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HISTORICAL INTRODUCTION. 3

predecessors, and were the means of giving to
anatomy the rank of a true science. They did not,
however, advance much the anatomy of the spleen,
" for the latter author states that it has no function;
but his followers, condemning the negligence of their
teacher (as Galen states), said that nature gave
animals a spleen to prepare the chyle expressed from
the food, for the liver, for the generation of blood.

Celsus merely refers to its position, and its soft and
thin nature, not giving any account of its structure
or probable function.’

Rufus Ephesius® does little more than allude to its
position. Its colour he likens to wine lees; its consist-
ence loose and spongy, and composed of a network
of vessels, inactive, and without vital energy; he
states that it has no use.

In the works of Areteeus® and Paulus Kgineta‘ no
fresh addition appears to have been made to our
knowledge of the anatomy of the spleen, the latter
author believes that its use is to attract from the liver
the melancholic humour which is, as it were, the lees
of the blood, the superfluous quantity being expelled

' Aurerius CorNeLius Cersus, De re Medicd. Venetiis, 1566. Lib,
quartus—* De humani corporis interioribus sedibus.” ¢ A+t lien & sinis-
tra non eidem septo, sed intestino innexus est, naturd mollis et TATuS,
lungmudm:a crassitudinisque modicse; isque paulum a costarum

regione, in uterum excedens maximdi Pfl-l‘tﬁ‘;'-ul] his conditur. Atque,
hxe quidem juncta sunt.’

* Rurus Epnestus.  Parisiis, Mpuiun  Tepe Avfp. Mop. P. 44.
% Arerzr, Cappavocts, Opera Omnia. Lipsise, 1828.

* PavLus Mormwera. Translated from the Greek by Francis
Adams. Sydenham Society, Vol. i. p. 577.
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HISTORICAL INTRODUCTION. 5

ages of darkness and barbarism, and was even defended
by those anatomists who lived in the commencement
of the 16th century, at a time when science and lite-
rature were again revived, and when the intellectual
powers becmm, again roused, atter a repose of more
than a thousand years. Thus Guinterius' follows
Galen’s description of its structure almost in the
same words, and believes its function similar to that
ascribed to it by that celebrated writer.

Estienne® not only adopts the same opinion of the
spleen excreting the melancholic juice, but states
that there is a common duct from that organ to the
stomach, by which the black bile regurgitates to its
orifice, the use of this fluid being, as he remarks, to
incite the appetite, and by its bitterness and acidity
desire is produced. He also supposes that, in con-
junction with the liver, it warms the stomach, and
aids in the digestion of the food. There can be
hardly any doubt, from the account given by this
author, that he supposed the vasa brevia distended
with blood to be ducts proceeding from the spleen to
the stomach—an opinion soon afterwards set aside by
the accurate observation of Vesalius. Although the
outward form, position and attachments of the organ,
as well as the course of its vessels, are mentioned

! Jon. GuINtHERT Anaf. Institut. Parisiis, 1536, Pp. 27—29.

“Corpus hujus visceris, quod parenchyma vocant, rarum et laxum
est spongie modo, ut facilius crassos humores ex jecore alliciat.
—p. 27.

Cuaries Estiense, La dissection des parties du corps humain.
Paris, 1546, Pp. 189, 197, 383.






HISTORICAL INTRODUCTION. 7

the veins going there, do not arise from the substance
of the spleen, but from the veins just before they
enter into it; he observed, also, that their contents
did not differ from that of other veins. It was by
means of these simple anatomical observations that
he overthrew an opinion advocated by one of the
most celebrated physiologists, an opinion which, as
we have seen, was supported by many able anatomists
and taught in the ancient schools for more than a
thousand years.

About this period a new theory of its use was sug-
gested by Franciscus Ulmus,' in his Monograph, the
first then published on the anatomy of this gland; a
theory, however, not founded on extended observations
on the anatomy of the organ. He supposed that its
office was to prepare blood for the heart and arteries;
the material from which it is formed being the chyle,
which is brought from the stomach by a large vein
(the gastric) to the spleen, and by a branch of the
vena portee, the formed blood being returned to the
heart by the splenic artery and aorta. Fel. Plater®
also believed that its office was rather in the elaboration
of blood, than in the attraction of the melancholic
Juice, although he explained the method by which it
was elaborated differently to Ulmus. This author
also argued that as all azygous parts are placed in the
median line of the body, the spleen cannot be one, as it

! Fraverscr Urnm, Pictaviensis, Doctoris Medici, De Liene libel-
lus in Miscel. Med. Vol iii. 1578.

* Fen Puarer, De corporis humani structurd et usu. Basil, 1583.
P. 185.






HISTORICAL INTRODUCTION. 9

humours, it is therefore larger in man than in other
animals, as he, being the wisest of animals, requires
the purest blood. Ut defeecari sanguis felicius queat
) cragsis humoribus, cum homo animal ‘sit sapientize
studio addictum, at sanguis quo tenuior est et purior,
co sapientiores reddere dicitur.’—Arist. lib. i1. de part.
Animant. cap. 11, p. 242.

In the description given by Riolanus', he brings
forward many observations, original in themselves,
which show the incorrectness of Galen’s opinion, viz.,
that the spleen is nourished by the melancholic juice;
he shows, for instance, that the blood found in the
spleen is no different to that found in the liver;
that the splenic vein does not arise from the liver;
and that no evacuations of black humour are ever
found in the stomach or intestines of healthy sub-
jects; a fact that might easily be observed, if such
were conveyed by the spleen to that organ. Yet
notwithstanding these observations, so impressed was
he with the authority which the ancients inspired in
nearly all, that he brings forward an opinion on the
use of the gland that reconciles those of Hippocrates
and Aristotle with that of Galen. The anatomical
knowledge that was hitherto possessed appears merely
to relate to the outward form and connexion of the
several organs—a task which the first great Italian
anatomists achieved; but no very considerable pro-
gress had as yet been made in the minute structure of
the several organs, to determine which was the only

! JonaNNEs Rioraxus, Opera Anat. Paris, 1649. Pp. 129 to 140,






HISTORICAL INTRODUCTION. 11

of its function is singularly unhappy, as by his own
statement it refutes itself. He believed that the
melancholic juice was brought to the spleen by the
arteries from the celiac, after it has undergone its
last concoction in the heart; that the spleen ferments
and separates it, applying a portion of the separated
blood to its own nutrition; what is left of the purer
blood flows by the splenic vein through the liver into
the cava, and then to the heart, that it may acquire
heat and spirits from the heart, and be driven free
from all excrement by the aorta for the nutrition of
all parts.

In Glisson’s' elaborate Monograph, which followed
soon after, many peculiar and original opinions are
found on the structure and use of the spleen. His
description of the vessels of the organ is similar to
Highmor's, but he believes that the trabecule are
nervous fibres, and that the nerves which accompany
the vessels, are continuous with these. Glisson
appears to be the first author who describes the nerves
as supplying the interior of the spleen; he assigns to
them the office of strengthening the soft and spongy
parenchyma, and believes that their real use is as
auxiliaries to the nerves, serving to secrete from the
arteries an aqueous humour, which is carried away
either immediately by the nerves, or through the
mediation of the brain and spinal cord is distributed
into the nerves of the whole body, as well as also into
the nerves of the adjacent parts, such as the supra-

L GuissoN, Francis, dnatomia Im;m.:‘si.s. Londini, 1654, P. 429,






HISTORICAL INTRODUCTION. 13

organ, for the same reasons as that author. In his
description of its structure he confirms the accurate
dissections of Highmor and others; but neither he
nor Wharton mention the existence of lymphatic
vessels. Its function he believes to be that of puri-
fying the blood of its thick, melancholic, and watery
portions, an office which he believed most of the
glandular organs assisted in performing. Bartho-
linus' also adopted a similar opinion, believing that
the blood so prepared was for the use of the viscera
of the lower part of the abdomen: ¢ Ordinarie autem
putat lienem esse organum conficiendi sanguinis, ad
nutrienda viscera infimi wventris, ut ventriculum,
intestina, omentum, mesenterium, pancreas, &c.,—
p- 164. ¢Sanguinem omnem etiam decantant, filtrant,
despumant, incrassant, et & sordibus minusque utili-
bus particulis segregant separantque.’

This great advance in structural anatomy, and
more particularly of the glands, was also much
assisted by the investigations of Steno,* Bellini,* and
De Graaf.*

About the middle of the seventeenth century, when
the great revolution in science had taken place, and
when DBacon had laid down the general principles
and the special rules of scientific investigation, the

' Tros. BARTHOLINUS, Anal. quartum renovata. Lugd. Bat., 1674.
P. 156.

¢ Nz Stexow, De glandulis oris. Lugd. Bat., 1661,
8 Lavrent Beuint, De structurd et usw renum. Flor. , 1662,

* REGN. DE GRAAF, Hist. anatom. partium
generat. ?marvmﬂtmm
Leide, 1688.
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contract upon the venous cells, to empty them, and
to prevent the stagnation of the blood in them. This
statement of the muscular structure of the trabeculze,
first given by this great anatomist, received nume-
rous supporters since his time, in Leeuwenhock,
Stukeley, and others, whilst it was denied by De la
Sone, the immortal Haller, and at a later period by
Sir Everard Home. More lately Malpighi’s assertion
has been confirmed by the microscopic examination
of many modern physiologists—Sharpey, Kolliker,
and others.

The veins of the spleen, which he demonstrated by
means of inflation, and then drying the organ, he
noticed were large, divested of their external tunics
on entering it, and apparently forming dilated venous
cavities, separated from each other by membranous
septa, formed by the drying up of the pulpy sub-
stance supported by the trabeculse; he supposed also
that these septa communicated directly with the
Veins.

The Malpighian bodies he described as small
spheroidal membranous sacs, filled in the natural
state with fluid contents, which were suspended from
the ends of the small arteries, and were contained in
the membranous septa, cither projecting from their
walls, or contained in the centre of the red substance
(subrubra substantia). These small glandular bodies
he believed at times burst, discharging their fluid
contents, which were poured into the membranous
septa, and from thence conveyed into the veins,
where, becoming mixed with the blood, they were
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At about this period, also, some knowledge of its
comparative anatomy was acquired from the inves-
tigations of Blasius', whilst the demonstration of its
vessels by the successful injections of Ruysch, and of
the lymphatics and nerves by Nuck® and others,* served
to complete almost the whole of its general anatomy.
Tilingius'believed that its use wasto change thethinner
and more watery chyleinto blood, and to purify the blood
by separating a ‘succus crassus, tartareus, et salinus.’
Diemerbroeck® adopted nearly the same opinion as
Malpighi regarding its structure and use, as also did
Munnicks,® Gibson,” and Velthusius;® whilst at the
same time the two former gave a more minute
description of the lymphatic vessels, and described

1 GerarDI Brasi, Anatome animalivm. Amstelodami, 1681.

* Axronto Nuek, Adenographia curiosa et ufert feeminet anatome
nova. Lugd. Bat., 1692. Pp. 143—4,

5 DieMERBROECK, MUNNIcKS, The former author describes the
nerves as supplying the interior of the organ. GissoNy and Mun-
NICKS deseribe them in a similar manner.

* Mar. TruNerus, Anat. lienis. Rinthel, 1673.

5 DIEMERBROECK (ISTRANDI DE) Opera ommia anatomics. Ultra-
jectum, 1685. Pp. T9—88.

‘Materiam subacidam ex sanguine arterioso conficere, e qué
cum sulphuris particulis in hepate rursus mixtd et specifico modo
excoctd, sangninis chylique fermentum biliosum conflatur.’

6 Mun~icks, JoHANNES, De re anatomicd. Trajecti ad Rhenum,
AD. 1697. Pp. 48 to 52.

‘Hane equidem constituo sanguinis depurationem a fecibus
terrestribus acido-salinis, atque & bile excrementitii in hepate
secernendi et majorem adeo ejusdem perfectionem.’

T Gmsow, TaomAs, The Anatomy of Humane Bodies epitomized,
London, 1694. Pp. 108 to 122,

]GB Lasserrus Veurnusivs, Tractatus med. phys. de liene. ..

87.

G






HISTORICAL INTRODUCTION. 19

His theory was that the spleen served to elaborate the
synovial fluid, or mucilage, ‘from whence it is ad-
ministered to the blood, and by that dispensed in its
circulation to all the parts, about which it is necessary
it should be employed.” And he adds, ¢ For that it
contains and exhibits such a kind of juice, there is
no man that has his senses, and examines it, can deny.’
The opinions of Malpighi were more strongly opposed,
however, by Ruysch,' who appears to have been one
of the first anatomists who arranged the spleen with
the thyroid, supra-renal capsules, and the lymphatic
glands, as vascular or blood glands, ¢ glandule san-
guinew,” (glands without ducts;) he also arranged
the liver under the same eategory. The description
which he gave of the structure of this organ was
entirely different to the philosophical account of
Malpighi, and was derived chiefly from the results
of his peculiarly successful minute injections. He
denied the existence of the trabecular tissue, which
had been so carefully and minutely described by
Malpighi, believing these bands to be nothing more
than blood-vessels and nerves surrounded by a fibrous
membrane. He admitted their existence, however, in
some of the larger mammals, as in the bullock, and
stated that where they existed arcole were formed by

! F. Ruvson, De glandulis, fibris, cellulisque lienalibus, Epist,
Anat. Quart. Opera ommia. Amstelodami, 1696. Also Fg.
Ruvysenut, Thesaur. Anat. Amst., 1701. Also F. Ruvyscuir, Ob-
servatio anat. chivwr., Observatio 51, p. 67, ¢Lien, hepar, renes
succenturiati, &e, pro glandulis sanguineis non inepte haberi
possunt.’

o 2






HISTORICAL INTRODUCTION. 21

scopical structure of the spleen. His observations,
however, did not throw much new light on its
anatomy, which had been so successfully displayed by
his predecessors. He described the fibrous trunks
(trabeculz) as arising from the inner surface of the
investing membrane of the organ, and ramifying and
anastomosing, till joined by those from the membrane
on the opposite side. He stated these bands to be of
a fibrous structure, which he believed to be specially
endowed with contractility, but maintained that they
are not muscular. He deseribed the substance of the
spleen to be composed of very small globules or par-
ticles, so small that he could not give any figure of
them, but considered them as ‘depending on’ and
proceeding out of the small fibrous trunks (trabeculs),
and as occupying the meshes formed by their com-
plex interlacing. No mention is made by him of the
Malpighian bodies. The only conjecture which he
offers as to the function of this organ is, that, if the
blood becomes stagnant in it from the ecirculation in
the liver being impeded, the spleen has the power of
propelling it, by the contractility of the fibrous bands,
assisted by the diaphragm, which, he says, in in-
spiration presses upon the surface of the organ.

In 1714, T. Douglass,' in a paper in the Philo-
sophical Transactions, has mentioned a case in which
numerous  round whitish bodies, of pretty hard con-
sistence, and abundance of small white and softer

| el 1 .]_}(JL'{."L.\LSH, ‘ Observations on the Glands in the Human
Spleen.  Phil, Transact., p- 499, Vol xxix. 1716,




























































 HISTORICAL INTRODUCTION. 41

toms of plethora were manifest. Lastly, by injecting
blood into the jugular vein the spleen was observed to
enlarge considerably, whilst on the contrary it dimi-
nished in size when blood was withdrawn from the
vein. From these data he concludes ‘That the
spleen acts as a reservoir for containing the additional
quantity of blood which the vascular system has re-
ceived by means of the nutritive process.’

Dr. Hake,' whose observationson thestructure of the
spleen are to be found in the proceedings of the Royal
Society, suggests the idea of this organ being a diver-
ticulum for venous blood.

In the deseription given by Miiller,* there is con-
siderable advance made in our knowledge of the
spleen. He admits the existence of a fibrous trabecular
tissue, and has demonstrated by means of injections
the arrangement of the blood-vessels. The minute
branches of the arteries, he believes, are chiefly
distributed to the pulp, whilst to the sheath of the
larger vessels the corpuscules are attached, some of
the smaller branches passing superficially over their
walls, but not distributed to them. He describes the
veins as a plexus of venous canals, of considerable
size, which appear scarcely to have any distinct coats.
He also observes that the pulp is pierced by numerous

1 T. G. Haxkg, M.D,, ‘On the Structure and Functions of the
Spleen.’  Proceedings of the Royal Society, June 20, 1839. No. 39.

* MiLLER's Plysiology. Translated by Baly. Second ed., vol. ii,,
Pp.616—621. ‘Ueberdie Structur der Eigenthiimlichen K orperchen
i1u-L,3 gelzr Milz einiger pflanzenfressender Siugethiere,'—MiLL. Archiv,




































- . - i | I ]
9 fl
¥ . E I | LT











































I ¥ ! I
- ¥ ] C T >
] C g 1 ‘ -
. + - - 3 i
] - .
. = 4 _.
















72 DEVELOPMENT OF THE SPLEEN BEFORE BIRTIL.

DEVELOPMENT OF THE SPLEEN IN THE HUMAN
SUBJECT.

The earliest period at which T have been able to
detect the existence of the spleen in the human
embryo, is at the second month. (Fig. 7.)
I have no doubt, however, that had I been
fortunate enough to obtain fetuses at a
much earlier period of their develop-
ment, its existence would have been
detected antecedent to this, judging from
the time the same organ appears in the
embryo of the chick, and in other animals. The
development may probably be dated as commencing as
early as the third or fourth week of pregnancy. At the
second month, the time when first observed, it is dis-
tinetly visible to the naked eye, and exists as an exceed-
ingly small, reddish-white mass of blastema, occupying

Fig. T.*

its usual position at the great end

Fic. 8.4

to that of a large millet seed, its form
is triangular, and it is connected with
the stomach by a thin and delicate

gastro-splenic peritoneal fold, being
separated from the pancreas by a
narrow but well marked interspace. By the third
month, (Fig. 8,) it has increased to double its

# The stomach, intestinal canal, pancreas, and spleen of a human
embryo at the second month seen from behind.

+ The stomach, duodenum, pancreas, and spleen of a human
embrvo at the third month, seen from behind. The distinet separa-
tion of the spleen and pancreas at this period is well seen.

of the stomach. Its size is about equal’

el

il




DEVELOPMENT OF THE SPLEEN BEFORE BIRTH. T3

size, and its colour is now of a deep ‘i.fm'mi.liml tin'gc.
Between the fourth and fifth months, its size rapidly
augments, and the blood-vessels, which are now easily
to be traced to the substance of the organ, are ob-
served to be smaller in proportion than in the adult,
the splenic artery being considerably less than the
hepatic. (Fig. 9.)

Fig. 9.%*

At the 9th month, however, the splenic artery is
larger than the hepatic, as in the adult. (Fig. 10.)

From this period forwards, until the termination
of pregnancy, its growth increases slightly in
proportion with the growth of the body generally.
With regard to the development of the several tissues

= —— —

* The stomach, duodenum, pancreas, and spleen of a human
embryo at the 7th month, seen from behind. The small size of the
gplenic artery, as compared with the hepatic, is there shown.



74 DEVELOPMENT OF THE SPLEEN AFTER BIRTH,

Fig. 10*

of the spleen, they appear to follow precisely the same
steps as I have already demonstrated in the embryo
of the chick.

DEVELOPMENT OF THE SPLEEN AFTER BIRTH.

The preceding investigations on the development of

the spleen, and of its various tissues, have but
afforded mere negative results as to any clue in
determining the functions of that organ; results,
however, which clearly prove that the organ does not

* The stomach, part of the intestinal canal, pancreas, and spleen
of a human feetus at the 9th month, seen from behind. The

increased size of the splenie artery is also shown.
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114 BLOOD VESSELS OF THE SPLEEN.

ON THE MINUTE DISTRIBUTION OF THE SPLENIC ARTERY.

Fre. 10.*

After the main branches of the artery have entered
the spleen they are each contained in a sheath
which encloses one of the large branches of a vein,
and which is common to both, and to nerves and
lymphaties, the two vessels lying in apposition
with one another, the vein being situated most
anteriorly. The trunk of the vessel then runs in the
tranverse axis of the organ, from the internal to the
external part, diminishing in size during its transit,
and taking either a straight or more or less ecurved
course, and giving off, in its passage, anterior and
posterior branches; the former, which are the largest,

* A transverse section of the human spleen, showing the mode
of distribution of the arteries, and the manner in which their
sheaths are formed.


































BLOOD VESSELS OF THE SPLEEN. 125

the smaller veins with some of the capillary vessels,
other capillary vessels exist, and these are somewhat
numerous, which cannot be demonstrated as having
any connexion directly with the primary venous
branches: these vessels, which form part of the capil-
lary network of the gland, and the walls of which are
but formed of epithelinm, become lost in the substance
of the pulp, the delicate walls of which they were
composed becoming lost to view; so that the blood
must traverse spaces between the elements of the pulp
tissue of the organ, before entering the smaller
branches of the veins.

Fic. 24 .*

9 * Arrangement of the veins on the surface of the spleen in the
8 EEI',I.
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BLOOD VESSELS OF THE SPLEEN. 133

arborescent manner, spreading out into still smaller
and more minute branches, which do not, however,
present a flexiform interlacement. The EXiStEHI?E of
venous sinuses or cells I have never observed either
:n man or in the mammalia. The structure of the
veins. also require some notice, as they materially
differ from the same vessels in the human subject.

In the larger venous trunks, (fig. 27,) their walls

Fia. 27.%

consist of a thick membrane formed by the interlacing
of numerous fine trabeculse, which exist in the form
of anastomosing fibres, or of fibrous membranes, the
interspaces between which (fig. 28) are ecither tra-
versed by finer fibres, or a homogeneous membrane, or

* A portion of the trunk of the splenic vein in the sheep at its
entrance in the spleen, showing the wall to be composed of inter-
lacing trabecule, the interspaces between which are closed by a
fine homogeneous membrane.
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THE SPLEEN PULP. 179

granular matter, the molecules of which are very
minute, irregular in form, and exhibit a molecular
movement. These are in great part dissolved by the
action of sulphuric sether, and entirely dissolved by
liquor potasse.

ond. Nuclei; these are very numerous, about the
size of the red blood corpuscles, and form a very con-
siderable portion of the spleen pulp. They are either
completely circular, or of a slightly irregular circular
form flattened, or in some cases globular; their ex-
ternal margin is very dark, containing a very distinct
nucleolus, the remaining portion of its structure being
apparently homogeneous or dotted. In some ecases
their form is somewhat oblong, and instead of a nu-
cleolus, they contain from two to four small irregular
dark granules, or two nucleoli. In size they wvary
from the 2500th to the 5000th of an inch. Other
nuclei exist having an average diameter of the
5000th part of an inch, either of a circular or of an
irregular circular form, differing from the nuclei
above mentioned, in their somewhat smaller size, their
less dark outline, their homogeneous texture, and
the absence either of nucleoli or granules in their
interior—around some of these an exceedingly faint
delicate membrane can be observed.

3rd. Nuclei (the same as above) around which an
irregular circumseribed mass of delicate granules may
be observed. These also form a very considerable
portion of the spleen pulp. Occasionally these gran-
ules are arranged in a circular form around the nucleus,
the margins of which in some cases present a clear

N 2
























THE SPLEEN PULP. 187

variable, circular, or more generally of an irregular
circular or oblong form, or indented and wrinkled.
Their colour is of a deep scarlet or orange red,
and their outline very dark and highly refractive.
These changes may be observed either in single blood
dises, or almost as commonly, in small or large heaps,
or masses of them collected together; and when such
occur in masses they are of a deep red colour, or
reddish brown, quite distinct in colour from heaps of
unchanged blood dises. In other cases these single
discs may be observed to become still more irregular
and indented in form, of a darker red colour, and
finally subdivide or break up into small, generally
circular, minute, dark red, reddish-brown, or black
granules; whilst the heaps of globules undergo a
similar transition into granules, which either exist
separately, dispersed in the substance of the pulp, or
as masses of such dark red granules. Such, there is
no doubf, is the most frequent method by which the
blood corpuscles in the spleen are disintegrated.
Secondly. There are observed, although rarely, per-
fectly unchanged blood discs contained in a cell ; these
dises present their usual normal appearances. They
are circular in form, of normal size, and of a pale red
colour, presenting no indentation or wrinkling of
their margins. In none of these could I ever detect a
nucleus on the wall of the enclosing cell, which is
exceedingly fine and delicate, transparent, and homo-
geneous in texture. The number of the contained

dises varies from one to three. I have never observed
more of this variety.





















194 THE SPLEEN PULP.

not become directly conmected with the veins, but
that the blood itself traversed intercellular passages
between the two sets of vessels. It was also seen
that the veins, instead of communicating with each
other by a plexiform network, as had been erro-
neously described, actually terminate or become con-
tinuous with numerous intercellular spaces, by which
these vessels communicate with one another, that a
venous plexus (excepting in the chelonia and ophidia)
is incapable of being demonstrated ; and the results of
injection show that, if these vessels are filled beyond
a certain point, their contents pass from the extreme
ends of the vein into the substance of the pulp, that,
in fact, extravasation occurs. Now if these facts
are borne in mind, it is easy to conceive that when,
under the numerous and very great variations in size
that the spleen undergoes, the extremely delicate
vessels of which its pulp consists are distended with
blood, the delicate channels through which the blood
passes are destroyed, and a greater or less quantity
of blood, according to the increased or diminished
amount of repletion of the organ, is extruded into the
substance of the pulp. The occasional occurrence in
some animals, in the blood of the spleen, of blood
globules included in cells, as well as their various
metamorphoses, might lead to the conclusion that,
under some circumstances, the above described changes
occur in the capillary vessels or in the smaller veins,
either whilst the blood is traversing them, or from a
stagnation and subsequent metamorphoses of the
blood taking place in them. Now, although I am
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unable to controvert this, I may say that in no
animals have I in any case been able to detect the
changes above mentioned to occur in the blood-
vessels; and the fact of the occasional occurrence of
these elements in the blood of some animals and their
total non-existence in others, would rather lead me to
believe that the pulp tissue is the situation where the
above described changes chiefly, if not solely, occur,
and that their disintegration occurs external to the
blood-vessels. The occasional occurrence of the co-
loured elements of the spleen in the emerging blood
probably depends upon the elements of the pulp
obtaining ingress to these vessels.

Having considered the situation which the above
described elements oceupy, let me now consider how
and in what manner the above-mentioned changes
occur. It is exceedingly difficult, if not impossible,
to demonstrate by what laws the disintegration of
the blood globules are affected after their extrusion
into the substance of the spleen pulp. The steps by
which that process is effected have been already men-
tioned, as far as the separate blood globules are
concerned, but with regard to those which undergo
disintegration in cells, I have not mentioned their
development and growth. 1 shall deseribe these
changes now somewhat more in detail. Tt appears,
from the result of numerous observations, that either
a single blood globule or a mass of them may become
surrounded by an exceedingly delicate cell wall,
without the previous formation or existence of a
nucleus, which, in fact, is not to be observed during

0 2






| I d
1 o i 1 E
£ i3 o 7 3 O G ot
| 1 |







THE SPLEEN PULP. 199

or cold water, alcohol, sther, and acetic acid ; and
so far this substance resembles haematoidin, which 1s
unacted upon by the same re-agents. It is partially
soluble in boiling dilute nitric acid, which renders the
fluid of a pale yellow tinge. It is also partially
soluble in a boiled dilute solution of potash, giving the
fluid a brownish green tint, the colouring matter being
precipitated on the addition of nitric acid. Itis almost
entirely dissolved by boiling liquor potasse, the fluid
becoming of a dirty greenish yellow colour, the colour-
ing matter being precipitated on the addition of
nitric acid, but without presenting any of the shades
of colour noticed when bile pigment is present. It is
completely dissolved by boiling nitric acid, rendering
the fluid of a pale yellow colour, which, on the addition
of liquor potfasse, becomes of a dark yellowish red
colour, and, on the addition of ammonia, is again re-
precipitated.

These experiments show that the colouring matter
contained in the pulp of the spleen is closely allied to
the colouring matter of the blood, inasmuch as the
behaviour of this substance, on the application of cer-
tain tests, presents many of the characteristics, both
of heematin, and heematoidin. The supposition of some
physiologists of its analogy with the colouring matter
of the bile, made me especially careful in the examina-
tion of this substance. The tests, however, usually
adopted, distinctly showed that it did not present the
least resemblance with it, the experiments being re-
peated in numerous instances with a similar result.

It would appear, from a careful consideration of the
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more perfectly fresh spleens were taken, and the tra-
becular matter being removed as before, the pulps
were boiled for a quarter of an hour with distilled
water, by which the albuminous and colouring matters
were thrown down, whilst in the aqueous solution all
the soluble parts were suspended.

We have consequently to analyse those products
insoluble in water, and also those that are contained in
solution.

The insoluble portion, which formed the chief com-
ponent of the pulp, was of a dark brownish colowr.
On submitting a portion of this to boiling dilute
spirit, to which a small quantity of sulphuric acid was
added, a clear dark red solution was obtained, which,
on cooling, deposited a quantity of greyish white
floceulent precipitate, the red colouring matter remain-
ing in solution. On evaporating this fluid the colour-
ing matter separated in the form of thin flattened
reddish brown lainine, exactly like the lees of port
wine. These coloured laminge were soluble in dilute
boiling liquor potassae, forming a deep red solution. On
the addition of hydrochloric acid, the colouring mat-
ter was precipitated of its original colour, nof in green
flakes; and on the addition of nitric acid the colour-
ing matter was likewise precipitated, not, however,
giving the varying shades of colour which bile pigment
in all cases presents. These experiments show that the
colouring matter separated by the spirit from the
insoluble portion of the pulp is precisely analogous to
the haematin of the blood. The insoluble portion which
remained in the spirit solution, and which was now
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freed from its peculiar colour, presented all the cha-
racters of pure albumen, being coagulated by boiling,
being insoluble in water and alcohol, and by its
solubility in caustic alkalies.

The insoluble portion of the pulp is thus shown to
be composed of two organic compounds, albumen and
colowring matter, allied to the heematin of the blood.

We must now examine the soluble portion of the
spleen pulp. This, after being separated from the
insoluble part by filtration through a linen cloth, was
treated with baryta water until strongly alkaline;
filtered from the precipitate; concentrated by eva-
poration; the excess of baryta removed by the
addition of slight excess of sulphuric acid, filtered,
and the filtrate reserved for distillation.

The precipitate occasioned by baryta water, as well
as that subsequently obtained by sulphuric acid, was
washed, and each dissolved separately in dilute
boiling caustic potash. Dark brownish red solutions
were obtained, which, after being filtered from the
insoluble residues, gave, with hydrochloric acid,
copious fawn-coloured precipitates. These precipi-
tates were carefully examined under the mieroscope.
They did not appear to have the least crystalline
form, neither could any ecrystals be detected in the
mass after it had remained for a long time in contact
with hydrochloric acid.

Portions of each precipitate were treated with a
drop of nitric acid on a small porcelain dish. Yellow
solutions were obtained, which were cautiously eva-
porated. The residue obtained was brownish yellow,
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without a shade of red or purple. The addition of a
drop of ammonia did not give the re-action of
murexide; and caustic potash produced an intense
yellow colour, instead of a wiolet tint. These experi-
ments were repeated a great number of times, on
different preparations, but in no instance did the
microscope reveal any crystalline forms, nor could
any proof of the existence of uric acid be obtained by
the chemical tests.

The properties of the precipitates from the alkaline
solutions by hydrochloric acid, were these: They were
readily soluble in caustic and carbonated alkalies,
and in ammonia forming dark red solutions, from
which the floceulent matter was precipitated, unaltered
by the addition of a slight excess of hydrochloric acid.
On the addition of muriate of ammonia to a caustic
potash solution, no gelatinous precipitate was pro-
duced after standing for nearly a week, neither was
there any precipitate formed by allowing a stream of
carbonic acid gas to pass through the solution for
a considerable time. The ammoniacal solution, on
being evaporated to dryness on the water-bath, left a
brown laminar shining mass, which dissolved with
effervescence in dilute nitric acid; the acid solution,
when evaporated to dryness on the water-bath, left a
pure yellow residue, which, on the addition of a drop
of caustic potash, became much darker.

The potash solution of the ammoniacal residue
gave no precipitate with earbonic acid, but with
hydrochloric acid the flocculent matter reappeared.

In another set of experiments with four spleens, the
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nitric acid, it gave a purely yellow stain. Thus far
it agrees in properties with the substance obtained in
the experiments described above; but on passing a
current of carbonic acid through the potash solution,
Scherer obtained a white crystalline powder, soluble
in nitric acid, with disengagement of gas, but very
sparingly soluble in boiling hydrochloric acid.. The
new substance was very sparingly soluble in cold
water, and was deposited from its solution in hot
water in the form of a fine powder. It was also
soluble in hot aleohol. Its solution in hot nitrie
acid yielded white crystals on cooling. On analysis
numbers were obtained, which led to the formula
C; Hy N, O, which is xanthic oxide — 1 equivalent
of oxygen, and which differs from uric acid in con-
taining 2 equivalents of oxygen less. Scherer gives
it the name of hypoxanthine, and states that he has
found it in the human spleen at all periods of age,
and likewise in the substance of the heart.

I was exceedingly anxious to confirm these inte-
resting observations of Professor Scherer, but although
I followed his method of analysis to the letter, and
worked In one experiment on the spleens of twenty-
five oxen, I have wholly failed in detecting either
uric acid or hypoxanthine. The same experiments
were performed in a precisely similar manner on the
pulp of the human spleen, and with a similar negative

result as regards the presence of wuric acid and
hypoxanthine.

IJ
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Ezamination of the Aqueous Extract of Nine Bullocks'
Spleens, after the Separation of the Precipitates by
Baryta Water, and subsequently by Sulphuric Acid.

The concentrated liquor, amounting to about three
pints, and which contained an excess of sulphuric acid,
was submitted to distillation in a copper still, in
which a thermometer was inserted for regulating and
noting the temperature. The first two pints came
over at 212° F.; it was rather milky, and slightly
acid. The temperature then began to rise, the
receiver was therefore changed, and all that came
over between 212° and 28(0° was received in the
second vessel; it amounted to about half a pint; it
was perfectly clear and strongly acid. When the
thermometer reached 280°, the character of the distil-
late began to alter. It now assumed a yellowish
white colour. The receiver was again changed, and
all that came over between 280° and 340° was col-
lected separately. At this temperature, and between
it and 380°, heavy black oily drops came over, which
were collected in a fourth receiver, containing a little
water; the drops fell to the bottom of the water as
they passed into the receiver. The distillation was
now stopped. On examining the residue, it was
found almost perfectly dry, and in the form of a
brownish-black porous coal.

The four distillates were examined separately.

The first (that passing over at 212°, and amounting
to about two pints) was saturated with carbonate of
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soda, and evaporated to dryness. The dry residue,
which had a brown colour, was again distilled in a
small g]a,ss retort, with Sllght excess of ﬁulphuric
acid. An acid liquor passed into the receiver, which
was again neutralized with carbonate of soda (an
excess being avoided), and evaporated to dryness.
A crystalline mass was obtained, very little coloured.
It was readily soluble in water. On the addition of a
few drops of nitrate of silver to a portion of the solu-
tion in a test-tube, a precipitate was obtained which
at first was nearly white, but on applying heat it
became dark, and in a short time the bottom and
sides of the tube became covered with a shining
metallic deposit of reduced silver, thus proving the
liquid which passed over at this temperature con-
tained formic acid; but it is by no means to be
inferred from this that formic acid exists ready
formed in the spleen, it being well known that this
acid is produced under a great variety of circums-
stances, from many organic compounds, and particu-
larly by the action of sulphuric acid upon them.

The second distillate (that passing over between
212° and 280°) was likewise saturated with carbonate
of soda, evaporated to dryness; and the residue,
re-distilled with excess of sulphuric acid, a clear
colourless strongly acid liquor passed into the receiver.
A portion of the distillate was exactly neutralized
with carbonate of soda, and on adding to the solution,
in a test-tube, a drop of perchloride of iron, a deep
blood-red colour was produced. Another portion
was mixed with sulphuric acid and aleohol, and
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heated, when the unmistakeable odour of acetic ether
was evolved. The acid in the second distillate was,
therefore, principally acetic, mixed, however, probably,
with the acid which stands immediately below it in the
series of volatile acids, viz., the metacetonie, or aceto-
butyric, which agrees with acetic acid very closely in
properties. This acetic acid exists in large quan-
tities, and, unlike the formic acid, is probably pre-
formed in the spleen pulp.

The third distillate (that passing over between
280° and 340°), which was very turbid and strongly
acid, was mixed with half its volume of sulphuric
ether, and well agitated. On standing, it separated
into two layers, the upper of a bright yellow colour,
and the lower of a paler yellow. The upper etherial
solution was drawn off by a pipette. A fresh quan-
tity of ether was then added, and the mixture again
well agitated. On standing, it separated as before
into two layers, the lower one being now almost
colourless. The etherial solutions were mixed and
distilled in a small retort, on a water-bath. A small
quantity of a dark brown syrupy liquid remained,
which was strongly acid, and had an acrid burning
taste, and an exceedingly disagreeable smell. It was
boiled with alecohol, in which it dissolved, with the
exception of a small black oily globule, which, after
being washed, was no longer acid; its quantity was
too small to admit of any further examination being
made. The alcoholic solution was evaporated to a
gummy consistence. It was highly coloured, but on
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treating with distilled water, a clear light yellow,
strongly acid, and exceedingly acrid liquid was
obtained, a black pitchy residue remaining undis-
solved, which, by repeated washing, was completely
deprived of all acid re-action. The aqueous solution
was evaporated on the water-bath. A pale yellow
oily drop remained, strongly acid, and having the
well marked and offensive smell which characterizes
butyric acid.

The aqueous solution lying beneath the etherial
was strongly acid: it was neutralized with carbonate
of soda, concentrated by evaporation, and then dis-
tilled in a small retort with excess of sulphuric acid.
The distillate was colourless, very sour and pungent;
it consisted principally of acetic acid, mixed, probably,
with aceto-butyric acid.

Of the fourth distillate, too small a quantity was
obtained to admit of a close examination. The black
oily drops were found, after standing for twenty-four
hours, to be completely dissolved in the water in the
receiver in which they were collected, communicating
to it a dark colour, and a peculiarly disagreeable
odour. On evaporating the solution, the dark oily
drop reappeared. All T have to say respecting it is,
that it was strongly acid, had a most disagreeable
odour, resembling putrid urine, and an acrid burning
taste. It probably consisted of a mixture of butyric
and valerianic acids, together with some neutral oily
products, which communicated to it its dark colour
and peculiar smell. The results of these analyses,
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which were confirmed by a second distillation of the
aqueous extract of four bullocks’ spleens, are precisely
similar to those obtained by Scherer.

I' shall now mention the methods adopted for
determining the presence of lactic acid in the spleen.

The aqueous extract of three bullocks’ spleens
having been treated in the usual manner with baryta
water, and subsequently with slight excess of sul-
phuric acid, was strongly concentrated by evaporation,
and then mixed with four times its bulk of aleohol,
allowed to stand for a day, and frequently agitated.
A very considerable precipitation, consisting prin-
cipally of gelatine, took place. The clear alcoholic
extract was drawn off, and a second quantity of spirit
added. This, after standing a day, was drawn off,
and a third quantity added. The insoluble matter
was now nearly colourless (it had a faint yellow
tinge), and the alcohol was only faintly coloured.
The spirituous solutions were mixed, and about four-
fifths of the spirit distilled off. The impure residue
in the retort was treated with baryta water to a
strong alkaline re-action, filtered from the sulphate of
baryta, and a current of carbonic acid passed through
the filtrate, till the excess of baryta was removed.
All the organic acids existing in the original aqueous
extract were now in alcoholic solution, in the form of
baryta salts. The solution was strongly concentrated
on the water-bath, again treated with alcohol, and
filtered. The clear solution was placed over sul-
phuric acid i vacuo. In twenty-four hours a con-
siderable crystallization had taken place, and the
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liquid had spontaneously evaporated to a syrup.
This syrup was removed with a pipette, and boiled
with an aqueous solution of sulphate of lime, filtered
from the insoluble sulphate of baryta, and strongly
concentrated. A confused crystalline mass was ob-
tained, in which, with a strong lens, the peculiar
double brushes, or delicate needle tufts, of lactate of
lime could be detected. (I must here observe that I
had prepared a large quantity of pure lactate of lime,
by the excellent process recommended by Bensch,—
Annalen, Feb., 1847,—in order to compare with the
crystals obtained.) To endeavour, however, to get
. better proofs, the mixed lime salts were re-dissolved
in a small quantity of water, decomposed with slight
excess of sulphuric acid, evaporated to a syrup, and
then agitated with a mixture of one part of alcohol
and five parts of ether; by this means much of the
colour was removed. The etherial solution was
distilled, and the residue in the retort mixed with
strong lime water, and boiled; then mixed with an
equal volume of alcohol (thoroughly to precipitate
the sulphate of lime), and filtered. Into the filtrate a
current of carbonic acid was passed, and the liquid,
filtered from the precipitated carbonate of lime, was
again placed over sulphuric acid in vacuo. After
two days it had become a crystalline mass, in which
the same needle tufts that were observed before could
again be detected.

The evidence, therefore, that I have to offer with
respect to the existence of lactic acid in the pulp of
the spleen, is that furnished by the crystalline double
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224 THE SPLENIC CORPUSCLES.

Their Colour,

The colour of these bodies is usually semi-opaque
and whitish, in some cases almost transparent; so
much so, that they are overlooked, unless examined

for with very great care. I have never observed
them of a reddish tinge.

Their Situation and Connexions.

The Malpighian bodies are imbedded in and com-
pletely surrounded by the spleen pulp, excepting at the
point where they are attached to the sheaths of the
vessels. When this substance has been carefully re-
moved from them, they are found to be connected with
the sheaths of the smaller arteries and their branches
in a somewhat varied manner, being- suspended on
them, and presenting a resemblance to the buds
of the moss-rose, or the berries on a bunch of grapes
(Fig. 38). They are connected to the arteries in
one of three ways:—1st, The most numerous are
placed either in or at some point of the angle of bi-
furcation of the arteries, generally within their angle
of bifurcation, so that the large ramifications inclose
them and surround their sides; others are connected
to the arteries by small peduncles, but these are far
less numerous than the former. These peduncles
may be of two kinds, (1st) very small arterial twigs of
a diameter varying from the 150th to the 250th of an
inch, surrounded by their sheath of fibrous tissue; or,
2ndly, small prolongations of fibrous tissue from the































234 THE SPLENIC CORPUSCLES.

Fia, 42.*

ditions, they are so small as to be invisible to the eye.
In the arrangement of the bloodvessels of these
glands we see every adaptation for these changes;
they are provided with an arterial capillary net of the
most extreme minuteness, capable of secreting the

¥ This figure is intended to show the connection of a splenie cor-
puscle with the neighbouring vessels, The corpuscle is seen to be
placed at the angle of bifurcation of one of the small arteries, its
external surface being covered by a close and delicate capillary
plexus, whilst its circumference is invested by a mesh of large veins,
which radiate in every direction from its margins. The compara-
tive size of the arteries and veins, the capillary plexus of the pulp,
and the mode in which these vessels communicate with the veins,
are shown in this figure,
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THE SPLENIC CORPUSCLES. 245

digestive act, after in fact the new material has been
introduced into the circulation, and has become con-
verted into blood; their size, on the contrary, being
much diminished at an early period of the digestive
act, or some long time after its final completion. It is,
however, to be observed that their large size does not
in all cases depend entirely upon the period of the
digestive process, for in animals starved for some
days, and THEN fed, their size is very inconsiderable,
as compared with those in which normal nutrition
had previously been carried on uninterruptedly.

The kind of aliment introduced into the system
modifies considerably the size of the splenic cor-
puscles, whilst it affords at the same time additional
proof of their contents being of an albuminows nature.

Rats which had previously eaten a mixed diet,
were fed on pure albumen (boiled white of egg) for
several days. This change of diet did not in the
least affect their healthy condition. At the end of a
week they were killed, and in each case the splenic
corpuscles were of considerable size and distended
with their peculiar contents. The proportion the
spleen bore to the body being as 1 to 250. Several
rats (three) were fed for several days upon meat
(fibrin) deprived of skin and fat. The change of diet
in each of these cases materially affected the health of
the animal; they became much wasted, and died, on
an average, six days from the commencement of the
experiment. The splenic corpuscles were hardly dis-
tinguishable by the naked eye. The proportion the
spleen hore to the body was as 1 #o 547.
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areolar tissue which constitutes their sheath; in this
situation I have injected them; they consist of large
but not very numerous trunks, which anastomose
with one another at varied intervals. They are
neither so small nor so few in number as is usually
described. On their emerging, they join with the
superficial lymphatics.

I endeavoured, in the next place, to ascertain if the
deep lymphatics had any connection with, or origin
from the more essential parts of the organ, as the
splenic corpuscles and the pulp, a point of very con-
siderable importance from the frequency with which
many anatomists' have stated such a connection to
exist. It has already been seen that the splenic cor-
puscles are perfectly closed capsules, so that they cannot
be, as supposed by some, the dilated commencement
of these vessels; neither have T observed on their
external surface, or in the sheaths of the vessels to
which they are connected any trace of lymphatic
vessels. From these circumstances I conclude that
the splenic corpuscles are in no way in direct
communication with the lymphatics, which conse-
quently cannot be considered as fulfilling the office of
exeretory ducts, in carrying off the secretions. In
the pulp of the spleen I have also failed to discover
any existence of lymphatic vessels. Their absence in
these situations would render it not improbable that
they arise in a similar manner to the superficial lym-

phatics, by a plexus in the sheaths of the more
delicate vessels.

' Gerlach. Poelmann. Schaffner. Evans.
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considerably both in number and size; they unite
also with those from the interior of the organ; and
finally form four large trunks, whose united diameter
is larger than that of the splenic artery; these
terminate in the receptaculum chyli, just at the point
where it becomes the thoracic duct. |

The above observations on the spleen of the horse
apply equally to the ox, in which I have also demon-
strated them.

In none of the numerous injections that I have
made have T been able to trace any communication
between the lymphatics and the veins; in no single
instance was the injected material found in these
vessels; neither have I observed, after the most minute
injection of the blood-vessels, whether arteries or
veins, any trace of the injected material in the lym-
phatic vessels.

LYMPHATICS IN THE HUMAN SUBJECT.

In man the lymphatics are neither numerous nor
of large size, affording a striking contrast with those
vessels in the ruminantia and the horse; they form,
however, as in those animals, a superficial and deep
set. The superficial lymphatics, from their small
size, and from the intimate adhesion that exists be-
tween the peritoneal and fibrous coats, are exceed-
ingly difficult of demonstration. It is probable their
origin is the same as in the horse. They may be
seen to consist of a few delicate anastomosing' trunks,
which run from the centre to the circumference of
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Fia 48%

* The origin, course, and distribution of the splenie plexus of
nerves in the human subject are shown in this ficure.

1. Great splanchnic nerve (left).

2. Lesser splanchnic nerve (left).

3. Great splanchnic nerve (right.)

4. Right phrenic nerve, communicating with the hepatic plexus.

9. Pneumogastric nerves.

6. Left semilunar ganglion.

7. Bramch from right semilunar, which assists in forming splenie
plexus.

8. Splenic artery and plexus of nerves surrounding it.

9. Hepatic artery and plexus of nerves surrounding it, the
phrenic communicating with this plexus.

From a dissection of the author’s in the museum of Guy’'s Hospital.
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Fra. 49.%

*The distribution of the splenie plexus of nerves in the interior
of the spleen in the sheep, is shown in this fipure. Tt is
seen to consist of very numerous and large branches, which
accompany the ramifications of the splenic artery to their ultimate
distribution. From a dissection of the author’s in the museum of
Guy’s Hospital.
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4. Carnivora.

Among the digitigrada, I have dissected the spleen
in the polecat (mustela putorius), ermine (mustela
erminea), otter (mustele lutra), in the fox (vulpes
lagophus), and in the ichneumon (herpestes pharaonis).
In all, excepting in the last-mentioned animal, the
spleen has much the same form and size, and oceupies
the same position. The organ is of moderate size,
and of an elongate form, rounded at one or both
ends. In the otter, the upper half is much narrower
than the lower one, which is almost twice its breadth,
and presents two small prolonged rounded appen-
‘dages, of small size. In the ichneumon, while it
presents the elongate form most usual in the carni-
vora, it has the singular peculiarity of being com-
pletely divided into two lobes, which are connected
together through the medium of the peritoneum.
In all of these animals the organ occupies a similar
position on the left or cardiac end of the stomach,
being held in connection with this organ by a
gastro-splenic fold, continued below into the great
omental fold, with which the lower end of the organ
is in all cases connected. The size, course, and distri-
bution of the vessels of the spleen are exactly the
same in each of the above-mentioned animals. In all,
the splenic artery is by far the largest branch of the
ceeliac axis, excepting in the ermine, where the
hepatic is of equal size. In all, too, the distribution
is precisely similar, some branches passing to the
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bears to the whole body is as 1 to 264 in the lion,
and as 1 to 226 in the fox.

5. Amphibia.

In none of the mammalian classes does the spleen
present a more perfect adaptation to its function
as a reservoir for blood than in the members of
this group. It is well known that the inferior vena
cava, as it passes at the back part of the liver,
as well as the hepatic veins themselves, form a
voluminous sinus, which is beautifully adapted to
effect a reservoir for the blood, which naturally
accumulates during the suspension of breathing, as is
occasionally the case when these animals pursue their
prey beneath the surface of the water. In two speci-
mens of the common seal (phoca vitulina) that T have
examined, a fetal and an adult one, the organ in
both cases was of wvery considerable size, and, in the
adult one, highly lax and distensile, its outer surface
being thrown into a considerable number of close
longitudinal folds of various size, indicative of the
amount of dilatibility of the organ. In the adult
specimen it was seven inches in length, and two in
breadth, but so highly elastic was its structure, that
by force it could be extended to almost double its
size in both directions. In the fetal specimen its
length was only two inches, its breadth one. In
both cases the under surface of the organ presented
a distinct lobulated arrangement precisely similar to
the separated portions of the salivary gland, the
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the mesenteric peritoneal fold, and above the pancreas,

which is of considerable size. In the amphisbena the

orcan scarcely exceeds the size of a small pea; 1ts
o

F1a. 55.*%

form is irregularly rounded, being placed on the right
side of the pyloric end of the stomach, where this
organ forms a distinet curve just as it joins the
intestine. It is surrounded by a long-tailed prolonga-
tion of the pancreas, which is curved partially around
it. In the anguis fragilis the spleen is about the size
of a large pea, placed above the pancreas, on the right
side of the pyloric end of the stomach.

It has been already seen that in those mammalia
which present a simple stomach and intestinal canal,
and where digestion is consequently most vigorously
performed, as in the carnivora, the spleen is large,
and there appears to be every probable reason that

* Venous plexus on the surface of the spleen in the snake.
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the entire mass of the spleen may be observed to be dis-
seminated throughout with numerous small darkish-
coloured points, (figs. 61862 ) which mainly contribute
to give to the organ its peculiar hue. Their colour
varies. In the perch, they have a yellow or ochre
tinge; in the tench, a dark yellowish red; in others they
have a reddish black, or almost completely black colour.
These masses consist of an external capsule, con-
taining in its interior coloured elements. Their size
varies not only in different animals, but in the same
amimal. Their average diameter is about the 250th
or the 300th of an inch, their shape usually circular,

more rayely oval, or irregular. Their number, also,
as well as their size, varies considerably. In the

i Apm'tiFm of the same as fig. 61, more highly magnified, showing
the connexion of these corpuseles with the walls of the blood-
vessels,
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BLOODVESSELS AND BLOOD OF THE SPLEEN IN FISHES.

The splenic artery enters the spleen by many, or in
the cod by a single branch; the vein and nerves, which
are of large size, accompany it; the size of the artery
is about one-half that of the vein, and its coats are
much thicker; all these structures are enclosed by
a thin sheath derived from the external tunic, and
which also surrounds the larger branches given off
from them. In the cod, the artery runs from the
upper to the lower end of the organ, by the side of the
vein, its size and the thickness of its coats gradually
diminishing, giving off, either at right angles or
obliquely from its canal, both large and small branches,
all of which are of very inconsiderable size. These
pass obliquely into the substance of the organ, divide
and subdivide in the tissue of the pulp, the small
arteries suddenly breaking up into a number of
branches, each of which again subdivides, so as to
form numerous long straight capillaries, which unite
into a delicate capillary net.

The splenic vein is much larger than the artery,
and its coats so much thinner, more particularly after
its entrance into the substance of the organ, that the
colour of the pulp is clearly visible through its walls.
During its passage from the upper to the lower end
of the spleen it diminishes in size, distributing nume-
rous large and small vessels into the structure of the
pulp, but which do not form a distinct capillary
plexus in its substance.

ot
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several elements of this organ, are correct, many of
the theories that have been advanced—that, for
instance, which ascribes to the gland the formation
of a peculiar lymph, or that, again, which attributes
to it the office of generating the blood corpuscles, or
even that theory that has been so lately adopted of
its sole function being that of destroying the blood
corpuscles, each and all of these have to a certain
extent been completely and decisively disproved. 1
will rather confine myself to the facts that have been
ascertained from my own investigations, and collate
from them the function and uses of the organ.

The result of these investigations would lead me to
conclude that the function of the spleen is fo regulate
the quantity and the quality of the blood. T must now
attempt to show if the above-mentioned facts hear out
this conclusion.

In the first place, it will be necessary to prove that
the spleen does regulate the quantity of the blood;
under what circumstances it performs this office ; how
it is performed; and of what use is the application of
this office to the well-being of the animal economy.

It will be obvious that the framework of any organ
whose office it may be to regulate the quantity of the
blood, would present a structure adapted in every
respect to the extreme alterations of size that, under
certain circumstances, such organ must undergo,
e'xtremes of size that can only be permitted by a
highly elastic structure, such as the external capsule
and the trabecular network of the spleen in every
respect present. Now, this structure is not only
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and distensile framework, enclosing a large and highly
complex venous mesh, sufficient proof in itself to
show its application in regulating the amount of
blood.

But the most satisfactory proof that we can possess
is that that the spleen really does contain, under
certain circumstances, a varying amount of blood,
and that that amount is to such an extent as to justify
us in concluding that the organ serves to regulate ifs
quantity. It is hardly necessary again to refer to
the table of experiments which contains the amounts
of blood that have been obtained from the spleen
under many varied conditions; suffice it to show that
an amount varying from fifty grains to ten thousand
has been obtained ; the extreme variations of quantity,
it is true; but the intermediate quantities themselves
are so different, so varied, and so utterly out of pro-
portion to the quantity that may be procured under
the same circumstances from other organs, that the
only conclusion at which we can arrive is, that the
variation in the amount of blood is in exact harmony
with the structure of the organ adapted to contain it.

We are now in a position to explain another fact
which will also tend to prove the above proposition.
Extreme differences in the size and weight of the
spleen have been observed, differences not only ob-
served at all periods of life, but at the same age
under opposite conditions. The above-mentioned
facts of the variation in the amount of blood con-
tained in the bloodvessels will partly serve to explain
these differences.
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also of the spleen in those animals where, from the
nature of their food, digestion is more rapidly per-
formed, as compared with its diminished size where
the process of assimilation extends over a much
longer period, appears to be in harmony with these
facts. In like manner, also, the introduction of fuuds
in the body, after their absorption has been com-
pletely effected by increasing the volume of the blood,
is attended with a considerable increase in the amount
of blood in the spleen, as compared with the quantity
contained in the organ where fluids have not been
introduced. The intimate connection of this organ
with the portal system would at first lead one to
infer that its office was to regulate the amount of
blood contained in this system of vessels alone; but
the experiments already detailed show that wherever
the volume of the circulation is increased, whether by
tranfusion of blood into the portal or into the general
venous system, the spleen exerts its office in either
case to regulate the quantity of the blood.

The spleen not only serves to requlate the quantity,
but acts, under certain circumstances, as a reservoir
for blood during obstruction of the circulation, a
result of the suspension of respiration, which occurs
frequently in some of the mammalia whose peculiar
habits require such a provision. The beautiful adapta-
tion of such a structure in harmony with the peculiar
requirements of the animal adds greater weight to
my opinion of the spleen serving as a reservoir to
regulate the amount of blood, than the most delicate
experiments that man is capable of performing. But
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"does not increase the amount in the system to such an
extent as to require the spleen to contain the increased
addition to the already diminished quantity. Now
although these are the only conditions, as far as I have
been able to ascertain, under which the spleen in a
normal state serves as a reservoir for blood, or as a
regulator of its quantity; still there are many circum-
stances under which an abnormal condition of other
organs serves to produce in the spleen such consider-
able and extreme variations in size, chiefly depending
upon its containing a large amount of blood, that
these facts add still more weight to my opinion of the
function of the organ. It i1s well known that in
certain diseased conditions of the liver, where there is
great obstruction to the portal circulation, the spleen
becomes greatly enlarged, its venous trunks inordi-
nately dilated, and containing a very large amount of
blood; in these cases, in fact, there appears no other
limit to its distension than the capacity of the
abdomen.  Again, also, in many cases of cardiac
disease, where the current of the circulation is much
retarded, the spleen is occasionally greatly distended,
and holds a large amount of blood. The spleen in
both cases serves as a reservoir for blood, as a safety
valve fo the circulation.

I think the above mentioned facts distinctly prove
that the spleen does regulate the quantity of the blood,
and that the circumstances under which that amount
is regulated depend upon the condition of the blood-
vessels, the spleen containing a larger quantity during
a replete condition of the vascular system, whether
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of the function which the spleen performs. Let me
. now consider of what use is the application of this
function to the well-being of the animal economy.
What use in the living animal is fulfilled by this
temporary retention of blood? In obedience to what
laws or demands of the system, does the spleen render
up again that which it had retained?

The answer to these questions can be easily con-
ceived from the preceding remarks. If the spleen
under certain conditions retains a considerable amount
of blood, and simply dependent on a replete condition
of the vascular system, whether caused by the sudden
addition of solid or liquid food, its use appears to be
mainly that of containing the additional amount which
the over-distended wvessels cannot, without consider-
able inconvenience, retain; and this theory of its use
receives additional weight from the circumstance of
its much larger size in those animals in which, from
the nature of their food, digestion is more rapid, and
the new material becomes more rapidly introduced
into the circulation. Whilst its extremely diminutive
size in those animals where the digestive process
extends over a very considerable period, and where,
consequently, the new material is more slowly added
to the circulation, equally suggests that its use is not
required, as an over distended condition of the vascular
system does not take place. If the spleen, also, under
certain conditions, contains a large amount of blood,
dependent upon obstruction to the circulation, caused

by impeded respiration, as we see to be normally the
case n some of the diving animals, its evident use is
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its emerging blood (as eompared with tl‘{at which
enters the gland) should present certain differences,
that those differences should be constant, but variable,
in amount, and such as are net found in the blood
of any other part or organ. Before proceeding one
step farther, this fact must be distinctly and clearly
proved :—Does the splenic venous blood present any
differences peculiar to itself? Are those differences
sufficiently constant to warrant our concluding them
to be peculiar to this blood? Does blood taken from
other parts of the body present the like peculiarities?
It is needless here to enter again into a detailed
account of the experiments already related, in which
the composition of the emearging venous blood has been
compared with that which enters the gland, and with
other venous blood, both from the general and also
from the portal venous system. Suffice it to say, that
in each and all of these cases, and in each of the
experiments made, a very considerable difference was
detected between them; a difference, variable in its
amount under certain circumstances, but which could
only be attributed to the influence the spleen exerts
on the blood traversing its substance.

So far these facts, I think, clearly prove that the
spleen does serve to regulate the quality of the blood.

Let me now consider which of the numerous con-
stituents of this complex fluid does the organ modify ?

The most important constituents of the blood,
modified by the action of the spleen, are the blood
globules, the iron among the Imorganic constituents,
the albwmen, the fibrine, and lastly, the serum.
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and with considerable frequency; they have also been
seen in the rabbit and the rat. In many birds, also,
the same changes have in one or the other form been
frequently noticed; whilst in some of the reptilia
their constancy and occurrence in large numbers is
somewhat remarkable. Lastly, the same changes have
also been seen in fishes, and in some of these to a
very considerable extent. These facts clearly show
that the existence of mormal and changing blood
corpuscles in the pulp of the spleen, is not either an
oceasional occurrence, or a peculiarity simply confined
to a single class of animals. Chemical analysis has
also added strong confirmation of the coloured cor-
puscles of the pulp being formed from the blood
globules, their analysis and the application of re-
agents to them, demonstrating their close similarity
with the haeematin of the blood.

The oceasional, and in some animals the constant
occurrence of normal and changing blood globules in
the substance of the pulp, and their partial conversion
into coloured pigment granules, or erystalline forms,
the chemical analysis of which has shown to be
identical with the heematin of the blood; the arrange-
ment of the bloodvessels, as admirably adapted to
admit of the occurrence of these changes under certain
circumstances; the frequency of their occurrence
thronghout nearly the whole of the vertebrata;—all
these facts, I think, are in exact harmony with the
results of the analyses of the splenic blood, as far as
the diminution of the blood globules is concerned.
They clearly show that in all animals, under certain
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The period also of the digestive act modifies to a
very considerable extent the amount of diminution of
the blood globules in the emerging blood, the greatest
amount being observed either where digestion is not
going on at all, or during the early stages of that
process; the smallest amount where digestion being
finally completed, the new material becoming con-
verted into blood, has increased the volume of the
circulation; and extrusion of blood in the pulp is the
result of the distended condition of the vessels of the
spleen which occurs under these circumstances.

The spleen also appears to regulate the gquality of
its emerging blood as far as the amount of #ron con-
tained in it is concerned.

The blood of the spleen contained in the greater
majority of cases a much larger amount of iron than
was found either in the blood entering the gland, orin
other venous blood, notwithstanding the number of
blood discs was diminished. The changes observed
in the pulp of the spleen will serve to explain these
peculiarities. It is no doubt highly probable that
under certain circumstances, when the blood dises
undergo those changes that have already been de-
seribed in the spleen, part, and probably in some
cases the whole, of the iron which previously formed
one of their essential constituents, becomes added to
and forms part of the unaltered blood dises, and hence
the increased amount in the emerging blood. Whilst,
also, the large amount of iron occasionally found in
the substance of the pulp, forming one of the chief
elements of its inorganic constituents, evidently shows,
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amount of albumen contained in it is concerned, and
that this variation is produced by an interchange
which takes place between the blood circulating
through the spleen, and the elements of the pulp, and
the Malpighian bodies; these serving to draw from
the blood, under certain circumstances, its surplus
amount of albuminous matters, mainly derived from
the successive additions of new nutritive material,
which is not allowed to accumulate in the blood till
its use is required, but is set aside within ready reach,
whenever the demands of the system require a quickly
available though scanty supply.

The spleen also serves to regulate the quality of the
blood as far as the amount of jibrine contained in it
is concerned.

The results of the analyses already detailed have
shown that the average amount of fibrine contained in
the blood after its transit through the spleen, is much
greater than in the blood entering the organ or in
other venous blood; and the fact of its constancy,
under all circumstances, although varying in amount,
clearly shows that the spleen must exert some modi-
fying agency on this constituent of the blood. As far as
I have at present been able to ascertain, this variation,
which 1s occasionally very considerable, is not owing
to the influence which the elements of the tissues of
the spleen have upon the blood, but apparently stand
in some relation with the diminution of the blood dises
in this fluid, and their consequent disintegration in
the pulp tissue of the spleen, inasmuch as an exceed-
ingly small amount of fibrine is contained in the blood
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in it chiefly in solution, is identical with the colour-
ing material found in the tissue of the pulp, being
rcmwed from this tissue by means of the bloodvessels,
and so again entering the circulation. What becomes
of this colouring matter? Kolliker states that it goes
to form the colouring matter of the bile; but this is
certainly not the case, as, in the first place, neither
the colouring matter itself in the spleen or in its
emerging blood presents the least appearance to
biliary pigment, as the application of chemical re-
agents upon it shows. Again, also, the removal of
the spleen in animals does not affect the colouring
matters of this fluid; it exists in equally large quan-
tities. And, lastly, the colouring matter of the bile
existing previous to the development of the splenic
vein in the evolution of the chick, and consequently
before the spleen can have transmitted to the liver
any blood changed by the action of this gland, all
these facts show that the colouring matters of the
spleen, carried away in solution in the emerging
blood, do not form the colouring matters of the bile.
It is not improbable that part may enter the circula-
tion, and go to form the colouring material for new
blood globules; part also may become changed in the
hepatic cells into bile pigment; but that the whole of
the bile pigment is formed from this colouring matter,
the above facts clearly disprove.

I think that the above detailed facts clearly prove
that the spleen does regulate the quality of the blood,
the fissues of which this organ is composed serving,
under certain conditions, to modify very materially
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the deep reddish-brown colour of the serum is also a
constant and well-marked peculiarity. It has also
been seen, from the previous facts, that when the
vascular system becomes charged with a large amount
of nutritive compounds, by the successive addition of
new material, that the blood circulating through the
spleen is deprived of a large amount of albumen,
which the parenchyma cells of the organ and the Mal-
pighian corpuscles assimilate to themselves in great
abundance and with extreme rapidity. On the con-
trary, when the supplies of the system are not equal
to the demands, these elements of the spleen again
restore to the blood those nutritive products which
they had previously retained; hence the very extreme
variation in the size of the Malpighian bodies and
the amount of the parenchyma cells; hence the con-
siderable fluctuations in the amount of albumen
contained in the emerging blood.

These facts merely serve to represent the function
of the spleen; they merely serve to show what the
organ does. We must now, lastly, consider of what
use is the application of this function to the animal
economy? What use does the spleens erve by disinte-
grating, under the conditions already mentioned, a
large number of blood globules? What use does the
spleen serve by its temporary abstraction from the
blood of its albuminous compounds, and its equally
rapid restoration of those materials to this fluid under
certain circumstances? Lastly, is such use absolutely
necessary for the maintenance of life?

We have already seen what use the function of the
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