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Telmisartan attenuates hepatic fibrosis in bile duct-
ligated rats
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Aim: To evaluate the antifibrotic effect of telmisartan, an angiotensin II receptor blocker, in bile duct-ligated rats.
Methods: Adult Sprague-Dawley rats were allocated to 3 groups: sham-operated rats, model rats underwent common bile duct ligation 
(BDL), and BDL rats treated with telmisartan (8 mg/kg, po, for 4 weeks).  The animals were sacrificed on d 29, and liver histology was 
examined, the Knodell and Ishak scores were assigned, and the expression of angiotensin-converting enzyme (ACE) and ACE2 was 
evaluated with immunohistochemical staining.  The mRNAs and proteins associated with liver fibrosis were evaluated using RTQ-PCR 
and Western blot, respectively.
Results: The mean fibrosis score of BDL rats treated with telmisartan was significantly lower than that of the model rats (1.66±0.87 
vs 2.13±0.35, P=0.015).  However, there was no significant difference in inflammation between the two groups, both of which showed 
moderate inflammation.  Histologically, treatment with telmisartan significantly ameliorated BDL-caused the hepatic fibrosis.  Treat-
ment with telmisartan significantly upregulated the mRNA levels of ACE2 and MAS, and decreased the mRNA levels of ACE, angiotensin 
II type 1 receptor (AT1-R), collagen type III, and transforming growth factor β1 (TGF-β1).  Moreover, treatment with telmisartan signifi-
cantly increased the expression levels of ACE2 and MAS proteins, and inhibited the expression levels of ACE and AT1-R protein.
Conclusion: Telmisartan attenuates liver fibrosis in bile duct-ligated rats via increasing ACE2 expression level.
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Introduction
Liver fibrosis is a common outcome of many chronic liver 
injuries.  The normal liver structure, when distorted by scar 
tissue, may ultimately develop into overt cirrhosis.  Despite 
significant efforts, there is still no effective therapy for hepatic 
fibrosis.  The renin-angiotensin system (RAS) plays an 
important role in controlling liver fibrosis[1–3].  It is well known 
that the RAS influences cell differentiation, nutrition, and 
fibrosis, and it has been reported to play a role in heart and 
kidney disease[4, 5].  Moreover, recent studies have revealed 
that the RAS plays an important role in the progression of 
many chronic liver diseases[6, 7].  Furthermore, angiotensin 
II receptor blocker (ARB) modulation of the RAS to treat 
liver fibrosis has been reported in both animal and human 
studies[8, 9].

ARBs are largely regarded as a means to block vaso
constriction and inhibit the cell proliferation and fibrosis that 

are mediated by the angiotensin II type 1 receptor (AT1-R)[10].  
Yang et al[11] suggested that AT1-R play an important role in 
the development of fibrosis.  An increase in hepatic transform-
ing growth factor β1 (TGF-β1) and pro-inflammatory cytokine 
levels was attenuated in AT1-R knockout mice compared to 
WT mice[11].  Furthermore, Bataller et al[12] demonstrated that 
increased systemic Angiotensin (Ang) II augments hepatic 
fibrosis and promotes inflammation, oxidative stress, and 
thrombogenic events.  Telmisartan shows the greatest affinity 
for the AT1-R and exhibits the longest half-life of the ARBs 
that are currently available[13].  Moreover, telmisartan’s lipo-
philicity and affinity for the liver suggests that it is especially 
suitable for hepatic indications[13].  The angiotensin-converting 
enzyme (ACE) 2/Ang (1–7) pathway is now regarded as an 
alternative pathway to that of the RAS[4, 14].  Activation of Mas, 
the G-protein-coupled Ang (1–7) receptor, triggers vasodila-
tion and antifibrotic signaling mechanisms in cardiac myo-
cytes[15].  In this alternative pathway, ACE2 converts Ang II to 
Ang (1–7) and Ang I to Ang (1–9) [16].

Enhanced ACE2 expression could counteract the relative 
increase in Ang II that occurs after blockade of the AT1-R and 
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may therefore prevent excessive Ang II accumulation within 
the vessel wall.  Here, we propose that telmisartan, a represen-
tative ARB, induces antifibrotic effects that are mediated by 
the ACE2/Ang (1–7)-Mas axis.

Materials and methods
Animals
Adult male Sprague-Dawley rats (250–300 g) (Vital River 
Laboratory Animal Technology Co, Ltd, Beijing, China) were 
used in this study.  The common bile duct was doubly ligated 
with 4–0 silk and transected between the ligated sites.  Sham-
operated rats were operated on similarly, except the bile duct 
was not ligated or transected.  Rats were housed at three per 
cage under a 12–12 h light–dark cycle and had free access to 
standard pellet food and tap water throughout the 4-week 
experiment.  All procedures followed institutional guidelines 
for laboratory animals.

Experimental design
The animals were randomly distributed into three groups: 
group 1 (G1), sham-operated rats (n=10); group 2 (G2), 
bile duct ligation (BDL) without ARB (n=10); and group 
3 (G3), BDL+8 mg/kg telmisartan daily (Bob YanGeHan 
Pharmaceutical Co, Shanghai, China) by gastric gavage 
for 4 weeks (n=10).  The animals were sacrificed on d 29.  
Ballooning dilatation of the proximal common bile duct 
confirmed successful BDL (Figure 1B).  Liver specimens were 
immediately snap-frozen and stored at -80 °C.

Histological and immunohistochemical analysis
Liver sections (5 μm) were stained with hematoxylin and eosin 

(H&E) and Masson’s trichrome.  All histological examinations 
were blinded and performed by one pathologist.  Histological 
changes were screened using the H&E-stained sections (Figure 
2A–2C).  The presence of fibrosis was more specifically evalu-
ated in Masson’s trichrome-stained sections (Figure 2D, 2E).  
Hepatic fibrosis was quantified using the Knodell and Ishak 
scoring system[17]: (1) absence of fibrosis; (2) fibrous portal 
expansion; (3) bridging fibrosis (portal-portal or portal-central 
linkage); and (4) cirrhosis.  The following scores were applied 
to semi-quantify inflammatory infiltration: (0) none; (1) mild; 
(2) scattered mild; (3) inflammatory infiltration; (4) submas-
sive; and (5) massive[18].  The numerical score is the result of 
multiplying the number of rats per grade by the grade, adding 
these products, and dividing by the total number of rats per 
group.

Immunohistochemistry 
Paraffin blocks were cut into 4-µm sections, deparaffinized in 
xylene, and rehydrated through graded alcohols.  Endogenous 
peroxidase activity was blocked with 3% hydrogen peroxide.  
Tissue sections were incubated overnight at 4 °C with anti-
ACE2 rabbit polyclonal antibody (diluted 1:500, Abcam, 
Hong Kong, China) or anti-ACE mouse monoclonal antibody 
(diluted 1:50, Abcam), washed, and incubated with a 
secondary antibody conjugated to PV-9000.  After incubation 
with 3,3’-diaminobenzidine, the slides were counterstained 
with hematoxylin.  The sections were dehydrated and covered 
with Permount (Thermo Fisher Scientific, Waltham, MA, 
USA).  

Image Pro plus 6.0 (Media Cybernetics, Bethesda, MD, 
USA) was used to quantify antibody staining.  The software 
was trained to select stained and unstained nuclei/cells 
based on color intensity and nuclear shape; brown staining 
was considered positive.  The chromatic area and strength 
(light density values) of positive cells were calculated and 
represented as the percentage of total positively stained cells 
with integral light density values (integral optical density).

Expression levels
The ACE2, MAS, ACE, AT1-R, collagen type III (col III), and 
TGF-β1 expression levels were evaluated by real-time quanti-
tative reverse-transcriptase polymerase chain reaction (RTQ-
PCR).  Liver tissue was homogenized, and total RNA was 
extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, 

Figure 1.  (A) Identification of the common bile duct.  (B) Ligation success 
was confirmed by assessing bile duct dilation 4 weeks after BDL.

Figure 2.  H&E and Masson’s trichrome.  (A) (G1) Normal liver.  (B and D) (G2) Liver sections stained with H&E and Masson’s trichrome, respectively.  
Inflammatory infiltration, bile ductular proliferation, and fibrosis are shown.  (C and E) (G3) Liver sections stained with H&E and Masson’s trichrome, 
respectively.  These samples showed obvious attenuation of inflammatory infiltration, bile ductular proliferation, and fibrosis (original magnification 
×100).
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USA).  To each sample, 0.2 mL of chloroform was added per 
1 mL of TRIzol reagent before the mixtures were centrifuged 
for 15 min at 4 °C.  RNA was precipitated by mixing 0.6 mL 
isopropyl alcohol per 1 mL of TRIzol reagent and incubating 
at room temperature for 10 min.  RNA extracts were washed 
with 1 mL of 75% ethanol and centrifuged for 5 min.  RNA 
purity and concentration were determined using an Ultrospec 
3100 pro UV/Visible Spectrophotometer (Amersham Biosci-
ence, Freiburg, Germany).  Two-step PCR was carried out 
using an iCycler (Qiagen, Hilden, Germany).  For the cDNA 
synthesis, 2 μL RNA, 2 μL reverse transcriptase buffer, 2.0 μL 
oligo d(T) primer, 0.8 μL dNTPs, 1.0 μL MultiScribe™ reverse 
transcriptase, and 1.0 μL RNase inhibitor were added to water 
to make a final volume of 20 μL (all from Life Technologies).  
The samples were incubated at 25 °C for 10 min, 37 °C for 120 
min, and 85 °C for 5 min.  The RTQ-PCR assay (ΔΔCt) for ACE, 
AT1-R, ACE2, MAS, col III, and TGF-β1 mRNA expression 
was performed using an ABI PRISM 7500 Sequence Detection 
System (Applied Biosystems) and iQ SYBR Green Supermix 
(Bio-Rad Laboratories, Hercules, CA, USA).  GAPDH was 
used to normalize each target mRNA using ΔCt (target Ct — 
GAPDH Ct) values.  The data are presented by graphing two 
ΔCt values for each gene.  The RTQ-PCR conditions were as 
follows: 2 μL cDNA, 10 μL 2×QuantiTect SYBR Green PCR 
Master Mix (Applied Biosystems), 1 μL forward primer, and 1 
μL reverse primer were added to water to make a final volume 
of 20 μL.  The thermal cycler conditions were 10 min at 95 °C, 
and 50 cycles of 30 s at 95 °C followed by 60 s at 60 °C and 
15 s at 95 °C.  The forward and reverse primer sequences are 
shown in Table 1.

Western blot analysis of ACE2, MAS, ACE, and AT1-R
Protein was extracted from homogenized liver samples and 
assayed.  Protein samples (50 μg) were subjected to sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (80 volts 
for 15 min in a 4% acrylamide stacking gel and 120 volts 
for 110 min in a 12% running gel) and transferred to poly-

vinylidene fluoride membranes (Millipore, Billerica, MA, 
USA).  The membranes were then incubated in Tris-buffered 
saline (10 mmol/L Tris-HCl, and 250 mmol/L NaCl) contain-
ing 5% nonfat powdered milk and 0.1% Tween 20 for 1 h to 
block nonspecific sites before being incubated with primary 
antibody overnight at 4 °C in blocking solution.  Mouse anti-
Actin (1:1000, Millipore) was used as a loading control.  The 
blots were washed and incubated with secondary antibody for 
2 h at room temperature.  Immunoreactivities were visualized 
using enhanced chemiluminescence kits (Pierce, Rockford, 
IL, USA).  The films were scanned using a Kodak 120 digital 
imaging system (Rochester, NY, USA).  The antibody dilu-
tions were as follows: anti-ACE mouse monoclonal antibody 
(diluted 1:50, Abcam), rabbit anti-ACE2 polyclonal antibody 
(diluted 1:500), and rabbit anti-MAS polyclonal antibody 
(1:200, Alomone Labs Ltd, Jerusalem, Israel).  Mouse monoclo-
nal antibodies to AT1-R (diluted 1:400), TGF-β1 (diluted 1:500) 
and col III (diluted 1:500) were also used (all antibodies were 
from Abcam, unless noted otherwise).

Statistical analysis
All statistical analyses were performed using SPSS software 
version 12.0 (IBM, New York, NY, USA).  Values are expressed 
as the mean±standard deviation (SD).  The analysis was 
conducted using a nonparametric method with the Mann-
Whitney U and Kruskal-Wallis H tests.  For all of the tests, a P 
value <0.05 was considered to be statistically significant.

Results
Histological analysis
The mean fibrosis score of the telmisartan group was signifi-
cantly lower than that of the BDL without ARB (G2) (P=0.015, 
Table 2, Figure 2D, 2E).  By contrast, there was no significant 
difference in inflammation between the BDL without ARB 
(G2) and the BDL+8 mg/kg telmisartan daily (G3); both 
groups showed moderate inflammation (Table 2, Figure 2B, 
2C).

Immunohistochemical analysis
ACE2 expression was detected in a small percentage of cells 
from control livers, with expression restricted mainly to periv-
enular hepatocytes (Figure 3A).  Hepatic ACE2 expression was 
markedly increased and exhibited a change in distribution 

Table 1.  Primer sequences used to detect ACE2, MAS, ACE, AT1, col III, 
and TGF-β1. 

Gene name            Primer	                         Sequence
 
	 GAPDH	 Forward	 5′-CTCAACTACATGGTCTACATGTTCCA-3′
		  Reverse 	 5′-CTTCCCATTCTCAGCCTTGACT-3′
	 ACE2	 Forward 	 5′-GCCAGGAGATGACCGGAAA-3′
		  Reverse 	 5′-CTGAAGTCTCCATGTCCCAGATC-3′
	 MAS	 Forward 	 5′-CATCTCTCCTCTCGGCTTTGTG-3′
		  Reverse 	 5′-CCTCATCCGGAAGCAAAGG-3′
	 ACE	 Forward 	 5′-CACCGGCAAGGTCTGCTT-3′
		  Reverse 	 5′-CTTGGCATAGTTTCGTGAGGAA-3′
	 AT1	 Forward 	 5′-CGGCCTTCGGATAACATGA-3′
		  Reverse 	 5′-CCTGTCACTCCACCTCAAAACA-3′
	 col III	 Forward 	 5′-TCCCCTGGAATCTGTGAA-3′
		  Reverse 	 5′-TGAGTCGAATTGGGGAGAAT-3′
	 TGF-β1	 Forward 	 5′-AGAAGTCACCCGCGTGCTAA-3′
		  Reverse 	 5′-TCCCGAATGTCTGACGTATTG-3′

Table 2.  Evaluation of fibrosis and inflammatory infiltration. 

   
 Groups

	                                  Numerical score
	                            Fibrosis	             Inflammatory infiltration
 
	 G1	         0	         0
	 G2	 2.13±0.35b	 1.38±0.52b

	 G3	 1.66±0.87be	 1.66±0.70b

Values are expressed as mean±SD.  bP=0.000 compared with sham-
operated rats (G1).  eP=0.015 vs the BDL without ARB (G2).
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from the hepatic lobule to the fibrous septae in the BDL with-
out ARB (G2) (P<0.05, Table 3, Figure 3B).  Both the number 
of cells and the staining intensity of cells expressing ACE2 
(Figure 3C) were enhanced in livers from telmisartan-treated 
rats compared to the BDL without ARB (G2) (P<0.05, Table 3).  
The telmisartan-treated livers showed decreased ACE immu-
nostaining compared to the BDL livers (P<0.05, Table 3, Figure 
3D–3F).

Gene expression associated with fibrosis
The ACE2 and MAS gene expression levels were significantly 

higher in the BDL+8 mg/kg telmisartan daily (G3) than that 
in the BDL without ARB (G2) (P<0.05, Table 4, Figure 4).  By 
contrast, the ACE and AT1-R expression levels in the BDL 
without ARB (G2) were significantly higher than that in the 
other groups (P<0.05, Table 4, Figure 4).  In addition, col III 
and TGF-β1 mRNA expression levels were significantly lower 
in the BDL+8 mg/kg telmisartan daily (G3) than that in the 
BDL without ARB (G2) (P<0.05, Table 4, Figure 4).

Western blot analysis of ACE2, MAS, ACE, AT1-R, col III, and TGF-
β1
Western blot analysis revealed lower levels of ACE2, MAS, 
ACE, AT1-R, col III, and TGF-β1 protein in livers from sham-
operated rats (G1) than that in BDL rat livers without ARB 

Figure 3.  Immunohistochemical staining of ACE2 and ACE in rat liver.  (A) 
Sham-operated rat liver tissue section incubated without ACE2 primary 
antibody.  (B) ACE2 staining of rat liver tissue 4 weeks after BDL without 
ARB.  (C) ACE2 staining of rat liver tissue after 4 weeks of BDL+8 mg/kg 
telmisartan daily.  (D) Sham-operated rat liver tissue section incubated 
without ACE primary antibody.  (E) ACE staining of rat liver tissue 4 weeks 
after BDL without ARB.  (F) ACE staining of rat liver tissue after 4 weeks of 
BDL+8 mg/kg telmisartan daily (original magnification ×200).

Figure 4.  (A) Relative expression of hepatic ACE2, MAS, ACE, AT1-R,  
Col III, and TGF-β1 by real-time PCR.  Expression levels were normalized 
to GAPDH.  (B) Representative DNA gel electrophoresis for quantitation of 
mRNA expression.  Lane 1, 4, 7, 10, 13, 16, 19, sham-operated rats (G1); 
Lane 2, 5, 8, 11, 14, 17, 20, the BDL without ARB (G2); Lane 3, 6, 9, 12, 
15, 18, 21, the BDL+8 mg/kg telmisartan group (G3); Lane 1 to 3, GADPH 
primer pair; Lane 4 to 6, ACE2 primer pair; Lane 7 to 9, Mas primer pair; 
Lane 10 to 12, ACE primer pair; Lane 13 to 15, AT1 primer pair; Lane 16 
to 18, col III primer pair; and Lane 19 to 21, TGF-β1 primer pair.

Table 3.  Immunohistochemical staining of ACE2 and ACE. 

    Group	        G1 (n=10)	             G2 (n=10)	               G3 (n=10)
 
	 ACE2 (%)	 2.7±0.6	 31.1±6.6b	 12.3±3.0be

	 ACE (%)	 0.1±0.0	   9.1±1.8b	    5.1±0.9be

Values are expressed as mean±SD.  bP<0.05 compared with sham-
operated rats (G1); eP<0.05 compared with the BDL without ARB (G2).

Table 4.  Analysis of RTQ-PCR for ACE2, MAS, ACE, AT1-R, col III, and 
TGF-β1 mRNA expression. 

  Group	   G1 (n=10)	          G2 (n=10)	             G3 (n=10)
 
	 ACE2	 1.06±0.83	   2.28±0.67b	   5.20±3.77be

	 MAS	 0.61±0.28	   1.45±0.52b	 18.77±8.12be

	 ACE	 2.49±2.23	 12.96±3.48b	    7.55±2.39be

	 AT1	 0.45±0.13	   1.22±0.52b	    0.69±0.19be

	 Col III	 0.95±0.40	   3.19±1.22b	    1.84±0.64be

	 TGF-β1	 0.90±0.17	   3.36±0.54b	    1.33±0.17be

Values are expressed as mean±SD.  bP<0.05 compared with sham-
operated rats (G1); eP<0.05 compared with the BDL without ARB (G2).
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(G2).  The MAS and ACE2 protein expression levels were 
significantly increased in the BDL+8 mg/kg telmisartan daily 
(G3) compared to those in the BDL without ARB (G2) (P<0.05, 
Table 5, Figure 5).  However, the ACE, AT1-R, col III, and 
TGF-β1 protein expression levels were significantly lower in 
the BDL+8 mg/kg telmisartan daily (G3) than those in the 
BDL without ARB (G2) (P<0.05, Table 5, Figure 5).

Discussion
Our results demonstrate that the progression of liver fibrosis 
in bile duct-ligated rats is attenuated by telmisartan, an ARB.  
However, there was no significant difference between the BDL 
without ARB group (G2) and the BDL+8 mg/kg telmisartan 
group (G3) with respect to inflammation, which is inconsistent 
with other studies[19, 20].  One potential reason for this discrep-
ancy may be related to species variation.

There is considerable animal model data supporting an anti-
fibrotic role for the ACE2/Ang (1–7)-MAS axis of the RAS in 

hepatic fibrosis[1–3, 6–8].  Therefore, we speculate that the RAS 
may be shifted away from profibrotic responses towards anti-
fibrotic responses by the upregulation of a novel ACE2/Ang 
(1–7)-MAS axis in the liver.  The current study demonstrates 
that telmisartan has antifibrotic effects that are associated with 
increased ACE2 expression levels.

With the progression of hepatic fibrosis in bile duct-ligated 
rats, hepatic ACE2 mRNA and protein expression levels 
increased and became more widely distributed.  This observa-
tion is consistent with other studies in which ACE2 upregula-
tion in fibrotic livers has been observed[6, 7].  MAS expression 
levels closely paralleled the elevated ACE2 expression levels 
in rat liver, suggesting that increased ACE2 expression levels 
may favor the formation of Ang (1–7) and further amplify 
MAS expression levels.  Moreover, this result suggests that 
changes in ACE2 and MAS expression may play an impor-
tant role in augmenting Ang II levels during the resistance 
response.  

Our data indicate that telmisartan has a significant anti
fibrotic effect in the liver of bile duct-ligated rats.  Interestingly, 
a previous study showed that telmisartan inhibits hepatic stel-
late cells (HSC) activation and proliferation.  Schuppan et al 
suggested that telmisartan may be a promising drug for non-
alcoholic steatohepatitis (NASH)-related liver fibrosis[13].  We 
observed that the expression of ACE2 and MAS levels were 
upregulated by telmisartan.  Moreover, the inhibition of ACE 
activity could encumber degradation of Ang (1–7) to Ang 
(1–5), as has been suggested[7].  Ang (1–7) expression would 
be enhanced by ARB-mediated inhibition, which in turn could 
promote MAS expression.  Additionally, RTQ-PCR and West-
ern blot results demonstrated that ACE expression moved in 
the opposite direction of ACE2 expression in animals treated 
with telmisartan.  That is, whereas ACE2 expression levels 
increased after telmisartan administration, ACE expression 
levels decreased at the same time.  This result suggests that 
the local RAS is activated in BDL rats and that inhibition of the 
RAS with telmisartan could inhibit the progression of fibrosis.  
These findings are consistent with previous reports in which 
the ACE2/Ang (1–7)-Mas axis plays a key role during liver 
fibrosis[6, 7].  

In addition, telmisartan has been shown to inhibit HSC 
activation and proliferation by downregulating TGF-β1 and 
TIMP-1 and 2, and increasing MMP-13 expression levels[21].  In 
an animal model of NASH, another AT1-R antagonist (losar-
tan) inhibited angiotensin II-induced proliferation and TGF-β1 
expression in activated HSCs[22].  We observed that TGF-β1 
and col III mRNA expression levels were attenuated in the 
BDL+8 mg/kg telmisartan daily.  Based on these findings, we 
postulate that telmisartan administration may be an efficient 
therapeutic strategy for fibrosis in patients with cholestatic 
liver diseases.

The accumulation of ACE2 in the liver may be responsible 
for the enhanced Ang II degradation that weakens Ang II 
accumulation following ARB treatment.  This study is con-
sistent with others that have shown that telmisartan evokes 
ACE2 upregulation in human liver disease and have antifi-

Figure 5.  Expression of ACE2, MAS, ACE, and AT1 detected by Western 
blotting.  Lane 1, sham-operated rats (G1); Lane 2, the BDL without ARB 
(G2); Lane 3, the BDL+8 mg/kg telmisartan daily (G3).

Table 5.  Effects of telmisartan on ACE2, MAS, ACE, AT1-R, col III, and 
TGF-β1 protein expression. 

   Group	    G1 (n=10)	          G2 (n=10)	             G3 (n=10)
 
	 ACE2	 0.37±0.06	 0.46±0.07b	 0.59±0.06be

	 MAS	 0.30±0.07	 0.41±0.08b	 0.76±0.15be

	 ACE	 0.24±0.05	 0.63±0.12b	 0.46±0.10be

	 AT1	 0.24±0.04	 0.60±0.13b	 0.44±0.09be

	 col III	 1.37±0.08	 2.30±0.12b	 2.09±0.11be

	 TGF-β1	 0.67±0.03	 0.85±0.05b	 0.77±0.03be

Values are expressed as mean±SD. bP<0.05 compared with sham-
operated rats (G1); eP<0.05 compared with the BDL without ARB (G2).
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brotic activity in bile duct-ligated rats[6, 7].  Sukumaran et al 
suggested that telmisartan provided beneficial protection 
against heart failure in rats, at least partly by suppressing 
inflammation, oxidative stress, and endoplasmic reticulum 
stress, as well as through modulation of the ACE2/Ang 
(1–7)-Mas axis[23].  Moreover, kidney ACE2 was shown to be 
downregulated in a mouse model of early chronic kidney dis-
ease[24], whereas AT1-R antagonism of early radiation-induced 
changes in microglial activation or neurogenesis in normal rat 
brains has not been reported[25].  This discrepancy may be rel-
evant to differences in disease conditions, the tissues involved, 
or the variety of ARB drugs tested.

We presume that ACE2 amplification stimulates Ang II deg-
radation and that a decrease in ACE lessens the formation of 
Ang II.  Moreover, Ang (1–7) could be converted to the inac-
tive peptide fragment Ang (1–5) by the degradation of ACE, 
and ARBs are known to promote Ang (1–7) expression lev-
els[26].  Furthermore, a decrease of ACE expression levels could 
offer additional protective effects for hepatic fibrosis through 
the increased expression of MAS levels.  This would explain 
the reduced degradation of Ang (1–7) due to reduced ACE 
expression levels after the administration of telmisartan.  

In conclusion, this study demonstrates that telmisartan, 
an ARB, significantly ameliorates hepatic fibrosis by increas-
ing ACE2 expression levels.  The accumulation of ACE2 in 
the liver could play an important role in the regulation of the 
intrahepatic RAS system by promoting the degradation of 
Ang II to Ang (1–7) because ACE2 acts in a counter regulatory 
manner to ACE in promoting Ang II degradation.  Increasing 
ACE2 expression levels in the liver by attenuating Ang II accu-
mulation may be responsible for the antifibrotic and hepato-
protective effects associated with ARBs, such as telmisartan.  
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