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EXPLANATION OF PLATE XIIL

(DrawxN BY DR. E. DUNNING.)

F16. 1.—Gross appearance of well-taken fresh-blood specimen. | See p. 39: Characteristics of

\ @ Good Fresh-Blood Speci-

Fie. 6.—Microscopic appearance of well-taken fresh-blood speci-
men.

mere.

Fic. 3.—Microscopic appearance of poorly taken fresh-blood |
specimen. See p. 40: Characteristics of
a Poor Fresh-Blood Speci-
Fic. 5.—Microscopic appearance of poorly taken fresh-blood
specimen.

men.

Fi1c. 2.—Microscopic appearance of the Thoma-Zeiss count- ;
ing stage with normal blood diluted with Toison solution.
Red cells unstained ; white cells stained blue. This is with
the low-power objective (8 Leitz) which takes in all sixteen - See p.
squares (see Fig. 555, p. 44), but does not magnify the cell
as much as the higher power (see Plate XIII., Fig. 4), and
which therefore greatly increases the task of counting.

Fic. 4. —Same as Fig. 2, Plate XIII., except that the blood is
that of leukemia (120,000 leucocytes to the cubic millimetre),
and the objective is of high power (7 or 9 Leitz). This - See p. &
takes in only one-sixteenth of the entire field, but it renders
the corpuseles much more readily distinguishable.
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1. ActrvalL. ENUMERATION OF BLOOD CORPUSCLES.— \ divided into fractions of a cubic millimetre

Vierordt was among the first actually to enumerate the illustration. The microscope is adjusted

red blood cells; and though his apparatus was most | nify the corpuscles as they lie in the artific
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is complicate .d. but, as will be seen later, it has contributed
certain points toward the simple apparatus use d to-day.
The Lancet for Deceml 1. 1877, Gowers de-
scribes an instrument which he calls the heemacytometer,
and which more nearly approaches perfection than any
already described; it therefore marks what may be con-
sidered the border line between the ancient and modern

meter. CF s’ ** Handbook of
L, twelfth e

history of
me Ihud Gowers’ instrum
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(3) Spreading the blood over an area Ihi}l f'li()ll:‘rll to
see each corpuscle. Malassez ccomplished this with a
long narrow tube; Hayem and Nachet with a cell whose
depth was a fraction of a cubic millimetre. :

(4) Mapping out the area so that the eye could’navi-
gate upon it. Hayem m:l Nachet accomplished this
with an eye-piece micrometer. Gowers, W ithout an eye-
piece micromet but with a marked-out slide.

A1l these methods de -pend (as Kolliker has pointed out)
upon the following priniciples: (1) A F:.n--\\'n quantity of
blood for estimation (1 c.mm.); (2) a known dilution of a
known gquantity of blood ; a known fraction of a
cubic millimetre to be counte

Upon these principles and wit
from the foregoing inventors, T and Zeiss have con-
structed their apparatus. Thi mbines the mélangeur

f F ul!i ujx 1|..|[»1nni o ell of Gowers.

) ; r.—The mixer con-

on ar ul a dilated or bulb-like por-

tion. ]h‘ A ] ry portion enables one to pr re a

fixed quantity of 1 that is free m clotting, if
promptly t: ken ; 3

formation obtained

> Bowl,

this mixer is be
shown herewith

or some non-
pour the wine info

um, up to the mark 1,

fluid up to the mark 100. his would

to 100. Were we to pour the wine up to the .5

only (or + of 1), and the diluti d up to 100,

1f as much wine : to the same

amoun f di ing fluid, or in the proportion of 1 to

200. Half the fluid to be diluted with the same amount of

diluting fluid has the same result as doubling the amount
of the latter. )

»w blood cannot be poured in this way. An instru-
1!10“1’ must therefore be devised by whic h the blood can
be taken free from clotting. Our receiver, therefore, is
converted into a capillary tube and our pouring is re-
placed by suction. That portion of the receiver marked
off as 1 is converted into the pipette, and that portion
of the receiver marked off as 100 is converted into the
bowl. We now have an instrument by which a definite
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quantity of blood can be drawn up together with a definite
quantity of-diluting fluid. This instrument, when full,
represents 101 of blood and diluting fluid, or 1 of blood
to 100 of diluting fluid. If the blood be drawn to the
or 4 mark and the diluting fluid to the 100 mark we have
1 to 200. = -

The Thoma and Zeiss apparatus is usually provided
with two mixers similar in all respects except that one is
larger than the other: one for counting the white
the larger one; and one for counting the red cells,
smaller one. That for counting the red cells is all ths

SSATY, ;uul_ as will be seen later, is preferable to two
DIC
uting ﬂuyi ., at first so complicated, have been
much simplified. The object has been to obtain a medium
as nearly as possible like that in which the corpuscles nor-
mally float.
I):!‘nf{n(f/ Fluids: (1) Normal, better named physio-
it sol .® (2) Acetic acid 1 in 300 destroys
nuclei of the white, and
efore valuable in cou 1z the white cells alone.
r using a basic stain together with the p r
I the i1lis obtained separately by the other
fluids are combined. The most satisfactory of these is
the Toison solution.

Formula. +
“ Sodium chloride L 1.000
Sodium sulphate " 2000
c Glycerin . .. 30.000 c.c.
| 1 Water 160.000 c.c.
L Methyl violet
In the preparation of this solution it is advisable first to
mix the sodium chloride and sodium smplmz-- Ihuxulwrh]\'
and then to add dnwn- to alu- glycerin ¢ ater—the
methyl violet being 'l 111‘nva1?w\x
H!II]lli.x «I:-n\
ap
fixed

mnt of Blood from W
°k represents 1 c.mm.

guantity of diluting fluid, we must next have a means
counting the corpuscles. For this a glass slide is con-

kept in the dark and mu
lor ;m.l develops a f1m~'1n- ETow

ans of the methyl violet stains the u]nt- cells a iight purple

g the latter readily distingui able and enabling Sne {0 make
the count of both red and white cells in one process.

1, with a well in the centre of the following known

It must be remembered that each of the

pus parts of this apparatus described has been con-
structed to overcome an obstacle. The mixer overcame

0.1
c.mimn.

Fi1G. 552.

the clotting and diluted the drop, thus reducing the num-
ber of corpuscles to a countable fizure. The well which
we are about to describe, (1) reduces the cubic millimetre to
a depth through which it is po > to see each corpuscle
separately (a cubic millimetre of blood and fluid to the
dilution of two hundred times would be so thick and con-
tain so many corpuscles that the task would be beyond

0.100 mm.

nnting Stage. }mew hr Dr. E.

of

16 = 400 B

human skill); (2) maps out that area so that the eye can
find, as it were, the longitude and latitude of any point
in the sea of corpuscles.

What fraction of a cubic millimetre offers the depth
and con 1s that number of corpuscles appreciable by
the human eve? This fraction is found to be one-tenth of
a cubic millimetre in 1 to 100 or 1 to 200 dilution of blood.

Tlli‘ illustration (Fig. 551) represents a millimetre cube.

is consisted of blood, the depth would be too great
human eye to penetrate and would contain so
many corpuscles as to be beyond human skill to enumer-
ate. We therefore retain two dimensions of the cube, but
take only one-tenth of the depth. This layer of blood is
ore one-tenth of a ¢ c millimetre in a 1 to 100 or

1 to 200 dilution (se

The counting st
be constructed : le bottom u[ the '\\{1] u;)un
which the corpus must be laid off with a square
whose dimensions are 1 mm. each w ay, and the well
must be one-tenth of a millimetre in depth. The illustra-
tion (Fig. 553) shows the full face view of the counting

. In the centre seen the bottom of the well with
a square laid off measuring 1 mm. each way.
The second illustration (Fig. 554) shows the profile of
with the cover slip in place. The measure-
ment from the under surface of the cover slip to the bot-
tom of the well is ctly 0.1 mm.
When, therefore, a drop of the diluted blood is placed
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in this well and the cover slip is in place, those corpuscles
which we see contained within the square, the dimen-
sions of which are 1 mm. each way and 0.1 mm. in depth,
are the contents of a cube of diluted blood measuring
of a cubic millime :
(NoTeE.—These mic I‘H—enlvu dimensions, but for th_e
present simple me .thod of construction, would rende rlns
instrument in the making a very costly and de
r. In the manufacture of this counting well a _”Ll
e similar in length and breadth, but a ‘little thicker

T 1

e B |

FiG. 554.—Proille View of Counting Stage.
ing.)

wn by Dr. E. Dunn-

than that employed for general microscopic work, is used.
Upon a round block of gls Ass the millimetre square is cut
¢ This block of glass is cemented to the centre

le and forms the bottom of the counting

Another piece of glass, like a thick cov glass

but with @ round A cut in the cen is cemented upon
slide, .so that the block of glass ady in place oc-
but does not exactly fit, the hole. The difference

from above down, between the upper

surface of the round block of glass and the upper surface
of the glass with the hole thr h it is ju 0.1 mm.

1 mm.

—S8ubdivisions of Ce
atus. [1 sg.mm.— g m.—z3

Thus the well with a millimetre square ma
bottom and 0.1 mm. in depth is formed. The f:
the block of glass does not completely fill the hole
outer piece of glass explains why there. is left abo

1to which the blood flows than is re-
quired e v to cover the block of is blown into
the well. This seems an object . as currents are thus
produced allowing many corpuscles to flow out of il
mapped ar There s¢ »od Teason for the pres-
ence of this groove except 1 it it obviates the
additional e'<x1»uus~ of making the block of glass exa
fit the hole.

Principle ,,; the Ruling of the Counting Well. —We now
turn to the marking out of a millimetre square w lu h is
to render it navigable. Here, as before, an obstac le to
be overcome, viz., the inability of the human eye to keep
its bearings when viewing several thousands of corpuscles.

The first subdivision of this area (as first done by Nachet
and Hayem on the eye-pieceand by Gowers on the stage)

14

is into 16 squares.
the difficulty, and it is necessary
each one of these into 25 sgquares (Fig. 555).
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however, will be given in the following deseription of
the use of the apparatus.

Now that we understand the principle of the apparatus,
let us proceed to its use:

In order to obtain the blood the ear is punctured as for
a fresh specimen, and the tip of the capillary tube inserted
inito the drop and retained there wh gentle suction is
exerted, and the blood drawn either to the 1 mark, or the
.5 or + mark, as shown in Fig. 556. The latter is pref-
erable, for the following reasons: (1) Le¢ blood. (2)
Difficult to stop sharp at the 1 mark without the blood
passing on into the bowl and necessitating cleaning the
instrument and beginning again. In using the .5 mark,
if the blood pass the mark it may be soaked off the tip
of the pipette with linen or blotting paper until the
column stands opposite the .5 mark—cleaning, etc., not
being necessary.

As promptly as possible, to avoid clotting, the pipette
is submerged into the diluting fluid ;: and then, but not till
then, suction is again made until the fluid stands opposite
the 101 mark (F Suction must be gentle through-
out, and esp s the fluid is approaching the 101
mark, asitr into the rubber tubing. The tip
of the pipette must always be immersed in the fluid being
suc ked up, whether it be bicod or diluting fluid, other-

ir enters the pipette and destroys the specimen.
y the diluting fluid has reached the 100 mark
r is placed on the tip of the pipette and the
s ken in order that the corpuscles may, by the
aid of th---m 111 glass ball in the bulb portion of the mixer
be thoroughly mixed with the diluting fluid (Fig. &
As the pipette contains the diluting fluid and no corpu
cles, this must be emptied; and to be certain that th
is done the bulb of the mixer is emptied one-third by
blowing the fluid out. The diluting fluid should be
allowed to act upon the blood in the mixer for five or
ten minutes before the drop for counting is taken from
the mixer.

The counting stage is now employed. This stage dllfl
the cover p must be free from dust particle
latter (the cover slip), grasped with the clamp fc &

ced conveniently at hand. A thick cover slip w ith
$ irately level surfaces, to prevent bending, is provided
with the apparatus; but as r111- interferes with the use of
the hi e NS, 0 *tion. An ordinary
cover slip may be used, if care is taken not to press down
upon it with the objectiv From the mixer a drop is
blown on to the ceniral raised table of the counting well

FI1G. 558.—Position of Hands in Shaking Mixer.

559). The drop should not (1) flow into the well,
(2) or contain air bubbles, (3) or particles of dirt. The
cover slip is lowered until the fluid touches it, then the
forceps are opened and withdrawn with a jerk as in lay-
ing the cover slips for fresh specimen (see Fig. 543).

There should be no air bubbles, which may be avoided
the foregoing precautions.

B_\ holding the slide up to the light on a level with the
eye and making pressure with the point of th
upon the cover slip, a series of varicolored concentric
rings will be seen about the point of the forceps where it
touches the gls These are the Newton’s rings, which
are seen only when two pieces of glass are in perfect ap-

F16. 559.—Blowing Drop from Mixer on to

position, 7.e., when there are no dus
tween them. The p ce of the
evidence that the : are perfec 3
three minutes are now allowed for IIIHLIII‘{'II‘-a,.l S
through the depth of one-tenth of a millimetre and 1
the mapped-out bottom of the well. By atonce observing
the slide under the microscope this sinking process may be
seen. We are now ready to count; the lowest-power lens
of the Leitz or Zeiss microscope may be used. This
in its field of vision the whole counting area, but ma
the rnxinm les so slightly that the strain upon the eye
great (see Plate XIIL., Fig. 2). "he 7 or 9 obj ective
of tlu Leitz takes in n_'nl}' «-f Ilu— counting area, hut do
not strain the eve, and i refore preferable, as with lit-
tle practi ¥y mov wl until the
whole area has €3 .lmmui (s Plate
4). As the proportion of white corpuscles to red
1 to 700, there will be in a given area much fewer white
corpuscles than red; and in the one-tenth of a cubic milli-
metre there will be about 3 whit ells to about 2,100 re
cells. The task, therefore, of picking out three white cells
in an entire field will be a simple one; while it is more
practicable to count only a fraction of the field containing
2,100 red cells, and then compute the total by multiply-
ing the number counted by the fraction adopted (see
Plate XTII., Figs. 24). The following are the steps to
be taken in (nuntm»r the red Aml the white cells:

Counting W hite Cells.—(1) Count cells contained in
entire field, 7.e., 16 sqlmrv-: = 4% of a cubic millimetre;
2) multiply by 10 to make the 1 c.mm. ; (3) multiply by
1““ or "l )0, according as the dilution has been made.

g Red Cells.—(1) Count 4 squares, each consist-
c=t the smaller squares: 4 squares out of 16 =

Y of the whole {&; of a cubic millimetre; (2) this
number multiplied by 4 gives the number contained in
the 4% of a cubic millimetre; (3) multiply by 10 and by
100 or 200 as before.

Now it must be remembered that every time we count
a fresh drop from the mixer we dec se the range of
erTor ; S0 (rement 37 ng to shake the mizrer well each (um as
the corpuscles sett 1pidly in the bulb) suppose in counting
the white cells we take from the mixer 5 separate drops
and count each upon the countin An average of
the result, obtained by dividing b3 gives us the num-
ber of white cells centained in &5 of cubic millimetre.
This average multiplied by 10 and lllll or 200, as be
will be a more accurate ng'urc than that arrived at hv
counting one drop only.

Suppose in estimating the red cells we take from the
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