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EFFECT OF ANTIHYPERTENSIVE
AGENTS ON STELLATE CELLS
DURING LIVER REGENERATION
IN RATS
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ABSTRACT - Background — Although most studies have focused on the hepatocytes, all the hepatic cells participate in the
regenerative process, among them the stellate cells. The stellate cells are mesenchymal cells involved in local neurotransmission
and paracrine regulation of several liver functions. Acute hepatic tissue loss promotes the proliferation and activation of
stellate cells from a quiescent state to myofibroblast-like cells. Aim — Investigate the effects of antihypertensive agents on the
stellate cell population during the liver regenerative phenomenon in rats. Methods — Adult male Wistar rats received lisinopril,
losartan, bradykinin, or saline solution in a proportional volume, intraperitoneally, before and after 70% partial hepatectomy.
Animals from the experimental and saline groups were sacrificed at 36 hours after partial hepatectomy. The alpha-smooth
muscle actin labelled stellate cells population was counted in the periportal and pericentral zones of the liver specimen. Results
— The labelled stellate cells were more numerous in the control group both in the periportal and pericentral zones at 36 hours
after partial hepatectomy than at the other times. The population of stellate cells was significantly lower in the losartan group
and higher in the bradykinin and lisinopril groups than in the control group. Conclusions — These results suggest that |osartan
can inhibit and bradykinin and lisinopril can stimulate the stellate cell population during liver regeneration in rats. These cells
synthesize several substances to stimulate liver regeneration.

HEADINGS — Antihypertensive agents. Liver cytology. Liver regeneration. Rats.

INTRODUCTION Although most studies have focused on the hepatocytes,

al the hepatic cells participate in the regenerative process,

Despite many years of investigation, the detailed nature
of the controlling factorsthat trigger or modulate the hepatic
regenerative phenomenon has only recently begun to be
understood®”. The increasing studies of the different liver
growth factors have enriched our knowledge of the
mechanisms regulating liver regeneration. Several cellular
growth factors have been progressively identified. The effects
of these agents on DNA synthesis have been usually studied
in vitro in hepatocyte cultures and in vivo in normal or
partially hepatectomized rats™.

among them the stellate cells, aso referred to as Ito cells, fat-
storing cells or lipocytes. These cells were first described by
von Kupffer in 1876. They were “re’ discovered by Wake in
1971, and KNOOK ™, in 1982, studied for first timemetabolic
functions in individually cultured cells. The stellate cells are
mesenchymal cells located in the space of Disse. Because of
thislocation and connection with sinusoidal and parenchymal
cells, they are probably involved in local neurotransmission
and paracrineregulation of several liver functions®®. They are
themain siteof vitamin A storagein characteristiclipid droplets.
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These cells undergo a process of activation towards a myofibroblast-
like phenotype, which has an increased expression of SM a-actin®),
and are characterized by increased proliferation, motility, contractility
and synthesis of collagens and extracellular matrix components. Asa
source of growth factors, cytokines, prostaglandins, and others
bioactive substances produced in response to noxious agents, they
play acrucia role in the mechanisms of liver injury, regeneration and
fibrosis?®. They have contractil e cytoplasmic processes encompassing
the sinusoids and can affect the sinusoidal blood flow. Angiotensin |,
one of the final products of the renin-angiotensin cascade, induces
stellate cell contraction by a second messenger system that increases
the intracellular calcium concentration and stimulates the inositol
phosphate metabolism®. Thiseffect can beinhibited by using losartan,
anangiotensin 1 receptor antagonist (selective AT, receptor antagonist),
with a consequent reduction in portal hypertension@.

Thekallikrein-kinin system exerts avariety of biological effects,
including vasodilatation, increased vascular permeability and smooth
muscle relaxation or contraction® 2, Angiotensin-converting enzyme
(ACE) isaso known askininase 1, apowerful bradykinin degrading
enzyme®. ACE inhibitors have two main mechanisms of action: the
simultaneous prevention of angiotensin |1 production and bradykinin
degradation®.

The mechanisms by which stellate cells participate in the liver
regeneration process and their response to different antihypertensive
agents are till little known. The purpose of the present study was
investigate the effects of antihypertensive agents on the stellate cell
population during the liver regenerative phenomenon in rats.

METHODS

Animals

Male Wistar rats (body weight 200 + 15 g) were housed ina 12 h
light-dark cycled room and weregiven standard laboratory chow (Purina)
and water ad libitum. All animals were treated according to the
International Guiding Principles for Biomedical Research Involving
Animals (1985)®. The animalswere divided randomly into two groups,
an experimental hepatectomized group and a control hepatectomized
group.

Treatment

The animals of the experimental group were subdivided into three
groups:. the lisinopril study group (n = 4) received lisinopril (Merck,
Sharp & Dohme, Rahway, NJ, USA) at adose of 1 mg kg* body weight
per day, intraperitonedly (i.p.) from 5 days before hepatectomy until
sacrifice; the losartan study group (n = 4) received losartan (Merck,
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Sharp & Dohme, Rahway, NJ, USA) at adose of 5 mg kg body weight
per day, i.p., from 24 hours before hepatectomy until sacrifice; and the
bradykinin study group (n=5) received bradykinin (PeninsulaL aboratories
Inc., Belmont, CA, USA) at a dose of 1 mg kg* and 3*mg kg* body
weight, i.p., just after surgery and then at 8 hour intervalsuntil sacrifice,
respectively. The control group received aproportional volume of 0.9%
sodium chloride, i.p., from 5 days before hepatectomy until sacrifice.

Partial hepatectomy

Surgery was performed under ether anesthesia, as described by
HIGGINS and ANDERSON®. Through a3 cm laparotomy incision,
eventration of the left lateral and medium lobes was performed; the
lobes were ligated and excised, corresponding to a resection of
approximately 70% of the whole liver®. The control group was
subdivided into six groups, fiveto seven animals per group, that were
sacrificed at 0, 12, 24, 36, 48 and 120 hours after surgery to determine
the best time to evaluate the stellate cell population. Four to five
animals from the experimental groups were sacrificed under ether
anesthesia at 36 hours after partial hepatectomy.

Stellatecell evaluation

The stellate cell popul ation was eval uated by immunohistochemical
staining for a-smooth muscle-actin on formalin-fixed and paraffin-
embedded liver tissues. Four um thick sections mounted on poly-L-
lysine-coated slides were deparaffinized, rehydrated in an increasing
alcohol series, placed in PBS, and treated with 3% hydrogen peroxide
in methanol for 30 min to block endogenous peroxidase activity. Non-
specific protein binding was blocked by preincubation with 5% normal
horse serum diluted in PBSfor 30 min. The slideswere then incubated
with primary monoclonal mouse anti-a-smooth muscle-actin antibody
(SM-a actin, DAKO A/S, Denmark), diluted 1:400 in BSA, and kept
overnight at 37°C® 2. In the second step, the sections were incubated
for 35 minwith abiotinylated horse anti-mouseimmunoglobulin asthe
second antibody. The reaction product was detected with an avidin-
biotin-peroxidase complex and diaminobenzidine was used as a
chromogen substrate. Positive and negative control swere used to assess
and control for the staining procedure. Thedideswere evaluated blindly.
a-smooth muscle actin-positive stellate cells were counted in serial
peroxidase-stained sections. In each animal 10 microscopic fields
adjacent to portal spaces (periportal, zone 1 of the Rappaport acinus)
and 10 microscopic fiel ds adjacent to central veins (pericentral, zone 3)
located in randomly chosen lobuleswere evaluated. A square grid was
used (200 x 200 pm under a50 x objectiveand an 8 x eyepiece). At this
magnification, periportal and pericentral zones were adjacent and
representative of the whole lobule® (Figure 1).
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FIGURE 1-Stellate cells (4m) in the pericentral (A) and periportal (B) zones of ahepatic acinus. (Immunohistochemical reactionfor a-smooth
muscle actin — 100x and 200x). Stellate cells (4@) in the space of Disse (C and D), with cytoplasmic processes encompassing the
sinusoids. (Immunohistochemical reaction for a-smooth muscle actin, 400x)

Statistical analysis

Data are expressed as mean + SEM. Statistical comparisons of
groups were performed by analysis of variance for parametric
measurements with Bonferroni’s or Dunnett’s test when appropriate.
Probability values <0.05 were considered significant.

RESULTS

The labelled stellate cells were more numerous (P <0.05) in the
control group both in the periportal (18.99 + 0.28) and pericentral
(9.43 £ 0.36) zones at 36 hours after partial hepatectomy than at the
other times (Figure 2). Thelabelled stellate cellswere more numerous
(P <0.01) inthe periportal and pericentral zones of bradykinin (30.02
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+ 0.40; 16.80 + 0.27) and lisinopril-treated rat livers (24.60 + 0.16;
13.68 £ 0.41) than in saline-treated rat livers (18.99 + 0.28; 9.43 +
0.36) (P <0.01). Thelabelled stellate cellswere less numerousin the
periportal zone of |osartan-treated rat livers (15.88 + 0.85) than in
saline-treated rat livers (18.99 + 0.28) (P <0.01). No significant
difference was observed in the pericentral zones of |osartan- (8.98 +
0.40) and saline-treated rat livers (9.43 + 0.36) (Figure 3).

DISCUSSION

The acute hepatic tissue loss promotes the proliferation and
activation of stellate cells from a quiescent state to myofibroblast-
like cells®. In this study, the tissue loss induced by partial
hepatectomy determined the highest population of activated stellate
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FIGURE 2 —Kineticsof a-smooth muscle actin labelled stellate cells
in the control groups. Animalswere treated with saline
solution for 5 days before surgery and on the day of
partial hepatectomy. After 0, 12, 24, 36, 48, 72 and 120
hours of hepatectomy, the stellate cell population was
estimated by counting the a-smooth muscle actin
|abelled cell populationinthe periportal and pericentral
zones of aliver acinus. Data are expressed as mean +
SEM. The labelled stellate cells were more numerous
both in the periportal and pericentral zones at 36 hours
(P <0.05) after surgery than at the other times
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FIGURE 3—Effect of bradykinin, lisinopril and losartan on stellate cell
population. Animals were treated with bradykinin,
lisinopril, losartan and saline sol ution before surgery, and
on the day of partial hepatectomy. After 36 hours of
hepatectomy, the stellate cell population was estimated
by counting a-smooth muscle actin labelled cellsin the
periportal and pericentral zones of a liver acinus. Data
areexpressed asmean + SEM. The stellate cell population
was significantly higher in the bradykinin and lisinopril
groups and significantly lower in the losartan group
compared to the control group (*P <0.01).
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cells at 36 hours after surgery. The activation of these cells enabled
them to produce several growth factorsthat can promote hepatocel lular
proliferation, as well as HGF?. HGF was initially identified as the
most potent growth factor for hepatocytes®d. In addition to being
themajor suppliersof hepatic HGF, activated stellate cell s participate
in the hepatic synthesis of extracellular matrix which performs and
organizes hepatocellular proliferation*?,

Recent investigations have reported that ACE inhibition increases
renal hepatocyte growth factor (HGF) mRNA and cardiac HGF
concentration in experimentally hypertensive rats*® 9. The present
results showed that the ACE inhibition by lisinopril stimulated
the stellate cell population. These data suggest that the improvement
of stellate cell population in response to ACE inhibition may also
increase hepatocellular HGF production. Nevertheless, the treatment
with a specific angiotensin antagonist, losartan, inhibited the stellate
cell population. Previous study demonstrated that angiotensin Il
stimulates activation of stellate cells??. Because of this inhibitory
effect on the activity of stellate cells, losartan can be used in the
treatment of portal hypertension®®.

Perhaps, the main effect of ACE inhibition on the stellate cell
population is not the reduction of angiotensin Il synthesis, but the
lower hepatic degradation of bradykinin. The mitogenic effect
of bradykinin has been reported in many cell types. In mesangial
cells, bradykinin and des-Arg®-bradykinin also induced cell
proliferation, and this action was potentate by insulin®. GOLDSTEIN
and WALL®reported cell division in cultured human lung fibroblasts
induced by bradykinin and des-Arg®-bradykinin. PERRIS and
WHITFIELD® indicated that bradykinin stimulated DNA synthesis
inrat thymaocite cultures, and bradykinin augments|liver regeneration
after partial hepatectomy in rats®.

Very little is known about the importance of the kallikrein-kinin
system in the mechanism regulating liver regeneration and its
interaction with stellate cells. The present study showsthat treatment
with bradykinin and ACE inhibitors increases the activated stellate
cell population. These cells can synthesize several substances to
stimulate liver regeneration. The losartan treatment diminished the
activated stellate cell population, which is also known to participate
in theliver fibrosis process.
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Ramalho LNZ, Zucoloto S, Ramalho FS, Castro-e-Silva O, Corréa FMA. Efeito de agentes anti-hipertensivos sobre as células estreladas durante a

regeneragdo hepética em ratos. Arq Gastroenterol 2003;40(1):40-44.

RESUMO - Racional — Embora a maioria dos estudos focalize os hepatdcitos, todas as células hepéticas participam do processo regenerativo, entre
elas as células estreladas, que sdo células mesenquimais envolvidas na regulagdo de uma série de fungdes hepéticas. A perda aguda de parénquima
hepético induz proliferagéo e ativacdo destas células, a partir de estado de quiescéncia para fendtipo semelhante a miofibroblastos. Objetivo —
Investigar o efeito de agentes anti-hipertensivos sobre a populagéo de células estreladas durante o fendmeno regenerativo hepético em ratos.
Métodos — Ratos machos Wistar receberam lisinopril, losartan, bradicinina ou solugdo salina, via intraperitonial, antes e ap6s a hepatectomia
parcial a 70%. Animais pertencentes aos grupos experimental e controle foram sacrificados 36 horas apds a cirurgia. A populagdo de células
estreladas marcadas para a a-actina de musculo liso foi estimada nas zonas periportal e pericentral das amostras hepéticas. Resultados — No
grupo controle, observou-se maior nimero de células estreladas ativadas 36 horas apds a hepatectomia parcial. A populagéo de células estreladas
foi menor no grupo tratado com losartan e maior nos grupos tratados com bradicinina e lisinopril em relagdo ao grupo-controle. Concluséo —
Estes resultados sugerem que o losartan pode inibir e a bradicinina e o lisinopril podem estimular a populagéo de células estreladas durante a
regeneracdo hepética em ratos. As células estreladas sintetizam importantes fatores de crescimento capazes de estimular a regeneragéo hepética.

DESCRITORES - Anti-hipertensivos. Figado, citologia. Regeneragdo hepética. Ratos.
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