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As is well known, the excretory system of the amniota develops as a 
series of distinct organs, the pronephros, the mesonephros, and the meta- 
nephros. The pronephros, which is the first excretory organ to differ- 
entiate, and is also phylogenetically the oldest, disappears in all amniota; 
its consideration is here dispensed with. The mesonephros, whioh func- 
tionates throughout life as the chief excretory organ of anamnia, is an em- 
bryonic organ in amniota, in which it disappears as an excretory organ 
and is replaced by the permanent or true kidney, the metanephros. The 
development of the metanephros is, however, so closely related to that of 
the mesonephros, in both its phylogeny and ontogeny, that a consideration 
of the development of the former will to  some extent'necessitate a con- 
sideration of the development of the latter. This will be done only SO far 
as necessary, as a consideration of the development of the mesonephros 
will not form a part of this contribution. 

Our present day conception of the anlage and development of the meta- 
nephros dates from Kupffer's contribution based on observations made on 
sheep embryos. In  an embryo 8 mm. in length he found that from the 
dorsal wall of the Wolffian or mesonephric ducts near their posterior ter- 
mination, there is formed an evagination which he designated as the 
" Nierenkanal." These buds, one of which appears in connection with 
each Wolffian duct, grow dorsally and cephalad and, as observations on 
older embryos revealed, become associated with the development of the 
permanent kidney. Anticipating these observations, we find those of 
Remak and Kolliker, who recognized these buds, but traced their origin 
to the cloaca or bladder, and of still earlier date the observations of 
Rathke, who recognized a blastema situated between the dorsal wall of the 
embryo and the mesonephros in which the kidney had its origin and from 
which the ureters were supposed to grow toward the bladder. That the 
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permanent kidneys have their origin from buds which arise from the 
Wolffian ducts is now very generally accepted, Kupffer’s observations hav- 
ing been widely confirmed and extended to embrace the different classes 
of the amniota. While, as just stated, there is a unanimity of views 
concerning the anlage of the permanent kidney, the views concerning the 
mode of development and the histogenesis of the tubular and other struc- 
tural elements are still at variance. 

According to  Remak and somewhat later Kolliker, the development of 
the permanent kidneys, after their anlage in the buds arising from the 
Wolffian ducts, proceeds in a manner similar to that observed for other 
tubular and for alveolar glands, or, as stated by these observers, after the 
manner of the development of the lungs. The epithelial kidney anlage 
was said to grow forward and to present an anterior vesicular enlarge- 
ment, which soon elongates, bhe anlage differentiating into ureter and 
primitive kidney pelvis. On this, solid buds and ampullae make their 
appearance, which in their further growth enlarge and elongate and 
obtain a lumen, thus forming anlagen for the papillary ducts. These in 
their further growth undergo division and give origin to hollow buds 
which form the anlagen for the convoluted (secretory) portions of the 
uriniferous tubules and the epithelial portions of the Malpighian cor- 
puscles. According to  this view the collecting ducts and coiled urin- 
iferous tubules are developed by direct budding from the epithelial renal 
anlage derived from the Wolffian duct. 

On the other hand, Kupffer described a discontinuous origin for the 
uriniferous tubules.. In  a sheep embryo of 10 mm. length, he observed 
a group of cells, clearly differentiated from the surrounding tissue and 
in close relation with the renal adage-Nierenkanal-in which he 
recognized the anlage of the kidney (figured in Fig. 4, P1. XV of his 
article). I n  this group of cells Kupffer recognized three zones-a zone 
consisting of compactly arranged cells in close relation to the renal anlage ; 
a middle zone of less compactly arranged cells, and an outer zone in 
which connective tissue fibers were observed. In a sheep embryo of 15 
mm. length, a differentiation in the middle zone was observed in that 
the cells were arranged in twisted cords (“ Zellen sich in gewundene 
Streifen ordnen”) which were as yet not clearly differentiated. The 
cells of these twisted cords were not connected with the renal anlagen. 
These cords were interpreted as the anlagen of the coiled uriniferous 
tubules. The darker zone of cells immediately surrounding the renal 
anlage was thought to contribute to their further development. Kupffer 
could not exclude the possibility that perhaps later generations of 
tubules had an origin which differed from that here given. According to 
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this view, the coiled uriniferous tubules have their origin in a tissue 
which is distinct from that of the renal adage. Eupffer's observations 
though faulty in many respects, as later investigations have shown, must 
be recognized as of fundamental importance, as concerns both the phylo- 
genetic and the ontogenetic development of the permanent kidney. 

Nearly all investigators who, since the appearance of Kupffer's observa- 
tions, have considered the question under discussion, have adopted one 
or the other of the two views above hastily sketched and, even taking into 
consideration the most recent contributions to this subject, the statement 
seems warranted that the problem under discussion is still awaiting final 
solution. Schreiner, in a recent most admirable contribution to this 
subject, especially as concerns the earliest stages of the development of the 
permanent kidney, has grouped under respective heads all the more 
important contributions dealing directly or indirectly with the develop- 
ment of the permanent kidney, and, as it is not my purpose to enter 
extensively into a discussion of all the literature bearing on the topic 
under consideration since this has been undertaken by Riickert, Herring 
and Schreiner, I have adopted and extended the above mentioned classi- 
fication of Schreiner. So far as accessible to me (the exceptions I have 
noted), I have critically reviewed the literature to which reference is 
here made. It should, however, be stated that, while adopting such 
a classification, I must regard it as somewhat forced. A number of the 
contributions here referred to and especially certain of the earlier ones, 
require interpretation through a view-point gained by familiarity with 
more recent investigations and with actual preparations before a classi- 
fication of them can be made. 

Among investigators who adhere to the view that the tubules of the 
permanent kidney are developed by a direct budding from the epithelial 
renal adage derived from the Wolffian duct after the manner of other 
tubular and of alveolar glands may be mentioned :-Remak, 55 ; Kolliker, 
61; Colberg, 63; Waldeyer, 70; Toldt, 74; Pye, 75; Lowe, 79; Ribbed, 
80 ; HodolBs, 81 ; Eallay, 85 ; Janosik, 85 ; Nagel, 89 ; Golgi, 89 ; Minot, 
92; Haycraft, 95; Schultze, 97; Hollmann, 98; V. Ebner, gg; Gerhardt, 
01; Stoerk, 01; Strahl, 02; Disse, 02; Stoerk, 04. Stoerk's fuller publi- 
cation gives no additional data as t o  his view of the origin of the 
uriniferous tubules and I assume that he still adheres to the views 
expressed in his earlier contribution. 

The investigators who have followed Kupffer in assuming a separate 
and distinct origin for the coiled uriniferous tubules may be arranged 
as follows : 

Bornhaupt, 67; Thayssen, 73; Riedel, 74; Balfour, 76; Braun, 78; 
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Furbringer, 78 ; Emery, 83 ; Wiedersheim, go ; Hamburger, go ; Weber, 
97; Chievitz, 97; Ribbert, gg; Herring, 0 0 ;  Schreiner, 0 2 ;  Haugh, 
03 ; Keibel, 03 ; Felix, 04. These observers, while expressing a unanimity 
of view concerning the separate anlage of the tubular system of the 
permanent kidney, are not in accord as to the histogenesis of the tissue 
from which the tubules are differentiated. 

Certain observers, among whom may be mentioned Sedgewick, 80;  
Riede, 87 ; Hoffmann, 89 ; Gregory, 00, may be separartely grouped, since 
they assume an intermediate position inclining toward a separate anlage of 
the tubules but assuming a histogenetic relationship between the tissue 
from which the tubules are developed and the epithelial renal anlage. 
This brief array of the contributors to the literature under consideration 
may serve as a.n introduction to a fuller discussion of certain of the more 
recent contributions ; these and others will receive further mention in 
presenting the results of my own investigations. 

Of the recent contributions to our knowledge of the development of the permanent 
kidney, the article of Schieiner deserves special mention. The results presented are  
based on observations made on representatives from the different classes of amniota 
and embrace a study of the origin and development of the tubules of the Wolfean body 
and of the anlage of the different constituent elements of the permanent kidney. I find 
i t  somewhat dlfficult to give a brief summary of this  article, which is accompanied by 
numerous illustrations of sections, of profile reconstructions and of reconstructions after 
the Born method. The discussion of his own observations, he begins for each type 
investlgated with a consideration of the histogenesis of the tubules of the Wolffian 
body, following this by a discussion of the origin and development of the permanent 
kidney in each type. Schreiner traces the origin of the tubules of the Wolffian body 
to a cell-mass which he designates as the nephrogenic tissue (a term suggested by Rabl), 
which is Identical with the blastema of other authors. This nephrogenic tissue has  its 
origin in the intermediate cell-mass and extends as  a n  unsegmented cord along the mesial 
and dorso-mesial side of the Wolffian ducts to their termination In the cloaca. From the 
cells of this cord of cells, which increase in number by division, are  differentiated the 
tubules of the Wolffian body. These appear first in the anterior segments and, as 
development proceeds, also in the posterior segments. The differentiation of the tubules 
of the  Wolffian body does not, however, extend to the posterior llmits of the nephrogenic 
tissue, but ceases a number of segments anterior to the  termination of the Wolfean 
ducts and nephrogenic tissue. The permanent kldneys have their origin in evaginations 
(one for  each side) from the dorso-mesial wall of the Wolffian ducts not fa r  from their 
termination in the cloaca. These evaginations grow dorsally into the posterior portion 
of the nephrogenic tissue and In doing so become capped with the nephrogenic tissue. 
The evaginations, or as  they a re  known, the renal anlagen, renal ducts or Nlerengsnge, 
a t  flrst present a bulbous extremity. This elongates in an antero-posterior direction 
and develops buds and ampulla% In the  meantime, the nephrogenlc tissue, which at first 
surrounds the bulbous extremity of the renal anlwen a s  s compact cell-mass, breaks 
up into several cell-masses, each of which caps one of the primary branches of the 
renal anlagen, at the same tlme losing its connection with the nephrogenic tissue from 
which are  developed the tubules of the WolWan body. This portion of the nephrogenic 
tissue Schreiner now terms the metanephrogenic tissue in  contradistinction to  the meso- 
nephrogenic tissue. The metsnephrogenic tissue, In the majority of the forms studied 
by Schreiner may be differentiated more or lens clearly into a n  inner zone composed of 
cells more compactly arranged and presenting other characteristic features and a n  
outer zone, the cells of which are  less compactly arranged and approach in appearance 
mesenchymal tissue. Schreiner further shows t h a t  the epithelium of the ureters and 
pelvis of the kidney as  also the collecting tubules to  their terminations are  developed 
from the renal anlagen (Nierengiinge), while the secretory portion of the uriniferous 
tubules from their termination in the collecting tubes to  and including the epithelial 
portion of Bowman’s capsule are  differentiated from the Inner zone of the metanephro- 
genic tissue, the interstitial tissue and the capsule of the kidney developing from the 
outer zone. Schreiner’s observations, accompnnled by n very full discussion of the 
literature and substantiated by numerous figures, appear to argue conclusively for  a 
separate anlape of the tubules of the Wolffian body and the secretory portion of the 
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uriniferous tubules. I regard i t  a s  a distinct achievement on his par t  to be able to 
trace the close relationship between the mesonephrogenic tissue from which are  devel- 
oped the mesonephric tubules, the separate snlage of which is generally accepted, and the 
metanephrogenic tissue from which are  developed the secretory portions of the uriniferous 
tubules of the permanent kidney. A s  is no doiibt evident, the nephrogenic tissue here 
referred to  has long been known a8 the renal blastema : there are, however, various opin- 
ions regarding i ts  origin and its share in the development of the kidney. I shall have 
occasion to make further reference to this excellent article of Schreiner. 

Herring, in a very creditable contribution based on observations made on material 
derived from human embryos, was 5:st led to believe that  the kidney tubules were 
branches of the collecting tubes, but could never 5nd the early stages, which should 
have been easily seen if tha t  view were correct.” He further states that  “ in the thick 
layer of the capsule, cells are  seen which show a gradual transition in appearance from 
embryonic connective tissue cells to a character resembling tha t  of the epitheli,$ cells of 
the early convoluted tubules. (dilated 
ends of the collecting tubes) *‘ there is always a distinct line of separation and in the 
majority of instances there is a space where the tubule has shrunk during the process 
of hardening. The careful examination of serial sections has convinced me that  these 
masses of cells which appear under the capsule and in the interlobular septa, are  quite 
independent of the ureter branches and give rise to  the Malpighian bodies, convoluted 
tubules and Henle’s loop, uniting always with short branches from the ampullre.” 

Hamburger’s paper, based largely on investigations made on the kidneys of mouse 
embryos and young mice, contains important data concerning the later stages of the 
development of the uriniferoiis tubules and the development of the Malpighian pyramid. 
His observations are  based on serial sections and on what must be regarded a s  very suc- 
cessful preparations made by maceration and teasing. He makes only incidental mention 
of the origin of the uriniferous tubules, which he regards a s  developing from small 
bodies (KWperchen), the smallest of which are  spherical cell groups which have only a n  
apparent connection with the enlarged distal ends of the collecting ducts. 

Haugh, in one of the most recent contributions to the subject, in which he presents 
observations made on a n  extensive material derived from human embryos of all ages, 
gives a full account of the development of the pelvis of the kidney and of the shape of 
the pelvis of embryonic and adult kidneys, based on metal injections and on wax recon- 
structions. He also presents data  concerning the lobulation of the human kidney and 
on the development of the collecting tubules. He treats, however, very superficially-to 
use his own words-the earlier stages of the development of the uriniferous tubules, 
allying himself with those authors who defend a separate anlage of the uriniferous 
tubules. 

Stoerk, on the other hand, defends the older view of the development of the uriniferous 
tubules. According to this observer, the renal anlage, derived from the Wolfflan duct, 
grows dorsally and, after repeated dichotomous division, meets the anlage of the renal 
capsule which retards the further radial growth of the tree-like branches of the renal 
anlage. Each of the branches now develops an ampullar enlargement a t  i ts  extremity, 
which later assumes a heart-shape. Each half of the heart-shaped enlargement buds out 
laterally and forms a short tube, the whole structure now assuming the appearance of 
a Y. Each arm of the Y-shaped termination then divides dichotomously, the one branch, 
which for a time remains small, passing toward the periphery, the other, which grows 
more rapidly, budding and growing toward the stem of the Y. The Y-shaped structure 
now presents the appearance of an inverted anchor. The points of this anchor-shaped 
structure now grow in such a manner a s  to assume the shape of an S. Such an S-shaped 
structure is an anlage of a uriniferous tubule and of Bowman’s capsule. Stoerk’s more 
recent contribution contains only a brief statement concerning the anlagen and early 
developmental stages of the uriniferous tubules and this is merely a reiteration of the 
views presented in his earlier paper. In this second paper, Stoerk gives the results of 
observations made on serial sections of material derived from human embryos and 
numerous wax-reconstructions made therefrom. These reconstructions represent mainly 
the earlier developmental stages of the uriniferous tubules, a fact which is no donbt re- 
sponsible for certain errors which he has committed, in using the data gained by a study 
of the earlier stages to interpret the shape and structure of more fully developed 
tubules. As I shall have occasion to refer frequently to this paper in connection with a 
discussion of my own results, its further consideration may here be dispensed with. 

Gerbardt, who has recently published, from 0. Hertwig‘s laboratory, also defends the 
view that  the iiriniferous tuhules are  developed by budding and that  the permanent 
kidney is an organ 8ui geaeris. As material, he used largely mouse embryos. but also 
those of chicken, dog, and pig. Gerhardt’s article is concerned largely with a discussion 
of the literature and with theoretic speculations. His own observations a re  very 
briefly given and, as  illustrations are wanting, may be summarized by giving one of hie 
conclusions : ‘‘ The peripheral portions of the uriniferous tubules arise through a con- 
tinuous growth of the collecting tubes. It cannot be demonstrated that  in the cortex 
formed tubes make secondary connection with the tiibules of the medulla.” The capsule 
of the glomeruli he regards a s  an invagination of the distal end of the uriniferous 
tubules. 

I n  Chapter IV (Entwickelungsgeschlchte und Missbildungen der Nieren) of Vol. 52b, 
Deutsche Chirurgie (KIister, Krankheiten der Nlere) , written by Strahl, this observer 

Between these cells and those of the ampulls 
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states that  so f a r  as his own ohswvatlons go, he is inrlined to accept a continuous 
epithelial anlage of the uriniferous tubules a s  given by Minot and Nagel; he does not, 
however, desire to  commit himself until he himself has made further investigations. A 
number of excellent illustrations are  found in this chapter. 

Disse, who discusses briefly the development of the kidney in his account of the 
anatomy of the urinary organs a s  given in Bardeleben’s Handbuch, states that  as a result 
of his own observations made on guinea pig and pig embryos, he is led to  conclude that  
both the straight and the coiled uriniferous tubules have the same anlage, namely from 
the hollow buds of the primitive kidney pelvis. The selection of the section which forms 
the basis for his Fig. 77, showing the anlage of the coiled uriniferous tubule seems to 
me unfortunate. The S-shaped portion (anlage of the coiled tubule) is not cut through 
the center of its lumen, only a small par t  of which is seen in the figure. The appar- 
ently continuous structure a s  represented might, i t  seems to me, be simulated by an 
overlapping of the two bevelled surfaces of two discontinuous structures (anlage of 
coiled tubule and collecting duct), especially a s  the section from which the drawing 
was made seems to have been relatively thick. 

Haycraft’s contribution to the development of the kidney of the rabbit may yet 
receive Consideration a s  his observations have been widely accepted. He states that  
“ t h e  tubules and Malpighian bodies arise a s  buds of solid cells from the wail of the 
primary renal vesicles ” (ampullar enlargement of the primary divisions of the renal 
anlage) “close to  (he cortex. The bud makes a double bend like an S, first turning 
with a large sweep away from the vesicle, then turning toward i t  and sharply away 
again. The basement membrane can be traced along i t  and a central lumen forms almost 
to i ts  tip.” Haycraft also traces the development of these S-shaped buds into the 
uriniferous tubules and gives his conception of the form of such a tubule as present in 
the adult kidney of rabbits. The figures accompanying this article a re  of special interest 
to me, since my series of sections of rabbit embryos of various ages a s  also numerous 
reconstructions of uriniferous tubules made from the same, afford a basis for their inter- 
pretation. His Fig. 8, “ A  high power view of the first formation of a urinary tubule 
from a primary renal vesicle” represents, I fear, a much older stage, only a portion 
of this tubule being shown in the section sketched. His Fig. 10, I interpret as embracing 
parts of a t  least two tubular anlagen, there sketched a s  one tube, owing to the position 
given to the glomerular anlage with reference to the other portions of the tube. B’urther 
reference to this article will be made later. 

Brief mention may yet be made of the conclusions reached by a number of observers 
who have investigated the development of cystic kidneys. Hildebrand suggested that  
the want of union between the collecting tubules and the anlagen of the uriniferous 
tubules was the cause of the cysts of the congenital cystic kidney, in that, when this 
condition obtains, a s  “ the glomeruli begin to functionate there is no opportunity for 
the outflow of the secretion and consequently the tubules are  expanded into cystic 
structures.” Ribbert, who describes observations made on a cystic kidney of a new-born 
male child, was able to show tha t  many of the cysts were developed from Malpighian 
corpuscles which showed no connection with collecting tubules, the ends of certain of 
which were also cystically enlarged. Meyer found in microscopic sections of the kidney8 
obtained from a 9-weeks-old feniale child, which showcd other congenital defects, cer- 
tain regions where the kidney parenchyma was normally developed and other regions 
where collecting tubules and Malpighian corpuscles were observed, but where the tubular 
portions of the uriniferous tubules which n:rmally unite these structures are  wanting 
and in place of which there was observed an undifferentiated tissue rich in cellular 
elements in which the cells on!y in certain regions were arranged in the form of rings 
or cords.” These observatiods, i t  appears to me, confirm in a satisfactory way the con- 
clusions of observers, who recognize separate anlagen for the collecting tubules and the 
uriniferous tubules proper. 

From this brief summary of the literature, i t  may be seen that  the controversy found 
in the early literature concerning the origin and development of the coiled portion of 
uriniferous tubules of the permanent kidney is still found in the more recent literature, 
the weight of evidence, however, being on the side of a discontinuous origin of the 
coiled portion of the tubule, as  Felix has very recentiy correctly stated. 

This investigation was begun in the spring of 1902. In considering 
the possible sources of error of other investigators who have dealt with this 
subject, it occurred to me that the thickness of the sections studied 
might alone be responsible for a certain per cent of the discrepancies 
found in the literature. The average thickness of serial sections of 
embryos used in embryological investigations is seldom below 10 p, more 
often perhraps 20 p. My own observations soon convinced me that 
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sections having a thickness of 10 to  20 p were nut suitable for interpreting 
the early stages df kidney development, as in some sections fields were 
found which might be used respectively for demonstrating either a con- 
tinuous or discontinuous origin of the coiled uriniferous tubules. It was 
further hoped that a solution of the question might be obtained by making 
free use of reconstruction methods, especially of the Born wax-plate 
method. The wax-plate method of reconstruction had previously been 
used in the study of the development of the kidney by Chievitz. He gives 
three figures, which are, however, somewhat difficult to interpret, owing to 
the fact that the models were not completed by smoothing over the 
irregularities which always result when the cut-out portions are placed 
together. Since my own investigation was begun and in part completed, 
there have appeared three contributions based in part or as a whole on 
data gained by reconstructions. Mention has been made of the work of 
Schreiner, who, however, studied, among other questions, only the adage 
of the coiled tubules and of this portion of his work he gives no recon- 
struotions. Haugh’s reconstructions are confined almost wholly to such 
of the pelvis and straight collecting tubules of kidneys of relatively young 
human embryos. It is rather to be regretted that Haugh did not 
devote more time to  the finishing of his wax models, which would have 
enabled him to give clearer illustltations of the models made, than 
accompanying his otherwise excellent article. The most recent con- 
tribution to this subject, that of Stoerk, is based largely on results obtained 
by means of wax-plate reconstructions, the value of which method he 
clearly recognizes. The contributions of Schreiner, Haugh, and Stoerk 
which, as stated, have appeared since my own work was in progress, have 
been of material assistance to me in formulating my own views. They 
do not, however, as appears to me, make superfluous the publication of my 
own results. These are confirmatory, as will appear, of that portion of 
Schreiner’s work which deals with the anlage of the metanephros and 
its tubules; Haugh touches only incidentally on the development of the 
coiled uriniferous tubules; and finally my own observations have led me to 
conclusions which differ materially in a number of particulars from those 
reached by Stoerk. 

The investigation, as projected, included not only a study of the 
anlage of the urinif erous tubules and their mode of development, but also 
a study of the form of the more fully developed uriniferous tubule, if 
possible by means of wax-plate reconstruction. That this seemed desirable, 
requires, I believe, no argument. A portion of the results here given were 
presented at the December meeting of the Association of American 
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Anatomists in 1903, accompanied by a demonstration of a portion of the 
models here figured. 

MATERIAL. 
I n  selecting the material to be used, it seemed to me desirable to in- 

clude in this study developmental stages of both simple and lobulate 
kidneys ; the embryos selected depended largely on the accessibility of the 
material. The embryological material used in the investigation was as 
follows : 
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..................... ................... ................... 
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........................ ........................ 

Model, Fig. 17, B. 
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METHOD. 
Of the various fixing fluids used, fixation by Zenker's fluid proved most 

satisfactory. 
The wax-plate reconstruction method was largely used in gaining the 

data which form the basis for  this contribution. It was found that the 
material could be most readily manipulated in this way by using serial 
sections 5 p in thickness and a magnification of 400 diameters, necessitat- 
ing the use of wax-plates 2 mm. in thickness. As already stated, it is 
often exceedingly difficult in sections more than 5 p in thickness to 
interpret with any degree of clearness the earlier stages in the develop- 
ment of the kidney tubules ; the same may be said of sections from more 
fully developed kidneys, where the tubules are already well differentiated. 
The difficulty here met with is that even in sections having a thickness 
of not more than 10 p, the tracing of a tubule through a series of sections 
is often made difficult by the fact that portions of two tubules lying over 
each other-with reference to  the plane of the section-and in contact 
are both included in the same section and appear as one tubule, thus 
easily leading the observer astray. For the earlier stages-embryos 
having a length of about 1.5 cm.-the entire embryo was cut in sagittal 
serial sections; for embryos measuring from 1.5 to 2.5 em., only the 
posterior half was thus cut, and for older stages, the kidneys were 
removed after fixation and cut  in series either longitudinally or trans- 
versely. The difficulty of obtaining unbroken series of sections 5 p  in 
thickness, without wrinkling or distortion when mounted, was met for 
many of the series by cutting the sections one by one on an ordinary 
sliding microtome-Altmann pattern-with the knife at an angle of about 
45" and with the knife blade covered wibh a layer of distilled water while 
cutting. This latter procedure I have found very useful in cutting thin 
paraffin sections. The sections are transferred as cut to an Esmarch dish 
filled with distilled water in which they float and flatten out. They are 
arranged as cut on a slide covered with albumin fixative placed at an 
angle in the same dish. When the slide has been filled with sections, it 
is placed on the warm oven until the water evaporates. The sections are 
then ready for staining. This procedure, though much more time- 
consuming than when the sections are cut with an automatic microtome, 
seemed to present advantages which compensated for the additional time 
necessary for its prosecution; especially was this true for the older stages, 
in which the kidneys alone were cut. The sections were stained on the 
slide in Ehrlich's haematoxylin and counterstained mainly in eosin or 
erythrosin, the latter giving the better differentiation and sharper con- 
trast than the other protoplasmic stains used. 
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The outline drawings used in making the models were sketched with 
the aid of the camera lucida, a comparatively easy procedure for the 
earlier stages, very time-consuming for the later stages, where constant 
shifting of the field was necessary. The steps used in making the models 
were those generally used when the Born wax-plate method of recon- 
struction is employed. Special orienting planes or lines were generally 
dispensed with, as it was found practicable t o  use for this purpose certain 
prominent structures within the sections. The reconstruction of the 
earlier stages of kidney development-the primary renal anlage and renal 
pelvis with its primary branches, also the earliest developmental stages 
of the uriniferous tubules-is a comparatively simple procedure. The 
same can, however, not be said of the older stages and more fully 
developed tubules. The complicated and varied arrangement of the 
proximal and distal convoluted portions of the more fully developed 
uriniferous tubules, above all the length of the loop of Henle make the 
tracing of a single tubule through a series of sections a matter of difficulty. 
However, on careful search through a series of sections, instances would 
be found where one or the other arm of Henle’s loop was cut through 
nearly i6s entire length. By using this as a starting point, it was generally 
possible to trace .the remainder of the respective tubule. In doing so, it 
was found helpful to make profile or temporary wax reconstructions of 
certain parts of the tubule or to  make temporary reconstructions of all the 
tubules of a given area supposed to contain the portions of the tubule 
sought and in this way separate it from surrounding tubules. After thus 
mapping out a given tubule in its entirety, drawings were made which 
could be used for reconstruction of the whole tubule. 

ANLAGE AND EARLY STAGES OF DEVELOPMENT OF THE METANEPHROS. 
The earlier stages of the development of the permanent kidney, the 

anlage and early development stages of the renal evagination and of the 
nephrogenic tissue (kidney blastema) shall here be considered very 
briefly, since the appearance of Schreiner’s contribution obviates the 
necessity of a fuller discussion of this portion of my investigation. 
Neither does it seem necessary to reproduce by way of illustrations the 
numerous models made in the earlier part of this work showing shape, 
size, and relation6hip of the renal evagination as found in the cat, rabbit, 
pig, and man, nor to discuss the appearances presented by them during 
the earlier developmental stages, since such figures would in nearly 
every instance duplicate the figures of similar stages given by Schreiner 
(rabbit, text-figure 16-21 ; human, text-figure 26-27 ; pig, text-figure 29-30 
of his article) based on profile and wax reconstructions, except for the 
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cat; this animal he did not study, but it presents no special features. 
Schreiner considers very fully the anlage and early developmental stages 
of the kidney of ’the rabbit. A brief review of his account may here be 
given. I n  the rabbit, the renal evagination arises in the 31st segment 
(about the 11th day, Kolliker, Minot) from the dorso-median wall of the 
Wolffian duct near its termination in the cloaca and grows into a tissue 
known as the nephrogenic tissue, which soon surrounds its blind end as 
a cap of hemispheric shape. As concerns the renal evagination, 
Schreiner‘s and my own observations confirm those of other investigators, 
who, since the appearance of Kupffer’s contribution, have studied the 
anlage of the kidney in amniota. Opinions differ, however, as concerns 
the histogenesis of the tissue generally known as the renal blastema here 
designated as the nephrogenic tissue and as to the r81e it plays in the 
development of the kidney. The general statement may be made that 
observers who regard the kidney tubules as developing by a process of 
budding, interpret the nephrogenic tissue as of mesenchymal origin, 
destined to form the capsule, interstitial connective tissue and vascular 
sheaths. Concerning it Minot states that “ t h e  histogenesis of the 
mesenchymal portion of the kidney is almost unknown.” The majority 
of those observers who accept a separate origin for the kidney tubules have 
traced their origin to a special tissue (nephrogenic tissue, renal blastema) 
the histogenesis of which may here be considered, although in doing so 
it will be necessary to anticipate certain facts which will be considered 
more fully later. This seems justified, since the tissue in question 
makes its appearance before the renal evaginations are present. 

Braun, in his account of the development of the urogenital system of reptiles (lizards), 
described irregular cords of cells (Nicrenzellenstrang eenerally known as Braun s 
rords). whose orizin he trared to the r d o m i c  enithch& and which were thouzht 
to be’the aniage -o?~the uriniferiui- tubuleir biinotcregar&pthjfc cords “ asmerely i h e  
beginning, of the condensed mesenchyma of the renal anlagen and Schreiner regards 
them a s  identical with the cell-mass desienated by him as iephrogenic tissue. Wie- 
dersheim. in his account of the deselouin&t of thk urog.enital-aDoaratus of crocodile 
and turtle embryos conflrms in part- Braun‘s observations, differing from him in 
tha t  he regards the’caudal end of the mesonephros as the seat of origin of the cell- 
masses or cords from which the kidney tubules a re  developed. He recognizes further 
a condensed mesenchyme which surrounds the metanephric duct and which he char- 
acterizes as staining- more deeply than the surrounding mesenchyme with whirh i t  
blends. This proliferating cell-mass, which, as he !Fates, is also found ift other 
amniot embryos can not alone be regarded : i ~  the metnnephros blastema as  i t  
in itself does not give origin to the strictly glandular par ts  of the kidney,’hut the 
interstitial connective tissue and the vessel sheaths. Sedgewick, who gave a very clear 
account of the anlage of the mesonephros and metanephros as observed in chick 
embr os, traces the origin of the Wol5an tubules to a cell-mass designated by him the 
Woldan blastema, which has  its origin in the intermediate cell-mass. A s  described by 
him, the Wolfflan blastcma extends as f a r  back as the 34th segment, tha t  is, to the 
ouening of the Wolffian duct into the cloaca. This Wolffian hlastema breaks U D  into 
t6e Wolffian ‘tubules a8 f a r  back as the 30th segment. He s ta tes  fur ther  t h a i  “be-  
hind this point i t  remains for some time almost or quite passive and ultimately gives 
rise to the epithelium of the ermanent kidneys. In conse uence of this  I have 
called t h a t  Dart of the Wolflian bfastema between the  31st and 33th segments the kidney 
blastema,” and again ‘‘ tha t  i t  is important to  notice tha t  this kidney blastema develops 
in exactlv similar manner to  the Wolffian blastema. I t  is not until the fourth dav. 
jphen the ureters have a p  eared tha t  i t  is possible to  draw a line between the two:” 

In yet older embryos, & which the ureter is more fully developed and overlaps 
the hind end of the Wolfean body, the kidney blastema has  quite broken off from the 
Wolffian body and invests the anterior end of the ureter.” I have quoted thus fully 
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from Sedgewick's paper because he is  the flrst to give a clear account of the hls- 
togenesis of the tissue into which ow8 the renal evagination. Ribbert, in a recent 
contribution also discuases the o r 1 8  of the tissue (which he characterizes a s  a dlf- 
ferentiated )cell-la er), which Burrounds the blind end of the e ithelial renal anlage, 
but gives no deinlte conclusflons. 
into a dense cell-cord, whlcb may be regarded a s  tHe distal end of the mesonepf:;: 
as is shown in his Fi  4 combined from three sections of a series of sections of a 
Guinea-pig embryo. T%e histogenesls of the nephrogenic tissue (renal blastema) has 
been very fully considered by Scbreiner, as has been stated in a brief review of his work 
given on page 4. For all types.studied by him, he was able to show very conclu- 
sively tha t  the nephrogenic tissue of the metanephros in common with tha t  of the 
mesone hros had its origin in the intermedlate cell-mass and extended a s  an unsegmented 
cord of cells through the regions in which is  developed the mesonephros to where 
the Wol5an duct terminates in the cloaca. In the reglon of the mesonephros, this 
tissue gives origln to the mesonephrlc tubules : p'oflterior to the mesonephros, it be- 
comes assoclated with the development of the metane hros forming the nephrogenic 
tissue which surrounds the blind end of the epithebal &nal evagination as was 
show; for the chick by Sedgewick. The above quotationm were selected wiih a view 
of presenting the various views held concerning the histogenesis of the nephrogenic 
tissue. 

Certain i t  is, he states, t i a t  the ureters 

We may now resume a consideration of the anlage and early develop- 
mental stages of the metanephros as observed in the rabbit. The renal 
evagination, which, as stated, buds dorsally into the nephrogenic tissue, 
in its further growth extends in a dorsal direction (the account here given 
follows Schreiner) pushing with it the nephrogenic tissue. This now 
assumes a dorso-median position with reference to  the Wolffian duct, 
instead, as before, of lying in contact with it. I n  its growth, the renal 
evagination develops an enlarged blind end, which may be known as the 
primary renal pelvis and a stalk which may be designated as the ureter. 
The nephrogenic tissue, which surrounds the primary renal pelvis 
differentiates into an inner zone composed of epithelioid cells, which 
immediately surround it and an outer zone which presents the appearance 
of a condensed mesenchyme, which shows no distinct demarcation toward 
the surrounding mesenchyme ; the two zones form the metanephrogenic 
tissue which has become separated from the mesonephrogenic tissue. 
As development proceeds, the primary renal pelvis grows in a dorsal and 
cephalad direction and elongates in an antero-posterior direction ; at the 
same time, it begins to rotate on its axis in such a way as to make its 
dorsal surface have a more lateral position. The ureter likewise elongates 
and curves cephalad. The metanephrogenic tissue with its inner and 
outer zones is clearly recognized and surrounds the primary renal pelvis 
as a continuous layer. I n  slightly older embryos, the primary renal 
pelvis reaches a position dorsal to the posterior end of the mesonephros. 
In  shape it has become still more elongated and presents two slightly 
enlarged ends with a narrower mid'dle portion from which arises the 
ureter; it shows thickenings and buddings in its wall which in slightly 
older stages are clearly recognized as evaginations, the anlagen of the 
primary branches of the primary renal pelvis. The primary renal 
pelvis now consists of a narrower middle portion, from which arises 
the ureter and two enlarged ends and from it and more particularly from 
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the narrowed middle portion, there spring three pairs of branches, each 
of which, as soon as clearly differentiated, presents a short stalk and a 
bulbous end. The entire metanephros now has a position which is dorsal 
to the hind end of the mesonephros. The metanephrogenic tissue, which, 
during the earlier stages, formed a continuous layer entirely surrounding 
the primary renal pelvis, presents a different disposition with the appear- 
ance of the primary branches and this applies more particularly to its 
inner zone, which, while it shows the structural appearances observed in 
earlier stages, presents a characteristic distribution. On the appearance 
of the primary branches, the inner zone of the metanephrogenic tissue no 
longer surrounds the entire primary renal pelvis, but only its enlarged 
extremities and the bulbous ends of its branches, the narrowed middle 
portion and the stalks of the branches being free from it. The inner 
zone of the metanephrogenic tissue is clearly recognized both by its 
staining reactions and by its structural characteristics. The primary 
renal pelvis and its branches, as also the inner zone of the metanephro- 
genic tissue, are surrounded by a tissue that stains less deeply than the 
inner zone and presents fewer nuclei, the outer zone of the metanephro- 
genic tissue. The entire renal anlage is surrounded by mesenohymal 
tissue, containing relatively few nuclei, these having a more or less con- 
centric arrangement. For a fuller discussion of the anlage and early de- 
velopmental stages of the renal evagination and the accompanying changes 
presented by the nephrogenic tissue as observed in the rabbit, the reader 
is referred to  Schreiner’s paper (pages 98-121). My own observations 
confirm his results in full except as concerns the anlage of the meta- 
nephrogenic tissue, where the necessary stages are wanting in the ma- 
terial at my disposal. A separate discussion of the anlage and early 
developmental stages as observed in cat, pig, and human embryos does 
not seem necessary here, as this would involve unnecessary repetition, 
since the types studied present great similarity in the shape of the renal 
anlage and of the earlier stages of its metamorphosis. This is true, not 
only when considering types with simple non-lobulated kidneys as the 
cat and rabbit, but also when comparing these with types having lobu- 
lated kidneys as man and pig. In  each type a renal evagination grows 
in a dorsal direction into the nephrogenic tissue and in its further growth 
differentiates into a primary renal pelvis and ureter, the former being 
enclosed and surrounded by the nephrogenic tissue, which in rabbit and 
human embryos permits of a differentiation into an inner and outer 
zone of nephrogenic tissue, as described by Schreiner, while in pig and 
cat embryos of corresponding stages, a differentiation of nephrogenic 
tissue into two zones is a t  this stage not made with certainty. (Compare 
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Schreiner, pages 121 to 128 and pages 138 to 146.) The further devel- 
opment of the primary renal pelvis and nephrogenic tissue is for cat, 
pig, and human embryos muoh the same as above described for the 
rabbit. For each type, with the appearance of the primary renal branches 
of the primary renal pelvis, the inner and outer zones of the nephrogenic 
tissue may be clearly made out, the inner zone breaking up into cell 
groups which enclose and surround the ends of the branches as these 
become differentiated. At this stage, the primary renal pelvis for each 
type studied and modeled presents a middle portion of somewhat irregu- 
lar shape, the primary renal pelvis proper, from which arises the ureter 
and an anterior and caudal end, slightly enlarged and more or less lobu- 
lated (depending on the stage of development) and three pairs of branches 
connected with the middle portion; these are not, however, made out 
with the same degree of clearness and do not present quite the same 
arrangement in the different types studied. These three pairs of branches 
are quite readily made out in cat embryos and present an arrangement not 
unlike that seen in the rabbit (text-figure 21 B, Schreiner), while in pig 
embryos the grouping of the primary branches is not so regular and only 
after they have attained some size is it possible to make out clearly what 
may be regarded as three pairs of branches. This, though to a less extent, 
is true also of human embryos. Attention may, however, here be called to 
the fact that models of the primary renal pelvis and its branches, in 
embryos of the same genus and of about the same age, even of the two 
kidneys of the same embryo (irrespective of size) present slight variation 
in the form of the primary renal pelvis and in the arrangement of the 
branches. A difference is also noted in the different types in the shape of 
the ureter as it enters the primary renal pelvis. In rabbit and cat em- 
bryos, this presents only a slight funnel-shaped expansion, while in pig 
and human embryos the expansion is much greater and is compressed in a 
dorso-ventral direction with its long axis parallel to that of the renal pel- 
vis. The enlarged anterior and caudal ends of the primary renal pelvis, 
soon after the anlage of the three pairs of branches to which reference 
has been made, present, a$ development proceeds, more and more marked 
irregularity of form and develop each two, sometimes three, branches, 
which in appearance are like the other branches, showing a slightly nar- 
rowed stalk aad enlarged ends; a t  the same time, the inner zone of the 
nephrogenic tissue which enclosed and surrounded the enIarged ends of 
the primary renal pelvis, breaks up into masses which surround only the 
bulbous ends of the resulting branches. In Fig. I, A and B, are repro- 
duced two models, obtained by wax reconstruction, of the ureter, renal 
pelvis and branches of a cat and a human embryo for a stage slightly older 
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than above discussed, in  that the primary branches had already under- 
gone secondary division. I n  these drawings, the nephrogenic tissue, for 
the sake of clearness, is not included. The models are purposely shown 
from different aspects, the one ( A )  giving a lateral view, the other ( B )  
a dorsal view with reference to the position of these structures in the 
respective embryos. I n  both figures, in A more clearly than in B, the 
three pairs of primary branches are still discernible. The bulbous ex- 
tremities of the primary renal pelvis described for earlier stages show 
here a division into branches, more clearly seen in B than in A ,  the former 
representing a slightly older stage. 

A R 

FIG. 1. Wax reconstruction of the ureter, primary renal pelvis, and 
branches. X 50. A,  cat embryo (No. 2 ) ,  13 mm. in length;B, human embryo 
(No. 5 ) ,  neck-breech, 16 mm., head-breech, 20 mm. In each figure only about 
one-third of the length of the ureter is represented. 

The primary branches of the renal pelvis, or, as they may hereafter be 
known, the primary collecting tubules (Nierengangaste-Schreiner) , ex- 
tend to near the periphery of the renal anlage. Each shows, as has been 
stated, a distal enlargement, which is known as the ampulla (primitive 
renal vesicle-Haycraft), and which is surrounded by a cap of tissue 
which we have described as the inner zone of the metanephrogenic tissue. 
Each ampulla, in its further development, enlarges, the distal wall of the 
enlargement becoming somewhat flattened and two lateral buds are de- 
veloped ; the primary collecting tubule now presents the appearance of a 
T or a Y when seen in longitudinal section or in a reconstruction. The 
distal end of each bud, soon after its beginning, develops a new ampulla. 
The inner zone of the metanephrogenic tissue which surrounds the pri- 
mary ampulla as a continuous cell-mass, begins to show a separation into 
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two parts as the ampulla becomes flattened and the separation becomes 
complete as the buds or lateral branches develop, each becoming in this 
way capped by an inner zone of metanephrogenic tissue. The stage here 
reached is the one shown in the reconstruction reproduced in Fig. 1. 

RENAL VESICLES. 
In  Fig. 2 is shown a portion of a longitudinal section of a developing 

kidney of a human embryo 18 mm. in length and presenting essentially 
the a m e  development of primary renal pelvis and branches aa that in B of 
Fig. 1 ; this shows a longitudinal section of a primary collecting tubule, a, 
the distal end of which shows an ampulla, slightly flattened and present- 
ing on each side a lateral extension recognized as the anlage of a branch. 
The section from which the sketch was made does not pass through the 

FIQ. 2. From a longitudinal section of a developing kidney of human 
embryo (No. 4 ) ,  18 mm. in length. x 233. A, primary collecting tubule 
with ampulla; b, b', inner zone of metanephrogenic tissue; c, outer zone of 
metanephrogenic tissue; d, anlage of capsule; e, renal vesicle. 

center of the tubule. It is owing to this that its wall has the appearance 
of being composed of stratified epithelium. I n  other sections of this 
tubule, as also in sections of primary collecting tubules at corresponding 
stages from cat, rabbit, and pig embryos, it may be seen that their wall is 
composed of a single layer of cylindrical cells, varying somewhat in length, 
the nuclei of which are not always in the same plane. I n  the tissue sur- 
rounding the tubule and ampull& here figured, the following may be seen : 
Immediately surrounding the lateral extensions of the ampulla and ex- 
tending for a short distance along the tubule there are recognized groups 
of cells, b, b', which may be separated from the surrounding cells. These 
groups of cells we may know as the inner zone of the metanephrogenic 
tissue. The cells of this tissue are indistinctly bounded and possess 
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relatively large oval nuclei which stain rather deeply and have a radial 
position with reference to the ampulla and tubule. In the preparation 
figured they are arranged in two rows quite clearly defined. This inner 
zone of the metanephrogenic tissue presents a sharp demarcation toward 
the ampulla and tubule, emphasized in the preparation sketched by reason 
of the fact that the ampulla and tubule were slightly contracted during 
the process of hardening. Herring has called attention to similar appear- 
ances presented by his preparations. In the relatively thin sections into 
which my entire material was cut, the distinct demarcation between the 
inner zone of the metanephrogenic tissue and the epithelium of the pri- 
mary collecting tubules and their ampullar enlargements may nearly 
always be readily made out, if the plane of the section passes through the 
lumen of the tubules and their ampullar enlargements, thus giving a cross 
section to their epithelial walls. 

Such appearances a s  described bv Sedgewick when he states “Some of the larger 
columnar cells of the kidney tubul6s become bianched, the processes being continuoils 
with the processes of the branched cells of the kidney blastema. In fact. every 
stage between a columnar lining cell of the tubule and a h n c h e d  cell of the blastemn 
is visible”-I have not observed. The same mav be said of the observations of 

sues is not readily made. Herring, who speaks of a cap or mantle of cells lying 
over the end of each ampulla, speaks of a sharp line of demarcation between the 
tube and the cap or mantle of cells. Ribhrrt describes groups of cells which surround 
cap-like the ends of collecting tubules. These roups consist of two or three layers 
of epithelium-Ufe cells which p a y  he separate8 from collecting tubules on the one 
side and from renal blastema on the other. Schreiner, for all the types studied by 
him describes and figures a distinct demarcation between the inner zone of the 
methephrogenic tissue and the primary collecting tubules (Nierengangiiste) . 

Immediately surrounding the inner zone of the metanephrogenic tissue 
there is a tissue in which the cell boundaries are also indistinct, with rela- 
tively large, round or oval nuclei, which show no definite arrangement, c, 
and which do not stain 60 deeply as the nuclei of the inner zone. This 
constitutes the outer zone of the metanephrogenic tissue. This zone 
blends with a tissue which is recognized as mesenchymal tissue. In the 
mesenchymal tissue, there is recognized a layer in which the majority of 
tha nuclei show an elongated oval form and fairly regular arrangement, 
their long axis being parallel to the outer boundary of the kidney anlage, 
entirely surrounding it. In this layer is recognized the anlage of the 
capsule of the kidney, d. External to it, there is seen a mesenchyme 
containing relatively few nuclei, not sketched in the figure. The entire 
renal anlage measures in the embryo from which Fig. 2 was taken almost 
exactly 1 mm. in length. In the stained sections it is readily recognized 
with the naked eye as a small area, staining more deeply than the sur- 
rounding tissue and having a bean or kidney shape. The appearances 
presented in sections of the developing kidney of rabbit, cat, and pig 
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embryos for corresponding stages are in all essentials as here described 
and figured for the human embryo. In each type the inner zone of the 
metanephrogenic tissue consists a t  this stage of generally two, sometimes 
three, layers of cells, which, as other observers have stated, have the ap- 
pearance of epithelial cells, always surrounding the ampullze of the pri- 
mary collecting tubules or of their branches much as shown in Fig. 2. 
The same may be said as concerns the structure and disposition of the 
outer zone of the metanephrogenic tissue and of the capsule anlage. 

If the inner zone of the metanephrogenic tissue found surrounding the 
right ampullar extension as shown in Fig. 2 (6’) is traced in sections 
preceding and following the one shown in the figure, it will be seen that 
its border is not for its entire circumference an even one, but that it 
presents a bud-like prolongation which extends for a short distance along 
the side of the collecting tubule. In this prolongation, which is here cut 
through its center, the cells show an arrangement in two distinct layers, 
continuous at the end of the prolongation. I was led to recognize this 
fact by Schreiner’s description of similar stages. Such bud-like prolonga- 
tions of the inner zone of the metanephrogenic tissue early acquire a 
narrow lumen, around which the cells assume a radial position, certain 
cells of the bud in the region of its junction with the main mass of the 
nephrogenic tissue turning with their inner ends toward the lumen. In 
this way the bud becomes separated from the main mass of the inner zone. 
In the figure this process of separation is shown at its very beginning; 
a lumen is made out with difficulty and one cell, the fourth in the inner 
row, appears t o  have been fixed in the act of turning. In the further 
differentiation of such a cell-mass, the lumen increases in size and the 
cells surrounding i t  increase in length, becoming more distinctly columnar 
in shape. The whole presents now the appearance of a small vesicle, the 
wall of which is formed by a single layer of columnar cells, which during 
its differentiation has completely separated from the nephrogenic tissue. 
Such a vesicle is shown to the left in Fig. 2 (e )  . A number of investi- 
gators have observed such vesicles and have interpreted them as represent- 
ing anlagen of uriniferous tubules. They were first described and quite 
correctly figured by Emery, who speaks of them as “ v6sicules rdnales,” 
later by Riede, very briefly by Hamburger, Chievitz, and Ribbert, and 
quite accurately by Herring, whose excellent photographic reproductions 
are worthy of study, and finally by Schreiner, who gives a minute and ac- 
curate account of their origin and structure in the different types of 
animals studied by him. The account here given, based on sections of 
human embryos, is readily verified in sections of rabbit, cat, and pig 
embryos of corresponding stages. In each type small vesicles, which we 
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shall designate as renal vesicles (following Emery, not to be confused 
with the primitive renal vesicles as described by Haycraft) are differ- 
entiated from the inner zone of the metanephrogenic tissue in the man- 
ner above described. The first renal vesicles differentiate in the types 
of embryos studied by me simultaneously with the anlage of the two 
branches into which the branches (primary collecting tubules) of the 
primary renal pelvis divide. That the renal vesicles have no connection 
with the primary collecting tubules may generally be made out by tracing 
these structures through a series of relatively thin sections ; wax recon- 
structions of the primary collecting tubules and of the renal vesicles give, 
however, conclusive evidence of their independence. 

Investigators who hold tha t  the uriniferous tubules are  developed by a process of 
budding from the primary secondary and further branches of the epithelial renal 
evagination do not recognihe the renal vesicles as here described. As they can not 
have escaped their notice entirely i t  must he assumed t h a t  they are  regarded by them 
as continuous with the developinh collecting tubules at all stages of their development 
and tha t  they were thus interpreted as solid or hollow buds of the collecting tubules. 
Few of the contributions to  which reference is here made contain satisfactory accounts 
of the earliest stages of the development of the uriniferous tubules nor a re  they 
accompanied by figures which clearly portray these stages. The figures presented 
a re  in the great majority of instances of stages where a direct continuity between 
roliectinp tnbule and uriniferoiiq t u b h e  can not he questioned. Certain of the 
figures to  which reference is here made showing earlier stages of kidney develop- 
ment deserve brief consideration. We may mention Fig. 581 of Kiilllker’s Entwickelungs- 
geschichte des Menschen und Hiiheren Thiere (1879), which shows a longitudinal 
section of the kidne of a n  embryo rabbit 16 days old. I n  this figure are  shown 
several primary c o l i h i n g  tnbules ( “  Rndsnrossen deq Ureters oder Ampullen ” ) ,  
showing T or Y-shaped division of their distal ends and at least seven renal vesicles, 
if I may be allowed to  interpret the f lmre in the light of observations made on my 
own sections of rahhit rmbrvos of about corresnonding age. I n  the accompanying text. 
Kiilliker states tha t  by further growth of the hrancheg of the collecting tubules. these 
form the uriniferous tubules: no mention is made of the renal vesicles In  Figures 
1, 2, 3, and 6 (of Plate  XXIV) of Liiwe’s article, sketches of the entire kidney, as  
seen in longitudinal section of rabbit embryos of 5, 10, 20, and 50 mm. length 
respectivelv are  shown numernns renal vrsicles in rarlous stages of development in 
close relation with a tissue, which from its form and position must he regarded as  
the inner 7one of the nephrogrnic tissue. Liiwe, who recognized the cell-masseq. 
has  interpreted them as renal vesicles and traced their origin to  Braiin’s cords, stating 
tha t  from them is developed the endothelium of the capillaries of the Malpighian bodies, 
while all parts of the uriniferous tnhiiles with the epithelium of Bowman’s capsule 
a re  derived from the primary ureter branches Again in Figs 40 and 41 of Strahl’s 
communication (kidneys of human embryos of 28 mm. and 35 mm. length respectively) 
the inner and outer zones of the nephrogenic tissue and r e q d  vesicles are  Txognized. 
Stoerk’s series of figures groupedgeunder Fig 2, g l p g  in  a way the 
development of the ends nf the ureter branches and the anlage of the Malpighian 
hodies (Nicren kiirperchen) show t h a t  he has  not observed the renal vesicles. hut, a s  
KO 4 of this serieq of fienres wonld indicate, he has  interpreted the renal vesicles a s  
hnds of the ureter branches. R S  the position of the downward growing buds, as  there 
figured coincides with the relations shown by renal vesicles and nrimarv nreter 
branchks a t  a corresponding stage of development Mention was made of Stoeik’s view 
of the anlage of the uriniferous tubules on page 5.  Toldt, whose observations are  fre- 
quently quoted a s  giving conclusive evidence of the development of the uriniferous 
tubules by a process of budding or fur ther  growth of the  ureter branches, removed the 
kidneys from vonng embryos, stained them in hrpmatoxylin or carmine. rleared them in 
turpentine and placed them on a slide a s  a whole In  such nreparations, the primary 
branches of the nreter could he traced without intrrruption to the periphery of the organ 
where they terminated in enlargements,, A further examination of the ureter branches 
desiwated bv Toldt a s  “ Zeilsprossen with higher magniflcation showed tha t  they 
grew forward first as solid buds which later attained a lumen In  Fig. 1 of the 
plate accompanying his article (kidney of ca t  embryo 13 mm in length) is reproduced 
such a preparation. This shows however only nreter, primary renal pelvis and i ts  
primary branches, surrounded hy kidney blastema and gives no’evidence of the anlage 
of the uriniferous tuhnles T t  shnnld be rememhered tha t  i t  is conceded bv the maioritv 
of observers tha t  the epithelium of the nrimary renal pelvis and i t s  hranches is derived 
from the renal evagination bv growth and budding The figures given hy Toldt 
and obtained from sections and teased nrenarations to  show the anlage of the urlni- 
ferous tubules a re  of more advanced stages. It must, therefore, be stated tha t  the 
method selected hv Toldt to show the anlaee of the nriniferous tubules is not a suit- 
able one. The flgures given hv Pye, Narrel, Golgi. Minot, Hagcraft, Von Ehner, and 
Disse show tha t  they are  dealing with developmental stages tha t  do not represent 

semi-schematic 
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DEVELOPMEHT O F  THE COLLECTING TUBULES -4ND THEIR RELATION TO 

THE RENAL VESICLES. 
The further growth of the kidney is accomplished by a further 

division of the branches of the primary renal pelvis and their differentia- 
tion into the straight collecting tubules, by a constant new fcrmation of 
renal vesicles and by a differentiation of the renal vesicle into the win-  
iferous tubules and their union with the collecting tubules. Each pri- 
mary collecting tubule early divides, as has been stated, into two branches, 
each of which shows a distal enlargement, an ampulla, capped with a 
layer of nephrogenic tissue. Each of these branches divides again into 
two branches, the division beginning with the ampullar enlargement. With 
the formation of this second series of branches, the zone of nephrogenic 
tissue which surrounded the ampulla of each primary branch separates 
into two parts, each of which surrounds the end of one of the resulting 
branches. Several similar divisions follow in relatively quick succes- 
sion and with the division of each end branch the nephrogenic tissue 
which surrounds it separates into parts, which in each instance surround 
the ends of the resulting branches. The end branches from each division 
develop ampullar enlargements, which are found at  the periphery of the 
organs under the developing capsule, which enlarges as the kidney 
develops. ( In  the developing kidney of human embryos, the end branches 
are seen to end under the capsule and at  the boundaries of the primary 
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lobules, as will be stated more fully later.) The repeated division of 
the branches of the primary renal pelvis, as here briefly sketched, results 
in systems of branched, relatively straight tubules, which extend from the 
pelvis of the developing kidney to  the periphery of the organ and are 
recognized by authors generally as the anlagen of the straight collecting 
tubules. Such tubules are lined throughout by epithelium having rela- 
tively clear protoplasm and round or oval nuclei, the arrangement of 
which differs somewhat in the earlier branches from that found in the 
later branches. I n  the former, the larger tubules, those nearer the 
pelvis, the epithelium is for the greater part of embryonic life of a 
pseudostratified type, while in the smaller tubules, those nearer the per- 
iphery, the epithelium is simple columnar. The division of the end 
branches of these tubular systems continues without much variation from 
the manner here described to about the time of birth or until the final 
number of collecting tubules has been formed. Hamburger states that 
the division of the collecting tubules terminates in the human embryo in 
the fifth month of fcetal life, in the pig in embryos about 14 cm. in 
length, in the rat and mouse at  about birth. The details of the devel- 
opment of the collecting tubules will not be entered upon here, as the 
necessary data are not yet in my possession. This requires a much more 
extensive series of reconstructions at  different stages of development 
than I have been able to  make, and not for one animal, but f o r  a series 
of animals, as my limited observations indicate that, while the general 
plan of development of the straight collecting tubules is the same for 
different mammals, variations in detail are to be looked for. This may 
be seen also from Hamburger’s account, who briefly considers this ques- 
tion, basing his observations on teased preparations. For the purpose of 
this account, which is concerned with the development and shape of the 
uriniferous tubules proper, the brief statement will suffice that the 
straight collecting tubules are developed by a process of continuous 
growth and of repeated divisions of the ends of the tubules which grow 
from the primary renal pelvis. These divisions take place at  the per- 
iphery of the organ (or of the primary lobes, when present) immediately 
under the capsule. It has been stated that with each division of the 
ampullar enlargement of an end branch of a system of developing col- 
lecting tubules, the inner zone of the metanephrogenic tissue likewise 
separates into parts which surround the ends of the resulting branches. 
During the development of the kidney, this tissue proliferates by mitotic 
division. At all stages of development it is found surrounding the 
ampullar enlargements of the end branches of the developing collecting 
tubules as a layer consisting of one or two rows of cells, possessing oval 



G. Carl Huber 23 

nuclei which stain relatively deeply, the layer being in contact with epi- 
thelial cells which form the wall of the ampullar enlargement. This 
nephrogenic tissue is therefore found at the periphery of the developing 
kidney immediately under the capsule. From this tissue, with each 
successive division of the ampullar enlargements of the end branches of 
the collecting tubules, new generations of renal vesicles are differentiated 
in a manner similar to  that previously described for the first generation 
of renal vesicles. While new renal vesicles are thus differentiating 
about the ends of the terminal branches of the collecting tubules, those 
previously formed are developing into uriniferous tubules. Those first 
formed show the greatest degree of development, the various generations 
of renal vesicles undergoing essentially the same metamorphosis in devel- 
oping into uriniferous tubules. Beginning with a relatively early stage 
in the development of the kidney through the entire period when new 
tubules are forming, there may therefore be observed a peripheral zone 
containing the end branches of the collecting tubules showing ampullar 
enlargements surrounded by nephrogenic tissue, forming and formed 
renal vesicles, and of these others which show the earlier stages of 
development leading to  the formation of uriniferous tubules. This sub- 
capsular zone stains somewhat more deeply than other portions of the 
developing kidney and may therefore be recognized with the naked eye. 
It surrounds the entire kidney except the place where the ureter enters. 
It has repeatedly been recognized at3 the zone where the earliest stages 
of the developing uriniferous tubules are to be found and is described by 
Hamburger and Stoerk as the neogenic zone (" die neogene Zone ',- 
Hamburger). In this way new generations of uriniferous tubules de- 
velop outside of those previously formed, the latter thus coming to lie 
deeper down in the parenchyma of the kidney and showing according to 
their age more or less advanced stages of development. The period when 
the new formation of renal vesicles ceases varies somewhat for different 
animals. In the rabbit, I have observed their formation as late as the 
first week after birth, although the number of newly forming renal ves- 
icles is for the later period of embryonic life relatively small. In the 
cat, newly forming renal vesicles were observed in a kidney removed 
from an embryo a short tiine before birth. Herring states that no more 
tubules are formed in the human kidney after the 8th month of fcetal 
life. Stoerk, who has considered this question quite fully, agrees with 
Herring. Toldt, on the other hand, states that new Malpighian cur- 
puscles form in dog and man in the entire peripheral part of the kidney 
for 8 t o  10 days after birth. My own human material is too limited to 
be of any value in determining this question. 
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DIFFERENTIATION OF THE RENAL VESICLES. 
We may now consider the further development of the renal vesicles. 

As has been stated, these are difl'erentiated from the inner zone of the 
metanephrogenic tissue and, when completely separated, consist of a 
single layer of columnar cells with oval nuclei which stain relatively 
deeply and surround a central lumen. At  this stage of their develop- 
ment they are generally quite definitely circumscribed and have a shape 
which varies from that of an irregularly spherical body to that of an 
egg. They lie in close relation with the collecting tubules and their 
ampullar enlargements, these being often slightly flattened in the region 
of their contact with the vesicles. At least two renal vesicles develop 
in connection with each ampullar enlargement; these do not, however, 
present the same degree of differentiation and development, as may be 
seen from Fig. 2, and is more clearly seen in renal vesicles which de- 
velop in connection with the ampullar enlargements of the end branches 
of collecting tubules which appear after the first and second division of 
the branches, which arise from the renal pelvis. The branches resulting 
from each successive division of a collecting tubule form with this soon 
after their anlage a T-shaped structure; in their peripheral growth, the 
angle between such branches becomes smaller and they form with the 
collecting tubule a Y-shaped structure, each branch developing an am- 
pullar enlargement surrounded by nephrogenic tissue. A renal vesicle 
develops from the nephrogenic tissue on the outside of each branch 
(therefore nearer the pelvis of the kidney) earlier than from the nephro- 
genic tissue between the branches. (See also Schreiner, especially text- 
figure 34.) The renal vesicles, soon after their separation from the 
nephrogenic tissue, increase in size by active proliferation of their cells 
by mitotic cell division, the vesicle elongating somewhat and coming in  
close contact with the ampullar enlargement of the collecting tubules. 
At the same time it may be observed that the outer wall of the vesicle, 
that away from the collecting tubule, and especially its upper portion, 
becomes thicker than the wall of the vesicle in contact with the collect- 
ing tubule. This thickening of the outer wall of the vesicle was first 
described by Schreiner and fully discussed by him. He states, and in 
this my own observations confirm his account, that  the cells of the middle 
and upper portions of the outer wall of the vesicles elongate, the cells 
here appearing longer when the vesicles are in sagittal section' than in  

1By a saglttal section of a renal vesicle is  here meant a section which cnts a col- 
lecting tubule in longltndinal direction and parallel with its lumen and passes at the 
same time through a renal vesicle which may develop by its side, thus cutting the renal 
vesicle in a plane which passes through the middle or nearly the middle of its outer 
wall. The renal vesicles seen in Fig. 2 and -4 of Fig. 3 are cut in sagittal section. 
The plane of a frontal section of a renal vesicle passes perpendicularly through it and 
would intersect the plane of a sagittal section at right angles. 
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other parts of the vesicles and that evidences of cell division are often 
seen. 

In such a section it will be seen that the lower inner ends of these 
elongated cells, which no longer hold a radial position to the lumen of 
the vesicle, but are inclined to its long axis, slightly overlap the inner 
ends of the cells which form the lower portion of the outer wall of the 
vesicle, so that a portion of the outer wall of the vesicle presents the 
appearance of a two-layered epithelium. As development proceeds, the 
outer wall of the vesicle further thickens and encroaches on its lumen, 
which in sagittal sections now presents the appearance of a hook-shaped 
space. At about this time there appears on the outer wall of the vesicle 
over its thickest portion a slight depression, beneath which a cleft makes 
its appearance; this begins to separate the thickest portion of the wall 
of the vesicle into two layers. This cleft deepens as the two layers of 
cells become more distinctly separated. I n  A of Fig. 3 is shown a sagit- 
tal section of a renal vesicle at  this stage of development. The section 
sketched does not pass exactly through the center of the vesicle, nor is it 
quite parallel to its long axis. This needs to be remembered in exam- 
ining this figure, as the arrangement and size of the cells forming the 
different parts of the wall of the vesicle are not quite what might be 
expected from the foregoing description. The reproduction gives the 
most typic section of the series of sagittal sections of the vesicle from 
which the reconstruction was made which is shown in A of Fig. 4. I n  
A of Fig. 3 is shown an ampullar enlargement of a terminal branch of a 
collecting tubule surrounded by nephrogenic tissue, a renal vesicle 
and the surrounding mesenchyme and a portion of the capsule. 
In the wall of the vesicle away from the collecting tubule may be 
observed a slight depression and beneath this a cleft. The nuclei of 
the cells adjacent t o  the cleft are stained a little more deeply than the 
other nuclei of the vesicle. Such an appearance is now and then seen, 
though not characteristic of this stage. In the reconstruction, this cleft 
appears on the surface as a narrow depression placed nearly transvemely 
to the long axis of the vesicle, a little above its center, though not ex- 
tending across its entire wall, and is therefore scarcely seen in the ex- 
posure of the model as sketched. That portion of the vesicle, which in 
sagitti1 section shows the narrow cleft, is in reality a small pocket, the 
upper and lower walls of which are nearly in contact at this stage of the 
development. Similar appearances I have observed in a number of 
other wax reconstructions of this stage. This pocket is not developed 
primarily by an infolding or invagination of the outer wall of the vesicle, 
but differentiates in a thickening of its outer wall. This thickening 
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results from a slight readjustment of the cells constituting this part of 
the vesicle as well as by their proliferation. I n  the further develop- 
ment, this cleft enlarges by deepening and by extending laterally so as 
to involve more than the outer wall of the vesicle. In this way the lower 
and outer part of the original vesicle becomes separated from the main 
part of the vesicle and presents the appearance of a lip, which projects 
upward toward the periphery of the kidney. Into this lip-shaped por- 
tion the lumen of the vesicle extends. While these changes in form and 
structure which affect primarily the lower part of the vesicle are taking 
place, the upper part of the vesicle elongates, sometimes more and some- 
times less, growing toward the respective collecting tubule, more cor- 
rectly its ampulla; at the same time, a slight depression appears in the 
uppermost part of the inner wall of the vesicle, that in apposition with 
the wall of the collecting tubule, which emphasizes the curvature of the 
upper part of the vesicle toward the collecting tubule. In A of Fig. 3 
is shown the first indication of this second depression in the wall of the 
renal vesicle at a point marked by a cross. The end result of these 
changes in form and structure on the part of the renal vesicle are rep- 
resented in B of Figs. 3 and 4. It may be seen that by a deepening of 
these clefts, the more prominent one in the outer wall, the less promi- 
nent one in the upper portion of the inner wall of the original vesicle, 
and by a growing of its upper end toward the collecting tubule, the 
vesicle has been altered in its shape so as to  present in sagittal sections 
and at times also in reconstructions the form of an S. In the sagittal 
section of this renal vesicle, or, as we shall now know it, the tubular anlage 
(the word uriniferous being understood) is cut longitudinally and 
through its middle in the section sketched for nearly its entire length, 
the upper portion of the anlage deviating a very little from this plane 
of section. The reconstruction of this tubular anlage, B of Fig. 4, does 
not show this S-shape as clearly as certain of the sections of it. The 
upper bend of a tubular anlage of about this stage presents a circular 
and very narrow lumen. I n  the tubular anlage figured, the lumen of its 
upper bend appears clearly only in the section sketched. I n  frontal sec- 
tions of tubular anlagen of this stage, in which this upper bend would 
appear in cross or slightly oblique section, the existence of a small lumen 
in this portion of the anlage may be clearly made out, the part itself 
being round or nearly so. It constitutes, therefore, a tubular structure, 
its wall being made up of a single layer of columnar cells with oval 
nuclei. Frontal sections of a tubular anlage of this stage further show 
that its lower bend does not represent a structure having a tubular form, 
but is flattened from above downward, presenting in such sections the 
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appearance of a crescent with concavity directed upwards toward the 
periphery of the kidney. Reconstructions of tubular anlagen of this 
stage show that this portion presents the shape of the bowl of a spoon or of 
a saucer with the concavity turned toward the other parts of the anlage. 
I n  making this comparison, it is to be understood that this structure is 
not solid, but double-walled, the enclosed space, which is continuous with 
the lumen of the other parts of the anlage, having a similar shape. St 
this stage in the development, the upper concave wall of the structure is 
composed of columnar cells, while the lower or convex wall is composed 
of cubical cells. Both in the series of sections of the tubular anlage 
shown in B of Fig. 3, and also in the reconstruction of the same, B, 
Fig. 4, it may be clearly seen that it is not continuous with the ampullar 
enlargement of the collecting tubule. It is in close contact with it but 
not continuous with it. In C of Figs. 3 and 4 is shown a tubular anlage 
which is only slightly further advanced in its development than the one 
shown in B of the same figures. The section sketched shows, however, 
a continuity of the lumen of the tubular anlage and that of the ampulla 
of the collecting tubule, although, as is evident from the sketch, the 
place of union of the two previously discontinuous parts may yet be 
made out, partly by reason of the position of the nuclei of the respective 
cells, also because there is as yet a slight constriction at the place of 
fusion, this being not as yet complete. The modus operandi of this 
union between tubular anlagen and collecting tubules has been discussed 
by Schreiner, who states that he has observed in the tubular anlagen or 
in the ampullar enlargement of the collecting tubule at a stage which 
he has recognized as just previous to a stage in which there is union 
of the two, a cell in mitotic division or cells which by their structure and 
staining show that they have just completed division. This division of 
cells at the place of contact of the upper end of the tubular anlage and 
the ampulla of the collecting tubule, Schreiner associates with the fusion 
of these parts and with the formation of a continuous lumen. This 
stage is rather difficult to find, as it is not readily recognized unless the 
respective tubular anlage is seen in a favorable sagittal section. In the 
tubular anlage, a section of which is here shown, there is no evidence 
which would indicate that one or more of the cells situated at  the place 
of its junction with the collecting tubule had just completed its division. 
In my own preparations I have not found cell division at the place of 
contact between tubular anlagen and collecting tubules more frequent 
than in other parts of these structures in a stage which might be inter- 
preted aa just prior t o  a fusion of these structures. My own observa- 
tions would, therefore, confirm only in part those of Schreiner as coil- 



28 Development and Shape of Uriniferous Tubules 

I 

FIG. 3. A series of figures, A to J of sagittal sections of tubular anlagen 
and uriniferous tubules in early stages of development, showing successive 
stages in  the development of the  uriniferous tubules, from a human embryo 
of the seventh month (No. 16) .  In each figure of this series, there is 
reproduced the most typical section of the several series of sagittal sections 
used in  making the reconstructions shown in Fig. 4. (The corresponding 
tubules in Figs. 3 and 4, are designated by the same letter.) 

X 160. 
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FIG. 4. A series of models A to J ,  showing successive stages in development 
of tubular anlagen and early stages in the development of uriniferous tubules, 
with a portion of the collecting tubule to which each is attached; from a 
human embryo of the seventh month (No. 1 6 ) .  X 160. 
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cerns this point. I have, however, accepted Schreiner's account of the 
processes of union of the tubular anlagen and collecting tubules as the 
most satisfactory that can be given. In  Fig. 5 are reproduced a series 
of wax reconstructions of the anlage and early developmental stages of 
uriniferous tubules obtained from rabbit embryos; in Fig. 6, a similar 
series obtained from cat embryos, and in Figs. 9 and 10, a primary col- 
lecting tubule, with its branches, the renal vesicles, tubular anlagen, and 
uriniferous tubules in early stages of development associated with them. 
These were obtained from kidneys of human embryos of 3 cm. and 
6.5 cm. length respectively. I n  9 and B of Fig. 5 are represented in 
each instance a collecting tubule with prominent ampullar enlargement 
and a renal vesicle. In A the renal vesicle is of spherical shape, in B 
of egg shape, the latter representing a slightly older stage, showing, 
however, as yet no characteristic differentiation ; both are distinctly 
separated from the respective collecting tubule. In  C of Fig. 5 is repro- 
duced a tubular anlage, which had united with the collecting tubule at it 
relatively early stage, before presenting the S-shape to which attention 
has been called. The lumen of this tubular anlage, as seen in sections 
of it, shows this shape more clearIy than does the reconstruction. The 
same may be said of the tubular anlage shown in A of Fig. 6, the earlier 
stages of the series being here not reproduced. These two figures have 
been introduced to show that the tubular anlagen do not always present 
the same degree of development and differentiation at  the time of their 
union with the collecting tubules. Characteristic and constant differ- 
ences in this respect I have not observed for the different animals studied. 

Variations in the time of fusion of the tubular anlagen and the col- 
lecting tubules within the limits shown in these figures may be observed 
in a series of sections from developing kidneys obtained from embryos of 
the same species of animals. Such fusion does not take place, so 'far 
as my observations go, prior to a time when the renal vesicles show a 
distinct indentation of their outer wall, the lumen thus presenting the 
shape of a hook, but may take place before the inner upper portion of 
the vesicles or tubular anlagen show an indentation leading t o  the for- 
mation of the upper curvature; in this case the curvature develops after 
fusion has taken place. A study of the tubular anlagen shown in Fig. 9 
and a comparison of these with those shown in Figs. 4, 5, and 6, will 
prove instructive, especially the two tubular anlagen seen to the left of 
the upper ends of the two prominent diverging branches of the collecting 
tubule. Since the latter are sketched from a different view than those 
of the previous figures, they represent tubular anlagen just after fusion 
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with the collecting tubules and show clearly the saucer-shaped expansion 
of the lower bend of the S-shaped structure characteristic of this stage. 

S-SHAPED STAGE IN THE DEVELOPMENT OF THE URINIFEROUS TUBULES. 
To characterize the S-stage of the development of the uriniferous 

tubules more clearly, one may speak for convenience of description of an 
upper S-curve, with concavity toward the collecting tubule ; an S-middle 
piece or middle S-segment, and a lower S-curve with convexity toward 
the collecting tubule. In considering the tubular anlage as a whole, 
one may speak of its inner face or side, that turned toward the collecting 
tubule, and an outer side, that turned away from the collecting tubule 
and further of a front and back side or face, these with reference to  a 
plane passing through the middle of a tubular anlage as in a sagittal 
section of the same, and finally of an upper and lower portion of the 
anlage, with reference to its attachment to the collecting tubule, which 
would mark its upper portion. In the same way we may speak of a 
portion of a tubular anlage as curving or growing inwards or outwards, 
upwards or downwards, and forward or backward. In the further de- 
scription I shall make use of these terms without further comment. In 
this connection it needs to be recalled that renal vesicles and tubular 
anlagen develop in connection with each of the two end branches result- 
ing from the successive divisions which occur in the course of the devel- 
opment of a collecting tubule. Favorable sections now and again show 
a collecting tubule with two more or less clearly differentiated end 
branches connected with two tubular anlagen seen in sagittal section. 
The whole structure presents the appearance of a Y or of an anchor 
with the arms bent toward the stem of the Y or shaft of the anchor (see 
Figs. 10 and l a ) .  Assuming that the two tubular anlagen are in the 
S-stage, only the left one would in reality have the shape of a Roman S, 
while the right one would show a mirror picture of the same. This fact 
enables one readily to state whether any particular tubular anlage is 
placed to the right or left of a given collecting tubule. By right or left 
is meant the relations shown by these structures to the collecting tubule 
to which they are attached in any given section. In the series of figures 
showing reconstructions of tubular anlagen and early developmental 
stages of uriniferous tubules, as given in Figs. 3, 4, 5, and 6, I have 
for each stage of development selected a tubular anlage placed to the 
right of a collecting tubule. It seemed to me that this would assist ma- 
terially in tracing the successive stages and would facilitate a comparison 
of similar stages. Tubular anlagen placed to the left of the collecting 
tubules show the same developmental stages which would appear in 
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FIG. 5.  A series of models A to F, showing successive stages in the devel- 
opment of uriniferous tubules in rabbit embryos.. x 160. A, E, and F, from 
rabbit embryo (No. 2)  of 14 mm. length; B, C, and D from rabbit embryo 
(No. 3) of 18 mm. length. A and B show each a renal vesicle and a part of a 
collecting tubule with prominent ampulla; C and D early and late S-shaped 
tubule. 
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FIQ. 6. A series of models, A to H, showing successive stages in the devel- 
apment of uriniferous tubules in a cat embryo 22 mm. in length. x 160. 
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mirror pictures to those here given and show the same relations to  the 
collecting tubules. They show similar inner and outer, front and back 
surfaces as above described, these designations having reference to the 
relations of any tubular anlage to the collecting tubule to  which it is 
attached, independent of the fact that such anlage may be placed to  the 
right or left of the collecting tubule. With this definition of the ter- 
minology to be used, we may now proceed to  a fuller consideration of 
the S-shaped stage and state that the upper S-curve represents a tubule 
with narrow lumen having an outward curvature and extends without 
definite boundary into the S-middle piece, which is also of cylindrical 
shape, representing a short tubular segment also with narrow lumen and, 
like the upper S-curve, is composed of a single layer of cells with oval 
nuclei. When first recognized, it hm a nearly horizontal position; but 
as development proceeds and the S-shape of the tubular anlage becomes 
more pronounced, it loses this horizontal position and inclines upward 
toward the collecting tubule. This portion of the anlage is not so clearly 
defined as the other parts and the relative time of its differentiation 
varies somewhat, as will be more fully stated later. The lower S-curve, 
as has been stated, is not of cylindrical shape, but from the time of its 
anlage is flattened from above downward and presents the form of a 
double-walled saucer or shallow bowl with concavity directed upward, 
the cavity which extends into this portion being likewise flattened and 
presenting a similar shape. The cells forming the upper wall of this 
structure are of columnar shape, those forming the lower wall of cubical 
shape or even more flattened, depending on the stage of development. 
The saucer-shaped structure becomes narrowed as the region where it 
joins the S-middle piece is approached and here gradually changes (in 
the most typical anlagen) from a flattened to a nearly cylindrical struc- 
ture. The place of junction of the two parts is indicated by a sharp 
bend in the lumen of the tubular anlage as this is Seen in sagittal sections 
and may be indicated by a nearly equally sharp bend when the anlage 
is seen in reconstructions. The lower end of the upper 8-curve, with 
a portion of the S-middle piece, rests in  the concavity of the saucer- 
shaped portion representing the lower S-curve so that only a narrow 
spwe separates ihese parts. In sagittal sections this space appears as a 
curved cleft and contains, soon after its anlage, a delicate strand of 
mesenchymal tissue. In D of Figs. 3 and 4. is 
shown a slightly older tubular anlage, which differs from the former in 
that the place of union between the tubular anlage and the collecting 
tubule is no longer recognized and in the more pronounced curvature 
of the anlage as a whole. This is especially clearly seen in the section 

(See C of Fig. 3.) 
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of this tubular anlage shown in D of Fig. 3. In the reconstruction it 
will be seen that what appears in section as the lower S-curve represents 
in reality a shallow bowl, the edges of the saucer-shaped structure recog- 
nized in the former stage and figure having grown upward, thus deep- 
ening the concavity; also the space which separates this part of the 
anlage from the lower end of the upper 8-curve and S-middle piece has 
increased somewhat and is now occupied by a vascularized mesenchyme, 
the section reproduced showing two capillaries, the one cut cross-wise, 
the other seen in longitudinal section. The mesenchyme contained 
within the concavity of the lower S-curve has long been recognized as 
the anlage of a glomerulus, this portion of the tubular anlage, as may 
be stated now, forming Bowman’s capsule. My own observations lead 
me to think that the first capillary loop found within the mesenchyme 
occupying the concavity of the lower S-curve of a tubular anlage grows 
into this from without, as I have generally been able to  trace a connection 
between it and the capillaries outside of the cleft occupied by the mesen- 
chyme. To give definite answer to this question, however, i t  would be 
necessary to confirm the above statement on injected preparations, but 
the fresh material of the proper stage of development, obtained during 
the course of this investigation, was too limited to  attempt this. This 
question has received only incidental mention by other investigators ; of 
the more recent of these we may mention Schreiner, who simply states 
that “into the cleft there grow from without connective tissue and 
vessels,” and Stoerk, who, in speaking of the development of the S-shaped 
stage of the tubular anlage, states that “there is formed between the 
upper curve and the middle piece on the one side and the concavity of the 
lower curve on the other side a downward curving cleft, which takes up 
vascularized interstitial tissue, from which later the glomerulus is de- 
veloped.” Herring, on the other hand, states that when the S-shaped 
tubule is formed, the space between the lower and the middle limb is 
occupied by some connective tissue cells: they are few in number and 
resemble the other cells which ard found in the matrix of the cortex. He 
further states that “From these cells I believe the capillaries of the 
glomerulus are formed in. situ and not as an ingrowth.” 

The S-shaped stage in the development of the uriniferous tubule, especially charac- 
teristic when seen in sagittal sections has long been recognized and was first correctly 
described by Toldt and is clearly brdught out in Golgi’s semidiagrammatic figures of 
developing uriniferous titbules of mammals. 
to the formation of the S-shaped tubular anlage have I believe been correctly describes 
only by Schreiner, whose account my own observatlons, as ’given here, in the main 
confirmed. 

Ribbert gives in a series of semidiagrammatic flgures (Fi 3 of his article) his 
view of the development of the S-shaped stage of the tubufar anlagen. By means 
of these figures, he aims to show that the lower Dortion of the cell-mass from which 
a tubule is developed in its growth turns sharply upward, toward the per1 hery of the 
kidney In this waf, a cleft is formed between the elongation and t i e  cell-mass 
from which it develops; the latter now makes union with the collecting tubule, the 

The series of developmental stages leadin 
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whole structure acquiring a lypen  and the S-shaped stage of the tubular anlage is 
reached. Herring states t h a t  By active proliferation of cells, the vesicle grows in 
length, hut not as a straight tube: it becomes comma-shaped, the bend of the c?,mma 
being always away from the collecting tubule with which it eventually joins.” The 
comma is now in close contact with the ampulla hut  the lumens a re  not continuous. 
As the comma-shaped body grows i t  elongates b i t  the ta i l  remains in the same posi- 
tion. further growth is upward ’toward the fapsule along the  end of the collecting 
tube.’ It grows more quickly than the,latter and takes on another curve at its upper 
end, this time toward the ampulla. The r rsul t  IS an S-shaped body, with centra! 
lumen. When the S 1; well developed, i ts  lumen becomes rontinuous with the lumen 
of the collecting tube. I n  both of these accounts, the anlage of the lower curve of 
the future  S-shaped structure as above given is missed. Hamburger states tha t  
when the anlage of the coiled uhniferous tubule das reached a diameter of 40 I” to  50 p , 
a small cavity develops in its center ( renal  vesicle) ar?d shortly af ter  this, a nnion 
between it and the ampulla is establishcd and a short solid cord of cells, which extends 
from the peripheral end of the ampulla to  the lateral wall of the vesicle develops 
In  its fur ther  development the tubular anlage obtains a depression always seen on 
the side of the anlage w h i h  i8 turned away from the ampulla with’ whichc i t  is con- 
nected- i t s  wall sinks In somewhat, thus giving the  cavity the form of a half-moon 
shffped’ cleft * ” this  depression deepens and develops into a cleft and there is formed 
a wing-like’ process,” which lies against the side of the anlage and terminates with 
a sharp free border which projects toward thc siirface of the kidney. When the 
anlage of the coiled’yiniferoiis tubule has  attained the size of 50 p to 60 I” it still 
has  a 8 heric sha e but consists of 1, a bowl (Schale), the concavity of which 
is t u r n e l  toward t i e  surface of t;: kidney 2 a short  thick tubule of S-form which 
unites this  bowl with the anrpulln. This h a h e  O E  the  development corresponhs with 
the S-shaped stage of other authors. Such early fusion of the anlagen of uriniferous 
tubules with collecting tubules as described by Hamburger I have not observed. 
This error of observation on his par t  (for such I take it to be) is, I believe, accountrri 
for by the thickness of the srctions which he exanilned (15 to 20 p j .  I n  section.. 
of this thickness, it is often exceeding1 difficult to  s ta te  whether or not renal 
vesicles or tubular anlagen are  merely 7, contact with the collecting tubules or 
continuous with them unless the par ts  are  most favorably sectioned a oint to which 
I have previously calied attention. That  the depression on the oute; sixe of the renal 
vesicle and especially the cleft which opens into i t  is not primarily formed by BU 
infolding of the wall was brought out in describing i t s  formation: the solid cord of 
cells uniting the ampulla u i t h  the renal vesicle, as  described by Hamburger I have not 
observed. The upper portion of the  renal vesicle retains a lumen as it elongates 
toward the collecting tubule and this becomes continuous with tha t  of the collecOing 
tubule a t  the time when fusion between these structures takes place. 

Authors who regard the uriniferous tubules as developed directly 
from the collecting tubules are quite unanimous in their accounts of the 
formation of this S-shaped stage of the uriniferous tubules, stating that 
the end branches of the uriniferous tubules, or buds from these, grow for 
a short distance toward the pelvis of the kidney and then again toward 
the periphery, the lobule or bud thus becoming flexed, presenting first a 
concavity, then a convexity toward the collecting tubule. I have pre- 
viously quoted Haycraft, Gerhardt, and Stoerk as concerns this point. 
Minot considered the capsule as playing an important r81e in the forma- 
tion of the tubular anlagen. He states : “ The capsule seems to  prevent 
the further elongation of the branch in its line of growth, and t o  force 
the end of the branch to curl over, thus by simple mechanical condition 
causing the formation of the anlage of the Malpighian corpuscle.’’ Ger- 
hardt also states that the capsule offers a mechanical obstacle to the 
further growth of the straight tubules and thus gives the first impulse to 
the coil formation. Assuming for the moment that the uriniferous 
tubules are developed by a growth and budding of the collecting tubules, 
it must be evident that other factors than the one found in the resist- 
ance offered by the capsule to the further elongation of the branches of 
the collecting tubules, play a part in causing these branches to  curl 
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over and form the anlage for the uriniferous tubules, as in the develop- 
ing kidneys of human embryos of from 3 cm. to  6 cm. in length the 
neogenic zone is found, not only at the periphery of the organ, imme- 
diately under the capsule, but forms septa which extend nearly to the 
pelvis of the kidney and are found at the line of union of 4 to  6 primary 
lobules into which the parenchyma of the organ may at this early stage 
of its development be separated. These septa, which Haugh has termed 
“ the primary column= Bertini,” are in reality composed of the neogenic 
zones, separated at the time when they are first recognizable and for 
some little time after by only minimal traces of mesenchymal tissue, 
which occurs here m d  there in small areas and does not present a t  this 
stage of development the relatively dense structure of the capsule, which 
dips down at the superficial boundaries of these primary lobules for a 
variable though always short distance. Uriniferous tubules develop on 
each side of these septa in the same way as under the capsule and i t  is 
evident froin a study of sections that the end branches which reach these 
septa or primary coluninae Bertini do not meet resistance in their further 
growth by the capsule or by a tissue of like density, since such tissu,: is 
not found in the primary columns Bertini, when first formed and for 
some little time after. 

I n  Fig. 7 is reproduced a portion of a section from 9 series of longi- 
tudinal sections of a kidney obtained from a human embryo measuring 
6.5 em. in length (No. ll), showing the junction of two primary lobules. 
I n  this figure is represented a primary columna Bertini, which extends 
from the capsule nearly to the pelvis of the kidney and the renal paren- 
chyma developing on either side of it. As will be observed, collecting 
tubules grow toward the septum from either side and renal vesicles and 
tubular anlagen develop on either side of it in a manner similar to those 
which develop under the capsule. For the greater part of its extent 
this columna or septum contains at the stage of development shown in 
the figure very little mesenchymal tissue. This is well developed only 
near the pelvis of the kidney, from which it extends outward for a short 
distance and here clearly separates the two lobules. For a fuller con- 
sideration of the primary lobulation of the developing kidney and of 
the primary column= Bertini, the reader is referred to Haugh’s paper, 
who considers these questions at some length. 

Stoerk, in his seCond aper discusses and flgures (Figs. 3-8) wax reconstructions 
of tubular anlagen showkg the S-shape. I desire to consider somewhat more fully 
his observations relating to this stage of the development of the uriniferous tubules 
as these observations are not in harmony in all partirulars with my own. Stoerk 1; 
this paper begins his description of the development of the uriniferous tubules with a 
stage which in proflle view presents the appearance of an inverted question mark. 
This ’twisted structure simhates, as he states, in sections the appearance of an 
S-shaped tubule and is s s  recognized 1, authors. With reservation, he adopts the same 
designation. In this he recognizes, for convenience of description, 8 parts (and in 
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this I have followed him) an upper S-curve an S-middle piece and a lower S-curve. 
The upper S-curve passes &thout definite bouhdary into the S-middle piece. The lower 
S-curve grows upward toward the lateral bend of the upper S-curve. in this way 
there is formed between i t  and the S-middle niece on the one hand and the concavit; 
of the lower S-curve on the other hand, & curved cleft, into which vascularized 
mesenchyme grows and forms the anlage of the glomerulus. Prom his reconstruc- 
tions, he was able to see that  the lower S-curve is in reality not a tubule, but is spread 

FIG. 7. A portion of a longitudinal section of the kidney of a human 
embryo measuring 6.5 em. in length (No. ll), showing a primary columna 
Bertini, which extends from the capsule to near the pelvis of the kidney. 
X 80. Pcb, primary columna Bertini; c ,  capsule; pe ,  epithelium of pelvis; d, 
end branches of collecting tubules. 

out, beginning with the place where the S-middle piece passes into i t  “ in to  a thin, 
spherically curved and downward bellying structure with a sharp border, having the 
form of a triangle with rounded angles; the base of this triangle represents the up- 
curved blind ending of the S-shaped tubule a s  seen in sections. Over the middle 
of thi; structure with unward facing concakitv is found iust  a little above i t  the 
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The account of the further deVelODment of the lower S-curve as riven br Stoerk I 
shall ive in his own words as  i t  if‘particularly with this portion th& I deiire to  take 
excep8on. He states (page’297) : Die Muschel nimmt eincrseits im Sinne der Fllche 
an Grosse zu, andererseits gewinnt sie an Wolbung, sodass sie zunachst der Form 
einer ein wenig verzerrten halben Kugelschale zustrebt (8. Fig. 3 4 nnd 6) * diese 
umwalbt die TJebereannstelle vom Mittelstuck in die obere S-Hiilfte &id wird von’ dieser 
Kanllchenpartie Past bis zum Kontakt rrfiillt . allmiihllch wird dann auch das 8-Mittel- 
stiick zur Kugelschalenhildnng herangexogen’ und geht in diese auf (Model1 B ) ,  so 
dass nunmehr der obere S-Bogen tibrig bleibt, der, aus der Kugelschale aufsteigende, von 
deren Innenseite durch eben jenen- schmalen von Zwischengewebe erftillten Raum 
etrennt wird, der sich, wie erwlhnt, im Schnittbilde a18 abwarts gekrtimmter enger 
palt prlsentiert.” 

This double-walled structure, developing from the lower S-curve and 
the S-middle piece, with the enclosed mesenchyme, develops into Bow- 
man’s oapsule and glomerulus. While these are developing, and very 
soon after the stage is reached to which reference is made in the quota- 
tion, the upper S-curve elongates and becomes flexed and for a time 
again has the shape of an S. This Stoerk designates “secondary S,” 
in contradistinction to the primary S, of which, after Bowman’s capsule 
is formed, there remains only the upper S-curve. In reality, as he states, 
there is no primary S, this being seen only in sections of this structure 
at this stage. He further states that the want of recognition of these 
two S-stages and their time relation, on the part of former observers, 
accounts fo r  the contradiction which is found between his view and the 
views expressed by other observers as to the genesis of the different parts 
of the uriniferous tubules, with reference to the different parts of the 
S-figure. In discussing these observations of Stoerk, I desire in the 
first place to call attention to the fact that, while the various anlagen of 
uriniferous tubules from a time when they may be differentiated from 
the renal vesicles to a time when they present a distinct S-shape show 
at different stages of their development certain typic forms which are 
again and again met with, they after all vary in certain details both as 
to size and form and also as to the relative time at which certain changes 
in form occur. This is true not only when comparing tubular anlagen 
obtained from different species of animals, but also when comparing such 
obtained from embryos of the same species. With some reservation, the 
statement may be made that tubular anlagen which develop from the 
first few generations of renal vesicles are larger and present a slightly 
different form from those which develop from later generations. In 
the earlier stages of the development of the kidney, the branched collect- 
ing tubules are relatively far apart and the renal vesicles and tubular 
anlagen which develop in connection with any one system of end-branches 
are separated by a relatively large amount of interstitial tissue. This 
enables the tubular anlagen which develop at  this period, when these are 
considered as a whole, to assume a more rounded shape than can the 
tubular anlagen which develop in the neogenic and subneogenic zone8 in 
the later periods of kidney development at a time when the tubular struc- 
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tures are more crowded and separated by a relatively small amount of 
interstitial tissue ; consequently the tubular anlagen which develop at 
this period, when they are considered as a whole, do not present a rounded 
form, but a form which is elongated from above downward. This may 
be seen when comparing C and D of Fig. 4, and B and C of Fig. 6, with 
the two anlagen shown to the left of the two prominent branches as 
shown in Fig. 9, and no doubt explains, in part at least, the difference in 
form of early stages of tubular anlagen as given in Stoerk's figures and 
the majority of those here represented. I am led to assume, both from 
a study of his figures and from the statements which he makes, that it 
is advisable to study the anlage and early developmental stages of the 
uriniferous tubules in as young embryos as possible, because the ele- 
ments of the neogenic zone are here fiarther apart; that his reconstruc- 
tions are made from very young embryos, while my own were made from 
relatively older stages-the series shown in Fig. 4 from a human embryo 
of the seventh month. Besides such differences in shape as here indi- 
cated, there are observed in tubular anlagen which show essentially the 
same stage of development, especially when these are seen in sagittal 
section, minor differences in shape involving the extent of the curvature 
of different parts and the relative size and shape and degree of differ- 
entiation of the lower S-curve, the saucer-shaped expansion of the 
S-shaped tubular anlage, when this is compared with its other parts. 
Of the series of models in my possession showing the &stage of develop- 
ment of the uriniferous tubules, no matter whether we speak of those 
made from different species or of those from the same species, no two 
are exactly alike or even nearly so. They all show certain character- 
istics of form which enable a classification as to stage of development, 
but differ when compared in detail. This is more particularly true as 
concerns the form and size of the lower S-curve and its relation to  the 
S-middle piece. The lower S-curve is developed primarily, as will be 
remembered, not by an invagination of the outer wall of the renal 
vesicle, but by a cleft which develops in la thickening of the outer wall. 
The extent of this cleft varies. It may not, as has been stated, extend, 
when first recognizable, on to the front and back surfaces of the renal 
vesicle and may be quite deep before the lower part of the vesicle, that 
part which will develop into the lower S-curve, has by extension of the 
cleft to any appreciable extent been separated from the part of the renal 
vesicle just above it, the part which will form the S-middle piece. Such 
a structure in reconstruction does not present the form of an S, but may 
do so in sagittal sections. On the other hand the cleft which appears iit 
the outer wall of the vesicle may, almost from its beginning, extend for 
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a distance on its front and back surfaces, in which case the lower S-curve 
and S-middle piece would be recognized in a reconstruction about as 
soon as in sections. In  both cases there develops from the renal 
vesicle, by a deepening of the cleft and by a growth of the structure, a 
part which we have known as the S-middle piece and a portion known 
as the lower S-curve. The former develops as a short tubular segment 
of irregular cylindrical shape, the latter as a double-walled saucer- 
shaped structure, with concavity upwards and presenting, as seen from 
above or below, either an oval or more rounded or irregular triangular 
shape, with a distinct border at which the two layers of the structure 
are continuous. In the former case these parts are differentiated at a 
relatively later period than in the latter, when the form of the anlage is 
compared with its internal structure, as seen in sections. Before the 
S-middle piece is completely differentiated, the border or edge of the 
lower saucer or shell-shaped structure extends for a variable distance 
on t o  the 5-middle piece and recedes gradually from this as it be- 
comes more clearly defined. So far as my observations go, from a 
time when the S-middle piece may be considered as fairly well defined, 
it can be traced as such into the older developmental stages and is not 
taken up into the lower S-curve as this changes from a saucer-shaped 
structure to one having a deeper concavity and presenting the shape of 
an irregular hemisphere, as is stated by Stoerk. This appears t o  be 
the case in tubular anlagen in which the border of the lower 8-curve or 
saucer-shaped structure extends for an appreciable distance on to  the 
S-middle piece, but this I interpret as due to a relatively late differ- 
entiation of the S-middle piece and not as showing that it is being taken 
up into the lower S-curve as in tubular anlagen, where the S-middle 
piece differentiates relatively early, this appears to form a definite 
tubular segment, which is not lost in its further development. As a 
matter of fact, not all of the lower S-curve, as seen for instance in a 
tubular anlage such as is shown in D of Figs. 3 and 4, differentiates 
into the double-walled concavo-convex structure, which forms, in its 
further development, a Bowman’s capsule; but this point shall be dis- 
cussed more fully in presenting the further stages in the development. 
I see, thwefore, no reasons for recognizing a primary S and a secondary 8, 
as is done by Stoerk, my observations, as stated, leading me to think that 
the different parts of a tubular anlage which would correspond t o  his pri- 
mary S-stage,so far as differentiated,continue as such into the stage which 
he has designated as the secondary S-stage, the various parts-upper 
S-curve, S-middle piece, and lower S-curve-being in the latter more 
clearly defined than in the former; especially is this true of the S-middle 
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piece, which becomes more clearly defined and does not disappear in the 
transition from the primary to the secondary S-stage, and this supposed 
disappearance of the S-middle piece, as the one stage passes into the 
other, appears to me as the crucial point in Stoerk's argument for the 
recognition of these two S-stages. In  making these statements, I am 
more especially guided by observations made on reconstructions of 
tubular anlagen, obtained from developing kidneys of cat embryos vary- 
ing between 20 mm. and 30 mm. in length and from a human embryo 
of the seventh month rather than on those made of tubular anlagen de- 
veloped from the first few generations of renal vesicles of relatively 
young human and rabbit embryos, as in the former, more generally than 
in the latter, the S-middle piece differentiates relatively early and con- 
sequently such tubular anlagen show at a relatively early stage an 5-shape 
when seen in reconstruction. 

Before leaving the consideration of the S-shaped stage in the development of the 
uriniferous tubule brief mention may yet be made of a term which was introduced 
by Colberg and Ghich has  now and again been used to  designate this stage. Col- 
berg in a n  article in which he attempts to  controvert some statements made by Henle 
conckrning the shape and structure of uriniferous tubules, which need not be entered 
upon here, gives also some observations made on the kidneys of a human embryo 2f the  
seventh or eighth fponth and  in the course of his remarks s ta tes  t h a t  the open 
uriniferous tubules (straight collectin tubules) divide in the cortex, after having 
given off several branches in the mefulla, into four to  six side branches, which 
terminate in the periphery of the kidnes either in club shaped enlargements or with 
ends which a re  coiled u several times' these coiled up ends have about the same 
size as a fully develope: Bowman's caGsule and glomerulus of a coiled uriniferous 
tubule. In the  roiled up ends of the straight or open tubule, he was not able at first 
to detect capillary loops and therefore spoke of them as pseudoglomeruli Toldt in 
discussing a stage in the develo ment of the uriniferous tubule which correspond; to  
the S-shaped stage makes use o f t h i s  term although in a foot-note he calls attention 
to the inappro ridteness of it. Hamburggr after discussing the hode  of formation 
of the  S-shapetatage,  speaks of it,  as a stkge designated by Colberg as a pseudoglo- 
merulus, a term which, nn Hamburper states, has  been adopted by thc majority of lpter 
writers and is retained by him. The term is misleading and inappropriate and need 
not be retained, as the mesenchyme and capillary loops found in the concavity of the 
lower S-curve and reco nized as the anlage of the glomerulus, form at this stage only 
a small par t  of the entfre tubular anlage. 

THE GENESIS OF THE DIFFERENT PARTS OF A URINIFEROUS TUBULE 
FROM THE TUBULAR ANLAGEN OF THE S-STAGE. 

The. developmental changes undergone by the anlagen of uriniferous 
tubules, following the stage at  which these present the S-shape, affect 
simultaneously the different parts of the S-shaped structure. I n  their 
further growth the tubular portions, embracing the upper S-curve and 
S-middle piece, elongate, while the bowl-shaped portion, the lower 
S-curve, enlarges and obtains a deeper concavity; this is accompanied 
by a proliferation of the vascularized mesenchyme contained within this 
concavity. We may consider first the changes affecting the tubular por- 
tion. This, as may be seen, is relatively fixed at  its two ends, on the one 
hand by its attachment to  the collecting tubule, on the other by its 
attachment to the bowl-shaped structure which contains the vascularized 
mesenchyme and which early forms a relatively fixed structure. Thus 
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in its elongation it is forced to acquire secondary curvatures. Of these 
one is fairly constant both as to the time of i$ appearance and as to its 
location, appearing won after the 8-stage is reached and involving about 
the middle of the upper S-curve. The convexity of this curve is often, 
though not always, directed inwards toward the collecting tubule. Soon 
after the appearance of this curvature or coincident with it, the region of 
the junction of the S-middle piece and lower S-curve becomes rounded 
out into an arched tubule with convexity turned upwards, the lower 
S-curve contributing to its formation. Hence, as previously stated, not 
all of the lower S-curve goes to form the bowl-shaped structure. A por- 
tion of variable length in the region of its junction with the S-middle 
piece assumes a tubular form and with a portion of the S-middle piece 
forms the arched tubular segment to which reference is here made. This 
tubular segment may as a whole be bent forward or backward or may early 
acquire secondary curvatures. The region of the junction of the upper 
S-curve with the S-middle piece now forms a distinct loop. This region 
in the S-stage lies in the sagittal plane of the tubular anlage, as may be 
seen in D and E of Fig. 3. Coincident with the developmental changes 
above referred to, this portion of the tubular anlage becomes turned on 
its axis to  a variable extent, the arm of the loop formed by the lower por- 
tion of the upper S-curve being moved backward, so that the plane of 
the loop now intersects a plane passing as in sagittal section through the 
portion representing the lower S-curve. The angle formed by these two 
planes varies in the different anlagen from an acute angle to nearly a 
right angle. These changes in form and relative position of the upper 
S-curve and S-middle piece seen in various degrees of development are 
shown in the models reproduced in E,  F, and G of Fig. 4, D of Fig. 5, 
and D and E of Fig. 6. E, F, and G of Fig. 3 show the appearance pre- 
sented by tubular anlagen in these stages when seen in sagittal sections ; 
E shows a tubular anlage when the tubular portion deviates but slightly 
from the sagittal plane, the tubule being cut through its entire length, 
its lumen appearing, however, only here and there, while in D the curva- 
ture of the tubule has progressed to such an extent that only a part of it 
falls within the plane of a sagittal section passing through the middle of 
the anlage; this is more marked in G of this figure. A comparison of 
these figures with E, F, and G of Fig. 4, reconstructions of the respective 
tubules, will assist in their interpretation. While the above mentioned 
developmental changes, which affect the tubular portion of the adage, 
are in progress, changes affecting the lower S-curve are also to be ob- 
served. These changes consist in an enlargement as a whole of this 
portion and in a growing upwards of its border, thus deepening its con- 
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cavity and changing it from a structure having the shape of a segment 
of a sphere to  a hemisphere, the mesenchyme found in the concavity of 
the shallow structure of the earlier stage proliferating as this obtains a 
greater concavity, especially noticeable being an increase in the number 
of the oapillary loops. That the epithelial portion of this structure is 
double-walled is evident from what has been said of its anlage and further 
development; its border represents the edge along which the outer wall 
becomes continuous with the inner wall. At about this stage of its de- 
velopment, its inner layer on the side toward the collecting tubule and 
in the region where i t  is continuous with the tubular portion of the 
anlage and at about the level of its border, develops a fold which grows 
outward, away from the collecting tubule, which fold in its further growth 
becomes continuous with the border. In  sagittal sections, this fold ap- 
pears as a spur and is seen in E’ and G of Fig. 3 and also in certain of 
the tubular anlagen as shown in Fig. 11. It assists in narrowing the 
wide opening by means of which the space (occupied by mesenchyme 
and capillaries) enclosed within the double-walled structure communi- 
cates with the outside. This fold further assists in differentiating more 
clearly this structure of hemispherical shape from the tubular portion 
of the anlage, in that the former now obtains a continuous border along 
the entire length of which the inner wall is reflected into the outer wall. 
This brings the attachment of the tubular portion in connection with its 
outer wall. The attachment of the tubular portion is always on its inner 
side, on the side turned toward the collecting tubule. 

I n  a tubular anlage developed to the extent here described, there may 
be recognized the anlagen of the different parts of a uriniferous tubule, 
as these are known after its development. Briefly stated, the genesis 
of the different parts of a uriniPerous tubule is as follows: The double- 
walled hemispherical structure, which develops from the greater part of 
the lower S-curve, forms the inner and the outer layer of Bowman’s 
capsule (more correctly stated, the outer layer forms the epithelial lining 
of Bowman’s capsule, while the inner layer forms the glomerular epithe- 
lium) ; the space between the two layers, continuous with the lumen of 
the tubules, forms Bowman’s space ; the vascular mesenchyme enclosed 
within this double-walled structure forms the anlage for the glomerulus, 
the two structures taken together forming a stage in the development of 
a Malpighian body or corpuscle. The region of the junction of the 
lower $-curve and the S-middle piece, which, as stated, differentiates 
into an arched tubular segment, represents the anlage of the proximal 
convoluted tubule. Between this arched tubular segment and Bow- 
man’s capsule there is described a short segment, which is known as 
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the neck of the uriniferous tubule. At this stage of development this 
portion of the tube is not clearly defined and is not fully digerentiated 
until the epithelium of the portion which will form the proximal con- 
voluted tubule shows structural d5fferentiation. The region of the 
junction of the 5-middle piece with the lower part of the upper S-curve 
forms the anlage for the loop of Henle, that portion of the 5-middle 
piece which does not participate in the formation of the proximal con- 
voluted tubule forming the proximal arm of the loop, the lower part of 
the upper Scurve to the region where appears the secondary curvature, 
about its middle, as above stated, forming the distal arm of the loop, 
the junction of the two parts, the loop itself. The secondary curvature 
of the upper 5-curve first to appear forms thcanlage of the distal con- 
voluted portion. The upper portion of the upper S-curve from its 
attachment to the collecting tubule to the region where the distal con- 
voluted portion has its anlage may be recognized as the beginning of 
the junctional tubule. The epithelium of the entire tubular portion 
of the uriniferous tubule presents a t  this stage of development essen- 
tially the same structural appearances. The cells throughout are of 
columnar shape, with a relatively small amount of protoplasm, which, 
unless the bleaching has been very thorough, retains to a certain extent 
the nuclear stain, for instance staining lightly in hEmotoxylin if this 
stain has been used. The nuclei are relatively large, of round or oval 
shape, and stain relatively deeply. The lumen throughout is of about 
the same size and is narrow. The statements here made as to  genesis 
of the different parts of a uriniferous tubule are based on observations 
made on reconstructions of developing uriniferous tubules, of stages 
beginning with the S-stage to a time when the metamorphosis has pro- 
gressed until the different parts of a uriniferous tubule may be recog- 
nized. Attention should, however, be again called to the fact that, 
while models which show these stages of development present a certain 
similarity of form and arrangement of parts, they differ when studied 
in detail, as was stated in discussing earlier stages of development. 

In the further elongation of the tubular portions of the uriniferous 
tubules, as these proceed in their development, beginning with a stage 
as above discussed, the portion which was above mentioned as forming 
the anlage of the loop of Henle needs first consideration. This portion 
of the tubule is found in the S-stage and some little time after, imme- 
diately above the concavity of the lower S-curve, the anlage of Bow- 
man's capsule, as may be seen in reproductions of reconstructions show- 
ing this stage. As this loop elongates, it either grows a little to one 
side (forward) and then elongates downwards toward the pelvis of the 
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developing kidney, as shown in P of Fig. 6, or grows downward from 
the beginning and in doing so appears to  push aside the anlage of Bow- 
man’s capsule, which in being pushed aside is turned on its axis so that 
its posterior border attains a higher level than its anterior border. This 
is very well shown in G of Fig. 6, also, though not quite so clearly, in E 
of Fig. 5 .  While the loop of Henle is thus developing, the portion which 
is to form its ascending or distal limb remains in close proximity and 
on its inner side to  the developing Bowman’s capsule, after crossing the 
place where this is joined to the tubular portion which forms the anlage 
for the proximal convoluted tubule, the descending or proximal limb 
of the loop lying to the inner side or slightly in front of the distal limb. 
The two arms of the loop are generally, from the time when they may 
be clearly recognized, parallel or nearly parallel; now and then the de- 
scending limb may be twisted slightly over the ascending limb, as in 
P of Fig. 5 .  I n  the models here reproduced, which show the early 
stages in the development of the loop of Henle, it will be observed that 
the loop of Henle grows down in front of the anlage of the Malpighian 
corpuscle or in front of the tubular segment attached to it. This may 
be accepted as a general law and holds good also for the tubules develop- 
ing to the left of the collecting tubules, the ones shown in the figure all 
developing to the right of the collecting tubules. This statement I 
shall desire to amplify somewhat in discussing more fully the relations 
of the developing uriniferous tubule to the collecting tubules when I 
shall also consider Stoerk’s observations on this point. Coincident with 
the formation of the definite anlage of the loop of Henle, as here given, 
the portions of the tubule which I have designated as destined to form 
the proximal and distal convoluted portions also increase in length, 
especially the former, which grows upward and acquires two or three 
secondary curves. It begins at the developing Malpighian corpuscle and 
extends upward behind the anlage of the loop of Henle, then arches for- 
ward between the collecting tubule and the other parts of the respective 
urinifeious tubule, then passes downward to  become continuous with the 
descending limb of Henle’s loop. Just before the loop is reached, it 
often shows a distinct flexure, which is fairly constant and character- 
istic, appearing also in older stages. The curvature which forms the 
anlage of the distal convoluted portion does not grow in length as rap- 
idly as that part which forms the proximal convoluted portion. The 
curvature becomes more pronounced as development proceeds and may 
obtain one or more secondary bends, or  may show in much older stages 
than here discussed a single bend. It may here be added that there 
is observed a considerable variation as to  the relative length of this 
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portion of a developing uriniferous tubule. Of two uriniferous tubules 
of apparently the same stage of development, the distal convoluted 
portion of one may be as long again as that of the other. This is to 
a certain extent true of uriniferous tubules reconstructed from embryos 
of the same species, more clearly seen when those reconstructed from dif- 
ferent species are compared. As a rule in reconstructions of uriniferous 
tubules showing early stages of development obtained from human 
embryos, the distal convoluted portion is relatively longer than in such 
obtained from cat and rabbit embryos. Compare for example J of Fig. 
4 with‘H of Fig. 6, two tubules showing about the same stage of 
development. The distal convoluted portion of a uriniferous tubule is 
generally found just above the Malpighian corpuscle of the respective 
tubule, a relation which is Iairly constant even for  later stages of 
development, and will receive further attention in considering these. 
During the time in which tubular portions of uriniferous tubules de- 
velop as ahove described, the anlagen of the Malpighian corpuscles of 
hemispherical shape change to corpuscles of spherical shape. This 
is accomplished by a growing upwards and a turning in of the border 
of the double-walled epithelial structure representing the anlage of 
Bowman’s capsule and by a growibg outwards of the fold which arises 
from its inner wall in the region of its attachment t o  the tubular 
portion, this fold being continuous with its border. In this way the 
opening into the double-walled structure is gradually narrowed until 
only a relatively small opening remains, a t  which, as in earlier stages, 
the inner wall becomes reflected into the outer wall. This opening into 
the double-walled spherical structure as thus developed and which may 
now be known as a Bowman’s capsule, is situated in its outer and upper 
portion. During this time, the mesenchyme and vessel’s recognized 
as the anlage of the glomerulus differentiate into a definite glomerulus, 
the small opening leading into the cavity of Bowman’s capsule serving 
for entrance and exit of the afferent and efferent vessels of the glomerulus, 
these being accompanied by a small amount of connective tislsue. A 
Malpighian corpuscle of this stage of development presents essentially 
the same shape aa a fully developed corpuscle and differs from those 
found in post-fetal life, aside from certain details in cell differentiation, 
only in being smaller. The relative degree of development of a Mal- 
pighian corpuscle and the tubular portion of a uriniferous tubule, when 
the extent of the development of the former is compared with the extent 
of the development of the latter, varies somewhat for different tubules 
reconstructed from embryos from the same species of animals; more so 
when developing uriniferous tubules obtained from embryos of different 
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species of animals are compared. In human and pig embryos the Mal- 
pighian corpuscles develop relatively early, when considering the extent 
of the development of a given uriniferous tubule and may assume a 
nearly spherical form before the portion of the tubule which forms the 
anlage of the loop of Henle is clearly differentiated. This, H and I of 
Fig. 4 may serve to illustrate. On the other hand in cat and rabbit, 
developing uriniferous tubules are often met with in which the anlage of 
the loop of Henle is clearly made out, before the Malpighian corpuscles 
have progressed in development beyond the stage in which they are of 
hemispherical shape, with the epithelial portion in the form of a double- 
walled cup, as for instance shown in E of Fig. 5, and F and G of Fig. 6. 

Attention may yet be called to the fact that Malpighian corpuscles 
develop in about the location in which they have their anlage. Through- 
out the period in which new tubules are formed, new generations of 
tubules and Malpighian corpuscles develop outside (toward the periphery 
of the kidney) of those previously formed, which makes it appear as 
though the Malpighian corpuscles of the 01 der generations of uriniferous 
tubules sank down into the deeper parts of the parenchyma of the kidney 
as this developed. Herring, who has called especial attention to this 
fact, expresses himself as follows : ‘‘ The Malpighian corpuscles seem to 
be fixed structures at an early period and do not move their position 
as do the tubules during their further growth. The early fixation seems 
t o  be due to  the density of the connective tissue around the Malpighian 
body and i t  is likely that a certain part always remains constituting the 
framework.” The size of these structures when compared with the other 
portions of the tubular anlagen, the compactness of the glomerular anlage, 
when compared with the surrounding mesenchyme, but especially the 
early development of a definite vascular supply to the glomerulus, all 
appear to  me t o  form factors which assist in the fixation of the developing 
Malpighian corpuscle. 

&4t about the time when the developing Malpighian corpuscles have 
reached a stage of development in which they resemble in shape and to 
a certain extent in structure, fully developed Malpighian corpuscles, 
there is observed a cellular differentiation in that portion of the tubules 
which we have designated as the anlage of the proximal convoluted 
portion. Beginning with the region of attachment of this portion of the 
tubule to  the Malpighian corpuscle and proceeding for the remainder 
of its extent it may be observed that the protoplasm of the epithelial cells 
increases in quantity and becomes clearer and now takes more readily a 
protoplasmic stain, so that in sections stained with hEmatoxylin and 
eosin or erythrosin, the protoplasm of the cells appears tinged with red. 
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At the same time, the nuclei take a position in the basal portion of the 
cells, 80 that the lumen becomes surrounded by a distinct margin of 
clear protoplasm. The nuclei also stain less deeply than in earlier stages 
of development and present a vesicular appearance. The lumen of this 
portion of the tubule, which, before the cell differentiation is observed, 
is relatively narrow, becomes prominent. This cell differentiation extends 
the entire length of the proximal portion and for a variable distance along 
the descending arm of Henle’s loop, as developed at this stage. This cell 
differentiation is shown in I and J of Fig. 3. In  the former is shown 
about the distal one-half of the proximal convoluted portion of the tubule 
represented in reconstruction in I of Fig. 4, and its junction with the re- 
mainder of the tubule, the epithelium of which shows as yet no differentia- 
tion. I n  the latter is shown a loop of Henle cut through its entire length 
about the upper half of the descending limb of which shows an epithelium 
with clear protoplasm and nuclei with basal position. The proximal 
convoluted portion of the tubule is further seen in cross section just to the 
right of the upper end of the descending limb of Henle’s loop as seen in 
the figure; this also shows the characteristic cell differentiation. In  the 
immediate vicinity of the Malpighian corpuscle, where the tubule becomes 
continuous with the outer layer of Bowman’s capsule, this cell differentia- 
tion is not so pronounced as in other parts of the proximal convoluted 
portion, nor do the cells of this region attain the same size as in other 
parts of the tububar segment; the lumen likewise is not so well developed. 
Consequently the tubule presents here for a short though a variable 
distance a smaller diameter than in other parts of the proximal convoluted 
portion and may now be recognized both by reason of its smaller size and 
by its structure as what is known as the neck of the uriniferous tubule. 
At this stage of development, the remaining portions of the uriniferous 
tubule, the greater part of the loop of Henle, the distal convoluted portion, 
and the junctional tubules present essentially the same structural appear- 
ance seen in the earlier stages of development. 

The so-called junctional tubules of the uriniferous tubules elongate 
as these develop with the growth of the kidney. As has just been stated, 
a Malpighian corpuscle develops in about the location of its anlage; the 
proximal and distal convoluted portions of a tubule of which such a 
corpuscle forms a part, differentiate in its immediate vicinity. As the 
developing kidney grows in size, the collecting tubules elongate, their 
ends being always found just under the capsule, and as the junctional 
tubules are inserted at the peripheral ends of the collecting tubules 
(the exceptions I shall note) the collecting tubules, as they elongate, carry 
with them the ends of the junctional tubules; those for the uriniferous 
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tubules first developed must then traverse the greater part of the cortex, 
so far tt8 developed, in order to reach the peripheral ends of the collecting 
tubules. (See Stoerk, page 304.) 

A detailed description of the several models,on which is based the account 
here given of the early developmental stages of uriniferous tubules, is 

1 2 3 

4 5 
FIG. 8. Semidiagrammatic figures of the anlage and differentiation of renal 

vesicles and early developmental stages of uriniferous tubules of mammals. 
1 and 2, anlage and successive stages in the differentiation of renal vesicles, 
as seen in sagittal sections; 3, section and outer form of tubular anlage before 
union with collecting tubule at the beginning of S-shaped stage; 4 and 6, 
successive stages i n  the development of the tubules, Bowman’s capsule and 
glomerulus beginning with a tubular anlage showing a well developed S-shape. 

obviated, it seems to me, by the number of illustrations of these stages 
here presented. My own observations and the conclusions reached con- 
cerning the anlage and early developmental stages of the uriniferous 
tubules and the genesis of the different parts of these tubules I have 
summarized by way of a series of diagrammatic figures grouped under 
Fig. 8. 



G.  Carl Huber 51 

known semidiaerammatic ficur& of develoninr renal tubules of rhammals is hete riven an 
presented by Mlnot (Page 510) leavln‘ gut the reference le t te rs .  “ The different 
parts of the S-shaped tubule ha& each t fe i r  fixed destiny. The end of the S (In the 
diagrams the lower par t )  receives the vascular loop. which gives rise to the blood- 
vessels of the fu ture  glomerulus’ the lower limb of the S elongates enormously and 
forms the first dlvlsion of the coivoluted tubule including the loon of Henle : the iinner 
limb o f t h e  S also elongates very much-thou h less t h i n  the lo’wer l i m b a n d  i s ’ h e  
anlage of the second division of the convolute8 tubule; where the two join, the tubule 
passes close to the Malplghian corpuscle and seems to be intimately attached to it.” 
Except perhaps for the fact  tha t  I have differentiated more clearly the different parts 
of a tubular anlaee of an S-shane and am thus able to eive more exulicitlv the genesis 

nne of -nrevioiis workers whn has made extensive iiee of reronstiurtion methods 
the s&fy of the subject. It will be remembered that  he recognlzes app&naFfana  
a secondary S stage in the development of the uriniferous tubules. As the Malpighian 
corpuscle comdetes i ts  drvelopment, the S-shaped tubule of the secondarv S stage 
elongates and acquires from four to 5ve “short ,  plump windings.” The epithellum 
of the tubular nortion. which up to this staxe, has shown the snme strurtnre throughout 
now shown a differentiation. herinnine with the attachment of the tnhnle t o  t h e  A n t &  

c a y e r - f  %%&nan’s  capsule a<d ex tkding  for one to cwo--windingi--of -ihi-t<G-G- 
The cells here obtain more p t o p l a s m ,  which becomes clearer and the nuclei assume 
a basal position. This cell- ifferentlation. as descrihed by Stocrk. both a s  to the time 
of I t s  appearance nnd a s  to the realon of the tnbnle nffected is about 3s given by me. 
About thls tlme there develops from the coiled tubular portion a loop which grows 
downward over the Malpighian car uscles to form the loop of Henle. Sonrernlng the 
location of this loop Stoerk has tiis to 88 : I use his own words: Es Msst sich 
van vornhereln durEhaus nlcht saaen, wegche von den ursprtingllch untereinander 
ganz gleich aussehenden Windungen zu dfesem Anwachsen zur Schlinge bestlmmt 1st 
solange In allen das Eplthel ein dunkles 1st: erfah;yngsgemiiss 1st es meist die zweit; 
nach dem Abgang vom Malplghischen K6rperchen. That the portion of the tubule 
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Throughout the period in which new tubules are formed, new genera- 
tions of uriniferous tubules develop outside (toward the periphery of the 
kidney) of those previously formed, the latter thus coming to  lie relatively 
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deeper down in the parenchyma of the kidney, as this increases in size; 
the tubules showing the greatest development are therefore formed nearest 
the pelvis of the developing kidney. To show t,he relative size and the 
shapes of uriniferous tubules and tubular anlagen developing from differ- 
ent generations of renal vesicles as ,also the relative size, shape and extent 
of branching of collecting tubules and their relation to the former, for a 
developing kidney of which the most fully developed tubules present 
about the size and shape of those shown in J of Fig. 4, and H of Fig. 6, 

FIG. 9. A model of a large or primary collecting tubule, cut just above its 
origin from the pelvis of the kidney with the collecting tubules resulting 
from four successive dichotomous divisions, with three renal vesicles, five 
tubular anlagen in the S-shaped stage and two uriniferous tubules in early 
stages of development; from the kidney of a human embryo (No. 7 ) ,  measur- 
ing b cm. in length. X 133. r2), renal vesicles. 

these representing the oldest stages thus far discussed, I have inserted 
Figs. 9 and 10. In each of these figures is reproduced a model of a 
primary collecting duct, beginning with a region a little above its place 
of origin from the pelvis of the kidney and showing the successive divisions 
of the same to the ampullar enlargements of the end branches, together 
with the renal vesicles, tubular anlagen and uriniferous tubules which had 
developed therewith. Fig. 9 represents these structures as observed in a 
human embryo 3 cm. in length (embryo No. 7'). In this figure, for the 
sake of clearness, only a part of the model is reproduced. The cut 
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surfaces recognized by their shading represent the origin of two branches, 
similar to those reproduced. The collecting tubules are at this stage 
of development relatively large with wide lumen. The one here shown 

FIG. 10. A model of a primary collecting tubule, cut just above its origin 
from the pelvis of the kidney, showing six successive dichotomous divisions. 
Only one of the four main branches of the second generation of branches is 
here shown in full, together with renal vesicles, tubular anlagen and urini- 
ferous tubules developing in connection with this branch. From the kidney 
of a human embryo (No. 11). measuring 6.5 cm. X 133. 

presents four successive dichotomous divisions, the end-branches showing 
ampullar enlargements. The pelvis of this kidney and the collecting 
tubules here sham are lined by a single layer of columnar cells; The 
figure shows further three renal vesicles, m, five tubular anlagen in the 
S-stage, seen from different aspects and showing different degrees of 
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development and two uriniferous tubules of a stage of development in 
which the different parts of a uriniferous tubule may be readily made 

FIQ. 11. A portion of a longitudinal section of a kidney of a human 
embryo (No. 11) measuring 6.6 cm. (This section is the most typical of the 
aeries of sections used in making the preliminary drawings from which was 
made the model shown in Fig. 10.) X 133. 0, capsule; d,  collecting tubule; 
p l ,  proxlmal or descending limb of Henle’s loop; m, Malpighian corpuscle wfth 
neck and a portion of proximal convoluted tubule; bc, anlage of Bowman’s 
capsule and a glomerulus showing fold of inner wall of capsule; dc, distal 
convoluted tubule; a, end branch of collecting tubule and ampulla; i x ,  inner 
zone of metanephrogenic tissue; pc, proximal convoluted tubule. 
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out and the respective Malpighian corpuscles are nearly developed ; one of 
these is on the rear side of the model as sketched and shows only in part, 
between the two prominent diverging branches. The relation of these 
structures to each other and to  the collecting tubule is shown with sufficient 
clearness in the figure to obviate fuller discussion. In Fig. 10, is shown 
a similar reconstruction for a human embryo of 6.5 cm. length. The 
long diameter of the kidney from which this reconstruction was made 
measures 5mm. after fixation. The collecting tube reconstructed presents 
five and in some branches six successive dichotomous divisions. Of the 
four branches resulting from the second division, only one was recon- 
structed in full, the others are represented as cut soon after they are 
separated. That the collecting tubules grow in length along their entire 
extent as the kidney develops is shown by the fact that a greater distance 
intervenes between the successive branches than is shown in the former 
stage; the angle at which the branches meet is €or the older stage more 
acute than for the earlier stage. During this growth in length of the 
collecting tubules, they obtain a smaller diameter and consequently a 
smaller lumen ; especially is this true of the later generations of branches. 
In connection with the one large branch here fully reconstructed, there are 
found in the model five renal vesicles and 14 tubular anlagen and urinifer- 
ous tubules in various stages of development, only a portion of which 
could be represented in a sketch presenting one view of the model. The 
complexity of this model is such that a reproduction of it can give only 
in a general way the shape, size, 'and relations of the various structures 
modeled and this can be shown in one figure quite as clearly as in several 
figures drawn from different aspects of the model. I n  Fig. 11 is repro- 
duced one of the most typical sections of the series from which the model 
shown in the former figure was made; it falls in a plane which passes 
through about the middle of the model. It will serve to show the struc- 
ture and cellular differentiation of certain representative tubules and 
tubular anlagen shown in the reconstruction; a comparison of the 
two figures will enable the identification of the respective parts, as 
represented in each figure, as they are drawn to the same scale. In the 
section reproduced, a collecting tubule was cut through its entire length 
and may be seen to end in characteristic ampullar enlargement. The 
epithelium lining the collecting tubules is here shown as a single layer of 
columnar cells which in the primary collecting duct presents the appear- 
ance of a pseudostratified epithelium. In  each of the two models (Fig. 
9 and 10) all of the renal vesicles, tubular anlagen and uriniferous 
tubules, with the exception of one uriniferous tubule, are associated with 
or attached to the ampullar enlargement of the end branches of the 
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collecting tubules. The one tubule of each model having a different 
attachment is attached to  the collecting tubule; in the model showing the 
younger stage of development, in the region of the second division, in the 
other model, in the region of the third division. I have observed this 
condition only in the human embryos. In the kidney of the cat and 
rabbit of about the same stage of development, as shown in these models, 
all the uriniferous tubules and tubular anlagen are attached to the 
ampullar enlargements of the end branches of the collecting tubules. 
Hamburger, who has made observations on the mode of attachment of 
the ‘‘ coiled uriniferous tubule ” to the “ straight collecting tubule ” on 
certain animals, has reached the following conclusions: He speaks of 
the branches of the straight collecting tubules which result from the last 
division of these (as Seen in the fully developed kidney) as the ‘‘ terminal 
collecting tubules” and finds that in the beef and the mouse and 
generally also in the rat these terminal collecting tubules take up the 
ends of the coiled uriniferous tubules and only seldom (in the rat) do 
these terminate in the straight collecting tubules proximal to the terminal 
branches, while in the pig a greater number of the coiled uriniferous 
tubules end in the straight collecting tubules and that these further 
form arcades, with convexity upwards, which also serve for the insertion 
of the coiled tubules. The fact that at a relatively early stage in the 
development of the human kidney certain uriniferous tubules end in the 
collecting tubules proximal to their terminal branches indicates that this 
mode of termination obtains in post-uterine life, while the fact that in 
cat and rabbit embryos of about 2.5 cm. length, all the tubules end in 
the terminal branches would go t o  show that even in the fully developed 
kidneys of these animals, the great majority of the uriniferous tubules 
end in this way. Positive statements concerning this point I am at 
present unable to make, as I have not reconstructed collecting tubules 
throughout their whole extent for stages older than given in Fig. 10. 

Figure 9 will also serve to show that the collecting tubules in their 
growth and successive divisions resulting in the formation of nevi 
branches, do not in these successive divisions divide in the same plane, 
but with some degree of regularity in alternate planes. The configu- 
ration resulting from the last two divisions of a collecting tubule during 
the time when these form new branches, would resemble two Y’s the stems 
of which are joined to form a single stem, the four arms of which project 
into four quadrants of a circle. The diagram given in Fig. 12 may 
serve to  make this clear. Uriniferous tubules develop in connection 
with each of the four end branches thus formed. In  each of the two 
tubules developing in connection with the two anterior end branches, as 
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given in the figure, the loop of I-Ienle grows down in front of the 
Malpighian corpuscle and the first portion of the proximal convoluted 
tubule belonging to each tubule. Thus these conform to the general 
law as previously stated. I n  each of the two tubules which develop in 
connection with the posteriorly placed end branches, while these hold 
the position given in the figure, the loop of Henle grows down behind the 
Malpighian corpuscle and the first portion of the proximal convoluted 
tubule. I f  now the whole configuration as shown in the figure be turned 
through an arc of 180", thus bringing the two posteriorly placed tubules 
in front, these will show the same arrangement and relations of parts 

I 1 .............. c 

FIG. 12. Semidiagrammatic figure given to show the relations the urini- 
ferous tubules bear to the collecting tubules and end branches as observed a 
short time before the middle of embryonic life. Not all the uriniferous tubules 
would show in such a conflguration about the same degree of development as 
here represented. c, collecting tubule; e, end branch of collecting tubule; a, 
ampulla; m, Malpighian corpuscle; n, neck; p c ,  proximal convoluted tubule; 
pZ, proximal or descending limb of Henle's loop; aZ, ascending or distal limb 
of Henle's loop; dc ,  distal convoluted tubule; j ,  junctional tubule. 

as was shown by the two tubules which previously occupied the anterior 
position; that is to say, the loop of Henle now passes down in front of 
the Malpighian corpuscle, while in the other two tubules, those which 
previously held the anterior position and now OCCUPY a posterior position, 
the loop of Henle now passes down behind the Malpighian corpuscle. 
I n  stating, therefore, the general law that the loop of Henle in its 
development and elongation passes down in front of the Malpighian cor- 
puscle and the first part of the proximal convoluted tubule, cognizance 
must be taken of the relationship of a given uriniferous tubule t o  the 
collecting tubule in which it ends. The first part of a proximal con- 
voluted tubule, beginning with its attachment to the Malpighian corpus- 
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cle and embracing a tubular segment of variable length, passes between 
the loop of Henle and the collecting tubule to which said tubule is 
attached. If one, therefore allows the collecting tubule to which a 
uriniferous tubule is attached, irrespective of its other relations, to mark 
the posterior aspect of said tubular configuration, it may be said that the 
loop of Henle passes down in front of the first part of the proximal convo- 
luted portion of the tubule, near its origin from the Malpighian corpuscle 
and this would also assume a position in front of the corpuscle. I can not, 
therefore, agree with Stoerk when he states, in connection with the state- 
ment which I have previously quoted (see page 51) in which he refers 
to the fact that it was not possible to  state which of the four or five 
loops of the secondary S formed the anlage for the loup of Henle, that- 
and here I use his own words-" Der Mange1 an Gesetzmassiglieit ihrer 
Bildung aiissert sich auch darin dass sie an zwei zum gleichen Sammelrohr 
gehorigen Bildungen an der einen vor, an der anderen hinter dem 
Malpighischen Eorperchen herabfallen kann (Model L und F auf der 
Tafelabbildung) .', Reference is here made to the downward growth 
in its development of the loop of Henle. In model L of this plate, 
the loop of Henle is well developed and conforms in its relations with 
those give in my own descriptions of this portion of the uriniferous 
tkbule. The tubule shown in model F of this plate is so little developed 
that an interpretation of it is not justifiable without seeing the model 
itself; I will, therefore, not attempt a discussion of it. In  all the urinifer- 
ous tubules reconstructed by me, the loop of Henle is seen ku p s  down 
in front of the Malpighian corpuscle or the proximal convoluted tubule 
in the vicinity of its attachment to the corpuscle-and this applies t o  the 
older as well as to the younger developmental stages modeled-if by in 
front is meant that side of the tubular complex turned away from the 
collecting tubule to which a uriniferous tubule is attached as explained 
above and as may be seen from the diagrammatic figures given. 

DIFFERENTIATION OF THE EPITIIELIUM OP THE LOOP OF HENLE. 
We may now return for brief consideration to the stage of development 

represented by the tubule shown in J of Figs. 3 and 4, representing the 
oldest stage thus far discussed. This tubule represents one in which the 
Malpighian corpuscle shows a spherical form and may be regarded as 
fully developed; the loop of Henle is clearly recognized and presents the 
relations described for this portion of the uriniferous tubule, the proximal 
convoluted portion and about one-half of the proximal or descending 
limb of Henle's loop show an epithelium with clear protoplasm and 
nuclei with basal position; the cells lining the remaining portions of the 



60 Development and Shape of Uriniferous Tubules 

tubule show as yet no specific differentiation, but present the appearances 
shown by the epithelium lining the entire tubule at an earlier stage of 
development. In  their further development, such tubules increase 
greatly in length. This growth in length affects all parts of the tubule, 
though not to  the same extent, the proximal convoluted portion elongat- 
ing more than the distal convoluted portion, the loops of the former 
becoming more pronounced and new ones forming. The chief increase in 
length is, however, observed in the two arms of Henle’s loop; this, in 
elongating, grows toward the pelvis of the kidney. While thus elongat- 
ing, a characteristic cellular differentiation is observed in the proximal 
or descending limb of Henle’s loop, beginning with that region of this 
portion of the tubule which is marked by the termination of the cells with 
clear protoplasm and extending to near the loop itself-the region where 
the descending limb becomes continuous with the ascending limb-though 
never involving the loop itself. The epithelium lining this portion of the 
descending limb of the loop, differentiates into a flattened epithelium with 
flattened elliptical nuclei. The protoplasm of these cells shows very little 
granulation. The tubule obtains in this portion a smaller diameter 
than in other parts; this is more clearly seen at la later stage of develop- 
ment, some little time after the epithelial differentiation here mentioned 
may be clearly recognized. The size of the lumen of this portion of the 
tubule remains about the same as that of other parts. Coincident with 
this change of cell structure, as observed in the descending limb of 
Henle’s loop, the cells lining the loop itself, the ascending limb, the distal 
convoluted portion and for a variable distance in the junctional tubule, 
undergo a change in structure. The protoplasm of the cells lining these 
portions of the tubule increases in quantity and acquires a granular, 
often faintly striated appearance and shows an affinity for protoplasmic 
stains (eosin and erythrosin), these portions then staining more deeply 
than the proximal convoluted tubule and the proximal arm of Henle’s 
loop. The cells may be described as being of cubical or low columnar 
shape, with nuclei of spherical or slightly oval form and placed centrally 
in the cells. The diameter of these portions of the uriniferous tubules 
is greater than that of the proximal arm of Henle’s loop, showing the 
flattened epithelium, though less than in the proximal convoluted portion. 
The epithelium lining the different parts of a uriniferous tubule will 
receive further consideration in discussing more fully developed urinifer- 
ous tubules. In Fig. 13, -4, is shown a model of a uriniferous tubule in 
which the epithelial differentiation of the different parts of the tubule, as 
here described, may be clearly recognized. The tubule shown represents 
one which measures 2.5 cm., of which just about one-half falls to the loop 
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of Henle. (This measurement and others giving the length of urinifer- 
ous tubules are obtained from models, the length of the tubule as repre- 
sented in the model being divided by the magnification at which it was 
made - 400). In B of this figure is shown one of the sections of the 
series of sections of this tubule from which the model was made; it 
presents with other parts, a section of the distal part of the proximal 
convoluted portion and its continuity with the proximal arm of Henle’s 
loop, showing the flattened epithelium, which is cut through its entire 
length to the immedi’ate vicinity of the loop itself. The transition from 
the clear epithelium with basal nuclei of the proximal convoluted portion 
and the first part of the descending limb of Henle’s loop to the flattened 
epithelium of the remainder of the descending limb of Henle’s loop, is 
here clearly shown. The ascending limb of Henle’s loop shown in the 
figure does not belong t o  the tubule shown in the reconstruction, but to an 
adjacent tubule also in part reconstructed and of about the same shape 
and stage of development as the one shown in A of this figure, here 
added to enable a comparison betwen the epithelial lining of the two arms 
of Henle’s loop as observed at  this stage of development. It may be 
emphasized for purposes of further discussion that the parts here desig- 
nated as representing the proximal and distal arm of Henle’s loop were 
thus designated after reconstruction of the two tubules of which they 
form a part. 

The account here given of the differentiation of the epithelium of the 
two arms of Henle’s loop differs very materially from that given by 
Stoerk in his description of the development and cellular differentiation 
of this portion of the uriniferous tubule. Stoerk states that at a time 
when the loop of Henle is as yet very short, the clear epithelium which 
characterizes that portion of the uriniferous tubule destined to form the 
proximal convoluted portion extends to about the middle of the bend, 
which is to form the loop of Henle, lining therefore its proximal half, 
while the other half of the loop anlage is lined by the darker epithelium, 
which lines the remainder of the tubule. (The terms clear and dark 
epithelium are here used in the sense given them by Stoerk who speaks of 
“hellem und dunklem Epithel”). As the loop elongates, the part lined 
by dark epithelium grows more rapidly than the part lined by clear 
epithelium, so that the dark epithelium takes in the loop m d  extends for 
a variable distance into its proximal arm the clear epithelium ending, 
therefore, a little above the loop. He further states that “ The descending 
arm of Henle’s loop is therefore to be regarded as representing genetically 
and morphologically the end segment of the tubulus contortus of the first 
order, while the ascending limb represents genetically and morphologically 
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B 

FIG. 13. A,  uriniferous tubule from the kidney of a human embryo of the 
seventh month (No. 16) .  x 160. 

B, a portion of one of the sectionssof the series from which the preliminary 
drawings used’ i n  making the model shown in A were made. X 160. 111, 
Malpighian corpuscle; dc, distal convoluted portion; pc, proximal convoluted 
portion; dZ, descending or proximal limb of Henle’s loop, showing flattened 
epithelium; c, collecting tubule; (all parts of the tubule shown in recon- 
struction) ; all, ascending limb of Henle’s loop of a second tubule; m‘, dc’, dl’, 
portions corresponding to those designated with like letters without the accent, 
belonging to a second tubule. 
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the beginning segment of the tubulus contortus of the second order.” 
The descending or proximal arm of Henle’s loop to near its end is there- 
fore, according to Stoerk, lined by an epithelium which is like the epithe- 
lium which lines the proximal convoluted portion and presents a diameter 
of tubule and lumen, which is also like the proximal convoluted portion, 
while the ascending limb, which is of smaller diameter, is lined by cells 
having a darker protoplasm and this not only in earlier stages of 
development, but also in later stages and in post-fcetal life, as is apparent 
from his description and also his diagram given in Fig. 27 of his article. 
To state clearly Stoerk’s position, I shall quote from his summary as 
follows : 

“ Das Protoplasma des Kanalchenepithels, von der Insertionsstelle am aiisseren 
Blatt der Bowmanschen Kapsel angefangen bis zur Umbiegungstelle der Henleschen 
Schleife. wird ziemlich eleichzeitip mit dem Auswachsen der Schleife hell. das Inmen 
dieses KanUchenabschniGes e r w e i t h  Der helle und weitere Schenkel der‘ Henleschen 
Schleife ist der absteigende und nlcht, wie blsher angenommen wurde, der butstei- 
aende. Stoerk also states in discussing his observations on this w i n t  tha t  Dieser 
V6llirr einwandsfrele und ausnahmslos konstante Befund steht in dhektem Geeensatze 
zu der Darstellung im Schweiger-Seidelschen Schema und, dem seinerzeit Gesagten 
gemass auch im Gegensatze zu dem was seither zur allgemeln gtiltigen Anschauung 
Uber dks Verhalten der Henleschen ’ Schleife geworden 1st. Dass die falsche Lehre 
bisher keine Richtigstellung erfahren ha t  1st um so verwunderlicher als eine Reihe von 
allgemeln bekannten Beobachtungen so Ghol der normalen wie der hathologischen His- 
tologie auf das Wiedersinnige in der Sache hiitten hinweisen kSnnen.” 

I have quoted thus fully from Stoerk, as his observations (based on 
reconstructions) on the development and structure of the loop of Henle 
have led him to conclusions which are so at variance with the generally 
accepted views concerning the structure of the different parts of this 
portion of the uriniferous tubule that a clear statement of his position 
seemed necessary and this could best be given by making free use of his 
own words. That the older and generally accepted view of the size and 
structure of the descending or proximal limb of Henle’s loop-namely 
that it represents that part of the uriniferous tubule which shows the 
smallest diameter, as generally given in the diagrams of uriniferous 
tubules, beginning with the well-known one of Schweiger-Seidel, and that 
it is lined by a flattened epithelium-is the correct one and that Stoerk is 
in error when he states that this portion of the uriniferous tubule presents 
essentially the same diameter as the proximal convoluted tubule and is 
lined by a similar epithelium, is shown by those of my models which 
show advanced stages in the development of the uriniferous tubules. 
The source of his error can, I believe,’be readily shown. If one may be 
allowed to judge from his figures, he has reconstructed only relatively 
early stages in the development of the uriniferous tubules. The tubule 
shown as model L, BS found in his plates, presents the most advanced 
stage figured by him. Figyre 18 shows in very favorable section a tubule 
of about the stage of development as that shown in model L. In  the 
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tubule figured as seen in section, as is also apparent in references made to 
it in the text, the clear epithelium found in the proximal convoluted por- 
tion extends for about half the length of the descending or proximal arm 
of Henle’s loop. This portion of the tubule has also a greater diameter 
than is shown by the greater part of the remainder of the tubule figured 
by him, the latter part being lined by the darker epithelium. The tubule 
shown in Fig. 18 of his article presents about the same stage of develop- 
ment and cellular differentiation as that shown under J of Fig. 3 of this 
article, and this tubule was selected as showing a stage of development 
just prior to that in which the epithelium of the proximal and distal 
arms of Henle’s loop shows the specific differentiation described for  them. 
In  -4 and B of Fig. 13, in which is represented a tubule showing a stage in 
which the epithelium of all its parts shows characteristic differentiation 
and represents a stage a little more advanced than the oldest stage figured 
by Stoerk, imt may be clearly seen that that portion of the descending limb 
of Henle’s loop which in J of Fig. 3 or  in Fig. 18 (Stoerk’s) shows the 
darker epithelium, differentiates as the loop elongates, into the flattened 
epithelium Characteristic of the greater part of the descending limb of 
Henle’s loop. Stoerk, in formulating his conclusions relating to the 
shape and structure of the descending and ascending limbs of Henle’s 
loop makes use of data gained from a study of uriniferous tubules 
representing stages of development in which the epithelial differentia- 
tion is not as yet complete in all parts of the tubules, notably in the 
descending and ascending limbs of Henle’s loop. It may readily be seen 
how from such insufficient data, he would be led to the conclusions 
drawn. If the loop of Henle in either of the tubules shown in J of 
Fig. 3 or in Stoerk’s Fig. 18 were drawn out t o  form a long loop of 
Henle, retaining the structure given them in the figures, the result would 
be a tubule in which the descending limb of the loop would be lined by 
a clear epithelium to near its end, one which would show a greater 
diameter than the ascending limb, which would be lined by a darker 
epithelium. This is what he has done and was thus led to the error he 
has committed. That he is not justified in assuming that the uriniferous 
tubules presenting the stages represented in his Figure 18 and model L 
show the structure and cellular differentiation of fully developed urinifer- 
ous tubules, may be seen, I believe, in A and B of Fig. 13 and is also 
shown by my other models showing more advanced stages of development. 
I t  may, therefore, again be stated that reconstructions of proper stages in 
the development of uriniferous tubules show that the descending limb of 
Henle’s loop is lined by a flattened epithelium and presents a smaller 
diameter than the ascending limb, which is lined by a cubical or short 
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columnar epithelium, confirming thus the generally accepted view of the 
size and structure of the two arms of Henle's loop. 

PECULIARITIES OF FORM PRESENTED BY THE FIRST DEVELOPED 
URINIFEROUS TUBULES. 

Before leaving the discussion of the earlier stages in the development 
of the uriniferous tubules, mention may yet be made of differences in 
development presented by tubules which develop from the first few genera- 
tions of renal vesicles, when compared with those which develop from 
the later generations. Such differences of development are expressed 
mainly in the relative degree of development shown by the different 
parts of the tubules which are first formed, when these are compared 
with those which develop later. It should, however, at the beginning be 
stated that such Cliff erenceS in development as shall here be mentioned 
are not of such a character as Do form exceptions to the statement that 
the uriniferous tubules which develop from the various generations of 
renal vesicles present essentially the same developmental stages as have 
been given in the preceding pages. As has previously been stated, 
tubules which develop from the earlier generations of renal vesicles 
present in the S-stage and for some little time after, when their con- 
figurations are taken as a whole, a more rounded form than do those which 
develop from later generations of renal vesicles. This difference in form 
when the one type is compared with the other, is also observed in tubules 
of the respective types in which the anlagen of the different parts of the 
uriniferous tubule may be clearly made out in that the first developed 
tubules present at this stage, an irregularly spherical mass when the 
developing Malpighian corpuscle and the tubular complex are taken 
together and considered as a whole. (See E a d  F of Fig. 5 ) .  The 
tubules of similar stage of development derived from later generations of 
renal vesicles, likewise considered, form a more elongated mass. (See 
G of Fig. 6) .  This, as has been stated, is in part at least due to  the 
fact that during the earlier stages of development of the kidney, the tubu- 
lar structures are relatively far apart and are surrounded by a relatively 
large amount of mesenchymal tissue and may thus in growth and elonga- 
tion expand in all directions, while in later stages of development the 
tubular structures are in much closer proximity, separated by only a 
relatively small amount of mesenchymal tissue ; this juxtaposition to 
surrounding tubules influencing the direction of their growth. In their 
further development, tubules which are developed from the first few 
generations of renal vesicles are characterized by a relatively early and 
marked elongation of those portions of the tubule destined to form the 
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proximal convoluted portions, so that this portion forms a prominent part 
of the entire tubule for a certain period of its development, as may be 
seen in reconstructions and in sections. The epithelium lining this portion 
of the tubule as this elongates differentiates into one showing cells with 
clear protoplasm and nuclei in  basal position as described for the proxi- 
mal convoluted tubule. The loop of Henle of these tubules for a certain 
period of their development remains relatively short, when their length 
is compared with that of the proximal eonvoluted portion. These tubuIes 
generally show throughout, but especially in their proximal conwluted 
portions, a greater diameter than tubules which develop later, the lumen 
of the proximal convoluted portion being especially wide. Their Mal- 
pighian corpuscles are also relatively large. I n  tubules which develop 
from renal vesicles that follow the first few generations of these, the loop 
of Henle elongates a t  a relatively early period of their development so as 
to form a prominent portion of the tubule at  a time when the proximal 
convoluted portion shows only a few relatively short coils; the proximal 
and distal convoluted portions taken together form thus a smaller mass 
than is formed by similar portions of the tubule first formed a t  a time 
when each type presents a loop of Henle of about the same length. This 
gives the two types of tubules when seen in reconstructions a characteristic 
form, and enables a distinction between them. To characterize these 
differences of form more clearly, reference is made to the models repro- 
duced in Figs. 14 and 16. I n  C and D of Fig. 14, are shown two tubules 
reconstructed from the kidney of a rabbit embryo measuring 3.5 cm. 
They are from the layer of tubules situated nearest the pelvis of the 
kidney and are therefore of those which are first formed. Attention is 
called to the length and thickness of the proximal convoluted portion of 
each of these tubules and to the relative shortness of the loop of Henle. 
I n  A and B, are shown two tubules, presenting different stages of devel- 
opment, reconstructed from the same kidney and are representative of 
tubules the Malpighian corpuscles of which are situated nearer the peri- 
phery of the kidney and were therefore differentiated later than the 
Malpighian corpuscles and tubules of which C and D are types. In  the 
second type of tubules, the loop of Henle is relatively long, when com- 
pared with the proximal convoluted portion; in A ,  of about the same 
length as the loop of tubules C and D, while the proximal convoluted 
portion of tubule D measures 1.5 mm., of C, 1 mm., and of A only 0.5 
mm. The difference i n  shape presented by the two types of tubules is 
apparent from the figures. The Malpighian corpuscles and coiled por- 
tions of the uriniferous tubules situated nearest the pelvis of the kidney 
form a distinct layer, just above the mesenchyme which surrounds the 
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pelvis, which is readily recognized in kidneys of embryos of about the mid- 
dle of fcetal life; the sections of proximal convoluted portions of these 
tubules form the greater part of this layer in such preparations. The ap- 

A B 

FIG. 14. Tubules from the kidney of a rabbit embryo of 3.5 cm. length 
(NO. 8 ) .  X 100. m, Malpighian corpuscle; p c ,  proximal convoluted portion; 
dc, distal convoluted portion; dl,  descending limb of Henle’s loop; aZ, ascend- 
ing limb of Henle’s loop: j ,  junctional tubule; C and D are representative 
of the first few generations of tubules. A and B of later generations. 

pearance presented by a section of the kidney at this stage of development 
is shown in Fig. 15, in which is given a portion of one of the sections of the 
series of cross sections from which the models shown in Fig. 14 were made. 
The sections of the tubules and Malpighian corpuscles designated by the 
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letter a, belong to  a tubule of the type shown in C and L) of the previous 
figure; tubule b is the one shown in A of that figure. In the remainder of 
the section may be seen renal vesicles and tubular anlagen in various stages 
of development. This portion of the sections which constitutes the neogenic 
and subneogenic zones, stains more deeply than the portion containing the 
well developed proximal convoluted tubules; these, by reason of the fact 
that they are lined by a differentiated epithelium (as previously de- 

t 
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FIQ. 15. A portion of a cross section through the kidney of a rabbit embryo 
of 3.5 cm. length (No. 8 ) .  a, sections of proximal convoluted portion 
and Malpighian corpuscle of a nriniferous tubule representative of the first 
formed tubules of this kidney; a', section of ascending limb of Henle's loop of 
the same: b, tubule shown in A of Fig. 14, representative of a later generation 
of tubules; ct, collecting tubule; c, capsule. 

scribed), the protoplasm of the cells of which stains faintly in eosin 
and erythrosin, form a zone which stains less deeply than the more 
peripheral portions containing the tubular anlagen with undifferentiated 
epithelium of an embryonic character. In Fig. 16, are shown two urinif- 
erous tubules, 9, from the kidney of a cat embryo of 4 cm. length; B 
from the kidney of a cat embryo of 6 cm. length; both are representative 
of types of tubules found nearest the pelvis of the respective kidney and 
show more advanced stages of development than are shown by tubules C 
and D of Fig. 14. Tubule A measures 3.75 mm., of which 1.9 mm. 
falls to  the proximal convoluted portion, the entire loop (ascending and 

X 100. 
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descending limbs) measuring .75 mm. The length of tubule B is 5 mm., 
of this 2.65 mm. falls to the proximal convoluted portion and 1.5 mm. 
to the entire loop of Henle. In these tubules, as is no doubt apparent 
from the figures and measurements given, the proximal convoluted por- 

B' 

FIQ. 16. Two uriniferous tubules, A, from kidney of cat embryo of 4 cm. 
length (No. 6 ) ;  B, from kidney of cat embryo of 6 cm. length (No. 8 ) .  
X 100. A', B', figures showing the course of the proximal and distal con- 
voluted portions of the two tubules; the tubule representing the distal con- 
voluted portion is shaded; m', Malpighian corpuscles. 

tions form the more prominent' part, a little over half the length of the 
entire tubule. Similar observations may be made on the kidneys of 
human embryos of about the third and fourth month; although the 
differences of size and shape of the tubules which develop first when com- 
pared with those which develop later are not so marked in the human 
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embryo as in those of the cat and rabbit; they are, however, of similar 
character and of sufficient degree to merit recognition. 

I n  Fig. 17, are represented three stages in the development of urinifer- 
ous tubules as observed in the pig embryo. M,y observations on the 

A B 

FIG. 17. Three uriniferous tubules from kidneys of pig embryos. X 133. 
A and C, from embryo of 2.8 cm. length (No. 8) .  The latter is representative 
of the first generation of tubules, situated nearest the pelvis and is shown from 
the Malpighian corpuscle to the first coil of the distal convoluted portion; the 
former represents a much less developed tubule, one situated nearer the 
periphery of the kidney; B, one of the most fully developed tubules from the 
kidney of an embryo of 2.4 cm. length. m, Malpighian corpuscle; pc, 
proximal convoluted portion; dc, distal convoluted portion; I ,  anlage of loop 
of Henle; d l ,  of descending limb; aZ, of ascending limb; cl, collecting tubule. 

development of uriniferous tubules in pig embryos are not as yet complete, 
owing to the lack of suitable material showing the older stages of develop- 
ment. They have for this reason not received more than casual mention 
in the preceding pages. A fuller treatment is reserved for another 
contribution, in  which the development of the collecting tubules, more 
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particularly the development of the so-called arcades of the collecting 
tubules discussed and figured by Ton Ebner (p. 1105) will receive con- 
sideration. The tubules presented in Fig. 17 have awn added, as they 
illustrate very clearly the fact that the first few generations of tubules of 
kidneys of pig embryos show a relatively very early development of the 
proximal convoluted portions and o€ the Malpighian corpuscle, while the 
loop of Henle develops at a relatively late period; tubule B, for instance, 
has attained a length of 1.5 mm. and presents a fully developed Mal- 
pighian corpuscle, at a time when the bend which is destined to form the 
loop of Henle (recognized by the fact that the differentiated epithelium 
of the proximal convoluted portion extends to nearly the top of the 
bend,) may just be made out. I n  tubule C, the portion which, is recog- 
nized as the anlage of the loop of Henle presents a number of coils 
instead of being a relatively straight limb-an appearance which I have 
observed only in pig embryos. It may here be stated that the formation 
of the renal vesicles and the differentiatioh of the S-shaped stage of the 
uriniferous tubules is for  pig embryos essentially the same as for cat, 
rabbit, and human embryos, as discussed and figured in these pages. 

Hamburger’s observations are of interest in this connection. In  dis- 
cussing the differences in form presented by the anlagen of uriniferous 
tubules in younger and older stages, he states that “the size of the 
anlage is different in younger than in older embryos and for the same 
stage of development it will generally be found that they are larger in 
the former than in the latter; especially is this true of the pseudo- 
glomeruli, which are especially large in young embryos.” This, as may 
have been seen, I have confirmed, adding that they differ, not only in size, 
but also in shape. Re further describes characteristic differences in the 
development of uriniferous tubules in simple kidneys when compared with 
those of lobulated kidneys. To quote further : ‘‘ In animals with simple 
kidneys (mouse, rat,) the loop of Henle attains considerable develop- 
ment before the Bowman’s capsules become closed so as to  form a sphere 
and this is as true of the first formed anlagen as for  those which develop 
later. In animals with lobulated kidneys (‘ zusammengesetzten Nieren ’) 
I have found a different condition; in them, the coiled tubules first 
formed attain considerable length and the Malpighian corpuscles, full 
development, before a loop of Henle may with certainty, be discerned; the 
later development, however, is as in simple kidneys.” His description of 
the development of the earlier generations of uriniferous tubules, as 
observed in embryos of animals with lobulated kidneys (human, pig,) 
coincides with that here given. In embryos of the cat and rabbit (animals 
with simple kidneys), I have also observed, as has been stated, a difference 
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between the tubules first formed and those which d‘evelop later. As I have 
not reconstructed the uriniferous tubules of embryos of the mouse and 
rat, I am not in a position to judge Hamburger’s observations as concerns 
these; he is, however, in error when he generalizes from such observa- 
tions. He further states that “ I n  young embryos of species with lobu- 
late kidneys (human, pig, beef), the most fully developed Malpighian 
corpuscles are absolutely larger than in older embryos and this is also 
true of the diameter of the tubuli contorti. I n  animals with simple 
kidneys (mouse, rat), this not the case.” In  this also, my own observa- 
tions do not c o d r m  him, as in embryos from both types of animals I 
have found the Malpighian corpuscles and the proximal convoluted por- 
tions (tubuli contorti) of the first formed tubules larger than of those 
which develop later; in the rabbit, this is especially so. (See Fig. 14.) 
In  a discussion of his observations, Hamburger states that it may be possi- 
ble that in tubules showing early development of the coiled portions and 
Malpighian corpuscles with absence of a distinct loop of Henle, these may 
develop as the kidney development proceeds. ‘‘ Since without doubt, how- 
ever, the first generation of coiled tubules of lobulated kidneys degenerates, 
the supposition is permissible that it is particularly the atypical tubules 
that disappear; conclusive evidence of this, I am however unable to 
present.” Riedel ( I  quote from Hamburger) who also recognized the 
large size of the Malpighian corpuscles and tubuli contorti of the first 
formed tubules, states that these become smaller as development proceeds. 
Eolliker, whose description is based largely on rabbit embryos, quotes 
Riedel (page 952) as describing a degeneration of the Malpighian corpus- 
cles and tubuli contorti first formed, for which he states there is no 
evidence. Emery, on the other hand, who studied the development of the 
kidney in goat embryos, states that he did observe evidence of a breaking 
down of the first formed tubules. Hamburger attempts to harmonize 
the conflicting views of Eolliker and Emery by stating that in embryos 
of animals with simple kidneys, there is no evidence of a breaking d o n  
(zu Grundegehen) of the first formed tubules, while in embryos of 
animals with lobulated kidneys, it is the atypical tubules which atrophy 
and disappear. My o m  observations lead me to say that neither in 
embryos of animals with simple kidneys nor in those with lobulated 
kidneys have I obtained evidence which would lead me to conclude that 
any of the uriniferous tubules atrophy and disappear in the course of 
development. Tubules with relatively short loop and well developed 
Malpighian corpuscles and proximal convoluted portion, I have observed 
in embryos of animals with simple and with lobulated kidneys; in such 
tubules, as will be stated in presenting the more advanced stages of devel- 
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opment of uriniferous tubules, the loop of Henle elongates at a relatively 
late period, developing and differentiating as do the loops of other tubules. 
I agree, therefore, with Minot when he states: “Some authors have 
maintained that there is an atrophy of some of the tubules of the fe ta l  
kidney, but I agree with Golgi in believing that of this there is no valid 
evidence.” In offering an explanation for the difference in the develop- 
ment of the first generation of uriniferous tubules, when these are com- 
pared with those which develop later, which difference may be character- 
ized as consisting of a relatively early development of the Malpighian 
corpuscles and the proximal convoluted portions and a relatively late 
development of the loop of Henle of the former when compared with the 
latter, attention may be called primarily to the simple mechanical con- 
dition which prevents an elongation of the loop of Henle of the first 
formed tubules. The Malpighian corpuscle and tubular portion which 
are first formed develop near the developing pelvis of the kidney, the 
former being separated from the latter by a relatively narrow zone 
of mesenchyme. As the tubules proceed in their development, their 
loops of Henle soon reach the epithelium of the growing pelvis and the 
denser mesenchyme immediately surrounding it. The loop of Henle of 
tubules C and D of Fig. 14 and A and B of Fig. 1 6  reach to  the pelvis 
of the respective kidneys. The ends of such loops are often seen bent 
to one side or the other, as though attempting to avoid the obstruction 
which prevents their further elongation, and they are often slightly 
folded and twisted, the end of the loops being bent so as to project 
toward the periphery of the kidney, as for instance in tubule A of Fig. 16. 
Sections of developing kidneys of pig embryos of about 2.5 to 5 cm. 
length (the oldest stage available for me) show this in a very characteris- 
tic manner. In the series of sections from which the model shown in 
C of Fig. 17 was made, the Malpighian corpuscle was separated from the 
pelvis of the kidney by a distance which is about two-thirds the length 
of the diameter of the corpuscle; a large collecting tubule which opens 
into the pelvis by a funnel-shaped expansion is nearly in contact with 
the coiled tubular segment designated in the figure as the descending 
limb of the loop. There is obviously here no opportunity for the forma- 
tion and the elongation of a loop with relatively straight and nearly par- 
allel limbs. The fact that so little mesenchyme separates the tubules 
and the qalpighian corpuscles from the pelvis of the kidney, and the 
shortness of the lopp of Henle at a time when the proximal convoluted 
portions are well developed, also the fact that the loops of Henle, so far 
as developed, are not present in the form of straight tubules, hut as coiled 
tubules, so that only cross or oblique sections of them are obtained, give 



74 Development and Shape of Eriniferous Tubules 

to sections of kidneys of pig embryos of these stages a very characteristic 
appearance, resembling somewhat the appearance presented by sections of 
the mesonephros, and making it easy to distinguish them from sections of 
kidneys of cat, rabbit, and human embryos of corresponding stages of 
development. 

The fact that the anlagen of tubules which are first formed are rela- 
tively far apart, the growth of the tubules developing from them being 
thus for a time not materially interfered with, may be mentioned as a 
possible reason for the early development and elongation of the proximal 
convoluted portions of these tubules, certainly an explanation of the 
fact that these tubular portions are coiled more in the horizontal plane 
than similar portions of tubules which develop later. 

Malpighian corpuscles of a stage of development in which they present 
the form and cellular differentiation shown by these structures in post- 
fcetal life, and proximal convoluted portions of tubules in which the 
epithelium has become differentiated so as to  present the structural ap- 
pearances presented by it in more fully developed tubules, even though 
such corpuscles and tubular segments are found in early stages of kidney 
development, may be thought to have assumed functional activity. I f  
may be suggested, therefore, that in the uriniferous tubules which are 
first formed, those portions which are especially concerned with the 
function of excretion are rapidly differentiated to perform this function, 
while the other portions which are not especially concerned with the 
function of excretion are developed more slowly. Although there is as 
yet no unanimity of opinion as t o  the special functions to  be ascribed to 
the different parts of a uriniferous tubule, assuming that the differences 
of shape and structure observed in the epithelium lining the different 
parts of the uriniferous tubules postulates a difference of function for 
the several parts lined by the especially differentiated epithelium, the 
generally accepted view is that the Malpighian corpuscles and the proxi- 
mal convoluted portions of the uriniferous tubules are more particularly 
concerned with the function of excretion. The assumption, therefore, 
seems justified that it is for this reason, and not alone owing to mechani- 
cal conditions, that the Malpighian corpuscles and especially the convo- 
luted portions of the first-formed uriniferous tubules are developed and 
differentiated relatively early, so as to enable the permanent kidney, at 
am early stage in its development, to assume an excretory function. 

LATE STAGES IN THE DEVELOPMENT OF URINIFEROUS TUBULES. 
The further growth and development of uriniferous tubules, after a 

stage in which all the parts show a characteristic differentiation (as for 
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instance seen in the tubule of Fig. 13) consist primarily in an elonga- 
tion of the tubular portion, this affecting all its parts, but especially the 
loop of Henle. The data gained by me concerning the later stages in 
the development of uriniferous tubules are confined to a large extent to 
those obtained from observations on older embryos of cat and rabbit, the 
kidneys of which are of relatively simple type, with only one Malpighian 
pyramid. The disposition of the collecting tubules and other tubular 
elements of the medulla of such a kidney is such that both in series of 
cross and longitudinal sections a certain few will be found in which the 
plane of section is parallel or very nearly parallel to certain of the col- 
lecting tubules and loops of Henle. Nearly every such series will show 
here and there a loop, one or the other arm of which is cut for nearly 
its entire length, and, by using this as a starting point, I have generally 
succeeded in tracing out the remainder of the tubule in question. In  the 
human kidney of the later periods of fmtal life, the conditions are com- 
plicated by reason of the fact that the cortex is divided into a number 
of primary and secondary lobules, and even when one lobule is used for 
sectioning I have found it quite impossible to orient the block in such a 
way as to obtain long segments of either of the two arms of the loop of 
Henle, especially for the upper regions of the medulla. I n  this region the 
tubular elements very generally appear h oblique section and are sepa- 
rated in the kidneys of human embryos of the 8th and 9th months by a 
relatively small amount of interstitial tissue, which makes the tracing of 
a single tubule through this region and, as is often necessary, through a 
long aeries of sections a matter of difficulty. From a number of partial 
reconstructions which were made, I am led to believe thait the observations 
made on urinifemus tubules of the older embryos of cat and rabbit (espe- 
cially the former) may be accepted as presenting the conditions shown 
by uriniferous tubules of human embryos of the later months of fetal 
life. My observations on the later stages of development of uriniferous 
tubules, I shall present by giving a brief description of certain tubules 
showing these, which have been reconstructed in full and which are here 
figured. In  Fig. 18 are shown two uriniferous tubules, the Malpighian 
corpuscles of which are situated in about the middle zone of the cortical 
portion of the kidneys from which they were reconstructed and may, 
therefore, be taken as representative of tubules which were differentiated 
after the first formed tubules of the respective kidneys. Tubule A is 
from the kidney of a cat embryo obtained a few days before birth. The 
length of this tubule is 4.1 mm., of which 1.75 mm. falls to the prori- 
ma1 convoluted portion, 1.65 mm. to  the entire loop of Henle (the measure- 
ment here beginning and ending with the level of the lower border of the 
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Malpighian corpuscle) and .?' mm. to the distal convoluted portion and 
the junctional tubule. As may be seen from the figure, more clearly 
from tho key, the proximal convoluted portion presents one prominent 

A R 

A 

" 

FIG. 18. A, uriniferous tubule from kidney of cat embryo obtained a few 
days before birth (No. 9 ) ;  B, tubule from kidney of rabbit embryo 6.6 mm. 
in length (No. 1 3 ) .  X 100. A', B', keys giving course of coiled portions 
of tubules, distal convoluted portions shaded. m, Malpighian corpuscles; pc ,  
proximal convoluted portions; es, end segment; dZ, descendlng limb, al, 
ascending limb of Henle's loop; j ,  junctional tubule. 
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primary loop, which extends toward the periphery, and numerous sec- 
ondary loops. The distal convoluted portion is practically enclosed 
within the coil formed by the proximal convoluted portion. The proui- 
ma1 or descending arm of the loop, as the sections show, is lined nearly 
throughoutfrom a little below the level of the Malpighian corpuscle to 
near the loop proper-by a flattened epithelium, while the distal or 
mcending arm, with the loop itself, presents a slightly larger diameter 
and is lined by a cubical epithelium, and on reaching the coiIed portion 
passes in front of the first part of the proximalaconvoluted portion, near 
the corpuscle. Tubule B of this figure is from the kidney of a rabbit em- 
bryo of 6.5 em. length. Its length is 4.2 mm., of which 1.6 mm. falls 
to the proximal convoluted portion, 1.8 mm. to the entire loop of He&, 
and .8 mm. to the remainder of the tubule. The disposition of the various 
parts of this tubule is similar to that shown by tubule .4, except that the 
distal convoluted portion is more exposed. Attention should be called 
to the proximal arm of Henle’s loop. About the upper half of this 
presents the same diameter (and structure) as the proximal convo- 
luted portion. This portion represents the so-called spiral portion of 
Schachowa or the end piece (end segment) of Argutinski, and is in 
reality the distal segment of the proximal convoluted portion. It does 
not, so far as I have been able to observe, form a spiral; the term Rpiral 
tubule is therefore inappropriate. About the lower half of this loop 
presents the characteristic shape and structure of the descending arm-- 
small diameter and lined by flattened epithelium. The transition from 
one to the other is clearly shown in the figure. The loop itself, as well 
as the ascending limb, presents a larger diameter than the thin portion 
of the descending limb and is lined by a cubical epithelium. It may 
here be stated that this tubule presents in a very characteristic way the 
shape, arrangement, and structure of the several parts found in tubules, 
the Malpighian corpuscles of which are situated in a zone of the cortex, 
above that occupied by corpuscles and coiled portions of the tubules 
first formed, which are nearer the medulla. 

Tubule A ,  shown in Fig. 19, represents one of the most fully devel- 
oped tubules from the kidney of a rabbit embryo 6.5 cm. long. It has a 
length of 5.8 mm., of which 2.2 mm. forms the proximal convoluted 
portion, 2.75 mm. the entire loop of Henle, and a little less than 1 mm. 
the remainder of the tubule. This tubule I regard as one which in 
earlier stages of development would have shown a relatively long proxi- 
mal convoluted portion, with a short loop of Henle-a so-called atypical 
tubule (Hamburger)-md for the following reasons: The loop of 
Henle reaches to near the pelvic epithelium, being separated from it by 
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only a small amount of interstitial tissue; its Malpighian corpuscle is 
situated in the deepest portion of the cortex, just above its junction 
with the developing medulla; the prominent coils of the proximal con- 
voluted portion have a more horizontal position and are, therefore, 
spread out more in a lateral direction than would be true for tubules 
which develop later, in  which the prominent coils of the proximal con- 
voluted portion are more prone to grow in a perpendicular direction, 
toward the cortex. As I have seen no evidence of the atrophy of the 
first formed tubules-so-called atypical tubules-with relatively short 
loops of Henle-it is assumed that this loop elongates as the medulla 
develops. The distal convoluted portion of this tubule lies upon-in 
front of, as shown in the figure-the coil complex formed by the proxi- 
mal convoluted portion, the course of which may be ascertained by a 
study of the key A'. The dqscending limb of the loop is lined almost 
throughout by a flattened epithelium and presents a comparatively 
small diameter. The end segment is relatively short, forming only a 
small part of the limb. The loop itself and the distal limb have a diam- 
eter which is just about three times that of the greater part of the 
descending limb. The sharp bend shown by the ascending limb, just 
before the Malpighian corpuscle is reached, is due to the fact that a 
relatively large arterial branch occupies the space just beneath the 
corpuscle, the distal limb arching partly over this to reach the vicinity 
of the corpuscle. For this reason also the upper end of the proximal 
limb is separated by a greater distance from the Malpighian corpuscle 
than may be considered typical. With these exceptions, this tubule 
may be regarded as presenting in a very characteristic manner the shape 
and arrangement of the different parts of a uriniferous tubule, the Mal- 
pighian corpuscle of which is situated in the deepest portion of the cop- 
tex, thus of the first few generations of uriniferous tubules. Tubule B 
of Fig. 19  represents one of the most fully developed tubules of the kid- 
ney of a rabbit killed the first day after birth. Three exceedingly for- 
tunate sections of the series of cross sections 5 p thick, into which one 
of the kidneys was cut, contained nearly the entire length of the proxi- 
mal limb of its loop. The model of this tubule measures from the t ip 
of the loop to where it ends in the collecting tubule four feet and four 
inches. On completing the reconstruction, the tubule proved to be one 
presenting a not quite typical arrangement of the coils of the proximal' 
convoluted portion, these forming a configuration which is too open 
and too much in  one plane. The cause of this is not readily made out 
at  the stage of development here presented. The tubule shown in C 
of Fig. 14 presents almost the same relations of its parts, and for tha t  
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tubule it is evident that the somewhat atypical form assumed is due to 
the fact that its juxtaposition to other and slightly larger tubules is 
such that for purely mechanical reasons, on growing and elongating 
presumably in the direction of least resistance, its coiled portion was 

Fro. 19. Tubule A,  from kidney of rabbit embryo (No. 13) measuring 6.5 
cm. X 80. Tubule B, from kidney of rabbit one day old (No. 14). x 40. 
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forced to assume the form presented by it. The Malpighian corpuscle 
of tubule B is found in the second tier of corpuscles, while its loop of 
Henle extends nearly to  the pelvis of the kidney. I ts  entire length is 
7.8 mm., of which the proximal convoluted portion forms 1.85 mm., 
the entire loop 4.8 mm., the distal convoluted portion 0.55 mm., and 
the remainder.of the tubule 0.57 mm. The arrangement of the differ- 
ent parts of the tubule is such that its entire course may be followed in 
the figure; a key is therefore dispensed with. The tubule presents only 
a short end segment, the greater part of the descending tube to near the 
loop itself forming a tubule of small diameter (1Rp to  15 p ) ,  lined 
throughout by a flattened epithelium, while the ascending limb with 
the exception of the lower one-sixth is lined by a cubical epithelium 
with faintly striated protoplasm. It is evident from the character of 
the epithelium which lines the loop itself and the lowest part of the 
6wo limbs (cells of embryonic character with relatively large, deeply 
staining nuclei) that this portion of the loop is elongating to keep pace 
with the enlarging and elongating Malpighian pyramid. 

The tubule shown in Fig. 20 was reconstructed from the kidney of a 
cat embryo obtained a few days before birth; the model presents a 
length of four feet. The tubule itself measures almost exactly 9 mm.; 
2.4 mm. belonging to the proximal convoluted portion, 4.85 mm. to the 
entire loop of Henle, 1.1 mm. to the distal convoluted portion, and 
0.55 mm. to the junctional tubule. This tubule I regard as showing in 
a very typical manner the shape, arrangement, and relations of the 
different parts of a uriniferous tubule, especially one the Malpighian 
corpuscle of which is situated in  the deeper portion of the cortex. The 
course of the proximal convoluted portion may be ascertained from the 
key (unshaded tubule). The curvatures of this part, as shown in the 
key, are, for the sake of clearness, not so pronounced as in the actual 
model, but are drawn with sufficient accuracy to give correctly the course 
of this part of the tubule. The distal convoluted portion presents two 
prominent loops and in its upper portion two smaller loops, in which 
portion there may also be observed irregularities in the diameter of the 
tubule. The shaded portion of the key gives the course of this portion 
of the tubule. The coils formed by it lie over-or in front of, as shown 
in the figure-the coil complex formed by the proximal convoluted 
portion, the prominent loop being found a little above the Malpighian 
corpuscle. The proximal limb of Henle’s loop presents almost through- 
out a small diameter and is lined in this portion by the characteristic 
flattened epithelium. The end segment is short and presents in a typi- 
cal manner the transition in shape and structure of the tubule as found 
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in the proximal convoluted portion to that seen in the descending limb. 
The loop itself and the ascending arm have a diameter which is about 

Y 

FIQ. 20. Uriniferous tubule from kidney of cat embryo obtained a few 
days before birth (No. 9 ) .  X 30. m, Malpighian corpuscle; n, neck: p c ,  
proximal convoluted portion; es, end segment; dl, descending limb: a2, ascend- 
ing limb of Henle’s loop; dc, distal convoluted portion; j ,  junctional tubule. 
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1.9 mm. 
2.65 mm. 
2.4 mm. 

1.5 mm. 
2.2 mm. 
1.85 mm. 

twice that of the greater part of the descending limb and are lined by a 
cubical epithelium. The ascending limb reaches the coil complex in 
the immediate vicinity of the Malpighian corpuscle with which it is 
practically in contact for about one-third of the latter’s circumference. 
The proximal limb leaves the coil complex in close relation with the 
upper end of the distal limb, therefore very near to the Malpighian cor- 
puscle. The lower end of the loop of this tubule reaches to the pelvis 
of the kidney, being separated from its epithelium by only a small 
amount of interstitial tissue. 

I n  the tubules shown respectively in B of Fig. 19 and in Fig. 20, the 
Malpighian corpuscle is fully developed and the proximal and distal con- 
voluted portions may be regarded as also fully developed and as having 
attained the size and for  all practical purposes the length to  which the 
tubular portions grow. This statement is based on the measurements 
made on uriniferous tubules-especially those which are developed earli- 
est-at different stages of their development. The measurements given 
below show that the proximal convoluted portions a t  a relatively early 
stage in their development attain a length which is about that presented 
by these tubular segments in later stages of embryonic development or  
at  birth. The following summary of certain of the measurements pre- 
viously given presented in the form of a table may serve t o  substantiate 
this : 

_.. . . .  
. . . .. . 

1.1 mm. 

...... 

...... 
.55 mm. 

TURULE. 

Fig. 16, A 
Fig. 16, B 
Fig. 20 

Fig. 14, D 
Fig. 19, A 
Fig. 19, B 

OBTAINED FROM. 

Cat embryo, 4 cm. 
Cat embryo, 6.5 cm. 
Cat embryo just before 

birth 
Rabbit embryo, 3.5 cm. 
Rabbit embryo, 6.5 cm. 
Rabbit at birth 

3.75 mm. 
5 mm. 
9 mm. 

2.9 mm. 
5.8 mm. 
7.8 mm. 

-1- l -  

~ .- 

LOOP.  

.75 mm. 
1.50 mm. 
+.85 mm.  

. . . . . .  
2.75 mm. 
4.8 mrn. 

The data given in the table will show, I believe, that the elongation 
of the uriniferous tubules, after a certain period in their development, 
is to  a large extent due to  a growth in length of the loop of Henle, the 
proximal convoluted portion of each tubule attaining a t  a relatively 
early period in its development approximately the length shown by this 
tubular segment in fully developed tubules. 

To show how much of a single uriniferous tubule, representing a stage 
in which the Malpighian corpuscle and proximal and distal convoluterl 
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portions may be regarded as fully developed, is contained in a selected 
section of a series of sections containing the whole tubule, I have in- 
serted Figs. 21  and 22, in each of which the several parts of a single 
uriniferous tubule are sketched darker than the remaining portions of 
the sections reproduced. In Fig. 21, A and B, are reproduced portions 
of the cortex of two sections from the series of sections from which 
tubule B of Fig. 19 was reconstructed. A comparison of this figure with 
that showing the reconstruction will show that the plane of section was at 
right angles to that in which the model is reproduced. A line drawn 
through the middle of the Malpighian corpuscle, and the proximal convo- 
luted portion (see B, Fig. 19) shows the location of the section, a por- 
tion of which is shown in B of Fig. 21. In  this section the Malpighian 
corpuscle, the proximal convoluted portion soon after leaving the cor- 
puscle and two arms of a loop of it as it comes back over the corpuscle 
are met with. Their relation to each other and to the surrounding 
structures may be seen from the figure. In  A of the figure is shown 
a portion of the 13th section further on in the series. This section 
passes practically through the entire length of the junctional tubule 
(leading to the periphery of the cortex) which will indicate its position 
in the model; also through the coils of the distal convoluted portion, 
which is cut in cross section four times and through a long and a short 
loop of the proximal convoluted portion, escaping the Malpighian cor- 
puscle. In  Fig. 22 is shown a portion of the cortex-about the lower 
one-half-and the uppermost portion of the medulla of one of the sec- 
tions from the series from which the model was made, which is shown 
in Fig. 20. The plane of the section is nearly a t  right angles to the 
model as placed on the page. The Malpighian corpuscles and tubule9 
belonging to this uriniferous tubule are sketched more deeply than other 
parts of the figure. The section passes through about the center of 
the Malpighian corpuscle and through the upper end of the ascending 
limb, which may be observed as in close proximity to the corpuscle. Of 
the five cross sections of tubules arranged nearly in a row above the 
Malpighian corpuscle the first two and the last two are sections of the 
distal convoluted portion, the middle one and the three nearly longi- 
tudinal sections of tubular segments are of the proximal convoluted 
portions, the lowest one just to the left of the end of the ascending 
limb marks the end of the proximal convoluted portion, beyond which 
the tubule becomes smaller to form the descending limb. No part of 
the loop of Henle nor of the junctional tubule is shown in this section. 
I have purposely selected for figures sections of these two uriniferous 
tubules, since they represent tubules of very different form; the arrange- 
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ment of the sections of the tubules and their relation to the surround- 
ing tubules are therefore very different. These figures may serve to 
show graphically the difficulties met with in attempting to predict what 
particular portions of any given section through the cortex of the kidney 

A 

B 

Fro. 21. A portion of the cortex of two sections of the kidney, from the 
series from which tubule B, of Fig. 19, was reconstructed. The portions of 
the tubule represented In these sections are sketched more deeply than the 
other parts. X 100. For fuller description, see text. 

belong to one uriniferous tubule; a question to which I shall return 
later. 

From what has been said concerning the various stages of develop- 
ment of the uriniferous tubules, i t  may be seen that from a relatively 
early period in their development-from a stage in which the various 
parts of the tubules may be considered as differentiated to the extent 
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that the parts are clearly recognized-the different portions of a urin- 
iferous tubule present certain definite relations which arQ not materially 
altered as development proceeds and are maintained in full deqelop- 
ment. In the fetal  as also in the post-fetal kidney the proximal and 
distal convoluted portions belonging to a uriniferous tubule form a 
coil complex which shows certain relations to the Malpighian corpuscles 
of such a tubule, likewise the beginning and ending of the loop of 
Henle. The coil complex formed by the proximal and distal convoluted 
portions of a uriniferous tubule is generally situated just above its 

Fro. 22. A portion of the cortex and uppermost part of the medulla from 
one of the series of sections from which the model shown in Fig. 20 was made. 
X 100. The parts of this tubule represented in this section are sketched 
darker than the other parts. For fuller description, see text. 

Malpighian corpuscle, forming a more or less compact mass of convolu- 
tions, the main coils of the proximal convoluted portion lying to the 
inner side-toward the collecting tubule in which the uriniferous tubule 
terminates-the coils of the distal convoluted portion lying more to the 
outer side-laterally-although of ten partly embedded in the coils of 
the proximal convoluted portion or nearly completely surrounded by 
them. The proximal convoluted portion leaves the Malpighian cor- 
puscle on its inner side and passes first upwards-toward the periphery 
of the kidney, as was also shown by Golgi-then forms coils in various 
directions, ultimately to return to the neighborhood of the Malpighian 
corpuscle and to pass toward the medulla. The main coils of the distal 
convoluted portion are usually found a little above the Malpighian cor- 
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puscle, one coil or loop generally resting upon it. The upper end of 
the distal arm of the loop of Henle remains from the time when it may 
be first recognized in  close relation to the Malpighian corpuscle, either 
passing over it a t  a variable distance from the origin of the proximal 
convoluted portion or crossing this near the corpuscle. Hamburger, 
who has also observed this close relation of the ascending limb to the 
corpuscle, states that in a number of his preparations showing various 
stages of development, he found the upper end of the ascending limb of 
the loop of Henle in close relation with the Malpighian corpuscle and 
in  the region where the vessels enter and leave it. This, he states, is 
readily explained when it is remembered that the loop of Henle is orig- 
inally in the bowl of the “ pseudoglomerulus,” therefore in contact with 
the developing glomerulus; and as the loop grows in  a central direction, 
the Malpighian corpuscle is fastened to this region by means of capil- 
laries from the vas efferens. Golgi is quoted as saying (Stoerk) that it 
is the thin arm of the loop which is fastened to the corpuscle in  the 
region of vessel exit. I agree with Stoerk in  saying that neither the 
proximal nor distal arm shows any definite relation to the vessel porta 
of Bowman’s capsule. That, however, especially the ascending limb 
of the loop returns for each tubule to the coil complex formed by proxi- 
mal and distal convoluted portions into the immediate vicinity of its 
Malpighian corpuscle is clearly shown by all my reconstructions as 
well as those of Stoerk, as also the tubules obtained by maceration by 
Golgi and Hamburger, retaining thus in later stages of development and 
in post-fetal life the relations shown in early stages of development. I 
have not satisfied myself that the relations become fixed through the 
agency of arterioles or capillaries, branches of the vas efferens, nor by 
an especial development of interstitial tissue in  this region, although 
the latter factor seems now and then to play n r81e. The descending 
limb of Henle’s loop in the region where it leaves the coil complex is 
generally in close relation with the upper end of the ascending limb, 
sometimes lying to the inner side of it, again over it, therefore also near 
the Malpighian corpuscle, showing in this respect also in later stages 
of development the relations borne in early stages of its evolution. The 
two limbs of Henle’s loop are generally quite parallel and take quite a 
direct course toward the apex of the Malpighian pyramid. Certain of 
the loops-those belonging to the tubules which are first developed- 
extend to near the pelvic epithelium, the apex of the pyramid, retaining 
in this respect the relations shown in early stages of development, elon- 
gating as the medulla develops. Tubules of the several generations 
which develop later terminate a t  various levels in the mechdla and, in 
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general terms it may be stated, higher up in the medulla for each sue- 
cessive generation of tubules, the loop of those latest formed extending 
only to the boundary zone of the medulla and even for the adult human 
kidney, remaining entirely within the medullary rays of the cortex. 
The descending limb of the loop is the thinner of the two and is lined 
by a clear, flattened epithelium; the ascending limb, showing the greater 
diameter, is lined by a cubic epithelium with striated protoplasm; the 
transition from the thin to the thicker portions of the loop occurs in 
the tubules reconstructed, at the lower end of the descending limb, at a 
variable distance from the loop itself, though generally near it. This 
portion of the descending limb and the loop itself show the same diam- 
eter and epithelium as the ascending limb. Schweiger-Seidel found the 
transition from the thin to  the thicker epithelium in about an equal 
portion of the tubules-1, at the lower end of the descending limb; 2, in 
the loop itself; 3, at a variable distance from the loop in the ascending 
limb. His observations have received very general acceptance. Yon Ebner, 
one of the more recent writers, who has slightly modified Schweiger-Seidel’s 
diagram, states that “the place of thickening is inconstant; now it lies 
in the descending limb, now in the loop itself, often and quite regularly 
for loops which extend deep into the pyramid, in the ascending limb.” 
Hamburger finds for the mouse that the loop itself and the ascending 
limb are lined by a granular epithelium to a few days before birth; as, 
however, the loop grows in length with the increase in length of the 
papilla, the elongation of the loop is obtained through a growth in 
length of the descending limb, lined by the flattened epithelium, so 
that the loop is formed by it, and only in the basal portion of the pyra- 
mid in the boundary zone are there found loops with the dark epithe- 
lium. In  making the statement, based on observations made on my 
models, that the transition from the thinner to the thicker part of the 
loop of Henle‘occurs a t  the lower end of the descending limb, I do so 
with some reservation, since the models carry the development of the 
tubules only to the time of birth. I am aware that such statement is 
open to the criticism that I have applied to Stoerk’s observations relat- 
ing to the size and structure of the descending limb, namely, that they 
were made on tubules not fully developed. Yet I have observed a 
number of loops in series of sections of kidneys from half-grown and 
full-grown cats and rabbits, situated near the apes of the Malpighian 
pyramid, the epithelial lining of which consisted of cubic cells with 
granular protoplasm, while I have not found clear evidence of a loop 
lined with flattened epithelium. Complete reconstructions of a number of 
uriniferous tubules from the kidneys of adult animals are necessary to 
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give conclusive answer to  this question. My own observations, based 
on reconstructions, are therefore a confirmation of Piersol's, who states, 
"that the relative length of the narrow part of the loop-' descending 
limb '-and the broader portion vary considerably, but that almost with- 
out exception the transition from the conspicuously narrow tube, lined 
with the peculiar spindle epithelial cells, takes place in the descend- 
ing limb, often at a considerable distance before the loop itself is reached, 
so that both limbs in the vicinity of the loop itself are of the same 
diameter and lined with the same kind of epithelium." 

The junctional tubule, the continuation of the distal convoluted por- 
tion, after leaving the coil complex, may pass as a relatively straight 
tubule or one showing a number of irregularities, for a shorter or greater 
distance through the cortex, ultimately arching toward the m l h t i n g  
tubule. The concave side of such an arch is turned toward the coil 
complex formed by the proximal and distal convoluted portions, this 
lying in fact between the junctional tubule and the collecting tubule to 
which a given uriniferous tubule is attached. This has also been ob- 
served by Stoerk. 

In  giving thus an outline of the course and the relations shown by 
the different parts of uriniferous tubules, it should be understood that 
this can be given only in a general way. For as concerns the form and 
relations of the proximal and distal convoluted portions and their rela- 
tion to the Malpighian corpuscle and its relation to the descending and 
ascending limbs of Henle's loop, each tubule presents certain slight 
differences and variations. This the models reproduced will show. No 
two of the tubules reconstructed are exactly alike or even very nearly 
so. The several parts of the various tubules present certain character- 
istic relations, which, though varying more or less, are still to be recog- 
nized. The relation of the entire uriniferous tubule to the collecting 
tubule to which each is attached also varies, and this is quite naturally 
more true when considering tubules showing later stages of develop- 
ment. In the earlier stages of development, as may have been seen 
from the figures given of these, the proximal convoluted tubule leaves 
the Malpighian corpuscle from its inner side and passes behind the 
upper end of the loop of Henle and, after forming several curvatures, 
comes forward between the. collecting tubule and the coil complex to 
reach again the neighborhood of the Malpighian corpuscle and to pass 
toward the medulla. The loop of Henle, 51s it leaves the coil complex, 
is thus in front of the Malpighian corpuscle or the first part of the 
proximal convoluted portion. As the proximal and distal convoluted 
portione elongate and form more coils, the whole tubule is often turned 
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on its axis to a greater or less extent, so as to bring the upper end of 
the loop of Henle more to the inner side of the tubule, nearer to the 
collecting tubule to which it is attached-in closer relation to the me- 
dullaq rays. This brings the Malpighian corpuscle from a lateral to ,a 
more anterior position and the first part of the convoluted portion from 
a posterior to a more lateral position. This is shown by a number of 
models presenting the later stages of development. 

Stoerk has called attention to the fact that the Malpighian corpuscles 
and uriniferous tubules are generally described aa presenting in cross 
sections a round form. This, he states, is, however, not true (at least 
for fe ta l  life), as his models show that they present many irregulari- 
ties. The Malpighian corpuscles are 
rarely of exactly spherical form, but show here and there more or less 
marked depressions and elevations, or they may present a distinctly 
oval form. The proximal convoluted portion, especially of older stages, 
is often of a quite regular cylindrical form, now land then for a distance 
somewhat flattened, but presents as a rule throughout a quite uniform 
thickness. The tubule of the distal convoluted portion presents often 
quite marked irregularities of diameter, segments of relatively large 
diameter being separated by such as shorn a much smaller diameter; as 
the tubule presents now and again a sharp bend at one or  the other 
region showing a relatively small diameter, this portion of the tubule 
may present a quite irregular form. Stoerk has also described and fig- 
ured small cecal appendages attached to  the distal convoluted portion ; 
these I have not observed in my reconstructions. 

In giving the position of the different parts of the uriniferous tubule 
in the kidney substance, it is generally stated that the proximal and dis- 
tal convoluted portions, with the Mmalpighian, corpuscle, are situated in 
the cortex between the medullary rays, forming the greater part of the 
cortex. This is confirmed by reconstructions. Further that the distal 
end of the proximal convoluted portion-the end segment of Argu- 
tinsky-enters a medullary ray and with a portion of the descending 
limb of the loop remains in the ray until the medulla is reached. This 
is true only for certain tubules, for those the Malpighian corpuscles of 
which are situated in the cortex above the lowermost two or three tiers 
of corpuscles, that is, for tubules which present a distinct end segment. 
The descending limb of the tubules, the corpuscles of which are situ- 
ated in the lowermost two or three tiers which present indistinct end 
segments, passes almost directly into the medulla and cannot be said to  
enter a medullary ray. The loops of Henle for the greater part are 
found in the medulla, some, as stated, barely reaching the boundary 

This is to a certain extent true. 
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zone, others (the proportions I am not able to give) remaining entirely 
within the medullary rays. What has been said of the upper end of 
the descending limb of the loop of Henle applies also to the upper end 
of the ascending limb. The junctional tubule passes through the cortex 
between the rays until it arches over to reach the collecting tubule in 
which it terminates. 

I have in  connection with Figs. 21 and 22 spoken of the relations, as 
seen in sections, shown by the coil complex and the Malpighian cor- 
puscles of any given tubule. A study of the sections from which the 
models were made has not enabled me to formulate any general law 
concerning this relation. This depends, as may readily be seen, even 
in  what may be regarded as very favorable sections, entirely on the 
direction of the sections. Frequently the greater part of the coil com- 
plex formed by the proximal and distal convoluted portions of a given 
tubule may be cut in a series of sections without cutting the Malpighian 
corpuscle of said tubule. The relations of coils of juxtaposed tubules is 
such that one or more of the loops, especially of the proximal convoluted 
portion of one tubule, may penetrate for a longer or shorter distance 
into the coil complex of another tubule, so that in sections the former 
might readily be interpreted as belonging to the latter. Stoerk gives in 
Fig. 13 of his article a portion of a section of a kidney showing nephritis 
hzemorrhagica, certain tubules of which contained red blood corpuscles ; 
this enabled him to select the sections of Mdpighian corpuscle and 
tubules belonging to one uriniferous tubule. The section reproduced 
shows a characteristic relation of corpuscles and tubules cut, such as is, 
however, not frequently met with, if I may judge from the sections 
from which my reconstructions were made. The relations there shown 
are more nearly approached in Fig. 22 and also in the sections from 
which model A of Fig. 19 was made than in other series of sections used 
in modelling the other older developmental stages presented. 

It is somewhat hazardouP to attempt an estimate of the length of a 
fully developed uriniferous tubule, without the possession of models 
showing them in full development. Since, however, the proximal and 
distal convoluted portions of certain uriniferous tubules attain approxi- 
mately their full development before the birth of the embryo (cat and 
rabbit), and since the length of the loop of Henle of these tubules de- 
pends on the width of the medulla, as they extend through or nearly 
through the medulla, an estimate of the length of a fully developed 
tubule seems justifiable. The length of tubules must necessarily vary, 
since the loop of Henle, which for the majority of tubules forms their 
greatest part, must vary in length, since they terminate at  different 



G. Carl Huber 91 

levels in the medulla. An approximation of the length of uriniferous 
tubules may, therefore, be most readily made for thpse tubules the Mal- 
pighian corpuscles of which are situated in the deepest portion of the 
cortex, the loops of Henle terminate presumably near the apex of the 
Malpighian pyramid. The most fully developed tubule, showing a typi- 
cal arrangement of parts, that I have reconstructed, is the one shown in 
Fig. 20. This is from the kidney of 'a cat embryo, obtained a few days 
before birth, and measures 9 mm. I n  one of the sections of this kidney 
containing nearly the entire length of the distal limb of the loop of 
Henle of this tubule, the width of the medulla is approximately 2.22 mm. 
(the junction of the cortex and medulla does not form a straight line), 
very nearly one-half the entire length of the loop of Henle (4.85 mm.) . 
In  sections passing through the middle of the Malpighian pyramid of 
the kidney of a full-grown cat, the medulla has a width of approximately 
12 mm. Assuming, therefore, that the loops of Henle of certain of the 
uriniferous tubules of this kidney, the Malpighian corpuscles of which 
are situated in the deepest portion of the cortex, traverse the entire 
width of the medulla, and one is justified in doing this, since loops are 
seen in section near the very apex of the pyramid; such a loop would 
have a length of approximately 24 mm.; add to this the length of the 
proximal convoluted portion, which may be given at 2.5 to 3 mm., the 
distal convoluted portion about 1 mm., and the junctional tubule about 
2 mm. (the width of the cortex in the sections from which the measure- 
ments for the medulla were given varies from 2.5 mm. to 3 mm.), the 
entire length of such a uriniferous tubule would be approximately 3 cm. 
Other tubules, the loops of Henle of which do not pass so deep down in 
the medulla, would show a correspondingly shorter length, the shortest 
ones measuring, if I may be allowed to estimate, 10 mm. to 12 mm. 

V. Ebner quotes Schweiger-Seidel as stating that the proximal convo- 
luted portion of a uriniferous tubule forms about one-fourth to one- 
fifth of the entire uriniferous tubule, while the distal convoluted por- 
tion, which is shorter than the proximal portion, is about one-seventh 
of the latter's length. As concerns the relative length of the proximal 
convoluted portion, this may be regarded as correct for tubules with 
relatively short loops of Henle. In  tubules with relatively long loops of 
Henle it forms a relatively shorter portion-from one-eighth to one- 
tenth of the entire tubule. So far as I am able to judge from my own 
models and from other observations, the distal convoluted portion pre- 
sents a length which is about one-third to one-fourth that of the proxi- 
mal convoluted portion. If other estimates of the length of uriniferous 
tubules or of parts thereof are to be found in the literature, they have 
escaped my notice. 
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It is not my purpose to  enter here on a discussion of the epithelium 
lining the different parts of a uriniferous tubule. For this the reader 
is referred t o  Disse’s quite recent account, he himself having made note- 
worthy contributions to  this point. The observations made on the sec- 
tions from which the models were made lead me to recognize three dis- 
tinct varieties of epithelium in a uriniferous tubule : 

1. The epithelium lining the entire proximal convoluted portion, to 
the region in the upper part of the descending limb, where the tubule is 
quite rapidly reduced in size, where it assumes the shape and structure 
of the narrow portion of the limb. The epithelium of the proximal 
convoluted portion is sufficiently known to obviate an especial description 
of it. 

2. The clear, flattened epithelium of the descending limb of the loop 
in the region in which it presents a small diameter. I have gained the 
impression that too much emphasis is put on the statement that the 
cells of this epithelium are thicker in the region of the nucleus, thus 
bulging into the lumen of the tubule, and as the nuclei do not lie oppo- 
site, but alternate in the course of the tubule, its lumen is not of the 
cylindrical form, but irregular-wavy as seen in sections. In  sections 
from material which I have regarded as showing good fixation, the 
lumen of this portion of the uriniferous tubule presents a much more 
regular outline than in sections from material not so well fixed, the cells 
presenting throughout a more uniform thickness. The suggestion is 
therefore made that the description, as generally given, refers to prepa- 
rations which do not present the correct structure of this portion of the 
uriniferous tubules. 

3. The last portion of the descending limb, the loop itself, the ascend- 
ing limb, the distal convoluted portion, and the junctional tubule to 
near the collecting tube present an epithelium which shows great simi- 
larity of form as well as structure. The lining cells show a form which 
is irregularly cubical or short columnar. Disse describes the epithe- 
lium of the ascending limb as showing indistinct cell boundmaries, while 
these are more distinct in the epithelium of the distal convoluted portion; 
the protoplasm of the latter, although granular, is also described as 
being clearer. In both regions the cells show an outer dark zone which 
is finely striated and an inner zone which is lighter, the nuclei being 
placed at the junction of the two zones. I n  my own preparations the 
epithelium lining the ascending limb and the distal con+oluted portion 
do not respectively present a structure which differs to a degree making 
it necessary to  group them separately, and I have, therefore, placed them 
under one head. The uriniferous tubule, for a short though variable 

This point is reserved for further investigation. 
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distance, before reaching the collecting tubule, presents an epithelium 
which is like that of the small collecting tubules. This short segment 
may be spoken of as belonging to the collecting tubule or with equal pro- 
priety as forming part of the uriniferous tubule proper, as it is difficult 
to  state with any degree of certainty whether it develops as an outgrowth 
of the collecting tubule or is differentiated with the other parts of the 
uriniferous tubule from the renal vesicle. 

Before giving by way of a diagram or scheme the shape of a urinifer- 
ous tubule and its relation to  a collecting tubule, as this presents itself 
to me, brief mention may yet be made of a number of diagrams of urin- 
iferous tubules found in the literature, each of which presents certain 
characteristics which make it different from the others selected. These 
I have grouped under Fig. 23. The different conceptions of the form of 
a uriniferous tubule held by the authorities presenting the diagrams here 
given and their departure from the conception of the form of a urinifer- 
ous tubule as presented in Fig. 24 may be most readily expressed in this 
graphical manner. 

I n  A ,  Schweiger-Seidel’s diagram, is given inaccurately the relative 
position of the Malpighian corpuscle and proximal and distal convoluted 
portions, more especially the distal convoluted portion which is separated 
too much from the proximal convoluted portion. I n  B, Von Ebner’s 
diagram, an attempt is made to  bring the distal convoluted portion in 
relation with the Malpighian corpuscle (accepting Htamburger’s obser- 
vations) and to  show that the first part of the proximal convoluted por- 
tion extends toward the cortex (Golgi) . The diagram presents inaccura- 
cies in the relations given to the Malpighian corpuscle and the proximal 
and distal convoluted portions. In C, Haycraft’s diagram, of a urin- 
iferous tubule of a rabbit, he presents, as is obvious, deductions drawn 
from the study of a tubule showing an early stage of development, shown 
in his Fig. 10. This, as I have stated, very probably presents parts of 
two tubules, there sketched as one. His diagram is wrong in the position 
given to the Malpighian corpuscle and as to the length, shape, and 
relative position of the proximal and distal convoluted portions. D, one 
of Golgi’s figures, shows a uriniferous tubule at a relatively early stage of 
development. This is not a diagram, but the figure is introduced. since 
it shows quite correctly the relations of the different parts of a uriniferous 
tubule. E,  Disse’s diagram, one of the most recent at hand, gives incor- 
rectly the relations shown by the ascending and descending limbs of 
Henle’s hop to  the Malpighian corpuscle and the course of the first part 
of the proximal convoluted portion. F, Stoerk’s diagram, based on recon- 
structions of urinifc-rous tubules, presents a number of inaccuracies, as is 
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FIQ. 24. Diagram of three uriniferous tubules and their relation to a collect- 
ing tubule: A, of a tubule, the Malpighian corpuscle of which is situated in the 
lowermost portion of the cortex; B, about the middle of the cortex; C, in the 
outer portion of the cortex. nz, Malpighian corpuscle; v, vessel porta; 12, 
neck; pc, proximal convoluted portion; es, end segment; dl, descending limb, 
al, ascending limb of the loop of Henle; dc, distal convoluted portion;. j ,  
junctional tubule; c, collecting tubule (Huber). 
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shown by my own observations on models of uriniferous tubules showing 
much older stages of development than the oldest tubule reconstructed by 
him. I n  this diagram, the Malpighian corpuscle is relatively too large, the 
course given to the first part of the proximal convoluted portion is too reg- 
ular; the proximal convoluted portion is relatively too short when com- 
pared with the length given to the distal convoluted portion, but especially 
wrong is the diagram in the presentation given of the descending limb 
of Henle’s loop. This, as given by Stoerk, shows essentially the samr 
diameter as the proximal convoluted portion (in his description he gives 
it a similar epithelial lining), disregarding entirely that portion of the 
descending limb of the loop which shows a flattened epithelium. 

In the diagram of Fig. 24 the loop itself of the loop of Henle is given 
as formed by a tubule the same as that of the ascending limb, the transi- 
tion from the thinner to the thicker portion of the limb as occurring in 
the lowermost part of the descending limb. This is in conformity with 
my models. I n  discussing this point, I have stated that this observation 
was given with some reservation. I have, therefore, not called especial 
attention to  certain of the loops shown in the diagram A ,  B, and E of 
Fig. 23, which are formed by the thinner portions of this structure. 

In  conclusion, I desire to thank Julius H. Powers and Edward G. 
Huber for assistance given me in the reconstructions, and Elton P. 
Billings and Frederic G.  Johnson for assistance rendered in making the 
illustrations,-students of medicine in the Department of Medicine of the 
University of Michigan. 
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