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Background: Bile acid (BA) is a type of cholesterol derivative that has long been established for its crucial role in the breakdown and
absorption of fat from food. Cholestasis occurs when the liver fails to transfer BAs to the intestines. Chronic cholestatic diseases can
lead to liver cirrhosis.

Objective: Ursodeoxycholic acid (UDCA) treatment is ineffective for certain cholestatic diseases like benign recurrent intrahepatic
cholestasis (BRIC), despite increasing the hydrophilic bile acid pool. Moreover, studies indicate that UDCA and other bile acids affect
liver cell functions, such as biotransformation through CYP enzymes. In hepatitis B virus transgenic mice, a UDCA-rich diet promoted
hepatocyte proliferation and tumor growth. Hepatologists advise against using UDCA in patients with severe obstructive cholangio-
pathies. Given the foregoing, new medications are required to treat these illnesses.

Methods: Twenty-four male Wistar albino rats were separated into three groups (8 rats for each group): negative control group I,
positive control group II (ANIT-induced cholestasis), and treatment group III (Cil and ANIT). The mRNA and protein expression
levels of FXR, small heterodimer partner (SHP), bile salt export pump (BSEP), nuclear factor erythroid 2-related factor 2 (NRF2),
hepatocyte nuclear factor 1o (HNF1a), sirtuin 1 (SIRT1), NADPH dehydrogenase-quinone-1 (NQO-1), and heme oxygenase-1 (HO-1)
were assessed post euthanasia. Additionally, other tissue oxidative stress markers were measured.

Results: Cil significantly increased the mRNA expression levels of FXR, SHP, BSEP, HNF1a, and NRF2 and the protein expression
levels of FXR, BSEP, SIRT1, NQO-1, and HO-1 in the treatment group compared with those in the positive control group.
Additionally, Cil decreased the oxidative stress level compared with that in the ANIT-treated group.

Conclusion: The results suggest that Cil effectively treats cholestasis by affecting the FXR signaling system and the NRF2 pathway.
Keywords: ANIT, cholestasis, cilnidipine, FXR, NRF2, oxidative stress

Introduction

Bile acid (BA) is a type of cholesterol derivative that has long been established for its crucial role in the breakdown and
absorption of fat from food.'” Cholestasis occurs when the liver fails to transfer BAs to the intestines. Chronic
cholestatic diseases can lead to liver cirrhosis.’

Ursodeoxycholic acid (UDCA) remains the only known treatment for cholestatic liver disease. It functions by blocking
cell death, protecting cells, modulating the immune system, and lowering cholesterol levels.*> While human BA comprises
3% UDCA, this level can increase to 50%, with daily doses between 13 and 15 mg/kg.® Certain types of cholestatic diseases,
including benign recurrent intrahepatic cholestasis (BRIC), do not respond to treatment with UDCA; nonetheless, the bile
acid pool is significantly enriched with this hydrophilic bile acid.” Additionally, new experimental research has shown that
UDCA and other bile acids influence a range of liver cell processes, including biotransformation, through cytochrome P450
(CYP) enzymes at both the transcriptional and post-transcriptional stages. It has been shown that UDCA specifically induces
the CYP3A subfamily.* "' CYP3A is essential for drug metabolism and participates in the pre-systemic extraction of more
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than 50% of all available drugs.'? Moreover, hepatocyte proliferation and tumor growth were stimulated in hepatitis B virus
transgenic mice with a diet enriched with UDCA."* However, hepatologists generally believe that UDCA should be used
very sparingly, or even not at all, in patients suspected of having cholangiopathies with a significant obstructive component,
such as the late stages of primary sclerosing cholangitis (PSC), primary biliary cirrhosis (PBC), or biliary atresia.'®'>
Likewise, UDCA has only been used therapeutically for type-III biliary atresia (ductules larger than 50 pm).'® Given the
foregoing, new medications are required to treat these illnesses.

As the farnesoid X receptor (FXR) is a BA sensor, it can be targeted for the treatment of cholestasis.'” FXR regulates fat
metabolism (including its transport, synthesis, and absorption), whereas BAs are the endogenous ligands that activate this
receptor.'®'” BA also indirectly suppresses the expression of cytochrome P450 8B (CYPSB) and cytochrome P450 7A1
(CYP7A1), which are the enzymes involved in the synthesis of liver BAs. FXR also stimulates the transcription of a small
heterodimer partner (SHP), which subsequently binds to liver receptor homolog-1 (LRH-1) and suppresses its function.*
Additionally, FXR increases the expression of fibroblast growth factor-19 (FGF19), which in turn suppresses the expression of
CYP7A1.2"*2 FXR also increases the expression of export transporters of hepatic BAs, including the bile salt export pump
(BSEP) and multidrug resistance-associated protein 2 (MRP2).2>%*

Another type of transporter affected by FXR is sodium taurocholate cotransporting polypeptide (NTCP), the primary
protein governing BA absorption by the liver. However, the performance of this transporter is hindered by the activation
of the FXR/SHP pathway.>

Currently, calcium channel blockers (CCBs), such as dihydropyridines and nondihydropyridines, are utilized for the
treatment of hypertension.?® Cilnidipine (Cil) is a recently discovered CCB that inhibits both L- and N-type channels. As
N-type channels are located mainly in nerves and the brain, Cil is expected to affect nerve activity, which includes the
inhibition of the sympathetic nervous system.?’ Recently, Cil was identified as an FXR agonist.?®

1-a Naphthyl isothiocyanate (ANIT) has been used as a model chemical to study mechanisms of intrahepatic
cholestasis for over two decades. When acutely delivered to rats and mice, ANIT causes bile ductular epithelial cell
necrosis, which is followed by bile stasis, and bile duct proliferation.”* '

In hepatocytes, ANIT is detoxified via conjugation with glutathione (GSH). Multidrug resistance-associated protein 2
(Mrp2) transports the ANIT-GSH compound into bile, where ANIT dissociates from GSH. The ANIT that is released
preferentially destroys bile-duct epithelial cells, resulting in cholangitis and eventual intrahepatic cholestasis.”*~>
Markers for cholestasis and liver injury, such as serum bile acids, ALT, and bilirubin were elevated 24 hours after
ANIT treatment and peaked at 48 hours.>
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Materials and Methods

Materials

The alpha-naphthyl isothiocyanate (ANIT) utilized for this study was acquired from Sigma Aldrich, USA, while the Cil
(CAS Number: 132203-70-4) was acquired from Bide Pharmatech Limited of China. Biochemical indicator kits for
glutathione peroxidase (GPx-1), malondialdehyde (MDA), and superoxide dismutase (SOD) were obtained from Wuhan
USCN Business Co., Ltd./USCN Life Science KIT INC, China. The PCR primers purchased from Macrogen, Inc., South
Korea, are listed in Table 1. Other PCR materials, including reverse transcription kits (RTKs) and quantitative
polymerase chain reaction (QPCR) master mix, were acquired from Promega Corporation, USA. The Western blot
materials used were acquired from Elabscience, USA. The antibodies used for protein quantification, as well as their
manufacturers, are listed in Table 2.

Experimental Protocol
The animal care and study protocol for this undertaking was validated by the Local Study Ethics Committee of the
College of Pharmacy at the University of Baghdad in Iraq. To acclimatize the animals, they were placed in a standard
laboratory setting, which covered the elements of temperature (25+2°C) and illumination (12:12 h dark/light cycle).
The rats were randomly separated into three groups comprising eight rats each. Group I (negative control) was orally
administered 1 ml/kg corn oil two days before euthanasia; Group II (positive control) was administered a single oral dose
of 100 mg/kg ANIT two days before euthanasia;*> Group III (treatment group) was orally administered 10 mg/kg Cil for
seven days,’® and 100 mg/kg ANIT two days before euthanasia, on Day 5. Upon the completion of this week-long
exercise, the rats were euthanized via diethyl ether and cervical dislocation, and their liver tissues were excised into four
sections: one was maintained in TRIzol reagent for subsequent RNA extraction, while the other was homogenized with

Table | The PCR Primers

Gene Forward 5’ —3’ Reverse 5’ —3’

FXR AGGCCATGTTCCTTCGTTC CAGCTCCCCGACACTTTTATAG

SHP GAGTCTTTCTGGAGCCTTGAG AGGACTTCACACAATGCCC

NRF2 GCTATTTTCCATTCCCGAGTTAC ATTGCTGTCCATCTCTGTCAG
HNFlo | AGAGTCCCTTCATGGCAAC CTGAGGTTGGTGTCTGTGATC

BSEP CAACGCATTGCTATTGCTCG GTTCTGGATGGTGGACAAACG
GAPDH | TTCCAGGAGCGAGATCCCGCTAAC | CATGAGCCCTTCCACGATGCCAAAG

Table 2 Primary and Secondary Antibodies Used and Their

Manufacturers
Target Protein | Species Dilution | Manufacturers
FXR Rabbit 1:5000 MyBioSource/USA
BSEP Rabbit 1:5000 MyBioSource/USA
SIRTI Rabbit 1:500 Elabscience/USA
NQO-I Rabbit 1:500 Elabscience/USA
HO-I Rabbit 1:1000 Elabscience/USA
Rabbit 1gG Goat Anti-Rabbit | 1:10000 Elabscience/USA
Beta-actin Rabbit 1:5000 Elabscience/USA
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RIPA lysis buffer for subsequent protein extraction and quantification. In the other two sections, one was fixed with PBS-
buffered formalin (10%) for later assessment of histopathological changes, and the other section was homogenized and
used to measure oxidative stress markers.

Determination of Oxidative Stress Levels

After the animals were euthanized, a segment of liver tissue was removed and rinsed with phosphate-buffered saline
(PBS). Subsequently, 1 g of liver tissue was homogenized with 9 ml of PBS. The homogenate was subsequently
centrifuged for 10 minutes at low temperature, and the supernatant was collected for the assessment of superoxide
dismutase (SOD), glutathione peroxidase-1 (GPx-1), and malondialdehyde (MDA) contents.

Quantitative Polymerase Chain Reaction (qQPCR)

The rats’ liver tissues were treated with TRIzol reagent, and RNA was extracted according to the directions provided by the
manufacturer.” A spectrophotometer was used to measure the total RNA content and purity at 260 and 280 nm. Two micrograms
of RNA was subsequently used to generate complementary DNA (cDNA) via reverse transcription via GoScript™ Reverse
Transcriptase. The cDNA was stored at —80°C for subsequent PCR experiments. Bio-Rad® real-time PCR was then used in the
RNA amplification process. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression was used to standardize the

~AACT
2

quantity of the messenger ribonucleic acid (mRNA), while the method was used to generate all comparative data. The

primers used for these experiments are listed in Table 1.

Western Blot Analysis

A mixture comprising 300 mg of liver tissue, 1 mL of RIPA lysis buffer, 10 pL of sodium orthovanadate (Na3VO4), and 10 pL of
phenylmethylsulfonyl fluoride (PMSF) was used for the extraction of proteins from the accumulated liver tissues. The use of an
Elabscience® BCA protein assay kit to measure the protein concentrations was followed by the placement of 10 pL of the SDS-
protein mixtures of each sample into the wells of the preprepared SDS-PAGE gel. The separated proteins were then transferred to
polyvinylidene difluoride (PVDF) membranes, which were then incubated in 5% skim milk at standard laboratory temperature
for 90 minutes and constantly agitated. The PVDF membranes were then incubated in a refrigerator overnight while being
agitated with primary antibodies against FXR, BSEP, sirtuin 1 (SIRT1), heme oxygenase-1 (HO-1), NAD(P)H dehydrogenase-
quinone-1 (NQO-1), and beta-actin. A secondary antibody solution was then added to the PVDF membranes prior to their
incubation for an additional 60 minutes on a shaker. The surfaces of the PVDF membranes were subsequently treated with the
ECL working solution for a period of between one and five minutes. To complete this exercise, the intensity of protein expression

was assessed via the Bio-Rad® ChemiDoc MP Imaging System, and the band images were evaluated via the ImageJ program.

Histological Examination
A piece of rat liver from each group was fixed with PBS-buffered formalin (10%) at 4°C for one week for histopatho-
logical evaluation. To detect hepatocellular necrosis, liver slices treated with formalin were sliced into 5 um sections,
stained with HE, and then examined under a microscope.®°

A histopathologist scored the severity of liver histopathological changes as follows: score (-) refers to no pathological
lesion; score (-/+) refers to very mild changes; score (+) refers to histopathological changes in <20% of the field; score (++)
refers to histopathological changes in 20-60% of the field; and score (+++) refers to histopathological changes in >60% of the

field.

Statistical Analysis
The data are presented as the means = SDs. One-way analysis of variance was applied to determine the statistical
significance, using GraphPad® Prism 9.5.1, with post hoc/Tukey testing for group comparisons. P<0.05 indicated

significance.*’
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Results
Impact of Cilnidipine (Cil) on the Nuclear Factor Erythroid 2-Related Factor 2 (NRF2)
Signaling Pathway

Many cholestatic ailments are associated with the encroachment of inflammatory cells, promoting abnormal BA
secretion, blockage of bile ducts, and induction of cell death. Nuclear factor erythroid 2-related factor 2 (NRF2), a redox-
sensitive transcription factor, is involved in several anti-inflammatory mechanisms. As shown in Figure 1, Group III
delivered significantly higher levels of NRF2 mRNA than Groups I and II did.

Cholestatic liver damage is characterized by oxidative stress. The levels of GPX1, MDA, and SOD in liver tissue
homogenates were measured. The outcomes are depicted in Figure 2. Compared with the control group, ANIT- and Cil-
pretreated rats presented substantially lower tissue levels of GPX1 and SOD; however, the Cil pretreatment group
presented higher levels than did the ANIT group (Figure 2A and B).

Compared with control rats, ANIT-treated rats presented a substantial increase in the level of tissue MDA, which is
a measure of oxidative stress. Figure 2C shows that, compared with the ANIT group, the Cil pretreatment group had
a much lower level.

Impact of Cilnidipine (Cil) on the Farnesoid X Receptor (FXR) Signaling Pathway
Several studies have shown that BA employs a nuclear receptor signaling cascade to control CYP7A1, FXR, and SHP
expression. FXR regulates both enterohepatic circulation and the accumulation of BAs within cells. As depicted in
Figure 1A, Group II presented significantly lower FXR mRNA expression than Group I did, whereas FXR mRNA
expression was restored in Group III. The protective effects of FXR activation in cholestatic diseases have also been
reported in previous studies.

Additionally, while the expression of BSEP, SHP, and hepatocyte nuclear factor la (HNF1a) mRNA was significantly
lower in Group II than in Group I, the expression of these genes was significantly greater in Group III (Figure 1B-D).

Impact of Cilnidipine (Cil) on Rat Bile Salt Export Pump (BSEP), Farnesoid X Receptor
(FXR), NAD(P)H Dehydrogenase-Quinone-1 (NQO-1), Sirtuin | (SIRT-1), and Heme

Oxygenase-1 (HO-I) Protein Levels
According to the Western blot analysis results, while ANIT decreased the protein levels of BSEP, FXR, NQO-1, SIRT1,
and HO-1, these levels increased upon the administration of Cil (Figure 3).

Effects of Cilnidipine (Cil) on Liver Histopathology
The severity of liver damage was notably lower in the Cil-treated group (Group III) than in the ANIT-treated group
(Group 1II) (Figure 4).

Discussion

The proliferation of bile ducts, the death of parenchymal cells, inflammation, and liver fibrosis are the clinical conditions
that impede the flow of bile, culminating in cholestatic liver damage.*' Endorsed by the United States Food and Drug
Administration (USFDA) body, ursodeoxycholic acid (UDCA) is a drug used for the treatment of gallstones and primary
biliary cirrhosis, as well as for the prevention of gallstone development, in obese individuals who shed weight rapidly.**
However, as certain cholestatic ailments do not respond well to UDCA, the development of innovative alternatives ought
to be in the pipeline.

FXR plays a crucial role in several aspects of inflammation and metabolism, making it a desirable therapeutic target.
FXR ligands are effective in treating nonalcoholic steatohepatitis (NASH), diabetes, and primary biliary cholangitis
(PBC) by improving bile acid, glucose, and lipid metabolism and reducing inflammation.**** However, concerns
concerning safety and long-term clinical outcomes have been raised. These may include severe itching, a decrease in
high-density lipoprotein cholesterol, and an unfavorable serum lipid profile with raised total and low-density lipoprotein

Journal of Experimental Pharmacology 2025:17 htps: 97



Mohammed and Zalzala

(A)  g= FXR (B) ¢ BSEP
c H#x
o
@ gl #* 8
R © 2
£3 5
38 55 ©
s <&
x . 47 & ﬁ
ED ke
£ ES
s &3
g< ge
0] 2 8- 2
: §
= @
*
0~ *
R R S 0
) > ‘\ T T
) o
O\Qs \«QS oxv. ‘o\s,Q OQQ §
& \\ \Q \Q S x
& LA &£ & &
.\6\ o° v 8\Q\
& Groups ) v
¢ Groups
(C) SHP (D) &= HNF1a
5 14
-a g
3 12 @ 5 #*
4y o
52 107 -
<8 d® 4
Z0 8- &
€3 £2
£2 ° #x Es
28 =
&= 4 3!
Q g8 27
g 2 9
? 0 . £ 11
- =
R R &
& & F ot —
& & o°' R R S
o v ¢°° Q«°° &
x
0\\0 Groups &@\ ‘;\6 <
< \&Q
(}\ Groups
E
8( ) NRF2
.6 10- #*
¢
3
3 8+
- |
S5
L 64
€%
=2
28 47
]
&
y 2
=
" I I *
1 1
R R S
& & &
o S e
S &
® *
&
<~ Groups

Figure | Impact of Cil on BA gene expression in ANIT-induced cholestasis in rats. The gene expression levels of (A) FXR, (B) BESP, (C) SHP, (D) HNFla, and (E) NRF2
were measured via real-time PCR. Each value is represented as the mean % SD; *P<0.05 vs Group I; #P<0.05 vs Group II.
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Figure 2 The effects of Cil on tissue GPx-1 (A), MAD (B), and SOD (C) in rats with cholestatic liver damage produced by ANIT. Each value is presented as the mean * SD;
*P < 0.05 vs the control group; “P < 0.05 vs the ANIT-treated group.

cholesterol.****® Because it preserves the integrity of the intestinal barrier and prevents bacterial translocation, FXR is
a promising target for the treatment of inflammatory bowel disease (IBD).*” Obeticholic acid (OCA), an FXR agonist,
was recently approved for use in combination with UDCA to treat PBC, despite data showing that OCA had side effects
that worsen biliary damage in animal models of obstructive cholestasis.**** After three years of follow-up, 33% of
patients with primary biliary cholangitis on OCA reported fatigue, and up to 77% had pruritus.® On the other hand,
nonsteroidal FXR agonists are being developed and studied in hopes of offering similar therapeutic benefits with fewer
side effects. They might have a better safety record, particularly in relation to hepatotoxicity, a serious issue with steroid-
based FXR agonists.”!

The binding of the FXR-RXR heterodimer complex to BAs activates the transcriptional repressor SHP, which
consequently downregulates the expression of CYP7A1 and CYP8BI, the two main enzymes involved in the synthesis
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Figure 3 Impact of Cil on the mRNA expression of BSEP, FXR, NQO-1, SIRTI, and HO-1 in rats with ANIT-induced cholestatic disease. (A) Western blot images of FXR,
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Figure 4 Histopathological changes. The liver section in the control group (A) had a normal histological structure characterized by a central vein (shown by a blue arrow)
surrounded by strands of hepatocyte cells (indicated by a yellow arrow). Its score is (0). In the ANIT-treated group (B), the slice exhibited a focal necrotic region (shown by
the red arrow); there was also a proliferation of bile ducts (indicated by the brown arrow) accompanied by infiltration of inflammatory cells (indicated by the green arrow),
and its score was (++). Histologically, the cilnidipine-treated Group IlI (C) slice looks normal, except for a little sinusoid dilatation (black arrow). The central vein (shown by
a blue arrow), its score was (-/+).

of BAs. This occurrence also prompts the expression of BSEP.’*>* As shown in Figures 1 and 3, Cil upregulated the
mRNA and protein expression of FXR while downregulating signaling cascades. Thus, Cil significantly increases the
gene expression levels of FXR, SHP, and BSEP, as well as the protein expression levels of FXR and BSEP.

The liver, pancreas, kidneys, and digestive tract all express HNFlo.>* Among the genes regulated by HNFla in the
liver are B-fibrinogen, albumin, and ol-antitrypsin. Null mice without the T-cell factor-1 transcription factor (Tcfl-/-)
were used to examine the role of HNF1la in terms of balancing the cholesterol level. These animals presented impaired
high-density lipoprotein (HDL) metabolism, aberrant BA transport, and increased BA and cholesterol synthesis.” Bile
acids (BAs) suppress HNFla by reducing the activity of HNF4a.>® As shown in Figure 1D, the mRNA expression levels
of HNF1a are significantly higher in Group III, while reduced in Group II.

Under cholestatic conditions, oxidative stress escalates liver damage, contributing greatly to the death of hepatocytes.
When hepatocytes and mitochondria in the liver are subjected to apoptotic BAs, they produce reactive oxygen species
(ROS).”” The transcription factor NRF2 plays a role in the detection of oxidative stress in cells. Kelch-like Ech-
associated protein 1 (Keapl) facilitates the retention of NRF2 in the cytosol. The release and nuclear translocation of
NRF2 occur when oxidative stress induces changes in the sulfhydryl groups of Keapl.’®>’

The functions of Nrf2 and FXR in regulating oxidative stress and inflammation in the liver are interrelated. The FXR
preserves BA homeostasis and guards against BA-induced oxidative stress, whereas Nrf2 is mainly concerned with
detoxifying ROS and lowering oxidative damage. The prevention of inflammation and the progression of chronic liver
disorders depend on the coordinated regulation of Nrf2 and the FXR.

As previously stated, Nrf2 activation in the liver improves lipid profiles and lowers the buildup of BA. Mice studies
have demonstrated that Nrf2 activation reduces liver BA concentrations, most likely as a result of less hepatic BA
production.®® Examining how the Nrf2 and FXR pathways interact is vital because the FXR is key to BA metabolism.
Studies reveal that this relationship is mediated by proteins like p-catenin and P300.°" Activated FXR promotes P300
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binding to Nrf2 by reducing FXR binding to B-catenin and facilitating transcription of downstream genes. These results
point to a tight connection between the Nrf2, FXR, P300, and B-catenin signaling pathways, which are essential for
preserving BA homeostasis.®

The activation of NRF2 batteries serves to reduce the oxidative load in cells by increasing the glutathione (GSH),
NQO-1, HO-1, and catalase concentrations while lowering the reactive intermediates, thereby enhancing the overall
chemical detoxification of cells via phase II conjugation.®*®*

As depicted in Figures 1 and 3, in comparison with Group II, Group III presented considerably higher mRNA
expression levels of NRF2 and higher protein expression levels of NQO-1 and HO-1.

Consistent with earlier results, a-naphthyl isothiocyanate (ANIT) significantly increased the MDA level but decreased
the GPx-1 and SOD levels in the cholestatic model group (Figure 2).°> However, Cil pretreatment antagonized these
effects.

In summary, SIRT1 activators impede the cytoplasmic breakdown and acetylation of FXR. Effective treatments for
acute and chronic liver damage are achieved through a combination of SIRT1 activators and FXR agonists.®® As shown
in Figure 3E, in Group II, while the protein expression levels of SIRT1 were significantly decreased, these levels were

restored following pretreatment with Cil.

Conclusion

The results showed that Cil significantly increased the mRNA expression levels of farnesoid X receptor (FXR), small
heterodimer partner (SHP), bile salt export pump (BSEP), hepatocyte nuclear factor 1a (HNFla), and nuclear factor
erythroid 2-related factor 2 (NRF2), as well as the protein expression levels of FXR, BSEP, sirtuin 1 (SIRT1), NAD(P)H
dehydrogenase-quinone-1 (NQO-1), and heme oxygenase-1 (HO-1) compared to the ANIT-treated group. Additionally,
Cil decreased oxidative stress markers compared to the ANIT group. The findings suggest that Cil effectively alleviates
cholestasis by influencing the FXR signaling pathway and the NRF2 pathway, indicating its potential as a new drug for
treating cholestatic liver diseases that do not respond well to ursodeoxycholic acid (UDCA).
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ANIT, Alpha-naphthyl isothiocyanate; BA, Bile acid; BRIC, Benign recurrent intrahepatic cholestasis; BSEP, Bile salt
export pump; CCBs, Calcium channel blockers; cDNA, Complementary DNA; Cil, Cilnidipine; CYP7A1, Cytochrome
P450 7A1; CYP8B, Cytochrome P450 8B; FGF19, Fibroblast growth factor-19; FXR, Farnesoid X receptor; GAPDH,
Glyceraldehyde 3-phosphate dehydrogenase; GSH, Glutathione; GPx-1, glutathione peroxidase; HDL, High-density
lipoprotein; HNF1a, Hepatocyte nuclear factor la; HO-1, Heme oxygenase-1; Keapl, Kelch-like Ech-associated
protein 1; LRH-1, Liver receptor homolog-1; MDA, Malondialdehyde; mRNA, Messenger ribonucleic acid;
Na3VO04, Sodium orthovanadate; NQO-1, NAD(P)H dehydrogenase-quinone-1; NRF2, Nuclear factor erythroid
2-related factor 2; NTCP, Sodium taurocholate cotransporting polypeptide; PMSF, Phenylmethylsulphonyl fluoride;
PVDF, Polyvinylidene difluoride; gPCR, Quantitative polymerase chain reaction; ROS, Reactive oxygen species; RTK,
Reverse transcription kits; SHP, Small heterodimer partner; SIRT1, Sirtuin 1; SOD, Superoxide dismutase; Tcfl-/-,
T-cell factor-1 transcription factor; UDCA, Ursodeoxycholic acid; USFDA, United States Food and Drug
Administration.

Ethics Statements

The Animal Research Local Ethics Committee University of the College of Pharmacy at the University of Baghdad
approved this study on 20 April 2023 (Approval Number: RECAUBCP). The authors declare their responsibility for the
application of these ethics as reported in the NIH Guide for the Care and Use of Laboratory Animals.

Acknowledgments
The authors would like to express their sincere gratitude to the College of Pharmacy at the University of Baghdad for
allowing us to work in their modern laboratory, which had only recently been installed.

102 htps: Journal of Experimental Pharmacology 2025:17



Mohammed and Zalzala

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,

(&

xecution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically

reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article

has been submitted; and agree to be accountable for all aspects of the work.

Disclosure
The authors report no conflicts of interest in this work.

References

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

1. Sun R, Xu C, Feng B, Gao X, Liu Z. Critical roles of bile acids in regulating intestinal mucosal immune responses. Therap Adv Gastroenterol.
2021;14:17562848211018098. doi:10.1177/17562848211018098

2. Atshan DA. Possible protective effect of nicardipine on anit induce cholestasis in rat. Farmacia. 2024;72(1):140-148. doi:10.31925/
farmacia.2024.1.14

3. Poupon R, Poupon RE. Ursodeoxycholic acid therapy of chronic cholestatic conditions in adults and children. Pharmacol Ther. 1995;66(1):1-15.
doi:10.1016/0163-7258(94)00073-C

4. Padda MS, Sanchez M, Akhtar AJ, Boyer JL. Drug-induced cholestasis. Hepatology. 2011;53(4):1377-1387. doi:10.1002/hep.24229

5. Roma MG, Toledo FD, Boaglio AC, Basiglio CL, Crocenzi FA, Sanchez Pozzi EJ. Ursodeoxycholic acid in cholestasis: linking action mechanisms
to therapeutic applications. Clin Sci. 2011;121(12):523-544. doi:10.1042/CS20110184

6. Sandhu BS, Luketic VA. Management of primary sclerosing cholangitis. Gastroenterol Hepatol. 2006;2(11):843.

7. Crosigani A, Podda M, Bertolini E, Battezzati PM, Zuin M, Setchell KDR. Failure of ursodeoxycholic acid to prevent a cholestatic episode in a patient
with benign recurrent intrahepatic cholestasis: a study of bile acid metabolism. Hepatology. 1991;13(6):1076—1083. doi:10.1002/hep.1840130612

8. Paolini M, Pozzetti L, Piazza F, Cantelli-Forti G, Roda A. Bile acid structure and selective modulation of murine hepatic cytochrome P450-linked

enzymes. Hepatology. 1999;30(3):730-739. doi:10.1002/hep.510300332
9. Paolini M, Pozzetti L, Montagnani M, et al. Ursodeoxycholic acid (UDCA) prevents DCA effects on male mouse liver via up-regulation of CXP
and preservation of BSEP activities. Hepatology. 2002;36(2):305-314. doi:10.1053/jhep.2002.34939
0. Schuetz EG, Strom S, Yasuda K, et al. Disrupted bile acid homeostasis reveals an unexpected interaction among nuclear hormone receptors,
transporters, and cytochrome P450. J Biol Chem. 2001;276(42):39411-39418. doi:10.1074/jbc.M 106340200
. Bodin K, Bretillon L, Aden Y, et al. Antiepileptic drugs increase plasma levels of 4B-hydroxycholesteroli n humans: evidence for involvement of
cytochrome P450 3A4. J Biol Chem. 2001;276(42):38685-38689. doi:10.1074/jbc.M105127200
2. Thummel KE, Wilkinson GR. In vitro and in vivo drug interactions involving human CYP3A. Annu Rev Pharmacol Toxicol. 1998;38(1):389-430.
doi: 10.1146/annurev.pharmtox.38.1.389
3. Barone M, Maiorano E, Ladisa R, et al. Influence of ursodeoxycholate-enriched diet on liver tumor growth in HBV transgenic mice. Hepatology.
2003;37(4):880—886. doi:10.1053/jhep.2003.50175
4. Corpechot C, Carrat F, Bahr A, Chrétien Y, Poupon RE, Poupon R. The effect of ursodeoxycholic acid therapy on the natural course of primary
biliary cirrhosis. Gastroenterology. 2005;128(2):297-303. doi:10.1053/j.gastro.2004.11.009
5. Lindor KD, Kowdley KV, Luketic VAC, et al. High-dose ursodeoxycholic acid for the treatment of primary sclerosing cholangitis. Hepatology.
2009;50(3):808-814. doi:10.1002/hep.23082
6. Mohanty MK, Gupta SD, Bhatnagar V. Surgical outcome in relation to duct size at the porta hepatis and the use of cholagogues in patients with
biliary atresia. Trop Gastroenterol. 2010;31(3):184-189.
7. Makishima M. Nuclear receptors as targets for drug development: regulation of cholesterol and bile acid metabolism by nuclear receptors.
J Pharmacol Sci. 2005;97(2):177-183. doi:10.1254/jphs. FMJ04008X4
8. Mi LZ, Devarakonda S, Harp JM, et al. Structural basis for bile acid binding and activation of the nuclear receptor FXR. Mol Cell. 2003;11
(4):1093-1100. doi:10.1016/S1097-2765(03)00112-6
9. Al-khfajy WS, Kathem SH, Aboddy AA, Hatem SF, Zalzala MH, Arif IS. Farnesoid X receptor is an exciting new perspective target for treatment
of diverse pathological disorders. J Pharm Sci Res. 2018;10(9):2292-2296.
0. Lu TT, Makishima M, Repa JJ, et al. Molecular basis for feedback regulation of bile acid synthesis by nuclear receptors. Mol Cell. 2000;6
(3):507-515. doi:10.1016/S1097-2765(00)00050-2
. Holt JA, Luo G, Billin AN, et al. Definition of a novel growth factor-dependent signal cascade for the suppression of bile acid biosynthesis. Genes
Dev. 2003;17(13):1581-1591. doi:10.1101/gad.1083503
2. Atshan DA, Zalzala MH. Possible protective effect of low dose of papaverine on ANIT induce cholestasis in rat. lragi J Pharm Sci. 2023;32
(Suppl.):118-126. doi:10.31351/vol32issSuppl.pp118-126
3. Ananthanarayanan M, Balasubramanian N, Makishima M, Mangelsdorf DJ, Suchy FJ. Human bile salt export pump promoter is transactivated by
the farnesoid X receptor/bile acid receptor. J Biol Chem. 2001;276(31):28857-28865. doi:10.1074/jbc.M011610200
4. Kast HR, Goodwin B, Tarr PT, et al. Regulation of multidrug resistance-associated protein 2 (ABCC2) by the nuclear receptors pregnane X receptor,
farnesoid X-activated receptor, and constitutive androstane receptor. J Biol Chem. 2002;277(4):2908-2915. doi:10.1074/jbc.M109326200
5. Lehmann JM, Kliewer SA, Moore LB, et al. Activation of the nuclear receptor LXR by oxysterols defines a new hormone response pathway. J Biol
Chem. 1997;272(6):3137-3140. doi:10.1074/jbc.272.6.3137
6. Frishman WH. Calcium channel blockers: differences between subclasses. Am J Cardiovasc Drugs. 2007;7(Suppl 1):17-23. doi:10.2165/
00129784-200707001-00003

—_

—_

Journal of Experimental Pharmacology 2025:17 htps: 103


https://doi.org/10.1177/17562848211018098
https://doi.org/10.31925/farmacia.2024.1.14
https://doi.org/10.31925/farmacia.2024.1.14
https://doi.org/10.1016/0163-7258(94)00073-C
https://doi.org/10.1002/hep.24229
https://doi.org/10.1042/CS20110184
https://doi.org/10.1002/hep.1840130612
https://doi.org/10.1002/hep.510300332
https://doi.org/10.1053/jhep.2002.34939
https://doi.org/10.1074/jbc.M106340200
https://doi.org/10.1074/jbc.M105127200
https://doi.org/10.1146/annurev.pharmtox.38.1.389
https://doi.org/10.1053/jhep.2003.50175
https://doi.org/10.1053/j.gastro.2004.11.009
https://doi.org/10.1002/hep.23082
https://doi.org/10.1254/jphs.FMJ04008X4
https://doi.org/10.1016/S1097-2765(03)00112-6
https://doi.org/10.1016/S1097-2765(00)00050-2
https://doi.org/10.1101/gad.1083503
https://doi.org/10.31351/vol32issSuppl.pp118-126
https://doi.org/10.1074/jbc.M011610200
https://doi.org/10.1074/jbc.M109326200
https://doi.org/10.1074/jbc.272.6.3137
https://doi.org/10.2165/00129784-200707001-00003
https://doi.org/10.2165/00129784-200707001-00003

Mohammed and Zalzala

217.

28.

29.

30.

31.
32.

33.
34.

35.
36.

37.

38.

39.

40.

41.
42.

43.

44,

45

46.

47.

48.
49.

50

SI.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

Minami J, Kawano Y, Makino Y, Matsuoka H, Takishita S. Effects of cilnidipine, a novel dihydropyridine calcium antagonist, on autonomic
function, ambulatory blood pressure and heart rate in patients with essential hypertension. Br J Clin Pharmacol. 2000;50(6):615-620. doi:10.1046/
j.1365-2125.2000.00299.x

Bijsmans ITGW, Guercini C, Ramos Pittol JM, et al. The glucocorticoid mometasone furoate is a novel FXR ligand that decreases inflammatory but
not metabolic gene expression. Sci Rep. 2015;5(1):14086. doi:10.1038/srep14086

Lopez M, Mazzanti L. Experimental investigations on alpha-naphthyl-iso-thiocyanate as a hyper-plastic agent of the biliary ducts in the rat.
J Pathol Bacteriol. 1955;69(1):243-250. doi:10.1002/path.1700690132

McLean MR, Rees KR. Hyperplasia of bile-ducts induced by alpha-naphthyl-iso-thiocyanate: experimental biliary cirrhosis free from biliary
obstruction. J Pathol Bacteriol. 1958;76(1):175—188. doi:10.1002/path.1700760120

Goldfarb S, Singer EJ, Popper H. Experimental cholangitis due to alpha-naphthyl-isothiocyanate (ANIT). Am J Pathol. 1962;40(6):685.

Dietrich CG, Ottenhoff R, de Waart DR, Elferink RPJO. Role of MRP2 and GSH in intrahepatic cycling of toxins. Toxicology. 2001;167(1):73-81.
doi:10.1016/S0300-483X(01)00459-0

Ogawa K, Suzuki H, Hirohashi T, et al. Characterization of inducible nature of MRP3 in rat liver. Am J Physiol Liver Physiol. 2000;278(3):G438-46.
Tanaka Y, Aleksunes LM, Cui YJ, Klaassen CD. ANIT-induced intrahepatic cholestasis alters hepatobiliary transporter expression via
Nrf2-dependent and independent signaling. Toxicol Sci. 2009;108(2):247-257. doi:10.1093/toxsci/kfp020

Uchida K, Ogura Y, Yamaga N, Yamada K. a-Naphthylisothiocyanate (ANIT) induced cholestasis in rats. Yonago Acta Med. 2002;45(2):59-68.
Varagic J, Susic D, Frohlich ED. Cilnidipine improves spontaneously hypertensive rat coronary hemodynamics without altering cardiovascular
mass and collagen. J Hypertens. 2002;20(2):317-322. doi:10.1097/00004872-200202000-00023

Khaleel RA, Zalzala MH. The ameliorating effect of oral paquinimod administration against imiquimod induced psoriasis-like inflammation in
mice. Iraqi J Pharm Sci. 2023;32(1):92-99. doi:10.31351/vol32iss1pp92-99

Zhu G, Feng F. UPLC-MS-based metabonomic analysis of intervention effects of Da-Huang-Xiao-Shi decoction on ANIT-induced cholestasis.
J Ethnopharmacol. 2019;238:111860. doi:10.1016/j.jep.2019.111860

Al-hoshary D, Zalzala MH. Assessment of ellagic acid action in 5-fluorouracil induced intestinal mucositis: assessment of ellagic acid action in
5-fluorouracil induced intestinal mucositis. fraqi J Pharm Sci. 2023;32(Suppl.):33—41. doi:10.31351/vol32issSuppl.pp33-41

Al-Kenany SA, Al-Shawi NN. Protective effect of cafestol on doxorubicin-induced genotoxicity in rats. /raqi J Pharm Sci. 2023;32(Suppl.):16-25.
doi:10.31351/vol32issSuppl.pp16-25

Cai SY, Boyer JL. The role of bile acids in cholestatic liver injury. Ann Trans! Med. 2021;9(8):737. doi:10.21037/atm-20-5110

Hempfling W, Dilger K, Beuers U. Ursodeoxycholic acid—adverse effects and drug interactions. Aliment Pharmacol Ther. 2003;18(10):963-972.
doi:10.1046/j.1365-2036.2003.01792.x

Moris D, Giaginis C, Tsourouflis G, Theocharis S. Farnesoid-X receptor (FXR) as a promising pharmaceutical target in atherosclerosis. Curr Med
Chem. 2017;24(11):1147-1157. doi:10.2174/0929867324666170124151940

Chow MD, Lee YH, Guo GL. The role of bile acids in nonalcoholic fatty liver disease and nonalcoholic steatohepatitis. mol Aspects Med.
2017;56:34-44. doi:10.1016/j.mam.2017.04.004

. Mudaliar S, Henry RR, Sanyal AJ, et al. Efficacy and safety of the farnesoid X receptor agonist obeticholic acid in patients with type 2 diabetes and

nonalcoholic fatty liver disease. Gastroenterology. 2013;145(3):574-582. doi:10.1053/j.gastro.2013.05.042

Neuschwander-Tetri BA, Loomba R, Sanyal AJ, et al. Farnesoid X nuclear receptor ligand obeticholic acid for non-cirrhotic, non-alcoholic steatohepatitis
(FLINT): a multicentre, randomised, placebo-controlled trial. Lancet. 2015;385(9972):956-965. doi:10.1016/S0140-6736(14)61933-4

Ding L, Yang L, Wang Z, Huang W. Bile acid nuclear receptor FXR and digestive system diseases. Acta Pharm Sin B. 2015;5(2):135-144.
doi:10.1016/j.apsb.2015.01.004

Brown RS Jr. Use of obeticholic acid in patients with primary biliary cholangitis. Gastroenterol Hepatol. 2018;14(11):654.

van Golen RF, Olthof PB, Lionarons DA, et al. FXR agonist obeticholic acid induces liver growth but exacerbates biliary injury in rats with
obstructive cholestasis. Sci Rep. 2018;8(1):16529. doi:10.1038/s41598-018-33070-1

. Trauner M, Nevens F, Shiffman ML, et al. Long-term efficacy and safety of obeticholic acid for patients with primary biliary cholangitis: 3-year

results of an international open-label extension study. Lancet Gastroenterol Hepatol. 2019;4(6):445-453. doi:10.1016/S2468-1253(19)30094-9
Ali A, Bansal M, Bhattacharya S. Ligand 5, 10, 15, 20-tetra (N-methyl-4-pyridyl) porphine (TMPyP4) prefers the parallel propeller-type human
telomeric G-quadruplex DNA over its other polymorphs. J Phys Chem B. 2015;119(1):5-14. doi:10.1021/jp505792z

Goodwin B, Jones SA, Price RR, et al. A regulatory cascade of the nuclear receptors FXR, SHP-1, and LRH-1 represses bile acid biosynthesis. Mo/
Cell. 2000;6(3):517-526. doi:10.1016/S1097-2765(00)00051-4

Kim KH, Choi JM, Li F, et al. Xenobiotic nuclear receptor signaling determines molecular pathogenesis of progressive familial intrahepatic
cholestasis. Endocrinology. 2018;159(6):2435-2446. doi:10.1210/en.2018-00110

Pontoglio M. Hepatocyte nuclear factor 1, a transcription factor at the crossroads of glucose homeostasis. J Am Soc Nephrol. 2000;11(suppl_2):
S140-S143. doi:10.1681/ASN.V11suppl_2s140

Ekholm E, Nilsson R, Groop L, Pramfalk C. Alterations in bile acid synthesis in carriers of hepatocyte nuclear factor 1a mutations. Age. 1919;15(8/11):1.
Jung D, Kullak-Ublick GA. Hepatocyte nuclear factor lo: a key mediator of the effect of bile acids on gene expression. Hepatology. 2003;37
(3):622—-631. doi:10.1053/jhep.2003.50100

Serviddio G, Pereda J, Pallardo FV, et al. Ursodeoxycholic acid protects against secondary biliary cirrhosis in rats by preventing mitochondrial
oxidative stress. Hepatology. 2004;39(3):711-720. doi:10.1002/hep.20101

Zhang DD, Hannink M. Distinct cysteine residues in keap1 are required for keap1-dependent ubiquitination of Nrf2 and for stabilization of Nrf2 by
chemopreventive agents and oxidative stress. Mol Cell Biol. 2003;23(22):8137-8151. doi:10.1128/MCB.23.22.8137-8151.2003

Atshan DA, Zalzala MH. Papaverine attenuates the progression of alpha naphthylisothiocyanate induce cholestasis in rats. Curr Res Pharmacol
Drug Discov. 2024;6:100177. doi:10.1016/j.crphar.2024.100177

Liu J, Lickteig AJ, Zhang Y, Csanaky IL, Klaassen CD. Activation of Nrf2 decreases bile acid concentrations in livers of female mice. Xenobiotica.
2021;51(5):605-615. doi:10.1080/00498254.2021.1880033

Liu J, Liu J, Meng C, et al. NRF2 and FXR dual signaling pathways cooperatively regulate the effects of oleanolic acid on cholestatic liver injury.
Phytomedicine. 2023;108:154529. doi:10.1016/j.phymed.2022.154529

104 htps: Journal of Experimental Pharmacology 2025:17


https://doi.org/10.1046/j.1365-2125.2000.00299.x
https://doi.org/10.1046/j.1365-2125.2000.00299.x
https://doi.org/10.1038/srep14086
https://doi.org/10.1002/path.1700690132
https://doi.org/10.1002/path.1700760120
https://doi.org/10.1016/S0300-483X(01)00459-0
https://doi.org/10.1093/toxsci/kfp020
https://doi.org/10.1097/00004872-200202000-00023
https://doi.org/10.31351/vol32iss1pp92-99
https://doi.org/10.1016/j.jep.2019.111860
https://doi.org/10.31351/vol32issSuppl.pp33-41
https://doi.org/10.31351/vol32issSuppl.pp16-25
https://doi.org/10.21037/atm-20-5110
https://doi.org/10.1046/j.1365-2036.2003.01792.x
https://doi.org/10.2174/0929867324666170124151940
https://doi.org/10.1016/j.mam.2017.04.004
https://doi.org/10.1053/j.gastro.2013.05.042
https://doi.org/10.1016/S0140-6736(14)61933-4
https://doi.org/10.1016/j.apsb.2015.01.004
https://doi.org/10.1038/s41598-018-33070-1
https://doi.org/10.1016/S2468-1253(19)30094-9
https://doi.org/10.1021/jp505792z
https://doi.org/10.1016/S1097-2765(00)00051-4
https://doi.org/10.1210/en.2018-00110
https://doi.org/10.1681/ASN.V11suppl_2s140
https://doi.org/10.1053/jhep.2003.50100
https://doi.org/10.1002/hep.20101
https://doi.org/10.1128/MCB.23.22.8137-8151.2003
https://doi.org/10.1016/j.crphar.2024.100177
https://doi.org/10.1080/00498254.2021.1880033
https://doi.org/10.1016/j.phymed.2022.154529

Mohammed and Zalzala

62. Kay HY, Kim WD, Hwang SJ, et al. Nrf2 inhibits LXRo-dependent hepatic lipogenesis by competing with FXR for acetylase binding. Antioxid
Redox Signal. 2011;15(8):2135-2146. doi:10.1089/ars.2010.3834

63. Ishii T, Itoh K, Takahashi S, et al. Transcription factor Nrf2 coordinately regulates a group of oxidative stress-inducible genes in macrophages.
J Biol Chem. 2000;275(21):16023-16029. doi:10.1074/jbc.275.21.16023

64.He L, Guo C, Peng C, Li Y. Advances of natural activators for Nrf2 signaling pathway on cholestatic liver injury protection: a review. Eur
J Pharmacol. 2021;910:174447. doi:10.1016/j.ejphar.2021.174447

65. Yao H, Xu Y, Yin L, et al. Dioscin protects ANIT-induced intrahepatic cholestasis through regulating transporters, apoptosis and oxidative stress.
Front Pharmacol. 2017;8:116. doi:10.3389/fphar.2017.00116

66. Cui S, Hu H, Chen A, et al. SIRT1 activation synergizes with FXR agonism in hepatoprotection via governing nucleocytoplasmic shuttling and
degradation of FXR. Acta Pharm Sin B. 2023;13(2):559-576. doi:10.1016/j.apsb.2022.08.019

Journal of Experimental Pharmacology DOVepI'eSS
Taylor & Francis Group
Publish your work in this journal

The Journal of Experimental Pharmacology is an international, peer-reviewed, open access journal publishing original research, reports, reviews
and commentaries on all areas of laboratory and experimental pharmacology. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-experimental-pharmacology-journal

Journal of Experimental Pharmacology 2025:17 EXin>QO 105


https://doi.org/10.1089/ars.2010.3834
https://doi.org/10.1074/jbc.275.21.16023
https://doi.org/10.1016/j.ejphar.2021.174447
https://doi.org/10.3389/fphar.2017.00116
https://doi.org/10.1016/j.apsb.2022.08.019
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Materials
	Experimental Protocol
	Determination of Oxidative Stress Levels
	Quantitative Polymerase Chain Reaction (qPCR)
	Western Blot Analysis
	Histological Examination
	Statistical Analysis

	Results
	Impact of Cilnidipine (Cil) on the Nuclear Factor Erythroid 2-Related Factor 2 (NRF2) Signaling Pathway
	Impact of Cilnidipine (Cil) on the Farnesoid XReceptor (FXR) Signaling Pathway
	Impact of Cilnidipine (Cil) on Rat Bile Salt Export Pump (BSEP), Farnesoid XReceptor (FXR), NAD(P)H Dehydrogenase-Quinone-1 (NQO-1), Sirtuin 1 (SIRT-1), and Heme Oxygenase-1 (HO-1) Protein Levels
	Effects of Cilnidipine (Cil) on Liver Histopathology

	Discussion
	Conclusion
	Abbreviations
	Ethics Statements
	Acknowledgments
	Author Contributions
	Disclosure

