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Abstract:  

Background: The prevalence of diabetes has been increasing 

exponentially both in developing and developed nations. 

Diabetic nephropathy (DN) is the leading cause of end-stage 

renal disease (ESRD) across the world. Aim of the study: this 

work aimed to explore the potential efficacy of ranolazine, 

ivabradine and trimetazidine in prevention of development and 

progression of experimentally induced diabetic nephropathy in 

nicotinamide- streptozotocin (NA-STZ) type 2 diabetic rats’ 

model. Materials and Methods: 30 Rats were divided into: 

(Group I) normal control group, (Group II) non treated diabetic 

group received no treatment, (group III) ranolazine treated 

diabetic group received ranolazine (20 mg/kg twice daily), 

(Group IV) ivabradine treated diabetic group received 

ivabradine (10 mg/kg/day) and (Group V) trimetazidine treated 

diabetic group received trimetazidine (10 mg/kg/day). Results: 

ranolazine, ivabradine and trimetazidine induced significant 

decrease in fasting blood glucose, renal function parameters, 

renal MDA and renal iNOS in renal homogenate. Serum 

inflammatory marker (RBP) also significantly decreased 

together with genes of vascular damage (ET-1), significant 

down regulation of m RNA in Caspase-3 level and TGFB-1 was 

downregulated compared with diabetic non treated rats. 

Conclusion: Current findings confirmed ameliorative impact of ivabradine, 

trimetazidine and ranolazine on DN induced by NA-STZ T2DM. Ivabradine showed 

the best effect followed by trimetazidine. Ranolazine treated group had the lowest 

prophylactic effect. 

     Keywords: Diabetic Nephropathy; Ranolazine; Ivabradine; Trimetazidine; Gene 

Expression 

 

 

Department of Clinical 

Pharmacology, Faculty of 

Medicine Benha University, 

Egypt. 

Corresponding to: Eman M. 

Atta, Department of Clinical 

Pharmacology, Faculty of 

Medicine Benha University, 

Egypt.  

 

 

Email:  

emanmfg@yahoo.com 

 

 

Received: 24 January 2024 

 

Accepted:15 May 2024 

 

 

 

 

 

 

 

  

  

Print ISSN 1110-208X. 

Online ISSN 2357-0016 



        Diabetic Nephropathy in rats, 2024  

271 
 

Introduction 

Diabetic nephropathy (DN) is the leading 

cause of end-stage renal disease (ESRD) 

across the world. Over recent years, 

contribution of renal tubular epithelial cells 

to the pathogenesis of DN have been 

recognized as they secrete excess amounts 

of inflammatory/fibrotic cytokines following 

their activation due to excessive 

accumulation of intracellular glucose and 

unrestrained stimulation of receptors for 

advanced glycation end-products (AGEs) 

that culminate in hyperactivity of nuclear 

factor kappa-light-chain-enhancer of 

activated B cells (NF-κB) signaling 

pathway, the master regulator of 

inflammation 
[1].

  

Ranolazine is a novel drug for angina that 

decreases frequency of angina attacks and 

recovers exercise tolerance in the affected 

patients. It is a selective inhibitor of cardiac 

late sodium channels that result in 

decreasing the intracellular Na+2 and Ca+2, 

leading to its anti-anginal properties in 

myocardial ischemia 
[2].

  Ranolazine has also 

been revealed to lower HbA1c in cardiac 

patients with comorbid diabetes. 

Furthermore, long-term ranolazine treatment 

shows preservation of β-cell and 

improvement of insulin secretion 
[3].

  

Ivabradine is proved to attenuate morbidity 

in angina and heart failure. The HR reducing 

effect of ivabradine is declared the principal 

mechanism of its therapeutic benefit 
[4].

 

However, several of ivabradine's pleiotropic 

effects have recently emerged, which 

suggests the possibility of using ivabradine 

in yet unapproved indications such as 

endothelial dysfunction, hypertensive heart 

disease and hypertension with elevated or 

non-dipping HR 
[5].  

Trimetazidine (TMZ), an anti-anginal agent, 

selectively inhibits the activity of 

mitochondrial long-chain 3-ketoacyl-CoA 

thiolase, resulting in inhibition of free fatty 

acid (FFA) oxidation and promotion of 

glucose oxidation 
[6]

. In addition to 

metabolic effects, studies have indicated that 

TMZ exerts cardioprotective effects in 

diabetic individuals by reducing oxidative 

damage, inhibiting inflammation, apoptosis 

and improving endothelial function 
[7].

 

The aim of this study is exploring the 

potential efficacy of ranolazine, ivabradine 

and trimetazidine in prevention of 

development and progression of 

experimentally induced DN in NA-STZ type 

2 diabetic rats’ model.  

Materials and Methods 

Chemicals and Kits: 

Urea, albumin, nitric oxide, and creatinine 

kits were from Laboratory Bio-diagnostics 

Co., Cairo, Egypt. malondialdehyde 

(MDA) was obtained from Life Span 

Biosciences Company (LS. Bio), North 

America, USA. Rat retinol binding protein 

(RBP) ELISA kit MBS727758 was from 

MyBioSource, Inc. San Diego, CA, USA.  

While, Glucose kits was obtained from 

Roche diagnostic, Germany. Nicotinamide 

(NA) was obtained from Sisco research 

laboratory mass Ketan, India. RNA 

extraction and Reverse transcription kits 

were obtained from Thermo Fisher 

Scientific, Waltham, MA USA. Pharma 

Api, Company in India provided 
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trimetazidine. Ranolazine, ivabradine, 

streptozotocin (STZ) and hematoxylin and 

eosin (H&E) staining solution were 

obtained by Sigma Aldrich (St. Louis, 

MO, USA). All chemicals used were of 

molecular grade. 

 

Animals and Experimental Design: 

Thirty adult male local strain rats (8-week-

old weighing 180–200 g) were used for the 

current study. Animals were housed by 

adjusting room temperature at the 

Laboratory research of Pharmacology 

Department at Benha University and were 

handled manually for seven days to become 

totally adapted. The ethical rules for 

laboratory animal research were followed 

during all animal-related procedures based 

on the approval offered by Benha Faculty 

of Medicine (RC.8.10.2020 N 1017). Rats 

were divided into five equal groups where 

Standard deviation was assumed to be half 

the mean difference so 6 rats was used in 

every group. Group I (normal control 

group): rats were given saline and 

unrestricted permission to water and food 

to evaluate the normal basic parameters. 

Group II (Diabetic non treated group): rats 

were given saline and unrestricted 

permission to water and food with no 

medication for 8 weeks’ study after 

induction of nicotinamide- streptozotocin 

type 2 diabetes mellitus (NA-STZ T2DM) 
[8].

 Group III (ranolazine treated diabetic 

group): rats were medicated with 

ranolazine (20 mg/kg) twice daily orally 
[9]

 

for 8 weeks study after induction of NA-

STZ T2DM. Group IV (ivabradine treated 

diabetic group): rats were medicated with 

ivabradine (10 mg/kg/day) orally 
[10]

 for 8 

weeks study after induction of NA-STZ 

T2DM. Group V (trimetazidine treated 

diabetic group): rats were medicated with 

trimetazidine (10 mg/kg/day) orally 
[11]

 for 

8 weeks study after induction of NA-STZ 

T2DM. After being anesthetized for 2 to 5 

min in a desiccator with a cotton pad 

soaked in diethyl ether, the rats were 

scarified and killed by cervical 

dislocation. Blood samples were taken by 

a heart puncture, then centrifuged for 10 

min at 3000 rpm to separate the serum. 

Serum was maintained at (-20) ◦C for 

biochemical measurements while kidney 

tissue specimens were taken for 

homogenization, oxidative stress and 

inflammation measurements. Renal tissue 

specimens were preserved with Qiazol for 

RNA analysis and real-time PCR.  

Bowman’s solution was used for 

histology. 

 

Experimental Induction of NA-STZ 

T2DM: 

In this study, experimental diabetes was 

induced by a single intraperitoneal (I.P) 

injection of STZ 60 mg/kg, freshly 

dissolved in cold citrate buffer, pH 4.5 

after 15 min of I.P injection of NA120 

mg/kg prepared in normal saline. Blood 

sample was obtained by pricking the 

lateral tail vein using a sterile needle by 

direct flow or by gently massaging 

('milking') the tail and collecting the blood 

directly on a glucose test strip. Evaluate 

the animal’s general appearance and 

hemostasis before returning to the home 

cage. Hyperglycemia was confirmed by 

the elevated levels of random blood 

glucose were determined at 72 hours, then 
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on day 7 after injection. Only rats 

confirmed to have NIDDM were used in 

the study. The animals with fasting blood 

glucose concentration more than 250mg/dl 

was used for the study 
[12].

   

Fasting Blood Glucose and Renal 

Function Parameters Assay: 

Fasting blood glucose was measured using 

kits from Roche diagnostic, Germany, 

while the serum concentrations of urea, 

creatinine and urinary albumin excretion 

were measured using kits imported from 

Bio-diagnostic Company, Dokki, Giza, 

Egypt. These serum biochemical were 

measured using BIO-RAD 

spectrophotometer following the 

instructions provided with each kit
 [13,14],

 

in line with the manufacturer’s 

instructions.  

Assessment of MDA and iNOS in kidney 

homogenate and Serum Retinol Binding 

Protein (RBP): 

According to the instructions provided by 

the manufacturer, enzyme-linked 

immunosorbent assay (ELISA) kits 

(ab255730) used for measuring MDA 

concentrations were obtained from Life 

Span Biosciences Company (LS.Bio), 

North America for MDA and RBP Elisa 

kits catalogue number (MBS727758) was 

obtained from MyBioSource, Inc. San 

Diego, CA, USA. The colorimetric 

determination of NO using kits was 

imported from Bio-diagnostic Company, 

Dokki, Giza, Egypt. All of them were 

measured calorimetrically based on the 

protocols provided by the kits. Data from 

the ELISA reader was estimated and 

analyzed in accordance with the directions 

supplied with the kit. 

To obtain the supernatant from the 

homogenate, tissue was precisely 

measured (0.1 g), homogenized (10% 

homogenate) and centrifuged (4000 rpm, 

4 ◦C, 10 min) 
[15].

 

  

Quantitative Real Time PCR (qRT-PCR) of 

vascular damage (ET-1) in renal tissues: 

RNA was extracted using a total RNA 

Purification Kit following the 

manufacturer protocol (Thermo Scientific, 

Fermentas, #K0731) from the kidney and 

was converted to cDNA using Reverse 

transcription kits (Thermo Scientific, 

Fermentas, #EP0451), Waltham, 

Massachusetts, USA, which was running 

using SYBR Green master mix (Thermo 

scientific, Waltham, MA, USA). Table 1 

demonstrates the primers’ list used for 

gene amplification.  Data was validated 

using the 2−∆∆Ct formula [16] in the 

7500 Fast system Real time PCR (Applied 

Bio systems, Waltham, Massachusetts, 

USA). Gene expression and intensity 

changes were determined by comparative 

cycle threshold (CT) values, normalized to 

β-actin. 

 

Table 1. Primers Oligonucleotide Sequences for q-PCR in renal rats. 

Gene Forward primer ( / 5 ------ / 3) Reverse primer ( / 5 ------ / 3) 

ET-1 TCTCGGAGAGCAGAGACA CA TGGACTTTGGAGTTTCTCCC T 

B-actin  AAGTCCCTCACCCTCCCAAAAG AAGCAATGCTGTCACCTTCCC 
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Quantitative Real Time PCR (qRT-PCR) of 

mRNA of caspase 3 and TGFβ-1 in renal 

tissues: 

RNA was extracted using a total RNA 

Purification Kit following the 

manufacturer protocol (Thermo 

Scientific, Fermentas, #K0731). from the 

kidney and was converted to cDNA 

using Reverse transcription kits (Thermo 

Scientific, Fermentas, #EP0451), 

Waltham, Massachusetts, USA., which 

was run using SYBR Green master mix 

(Thermo scientific, Waltham, MA, 

USA). Table 2 demonstrates the primers’ 

list used for gene amplification.  Data 

were validated using the 2−∆∆Ct formula 

[16] in the 7500 Fast system Real time 

PCR (Applied Bio systems, Waltham, 

Massachusetts, USA). Gene expression 

and intensity changes were determined by 

comparative cycle threshold (CT) values 

and normalized to β-actin. 

 

Table 2. Primers Oligonucleotide Sequences for q-PCR in renal rats. 

Gene Forward primer ( / 5 ------ / 3) Reverse primer ( / 5 ------ / 3) 

Caspase3 GGTATTGAGACAGACA GTGG CATGGGATCTGTTTCTT TGC 

TGFβ-1 AAGAAGTCACCCGCGT GCTA TGTGTGATGTCTTTGGT TTTGTCA 

B-actin  AAGTCCCTCACCCTCCCAAAAG AAGCAATGCTGTCACCTTCCC 
 

Kidney Histology 

Renal specimens were cut into slices, 

dehydrated, and embedded in paraffin 

for histological analysis. Slices were 

then cut into 3 µm thick to be stained 

with hematoxylin and eosin (H&E), then 

visualized under an optical microscope. 

 Data Analysis 

The data was tabulated and evaluated 

using statistical package for social 

sciences (SPSS) program to analyze the 

results (version 26, IBM Analytics, New 

York, NY, USA). The data was expressed 

as means ± standard Error (SE). 

Employing the Shapiro-Wilk test with a 

normality level of p < 0.05, the data were 

examined for normality. To find 

variations between normally distributed 

data, the one-way analysis of variance 

(ANOVA) test was utilized. A significant 

ANOVA test was accompanied by post-

hoc multiple comparisons utilizing 

Bonferroni testing to identify significant 

pairings. p < 0.05 was deemed significant 

in this study, and that was the accepted 

level of significance. Mann-Whitney U 

Test was used for data of non-normal 

distribution. 

Results 

Ameliorative impacts of ranolazine, 

ivabradine and trimetazidine on FBG and 

kidney function parameters: 

In table (3), There were significant 

elevation of FBG, UAE, BUN and serum 

creatinine with a decrease in creatinine 

clearance in diabetic non treated rats 

compared with normal rats. While 

pretreatment with ranolazine, ivabradine 

and trimetazidine showed significant 

reduction in FBG, UAE, BUN with 
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significant increasing in creatinine 

clearance if compared with diabetic non 

treated rats. The best results were seen in 

ivabradine treated diabetic rats. 
 

Table 3. Prophylactic effect of ranolazine (20 mg/kg bid orally), ivabradine (10 mg/kg/day orally) and 

trimetazidine (10 mg/kg/day orally) for 8 weeks (wks) study after development of NA- STZ (110mg /kg I.P -

65 mg /kg I.P) T2DM in DN on FBG and renal function parameters in rats (N=6) (Mean ± SEM): 

 

            Studied 

             groups 
 

 

Parameters 

Group (I): 

Normal 

control group 

Group (II): 

Diabetic non 

treated group 

Group (III): 

Ranolazine 

treated diabetic 

group 

Group (IV): 

Ivabradine 

treated diabetic 

group 

Group (V): 

Trimetazidine 

treated diabetic 

group 

FBG (mg/dl) 115.26
 d
± 6.11 339.43

a
± 18.64 228.05

b
± 11.72 152.52

c
± 8.31 183.66

bc
± 9.25 

24h UAE (mg/ml/24h) 0.35
e
± 0.01

 
1.86

a
± 0.09 1.27

b
±0.07 0.69

d
±0.03 0.95

c
±0.05 

BUN (mg/dl) 16.74
e
±0.79 75.13

a
± 4.05

 
48.19

b
± 2.36 27.22

d
±1.82 34.48

c
±2.00 

S. creatinine (mg/dl) 0.83
d
± 0.05 2.27

a
± 0.10 1.66

b
± 0.08 1.21

c
± 0.07 1.40

bc
± 0.07 

Cr. clearance 

(ml/min/100 g BW) 

1.76
a
± 0.08

 
0.63

d
±0.03 1.22

c
± 0.06 1.47

b
± 0.07 1.29

bc
± 0.06 

Values are means± SE for 6 different rats per treatment; values with different letters are statistically different at p < 0.05; 
SE, standard error. 

 Superscript letters are arranged in descending manner where a indicates the highest value followed by b, 

c, d and finally e which indicates the lowest value. 

 Superscript bc indicates that group V has no statistically significant difference with group III and IV but 

statistically significant difference with groups I and II. 

 

Impacts of ranolazine, ivabradine and 

trimetazidine on serum retinol binding 

protein (RBP), renal MDA   and renal 

iNOS in kidney homogenates’: 

Figure 1 demonstrated a significant 

elevation in serum RBP levels, renal 

MDA and renal iNOS (A, B and C 

respectively) confirming tissue 

degradation in diabetic non-treated rats, 

while rats  which received prophylactic  

 

 

 

 

 

therapy with ranolazine, ivabradine and 

trimetazidine showed significant 

reduction in serum RBP levels, renal 

MDA and renal iNOS levels when 

compared with diabetic non treated rats. 

The best improvement was seen in 

ivabradine treated group demonstrating 

that they had adapting ameliorative 

impact. 
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Group I: Normal control group, Group II: Diabetic non treated group, Group III: Ranolazine treated 

group. Group IV: Ivabradine treated group, Group V: Trimetazidine treated group. 

Fig (1): Effect of prophylactic therapy with ranolazine (20 mg/kg twice daily orally), ivabradine (10 mg/kg/day 

orally) and trimetazidine (10 mg/kg/day orally) for 8 wks study after development of NA- STZ (110mg /kg I.P -65 

mg /kg I.P) T2DM on serum RBP (A), renal MDA (B) and renal iNOS (C) in rats. Values are means ±SE for 6 

different rats per treatment. Values are statistically different at p < 0.05. 

 Superscript letters are arranged in descending manner where a indicates the highest value followed by b, 

c, d and finally e which indicates the lowest value. 

 Superscript bc indicates that group V has no statistically significant difference with group III and IV but 

statistically significant difference with groups I and II. 

 

Effects of ranolazine, ivabradine and 

trimetazidine on quantitative expression 

of ET-1 gene in renal tissue:  

mRNA expression of ET-1 was 

upregulated in renal tissues of diabetic 

non treated group (figure 2) compared to 

normal rats. While pretreatment with 

ranolazine, ivabradine and trimetazidine 

showed significant down regulation of 

ET-1 expression. The best results were 

seen in ivabradine treated diabetic rats. 

A 

B C 
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Group I: Normal control group, Group II: Diabetic non treated group, Group III: Ranolazine treated group. Group 

IV: Ivabradine treated group, Group V: Trimetazidine treated group. 

Fig (2): Effect of prophylactic therapy with ranolazine (20 mg/kg twice daily orally), ivabradine (10 mg/kg/day 

orally) and trimetazidine (10 mg/kg/day orally) for 8 wks study after development of NA- STZ (110mg /kg I.P -65 

mg /kg I.P) T2DM in experimentally induced DN on ET-1 relative expression in rats. Values are means ±SE for 6 

different rats per treatment. Values are statistically different at p < 0.05. 

 Superscript letters are arranged in descending manner where a indicates the highest value followed by b, 

c and finally d which indicates the lowest value. 

 Superscript bc indicates that group V has no statistically significant difference with group III and IV but 

statistically significant difference with groups I and II. 
 

Effects of Ranolazine, Ivabradine and 

Trimetazidine on Quantitative expression 

of caspase 3 and TGFB-1: 

Caspase 3 and TGFB-1 mRNA 

expression was upregulated in renal 

tissues of diabetic non treated group 

(figure 3) A, B respectively compared to 

Normal rats. While pretreatment with 

Ranolazine, Ivabradine and 

Trimetazidine showed significant down 

regulation of Caspase 3 and TGFβ1 

expression. The best results were seen in 

Ivabradine treated diabetic rats (Fig3) A, 

B. 
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Group I: Normal control group, Group II: Diabetic non treated group, Group III: Ranolazine treated group. Group 

IV: Ivabradine treated group, Group V: Trimetazidine treated group. 

Fig (3): Effect of prophylactic therapy with Ranolazine (20 mg/kg twice daily orally), Ivabradine (10 mg/kg/day 

orally) and Trimetazidine (10 mg/kg/day orally) for 8 wks study after development NA- STZ (110mg /kg I.P -65 mg 

/kg I.P) T2DM in experimentally induced DN on Caspase 3 mRNA (A) and TGFB-1 (B) relative expression in rats. 

Values are means ±SE for 6 different rats per treatment. Values are statistically different at p < 0.05. 

 Superscript letters are arranged in descending manner where a indicates the highest value followed by b, c, 

d and finally e which indicates the lowest value. 

 As no superscript letter in common, all groups are significantly different from each other (P<0.05). 

 

Histopathological Examination: 

The experimental groups’ renal histology 

was investigated in Figure 4. The control 

group’s kidney displayed normal renal 

structure, such as glomeruli and normal 

renal tubules (Figure 4A), while the rats 

in diabetic non treated group 

demonstrated a dilated Bowman’s  

 

 

 

 

 

 

 

 

capsule, shrinking glomeruli, and 

obvious tubular hydropic degeneration 

(Figure 4B). On the other hand, Groups 

with pretreatment using Ranolazine, 

Ivabradine and Trimetazidine showed 

improvement in renal histological 

structure (Figure 4C,D,E). 

 

 

 

 

 

 

 

A B 
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Figure 4. Impacts of prophylactic therapy with ranolazine (20 mg/kg twice daily orally), ivabradine (10 mg/kg/day orally) and 

trimetazidine (10 mg/kg/day orally) for 8 wks study after development NA- STZ (110mg /kg I.P -65 mg /kg I.P) T2DM in 

experimentally induced DN. (A): Normal control group, showed normal architecture of renal cortex; renal corpuscles (black 

arrows), normal glomeruli (G) and normal capsular space (S). (B): Diabetic non treated group showed hyaline cast in 

tubular lumen (white arrows), swelling and vacuolar degeneration of some tubular epithelial cells (black arrows) besides the 

nuclear pyknosis of some tubular epithelium (black arrow head). (C): Ranolazine treated diabetic group showed large renal 

corpuscle with mild dilatation of capsular space (S), vacuolar degeneration and nuclear pyknosis of some tubular epithelium 

(black arrow heads) besides presence of hyaline cast in the lumen of some renal tubules (white arrows). (D): Ivabradine 

treated diabetic group showed congestion of glomerular capillaries (black arrow), mild dilated capsular space (S), vacuolar 

degeneration and nuclear pyknosis of some tubular epithelium (black arrow heads).  (E): Trimetazidine treated diabetic 

group showed congestion of glomerular capillaries (black arrows), mild dilatation of capsular space (S) besides the vacuolar 

degeneration and nuclear pyknosis of some tubular epithelium (black arrow heads).  (H&E ×200), Scale bar = 50 µm. 

B 

C D 

A 

E 
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 Discussion: 

The obtained data in the current work 

revealed that experimental induction of DN 

resulted in hyperglycemia determined at 72 h 

and was confirmed by the elevated glucose 

levels in plasma, then on day 7 after 

injection, rats with FBG level concentration 

more than 250 mg/dl were considered as 

diabetic and development of NA-STZ T2DM 

[8,12]. 

STZ is the most used diabetogenic chemical 

used to create experimental diabetes in 

animals. Nicotinamide opposes the effects of 

STZ, helps in partial destruction of beta cells 

and helps in the development of T2DM [17]. 

These experimentally induced diabetic 

untreated rats were allowed to develop  DN 

for the next 4 weeks and showed significant 

increase in FBG level, 24h UAE, serum BUN 

level, serum creatinine level [8], and also 

these diabetic untreated rats showed 

significantly decrease in CR-CL [18]. 

Histopathological findings at 8
th

 wks study 

also had demonstrated glomerulosclerosis, 

atrophy, tubular vacuolization, interstitial 

fibrosis, and thickening of GBM. These 

findings indicate that end-organ injuries had 

occurred in STZ- induced T2DM in non-

treated rats used in the study [8]. While pre-

administration of ranolazine, ivabradine and 

trimetazidine as monotherapy orally daily to 

diabetic rats just after development of NA-

STZ T2DM for 8 weeks’ study resulted in 

significant decrease in FBG level, 24h UAE, 

serum urea level, serum creatinine level with 

significant increase in CR-CL level compared 

with diabetic non treated rats. The best 

improvement was seen in ivabradine treated 

diabetic rats. 

This comes in agreement with some studies 

who found that ranolazine monotherapy 

significantly reduced random blood glucose, 

which can be attributed to ranolazine inhibits 

glucagon secretion by blocking the Nav1.3 

isoform of sodium channels in pancreatic α-

cells, leading to glucagon and glucose 

lowering effects in animal models of diabetes 

[9, 19 and 20]. 

Ranolazine (RN) improves ATP production 

and O2 consumption by stimulating glucose 

oxidation and decreasing fatty acid oxidation 

[21]. In type 2 diabetic patients, ranolazine 

has been shown to offer a variety of effects, 

including lowering blood glucose and 

glycosylated hemoglobin levels, promoting 

insulin release, and decreasing glucagon 

synthesis, therefore improving pre- and 

postprandial blood glucose [22]. 

      We detected that ranolazine treated 

diabetic group (group III) showed 

improvement in urinary albumin excretion in 

agreement with some studies   , and in 

contrast to. Other studies which detected that 

GFR had remained stable while taking 

ranolazine and only worsened 6 weeks after 

ranolazine had been discontinued; therefore, 

ranolazine did not seem to have any impact 

on kidney function [23 & 24].  

It was detected that treatment with ranolazine 

shows improvement in BUN compared to 

diabetic non treated group. Also, treatment 

with ranolazine showed decrease in s. 
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creatinine compared to diabetic non treated 

group in concordance with some studies  but 

in contrast with other studies which reported 

that ranolazine did not affect creatinine level  

during 8 weeks post-treatment in diabetic 

angina patients.  

These data suggest a novel and plausible 

mechanism for ranolazine’s putative 

antidiabetic properties, pointing to the 

renoprotective effect by significantly 

ameliorating diabetic nephropathy. [25,26] 

This was against results of other study which 

reported no reduction in HbA1c and fasting 

blood glucose [27]. 

In this study, it was found that ivabradine 

treated diabetic group showed fasting blood 

glucose improvement compared to diabetic 

non treated group agreeing with a study [28] 

but in contrast to other study  which proved 

that ivabradine treatment was not associated 

with adverse effects on glucose metabolism 

[29]. Also, the best improvement was 

observed in group IV treated with ivabradine 

regarding BUN, urinary albumin and s. 

creatinine. This agrees with other study that 

detected that the serum creatinine and blood 

urea nitrogen were reduced in Ivabradine 

treated patients compared to controls [30]. 

Trimetazidine treated diabetic group showed 

improvement in blood glucose level similarly 

as reported by one study [31]. 

An improvement in BUN was observed in 

group treated with trimetazidine which was 

better than that in ranolazine group agreeing 

with one study   [32].  

An improvement in s. creatinine was 

observed in group treated with trimetazidine 

which was better than that in ranolazine 

group agreeing with one study [33]. 

Retinol-binding protein 4 (RBP4) is a 

prominent adipokine in type 2 diabetes, 

although its effect on β-cell function remains 

elusive, and the underlying mechanisms are 

still unknown. It was found that elevated 

circulating RBP4 levels were inversely 

correlated with pancreatic β-cell function in 

diabetic mice across different glycemic 

stages [34]. RBP-4 serves as efficient 

biomarkers of tubular damage and thus could 

potentially be used as complementary 

measurements to the conventional 

approaches for diagnosis of DN in patients 

with type 2 diabetes [35]. 

 In our study, diabetic non treated rats 

showed significant elevation of serum RBP4 

level if compared with normal control rats, 

but pre-treatment of diabetic rats with 

ranolazine, Ivabradine and trimetazidine as 

monotherapy orally daily just after 

development of NA-STZ type 2 DM for 8 

weeks’ study resulted in significant decrease 

in serum RBP level compared with diabetic 

non treated rats. Ivabradine treated diabetic 

rats showed the best improvement in this 

study. To the best of our knowledge this is the 

first study to evaluate the effect of ranolazine, 

ivabradine and trimetazidine on diabetics as 

regards retinol binding protein. Ivabradine 

treated group showed the best improvement 

in this study where RBP-4 serves as efficient 

biomarkers of tubular damage and thus could 

potentially be used as complementary 

measurement to the conventional approaches 

for diagnosis of DN in patients with type 2 
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diabetes [35]. So, this is suggestive for the 

better protective role of ivabradine against 

diabetic nephropathy. 

An improvement in Retinol binding protein 

was observed in group V treated with 

trimetazidine which was significant. 

Malondialdehyde (MDA) is widely used as a 

biomarker for assessing oxidative stress in 

biomedical fields. Lipid peroxidation is a 

chain phenomenon resulting in the formation 

of various active compounds that results in 

cellular damage [36].  

In our study, diabetic non treated rats showed 

significant elevation of renal   

Malondialdehyde (MDA) level when 

compared with normal control rats, but pre-

treatment of diabetic rats with ranolazine, 

ivabradine and trimetazidine as monotherapy 

orally daily just after development of NA-

STZ T2DM for 8 weeks’ study resulted in 

significant decrease in serum MDA level 

compared with diabetic non treated rats. 

MDA as an oxidative stress marker was 

found to be decreased in ranolazine treated 

rats in this work. This comes in agreement 

with one study who reported that ranolazine 

treatment exhibited significant decrease (or 

improvement) of MDA in H9c2 

cardiomyocytes study [37]. 

 Insulin inhibits the production of reactive 

oxygen species and renal iNOS expression 

when the cells are exposed to pro-

inflammatory agents [38]. In diabetic rats, 

insulin has been shown to protect against 

oxidative stress and inhibit apoptosis induced 

by H2O2 and intracellular ROS, and increase 

superoxide dismutase, catalase, and 

glutathione peroxidase activity [39]. ET 

receptors are located within the kidney, in 

glomerulus and renal tubules as well as in 

renal microcirculation, becoming of great 

importance in regulating kidney function 

[40].  

In DN, iNOS expression level increases 

where The presence of iNOS is associated 

with tubular damage resulting in renal failure. 

The upregulation of NO in T2DM may 

explain the endothelial dysfunction that is 

associated with almost all diabetic 

complication. [41]. 

In our study, diabetic non treated rats showed 

significant elevation of renal iNOS as well as 

ET1 upregulation gene expression level if 

compared with normal control rats, but pre-

treatment of diabetic rats with ranolazine, 

ivabradine and trimetazidine as monotherapy 

orally daily just after development of NA-STZ 

T2DM for 8 weeks’ study resulted in 

significant decrease in renal iNOS as well as 

ET1 downregulation of mRNA gene 

expression level compared with diabetic non 

treated rats. 

           Ivabradine treated group showed the 

best improvement in this study considering 

iNOS. Agreeing with our study, other study 

found that in murine viral myocarditis, NO 

production in the plasma and heart was 

significantly increased in the ivabradine and 

myocarditis groups compared with the control 

group on days 7 and 14 [42].  

Ranolazine reduced the pro-inflammatory 

reaction and improved learning and long-

term memory in a Wistar rat model of T2DM. 

Its clinical use is especially interesting in 
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patients with T2DM and coronary ischemia 

[43]. In one study., ranolazine enhanced the 

effects of insulin on AKT and eNOS, 

increasing the expression of p-AKT and p-

eNOS, indicating that this effect is probably 

due to a facilitation of insulin action [44]. 

Ranolazine treated diabetic group showed 

significant decrease of ET1 level compared 

to non-treated diabetic group. As regards the 

endothelin-1, ivabradine treated group 

showed the best improvement in this study. 

However, a study was unable to demonstrate 

similar protective effects [45]. Also  

endothelin-1 in trimetazidine treated group 

showed moderate improvement in this study 

which was also observed in other study   

[46]. 

Apoptosis is a programmed cell death that 

has been repeatedly linked with diabetic 

kidney disease (DKD) [47]. In our study, 

diabetic non treated rats showed significant 

upregulation of mRNA gene expression 

Caspase-3 level if compared with normal 

control rats, but pre-treatment of diabetic rats 

with ranolazine, ivabradine and trimetazidine 

as monotherapy orally daily just after 

development of NA-STZ T2DM for 8 weeks’ 

study resulted in significant down regulation 

of m RNA in Caspase-3 level compared with 

diabetic non treated rats. 

Agreeing with the protective role of 

trimetazidine, followed by ranolazine then 

ivabradine as Caspas-3 lowering agents  

reported in the current study another study   

reported that Caspase-3 inhibition 

ameliorated albuminuria, renal function, and 

tubulointerstitial fibrosis in diabetic mice 

[47] in contrast to other study  who suggested 

that caspase-3-dependent cell death had a 

negligible effect [48]. In the current study, 

ranolazine treated diabetic group showed 

slight downregulation  of Caspase 3 

expression compared to non-treated diabetic 

group  in agreement with   [9]. 

An explanation of this caspase-3 reducing 

effect of ranolazine was supported and 

explained by study where cleavage of PARP 

and pro-caspase-3 in mice treated with 

doxorubicin is prevented by pre-treatment 

with ranolazine [49] also in agreement with 

other study that reported the best Caspase-3 

improvement was observed in diabetic group 

treated with Ivabradine [50].  

TGFβ1 serves as one of the most important 

cytokines in the process of Epithelial –

mesenchymal transition in kidney, also the 

key mediator of tissue fibrosis as it induces 

secretion of fibrillary collagens and promotes 

cell death and dedifferentiation [51] 

In our study, diabetic non treated rats showed 

significant upregulation of TGFβ1 mRNA 

gene expression level if compared with 

normal control rats, but pre-treatment of 

diabetic rats with ranolazine, ivabradine and 

trimetazidine as monotherapy orally daily 

just after development of NA-STZ T2DM for 

8 weeks’ study resulted in significant 

downregulation in TGFβ1 mRNA gene 

expression level compared with diabetic non 

treated rats. The best TGFβ1 improvement 

was observed in ivabradine treated diabetic 

group. Significant TGFβ1 improvement was 

observed in ranolazine and trimetazidine 

treated diabetic group. To the best of our 

knowledge this is the first study to evaluate 

the effect of ranolazine and ivabradine on 
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diabetics as regards TGF-β1. This can be 

supported by one study where trimetazidine 

decreased the expression levels of TGF-β1, in 

the myocardial tissues of mice [52]. 

Conclusion: 

Current findings confirmed ameliorative 

impact of ivabradine, trimetazidine and 

ranolazine on DN induced by NA-STZ 

T2DM. Ivabradine showed the best effect 

followed by trimetazidine. Ranolazine 

treated group had the lowest prophylactic 

effect. DN altered serum and kidney 

biomarkers, increased renal inflammatory 

markers, renal lipid peroxidation in renal 

homogenate with altered different gene 

expression at kidney tissue.  

The pre-administration of ivabradine, 

trimetazidine and ranolazine retrieved all 

altered markers at biochemical kidney 

level, downregulated the expression of 

genes linked with vascular damage, 

apoptosis and fibrosis. These results 

supported the potential use of ivabradine, 

trimetazidine and ranolazine to protect 

kidney against DN and open the field for 

further studies on diabetic complication 

models such as liver rather than kidney 
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