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PEEFACE.

The Spectroscope seems likely to be of almost as*

great use in Medicine as it lias already proved in

terrestrial, solar, and stellar Chemistry. Hitherto

the great hindrances to its use have been erroneous

ideas as to the difficulties which seem to surround

this method of investigation ; such ideas having

arisen from want of a simple treatise on the in-

strument and its applications to Physiology and

Pathology.

In the following pages such information will be

found, and the publication of this little book will, I

trust, lead to a more extended use of the spectroscope,

which has already done good work in Physiology and

Pathology, and has corrected many erroneous ideas

regarding various animal pigments.

I take this opportunity of thanking Mr Lawson
Tait, Dr Saundby, and other medical friends who
have kindly sent me pathological fluids for examina-
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tion, also Mr Browning for his kindness in lending

me the blocks of the woodcuts, Messrs Hanhart for

the admirable way in which they have executed the

plates, and last, but not least, Messrs J. and A.

Churchill for the courteous manner in which they

have met my requirements.

OHAS. A. MAC MUNN.

WOLTEEHAMPTON
;

December, 1879.
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EXPLANATION" OF CHAETS.

CHART I.

SPEOTETJM

1. Solar spectrum with Fraunhofer's lines ; the latter are shown in

all the absorption spectra for the sake of comparison.

2, 3, 4, and 5 show the effect of dilution on the spectrum

of oxyhsemoglobin.

2. Strong solution.

3. Weaker solution.

4. Shows the two oxyheemoglobin bands.

5. The solution diluted suflBciently to show only one band.

6. Reduced hemoglobin.

7. Carbonic-oxide haemoglobin.

8. Sulphcemoglobin.

9. The same oxygenated.

10. Methsemoglobin.

11. Blood treated with nitrite of amyl and alcohol.

12. Acid hsematin (alcoholic solution).

13. Alkaline heematin (alcoholic solution).

14. Blood treated with alcohol and ammonia.
15. Reduced or deoxidized hsematin.

16. Sulphate of cruentin.

17. Five-banded alkaline cruentin.

18. Neutral cruentin in chloroform.

19. Hydrochloric product from neutral cruentin.
20. Reduced cruentin.

21. Blood treated with cyanide of potassium or with hydrocyanic
acid.

22. The same deoxidized.

23. Solution of blood treated with solution of bromine.
24. The last reduced with ammonium sulphide.

All the above are mapped from the microspectrosoope.



xii EXPLANATION OF CHAETS.

CHART II.

SPECTRUM

1 . Solar spectrum with Fraunhofer's lines.

2. Fresh human bile.

3. Alcoholic extract of human bile.

4. Diluted solution of human bile treated with hydrochloric acid.

5. Bile treated with nitric acid, and the precipitate dissolved in

boiling absolute alcohol.

6. Bile of the pig.

7. Bile of the ox or sheep.

8. Bile of the ox or sheep treated with nitric acid, the precipitate

being dissolved in boiling alcohol.

9. Ox bile treated with hydrochloric acid, and the precipitate dis-

solved in boiling alcohol.

10. Bile of the guinea-pig.

11. Bile of the rabbit.

12. Bile of the mouse.

13. Bile of the crow.

14. Human bile-salts and Pettenkofer's test in aqueous solution.

15. Bile-salts of the pig and Pettenkofer's test in aqueous solution.

16. Spectrum of normal human urine showing the band of urobilin.

17. Urine of case of rheumatic fever (which had been treated with ten

grains of salicylate of soda three times a day) treated with

nitric acid.

18. Urine of case of aneurism with albuminuria treated with nitric

acid.

19. Urine of same case treated with caustic potash.

20. Hsematin from an ovarian cyst.

21. The same deoxidized.

22. Spectrum of 20, after 24 hours.

23. Fluid from peritoneal cavity, showing lutein band.

24. Sero-lutein, blood-serum of dog.



EXPLANATION OF CHARTS. xiii

CHART III.

These specti'a were reduced from Dr Thudiclium's maps for

the purpose of comparison.

SPEOTETTM

1. Solar spectrum with Fraunhofer's lines, the latter having been

observed with a two-prism spectroscope, appear more nume-

rous than in my maps.

2. Four-banded haematin.

3. Five-banded haematin.

4. Alkaline haematin in alcohol.

5. Blood treated with sulphuretted hydrogen.

6. Blood treated with alcohol and ammonia.

7. Acid cruentin in water.

8. Five-banded cruentin (neutral) in alcohol.

9. Reduced alkaline cruentin.

10. Ovaiio-lutein in alcohol.

11. Lutein from ovarian cysts.

12. Sero-lutein.

13. Intestino-lutein (fasces of infants).

14. Stercorin in sulphuric acid.

15. Fermented cholera stool.

16. Bile acids and Pettenkofer's test.

17. Fluopittine.

18. Cholocyanine.

19. Cholonematine.

20. Boviprasine (gall-stones of ox).

21. Hyocceruline.

22. Nitric-acid product from hyoflavine.

23. Choleraic urocyanine.

24. Ash of human body, showing bright-line spectra of the metals
present.



EXPLANATION OF THE INTERPOLATION CURVE FOR
THE CALCULATION OF WAVE-LENGTHS (p. 32).

By means of a curve about four times larger than that figm'ed, the

readings of any scale can easily be reduced to wave-lengths.

Along the top line is printed the scale of the instrument, and along

the right hand line is the scale of wave-lengths. As many Fraun-

hofer's lines as possible, the wave-lengths of which are known, are

measured on the scale of the spectroscope, and mapped on the paper

;

a curve is then drawn through these points. The method of calculating

the wave-lengths of unknown lines or bands by means of this curve is

fully described in the text and in Appendix I.

For the sake of clearness only a few Fraunhofer's lines are mapped

in the plate, but the accuracy of the method is increased by having a

great number of lines mapped, and by having the curve drawn as

uniformly as possible.

Only the large squares are represented, which were square inches in

the original, the smaller squares being square tenths of an inch.
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SPECTROSCOPE IN MEDICINE.

CHAPTER L

THE PEISM AND ITS ACTION ON LIGHT. CONSTEUCTION OP A

SPEOTEOSCOPE. THE VAEIOUS KINDS OP SPECTEA.

The Prism.

—

We may define a prism in Optics as a

transparent body having two plane faces not parallel

to one another ; or we may define it for our present

purpose as a wedge-shaped piece of glass ; or, as

a medical writer puts it, " a triangular rod of glass."

Euclid defines a prism as a solid figure bounded

by five surfaces, two of which are triangles, equal?

similar, and parallel to each other, while the other

three are rectangles. The two parallel, equal, and
similar, triangles have nothing to do with the optical

properties of the prism, so we may leave them out

of the question. We are only concerned with two
of the rectangular surfaces ; the angle formed by the
meeting of these two surfaces or faces is called the

refracting angle, or the angle of the prism. If we look
at a hghted candle through a glass prism, keeping the
refracting edge of the prism uppermost, we cannot see

1



2 Newton's discovery.

tlie candle until tlie prism has been raised to a certain

height, the height depending on the angle of the prism.

The prism has bent the light of the candle out of its

course, in other words, in its course through the former,

^ the light has suffered refraction or deviation ;
but, in

addition, the candle appears surrounded with a fringe of

colours, so that the prism has not only refracted the

light, but also split it into its component colours.

This splitting up of the light into its component colours

is called dispersion.

About 200 years ago Newton made the discovery of

the action of the prism upon sunlight in the following

manner :—In the shutter of a darkened room he made

a small, round hole ; in the path of the sunhght which

streamed in through this small hole, he placed a glass

prism, and when the base of the prism was turned

upwards, he found on a white screen placed opposite the

shutter a coloured band composed of seven coloured

discs, with their edges overlapping. Beginning at

the lowest end of the coloured band was a red disc,

then orange, yellow, green, blue, indigo, and violet

discs. In this way, and by the recompositiou of the

spectrum, Newton discovered that white light is spht

up by the prism into its component colours ; he also

found that these different colours were not all bent

equally by the prism ; so that " the hght of the sun

consists of rays of different refrangibihty." Red light

is not so far deviated from its direction as the blue or

violet. This coloured band on the screen was the

spectrum of sunlight, but in consequence of the over-

lapping of each other by the coloured discs it was not
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a pure spectrum, the colours were mixed at the edges

of the discs. In 1802, Dr Wollaston discovered that

if a slit were made in the shutter instead of a round

hole, the spectrum of sunlight, instead of being com-

posed of a number of coloured discs, was now a band

of pure colours, each colour being free from admixture

with the one next to it. Moreover, he found that this

coloured band was not continuous, as Newton described

it, but interrupted here and there hj fine Hack lines.

In 1814, Fraunhofer,* a German optician, discovered

these lines independently, and mapped 576 of them,

calling the most prominent A, B, 0, D, E, F, G, H, which
lines he used as marks for comparison. He also found

that the distances of these lines from each other may
vary according to the nature of the substance com-
posing the prism ; thus their relative distances are not
the same in prisms of flint-glass, crown-glass, and
bisulphide of carbon, but they always occupy the same
position relatively to the colours of the spectrum.
KirchoflF and Angstrom have now mapped more than
2000 Fraunhofer lines.

In 1830, Simms, an optician, made an improvement
in the construction of the spectroscope by placing a
lens in front of the prism, so arranged that the
sht was in the focus of the lens. This lens turns the
light after it has passed through the slit into a cylin-

drical beam before it enters the prism. Another lens
was also introduced by him which receives the circular
beam emerging from the prism and compels it to throw
an image of the slit, which may be magnified at

* Born in 1787 at Straubing, a small town in Bavaria.
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pleasure for each ray. The lens between the prism and

the slit is called the collimating lens. Thus the

following are the essential parts of a chemical spectro-

scope :

1st. A slit, the edges of which are two knife-edges

of steel or other metal very truly ground and exactly

parallel to each other, and in a direction parallel to the

refracting edge of the prism, to admit a pencil of rays.

2nd. A collimating lens ; a convex lens with the

slit at its principal focus, which renders the rays

parallel before entering the prism. The tube in which

this lens is placed is equal in length to the focal length

of the lens, and is called the collimator.

3rd. A prism of dense glass, in which the parallel rays

are refracted and dispersed. It must be placed so that

all the rays are refracted through it with approximately

minimum deviation.

4th. An observing telescope, constructed like an

astronomical refractor of small size, and placed so

that the rays shall traverse it after emerging from the

prism. It must be focussed as if for viewing a distant

object, because rays of a given refrangibility from a

given point of the slit are parallel before entering it

(Everett). Such are the essentials of a one-prism

chemical spectroscope. In a direct-vision instrument

such as the Sorby-Browning microspectroscope, the

construction is somewhat different, which will be

explained when we come to describe this instrument.

When various sources of Hght are examined with a

combination such as has been described, we find that

spectra can be classed under four heads.

«
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1st. Continuous spectra, yielded by all white-hot fluid

and solid bodies with a few exceptions, a coloured band

passing from red through orange, yellow, green, blue,

indigo, and violet. This class of spectra is given

when we illuminate the slit of the spectroscope with

gaslight, candlelight, lamplight, magnesium light,

limelight, and the electric light, &c. ; white-hot

platinum, and iron in a state of fusion, also give

continuous spectra.

2nd. Spectra tohich present bright lines and stria on a

darh back-ground.—This class is yielded by glowing

vapours and gases, and each chemical element has its

own characteristic spectrum. In discussing the appli-

cation of bright-line spectra to medicine they will be
considered more in detail.

3rd. Adsorption spectra.—When certain coloured

vapours, such as those of nitrous acid and of iodine,

are placed between the source of light and the slit of

the spectroscope, a number of dark Hues appear at
right angles to the length of the spectrum ; the former
gives, according to Brewster, 2000 lines, sparingly
present in the red part of the spectrum, but more
closely arranged toward the violet end. On the other
hand the violet-coloured vapour of iodine gives a
number of dark lines in the orange, yellow, and green,
while the violet part of the spectrum is free from them!

According to Wiillner this spectrum is the exact con-
verse of that got by examining glowing iodine vapour, as
the latter, which is obtained by examining the reddish-
yellow light of a hydrogen flame, saturated with iodine
vapour, is characterised by the presence of bright lines at
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fhose points wliere the absorption spectrum appears

dark. The vapour of nitrous acid stops certain kinds of

rays from the light-source traversing it, especially the

violet ones, and the iodine vapour, being almost opaque

for yellow and green rays, stops most of these rays.

Consequently the continuous spectrum which would

have been got from the source of light, if it were

allowed to fall on the slit without having to traverse

either of these vapours, is interrupted by black hues,

spaces of darkness, caused by the stoppage of the rays,

corresponding to the dark spaces, by the vapours of

nitrous acid or of iodine.

The colours of soHds and fluids result from their

being capable of absorbing certain rays of white light,

and of reflecting others ; an object is red because it

absorbs all rays except the red, which it reflects, and

so it appears to be of a red colour. A white object

reflects all the rays of white light and so appears to

have no colour; while an object is black when it

absorbs most or all of the light falling on it. Again, the

different colours of transparent solids and fluids result

from their capability of absorbing certain rays. A

solution of permanganate of potassium transmits the

red and blue-violet parts of the spectrum unaltered,

while in the yellow and green are black bands, the

colour of the fluid itself is reddish-violet, and it trans-

mits the red and violet parts of the spectrum. Again,

chlorophyll or the colouring matter of leaves gives,

when in alkaline solution, a well-marked absorption-

spectrum, in the middle of the red a black band between

B and 0, three feeble absorption striae in orange-yellow

«
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and green, while the violet and indigo colours are

entirely shaded. Sometimes absorption bands appear

faint and hazy, at other times sharp and clearly defined.

The method of studying absorption spectra will be

referred to further on.

4th. The next class* of spectra is that which we get

when we examine sunlight with the spectroscope. This

spectrum is composed of the red, orange, yellow, green,

blue, indigo (or more properly ultramarine), and violet

colours, forming the band which Wollaston got by
transmitting the ray of sunlight through the slit and

the prism, as before described, so far resembling the

continuous spectra of white-hot solids and fluids ; but,

in addition, these colours are here and there inter-

rupted by the presence of black lines, some of them of

exceeding fineness, all these Knes being placed at right

angles to the length of the spectrum. Some of these

lines (which were described by Fraunhofer, as men-
tioned before, and therefore called Fraunhofer lines)

are better marked than the rest, and as they always

occupy the same position relatively to the colours of

the spectrum, they are taken as marks, to which the

position of absorption bands is referred. The first

Fraunhofer line A, is in the red, so also are a,B,C;
D is in the orange-yellow, E and b in the green, F
between blue-green and blue, G in the violet-blue, and
H in the violet.

Fraunhofer discovered that the bright yellow sodium
line occupies the same position in the spectrum as
Fraunhofer' s line D, and the same experiment is easily

* The spectoutn of starlight belongs to the same class.
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performed by any one who possesses a spectroscope, for

by directing sunliglit on the slit of tlie spectroscope, tlie

Fraunbofer lines appear, and tben causing the light from

a spirit lamp or Bunsen burner, which has in its flame

a salt of sodium, to fall upon the right-angled prism

covering half of the slit, it will be at once evident that

the D line of the solar spectrum is coincident with the

bright yellow line of sodium ; and by a method which,

in principle, is the same as this, it has been shown that

most of the lines in the solar spectrum occupy the

same position in the spectrum as the bright lines of

various chemical elements ; in this way the foundation

of solar and stellar chemistry has been laid. But if

the Fraunhofer lines are the lines of the incandescent

vapours of elements burning in the sun, why are they

black? Why is the D line not yellow? In 1859

Kirchoff discovered that vapours in a comparatively

cool state had the power of absorbing the hght emitted

by the same vapours in an incandescent state; or,

putting the law in more accurate language, every gas

and every vapour absorbs exactly those kinds of rays ivldch

it emits when in the glowing condition, whilst it permits

all other hinds of rays to traverse it ivith undiminished

intensity. Two experiments prove this law. (1) If

the light from the limelight be allowed to fall on the sHt

of a spectroscope, and then a flame coloured by a salt

of sodium be interposed between the light and the slit,

a black line appears in the position of the sodium line

;

or, (2) If* a piece of sodium be burned in an iron

spoon, and it is then ignited, at first we get the yellow

* Suffolk.
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line only, but as the sodium gets hotter and begins to

glow we get a continuous spectrum. Afterwards the

vapour surrounding the burning sodium absorbs the

yellow line and a black one appears instead.* Although

the causation of these Fraunhofer lines is explained in

a great number of books on Physics, &c., yet I have

thought it right to give a brief epitome of it, as a great

deal of confusion exists in people's minds with regard

to this most important subject. The Fraunhofer lines

are of the greatest importance in the study of absorp-

tion bands, because the principal ones, as mentioned

above, are used as marks to indicate certain parts of

the spectrum, with the position of which the position

of absorption bands is compared (and from which

measurements can be taken), so that we may be able

to state that a certain absorption band coincides with

C or D, or other Fraunhofer line.

* The comparatively cool sodium vapour, in the sun's atmosphere,

absorbs the rays of incandescent sodium vapour from the sodium burning

in the sun.
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CHAPTER II.

INSTEUMENTS, AND METHODS OF USING THEM, ETC.

Chemical Spectroscopes.—The one-prism chemical

spectroscope is shown in fig. 1, and is seen to

consist of a slit carried in the left-hand tube,

which tube is called the collimator, at the other

extremity of which is the collimating lens, of a

ElQ. 1.

prisin, and an observing telescope; the small wheel

represented beneath the right-hand tube is for clamp-

ing it in any required position. The right-hand tube

has attached to it an arm carrying a vernier, which

moves on a graduated arc of a circle divided into

degrees and minutes ; the use of this will be referred
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to further on. The slit is furnished with a right-

angled reflecting prism, by means of which two spectra

can be seen in the field of view at the same time. This

instrument can be used for taking the refractive and

dispersive powers of solids and liquids if necessary.

Fig. 2 represents a chemical spectroscope of two

prisms, which is preferred for the study of bright-line

spectra, as it possesses more dispersive power than a

one-prism spectroscope, but for medical purposes the

Fig. 2.

one-prism spectroscope is to be preferred, as it is amply

sufficient for the study of the few bright-line spectra

which have to be studied ; and moreover one prism is

better than two—on account of its small dispersion

—

in the study of absorption bands.

How to observe spectra with the one-prism spectro-

scope.—Having screwed the tube carrying the slit

into the ring fixed on the divided circle and the
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.

observing telescope into the ring provided with the

movable index, remove the cap which covers the

slit, direct the slit to the window, and turn the

telescope with the index round the graduated arc

until a spectrum appears. Cover the prism and those

parts of the tube next it with a piece of black velvet

to exclude surplus light, taking care that the velvet

does not interfere with the progress of the light through

the various parts of the spectroscope. If now lines

parallel to the length of the spectrum are apparent

they are probably due to dust on the edges of the slit,

which must be cleaned. To remove the dust, open the

slit by means of the small screw provided for the

purpose as widely as possible, and gently wipe the

edges with a small wedge-shaped piece of dry wood,

which is easily made from a lucifer match with the head

broken off. If the eyepiece of the observing telescope

be focussed carefully and the slit sufficiently narrowed,

the solar spectrum with the Fraunhofer lines can be

studied, it will appear as represented in Chart I, Sp. 1

;

note carefully which is B, C, D, B, h, F, A and a

are with great difficulty seen, so also is H.

Now illuminate the slit with the light from an

ordinary gas-burner, turning the edge of the flame to

the slit ; note there are no longer Fraunhofer lines,

nothing but the continuous spectrum of gashght.

To observe a bright-line spectrum.— Take a Bunsen

burner mounted on a suitable stand, such as that repre-

sented in fig. 3, turn on the light-flame by stopping up

the holes at the bottom of the tube, in the burner shown

here there is a ring at the bottom provided with four
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apertures ; by turning the tube round these are closed,

and we get a visible flame ; now bring this within a few

inches of the slit, observe the continuous spectrum.

Now turn the tube so that the holes at the bottom are

open. Take a piece of platinum wire, about the thick-

FiG. 3.

ness of a sewing-needle, bend the end into a loop about
the |-th of an inch in diameter ; fuse a small bead of the

salt (one of the alkalies or alkaline earths) to be ex-

amined into the loop of the platinum wire, and bring the
bead into that edge of the flame which is next the slit

and a little below the level of the latter. On lookino-

mto the telescope tube, if it has not shifted, which is

provided against by clamping it properly," the bright-
line spectrum of the substance is seen. When small
quantities have to be examined the substance should be
dissolved, and a drop of the solution, instead of a solid

bead, be used on the platinum wire. The chlorides of
the alkaline earths, and carbonate of sodium and /erro-



14 SPEOTEA OF HEAVY METALS.

cyanide of potassium are the best salts for examining

the bright-line spectra of these metals.

To observe the bright-line spectra of the Heavy

Metals.—To study the bright-line spectra of the heavy

metals, since they cannot be volatilised at the tempera-

ture of the Bunsen flame, we require :
" either an induc-

tion coil, to give a 2^ in. spark in dry air, with 1 quart

size Bunsen's cell; or an induction coil, to give a 3| in.

spark in dry air, with 3 quart size Bunsen's cells ; or an

induction coil, to give a 4^ in. spark in dry air, with

5 quart size Bunsen's cells ; or an induction coil, to

give a 6 in spark in dry air, with 6 quart size Bunsen's

cells." The induction coil is represented in fig. 4 ; this

riG. 4.

coil will also be required for observing the bright-

spectra of gases enclosed in induction tubes. " W
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the trouble of cliargiiig Bunsen's cells is objected to,

or it is desirable to avoid the nitrous fumes they give

off, bichromate batteries may be employed. These

batteries are very cleanly, but not nearly so powerful

as the Groves' or Bunsen's batteries, so that the coils

will not work with their full power when they are used.

A bichromate battery can be arranged so that, by using

a winch, the elements may be removed from the ex-

citing solution at pleasure. These batteries may be

used many times without re-charging." Instead of

using a Leyden jar to increase the temperature of the

spark, a spark condenser, such as that shown in fig. 5,

Fig. 6.

IP

may be used. Eig. 6 shows how it is used ; the method
of using it is thus described by Mr Browning :—
" Connect the wires from the battery with the two
clamp screws at one end of the induction coil, then
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carry a fine wire from each of the terminals of the

coil (the points from which the sparks are given), one

to each clamp screw at the opposite ends of the spark

condenser. If the commutator of the coil be now

turned on the spark will pass between any pieces of

Fig. 6.

metal placed in the two pairs of tweezers on the insu-

lated ebonite support of the spark condenser. This

spark will be very different from that of the induction

coil, being shorter, thicker, and much more brilhant.

A spark given through the condenser from -^th to

ith of an inch long is best adapted to give the spectra

of the metals in the spectroscope." The diagram, fig.

6 will perhaps show more clearly than any description

bow the connections between the battery, spark con-
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denser, and coil are to be arranged, " When a Leyden

jar is used the connections are arranged in a similar

manner, but the two wires from the coil must be con-

nected with the inside and outside coating of the

Leyden jar."

The induction coil used in obtaining the bright-line

spectra of the heavy metals should give a spark two

inches long in dry air, and unless a spark condenser is

used a Leyden jar must be introduced into the circuit

for the purpose of increasing the temperature of the

spark. " Two small pieces of the metal of which the

spectrum is required should be placed in forceps

attached to the terminals of the induction coil. The
pieces of metal should be brought within one eighth of

an inch of each other. The spark should pass in a

vertical line parallel to, and in front of, the slit. The
Leyden jar must be connected with the induction coil

in the following manner :—Attach a wire to the metal
rod which supports one pair of forceps on the terminal
of the coil, and carry this to the outside covering of
the Leyden jar. A second wire should be attached in

a similar manner to the other pair of forceps, and con-
nected with the inside covering of the Leyden jar.

This suffices to bring the jar into circuit." The
accompanying fig. 7 from Mr Browning's book, ' How
to Work with the Spectroscope,' will show clearly the
arrangement of apparatus required to obtain the
bright-line spectra of the heavy metals, and I am
mdebted to the same source for the directions
given above. In the chapter which treats of the

^
application of bright-line spectra to medicine, the

2
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method wliicli Dr Thudiclium employed in obtaining

the bright-line spectra of morbid gases will be

referred to.

The method of getting the absorption spectrum

of a fluid.—Illuminate the slit with the edge of

the gas-flame, or, if this cannot be obtained, with

the light of a paraffin lamp, then place in a suitable

holder (mine was made from a retort stand and a

test-tube holder) a test tube containing the solution to

be examined between the slit and the light, and observe

the spectrum ; examine the solution m test tubes of

different diameters until the best effect is obtained.

If the solution be too dilute to give an absorption-

spectrum examine it in a deeper layer, or, if possible,

use a stronger solution.

In examining some solutions the electric lamp is

required. Fig. 8 represents a convenient lamp
; twenty

quart cells are used with it.

How to map spectra observed with the one-prism

chemical spectroscope-—(l)^y means of the nonius and

arc.—Most one-prism spectroscopes are now provided

with a vernier {vide antea, fig. 1) and graduated arc.

Suppose we want to make a map of the Fraunhofer lines.

In the eye-piece of the observing telescope are two
cross wires ; turn the eye-piece until the cross is in this

direction, X , and make the point of intersection of the

wires correspond (by moving the telescope along the

graduated circle) to the first visible Fraunhofer line,

note the reading, then move the telescope until the
intersection of the X is over another line, and take the
reading as before, and so on for the other Hues. From
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these several readings, by means of a scale of equal

parts, a map of the solar spectrum is easily constructed.

Bright-line and absorption spectra are mapped in the

same manner. The advantage of this method is, that

Fig. 8.

.2

CD

the readings are given in angular measurements, but

its disadvantage is the time spent in taking the

measurements.

(2) By means of the photograjplied millimetre scale.—
Some one-prism spectroscopes are provided with a

third tube carrying a photographed scale on glass ;
the

image of which, by means of a lens, is thrown on to

one of the surfaces of the prism, by which it is reflected

into the observing telescope, and is seen to divide the
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spectrum into a certain number of parts. The illumi-

nation of this scale necessitates the use of a second

light, but it has the great advantage of enabling the

readings to be taken in a very short space of time.

(3) By means of spectrographs.—To those who can

afford it, Colonel Campbell's spectrograph is a valuable

addition to the spectroscope ; it is rcDresented in fig. 9.

Fig. 9.

To use it, a strip of smoked glass is placed in the

frame attached to the side of the micrometer ; the tube

of the micrometer is then placed in the eye-draw of the

telescope of a spectroscope ; the cross wires of the

micrometer are now brought on to one of the lines

in the spectrum by turning the micrometer screw.

A line is drawn on the smoked glass with the small

ruHng machine on the left hand in the figure. This

operation is repeated for as many lines as it is thought

necessary to map, the screw being always turned in one

direction. The smoked glass can be varnished and
used as a negative to print photographs from.

(4) By means of the camera lucida.—The simplest

and the readiest method of mapping bands is, in my
opinion, that which I described for the first time in

the ' Dublin Journal of Medical Science,' 1877, viz. by
means of the camera lucida. A camera-lucida prism is
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made to fit the eye-piece of tlie observing telescope.

To map tlie Fraunhofer lines by this method proceed as

follows :—Having illuminated the slit with simlight, and

focussed the observing telescope until the lines appear

distinctly, slip the camera lucida over the eye-piece and

with a pencil mark the length of the spectrum on a

sheet of white paper placed on the table beneath the

camera. Rule off on the paper several blank maps of

this' length and again bring the paper beneath the

camera, remembering that the paper must be turned

upside down so as to keep the red on the left-hand

side of the maps afterwards ; mark the position of the

Fraunhofer lines on the top map by means of dots,

which is not a difficult matter if the sunlight be suffi-

ciently strong ; and draw lines through the dots. We
have now a solar map from which we can construct

any number afterwards. To map an absorption spec-

trum :—Having placed the test-tube containing the

solution before the slit and illuminated it with a strong

enough light, turn the right-angled reflecting prism so

that it shall cover half the slit (fig. 10) ;
place a Bunsen

Fig. 10.

burner with a salt of sodium introduced into its flame,

so that its light may fall on the reflecting prism. On

looking into the spectroscope two spectra are visible,

one the absorption spectrum, the other the bright
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yellow line of sodmm ; now bring the blank solar map

(turned upside down or in the position in which it was,

when the Fraunhofer lines were originally mapped on

it) beneath the camera, and move it from side to side

until the yellow sodium line covers exactly Fraunhofer'

s

line D, then with a pencil mark the position of the

absorption bands on the map, and also the extent of

the shading on the red and violet side. The map can

be afterwards completed with Indian ink ; it can be

constructed in a much shorter time than I have taken

to describe it, and must of necessity be accurate, since

we always have a fixed point to start from—the sodium

line. If it is thought desirable a scale can be

attached to this map by laying along it a millimetre

scale and marking the divisions along the top line of

the map ; such a scale is useful for comparison, and

also for enabling the position of the bands and their

breadth to be expressed in wave-lengths ; in order that

they may be so expressed we must remember to have

the same number always opposite the D line.

The Microspectroscope.—In the microspectroscope

we have a slit and a compound prism, but no observing

telescope, the spectrum being viewed directly by the eye.

The Sorby-Browning is the best microspectroscope I

know, and is a very complete and beautiful little instru-

ment. Its internal construction is as follows : The
prisms it contains are those known as " direct vision,"

they consist of two prisms of flint glass between three
of crown glass, united together by means of balsam
(fig. 11, p. 24). By this arrangement deviation is

eliminated, while sufficient dispersion is retained. The
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tube (a, fig. 12) contains tlie prisms and is capable of

being approximated to, or removed from, tbe slit by

means of rack and pinion movement under the control

of the wheel (b) so that any part of the spectrum can

be focussed, a matter of importance since all the lines

Fig. 11.

in the spectrum are not in focus at the same time,

c is a milled head, which opens or shuts the slit

vertically, while h regulates the sHt horizontally, d d

is a stage perforated with a square hole, which admits

the light to a right-angle prism (shown in fig. 11)

covering half the slit, so that by clamping a small tube

containing the solution by means of the two steel springs

attached to the side stage, we can compare two
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spectra together ; the light is reflected into the square

hole in the side stage by means of the mirror (i, fig. 12)

;

the size of the aperture in the side stage is regulated by
the screw (e). f is placed below the field lens of the

Fig. 12.

eye-piece, g is a tube which fits into the tube of a
microscope instead of the eye-piece of the latter.

To examine an object with the microspectroscope
place it on the stage and focus it with the ordinary eye-
piece, then throw it slightly out of focus and substitute
the microspectroscope for the eye-piece. Opaque
objects can also be examined with the microspectro-
scope if they are illuminated by means of the bull's-
eye condenser, Lieberkiihn, side reflector, &c. Mr
Sorby uses a binocular microscope, as the left-hand
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tube can be used as a fiuder ; for my part I prefer a

small monocular microscope, and by practice having

learned the focal distances of the different lenses from

the surfaces of the various fluids and solids, I never

find any difficulty in getting a spectrum. In examining

very small objects a high-power objective is required.

In examining crystals or other small objects a small

cardboard diaphragm, perforated with a hole -g-th

of an inch in diameter, should be placed beneath

them. Mr Browning advises, when observing the

spectra of liquids in cells, to slip a small cap with

a perforation Y^th of an inch in diameter over the

tube containing the 1^- or 2-inch objective. Sub-

stances which give bands or" lines in the red are best

seen by artificial light, while those which give bands

in violet are best seen by daylight ; but there is this

caution, which should be attended to, that we must be

very careful in drawing conclusions from absorption

spectra seen by daylight ; because we are apt to mix

the bands of the absorption spectrum with the Fraun-

hofer lines ; thus, if the edge of a band happens to

coincide with a Fraunhofer line we are apt to imagine

that the band is better defined, more abruptly shaded

on one side than it really is.

Cells and tubes for the microspectroscope—For a

long time I was grievously disappointed, in working

with the microspectroscope, to find that my results

were vitiated by the mixture of the contents of the

glass cells (invented by Mr Sorby) with the cement

connecting the cells to the glass plates on which they are

placed ; moreover, the cells themselves were continually
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coming off when solvents such as alcohol, ether, and

chloroform, which are being continually used in physio-

logical work, were put in them. I therefore invented

cells for myself, and after an extended trial I can

fully recommend them. They are merely flat-bottomed

tubes of different diameters fitted into thin slabs of

wood. Some are made from thin glass tubing care-

fully sealed at one extremity ; the latter answer

quite as well as Mr Sorby's barometer-tube cells. If

necessary they can be made from barometer tubing,

and their bottoms can be ground flat and polished.

Even small short test tubes can also be used in this

manner. Besides the fact that solvents cannot affect

these tubes, they have also the advantage of being

easily cleaned, and the wood in which they are set

stops all extraneous light, so that we only get those

rays which come through the bottom of the tube or

cell. For comparison tubes to be used with the side

stage the little flat tubes made for bouquet-holders are

very convenient, and being of two different diameters

they allow two depths of fluid to be examined.

For examining such fluids as bile I find glass slips

with excavated cells, such as are used for mounting-

seeds, &c., very useful, as the shape of the exca-

vated cell allows different strata of material to be
examined.

How to map spectra from the Sorby-Browning
microspectroscope— (1) By means of bright-point micro-

meter.—If the reader will turn back to fig. 11, which
represents the internal construction of the micro-

spectroscope, the arrangement for throwing a bright
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point on to tlie surface of the upper prism will be

understood, a a is a small tube attached to the side

of the larger one. At the outer part of this tube

is a blackened glass plate, with a fine clear white

pointer in the centre, o is a lens, which can be

focussed by the studs (b b), and which produces an

image of the bright point in the field of view by

reflection from the surface of the prism next to the

observer's eye. The micrometer screw (m) causes the

sUde which holds the glass plate to travel in grooves,

and so the fine pointer is made to cross the whole length

of the spectrum. To map the Fraunhofer lines the

bright point is made to coincide with one of them, and

the reading taken on the graduated wheel; the distance

between this line and the next is also measured by

counting the number of divisions passed through in

turning the wheel, and so on; the lines are then

mapped on paper by means of a scale of equal parts.

This map is kept for reference. An absorption spec-

trum is mapped by measuring the distance of its bands

from certain fixed points, such as the sodium line, &c.

I must confess that this bright-point micrometer is not

at all a pleasant method of mapping spectra, as it mono-

polises a great deal of time, and, if great care is not

taken, it is apt to lead to error.

(2) Mapping by means of photographed scale.—^Mr

Browning has fixed to the side of the prism tube of

my microspectroscope a tube in the position of a a,

fig. 11, which contains a photographed scale, illumi-

nated by a small mirror, and which is capable of being

focussed by a small lens in the position of c, so that.
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on looking into the instrument, one can see the spec-

trum beautifully and accurately divided into 100 equal

parts, since the image of the scale is reflected to the

eye from the surface of the uppermost prism. By
means of this scale readings can be made at once, the

only precaution necessary is to see that D, or the

sodium line if D cannot be got, always stands at the

same number on the scale. To map absorption

spectra measured on this scale is exceedingly simple,

all we have to do is to lay down a line as many milli-

metres long as there are divisions in the scale, and
mark the position of the bands on this line. Of course,
as m the case of the bright-point micrometer, a map
of the solar spectrum has to be first made. Another
great advantage of this scale, besides the rapidity with
which measurements can be made with it, is this, that
it enables us to record certain data from which maps
can at any future time be constructed. Thus we can
record a spectrum somewhat in this manner

:

Extent . . . . 10 to 70
First band . . . 15 to 18 . . (a)

Second band . . 25 to 30 . . (j3j

Any one who has worked with the spectroscope can
appreciate the convenience of this method.*

The irrationality of dispersion and the necessity
of reducing the readings of a spectroscope to wave-
lengths.—Besides the refraction spectrum, or that
obtained by refraction through a prism, there is a
diffrachon spectrum. If a piece of glass is ruled with

dell^TinThr"'" °^ measuring, which will be founddescribed in the various papers mentioned in Appendix 11.
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parallel equidistant scratches by means of a dividing

engine and diamond-point at the rate of some hundreds

or thousands to the inch, we find, on looking through

it at a slit or other bright line (the glass being held so

that the scratches are parallel to the slit), that a

number of spectra are presented to view, ranged at

nearly equal distances at both sides of the slit, and the

spectra, if the experiment is properly made, will show

Fraunhofer's Unes. The spectra may be used with a

telescope focussed on the plane of the slit. This

piece of glass is called a grating. " A grating for

diffraction experiments consists essentially of a number

of parallel strips, alternately transparent and opaque."

Such spectra are of use in furnishing— (1) A uniform

standard of reference in the comparison of spectra.

(2) The most accurate method of determining the

wave-lengths of the diflferent elementary rays of

light (Deschanel).

Angstrom calculated by means of a diffraction

spectrum the wave-lengths for several hundred of the

dark lines of the solar spectrum; he used gratings

about f of an inch square, some of which had 4500

lines ruled to the inch.

The diffraction spectrum, from the ease with which

wave-lengths can be calculated from it by means of a

simple formula which will be found in Deschanel'

s

« Natural Philosophy,' pp. 1027-8, is always used for

this purpose, and the wave-lengths thus calculated are

constant numbers.

In refraction spectroscopes the relative distances

between the Fraunhofer lines are found to vary accord-
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ing to the material composing the prism (irrationality

of dispersion) ; thus the following table gives the

approximate distances between B, D, B, ¥, G in

different prismatic spectra, and in the standard diffrac-

tion spectrum, the distance from B to Gr being in each

case assumed equal to 1000 :

—

Flint glass, angle
= 60°.

Bisulphide of car-

bon, augle=60''.

Diffraction or dif-

ference of wave
length.

Difference of
wave frequency.

B to D 220 194 381 278
D to E 214 206 243 232
Eto P 192 190 160 184
Fto G 374 410 216 306

Thus it will be seen that the relative distances

between the Fraunhofer lines are dependent on the

nature of the material composing the prism, so that no

two arbitrary scales give the same reading, therefore all

readings should be reduced to wave-lengths, which is

not by any means as difficult a matter as it is supposed
to be.

o

.

Angstrom has calculated the wave-lengths of light in

tenth-metres, i.e. in terms of a unit of which 10^° make
a mhtre, hence the name ; and he has arrived at the
following numbers for the wave-lengths corresponding
to the principal Fraunhofer lines :

A
B
0

D
B

7604-00

6867-00

6662-01

6892-12

5269-13
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4860-72

4307-25

3968-01

3933-00

760-4

686-7

656-2

589-2

526-9

486-0

430-7

3968
393-3

For calculating absorption bands in wave-lengths*

the decimal may be neglected. Having now got the

wave-lengths of the principal Fraunhofer lines, the

wave-length of any line, or the wave-lengths corre-

sponding to the edges or to the centre of an absorption

band, can be easily calculated.

The easiest method, and the one which I shall adopt

here, is that of graphical interpolation. A piece of

paper ruled into square inches and tenths has a scale of

wave-lengths ruled off along one edge, and the edge

at right angles to this has a scale corresponding to

the scale of the instrument marked on it. The value

of the Fraunhofer lines on the scale of the spectroscope

is observed, and by a reference to the above numbers,

their value in wave-lengths, they are then marked

* The wave-length corresponding to a is 718-5, and to b 517-2.

G
Hi
H2

Or in millionths

A
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D .
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Q
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in their proper position on the scale with +4"-

curve is then drawn through these marks as uniformly

as possible. When a band or bright line has to be i

mapped all that is necessary is to take its reading on

the scale, then, knowing between what lines it is placed,

we find its position on the curve, opposite which its

wave-length is printed on the right hand edge. The

accompanying diagram is a reduction from one four or

five times its size, and will clearly explain the method,

for which I am indebted to Watts' s ' Index of Spectra.'

Paper suitable for calculating wave-lengths in this

way, ruled in square inches and tenths, is sold by

Letts and Co. The accuracy of the method depends

upon the number of Fraunhofer lines marked down,
the uniformity of the curve, and upon the size of the

scale through which the curve is drawn.*

* Mr. Sorby thinks tliat it is only necessary to express wave-lengths
in millionths of a millimetre (see the second column of figures) in the
case of absorption bands, and he gives the wave-length corresponding
only to the centre of a band. If the wave-length of the centre of a
band is only required we must take the reading of its centre only on
the scale of the spectroscope.

V

3
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.*nC*CiUL SOCIFTT
CHAPTER III.

THE APPLICATION OF THE STUDY OF BEIGHT-LINE SPECTEA

TO MEDICINE.

Metals may be present in tlie body either as normal

ingredients, or they may have been introduced into

it.* Those metals which are normal ingredients are

potassium, sodium, calcium, magnesium, copper, and

iron. Sometimes, though their presence is not essen-

tial, lithium, rubidium, caesium, and manganese, are

present. Strontium may be introduced from without,

but its presence is not hurtful. Among poisons we

may have lead, antimony, arsenic, mercury, and cop-

per ; or perhaps tin, thallium, iridium, silver, bismuth,

nickel, and zinc.

The method of obtaining the bright-line spectra of

the alkalies and alkaline earths was referred to in

the second chapter, to detect them in a tumour or in

a calculus, or in the residue of any physiological or

pathological jfluid, it is necessary to reduce these to

a white ash in a platinum or porcelain crucible, then

wash the ash with water, with hydrochloric acid, and

finally with nitric acid. A piece of platinum foil is then

dipped in this solution and held in the Bunsen flame,

when the bright lines of the alkalies and alkaline earths

appear if the latter are present. Mr Lockyer describes

* It is hardly necessary to explain that by the above statement I do

not mean that the metals are present as such, but in the form of salts.
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in his book, ' Studies in Spectrum Analysis,' a method
of observing the spectra of salts in solution, by means
of a small steam spray apparatus, such as is used for

the throat, which blows the spray of the solution into

the Bunsen flame.

The ash of the human body dissolved in hydro-

chloric acid gives, when its spectrum is examined,

several bright hues, shown in Chart III, Sp. 24.

According to Thudichum, the lines are those of six

metals—potassium, sodium, lithium, rubidium, cae-

sium, and calcium. The wave-lengths corresponding
to the bright lines of these metals will be found in
Watts's 'Index of Spectra.'* Amongst the poisonous
metals thallium and iridium are the only two whose
spectra can be studied by means of the Bunsen flame.

The spectra of some of the poisonous metals.—The
other poisonous metals require the heat of the electric
spark, from a battery and an induction coil, to be
sent through platinum electrodes coated with the
metal (see Chap. II). The most important of the
poisonous metals, and the only ones which will be
referred to here, are antimony, arsenic, mercury,
copper, and lead. These metals are easily separatedm the metallic state from solutions which contain
their salts by means of electricity (electro-deposition).
Dr Emerson Eeynolds f thus describes the method

of getting the deposit of the metal on the platinum
and the subsequent proceedings :

" The plan I prefer
* As almost all works on chemistry contain charts of the bri^ht-Unespec^-a of the alkalies and alkaline earths I have not given onet thi!Tolume

t See Appendix.
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for obtaining tlie deposit of poisonous metal on tlie

platinum is applicable to all tlie cases just mentioned,

and is as follows :—A neat and small glass funnel,

having a ratber fine stem, is procured, and fixed

securely in the usual position for filtration by means

of a wooden clip grasping the stem. A bundle of four

or six short platinum wires, each about as thick as an

ordinary sewing needle, and half an inch long, is now

to be bound together by means of a twist or two of

very fine platinum wire, one end of the latter being

left free so as to facilitate connection of the bundle

with a galvanic cell. The bundle is then passed from

below up into the stem of the funnel, until half the

wire is within the tube ; it is then secured in position

by means of a little clean cotton wool. When the

funnel is filled with water, the wire plug should only

allow the liquid to flow out in drops, succeeding each

other with moderate rapidity. A long platinum wire

is made to dip into the funnel, and to reach down to

within half an inch of the top of the wire secured in

the lower portion of the stem. It is obvious that

when a solution of an easily reducible metal is placed

in the funnel, the wire plug connected with the zinc

end of a smaU battery, and the upper wire with the

opposite pole, the metal contained in the hquid will

deposit on the platinum as it filters through the wire

bundle. The whole of the liquid can in this way be

certainly brought into contact with the pole on which

it is disposed to deposit, and a very small amount of

poisonous substance separated from a bulky solution.

" On carrying out this simple but effective plan, it
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is necessary that the liquid should be decidedly acid,

preferably with nitric acid, in order to avoid the

possible production of gaseous arseniuretted hydrogen

should arsenic happen to be present. The liquid ought

also to be free from suspended matter, in order that

the wire filter may not be stopped through ordinary-

filtration of the Hquid. Finally, the battery power

required is very trifling, a single Groves's cell being

quite sufficient.

" Having obtained the metallic deposit on the wire,

the bundle is next removed, and the coated ends of

two of the wires placed opposite to each other, within

striking distance, in a convenient holder, and the

induction spark passed between them, the light being
then observed with the spectroscope. If a pair of pure
platinum wires be fitted in another holder, and also

placed in the path of the current, so that a spark may
pass between their points also, the spectrum of the
light from this second source may be compared with
that from the first, by reflecting the rays into the
instrument by means of the little prism placed in
front of the slit." The position of the lines is

then measured on the scale, and these measurements
reduced to wave-lengths by the curve, described in
Chapter II. The most useful wave-lengths for the
identification of these metals are as follows :

Arsenic-The best lines by which to identify this
metal, are two strong ones, on the more refrangible
side of the sodium line. Thalen's wave-lengths for
these Imes are, commencing from the red side of the
spectrum-6169, 6110, 5651, 5558, 5498, and 5332
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Antimony.—The most important line is that having

the wave-length 4711, in the pale-blue part of the

spectrum. Twelve easily observed lines are grouped

close to and on the refrangible side of the sodium lines,

while there are many others along the spectrum on the

opposite side of D. Beginning from the red end, the

wave-lengths of the most useful lines are 6301, 6129,

6078, 6003, 5909, 5894, 5638, 5567, 5463, 4948,4711,

and 4352.

Mercury.—A single strong mercury line occurs on

the red side of D, and a bright double line a little

more refrangible than D. The wave-lengths of the

principal lines are 6151, 5789, 5768, 5678, 5460, 5426,

and 4358. The last line is a rich blue colour and

strongly marked.

Copper.—Inhere are six easily distinguished lines in

the copper spectrum, one being less refrangible than

D. The wave-lengths are 6380, 5781, 5700, 5217,

5153, 5105, and a number of blue lines.

Lead.—GiYes seven well-marked lines distributed

over the spectrum. A strong red line, with wave-

length, 6656 ; a green line 5607, then 5546, 5372, 5045,

4386, and 4246, the last two are of a violet colour.*

There are two more instances of the application of

the study of bright-line spectra to medicine which will

probably be turned to good account in the future ;
the

first is :

The detection of morbid gases by means of their

spectra—Gases are examined in Geissler's tubes by

* The bright-line spectra of the other metals ^ill be found described

in most treatises on the spectroscope, but it would be beyond the scope

of this book to go further into the subject here.
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passing' an induction spark througli them, and morbid

gases can be examined in tlie same manner. The

tube is filled with the gas, and then exhausted with the

air-pump, until the pressure within it is only to

part of the pressure of the atmosphere. The

spark is then passed. The gas becomes hot and

luminous, emitting lights of difierent colours, and

giving, when examined with the spectroscope, a spec-

trum difierent for each gas examined. Thudichum

remarks, " It must be left to the future to decide how
far these spectra can be practically utilised in the

diagnosis of gases which occur in the animal economy.

Such gases as occur in morbid emphysemata (in the

cellular tissues of cows during cattle plague, in

contused hmbs with effused blood) in the blood in

various conditions, in certain internal cavities or

tissues as results of disease, have hitherto mostly
escaped analysis, as their small quantity makes the

ordinary methods inapplicable. The attention of

inquirers must henceforth be directed upon their

analysis by means of the electro-spectroscopical

method."

The Chemical CilcxLlsition.—Secondly, the spectro-

scope may be used to determine the time that certain
salts take to reach any part of the body.~Dr Bence
Jones used it for this purpose. Jle imagined "that
there are good grounds for beheving that there
exists within us, in addition to the mechanical or
animal circulation of the blood, another and a greater,
and a more strictly chemical circulation, closely resem-
bling, if not identical with, that which obtains in the
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lower divisions of animals and in vegetables. A circu-

lation in which substances continually pass from the

outside of the body into the blood, and through the

blood into the textures, and from the textures either

into the ducts, by which they again pass back into the

blood, or are thrown out of the body, or into the

absorbents, by which they are again taken back into

the blood, again to pass from it into the textures."

He calls this " the chemical circulation," and his ex-

periments were made in order to determine " where

diffusing substances go to, how long they are in going

out of the stomach into the textures, how long they

stay in the textures, and how quickly they cease to

appear in the excretions." With the assistance of Dr

Dupre, he made use of the spectroscope to answer

these questions. He first shows how the spectroscope

can detect of

—

Chlorate of soda . • . y5T millionth of a grain

Carbonate of lithia • • i „ >»

Chloride of strontium .1 „ „

Chloride of barium . . 1 ,, „

Chlorate of potass. . . -gt thousandth of a grain

Chloride of Hthium . . iV millionth of a grain

Chloride of rubidium . thousandth of a grain

Chloride of csesii^ . . „ »

•

They (Jones and Dupre) then searched for lithia in

many vegetable and animal substances, and found it

in the following

:
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" In Potatoes—seldom. In Tea—slight traces.

Apples—sometimes. Coffee—slighttraces.

Bread—traces. Ale—slight traces.

Cabbage—distinctly. Porter—slighttraces

.

Ehine wines—always. Mutton—none.

French wines—distinctly. Beef—none.

Sherry—distinctly. Milk—none.

Port—distinctly.

"It had already been found

—

^J^m AWEST-RIDINC

" In Sea-water.
^'^^ WGICAL SOCIETT

Kelp.

Spring-water sometimes.

Ashes of wood grown in the Odenwald.

Russian and other potashes.

Tobacco.

Vine leaves and grapes.

Ashes of the produce of the fields in the

Palatinate.

Milk of animals eating the produce.

Ash of human blood and muscle.

Meteoric stones.

All the drinking waters of London, &c.
i

" The spectrum of lithium is very characteristic and
very perceptible, and some approximation to a quanti-
tative determination may be arrived at by observing
the amount of substance that requires to be burnt to
obtain the reaction

; and by the necessity, in some cases,
for the removal of interfering substances previous to
the combustion. Thus three degrees may readily be
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observed. The highest amount of lithia is present

when each particle of the substance introduced into

the flame gives the lithia reaction ; and a smaller

amount of lithia is present when the whole of a lens or

of an organ must be extracted with water, to remove

the lithia previous to the combustion ; and the smallest

trace is present when the substance has to be incine-

rated, the ash treated with sulphuric acid, the excess of

acid driven off, the dry residue extracted with absolute

alcohol, the alcohol evaporated, and the dry residue

tested. These three quantities may be designated as

the slightest trace, a trace, and plenty.

" As soon as experiments on man and animals showed

thg,t the infinitesimal quantities taken in with the food

were rarely to be perceived in the textures, experiments

were made to determine how quickly the lithium

diffused from the stomach into the blood circulation,

and from the circulation into the textures, and whether

it was to be found in those distant parts of the textures

where no circulation existed, and especially in the lens

of the eye.

" The following table gives the experiments made on

the rate of the passage of chloride of lithium from the

stomach, not only into the circulation, but out of the

circulation into the textures of a guinea-pig :

After 1^ grs. were taken. In 3 days plenty was found

everywhere.

3 15 minutes everywhere

except in the lens.

3 „ 30 >j J.
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After 8 grs. were taken. In 30 minutes everywhere, and

traces in the lens.

o 99
30 5, everywhere, and

outer part of the lens.

3 60

3 JJ
60 „ everywhere ex-

55 •/

cept in the lens.

3 5 J 4 hours everywhere, and

throughout the lens.

3 JJ 4 35 3> J5

3 J> 8 55 5> 55

3 3> 24 55 55 5'

3 5> 26 53 55 55

1
4 J J 5i ,5 everywhere except

in the lens.

" It follows from these experiments that three grains

of chloride of lithium given on an empty stomach, may
diffuse into the cartilage of the hip-joint, and into the

aqueous humour of the eye in a quarter of an hour.

In very young and very small pigs, the same quantity

of lithium may in thirty or thirty-two minutes be found

in the lens of the eye, but in an old pig in this time the

lithium will have got no farther than the humours of

the eye. If the stomach was empty when the chloride

of lithium was taken, then in one hour the lithium may
be very evident in the outer part of the lens, and very

faintly in the inner part ; but if the stomach be full of

food, the lithium does not in an hour reach the lens.

Even in two hours and a half the lithium may be more
marked in the outer than in the inner part of the lens.
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In four hours the lithium will be in every part of the

lens, but it will still be more evident in the humours

than in the lens. Even in eight hours the centre of

the lens may show less than the outer part. The

lithium will be found in as great quanti^ in the centre

of the lens as in the outside after twenty-six hours."

When the hthium was injected " into the skin " instead

of being put in by the stomach, " three grains of the

chloride showed in twenty-four minutes hthium in the

lens and every texture ; in ten minutes, slightly in the

lens but plenty everywhere else ; in four minutes no

lithium was in the lens, but plenty in the aqueous

humour of the eye and in the bile ; one and a half

grain in five minutes showed no lithium in the lens, but

plenty in the aqueous humour and in the bile."

It was thus shown " that lithium will pass everywhere

into the textures in between four and fifteen minutes,

when injected into the circulation, and between fifteen

minutes and twenty-six hours when taken in by the

stomach. Some experiments were afterwards made to

determine afterhow many days the Hthium ceased to be

detected in the textures after it hadbeen taken. Usually

three pigs were taken : to one no lithium was given, the

second was killed in a few hours after a dose of lithium,

and the third was given the same dose and killed after

many days."

"The following table shows the rate at which

chloride of lithium passes out of the textures :

2 grs. in 6 hours gave plenty everywhere. In 6

days gave no trace in the alcoholic extract of the kid-

neys, livers, or lenses.
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2 grs. in 6 hours gave plenty everywhere, and in 6

days result as before.

2 grs. in 6 hours gave plenty everywhere, and in

4 days gave none in the lens.

1 gr. in 5^ hours showed partly in the lens. In 3

days gave faint traces in the lens.

*' It follows from these and other experiments that

twice in six days, and once in four days, two grains of

chloride of lithium, which in six hours gave lithium

everywhere, in six days ceased to be detectable in the

lens, and that even in three days the lithium is most
probably diminishing in the lens." Dr Bence Jones
then, by the help of Mr Bowman and Mr Critchett,

endeavoured to trace the passage of lithium " into that

part of the body which is most distant from the blood
circulation in man." Twenty grains of carbonate of

lithium dissolved in water were given in a few minutes,
or a few hours, or a few days before the extraction of a
lens affected by cataract. (Some lenses affected with
the same disease having been previously examined so
as to determine whether lithia might not have been
naturally present, and in only one instance was the
faintest trace discovered.)

These experiments taught " that in the human body
twenty grains of carbonate of Hthia taken into the
stomach in two and a half hours will have partly
passed into every particle of the textures and beyond
the blood circulation even into the most distant parts
and in three and a half hours it will be distinctly present
in each particle of the lens."
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" After four days it will still be distinctly present in

each, particle of the lens.

" After five days it will have begun most clearly to

pass out of the lens, and in seven days scarcely the

smallest trace will be detectable there.

" A long series of experiments on the passage of

lithium out by the excretions, after it had been taken

in by the mouth, showed nearly the same fact, namely,

that after a dose of twenty grains, the lithium was not

entirely thrown out of the body under six, seven, or

eight days.

" Thus, then, botli in animals and man the same law

obtains. A single dose of lithium in a few minutes

passes through the circulation into all the ducts, and

into every particle of the body, and even into the parts

most distant from the blood circulation. There it

remains for a much longer time than it took to get into

the textures, probably for three or four days, varying

with the amount taken ; then it diminishes, and finally,

in six, seven, or eight days, the whole quantity is

thrown out of the body."

Chloride of rubidium and caesium are also proved to

follow the same law as lithium, in short, these sub-

stances were found to pass into the lens, being

detected there ; but twenty grains of chloride of rubi-

dium or chloride of caesium had to be given to guinea-

pigs before the lenses of the animals gave the spec-

trum reaction of these metals.

I have given Dr Bence Jones's own words in most of

the above extracts from his book, his experiments
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and deductions being in my opinion too interesting to

allow of their being abridged.

The spectroscope can also be used to detect the

presence of various metals in mineral waters.

I would refer the reader to Eoscoe's ' Lectures on

Spectrum Analysis ' for an account of the discovery of

caesium and rubidium in the waters of Diirkheim by
Bunsen, &c.
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CHAPTER lY.

PHYSIOLOGICAL ABSORPTION SPECTRA.

The study of tlae absorption spectra of various

physiological fluids has taught us more than their

ordinary chemical analyses. More especially is this

the case with blood; for not only has the spectro-

scope shown why arterial difi"ers from venous blood

in colour, but it also enables us to detect the minutest

trace of blood; and also to understand how certain

gases, &c., of a poisonous nature put an end to

animal life. The study of the action of various re-

agents upon blood out of the body has explained the

action of reagents within the body. For just as

acids and alkalies, respectively, split hemoglobin up

into acid and alkahne haematin in the laboratory of

the chemist, so also is hasmoglobin split up by the

same or similar agents in some pathological fluids

within the body. As an instance, the hematin which

occurs in ovarian and parovarian cysts may be men-

tioned, which I shall describe for the first time

further on.

An examination of the bile of various animals has

led me to beheve that the so-called urobilin is present
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in tlie bile of many of the lower animals,* and it

may be said to be present in the bile of almost all

animals that possess a receptacle for this fluid. This
colouring matter is constantly present in human urine,

and is abundantly present in the bile of the mouse, which
gives its absorption band with great distinctness. It

was known to be capable of production in the labora-

tory by the action of acids on bile, and, as will be de-

scribed further on, Maly has produced it from a,nother

bilepigment; but I can affirmthat it is oonstantlypresent
in all kinds of bile, and in most of them its spectrum
can be seen without any treatment whatever.

Before proceeding to the description of various
physiological and pathological absorption spectra, it

will be necessary to give an account of some recent
researches on absorption spectra in general, which are
of great importance, as they teach us the necessity of
caution in drawing inferences as to identity in chemical
composition between two bodies, from the fact that
solutions of these bodies give bands in the same part of
the spectrum. It would at first sight appear that
smce identity of spectrum does not ensure chemical
identity, the study of absorption spectra is entirely
useless, because it is upon this principle that the whole
.of spectrum analysis, as appHed to the study of the
chemical elements, is based ; but a little consideration
will show that the value of absorption spectra, as tests
for the presence of pigmented substances, is not dimi-
nished by these discoveries.

Vogel's researches on absorption spectra.^ Experi-
* i.e., without any treament whatever.

4
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ments undertaken by Herr Kundt had shown that the

stronger the dispersion of the solution, the nearer to

the red end will the absorption band given by the

substance in solution be found. In Kundt' s experi-

ments he overlooked the fact that, when changing the

solvent, the whole character of the spectrum was

changed, so that comparison of one solution with

another was rendered difficult.

Herr Yogel has investigated the different effects

produced upon the position of absorption bands in the

spectrum by the nature of the medium (in which the

body giving these absorption bands is dissolved) ; he

was induced to undertake this research through

having observed remarkable differences between the

spectra of solids and of solutions of the same solids.

In his experiments, instruments of small dispersion

were used, because, as mentioned before, such instru-

ments are more suitable for observing absorption

spectra, owing to the bands being better defined, and

since the whole spectrum can be observed at the same

time. "The absorption spectra of solid salts and

pigments were obtained from thin layers of these sub-

stances, prepared upon glass plate^, through evapora-

tion of a few drops of solution." Vogel shows not

only that differences occurred in the spectra of one and

the same solid substance and its solution, but often a

strihi/ng coincidence in the position of the absorption

hands belonging to totally different substances {e.g.

nitrate of uranium and potassium permanganate).

The vapours of iodine, hyponitric acid, indigo, &c.,

had their spectra examined, and these were compared,
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in most cases, with the aqueous, alcoholic, and other

solutions of the same substances.

The results arrived, at may be thus summed up :

1 . Considerable differences existbetween the spectrum

which a substance gives in the solid, liquid, or dissolved

and gaseous state. Characteristic bands which are

shown in the spectrum of one state, are either not repro-

duced in that of the others (this is the case with chrome

alum, chloride of cobalt, iodine, bromine, naphthaline

red, fuchsine, indigo, cyanine, anilineblue, methyl violet,

eosine, carmine, purpurine, alizarine, santaline), or they

reappear in a different position, or of different in-

tensity [e.g. nitrate of uranium, permanganate of potas-

sium, hyponitric acid, alcanna red). Sulphate ofcopper

and chlorophyll show the same absorption both in the

dissolved and in the solid state.

2. The spectra given by the same substance when
dissolved in different media are the same in some cases

(purpurine in alcohol or sulphide of carbon, aldehyde
green in water or alcohol, methyl violet and indigo-

sulphuric acid in water or amylic alcohol) ; in other
cases they differ only in the position of bands (chloride
of cobalt, fuchsine, coralline, eosine, and iodine green,
in aqueous or alcohohc solutions) ; and again in others,
their character is totally different, so that no point of
coincidence remains (iodine in sulphide of carbon or
alcohol, naphthaline, anihne blue, purpurine, hsema-
toxylin, brasiline, in water or alcohol).

3. The rule estabhshed by Kundt, viz. that
, the

absorption bands of a body in solution lie the nearer
towards the red end of the spectrum the greater the dis-
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persion of the dissolving medium is, has not been con-

firmed in manycases; on the contrary, in some instances

the absorption bands move towards the blue in a solu-

tion of greater dispersion (nitrate of uranium and blue

chloride of cobalt in water and alcohol) ; in other cases

their position remains unaltered for various media

(hyponitric acid in air and benzol, indigo-sulphuric

acid and methyl violet in water and amylic alcohol,

aldehyde green in water and alcohol, purpurine m

sulphide of carbon and alcohol) . In some cases a great

difference in the sense of Kundt's rule becomes ap-

parent, while in others for the same spectral region but

a very trifling one appears, according to the nature of

the pigment (coralline and fuchsine) . Indeed, it happens

sometimes that certain bands are in the same position

with different dissolving media, while others which are

simultaneously visible are displaced (nitrate of uranium

in water and alcohol, oxide of cobalt in glass and m

water, proto-nitrate of uranium in neutral solution and

in a solution of oxalic acid, chlorophyll in alcohol and

ether).

4. The position of absorption bands in the spectra

of solid and dissolved bodies maybe only exceptionally

deemed characteristic for any certain body. Totally

different bodies show absorption bands in exactly the

same position fsolid nitrate of uranium and potassium

permanganate in the blue ;
naphthaline red, and corallme

in the yellow ;
indigo, anihne blue, and cyamne m ihe

orange; aldehyde green and malachite green m the

orance). Closely related substances sometimes show

rema'rkable differences in the position of their bands
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under perfectly equal conditions (solid uranium

salts).

5. The rule set up for absorption spectra, " eack

body has its own spectrum," can be admitted only with

great restrictions. The great number of polychromatic

substances show different colours and different spectra

in the solid state, according to the direction in which

they are observed. Most other bodies show different

spectra in the solid state from those of their solu-

tions ; and in the latter case again, different ones

according to the dissolving medium, and the question

arises which of all these spectra is the body's own

spectrum.

These conclusions arrived at by Herr Vogel would

appear to diminish the value of bands, but we have

another method to fall back on besides observing the

mere position of bands, that is, the changes in the

spectra of the same body, caused by various solvents and
reagents. (Thus cyanine and aniline blue dissolved in

alcohol give a very similar spectrum, but in water a

totally different one. The two bands of 0- haemoglobin

are replaced by one when reducing agents are used

;

those of carmine—which resembles blood in its bands
are not changed, and so on.)

The recognition of a body becomes more certain if its

spectrum consists of several absorption bands, but even
the coincidence of these bands with those of another
body, is not sufficient to enable us to infer chemical
identity

;
what enables us to do so with certainty is

the fact :

—

that the two solutions give hands of equal
intensities in the same parts of the spectrum which
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undergo analogous changes on the addition of the same

reagent*

Fortunately for medical spectroscopy we always

use reagents in determining tlie nature of a substance

present in solution; thus, in determining whether

hgemoglobin or hssmatin be present, we always add to

the solution supposed to contain them, either Stokes'

fluid or ammonium sulphide. So that Yogel's re-

searches do not interfere with the conclusions drawn

in this book. But they teach us to accept with

reserve conclusions hastily drawn from the mere

position of bands in a spectrum, unsupported as they

often are by more precise analysis. There is no doubt

at the same time that Vogel's conclusions are not

true for all pigments, the aqueous, the alcohohc, chlo-

roformic, and etherial solution of some substances, do

not, at least in the case of some physiological pig-

ments, show such striking differences as the above

would lead us to expect ; and, as a general rule, two

bodies, giving exactly the same spectrum, will be

found to have a close chemical relationship, if not an

identical composition.f Nor does the colour of the

solution always make such a difference to the position

of bands, for often fluids of a different colour give

the same spectrum, e.g., the bile of the ox and sheep,

when fresh and when they are beginning to decompose.

Mixed colouring matters—Mr Sorby has written an

excellent paper on the " Examination of mixed Colour-

ing Matters by the Microspectroscope," from which I

* ' Nature,' vol. xix, p. 495.

t See remarks on wave-lengths. Appendix I.
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quote a few extracts, as his remarks will be found exceed-

inglyuseful bythosewho wish tounderstandthe methods

whichit is necessaryto adopt before drawing conclusions

from the position of bands in a spectrum. The paper

will be found in the ' Monthly Microscopical Journal

'

for 1871 (vol. vi, p. 124, et seq.). He says :—" In study-

ing the colouring matters, soluble in water, that may be

obtained from various kinds of algse, for which special

names have been proposed, as though they were single

and simple substances, I have been led to conclude

that they are in some cases mixtures of at least four,

which are readily distinguished by their spectra. The

facts which have thus presented themselves, have so

impressed me with their importance in such inquiries,

that I think it may be well to make the study of mixed

colouring matters the subject of a special communica-

tion."

" The manner in which the mixed nature of some

colouring matters may be ascertained from their

spectra, has been already described by Professor

Stokes and others, as well as in previous papers by

myself; but in order to make this communication

complete in itself, I must be allowed to again describe

some of them. I shall not attempt to enter into the

chemical part of the subject, or to treat of the separa-

tion of different substances by purely chemical methods,

such as the solubility or insolubility in various

reagents, but confine myself almost entirely to those

processes in which the examination of the spectra is

of primary importance. I scarcely need say that

the coloured material should be separated, as far as



56 SORBY ON MIXED OOLOUEING MATTERS.

can be conveniently managed, into tliat whicli is soluble

or insoluble in such simple solvents as water or alco-

hol; but at the same time there are cases in which

such a difference in solubility does not appear sufficient

to prove that the colouring matter itself differs essen-

tially. The spectra seem to show that occasionally the

presence of some other substance, insoluble in water,

which has a strong affinity for the colouring matter, is

the true cause of their variations. I shall, therefore,

presume that we have to deal with colouring matters,

separated from any others that differ materially in their

solubihty.

" There are few cases in which the mixed nature of

a coloured aqueous solution can be more easily ascer-

tained, than when the constituents differ so much in

character, that the addition of some reagent will more

or less completely destroy the spectrum of one, without

having any effect on that of the other. For this pur-

pose no substance is superior to sulphite of soda.

Without producing any real decomposition, this

almost entirely removes the detached absorption at the

red end of the spectrum of certain colours, but has no

effect whatever on that of the others. In the case of

some colours it thus acts when the solution contains

excess of ammonia, but in the case of others it has

then little or no action, but removes the absorption

when the solution contains excess of such a moderately

weak acid as citric." Mr Sorby then goes on to show

how this method is applied in the case of the colouring

matter of certain plants. He then shows how we may

separate two colouring matters from each other by
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ether, when the etherial solution rises to the top, and

the aqueous falls to the bottom. " It will be thus seen

that, if a mixture were thus treated, a partial separa-

tion might often be effected, and on evaporating to

dryness, redissolving in water, and comparing the

spectra, either in the natural state or after reagents

had been added, the differences might clearly prove

that two or more colouring matters were present." . .

"When a solution contains more than two colouring

matters the recognition of each becomes somewhat

more difficult ; but still, by following out this system,

and dividing the material into more than two portions,

a very good opinion may be often formed of the general

optical properties of each substance. When some of

them give well-marked and characteristic absorption

bands, and when the absorption of others may be

removed by the addition of sulphite of soda, the study

of a complex mixture is very greatly facilitated, and

especially if the spectrum of one or more of the con-

stituents is of such a marked character, that it can be

at once recognised as that of some substance already

known in a pure state. A tolerably good opinion may
then be formed of the spectrum of the rest by, as it

were, subtracting that of the known constituent. This

leads me to the description of the spectra of certain

colouring matters, which, are met with so far separated

naturally, that their compound characters may be in-

ferred without reasonable doubt, and confirmed by a

more extended examination."

"I have lately found that many interesting facts

may be observed, by examining the spectra of sub-
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stances in their natural state without extracting the

colouring matter. Frequently they are so opaque that

it is requisite to use a very bright light to penetrate

through them." ....
The consideration of various absorption spectra

which are described in his paper led Mr Sorby to

draw these conclusions :

1. ""When a spectrum shows two absorption bands,

they should not be considered due to one single sub-

stance, until satisfactory evidence of the fact has been

obtained. The solution should be allowed to undergo

slow decomposition, and be repeatedly examined, in

order to ascertain whether both bands disappear in the

same proportion, and also the reaction of various re-

agents observed, in order to learn whether one band can

be permanently removed without the other, making, of

course, due allowance for any change that may depend

merely on an acid or alkahne reaction."

2. " When more than two bands are seen in the

spectrum, and they are not at nearly equal intervals,

the compound nature of the substance may be con-

sidered so probable that further examination should

certainly not be neglected."

3. " When there is broad shading about a narrow

absorption band it is important to ascertain whether

or not it is due to the same substance. There are

certainly many cases in which I have always concluded

that both are due to the same," but examples show

that there are exceptions to this rule.

" The occurrence of so many associated colouring

matters, as in algee, may be rare. It must not be
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supposed that I imagine whenever there are two or

more absorption bands they are due to two or more

independent substances. As an example of what I

look upon as satisfactory proof of the contrary, I will

describe some facts connected with the well-known

spectrum of blood. If after exposure in a dry state to

the air for some weeks, until the hsemoglobin has been

converted into methasmoglobin, a small quantity of the

double tartrate of potash and soda be added to the

aqueous solution, and afterwards a very minute portion

of the double sulphate of protoxide of iron and

ammonia, the methgemoglobin is deoxidised and re-

converted into hemoglobin, as described in my late

paper 'On Blood Stains' {vide Appendix). Here,

then, we have a decomposition gradually effected by

the atmosphere, and if two different substances had

been present it is extremely probable that they would

have varied in the rate of change, so that there would

finally have been an alteration in their relative propor-

tion, and thus, when deoxidised, there would not have

been the same relation between the absorption bands

as in fresh blood. I find, however, that the agree-

ment is complete. Moreover, if the colouring matter

had been a mixture of two substances, it is extremely

probable that there would have been some such varia-

tion in their relative amount in the blood of very

different animals, as occurs in the colouring matters of

various algge. In order to ascertain whether this is

the case, I carefully compared side by side the spectra of

human blood and that of the small annelids so common
in stagnant pools, and found that the position and
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relative intensity of the two bands were exactly tlie

same."

His conclusions as to relationship between pigments

which give spectra like each other, and the light which

the study of wave-lengths has thrown upon this sub-

ject, will be noticed after the absorption spectra of the

blood, bile, and urine, &c., have been described.

Methods of observation.—The general method of ob-

serving the absorption spectra of fluids was described

before (see Chapter II). For most purposes, when

there is abundance of material, the chemical spectro-

scope is the most satisfactory instrument for working

at absorption spectra,because the solutions being placed

in test-tubes we are the better able to study the action of

reagents ; and when, as in examining the spectrum of

Gmelin's test, there are strata of different densities, we
can examine each separate stratum with great satisfac-

tion. But when the fluid is small in amount, or when we

want to get a spectrum with the light reflected from the

surface of the body, or to examine blow-pipe beads, &c.,

the microspectroscope is to be preferred; moreover, the

definition of the latter is much better than the former,

for we can often see with the microspectroscope faint

absorption bands which escape notice when examined

with the chemical spectroscope. Different depths of

fluids are also examined more easily with the micro-

spectroscope, as we can increase or diminish the depth

of fluid in a cell, in a much shorter space of time than

it takes to bring a succession of different sized test-

tubes before the slit of the chemical spectroscope.

For detecting blood in urine, a small pocket spectro-
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scope sucli as tliat sliown tere, will be found very con-

venient, and considering the size of tlie instrument, it

is astonishing what an amount of work can be done

with it. For those who can afford it, two spectroscopes

will be fouiid to give more satisfactory results than

one, but if the additional cost is an object, the Sorby-

Browning microspectroscope with the photographed

scale is amply sufficient for all purposes.

Fig. 13.

The spectrum of oxidized haemoglobin.—The blood

bands.—Blood, as is now known to every reader of

physiology, owes its colour and its spectrum to

hgemoglobin ; that this is the case, is proved by

the fact, that a solution of blood gives the same

spectrum as hsemoglobin, when the latter has been

separated from the former either in the crystallised

or amorphous condition. The defibrinated blood

of the dog or pig, or any other vertebrate animal,

is amply sufficient for the study of its optical

characters, or a drop of blood from the finger can be

made to show the spectra of oxidized and deoxidized

haemoglobin, of alkaline and acid hsematin, and

of deoxidized hsematin. Of course if we wish to

study the characters of chemically pure solutions, we
must separate the hiemoglobin by one of the usual
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methods.* Having obtained some blood, and having

made a solution with water, we can see bv putting it

before the slit of the chemical spectroscope, or in a

cell beneath the microspectroscope, the spectrum of

hemoglobin in the oxygenated condition. If the

solution be too strong all light will be stopped, but if

it is diluted sufl&cientlj, a little of the red and the

orange appear ; diluted still more, a little green appears

;

but between the orange and the green there is a broad,

very dark band. If we compare its position with that

of the Fraiinhofer lines we find that it extends from

beyond D on the red side, to near b on the violet side

(Chart 1, 2). On diluting still more, this band is found

to be composed of two, one of which, next D, is darker

and more strongly marked than the other, while the

latter is broader and more washed out at the edges.

By further dilution we narrow these bands, and we can

go on diluting until the' band next the violet end of

the spectrum disappears, and that nearest D only is

left. By diluting still more the latter band also dis-

appears, and nothing but the continuous spectrum of

the light-source is left.f

By examining in the cell of a microspectroscope a

solution sufficiently strong to allow only the red to

come through, and then gradually diminishing the

thickness of the layer, the same appearances as those

got by gradual dilution can be obtained. We can get

* See Thudichum's ' Oliemical Physiology,' or any good treatise on
physiological chemistry.

f These two bands are those of oxidized haemoglobin, the " scarlet

cruorine " of Stokes, the "oxidized hematocrystalline " of Thudicbum,

and the appearances described above are shown in Chart I, 2 to 5.
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the same two bands by examining the frog's web with

the microspectroscope, by reflecting light from the

surface of human skin into the microspectroscope, or

by holding the ear of a rabbit between the light and

the slit of a spectroscope ; the red fluid of the earth-

worm and of the house-fly yields the sam^ spectrum.

So delicate is the spectroscopic test for blood that we

can detect by means of the microspectroscope, as little

as the lo^ogth of a grain of hgemoglobin.

Distribution of haemoglobin in the Animal Kingdom.

—HEemoglobin has been detected by means of the

spectroscope:— (1) In the blood of vertebrates located

in the red corpuscles, with the exception of the

Amphioxus, in which it is found in the plasma, not in

the corpuscles. (2) In most of the striped muscles of

mammals and birds ; but only in the cardiac muscles,

and in certain very active muscles of other vertebrates.

(3) In the unstriped muscle of the human rectum ; in

other unstriped muscles it is usually absent. (4) Its

presence is variable in the Annehdge, in some of which
it is accompanied by another dichroic substance very
like haemoglobin in its spectroscopic relations. (5) It

is present in the fluid from the perivisceral cavity of
the leech. (6) It is distributed through the plasma of

the so-called blood of the larva of Chirouomus, but it

has been sought for in vain in other insects, myria-
pods, and arachnids. (7) In the blood-plasma of
certain crustaceans, while it is absent in others. (8)
It is absent, for the most part, from the blood of
molluscs, though it is present in the blood of a
gasteropod (Planorbis). (9) It is met with in the
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muscular fibres from the pharynx of gasteropod mol-

luscs, as Limngeus and Paludina, although it is want-

ino- in their blood. Lankester has observed that

among gasteropods it is those muscles which are most

active and most powerful that are furnished with

haemoglobin. This author also describes chloro-

cruorin from the green blood fluid of Sabella ;
it was

found to give two absorption bands, not in the same

position as those of oxidized hjsmoglobin, but which,

on the addition of reducing agents, were changed into

one. He also showed that chlorocruorin and hemo-

globin have a common base in " cyano-sulphcem," * and

perhaps in Stokes' reduced hsematin, of which a

description will be given afterwards.

Preyer's method of calculating the percentage of

hsemoglohin by means of the spectroscope.—Before

describing the spectrum method of estimating the

amount of hgemoglobin in blood, it may be mentioned

that Preyer had arrived in 1869 at the following

conclusions in regard to the effect which solutions of

haemoglobin of different strengths, when examined in

a layer one centimetre deep, had upon the spectrum;

these numbers will be found very useful :—

(a) A solution containing from 0-003 to 0-009 parts

per cent, showed very faintly one band.

(jb) A solution containing O'Ol per cent, gave two

bands very feebly.

(c) A solution containing 0-09 per cent, showed a

difference of intensity in the shading of the bands.

{d) A solution of 0-8 per cent, gave only one broad

* See Appendix for title of Prof. Lankestcr's paper.
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band, botli bands having coalesced ; in addition to tlie
'

red from a, to near D, there was only a green stripe

observable between b, and F, but near b. This green

stripe is not seen if the solution contains 0'9 per cent.,

but is distinctly seen if the solution contains 0*7 per

cent, of hasmoglobin. Solutions containing more

than 7 '3 per cent, of hgemoglobin allow no light at all

to pass.

The solution (d) containing 0*8 per cent, of hgemo-

globin is taken as the normal solution for comparison in

determining the percentage of hgemoglobin in the blood.

To estimate the amount of hgemoglobin in a specimen

of blood, we must make a solution of a measured or

weighed quantity of blood in water, and then find,

with the aid of the spectroscope, what degree of dilu-

tion is necessary to bring it to such a strength that

only the red rays are transmitted. The point of dilu-

tion at which green is extinguished has been found by
Preyer to be very constant (the solution containing
0-8 per cent., one centimetre in thickness, see above),

and is therefore used as the standard fluid for com-
parison. To make the standard solution, we introduce
a concentrated solution of a known weight of pure
hfemoglobin crystals into a glass chamber (h^ma-
tinometer) of which the parallel sides are one centi-
metre apart from each other. The chamber is then
placed in front of the spectroscope, the source of light
being a paraffin lamp. Distilled water is then gra-
dually added from a divided burette so long as all of^'the

spectrum is extinguished except the red. The moment
the green begins to appear the operation is ended.

6
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The volume of tlie diluted solution is determined, and

tlie exact conditions, viz. the distance of the lamp and

the glass chamber, and the width of the slit are noted

down. The percentage of haemoglobin in the solution

is that at which, under the given conditions, complete

absorption of the green takes place. It may be

called k.

In order to determine the percentage of haemoglobin

in any given specimen of blood, all that is requhed is

to repeat the operation just described with the blood

;

thus, a small quantity of fresh blood, which has been

well agitated with air and defibrinated, is introduced

into a finely graduated small pipette, from which

exactly one cubic centimetre is delivered into the glass

chamber, and diluted before the slit of the spectroscope

(the liquid being carefully stirred after each addition

of water) until the green begins to appear. At the

moment the green is seen the Hquid contains a per-

centage of haemoglobin equal to k. If the volume of

distilled water, including the cubic centimetre origin-

ally added, be designated c, and the original volume of

blood b, the percentage of haemoglobin which the

blood contains is readily calculated according to the

formula :

Therefore, as & = 1, we have

x = k{l-{- c).*

According to M. Rajewski this method is less exact

* 'Handbook for Physiological Laboratory.' 1873. By Klein,

Sanderson, Foster, and Brunton.



EEDUOED HiEMOGLOBIJSr. 67

than that of Hoppe-Seyler. (M. Quincke made a

useful modification in this method by making use of a

prismatic vessel attached to a graduated scale, in which

a 10 per cent, solution of blood was introduced.)

Among the other methods of estimating hgemoglobin

may be mentioned— (1) By the estimation of iron. (2)

By the estimation of oxygen. (3) By the estimation of

hgematin. (4) By the method of comparison of Hoppe-

Seyler. (5) By J. Worm Miiller's method. (6) By the

fluid scale of Welcker. (7) By Welcker's scale of blood

stains. (8) By the painted scale of M. Hayem. (9) By
the globuHmeter of Mantegazza. Or (10) By the

haGmochromometer of Malassez.* It will be thus seen

that there are a great many methods of estimating

haemoglobin besides the spectroscopic one.f

The absorption bands of blood were first described by

¥. Hoppe| in 1862, and his experiments being repeated

by Stokes, the results he arrived at were confirmed.

Reduced haemoglobin.—Professor Stokes§ not only

confirmed Hoppe's experiments, but he also found

that, by adding certain reducing agents to blood,

* See the 'London Medical Record' for July 15, 1879, p. 256; and
title of Malassez's paper, Appendix II.

f Probably we might get a method still more accurate by noting the

readings (with the microspectroscope), and calculating the wave-lengths
corresponding to, the edges of absorption bands in a solution containing
a known amount of haemoglobin, and examined in. a layer of the same
depth, and comparing with this standard solution, solutions of blood,
always diluted to the same amount with water, and examined at the
same depth as the standard solution, and noting the wave-lengths of
absorption bands given by the latter. I merely throw this out as a sug-
gestion, not having had sufficient time to follow up the idea.

J ' Virchow's Archiv, Bd. xxiii, p. 446.

§ Appendix II.
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lie could change the scarlet blood into purple (or,

as he described it), " scarlet cruorine" into "purple

cruorine." Supposing that the change in colour arose

from reduction he added to blood the fluid which is

now called after him, viz. an ammoniacal solution of

ferrous sulphate, to which enough tartaric acid had

been added to prevent precipitation by alkalies ; and

he found not only that change of colour took place,

but that the spectrum was changed, instead of two

bands, only one was seen, having its darkest portion

in the position formerly occupied by the space

between the blood bands. The fluid he added had a

greater afl&nity for oxygen than had the hemoglobin,

so the latter was robbed of it. Dr M. Foster describes

so accurately the spectrum of this solution, that I

cannot resist quoting him. He says:—"Examined

by the spectroscope, the reduced solution, or solution

of reduced hsemoglobin, as we may now call it, offers

a spectrum entirely diff"erent from that of the un-

reduced solution. The two absorption bands have

disappeared, and in their place is seen a single, much

broader, but at the same time much fainter band (see

Sp. 6, Chart I), whose middle occupies a position about

midway between the two absorption bands of the un-

reduced solution, though the redward edge of the

band shades away rather farther towards the red than

does the other edge towards the blue. At the same

time the general absorption of the spectrum is dif-

ferent from that of the unreduced solution, less of the

blue end is absorbed. Even when the solutions

become tolerably concentrated, the bluish-green rays
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to the blue side of the single band still pass through.

Hence the difference in colour between haamoglobin

which retains the loosely combined oxygen and hemo-

globin which has lost its oxygen and become reduced.

In tolerably concentrated solutions, or tolerably thick

layers, the former lets through the red and the orange-

yellow rays, the latter the red and the bluish-green

rays. Accordingly, the one appears scarlet, the other

purple.

" In dilute solutions, or in a thin layer, the reduced

haemoglobin lets through so much of the green rays

that they preponderate over the red, and the resulting

impression is one of green. In the unreduced haemo-

globin or oxy-hgemoglobin, the potent yellow which is

blocked out in the reduced haemoglobin, makes itself

felt, so that a very thin layer of haemoglobin, as in a

single corpuscle seen under the microscope, appears

yellow rather than red."

It is exceedingly easy to cause the reduction of

haemoglobin in solution, we can do it by means of

indifferent gases, e. g. nitrogen, or we can remove the

oxygen by means of the air-pump. But the easiest

method is by the addition of ammonium sulphide to

the solution of blood, or by the addition of Stokes'

fluid ; the last is not as satisfactory as the ammonium
sulphide, since it causes turbidity in fluids where the

other does not, and it spoils by being kept
; moreover,

in using it greater precautions have to be adopted for

the exclusion of the air, and it sometimes fails to reduce

certain forms of hsematin, which are at once reduced by
ammonium sulphide. If, then, we add to a solution of
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blood in a test-tube before the slit a few drops of

ammonium sulphide, turn the test-tube upside down

once or twice, holding the thumb against its mouth to

prevent spilling of the contents, plug it with some

cotton wool, pushing the wool down almost to the

surface of the fluid, and then gently heat, we notice the

red colour of the solution change to purple, and the

spectrum presents the appearance so well described by

Professor M. Foster, and shown in Chart I, 6. Or,

we may add the reducing agent to the solution in a

cell beneath the microspectroscope, having taken the

precaution to cover the fluid in the cell with a micro-

scopic cover-glass.*

The importance of this discovery of Stokes cannot be

over estimated, for not only does it explain the differ-

ence in colour between arterial and venous blood, but it

also shows us wherein the breathing-power of the red

blood-corpuscle resides, and explains phenomena which,

before its discovery, were inexplicable.

If, after adding the reducing agent, and after the

spectrum has changed as described above, we shake

the fluid in the test-tube with air, or stu- up the fluid

in the cell, the single band again disappears to be

replaced by the first observed bands of oxy-hsemo-

globin; left to itself for a few moments it again

becomes reduced, but can be again changed as before

by agitation. In fact, the same result can be made to

take place as often as we wish.

* This reduction test distinguishes blood from other pigments, the

spectra of which somewhat resemble it, e.g. carmine, and turacine, a

pigment discovered in the feathers of the Cape lory by Church.
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It has been stated repeatedly, tliat arterial and

venous blood owe tlie difference in their colour to this

oxidized and deoxidized condition of the haemoglobin
;

but it has been also asserted that venous blood always

contains enough oxygen to make it give the spectrum

of oxy-h£emoglobin. I shall now show that the latter

statement is not absolutely correct. In the case of

venous blood after death, there is an exception to the

rule.

Spectrum of venous blood after death—In exam-

ining the blood of a still-born foetus with the spectro-

scope, I thought I had come across an additional test

of the viability or rather the non-viability of the foetus,

as the blood from the vena cava, right auricle, right

ventricle, left auricle, and left ventricle gave the one

band of reduced hcemoglobin. The blood was examined

on a microscopic glass slip, being quickly covered with

a cover-glass so that it had not time to become oxyge-

nated. I then examined the blood of adults who had

died of various diseases, and in every instance I found

that the blood in the right auricle and right ventricle

gave the spectrum of reduced haemoglobin. At the

time, I concluded that this reduction was an effect of

decomposition, because blood out of the body becomes

spontaneously reduced after the lapse of some hours

;

but a series of experiments on the lower animals has

taught me that hcemoglobin becomes reduced in the

act of dying, provided death is not caused by starva-

tion, cold, &c. {vide p. 74). In addition to the method

of examination adopted above, I find Husband's capil-

lary vaccine tubes are very useful for the same purpose.
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Oue end of the tube is sealed in the flame, and the

tube being then quickly drawn through the flame so

as to expel the air, the other end is sealed ; in this

way we have a partial vacuum in the tube. When
blood has to be examined, an opening sufiiciently

large to allow of the introduction of the tube is made
in a blood-vessel, and the former is pushed into it for

the distance of half an inch or so ; the tube is then held

with the forefinger and thumb of the left hand, while

its apex within the vessel is broken ofi", or crushed ofl^,

with forceps. The blood rushes into the tube, which

is then withdrawn and again sealed in the flame.

When this is examined with the microspectroscope, it

is necessary to place it on a piece of black paper or

platinum foil perforated with a pinhole, so 'as to stop

all surplus light.

The following experiments were made in order to

determine within what space of time the reduced

haemoglobin band appears after death.

(1) A rabbit was killed by pithing, and its blood

was examined twenty-seven minutes after death. The

blood in the right auricle, right ventricle, venge cavse,

and left iliac vein gave the reduced hcemoglobin band ;

that from the left ventricle and left auricle showed a

tendency to reduction ; that in the aorta gave the two-

banded spectrum of oxidized hcemoglobin.

(2) A rabbit was poisoned with strychnine ; ten

minutes after death the blood in the right auricle,

right ventricle, and vence cavas gave the band of reduced

hcemoglobin, that from the left auricle and ventricle and

aorta gave the bands of O-hmmoglobin.
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(3) A rabbit was killed by pitMng ; the blood from

the right auricle and ventricle, and venas cav^ gave the

band of reduced Jicemoglohin three minutes after death.

Within six minutes the blood in the left auricle and

left ventricle showed a tendency to reduction. The

hlood in the aorta was not reduced, and the blood in the

ear was not reduced.

(4) A rabbit died from debility ; loithin half an hour

the blood was examined ; that in the right auricle

and right ventricle gave the spectrum of reduced

hcemoghibin ; that in the left auricle, left ventricle, and

aorta gave the oxidized hcemoglohin spectrum.

(5) A hedgehog died from chloroform narcosis. Its

blood was examined eight minutes after death. It was

found to "give the spectrum of reduced haemoglobin in

the right auricle, right ventricle, and venae cavse ; but

that of oxidized hcemoglohin in the left auricle, left

ventricle, and aorta.

From these and other experiments we may conclude

that the haemoglobin of the blood in the right side of

the heart and in the veins is reduced as soon as the

animal has ceased to breathe, but that the haemoglobin

of the blood in the left side of the heart and aorta

does not become reduced for some time after death, the

time varying with the mode of death.

At the time I made these experiments and had drawn
these conclusions from them, I was not aware that

Professor Hofmann, of Vienna, in the paper, the title

of which is given in the catalogue at the end of this

book, had come to the same conclusion, and that he
had stated in addition the fact, that Koselanski had
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proved the presence of reduced liasmoglobin in tlie

blood of every dead body, if certain precautions for

excluding the air had been taken. Hofmann concludes

that the tissues of the body take the oxygen from the

blood a few minutes after the lungs have ceased to

convey air to that liquid. Hoppe-Seyler has also con-

firmed these observations, but Albert Schmidt has

shown that there are exceptions to this condition in

several kinds of death in warm-blooded animals. Thus,

in death from breathing carbonic oxide (as will be

referred to further on) ; in death from starvslfcion or

cold, in which the reducing power of the tissues is

diminished ; or in death from passage of air into the

veins, the haemoglobin is not reduced. But whether the

blood retains the spectrum of oxidized haemoglobin

permanently, or only for a time, in death from these

latter causes, has not yet been proved. Hofmann

considers, and his conclusion is probably correct,

that the difference is only of a temporary nature, for

the blood has in itself the power of consuming its own

oxygen, " in the absence of any contact with organic

tissues." *

Spectrum of the blood in death from asphyxia.—

Stroganoff endeavoured to decide the question, whether

the blood ofan asphyxiated animal contained oxy-hsemo-

globin. He placed between two glasses the completely

isolated jugular vein, or carotid artery of a rabbit, and

compressed them sufficiently to allow of their being

examined with the spectroscope. " It was invariably

* E.g. Blood corked up in a bottle soon becomes of a purplish colour,

and gives the band of reduced hsemoglobin.
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found on asphyxiating the animal that the blood, even

at the last moment of the last cardiac contraction, always

contained oxy-hgemoglobin." But in death from as-

jjhyxia the blood, arterial as well as venous, immediately

after death, gives the spectrum of reduced hcemo^lohin ;

the following experiment will prove the truth of this

assertion. If a rabbit be asphyxiated by compression

of the trachea, or by drowning, and if the blood be

examined in the manner I have described, within two

minutes after death, or as soon as the hlood can he

examined, reduced hcemoglobin will be indicated by the

spectroscope in the left auricle, left ventricle, and in

the aorta. This is an important fact, and the know-

ledge of it will be useful to medical jurists.

Spectrum of the blood in death from the prolonged

inhalation of nitrous oxide.—Knowing that nitrous

oxide has the power ofreducing haemoglobin in solution,

in the same manner, it is said, as indifferent gases, such

as nitrogen and hydrogen, I was anxious to determine

whether the arterial blood of an animal poisoned by

prolonged inhalation of this gas would give imme-

diately after death the spectrum of reduced hgemoglobin.

Accordingly a guinea-pig had nitrous oxide adminis-

tered to it until it ceased to live, the blood was

examined within two minutes from the time of death,

and the arterial blood all over the body, and also the

muscles, gave the spectrum of reduced hcemoglobin.

The fact of the muscles having yielded this spectrum

is made more interesting, when the remark of Thudi-

chum is remembered, viz. that in death during the

collapse stage of cholera, the muscles were found by
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him to yield tlie spectrum of reduced liasmoglobin ; thus

explaining the symptoms, which are due to " suspended

oxidation." The spectroscope accordingly confirms

the assertion m"ade in ' Wood's Therapeutics/ 1878, p.

268, that nitrous oxide produces its angesthetic eflfects

partly by stopping the supply of oxygen to the blood.*

And it also suggests wherein lies the danger of its

administration, viz. too prolonged inhalation ; for the

temporary thus becomes converted into a permanent

deprivation of oxygen.

Spectrum of the blood after death from the in-

halation of carbonic oxide.—In examining the blood

reduced by nitrous oxide we find that shaking with air

brings back the spectrum of oxidized haemoglobin, thus

the gas did not enter into a combination with the hgemo-

globin, it suspended its breathing power for the time

;

but in carbonic oxide we have an agent which is quite

different in its action, for it not only destroys the

breathing power of the haemoglobin, but it actually

enters into a combination with it, displacing the

oxygen volume for volume ; and so firm is the com-

bination, that reducing agents fail to rob the carbonic-

oxide-hsemoglobin of its carbonic oxide ; so that the

spectrum of the combination is unchanged when

sulphide of ammonium or other reducing agent is

added to it. The spectrum, got by passing carbonic

oxide (or even coal gas since it contains 7 per

cent. CO) through blood, or through a solution of it,

or by poisoning an animal with the gas, is characterised

* Of course this fact aloiie does not account foi- tlie anissfcliesia pro-

duced.
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by having two absorption bands resembling in their

relative breadth, and their shading the bands of oxy-

hcemoglobin, but differing from the latter in being

nearer the violet end of the spectrum. Sp. 7, Chart I,

represents the spectrum, and was mapped from a

solution of blood obtained from the body of a mouse

poisoned in an atmosphere of carbonic oxide. The

colour of blood, or of a solution of blood, is made more

scarlet after carbonic oxide is passed through it.

"When sulphide of ammonium, or when Stokes' fluid

was added to the blood of the mouse, no reduction

had taken place at the end of forty-eight hours, but

instead, the band of sulph^emoglobin appeared in the

red, which will be described further on. In death

from the inhalation of the fumes of smouldering char-

coal it is carbonic oxide which exerts its deadly

influence, and the blood of people poisoned in this

manner exhibits the bands shown in the map, and
cannot be made to yield the spectrum of reduced

hemoglobin on the addition of reducing agents.

The blood of mice and other small-mammals poisoned

by being placed in an atmosphere of coal gas, gives the

same spectrum
; hence, if any doubt existed as to the

cause of death in a given case where coal-gas poison-

ing was suspected, the spectroscope would at once
decide the question. Not only has this instrument
enabled us to detect carbonic oxide poisoning after

death, but the study of carbonic-oxide-h£emoglobin

spectra has suggested a treatment in those cases where
life is not extinct. A common form of suicide on the
Continent, more especially in Paris, is performed by
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the intending victim shutting himself or herself up in

a room from which all air is excluded, and then having

lighted some charcoal, inhaling the fumes ; hence it is

as well to be aware of the treatment which is likely to

be of use where life has not become wholly extinct.

" Bonders * states that carbon-monoxide may be

expelled from blood saturated with it by oxygen,

carbon dioxide, and hydrogen, even at 0°
;
oxygen does

not convert the monoxide into dioxide, but simply drives

it out. If this be the case, it should be possible to

pump the carbon-monoxide out of blood saturated with

it, although it may not be removed quite so easily as

oxygen." The experiments of Zuntz f show that this

is possible. " When blood saturated with carbon-mon-

oxide was placed in a receiver connected with an

exhausting pump, and warmed to 37°—42°, an active

escape of gas took place, ceasing apparently at the

end of half an hour. When, however, the pumping

was continued at various intervals, fresh quantities of

gas were given off, and a further quantity was obtained

by heating the receiver to 60°. The blood so exhausted

was found to give the spectrum of reduced haemoglobin,

which was replaced by the spectrum of oxy-hajmoglobin

after standing in the air." These results did not

coincide with those of other observers, because the latter

were not able to extract the carbon monoxide from the

blood by exhaustion, " inasmuch as the process was

supposed to be complete when no more gas was evolved

after the first pumping." So that in cases of poison-

ing by carbonic oxide artificial respiration should be

* ' Pfiiiger's Archiv,' iv, 28. t Ibid., v, 584.
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kept up vigorouslj for some time. It has also been

proposed to treat such, cases by the inhalation of

oxygen, and it has actually been carried out, it appears

with some success in Berlin. Professor Baeblich de-

monstrated the interesting fact that if oxygen be

passed through carbonic oxide blood, it becomes

reduced upon the subsequent addition of ammonium
sulphide,* hence the reason of its adoption as an

antidote.

Podolinki f has also shown that blood saturated

with carbon-monoxide is completely deprived of

that gas by agitation for half an hour with hydrogen,

and more rapidly with oxygen. Nitrogen dioxide is

also expelled by hydrogen, but less rapidly than car-

bon monoxide. Heuce it appears that the compounds
of haemoglobin with carbon monoxide and nitrogen

dioxide are similar in character to oxy-hsemoglobin

;

the order of stability being, oxy-h£emoglobin, carboxy-
h^moglobin, nitroxy-h^moglobin. Each of the three
gases, 0, CO, NO, can be expelled by the one im-
mediately following, and each also more easily by
the one immediately preceding it, than by any other
indifferent gas.

Carboxy-haemoglobin can be obtained in the crys-
tallized condition by passing a stream of the gas
through an aqueous solution of haemoglobin crys-
tals, blood-corpuscles, or even defibrinated blood,
cooling to 0°, mixing with i vol. cold alcohol, and
allowing the mixture to remain for some time at 0°.

Bluish-red crystals form, less soluble and less easily
* < Nature/ vol. xv, p. 362. f ' PAuger's Arcbiv,' vi. 553.
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decomposable than those of oxy-haemoglobin, but

similar in form.

" According to Koschlakoff and Bogomoloff,* solu-

tions of oxy-hsemoglobin and carboxy-hgemoglobin,

through which ammonia is passed gradually, turn

brownish-green and no longer exhibit any absorption

bands. Arsine colours solutions of oxy-hsemoglobin

first yellow-brown, then green-brown, the absorption

bands gradually disappearing and being replaced by

the band of reduced haemoglobin, whereupon the solu-

tion becomes somewhat red ; on the next day, however,

the last-mentioned band disappears. On the other

hand, carboxy-hsemoglobin is coloured dingy green by

arsenic, and its absorption bands are destroyed." f

Spectrum of blood treated with nitrogen dioxide

—

The oxygen of hasmoglobin is displaced by nitrogen

dioxide, and the latter forms a new combination with

the haemoglobin. Arterial blood, however, takes up

but a small quantity of the gas. " Thus the blood

from the crural artery of the dog took up after addition

of baryta water from 26'4 to 27"6 vols, per cent, of

NO; defibrinated dog's blood 23 vols, per cent.;

defibrinated ox blood 31"8 vols, per cent, (reduced to 0°

and at 1 metre pressure) ."
| Nitrogen dioxide (= nitric

oxide) and hyponitric acid, give spectra very like that

of oxy-hsBmoglobin, but, as in the case of carbonic oxide,

reducing agents fail to displace them from their com-

binations with hgemoglobin.

Spectrum of blood treated with sulphuretted hydro-

* ' Zeitschr. Anal. Chem.,' viii, 228.

t Watts, ' Diet. Cbem.,' 2nd Supp., 1875.

X Watts, ' Diet. Chem.,' 1st Supp., 1872.
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gen—If sulphuretted hydrogen be passed through a

solution of blood, the haemoglobin first becomes reduced

and then an additional band appears in the red. On
shaking the solution with air, the broad band disappears

and is replaced by those of oxy-haemoglobin, but the

band in red still remains ; these appearances are shown

in Chart I, Sp. 8 and 9.* And Chart III, Sp. 5, shows

Dr Thudichum's map of blood treated with sulphu-

retted hydrogen ; the latter map is different from that

of mine in some respects, which will be observed when

they are compared. To the body giving this spectrum

which was first described by Nawrocki, the name
sulphsemoglobin has been given by Lankester ; it can

be produced by adding excess of sulphide of ammonium
to blood, especially if the latter be rather old,

when the band in red appears quickly, but if it

be fresh it only appears after some time, or with a

large excess of the sulphide, or on being heated after

the addition of the sulphide. Any alkaline sulphide

according to Preyer produces sulphsemoglobin. If

a strong solution of blood be corked up for three

days with ^^th its volume of the sulphide the spectrum
will be obtained with great distinctness (Lankester).

" I have carefully fixed its position, and find it to be
quite distinct from that of any other hgemoglobin band,"
says Lankester in the ' Journal of Anatomy,' 1869,

p. 119. He also observes that blood treated sufficiently

* I find that when ammonium sulphide is added to blood previously
treated with sulphuretted hydrogen that we sometimes get the first
band of reduced hsematin within that of reduced hajmoglobin, and then
those of reduced haematin (see methasmoglobin, cyanhajmatin, and
nitrite blood), but the band in red still persists.

6
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long with a sulphide gives eventually the bands of

reduced hsematin. I may here remark that this is an

important observation, because it teaches the necessity

of caution in using sulphide of ammonium as a reducing

agent, for an excess of sulphide will not only develop

the band of sulph^moglobin, but after a little time it

may,—if added to a product of hemoglobin, such as

methsemoglobin, intermediate between the former

body and hgematin,—bring out the bands of reduced

hcematin, and thus lead to an erroneous inference.

" The previous addition to the blood of gallic acid and

an alkaline carbonate has the same effect as putrefaction

in making the sulphsemoglobin band occur at once

when the sulphide of ammonium is added. This was

pointed out by Professor Stokes, of Cambridge

"

(Purser). Preyer has noticed that sulphsemoglobin

is not formed if the sulphuretted hydrogen is made to

act on reduced haemoglobin. Hence " water contain-

ing sulphuretted hydrogen can be drunk or injected

into the veins without danger to life, while the danger

of breathing the gas or of injecting its solution into

the arteries is very great."*

Solutions of hemoglobin, free from oxygen, even

in. presence of ammonia, are not affected by sul-

phuretted hydrogen, but oxidized hgemoglobin, as

stated before, is reduced, the first effect of this gas

being the separation of the loosely combined oxygen

from the hemoglobin, this action being hastened by

heat. In an ammoniacal solution of oxidized hemo-

globin abstraction of oxygen is the only action that

* Purser, after Preyer.
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takes place, but in neutral solutions a band appears in

the red. The colouring matter which gives this band
differs from hgematin and from methsemoglobin (of

which a description is given further on) in this, that

the solutions of. the latter substances when treated

with ammonia and ammonium sulphide exhibit certain

bands in green, whereas the sulphgemoglobin,—got by
passing sulphuretted hydrogen through a solution

of oxyhgemoglobin,—remains unaltered when thus

treated.* Hoppe-Seyler regards sulpheemoglobin as a
sulphur compound of hsematin and hsemoglobin. By
the long-continued action of sulphuretted hydrogen
this compound is decomposed, sulphur and an albu-
minous substance being separated, and another body
IS formed, which is olive-green in thin layers, and
brown-red in thicker layers; this dries up into a brittle

hygroscopic mass having a pitchy lustre. This sub-
stance is coagulated by heating its aqueous solution,
as well as by acids and by alcohol. " It contains all

the iron (0-44 p. c.) of the ha3moglobin, and about four
times as much sulphur (1-67 p. c. instead of 0-415) "

(Hoppe-Seyler). A solution of iron sulphide (as ob-
tained with very dilute ferrous sulphate, tartaric acid,
and ammonium sulphide) gives a band in red like that
of the solution of hemoglobin treated with oxygen and
with sulphuretted hydrogen. But no formation of iron
sulphide takes place in the above reaction on account
of the presence of oxygen

; besides, the product contains
all the iron of the hsemoglobin.

Nawrockif states that ammonium sulphide exerts on
* Not always, see note, p. 81.

t ' Zeitsch. Anal. Ohem.,' vi, 285. and ' Jahresb.,' 1867, p. 802.
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hsemoglobm at first a reducing, and afterwards a

decomposing, action. A solution of haemoglobin

mixed witli ^ vol. of ordinary ammonium sulphide

gives a dark band in the red at Fraunbofer's line C

;

the broad reduction band between D and E becomes

narrower and more sharply defined, and afterwards a

second broader band appears, covering B and extend-

ing beyond b. After the appearance of these bands,

which disappear in about twenty-four hours, those of

oxyhgemoglobin are no longer produced by agitation

with air.

According to Preyer* potassium persulphide also

causes the bands of oxyhgemoglobin to disappear, at

first bringing out the baud of reduced haemoglobin,

but afterwards, especially on heating gently, a sharply-

defined black band, beginning at of the distance

from D to B, and ending at ^ of the same distance,

and another band beginning at of the distance from

D to B, and ending at f of that from B to h, make

their appearance. At boiling heat these bands dis-

appear, the spectrum at the same time becommg

shady, but they reappear if the solution be quickly

cooled.

According to Hoppe-Seylerf potassium sulphide and

ammonium sulphide act on haemoglobin in the pro-

duction of sulphaemoglobin only in the presence of free

alkah, and act by producing and reducing hfematin.J

The spectrum of blood treated with hydrocyanic

* ' Jahresb.,' 1867.

t ' Medis. Chem. Unter.,' i, 299.

+ I am indebted to Watts's ' Dictionary of Oliemistry ' for an account

of some of these researches.
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acid and other cyanides.—When cyanide of potassium,

or when hydrocyanic acid, is added to a solution of

blood and a gentle heat applied, the spectrum changes.

Instead of the bands of oxyhemoglobin we find a

single broad band resembling the band of deoxidized

hasmoglobin, but difiering from it in two particulars,

firstly, in being nearer to the violet end of the spec-

trum, and, secondly, in being most shaded on that side

of it which is next the violet, the latter part of the

spectrum being also obscured. See Sp. 21, Chart I.

In stating this fact, which can be easily verified, I am
not in accordance with some observers, who state that

hydrocyanic acid has no effect upon blood, and that it

IS only with cyanide of potassium this spectrum is

got
; but as the map was drawn from an actual speci-

men, and as the result arrived at was constant after

many experiments, the only essential being the appli-

cation of a gentle heat, I prefer again reiterating the
statement that hydrocyanic acid does affect the spec-
trum in this manner. With Scheele's prussic acid we
get—if we add it in sufficient quantity—not this

spectrum, but that of acid hcematin ; and I found that
with the ordinary 2 per cent, acid of the 'British
Pharmacopeia' a different result could be obtained
according to the amount added.

By deoxidizing a solution of blood, in which the
spectrum just described is well marked, we get two
bands like the carbonic oxide bands ; this spectrum is

"

shown in Chart I, Sp. 22.

But this result is not always constant, for in using
the 2 per cent, acid, and if after the broad band has
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appeared we add a reducing agent we sometimes get a

narrow dark band, in the position of the first one of

reduced hgematin, superimposed upon a broad band,

in the position of that of reduced haemoglobin. The

reason of this is that too much hydrocyanic acid has

been added, and the spectrum described above is

entirely missed. In such cases it is probable that

cyanhgemoglobin and cyanhgematin are formed simul-

taneously, as compounds behaving like this are pro-

duced by other reagents as well as by hydrocyanic

acid. And, farther, if to blood which has been treated

with hydrocyanic acid, and afterwards ammonium sul-

phide, and which presents this abnormal behaviour, we

add before the addition of the ammonium sulphide, a

little ammonic hydrate we get the bands of reduced

hsematin. Hence the above solution of the problem

is the correct one, for the ammonia converts all that

part of the haemoglobin which remains, into hasmatin,

and so we only get the bands of reduced haematin

when the sulphide of ammonium is added.

A concentrated solution of guinea pig's or dog's

blood mixed with hydrocyanic acid, when Jth its

volume of alcohol is added to it, and when it is cooled

to 0°, deposits crystals which are exactly like those of

oxyhaemoglobin, but they retain hydrocyanic acid even

after repeated crystallisation and drying in a vacuum

;

the hydrocyanic acid can, however, be separated from

them by distillation with water and a few drops of

sulphuric acid (dilute). The compound of hydro-

cyanic acid with haemoglobin crystallizes easily, but

that of potassium cyanide does not. Neither com-
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pound can be reconverted into oxyha3moglobin ; and

neither can ozonise atmospheric oxygen.

When blood has been treated with cyanide of

potassium and after the band described above has

appeared, a stream of oxygen may be passed into the

solution, without affecting the spectrum. According to

Preyer, as stated before, ammonium sulphide developes

two bands, the first extending from to i§ of the

distance from D to E, the other from |-§, between D and

B as far as f from B to b. So that this spectrum re-

sembles that got by acting on blood with carbonic oxide.

On acting upon the solution reduced by ammonium

sulphide, with oxygen, the broad band reappears, and

on adding ammonium sulphide repeatedly the first two

bands are reproduced. Moreover, the solution can

now be coagulated by heat, whereas the solution of

blood acted on by hydrocyanic acid is not coagulated

by heat.

It would appear from the behaviour of cyanide of

potassium- and of hydrogen cyanide with blood, and

from the behaviour of these compounds with ammo-
nium sulphide, that the latter contain oxygen which is

removed by sulphide of ammonium, but which is more
intimately combined with the hgemoglobin than in

oxyhsemoglobin.

According to Nawrocki,* the broad band, got on

adding hydrocyanic acid to blood, belongs to hgematin,

not to hsemoglobin ; he shews that it is obtained at

once and without the aid of heat, if the blood-solution

is first mixed with caustic potash.

* ' Jahresb.,' 1867, p. 204.
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Lankester found that cyanhaeinatin was formed from

cyanliaemoglobm if the latter solution had stood for

two hours or more, " the pinkish-red colour being

changed to an orange brown ;" the cyanhaemoglobin

solution was obtained by passing cyanogen gas

into a solution of blood, and Lankester thinks that

we may infer the existence of a compound between

cyanogen and hsemoglobin, like CO-hgemoglobin, NO-

hgemoglobin, &c. This view is opposed to that of

Laschkewitsch,* as the latter states that cyanogen

merely reduces hasmoglobin. " He is probably led to

this conclusion by the observation of the cyanhasmatin

of Hoppe-Seyler (having missed altogether the spec-

trum seen by me), which has a single broad band

resembling, but quite distinct from, that of reduced

hsemoglobin." f Professor Gamgee, in his report on

pliysiology,^ remarks : " Is it not likely that in this

case a compound of the oxygenised blood colouring

matter is formed with cyanogen, similar to the com-

pounds with cyanide of potassium and with the nitrites,

and that the spectrum described as that of reduced

hsemoglobin is really the spectrum of the new sub-

stance ?
"

When potassium cyanide is added to an aqueous

solution of blood which has been treated with carbonic

oxide, the characteristic absorption bands do not dis-

appear until the mixture has been heated to 40°, when

the broad band of cyanhsematin appears, and now on

the addition of sulphide of ammonium the reduced

* Reichert's u. Reymond's ' Archiv,' 1868, p. 649.

t Lankester, in ' Journ. Anat. and Phy.,' November, 1869.

X
' Journ. of Anat. and Pby.,' May, 1869, p. 469.
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cyanh^matin bands appear ; by agitation with air the

broad band is reproduced, and afterwards the original

spectrum of the carbonic oxide compound.

Hydrocyanic acid and ammonium cyanide act in the

same manner with the aid of heat ; but the filtered

solution after agitation with air finally exhibits the

bands of oxidized hgemoglobin.*

The blood of animals poisoned with hydrocyanic acid

gives no characteristic spectrum, nothing beyond that

of oxyhgemoglobin.

* Preyer, ' Zeitschr. Anal. Ohem., vi, 289; ' Jahresb.,' 1867, p. 803.
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CHAPTER V.

ABSORPTION SPECTRA OP BLOOD (continued).

Action of nitrites on blood.—The blood of ani-

mals, wliicli have been made to inhale nitrite of

amyl until the cessation of life, exhibits a choco-

late colour, and when this blood is examined with

the spectroscope, the change of colour is seen to

be accompanied by a change of spectrum. There are

three bands visible in the aqueous solution of such

blood, the spectrum is shown in Chart I, Sp. 11.*

This fact was first discovered by Professor Gamgee, of

the Owens College, Manchester, and his paper bearing

upon the subject will be found in the ' Philosophical

Transactions ' of the Royal Society of London for 1868,

vol. 158, part II, p. [589] ; he had previously pubhshed

a paper on the action of the nitrites in the ' Transac-

tions of the Royal Society of Edinburgh ' (v. Appendix).

After laying down a few propositions, Professor

Gamgee shows that no one had hitherto investigated

the action of nitrites on blood, his own attention

having been first called to the matter by noticing the

chocolate colour, which the blood of mice assumed

when poisoned with the nitrite of amyl vapour. In

his paper read before the Royal Society of Edinburgh

* A fourth band is also shown. The reason of this is explained in

p. 97.
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he Lad discussed tlie optical characters only, but in

this he discusses the changes and influences which the

nitrites exert on the relation of the blood to various

gases. But here we shall only refer to the optical

characters of the blood :

(1.) As to colour.—When defibrinated and well-

arterialised blood is mixed with a solution of nitrite of

potassium or sodium, its colour becomes almost imme-
diately altered, changing to a chocolate brown. But
the nitrites diff'er in the rapidity with which they act

upon blood, for the blood of the dog is almost

instantaneously affected, while the blood of the ox and
sheep may take twenty minutes or even longer. The
blood-cells of the dog are recommended for experi-

mental purposes because they burst more readily.

The nitrite should be dissolved in alcohol, and a few
drops of the alcoholic solution added to the blood.

Ammonia in solution turns the chocolate-coloured

blood of a red colour, which change was proved by
experiment to have been independent of any alteration

in the shape of the corpuscles.

(2.) As to the sjpectrum.—li after blood is diluted
enough to show the bands of oxyhaemoglobin, we add a
solution of the nitrites, when the solution begins to
change colour to a brownish tint, the blood bands
undergo remarkable changes. The two bands become
fainter and fainter, and are only visible when a com-
paratively thick layer of the fluid is examined. At the
same time if the layer be sufficiently thick, an addi-
tional though faint band appears in red. This band
appears absolutelyto coincide with that of acid hjematiu.



92 ACTION OF NITRITES.

It is seen to best advantage where so thick: a layer of

solution is examined as to cut off all but the red rays.

The complete change in spectrum is always coincident

with the change in colour.

By the addition of ammonia to alkalinity the colour

changes from chocolate-brown to blood-red again.

Simultaneously the band in red disappears and the

bands between D and B become again more distinct.

In addition, that part of the spectrum which is between

yellow and orange becomes shaded by a well-defined

absorption band. According to Prof. Gamgee, the

spectrum of the nitrite blood consists of three bands,

which may be called, according to their amount of

shading, a, ^.

S is between C and D, near 0.

a is shown covering D.

/3 occm*s between D and B, near B.

The spectrum of the compound of nitrites with the

ligemoglobin after the addition of ammonia showed a

faint, and a darker band, touching each other, the dark

one covering D, the light one on the red side of D, and

a band between D and B. (In these investigations a

single-prism spectroscope was used.) On adding sul-

phide of ammonium, or Stokes' fluid, to the nitrite

blood treated with ammonia, an extraordinary change

ensued. First of all, the spectrum of the nitrite blood

treated with the ammonia appeared, which was then

replaced by the spectrum of reduced hsemoglobin, and

when the last was shaken with air the spectrum of

oxidized hsemoglobin appeared.
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Potassium nitrite also gave a band in red, and after

the blood had been treated with this reagent, ammonia

was added to the mixture. The band in red disap-

peared at once, and the two bands became more in-

tense. The orange was again shaded, a faint band

appearing to overshadow it, and on adding a re-

ducing agent the oxyheemoglobin bands appeared

darker than ever, and after some time they gave way
to the band of reduced haemoglobin.

These experiments so far shewed

—

(1) That nitrites exert a marked influence both on

the colour and on the spectrum of blood, due obviously

to a chemical change exerted on the hsemoglobin.

(2) This chemical change does not alter the com-
position of the colouring matter, as proved by the

action of reducing agents.

(3) Nitrites neither expel nor remove the loose

oxygen of the blood, because reducing agents develop

the spectrum of oxyhemoglobin before that of reduced
haemoglobin without the intervention' of atmospheric
oxygen.

The author then shews how nitrites modify the
respiratory function of the blood by several interest-

ing experiments, for which the reader may consult
the original paper. His conclusions were as follows :

(1) When a solution of any nitrite acts upon blood,
peculiar changes occur in the colour, and simul-
taneously in the absorption spectrum.

(2) These changes in the optical properties of blood
are due to the formation of compounds presenting the
same crystalhne form, colour, and spectrum, whatever
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the nitrite whicli has been employed in their prepa-

ration.

(3) These bodies appear to be compounds of the

nitrite used, with oxidized haemoglobin.

(4) The substances formed by this process of chemi-

cal addition, although isomorphous with hemoglobin,

differ from it in many of their most remarkable pro-

perties upon which its functions in the economy of the

body depend. By this process of addition the blood-

colouring matter appears to have lost its power of

absorbing oxygen.

(6) The addition of nitrites to hi^moglobin appears

to result in the locking up of the loosely-combined

oxygen, so as to make it irremovable by carbonic

oxide, or by a vacuum.

The author makes a few observations at the end of

his paper which are worth quoting. "We have

hitherto been acquainted with haemoglobin itself, as

well as with its 0-, CO-, and NgOs-compounds.

These compounds are all isomorphous, possess almost

the same physical characters ; in all the oxygen-free

hgemoglobin has apparently linked itself to a molecule

of 0, CO, and NgOs respectively, the stability of the

compound being least in the case of the 0-compound,

and greatest in the case of the N3O3 compound.

"All these bodies, and pre-eminently the 0-com-

pound, appear to be examples of a class of bodies which

stand, as it were, on the boundary line which separates

chemical from physical combinations—to be, in fact,

examples of the class of so-called molecular com-

pounds. Like other molecular compounds, their com-
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position varies greatly witliin certain limits, and is

influenced by circumstances and conditions whicli

have no action on chemical compounds proper.

" That a body possessing such a very complicated

molecular structure as hgemoglobin should present

numerous points of attachment, as it were, for the

linking on of such active, condensed bodies as the

nitrites, is more than probable, and it is not remark-

able that, as in the case of other combinations of a

molecular kind, such as the union of salts with their

water of crystallisation, of bases with sugar, of albu-

men with metalhc oxides, of iodine with the com-
pound ammonias, the amount of the simple body
added to the more complex should vary within wide
limits."

" The experiments of Hoppe-Seyler and of Preyer
show that hydrocyanic acid possesses the property
of linking itself to hsemoglobin, forming a body
isomorphous with it, but which, physiologically, is an
inert body, having lost the power which, normally,
hemoglobin seems to possess, of ozonising atmo-
spheric oxygen."

Professor E. Eay Lankester, on repeating these
experiments, found, when sulphide of ammonium was
added to the nitrite blood to which a Httle ammonia
had been previously added, that the darker band of
reduced hjematin became visible in the midst of the
broad band of reduced hemoglobin ; and on adding
ammonia to the nitrite blood a clouding occurred in
the position of the alkaline hematin band. "The
band in the extreme red of the nitrite blood agrees
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exactly with that of acid haematii], as Dr Gamgee
observes. It therefore seems not improbable that, on

addition of ammonia, a small quantity of hasmatin is

really formed, which was partially developed on the

first addition of the nitrite to the blood, as indicated

by the band in red—but which does not separate

—

clinging, like the nitrite itself, in definite quantity, to the

crystals of the blood thus treated" (Lankester). This

appearance of Stokes' reduced hgematin band within

that of reduced haemoglobin would indicate probably

the fact, that the spectrum observed was that of a

mixture of haemoglobin and hgematin. I have ob-

served exactly the same appearances in three in-

stances : (1) in a solution of blood treated with 2 per

cent, hydrocyanic acid when reduced ; (2) in the fluid

vomited, in a case of haematemesis, when reduced \ and

(3) in blood treated with sulphuretted hydrogen and

then with ammonium sulphide. At the same time the

spectrum of the nitrite blood is exceedingly like that

of methsemoglobin, both as regards the position of the

bands and in its behaviour with reducing agents.

I found, on repeating Gamgee's experiments, but

in a somewhat modified manner four absorption

bands, the blood (that of the cat) had a few drops

of amyl nitrite added to it, the characteristic

change in colour very soon occurred, and on exa-

mining with the spectroscope three bands appeared,

one near C, between 0 and D, one close to D, on the

violet side of it, and another between D and E, slightly

covering E, the violet end of the spectrum being

shaded up to near h. On adding to this fluid, ammo-
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nium sulphide I observed a band in the position of

that of reduced hemoglobin.

But if, after adding nitrite of amyl to blood, we
shake the mixture with alcohol, a /otM -banded spec-

trum is obtained, three of the bands of which are

evidently those of the aqueous solution, and the fourth

band is placed between b and F.* The etherial solu-

tion is also characterised by having four bands, which

differ slightly in their position and in their relative

shading from those of the alcohoKc solution. But
that the bands of the etherial and of the alcohohc

solution belong to the same chemical compound is

proved by adding a reducing agent, as the latter

soon develops a band in the position of that of

reduced hemoglobin. One curious fact which is

observable about the nitrite blood is, that ammonia in

solution develops a band in the same position as

ammonium sulphide, but no further change beyond
darkening took place in this band on adding a reducing
agent to it.

It appears to me from what I have myself observed
that the body formed by the action of nitrites on blood
is very hke, if not identical, with the body which will

be next described, i.e., methsemoglobin, because the
spectrum of the latter not only closely resembles the
nitrite spectrum, but also gives a band in the same
place, that of reduced haemoglobin, when reducing
agents are added. It would seem that agents not
sufficiently strong to spHt hemoglobin up into
hematin develop from it, or hnk themselves on to it

* It is best seen by illuminating tLe slit with direct aunligbt.
7^^
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to form compounds wliicli are cliaracterised by giving,

upon tlie addition of reducing agents, the spectrum of

reduced haemoglobin. The spectrum got by treating

fresh cat blood with nitrite of amyl and shaking with

alcohol is shown in Chart I, Sp. 11.*

Methaemoglobin.—If a solution of haemoglobin be

left exposed to the air for some time it undergoes a

change in colour, losing its brightness, and at the

same time a change occurs in its spectrum, as a new

band has appeared in the red ; the same change occurs

if solutions of haemoglobin be evaporated at tempera-

tures above 100° C. ; and if the edges of a filtering

paper, through which a solution of blood has been

filtered, be examined with the microspectroscope the

same band will sometimes be found. This band owes

its presence to a brown colouring matter, which was

called by Hoppe-Seyler methaemoglobin. It is said by

some to resemble haematin in its optical characters, but

this statement is incorrect, as solutions of methasmo-

globin do not give the bands of reduced hasmatin, but

that of reduced haemoglobin when reducing agents are

added to them. It differs from haematin also in the

fact that it is soluble in water and in very dilute acids.

A certain band in red, which is said by the authors

of some books on the microspectroscope (and, indeed,

by some physiological chemists) to be that of acid

haematin, I find is really due to meth^moglobin,

as the band of methaemoglobin can be produced

* The blood of an animal made to inhale the nitrite until it dies,

gives the three bands described by Professor Gamgee, which differ

slightly in position from those in the map.
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by adding weak acids to solutions of blood. The

same band can be made to appear by passing carbonic

acid gas througli dilute solutions of hasmoglobin, or

by adding a very small quantity of glacial acetic acid

to solutions of blood. Permanganate of potassium

causes a like transformation in haemoglobin. If a

crystal of the permanganate be dissolved in -water and

added to a very dilute solution of blood before the slit

of the spectroscope, and kept at a temperature of

25° C, the heemoglobin bands gradually disappear,

and a new spectrum appears instead, which has not

only the band in red, but also two* others, which
occur nearly in the position of the hasmoglobin bands.

The fact that methsemoglobin is often present in

pathological fluids makes it especially interesting to the

student of medicine. I have found it in the urine of

acute desquamative nephritis, in that of post-scarla-

tinal nephritis, and in the blackish-brown fluid vomited
in some cases of hgematemesis. The spectrum of a
solution obtained by the action of potassium perman-
ganate on blood is shown in Chart I, Sp. 10, and the
spectrum of the same body was noticed in the fluid

vomited in a case of hsematemesis. In the last case,

m addition to methsemoglobin, hasmatin was also

probably present, as sulphide of ammonium developed
the first band of Stokes' acid hasmatin within that of
reduced haemoglobin. There is a danger of con-
fusing meth^moglobin with sulph£emoglobin, but the
* A fourtli band is sometimes seen in some pathological fluids • it

occurs to the violet side of the third band mentioned above The
fourth band, which is described under the nitrite spectrum will reure
sent its position. See Chart I, Sp. 11.
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latter is distinguished from tlie former by not losing

tlie band in red on adding ammonium sulphide to its

solutions.

The chemical nature of methsemoglobin is not accu-

rately determined, but some have considered it a

hyperoxide of haemoglobin ; Hoppe-Seyler* shows that

this view is incorrect, since in some cases where

methsemoglobin is found, the fact of any oxidation

having taken place is out of the question. It is more

correct to assume that methsemoglobin is a mixture of

hgematin with a soluble albumen, and from what has

been already said about it, this appears to be the most

rational view.

Action of ammonia gas, arseniuretted and anti-

moniuretted hydrogen on haemoglobin.—According

to Koschlakoff and Bogomoloff when ammonia gas is

passed into solutions of oxy-hgemoglobin or CO-hsemo-

globin, the solution assumes a yellow colour, the bands

disappear, and are not replaced by that of reduced

haemoglobin or those of haematin.

Arseniuretted hydrogen, according to the same

authorities, and also according to Thudichum, causes

the appearance of the reduced hsemoglobin spectrum

when passed into solutions of 0-haemoglobin. When

passed into a solution of CO-hgemoglobin, this gas exerts

a similar action to ISHg and PHg, Le. the entire dis-

appearance of the absorption-bands. When it is passed

into alkaline solutions of haematin the bands of reduced

hsematin appear.

* ' Zeitsclirift fiir Physiol. Chemie,' ii, p. 148, and ' Centralblatt f.

Med. Wiss.,' January 25tli, 1879.
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Antimoniuretted hydrogen exerts a similar action on

0-li£emoglobin and on CO-liaemoglobin.*

Haematin and haemochromogen.—Before discussing

tlae spectra of hsematin it will be necessary to refer to

a fact which was discovered by Hoppe-Seyler, and

published in 1871. It was considered up to that time

that by the action of acids and alkalies the haemoglobin

of the blood was split up into a colouring matter

hcematin, and an albuminous body globin, but it appears

from Hoppe-Seyler's discovery that hsematin is not a

direct product of the splitting up of hgemoglobin, but

results from such a decomposition accompanied by

oxidation. " This oxidation takes place so rapidly,

that it is only by special precautions that the non-

oxidised products can be obtained. "When, however,

a solution of heemoglobin is reduced by hydrogen and
decomposed by alcohol containing sulphuric acid or

caustic potash, in an apparatus from which oxygen is

completely excluded, a colouring-matter is produced,

which is acid, has a purple-red colour in alkaline solu-

tions, and is characterised by certain definite absorp-

tion bands." This is hcemochromogen, which yields

hffimatin by oxidation. " It has not yet been isolated

or regenerated by reduction of h^matin, but its

spectrum agrees generally with that of reduced heema-
tm. Hoppe-Seyler supposes it to have the composition

Cs^Hse^iFeOg, and represents the formation of h^matin
from it by the equation :

2O34 N, Fe O5 + 0, = C,, H.g N3 0,o 2H,0.-t
* Gamgee, ' Journ. of Anat. and Physiol.,' 1869.

t Watts'
'
Diet.,' 2nd supp., 1875. TMs equation does not show what

becomes of Fe.
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Haematin.—Although hasmatiii has been already re-

ferred to, the consideration of its spectrum and of the

methods of " procuring the different kinds of hrematin

has been purposely deferred till now. The most com-

plete account that I know of the various kinds of

hsematin is given by Thudichum in the ' Tenth Report

of the Medical Officer of the Privy Council,' which is

referred to in the Appendix. I have drawn in Chart

III, all the most important spectra given by that

author in the plates accompanying his paper, and I

have myself repeated his experiments, and thus can

vouch for their accuracy. After an account of his

methods and those of others, a brief summary of easy

methods, by which all the important spectra of hsematin

and cruentin can be procured, will be given, but it was

not until after I had studied Dr Thudichum's methods,

that I was able to procure the various decomposition-

products of hgemoglobin, by simple and rapid processes.

Judging, therefore, from my own experience, I believe

his methods ought to be more generally known, and I

must also take this opportunity of observing that he

has not been sufficiently thanked by the members of

his own profession for the great and valuable additions

to our knowledge of physiological and pathological

chemistry which he has made. To German chemists

and to others who have made absorption spectra

their study, his methods are well known, and his

results have but too frequently been made to appear

by some of them as if they belonged to them-

selves.

" Blood treated with Alcohol and Ammonia."—Sp. 6
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Chart III, represents the spectrum of a solution of

blood in alcohol and ammonia which was thus prepared.

"Blood was mixed with twice its volume of alcohol,

and the coagulum filtered from the liquid, the latter

showed no spectrum bands. The coagulum dissolved

in ammonia showed three bands which had a general

resemblance to the sulphuretted hydrogen blood

spectrum (Sp. 5, Chart III), but showed difierent

measurements ; when to this Stokes' fluid was added

the spectrum of reduced hematine appeared." I have

also given a drawing of the spectrum, which I obtained

by pouring alcohol and ammonia on to some defi-

brinated cat's blood, a method somewhat different

from Dr Thudichum's ; this spectrum is shown in

Chart I, Sp. 14, and gave the reduced hsematin bands

when treated with ammonium sulphide.

" Spectral Phenomena of Hematine."—" When he-

matocrystalline is treated with acids, or alkalies and

alcohol, it is spHt up into albuminous substances, and

a coloured matter, which retains all the iron, but none

of the sulphur of the original compound. This is

hematine. It appears from my researches that there

are at least three different kinds of hematine recognis-

able by the spectroscope, besides a number of combi-

nations which may be formed by one or perhaps all of

them."

" Five-handed Hematine.''—" Blood-corpuscles iso-

lated from serum by sulphate of soda, are treated at

the ordinary temperature with alcohol to which a little

sulphuric acid has been added. . This solution was
found by me to possess five absorption bands, three of
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them being ttose of acid hematine, first described by

Stokes, two others being situated in red and orange,

and narrow, one very fine, like a narrow bundle of

sun-lines " (Chart III, Sp. 3).

" Four-banded Hematine hy a modified Process"—
" When the corpuscles are boiled in water after treat-

ment with sodium sulphate, so that all sulphate is

removed, and are then treated with acidified alcohol,

a solution is obtained which gives a spectrum similar

to the " last in three of its bands, but having one fine

line in the orange instead of two. " This is identical

with the spectrum of hematine first described by

Stokes. It was also obtained by dissolving pure crys-

tallised hematine in alcohol and a little sulphuric acid

by the aid of a gentle heat " (Chart III, Sp. 2).

''Blood treated with Add."—" The simple addition of

acid to blood changes its spectrum. When an organic

acid, such as acetic or tartaric, is taken, one band m
red appears, and great obscuration of the rest of the

spectrum ensues. The one band in red belongs to

acid hematine, and the darkness in green is due to

two other bands. These, first correctly described by

Stokes, it is not easy to define without the aid of sun-

light or Drummond's light. They have, therefore, not

been noticed by later authors. Upon the purest

specimens of acid hematine they can, however, be

observed and measured with tolerable accuracy. The

acid solution of hematine was hitherto believed to

contain a particular body, which was termed hemine.

It is, however, quite easy to show that it is hematine,

for its spectrum can, by alternate acidification and
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alkalification, be made to yield the bands either of acid

or alkaline hematine."

" Alhaline Hematine.''—" In order to fully study the

phenomena of hematine, I produced a quantity of it in

a neutral state. A large quantity of amorphous

hemato-crystalhne was made from ten gallons of blood

and a hundredweight of potassium carbonate. The

isolated material was dried at 40° C, and extracted

with cold absolute alcohol. The splendid ruby red

solution was treated with a solution of tartaric acid in

absolute alcohol as long as a precipitate fell down.

The filtered solution was then slowly evaporated at

40° C. until it deposited all colouring matter as a fine

powder of black, somewhat violet colour. This was

filtered off, the powder washed with alcohol, lastly

with water. It was then redissolved in absolute alcohol

and potassium carbonate. Tartaric acid was again

added and crystallisation completed as before. Ulti-

mately a black violet powder remained, consisting,

under high powers of the microscope, of little rhombic

scales, mostly crossed, and imitating well the shape of

the hemine crystals. I believe this to be pure crystal-

lised hematine. It certainly contains no hydrochloric

acid, and negatived the assumption hitherto made by
some animal chemists, that all crystalhsed hematine
was identical with hemine, and hke hemine, was a
hydrochlorate of hematine.

" The neutral hematine is insoluble in water, alcohol,

and ether, but dissolves in caustic alkaline water and
in alkaline or acid alcohol. The spectrum of the acid
solution is that just described." The pure hematine,
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prepared as above, gave, wlien dissolved in alkaline

alcoholic solution, one broad band covering D (see

Chart III, Sp. 4). Treated with a little sulphuric

acid, the spectrum became that of acid " hematine."

" Reduced Hematine."—" When an alkaline watery-

solution of hematine is mixed with a deoxydising agent,

such as the alkaline tartrate solution of ammonio-

sulphate of iron suboxyde," the spectrum gave the

bands of Stokes' reduced hfematin (see Chart I,

Sp. 15).

" Gnoentine, a new derivative of Hemato-r/rystalline

and of Hematine-"—" When human or animal hemato-

crystalline is boiled with sulphuric acid it becomes

chemolysed, the albumen dissolves and yields its par-

ticular products, a portion of the hematine also dis-

solves and colours the fluid ruby red, while a brownish

red, grumous matter remains suspended in the fluid

in an insoluble state. This is a mixture of neutral

cruentine with its sulphate. By washing with water,

this matter loses sulphuric acid, and becomes ultimately

free from it. Treated with sulphuric acid it dissolves

completely, and is now sulphate of cruentine."

" Cruentine Sulphate."—A concentrated solution of

this body gives one black band in red to orange, the

blue end of the spectrum being shaded. On dilution

this band splits up into two, " and a third very feeble

band in green becomes visible just to disappear."

Chart III, Sp. 7, shows this spectrum.

" Neutral fluorescent Cruentine."—" The insoluble

residue from the sulphuric acid treatment is washed to

neutrality and dried, a portion of it is soluble in ether
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and chloroform. The ether solution has four bands

which are a httle less shaded, but nearly identical with

the bands of the chloroform solution." (My own draw-

ing of the spectrum of the latter is shown in Chart I,

Sp. 18.) This solution of cruentine fluoresced " with

a splendid blood-red colour in the sun cone. This is

the first body which is known to fluoresce with homo-

geneous light, that is to say, the same kind of light or

colours which it transmits."

Alkaline four-handed Gruentine."—The solution of

cruentine in alcohol is made alkahne by ammonia, and

gives the spectrum which I have figured in Chart I,

Sp. 17,* from a solution which I prepared by the

method I shall describe.

Neutralfive-banded Cruentine in Alcohol."—"When
the preparation from which chloroform extracts the

neutral fluorescent cruentine is treated with alcohol it

dissolves easily and almost entirely. The concen-

trated solution allows a little red to pass. On further

dilution three bands appear, ultimately five, one in

red feeble, one in yellow, also feeble, both narrow, and
three dense and dark bands in green." Sp. 8,

Chart III, represents this spectrum.

''Reduced Cruentine"—This spectrum was got by
adding Stokes' solution to an ammoniacal solution of

cruentine in alcohol. It is shown in Sp. 9, Chart III.

On acidifying this solution with sulphuric acid, a preci-

pitate fell, and after filtration, the filtrate gave the bands
of cruentine sulphate. " Cruentine, therefore, exhibits

this peculiar property, that it can be deoxydised (in

* I found five bands.
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alkaline) and reoxydised (in acid) solutions. During

this process, liowever, much colouring matter is lost

hj changes not yet scrutinised. In its alkaline solu-

tion it is deoxydised and reoxydised as easily as

hematocrystalline. It is a most remarkable fact in

science that a decomposition product of hemato-

crystalline of the second order retains what I will

term the breathing power of the blood-corpuscle."

"Gruentine and Hydrochloric Acid.''—" The chloro-

form solution treated with HCl and water becomes

turbid. Warmed, it clears up and appears more rose

coloured. On cooling it becomes, however, again

turbid. Its spectrum shows three bands," which are

figured in Chart I, Sp. 19.

These are the principal blood spectra described by

Thudichum. Other observers call by different names

the products which he describes.

General account of haematin and its reactions.

—

The foregoing account of the methods of Thudichum,

has shown, how the substances which have been called

by English observers alkaline and acid hsematin, and

that called by the author just quoted cruentine, can

be prepared, but what he has said is not sufficient to

enable any one who has not read the subject before to

understand it thoroughly, so that I shall give a short

account of what authorities say upon this matter. A
short repetition of what has been said before may be

pardoned, as it is unavoidable.*

* Thudicliuin holds opinions exclusively his own on haematin axid

cruentin, and he does not agree with Preyer or Hoppe-Seyler in their

views as to the composition of haematin.
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Hcematin was at one time supposed to be tlie

colouring matter of the blood, but Hoppe-Seyler

showed that it does not exist preformed in that fluid,

but is produced, together with globin, an albuminous

body, by the action of acids and alkalies on the hgemo-

globin of the blood.* It may, according to this

authority, be obtained pure by dissolving its hydro-

chloride (haemin) in ammonia, evaporatmg to dryness,

heating the residue to 130°, dissolving out the ammo-

nium chloride by water, and again heating to 130°.

It may also be obtained by mixing defibrinated blood

with a strong solution of potassium carbonate until

the liquid adhering to the separated coagulum becomes

colourless, drying the coagulum at a temperature not

above 50° 0., and digesting it for some days with

absolute alcohol in a close vessel at a moderate tem-

perature (below 50°). The red liquid, when filtered,

is an alcoholic solution of hsematin.

In acid liquids the spectrum is a four-banded one,

if an alcoholic or etherial sohition be used, and differs

in no essential respect from that which is got by
merely acting upon blood with acetic acid and shaking

up with ether, which I shall describe.

The brown solution of h^matin in potash or potas-

sium cyanide exhibits least absorption of light near C

;

on diluting this solution there remains a band between

D and E, but nearer to D, which, however, disappears

while the solution still exhibits a strong colour.

According to Nawrocki an alkaline solution of

* Hsemochromogen, an intermediate product being first formed
See p. 101.
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liEematin (Hgemin crystals) dissolved in ammonia gives

a spectrum with a broad band between C and D, but

after treatment wdtb a ferrous salt, or with stannous

chloride, it shows two other bands, which do not

disappear on agitation with air, and are likewise

visible for some time in the red etherial solutions

obtained by mixing the ammoniacal liquid with ether

and glacial acetic acid, but in this they merge into the

three bands of the normal hsematin solution. If, on

the other hand, the alkaline solution of haematin be

mixed with ammonium sulphide, the liquid exhibits

the same bands as haemoglobin when similarly treated,

and no longer yields up anything to ether on addition

of acetic acid (?).

" Haematin or haBmin heated for some time with

ammonia, or a fixed alkali, is converted into a body,

the solution of which in acidulated alcohol, or in an

alkali, has a dingy olive-green colour, dark red in thick

layers, and after treatment with reducing agents does

not exhibit the spectrum of reduced hsematin, neither

can haemin crystals be obtained from it."*

Iron-free haBmatin.—" By dissolving hsemin in strong

sulphuric acid, and adding water to the solution, a

substance is precipitated resembling haematin, but not

containing iron ; it is soluble in alkalies. The solution

of this non-ferruginous haematin in strong sulphuric

acid absorbs blue and violet light strongly; on diluting

it with sulphuric acid a very dark, well-defined band

appears about midway between D and E, and a narrow

band between C and D (near D), the spectrum being

* Hoppe Seyler, quoted in Watts' ' Dictionary.'
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very darkly shaded between D and the dark absorp-

tion-band. The solution of non-ferruginous hgematin

in dilute ammonia exhibits the smallest absorption for

red light. On diluting with water a band appears

between C and D, and on further dilution three others.

Reducing agents alter this fluid in the same manner as

ordinary h£ematin."* It is quite evident that the

body whose spectrum is thus described is the same as

the substance called by Thudichum " cruentine," which

the latter author has shown to contain 1*51 per cent,

of iron. On the other hand, Foster states that "by
the action of sulphuric acid hgematin may be robbed

of all its iron."

Preyer maintainsf that the body which goes into

solution when blood is treated with acetic acid and
shaken with ether, which Stokes called acid hgematin,

is really free from iron, and he calls it hgematoin.

But, if acid haematin is free from iron, so also oua-ht

alkahne haematin to be, as I have found that there

are some acids which when added to blood give a

four-banded spectrum, that can be made to give

the same spectrum as that yielded by alkaline hse-

matin on the addition of reducing agents. J The
long names hcematoporphyrin and hcematoUn have been
proposed for bodies, the former of which appears to be
practically identical with cruentin, from the descrip-

tion of its spectrum by Hoppe-Seyler.§ It is got by
filtering a solution of hgematin in oil of vitriol through

* Hoppe-Seyler, 1865.

t ' Die Bhitkrystalle,' p. 181.

X This, however, is merely a spectroscopic reason,
§ ' Med, Chcm. Unter.,' 523, 1871.
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asbestos, wlien a fine purple-red solution is obtained,

wbicli gives a small, dark absorption-band just before

the line D, and another sharply-defined band between

D and E. When this solution is mixed with water

the greater part is precipitated, the precipitation being

increased by the addition of alkalies to neutralisation.

The alkaline aqueous solutions give a faint band

between C and D, another fainf band between D and

E, nearer D, a dark band in the same interval near E,

and a dark band between h and F. This substance,

hcematoporpJiyrin, is free from iron, and gives by

analysis 68-42 p. c. 0., 9-58 N., 6 07 H., and 15-93 0.

Its formation is represented by the equation :

C68H7oN8Fe,Oio+02+2H2S04=068H74N80i2+2FeS04.

"When, on the other hand, haematin is acted on by

sulphuric acid in closed vessels, hgematolin, CggHygNgOy,

is formed, which is but very shghtly soluble in sul-

phuric acid, and very slightly soluble in caustic

potash.

Haematin hydrochloride.—In describing the process

by which Hoppe-Seyler recommends hsematin to be

procured, hsemin was incidentally mentioned. This sub-

stance has been known under the name of Teichmann's

crystals, and has assigned to it the formula CgeHi^gFeg

Oi8- It is obtained in regular crystals by treating

haemoglobin or methaemoglobin with common salt and

glacial acetic acid. The crystals are rhombic or six-

sided plates, dark blue by reflected, dirty brown by

transmitted, light; insoluble in water, alcohol, and

ether ; soluble in acids and alkalies, but decomposed by

all acids except acetic and hydrochloric.
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It may be prepared as follows :—Defibrinated blood

dried at the ordinary temperature, or blood clot cut up

and dried, is powdered in a mortar with one fifth part

pure carbonate of potassium, and the dried mass

digested with alcohol of 94 per cent, at 40°—45°

until the resulting dark, garnet-coloured solution no

longer becomes darker in colour. The solution is

filtered; the residue again treated with alcohol;

the united extracts mixed with rather more than

an equal volume of water, and then with enough

acetic acid to produce a slightly acid reaction. The
brown flocculent precipitate which is produced is col-

lected on a filter and dried slowly, the heat being

finally raised to 100°; it is triturated with one

fifth part sodium chloride and from twenty to thirty

parts glacial acetic acid, and the mixture digested for

some time at 60° until a crystalline mass separates.

The whole is heated to 100° and left to cool ; the

crystals are then washed on a filter with warm glacial

acetic acid, pressed, dried, and again boiled with
water (J. Gwosden).

Hoppe-Seyler has modified this process ; he causes

a coagulum to separate from the blood by pouring it

into alcohol or boihng water ; the clot, separated by
filtration, and still moist, is warmed with alcohol to

which a few drops of strong sulphuric acid have been
added; the filtered brown solution is mixed with a
warm, saturated solution of sodium acetate, then im-
mediately neutrahsed with sodium carbonate, and, in
order to separate the hgemin, if this has not already
separated, it is mixed with water, or freed from alcohol

8
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by distillation. The precipitate, after being washed
on a filter and dried in the air, is then ready for treat-

ment with common salt and acetic acid, as in the

former method. Although this substance is of no

interest directly to the spectroscopist, it is indirectly,

as it has been used to prepare pure hsematin, accord-

ingly I considered that its mode of preparation ought

to be mentioned.

The exact amount of sodium carbonate required to

convert bsemoglobin into haematin.—When a small

quantity of sodium carbonate is added to a solution of

hasmoglobin, no coagulation takes place, even after the

fluid has been heated to 100° C. At 54° C. the sub-

stance is obviously decomposed, as this solution be-

comes of a dark, brown-red colour, and examined with

the spectroscope it exhibits the spectrum of hagmatin

in alkaline solution, instead of that of oxyhgemoglobin.

The fluid is alkaline and remains clear after boiling.

At the temperature at which the decomposition takes

place, it is probable that haemoglobin sphts up into

haematin and albumen, and Preyer calculated the

amount of sodium carbonate which had to be added in

order to prevent the coagulation by heat ; the mean of

two observations showed that one gramme of haemo-

globin in distilled water required 0-0238 gramme of the

carbonate. Accordingly, he concludes that one mole-

cule reacts on three molecules of hgemoglobin in order

to produce the non-coagulating compound (Gamgee).

The action of various acids on haemoglobin in pro-

ducing haematin.—Preyer has studied tlie action of

the following acids on haemoglobin :
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Pliosplioric. Acetic. Lactic.

Phospliorous. Formic. Citric.

Sulphurous. Butyric. Tartaric.

Oxalic. Propionic. Malic.

Monochloracetic. Metaphosphoric. Succinic.

Phosphomolybdic. Benzoic. Carbolic.

Gallic. Hydrochloric. Uric.

Nitric. Hippuric. Sulphuric.

Pyrogallic. Carbonic. Chromic.

All act somewhat similarly, but some of them preci-

pitate the hgemoglobin, and upon the occurrence of a

precipitate and its character Preyer bases a classifica-

tion of their action. The action of alkalies and alka-

line solutions is more uniformly similar than that of

the acids.

Action of carbonic oxide on haematin.—Dr L. PopofF

has studied the action of carbonic oxide on solutions

of hsematin, and has arrived at the following conclu-

sions :

(1) Carbonic oxide causes no change in acid or alka-

line solutions of hsematin when passed through them.

(2) If, however, a reducing agent had been added
at the same time that the carbonic oxide was being

passed through the solution, a r^ew compound was
formed, which, in the case of an ammoniacal solution

of haematin, was deposited in the form of a floccu-

lent red precipitate.

(3) The spectrum of this consists of two bands
similar to, and identical with, those of reduced
hsematin.
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Action of tin and hydrochloric acid on haematin.

—

Tin and hydrocliloric acid act on ha3matin in the pre-

sence of alcohol differently, according as the hasmatin

is fully dissolved or not. When a concentrated solu-

tion, or one containing excess of hasmatin, is heated

with tin, copper, or zinc, on the water bath, a purple-

red colour is produced, and after a time a resinous,

dark violet precipitate forms. The solution gives two

dark bands between D and B. Haematin, or haemin

crystals, dissolved in alcohol containing sulphuric acid,

when decomposed by hydrochloric acid and tin and

heated, give a purple solution, which has a character-

istic spectrum. One band between D and E, another

before D, but close to it, and a broad band between b

and F, covering the latter line.

Haematin treated with phosphorous chloride con-

taining free phosphorus.—When haemin crystals are

heated with this substance to a temperature of 104° in

closed tubes for from six to eight hours, a purple-

brown fluid is obtained, which gives three absorption

bands, one between C and D, close to C, another

between D and E, near E, and a third between b and

F. No gas escapes on opening the tube, but a crust

forms on the sides of the tube, which is easily sepa-

rated. Part of tjiis is soluble in water, and the

aqueous solution gives the same spectrum as h^mato-

porphyrin. From that part which is insoluble in

water a substance can be got resembling h^matin, but

containing phosphorus. The agreement of the spec-

trum of this compound with that of haematoporphyriu

seems to show that the latter consists of

—
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or that it is a hydrate of the same molecule as

that contained in the phosphorus compound (Hoppe-

Seyler)

.

Action of ammonia, arsine, and stibine on hsematin.

—Ammonia (gas) colours alkaline solutions of hsematin

orange, and the absorption bands become paler ; a

broad but diffuse shadow appears in the green part of

the spectrum, and after a little time an amorphous

precipitate forms. This precipitate dissolves in acetic

acid, and the solution gives the spectrum of acid

h^matin. When arsine is passed into alkaline solu-

tions of hsematin, the colour of the liquid gradually

becomes red, and the bands of reduced hsematin

appear. Shaking with air restores the colour of the

alkaline h^matin, but after a few seconds the solution

begins quickly to redden, and this alternation may be
repeated about ten times. If the arsine be passed for

a longer time, the alkaline solution turns brown, and
may deposit next day crystals of arsenic of a steel-grey

colour. After this time no more bands are seen;
nevertheless, the presence of hsematin may be demon-
strated by means of reducing agents. The bands of
reduced hjematin may be recognised at a much greater
degree of dilution than those of the alkaline or of the
acid solution, a fact which seems to show that, in
spite of the action of the arsine, part of the hsematin
has remained undecomposed. The action of stibine is

the same as that of arsine (Koschlakoff).
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CHAPTER VI.

EAST METHODS OF PEEPAEING THE MOST IMPOETANT OF THE

SPEGTEA WHICH HAVE BEEN HITHEETO DESCEIBED ; AND

APPLICATION OF THESE METHODS.

Any one reading the last cliapter miglit be led to

suppose that the study of the blood-spectra is an

exceedingly difficult one, but sucli is not tbe case; and

I shall now describe how all the spectra of import-

ance can be prepared by very rapid and very simple

processes; and, in addition, other spectra will be

mentioned which have not been hitherto described.

Oxidized and deoxidized hgemoglobin have already

been mentioned, so that their consideration need not

be repeated.

Alkaline haematin.—Make a saturated solution of

carbonate of potash in alcohol, and pour a few drops of

blood into the solution, the colour of the blood imme-

diately changes, andwhen examined the spectrum shown

in Chart I, Sp. 13 is seen, abroad, hghtly-shaded band

covering D. The action of caustic alkahes on de-

fibrinated fresh cat blood was found to give different

spectra from those which are often described, thus :

(1) Caustic potash and caustic soda gave, in alcoholic

solution, when added to blood, each the same spec-

trum, but different, in some respects, from that got

from ammonic hydrate and from carbonate of potash.
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It consisted of three bands, two of wliicli were like the

blood bands, but that the product giving this spec-

trum was hsematin was proved on adding a reducing

agent, as the spectrum of reduced h^matin now

appeared.*

(2) An am'moniacal solution of alcohol was now

added to a few drops of blood (the same blood as before)

when a faint band in red, and a dark band nearer

violet appeared. On further dilution the latter was

seen to be composed of two, and on adding a reducing

agent the bands of reduced hsematin appeared (see

Sp. 14, Chart I). The feeble band in red has not

been generally noticed, and I believe the reason of this

is, that observers generally work at old blood in which

the hEemoglobin has been reduced.! I often found a

great discrepancy arise when the same experiment was

performed respectively on old pig blood, or old ox

blood, and fresh blood removed from the body imme-

diately after death.

Reduced haematin.—This can be got by adding

Stokes' fluid, or ammonium sulphide, to the solution

of blood treated by alcohol and carbonate of potash,

or by the alcoholic solution of caustic soda, of caustic

potash, or of ammonia; but if an alkali alone be

added to blood previously, the reducing agent will not

develop this spectrum.

The reduced hgematin spectrum can be also got

from the hsematin formed by the action of some acids

on hsemoglobin, thus, from that got by acting on blood

* This spectrum is so easily procured that it is unnecessary to give

a map of it.

f The band in red is only seen with the microspectroscope.
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with salicylic acid and dissolving the hgematin formed
in alcohol, we can, by adding ammonium sulphide, get
the spectrum of reduced hasmatin ; in the same way
the alcoholic solution of blood treated by lactic acid

can be made to yield the spectrum of reduced hgematin.

Sp. 15, Chart I, is that of reduced hasmatin.

Acid haBmatin.—Add a few drops of acetic acid to

blood and shake with ether ; the brown-red etherial

solution gives four well-marked bands. This spec-

trum is shown in Chart 1, Sp. 12. The feeble band
near D is with diflBculty seen at that degree of dilution,

which shows the bands in green to best advantage.

In examining with the microspectroscope, it is neces-

sary to narrow the slit sufficiently and focus carefully,

and in working with the chemical spectroscope it is a

good plan to move the telescope from side to side,

when a faint shadow, in the position of this feeble

band, vnll be seen to move across the field of view.

By looMng obliquely, too, feeble bands are sometimes

seen with the latter instrument which would otherwise

be missed.

Action ofbromine on blood.—This spectrum was first

described by me in the ' Dublin Journal,' June, 1877.

(1) Ox blood treated with bromine and shaken with

alcohol gives four absorption bands, which are practi-

cally identical with those of acid haematin.

(2) Ammonium sulphide added to this gives, not

only the bands of reduced haematin, but a third feeble

band in orange, close upon D (see Chart I, Sp. 24).

(3) If ammonia be added to the first solution it

develops a band at D, like that of alkaline haematin.
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(4) Ammonium sulpliicle added to this develops tlie

same bands as in (2).

(5) A solution of blood treated with an aqueous

solution of bromine gives a band just like alkaline

bsematin, or that of (3). (Chart I, Sp. 23.)

(6) When ammonium sulphide is added to this it

gives exactly the same spectrum as that got in (2) and

(4). Thus, bromine teaches an important fact, viz. that

a diiferent kind of hgematin is produced according to

the amount of chemical action on hgemoglobin. It

would appear from its action that alkaline hgematin is

a body which is produced from hgemoglobin by a less

complete " splitting up " than in the case of acid

h^matin. This form of hsematin is, however, dif-

ferent from that of ordinary hgematin, as it gives

three bands, instead of two, on the addition of re-

ducing agents. The compound is insoluble in chloro-

form, sparingly, or not at all, in ether, slightly in

absolute alcohol, but more freely in rectified spirit.

Action of iodine.—Added to blood an aqueous solu-

tion (with iodide of potassium) produced a precipitate,

and the supernatant fluid gave no spectrum, although
there was evidently a little h^matin present in solu-

tion, since the addition of ammonium sulphide gave
the bands of reduced hgematin. The precipitate, when
dissolved in alcohol, gave no spectrum. Chlorine
seems to act much in the same manner, by forming an
insoluble form of haematin.

Sulphate of cruentin.—Boil defibrinated blood with
strong sulphuric acid, add water and filter, wash the
mass on the filter until the washings are neutral to

.lETT
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test paper, and dry. This can be used for the prepa-

ration of all those kinds of cruentin which Dr Thudi-

chum describes. Dissolve some in sulphuric acid, it

gives a fine ruby-red colour, giving two absorption

bands; this is the spectrum of sulphate of cruentin

(Sp. 16, Chart I).

Alkaline cruentin—Dissolve some of the neutral

dried precipitate of the last experiment in alcohol and

ammonia when a red fluid will be obtained, giving five

(or four) bands (Sp. 17, Chart I).

Neutral cruentin.—Dissolve some of the neutral

dried precipitate in chloroform, this gives four bands,

but differing in their positions from those of alkaline

cruentin (Sp. 18, Chart I).

Hydrochloric product of neutral cruentin.—Add

hydrochloric acid to the last fluid it becomes turbid,

heat, the turbidity disappears ; it is now of a purplish

colour, and gives three bands (Sp. 19, Chart I).

Reduced cruentin.—Add ammonium sulphide to the

alkaline solution of cruentin ; this solution gives three

bands, which are shown in Chart I, Sp. 20. It is

noticeable that the darkest band of this spectrum is

nearly in the same place as the first reduced htematin

band.

Methsemoglobin.—Add a solution of permanganate

of potassium to a solution of blood ; notice the posi-

tion of the band in red. This is the only band of

importance; it is shown in Sp. 10, Chart I, in which

the other bands are also seen. Dilute and add ammo-

nium sulphide; notice the band of reduced hemo-

globin.
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Sulphaemoglobin.—Pass sulphuretted tydrogen for

some time through a solution of blood ; in this case

also a band in red is developed, but there is also a

broad dark band in the position of that of reduced

hgemoglobin. (See Chart I, Sp. 8.)* Add ammo-

nium sulphide, and notice that the band in red per-

sists, thus presenting a contrast to methsemoglobin, in

which the band in red disappeared.

Cyanhaematin.—Add a solution of cyanide of potas-

sium to a solution of blood and heat gently for some

time ; the blood bands disappear and a band is deve-

loped which has been already described, p. 85. (See

Chart I, Sp. 21.) Add a reducing agent, and notice the

appearance of two other bands nearly in the position

of the blood bands, but nearer the violet (Chart I,

Sp. 22).t

CO—HaBmoglobin.—Pass coal gas through a solution

of blood for some time, the solution becomes red and

looks clearer than before ; examine with the spectro-

scope, two bands are seen nearer the violet than the

blood bands. Add ammonium sulphide, no effect is

produced (Chart I, Sp. 7).

Pathological application of the study of the spectra

of haemoglobin and of haematin. —Having learned the

appearances of the various decomposition products of

hemoglobin, the reader will be now in a position to

* On shaking with air this band is replaced by two. (Sp. 9.)

t Having repeated these experiments several times I can promise
that, if any one will take the trouble to repeat them for himself, he
will have no difficulty in obtaining the spectra which are shown in
Chart I

;
and, indeed, without actually performing them for himself, he

will not be in a position to draw any inferences from the spectra of
pathological fluids.
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examine pathological fluids, and by studying tlie action

of reducing agents, to draw correct inferences by means

of the spectroscope. There are certain spectra which

ought to be most familiar to the medical spectro-

scopist, viz. that of hsemoglobin, oxidized and reduced,

that of methsemoglobin, that of acid, and of alkahne

and reduced hsematin.

Blood which has not been kept in contact with an

acid secretion for too long a time, as in haemorrhage

from the bladder or urethra, gives the spectrum of

oxidized hgemoglobin in the majority of cases.*

In haemorrhage from the kidney, when the hsemor-

rhage is gradual, and a result of inflammation, the

spectrum of metheemoglobin will generally be seen.

In haemoglobinuria, intermittent cruenturesis, or

paroxysmal hasmaturia, or, as it has been incorrectly

called, haematinuria, the spectrum is generally that of

methsemoglobin.

When the blood has been acted on by the acids of

the gastric juice, as in various forms of haematemesis,

the spectrum of methaemoglobin, with a mixture of

acid haematin, will be found ; for on adding sulphide of

ammonium to such fluids I have sometimes found the

band of reduced haematin within that of reduced

haemoglobin.

If the blood has been shut up within a cyst and

kept at the temperature of the body for a considerable

time, it may, as in the case of ovarian and par-

ovarian cysts, have been converted into a form of

* Provided the urine be examined soon after removal from tlie

bladdci".
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liEematin, this can be proved by tlie addition of

sulphide of ammonium.

Blood in the urine.—Blood may be present either in

a soluble or insoluble state. It may readily be detected

when present in the soluble condition by holding the

vessel containing it between the eye and the source of

light, and examining with an ordinary pocket spec-

troscope ; if it contains blood two bands are visible as

shown in Chart I, Sp. 4 ; if in the form of methsemo-

globin, a band will be seen in red in addition to the other

two. (If no blood be present a shadowy band may be

noticed between green and blue, that of urobilin,

which will be referred to again). To prove that the

band in red is not due to acid hsematin, some of the

urine is placed in a test-tube and a reducing agent

(sulphide of ammonium) added, when if the band be

due to methasmoglobin, the spectrum of reduced hgemo-

globin will appear, if to acid hgematin, that of reduced

hgematin. (Or the reducing agent may be added in a

small cell beneath the microspectroscope.)

But the blood may be present in an insoluble state

;

in which case the urine (both before and after filtration)

may show no absorption bands. In this case, filter the

urine, digest the filtering paper with the deposit upon
it in alcohol and ammonia, and examine the fluid with

the spectroscope ; there may be the faintest possible

shadow in the orange if there is but little blood present,

but on adding ammonium sulphide, the first dark band,

and occasionally the second band, of reduced heematin

at once show themselves ; shake up with air, the bands
disappear, again to reappear on standing. The same
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direction will apply in the case of other fluids supposed

to contain blood. A small blood-clot, the nature of

which is doubtful, may be treated in the same way, or

it may be digested in alcohol acidulated with sulphuric

acid, and the spectrum of the solution examined,

which will be found to be that of acid hsematin.

Hsematin in parovarian and ovarian cysts —Thudi-

chum states that the contents of certain kinds of

ovarian cysts give the spectrum of lutein, but he does

not say what kind of cyst gives the spectrum, and

he does not notice the very important fact that a kind

of hsematin is sometimes present in parovarian and

ovarian cysts, which if it should be peculiar to these

cysts, will be a great help in diagnosis. I discovered

this fact, thanks to the kindness of Mr Lawson Tait,

of Birmingham, who has taken the greatest trouble in

sending me specimens. Three specimens of parovarian

fluid, and one of ovarian out of five, gave the same

spectrum ; the fifth was almost colourless and gave no

spectrum whatever.

The first specimen of parovarian fluid was olive

brown in very thin layers, in deeper, blackish brown,

and in very deep almost black, with a greenish shade.

Before the slit of the chemical spectroscope, the fluid

itself gave a band in red, and two in green, one of

which latter was sufficiently distinct to allow of its

being mapped. One band was placed between 0

and D, nearer C, another between D and B. (See

Sp. 20, Chart II.) On adding ammonium sulphide

to this' fluid the hands of reduced hcemxitin appeared

at once. (The sulphide of ammonium was quite
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pure* and its action on liaamoglobin previously

tested.) Acetic acid caused the band in red to become

less distinct, and ammonia intensified it. There might

have been a feeble band close to F, but this was not

quite certain.!

Microscopic examination, with a y^th immersion,

showed crystals of cholesterin in great abundance,

leucocytes, granular round bodies, very large round

granular bodies which kept rolhng about, no crystals

of any kind beyond the cholesterin ; very few blood-

corpuscles. The reaction was alkaline (due to fixed

alkali). Specific gravity determined by bottle 1024'6.

The fluid gave no precipitate with acetic acid, but a

copious one with nitric acid, and with nitrate of silver

soluble in ammonia (chlorides). It was coagulable by

heat, the precipitate when burned smelHng of burnt

feathers.

A quantitative analysis gave the following result

:

Water . . 90*346

Solid organic matter . 8*736

Inorganic salts . . '918

100-000

The inorganic salts consisted of chlorides, sulphates,

phosphates, and carbonates of sodium, potassium, and
calcium. Iron was also present, probably from the

hsematin.

* This is a matter of the greatest importance, as disappointment will
be experienced with changed sulphide.

t In some specimens a fourth band—close upon D—appeared. Com-
pare Sp, 12, Chart 1.
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The next specimen of parovarian fluid was of a

brown colour witli a tinge of yellow round the edges

in thin layers, while it was dark brown in deeper layers.

It gave exactly the same spectrum as the first specimen,

both in the original condition, and on the addition of

ammonium sulphide.

Its reaction was faintly alkaline and its specific

gravity was 101 2'6. Under the microscope there was

an absence of cholesterin, but the same large round

granular bodies as before. No blood-corpuscles, but

refracting granules were visible . It evidently contained

paralbumin, since in using the test of Koeberle this

was proved to be present; i.e. a precipitate with nitric

acid partially soluble in acetic acid. It gave no preci-

pitate with a solution of tungstate of sodium acidulated

with acetic acid.

The third specimen was ovarian fluid, it was turbid,

a,nd of a dirty-brown colour ; its reaction was feebly

alkaline, and specific gravity 1013. Its spectrum was

identical as regards the position of the absorption

bands with those of the other two specimens, and

on the addition of reducing agents the spectrum of

reduced hgematin again appeared. A remarkable change

in the spectrum, and even in the colour of this speci-

men was found to have taken place after the lapse of

twenty-four hours, for it then showed a band between

C and B, slightly covering D, and another at F, the

latter, however, being feebly marked ; it is shown in

Sp. 22, Chart II. On adding to the solution— giving

this last spectrum—ammonium sulphide, the bands of

reduced haematin became visible.
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The microscopic and chemical characters of this speci-

men were almost the same as those of the last one.*

Here, then, we have a fluid which, although alkaline

in reaction, yet gave the spectrum of acid haematin,

and which in the last case gave a band very like

that of alkahne ha9matin after standing some time;

it is not impossible that while in the body the re-

action was acid, but that after exposure to the air

decomposition had set in and an alkaline reaction

was developed, which went on increasing until the
fluid was sufficiently alkaline to convert its con-
tained acid hjEmatin into the alkaline variety, as shewn
by its changed spectrum. The examination of this
fluid teaches the importance of a knowledge of the
action of reagents upon hsemoglobin, for no one could
have imagined that acid hsematin, which was supposed
to be only capable of being produced out of the body
by the action of acids on the blood, could have been
produced actually in the bodyhj the action of reagents
furnished by the human body itself.

I believe that the spectroscope will enable the
contents of ovarian and parovarian cysts to be
diagnosed, from other fluids resembhng them, in
many cases, but even if it should not of itself be able
to do so, we have other corroborative tests to fall
back on, such as that of Koeberl6-a precipitate with
nitric acid which is soluble in acetic acid. I would
refer the reader to the ' London Medical Record '

for
1876, p. 269, for an account of his researches.

* Hence the spectroscope will not enable parovarian to be distinguished from ovarian cysts.
aistin-
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The presence or absence of the band of lutein

will not help the diagnosis, as serous fluids yield the

spectrum of this body (see last Chapter).*

The application of the study of the absorption bands

of haemoglobin and hsematin to Medical Jurisprudence.

The detection of blood-stains.—As Mr Sorby is the

great authority on this subject, I here give an abstract

of a paper of his which appeared in the 'Monthly

Microscopical Journal' (1871, vol. vi, pp. 9—17),

entitled " On some Improvements in the Spectrum

Method of Detecting Blood."

" There does not appear to be any probability of

ovLT being able to decide, by this means, whether blood

is, or is not, human."t

The spectrum microscope used in these inquiries

should have a compound prism, with enough, but not

too great, dispersive power, or else the bands become,

as it were, diluted, and made less distinct.

Cells, ^c—The cells should be made from barometer

tubing, and be about one eighth of an inch in internal

diameter, and half an inch long, one end being fastened

to a piece of plate glass with purified gutta percha,

like an ordinary cell for mounting objects in liquids.

It is, however, of great advantage to insert between

the plate and the cell a diaphragm of platinum foil,

having a circular hole about two thirds of the internal

* There is also another test for paralbumin, which, with the micro-

scopic character of the deposit from these fluids, will be found

described in Thomas's ' Diseases of Women.'

t Krauss (' Jahresb.,' 1861) states that hsemin crystals fi-om human

blood are different from those got from the blood of oxen, sheep, pigs,

and poultry.
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diameter of the tabe, fixed so that its centre corre-

sponds with that of the cell. This prevents any light

passing upwards that has not penetrated through the

whole length of the solution, which is very important

when using direct concentrated sunlight to penetrate

through turbid or very opaque liquids. A small

spatula made of stout platinum wire, flattened at the

end, is very convenient for adding small quantities of

the reagent ; and they should be stirred up in the cells

with a platinum wire flattened and turned up at the

end, like a small hoe.

Reagents required.—A diluted solution of ammonia,
citric acid, double tartrate of potash and soda, the last

being used to prevent the precipitation of oxide of

iron, and the double sulphate of the protoxide of iron

and ammonia employed to deoxidise. In some special

cases dilute hydrochloric acid, purified boric acid, and
sulphite of soda are required.

Character of stains and action of reagents.—The
character of a stain varies with its age, and with the

nature of the substance on which it occurs. If quite

recent, and if the substance has no immediate influence

on blood, the stain contains httle or no colouring
matter but hssmoglobin. This is easily dissolved in

water, and when sufficiently diluted it gives the spec-
trum of oxy-h^moglobin, which, on the addition of
ammonia, and of a small quantity of the double tar-

trate, and then a small piece of ferrous salt, about
^th of an inch in diameter, and stirring carefully,
avoiding access of air as much as possible, changes to
the spectrum of reduced haemoglobin. When stirred
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SO as to expose the solution as mucli as possible to the

air, the two bands again appear. On gradually adding

citric acid in small quantities until the colour begins

to change, these bands slowly fade away, and if there

had been much blood present a band appears in the

red. "When previously deoxidised, this solution may

be turbid, but not so as to interfere with the result.

The addition of excess of ammonia makes all clear

again, but does not restore the original bands, or only

to a slight degree, for the haemoglobin has been

changed into hsematin. This reaction alone distin-

guishes blood from most coloured substances, which

latter, after being changed by acids, are restored by

alkahes to the original state. On adding the ferrous

salt to the ammoniacal solution we get the spectrum

of reduced hsematin (Chart I, Sp. 15), though, if the

quantity of blood be small, only the first of the two

bands may be seen. If too much citric acid or double

tartrate had been added this solution might be turbid,

but if all had been properly managed it would be quite

clear. As the deoxidisation takes place slowly, espe-

cially in cold weather, it is well to slightly stir up the

ferrous salt at the bottom, completely fill up the cell,

cover it with a piece of thin glass, remove the excess

of liquid with blotting paper, and mix the solution by

turning the tube upside down over and over again.

On reoxidising the solution by stirring, the bands of

deoxidised hsematin disappear, and the two bands of

hsemoglobin will probably be recognised, owing to

citric acid not changing the original merely into

hsematin, but also giving rise to some methjemoglobin.
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The whole of these facts may be seen with a single

cell containing about y^th of a grain of blood. Very

faint bands are best seen by lamplight. Exposed to

the air in a damp place, a blood-stain may be com-

pletely decomposed by the growth of mould, but when

not thus destroyed, it is partly changed into hsematin.

If it had been kept dry the hsemoglobin has become

changed into a variable mixture of methgemoglobin,

hgematin, and a brown substance not yet much
studied. This change takes place more rapidly in the

acid atmosphere of towns and houses, especially when
gas is burned, than in the open country ; but it does

occur even in the purest air, and in glass tubes herme-

tically sealed. The presence of a weak acid in perspi-

ration may also cause a stain on a worn garment to be

completely changed in a very short time, and the pre-

sence of a stronger acid on dirty clothes may at once
alter the haemoglobin into heematin.

On digesting a stain in which all the hsemoglobin

has changed into metheemoglobin from being kept a
long time, the methgemoglobin dissolves. When the

solution is sufficiently strong, this shows a band in

red, and two fainter bands in green. The addition of

* ammonia removes that in red, but makes those in

green much darker, and develops a special, very
narrow band in orange. Deoxidised, this gives the
spectrum of reduced hgemoglobin. Since methsemo-
globin is formed at once from hasmoglobin by the
action of a great number of different oxidising agents,
and since it can be reconverted into oxidised hasmo-
globin by slight deoxidation, Mr Sorby is inclined to
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look upon it as a peculiar oxidised modification. On
adding a little of tlie double tartrate and of the ferrous

salt to even a dilute solution from an old stain, the

methaemoarlobin is deoxidised, and the well-marked

spectrum of fresh blood can be seen. If left too long,

the spectrum of deoxidised hemoglobin is developed,

but on well stirring, that of the oxidised reappears,

and the various other spectra may be obtained as

described above. That part of the stain insoluble in

water, which is chiefly hgematin, may be dissolved in

dilute citric acid or ammonia, and when deoxidised the

spectrum seen to even greater advantage than when

fresh blood is employed, because there is no general

shading in the green due to there having been met-

hgemoglobin mixed with the hsematin. We may thus

obtain an excellent spectrum from a blood-stain nearly

fifty years old. In very old stains all the methsemo-

globin has disappeared, and sometimes even a con-

siderable part of the hsematin has been altered into

another brown colouring matter, which does not give

any well-marked spectrum.

When a blood-stain has been made sufiiciently hot

to coagulate the albumen, neither water, citric acid,

nor cold ammonia will dissolve it, but by heating in

dilute ammonia the hjematin is easily dissolved, and

may be detected either before or after concentrating

the solution by evaporation. The spectrum of deoxi-

dised hsematin can in no way be better seen than

by deoxidising a solution of fresh blood that has been

boiled with dilute ammonia, which gives rise to a very

pure hsematin.
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Examination of the stain.—In applying these prin-

ciples to the detection of suspected stains, it is desirable,

in the first place, to examine a portion of the unstained

fabric, to ascertain whether any colour is dissolved

from the fabric by dilute citric acid or dilute ammonia,

and if so, to determine whether this would in any way

interfere with the recognition of blood by the processes

described above. In the case of scarlet cloth, and of

some other red fabrics, much colour is dissolved out

by ammonia, but not by citric acid, which ought,

therefore, to be used ;
whereas, in other cases, am-

monia is the best solvent.

Unless the stain be faint, a portion should be soaked

in a few drops of water in a watch-glass, the liquid

squeezed out, allowed to stand a short time in the glass,

so as to deposit any small portion of the fabric, and

poured into one of the experiment cells. If the stain

had been recently made, and had not been changed by
any special action, a solution of haemoglobin would be

obtained, and the various spectra could be seen one

after the other, as already described. If, however, the

stain were a few days, or a few weeks old, we should

obtain a mixture of haemoglobin and methsemoglobin,

or the latter alone. The various spectra could then

be developed, and compared, side by side, with those

from fresh blood, to be sure that there is complete
correspondence in the position and relative intensity

of the bands. The residue insoluble in water should
then be dissolved in dilute citric acid or ammonia,
according to the nature of the fabric, and the spec-
trum of deoxidised h^ematin developed. If insoluble
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in cold citric acid or ammonia, hot ammonia sLould be
tried, since the stain might have been so heated as to

coagulate the albumen. If it be desirable to keep the

specimen of deoxidised hsematin for subsequent refer-

ence, the cell may be covered with a piece of thin

glass, and after removing the excess of liquid, the

edge of the cover painted round with gold size. When
properly managed, such an object will show a per-

fectly good spectrum, even after many weeks.

The most important absorption spectra in detecting

hlood stains.—If, therefore, we have a sufficient amount

of a moderately old stain, we may easily see, in suc-

cession, the seven very different spectra of the follow-

ing solutions :— (1) Neutral methaemoglobin
; (2) alka-

line methasmoglobin ; (3) deoxidised methsemoglobin ;

(4) oxidised hgemogiobin ; (6) acid hgematin
; (6) alka-

line hsematin ; (7) deoxidised hsematin. If the amount

was very small, only (4) and (7) would show distinct

bands, and the rest would be characterised rather by

their comparative absence ; and it must always be

borne in mind that (1) and (2) may be modified by the

presence of unaltered hgemoglobin, (3) by that of dis-

solved hgematin, and (5), (6), and (7) by that of unde-

composed haemoglobin or methasmoglobin.

Mr Sorby considers that these spectra afford as

satisfactory a test for blood as could be desired.

Examination of faint bloodstains.—The foregoing

directions apply to simple cases, when there is enough

material at command, and when the fabric on which

the stain is found does not contain anything which

makes the blood insoluble, or interferes with the various
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tests. If the stain be very faint, from the presence of

but little blood, or from partial removal by washing, it

might be necessary to examine the whole at once. In

this case the stained portion should be digested in a

few drops of dilute citric acid or ammonia and the

presence of hsematin determined, as already described.

If faint and spread over a considerable surface, it

might be well to digest in citric acid or ammonia
diluted with much more water than would fill the

experiment cell, and the solution afterwards concen-

trated by gentle evaporation. By this means blood

could be detected, even when considerable effort had
been made to remove it, and only a faint brown tinge

left, just visible on white linen. There would generally

be no difficulty in the case of a stain on cloth which
had been sponged, for enough blood solution would be
left in the fabric.

The effect of mordants in the detection of blood-stains.—
The presence of mordants in cloth or prints may
require a modification of these proceedings, especially

if the stains had been wetted, and to a great extent
removed, so that we have only the dried-up solution of
blood, thoroughly incorporated with the mordant. In
the case of a piece of brown cloth, portions of which
with a wetted stain were sent by Mr Sorby to a number
of the highest authorities who pronounced it impos-
sible to recognise blood on it, he found that after the
lapse of six years, the presence of blood could be
detected, by digesting a portion of the cloth in dilute
ammonia and squeezing it over and over again with a
pair of forceps, and finally with the finger and thumb.
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SO as to obtain as much of the solution as possible.

This solution was very turbid, but when deoxidised in

the usual manner, and illuminated by concentrated

light direct from the sun itself, the band of deoxidised

hsematin was quite distinct. When the cell was kept

for some time, so that the insoluble part settled to the

side, no band was visible, and therefore the haematin

was evidently combined with the mordant. He there-

fore recommends the solution in such cases to be

examined with a sufficiently strong light, and the

sediment not to be allowed time to settle. If the sun

could not be made use of, the lime or electric light

would, no doubt, be the best substitute.

Effect of vegetable soil on blood-colouring matter.—
When fresh blood solution is agitated in a test-tube

with vegetable soil, and left until quite clear, the

colouring matter is completely carried down with the

earth. Dilute ammonia, however, dissolves out hsematin,

and therefore, in testing portions of soil, they should

be digested in considerably more of that solvent than

will fill an experiment cell, and after the solution has

become quite clear it should be concentrated by eva-

poration. The spectrum of deoxidised hsematin may

then be seen by following the ordinary method. The

same process should be adopted in examining stains

on clothes impregnated with earth or earthy dust, and

marks on iron contaminated with much rust, if water

will not dissolve out the unaltered blood or methgemo-

globin.

Detection of blood-stains on leather.—The importance

of being able to detect blood-stains on leather was pro-
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minently brouglit before Mr Sorby by a case in wbicli

the trial of a suspected person depended on the nature

of certain dark marks on his gaiters. The presence of

tannic acid so completely mordants the blood, that

neither water nor citric acid will dissolve it, and

ammonia gives rise to a most inconveniently dark

solution. If the stain is on the surface, and has never

been wetted, a thin shaving should be cut off, so as

to have as much blood, and as little leather as possible,

and the blood should be dissolved off without exposing

the solution to the action of the leather itself. This

may be accomplished by taking one of the experiment

cells, nearly filled with water, bending the shaving,

and inserting it into the upper part of the water, so as

to touch the water, being careful to arrange it so that

the stain may be on the convex side of the leather,

and in contact with the water. "When a drop of blood

falls on leather, many red globules are filtered out

from the serum and left on the surface, and when thus

treated, they dissolve, and the coloured solution sinks

at once to the bottom of the cell, without coming into

contact with the leather. The various spectra may
then be observed in the usual manner. This method
would be of httle or no use if the stains had been
wetted, and for a long time Mr Sorby concluded that

after such treatment it would be impossible to recognise

blood. However, after many experiments, and after

having again and again almost given up the inquiry

in despair, he found that the difficulty could be over-

come in a very simple manner. The best solvent for

the insoluble compound of the colouring matter of the
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blood with tannic acid, is hydrochloric acid diluted

with about fifty times its bulk of water. If stronger or

weaker the result is not so good. When a portion of

unstained common brown leather is digested in this

dilute acid, the solution is scarcely tinged yellow. On
adding excess of ammonia, the colour becomes pale

purple, or neutral tint, made deeper when the double

tartrate and the ferrous salt are added, but remaining

nearly clear. This gives a spectrum very dull all over,

but without any trace of definite bands in any part.

The depth of colour varies much with different speci-

mens of leather. A portion of similar material soaked

with wetted blood gives a yellow solution, made brown-

purple and turbid by the double tartrate and ammonia,

and remains so when deoxidised. The baud of de-

oxidised hgematin can, however, be distinctly seen with

a light sufficiently strong to penetrate the turbid and

dark solution.

Before examining the suspected stain, it would be

well to make out how much of the unstained leather

could be used without giving too dark a solution,

and to use no more of the stain. If the deoxidised

solution be too turbid, the cell may be kept for a while

horizontal, until the deposit has subsided sufficiently

to allow the principal absorption-band to be seen ; but

it is not so distinct, when all has subsided, as though

the greater part of the hsematin still existed as a com-

pound insoluble in dilute ammonia.

The presence of tannic acid in wood and other sub-

stances might make it necessary to employ a similar

process, if the relative amount of blood be so small
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that none could be dissolved out by water, or dilute

citric acid.

Precautions necessary when other coloured matters

besides blood are present.—Cases might occur when it

would be necessary to decide whether blood were

present, along with some other coloured substance

soluble in water. The method to be employed would

depend much on the nature of this impurity. If it

were a colouring matter belonging to those pigments

in which the absorption is removed by sulphite of soda,

in an alkaline solution, there would be no difficulty in

seeing all the spectra. Thus, for example, it is easy

to add so much magenta to the solution of a little

blood that its absorption bands are entirely hidden

;

but a small quantity of sulphite of soda so completely

removes the colour of the magenta, that the various

spectra of the blood may be seen almost as well as if

it had been pure. If the colouring matters are those

of fruits, the presence of free acid would be almost

certain to have changed the haemoglobin into heematin.

The best plan would then be to add excess of ammonia,
and, if the solution was made too dark, to dilute it

with so much water that the strongest light at our
command would show the green part of the spectrum
sufficiently bright to prove that no absorption band
occurred there. On deoxidising in the usual manner
the solution may be made somewhat darker by the
presence of tannic acid, but the dark band of deoxidised
h^ematin could be recognised without material diffi-

culty.

Cochineal is a colouring matter that requires special
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attention. Tlie addition of ammonia to its solution

in water gives rise to two bands in the green, which

though differing materially from those of blood, are

yet so nearly in the same situation, that they com-

pletely disguise the presence of a small amount of

blood. However, on adding a small excess of boric

acid, the bands of the cochineal are made more faint,

and very considerably raised towards the blue end, so

as to leave the red end of the green clear, whilst those

of oxy-hgemoglobin are not changed, and by that means

the red end, if not both, can be seen perfectly well.

By proceeding in the usual manner there is no great

difficulty in recognising the darker band of deoxidised

heematin.

Other difficulties which may occur.—We need never

despair of detecting blood so long as any hsematin

remains undecomposed. Fortunately it resists decom-

position so well, that this would rarely happen in

ordinary circumstances ; but yet there are cases in

which it does occur, as, for example, when acted on by

strong ozone, or other powerful oxidising reagents.

It is quite possible that stained garments might have

been washed, and some of the water employed might

be obtained. If no soap had been used, this water

could be examined in a long tube of thick glass, ten

inches or more in length, and a quarter of an inch in

internal diameter, permanently closed at one end with

a circular piece of plate glass, and, when filled, covered

over at the other with another glass. A pocket spec-

troscope is the best instrument for using in this

examination, such as that made by Mr Browning. If
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only two or three days old, tlie bands of oxidised

Lsemoglobin might be seen ; but if the solution had

been kept longer, and these bands could not be detected,

it should be concentrated by evaporation at a gentle

heat, and tested for hgematin. If during evaporation

any deposit be formed, insoluble in cold dilute am-

monia, it should be'dissolved by the aid of heat. When

soap has been used to wash off a stain, the alkali of

the soap has converted the hsemoglobin into h^matin,

and the soap has made the solution inconveniently

turbid and opaque. It is best in such a case to agitate

the suspected soap and water with ether, remove it

with a pipette, after the two liquids have completely

separated, and repeat the process over and over again

with fresh ether, until the aqueous solution at the

bottom has become quite clear and free from soap. It

should then be concentrated by evaporation, and exa-

mined for hgematin, as usual. Of course, in such

cases it would be desirable to test the solution as soon

as possible, lest decomposition should occur; but by

these means a very small quantity of blood, that

would show no colour, might be recognised within a

week or two, but probably not after.*

Richardson's method of detecting blood-stains.

—

In the 'Monthly Microscopical Journal' for 1876,

vol. XV, pp. 80—82, Dr Joseph Gr. Richardson, of

Pennsylvania, describes his method of detecting blood

* In the foregoing pages I Lave given almost the exact words of Mi-

Sorby, changing the sentences slightly here and there for the sake of

brevity ;
and I have also divided the paper under separate headings, so

as to facilitate reference.
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in medico-legal cases. He says :
" The value to medi-

cal jurisprudence of spectrum analysis, as employed
for the detection of dried blood, is so fully established

by the researches of H. G. Sorby, Dr W. B. Herepath,

Professor A. S. Taylor, W. Preyer, and others, that it

seems unnecessary for me to do more than state that

the demonstration of the two dark bands in the green,

caused by scarlet cruorine (haemoglobin), such as that

contained in a recent blood stain, enables experts to

discriminate positively blood from other red colouring

matters soluble in water, whether mineral, vegetable,

or animal, except an extract of the red feathers from

the Turacus Albocristatus, a bird found in the East

Indies, and quite unknown on our continent of

America. Valuable as this test is thus seen to be,

there are, unfortunately, several circumstances which

limit its general application, as, for example, the

changes in the constitution of haemoglobin which

occur from prolonged, and frequently from compara-

tively brief, exposure to the air, the modification of

the absorption bands caused by the presence of other

substances, and last, but not least in many instances,

the difficulty of procuring sufficient material for ex-

periment. The insuperable nature of this latter

obstacle will be at once appreciated when I mention

that whilst the smallest amount which Sorby, Here-

path, and Taylor furnish directions for is a spot ' one

tenth of an inch in diameter, or a quantity of the red

colouring matter amounting to no more than one

thousandth part of a grain,' the important stain upon

an axe handle, supposed to have been used in a murder,
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I am DOW investigating, probably weiglied less than

one three thousandth of a grain when entire and un-

injured." Dr Eichardson then goes on to describe

the method he adopted which enabled him to reveal

the presence of blood in a quantity of matter " one
hundredth the amount directed by Mr Sorby."
" Procure," he says, " a glass slide with a circular

excavation in the middle, called by dealers ' a concave
centre,' and moisten it around the edges of the cavity

with a small drop of diluted glycerine. Thoroughly
clean a thin glass cover, about one-eighth of an inch
larger than the excavation, lay it on white paper, and
upon it place the tiniest visible fragment of a freshly

dried blood clot (this fragment will weigh from one
twenty-five-thousandth to one fifty-thousandth of a
grain). Then, with a cataract needle, deposit on the
centre of the cover, near your blood spot, a drop of
glycerine about the size of this period (.), and with a
dry needle gently push the blood to the brink of your
microscopic pond, so that it may be just moistened by
the fluid. Finally, invert your slide upon the thin
glass cover in such a manner that the glycerined edges
of the cavity in the former may adhere to the margins
of the latter, and, turning the slide face upwards,
transfer it to the stage of the microscope.

"By this method it is obvious we obtain an ex-
tremely minute quantity of strong solution of hsemo-
globin, whose point of greatest density (generally in
the centre of the clot) is readily found under a i-inch
objective, and tested by the adjustment of the spectro-
scopic eyepiece. After a little practice it will be

10
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found quite possible to modify the bands by tbe addi-

tion of sulphuret of sodium solution, as advised by

Preyer.

" In order to compare tlie delicacy of my plan witb

that of Mr Sorby, a spot of blood one-tenth of an inch

square may be made on a piece of white muslin, the

threads of which average one hundred to an inch.

When the stain is dry, ravel out one of the coloured

threads and cut off and test a fragment as long as the

diameter of the filament, which will, of course, be a

particle of stained fabric measuring one one-hundredth

of the minimum-sized piece directed by Mr Sorby.

When the drop of blood is old, a larger amount of

material becomes requisite, and you may be obHged to

moisten it with aqua ammoniaa, or with solution of

tartrate of ammonium and protosulphate of iron ; but

in the criminal case referred to, five months after the

murder, I am able, from a scrap of stained muslin, one-

fiftieth of an inch square, to obtain well-markecl ab-

sorption bands, easily discriminated from those pro-

duced by a solution of alkanet root with alum, and

those caused by infusion of cochineal with the same

salt.

" In cases of this kind, where the greatest possible

economy, or even parsimony, of material is needful, I

would advise the following mode of procedure for

proving and corroborating your proof of the existence

of blood, so that its presence in a stain may be aflirmed

with absolute certainty :

" From a suspected blood-spot upon metal, wood,

leather, paper, mushn, or cloth, scrape with a fine
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sharp knife two or three, or more, minute particles of

the reddish substance, causing them to fall near the

middle of a large thin glass cover. Apply in close

proximity to them a very small drop of three fourths

per cent, salt solution, bring the particles of supposed

blood clot to its edge, and proceed as I have already

directed.

"After thus examining the spectrum of the sub-

stance, you may generally, by rotating the stage, cause

the coloured fluid to partly drain away from the solid

portion, wherein, under favorable circumstances, should

the specimen be blood, the granular white blood-

globules become plainly visible, as do also cell-walls of

the red disks. Among the latter, if your mental and
physical vision is keen enough, you can, by the aid of

a -^th-immersion lens and an eyepiece micrometer,
measure d series of corpuscles accurately enough to

discriminate human blood from that of an ox, pig,

horse, or sheep.

" Lastly, to make assurance triply sure, lift up the
thin glass cover, wipe off the tiny drop of blood solu-
tion and clot you have been examining on the folded
edge of a thin piece of moistened blotting paper, let fall

upon it a httle fresh tincture of guaiacum, and then a
drop of ozonised ether, which will at once strike the deep
blue colour of the guaiacum test for blood. In this way
I have actually obtained these three kinds of evidence,
to wit, that of spectrum analysis, that of the micro-
scope, and that of chemical reaction, from one single
particle of blood, which, judged by a definite standard,
certamly weighed less than one fifteen-thousandth, and
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probably less than one twenty-five-thousandth of a

grain."

Dr Eichardson tlien goes on to criticise other

methods, but the reader will not fail to notice that he

goes wide of the mark, as he has to bring in the aid of

the microscope while professing to have found an

improvement over Mr Sorby's method of detecting

blood by means of the spectroscope. I would advise

those who are engaged in such research to follow Mr

Sorby's advice, as his methods were arrived at after

prolonged and careful study; indeed, he never lays

down rules without good reason, and he may well be

considered the greatest living authority in this special

branch of inquiry.*

* In most cases I believe the blood-stained clotb could be made to

yield beematin, eitber acid, or alkaline in a very simple way
;
tbus, by

digesting it in alcohol containing sulpburic acid, acid bsematin may be

obtained, or in alcobol containing ammonia, tbat variety of alkaline

bsematin before described would be obtained. By adding sulphide of

ammonium to the latter fluid the bands of reduced bsematin would

appear, although there might be but the slightest trace of bsematin in

solution.
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CHAPTER VIL

ABSORPTION SPECTEA OP BILE, UEINE, ETC.

Brief sketch of the chemistry of the bile Before

describing the spectra yielded by human bile when
treated with reagents, or those of the bile of other

animals, a few words on the chemistry of this fluid may
not be uninteresting

; moreover, a knowledge of its

chemistry is absolutely necessary before commencing
the study of its spectra.

The bile of man, of carnivorous and omnivorous
animals, is " a bright golden red ;" of graminivo-

rous animals " a golden green, or a bright green,

or dirty green," but its colour in various animals
will be referred to again. The reaction is alkaline.

According to Frerichs the following is the average
composition of human bile in 1000 parts :

Water

Bile salts

Fats, &c. .

Cholesterin

Mucus and pigment

Inorganic salts .

91-4"

9-2

2-6

29-8

7-8

859-2

140-8

1000-
Of these constituents, we are here concerned only

with the pigments and the bile salts.
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The colour of human bile is said to be due to

Biliruhin* a pigment which is also found in gall-

stones, in jaundiced urine, and which can be pre-

pared by the following method :
—" Extract some

powdered ox gall-stone successively with water,

alcohol, dilute hydrochloric acid, boiling alcohol, and

ether; then boil the dry powder with chloroform, and

exharust with this agent. Distil the chloroform

from the red solutions, but not quite to dryness.

To the residue add several volumes of absolute alcohol,

and let stand twenty-four hours. There will be depo-

sited a brilliant red powder mixed with steel-blue or

brown crystals. Both the powder and the crystals are

pure bilirubin, and can be separated by levigation with

much absolute alcohol."t Human gall-stones, by this

treatment, will, after the extraction of the bihfuscin,

also yield bilirubin, but in very small quantity.

By exposing an alkaline solution of bilirubin to the

air it turns green, and is converted into JBiliverdin,

the green pigment found in herbivorous bile (?).

Bilifuscin, another colouring matter, can be ob-

tained from brown human gall-stones, by powdering the

stone and extracting with ether, which removes the

cholesterin. The powder is then treated with water

and a little hydrochloric acid, and washed to neutrality.

It is again extracted with boiling ether to remove fatty

acids, and the powder boiled vdth absolute alcohol.

Bilifuscin, will form a brown solution, and remains after

evaporation of the alcohol as a black, shining, brittle

mass, or as a dark brown powder. J

* Thudicnum, ' Cliemical Physiology,' 1872. t Ibid. J Ibid.
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The salts consist of sodium glycocholate and tauro-

cholate. In ox-gall sodium glycocliolate is abundant,

and taurocliolate scanty, wliile human bile contains

chiefly sodium taurocholate, with a small quantity of

the other salt. The bile of the cat, dog, bear, and

other carnivora, contains only sodium taurocholate.*

This brief statement will recall to the reader's mind

all that will be necessary to enable him to understand

what follows.

Of the spectrum of bile itself.—Human, or dog, or

cat bile gives no spectrum whatever! when it is fresh,

but when it begins to decompose, or when extracted

with alcohol it gives a spectrum, which will be described

again. The bile of the lower animals—with a

few exceptions besides those mentioned above—gives

a spectrum which in some cases is a rather complicated

one, and in most is more or less independent of the

colour of this fluid. Although none of the bile-pigments

mentioned above give any spectrum, there are other

colouring-matters got from bile by treatment with

stronger reagents than those required in the separation

of bilirubin, biliverdin and bilifuscin, which, as the

study of their spectra throws considerable light on what
is to follow, will now be described. The pure chemical

substances obtained by different observers from the

oxidation of the bile-pigments must be mentioned first,

* We also find in the bile of the pig two peculiar acids united with
sodium, viz. taurohyocholic and glycohyocholic. Again, goose-bile con-
tains taurochenocholic a,cid.

t Although no spectrum is seen when the bile itself is examined, yet
by careful dilution we can generally bring out a shading at P.

X Nor do Bilifuscin, Bilu-ubin, or Biliverdin.

LEEDS JcWEST-RIDINC
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and afterwards an account of the spectra which can be
obtained by acting on bile itself with reagents, and of

various kinds of bile, will follow.

Bilicyanin—Malj, Heynsius, and Campbell have

shown that bilirubin and other pigments treated with

oxidizing agents yield a blue pigment, which, on account

of its colour, has been named bilicyanin. This pigment

is produced by mild oxidation, while by stronger

oxidation choletelin is produced.

Bilicyanin was obtained by adding an alcoholic

solution of bromine to bilirubin suspended in chloro-

form. As soon as the liquid assumes a blue colour it

is left to evaporate, when there remains a substance

which appears dark green when spread in a thin layer

on porcelain, and which when dissolved in alcohol

exhibits a fine blue colour. It is partially soluble in

ether, and more so in a mixture of ether and alcohol.

The alcoholic solution, on gentle heating with nitric

acid, changes from blue to violet, then to purple red,

and lastly to light brown ; caustic potash causes it to

assume a dingy sap-green colour, which turns to blue

on the addition of hydrochloric acid ; ammonia changes

the blue solution to indigo-blue, which becomes a

bright blue on adding hydrochloric acid. Sulphuretted

hydrogen forms with bihcyanin in solution at first a

bright green solution, and then flocks of bihverdin

are precipitated, after the separation of which the

liquid becomes colourless.

As two or three different kinds of spectra are yielded

by bilicyanin characterised by the appearance of bands

* Or choloptaeine.
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in the yellow and green, it cannot be considered a

perfectly definite product. It is not found ^n bile-

pigment without exposure to the air, or until the

pigment has been oxidized in some other manner, but

it exists in gall-stones and probably in urine, since

hydrochloric acid acts upon it in the same manner as

it acts upon indican, for which substance it has pro-

bably been mistaken in the urine.

Choletelin.—By passing nitrous vapours into alcohol

in which bilirubin is suspended, this end-product of the

oxidation process is obtained : by pouring the alcoholic

solution in water after being thus treated, nearly all

the colouring matter separates in the form of flakes,

which dry up to a brown powder. This is soluble in

alcohol, ether, and chloroform. It does not give any

play of colour with nitric acid, but it has a more con-

stant spectrum than that of bilicyanin
; thus, when in

acid solution it gives one broad band extending from

(5 to a little beyond F; in an alkaline solution the

band is less refrangible. It resembles thus both in its

spectrum, and in the changes by acids and alkalies

which are caused by the latter in the spectrum, some-
what the urobilin of Jaffe, which will be referred to

further on.

Another blue colouring matter, which is probably a
constituent of the bile itself, is described by E. Ritter.*

It is not, like the last, produced by oxidation. It is

found in the bile of man, the ox, sheep, pig, dog, and
cat. He prepared it by shaking bile with chloro-
form until a yellow solution formed, and this was

* ' N. Rep. Pharm.,' xx, 569.
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treated witli sodium carbonate until colourless. It

was th^ neutralised with liydrocUoric acid, wlien two

strata formed, one containing the yellow chloroform

solution, the other the blue colouring matter in a state

of suspension. The latter is insoluble in acids and

chloroform, soluble in alkalis, forming a colourless or

yellow solution, which, when exposed to the air, forms

a brown precipitate, which after some time again

becomes blue. In this respect it differs from reduced

indigo, which turns blue when dissolved in alkalis and

when exposed to the air.

Some bile-pigments described by Thudichum which

give a spectrum.—In addition to choletelin and bih-

cyanin Dr Thudichum describes, in the report quoted

before, some other colouring matters produced by

the action of various acids on bile which gave

well-marked spectra : among these may be men-

tioned, first, one which was obtained by the action of

concentrated nitric acid on an ammoniacal solution of

bilirubin, when a blue precipitate was formed, which,

after being quickly isolated by filtration and washing

with water, was dissolved in alcohol. It showed an

absorption band in yellow, and was called by the

discoverer cholocyanine. Its spectrum is represented

in Chart III, Sp. 18. By the action of fuming sul-

phuric acid on bilirubin he also obtained a sulphate

of cholocyanine having much the same spectrum.

Two other bodies, sulpho-cholocyanine and cholo-

thalUne, were obtained by the action of sulphuric acid

on bilirubin, but their consideration is of such little

importance that they need not be further mentioned

;
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their description will be found in p. 252 of Tliudiclium's

Report. Oholonematine, another substance, was ob-

tained by the same observer from the alcoholic extract

of the colouring matter of human gall-stones, which, on

account of its remarkable spectrum, is figured in

Chart III, Sp. 19.* This is the spectrum of an ethereal

solution, which appeared green in reflected light, and

" brown in transparent dilute solution," Boviprasine,

a green colouring matter, giving the spectrum shown in

Chart III, Sp. 20, was obtained from the alcoholic

extract of the gall-stones of the ox ; the spectrum

was that of an ethereal solution of the resinous residue

left after evaporation of the alcoholic solution.

Hyocceruline is a blue matter obtained by the same

observer from the gall-stones of a pig, the spectrum

of which, dissolved in alcohol, is shown in Chart III,

Sp. 21. Another colouring matter from the same

source is called hyoflavine, which, when dissolved in

alcohol and potash, boiled, and nitric acid added, gave

a blue solution, showing two bands and a third broad

and dark band. This spectrum is shown in Chart

III, Sp.- 22. My object in figuring these spectra is

for the sake of comparison, e.g. compare the last

spectrum with Chart- II, Sp. 6, which latter was got

by acting on human-bile solution with nitric acid, or
with pig-bile solution acted on by the same acid, when
almost the same spectrum is obtained. There are

various other bile spectra described and figured by
Thudichum, but they are not of sufficient medical
interest to call for their being mentioned here.

* Copied from Plate lY of ' Report.'
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Spectra obtained from the bile of some of the lower
animals.—I have been engaged for a considerable

time in investigating the spectrum of the bile in

various animals, and as this has not been done by-

others, except Dr Dalton, of New York, at least, so

far as I have been able to ascertain, I shall now give

the results at which I have arrived. The animals

whose bile has been examined are :

1. Man.

2. Pig.

3. Dog.

4. Cat.

6. Guinea-pig.

6. Rabbit.

7. Mouse.

8. Sheep.

9. Hedgehog.

10. Ox.

11. Crow.

12. Blackbird.

13. Chicken.

14. Goose.

15. Wild duck.

16. Duck.

17. Frog.

Among these animals the bile of the following gave

a characteristic spectrum :

Guinea-pig. Mouse. Ox.

Eabbit. Sheep. Crow.

It is a curious fact that the darkest green or

golden-red bile gave the least characteristic spectrum.

The carnivorous and omnivorous bile gave a negative

result with slight exceptions ; that of the herbivora

and graminivora gave a characteristic one, while the

insectivorous specimen was negative among the mam-

mals ; and the bile of the frog, which was the only

reptilian one examined, showed a resemblance to the

mammalian insectivorous specimen. Among the birds

the opposite fact was noticed. While those birds,

such as the blackbird, chicken, goose, wild duck, and
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duck, gave nothing very remarkable, yet the bile of

the crow, which may well be considered an omni-

vorous bird, gave a most characteristic spectrum.

There is one feature in common, viz. that by care-

ful dilution a band can, in almost every specimen of

bile, be made to appear at F, which is intensified by

acids, and made almost, or altogether, to disappear by

alkaHes, besides the play of colours with nitric acid

which all specimens of bile give.

Human bile, as was referred to before, gives no

spectrum,* except that by very careful dilution we can

generally bring out a shading at F, which shading is

intensified by hydrochloric acid and diminished by

caustic alkalies.

Pig-bile, when fresh, is said to give no spectrum

;

four hours after it had been removed from the gall-

bladder the fluid itself appeared brownish red in deep,

and yellow in thin, layers, and gave a feeble absorption

band, which is shown in Chart II, Sp. 6.

Dog-bile, obtained fresh from the gall-bladder, was

a golden-brown colour, and gave the feeblest possible

shadow between D and E, but no well-marked band.

On examining this bile in thinner and thinner layers

it gave no other bands.

Cat-bile, obtained perfectly fresh, was of a golden

-

yellow colour with a greenish tinge ; in deep layers

(5 mm.) no bands were visible, but in a thin layer a

band was seen, which read on my scale from 46 to 56,

so that it was placed at F, which it covered. The

* When old, or when extracted by alcohol, it gives at band at d.

Vide antea, p. 151,
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band of Urobilin, Chart II, Sp. 16, will represent its

position. This band was intensified by treating solu-

tions of the bile with hydrochloric acid, and dimi-

nished by caustic potash, &c.

Bile of the guinea-pig, obtained fresh ; its colour

was golden yellow, and it was free from blood. It

gave the spectrum shown in Chart II, Sp. 10, By
dilution, or by thinning the layer, a feeble shadow

could be seen at F.

Bile of the rabbit.—Freshly examined its colour was

sap-green in thin layers. It showed at a suitable

depth three bands, which are seen in Chart II, Sp. 11.

Bile of the mouse.—Fresh ; yellow in colour. It

gave, when examined in a thin layer or in solution, a

splendidly marked band at F, which was made still

darker by adding mineral acids, and diminished by

caustic alkalis, so that it would appear the colouring

matter of the bile of the mouse is identical with the

bile-pigment called urobilin,* constantly present in

human urine.

Bile of the sheep and ox.—When obtained fresh it is

green, but soon changes to reddish brown, and pre-

sents exactly the same spectrum when obtained from

the ox that it does when it is got from the sheep.

This spectrum is a very fine one, and presents in a

deep layer three bands, in a thinner one four bands,

and in a still thinner a fifth band at F is visible.

Chart II, Sp. 7, shows the spectrum of the four bands

;

the fifth may be represented by that seen in Sp. 8,

which is the spectrum of this fluid treated by nitric

* See the account of its spectrum, infra.
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acid. Sp. 9 is that of a solution treated with hydro-

chloric acid, the precipitate of cholic acid, &c., being

in both cases redissolved in boiling alcohol.

Bile of the hedgehog^.—This, bile, obtained fresh from

the gall-bladder, was a fine blue-green colour. It

gave no absorption band, but a feeble shading was

noticed at F.

Bile of the crow.—Of a yellowish-green colour ; it

gave a very remarkable spectrum, which is shown in

Chart II, Sp. 13. The band in the extreme red is best

seen by lamp-light.

Bile of the blackbird.—Of a yellowish colour ; gave

only a shadow at F.

Bile of the chiclcen.—The colour was dark sap-green ;

at first no band was visible, but after having been

exposed to the air for a few minutes the usual band at

F appeared.

Bile of the goose.—Colour dirty green ; there was no

band except a shadow at F.

Bile of the wild duch.—Sap-green in colour ; this bile

gave only the band at F.

Bile of the domestic ducJe.—It was of a dark sap-

green colour; but gave no characteristic spectrum

except a band at F.

Bile of the frog.—From the colour of the bile of this

animal, which was a fine bright green, one would be
led to expect a characteristic spectrum, but, with the

exception of the shading in the red and violet ends of

the spectrum, and an uncertain shading at F, there

was nothing remarkable.

Remarks on the above s;pectra.—The absorption band
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at F thus appears to be the link which binds all these

specimens of bile together, and which is seen with the

same distinctness in the bile of the mouse as it appears

in febrile human urine. Thus, the examination of the

bile of an insignificant little mammal has thrown light

upon an obscure fact in physiological chemistry, a

statement with which the reader will agree when he

has read what follows.

The spectrum of Gmelin's reaction—When to a solu-

tion of bile in a test tube we add strong nitric acid the

solution at once undergoes a change of colour, becoming

green, blue, violet, red, and lastly yellow or brownish-

yellow, and if the experiment has been performed by

pouring the nitric acid into a test tube before the sht of

the chemical spectroscope we notice a broad shading

(probably composed of two distinct bands) in orange

and yellow, and a black band extending from near h

to beyond F; this is shown in Chart II, Sp. 5. In a

very short time the shading in orange begins to fade,

and at the time the oxidation-process is completed and

the colour of the solution has become yellow, nothing

but the band at F is left.

Or the experiment may b.e varied in this way :—

A

little of the bile itself may be put into a glass cell,

nitric acid added, and boiling alcohol then poured

into the cell, which has the effect, not only of dis-

solving the precipitate, but of arresting the oxidation

process for a short time, and thus enables any

particular colour to be observed. On examining such

a solution we get, if we have acted on human bile, the

spectrum shown in Chart II, Sp. 5, and we may by
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adding more and more alcohol cause the disappear-

ance of the band in orange until, as before mentioned,

that at F onlj is left.

Ox bile treated in the same manner gives the spec-

trum shown in the same chart, Sp. 8, or treated with

hydrochloric acid, Sp. 9.*

This spectrum teaches that many colouring matters

derived from bile were actually formed by reagents

upon that fluid, and to me it appears that bilirubin,

and perhaps bilifuscin, in carnivora, biliverdin (when

it will have been properly obtained) in herbivora, &c.,

and the so-called urobilin, are the only bile-pigments

which are normally present. The reaction of nitric

acid upon bile-pigment has been studied by Jaffe,t

who states thit the different colours produced corre-

spond fo characteristic alterations of the spectrum ; in

fact, his description:!: corresponds with what has been
already said. He, however, succeeded in isolating- the

pigment present in the blue-violet solution, by treating

an alcoholic solution of biliverdin or an ammoniacal
solution of bilirubin mixed with alcohol with a mix-
ture of ordinary concentrated nitric acid, until a sample
showed the bands on each side D, the solution being
then mixed with chloroform and shaken with water.
The water was then removed, the chloroform layer
containing the blue pigment was filtered from the

* If pig-bile is treated in tliis way, we get a band on eacli side D
separated by an interval of yellow colour, which may be compared with
Thudichum's oxidation product from hyoflavine. Chart III Sd 2"
t ' Zeitsch. f. Chem,' v, 666.

'
^'

X When I first described this spectrum in 1877, I was quite ignorant
ot Jaiie s researches on ' Gmclin's Reaction.'

. SOCIETY
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biliverdin and evaporated to dryness, and the residue

purified by repeated solution in chloroform. The

pigment thus obtained is of a deep violet colour,

insoluble in water, soluble in alcohol, ether, and

chloroform, forming solutions of a violet colour.

Alkalis dissolve it, the solutions being brown-violet

;

acids also form solutions with it of a blue colour.

The neutral and alkaline solutions exhibit no absorp-

tion bands, but a small trace of an acid causes the

appearance of the original spectrum.

Urobilin.—Jaffe also isolated the pigment which

gives the band at F, having obtained it by the same

process as in the last case. The substance which was

got was brown red, soluble in alcohol, ether, and

chloroform, the solution being a fiite red colour,

unaltered by acids or alkalis ; but the acid Solution

onhj exhibited the original absorption band.

By the action of hydrochloric acid on the bile of

the dog, the same observer obtained a red solution

which gave exactly the same band. This red solution

becomes yellow on adding alkalies to it, and then gives

another band between C and F, but nearer to C.*^

Chloroform extracts the colour from the solution, and

on evaporating the chloroform a red residue is left,

soluble in water, in alcohol, and in chloroform. It

can be precipitated from the aqueous solution by lead

acetate or calcium chloride.

The great pathological importance of this discovery

of Jaffe's cannot be over-estimated, for the pigment

which he succeeded in isolating from the bile of the

* Watts' ' Diet.,' 1st Supp. Is not C a misprint for E ?
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dog, is identical with the urobilin which I have found

in every specimen of human urine. A substance giving

the same spectrum may be obtained from human bile

by the simple addition of hydrochloric acid to a solu-

tion of the former.

Detection of bile-pigment in urine by Gmelin's

test and its spectrum.—By means of the spectrum

described above we can be certain that the colour

reaction developed on the addition of nitric acid is

due to bile-pigment ; the appearance of a shadow on

each side D, which soon disappears, being absolute

proof that bile-pigment is present. This shows

the importance of using the spectroscope in clinical

work, since the colour reaction alone is attended with

difficulties, which are considerably diminished by

using this instrument.

Reducible product of the oxidation of bile-pigment.

—According to Stokvis,* " this substance is formed as

a secondary product in most cases of the oxidation of

biliary colouring matter whereby Gmelin's reaction is

produced. It is colourless, or of a light yellow tint,

and is soluble in water, alcohol, and dilute acids. It

becomes of a beautiful rose-red colour when boiled

with reducing agents in alkahne solutions. The red

solution gives in the spectrum a broad band in green.

In thick strata or concentrated solutions the band
begins close to D and extends to b. In dilute solu-

tions (thin strata) it occupies only two thirds of the

distance between D and E, ending short of E. Shak-

ing with air causes both the rose colour and the band

* " N. Rep. Pharm.," xxi, 123, Watts' ' Diet.,' 2nd Supp., 1875.
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to disappear. This by-product differs from the bile-

colouring matter and other oxidation products of the

same, in being insoluble in chloroform and ether, and

in not forming insoluble compounds with neutral or

basic lead acetate. It is precipitated, however, by

ammonia and basic lead acetate.

" This substance exists as such in the gall-stones of

man and of the ox, and it can be obtained from them

by boiling with distilled water and extracting with

dilute acids. It does not exist in fresh bile. It occurs

in the urine of animals which has been standing for

some days previously, in jaundiced urine, and in the

urine of febrile diseases, e.g. smallpox, typhus, &c. It

is not found in healthy urine. It seems to be present

in the alimentary canal, although in direct experiments

with different kinds of food little or none could be

found. In alkaline solutions it soon loses its charac-

teristic properties. Its occurrence in any liquid of

neutral or acid reaction affords an indication of the

previous existence of bile-pigments therein. In apply-

ing the test, the liquid is to be precipitated with lead

acetate, excess of lead removed by oxalic acid, and the

filtrate concentrated and boiled with alkalies and a

reducing agent. If no reduction takes place, and if

the other tests for bihary colouring matter have given

a negative result, their absence may be safely in-

ferred."

This is probably the colouring matter which I have

found several times in various morbid urines on adding

to them strong nitric acid, and accordingly its descrip-

tion has been fully given ; this fact will be referred



pbttenkofbb's test. 165

to wlien the spectra of these specimens of urine are

described.

The spectrum of Pettenkofer's test for bile acids.

—

T have in a former paper* described Pettenkofer's test

as consisting of two bands, but I now find that the

band at F must have been due to the action of sul-

phuric acid on the bile-pigment. In Chart II, Sp. 14,

is a representation of the spectrum, which was obtained

as follows :—Human bile was treated with absolute

alcohol and filtered ; the filtrate was thoroughly de-

colorised with animal charcoal, and Pettenkofer's test

was applied with every possible precaution to a small

portion of the alcoholic solution ; it gave two bands

nearly in the same position as those represented in

Sp. 14, which is the spectrum of the aqueous solution

of the bile salts obtained by evaporating off the alcohol

and dissolving, the residue in water. I then examined
the spectrum of Pettenkofer's test as apphed to the

bile salts of the pig, the solution being prepared as

before, and the result was the spectrum shown in

Chart II, Sp. 15. The band near D in Sp. 14 is

hardly, if at all, visible in the chemical spectroscope,

and is probably of little consequence. This spectrum
enables us to distinguish the purple reaction given by
the action of sulphuric acid and sugar on bile salts

from the reaction developed by the same reagents with
many other bodies, but I fear its use in examining for

* 'Dub. Journal,' 1877. According to Heynsius and Campbell, the
colour developed by the action of sulphuric acid and sugar with sodium
taui-ocholate gives a spectrum of three bands, one between C and D
the next between D and E, and the thii-d between h and F Pflurrer'a
'Archiv.f. Physiol.,' iv, 497.

"
"^""Sei 3
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them in urine is exceedingly limited for obvious reasons.

Thudiclium's map of Pettenkofer's reaction is shown
in Chart III, Sp. 16.

According to Thudichum the salts are absent from

bile in certain " diseased conditions " of this fluid,

and in fatal cases of cholera.*

Urobilin in human urine.—In the concluding part

of this chapter the importance of a knowledge of the

researches of Jaffe on bile-pigments will be shown, in

enabling us to understand the nature of the colouring

matter present in urine in health ; and the discovery

of the other oxidation product of bile-pigment by

Stokvis is important, since it throws light upon a

spectrum which is seen in urine in certain pathological

conditions wheil this fluid is treated with nitric acid.

The accusation of being a " test-tube chemist " may

be brought against any one who accepts JafEe's views,

but the test-tube has done a great deal for medi-

cine, and in this instance, assisted by the spectro-

scope, it has enabled us to understand a subject which

will be of the greatest benefit to clinical medicine, and

which, when it has been sufficiently worked out, will be

of immense value both in diagnosis and in treatment.

It would be beyond the .scope of this little volume

were I to give an account of all the pigments which

have been separated from urine ; it will suffice to say

that there is only one pigment which gives a well-

marked absorption band, and there are two proposi-

tions which may be laid down with regard to this

pigment

:

* ' Cliemical PLysiology,' 1872, p. 74,
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I. That normal human urine always contains a iiig-

ment, the spectrum of which in acid solution is charac-

terised by an absorption band at Fraunhofer's line F.

II. This absorption band behaves on treatment ivith

reagents in the same manner as that of the substance

obtained by the action of hydrochloric acid on bile by

Jaffe, and like that obtained by Maly from bilirubin,

which he called hydrobiliruUn, so that we may conclude

that the substance in solution which gives the Band at F
is urobilin.

I do not maintain that urine owes all its colour to

urobilin, as there are no doubt other pigments present

as occasional ingredients, but there is no doubt what-

ever that urobilin is constantly present in every speci-

men of human urine in health, that when this fluid is

high coloured the absorption band at F is dark, that

when it is not high coloured then the band is feeble,

and it may not be visible in very alkaline urine. That

it is present in the last case can be demonstrated,

however, by the addition of nitric, or of hydrochloric,

or even acetic acid, when it appears at once. What-

ever the pathological significance of the other pig-

ments that have been described may be, urobilin is

the pigment which ought to have the greatest atten-

tion paid to it by clinical observers, for although con-

stantly present in healthy human urine it is sometimes

absent in disease. I am not at present in a position

to say in what diseases it is absent, but that it is so is

a fact beyond dispute.

The spectrum of normal human urine of acid

reaction is shown in Chart II, Sp. 16.
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This band is especially well marked in some febrile

urines, but it is not quite correct to say that caustic

potash and caustic soda cause it to be replaced by

another one, for although this does sometimes happen

in the urine of disease, it is not the case in healthy

urine. The fact—that acids intensify the band and

that alkalis, more especially caustic potash and

ammonia, cause it to disappear, constitutes the test

which distinguishes urobilin from other pigments

which give an absorption band in the same part of

the spectrum.

Urobilin in pink urates.—A hot alcoholic solution

of pink urates gave the band of urobilin with -remark-

able distinctness, intensified by acids, and disappearing

on the addition of alkalies.

Another bile-pigment in the urine of disease.—Be-

sides urobilin, the spectroscope teaches that another

bile-pigment appears in certain morbid conditions in the

urine upon the addition of nitric acid ; it is indicated

by an absorption-band which occurs on the red side of

the band of urobilin ; it is probably that discovered by

Stokvis, which was mentioned in page 163. It was

found to occur in the following specimens of urine :*

(1) Urine of rheumatic fever ;
patient being treated

by salicylate of soda (10 grains ter die). The colour of

the fluid was a light yellow ; reaction acid ; perchloride

of iron in solution developed the usual salicylate

reaction ; no albumen. On examining the urine itself

a band in the position of that of urobihn appeared ;

* In none of tlie specimens could the colour-reaction known as

Gmelin's test be developed.
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on adding; nitric acid the colour of the fluid became

slightly pink or lavender-pink, and it now gave another

band, extending from about half way between D and

B to near B ; the urobilin band was still visible

(Chart II, Sp. 17). The urine from the same patient,

and taking the same drug, failed to give this reaction

three days after the last examination. The salicylic

acid had nothing to do with the appearance of this

absorption band, as another specimen of urine from a

case of phthisis treated with the salicylate failed to

give the band ; nor is it constantly present in rheu-

matic fever urine, as several specimens from other

cases were examined with a negative result.

(2) The urine of a case of pregnancy (6th month)

when treated with nitric acid developed a band nearly

in the same position, in addition to that of urobilin,

but it is not constantly present in the urine of pregnant

women.

(3) The urine of a case of thoracic aneurism ac-

companied by albuminuria ; dark orange yellow in

colour. It gave the spectrum of urobilin, but when
treated with nitric acid a dark absorption band

made its appearance, in a different position from that

of the first specimens. This will be observed if

Sp. 18, that of this specimen, is compared with Sp. 17

(Chart II). Hydrochloric acid only intensified the

urobilin band, but caustic potash when added to the

original urine at first caused the disappearance of the

urobiHn band, which was soon replaced by another

nearer the red (see Chart II, Sp. 19). Another speci-

men of urine obtained some days after this examination
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from the same patient behaved in an exactly similar

manner.

(4) The urine of a case of cirrhosis of the liver, of

a dark straw colour, gave a spectrum almost identical

with that shown in Sp. 17.

(5) From a case of cancer of the pylorus, the urine,

which was a straw colour, gave a spectrum closely

resembling the last in the presence of two bands, but

that near the red was a little nearer h than in the last

case.

Out of some hundreds of specimens of urine, from

patients suffering from trifling ailments, which I have

examined with the spectroscope I have never got a

second absorption band. That which was seen was

always due to the presence of urobihn only. Pro-

bably the appearance of this second band indicates

grave disturbance in the system, as it appears only

in those cases where there is undoubted disease of a

severe character, with the exception of preg-

nancy.*

Connection between the colouring matters of blood,

bile, and urine.—Though such a connection is denied

by some chemists, who assert that it is impossible

that bile-pigment can be derived from hsemoglobin,

there is undoubtedly a time approaching when con-

vincing proof of this fact will be forthcoming, and

also of the no less important one that the colouring

matter of urine is derived from bile-pigment ; mean-

* The presence of urobilin is sometimes difficult of detection ; but

by examining the urine in a deep layer, or by adopting other precau-

tions which for that particular case will suggest themselves, its baud

can always be seen.
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time we may believe that what have been sujDposed to

be the true colouring matters of bile and of urine are

not such, but probably a mixture of several sub-

stances, owing to imperfect methods of separation.

The spectroscope has suggested the connection, and

when our knowledge of chemistry will be precise

enough to allow of our being able to follow up the

hints it has given, controversy will be no longer

possible.

Bihrubin is now generally supposed to be formed

from hsemoglobin, though actual proof has not yet

been forthcoming. There is no doubt that hsemo-

globin in its passage through the liver is actually

converted into bilirubin, and there is, according to

some, an identity between hgematoidin and biliru-

bin (though this is denied by others). It has been

affirmed by some that bile-pigments have appeared

in the urine after the injection of haemoglobin solu-

tion into the veins, or of any substance which is

capable of dissolving the blood-corpuscles and setting

free hsemoglobin, such as water, bile acids, or ether;

but whether this has been proved or not, there is no
doubt that urobilin can be formed from bilirubin.

E. Maly * has found that by dissolving bihrubin in

dilute soda- or potash-ley, and adding sodium amalgam,
the air being excluded, no hydrogen was given off,

'

but the dark colour gradually lightened, and after

two or three days' action the solution acquired a yellow
or bright brown-yellow colour, and then gave off

hydrogen. From this liquid hydrochloric acid sepa-

* 'Ann. Oh. Pliarm.,' clxi, 368; clxui, 77.
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rated a pigment, which appeared to be a weak acid,

yielding with alkalis brown-yellow soluble salts,

and with heavy metals insoluble compounds, which

separated in red flakes. It was soluble in alcohol,

slightly in water, readily in ammonia and fixed alkalies,

in ether, liquid hydrocarbons, glacial acetic acid, and

chloroform. Its spectrum is the same as that of

urobilin, the band being intensified by acids and

decreased by alkalis ; this has been called hydrobili-

rubin, but it difi'ers in no respect from urobilin. It

is also found in fgeces. Biliverdin can also be made to

yield it in the same way. (See Thudichum's ' Annals

of Chemical Medicine.')

The detection of blood, bile-pigment, and bile-acids

in urine by means of the spectroscope has been

already referred to. Sugar and albumen cannot be

detected by this instrument, but we have already suffi-

ciently delicate tests by means of which the smallest

quantity of either can be detected with certainty.

Urocyanine and nrorubine.—The urine from cholera

patients in the early stage of reaction when cautiously

boiled with nitric .acid often gives a blue colour and

sometimes a blue deposit. This deposit is soluble in

alcohol, forming a dichroic purple-blue solution, giving

a broad absorption band in yellow (" and green ?"),

• Chart III, Sp. 23 (Thudichum).*

Lutein.—" Luteine " is the name given by Dr

* The absorption band described by Dr Moss in the ' Medico-Ohi-

rurgical Transactions,' 1875, which he found in the urine of a case

of cirrhosis of the liver is nothing but the band of urobilin. This

spectrum is refen-ed to in Beale's ' Microscope in Medicine,' last edition,

p. 501, but the author of that book did not notice the eiTor.
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Tbudiclium* to a substance wkich he first discovered

in the juice of the corpora lutea of mammals. To

prepare it he dissected out the corpora lutea from the

ovaries (of cows), pounded, warmed them, and pressed

out the juice. The alcoholic solution of this dried

residue gave the spectrum shown in Chart III, Sp. 10.

This solution was examined by means of lime light.

The etherial and chloroformic difier slightly in the

position of the bands in their spectra from the alco-

holic solutions.

By boiling the yelks of eggs in 85 per cent, alcohol,

filtering, and allowing to stand till clear, we get a

solution giving nearly the same spectrum (this is ovo-

luteine).

Butyro-lutein is got by digesting butter in chloro-

form and filtering, when we also get three bands

nearly in the same place.

Cysto-lutein.—The same substance was discovered

by Thudichum in ovarian cysts by means of the

spectroscope, which showed bands in the blue, nearly

in the same position as the bands of ovario-lutein

got from cows' ovaries. (See p. 130.)

Intestino-lutein was got from the iseoes of sucking

infants by mixing the fgeces with alcohol, and filterino-

from the flakes of caseine. It gave a band between
6 and G and covering F. (Chart III, Sp. 13.)

Sero-lutein in blood-serum and in pathologicsl

fluids.—By allowing blood to stand, decanting o&

* See Appendix and 'Chemical PLysiology.' Piccoli and Lieben
first described the yellow substance giving this spectrum accordine to
"Watts, 2nd Supp.

^
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the serum, allowing this to deposit, pouring off the

supernatant liquid, and filtering repeatedly until clear,

we get a fluid which gives one band at F and a very-

faint one between ¥ and G. The importance of this

to pathology is shown by the fact that I have found

this absorption band at F in fluid removed from the

pleural cavity by aspiration, and also in peritoneal

fluid from a case of ascites due to chronic peritonitis.

The spectrum of sero-lutein from dog's blood is

shown in Chart II, Sp. 24, and in Chart III, Sp. 12,

and the same band from the ascitic fluid in Chart II,

Sp. 23. Perhaps the question may be asked. Was not

the band due to urobilin ? If it had been it would

have been intensified by acids and removed by alka-

lies, but the latter seemed rather to darken it, as did

also the addition of ammonium sulphide. The same

band was also noticed in sero-purulent fluid removed

from an abscess.

Spectra yielded by faeces.—Yaulair and Masius

obtained urobilin from faeces, and I have myself

noticed the. band of this substance in meconium.

The analysis of Zweifel* would lead us to expect its

presence in the latter. It is probably formed in the

intestine from bilirubin by the same process as it was

prepared by Maly, inasmuch as abundance of hy-

drogen is present in the intestine, and immediately

exerts a hydrogenising action. By boiling feeces with

sulphuric acid Thudichum obtained a substance, the

spectrum of which is represented in Chart III, Sp. 14.

This may be compared with Sp. 15, from treating a

* ' Arcliiv. fill- Gynacologie.,' Band vii, p. 474.
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cholera stool in tlie same manner, and is very like

sulphate of cruentin, shown in Chart I, Sp. 16.

Other physiological and pathological spectra.—The

absorption spectra which have been described are

those which will be found most useful to workers with

the spectroscope; there are three more which will

require to be merely mentioned.

Murexide, the purple colour produced from uric

acid by the action of nitric acid and ammonia, gives

a broad absorption band extending from D to F.

(Thudichum.)

Fluopittine, a body obtained by Thudichum by the

decomposition of albumen, gives the complicated

spectrum shown in Chart III, Sp. 17.

Liquor amnii gives a faint shadow at F, probably

due to lutein.

There is no doubt that when the spectroscope

comes to be used more extensively than it has been
hitherto, a great number of pathological absorption

spectra will be discovered ; and it remains for those

who have abundant clinical opportunities to do their

share. By adding another exact physical method to

their means of diagnosis, they will help to make
medicine approach more nearly to the position which
we all hope it will some day occupy—that of an exact
science.
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APPENDIX I.

WAVE-LENGTHS.

Mr Sorbt has, after having introduced a mettiod of

printing spectra in formulge, come to the conclusion

that all results should be expressed in wave-lengths

;

and he does this with his own naicrospectroscope by-

means of a complicated apparatus, composed of a plate

of quartz placed between two Nicol's prisms, the thick-

ness of the plate being such that the whole spectrum

contains twelve dark bands. He prefers this method

to reducing his readings to wave-lengths by means of

the bright-point micrometer, as he maintains the latter

method " has unfortunately several serious defects for

expeditious practical working ;" but the adoption of

Mr Sorby's apparatus is attended with even greater

difficulties than any other. The photographed scale

which I have had attached to my microspectroscope

enables me to reduce the reading of any band to wave-

lengths in a few seconds with the help of the curve I

have described on p. 32, and after having used it for a

considerable time I can recommend this method before

any other. All we have to do (as stated before) is to

take the reading of the centre of the band, find this

number on the top line of the scale, and then its posi-
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tion on the curve, the wave-length corresponding to

the number will be found on the right-hand side of

the scale.

The importance of the wave-length method is further

increased hj the discovery made by Mr Sorby, that

there is " a far more uniform connection between the

wave-lengths of the centres of bands of the spectrum of a

single substance containing a number of bands than there

is between any other conditions.''^

Thus, in many spectra having a series of bands

whose centres are at wave-lengths a, b, c, and d, there

is the same ratio between each consecutive two, so

that ^
—

^
— Again, in the case of substances

0 c d

giving two or more well-marked bands, though the

actual wave-lengths of the centres of the bands may
vary with the conditions in which the substance occurs

(solid ov in solution), yet the ratio between the wave-

lengths of the bands remains almost, if not quite,

constant. Thus, in yellow xanthophyll, which may be

taken as an example, we have :*

Condition. Centre of the two
bands. Ratio.

In free state and solid ....
In carbon bisulphide ....
In absolute alcohol .

Combined with Canada balsam

501 469
498 467
471 442
488 457

1 : -936

1 : -937

1 : -938

1 : -936

* See the ' Monthly Microscopical Journal,' vol. xiii, p. 198.

12
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EXAMPLE OF THE METHOD OP EEDTJCING READINGS TO

WAVE-LENGTHS.

An example will make tlie metliod of calculating

wave-lengths by means of tlie curve shown opposite

page 32 clear.

Thus, some stale urine containing blood due to the

breaking down of a carcinomatous growth in thebladder,

gives three bands (those of methgemoglobin) . Now,

on taking their readings on the scale attached to my
microspectroscope, I find that the centre of the first

band is at 17'6 ; I then find its place on the top line of

the scale, and running my eye down the scale, I find

where the line corresponding to this number and the

curve intersect each other, and opposite to this point

on the right-hand line of the scale I find the number

624. Therefore, the wave-length corresponding to

the centre of the first band is 624.

The scale reading of the centre of the next band is

27, and on proceeding as before, we find its wave-

length is 574.

The scale reading of the centre of the next band

is 35"5, and its wave-length is therefore 540.

It must be distinctly understood that the numbers at

the top of the scale will differ according to the method

of measurement adopted by each observer, and in this

case they are those of my own scale ; but those at the

right-hand line are constant. Having tried this

method in every possible manner, I can recommend
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its adoption to those who are anxious to reduce their

readings to wave-lengths. In the lithographed scale

the squares which represent those on the original are

square centimetres, while the latter were square inches,

the smaller divisions being square tenths of an inch.
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ADDITIONAL NOTE.

While the last page of this book was passing

through the press a small paragraph appeared in

the ' Medical Times and Gazette ' (Dec. 6th, 1879),

headed "Poisoning by Chlorate of Potash," from

which it appears that, according to Dr. F. Marchand

('Virchow's Archiv,' Bd. 27, Heft 3), chlorate of

potash in poisonous doses causes the blood to assume

a chocolate colour, this change of colour being due to

the conversion of hgemoglobin into methasmoglobin,

as evidenced by the spectrum. (Cf. the action of

nitrites.)
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ERRATA.

Page 8, second line fi-om bottom, for " burned in an ron spoon," read

" placed in an iron spoon."

In Chart I, Sp. 19, there is some shading shown between the second

and third bands ; this is not correct.
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THE PRAOTIOE OF SURGERY :

a Manual by Thomas Bryant, P.R.O.S., Surgeon to Guy's Hospital.

Tliird Edition, 2 vols., crown 8vo, with 672 Engravings, 28s. [1878]

THE PRINCIPLES AND PRAOTIOE OF SURGERY,
by William Pieeie, F.R.S.E., Professor of Surgery in tbe University

of Aberdeen. Third Edition, 8vo, with 490 Engravings, 28s. [1873]

A SYSTEM OP PRAOTIOAL SURGERY,
by Sii- William Pbrgusson, Bart., P.R.O.S., F.R.S. Fifth Edition,

8vo, with 463 Engravings, 21s. PWO]

OPERATIVE SURGERY,
by 0. F. Maunder, F.R.O.S., late Siu-geon to the London Hospital.

Second Edition, post 8vo, with 164 Engravings, 6s. t^^''^^
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SURGERY OF THE ARTERIES :

Lettsomian Lectures for 1875, on Aneurisms, Wounds, Hajmorrhages,

&c. Post 8vo, with 18 Engravings, 5s. P-^''^^
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a Manual of Modern Sui-gery, by Robert Deuitt. Eleventh Edition,

fcap. 8vo, with 369 Engravings, 14s. [1^78]
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Regions, by F. Le Gros Clark, F.R.S., Constilting Surgeon to St.

Thomas's Hospital. Second Edition, Revised and Expanded by the

Author, assisted by W. W. Wagstafpe, F.R.C.S., Assistant-Sui-geon

to St. Thomas's Hospital. 8vo, 10s. 6d. [I87i2]

CLINICAL AND PATHOLOGICAL OBSERVATIONS IN INDIA,

by Sir J. Fayrer, K.C.S.I., M.D., F.R.C.P. Lond., F.R.S.E., Physician

to the Secretary of State for India in Council. 8vo, with Engravings,
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TREATMENT OF WOUNDS
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Clinical Lectures, by Sampson Gamgee, F.R.S.E., Surgeon to the

Queen's Hospital, Birmingham. Crown 8vo, with Engravings, 5s. [1878]
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FRACTURES OF THE LIMBS
and their Treatment. 8vo, with Plates, 10s. 6d. Cl^Tl]

THE FEMALE PELVIC ORGANS,
their Surgery, Surgical Pathology, and Surgical Anatomy, in a

Series of Coloured Plates taken from Nature : with Commentaiies,

Notes, and Cases, by Henry Savage, M.D. Lond., F.R.C.S., Consulting

Officer of the Samaritan Free Hospital. Third Edition, 4to, £1 15s.

[1875]
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SURGICAL EMERGENCIES
together witli tlie Emergencies attendant on Parturition and tLte

Treatment of Poisoning : a Manual for the use of General Practi-
tioners, by William P. Swain, F.R.O.S., Surgeon to the Royal Albert
Hospital, Devonport. Second Edition, post 8vo, with 104 Engravings,
6s. 6d. [1876]

TRANSFUSION OP HUMAN BLOOD

:

with Table of 50 cases, by Dr. Rotissel, of Geneva. Translated by
Claude Guinness, B.A. With a Preface by Sir James Paget, Bart.
Crown 8vo, 2s. 6d. [1877]

ILLUSTRATIONS OF CLINICAL SURGERY,
consisting of Coloured Plates, Photographs, Woodcuts, Diagrams, &c.,
illustrating Surgical Diseases, Symptoms and Accidents; also Opera-
tions and other methods of Treatment. By Jonathan Hutchinson,
F.R.C.S., Senior Surgeon to the London Hospital. In Quarterly
Fasciculi, I to XIII, 6s. 6d. each. Fasciculi I to X bound, with
Appendix and Index, £3 10s. [1876-9]

PRINCIPLES OF SURGICAL DIAGNOSIS
especially in Relation to Shock and Visceral Lesions, by F. Le Geos
Claek, F.R.C.S., Consulting Surgeon to St. Thomas's Hospital.
8vo, 10s. 6d. (1870]

MINOR SURGERY AND BANDAGING

:

a Manual for the Use of House-Surgeons, Dressers, and Junior
Practitioners, by Christopher Heath, Jb'.R.C.S., Surgeon to Uni-
versity College Hospital, and Holme Professor of Surgery in University
College. Fifth Edition, fcap 8vo, with 86 Engravings, 5s. 6d. [1875]

BY THE SAME AUTHOE,
INJURIES AND DISEASES OF THE JAWS
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Jacksonian Prize Essay. Second Edition, 8vo, with ]64 Engrav-
ings, 12s.
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A COURSE OF OPERATIVE SURGERY
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with 20 Plates drawn from Nature by M. LivEiLLE, and coloured
by hand under his direction. Large 8vo. 40s. [1877]
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THE STUDENT'S GUIDE TO SURGICAL DIAGNOSIS
Fcap. 8vo, 6s. 6d. *
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HARE-LIP AND CLEFT PALATE,
by Francis Mason, F.R.C.S., Surgeon and Lecturer on Anatomy at
St. Thomas's Hospital. With 66 Engravings, 8vo, 6s. [1877]

BY THE SAME AtTTHOE,
THE SURGERY OF THE FACE:

with 100 Engravings. 8vo, 7s. 6d. [isygj
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DISEASES AND INJURIES OF THE EAR,
by W. B. Dalby, F.R.O.S., M.B., Aural Surgeon and Lecturer on

Aural Surgeiy at St. George's Hospital. Grown 8vo, witli 21 Engrav-

ings, 6s. 6d. C^s^S]

AURAL SURGERY
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a Practical Treatise, by H. Macnatighton Jones, M.D., Professor

of the Queen's University in Ireland, Surgeon to tbe Cork Opbtbalmic

and Axu-al Hospital. Witb 46 Engravings, crown 8vo, 5s. [1878]

BY THE SAME ATTTHOE,

ATLAS OP DISEASES OF THE MEMBRANA TYMPANI.
In Ooloui-ed Plates, containing 62 Figures, witb Text, crown 4to, 2Is.

[18783

THE EAR

:

ita Anatomy, Physiology, and Diseases. A Practical Treatise, by

Charles H. Burnett, A.M., M.D., Aural Surgeon to tbe Presby-

terian Hospital, and Sui-geon in Charge of the Infirmary for Diseases

of the Ear, Philadelphia. With 87 Engravings, 8vo, 18s. [1877]

EAR AND THROAT DISEASES.
Essays by Llewellyn Thomas, M.D., Surgeon to the Central

London Throat and Ear Hospital. Post 8vo, 2s. 6d. [1878]

CLUBFOOT

:

its Causes, Pathology, and Treatment : Jacksonian Piize Essay by Wm.

Adams, F.R.C.S., Surgeon to the Great Noi-them Hospital. Second

Edition, 8vo, with 106 Engravings and 6 Lithogi-aphic Plates, 15s. [1873]

BY THE SAME ATJTHOE,

ON CONTRACTION OF THE FINGERS,

and its Treatment by Subcutaneous Operation; and on Obliteration

of Depressed Cicatrices by the same Method. With 30 Illustrations,

8vo,4s.6d.
^''^'^

ORTHOPEDIC SURGERY

:

Lectures delivered at St. George's Hospital, by Bernard E. Beod-

hurst, F.R.O.S., Surgeon to the Royal Orthopaedic Hospital. Second

Edition, Svo, with Engravings, 12s. 6d. P876]

OPERATIVE SURGERY OF THE FOOT AND ANKLE,
by Henry Hancock, F.R.C.S., Consulting Surgeon to Chai-ing Cross

Hospital. 8vo, with Engravings, 15s. P873]

SURGICAL INQUIRIES,
by FuRNEAUX Jordan, F.R.C.S., Professor of Sui-gery m Queen's

OoUeo-e, Birmingham. With numerous Lithographic Plates. Svo, 5s.
^ [1873]

ORTHOPRAXY n ^
the Mechanical Treatment ofDeformities, Debilities, and Deficiencies ot

the Human Frame by H. Heather Bigg, Associate of the Institute of

Civil Engineers. Third Edition, with 319 Engravings, Svo, 15s. [1877]
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OETHOPiEDIO SURGERY:
and Diseases of tlie Joints. Lectures by Lewis A. Satee, M.D.,

Professor of Ortliopsedic Surgery, Fractures and Dislocations, and
Clinical Surgery, in Bellevue Hospital Medical College, New York.

With 274 Engravings, 8vo, 20s. [1876]

DISEASES OE THE RECTUM,
by Thomas B. Cubling, E.R.S., Consulting Surgeon to tlic London
Hospital. Fourtb Edition, Revised, 8vo, 7s. 6d. P876]

BY THE SAME AUTHOE,

DISEASES OF THE TESTIS, SPERMATIC CORD, AND SCROTUM.
Third Edition, with Engravings, 8vo, 16s, [1878]

FISTULA, HEMORRHOIDS, PAINFUL ULCER, STRICTURE,
Prolapsus, and other Diseases of the Rectum : their Diagnosis and
Treatment. By "William Allingham, F.R.C.S., Surgeon to St. Mark's
Hospital for Fistula. Third Edition, with Engravings, Bvo, 10s. [1879]

HYDROCELE

:

its several Yarieties and their Treatment, by Samuel Osborn,F.R.C.S.,
late Surgical Registrai- to St. Thomas's Hospital. With Engravings,
fcap. 8vo, 3s. [1878]

PRACTICAL LITHOTOMY AND LITHOTRITY;
or. An Inquii-y into the best Modes of removing Stone from the
Bladder, By Sir Henry Thompson, F.R.C.S., Emeritus Professor
of Surgery to University CoUege. Second Edition, 8vo, with numerous
Engravings, 10s. [1871]

BY THE SAME ATTTHOE,

DISEASES OF THE URINARY ORGANS

:

(Clinical Lectiu-es). Fifth Edition, 8vo, with 2 Plates and ,71
Engravings, 10s. 6d. [1879]

ALSO,

DISEASES OF THE PROSTATE :

theii- Pathology and Treatment. Foui-th Edition, 8vo, with numerous
Plates, 10s. [187S]

ALSO,

THE PREVENTIVE TREATMENT OF CALCULOUS DISEASE
and the Use of Solvent Remedies. Second Edition, fcap. 8vo, 2s. 6d.

[18761
STRICTURE OF THE URETHRA,

and other Diseases of the Urinary Organs, by Reginald Haurison,
F.R.C.S., Surgeon to the Liverpool Royal Infirmary. With 10 plates

C1878;
LITHOTOMY AND EXTRACTION OF STONE

from the Bladder, Urethra, and Prostate of the Male, and from the
Bladder of the Female, by W.Potjlett Harris, M.D., Surgeon-Major
H.M. Bengal Medical Service. With Engravings, 8vo, 10s. 6d. :[1876]
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THE SURGERY OF THE REOTUM

:

Lottsomian Lectures by Henry Smith, F.R.O.S., Professor of Surgery
in King's College, Surgeon to King's College Hospital. Fourth
Edition, fcap. 8vo, 5s. [I87fl]

DISEASES OF THE BLADDER,
Prostate Gland and Uretlira, including a practical view of Urinai'y

Diseases, Deposits and Calculi, by F. J. Gant, F.R.C.S., Senior Sur-

geon to the Royal Free Hospital. Fourtli Edition, crown 8vo, with

Engravings, 10s. 6d. Ci^TO

BENAL AND URINARY DISEASES

:

Clinical Reports, by "William Cabtee, M.B., M.R.C.P., Physician

to the Liverpool Southern Hospital. Crown 8vo, 7s. 6d.

THE REPRODUCTIVE ORGANS
in Childhood, Youth, Adult Age, and Advanced Life (Functions and

Disorders of), considered in their Physiological, Social, and Moral

Relations, by "William Acton, M.R.C.S. Sixth Edition, Bvo, 12s.

[1875]

URINARY AND-REPRODUCTIVE ORGANS:
their Functional Diseases, by D. Campbell Black, M.D., L.R.C.S.

Edin. Second Edition. &vo, 10s.

LECTURES ON SYPHILIS,
and on some forms of Local Disease, affecting principally the Organs

of Generation, by Henet Lee, F.R.C.S., Surgeon to St. George's Hos-

pital. "With Engravings, Bvo, 10s. ri87o]

SYPHILITIC NERVOUS AFFECTIONS

:

their Clinical Aspects, by Thomas Buzzard, M.D., F.R.C.P. Lond.,

Physician to the National Hospital for Paralysis and EpUepsy. Post

8vo, 5s. tl874]

SYPHILIS

:

Harveian Lectures, by J. R. Lane, F.R.C.S., Surgeon to,'tind Lectiu-er

on Surgery at, St. Mary's Hospital
;
Consulting Surgeon to the Lock

Hospital. Fcap. 8vo, 3s. 6d. ^ P878]

THE MARRIAGE OF NEAR KIN,

considered with respect to the Laws of Nations, Results of Experience,

and the Teachings of Biology, by Alfred H. Huth. Bvo, 14s.

MANUAL OF ANTHROPOMETRY:
a Guide to the Measurement of the Human Body, containing an

Anthropometrical Chart and Register, a Systematic Table of Mea-

surements, &c. By Charles Roberts, F.R.C.S., late Assistant

Surgeon to the Victoria Hospital for Children. With numerous

Illustrations and Tables. Bvo, 6s. 6d. 1^^^^^
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PATHOLOGY OF THE URINE,
including a Complete Guide to its Analysis, by J. L. "W. Thudichum;,
M.D., r.R.C.P. Second Edition, rewritten and enlarged, v?itli En-
gravings, 8vo, 15s, ri8T7]

genito-urinart organs, including syphilis :

a Practical Treatise on theii* Surgical Diseases, designed as a Manual
for Students and Practitioners, by W. H. Van Bueen, M.D., Pro-

fessor of the Principles of Surgery in Bellevue Hospital Medical Col-

lege, New York, and E. L. Ketes, M.D,, Professor of Dermatology in

Bellevue Hospital Medical College, New York. Royal 8vo, with 140
Engravings, 21s. [1874]

HISTOLOGY AND HISTO-CHEMISTRY OF MAN

:

a Ti-eatise on the Elements of Composition and Stracture of the

Human Body, by Heineich Feey, Professor of Medicine in Zurich.

Translated fi-om the Fourth German Edition by Aethtte E. J.

Baekee, Assistant-Surgeon to University College Hospital. And
Revised by the Author. 8vo, with 608 Engravings, 21s. [1874]

HUMAN PHYSIOLOGY:
a Treatise designed for the Use of Students and Practitioners of

Medicine, by John C. Dalton, M.D., Professor of Physiology and
Hygiene in the College of Physicians and Surgeons, New York. Sixth
Edition, royal 8vo, with 316 Engravings, 203. [1875]

HANDBOOK FOR THE PHYSIOLOGICAL LABORATORY,
by E. Klein, M.D., F.R.S.,Assistant Professor in the PathologicalLabo-
ratory of the Brown Institution, London; J. Buedon-Sandeebon,
M.D., F.R.S., Professor of Practical Physiology in University College,
London

; Michael Fostee, M.D., F.R.S., Prajlector of Physiology
in Tiinity College, Cambridge; and T. Laitdee Beunton, M.D.,
F.R.S.,'Lectm-er on Materia Medica at St. Bartholomew's Hospital;
edited by j. Btjedon Sandeeson. 8vo, with 123 Plates, 24s. [1873]

PRACTI0AL*HISTOLOGY,
by William Rutheefoed, M.D., Professor of the Institutes of
Medicine in the University of Edinburgh. Second Edition, with
63 Engravings. Crown 8vo (with additional leaves for notes), 6s.

[1876]

PRINCIPLES OF HUMAN PHYSIOLOGY,
by W. B. Caepentee, C.B., M.D., F.R.S. Eighth Edition by Heney
Powee, M.B., F.R.C.S., Examiner in Natural Science, University of
Oxford, and in Natural Science and Medicine, University of Cambridge.
8vo, with 3 Steel Plates and 371 Engravings, 31s. 6d. [i876j
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STUDENTS' GUIDE TO HUMAN OSTEOLOGY,
by "William "Warwick Wagstaffe, F.R.O.S., Assistant-Surgeon

and Lecturer on Anatomy, St. Thomas's Hospital. "With 23 Plates

and 66 Engravings. Fcap. 8vo, 10s. 6d. ti875]

LANDMARKS, MEDIOAL AND SURGICAL,
by LuTHEE HoLDEN, E.R.O.S., President of the Royal College of

Surgeons ; Senior Surgeon to St. Bartholomew's and the Foundling

Hospitals. Second Edition, 8vo, 3s. 6d. [1877]

BY THE SAME ATJTHOE.

HUMAN OSTEOLOGY:
comprising a Description of the Bones, -with Delineations of the

Attachments of the Muscles, the General and Microscopical Sti-ucture

of Bone, and its Development. Fifth Edition, with 61 Lithographic

Plates and 89 Engravings. 8vo, 16s. [is^is}

ALSO,

MANUAL OF THE DISSECTION OF THE HUMAN BODY.
Foui-th Edition, with 170 Engravings, 8vo, 16s. [1879]

PATHOLOGICAL ANATOMY

:

Lectures by Samuel Wilks, M.D., F.R.S., Physician to, and Lec-

turer on Medicine at, Guy's Hospital ; and "Waltee Moxon, M.D.,

F.R.C.P., Physician to, and Lecturer on Clinical Medicine at, Guy's

Hospital. Second Edition, 8vo, with Plates, ISs. dsys]

PATHOLOGICAL ANATOMY

:

a Manual by 0. Handfibld Jones, M.B., F.R.S., Physician to St.

Mary's Hospital, and Edwaed H. Sieveking, M.D., F.R.C.P.,

Physician to St. Mary's Hospital. Edited by J. F. Payne, M.D.,

F.R.O.P., Assistant Physician and Lecturer on General Pathology

at St. Thomas's Hospital. Second Edition, crown Svo, with 195

Engravings, 16s. ^^^6]

POST-MORTEM EXAMINATIONS

:

a Description and Explanation of the Method of Performing them,

with especial Reference to Medico-Legal Practice. By Professor

Rudolph Viechow, of Berlin. Fcap 8vo, 2s. 6d. [1870]

STUDENT'S GUIDE TO SURGICAL ANATOMY

:

a Text-book for the Pass Examination, by E. Bellamy, F.R.C.S.,

Surgeon and Lecturer on Anatomy at Chai-ing Cross Hospital. Fcap

Svo, with 50 Engravings, 6s. 6d. ^^^^^

ANATOMY OF THE JOINTS OF MAN,
by Henry Moeeis, F.R.C.S., Surgeon to, and Lecturer on Anatomy

and Practical Surgery at, the Middlesex Hospital. "With 44 Litho-

graphic Plates (several being coloured) and 18 "Wood Engravings.

Svo, 16s. [18793

MEDICAL ANATOMY,
by Francis Sibson, M.D., F.R.O.P., F.R.S. Imp. foho, with 21

coloured Plates, cloth, 423., haH-morocco, 50s.
^^'^^^
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PRACTICAL ANATOMY

:

a Manual of Dissections by Christopher Heath, F.R.O.S., Surgeon
to University College Hospital, and Holme Professor of Surgery ia
University College. Fourth Edition, crown 8vo, with 16 Coloured
Plates and 2G4 Engravings, 14s. [1877]

AN ATLAS OF HUMAN ANATOMY

:

illustrating most of the ordinary Dissections, and many not usually
practised by the Student. To be completed in 12 or 13 Bi-monthly
Parts, each containing 4 Coloured Plates, with Explanatory Text. By
RiCKMAN J. GoDLEE, M.S., F.R.C.S., Assistant Surgeon to University
College Hospital, and Senior Demonstrator of Anatomy in University
College. Parts I to X. Imp. 4to, 7s. 6d. each Part. a877-9]

THE ANATOMIST'S VADE-MECUM

:

a System of Human Anatomy by Erasmus Wilson, F.R.C.S., P.R.S.
Ninth Edition, by G. Buchanan, M.A., M.D., Professor of OUnical
Sm-gery in the University of Glasgow, and Henry E. Clark, F.F.P.S.,
Lecturer on Anatomy at the Glasgow Royal Infirmary School of
Medicine. Crown 8vo, with 371 Engravings, 14s. [1873]

ATLAS OF TOPOGRAPHICAL ANATOMY,
after Plane Sections of Frozen Bodies. By Wilhelm Braune,
Professor of Anatomy in the University of Leipzig. Translated by
Edward Bellamy, F.R.C.S., Surgeon to, and Lecturer on Anatomy,
&c., at. Charing Cross Hospital. With 34 Photo-lithographic Plates
and 46 Woodcuts. Large Imp. 8vo, 40s. [1377]

THE ANATOMICAL REMEMBRANCER;
or, Complete Pocket Anatomist. Eighth Edition, 32mo, 3s 6d [1876]

THE STUDENT'S GUIDE TO THE PRACTICE OF MEDICINE
by Matthew Charteeis, M.D., Professor of Medicine in Anderson's
College, and Lecturer on CHnical Medicine in the Royal Infirmary,
Glasgow. Second Edition, with Engravings on Copper and Wood^
fcap. 8vo, 6s. 6d.

[1878]

THE MICROSCOPE IN MEDICINE,
by Lionel S. Beale, M.B., F.R.S., Physician to Zing's CoUe-e
Hospital. Fourth Edition, with 86 Plates, 8vo, 21s. mm

HOOPER'S PHYSICIAN'S VADE-MECUM;
or. Manual of the Principles and Practice of Physic,^ Ninth Edition
by W. A. Guy, M.B., F.R.S., and John Harley,='M.D.,-'F R C P
Feap 8vo, with Engravings, 128. 6d. "

"naVi]
A NEW SYSTEM OF MEDICINE;

entitled Recognisant Medicine, ' or the State of the Sick'"bvBholanoth Bose. M.D., Indian Medical Service. 8vo, 10s. 6d. '[^877]

BT THE SAME AtTTHOE.
PRINCIPLES OF RATIONAL THERAPEUTICS

Commenced as an Inquiry into the Relative Value of Quinine and
Arsenic m Ague. Sto, 4s. .

[jg^yj
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THE STUDENT'S GUIDE TO MEDICAL DIAGNOSIS,
by Samuel Fenwick, M.D., F.R.O.P., Physician to tlie London

Hospital. Fourth Edition, fcap. 8vo, with 106 Engravings, 6s. 6d. t^^^c]

DX THE SAME ATJTHOE,

THE STUDENT'S OUTLINES OF MEDICAL TREATMENT.
Fcap. Svo, 7s.

^^^^^

A MANUAL OF MEDICAL DIAGNOSIS,
by A. W. Barclay, M.D., F.R.C.P., Physician to, and Lecturer on

Medicine at, St. George's Hospital. Third Edition, fcap Svo, 10s. 6d.
[1870]

CLINICAL MEDICINE

:

Lectures and Essays by Balthazab Foster, M.D., F.R.C.P. Lond.,

Professor of Medicine in Queen's College, Birmingham. Svo, ICs. 6d.
[1874]

CLINICAL STUDIES:
Illustrated by Cases observed in Hospital and Private Practice, by Sir

J. Rose Ooemack, M.D., F.R.S.E., Physician to the Hertford British

Hospital of Paris. 2 vols., post Svo, 20s. ^^^''^

CLINICAL REMINISCENCES,
by Peyton Blakiston, M.D., F.R.S. Post Svo, 3s. 6d. 1^878]

ROTLE'S MANUAL OF MATERIA MEDICA AND THERAPEUTICS.

Sixth Edition by John Harlet, M.D., F.R.C.P., Physician to, and

Joint Lecturer on Clinical Medicine at, St. Thomas's Hospital. Crown

Svo, with 139 Engravings, 15s.
^'^^'^^^

PRACTICAL THERAPEUTICS

:

a Manual by E. J. Waring, M.D., F.R.C.P. Lond. Third Edition,

fcap Svo, 12s. 6d.
^^^^'^^

THE ELEMENTS OF THERAPEUTICS

:

a Clinical Guide to the Action of Drugs, by C. BiNZ, M.D., Professor

of Pharmacology in the University of Bonn. Translated and Edited

with Additions, in Conformity with the British and American Phar-

macopoeias, by Edward I. Sparks, F.R.C.P., M.A., M.B. Oxon.,

formerly Radcliffe Travelling Fellow. Crown Svo, 8s. 6d. li^Sff]

THE STUDENT'S GUIDE TO MATERIA MEDICA,

by John C. Thorowgood, M.D., F.R.C.P. Lond., Physiciaa to the

City of London Hospital for Diseases of the Chest. Fcap Svo, with

Engravings, 6s. 6d.

THE NATIONAL DISPENSATORY :

containing the Natural History. Chemistry, Pharmacy, Actions and

Uses of Medicines, including those recognised in the Pharmacopoeias

of the United States and Great Britain, by Alfred Still^, M.D.,

LL.D., and John M. Maisch, Ph.D., with 201 Engravings, 1628 pp.,

o OA [1879]
Svo., 343.
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DENTAL MATERIA MEDICA AND THERAPEUTICS,
Elements of, by James Stocken, L.D.S.R.C.S., Lecturer on Dental
Materia Mcdica and Therapeutics to the National Dental Hospital.
Second Edition, Ecap 8vo, 6s. 6d. [1878]

THE DISEASES OF CHILDREN

:

a Practical Manual, with a Formulary, by Edward Ellis, M.D.,
late Senior Physician to the Victoria Hospital for Children. Third
Edition, crown Svo, 7s. 6d. [1878]

THE WASTING DISEASES OF CHILDREN,
by Eustace Smith, M.D., F.R.O.P. Lond., Physician to the King of
the Belgians, Physician to the East London Hospital for Children.
Third Edition, post Svo, 8s. 6d. [1878]

BY THE SAME ATTTHOE,
CLINICAL STUDIES OF DISEASE IN CHILDREN.

Post Svo, 7s. 6d. [1876]

INFANT FEEDING AND ITS INFLUENCE ON LIFE

;

or, the Causes and Prevention of Infant Mortality, by Charles H. F.
ROXJTH, M.D., Senior Physician to the Samaritan Hospital for "Women
and Children. Third Edition, fcap Svo, 7s. 6d. [1876]

THE DISEASES OF CHILDREN:
Essays by William Henry Day, M.D., Physician to the Samaritan
Hospital for Diseases ofWomen and Children. Second Edition,fcap Svo.

[lu the Press.l

THE STUDENT'S GUIDE TO THE PRACTICE OF MIDWIFERY,
by D. Lloyd Roberts, M.D., F.R.C.P., Physician to St. Mary's Hos-
pital, Manchester. Second Edition, fcap. Svo, with 96 Engravings, 7s.

OBSTETRIC MEDICINE AND SURGERY, '
"-^^^"^

their Piinciples and Practice, by F. H. Ramsbotham, M.D. F.R 0 P
Fifth Edition, Svo, with 120 Plates, 22s.

'
"

'[1867]

OBSTETRIC SURGERY:
a Complete Handbook, giving Short Rules of Practice in every Emer-
gency, from the Simplest to the most Formidable Operations connected
with the Science of Obstetricy, by Charles Clay, Ext.L.R.C.P. Lond.
L.R.C.S.E., late Senior Surgeon and Lecturer on Midwifery, St!
Mary's Hospital, Manchester. Fcap Svo, with 91 Engravings, 6s 6d"

SCHROEDER'S MANUAL OF MIDWIFERY, '

[1874]

including the Pathology of Pregnancy and the Puerperal State
Translated by Charles H. Carter, B.A., M.D. Svo, with Engrav-
ings, 12s. 6d. P87S]

A HANDBOOK OF UTERINE THERAPEUTICS,
and of Diseases of Women, by E. J. Tilt, M.D., M.R.C.P. Fourth
Edition, post Svo, 10s.

' '

[1378]

_ BY THE SAME AUTHOE,
THE CHANGE OF LIFE

in Health and Disease : a Practical Treatise on the Nervous and other
Affections incidental to Women at the Decline of Life. Third Edition
Svo, 10s. 6d. .

p870^
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OBSTETRIC OPERATIONS,
including the Treatment of Hsemorrliage, and forming a Guide to the

Management of Difficult Labour ; Lectures by Robert Barnes, M.D.,

F.R.G.P., Obstetric Physician to St. George's Hospital. Third Edition,

8vo, with 124 Engravings, 18s. ,

1^^^^]

BX THE SAME AUTHOK,

MEDICAL AND SURGICAL DISEASES OP WOMEN

:

a Clinical History. Second Edition, 8vo, with 181 Engravings, 28b.
LI678]

LECTURES ON THE DISEASES OP WOMEN,
by Charles West, M.D., P.R.C.P. Pourth Edition, Revised and in

part Re-wi-itten by the Author, with numerous Additions by J
.
Mat-

thews Duncan, M.D., Obstetric Physician to St. Bartholomew's

Hospital. 8vo, 16s.
^^'^

THE PRINCIPLES AND PRACTICE OP GTN.^COLOGY,
by Thomas Addis Emmet, M.D., Surgeon to the Woman's Hospital

of the State of New York. With 130 Engravings, royal 8vo, 24s. tis^s]

THE STUDENT'S GUIDE TO THE DISEASES OF WOMEN,
by Alfred L. Galabin, M.D., P.R.C.P., Assistant Obstetric

Physician to Guy's Hospital. With 63 Engravings, fcap. 8vo, 7s. 6d.

[1879]

OBSTETRIC APHORISMS:
for the Use of Students commencing Midwifery Practice, by J. G.

SwATNE, M.D., Consulting Physician-Accoucheui- to the Bristol

General Hospital. Sixth Edition, fcap. 8vo, with Engravings, 3s. 6d.
[1870]

DISEASES OP THE OVARIES :

their Diagnosis and Treatment, by T. Spencer Wells, F.R.C.S.,

Surgeon to the Queen's Household and to the Samaritan Hospital.

8vo, with about 150 Engravings, 21s.
^'^^^^

PRACTICAL GYNECOLOGY:
a Handbook of the Diseases of Women, by Hetwood Smith, M.D.

Oxon., Physician to the Hospital for Women and to the British Lying-

in Hospital. With Engravings, crown 8vo, 5s. 6d.
^^'^'^

RUPTURE OP THE PEMALE PERINEUM,
its treatment, immediate and remote, by George G. Bantock, M.D.,

Surgeon (for In-patients) to the Samaritan Free Hospital for Women

and Children. With 2 plates, 8vo, 8s. 6d.- [WS]

PAPERS ON THE FEMALE PERINEUM, &c.,

by James Matthews Duncan, M.D., Obstetric^Physician to St. Bar-

tholomew's Hospital. 8vo, 6a.
^^^^^

INFLUENCE OF POSTURE ON WOMEN
in Gynecic and Obstetric Practice, by J. H. AvELiNG, M.D., Physi-

cian to the Chelsea Hospital for Women, Vice-President of the

Obstetrical Society of London. 8vo, 6s.
^^^"^^^
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A MANUAL FOR HOSPITAL NURSES
and others engaged in Attending on the Sick by Edward J. DOM-
TiLLE, L.R.C.P., M.R.C.S., Surgeon to the Exeter Lying-in Charity.

Third Edition, cro^vn 8vo, 2s. 6d. [1878]

THE NURSE'S COMPANION:
a Manual of General and Monthly Nursing, by Charles J. Oulling-
WORTH, Surgeon to St. Mary's Hospital, Manchester. Fcap. 8vo,

2s. 6d. [1876]

LECTURES ON NURSING,
by William Robert Smith, M.B., Honorary Medical Officer,

Hospital for Sick Children, Sheffield. Second Edition, with 26 En-
gi-avings. Post 8vo, 6s. [1878]

HANDBOOK FOR NURSES FOR THE SICK,
by Zepheeina P. Veitch. Second Edition, crown 8vo, 3s. 6d. [1876]

A COMPENDIUM OF DOMESTIC MEDICINE
and Companion to the Mediciae Chest ; intended as a Source of Easy
Reference for Clergymen, and for Families residing at a Distance
fi'om Professional Assistance, by John Savory, M.S.A. Ninth
Edition, 12mo, 5s. [1878]

HOSPITAL MORTALITY
being a Statistical Investigation of the Returns of the Hospitals of

Great Britain and L-eland for fifteen years, by Lawson Tait, F.R.C.S.,

F.S.S. 8vo, 8s. 6d. [1877]

THE COTTAGE HOSPITAL:
its Origin, Pi-ogress, Management, and Work, 1>y Henry C. Bxjrdett,
the Seaman's Hospital, Greenwich. Second Edition, with Engravings.
crown 8vO. [in the Pross.]

WINTER COUGH

:

(Catarrh, Bronchitis, Emphysema, Asthma), Lectures by Horace
DoBELL,M.D.,Consvdting Physicianto the Royal Hospital for Diseases
of the Chest. Third Edition, with Coloured Plates, 8vo, 10s. 6d. [1875]

BY THE SAME AUTHOE,

LOSS OF WEIGHT, BLOOD-SPITTING, AND LUNG DISEASE.
With Chromo-lithograph, Svo, 10s. 6d. [1£78]

INJURIES AND DISEASES OF THE LYMPHATIC SYSTEM,
by S. Messenger Bradley, F.R.C.S., Lecturer on Practical Surgeiy
in Owen's College, Manchester. 8vo., 58. [1879]

CONSUMPTION

:

its Nature, Symptoms, Causes, Prevention, Curability, and Treatment.
By Peter Gowan, M.D., B. Sc., Physician and Surgeon in Ordinary
to the King of Siam. Crown Svo. 5s. [I878j

NOTES ON ASTHMA

;

its Forms and Treatment, by John C. Thorowgood, M.D. Lond.»
F.R.C.P., Physician to the Hospital for Diseases of the Chest, Victoria
Park. Third Edition, crown 8vo, 4s. 6d. [I878j
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ASTHMA

:

its Pathology and Treatment, by J. B. Berkaet, M.D., Assistant

Physician to the City of London Hospital for Diseases of the Chest.

8vo, 7s. 6d. [1878]

PROGNOSIS IN OASES OF VALVULAR DISEASE OF THE
Heart, by Thomas B. Peacock, M.D., F.R.O.P., Honorary Consult-

ing Physician to St. Thomas's Hospital. 8vo, 3s. 6d.

DISEASES OF THE HEART

:

their Pathology, Diagnosis, Prognosis, and Treatment (a Manual),

by Robert H. Semple, M.D., F.R.O.P., Physician to the Hospital for

Diseases of the Throat. 8vo, 8s. 6d. C1875]

CHRONIC DISEASE OF THE HEART

:

its Bearings upon Pregnancy, Parturition and Childbed. By Angus
Macdonald, M.D., F.R.S.E., Physician to, and Clinical Lecturer on

the Diseases of Women at, the Edinburgh Royal Infii-mary. "With

Engravings, 8vo, 8s. 6d.

PHTHISIS

:

in a series of Clinical Studies, by Austin Flint, M.D., Professor of

the Principles and Practice of Medicine and of Clinical Medicine in

the Bellevue Hospital Medical CoUege. 8vo, 16s. P875]

BX THE SAME AUTHOU,

A MANUAL OF PERCUSSION AND AUSCULTATION,
of the Physical Diagnosis of Diseases of the Lungs and Heart, and of

Thoracic Aneurism. Post Bvo, 6s. 6d. P^^e]

also,

CLINICAL MEDICINE :

a Systematic Treatise on the Diagnosis and Treatment of Disease.

8to, 20s.
^^^'^

DIPHTHERIA

:

its Nature and Treatment, Varieties, a.nd Local Expressions, by

MoEELL Mackenzie, M.D., Physician to the Hospital for Diseases of

the Throat, Crown 8to, 5s.
^^''^^

DISEASES OF THE HEART AND AORTA,
by Thomas Hayden, F.K.Q.C.P. Irel., Physician to the Mater

Misericordiffl Hospital, Dublin. With 80 Engravings. 8vo, 25s. CWo]

DISEASES OF THE HEART
and of the Lungs in Connexion therewith—Notes and ObseiTations

- by Thomas Shaptee, M.D., F.R.C.P. Lond., Senior Physician to the

Devon and Exeter Hospital. 8vo, 7s. 6d. 1^^^*^

PHYSICAL DIAGNOSIS OF DISEASES OF THE HEART.
Lectures byAETHUK E. Sansom, M.D., F.R.C.P., Assistant Physician

to the London Hospital. Second Edition, with Engravings, fcap. 8vo,

4s. 6d.
''''''
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DISEASES OF THE HEART AND AORTA

:

Clinical Lectures by George W. Balpouk, M.D., F.R.O.P., Physician
to, and Lecturer on Clinical Medicine in, the Royal Infirmai-y, Edin-
burgh. 8vo, with Engravings, 12s. 6d. [I67fi]

TRACHEOTOMY,
especially in Relation to Diseases of the Larynx and Trachea, by
Ptjgin Thornton, M.R.C.S., late Surgeon to the Hospital for Diseases
of the Throat. With Photographic Plates and Woodcuts, 8vo, 5s. 6d.

SORB THROAT: Li876j

its Nature, Varieties, and Treatment, including the Connexion
between Affections of the Throat and other Diseases. By Peossee
James, M.D., Physician to the Hospital for Diseases of the Throat.
Fourth Edition, with Coloured Plates. [in tiie Press.]

PHYSIOLOGY AND HYGIENE OF THE VOICE,
with especial reference to its Cultivation and Preservation. For the
Use of Speakers and Singers. By Gordon Holmes, L.R.C.P. Edin.,
Physician to the Municipal Throat and Ear Infirmary. Crown 8vo,
6s. 6d. [1879]

LECTURES ON SYPHILIS OF THE LARYNX
(Lesions of the Secondary and Intermediate Stages), by W. Macneill
Whistle E, M.D., Physician to the Hospital for Diseases of the Throat
and Chest. Post 8vo, 4s. [1879]

THE RIVIERA:
Sketches of the Health Resorts of the North Mediterranean Coast of
France and Italy, from Hyeres to Spezia; with Chapters on the
General Meteorology of the District, its Medical Aspect and Value,
&c. By Edwaed I. Sparks, M.A., M.B. Oxon., F.R.C.P. Lond!
Crown 8vo, 8s. 6d. [1879]

WINTER AND SPRING
on the Shores of the Mediterranean. By Heney Bennet, M.D.
Fifth Edition, post 8vo, with numerous Plates, Maps, and Engravings,
12s. 6d. 1-18743

„„„ BY THE SAME AUTHOE,
TREATMENT OF PULMONARY CONSUMPTION

by Hygiene, Climate, and Medicine. Third Edition, 8vo, 7s. 6d [1878]

THE BATH THERMAL WATERS

:

Historical, Social, and Medical, by John Kent Spendee, M.D
Sm-geon to the Mineral Water Hospital, Bath. With an Appendix
on the Climate of Bath by the Rev. L. Blomepielc, M.A., F.L.S.,
F.G.S. 8vo, 7s. 6d. ri877i

THE BATH WATERS:
their Uses and Effects in the Cure and Relief of various Chronic
Diseases. By James Tunstall, M.D. Fifth Edition, revised, andm part re- written, by Richard Caeter, M.D., Surgeon to the Bath
Mmeral Hospital. Post 8vo, 2s. 6d. [1879]

ENDEMIC DISEASES OF TROPICAL CLIMATES
with their Treatment, by John Sullivan, M. D., M.R.C.P. Post 8vo,

[1877]
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PRINCIPAL HEALTH RESORTS
of Europe and Africa, and tlieir Use in tlie Treatment of Chronic

Diseases. A Handbook by Thomas More Madden, M.D., M.R.I.A.,

"Vice-President of tlie Dublin Obstetrical Society. 8vo, lOs. CWe]

DISEASES OF TROPICAL CLIMATES
and tlieir Treatment : witli Hints for tlie Presei'vation of Health in the

Tropics, by James A. Horton, M.D., Surgeon-Major, Ai-my Medical

Department. Second Edition, post 8vo, 12s. Gd. I^^^*^

HEALTH IN INDIA FOR BRITISH WOMEN
and on the Prevention of Disease in Tropical Climates by Edward J

.

Tilt, M.D. Fourth Edition, crown 8vo, 5s.
^^^''^^

BAZAAR MEDICINES OF INDIA
amd Common Medical Plants : Remarks on their Uses, with Full Index

(tf Diseases, indicating their Treatment by these and other Agents pro-

Curable throughout India, &c., by Edward J. "Waring, M.D., F.R.CP.

Third Edition. Foap 8to, 5s.
"^^^^^

DISEASES OF THE STOMACH

:

The Varieties of Dyspepsia, their Diagnosis and Ti-eatment. By

S O. Habershon, M.D., F.R.C.P., Senior Physician to Guy's Hos-
ri8791

pital. Third Edition, crown 8vo, 5s.

BY THE SAME ATJTHOE,

PATHOLOGY OF THE PNEUMOGASTRIO NERVE,
being the Lumleian Lectures for 1876. Post Bvo, 3s. 6d.

'^^^''^

ALSO,

DISEASES OF THE ABDOMEN,
comprising those of the Stomach and other parts of the Alimentary

Canal, CEsophagus, Caecum, Intestines, and Peritoneum. Thii-d

E.dition, with 5 Plates, 8vo, 21s.
^^^^^

LECTURES ON DISEASES OF THE NERVOUS SYSTEM,

by Samuel Wilks, M.D., F.R.S., Physician to, and Lecturer on

Medicine at, Guy's Hospital. 8vo, 15s.
^^''^^

NERVOUS DISEASES:
their Description and Treatment,byAllen McLane Hamilton, M.D.,

Physician at the Epileptic and Paralytic Hospital, Blackwell's Island,

New York City. Roy. 8vo, with 53 Illustrations, 14s. ^^^^^^

NUTRITION IN HEALTH AND DISEASE

:

a Contribution to Hygiene and to Clinical Medicine. By Henry

Bennet, M.D. Third (Library) Edition. 8vo, 7b. Cheap Edition,

Fcap. 8vo, 2s. 6d.

HEADACHES: „ ^
their Causes, Nature, and Treatment. By William H. Day, M.D.,

Physician to the Samaritan Free Hospital for Women and Children.
, fTn lliG Press]

Third Edition, crown 8vo, with Engravings.
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FOOD AND DIETETICS,
Physiologically and Therapeutically Considered. By Feedeeick W.
Pavst, M.D., F.R.S., Physician to Guy's Hospital. Second Edition,

8vo, 15s. [187B]

BY THE SAME AUTHOR.

CERTAIN POINTS CONNECTED WITH DIABETES
(Croonian Lectures). 8vo, 4s. 6d. [1878]

IMPERFECT DIGESTION:
its Causes and Treatment by Aethtje Leaked, M.D., F.R.O.P.,

Sixth Edition, fcap 8vo, 4s. 6d. a875]

MEGRIM, SICK-HEADACHE,
and some Allied Disorders : a Contribution to the Pathology ofNerve-

Storms, by Edward Liveing, M.D. Cantab., F.R.C.P., Hon. FeUow
of King's College, London, Svo, with Coloured Plate, 15s. C1873J

THE SYMPATHETIC SYSTEM OF NERVES:
their Physiology and Pathology, by A. Eulenbueg, Professor of

Medicine, University of Greifswald, and Dr. P. Gtjttmann, Privat
Docent in Medicine, University of Berlin. Translated by A. Napiee,
M.D., F.F.P.S 8vo, 5s. [1879]

RHEUMATIC GOUT,
or Chronic Rheumatic Arthritis of all the Joints; a Treatise by
RoBEET Adams, M.D., M.R.I.A., late Svirgeon to H.M. the Queen in

Ireland. Second Edition, Svo, with Atlas of Plates, 21s. [1872]

GOUT, RHEUMATISM,
and the Allied Affections; with a chapter on Longevity and the-

Causes Antagonistic to it, by Petee Hood, M.D. Second Edition,
crown 8vo, 10s. 6d. [1879]

RHEUMATISM

:

Notes by JuLitrs Pollock, M.D,, F.R.CP., Senior Physician to, and
Lecturer on Medicine at, Ohariog Cross Hospital. Second Edition,
with Engravings, fcap. 8vo, 3s. 6d. [1879]

CERTAIN FORMS OF CANCER,
with a New and successful Mode of Treating it, to which is prefixed a
Practical and Systematic Description of all the varieties of this Disease,
by Alex. Maesden, M.D., F.R.C.S.E., Senior Surgeon to the Cancer
Hospital. Second Edition, with Coloured Plates, Svo, Ss. 6d. [1873]

CANCER LIFE

:

its Causes, Progress, and Treatment. A General and Historical
Treatise. By Robeet Mitchell, M.R.O.S. Svo, 7s. 6d. [1879]

ATLAS OF SKIN DISEASES

:

a scries of Illustrations, with Descriptive Text and Notes iipon Treat-
ment. By Tilbuet Fox, M.D., F.R.C.P., late Physician to the Depart-
ment for Skin Diseases in University College Hospital. With 72
Coloured Plates, royal 4to, half morocco, £6 6s. [1877]
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LECTURES ON DERMATOLOGY:
delivered at the Royal College of Surgeons, by Erasmus Wilson,

F.R.C.S., F.R.S., 1870, 6s. ;
1871-3, 10s. 6d., 1874-5, 10s. Cd.; 1876-8,

10s. 6d.

ECZEMA:
by McOall Andekson, M.D., Professor of Clinical Medicine in tlie Uni-

versity of Glasgow. Third Edition, 8vo, -with Engravings, 7s. 6d. 1^1*74]

PSORIASIS OR LEPRA,
by Geokge Gaskoin, M.R.C.S., Surgeon to the British Hospital for

Diseases of the Skin. 8yo, 5s. 1^^^^^

CERTAIN ENDEMIC SKIN AND OTHER DISEASES
of India and Hot Climates generally, by TiLBiniy Fox, M.D., F.R.C.P.,

and T. Faequhae, M.D. (Published under the sanction of the Secre-

tary of State for India in Council). 8vo, 10s. 6d.

ON CERTAIN RARE DISEASES OF THE SKIN

:

being vol. 1 of Lectures on Clinical Surgery. By Jonathan

Hutchinson, F.R.C.S., Senior Surgeon to the London Hospital, and

to the Hospital for Diseases of the Skin. 8vo, 10s. 6d. ^^79]

PARASITES: ...... +
a Treatise on the Entozoa of Man and Animals, mcluding some account

of the Ectozoa. By T. Spencek Cobbold, M.D., F.R.S., Professor

of Botany and Helminthology, Royal Yeterinary College. With 85

Engravings. 8vo, 15s.
^^'^^

MEDICAL JURISPRUDENCE,
its Principles and Practice, by Alfred S. Taylor, M.D., F.R.C.P.,

F.R.S. Second Edition, 2 vols., 8vo, with 189 Engravings, £1 Hs^g^d.

BY THE SAME AUTHOE,

A MANUAL OF MEDICAL JURISPRUDENCE.
Tenth Edition. Crown 8vo, with 55 Engravings, 14s. l^^^^^

AXSO,

POISONS,
^

in Relation to Medical Jurisprudence and Medicine. Thu'd Edition,

crown 8vo, with 104 Engravings, 16s.
^^'^^

MEDICAL JURISPRUDENCE :

Lectures by Francis Ogston, M.D., Professor of Medical Juris-

priidence and Medical Logic in the University of Aberdeen. Edited

by Francis Ogston, Jun., M.D., Assistant to the Professor of

Medical Jurisprudence and Lecturer on Practical Toxicology m the

University of Aberdeen. Svo, with 12 Copper Plates, 18s. L /

IDIOCY AND IMBECILITY,
by William W. Ireland, M.D., Medical Superintendent of the

Scottish National Institution for the Education of Imbecile Children

at Larbert, Stirlingshire. With Engravings, Svo, 14s. 1-
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A MANUAL OF PSYCHOLOGICAL MEDICIN-E

:

containing the Lunacy Laws, Nosology, iEtiology, Statistics, Descrip-

tion, Diagnosis, Pathology, and Treatment of Insanity, witli an
Appendix of Cases. By John C. Bucknill, M.D., F.R.S., and D.
Hack Tuke, M.D., F.R.C.P. Fourth Edition, with 12 Plates (30
Figures) and Engravings. 8vo, 25s. [1879]

A HANDY-BOOK OF FORENSIC MEDICINE AND TOXICOLOGY,
by W. Bathtjest Woodman, M.D., F.R.C.P., and C. Metmott Tidy,
M.D., F.C.S., Professor of Chemistry and of Medical Jurisprudence,
&c., at the London Hospital. "With 8 Lithographic Plates and 116
Engravings, Svo, 31s. 6d. a877]

MEDICAL OPHTHALMOSCOPY:
a Manual and Atlas, by William R. Gowers, M.D., F.R.C.P.,
Assistant Professor of Medicine in University College, and Assistant
Physician to the Hospital. With 16 Coloured Autotype and Litho-
graphic Plates, and Woodcuts, comprising 112 Original Illustrations
of the Changes in the Eye in Diseases of the Brain, Kidneys, &c.
Svo, 18s. [1879]

THE MEDICAL ADVISER IN LIFE ASSURANCE,
by Edward Henry Sieveking, M.D., F.R.C.P., Physician to St.
Mary's and the Lock Hospitals; Physician-Extraordinary to the
Queen; Physician-in-Ordinary to the Prince of Wales, &c. Crown
Svo, 6s. [1874]

MADNESS

:

in its Medical, Legal, and Social Aspects, Lectures by Edgar
Sheppard, M.D., M.R.C.P., Professor of Psychological Medicine in
King's College; one of the Medical Superintendents of the Oolney
Hatch Lunatic Asylum. Svo, 6s. 6d. a873]

A MANUAL OF PRACTICAL HYGIENE,
by E. A. Parkes, M.D., F.R.S. Fifth Edition, by F. De Chaumont,
M.D., F.R.S., Professor of Military Hygiene in the Army Medical
School. Svo, with 9 Plates and 112 Engravings, ISs. [I878j

SANITARY EXAMINATIONS
of Water, Air, and Food. A Yade Mecum for the Medical Officer of
Health, by Cornelius B. Fox, M.D. With 94 Engravings, crown
Svo, 12s. 6d. [1878]

DANGERS TO HEALTH:
a Pictorial Guide to Domestic Sanitary Defects, by T. Pkidgin
Teale, M.A., Surgeon to the Leeds General Infirmary. With 55
Lithographs, Svo, 10s. [I878]

MICROSCOPICAL EXAMINATION OF DRINKING WATER

:

a Guide, by John D. Macdonald, M.D., F.R.S., Assistant Pro-
fessor of Naval Hygiene, Army Medical School. Svo, with 24 Plates
7s. 6d.

[igyg'j
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A HANDBOOK OF HYaiENE AND SANITARY SCIENCE,
by Geokge Wilson, M.A., M.D., Medical Officer of Health for Mid-

Warwicksliire. Fourfcli Edition, post 8vo, witL. Engravings, 10a. 6d.
[1879]

HANDBOOK OF MEDICAL AND SURGICAL ELECTRICITY,

by Heebert Tibbits, M.D., F.R.C.P.B., Senior Physician to the

West London Hospital for Paralysis and Epilepsy. Second Edition,

8vo, with 95 Engravings, 9s. 1^877]

BY THE SAMB AUTHOR.

A MAP OF ZIEMSSEN'S MOTOR POINTS OF THE HUMAN BODY

:

a Guide to Localised Electrisation. Mounted on Rollers, 35 X 21.

With 20 Illustrations, 5s.
"^^"^

MEDICO-ELECTRIC APPARATUS:
a Practical Description of every Form in Modern Use, with Plain

Directions for Mounting, Charging, and Working, by Salt & Son,

Birmingham. Second Edition, revised and enlarged, with 33 Engi-av-

ings, 8vo, 23. 6d.
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A DICTIONARY OF MEDICAL SCIENCE

;

containing a concise explanation of the various subjects and teims of

Medicine, &c.; Notices of Climate and Mineral Waters; Formulae for

Officinal, Empirical, and Dietetic Preparations ; with the Accentuation

and Etymology of the terms and the French and other Synonyms, by

ROBLEY DiTNGLisoN, M.D., LL.D. New Edition, royal Bvo, 28s. [1874]

A MEDICAL YOCABULARY

;

being an Explanation of all Terms and Phrases used in the various

Departments of Medical Science and Practice, giving their derivation,

meaning, application, and pronunciation, by Robert G. Matne.M.D.,

LL.D. Foui-th Edition, fcap 8vo, 10s.
^^'^^'^

DISEASES OF THE EYE

:

a Manual by C. Macnamaea, F.R.C.S., Surgeon to Westminster Hos-

pital Third Edition, fcap. 8vo, with Coloured Plates and Engravings,

12s. 6d.

DISEASES OF THE EYE:
a f c;.

a Practical Treatise by Haynes Walton, F.R.C.S., Surgeon to St.

Mary's Hospital and in charge of its Ophthalmological Department.

Thii-d Edition, 8vo, with 3 Plates and nearly 300 Engravings, 25s.^^^^

HINTS ON OPHTHALMIC OUT-PATIENT PRACTICE,

by Charles Higgens, F.R.C.S., Ophthalmic Assistant Surgeon to,

and Lecturer on Ophthalmology at, Guy's Hospital. Second Edition

fcap. 8vo, 33.

GLAUCOMA: T ,

its Causes, Symptoms, Pathology, and Treatment. The Jacksonian

Prize Essay for 1878. By Priestley Smith, M.R.O.S., Ophthalmic

Surgeon to the Queen's Hospital, Birmingham. With Lithograpluc

Plates (comprising 58 Figures), 8vo, lOs, 6d.
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THE STUDENT'S GUIDE TO DISEASES Or THE EYE,
by Edwabd Nettleship, E.R.O.S., Ophthalmic Surgeon to, and
Lecturer on Ophthalmic Surgery at, St. Thomas's Hospital. With
48 Engi-avings, fcap. 8to, 7s. 6d. [1879]

DISEASES OF THE EYE:
a Treatise by J. Soelbeeg Wells, F.R.O.S., Ophthalmic Surgeon to
King's OoUege Hospital and Surgeon to the Royal London Ophthalmic
Hospital. Thii-d Edition, 8vo, with Coloured Plates and Engravings,
25s. [7873]

BT THE SAME AUTHOE,
LONG, SHORT, AND WEAK SIGHT,

and their Treatment by the Scientific use of Spectacles. Fom-fch
Edition, 8vo, 6s. [wni

ESSAYS IN OPHTHALMOLOGY,
by Geoege E. Walkee, F.R.C.S., Surgeon to St. Paul's Eye and
Ear Hospital, &c., Liverpool. Post 8to, 6s. [1&79]

A SYSTEM OF DENTAL SURGERY,
by John Tomes, F.R.S., and Ohaeles S. Tomes, M.A., F.R.S., Lec-
turer on Dental Anatomy and Physiology at the Dental Hospital of
London. Second Edition, fcap 8vo, with 268 Engravings, 14s. [1873]

DENTAL ANATOMY, HUMAN AND COMPARATIVE

:

a Manual, by Ohaeles S. Tomes, M.A., F.R.S., Lecturer on Dental
Anatomy and Physiology at the Dental Hospital of London. With
179 Engravings, crown 8vo, 10s. 6d. [leyg]

A MANUAL OF DENTAL MECHANICS,
with an Account of the Materials and Appliances used in Mechanical
Dentistry, by Oaklet Coles, L.D.S.R.C.S., Sm-geon-Dentist to
the Hospital for Diseases of the Throat. Second Edition, crown 8vo
with 140 Engi-avings, 7s. 6d. fig^g]

STUDENT'S GUIDE TO DENTAL ANATOMY AND SURGERY
by Henet Sewill, M.R.C.S., L.D.S., late Dentist to the West London
Hospital. With 77 Engi-avings, fcap. 8vo, 5s. 6d. [isyc]

OPERATIVE DENTISTRY:
a Practical Treatise, by Jonathan Taft, D.D.S., Professor of Opera-
tive Dentistry in the Ohio College of Dental Siu-gery. Third Edition
thoroughly revised, with many additions, and 134 Engravings, 8vo,

DENTAL CARIES
^^^^^

and its Causes
:
an Investigation into the influence of Fungi in the

Med bv H o " ^^'^ ^^^^^ RoTTENSTEiN.^ Tvaus-

Hn. . ^ ?r .^^^.r^^^'
Pi-ofessor in the Dental SehooTofHarvard University. With Illustrations, royal 8vo, 5s. asrs]
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