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This paper is intended mainly as a contribution to our  knowledge of 
the histogenesis of the thymus in  mammals. Special attention is given 
to the origin and development of the corpuscles of Hassall, since thcir 
mode of formation has never been satisfactorily described in mammals 
and their significance in all forms is in  dispute. An attempt is also 
made to show in detail the changes that occur during the transformation 
of the thymus from the epithelial to the lymphoid condition. 

This work was begun at  the suggestion of Dr. D. D. Tiewis a t  the 
tiniversity of Chicago. The greater part of it has been done a t  thc 
University of Missouri. Special acknowledgments are due Dr. C. M. 
Jackson for  valuable criticism and suggestions. I wish also to  thank 
Jlr. Charles H. Miller of the University of Chicago for his kindness in 
sending me material. 

MATERIAL AND METHODS. 

As material for  the greater part of my work, I have used pig embryos 
from 8 mm. to full term (26 em. to 30 em.). These are especially suit- 
able for such work since they may be procured in  abundance from the 
large packing houses a t  almost any stage of development. For special 
purposes I have studied a few specimens from human fetuses, and froiii 
the cat, rat, and guinea pig. The smaller pigs used (8 mm. to 27 mm.') 
belong to the collection in the anatomical laboratory a t  the University of 
Missouri. These were stained in  bulk with alum-cochineal and mounted 
in serial sections. I n  the later stages, which were prepared specially for 
this work, the ventral half of the cervical and anterior thoracic region. 
was usually cut out and embedded from pigs from 3 em. to 8 cm. On 
specimens from 8 em. to 30 em., I dissected out the thymus and used such 
parts as were desired. 

The crown-rump measurement is used in all cases. 
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All pig material was fixed in Zenker’s fluid, embedded in paraffin, and 
mounted in  serial sections from 3 p to 10 p thick. Except those of the 
young stages (8  mrn. to 27 mm.) the sections were stained on the slide. 
Most of them were stained with hzmatoxylin or iron-hzmatoxylin and 
counterstained with Congo red. For special purposes many other stains 
were used. 

To demonstrate the delicate protoplasmic threads of the syncytiurn 
during the later stages of the lymphoid transformation, I stained by the 
iron-hamatoxylin method but omitted the final decolorization in  iron- 
alum. Protoplasm is stained deep black; nuclear structure is poorly 
shown, but the finest cytoplasmic processes may be seen. 

For the demonstration of connective tissue fibrillz in  the syncytium, 
I found the method recommended by Jackson (13, S. 39)  most satis- 
factory. 

TEXT FIG. 1. TEXT FIG. 2. 

TEXT FIGURE 1. Cranial view of third gill pouch (thymic anlage); X 33; 
pig embryo, 11 mm.; ec, ectoderm: I ,  lumen; n t ,  nodulus thymicus; p h ,  con- 
nection to pharynx; s p ,  sinus precervicalis. 

TEXT FIGURE 2. Ventral view of thymic anlage; X 33; pig embryo, 15 mm.; 
ec, ectoderm; I ,  lumen; n t ,  nodulus thymicus; ph,  connection to pharynx; 
s p ,  sinus prscervicalis. 

To determine the relation of the blood-vessels to the corpuscles of 
Hassall, I put a young kitten under deep anzsthesia and injected a large 
quantity of a strong aqueous solution of Prussian blue into the aorta 
through the common carotid artery. The heart continues to beat even 
after an amount of fluid twice as great as the total volume of the blood 
has been injected. An injection made in  this way is under a slightly 
increased blood pressure and easily reaches the finest capillaries. There 
is therefore a thorough injection with little danger of rupturing delicate 
blood-vessels. 

ORGANOGENESIS. 
My observations on this phase of development are not sufficiently com- 

plete to warrant a full discussion. A brief survey may however prepare 
the way for a better understanding of the histogenesis. The text figures 
show the shape in  outline of the third gill pouch and thymic anlage 
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from 11 mm. to 27 mm. Since this 
pouch is nearly all converted into thymus it may be regarded as the 
thymic anlage from a very early stage. 

At 11 mm. (Text Figure l), the pouch is a hollow epithelial tube di- 
rected from without ventrally and mesially. The lumen (I) is large 
and communicates freely with the pharynx. On the dorso-lateral aspect 
of the pouch is a solid epithelial mass ( n  t )  distinctly different in struc- 
ture from the rest of the pouch. This is the nodulus thymicus 
(Kastschenko, 14) and will be referred to by that term. This structure 
has been described by Stieda ( 2 6 ) ,  Prenant a (22) ,  and others as the 
anlage of the carotid gland. 

It was evidently mistaken by Minot in a 12-mm. pig for the anlage of 
the entire thymus. It may be seen as early as the 8 mm. stage budding 
off from the cranio-lateral aspect of the pouch. Immediately behind the 
nodulus thymicus, but not connected to it at this stage is the inner blind 
extremity of the sinus praecervicalis (s p ) .  These become fused at 
12 mm. or 13 mm. 

It 
now projects ventrally and medianwards, its free end lying immediately 
caudad to the median thyroid anlage and just craniad to  the pericardium. 
Its lumen ( 6 )  is still in communication with the pharynx. The 'sinus 
praecervicalis (s p )  is drawn out, its lumen being smaller and longer. 
It is now fused to  the outer two-thirds of the posterior aspect of the 
nodulus thymicus ( n  t )  . 

At 18 mm. (Text Figure 3) the anlage is growing rapidly in a caudal 
direction and just entering the thoracic cavity. It is connected to the 
pharynx by a delicate epithelial cord. There is still a lumen in its caudal 
part. The sinus prmervicalis has lost its connection to the nodulus 
thymicus.' The outer part of its lumen has disappeared and it seems 
about to lose its connection with the ectoderm. 

At 20 mm. (Text Figure 4) the thymus extends well into the thoracic 
cavity. Its thoracic segment ( t  h )  has increased considerably in size and 
is united to the gland of the opposite side. 

The 
anlage has no connection with the pharynx or the epidermis. There is 

They are graphic reconstructions. 

At 15 mm. (Text Figure 2) the thymic anlage is more elongated. 

The nodulus thymicus still forms the greater part of the head. 

"renant is said to have since abandoned this idea and accepted Kast- 
schenko's view. (v. Ebner in Kolliker's Gewebelehre des Menschen. Aufl. 
6, Bd. 3, 1, S. 340.) 

3Laboratory Text of Embryology, p. 191; also p. 209 and Fig. 124. 
'On the opposite side in this specimen, these structures were fused over a 

very small area. 
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now an elongated mass of thymic tissue extending upwards behind the 
nodulus thymicus, and fused with it. I t s  upper pointed extremity curves 
outwards around the hypoglossal nerve. This is the “thymus super- 
ficialis” ( t  s) of Kastschenko and is regarded by him as being formed 
from the sinus prscervicalis. Kastschenko describes this elongated 
portion as being always separate from the rest of the head, being con- 
nected only by connective tissue. I n  my preparations it is clearly con- 
tinuous with the rest of the anlage, and seems to have formed by growing 
out from it. The presence of a lumen in its lower end favors Kast- 

TEXT FIG. 3. TEXT FIQ. 4. 

Ventral view of thymic anlage; X 33; pig embryo, 18 mm.; 
ec, ectoderm; 1, lumen; n t ,  nodulus thymicus; p h ,  connection to pharynx; 
s p .  sinus precervicalis. 

TEXT FIGURE 4. Ventral view of thymic anlagei X 33; pig embryo, 20 mm.; 
f ,  area fused with gland of opposite side; I ,  lumen; n t ,  nodulus thymicus; 
th, thoracic segment; t s, thymus superficialis. 

schenko’s view, for there is no lumen in  the head a t  18 mm. in my prepar- 
ations. On the other hand the separation from the head a t  the 18 mm. 
stage favors the idea that the sinus praxervicalis degenerates. I have not 
studied a sufficient number of specimens a t  this transition stage to  
enable me to decide this point, though I believe the ectoderm takes no 
part in the formation of the thymic anhge. Kastschenko’s results are 
opposed by nearly all other students of this problem, but his work should 
not be discarded before the development of the thymiis superficialis in 
the pig has been accurately determined. 

At 27 mm. (Text Figure 5) the thymus is much longer and extends 

TEXT FIGURE 3. 
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well down into the thoracic cavity in relation to the base of the heart 
where it has fused with the gland of the opposite side. Buds are now 
beginning to form through the greater part of its extent. Traces of the 
original lumen ( 1 )  may still be seen in several places. The " thymus 
superficialis " is bent around the twelfth nerve. A delicate cord of thymic 

TEXT Fro. 5. 

Ventral view of thymic anlage; X 33; pig embryo, 27 mm.; 
f ,  area fused with gland of opposite side; 1, lumen; n t ,  nodulus thymicus; 
th,  thoracic segment; t s, thymus superficialis. 

tissue fused with the back of the nodulus thymicus connects the thymus 
superficialis to the rest of the head. 

From about 3 cm. until toward the end of fe ta l  life the thymus shows 
the two constrictions, described by Prenant (22) (for the sheep) as the 
intermediary and the cervico-thoracic cords. These cords connect three 

TEXT FIQURE 5. 

3 
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enlargements which we may call the head, the mid-cervical segment, and 
the thoracic segment. The thoracic 
segment develops rapidly, spreading out above and in  front of the heart. 
The glands of the two sides fuse completely in this region. The lymphoid 
transformation is noticeable at  3.5 em. and well advanced a t  4.5 em. The 
medulla begins to form a t  8 em. The cervico-thoracic cord is at  first 
very narrow but soon thickens and joins the cord of the opposite side. 
At full term they form a sharp constriction, 3 mm. to 4 mm. wide and 
5 mm. to 6 mm. long, situated at  the superior aperture of the thorax, 
and connecting the mid-cervical and thoracic segments. The histological 
changes take place here later than in the enlargements. 

The mid-cervical segment develops like the thoracic segment but some- 
what more slowly. Budding, lymphoid transformation, and formation 
of the medulla all begin here a little later than in the head and thoracic 
segment. The 
intermediary cord is well marked a t  4 em. It soon becomes very attenu- 
ated, having at  G em. in many places a diameter of only 15 p.  Prenant 
suggests that this drawing out of the gland is caused by the rapid growth 
of the neck. Later i t  increases in  size and at  full term is noticeable only 
as a very slight constriction between the head and the mid-cervical 
segment. The histological changes are much later here than in other 
parts of the gland. 

The greater part of the head in the early stages is formed by the 
nodulus thymicus. This body grows slowly, attaining a diameter in cross- 
section of .5 mm. a t  8 em. I ts  cross-sectional area at  8 em. is about one- 
third that of the rest of the head of the thymus. At  this stage the nodulus 
thymicus is a rounded body lying on the inner aspect of the head in  re- 
lation to the carotid artery. A small area of its outer surface is fused 
with the lymphoid tissue of the thymus. Its histological structure has 
been fully described by Prenant ( 2 2 ) .  From the earliest stages, it 
consists of cords of epithelial cells separated by blood capillaries. At 
8 em. the thymus superficialis (Kastschenko) is a large body lying craniad 
and dorsal to the rest of the head but connected to it a t  its caudal 
extremity. 

I have no observations on the head of the thymus between 8 em. and 
full term, having overlooked it in collecting my material. I n  a full term 
pig (30 em.), the cervical part of the thymus is in  two distinct parts, 
The postero-ventral part, representing part of the head, the intermediary 
cord, and the mid-cervical segment, is about 3 em. long and 1 em. wide. 
It extends from the upper border of the thyroid cartilage to the thorax, 
and with the corresponding part of the opposite gland encloses the 

I will consider each part separately. 

Its caudal end is slightly in  advance of its cranial end. 
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trachea, thyroid, and lower part of the larynx. A slight narrowing a t  
the junction of the upper and middle thirds indicates the position of the 
intermediary cord. The antero-dorsal part, the thymus superficialis, is 
rounded in  cross-section, tapering to a point behind. Its anterior end is 
about 7 mm. in diameter and loops around the twelfth nerve as in the 
earliest stages. A lobule hangs over ventral to the qerve, a thin cord 
being dorsal to it. The posterior end of the thymus supcrficialis extends 
to the cricoid cartilage dorsal to the postero-ventral part of the gland. 
It is united to this part of the gland by a very delicate band of thymic 
tissue. It has either 
moved away from the head or degenerated. 

9 
glance at the Text Figures will show its development. It is broken up 
into segments and finally obliterated. I could find no traces of it a t  
3.7 em. or later. On the theory of the exclusively endodermal origin of 
the thymus, I cannot explain the absence of a lumen in  the head a t  
18 mm. and its presence at  20 mm. and 27 mm. unless it be due to 
individual variation in different specimens. 

It appears from the foregoing that in the pig the exclusively endo- 
dermal origin of the thymus from the third gill pouch is probable, but 
a slight participation by the ectoderm has not been satisfactorily excluded. 
IZastschenko’s conclusions, however, as to the ectodermal origin of the 
thymus are unwarranted by his recorded observations. Prenant, after 
his careful work (on the sheep), was not sure that a small mass of ecto- 
derm did not enter into the formation of the head. Practically all other 
investigators of this problem maintain that the ectoderm takes no part 
in the formation of the thymus. The epithelial body (nodulus thymicus) 
developing in connection with the head of the thymus from the third 
gill pouch does not form the carotid gland. Bastschenko’s description of 
the origin of the carotid gland in mammals from the adventitia of the 
internal carotid is now accepted by the majority of anatomists, and it 
therefore has nothing to do with the thymus in origin. 

I did not find the nodulus thymicus a t  full term. 

The duct of the thymus is the lumen of the third gill pouch. 

THE HISTOLOGY OF THE FULLY-FORMED THYMUS. 
Before taking up the histogenesis, I shall briefly consider the histology 

of the gland as shown in a 24-cm. embryo. At this stage the gland may 
be regarded as fully formed. As is well known, the thymic lobule con- 
sists of a cortical and a medullary portion,-the medulla of all the 
lobules being united by the medullary cord. The cortex consists of a 
delicate reticulum with its spaces well filled by cells, usually lymphocytes. 
The reticulum may be regarded as composed of small branched anastom- 
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osing cells, though of course no cell boundaries are distinguishable. The 
nuclei are poor in chromatin, rounded, and usually 4 . 5 ~  to 5 . 5 ~  in 
diameter. The amount of cytoplasm around the nuclei and connecting 
them is usually very small. At some nodes there is a greater amount of 
cytoplasm giving the appearance of a large reticulum cell. I n  connection 
with the blood-vessels, which are numerous in the cortex, are often found 
branched cells with pale nuclei and cytoplasm that stains more intensely 
than that of the rest of the reticulum. By a modification of Mallory’s 
method used by Jackson (13, S. 39) ,  I have been able to demonstrate 
numerous fibrilla: in  the reticulum. I n  some cortical areas at  this 
stage there are a great many erythroblasts. Masses of free erythrocytes 
are often found, usually near a comparatively large vessel, but such cells 
occur singly anywhere in the cortex. 

In the medulla, the syncytial character of the stroma is much more 
pronounced. The cytoplasm is much more abundant than in the cortex, 
and the spaces are smaller and not so numerous. There is not so much 
room for lymphocytes as in  the cortex, hence the lighter color of the 
medulla in  stained preparations. The nuclei of the syncytium are either 
pale or dark, both types showing wide variations in size. By Jackson’s 
method (13, S. 39), fibrill= may be readily demonstrated in the syn- 
cytium. I n  Plate I, Fig. 6, is shown the arrangement of these fibrilla: 
(s f )  in the medulla at 24 em. They often may be traced into the 
areas which are forming the concentric corpuscles. I n  some parts of the 
medulla the fibrilla? are very numerous; in a few places, entirely absent. 
I n  both cortex and medulla eosinophile cells are often found. These 
occur in groups in  the interlobular tissue around the blood-vessels, around 
some of the corpuscles of Hassall, and singly in  the reticulum. These 
have been described by Schaffer (24). Free erythrocytes are rarely found 
in the medulla. I n  the medulla are also found the corpuscles of Hassall. 
Since the structure of these bodies depends largely upon their age, it may 
be better understood from the consideration of their development. 

THE LYMPHOID TRSXSFORMATION.’ 

Kolliker, in  79, first advanced the idea that the leucocytes are formed 
directly from the epithelial cells of the thymic anlage. According to 
Minot ( in  human embryology, p. 878), “he  records for the rabbit that 
between the twentieth and twenty-third days the cells of the thymus be- 
come smaller and their outlines disappear, so that the organ appears to 

This term will be used to  include those changes that occur in the thymus 
during its passage from an epithelial to a characteristic lymphoid structure. 
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be an accumulation of small round nuclei. At about the same period 
blood-vessels and connective tissue grow into the epithelial anlage.” 

His ( 1 2  b ) ,  80, and Stieda ( 2 6 ) ,  81, claimed that the corpuscles of 
Hassall are the only remnants of the epithelial anlage, that the lymph- 
ocytes, reticulum, etc., are of mesenchymal origin. 

Maurer (17  a ) ,  86, described the leucocytes as arising directly from the 
cells of the epithelial anlage in the thymus of teleosts. I n  the amphibian 
thymus (17  b), 88, he thinks that the leucocptes are probably of inesen- 
chymal origin. He  was unwilling to conclude that they arose from the 
epithelium because he could not find transition forms. I n  lizards (17  c) , 
99, he records that even before the separation of the epithelial anlage of 
the thymus from the pharynx, changes begin. The peripheral cells are 
closely crowded together and show many mitoses. There arises between 
the central cells, or is formed in vacuoles in their protoplasm, a fluid which 
accumulates until the nuclei surrounded by a thin zone of protoplasm are 
connected only by protoplasmic threads. A loose medulla is thus formed 
which looks like a cellular reticulum. The cortex is still solid. The 
lymphocytes are formed from the epithelial cells; none come from with- 
out. Later, blood-vessels and connective tissue grow in. H e  believes 
that the reticulum is of mesenchymal origin in all forms. Maurer 
(17  d) ,  02, still holds that in amphibians the lymphocytes are probably 
of mesenchymal origin. 

Hermann et Tourneux (ll), 87, find that in man and other mammals 
the epithelial anlage of the thymus is gradually converted into leucocytes 
and reticulum cells. Vacuoles appear during the transformation which 
seem to be formed by the absorption of large cells. In a sheep embryo 
of 130 mm., the clear epithelial cells have all disappeared, giving rise 
to small round cells and reticulum cells. Prolongations of connective 
tissue, each containing a blood-vessel, grow into the anlage during the 
transformation. They are not sure that all the thymic elements are 
epithelial in origin, being especially in doubt about the origin of some of 
the reticulum cells. 

Gulland (8), 91, describes the development of the tonsil in  the rabbit. 
Leucocytes first appear in  the connective tissue around the thymus. Later 
they appear in  the connective tissue around the tonsil. They infiltrate 
the tonsillar epithelium. No leucocytes are of epithelial origin. After 
studying the tonsil he examined the thymus in a few specimens and 
concluded that the same process of leucocyte infiltration occurred there. 
H e  does not give the details of their infiltration, and did not see any of 
the transition forms of nuclei in the chymus at  that period. 

Prenant ( 2 2 ) ,  94, made a careful study of the development of the 
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thymus in  sheep embryos. At 25 mm. the 
gland is composed of distinct polyhedral cells with nuclei of only one 
kind. At 
26 mm. mitoses are numerous (one nucleus in fifty). Nuclei are reg- 
ularly rounded or elliptical and some small nuclei occur juxtaposed to 
large nuclei. At 28 mm. many mitoses are present and irregular spaces 
have appeared. These spaces arc not blood-vessels nor parts of the 
thymic duct but vacuoles. Some nuclei, noticeably small and darkly 
colored, lie close to the large, clear nuclei and seem t o  be budded off from 
them. Some nuclei (rare) are broken into three or four chromatic 
bodies. Embryos of 40 mm. have undergone in great part the lymphoid 
transformation. All transitions are found between the large, pale ellip- 
tical nuclei of clear reticular structure and the small, deeply colored 
rounded nuclei whose sap is strongly stained. These last are certainly 
lymphocytes and constitute an immense majority of the cellular elements. 
Large, clear nuclei are found joined to small dark ones-nuclear couples. 

At 85 mm. the medulla appears; the cortex corresponds to the entire 
thymic mass of preceding stages. The cortex contains a great many 
lymphocytes separated by islands and rows of pale nuclei. There are 
about thirty lymphocytes to one pale nucleus. Mitoses are numerous in 
the cortex. I n  the medulla at  this stage, the large clear, and small dark, 
nuclei are about equal in number, and mitoses are rarer than in the 
cortex. I n  later embryonic stages a clear peripheral zone is present 
where cell proliferation takes place. Mitoses are now more numcrous in 
the medulla than in the cortex. It is probable that a certain number of 
the epithelial cells persist as reticulum cells in the fully-formed organ. 

J. Beard (3  a ) ,  94, (3  b) ,  gg, thinks that the function of the thymus 
is to form the first leucocytes. He  finds that in-the skate the epithelial 
cells are converted early into lymphocytes which emigrate into the blood. 
There are many breaks in  the gland where the lymphocytes escape in 
masses. The thymus is the only source of leucocytes until the other 
lymphoid organs are formed. 

Vcr Eecke (28), gg, finds that in the frog the epithelial thymus is 
invaded by lymphocytes and connective tissue. The epithelial cells are 
not destroyed but merely dispersed by the mcsenchymal elements. He  
calls the resulting tissue lympho-epithelial. This idea of the comming- 
ling of the two tissues had already been advanced by Retterer. 

Nusbaum and Prymak (20) ,  01, on teleosts, agree with Maurer that 
the lymphocytes are of epithelial origin but disagree on the details of their 
formation. They find that the epithelial anlage is at first composed of 
cells with distinct boundaries. It is not different from the epithelium 

His results are as follows. 

A few mitoses and an occasional direct division are to be seen. 
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of the pharynx. Before any blood-vessels or connective tissue have in- 
vaded the organ, changes begin in  the central part. These changes con- 
sist in the breaking up of the cytoplasm so that the cells become 
branched and connected by delicate processes. These processes finally 
break apart leaving a nucleus surrounded by a thin layer of protoplasm- 
a lymphocyte. The peripheral epithelial layer multiplies rapidly, forming 
nuclei somewhat smaller and darker than their own. These nuclei be- 
come gradually changed into the nuclei of lymphocytes and break away 
from the other cells. All transitions are present between the large, clear 
epithelial nuclei and the lymphocytes. Blood-vessels and connective 
tissue grow in from the outside. 

It appears from a survey of the literature that, of those who have 
studied the origin of lymphocytes in  the mamalian thymus, His, Stieda, 
and Gulland have advocated the idea that they invade the gland from 
without, and that the original epithelial anlage persists only as remnants, 
the corpuscles of Hassall. They also consider the stroma of mesenchymal 
origin. On the other hand, Kolliker, Hermann and Tourneux, and Pren- 
ant, have described the lymphocytes as derived directly from the epithelial 
cells of the anlage. Hermann and Tourneux and Prenant ascribed a 
similar origin to part of the reticulum. 

Neither His, Stieda, nor Gulland made a detailed histological study 
of the changes that take place in  the thymus during the transformation. 
They did not see the vacuolization of the cytoplasm, the changes in the 
epithelial nuclei, etc.-processes which undoubtedly occur. Gulland 
made nearly all his observations on the tonsil and then from a superficial 
examination of the thymus concluded that the process is the same there. 
The conclusions of these men are therefore not to be compared on this 
point with those obtained by the thorough and careful work of Prenant. 

On amphibians, Maurer hesitatingly agrees with His, and Ver Eecke 
accepts the mesenchymal origin of the leucocytes ; while on fishes Maurer, 
Beard, and Nusbaum and Prymak believe in  the epithelial origin of 
lymphocytes. Maurer’s work on reptiles is in agreement with his work 
on teleosts. 

As to the origin of leucocytes in the lymphoid organs of the alimentary 
canal, opinion is divided. Retterer, v. Davidoff, Rudinger, Klaatsch, 
and others have described the leucocytes as arising from epithelium and 
being invaded by mesenchymal elements forming adenoid tissue. Stohr, 
Gulland, Tomarkin, and others describe them as penetrating the epithe- 
lium from without. 

I shall now discuss my own observations on the lymphoid transform- 
ation in the thymus of the pig. From a very early stage (11 mm.) , the 
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epithelium of the third gill pouch is a syncytium. No cell boundaries 
exist. The nuclei, large and irregular in shape, are embedded in a com- 
mon mass of cytoplasm. I n  the thymus at  20 mm. I find a syncytium 
of dense cytoplasm embedded in which are large nuclei of irregular shape 
and size. No distinct types of nuclei are present yet; all stain with 
medium intensity. 

I n  a section of the mid-cervical segment at  3.7 em. (Plate I, Fig. 1), 
I find evidence that the lymphoid transformation has begun. The syn- 
cytium is composed of coarsely reticulated cytoplasm much looser in 
texture than that of the preceding stage. It contains a few irregular 
spaces ( s  s )  which are evidently of the nature of vacuoles. These may 
be formed, as Maurer suggests, by liquefaction of the cytoplasm. There 
is no reason to suppose that cells degenerate and form them as Hermann 
and Tourneux believed. Three types of nuclei may be distinguished; 
large pale nuclei ( I  p m )  large dark nuclei ( Z  d n) ,  and small dark nuclei 
(lymphoblasts) (Zh)  . Transition forms occur between these types. 
The large dark nuclei are intermediate forms between the pale nuclei 
and the lymphoblasts. A few mitoses ( m )  occur. No blood-vessels are 
present inside the anlage but they may be seen between the buds just 
outside. At this stage, the head and the thoracic segment have areas 
that are somewhat farther advanced than this. The intermediary and 
cervico-thoracic cords show no changes. 

At a later stage than the above (Plate I, Fig. 2),  in  the thoracic 
segment of a 4.5-em. pig, the spaces of the syncytium ( s  s) have in- 
creased greatly in number and size. The anlage is now a cellular retic- 
ulum. The large pale nuclei are somewhat less numerous than the 
dark nuclei and many have become angular, adapting themselves to the 
nodes of the syncytium. They contain less chromatin than in the 
preceding stage. Large dark nuclei and lymphoblasts are present; the 
lymphoblasts are much more numerous than in the preceding stage. A 
very few small dark nuclei are completely separated from the syncytium. 
These are lymphocytes. There are no lymphocytes in the connective 
tissue around the thymus or in the blood at  this stage. I did not 
examine the tonsil or spleen at any stage. A few small blood-vessels are 
to be seen; their walls consist of endothelium only. There are more 
mitoses than at  the preceding stage, but none happened to be present in 
the area shown in the figure. During mitosis, at  all stages of develop- 
ment, except the early epithelial condition, the chromosomes are so 
closely packed that i t  is very difficult to distinguish them individually. 

I n  a section through the mid-cervical segment of a 7-cm. pig 
(Plate I, Fig. 5) ,  we see a stage somewhat later than the one shown in 

A few mitoses are to be seen. 
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Eg.  2. In  various parts of the section lymphocytes ( I )  are completely 
formed. The great majority of the small round nuclei are in4the lympho- 
blast (Z b )  condition, i. e., they are not yet completely separated from the 
syncytium. There are a few lymphocytes outside the thymus in the 
interlobular tissue in this region; around the head and the thoracic 
segment a t  '7 em. they are numerous, these parts being in a later stage 
of transformation. I have never seen lymphocytes outside the thymus, 
where there were none inside it; but they appear outside shortly after they 
are formed here. Those formed next the interlobular septa seem to pass 
out very early. Of course the lymphoblasts, which are distinguishable 
from the lymphocytes only by being imbedded in  the syncytium, are to 
be seen in the thymus long before any appear outside. 

At the stage shown in Fig. 5, a great many nuclei are in mitosis. I 
have not seen at  any stage, the amitoses and nuclear couples described 
by Prenant for the sheep. I n  some parts of the section comparztively 
large solid epithelial areas occur. These are found as often in the 
central as in  the peripheral part. Many of the pale nuclei are smaller 
than those shown in Fig. 2. The blood-vessels are somewhat larger and 
more numerous than those a t  4.5 em. 

It is to be noted that the epithelial anlage does not at  any  stage become 
converted entirely into small round cells as many observers have stated. 
Distinctly pale angular reticular nuclei can always be seen. 

In the mid-cervical segment at  8.5 em. (Plate I, Fig. 4) ,  a great many 
lymphocytes ( a )  are formed. These lie between the persisting epithelial 
cells which are now arranged in irregular cords and islands. I n  these 
epithelial masses, lymphoblasts may still be seen indicating that the 
formation of lymphocytes is still in progress. Many of the pale nuclei 
are now small. The heavy hzematoxylin stain in this case makes the 
nuclei A fcw 
nuclei are in mitosis. 

The 
medulla is formed directly, as shown in the figure, from persisting parts 
of the epithelial syncytium. Certain centrally situated masses of this 
syncytium undergo changes of such a nature that they stain readily with 
cytoplasmic stains such as Congo red. I n  sections stained with haema- 
toxylin and Congo red, the medulla is first recognized as a brightly 
colored area situated usually about the center of the lobulc. These 
epithelial masses that give rise to the medulla seem to increase in size 
about the time of the change in staining capacity. The first differenti- 
ation of the medulla is chemical rather than morphological, for there'are 
other persisting epithelial miasses even larger than it in  the same section 

darker than they would appear with an ordinary stain. 

This figure shows also the first appearance of the medulla ( m d )  . 
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that do not react in the same way with the cytoplasmic stains. The 
medulla appears in the head and the thoracic segment at 7.5 em. to 8 em. 
All the gland except this small central area forms the cortex. Blood- 
vessels now reach la11 parts of the gland, but are still few in number. I 
cmnot distinguish any wall except the endothelium on those actually 
inside the gland. 

It contains pale nuclei of 
various sizes, large dark nuclei, and lymphoblasts. I ts  spaces are smaller 
than those of the cortex. The early stages in the formation of the cor- 
puscle's of Hassall appear as soon as the medulla begins to form. The 
epithelial cords in the cortex have become less conspicuous, but are still 
forming lymphocytes. Many blood c a p  
illaries may now be seen penetrating the gland from the periphery. 
These vessels run in the epithelial masses and have a wall of large 
endothelial cells which gives them the appearance of radiating cords. 
When these vessels first appear, as at  this stage, they have only an 
endothelial wall. The blood-vessels grow in as small capillaries which, 
after their entrance, increase in size and branch; they do not break in as 
large vessels surrounded by mesenchymal tissue. I am fairly sure that 
aside from the endothelial cells few or no mesenchymal cells come into 
the thymus. Around the greater part of the periphery of the gland is 
a solid zone of syncytium two or three nuclei deep which is in trans- 
formation like the epithelial cords inside. This zone, described by Pren- 
ant as a zone of proliferation, grows rapidly, as the frequent mitoses 
indicate. I ts  inner boundary is forming lymphocytes and reticulum cells. 

In a 14-em. pig, the lymphoid transformation is practically at  an end 
except in the medulla. The peripheral zone of proliferation has dis- 
appeared. The cortex has about the same structure as at 24 em., as 
previously described. I n  the medulla, lymphoblasts, large pale nuclei, 
and the large dark intermediate types are still present. There are a few 
mitoses here. It is very probable therefore thak the formation of lym- 
phocytes is still in progress in the medulla. The medulla at 24 em. 
shows a similar structure except that there are fewer lymphoblasts. These 
facts persuade me t o  regard the medulla as a center for lymphocyte 
formation at  least as late as birth. Connective tissue fibrillse begin to 
appear in the gland along the large blood-vessels and the interlobular 
septa as early as 10.5 em. They are only a little farther in at 16  em.; 
but near full term they are present in nearly all parts of the stroma. 
(See Plate I, Fig. 6.) 

I n  the pig the 
epithelial syncytium of the thymic anlage becomes loosened up by the 

In  a 9.5-em. pig, the medulla is larger. 

A few nuclei are in mitosis. 

The above account may be summarized as follows: 
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formation of vacuoles in it. These vacuoles increase in number and 
size, converting the anlage into a cellular reticulum. While this vacuoli- 
zation is in progress, the nuclei, which a t  first are of one kind with a 
medium amount of chromatin, differentiate into large clear, large dark, 
and small dark (lymphoblast) forms. The large dark nuclei probably 
divide by mitosis and form the lymphoblasts. The lymphoblasts grad- 
ually break loose from the syncytium, passing into its spaces and becoming 
lymphocytes. Shortly after lymphocytes begin to be formed, some of 
them pass out of the gland into the surrounding connective tissue. The 
lymphoid transformation begins in  embryos of 2.5 em. to 3 em. and con- 
tinues in the cortex until 12 em. or 13 em. I n  the medulla it is not com- 
plete a t  birth. Since the thymus increases greatly in size during this 
period the epithelial syncytium must grow rapidly. Lymphocytes are 
constantly being formed a t  the expense of the growing syncytium. A 
peripheral zone of proliferation is present from about 8 em. to 18 em. 
The medulla is formed as a chemical differentiation of certain centrally 
situated areas of the epithelial syncytium. The histological changes 
occur earlier in the head and thoracic segment than in  the mid-cervical 
segment and very much earlier than in  the cords. The reticulum of both 
cortex and medulla is practically all of epithelial origin. Some branched 
cells around the blood-vessels in  the cortex may be of mesenchymal 
origin. 

My reasons for regarding the lymphocytes as of epithelial origin are 
as follows: 

A .  The lymphoblasts are true epithelial nuclei, because (1) there are 
numerous transition forms between them and the large dark nuclei which 
later cannot be regarded as invading lymphocytcs; ( 2 )  they are closely 
embedded in the syncytiuin and show no evidence of having eaten their 
way through the protoplasm; (3 )  they are present from a very early 
stage and increase in number as development proceeds; (4) they are 
present before blood-vessels invade the ,gland and have no constant rela- 
tion to blood-vessels or t o  the surface of the gland that indicates an inva- 
sion from either of these directions; (5) they are present before lympho- 
cytes appear in the connective-tissue around the thymus. 

B. Some observers admit that  the small dark nuclei (lpmphoblasts) 
are of epithelial origin but do not admit that they form lymphocytes. 
The considerations that lead me to believe that the lymphoblasts do for111 
the lymphocytes are: (1) the small dark nuclei (lymphoblasts) show 
every possible relation to the syncytium from being completely embedded 
in it to lying free in the syncytial spaces. A comparison with later 
stages shows t h a t  this appearance is co t  iluc to  poor fixation or to the 
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adherence of the nuclei to the reticulum; (2 )  the first free nuclei often 
appear in the center of the gland when there are no other frec nuclei in 
the periphery a t  that level; ( 3 )  there is good evidence that lymphocytes 
emigrate from the thymus in large numbers. If we examine the thymus 
of a ?‘-em. pig in serial sections we find that the lymphoid transformation 
is less advanced in the mid-cervical segment than in the head. I n  the 
mid-cervical segment there are a few lymphocytes in the interlobular 
tissue. I n  the lower end of the head where there are more lymphocytes 
inside the gland, lymphocytes pack the interlobular tissue and form a 
thin zone around the periphery of the gland. I n  the middle of the head 
where the transformation is far advanced, lymphocytes pack the inter- 
lobular tissue and form a thick zone around the entire gland. Indeed, 
in some sections, there are more lymphocytes in the zone outside than 
are present inside the gland. If this zone of lymphocytes be passing into 
the gland, it is not easy to understand why it is formed from within out- 
wards, and why it is thickest where the greatest number of lymphocytes 
are already present inside. No satisfactory suggestion has yet been made 
as t o  why lymphocytes should thus suddenly pour into the thymus a t  a 
time when if present at  all elsewhere they are rare. They do not come 
to break up the thymic epithelium, for that  is already a reticulum before 
free cells are present (Fig. 2, Plate I). Where lymphocytes invade 
intestinal epithelium as in  the tonsil they eat paths through i t  leaving 
spaces. The epithelial reticulum of the thymus is not formed in that 
way. On the other hand it is not difficult to believe that this zone of 
lymphocytes is formed by cells passing out the periphery of the thymus 
and that the gland thus contiibutes a great number of lymphocytes to the 
organism; (4) I have not been able to find lymphocytes in the connective- 
tissue around the thymus before they are present inside. An invasion by 
way of the blood-vessels may be excluded, since the thick zone of lympho- 
cytes formed around the gland shows that these cells either enter or  leave 
it through the preiphery. 

THE CORPUSCLES OF HASSALL. 

These bodies were first mentioned by Hassall (10) in 46. He speaks 
of them as being composed of mother cells which enclose the newly- 
formed daughter cells and nuclei. He  thought the central mass was 
formed by the outer enclosing layers. He found bodies which he regarded 
of the same nature in fibrous coagulations in the heart. 

Virchow (29) ,  51. in a discussion of endogenous cell formation, com- 
pares Hassall’s corpuscles to carcinoma pearls. He  had about the same 
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conception of the nature of the corpuscles as Hassall. This oft-quoted 
comparison was therefore not based upon a deep insight into their nature. 

Giinzburg (9), 57, did not advance beyond Hassall’s conception that 
the central mass is formed by the peripheral layers. 

Paulitzky (21), 63, described the center of the corpuscles as homogen- 
eous or granular. They sometimes contain an elliptical nucleus, some- 
times fa t  droplets. The larger ones have in  the center several nuclei or 
cell-like forms. The central part is formed from masses of epithelial 
cells. Connective tissue cells grow around them and are transformed into 
epithelial cells forming the peripheral part of the corpuscle. 

The term “ concentric corpuscles ” was introduced by Ecker (6 ) ,  who 
described them as arising dlirectly from gland cells by fatty meta- 
morphosis. He  distinguished ( l )  simple corpuscles, round vesicles with 
thick concentric hulls, containing inside a fatty opalescent mass, and (2) 
compound corpuscles, which consist of several veicles with a common 
hull. The peripheral layers of a corpuscle consist of flattened cells. 

His (12 a, 12 b) ,  60, 80, described the corpuscles as consisting of an 
outer striated shell, probably composed of nucleated cells, and contain- 
ing lymphocyte-like cells inside. He  supposed them to be the original 
cells of the epithelial anlage which become entangled in the reticulum in 
some way. Their rapid growth in their narrow confines causes the con- 
centric form. 

Cornil et Ranvier ( 5 ) ,  69, considered the corpuscles as arising from 
the endothelium of blood-vessels and compared them to the spheres of their 
“ Sarc6me angiolithique.” 

This suggestion of a vascular origin, made by Cornil et Ranvier, was 
elaborated by Afanassiew ( l a ) ,  77. 

Afanassiew held that the corpuscles of Hassall arise from the endo- 
thclium of the smaller veins and capillaries. The endothelial cells in- 
crease in  size, become cubical, and later fill the lumen of the vessel. 
During the proliferation of the endothelium, the blood-vessels break up 
into segments which are now nearly solid cords. These cords are a t  first 
connected to each other and to blood-vessels, but they soon break apart. 
The surest proof that the corpuscles are of vascular origin is that ery- 
throcytes may be found .inside them. Vascular injections, however, do 
not go into a corpuscle except in a very early stage, since the lumen is 
soon obliterated by the endothelial plugs. The corpuscles are formed 
entirely by the endothelial cells. Afanassiew worked on embryos of man, 
the rabbit, and the calf. 

Stieda (26),  81, in sheep embryos, describes the epithelial mass of the 
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thymic anlage as being broken up by ingrowing adenoid tissue. From 
50 mm. to 60 mm., there are no large epithelial cells; but later at  100 mm. 
he finds in  the adcnoid tissue large cells 9 p to 15 p in diameter, isolated 
or united in groups, whose protoplasm colors light-red with carmine. 
These large cells have a concentric structure. Some of them are enclosed 
by large cells whose cytoplasm does not color with carmine, giving rise to 
a yellowish mass of irregular form and stratified appearance. I n  older 
embryos ( 2 5 0  mm.), the cellular masses are numerous but the large 
colored cells are rare. The yellowish masses are groups of the large cells 
which have undergone a transformation like that of the stratum corneuni 
of the epidermis. Stieda considers the large colored cells which form 
the corpuscles as remnants of the epithelial anlage, although he admits 
that for a long period during development he found no trace of them. 
He explains the formation of the corpuscles in accordance with Cohn- 
heim's hypothesis that most tumors arise from unused tissue remnants. 

Ammann ( 2 )  82, made most of his observations on human fetuses. 
He describes the corpuscles as arising froin connective tissue. The cor- 
puscles are cellular in structure and arc formed of one, two, or three cen- 
tral cells around which a variable number of cells, increasing with age, 
are arranged like the coats of an onion. The corpuscles are formed from 
reticulum cclls and leucocgtes. Growth consists in the apposition of cells 
from without. The life of a corpuscle consists usually of four stages: 
(1) Stadium der Transparenz; ( 2 )  Stadium der colloiden Entartung; 
( 3 )  Stadium der Verkalkung; (4)  Stadium des Zerfalls. The nucleus 
of a reticulum cell or leucocyte increases in size a t  the expense of the 
cell body. I ts  increase in size establishes the concentric form. The 
corpuscle undergoes colloid and usually calcareous degeneration. Fa t  
droplets, cholesterin crystals, and colloid granulcs are found together in 
the degenerating corpuscles. Breaking up in this way makes absorption 
possible. No epithelial remnants are to be observed. No erythrocytes 
are found in  the corpuscles. 

I n  four cases of atrophic thymus gland which yet contained lymphoid 
tissue Ammann found corpuscles in all stages of development. He also 
found that the corpuscles are formed most rapidly when the thymus is 
at  the height of its development. From these facts he concluded that 
they are not connected with the involution of the thymus as A-Canassiew 
thought. He thought that their formation is due to a physiological de- 
crease in the intensity of growth of the medulla, due to the rapid growth 
of the cortex. 

Watney (31 ) ,  83, agreed with Ammann that the corpuscles arise from 
connective tissue cells. 
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Monguidi (18), 85, distinguished true and false concentric corpuscles- 
the latter being only sections of blood-vkssels. 

Hermann et Tourneux (ll), 87, gave a description of the structure 
and formation of the concentric corpuscles about like that given by 
Ammann except that they regard the reticulum cells from which the 
corpuscles develop as of epithelial origin. 

Gulland ( S ) ,  91, regarded the corpuscles as epithelial remnants and 
compared them to the epithelial pearls of the tonsil. 

Maurer ( 1 7  c), gg, described the corpuscles as epithelial in origin. 
His description of their formation is however different from that of His. 
All the cells of the epithelial anlage at  first assume a lymphoid character. 
Later, some of these cells reassume their epithelial nature and then form 
the corpuscles. His conclusions for teleosts and amphibians are similar 
to the above results which he obtained from the lizard. 

Ver Eecke (281, gg, for the frog, describes the leucocytes and con- 
nective tissue cells as invading the thymic anlage and separating the epi- 
thelial cells. The epithelial cells, separated by the mesenchymal elements, 
lie a t  first in  groups or singly. They go through a cycle of two phases, 
a stage of growth, and a stage of involution. I n  the former stage, they 
increase to three or four'times their original size and their cytoplasm 
differentiates into circular layers like the coats of an onion. The majority 
are monocellular. Some cells grow together making a more complex 
multicellular type. There are some intermediate forms, cells with a dense 
dark protoplasmic body, indistinct striations, and a nucleus partly or 
completely hidden in  a precocious degeneration. I n  the stage of in- 
volution, which sets in  early, the .cytoplasm degenerates by the formation 
of vacuoles containing a hyaline liquid. The liquefaction may be in the 
form of a diffuse vacuolization, a large central vacuole, or a peripheral 
vacuole circular in section. The nucleus loses its affinity for stains, be- 
comes deformed, breaks up, and finally disappears. The corpuscles are 
finally absorbed. The cells do not de- 
generate to form a corpuscle. The liquefaction forms an internal secre- 
tion which is forced out by the muscle tissue in the reticulum. 

Entirely different results on amphibians are reported by Nusbaum and 
Machowski (19), 02. These investigators revive the old idea of Afan- 
assiew, accepting his results except that they think the adventitia as well 
as the endothelium of the blood-vessels takes part in the formation of the 
corpuscles. They find erythrocytes in the corpuscles. These erythrocytes 
either gradually shrivel and disappear, or they are absorbed by leucocytes 
or endothelial cells. The leucocytes after digesting the hzmoglobin of the 
erythrocytes become eosinophile cells which are numerous in the thymus. 

They never contain erythrocytes. 
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Wallisch (SO), 03, measured the volume of the human thymus and of 
the corpuscles of Hassall a t  various stages. H e  finds that the total volume 
of the corpuscles of a 7-nio. embryo is 4.6 mm.; and of those of a 6-mo. 
child, 174.6 m ~ . ~  The total volume of the thymus of a W m m .  embryo, 
when it has already been partly transformed into adenoid tissue is only 
6.8 mm.3 Since there is no evidence that the cells of the corpuscles 
multiply, he concludes that they cannot be regarded merely as remnants 
of the original epithelial anlage. 

Disregarding the crude observations of the earliest investigators, there 
remain three distinct theories of the formation of the corpuscles of 
Hassall. 

1. The epithelial anlage of. the thymus is broken up by the invading 
mesenchymal elements. The separated masses of epithelial cells undergo 
further changes mainly of a degenerative nature to form the corpuscles. 
This was the belief of His and Kolliker. According to this interpretation, 
the corpuscles are to be regarded as remnants that have nothing further to 
do with the gland. Stieda, Maurer, and Ver Eecke held this view in a 
modified form. Stieda regarded the cells forming the corpuscles as 
epithelial remnants but admitted that they go through a stage in which, 
for a time, they lose their epithelial character. This is substantially the 
same as Maurer’s view. H e  thinks that the cells of the epithelial anlage 
all become lymphoid, and that some of them afterwards reassume their 
epithelial nature and form the corpuscles. Ver Eecke regards the cor- 
puscles as epithelial remnants but thinks that they are glandular in nature, 
not mere useless remains. 

2. The corpuscles are formed from the proliferating walls of blood- 
vessels. This idea was suggested by Cornil and Ranvier and elaborated by 
Afanassiew. Nusbanm and Machowski accept Afanassiew’s view except 
that they believe the adventitia of the blood-vessels as well as their endo- 
thelium takes part in the formation of a corpuscle. These investigators 
thought that the formation of the corpuscles is connected with the in- 
volution of the thymus. 

3. The corpuscles are formed from reticulum cells of the medulla 
and grow by apposition of the surrounding cells. This view was advanced 
by Ammann. Ammann thought that the reticulum is of conneotive tissue 
origin. He  also believed that leucocytes formed the central part a t  least 
of some corpuscles. Hermann and Tourneux accepted Ammann’s results, 
except that they ascribed an epithelial origin to the reticulum. (I do not 
know whether they accepted the origin from leucocytes described by 
Ammann.) Ammann thought that the corpuscles formed because of a 
physiological decrease in the rate of growth in  the medulla. 
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My own observations on the development of the corpuscles of Hassall 
in pig embryos, will now be considered. The medulla, as previously de- 
scribed, begins to form from the epithelial syncytium usually near the 
center of the lobule. It is first recognized by its more marked reaction 
with cytoplasmic stains such as Congo red. Shortly after the medulla 
begins to form, the earliest stages of the corpuscles may be observed. A 
few corpuscles have appeared at  9.5 em. I did not find them earlier. 
They are all formed from the epithelial syncytium of the medulla. 

Before beginning this discussion I will explain the use of my terms 
By a corpuscle of Hassall, I mean a modified area of the epithelial syn- 
cytium of the medulla, containing at  some period of its development, one 
or more nuclei, and whose cytoplasm has been in part or entirely trans- 
formed into colloid. The term colloid is applied to various substances 
probably of widely different chemical nature, but is fairly adapted to our 
imperfect knowledge. I shall use the term here in  the restricted sense 
employed by Ziegler,” i. e., hyaline substances of epithelial origin, that do 
not give the reactions of mucin. 

Colloid in the corpuscles of Hassall does not usually appear as solid 
masses in  its early formation, but as fibers, granules, or sheets which are 
separated by more or less cytoplasm that is not yet changed. This stage 
I have called, “colloid in  formation” ( c  f ) .  It later assumes a more 
solid homogeneous appearance which I call solid colloid ( c  s) .  Often 
the solid colloid stains intensely with cytoplasmic stains. 1 call this 
kind solid deeply-staining colloid ( c  s d ) .  I n  later stages, the colloid 
often loses its affinity for cytoplasmic stains, staining a very pale color or 
not staining at  all. 

According to their mode of development, the corpuscles of Hassall may 
be classified as follows: 
9. Concentric Corpuscles. 

I call this variety old colloid (0 G )  . 

a. Simple. 
1. Ordinary type. 
2. Epithelioid type. 
3. Cystic type. 

b. Compound. 
R. Irregular Corpuscles. 

a. Compact type. 
b. Reticular type. 

* Gen. Pathology, 10th ed., Warthin’s translation, p. 205. 

4 
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A. The concentric corpuscles include those that from their earliest 
appearance are concentric in structure. Adopting Ecker's classification, 
I distinguish simple concentric corpuscles and compound concentric 
corpuscles. 

(a) Three types of simple concentric corpuscles are to be considered. 
(1) The ordinary type  is far more numerous than any other. The earl- 
iest recognizable stage is shown in Plate 11, Fig. 11. A nucleus ( n )  
of the syncytium of the medulla has enlarged to perhaps twice its ordinary 
volume and has lost the ability to stain in  the characteristic way with 
haematoxylin. I ts  sap is clear and a few reddish stained granules repre- 
sent its chromatin. Around it i n  the cytoplasm is an indistinct uneven 
layer of colloid ( c  f )  . The colloid is not yet solid and is being formed 
in concentric fibers or sheets. A slightly later stage is shown in Plate 11, 
Fig. 14 and Fig. 15 (left side of figure). Some of the colloid ( c  s) 
next to the nucleus is now solid. The next stage is shown in Plate 11, 
Fig. 15 (right side of figure). These corpuscles show a thick layer of 
colloid ( c  s d )  that  stains intensely with Congo red. Just  outside the 
deeply staining colloid, colloid in formation may be seen. The nuclei 
are clear, and have become smaller and irregular in  outline. The colloid 
seems to be pressing upon them and obliterating them. The colloid 
transformation gradually involves the adjacent cytoplasm of the syn- 
cytium until other nuclei are involved. The corpuscle has now reached 
the condition shown in Plate 11, Fig. 12. The central area (0 c )  is 
solid, the nucleus having disappeared entirely. Another (n') is nearly ob- 
literated by the colloid. Par t  of the central area (0 c )  no longer stains 
intensely, and it is breaking loose by the formation of a concentric space. 
Several nuclei are surrounded by colloid in  formation. Their long axes 
are nearly in a tangential direction. These nuel& are clear but only 
moderately swollen. 

I n  the further development of the corpuscle (Plate 111, Fig. 17' and 
Plate 11, Fig. 7 ) ,  the central area ( c  s d )  increases in  size. The nuclei 
involved in this area become obliterated probably by the pressure of the 
colloid and are no longer distinguishable. This central area usuallv splits 
off and may break up into many smaller masses. The peripheral part of 
the corpuscle increases by extension of the colloid formation into the 
adjacent part of the syncytium. This extension takes place in the early 
stages by direct progressive involvement of the immediately adjacent cyto- 
plasm; in later stages (Fig. '7), by the formation of concentric lamellae 
which cut off unchanged areas of cytoplasm. The lamellae increase in 
size and number, the cytoplasm included between them is changed into 
colloid. They finally become closely packed, giving the characteristic and 
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well-known onion-like structure found in the fully-formed corpuscle. 
The nuclei that are enclosed between the lamellae gradually lose their 
chromatin and become flattened out. They do not swell and are not 
obliterated. It seems that swelling occurs only in nuclei that are sur- 
rounded by deeply staining colloid, and that this change is preparatory to 
their obliteration by or transformation into colloid. The amount of the 
corpuscle that breaks up to form the softer center is very variable. The 
size of the center usually seems to increase with the age of the corpuscle. 

Plate 111, Fig. 21, shows a variation from the ordinary concentric 
type. The central nucleus (n )  stains reddish but is not enlarged. Most 
of the other nuclei are unchanged. All the colloid ( c  f )  is in the early 
fibrous and granular stage. 

From 20 em. to full term many corpuscles show masses of calcareous 
material in or near the center. This material rarely appears in younger 
corpuscles (Plate 111, Fig. 17, c a ) .  It stains a violet blue with Dela- 
field’s hEmatoxylin. 

The majority of the corpuscles of Hassall belong to the ordinary type 
of simple concentric corpuscles described above. It is very clear that 
they have nothing to do with blood-vessels. They never contain eryth- 
rocytes nor anything resembling them. Rarely a lymphoblast or lenco- 
cyte is found inside the corpuscle. These seem to be usually involved in 
the corpuscle like ordinary stroma nuclei during the formation of the 
lamellae. It 
is also clear that these corpuscles arise from the syncytium of the 
medulla. They are epithelial in origin, since the entire stroma of 
the gland is derived from epithelium, but they are certainly not remnants 
of the original epithelial anlage. Neither are they formed from lymphoid- 
like elements that reassume their epithelial nature as Maurer described 
for the lizard. 

The 
swelling of the nucleus was noted by Ammann as the first step toward the 
formation of the corpuscle. It should be noted, however, that rarely a 
corpuscle begins to form as a mass of colloid out in  the cytoplasm and 
involves nuclei secondarily. I cannot diptinguish his “ Stadium der 
Transparenz ” for I cannot be sure that a corpuscle is beginning to form 
until some colloid is present. The formation of the colloid is associated 
with the swelling of the nucleus. His other three stages, “ Stadium der 
colloiden Entartung,” “ Stadium der Verkalkung,” and “ Stadium des 
Zerfalls ” are easily seen. T have never seen corpuscles begin in leucocytes 
as Xmmann described. His statement that the corpuscle grows by ap- 
position of reticulum cells is true in a modified sense. He  thought that 

(Their occurrence in  other types will be discussed later.) 

Some of Ammann’s observations are in accord with my results. 



52 The Development of the Thymus 

the outer part of a corpuscle is formed of reticulum cells that have moved 
up and flattened themselves out around it. The description just given 
shows that the corpuscles arc never composed of distinct cells, and that 
the increase in size is due to an extension outward of the colloid formation 
and not to a moving in of the adjacent tissue. 

The concentric form of this type of corpuscle is due at  first to its being 
formed around a spherical or ellipsoidal nucleus. The swelling of this 
nucleus creates a centrifugal pressure in the adjacent cytoplasm. Before 
or during its transformation into colloid, the cytoplasm also increases in 
quantity. That the cytoplasm increases in  quantity is shown by the fact 
that the nuclei are fewer in the corpuscle than in any adjacent area of 
the syncytium of equal size. This centrifugal pressure presses the newly 
formed colloid into concentric lamell=. It at  first ,turns the long axes of 
the nuclei tangentially, and later flattens them and makes them concave 
toward the center. 

2 .  The epithelioid type of corpuscle is characterized by large areas of 
cytoplasm so marked off by colloid lamelh as to give the appearance of a 
mass of large epithelial cells. They may contain only one nucleus em- 
bedded in a well-defined area of cytoplasm (Plate 111, Figs. 18 and 20) .  
These correspond to the monocellular corpuscles that have been described 
for lizards and amphibians. I have not been 
able to trace these very far, as they soon become indistinguishable from 
other forms. The only difference I have noted is that the outer colloid 
lamelh begin to form early, causing the peculiar appearance of a large 
epithelial cell. Again the epithelioid type may present an appearance 
such as shown in Plate I, Fig. 3. These do not seem to be formed around 
any special nucleus. The outer colloid lamell= form before any center 
has been established, marking off large cytoplasmic areas that may look 
like large cells. The centrifugal pressure of expansion caused by the 
great increase of cytoplasm jn this area determines the concentric form 
in these corpuscles. Pure epithelioid corpuscles are very rare, but epi- 
thelioid areas in other corpuscles are not uncommon. The occurrence of 
epithelioid areas in corpuscles of the ordinary type shows that it is due 
to variations in  a fundamentally similar process. 

3. I n  the cystic type of corpuscle, the central part, instead of becoming 
transformed into colloid, undergoes early liquefaction, forming vacuoles. 
The central nucleus does not increase in size as in the ordinary type, but 
shrivels up and disappears. The corpuscle begins by the formation of 
outer colloid lamell=-the central mass is not changed into colloid. 
I n  Plate 11, Fig. 10, the central area ( p  m )  is undergoing a diffuse 
liquefaction. The nucleus ( n )  is colorless and shrunken. I n  Plate IT. 

They are rare in the pig. 
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Fig. 8 (right side of figure), the central area has formed two large vacu- 
oles ( u ) .  On the left side of the same figure, a concentric vacuole (v) 
has formed, separating off a central spherical nucleated mass of proto- 
plasm. The nucleus of this mass of protoplasm is shrunken and the 
cytoplasm shows many small vacuoles. The corpuscle shown in Plate 11, 
Fig. 9, is probably a later stage of the form just described. The central 
protoplasmic mass has become converted into an ellipsoidal pale body 
( p  m ) .  The smlall circular body in this shriveled mass is probably the 
nucleus. Some corpuscles like the one shown in Fig. 9 are found in 
which the central mass has entirely disappeared. The further growth 
of corpusclee of this type seems to be by formation of colloid lamelh as 
in the ordinary type. They soon become indistinguishable from other 
forms. 

This evidently cor- 
responds to the form in amphibia that misled Nusbaum and Machowski 
into reviving Afanassiew’s theory. The central masses, in Figs. 8 and 9, 
might readily be mistaken for red corpuscles in animals in  which these 
cells are nucleated. But the red cells of the blood of the pig are not 
nucleated a t  this stage. I have traced a number of these corpiiscles (as 
well as those of other types) in serial sections and have never seen any 
indications of a connection to blood-vessels. Nusbaum and Machow- 
ski (19),  (Fig. 1, c, S. 116)  show a corpuscle which is similar to my 
Fig. 9. It will be noted that the central space in neither of these figures 
is lined by endothelium. The early form of corpuscle shown by Nus- 
baum and Machowski (Fig. 1, d, S. 116) is very probably a normal blood- 
vessel with cubical endothelium. I have often found such vessels with 
cubical endothelium in the interlobular tissue of the pig‘s thymus at 10 
em. to 12 em. In the 
thymus of a kitten, injected by the inrtra-vitam Prussian blue method pre- 
viously described, the majority of the corpuscles were found to be in 
early stages. I had a 
somewhat better opportunity to  study the relations of the corpuscles to 
the blood-vessels i n  a 14 em. human embryo. Here the vessels of the 
thymus were all very much distended with blood and the corpuscles were 
in early stages. No blood cells were found in  the corpuscles. 

(b) Compound concentric corpuscles are formed whenever two or more 
simple concentric corpuscles begin to  form so close together that they 
come in contact during their later growth. An early stage of such a 
corpuscle is shown in Plate 11, Fig. 15. The colloid lamellze are formed 
around each center until they come in contact; they are then formed 
around both centers. I n  Plate 111, Fig. 22, a compound concentric cor- 

The cystic type of corpuscle is rare in the pig. 

They probably may be found a t  other stages also. 

The injection did not penetrate any corpuscle. 
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puscle is shown. There are three simple concentric corpuscles in it- 
one of them (the lowest in the figure) in a very early stage. Several 
lamell= are common t o  thc older corpuscles, and one is common to all 
three. This arrangement of the lamellz is a mechanical effect of the 
tension in  the cytoplasm, clue to the centrifugal pressure from the two 
centers. The size of the separate centers in a compound corpuscle de- 
pends upon the stage they have reached when they come in contact. If 
a compound corpuscle be formed by the union of two simple corpuscles 
in an early stage, as in Plate 111, Fig. 19, all indications of its coin- 
pound nature are soon lost. A corpuscle originally compound ma!, then, 
in later stages, become indistinguishable from simple corpuscles. The 
simple corpuscles uniting to form a compound concentric corpuscle may 
be of any of the types previously described. 

B. IRREGULAR CORPUSCLES. 
This group includes those corpuscles which are not at  first concentric. 

Concentric areas may appear later. According to the classification pre- 
viously given, I distinguish a compact type and a reticular type. 

(a )  The compact type (Plate 111, Fig. 16)  first appears as a compact 
area of syncytium of irregular shape. It is recognizable by the colloid 
it contains. The nuclei are not noticeably increased in size and have no 
regular arrangement. Their chromatin still stains dark with nuclear 
stains. The colloid ( c  f )  is not yet solid. The corpuscle has no distinct 
center. These corpuscles grow by direct colloid transformation of the 
adjacent syncytium. No distinct lamelk arc formed. The colloid may 
remain in the fibrous condition shown in the figure (c  f )  or it may 
become solid, but i t  never reaches Che deeply staining condition unless a 
concentric area be established. 

The cor- 
puscle is sharply marked off from the syncytium. Some of its colloid is 
solid. The nuclei are 
not markedly different from those of the adjacent syncytium. These 
corpuscles may become large and branched. Often one or more con- 
centric areas are developed after the corpuscle has attained considerable 
size. By the growth of these concentric areas, irregular corpuscles may 
become converted into concentric corpuscles. 

(b) The reticular type is produced by colloid formation in the or- 
dinary reticulum of the medulla. I n  the typcs previously described, the 
spaces of the reticulum are usually obliterated as the colloid formation 
advances; but in this form the spaces persist as a part of the corpuscle. 
Pure reticular corpuscles vary greatly in size, sometimes involving only 

A later stage of this type is shown in Plate 111, Fig. 83. 

A concentric area ( c s )  is beginning to form. 
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one node of the s p c j t i u m .  They are never concentric, and never form 
lamelle. I n  
this way lcucocytes are often involved in the corpuscle, since they lie in 
the spaces of the reticulum. Lymphocytes often get into a corpuscle in 
the Iymphoblast condition, bcing cut off by the formation of lamelle 
outside thein (Plate 111, Fig. 2 2 ) .  The 1eucocTtes shut in the cor- 
puscle in this way during development may not degenerate. Thex prob- 
ablx persist and help to remove the corpuscle in its final stages of dcgen- 
cr a t '  ion. 

T h e  amount of expansion of the cxtoplasni before or during the  colloid 
trnnsformation is probablp small in the irregular rcticular corpnscles, 
since i t  does not obliterate the spaces of the syncytiurn. I n  the compact 
tFpc, the spaces of the syncptium are obliterated and t.liere is evidence 
of some expansive force (note the arrangement of the nuclei in the 
upper part of Fig. 23, Plate 111). I n  the figure referred to, thc number 
of nuclei in any part of the corpuscle is less than in an equal area of tlic 
adjacent reticulum. These facts indicate that there is an  expansion of 
the cvtoplasni. That  this expansive force does not produce a coriccntric 
form is due primarily to the fact that  there is no expansion of a nucleus 
and distinct center of formation as is present in concentric corpuscles of 
thc ordinary type. The  absence of the onion-like structure in irregular 
corpuscles is due to  the fact that the colloid is not laid 'down in lamella>. 

It has been shown in the 
preceding pages that the corpuscles of Hassall in the pig are not epithe- 
lial remnants, and also that they are not formed from blood-vessels. 
There is no cvidcnce connecting their dcvelopment with the involution 
of the thymus, for they begin to form bcfore the lymphoid transforrna- 
tion is complete and a.re most numerous when the thymus is a t  the height 
of its development. I have not been able to sce the decrease in the rilte 
of growth of the mcdulla described b j  Aminann, and even i f  such did 
occur i t  is difficult to understand how it could cause the formation of 3 
corpusclc. 

The above thcories arc, therefore, inconsistent nitli the facts of dcvel- 
opment in the pig. It seems to me that the formation of a corpuscle is 
not to be regarded as a process of degeneration. The fact that  the for- 
mation of colloid is an essential feature in t.lie development of cvery 
corpiiscle is a strong argument that i t  is a form of secretion sucli as 
occurs in its neighboring branchial derivative, the thyroid. Thc fact 
that the corpuscles differentiate in an apparently uniform syncytium is 
further cvjdence against a. thcory of tlegencration. Since the lyinpho- 
cgte-forming function of tlic thymus is probably secondary, i t  is not 

Rcticnlar areas often occur in other forms of corpuscles. 

Significance of the corpuscles of Hassall. 
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unreasonable to suppose that its primitive function was the formation 
of a colloid secretion such as occurs in  the thyroid, and that the corpuscles 
are abortive expressions of this primitive function.' 

GIANT CELLS. 
Polykaryocytes may often be seen in the medulla. These bodies de- 

velop from the spncytium of the medulla. They are first noticeable as 
groups of small spherical nuclei in a solid area of the syncytium. These 
nuclei stain with medium intensity and are all very similar in size and 
color. The area containing this group of nuclei becomes a well-defined 
node of the reticulum and persists as such. A polpkaryocyte is, there- 
fore, a large node of the reticulum containing a number of small nuclei 
very similar in appearance. They 
are entirely distinct from the corpuscles. They are evidently similar 
to the polykaryocytes found in bone marrow and other lymphoid tissues. 

SUMMARY. 

These cells often occur in groups. 

The following is a resume of the development of the thymus in the 
pig : 

The thymus of the pig is probably developed entirely from the endo- 
derm of the third gill pouch. 

By a gradual process of vacuolization and liquefaction of the cyto- 
plasm, the epithelial syncytium of the thymic anlage is converted into a 
cellular reticulum. 

From the first appearance of vacuolization, three types of nuclei are 
present : large pale nuclei ; small dark nuclei (lymphoblasts) , and large 
dark intermediate forms. 

The lymphoblasts gradually break loose from the cellular reticulum, 
moving into its spaces and forming lymphocytes. Mitoses are r r m t  mi- 
merous at the period of the most rapid formation of lymphocytes. The 
medulla continues to form lymphocytes at  least as late as birth. 

Lymphocytes appear in the connective tissue around t h e  thyniuE 
shortly after they are formed; and lymphoblasts, which are distinguish- 
able from lymphocytes only by being embedded in the syncytium, are 
present in the thymus a long period before lymphocytes are found any- 
where in the neighborhood of the thymus. 

The cellular reticulum of the earlier stages persists in  a modified form 
as the reticulum of both cortex and medulla. It retains more cytoplmm 

'Ver Eecke (28)  believes that the corpuscles in amphibians are of a 
glandular nature. 
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in the medulla. Practically all the reticulum of both cortex and me- 
dulla, as well as the lymphocytes, are, therefore, of epithelial origin. 

The corpuscles of Hassall develop from the syncytium and are, there- 
fore, epithelial in origin. They are, however, not to be considered as 
remnants of the original epithelial anlage. 

The 
ordinary type of concentric corpuscles first appears as an enlarged clear 
nucleus around which colloid is being formed. Before or during the 
formation of colloid, the cytoplasm increases in quantity, filling the 
spaces of the reticulum and producing a centrifugal pressure which 
shapes the newly-€armed colloid into concentric lamellae and flattens the 
neighboring nuclei, making them concave toward the center. The cen- 
tral nuclei usually become obliterated. 

The epithelioid type is distinguished by its resemblance to large epi- 
thelial cells, this appearance being due to the formation of colloid 
lameke around large areas of clear cytoplasm. The central part of the 
corpuscle usually remains unchanged until after some of the colloid 
lamella: are formed. 

The cystic type differs from the ordinary type only in that the central 
part undergoes vacuolization instead of colloid transformation. Those 
with concentric vacuoles may simulate blood-vessels containing nucleated 
red cells. Corpuscles never contain erythrocytes ; neither can they be 
injected at  any stage of development. Serial sections also show that 
there is no connection to blood-vessels a t  any stage. 

Compound concentric corpuscles are formed by the union of two or 
more simple concentric corpuscles during development. 

Irregular corpuscles are not concentric in arrangement, and are 
formed in the syncytium in an irregular manner. In the compact type 
of irregular corpuscles, concentric areas may form. 

The formation of colloid is an essential feature in the development of 
every corpuscle, and is not to  be considered as a process of degeneration. 

Since the conclusion of my work and after my manuscript was given to the 
publishers, two articles dealing with the thymus have appeared. 

Ph. Stohr (Ueber die Thymus, Sitzungsberichte der phys.-med. Gesellschaft 
zu Wurzburg, June 8, 1905) believes that the thymus first epithelial in nature 
becomes converted entirely into small cells of lymphoid appearance. Later 
the large reticulum cells are formed from these by enlargement. The cor- 
puscles of Hassall.are formed by the massing together and enlargement of 
these lymphoid-like cells. The small round cells of the gland are epithelial 
in origin but are to be regarded not as lymphocytes but as epithelial cells. 
The thymus is not a source of lymphocytes. 

I n  development various types of corpuscles are distinguished. 
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The author apparently believes that none of the small round cells leave 
the gland though he admits that  lymphocytes enter. But as mentioned above 
the zone of connective tissue immediately around the head at 7 cm. may 
contain even more lymphocytes than a re  present inside the gland at that  time 
If these are  all entering the gland then it is probable that most of the small 
round cells are really lymphocytes. This conception then does not simplify 
the problem but is only a theoretical compromise between the two views a? 
to the origin of the lymphocytes. 

J. Aug. Hammar (Zur Histogenese und Involution der Thymusdruse, Anat. 
Anz. Bd. XXVII, June 17, 1905) regards the reticulum as  formed from the 
epithelial anlage but thinks the evidence at hand insufficient to decide the 
question as to the origin of the lymphocytes. He finds lymphocytes outside 
the thymus in  many animals (man, cat, chick, frog) before any are  presen5 
inside the gland. The corpuscles of Hassall develop from the epithelial 
reticulum and undergo hyaline (colloid?) degeneration. 

My description of the formation of the corpuscles of Hassall differs essen- 
tially from Hammar’s, in that I believe the formation of the corpuscle consists 
in the expansion of the cytoplasm of the syncytium and its conversion into 
colloid. Hammar did not recognize “ colloid in formation,” though he speaks 
of the coarse fibrillar structure of the protoplasm. He did not describe such 
corpuscles as are  shown in Fig. 7, Plate 11. 

The considerations presented above in  favor of the  epithelial origin of the 
lymphocytes seem to me much stronger than those given by Hammar. His 
statements as to the presence of lymphocytes around the thymus before they 
are present inside are  to be taken with some reservation inasmuch as he 
mentions small round cells separate from the syncytium earlier, but regards 
them as degenerating epithelial cells (S. 65). His figure from the human 
foetus (Fig. 18, S. 66)  does not seem to be strong support for his statement. 
Certainly many lymphocytes are present in the pig thymus when the reticu- 
lum is broken up as much as shown in the figure referred to. I t  is also to 
be borne in mind that  the different parts of the thymus undergo the lymphoid 
transformation at different times and that  a single section may therefore be 
misleading. 
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EXPLANATION OF PLATES. 

All the figures were drawn with Leitz obj. 1/12, oc. 4, and camera lucida. 
The magnification after the reduction of the plates is about 1060 diameters. 
All drawings were made from transverse sections of the mid-cervical seg- 
ment of the thymus unless they are  otherwise indicated. 

The following abbreviations designate the structures indicated in  all t h e  
figures: 

c f-colloid in formation. I p n-large pale nucleus. 
el-calcareous deposit. m-nucleus in mitosis. 

c s-solid colloid. md-beginning of medulla. 
c s (I-solid colloid that  stains n-nucleus. 

deeply. o c-old colloid. 
e-erythrocyte. p m-protoplasmic mass. 

end-endothelial nucleus. sf-fibril in syncytium. 
2-lymphocyte. 

26-lymphoblast. 
1 (I n-large dark nucleus. 

ss-space in  syncytium. 
v-vacuole. 

PLATE I. 

FIG. 1. From a 3.7-cm. pig embryo. Stained with iron-hiematoxylin and 
Congo red. Vacuolization of the cytoplasm and differentiation of the nuclei 
have begun. 

FIG. 2. Stained with 
iron-haematoxylin and Congo red. A cellular reticulum is now formed. Large 
pale nuclei, lymphoblasts, and the large dark intermediate forms are present. 

From a 16-cm. pig em- 
bryo. Colloid lamellae ( c  s d )  

From the thoracic segment of a 4.5-cm. pig embryo. 

FIG. 3. Epithelioid type of concentric corpuscle. 
Stained with hiematoxylin and Congo red. 
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separate large areas of clear cytoplasm, causing the appearance of large 
epithelial cells. Colloid is being formed between the lamelle and around 
several nuclei. 

FIG. 4. From a 8.5-cm. pig embryo. Stained with iron-haematoxylin (not 
decolorized) . The medulla has appeared. Lymphocytes are  present between 
the  epithelial cords. 

FIG. 5. From a 7-cm. pig embryo. Stained with iron-haematoxylin and 
Congo red. In the cellular reticulum 
a r e  large pale nuclei, lymphoblasts, and large dark intermediate nuclei. The 
nuclei in mitosis are  very compact. 

Stained with Jackson’s 
modification of Mallory’s method (ref. in text). Many fibrillae are  seen in 
the  syncytium. 

A few lymphocytes have been formed. 

FIG. 6. From the medulla of a 24-cm. pig embryo. 

PLATE 11. 

FIG. 7. Ordinary type of simple concentric corpuscle. From a 16.5-em. 
pig embryo. Stained with haematoxylin and Congo red. The rorpuscle is  
well advanced in development. Concentric lamelle of colloid have been 
formed. The cytoplasm between the lamellae is in a n  early stage of colloid 
transformatior,. Colloid fibers cut transversely appear as dots. The nuclei 
a r e  becoming flattened by the pressure of expansion. The central mass stains 
irregularly and all traces of the nuclei in that  region are  gone. 

FIG. 8. Two cystic concentric corpuscles. From a 16-cm. pig embryo. 
Stained with iron-hamatoxylin and Congo red. On the left, a nucleated 
mass of protoplasm has been separated off by the formation of a vacuole 
annular in section. This might be mistaken for a blood-vessel containing a 
nucleated red cell. In this central protoplasmic mass the nucleus is shrunken 
and the cytoplasm vacuolated. In the small corpuscle on the right, two large 
vacuoles have formed. 

FIG. 9. Cystic concentric corpuscle. From a 14-cm. pig embryo. Stained 
with hematoxylin and Congo red. The central protoplasmic mass is pale 
and shrunken. The small circular body in  i t  probably is the remains of 
the nucleus. Colloid lamellae are  forming. Colloid fibers cut transversely 
appear as dots. 

FIG. 10. Cystic concentric corpuscle. From a 10.5-em. pig embryo. 
Stained with haematoxylin and Congo red. The center contains no colloid 
and seems to be softening. 

FIG. 11. Ordinary concentric corpuscle in a very early stage. From a 
10.5-cm. pig embryo. Stained with iron-haematoxylin and Congo red. The 
nucleus is enlarged and colloid is forming around it. A few colloid fibers 
may be seen in the cytoplasm for some distance from the central nucleus. 

FIG. 12. Ordinary concentric corpuscle. Several nuclei are  involved. 
From a 10.5-cm. pig embryo. The 
deeply-staining colloid has completely obliterated the central nucleus ( in  the 
region o c ) ,  and nearly obliterated another (n’). Some of the colloid now 
stains pale (0 c ) .  

FIG. 13. Ordinary concentric corpuscle. From a 10.5-cm. pig. Stained 
with haematoxylin and Congo red. The central nucleus is being obliterated 

The nucleus is shrunken. 

Stained with haematoxylin and Congo red. 
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?JJ the deeply-staining colloid. The neighboring nuclei are beginning to 
show the effect of the centrifugal pressure. 

FIG. 14.  Ordinary concentric corpuscle in a n  early stage. From a 10.5-cm. 
pig. Stained with hsmatoxylin and Congo red. A band of deeply-staining 
colloid has  been formed. Just outside this is  colloid in formation. 

FIG. 15. Two simple concentric corpuscles which would have formed a 
compound concentric corpuscle. From a 10.5-cm. pig. Stained with haema- 
toxylin and Congo red. The left corpuscle is a little more advanced than 
Fig. 11. The right corpuscle shows a large area of deeply-staining colloid 
which has pressed the nucleus into a small irregular shape. 

PLATE 111. 

FIG. 16. Compact irregular corpuscle in  a n  early stage. From a 14-cm. 
pig embryo. Stained with haematoxylin and Congo red. The colloid is not 
yet solid. The nuclei are  not essentially different from those of the adjacent 
syncytium. 

FIG. 17. Ordinary concentric corpuscle. From a 12-cm. pig embryo. 
Stained with hsmatoxylin and Congo red. There is a large, central, deeply- 
staining colloid mass in  which calcareous deposits ( c l )  have been made. 
The neighboring nuclei show the effects of the centrifugal pressure. 

From a 10.5- 
cm. pig embryo. Stained with hsmatoxylin and Congo red. The outer col- 
loid lamella marks off a nucleated mass of cytoplasm resembling a large cell. 
The nucleus is undergoing the same changes as occur in the central nucleus 
of a n  ordinary concentric corpuscle. 

FIG. 19. Compound concentric corpuscle. From a 10.5-cm. pig embryo. 
Stained with hEematoxylin and Congo red. This would have soon lost all 
evidence of its compound nature. 

FIG. 20. Epithelioid concentric corpuscle. From a 10.5-cm. pig embryo. 
Stained with haematoxylin and Congo red. Some colloid is forming outside 
the circular area. Solid deeply-staining colloid is forming. 

FIG. 21. Ordinary concentric corpuscle, showing a variation from the 
usual type. From a 16.5-cm. pig embryo. Stained with iron-haematoxylin 
and Congo red. The central nucleus is reddish but not enlarged. No solid 
colloid has been formed. 

FIG. 22. Compound concentric corpuscle. From a 16.5-cm. pig embryo. 
Three centers are  present. The pale colloid in the upper part is probably 
older than the deeply-staining variety. In the lower part of the figure, a 
young corpuscle is shown. 

FIG. 23. Compact irregular corpuscle. From a 16-cm. pig embryo. Stained 
with haematoxylin and Congo red. Some of the colloid is solid. No definite 
center is present but one is beginning to form ( c  s). The nuclei are  not 
markedly different from those of the adjacent syncytium. 

FIG. 18. Epithelioid concentric corpuscle in  an early stage. 




