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Anti-cholestatic effect of cilnidipine
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Abstract

Cholestasis is defined as a reduction or stagnation in bile secretion and flow. Inflammation results from
blocked bile that leaks into the bloodstream and accumulates in the organs. It was postulated that cilnidipine would
mitigate the liver damage linked to cholestasis by its confirmed farnesoid x receptor (FXR) activation. Hence, this
study aimed to examine the impact and potential anticholestatic capabilities of cilnidipine in the rat’s model of
cholestasis produced by a-naphthyl isothiocyanate (ANIT), which is a widely used model that resembles human
cholestasis. The white albino rats used in this investigation were separated into three distinct groups, with eight
in each group. Negative control (Group 1), in this group, rats get a single dose of corn oil orally (1ml/kg) 48 hours
before euthanized; Positive control (Group Il), in this group, rats get a single dosage of Alpha-naphthyl
isothiocyanate (ANIT) (100mg/kg) orally 48 hours before euthanized; Treatment group (Group Il1), in this group,
rats get orally (cilnidipine 10 mg/kg/day) for seven successive days, on the fifth day, rats received a single oral
dose of ANIT (100mg/kg) 48 hours before euthanized. The results demonstrated that cilnidipine pretreatment
decreased the levels of alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), total bile acids (TBA),
direct bilirubin (DBIL), and total bilirubin (TBIL). Additionally, cilnidipine therapy also resulted in a decrease in
oxidative stress and inflammatory mediators. In conclusion, the results show that cilnidipine reduces cholestasis
in rats, which is induced by ANIT.
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Introduction

Bile acids (BASs), derived from cholesterol,
are amphipathic molecules that enhance lipid
absorption while simultaneously interacting with the
aqueous environment. The biological roles of BAs
have been extensively investigated throughout the
last few decades . BAs are endogenous molecules
that regulate energyhomeostasis, activate nuclear
receptors, and govern cell proliferation and
inflammation in the liver 23 .Cholestasis is a
gradual decrease of bile flow that can lead to liver
damage. It comprises both intrahepatic and
extrahepatic cholestasis ®. Without appropriate Hepatocyte proliferation and tumor growth were
care, this illness will eventually result in cirrhosis induced in hepatitis B virus transgenic mice by a diet
and liver failure. Because of the severe that was enriched in UDCA 13), NeverthEIESS, the
consequences, patients and society worldwide are prevailing opinion among hepatologists is that
a|Ways burdened greaﬂy ), C“nica”yl a broad UDCA should be administered with extreme
spectrum of liver diseases have a cholestatic caution, or even contraindicated, in patients who are

phenotype, which includes hepatocyte and suspected of having cholangiopathies with a
cholangiocyte molecular abnormalities ©.Since predominant obstructive component, such as the late

UDCA and other bile acids have been found to affect
a variety of liver cell functions, such as
biotransformation, through cytochrome P450 (CYP)
enzymes at both the transcriptional and post-
transcriptional  levels, according to recent
experimental evidence. The CYP3A subfamily has
been demonstrated to be induced by UDCA in
particular 1, CYP3A is critically important for
drug metabolism and is involved in the pre-systemic
extraction of over 50% of all currently available
drugs 2.

ursodeoxycholic acid (UDCA) is now the sole
medication for cholestasis that the FDA has
licensed, the finding of novel therapeutic medicines
is necessary because of the limited effectiveness of
UDCA in treating some types of cholestasis ().Also,

stages of primary sclerosing cholangitis (PSC),
primary biliary cirrhosis (PBC), or biliary atresia.
Additionally, it has been contended that the limited
therapeutic efficacy of UDCA, or even the
detrimental effects of UDCA in late-stage PBC and
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PSC, may be partially attributed to its deleterious
effects 4419, Similarly, the therapeutic use of UDCA
in biliary atresia has been limited to the type-IlI
condition (ductules exceeding 50 um) 9, In view of
the above, there is a need for new drugs to treat such
diseases. Cholesterol can be broken down into bile
acids in two different ways in the liver: the acidic,
which is also called the alternative pathway, uses
mitochondrial (CYP27A1), and the classic, which is
also called the neutral pathway, uses (CYP7AL)
1. The FXR is a member of the nuclear receptor
superfamily and functions as a sensor of bile acids.
Consequently, FXR might be a valuable therapeutic
target for managing cholestasis 8. By stimulating
the small heterodimer partner (SHP), FXR indirectly
suppresses the transcription of the CYP7AL gene.
Furthermore, FXR stimulates fibroblast growth
factor 19 (FGF19) in the gut, which in turn inhibits
CYP7AL1 in the liver through its action on fibroblast
growth factor receptor 4 (FGFR4) @9 Calcium
channel blockers (CCBs) are a structurally and
functionally heterogeneous group of drugs that play
a vital role in treating angina pectoris and
hypertension @9, A newly developed CCB,
cilnidipine acts as an antihypertensive and blocks
both L- and N-type calcium channels @Y. It was
recently demonstrated that cilnidipine functions as
an FXR agonist ©@d. The use of a-naphthyl
isothiocyanate (ANIT) is a standard method for
inducing intrahepatic cholestasis in rodents. ANIT-
induced cholestasis is distinguished by elevation of
serum bile acids and transaminases, hepatobiliary
cell necrosis, and inflammatory cell infiltration,
followed by blockage and proliferation of bile ducts
2329 Injury to biliary epithelial cells by ANIT
results in intrahepatic cholestasis ®. Hepatobiliary
barrier function analysis revealed dynamic
variations in tight junction (TJ) permeability after
ANIT induction @7,
Materials and Methods
Materials

Alpha-naphthyl isothiocyanate (ANIT) was
purchased from Sigma Aldrich St Louis USA, assay
rat's Elisa kits for serum Interleukin 1 Beta (IL1p),
serum Gamma-Glutamyl transferase 1 (GGT1),
tissue Malondialdehyde (MDA), serum Tumor
Necrosis Factor Alpha (TNFa) were obtained from
Cloud-Clone Corp. China. On the other hand, total
bile acids (TBA), total bilirubin (TBIL), alkaline
phosphatase (ALP), and direct bilirubin (DBIL)
were measured by colorimetric analysis. Animals,
Drug Treatments, and Experimental Protocol:
Twenty-four (24) male albino rats weighing
approximately 150-200 gm were acquired from the
College of Pharmacy Animal House/University of
Baghdad. After an acclimation period of one week,
the animals were placed in standard laboratory
conditions with a 25 + 2 °C temperature and a dark-
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light-cycle of 12:12 hours.The rats were separated
into three distinct groups, with eight rats in each
group. Negative control (Group 1), in this group rats,
got 1ml/kg of corn oil orally 48 hours before being
euthanized; Positive control (Group II), in this
group, rats received a single dosage of Alpha-
naphthyl isothiocyanate (ANIT) (100mg/kg) ©®
orally 48 hours before euthanized; Treatment group
(Group I11), in this group, rats were administered
(cilnidipine 10 mg/kg) @ orally for seven
successive days, on the fifth day, rats received a
single oral dose of ANIT (100mg/kg) 48 hours
before being euthanized. At the end of our work, rats
were euthanized using diethyl ether and cervical
dislocation. Blood was collected in tubes with
coagulation activator gel and centrifuged for 10
minutes at 3000 rpm to extract the serum, which was
subsequently kept at —80°C. An electric
homogenizer was used to homogenize a tiny portion
of liver tissue on ice with cold phosphate buffer
saline PBS (1: 10, w/v). This was done after the liver
tissue had been washed for a short period of time.
Homogenates were then centrifuged for 15 minutes
at a temperature of 4 °C and a speed of 14000 rpm.
The supernatant that was obtained was stored at a
temperature of -20 °C to conduct additional analysis
on malondialdehyde (MDA).Another piece of liver
tissue was preserved in 10% buffered formalin for
hematoxylin-eosin staining 9. A histopathologist
scored the severity of liver histopathological
changes, as shown in Table 1.Statistical analysis:
The data are reported as the mean value plus or
minus the standard deviation. The statistical
significance was assessed using one-way analysis of
variance (ANOVA) in GraphPad Prism version
9.5.1, employing Post Hoc Tukey tests to compare
groups. Significance was attributed to p-values less
than 0.05.
Results and Discussion

Effect of cilnidipine on Liver biochemical
and inflammatory parameters: As demonstrated in
Figure. 1-panel a-d, the serum levels for ALP, bile
acid, DBIL, and TBIL were significantly higher in
the ANIT group (Group 1) than in the control group
(Group 1). Compared to the ANIT-treated rats
(Group 1), pretreatment with cilnidipine (Group I11)
produced a substantial decrease in these biochemical
parameters. In the Figure. 2a, the serum level for
GGT was notably elevated in the ANIT group
compared to the control and cilnidipine pretreatment
groups. The liver tissue homogenate level of MDA
was measured, as depicted in Figure. 2b. Compared
to the control (Group 1), the tissue level of the
oxidative stress marker MDA was significantly
elevated in both the ANIT-treated (Group II) and
cilnidipine-treated rats (Group IlI). However, its
level was reduced considerably in the cilnidipine-
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treated rats (Group Ill) compared to the ANIT-
treated (Group I1).

To assess cholestatic liver damage, levels of
inflammation-related markers such as IL-1B and
TNF-o were evaluated, as illustrated in Figure 2
pane ¢ and d, respectively. The tissue levels of IL-
1B and TNF-o were notably elevated in the ANIT-
treated (Group II) and cilnidipine-treated rats
(Group 11). However, their levels still significantly
decreased in the cilnidipine-treated rats (Group 1)
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compared with the ANIT-treated (Group I1).Effect of
cilnidipine on liver histopathology: The degree of
liver tissue damage was dramatically reduced in the
cilnidipine pretreatment group compared to the
ANIT-treated group (Group Il), as shown in Figure.
3. The ANIT produces focal necrotic damage with
inflammatory cell infiltration to the bile duct with a
score (++). The pretreatment with cilnidipine
returned the tissue section to normal with mild
dilatation of the sinusoid with a score (-/+).
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Figure 1. The effect of cilnidipine on serum levels of ALP (a), Bile acid (b), DBIL (c), and TBIL (d) in rats
with cholestatic liver damage produced by ANIT. Each value is represented as mean + SD; *P<0.05 vs.

control group; #P < 0.05 vs. ANIT-treated rats.
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Figure 2. The effect of cilnidipine on serum levels of GGT (a), tissue MAD (b), serum levels of IL-1f (¢),
and serum levels of TNF-a (d) in rats with cholestatic liver damage produced by ANIT. Each value is
represented as mean + SD; *P<0.05 vs. control group; #P < 0.05 vs. ANIT-treated rats.
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Figure 3. Histopathological changes (H & E) (X40). Section of the liver in the control, Group I (A) showed a
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normal histological structure appearance, which consisted of a central vein (marked by a blue arrow) with threads
of hepatocyte cells (marked by a yellow arrow); its score is (0). In the ANIT-treated, Group Il (B), the section
showed a focal necrotic area (marked by red arrow); proliferation of bile ducts also presents (marked by brown
arrow) with inflammatory cells infiltration (marked by the green arrow), its score is (++). The section of the
cilnidipine-treated, Group Ill (C) has a normal histological structure appearance with mild dilatation of the
sinusoid (marked by the black arrow). The central vein (marked with a blue arrow) has a score of (-/+).

Table 1. Histopathological changes score

Score Histopathological changes

Score (-) No pathological lesion

Score (-/4) Very mild changes

Score (+) Histopathological changes in < 20% of the field
Score (++) Histopathological changes in 20 - 60% of the field
Score (+++) Histopathological changes in > 60% of the field

Cholestasis, a condition characterized by impaired
bile flow Y, ANIT (alpha-naphthyl isothiocyanate)
is widely used to induce cholestasis in experimental
models ©?.  The significant elevation of
inflammatory markers and oxidative stress
indicators in the ANIT-treated group (Group I1), as
demonstrated in this study, underscores the severity
of liver injury induced by this compound (3~
%).Cilnidipine is a calcium channel blocker that
specifically targets L/N-type calcium channels. It
has been shown to possess unique pharmacological
properties that extend beyond its antihypertensive
effects (21). The results of this study suggest that
cilnidipine's hepatoprotective effects may be due to
its ability to modulate oxidative and inflammatory
pathways. Cholestatic indicators (GGT and ALP
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activity), total bilirubin concentration, and DBIL are
significantly higher in patients with cholestasis
@637 The significant reduction in serum ALP, bile
acids, DBIL, TBIL, and GGT levels in cilnidipine-
pretreated rats (Group I1I) compared to ANIT-
treated rats (Group Il) indicates an amelioration of
cholestatic liver damage and improved liver
function, which is consistent with earlier research
findings ©®. Bile acids (BAs) affect oxidative stress
pathways and play a role in the development of
cholestatic liver injury, while bilirubin acts as a
potent antioxidant @%*9, Studies conducted in vitro
have shown that hepatocytes are killed by bile acids
through a process that is dependent on reactive
oxygen species (ROS). Additionally, cholestasis
triggers an inflammatory reaction that leads to a
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buildup  of  neutrophils in  the liver
“1) Malondialdehyde (MDA) is a byproduct of
polyunsaturated fatty acid peroxidation. MDA has
been a biomarker for oxidative stress in several
diseases 2. Moreover, the decreased levels of
MDA, a key indicator of oxidative stress “3, in
cilnidipine-pretreated rats (Group Ill) when
compared to Group Il suggest that cilnidipine
mitigates oxidative damage in hepatic tissues. This
antioxidative effect is particularly noteworthy, as
oxidative stress is a critical mediator of liver injury
in cholestasis. Cilnidipine's ability to reduce
oxidative stress markers may involve mechanisms
such as inhibiting reactive oxygen species (ROS)
production and enhancing antioxidant defenses. In
addition to its proposed antioxidative properties,
cilnidipine’'s  anti-inflammatory  effects likely
contribute to its protective role in cholestatic liver
injury. By reducing the levels of inflammatory
markers, cilnidipine may help attenuate the
inflammatory response triggered by cholestasis,
thereby preventing further hepatic
damage.Activation of FXR has been shown to
reduce bile acid toxicity, inflammation, and fibrosis
in the liver “4. The protective effects of cilnidipine
observed in this study may be partially mediated
through the modulation of FXR activity. By
influencing FXR pathways, cilnidipine could
enhance bile acid detoxification and efflux, thereby
reducing cholestatic liver injury and promoting liver
health . The study's findings align with previous
research highlighting the potential therapeutic
benefits of cilnidipine in various models of liver
injury “647. However, while the results are
promising, further investigations are warranted to
elucidate the precise molecular mechanisms
underlying cilnidipine's hepatoprotective effects,
including its interaction with FXR. Additionally,
translating these findings to clinical settings will
require comprehensive studies to evaluate the
efficacy and safety of cilnidipine in human subjects
with cholestatic liver diseases.

Conclusion

This study demonstrated that cilnidipine
protects rats from cholestatic liver injury by
reducing inflammatory and oxidative stress
markers and improving liver function
biomarkers compared to ANIT-treated rats.
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