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Abstract
Hepatic fibrosis resulted in defective liver regeneration following partial hepatectomy. Angiotensin converting enzyme (ACE)
inhibitor, lisinopril enhances liver regeneration and reduces fibrosis. Present study is conducted to evaluate the efficacy of ACE
inhibitor, lisinopril on the fibrotic liver regeneration. Six weeks old female Sprague-Dawley rats were made fibrotic by
intraperitoneal administration of carbon tetrachloride at the dose of 1.5 ml/kg for seven weeks while vehicle received olive oil at
the same dose for the same duration. Vehicle and fibrotic control group was given saline (1ml) while treated group received
lisinopril (2.5mg/kg) orally for one week followed by two-third partial hepatectomy. Liver regeneration rate, serum functional
markers, alanine aminotransferase (ALT), asparate aminotransferase (AST) and bilirubin levels were determined 24 hours
post-surgery. The result indicated that lisinopril administration increased liver regeneration rate and reduced ALT, AST and
bilirubin levels of fibrotic rats following partial hepatectomy. Histopathological liver evaluation showed that hepatic cell plate
width was decreased, sinusoids were widened, and fibrosis was reduced by lisinopril treatment in regenerating fibrotic livers. In
conclusion ACE-Inhibitor, lisinopril affected the regeneration of fibrotic liver with improved functional capability after partial
hepatectomy.
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1. Introduction
Liver has a remarkable capacity to regenerate following
loss of hepatic tissue with tremendous sequential changes in
gene expression, growth factors and morphologic structure [1].
In contrast to normal liver fibrotic and cirrhotic liver has
impaired and slow liver regeneration ([2], [3]). Impaired
regeneration and dysfunction of cirrhotic liver following
partial hepatectomy (PHx) are the most serious risk factor for
postoperative liver failure [4]. Several substances have been
identified that potentiate liver regeneration following PHx,
angiotensin converting enzyme (ACE) inhibitor, lisinopril is
one of them ([5-7]). ACE inhibitor, lisinopril through
augmentation of hepatocyte growth factor (HGF) and
activation of B2 receptors enhances liver regeneration [6].
In addition to effect liver regeneration, ACE inhibitors also
play an important role in hepatic fibrogenesis [8]. These drugs
inhibit the progression of liver fibrosis and fatty liver [9].
Studies regarding therapeutic benefits of ACE inhibitors in

hepatic fibrosis treatment have also been conducted ([10],
[11]). Present study has been conducted to evaluate the
efficacy of ACE inhibitor, lisinopril on the fibrotic liver
regeneration.

2. Material and Methods
2.1. Animals
Six-week old female Sprague-Dawley rats weighing about
180-200g were obtained from National Institute of Health
(NIH), Islamabad. Animals were acclimated for one week
before dosing under controlled environmental conditions at
25°C with a 12 hour light/dark cycle.
2.2. Induction of Fibrosis and Experimental
Procedure
The already established carbon tetrachloride (CCl4) induced
fibrotic rat model [12] was used for scheduling the CCl4 dose
regimen. Briefly, 1.5 ml/kg of CCl4 diluted in olive oil (1:7
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dilution) was intraperitoneally administered to rats while
vehicle received olive oil at the same dose for the same
duration. Vehicle and fibrotic control animals received 1ml
saline while treated group received oral dose of 2.5mg/kg
lisinopril for one week.
2.3. Partial Hepatectomy
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3. Results
3.1. Liver Regeneration Rate
Fibrotic rats had significantly less regeneration rate as
compared to vehicle rats. Lisinopril pretreatment had
significantly increased the regeneration rate of fibrotic rats 24
hours following PHx (Fig 1)

After establishment of fibrosis all animals were subjected to
two-third partial hepatectomy [13]. Briefly, animals were
anesthetized with an intramuscular injection of ketamine
(100mg/kg). A midline incision was made; median and left
lateral lobes were ligated by silk suture and resected. The
peritoneum was then reapproximated with catgut followed by
closure of the skin with silk sutures.
2.4. Sampling
Animals were dissected out 24 hours post-surgery; the liver
remnants were removed and weighed for liver regeneration
rate determination. Blood was collected by cardiac puncture
and was centrifuged for 20 minutes at the rate of 3000 rpm to
separate serum. Serum was stored at -20°C for biochemical
analysis. For histopathological examination, parts of the
excised livers were processed for histology.

Fig. 1. Effect of Lisinopril treatment on liver regeneration rate following
partial hepatectomy.

2.5. Liver Regeneration Rate

3.2. Biochemical Analysis

Liver regenerative capacity following lisinopril pretreatment
was determined by estimating liver regeneration rate (LRR).
LRR was calculated by the following formula [14]:

Serum biochemical analysis showed that fibrotic rats had
significantly elevated levels of ALT, AST and total bilirubin
24 hours following PHx compared to the vehicle and that
lisinopril treatment had significantly decreased the levels of
above mentioned parameters (Table 1).

LRR (%) = 100× {(C-(A-B)}/A
Where A is the estimated liver weight at surgery; B is the
excised liver weight at surgery; and C is the remnant liver
weight at dissection. Estimated liver weight was calculated by
the equation A = B/0.67

*

P<0.05, **P<0.001, aVehicle vs Control, bControl vs Lisinopril

Table 1. Effect of Lisinopril treatment on ALT, AST and total bilirubin levels
following PHx.
Treatment
Groups

ALT (U/L)

AST (U/L)

Total Bilirubin
(mg/dL)

2.6. Biochemical Analysis

Vehicle

537.4 ± 16

540.9 ± 15

0.39 ± 0.01

To evaluate liver functional capability under lisinopril
pretreatment, serum biochemical analysis for alanine
aminotransferase (ALT), aspartate transaminase (AST) and
total bilirubin were done spectrophotometrically by using
commercially available AMP Diagnostics kits. All the
reactions were performed at 37°C.

Control

810.4 ± 20a***

852.5 ± 28a**

1.27 ± 0.05a***

Lisinopril

701.0 ± 27b*

723.9 ± 20b*

0.90 ± 0.05b**

2.7. Histopathological Examination
Liver specimens were fixed in 4% paraformaldehyde
followed by dehydration in ascending grades of alcohol,
clearing in xylene and embedding in paraffin. Thin sections of
5µm were cut out and stained with hematoxylin and eosin
(H&E) for microscopic histopathological examination.
2.8. Statistical Analysis
Data were presented as mean ± SEM and was analyzed by
one way analysis of variance (ANOVA) with Tukey post hoc
test. Statistical significance was taken at P< 0.05.

*
p<0.05, **p<0.01, ***p<0.001
ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase
a
Vehicle vs Control, bControl vs Lisinopril

3.3. Histopathological Liver Examination
Histological liver examination of all partially
hepatectomized rats showed lipid droplets 24 hours post PHx,
a characteristic feature of partial hepatectomy. In vehicle rats
irregular hepatic plates with widened sinusoids and slight
collagen fibers had been seen. In contrast fibrotic control rats
showed increased collagenous tissue along with apoptotic
nuclei during histopathological liver evaluation. These rats
had narrow liver sinusoidal spaces which were considerably
widened by lisinopril pretreatment. Hepatic plate width was
significantly reduced in lisinopril treated rats compared to
control. (Table 2) (Fig 2)
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Table 2. Effect of Lisinopril treatment on hepatic cell plate and sinusoidal
width following PHx.
Treatment Groups
Vehicle
Control
Lisinopril

HCPW (µm)
11.26 ± 0.37
11.94 ± 0.39
10.04 ± 0.41b*

SW (µm)
9.46 ± 0.77
6.02 ± 0.61a**
9.23 ± 0.73b*

HCPW: Hepatic Cell Plate Width; SW: Sinusoidal Width
*
p<0.05, **p<0.001
a
Vehicle vs Control, bControl vs Lisinopril

significantly elevated in fibrotic rats than that of normal liver
after PHx as was previously reported by [19]. Lisinopril was
successful in improving all the studied liver functional
parameters of regenerating fibrotic liver following 24 hours
PHx. ACE-inhibitors already have been reported to improve
the functional capability of regeneration livers [7]. Lisinopril
pretreatment
significantly
decrease
the
hepatic
Ischemia/reperfusion induced increase in ALT, AST, and total
bilirubin levels [20]. Moreover, angiotensin II blockers have
been shown to reduce the above mentioned liver function
markers in several studies ([21], [22]).
A characteristic feature of lipid accumulation after PHx [23]
has been seen in all groups in the study. Anti-fibrogenic effect
of lisinopril had been observed by histopathological
examination. Lisinopril has been reported to reduce carbon
tetrachloride-induced hepatic fibrosis in rats [24]. Hepatic cell
plate width was reduced in lisinopril treated rats. That
reduction might be the result of increased sinusoidal pressure
due to the widening of liver sinusoidal spaces after lisinopril
pretreatment. The widened sinusoids could be due to
vasodilation effect of ACE inhibitors ([25, 26]).
In conclusion angiotensin converting-enzyme inhibitor,
lisinopril affected fibrotic liver regeneration by increasing the
liver regeneration rate and improving the hepatic functional
capability with specific effects on liver histology.
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Fig. 2. Effect of lisinopril pretreatment on histopathology of rat liver 24 hours
following partial hepatectomy. Vehicle rats showed irregular hepatic plates
with widened sinusoids and lipid droplets (Panel A &D. No histopathological
liver changes were seen in vehicle rats. Fibrotic livers in contrast showed
collagen fibers along with apoptotic nuclei and other degenerative changes.
These rats had narrow liver sinusoid spaces (Panel B&E). Lisinopril
pretreatment had increased the liver sinusoidal spaces however hepatic plate
width was reduced in treated rats compared to control (Panel C&F).

4. Discussion
In this study the efficacy of ACE inhibitor in improving the
fibrotic liver regeneration had been evaluated. Fibrotic and
cirrhotic livers reported to have impaired and slow
regeneration as compared to normal liver ([2], [3]).
Significantly less liver regeneration rate of fibrotic rats
compared to vehicle rats had been observed in the present
study. ACE inhibitor lisinopril, which proved to enhance
normal liver regeneration ([5], [6]) when administered orally
for one week before PHx had significantly improved the LRR
of fibrotic liver 24 hours post after PHx. That improvement of
liver regeneration rate may be due to potential stimulating
effect of lisinopril on hepatocyte growth factor ([15-17]), the
most potent growth factor of hepatocytes [18].
Liver function enzymes i.e. ALT, AST and bilirubin were
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