
 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: aa.sedik@gmail.com.; (Ahmed A. Sedik). 

Receive Date: 15 May 2022, Revise Date: 07 June 2022, Accept Date: 16 June 2022 

DOI: 10.21608/EJCHEM.2022.138491.6091 

©2022 National Information and Documentation Center (NIDOC) 

 

Egypt. J. Chem. Vol. 65, No. 12 pp. 493 - 508 (2022) 

 

                                                                                                                      

Modulatory Effects of Cilostazol; an Nrf2/HO-1 activator against NAFLD in 

Rats Confirmed by Molecular Docking and FTIR Studies 
Ahmed A. Sedik 

1
*, Asmaa A. Amer

2 

1
Department of Pharmacology, Medical Research and Clinical Studies Institute, National 

Research Centre, Dokki, 12622, Cairo, Egypt 
2
Department of Pharmacognosy Pharmaceutical and Drug Industries Research Institute, National Research 

Centre, Dokki, 12622, Cairo, Egypt 

Abstract 

Nonalcoholic fatty liver disease (NAFLD) is a multi-etiological hepato-metabolic syndrome. No effective drugs have been settled 

for the effective therapy of NAFLD. Our study was conducted to evaluate the modulatory effects of cilostazol (CILO, 50 and 100 

mg/kg.p.o.) against NAFLD induced by high fat diet rich in cholesterol (HFD- CH) for 10 weeks. Forty male Sprague dawely 

rats were divided into 4 groups (10 rat / group). Normal control group supplied with normal chow diet. Control positive group 

received HFD- CH for 10 weeks. In addition, two CILO groups received (CILO, 50 and 100 mg/kg.p.o.) concurrently with HFD- 

CH. Our findings revealed that CILO at a dose level (100 mg/kg) showed promising results in reducing fasting glucose and 

insulin levels. Moreover, it could reduce the elevated inflammatory cytokines, hepatic lipids and oxidative stress biomarkers. In 

addition, CILO succeeded to restore the total protein levels and activate nuclear factor erythroid-related factor2/heme oxygenase-

1 (Nrf2/HO-1) activity. Furthermore, administration of CILO for NAFLD rats succeeded to show corrected and normalized FTIR 

spectra. We also investigated the plausible binding interactions of CILO with various biological targets using a molecular 

docking approach, and the results showed that CILO had an excellent docking energy score and significant binding interactions 

with the core amino acids involved in the active pocket for the enzymes studied. This study confirmed that CILO exerted a new 

intervention for NAFLD due to its complementary anti-hyperlipidemic, anti-inflammatory, and antioxidant potential, which was 

achieved through Nrf2/HO-1 activation.  
Keywords: NAFLD, Cilostazol, Nrf2/HO-1, FTIR, molecular docking.  

1. Introduction 

Nonalcoholic fatty liver disease (NAFLD) has a 

dramatically rising incidence in the western world 

and its prevalence continues to increase as a health 

crisis in society. Hepatic lipid accumulation can 

triggers hepatocyte damage, inflammation and 

fibrogenesis (1). NAFLD is strongly associated with 

the risk of more severe conditions such as 

atherosclerosis and cardiovascular diseases (2). Liver 

is the primary modulator of the biological pathways 

involved in cholesterol synthesis, cholesterol 

metabolism, uptake from chylomicron remnants, re-

uptake from high-density lipoproteins (HDL), 

cholesterol release from very-low density 

lipoproteins (VLDL), and biliary acid production. All 

of these pathways have a dominant effect on the 

regulation of plasma cholesterol concentrations and, 

as a result, on the increase of lipoprotein triglyceride 

(TGS) particles in the blood, resulting in fatty 

disposition in the peripheral tissues and liver. The 

most important precipitating factors associated with 

liver injury are inflammation and oxidative stress (3). 

 

NAFLD induced by high fat diet rich in cholesterol 

(HFD-CH) was related primarily to an oxidative 

injury and inflammation (4).Under normal and 

oxidative conditions, regulation of redox hemostasis 

occurs chiefly at the nucleus, and the nuclear factor 

erythroid-related factor2 (Nrf2) / hemoxygenase-1 

(HO-1) signalling pathway is an important mediator 

for modulation of such responses (5). The 

impairment in the cellular redox homeostasis causes 

deviation in the level of inflammatory mediators such 

as nuclear factor kappa-b (NF-κB) and tumor 

necrosis factor (TNF-α) which are required for 

repairing and regeneration of hepatocytes (6). 

Therefore, to avoid harmful oxidative conditions and 

to restore the redox homeostasis, activation of 

(Nrf2/HO-1) must being achieved (7). Several 

experimental and clinical attempts have been 

postulated for the therapy of the NAFLD, but none 
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have shown prominent results on liver biomarkers 

and hepatic regeneration (8). Thus, there is a pressing 

need to find safe therapeutic medicines that can 

alleviate the precipitating factors and diminish the 

hepatic accumulation of fats surrounding the liver. 

Cilostazol (CILO) is a promising research topic 

because of its significant results in reducing reactive 

oxygen species (ROS) by acting as a non-enzymatic 

antioxidant in reducing ROS (9). CILO is a quinolone 

derivative approved from FDA in the treatment of 

intermittent claudication due to peripheral vascular 

disease (10). It was also used principally in treatment 

of thrombotic diseases due to its anti-platelet 

activates. It also reduces the generation of 

intracellular ROS, which suppresses apoptosis and 

inflammatory alterations in several animal models 

(11).  

 

Molecular Docking is a theoretical technique used to 

investigate protein-ligand interactions and 

recognition. Small molecule ligands are studied in 

their interactions with receptor bio-macromolecules 

to determine the degree of binding and the strong of 

their affinity. These interactions are then used for 

developing structure-based drug design  in order to 

study the molecular mechanisms of the 

pharmacological effects, predicting  the structure of 

protein or ligand–ligand complexes, and enabling 

targeted drug discovery (12). The increasing 

computing power and improved insights from 

computational chemistry approaches, as well as the 

transformative impact of applying machine learning 

models to chemical sciences (13). 

Therefore, this study was conducted to assess the 

possible modulatory effects of cilostazol against 

metabolic, biochemical, and molecular alterations 

induced by high-fat, high-cholesterol diet (HFD- CH) 

that mimics the pathophysiological features of 

NAFLD in humans. Molecular docking studies can 

help predict which compounds have the highest 

active potential against NAFLD proteins. 

 

2. Materials and Methods 

2.1. Laboratory animals 

Forty male Sprague dawely rats weighing 120-150 g 

were used throughout the study. Rats were 

acclimated to the animal research colony's ideal 

environmental laboratory settings (National Research 

Centre, Cairo, Egypt). Rats were fed a typical 

laboratory meal ad libitum with unlimited access to 

water. The study was carried out in compliance with 

the Medical Research Ethics Committee (MREC) of 

the National Research Centre in Dokki, Egypt's 

ethical norms (No.13111). 

2.2. Induction of NAFLD 

NAFLD  was induced by daily intake from high fat 

diet rich in cholesterol (HFD-CH) composed of fat 

(55%),  cholesterol powder (4%) , carbohydrate 

(20%) and  protein (21 %), with equal quantities of 

minerals, vitamins and fibers (14). Cilostazol and 

cholesterol powder were purchased from sigma- 

Aldrich (USA).In addition, kits and chemicals were 

supplied from Randox.co, UK. 

  

2.3. Experimental design 

Forty male sprague dawely rats, were divided into 4 

groups (10 rats / group). Normal control group 

supplied with normal chow diet. Control positive 

group received HFD-CH for 10 weeks. In addition to, 

two CILO groups received (CILO,50 and 100 mg/ 

kg.p.o.) concurrently with HFD-CH (15). At the end 

of the experiment, rats were starved overnight, and 

blood samples were taken from the retro-orbital 

plexus of ether-anesthetized animals and centrifuged 

(800g, 4°C, 20 min.) to separate serum, which was 

then tested for metabolic and biochemical indices. 

Rats were sacrificed and liver tissues were excised, 

homogenized and divided into two parts. Part one is 

centrifuged at 4°C (4000 rpm/min., 5 min.), and the 

supernatants were analyzed for determination of 

hepatic concentration of further biochemical indices. 

Part two is freeze dried and prepared for investigation 

of molecular alterations by the aid of fourier 

transform infrared (FTIR) spectroscopy. 

 

2.3.1. Metabolic and biochemical assessment 

The concentration of fasting serum glucose was 

measured using glucose oxidase method, 

colorimetrically at 505 nm (16). Serum insulin level 

was determined by enzyme immunoassay  kit (17). 

Serum levels of aspartate aminotransferase (AST), 

alanine aminotransferase (ALT) were measured 

colorimetrically at 510 nm (18). Similarly, hepatic 

levels of total cholesterol (TC) and triglycerides (TG) 

were estimated at 505 nm using a calorimetric kit. In 

addition , serum lipids and total proteins were 

evaluated (19, 20).  

 

2.3.2. Assessment of GSH and MDA levels in 

hepatic homogenate 

The hepatic concentration of reduced glutathione 

(GSH) was assessed depending on a colorimetric 

reaction where reduction of 5, 5-dithiobis-(2-

nitrobenzoic acid) (DTNB) by SH group of 

glutathione occurs forming 2-nitro-S-
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mercaptobenzoic acid. The forming product was 

measured spectrophotometrically at 412 nm (21). In 

addition, the hepatic content of lipid peroxidation 

product, expressed as malondialdehyde (MDA) was 

determined through a reduction reaction occurs 

between one molecule of malondialdehyde with two 

molecules of 2-thiobarbituricacid under optimal 

conditions at pH, 3.5) forming pink coloured product 

that can be detected spectrophotometrically at 532 

nm (22). 

 

2.3.3. Assessment of NO, SOD and HO-1 levels in 

hepatic homogenate 

Nitric oxide (NO) concentration was measured in 

liver homogenate via griess reaction , that 

involved in reduction of nitrate to nitrite, where 

the mixture of naphthylethylenediamine and 

sulfanilamide was estimated spectrophotometrically 

at 540 nm (23). Superoxide dismutase (SOD) activity 

was measured in liver homogenate at 420 nm by a 

spectrophotometer using colorimetric kit (24). 

Hepatic heme oxygenase-1 (HO-1) concentration 

was determined by spectrophotometry at 450 nm 

using the Eliza kit, and HO-1 concentration was 

reported as ng/mg tissue (25). 

2.3.4.  Fourier transform infrared spectroscopy 

(FTIR) spectra in hepatic tissue 

FTIR spectroscopy is a reliable and non-invasive 

method that can provide a clear picture of 

macromolecule functional and structural changes 

within tissue cells (26). Hepatic tissue samples were 

lyophilized for 24 h then an equal and small amount 

of dried liver tissue samples were gently mixed with 

potassium bromide (KBr) crystals under a suitable 

pressure (1200 psi) for eight minutes to produce KBr 

pellets. In order to gain the same thickness of each 

pellet, samples were weighted and subjected to the 

same pressure. Pellets were scanned at 4 cm-1 within 

the mid-IR spectra (3200–400 cm-1) at room 

temperature and the spectra was recorded using a 

Perkin Elmer Spectrum (Perkin Elmer Inc, USA) 

equipped with a DTGS detector (27). 

 

2.4. Statistical analysis 

One-way ANOVA  were used for all statistical 

comparisons performed followed by Tukey's multiple 

comparison test, and the results are expressed as 

mean ± SEM (8 rats). Graph Pad Prism version no. 

8.0. (GraphPad Software, Inc., CA, USA) was used 

for the data examination. The difference is 

considered significant when the p value is less than 

0.05. 

 

2.5. Computational analysis 

The crystal structures of target proteins were obtained 

using codes from the protein data bank at 

http://www.rscb.org/pdb. as illustrated in Table 1(28-

35). The water molecules were removed and the 

enzymes were prepared using QuickPrep tool module 

in MOE 2019.01 (Molecular Operating Environment, 

Version 2019.01, Chemical Computing Group Inc., 

Montreal, Canada), then active site was identified. 

The chemical structure of CILO was obtained from 

PubChem (https://pubchem.ncbi.nlm.nih.gov/) as sdf 

files then loaded to MOE program. The structures 

were minimized using the MMFF94x force field until 

the RMSD of 0.01 kcal mol
-1

 Å
-1

was reached. The 

induced-fit protocol was used in the docking 

simulation, with the Triangle Matcher method used to 

place ligand conformations in the site, which were 

then ranked using the London G scoring function. 

The docking protocol was validated by running 

docking for the target protein's co-crystallized 

ligands. All the re-docked ligands had a low RMSD 

value less than 2 Å
-1

, indicating that the docking 

protocol was valid. One hundred docking poses were 

calculated, and the resulting docking poses were 

visualized using MOE 2019.01. The top-scored 

docking poses were used to calculate the binding free 

energy (G) of CILO in kcal/mol. 

 

Table 1: Binding affinity and interaction of cilostazol with the target proteins. 

Protein PDB 

code 

Binding energy 

(kcal/mol) 

Type of interaction,  

distance (Å) 

cilostazol atoms involved in 

the  interaction 

Amino acid involved in 

the interaction 

PPAR-γ 3K8S -8.86 Two H-donor, 3.49 & 3.66 NH MET 348 

H-acceptor,    3.42 N of tetrazole ring GLN 286 

Three pi-H, 3.70, 3.75 & 3.84 Tetrazole ring CYS 285, HIS 449 

PPAR-α 3ET1 -9.39 Two H-acceptor, 3.28, 

3.28 

C=O TYR 334 

HO-1 1DVE -8.06 two H-acceptor, 3.37 N of tetrazole ring ASP 140 

Pi-cation, 3.32 Tetrazole ring ARG 136 

https://pubchem.ncbi.nlm.nih.gov/
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Nrf-2 5CGJ -8.06 two H-acceptor, 3.11,  2.98 C=O ARG 483 

TNF-α 2AZ5 -6.39 four H-donor, 3.29 NH and  N of tetrazole ring GLY  121 

two  pi-H, 4.20, 4.25 Tetrazole ring LEU  55 

GSH 1XAN -6.57 three H-acceptor, 3.02 C=O SER 470 

three H-acceptor, 3.27, 3.36 N of tetrazole ring HIS 82 

iNOS 4CX7 -7.60 three H-donor , 3.65, 3.64, 43.65 NH MET  355 

three H-donor, 4.21, 4.04, 4.16 Cyclohexane ring CYS  200 

five H-acceptor, 3.05, 2.84, 2.89 CO TYR  491 

Two H-acceptor, 3.04, 3.09 N of tetrazole ring SER  242 

Two pi-H, 3.30 tetrazole ring GLY  371 

Three six  pi-H, 4.52 tetrazole ring GLY  202 

Catalase 1TGU -9.55 Three  H-acceptor, 2.72, 2.85, 2.88 N of tetrazole ring ARG  364 

Three  pi-pi, 3.73, 3.56, 3.77 Phenyl ring PHE  160 

 

3. RESULTS 

3.1. Effect of CILO on the serum levels of 

glucose, insulin, total lipids and total proteins in 

NAFLD rats 

Adding high fat diet rich in cholesterol to rats for 10 

consecutive weeks was associated with an increase in 

the levels of  fasting serum glucose, insulin and total 

lipids reaching about 171%, 147% and 149%, 

respectively, compared with normal healthy rats. Oral 

treatment of rats with CILO (50 mg/kg) for 10 

consecutive weeks concurrent with HFD-CH was 

associated with a decrease in the levels of  fasting 

serum glucose, insulin and total lipids reaching about 

73% , 89%, respectively. Administration of CILO 

(100 mg/kg) for NAFLD rats succeeded to restore the 

normal fasting glucose, insulin and total lipids levels 

(Figure 1). 

Induction of NAFLD in rats by continuous daily 

consumption of HFD-CH for 10 weeks showed a 

decrease in total protein levels reaching about 75%, 

compared with normal control group. Oral treatment 

of rats with CILO (50 mg/kg) for 10 consecutive 

weeks concurrent with HFD-CH was associated with 

an increase in the levels of fasting serum total protein 

levels reaching about 121%, respectively, compared 

with HFD-CH received rats. Administration of CILO 

(100 mg/kg) for NAFLD rats succeeded to restore the 

fasting normal total protein levels (Figure 2). 

 

3.2. Effect of CILO on serum AST, ALT, ALP 

levels and hepatic concentration of TGS and TC in 

NAFLD rats 

Adding HFD-CH for 10 consecutive weeks was 

associated with an elevation in the levels of serum 

AST, ALT, ALP levels, hepatic concentration of TGS 

and TC reaching about 6 folds, 3 folds, 6 folds, 153 

% and 235% respectively. Oral treatment of rats with 

CILO (50 mg/kg) for 10 consecutive weeks 

concurrent with HFD-CH was associated with a 

decrease in the levels of serum AST, ALT, ALP 

levels, hepatic concentration of TGS reaching about 

35%, 50%, 32%, 72% , respectively and normalizing 

the levels of hepatic TC. Administration of CILO 

(100 mg/kg) for NAFLD rats succeeded to reduce the 

levels of serum AST, ALT, ALP levels, hepatic 

concentration of TGS reaching about 18%, 25%, 

25%, respectively and normalizing the levels of 

hepatic TGS and TC (Table 3). 

3.4. Effect of CILO on hepatic oxidative stress 

biomarkersin NAFLD rats 
NAFLD in rats was induced by continuous daily 

consumption of HFD-CH for 10 weeks revealed an 

increase in the concentration of hepatic MDA and 

NO reaching about 250% and 5 folds . In addition, a 

decrease in hepatic GSH reaching about 36%, 

compared with normal control rats. Oral treatment of 

rats with CILO (50 and 100 mg/kg) for 10 

consecutive weeks concurrent with HFD-CH 

revealed a decrease in the concentration of hepatic 

MDA and NO reaching about 43% and 32%. In 

addition, an increase in hepatic GSH reaching about 

32%, compared with control positive rats. Oral 

administration of CILO (100 mg/kg) for NAFLD rats 

succeeded to normalizing the levels of hepatic GSH, 

MDA and NO (Table 4). 

 

3.5. Effect of CILO on hepatic levels of pro- 

inflammatory cytokines in NAFLD rats 

Adding HFD-CH for 10 consecutive weeks was 

associated with the elevation in the hepatic levels of 

TNF-α and NF-κB reaching about 364% and 453%, 

respectively, compared with NAFLD group. Oral 

administration of CILO (50 mg/kg) for 10 

consecutive weeks concurrent with HFD-CH was 

associated with a decrease in the hepatic levels of 

TNF-α and NF-κB reaching about 50% and 29% , 

respectively, compared with control positive group. 

Administration of CILO (100 mg/kg) for NAFLD 

rats succeeded to normalize the hepatic levels of 

TNF-α and NF-κB (Table 5). 

 

3.6. Effect of CILO on hepatic levels of Nrf-2 

expression and HO-1 levels in NAFLD rats 
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Administration of HFD-CH for 10 consecutive weeks 

for was associated with a decrease in the hepatic 

levels of Nrf-2 expression and HO-1 reaching about 

21% and 40% respectively, compared with NAFLD 

group. Oral treatment of rats with CILO (50 mg/kg) 

for 10 consecutive weeks concurrent with HFD-CH 

was one of the causes of increasing in the hepatic 

levels of Nrf-2 expression and HO-1 reaching about 

180% and normalization of HO-1 expression, 

respectively, compared with control positive group. 

Administration of CILO (100 mg/kg) for NAFLD 

rats succeeded to normalize the hepatic levels of Nrf-

2 expression and HO-1 activity (Figure3). 

 

 
NAFLD was induced by daily administration of high 

fat diet rich in cholesterol for 10 weeks. Oral 

treatment of HFD-CH induced- NAFLD with CILO 

(50 and 100 mg/kg). 24 hours after the last dose of 

the drugs, fasting serum glucose and insulin levels 

were evaluated. Results are expressed as mean ±SEM 

(n=8). *Significant difference from normal control 

group p< 0.05. @ Significant difference from 

NAFLD group. 

Figure.1. Effect of cilostazol on fasting 

serum glucose and insulin levels of NAFLD 

rats 

 

 
NAFLD was induced by daily administration of high 

fat diet rich in cholesterol for 10 weeks. Oral 

treatment of HFD-CH induced- NAFLD with CILO 

(50 and 100 mg/kg). 24 hours after the last dose of 

the drugs, fasting serum total lipids and total protein 

levels were evaluated. Results are expressed as mean 

±SEM (n=8). *Significant difference from normal 

control group p< 0.05. @ Significant difference from 

NAFLD group. 

Figure.2. Effect of cilostazol on fasting 

serum total lipids and total protein levels of 

NAFLD rats 
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NAFLD was induced by daily administration of high 

fat diet rich in cholesterol for 10 weeks. Oral 

treatment of HFD-CH induced- NAFLD with CILO 

(50 and 100 mg/kg). 24 hours after the last dose of 

the drugs, hepatic Nrf-2 expression and HO-1 levels 

were evaluated. Results are expressed as mean ±SEM 

(n=8). *Significant difference from normal control 

group p< 0.05. @ Significant difference from 

NAFLD group. 

Figure.3. Effect of cilostazol on Nrf-2 

expression and HO-1 levels in hepatic tissue of 

NAFLD rats 
 

 
 

Table.2.Effect of CILO on serum AST, ALT, ALP levels and hepatic concentration of TGS and TC in NAFLD rats 

 

. 

Table.3.Effect of CILO on hepatic oxidative stress biomarkers in NAFLD rats 

 

 

Table.4. Effect of CILO on hepatic levels of pro- inflammatory cytokines in NAFLD rats 

 

NAFLD was induced by daily administration of HFD-CH for 10 weeks. Oral treatment of HFD-CH induced- NAFLD with CILO 

(50 and 100 mg/kg). 24 hours after the last dose of the drugs, Hepatic levels of TNF-α and NF-κB were evaluated. Results are 

expressed as mean ±SEM (n=8). *Significant difference from normal control group p< 0.05. @ Significant difference from 

NAFLD group. 

 

3.7. Effect of CILO on hepatic molecular 

alterations in NAFLD rats 

Significant macromolecular bonding frequency 

regions are the characteristic features of the FT-IR 

spectra of hepatic specimens of HFD-CH. The most 

critical infrared absorbance bands are established 

between 1450 and 650 cm-1, amide I and II region 

between 1700 and 1500 cm-1, and C-H stretching 

region between 3070 and 2800 cm-1. Administration 

of CILO (100 mg/kg) for NAFLD rats succeeded to 

show corrected and normalized FTIR spectra (Figure 

4). 

Hepatic  NF-κB 

(pg/g tissue) 

Hepatic  TNF-α 

 level 

(pg/g tissue) 

Group    

18.67±0.15 35.26±0.27 Normal 

84.76±0.23* 128.5±0.2* HFD-CH 

25.41±0.21*@ 65.07±0.02*@ CILO(50 mg/kg) 

18.83±0.27@ 32.46±0.64@ CILO(100 mg/kg 

Hepatic  

TC 

(mg/g tissue) 

Hepatic  

TGS 

(mg/g tissue) 

Serum  

ALP level 

(U/ml( 

Serum  

ALT level 

(U/ml( 

Serum  

AST level (U/ml( 

Group    

26.46±0.4 80±0.4 17.47±0.2 35.26±0.27 20.55±0.17 Normal 

62.34± 0.4* 122.5±0.22* 108.5±0.12* 128.5±0.2* 126.5±0.2* HFD-CH 

36.26± 0.16@ 88.63±0.3*@ 35.07±0.022*@ 65.07±0.02*@ 45.07±0.02*@ CILO(50 mg/kg) 
25.60±0.44@ 80.63±0.3@ 27.16±0.23*@ 32.46±0.64*@ 23.66±0.36*@ CILO(100 mg/kg 

Hepatic NO 

(nmol/g tissue) 

Hepatic MDA level 

(nmol/g tissue) 

Hepatic GSH level 

( nmol/g tissue) 

Group    

7.86±0.3 90.66±0.17 32.55±0.19 Normal 

45.9±0.005* 226.5±0.2* 11.56±0.24* HFD-CH 

14.83±0.54*@ 98.07±0.02*@ 36.29±0.27*@ CILO (50 mg/kg) 

8.12±0.16@ 91.07±0.21@ 33.99±0.4@ CILO (100 mg/kg 

Parameter 

Parameter 
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3.8. Molecular docking study using MOE 

 

Medicinal chemists faced problems and intricate 

challenges in the discovering of therapeutic 

compounds, so, docking is a highly demanding and 

efficient discipline in order to rationally develop 

compounds for treating human disease. In our study 

the potential of CILO as inhibitors for several 

biological targets including, peroxisome proliferator-

activated receptor gamma (PPARγ), peroxisome 

proliferator-activated receptor alpha (PPARα), heme 

oxygenase-1 (HO1), transcription factor NF-E2-

related factor 2 (Nrf2), tumor necrosis factor-alpha 

(TNF-α), glutathione reductase, inducible nitric oxide 

synthase (iNOS) and catalase, was investigated using 

molecular docking technology. The binding affinity 

and interaction manners of the cilostazol with the 

selected enzymes were depicted in Table 1.  At the 

commencement, the native ligand for each enzyme 

was re-docked into the active pocket to validate our 

docking methodology, and the results showed that all 

re-docked ligands had a comparable conformation to 

the native ligands, with RMSD values ≤ 2.0 Å. 

CILO revealed lower binding energy of -8.86 

kcal/mol in the interaction with PPAR-γ (PDB ID: 

3K8S), compared to the nativeligand, 2-chloro-N-{3-

chloro-4-[(5-chloro-1,3-benzothiazol-2-

yl)sulfanyl]phenyl}-4-

(trifluoromethyl)benzenesulfonamide (Z27) with a 

docking energy of -9.94 kcal/mol (RMSD 1.94 Å, 

Table 1). Also, CILO showed excellent binding 

interaction with the PPAR-γ active site via formation 

two H-bonds donor, one H-bond acceptor and Three 

pi-H interaction with the key amino acids MET 348, 

GLN 286 and CYS 285, HIS 449, respectively in 

comparison to Z27 which formed four H-bonds 

donor with MET  364 and CYS  285(Table 1, Figure 

5a&b). 

In the interaction with PPARα (PDB ID:3ET1, Table 

1) , cilostazol formed two H-bonds acceptor with the 

amino acid TYR 334 (Figure 6a&b) and exhibited 

strong docking score of -9.39 kcal/mol compared to 

the native ligand 3-{5-methoxy-1-[(4-

methoxyphenyl)sulfonyl]-1H-indol-3-yl}propanoic 

acid (ET1) with score -10.36 kcal/mol (RMSD 1.24 

Å). Furthermore, docking of cilostazol with the HO1 

enzyme (PDB ID: 1DVE) led to the establishment of 

two H-bonds acceptor and Pi-cation interaction with 

ASP 140 and ARG 136, with a docking score of -

8.06 kcal/mol (Table 1, Figure 7a&b) compared to 

the native ligand, protoporphyrin IX containing Fe 

(HEM)of -11.82 kcal/mol (RMSD: 0.57Å).  While, in 

the interaction with Nrf2 (PDB ID: 5CGJ), cilostazol, 

demonstrated a strong binding energy of -8.06 

kcal/mol, which was lower than (3S)-1-(4-{[(2,3,5,6-

tetramethylphenyl)sulfonyl]amino}naphthalen-1-

yl)pyrrolidine-3-carboxylic acid (51M)of -7.32 

kcal/mol (RMSD: 2.6 Å) with the formation of two 

H-bonds acceptor with the core amino acid ARG 483 

(Table 1, Figure 8a&b). 

 

In the instance of tumor necrosis factor-alpha (TNF-

α; PDB ID: 2AZ5), CILO displayed good interaction 

with the enzyme active pocket by forming four H-

bonds donor and two pi-H interaction with the key 

amino acids GLY 121 and LEU 55 (Table 1, Figure 

9a&b). Additionally, cilostazol had lower docking 

score of -6.39 kcal/mol, compared to native ligand, 

6,7-dimethyl-3-[(methyl{2-[methyl({1-[3-

(trifluoromethyl)phenyl]-1H-indol-3-yl}methyl) 

amino]ethyl amino)methyl]-4H-chromen-4-one (307) 

of -7.74 kcal/mol (RMSD: 2Å).  On the other hand, 

docking of cilostazol with glutathione reductase 

(PDB ID: 1XAN) showed better docking energy of -

6.57 kcal/mol than co-crystalline ligand, 3,6-

dihydroxy-xanthene-9-propionic acid (HXP) of -5.26 

kcal/mol (RMSD: 2.5Å), with powerful interaction 

via formation of six H-bond acceptors with SER 470 

and HIS 82 (Table 1, Figure 10a&b). 

 

Interestingly, CILO displayed docking score of -7.60 

kcal/mol with inducible nitric oxidesynthase (PDB 

ID: 4CX7) which very comparable to score of  the 

co-crystalline ligand S71 [(R)-6-(3-amino-2-(5-(2-(6-

amino-4-methylpyridin-2-yl)ethyl)pyridin-3-

yl)propyl)-4-methylpyridin-2-amine], -7.95 kcal/mol 

and established a powerful interaction with the 

enzyme active pocket via formation of six H-donor, 

seven H-acceptor and five Pi-H bonds with the core 

amino acids MET  355, CYS  200, TYR  491, SER  

242, GLY  371 and GLY  202 (Table 1, Figure 

11a&b).  

Finally, CILO stabilized itself in the catalase active 

pocket  (PDB ID: 1TGU) through formation of three  

H-bonds acceptor and Three  pi-pi interaction with 

ARG 364 and PHE 160and showed binding energy of 

-9.55 kcal/mol compared to co-crystalline ligand 

HEM of 14.85 and RMDS 0.46 Å (Table 1, Figure 

12a&b). 
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NAFLD was induced by daily administration of high 

fat diet rich in cholesterol for 10 weeks. Oral 

treatment of HFD-CH induced- NAFLD with CILO 

(50 and 100 mg/kg). 24 hours after the last dose of 

the drugs, wave number alterations were evaluated. 

Results are expressed as mean ±SEM (n=8). 

*Significant difference from normal control group p< 

0.05. @ Significant difference from NAFLD group. 

Figure.4. Effect of cilostazol on wave 

number alterations in hepatic tissue of NAFLD 

rats 

 
Figure 5a: 2D conformations of the cilostazol in the 

active site of the PPARγ receptor (PDB ID: 3K8S). 

 
Figure 5b: 3D conformations of the cilostazol 

(yellow) in the active site of the PPARγ receptor 

(PDB ID: 3K8S). 

 
Figure 6a: 2D conformations of the cilostazol in the 

active site of the PPARα receptor (PDB ID: 3ET1). 

 
Figure 6b: 3D conformations of the cilostazol in the 

(green) active site of the PPARα receptor (PDB ID: 

3ET1). 

 
Figure 7a: 2D conformations of the cilostazol in the 

active site of the HO1 receptor (PDB ID: 1DVE). 
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Figure 7b: 3D conformations of the cilostazol 

(yellow) in the active site of the HO1 receptor (PDB 

ID: 1DVE). 

 
 

Figure 8a: 2D  conformations of the cilostazol in the 

active site of the Nrf-2 receptor (PDB ID: 5CGJ). 

 

 
 

Figure 8b: 3D conformations of the cilostazol 

(yellow) in the active site of the Nrf-2 receptor (PDB 

ID: 5CGJ). 

 

 
Figure 9a: 2D conformations of the cilostazol in the 

active site of the TNF-α receptor (PDB ID: 2AZ5). 

 

 
Figure 9b: 3D conformations of the cilostazol 

(yellow) in the active site of the TNF-α receptor 

(PDB ID: 2AZ5). 

 
Figure 10a: 2D conformations of the cilostazol in the 

active site of the GSH receptor (PDB ID: 1XAN). 
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Figure 10b: 3D conformations of the cilostazol 

(yellow) in the active site of the GSH receptor (PDB 

ID: 1XAN) 

 
Figure 11a: 2D conformations of the cilostazol in the 

active site of the iNOS receptor (PDB ID: 4CX7). 

 
Figure 11b: 3D conformations of the cilostazol 

(yellow) in the active site of the iNOS receptor (PDB 

ID: 4CX7). 

 

 

Figure 12a: 2D conformations of the cilostazol in the 

active site of the catalase receptor (PDB ID: 1TGU). 

 
Figure 12b: 3D conformations of the cilostazol 

(yellow) in the active site of the catalase receptor 

(PDB ID: 1TGU). 
 

4. Discussion 

NAFLD (nonalcoholic fatty liver disease) is a hepato-

metabolic disorder that is usually implicated in sever 

clinical and pathological disorders and is considered 

the major precipitating factors for insulin resistance, 

diabetes mellitus and cardiovascular diseases (36). 

NAFLD is an asymptomatic hepatic manifestation 

that can lead to NASH, hepatic fibrosis, cirrhosis, and 

hepatic malignancy.(37).Weight loss regimen and 

exercise are the only accepted treatments but are 

often a challengeable matter for NAFLD patients. 

Thus, there is an urgent necessity to explore safe 

agents for reducing the elevated hepatic lipids. 

According to the authors’ knowledge, this is the 

primary study exploring the valuable role of 

cilostazol, CILO; an Nrf2/HO-1 activator against the 

pathophysiological alterations induced by HFD- CH 

that parallel to NAFLD in human. 

Excessive consumption of HFD-CH for 10 weeks 

was found to be a reliable and adequate model of 

NAFLD, displaying typical NAFLD symptoms such 

as obesity, decreased glucose tolerance, and 

hyperinsulinemea. In our study, HFD-CH was 

associated with increased glucose and insulin levels 

as a result of excess fat intake leads to 

hypertriglyceridemia and increased availability of 

free fatty acids which help in reducing the insulin-

mediated drop in hepatic glucose production and 

decreases glucose uptake or utilization in skeletal 

muscle, resulting in hyperinsulinemia in our study 
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(38). Oral treatment of NAFLD with CILO (100 

mg/kg) treatment for 10 weeks was associated with 

normalizing serum glucose and insulin levels due to 

CILO relaxing systemic arterioles, which may elevate 

blood flow through muscle tissue, thereby improving 

tissue response to glucose and insulin (39). 

Previous study indicated that the metabolic functions 

of CILO as a blood glucose disposal through its 

direct role in cellular glucose uptake by regulating 

glucose metabolizing enzymes, prostaglandin 

dehydrogenase and α-keto-glutarate dehydrogenase at 

the cellular membrane level (40). Its well- known that 

the lipid composition of the erythrocyte membrane 

(EM)is affected by long term dietary fatty intake 

leading to accumulation of cholesterol within EM, 

alteration in phospholipid: cholesterol ratio, increase 

in the rigidity of EM and eventually increase the 

osmotic fragility of erythrocytes (41).  

Liver of rats received HFD-CH is frequently was 

associated with an extreme load of TGS, TC, and 

total lipids above the acceptable level, resulting in the 

liver's inability to metabolize free and bound lipids 

and a decrease in de novo synthesis of total proteins, 

resulting in a high concentration of TGS, TC, and 

total lipids in the free circulation and a decrease in 

total lipid concentration in the blood (42). Our 

findings revealed that oral treatment of NAFLD rats 

with CILO (100 mg/kg) for 10 weeks was associated 

with normalization of TGS and TC hepatic 

concentrations (43). NAFLD may be responsible for 

the induction of cellular hepatic enzymes AST, ALT, 

and ALP, which are used to assess liver function. 

AST and ALT are intracellular enzymes that serve as 

a clinical indicator of tissue injury, particularly 

hepatocyte tissue injury (44). Serum ALT, AST, and 

ALP activity were shown to be elevated in HFD-CH-

treated rats, indicating structural membrane 

disruption and the release of these enzymes into the 

systemic circulation. (45). Oral administration of 

CILO (100 mg/kg) to NAFLD rats showed 

normalization in serum hepatic enzymes, 

demonstrating that CILO preserves the hepatocellular 

membrane's structural integrity (46). 

NAFLD has been associated with oxidative stress 

imbalance, with a general decrease in the efficiency 

of the antioxidant system expressed by exaggeration 

of ROS generation, increased lipid peroxidation in 

hepatocytes, and, as a result, impairment in redox 

homeostasis causes changes in pro-inflammatory 

cytokines (47). Our results revealed that HFD-CH 

received rats have reduced levels of hepatic GSH 

levels and increased levels of lipid peroxidation 

products (MDA) (48). There have been several 

biochemical routes and mechanisms of action 

proposed that link of generation of ROS with 

NAFLD, resulting in chronic oxidative stress. Other 

studies have found a large increase elevation in lipid 

peroxidation and a considerable reduction in hepatic 

antioxidant enzyme activities, which are consistent 

with the findings of this study (49). In the current 

investigation, CILO was found to drastically alter the 

balance between oxidants and antioxidants in the 

livers of HFD-CH rats, resulting in a significant 

decrease in oxidative stress biomarkers and lipid 

peroxidation. CILO reduced hepatic lipid 

peroxidation and restored the activity of the GSH 

enzyme, which reduced oxidative stress by serving as 

an antioxidant and ROS scavenger. (50). Exhaustion 

of glutathione in HFD-CH rats was related with a 

shift in oxidative stress indicators, which may 

debilitate cellular antioxidant defense to the point 

where NO produced by inducible NO synthase may 

cause hepatic damage (51). Our promising study 

revealed that CILO could normalize the hepatic 

content of NO and these results are in consistent with 

(52). 

Hyperglycemia and elevated levels of free fatty acids 

and total lipids can triggers the release of 

proinflammatory cytokines and consequently hepatic 

inflammation as they are the driving forces for 

oxidative stress and ROS (53).The initial induction of 

an early inflammatory response in response to 

NAFLD stimulates macrophages to produce 

cytokines, primarily, TNF-α and NF-κB (54). TNF-

α,in particular, is involved in hepatic damage and is 

regarded as a critical sequela in various liver 

diseases (55). The finding of the present study 

showed that CILO could reduce the elevated levels of 

hepatic TNF-α and NF-κB. Our results are similar to 

a previous study reported that CILO could reduce the 

pro-inflammatory cytokines (TNF-α level) incommon 

bile duct ligated rats (56). Moreover, CILO 

significantly reduced the expression of TNF-α 

mRNA and NF-κB from hepatocytes of rats received 

lipopolysaccharides (57) . As a result, our findings 

suggest that the hepatoprotective effects of CILO 

may be mediated by the suppression of the NF-κB 

system in rats received HFD-CH induced- NAFLD 

(58). 

Oxidative stress is regarded as one of the main 

precipitating factors associated with HFD-CH 

induced NAFLD. The transcription factor; Nrf2 

protein participates effectively in triggering the 

induction of phase II detoxifying/antioxidant system 
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to cope with oxidative stress through enhancing the 

expression of a number of enzymes (59). Under 

normal and oxidative stress conditions, redox 

balance is primarily regulated at the nuclear level, 

and Nrf2/HO-1 is an important mediator of such 

responses. As a result, in response to these 

stressful conditions, the expression of several 

genes has been upregulated for the defense against 

a wide range of diseases(60). HO-1 is a stress-

related protein that improves the rate-limiting step 

in heme degradation, which results in biliverdin, 

carbon monoxide, and free iron. where heme 

degradation products exhibit antioxidant activity 

and vasodilation, which can protect cells from 

oxidative stress (61).The current study found that 

HFD-CH significantly reduced Nrf2 / HO-1 

expression levels, which were improved by CILO, 

which played a protective role against oxidative 

insults by targeting Nrf2 / HO-1 induction (62). 

FTIR spectroscopy was utilized to evaluate the 

hepatotoxic and hepatoprotective effects of 

numerous compounds, as well as biochemical 

changes in the liver, in a variety of animal models 

(63). The current study examined molecular changes 

in liver tissue using the FTIR spectroscopy 

technique, in order to monitor the function group 

vibration modes present in proteins and lipids. FTIR 

spectra showed a broad characteristic peak at 3284 

cm-1, which was attributed to a combination of O-H 

and N-H stretching vibrations. Also, an important 

peak was found at 2923 cm-1, it was attributed to the 

stretching vibration of the C-H2 group, that 

represented the lipids structure.(63). The protein 

structure was represented by the peak at 1644 cm-1 

which was a characteristic of N-H vibration (Amid 

I). Paying special attention to the range from 

2923cm-1 to 3284 cm-1 typical of lipid C–H2 

stretching, as well as the O–H vibrational stretching 

region 1644 cm-1 to 3284 cm-1 revealing that the 

wave number of fatty acid species changed 

significantly in NAFLD, indicating acyl chain 

modification of membrane lipids (64). 

The buildup of lipids in the NAFLD group was 

indicated by FTIR analysis of the CH2, CH3 

stretching area (3000–2800 cm1) and the ester 

carbonyl band at 1740 cm1(65).A number of bands 

were fitted to the CH stretching region (3000–2800 

cm1) to calculate the CH2/CH3 ratio. The decrease 

in the intensity of the CH3 stretching modes, together 

with an increase in the CH2 stretching modes, 

indicated that oxidative processes were occur in 

response to NAFLD and apoptosis is associated 

mainly with a change in the CH2/CH3 ratio (66). Oral 

treatment of rats received HFD-CH with CILO could 

reduce the hepatic molecular alterations due to its 

effect as a non-enzymatic antioxidant and its ability 

to reduce hepatic lipids via Nrf2/Ho-1 activation 

(67). 

Regarding molecular docking analysis, this is the 

primary study involved in utilizing CILO 

biochemically and computationally as inhibitor for 

PPARγ, PPARα, HO-1, Nrf2, TNF-α, GSH, iNOS 

and catalase.  The docking investigations were 

conducted using MOE 2019.01 (Molecular Operating 

Environment, Version 2019.01, Chemical Computing 

Group Inc., Montreal, Canada).  The overall results 

indicated that CILO had excellent binding energy 

score and strong binding interactions with the core 

amino acids involved in the active pocket for the 

investigated enzymes (Table 1).It is worthy to 

mention that, the tetrazole ring, NH and CO groups in 

CILO structure played a significant role in the 

binding interaction with the target enzymes as shown 

in Table 1and Figures 6-12.Our docking result 

indicated that, CILO had lower binding energy of -

8.86 kcal/mol in the interaction with PPARγ (PDB 

ID: 3K8S) with the formation of three H-bonds and 

three pi-H interactions between NH group, tetrazole 

ring and MET 348, GLN 286, CYS 285, HIS 449 

residues (Table 1, Figure 5a&b). While, molecular 

binding between CILO and  PPARα (PDB ID:3ET1) 

active site have established two H-bonds acceptor 

between carbonyl group and TYR 334 residue with 

docking score of  -9.39 kcal/mol (Table 1, Figure 

6a&b).  On the other hand, binding energy of CILO 

with HO-1  enzyme (PDB ID: 1DVE) was -8.06 

kcal/mol  and CILO - HO-1  complex was stabilized 

by establishment two H-bonds and Pi-cation 

interaction between tetrazole ring  and ASP 140 and 

ARG 136 (Table 1, Figure 7a&b) .  Interaction of 

cilostazol with Nrf2 (PDB ID: 5CGJ) resulted in low 

binding energy of -8.06kcal/mol, with good 

interaction with the active pockets through 

configuration of two H-bonds with the core amino 

acid ARG 483 and carbonyl group (Table 1, Figure 

8a&b). 

While, the complex produced by CILO and TNF- 

(PDB ID: 2AZ5) was stabilized by formation four H-

bonds and two pi-H interactions between the NH 

group, tetrazole ring and the essential amino acids 

GLY 121 and LEU 55(Table 1, Figure 9a&b).Also, 

docking of CILO with glutathione reductase (PDB 

ID: 1XAN) revealed lower docking energy of -6.57 

kcal/mol, with robust contact via formation of six H-

bonds between tetrazole ring, carbonyl group, and 

SER 470, HIS 82 residues (Table 1, Figure 
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10a&b).The complex produced between CILO and 

inducible nitric oxide synthase (PDB ID: 4CX7) was 

shown to have a strong binding interaction, with 

thirteen H-bonds and five Pi-H bonds formed 

between the key amino acids MET 355, CYS 200, 

TYR 491, SER 242, GLY 371, GLY 202 and the NH, 

CO, cyclohexane, tetrazole rings (Table 1, Figure 

11a&b). 

Finally, docking of CILO with the catalase active 

pocket  (PDB ID: 1TGU) demonstrated binding 

energy -9.55 kcal/mol and established three H-bonds 

and three  pi-pi interaction with ARG 364 and PHE 

160 (Table 1, Figure 12a,b). 

 

Conclusions 

Our findings revealed the possible modulatory role 

of cilostazol against high fat diet rich in cholesterol 

induced- NAFLD may be attributed to its anti-

hyperlipedemic activity, activation of Nrf2/HO-1 

pathway, reducing production of ROS and of pro-

inflammatory mediators. Thus, CILO could be in 

used in the future for patients suffering from 

NAFLD. In addition to molecular docking proved 

that CILO had strong binding interactions with the 

core amino acids involved in the active pocket for 

each investigated enzymes and excellent binding 

energy score. 
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