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PECULIARITIES OF MORPHOGENESIS OF THE COMMON BILE DUCT SPHINCTERS
IN HUMAN PRENATAL ONTOGENESIS

OCOBJIUBOCTI MOP®OIEHE3Y C®IHKTEPIB CMNIJIbHOI XXOBYHOI MPOTOKN Y
NMPEHATAINIbHOMY OHTOIEHE3I NIOOUHU
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Assoaa e professor of Department of Patients Care and
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Teatralna sq.,2, Chernivtsi, Ukraine, 58013

Abstract. In order to find out specific peculiarities of prenatal morphogenesis of the common bile duct (CBD) sphincters,
the morphologic research of 62 series of sequential histologic sections of human embryos and 50 cadavers of human
fetuses have been performed by using of preparation, microscopy and morphometry methods. Statistical analysis of the
results of research was carried out with calculation t-test. The complex sphincter of Oddi was detected for the first time
in prefetuses beginning from 52,0 mm of the parietal coccygeal length. The asynchronous changes of CBD sphincter's
size were established during fetal period of the human ontogenesis. A maximal increase of hepatopancreatic ampulla

67



EUROPEAN ASSOCIATION OF PEDAGOGUES, PSYCHOLOGISTS AND MEDICS “SCIENCE”

[edIpaiN

o
(5
o
3
0
o
)

sphincter's length was revealed in 8th month fetuses. A maximal augmentation of CBD sphincter’s length was detected in
9th month fetuses. In newborns a definitive structure of the sphincter of Oddi is forming with the reliable decrease in the
thickness of hepatopancreatic ampulla sphincter (P<0,001).

Key words: common bile duct, sphincters, fetus, newborn, human being.

Pestome. 3 meTOl0 BUSIBMEHHS OCOONMBOCTEN MpeHaTanbHOro mopdoreHesy CiHKTEPIB CMiflbHOI XOBYHOI MPOTOKU
(CXKIM) npoBeneHo mopdororiyHe AocnigkeHHs 62 nocnifoBHUX riCTONOriYHMX 3pisiB 3apoakiB Ta 50 TpyniB nnoais
TNIOAMHM 32 AONOMOro METOAIB MikponpenapyBaHHS, Mikpockonii 1 mopdometpii. CTaTuCTuyHuiA aHani3 pesyneratis
OOCiPKEHHS NMpoBeAeHn 3 BUpaxyBaHHAM t-kpuTepito Ct'togeHTa. KomnnekcHuin cdpiktep Opai BUABNeHWn BnepLue
y nepeannoais 52,0 mm TK[. YcTaHOBNEHO acUHXPOHHI 3MiHM po3MipiB cdiHkTepi CXKIT ynponosx nnogoBoro nepiogy
OHTOreHedy. MakcumanbHUI NPUPICT AOBXUHM CIHKTEpPA NEYIHKOBO-NIALUAYHKOBOI ammnynu BUSBIIEHUA Y 8- MICAYHNX
nnogis, a MakCcUMarnbHWUM NpUpPICT JOBXUHM cdikTepa CXKI BusBneHuit y 9-u MicsayHMX nnogis. Y HOBOHAPOMKEHUX
BiAOyBaeTbCsl CTAHOBMNEHHS AediHiTMBHOI OynoBu cdiHktepa Opai 3 BipOrigHMM 3MEHLUEHHSIM TOBLUMHU CdpiHKTEpa

neyviHkoBO-NigLWnyHkoBoi amnynu (P<0,001).

KntouoBi crnoBa: cninbHa »xoB4YHa NpOToKa, CAiHKTEPW, NNi4, HOBOHAPOMXKEHWUI, NIOANHA.

Introduction. Pathology of muscular sphincters of common bile
duct (CBD) are in the basis of many diseases of the hepatobiliary sys-
tem, both organic and functional genesis [5, 10]. Disturbances of the
normal function of bile ducts sphincters in 10-15% of cases is due to
defects in their prenatal development [7, 8]. Despite the abundant data
about the structural and functional organization of CBD sphincters in
adults, details of their morphogenesis during the intrauterine period
of human development (IUHD) have not been fully elucidated [1, 2].
No common opinion what is considered the anlage of CBD sphinc-
ter [3]. Consequently, the terms of appearance of this one are quite
controversial highlighted in well-known researches [4]. The sequential
chronological patterns of the formation of CBD sphincters during whole
prenatal period till the birth have not been disclosed [9]. Specific critical
periods of the development of separate components of sphincter of
Oddi during prenatal ontogenesis have not been described [6]. Thus,
the continuing study of the peculiarities of normal prenatal morphogen-
esis of CBD sphincters is actual for understanding the morphological
preconditions for the occurrence of pathology of the hepatobiliary sys-
tem in children and adults.

The aim of research: to find out the peculiarities of morphogene-
sis of muscular sphincters of common bile duct during the early period
of human ontogenesis.

Material and methods. The investigation has been performed on
62 series of consistent hystologic sections of embryos and 50 corps-
es of human fetuses from 11,0 mm to 396,0 mm in parietal-coccygeal
length (PCL) by using methods of microscopy, macro- and microscop-
ic preparation, morphometry. Objects age defined using tables by
B.M. Patten (1959), B.P. Hvatova, J.N. Shapovalov (1969). All data
was processed by the methods of variation statistics with calculation
t-test using the software package Primer of Biostatistics, 4th Edition,
S.A.Glantz, McGraw-Hill. To reject the null hypothesis the significance
level was used equal to p<0,05. Research has been conducted accord-
ing to “Following the Ethical and Legal Standards and requirements
during carrying out scientific morphological research” and the main the-
ses of Helsinki Declaration of the World Medical Association on ethical
principles of scientific and medical research involving human subjects
(1964-2000) as part of the National Project “New Life - a new quality of
maternity and childhood” and the State Program of transition of Ukraine
from 01.01.2007 to the International System of Accounting and Statis-
tics (Order of Ministry of Health of Ukraine Ne179 on 29.03.2006 “On
approval the instruction on definition the criteria of perinatal period and
live births and stillbirths, order registration of live births and stillbirths”).

Results and its discussion. It was established that at the begin-
ning of 7th week of IUHD in prefetuses 14,0-16,0 mm PCL the terminal
part of CBD with the duct of ventral pancreas are into the thickness of
dorsocaudal semicircumference of the upper part of duodenum. In this
area the walls of such ducts are surrounded by an adjacent layer of
mesenchymal cells that acquire a circular orientation and are separat-
ed from the muscular layer of intestinal wall. It can be considered as the
morphologic preconditions for formation of anlage of CBD sphincter. In
prefetuses 19,0 mm PCL in the middle semicircumference of the lower
part of duodenum, a hepatopancreatic ampulla (HPA) with a diameter
of up to 100 um has been detected in area of the connection CBD and
ventral pancreatic duct. Epithelial walls of HPA are surrounded by mes-
enchymal cells, which oriented in a circular direction with the formation
of clearly demarcated layer. The thickness of last one is up to 60 pym
and that is considered as the anlage of HPA sphincter. In prefetuses
24,0-29,0 mm PCL both the hepatopancreatic ampulla and intramural
parts of CBD and ventral pancreatic duct are surrounded by a common
mesenchymal ring 75 pm in thickness.

Starting from prefetuses 52,0 mm PCL, the intramural parts both
the CBD and the pancreatic duct are surrounded by separate circular
bundles of myocytes, which form the basis of their own sphincters. The
thickness of CBD sphincter is up to 100 um and thickness of sphincter

of pancreatic duct less than 80 uym. Around the hepatopancreatic am-
pulla a solid circular muscular layer of 150 um in thickness has been
revealed, which is a sphincter of the ampulla. Just outside of last one
the longitudinal muscle bundles are situated in the downward direction
from the pancreatic part of CBD.

At the beginning of the fetal period (fetuses 82,0-135,0 mm PCL)
caudal parts both the CBD and pancreatic duct are joined together with
the formation of HPA into the thickness of the medial wall of the duo-
denum. Externally the walls of HPA are surrounded by circular bundles
of smooth muscle fibers, which form the HPA sphincter of 0,642+0,021
mm in length and 0,157+0,008 mm in thickness. Intramural parts both
the CBD and pancreatic duct are surrounded by circular muscular
bundles which form own CBD sphincter and sphincter of pancreatic
duct appropriately. During this period, the sizes of CBD sphincter are
0,447+0,028 mm in length and 0,113+0,005 mm in thickness. Around
the last one single longitudinal bundles of myocytes spread from the
walls of the pancreatic part of CBD in the downward direction, and
individual bundles of fibers of the longitudinal muscular layer of the
duodenum adjoin them externally in the ascending direction.

Since the 5" month of IUHD (fetuses 145,0-182,0 mm PCL), HPA
sphincter becomes a solid circular layer of smooth muscle fibers
0,167+0,031 mm in thickness. CBD sphincter is formed by circular bun-
dles of myocytes 0,125+0,019 mm in thickness. The lengths of these
sphincters did not reliable differ during this period (fig.1.).

During the 6" month of IUHD (fetuses 188,0-230,0 mm PCL)
change of the size of muscular sphincters is due to the increase of the
length of HPA sphincter, which is up to 1,219+0,251 mm, and is reliably
different from the length of CBD sphincter which is 1,019+0,244 mm
(P<0,001). The reliable differences of the thickness of the investigated
sphincters were not detected during this period (Fig. 2.).
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Fig. 1. Comparative dynamics of changes the length (mm) of the hepa-
topancreatic ampulla (HPA) sphincter and the common bile duct (CBD)
sphincter in fetuses and newborns.

In 7-8th-month fetuses (235,0-306,0 mm PCL) the CBD sphincter
acquires the form of a continuous smooth muscle ring, and an increase
in its size occurs due to an increase in its thickness, which is up to
0,174+0,034 mm (Fig. 2). In the next periods the change of the sizes
of HPA sphincter and CBD sphincter occurs asynchronously. In partic-
ular, the maximum increase of the length of HPA sphincter was detect-
ed during the 8th month of IUHD, which reaches 2,096+0,293 mm (P
<0,001), while the maximum increase of the length of CBD sphincter
occurs during the 9th month of IUHD (fetuses 312,0-342,0 mm PCL),
which is up to 1,916+0,202 mm (Fig. 1). In the last period we proved
the maximum increase in the thickness of HPA sphincter, which reach-
es 0,296+0,046 mm and is reliably to exceed the thickness of CBD
sphincter (P<0,001) (Fig. 2).
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\Fig. 2. Comparative dynamics of changes the thickness (mm) of the
hepatopancreatic ampulla (HPA) sphincter and the common bile duct
(CBD) sphincter in fetuses and newborns.

At the end of fetal period (fetuses 315,0-375,0 mm PCL) the struc-
ture of CBD sphincters acquires the definitive features (fig. 3).

CBD sphincter represents as a solid muscular ring of 1,881+0,127
mm in length and 0,185+0,023 mm in thickness. HPA sphincter is
formed by circular muscular bundles covering the intramural parts both
the CBD and pancreatic duct with a common muscle ring 0,250+0,039
mm in thickness. Externally HPA sphincter is surrounded by the longitu-
dinal muscle bundles that extend from the wall of CBD in the downward
direction. In the HPA lumen the numerous epithelial folds are found,
which localized spirally around the circumference of the ampulla, and
a frontal fold that separates the lumens of CBD and pancreatic duct.
In newborns the reliable changes of the sizes of CBD sphincter were
not detected. At the same time, the length of HPA sphincter tends to
decrease, compared with the late fetal period, and is reliable less than
the length of CBD sphincter. Such a morphological reorganization of
CBD sphincter in newborns may be associated with an increase of in-
traductal pressure of the end portion of CBD due to increased secretory
function of the liver and the transition to the lactotrophic nutrition. [4].
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Sagittal sections of the duodenum of fetus 363,0 mm in PCL. Hematox-
ylin-eosin. Microfoto. Magnification x 35:
1 - common bile duct; 2 - pancreatic duct; 3 - sphincter of the common
bile duct; 4 - pancreas; 5 - submucosal basis of the duodenum; 6 - muscle
of the duodenum; 7 - blood vessels.

Conclusions. 1. The formation of a definitive structure of the mus-
cular sphincters of the common bile duct occurs during the fetal period
of ontogenesis. 2. Changes the sizes of the common bile duct sphincter
and the hepatopancreatic ampulla sphincter in fetuses and newborns
occurs asynchronously. 3. The maximum increase of the length of the
hepatopancreatic ampulla sphincter occurs has been detected at the
8th month, and the lenght of the common bile duct sphincter becomes
maximal during the 9th month of intrauterine period of human devel-
opment.

Prospects of scientific research. We consider it expedient to con-
tinue research the vasculogenetic peculiarities of the common bile duct
sphincters in the human fetuses and newborns.
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