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Ultrastructure of the muscular membrane
of the mice gallbladder wall under the influence
of ursodeoxycholic acid

Abstract. Background. The aim of the research was to determine the ultrastructure of the cells of the muscle wall of
the mice gallbladder under the influence of ursodeoxycholic acid. Materials and methods. The animals were divided
into 2 groups: experimental (n = 17) — mice which received ursodeoxycholic acid at a dose of 100.0 mg/kg and control
(n = 13) — intact ones (distilled water). Histological and ultrastructural analyses of gallbladder wall samples of mice
were performed. Results. Mitotic figures of myocytes in the wall of the gallbladder bottom (1.794 = 0.103 %) and
body (1.607 £ 0.095 %) in the experimental group of mice were significantly more frequent compared to the controls
(0.946 = 0.058 % and 0.873 = 0.061 %) (p < 0.01). Enhancing nuclear activity of fibroblasts due to chromatin
decondensation and an increase in the number of nuclear pores were observed after the action of ursodeoxycholic acid
(0.106 £ 0.007 vs. 0.253 + 0.018) (p < 0.01). A considerable increase in the number of interstitial cells of Cajal in the
muscular membrane of the bottom and body of the gallbladder was noted after the injection of ursodeoxycholic acid
(4.61 = 0.37 mm=?vs. 2.77 £ 0.23 mm=?) (p < 0.01). Conclusions. Our hypothesis was confirmed by the presence of
histological signs of leiomyocyte hyperplasia and an increase in the nuclear activity of fibroblasts in the muscle wall of the
mice gallbladder as a result of ursodeoxycholic acid use. Excessive activation of hyperplastic processes of leiomyocytes has
an unsettled nature after the injection of ursodeoxycholic acid. An increase in apoptosis of smooth myocytes is observed
under the influence of ursodeoxycholic acid. Stimulation of gallbladder wall motility with ursodeoxycholic acid might be
associated with an increase in the number of interstitial cells of Cajal in the muscular membrane of the bottom and body
of the gallbladder.

Keywords: ultrastructure; gallbladder; mice; leiomyocytes; fibroblasts; interstitial cells of Cajal; ursodeoxycholic acid

Infroduction

Today, high efficiency of ursodeoxycholic acid (UDCA)
has been proven in the treatment of hepatobiliary diseases
[1-3]. A positive therapeutic effect of ursodeoxycholic acid
drugs in these pathologies is due to hepatoprotective, cho-
leretic, litholytic, antifibrotic, antiapoptotic, cytoprotective
and immunomodulatory effects [4, 5]. Treatment with urso-
deoxycholic acid helps increase the gallbladder contractility
in functional disorders of the gallbladder and sphincter of
Oddi in children in our own clinical studies [6—8].

The scientists’ works confirm the impact of UDCA
therapy on the change in the expression of some micro-
RNA which are used to treat various biliary diseases [9—11].

MicroRNAs are epigenetic factors regulating gene expres-
sion at the posttranscriptional level. MicroRNAs are used as
highly sensitive, specific diagnostic and prognostic markers
in modern diagnosis of biliary diseases [12—16]. Our clinical
studies have found that ursodeoxycholic acid can affect the
generation activity of microRNA. Increasing expression of
micro-RNA-378f in the children’s serum was observed in
our studies during treatment for the functional disorders of
the gallbladder and sphincter of Oddi after using ursodeoxy-
cholic acid [17]. The system that allows you to regulate the
fibroblasts transition to leiomyocytes is a system that gives
an opportunity to fine-tune the number of smooth myocytes
depending on apoptosis, damage, and the need for their
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functioning. Experimental studies have confirmed that the
expression of microRNA-378 is increased during skeletal
muscle differentiation [18].

Therefore, taking into account the information men-
tioned above and the results of our own research, we sug-
gested a hypothesis to increase the fibroblasts differentia-
tion into smooth muscle cells of the gallbladder wall under
the influence of ursodeoxycholic acid in an experimen-
tal model of mice. So, as UDCA has a positive effect on
the contractile function of the children’s gallbladder, we
believe that this is the result of increased expression of
microRNA-378f and hyperplasia of smooth myocytes in
the gallbladder wall.

The aim of this work was to determine the ultrastructure
of muscle cell membrane of the gallbladder wall in experi-
mental mice under the influence of ursodeoxycholic acid.

Materials and methods

The experimental research was undertaken on 30 mice
of the BALB/c line (weighing 20.0 + 4.0 g at the beginning
of the experiment). Mice undergone previous acclimatiza-
tion for 14 days. They were kept in accordance with the sani-
tary and hygienic norms of the vivarium of the State Institu-
tion “Dnipropetrovsk Medical Academy of the Ministry of
Health of Ukraine” (air temperature: 22 + 2 °C, light/dark
cycle: 12/12 h, food and drink ad libitum). All animals were
examined by a qualified veterinarian before the research.
Randomization in the group was carried out by the method
of minimizing weight differences. During the experiment,
the drug ursodeoxycholic acid (oral suspension, 50.0 mg/ml
and 200.0 ml in vials) were used. Composition: 5.0 ml of
suspension contains ursodeoxycholic acid 250.0 mg. By
means of simple randomization, the animals were divided
into 2 groups: experimental (n = 17) — mice which received
ursodeoxycholic acid at a dose of 100.0 mg/kg and control
(n = 13) — intact ones (distilled water). Distilled water and
the study drug were administered intragastrically once daily
for 30 days. At day 31, mice were sacrificed by cervical dis-
location.

Samples of the mice gallbladder were fixed in Bouin’s
fluid. They were processed in ascending ethanol concentra-
tion and paraplast blocks were made according to standard
methods. Tissue sections 3—5 um thick were stained with
hematoxylin and eosin. Generally accepted standards of
histological procedures were used [19]. Hematoxylin-eosin
staining was performed to study the main structures which
were part of the gallbladder wall. The dewaxed sections were
placed in Heidenhain’s hematoxylin solution (0.5 g of he-
matoxylin in 10.0 ml of ethanol and 90.0 ml of distilled wa-
ter) for 15 minutes at room temperature followed by rinsing
under running water for 5 minutes. After that, staining was
carried out with 0.1% aqueous solution of eosin for 1 minute
and inference procedure in the balm.

For ultrastructural analysis, mouse gallbladder samples
were fixed at +2 °C for 2 hours in a 2.5% solution of glu-
taraldehyde prepared on 0.2 M phosphate buffer (pH 7.4).
The material was transferred for post-fixation in a 1% buf-
fered (pH 7.4) osmium tetroxide solution (SPI, USA) for
1 hour. The samples were dehydrated with propylene oxide
in solutions of increasing concentration. Epon-araldite

composition was used to make epoxy blocks. Semi-thin
sections 1 pm thick were stained with methylene blue and
basic magenta. During electron microscopic examination,
the fabrication of ultrathin sections was performed on an
ultramicrotome UMTP-6M. The sections were contrasted
according to Reynolds at room temperature for 30 minutes.
The study was performed using a transmission electron mi-
croscope PEM-100-01 at an acceleration voltage of 65—
90 kV and primary magnifications from 3,000 to 15,000. In
general, electron microscopy was used according to a stan-
dard scheme [20].

The experimental study had permission from the com-
mission on biomedical ethics of the State Institution “Dni-
propetrovsk Medical Academy of the Ministry of Health of
Ukraine” (Minutes No. 6 dated October 4, 2019). The re-
search was undertaken in accordance with the legislation of
Ukraine in compliance with the relevant rules of ICH/GLP
(Law of Ukraine No. 3447-1V “On protection of animals
from cruel treatment”), the rules of the European Conven-
tion for the Protection of Vertebrate Animals used for Ex-
perimental and Other Scientific Purposes [21, 22].

Statistical analysis of our findings was performed using
the program Statistica 6.1 (No. AGAR909E415822FA).
Parametric and nonparametric statistical methods were used
depending on the tests results. Differences between traits
were considered statistically significant at p < 0.01.

Results and discussion

Light optical microscopy showed a loose reticular ar-
rangement of smooth myocytes (leiomyocytes) in the mus-
cular membrane of the animals’ gallbladder wall in both
study groups. Such cell structure is not characteristic of the
walls of most tubular organs of the digestive system. The cell
sizes of animals in both groups were 15—25 um in length and
3—7 um in diameter. The cells were elongated and spindle-
shaped with single processes. The wall of the bottom and
body of the gallbladder was represented by longitudinally
and obliquely oriented myocytes and considerable layers
of endomysium with a great number of microvascular and
nerve elements (Fig. 1).

The wall of the gallbladder neck consisted of circularly
oriented leiomyocytes which were tightly packed to each
other (Fig. 2).

Signs of leiomyocyte hyperplasia of the gallbladder wall
were histologically detected after exposure to ursodeoxy-
cholic acid. Mitotic figures of myocytes of the bottom wall
and gallbladder body in the experimental group of mice
were significantly more frequent compared to the controls
(p <0.01). A great number of apoptotic figures of myocytes
in the bottom wall and body of the gallbladder was pro-
bably observed in the experimental group of mice (p < 0.01)
(Table 1).

From our point of view, unsettled excessive activation of
hyperplastic processes which normally occurs with the in-
troduction of ursodeoxycholic acid can cause activation of
apoptosis of smooth myocytes of the bottom and body of the
mice gallbladder.

The typical ultrastructural pattern of the cytoplasm,
nuclei, and cell surface of gallbladder leiomyocytes in both
groups is shown in Fig. 3.
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Myocytes of all parts of the gallbladder contained an
active nucleus with a predominance of decondensed chro-
matin, developed nucleoli of normal structure, a moderate
number of nucleus pores and a solid nucleus membrane.
Morphological signs of nuclei activity of interphase myo-
cytes did not differ in the groups. General-purpose orga-
nelles also had a typical structure and localization in the
myocyte cytoplasm.

Small mitochondria were located near the nucleus. The
specific surface area of mitochondrial cristae and the den-
sity of the mitochondrial matrix of mice after exposure to
ursodeoxycholic acid probably exceeded the indicators of

the control group of animals (p < 0.01) (Table 2). Agranu-
lar endoplasmic reticulum was moderately developed, and
free ribosomes equally filled the cytoplasm. Elements of the
lamellar complex, small lipid and carbohydrate inclusions
were also found around the nucleus. As a result, according
to these features, leiomyocytes of the experimental and
control groups did not differ from each other. There was a
significant increase in the number of caveolae on the plas-
malemma surface and an increase in the saturation of the
cytoplasm with micropinocytic vesicles after the injection
of ursodeoxycholic acid (p < 0.01) (Fig. 4, Table 2). Cer-
tain changes in the mitochondria and surface apparatus of

Figure 1. Histological microphotography of the wall of the bottom and body of the mouse gallbladder
in the experimental (A) and control groups (B). Hematoxylin and eosin staining, x400
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Figure 2. Histological 'rphotography of the wall of the neck of the mouse gallbladder

in the experimental (A) and control groups (B). Hematoxylin and eosin staining, x400

Table 1. Mitotic and apoptotic indexes of leiomyocytes of the mice gallbladder wall under
the influence of ursodeoxycholic acid (M + m)

. Part of the gallbladder
Group of mice
Bottom Body Neck
Mitotic index of leiomyocytes, %
Experimental (n = 17) 1.794 £ 0.103* 1.607 £ 0.095* 0.715 £ 0.068
Control (n = 13) 0.946 + 0.058 0.873 £ 0.061 0.659 £0.043
Apoptotic index of leiomyocytes, %
Experimental (n = 17) 0.762 £ 0.046* 0.598 £ 0.038* 0.165 £ 0.015
Control (n = 13) 0.225 +0.016 0.247 £ 0.021 0.143 £0.012

Note (here and in Tables 2—-4): * — p < 0.01 — possible difference between the values of the experimental and

control groups.
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leiomyocytes due to the influence of ursodeoxycholic acid
were observed within the bottom and body of the organ. The
changes were not characteristic of the muscular membrane
of the gallbladder wall.

These possible changes in mitochondria and leiomyo-
cyte surface structures are directly related to the transport of

calcium ions into the myocytes cytoplasm for initiating the
contraction. This indicates the stimulation of the contractile
activity of leiomyocytes by means of ursodeoxycholic acid.
Bunches of actin filaments were presented by contractile
myocytes structures. Bundles of actin filaments were loca-
ted longitudinally or obliquely relative to the long axis of the

Figure 3. Electron micrograph of a leiomyocyte fragment f the muscular membrane of the wall of mouse
gallbladder body in the experimental, x12,000 (A), and control groups, x10,000 (B)

Table 2. Ultrastructural characteristics of leiomyocytes of the mice gallbladder wall under
the influence of ursodeoxycholic acid (M = m)

Part of the gallbladder
Group of mice
Bottom Body | Neck
Specific surface area of mitochondrial leiomyocyte cristae, um/um?

Experimental (n = 17) 5.32 £ 0.39* 3.85+0.31* 2.84 £0.23
Control (n =13) 2.04 +0.15 1.43+0.12 2.25+0.16

Specific number of caveolae of the outer membrane of leiomyocytes, um=
Experimental (n =17) 67.6 + 4.9* 44.1 + 3.5* 27.3+23
Control (n = 13) 23.5+2.1 13.9+1.5 21.4+£1.7

Numerical density of micropinocytic vesicles of leiomyocyte cytoplasm, um=
Experimental (n = 17) 26.7+2.3 46.1 + 3.6* 13.8+1.6
Control (n = 13) 22.4+£2.0 20.5+1.8 10.7+1.4

Figure 4. Electron micrograph of leiomyocyte cytoplasm of the muscular membrane of the bottom wall
of the mouse gallbladder in the experimental, x12,000 (A), and control groups, x10,000 (B)
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cells. The cytoplasm saturation with actin filaments was ob-
served after exposure to ursodeoxycholic acid for 1 month.

Consequently, ultrastructural analysis of mouse muscle
leiomyocytes revealed several important peculiarities. A
possible difference between groups of animals was found
after administration of ursodeoxycholic acid. Muscle hyper-
trophy in the experimental group due to smooth myocyte
hyperplasia and numerous apoptosis occurred not at the
tissue, but at the intracellular level. The mice muscle hy-
pertrophy in the experimental group was due to an increase
in the content and activity of the contractile elements and
leiomyocytes energy apparatus and the calcium ions trans-
port as well.

Numerous interstitial cells in the developed endomy-
sium were found as a part of the muscular membrane of the
gallbladder wall. They varied in shape, size, and intracellular
ultrastructural features.

According to the results of electron microscopy, normal
spindle-shaped fibroblasts with a small number of proces-
ses appeared to have the loosely located myocytes in both
groups of animals. Fibroblasts are surrounded by elastic and
thin collagen fibers which did not form organized bundles
(Fig. 5). In the gallbladder neck, the layers of endomysium
were much narrower and contained denser fibrils.

A growth in the nuclear activity of fibroblasts due to
chromatin decondensation and an increase in the number
of nucleus pores was observed under the influence of urso-
deoxycholic acid (p < 0.01) (Table 3).

Active restructuring of endomysium was observed in the
gallbladder muscle in the experimental group. This is con-
firmed by the presence of immature collagen fibrils along-
side with the usual striped fibers. We believe that this was due

Figure 5. Electronic microphotography of the collagen matrix in the endomysia of the muscular membrane

to parallel hyperplastic and apoptotic processes in muscular
membrane of the gallbladder which occurred under the in-
fluence of ursodeoxycholic acid. The processes mentioned
above required accelerated transformations of the intersti-
tium.

The heteromorphic interstitial cells of Cajal (telocytes)
were found in the endomysium in both study groups. The
bodies of Cajal cells varied in size from 8 to 30 um. The telo-
cytes contained from 2 to 8 processes and often had bran-
ches (Fig. 6). The presence of numerous contacts of the pro-
cesses with the membrane of neighboring leiomyocytes was
the characteristic feature of interstitial cells of Cajal. Some
telocytes with 2—3 processes were located along the nerve
fibers or in contact with the nerve endings in the thickness
of the endomysium.

A substantial increase in the number of interstitial cells
of Cajal in the muscular membrane of the bottom and body
of the mice gallbladder was revealed after the injection of ur-
sodeoxycholic acid (p < 0.01). These changes did not occur
in the sphincter of the gallbladder (Table 4).

Ultrastructural signs of nuclear and cytoplasmic activity
of interstitial cells of Cajal did not differ from those in the
control group of animals. We did not notice any changes
in the structure of contacts of telocytes with leiomyocytes
or nerve elements. We assume that an increase in telocytes
density in the muscle membrane stimulates the motility of
the gallbladder wall. Taking into consideration a modern
concept about the pacemaker role of interstitial cells of
Cajal in initiating the contraction of smooth muscle com-
plexes, it can be assumed that an important mechanism of
ursodeoxycholic acid action is stimulation of the gallbladder
wall motility.

E" < oY A atw

of the visceral wall of the mouse gallbladder body in the experimental, x25,000 (A), and control groups,
x15,000 (B)

Table 3. The ratio of condensed and decondensed chromatin of the nuclei of fibroblasts in the muscular
membrane of the mice gallbladder after the injection of ursodeoxycholic acid (M = m)

Part of the gallbladder
Group of mice
Bottom Body Neck
Experimental (n = 17) 0.106 + 0.007* 0.121 + 0.009* 0.094 + 0.008*
Control (n = 13) 0.253+£0.018 0.195 £ 0.016 0.206 £ 0.015
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Figure . Electron micrograph of endomysia interstitial cells of the muscular wall of th gallbladder '
in the experimental, x4,000 (A), and control groups, x8,000 (B)

Table 4. Numeral density of telocytes in the muscular membrane of the mice gallbladder under the influence
of ursodeoxycholic acid (M = m), mm—

Part of the gallbladder
Group of mice
Bottom Body Neck
Experimental (n = 17) 4.61+0.37* 5.48 £ 0.40* 1.98+0.17
Control (n = 13) 2.77 £0.23 2.06+£0.19 1.84+0.14

Conclusions

Thus, an introduced hypothesis was confirmed by the
existence of histological signs of leiomyocyte hyperpla-
sia and an increase in the nuclear activity of the muscular
wall fibroblasts in the mice gallbladder under the influence
of ursodeoxycholic acid. Excessive activation of hyperplas-
tic processes in leiomyocytes has an unsettled nature after
the injection of ursodeoxycholic acid. There was also an in-
crease in apoptosis of smooth myocytes, the content and ac-
tivity of elements of the contractile and energy apparatus of
leiomyocytes, in the transport of calcium ions indicating the
stimulation of the contractile activity of gallbladder leiomy-
ocytes at the intracellular level. A considerable growth in the
number of interstitial cells of Cajal in the muscular mem-
brane of the bottom and body of the gallbladder is observed
after the injection of ursodeoxycholic acid. Stimulation of
gallbladder wall motility with ursodeoxycholic acid might be
associated with an increase in the number of interstitial cells
of Cajal in the muscular membrane of the bottom and body
of the gallbladder.
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Abarypos O.€., babuy B.A., TBepaoxni6 I.B.

AHINpOBCHKM ASPXKQABHN MEANYHWV YHIBEpCUTET, M. AHINPO, YkpaiHa

YABTPACTPYKTYPA M’130BOT OGOAOHKMW CTIHKM XXOBYHOTO MiXypa MULLEN
niA BNIAMBOM YPCOAE30KCUXOAEBOI KUCAOTHU

Pesiome. AxryaibHicTs. MeToIo JOCITIIKEHHS CTAIO BU3HAUEH-
HSI YJIBTPACTPYKTYPH KJIITUH M’ 5130B01 000JIOHKU CTIHKU JKOBYHOTO
MiXypa MUIIIEN MPYU BUKOPUCTAHHI YPCOIE30KCUXO0IEBO1 KMCIOTH.
Martepiamu Ta MeToau. MeToIOM MPOCTOT PaHAOMi3allil TBAPHHKI
OyJIM PO3NOIUICHI HA 2 TPYNH: eKCIepuMeHTaIbHy (n = 17) —
MMII, SIKi OTPUMYBAJIM YPCOAE30KCUXOJNEBY KHUCIOTY B [I03i
100,0 mr/kT, Ta KOHTpOJIbHY (N = 13) — iHTAaKTHi TBAPUHU (TUCTHU-
JnboBaHa Boaa). [TpoBeneHo ricToM0riYHUM Ta YABTPACTPYKTYPHMIA
aHasi3 3pa3KiB CTiHKM XXOBYHOro Mixypa muiieit. Pe3yibTaTi.
MirtotuuHi irypu mionuris crinku gHa (1,794 £ 0,103 %) ta
tina (1,607 £ 0,095 %) sxoBUHOTO MiXypa B eKCITepUMEHTaIbHIi
rpyMi BUSBJISUIMCS BipOTiZHO YaCTillle TTOPiBHSIHO 3 KOHTPOJIbHOIO
rpynoro mutreit (0,946 + 0,058 % Tta 0,873 £ 0,061 %) (p < 0,01).
Kinpkicts MiToxoHmpiasbHuX KpucT (5,32 £ 0,39 MKM/MKM?)
IMicJIsT BBEIEHHSI YPCOJAE30KCUXOJIEBOI KMCIOTU BipOTiIHO Iiepe-
BUIIyBaJIa TaKy B KOHTpOMbHii rpymi (2,04 £ 0,15 mMxm/MKM?)
(p < 0,01). 3pocranHa simepHOi aKTUBHOCTI (HiOpobIacTiB 3a pa-
XYHOK JE€KOHAEHCALIil XpOMATHUHY Ta 30iUIbIIIEHHS YaCTKU SIAECPHUX
[Op CIIOCTEPiraaocs I BIUIMBOM YPCOIE30KCUXO0JIEBOI KMCIOTH

(0,106 £ 0,007 mporu 0,253 £ 0,018; p < 0,01). CyrTeBe 30inblICH-
HSI KiJIbKOCTI iHTepCTULiabHUX KIiTMH Kaxans B M’s130Biil 000-
JIOHIIi THA Ta Tija XKOBYHOTO MiXypa 3apeeCTPOBAHO ITiCJIsT BUKO-
PHYCTaHHS YPCOAE30KCUXO0IEBOT KUCI0TH (4,61 £ 0,37 MM~ poTH
2,77 £ 0,23 mm~2) (p < 0,01). BucHOBKH. 3ariporioHoBaHa HAMMU Ti-
ToTe3a MiATBeP/IKeHA HAasIBHICTIO TiCTOJIOTIYHUX O3HAK Tiltepruia-
3i1 JISHOMiOLIMTIB Ta 3pOCTAHHSAM SIIEPHOI aKTUBHOCTI (hidpobiac-
TiB y M’SI30Bili 000JOHIII CTIHKM KOBYHOI'O MiXypa MUILEH ITicIist
Iii ypCoae30KCHX0JIeBOI KUCIOTH. HaiuikoBa akTuBallist Tirnep-
TUTACTUYHUX MPOIIECIB Y JISMOMIOIIMTaX Mae HEBPETYTbOBAHUI Xa-
paKTep NpU BBEACHHI YPCOAE30KCUX0JIeBOI KUCAOTU. TTigcuaeHHs
anonTo3y IMaIKHUX MiOLIMTIB CIIOCTEPIracThCS IiC/Is 3aCTOCYBAHHST
YPCOAE30KCUX0/1eBOT KUCIOTH. CTUMYJISILIISE MOTOPUKH KOBYHOTO
MiXypa 3a JOIMOMOTOI0 YPCOAE30KCUXOJIEBOI KUCIOTU MOXe OyTH
MOB’s13aHa 3i 30UTBIIEHHSIM KiIBKOCTI iHTepCTULIAIbHUX KIITUH
Kaxans y M’s130Bii1 000J10H11i 1HA Ta TiJIa XOBYHOTO MiXypa.
Kmo4oBi ci0Ba: yiasrpacTpykTypa; XOBUHMIT MiXyp; MuILIi;
neiiomionnTu; idbpobnactu; KiuitnHu Kaxans; ypcone3oKcuxo-
JieBa KUCJIOTa
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