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Abstract: Background: The most prevalent form of kidney failure is diabetic nephropathy (DN) and 

subsequent mortality and morbidity. L carnitine (L.C) and fenofibrate have been formerly showed to be potent 

in treating DN in rats.  Objective: The current work compares the effectiveness of L.C and/or fenofibrate in 

streptozotocin (STZ)-induced DN and the mechanism that leads to it. Materials and Methods: Thirty male 

Sprague Dawley rats were subdivided into five groups; Control group, Diabetic (D) group, D/fenofibrate group, 

D/ L.C group, D/combination (fenofibrate/L.C) group. Streptozotocin as a single dose was used to cause DN in 

rats by intraperitoneal injection. Results: Serum creatinine (SCr) and blood urea nitrogen (BUN) levels were 

significantly higher in DN rats, although overall antioxidant capacity was significantly lower (TAC). 

Histopathological tests of the kidney confirmed these biochemical findings on the same axis. Treatment with 

L.C and/or fenofibrate, on the other hand, clearly strengthened these functional parameters, TAC, and diabetic 

histological shifts. The transforming growth factor-1 (TGF- β1)/SMAD pathway was used to investigate the 

potential mechanism of L.C and/or fenofibrate on diabetic kidney injury defense. The findings revealed that 

diabetic rats treated with L.C and/or fenofibrate had their TGF- β1/SMAD pathway rebalanced. Surprisingly, 

taking L.C and fenofibrate at the same time had better safety than any medication alone. Conclusion: 

Experiments revealed that L.C and/or fenofibrate can be a powerful agent for stopping the development of DN 

through inhibiting TGF-β1/SMAD -mediated renal fibrosis, whilst their combination exerted a superior 

renoprotective effect. 
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1. INTRODUCTION  

Diabetes mellitus (DM) is indeed the dominant 

cause of end-stage kidney disease (ESRD) all over 

the world. Despite strict regulation of glycemic and 

metabolic disorders, the number of diabetic patients 

entering ESRD due to DM remains as high as 40% 1, 

2. The molecular pathways underlying the evolution 

of DN are highly complex involving several 

mediators. Significant players among these have 

been identified as oxidative stress, chemo-attractants, 

fibrotic cytokines, and apoptosis 3-5. 

Transforming growth factor-β1 (TGF- β1) is a 

multifunctional cytokine that is involved in the 

process of developing glomerulo-sclerosis and 

interstitial fibrosis 6. TGF- β1 is believed to play an 

important part in the development of DN 6-8. TGF-β1 

stimulates the biological activities of two essential 

downstream mediators, SMAD 2 and SMAD 3, such 

as extracellular matrix (ECM) production, which is 

inhibited by SMAD 7, the SMAD inhibitor, after 

binding to its receptor. The role of the TGF-

β1/SMAD 3 signaling pathway in mediating renal 

fibrosis is well known 9, 10, meaning that blocking 

TGF-β1/SMAD 3 may be a useful technique for 
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preventing DN progression. So far, no suitable active 

therapy for delaying the development of renal failure 

has been established. As a result, new therapeutic 

therapies for DN management are needed 11. 

Hydroxy—N-trimethyl ammonium-butyrate or 

L.C is one of the components that results from lipid 

metabolism and is necessary to make adenosine 

triphosphate (ATP) via long-chain fatty acid -

oxidation. As a consequence, L.C serves as an 

antioxidant in an indirect way, facilitating fixing the 

oxidized membranes or lipid bilayers12,13. 
Furthermore, L.C is considered as a direct scavenger 

for both H2O2 and O2 14. There is overwhelming 

evidence that L.C supplementation, by its 

antioxidative action, protects against insulin 

resistance, diabetic podocyte injury, and diabetes-

induced endothelial dysfunction 15,16. However, the 

molecular mechanism that underlies the advantages 

of L.C for DN caused by STZ remains unexplored. 

Fibrates are peroxisome proliferator activated 

receptor alpha (PPAR-alpha) agonists was heavily 

studied for their tolerability and defense effects on 

lipid-lowering process, inhibition ability regarding 

atherosclerosis formation, and ability to prevent DN 
17. The main compounds are bezafibrate, ciprofibrate, 

clofibrate, fenofibrate, and gemfibrozil17,18. 

Fenofibrate treatment has been said to improve renal 

structure and function by lowering glomerular 

hypertrophy and the mesangial matrix associated 

with type 1 or type 2 diabetes. Fenofibrate prevented 

TGF-β1activation in cultured mesangial cells treated 

with elevated glucose levels. The TGF-β1/SMAD 

pathway's purpose was to promote inflammation, 

induce renal fibroblast proliferation, and synthesis a 

variety of ECM proteins, including collagens19. 

Besides that, the mechanism of fenofibrate's 

beneficial effect in the prevention of DN has not been 

precisely interpreted. 

The preventive role of L.C and/or fenofibrate in 

the prevention of DN was routinely validated in this 

research. Furthermore, for the first time, the potential 

pathway through TGF-β1/SMAD signaling was 

explored. 

2. METHODS 

2.1 Animals 

A stable environment with a specific 

temperature (23°C), humidity (60-10%), and a 

light/dark (12:12 h) loop (National Institute for 

Science, Cairo, Egypt) was provided to keep the 

adult male Wistar rats weighing 150-200 g. An 

unlimited permission to both; water ad libitum and 

regular rat chow was given for one week prior to the 

experimental experiments. We gained approval for 

all of the experimental methods by the animal ethics 

committee of the Faculty of Pharmacy's (No. 113) in 

Cairo, Egypt. 

2.2 Chemicals 

All of the used chemicals were of reagent-grade 

efficiency, with the exception of STZ, as we brought 

it from Sigma Chemical Co. (St. Louis, MO, USA). 

Minapharm (Cairo, Egypt) supplied fenofibrate, and 

Mepaco supplied the L.C (Cairo, Egypt 

2.3 Diabetes induction 

Freshly formulated STZ was injected in a single 

dose (52.5 mg/kg, IP) in a sodium citrate (10mM) 

buffer, 4.5 pH, was given to animals, after fasting for 

12 hours. For the prevention of early mortality, as a 

result of insulin rash that is released after the 

destruction of beta cells of the pancreas, rats were 

given glucose in drinking water (15 g/L) for 24 hours 

after the STZ injection. After 72 hours, a blood 

glucose level of more than 250 mg/dl was marked as 

diabetes 20. 

2.4 Design of the work 

Six groups (n=6) have been established from 

the diabetic rats at random: (1) A control group has 

been formed and rats were provided single I.P 

injection of citrate buffer (0.1 M, pH 4.5). (2) 

Diabetic (DN) group. STZ (52.5 mg/kg) was been 

given to the rats by intraperitoneal injection as a 

single dose; and (3) DN/ fenofibrate group. Rats with 

diabetes were given fenofibrate in a dose of 25mg/kg 

for six weeks; (4) DN/ L.C group; the diabetic rats 

were given L.C in a dose of 200 mg/kg for six weeks; 

(5) DN/combination (fenofibrate /L.C). At the 

completion of the trail, diabetic rats had been fasted 

overnight, and their final fasting blood glucose levels 

and body weight had been registered for every 

animal. Blood samples were taken under moderate 

anaesthesia by retro-orbital sinus puncture, with 

isolation of the serum to do the biochemical analysis. 

Before they were processed, the samples were kept 

in a -80°C freezer. Kidneys were removed then 

cleaned by normal saline and dried by a filter paper 

before measuring its weight. For histological 

examinations, we fixed the right kidneys in 10% 

neutral buffered formalin, while the left ones were 

removed for further study. 

2.5. Evaluation of metabolic variables: 

2.5.1. Body weight: 

The body weight of animals in each group were 

determined and expressed in grams at the start and at 

the end of the experiment. 

2.5.2. Kidney weight index (KWI): 

     Rats were weighed before sacrifice and the 

kidney was weighed after sacrifice. The KWI was 

calculated following this equation: 

Organ weight index = (rat organ weight / rat 

body weight) X 100 21. 
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2.5.3. Fasting blood glucose level: 

Micro-capillaries were used to extract blood 

from rats after an overnight fasting (12 hours) from 

the retro-orbital plexus under light ether anesthesia 

(Optilab, Berlin, Germany). In order to calculate 

FBG, a drop of blood was placed on the glucometer 

strip loaded in a single-touch glucometer, (ACCU-

Check Active, Roche Diagnostics, Germany). 

2.6. Evaluation of biochemical parameters in 

serum: 

2.6.1. Urea & creatinine level 

In order to test serum creatinine and urea, we 

used commercial kits (Biodiagnostic Co., Egypt) by 

spectrophotometer (UV-1700 Spectrophotometer, 

Shimadzu, Japan). 

2.7. Total antioxidant capacity (TAC): 

Using a buffer with hypotonic lysis [0.2 percent 

Triton-x-100, 10 mM tris-base, 1 mM EDTA 

(sodium salt)], 10% homogenates have formulated. 

We then made centrifuging at 4000 rpm for 15 

minutes at 4 C by applying a colorimetric kit 

(biodiagnostic Co., Egypt). Then the supernatant was 

collected for TAC determination as demonstrated by 

instruction of the manufacturer 22. 

2.8. Examination of histopathology: 

Right kidneys were instantly set using a10% 

neutral buffered formalin after they were excised, 

dehydrated in ethanol in an ascending matter 

regarding their grades, cleared in xylene, and set in 

paraffin. Haematoxylin and eosin were used to dye 

sections of 3 μm thickness 23. 

A professional histopathologist blinded to the 

identification of the analysed samples conducted 

both examination of specimens and histopathologic 

processing. 

2.9. Evaluation of TGFβ-1 contents in the kidney 

using ELISA: 

Through applying ELISA kits, renal contents of 

TGF-β1 were tested and calculated as pg/mL. The 

manufacturer's guidelines for the used kits were 

followed to the letter. 

2.10. Western blot assay for the estimation of P-

SMAD protein expression in the kidney: 

RIPA (radioimmunoprecipitation assay) lysis 

buffer (Tris base 20 mmol/L, NaCl 150 mmol/L, 

EDTA 1 mmol/L, EGTA 1 Mm, NP40 1 percent, and 

Na deoxycholate 1 percent) complemented by 

protease and phosphatase inhibitors was used to 

homogenise kidney tissue. The Bradford procedure 

was used to assess protein concentrations. On a 7 

percent SDS-PAGE gel, equivalent quantities of cell 

lysates were fractionated and transferred to 

nitrocellulose membranes (Bio-Rad). At room 

temperature the membranes were blocked for 2 hours 

in 7.5 percent non-fat dry milk in TBST (0.05 percent 

Tween-20 Tris-buffered saline), then sub cultured 

with primary antibodies overnight at 4°C. P-SMAD 

(1:200 dilution) and β-actin (dilution 1:5000) were 

the main antibodies used. After cleaning, the 

membranes were incubated for 1 hour at room 

temperature by using secondary horseradish 

peroxidaseconjugated antimouse IgG antibody 

(1:5000, Bio-Rad), then washed again. Enhanced 

chemiluminescence (ECL Plus; Amersham, 

Arlington Heights, 13 IL, USA) was used to image 

proteins, and densitometry and Molecular Analyst 

Software were used to quantify them (Bio-Rad). The 

amount of protein was measured in terms of β-actin. 

2.11. Statistical analysis 

The findings are shown as means ± SE, and the 

difference among groups was investigated using one-

way ANOVA with Tukey-Kramer as a 

complementary test. Statistical significance was 

determined at a p value ˂ 0.05. 

3. RESULTS 

3.1 Effects of fenofibrate and\or L.C on kidney -

to – body weight (KW/BW) ratio in STZ induced 

DN in rats:  

As shown in figure 1, -KW/BW ratio has 

significant elevation by 162.07% within the DN 

group in comparison with the control group. 

However, pretreatment with either fenofibrate 

(25mg/kg/day/P.O) or L.C (200 mg/kg/day/P.O) 

significantly decreased KW/BW ratio by 30.35% and 

31.58% respectively, compared to DN group.  

A further marked significant reduction in 

KW/BW ratio by 49.59 % was produced upon 

treatment with combination compared to DN group, 

also a significant decreasing in KW/BW ratio by 

27.95% and 26.33% compared to DN animals treated 

with either fenofibrate or L.C alone, respectively.  

Figure 1. Effects of fenofibrate and\or L.C on kidney 

-to – body weight ( KW/BW ) ratio in STZ induced 

diabetic nephropathy in rats. Data are expressed as 

mean ± SE. a,α,β is significantly different from the control 

group, DN group and DN + comb treated group 

respectively at P < 0.05 using ANOVA followed by Tukey.  
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3.2. Effects of fenofibrate and\or L.C on blood 

glucose level (mg\dl) in STZ induced DN in rats: 

Glucose level was significantly increased by 

388.11% in DN group in comparison with the control 

group.  

Giving the diabetic rats either fenofibrate 

(25mg/kg/day/P.O) or L.C (200mg/kg/day/P.O) or 

combined regimen had not decrease the glucose level 

in comparison with the DN group as shown in in fig 

(2).  

Figure 2. Effects of fenofibrate and\or L.C on blood 

glucose level (mg\dl) in STZ induced diabetic 

nephropathy in rats. Data are shown as mean ± SE. a,α,β 

have significant difference compared to the control group, 

DN group and DN + comb treated group respectively using 

ANOVA test at a P-Value  < 0.05 followed by Tukey.  

3.3. Effects of fenofibrate and\or L.C on serum 

creatinine &urea level in STZ induced DN in rats:  

As in comparison to the control group serum 

creatinine and blood urea nitrogen levels had been 

considerably elevated (p<0.05) by 78.60% and 

158.21%, respectively (Table 1). Interestingly, both 

fenofibrate or L.C remedy theoretically alleviated 

DN, as validated via way of means of a widespread 

drop in serum creatinine ranges of 57.36 percentage 

and 68.35 percentage, respectively, and blood urea 

nitrogen ranges 42.27 percent and 49.63 percent, 

respectively, relative to the DN group. 

In comparison with the DN group, combined 

therapy resulted in a more substantial decrease in 

creatinine and blood urea nitrogen levels of 82.64 

percent and 60.78 percent, respectively. 

Table1. Effects of fenofibrate and\or L.C on Serum 

creatinine &urea level in DN induced by STZ in rats:  

Data are expressed as mean ± SE. a,α,β is 

substantially distinct from the control group, DN 

group and DN + comb treated group respectively at 

P < 0.05, the usage of ANOVA accompanied with  

Tukey. 

3.4. Effects of fenofibrate and\or L.C on kidney 

TAC level in DN induced by STZ in rats:  

Total antioxidant ability degree becomes 

notably reduced by 64.07% in DN group compared 

to control group as proven in figure 3.  

Pretreatment with either fenofibrate or L.C 

notably improved kidney overall antioxidant ability 

stage by 79.29% and 60.61% respectively, as in 

comparison to DN group, similarly marked 

substantial growing in overall antioxidant ability 

level by 138.88% become produced upon remedy 

with combination, as in comparison to DN group. 

Figure 3. Effects of fenofibrate and\or L.C on TAC 

in DN induced by STZ in rats. Data are shown as 

mean ± SE. a,α,β is have an extensive difference 

between the control group, DN group and DN + 

comb treated group respectively using ANOVA test 

at a P-value  < 0.05 followed by Tukey.   

3.5. Fenofibrate and/ or L.C restored 

histopathological features in DN induced by STZ 

in rats: 

The control group had normal architecture, 

while the diabetic group had oedematous epithelial 

lining with lack of brush boundaries, intra-tubular 

debris, and hyaline casts in the proximal tubules, as 

seen in figure 4. Furthermore, in the diabetic group, 

the renal capsule showed significant disturbance, as 

well as dispersed atrophied glomeruli. Rats in the 

DN+ comb community, on the other hand, showed a 

major improvement in their kidney architecture. 

3.6 Effects of fenofibrate or L.C on renal TGF-β1 

level in DN induced by STZ in rats 

Renal TGF-β1 level in DN group was 

significantly increased by 130.53% when compared 

to the control group.  

Giving either fenofibrate or L.C significantly 

decreased renal TGF-β1 level by 40.95% and 36.28% 

respectively, compared DN group.  

Treatment  

 

Groups 

Serum creatinine  

(mg/dl) 

 

 

 

(mg/dl) 

Blood urea 

nitrogen 

(mg/dl) 

 (1) Control  0.158± 0.0145 42.6± 2.63  

(2) DN  1.40± 0.0258a  110± 1.84a  

(3) DN +fenofibrate  0.597± 0.0285aαβ  63.5± 1.04aαβ  

(4) DN +L.C 0.443± 0.0305 aαβ  

 

55.4± 1.63 
aαβ (5) DN+ Comb  0.243± 0.0202α  43.2± 0.932α  
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A further marked significant reduction in renal 

TGF-β1 level by 45.34% was produced upon 

treatment with combination, compared to DN group. 

 

Figure 4. Haematoxylin and eosin staining of renal 

tissue seen by light microscopy. H&E was used to 

dye kidney samples. The tissues in the DN group 

(400x) had oedematous epithelial lining with lack of 

brush borders with debris intra-tubular, hyaline casts 

in proximal tubules and marked disturbed renal 

capsule, dispersed atrophied glomeruli, whereas the 

control parts (400x) showed no histological 

alterations. Few small glomeruli with 

hypercellularity and comparatively expanded 

Bowman's spaces were seen in the DN+ fenofibrate 

or DN+L.C (400x) group, and some proximal tubules 

displayed brush boundary loss. However, there were 

average renal capsule, and only a few proximal 

tubules displayed brush boundary loss (long arrow). 

 

 

Figure 5. Effects of fenofibrate and\or L.C on renal 

TGF-β1 level in DN induced by STZ in rats: Data are 

expressed as mean ± SE. a,α,β is significantly 

different from the control group, DN group and DN 

+ comb treated group respectively using ANOVA 

accompanied by Tukey at P < 0.05.   

3.7. Effects of fenofibrate and\or L.C on 

expression of renal phosphorylated SMAD (P-

SMAD) level in DN induced by STZ in rats:  

As shown in figure 6, Renal P-SMAD 

expression was significantly upregulated by 699% in 

DN group when compared to control group. 

-When diabetic nephropathy rats were 

pretreated with either fenofibrate or L.C, the 

expression of P- SMAD was reduced by 34.91 % and 

41.63 %, respectively, compared to the DN group, 

while combination resulted in marked down 

regulation of P- SMAD expression by 54.94% 

compared to DN group. 

Figure 6. Effects of fenofibrate and\or L.C on 

expression of renal Phosphorylated SMAD  (P-

SMAD ) level in DN induced by STZ in rats: Data 

are shown as mean ± SE. a,α,β had significant 

difference from the control group, DN group and DN 

+ comb treated group respectively using ANOVA 

accompanied by Tukey at P < 0.05.   

4. DISCUSSION 

Diabetic nephropathy is caused by a 

complicated and multifactorial mechanism that looks 

to be aggregate of hemodynamic and metabolic 

factors, together with extended angiotensin II and 

hyperglycemia24. Hyperglycemia, however, is 

commonly taken into consideration to be the number 

one beginning aspect in DN development 25. 

It is consequently crucial to discover preventive 

measures towards DN. Fenofibrate, the agonist of 

PPAR-alpha and L.C, a cofactor vital for the delivery 

of long-chain fatty acids into mitochondria for 

strength manufacturing in peripheral tissues; their 

impact has been investigated in the present study 26, 

on diabetic nephropathy in rats. Hyperglycemia 

caused hemodynamic and metabolic abnormalities, 
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including increased advanced glycation end products 

(AGEs) formation and enhanced reactive oxygen 

species (ROS) generation, during the initiation and 

progression of DN 27. 

We confirmed that pre-remedy with fenofibrate 

and L.C mitigated the diabetes-triggered kidney 

injury, as proven through enhancing the parameters 

of kidney feature and attenuating the deterioration in 

the morphology of different kidney sections resulting 

from diabetes. These results are in contrast with a 

previous study where they had a look at where in 

fenofibrate appreciably suppresses fibrosis through 

improving fatty acid oxidation in a mouse version of 

continual kidney disease 28. In addition, it turned into 

formerly proven that L.C remedies have a protective 

effects regarding potential renal and pancreatic harm 

resulting from cyclosporine A in rats29. This 

protective effect to the kidney of L.C can be further 

explained by the prevention of injury resulting from 

ischemia and following reperfusion30 as well as 

glycerol- and contrast-triggered nephropathy 31, 32. In 

our study, the induction of STZ nephropathy turned 

into highlighted through multiplied renal markers, 

i.e. serum urea nitrogen and creatinine, which have 

been constant with evidence from STZ 33. 

Whilst pretreatment with fenofibrate and/or LC 

substantially lowered serum creatinine and BUN, 

renal hypertrophy was improved and renal tissue 

degradation was reduced, which was consistent with 

two previous studies 34,35. 

Moreover, STZ administration triggered 

oxidative stress, as demonstrated by reduced overall 

antioxidant capacity and increased ratio of kidney 

weight/body weight, a main indicator for body 

weight reduction and increased renal size 36 relative 

to control rats, which is related to early researches, 

reporting that STZ-prompted diabetes in animals 

displayed a mentioned decline in body weight and 

significant increase in both kidney weight index and 

fasting blood glucose level37,38. Also, it's been 

indicated that STZ brought about diabetic rats 

confirmed a massive upward thrust in kidney to 

frame weight ratio in comparison to rats in control 

group 39. 

The diabetic kidney is characterized through 

immoderate development of ROS, generally because 

of expanded NADPH oxidase pastime and 

intensified superoxide mitochondrial production, as 

a result of increased metabolic activity and 

mitochondrial protein glycation 40. 

This significant decline in STZ-induced DN-

associated BW can be explained by hyperglycemia, 

hypoinsulinemia, increased muscle loss and tissue 

protein loss 36,41. The initial phase of clinical and 

experimental DN is marked by hypertrophic changes 

in all renal compartments, including renal and 

glomerular size increases. STZ's diabetogenic 

(hyperglycemic) activity may be due to its β-cell-

cytotoxic effects through inhibiting insulin 

development and selectively killing the beta-cells 

that generate insulin through causing necrosis 42. 

In our results, fenofibrate and/ or L.C 

pretreatment increased total antioxidant capacity and 

significantly reduced the altered KW/BW ratio 

compared to diabetic rats. This statistic revealed that 

antioxidant associated pathways can be improved by 

fenofibrate and/ or LC, as a consequence defensive 

the kidney in opposition to DN. Obviously, 

fenofibrate seems to relieve oxidative stress by 

preventing inflammation and lowering NOX in 

hypertensive rats 43. 

Fenofibrate has been announced to play a key 

function in lowering oxidative stress with inside the 

kidneys of spontaneously hypertensive rats by 

decreasing p38 MAPK and c-Jun N-terminal kinase 

(JNK) phosphorylation signal, lowering renal 

nicotinamide adenine dinucleotide phosphate 

(NADPH) oxidase activity and rising Cu-Zn-

superoxide dismutase activity 43. 

Regarding L.C, free radical yielding has been 

blocked, assisting to discourage impairment of 

mitochondrial fatty acid beta-oxidation and shielding 

tissues from damage with the aid of restoring 

oxidized membrane lipids 26. L.C has additionally 

been identified as an O2- and H2O2 direct scavenger 
14. There is overwhelming proof that L.C 

supplementation performs a useful position in 

protecting towards insulin resistance and diabetes-

prompted endothelial disorder thru its antioxidant 

effects 15, 16. 

In a wide range of progressive kidney illnesses 

including DN, fibrosis of the kidney, is a common 

endpoint that ends in nephron degradation and is 

diagnosed through macrophages invasion, stimulation 

of fibroblast and immoderate accumulation of ECM 

that may contribute to end-stage 

renal dysfunction's development 44,45. 

TGF-β1 is a primary facilitator for the fibrosis of 

the kidney as it starts the intracellular signals by 

phosphorylating and nuclear translocating SMAD 3, 

which is specifically linking the promoting region of 

the ECM molecules thus encourages the development 

of renal fibrosis 46. Moreover, TGF-β1 affects another 

I-SMAD called SMAD 7 that adversely adjusts the 

SMAD 3 activation 47. 

In preceding study TGF-β1/SMAD pathway 

has been diagnosed in renal fibrosis 48. Thus, the 

current we aimed to observe the renoprotective 

outcomes of fenofibrate and/ or L.C that target the 

TGF-β1/SMAD pathway. 

Our work revealed that diabetic group 

confirmed considerable growth in renal TGF-β1 

level & P-SMAD protein expression which become 

notably reduced with the aid of using pre-remedy 
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with fenofibrate and/ or L.C. These results advocate 

that fenofibrate and L.C might also additionally have 

anti fibrotic effects. By blocking off PAI-1 and 

TGFβ1 within the renal cortex, which in the end 

results in much less extracellular matrix deposition in 

addition to TGF-β1/SMAD signaling pathways in 

diabetes mellitus, a renoprotective effect at both 

cellular and molecular levels can be achieved by 

fenofibrate49. Other studies have proven that 

fenofibrate gets rid of diabetic renal harm with the 

aid of using inhibiting the signaling pathways of 

TGF-β1/SMAD 3 and NF-kB with next repression of 

fibrosis and irritation in diabetic nephropathy 19. 

Meanwhile, in experimental diabetes, L.C 

extensively averted renal fibrosis, as visible through 

a big lower in renal TGFβ1 levels consistent with 

renoprotective results of L.C suggested in injury 

from ischemia-reperfusion 30, incurable cyclosporine 

nephropathy 50, and doxorubicin-induced nephritic 

syndrome 51. Moreover, in the removed kidneys of 

the rat, we observed both; the anti-inflammatory and 

anti-fibrotic results of L.C 52. 

5. CONCLUSIONS 

In conclusion, the current research 

hypothesized that a combination of L.C and 

fenofibrate provided the best defense against STZ-

induced DN. Also it confirmed that the down 

regulation of TGF-β1/SMAD pathway performs a 

vital protection in mediating the renodefensive 

impact of fenofibrate and L.C in diabetic rats 

followed by anti-oxidant effects. Since, consistent 

with in advance research, fenofibrate  and L.C have 

exerted profound results in continual kidney disease 
34, 35. 

In order to explore the therapeutic action of 

fenofibrate and L.C on inflammatory pathways in 

diabetic rats, further research is required. 
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