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To all whom 1t may concern:
Be it known that I, ErNST FLEISCHL VON
MarxOw, Professor of Physiology at the Vi-
enna University, a subject of the mperor of
¢ Austria-Hungary, residing at Vienna, 1n the
Province of Lower Austria, in the Empire of
Austria-Hangary, have invented certain new
and useful lieprovements in Method of and
" Means for Ascertaining the Amount of Hemo-
olobinin Blood, (for which Lgtters Patenthave
been obtained in Austria-Hungary, No. 17,266
and No. 39,522, dated Tuly 30,1885;1n Germany,
No. 33,408, dated May 16, 1885; in France, No.

IO

15 No. 68,880, dated May 15, 18855 1n italy,
' Nos. 18338 dated June 30, 1885 ; in England,
No. 5,991,dated May 15, 1885, and in Canada,
No. 21,841,dated June 9,1885 ;) and I do hereby
declare the following to be a full, clear, and ex-
act descrintion of the invention, such as will
enable others skilled in-the art to which it ap-
pertains to make and use the same, reference
being had to the accompanying drawings, and
tolettersorficures of referencemarked thereon,

25 which form a part of this specification. |
This invention consists in a wethod of as-
certaining the relative or guantitative propor-

tion of heemoglobin in blood. o

The invention further consists in a mode of

168,929, dated May 15,1885 ; in. Belpiom,

20

means ol which the above process may be car-
ried into practical effect; and,lastly,theinven-
tion consists in an apparatus for convenient
use in facilitating the carrying into practical
effeet of both the above methods,substantially
as hercinafter deseribed, and as specifically
pointed out in the clalins. |

The method of ascertaining the quantity of
hemoglobin contained in blood 1s based upon
10 colorimetric priuciples—that 1S to say, by the
comparison of the color of a volume ot blood
or Hlood solution with that of u plate of glass
of the corresponding color:

Tt is 4 well-established fact that the impres-
sion produced by @ laminous ray upon the hu-
man eye depends on the nature and number
of colored molecules through which the ray
of light Hasses before reaching the eye, while

45

therein, we have a standand to go by.

preparing standard glasses for comparison,dy 4

the number and distribution of the colorless
molecules exert no influence whatever. A 5o
siven quantity or volume of blood contained
in a vessel provided with a transparent bottom
and vertical sides will obviously present the
same tint ov tone of color, whatever the extent

of dilution of the blood may be, when the ob- 55
server looks through the liguid in the direc-
tion of a source of light placed in the axis of
the vessel, the visual ray being at right angles
to the surface of the solution and to the tranps-
parent bottom of the vessel. The intensity of 6¢
the color of the blcod solution depends nob

Lonly.unon-its-density-bubalse-upon the-deptlr

of the solution, or,if I may so express myself,
the thickness of the layers or strata thereof

- through which the light is caused to pass. 65

This is precisely the case with a plate of uni-

formly-colored glass, and for the purposes de-

seribed I employ the se-called *‘true ruby
olass,’’ as it most nearly resembles blood;
hence it will be obvious that if we take a
oiven solution of blood in water, for instance,
both quantitatively, and place the same 1n a
vessel, and ascertain the depth of the layer
If, now,
we take plates of ruby glass of uniform color 55
and varying thicknesg'and compar®e them with

the solution until we:find a thickness in the

olass plate the color of which will exactly cor-

regpond with the blood'solution,and mark the

same,we have a standard anit, and 1t this unit

indicates the normal amount or .volume of

hemoglobin ‘in blood, fractions of this may

readily be ascertained, as will presently ap-

pear. “Uponthese principles my processes are

based. - . - -

The failure of all attempts. heretofore made
to ascertain colorimetrically the proportion
of hwmogiobin in blood by means of so in-
variable an azeent as suitably-colored glass 1
have found to be due to the foilowing phe-
nomena of absorption of light by a blood so-
lation and by the glass.  When two substances
of the same color are to be compared -¢olori-
metrically, it is not only necessary that. their
thickness (or degree of transparency )showdd be g5
alile; but on wulsiplying ‘their thickness in “

70

8¢

90 -




353,098

equal ratio their color should remain the same. | which portmns of the table are broken a,way

It is therefore essential’ that their ‘properties
of absorption of the rays of light should re-
- maln the same under the same conditions.
- 5 This, however, is not the case with blood and
the glass mostly resembling it—namely, true-
ruby glass. - Although their properties of ab-
* sorption, so far as the production of the Stokes
‘lines or bands in the blood spectrum is con-
10 cerned,arethesame,yettheseconditionsarenot
- the sa,me with the violet rays, (between the lines
Gand Eofthesolarspectram.) If for example,
a comparison-is ‘made. between a solution of
blood of a given depth or thickness and a glass

15
- it will be observed that on doubling the thick-
- ness of the blood solution the ratio of absorp-
tion of the violet rays relatively to the green

rays undergoes changes,while the changes in

‘the ratio of absorption of the violet rays rela-

20
~ tively to the green rays by the glass plate are

- not the same when the thickness of the latter

is correspondingly increased. This difficulty
| I effectually overcome by occluding the violet
25 rays from the light passed through both the
glass and the blood solution, and this I ac-

- complish 1n a most simple manner by using a
yellow light, such as that obtained from a

- lamp, candle, or from gas, for the colorimetric

30 observatlons This yellow light, when pro-
jected through solutiois of blood in layers or
strata of varying depth or thickness, will be
transmitted with correspondingly-varying in-

tensity, and produces upon the eye of the oh-

- 35 server exactly the same series of 1mpressions

as would be produced by the light when pro-

jected through ruby-glass plates uuder pre-

cisely the same conditions.

The human eye is generally so constructed
as to .distinguish readily different tones or
tints of th‘eﬁsame color, and, consequently, of
recognizing as readily like tints or tones when

~the same are brought within view side by side;
and upon this faculty 18 based the principle
of operation of my apparatus. Under occlu-
sion of the violet rays of light,when a solution
of blood ind a ruby-glass plate of the same
 thicknes are brought into juxtaposition and
light allo.-ed to pass through both simulta-

40

S5O | ,
differenceé inthelirintensity of color. If, there-

fore, a ruby glass is compared with a. solution

of blood containing a normal proportion of |
- hemoglobin and the thickness of the plate in- |

creased or diminished until the twoare of 1den-
tically the same color, a standard glass plate

is obtained, which may then be graduated to |
indicate various propcrtions of baemoglobin

in the blood by a varying intensity of color,

60 and this constitutes the basis of my method

and the means for obtaining or preparing the

standard plates of comparison. - The latter I

obtain in the following manner, referring to
~ the accompanying drawings, in which—
Figure 1 shows, by an isometrical view, (in

'65

plate of precisely the same color as thesolution,

‘neously, the observer may readﬂy detect the |

low it.
“into two equal compartments, b* b°, by a par-
tition, ¥/, also of glass or other prcierred and
_ suitable material. . |

to show underlying parts,) an apparatus con-
structed according to my invention. - Fig. 2 is

a sectional elevatlon of the same. Figs. 3 and

4 are top and longitudinal Secblonal wewq of yo

the ruby-glass piate.
A indicates the stand, composed of a stand-

'ard A’y and suitable feet A% from which all

the parbb of the apparat‘us fmre supported.
Near the upper end of the standard A’, and

75

passing through the same, is a shaft, s, "that

carries at one end a pinion, ¢, and at its oppo-
site end a thumb-nut-or button, f. To the up-

per end of the standard is secured a table, a,

in which is formed a round opening, @', and
on opposite edgea of said opening are secured

30

grooved guides &, in which slides a colorless
plate of glass, ‘¢, which may thus be mﬁved in

or out. to cover 01“ uncover the opening a’ in
the table. On its under sufle the table a I8
provided with guides g and ¢’. In the latter
guide slides a carriage, d, that has a depend-

mesh with the pinion e on shaft s, 80 that when

‘the said shaft is rotated in one or the other di-

rection by means of the thumb-nut £, the car-
riage will be moved in one or the other direc-
tion below-the table a.

ard plate, is prepared as follows: A plate of

ruby glass,ground smooth and pollshed is pref-

erably first cemented to a plate, ¢, of colorless

‘glass of the same dimensions, and the upper

face of the plate & is then ground in the form

‘ing flange, d’, in which are formed teeth that

"90.”-

~ To this carriage is se- -
cured the ruby-glass plate at one edge, and
which, for the purpose of obtaining a stand-.

95
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of a wedge and polished. - The ruby glass may
then be removed from its backing of colorless-
glass and fitted or cemented to the carriage d.

.In practice, owing tothe fragility of the wedge-

shaped plate of glass, I prefer to leave it ad-
hering to the backing-plate of colorless glass
%, 1N which case i should be cemented thereto

pentine.
that when they are cemented along cne edge
to the carriage d their opposite edu'e will not

IC5

’by meang of a colorless cement or Canada tur-
The width of the plates hY is such

110

oOnly bear against the guides g, bub will also

bisect the opening a’ in table a, for purposes
presently explained.

It is obvious that by the deserlbed means
any point of the edge of the ruby-glass wedge
may be brought undex one-half of the opening

I15

a', and the thickness of the part brought under.

said opening varied from zero at the attenu-
ated edge to maximum at the termmatlon of

| the mclme

120

To the glass plate ¢, at a pomt ,&,0 that it will

exactly come over: the openiug «', is secured

by a colorless cement a re(.epmcle preferably

a portion of.a glass tube, of a given G&pd@lty
and of the same dlametﬂr as the . opening a’ be-
"This cylindrical vessel b is divided

130
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- ume of pure water and place a yellow light in

rs
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Tiereinafter denominate the same, a

reflector b and projected through both com-

T have found that this faet is established when

the degree of solution of the blood and the Vol

the eye
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To obtain a btandmd plate, or, as I will
‘standard
wedge of comparison,’’ I take a small quan-
tity of blood from a strong and healthy male
human being of the aze ol about forty-two,
and dilute the same with a given gquantity of
water, 5o as to form a sol ation of oiven dm)th
when introduced into the (,ompmtment " of
vessel 0.

The compartment b7, [ fill with an equal vol-

sach a position that 1t will be reflected by the

partments)* ). Theobscever, looking throuzh
both Comlmrtmenh Moves 1:11(, wedge until th@
color of the latter is seen to be like that of the
blood solution. This being found, the wedge
or the carriage 4 is marked, there being an
opening, {, in table « for this purpose. ‘T'his
operation is repeated with blood taken ifrom
different persons in the same conditions, and
if found thatthe pointofthickness of the wedge
previously marked is in every i1nstance the
same, it may be considered as the normal pro-
portional unit of heemoglobin in human blood,
and may be indicated by 100, for instance, or,
as I prefer, by one centimeter. By experience

blood is taken from strong healthy men of
aboutthe age given, the volumeof hiemoglebin
having been found the sameln each sample ot
bleod. The space befween the unit-mark on
the wedge and the attenuated edge of the lat-
fer 18 then divided into millimeters, each rep-
resenting a fraction of the qimntlmtlve unit.
Thus, for instance, 9™ next to the unit-mark.
would Indicate ninety per cent.; 8", eighty
per cent., &e. It will thus be easy to obtain”
from the deseribed standard wedge other
wedges, and {rom these the relative propor-
tion of heemoglobin in blood may be readily
ascertained b} comparison, asabove described,

ume or depth of thesolntionand water in com-
partments & b of vessel b being known.

It is obvious that In the reprodﬂction of
wedges from the standard wedge all such as are |
made of the same change of glass will be, found
of uniform color, and may therefore be cué,
orooved, and marked by the standara plate.
If, however, there i1s a difference in the color
of the glass and the standard plate, as usually
happens when the glass 18 {rom - different
changes or meetings, then a plate of the re-
quired dimensions is simply brought under
in the apparatus, torretlmr with the_
standard plate, both eompartments of the ves—
sel b being filled with water. The glass plate
ig first ”101111{1 down to the form of 2 wedge,
and then moved along under the compqrtmenb '
b* of vessel O until a &11(,1\11{,5% is found that
will give the same intensity of color asthat of
the standard wedge. The new wedge 18 then
marked and the space between the mark and
the attenuated cdge divided 1nto ten equ.-.tl
parts.

j Unie

Instead of using one centimeter for unit, ten
centimeters may be taken for unit to give the
wedge a greater range of use, and these may
be divided into one hundred millimeters.

When the colorimetric unit has been found

by comparison either with a blood solution or
with a standard wedge, it will then only be
necessary to lay off t(,n eqlml parts on one or
the otherside of the unit-mark, and then grind
down to a wedge from the unib to the last di-
vision, in order to obtaln another wedge of
comparison from the standard wedge.

- It will of course not be necessary to deseribe
the mode of ascertaining the proportion of
haemoglobin™in bloed, as this will be readily
understood from what has been,sald above, as
it is obvious that the wedge will have to be
brought to a position when a given thickness
thereof will correspond in intensity of color to
thiat of the blood solution under examination,
apd the mark on said wedge or on the carriage
d will indicate the proportion of heemoglobin
in the blood.

Having now described my invention,what I
claim 18—

1. The herein- doscrlbed mode of obtaining
standgrd units of comparison, which consists
in ascertaining the thickness of a plate of
ruby glass that corresponds in Intensity of

proportion of hiemogiobin or a solution of
sttch blood by comparison under occlusion of
violet rays of light, then grinding the pilate
from the unif-mark to one extreme or end of
said plate in the form of a wedge, the thick-

ness of which Is zero at the-attenuated edge,

and subdividing the inclined surface into equal
spaces, as and for the purpose specified.

2. The mode of preparing wedges of com-
parison from standard wedges, which consists
1in grinding a plate of ruby glass to pre-
sent an inclined surface, and ascertaining the
unit standard by colorimefric comparison of

the various thicknesses of the plate with the

unit thickness of the standard wedge until a
thickness is found that in intensity of color
will eorrespond with that of the unit of thiek-
ness in the standard wedge, and marking the
same on the plate and finishing the latter to
correspond with or proportionately with the
standard wedge, as described. |

3. A plate for colorimetri¢c comparison in
h:emoglobinometers, cousisting of a ruby or
hlocd-colored iransparent piate, the intensity
of the color of which gradually decreases from
a unit or standard intensity of color, and which
plateis provided with graduations correspond-
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color with that of blood containing a normal’

100
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ing with the variations in the intensity of its

-color substantially as and for the purpose

spemﬁed

4. The combination, with the wedge- Sh‘lp&d

ruby-glass plate A, provided with a scale in-
dicating degrees of transparency, of a colorless-
glaq% ba.ckmg, as described. |

5. Inanapparatus for determining the vol-
of hemoglobin in blood by colorimetric

X300
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measurement, which consists of a vessel di-
vided into two chambers having a transparent
bottom, a wedge-shaped plate of ruby glass
adapted to be moved backward and forward
under one of the compartments of the vessel,
and a reflector for projecting lizght from below

through both compartments and through the

-ruby-glass plate, as deseribed, for the purpose
- specified. | -

—ly

In testimony whereof I affix my signaturein 1o
presence of two witnesses.. .

ERNST FLEISCHT VON MARXOW.
Witnesses:

VICcTOR KARMIN, |
JAMES RITLEY WEREAVER.
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