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ABSTRACT

Introduction: The contribution of anatomist and pathologist into the knowledge of the developmental and maturational changes
in the human fetal ureter has been significant and play an essential vital role in the development of features. Ureter The ureters in
neonates and infants can be anatomically and functionally so severely compromised as to warrant the various congenital terms
That's why Microsectional study of the ureter has been a dynamic stair that can contribute to understanding congenital diseases
such as agenesis, hypoplasia and dysplasia etc.
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Aim: My study has brought to light numerous insight into the fine structure of the ureter, with specific embryological highlights
with cytologic and physiologic considerations.

Materials and Methods: The study was conducted in the Department of Anatomy, JNUIMSRC, Jaipur. Thirty aborted human
fetuses between 8- 38 weeks of gestational age with no obvious congenital anomalies were obtained from the Department of
Obstetrics and Gynaecology after taking consent of parents following approval from the Institutional Ethical Committee

Result: Before 12 weeks there is only mesenchymal tissue appear after that mature histological appearance increase with ges-
tational age in the craniocaudal direction.

Conclusion: We are now able to better explain several microstructure-function relationships of the ureter in health and disease.
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INTRODUCTION The ureteric bud is a primordial structure giving rise to
the ureter, renal pelvis, calyces and collecting tubules. The
ureteric wall is highly permeable at an early stage (5 mm
CRL). Its lumen becomes obliterated later at (13-22mm
CRL) which is subsequently recanalized. Both events be-
gin at intermediate levels of the ureter and proceed cra-
nially and caudally. > Two fusiform enlargements appear
at the lumbar and the pelvic levels of the ureter at the 5

and 9" months of intrauterine life respectively which is re-

Developmental road map and maturational changes in the
human fetal ureter has been playing an essential vital role in
the identification of normal and abnormal development of
human features. The groundbreaking work of Satani,! and
Stein and Weinberg ? clearly showed that the ureter displays
morphologic plasticity, physiologic accommodation, and an-
atomic change under different conditions, e.g., physiological

function, stress, obstruction, and ageing.

There are three layers in the ureter from outside inwards they
are the transitional epithelium, then comes the smooth mus-
cle layer and then it is continued by the adventitia.?

All these develops around the fourth week of intrauterine
life. The ureteric bud develops and forms the majority of the
collecting part of the kidneys.*

sponsible for the ureteric constrictions at its upper end and
another as it crosses the pelvic brim. A third narrowing is
always present at its lower end and is related to the growth
of the bladder wall. Felix W has stated that after the 4 and
5 months of fetal life the ureter no longer is a straight tube
of uniform calibre but shows two dilatations in the lum-
bar and pelvic regions respectively. ¢’ The ureteric wall is
highly permeable at an early stage (5 mm CRL). Its lumen
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becomes obliterated later at (13-22mm CRL) which is sub-
sequently recanalized. Both events begin at intermediate
levels of ureter and proceed cranially and caudally. Two
fusiform enlargements appear at the lumbar and the pelvic
levels of the ureter at the 5™ and 9™ months of intrauter-
ine life respectively which is responsible for the ureteric
constrictions at its upper end and another as it crosses the
pelvic brim. A third narrowing is always present at its lower
end and is related to the growth of the bladder wall. Felix
W has stated that after the 4 and 5 months of fetal life the
ureter no longer is a straight tube of uniform calibre but
shows two dilatations in the lumbar and pelvic regions re-
spectively. The terminal part of the ureter perfectly contin-
ues with the intramural part. One should understand that the
muscle fibres and the fibroelastic fibres run longitudinally.
There is a fine balance in the formation of the ureter and
deviation leads to functional problems.” One of the most
common birth defects seen in the foetus is related to the
urinary tract.®

MATERIALS AND METHODS

The present study carried out in the Department of Anatomy,
JNUIMSRC, Jaipur. It was based on microscopic examina-
tion of ureteric tissue of 30 human features. Ureter procured
from different gestational ages ranging from 8 to 40 week
of fertilization with no obvious abnormalities on macro-
scopic inspection. After studying its external morphology
tissue samples were taken from proximal, middle and distal
regions of the ureter then fixed in 10% formalin and later
processed in paraffin wax. 5-7u sections were prepared and
stained with hematoxylin and eosin.

Figure 1: Features abdomen opened and tissue were taken
from the abdominal, pelvic, juxtavesical and intramural parts
of the ureter.

Gestational age, sex and crown-rump length were noted. The
abdomen was opened by a midline incision extending from
the xiphisternum to the pubic symphysis (Fig. 1) Tissue sam-

ples of 3-5 mm thickness were collected from both ureter
in transverse planes from the abdominal, pelvic, juxtavesical
and intramural parts and fixed in 10% formalin separately
for 24-48 hours. Tissues were processed and paraffin blocks
prepared. 5-7u thick sections were cut and stained with hae-
matoxylin and eosin. Some slide stained with Masson’s tri-
chrome. All studied under the light microscope.

RESULT

The structures of the different parts of the ureter were ob-
served histologically in 30 human fetuses ranging from 8§
weeks to 38 weeks. Special emphasis was given to the devel-
oping muscular layer and the epithelium.

Group I (6-11 weeks)

At 8" and 9" week, the developing ureter depicted no muscu-
lar tissue in its wall. Instead, it consisted of mesenchymal tis-
sue only. The upper part of the ureter was dilated to form the
pelvis. At 10 weeks multiple narrow spaces were observed
in the middle 1/3 of the developing ureter which seemed that
the canalization process had been initiated. The lining epi-
thelium was not observed to line these spaces. The periphery
of the ureter was covered by a very thin layer of connec-
tive tissue arranged regularly. Sections of the ureter at the
11" week depicted a distinct lumen lined by 5-6 layered epi-
thelium whose cells were polygonal in shape and appeared
vacuolated. The surface of the epithelium was thickened and
2-3 shallow mucosal folds were observed. The mesenchymal
tissue was very thin and arranged spirally around the lining
epithelium which in turn was covered by a layer of loose
connective tissue. The juxtavesical part of the ureter showed
mesenchymal tissue surrounding the epithelium at the 11®
week.

Figure 2: Juxtavesical part of the ureter at 11" week of ges-
tational age showing the mesenchymal tissue surrounding the
epithelium.
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The epithelium was 2-3 layered thick and transitional. No
epithelial folds were observed (Fig. 2). The intravesical part
opens in the posterior wall of the bladder by an oblique. The
intravesical part showed a 3 layered transitional epithelium
whose cells were polygonal in shape and depicted no muscu-
lar tissue in its wall.

Group II (12-14 weeks)

Histological sections studied at the 12" week demonstrated
that the basal cells of the lining epithelium were smaller than
the superficial cells and rested on a thin and extremely un-
dulating basement membrane. The superficial cells appeared
dome-shaped with large oval nuclei. Mucosal folds were
observed to be more prominent. Deep to the transitional epi-
thelium single tapered cells were evident in 2-3 rows which
were characterized by eosinophilic cytoplasm and elongated
nuclei. These cells were the precursors of the smooth muscle
cells (Fig.3)

Figure 3: At 12" weeks gestational age showing transitional
epithelium cells vacuolated and polygonal in shape. The sur-
face of epithelium adjoining the lumen appeared to thicken.
Single tapered cells in 2-3 rows are seen.

Such cells were deficient on the peripheral adventitious coat
which contained a few blood vessels. The juxtavesical ureter
at this stage had a very thin epithelium and a lamina pro-
pria containing darkly stained mesenchymal cells. The epi-
thelium was still 3 layered. During the 13™ week, the nuclei
of the lining transitional epithelium became more conspicu-
ous with well-defined nucleoli in certain places. The smooth
muscle cell precursors were arranged circularly in 3-4 rows.
These cells appeared more matured with the increase in its
length and a deeper stained eosinophilic cytoplasm which
were closely apposed to each other. The density of these cells
was observed to be increased in the consecutive 14™ week.
However, sections from the lower 1/3 of the ureter during
this period depicted scattered smooth muscle cell precur-
sors which appeared to mature in the deeper layers closer to
the lining transitional epithelium. It was also observed that

in the juxtavesical ureter the superficial cells of the lining
epithelium were polygonal with large oval nuclei. This was
surrounded by a thin layer of smooth muscle cell precursors
which were arranged circularly in 3-4 rows. The intramural
part presented no muscular tissue in its wall.

Group I (15-17 weeks)

In this group sections of the ureter taken from the lumbar
region showed a well-formed transitional epithelium with
deep folds. The muscular coat comprised of 4-5 layers of
smooth muscles spirally arranged and closely apposed to
each other. Broadband of lamina propria consisting of con-
nective tissue separated the muscular coat from the epithe-
lium. The adventitious coat was also well-formed contain-
ing blood vessels. However, sections of the ureter from its
lower 1/3 did contain the transitional epithelium but the folds
were not well marked till the 16" week. The smooth muscles
which were spirally arranged in the muscular coat appeared
to come closer to each other at intervals during the 17" week
(Fig.4). Observations on the juxtavesical part showed similar
features but were delayed in development.

Figure 4: At 17" week of gestational age showing transitional
epitheliums cells vacuolated and polygonal in shape. The sur-
face of the epithelium adjoining the lumen appeared to thicken.
Single tapered cells in 2-3 rows are seen.

Group 1V (18-24 weeks)

Sections of the ureter from the lumbar regions depicted that
the individual muscle fibres in the circular muscle coat be-
came gradually closer to each other to form thicker muscle
bundles. At 23 weeks the inner longitudinal muscle coat be-
came slightly visible at focal areas in sections. At 24 weeks this
layer could be well demonstrated. Sections from the lower 1/3
of the ureter showed a delayed development in comparison to
the middle 1/3 (Fig.5). The transitional epithelium further pro-
gressed in development by the increase in the number of layers
to 7-8 and increase in the number of mucosal folds giving the
shape of a typical star-shaped lumen. An increase in thickness

-l1.—..___________________|
151 Int J Cur Res Rev | Vol 13 « Issue 13« July 2021 1



Harmeet et al.: Morphogenesis of ureter in human fetuses: a histological study in North India

of the adventitious coat was also observed with an increase in
its vascularity. Sections observed from the intramural parts of
the ureter demonstrated that muscle precursors arranged lon-
gitudinally were just observed at the 19" week (Fig.6) which
became well differentiated at the 21% week. These longitudinal
muscle fibres were observed with the superficial trigonal mus-
cle at this stage also.

Figure 5: At 19" weeks of gestational age section taken from
intravesical part of the ureter showing longitudinal deposition
of the smooth muscles throughout its extents.

Group V (25-38 weeks)

Observations carried out in this group revealed further matu-
ration of the layers of the ureter. The outer longitudinal coat
was first observed in the lower 1/3 at the age of 30 weeks
in focal areas adjoining the adventitious layer. The various
layers of the ureter observed till the age of 38 weeks showed
continued but delayed maturation. Sections of the fetal ureter
in lumbar regions depicted that the individual muscle fibres
in the circular pattern ,coat became gradually closer to each
other to form thicker muscle bundles. The longitudinally ar-
ranged muscle fibres in the intramural part were seen to be-
come thicker in this group (Fig. 7).

Figure 6: At 23 weeks of gestational age showing middle 1/3
of ureter showing the appearance of longitudinal muscles fi-
bres Masson’s trichrome (40X).

Figure 7: At 11" weeks of gestational age showing trigonal
region between the opening of intravesical part of the ureter.

DISCUSSION

It is necessary for correlation with its development in in-
creased gestational age and pathological changes for normal
functioning of the urinary system in fetal life. In the pre-
sent study during the 8" week, the epithelium was the only
component that could be distinguished histologically in the
wall of the ureter. During the 11" week, a distinct lumen
lined by a 5-6 layered epithelium whose cells were polygo-
nal in shape and appearing vacuolated was observed. The
surface of the epithelium was thickened with the presence
of 2-3 shallow mucosal folds. The mesenchymal tissue was
very thin and arranged spirally around the lining epithelium
which in turn was covered by a layer of loose connective tis-
sue. Throughout the study sections of the ureter taken from
the middle 1/3 showed a well-formed transitional epithelium
with deep folds although sections from the lower 1/3 and
upper 1/3 of the ureter showed delayed development and the
folds were not well marked till the 16" week in comparison
to the middle 1/3. A broad layer of lamina propria consist-
ing of vascularized connective tissue separated the muscular
coat from the epithelium. The epithelium in the juxtavesical
and intramural parts of the ureter at this stage was only 2-3
layered thick and transitional. The superficial cells of the lin-
ing epithelium were polygonal with large oval nuclei. Tac-
ciuoli M et al also reported in their study that the develop-
ment of muscle coat and epithelium was observed earlier in
the lumbar part of the ureter but developed slightly later in a
craniocaudal direction.'"?

Satan’s report! observations indicated that fewer polynuclear
cells are found in the urethral epithelium and that the size of
each cell is smaller than that of the bladder.

Walker’ found that at around the 16th to 17th day of embry-
onic life of the mouse both binucleate cells and polyploid
nuclei become obvious in the superficial layers of the uri-
nary bladder. these observations point to the early observa-
tions of Satani.! Significant positive linear relationships exist
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between a gestational week and distal and intravesical ure-
teral wall thickness of the mesenchymal and smooth muscle
growth to the length of the intravesical ureter in fetuses.'*!

In the present study, no muscular tissue could be depicted
in the wall of the ureter till the 9% week. Precursors of mus-
cle primordium were observed during the 10" and 11" week
of gestation in its wall. Deep to the lamina propria spindle-
shaped muscle cells were evident in 2-3 rows characterized
by eosinophilic cytoplasm and elongated nuclei during the
12" week in the middle part of the ureter. Throughout the en-
tire study, the lower 1/3 of the ureter was observed to possess
a delayed development in comparison to the middle 1/3. At
23 weeks the inner longitudinal muscle coat became slightly
visible at focal areas in sections stained with Masson’s Tri-
chrome. At 24 weeks this layer could be well demonstrated.
Tacciuoli M et al reported a similar observation that the ure-
ter in fetuses of 12 -14 weeks demonstrated single tapered
cells overlying the loose connective tissue of the lamina pro-
pria in the lumbar region." The development of these smooth
muscles proceeded in a craniocaudal direction.!'? On the
contrary, Matsuno T et al. observed that the differentiation
of the ureteral musculature commenced from the renal pelvis
and the upper part of the ureter at the 12" week which pro-
ceeded distally."?

The primordia of the smooth muscles in the juxtavesical and
intravesical parts of the ureter were just recognizable during
the 19" week of fetal life. They were arranged longitudinally
in the intramural part. These primordial cells became well-
differentiated in sections of the 21% week. The longitudinal
muscle fibres were observed to blend with the superficial
trigonal muscle of the urinary bladder. It consists of a juxta
and intravesical segments with the latter having an oblique
course through the bladder wall. Matsuno et al. observed
that the intramural part of the ureter consisted of purely lon-
gitudinal muscle fibres.!* They were found to appear much
later during the 17" week in comparison to the appearance
of the muscle fibres in the proximal parts of the ureter. In
contrast, the orientation of the ureteral musculature in the
proximal parts was spiral. The longitudinal muscle fibres of
the intravesical part became continuous with the periureteral
sheath. On the other hand, Tacciuoli et al. reported that both
longitudinal and oblique muscle fibres were present in the
intravesical part of the ureter between 22 and 24 weeks.'
Most of these fascicles were present on the medial side of the
intramural ureteric wall and some reached the mucous mem-
brane of the bladder to terminate around the ureteric orifice."

CONCLUSION

Canalization of the Ureter was first observed to be initiated
at the age of 10 weeks. The lining transitional epithelium
was 5-6 layered thick with vacuolated and polygonal cells.

The mucosa was lined by mesenchymal tissue. Single ta-
pered muscle cells replaced the surrounding mesenchymal
tissue at 12 weeks. The number of mucosal folds also in-
creased. It was observed during this time that the lumbar
part of the ureter showed the earliest developmental changes
which proceeded in a craniocaudal direction. At 23 weeks
the inner longitudinal muscle coat was observed in the mid-
dle 1/3. The intravesical part of the ureter depicted smooth
muscles arranged longitudinally.
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