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Nifedipine prevents hepatic fibrosis in a
non-alcoholic steatohepatitis model induced
by an L-methionine-and choline-deficient diet
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Abstract. Recent reports have shown that nifedipine, a calcium
channel blocker, increases peroxisome proliferator-activated
receptor-y (PPARY) activity. Since PPARY agonists, such
as pioglitazone and rosiglitazone, are effective in reducing
non-alcoholic steatohepatitis (NASH) and cirrhosis in animal
models, we examined the protective effects of nifedipine,
as compared with bezafibrate, a PPARa agonist, in a NASH
model induced by an L-methionine- and choline-deficient
(MCD) diet. An MCD diet for 20 weeks changed the color
of the rat liver to yellow with an irregular surface, whereas
the color of the liver in both the bezafibrate and nifedipine
treatment groups was markedly changed to yellow-brown
with a smooth surface. Furthermore, nifedipine, as well as
bezafibrate, significantly prevented liver fibrosis induced by
an MCD diet, as assessed by Masson's trichrome staining,
accompanied by a significant decrease in serum AST. Overall,
nifedipine treatment resulted in an improvement in NASH,
similar to bezafibrate, in a rat model. In hypertensive patients
with metabolic syndrome, nifedipine may provide additional
benefits, beyond its blood pressure-lowering effects, to prevent
NASH and fatty liver disease.
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Introduction

Non-alcoholic steatohepatitis (NASH) recently has become
the most common liver disease in the world, affecting
approximately 20% of obese individuals (1-3). NASH is
strongly associated with insulin resistance and the meta-
bolic syndrome and is believed to progress to cirrhosis (4).
Recent studies suggest that non-alcoholic fatty liver disease
(NAFLD) is an independent cardiovascular risk factor that
increases cardiovascular mortality (5,6) and is also associ-
ated with endothelial dysfunction as an initial stage of
atherosclerosis (7). A ‘two-hit’ theory has been proposed for
the progression of NAFLD to NASH, and hepatic steatosis
associated with metabolic syndromes could be the first hit,
followed by a second insult from increased oxidative stress,
leading to fibrosis (8). However, there are no approved treat-
ments for NASH. Recently, the PIVENS trial demonstrated
an improvement in NASH histology with either vitamin E
or an insulin-sensitizing peroxisome proliferator-activated
receptor-y (PPARY) ligand (9). Consistently, rosiglitazone was
also found to attenuate the histological findings and decreased
elevated serum enzyme levels in a NASH mouse model (10).
In addition, a PPARa agonist, bezafibrate, is known to prevent
NASH in animal models (11).

The most relevant risk factor for NAFLD is the presence
of metabolic syndrome, which includes insulin resistance,
diabetes, obesity, dyslipidemia and hypertension (1,3,4). Thus,
it is important to explore potential drug therapies to prevent
the progression of NAFLD to NASH using the drugs already
employed to treat such conditions. Among these numerous
drugs, including antihypertensive, antidiabetic and antihyper-
lipidemic drugs, the present study focused on nifedipine, a
calcium channel blocker that is widely used to treat hyper-
tensive patients as several recent reports have demonstrated
that nifedipine activates PPARY activity in different cell types
(12-14). Here, we demonstrated the preventive action of
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Figure 1. Body weight and liver weight of rats fed an MCD diet for 20 weeks.
(A) Body weight in each group at 0, 4, 8, 12, 16 and 20 weeks after an MCD
diet. (B) Liver weight at 20 weeks after an MCD diet (g/100 g body weight).
Groups: sham, fed a control diet (n=6); MCD, fed an MCD diet (n=7);
bezafibrate, fed an MCD diet and co-administered bezafibrate (n=6); and
nifedipine, fed an MCD diet and co-administered nifedipine (n=6). "P<0.05
as compared with the ‘sham’ group.

nifedipine on NASH, similar to bezafibrate, in a rat model
using a methionine- and choline-deficient (MCD) diet.

Materials and methods

Animals and diets. The experiments were approved by
the Ethics Committee for Animal Experiments of Osaka
University, Graduate School of Medicine. Male Wistar rats
were obtained from Jackson Laboratory (Bar Harbor, ME).
Rats (aged 8 weeks) were fed a control diet (no. 518811, Dyets
Inc.) or an MCD diet (no. 518810, Dyets Inc.) to induce hepatic
fibrosis as a result of overloading with endogenous triglycerides
(15). Briefly, the rats were divided into four groups: i) a group
fed a control diet (sham, n=6); ii) a group fed an MCD diet
(control: MCA, n=6); iii) a group fed an MCD diet and orally
co-administered bizafibrate 10 mg/kg/day (bezafibrate: MCD
+ bezafibrate, n=7); and iv) a group fed an MCD diet and orally
co-administered nifedipine 10 mg/kg/day (nifedipine: MCD +
nifedipine, n=7). Nifedipine was provided by Bayer Yakuhin
Ltd. and bezafibrate was obtained from Sigma-Aldrich (St.
Louis, MO).

Rats had free access to water and food during the experi-
mental periods. Body weight was measured every week, and
liver weight, serum AST (GOT) and total protein were
measured for 20 weeks after the start of the MCD diet.

Evaluation of liver fibrosis. Extracted liver samples were
photographed, and the liver weight was measured after the

Sham

Figure 2. Representative images of a rat liver in an MCD diet-induced NASH
model after 20 weeks. The upper panel shows representative images of a liver
and the lower panel shows images of Masson's trichrome staining in a section
of the liver. Groups: sham, fed a control diet (n=6); MCD, fed an MCD diet
(n=7); MCD + bezafibrate, fed an MCD diet and co-administered bezafibrate
(n=6); and MCD + nifedipine, fed an MCD diet and co-administered nife-
dipine (n=6).

removal of water and the attached tissues. Liver findings were
evaluated by two independent researchers in a double-blind
manner with regard to discoloration, rough surface and degree
of nodules. Half of the liver tissue was fixed in 10% form-
aldehyde, and each slide was stained with H&E or Masson's
trichrome staining. The area of fibrosis was evaluated by
positive staining with Masson's trichrome staining, measured
using Win Roof (version 5.5, Mitsuya-Shoji) and displayed as
the percentage of the total area (16).

Statistical analysis. All values are expressed as the mean +
SD. Data were compared using ANOVA, followed by Dunnett's
test for pair-wise comparisons against ‘control’ and by Turkey's
test for multiple comparisons. All statistical analyses were
performed using Stat-View 5.0 software (SAS Institute, Inc.,
NCO). Values of P<0.05 were considered statistically significant.

Results

The body weight of rats fed the control diet was significantly
increased during the experimental period, whereas rats fed the
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Figure 3. Evaluation of the external liver and quantification of the fibrotic
area. (A) The external liver was evaluated in terms of discoloration (brown,
yellow-brown or yellow), rough surface (smooth, not smooth or irregular), and
degree of nodules (none, local or diffuse). (B) The fibrosis area was quantified
by calculating the positive area (blue color) with Masson's trichrome staining.
Groups: sham, fed a control diet (n=6); MCD, fed an MCD diet (n=7); MCD
+ bezafibrate, fed an MCD diet and co-administered bezafibrate (n=6); and
MCD + nifedipine, fed an MCD diet and co-administered nifedipine (n=6).
“P<0.05 compared with the ‘sham’ group; “P<0.05 compared with the ‘control’.

MCD diet for 20 weeks had a significantly decreased body
weight (Fig. 1A, P<0.01). In contrast, liver weight as a fraction
of body weight was significantly increased in the MCD diet
group as compared with the sham group (Fig. 1B, P<0.01),
due to the accumulation of triglycerides in the liver in this
model. Although nifedipine treatment did not change the body
weight and liver weight as compared with vehicle, the surface
of the liver was markedly changed by nifedipine treatment. In
control rats fed the MCD diet, we observed that the color of the
liver changed to yellow, with an irregular surface and diffuse
nodules (Fig. 2). However, the liver color was still brown and
its surface was smooth in the rats treated with nifedipine,
similar to bezafibrate (Figs. 2 and 3A). In the evaluation of
liver fibrosis by Masson's trichrome staining, the MCD diet
markedly induced liver fibrosis, while the administration of
nifedipine, as well as bezafibrate, significantly attenuated
the progression of liver fibrosis (Figs. 2 and 3A). Moreover, a
significant increase in serum AST (GOT) levels and a decrease
in total protein were observed in control rats fed the MCD
diet for 20 weeks, suggesting liver dysfunction. As shown
in Fig. 4A, the serum AST level was significantly decreased
by nifedipine, whereas the administration of bezafibrate also
decreased the MCD-induced AST elevation (P<0.01). The
administration of bezafibrate, as well as nifedipine, resulted
in a tendency toward a decrease in serum total protein levels.
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Figure 4. Serum AST (GOT) and total protein levels at 20 weeks in an MCD
diet-induced NASH model. (A) Serum AST (GOT) (IU/1) and (B) total
protein (g/dl) at 20 weeks after an MCD diet. Groups: sham, fed a control
diet (n=6); MCD, fed an MCD diet (n=7); MCD + bezafibrate, fed an MCD
diet and co-administered bezafibrate (n=6); and MCD + nifedipine, fed an
MCD diet and co-administered nifedipine (n=6). "P<0.05 compared with the
‘sham’ group; “P<0.05 compared with the ‘control’.

Discussion

Metabolic syndrome patients present with various abnor-
malities, such as hypertension, insulin resistance and
hypertriglycemia, which are independent risk factors for
cardiovascular events. Recently, it has become known that
metabolic syndrome is strongly associated with the develop-
ment and progression of NAFLD (17). Currently, NAFLD,
as well as NASH, are considered independent risk factors for
cardiovascular events (6). Therefore, preventing the progres-
sion of NAFLD to NASH in metabolic syndrome patients has
become an important therapeutic option for treating metabolic
syndrome. However, there are very limited options to prevent
NASH and NAFLD at this point. One potential group of drugs,
the PPARY ligands, such as rosiglitazone and pioglitazone, is
reported to prevent NASH in animal models and in human
patients (9,10,15). PPARy ligands decrease steatosis through
the inhibition of the activation of inflammatory and fibrotic
genes, probably due to a decrease in oxidative stress. However,
as PPARY ligands are antidiabetes drugs, only diabetic patients
can use them. Therefore, it is important to explore the poten-
tial therapeutic tools to prevent NASH. Among the drugs for
common adult diseases, we focused on nifedipine as an anti-
hypertensive drug and bezafibrate as an antihypertriglycemia
drug as both drugs are widely used in clinical medicine.
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In the present study, we demonstrated that the administra-
tion of nifedipine, as well as bezafibrate, improved the liver
dysfunction and fibrosis induced by an MCD diet. Consistent
with previous reports (15,18), MCD diet-fed rats exhibited a
marked accumulation of triglycerides in the liver due to the
inhibition of lipid transportation by decreased phosphatidyl-
choline, which leads to inflammation and fibrosis in the liver.
In an NAFLD mouse model of the metabolic syndrome,
bezafibrate caused an increase in antioxidants (a-tocopherol
concentrations and paraoxonase activity) and decreases in
glutathione peroxidase and glutathione reductase activity,
accompanied by a decrease in macrovesicular steatosis, an
increase in hepatic phospholipids, and decreases in hepatic
triglycerides and cholesterol (11). Based on the two-hit theory
for the progression of NAFLD to NASH, the principal second
hit could be oxidative stress. Thus, the antioxidant effects
of PPARa and PPARY agonists may also be effective in the
NASH model.

In contrast, nifedipine, an L-type calcium channel blocker,
is known to have various favorable pleiotropic effects in
several animal models, such as atherosclerosis, aortic aneu-
rysmal formation and diabetic nephropathy models (12,13,19).
Notably, one of the mechanisms of these effects would be
mediation by PPARY activation. Ishii et al demonstrated
that nifedipine activated PPARYy through the inactivation
of ERK, leading to the suppression of MCP-1 and ABCA1
(ATP-binding cassette transporter, subfamily A, member 1)
expression in macrophages. Nifedipine has also been reported
to increase luciferase activity by full-length PPARY but not
by a PPARy-GAL4 chimera, indicating that nifedipine is
not a direct PPARYy ligand and may not increase intracellular
natural PPARY ligands, whereas nifedipine has an agonistic
effect on PPARYy activity (13). Notably, amlodipine did not
increase PPARY activity, indicating that PPARY activation is
not a common effect of L-type calcium channel blockers. In
addition, nifedipine was found to enhance the effects of other
PPARY agonists, pioglitazone and ciglitazone-induced PPARy
activation (13). Thus, the combination of nifedipine with
thiazolidinediones may enhance the prevention of NAFLD or
NASH in metabolic syndrome patients.

Overall, nifedipine, as well as bezafibrate, demonstrated
potential action in improving NASH induced by an MCD diet.
Drugs for hypertension and hypertriglyceridemia (nifedipine
or bezafibrate) may be useful in preventing NASH in metabolic
syndrome patients, although further studies are necessary.
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