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Abstract

AIM: To examine whether the administration of atorv-
astatin and rosuvastatin would prevent experimentally-
induced hepatic cirrhosis in rats.

METHODS: Liver cirrhosis was induced by injections
of thioacetamide (TAA). Rats were treated concurrently
with TAA alone or TAA and either atorvastatin (1,10
and 20 mg/kg) or rosuvastatin (1, 2.5, 5, 10 and 20
mg/kg) given daily by nasogastric gavage.

RESULTS: Liver fibrosis and hepatic hydroxyproline
content, in the TAA-treated group was significantly
higher than those of the controls [11.5 £ 3.2 v5s 2.6 £
0.6 mg/g protein (P = 0.02)]. There were no differenc-
es in serum aminotransferase levels in the TAA controls
compared to all the groups treated concomitantly by
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statins. Both statins used in our study did not prevent
liver fibrosis or reduce portal hypertension, and had no
effect on hepatic oxidative stress. Accordingly, the he-
patic level of malondialdehyde was not lower in those
groups treated by TAA + statins compared to TAA only.
In vitro studies, using the BrdU method have shown
that atorvastatin had no effect of hepatic stellate cells
proliferation. Nevertheless, statin treatment was not as-
sociated with worsening of liver damage, portal hyper-
tension or survival rate.

CONCLUSION: Atorvastatin or rosuvastatin did not
inhibit TAA-induced liver cirrhosis or oxidative stress in
rats. Whether statins may have therapeutic applications
in hepatic fibrosis due to other etiologies deserve fur-
ther investigation.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Liver cirrhosis is one of the leading causes of mor-
bidity and mortality worldwide. Hepatic stellate cells
(HSC) play a major role in the pathogenesis of hepatic
fibrosis'". Injury to hepatocytes results in generation
of lipid peroxides, which may have a direct stimulatory
effect on matrix production by activated HSCP. It has
been suggested that aldehyde-protein adducts, includ-
ing products of lipid peroxidation, modulate collagen
gene expression in human fibroblasts™ and may be a
link between tissue injury and hepatic fibrosis™”. Several
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studies demonstrated that activation of HSC in culture
is provoked by generation of free radicals and is blocked
by anti-oxidants. This activation may involve the tran-
scription factor c-myb and nuclear factor kappa B (NF-
kB)"*". Accordingly, antioxidants have been suggested as
therapeutic modalities in experimental models™"", and in
patients with chronic liver injury"".

3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitors (statins) are used extensively to re-
duce serum cholesterol in an effort to reduce atheroscle-
rotic cardiovascular morbidity and mortality. In addition
to their cholesterol-lowering effect, statins demonstrate
other biological effects (pleiotropic effects) that some of
them may lead to clinical benefits. Those include anti-
inﬂammatory[12J and antioxidant effects”, inhibition of
PDGF-stimulated proliferation and upregulation of tu-
mor growth factor (TGF)-f signaling in murine mesangial
cells and cultured heart cells" ",

Over the past decade the potential effect of statins as
anti-fibrotic agents has received increasing attention. The
rationale for the anti fibrotic efficacy is based on the abil-
ity of statin compounds to: (1) decrease the growth of
human Ito cells in vitro, independently of their effect on
cholesterol synthesis''; (2) inhibit the proliferation rate
of HSC and reduction of the collagen protein steady
state levels by both simvastatin and lovastatin'"”; (3) in-
hibit steatosis, hepatic fibrosis and carcinogenesis in a rat
model of non-alcoholic steatohepatitis (NASH)"; and
(4) enhance hepatic nitric oxide production and decrease
hepatic vascular resistance in patients with cirrhosis and
portal hypertension™. In addition to inhibiting stellate
cell activation, the anti-oxidative activity and the attenu-
ation of inflammation by specific statin derivatives may
also contribute to the inhibition of fibrosis. Despite the
existing data suggesting that statin derivatives can inhibit
fibrosis by various mechanisms, treatment with simvas-
tatin or pravastatin did not decrease fibrosis-induced by
bile duct ligation (BDL) or carbon tetrachloride (CCls)
P2 However, one recent study showed that very
carly atorvastatin treatment inhibits HSC activation and
fibrosis in the BDL model 7z vivo™".

To further elucidate the anti-fibrotic activity of
statins in the liver, we examined the effects of both ator-
vastatin and rosuvastatin in a well characterized model
of chronic thioacetamide (TAA)-induced administration
in which cirrhosis is mainly produced »iz the formation
of reactive oxygen species. TAA undergoes an extensive
metabolism to acetamide shortly after administration,
and to the hepatotoxic reactive metabolite thioacet-
amide-S-oxide by the mixed function oxidase system™*",
We hypothesized that inhibition of HSC activity in ad-
dition to the anti inflammatory and anti oxidative effects
induced by statins may prevent the hepatic damage in-
duced by TAA in rats.

Our results indicate that both atorvastatin and rosu-
vastatin did not diminish neither oxidative stress nor the
development of TAA-induced cirrhosis in rats, and also
had no effect on the proliferation of cultured HSC.

in rats
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MATERIALS AND METHODS

Materials and animals

TAA, atorvastatin and rosuvastatin was purchased from
Sigma (Sigma Chemical Co., St. Louis, MO). Male Wi-
star rats (250-300 g), obtained from Tel-Aviv University
Animal Breeding Center, were kept in the animal breed-
ing house of the E. Wolfson Medical Center and fed a
Purina chow ad libitum. Animals were kept with a 12-h
light-dark cycle at constant temperature and humidity
and the rats had free access to tap water during the study
period. Use of animals was in accordance with the Na-
tional Institutes of Health Policy on the care and use of
laboratory animals and was approved by the Animal Use
and Care Committee of the E. Wolfson Medical Center.

Induction of liver cirrhosis

For induction of liver cirrhosis, rats were given intra-
petitoneal injections of thioacetamide, 200 mg/kg, twice
a week for 12 wk, as previously described””. Control
rats were treated with intraperitoneal injections of NaCl

0.9%.

Analysis of liver histopathology

The rats were sacrificed at the completion of the treat-
ment protocols, their livers were removed, and midsec-
tions of the left lobes of the livers were processed for
light microscopy. This processing consisted of fixing
the specimens in a 5% neutral formol solution, embed-
ding the specimens in paraffin, making sections of 5 pm
thickness, and staining the sections with hematoxylin
and eosin and Masson Trichrome. The tissue slices were
scanned and scored blindly by two expert pathologists.
The degree of fibrosis was expressed as the mean of 10
different fields in each slide, which had been classified

on a scale of 0-4 according to Batts and Ludwig[zg].

Measurement of hepatic hydroxyproline levels
Quantitative determination of hepatic hydroxyproline
content was performed as previously described"™”.

Measurement of hepatic malondialdehyde

For the determination of the hepatic content of malo-
ndialdehyde, liver tissue (5 g) was cut into small pieces
using a razor blade, and homogenized after dilution in
H20 1:10 w/v. Liver homogenate was centrifuged in
900 g for 5 min, and then the supernatant was collected
and centrifuged in 20 000 rpm in Sorvall for 30 min
using plastic tubes. The clear supernatant was obtained
and malondialdehyde was measured and expressed as
nmole/g wet tissue using the thiobarbituric acid meth-
od™. Briefly, to 1 mL of 10% liver homogenate with
1.15% KCI were added 2 mL of fresh solution 15%
w/v TCA, 0.375% w/v thiobarbituric acid, 0.25 mL/L
HCI. The mixture was heated at 95 C for 15 min. The
solution was cooled to room temperature using tap wa-
ter and centrifuged at 300 rpm for 10 min. Absorption
of the pink supernatant was determined spectrophoto-
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metrically at 532 nm.

Effect of atorvastatin on proliferation of primary hepatic
stellate cells

Hepatic stellate cells were isolated from male rat using
sequential pronase-collagenase digestion followed by
Nycodenz (Sigma-Aldrich, Inc., St. Louis, MO, United
States) density gradient centrifugation essentially as de-
scribed previously with minor modifications'". Briefly,
the liver of male rat Wistar (300-400 g) was minced with
scalpels and incubated with 100 mL of freshly prepared
and filtered-GBSS with 65 mg pronase (Roche Molecu-
lar Biochemicals, Indianapolis, IN, United States), 50 mg
collagenase (Worthington Biochemical Corporationy,
Lakewood, NJ, United States), and 0.5mL 2.7%CaCl: for
15 min at 37 'C with 200 rpm shaking, Then 50 mL of
freshly prepared and filtered-GBSS was added contain-
ing 12.5 mg pronase, 12.5 mg collagenase, 20 pg/mL
DNAse I (Sigma-Aldrich, Inc., St. Louis, MO, United
States) and 0.25 mL 2.7% CaClz for 30 min at 37 C
with 200 rpm shaking. The digested tissue was filtered
through a sterile 150-um metal mesh, and the cells were
centrifuged at for 2000 rpm for 7 min. The digested liver
hepatic stellate cells were isolated on a 17.5% Nycodenz
gradient centrifuged at 2700 rpm for 20 min. A stellate
cell-enriched fraction was present in the upper layer.
Cells were washed twice by centrifugation (1200 rpm,
4 °C, 5 min) in DMEM with 10% fetal calf serum (FCS),
100 pg/mL penicillin and 100 ug/mL of streptomycin.

Reagents

Atorvastatin (Sigma-Aldrich, Inc., St. Louis, MO, United
States) stock solution was dissolved in DDW to a con-
centration of 5 x 10™ mol/L. PDGF-BB (Peprotech Inc.
NJ, United States) was dissolved in DDW to a concen-
tration of lug/mL. All the reagents were aliquot and
stored in -20 C until use.

Proliferation assays

The proliferation of HSC was examined by BrdU meth-
od (Exalpha biological, Inc. Watertown, MA, United
States). Primary HSC were cultured for 14 d, after which
they were trypsinized and plated at a density of 20 000
cell/well in 96 well plates in DMEM containing 10%
FCS. The cells were incubated for 24 h, and then they
were serum starved in DMEM + 0.5% FCS overnight.
At the following day, the various stimuli were added in
medium containing 0.5% FCS. HSC were exposed to
either 30 ng/mL of PDGF (Peprotech, Inc. NJ, United
States), and different concentration of Atorvastatin (5 X
10® mol/L, 107 mol/L, 5 x 10" mol/L) alone, ot com-
bination of the two. After 24 h the cells were tested for
proliferation according to the manufacture instruction.

Western blotting
HSCs were plated on 100 mm plates at a density of 2
x 10° cells/ plate. After 24 h, the medium was changed
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to starvation medium (DMEM + 0.5% FCS) overnight.
The following day, cells were incubated for 24 h with
the different treatments according to which experiments
were performed. Total proteins were extracted by incu-
bating the cells for 30 min on ice in RIPA buffer con-
taining a 1:100 dilution of a protease inhibitor cocktail
(Sigma-Aldrich, Inc., St. Louis, MO, United States). After
20 min centrifugation at 14 000 rpm at 4 C, extracts
were normalized to total protein content, determined
using the BCA Reagent (Sigma-Aldrich, Inc., St. Louis,
MO, United States). Equal amounts of total protein-
were separated in 4%-12% bis-tris (BT) gels (NuPAGE,
Gibco-BRL Life Technologies, Grand Island, NY),
blotted onto Hybond C extra membranes, blocked
overnight in 5% milk, and incubated with antibodies
against or smooth muscle actin (aSMA), glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (Santa Cruz
Biotechnology, Santa Cruz, CA, United States) and then
incubated with horseradish peroxidase-conjugated sec-
ondary antibody. Afterwards, signals were detected by
chemiluminescent. Expression of proteins was normal-
ized to the expression of GAPDH.

Experimental design (in vivo experiments)

Control groups: (1) normal controls: injections of NaCl
0.9%; and (2) cirrhotic controls: TAA (200 mg/kg ip,
twice weekly) injections for 12 wk.

Atorvastatin groups: (1) TAA + Atorvastatin 1 mg/kg
daily; (2) TAA + Atorvastatin 10 mg/kg daily; and (3)
TAA+ Atorvastatin 20 mg/kg daily.

Rosuvastatin groups: (1) TAA + Rosuvastatin 2.5 mg/
kg daily; (2) TAA + Rosuvastatin 5 mg/kg daily; (3) TAA
+ Rosuvastatin 10 mg/kg daily; and (4) TAA + Rosuvas-
tatin 20 mg/kg daily.

Each subgroup included 6-7 rats. The statins were
given po, started concurrently with TAA and continued
during the study. When the treatments were completed
after 12 wk the rats were sacrificed, their livers were re-
moved and the weights of their spleens measured.

Statistical analysis

The data are presented as median (range). The signifi-
cance of differences among different groups was deter-
mined by a student’s ~test.

RESULTS

Induction of liver cirrhosis by thioacetamide

Intrapetitoneal administration of TAA for 12 wk, result-
ed in a uniform coarse granulation of the surface of the
rats’ liver. Microscopic analysis revealed liver cirrhosis,
characterized by mixed-sized fibrotic nodules in these
TAA-treated rats. Neither atorvastatin not rosuvastatin

had any effect on liver enzymes when given alone or in

addition to TAA.
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Table 1 Effects of rosuvastatin and atorvastatin treatment on oxidative stress and liver fibrosis in thioacethamide-treated rats

ALT MDA nmole/g liver Hydroxyproline (mg/g protein) Fibrosis score (0-4) Spleen weight (mg)

Rosuvastatin dose (mg/kg)

Control 9 (44, 69) 30.6 (205, 31.1) 2, 67 (1.9,3.3) 0 1200 (1100, 1400)
Ros 2.5 2 (47, 58) 241 (19.8,33.9) 7(22,3.5) 0 1020 (950, 1150)
Ros 5 0 (41, 57) 313 (26.9, 36.7) 8(23,3.1) 0 1100 (950, 1300)
R10 6 (46, 64) 33.7 (27.7,37.8) 3(18,3.7) 0 1000 (800, 1200)
R20 44 (41, 47) 29.4 (23.9, 39.6) 9(24,42) 0 1200 (900, 1200)
TAA 3 (37, 79) 48 7 (38.4,50.2) 11 2 (4.5,15.4) 4(15,4) 1900 (1600, 2200)
TAA +R25 3 (47, 63) 22 (19, 31.2) 5(3.7,13.1) 25(1,4) 1450 (1050, 1950)
TAA +R5 4 (48, 67) 365 (24.8,52.1) 11. 0 (47,16.2) 3.25 (1, 4) 1230 (1000, 1350)
TAA +R 10 1 (43, 60) 37.8 (27.5,44.9) 11.8 (8.3,16.2) 3(2,4) 1200 (1100, 1500)
TAA +R20 51.5 (48, 55) 39.2 (29.6,46.8) 12.3 (3.1, 14.3) 35(1,4) 1050 (900, 1300)
Atorvastatin dose (mg/kg)

Control 9 (44, 69) 306 (20.5,31.1) 2, 67 (1.9,3.3) 0 1200 (1100, 1400)
Ato 1 1 (55, 81) 32.8 (27.4, 33.6) 5(2.1,3.1) 0 1300 (1100, 1400)
Ato 10 6 (53, 59) 32.9(29.1,35.2) 4 (1.6,3.7) 0 1200 (1100, 1300)
Ato 20 8 (48, 73) 30.1 (29.8, 35.3) .3 (1.95, 3) 0 1100 (1100, 1200)
TAA 63 (37, 79) 487 (38.4,50.2) 11 2 (45,15.4) 4(15,4) 1900 (1600, 2200)
TAA + Ato 1 9 (22, 70) 46.6 (35.8, 63.1) 1(6.7,16.1) 3(2,4) 1600 (900, 3000)
TAA + Ato 10 3 (47, 62) 434 (36.2,53.1) 12 5 (6.9, 15.4) 4(2,4) 1500 (1400, 1700)
TAA + Ato 20 7 (43, 67) 482 (34.2,58.5) 10.9 (5.3, 16.8) 4(3,4) 1500 (1300, 1700)

n =7, in the groups that received thioacethamide (TAA), n = 4 in the control, rosuvastatin only treated groups and atorvastatin only treated groups. TAA,

200 mg/kg ip twice weekly for 12 wk. Rosuvastatin and atorvastatin had given daily by nasogastric gavage. Ros: Rosuvastatin; ALT:Alanine transaminase;

MDA: Malondialdehyde.

Inhibition of thioacetamide-induced liver cirrhosis by
statins

Compared to the rats which received TAA only, neither
atorvastatin nor rosuvastatin had protective effect on
the histopathologic score after 12 wk and TAA-induced
liver cirrhosis was not inhibited by all the doses that
were examined. Hepatic fibrosis was also quantitated by
the measurement of hepatic hydroxyproline levels. The
mean hydroxyproline levels of the TAA-treated group
were similar to those of the TAA plus atorvastatin or
rosuvastatin at all doses used.

Spleen weights

An indirect measure of portal hypertension was obtained
by measuring the weights of the rats’ spleens at the end
of the experiment. Characteristic hemodynamic changes
have previously been shown after 3 mo of TAA admin-
istration, i.e., upon TAA-induced liver cirthosis®". These
changes include portal hypertension and hyperdynamic
circulation which are accompanied with a significant
increase in spleen weight. After 12 wk, the mean spleen
weight of rats receiving TAA was about 30% higher than
those receiving injections of 0.9% NaCl or statins only.
The mean spleen weight of rats that received statins in
addition to TAA was not lower than that of TAA alone

(Table 1).

Hepatic levels of malondialdehyde and lipid peroxides

The hepatic levels of malondialdehyde measured after
12 wk, were not significantly different in the rats treated
with TAA and statins compared to TAA only. Table 1
summarize the rosuvastatin and atorvastatin treatment
effects on oxidative stress and liver fibrosis in TAA-
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treated rats [median (range)|, 7 = 6-7.

Effect of Atorvastatin on hepatic stellate cells
proliferation and smooth muscle actin expression
Atorvastatin in different concentrations had no effect on
HSC proliferation as examined by the BrdU method (Fig-
ure 1) and no effect on the expression of smooth muscle
actin determined by western blot analysis (Figure 2).

DISCUSSION

Our major finding in the present study is that atorvas-
tatin and rosuvastatin do not have a therapeutic value as
a potential anti-oxidant or anti-fibrotic agents targeting
increased oxidative stress or liver fibrosis induced by
TAA in rats.

There are various experimental observations regard-
ing the direct anti-fibrotic activity of the statins by the
inhibition of stellate cell proliferation; lovastatin inhib-
its pancreatic stellate cell activation and alpha-smooth
muscle actin expressionm] and both simvastatin and
lovastatin interferes with HSC activation in vitro™?".
Fluvastatin reduces renal fibroblast proliferation and
collagen type Il production[3ZJ and suppresses oxidative
stress and kidney fibrosis after ureteral obstruction®”,
It is also possible that the anti-fibrotic effects of statins
are mediated through mechanisms that stimulate fi-
broblast apoptosis iz vitro and in vivo as it was shown in
lung and renal fibroblasts™. Alternatively, the anti-
fibrotic effects of statins may be mediated through their
newly recognized anti inflammatory"” and antioxidant
mechanisms™ . These include the inhibition of myelo-

. . .. . . . 36
peroxidase derived and nitric oxide derived oxidants™,
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Figure 1 Effect of atorvastatin on hepatic stellate cells proliferation.
PDGF: Platelet derived growth factor.

S-nitrosylation and activation of thioredoxin in endothe-
lial cells™”, decreased expression of essential NAD(P)H
oxidase subunits and upregulation of catalase expression
in vascular smooth muscle cells”. Statins also induce
the expression of a protein with antioxidant and anti-
inflammatory functions, heme oxygenase-1 (HO-1), in
P However, this effect is tissue specific
demonstrating significant increase in liver HO-1 with
simvastatin and lovastatin but not atorvastatin and ro-
suvastatin. The involvement of hydroxyl radicals and
oxidative stress in TAA induced cirrhosis”™, the anti-
oxidative effects of different statins, including atorvas-
tatin, and the antifibrotic effect of atorvastatin in a rat
model if BDL as was reported recently by Trebicka e#
al™, provided a good rationale for the assumption that

vitro and 1 vivo

statins may reduce or prevent fibrogenesis in this specific
animal model.

The explanation for the unexpected failure of atorv-
astatin and rosuvastatin to inhibit fibrosis in this model
of cirrhosis are not clear. Two studies demonstrated
anti fibrogenic effects of atorvastatin in a CCls induced
fibrosis™*". Gatrdner ¢z /""" have shown that atorvas-
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Figure 2 Atorvastatin effect on the expression of smooth muscle actin.
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; SMA: Smooth muscle
actin.

tatin exhibited statistically significant, although modest,
suppression of CCls-induced fibrogenesis after 3 wk of
treatment. This was shown only using a novel technique
for measuring hepatic collagen synthesis 7z vivo through
metabolic labeling with heavy water (‘H=0). Histopathol-
ogy of the same tissues revealed no significant differ-
ences in fibrosis scores among groups that received co-
treatment with atorvastatin, emphasizing the importance
of the fibrosis measuring method.

Nevertheless the evidence that fibrosis was not inhib-
ited by atorvastatin and with a more potent cholesterol
metabolism pathway inhibitor, rosuvastatin, suggests that
this effect is not selective and occurs independently of
their HMG-CoA inhibition. Since we used much higher
doses than those used clinically (up to 20 mg/kg) it does
not seem that we are dealing with under dose treatment.
Appropriate timing for the administration of the statins
may also be critical. Later therapy in the BDL model, for
example, lacked significant effects on fibrosis with no
change in hepatic inflammation””. The statin treatment in
our study began in parallel to the administration of TAA.
Although, it is possible that pretreatment by statins would
be more effective, the fact that there was no improvement,
neither in MDA levels not in fibrosis after three months,
do not support this hypothesis. Another possibility to ex-
plain these negative results might be the selection of the
wrong statins. Indeed, the two statins that inhibited HSC
proliferation in vitro were lovastatin and simvastatin'"
and atorvastatin 7z vivo. In addition pitavastatin was the
one that inhibited hepatic fibrosis in a choline-deficient
L-amino acid defined diet liver fibrosis'”. However, de-
spite these effects, even the latter mechanisms were not
efficient to prevent or inhibit liver fibrosis, as it was dem-
onstrated with simvastatin or pravastatin in two different
animal models of cirrhosis (bile duct ligation and CCls),
in rats”
cal trials also lack or have minimal effect in chronic liver
disease™". Finally, statin-induced protein kinase C (PKC)
activation in activated HSCs may interrupt statin-induced
HSC apoptosis, thereby reducing its antifibrotic efficacy.
Indeed Yang et al*" recently demonstrated that simultane-
ous treatment with pravastatin and PKC inhibitor may

* Moteover, antioxidant therapy in human clini-
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synergistically enhance antifibrotic efficacy in hepatic fi-
brosis induced by intraperitoneal injection of carbon tet-
rachloride or thioacetamide in mice. Finally, we also have
to consider the possibility that the negative results may be
due to the small numbers (type 2 error).

To further explore the effect of statins on liver fibro-
sis we examined the effect of several atorvastain con-
centrations on the proliferation of primary HSC. We ob-
served that atorvastatin had no inhibitory effect on HSC
proliferation either in the presence or in the absence of
PDGF (Figure 1). This finding is in discordance with
several previous studies that demonstrated decreased
HSC activation by statins! '*. Moreover, using western
blot analysis we found that atorvastatin (5 X 10°-10”
mol/L) had no effect on the expression of o smooth
muscle actin further supporting the lack of effect shown
in the proliferation assay.

It is of interest that treatment with atorvastatin or
rosuvastatin in all doses did not reduce spleen weights, a
parameter of portal hypertension. This is in contrast to
the recently described therapeutic effects of simvastatin
in patients with cirrhosis and portal hypertension. In pa-
tients with cirrhosis and portal hypertension simvastatin
enhanced hepatic nitric oxide production and decreased
hepatic resistance’. Similatly, in cirthotic rats, induced
by BDL, atorvastatin has been shown to lower intrahe-
patic resistance and to decrease portal hypertension'™,

Finally, oral atorvastatin and rosuvastatin were both
well tolerated with no side effects, toxicity or mortality.
Furthermore, transaminase levels, hepatic MDA and hy-
droxyproline and liver histopathology score did not ag-
gravate. These data suggest that the use of atorvastatin
and rosuvastatin is not associated with an increased risk
of hepatoxicity in damaged liver.

In summary, our results show that atorvastatin and ro-
suvastatin have no effect on TAA-induced liver cirrhosis.
Obviously further studies are required to evaluate whether
statins may have therapeutic applications, in the develop-
ment of hepatic fibrosis induced by other etiologies.

COMMENTS

Background

Liver cirrhosis is one of the leading causes of morbidity and mortality worldwide.
Hepatic stellate cells (HSC) play a major role in the pathogenesis of hepatic
fibrosis. Several studies demonstrated that activation of HSC in culture is pro-
voked by generation of free radicals. Accordingly, antioxidants have been sug-
gested as therapeutic modalities in experimental models, and in patients with
chronic liver injury.

Research frontiers

Previous studies mainly focused on the potential effect of statins as anti-fibrotic
agents. However, whether the anti-oxidative activity and the attenuation of
inflammation by specific statin derivatives may also contribute to the inhibition
of stellate cell activation and fibrosis remain unclear. The authors hypothesized
that inhibition of HSC activity in addition to the anti inflammatory and anti oxida-
tive effects induced by statins may prevent the hepatic damage induced by TAA
in rats.

Innovations and breakthroughs

To further elucidate the anti-fibrotic activity of statins in the liver, the authors ex-
amined the effects of both atorvastatin and rosuvastatin in thioacetamide (TAA)-
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induced liver fibrosis in which cirrhosis is mainly produced via the formation of
reactive oxygen species. The major finding was that both statins do not have
a therapeutic value as a potential anti-oxidant or anti-fibrotic agents targeting
increased oxidative stress or liver fibrosis induced by TAA.

Applications

The results show that atorvastatin and rosuvastatin have no effect on cirrhosis
induced mainly by oxidative stress. Further studies are required to evaluate
clarify the mechanism by which statins may have therapeutic applications, in
hepatic fibrosis induced by other etiologies.

Terminology

3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors
(statins) are used extensively to reduce serum cholesterol in an effort to re-
duce atherosclerotic cardiovascular morbidity and mortality. In addition to their
cholesterol-lowering effect, statins demonstrate also anti-inflammatory and
antioxidant effects. TAA-induced cirrhosis is mainly produced via the formation
of reactive oxygen species. TAA undergoes an extensive metabolism to acet-
amide shortly after administration, and to the hepatotoxic reactive metabolite
thioacetamide-S-oxide by the mixed function oxidase system.

Peer review

Well written manuscript which presented that atorvastatin or rosuvastatin did
not inhibit the formation of TAA-induced liver cirrhosis in rats. Further, no induc-
tion of oxidative stress or effect on HSC proliferation have been noted. The
model is well presented, the experiments seems to be correct. Even if results
are negative, and in partial or total contrast with previous studies, the study ap-
pears well conducted and the results discussed with honesty, and caution.
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