than any other. The distinctive cha-
racters of these have been carefully investigated by Professor
Paget.*

* See also Bennett, “ On Cancerous and Caneroid Growths.” Lebert,
“Traité pratique des maladies Cancéreuses et des affections curable con-
fondues avee le Cancer.” Paget, “ Lectures on Tumours,” 1853. Walshe,
* The Nature and Treatment of Cancer.”
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Under this head are included the following forms of disease :
cancer of the lip, noli me tangere, cauliflower excrescence of the
uterus, chimney-sweeps’ cancer, &c.

Common warts consist merely of a superabundant secretion
of the epithelial cells of the cuticle; and the tubercles, which
occur on the external generative organs, present a similar
structure.

In cancer of the lip, tongue, &e., fissures are formed, i which
an abundant growth of epithelium takes place, accompanied
with an ichorous discharge, The edges become indurated, and
as the disease gradually advances, it proceeds from the surface,
and invades deeper structures,

If a thin section of one of these growths be examined, infer-
spaces will be observed (fig. 130), from the walls of which the

Fig. 180. cells appear to grow, The cells often
seem to be arranged in lamine;
they do not vary so much in size
" and form as the cells of true cancer;
the nuclei do not differ much in size;
they rarely contain many nucleoli,
and usually adhere to each other by
their margins; frequently three or
four, or more, will be found united
together. In fact, these cells very
nearly resemble in their general characters the ordinary epi-
thelial cells of the surface, upon which the growth is de-
veloped.

In fig. 130 is shown the appearance of a section of a speci-

Fig, 131, men of epithelial eancer magnified
about 40 diameters. Fig. 131 re-
presents the cells from the same
tumor under a quarter-of-an-inch
object-glass.

The most important distinctive
characters between the cells of can-
eerons tumors, and those of non-can-
cerous (cancroid) growths, which are most liable to be mistaken
for them, are represented in a tabular form as follows :—

B —
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Cancerous.

Cells not connected with the ma-
trix in a regular manner, or form-
ing laming.

Cells differing much from each
other in size and form.

Cells readily separable from each
other.

Cells not connected together at
their margins; their edges seldom
forming straight lines.

Cells containing several smaller
eells in their interior often met with.

Nuelei varying much in size and
number in different cells.

Juice scraped from the cnt sur-
face containing many cells floating
freely in the fluid, and not connected
with each other.

167

Cancrond,

Cells connected with the matrix,
often forming distinct laminge,

Cells resembling each other in
size and general outline.

Cells often ecohering by their
edges, which generally form straight
lines ; three or four cells being fre-
quently found united together.

Cells usually containing one nu-
cleus.

Nuclei not varying much in size
in different cells,

Juice scraped from the eut sur-
face containing small collections of
cells, which are often connected with
each other,

192, Examinntion of Morbid Grnwlhu.—-—-Th«é S.l‘.}r_:I‘t’;ﬂ:ili}]‘ll if such

exist, on the free surface of the tumor should be first sepa-
rately examined: secondly, the microscopical characters of
the juice, which exudes from the freshly-cut surface should be
ascertained : and, lastly, a thin section ought to be made, in
order to determine the relation of the constituents of the
tumor to each other, and especially the proportions in which
the different elements are present. Its connexion with sur-
rounding structures may be seen by examining a thin section,
which should include a portion of the adjacent texture; and
these observations should be made first with low powers, and
afterwards with a power of about 200 diameters.

The disposition, arrangement, and general direction of the
fibres in the fibrous portion of the tumor should be carefully
noted, and the form, size, shape, and contents of the cells (es-
pecially with reference to the presence or absence of granular
matter, nuclei, &c.), should be especially dwelt upon. Every

opportunity should be taken of carefully delineating the ap-
pearances observed, in order that the structure of one tumor
may be compared with that of others which may subsequently
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fall under notice, and if the growth presents anything unusual
a section ought to be put up in some preservative fluid.
Accurate notes should be made of every examination, and
entered in a note-book kept for the purpose.

Sections of most tumors, provided they do not contain
osseous deposit, are advantageously made with a Valentin’s
knife,

In examining the cells it is better to wet them with a
little serum or gum-water, for somefimes if water alone be em-
ployed, they become distended and burst.

Lastly, the influence of certain chemical reagents upon the
sections and portions seraped from the cut surface must be as-
certained. The most important reagents in the examination of
morbid growths are acetic acid, solution of soda, and ether; but
the stronger acids and other tests will occasionally be required.
The two former are of advantage in rendering the tissues more
transparent, and displaying the nuclei. Ether is sometimes
required to ascertain if certain globules which resemble fatty
matter, are really of this nature.

193, Preservation of Morbid Growths. —Tha' fixd S
believe, which will be found most efficacious for this purpose, is
the solution of creosote (97), but this is not in all cases satisfac-
tory. The other preservative solutions which I have yet tried,
so totally alter the characters of the cellular tumours, as to
obliterate all appearance of their former structure. I have
found it best to cut off small pieces of the tumor, and
place them in a little bottle with creosote fluid, which
must be changed two or three times. Each bottle should be
carefully labelled. Sections must then be cub when it is in-
tended to submit the tumor to examination. Thin sections
put up in cells do not usually keep well.

ENTOZOA. EPIZOA.

194. Exomination of Entezoa.—The microscopical examina-
tion of entozoa does not usually present any great difficulty.
The smaller species may be examined entire in the usual way ;
but the larger ones require dissection, and as the structures are
often very delicate, the dissection had better be performed
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under water after the creature is quite dead, and muscular con-
tractility has passed off.

Entozoa may be mounted in preservative fluids, or dried and
placed in balsam.

The small thread-worms (Ascaris vermicularis) are very com-
mon in children, and oceur chiefly in the rectum.

The Tricocephalus dispar is met with in the emeum and colon.

The Ascaris lumbricoides is usually found in the small intes-
tines.

185. Tape-Worm.—The common English tape-worm (L@nia
solium) is often met with. A fresh joint may be placed under
the microscope and examined with low powers. If dried upon
a glass slide, and mounted in Canada balsam, it makes a very in-
structive preparation. The ovaries of many joints will be found
to be quite distended with ova, some of which should be squeezed
out and mounted separately.

The head is not easily procured. It may be examined in
fluid with an inch object-glass as an opaque preparation, or it
may be put up in balsam, but it must be dried with great
care.®

The broad tape-worm (Bothriocephalus latus) is seldom met
with in this country. It may be examined and preserved in
the same manner as the common tape-worm.

* Means of procuring the head of the Tape-worm.—It may be advantageous
just to refer to the most effectual manner of obtaining the head of the
tape-worm. Of all the remedies I have seen tried, the ethereal oil of male
fern is certainly the most efficacious. Out of about thirty cases which were
treated by the physicians of King’s College Hospital, the head was expelled
in six or seven. Some of the patients had been treated with kousso, and
others with the oil of male fern. All the suceessful cases had been treated
with thelatter ; indeed, although I have seen many cases treated with kousso,
I never was successful in finding the head; the greater part of the worm,
however, was invariably expelled. The oil of male fern was administered
as follows:—two drachms to half an ounce, according to age, &c., were
suspended in eight ounces of water, with the aid of mucilage, After
fasting for twenty-four hours, (only a little water, or, at most, milk being
allowed,) the patient was made to take the draught early in the morning,
and an hour or an hour and a half afterwards, a dose of castor-oil was
given, The worm was usually expelled in the course of the day. The
fasting appeared to be a very essential part of the treatment.
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196. Wydntids, Echinococci—Hydatids are not unfrequently
met with in the post-mortem theatre. They are usually found
in the form of large cysts, occupying a considerable portion
of the liver. The parent cyst is often surrounded by a layer

*of purulent fluid. Upon opening this parent cyst numerous

smaller round cysts (acephalo-cysts) with much fluid, escape.
The walls of the eysts are usually quite white, not unlike the
boiled white of egg; and they vary much in thickness. The exter-
nal surface is smooth, but the internal appears more transparent
and granular. The granular appearance arises from the pre-
sence of little elevations with which the surface is studded.
By scraping these gently with a knife, not unfrequently many
echinococei will be removed. These may also be obtained by
allowing the fluid contents of the acephalo-cysts to flow into a

Fig. 152. conical glass. After a short time the echi-
nococei sink, and may be removed with a
pipette.

~ Fig. 132 represents the appearance of echi-
nocoeei magnified with an inch object-glass,
and in fig. 133 are shown two specimens
magnified with a quarter (about 220 diame-
ters). In one of these the hooks are seen to be extruded,
a condition which has been considered to result from the occur-

* rence of endosmosis and commencing decomposition.

A thin section of the walls of the cyst shows a laminated
appearance, and often a considerable number of EI‘}"E—t-.[llS of tn;:.:le
phosphate will be found, especially if the hydatid is not quite

il

-
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fresh. The structure of the wall appears homogeneous, or at
most slightly granular,

If a little of the fluid from the interior be evaporated upon a
glass slide, numerous crystals of chloride of sodium will he
formed (§ 313), their form depending upon the degree of rapidity
with which the evaporation has been conducted.

The character of the claws (fiz. 133 ) should be particularly
noticed, as their presence is characteristic of echinococei.

Hydatids are occasionally expectorated ; usually in conse-
quence of the cyst in the liver opening into the base of one lung.
The appearance of the cysts in the sputum will generally direct
attention to the origin of the pulmonary mischief, but the
observation should be always confirmed, if possible, by the
microscopical examination of the claws or hooks.

The echinococei may be preserved in the creosote solution
(§97), or in preservative gelatine (§ 99).

The hooks may be readily preserved moist in fluid, or dry in
Canada balsam.

197. Other Entozoa.—The Trichina spiralis is a rare species
of entozoon contained in small eysts, which are sometimes
found in the voluntary muscles.

The Cysticercus cellulosw, like the Trichina, also infests the
muscles, but it has been met with in a few instances within the
chamber of the eye.

The common fluke (Distoma hepaticum) forms a very inte-
resting object for examination. One species may generally be
met with in the bile-ducts of the ox and sheep.

The only other entozoon which need be alluded to here is the
Strongylus gigas, the largest of the entozoa. This is very rarely
met with in man, but is not unfrequently seen amongst
animals. It is usually found in the kidney. Some years ago
I met with three of these creatures, two males and a female,
coiled up in what had been ‘the kidney of a dog, but which
was now reduced to a thin membranous cyst. The ureter was
quite pervious, and the mucus on the surface of its mucous
membrane, with that of the bladder, contained VETY TIUMErous
ova. For microscopical examination of the tissues of this
creature, it must be dissected under water. The intestine is

I 2
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square and contains altered blood. The ova form beautiful
objects,

198. Epizon.—The only epizoa which need be referred to
here, are the itch insect (Acarus scabizi) and the entozoon
from the sebaceous follicles (entozoon, or demodes follioulorum’). The
first is rather difficult to procure. They must be extracted from
the itch pustules or vesicles by passing a fine needle into the
burrow, the opening of which is always at the side, and may be
known by the presence of alittle dark point ; but this Acarus will
only be found in a few instances. To catch the insects requires
practice and dexterity. The male is much smaller than the
fomnale. They may be dried carefully at a gentle heat, and
preserved in Canada balsam. _

The entozoon folliculorum is generally present in the follicles
of the skin of the scalp, chin, and other parts of the face. It may
usually be procured very readily from the nose, by squeezing
out the contents of the sebaceous follicles by pressing the skin
firmly between the finger and thumb, or between two of the
finger-nails. The white cheesy matter thus expressed must
be torn with needles, and then placed on aslide in a drop of
oil, and covered with thin glass. One or two of the entozoa
will usually be found. There are two varieties, and these
are constantly met with in the same individual. One is much
longer, and the body more thin and taper than the other.*

* 1 have found them in considerable pnumber in the wax which
collects in the ear. If the wax is tolerably moist the addition

of oil is unnecessary.

EXAMINATION OF VEGETABLE PARASITIC STRUCTURES.

There are certain vegetable structures of a very low organiza-
tion, which not unfrequently fall under the notice of the prac-
titioner. Some of these are found growing upon the surface of
the skin or mucous membrane in certain forms of disease, while
others are met with in the recent fluid secretions, or become
developed at different periods of time after the secretions have
left the body. A few of the most important will be briefly

referred to in this place.

* Todd and Bowman’s Physiology,” vol. 1. p. 425.
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Fig. 134 shows the general characters of a fungus which is
often developed in acid urine (Penicilium glaucum).
| Fig. 154,

199, The Achorion Schenleinii usually appears as elongated
vesicles, of a more or less oval form (fig. 135 ), many of them
being rather irregular and varying Fig. 135,
much in size, but often joined end to
end so as to form branches. This
fungus grows in the hair follicle,
and is also found in abundance
amongst the epithelium in the neigh-
bourhood. It may frequently be
seen within the hair in considerable
quantity (fig. 135), and may be found
i abundance inthe little honeycomb-
like masses, termed favus crusts, :

The favus consists of a little cm*ity&
filled with spores of the fungus, gra- \\ .
nules, and epithelial cells (fig. 186). b = .7 5
One or two hairs usually pass &7 ;ﬁ i
through the centre of the favus. The W
fungus is composed of the mycelium (a), or the proper substance
of the plant; of a receptacle (b), or sporangium, which contains
the reproductive organs; and the reproductive organs themselves,
or the spores.

This fungus occurs in Tinea favosa, Porrigo favosa, scutulata,
&e. The favus may be placed upon a glass slide, moistened
with water, and subjected to microscopical examination. When
the hair is to be examined the same course is pursued, but
it will often be found advantageous to treat it with a drop
of solution of potash, which renders the hair more transparent,
and the fungus more distinet.
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There arve several other species of fungi infesting the hair,
The Tricophyton tonsurans is found in the formof very minuté
oval or rounded, and perfectly transparent cells, within the bulb,
and in the central canal of the
hair. ‘When it occurs external
to the canal of the hair, its pre-
sence depends upon the hair
having been broken, and the es-
cape of the contents.

Other species are found in the
epithelium of the skin. That con-
dition of the skin termed Pityri-
asis versicolor depends upon the

: epithelial cells in the coloured
situations being infested with spores of another of these
minute fungi. Cases have occurred in which a previously
healthy individual has been infected with the disease, after
having slept with a patient suffering from this affection.

Parasitic plants are met with in the following skin dis-
eases :—

1. Tinea tondens. 4. Pityriasis versicolor.
2. Tinea favosa. 5. Porrigo decalvans.
3. Mentagra, 6. Plica polonica.

200. Aphthwe; Muguet.—The aphthe which oceur upon the
mucous membrane of the mouth
and pharynx of ill-nourished infants,
and the whitish matter resembling
false membrane, which is sometimes
formed in the same situations in
adults, who have long suffered from
exhausting diseases, and to which
the term muguet has been applied,
are composed of a vegetable fungus,
which was first described in 1842
by Gruby, and has been spoken of
by him under the names of aphta-
phyte and eryptogames du muguet.
It is placed under the genus Oidium, and termed Oidium
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albicans by Robin. The appearance of this fungus is shown
in fig. 13%, which is taken from M. Robin’s work.*

Low forms of eryptogamia have also been found in the lung
by Prof. Bennett, and have been noticed in the stools by him
as well as by Dr. Farre, and other observers.

The examination of these vegetable growths in the micro-
scope presents no difficulty ; but without care they may readily
be passed over unobserved, as their structure is very delicate,
and they are generally found accompanied with epithelial cells
and much debris. A very small piece only should be submitted
to examination, and should be moistened with a hittle water
or dilute syrup. They may be seen with a power of 200;
but to bring out their characters clearly, requires a power of
500 to 600,

ALGE,

201. Sarcina Ventriculi.t—This body is a species of alga
which was originally discovered by Goodsir, in 1842, among
the matters vomited by a patient. Sinee this period it
has been found by a great many observers, and, indeed, may
now be looked upon as by no means uncommon (fig. 138).

The vomited matters have much the appearance of yeast,
and fermentation proceeds for some time after they have been
ejected. In vomit presenting these charac- Fi

; ; Tig. 138.
ters, the sarcin® are, I believe, never absent ;
but they have been found in other cases and ﬂoghf::r'-"."'

= . ® * '--I: E 3 @. =
in other situations: by Lebert, in a case of -{,,-_H.E'%,.f.% \J,
. : . o et EEER R

cancer, accompanied with black vomiting; © f?. R

- . 1. z S s T __,

and by myself in a case in which there was ™9 &0 L

a very abundant ejection of coffee-ground
vomit for a few days before death. In this specimen the

¥ “Histoire naturelle des végétanx parasites qui eroissent sur I’homme, et
sur les animaux vivants.” Paris, 1853.—See also a review of this work,
by Dr. Parkes, in the * British and Foreign M edico-Chirurgical Review,’
Oectober, 1853,

T M. Robin has arranged it under the genns Merismopedia (Meyen), and
he calls it Merismopeedia ventriculi.
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sarcinge were very abundant, but there was no tendency to
fermentation.*

The sarcina has been found in the urine, three times by
Heller, once by Dr. Mackay of Edinburgh, twice by Dr.
Johnson, and twice by myself.+ In the fieces it has been met
with frequently by Bennett and Hasse; it was observed by
Virchow in an abscess of the lung, and once by Dr. Jenner in
the fluid of the ventricles of the brain.

In all the cases which have come under my own observation,
the matter in which the sarcina was present was acid, although
in several instances, in consequence of the ejection of much
clear fluid (pyrosis), the vomit generally had an alkaline re-
action. But in these cases, the brown floceuli which contamned
the sarcin@ were intensely acid. The sarcina is generally,
but not invariably, accompanied with a great number of oval
torule, which vary considerably in size and form in different
cases (fig. 1380). These torule were not present in the speci-
mens of urine which contained the sarcinz. In the accom-
panying wood-cut (p. 175) a partially digested starch granule is
shown at d, and an oil globule at .

By the action of acids and alkalies the sarcina becomes
paler, but is not destroyed by these reagents even if warm.
The cells, however, exhibit a tendency to separate from each
other in a quadruplicate manner. Iodine communicates a
slightly brown colour to it. It is not destroyed by the decom-
position of the vomited matters in which it was developed ; but
in one case, in which it was present in the urine, the cells
were completely broken down, and all traces of them lost, as
the fluid decomposed and became alkaline. The development
of the sarcina has been investigated by Frerichs in a dog with
a fistula in his stomach. .

* With reference to the symptoms occurring in these cases, see Dr.
Todd’s * Clinical Lectures,” ** Medical Times and Gazette,” May 2nd, 1851.

+ For the opportunity of observing the sarcina in one of these cases, I
have to thank my friend Mr. Brown, of Lichfield.
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902. Other forms of alge are found in different situations ;
for instance, in the cavity of the mouth, especially towards the
back ; mixed with, and adhering to, Bia 139
or growing from the cells of epithe- W es
lium, will be seen, with a power of
200 or higher, a vast number of
little hair-like bodies, which consist
of filaments of a very minute alga
(Leptothriz buccalis), The filaments
grow upon any small particles
of food which may remain entan-
gled in the epithelium of the mouth.
The papille at the back of the tongue are thickly covered with
very long filaments, consisting almost entirely of this alga
(fig. 189); it is very abundant between the teeth, and the
so-called tartar is partly composed of it.

Similar vegetable growths have been found in the stomach,
intestines, and fieces. One species oceurs in the mucus of the
uterus.

The examination of these substances presents no difficulty.
Sarcinze may be removed with a pipette from fluids in which
they subside as a deposit, or, in cases where the mass is very
viscid, with the handle of a knife. If necessary, a little water
may be added, and the whole covered with thin glass, which
often requires to be pressed down firmly, in order to obtain a
very thin stratum for examination.

To examine the algz from the mouth, it is only necessary to
scrape the upper surface of the tongue, and examine the
epithelium and debris removed in the usual way, and moistened
with a little water under the mieroscope.
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CHAPTER XITI.

OF MAKING SECTIONS OF HARD TISSUES—INSTRUMENTS—
GRINDING AND POLISHING THIN SECTIONS— EXAMINATION
OF BONE—TEETH, NATLS, HATR, &C.

Of making thin sections of hard tissues.—The methods of exa-
mination which have been already described, are such as are
applicable to the investigation of the microscopical charac-
ters of soft tissues only, or textures which could be readily
cut with an ordinary knife; but the different methods of
operating when it 1s necessary to obtain very thin sections
of hard, unyielding tissues, such as horn, bone, ivory, teeth,
&e., will now be considered.

203. Cutting thin sections with the Hnife.—}lIHIJ}r hard
substances, such as nail, horn, and dried animal textures, may

Fig. 140. be cut with a strong, sharp knife, or

= with a razor; an operation which is

easily performed by placing the sub-

stance upon a piece of soft deal board,

and, after cutting a smooth edge, re-

moving a thin shaving, which may be

examined dry, or in fluid, or may be

placed in Canada balsam, as occasion
may require.

Another plan of cufting thin sections
of tissues of this description, is to em-
ploy a little instrument similar to that
which is used for cutting thin sections
of wood. It consists essentially of a
small table, in which there iz a hole in
the centre, provided with a fine threadn:rﬂ screw at the bottom,
y turning which any substance placed in the hole may be forced
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any required height above the surface of the table. A sharp knife
is fixed to one end of the upper surface, with a moveable hinge.
This knife ean be moved backwards and forwards over the hole,
and as the substance can be gradually forced up by the secrew,
sections of great tenuity may thus be obtained. A very
simple modification of this piece of apparatus 18 represented
in the woodeut (fig. 140). This is made entirely of brass. The
sections are cut off with a razor or strong knife.

904. Cutting thin sections with the Saw.—In order to obtain
sections of bone and ivory, and tissues of this description,
sufficiently thin and transparent for microscopical examination,
it becomes necessary first to cuf a thin section with the aid of
a sharp saw, and then to grind this down to the required
tenuity upon a hone or other smooth stone. The scratches,
which are in this process produced upon the surface, are
obliterated by subsequent polishing.

For cutting the sections a fine-toothed saw is required ;
those made of watch-spring, set in a bow, answer very well, but
almost any saw with fine teeth, and made of tolerably hard
steel, will be found efficient. The simplest and most convenient

Fig. 141.

form which I have seen is represented in fig. 141. This saw
may be purchased for a shilling or eighteenpence according to
the size.

205. Grinding thin scctions of hard Tissues.—The section,
after having been cut off with the saw, requires to be ground
thin before it can be subjected to examination. It may per-
haps be as much as the tenth of an inch in thickness when the
grinding is commenced, but by rubbing it for a short time
upon a smooth stone it may be reduced to the proper degree of
tenuity. Stones which are well adapted for this purpose are
the ‘ Charley Forest ' stones, the Turkey stones, or the Water of
Ayr stones, about an inch or more in width, and six inches in
length. Bach of the four sides should be perfectly smooth.
Other stones, or even a piece of slate, answer also very well,
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and may be procured at much less cost.* The stone is wetted
with a little water, and the section rubbed up and down with
the finger, or with a piece of cork or leather.

A very good plan also is to imbed the section slightly in a
piece of warm gutta percha, which should extend only a very
short distance beyond the edges. This is to be rubbed up and
down on the wet hone, water being added as required, till the
surface is perfectly smooth, when the section is to be taken off,
turned round, and ground down on the opposite side until it
is sufficiently thin. The section may also be ground down
expeditiously by rubbing it between two hones. If very thick,
it will be better to reduce it somewhat with the aid of a flat file
before commencing the grinding. After being ground to what
is considered the proper thinness, the section may be placed in
the microscope, when numerous dark lines will be found all
over the surfaces; these must be removed by polishing. The
deepest of the scratches may be obliferated by rubbing the
specimen upon a very smooth part of the hone quite dry.

208. Polishing thin sections of hard Tissues— The polish-
ing must, however, be completed upon a piece of smooth
plate glass, or upon a sort of leather strap prepared for the
purpose. A piece of board about two inches broad, ten or
twelve long, and half an inch in depth, is covered on one sur-
face with three or four layers of cloth, soft leather, or flannel.
The whole being laid perfectly smooth is to be surmounted
with a piece of smooth leather, sufficiently large to be tacked
to the sides of the board. In this way a firm and even pad is
obtained. On the surface a little putty powder (peroxide of
tin) is sprinkled and moistened with water. The section is
then to be carefully rubbed up and down, and afterwards the
polishing is to be completed by rubbing it upon a part of the
strap which is not wet. Whitening may be used instead of
putty powder. If, upon mieroscopical examination, the sur-
face is found to be still covered with scratches, the process of
polishing must be repeated.

In order to polish a thin section of a hard tissue upon glass,

* Common stones adapted for grinding cost about threepence or four-
pence each, The Arkansas oil-stone is the best, but very costly.

s
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it is only necessary to rub it rapidly backwards and forwards
with the fingers, upon a piece of plate glass, until the surface
becomes quite smooth,

207. Examination of Bone.—In order to obtain a thin seec-
tion of bone we proceed as above described ; grinding the sec-
tion which has been cut oft with the saw, upon a hone, or be-
tween two pieces of hone, until sufficiently thin ; or the piece of
bone may be attached to a slip of glass with a little Canada
balsam, or other cement, and then rubbed down upon one side.
Afterwards the slide may be warmed, and the section turned
round, in order to grind the opposite side. The section is
to be polished upon the strap, or by rubbing it upon a slip of
plate glass,

If the bone contains much fat, it may be removed from the
sections by placing them for a few minutes in a little ether,

For examining the lacun, a dry section should be taken and
submitted to a power of 200, when they will appear as a
number of small black corpuscles of irregular form. If now
the specimen be wetted with a small drop of turpentine, upon
microseopical examination it will be found that this penetrat-
ing substance enters the canaliculi, and may be seen to fill the
lacunz, displacing the air contained in them, to the presence of
which the dark, almost black appearance was due. When the
specimen has remained for a short time in turpentine, the
lacun@ become so transparent as to be scarcely visible.
By careful management the turpentine may be seen to enter
the lacunze, while the section is under the microscope.

In order to examine the cartilage or organic basis of bone,
pieces of bone must be soaked in dilute hydrochlovic acid
(consisting of about one part of acid to twenty of water, or rather
stronger), until the mineral matter has been entirely dissolved
out, which may be known by ammonia not giving a precipitate
in the solution which has been repeatedly changed, or by the
absence of solid matter, if a drop of the solution be evaporated
to dryness upon a glass slide. This operation of soaking the
h0}1e in acid may take two or three days. Upon making a
thin section of this animal substance and examining it, the
Haversian canals will be remarked, and their arrangement may
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be readily demonstrated by cutting sections in different diree-
tions. The lamelle are also visible. The section should be
afterwards treated with dilute solution of potash. If a sec-
tion be macerated for some time in water the lamell:e separate.

Thin sections of bone may be carefully burnt in a platinum
capsule, and the white ash, which remains after the mass has
been for a short time exposed to a red-heat, examined in the
microscope. The organic matter may also in great measure be
removed by boiling the sections in potash.

In examining the development of bone, the long bones of
any young animal may be employed. Thin sections of the
ossifying cartilage may be cut off with a sharp knife; and a
portion of the bone already ossified should also, if possible, be
removed with the cartilage. The ossifying portions of the
skull and other bones may also be examined with advantage,
and the appearances presented under different magnifying
powers should be carefully observed as n other cases.

908. Mounting Specimens of Bone.—Sections of bone may
be preserved as dry objects in fluid, or in balsam (Chapter VIL.).
The first is the method usually employed, but specimens should
also be mounted in Canada balsam. Tolerably thick sections
show well in this manner; but they must not be too thin,
for in this case the balsam enters the lacune, and renders them
almost invisible, precisely analogous to what occurs when a
section of bone is moistened with turpentine. Sections of %
ossifying cartilage keep very well in weak spirit, and also in
creosote solution, if not too strong.

900. Examination of Teeth.—The microscopical examination
of teeth is conducted upon the same principle as that of bone ;
but in consequence of the greater hardness and very brittle
nature of the enamel, sections are not so easily prepared.

In order to cut a thin section of a tooth we require a very
fine saw, and great care must be taken not to chip the enamel.
The section is rubbed down in the manner just deseribed, and
afterwards polished by rubbing it first upon the dry hone, and
subsequently upon the leather, or a piece of plate glass.

Teeth may be ground down upon a lapidary’s wheel, or
upon a dentist’s emery wheel, Sections can also be readily
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ent with a diamond saw (an iron wheel, the edge of which is
covered with diamond dust).

The thin section is now to be soaked for a short time in
ether to remove the fatty matter, and then allowed to dry.

It is to be subjected to examination in the dry way, mois-
tened with water, turpentine, or Canada balsam, and the dif-
ferent appearances in each case should be carefully observed.

The cartilaginous basis 18 to be examined also in thin see-
tions, which may be cut either before macerating in acid, or
subsequently. A whole tooth placed in moderately strong acid
will become soft in four or five days, when thin sections of
different parts may readily be cut with a sharp knife.

The dentinal tubes may be isolated from each other by
longer maceration in acid, and afterwards by soaking for a few
hours in dilute caustic soda or potash. It is befter in this
investigation to cut the thin section before maceration in acid,
or to macerate the tooth until moderately soft, and then re-
move a thin section, which is to be further exposed to the
action of the strong acid. A mixture of sulphuric and hydro-
chloric acids has also been recommended.

In investigating the development of teeth it will be neces-
sary to obtain embryos of different ages from two months
upwards ; but this subject may also be studied with advantage
mn the lower animals.

Sections of teeth may be preserved in the dry way and in
Canada balsam.

The cartilaginous basis will keep in the creosote solution
pretty well, and also in other dilute preservative solutions.

210. Examination of Nails.—Sections of nails may be very
easily obtained with a sharp knife. They may be examined
dry, in aqueous fluids, and in balsam. The action of nitric and
acetic aecids, and also that of caustic soda upon the cells should
be observed. The nail may be readily removed from the skin
by maceration in water. The different characters of the cells
in various parts of the nail should be cavefully noticed. If a
portion of nail be boiled in a solution of caustic soda, its com-

ponent cells are rendered distinet, and in each a nucleus is
developed.
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In order to see the connection between the nail and the
cutis, the skin with the nail attached must be dissected off and
allowed to dry, when sections are to be obtained in a similar
manner to that described under the examination of the skin
(§ 180). The cells of nail and horn behave very similarly fo
those of the epidermis when acted upon by the stronger acids.
Nitrie acid causes them to assume a deep-yellow colour, and
often renders the outlines of the individual cells very distinet.

911. Examination of Mnir.—Hair may be examined in the
dry way, or mounted in fluids, or in (Janada balsam. The ex-
amination of hair in different media (§ 82) is very instructive.
The hair of different animals, especially that of the dog, ecat,
horse, rat, mouse, bat, &e., should be examined ; but for
displaying the minute structure, a white hair is to be
preferred.

The hair-bulb may be seen in a carefully prepared section of
skin in any situation, in which they are abundant, such as the
scalp. In order to obtain a good section, the skin should be
first dried. The section must be made in the same direction
as that which the hair-bulb takes through it. Fatty matter
may be removed by soaking it for a short time in ether, and
after the ether has evaporated it may be moistened with water
in the usual manner. It will also be instructive to note the
effect produced on treating it with a little dilute eaustic soda.

The reagents most useful in demonstrating the minute strue-
ture of hair are solutions of soda or potash, strong sulphurie
acid, and acetic acid. For displaying clearly the cortical part
:+ is better to treat the hair with strong sulphuric acid (Kdélliker).
The cuticle of the hair (surrounding the cortex) should be
treated with caustic soda, which will cause several of the cells
to separate from one another,

912. Longitudiunl seciions of Hair,—In order to obtain a
longitudinal section of hair, a small bundle should be made by
sticking several hairs together with gum water, and as soon as
this is quite dry thin shavings may be removed with a sharp
knife or razor, the sections becoming separated from each other
as soon as they are moistened with water.

913. Transverse sections of Hinir.—Transverse sections may

' e
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be obtained by cutting thin shavings off the end of the gummed
bundle, or several hairs may be placed between two pieces of
card, or between two pieces of cork, which may be pressed
together in a vice, or tied tightly with strong string, when
thin sections of hair may be readily removed from the surface
with a sharp knife, along with a shaving of the cork, from
which the former can very easily be separated. The knife
should be slightly moistened on the upper surface, in order
to prevent the sections from being lost as they are cut off.

Hair is usually mounted in Canada balsam, or preserved in
the dry way between glasses.

214. Examination of Osscous Tumors, — Sections of bml:,'
tumors and of osseous plates, such as those frequently depo-
sited in arteries, may be obtained in the same way as sec-
tions of bone. Good sections of tumors which have partly an
osseous, and partly a fibrous or fibro-cartilaginous consistence,
are very difficult to make; but a thin section may generally be
removed with care with a strong knife, in such a manner as to
cut through both the fibrous and ossified portions, if the latter
is not very hard and abundant. The facility of this operation
1s sometimes increased by drying the tumor, and after re-
moving a section, remoistening it with water,

In examining growths of this description, we may dissolve
out the ossific matter with hydrochloric acid, as described under
the examination of bone and teeth,

On the examination of hard tissues reference may be made to the fol-
lowing works :—Kdlliker, op. cit.; Paragraphs at the end of each article
on the preparation of specimens; Quekett, op. ¢it. ; Todd and Bowman,
op. cit. ; Strausdurkheim, op. cit. ; and articles in the “ Cyclopmdia of
Anatomy and Physiology,”
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CHAPTER XIII.

EXAMINATION OF SUBSTANCES WHICH FORM DEPOSITS FROM
FLUIDS, AND OF THEIR PRESERVATION.— APPARATUB EM-
PLOYED.—EXAMINATION OF URINE, AND THE METHODS OF
COLLECTING URINARY DEPOSITS.

THE most important pieces of apparatus required in the
| examination of deposits which subside from fluids after they
Fig. 142. have been allowed to stand still for some time in a
glass vessel, are the following :—Test tubes, pipettes
of different sizes, conical glasses, wash-bottle, and
wateh-glasses, which have been already referred to
(§ 48), funnels for filtering, and cells in which the
deposit is to be subjected to microscopical examina-
tion. The application of chemical reagents will fre-
quently be required ; but for information on this sub-
ject the reader is referred to Chapter XVI.

915. Test Tubes.—Test tubes (fig. 142) will often
be required in microscopical examination. The ob-
server should be provided with several, varying in
length from five or six inches to an inch and a half,
or even less. The smaller tubes are very convenient ;
¥  for preserving small quantities of deposits in a pre- :
\ : servative solution for examination on a subsequent occasion.

In boiling a specimen of urine in a test tube over a lamp, it
may be held by twisting a piece of paper three or four times
i folded round the neck, so as to serve for a sort of handle; or a
little support made of wire, and mounted in a wooden handle
may be used; or the tube may be placed through the smallest
ring of the stand (fig. 147), and in this manner suspended

over the lamp.
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216. wipeues.—The pipettes required in microscopical exa-
mination should be of various sizes, according to the depth of
the vessel which contains the deposit, and according to the
diameter of the orifice through which the pipette is to pass.
When it is required to remove some of the deposit from the
bottom of a bottle with a narrow neck, for instance, we shall
want a pipette of very small calibre. On the
other hand, if the deposit be very thick and
viscid, the pipette must be wide, or it will not LT

!
|

Fig.143, Fig,144.

enter it. .

Pipettes are made of common glass tube of
> various sizes; the opening at the bottom being ¢

drawn out slightly in the blowpipe, in order to
make it a little narrower than the tube itself.*

It is convenient to have a sort of collar to the
pipette, about two inches from the top, which |
will prevent the finger and thumb from slip-
ping when the instrument is used (figs. 143,
145). Oeceasionally a pipette, the end of which
is slightly bent round (fig. 144), will be found
useful ; and sometimes when we wish to decant’
a considerable quantity of fluid from a watch-
glass, &c., a pipette, upon the stem of which a
bulb has been blown, will be found of great ad-
vantage. The top of the pipette should be slightly bent over in
the form of a lip, and perfectly smooth, so that it may be
completely covered with the fore-finger, while the middle finger
and thumb are placed on either side of the tube immediately
below the ring (fig. 145).

Various other forms of pipettes have been employed, but the
above will be found most useful to the microscopical observer.
A small pipette with a narrow opening is convenient for re-
moying any superfluous liquid which may escape outside the
thin glass cover when preparations are being mounted in fluids
i cells,

* Glass tubing adapted for making pipettes may be purchased at the
operative chemists,
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217. Comical Glnsses,—Glasses of the shape figured in 145
Fig. 145.

are the most convenient vessels
in which to place fluids holding
certain substances in suspen-
sion, which we wish to ex-
amine. After the fluid has
been allowed to stand for some
time, the deposit collects in
the narrow portion of the
glass, and however small ‘in
quantity, may be very easily
removed with the pipette.
These glasses can be obtained
of various sizes. In choosing
them, it is better to select
those in which the narrow
part terminates in a round or
flat extremity, for many will be
found to have a little promi-

nence around which the deposit collects, and in this case it
is with difficulty removed by the pipette.
918. Wash-botsle.—This simple piece of apparatus is of great

Fig. 146.

use to the microscopical observer, as well
as to the chemist. He will find it most
convenient for washing away the paren-
chymatous part of tissues in order to
leave the more fibrous portions, removing
epithelium from the surface of mem-
branes, &c. It is employed by the che-
mist chiefly for washing precipitates on
filters, &e.

The wash-bottle is made with an ordi-
nary bottle or glass flask, having a mo-
derately wide mouth. Two tubes bent, as

shown in the figure, are accurately fitted into a cork adapted
to the meck of the bottle (fig. 146). Upon nearly filling the

bottle with water, and blowing through the shorter tube, the

water will be projected from the capillary orifice of the longer
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one in the form of a fine jet, which may be directed upon any
desired point.

219. Funnels; Filtering. —The funnels required in micro-
scopical examination are very small,
Those of about two or three inches in
diameter will be found large enough for
most purposes. Glass funnels are the
cheapest and the best. The funmel is
supported in the small retort stand (fig.
147) or upon the tripod. The filtering
paper may be obtained already cut in
packets of circular pieces of any size
required. One of these is folded in the .
manner shown in fig. 148, when used.
Before filtering, the filter should always
be moistened with a few drops of water,
or with a fluid of the same nature as that which is to be
filtered.

Fig. 147.

220. Swaining thromgh muslin 18 sometimes a convenient
method of separating fine and coarse particles from each other,
or for separating a erystalline deposit from viseid mucus in
which the crystals may be entangled. By projecting a
stream of water from the wash-bottle, the ecrystals may
be washed through the muslin info a vessel placed beneath to
catch them, while the mucus remains behind. In the sepa-
ration of starch particles from gluten, a similar plan may be
pursued.

The muslin may be tied over a glass or funnel with a
piece of thread, or it may be conveniently fixed in its place
by one of the vuleanized India-rubber rings commonly sold
at stationers’ shops.
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991, Cells for the examinntion of Depesits.—The thin glass
cell (fig. 149) will be found a very convenient form of cell for

Fig. 149, the examination of deposits
from fluids, especially when
they exist only in small

D quantity. If the deposit
is very abundant, it will

only be necessary to place
a small quantity upon a glass slip, and cover it with thin glass.
For the examination of urine, T have been in the habit of using
the animalcule cage (fig. 150).

The advantage of this cell consists in the facility with which

the depth of the stratum of fluid to be examined may be altered,

Fiz. 150. according to the quantity of the
' deposit which it contains. This
is a point of great practical im-
portance when the amount of
sediment is very small, for by sub-
mitting only a very thin stratum
of fluid to examination, we might
often overlook the presence of a
small quantity of an important
deposit, such as a few fat cells, or a few crystals of oxalate of
lime in urine. If, on the other hand, the deposit be very
opaque and abundant, the cover may be pressed down so as to
come very nearly into contact with the glass upon which it
is placed, and a very thin stratum only may in this manner
be examined (§ 23).

299 Removal of the Deposit from the Vessel containing it.
—_This is effected as follows :—The upper end of the pipette
being firmly closed with the forefinger, and the tube held
by the thumb and middle-finger, the lower end is carried
down to the bottom of the vessel containing the deposit
(fig. 145). If the fore-finger be now raised very slightly, but
not removed, a few drops of the fluid with the deposit will
enter the tube. When a sufficient quantity for examination
has entered, the forefinger must again be firmly pressed upon
the upper opening, and the pipette carefully removed. A

el
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certain quantity of the deposit is then allowed to flow from
the pipette on to the glass slide or cell, by ‘gm}t]y raising the
fore-finger from the top; over the deposit is then placed
the thin glass cover, and it is subjected to examination in
the usual way. '

223. Method of collecting n very small quantity of n De-
posit from a Fluid.—When the quantity of deposit is very
small, the following plan will be found of praectical utility.
After allowing the lower part of the fluid which has been
standing to flow into the pipette as above described, and
removing it in the usual manner, the finger is applied to
the orifice, in order to prevent the escape of fluid when the
upper orifice 18 opened by the removal of the finger. The
upper opening is then carefully closed with a piece of cork.
Upon now removing the finger from the lower orifice, the fluid
will not run out. A glass slide is placed under the pipette,
which is allowed to rest upon it for a short time. It may be
suspended with a piece of string, or supported by the little
retort stand (fig. 147). Any traces of deposit will subside
to the lower part of the fluid, Fig. 151.
and must of mnecessity be
collected in a small drop upon
the glass slide, which may be
removed and examined in the
usual way.

Another planis to place the
fluid with the deposit removed ~~._
by the pipette in a narrow \5 "
tube, closed at one end, the e
bore of which is rather less -
than a quarter of an inch in diameter. This may be inverted
on a glass slide, and kept in this position with a broad elastic
India-rubber band. The deposit, with a drop or two of fluid, will
fall upon the slide, but the escape of a further quantity is
prevented by the nature of the arrangement (fig. 151).

224, Separation of the Deposit from the Fluid in which it
was suspended.—After allowing time for the complete sub-
sidence of the deposit, the supernatant fluid is poured off, and

e e e
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the glass filled up with water, or some fluid which approaches
in density more nearly to that which was removed, as weak syrup,
glycerine, saline solutions, &c., in cases in which the endos-
mosis of water into cells is to be feared. After again allowing
time for the subsidence of the deposit the operation of pouring
off the fluid is repeated, and more water, or the preservative
solution added, and again poured off, until the deposit is con-
sidered to be free from the original fluid. Two or three wash-
ings generally suffice. In this way a deposit may be thoroughly
saturated with any fluid in which it is to be preserved.

After being thoroughly washed, the deposit may be removed
with a pipette in the usual way, placed upon a slide or in a
small test tube, which may then be corked up and labelled.
The latter plan is the most satisfactory with which I am
acquainted for preserving small quantities of deposits, and if
the tube be nearly filled with the preservative fluid, the deposit
will keep for a length of time.

ON THE EXAMINATION OF URINE, AND THE METHOD OF
DETECTING TRINARY DEFOBITS.

The microscopical examination of the urine has of late
years become a subject of such great importance, and the
advantages derived from it so generally admitted, that 1 need
scarcely refer to its value, in assisting us to form a diagnosis
in many cases of disease. 'Within the last fifteen or twenty
years the investigation of urinary deposits has been so rm_mh
simplified by the conjoint nse of the microscope and chemical
analysis, that the nature of the greater number has been cor-
rectly ascertained. The invesfigations of Dr. Prout, followed
by those of Drs. Golding Bird, Bence Jones, Christison, Owen
Rees, Johnson, and many others, have shown the importance
of the examination of the urine in disease, and the advan-
tages derived from such an examination with reference to
diagnosis and treatment. By frequent examination of _(]‘Jf-
ferent specimens of urine, the student will soon become familiar
with most of the deposits he is likely to meet. At first,
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however, he will encounter some serious difficulties, some of
which will be referred to in this and the following chapter.

In many specimens he is surprised to discover nothing,
whilst, in examining others, the whole field of the micro-
seope is found covered with substances of various shapes and
colours, the nature of which he is unable to ascertain by refer-
ence to works on the subject. Many of the substances, the
presence of which leads to this difficulty, have obtained entrance
into the urine accidentally. Portions of hair have been mis-
taken for casts of the renal tubes, starch granules for cells
and other substances of extraneous origin, such as small por-
tions of woody fibre, pieces of feathers, wool, cotton, &e., often
take the form of some of the urinary deposits, and so resemble
some of the drawings of them in their general appearance, as
to mislead the student in his inferences, and retard his progress
in microscopical investigation. It is hardly the province of the
present work to enter into an accurate description of the
various urinary deposits; but at the same time it is desirable
briefly to refer to some of the most important, and the means
by which they may be distinguished from one another.

225. Collection of Urime for Microscopical Examination,—
Urine, which is to be submitted to examination, should be
collected in considerable quantity, in order to obtain suffi.
cient of the deposit for examination. In many instances the
amount of sediment even from a pint of urine is so small
that, without great care in collecting, it may be altogether
passed over,

Bottles used for carrying specimens of urine should be made
of white glass, with tolerably wide mouths, and capable of hold-
ing at least four ounces ; but, if the sediment only of the urine
18 required, the clear supernatant fluid may be poured off, after
the urine has been allowed to stand for several hours, and the
remaining deposit may then be poured into small bottles of an
ounce capacity, or even less. The only objection to this latter
mode of collecting urine is, that no idea of the amount of sedi-
ment deposited by a given quantity of urine can be formed,
The bottles may be arranged in a case eapable of containing two,
four, or six.

K
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2968, Tmporinnce of examining the Urine soon after it has been
passed, and also at n later pﬂrloll.—I_ll all cases the urine
should, if possible, be examined within a few hours after its
secretion, and, in many instances, it is important to institute
a second examination after it has been allowed to stand for
twenty-four hours, Some specimens of urine pass into decom-
position within a very short time after they have escaped from
the bladder; or the urine may even be drawn from the bladder
actually decomposed. Under these circumstances we should
expect to find the secretion highly alkaline, having a strongly
ammoniacal odour, and containing erystals of triple phosphate,
with granules of earthy phosphate; and upon carefully focussing,
numerous vibriones may generally be observed.

In other instances, the urine does not appear to undergo
decomposition for a considerable period, and may be found
clear, and without any deposit a day or two, or even longer,
after it has been passed.

In those cases in which lithic acid or oxalate of lime are
present, we shall find that the deposit increases in quantity
after the urine has stood some time. The latter salt is fre-
quently not discoverable in urine immediately after it is passed,
but malkes its appearance in the course of a few hours ; depend-
ing upon akind of acid fermentation, which has been the subject
of some beautiful investigations of Scherer’s.

TIn order to obtain sufficient of the deposit from a specimen
of urine for microscopical examination, we must place a certain
quantity of the fuid in a conical glass, in which it must be
permitted to remain for a sufficient time to allow the deposit
to subside into the lower part (§ 217 )-

297, Magnifying FPowers required in the Examination of the
wrine— Urinary deposits often require to be examined with
different magnifying powers, those which are most frequently
used being the inch and the quarter of an inch. Large crystals
of lithic acid are often readily distinguished by the former, but
crystals of this substance are sometimes so minute that it 1s
absolutely necessary to use high powers. Octohedra of oxalate
of lime are frequently found so small that they cannot be seen
with any power lower than a quarter ; and, in order to bring
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out the form of the crystals, higher magnifying powers than
this are sometimes necessary. Spermatozoa may be seen with a
quarter, but they then appear very minute. In these cases, an
eighth of an inch object-glass will be of advantage. The casts
of the tubes, epithelium, and the great majority of urinary
deposits can, however, be very satistactorily demonstrated with
a quarter of an inch object-glass.

In some cases, it will be well to subject the deposit to
examination in various fluids, such as water, spirit, mucilage,
turpentine, Canada balsam, &e. (§ 82). .

228. Importance of chemical Examination of Urinary RPeposits,
—In the investigation of those deposits which are prone to
assume very various and widely-different forms, such as lithic
acid, 1t will sometimes be found necessary to apply some simple
chemical tests, before the nature of the substance under ex-
amination can be positively ascertained.

Suppose, for instance, a deposit which is found, upon micro-
scopical examination, not to possess any characteristic form, be
suspected to consist of lithic acid, or of an alkaline lithate, we
have only to add a drop of solution of potash, which would
dissolve 1t, and then excess of acetic acid, when the crystals of
lithie acid will be deposited after some time in their well-known
rhomboidal form ; or other chemieal tests may be applied.

When it is necessary to resort to chemical reagents, a drop
of the test solution is to be added to the deposit which is
placed in the cell, or upon the glass slide. If necessary, heat
may be applied to the slip of glass by a spirit-lamp, and, with
a little practice, the student will soon be able to perform a
qualitative analysis of a few drops of urine, or of a very small
portion of a deposit.

220, Examination of the Deposit in the Microscope.— The
drop of urine, with the deposit removed by the pipette, being
now enclosed in one or other form of cell, before described,
various parts of the specimen are to be brought into the field of
the microscope. Itis befter to examine the object as regularly as
possible, commencing on one side, and moving it up and down,
until the whole has been traversed. After one specimen has
been examined, and the nature of its contents noted, another

K 2
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may be treated in a similar manner. Specimens should be

L taken from the deposit at different levels, for while some {
deposits soon sink to the bottom, others are kept buoyed up, as

* it were, either by the small quantity of mucus which the
urine contains, as is the case with small crystals of oxalate of
lime, or from the floceulent nature of the deposit itself.

As each part of the deposit is brought under the field of the
microscope, the student should endeayour to recognize every
object as it passes under view.

This, however, will for some time be found a matter of consi-
derable difficulty, arising partly from the great number of

| deposits which commonly occur, and partly from the very
| various forms which many of these substances are liable to
assume ; but chiefly, I believe, from the great number of sub-
stances of accidental presence which are found in almost every
specimen of urine subjected to examination ; and this is more
especially true of urine obtained in the wards of a hospital,
upon which the first microscopical observations of the student
are usnally made.

230, Maiters of cxirnneouns origin frequently met with in
wrine.—The substances named in the following list are among
those which are constantly met with amongst urinary deposits,
and their general characters are represented in fig. 152.

Extraneous Substances.
Fragments of human hair, ¢. | Fragments of tea-leaves, or

Cat’s hair, b. separated spiral vessels and
Hair from blankets, c. cellular tissue, f.
Portions of feathers, g. Fibres of coniferous or other
Fibres of worsted of various| wood swept off the floor (fig.
colours. 173). {
:, Fibres of cotton of various Particles of sand.
colours, e. Oily matter — in distinet glo-
/ Fibres of flax, d. | bules arising from the use of
; Potato starch (fig: 179). an oiled catheter, or from
-t | Rice starch. the accidental presence of
It Wheat starch, bread-crumbs, A. milk or butter, 1.

I Besides the above, there are many other substances, met
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with less frequently, as, for instance, fragments of silk, mustard
flour, cheese, small fragments of the skin of potato, or of different
kinds of fruit, and many others which will occur to the mind
of every one. With the microscopical characters of these
bodies, the student should be perfectly familiar as soon as pos-
sible ; and, as they may be obtained without the slightest diffi-
eulty, this is easily effected. Without this precaution, he will

Fig. 152.*

find himself in constant difficulty, and his ignorance will cause
him to make the most ludicrous mistakes.
The origin of most of these substances is obvious —some of

* These figures are all magnified with a power of 220 diameters.
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them become slightly altered by being allowed to stand in the
urine.

It is impossible, as a general rule, to prevent the chance
of matters falling accidentally into the urine. In wards of
hospitals, where the floors are constantly swept, the disadvan-
tage is greatly increased, and much inconvenience arising from
the presence of extraneous matters would be prevented if each
vessel were provided with a light simple cover. For further
remarks on the subject of extraneous matters in the urine, the
reader is referred to the “ Microscopical Journal,” No. {8 L

e
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CHAPTER XIV.

TURINARY DEPOSITS, AND THE METHOD OF PRIESEE?[HG THEM
A8 PERMANENT OBJECTS.

It is not my intention to enter into a description of the cha-
racters of urinary deposits, further than is necessary to render
intelligible remarks upon the practical examination of the urine
in the microscope ; and for further detail, I must refer the stu-
dent to the works of Drs. Golding Bird, Owen Rees, and John-
son, and to Mr. J. E.Bowman's “Manual of Medical Chemistry,”
in which last he will find the chemical characters of the urine,
and its quantitative analysis fully discussed.

In the arrangement of this part of the subject, the principle
followed throughout this work, namely, supposing the student
actually engaged in working at that part of the subjeet which is
being treated of, has been adhered to as far as possible.

231, Arrangement of Urinary Deposits.— |he fﬂllDWil‘lg ar-
rangement of urinary deposits is based simply upon the appear-
ance which the deposit assumes when examined by the unaided
eye.

It will serve to associate in the mind the general appearances
which different deposits usually assume, with their microscopical
characters ; but it has no reference to their chemical nature,
microscopical characters, origin, or diagnostic import. That it
has some practical advantage will, I think, be admitted; but it
must not be considered in the light of a scientific classification.

Upon taking a superficial glance at the more common forms
of urinary deposits, it will be noticed that while some are trans-
parent, light, and flocculent, others present the converse of
these characters, while again there are several granular or crys-
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talline substances which form a small dense sediment which sinks
to the bottom of the vessel, leaving a perfectly clear super-
natant fluid. Deposits will, therefore, be divided into three
classes, according to the general characters which they exhibit.

1. Light and flocculent deposits, usually transparent, and occupying
considerable volume.—Mucus, with epithelium of different cha-
racters, spermatozoa, vibriones, certain forms of fungi, various
forms of casts of the uriniferous tubes, and certain matters of
extraneous origin.

2. Dense and opague deposits, occupying considerable bulk.—Li-
thate of ammonia, pus, phosphates, and certain extraneous
matters.

3. Granular or erystalline deposits, occupying a small bulk, sinking
to the bottom, or deposited upon the sides of the vessel—Lithic acid,
oxalate of lime. Small quantities of triple phosphate, cystine,
carbonate of lime, blood corpuscles, &e., with matters of extra-
neous origin,

FIRST CLASS OF TRINARY DEPOSITS.

232. Mueus.—If healthy urine be allowed to stand for a few
hours after it has been passed, a bulky, flocculent, and very
transparent cloud will be deposited towards the

ig. % Jower part. Upon examining this in the micro-
&ﬁ;{j_ e scope, a few delicately-granular cells, rather larger
a, than a blood corpusele, will be observed sparingly
a9 geattered through a clear and perfectly transparent

substance, in which only a few minute granular
. points can be detected. This is all that 1s ob-

served in examining healthy mucus in urine. In

some diseases, however, this mucus increases in
quantity, and forms a viscid transparent deposit, containing
numerous cells similar to those above referred to, with much
epithelium, the character of which depends upon the particular
part of the urinary mucous membrane from which the mucus
has been poured out. Fig. 153 represents the general ap-
pearance of mucus found in urine. In the upper part of the
figure is represented a cell of bladder epithelium.

A very thick, glairy, gelatinous deposit, which is frequently

—
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found in the urine in cases of disease of the bladder, must not
be mistaken for mucus. This consists of pus altered by the
action of earbonate of ammonia which has been set free in con-
sequence of the decomposition of the urea by the mucus or some
other animal matter acting upon it as a ferment, after it has left
the bladder. In some cases this change even commences in the
bladder itself, when the urine will be found to exhibit a highly-
alkaline reaction, to evolve an ammoniacal odour, and frequently
to contain a considerable deposit of crystals of the triple or
ammoniaco-magnesian phosphate with granules of phosphate of
lime. '

The mucus which is deposited from many specimens of urine
often contains a great number of octohedral crystals of oxalate
of lime, frequently so very minute as to appear under a power
of 200, like a number of dark square-shaped spots (fig. 199).
Their crystalline form may be demonstrated by the use of a
higher power, but they may be recognized with certainty with a
power of 200 with a little practice, as their square shape
presents a characteristic appearance which soon becomes
familiar to the eye. They will be found to be insoluble in a
solution of potash, and also in strong acetic acid. These erys-
tals are commonly not deposited until after the urine has left
the bladder, and if it be allowed to stand for a longer period,
they frequently undergo a great increase in size. Upon exami-
nation, fragments of hair, small portions of cotton fibre, and
other substances of aceidental presence, will not unfrequently
be found encrusted with these minute crystals.

233. vibriones.—After mucus has been allowed to stand for
some time in urine, numerous vibriones are developed in it.
These are seen as minute lines under the microscope, which
undergo very active movements; the lon-

ger ones twisting about in a serpentine i iﬂ' ey

manner.  They are sometimes developed o oo o *5 77,
in urine before it has Jeft the bladder, and *%.7¢(Oay 28]
always occur in decomposing urine. Tig. 09,

154, b, represents the appearance of some of

the commonest vibriones met with in urine, under a power of
200 diameters.

K 3
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. :
4;- 234. Worulw.—Certain forms of vegetable fungi or torulwe
) Fig. 155. are developed in urine after it has 1
- been standing some time. The pe- |
4 E;{ L_‘i{:{% «» viod which elapses before the ap-
(S pearance of the fungi, and the par-
| j - 5 ticular species which is developed
_r Fs gs ] vary much in different specimens of
. ¥ ”53 urine, and in different cases of dis-

! ease. In diabetes, torule are often
- developed in quantity very soon (within a few hours) after

the urine has been passed ; and their growth at this early period
Fig. 156,

leads the observer to suspect
the presence of sugar, which
must be confirmed by the ap-
plication of chemical tests.*

Fig. 154, a, represents spo-
rules of three different charac-
ters.

Fig. 155 shows the appear-
ance of fungi often developed
in urine. Al these were
found in acid urine, and lithic
acid was present in the specimen which contained the fungi
represented in the two lower drawings.

235. Penicilinm Glaueum. Sagar Fungus.—Dr. Hassall has
communicated a most interesting paper upon the development
of torule in the urine, to the Medico-Chirurgical Society, which
will be found in the volume of Transactions for 1853. Dr.
Hassall arrives at the conclusion that there is a species of
fungus which is developed in specimens of urine, containing
even very minute traces of sugar, and which may be looked upon
as characteristic of the presence of this substance, as it occurs !
in no other condition of the urine. This is the sugar fungus,
which is represented in different stages.of growth in fig. 156.

: * Vide Bowman’s * Medical Chemistry ;"' Golding Bird on ** Urinary De-
|- posits,” &e.

.L: .
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The sugar fungus in diabetic urine is identical with the yeast
plant. The sporule state is represented in the figure, and at a
is shown the thallus of the sugar fungus. These drawings
have been copied from Dr. Hassall's paper.

Besides the sugar fungus, however, there is another species
which is very commonly met with in acid urine containing
albumen, if exposed to the air. This is the penicilium
glaucum, the same fungus which is developed in the lactic-acid
fermentation.

This species is represented in different stages of growth in
figs. 154 a, 155, 157. :

The microscopical characters of the fungi in different speci-
mens of urine vary considerably ; but, according to the obsery-
ations of Dr, Hassall, these differences depend not upon the
existence of several distinet species of plants, but rather upon
the stage of development which the fungus has reached.

Thus, in some specimens of urine, the growth of the fungus is
arrested at the sporule stage (figs. 154, a, 155), in another not
until a thallus (fig. 157) is formed, and in a third it goes on
Fig. 157.

until aerial fructification takes place, and new spores are
developed. The degree of acidity of the urine, and the length
of time during which it has been exposed to the air, appear to
determine, in great measure, the stage of development which

the fungus attains.
The penicilium glaucum, as well as the sugar fungus, may be

met with in saccharine urine, because all the necessary conditions
for its development may be present, namely, exposure to air, an
acid liquid, and a certain quantity of nitrogenous matter; but
the sugar fungus is found only in those specimens of urine in
which to these three conditions is added a fourth, viz., the pre-
sence of sugar.
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236. Epithelium of the Genito-urinary Passages,— The forms
of epithelium which may occur in urine are very numerous, as
Fig. 158, the characters of the cells differ very
P -~ much in different parts of the genito-
e (@] urinary mucous membrane,
“HG1(6) (8 Figures 158, 159, 160, 161, ¢, 162, were
3 ée taken from specimens of epithelium care-
%g fully removed from the mucous membrane
2 of the urinary passages of a male subject.
Figure 161 b, ¢, from specimens found in urine.
Kidney.— Canmlutar:f portion of the tubes—The epithelium is of
Fig. 150,  the variety termed glandular, or secreting epi-
&) @ thelium, and forms a thick layer upon the base-
& m_d%ﬂ ment membrane (fiz. 158).
Q) = Straight portion.— The epithelium is flatter,
O and approaches more nearly to the secaly va-

riety. It forms a thin layer on the surface of
the basement membrane.

Pelvis of the Kidney.— The epithelium consists of flat thin scales,
- which are united together at the edges without over-
1z, 160. . e -
lapping each other. This is termed tesselated epi-
fa‘:@ thelium (fiz. 159).
Ureter—The epithelium is very abundant, and
ﬁ of the columnar or cylindrical form., The nucleus
is usually large and distinet (fig. 160).
Bladder—The epithelium of the bladder differs much in
Fiz. 161, different parts. In the fundus there is
much ecolumnar epithelium mixed with
the large oval cells figured in 161 ;—
whereas, in that part termed the tri-
gone, the large flattened cells, with a
&= very distinet nucleus and nuclenlus are
i ﬁ}’  most abundant. The columnar epithe-
%ﬁf‘% 3 lium appears to line the mucous folli-
cles, while the scaly lies on the sur-
face of the mucous membrane between
them. In fig. 161 the columnar variety is shown at 6.
Uhvethra.—The epithelial cells of the urethra (fig. 162) are, for

1
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the most part, of the columnar form, but, mixed with this there
is also a good deal of scaly epithelium. To- Fig. 162.
wards the orifice, the epithelium is almost
entirely of the scaly variety.

Vagina.—The large cells of scaly epithe-
lium, so commonly met with in the urine of
females, and derived from the vagina, are re-
presented in figure 163. They vary, how-
ever, much in size and form, and are some-
times very irregular in shape, with uneven ragged edges.

237. Spermatozon.—The urine should be examined for sper-
matozoa as soon as possible after it has been passed, as they
very rapidly become de-
stroyed. They may be rea-
dily detected with a power
of 200 diameters (fig. 164),
if the eye is familiar with
their appearance; but to
demonstrate them to per-
sons who have not seen
them before, it 1s better

.to employ a power of from
300 to 400 diameters,

The occasional presence of spermatozoa in the urine is not
inconsistent with perfect health. It is only
when their appearance is constant and accom- :
panied with other more important symptoms >/—\° e r k&

/‘; J

Fig. 164.

that the practitioner is justified in interfering.

Hence the occasional presence of spermatozoa

in urine must not be looked upon, in itself,

as evidence of the existence of that condition,

to which the name of spermatorriea has been applied.
238. Casts of the Uriniferons Tubes.—This forms to the prac-

titioner a most important and interesting class of urinary de-

posits, and one to which, until lately, very little attention has

been paid. The microscopical characters of casts, in different

forms of kidney disease, particularly with reference to the

diagnosis of pathological changes taking place in the organ, have

a_.r'—'—-'
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been investigated chiefly by Dr. Johnson, to whom we are
indebted for much that we know upon this subject.

The microscopical characters of the forms of casts most com-
monly met with in urine will alone be referred to; and for a
full description of the characters of the urine in which they
oceur, and their pathological interpretation, I must refer to Dr.
Johnson’s work.

A cast consists of a mould of a uriniferous tube, and is
formed of some transparent material allied to fibrine (but per-
haps not identical with it) which is poured out into the canal,
and there coagulates, entangling in its meshes whatever may be
in the tube at the time of its effusion. It varies in diameter
with that of the central canal ; but probably, after its formation,
it contracts slightly, and is thus enabled readily to pass from
the tube and escape in the urine. If the epithelial layer,
on the basement membrane of the tube, be of its ordinary thick-
ness, we shall have a cast of medium size. If the cells be en-
larged, and adhere firmly to the basement membrane, the cast
will be fine and narrow ; while, on the other hand, if the tubes
be entirely stripped of epithelium, the basement membrane alone
remaining, the diameter of the cast will be considerable. In
describing the different varieties of casts, it will be convenient
to divide them into three classes, according to their diameter.

930. Casts of medium diameter. — 1. Casts of medium dia-

“Epithelial casts” con-
sist of moulds of the
tubes in which cells of
epithelium are entan-
gled. Some of the cells
may be entire, while
others are disintegrated
(fig. 165). Some casts
contain only granular
matter (figs.165, b, 167)
with epithelial débris;
more rarely casts will be
found to contain blood or pus globules. In some instances,

= —
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entangled in the cast, are numerous oil-globules, readily
distinguished by their highly-refracting nature, with or without
cells of epithelium, larger than natural
and gorged with oil (fig. 166).

Once I have met with casts of medium
diameter, containing well-formed dumb-
bell erystals of oxalate of lime. These
casts were found in the urine of a patient
suffering from cholera. In the same spe-
cimen, also, several octohedra of oxalate of
lime were present, but these latter were
not entangled in the casts.

240. Casts of comsiderable dinmeter., — 2. Clasts of consi-
derable diameter, about the 1-500th of an inch. Dr. Johnson
speaks of “large waxy casts,” which are perfectly trans-
parent, and have a glistening aspect, somewhat resembling
in appearance the surface of wax as it cools after having been

melted. Casts of considerable diameter also oceur, of a granular
character, and one portion of a cast is often granular while the
other is transparent, and containing perhaps a few epithelial
cells. Large waxy casts are represented in fig. 168 ; at a is

e ———— il
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represented a large cast perfectly transparent. Two of the
casts in the figure, and the one represented at «, fig. 169, are f
seen to be composed of a material in the interior, differing from
that which forms the circumference of the cast—an appearance
which I have in several instances observed.

241. Casts of small dinmeter.—, (asts Qf small -:i"iameter,
about the 1-1000th of an inch,  These are the “small waxy
casts,” which, according to Dr, Johnson, are formed in cases in
which the epithelinm manifests no ten-
dency to desquamate (non-desquamative
nephritis). The diameter of the cast is,
therefore, that of the central canal only
(fig. 167) ; and, not unfrequently, we
meet with casts of less than 1000th of
an inch in diameter, having a perfectly
smooth and glistening surface, and with-
out the slightest trace of granular
matter. These appear perfectly hya-
loid, and, in the microscope, present the same general appear-
ance as a piece of the elastic lamina of the cornea (fig. 169 b).

Fig. 169.

949, Fat Cells.—Besides the occurrence of fatty matter in
casts, and in cells entangled in casts, it is very commonly
met with in cells, in the urine, without the presence of casts.
These cells consist usually of epithelial cells of the kidney,
enlarged and gorged with ol (figs. 166, 170, a). Sometimes
they contain a few oil-globules, which are well defined, and are |
seen to be distinet from each other; while, in other instances, the |
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globules are very minute, and so crowded together, that the
cell appears perfectly opaque and dark, resembling the so-called
inflammatory globules. Dccnaic:n&lly cells con- Fig, 170.
taining oil-globules may be derived from some :
other part of the mucous surface of the Urinary = «=%:0 O

& 0o,

passages. Fig. 171 represents the appearance R
of some epithelial cells, and colleetions of oil oo, (8 ]
globules taken from the membranous portion of @ (G
the urethra. These could hardly be mistalken for

the cells and casts met with in the urine in cases of fatty de-

generation of the kidney ; but at the same Fig. 171.

time it is-important to bear in mind that &

cells containing oil-globules are occasion- ;},-i‘_»m % 5
ally met with under other circumstances. o 2

Of late, much attention has been paid to _; O 4
the presence of fatty matter in the urine, Fras
and it may be of advantage here to refer ﬂ?f "’%\-P YIS
to the various states in which it may be :

met with in this secretion.

243, Conditions in which Fatiy Maitter may be met with in
wrine.—1. Fatty matter may occur in the urine as distinet and
separate globules, resembling those which are produced by
intimately mixing oil with water by the aid of mucilage, &e.
(fig. 170, ). When fatty matter occurs in this state only
in urine, its presence is usually accidental.

2. Fatty matter occurs in the urine in the form of globules,
enclosed within a ecell-wall, or in casts, as above referred to.*

3. In some of the rare instances which oecur from time to time
of the so-called * chylous urine,’” the fatty matter is suspended
i an exceedingly-minute state of division. In a specimen of
chylous urine, for which I have to thank my friend Mr. Cubitt,

* The composition of the fat in these cases is very interesting. I have
found it to contain much cholesterine dissolved in a more fluid fat, from
which it may be readily separated in a crystalline form. From the fatty
matter contained in cells obtained from morbid structures in other parts
of the body, I have also been able to extract much cholesterine; and also
from some organs in a state of fatty degeneration,
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there existed nearly thirteen grains of fatty matter in a thou-
sand of urine. T could not detect any oil-globules. The whole
of this large quantity of fatty matter
was in an extremely minute state of
division, to which the term “ molecular
has been applied, and in which state
the fatty matter is found in chyle. Upon
microscopical examination, the field was
seen to be covered with very minute

Sl molecules, like small dots, revolving,
with a slight wavering motion, about each other. In this spe-
cimen, there were also a few delicately-granular cells present.
The appearance of this urine, examined with a quarter, is repre-
sented in fig. 172,

In urine, therefore, in which we find distinet oil-globules float-
ing about, these may be derived from the presence of a little oil
or butter which has accidentally fallen into the urine(fig.152 ),
or from the admixture of milk. When the oil-globules are
enclosed within a cell-wall, or entangled in casts, the condition
may be looked upon as indicative of “fatty degeneration™ of the
kidney, or of the epithelium in some other situation; and where
the fatty matter is in a molecular state, the case 1s one of “ chy-
lous urine.”

244. Extraneous Matters.— T hese have been already referred
to. Cotton fibres, blanket hair, &e., will often be found among
flocculent urinary deposits. The student must be careful not to
mistake short portions of hair or other substances for casts.

' The only matter of extra-
neous origin which need
be particularly referred to
here, is one which may very
easily be mistaken, and, in-
deed, frequently has been,
for tube casts. The sub-
stance to which I refer con-
sists of the delicate fibres
of coniferous wood which

are swept off the deal floor, and thus get into the urine (fig. 173).
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The fibres become soft and swollen by soaking, and may easily
be mistaken for casts. The round pores which they contain
muech resemble epithelial cells. These bodies, of course, will
only be met with when the floor is of deal and c?fteu swept.
I have found them in very many specimens of urine obtained

from King's College Hospital.

SECOND CLASS OF URINARY DEPOSITS.

The three deposits included in this class often resemble each
other very closely when examined only by the unaifl:_zd eye;
but they differ widely in their microscopical characters, m their
behaviour with chemical reagents, and also in their patho-
logical importance.

245. Pus.—The microscopical characters of pus will be more
fully described in Chapter XV. The form of the globules
becomes somewhat altered if they have been
soaking in urine for a long time, and ultimately
they undergo complete disintegration. Fig. 174 & o @@'

Fig. 174.

74

(2 . -
shows the appearance of pus-globules: ata some * %-ﬂéﬁj
cells are shown, acted upon by acetic acid. If Q@Eé’f—)
decomposition of the urea, accompanied with the =

development of carbonate of ammonia, occurs, the globules be-
come converted into a glairy viscid mass (see Mucus, § 232). A
deposit of pus is very frequently accompanied with crystals of
triple phosphate, but this is by no means invariably the case.
I have noticed that when the pus is derived from the bladder,
the crystals are very frequently present; but in several cases
in which large quantities of pus were passed in the urine,
but derived from the kidney, the crystals were altogether
absent.*

246. Earthy Phosphates. — The earthy phosphates which
oceur in large quantity in urine are triple phosphate, generally
accompanied with amorphous granules, or small rounded glo-
bules of phosphate of lime. This deposit often occurs in con-
siderable quantity. Upon microscopical examination, numerous

* “Clinical Lecture,” by Dr. Todd. * Medical Times and Gazette,”
No. 185.
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prisms of triple phosphate (H O,N H,0,Mg0,P0,), in their well-
known triangular form, with obliquely-truncated extremities
will be observed (fig. 175).

Some of the crystals are of a more quadrilateral form, while
others appear almost like an octohedron, in consequence of the
central part of the crystal not being deve-

Fig. 175 ; .
L loped. A erystal of this form is represented.
@\ In econsequence of the two ends being closely
J Fued approximated, the appearance of a square
%a crystal, the opposite angles of which are con-
L) j nected with straight lines, is produced. Va-

rious modifications of the above forms will
also be very frequently met with. The faces of the crystals be-
come roughened by standing long in the urine, or, indeed, in
pure water, unless a small quantity of some ammoniacal salt be
dissolved in it, in which case the erystals will keep unimpaired
for a length of time.
The more uncommon modifications of the crystals of triple
phosphate will be referred to in the next class, as they most
Fig.176.  irequently occur only in small quantity. The de-
: posit of triple phosphate is always accompanied
with phosphate of lime (2Ca0,HO,PO,) if the
urine be alkaline. This phosphate oceurs in the
form of small spherical erystals, or amorphous
. granules. Often two small globules are joined
together so as to resemble a small dumb-bell erystal.
247. Withates.—This deposit is often very abundant. It
may vary in colour from a pale buff’ to a tolerably deep red ;
Fig. 177. often, however, it is almost colourless. It is
this deposit to which the terms ‘ nut-brown
sediment,” *lateritious deposit,” &e., have
been applied, according to the proportion of
colouring matter it may contain. It consists
prineipally of lithate of soda, with small and
variable proportions of lithates of ammonia
and lime, with, perhaps, also a trace of lithate of magnesia.*

* & [ ehrbach der Zoochemie,” Heintz. Berlin, 1853.
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Upon microscopical examination it 1s found to consist entirely
of minute granules which are unequally aggregated together
in different parts of the field (fig. 176). More rarely the de-
posit contains spherical masses of the lithate, or small rounded

globules.
The appearance of lithate of ammonia artificially prepared 1s

shown in fig. 177.

Fig. 178 shows the appearance of
the spherical masses of lithate of
soda, which form part of the scum
of urine while it is evaporating. The
smooth flat portions eonsist of phos-
phates which form a very thin film
to which the lithates adhere. For
the chemieal characters of these de-
posits, see Lehmann’s “ Physiologi-
cal Chemistry,” vol. i, Bowman’s
““ Medical Chemistry,” &ec.

Lithate of soda is not unfrequently met with in urinary depo-
sits in the form of small spherical masses, from the surface of
which spicules of lithic acid project in various Fig. 179.
directions (fig. 182, c). ;

Occasionally, the very dark granular ap-
pearance of certain casts is due to a deposi-
tion of lithates upon its surface after the cast
has been passed. In these cases the granular
appearance is removed upon applying a gentle
heat to the slide upon which the deposit is
placed.

248, The most common extraneous matters which simulate
deposits of this class are starch (fig. 179) and sand, which are
occasionally added for purposes of deception. In one instance
which came under the notice of my friend Dr. Stewart, a large
quantity of peroxide of iron had been added to the urine, with
the view of deceiving the practitioner.®

* ¢ Microscopical Jonrnal,” No. II., p. 93.
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THIRD CLASE OF URINAKRY DEPOSITS.

240, Wric or Lithic Acia.—This is one of the most common
urinary deposits. Uric acid is frequently deposited after the
urine has left the bladder, in consequence of the occurrence of

Fig. 180. i
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acid fermentation, a process which has been the subject of

some beautiful investigations by Scherer.* In some instances,

however, the uric acid is undoubtedly deposited before the

urine is passed. Like the lithates, deposits of uric acid vary
Fig. 182,

very much in colour. Sometimes they are nearly colourless,
while, in other instances, the crystals are arranged in the f'urm

of large grains of a deep red colour, * cayenne pepper grains.”

# «Untersuchungen,” 1843, Lehmaun’s * Chemistry;” translated by
Day, vol. ii., p. 408.

|
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In figs. 182, a, 183, «, the appearance of two of these crystalline
masses, examined by powers of 200 and 100 respectively, is
depicted. The erystals also vary much in size, so that the deposit
may appear to the unaided eye as a granular layer, or as a dis-
tinctly erystalline sediment. Deposits of lithic acid usually
oceupy an inconsiderable bulk, compared with that of the urine
from which they have been precipitated.

Fig. 183.
: < s

The forms which the crystals assume are very various. The
most characteristic, and that most frequently met with, is the
rhomb, and it is in this form that this substance is deposited
when any of its salts are decomposed by the addition of a
stronger acid. Some of the most common forms are represented
in figs. 180, 181. The latter ficure represents the form which
lithte acid usually assumes in the urine of cases of “ acute
dropsy,” and of “ dropsy after scarlatina.”

Figs. 182 and 183 represent some curious modifications of
erystals of lithie acid. The six-sided erystals (fig. 182, ) must
not be mistaken for cystine.
They may readily be dis-
tinguished by two of their
sides being longer than the
others, and also by their
chemical characters,

In Fig. 183* are repre-
sented some crystals of
lithiec acid, which are occa-
sionally met with. They
may often be produced by the rapid ecrystallization of lithie
acid in urine, to which nitrie or hydrochloric acid has been added.
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250. ©@xalate of Lime.—Oxalate of lime was first shown to be
a common urinary deposit by Dr. Golding Bird. 1t occurs as
a seanty sediment, in which the crystals, if they ave large, are
seen as minute glistening points to the unaided eye. Large
crystals of oxalate of lime present a beautiful appearance when
examined by reflected light (fig. 184,d). If they are subjected
to examination in the dry way, they appear like dark cubes,
with a clear bright centre (fig. 184, @). Their appearance in

Fig. 184,

fluid and in Canada balsam is shown in the same figure at
b and c. More commonly, however, the crystals do not all sink
to the bottom of the liquid, but are, as it were, buoyed up by
the small quantity of mucus present. They vary very much in

size.
Oxalate of lime erystallizes in well-defined octohedra, one

axis of which is much shorter than the other two. Viewed
Fig. 185.

s o S

b

in various positions the erystals present a very different appear-
ance, which has given rise to the idea that this substance crys-
tallizes in several different forms in urine. In the accom-
panying figure (185), several of these appearances are repre-
sented ; the crystal being the same in each case, but viewed in
a different position.

In the four lower figures a crystal is shown with one of its
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lateral angles towards the observer, and rotated upon its long
M]Iﬂ.]mve been able to observe all these different forms by caus-
ing the crystals to rotate in the field of the microscope.
With the aid of a little glass model it is very easy to demon-
strate the different appearances to any one.

Octohedra of oxalate of lime are frequently deposited after the
urine has left the bladder, and continue to increase in size for
some time after their first appearance; so that the urine should
always be examined soon after it has been passed, and also after
the lapse of several hours.

Not unfrequently the crystals are very minute, and without
care in the examination they may be passed over altogether,
Minute. crystals of oxalate of lime often occur amongst
deposits of pale lithates, which may obscure them from view.
Upon the addition of a drop of potash, however, the lithate is
dissolved, while the crystals of oxalate of lime are not affected,
and can be distinguished readily upon microscopical examin-
ation.

251. Dumb-bell Crystals,—Dumb-bell crystals of Ozalate ( Ozxa-
lurate?) of Lime. These crystals were also first described by Dr.
Golding Bird, as consisting of oxalate of lime; but in conse-
quence of their power of polarizing light, he considers it pro-
bable that they may be composed of oxalurate of lime, for
substances which crystallize in the octohedral form do not
possess this property.

A very perfect form of these dumb-bell crystals is represented
in fig. 186: they were obtained from the
urine of a child, two years of age, suffering
from jaundice. Besides the dumb-bell crys- iy
tals, other allied forms are very often pre-
sent, such as oval and perfectly circular \Ggf :
crystals (fig. 187) ; and not unfrequently C@
erystals of an irregular form oceur, one oo
side being even and regular, while the % @
opposite presents different characters.

Dumb-bells will generally only be met with in urine for a few
consecutive days, and they are almost always accompanied with
L

Fig. 186.
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octohedral crystals (fig. 187). T have observed on several oc-
casions that the appearance of the more perfectly-formed dumb-
bell erystals is preceded and
succeeded by the presence of
the circular, oval, and less re-
gular forms of crystals.
These crystals are certainly
. formed in the kidney; for I

B :
2 have seen them in the tubes
after death on several occa-
@ sions, and once I met with

. them in the fibrinous casts of
the wuriniferous tubes which
:m' had escaped in the urine.
L2 By the prolonged action of
O gcetic acid, I have found that
the crystalline matter was dis-
solved, leaving a small quantity
of organic matter, taking the
precise form of the original
crystal, and appearing like a cell-wall (fig. 188).* A similar
Fig. 188. change takes place in the case of the spherical and
@ dumb-bell-shaped crystals of carbonate of lime, so
common in the urine of the horse and other herbi-
o ® vora.
The dumb-bell erystals appear to be formed by the aggrega-
tion of minute acicular crystals; an arrangement which 1s well
Fig. 189. seen in the crystallization of other sub-
: stances, which, under certain circum-
stances, assume this form. In fig. 189,
: ' some crystals of lithate of potash (pre-
% pared artificially) are represented in this
i % form, but these do not possess any invest-
' ing' membrane. Figures 186-130 are all
magnified with a power of about 200
diameters.

® ¢ Medical Times,” 1851, p. 374.
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Phosphate of lime also appears o assume the dumb-bell
form ocecasionally.—The erystals delineated in fig. 190 were
obtained from the decomposing mucus of the Fig, 190.
gall-bladder of an ox. - D ©

Lithic acid also assumes the dumb-bell % .
form ; but these crystals are readily distin- e
guished from those of the oxalurate of lime & oo
by their solubility in solution of potash, and &
by the difference of their refracting power. S
Dr. Bacon has added some interesting observations upon the
composition of these erystals, which Fig-191.
will be found in Dr. Golding Bird’'s =,
work on Urinary Deposits, to which
the reader is referred for further
information upon this subject.

252. Triple Phosphate.— Besides the ordinary form of

crystals of triple phosphate (figs. :
175,191), there are others which
occur more rarely in small quan-
tities. Fig, 192 represents some
crystals of triple phosphate, of
a beautiful form, not very fre-
quently met with, The speci-
men from which this drawing
was taken contained also many
octohedral crystals of oxalate of
lime. If a little ammonia be added to healthy urine, the
ammoniaco-magnesian phosphate is precipitated in the form of
beautiful stellate feathery crystals.

288. Cystine.—Cystine forms a deposit much resembling
that of the pale urates ; from which, how- Fig. 193.
ever, it is readily distinguished by not 4

e

being dissolved upon the application of
heat. Cystine is readily soluble in am- (
monia; and as the ammoniacal solution “-
evaporates, the characteristic six-sided
plates are formed. For the deposit from O
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which the accompanying drawing (fiz. 193) was taken, I am
indebted to my friend Dr. Sankey, of the London Fever
Hospital,

254. Carbonate of Lime 15 very rarely met with in a erystal-
line form in human urine. Not unfrequently it oecurs, mixed
with a deposit of triple phosphate and phosphate of lime, as an
amorphous powder, or forming very small round masses.
Occasionally, however, it has been  Fig, 195,
found forming dense spherical stel-
lar masses composed of aggrega-
tions of minute acicular crystals =
(Dr. Golding Bird). Fig. 194 re-
presents the appearance of carbon-
ate of lime asit occurs in the urine
of the horse, under the influence
of reflected light ; and in fig. 195 some crystals, viewed in Canada
balsam, with transmitted light, are shown.

955. Blood Globules usually form a red or brownish-red gra-
nular deposit which sinks to the bottom of the vessel. If the
urine be perfectly neutral, or slightly alkaline in its reaction, the
colour of the globules will be bright red ; while, in those instances
in which the reaction is decidedy acid, the globules will be found
of a brown colour, imparting to the supernatant fluid a smoky
hue. If blood globules remain long in urine they become much
altered in form, the outline appearing irregular and ragged, and
the surface granular. This change no doubt is chiefly de-
pendent upon physical causes.

On the subject of extraneous matters sufficient has already
been said.

956. Large organic Globules, Exudation Cells, &e.—Large cells
filled with oil globules, which are met with in the urine in
cases of fatty degeneration, have already been referred to m
page 209. These when completely filled with oil, appear per-
fectly dark by transmitted light. They have been termed “large
organic globules,” by Dr. Golding Bird, and in structure present
great similarity to the so-called “ exudation cells,” *“ inflamma-
tory globules,” or “ compound granular cells.” They consist
essentially of a cell-wall, enclosing within 1t a greater or less

Fig. 194,
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number of il or fat globules,* distinguished by their dark out-
line and clear transparent centre. By reflected light these
cells appear opaque and perfectly white. They must be dis-
tinguished from the cells, in which no oil globules can be
detected, in which even with very high powers the dark parts
appear to be composed only of minute granules or molecules,
which appear as very fine dots.

257. Spherieal Cells containing Nuclei and Granulay Matter,—
Cells presenting these characters are not unfrequently met with
in specimens of urine, : :
but Iphm'& not been able el
to determine with accu-
racy the portion of the
mucous tract from which
they are derived, or their
pathological importance. o

The cells represented b¢ 5 )
in fig. 196 were found N (G S
in the urine of a patient ' :
suffering from rheuma-

=
_.'r II

tic fever, at a, as they o

occurred ; &, the same )
treated with acetic acid ; e
¢, cells much resembling a

pus; d, the same treated with acetic acid. The smaller round
bodies are altered blood corpuscles.

The large cells above referred to contained several trans-
parent bodies within them, which became very distinet upon
the addition of acetic acid (nuclei r). The central bodies did

* The term “ globule” is here restricted to a spherieal body, with a dark
and well-defined outline, and a elear bright centre, Cells
containing oil globules are represented in the figure, @

“Granules” and “molecules,” under the microscope, ' s
appear as minute points or dots, in which no distinet % T
structure can be made out. They exhibit the peculiar @ o
molecular movements (see Chylous urine). In the figure, Q
three cells containing granular matter are represented. Granular cells are
also shown in fig, 196; granular casts in figs. 165,05, 167.
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not refract light as oil globules, nor did they present the circu-
lar dark and well-defined outline so characteristic of the
latter.

In fig. 197 are represented specimens of large cells filled with
dark granular matter, but not containing any
oil particles, from the urine of a case of chro-
nic bronchitis, There were also a few pus
globules present in this specimen. Fig. 198
represents a curious form of cell found in
the urine of a case of renal dropsy of seven
weeks’ duration. Casts of medium diame-
ter, with a few small cells containing oil, were
also present in the same specimen of urine.

Cells presenting somewhat similar characters have come
Fig. 198. under my notice in several other cases; and from that

: portion of the mucous surface of the bladder known
as the trigone, T have obtained cells agreeing with
them in general characters. It appears not unreason-
able, therefore, to assume that many of these peculiar
cells may be looked upon as some modification of bladder
epithelium.

958. % Small organic Globules.” — Under this name Dr.
Golding Bird has described some little bodies smaller than the

Fig. 199. pus or mucous corpuscles, with

l:i\] i a perfectly smooth exterior, and

J e 0

- unaffected by acetic acid. Dr.
BT 2 ?7 2o i Bird suggests that they may be
= -;'_:-:=I ' « D
e PR 0
5 " = ﬂ € the investing membrane.*®
f d o e <2  Fig. 199 represents the ap-
(el w ra:\: Sy pearance of the deposit from
& the urine of a patient suffering
from calculus. The small round bodies represented in dif-
ferent parts of the figure were insoluble in strong acetic acid,

and were unaltered on the addition of ether or potash. Many
of them contained a central dark spot. They were accompa-

# ¢ Urinary Deposits,” fourth edition, p. 356.

\-"'.
“ 1 nuclei which have been set free
1/) from a cell by the bursting of
e
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nied with numerous small octohedral crystals of oxalate of
lime. From their highly refractive properties and chemical
characters just referred to, it is probable that they were
composed of oxalate or oxalurate of lime.

ON THE FPRESERVATION OF TRINARY DEFOSITS.

It is very desirable to be able to preserve many urinary de-
posits permanently, particularly when their nature is doubtful,
in order that they may be compared with other specimens ; and
as this point presents some difficulties to the student, although
it has been referred to in Chapter VIL,, I shall nevertheless dis-
cuss it here somewhat in detail. While some of the substances
met with are preserved with comparative facility, others are
only prevented from decomposing with great difficulty, and by
the use of good preservative solutions,

There are three methods of mounting urinary deposits :—

1st. As dry preparations.

2nd. In Canada balsam, turpentine, oil, and other fluids of
similar characters.

3rd. In an aqueous preservative solution.

The first method is only applicable in a very few cases, as the
greater number of substances forming urinary deposits are so
altered by the processes of washing and drying as to be after-
wards recognized with difficulty. Large crystals of lithic acid,
erystals of oxalate of lime, and certain forms of phosphates and
lithates may, however, be mounted as dry objects, but they of
course exhibit different characters when examined in fluid ( § 82).

259. Preservation of Urinary Deposits in the Dry way,—Spe-
cimens which are to be mounted in the dry way must undergo
the same preliminary washing and drying as those which are to
be put up in Canada balsam. The same description will,
therefore, serve for both. Suppose we require to dry some
crystals of lithic acid :—after the crystals have been allowed to
collect at the bottom of a conical glass vessel, the clear super-
natant fluid is to be poured off, and the crystals are to be
washed with a little dilute aleohol, or with a very weak solution
of acetic acid. 'When the process of washing has been repeated



Il_,_,_ —
3

224 THE MICROSCOPE,

two or three times (§ 224), a small quantity of the deposit is to
be transferred by means of a pipette to a glass slide, and the
greater part of the fluid soaked up with a small piece of blotting
paper. The crystals are next to be spread a little over the
glass, with the aid of a fine needle, in order to separate the in-
dividual crystals from each other, and the glide is to be placed
in a warm place, or in the sun, until quite dry ; but care must be
taken that the drying is not carried on too rapidly, and that too
great a degree of heat is not employed. A narrow rim of paper
or ecardboard is next to be gummed on the slide so as to include
the crystals in a sort of shallow cell ; and, lastly, the glass cover
is to be put on, and kept in its place either by anointing the
edges with a little gum-water, or by pasting it down with
narrow strips of paper, which may be variously arranged and or-
namented according to taste.

960. Preservation of Urinary Deposits in Canada Balsam.—
If the crystals of lithic acid are to be mounted in Canada
balsam, they should be carefully dried first, as above directed, and
afterwards over sulphuric acid (§ 282), and then moistened with
a small drop of spirits of turpentine. The glide is now to be
slightly warmed, in order to volatilize the greater part of the
turpentine, and a drop of Canada balsam is to be dropped upon
the preparation from the end of a wire, which may be readily
effected by holding the wire with the balsam over the lamp or
hot brass plate for a minute or two in order to soften it. The
slide is next to be held over a lamp, in order to keep the balsam
fluid until any air-bubbles which may be present have collected
into one spot on the surface of the liquid balsam, an operation
which is expedited by gently moving the slide from side to side.
The air-bubbles may now be removed by touching them with a
fine-pointed wire, as directed in § 105. Lastly, the glass cover
is to be taken up with a pair of forceps, slightly warmed over a
lamp, and one edge is allowed to touch the balsam. The
surface is permitted to fall gradually upon the balsam, so that it
is wetted by it regularly, and only by very slow degrees, for
otherwise, air-bubbles would yet be included in the preparation.
The glass slide with the preparation may now be set aside to
cool.
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261. Preservation of Urvinary Deposits in Agqueons Solutions,
—For the preservation of urinary deposits, the most important
method is that of putting them up in some preservative fluid, for
in this manner alone can the characteristic appearances of many
specimens be retained. Mounted in the dry way, and in Canada
balsam, it need scarcely be said that the object presents different
characters to those observed when it was examined in the urine :
and although the two former methods ure of great advantage in
examining the structure of some crystals, they are ill adapted
for preserving the great majority of urinary deposits, and are
wholly inapplicable for the preservation of epithelium, casts of
the renal tubes, &e.

When preservative solutions are employed, the objects must
always be placed in shallow cells ; and the most convenient form
of cell for this purpose, according to my experience, is that
which is made by painting upon the glass slide, with a fine
brush, a narrow border of Brunswick black (§ 69), enclosing
either a square or circular space, as may be most convenient.
In cases where a deeper cell is required, those composed of thin
glass (§ 71) or tinfoil (§ 70) are the most useful. The forms of
cells just referred to, I can recommend from experience, for I
have many preparations put up in them which have been well
preserved for some years.

Next, with regard to the preservative fluids best adapted for
mounting urinary deposits—weak spirit answers pretty well
for some sediments, but as a general rule is not suitable for
substances occurring in urine,

Glycerine may be employed in some cases diluted with a little
water. The preservative gelatine (§ 99) I have found answer
exceedingly well for the preservation of dumb-bell crystals of
oxalate of lime and some other crystalline deposits : with care,
epithelium may also be preserved in it. T have used the
creosote and naphtha solution (§ 97) most; suceessfully for the
preservation of casts and various kinds of epithelium, &e.

Whatever preservative fluid is used, care should be taken
that the deposit to be put up is thoroughly saturated with it, fop
unless this object be attained, there is danger of the preparation
being destroyed after a time,

L 3
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262, Method of separating the Deposit from the Urine, and
placing it in the preservative Fluid,—The most simple manner
of mounting deposits by the use of these fluids is by allowing
the sediment to subside to the bottom of a comical glass,
pouring off the supernatant urine, and adding a small quantity
of the preservative solution. The deposit is again allowed to
subside, and the solution poured off, and replaced by a fresh
quantity. After the subsidence of the deposit, a small portion
may be removed with a pipette, placed in one of the forms of
cells above referred to, and the glass cover placed on the surface
of the liquid, care being taken that the whole surface of the glass
be wetted with the solution, in order that no air-bubbles may
be included in the preparation (§ 91). Any excess of fluid is
now to be soaked up with a clean cloth, or with blotting-paper,
and the cover cemented to the cell by applying a little Bruns-
wick black or other varnish with a camel’s-hair brush. The
name of the deposit, with any other particulars, is to be
appended to ‘the slide, and the preparation laid flat in the
cabinet.

In the manner just detailed, the following may be
readily preserved: various kinds of epithelium, casts, fab
cells, torulwe, conferve, pus, mncus, lithic acid, oxalate of
lime, lithates of soda and ammonia, and other substances,
whose characteristic appearance is not altered by aqueous
fluids. If lithie acid, oxalates, phosphates, or other crystals,
are to be put up as objects for examination with polarized
light, they should be mounted m balsam or turpentine.

963, Preservation of Crystals of Triple Phosphate. Cystine.
—Crystals of the triple phosphate may be preserved in water
to which a little ammonia and muriate of ammonia have been
added. In this solution the surfaces of the erystals preserve
their beautiful smooth character, while in pure water or in
eveosote fluid the surface becomes roughened rapidly. Dumb-
bells, as I before noticed, may be preserved in the preservative
gelatine, and they are not liable to shift their position in con-
sequence of being well supported by the jelly. _Crystala of
eystine cannot be preserved in the ereosote solution, because
they are slowly dissolved by it: but as they are insoluble in

|
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vegetable acids, a dilute solution of acetic acid will be found to
keep them unchanged.

The figures represented in Chapter XIV. are magnified with one of
Powell’s quarters (about 220 diameters) unless stated to the contrary.

On the subjects treated of in the-last two Chapters, the following works
may be consulted :—* Urinary Deposits,”” by Dr. Golding Bird; * Dis-
eases of the Kidney,” by Dr. Johnson; * Brightsche Nierenkrankheit,”
Braunschweig, 1851, by Dr. Frerichs; ‘ Medical Chemistry,” by J. E.
Bowman; ¢ Physiological Chemistry,” Lehmann, translated by the Caven-
dish Society ; “ Traité de Chimie Anatomique et Physiologique,” Robin and
Verdeil ; “ Lehrbuch der Zoochemie,” Heintz, Berlin, 1853; Schmidt,
op. cit. Chapter III.
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CHAPTER XYV.

BLOOD — MILK — SEROUS FLUIDS — BPUTUM — VOMIT — SUB-
STANCES PASSED BY THE BOWEL—DISCHARGES FROM THE
TTERUS AND VAGINA—PUS.

9684. Examination of Bleed.—In order to examine the blood,
a small drop is placed upon a glass slide, and covered with thin
glass, which is to be pressed down until a very thin, transparent,
and almost colourless stratum only remains. If in this manner
the individual globules cannot be seen distinctly, a little syrup
or serum must be added ; but it is better to avoid the addition
of any fluid, if possible. Upon carefully focussing, the red glo-
bules will appear to present a dark centre and light circumfer-

Fig. 200. ence, or the reverse, according as the focus
is altered (fiz. 200), and here and there
a white corpuscle may be observed.

If a little strong syrup be added to a
drop of blood, the corpuscles will be found
to have become flatter from exosmosis of
a part of their contents; while, on the
other hand, if placed in water, they become
spherical from endosmosis, and ultimately burst. Tt is not diffi-
eult to make a solution of similar density to that in the interior
of the corpuscle; and in this manner, as Dr. Rees expresses it,
we may take the specific gravity of a blood corpuscle, if we
ascertain the specific gravity of the solution which has been
added to the blood.

Acetic acid causes the membrane of the corpuscle to become
more transparent and clear, and to swell up from endosmosis.
After the application of this reagent, the blood corpuscle
may be scarcely visible, but the membrane is not dissolved by
it. Strong hydrochloric and mitric acid do not dissolve

e
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the globules; with the latter reagent the outline is often
readered darker and thicker, while the entire globule becomes
smaller. The corpuscles are entirely soluble in ammonia
and alkalies. They are rendered darker, and the walls corru-
gated, by the acid of the gastric juice; and, after remaining
in acid urine for some time, a similar change occurs ; hence the
black colour of blood, which has been effused into the stomach,
and the dark smoky hue of acid urine containing blood.

Blood crystals, and the method of obtaining them, will be
spoken of in Chapter X'VII. _

265. Blood in Disease.—In looking at a drop of healthy blood,
besides the red corpuscles, here and there a larger white or
colourless corpuscle is seen. The relative number of these
should be carefully noted, as in disease they are liable .to
increase enormously. 1In health there is one white corpuscle to
about fifty red ones. The condition in which they are much
inereased in number is frequently associated with enlargement
of the spleen, and has been termed ‘ Leukhemia ;* or ¢ white-cell
blood disease’ (Leucoeythemia), by Professor Bennett,

In extreme cases, white or colourless corpuscles are almost as
numerous as the red, and they appear much more so, because
the red-blood corpuscles collect together in little piles, while
the white remain separate and distinct, and occupy the intervals
or spaces thus formed. The surrounding fluid contains much
granular matter. Upon being treated with acetic acid, the cells
swell up a little, become more transparent, and usually display
one, two, or even more roundish bodies in the centre, much
resembling those developed in the pus globule, by the action of
the same reagent.*

In some cases of cholera, several cells, much larger than the
white corpuscle, have been found in the blood. In a case which
I had an opportunity of examining, a short time ago, many of
these large cells contained oil globules, collected together in one
part, leaving the remainder of the cell perfectly clear and
transparent. The outline of the cell was distinct and well
defined.

* Bennett on ** Leucocythemia,” 1852,

— .
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286. Blood oflower Aunimals,—The blood of the lower animals,
particularly of the rat or mouse, bird, frog, newt, and fish,
should be examined when an opportunity occurs. The size
of the colourless corpuscles in these different animals may
be compared, and it is interesting to observe the relation which
they bear in size and number to the red globules in them
as well as in man.

In some of the blood corpuscles of the spleen of the dog, and
of certain fish, as the perch, and other animals, two or three
little yellowish crystals have been observed in the interior
(Funke, Kolliker). Sometimes, in examining a clot of blood,
which has been effused in the brain, or in other situations, and
which has remained there for some time, red crystals of hematine
may be found in it. Splenic blood has also been found to con-
tain free crystals. This subject will be again referred to in
Chapter XVII.

The phenomena of the eirculation of the blood are better
studied in the foot of the frog, or in the branchi® of the young
newt. The former is to be placed in a moist bag and carefully
tied down to the frog plate. Among mammalia, in the wing of
the bat.

267. Examination of Milk.—The examination of mlk pre-
sents no difficulties. All that is necessary is to place a drop
upon a glass slide and cover it with a piece of thin glass. The
general characters of the oil globules, and the fact of their not
running together, and forming larger globules when pressed,
should be noticed (fig. 201). This is prevented by the albu-

Fig. 201. minous investment which surrounds each
080, 9 globule, and which may be demonstrated
e 22°390%0C0n  as follows. If the drop of milk be treated

[f"% 355*@% with a little acetic acid, the form of the
‘g 204255080  globules is much altered, and if the acid
*"; D"’fg : g;:?;, " be strong, the membrane will be dissolved,
“o02030%325  and several will run together, forming a
s YD i S
7 larger globule. Again it will be found

that ether will not dissolve the oil globules of the milk unless
a little carbonate of soda, or some other alkaline salt, capable
of dissolving this membrane, be previously added, when the
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ether immediately effects the solution of the oily matter.
This very instructive experiment may be performed in a test tube,
or upon a glass slide, under the microscope ; the reagents being
most conveniently applied by using the little bulbs (§ 300). In
the figure some globules thus treated are seen running together.

The colostrum, or milk secreted first after delivery, will be
found to contain many large cells, consisting of an investing
membrane filled with oil globules, resembling those which are
floating free in the surrounding fluid.

By microscopical examination, the most common adultera-
tions of milk can be readily detected,—such, for instance, as
chalk and flour (starch globules). It has been said that milk
has been adulterated by the addition of sheep’s or other
brains. Such cases are, no doubt, very rare.  Fragments of
vessels, nerve-tubes, and cells, would be readily detected upon
microscopical examination.

268. Examination of Serous Fluids,—Serous fluids may be
poured into a conical glass-vessel, and allowed to stand until all
the deposit has collected. A small quantity may then be removed
by a pipette, in the usual way, and examined in the microscope.
The microscopical characters of the fluid should be contrasted
with those of ascitic fluid, the fluid of hydrocele, and serum
from ovarian and other cysts.

269. Fluid from Serous Cavities.—The clear serous fluid which
collects sometimes to a great extent in the peritoneal cavity
(aseites), will be found, if recently effused, to contain but traces
of cells, or cell debris; but after the disease has been of long
standing, the surface of the peritoneum becomes altered, and
covered with a vast number of granular and almost spherical
cells, varying very much in size, and not usually containing a
distinet nucleus. A moderately-abundant deposit often takes
place after the fluid has stood for some time. In other cases,
which are of a more acute character, the fluid is found to be
of a greenish or dirty-yellow colour,—opaque, with numerous
floceuli and shreds of false membrane suspended in it, or attached
to the surface of the peritonmum. In such a specimen, pus
globules, with many of the eells above referred to, would pro-
bably be found, with others, which are darker in consequence of

A —
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being filled with minute oil globules. The flocculi present
usually a delicately fibrous appearance, with numerous cells
entangled in the meshes formed by the interlacement of the
fibres. Plates of cholesterine are sometimes found in asecitie
fluid.

The fluid which accumulates in hydrocele is usually per-
fectly clear, containing a few delicate cells, and, perhaps, a few
free oil globules, with not unfrequently spermatozoa, and some-
times many plates of cholesterine are also present.

270. Wluids from Cysts,—Upon contrasting serous fluids of
this description with those which are found within the cavities of
cysts, a marked difference is always observed, both in their che-
mical as well as in their microscopical characters. As an example
of a fluid of this deseription, ovarian serum may be instanced ;
but the fluid found in cysts in different parts of the body, as in
the antrum, or in the eyeball, thyroid gland, &e., will be found
to present very similar characters.

The deposit of ovarian fluid will consist usually of cells,
free granular matter, oil globules, and perhaps blood globules.
Not unfrequently, many crystalline plates of cholesterine will
be observedin it. The cells are composed of at least two distinet
forms:—1. Small, delicate, transparent, and faintly granular cells,
without the slightest appearance of a nucleus, some being some-
what larger, and others smaller than a pus corpuscle. 2. Large
cells, often as much as the thousandth of an inch in diameter,
but varying in size, of a dark colour by transmitted, and white
by reflected light. These cells are crammed with minute oil
globules, which, however, cannot easily be demonstrated without
carefully focussing. They are almost constantly present in

Fig. 202. the fluids which are now under con-
: sideration, and have a structure ap-
. parently identical with that of cells

G‘iﬁ“ presenting similar characters, and
= found frequently in softening of the
10, brain (fig. 202),—sometimes in the
é coats of vessels undergoing fatty

degeneration, in the urine in Bright's
disease, in the sputum—especially in pneumonia in an advanced
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stage, in cystic tumors of the breast, in malignant growths, &c.
In many instances, the fatty matter abounds in cholesterine,
which crystallizes out from an alcoholic solution. The atten-
tion of the student is particularly directed to the occurrence
of cells of this description in various morbid products.

Tig. 203 represents the appearance of the deposit from a
specimen of serum obtained from a case of Fig. 203,
ovarian dropsy. The clear well-defined
bodies, e, are blood corpuscles rendered
spherical by endosmosis. Some small
granular cells, and one of the large cells,
containing a few oil globules, b, are also
represented. The large dark cells are not ke e
shown in this figure, but the general = ] o
characters of these may be seen by refer- B
ring to the last figure.

271, Examination of Sputum.—In order to examine EP‘I.ltI]_[I],
it is only necessary to place a small piece upon the glass slide,
and cover it with thin glass. If any dark spots be observed in
the mass, or any appearance of fibrous tissue, or other pecu-
harities affecting certain parts only of the sputum be noticed,
these portions should be examined separately. They may be
removed easily by the aid of forceps with broad points, and a
pair of sharp scissors.

Sputum in different diseases presents very different characters,
and in some cases by subjecting it to examination we are
enabled to confirm an opinion with reference to the changes
going on within the chest, which we have formed from physical
signs ; and hence the microscopical examination of the sputum
is well worthy of attention, although it is a subjeet involved in
%95331} difficulty. See Dr. Black’s papers, “ Association Journal,”

Epithelium from the cavity of the mouth and air-passages,
with portions of any fungous vegetations which are so com-
monly found in the mouth, especially about the back of the
tongue, and in the matter secreted by the tonsils, will commonly
be met with in sputum, as well as portions of food from the
same situations, such as muscular fibre, starch, oil globules,




o

e
e e i Bl . T

——

=

|t

234 THE MICROSCOPE,

&e. It must not, therefore, be inferred that everything present
in the sputum comes from the air-tubes.

Sputum sometimes contains small fragments of pulmonary
tissue, which are frequently distinet and well defined, but
unless they are very abundant, may be readily passed over
unnoticed. The conditions in which they are met with are
phthisis and gangrene of the lung. It has been stated that
fragments of pulmonary tissue may be found in the sputum

before evidence of the existence of
cavities can be obtained by physical
# e examination. If this could be esta-
%'g.@ blished, it would certainly form a very
“®  important aid in the diagnosis of phthisis
* in the early stage.
Fig. 204 represents the microscopical
characters of a specimen of transparent,
frothy, viscid, and almost colourless bronchial sputum. Some
of the cells which have been freated with acetic acid, are shown
to the right of the figure.

In phthisis portions of soft tubercle are often expectorated.

Fig. 205, TLhese are frequently observed in the spufum as small
roundish, somewhat transparent spots, which are
vi2%a= found upon examination to be composed chiefly of
qwiﬂ small cells, more or less oval in form, and having a

855 granular appearance (fig. 205) (tubercle corpuscles),
with much free granular matter and oil globules.

The small, hard, white masses of very irregular form, which
are occasionally expectorated by patients, consist chiefly of
amorphous masses of phosphate of lime, with a Little carbonate.
For the examination of these see § 167.

Cholesterine has been found in the sputa, but it is not very
frequently present in a crystalline form. In solution, in oily
matter, forming minute oil globules and granules, it is often
met with.

279, Pus, &c.; Claws of Echinococci, or portions of Hydatids
in Sputum.—Pus is very frequently present mn sputum, and
so also are blood corpuscles. In the sputum of pneumonia,
particularly in the more advanced stages, numerous large cells

Fig. 204,

o .J' - I.G.IE'I &
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containing oil globules will be found, with a vast number of
finely-granular cells much resembling pus globules, but which
do not exhibit the presence of central bodies when treated
with acetic acid.

In a few rare cases, portions of the skins of hydatids, with ad-
hering claws of echinococci, have been expectorated in the sputa.
These may be separated by stirring the sputum well in water,
removing the tenacious mass, and allowing time for the deposit
to subside. Two such cases have fallen under my own observa-
tion. For the characters of the claws see fig, 133 a.

A knowledge of the microscopical characters of the different
kinds of food, and of extraneous matters likely to be present in
sputum, is as important in the microscopical examination of this
substance as in the case of urine (§ 230), for we are of course
liable to meet with fragments of anything that passes through
the mouth.

273, Examination of Vomit.—AS vomit 1_15]_1&11}’ contains a
vast number of substances often separated from each other,
it becomes necessary to examine several specimens taken from
different parts, in order to ascertain the general microsco-
pical characters. Portions may be removed upon the point
of a knife; by the pipette if the vomit be very fluid ; and with
the aid of scissors and forceps, if it be very viseid, as in the case
of sputa.

Vomit always contains fragments of vegetable and animal
tissues, which have been taken as food, more or less altered by
the processes of digestion. Starch globules are usually met
with in great numbers ; but if sufficient time has been allowed
for the change to take place, the membranous coverings of the
starch granules will alone remain.

Considerable attention has been given to the appearance pre-
sented by the uredo of wheat, as it oceurs in vomit, and also in
stools. In the time of the cholera, the undigested uredo found
in the stools was looked upon as a fungus connected with the
cause of this affection, but its true nature was pointed out by
Mr. Busk.

Torule are very frequently present in considerable numbers
in vomited matters ; several other forms of vegetable fungi are
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not unfrequently met with, and vibriones are often very abun-
dant. The sarcina (fig. 138) has been already described.

The colour of the so-called coflee-ground vomit appears to
be due to the presence of a dark-brown pigment in considerable
quantity, forming small aggregations or minute granules, and
probably consisting of the altered colouring matter of the blood ;
often with a considerable number of blood globules, somewhat
changed in form. In some specimens of cholera vomit, numerous
flocculi, consisting partly of large cells of scaly epithelium, and
partly of cylindrical epithelium from the intestines, have been
found.

The clear fluid which is brought up in certain cases (Pyrosis
or Waterbrash) contains only a little epithelium, and a few
small oil globules,

The green vomit, depending upon the presence of bile, con-
tains cylindrical epithelium (gall-bladder ?), scaly epithelium,
flakes and small masses of biliary colouring matter, often of a
very bright colour, and fat globules.

In cases in which cancer of the stomach is suspected, the
vomit should always be examined for cancer cells, although
usually these will be found so much broken down as not to be
recognizable.

274. Examination of Matters passed by the Bowels.— The
microscopical examination of the fieces is in certain cases of
considerable importance. In dysentery, shreds of fibrinous
matter, blood corpuscles, pus globules, and eylindrical as well
as squamous epithelium, are sometimes present. Crystals of
triple phosphate are also often met with.

In typhus stools, crystals of triple phosphate are frequently
present in great numbers; altered blood, and vast numbers of
vibriones, with different kinds of vegetable fungi, are not un-
commonly found.

The stools of cholera patients are remarkable for the large
quantity of ecylindrical epithelium they frequently contain,
In many instances the white flocculi are almost entirely com-
posed of it. Sheaths of the villi are often found in great
numbers quite entire,—perhaps forced off by the violent con-
traction of the villus (§ 182). Undigested muscular fibre, exhi-
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biting the transverse strie very beautifully: large erystals of
triple phosphate, and fragments of substances taken as food, are
also generally met with.

Masses of vegetable confervoid growths have occasionally
been passed by the bowels, but such cases are not common s one
1s mentioned by Dr. Farre, and another by Professor Bennett.

Professor Quekett has met with some elastic fibres in the
freces, exhibiting the transverse strim, which are normal in the
fibres of the ligamentum nuche of the giraffe. This transverse
division depended probably upon incipient decomposition. The
division is sometimes so distinct and complete as to have led to
these fibres being mistaken for confervoid growths.*

275. Discharges from the Uterns and Vagina.—The character
of these discharges varies very much. In subjecting them to
microscopical examination, it is better to avoid the addition of
water or other fluid if possible.

In uterine and vaginal discharges, the following substances
are not unfrequently met with. Epithelium of the vagina, pus
globules, blood corpuscles, small transparent oval or circular
granular cells, usually occurring in abundance in the mucus
about the os and cervix uteri, and small oil globules.+

In cases of eancer of the uterus, we should expeet to meet
with cancer cells in the discharge, but these are often so broken
down as not to be distinguishable ; still, when this condition is
suspected, the discharge and also the urine should be subjected
to very careful and repeated microscopical examination. In
this investigation, the resemblance of the cells of columnar
epithelium from the ureter to spindle-shaped cancer cells must
be borne in mind, and the student must be careful not to mis-
take the former for the latter,

276. Examination of Pus.—The microscopical examination of
pus is easily performed ; but in many instances the inferences to

* “Principles of Human Physiology,” fourth edition, Dr. Carpenter,
p. 438, note.

t Upon the microscopical characters of Leucorrheal discharges, the
Memoir of Dr. Tyler Smith, in vol. xxxv. of the © Medico-Chirurgical
Transactions,” should be consulted,




238 THE MICROSCOPE,

be drawn from the examination must only be arrived at with
great caution.

Pus corpuscles become smaller upon being placed in saline
solutions of greater specific gravity than the serum in which
they float, by exosmose of part of their contents. The cor-
puscles of pus are destroyed by the action of caustic alkalies,
and converted into a thick glairy mass, which cannot be poured
from the vessel containing it in drops. Upon examining this
glairy mass in the microscope, only a few granules can be
observed.

Water containing a trace of iodine in solution causes the pus
globule to swell, and displays the central mass.

The most characteristic reaction, however, is produced by the
addition of acetic acid. This reagent, if not very
strong, causes the corpuscle to swell, so that it
may become nearly twice its previous diameter;
the outline of the cell being very thin, but clear

B OE and distinet, and from one to four little bodies
@28  become developed in the centre (fig. 205 a).
These have a dark outline, are of rather an irregular form, highly
refractive, but do not appear to be soluble in ether.

Occasionally T have found pus cells in which the central con-
tents were very dark, and slightly separated from the cell-wall

Fig. 206. (fig. 206). Upon treating these with

8 ® Q09 acetic acid, the same reactin!:: ensued

@ & fh” @ (a). It appeared asif theacid caused

) @ (5 the central mass to contract, pro-

& 4 bably after dissolving part of its con-

stituents. The central bodies have been termed nuclei, but they

eannot be looked upon in the same light as the nuclei of cells
generally.

977. Microscopical Characters of the FPus Globule.—1 must
here offer a few very brief observations upon detecting the pus
cell, and the inferences fo be drawn from its presence.

When a small quantity of pus is placed between glasses, and
examined with a power of about two hundred diameters, nume-
rous granular cells larger than a blood globule, but with a
cireular outline and finely-tuberculated surface are noticed.
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The serum in which these cells float usually contains a few
free fat globules. The cells above referred to have been con-
sidered as characteristic of pus, and much trouble was taken in
the earlier days of microscopical research to assign definite cha-
racters to them, by which they might be distinguished from the
so-called mucous corpuscle, and other cells which they much
resemble. Such a distinetion, however, cannot be made, for, in
the first place, cells may be obtained which present various
stages, apparently intermediate between an ordinary epithelial
cell and a pus globule ; secondly, cells agreeing in their miero-
scopical characters with the pus globule, are not unfrequently
formed on the surface of a mucous membrane, without its fune-
tions being seriously impaired, and certainly without the occur-
rence of those preliminary changes which usually precede the
formation of pus; and, thirdly, cells are found in the lymph,
in the blood, in the lymphatic glands, in the serous fluid in the
interior of certain cysts, and in many other situations, which in
their size, form, and general appearance, so much resemble the
globules found in true pus, that it is quite impossible to assign
characters by which they may be distinguished. The figures of
these cells, as they appeared before and after treatment by
acetic acid, often could not be distinguished from the figures of
pus cells, treated in a similar manner, given by the same
authors.

Cases occur in which it appears almost useless to attempt to
decide as to the presence or absence of pus, if only a few
globules are to be found (nor do I think that if such were pos-
sible, it would be of any advantage), because no characters by
which the globules can be distinguished individually have been
laid down.

At the same time it must not be supposed that the diagnosis
of pus is a matter of secondary importance; and all that is in-
tended in introducing these observations is to impress upon
the student the importance of not stating that pus has been
found in any particular locality, or in any particular fluid,
merely because a few cells having all the characters of a pus
globule have been observed. To say that “ pus had been found
in the blood,” or that “ the casts of the uriniferous tubes con-
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tained pus,” would lead to a very different inference from that
derived from the statement that “ cells having all the characters
of pus globules had been found in the blood,” or that the * casts
of the tubes contained cells resembling those of pus.” The
former will be true in extremely few cases; the latter in a vast
number that fall under the observation of every practitioner.
If, however, we find a considerable number of globules under
the field of the microscope, of nearly uniform size, agreeing in
general characters with the pus globule, and upon the addition
of acetic acid exhibiting the characteristic reaction, we shall
seldom be wrong in inferring that they are really pus cells.

In examining the blood in cases in which the white corpuscles
are enormously increased in number, there can be no difficulty
in deciding, since we have every reason to believe that pus
globules could not possibly exist in the blood under the same
circumstances.
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CHAPTER XVI.

THE AFPPLICATION OF CHEMICAL ANALYSIS TO MICROSCOPICAL
INVESTIGATION.—METHOD OF APPLYING TESTS.—EFFECTS OF
REAGENTS TPON ANIMAL STRUCTURES.

278. Importance of Chemical Analysis in Microscopical Enves-
tigation.— By microscopical examination alone we are enabled
very readily to distinguish with certainty the presence of
exceedingly minute quantities of substances presenting definite
crystalline forms, or exhibiting special anatomical characters.
It the composition of a crystalline body has been once made
out, by resorting simply to the microscope we are enabled by
observing the form, even of a single crystal, to indicate its nature
and properties. By the aid of the microscopical examinations
of some of the secretions, we have seen that the course of
pathological changes may be investigated, and morbid alterations
of structure detected, which cannot be rendered appreciable to
the senses by any other known methods of investigation.

By an acquaintance with the behaviour of certain substances
with particular chemical reagents, and the application of this
knowledge to microscopical nvestigation, we are often enabled
to distinguish peculiarities of structure, to ascertain the chemical
composition of minute quantities of matter, and to demonstrate
clearly the existence of compound$ in the animal frame with
the greatest certainty, which would entirely escape our ob-
servation if we subjected them separately to the most careful
chemical analysis, or to the most searching microscopical exami-
nation. '

The application of chemical analysis to microscopieal investi-
gation, and the examination of crystalline forms in the micro.
scope, 18 fast throwing a new light upon the physiological

M
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changes which are constantly taking place in organized bodies
in health, and the modifications which these changes undergo
when influenced by ecircumstances interfering with or counter-
acting healthy actions; the consideration of which must espe-
cially interest practitioners, in the various forms of disease
which are constantly being brought under notice.

The laboratory has already become a most necessary adjunct
to the dissecting-room, the museum, the post-mortem room, and
the clinical wards of our hospitals; and he who would wish to
apply all the means at present ab our disposal to unravel the
mysteries of disease to aid him in forming a correct diagnosis,
or to assist him in the investigation of those changes which
occur in different organs, and are familiar to him in the post-
mortem theatre, will do well to make medical and pathological
chemistry, with microscopical examination, essential parts of
his studies.

The works of Vogel, Schmidt, Scherer, Hefle, and others,
which have been published within the last ten or twelve years,
have done much to advance this branch of investigation; while
those of Golding Bird, Schwann, Robin and Verdeil, Lehmann,
and Gorup-Besanez, and the excellent Atlas of plates by Dr.
Funke, show the vast importance which the combined methods
of chemical and microscopical investigation are very fast as-
suming.*

Tt is not within the compass of the present work to do more
than refer to the general principle upon which such examina-
tions are conducted, and to give examples of those processes

# « Apleitung zum Gebr. des Mikroskopes zur Zooch. Anal, u. zur Mi-
croscop. Chemisch. Untersuch,” Dr. Julius Vogel, 1841.—** Chemische und
Mikroskopische Untersuchunged zur Pathologie,” Dr. J. J. Scherer, Hei-
delberg, 1845.— Entwurf: einer Allg. Untersuchungsmethode der Sifte
. Exerete des Thierischen Organismus,” Dr. Carl. Schmidt, 1846.—
¢ Chemie und Mikroskop am Krankenbette,” Dr. Heefle, 1850.—* Phy-
siological Chemistry,” Dr. Lehmann, translated by Dr. Day, Cavendish
Society, 1851.—Atlas of Physiological Chemistry,” Dr. Otto Funke,
Cavendish Society, 1852. —* Traité de (Chemie Anatomique et Physiolo-
gique,”’ Robin et Verdeil.—* Urinary Deposits,”” Dr. Golding Bird, 1853.
__« Manual of Zoo-chemical Analysis,” Gorup-Besanez, translated by J. W.

Slater.
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which appear to be of the greatest importance to the student
in medicine, and which he will be frequently called upon fo
perform.

As an instance of the great advantage of the application of a
few simple tests to microscopical investigation, I may refer
to the effects of ether upon fat globules, which are so com-
monly found in different tissues, and crystalline bodies com-
p-:}seé. of phosphate or carbonate of lime, which sometimes
resemble them so nearly in refractive properties, in form, and in
general appearance, as to have led to mistakes with reference to
their nature. The application of a drop of ether has no effect
whatever upon the latter, but instantly dissolves the former, so
that by this very simple plan we are enabled at once to decide
a very important question, and one which has led to much dis-
cussion, in consequence of the solubility of the globules in ether
not having been ascertained in certain cases, which have been
since considered as of a doubtful nature.

The detection of the presence of mere traces of urea, lithic
acid, and other substances, by the application of reagents, and

subsequent microscopical examination, will be referred to in
Chapter XVII.

ON THE CHEMICAL AND MICROSCOPICATL EXAMINATION OF
ANTMAT SOLIDE AND FLUIDS.

Preliminary Operations.— After having noted carefully the
general characters which the substance exhibits, with reference
to form, colour, size, weight, hardness, &ec. ; and fluidity, trans-
parency, tenacity, &c., in the case of liquids ; and after portions
of solid textures, and the deposit from fluids have been sub-
Jected to microscopical examination, we may proceed to ascer-
tain the reaction. . 2

279. Reaction.—The reaction of any moist substance is
ascertained by testing it with a piece of blue and reddened
litmus or turmeric paper. If the substance be dry, or the
reaction of a vapour is to be tested, the paper must be first
moistened with a drop of distilled water. The blue paper is
reddened by acids, while the red is rendered blue, and the

M 2
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turmeric brown, by alkalies. As the change of turmeric is
only visible when the alkaline reaction is very decided, it is not
much employed in animal chemistry.

If the acid reaction is due to the presence of carbonie acid,
the blue eolour will be restored upon gently warming the paper
over a lamp, upon a glass slide, or upon a warm plate.

An alkaline reaction may depend upon the presence of vola-
tile or fized alkali. The red colour is restored upon warming
the paper which has been rendered blue by the presence of
volatile alkali (ammonia or carbonate of ammonia), while it is
not restored if the change is produced by the presence of a fixed
alkali (potash, soda, or their carbonates, or an alkaline
phosphate, &e.) -

280. Specific gravity—Solids.—The specific gravity of animal
solids may be taken in two ways.

First. By weighing in air, and afterwards in water, which is
the process usually followed, and that which affords the most
accurate results. The precautions necessary to be observed in
carrying out this process will be found in “ Gorup-Besanez’
Zoo-chemical Analysis,” “ Bowman’s Practical Chemistry,” and
other analytical works on chemistry.

Secondly. The specific gravity of solids may be obtained by
placing small portions in certain solutions, the specific gravity
of which has been previously ascertained by experiment: this
latter method has been employed lately for ascertaining the
specific gravity of the brain in different cases.®

The solutions are prepared in considerable quantities at a
time, and kept in large bottles numbered according to the
specific gravity.

Several glasses are nearly filled with the solutions from
different bottles, and arranged in regular order. The piece of
tissue is thrown into one, and, if it sinks, it must be placed in
the fluid of the next higher specific gravity, and so on, until it
neither sinks towards the bottom nor rises to the surface, when

* Dr. Bucknill ¢ On the Specific Grayity of Cerebral Substance,” Lancet,
1852.—Dr. Sankey in the “ British and Foreign Medico-chirurgical Review,”
Jan, 1853, p. 40.
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the E.Perﬁﬁ{: grn'n't}r marked upon the bottle will correspond to
that of the substance itself, since a solid will only displace
an equal bulk of a solution which is of the same density as
itself.

The soluble substances employed for making the solutions
may be syrup, various salts, glycerine, and other compounds,
which do not exert any chemical action upon the tissue, the
specific gravity of which we wish to determine.

281. specific Gravity— Liquids.

First. By the converse of the last operation, namely, by
placing little glass bulbs, the specific gravity of which is marked
upon them, into the solution, the density of which
we wish to know, until one is found which neither
sinks nor swims. This will indicate the specific
gravity of the fluid. This method is not so cor-
rect, nor so easily applicable to general purposes
as the two following.

Secondly, by the hydrometer or wrinometer. The
number which is on a line with the surface of the
fluid, when the mstrument comes to rest, indicates
its specific gravity. This method is tolerably cor-
rect, if the observer is careful to obtain the best
instruments ; but many which I have examined,
indicated a specific gravity eight or ten degrees
from the truth. The hydrometer or urinometer
should always be tested by the specific gravity
bottle. = It may be remarked that the degrees
marked upon the stem should gradually diminish
in length, from above, downwards. If they are
equal, as in the figure, the instrument may at once
be pronounced as incorrect, without resorting to
an experiment. Fig. 207 is an exact copy of one of
the imperfect imstruments commonly sold.

Thirdly, by the specific gravity bottle, which cousists of a small
glass flask. When quite dry it is accurately counterpoised
in a delicate balance, and filled up to a certain point with dis-
tilled water, and weighed. The distilled water is then poured

Fig. 207.
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out, and it is filled up to the same point exactly with the liquid

Fig, 208, to be tested, and again weighed, The
specific gravity is then readily caleulated
from these data.

Some bottles are made to hold exaectly
one thousand or five hundred grains of dis-
tilled water, and are provided with a per-
forated stopper, through which the excess
of fluid escapes, after the bottle has been
filled, eare being taken not to include air-
bubbles (fiz. 208). The outside of the
bottle is wiped dry, and the whole weighed.
I The weight shows the specific gravity at
once, upon dedueting the weight of the thousand-grain bottle ;
or, when a five hundred-grain bottle is employed, the amount
only requires to be doubled.

989, Evaporation and Drying.—The evaporation of animal
fluids, and the desiccation of animal solids, must always be con-
ducted over a water-bath, otherwise there is great danger of de-
composition occurring. For operations upon small quantities,
the water-bath, deseribed in § 47, will suffice, or the cans of
the injecting apparatus (fig. 104) may be removed, and basins
placed over the holes.

In endeavouring to obtain crystals of organic substances, it
is always advantageous, to evaporate the solution over the sur-
face ni’vsulphuric acid under a bell-jar, or, what is better still,
in vacuo. In some instances, the evaporation may be conducted
by simply exposing the liquid placed in a basin or watch-glass,
and covered lightly with paper, to the air; or, where very slow
evaporation is necessary, the watch-glass may be covered over
with a bell-glass.

When quantitative analysis is to be performed, much greater
care must be observed in the process of drying. For a descrip-
tion of the apparatus required and the cautions to be observed,
see © Grorup-Besanez’ Zoo-chemical Analysis,”’ &e.

983. Emeimeration.— By incinerating a small portion of any
organic substance, upon a piece of platinum foil, we are
enabled to aseertain whether it contains inorganic salts, or con-
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sists entirely of organic matter, in which case the substance
leaves only a black residue, which burns off’ entirvely after a
short time.

The destruction of organic matter, by exposing the substance
to a red heat, upon platinum foil, or in a platinum capsule, has
been already adverted to. In order to obtain the inorganic
constituents perfectly free from carbon, it is sometimes neces-
sary to keep the mass, for a considerable time, at a dull red
heat. If the temperature be too high, the process is often
much retarded, in consequence of the fusion of some of the
salts, as the phosphates and chlorides, and the inclusion of small
masses of carbon, which are thus protected from the action of
the atmosphere.

The platinum basin or foil may be supported over the lamp
upon a piece of wire, bent in the form of a triangle, or
upon one of the small rings attached to the spirit-lamp (fig.

147). It may be removed from the lamp with the aid of an I
old pair of forceps.

284, Apparamms rnquired.—T].‘lE chemieal appamtus which 1s
necessary in the course of microscopical investigation is very
simple, and the greater number of instruments have already
been referred to. The following are among the most important
pieces of apparatus :—

A few conical glasses of different sizes (§ 217). Test-tubes
of various sizes (§ 215) arranged on a stand. Spirit-lamps,
with various supports (§§ 43-45), or, where gas is laid on,
the gas-lamp (fig. 81). Small porcelain basins, watch-glasses ;
a simple water-bath (§ 47), or the injecting-can (§ 116), may be
used, if several evaporations are to be conducted at once. A
small platinum capsule, a strip of platinum foil, a blowpipe,
pipettes (§ 216), and glass stirring-rods.

REAGENTS,

The reagents necessary are not very numerous ;—they should
be perfectly pure. Of the greater number only very little is
required; but of aleohol, ether, and one or two others, it is
necessary to have a moderate quantity.
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The reagents should be kept in stoppered bottles, of about
the capacity of two ounces.

285. Alcohol.—Alcohol of different strengths will be required
for the purpose of dissolving certain animal substances, and for
separating them from other constituents, which are insoluble in
this reagent.

Aleohol should always be diluted with distilled water, and it
is better to prepare a considerable quantity at a time. It is
convenient to have two or three bottles which will hold about
two quarts each. The strength of each specimen should be
written upon a label and attached to the bottle.

The importance of aleohol, as a preservative solution, has been
already referred to (§ 94).

286. Ether. — An ounce or two of ether will be quite
sufficient for microscopieal purposes. It should be kept in a
stoppered bottle, provided with a glass cap, to prevent loss by
evaporation. A little should also be kept in one of the small
glass bottles with capillary orifices (§ 300), for the convenience
of applying to cells containing highly refracting globules,
resembling oil, &e., under the microscope.

287. Niwic Acid should be kept of two different degrees of
concentration: one the strongest that can be procured, and
another containing about 20 per cent. of the strong acid. This
last is the acid most used by the microscopist, especially in sepa-
rating muscular fibre cells. It is prepared by mixing one part
of the strong commercial acid with five parts of water.

288. Sulphuric Acid is sometimes required undiluted, but a
small bottle of diluted acid (one of acid to five of water) should
also be at hand. The pure colourless acid should always be
procured ;—it is to be purchased for about 1s. 6d. a pound,
but only very small quantities are required.

289. Hydrochloric Acid may be obtained perfectly colourless.
It may be kept in the pure state and diluted as required.

280. Acetic Acid.—Two specimens of acetic acid will be
found convenient. One, a solution of the strongest acid which
can be procured; the other, containing about 20 per cent.
This is prepared by dissolving one part of the strongest liquid
acid, or of the pure glacial acetic acid, in five of water.
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991. Chromic Acid is usually required very dilute. For the
purpose of hardening tissues, a watery isc:luti_nn of a straw-
colour will be found strong enough. It 1s easily prepared by
dissolving a little of the crystallized chromic acid in distilled
water. For the method of preparing the crystallized acid,see§ 95.

009, Solution of Petush should be kept of two or three
different strengths. One, the strongest which can be procured ;
another, made by mixing one part of the strong with three or
four of water; and a solution consisting of one part of liquor
potassee to eight or ten of water will be found of a useful
strength for the examination of many preparations. |

293. Solution of Seda is generally required very dilute. 1t
may be made by mixing one part of the strong solution of the
shops with five or six of water; but this, for many purposes,
will require to be still further diluted. Or, about twenty-five
grains of the fused soda may be dissolved in an ounce of dis-
tilled water.

294, Ammeonia.—Solution of ammonia, made by mixing one
part of the strongest liquor ammoniz with three of water will
be found sufficiently strong for all the purposes for which this
reagent will be required.

295. Nitrate of Barytes—A cold saturated solution of the
salt forms a test solution of convenient strength. It should
be filtered before use.

A solution of nitrate of barytes is employed as a test for
sulphuric and phosphoric acids. The precipitated sulphate of
baryta being insoluble both in acids and alkalies ; while the
phosphate of baryta is readily soluble in acids, but insoluble
in ammonia.

296. Niwrate of Silver.—A solution of nitrate of silver is pre-
pared by dissolving one hundred and twenty grains of the
crystallized nitrate in two ounces of distilled water, and filtering
if necessary.

Nitrate of silver is employed as a test for chlorides and
phosphates. The white precipitate of chloride of silver is solu-
ble in ammonia, but insoluble in nitric acid. The yellow pre-
cipitate of tribasic phosphate of silver is soluble in excess of
ammonia, as well as in excess of nitric acid.

AL 8
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207, Oxalate of Ammonin,—30ome Bl‘j.’ﬂtﬂl& may be dissolved
in distilled water, and, after allowing time for the solution to
become saturated, it may be filtered.

Oxalate of ammonia is used as a test for salts of lime.
Oxalate of lime is insoluble in alkalies and in acetic acid, but
soluble in the strong mineral acids. In festing an insoluble
deposit for lime, it may be dissolved in nitrie acid and excess of
ammonia added ; the flocculent precipitate is readily dissolved
by excess of acetic acid, and to this solution the oxalate
of ammonia may be added. The precipitation of oxalate of
lime is favoured by the application of heat. Many deposits of
phosphate are with great difficulty soluble in acetic acid, hence
the necessity of first adding nitric acid, as above dirvected.

208. Nodine Selutions.—An aqueous solution of iodine is
easily prepared, by dissolving a few grains of iodine in some
distilled water, until it acquires a brownish-yellow colour.
A solution of iodine is sometimes useful for colouring certain
substances which are so transparent as to be secarcely distin-
guishable upon microscopical examination.

A darker solution may be obtained by employing a solution
of iodide of potassium to dissolve the iodine (one grain of
iodine and three grains of iodide of potassium, to one ounce of
distilled water). For testing bodies suspected to comsist of
starch, the following solution is recommended by Professor
Schultz. Zine is dissolved in hydrochlorie acid ; — the solution
is permitted to evaporate in contact with metallic zine until
it attains the thickness of a syrup; and the syrup is then satu-
rated with iodide of potassium. The iodine is next added,
and the solution, if necessary, is diluted with water.®

It will be found convenient to keep small quantities of those
solutions, in most frequent use, in the small capillary tubes or
bulbs (§ 300). A small box containing twelve bulbs will be
quite sufficient for all ordinary purposes. For the examination
of the urine, not more than six or seven will be necessary.

* « The Microscope, in itsspecial Application to Vegetable Anatomy and
Physiology,” Schacht, translated by Currey.
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AMETHOD OF APPLYING TESTS TO SUBSTANCES INTENDED FOR
MICROSCOPICAL EXAMINATION.

999. Tests kept in Glass Boules,—The matter to be tested
may be placed upon a glass slide, and, if necessary, a drop of -
water added, to moisten or dissolve it, as the case may be.

In these operations we usnally require only a small drop of
a solution, and it will be found most convenient, in applying it
to the object, to take a drop from the bottle by dipping a stir-
ring-rod into it, and withdrawing it immediately. Enough will
be found adhering to the stirring-rod for the purpose required.
The rod should not be dipped in a second time, without being
first well washed in water,—for if this be not serupulously
attended to, there is great danger of conveying some of the
substance intended for examination into the test bottle, in
which case the whole contents are spoiled.

Without great care in all our manipulations, we shall be in
danger of removing a portion of one substance from a glass slide
and carrying it to a deposit which is subsequently examined ;—
a result which might lead to great inconvenience. Claws of
echinocoeei, and other minute bodies, in themselves highly
characteristic, may thus be transported, and find their way into
deposits in which we should not expect their presence; and
from such an aeccident we might be led to infer, very erro-
neously, the existence of hydatids when the presence of the
claws of the echinococei really resulted from accident. With-
out the greatest attention to cleanliness, the microscopical ob-
server will be constantly led into error, and thereby bring dis-
credit upon himself and upon the science.

Nothing is more common than to find a specimen which we
are examining in the microscope covered with a vast number of
starch granules, which have been introduced from without.
Usually they are derived from the squares of thin glass which
are commonly kept in a little starch powder to prevent fracture.

Accidents of this kind ecan always be avoided, by not allow-
ing the drop of the reagent to touch the deposit until the
rod has been removed. This can be effected by placing the
drop near the substance intended for examination, and then
allowing 1t to come in contact with it, either by inclining the
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glass slide, or by leading it with a glass rod or other small in-
!~ Ir strument to the matter to be tested.

d00. Tests kept in Glass Eulbs with Capillary -nriﬁi:un.f-—Bj'
Al far the most convenient method with which I am acquainted,

ol | Fig. 209, of applying chemical reagents to minute
, ' quantities of matter, consists in allowing a
. m drop to issue from a small glass vessel, having
‘

a capillary orifice, by which means a quantity
even much less than a single drop can be
readily obtained, and there is no chance of
any portion of the preparation being intro-
duced into the test solution.

‘With this view a small bulb, about an inch
in diameter, was blown at one end of a piece
of glass tube, the other was drawn out to a
moderately fine capillary point, and a small
cap, made either of glass or gutta percha,
was adapted to the end (fig. 209). These
bulbs were easily filled, by expanding the
air within them, by the heat of a spirit-lamp, and then inverting
them in a small vessel containing the solution which was to be
introduced. As the bulb cooled, the liquid
rushed into it, to supply the place of the pre-
viously expanded air. A small bubble of air
should, however, be retained in the bulb, by the
expansion of which some of the fluid can after-
wards be expelled. The bulbs containing the
strong acids and alkalies should be furnished
with glass caps, but gutta percha will be suffi-
cient for the other tests. When it is required
to expel a drop of the solution, the bulb is
taken in the hand, and the air in the interior
being expanded by the warmth, a small quan-
tity of the solution is forced out.

Mr. Highley, of Fleet-street, has had some
small bottles made of the form shown in the ac-
companying figure (fig. 210). These are all
capped with glass, and, as the bottom is flat, they stand very
readily. They are fitted up in small cases, and will be found

Fig. 210.
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exceedingly convenient to the lilicrns_cnpieal observer. It 1s
better to have the cap made of a conical shape, corresponding
to that of the end of the bottle, otherwise, a little of the fluid
is liable to collect between the cap and the neck, which runs
down the sides when the cap is removed.

301. Application of the KReagent to minute quantities of
mater.— With the aid of the bulbs just referred to, the most
minute traces of different substances may be l‘Elldﬂ:f‘ detected.
The solution of the substance, consisting perhaps of only one
drop, is placed upon a glass slide. This drop may be very
readily divided into four or five smaller drops, if necessary, to
each of which a separate test may be applied. For instance,
suppose we have a minute quantity of the ash of an animal
tissue, or of the solid residue of an animal fluid, to examine,
and we wish to ascertain if it contains carbonates, sulphates,
chlorides, and phosphates, and whether phosphate of lime and
magnesia arve present, we may proceed as follows :—the por-
tion of ash, which may, perhaps, be half the size of a pin’s head,
or even less, is removed from the platinum foil, upon which it
has been ignited in order to remove organic matter, and placed
upon a glass slide. It is moistened with the smallest quantity of
water, and then treated with a minute drop of nitric acid. If
effervescence takes place, a carbonate is present. The acid
solution is then divided into three portions, with the aid of a
small stirring-rod, and the solutions tested as follows :—

1st portion.—If a drop of a solution of nitrate of silver gives
a cloudy preecipitate, chlorides are present.

2nd portion.—If nitrate of barytes produces a white precipi-

tate, sulphates are present. Upon the addition of excess of

ammonia, the precipitate produced by nitrate of barytes will be
increased if phosphates exist in the solution. The precipitate
of phosphate of baryta is floceulent, and readily distinguished
from that of sulphate of baryta (which is dense and granular), by
its solubility in acids.

drd portion.—If lime or magnesia are present, in the form
of phosphate, a precipitate will be produced upon adding excess
of ammonia to the nitric acid solution. The mixture may be
stirred a little, with a fine piece of glass or platinum wire, and
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~ then allowed to stand for some time. A piece of thin glass is

now applied, and the precipitate subjected to microscopical
examination. Phosphate of lime occurs as a granular amor-
phous sediment, while the ammoniaco-magnesian, or triple phos-
phate, is usually found crystallized in a beautiful stellar form, or
as minute prismatie crystals.

302. Testing for Carbomates., — A8 carbonates are often
present in very minute quantity in the ash of organic sub-
stances, a slight modification of the plan above given may be
pursued, and, in this way, the smallest traces may be detected.
If only a few bubbles of carbonic acid are given off upon the
application of the acid to the substance; or if, in consequence of
the solubility of the carbonate present, they are evolved very
rapidly, they frequently elude observation.

In testing for minute traces of carbonates we may proceed as
follows :—The portion of ash, deposit, or tissue (as the case
may be), is placed upon a glass slide, and lightly covered
with a piece of thin glass. A minute drop of nitric or acetic
acid, not too strong, is then allowed to escape from one of
the bulbs. This is drawn by capillary attraction between
the glasses, and soon comes in contact with the substance to be
tested. Any bubbles which may be given off are thus confined,
and they may generally be seen clearly enough. In some
instances, however, advantage is derived from subjecting the
specimen to microscopical examination, when the formation of
the gas can be seen; and the bubbles set free cannot possibly
be mistaken for air-bubbles, which had been included in the
interstices of the tissue previously, and afterwards expelled upon
the addition of the fluid, because they may be seen gradually
to increase in size and number as the action of the acid con-
tinues. In testing for carbonates, the possibility of this occur-
rence, however, must always be borne in mind, and the fallacy

carefully guarded against.

EFFECTS OF REAGENTS UPON ANIMAL STRUCTURES.
303, EMects of Acids,—The effects of the application of eold

strong acids to animal textures is very variable; in some in-
stances the tissue is completely destroyed, while in others
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scarcely any effect seems to be produced. The mineral acids
generally coagulate albuminous tissues:., and 1'&1_11:131- their micro-
scopical characters confused and indistinet. Tribasic phosphorie
acid, however, is an exception to this rule. Acetic acid dissolves
many of the substances allied to albumen.

The appearance of some structures is scarcely altered by the
application of a stwong acid; for instance, the blood corpuseles
exhibit their usual form and general character for some time
after the addition of strong nitric acid, and the cells of the
epidermis and nail, although turned of a yellow colour, are not
destroyed ; the latter are separated somewhat from each other,
but their outline may often be seen beautifully distinet upon
microscopical examination. On most of the mineral consti-
tuents of the body, insoluble in water, the acids act as direct
solvents. _

804. Acetic Acid.—Acetic acid is one of the most useful re-
agents to the microscopical observer. It has the property of
rendering the cell-wall very clear, while the nucleus is often
rendered darker and more distinet. In many instances the
action of the acid upon the cell-wall probably arises from endos-
mosis ; the cell becomes much larger, and the wall more pulpy
and thicker, and approaches more nearly in-density and refract-
ing power to that of the solution in which it is immersed. In
numerous instances, by adding a saline solution to cells which
have been previously rendered transparent by acetic acid,
they again contract, and the outline becomes distinct. In
some cases, however, the cell-wall is actually dissolved by the
acid, and its contents set free. Acefic acid will be required of
various strengths, the most useful proportion being one part of
the strong acid fo three or five of water. Acetic acid is very fre-
quently used to make epithelial structures transparent, in order
that the arrangement of the minute vessels and nerves in
papille, &e., may be demonstrated, as in the case of the tongue,
skin, &c.  Sections of preparations which have been hardened
by maceration in alecohol, often require boiling slightly in acetie
acid before they can be rendered transparent. The action of
acetic acid on white fibrous tissue is very characteristic, as it
converts it into a transparvent jelly-like mass, in which a few
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nueclei are visible. Upon the yellow element, on the other
hand, this reagent exerts no action whatever.

The action of acetic acid upon pus-globules has been already
adverted to (§ 276).

Acetic acid may also be employed for testing erystalline
bodies as phosphates and carbonates. It distinguishes phosphate
or carbonate of lime from oxalate of lime (alt of which are inso-
luble in water), by dissolving the two former, while it does not
affect the latter even if boiled with it.

The action of acetic acid upon any particular tissue, upon
any form of cells, fibres, &e., that are subjected to examination,
should always be specially noted.

305. Pilute Nitric Acid is much employed in mieroscopical
research.—An aecid composed of one part of acid to two or three
of water forms a good solution for hardening some structures,
previous to cutting thin sections. The thin sections may some-
times be rendered very transparent by being treated afterwards
with dilute caustic soda. For demonstrating fibre-cells in
organic muscle, nitric acid is a valuable reagent. For this
purpose the solution should contain about twenty per cent. of
strong acid, and the muscular fibre should be allowed fo
macerate in it for some time, when small pieces may be
removed with scissors, and after being carefully torn up with
fine needles, subjected to examination.

By boiling animal tissues in strong nitric acid, they become
destroyed, while any siliceous constituents remain behind. In
this manner, the siliceous skeletons of the Diatomacee may be
separated from any organic matter with which they may be
combined. This is one of the processes employed for obtaining
these beautiful objeets from guano.

306. Sulphuric Acid.—Hydrochloric Acid.—The pure concen-
trated acids only should be used for microscopical investigation.
They may be obtained at most of the operative chemists.

Concentrated sulphuric acid causes epidermie structures to
swell up very much, and the cells to separate from each other so
as to be readily isolated. Boiling acid completely dissolves
them. In the examination of hair, strong sulphuric acid will be
found to render the outline of the cells very distinet.
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Hydrochloric acid is usually employed for dissolving
out the mineral constituents of certain tissues, such as hone
or teeth. As a rule, it is better to use dilute acid (one of acid
to three or four of water), in which case, however, a longer time
must of course be allowed, than when the acid is concentrated.

307. Effects of Alkalies.— The action of alkalies, even when
cold in a very dilute state, is to dissolve most animal textures.
Cell-membranes are frequently almost instantly dissolved, while
the nucleus appears to be acted upon with greater difficulty.

Alkalies are also employed for dissolving certain erystalline
substances which are occasionally found in animal tissues, such,
for instance, as deposits of alkaline lithates, which are not un-
frequently met with in the form of considerable deposits in the
tissues of gouty persons. -

308. Potash and Seda,—The action of potash and soda upon
animal structures is very similar. Both very readily dissolve
substances of an albuminous nature, but the effect of soda is
more gradual, and it has been found that for most purposes in
microscopical research, this reagent possesses advantages over
potash.

These reagents are usually employed to dissolve the layer of
epithelium covering mucous membranes, in order to examine the
arrangement of the structures beneath the basement membrane ;
and in investigating the termination of the nerves and vessels
m papille and other structures, they, especially the latter, are
very valuable.

Dilute solution of caustic soda is also a valuable reagent in
pursuing investigations on the nerves and nervous centres.

For the purposes above mentioned, the alkalies should be
diluted with water. One part of solution of caustic soda to
eight or ten parts of water, will be found a convenient strength.
The changes are expedited by the application of heat, which,
however, must not be too great, for fear of complete solution
taking place. 'Where the structures are hard and dry, the
action is much facilitated by warming the substance with the
reagent in an ordinary test tube,—a plan which is much recom-
mended by Kélliker.

Carbonates of Potash and Soda.—Some animal textures become
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hardened by prolonged maceration in carbonate of potash, but
this plan does not appear to be so generally useful as others pre-
viously indicated. Epidermic structures are not much altered
by these salts. Gurlt recommends skin to be hardened in
solution of carbonate of potash for the examination of the sweat
ducts.

300. Eftects of Alcohol and other Substances in hardening

Animal Stractures,—There arve several reagents which render
soft tissues quite hard and firm, so that very thin sections may
be cut off easily with a sharp knife ; of these alcohol is most
commonly employed. Alcohol permeates animal tissues readily,
and coagulates the albuminous structures very firmly : it may
be used of different strengths according to circumstances.

In hardening structures with aleohol, it is better to add weak
spirit first, and then to replace this by stronger, increasing the
strength each time the spirit is changed. By proceeding in this
way, the tissue contracts very gradually, and its form and
general characters do not become so much changed as when it
is plunged at once into strong aleohol.

A weak solution of chromic acid hardens parts of the nervous -
system and other tissues very effectually, so that thin sections
may be readily removed from structures hardened in this
manner,

Solutions of soluble salts are also used for hardening animal
textures, especially Goadby’s solution, and solutions of common
salt, or nitrate of potash. Animal textures may also be har-
dened in wood naphtha.
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CHAPTER XVII.

OF OBTAINING CRYBTALLINE BSUBSTANCES ¥FROM THE FLUIDS
AND TEXTURES OF THE ANIMAL BODY, AND OF THEIR
MICROSCOPICAT EXAMINATION.

310. Formation of Crystals in Animal Fluids.—S0me cl‘l}'ﬁtﬂ-l-
line bodies are deposited from their solution in animal fluids
by simple evaporation; others less soluble may be deposited
by allowing the fluid to stand still for a short time, when
certain changes oceur in some of its constituents, which lead to
the precipitation of bodies in a ecrystalline form, such, for
instance, as lithic acid, or crystals of triple phosphate. In
other cases it becomes necessary to add some reagent before
the crystals are thrown down, while not unfrequently a long
and often ecomplicated chemical analysis is required, in order to
1solate some of the substances which were previously held in
solution, and obtain them in a erystalline form. The addition
of water in some cases causes the most rapid crystallization,
especially when the erystallizable material is contained in a
cell, as when water is added to blood, in order to obtain blood
crystals. Instead of water, in other instances, it becomes
necessary to add aleohol, in which fluid the crystals may be
much less soluble than in water.

S811. Influence of other constituents upon the Crystallization,
—In many instances it is exceedingly difficult to separate some
crystalline bodies from other constituents of the animal sub-
stance, the presence of which much increases their solubility
and prevents their crystallization. The -extractive matters
exert this influence in a marked degree, and it is only of late
years that several new bodies of definite chemical composition
have been isolated. Creatin and creatinine may be instanced
amongst the number, for these were not very long ago included
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under the indefinite term extractives,” and it is very probable
that as the analytical methods at our disposal become improved,
many new crystalline bodies will be isolated from the extractive
matters. A very small quantity cf extractive matter entirely
prevents the crystallization of urea, while the presence of
chloride of sodium favours the separation of the urea, by
forming with it a compound which readily crystallizes in
large octohedral crystals even in the presence of extractive
matter. The existence of carbonic acid in excess may cause
carbonate of lime, triple phosphate, and other salts, to be
held in solution. Excess of alkali prevents the precipitation
of lithic acid, and excess of acid that of phosphate of lime.
Fatty matters dissolve cholesterine.

Some crystalline substances, which are soluble at the tem-
perature of the body, crystallize when the solutions containing
them are cooled 30 or 40 degrees. The effect of dilution
upon retaining crystals in solution need scarcely be alluded to.

Hence, before the presence of many substances can be
detected by mieroscopic examination, certain chemiecal opera-
tions are required in order to separate them from their com-
binations in the animal body, or for the removal of other
substances which interfere with their crystallization.

The method of detecting some of the most important of
these crystalline substances will be given, but as it is not
possible to do more than introduce a few of the processes in
this place, the reader who wishes to pursue these beautiful
investigations is referred to the works in the note.*

312, separation of Crysinls from Animal Substances,— ' Tom
what was stated in the last paragraph, it follows that m many
instances this is a matter of some difficulty. Not unfrequently,
if the crystals are not soon separated from the fluid in which
they were formed, they again undergo solution or become
decomposed. If the erystals are not very soluble, the super-

* « Lehmann’s Physiological Chemistry,” translated for the Cavendish
Society ; Gorup-Besanez’ * Zoo-chemical Analysis,” translated by Slater;
Bowman’s “ Medical Chemistry.,” Also to the excellent Lehrbuch der
Zoochemie,” by Heintz, which however is only published in German.
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natant fluid may be poured off, and the crystalline deposit
washed with ice-cold water, and subsequently dried on filtering
paper over sulphuric acid without the application of heat.

1t the erystals will not bear the application of water, as much
of the fluid as possible must be poured off, and the remainder
absgrbed with bibulous paper, or by placing them upon a porous
tile, and exposure over sulphuric acid in vacuo. In many
instances we are enabled to wash the crystals with water,
holding a little acid or alkali, or some alkaline salt, in solution,
or with aleohol, ether, or some other fluid in which we know
them to be quite insoluble.

In cases in which crystals insoluble in water are deposited
in animal solids, they may be separated by agitation in this
fluid, when, being heavier, they subside to the bottom, and
the lighter animal matter may be partly removed by forceps, and
partly by being poured off with the supernatant fluid: or it
may be separated by straining while the crystals are washed
through muslin in the manner described in § 220.

3813. Examination of Crysials under the Microscope.—Some
crystals which have been entirely separated from the fluid in
which they were originally deposited may be examined in the
dry way, in water, or other fluid in which they are known to be
insoluble, or in Canada balsam; but, as a general rule, it is
necessary to examine the crystals as they lie in some of the
fluid in which they have been formed. When they have
been obtained by allowing a concentrated solution to cool,
some of the thick solution must be removed with the crystals,
placed upon a glass slide, or in a thin glass cell, covered with a
piece of thin glass, and examined in the usual way,—first using
a low power (an inch), and afterwards a higher power (a
quarter), because, although some of the crystals are of a large
size, others amongst them, the form of which is very perfect,
are often exceedingly minute. The crystals and mother-liquor
should not he exposed to the air previous to examination,
because, in many instances, water is absorbed, and partial
solution takes place.

In order to accustom himself to the necessary manipula-
tion required in the process, the student may evaporate g
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solution of common salt upon a glass slide, and when it
has become sufficiently concentrated, he may cover it with
a small piece of thin glass, and allow it to cool. When
Fig.211, cold it may be subjected to microscopical ex-
o @ -« amination, and beautiful cubes of chloride of
& ) @ sodium will be observed (fig. 211). Crystals of
QD n.qg-%? several salts may be made in the same simple
E:‘f,f “/" manner, and form very instructive specimens.
Phosphate of soda, phosphates of soda and am-
monia, sulphates of potash and soda, muriate of ammonia, and
a variety of other salts, ean be readily obtained in microscopic
erystals in this manner.

Different faces of the crystal, as it lies in the liquid, may
be brought into view by slightly moving the thin glass cover
with a fine-pointed instrument, such as a needle, while the pre-
paration is in the field of the microscope. With a little prac-
tice, erystals may in this manner be made to rotate in the
mother-liquor. Crystals which are precipitated by the addition
of some reagent, such as nitrate of urea by nitrie acid, must be
examined in a little of the solution. The addition of water
would, in many instances, destroy them immediately.

The influence of the erystals upon polarized light (§§ 29, 30)
should be examined, and in cases in which the nature of the
crystal has not been ascertained, its angles should be care-
fully measured (§ 38), and accurate drawings made. Their
behaviour with chemical reagents is next to be ascertained, and
their solubility in water, alcohol, and other fluids must be
noted. For these experiments different portions must be
taken and separately tested in the
manner referred to in §§ 300, 301.
b N Sk A drop of the golution should
S ) _ g/ also be evaporated rapidly nearly

=y J,},_,ff’ to dryness, and allowed to crys-
RN\ 47 ' tallize upon the slide without
R e Lﬁ"f_ﬁ['u] being covered over, when the
=i, AT substance will often be found to
assume a variety of beautiful

forms, such as croslets, dendritic expansions, &c., which vary
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according to the rapidity with which the evaporation has been
conducted, and other eircumstances (fig. 212).

314, Preservation of Crystals as permancnt objects,—The
preservation of the more soluble crystals is attended with the
greatest difficulty, except when dried, in which state their
characters under the microscope are not well defined. Some
crystals may, however, be dried and mounted in Canada
balsam ; others, such as oxalate of lime, cystine, triple phos-
phate, &e., can be well preserved in aqueous solutions, contain-
ing a little acid in the case of the two former substances, or an
ammomniacal salt, in the latter instance, in which the erystals are
known to be insoluble. Crystals which contain water of crys-
tallization must be preserved in a drop of the mother-liquor ; but
in many instances they alter much in form, and when we come to
examine them, instead of finding a great number of small well-
formed crystals, as when the preparation was first put up,
nothing remains but one or two large ill-shaped ones. The
concentrated mother-liquor often acts upon the cement with
which the glass cover is fixed on the cell, and very soon air
enters, and the preparation is destroyed. B

A preparation of nitrate of urea in my possession has kept
well for a considerable time, in a very thin cell, containing
only just sufficient of the solution to preserve the form of the
crystals. This cell is made of Brunswick black. Crystals
of chloride of sodium appear to keep pretty well in their
mother-liquor, and the same will be found to be the case with
a great number of substances. The more soluble erystals of
an organic nature can seldom be preserved unless they are
perfectly pure.

315. wrea.—Traces of urea may always be detected by
observing the crystalline characters of the nitrate of urea in the
microscope. Upon adding a drop of nitric acid to a drop of cold
concentrated urine, placed upon a glass slide, a crystalline pre-
cipitate of nitrate of urea will immediately take place. Upon
covering this with a piece of thin . glass, and subjecting it to
microscopical examination, the characteristic rhomboidal plates
will be observed. Fig. 218 represents the appearance of nitrate
of urea examined with a quarter of an inch object-glass. At a
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are shown some crystals of the impure nitrate, as obtained
from urine ; the other erystals in the figure were formed by
adding some nitric acid to a
solution of pure urea.

Another drop of the con-
centrated urine may be treated
with a strong solution of oxalic
acid, when we shall obtain
crystals of oxalate of urea, the
form of which is represented
in fig. 214, under a power of
200 diameters.

‘When mere traces are sup-
posed to exist in animal fluids
SR or solids, we must proceed to

B . 7% separate the urea from albu-
minous or other substances, before the addition of the nitrie acid.

If the urea exist in an albuminous solution (serum of blood,
or in a dropsical fluid), we must re-
_ move the albumen by boiling with a

T few drops of acetic acid, and subse-
o Lﬁg;f:}'“‘—‘- G ﬁk . quent filtration. The filtered solu-
& IR A tion is to be evaporated to dryness
@Q- 1@ over a water-bath, and the dry re-
(:Q N Fj’;ﬁ_—;ﬁ sidue treated with cold alcohol.
e Much chloride of sodium separates
from the alcoholic solution, as it is evaporated. If toa drop of
the cold mother-liquor a drop of nitric acid be added, as above
described, crystals of nitrate of urea will be formed, if urea
was present in the original solu-
tion. In all cases, the fluid sus-
pected to contamn urea must be
operated upon when quite fresh,
as this substance readily becomes
decomposed into carbonate of am-
monia.

In examining solid tissues for

the presence of urea, the fresh tissue may be broken up,

Fig. 214




AND ITS APPLICATION TO CLINICAL MEDICINE. 265

extracted with several portions of hot water, the liquid boiled
with a few drops of acetic acid, and the clear solution filtered
from coagulated matters and evaporated, when the residue may
be treated with alcohol, as just now described.

Crystals of pure urea, obtained by decomposing a solution of
the oxalate of urea with chalk, and carefully evaporating the
filtered liquid, are shown in fig. 215. The cavities represented
in many of the crystals are filled with air.

316. Creatine—Creatinine.—Creatine exists only in very
small quantity in muscular fibre. Aeccording to ‘Dr. Gregory,
1t is most readily prepared from the flesh of the cod-fish ; from
25lbs. of which, in one experiment, he abtained 164 grains of
creatine. The flesh is to be chopped in small pieces, and well
kneaded with water. After all the fluid has been expressed by

powerful pressure, it is very carefully raised to the boiling-point,
and the coagulated matter removed by filtration. The phosphatic
salts are precipitated by caustic baryta. The solution must be
again filtered, and evaporated at a gentle hLeat (130°-140°) to
about one-twentieth of its volume, or to the consistence of
Syrup; any scum which forms being, from time to time,
removed from the surface. This concentrated solution ma
then be set aside. On cooling it forms a thin jelly, and, after
standing for some time, crystals of creatine are deposited.

Crystals of creatine are represented in fig. 216, and those of
creatinine in fig. 217, which have been copied from M, Robin’s
Atlas (see 272),

N
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I.Jiehig obtains creatine and creatinine from urine, by evapo-
rating the fluid, after the precipitate produced by the addition of
lime-water and chloride of caleium has been separated by filtra-

tion. During evaporation, the greater part of the salts are depo-
sited, and the mother-liquor is treated with 1-24th of'its weight of
chloride of zine : after some days round granules separate ; these
are composed of a compound of chloride of
zine and creatinine, with which the creatine
is mixed (fig. 218). The granules are dis-
solved in boiling water, and treated with hy-
drated oxide of lead, until the reaction be-
comes alkaline. The fluid is next filtered,
decolorized with animal charcoal, and evapo-
rated to dryness. The residue consists of
creatine and creatinine, the latter of which
may be removed by boiling aleohol, in which creatine is almost
insoluble.

317. Uric or Lithic Acia.—The presence of lithic acid, in a
erystalline form, can be readily detected in animal fluids and
solids, by microscopical examination of the crystals, even
although the most minute traces may be present.
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In order to ascertain if an amorphous or other deposit contain
lithic aeid, or a lithate, we must treat it with a few drops of
potash, which will dissolve any of the acid that may be present.
This alkaline solution is to be decomposed with excess of acetice
acid; and, after it has been allowed to stand for some hours, to
allow time for the separation of the crystals of uric acid, any
deposit that may have formed is to be subjected to microscopical
examination. The microscopie
erystals obtained, in this man-
ner, are usually in the form of
rhombie tablets (figs. 219, 220),
and not unfrequently assume that
of six-sided plates.

Urie acid is soluble in alkaline
fluids, and is usually present in
serum, in combination with an
alkali ; hence we shall be able to detect it in aqueous extracts,
if 1t existed originally in the fluids. All that is necessary is to
concentrate the solution, and then add excess of acetic acid.

Dr. Garrod * has proposed an excellent plan for detecting the
presence of uric acid in the blood of gouty patients, which is
very simple and easy of execu- Fig. 220.
tion. A little of the serum is

poured into a watch-glass, and a CK;;}
few drops of acetic acid added to O D 5

it. Two or three very fine fila-

ments of silk, or tow, are then k{} Y

placed in the mixture, and the O I

whole allowed to stand in a still / 2:/2’
place, under a glass shade, for

twenty-four hours or longer. Upon submitting the filaments of
tow to microscopical examination, they will often be found
studded with minute erystals of lithic acid, frequently exhibiting
some of the forms shown in the above figures.

The student will gain much practical information as to the
characters and various forms which this substance assumes, by

* *Medico-Chir. Trans.” Vol. XXXI.
N 2
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dissolving some of the erystals obtained from urine in alkaline
solutions (potash, soda, alkaline carbonates, phosphates, &e.),
and then causing the crystals of lithic acid to be precipitated
by the addition of excess of acid. To some specimens he may
add hydrochlorie, to others acetic or mitric acids, &e. Upon
examining the crystals obtained by these various processes, in
the microscope, he will notice a great variety of forms, but,
upon careful examination, it will be found that most of them
are mere modifications of the same form, and that a connection
between them may be traced in many instances.

318. Wmippuric Acid is separated from its salts by the addition
of a stronger acid (as hydrochlorie acid), and the crystals which
are deposited may be subjected to microscopical examination in
the usual manner. Hippuric acid should always be sought for
in animal structures which are quite fresh, as it undergoes de-
composition very rapidly, and then becomes entirely converted
into benzoic acid. The microscopical characters of these two

Fig. 221, acids arevery distinet.
Benzoic acid erystal-
lizes in scales, while
the crystals of hip-
puric acid occur in
the form of beautiful
prisms (fig. 221), not
unlike those of the
ammoniaco-magnesian phosphate. Iippuric acid is very solu-
ble in hot water, and also in aleohol. Solutions of hippuric aeid
redden litmus paper strongly.

In order to detect small quantities of hippuric acid, the
animal fluid, which must be perfectly fresh, is evaporated nearly
to dryness, and then treated with aleohol sp. gr. *830. After
the addition of a crystal of oxalic acid, the spirituous solution is
evaporated to the consistence of syrup. The residue is next to
be extracted with ether, which contains about one-sixth of its
volume of alcohol. The solution is again evaporated, and the
remaining extract treated with water, which dissolves tlr:e hip-
puric acid, while any fatty matter which is present is left
behind in an insoluble state. The solution may be filtered into a
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watch-glass, and allowed to evaporate slowly that crystals may
form.

Hippuric acid may always be obtained from the fresh urine
of horses or oxen. After the administration of benzoic acid, it
is found in human urine; and Lehmann has remarked the pre-
sence of hippuric acid in diabetic urine, in every instance in
which he has sought for it. Hippuric acid has been found in
the blood of oxen by Verdeil and Dolfuss.*

319. Lactic Acid—ELactates.— The presence of this acid is often
detected with difficulty in animal substances, in consequence of
its characteristic reactions being interfered with by the presence
of many organie bodies. Its separation from other substances is
attended with much difficulty, especially when it is present only
in very minute proportions.

Its presence is most readily determined by the microscopical
characters of certain of its crystalline salts. Of these the lac-
tates of zine, copper, and lime, are the most characteristic.

In order to detect the presence of lactie acid in animal fluids,
Lehmann proceeds as follows: the fluid is evaporated carefully
over a water-bath, and the residue extracted with alcohol,
After the separation of some of the salts, by evaporating this
alcoholie solution, and allowing them to crystallize out, the re-
maining mother-liquor is treated
with sulphuric or oxalic acid. The
sulphate or oxalate of potashisthen -,
precipitated by means of alcohol, == 388
and the impure lactic acid remains — ;
in solution. To this solution
baryta water is next added, and .
the excess of baryta removed by —
carbonic acid. The solution fil-
tered from the precipitate is eva-
porated to a syrupy consistence,
treated with aleohol, filtered, again evaporated, and then allowed
to stand for some time, in order that any baryta salts may crys-

* Lehmann’s “Physiological Chemistry,” Cavendish Society, Vol. 11,
p. 212,
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tallize out. The syrup is next removed, and decomposed with
sulphate of lime. The solution filtered from the sulphate of
baryta is evaporated to a small bulk,
when crystals of lactate of lime, in the
form of double brushes (fig. 222), with
crystals of sulphate of lime, may be
observed upon microscopical examina-
: tion. The crystals of lactate of lime
— may be dissolved in alcchol and sul-
" L—) phate of copper added. After the re-
moval of the excess of sulphates of lime and copper by evapo-
ration and erystallization, the remaining solution is to be eon-
centrated, and the crystals of lactate of copper examined in the
microscope (fig. 223). If distinct and measurable crystals are
not obtained in this manner, Leh-
mann dissolves the residue in a little
water to separate any butyrie acid
that may be present, and after being
strongly boiled, the solution is fil-
tered, and a zine bar placed in it,
which, in the course of a short time,
becomes covered with ecrystals of
lactate of zine, the angles of which
may be measured with the gonio-
meter (fig. 224). The microscopical
characters of these salts of lactic acid are well shown in the ex-
cellent atlas of plates of my friend Dr. Funke, of Leipzig, a work
which will be found of the greatest value to the student in
animal chemistry.*

3820. Fatty Matters. — Some substances of this nature crys-
tallize in characteristic forms, from their ethereal or alcoholie
solutions.

Margarine may be readily obtained from human fat: it is
deposited from its aleoholic solution in round spherical masses,
which appear almost black by transmitted light, in consequence
of being composed of dense aggregations of minute crystals

=

* (Cavendish Society, 1853.
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(fig. 225). Almost the whole of the oily fat remains in solution
in the aleohol.

Minute stellee of this substance may be obtained from a con-
centrated aleoholic solution of human fat, and not unfrequently
separate spontaneously from the oily fat in which they have
been previously dissolved. This erystallization may sometimes
be seen in the contents of the fat vesicle of adipose tissue, par-
ticularly if putrefaction has commenced, and also in many mixed
fatty matters which have been extracted from animal sub-
stances, if they be subjected to microscopical examination,

Margarine crystallizes from its solutions in tufts composed of
somewhat wavy, minute, acicular crystals, or in separate free,
short erystals, which are usually somewhat curved.

Margaric acid also crystallizes in minute tufts composed of
very-small and much-curved crystals (fig. 227),

Stearine may be obtained in large quantity from mutton fat :
it 18 only slightly soluble in hot aleohol ; from which solution it
readily crystallizes in a form much
resembling that of margarine, but
the needle-like crystals are for the
most part thinner, and their direc- °
tion is straight. Stearine also very
commonly crystallizes in quadran-
gular tablets.

In examining the crystals of these
fatty matters, deposited from ethe-
real or alcoholic solutions, obtained
by digesting the dried animal sub-
stances in aleohol or ether, a large number of oil-globules will
also be observed in the majority of instances. The characters
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of stearic acid under the microscope are shown in fig. 226, and

those of margaric acid in fig. 227. The accompanying figures
Fig. 227, were taken from the excellent atlas

of plates by Robin and Verdeil, *

These crystalline fatty matters are
not unfrequently met with in mor-
bid growths, and very commonly in
various fluids and solids of the body.
In vomited matters, masses of crys-
talline fat are very often observed;
and in vomit containing sarcinz, the
stellar erystalline masses are very
frequently present.

Cholesterine is a non-saponifiable fat, and oceurs in many situa-
tions in the human body. There is always a small quantity of

Fig. 228. cholesterine in bile, and the
colourless gall-stones consist
almost entirely of this sub-
stance. It may be extracted
from many of the tissues in a
state of health; I have even
obtained it from the healthy
crystalline lens of the eye. In
disease it often occurs in se-
rous fluids, especially in the
serum of ovarian and other
cysts, and in the fluid of hy-
drocele.

Cholesterine may always be
recognized by its ecrystalline
form (fig. 121), and may usually be obtained by the slow evapo-
ration of alcoholic solutions; but where only mere traces of
this substance are present, it is necessary to remove the other

* ¢ Traité de Chimie Anatomique et Physiologique;” a work that may
be consulted with great advantage by all interested in the microscopical
characters of the various crystalline substances met with in, or obtained
from, the animal body.
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fatty matters before the cholesterine can be obtained in the form
of erystals. By boiling the fats with water and oxide of lead,
the saponifiable fats form a plaster with the latter substance,
and the cholesterine is dissolved by treating the latter with
dilute aleohol, from which solution it may be obtained in a crys-
talline form by subsequent evaporation.

Seroline.—This is another non-saponifiable fat, but differs from
cholesterine in not forming distinet and well-defined crystals ;
it separates in large transparent flakes from alcoholic solu-
tions (fig. 228).

821. Crystallizable Substance from the Blood,—This beautiful
compound is held in solution in the red blood-corpuscles of man
and animals. It was first examined by Funke, and after-
wards by Kunde.®* The subject has lately been very carefully
investigated by Lehmann.+ In the “ Medical Times and Ga-
zette™ for 1852, will be found a very interesting paper on the
subject by Dr. Parkes.f The various forms of the crystals are
well delineated by Dr. Funke.§ See also frontispiece.

These crystals are very readily obtained by diluting blood
with water. A drop of blood may be placed upon a glass slide,
and after the addition of a drop of water, alcohol, or ether, the
whole should be lightly covered with thin glass. A hair, or a
small piece of thin paper or wood, may be placed between the
glasses, in order that a stratum of fluid of sufficient thickness
may be retained. Whenever it is possible, it is preferable to
use defibrinated blood. Often the corpuscles and a little serum
may be removed from the clot by firm pressure, and from this
very perfect crystals may frequently be obtained. The blood-
corpuscles become ruptured by endosmosis, their contents
escape, and crystallize as the solution gradually becomes con-

Hd‘ II}ils.;serL inaug. Lips. 1851. (0. Funke.) Zeitschrift, f, rat. Med, N. F.

t “Lehrbuch d. Physiolog. Chemie,” Vol. I. second edition, 1853. Bei,
d. k. Sichs. Gesel. d. Wiss, 1852-1853,

+ See also a paper on “ Albuminous Crystallization,” by Dr. Sieveking,
in the “ British and Foreign Medico-Chirurgical Review,” for October 1853,
in which some excellent woodeuts of blood-crystals are given.

§ Cavendish Society, 1853,

¥ 3
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centrated. The time which elapses before erystallization takes
place varies from an hour to several hours, or days, in different
specimens of blood. Crystals may also be obtained in a similar
manner from the coagulum of blood.

The form of the erystal often varies slightly in the same
specimen, but the blood of different animals yields erystals of
very different forms. The prismatic form is that most commonly
obtained from the blood of man, the carnivora, and fishes.
Tetrahedral crystals appear most common in some of the
rodentia, as the guinea-pig, while six-sided tables are formed in
the blood of the squirrel, mouse, and some others. By the kind-
ness of Professor Lehmann, T have had an opportunity of seeing
some beautiful rhomboidal erystals, which he had obtained from
the blood of the hamster (another of the rodentia). Frogs’
blood cannot be made to crystallize, in consequence of the den-
sity of the cell membrane ; but Professor Lehmann tells me he
has obtained crystals readily from the blood of the Italian
lizard.*

The crystals form more readily in daylight than in the dark,
but most rapidly when the slide is exposed in the light of the
sun. For the method of preparing these blood-erystals in con-
siderable quantity, by passing first a stream of oxygen, and sub-
sequently one of carbonic acid through the defibrinated blood, I
must refer to Lehmann’s ¢ Physiologischen Chemie,” band. IL.
s. 162, 2nd edition, where the observer will also find much im-
portant information on this highly interesting-subject.

Guinea-pig’s blood erystallizes in the course of half-an-hour,
or even sooner, if it be diluted with a little water or alcohol.
T have seen crystals form in guinea-pig’s blood without the ad-
dition of any fluid, and without any evaporation whatever.
Dog’s blood also crystallizes in the course of a short time upon
the addition of a little alcohol. Human blood crystallizes after
the addition of water, slowly if only just removed from the

* Qince the above was in type, Teichmann has succeeded in obtaining
crystals from frog’s blood by the addition of a very large quantity of water
at a very low temperature. Zeitschrift. fiir. rat. Med. N. F. Band III.
Heft. 8.— Brit. and Foreign Med, Chir. Review, April 1854,
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body, but more rapidly if the blood be not quite fl'BE}.l. The
mjrs:tﬂ.ls shown in the frontispiece (fig. 1) wercrabtmned 1:-}"
diluting a drop of fresh blood from the finger, with a drop of
distilled water; and after covering the mixture with thin glass,
the slide was placed in a light place. Crystallization commenced
about forty hours after the addition of water to this specimen
of blood.

It is excessively difficult to preserve specimens of these blood
crystals as permanent objects. I have succeeded, however, in
keeping some human-blood crystals mounted in the dry way ;
some from dog’s blood have been mounted in Canada balsam,
while the beautiful octohedral erystals from guinea-pig’s blood
have kept pretty well in the fluid to which spirit had been added,
although they soon exhibited a tendency to change colour.

322. Crysallization of Bile.—The glycocholates of potash and
soda were first obtained in a crystalline form by Platner. The
crystallizable substance of the bile may readily be obtained as
follows :—Perfectly fresh ox-bile is rapidly evaporated to dryness
over the water-bath, and the dry residue powdered and extracted
with absolute alcohol; the dark-green aleoholic solution is
quickly filtered into a small flask or bottle, and then ether is gra-
dually added until the white precipitate, at first formed, ceases
to be redissolved upon agitation. Care should be taken to add
the ether very gradually, for otherwise a bulky, amorphous pre-
cipitate occurs which does not become crystalline. The bottle
18 to be lightly corked, and allowed to stand in a still place.
After a few days, stellar masses of beautiful and almost colour-
less erystals appear; these inerease until tufts of a considerable
size are produced. The crystals may be subjected to micro-
scopical examination, immersed in a drop of the solution in
which they were produced, and are beautiful objects ; or they
may be carefully washed with aleohol, to which a tenth of its
bulk of ether has been added, and rapidly dried in vacuo.

When quite dry, the erystals may be mounted in a cell in the
dry way, but if exposed to the air while moist, they rapidly”
deliquesce. T have preserved some of these crystals in the
solution in which they were formed in a thin glass cell for some
months.
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APPENDIX,

823. Ellumination of Objects.—Nr. Rainey has devised a beau-
A tiful arrangement for producing a perfectly white artificial
I light for examining microscopieal objects. The bright dazzling
' 4 effect of the sun and of artificial lights is due chiefly to the in-
fluence of the calorific rays; and in order to obtain a light
favourable to examination, these calorifie rays must be stopped
in their course by transmitting the light through some frans-
parent medium which will absorb them.

The combination by which this desirable object is effected
in the case of artificial light is the following:  One piece of
dark-blue glass, free from any tint of red, one of a very pale
blue with a slight shade of green, and two of thick white plate
olass, all cemented together with Canada balsam.”  Mr.
Rainey says that when this medium is used with Gillett’s con-
denser, objects illuminated by the light of a camphine lamp
appear as if they were seen by a bright day-light.*

324, Dark-ground Ilumination.— By this mode of 1llumina-
tion, an object appears itself beautifully iluminated, while
the entire field surrounding it is perfectly dark. It is effected
by preventing any rays of light reflected from the mirror
from passing through the object and object-glass, by placing
a dark stop beneath the latter: and at the same time the
arrangement is such that any oblique rays will impinge upon the
object, and after having been refracted by it, they will pass
through the object-glass. In consequence of the only rays that
are transmitted through the instrument being those that are

—

* This apparatus may be obtained of Mr, Ross.
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thus refracted by the object, the remainder of the field appears
llll.l.ll.' dark. : .

The same effect is produced by a beautiful arrangement ot
Mr. Wenham's, which consists of a truncated concave para-
bolic mirror with an opaque stop in the centre. This may
be obtained under the name of Wenham’s paraboloid re-
flector.

My friend Mr. Brooke has applied this mstrument very suc-
u}nhllh for the illumination of opaque {}}Umt:} under very high
Illcigml_».mg‘ powers : Wenham’s reflector is illuminated by a
parallel pencil of rays, which are received, as they converge
to the focus of the parabolic mirror, upon a small plane mirror
attached to the object-glass, from whence they are reflected upon
the object.

9925. Gillet’s Condenser.— Lhis 18 a beautiful arrangement,
by which objects can be examined
either upon a dark or light ground,
by oblique or by polarized hght,
without altering any of the adjust-
ments of the mieroscope.

It consists of an achromatic con-
denser, which is fitted on under-
neath the stage, and so arranged
that a series of apertures, placed
round the eircumference of a large
eup-shaped dise, ean be made to re-
volve immediately below the surface
of the lowest lens, The different
apertures vary in diameter. One
18 so arranged as to produce a dark
ground ; another -is fitted with a
tourmaline for examination of ob-
jects by polarized light, while a third
will only admit an oblique pencil
of light, &e.

In the examination of the more
delicate test-objects, this instrument et SR S
s invaluable, as paints of structure by its aid can be readily

A mmew - m———
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o ¥ made out which are not visible by the ordinary methods
of illumination ; but for the general purposes of the medieal
practitioner it is not often required.
. * 826. Binocular Microscope.—The attention of microseopical
' observers was directed many years ago to the advantage which
; would be derived from viewing an object with both eyes instead
- of only with one eye, by Professor Wheatstone, in his paper
| upon Binocular Vision. (Phil. Trans. 1838.) Of late years
i several attempts have been made to construct a microscope
' upon these principles, and very perfect instruments have been
i of late designed.*

The arrangement which Mr. Wenham has found to succeed
best is shown in fig. 229, in which b represents a compound
prism composed of two prisms of crown glass, and one large one
of flint glass. By this arrangement two images are produced,

*= ¢ 0On the Application of Binocular Vision to the Microscope,” by F. H.
' Wenham, Trans. of the Mie. Society of London, 1853, p. 1. * On the Bi-
npeular Microscope,” Prof. Riddell, New Orleans, Mic. Journal, 1853,
p- 18. * On a Microscope adapted for Anatomical Manipulations, and ona
Binoeunlar Mieroscope,” by M. Nachet, Miec. Journal, 1854, p. 72.
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one being transmitted through each of the tubes and eye-
pieces d, d. :

The very ingenious arrangement of
M. Nachet is shown in fig. 230, by
which two observers can examine an ob-
ject placed in the field of the microscope
at the same time. Immediately above
the object-glass is placed a glass prism,
the section of an equilateral triangle.
At B B’ two other prisms are situated,
by which an erect image of the object
is produced in each tube.

By placing the two prisms B B’
nearer to the triangular prism, as shown
in fig. 231, a binocular microscope of
a most convenient and effective form
is obtained. The course of the rays
in the last arrangement is shown in
fie. 232. For further information upon
the subject of binocular miecroscopes,
the reader is referred to the papers
enumerated in the Note.

327. Nachet's Microscopes for Chemical Observations.— M.
Nachet has contrived a beautiful arrangement for examining
objects which are to be treated with chemical reagents, or to
which heat is to be applied while under observation. In this
instrument the object-glass is placed underneath the stage, and a
prism beneath it, by which the rays of light transmitted by the
object-glass are refracted through the tube of the microscope,
inclined at an angle of about 45°, and conveniently arranged
for observation. The light is thrown upon the object from
above. The tube of the microscope, bearing the eye-picce with
the object-glass, slides upon the base of the instrument, and
can be withdrawn, while a spirit-lamp may be placed under-
neath the stage, and heat applied to the object when necessary.
In this microscope the glasses cannot be injured by the fumes
of acids, &e., which may be applied to objects. Mr. Highley has
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proposed some additions to this instrument which render it very
useful for investigations upon the optical properties ui“a‘l'}'ﬂui;.

S28. On the Manufaciure of lnrge Crystals of Sulphate of Todo-
quinine.—The employment of this substance for polarizing the
light 1n ljli{'l'u:‘-‘g'uin’t'u!
examination has been

Fig. 232,
.

already alluded to in
page 30. Sinece this part
of the work was in type,
Dr. Herapath has suec-
ceeded in making crys-
tals sufficiently large for
the purposes desired.
Pure disulphate of
quinine (that manufac-
tured by Messrs. Howard
and Kent is strongly re-
commended) must alone
be employed. The qui-
nine 18 dissolved in py-

roligneous acid, sp. gr.
1:042, and the solution
diluted with an equal
quantity of proof spirit (made by mixing equal parts of spirit
sp. gr. *837 and distilled water).

A spirituous solution of iodine is made by dissolving 40
grains of iodine in one fluid ounce of rectified spirits-of-wine.
The following 1s the formula :—

]}iﬁuliﬂmis* of quimine . . . 50 grs.
Pyroligneous spimt . . . . 2 fluid ounces.
Proof spimt. . o w0 =2 fluid ounces.

Spirituous solution of iodine 50 drops.

The quinine is to be dissolved in the acid mixed with the spirit,
and the solution heated to 130° F. The iodine solution is then
to be added by drops, and the mixture agitated from time to
time. As crystallization takes place, the largest plates rise to
the surface of the fluid, and these inerease in dimensions, being
perfectly free from other crystals. The greatest care must be
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taken to prevent the solution being agitated during the forma-
tion of the erystals, which may be effected by suspending the
flask containing the mixture to a string which is made to
stretch across the room.

The large crystals should appear in the course of six hours;
but they should be allowed to remain in the solution for a
period of from twelve to twenty-four hours. The largest plate
is then removed by passing a small glass disk, attached to the
end of a glass rod, beneath it. The glass with the ecrystal is
then withdrawn, and the superfluous fluid imbibed with blot-
ting-paper, the greatest care being taken not to touch the
erystal, which is next dipped for an instant in cold distilled
water in which iodine has been dissolved. The adhering fluid
is again removed as before, and the crystal placed under a
small glass shade, beneath which a watch-glass with a few
drops of tincture of iodine is included. The 1odizing of the
plate takes about three hours, if the temperature be about 80°.

The crystal, being quite dry, is next mounted in thin Canada
balsam (previously saturated with iodine) without the applica-
tion of heat. For this purpose, however, Dr. Herapath recom-
mends an etherial solution of Canada balsam which has been
saturated with iodine. The most minute description of the
whole process will be found in Dr. Herapath’s paper, to which
the reader is therefore referred. (* Microscopical Journal,”
No. VI. January, 1854.)

329. Corpora Amylacea.— Virchow has found that these little
concretions which are met with in the brain, are composed of a
substance allied to cellulose. TIn order to prove this, a watery
solution of iodine is first applied, and this is followed by the
addition of dilute sulphuric acid, when the characteristic colour
is produced. The experiment succeeds better when the rea-
gents are allowed to act very slowly (12 to 24 hours).

The little bodies which exhibit this reaction must be distin-
guished from the ‘brain-sand,’ consisting principally of mineral
constituents, and found in the pineal body and choroid plexuses,
the organic matrix of which consists of nitrogenized matter,
and is coloured yellow by the iodine and sulphurie acid.

The cellulose bodies are found most abundantly in the
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deeper layers of the membrane lining the ventricles of the
brain, in immediate contiguity with the nerve fibres, and are
more numerous when the lining membrane is very thick.

These observations of Virchow have been confirmed by Mr.
Buslk, who further states that the composition of these bodies is
actually identical with that of starch, and that they exhibit the
same characteristic reaction upon the application of Schultz’s
solution, composed of chloride of zine and iodine (§ 298).
For further information upon this very interesting subject, see
Mr. Busk’s Observations in No. VI. of the * Microscopical
Journal,” January, 1854.

330. Removing Sinins from the Mands.— Brunswick black
may be removed from the fingers by washing them with a little
turpentine, or by rubbing them with lard or oil, which may
afterwards be removed by soap and water.

Marine glue may generally be peeled off, or it can be dissolved
with a little ether or naphtha.

Chromate of lead.—1In using this substance for injection, the
fingers often become stained with a very deep-yellow colour,
which cannot be removed by ordinary washing. The applica-
tion of a little hydrochloric acid at once dissolves the yellow
precipitate. The hands should be: plunged into water imme-
diately after the stain has disappeared.

Sealing-wax varnish, and other varnishes soluble in spirits-
of-wine, can always be removed by the application of a Little
spirit.

Lime and India-rubber cement, which adheres to the skin very
firmly, can be removed by lard or oil, and subsequent washing.

Canada balsam may be removed by the application of a little
turpentine or ether.

831. Table for the Mutual Conversion of British and Foreign
Linenl DMieasurements,—This table is constructed upon the
principle of those used for calculations in quantitative chemical
analysis, and will enable the observer readily to compare the
value of different measurements. It has been copied from a
communication by Dr. Robertson, in the Edinburgh Monthly
Journal of Science, for January, 1852.
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Animaleule eage - : . .
Apparatus for cutting thin sections . .
2 necessary for microscopical research
Appendix . - - : . -
Aphthee . : ; A ]
Arcus senilis . . . . . . .
Areolar tissue, subcutaneous . ; ’ : : -
1 hypertrophy of . - - ; - -
Arteries, deposits in . - - . -
sy of brain , - - -
e Mnlplghmn, thmkﬂn{-d - . . .
Artificial injections . . : . g :
Ascaris - . R . o : ¢ ;
Ageitic fluid . . . i ; - i : :
Atheromatous deposits . . : : : :
Axis corpuscles . - - - . : . -
Balsam, Canada . . : . . - -
Bnr}'tez, nitrate - - . . .
Bennett, Dr., on cryptogamia in the lu'ﬂg . ; :
o leucocythamia : -
Bile, erystallization of : : - - : .
Binocular microscope . - - : : ; -
Bladder, epithelium of ;
4y  pus from . . . . - : >
Elanket hair in urine . . - : . A .
Blood . . - . - ; : . 2 ;
., in cholera . 5 : : 5 : ; ¢ :
, lencocythamia . . - : . .
,, of lower animals . - ! 3 : : . ; . 230
,y of the spleen . . . . . . : E:Eﬂ
,, ecrystals, human su‘nJcnt, mouse, cat, ﬂng, squirre] guinea-pig . 273
Blood-corpuscles, endosmosed . . ; : < 233
' i acted upon by acetic nmd nitric acid, or alkalies . 229
ot in urine - : . ; 5 : ; 5 E‘EEI
Blue injections, indigo, Prussian blue . - - : . . . 107
Boiling tissues. 5 - - : : : : : : . 117
Bothriocephalus latus : - : . . : e : Tl
Bone, examination of . . : : : - - - . 181
Bottles for collecting urine - 3 ; - : - . . 193
Bowman, Mr., on muscular fibre . : . . - - a 138
Brain, examination of - . . ; . . : . . 132
,, specific gravity of . . . - . : - . . 244
Branched muscular fibres . . ; : . : : : - 189
Branson, Dr., compressorium . . - - : - ; : 25
Brass plate . . . : . - : - - . . 43
Bread-crumbs in urine . ; : : : - : : . 196
Bright's kidney . . . - . . : . - + l?ﬁ
Brooke, Mr., on Jllummutmn of opaque objects . - - . : 277
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Briicke, on muscular layer of mucous membrane . . X
., on muscular fibres of villi . - . : :
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Bryson, microscope-maker . . : : . .
Built glass cells : . . : : .
Bull’s-eye condenser . : ; =
Burnett's solution . . : g : 3 - : 5
Busk, Mr., on corpora amylacea . : . .
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Cells, of cancerous tumours . . : .
.y of cancroid tumours . -
»s Of liver . : 2 . .
+s pigment . . ' . i
s, containing ml-globules in blood . -
5 in ovarian fluid
44 in urine, naturc of which not known -
,, for preserving preparations . .
,, for examination of deposits . 3 :
yy Brunswick black . . - . -

4 gutta percha . . : - .
,y for examining proteus : ' . .
,, tinfoil . z - - . . =

, very thin glass . : :

Eellulnr tissue, hypertrophy of . - 2 s
Cements . .

,, for attaching guttn. perchn to the g-lu.sa sh&es :

., for attaching cover to large glass cells .
Cerebral matter, white . . =
Chalk, prempita.ted size of pnrtmles of g -
Chemical analysis in microscopical investigation

,, and microscopical examination

,, apparatus required for . . .

,, examination of urinary deposits . .
,, reagents, use of, in elucidating structures

,, tests, application of, to objects under the microscope

Chevalier, microscope-maker . 5 . .
Chimney-sweep's cancer . 4 - - -
Chloride of sodium, erystallization of - -
Cholera, examination of blood in - . *
air s stoolsin . .
Cholesterine . -

2 from nthcmmutcus depoait. - .
g in serous fluids . . . : .
o in tubercular matter . - -

Chromic acid - - . - - -
25 in examination of crystalline lens
5 B.Pi'l!l.!l.1 cord .
Chruma.te of lead . - . - -

size of particles nf . .
removal of, from hands .
Chr-:-mntm aberration . . : ; : :
Chylous urine . . . . .

Ciliary motion in newt’s kidnejr . . : :
Ciliated epithelium . g - 5 -
of air puasrﬂgeﬂ .
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Clarke, ‘!Ir J. L., method of examining spinal cord
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(lassification of urinary depu‘aits y : : - . , . 200
Claws of echinococei . . Sl o D b e R e L
., - accidental presence T AP . 251

yy insputum . . . . ' : : : - 235
Cleanliness, importance of, in microscopical mveshg‘utmn - - s 40
Cleaning specimens for examination . - - : - 3 T8
Cobweb micrometer . . . . . ¢ - . J 35
Coffee-ground vomit . ' i . . 175, 236
Colour of blood altered by a-mtlr: amd : ; ; : : : 234
Coloring matters used for injection . 5 : : - : . 1ol
% chromate of lead ., . - : ; ; : 105

i Prussian blue, indigo : - L : . 107

e vermilion . - : : 2 - : ; 102

2 size of particles of . : ; : - : . 101
Columnar epithelium . : ; ; - : > $ ; 148
Compressorium . - ; : ; - : . . : S o2h
Concave glass cells . - ; - : ) ; F - S 62
Condenser, achromatic - : : e : il S
35 bull's-eye . - : . - : - : . 28

s Gillett's . . - s . : 3 : : o 27T
Conical glasses - s S 3 . : - - : 188
Coniferous wood in urine . - - 2 : : ; ; . 210
Corks for dissection under water : . - - - : : 78
,y for injecting pipes . - : . : . ; TR
Cornea and retina, examination of . J E - g : : 157
Corpora amylacea . - . . . . - . . 132, 281
Cotton fibres in urine 5 : : - : 2 : . : 196
Cover, application of, to cell 2 g N . 3 . 4 EED
Creatine, creatinine . . . . - : E : . 265
Creosote solution ; . . . : - : O B
Crystalline substances, fcrmutmu of, in anun&l fluids ; - : 259
2% lens . . . . . - . 158
Crystals, examination of), in mmrnscnpe . ; ; . - : 261
sy of bile . - - 5 - 5 : . ; . 275

+y of blood . : - 3 : g . iy " 230, 273

sy oOf fatty matters . . . 2 - : % - . 270

»» method of measuring Sy - - : ‘ % 36

»3»  preservation of . $ ; i : 3 . 263

,» influence of, upon polarized llght : 3 : 3 o e 2h2
separation of, from animal substances . . i 3 . 260
Grjrsmlhmtmn influence of extractive matters upon : : 2 259
Cuticle . - . . : : - 5 . : : . 149
Cutting glass . : . - - - : : : ; 53
»y  circular pieces of thm glass . : : - : . S

yy  thin sections of soft tissues - ; : : . 120

5 - hard tissues . . ; 3 ; : . 178
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+y Ppreservation of n . ; : : : : ; . 929§
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Cysts, hydatid . . . . . ;
Dancer, microscope-maker . g :
Dark-ground illumination . ‘ -
Deep glass cells . - : . .
5 s made with hiuwplpe ;
Diefining power . . . . .
Delves, Mr., on phutugmphﬂ 5
Demodex fﬂllu:ulurum : - : ; -
Dennis, Mr., on glass cells .
'Dentmni tubes : . ;
Deposits, collecting small quuutltu:s of
removal of, from vessel . : -
separation nf, from fluids .
from serous fluids . ; - ;
., from urine . : ' 5
Diagnosis, value of the microscope in
,, of the pus globule .
Diamond, cutting . . - . . g

31

"y

.y  Writing - A - s .
Diaphragm . ; : i

Dintomaces, blilﬂﬁﬂuﬂ- ﬂLeletuns of

Dissection under the surface of fluid :
Discharges from the uterus and vagina 5
Drawing objects . . . .

Dropsy, acute, form of lithic acid in urine .
Drying tissues for microscopical examination
Dumb bells, oceurrence of, in urine .

cell wall of . - ;

of carbonate of lime : ,

of lithate of potash . - .

¥l
51

n of oxalurate of lime :
o of phosphate ot lime
of lithic acid . ; k ;
E:ﬂ.l'thj‘ phosphates . ; . .
o deposited in urine by Leepmg 5
Echinocoeci . : . . . :
4 in aputum . . .
Elastic fibrous tissue in stools . - . :
Elder pith for cleaning object-glasses .
Enchondroma . . - - : . +
Entozon . . . .
Entozoon fulhcularum - - ; . .
Epidermis. . . . - - :
Epithelial cancer . - . . . .
iy casts . : g - .
ys growths . . . ; .
Epithelium, examination of . .
5 in gputum . . . . .

170

276

172

1391
190
191
231
199

238
53
45
26

119
77

237
32

215

118

217

218

218

218

215

219

219

211

194

170

237

41
165
168
172
149
165
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146
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Epithelium, ciliated . - 3 . :
D columnar or prismatic
. glandular, or spheroidal . :
S scaly . - - : ;

Lt |

L

tesselated, or pavement . - :
of genito-urinary mucous membrane

oh kidney . ; : : ; :

3 ureter . . 2 - : : :

;s ~bladder . . . =

o urefhra . : - -

s vagina . . - g . -
Epizoa . . . = . . -
Ether . . . - - .
Evaporation and dr:,*mg‘ : . . . -
Examination of crystals . - - .

31
13
12
3
Y
13
13
33
1y
ra
»a
33
R
11
b )
13

1y

deposits from fluids : ,
ohjects in the microscope .

s Dby reflected light .

,5 by transmitted light s
organs in lower animals . ;
serous fluids : ; : 4
soft tissues .
hard tissues
substances in different medm F

tissues .
s by hoiling prevmusiy
,, drying . 5

,y 1gniling ; - .
yy Washing, &c. . ! 3
transparent objects .
uring . .

i mngmf}':mg ppwers reqmrr.:d

Extraneons substances met with in urine T

Exudation cells in urine . . . . i

Eye-pieces . . . . . . - .

Eye-piece micrometer . = . . .

Fat . A : ; ; : - ‘ 4
4y in free globules . 2 : A

13

17

enclosed in a cell . :
in & molecular state . ! : 5 i

sy In kidney . . .

,y composition of, in urine . % ;
., cells, adipose tissue 4 : : :

,, from urethra . - ; . :

4y 1D UTine . y : . § : .

Fatty matter, chemical examination . . .

conditions in which it ocenrs in urine

degeneration . . . -
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Fatty degeneration, in arteries of brain . g
- 13 vy Kidney . ; .
i M 1 ys muscular fibre - :
; | 13 gy nerve . . » .
A oy liver . - i ; -
| Favus crusts . . . . ;
5 Fermentation, acid . . s ; :
' Fibre cells . . - . . 4
h contractile coat of arteries . - "
Fibres of deal wood in urine . - .
Filtering . . - . - - .
Fishes, injecting . : : .
Fixed alkali - : . - .
Fixing cells to glass slides : ; g
+s cover on large glass cells .
Flax in urine . ; : F -
Fluid from ecysts : . : - 5 8
,, for injecting, preparation of . : .
+, from hydatid cysts . ; : - .
Focus, arrangement for altering . .
Forceps, . - - : . > - :
.y Biage ., . . .
gy Tor Btﬂpplng wes&cls in m;tmtmg
Frauenhofer, microscope-maker . -
French cement, composed of lime and Indm—mhbcr
Frog, kidney of . . . .
yy tongue of , . % - - . .
Fungi, aphthee, Muguet . - - ; 2
vy tinea favosa . . . ; i .
Funnels , i - : : ; '
Gannal’s solution ; . . : .
Gas lamp . . . S :
Gelatine, prcsmahvu : . . - -
,s  ond size for injecting : . .
Gillett's condenser . : : - . ;
Glandular epithelium : - . ; -
Glass cells . . . - .
,, for polishing thin sections nf bone, &n
Glasses for dissecting under water : . -
Globule . - - - - . -
Glycerine . 5 . - 3
o for preaervmg urmn:;.r deposits »
Goadby, Dr., preservative solution .
e on glass cells . . .
3s chromate of lead injection
GGoniometer . - . i :
Goodsir, sarcinge ventriculi : . . -
Granule . . , . . -

®
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180
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Grinding glass . : - . ‘ ;
e thin sections of hnrd tissues . .
Guinea-pig, blood erystals of ) :
Gum . 3 . - : . 5 : .
Hair, examination of . : . . ;
fungi infesting - - .
,, transverse and lunr-:tun:lmnl sections of
sy inurine . 3 . . . -
bulb, examination ot . ; ¢ : .
Hamsten, blood crystals of . . . .
Hassall, Dr., on penicilium glaucum and sugar fungus
Head of tape-worm, means of procuring . : :
Heart, muscular fibre of . . :
Herupnth Dr., on large erystals ﬂf Indo-qmmne 4
Highley, Mr., gu.s lamp - . - . ‘
1 on photography -
Hones for grinding hard tissues . 5 : -
Hooklets of echinococci . .
Horse, kidney of . . . .
.,  carbonate of lime in urine of -
Huyghenian eye-piece . . : . -

Hydatids : . : . . - ; 5
A in sputum . : : - . :
Hydrochloric acid . 2 : - ; - 5

Hydrometer ' - : . .

Hypertrophy of cellu]ar hssue . :
Igniting substances to remove organic mntter
INumination, dark ground . : :

i of opaque ohjects . : :

5 of transparent objects . . . .
Incineration . . . . .
Inclining microscope, armngement for . . .
Indigo : : - . .

Influence of media upon the mmmscopmu,l appenmnce ﬂf suhst.a,nm-a :

Injecting . A : : = . :
,;  cans . 2 : - ; :
A colouring matters employed in - . :
< s ,y  Size of particles of
i fishes, insects, mollusea i
sy  force employed in . . .
o operation of . : : : .
45 pipes - ;
.,  rulesto be ah@ewed in : :
i a portion of intestine - : -
33 syringes = -
.a time at which mﬂst {'mrl:uuruh]e ;
.,  vessels of lung with gelatine
- when complete . - : :
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294 INDEX,

Injections mounted in Canada balsam .

e of liver . : i : . : - ; : i 131

'3 yellow ; ; - - - - . . . 105
Inpeste, Snjentlag: ooe S ol pme b o R A
Ingtruments - : ? : . 3 . 2 3 ; ., 46
Poteatineiingecting. . o jur o ar e e e cimaisee 100
1 villi of : ? - - : : ; ; : ~ 154

1 uleers of . - - . : - ; : : 4 155
lodine solutions . : ; . : : : y X ) . 250
+3 and chloride of zine - - . : A - : 250
Indo-quinine, manufacture of large crystals T Y el
Iron, peroxide of, in urine . . . . - . - : 215
Johnson, Dr., on casts ; : - - ; - - 5 . 206
29 on the kidney . - . . : 126

4p on thickening of the Mn’lpighmn n.rter:ea . ‘ . 136
Kidney 5 : : ; g : ¢ : : .o 124
yy  basement mnmbmne of ; : ; : 2 2 : 125

yy  Bright's e . ; ; ¢ : : : : . 126

T of cat : ; . x : E - . : - 127
oy epithelinm of e 5 : 5 ; : - . T o

'y of frog and newt x ; > : - A A . 129

1y of horse : . - - ; - ; - - - 181
,,  matrix of . : : . - . . 126

i method of cutting a thin aﬂctmn uf ; : . . - . 126

e preservation of . . . : ; . . . . 128

vy vessels of . ; ; 5 A : . . . . 126
Knives, dissecting . . . - 2 . . . . : 47
% thin-bladed . ; > . - . - . . . &

=3 Valentin’s . 3 g : ; 5 - : 5 121
Killiker on branched muscular ﬁb!‘vE.'H : - - . . . . 139
Kousso in tape-worm : : : : 3 . . . 169
Lactates, methods of detectmg - - - 3 . - . . 269
,,  of copper, lime, and zine . . . - . - . 210
Lactic acid, method of detecting . - . - . . - . 269
Lacunge of bone . : - . . . L . : 181
Ladd, microscope-maker . T s T R
Lamp, Highley's gas-microscope . . . . ; : : 7l
,, camphine, Smith and Beck’s - . : e
sy Bpirit . . . : . . . . - r . 42
Lancets in handles . : 2 S : A - . 121
Large organic globules . . - : . . . . - 220
sy Waxy casts . . - . . . s . . . 207
Lateritious deposit . , - 2 ; ; g . . : 212
Larvee of blowfly in urine . . . - . . - : 3 3
Lealand, Mr., preparation of muscular fibre . . . : - “’E'
Leeson, Dr., goniometer . : - . . . ; » - ﬁ“
Leptothrix bueccalis . . . ‘ . . : ; s B L

Levigation . 5 - ; 3 ! : . . . . 102
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Lieberkuhns . . ’ ; g : - . g ey
Lime, carbonate of, in hurse 8 urine . - : - : . : 230
., and India-rubber cement . : . ; G : . 5l
LA = ,y removal of, fmm hapds . - . 282
;y Oxalate | : . . ‘ . . . . 216

, . oxalurate . g - i . : - ’ . : 217

s .y  polarization of - : - . . : . 217

,, phosphate of, in urine . : . . : . . - 211
Linear measure . . . y . ; - : 2 oy o]
Lines, Paris, Vienna, Rhenish, &e. . - . - d 5 - 34
,, table for comparing value of . ; - : . : . 283
Lithates in urine . p - : ‘ . : " . . 212
yy composition of . . . ‘ . . . g . 212

Lithic acid . , . - . . - - . - ; 213
Cayenne pepper, grains of , - - : - - . 214

1

o in rhomboids and in six-sided erystals . ’ : . 214
Liver . . ' : . . . . . . - - 128
oy cells . : - . - . : : - - % 128
»y Tabty . - ; . . . . . . X - 1829
e obpiy . - - - ¢ s J : ; ) ; 131
Loaded corks . : ; 1 5 - - - : : . 75
Lung, examination of . - : ; - : - s g 143
,,» 1in a morbid state . < : £ : : 5 - . 44
Lymphatic glands . . - ; g ; - 146
Magnifying power, method of nacert,a.m] ng ; 2 - ; o |
usead in exmnlmng urine . - - . . 194

Hmignnuuumaurs R e L.
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Margaric acid . - : o - - : : : : |
Marganine . . > . . - - . . 3 : 271
T crystallized from fat vesicles 3 : - - : . 157
Marine glue . : - : . - : - - ; : 49
5 removal of, from hands . 3 ¢ : - 5 . 283
Matthews, Mr., new form of Valentine's knife . ; - . : 122
Matrix of kidney . . : e = ; i ; : . 12b
Matters, extraneous in urine . : . - : : : ; 196
Measurements, table of : s . - : 5 : . 34
3 for mutual conversion uf - . . . 2 283
Measuring, method of . . . . . . . . . 34
o objects with the camem, &, : : ; 35
Mercurial injection, syringe for . - . : . . : 4 9T
Mercury, golden sulphuret, biniodide of . - - : . . 105
Merismopoedia ventriculi . . : : - - ; - = LS
Merz, microscope-maker . - ; . . - : : . 13
Method of examining soft tissnes . . ; - - - . 128
+»  Mmaking pipettes . - : ” \ . . . 187
Micrometer - - 5 . g . - . - - . 34

Microscope . 2 2 2 o ; ; ; : 3 - 9
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Microscope arrangement of, for drawing

% binocular . i - . .
i3 for chemical observations . ' .
o choice of a . . . ' »
33 as a means of diagnosis . . ‘
S essential points in construction of .
(i malers of . : - 5 : 2
5 simple and compound . . .
5 students” . . . . '
Mieroscopical investigation, chemical analygis in
Micrometer, cobweb . ‘ ‘ . . .
£ eye-piece . . .
' stage . . : . . .
Milk - . . . k
Mirror . i ‘ i . ' . .
Molecules : - , ' : - -
Mollusea, injecting . . . ‘ :
Morbid growths . . 5 - ;
presewatmn of . : 3
Mammnﬂ' objects in Canada balsam , E :
- ,y in the dry way. . . :
s sy in fluid - : -

33

17

INDEX.

preparations in large glass cells
sections of bone

Mouse, crystals of blood of . .
Mul:'-nus membrane . . . . . .

Mucus

Muguet
Muscle, sarcolemma ::-f - : ; 5

7

Ll )

injected. : : 2

- El El Ll " Y

s " # B *

branched - s - - ’
fatty degeneration of . . . -

Muscular fibre . 3 : . g .

31

31

ny

L

: B |

M _',rcnhum

of heart . A A A

of mueous membrane . A .

non-striated . . : .
cells . . . : ;
reagents emplnjfed in examining
presermtmn [ -

in sputum. : -

voluntary, involuntary .

" ] " & " ]

Nachet, rmcrﬂsmpe-ma.ker . ; . .
microscope for chemical observations .

11

Nails

Naming prepamtmna : ' .
Naphtha and creosote solution . -
Natural injections . ! A 3

-
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Frontispiece
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153
114
200
174
139
139
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138
143
154
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233
138
173

13
279
183
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87
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Needles . 2 . . . . .
,, for passing thread round vessels . . .

Neeve, Mr., injecting syringes . - - -
Negative eye-piece . . . - : . .
Negro, cuticle of . . - . . .
Nephritis . . - ‘ -
Nerves, examination of . . - .

,y of tongue of frog - - - - .

yy tubes in milk - - .
Neutral tint-glass reflector . :
Newt, kidney of . - . . -
Nigol's prism . S : . : : : 2
Nitrate of barytes . . : = ; .

4y Of gilver . : : & ; 2

4y Of urea . : .
Nitric acid . : 5 . - : -

1 action of, upon nail, &e. . -

- effects of, upon animal structures . :
Non-desquamative nephritis 2 : : ;
Notebook - - S : : : : =
Nut-brown sediment . - - : : .

Oberhiiuser, microscope-maker - 4 : =
Object glass ; ~ : = = : -
Octohedra of oxalate of lime in different positions
o 5 in mucus : -
Qidinm albicans i 5 . o N . '
Oil-globules : 2 = : : 2 :
e in sputum . - - 8 : s
i in urine . 3 . . .

4y of male fern in tape-worm . :
Operation of injecting . . : : :

Organic basis of bone . - : - -
e 53 teeth - . . -
,» Elobules in urine ; . : - -
e o small : p : ; :
Ovarian fluid . - - . - . .
Over-corrected . g - : . = -
Oxalate of ammonia : : . - e -
5 lime . . . . : . .
- +y» Pprecipitated by oxalate of ammonia
- sy circular and oval erystals of .
s ;, form of erystals . . - s
e »y D casts 3 . :
ot a3 iDL very minute crystals . .
i +y in different media .
i ys iDL INUCHS 5 . g ; -
2 3 by reflected light . .
4y ureas . s 5 h ;
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Oxalurate of lime, dumb-bells
Pavement epithelium
Papillee of skin . : : .
o tongue of frog .
Pelvis of kidney, epithelium of

Penicilium glancum - - -
>3 in urine
Peritonenm . .

Pewter plate for grinding glass
Phosphates, earthy . .
s of lime

#

dumb bells . .

13 1y
1 3 in sputum .
o of silver . o .

,, triple or ammoniaco-magnesian

208 INDEX.

#

Photography, application of, to microscope

®

Photographic camera -
i Mr. Highley’s
Pig, liver of . - .
Pigment cells . 0 . .
Pillischer, microscope-maker .

Pipe, injecting . . . .
33 fixing in vessel .
Pipettes . . 3 : =

iz method of making . 5
., removal of deposits with
Pistor, microscope-maker
Pityriasis versicolor
Plate glass slides . -
Ploesl, microscope-maker .

Polariscope . . . - .
Polarizer . x . ‘ .
Polarized light : , :

13 5
Polishing thin sections of hard tissues

Positive eye-picce . . :
Potash . . . . . .

Powell and Lealand, microscope-makers

Preparations mounted in the dry way

77 LIS ]

.y Canada balsam

., i - "
Preparing objects for examination

e by transmitted light

¥
Preservation of crystals .

i morbid growths. .

iy objects in aqueous fluids

i3 urinary deposits A
Preservative fluids . . :

&

influence of crystals upon

*

aqueous fluids
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Preservative fluids, Burnett's solution . ; : ;
Gannal’s solution . : ; . : : -
Gelatine . : . ; . .

Glycering i - : . ;

Goadby’s solution. . : : :

other saline solutions ; : x :

solution of chromic acid e

solution of naphtha and ereosote

11
y
¥
1%
|
1y

Th spirit and water . - : . : ;
Thwaites” fluid s . . - : : 3
‘.Pntnlmrd microscope-maker . : : - .
Prussian blue . . . ; : . - - 2 .

>3 size of particles of . . .
Pulmonary tissue in sputum . : . . - - ¢
Pus, microscopical characters of - ; - B ; 3

, in the blood - - . . . . - . -
,, in casts of the uriniferous tubes :
., resemblance to white corpuscles of blood . 3 A A
.y from the bladder : - ¥ . . . : i
,, from the kidney . : . ; 3 : ; : :
y5 10 sputum x . . .
, in urine, altered by alkah . : . . . . ;
Pyrnms, ﬁuld afis . ‘ . . . : :
Quain, Dr., on fatty degeneration of musculur fibre . . .

Quekett, Mr , arrangement for condenser
Rainey, Mr., wEite light for illumination . . - :
Reaction ; : : : - ; ; . :

Reagents . ; 2 7 : =

53  application of, to minute quautmes of mattm .

,y  effects of, upon animal structures . ; : .

+»  kept in bottles . : 5 ; 3 : - ;

yy»  small glass bulbs : ; : : -
I{enuptaﬂle of fungi ; - 2 . . . . .
Red injections . ; : : ; ; : - - ‘
Reflected light : 5 . . §
Rete mucosum . i : A g ; : 5 > ;
Retort stand . : : y ; -
Rings, brass, for cutting mr-:ula,r pzecea of thin g]ass < ALI-SER
Robin, M., on colours used for double injection ; - :
Ross, microscope-maker . - ! e : - . .
Saline preservative solutions . . : 2
Salivary glands . . . : : - : G 3 :
Salmon, Mr., microscope-maker X § - ; :
Enrcmm v entncuh : : : 7 : - x
- in cerebrnl ve:ntrmlus, lung, feces, urine, vomit
33 actions of reagents upon . . . . .

Sarcolemma . g . . . . X .
Saw for cutting thin sections uf hurd tissues - o = .
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300 INDEX.

Scalpels . : .

" & . "

Schmidt's goniometer . . . . .
Scissors . : . : -

;3 for cutting thin sections
Scum of urine . . . - 3
Sealing-wax varnish. . .

removal of, from the han-rlﬂ ;
Sections of‘ cornea and retina .
" hair, longitudinal and trnnsversc ;
51 ]mrd tissues . -
e skin, method of makmg
05 soft tissues, eutting
Seroline . ; B ; G
Serous fluids 3 : - .
Serous and synovial membranes . . .
Shadbolt, Mr., apparatus for making GE"S - :
Shell-lac, sulutmn of . : : ! : -
Qiliceous skeletons of diatomacese . ; .
Silver, chloride of . . - . . - .
,, nitrate of - . 3 . - .
Size and gelatine for injecting . .
,» gold . - L . : : -

Skin 4 P : . . y . : a

,, method of making a vertical section of E

., preservation of - . : ; : g

R N TR e e il
Slides . . . . . . '
Smith and Beck, mlcm«scﬂpc—makara

i lamp . : :

Small organic globules ; : s - =
Snake’s kidney - - . . ; -

,, caustic, action on hair and nail . - .

,, lithate . . . : 2 .
Soft tissues, cutting thin aeutmn of & - E
Spermatozos . . . . . . .
Spherical aberration - 2 : g -
Spheroidal epithelium . . : ; g
Sporangium . . . - :
Sputum, containing calcnrenuﬂ masses .
Spiral vessels in urine  e. i . . :
Specific gravity, golids, liguids . . ; 3

Spermatorrhcea . . v : :
Spherical cells containing nuclni and granular matter
Spinal cord : q . ' . G 3

- # & *

Sealpels, double-edged, iur cutting 1hm sections
Scaly epithelium . -
Schiel, microscope maker .
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213
48
282
157
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249
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Spirit lamp . \ - - - . : ' : .4 48
Spirits of wine . - 2 g : ) - . - . 86, 258
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Stage micrometer . - : . : ; ; ! . . 94
.y oOf microscope . . ; : . . - . - T

»; Movements . 5 = A . § . . . . 17
»» Dplate glass : . : 3 % : i : : . 40
Stains, removal of from hands - 2 : : 3 ; : 282
Stand ; 5 : - ; : g - : : - e ¢
Starch globules in milk . : : , s : : 5 - 23]
¥ in sputum . . - . . : . . . 283

i in urine . : : . : n - LR ; 196

Steam bath g . : . : - 5 : ; : . 44
Stearine . c : ; : FTA gl i : : : 271
Steel mirror ; . . : ; : - : : ; o 38
Stones for grinding thin sections of hard tissues ; : : : 179
Stools, examination of ; e - - - . . ; . 236
Stopeocks ! d : : : , : . : i : e lrd
Stops . , ; ; . : . : - : : g
Storer, Mr., glass cells . . . . - : ; i ; 61
Straining through muslin . : ; ; ; ; 3 g . 189
Btrongylus gigas . . . - - - . : : : 171
Subcutaneous areolar tissue : - ; : : : : . 153
Submucous tissue, hypertrophy of . : ; : : x ; 154
Sugar fungus in urine - - . : ; : : : . 903
Sulphurie acid : ; : . ; 2 - z : ; 243
e action of, upon hair . ; ; : : . . 184

i effects of, upon animal structures . . 5 ; 256
Syringe for mercurial injections ; . : g ; ; o oY
»s injecting . . - . . - : : - - 96
Tape-worm, method of procuring the head : 5 : . . 169
Tznia solium . . . 3 - : . . : - - 169
Tea-leaves in urine . ; : : - : . : - . 196
Teeth . z i ; . ; . » - - : . 182
Tesselated epithelium = ; : g : . : - . 147
Testing for chlorides, phosphates, sulphates, carbonates, lime, magnesia 254
Test objects . : : ; A : A 4 . . y 23
ys ftubes -, N R e e ¥ el

Tests kept in hottles, i:;r in small .hulbs.

: 251
»» Mmethod of applying to microseapical examination .

251, 253

s -

Thin glass . £ 2 i k . . ; - - 45
e i ; R e Wi G iy PR

B cover, placing it upon the cell . . ; - ; - B2
Thread, for tying vessels, &c. : ; : : - : . 98
39 WOrms . : : : - 2 : - : - . 169
Thymus and thyroid : ; : : . : - : . 145

Thwaites’ fluid

Tinea favosa, fungus of i £ X : - - ot L

i T —
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S02 INDEX.

Tongue of frog
Torule in vomit

,y inurine A :
Touch hodies : :

Trachem : . - . . -
Transmitted light . . . .
Transparent objects, illumination of
Trichina spiralis : X .

Tricophyton tonsurans
Triple phosphate . .
13 pmscrvaﬁun‘ of .

5 in deposits of pus
e in stools . ;
Tripods . . . s .
Tubercle corpuscles . SRS :
,, insputum . : .
Tumors, cancerous : - ; :

,, DSSeous
Ulecers of intestines .
Urea : % - . ;

,, nitrate, oxalate - e B :
Uredo of wheat in stools of cholera

e vomit
Ureter, epithelium of . :
Urethra, epithelium of . . R =
Uric acid ; - - z 2
e bhehaviour of, with reagents :
., Dr. Garrod's method of testing
Trinary deposits, arrangement
s 1. Light and flocculent

2, Dense and opaque
3. Granular and crystalline
3 preservation of : .
Urine, collection of, for examination

,, containing blood-globules

,, examination of .

Irinometer . . - ;

Uterus, discharges from . . -
Vagina, epithelium of . - . A
,, discharges from ; : -

Valentin’s knife . . : :
,,  mew form of ; .

Varnish, sealing-wax .

Vegetable parasitic structures

Vermilion :

Vessels, examination of :

brain . .

1%

13

FAGE
145

- . 285

d a0
151

- 69

st A5k
174
211-219
. 226
211

236

' 163
. 182
155

263

864

235

; 205
. 314
266

267

199

; 211
. 214
- 223
. 1493

192
245

. 121
. 122

172
102
. 135
132




Vessels, lung . ;- : »
Malpighian tuft : ; : .

§5
"Vibriones in urine

sy in vomit

Villi - .

,» sheaths of, in stools : i . - .

[NDEX.

Yirchow on corpora amylacea . - - .

Volatile alkali
Yomit . 5 :
., epithelium in
,s+ Sarcine in
Warts, corns .
Wash-bottle
Washing substances
Watch-glasses .
Water-bath

* s L =

Wax and gutta percha, tahlets of . - 2 .

Waxy casts

® El " * - ®

Wenham, Mr., hmoculnr microscope . . .
A paraboloid reflector . 3 - :

White corpuscles .
White injections

- & . " s

White light for 11]ummatmn : : f - -

Wooden forceps
Yellow fibrous tissue,
Yellow Injections

action of acetic acid upuu .

L L] - . . " -

ERRATA.,

P. 4%, line 2, for 5 read are,
P. 91, § 104, for smoveng read semouving.

THE END.

107

303

FAGE

143

201
236
154
281

235

. 236

175
153
:‘-‘?118
s b
44
. 44
76
. 207
278

=207

229

276

I My
162, 256
. 105
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Highley's Seientific Library,
Fleet Street, Lonbdor,

Mr, 8. HIGHLEY, begs to inform Gentlemen interested in Scientific Literature,
that on the Shelves of his Establishment will be found every Modern
English and American Work on

CHEMISTRY—PHYSICS — PHOTOGRAPHY— MINERATOGY—
GEOLOGY—PALEONTOLOGY—ROTANY—Z00LOGY—MICROSCOPY—ANATOMY—
PHYSIOLOGY—SURGERY—MEDICINE—APPLIED BCIENCE.

Yortruits of Scienfific Hem.
PHOTOGRAPHIC PLATES OF SCIENTIFIC SUBJECTS.

=
= = R ——

CHOICE SPECIMENS AND EDUCATIONAL COLLECTIONS:
orF i

MINERALS—ROCKS—FOSSILS —~MINERALOGICAL APPARATUS
AND MODELS,

STUDENT'S MICROSCOPES,

AN

SRLECTED MICROSCOPICAL AND MICRO-PHOTOGRAPHIC APPARATI 5.

e ———

CABINETS OF APPARATUS AND RE-AGENTS

FOR

EXAMINATIONS IN MEDICAL CHEMISTRY.
Osteological Specimens Human and Comparative.

—

A CATALOGUE OF
ME. S. HIGHLEY'S SOIENTIFIC PUBLICATIONS.
HIGHLEY'S GENERAL CATALOGUE
OoF
Medical and Seientific Works, with their Dates and Prices.

TO WHICH 15 ADDED AN INDEX OF SUNJECTS, WITH THE XAME:S OF THE AUTHOR3 WHO
HAVE WRITTEX UFPOX THEM.

Octavo, 28. 6d. forwarded free by Post

HIGHLEY'S DESCRIPTIVE CATALOGUE

oF

Selected Educational Apparatus, Specimens Models, &c.,

USED 1¥ MICROSCOPY, PHOTOGRAPHY, MEDICAL CHEMIETRT,;
MIXERALOGY, DSTEOLOGY, ETC.

gvo. Tllustrations. (In Preparation.)




AMicvescopical, Fhotographic, awd Ftledical
Apparatus,

IIIGHLEY’E HOSPITAL MICROSCOPE on Trirop STAND,

large Sliding Stage with Diaphragms, plain amd concave Mirror, coarse and fine
adjustment to body, Huyghenian Eye-piece, with Adapting-piece for Ross's or Smith
and Reck’s Object-glasses. 415 45,

#.* This instrument combines economy with simplicity, elegance of form, and
excellence of workmanship,

CHROMATIC OBJECT GLABSES. I-inch, 17, 1s.; 3-inch,

1% 115. 6d. ; -inch, 21, 22,

HIGHLEY’S ACHROMATIC GAS MICROSCOPE LAMP,

with Rending Shade and Monnting Apparatus. Constructed to correct the yellow,
glaring, and injurious light of the ordinary Gas-Lamp, as deseribed in the Quarferiy
Journnl Microscopical Sctence, Part I1., p. 1423 and Quelett on the Microscops,
p. 489, With great improvements, in Bronze, 21, 10s.; or without Mounting Appa~
ratus and Reflector, 21, 25,

HIGHLEY’S ARRANGEMENT for Object-Glass, Stage, and
Mirror for Microscopical Photographs, as described in the Quarferly Journal of
Microscopical Science, No. IV., and applicable to any Camera, 3% 3s.

II IGHLEY’S MICROSCOPE CAMERA, consistine of the above
Arrangement fitted to a double Telescope Chamber having a range from 12 to 24
inches, with Focussing Glass 6 inches square, Plate and Bath Frames, Glass Bath, Box
fitting inside Camera, containing all the necessary Chemicals and Apparatus, The whole
contained in a packing-case arranged for the adjustment of this instrument to any angle,
Complete, 81, 82,
The Camera, Chemicals, Cases, &c., without Highley's Arrangement, but with Adapts
jng-piece for any maker's Microscope, 51. 6s.

DOUBLE COMBINATION CONDENSER for the above Arrangement, 11, 1s,

H IGHLE_Y’H CAH'['NET OF APPARATUS & RE-AGENTS
BEHIF;DR EXAMINATIONS IN MEDICAL CHEMISTRY, as arranged by Dr. LioxeL
CONTENTS.

APPARATUS. "Urinometer in Case—Graduated 2-0z. Measure—Pi L irri
. ] 1 S0 =0, — e—Btirring-
md—]'ﬂmmsr:oplg Slides and Thn t:'lar-u—“rulﬂll-glﬂsms—Tﬁsl;:ETtﬂmu—'I‘uhga
holder—Brass Forceps—P latinim Foil—Spirit Lamp with wire ring— Seven
capped Dropping Bottles for the following Re-agents; Nitric Acid, Acetic

Acid, Ammonia, Potash, Nitrate tes, Nitrate Silv :
Test-Papers. Price 11, 118, 6d. Barytes, Nitrate Silver, Oxalate Ammonia,

[GHLEY’S RE-AGENT CABINET F
TESTING, containing 12 capped dropping l:-nl,t'leaﬁll:ﬁts. MICROSCOPICAL

e 5 e e B e S R

LONDON : SBAMUEL HIGHLEY, 32, FLEET STREET.,
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