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The histogenesis of the primary excretory duct (the pro- 
nephric, mesonephric, or wolffirin duct) has been a question 
of controversy. The majority of authors (Waldeycr, '70; 
Romiti, '73 ; Kowalewsky, '75 ; Koelliker, '76 ; Renson, '83 ; 
Xeyer, '90, and many others) agree that the mesonephric or 
wolffian duct is derived from the mesoderm. According to 
Romiti ('73), the duct originates in chick embryos as an 
evagination of the pleuroperitoneal cavity. This evagination 
subsequently is cut off from this cavity and is constricted into 
a duct. Kowalewsky ('75) derives the duct from ail evagina- 
tion of the dorsal lamina of the intermediate cell mass, the 
latter being provided with a citvity commuiiicating with the 
coelom and the somitic cavity. According to Gasser ('77) 
and Sedgwick (W), the cephalic portion of the mesonephric 
duct of chick embryos develops from the intermediate cell 
mass and then grows freely caudalward, without having any 
direct connection with the intermediate cell mass below its 
point of origin. These authors, as well as Waldeyer ( '70)' 
Balfour ( '81)' and Mihalkovicz ( '85)' in contradistinction to 
Romiti and Kowalewsky, considered the duct as an originally 
solid rod of cells, which only later becomes provided with a 
lumen. His ('65) at first regarded the mesonephric duct of 
the chick as derived from a thickened fold of the ectoderm, 
by the side of the neural fold. Later ('68), His withdrew 
this statement, which, however, has been adopted by Hensen 
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(’67) a i d  Graf Spee (’83) for mamma.ls. Graf Spee con- 
sidered t.liat the aiilage of the mesonephric duct lay in t.ha.t 
part of t h  ect.oderm which is opposite the intermediate cell 
mass. Here, according to t,his aut.lior, the cctoderm forms in 
the caudal portion of t.he embryo a definite t.hickening of 
limited ext.ent. This thickening was thought to separate 
cephalad into t.he ect,oderm proper and the anlage of the 
mc?sonepliric duct. Still farther cephalad, the duct was 
thought t.o separate ent.irely from the ectoderm and to enter 
into closc contact wi.t.h the int.ermediate cell mass. According 
t.o Hertwig ( ’10) and hIeyer ( ’:lo), the celihalic port.ion of 
th.e primary excretory duct develops from the mesoderm. 
Caudalxt-ard, t,hc duct separates from its parent tissue and 
fuses with t.lie cctoderm. In  Meycr’s human embryo (of 
4.25 mm.) tlie duct in it.s most caudal portion is a.gaiii free 
from a coniiccdion with the ectoderm. A.ccordiiig to Hertwig, 
there is a. possibi1it.y t.liat in ma.mmals the ectoderm may con- 
tribute t,o the development of tlie caudal portion of thc duct. 
BWx ( ’04) believed t1ia.t. in mammals a loiigitxdinal growth 
of t.he ductt oc.curs, in wliich t.he ectoderm participates. How- 
ever, no participat,i.on of t,he cctoderm in the formation of the 
mesonephric duct is admitted by Hertwig and Felix in bony 
fishes. 

The studies of JIacClallum (’02) and Gage (’05) have 
shown that tlic excretory duct c.onsists, in human embryos at 
early st,agcs of development., of a frontal aid a. caudal por- 
tion, which are scpa.rated from ea.ch other by a marked in- 
terval. Tlicsc authors are inclined t.o consider the frontal 
portion of the duct as related to the liomologue of the pro- 
nephros of lower forms, since it.s a.nterior ext..remity opens 
direc.t.ly into t.he coelom, being “evident.1~- a direct turning 
i i i  of the lining of the coelom” (Riaccallum). 1.n the embryo 
of 3IacC.allum the frontal portion of the excretorp duct lies 
op,posi.te the sixth to the ninth myotomcs, d i l e  the caudal 
portion hegins at  t.he lerel of Olie te1it.h myot.ome and extends 
caudad to the level of the last. (nineteenth) m-yotome. In  the 
Gage eni l ) iy~ the pi*c!sumed proiiephric t~nhule lies at  the 
level of the eleventh mpotomc. 
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Our own observa6ions pertain t.o a stady of a series of 
mammaliaii embryos from t.lie Embryological Collection of 
the Department of Anatomy, University of Michigan, and 
particularly of series of guinea-pig and rabbit. embryos of 
early stages of development.. Their st.udy has led to the gen- 
eral conclusioii that the mesonephric duet is histogenetically 
derived from t.he intermedia.te cell mass of t.he mesoderm and 
acquires only secondarily in it,s caudal portion a. close corit.act 
wibh t,he ectoderm. Three especially pertinent. series are here 
particularly referred to  : two guinea-pig a i d  one rabbit series, 
since they afforded critical and f avora.ble mat.eria1 bearing 
011 the problem under consideration. Abundant other series, 
here not especially referred to, of prec.eding and suc.cecding 
stages were available. 

In  a guinea-pig embryo removed from the uterus fourteen 
days sixteen hours after i.nsemination, in wh:ich fourteen 
somit.es are distinguishable, we can observe at  the level of 
the twelfth to hlie fourteenth somit.es a more or less clearly 
delimited rod of cells lying dorsa.1 to  the intermediate cell 
mass. This cell rod is wit.hout. lumen and is regarded as t.he 
anla.ge of the mesonephric duct. It. is fused definitely in its 
frontal portion with the ii1termedia.t.e cell mass, while its nar- 
rower caudal port.ion enters into a close relationship with the 
ectodcrm. In  this embryo there is no trace of any st.ructures 
which might be considered as the homolobr1e of t.he pronephric 
t.nbules. 

The embryo, aft.cr careful fixation, was cut serially in cross- 
sections of 7 p thickness, stained in hcmatoxylin and Congo 
red. The series emhraces 635 sections, numbering from the 
frontal pole of t.he embryonic shield t.o the caudal limit of 
the allantois. Of the fourteen somites determined, neither 
the first nor t.he last somite is provided wit.h a cavity, such as 
is present in the other somites. The neural groove is found 
closed and forms a t.ubula,r struct.ure from the level of the 
3211d t'o the level of the 394th section, i.e., corresponding in 
general t.o Olie level at  which the somitic segmentation is 110 

longer evident. In  certain sections the ganglion of the fifth 
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nerve is cut off from the surface ectoderm a i d  the neural 
groove, and lies lateral to the latter. The notochord in its 
most frontal part is in close contact with the entoderm of the 
foregut. It becomes entirely separated from the entoderm 
a t  the level of the second somite. It lies then in close rela- 
tion to the neural tube ventrally. The first somite on the 
one side makes its appearance in the 117th section and on the 
other side in the 134th section. 

The intermediate cell mass becomes distinguishable at the 
level of the sixth somite. The medial half of the dorsal aorta 
lies, a t  this level, in close relation to the ventral portion of 
the somite. Jus t  lateral to the aorta lies the coelomic cavity, 
which is narrow in the mediolateral and larger in the dorso- 
ventral plane and extends thus dorsalward and ventralward 
to the level of the aorta. The intermediate cell mass is often 
continuous with the somites medially and with the wall of the 
coelomic cavity laterally. The nuclei of the intermediate cells 
are, in general, more round than those of the cells of the 
coelomic wall. They are of a more distinct outline than are 
the imclci of either the coelomic or the somitic mesodermal 
cells and the granulations are sharper in the former than in 
both the latter. Mitotic figures are frequently met with in 
the intermediate cell mass. In  the region under considera- 
lion, thc ectoclerm forms a relatively thin, outwardly concave 
fold opposite the intermediate cell mass. It appears here 
slightly thickened. The apparent thickening is probably due, 
in part at least, to the orientation of the longer axis of the 
ectodermal cells to the plane of the section. Sometimes the 
nuclei of the ectodermal cells forming the fold are not ar- 
ranged in a perfectly regular row. At  the level of the sixth 
and seventh somites the intermediate cell mass is very small. 
I t  disappears almost entirely at the intervals between the 
somitcs. A t  the level of the eighth somite the intermediate 
cell mass becomes more distinct, extending from the coelomic 
to the somitic mesoderm, in close relation dorsally to the 
lateral half of the aorta. In cross-sections it appears large 
in its middle portion, while the cell bridges, which connect it 
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with the somite medially and the coelomic wall laterally, are 
usually relatively narrow. The large middle part of the 
intermediate cell mass extends dorsally toward the ectoderm ; 
however, it does not come in contact with the latter. Ap- 
proximately at the level of the middle of the eighth somite the 
long axes of the cells of the intermediate cell mass on the one 
side are arranged radially around the center of the cell mass ; 
in the center a small cavity is to be noted. The cell nuclei 
are situated at the periphery of the cells, at  the pole opposite 
to  the center of the cell mass. At the level of the caudal end 
of the eighth somite the intermediate cell mass becomes small, 
but it does not disappear entirely even at the place opposite 
the interval between the somites. The intermediate cell mass 
is again more pronounced at the beginning of the ninth somite, 
but only for a few sections, after which it again becomes 
smaller. At the level of the ninth somite the intermediate 
cell mass is narrower in both the dorsoventral and the medio- 
lateral planes than at the level of the eighth somite. At the 
level of the tenth somite the intermediate cell mass appears 
as a quite dense band of cells between the somite and the 
coelomic wall and continuous with both of these. 

At the level of the caudal portion of the tenth somite a 
bud is given off from the intermediate cell mass dorsalward, 
while this latter mass is, as before, connected with the 
coelomic and somitic mesoderm, chiefly with the former. At 
the level of the eleventh somite, this dorsal bud closely ap- 
proaches the ectoderm. In  cross-sections the bud presents a 
somewhat quadrangular form. The ventromedial side of the 
quadrangle is continuous with the intermediate cell mass, the 
dorsolateral side is parallel to the ectoderm and lies, as men- 
tioned before, quite close to the latter. A shallow fold in 
the ectoderm at this level has its concavity directed inward, 
while in more frontal regions the concavity of the fold at  
relatively the same region is directed outward. The ectoderm 
is somewhat flattened in the region where the bud of the 
intermediate cell mass comes into contact with it. 'In some 
sections the whole intermediate cell mass has the form of 
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a quadrangle, which is extended from the aorta to the eclo- 
derm and which is connected on both sides with the coelomic 
and somitic mesoderm by small cell bridges. At the level of 
the twelfth somite the dorsal bud of the intermediate cell mass 
takw on a more nearly rounded outliiie (fig. 1, right sick). 

Fig. 7. Cross-swtion through the level of the twelfth somite of a guincn-pig 
c.~iIil~ryo of foiirtecn somites. Cumern-lucidn drawing. X 182. The riglit side 
of tlic figure is slightly more frontal (middle of the t,welfth somite) than the 
‘left icandal portion of the twelfth somite). On the right side the intermediate 
cell JUIS gives off R bud ( b . ) ,  which lics close to the eet.oderm. On the left 
side this  bud is already we11 delimited from t.he iiitermedint,e cell mass and  
rrcogniz:tblc as the a.nlage of t.he niesonephric duct. a., a0rt.a; b., bud of the 
intermedist.c cell mass cont.inuing caudad into the niesonephric duct. ; c., eoelom ; 
c*k.. notochord ; P., entodcrm; cc., eetoderrn; int . ,  int.ermediatr, cell mass; m.. 
mescinrpliric tluct ; n., neural tube ; s., somite. 

Tt Iwomes more clearly delimited from the rest of the inter- 
i n d a t e  cell mass, though it is still, in the main, coiiiiectect 
ivit l t  the latter on the ventromedial side. The dorsolateral 
side is here in a still closer contact with the ectoderm. The 
intermediate cell mass, as before, is stretched out between the 
vochmic mid somitic mesoderm. The bud differs from the 
rest of the intermediate cell mass by reason of its greater 
compactness. In general, its cells stain someirhat paler than  
tliow of tlic latter. ‘l’h(~ cells of tlic bud differ from the d o -  
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dermal elements in their staining reaction as well as in the 
shape of their nuclei. The nuclei of the cctodermal cells are 
often more elongated, their long axes being directed in a 
transverse plane, while the cell nuclei of the bud are, in gen- 
eral, more nearly round and with a somewhat sharper outline. 
Farther caudalward, but still at the level of the twelfth 
somite, the bud assumes a somewhat oval shape on one side. 
Its long axis is oriented in a transverse plane, the medial 
pole being more dorsal in position than the lateral. On the 
other side the bud remains more nearly round. In  certain 
sections it is now quite clearly delimited from the rest of the 
intermediate cell mass. In  some places only a small part 
of its ventromedial surface is continuous with the latter (fig. 
1, left side). The nuclei of the intermediate cell mass arc 
more elongated in this region, which is related to the coelomic 
mesoderm. Mitotic figures are often seen in the intermediate 
cell mass adjacent to the round or oval bud. The ectoderm 
forms, as before, an inwardly concave fold over the dorso- 
lateral surface of the bud and lies in close contact with this 
surface. In certain sections through the level of the twelfth 
somite the bud of the intermediate cell mass is already recog- 
nizable as the anlage of the mesonephric duct, differentiating 
from the intermediate cell mass; it becomes entirely sepa- 
rated from this mass at the level of the thirteenth somite. 
The bud is smaller in size than the bud of the intermediate 
cell mass, of which it represents thus the caudal continuation. 
It is composed of from six to eight cells arranged in a round 
or oval mass without lumen and lying in close contact with 
the ectoderm dorsolaterally and with the intermediate cell 
mass ventromedially. The nuclei and the protoplasm of the 
cells composing the mesonephric duct, like those of the cells 
of the more frontally situated bud of ihe intermediate cell 
mass, appear somewhat paler than the elements of the inter- 
mediate cell mass. Their staining reaction is to a certain 
degree different from that of the ectodcimal cells-in hcma- 
toxylin-Congo red preparations they present a somewhat 
more pink color than the latter, which are of a slightlj- more 



380 ERNST WEINBERG 

grayish tone. Thc nuclei of the cells of the mesonephric duct 
arc nearly round, in contradistiiiction to the more elongated 
uuclci of the ectodermal cells. Farther caudalward the mcso- 
iicpliric duct becomes smaller and smallcr. It is more fused 
with the ectoderm near the level a t  which the delimitation 
of tlie thirteenth somite from the fourteenth somite is indi- 
cated. At the level of the frontal portion of the fourteenth 
somite the mesonephric duct is rcpresentcd in each cross- 

9 
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Fig. 1 ('ross-scction tlirougli the lercl of tlrc fourteenth somite of the same 
N I I I J ~ J - O  from which figure 1 W:IS drawn. The right sidc of the figure is farther 
frontal than the left. Camera-lueids drawing. X 182. a., aorta; c., coelom; 
ch., notochord; e., entoderm ; ec., ectoderm; int., intermediate cell maas; m.. 
mesonrphrie duct: m., neural tuhc.; s., somite. 

hwtioii by only two or three cells, which atlhcre to tlic ecto- 
tlerm. These cells are here entirely separated from the 
vcntromedially lying intermediate cell mass. I n  their stain- 
iiig reaction they approach more nearly the mesodermal than 
the ectodermal elemcnts. In general, also, the juxtaposed 
cell boundaries between the ectoderm and the mcsonephric 
duct are more distinct than those between tlie elements of the 
duct itself or of the ectoderm. 111 certain sections the meso- 
ncphric duct is still composed of more than two or  three cells 
(fig. 2) .  I n  such sections these are sometimes arranged into a 
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very short band situated parallel and close to the ectoderm. 
The duct disappears entirely at the level of the fourteenth 
somite. Enti1 its caudal limit is reached, it is in very close 
contact with the ectodermal elements. The intermediate cell 
mass is here present as a short strip between the coelomic 
and somitic mesoderm, dorsal to the aorta. Caudalward the 
intermediate mesoderm becomes nndiff erentiable. 

Thus, even in its most caudal part the mesonephric duct 
is distinguishable from the ectoderm by the different stain- 
ing reaction of its elements and by a usually more or less 
distinct line of delimitation between both structures, which 
line is indicated by their cell boundaries. Such a tlifferentia- 
tion can be made in spite of the fact that an occasional over- 
lapping (fig. 2, right side), dependent on the plane of the 
section, might sometimes simulate a closer fusion than is 
actually present. The ectoderm forms a fold and sometimes 
a certain thickening at the place which correspoiids to the 
intermediate cell mass. However, the thickening is more pro- 
nounced in regions where the duct is not yet differentiable 
from the intermediate cell mass. I n  more caudal regions, 
where the duct lies closer to the ectoderm, the latter is rather 
flattened at  the place of contact. 

In another guinea-pig embryo taken fourteen days sixteen 
and one-half hours after insemination, but of an earlier stage 
of development (eleven somites), the mesonephric duct is 
more or less delimited from the intermediate cell mass, but 
only for a relatively few sections. This embryo, after careful 
fixation, was cut in nearly transverse sections of 7 p thick- 
ness and stained with hematoxylin and Congo red. The series 
includes 511 sections from the frontal cnd of the embryonic 
shield to the caudal end of the allantois. The intermediate 
cell mass, for the greater part, is continuous with the coelomic 
mesoderm and the somites, as in the embryo previously 
noted. At the level of the eighth to the eleventh somites the 
intermediate cell mass forms a dorsal bud of a round or 
sometimes more nearly quadrangular shape. This bud enters 
into close contact with the ectoderm. At the level of the 



froiifal eiicl of the bud the coelomic  all forms a sliallow 
groove a t  the place which corresponds to the intermediate 
cell mass. IIowever, the groove is present for only a very 
short distaiice. Tlie bud of tlie intermediate cell mass rqire-  
sents only in a few occasioiial sections a more compact rouiitl 
01- oval cell mass without lumen, which is more or  less (5s-  
tinctly delimited from the intermediate cell mass. In sec- 
tions where this occurs it can be identified as  the anlagc of 
the mcsoncpliric duct. I t s  caudal and frontal limit continues 
into the bud of the intermediate cell mass. The ectoderm 
forms, as in tlie former. embryo, a sliallow fold a t  some places 
over the iiitcrmediate cell mass. occasion all^ it appears 
thicker in these places. 

111 our series of early-stage rabbit embryos the origin of 
the mesonephric duct from the mesoderm and its primary 
inclependence of the twtoderm are also very evident. The 
description of the aiilago of the duct in a rabbit emhryo of 
fourteen somites follows. The embryo x7as -lixed in Bouin’s 
fluid, cut in serial cross-sections of 10 thickness, and stained 
in  ii.oii-lac-hematosyliii. The series iiicl~i(1es 37.3 sections 
from the frontal end of the embryonic shield to the caudal 
eiicl of the allantois. Tlie neural groove is closed throng11 
the greater part  of its extent, except for a short distance in 
its most caiidal portion. At  the level of the seventh to the 
tciiilr somites the intermediate cell mass is seen to be diffcr- 
c>iitiatirig from the dorsomedial wall of the coelomic cavity. 
This cell mass is sometimes c l o s c l ~  coniiectccl with the 
corlomic  ill ; sometimes it is of a more nearly round shape 
a i i t l  rclntecl to the coelom by a narrow band of cells, so that 
tllrb whole structiire has the appearance of a club (tig. 3,  left 
siclo). In certain sections the intermediate cell mass is quite 
jntlcywndeiit of the coelomic mesoderm. T n  certain sections 
t hr pleiiroperitoneal wall reveals a shallom groove at thcb 
plave of its coiincctiorr with the intermediate cell mass. Oc- 
(~asiorially this groove continues farther into the latter cell 
mass as n narrow caiial (fig. 3, right side). Siicli grooves and 
c~iiials cwmmnnicating directly with the coelomic cavity may 
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be considered as the homolope of the rudimentary pro- 
nephric tubules. 

At the level of the eleventh somite the intermediate meso- 
derm is often free from a coniiedion with tlie pleuroperi- 
toneal wall; sometimes related to it only by a narrow cell 
bridge. TJsually no connection with the somites is observable. 

At the level of the twelfth somite a more nearly round cell 
mass becomes delimited from the dorsal portion of the inter- 
mediate mesoderm. This round cell mass is considered as the 
anlage of the mesonepliric duct. It is entirely separated from 
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Fig. 3 Cross-section through the lcvcl of the ninth sornite of a r:ibbit embryo 
of fourteen somites. Camera-lucida drawing. X 182. a., aorta; c., coclom; 
ch., notoehord; e., entoderm; EC., ectoderm; int.. intermediate cell mass; n., 
neural tube; p., homologuc of a rudimentary proncphric tubule; s., somite. 

tlie intermediate mesoderm at the level of the caudal end of 
the twelfth somite; in certain sections it is provided with a 
small lumen. The intermediate cell mass is here nsually not 
connected either with the somitic or with the coelomic meso- 
derm, though its ventrolateral angle lies very close to the 
latter. At the level of the thirteenth somite the intermediate 
cell mass is connected with the coclomic wall and sometimes 
also with the somite. The mesonephric duct becomes smaller 
and lies now nearer to the ectoderm, which forms an out- 
wardly concave fold at the corresponding place. The lumen 
of the duct is very clear. At the level of the caudal portion 
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of the thirt:eenth som.ite tlie int.ermediate cell mass is con- 
iiected wi.tli hoth the coclomic and t.he somitic, mesoderm. At 
the level of the .fourteelit11 somite the intermediate cell mass 
appears in  the form of a hand of  cells stretched out hct,wl.eeii 
thc somite a i d  the c.oc?lomi.c wall. The mesonephric duct 
lwcomcs smaller and l.oses its lumen. However, it. continues 
a little fa.rther cauda.d tlian the level. of the fourteeiit.11 somite, 
disappearing sooiicr 011 one side than on the other. The 
caudal end of t.he duct lies quite close t.o t,he ectoderm, as in 
t.lie above-described guinea-pig embryo of fourteen somites. 
However, a delimitatioii from t.he cct~oderm is made very 
easily in the rabbit embryo. In thc? rabbit embryo the hasct- 
meiit membrane (memhrana pri.ma) of t.he ectoderm is ofteii 
i.iiterrupted a t  places where tlic mesonephric duct lies near 
the cct,odcrm. It a.ppears t.hat sometimes, inst.ead of lying 
c?lose t o  the latter, the membrane withdraws from it slightly 
at these plac,es and lies at the side of the mcsonephric duct 
adjacent to the ectoderm o r  c?vcii seems to be fused with the 
mesonephric duct., while a small space may be present het.wcen 
the duct. and the ectodermal cells. Graf Spee described a 
basement membrane on t.hat. side of the mesoncpliric duct 
mhic41 fa.ccs the intermedia.te cell muss. Snch a condition is 
not observable in our maberial. 

I n  the rabbit. embryo of fourtc?eu somites, a.s in the guinea- 
pig embryo of t.he same number of somit.es, the mesoneplirici 
.duct is recognizable at  the level of t.he twelfth to t.he four- 
teent,li somites. In both embryos the duct is  fused in its 
frontal portion 157i th  the intermediate cell inass arid differ- 
erit,iates a s  t.1 h i d  of t h e  l.ut,t,er. Clandally, the mesoiiephric 
.duct separates from the intermediate cell mass ; it becomes 
,smaller and lies very close to the ectoderm. However, in 
bot.11 embryos the elemeiits of the mesoiiephric duct. arc always 
.different:ia.ble from t.hose of t.hc ectoderm. I n  the rabbit em- 
bryo, also, rudimentary homologues of t.he pronephric tubules 
map be identified at. lerels frontal to t.he mesonephric duct. 
The intermediate cell mass in the rabbit. embryo is c.ontinuous 
in  it.s frontal par t  wit.li the coelomic wall, but iisna1l;v frec 
from a.ny connection witli the somites. 
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suggesting this study, for the privilege of using his embrpo- 
logical material, and for  his dircction of the work. 

SUMM A l t Y  

Tlie mcsoncphric duct diff ereiitiatcs in guinea-pig and 
rabbit from the intermediate cell mass of the mesoderm. It 
makes its appearance as a solid rod of cells, which at its 
caudal end lies very close to the ectoderm. Especially in its 
caudal portion, it is often continnous with the somitic meso- 
derm. 

The material studied by us does not supply aiiy evidence 
for  the assumption of EI histogenetic participation of the 
ectodcrm in the derclopmcnt of the primary cxicretory duct 
in mammals. 
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