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Abstract

Chronic liver diseases are characterized by higher or lower changes of the liver lobe architecture (parenchymatous and vacuolar), the
accumulation of inflammatory and collagen infiltrates, mainly in the Kiernan spaces and a progressive evolution to liver cirrhosis. Despite
the progresses made in knowing the mechanisms of liver fibrosis and the development of some antiviral drugs with a high potential, that can
induce fibrosis regression, there still continues to exist the need for a specific antifibrotic treatment. In our study, we used four groups of
Wistar rats: a reference group and three groups that received 40% carbon tetrachloride (CCls), intraperitoneally, twice a week, for four weeks;
after one week since starting the administration of CCls, one of the three groups received, through oral gavage, Telmisartan (TS) 8 mg/kg,
and another received Pentoxifylline (PTX) 20 mg/kg, dissolved in saline solution, for four weeks. The antifibrotic action of the two drugs
was analyzed by evaluating the histopathological and immunohistochemical changes of hepatocytes, hepatic stellate cells (Ito cells) and
macrophages (Kupffer cells). The study highlighted that in the group treated with TS, the process of fibrillogenesis was significantly reduced,

in comparison to the group treated with PTX and with the reference group.
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=& Introduction

Liver fibrosis, caused by the lesions induced by viruses,
metabolic conditions or alcohol intake, is one of the main
causes leading to cirrhosis with severe liver failure and
death. Chronic liver diseases, regardless of their cause, are
associated to the accumulation of matrix proteins, mainly
in the portal spaces, change of the liver and vascular
structures architecture (portal veins, liver veins), the result
being a non-functional nodular architecture, namely liver
cirrhosis [1]. Epidemiological data studied by us showed
that in 2013, in the European Union, approximately 29
million people suffered from a chronic liver disease [2].

Until now, there is no pharmacological treatment
available for liver fibrosis, and for some patients with
liver disease in terminal stage, the only available treatment
option remains liver transplant [3]. In order to develop
certain antifibrotic treatments, it is important to clarify
the mechanisms that are at the basis of the development
of liver fibrosis in humans.

There was shown that the macrophages (Kupffer cells)
play an extremely important part, both in fibrogenesis
and in fibrolysis [4-6]. Kupffer cells initiate the fibrotic
response, by recruiting the immune cells, which produce
a large number of cytokines, with a proinflammatory or
direct action upon the hepatic stellate cells (HSCs) and

myofibroblasts, like tumor necrosis factor-alpha (TNF-a),
and transforming growth factor-beta (TGF-£), respectively
[7]. Due to this reason, in our study, we tested the anti-
fibrotic action of Pentoxifylline (PTX), known as the anti-
TNF-a agent.

In a previously published paper [8], we showed that
we chose to test Telmisartan (TS), an inhibitor of the
angiotensin II receptors and an activator of peroxisome
proliferator-activated receptor gamma (PPARY), as liver
fibrosis was correlated with the up-regulation of the renin—
angiotensin system (RAS), and the depletion of PPARy
activating receptors was associated with the activation
of HSCs.

The purpose of our study was to evaluate the process
of liver fibrillogenesis in an experimental model, by using
40% carbon tetrachloride as a fibrogenic agent, and to
comparatively test the antifibrotic effects of Telmisartan
and Pentoxifylline.

& Materials and Methods

In our study, we used 65 Wistar rats, from the Animal
Facility of the University of Medicine and Pharmacy of
Craiova, Romania, who were held in rooms with constant
temperature and moisture, in a 12-hour light/dark cycle,
receiving plenty of food and water (ad libitum). The study
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protocol was approved by the Ethics Committee of the
University of Medicine and Pharmacy of Craiova and
was performed according to Directive No. 86/609/EEC
(November 24, 1986), Ministry Orders No. 143 (April 2,
2002) and No. 400 (May 20, 2002), and the Order of
National Veterinary Health and Food Safety (ANSVSA)
No. 84 (August 30, 2005) for research animal protection.

The animals were divided into several groups:

Reference group consisted of five Wistar rats, males,
aged between 8—10 weeks old, with a body weight of
220 g, held in the above-mentioned conditions and
received olive oil by intraperitoneal injection, twice a
week, for four weeks, the first dose of 5 mL/kg and
the other doses of 3 mL/kg. After four weeks, the rats
underwent general anesthesia, by the intraperitoneal
injection of Ketamidor 100 mg/mL 20 IU (0.2 mL) and
Xylazin Bio 2% 0.3 mL, and were subjected to the liver
harvesting procedure, for the histopathological (HP) and
immunohistochemical (IHC) study.

Control group was treated with carbon tetrachloride
(CCly). This group included 20 Wistar rats, males and
females, aged between 8-10 weeks old, with a body
weight between 200-250 g, who received CCly (40%
in olive oil) by intraperitoneal injection, twice a week, for
four consecutive weeks. The first dose was of 5 mL/kg
and the other doses of 3 mL/kg. Every seven days, we
applied the anesthesia procedure and the one of liver
harvesting, described below.

Group treated with CCly + Telmisartan (TS) consisted
of 20 Wistar rats, females, aged between 15-18 weeks
old and a body weight of 300-350 g, to whom there was
administered CCl, (40% in olive oil) by intraperitoneal
injection, twice a week, for four weeks, the first dose of
5 mL/kg and the other doses of 3 mL/kg. Starting with
the seventh day of the experiment, we administered
Telmisartan (TS), every day, for 21 days, in a dose of
8 mg/kg, through oral gavage. Every day, we prepared
the TS solution, with a concentration of 8 mg/mL, by
solving TS into 0.9% saline solution. Every seven days
since the administration of TS, we applied the anesthesia
and liver harvesting procedures, described below.

Group treated with CCl; + Pentoxifylline (PTX)
consisted of 20 Wistar rats, females, aged between 15—
18 weeks, with a body weight of 300-350 g, who received
CCly (40% in olive oil) by intraperitoneal injection, twice
a week, for four weeks, the first dose of 5 mL/kg and
the other doses of 3 mL/kg. From the seventh day of
the experiment, we administered through oral gavage
Pentoxifylline (PTX), daily, for 21 days, in a dose of
20 mg/kg. The solution was prepared every day, with
a concentration of 20 mg/mL, by solving PTX into
0.9% saline solution. Every seven days since the PTX
administration, we performed the procedures of anesthesia
and liver harvesting.

We decided the administration of TS and PTX seven
days after the administration of CCly, because, according
to our previous observations, this was the moment of first
hepatotoxicity elements: granulovacuolar degenerescence
and incipient fibrosis in the Kiernan space. In this context,
we wanted to establish whether the two drugs slow down
or stop the process of fibrillogenesis induced by CCl, and
to compare their efficiency.

Procedure of liver harvesting. Histological and
IHC analysis

After the anesthesia, the animals were fixed on the
surgery table, above a plate with a constant temperature;
the hair on the abdomen was removed, and the area was
disinfected with iodine alcohol. After performing a medial
incision, we harvest the liver. After the harvesting, the
biological material was immediately passed into glass
containers with an adequate volume and size, in a 10%
neutral formalin solution, and then they were processed
according to the classical histological technique for
paraffin inclusion, by performing serial sections with
a thickness of 3—5 um. The sections were stained with
Hematoxylin—Eosin (HE) and Masson’s trichrome, Goldner—
Szekely (GS) technique, then they were examined under
the Nikon 551 microscope, attached to a camera and a
computer. The representative sections were subjected to
the THC study, analyzing the Ito cells reaction (HSCs)
that acquire myofibroblast properties, by using the anti-
a-smooth muscle actin (a-SMA) antibody, the macrophage
cell reaction (Kupffer cells), by using the anti-CD68
antibody, and the intensity of the inflammatory reaction
(T-lymphocytes, B-lymphocytes, mastocytes, plasmocytes).

= Results

Histological and IHC observations in the
reference group

After the histological analyses performed on the liver
tissue samples harvested from the reference group rats,
we observed that the liver lobe architecture was normal
(Figure la). By using the Masson’s trichrome staining,
GS technique, we observed the absolute normal presence
of some collagen fibers in the Kiernan space, without any
inflammatory reaction (Figure 1b). The hepatocytes had
normal form and size, without any HP changes of the
Kiernan space or the central lobular vein. The IHC study
with anti-a-SMA antibody (Figure 1c) highlighted a positive
reaction of the pericytes in the wall of Kiernan space
vessels, the hepatocytes having a negative reaction. By
using the anti-CD68 antibody, we highlighted a normal
distribution of Kupffer cells in the liver parenchyma
(Figure 1d), which shows a normal phagocytic and
immunological activity.

Histological and IHC observations after seven
days of CCl, administration

In the group receiving only CCl, for seven days, there
was highlighted a discrete hepatocytolysis and a granulo-
vacuolar degenerescence (Figure 2a). In the Kiernan space,
there was observed a moderate increase of collagen fibers
(Figure 2b) and a lipidic infiltrate in the liver parenchyma.
The THC study, using anti-a-SMA antibody, identified
the presence of myofibroblasts in the liver parenchyma,
but mainly in the wall of sinusoidal capillaries (Figure 2c).
By using the anti-CD68 antibody, there was observed a
high activity of Kupffer cells, mainly in the hepatocytolysis
areas (Figure 2d).

Histological and IHC observations after 14 days
of CCl, administration

After two weeks of CCly administration, the IHC study
highlighted an intensity increase hepatocyte lesions and
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an increase of lesion sizes (Figure 3a). Extended areas
of hepatocytolysis and granulovacuolar degenerescence
were observed disseminated, around the center lobular
vein, where there was also observed an increase of the
collagen fibers; moreover, some animals presented areas
of necrosis and porto-portal fibrosis (Figure 3b). The [HC
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study performed with anti-a-SMA antibody revealed an
increase of the myofibroblasts in the Kiernan space and
the liver parenchyma (Figure 3c). By using the anti-
CD68 antibody, there was highlighted an increase in the
number of macrophages and in their sizes, especially in
the necrosis areas (Figure 3d).
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Figure 1 — Microscopic image of the liver parenchyma in the reference group: (a) Normal aspect of the liver architecture
(HE staining, x200); (b) In the Kiernan space, there may be observed discrete perivascular and pericanalicular collagen
fibers (GS trichrome staining, x200); (c) In the Kiernan space, there may be observed pericytes positive to a-SMA
(Anti-a-SMA antibody immunomarking, x400); (d) Kupffer cells with a normal distribution in the liver parenchyma

(Anti-CD68 antibody immunomarking, %200).

Figure 2 — Microscopic image of the liver parenchyma after seven days in the group treated with CCl,: (a) Lesions of
granulovacuolar degenerescence, mainly around the central lobular vein (HE staining, x100); (b) Granulovacuolar
degenerescence, poor lipidic infiltration and moderate fibrosis in the Kiernan space (GS trichrome staining, x200).
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Figure 2 (continued) — Microscopic image of the liver parenchyma after seven days in the group treated with CCl: (c) Poor
anti-a-SMA reaction in the Kiernan space (Anti-o-SMA antibody immunomarking, X200); (d) Heterogeneous reaction with
intense reaction of macrophages, especially in the areas of hepatocytolysis (Anti-CD68 antibody immunomarking, %200).
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Figure 3 — Microscopic image of the liver parenchyma after 14 days in the group treated with CCly: (a) Areas of granulo-
vacuolar degenerescence and lipidic infiltrate in the whole liver parenchyma (HE staining, x200); (b) Areas of necrosis
and granulovacuolar degenerescence, porto-portal fibrosis (GS trichrome staining, x100); (c) Positive reaction of
a-SMA in the porto-biliary space (Anti-a-SMA antibody immunomarking, x200); (d) Numerous activated Kupffer cells,

arranged mainly in the necrosis areas (Anti-CD68 antibody immunomarking, x200).

Histological and IHC observations after 21 days IHC study with anti-a-SMA antibody highlighted an intense
of CCl, administration reaction at perivenous level, with activated Ito cells and

After 21 days of CCl, administration, the HP study mncipient porto-portal fibrosis Glgur ¢ 4c). By using the anti-
. . . . CD68 antibody, we observed an intense reaction, numerous
showed that the hepatocyte lesions intensified, with an

increase of the fibrillogenesis process, especially in the activated Kupffer cells and heterogencously arranged

periportal and porto-biliary spaces (Figure 4, a and b). The macrophages, mainly in the necrosis areas (Figure 4d).
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Histological and IHC observations after 28 days lated with the duration of the hepatotoxic substance
of CCl; administration action. There was observed a hepatocytolysis process, on
extended areas, with the presence of numerous collagen
fibers, which form porto-portal fibrotic bridges (Figure 5,
a and b).

After 28 days of CCly administration, the liver lesions
were more intense than in the previous group, which
suggests that the severity of the liver lesions is corre-
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Figure 4 — Histopathological changes of the liver parenchyma after 21 days in the group treated with CCl,: (a) Areas
of necrosis and granulovacuolar degenerescence in the whole liver parenchyma (HE staining, x200); (b) Granulo-
vacuolar degenerescence and porto-portal fibrosis (GS trichrome staining, X200); (c) Areas of necrosis, granulovacuolar
degenerescence and numerous activated Ito cells — intense reaction at perivenous level (Anti-a-SMA antibody immuno-

marking, x200); (d) Areas of necrosis, numerous large-sized macrophages and activated Kupffer cells (Anti-CD68
antibody immunomarking, x200).
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Figure 5 — Histopathological changes of the liver parenchyma after 28 days in the group treated with CCl: (a) Intense
lesions of hepatocytolysis and granulovacuolar degenerescence associated with massive fibrosis in the porto-biliary
and intralobular spaces (GS trichrome staining, x200); (b) Porto-portal fibrotic bridges (GS trichrome staining, x200).
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The IHC study with anti-a-SMA antibody showed a
significant increase of the myofibroblasts, with a massive
fibrosis with porto-portal and portal-central bridges, with
a tendency of forming cirrhotic nodules (Figure 5c). By
using the anti-CD68 antibody, there were highlighted

f!r

numerous macrophages, of large sizes, especially in the
areas with intense hepatocytosis and granulovacuolar
degenerescence, an intense reaction of Kupffer cells, in
the Kiernan space and around the central lobular vein
(Figure 5d).
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Figure 5 (contmued) Htstopathologlcal changes of the liver parenchyma after 28 days in the group treated thh CCl;:
(c) Intense reaction of Ito cells — massive fibrosis with porto-portal bridges and a tendency to form cirrhotic nodules
(Anti-a-SMA antibody immunomarking, x200); (d) Numerous large macrophages arranged heterogeneously, an intense

reaction of Kupffer cells (Anti-CD68 antibody immunomarking, <200).

Histological and IHC observations after seven
days of TS vs. PTX treatment

In the group treated with CCly and TS, the HP study
performed with the HE staining highlighted minimal lesions
of granulovacuolar degenerescence, with a localization
especially around the central lobular vein (Figure 6a).
In the group treated with CCly and PTX, there was also
highlighted a microvacuolar steatosis, especially in the
hepatocytes situated around the central lobular vein
(Figure 6b). With the help of GS trichrome staining, there
were highlighted the same minimal granulovacuolar
degenerescence lesions and the onset of an incipient
fibrosis, in the group treated with TS (Figure 6¢). In the
group treated with PTX, the fibrous reaction was more
intense, and, there was also observed a proliferation of
fibroblast and myofibroblast cells (Figure 6d).

The IHC study performed with anti-a-SMA and anti-
CD68 antibodies showed a minimal reaction of myofibro-
blast cells in the liver parenchyma and, also, a poor
reaction of Kupffer cells, in the group treated with TS
(Figure 6, e and g). In the group treated with PTX, there
was highlighted a moderate proliferation of myofibroblasts
in the Kiernan space, while in the areas of marked granulo-
vacuolar degenerescence and lipidic infiltration, there was
observed an increase of the number of myofibroblasts,
possibly by transforming the Ito into myofibroblasts and,
also, an increase of macrophages, and an intense reaction
of Kupffer cells, respectively (Figure 6, f and h). Moreover,
there was observed an increase of macrophage size, thus
suggesting an intensification of the phagocytosis process.
We mention that we selected the areas with the maximum
cellular intensity.

Histological and IHC observations after 14 days
of TS vs. PTX treatment

In the group treated with CCly and TS, the HP study
highlighted a granulovacuolar degenerescence with a

steatosis aspect, mainly in the 2-3 segment of the liver
lobe (Figure 7a). In the group treated with CCly and PTX,
there was observed that there are affected the hepatocytes
around the central lobular vein (Figure 7b), while the
hepatocytes around the Kiernan space presented big,
hypochromic nuclei, with a rough-grained chromatin
(signs of liver regeneration). There was observed a hetero-
geneous damaging of the hepatocytes, from one area
to another. GS trichrome staining highlighted a granulo-
vacuolar degenerescence, mainly of the steatosis type,
around the central lobular vein, in the group treated with
TS (Figure 7c). In the group treated with PTX, there
was observed a lipidic infiltrate and an intense fibrous
reaction in the Kiernan space (Figure 7d).

The IHC study showed that, in the group treated with
TS, the number of activated Ito and Kupffer cells was
reduced (Figure 7, e and g), while in the group treated
with PTX, there were observed numerous Ito cells, both
around the central lobular vein and in the liver paren-
chyma (Figure 7f), as well as numerous activated Kupffer
cells, heterogeneously arranged (Figure 7h), mainly in the
areas with intense hepatocellular lesions (central lobular
areas). Around the Kiernan space, the reaction of Kupffer
cells was low, the cells being in a low number and with
smaller sizes.

Histological and IHC observations after 21 days
of TS vs. PTX treatment

In the group treated with CCly and TS, the HP study
highlighted that there were no present signs of hepato-
cytolysis (Figure 8, a and c), while in the group treated
with CCl, and PTX there was observed the persistence
of microvacuolar steatosis (Figure 8b) and of porto-
portal fibrotic bridges (Figure 8d). The IHC study with
anti-a-SMA antibody highlighted rare activated Ito cells
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(Figure 8e). By using the anti-CD68 antibody, there were
observed rare activated Kupffer cells, mainly around the
Kiernan space (Figure 8g), in the group treated with CCly
and TS. In the group treated with CCl, and PTX, there

was observed a moderate reaction of myofibroblasts in
the granulovacuolar degenerescence areas and necrosis
(Figure 8f) and an intense reaction of Kupffer cells, in the
central lobular area (Figure 8h).

‘..\,- _"

Figure 6 — Histopathological aspects of the liver parenchyma after seven days of treatment (TS vs. PTX): (a) Minimal
lesions of granulovacuolar degenerescence mainly around the central lobular vein, in the group treated with TS (HE
staining, x200); (b) Granulovacuolar degenerescence and microvacuolar steatosis, mainly in the hepatocytes around
the central lobular vein, with incipient fibrosis in the Kiernan space, in the group treated with PTX (HE staining,
x200); (c) Aspect of granulovacuolar degenerescence and incipient fibrous reaction, in the group treated with TS
(GS trichrome staining, x200); (d) Incipient fibrous reaction in the Kiernan space, granulovacuolar degenerescence
and proliferation of fibroblasts and myofibroblasts, in the group treated with PTX (GS trichrome staining, x200);
(e) Minimal anti-a-SMA reaction, rare activated Ito cells, in the group treated with TS (Anti-a-SMA antibody immuno-
marking, x400); (f) Highlighted presence of myofibroblasts in the areas of advanced lesions of granulovacuolar
degenerescence and lipidic infiltration, in the group treated with PTX (Anti-a-SMA antibody immunomarking, x200).

TS: Telmisartan; PTX: Pentoxifylline.
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Figure 6 (continued) — Histopathological aspects of the liver parenchyma after seven days of treatment (TS vs. PTX):
(g) Poor reaction of Kupffer cells, in the group treated with TS (Anti-CD68 antibody immunomarking, x100; (h) Large
activated Kupffer cells, with an intense immunohistochemical reaction in the areas of advanced hepatocellular lesions,
in the group treated with PTX (Anti-CD68 antibody immunomarking, x100). TS: Telmisartan; PTX: Pentoxifylline.
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Figure 7 — Histopathological aspects of the liver parenchyma after 14 days of treatment (TS vs. PTX): (a) Vacuolar
degenerescence, mainly steatosis, around the central lobular vein, in the group treated with TS (HE staining, %200);
(b) Hepatocytes in the Kiernan space present minimal lesions of granulovacuolar degenerescence — there may be
observed a heterogeneous damaging of hepatocytes, in the group treated with PTX (HE staining, x200); (c) Vacuolar
degenerescence, mainly of the steatosis type, around the central lobular vein, in the group treated with TS (GS trichrome
staining, x200); (d) Hepatocytes around the central lobular vein present a more intense granulovacuolar degenerescence
in comparison to the cells in the Kiernan space, in the group treated with PTX (GS trichrome staining, x400). TS:
Telmisartan; PTX: Pentoxifylline.
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Figure 7 (continued) — Histopathological aspects of the liver parenchyma after 14 days of treatment (TS vs. PTX):
(e) Rare activated Ito cells and persistent steatosis, in the group treated with TS (Anti-a-SMA antibody immunomarking,
x200); (f) There may be observed numerous Ito cells (myofibroblasts), both around the central lobular vein and in the
liver parenchyma, in the group treated with PTX (Anti-a-SMA antibody immunomarking, x100); (g) Rare activated
Kupffer cells around the porto-biliary Kiernan space, in the group treated with TS (Anti-CD68 antibody immunomarking,
x200); (h) Numerous activated Kupffer cells, unevenly distributed, mainly in the central lobular areas (Anti-CD68
antibody immunomarking, x100). TS: Telmisartan; PTX: Pentoxifylline.
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Figure 8 — Histopathological aspects of the liver parenchyma after 21 days of treatm
no signs of hepatocytolysis, in the group treated with TS (HE staining, x200); (b) Granulovacuolar degenerescence

and microvacuolar steatosis, mainly in the hepatocytes around the central lobular vein, in the group treated with PTX
(HE staining, x200). TS: Telmisartan; PTX: Pentoxifylline.
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Figure 8 (continued) — Histopathological aspects of the liver parenchyma after 21 days of treatment (TS vs. PTX):
(¢) There are not highlighted any signs of hepatocytolysis in the group treated with TS (GS trichrome staining, x200);
(d) Porto-portal fibrosis bridges, fibrotic lesions in the porto-biliary space, with fine intralobular and porto-portal septa,
in the group treated with PTX (GS trichrome staining, x200); (e) Rare activated Ito cells, in the group treated with TS
(Anti-a-SMA antibody immunomarking, x200); (f) Moderate reaction of myofibroblasts in the areas of granulovacuolar
degenerescence and necrosis, in the group treated with PTX (Anti-a-SMA antibody immunomarking, X200); (g) Rare
activated Kupffer cells around the porto-biliary Kiernan space, in the group treated with TS (Anti-CD68 antibody
immunomarking, X200); (h) Intense reaction of Kupffer cells in the central lobular area, in the group treated with PTX
(Anti-CD68 antibody immunomarking, x200). TS: Telmisartan; PTX: Pentoxifylline.
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= Discussion complex process involving the parenchymatous and non-
parenchymatous liver cells, as well as the immune cells.
Hepatocytolysis induces the activation of the inflammatory
and pro-fibrogenic ways in the non-parenchymatous and
infiltrated cells, these triggering the initiation and
progression of fibrosis, but they may also contribute to

Carbon tetrachloride is an organic solvent largely used
in industry and a well-known hepatotoxic xenobiotic,
frequently used for inducing liver fibrosis, in experimental
models. The progression and regression of fibrosis is a
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the regression of fibrosis [9, 10]. Fibrosis results from
the excessive accumulation of the extracellular matrix
(ECM), produced mainly by the myofibroblasts, leading
to severe architectural changes of liver cirrhosis and
hepatocellular carcinoma [10, 11]. Myofibroblasts are
present only in the lesional liver, and their main source
is constituted by the HSCs, whose depletion was shown
to significantly reduce liver fibrosis, in the experimental
model of liver fibrosis induced with CCly [12]. The
regression of liver fibrosis is characterized by the decrease
of inflammatory and fibrogenic cytokines, the increase of
collagenase activity and the disparity of myofibroblasts
and fibrous lesions [13].

Pentoxifylline (PTX), a methylxanthine derivate, a
non-selective inhibitor of phosphodiesterase, is largely
used as a peripheral vasodilator, in vascular perfusion
disorders. PTX is an inhibitor of the pro inflammatory
cytokine production, mainly TNF-a [14]. Some studies
showed that the antifibrotic effect may be due to TNF-a
inhibiting, which stimulated the fibroblast activation,
increase of collagenase activity and, also, by down-
regulating profibrinogenic cytokines and the procollagen
expression [ [15, 16].

The effects of the axis angiotensin-converting enzyme
(ACE)/angiotensin II (Ang II)/receptors 1 of angiotensin II
(AT1) in liver diseases are largely described in specialty
papers. Both ACE genes, and the AT1 receptors are up-
regulated in the areas with active liver fibrinogenesis [17],
and the activation of the AT1 receptor by Ang II induces
the contraction and proliferation of HSCs [18, 19]. As a
result, it is expected that the use of angiotensin receptor
blockers should lead to a decrease of inflammation, and
thus reducing the liver fibrosis [20].

In our study, we decided the initiation of the treatment
with TS and PTX after seven days of CCly administration,
because, at that moment, we observed an increase of the
number of fibroblasts and collagen fibers in the Kiernan
space.

After seven days of TS or PTX treatment and 14 days
of administering CCl,, the comparative analysis of the
liver HP study in the rats that received only CCl, and in
those who received CCl, together with TS or PTX,
highlighted that the lesions of granulovacuolar degene-
rescence and fibrosis in the portal space, present in the
group that received only CCly, were significantly reduced
in the animals treated with TS, in comparison to the group
treated with PTX.

After 14 days of TS or PTX treatment and 21 days
of administering CCly, the HP examination showed that
numerous activated Kupffer cells, especially in the necrosis
areas and the intense process of fibrillogenesis recorded
in the group receiving CCly, were reduced significantly
in the group treated with TS, and in the group treated
with PTX there were observed numerous myofibroblasts
and activated Kupffer cells, mainly around the central
lobular vein.

After 21 days of TS and PTX treatment and 28 days
of CCly administration, the severity of hepatocytolysis
and granulovacuolar degenerescence (Figure 5, a and b),
observed in the group treated exclusively with CCly, as
well as the massive presence of fibrosis, were practically
inexistent in the group treated with CCl, and TS (Figure 8,
a and c), while in the group treated with PTX there was

observed the persistence of porto-portal fibrotic bridges
and an intense reaction of Kupffer cells in the central
lobular area.

Our observation is different from other studies, which
showed that PTX indicated remarkable results regarding
the degree of hepatocellular damaging induced by CCly
or the occlusion of the gallbladder canal [21, 22].

& Conclusions

In this study, the treatment with Telmisartan was
shown to determine a significant decrease in the number
of myofibroblasts and Kupffer cells, slowing down the
fibrillogenesis process, without any other severe liver
lesions, during all the testing periods, as they were observed
in the untreated group. By comparison, Pentoxifylline
highlighted a poor hepatoprotective action, as there
persisted the porto-portal fibrotic bridges, even after 21
days of treatment. Our study highlighted that Telmisartan
had an antifibrotic action highly superior to Pentoxifylline,
in the experimental model of liver fibrosis induced with
carbon tetrachloride.

Conflict of interest
The authors declare that they have no conflict of
interests.

Acknowledgments

This paper is supported by the Research Grant “Histo-
pathological study of the inhibition process of hepatic
fibrosis under the action of some therapeutic agents, on
experimental model in rat”, University of Medicine and
Pharmacy of Craiova—S.C. Laborator Turculeanu S.R.L.,
Craiova, Romania, under the Contract No. 998/14.10.2016.

References

[1] Wallace K, Burt AD, Wright MC. Liver fibrosis. Biochem J,
2008, 411(1):1-18.

[2] Blachier M, Leleu H, Peck-Radosavljevic M, Valla DC,
Roudot-Thoraval F. The burden of liver disease in Europe:
a review of available epidemiological data. J Hepatol, 2013,
58(3):593-608.

[3] Stroh G, Rosell T, Dong F, Forster J. Early liver transplant-
ation for patients with acute alcoholic hepatitis: public views
and the effects on organ donation. Am J Transplant, 2015,
15(6):1598-1604.

[4] Miura K, Kodama Y, Inokuchi S, Schnabl B, Aoyama T,
Ohnishi H, Olefsky JM, Brenner DA, Seki E. Toll-like receptor
9 promotes steatohepatitis by induction of interleukin-1beta
in mice. Gastroenterology, 2010, 139(1):323-334.e7.

[5] Pradere JP, Kluwe J, De Minicis S, Jiao JJ, Gwak GY,
Dapito DH, Jang MK, Guenther ND, Mederacke |, Friedman R,
Dragomir AC, Aloman C, Schwabe RF. Hepatic macrophages
but not dendritic cells contribute to liver fibrosis by promoting
the survival of activated hepatic stellate cells in mice. Hepa-
tology, 2013, 58(4):1461-1473.

[6] Wan J, Benkdane M, Teixeira-Clerc F, Bonnafous S, Louvet A,
Lafdil F, Pecker F, Tran A, Gual P, Mallat A, Lotersztajn S,
Pavoine C. M2 Kupffer cells promote M1 Kupffer cell apoptosis:
a protective mechanism against alcoholic and nonalcoholic
fatty liver disease. Hepatology, 2014, 59(1):130—142.

[71 Schuppan D. Liver fibrosis: common mechanisms and anti-
fibrotic therapies. Clin Res Hepatol Gastroenterol, 2015,
39(Suppl 1):S51-S59.

[8] lonica FE, Mogoanta L, Nicola GC, Chirita C, Negres S,
Bejenaru C, Turculeanu A, Badea O, Popescu NL, Bejenaru LE.
Antifibrotic action of telmisartan in experimental carbon tetra-
chloride-induced liver fibrosis in Wistar rats. Rom J Morphol
Embryol, 2016, 57(4):1261-1272.




1248

Floriana Elvira lonica et al.

[9] Trautwein C, Friedman SL, Schuppan D, Pinzani M. Hepatic
fibrosis: concept to treatment. J Hepatol, 2015, 62(1 Suppl):
S15-S24.

[10] Schuppan D, Ruehl M, Somasundaram R, Hahn EG. Matrix
as a modulator of hepatic fibrogenesis. Semin Liver Dis,
2001, 21(3):351-372.

[11] Karsdal MA, Manon-Jensen T, Genovese F, Kristensen JH,
Nielsen MJ, Sand JM, Hansen NU, Bay-Jensen AC, Bager CL,
Krag A, Blanchard A, Krarup H, Leeming DJ, Schuppan D.
Novel insights into the function and dynamics of extracellular
matrix in liver fibrosis. Am J Physiol Gastrointest Liver Physiol,
2015, 308(10):G807-G830.

[12] Puche JE, Lee YA, Jiao J, Aloman C, Fiel MI, Mufioz U, Kraus T,
Lee T, Yee HF Jr, Friedman SL. A novel murine model to
deplete hepatic stellate cells uncovers their role in amplifying
liver damage in mice. Hepatology, 2013, 57(1):339-350.

[13] Sun M, Kisseleva T. Reversibility of liver fibrosis. Clin Res
Hepatol Gastroenterol, 2015, 39(Suppl 1):S60-S63.

[14] Ye JH, Chao J, Chang ML, Peng WH, Cheng HY, Liao JW,
Pao LH. Pentoxifylline ameliorates non-alcoholic fatty liver
disease in hyperglycaemic and dyslipidaemic mice by up-
regulating fatty acid S-oxidation. Sci Rep, 2016, 6:33102.

[15] Herandez E, Bucio L, Souza V, Escobar MC, Gémez-Quiroz LE,
Farfan B, Kershenobich D, Gutiérrez-Ruiz MC. Pentoxifylline
downregulates a () collagen expression by the inhibition of
Ikba degradation in liver stellate cells. Cell Biol Toxicol, 2008,
24(4):303-314.

[16] Vial P, Riquelme A, Pizarro M, Solis N, Madariaga JA, Aguayo G,
Duarte |, Soza A, Accatino L, Arrese M. Pentoxifylline does

Corresponding author

not prevent neither liver damage nor early profibrogenic events
in a rat model of non-alcoholic steatohepatitis. Ann Hepatol,
2006, 5(1):25-29.

[17] Moreira de Macédo S, Guimardes TA, Feltenberger JD,
Sousa Santos SH. The role of renin—angiotensin system
modulation on treatment and prevention of liver diseases.
Peptides, 2014, 62:189-196.

[18] Liu J, Gong H, Zhang ZT, Wang Y. Effect of angiotensin Il
and angiotensin Il type 1 receptor antagonist on the proli-
feration, contraction and collagen synthesis in rat hepatic
stellate cells. Chin Med J (Engl), 2008, 121(2):161-165.

[19] Yokohama S, Tokusashi Y, Nakamura K, Tamaki Y, Okamoto S,
Okada M, Aso K, Hasegawa T, Aoshima M, Miyokawa N,
Haneda M, Yoneda M. Inhibitory effect of angiotensin Il
receptor antagonist on hepatic stellate cell activation in non-
alcoholic steatohepatitis. World J Gastroenterol, 2006, 12(2):
322-326.

[20] Halici Z, Bilen H, Albayrak F, Uyanik A, Cetinkaya R,
Suleyman H, Keles ON, Unal B. Does telmisartan prevent
hepatic fibrosis in rats with alloxan-induced diabetes? Eur J
Pharmacol, 2009, 614(1-3):146-152.

[21] Mohamed EE, HusienHusien HS, Osama Abdulla A, Fatma AM,
Engy RF. Studies on hepatoprotective effect of pentoxifylline
on CCl, induced liver fibrosis in Guinea pigs. Int Clin Pathol J,
2015, 1(5):00021.

[22] Raetsch C, Jia JD, Boigk G, Bauer M, Hahn EG, Riecken EO,
Schuppan D. Pentoxifylline downregulates profibrogenic
cytokines and procollagen | expression in rat secondary
biliary fibrosis. Gut, 2002, 50(2):241-247.

Ludovic Everard Bejenaru, Associate Professor, Biol, Pharm, PhD, Department of Pharmacognosy & Phytotherapy,
Faculty of Pharmacy, University of Medicine and Pharmacy of Craiova, 2 Petru Rares Street, 200349 Craiova,
Dolj County, Romania; Phone +40351-443 507, Fax +40251-523 929, e-mail: ludovic_bejenaru@yahoo.com

Received: May 20, 2017

Accepted: March 15, 2018




