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Background: Abundant experimental evidence indicates overproduction of angiotensin II in the injured
liver, and a role in stimulation of hepatic stellate cell (HSC) activation and fibrogenesis thereby, representing
an attractive antifibrotic target. The aim of this study was to examine the antifibrotic effect of losartan on
histopathologic level in chronic HCV patients.
Methods: A prospective study on fifty patients with chronic HCV and liver fibrosis proved by liver biopsy
was conducted. They included patients who did not respond (n=36) or comply (n=2) or receive therapy due
to established cirrhosis (n=10), or refused to receive (n=2) combined interferon and ribavirin therapy. They
were divided randomly into 2 groups. The 1st group (n=25) was given losartan 50 mg OD for 1 year and
the 2nd group (25 patients) was given silymarin, 140 mg t.i.d., (silymarin group). Liver biopsy was done at
baseline and 1 year from the onset of treatment (end of study).
Results: In the second liver biopsy after 1 year, the decrease in fibrosis stage was significantly different
between losartan group and silymarin group (a decrease of 1.88±0.96 (50.9%) vs. 0.45±0.93 (11.7%),
respectively; P<0.01). In patients treated with losartan, regression in fibrosis stage was observed in
14/16 patients vs. 2/11 in silymarin group (P<0.01). No differences were observed in inflammation grades
in both groups. A significant increase in albumin and prothrombin levels and a decrease in systolic blood
pressure were found in losartan but not in silymarin group (P=0.009, 0.001 & 0.018 respectively and
P=0.158, 0.603 & 0.288, respectively).
Conclusions: Histopathological scores showed that losartan had an inhibitory effect on progression and
even led to regression of fibrosis stage but had no effect on the grade of inflammation.
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Introduction
The landscape of treatment for HCV infection has evolved
substantially since the introduction of highly effective HCV
protease inhibitor therapies in 2011. The pace of change is
expected to increase rapidly, as numerous new drugs with
different mechanisms of action will likely become available
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over the next few years (1). However, alternative medical
strategies to reduce hepatic fibrosis are under investigation
as drugs with antifibrotic effects may be an option in the
treatment of patients with chronic HCV who are not
eligible or non-responders to anti HCV therapy (2).
In vitro studies have shown that angiotensin II (ANGII) is
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a mitogenic protein for a number of cell types and between
them are the HSCs. In normal human liver, hepatic stellate
cells (HSC) do not express ANGII type 1 (AT1) receptors
nor do they secrete ANGII. Following chronic liver injury,
however, HSC transform into myofibroblast-like cells and
express both ANGII type 1 (AT1R) receptors and generate
mature ANGTII, which exerts an array of proinflammatory
and profibrogenic actions (3,4), like upregulating the
transforming growth factor (TGF) β1 expression via ANGII
type 1 receptor (AT1R) (4).
The fact that the actions of ANGII are mediated through
AT1R is related to therapeutic interventions preventing these
pathogenic effects, since AT1R can be completely blocked
by losartan, a specific ANGII receptor antagonist (5-8).
For instance, ANGII stimulated mRNA expression of
TGF-β and fibronectin can be reversed by saralasin and
losartan, nonselective and specific antagonists for AT1R
receptors, respectively (9).
Moreover, patients with chronic HCV who displayed
decreased fibrosis in response to losartan administration
(50 mg/day for 18 months) showed decreased c-Jun
N-terminal kinase (JNK) phosphorylation, an enzyme
activated in HSC during hepatic fibrogenesis (10). Also,
Moreno et al. (11) proved that targeted delivery of losartan
to HSCs led to reduction of advanced liver fibrosis; this
may provide a novel therapeutic strategy for patients with
chronic liver fibrosis.
Therefore, the aim of this study was to investigate the
possible antifibrotic effect of losartan on histopathologic
level (not by studying serum biomarkers, profibrogenic
markers or digital image analyses (in chronic HCV patients
with established fibrosis.
Methods
A prospective study on 50 patients with chronic HCV
infection and liver fibrosis, (proved by liver biopsy) were
enrolled in this study in Tropical Medicine Department;
Theodor Bilharz Research Institute from 2012 to 2013.
Among these patients, 36 were previous non-responders to
a 12-week combined therapy of Peg/Riba and 2 showed lack
of compliance to the mentioned treatment. The remaining
12 patients were either not suitable for interferon therapy
due to established cirrhosis (10 patients) or they refused to
receive treatment (2 patients).
The cirrhotic patients were not evaluated as a separate
group as the statistics would be affected by the small
sample size.
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The patients were divided randomly (computergenerated) into 2 groups. The 1st group (n=25) was given
losartan 50 mg as a single daily dose for 1 year (losartan
group) and the 2nd group (n=25) was given silymarin 140 mg
t.i.d. (silymarin group). Placebo was not easily available, so,
silymarin was used as it has conflicting reports on fibrosis.
Written informed consent was obtained from all patients,
and the local ethics committee approved the study protocol,
based on the 1975 Declaration of Helsinki.
Inclusion criteria: (I) adults aged up to 60 years old;
(II) having evident fibrosis on liver biopsy (Ishak score >F1)
with compensated liver disease (chronic active hepatitis or
Child-A cirrhosis); (III) Patients who did not respond or
receive complete course (48 weeks) of combined therapy
(Peg/Riba), whether patients with history of unsuccessful
antiviral therapy (stopped at least 1 year before enrolment in
the study, including non-responders and who discontinued
Peg/Riba due to intolerable side effects) or patients who
refused (Peg/Riba) therapy.
Patients were recruited from the patients excluded from
or did not complete our Egyptian national program for
treatment of HCV.
Exclusion criteria: (I) other causes of chronic liver disease
rather than HCV; (II) decompensated cirrhosis, evident
hepatic focal lesions and/or variceal bleeding; (III) patients
with renal impairment (serum creatinine above 3 mg/dL);
(IV) candidates (and willing to receive) for interferon
therapy; (V) both active drinkers and abstainers.
Patients were subjected to: (I) thorough history and
medical examination; (II) liver and kidney function tests,
CBC, viral markers for HBV and HCV (HBsAg and
HCVAb) and quantitative PCR for HCV; (III) abdominal
ultrasound; (IV) liver biopsy at baseline and end of study.
All the patients were outpatients and biochemical tests
were done in the outpatient clinic. Clinical and biochemical
(liver profile and kidney function tests, CBC, HCV PCR)
and abdominal ultrasound follow ups and blood pressure
were assessed during the first week and monthly after
losartan administration (excluding HCV PCR done at
end of study). Liver biopsy was repeated after 1 year of
treatment (end of study). During losartan administration,
patients did not receive any other medications.
Liver biopsy
The sampling variability of liver fibrosis has been thoroughly
investigated. The liver core biopsy specimen represents
only a very limited part of the whole liver and fibrosis is
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heterogeneously distributed. In order to avoid these caveats
and limit the risk for false evaluation, we considered that a
biopsy specimen of at least 1.5 cm length and 1.4 mm thickness
is sufficient for accurate histological evaluation (12,13).
The procedure was done percutaneously, ultrasound
guided and on outpatient basis. Liver specimens, previously
fixed in formalin, were stained with hematoxylin and eosin
and Masson trichrome, and examined by two independent
liver pathologists, blinded to the clinical data of the patients.
The reciprocal consistence between the two pathologists
was satisfactory. Histological activity index and fibrosis stage
were assessed by means of Ishak’s score (14). Paired biopsy
specimens taken at baseline and at the end of the study were
compared.
Statistical analysis
Qualitative data of the 2 groups were presented by number
and percent. They were compared by Chi-square or
Fischer’s exact test, when appropriate. Quantitative data
were expressed by mean and standard deviation (SD).
They were compared by unpaired t-student test. Before
and after treatment, data in each group were compared by
paired t-test. In all tests, P was considered significant if less
than 0.05.
Results
The study included 50 patients divided randomly into 2
equal groups, losartan and silymarin groups, however, only
39 patients completed the study (1 year duration), of which
21 were taking losartan and 18 were taking silymarin.
Among the 39 patients who completed the study, only
27 underwent the second (end of trial) liver biopsy, of
which 16 were taking losartan and 11 were taking silymarin.
The causes of these drop-outs were patients’ refusal to the
second liver biopsy at the end of the study (n=12 patients)
or earlier refusal of compliance to treatment and follow
up (n=11).
The losartan group included 12 (75%) males and 4 (25%)
females with a mean age of 44.31±7.29 years, while the
silymarin group included 9 (81.8%) males and 2 (18.2%)
females with a mean age of 40.55±7.53 years.
There were no significant differences in the arterial
blood pressure and biochemical parameters, including
liver and kidney functions, blood counts, prothrombin
concentration and HCV PCR before starting treatment
both in the losartan group and silymarin group (Table 1).
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Also, there were no significant differences in fibrosis stage
and inflammation grade before starting treatment in both
groups.
In the second liver biopsy, after 1 year, the decrease
in fibrosis stage was significantly different between the
losartan group and silymarin group [a decrease of 1.88±0.96
(50.9%) vs. 0.45±0.93 (11.7%), respectively; P<0.01].
In patients treated with losartan, a decrease in fibrosis
stage was observed in 14/16 (87.5%) losartan group vs.
2/11 (18.2%) silymarin group (P<0.01). There were no
significant differences observed in grades of inflammation
in both groups (Table 2).
A significant increase in albumin level of 0.23±0.31
(7%) vs. a decrease of −0.07±0.21 (−1.8%) (P<0.01) and
an increase of prothrombin concentration of 5.81±4.69
(8%) vs. a decrease of −0.36±2.25 (−0.46%) (P<0.01) were
found at the end of the study in the losartan group when
compared to silymarin group respectively. No correlation
was found between fibrosis regression and improvement of
albumin/prothrombin levels in the losartan group (P>0.05)
(Tables 3,4).
Moreover, there was a significant decrease in systolic
arterial blood pressure at the end of the study in the losartan
group, but not in silymarin group (P=0.018) (Tables 3,4).
However, there were no significant changes in the rest
of the biochemical parameters, including liver and kidney
profiles, blood counts and HCV PCR both before and at
the end of the study in both groups (Tables 3,4). No serious
side effects were noted during the study.
Discussion
It is well known that, at present, the most effective therapy
for treating hepatic fibrosis is the removal of the causative
agent. In chronic HCV, this goal may be achieved with
antiviral therapy (whether standard or DAAs) in a significant
proportion of patients. Nevertheless, non-responders
or cirrhotics may obtain a benefit from the emerging
antifibrotic therapies (2).
When considering antifibrotic therapy, it is important
to recognize that fibrosis is a dynamic process. Although
the fibrotic lesion was once believed to be static, abundant
evidence indicates otherwise. A prominent feature of liver
fibrosis is extracellular matrix turnover, including not only
synthesis but also degradation (15). Thus, the fibrogenic
process is dynamic, and even advanced fibrosis is reversible.
Many specific antifibrotic treatments have been tested,
but none have succeeded. Nonetheless, because of the
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Table 1 Clinical and laboratory features of Losartan and control groups at baseline
Characteristics

Losartan group (n=21)

Systolic blood pressure (mmHg)

Control group (n=18)

P value

124.55±14.74

0.915

125.00±6.83

Diastolic blood pressure (mmHg)
HCV PCR (×103)
3

TLC (×10 )

65.94±6.64

72.27±10.34

0.063

248.83±395.54

225.44±470.82

0.892

5.60±1.89

5.31±1.54

0.677

Hb (mg/dL)

11.19±1.16

11.75±1.15

0.229

PLT (×103)

122.94±52.41

130.73±60.36

0.724

PC (%)

72.06±8.89

77.00±8.45

0.160

ALT (IU/L)

87.94±46.89

80.91±35.23

0.677

AST (IU/L)

68.94±33.49

71.18±24.27

0.851

ALP (IU/L)

213.94±82.37

196.36±57.64

0.547

Albumin (g/dL)

3.12±0.55

3.78±0.46

0.101

T. billirubin (mg/dL)

1.10±0.53

1.20±0.58

0.876

D. billirubin (mg/dL)
Urea (mg/dL)
Creatinine (mg/dL)
Fast. glucose (mg/dL)

0.41±0.54

0.55±0.58

0.490

28.00±15.00

31.00±25.00

0.281

1.05±0.30

1.00±0.33

0.805

78.00±105.00

99.00±62.00

0.638

4

0.490

Cirrhosis (n)

6

PCR, polymerase chain reaction; TLC, total leukocytic count; Hb, hemoglobin; PLT, platelets; PC, prothrombin concentration; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase.

Table 2 Histological changes in losartan and control groups
after 1 year
Characteristics

Before

After

P value

Fibrosis stage

3.69±0.79

1.81±1.17

0.001

Inflammation grade

8.25±1.61

8.00±1.93

0.652

3.82±0.60

3.36±0.92

0.138

Inflammation grade 10.00±1.55

9.27±1.01

0.221

Losartan group (n=16)

Control group (n=11)
Fibrosis stage

importance of fibrosis, the field of antifibrotic compounds is
rapidly growing (16).
The ANGII system represents an extremely attractive
antifibrotic target. Abundant experimental evidence
indicates overproduction of ANGII in the injured liver,
and a role of ANGII in stimulation of HSC activation and
fibrogenesis (17).
Since renin-angiotensin system blockers are promising
drugs in reducing the accumulation of scar tissue in
experimental models of chronic liver injury and in pilot
small scale studies, we performed our study aiming to
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examine the antifibrotic effect of losartan administration in
chronic HCV non-responders or those with contraindications
to interferon plus ribavirin regimen.
In our study, histopathological scores showed that
losartan had an inhibitory effect on the progression of
hepatic fibrosis stage and even led to regression of fibrosis in
87.5% of patients. Also, Sookoian et al. (2) performed a study
on 14 chronic HCV patients giving them losartan 50 mg/d
for 6 months. The changes in the fibrosis stage were
significantly different between the losartan group (decrease
of 0.5±1.3) and control group (increase of 0.89±1.27;
P<0.03). In the treated patients, a decrease in fibrosis stage
was observed in 7/14 patients vs. 1/9 controls (P<0.04). A
decrease in sub-endothelial fibrosis was observed in the
losartan group. Subendothelial fibrosis was evaluated by
digital image analyses. As in a previous study of their group
using this method they showed a high correlation between
image analysis and fibrosis stage. No differences were found
in histological activity index after losartan administration.
Similar results were found by Colmenero et al. (18)
who studied 14 patients with HCV and liver fibrosis who
received losartan (50 mg/day) for 18 months. In their
study, overall collagen content and fibrosis stage remained
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Table 3 Clinical and laboratory features of the losartan group (n=21)
Characteristics
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
HCV PCR (×103)
3

TLC (×10 )

Before

After

125.00±6.83

P value

121.25±7.19

0.018*

65.94±6.64

64.69±7.63

0.216

248.83±395.54

329.63±507.18

0.493

5.60±1.89

5.51±1.38

0.562

Hb (mg/dL)

11.19±1.16

11.19±1.30

1.000

PLT (×103)

122.94±52.41

109.06±47.76

0.140

PC (%)

72.06±8.89

77.88±9.52

0.001*

ALT (IU/L)

87.94±46.89

78.31±30.41

0.253

AST (IU/L)

68.94±33.49

74.13±32.41

0.262

ALP (IU/L)

213.94±82.37

211.63±63.86

0.902

Albumin (g/dL)

3.12±0.55

3.35±0.46

0.009*

T. billirubin (mg/dL)

1.10±0.53

1.06±0.23

0.316

D. billirubin (mg/dL)
Urea (mg/dL)
Creatinine (mg/dL)
Fast. glucose (mg/dL)

0.41±0.54

0.54±0.34

0.395

28.00±15.00

32.00±18.00

0.392

1.05±0.30

1.03±0.50

1.000

78.00±105.00

89.00±83.00

0.340

*, P value significant, values are the mean ± SD. PCR, polymerase chain reaction; TLC, total leukocytic count; Hb, hemoglobin;
PLT, platelets; PC, prothrombin concentration; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline
phosphatase.

Table 4 Clinical and laboratory features of the control group (n=18)
Characteristics

Before

After

Systolic blood pressure (mmHg)

124.55±14.74

Diastolic blood pressure (mmHg)

72.27±10.34

71.82±10.31

0.588

225.73±470.44

152.09±328.31

0.132

5.31±1.54

5.74±1.52

0.180

HCV PCR (×103)
TLC (×103)

120.45±8.79

P value
0.158

Hb (mg/dL)

11.75±1.15

11.62±1.12

0.651

PLT (×103)

130.73±60.36

134.00±61.65

0.676

PC (%)

77.00±8.45

76.64±8.98

0.603

ALT (IU/L)

80.91±35.23

86.82±35.98

0.517

AST (IU/L)

71.18±24.27

75.91±17.03

0.605

ALP (IU/L)

196.36±57.64

203.18±30.15

0.607

3.78±0.46

3.71±0.39

0.288

Albumin (g/dL)
T. billirubin (mg/dL)

1.20±0.58

1.01±0.44

0.476

D. billirubin (mg/dL)

0.55±0.58

0.49±0.24

0.379

31.00±25.00

29.00±18.00

0.221

1.00±0.33

1.05±0.42

1.000

99.00±62.00

68.00±103.00

0.348

Urea (mg/dL)
Creatinine (mg/dL)
Fast. glucose (mg/dL)

Values are the mean + SD or number. PCR, polymerase chain reaction; TLC, total leukocytic count; Hb, hemoglobin; PLT, platelets;
PC, prothrombin concentration; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase.
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stable in the whole series, yet the fibrosis stage decreased
in 7 patients (50%). Inflammatory activity improved in 7
patients (50%). Moreover, losartan treatment was associated
with a significant decrease in the expression of several
profibrogenic and NOX (NADPH oxidase) genes including
procollagen α1(I) and α1(IV), urokinase-type plasminogen
activator, metalloproteinase type 2, NOX activator 1
(NOXA-1) and organizer 1 (NOXO-1), and Rac-1.
Similarly, Kluwe et al. (10) detected a significant
reduction of fibrosis in patients who responded to losartan
with significant decrease in p-JNK expression (enzyme
playing an important role in hepatic fibroblasts and HSC)
whereas p-JNK expression remained unchanged in patients
who did not respond to Losartan.
Also, Terui et al. (19), in his study that included 30
patients divided into two groups, the degree of fibrosis was
expressed as the percentage of the total area measured using
a tablet measuring device for micromeasurement. They
found that the fibrosis score was not significantly different
before and after the study in the losartan group. However,
in the losartan group, fibrosis area showed a significant
decrease (P<0.001).
In our study, liver and renal biochemical tests and blood
cells counts showed no change in either group, except for
the prothrombin and the albumin levels in losartan arm,
who demonstrated a significant improvement in comparison
with the silymarin group. The improvement of albumin
and prothrombin levels could be due to decrease of fibrosis
leading to better blood supply to hepatocytes on histologic
level, this could lead to better function of hepatocytes.
Also, Sookoian et al. (2) found improvement of albumin
level, but prothrombin concentration changes were not
significant in their study. Additionally Sookoian et al. (2)
found significant increase in platelets number in losartan
group compared to silymarin group but this was not found
in our study. While Colmenero et al. (18) found no effects
on serum liver tests.
Also, El-Sisi et al. (20) studied the fibrosis in three
groups of chronic HCV, all three groups received silymarin,
the one group received telmisartan and the second received
losartan. They studied the serum biochemical markers like
ALT, AST, GGT, α2 macroglobulin, TGF-α and Urinary
hydroxyproline before and after treatment. The losartan
group showed non-significant changes while telmisartan
treated patients showed a significant increase in platelets
and leukocytic counts, significant reductions in the levels of
GGT, TGF-α, α2-macroglubulin and urinary hydroxyproline
(P<0.05) while silymarin group showed significant increases
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in TGF-α, α2-macroglobulin and urinary hydroxyproline.
No correlation was found, in our study, between fibrosis
regression and improvement of albumin/prothrombin levels
in the losartan group, this could be due to the small sample
size and needs a larger number to confirm or antagonize
this result.
In our study, there was a significant decrease in systolic
blood pressure at the end of the study in the losartan group,
but not in silymarin group. On the contrary, in El-Sisi
et al.’s study (20), a significant decrease in systolic and
diastolic blood pressure compared to baseline level was
found in telmisartan treated patients but not in losartan or
silymarin groups.
Serum HCV-RNA levels showed no change by the
end of our study, in confirmation, Sookoian et al. (2) and
Colmenero et al. (18) indicated that losartan antifibrotic
effect was not related to alleviation of the cause. That is
why Czaja (21) reported that losartan had shown safety and
efficacy in many clinical trials, and these experiences have
strengthened its preference as antifibrotic agent in different
causes of liver cirrhosis.
Patients with cirrhosis were not excluded, in our study,
aiming at studying the effect of losartan on the advanced
stage of fibrosis i.e., cirrhosis; they were also included as
some experts may have criticized the exclusion of the most
advanced fibrosis stage in our study.
In conclusion, Losartan had an inhibitory effect on
progression and even led to regression of the hepatic fibrosis
stage but had no effect on grade of inflammation. This was
associated with evidence of improvement in synthetic liver
functions, namely albumin and prothrombin synthesis.
Losartan action in reversing hepatic fibrosis could lead
to prevention of further complications like bleeding varices,
ascites and encephalopathy. Also, may lead to decreasing the
need for liver transplantations and all of its complications.
The explanation of the improvement of the synthetic
capability of the liver in cirrhotics is an ambitious one
and demands cautious translation in the clinical setting;
nevertheless, the reversal of fibrosis under treatment
has been demonstrated for various drugs (more recently
antivirals).
Losartan had no effect on HCV-RNA levels, denoting
that it has a direct antifibrotic effect and does not work
through the etiology of liver fibrosis.
A larger number studies is required to confirm its
antifibrotic action and, if proved, losartan may provide an
effective new approach to the treatment of non-responders
to antiviral therapy.
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