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Abstract. The process of initiation and formation of the urinary system is similar among mammals. Experimental models
using the laboratory mouse serve as an effective tool for elucidating the mechanisms of urinary tract development,
since analogous studies on human embryos are associated with serious methodological and bioethical limitations. An
important region that ensures the functioning of the upper and lower parts of the urinary system is the ureterovesical
junction. In the definitive state, it performs the function of a physiological valve that provides unobstructed unidirectional
urine passage. The study of its formation is fundamental for understanding the etiology of anomalies in this region.
The aim of the study was to determine the main regularities and chronological sequence of prenatal ontogenesis of
the ureterovesical junction in the laboratory mouse. The study was performed on 15 series of histological sections of
laboratory mouse embryos. The material was obtained from the collection of the Department of Histology, Cytology
and Embryology of Bukovinian State Medical University. A complex of morphological research methods was applied
(morphometry, microscopy, three-dimensional computer reconstruction, and statistical analysis). In the early stages of
mammalian development, the mesonephric (Wolffian) ducts open into the cloaca, which separates into the caudal part of
the hindgut and the urogenital sinus, the primordium of the urinary bladder and urethra. This period covers days 10-15
of gestation (stages E10.5-14.5) in the laboratory mouse, corresponding to weeks 4-8 of gestation in humans. The caudal
part of the mesonephric duct is the anlage of the upper urinary tract. In the laboratory mouse, at stage E10.5-11.5, the
cranial part of the ureteric bud connects with the renal mesenchyme and forms the renal collecting system, whereas the
caudal part of the ureteric bud differentiates into the ureter. During E10.5, the ureters connect with the urinary bladder
via the common nephric duct. By stage E14.5, the ureters have separated from the mesonephric ducts and fused with
the structures of the urinary bladder, in particular with the anlage of Lieutaud's trigone. Thus, the normal architectonics
of the intramural segment and ureteral orifice in the laboratory mouse directly depends on coordinated remodeling of
the common nephric duct through local apoptosis at stage E11-E13. Differentiation of the ureter from the mesonephric
duct and its connection with the urinary bladder in the laboratory mouse are ensured by a sequence of morphological
transformations: apoptosis of the common nephric duct at stage E11-E12, fusion of the epithelial layers of the ureter and
urinary bladder at stage E13, and accelerated growth of the urogenital sinus during E12-E14.

Keywords: anatomy; embryology; microanatomy; comparative anatomy; urinary system; sphincter muscles; laboratory
mouse; human.

INTRODUCTION its components, which determines critical periods
The formation of a functionally complete urinary system  already at the early stages of prenatal ontogenesis in
is a complex and sequential process of histogenesis, mammals. Excretion of toxic metabolic products and
differentiation of primordia, and organogenesis of  maintenance of body homeostasis directly depend on
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coordinated regulation of temporal transformations
of primordia and subsequent complication of the
histological structure and syntopic changes of
relatively independent organs of the upper (kidneys,
ureters) and lower (urinary bladder, urethra) urinary
tract. An important segment that ensures the
connection and functioning of these two divisions is
the ureterovesical junction. In the mature organism, it
functions as a physiological contractile complex that
ensures and controls unobstructed urine passage,
preventing reflux during contraction of the detrusor
muscle of the bladder [1]. Pathological disorders of
morphogenesis of the ureterovesical junction cause
urinary system anomalies that are included in CAKUT
syndrome (Congenital Anomalies of the Kidney and
Urinary Tract), which occurs in 1-2 % of newborns.
This group of combined congenital malformations of
the kidneys and urinary tract includes, in particular,
such anomalies as vesicoureteral reflux, megaureter,
ectopia of the ureteral orifice, ureteral duplication, and
ureterocele [2-5].

The sources of the primordia and the process of
urinary system formation are similar in mammals [6-8].
The use of the laboratory mouse as an experimental
model serves as an effective tool for detailed study
of urinary tract morphogenesis, since analogous
studies on human embryos are associated with certain
methodological and bioethical limitations [9-11].

The upper and lower urinary tracts have different
embryological origins. Fusion of the ureteric bud, which
branches from the caudal part of the mesonephric
(Wolffian) duct, with the urogenital sinus occurs through
cellular remodeling and spatial transformations of
this region. For a long time, the theory of Mackie and
Stephens (1975) [12] remained the generally accepted
paradigm of embryogenesis of the lower urinary tract;
it stated that formation of the ureterovesical junction
and Lieutaud's trigone occurs through morphological
expansion of the ureteric bud and its subsequent
integration into the wall of the urogenital sinus. Modern
studies on laboratory mouse embryos using cell-lineage
labeling have led to a revision of this theory. It was
established that the ureteric bud at the site of fusion with
the mesonephric duct does not differentiate into urinary
bladder structures but regresses under the influence of
regulated apoptosis, which is a prerequisite for successful
separation of the ureter from the mesonephric duct
and normal morphogenesis of the sphincter complex.
Despite the morphogenetic similarity of urinary system
formation among mammals and substantial progress in
morphological, immunohistochemical, and molecular-
genetic studies, obtaining new data in comparative
embryology of humans and animals remains relevant
[13-16].

The aim of the study: to determine the main
regularities and chronological sequence of prenatal
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ontogenesis of the ureterovesical junction in the
laboratory mouse.

MATERIAL AND METHODS

The study was performed on 15 series of histological
sections of laboratory mouse embryos. The material
was obtained from the collection of the Department of
Histology, Cytology and Embryology of Bukovinian State
Medical University. Acomplex of morphological research
methods was applied (morphometry, microscopy,
three-dimensional computer reconstruction, and
statistical analysis).

The Biomedical Ethics Commission of Bukovinian
State Medical University (Protocol No. 5 dated
19.02.2026) found no violations of moral and legal
norms in the conduct of the scientific study.

The study is a fragment of the research work of the
Department of Histology, Cytology and Embryology of
Bukovinian State Medical University, "Regularities of
morphogenesis, structural and functional organization,
and anatomical variability of organs and formations
of different regions of the body and systems of the
human organism and experimental animals’, state
registration number: 0126U003125. Implementation
period: 01.2026-12.2030.

RESULTS AND DISCUSSION

In the early stages of mammalian development, the
mesonephric (Wolffian) ducts open into the cloaca,
which separates into the caudal part of the hindgut
and the urogenital sinus, the primordium of the urinary
bladder and urethra. This period covers days 10-15 of
gestation (stages E10.5-14.5) in the laboratory mouse,
corresponding to weeks 4-8 of gestation in humans
(Fig. 1). The caudal part of the mesonephric duct is the
anlage of the upper urinary tract. In the laboratory
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Fig. 1. Parasagittal section of a laboratory mouse embryo at
stage E11.Hematoxylin and eosin staining. Photomicrograph.
Magnification x70: 7 - liver; 2 — midgut; 3 — vertebral
column primordia; 4 - mesonephric duct; 5 - ureteric bud; 6 -
metanephric primordium; 7 — dorsal aorta; 8 — allantois.
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mouse, at stage E10.5-11.5, the cranial part of the
ureteric bud connects with the renal mesenchyme and
forms the renal collecting system, whereas the caudal
part of the ureteric bud differentiates into the ureter.
During E10.5, the ureters connect with the urinary
bladder via the common nephric duct. By stage E14.5,
the ureters separate from the mesonephric ducts and
fuse with the structures of the urinary bladder, in
particular with the anlage of Lieutaud's trigone (Fig. 2).

Fig. 2. Parasagittal section of a laboratory mouse
embryo at stage E14.5. Hematoxylin and eosin staining.
Photomicrograph. Magnification x70: 7 —allantois; 2 -anlage
of Lieutaud's trigone; 3 — urinary bladder; 4 — intramural
segment of the ureters; 5—common nephric duct; 6 — hindgut;
7 —cloaca; 8 - genital tubercle; 9 — midgut; 10 — primordium
of the vertebral column.

The architectonics of the position of the intramural
segment and the ureteral orifice in Lieutaud's trigone
depends on normal morphogenesis of the common
nephric duct, ureter, and mesonephric duct.

Expansion of the common nephric duct is the first
step in remodeling of the distal part of the ureter. This
process occurs during E11-E13 with the formation of a
multilayered epithelium lining it. Its histological pattern
differs from the epithelial plate of the mucosa of the
ureters and mesonephric ducts. At stage El14, cells of
the common nephric duct undergo regression or may
differentiate into the structures of Lieutaud's trigone.

Discussion. Studies emphasize that the common
nephric duct probably regresses during ureteral
maturation by stage E13 rather than differentiating
into Lieutaud's trigone [12, 17]. This is confirmed by
data on signs of apoptosis of the common nephric
duct at E11, whereas signs of regression were absent in
the caudal part of the Wolffian duct and in the ureter
[12, 18]. Programmed cell death was observed in the
ureteral lumen at later stages, before the formation
of a functional junction with the urinary bladder. At
E15, apoptotic cells were detected in the caudal part
of the ureter, which was blocked up to this stage by
Chwalla's membrane. This is a temporary two-layered
epithelial septum that, in the early stages of mammalian
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embryogenesis, separates the internal lumen of the
common nephric duct from the cavity of the urogenital
sinus. Theoretically, apoptosis in the caudal segment
of the ureter may be important for the formation of its
lumen. The process of local apoptosis in the ureteral
lumen at stage E14-E15 may represent degeneration of
Chwalla's membrane [12, 19].

Expansion of the common nephric duct and
its subsequent apoptosis are important processes
for separating the ureter from the Wolffian duct;
however, it has not been definitively clarified how, after
separation, the ureter assumes its definitive position
in the urinary bladder. Analysis of studies suggests
two hypotheses. According to the first, the intramural
segment of the ureter reaches its definitive position by
migrating along the urogenital sinus. According to the
second, the ureter is displaced as it is encompassed by
the enlarging urogenital sinus. In both hypotheses, a
cascade of morphological events is observed: apoptosis
between E11 and E12, which permits separation of the
ureter from the Wolffian duct; fusion of the ureteral
epithelium with the bladder epithelium, which occurs
at E13; and accelerated growth of the urinary bladder,
which is observed between E12 and E14.

In addition to the stages of normal embryonic
development of the urinary system, regularities in
the development of pathological morphogenesis have
been identified. The Weigert — Meyer law is one of the
fundamental rules in embryology and urology that
describes the anatomical position of the ureters in
cases of complete duplication of the renal pelvis and
ureters [2, 12]. Thus, if two separate ureters are formed,
they do not open into the urinary bladder randomly but
according to a clear rule: the ureter from the upper
pole of the kidney passes lower and enters the urinary
bladder more caudally and medially than normal. The
ureter from the lower pole of the kidney enters the
urinary bladder more cranially and laterally relative
to the upper ureter. Its position is closer to normal,
but its anatomical course is shorter. This anatomical
paradox is accompanied by a prevailing pathology for
each ureter. The ureter from the upper pole often has
pathology of the intramural segment with development
of ureterocele or obstruction with hydronephrosis
of part of the kidney. The ureter from the lower pole
enters the urinary bladder more cranially and at a more
direct angle, resulting in vesicoureteral reflux [5]. We
also observed this feature in studies of human fetuses
(Figs. 3, 4).

The theoretical model of development of this
anomaly assumes that when two branches of the
ureteric bud form on the Wolffian duct, the ureter that
appears first and corresponds to the lower end of the
organ occupies its position more rapidly. The second
ureteric anlage from the upper pole shifts together
with the Wolffian duct caudally and more medially,

2026.Tom 8, N2 2
2026.Vol. 8, No 2

31



32

Fig. 3. Retroperitoneal organs of a 6-month-old male human
fetus. Photograph of a macrospecimen. Magnification x3:
1 — kidneys; 2 — ureters; 3 — aorta; 4 — inferior vena cava; 5 -
renal veins; 6 — testicular veins.

Fig. 4. Retroperitoneal organs of a 6-month-old female
human fetus. The arteries are filled with a lead-based
mixture. Photograph of a macrospecimen. Magnification
x3.0: 1 — kidneys; 2 - ureters; 3 — aorta; 4 — renal arteries;
5—accessory renal arteries.

causing the ureters to change places. Studies indicate
that apoptosis of the common nephric duct depends
on signals from bladder tissues and occurs only in
close proximity to these signals. To confirm this, a
model of formation of an accessory ureteric bud in
the laboratory mouse was reproduced, induced by
exposure to high levels of retinoic acid during ureteric
bud formation. These studies show that formation of
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the ureteric bud in a position close to the urogenital
sinus may be crucial for receiving signals that induce
programmed cell death in structures of the common
nephric duct, whereas tissues of the common nephric
duct associated with ureteric bud branches that form
at higher positions on the Wolffian duct may persist
because they are outside the range of signals arising
from the urinary bladder, which normally induce
apoptosis [12].

Summarizing these data, it should be noted that
formation of the ureterovesical junction has features
of both normal and abnormal development. Its proper
anatomical architectonics ensures unobstructed
urine passage and plays a decisive role in maintaining
urodynamics, forming a reliable sphincter complex
in the mature organism. Disruption of normal
embryogenesis of this region causes the development
of anomalies included in the structure of CAKUT
syndrome. Therefore, further study of the molecular-
genetic mechanisms of formation of this segment is
one of the most relevant tasks of modern experimental
embryology.

CONCLUSIONS

1. The normal architectonics of the intramural segment
and ureteral orifice in the laboratory mouse directly
depends on coordinated remodeling of the common
nephric duct through local apoptosis at stage E11-E13.

2. Differentiation of the ureter from the mesonephric
duct and its connection with the urinary bladder
in the laboratory mouse are ensured by a sequence
of morphological transformations: apoptosis of the
common nephric duct at stage E11-E12, fusion of the
epithelial layers of the ureter and urinary bladder at
stage E13, and accelerated growth of the urogenital
sinus during E12-E14.

3. Disturbance of urinary system development,
according to the Weigert - Meyer law, is caused by
disorders of apoptosis of the common nephric duct and
leads to ureterocele, obstruction, and vesicoureteral
reflux.
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Anoramnis. [Ipouec 3aksaiky Ta GOPMYBaHHS CEYOBOi CUCTEMHU € MOJIIOHMM cepef ccaBlliB. EKciepruMeHTasbHi Mogesti
3 BUKOPUCTaHHSIM MU JIAGOPATOPHOI CIYTYIOTh €(PEKTUBHUM iHCTPYMEHTOM J1JIs PO3KPUTTSI MEXaHi3MiB PO3BUTKY
CEYOBUJNILHOTO TPAKTY, OCKiJIbKM aHaJIOTi4Hi JOCTiIKEHHS Ha eMOPiOHaX JIOJMHU CYITPOBOIKYIOTbCS CEPHO3HUMU
METOJMYHUMU Ta 6i0€TUYHNMU OOMEKEHHIMU. BasKIMBOIO MiNISHKOIO, MO 3a6e3nevyye QyHKI[iOHYBaHHSI BEPXHbOTO
Ta HIKHBOTO BiJJIiJIiB CEYOBOi CUCTEMH, € CEYOBIAHO-MiXypOBE CIIOJIy4eHHS. Y NediHiTUBHOMY CTaHi BOHO BUKOHY€E
(dyHKIIiI0 Pi3ionoriYHOro KyanaHa, mo 3adesnevye 6e3nepemKoaHUI OGHOCIPSIMOBAHUI NTAcax cedi. BuB4eHHS 1Oro
¢dopmyBaHHs € QyHAAMEHTAIBHUM 11 pO3yMiHHs eTiosorii anomariit uiei ginsaku. MeToio po6oTu 6yJ1o0 3'siIcyBaTi
OCHOBHI 3aKOHOMIPHOCTI Ta XPOHOJIOTIYHY IOCJIiJOBHICTL NIPEHATAJILHOIO OHTOT€HE3y CEYOBiIHO-MIiXypOBOTO CIIO-
JIydeHHs My 1a6opatopHoi. JocifkeHHs IpoBeieHo Ha 15 cepisix ricTosoriyHux 3pisiB npemnaparis 3apofKiB Mui
J1abopaTopHOi. Marepian BUKOPUCTAHO i3 KozeKuii kagenpu ricrosorii, nutosorii Ta emo6piosorii ByKoBUHCBKOTO
J€P>KaBHOTO MEJMYHOTO YHIBEPCUTETY. 3aCTOCOBAHO KOMILJIEKC METOTiB MOPQOJIOTIYHOrO AOCTiIKEHHS (MOpdome-
TPisl, MiIKPOCKOIIiSl, TPUBUMipHE KOMITIOTEDHE PEKOHCTPYIOBAHHS], CTAaTUCTUYHMIL aHaMi3). Ha paHHIxX CTafisx po3BUTKY
ccaBliB Me3oHedpuyHi (Bosb(oBi) MPOTOKM BifKPUBAIOTHCS B KJIOAKY, SIKA PO3ALNSEThCS HA KayalbHUN Biin 3aAHbOI
KUIIKY Ta CEYOCTATEBY M1a3yXy, 3a4aTOK CEYOBOTO Mixypa Ta ceuiBHUKA. Llei nepiof oxommoe 10-15 gui recrauii (ctazii
E10.5-14.5) mumi 1a6opaTopHoi, 1m0 BiAnosinae 4-8 TKHAM recraliii y JoAnHNA. 3a4aTKOM BEPXHIiX C€YOBUX IIJISIXiB
€ KayJaJbHa YaCTUHU Me3oHedpUYHOI poToku. Y mui jabopartopHoi Ha crazii E10.5-11.5 kpaHiasibHa 4acTUHA ce-
YOBIHOTO 3a4aTKa 3'€IHYETbCS 3 ME3E€HXIMOIO HUPKHU Ta YTBOPIOE IIOPOXKHUHHY CUCTEMY HUPKH, TOA] SIK KayAaibHa
YaCcTHHA CEYOBiIHOTO 3a4aTKa JudepeHileTbcs y cevosif,. I1in yac E10.5 ceyoBoay 3'€ HYIOTBCS 3 CEYOBUM MiXypoOM
yepes 3arajbHy HedpasbHy TPOTOKY. Bxke Ha cTapii E14.5 ce4oBou BiOKpEMITIOIOTHCS Bifi Me30HEe(PPUYHMX MTPOTOK i
3JIMBAIOTLCA 31 CTPYKTyPaMU CEYOBOTO MiXypa, 30KpeMa i3 3aKj1aIKOI0 TPUKYTHUKA JIbeTo. OTXKe, HOpMasibHa apXiTEKTO-
HiKa iHTpamMypaJIbHOTO Bifi/li/ly Ta BidKa CEY0BOJIa MUIL JJaAOOPaTOPHOI 6€3M0CEPEIHBO 3aJIEKUTh BiJl KOOPAMHOBAHOTO
PEMOJIENIOBAHHS 3arajbHOi HedpaabHOI IPOTOKU LIIXOM JIOKaJILHOTO anonTo3y Ha cragii E11-E13. Tudepenuianis
C€e40BOJa Bifl Me30He(PPUYHOI TPOTOKHU Ta F0T0 3'€ITHAHHS 3 CEYOBUM MIXyPOM Y MU 1a60pPaTOPHOI 3a6€3I1eYyI0ThCS
MOCJIiIOBHICTIO MOP(OJIOTIYHUX IEPETBOPEHD: AlIONITO30M 3arajbHoi HeppanbHOi IpoToku Ha crafii E11-E12, 31uTTam
enitesliabHUX MApiB CEY0BOJA Ta CEYOBOTO MiXypa Iif Ha crafii E13, a TakoK NpUmBUALIEHHIM POCTY CE40CTAaTEBOI
nasyxu y repminu E12-E14.

KirouoBi croBa: anaromist; em6piosoris; MikpoaHaTOMisI; MOPIBHAJIbHA aHATOMISI; CEY0Ba CUCTEMA; M'SI3M-3aMHUKaYi;
MMIIIA JJAOOPATOPHA; JIOAUHA.
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