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alkali albumen, and the bacilli themselves afterwards sepa-
rated by filtration through porcelain, the filtrate contains a
mixture of proto- and deutero-albumose, and a trace of pep-
tone formed by the action of the bacilli on the albumen. The
albumoses produce, like those of snake poison, much local
cedema, sluggishness, coma, and death. Like the venom-
albumose, its activity is lessened, but not destroyed, by boil-
ing. But, in addition to these substances, he has obtained
aIn alkaloid whichl has tlhe same actioin as the albumose, but
much more powerful, and this alkaloid, he thinks, is present
in a nascent condition in the albumose, and is separated from
it by the tissues of the living animal into which it has been
introduced. Wlhether something .of the same sort exists in
serpent venom or not one cannot say, but the analogies
between it and the products of disease germs are becoming
every day more apparent, and it seems highly probable that
wlhile studies of serpent venom may throw light on the pro-
ducts of disease, a "study of the latter may lead to the dis-
covery of an efficient antidote to the former.

AN ADDRESS
ON SOME OF THE APPLICATIONS OF THE

SPECTROSCOPE TO MEDICINE.
Given in the Section of Pathology at the Annual Meeting of the

British Medical Association, held in Birmingham, July, 1890.
BY C. A. MAcMUNN, M.A., M.D.DUB., F.C.S.,

Vice-President of the Pathological Section; and Honorary Patliologist to
the Wolverhampton and Staffordslhire General Hospital.

I MUST ask your forgiveness for the incomplete manner in
which I have to deal with my subject; and if what I have to
say may appear somewhat dry, I hope that I, and not my sub-
ject, may be blamed. It is difficult to compress an account of
the applications of the spectroscope to medicine into the small
space at my disposal. In fact, it is impossible to give even an
epitome of all the work that has been done, so that I shall
merely refer to what appear to me to be some of the most
important poinlts.

It is hardly necessary to insist upon the importance of the
spectroscopic study of animal pigments to-day as one felt
called upon to do some years ago, because already very im-
portant facts have been discovered by means of this mode of
investigation.
By means of the spectroscope we can detect substances

which by no other chemical or physical method can be dis-
covered, and just as in chemistry and in astronomy by its means
we are able to detect substances present in mere traces, and
witlhout isolating tlhem, so in morbid fluids we can do the
same. The merest trace of a blood stain, long after all traces
of the blood corpuscles have disappeared, and after attempts
to procure 11,Tmin crystals must fail, can still be made by
appropriate treatmenit to yield characteristic absorption
spectra. So in the case of urine containing blood whiclh
within the body has been changed into the decomposition
products of Ileemoglobin, when the microscopic and other
tests fail, the spectroscope applied properly comes to our aid,
and also tells us exactly in what condition the pigment is
present. Besides, by carefully following in the laboratory the
downward metabolism of liemoglobin, we can tell exactly
wlien we meet with products of its downward metabolism in
the urine, in the bile, and elsewhere, how muclh change the
pigments have undergone in the body, provided we have pro-
duced each stage of decomposition by artificial means in the
laboratory, isolated the pigments corresponding to these
stages, and inapped their spectra carefully.

Thle reactioins required for proof of chemical identity are few
and simple, and lead to absolute certainty. Of course great
accuracy is required, and mere identity of spectrum does not
prove chemical identity in every case, but the application of
certain reagents settles the matter. The spectroscope, there-
fore, not only enables us to detect certain colouring matters,

but it also gives us a clue as to how and where they are pro-
duced in the organism, and it enables us to form an opinion
as to the energy of metabolism, not only as regards the pig-
ments themselves, but as regards the substances with which
they are associated.
Instruments.-As regards the instrument itself, it is hardly

necessary to say much about its construction. It will suffice
to mention that every spectroscope consists essentially of a
slit to admit a pencil of light-rays and a prism in which these
rays undergo refraction. Of course, this statement does not
hold 'good for a diffraction spectroscope in:which the rays
are brokeni up by a grating, but from a medical point of view a
grating is of little use-at least, at present. Besides the slit
and the prism, other optical adjuncts are necessary according
to the kind of spectroscope. For instance, in the chemical
spectroscope the slit is set in a long tube in the focus of a
lens, which makes the rays parallel before entering the prism,
and after their emergence from the prism the now coloured
but still diminutive image of the slit is magnified before reach,
ing the eye, by having to pass through a small astronomical
telescope. It would not be easy, however, to apply such a
large and such a peculiarly shaped apparatus as the chemical
spectroscope is to the microscope, so that another arrange-
ment is necessary for this purpose. The problem is to have
slit, and prism, and lenses so placed that the light-rays can-
pass through them in a more or less straight line, while the
spectrum is sufficiently long to enable parts of it to be meas-
ured. By using a compound prism composed of flint and
crown glass by which enough dispersion (or the spreading out
of the spectrum) is retained, while the deviation is got rid of,
this is accomplished, the necessary enlargement of the spec-
trum being provided for by the use of a lens similar to that
used in a microscopic eye piece, placed under the compound
prism.
For comparing spectra this spectrum eye piece has a right-

angled prism covering half the slit, to which the rays from a
second light so,urce are admitted through a window in the
stage fastened to the side of the instrument.
Besides these instruments-the microspectroseope and the

chemical spectroscope, small, handy, direct vision spectro-
scopes, amply suffieient for the rapid detection of blood, bile,
and so on, are supplied at a trifling cost by most of the
opticians.
Kinds of Spectra.-The appearances seen on analysing

spectroscopically the rays proceeding from all sources of light
may be grouped under three heads: (1) Bright line spectra.
(2) Continuous spectra. (3) Continuous spectra interrupted
by dark lines or bands, or shadings.
(1) Brlqht Line Spectra consist of bright narrow lines

occurring singly or in groups, either placed in the same or in
different parts of the spectrum. They are yielded by glowing
gases, or Dy the glowing vapours of the metals, and as each
element gives its own lines it is easily detected by its spec-
trum. In using a spectroscope for such spectra it is obvious
that the larger the spectrum is the more accurately one can
measure the positioin of, and the distance between, such lines.
But with the exception of the detection of the lines of sodium,
potassium, and calcium, in the ash of calculi, the study of
bright line spectra is of little use in medicine, except one
wishes to study the "chemical circulation," as the late Dr.
Beinee Jones 1 did when he determined the time that salts of
lithium occupied in reaching different parts of the body. The
use of the purest reagents and great accuracy is required in
such work, which perhaps is best left to the pure chemist.
(2) Continuous Spectra are yielded by almost all solids and

fluids at a white heat. The continuous spectrum is a band of
coloured light beginning at one end as red and passing
through orange, yellow, green, blue, and violet. Such a
spectrum is seen when the slit of the spectroscope is illuminated
by gas or candle light, by the electric, magnesium, or lime
light, by white hot platinum, and so on.

(3) Absorption Spectra are those in whicll spaces of darkness'
in the form of fine lines, or broader spaces of darkness, known
as absorption bands, interrupt the continuity of this rainbow
band-the continuous spectrum. If we illuminate the slit of
the spectroscope by means of sunlight, and if the instrument

1 Bence Jones: Lectures on some of the Applications of Chemistry and
Mechanics to Pathology and Therapeutics. London, 1867. Proc. Roy. Soc.,
vol. xiv., p. 400; Proc. Roy. Inst., May 26th, 1865.
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is sufficient for the purpose, thousands of fine lines are seen
to cross the spectrum at right angles to its length. These are
the lines of Frauenhofer, a German optician wlho first mapped
them. He called the principal ones A, a, B, C, D, E, b, F, G,
and H, and the first thing anyone should do when lie comes
to possess a spectroscope is to find out tllese more prominent
lines and determine their position oIn tlle scale of his spectro-
scope. I may merely state here that these lines are the lines
of elements present in the sunI. The reason why they are
black and not bright is because the light emitted by the ele-
ments burning in thle sun lhas to traverse the vapours of the
same elements in the sun's atmosphere. The vapour of eael
has the property of arresting tlle rays wlieh that element
emits while in the incandeseent state. Accordingly these
lines in the spectrum are caused by the absence of certain
rays belonging to various elements. Many stars possess simi-
lar spectra, but anyone who wants to follow tllis subject in its
applieations to astronomy cani do so by consulting suclh books
as Roscoe's 2 or Schellell's 3 oln spectrum analysis.
But the absorption spectra witlh whicli tlle physician or the

plhysiologist has to deal are different. In these the spaces of
darkness in the spectrum, knowni as absorption bands, are pro-
duced by causing the liglht from an Argand burner or otlher
source furnishing a eontinuous spectruimi, to traverse a fluid
wliiel lhas the property of arresting certaini of tlle rays passing
tllrough it. Corresponding to the parts of the spectrum wlhere
tllese rays are deficienit are spaces of darkiiess, more or less
completely dark, and these spaces of darkness are the absorp-
tion bands. Coloured fluids, more especially, possess tllis pro-

perty, although lately it lhas been slhown that colourless fluids
give absorption bands in the invisible parts of the spectrum-
parts, lhowever, wlliclh cani be priiited on the photographie
plate. The latter metlhod of inivestigation, althouglh useful
to the pure chemist in showing the intimate connection be-
tween the physical anid chem-ical properties of organic bodies,
lhas yet done very little for physiology.
Many coloured fluids, suclh as solutions of the aniline dyes

and many vegetable colouring matters, block out one end or

the other of, or it may be a large space in, the middle of the
spectrum, thus givinig wlhat is knowii as "general" absorptioii,
but, in the case of miiny of the animal-colourinlg matters, both
normal and pathiological, these solutions give a special or par-

ticulate absorption, slhowing in some cases a very complicated
spectrum, by means of wllicll their presence is readily reeog-
nised. Among plant colouring matters, chlorophyll, or leaf-
greeni, gives a most complicated spectrum, by nmeanis of wlhieh
it can be readily recognised, and otlhers belongin-g to the red
groups of algae give equally ellaracteristic spectra, but it is
the animal pigments whichl, luckily for plhysiology, give the
most characteristic absorptioil spectra.

Apparatus Required for the Study of PhlJsiolo.qical and Patho-
loqical Spectra.-In studying tllese absorption spectra the source
of illumination slhould be either an Argand gas-burner or an

incandescent light, the fluid under examination being placed
in a test tube, a small beaker, or in a Preyer's liematinometer,4
a vessel whieh has parallel plane glass sides, one eentimetre
apart from each otlher (tllat is, wheni working with a chemical
spectroscope). A bull's-eye condenser betweele the light source
and the slit is a useful lhelp, as by its means the lighlt can be
condensed oni the fluid and the illuminiation thus increased.
SuInlight is not suitable as an illuminiant, owing to the pre-

senice of Frauenllofer's lines. Sometimes we may require
" spectroscope bottles," wlich enable a considerable depth of
fluid to be examined.
In working with the microspectroscope the fluid should be

placed in a small glass tube let into a piece of wood, or, if a

very deep layer is required, a test tube filled with the fluid
may be let into the tube of the microscope above tlle ob-
jective, and over this the microspectroscope placed. For
examining undilutedl blood H6noeque's haematoseope5 is
useful. It consists of two glass plates, one placed above the
other; they touchl at one end, the spaee between them at that
end being nothing, wlhile at the otlher they are separated by

2 Roscoe: Lectureson Spectrum Analysis, 4th ed., 1885.
9 Die Spectralanalyse, etc., 3rd ed.. 1883, and English translation of the same,

edited by Abney.
4 Hermann's hiematoscopeis also a useful adjunct.

5 Hanocque, "No ice surl'Hematoscope," Paris, 1886; Comptes Rendus de la
Socdeti de Bioloqie,8e.8erie, t.ii, p. 12, No. 1, i Janvier, 1885.

an interval of 0.3 millimetre. A graduated millim6tre scale
engraved on the lower plate, reading from 0 to 60, and reading
from left to right, enables the depth of fluid to be calculated
at each division of the scale, for by multiplyinig the figure on
the scale at any point by 5 the depth is given in thousandths
of a millimetre. By means of this simple piece of apparatus
one can calculate the amount of lhiemoglobin in a specimen of
blood, and judge of its spectrum withlout the addition of a
reagent and undiluted.
Watch glasses, small beakers, shlort bottles, and so on, can

also be used with the microspectroscope. For examining
freslh slices of organs or bits of fresh tissue a " compressorium "
may be used, tlle cover glass being screwed down until the
spectrum is seen distinctly. Other vessels may be used, but
eaclh individual worker will soon learn for himniself what lhe
requires. Anyone who has once learnt lhow to use the spectro-
scope will find it an indispensable lhelp in examininlg blood,
bile, urine, and other fluids.
The first tlhing he should do is to map the spectrum of sun-

light; after illuminating the slit of the apparatus by means
of good diffused daylighlt, lhe should observe and imiap the
principal Frauenhofer linies, carefully compariing his results
witlh suclh maps of the solar spectrum as lie can find in the
textbooks. The mapping is most easily done by haviiig a
plhotographed scale adapted both to the microspectroscope
and the chemical spectroscope. This scale should be divided
into at least 100 parts for the microspectroscope and 120 for
the clhemical spectroscope. The adjustment of the scale can
be learnt from the optician, who, as a rule, sets it for distinct
visioIl. Sometimes the buyer of a chemical spectroscope is
assured by the seller that it is much more accurate to measure
and map by means of a graduated circle and vernier; but such
is not true. Such angular measurements are required for the
calculation of refraction indices, or if one happens to possess
a diffraction grating, he can amuse himself by endeavourinig
to work out the wave-lengtlhs of the bright lines of the ele-
ments, and so on; but for ordinary work I advise the studenit
to use a plhotographed scale.
Before mapping an absorption spectrum, the scale must be

set. By making a certain number on the scale exactly to cor-
respond with the D line wlhen mapping the solar spectrum, the
observer always lhas his zero point to start from; and to find
out at night where his 1) line should be, it is only necessary
to illuminate the slit with the flame of a spirit lamnp or Bun-
sen's burner inlto which a salt of sodium lhas been introduced,
whein tlle sodium line will be seen, which is coincident with
the D line. In order to set the scale, suppose one has set the
D line at 50 of the scale when he mapped the solar spectrum,
then before beginning ani observation on the spectrum of a
fluid the scale should be set until the yellow sodium line again
stands at 50 on the scale.

Botlh Hilger and Browning supply chemical and microspec-
troscopes provided witlh suclh photographed scales, and Zeiss,
of Jena, supplies a microspectroscope provided with a phloto-
graphed scale giving the readings in wave-lengths. Withl re-
gard to wave-lengths: Altlhough a busy practitioner will be
perhaps satisfied in detecting blood or bile or other pigment
in a fluid without troubling to map its spectrum, yet he will
perhaps sooner or later find that he is coming uponi niew facts
whichl lhe may wislh to record for publication. If so, it will not
do to say that he found a band in the red from 40 to 42 of
his scale, because the band oIn another scale might read fromri
42 to 46, as it is impossible to make the scales-thlat is, the
arbitrary scales-of two different spectroscopes to agree.
Hence lie must make use of numbers which are universally
true for that part of the spectrum. Now the wave-lengtlhs of
the differenit parts of the spectrum never vary, so that all read-
ings should be expressed in wave-lengths. It is quite easy to
reduce readings to wave-lengtlhs. All that is required is to
draw a curve on logarithm paper supplied by Letts and Co., of
London; and I have slhown elsewhere how this cain be made.6
On running the eye down from the number representing
that on the scale of the spectroscope, along the perpendicular
line until it comes upon the point when the curve cuts this
line, and then along the horizontal line from that point to the
side of the paper where the wave-lengths are given, the re-
quired wave-length is found.

6 MacMunn: Spectroscope in Medicine, 1880.
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The reagents required for the detection of blood, bile pig-

menits, and so on are few in number: sulphide of ammonium,
acids and caustic alkalies, solvents, such as ether, alcohol,
chloroform, benlzol, and a few others complete the list.
The beginner should first of all study the different kilnds of

spectra, and conmpare them together; and perhaps one of the
most useful exaimlples of an absorption spectrum, to begin
work with, is that of a solution of permanganate of potassium.
By diluting this gradually, he sees the whole series of bands
become visible, andl then grow feebler until tlle mnost deeplyshladed is the last to disappear.
Spectra of Hcenioqlobin and its Compounds.-The spectrum of

oxy-lInemoglobini is so familiar to readers of physiological text-
books, that it is mere waste of time describing it again. It is
merely necessary to say that before concluding that it is pre-senit from its spectrum alone, a little sulphide of ammonium
ought to be added, wlhen the single broad band of reduced hae-moglobin appears, especially after applying a gentle heat, andagaini oni shaking witlh air the bands of oxyhlemoglobin re-
turn, to againi disappear on standing. If this test were not
applied, then possibly some other pigment might be mistaken
for th-at of blood, such as carminate of ammonia, or purpuricsulplhuric acid, wlichl later shows a band like that of reduced
hemmoglobin.
Suppose the blood was obtained from a case wlhere death

had taken place from coal gas poisoning, or from inhaling the
fumes from smouldering charcoal, or other source in which
carbonic oxide7 is the lethal agent, then reduction would niot
take place; the? two bands-which are, however, nearer the
violet tllan those of oxylhmmoglobin-would remain. In
that case other tests might be tried, such as adding to a solu-
tioin of the blood in water a 10 per cent. solution of caustic
soda; on warming a einnabar-red colour appears, whereas, in
the case of normal blood, the colour would be brownish green(Iloppe-Seyler,8 Otto9); or Salkowski's modification,'0 in which
the blood is diluted to twenty times its bulk, and an equalquanitity of caustic soda solution (specific gravity 1.34) added.
If CO is present the fluid first turns wvlite anld cloudy, tllenbriglht red, and on standing red flakes form. In the case of
normal blood the colour is dirty brownl. Or Kuniyosi-Kataymas's test mlay be tried; a little yellow sulplhide of
ammoniium and dilute acetic acid are added to the blood
which then turns a beautiful red colour, whereas normal blood
becomes grey or greeniish grey.
In poisoning wvitlh sulplhuretted lhydrogen a spectrum, be-

longing, according to Hoppe-Seyler, to sulphide o methlemo-
globin, may be seenl.12 It is only necessary to pass a stream
of this gas throughI a solution of blood to see the spectrum.The blood becomes dark, sometimes a dull green, and the dis-
tincetioin between venous and arterial blood disappears(Lewin).'3
In poisoninig withl chlorate of potassium, Marchland'4l'asshown that the blood is muclh changed; a sepia-coloured de-

composition product being formed, which Hoppe-Seyler found
to be nlethmemoglobin. In ehildren, especially, poisonousdoses clhanige the lhmmoglobin into methmemoglobin.Mletlhemoglobin is distinguished by a spectrum, whlieldiffers totally from that of oxylhiemoglobin; thus in acid or
neutral solutionis it shows four banids, tllese bear some re-
semblance to those of acid lhimatini, but sulplhide of ammo-
niiunm distinguishes between tllem, as on its addition tlle two
bands of oxylminoglobini appear first, theni that of reducedlImmoglobini, whereas if lhiematin in solutioni is tlhus treated
we get the spectrum-i of reduced hlmmatin. MIoreover, methlemo-globini lias beeni crystallised by Halliburton,15 Hiifner anid
Otto,'6 and Copeman, proving that the reagents required to
prodluce it are lnot suffiienit to split up the molecule of hlemo-

7 Hoppe-Seyler: Vzrchow's Archiv.. xi, 288, 18357; Lewin: Lehrbuch der Toxi-A.n1oqie, p. 23, Wien, 1883; Bohm: Ziemssen's Haizd5uch, xv, 158, 2nd edition,1880.
8 Hoppe-Seyler: Virchow9"'sArchiv, xiii, 1858.

Otto: Anleotunkq zur Ausmittlu7ig der Gifte. p. 246.6th edition, 1884.JO SRlkowski: Zeitschrtft.f. pitysiol. Chem., xii, 227, 1888.
ltKunivosi-Katayma: Virchoc's Archiv, cxiv. 53, 1888.

2 Hoppe-Seyler: Phtysiol. Chemnie, p. 386.13 Lewin: Virchww's Archiv, lxxiv, 220. 1878; and Lehrbuch der Toxiko'ogie,
p. 48.

14 Marcliand: Virchow's.Archiv, lxxvii, 488, 1879.
15 Halliburton: Quart. Journ. Mo-ros. Sc., vol. xxviii.

16 Hiifner and Otto: Zeits.f. physiol. Chemie, Bd. vii, 1883, p. 65, and Bd. viii,
p. 366.

globin into a coloured and a proteid constituent. Again, as
Jaderholmi7 has shown, the spectrum of alkaline metheemo-
globin is peculiar; a narrow band occurring between C and D,
close to the latter, and two broader ones between D and E.
Sometimes mixtures of oxyhaemoglobin and methaemoglobin
are mistaken for the latter, but as H. Bertin-Sansl' has shown
-and I have repeatedly confirmed this statement-the bands
of methaemoglobin placed between D and E are distinguished
from those of oxyhwemoglobin in this, that the one nearest E
is far more intense and about twice as broad as that nearest
D. AMethiemoglobin was at one time supposed to be an
oxidation product of oxyhiemoglobin, but since it can be pro-
duced by the action on hiemoglobin- of sodium hypochlorite,
ferrous sulphate, and ferricyanide of potassium, wlhieh exert
rather a reducing than an oxidising action, such cannot be the
case. Other reagents produce methiemoglobin, such as dilute
acids, nitrite of amyl, and other nitrites, also kairin, thallin,
hydrochinoni, pyrocatechin, iodin, bromine, terebenthine, ether,
perosmic acid, permanganate of potassium (Hayem)19, and
antifebrin (Muller).20 According to J. G. Otto,2L the change of
oxy- into methaemoglobin is a change from a loose molecular
into a chemical combination.
Methiemoglobin is very frequently present in the urine in

cases of intermittent hiemoglobinuria, although sometimes
the change to methaemoglobin, as Copeman22 has shown.
may take place in the urine itself. However, even if this be
so, it still proves that in that condition the lliemoglobin is
more unstable than it ought to be. It is very often also pre-
sent in different pathological fluids, and sometimes pigments
intermediate between this and hiematin are present in them.
In hIemoglobiniemia the hiremoglobin is found dissolved in

the plasma, and this is followed by haemoglobinuria, when
the spleen and liver are unable to convert the free pigment
into others. Von Jakseh 23 directs the experiment for its
detection to be performed thus: The blood is drawn from the
patient by means of a cupping glass, placed immediately in a
refrigerator, and allowed to remain there twenty-four hours.
A ruby-red stratum is seen over the blood, whereas in normal
blood it should be yellow; on examination with the spectro-
scope tlle bands of oxy-hiemoglobiln are seen.
In poisoning-in the case of dogs at least-witlh nitro-benzol

it is said that haematin is produced (Filehne).24
As is now well known, H6nocque23-wlio has done so much

to make the spectroscope useful in medicine-has applied
this instrument in a novel manner. He observed that the
oxy-haemoglobin bands could be observed in transparent parts
such as the lobe of the ear, and the ungual phalanges, if they
were illuminated by diffuse sunliglit. In the case of the
ungual phalanix, when the finger was ligatured he found that
these bands sooner or later disappeared, to be replaced by
thiat of reduced lhiemoglobin. He then found that the rapidity
of reduction varied according to tlle amount of lhvemoglobin
in the blood, thlus witlh a normal proportion of hlemoglobin
reduction took place in 70 seconds, while witlh ansemic blood
the time might be only from 30 to 40 seconds. Finally he has
given a formula by means of whichl the energy of reduction
may easily be calculated. It is as follows:

M
E= x5

D
In whiiel E = energy of reduction; M = mean proportion

of heemoglobin, obtained by the haematinometer of H6nocquee
and ) = tlle time in seconds in whicll reduction is ac-
complished. H1nocque calculates thiat tlhe amount of
oxyhaemoglobin reduced in one second under quite normal
colnditions is 0.2 per cent.

IIaematin alnd Ilcematoporphyrin.-Before going any further
I must make some remarks on the decomposition products of
hlemoglobin as briefly as possible. These are hiematin and

'7 Jaderholm: Zeots. f. Biologie, xiii. 193, 1877.
I8 Bertin-Sans: Compt. Rend., cvi, pp. 1243-1245.

'9 Hayem: Compt. Rend.. cii, pp. 698, 700.
20 Muller: Deutsche med. Wochenschr., xiii, 27, 1887.

21 Otto: Biol. Centralbl., 18R4, 212.
22 Bristowe and Copeman: Lancet, July, 1889.

23 Von Jaksch: Clinical Diagnosis. by Stirling and Cagney, p. 43.
24 Filehne: Archiv f. erperiment Pa'hol., ix, 329, 1878.

25 H6nocque: Etude Spectroscopique du Sang A IA Surface Sous-ilngn&lIe dil
ponce, Compt. Rend. de la Socie'te de Biologie, 8th serie, t. i, p. 671. No. 41. 6
Decembre, 1884; also, Ibid., p. 709, 13 D[cembre inc t. Ii, pp. 760 and 762, No.
44, 1884.
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haematoporphyrin, speaking broadly. When haemoglobin is
treated with certain reagents, such as acids and caustic alka-
lies in the presence of oxygen, it is split up into one or more
proteids, and a coloured body, heematin, which contains all
the iron of the himoglobin. If, however, as Hoppe-Seyler 26
has shown, these reagents are made to act upon the hiemo-
globin in the absence of oxygen, another substance whieh
that observer named hwmochromogen, is formed. On admit-
ting air to the apparatus in whieh this is produced the
bands of hiemochromogen disappear, and, according as an
alkali or an acid has been used to act on the haemoglobin,
alkaline or acid hematin, respectively, is produced.
To study the spectra all one has to do is to act upoIl defibri-

nated blood with alcohol containing caustic soda or potash
and acids, when the band of alkaline heematin in the first and
then of acid heematin in the second case are produced. As is
well known, the band of alkaline hiematin occurs at the D
line, while those of acid heematin closely resemble those of
metha?moglobin, being, like them, four in number, but differ-
ing in the second band from the red, which is very difficult to
see as a rule. The beginner can generally make out the first
and third bands easily, but the second and fourth require
more careful observation.
Hiematin may be obtained in various ways. Thus, if blood

is agitated with ether, to wlhieh some acetic acid has been
added, the lihematin produced is taken up by the ether and
can be obtained by evaporating it and washing the residue
with ether, alcohol, and water, as a reddish-brown amorphous
powder, having a metallic lustre, and insoluble in water,
alcohol, and chloroform, but soluble in acidulated alcohol
and alkalin. Or it may be obtained by Hoppe-Seyler's
method27 from hydrochilorate of himatin or heemin (C6 H7
N8 Fe2 01,, 2 HCI-Hoppe-Seyler). This is the crystalline
substance which one gets in treating a dried blood spot with
a trace of chloride of sodium and acetic acid, and when
crystals are of so much importance in the medico-legal detec-
tion of blood. This method of procuring lihematin is fully de-
scribed by Hoppe-Seyler, and need not detain us now. It
will suffice to say that the substance so obtained is an amor-
phous powder, insoluble in water, alcohol, and ether, soluble
in dilute solution of eaustic alkalin, insoluble in dilute
acids, soluble withl difficulty in hot alcohol containing sul-
phiuric acid, in acetic acid, and in fuming hydrochloric acid.
Lately Nencki and Sieber2" have been reinvestigating these

decomposition products of hiemoglobin. At first they pre-
pared hydrochlorate of haematin by a special method, which
need not be mentioned lere. They isolated it by means of
amyl alcohol, but Hoppe-Seyler has since shown that the
amyl alcohol is decomposed by the process adopted, and the
product must have been contaminated by the presence of its
decomposition products. Wlhile Hoppe-Seyler assigns to
lihematin the formula C,; H70 N8 Fe2 010, these observers make
it C32 H.2 N4 Fe O,, and they found that it agreed with the
haematin of Hoppe-Seyler in its character.
The method wlich I found out some years ago29 enables onie

to procure hTematin very easily: The defibrinated blood of the
sheep is treated withl rectified spirit acidulated with sulphuric
acid (1 in 17), the solution filtered, diluted with water, and
agitated in a separating funnel with chloroform, the latter
separated, filtered, returned inlto the funnel, and again waslhed
witlh water uintil free from acid. If evaporated after this treat-
ment it leaves an amorphous impure hliematin, but by allow-
ing the clhloroform to stand in a corked bottle in a dark place,
very soon miniute rlhombic crystals form, making the chloroform
turbid, whichl- cail be separated by filtering, and purified by
waslhing witlh water, alcohol, and etlher. The hiematin thus
prepared agrees in its chlaracters, except for the occurrence of
crystals, with that described by otlher observers.
To see the spectrum of hiemocliromogen (the reduced lhiema-

tin of Stokes) and its spectrum is one of the most important of
all physiological spectra; it is not necessary to prepare it by
Hoppe-Seyler's method. All that is required is to act upoln

Hoppe-Seyler: Med. chei. Untersuch., Heft iv, 1871, p. 523; Ibid., pp. 377-
335; Zeit. f. physiol. Chemn., Bd. 1, p. 138.

27 Hoppe-Seyler. loc. cit.

Nencki u. Sieber: Ber. d. deutsch. chem. Gesell., xvii, pp. 2267-2276 ; Ibid,
xviii, pp.392-399; Monats.f. Chem., ix, pp. 115.132; Archiv. f. exper. Path. u.Phv irm., xviii, xx, xxiv.

29 MacMunn Journi. Phystol., vol. vi., Nos. and 2.

some defibrinated blood with alcohol containing caustic soda
or, better, ammonia, filter, and add to the filtrate some yellow
ammonium sulphide ; when this is done the bands of haemo-
chromogen are seen. They bear a resemblance to those of
oxyhaemoglobin, but are much nearer the violet end of the
spectrum and differ in the remarkable sharpness and darkness
of the first band, and other particulars which nieed no mention.

It may appear superfluous to go into this detail, but other-
wise I could not make the subject clear to those who have not
studied it.

I stated that the bands of haemochromogen are of great
importaliee, and I will now give my reasons for saying so. It
has happened to me more than once to have to give an opinion
upon blood-stains on the blade of a penknife and on cloth.
Now in some of these cases I could neither obtain hwemin
crystals nor blood corpuscles ; the stain was also insoluble in
water. On putting the knife-blade to stand in a narrow tube
just wide enough to admit the blade, and covering the latter
with rectified spirit containing ammonia, the stain was dis-
solved out; although the fluid was barely coloured to the
naked eye, and failed to show the absorption band of alkaline
haematin, yet on adding one drop of ammonium sulphide the
two bands of hiemochromogen stood out with extraordinary
distinctness. Again, in the case of a blood-stain on cloth, the
same very simple method was found to apply, the piece of
cloth being cut up into small pieces and digested in the same
solution, and then treated with ammonium sulphide. So in
the case of urine containing blood;30 sometimes the blood
clings to the sediment and then fails to reveal its presence by
the ordinary tests. I find, however, that by filtering off the
sediment, and treating it and the filtering paper through
which it has been filtered, with alcohol and ammonia, and then
adding ammonium sulphur, the presence of blood is put be-
yond all doubt. Further on I shall have to return to hiamo-
chromogen.
There is another very interesting decomposition product of

liemoglobin, namely, haematoporphyrin; this was described by
Dr. Thudielunm31 under the name of " cruentine." It is produced
by the action of strong sulphuric acid on hiemoglobin or
hoematin, and to the substanlce obtained by his own method
Hoppe-Seyler 32 assigns the formula C6,8H74N8O, 2. It contains,
therefore, noiron, which is said to be separated and to be present
in the solution as a ferrous salt. Nencki and Sieber 33 have lately
obtained it by other methods-in the first by the action of
concentrated sulphuric acid on haemin, and in the second and
(according to them) easier method by the action of acetic acid
saturated with bromin water on hsematin. So obtained it is
soluble in alkaline and alkaline carbonates, dilute mineral
acids, and alcohol. It agrees, when thus prepared, with the
haematoporphyrin of Hoppe-Seyler, but Neneki and Sieber
assign to it a different formula, namely C H18N203, and they
find this agrees with the formula given by'SMa1y for bilirubin
the red colouring matter of bile, to whllieh Maly assigned the
formula C12H36N408. I would call special attention to this
fact here, because it gains additional significance from what
I shall have to say further on about the oecurrence of haema-
toporphyrin in urine. These observers also prepared its
hydrochloride C1, H18 N2 03 Hee, and its sodium salt
C18H17NaN2O3+H20, and other salts.
Further-and this is of great importance-they found that

when the sodium compound was given to animals the greater
part was retained in the body, possibly being there again util-
ised in the formation of hiemoglobin. It can also be produced
by the action of energetic reducing agents on hiemoglobin or
hoematin, such, for instance, as that of sulphuric acid and
zinc, hydrochloric acid and tin, and sodium amalgam; but in
these cases, as Hoppe-Seyler34 has shown, the pigment is apt
to pass on to a lower stage of transformation. The spectrum
of hiematoporphyrin in a solution treated by a mineral acid,
or acid haematoporphyrin, consists of two remarkable bands,
one at D, and another between D and E; while when present
in an alkaline solution it shows four or five bands. In fact,
these two spectra serve well for the recognition of haematopor-
phyrin.

30MacMunn: BRITISH MEDICAL JOURNAL, July 19th, 1879.
31 Thudichum: Tenth Rep. Med. Off. Privy Council, 1867.

32 Hoppe-Seyler: Physiol.:Chemie.. p. 397.
33 Nencki and Sieber: loc. ot. (see Note 28).

34 Hoppe-Seyler: loc. cit.
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It is a very strange fact, and one upon which I came in
working at the pigments of the lower animals, that heemato-
porphyrin may be present in the integument of an animal,
and yet no haemoglobin can be found in that animal.35 At first
this fact staggered me completely. I found the pigment pre-
sent in star fislhes, slugs, and in a mollusk allied to the razor
fish, namely, Solecurtus strqigllatus; and a comparison of my
maps with those of Professor Moseley, and an examination of
the pigment named by him polyperythin,36 have led me to
conclude that this pigment occurs in many invertebrate ani-
mals. I found, however, that in many, probably in all, these
instances it is derived from pigments closely allied to haemo-
globin and haematin, and which I have named histohaematin.
It would appear, therefore, that in such animals hlematopor-
phyrin is a waste product; and here permit me to give a quo-
tation from Geddes and Thomson.37 In their interesting book
on the Evolution of Sex, they say: "In spite of the researehes
of Krukenberg, Sorby, MacMunn and otlhers, our knowledge
of the physiology of many of the pigments is still very scanty.
Yet in many cases, alike among plants and animals, pigments
are expressions of disruption processes, and are of the nature
of waste products."
But anyone may well ask what has that to do with path-

ology? Allow me to reply that it has everything to do with
it. In the urine of Addison's disease38 a kind of haemato-
porphyrin occurs; and how do we explain its presence? Here
it is a waste produet too; and to explain why it occurs there,
let me for a moment say what the spectroscope tells us about
that disease.
In the adrenals of several mammals I found that lihemo-

chromogen30 is present in the quite fresh organ. Now previous
observations had taught me to conclude tllat wherever that
pigment occurs in the human body it is an excretory product;
for instance, it was found in the liver, and in the bile, and
elsewhlere. Putting this fact together with the results of the
analysis of the adrenals made by many competent observers,
I could not help concluding that the adrenals are concerned
in the downward metabolism of hqemoglobin and of its decom-
position products. If they are diseased, then these decompo-
sition products circulate in the blood, producing pigmenta-
tion of skin and mucous membrane, and appearing in the
urine as urohematoporphyrin.

I feel bound to add, however, that I found this latter pia-
ment-urohaematoporphiyrin-in tlle urine of other diseases,
such as acute rheumatism, cirrhosis of the liver, croupous
pneumonia, Hodgkin's disease attended by pigmentation of
skin, so-called idiopathic pericarditis, peritonitis, meningitis.
measles, and typhoid fever; and lately I have found a kind of
l-haematophorphyrin present, to an extraordinary degree, in
the urine of a case of Graves's disease, to which I shall have
to refer again. However, their observations do not weaken
my theory, but really support it.
Thinking over tlhe matter, I conclude that this pigment

may appear in tlhe urine under two conditionls: (1) when an
excess of effete blood-colouring matter, or perhaps effete his-
tohiematin, is present in the blood, the glands whose function
it is to change this to a simpler substance being in-capable of
dealing witlh the excess of the pigment, although they may be
quite healtlhy; or (2) when these glands are diseased, and
therefore incapable of metabolisilng the normal amount of
effete pigment. In either of these conditions we should have
urohtematoporplyrin present in the urine.
Lately, Mr. Cant, of Lincoln, sent me a most extraordinary

specimeni of urine. It had a deep Burgundy-red colour,40
whichl at first sight might: lead one to suppose tllat it con-
tained blood; but on testing for blood chemically, micro-
scopically, and spectroscopically, none could be found, nor
could any proteid be detected; it contained, in fact, no serum-
albumen, globulin, or peptone, no excess of indican; but it
did contain, and owed all its colour to, a kind of hlmatopor-
phyrin, easily demonstrated by the spectroscope. Now I ileed

35 MacMunn, Journ. Physiol., vol. vii, No. 3; vol. viii, No. 6.
36 Moseley: Quart. Jl. Micros. Sc.. vol. xvii. 1877, pp. 1-23.
37 Geddes and Thomson. The Evolution of Sex, 1889, p. 23.

38 MacMunn. BRITISH MEDICAL JOURNAL, February 4th, 1888.
39 MacMunn, Philos. Trans., Pt. I, 1886.

40 Dr. S. Monckton Copeman brought me two specimens of urine about a year
sgo, which had the same colour as the above, and both owed their colour to the
above pigment. This was the first time I had met with it. Dr. Noel Paton
recently sent over a specimen of urine containing an allied substance.

hardly say that, if the spectroscope were not available, I could
have madle nothlinig out of this urine. Without any treatment
whatever, it slhowed a splendid haematoporphyrin spectrum,
which, wvith a little sulphuric acid and a little ammonia,
changed into that of acid and of alkaline hlematoporphyrin
respectively.
Wlhat was the meaning of this ? Of course, in the first

place, a large amount of blood pigment was being destroyed
somewhere ill the body; and in the second, some poison of a
haemolytic nature must have been present. Mr. Cant lias
sent me this urine several times, and eaclh time tlle same pig-
ment was found. It has been excreted for some years-at
least three-by a woman now aged 40, wlho has exophithalmic
goitre, this disease having begun three years ago. Mr. Cant
tells me that the red blood corpuscles, counted with the
haemocytometer, amount to 2,250,000 per cubic millimetre-
about half the normal-and the hiemoglobin is only 40 per
cent of the normal, pointing, of course, to destruction of
blood, and confirming the spectroscopic appearances.

Tile idea suggests itself, is the blood broken up in the thy-
roid? If so, does that gland in health pick out effete blood
pigment from the blood circulating in it, and metabolise it
into something else ? That events of a catabolic nature take
place, then, seems likely, from the results arrived at by
Horsley and others, that its extirpation is followed by myx-
ccdema.
Another curious fact noticed by Mr. Cant was that, on

drawing a little blood from the patient's finger, and putting it
under the microscope, many of the red corpuscles extruded
their haemoglobin, just as they are known to do under the in-
fluence of certain weak acids. My observations teach me that
in all probability blood pigment is broken up in the tissues,
and by an energetic reduction process. I may recall the
beautiful experiments of Ehrlicll41 in this connection; lie
found that certain blue colouring matters, such as alizarin
blue and indophenol blue, lose their colour in the tissues of
living animals, and regain it oln contact with tlle air, proving
the existence of energetic reductive processes in the tissues;
but, as most people know now, it is not the nascent hydrogen,
but the nascent oxygen, which brings about the final chalnge;
just as it does in tile case of palladium-hydrogen.43 The pro-
duct of this is liaematoporpliyrinl, which is readily changed
into bile pigment when brouglht to the liver, or perlhaps it is
changed into other metabolites in other organs, such as the
adrenals. I mentioned above that Nencki and Sieber43 find
that bilirubin and hiematoporphyrini lhave the same formula;
tlherefore the change from one into the other is easily accom-
plished. But I shall lhave a few more remarks to make bear-
ing on this interesting subject directly.

The Histohlemnatins. In 1883 I found a peculiar pigment in
the muscle of insects, and from a slhred of its bands I came
to the conclusion that it wvas nearly allied to lhanmatin. These
bands are different from any known decompositioni product of
hsemoglobin; they are very sharp and narrow, anid the pig-
ment is easily chanigeable in-to another which gives bands
like those of hlemochromogen, only narrower and much nearer
the violet elnd of the spectrum. I named this pigment "myo-
haematin," 44 and traced it among different groups of inverte-
brate, and then among vertebrate, animals up to man. I found
that other organs and tissues of invertebrates and vertebrates
contain a similar class of pigmenits, wlichl I named " Iisto-
hlmatins." Now, these pigmenits occur among an-imals which
contain nio lhimoglobin whatever, thlerefore tlley cannot be
derived from it in such animals. Levy,'3 a pupil of Hoppe-
Seyler, hias tried to prove that the myohltematin of pigeon
muscle is nothing but hEemochromogeli, and Hoppe-Seyler has
supported him.46 Of course I feel like David before Goliath
in darinig to indulge in polemics with suclh a great in-vesti-
gator; but David in this case feels that lie is riglht. I have
found evidence of the presence of a Ilistohlimatin in sponges ; 47
indeed, it would seem to have a greater riglht to priority in

41 Ehrlich: Das Sauerstoftbed ibfniss des Organismnen, 1885.
42 Hoppe-Seyler: Zeits. f. physiol. *hem., vol. ii, p. 22. 1878: vol. x, p. 35, 1886;

Ber. d. deutsch. chem. Ger.. xii, p. 1551; xvi, pp. 117, 1917, 1883.
43 Nencki u. Siebor: loc. cit. see (27).

44MacMunn Philos. Trans., Pt. I, 1886.
45 Levy: Zeits.f. physiol. Chemie.. xiii, Heft 4.

46 Hoppe-Seyler: Zeits. f. physiol. Chemie., xiv, Heft 1. My reply Is given in
the same Bd. xiv. Heft 4, and xiii, Heft 6.

47 MacMunn: Journ. Physiol., vol. ix, No. 1.
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time than has himoglobin. Like the hematin wlhiel Sorby"
found(i in tile bile ot snlails anld slugs, aid wlhichl I found in
the limpet, the crayfish, and elsewlhere,4" it seems to be a pig-
iiienlt oii its way, as it w^ere, to become liemoglobiii. Neitlher
Hioppe-Seyler nior aniyonie else canl for onie moment maintaill
that in a butterfly, a beetle, a snail, or a crayfislh the histO-

l.lumnatin is derive-d from h.a-moglobin, because they possess
none. It may be that if, as is likely, it has become in time
replaced by lhi.moglobini, owinig to greater respiratory needs-
that is, it inay hiave furnished, as it were, the nucleus around
which the large hl.emoglobin inolecule las beeII built in

time-then possibly in the (lowniward metabolismi of lhemo-
globin in the vertebrate body it may reappear as onie of the
intermiiediate products of suelh downiward metabolisni. Or hIow
do we kniow that it may niot precede the formnation of lizmo-
globin in the vertebrate boIdy, just as it lhas preceded it in
tiine ?

If anyone will take time trouble to catch a bluebottle fly
(.Mimctsca vonmitoria), openi its tliorax, l)laee the large alar muscle
in a compressorium, and examinie it unid(er his mierospectro-
scope, lie will see the spectrum of inyoliainatin. A faint band
will he seeni just before D; tlmeii two niarrow bainds, of whiichl
the seconid is muich darker tlhani tlhe first, betweenl D amid E;

a1 thlird, broader and fainter, coverinlg E anid b. 1 succeededi
ini getting oxyha'mnatin inito solution in time case of pigeont
nmuscle, and I found(i that I could convert it inito liematoporphy-
rini, thlus pro'ing, als I said before, that the latter pigment is
derived from time histohlematin wlieni it is foulnd in animilals
possessing nio hiienioglobimi.

Tlhese pignients are withiouit (loubt respiratory, as I have
s1hown, amid, althioughl attempts hlave been mnade to mininiise
their inmportance, yet I believe by-and-by Someone whiose eye
hlas been properly trainied to tIme use of time spectroscope by
long and (e;are-f l study will conic forward an1(d conlfirmX my
result-s. Doubtless-, if lie is niot ain Englislhmianii, hle will sal(ldle
time pigmiienlt withi a niew niaImle, and express regret thm;mt I had
missed soniii points whichli be alonie is able to point out. How-
ever, I slhall be ha1ippy to shlow aiiyone wlho cares to see it tlle
spectrum of myolnimnatin.
Piyments of the LBile.-As all readers of textbooks of physio-

lovy kniow, there are two colouriig matters in vertebrate bile:
th e redI one, bilirubiii011111 fN.}03 (or double that formula), and
time green one, biliverIini C!6J111,N_y5 0. (3Maly). Neither gives
absorption bands. Bilirubin cuts off, in even weak solu-
tionis, the whlole violet eiid of tlle speectrumn, and that
abruptly; biliverdin botlh ends: transmitting green. Both
of tlien, whien treatedl in solution witlh nitric aceil, give the
colour reaction of Grtelili anid Heiiitz, anid eaelh stage of tIme
reactioni is mnarked by al clharacteristic spectruimi, wlichll may
be miiade use of in tlheir dete.tiion. It is onliy necessary to treat
a chloroform solutionl of bilirniin, or a weak alcoliolic solu-
tioni of biliverdiin, ill a test tube witlh niitric acid, anid obser-ve
the solution witlh the spectroseope, to enable onie to follow
this change. At first a baiid appears; before D, tlheni another
after D, and oiie at F; the second(l fcades away first, then the
tirst onie, leaving that at F, wlhielh also in time fades away.
The pignments corresponding to these chlanges hiave some of
tlmeril re(-eived niames; for instance, that corresp)onding to the
blue ainTd violet stage is; the h)ilicy.anine of fleynsitus and
Canipbell, and that indicated by time band at F, W^hien it is be-
comiiing feebinler, is knowin as cliohitilhin. It is lhardly necessary
to say that bilirubin is idenitical withl limnmatoidin,u5 a pigment
founid in old lihinorriiages in tIme brain, tlhyroid, aln(l e1se
wlhere; also occasionally in time lungs, and(1 its crystals bmavv
been found also in time fmetes. Heniee thiere is nio doubt that
luemoglobin is readily conneeted withi bile pigmenit. But I
must remark tlhat, althioughi under pathiological coniditionlE
hatemogrlobin is converted inlto bilirubin, yet it seems to m
that uniider niormal conditions tIme change is probably fron
lInminatin or h nematoporpliyrini (lirectly in1to bilirubi n. AIM
reasons for sayingt so are as follows:3: (1) Tln bile obtainle
frommi a bilinTy fistulla in a case where chmolecystotomy liad hee

48 Sorbv: Quart. Journ. Micros. Soc., vol. xvi. p. -7. et seq.
MacMunn: Proc. Roy. Soc.. No. 226, 1883.

50 For the literature on the lidentity of bilirnibin and brematoidin, cf. Hall
burton in the new edition of Watts's Dictionary of Chemistry.

51 Copeman and Winston (bourn. Physiol.. vol. x. No. 4) have come to th
same conclusion, and believe that the bile when freshly secreted is green, an!
that the change to yellow or reddish is due to the reduction of the biliverdi
i n the gall bladder end in the Intestines.

performed by MIr. Lawson Tait, I found onily biliverdin in
fresli specimens.n2 Copeman an'd Winston53 had a similar
experience. (2) A bilirubini-like pigment hias been found in
the placenlta of tlhebitelh." (3) In the eggsliells of sonme birds
lhematoporplhyrin anld biliverdini liave beexi found side by
side by %orbv)55 Krukenberg,6 anid otlhers. Here thie trans-
formation probably takes place in the glands of the oviduct.
(4) I hiave founid biliverdin in a lydrocele fluid, inlto wlich
blood lhad been effused."7 (5) In the liver of the pigeoni I have
seen in one part lhemochromogen.and in anothler biliverdin,
which latter was seeni filling tlhe ultimate radicles of thie bili-
ary ducts in the lobuile.-." (6) Tn tbe red sea anemone (Artinia
mesembryanthemnvm) I lhave founid biliverdin in the mesoderm,
whlile in the ectoderm a kind of limmatini occurs: lhere there
is nio doubt thiat thlebgreen. pigimenit is formed froiim the lhema-
tin.59 I nlayalso refer to the initeresting experiment of 1lay-
craft and S3cofield.00 Tlhese observers found that they could
clhanige l)ilirubini inlto biliverdin by contact with the mucus of
the gall badder, anid by different reducing means. Hence it
is probable that this clange takes place in thie gall bladder,
but tlhe cliainge in the liver is probably from lizematin or lile-
matoporphyrin into biliverdin.

I hnve deseribed another pigment as occurring in the bile of
the shieep anid ox, namely, cldoroliwmatin.'L I proved that it
is a kindtl of hwrnitatin, and chlangeable by meanis of energetic
re(lucing agents inito limmatoporlphyrin. It gives a curious
series of banidswhl; iich lhave been taken by MMNI. Vertheiiner
Ind Mleyer62 for metlternmoglobin, but they do Inot beloIIg to

tlhat substance. Thes-e observers founLd that in dogs poisoned
witlh aniline and toluidinie, oxyluTmoglobinl passed over inito
thie bile. But in some cases, tlhouglh rarely, they founid a sub-
stancee wbhielh gave the bands of reduced liematin whlen treated
witlh ammoiniunm sulplhides, and in otlher cases a substance
wlhiel tlhey call clhloro-methienloglobini, whliclh they say is
ideintical witlh my chlorohl-ematin. In any case, this pigment
is evidently oni its way to be clhanged into biliverdin.
The spectroseope may also serve as a help in the detectioni

-ofbil( aci(ls by Pettenkofer's; test, as this is denoted byapecu-
liar sp;,ectrum, which I have described elsewlhere.
There is nio doubt that if tlhe bile were systematically ex-

anille(d ill Inlainy morbid coinditionis, most interesting results
wouil'l be ol)tained,. Iideed, I hope wlieil I get sufficient
leis-ure to do thlis.Piynients of Urine.-Most urines, provided they do not con-

tain bile or blood, slhow an absorptive band at tlhe F line.
Now in febrile cases, and in certain patliological conditions,
the utirine will be founid redder tlhan normal, and tlhe band at
F will be found broader anId darker. Normal urine may not
,show the band at F owiing to its containing enouglh reducing
s;ubstance to convert the pigment giving that band into a

clhromogeni; buit if it be treated witlh a little solution of potas-
siuim permaniganiate, the cbromogen becomes oxidised into the
pigmenit, anid the band at F appears. The pigment whichi

r gives this haf(I is urobilin, nd when isolated from normal
urine it possesses chlaracters wlhiel distinguish it from thie cor-

respondclinig pigient present in vertain pathological urines.
In eitlher case the pigmenlt may be isolated by precipitatilln

? the urine witlh leutral anid basic acetate of lead, filtering ot
I the lprecipitate, decomiX1posiiig it withi rectifled spirit and sul-

pliuric acid, filterinig, dilutinig witlh water and agitating witlh
chloroform in a separatinig funniiel. Oni evaporatinig thle

t clhloroform the pigment is obtained.63 Just as iII the urinie so
in solutions of the isolated pigmelnts, certain differeniees are

t5Copan52 MacMinn: Journ. PhiAsiol., vol. vi.
53 Copemanand Winston: Journ. Physiol., vo; x, pp. 213231.5' Hoppe-Seyler; Handb. d. phys. u. path. chem. Analyse, 3rd ed., p. 180; Etti:

Oesterr. vieteljahr.f. zviss. Veterinlirkunde, xxxvi.
e 55borby:I>:roc. Zool. Soc. Lond.. 1875, pp. 351-365.

5Krukenberg: Verhandl. d. -phys-med. Gesell. zu. Wurzbuaa N. ., Bd. xvitThuldichum: Annzats. Chem. Med., i, 1879, pp. 93-103; Dickie: Anx. and Mag.
Y Nat. Hist., xii, 1848, p. 169; Liebermann: Bericht der deutsch. chem. Ge8., xi.
(15178, etc.d11878, ete. 5s7 MacMunn: Proc. Roy. Soc., No. 226,1883.

58 MacMunn: Journ. Physiol.. loc. cit.
59 MacMunn: Philos. Trans., Pt. II. 1885, pp. 644, 645.

60 Haycraft and Scofield: Zeits.j. physiol. (Them.. xiv, pp. 17.3-182.
I- 61 MacMunn: Proc. Roy. Soc., No. 208, 1880. No. 226, 1883; Journ. Physiol., vol.

VI, Noe. 1 and 2.
*e5 Wertheimer and Meyer: Archives de Physiologic, No. 3, July, 1889, pp. 438.

id ~~~~~~~~448and 600-605.
in 63 MacMuDn, Proc. Roy. Soc., No. 208, 1880; Journ. Physiol., vol. x, Noe. I and

1; Clinic2l Chemistry of Urine, pp. 104-110.
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found in the spectra wlicil prove beyond doubt that normal
and pathlological urobilin differ in certain particulars. The
band of pathological urobilin at F is dark, broad, and slhades
off towards violet, while that of normal is narrow, is not deeply
shaded, and does not shade off towards violet.
In acid solutions of pathological urobilin otlher bands are

seen, which are missing in the corresponding solutions of tlle
normal pigments.6f4 Thie idea occurred to me in studying the
spectrum produced by the actioin of nitric acid on solutioni of
bile-pigmen-t, that the stage in which the band at F is dark
corresponds to the production of pathological urobilin, wlhile
that in whichl the band at F is faint correspoinds to the prodluc-
tion of the normal pigmeint. So it lhas turned out, but we are
not to conclude that eitlher of these pigmeints as it occurs in
urine is niecessarily derived from bile pigments. By the lonig
continued action of sodiunm amalgam and of zinc and sul-
phuric acid, aided by hleat on hlematin, a substance is eventu-
ally formed whichl possesses many of the characters of (patho-
logical) urobilin.65 And by the action of hydrogen peroxide
on linematin in acid solutions, anotlher substaince is found
whlich possesses the clharacter of normal urobilin, as I have
proved, and by reducin-g this with sodium amalgam it changes
inito a substanlce resembling patlhological urobiliii.66
For tllis and otlher reasons we may conclude that normal

urobolin is a mnore comnpletely oxidised substance tllan the
patlhological pigmeIt, but it is possible-and, indeed, probable
--that both are produce(d under different conditions of meta-
bolism. In this they afford a parallel to urea and uric acid;
we know that uric acid is a less completely oxidised substance
than urea, yet uric acid is not produced by the sanme meta-
bolisiim that produces urea. I believe that normal urobilin
may be )roduced elsewhere than in the liver by the action of
niascent oxygen on worn-out li,emoglobin and its decomposi-
tioIn products, and in ilany cases it does not originate from
bile pigments. Pathological urobilin may result fronm the
incomplete oxidation of worn-out limemoglobini and its decom-
positioil products, alnd may not in miany cases have its origin
from bile pigmeint. It would appear to be excreted, as is now
well kniown, after extravasations of blood into the tissues
into thle peritoneum, and elsewlhere; in such cases, there is
too muchl material for complete oxidation to take place. On
the other lhand, there is a pigment present in faeces-stereo-
bmlin-and this presents nearly all the characters of patlho-
logical urobilin,'7 so that in some cases the presence of the
latter in the urine may indicate the absorption of feecal mnat-
ters from the intestine. I am convinced that some so-called
bilious attacks are due to this cause, for if the pigment is ab-
sorbed it must be accompanied by ptomaines, whiclh produce
the headache, aclling of tlhe limbs, vomiting, and so on.
Whetlher this absorption takes place owing to the liver not per-
forming its guardian function owing to vasomotor disturb-
ance, or whether absorption takes place directly fronm the in-
testine, is not clear at present. At all events, everyone knows
the beneficial effects of a saline purge in such cases.
In spite of the assertion that the urobilin found in urine is

always due to tlle absorption of hydrobilirubin from the in-
testine, this lhydrobilirubin being supposed to originate from
the action of nascent hydrogen, generated by putrefactive
processes in the intestine, on the pigments of the bile (Maly
and Hoppe-Seyler), .1 say, without fear of conitradiction, that
the former may arise in other ways, and that the urobilin of
normal urine is a product of oxidation, and that pathological
urobilin is an incompletely oxidised substance. By the
action of zinc chloride, of that and ammonia, and of other
reagents oni those pigments, it is easy to prove, as I have else-
where slhown,6' that hydrobilirubin is not identical with either
normal or pathological urobilin. The presence in the urine
of urolaematoporphlyrin and the replacement of this by patho-
logical urobilin, and vice rersd, teach, when taken in connec-
tion witlh otlher facts, thlat the latter may, as I said before, be
derived in many cases from lbvematin, and may lhave no biliary
origin. In some cases, of course, we may lhave urobilin de-
rived from bile pigmenlt as well as directly from lhematin, but

64 MacMunn, loc. cit.
65 Hoppe-Seyler, Physzol. Chemie. loc. cit.

66 MacMunn, loc. cit
67 MamMutn: hc. cit.

* Hoppe-Seyler: Physiol. Chemie., p. 297; Maly: Centra7bl. f. d. med. Wfiss.,
1871, No. 64.
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in suclh cases there is generally evidence of the passage of
bile pigment into the blood. It is a well-known fact that in
recovery from jaundice the bilirubin may appear in the uriine
as urobilin.
The spectroscope is lhelpful, also, in enabling us to detect

inidican. If the urine, after applyiing Jaffe's test, is shakein
with chloroform, the latter, if indican is present, will sh1ow
a band before D due to indigo blue, anid another after D, said
to be due to indigo red. Or even wlhen Jaffe's test fails, it may
be detected by boiling the urine witlh common hydrochloric
acid, coolinig and agitating witlh clhloroformii; the latter shows
the same bands as in Jaffe's test.69
There are different pigmeints whlicli becomle red on treating

the urine with nitric acid and otlher acids, either at tlle
ordinary temperature or after lheatinig, but at present their
origin is uncertain, althlouglh at least one is derived from a
skatol compound.

Other P17qments.-I lhave now described some of the most im-
portant absorption spectra, speaking from a purely medical
point of view, but the subject is far from being exhausted. I
have not mentioned the lipoderms or fat pigrments, wlicll
terIn includes under it the pigmeints formerly known as
luteins, nor the black pigments known as melanines, sonme of
which latter do not owe their origin to hamioglobin, as is com-
monly supposed; nor have I been able to furnish more thain a
partial and unisatisfactory accounit of the other pigments.
Still what I lhave said will serve to slhow that the spectroscope
lhas taught us a good deal, and, I believe, will teach us more
wlhen it comes to be more generally used. In biology gener-
ally it lhas recently brouglht many new facts to light; these in
turn must lhelp to advance comparative physiology, whichl at
present is nlot *advanced enouglh to enable anyone to write
even an elementary book upon it.

ESTIMATION OF URIC ACID BY HAYCRAFT S
PROCESS.

Read in the Section of Pathology at the Annual Meeting of the
British Medical Association, held at Birminghan, 1890.

By A. HAIG, M.D.,
Assistant Physician Metropolitan Hospital.

THE process con-sists in (1) combining all the uric acid in a
given amount (25 cubic centim6tres) of urine with silver Con-
tained in a solution of nitrate of silver with addition of
ammonia. The result is a gelatinous precipitate; (2) the
gelatinous precipitate is collected and well washed on an
asbestos filter; (3) the precipitate, after washing, is dissolved
in nitric acid; (4) the silver thus got into solution is esti-
mated by meanis of a colour test (Volhard's method). Fronm
the silver founld the amount of uric acid combined with it is
calculated.
Apparatus. - Flasks, pipettes, measuring-glasses, etc., a

flask fitted wit}l a rubber bung perforated in two places. Into
one of the perforations fits the stem of a funnel containing
broken glass and asbestos to form a filter. Into the other
perforation fits a glass tube connlected with a Sprengel's pump
or other means of producingf a vacuum.
[The working of the process was then shown on a specimen

of urine.]
Addition of bicarbonate of soda-Haycraft says about 15

grains, Hermann considers that it is better to add about
30 grains; the object of the additioni of the bicarbonate is to
prevent the reduction of the silver combined with the uric
acid.

It is always well to add an excess of the silver nitrate solu-
tion, as it is probable that when this is done the resulting
urate of silver has a tolerably constant composition. Wheni
the patient is taking an iodide a precipitate of iodide of silver
falls on adding the silver solution to the urine. This does
not necessarily interfere with the process of estimating thie
uric acid; but it should always be an indication for adding
more silver, so that the iodine may not deprive the uric acid
of its share.
In collecting the urate of silver precipitate on the filter, if

tlhe filtrate is not quite clear it may be necessary to pass it a
69 MacMunn: Clinical Chemistry of I rife, pp. 9S93.


