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ABSTRACT 

Cilostazol is a phosphodiesterase III inhibitor with antiplatelet and vasodilating 

properties. Cilostazol effectively attenuated severity of diabetic angiopathy. However, 

the underlying mechanisms involved in its beneficial effect against diabetic nephropathy 

are not fully elucidated. Type-1 diabetic rats received cilostazol (25mg/kg/day, oral for 

12 weeks). Fasting blood glucose, serum lipids, renal nuclear factor κB (NF-κB) and 

interluckin-6 (IL-6), kidney function markers, oxidative stress parameters were 

examined. The plasma soluble receptor for advanced glycation end products (sRAGE) 

was assayed. Renal advanced glycation end products (AGEs) level was assayed. Renal 

histopathological study was also performed. The results showed improvement in kidney 

structure and function post cilostazol treatment. Furthermore, cilostazol elevated the 

circulating plasma sRAGE level and decreased renal AGEs, NF-κ B and IL-6 levels.  

Moreover, the renal levels of reduced glutathion, superoxide dismutase and heme 

oxygenase-1 increased associated with reduction in malondialdehyde suggesting 

enriched antioxidant status in the kidney.   Conclusion, Cilostazol ameliorates diabetic 

renal injury which may be, in part, due to elevation of circulating plasma sRAGE, 

lowering of renal AGEs level and in other part the anti-inflammatory action and 

enhancement of the renal antioxidant status. 
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INTRODUCTION 

Diabetic nephropathy is a serious insult of prolonged uncontrolled 

hyperglycemia. It represents the principle reason for end stage renal failure worldwide. 

Large percentage of diabetic patients develops structural and functional renal alterations 

which require dialysis or transplantation (Mestry et al. 2017).
 

Long standing 

hyperglycemia induces Maillard reaction "non-enzymatic reaction of reduced sugars 

with amino groups of proteins and lipids" with production of early glycation products 

named amadori products that further produce irreversibly cross linked derivatives 

known as advanced glycation end products (AGEs) (Singh et al. 2001). 
 

Involvement of AGEs in the development of diabetic angiopathy is strongly 

evident (Fracasso et al. 2019).  AGEs via interacting with their specific receptors 

[receptor for AGEs (RAGE)] initiate a plethora of intracellular and extracellular 

detrimental effects. AGEs/RAGE interaction recruits downstream cascades as oxidative 

stress, autophagy, pro-inflammatory transcription factors as nuclear factor–κB (NF-κB), 

cytokines (interleukins and tumor necrosis factor-α), Intercellular Adhesion Molecule-1 

(ICAM-1) and Vascular Cell Adhesion Molecule-1 (VCAM-1) with subsequent 

vascular remodeling and long lasting vascular injury which trigger atherosclerosis and 

endothelial damage in diabetic microvascular insult (Xu et al. 2016). Also, RAGE 

activation contributes to vasoconstriction via enhancing endothelin-1 expression and 

interfering with nitric oxide biosynthesis (Quade-Lyssy et al. 2013).    

AGEs induce glomerulosclerosis, increased vascular permeability to albumin, 

and thickened glomerular basement membrane with mesangial expansion which 

represent the main features of diabetic nephropathy. Additionally, AGEs induce 

apoptotic mesangial cell death and dysfunction causing early renal dysfunction (Lee et 

al. 2015). Diabetic patients have a metabolic memory which explains why the diabetic 

vascular complications continue to occur despite efficient glycemic control. AGEs were 

claimed to be involved in development of the metabolic memory and hence effective 

contributors to diabetic nephropathy (D’Agati and Schmidt 2010).   Diabetic 

homozygous RAGE revoked mice did not develop pathologic features of nephropathy 

(Brosius et al. 2010). Therapies that interfere with AGEs/ RAGE signaling proved 

effective in attenuating diabetic nephropathy in experimental studies (Sanajou et al. 

2019). Full-length RAGE binds AGEs and induces the adverse signaling cascades. 

sRAGE originates from proteolysis cleavage from RAGE (Lu et al. 2011).  sRAGE 

does not possess transmembrane and cytoplasmic domains making it unable to trigger 

the adverse signaling events.  sRAGE is the predominant sort in serum and acts as a 

decoy receptor that prevent the interaction of ligands as AGEs with full length RAGE. 

Therefore, sRAGE gives a natural defense by intercepting the interaction of AGEs with 

full-length RAGE and prevents the activation of adverse signaling events triggered by 

the AGE-RAGE axis (Dozio et al. 2019). 

Cilostazol is a phosphodiesterase III inhibitor, widely prescribed in clinical 

settings (i.e. peripheral artery disease) for its antiplatelet and vasodilating properties 

(Takeshita et al. 2014). Since cilostazol has anti-inflammatory, antioxidant and 

antifibrotic effects (Su et al. 2019) therefore, it is interesting to study its role in diabetic 

nephropathy as a protective tool in addition to clarify the underlying possible 
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mechanisms involved in its effect to alleviate diabetic renal damage. So, this study 

hypothesized that the protective effect of cilostazol on diabetic nephropathy may be 

mediated, in part, through enhancing the circulating plasma sRAGE level and reducing 

renal AGEs level.  

Materials and Methods 

Chemicals 

Cilostazol (Otsuka Pharmaceutical Co. Ltd. Tokyo, Japan), Streptozotocin 

(STZ) and dimethyl sulphoxide (DMSO, 0.1%- vehicle of cilostazol) (Sigma-Aldrich, 

St. Louis-Mo., USA).  

Animals 

Male Wistar rats weighing180–220 gm, 9 weeks old were obtained from the 

Animal Breeding and Research Center, Faculty of Veterinary Medicine, Zagazig 

University, Egypt. The room was maintained under stable temperature (21 ± 2°C), 

humidity ranged from 50%–60% and 12-h light/dark cycle.  Rats received a standard 

pellet diet with free access to water. The rats were acclimatized for 6 days before the 

study.  The protocol was approved by the Institutional Research Board, Zagazig 

University (2019/IRB/235) and in line with principles of care and use of laboratory 

animals of National Institutes of Health (NIH Publications No. 8023, revised 1996).   

Induction of type-1 diabetes mellitus in rats 

Type -1 diabetes mellitus was induced in overnight fasted rats by a single 

intraperitoneal injection (i.p.) of STZ in a dose of 65 mg/kg of body weight freshly 

prepared in 0.1M of citrate buffer, pH 4.5.  Six days after STZ injection, diabetes was 

confirmed by measuring fasting blood glucose level in blood samples obtained from rat 

tail vein (One Touch SureStep Meter, LifeScan, Calif, USA). The selected rats had 

blood glucose level above 270 mg/dl (Sanajou et al. 2019).  

Experimental design  

Twenty four rats were randomly allocated into 2 groups (n=12). Control group 

received a single i.p. of 0.1ml of citrate buffer (vehicle) and diabetic group where type -

1 diabetes mellitus was induced. The control group was further subdivided into 2 

subgroups (n=6). Control group received DMSO (0.1%) 1 ml/kg/day orally and 

cilostazol control (Cilo control) group received cilostazol orally, 25mg/kg/day (Lee et 

al. 2010).
 
 Diabetic rats were further subdivided into 2 subgroups (n=6):  diabetic (DM) 

group received DMSO (0.1%) 1 mL/kg/day orally; cilostazol treated diabetic 

(Cilo/DM) group rats received cilostazol, 25mg/kg/day orally for 12 weeks started 

once diabetes mellitus was confirmed.  

The body weight and blood glucose level were checked weekly till end of the 

study. Diabetic rats were injected daily with two units of Ultralente insulin (Ultratard 

HM; Novo Nordisc Industries, Denmark). Finally, rats were euthanized (ketamine 50 
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mg/kg i.p, midazolam 1 mg/kg i.p.) (Sanajou et al. 2019) blood and kidney samples 

were collected for laboratory investigations. 

Urine collection, blood and tissue sampling and preparation 

At the last day of study, each rat was placed in a metabolic cage to collect 24h 

urine. Blood samples were obtained from the retro-bulbar plexus, centrifuged at 1000ɡ 

for 20 min for serum separation and stored at -20ºC until bioassay.  Immediately after 

scarification, the right kidneys were excised, washed with isotonic saline and weighted 

to define kidney/body weight ratio. Each kidney was divided into 2 halves: one half was 

fixed in formaldehyde (10%) for histological analysis. The other half was homogenized 

with 10% (w/v) phosphate-buffer (0.1 M, pH 7.4), centrifuged at 10.000ɡ for 10 min to 

obtain supernatants stored at -80ºC for biochemical analysis (Thallas-Bonke et al. 

2008). 

Assay of plasma albumin, creatinine, blood urea nitrogen (BUN), lipids, glucose 

and urine albumin level 

These parameters were assayed quantitavely by using ELISA according to the 

manufacturer guidelines. 

Renal assay of Kidney injury molecule-1 (Kim-1), heme oxygenase-1 (HO-1), 

malondialdehyde (MDA), reduced glutathione (GSH) and superoxide dismutase 

(SOD) activity, nuclear factor kappa B (NF-κB), interleukin-6 (IL-6) and serum 

transforming growth factor-B1 (TGF-B1) levels 

These parameters were determined in renal tissue homogenate by ELISA 

according to the manufacturer instructions (Zhang et al. 2017; Sanajou et al. 2019) 

Plasma sRAGE measurement 

Rat sRAGE ELISA kit (cat No. SK00112-03, Adipobiotech Company, Beijing, 

China) was used to determine the plasma sRAGE level by quantitatively competitive 

enzyme immunoassay technique (Lu et al. 2011)   

Renal AGEs level measured by High Performance Liquid Chromatography 

(HPLC) 

Pentosidine level was measured in renal cortical homogenates by a reverse phase 

High Performance Liquid Chromatography (HPLC) as described by Requena et al. 

(2000).   

Western blot analysis of renal ICAM-1 and VCAM-1 expression 

The bicinchoninic acid protein assay kit (Sigma-Aldrich, St. Louis, MO, USA) 

was used (Ni et al. 2015). 
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Histopathological examination  

Renal tissues were fixed in formaldehyde (4%) then embedded in paraffin. 

Coronal sections (4μm thick) were stained with hematoxyline and eosin (H&E) and 

periodic acid Schiff (PAS) then examined under light microscope in a blind manner by 

an expert pathologist in order to identify diabetic renal pathological changes such as 

glomerular expansion and hydropic changes (Lee et al. 2010). 

Statistical analysis 

The results in different groups were compared by the use of one-way analysis of 

variance (ANOVA) followed by Bonferroni correction. The data were expressed as 

mean ±SEM. The significance was considered when p< 0.05. The statistical analysis 

was performed based on SPSS Statistics for Windows, Version 16.0 (SPSS, Chicago, 

IL, USA). 

Results 

Effect of cilostazol on the body weight, kidney weight and kidney weight/body 

weight % in diabetic rats 

Diabetic rats showed significant (p<0.05) weight loss in comparison with the 

control rats. The body weight of diabetic rats treated with cilostazol at the dose of 

25mg/kg was significantly (p<0.05) increased compared with the diabetic group (table 

1). 

The kidney weight and kidney hypertrophy index (kidney weight/body weight 

%) of diabetic rats were significantly (p<0.05) increased in relation to the control group. 

Diabetic rats treated with cilostazol showed significant (p<0.05) reduction in kidney 

weight and kidney hypertrophy index when compared with the diabetic group (table 1). 

Effect of cilostazol on plasma lipids in diabetic rats 

Diabetes caused significant (p<0.05) elevation in plasma LDL, TG and TC 

levels and decrease in HDL level. Cilostazol treatment significantly (p<0.05) 

counteracted the above mentioned parameters in diabetic rats (table 1).  

Table 1: Effect of cilostazol (25mg/kg) on body weight, kidney weight and kidney 

weight/body weight % and plasma lipids level in diabetic rats 

TC 

(mmol/L) 

TG 

(mmol/L) 

HDL 

(mmol/L) 

LDL 

(mmol/L) 

KW/BW% KW (gm.) BW (gm.)  

Groups 

Final ( the last 

day of the 

study) 

Initial 

(established 

DM)  

1.64±0.11 0.29± 0.5 0.61± 0.4 0.53± 0.2 0.31± 0.1 1.41 ±0.5 300.7±8.9 192.15±6.5 control 

1.63±0.12 0.28 ±0.4 0.62± 0.2 0.50± 0.3 0.32 ±0.03 1.39 ±0.2 298.4± 9.3 190.23± 7.4 Cilo 

control 

2.43±0.15
*

 0.46 ±0.1
*

 0.41 ±0.3
*

 1.32± 0.4
*

 0.70±0.04
* 

1.78±0.3
* 

160.3±8.4
* 

195.46 ±8.3 DM   

1.68±0.24
# 

0.32 ±0.3
# 

0.56 ±0.4
# 

0.64± 0.1
# 

0.42± 0.2
# 

1.48 ±0.1
# 

280.6±10.2
# 

188.37±9.2 Cilo/DM 
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Note: BW: body weight; KW: kidney weight; Cilo: cilostazol; DM: diabetes mellitus; 

LDL: low density lipoprotein; HDL: high density lipoprotein; TG: triglycerides; TC: 

total cholesterol. Data represents means ±S.E.M, 
*
p<0.05 Vs. control group and cilo 

control group, 
#
p<0.05 Vs. DM group 

Effect of cilostazol on blood glucose level in diabetic rats 

Fasting blood glucose was significantly (p<0.05) elevated in the diabetic rats in 

comparison with the control rats however; this was not affected by cilostazol treatment 

(table 2). 

Effect of cilostazol on markers of kidney function in diabetic rats 

Diabetes caused significant (p<0.05) increase in serum creatinine and BUN 

levels. Treatment of diabetic rats with cilostazol significantly (p<0.05) lowered their 

levels (table 2). Serum albumin of diabetic rats was significantly decreased compared 

with the control rats. However, cilostazol-treated diabetic rats exhibited significant 

(p<0.05) increase in serum albumin compared with the diabetic group (table 2).  

The diabetic rats showed significant (p<0.05) increase in 24h albumin level in 

urine when compared with control rats. Treatment of diabetic rats with cilostazol 

significantly (p<0.05) reduced urinary albumin in respect to the diabetic group (table 2). 

Effect of cilostazol on renal Kim-1 in diabetic rats 

Diabetic rats showed significant (p< 0.05) increase in the renal Kim-1 compared 

with the control group. Cilostazol treatment significantly (p< 0.05) decreased the renal 

Kim-1 in respect to the diabetic untreated rats (table 2). 

Table 2: Effect of cilostazol (25mg/kg) on plasma levels of glucose, albumin, 

creatinine, BUN and urine albumin, renal Kim-1 in diabetic rats 

Kim-1 

(ng/ml) 

Urine 

albumin 

(gm./24h) 

BUN  

(mg/dl) 

Creatinine 

(mg/dl) 

Plasma 

Albumin 

(gm %) 

Glucose 

(mg/dl)  

Group 

12.46 ±0.5 0.07± 0.01 14.97 ±2.4 0.95± 0.7 6.21± 0.3 90.25 ±8.2 Control 

12.20± 0.6 0.08 ±0.03 14.39± 2.0 0.93 ±0.3 6.11± 0.01 89.36 ±8.0 Cilo 

control 

48.4± 8.7
* 

0.35 ±0.06* 28.63±0.4* 1.86± 0.3
* 

2.32±0.4
* 

275.24±20.3
* 

DM   

16.8 ±2.2
# 

0.18± 0.04
# 

16.38±1.9
# 

0.90 ±0.8
# 

4.18±0.7
# 

270.16±24.5
 

Cilo/DM 

Note: Cilo: cilostazol; DM: diabetes mellitus; BUN: blood urea nitrogen;   Kim-1:   

kidney injury molecule -1. Data represents means ±S.E.M, 
*
p<0.05 Vs. control group 

and cilo control group, 
#
p<0.05 Vs. DM group,  
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Effect of cilostazol on renal oxidative stress markers and heme-oxygenase-1 (HO-

1) in diabetic rats 

Diabetes enhanced lipid peroxidation; evidenced by significant (p<0.05) 

increase in renal malondialdehyde (MDA). However, cilostazol significantly (p<0.05) 

decreased renal MDA in diabetic rats. Renal superoxide dismutase (SOD) and reduced 

glutathione (GSH) activities were markedly down-regulated in diabetic rats but 

treatment with cilostazol significantly upregulated them in diabetic rats (figure 1a, b, c). 

Renal HO-1 content was significantly (p<0.05) increased in diabetic group in 

respect to control group. Treatment with cilostazol to diabetic and control rats 

significantly (p<0.05) increased the renal HO-1 content (Figure 1d). 

 

Figure 1 Effect of cilostazol (25mg/kg/day oral for 12 weeks) on renal: (a) MDA; (b) 

SOD; (c) GSH; (d) HO-1 levels in STZ-treated rats. Cilo: cilostazol; DM: diabetes 

mellitus; MDA: malondialdehyde; SOD: superoxide dismutase; GSH: reduced 

glutathione; HO-1: heme oxygenase-1. Data represents mean ±SEM, 
*
p<0.05 vs. control 

group and cilo control group, 
#
p<0.05 vs. DM group. 

Effect of cilostazol on renal NF-κB, IL-6 level and serum transforming growth 

factor –β1 (TGF-β1) in diabetic rats 

Diabetes significantly (p<0.05) increased renal NF-κB, IL-6 and serum TGF-β1 in 

respect to control rats. Cilostazol treatment to diabetic rats produced significant 

(p<0.05) decrease in the aforementioned parameters (figure 2 a, b, c). 

Effect of cilostazol on renal expression of ICAM-1 and VCAM-1 

Western blot analysis of renal ICAM-1 and VCAM-1expression levels in 

diabetic untreated rats revealed significant (p< 0.05) elevation compared with the 

control rats.  While, treatment of diabetic rats with cilostazol produced significant (p< 

0.05) reduction in renal expression of both parameters (Figure 2 d, e, f). 
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Figure 2 Effect of cilostazol (25mg/kg/day oral for 12 weeks) on renal: (a) NF-κB; (b) 

IL-6 levels; (c) serum TGF-β1 level; (d) Western Blot analysis of renal expression of 

ICAM-1 and VCAM-1 in STZ-treated rats; Densitometric quantification of Western 

blot bands of: (e) ICAM-1 and (f) VCAM-1 in relation to β-actin.  Cilo: cilostazol; DM: 

diabetes mellitus; NF-κB: nuclear factor kappa B; IL-6: interleukin-1; TGF-β1: 

transforming growth factor -β1. ICAM-1: intercellular adhesion molecule-1; VCAM-1: 

vascular cell adhesion molecule-1. Data represents mean ±SEM, 
$
p<0.05 vs control 

group, *p<0.05Vs control group, 
#
p<0.05 vs. DM group. 

Effect of cilostazol on plasma sRAGE level in diabetic rats 

Diabetes caused significant (p<0.05) decrease in the serum sRAGE compared with the 

control rats. This reduction in the circulating sRAGE was counteracted by cilostazol 

treatment to diabetic rats (figure 3a). 

Effect of cilostazol on renal AGEs level in diabetic rats 

Renal pentosidine content was significantly (p<0.05) elevated in diabetic group 

compared with control group. In cilostazol treated diabetic rats, renal pentosidine 

content was significantly (p<0.05) lower than that in untreated diabetic rats (figure 3b). 
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Figure 3 Effect of cilostazol (25mg/kg/day oral for 12 weeks) on: (a) plasma level of 

sRAGE;  (b) renal pentosidine level estimated by HPLC.  Cilo: cilostazol; DM: diabetes 

mellitus; sRAGE: soluble receptor for advanced glycation end products;. Data 

represents mean ±SEM, *p<0.05 vs control group and cilo control group, 
#
p<0.05 vs 

DM group. 

Effect of cilostazol on the diabetic renal histopathological changes in rats. 

Hematoxyline and eosin (H&E) stained renal tissue specimens of the control 

group showed normal renal architecture, glomerular size and basement membrane width 

meanwhile, renal tissue specimens of diabetic rats showed moderate to severe degree of 

glomerular mesangial expansion, increased Bowman´s space, cellular proliferation, 

interstitial expansion and vacuolar tubular degeneration. Cilostazol treatment to diabetic 

rats significantly (p<0.05) reduced diabetic renal pathological changes (figure 4 a-d).  

Periodic Acid Schiff (PAS) stained kidney specimens of diabetic rats exhibited 

high intensity of PAS positivity when compared with the negative control rats. 

Cilostazol treatment to diabetic rats significantly (p<0.05) reduced the intensity of PAS 

positivity (figure 4 e-h). 

 

Figure 4 Photomicrographs of Hematoxylin and eosin-stained renal sections 

(magnification ×400). (a): Control group showed normal renal architecture. (b): 

Cilo/control group showed normal appearance of glomeruli and tubules. (c): DM group 

showed glomerular enlargement, mesangial proliferation (black arrow) with hydropic 
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degeneration of renal tubules (white arrow). (d): Cilo/DM group showed glomeruli 

returned nearly to normal size with reduction in hydropic changes.    

Photomicrographs of Periodic Acid Schiff (PAS) stained renal sections 

(magnification ×400). (e): Control group showed normal glomerular volume. (f): Cilo 

control group showed normal glomerular size and mesangial matrix (g): DM group 

showed high intensity of PAS stained expanded mesangial matrix area (black arrows). 

(h): Cilo/DM group showed marked reduction in glomerular expansion with marked 

reduction in the intensity of PAS staining. 

Discussion 

Glucose dysregulation is associated with accelerated non-enzymatic glycation of 

proteins and lipids with AGEs formation which play a pivotal role in pathogenesis of 

diabetic nephropathy (Singh et al. 2014).  

In the current study, cilostazol improved the deteriorated kidney function in 

diabetic rats as it improved albuminuria, lowered plasma lipids, creatinine, urea and 

renal Kim-1. Cilostazol improved diabetic renal structural damage as evidenced 

histologically and kidney hypertrophy index. This coincided with that of Lee et al. 2010 

who reported that cilostazol ameliorated diabetic renal morphological, functional insult 

and retrived serum albumin level in STZ-treated rats.  Diabetic dyslipidemia is a key 

contributor to renal injury and albuminuria (Tani et al. 2000). In the present study, 

diabetic rats exhibited elevation in plasma TG, TC and LDL with decreased HDL and 

Cilostazol treatment counteracted these pathological changes.  Cilostazol may help 

lessen diabetic nephropathy symptoms by tempering lipid metabolism and dyslipidemia. 

Tani and his colleagues (2000) reported that cilostazol decreased plasma TG and 

increased HDL levels via increasing lipoprotein lipase activity. The present study 

demonstrated an elevation in renal Kim-1 in diabetic rats which acts as a compensatory 

tool to enhance re-epithelization and antagonize apoptosis. Cilostazol reduced renal 

Kim-1 indicating modulation of kidney injury. This finding coincided with that of Zhao 

et al. (2011) who reported an enhanced glomerular expression of Kim-1 in diabetic 

glomerulopathy. Engagement of AGEs with RAGE activates downstream cascades that 

facilitate transcription and expression of proinflammatory cytokines like TNF-α, IL-6, 

TGF-β1 which upregulate expression of collagen, laminins and fibronictin in glomerular 

mesangial cells (Singh et al. 2014), adhesion molecules i.e VCAM-1, ICAM-1 with 

activation of NF-κβ signaling pathway. Enhanced renal expression of VCAM-1 and 

ICAM-1 in diabetic rats leads to extracellular matrix accumulation, mesangial 

expansion and thickened basement membrane with microalbuminuria through 

macrophage adhesion and lymphocyte infiltration (Ni et al. 2015). The current study 

demonstrated elevation in renal VCAM-1 and ICAM-1 in diabetic rats which were 

attenuated with cilostazol treatment indicating that cilostazol may inhibit accumulation 

of extracellular matrix and renal insult in diabetic nephropathy via downregulating renal 

VCAM-1 and ICAM-1 expression. Wang and his colleagues (2008) reported that 

cilostazol modulated the renal inflammatory process in STZ treated rats through 

prevention of NF-κB activation in addition to decreased renal expression of 

proinflammatory mediators.  AGEs trigger activation of TGF-β1 and its downstream 

cascades in diabetic glomeruli (Fukami et al. 2004). TGF-β1 is a fibrogenic cytokine 
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and a central player in development of diabetic nephropathy (Ziyadeh 2004).
 
The 

current study demonstrated that cilostazol reduced serum TGF-β1in diabetic rats may be 

via intercepting AGEs induced activation of TGF-β1with subsequent inhibition of 

fibrosis and mesangial hypertrophy. In agreement with the current result, Takeshita et 

al. (2014) reported that cilostazol repressed TGF-β1 in brain ischemia reperfusion 

insult, preserved integrity of blood brain barrier and inhibited fibrotic changes in brain 

tissue. Oxidative stress elicited by AGES is a key factor in emergence of diabetic 

nephropathy. Oxidation together with inflammation trigger generation of HO-1 which 

acts as a protective mechanism against oxidative tissue damage (Lv et al. 2011).
 
The 

present work demonstrated that cilostazol increased renal HO-1 level which is a 

principle cell endeavor for renoprotection. Coinciding with our result, Park et al. (2010) 

found that cilostazol upregulated nuclear factor E2-related factor-2 (Nrf2) / HO-1 

pathway enhancing SOD and other antioxidant enzymes generation.  HO-1 eased 

hepatic lipid accumulation, fibrotic changes and vascular injury (Sodhi et al. 2015). The 

generated reactive oxygen species (ROS) modifies activation of protein kinase –C 

(PKC), numerous cytokines and transcription factors (Yamagishi et al. 2005; Feng et al. 

2018). 

AGEs activate NADPH oxidase, enhance neutrophil respiratory burst activity 

with ROS generation (Moldogazieva et al. 2019). In the current study, cilostazol 

enhanced the antioxidant renal system; supported by increased renal GSH, SOD and 

HO-1 levels. However, cilostazol attenuated the renal lipid peroxidation reaction; 

evidenced by reduced renal MDA levels. This coincided with that of Koike and 

coworkers (2007) who demonstrated that cilostazol inhibited PKC mediated oxidative 

stress via inhibition of phosphatidyl inositol-3 kinase (PI-3K) pathway in rat glomeruli.  

In glomerular mesangial cells exposed to injury by AGEs, silent information receptor 

regulator-1(Sirt-1) activation downregulated fibronectin and TGF-β1 via stimulation of 

Keap1/NrF2/ARE pathway (Huang et al. 2017). In our previous study, cilostazol 

upregulated Sirt-1 in hepatocytes contributing to its beneficial role against bile duct 

ligation induced liver insult (Kabil 2018). AGE/RAGE interaction is largely implicated 

in development of diabetic nephropathy (Daffu et al. 2013). Interference of AGE 

binding to RAGE is considered a therapeutic target to slow down or prevent diabetic 

nephropathy. 

sRAGE is a natural clearing system for AGEs. It binds with AGEs to prevent 

their interaction with RAGE facilitating their degradation (Dozio et al. 2019). The 

current results showed that cilostazol reduced renal pentosidine in diabetic rats. Binding 

of AGEs with sRAGE, which acts as a decoy, does not activate downstream cascades 

like with the full length RAGE (Lindsey et al. 2009; Fishman et al. 2018). Many studies 

identified the protective role of sRAGE in diabetic angiopathy (Bucciarelli et al.  2008; 

Thallas-Bonke et al. 2008). Enhancement of the plasma sRAGE level by cilostazol is 

associated with improvement in kidney structure and function which was affected by 

prolonged hyperglycemia.  Liu and co-workers (2015) reported that cilostazol improved 

diabetic induced peripheral arterial vascular disease in diabetic patients through 

augmentation of plasma sRAGE level. Diabetic RAGE null mice did not develop 

significant renal pathological changes with reduced generation of proinflammatory 

mediators and ROS (Wendt et al. 2003). Cilostazol suppressed generation of 

proinflammatory mediators via inhibition of RAGE/ERK/NF-κβ signaling pathway (Liu 
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et al. 2015). The present results are in harmony with Moldogazieva and his colleagues 

(2019) who demonstrated that blockade of RAGE by sRAGE downregulated generation 

of cytokines as TNF-α and IL-6 as well as matrix metalloproteinase-2,-3and -9 

expression in diabetic mice. Lu et al. (2011) found that atorvastatin improved renal 

diabetic dysfunction via elevating the circulating plasma sRAGE level and reducing the 

renal RAGE expression. The exact mechanism underlying the effect of cilostazol on 

plasma sRAGE is still unclear and needs further investigation.  

In conclusion, cilostazol attenuated the diabetic renal pathological and functional 

damage. This effect of cilostazol probably, in part, resulted from elevating the 

circulating plasma sRAGE, lowering of renal AGEs level and subsequent inhibition of  

interaction of AGEs with its receptor suppressing the adverse downstream events as 

NF-κB and adhesion molecules.  Moreover, cilostazol suppressed renal oxidative stress 

and regained the anti-oxidative capacity. Thus, Cilostazol therapy attenuated the 

progression of diabetic nephropathy making it a promising therapeutic target for early 

diabetic nephropathy. Further clinical studies are required to confirm our results and 

consider cilostazol a potential therapeutic target to protect against diabetic nephropathy. 
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المصابة بداء السكزٌ مه خالل رفع مستىي  انذسُلىستاسول َخفف مه اصابة الكلً فً الجز

 مستقبالت البالسما القابلة للذوبان للمىتجات الىهائُة المتقدمة للجلُكشه

 سعبد نطفٗ لببٛم

 خبيعت انضلبصٚك -كهٛت انطب انبششٖ -لسى انفبسيبكٕنٕخٛب األكهُٛٛكٛت

 soadkabil2004@gmail.comالبزَد االلكتزووٍ للباحث الزئُسٍ : 

 الملخص:

يع خصبئص يعبدة نهصفبئح انذيٕٚت ٔحٕسع األٔعٛت. خفف  3سٛهٕسخبصٔل ْٕ يثبػ فسفٕداٚسخشاص الهدف:

سٛهٕسخبصٔل بشكم فعبل يٍ شذة يعبعفبث يشض انسكش٘ انكهٛت ٔاألٔعٛت انذيٕٚت انذلٛمت. ٔيع رنك ، فإٌ اٜنٛبث 

 ٓب ببنكبيم.انكبيُت ٔساء حأثٛشِ انًفٛذ ظذ اعخالل انكهٛت انسكش٘ نى ٚخى حٕظٛح

يدى / كدى/ ٕٚيٛب  52حهمج انفئشاٌ انًصببت بذاء انسكش٘ يٍ انُٕع األٔل سٛهٕسخبصٔل عٍ غشٚك انفى )  الطزَقة:

ٔعاليبث ٔظبئف  6-اَخشنٕٛكٍٛ اسبٕع(. حى لٛبط خهٕكٕص انذو انصبئى ٔدٌْٕ انذو ٔعبيم انُٕاة انكهٕٚت ٔ 25نًذة 

ذٚش يسخمبالث انبالصيب انمببهت نهزٔببٌ نهًُخدبث انُٓبئٛت نهدهٛكٛشٍ  حى حمٛٛى انكهٗ ٔيعبٚٛش اإلخٓبد انخأكسذ٘. حى حم

 يسخٕٖ انًُخدبث انُٓبئٛت نهدهٛكٛشٍ فٗ انكهٗ.  كًب حى إخشاء فحص األَسدت انكهٕٚت. 

 ٔ دالنّ احصبئّٛ فٙ ٔظبئف انكهٗ ْٔٛكهٓب بعذ عالج سٛهٕسخبصٔل. عالٔة عهٗرأظٓشث انُخبئح ححسًُب  الىتائج:

رنك ، سفع سٛهٕسخبصٔل يسخٕٖ سشٚبج انبالصيب انًُخشش ٔخفط يسخٕٚبث  انًُخدبث انُٓبئٛت نهدهٛكٛشٍ فٗ انكهٗ  

.  عالٔة عهٗ رنك ، صادث انًسخٕٚبث انكهٕٚت يٍ اندهٕحبثٌٕٛ انًخخضل ، 6-اَخشنٕٛكٍٛ ، ٔعبيم انُٕاة انكهٕٚت ٔ

فبض فٙ يبنَٕذٚبنذٚٓٛذ يًب ٚشٛش إنٗ ٔخٕد يعبداث أكسذة يع اَخ 2-ٔأكسٛذ انفٕق دٚسًٕحبص ٔانٓٛى أٔكسٛدُٛبص 

 غُٛت فٙ انكهٗ. 

ثبس انُبخًّ عٍ اإلصببت انكهٕٚت ببنسكش٘ انخٙ لذ حكٌٕ ، خضئٛبً ، بسبب ٜ، سٛهٕسخبصٔل ٚخفف يٍ االخالصة 

خدبث انُٓبئٛت اسحفبع يسخمبالث انبالصيب انمببهت نهزٔببٌ نهًُخدبث انُٓبئٛت نهدهٛكٛشٍ، ٔاَخفبض يسخٕٖ انًُ

 نخٓبببث ٔحعضٚض حبنت يعبداث األكسذة فٗ انكهٗ.نإلنهدهٛكٛشٍ فٗ انكهٗ ، ببألظبفّ نهخأثٛش انًعبد 

: سٛهٕسخبصٔل ، اعخالل انكهٛت انسكش٘ ، انسخشبخٕصٔحٕسٍٛ ، يسخمبالث لببهت نهزٔببٌ نهًُخدبث الكلمات الزئُسُة

 انُٓبئٛت نهدهٛكٛشٍ انًخمذيت

 


