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INTRODUCTION.

A comparative spate of literature during

the last fifty years notwithstanding, the histology

of the spleen still remains a fruitful field of

controversy, rany features even of grosser struct¬

ure are still in dispute. Among these may be

included: the possession or otherwise of a capsule

by the alpighian bodies; the occurrence of

penicilli; the occurrence of ampullae; the nature

of ellipsoids; the structure of the capillary

vessels; the character of the reticulum. Some

authors describe vessels within the .lalpighian

bodies: others deny their existence. Some deny

that arteries anastomose; others say they do.

Not only is our general knowledge of the

spleen defective but, since the literature deals

only v ry sparingly with comoarative histology,

facts concerning the structure of the spleen in the

various domestic animals is consequently still more

meagre. Kolliker (57), (58),(59), Whiting (155),
and Retterer (101), (102), (103), (104), (105), (106),

(107) are among the few who have contributed to our

knowledge in this respect.

In view of the fact that very little

plastic reconstruction work has been done on the

spleen it was considered that an investigation of

the organ of the domestic animals by th s method

would/
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would throw light, not only on gross comparative

histology, hut also on the general features of

splenic structure. With the intention of forming

a series of reconstruction models this investiga¬

tion was begun. It was soon realised, however,

that models of practicable dimensions could only

represent a very small proportion of the entire

organ and therefore, alone, were of limited value.

The work consequently has been supplemented by a

more comprehensive inquiry.

0O0
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HISTOLOGICAL ^LCMIOiE.

The material studied in this investigation

was obtained from spleens of forty-one horses, twenty-

three bovines, fifteen sheep, eighteen pigs, forty-

two dogs and sixteen cats; a total of one hundred

and fifty-five different animals. The horses,

bovines, sheep and pigs were, most of them,

slaughtered by the humane killer, immediately after

which the carcasses were bled. As a consequence

the spleens of these animals \vere contracted; only

one specimen was found in a distended state. Some

of the dogs and cats were destroyed by an injection

of hydrocyanic acid and in the carcasses of these

also, the spleens were contracted. In others,

however, destroyed by chloroform, nembutol, sodium

evipan, and coal gas, normally distended organs were

more frequently found. Moat of the specimens were

taken within one hour, and many of them within five

minutes of the animals death.

As a routine procedure tissues were

prepared by fixing in Susa's solution and embedding

in paraffin in the usual manner. Sections were

cut eight microns thick and of each specimen at

least three different sections were prepared and

stained as follows 1) Mallory's phospho-tungstic

acid haemtoxylin, 2) TIaeratoxylin and eosin,

3) Mailory's connective tissue stain. All sections

were mounted in dammar.

In/
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In addition to this numerous specimens

were prepared with various modifications. In some,

merely the fixative was altered; Clemming*s fluid,

10% formalin or saline-formalin 5, being substituted

for Susa's solution. In others the organ was

perfused with warm normal saline for about three

hours. The washed and now moderately distended

organ was then fixed by perfusion with formalin

solution or saline-formalin. Sometimes before

fixing the organ a suspension of Indian ink was

injected either into the vein or the artery in order

to accentuate these structures. The method describ¬

ed by i .orison and Lee Brown (86) whereby a 2y

suspension of Berlin blue or Prussian blue is used in

place of the Indian ink, was, however, found to

be much superior. Washed and injected preparations

were embedded, cut, stained and mounted as already

described. Various stains were employed to

distinguish or accentuate different structures. In

addition to the three methods already mentioned,

several others were used, the more important being

eigert's resorcin-fuchsin, Unna-Taenzer's orcein,

impregnation with 1/ silver nitrate, and KullTs

copper-carmine with picro-in; igo carmine.

From each of the different species examined

at least one block of tissue was cut and the

sections mounted in s ries.

Models were constructed in accordance with

Karl/
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Karl Peter's (96) modification of Born's wax-plate

method. fourteen of such reconstruction models

are illustrated by photographs.

All the measurements in this investigation

were determined by means of a Ramsden's screw

micrometer eye-piece and a micrometer slide.

In the animals examined all together over

one thousand two hundred different measurements

were taken.
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am capsule.

In the text-hooks of Bailey (4),Jordan

(54), Schafer (116), Cunningham (16), Gray (31),

and in the more up to date literature on the subject,

the capsule is described as consisting of a fibro-

elastic layer, containing smooth muscle in its

inner portion, and a serous coat of peritoneum on

the outside.

Although the presence of muscular tissue

in the capsule of the spleen is now generally accept¬

ed, early workers such as Evans (22) (mammalia),

Sanders (115) (bullocks), and Kolliker (5?) (human,

rabbit, horse, hedge-hog, guineapig and cat) doubted

and even denied its existence. Shortly after

denying its existence however, Kolliker (59)

describes muscle fibres in the capsule of the pig,

dog, and cat and notes that they were sometimes

distinguished in the ox. iVfiiller (88) .(carnivore,

ruminen ts and pig), Hoyer (46) (cow and sheep),

Peterfi (97) (human) and other later workers also

found muscle fibres.

In addition to muscle fibres and

yellow and white connective tissue fibres j all (77),

Foot (26), and Kyes (64) describe reticular fibres

actually in the substance of the capsule, and further¬

more Kyes includes fibroblasts.

Concerning/
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Concerning the arrangement of the

various structures Whiting (135) and Tehver and

Grahame (128) distinguish two coats; the capsule

proper, and the peritoneal or serous coat, which

latter they subdivide into an outer peritoneal or

endothelial layer and a sub-peritoneal or sub-

endothelial layer. The outer layer consists of

endothelial cells; the inner layer of fine con¬

nective tissue. The tunica propria is a coat

of ordinary connective tissue and plain muscle

fibres. Stukeley (125) also described two tunics.

The external is formed by the peritoneum. The

internal coat, he states, is smooth, thick, hard,

tough, solid, sometimes bony often tendinous or

cartilagenous.

With reference to the changes observed

in the splenic capsule associated with aging of the

animal, Stukeley (125) notes that the peritoneal

coat thickens with age. Bannwarth (5) observes

that in the cat the framework was more sparingly

developed in young animals than it was in old ones,

and Gross (32) observed a gradual progressive thick¬

ening from birth to death.

HORSE.

In agreement with the description given

by Tehver and Grahame (128) it was found that the

capsule of the horse is readily divisible into two

parts/
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parts; an outer serous coat, and an inner muscular

coat (Fig.16).

The serous coat consists of a thin cover¬

ing layer of endothelial cells — the visceral

peritoneum of the organ — and a deeper more exten¬

sive suh-endothelial layer consisting largely of

collagenous fibres but containing also fine elastic

fibres. In the sub-endothelial layer many small

vessels are present.

The inner muscular coat is composed of a

preponderating amount of plain muscle fibres, and

interlacing between these there are collagenous and

numerous coarse elastic fibres which are continuous

with those of the sub-endothelial layer. Reticular

fibres were closely attached to the inner surface of

the capsule but were never detected, as described by

Mall (77), Foot (26), and Kyes (64), actually in

the substance of the capsule. At the inner surface

of the capsule a greater concentration of con¬

nective tissue fibres is present.

In the series of specimens examined the

usual thickness of the capsule in the adult was

found to be about *4m.m.. This figure was deter¬

mined by taking the combined average of three or

four measurements from each different spleen. Var¬

iation was, however, commonly present; the smallest

measurement taken was slightly less then •Bo.ra,

while/



9.

while the greatest exceeded Tehver and

Graharae found it to vary between *lm.m. and «5m.m. ,

and the average to be •42m.ni.. The capsule is not

of uniform thickness throughout, and although

serous and muscular coats are usually about equal,

both are subject to variations.

In accordance with the observations of

Stukeley (125), Bannwarth (5), and Gross (32), in
the horse, with age, a very definite increase in

thickness of the capsule occurs, and it was noted

that both serous and muscular coats were equally

affected.

OX.

The capsule of the spleen of the ox, like

that of the horse, is conveniently divided into two

parts, namely, an outer serous coat and an inner

muscular coat (Fig.17). The structure of the serous

coat agrees exactly with that of the horse. There

is an outer layer of endothelial cells and a sub-

endothelial layer consisting of collagenous and fine

elastic fibres. Here also vessels are numerous and

conspicuous.

The inner or muscular coat consists of

muscle fibres and connective tissue fibres closely

interwoven with one another, but sometimes two strata

of muscle fibres can be distinguished (Fig.17)

and/
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and when this is so it is only the deeper stratum

that is associated with the trabeculae.

The two coats of the capsule are clearly

defined. There is an absolute increase in thickness

of the muscular coat as compared with the horse and

a corresponding decrease in the serous coat.

A series of measurements of the thickness

of the capsule was taken as in the horse, and in the

ox a variation between *15m.m. and *8m.m. was ob¬

served. The average thickness in the adult was

about 44m.m.. The last figure is in exact agreement

with the average as estimated by Graharae and Tehver

(128). The capsule was found to be thinner towards

and at the margins of the spleen. The thickest

measurements were obtained from about the centre of

the parietal surface. The difference in thickness

at the margin and towards the centre of the organ

was found to be about •Um.m.. The increased thick¬

ness of the muscular coat of the capsule is most

obvious in the adult, where it may be four times as

thick as the serous coat. In very young animals

the two coats are similar in thickness or the muscu¬

lar coat is only slightly greater. Tehver and

Grahame (128) found the peritoneal or serous coat to

form about one third of the total thickness of the

eapsule.

The /
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The changes observed In the capsule with

the aging of the animal from birth are a progress¬

ive thickening of the entire capsule and in particu¬

lar a thickening of the muscular coat.

SHEEP.

In the sheep the capsule Is identical in

structure to that of the ox and horse and therefore

it may also be conveniently described as consisting

of serous and muscular coats (Fig.18), but as in

the ox a marked disparity is present in the thickness

of the two coats. The serous coat may occupy only

one eight part of the total thickness. The muscular

coat, as in the ox frequently shows two strata and

as before only the deeper stratum is associated with

the trabecules (Fig.18).

A series of measurements of the thickness

of the capsule showed a variation between *i3m.m.

and ^Sm.m.. The usual thickness was about *26m.m..

Tehver and Grahame (128) fuund the capsule of the sheep

to be about 250^. thick.
No appreciable difference in the thickness

of the capsule was observed relative to the age of

the sheep. This may be accounted for by the fact

that specimens from extreme ages were not obtainable.

Only a comparatively short series was examined.

PIG/
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PIG

As In the other animals the capsule of the

pig also may be described as consisting of two coats

(Fig.19).

The outer serous coat is thin measuring

usually 20jU> to 30plt but varying in thickness between
lCju. and 75^,. The thicker measurements were only
found where vessels were numerous. The structure

of this coat presents no unusual features.

The inner or muscular coat consists chief¬

ly of muscular tissue arranged usually in two strata

(Fig.19). The outer stratum next to the serous

coat — consists of smaller bundles of muscle fibres

more loosely arranged in a rich network of connective

tissue. The abundance of this network and its close

association with the sub-endothelial layer will

account for the statement by Tehver and Grahame (128)

that "In pig and carnivora, separation by dissection

is impossible since the layers are very thin and

firmly attached to each other." In the inner or

deeper stratum the muscle fibres are more closely

compacted and arc interspersed by fewer connective

tissue fibres. The fibres of the two strata usually

run in different directions and are thus readily

distinguished. Both strata of muscle fibres vary

in thickness, but like the ox and sheep they form by

far the greater part of the capsule.

Compared with the spleen of the horse, ox

and/



and sheep, the capsule of the pig is relatively

much thinner. It usually measures about *lm.m.

but at the attachments of the trabeculae there is

an increase in thickness which is much greater where

the trabeculae are numerous. In the series of

specimens examined measurements were found to vary

between *02m.m. and *23m.m., Tehvor and Grahame (128)

found the average thickness of the capsule in the pig

to be 125,,,jU. 4 •

whiting (135) found in the pig that outer

transverse muscle fibres and inner longitudinal

muscle fibres were present in the tunica propria,

and Klein (55) has noted that the muscle fibres in

the capsule of most spleens consists of a deep longi¬

tudinal and a superficial transverse layer. With

regard to the arrangement of muscle fibres it was

found in this research that the animals in which two

strata were distinguished — ox, sheep, and pig —

the fibres of the deeper stratum were not always

parallel as indicated by Klein (55) and Whiting (135),

but were disposed in bundles that converge to the

trabeculae. Where the trabeculae are close to

each other the muscle fibres are easily followed

passing from one to another and thus forming the

whole or part of the deeper stratum. In general the

bundles of muscle fibres of the deeper stratum were

found to pass to and fro between the trabeculae so

that from each trabecula the fibres radiate to those

surrounding/
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surrounding. In a section through the centre of a

trabecula most of the muscle fibres passing to the

capsule are cut longitudinally, and in a section

passing through the margin the fibres are cut trans¬

versely. In the outer or superficial muscular strat¬

um the muscle fibres usually run in a different

direction to those forming the deep stratum, when

however the fibres of both strata are parallel, their

limit is not sharply defined and consequently two

strata can no longer be distinguished.

DOG.

The capsule of the dog's spleen resembles

that of the pig, in as much as it does not snow the

serous and muscular coats (Fig. 20) so clearly

defined from each other as in the horse, ox and

sheep. In the dog the two coats are of about equal

thickness, which is in agreement with Whiting's

(135) statement, that in the dog the tunica propria

is of two almost equal portions, an outer fibrous and

an inner muscular layer.

The serous coat presents the usual

characters; an outer layer of endothelial cells, and

a sub-endothelial layer of connective tissue.

In the muscular coat the muscle fibres

are particularly scanty towards the superficial margin,

and /
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and wide spaces between them are occupied by con¬

nective tissue which as usual is continuous with the

sub-endothelial layer. Towards the inner margin

the muscle fibres are more closely related to each

other and consequently the connective tissue is less

abundant. Two strata of muscle fibres could not

be distinguished.

In the adult dog unusually wide varia¬

tions in the thickness of the capsule were observed.

Spleens taken from animals Immediately after death

were found to be contracted and in these specimens

the capsule was relatively thick, usually measuring

about 85|u, • many cases moderate distention of
the organ was obtained by injecting saline, saline-

formalin, or 10% formalin, into the organ immediately

after death, and where distention was thus produced

the capsule was much thinner measuring ohly about

35ju.,
In a number of spleens from puppies some

two and some three days old, the thickness of the

capsule was about 10p. , but it varied between 5p.
and 20p.. Comparison with subsequent ages shows a
progressive thickening. In the spleen of a twelve-

year-old fox terrier dog the capsule was about

100p. thick, measurements varying from 6Cpt to .

Tehver and Grahame (128) found the average thickness

of the capsule in carnivora to be about 50^ >

CAT. /
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CAT.

The capsule of the cat's spleen resembles

that of the dog in almost every respect.

The serous coat is thin and forms only a

small proportion of the total thickness of the

capsule. Its structure is the same as that in all

the other animals described (Fig.21),

The muscular coat is thick and forms the

greater part of the capsule. as in the dog, the

muscle fibres are not densely compacted together

but are separated by a rich network of intercellular

connective tissue fibres (Fig,21).

In the adult cat measurements were taken

as before and the thickness of the capsule found to

vary between 20^ and 90^,} commonly, however, it
measures about 55^.. This last figure closely
agrees with the average calculated by Tehver and

Grahame(J.28) who as already noted found it to be

about SOju..
Bannwarth (5), as previously noted, stated

that a more sparing aevelopment of the framework was

present in young cats as compared with older animals.

In this connection, it was found that the capsule

of a kitten one week old measured about 6^., and in
i

specimens of increased age greater thickness of the

capsule was observed until a maximum 55ju. to QCju.was
reached in the oldest specimen of the series examined,

a cat about fourteen years old.

THE TRA3ICULAE. /
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THE TRABECULES.

At the hilus of the spleen the sub-endoth-

elial coat and the muscular coat of the capsule are

inflected into the substance as a mass of tissue

which is termed the "hilar sheath". Many trabe-

culae project from this and from the inner surface

of the capsule, into the substance of the organ,

where they anastomose with each other to form a

coarse open framework.

It is now generally accepted that the

trabeculae consist of collagenous, elastic, and

muscular fibres. The latter were described by

Kolllker (57) in the trabeculae of the dog, cat, ass,

sheep, pig, hedgehog, horse, rabbit, and guineapig.

Hoyer (46) states that they are present In the trabe¬

culae of all "iarnraals. They have also been described

by Schumacher (117), Whiting (135), Klein (56), and

Kyes (64).

Foot (26) describes reticulum in the trabe¬

culae Intermingled with elastic, white, and a few

muscular fibres.

Mall (76) describes the spleen as being

divided into lobules by the trabeoulae ana the vessels.

Each lobule about Im.m. in diameter, is limited at

the periphery by three main interlobular trabeculae

from each of which three interlobular branches pass

into/
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into the lobule subdividing it into about ten. com¬

partments. He finds that there are about 801000 such

lobules in a dog's spleen, Kyes (63) also describes

the coarser framework of the human spleen dividing

the parenchyma into small masses which he calls

lobules. In the spleen of the hippopotamus and the

pig, Retterer and Neuville (10£) found that irregu¬

lar territories of parenchyma of *5 to •lm.au in

extent are formed by muscular trabeculae of from

*03 to*C5m.m. in diameter.

In contrast to these views on lobulation

Hartiuann and Bennett (33), who reconstructed part of

the framework and capsule of the human spleen, con¬

clude that the tr&beculae form only a supporting

framework with the capsule.

HORSE.

The trabecule© pass from the muscular coat

of the capsule into the substance of the spleen where

they branch and anastomose with each other and with

the muscular coat of the vessel sheaths (Fig.l).

In structure they are identical to that

of the muscular coat of the capsule, namely a basis

of plain muscle fibres interlac^nS between which to
form a network are white and yellow connective

tissue fibres. As is the case with the inner margin

of the capsule, the trabeculae also show a concentration

of/
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of connective tissue at their periphery. Where

the trabeculae are attached to the capsule, the

muscle and connective tissue fibres of both struc¬

tures are continuous, ana a similar continuity of

structure is observable where trabeculae unite with

each other or with the muscular portion of the

hilar sheath. It has previously been noted that

Foot (26) described reticular fibres in the trabe¬

culae of the human spleen. With regard to the

trabeculae of the horse, and for that matter the

other animals also, no evidence was found to support

this view.

In the horse the trabeoulae are straight,

solid, rodlike masses which pass through the substance

of the spleen in all directions frequently branching

and anastomosing to form relatively a very close

supporting framework. i-.any trabeculae are observed

to pass to, and from, the muscular coat of the vessel

sheaths, which, as a consequence may be increased or

decreased in thickness. In a reconstruction model

of a small part of a horse's spleen a large arterial

trunk and Its sheath are represented also a number

of trabeculae, and a portion of the capsule (Fig.l).

The union of the sheath with trabeoulae, and trabe¬

culae with the capsule is clearly illustrated.

A/
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A great variety in the size of the trabecu-

lae is always present throughout the spleen. A

series of measurements of the thickness was taken,

and according to the number present, from four to

eight trabecules were measured in each section.

Those measurements showed a range in the thickness

of the diameter of the trabeoulae in the adult from

about *015 m.m. to over .

With age the trabecular undergo a thick¬

ening corresponding to that which has already been

noted as occurring in the capsule. This change

is most pronounced between birth and the age of

three years.

OX.

In the ox the trabeculae arise from the

deeper stratum of the muscular coat of the capsule,

they pass more directly through the substance of the

spleen from one surface of the organ to the other,

and although they are often larger in size, they are

relatively fewer in number than 3n the horse. The

result is that in the ox the framework is more open

and much less complicated. Another factor that

tends towards a more simple arrangement of the

framework, is the relation between the trabeculae

and the vessel sheaths. In the horse it was

observed/
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observed that the muscular portion of the vessel

sheath was thick and that numerous trabeculae pass

directly to it, consequently the vessel sheath is a

centre of attachment for trabeculae which radiate

into the surrounding pulp. In the ox the muscular

portion of the vessel sheath is thin and the trabe¬

culae do not blend xvith it as they do in the horse

(Fig. 2). Where they come into contact with each

other they are attached by connective tissue fibres,

and a few muscle fibres are observed to pass from

the one to the other. Tehver and Graharae (128)

found that in the hor3a, when a vessel is pulled away

the trabecular network i3 torn, but in ruminants the

vessels are so loosely attached that their removal

may be effected without injury to the trabecular

tissue. The thickness of the vessel sheath in the

horse, and its close association with the trabeculae

will account for the tearing of the framework.

Tehver and Grahame (128) state that in the ox "The

adventitia of the artery may be connected with the

trabeculae, but such a connection is only of rare

occurrence". In the current enquiry it was found

that there was invariably a very definite confluence

of connective tissue fibres of the sheath on the one

hand and the trabeculao on the other, and in addition

to this, muscle fibres are usually present connecting

the trabeculae with the muscular portion of the

vessel sheath.

The/
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The structure of the trabeculae is the same

as in the horse, except that a concentration of the

connective tissue at the periphery is not observed.

In the ox the trabeculae form long cylind¬

rical rods which vary considerably in their size.

Some of the smallest strands in the adult measured

about 0*035mm. while the largest trabeculae were

found to exceed 'Slum.. Retterer (105) found the

trabeculae of a calf to measure from •01mm. to *020111..

With age a thickening of the trabeculae

was observed, co-incident with the thickening of the

capsule.

SHEEP.

The structure, course, and attachments of

the trabeculae of the spleen of the sheep closely

resemble those of the ox. The fibres of the deeper

muscular stratum of the capsule are continuous with

those of the trabeculae. The long cylindrical

rodlike trabeculae course more or less directly

through the substance of the organ to unite the two

surfaces. The relation of the vessel sheaths to

the trabeculae closely resemble those of the ox.

As In the ox and horse, in the sheep also

there is great variation in the size cf the trabeculae.

On an examination of the whole series of' specimens

obtained they were found to vary from the smallest

of about 35^ to the largest which exceeded 400^
In diameter,

PIG./
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In the spleen of the pig the trabeculae

have a unique attachment to the capsule which is

characteristic of this animal. Instead of being

attac?hed simply and directly here and there to the

capsule as is the case in the horse, ox and sheep,

in the pig ridges of trabecular tissue are formed on

the deep face of the capsule {Fig.IS), these are

united with each other and thus produce a network.

Tehver and Grahame (128) aptly describe these low

ridges as giving the capsule a honey combed appear¬

ance. From the ridges, rounded cord-like trabeculae

and flattened band-like trabeculae project into the

substance of the organ, where they branch and anasto¬

mose forming along with the vessel sheaths a close

and complicated framework.

Measurements of the actual thickness of

the traboculae were similar to those of the sheep.

Whiting (135) describes in the pig massive

muscular trabeculae arising from the capsule, and a

few microscopic in size forming a secondary network:

some of these trabeculae are connected with vascular

sheaths. He also observes that the trabeculae of

the ox and sheep resemble those of the pig. In

agreement with Whiting (138) it wes found in this

research that the trabeeulae of the ox, sheep, and.

pig resemble each other in their relative size and

distribution to form a framework, but as already
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stated they are distinctive in the pig, in that

ridges are formed on the inner surface of the

capsule.

The relation between the vessel sheaths

end the trabecules in the spleen cf the pig is

more complex than in any of the other domestic

animals. The larger arteries are ensheathad as

usual by an Inflection of the muscular coat and the
el

sub-endothial layer of the consuls at the hilus.
A

This tunic forms the outer muscular and an inner

adventitious coat that ensheaths the vessels. Where

the vessels come into contact with a trabecula the

fibres of both coats are confluent with those of the

trabecula. A largo artery gives off smaller

branches which pass to the periphery of the organ and

have Malplghian bodies situated along their course.

The vessel sheath branches with the artery and follows

the course of the smaller branches to the periphery

where both vessels and sheaths are again associated

with a trabecula . In this way the white pulp —

Malpighian bodies and lymphoid sheath— is enclosed;

this, taken along with the fact that microscopic trab¬

ecules are numerous in the red pulp, will account

for the difficulty experienced by Tahvar and Graham©

(128) in satisfactorily washing out the spleen pulp

of this animal,

DOG.

The/
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The trabeculae of the spleen of the dog

frequently arise in groups from the inrar surface of

the capsule (Fig. 5). The position of the attach¬

ment of the groups is sometimes indicated on the sur¬

face of the organ by an indentation. The trabeeu-

lae pass into the substance of the spleen where

becoming flattened they soon unite to form complicated

plate-like masses in which numerous irregular spaces

are produced by their subsequent division and

reunion (Fig.5). Numerous smaller and more rounded

trabeculae course through the substance of the pulp

anastomosing with each other and with the larger

plate-like masses to form a framework much closer and

more involved than in either horse, ox, sheep or pig.

In contra® t with the pig the arterJ es .in

the spleen of the dog show very simple associations

with the trabeculae. The outer muscular or trabecu¬

lar portion of the hilar sheath is rather similar in

extent and attachments to that of the sheep.

In the spleen of the dog the veins have a

constant relation to the trabecule®. A small venule

formed by the union of numerous capillaries soon

passes to a trabeculae which forms a sheath around it.

This trabecular sheath follows the vessel to be con¬

tinuous with the hilar sheath. The extent to which

the vein is invested varies, sometimes the trabeculae

merely touches the vessel; at other times the vein

is completely encircled; thus many of the larger

trabeculae appear to be tunnelled by a vessel.

CAT. /
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CAT.

Whiting (138) has stated that the trabe-

culae of the spleen of the cat are composed entirely

of muscular fibres. In all the sections examined

in this series there was no difficulty in determining

the presence of connective tissue, which furthermore

proved to consist of elastic and collagenous fibres

in much the same proportion and distribution as was

observed in the horse, ox, sheep, pig anddog. In

this respect therefore it may be asserted that the

spleen of the cat resembles that of the other ani¬

mals.

The distribution and attachments of the

trabeculae is similar to that already described as

occurring in the spleen of the dog. The trabecu¬

lae pass from the surface of the capsule at a variety

of angles into the substance of the organ where they

form a framework,close and complex as in the dog*s

spleen, but different in that no plate-like masses

were observed; all the trabeculae being rounded and

cord-like (Fig. 6).

In the cat the hilar sheath is more exten¬

sive than in the dog. Where the vessel sheaths and

the trabeculae are in contact confluence of their

muscular and connective tissue fibres takes place and

the attachments thus formed are the same as already

described in the dog and sheep.

The relationship of the veins to the trabe¬

cular/
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culae is as described in the dog, that is the

vessels may be partially or completely surrounded with

the result that the larger trabeculae often appear

to be tunnelled by the veins.

In the cat, like the other animals also,

there are wide extremes in the size of the trabecu¬

lae present. Large trabeculae measuring up to

I40|u. in diameter are quite common, while small
thread-like structures often of not more than 30^.
in diameter are numerous. These latter sometimes

curve around the Malpighan bodies some little dis¬

tance from their periphery and this arrangement

resexables to some extent the trabecular tissue around

the Malpighian bodies in the spleen of the pig.

In the dog and cat, as in the other ani¬

mals, increase in the thickness of the trabeculae

was noted with the increase of age.

THE ARTERIAL SYSTEM.

» In 1723 Stukeley (125) observed that the

orteries, veins, and nerves were all wrapped together

in one membrane, formed from inner coat of the

capsule, which follows them into the substance of

the spleen. A similar arrangement has also been

described by Bannwarth (5), Y/eidenreich (132), Sanders

(115), Whiting (135), Miiller (88), KSlliker (59),

and Basir (6).

The/
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The membrane or sheath, as has been ob¬

served in the previous section, was termed the

hilar sheath. The large arteries which are thus

invested give rise to smaller branches which accord¬

ing to Bannwarth (5), Kultschitzky (61), Sanders (115),

and Whiting (155) pass to the splenic parenchyma

ant are accompanied for a short distance by a pro¬

longation of the sheath. Miiller (88) in the human

spleen and Weidenreich (132) also in the human spleen

do not describe this prolongation.

The arterial branches passing to the paren¬

chyma show an accumulation or an infiltration of

lymphocytes in the connective tissue forming their

external coat. This lymphoid tissue "white pulp"

or adenoid tissue, forms a cylindrical "Lymphoid

sheath" accompanying the vessels. It has been

described in detail by Miiller (88), as it occurs

in the human spleen.

The white pulp may be entirely represented

by lymphoid sheaths as is the case in the spleen of

the guineapig. In most mammals, however, there are

localised thickenings of the sheath. The masses

of lymphoid tissue so formed were first observed

and described by Malpighi (79) in 1685, with the

consequence that they have been termed at various

times ivalpighian bodies, Lalpighian corpuscles or

Kalpighian follicles.

Hellsten /
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Hellsten (37) 1928 finds that in the

human spleen the artery is central in position in

the lymphatic sheath, hut is always eccentric in the

Malpighian corpuscles. Latta (66) and Hueck (48)

also agree that the artery is eccentrically situ¬

ated in the Malpighian corpuscles; while Mliller

(87) states that the corpuscles may surround the

artery or they may be eccentrically situated.

Kolliker (59) observes that in the human subject the

artery does not pass through the corpuscles.

The Malpighian bodies (Malpighian corpus¬

cles or follicles or the splenic lymph nodules )

are supported by a connective tissue framework which

is described as consisting of reticulum or of reti¬

cular fibres by Bannwarth (5), Hoehl (44), Kyes (64),

Downey and Weidenreich (18), matsui (81), Retterer

(105), Gaetani (29), Foot (26) and MoNee (89).

Many workers describe a limiting condensa¬

tion of fibres at the periphery of the Malpighian

bodies. Regarding the structure of these fibres

a variety of views have been expressed. Bannwarth

(5), Downey and Weidenreich (18), Foot (26) and

McNee (89) describe them as reticular fibres.

Bunting (12) also supports this view as being conson¬

ant with his observations on the lymph nodules of

the lymphatic glands. Sanders (115) observes that

the "saculi" (Malpighian bodies) have delicate

circumscribing membranes which are largely soluble

in/
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in acetic acid, but contain also elastic fibres.

Kolliker (57) finds that every Malpighian corpuscles

has a special coat intimately connected with the

sheath of the vessel with which it agrees in struc¬

ture. Steida (124) states that the Malpighian

corpuscles possess a "hulse" of binding network

with elastic fibres which is in connection with the

tunica adventitia of the arteries against which they

lie. Dubreuil (19) finds that "conjunctive" and

elastic fibres may either be present in the substance

of the Ivialpighian bodies or at its periphery or on

the other hand they may be absent.

Kultschitsky (61) and Ebner (20) describe

elastic fibres associated with the Malpighian bodies.

Matsui (81) states that in typical cases there are

two coverings, which in the fully developed bodies

often contain elastic fibres. Schumacher (117)

observes an elastic membranous network on the sur¬

face of the Malpighian bodies.

Whiting (135) describes a peripheral zone

of spindle shaped muscle cells around the Malpighian

bodies in the spleens of the ox, pig, cat, dog, and

child. Basir (6) in echidna finds that the corpus¬

cles are surrounded by a thin capsule of condensed

reticular and collagenous fibres derived from the

hilar sheath. Oppel (92) also found a capsule

although its actual structure was not described by

him/
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him. It is of interest to obsefve that, as long

ago as 1686, Malpighi (79) held the opinion that a

capsule was present. He states that the "vesicles'*

or "saccules'* are seen dispersed through the sub¬

stance of the spleen like bunches of grapes. The

tiny glands are oval in outline and always white.

Their substance appears membranous but is soft and

easily broken.

In spite of Malpighi's opinion and the

numerous other authors who support the view that a

capsule is present, its existence has never the less

been called in question. Busk end Huxley (13)

failed to distinguish any such boundary in the spleen

of man, pig, and cat, and Kyes (64) maintains that

there is no condensation of the framework of the

Malpighian body at its periphery.

In the masses of lymphocytes constituting

the Malpighian bodies Flemming (34) was the first to

distinguish peripheral concentrations of cells surround¬

ing clearer "Germ centres". Hellman (35) (36)

claims that the formation of germ centres is Induced

by accidental irritation and he states that they

vary in size up to lm.m., in diameter.

Small arteries passing into the actual

substance of the Malpighian bodies are described by

Evans (22), Busk and Huxley (13), Kowalewsky (60),

Klein and Smith (55), Robertson (109), Whiting (135),

Helly (40), Gross (32) and Kyes (64). In view of

what is to be stated later it is of moment to note

here/



here that Latta (66) has declared that the artery is

never in the lighter portions, and in nodules with no

germ centres the artery is central in position or

nearly so. In addition Nagao (90) has noted that

after intravital injection of Indian ink the Mal-

pighian bodies remained practically free from the

pigment.

After the arterial branches of the larger

vessels have passed beyond the Malpighian bodies they

are described as dividing repeatedly to form a brush

of vessels the "Penicilium of Ruysch" in the paren¬

chyma of the spleen. felly (53) has observed that

the arteries in the spleen of mammals have a regu¬

lar tendency to form penicilli. The walls of these

vessels present a peculiar condensation of tissue to

which the term "Ellipsoid" has been applied.

Diverse views have been propounded con¬

cerning the structure of the ellipsoids. McNee (89)

describes them as condensations or swellings of the

reticulum. Klein (56), Reidel (108) and Basir (6)

state that they consist of reticular cells. Basir

(6) includes also reticular fibres. Tait (127) and

Mills (83) viewed the ellipsoids as consisting of

phagocytic cells in a framework of reticulum.

According to Carlier (15) they are formed by a

loose net of collagenous fibres among which are

nuclei of a connective tissue type. Mlting (135)

described rings of spindle shaped nucleated cells,

probably/
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probably muscular in nature ana a few lymphoid cells*

Mall (77) states the lymphatic tissue continues to

the ends of the arteries as the ellipsoid sheath.

Kyes (64) denies the presence of elastic, collagen¬

ous, or muscular fibres in ellipsoids.

Regarding the description of ellipsoids

McNee (89) states "These peculiar structures were

first noted by Billroth, and named 'kappilar-hulsen*

by Schweigger-Seidel, or 'Ampullae' by Thoma. The

interpretation as ellipsoids of the ampullae des¬

cribed by Thoma (129) is misleading for the generally

accepted view is that the ampullae, as the term

implies, are distensions or dilatations of the

terminal part of the artery and that they are quite

distinct from the ellipsoids. The confused inter¬

pretation of the term may account for some of the

conflicting statements made concerning the nature of

ellipsoids. Mills (84) has noted that in the cat

and dog Ellipsoids are large and numerous, in the

man they are more rudimentary and in the rabbit and

guineapig absent.

The mode of termination of the capillaries

of the spleen is another subject around which there

is much controversy. Pustowoitow (IOC), Robinson

(110), Basir (6) and Reidel (108) find that the

capillaries pass through the ellipsoids to end in the

parenchyma by a funnel shaped expansion or ampulla,

Robertson/
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Robertson (109) several times traced the

endothelium of the sheep's splenic artery to an in¬

fundibular expansion. Thoma (129) termed these

expansions "Ampullae". Robertson (109), Thoma (129)

(130) (131), Janosik (50) and MacHeal and Patterson

(72) all describe ampullae or some such structure

but none of these workers describe ellipsoids.

HORSE.

In the spleen of the horse the larger

arteries are invariably encircled by a sheath de¬

rived from the capsule. In this as in the capsule

two coats can readily be distinguished; an outer

muscular or trabecular, and an inner coat that is

the adventitia of the vessel (Fig. 22).

The muscular coat of the sheath is formed

by an inflection of the muscular coat of the capsule

at the hllus, while a similar inflection of the

sub-endothelial layer forms the inner adventitious

coat. The sheath thus foraied completely invests the

vessels at the hllus and follows them for some dis¬

tance into the pulp. Structurally the two coats

forming the sheath resemble the tissues from which

they are derived; the muscular coat is identical

with the muscular coat of the capsule, and the adven-

titous coat is identical with the sub-endothelial

layer of the serous coat of the capsule.

The/



The inner and outer coats together form

the "Hilar sheath". Around the larger arteries and

arterial trunks the ensheathing of the vessel is

complete (Fig. 1 and 24). The muscular portion is

thick and strong and forms a tubular canal investing

the artery (Fig. 24). The inner coat is the abund¬

ant areolar tissue interposed between the muscular

coat of the vessel (tunica media) to which it is

closely adherent, and the muscular coat of the

hilar sheath where the fibres are less compact and

more loosely attached (Fig. 24). A transverse sec¬

tion through an ensheathed vessel, therefore, shows

two complete rings of plain muscle fibres; the inner

one is the tunica media of the vessel; the cuter

ring, the muscular coat of the hilar sheath. Be¬

tween the two rings is connective tissue namely the

inner coat of the hilar sheath.

Division in the larger arteries is accom¬

panied by decrease in thickness of the sheath, but

as the vessels become increasingly smaller, the

irregularity in the thickness and extent of the

muscular coat of the sheath becomes more and more

obvious (Fig. 23). The irregularity is due to

the union of the sheath and the trabeculae which

results in an increased thickness. Frequently a

small artery is ensheathed by a muscular coat which

is greatly thickened towards one side, but elsewhere

thin/
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thin or even incomplete. Several enlarged areas of

this kind may be present in a single section of the

sheath which thus presents a very irregular appear¬

ance.

In the horse arteries measuring 130^. or
more in diameter still possess the outer muscular

portion of the hilar sheath, but sheaths of arteries

approximately 100^ in diameter rarely possess muscle
fibres, while usually no trace can be distinguished

in vessels the diameter of which measures 8Gp. or
less.

In estimating the figures quoted above

the diameter of the artery was measured from the

outer margin of the tunica media.

From the ensheathed arteries small coll¬

ateral branches, of about 80^ in diameter, arise
and pass into the parenchyma of the spleen accompan¬

ied by the thick tunica adventita (Fig.l, P.A.).

They are not as a rule accompanied by the muscular

portion of the sheath, although occasionally a thin

filament thereof follows the vessel for a short

distance and then passes to a trabecula or to the

capsule.

As soon as these collateral branches

leave the parent vessel, or the terminal branches

leave the hilar sheath, numerous lymphocytes are

present/
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present in the meshes of the connective tissue

forming the tunica adventitia. The collection of

lymphocytes increase in volume to form a zone or

sheath, "The lymphoid sheath" that encircles the

vessel. The lymphocytes lie in the meshes of

the outer looser fibres of the adventitia and

diffuse into the substance of the pulp. The lym¬

phoid sheath persists throughout the course of the

pulp artery and is continued along its branches but

there the lymphocytes are scarcer and as the vessels

branch still further, the concentration of cells be¬

comes less and less dense until ultimately only a few

remain around the precapillary arterioles.

Distributed along the course of the pulp

arteries (secondary or collateral arteries) and

their branches, Malpighian bodies are situated in

the substance of the lymphoid sheath (Fig. l,i:.B.).

The Malpighian bodies are well defined masses of

lymphocytes which are clearly delimited from the

adjacent less compacted zone of cells, their remark¬

ably definite outline being due to the presence of

an encircling capsule (Figs. 33, 34 and 35) which is

easily demonstrable except occasionally in very old

animals.

In the horse the shape of the Malpighian

bodies in general is spherical but many are slightly

irregular or oval and sometimes they are in the form

of /
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of a bilobed mass (Fig. 39). Similar bilobed and

even trilobed corpuscles have been described by

Dominici (17) in the rabbit. alpighian bodies are

situated along every pulp artery and its branches.

The course of several of these vessels was followed

in serial sections and the number of the ASalpighian

bodies connected with each was ascertained. They

varied from five to eleven.

Small twig-like branches, 30^. to 40„
in diameter, leave the pulp artery and each passes

to a c-'ialpighian body though occasionally a larger

vessel is shared between two corpuscles. The re¬

lation of the vessels to the Molpighian bodies

varies; they may lie close to the outer surface

(Fig. 1); on its outer surface (Fig. 10); or

actually in the substance of the capsule at the peri¬

phery of the iialpighian body (Fig. 35). They are,

however, never present in the substance of the cor¬

puscle.

The capsule of the i alpighian bodies is

structurally identical with the tunica adventitia of

the arteries and is therefore composed largely of

collagenous fibres with some fine elastic fibres.

No muscle fibres are present. In young animals in

which the capsule is best developed, it is strikingly

obvious that the adventitia of the vessel is re-

sp nsible for the formation of the capsule. Sections

through
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through Halpighian bodies show a circumscribing

layer of connective tissue in which one or more

arterioles are situated(Fig,35). In other words

the connective tissue forms the capsule of the cor¬

puscle and the adventitia of the vessels. In older

animals the capsule and the vessel are frequently

a short distance apart, but the connective tissue

fibres of both are always intimately united. The

capsule is thickest and most distinct over that

part of the Malpighian body with which the vessel is

related, it becomes thinner and less complete to¬

wards t e opposite side. Numerous measurements were

made in young animals and the average thickness of

the capsule near the vessel was found to be about

1C|U# In this connection Oppel (92) has noted that
in the human spleen the capsule is not of uniform

thickness but was especially thick at the point of

entry of a vessel.

From the capsule a few collagenous and

elastic fibres are inflected to form an open net¬

work in the interior of the I.alpighian body. This

description is not consonant with the statements

made by most previous workers, for example Bannwarth

(5), Eyes (64), Downey and Weidenreich (18), Matsui

(81), Foot (26) and fticNee (89) all express the

opinion that the framework consists of reticulum or

reticular fibres; but it agrees with the descrip¬

tion given by Leydig and Henley (71) that is, that

the/
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the reticulum of the Malpighian bodies consists of

emanations from the adventitia of arteries; and

it conforms to some extent with the observations

made by Hoehl (44) who found that the binding-tissue

framework of the organ of the lymphatic apparatus

consists, after complete development, partly of

collagenous and partly of a cell free reticulum.

In connection with Koehl's statement concerning a

cell free reticulum there was observed in this in¬

vestigation also an intercellular substance, indet¬

erminate in character which was considered as being

possibly an artifact.

Arising from the outer surface of the

capsule, fibres pass into the lymphoid sheath where

they interlace to form a network which merges with

the reticulum of the pulp.

In a new-born foal the lyraplocytes of the

Malpighian bodies are all large and stain compara¬

tively lightly with haeraatoxylln. In older animals

Small darkly staining lymphocytes are closely com¬

pacted at the periphery thus producing a definitely

dark zone which merges with the lighter central

portion, there being no intervening limiting membrane.

No doubt this dark zone and the clear central portion

correspond to the local concentration and the clearer

secondary nodules first described by Plemming(24).

The lymphoid sheath already described as

occurring/
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occurring around the vessels has not been observed

in very young animals and apparently it does not

exist until such time as the dark zone just described

has appeared, but once formed it continues to persist

and even becomes mere distinct as age advances.

With advancing age the dark zone of cells

within the Malpighlan bodies also becomes progressive¬

ly more conspicuous and occupies a greater propor¬

tion of the corpuscle, with the result that the

lighter central portion gradually diminishes in size

and eventually disappears, so that in a very old

animal the i alpighian bodies are represented by a

mass of small darkly staining cells closely packed

together.

In the new-born foal the diameter of the

larger corpuscles measured about *6num.. As the

age of the animal advances there is a corresponding

diminution in size. In a horse twenty-five years

old the Malpighian bodies were about in

diameter. Between these ages there was a series

of sizes varying from to *2m.m. Retterer

(107) found that in the horse the //lalplghian bodies

measured between *2 and in diameter but there

is no doubt whatsoever that this estimate is too

small. ..any corpuscles even in horses of over ten

years of age were found to exceed in diameter.

The/



The only explanation that will conform with the

present investigation is that the material examined

"by Retterer (107) was obtained from animals of

extreme old age.

In a single specimen there are normally

present various sizes of corpuscles. To determine

to what extent they differ presents a problem almost

impossible to solve with ordinary sections as these

give no indication which corpuscles, if any are cut

through their centre; but with a plastic reconstruc¬

tion model the measurements are easily determined.

The three dimensions of all six corpuscles reconstruct¬

ed in one model were measured. The largest measured

•31m.m. x *23ra.ra. x *23m.ra., the Sitiallest •18m.m.

x *17ra.m. x •09m.m.. In shape three of the cor¬

puscles were spherical but slightly flattened, two

were irregularly rounded and one the largest was

ovoid.

The small arterial twigs that are so inti¬

mately connected with the capsule of the corpuscle

frequently curve round the Malpighian body for a

short distance, then break up into numerous branches

about 10p. In diameter, which subdivide still farther
to form vessels 5„ to 10., in diameter. Thesep. p.
latter, pre-capillary arterioles (Fig. 46), have a

and

very short course in the pulp/near tbeir termination

they lose their adventitious coat and acquire a

spindle-shaped enlargement, an ellipsoid (Figs. 45,

Afi /
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46, 47 and 48).

In accordance with the view of Klein (56),
Reidel (108), Basir (6), Tait (127)and Mills (85)

the ellipsoids were found to consist of a condensed

mass of reticulum, and distributed evenly throughout

this, cells were distinguished and identified as

lymphocytes. Through the substance of the ellip¬

soid passes an endothelial tube the continuation of

the arteriole (Fig. 47), this may divide with the

result that there is a division of the ellipsoid

also, which then presents a bi-lobec! or tri-lobed char¬

acter according to the number of branches. Whiting

(135) has noted that lobed ellipsoids are sometimes

present in the sheep, and Robinson (110) describes

blcornate and tricornuate ellipsoids in both the

sheep and the human subject. No reference, however,

has been found in the literature to a similar condi¬

tion in the horse. On tracing, the capillaries they

were found to continue for a very short distance be¬

yond the ellipsoids before terminating in the /ulp

where contrary to common conception no aiapullary or

funnel-shaped distention or dilatation was observed

(Figs. 47 and 48).

An ellipsoid is present near the termination

of every capillary artery in the red pulp; each is

small, ovoid or fusiform and well defined. They

measure about 80^. x 40p., an unusually large one
measured 120p. x 4G|u«. In section most of the
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ellipsoids1 appear much smaller than indicated by

these figures, this being due to the fact that many

are cut transversely or obliquely and only a few

longitudinally. They are found throughout the

whole of the red pulp but in the horse are most num¬

erous in the lymphoid sheath around the arteries

and the Malplghian bodies.

OX.

The large arterial trunks in the spleen of

the ox are invested by a hilar sheath similar in

structure to that already described in the horse,

but in the ox the proportional thickness of the two

coats is distinctive in as much as the adventitia is

characterised by an abundance of connective tissue,

and the outer coat by a thin layer of muscular tissue

(Figs. 25 and 26). Around both larger and smaller

vessels the muscular coat is frequently incomplete.

The sheath is more independent of the coarse frame¬

work than in the horse, only occasionally do trabe-

culae unite directly dth it. More commonly the

two structures merelyCome into contact with each

other at which point their fibres unite to form an

attachment much less intimate than is present in the

horse. This feeble connection with the trabeculae,

as previously noted, permits the easy removal of

the artery. Unlike the condition in the horse the

muscular portion of the sheath is fairly uniform in

thickness. A gradual diminution is, however,

observed/
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observed as the sheath is continued from the larger

arterial trunks to smaller and still smaller branches.

Sudden, great, and irregular thickenings of the coat

were not observed, but a gradual slight local in¬

crease was noted where the sheath was associated with

a trabeculae. The extent to which the muscular coat

persists varies. It usually accompanies the pulp

arteries for a short distance after they have left

the parent vessel and tl en it becomes progressively

more indistinct, being represented by only a few

interrupted bundles of muscle fibres, which soon

disappear entirely. During the subsequent course

of the vessel it may come into contact with a trabe¬

cule and at this point the muscular coat of the

sheath may again be present, but here it extends

only slightly beyond t e trabecule on either side.

An example of this is seen in the reconstruction

model (Fig. 2) where a vessel measuring 109|u. in
diameter is distinctly and completely ensheathed by

the muscular coat. Several small vessels arise

from the artery at which point the muscular compon¬

ents of the sheath become fewer in number and are

0f/.continued onwards as only a small hundle/ fibres.
Later the vessel comes in contact with a large trabe¬

cule and here again for a short distance the sheath

invests the vessel.

In an examination of the material avail¬

able it was found that the smallest arteries with a

mmvalMrr coat to the sheath measured 7Op. to 80p.
in/
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in diameter (Fig.26); While vessels 90p. to lOOju.
were frequently found without the coot. These

figures support the statement already made, namely,

that the termination of the muscular coat is irregu¬

lar, and that a vessel after being for some time

devoid of this layer may again become ensheathed,

The pulp arteries of the ox measure about

IGOu. in diameter and as already stated, are accom¬

panied by a prolongation of the hilar sheath. Sm^ll

branches equivalent to the twig-lilce branches present

in the horse, arise along the course of the artery.

Immediately at the origin of these small vessels a

very dense mass of lymphocytes is present. A

similar accumulation is also present around the pulp

artery as soon as all traces of the sheath have dis¬

appeared, Such masses are situated in the adventitia

of the vessel and following the branches along their

course form lymphoid sheaths. These accumulations

of lymphocytes consist of small cells that stain

deeply with haematoxylin but in contrast with the

horse, in the ox they fire much more numerous,

more closely packed together, and are frequently

confined to a limited zone around the vessel. This

latter fact and the crowding together of the cells

gives to a transverse section of the sheath the

appearance of a .ialpighian body. The similarity is

enhanced by the frequent presence of a few connective

tissue fibres which along with the reticulum limit

the/
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the zone at its periphery. In distinction, how¬

ever, the lymphoid sheath always contains at least

one artery in its substance, while in the malpi-

ghian body no such vessel is present. A longitu¬

dinal section of the sheath shows the extent more

lucidly. The zone can then readily be traced

along the vessel and its branches, thus clearly

distinguishing it from the actual corpuscles.

The small branches of the pulp artery

may arise while the vessel is still enclosed within

the hilar sheath and if so the lymphoid sheath

comes into relation with the muscular portion of the

hilar sheath. At the point of contact a small

cup-shaped expansion is formed by the muscular coat,

and into this the proxinal extremity of the lym¬

phoid sheath is inserted so that the one bears to

the other much the same relation as the nut of an

acorn bears to its shell (Fig.30).

The small vessels, from 45|u. to 8C|u. in
diameter, that arise from the pulp artery and are

invested by the lymphoid sheaths, each divide into

numerous branches that pass around the Malpighian

bodies (Fig. 2), These branches lack the abundant

adventitia observed in similar vessels of the horse,

but on the other hand they are similar, in as much

as continuity of the connective tissue of the

capsule/
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capsule of the corpuscles and of the vessels is

quite apparent in both animals. The relation of

the artery to the capsule of the ox is siiailar to

that already described as occurring in the horse,

that is, the small vessel may be actually on, or

a short distance from the capsule. In the horse

there was always at least one small vessel related

to each Halpighian body, but in the ox the artery

sometimes divid s before reaching the corpuscle and

thus numerous smaller branches were associated with

it, and occasionally a talpighian body was found to

which no small artery was even remotely connected.

These corpuscles were situated on the pulp artery

and usually In a fork formed by two large branches.

In the ox the connective tissue of the cap¬

sule of the corpuscle (Fig. 36) like the adventitia

of the small vessels, is scanty, it is however,

always present, although in both young and old

animals it may be indefinite and somewhat difficult

to distinguish. Arising from the capsule, some

fibres pass into the substance of the corpuscle

where a very open network is formed; others pass

to t e contiguous lymphoid sheath where alon with

the reticulum they form the supporting framework

(Fig. 37). In addition to the network of connec¬

tive tissue in the substance of the corpuscle there

is also a delicate intercellular substance similar

to that present in the horse. Owing to greater

irregularity/
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irregularity in the shape of the Malplghian bodies

of the ox, and the f ct that the capsule is thinner

and less distinct, the outline of the corpuscles is

much less clearly defined, and this lack of defini¬

tion is enhanced by the close resemblance of the

lymphocytes at the periphery of the corpuscle to

those of the immediately adjacent lymphoid sheath.

Whiting (135) in his description of the Malpighian

bodies of the ox states that there is a distinct

zone of spindle shaped muscle fibre cells in two or

three layers bouncing the follicle. No such bound¬

ary exists. As already implied the capsule of the

corpuscle consists entirely of -£he- collagenous and

elastic fibres. No muscle cells are present either

in the capsule or in the adjacent lymphoid sheath

but arranged concentrically at the periphery of the

latter a few fibres of muscular tissue were quite

frequently observed.

In form the 1/ialpighlan bodies of the ox

are usually spherical or ovoid and many thus

shaped are in addition slightly flattened. Bilobed

and bean shaped masses are also commonly present.

Some of these latter easured from •65m,«u to •93m.m..

in length and were about «4m.m. broad. The larger

of the ovoid masses measured approximately °65m.m.

by *45m.m., amd the spherical masses •65ra.za. by .65m.m.

A variety of size and shape of the corpuscles was

always/
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always present in each of the different portions of

tissue examined. In a reconstruction model a

large and a small corpuscle are represented; the

large corpuscle measures •5m.m. x *4m.m. x

and the small corpuscle *33m.m. x •2ra.m, x

In the adult ox the lialpighian bodies usually vary

in diameter from about *2m.m. to *65m.m. and are thus

much larger than those of the horse which measure

only •23a.m. to -4m.m. in diameter. The figures

quoted by Retterer (106) for the size of the cor¬

puscles in the adult bovine are *3m.m. to in

diameter. Sanders (115) however, found them to

measure *62m.m. or even more, but it is undeniable

that many much smaller than this, are also present.

In the spleen of a calf at birth no « al-

pighian bodies were observed, but around the pulp

arteries and their branches, a zone of lymphocytes,

the lymphoid sheath, was present. In older speci¬

mens the sheath becomes thicker and within it there

are small /alpighian bodies. In a calf 4 months old

these have reached in diameter. They continue

to increase in size until the animal is about one

year old, but from then onwards no significant altera¬

tion in size was observed. Corpuscles exceeding

•5m.m. in diameter were present throughout a series

of specimens ranging in a e from one to nine years.

The/
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The fact that the corpuscles in the ox develop after

birth and subsequently increase in size contrasts very

strongly with the circumstance observed in the horse,

in which animal from birth onwards a progressive

decrease occurs.

In the small corpuscles of the young calf

the lymphocytes are large and widely interspaced.

A single layer or so of darker staining cells is

present at the periphery. In older animals the

dark layer of cells becomes thicker and more distinct.

Not infrequently the central and peripheral portions

are clearly delimited from each other and in these

instances the contrast is so striking that the dark

zone of cells appears quite separate from the central

portion. Careful examination of many sections

however, supplies conclusive proof, that there Is no

limiting membrance or band of fibres between the two

portions. More generally the cells of the central

portion of the corpuscle merge into those of the

periphery, and the appearance thus presented is

similar to that already noted in connection with the

corpuscles of the horse. Again, as In the horse,

the peripheral zone was found to occupy an increas¬

ingly greater proportion of the corpuscle with the

advancement of age.

The presence of the lymphoid sheath around

the arteries and the Malpighian bodies Is constant

(Fig. 40) and an increase In the thickness of the

sheath/
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sh8ath and the number of the lymphocytes was ob¬

served with advancing age.

In the ox, as In the horse, arteries are

never present in the substance of the corpuscles.

It has already been noted that transverse sections

of the lymphoid shesth appear similar to sections of

Wialplghian bodies, and it is also possible that the

lymphoid sheath may have caused confusion in the

determination of the extent of the corpuscle. What¬

ever has been the misleading factor Whiting (135)

states that in the f lllcles of the ox there may be

two small arteries. In agreement with this statement,

but in the spleen of the human subject, iiiller (87),

Latta (66), Hueck (48), and Hellsten (37) all des¬

cribe an artery within the Malpighian bodies. In

contrast with these latter authors, Kblliker (59),

also r.pferring to the human subject, states that

the artery does not pass through the corpuscle,

according to him therefore the human spleen conforms

in this respect with the description just given

relative to the condition in the ox.

The small vessels that curve round, or

are otherwise closely associated with the ; alpighian

bodies, soon break up into numerous branches from 30|u.
to 45^, in diameter and these invariably pass away
from the corpuscle into the pulp where a further

sub-division precedes the formation of pre-capillary

arterioles/
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arterioles. The stibsequent course of these latter

very small vessels is short; the connective tissue

of their outer coat diffuses into the pulp and the

vessel now consisting of a single layer of endothe¬

lial cells becomes ensheathed by an ellipsoid (Fig.

49).

The ellipsoids of the ox are In structure

similar to those of the horse and therefore consist

of a reticular framework in which small lymphocytes

are situated. The arrangement of these components,

however, is quite different. In the horse it was

noted that the lymphocytes were distributed evenly

throughout the substance, whereas in the ox the re¬

ticulum forms a close network around the capillary

at, the centre of the ellipsoid, and there lymphocytes

are few or absent, while at the periphery they are

numerous and bulge into the pulp giving to the

structure a dentated outline.

In shape the ellipsoids are elongated and

narrow (Fig.50). They form a short sheath around

the capillary approximately 80p. long and 2Gp. in
diameter. Whiting (135-f in describing the ellip¬

soids of the ox, remarks that the most striking

feature is the length which is seven to eight times

the breadth.

Within the ellipsoid the capillary was

frequently observed to divide, and as in the horse,

lobules were thus formed; one for each ranch of the

capillary/.
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capillary. hiting (155) states that the vessel

within the ellipsoid does not divide.

It was noted that in the horse the ellip¬

soids were particularly numerous in the lymphoid

sheaths of the Malpighian bodied. In the ox the

ellipsoids are limited to the red pulp and are

entirely absent from the lymphoid sheaths. This

particular allocation was foreshadowed by the

observance of the marked tendency of the arterioles

around the corpuscles to diverge into the pulp

(Figs. 7 ancl 8J.

The termination of the capillaries after a

short course through the pulp presents no distinctive

features when compared wit) the corresponding vessels

of the horse. The endothelial tube coalesces with

the reticulum into the spaces of which the lumen of

the vessel is continued.

SHSEP.

In the spleen of the sheep as in the horse

and ox, the larger arteries are invested by the hilar

sheath (Fig.27). The course and relation of the

vessels and their circumjacent sheaths resemble the

disposition in the ox in every detail. As in the

latter, the feeble connection between the trabecu¬

le© and the vessel sheaths was evident, with the

result that the artery may be detached without

material damage to the framework. Other features

common/
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Other features common to both animals are; the j>ro-

gressive diminution in the thickness of the sheath

as the artery sub-divides; and the peculiarly

interrupted nature of the sheath especially near its

termination.

In the sheep arteries measuring 90^. or
more in diameter usually possess the muscular coat

of the hilar sheath, and quite frequently, vessels

smaller than this still retain a distinct coat.

Occasionally arteries 60^. to 70^u in diameter were
observed to possess a few interrupted muscle fibres

of the sheath. On the other hand vessels of 75ju.
in diameter or less were usually free from this en¬

circling coat of muscular tissue, but an examination

of all the available material showed that several

veseels from 75^, to 95^. in diameter were also free
from the ooat.

The disposition of the lymphocytes to form

the lymphoid sheath is exactly the same as that in

the ox. As soon as the pulp artery and its branches

pass away from the hilar sheath they become encircled

by a zone of cells which again as in the ox was

inserted into a cup shaped distention of the hilar

sheath (Flg.21). The lymphoid sheath follows the

course of the pulp artery and its branches in much

the same manner as has been previously noted as

occurring in the horse and ox. Arising from the

pulp artery and its branches small twig-like vessels

35(U./
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35ju. to 45iu. in diameter pass to the Malpighian bodies.
Usually only one vessel passes to each corpuscle and

therefore in this respect the shee> resembles the horse,

but n the other hand in the sheep there are corpuscles

similar to those of the ox to whic no twig-like vessel

passes (Figs. 3 and 9 ).

A thin capsule consisting of collagenous and

elastic fibres limits each corpuscle (Fig. 3? )• The

fibres as usual are continuous with the adventitia of

the neighbouring arteries. From the inner surface of

the capsule fine strands of connective tissue pass in¬

to the substance of the corpuscle where they form a

coarse netvork. At the outer mar, in of the lymphoid

sheath a concentration of fibres, similar to that des¬

cribed in the ox, is sometimes seen.

The Malpighian bodies of the sheep vary greatly

both in size and shape. Usually the corpuscles were

found to measure from *2 . . to *4m. . in diameter,

but some much larger were quite frequently found in

animals of one to three years old. These latter meas¬

ured *4ai. . to *6501,m. in diameter and were mostly

elongated in shape, but circular corpuscles were also

present. In 1849 Sanders (115) noted that in the

sheep the corpuscles measure from l/25th" to l/40th"

which is equivalent to l«0m.m. and *62 .m..

Kdlliker also noted the diameter of the corpuscles

in the sheep and he found t em to be about l/50thM

( «5 m. ,.). In striking contras t with these

figures Retterer (106) found that the , a .pi hian

bodies/

■
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bodies of the sheep were •Im.m. to •2ra.m. in diameter.

The form of the corpuscles was determined

by studying sections of organs from numerous diff¬

erent individuals and tlje impression thus obtained

was verified by examining serial sections and re¬

construction models (Figs. 3 and 9), It was found

that the corpuscles of the sheep like those of the

ox were spherical or ovoid and rarely bean shaped

or bilobed. The spherical and ovoid forms were

frequently found to be slightly flattened. Both

in distribution and frequency of occurrence the

corpuscles of the sheep closely simulate the corres¬

ponding structures of the ox.

In the sheep the extent of the corpuscle

is frequently difficult to determine, and unless the

capsule Is distinct and selectively stained the

boundary of the circumjacent lymphoid sheath (Fig.

41} is liable to be mistaken for that of the corpus¬

cle; with the result that It is easy to fall Into

the error of concluding that the artery of the

sheath is within the corpuscle. Although the

vessel may be closely applied to, or even lie in a

groove formed by the Malpighian body (Fig. 9} it

never actually penetrates the capsule to eater the

corpuscular substance.

Large and small lymphocytes are present

in the interior of the corpuscles. Before the

animal is one year old a few of the small lymphocytes

form/
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form quite a distinct ring at the periphery. In

older animals these cells are more numerous and the

outer dark zone thus produced (in stained sections)

contrasts with the paler central portion. Like the

germ centres of the ox these areas in the sheep

usually merge with the peripheral zone, but occasion¬

ally they are clearly defined (Fig. 41).

The small arteries 38j*i. to 45ju. in diameter
that pass to the Malplghian bodies, give rise to

numerous branches that enter the pulp. Some of

these arise while the vessel is still closely re¬

lated to the corpuscle and when this occurs the branch

immediately diverges into the pulp. More generally

the artery does not divide until it has passed beyond

the Malpighian body, where, after a short course it

branches into numerous small vessel 20p. to 30ju, in
diameter {Fig. 0,a). which continue through the pulp

where they subdivide still further to form pre-cap-

illary arterioles. The numerous small branches

formed just efter the artery leaves the corpuscle,

were first described by Ruysch (113) and termed by

him a panicilium. Stieda (124) remarks that he

found penicilli mostly in the sheep, pig, and horse,

and that they are absent in the dog, cat, and rat.

By studying reconstruction models built to scale the

course of the vessel and its relation to the Malpi¬

ghian body is plainly shown, and it was observed that

only/
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only in the sheep were true penieilli formed. In

the horse, on the contrary branches arise singly and

at intervals along the course of the vessel, an

arrangement that is also manifest in the ox, but in

the sheep a number of vessels arise very close to

one another and course together for a short distance

before separating into the pulp. It fs to this

tuft of small arteries that the term pbnicillum most

aptly applies.

At the termination of the arterioles ellip¬

soids are present. These were found distributed

throughout the red pulp and were only occasionally

present at the margin of the lymphoid sheath. In

structure and shape they are identical with those

of the ox. They are long, narrow, and may be

sinous or curved. They measure usually about 20^.
x 80ju. but much larger ones up to 140^ in length
may also frequently be encountered. The margin

of the ellipsoid, as In the ox, is dentated, and in

its interior the capillary may branch to form lobules.

From the ellipsoid the capillary or capillaries pass

into the pulp and there open into its reticular

spaces. hiting (135) found that the ellipsoids

of the sheep were sometimes lobed and he also notes

that they possess a well marked limiting membrane of

unstriped muscle. This latter statement cannot be

accepted as fact, for although Innumerable small

bundles and single fibres of muscular tissue are

distributed throughout the entire red pulp, and

admitting/
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admit;ing that they may be in close relation with the

ellipsoids, or even occasionally in actual contact

with them, never do they form anything even remotely

resembling a capsule or limiting membrane in this

animal.

PIG.

The hilar sheath has many features in

common with the same structure of the sheep and ox,

but in the pig it is peculiar in that it is unusually
'

extensive. The larger arterial trunks radiate from

the hilus through the substance of the organ towards

the periphery. In their course through the pulp the

artery and its accompanying sheath come into contact

with trabecule© and there as has been previously

noted, the fibres of both structures are continuous.

The attachment is rather similar to that in the ox,

but in the pig usually all the muscle fibres of the

sheath unite with the traceculae, whereas in the

ox only some of the fibres are thus associated. It

has been noted in connection with the horse, that the

muscular portion of the hilar sheath was very thick,

that innumerable trabecular were attached to it,

and that it was hot continued along the course of the

pulp arteries. In the ox and sheep the coat was

much thinner, union with the trabcculae was much less

common, but the coat was more extensive, following

the pulp arteries far some little distance before

terminating/
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terminating around the commencement of the lymphoid

sheath. In the pig the thickness of the coat and

its attachments to the trabeculae ©re similar to

that of the ox, but the pulp artery is frequently

accompanied by the coot throughout its entire course.

This prolongation encircles both the lymphoid sheath

(Fig. 32) and the Alalpighlan bodies (Figs. 28 and 29)

and clearly delimits them from the red pulp. A

series of corpuscles are thus encased by the coat,

with the result that the appearance presented re¬

sembles peas in a pod. Over each corpuscle there

is a distention of the coat and between each one a

constriction, the distended portion of the coat

however was frequently found to be incomplete.

The true nature of the disposition of the coat can

only be clearly followed by the examination of a

reconstruction model. Two consecutive Malpighian
■

bodies and their associated artery were reconstructed

(Fig.14) and a separate mode was made representing

their hilar sheath (Fig.12). It was found that the

coat was complete around the constricted portions

of the lymphoid sheath; but where a marked addi¬

tional distention wa caused by the presence of a

alpighian body the coat was very incomplete; and

the portion immediately over the corpuscle was

usually absent or interrupted for some considerable

extent. In the model the sheath passes towards the

capsule where it terminates by uniting with a trabe¬

cular ridge. The dispositon of the sheath as

shown/
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shown by the r construction model was still further

confirmed by studying serial sections of various

other vessel she ths, By following the course of the

sheath its mode of attachment at or near the periphery

of the organ was also revealed. It was found that

it may unite with the inner muscular portion of the

capsule, or with a trabecule, or with a trabecular

ridge of the capsule.

The malpighian bodies, as already

indicated, are fairly regularly spaced along the

course of the lymphoid sheath which accompanies the

arteries and their branches. The fact that the

corpuscles are close to the vessels and occur singly

along their course has bean described in a variety of

ways by different authors. Mulier notes that the

corpuscles in the hog are sometimes, though rarely,

united like t e knots of a cord. avans (22) states

that the corpuscles in the pig resemble a string of

onions, one over the other; and Retterer (104) found

that the spleens of the pig and the hippopotamus

contained cordons of tissue which in section appeared

os ..alpighlan bodies. It is not clear whether or

not he wishes to convey the impression that these

cordons are the vessels with their sheaths and

associated cor uscles.

It was frequently observed in sections and

was obvious in the reconstruction model, that the

artery immediately over the cor usele was markedly

^increased/
'v,
\
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increased in size. At this distended portion of

the vessel it was noted that the lumen was much

larger and the wall much thinner. Beyond the

distention., the vessel is contracted, its lumen is

smaller and its wall thicker. This latter portion

of the vessel passes from one corpuscle to another

and so eventually to the periphery of the organ. In

its course it is formed into a series of spirals,so

that a model (Fig. 14) or a cellulose injection of

such a vessel resembles a corkscrew. The peculiar

spiral course of the artery is in all probability due

to contraction of the trabeculae and the capsule of

the organ which causes a reduction in the size of the

organ out of proportion to the contraction of the

vessel. In the sheep also, sortie of the vessels were

observed to pursue a slightly spiral course. This
(89)

peculiarity has previously been noted by MoNee who

states that the main branches of the splenic artery

within the spleen are tortuous and spring-like. The

pulp arteries of the pig's spleen accompany the hilar

sheath to its attachment at the periphery of the

organ and from there still followed by the sheath

they curve round close to the capsule to form loops

by anastomosing with other similar vessels.

Throughout their entire course these vessels are
(57), (88), (1321

ensheathed. Kdliiker i tiller ieidenreich

„ .. (41), (110) (89)
uelly Robinson and LcKee aver that the

branches of the splenic artery form no anastomosis in

the/
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the spleen pulp. This was found to be true for the

horse, ox, and sheep, but in the pig numerous

vessels were traced and found to anastomose as

described above. In this connection Klein and
(55)

Smith stated that in addition to the arterial brandies

to the iv.alpighian bodies there are others that never

have any association with the corpuscles these

latter anastomose with one and other.

One or more small twig-like branches about

35ju. to 45ju. in diameter arise from the larger
vessels at each corpuscle. These small branches

curve round the corpuscles and then divide into still

smaller twigs that pass from the hilar sheath into

the red pulp. They are accompanied by numerous

lymphocytes which diffuse into the adjacent tissue,

and, as the vessel and lymphocytes pass through the

hilar sheath, they interrupt still further the

already depleted muscular coat. It has been noted

that the .alpighi&n bodies of the horse have a very

distinct capsule, and that the same structure,

although not so clearly defined, is also present in

the ox and sheep. The corpuscles of the pig are in

this respect no exception. They also have a capsule

of connective tissue, and although it is not as

definite as that of the horse, it is thicker and more

complete than that present in the corpuscles of the

ox and sheep. The connective tissue forming the

capsule is continuous not only with the adventitia

of the associated small twig-like vessels but also

the/
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the large vessels to which they are applied. In the

pig as in the horse, oc and sheep, connective tissue

fibres derived form the capsule, form around the

outside of the corpuscle a framework in the meshes of

which the lymphocytes of the lymphoid sheath are

present. A similar network is formed inside the

corpuscle where in addition the fine intercellular

substance that has been noted as occurring in the

other animals is also present. The arteries

associated with the corpuscles of the pig, like those

of the other animals are never actually in the

substance of the corpuscle. In confliction with
(13)

this observation Busk and Huxley have stated that

they observed with utmost ease the passage of

arteries through the lialpighian bodies of man,sheep,
(135)

pig, cat and rat; and Whiting has stated that

three or four arteries may be present in one follicle.

The Malpighian bodies of the pig are

usually spherical orovoid in shape (Figs.4 and 14),

but both of these forms may be slightly flattened.

Slight irregularities of the contour are quite

frequently present and the commonest is probably a

groove formed by the artery. This may be present

to such an extent as partially to divide the

corpuscle, thus giving to it a bilobed appearance.

The corpuscles were found to range from «15m.a. to

*4m.m. in diameter: most commonly however they

measure about x *3m.m.. The dimensions of

the two corpuscles in the reconstruction Lodel were

•34m.m./
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•34m.xa. x '341a.m. x *26®.at. and -27m.m. x '22m.hi.

x 'BSm.m. Retterer (102) in his description of the

corpuscles of the pig states that they are •15m.m.

in diameter, and are less sharply defined from the

pulp than those of the ox. fuller (07) states that

they measure from *3321.111. to • 5m.ro. in diameter and

describes the,; as being circumscribed in outline.

Contrary to Batterer's (102) description but in

agreement Tilth Muller (81), it was found in this

investigation that the falpighian bodies were much

more distinct and more clearly delimited from the
U

pulp than they were in the ox.

In the spleen of a pig embryo there

were no Malpighlan bodies present, but a few lympho¬

cytes were observed along the course of the arteries.

In an animal at birth the lymphocytes were more

numerous but corpuscles were still absent. Small

Malpighian bodies consisting of faintly staining

cells, loosely arranged, were distinguished in an

animal about six months old. In specimens from

animals of one year old or more, a distinct zone of

darker staining lymphocyte^ circumscribing a lighter

central portion was usually present (Fig.42). The

lighter germ centre persists for some considerable

time and was still recognisable in the corpuscles

of a sow six years old.

The small arterial twigs that pass

around the corpuscles of the pig give rise to numer¬

ous branches which, as already noted are accompanied

by a collection of lymphocytes. These vessels arise

singly/
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singly and pass through the hilar sheath to enter the

pulp where like the same vessels of the horse,02 and

sheep, they subdivide still further to form the

pre-capillary arterioles. These latter are dispersed

throughout the red pulp where after the manner of

their kind they become ensheathed by ellipsoids. The

small twig-like vessels are usually related to the

corpuscles for a variable length, but sometimes they

pass immediately into the pulp and occasionally,as

mb observed in the ox and sheep, no small vessel is

associated with the corpuscle. In addition to these

vessels, other small branches quite independent of

the Malpighian bodies, arise from the pulp arteries.

These are most numerous towards the periphery of the

organ. Their distribution is similar in every respect

to the other small vessels just described except, of

course, that they are not in contact with the

corpuscles.

Ellipsoids in the pig's spleen are very

conspicuous and numerous and are present throughout

the entire red pulp Fig.52). Many of them are

grouped around the Malpighian bodies, (Figs,4,28 and

29), but only very occasionally, and where the hilar

sheath is deficient, are they found actually in the

lymphoid sheath quite close to the corpuscles (Fig.53).
The ellipsoids are never found enclosed within the

hilar sheath. In the pig they are exceptionally

large commonly measuring lOGju. by 200^1. and these are
usually/
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usually ovoid or spindle-shaped. (Figs 51 and 52).

Many, however, much larger than this were found to

exceed 300b, in length and among various irregular¬

ities in shape bieornuate and tricornuate structures

were distinguished. Bulbous or tuberous excres¬

cences and pointed processes were also commonly

observed (Figs. 4 and 13)., The contour of the

ellipsoid like that of the horse is even and it is

easily distinguished from the adjacent pulp. The

structure is also similar to that of the horse. The

vessel within the ellipsoid may divide into several

branches which continue into the pulp and along

which there is a short extension of the ellipsoid.

These extensions form the irregularities already

referred to as pointed processes.

DOG.

In the section dealing with the trabeculae

it was noted that the hilar sheath of the arteries in

the spleen of the dog resembles the same structure in

the spleen >f the sheep. There are, however, several

quite distinctive features. In the &> g the attachments

of the vessel sheaths to the trabeculae are much

more numerous and are more complete. Usually all

the muscle fibres blend with those of the trabecu¬

lae, thus a more intiipate and stronger union is

formed. In this respect the sheath resembles that

of the pig. The intermittent nature of the sheath

noted in the ox and sheep was not observed in the dog,

but/
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but arteries devoid of the muscular coat are frequent¬

ly attached to the trabecule© by a confluence of the

connective tissue fibres of both structures. This

union between unensheathed vessels and trabeculae

has not been observed in any of the animals pre¬

viously described. In an examination of numerous

sections it was note* that vessels measuring 70|u.
or more in diameter usually possess the muscular

coat of the sheath whereas it is usually absent

from vessels of 6Op, of less.
The distribution of the arteries is much

the sepne as in the other animals. The larger

trunks enter the organ at the hilus and from there

smaller trunks radiate towards the capsule. The

smaller vessels divide and subdivide in their course

towards the periphery but,unlike the vessels of the

pig no anastomoses were found. Then the vessel

leaves the hilar sheath it immediately becomes

associated with the collection of lymphocytes which

constitute the lymphoid sheath. These cells in¬

crease in nutnber along the course of the artery, but

at the termination of the lymphoid sheath beyond the

last Malpighian body and at its commencement, the

lymphocytes are comparatively scanty. The tsrmina -

tion of the hilar sheath and the commencement of
.

the lymphoid sheath is therefore much the same as

described in the horse. There is no cup-like

distention of the muscular coat around the lymphoid

sheath/
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sheath as occurs in the ox and sheep and to a much

greater extent in the pig.

Malpighian bodies are found within the

lymphoid sheath and like those of the pig they lie

close to the artery (Fig. 5). A capsule of connec¬

tive tissue encircles each corpuscle, and, as in all

the other aniraals described, its fibres are derived

from the adventitia of the contiguous vessel or

vessels. It is very delicate and difficult to

detect, but its presence is indicated by the clear

delimitation of the corpuscle from the lymphoid

sheath. This delimitation is sometimes accentuated

by a small fissure caused by contraction of the

corpuscle. The interior of the corpuscle presents,

as usual, an ooen fram-work of connective tissue

derived from the capsule, and the close intercellu¬

lar network as described in the other aniraals. The

corpuscles usually form quite a distinct contrast

with the lymphoid sheath. One of the chief disting¬

uishing features in the appearance of the latter is

the presence of a much closer framework. This is

formed by an interlacing of connective tissue

fibres derived fro the associated vessel and from

the capsule of the corpuscle, and a fine reticular

network which is continuous with that of the red

pulp. The reticular network extends to the inner

margin of the lymphoid sheath where it comes into

contact with the capsule of the corpuscle. At the

outer/
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outer margin of the sheath a limiting layer of fibres

and cells with elongated or spindle-shaped nuclei can

quite frequently be distinguished. This is especially

noticeable in washed preparations. The limiting

layer was found to be composed of reticular tissue

and it was distinct only when the lymphoid sheath

was thick and well defined. A similar layer has

already been noted in connection wit. the lymphoid

sheath of the ox and sheep but in these animals, in

addition to reticular tissue, connective tissue fibfees

were also distinguished. Matsui (81) in describing

the Malpighian bodies of the human spleen, states

that in typical cases they are surrounded by two

"hiilsen", an inner one of relatively coarser anastomos¬

ing fibres approximately parallel, and an outer or

exterior "hulse" of finer fibres. These last form

uniform meshworks and pass over to the reticular

fibres. The outer "hiilse" he states corresponds to

the outer boundary of the Malpighian body, but very

often it is indistinct or may be absent, These "hulls"

or coats described by Matsui (81) seem to be identical

to those just described in the dog, but one notable

distinction is the fact that matsui (81) avers that

the outer coat corresponds to the outer boundary of

the corpuscle whereas in the dog, the ox and the

sheep the outer coat was found to limit the lymphoid

sheath. In all the animals examined in the present

investigation/
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investigation the corpuscles '• ere found to be limited

by comparatively coarse fibres; now in view of this

and the fact that iwatsul (01) also describes such a

capsule it seems probable that he has bean mistaken

in regarding the outer thinner coat as bounding the

ilalpighian body.

The framework immediately around the artery

within the lymphoid sheath is formed solely by the

tunica adventitia. In the meshes of this frame¬

work large lymphocytes are present so that it closely

resembles the arrangement within the corpuscles.

In some Instances the corpuscle is so closely applied

to t e vessel, and its capsule is so thin and indis¬

tinct, that one cannot distinguish between the cells

of the iialplghian body and those of the lymphoid

sheath around the vessel.

As a consequence one may occasionally en¬

counter a section of a L alpirhian body that appears

to contain an artery within its substance.

The Malpighian bodies of the dog are usually

spherical or ovoid in shape (Figs.11 and 43); Irregu¬

larities, however, are quite common. A flattening

or grooving of the surface to which the vessel is

applied is frequently seen. In the adult dog the

corpuscles usually measure about •4ra.m. x *3a.si. in

diameter though some very much larger are not

uncommon. In a fox-terrier dog two years old a

corpuscle x*as found that measured •8 a.m. x #46fa.ia..

In /
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In a reconstruction model radde from the spleen of a

dog twelve years old three corpuscles were represent¬

ed. The largest measured • 44tai.au x •32'ta.m. x •2m.m.;

the two others •38m.m. x*25m.au x *17 num. and *33m*m.

x•23m.au x »2m.m. In the dog Batterer (101) found

the corpuscles to measure between •4m.m. and

in diameter. In a series of specimens taken from

animals ranging in age from nine months to twelve years

there was a great variety in the size of the corpuscles,

but there was no pronounced increase or diminution in

size bearing a constant relation to age.

In a foetus the lymphocytes of the spleen

were f und to be dispersed throughout the entire

substance of the re pulp but wore most numerous at

the centre of the organ. In a three-day's-old

puppy quite a distinct lymphoid sheath encircles the

small arteries, ith increasing age the sheath

becomes thicker, and in animals seven to eight weeks

old there are localised expansions in which the

artery instead of being central in position is eccen¬

trically situated. In animals three to four months

old an increase in the size of the expansions was

observed and in each/'mass of cells limited by a fine

capsule was distinguished. These confined masses

of lymphocytes are small halplghlan bodies. At this

stage of their development the lymphocytes in the

corpuscles are lar e and closely concentrated, but

in older animals in which the corpuscles are lar er,

a light/
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a light central portion can be distinguished from a

darker peripheral zone. In animals from nine

months to two years old the two parts are easily-

discerned, but in specimens of still more advanced

age the central portion becomes indistinct, and in

several animals over ten years old it was no longer

recognisable.

In the dog the unenshoathec arteries in

their course through the substance of the spleen give

rise to numerous small twig-like vessels about 40ju.
in diameter. A small vessel of this category

arising close to a : alpighian body and coursin, over

its surface for a short distance, then passes into

the red pulp where it breaks up into numerous branches

that in turn divide to form the pre-capillary arterioles.

At the termination of each pre-eapillary

arteriole an ellipsoid is present. In the dog thfjy

are relatively large, well define and contrast

sharply with the adjacent pulp (Figs.54 and 55,.

They are numerous and, as in the other animals, are

distributed throughout the red pulp. Sometimes,

however, they are present in greater numbers around

the outer margin of the lymphoid sheath. a variety

of sizes and shapes are present, usually how ver they

measure about ISOju. x 45^. and are therefore
appreciably larger than those of the horse, ox, and

sheep, but notably small r than those of the pig.

Larger/
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Larger ellipsoids measuring up to 20C^. x fiOp. were
quite commonly found. Generally the ellipsoids of

the dog are ovoid in shape, but numerous other forms

are also present and of these elongated, fusiforia,

and piriform ellipsoids were most commonly observed,

while bicornuate and tricornuate forms were also

present. In structure the ellipsoids of the dog

resemble those of the other animals, but in contour

many of them are peculiar in that they possess a

number of processes that extend into the pulp for a

short distance. These processes, like those of

the pig, are associated with the terminal capillaries

passing from the ellipsoid into the pulp. In the

dog the terminal capillaries may be numerous and the

fact that they are accompanied, by an extension of

the ellipsoid gives to the latter a stellate appear¬

ance. This character was noted by Whiting (135)

who stated that the ellipsoids of the dog were

irregular possessing angles like a multipolar nerve

cell.

CAT.

In the spleen of the cat the relationship

between arteries and trabecular is much the same

as has already been described in the dog. It has

previously been noted that in both animals the

trabeculae are numerous and the framework formed by

tthem is very close. On this account the vessels

frequently/
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frequently come into contact with the trabeculae.

When the larger arteries are thus disposed, union

is formed betr een the trabeculae on the one hand and

the muscular coat of the hilar sneath of the vessel

on the other. The smaller vessels devoid of a

hilar sheath ore attached to the trabeculae in the

same manner as in the dog, that is by their tunica

adventitia. The unio between hilar sheath and

trabeculae is, like that of the pig and dog, complete.

At the point of contact all the fibres of the sheath

blend with those of the trabeculae, and thus a strong

attachment is formed in contrast with the weak and

incomplete union observed in the sheep and ox. The

union of the unensheathed vessels with the trubeculae

is most commonly associated with those snail arterial

branches that continue beyond the Malpighian bodies

(Fig.15). here attachments t small trabeeulae are

so numerous and complicated that in ordinary sections

stained with haematoxylin and eosin the vessels are

difficult to distin uish and follow. The extent

to which the hilar sheath persists around the

larger vessels is <iuch the same as in the dog, but

on several occasions it was note" that small vessels

about 35|u. in diameter possessed a sheath for a
very short distance along their course. This sheath

is undoubtedly derived from the trabecules with which

such vessels are so closely related.

In the cat as in the dog the large arteries

enter/
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enter the organ at the hilus, whence continuing

into the pulp they divide and subdivide to be

distributed throughout the entire substance. The

course of several arterial branches was followed

to their termination and as in the horse, ox,

sheep and dog no anastoraoses were found.

The lymphoid sheath of the cat in common

with that of all the other animals, consists of

a concentration of lymphocytes around the arter¬

ies. The xone or sheath commences at the ter¬

mination of the hilar sheath, where, as in the dog,

it is represented by a few scattered cells. Along

the subsequent course of the vessel these cells

are much more numerous, and at fairly regular
er

intervals still greatA concentrat ions form fusi¬

form enlargements around the vessel. Within these

expansions the alpighien bodies are found. In

the cat as in the ox, sheep, and dog, a collection

of lymphocytes in the meshes of the aaventitia

immediately around the artery can be distinguished

from a circumjacent zone of cells which occupy

a framework that consists of both adventitia and

reticular tissue. In all these animals the two

zones merge into one another a feat re that dis-
"bocfo

tinguishes them from the Malpighian/and its sur¬

rounding lymphoid sheath, the corpuscle being

clearly/
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clearly defined. The extent of the lymphoid

sheath is indicated hy a limiting condensation of

fibres similar to that already described in the

dog, and consistin almost entirely of reticular

tissue but with an occasional addition of a few

strands of adventitious tissue.

The adventitious fibres, however, were

never found to be present around the lymphoid

sheath where it encircles a Malpighian body. It

has been noted earlier that in the cat sometimes

a fine trabecula curves around the Malpighian

body. Such a strand of trabecular tissue was

quite commonly observed and was invariably situated

at the outer margin of the lymphoid sheath. The

partial delimitation thus formed between the lym¬

phoid sheath and the red pulp is completed, as
*

already indicated by a condensation of reticular

tissue. A similar disposition of the

finer trabeculae has also been observed in the

dog but it is of very rare occurrence in this

animal.

The/
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The situation and relationship of the Mai-

pighia bodies (Figs. 6 and 44) appear to be exactly

the same as has been described in the dog., but in the

cat the c psule is more pronounced with the result

that the corpuscles ore more sharply defined and form

a stronger contrast to the lymphoid sheath.

The capsule as in the other animals consists

entirely of connective tissue fibres which are in¬

timately associate*: with the adventitia of the

adjacent vessels. hitlng {135) stated that at the

periphery of the follicle in the cat tbere is a zone

of spindle shaped muscle cells. He also describes

a similar zone in the ox, pig and dog. The existence

of such a zone of muscle fibres .in the ox has already

been denied earlier in this account. In the pig, dog

and cat an examination of all the available material

proves conclusively that not even the slightest

trace of muscular tissue is present in the capsule of

the corpuscle.

The size and shape of the ibalpighian bodies

of the cat were found to be the same as in the dog.

The^neasured about Mm.xn. by *3 a.m. and were
usually spherical or ovoid in shape. F attening or

grooving of the surface and other slight irregularities

were commonly observed. Bilobed corpuscles were also

present. Two corpuscles were ree nstructed, the

s aller measured •3ni.'r;, x • 25m.re. x •28:e.bi. , the

other a bilobed corpuscle, the lobes measured *39 .m.

x/
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x *3ra,m. x • 25num. and*34ra»ra. x *3ra.m, x *23m.ra. re¬

spectively#

In the cat as in the dog no marked altera¬

tion in the size of the corpuscles was observed in

the adult animal relative to age# A cat thirteen

years old possessed corpuscles that exceeded *4m.m.

and even *5131.18. in diameter.

The evolution of the Mrlpighian bodies

also appears to be identical with that of the dog.

In the spleen of a foetus lymphocytes mere distri¬

buted evenly throughout the substance of the red

pulp. After birth they shorn the same tendency to

collect around the arteries to form a lymphoid

sheath, which, in still older animals becomes thick¬

er and developcs local fusiform enlargements that

contain the Malpighian bodies. In a kitten six

months old the cell-elements of the Malpighian

bodies are divisable into two groups, one a darkly

stainin peripheral zone of smaller lymphocytes,

the other a central portion of larger cells more

faintly staining and less densely crowded. The

arrangement of the connective tissue framework of

the corpuscle also differs markedly in to two parts.

At the periphery the fibres are relatively scarce end

run more or less radially towards the central portion

where in distinction the fibres are coarser and

interlace with e ch other to form a loose mesh-work.

The/



81.

The whole framework although very fino in the cat

is more pronounced than in the dog. In both ani¬

mals the fine intercellular substance observed in

the other animals is also present. The arrangement

of the connective tissue framework just described

in the dog and cat is not typical to them alone but

is also present in the other animals examined and it

was exceptionally distinct in some of the bovine

specimens (Fig. 37). The light stained ger centres

in the corpuscles persist until the animal is well

advanced in years. In cats three to four years old

it is conspicuous, but in older animals the dark

peripheral zone encroaches further and further to¬

wards the centre of the corpuscle so that In very

old animals (thirteen to fourteen years) the light

central portion is completely obliterated. Bann-

worth (5) in describing the kalpifhian bodies of

the cat states that they may be present in five

different forms. These were found to correspond

more or less to the various stages of evolution just

described. In certain types however, he has noted

that t e corpuscles are not sharply defined or that

they have no sharp boundary. This allegad lack of

definition at the margin of the corpuscle was not

observed in any of the numerous sections examined in

thio research and it is inconsistent with the ex¬

istence of a limiting capsule, and regarding the

presence of this latter there is ample proof.

The distribution of the splenic arteries

in/
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in the cat has already been traced to small branches

4©u,to 50u« in diameter. These consist of terminal
and collateral branches of the larger vessels. At

or near their commencement these siae.ll vessels usually

come into contact with a tialpighian. body and after a

short course over its surface continue into the red

pulp. It has been stated that in their subsequent

course in the pulp the vessels are intimately connect¬

ed with slender trabeculse. Shortly after this

union each artery breaks up into numerous smaller

branches which eventually give rise to pre-eappillary

arterioles. The latter ore easily distinguished

since they are ensbeathed at their termination by an

ellipsoid.

The ellipsoids of the cat are in all respects

closely comparable with those of the dog. In the red

pulp they are numerous and conspicuous and are also

frequently found to be more numerous at the margin

of the lymphoid sheath. They were found to be

slightly broader titan those of the dog measuring

as a rule 120p, x SOju. as e mparec with 120p. x 45p.
in the dog. Larger ellipsoids, however, measuring

about SCCju? 7Cju. were also present. Robinson (110)
describes the ellipsoids of the dog and cat as being

pear-shaped and he found them to vary in length from

17Op. to 240pi. and in diameter from 00p. to 34p..
In both the dog and the cat the ellipsoids present the

same variety of shape, and possess like irregularities,

but it was noted that in the cat the stellate forms

were/
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were particularly numerous. In structure the
i

ellipsoids of the oat do not differ from those already

described, but in this animal and in the dog the

various constituents and their arrangement are .more

easily studied as washe preparations of these ani¬

mals were plentiful. In studying such a preparation

the reticulum is clearly seen to form a close mesh-

work which is defined at tier periphery by a slightly

greater concentration . of fibres. Apart from the

reticular tissue no other fibres are present within

the ellipsoids.

In the foetal spleens of both cat and dog

ellipsoids were relatively large ana easily dis¬

tinguished. In the dog no marked change was found

to be associated with advance in age, but in the cat

t e sllips ids of older animals were usually larger

measuring about IBCju. x 65^, in cats of over seven
years old, Bannworth (5) has stated that in the

spleens of old animals there is a strikingly small

number of "hulsen" (ellipsoids) as compared with

those of young. In the present series of specimens

exa ined a great variation in the number of the

ellipsoids was frequently noted but no constant re¬

lation to age could be demonstrated.

On account of the large size of the ellip¬

soids in old animals the course of the capillaries

through their substance is more easily followed.

This is yet more clearly shown in preparations first

washed/
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Berlin blue or Indian ink* A small vessel continues

from tie pre-capillary arteriole into the substance

of an ellipsoid, whence after giving rise to a

number of branches, it passes into the reel pulp

(Fig, 56), The branches arising within the ellip¬

soid also pass into the pulp each being surrounded

for a short distance by an extension of th ellip¬

soid, Numerous extensions of this nature give the

structures their stellate appearance. All capillar¬

ies emerging from the ellipsoid pursue a short

course through the pulp before terminating by opening

directly into the spaces of the reticulum. Bannwarth

(5) has stated that in the cat one can distinctly

see arterial endings opening into the pulp »

Ample evidence was found to confirm this statement

since in no other animal examined were these vessels

so conspicuous. The actual termination of the

capillary was found to be simple. Ho ampullory

distent'ons were observed but the ultimate termina¬

tion of the capillary was slightly enlarged where the

endothelium was continuous with the reticulum. Oc¬

casionally In both dog arid cat the capillaries were

observed to divide in the pulp just before their ter¬

ra!nation.
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TKB PARKiiCriYMA OH RKD PULP.

The red pulp is conveniently described as con¬

sisting of a reticular framework in t e meehes of

which numerous cells of various types are found.

Concerning the nature of the framework there are two

chief schools of thought. One supports the view

that it com lets of cellular tissues the other that

it is formed of fibrous tissue. Of the former

Klein (56}» Laguesee (65)» '7hiting(135)» Ivans (22'; ,
Aac loff (3). Foot (26), Bykowo (14), Plney (101) and

Basir (6) are exponents} and of tie letter Mall(76),

Oppel (22), Young (136)5, earlier (13 • Weidenreich

(133), Lehrell (6/), Lewis (69) and hubreuil (19).

The cells which are described as forming the

framework are usually referred to as "reticular

cells". Klein (56) has described them as being

epitheloid in nature, and "vane (22) found them to

be macrophages.

Concerning the nature of the fibres alleged to

form the reticulum, various conflicting views have

been expressed. Matsui (81) and Dubreull (19) des¬

cribe them as being identical with pre-collagenous

fibres. Young (136) states that there is no grounds

for supposing that they are different from the white

fibres in other connective tissues. Hall (75)

concludes that the reticulum and the elastic tissue

belong to the same group, maintaining that the

elastic fibre is a reticular fibre filled with
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@last in* In contrast with this latter assertion,

Lehrel (67) states that the network of the spleen

does not belong to the elastic tissue*

Seigfried (121) distinguishes between reticular

and collagenous tissue* e found that when reticul¬

ar tinrue was boiled it splits into gelatin and an

unknown albuminoid "reticulin'« Collagenous tissue

fo cms gelatin alone*

'fait (127) describes; the reticulum as a haemo-

thi mic tissue and thus distinguishes it from adven-
is

titious and otuer anaemothpie tissues*
In the f sees formed by the meshes of the reti¬

culum all the elements of the circulating blood are

present, end in addition there also present the

splenic cells, and in young and embryonic spleens

giant cells or megakaryocytes* For: (?5) includes

also in the normal spleen rayelocyteB*

Phagocytic properties have been ascribed to the

reticular cells, the splenic cells, and the giant

cells. In this connection, Evans (23) states that

the splealo cells and the reticular cells are macro¬

phages* Pasohkis (93) describes this property of

the retiaulo-endotheli&l system as a colloid chemical

phenomenon, but in contrast with this view Robinson

(111 found that t le oroperty of the pulp cells to

filter out Indian ink was independent of their vit¬

ality and occurs after perfusion with cyanide of

potassiurn* e also noted that colloidal silver and
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platinum which are negatively charged were filtered

out by the pulp cells, but colloidal copper which

is positive passed through. This process he des¬

cribes as being electro-physical in character. What¬

ever the factor responsible, it is undoubted that

fine particles, for example, iron pigment granules,

do normally collect in the substance of the red

pulp. A few of the numerous authors who have noted

or described such granules are Enriques (21), Ret-

terer (103), Lewin (68), Hueck Nasse Quinke and

Hellraan (49), Sailer (114) and Blakemore and Stew¬

art (10).

HORSE.

The parenchyma or red pulp consists of a very

close reticular network which is attached to the

inner surface of the capsule the trabecular, the

vessel sheaths, the vessels, and the capsule or coat

of the Malpighian bodies. Into the spaces formed

by the meshes the terminal capillary arteries which

emerge from the ellipsoids open directly. No am¬

pullae or other similar distensions were distinguish¬

ed. In the reticular spaces the various cellular

elements of the blood are present and in the spleen

of a foal at birth megakaryocytes were also present.

In most of the equine spleens examined pigment

granules were numerous. They are invariably con¬

fined to the red pulp cand are never present even in

the lymphoid sheath (Fig. 5>7) where reticular tissue
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partly constitutes the framework, or in the ellip¬

soids where the framework is entirely reticulum.

When the granules are numerous they are evenly scat¬

tered throughout the substance of the red pulp

(Fig. 58)»

In the material examined in this investigation

it was found that the spleen of a foal at birth con¬

tained no pigment granules but in a colt one year

six months old there were a few present. In an ani¬

mal three years six months old pigment granules

were numerous and in many other animals still older

they were also numerous. After about three years

six months, however, the number of granules did not

show a constant increase with age. In the adult

horse great variation in the number and size of the

granules obtains? they may be large, small, sparse

or numerous. In two /ery old animals (about twenty

five years) pigment granules were very scanty, while

in othere equally as old they were quite numerous.

In the light of these observations therefor®, the

unqualified statement made by Iiueck, Masse, Quinke,

and Hellman (49), to the effect that, with age there

is an increase in haemocyderln, cannot be accepted

as applicable to the horse.

OX.

The red pulp of the ox is composed of a fine

reticular network but in distinction to the horse

there is also present innumerable fine strands and
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single fibres of plain muscular tissue (Fig. 62).
The existence of these muscle fibres has previously

been noted by Gosch (30). He states that in the

spleen of the sheep, ox, and goat and perhaps in

other animals, muscular contractile elements are

present in the red pulp. Telver and Grahame (128)

in the sane year also observed the presence of these

fibres in the spleens of ruminants and pig. In the

ox the small muscular fibrils are evenly distributed

throughout the red pulp where they interlace to form

a framework more open than that of the reticulum.

They are attached to the capsule of the organ, the

trabeculae, and the vessel sheaths; and except with¬

in the ellipsoids, they are present wherever reti¬

culum is present, but in the lymphoid sheath around

the arteries and the Malpighlan bodies muscle fibres

are scanty and more particularly so is this the case

close to the corpuscle in the neighbourhood of which

only a. few strands penetrate. At the periphery of

the lymphoid sheath the muscle fibres are sometimes

concentrically arranged but they never completely

encircle it. It was also observed that immediately

around the small veins muscle fibres were scanty

or absent (Fig. 62).

In the spleen of a calf at birth, like that of

the foal, no pigment granules are present and in

the ox only very few granules were observed in ani¬

mals under five years of age. In older animals
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pigment showed a distinct tendency to toe concentrated

at the margin of the lymphoid sheath (Fig# 40) and

although they were frequently larger than those of

the horse pigment granules in the ox were usually

much less numerous*

SHEEP «

In the pulp of the sheep the additional fine

framev?orlc of muscle fibres# described in the ox# is

also present (Fig. 60). The distribution and at¬

tachments of the fibres in both animals are identi¬

cal. Contrary to Whiting's (135) statement# that

there is a well marked membrane of unsiriped muscle

limiting the ellipsoid# it was found that these

structures in the sheep# as in the ox# contain no

muscular tissue either in their substance or as a

limiting membrane. At the margin of the lymphoid

sheath the small concentrically arranged bundles of

muscular tissue were considerably larger than the

adjacent bundles in the red pulp and were more num¬

erous and more conspicuous than similarly disposed

fibres in the ox. The deeper muscular fibres in

the lymphoid sheath were also more numerous and pene¬

trated closer to tne Malpighian bodies. With refer¬

ence to this arrangement of the muscular tissue in

and around the lymphoid sheath Gosch (30) remarks

that in the sheep and goat a, fine network of muscle

fibres is found, around the follicles.

In a series of speci ens/hanging in age from
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three months to four years three months, in none

was there any appreciable number of pigment gran¬

ules present.

PIG.

In the spleen of the pig the structure and ar¬

rangement of the pulp varies only slightly from that

of the ox and sheep. The fine muscular framework

recognised in this animal by Telver and Grahame

(128) is conspicuous (Fig. 6l). Its distribution

and attachments are in accordance with those of

the ox and sheep, but several noteworthy distinctions

were observed, for example, in the pig the muscular

tissue of the pulp was never found within the lymph¬

oid sheath, also the muscle fibres extend right up

to the v/all of the veins? there being no clear area

as is present around these structures in the spleen

of the ox and sheep. In the pig on account of the

larger size of the ellipsoids it is possible to see

that undoubtedly no muscular tissue is present in

their substance. Occasionally, however, a muscle

fibre is applied to the surface of an ellipsoid,and

still more rarely partly encircles it. The fact

that the encircling of the ellipsoid is never com¬

plete and that it is of rare occurrence precludes

the formation of a limiting membrane by muscle

fibres.

Like the horse and ox, the spleen of the pig

also possesses no pigment granules at birth. In
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older animals the granules are sparse# and only in

one specimen taken from a six year old sow# whioh

was the oldest of the series examined, were they

numerous.

DOG A3flB CAT.

The framework of the pulp in the spleen of the

dog and cat# like that of the horse, is composed en¬

tirely of reticulum. Washed specimens from both

animals were prepared and with these the study of

the finer structure was greatly facilitated. It

was dearly seen that the reticulum consists of num¬

erous stellate branching cells with oval nuclei®

The branches or fibres of the cells anastomose with

one and other to form in close network (Fig. 59)

which is uniform throughout the substance of the red

pulp, but as lias already been noted, shows a conden¬

sation at the margin of the lymphoid sheath. Here

the oval nuclei of the cells are more numerous and

are readily distinguished.

In young animals and in the foetuses of dogs

and cats, giant cells (megakaryocytes) were numerous

and very conspicuous.

In the spleens of foetuses and new-born dogs

and cats no pigment granules were present, but in a

puppy one month old traces of pigment were rioted

and in an animal nine months old granules were fair¬

ly evenly scattered throughout the red pulp. In

still older animals although pigment granules 'were
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constantly present they were never particularly
-

■

numerous.

In tii® oat in the series of specimens examined

only traces of pigment were distinguished. Granules

were never numerous.
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THE VEINS OF THE oPLKEN.

The coxniaencement of the capillary veins

has been described in various ways by different

workers, and the impression arises that the
♦

controversy concerning the blood circulation in the

organ is largely responsible for the divergences

of view. Many authors maintain that the vascular

system of the spleen forms a closed circuit. By

that it is implied that the blood flows directly

from the capillary ends of the arteries into the

commencement of the veins. Billroth (7) 1861

was first to promulgate this theory. Stieda (124)

1862 in opposing Billroth's view of a closed

circulation, stated that the connection between

arterial capillaries and venous capillaries

consists of the intercellular s-laces of the spleen

pulp. The blood, therefore, according to him

percolates through the open xsieshes of the pulp

in its passage from capillary arter es to veins,

oince 1862 many workers have investigated the

problem. Kyber (62), Sokoloff (128), Tnoma (129),

Whiting (135), Ebner (20), Helly (38) (42) (39),

Janosik (50), and ' cNee (89) are among those who

support the view that the circulation is closed.

Peremeschko (94) (95), Miescher-Kusch (82),

Phisalix (98), Laguesse (65), Bannwarth (5),

Kultschitsky (61), Mall (78) (77/, Weidenreich

(133) (134), Pustowoitow (100), Hetterer (104),

Neubert (91),
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Neubert (91), Robinson (110), MacNeal (75),

Patterson (72), Mills (83), MacNeal, Otani and

Patterson (74), Held-Bethel (34), Basir (6), and

Reidel (108), all agree that the circulation is

an open one. Based on these two conflicting

views the capillary veins have been described as

commencing either as a continuation from the

capillary arteries in the closed circulation, or

as being derived directly from the pulp spaces

in the open circulation. ilueck (48) describes

a more complicated vascular arrangement in the

human spleen. He states "Die fatsache, dab man

an einer (nicht irgendwie hyperamisierten)

lebensfrischen Milz bei Durehspiilung mit Ringer-

Losung sehr bald ein klares Ablaufen der

Flussigkeit beobachten kann, die aber bei welterem

Zusaxmnenpressen der Milz (oder Adrenalinkontraktion

der Trabekel) sofort wieder blutig wird, dab man

ferner relativ bald eine Ausspulung der

subkapsularen und dann der perinodularen Raurne

bewirken kann, scheint uns dafur zu sprechen, dab

1. in einer Milz von Uttlerem (normalen) Volumen

an Blutwegen zur Verfugung steken:

a) ein direkter gerader Weg unter Umgehung

aller Plutkammern Trabekelarterie -

Lymph notchenarterie - Pulpaarterie - Hiilse -

geschlossen in Venensinus a Kurzschlub.

b) bei/
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b) bei geringer arterieller Druckerhdhung

(wie sie noch im Bereich der physiologischen Breite

liegt).

die Eroffnung eiriiger perinodularen

und subkapsularer Flutkammern, HIerdurch werden

auch in einer "noriaalen*' Milz imtaer einige

Blutreserven in Form einiger blutgefullter

Flutkaraniern vorhanden sein.

2. in einer Milz von zunehmendem Kontraktions-

zustand werden:

a) in der Reinkenfolge: peritrabekular,

perinodular und subkapsular Flutrohrchen und

Flutkammern zusaiomengedruckt und das Blut in ihnen

ausgeprebt,

b) die Strdmung nur auf dem l.a beschrie-

benen direkten Wege aufrechterhalten;

3. in einer Milz von zunehmendem Schwellung-

szustand werden sich die Vorgange in umgekehrter

Reihenfolge abspielen bis zur schlieblichen

Uberflutung aller Rohrchen und Kammern ait Blut".

According to the nature of the small

veins Schumacher (120) divides the spleens of

mammals into two classes: 1. those with a capillary

venous network (man, ass, dog, rodent, cat.) and

2. those without capillary veins (ox, horse, hedge¬

hog). Neubert (91) makes a similar classification.

He finds that in the cat, pig, cow, sheep and horse,

although/



97.

although the veins have numerous branches they are

comparatively few in number and never anastomose,

whereas in the dog, rodents, man and monkey the

spleen is characterised by the abundance of the

capillary venous network. Robinson (112) also

describes a venous network in the dog and cat. He

states that the finer venous branches anastomose

with one another to form a network of collecting

channels intimately associated with the pulp.

Numerous workers have described capillary venous

sinuses in the spleen pulp of different animals.

For example Klein (56), Whiting (135), (ox, sheep,

pig, dog, and cat), Veidenreich (132), (man),

Downey and eidenreich (18), Matsui (81), Dubreuil

(19) (man), Tait and Gashin (126) (dog and cat),

Tait (127), McNee (89), Basir (6) and Kyes (64).

Whiting (135), Tait and Cashin (126) and Robinson

(110) in their descript'on of the veins state that

the ellipsoids are suspended in or are surrounded

by venous sinuses or channels. This is directly

contrary to the statement made by Carlier (15)

who claims that in the cat there is no interposition

of vascular sinus between ellipsoid and pulp.

It is generally accepted that in structure

the venous radicle consists of an internal layer of

longitudinal endothelial cells which are supported

on the outside by circular ur annular fibres.

Between/
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Between these two layers a structurless membrane or

cuticle has been described by Bohm (11), Schumacher

(118), eidenreich (133), Helly (40), Mollier (85),
and Jolly and Chevalier (52). Both Boyer (47), and

Mangubi-KudrJavtzewa (80), however, failed to

distinguish any trace of this special basal membrane.

Kultschitzky (61) maintains that the wall

of the veins arise exclusively from endothelium and

that they have no other kind of wall. Most authors,

however, recognise supporting circular or annular

fibres although they are not agreed as to their

nature. Bohm (11), Ebner (20), Schumacher (117),

and Dubreuil (19) consider them to be elastic fibres,

Hoehl (45), Hoyer (47),and Mall (77),were unable to

distinguish any elastic fibres, but Hoyer (47), Mall

(77), Jolly and Chevalier (51), Pustowoitow (loo),Matsui

(81), McNee (89), Foot (27), and Kyes (64), all
describe them as reticular fibres.

With regard to the entirety of the venous

sinuses or capillaries Mall (77), Pustowoitow (100),
Robinson (110), and Basir (6), state that the walls

are incomplete; eidenreich (132) describes stouata;

Thoma (129), finds them to be permeable, and 'fait

(127), claims that they are porous. The small

venules unite to form larger vessels and these also

kcNee (89) asserts are riddled with holes. In their

subsequent course each one usually accompanies a

trabecula and as they approach the hilus the veins

unite to form larger trunks. These acquire the
usual/
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usual coats and in turn join to form the splenic vein.

HORSE.

The capillary veins of the horse begin in

the spaces of the pulp with which they are in direct

communication. tany such vessels were followed

and were found to arise close to the ellipsoids but

never actually in contact with thera. It was noted

in the section dealing ?,?ith the arteries that the

ellipsoids were particularly numerous in and around

the lymphoid sheath. There also the capillary veins

are very numerous. In the horse no sinuses are

present, nor do the vessels anastomose with each

other, but, arising as they do in the pulp spaces,

they pass away from the corresponding artery and in

their course through the pulp unite to form larger

vessels in much the same manner as that in which the

arteries divide. (Fig. 1). In structure these thin
i

walled venous radicles appear to be formed by a

single layer of endothelial cells supported on the

outside by a frame ork of reticular fibres. In

their course through the pulp the smaller veins

occasionally, in passing, corae into contact with a

trabecula for a very short distance; but, as a rule,

all the small branches and many quite large vessels,

measurin up to "6m.m. in diameter, are indeoendent

of the trabeculae. The veins that resxilt from the

union of these vessels in the pul> each become

associated with a trabecula or the hilar sheath of

an/
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an artery which they accompany in their course

towards the hilus. Near the hilus the venous trunks

acquire their usual coats and become completely

invested by the hilar sheath.

OX.

The structure course and relations of the

veins in the ox present very little difference from

those of the horse. One or two slight variations

are, ho ever, present. In the ox it has already

been noted that the muscle fibres of the pulp are

less numerous i . .ediately around the veins, (Fig.62).

This is particularly noticeable with the smaller

ves els where the few fibres that do persist are

parallel to the long axis of the vein.

Vessels very much larger than those of

the horse are also present In the pulp with little

or no attachement to the trabecules. These, again

as in the horse, eventually come into contact with

a large trabecule or the hilar sheath of an artery

and thence continue to the hilus.

3HFEP.

In the sheep the veins closely resemble

those of the ox. The arrangement of the muscle

fibres around the small veins is identical, but

the larger veins are distinctive. Instead of

erely accompanying the trabeculae as they do in

the ox, these vessels of the sheep acquire a sheath

of/
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of muse; lar and connective tissue. The sheath at

first is very incomplete and consists only of one

or two s .all strand-like trabecul&e that are close¬

ly applied to the outer surface. The amount of

trabecular tissue increases until a complete sheath

is formed, which in its course along the vessel to

the hilus is interrupted only by the union of other

veins.

PIG.

The commencement of the capillary veins

of the spleen of the pig is, as in the horse, ox

and sheep from open reticular spaces in the red

pulp. Very soon after their formation muscle

fibres are easily distinguished closely applied to

the outside of the vessels. In contradistinction

to the arrangement in the ox, where there is a zone

immediately adjacent to the vein c^ear of muscle

fibres, in the pig the muscle fibres are distributed

evenly throughout the pulp right up to the vessel

wall to which a single interrupted la er of fibres

is applied. The layer of muscular tissue becomes

thicker and more distinct as the vessels unite to

fori, larger radicles. {Fig.65). Veins of •lm.m.

or even less in diameter are completely encircled

by a coat of muscular ti sue. At this early stage

the coat 1s frequently interrupted by the union of

numerous other s all vessels. These collateral

tributaries may be very short, so short in fact as

to/
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to make it appear almost as if the blood entered

the vessels directly from the pulp. A .ell

developed coat accompanies the vein to its union

with a very large vessel near the centre of the organ

which in turn continues to the hilus.

hroughout the course of the vessel its

sheath unites with trabeculae and especially is

this so near the periphery f the organ, hut even

there, attachments of this kind are not psrticular-

ly numerous in the pig.

DOG.

In the dog the capillary veins are very

often unusually conspicuous, particularly so in

organs which have contracted onl^ slightly after

death. In such specimens, and in others artific¬

ially prepared by a venous injection of Indian ink,

the relationship between capillary veins and

ellipsoids is clearly illustrated. It was found

that the vessels were frequently in contact with

the ellipsoids and, as Tait and Cashin (126) and

Robinson (110), have stated, may actually encircle

them; but it was invariably found that the

encircling was >ever complete. The sinus or small

vein was always interrupted by the arteriole enter¬

ing the ellipsoid and by the numerous couillaries

emerging therefrom. In the dog a very close net¬

work of capillary veins is formed throughout the

red pulp. These small vessels unite to form

larger/
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larger branches which very soon pass to the

trabecules with which they become most intimately

associated. The subsequent course of the vessels

has already been briefly indicated in the section

dealin with the trabecular. It was there noted

that the sheath Is sometimes so thick that the

vessel appears merely as a channel through a thick

trabecule. compared with the pig the trabecular

coat of the veins in the dog is much less extensive,

but at the periphery of the organ the attachments

and the relationship to the trabeculae is much more

complex. The presence of a large vein near the

centre of the organ (Fig.65), to which numerous

small vessels converge, is common to both animals.

CAT,

In the cat the disposition and structure

of the veins is in every way comparable with those

of the dog. The relationship of the vessel sheath

with the numerous trabeculae at the periphery of

the organ is perhaps a little more sample, on

account of the less complex rabecular framework in

t:iis animal.
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I.Y I-.i-.l'lGS,

Hewson (43) in 1777 was probably the

first to identify lymphatic vessels associated with

the spleen. He described experiments in which he

tied the splenic vessels and as a result noted that

the lymphatics became swollen, and turgid with a

redish lymph. Phisalix (98), Mall (77), Helly(38),

Lewis (70), and Kyee (65) are more recent workers

•who have also described lymphatics. Some of them

agree that the lymphatics are confined to the

capsule and th trabeculae, others stress the fact

that they are absent from the pulp. In contrast
(gs)

xvith these views Evans/states that the Malpighian

bodies are attached to each other by fibro elastic

filaments and lymphatic vessels; and that vessels

and lymphatics are seen to enter and pass out of the

Lalpighian bodies. This view is also supported by

Sweigger-Leidel's (119) (120) assertion that it is

undoubted that the dial pighian bodies stand in

association with lymph vessels.

In the specimens of the different animals

examined in this research, no special injections, or

selective staining of the lymphatics was attempted.

It was, hov/evor, quite easy to distinguish lymphatic

vessels in company with arteries and nerves in the

capsule and in the hilar sheaths, but they could

not be traced beyond those structures.
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KRRYES.

From a review of the literature relative

to the nerves of the spleen, it is obvious that, as

vjith the lymphatic vessels, there are two opposing

views. Sanders (115), Billvorth (9) and Sobotta

(122) found no nerve fibres in the pulp, but

describe them as accompanying the vessels and their

sheaths to which they are distributed. Evans (22),

Fusari (28), Ruffini (112) and Agosti (2) describe

nerve fibres in the pulp. Evans (22) states that

the nerves accompany the artery and are lost in the

parenchyma. Fusari (20), describes some nerves

following the arteries, others passing to the

interior of the organ. He also describes a fine

plexus of interlacing filaments in the pulp.

Furthermore he notes that fibres penetrate the

Ralplghian bodies and that some interlace on the

walls of the vessels. Ruffini (112), noted that a

nerve fibre frequently parses from the net\vork in

the pulp over a alpighlan body without any ramific¬

ations therein, and continues to the tunic of a vessel.

Agosti (2), states that the sple,en has abundant

nerve fibres which distribute the tselves to the

capsule, the trabeculae, the vessels, the parenchyma

and the alpighian bodies.

In the present investigation no special

staining of the nerves was carried out. Their

study along with that of the lymphatics was merely

incidental/
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incidental to,that of the vessel sheaths. In the

spleens of all the different animals examined

numerous nerves were easily distinguished. In the

ox nerves were traced along the art ries beyond the

extent of the hilar sheath. In the dog numerous

small nerves were present in the trabecular sheath

of the large veins. In no animal examined were

nerves found to pass away from the vessels into the

pulp. It appears from their course that the nerve

fibres are distributed to the trabeculae, the

hilar sheath and the vessels. Whether or not

fibres enter the substance of the pulp as described

by Evans (£2), Fusari (28), Ruffini (112) and Agosti

(2) still remains doubtful.
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SO. = .ARY.

CAPSULE.

In the various animals examined two

different coats were always easily distinguishable

in the capsule.# The outer of these is the vise ral

peritoneum of the organ and consequently consists

of endotheli 1 cells and a sub-endolhelial layer

of collagenous and elastic fibres in the substance

of which a ntuaber of small vessels are present.

The inner coat is formed by a framework of

connective tissue, directly continuous ith the

sub-endothelial layer, and in its meshes plain

muscle fibres are present. No evidence was found

to support the statement made by mall (77), Foot

(26), and Kyes (64) to the effect that reticular

fibres are present actually within the substance of

the capsule.

With age a progressive increase in

thickness of the capsule was noted.

In the horse the capsule measures about

•42 m.jji. The coai.s are clearly delimited from

each other and are of equal thickness. In the

inner coat muscle ,'ibres ore densly crowded together.

The capsule of the coc_ is of much the
same thickness as that of the hors , but the

iuscular portion frequently consist: of two strata

end invariably it is much thicker than the serous

coat./'
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coat.

In the sheep the capsule measures about

•26 m.ra.. It is similar to that of the ox, but the

disparity in the thickness of the two coats is

much greater. Again two strata of muscle fibres

may be distinguished in the inner coat. In the

more superficial stratum the fibres are less densly

compacted than in the deeper stratum.

The capsule of the pig is comparatively

thin measuring only about *1 m.m,. It is rather

similar to that of the sheep but the superficial

stratum of muscle fibres is even more loosely

arranged.

In the dog and cat the two coats of the

capsule are not so sharply limited from each other.

This is due to the fact that the muscle fibres of

the inner coat are very loosely arranged especially

its more superficial part, where connective tissue

fibres are more abundant and are very obviously

continuous with those of the sub-endothelial

layer. In both dog and cat the approximate thick¬

ness of the capsule as found to be *055m.m.. In

the dog the .muscular coat and the serous coat were

about equal in thickness, but in the cat the

muscular coat was thicker.

THAJIlCULAJS.

The trabeculae are dense masses of tissue

which/
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whioh form a coarse net' ork by anastomosing with one

another and by uniting with the vessel sheaths and

the causule. In no animal examined was there any

evidence of a lobulation such as has b en described

by Mall (76) and Kyes (63). With age an increase

in thickness similar to that just noted in the
y

capsule also occurs in the trabeculae.

In the horse cord-like txabeculae form a

comparatively close and fairly uniform network

t roughout the entire organ. A great many of them

are intimately united to the vessel sheaths.

The trabeculae of the ox are fewer in number,

larger in size, and course more directly through the

spleen substance. The framework is more open and

the connections with the vessel sheaths are less

numerous.

ln 'fc*ie sheep, apart from a difference in

size, the trabeculae are th same as in the ox.

The arrangement in the pig is also similar

to that of the ox and sheep, but the honey-comb-like

ridges on the deep surface of the capsule are typical,

and the relationship to the vessel sheaths is more

complicated than in any of the other animals examined.

The trabeculae of the dog are characterised

by the formation of a very close and involved frame¬

work in which flattened plate-iike masses are

present. In addition large rounded trabeculae near

the/
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periphery are often tunnelled by veins.

In the eat the trabecules form a close and

complicated framework similar to that of the og, but

the plate-like masses are not present. ,uite common¬

ly a small strand-like trabecule curves round a

Malpighian body at the periphery of its lymphoid

sheath.

ARThBIAL SYSTEM.

The main vessel trunks and the accompanying

nerves and lyrphatics are invested by a sheath of

muscular and connective tissue at the hilus of the

organ. The outer part of the sheath is formed from

the muscular coat of the capsule; while the inner

part, th adventitia of the artery, consists of fibres

continuous with those of the sub-endothelial layer

of the capsule. The "hilar sheath" thus formed

follows the art ries for a considerable distance

along their course. In the different animals, the

extent, thickness, and relationship to adjacent

trabeculae present distinguishing features. At the

termination of the hilar 3heath and in some animals

even before its t rmination, numerous lymphocytes

are crowded closely around the vessel. This zone of

cells continues along the course of the artery as the

lymphoid sheath, and in all the animals examined the

lymphocytes were most numerous and most densly

arranged immediately adjacent to the wall of the

vessel where larger cells, rese idling those in the

germ/
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germ centres of the .alplghian bodies ere sometimes

present. No limiting membrane, however, separates

these larger lymphocytes from the contiguous smaller

cells, but the entire sheath may be defined by a

condensation of reticular cells and occasionally a

i'nw connective tissue fibres are also present at its

periphery. At intervals along the course of the

sheath fusiform expansions arc present and these

contain Aalplghian bodies. Contrary to the views of

Miller (87), Latta (66), Hueck (48) and Hellsten (37),
it was found that no vessels larger than tiny arter¬

ioles and capillaries, ever pass through or enter

dalpighian bodies. Furthermore in opposition to

the statements of Busk and Huxley (13) end Kyes (64)

conclusive roof of the existetce of a limiting

capsule was found in every animal examined. This

was found to be composed of collagenous and elastic

fibres directly continuous with those forming the

tunica adventitia of the associated artery. The

corpuscle itself consists of a framework which is

continuous with its capsule and therefore also

consists of connective ti: sue. In most animals,

except those either very young or very old, a germ

centre may be distinguished from a peripheral zone.

In the former the framework is closer and more

intricate. The cellular elements of the corpuscle

consist of two kinds of lymphocytes, large and small.

The /
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The large lymphocytes are present in the germ centres

where they are more loosely arranged and stain more

feebly than the smaller and more crowded lymphocytes

of the adjacent peripheral zone. The vessels that

are invested by the lymphoid sheath give rise along

their course to numerous small twigs, many of which

curve round the corouscles for a short distance

before dividing into still smaller branches that pass

in o the red pulp. Each of the terminal branches

of these arterioles is ensheathed by a condensed mass

of reticular tissue that contains in its meshes small

lymphocytes. These localised masses (ellipsoids)

contain the division of the arteriole into sevei&i.

capillaries which continue into the pulp where they

open directly into the spaces of the reticulum.

In the horse the arterial system presents

several quite distinctive features. The hilar sheath

Is much thicker than in any of the other animals

examined, and it is unique in its relationship to the

framework inasmuch as trabecule© converge towards it

to unite directly and completely with it. In extent

the sheath persists until it reaches vessels measur¬

ing about lOQju. in diameter. The lymphoid sheath
is comparatively meagre, and its periphery always

diffuse. The Malplghian bodies vary in diameter

In the adult from 2m.m. to 4m.m.. They are globular

in form and are sharply defined by a veil developed

capsule. The elli soids are fairly small structures,

ovoid/
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ovoid or fusiform in shape and measuring about 80 p.
x 40 u., Many of them are grouped around the

corpuscles within the lymphoid sheath,

In the ox the hilar sheath is very much

thinner, and its attachments to the trabeculae are

much less numerous. It is slightly more extensive

but it was noted that sometimes near its termination

it was interrupted. The lymphoid sheath commences

as a mass of lymphocytes within the hilar sheath,

which as a consequence may, and often does, show

a t rminal distention. In the ox the lymphocytes

of the sheath are much more abundant and are often

clearly limited from the pulp. This sharp

definition of the sheath is due t the presence of a

condensed ass of reticular tissue in which a few
tissue

connective/fibres can occasionally be distinguished.

The Malpighian bodies are ovoid in shape and are

appreciably larger than those of the horse. In the

adult ox they measure from '2m.m. to •65m.!. in

diameter. The capsule of the corpuscle Is much

thinner and the outline of the corpuscle,is not

nearly so distinct. Ellipsoids are long, narrow,

and measure approximately 80 p. x KG ^^ The
lymphocytes at their periphery are unusually promin¬

ent thus giving the structure a denteted outline.

In the ox ellipsoids are confined to the red pulp

and are therefore absent from the lymphoid sheaths,

a distinction from their distribution in the horse.

In/
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In the sheep the various structures includ¬

ing the hilar sheath, the lymphoid sheath, ani

the ellipsoids, all closely resemble the correspond¬

ing structures of the ox. The Malpighian bodies,

however, are an exception. Although similar in

shape they are smaller in size, measuring about

♦2m.in. to in diameter in the adult.

In the pig the hilar sheath is exceptional

in its extent. . Very frequently it follows the

artery right to the capsule of the organ enclosing

not only the lymphoid sheath but Maloighian bodies as

well. In this way the white pulp is defined from

the red nulp. The limitation, however, is incom¬

plete as interruptions are com on especially just

over the alpighian bodies. The art rics of the

pig (and of this animal only; were found to form

anastomotic loops close to the capsule. The

lymphoid sheath compared with that of the ox and

sheep is poorly developed. It is confined within

the hilar sheath except where this is deficient;

that is, over the corpuscles and there the lymphocy¬

tes diffuse into the pulp. The Aalpighian bodies

are about •2m.m. to •5m.m. in diameter. They are

more spherical than those of the ruminants and

possess a capsule intermediate in thickness between

that o th horse and that of the ox. llipsoids

of the pig are very much larger than those of the

other domestic animals, commonly measuring even more

than/
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than 300jU# # As in the horse they are usually
fusiform or ovoid in shape. They are distributed

evenly through the red pulp, but are most numerous

just outside the lymphoid sheath where it surrounds

the ; alpighlan bodies.

In the dog the connection between the

hilar sheath and the trabeculae resembles that of

the ox and sheep, but as in the pig union with

trabecules is more complete. The relationship of

hilar sheath to lymphoid sheath is similar to that

3n the horse, that is it terminates at the commence¬

ment of the lymphoid sheath; but in the dog the

lymphoid sheath is well developed, and often sharp¬

ly efined from the red pulp by a lixaiting con¬

densation formed entirely by reticular cells,

alpighian bodies are comparatively large. They

easure about •3m.m. to •to.m. in diameter and

are exceeded in size only by those of the ox.

Ellipsoids are also relatively large — measuring

about 120|u. x 45ju.— and are distributed throughout
the red pulp in the xaanner that obtains in the pig.

In the cat the disposition and attachments

of the hilar sheath is like that of the dog. 'The

s .all unensheathed vessels of the pulp are, however,

frequently united to trabeculae; a feature that is

also common to the dog, but is of much rarer

occurrence in this animal. The lymphoid sheath

as well/
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as the Malpighian bodies, closely resemble those

of the dog. The former is well developed and

li ited from the red pulp by a layer of denser

tissue; the latter are large and of much the same

size as in the dog. The distribution and form

of the ellipsoids in the cat is similar to those in

the dog; usually however those of the cat were

found to be slightly thicker (about 120^, x OCju.j.
THE RED PULP.

The rod pulp or parenchyma consists of

reticular cells and fibres, and into the framework

thus formed the capillary arteries open, and the

veins arise. In the spleens of the ox, sheep arid

pig in addition ,o the reticular framework there

is a fine network of plain muscle fibres. In all

new-born animals and in foetuses, pigment granules

are invariably absent. In young animals and even

in adults they are not always present. Nevertheless

in the different species their size, number, and

distribution is sometimes quite distinctive.

In the adult horse pigment granules are

small usually numerous and eveilly dispe sed through¬

out the red pulp. In the ox they are larger

scarcer and show a tendency to be concentrated at

the periphery of the lymphoid sheath around the

klalpighian bodies. In the sheep, in the -speclane s

examined pigment was scanty or absent, and in the

pig also,it was scarce. In the adult dog small

granules/
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granules were constantly present and in specimens

where they were numerous they were evenly scattered

through the red pulp. In the cat as in the sheep

only traces of pigment were distinguishable.

THE VEINS.

The small veins of the pulp arise directly

from the spaces of the reticulum and after a short

course in the pulp these vessels comport themselves

after the usual manner of their kind. Their

structure and relationships vary in different

animals. In the horse veins up to about •6m.m.

in diameter have no relation other than an intimate

union with the reticulum. In their subsequent

course such vessels usually accompany either a

trabecule or the hilar sheath of a vessel, and near

the hilus become completely ensheathed. In the

ox the disposition of the veins is much the same,

but very much larger vessels are present in the

pulp with no association with the trabeculae. In

the ox the small veins are conspicuous because of

a scarcity or absence of muscle fibres close to the

vessel wall. In the sheep the veins are similar

to those of the ox, but the larger vessels instead

of accompanying trabeculae acquire a fibro-muscular

sheath which increases in thickness as the vessel

passes towards the hilus. The spleen of the pig

is exceptional in that even the smallest veins are

invested by a thin layer of muscle fibres. As in

the sheep this increases in thickness as the vessel

approaches/
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approaches the hilus and in its course it comes

into contact with an occasional trabecula with which

it is connected. In the dog and cat as in the

horse, ox, and sheep, the veins at their commence¬

ment have no assocations other than with the

reticulum; hut in both animals comparatively small

vessels very soon come into contact with trabeculae

and especially is this so at the periphery of the

organ where veins are frequently completely invested

by trabeculae. In the subsequent course of the

vessels to the hilus they continue to possess the

sheath.
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