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The lack of reliable information on the morphology of the lymphoid structures of the intrahepatic bile ducts complicates
the diagnosis and treatment of various liver pathologies associated with these structures. Therefore, intrahepatic bile ducts taken
from 48 corpses of different ages were examined using microscopic and morphometric methods. The studies showed that
intraepithelial lymphocytes are found in the walls of the intrahepatic ducts. In the right and left hepatic ducts, diffuse lymphoid
tissue is additionally determined. The density of intraepithelial lymphocytes and diffuse lymphoid tissue cells of the intrahepatic
bile ducts reaches a maximum in early childhood, and these indicators decrease at later ages. In all age groups, the density of
intraepithelial lymphocytes increases from the interlobular duct to the right and left hepatic ducts. Except for newborns, at other
ages, the density of diffuse lymphoid tissue cells in the right hepatic duct is higher than in the left.

Key words: intrahepatic ducts, intraepithelial lymphocytes, diffuse lymphoid tissue, size-quantitative indicators,
regional features.

H.I'. AnieBa, B.M. I'yceiinoB

MOP®OJIOI'TA, BIKOBI TA PEI'TOHAJIBHI OCOBJINBOCTI MOPOOMETPUYHUX
MOKA3HHUKIB JIM®OIJTHUX CTPYKTYP BHYTPIIIHbOIEYIHKOBUX INPOTOK
JIOAUHU B HOPMI

BincyTHicTe OOCTOBIpHHX BioMocCTeil mpo MOPQOINIOTiI0 TiMQOITHUX CTPYKTYp BHYTPIIIHBONCYIHKOBHX KOBYHHX
NPOTOK YCKJIAJHIOE JIarHOCTUKY Ta JIKyBaHHS pI3HHX MATOJNOTIH IeYiHKH, MOB'S3aHUX i3 LUMH CcTpykTypamu. Tomy
MIKPOCKOIIYHUMH Ta MOP(HOMETPHUIHUMHU METOAAMH HaMH JOCIIPKEHO BHYTPILIHBONEYiHKOBI )KOBYHI IPOTOKH, B3STHX Bif 48
TpymiB  pisHOro Biky. JlocmimKeHHS TMOKa3ajiW, IO B CTIHKaX BHYTPIIIHHOIECYIHKOBUX TIPOTOK  BHSBISIOTHCS
BHyTpilIHbOCTIITemaNbHi JiMboruTH. Y mpasiit Ta JiBiil MEYIHKOBHX MPOTOKaX IOJATKOBO BH3HAYaeThes Audy3Ha JTiMboinHa
TkaHuHa. [{inbHICTH BHYTPIIIHBOCTIITEMIANEHUX JTIMGPOIMTIB 1 KIITHH AUQY3HOT TiM(POITHOI TKAHWMHU BHYTPIIIHHOIICYIHKOBUX
JKOBYHHX MPOTOK, B PAaHHHOMY AHUTIUOMY Billi IOCSTAa€ MAKCHMYMY, & B CTAPIIOMY Billi IIi IIOKa3HUKU 3HIKYIOTBCA. Y BCiX BIKOBHX
rpylax MLIJIBHICTh BHYTPILIHBOCMITENIaMbHUX JIM(POUUTIB 30UIBIIYETHCS BiJ MIXKIOJBKOBOI NMPOTOKM A0 MpaBoi Ta JiBOI
MEYiHKOBHX MPOTOK. KpiM HOBOHApO/KEHMX B IHIIMX BIKOBUX IpyIax MIUIBHICTh KIITHH Audy3HOI NiM(pOinHOI TKaHWHU B
MPaBOMY MEYIHKOBOMY MPOTOIIi BUILE, HIXK Y JTIBOMY.

KurouoBi ci10Ba: BHYTPIlIHBOIIEUiHKOBI IIPOTOKH, BHYTPIIIHBOCTIITEMiANbHI TiMpounTH, qudy3Ha tiMQoinHa TKaHUHA,
perioHapHi 0COOIMBOCTI.

According to epidemiological studies, the prevalence of functional disorders of the biliary tract is
from 10 to 20 % of all gastrointestinal pathology with a tendency to progression in young patients. In
Ukraine, the prevalence of gallstone disease per 100 thousand adults increased by 32.7 % over the period
2001-2010. The highest incidence rate is observed among residents of North America and Sweden, while
in Iceland, Thailand and Singapore this figure is significantly lower [1].

Cholangiocarcinoma is increasing globally, currently accounting for 15% of all primary liver
cancers and 3% of gastrointestinal malignancies. The silent presentation of these tumours combined with
their highly aggressive nature and refractoriness to chemotherapy contribute to their alarming mortality,
representing 2% of all cancer-related deaths worldwide yearly [2].

The involvement of the biliary tract in the pathophysiology of liver diseases and the increased
attention to bile ducts in the bioconstruction of liver tissue for regenerative therapy have fueled intense
research into the fundamental mechanisms of biliary development [9].

Lymphoid structures are considered to be the source of a number of malignant and benign tumors
(Ilymphoma, cholangiocarcinoma, papillary neoplasms of the bile ducts, etc.) [14].

Intraductal papillary neoplasms of the bile ducts (IPNB) are a rare variant of biliary tumors
characterized by papillary growth within the lumen of the bile ducts. Bile duct neoplasms typically evolve
through a multistep process involving various precursor pathways, ranging from an initial lesion detectable
only microscopically, i.e., biliary intraepithelial neoplasia, to the distinctive grades of IPNB and to the final
stage represented by invasive cholangiocarcinoma. Sophisticated and extensive studies are needed to
establish the correct diagnosis and to determine adequate bile duct mapping that supports proper treatment.
The recently introduced subclassifications of types 1 and 2 highlight the histopathological and clinical
aspects of IPNB as well as their natural evolution with special emphasis on prognosis and survival [10].
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The potential role of immune cells in the mechanisms of bile duct restoration is particularly
emphasized [8].

Representatives of the scientific school of Honored Scientist, Professor V.B. Shadlinski conducted
research devoted to the study of lymphoid structures located in the walls of internal organs [6, 12].

However, the lymphoid structures of the bile ducts remain a poorly studied area of morphology.
The morphology of the lymphoid structures of the intrahepatic bile ducts is particularly poorly studied. The
proportion of studies performed on autopsy material is significantly lower.

The purpose of the study was to assess the microscopic anatomy and age-related, regional features
of the size-quantitative indicators of the lymphoid structures of human intrahepatic bile ducts in norm.

Materials and methods. The object of the study was the lymphoid structures of the intrahepatic
bile ducts taken from 48 corpses of different ages (newborns; early childhood; adolescence, mature age;
elderly age; old age). The study material included corpses of people who died because of wounds,
suffocation, and various types of poisoning. The selection did not include corpses in which pathological
examination revealed diseases of the immune system and liver. The material was collected in the morgues
of the Association of Forensic Medicine and Pathological Anatomy of the Ministry of Health of the
Republic of Azerbaijan and the Department of Human Anatomy and Medical Terminology of Azerbaijan
Medical University. The material is divided into groups according to age.

For histological examination, pieces were taken from the intrahepatic bile ducts. From these pieces,
sections of 5—7 um thickness were made.

To study the lymphoid structures of the intrahepatic bile ducts, microscopic preparations were
stained with hematoxylin-eosin, methylene blue, and Van Gieson.

Before staining with hematoxylin-eosin, paraffin sections were placed in a 96 % alcohol
solution for 20-30 minutes. Dewaxed sections were stained with Ehrlich's hematoxylin solution
(Penta Manufacturing, Poland). The preparations were covered with a coverslip and viewed under a
microscope [5].

For staining with methylene blue, the preparations were fixed in 96% ethyl alcohol. The dried
preparation was stained with a solution of methylene blue with 0.01% potassium hydroxide (Penta
Manufacturing, USA). After washing in water, the preparation was examined under an immersion
microscope [11].

When staining according to Van Gieson, Weigert's iron hematoxylin solution and an acidic mixture
of picrofuchsin according to Van Gieson (Avantor, Holland) were used. The prepared sections were placed
in Weigert's hematoxylin solution for 2-5 minutes and washed with distilled water for 10 minutes. Then it
was placed in a picrofuchsin solution for 2-3 minutes [4].

Using these methods, the morphological structure of the lymphoid structures was studied, and
morphometric indices were determined (the density of intraepithelial lymphocytes and lymphoid cells
located in diffuse lymphoid tissue).

The preparations were examined under a light-optical microscope ‘“MicroOptix (Germany)”,
equipped with a video system “Topica TP1002DS”.

The quantitative and qualitative indicators obtained during the study were analyzed using modern
biostatistics methods. Statistical analysis was performed using the dispersion and dispersion methods in
MS Excel 2019 and IBM Statistics SPSS-26 programs.
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Fig. 1. Lymphoid structures located in the wall of the right
hepatic duct. Hematoxylin and eosin staining. Magnification X200.
1. Epithelial layer; 2. Intraepithelial lymphocytes; 3. Cells of
diffuse lymphoid tissue; 4. Muscular membrane.
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where hypothesis “0” was rejected, the indicators
of the groups were compared pairwise using the
Student-Bonferroni test and it was determined
between which groups a difference was found [7].
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The final results obtained from the measurements were recorded, and the results of the obtained
measurement indicators were collected in specially prepared statistical maps.

Results of the study and their discussion. In all the studied preparations of intrahepatic bile ducts,
we conducted anatomical and morphometric studies of the lymphoid structures.

Studies have shown that intraepithelial lymphocytes are normally found in the walls of the
interlobular, segmental, right and left hepatic ducts; in addition to these structures, diffuse lymphoid tissue
is determined in the right and left hepatic ducts (Fig. 1).

Using the morphometric method, age-related features of the density of intraepithelial lymphocytes
in the intrahepatic bile ducts, that is, the number of lymphocytes per 100 epithelial cells were studied
(Table 1).

Table 1
Density of intraepithelial lymphocytes in the intrahepatic bile ducts in people of different ages
(number of lymphocytes per 100 epithelial cells), Me (M) [Q1 — Q3]
Age (years) N Intrahepatic bile ducts ‘ ' Py
Interlobular duct Segmental duct Right and left hepatic duct
Newborns 2 24.5 (24.5) 20.5 (20.9) 16.5 (16.9) 0.001
(1-10 days) [23.0-26.5] [18.5-23.5] [15.5-18.5]
Early childhood 6 30.5 (32.3) 31.0 (30.5) 26.5 (26.3)
(1-3 years) [29.0-37.0] [29.0-32.0.0] [24.0-29.0] 0.136
Po 0.014* 0.005* 0.002*
Childhood 4 29.0 (30.0) 27.0 (27.5) 22.5(22.3)
(47 years) [27.0-33.0] [23.0-32.0] [19.0-25.5]
P 0.520 0.392 0.201 0.154
Po 0.026* 0.050 0.059
Pm 0.520 0.392 0.201
Adolescence 4 26.0 (26.8) 24.0 (23.8) 18.5 (18.8)
(16-20 years) [24.5-29.0] [22.0-25.5] [16.5-21.0]
P 1.000 0.885 0.770 0.024
Po 0.303 0.147 0.262
Pm 0.163 0.042* 0.019*
Mature s 24.5 (25.2) 20.5 (20.3) 16.5 (16.2)
(22-55 years) [20.0-30.0] [19.0-22.0] [12.0-19.0]
P 0.520 0.054 0.391 0.020
Po 1.000 0.795 0.794
Pm 0.127 0.005* 0.006*
Elderly 0 19.5 (18.5) 15.5 (16.3) 13.0 (12.4)
(56-74 years) [18.0-20.0] [13.0-19.0] [11.0-14.0]
P 0.127 0.139 0.038* 0.005
Po 0.002* 0.023%* 0.002*
Pm 0.001* 0.002* 0.001*
Old 10 13.5 (14.4) 12.5 (12.6) 9.0 (9.0)
(75-90 years ) [12.0-15.0] [10.0-14.0] [7.0-10.0]
P 0.027* 0.040% 0.003* 0.001
Po 0.001* 0.001* 0.000*
Pm 0.001* 0.001* 0.001*

Note: Me — median, M —mean, Q1 — first quartile; Q3 — third quartile. Reliability of the difference between the group indicators:
P —with the indicators of the previous age group (according to the Mann-Whitney U—test); P 0 — with the indicators of newborns (according
to the Mann-Whitney U-test); Pm — with maximum values (according to the Mann-Whitney U—test); PH — between the bile ducts
(according to the H- Kruskal-Wallis test); * — Hypothesis “0” is rejected.

The results show that the density of intraepithelial lymphocytes in the interlobular duct in early
childhood increases by 1.3 times (Py=0.014) compared to newborns, reaching a maximum (32.3+2.8). The
value of this indicator compared to this age in childhood is 1.1 times (Pm=0.520), in adolescence - 1.2
times (Pm = 0.163), in mature age — 1.3 times (Pm=0.127), in elderly age — 1.7 times (Pm=0.001), in old
age — 2.2 times (Pm=0.001) decreases.

The density of intraepithelial lymphocytes in the segmental duct increases by 1.5 times (Po=0.005)
compared to newborns in early childhood and reaches a maximum (30.5£1.9). With age, the density of
intraepithelial lymphocytes decreases. Thus, compared to early childhood, this indicator decreases in
childhood by 1.1 times (Pm=0.392), in adolescence — by 1.3 times (Pm=0.042), in mature age — by 1.5
times (Pm=0.005), in elderly age — by 1.9 times (Pm=0.002), in old age — by 2.4 times (Pm=0.001).

The density of intraepithelial lymphocytes in the right and left hepatic ducts increases by 1.6 times
(Po=0.002) compared to newborns, reaching a maximum (26.3+1.5) in early childhood. Then, compared to
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this indicator in early childhood, it decreases by 1.2 times (Pm=0.201), in childhood by 1.3 times
(Pm=0.054), by 1.6 times (Pm=0.006) in adolescence, by 1.7 times (Pm=0.004) in mature age, by 2.1 times
(Pm=0.001) in elderly age, by 3.0 times (Pm=0.001) in old age.

We analyzed regional features of the density of intraepithelial lymphocytes in the intrahepatic bile
ducts.

According to the obtained data, the density of intraepithelial lymphocytes in the interlobular duct
of newborns is 1.2 times (P =0.001) higher than the value in the segmental duct, and 1.5 times (Py=0.001)
higher than the value in the right and left hepatic ducts. In the interlobular duct of early childhood, the
density of intraepithelial lymphocytes is 1.2 times (Py=0.100) higher than in the segmental duct, and 1.3
times (Pu =0.100) higher than in the right and left hepatic ducts. In early childhood, the density of
intraepithelial lymphocytes in the interlobular duct is 1.1 times (Pr=0.136) higher than in the segmental
duct, and 1.2 times (Pp=0.136) higher than in the right and left hepatic ducts. In childhood, the density of
intraepithelial lymphocytes in the interlobular duct is 1.1 times (Ps=0.154) higher than that in the segmental
duct, and 1.3 times (Py=0.154) higher in the right and left hepatic ducts. In adolescence, the density of
intraepithelial lymphocytes in the interlobular duct is 1.1 times higher (Py=0.024) than that in the segmental
duct, and 1.4 times (Py=0.024) higher than that in the right and left hepatic ducts. In mature age, the density
of intraepithelial lymphocytes in the interlobular duct is 1.1 times (Py=0.020) higher than that in the
segmental duct, and 1.5 times (Pyr=0.020) higher than that in the right and left hepatic ducts. In elderly
people, the density of intraepithelial lymphocytes in the interlobular duct is 1.1 times (Py=0.005) higher
than in the segmental duct, and 1.3 times (Pyr=0.005) higher than in the right and left hepatic ducts. In old
age, the density of intraepithelial lymphocytes in the interlobular duct is 1.1 times (Py=0.001) higher than
in the segmental duct, and 1.4 times (P =0.001) higher than in the right and left hepatic ducts.

We studied the characteristics of the density of lymphoid cell (the number of cells per 1 mm? of
organ wall) in diffuse lymphoid tissue located in the walls of the right and left hepatic ducts at different
ages (Fig. 2).

It was found that the cell density in the
diffuse lymphoid tissue of the right hepatic
duct in early childhood compared to newborns
increases by 1.5 times (P¢=0.002) and
decreases in later age periods. Thus, compared
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Fig.2. Density of lymphoid cells located in the diffuse lymphoid (Pm=0.001) in old _age: . .
tissue of the right and left hepatic ducts in people of different ages. Note: The cell density in the diffuse lymphoid
1. Newborns; 2. Early childhood; 3. Adolescence; 4. Mature age; 5. tissue of the left hepatic duct in early childhood

Elderly age; 6. Old age. compared to newborns increases by 1.4 times
(P¢=0.109), reaching a maximum (30.2+1.8), and decreases at later ages. Thus, compared to early
childhood, its value decreases by 1.1 times (Pm=0.522) in childhood, by 1.3 times (Pm=0.088) in
adolescence, by 1.5 times (Pm=0.016) in mature age, by 1.7 times (Pm=0.005) in old age and by 1.8 times
(Pm=0.003) in the elderly age.

We compared the density of diffuse lymphoid tissue cells in the right and left hepatic ducts
(Diagram). According to the data obtained, the density of diffuse lymphoid tissue cells in the right hepatic
duct is 1.0 times (Py>0.001) higher than the same indicator in the left hepatic duct in early childhood,
childhood, and adolescence, and 1.1 times (Px>0.001) higher in mature, elderly and old ages. In newborns,
on the contrary, the density of lymphoid tissue cells in the left hepatic duct is 1.1 times (Py=0.290) higher
than the indicator in the right hepatic duct.

The location of lymphoid structures in the mucous membrane of the organ is explained by their
protective function (barrier, screen), associated with the creation of local immune protection, which, it
should be emphasized, is very important and significant [3].

The results of our study indicate that the greatest number of lymphoid nodules in the walls of the
hepatic ducts are observed in early childhood. In subsequent age periods, a gradual age-related involution
of the lymphoid structures occurs. The data we obtained correspond to previously identified general
patterns of age-related transformations of the organs of the immune system [13].

Left hepatic duct M Right hepatic duct
35.00 313
30,00
25,00
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Analysis of digital data made it possible to identify the presence of regional features of the size and
quantitative indicators of lymphoid structures in the walls of intrahepatic ducts, observed throughout
postnatal ontogenesis.

It should be noted that the presence of regional features of the size and quantitative indicators of
the lymphoid structures of the mucous membranes is also typical for other internal organs: urinary bladder
[6], vestibule of the vagina [12], etc.

Conclusions

1. Intraepithelial lymphocytes are normally found in the walls of the interlobular, segmental, right
and left hepatic ducts; in addition to these structures, diffuse lymphoid tissue is determined in the right and
left hepatic ducts.

2. The density of lymphocytes located in the epithelial layer of the mucous membrane of the walls
of the intrahepatic bile ducts reaches a maximum in early childhood (32.3+2.8), and in later years the value
of these indicators decreases by 1.1-1.7 times (Py>0.001). In all age groups, this indicator increases from
the interlobular duct to the right and left hepatic ducts.

3. The density of diffuse lymphoid tissue cells located in the mucous membrane of the walls of
both the right and left hepatic ducts is highest in early childhood (30.2+1.8), while at a later age the value
of this indicator decreases by 1.1-1.7 times (Py>0.001). In the right hepatic duct this indicator is higher
than in the left hepatic duct in early childhood, adolescence, mature, elderly and old ages, while in
newborns, on the contrary, the density of diffuse lymphoid tissue cells is higher in the left hepatic duct.
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