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Abstract 

 

 The urgency to develop renoprotective strategies sets the eyes in compounds as curcumin which 

prevents high fat diet-induced lipid accumulation and improves lipid profile in clinical studies. The present 

work aims to investigate the effect of curcumin on experimental nonalcoholic pattern kidney disease via 

histopathological, histochemical and immunohistochemical studies. Sixty Wister male rats weighing 

approximately 100 -120 grams were divided into 4 groups. Group I: 10 rats were served as control group and 

group II: 50 rats were received high fat diet for 12 weeks. Post histopathological confirmation of fatty 

kidney, this second group was subdivided into the following groups: Group III: 20 rats were injected 

intraperitoneally (I.P) with 1   /kg body weight dimethylsulfoxide (DMSO) day after day for 8 weeks. 

Group IV: 20 rats were injected I.P with 50 mg /kg body weight curcumin dissolved in DMSO, day after day 

for 8 weeks. The rest 10 rats in group II were sacrificed after 12 weeks from the beginning of experiment 

.Our histopathological results showed that renal structures of rats fed a high fat diet for 12 weeks had a 

dilatation in blood vessels and Bowman's space, mono nuclear cell infiltration, degeneration in nephrons and 

tubular defects. On the other hand rats treated with curcumin had nearly normal morphology of the kidney. 

Histochemical & immunohistochemical results showed decreased catalase (CAT) activity  (96.08 ± 2.74) and 

decreased nuclear factor-kappa B (122.82 ± 5.44), endothelial nitric oxide synthase (eNOS)  (128.23 ± 2.37) 

and inducible nitric oxide synthase (iNOS) (75.97 ± 6.29) in fatty rats improved after using curcumin 

(124.55 ± 18.82), (135.69 ± 6.39), (156.23 ± 4.94) and (95.39 ± 4.21) respectively. In conclusion, curcumin 

attenuates high fat diet induced kidney cortex derangement. 

 

Keywords: High fat diet, kidney cortex, curcumin, catalase, NF-kB, eNOS, and iNOS. 
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1. Background 

 

Kidney is an early responder to the challenge 

of high fat feeding. It exhibits an initial 

programmed inflammatory response [1]. 

De Castro et al (2013) [2] showed that high 

fructose diet  (FRU) in adult's rats caused biggest 

change on metabolism of serum lipids and lipid 

accumulation in liver and kidney. 

In the kidneys, the presence or absence of 

glomerular, sclerosis, necrosis, inflammation, 

fibrotic areas and deposition of lipid cells were 

evaluated [2].  

Catalase is one of the key enzymes of the 

cellular antioxidant defense system which 

prevented free hydroxyl radical formation by 

decomposing hydrogen peroxide into oxygen and 

water [3].  

NF-kB is a transcription factor present in the 

cytoplasm as an inactive heterotrimer consisting 

of five subunits including NF-kB1 (P
50

 and P
105

), 

NF-kB2 (P
52

), RelA (P
65

), RelB
 
and c-Rel. On 

activation, inhibitor kappa B kinas (IkBa) 

undergoes phosphorylation and ubiquitination-

dependent degradation leading to release of NF-

kB from its cytoplasm location. This, in turn, 

give available transport into nucleus  where it 

may bind to DNA and activate gene transcription 

[4]. It is widely present in varied cells, which 

could regulate a variety of cytokines involved in 

inflammation, adhesion molecules and protease 

gene transcription in vivo, and it is closely related 

with inflammation [5].  

Adipose tissue has a role in secreting factor 

that impairs endothelial dependent dilatation via 

inhibition of NO synthase mediating NO 

production [6].  

eNOS results in NO release from the 

endothelium of blood vessels and causes 

vasodilatation via cyclic guano sine 

monophosphate (CGMP). iNOS is an isozyme 

that  is present in an oxidative environment [7,8]. 

Curcumin is the active ingredient in the 

traditional herbal remedy and dietary spice 

turmeric (Curcuma longa). It is undergoing 

clinical trials for various diseases such as cancer, 

Alzheimer’s disease, ulcerative colitis, etc [9].  

The study of chronic progressive renal 

injury in rats is useful in the evaluation of 

strategies to reduce renal injury. 

The present work, therefore, aims to 

investigate the effect of Curcumin on 

experimental nonalcoholic pattern kidney disease 

(histopathologicaly, histochemicaly and 

immunohistochemicaly). 

 

2. Materials and Methods 

 

This study was consisted of 60 Wister male 

rats weighing approximately 100-120 grams 

obtained from Animal House of Medical 

Research Institute of Alexandria University. 

Animals were housed with food and water ad 

libitum, stander light – dark cycle (12: 12 – h) at 

optimum temperature (23   1C  ). Rats were 

divided into 4 groups. 

Group I: 10 rats were served as control 

group that received standard rat chew diet. 

Group II: 50 rats were received high fat diet 

(20% protein, 20% fat, 5% fiber, 7% ash, and 6% 

vitamins in pellet form) for 12 weeks [10].  

Post histopathological confirmation of fatty 

kidney, this group was subdivided into the 

following groups: 

Group III: 20 rats were injected 

intraperitoneally (IP) with 1   /kg body weight 

dimethylsulfoxide (DMSO) (Sigma, Aldrich) day 

after day for 8 weeks. 

Group IV: 20 rats were injected (IP) with 50 

mg/kg body weight Curcumin (sigma, Aldrich) 

dissolved in DMSO, day after day for 8 weeks 

[11]. 

The rest 10 rats in group II were sacrificed 

after 12 weeks from the beginning of experiment 

while rats in group III and group IV were 

sacrificed post 8 weeks from fatty kidney 

confirmation. 

All animals' procedures were performed 

according to the principles in the Guide lines of 

Care and Use of Laboratory Animals, and were 

approved by the Institutional animal ethics 

committee. 

The kidneys of all groups were subjected for 

the following: 

1) Histopathological studies using H&E 

stains. 



 

Am. J. Biomed. Sci. 2016, 8(1), 24-37; doi: 10.5099/aj160100024    © 2016 by NWPII. All rights reserved                                   26 

 

2) Histochemical studies for catalase [12].  

3) Immunohistochemical (IHC) studies for: 

a. NF-kB [13]. 

b. Endothelial nitric oxide synthase 

(eNOS) [14]. 

c. Inducible nitric oxide synthase (iNOS) 

[15]. 

 

3. Statistical Analysis 

 

Quantitative assessments were performed 

and the number of positive cells in 5 randomly 

selected fields of view for each animal was 

averaged and expressed as total integrated 

optical density results are depicted as means   

SD. 

Statistical analysis was performed with 

Aperio – image scope software. The association 

between categorical variables, expression and 

clinical outcome, was estimated by post HOC test 

(LDS) 

 

4. Results 

  

The mean volumetric values of the glomeruli 

were mentioned in table 1. 

 

 

Table 1: Measurement of glomerular volumes in each group.

 

 

 

 

 

 

 

 

4.1 Histopathological Results  

Group I: Kidney sections of control group 

stained with H&E revealed normal histological 

structure of kidney cortex; well-developed 

glomeruli, distal and proximal convoluted tubules 

and macula densa (Fig. 1a). 

Group II: Examination of renal structures of 

rats fed a high fat diet for 12 weeks showed a 

dilatation in blood vessels and Bowman's space, 

mono nuclear cell infiltration, degeneration in 

nephrons, including glomerular sclerosis and 

tubular defects (Fig. 1b). 

Group III: At 8 weeks of DMSO treatment, 

rats showed minimal cortical regeneration with 

remaining the degenerated cells, minimal 

inflammation and congestion (Fig. 1c). 

Group VI: The rats treated with curcumin 

had nearly normal morphology of the kidney (Fig. 

1d). 

 

4.2 Histochemical results: 

Catalase  

Group I: Histochemical localization of 

catalase was performed using DAB method and 

the results were dark brown granules with 

moderate catalase reaction which were distributed 

in the cytoplasm (Fig. 2a) 

Group II:  Examination of kidney sections 

showed weak catalase activity (Fig. 2b). 

Catalase enzyme levels in kidney cortex 

decrease significantly (P<0.001) in HFD group 

compared to control group (Table 2). 

Group III: After 8 weeks of DMSO, kidney 

sections exhibiting marked activity of catalase 

(Fig. 2c). 

Group VI: Also marked activity of catalase 

was noticed in this group (Fig. 2d). Curcumin 

consumption significantly prevented this decrease 

levels (P <0.001) (Table 2). 

 

Groups Group I Group II Group III Group IV 

Glom.vol. 1211.06 µm
3
 492.50 µm

3
 528.86 µm

3
 660.29 µm

3
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Figure 1: (a) Kidney section of control rat revealed normal histological structure: well–developed glomeruli (G), glomerular 

space (), distal convoluted tubules (DT), proximal convoluted tubules (PT) and macula densa (). (b) Rats fed on HFD 

for 12 weeks showed a dilatation in blood vessels and glomerular space. Mononuclear cell infiltration and tubular defects 

were also seen. (c) After 8 weeks of DMSO treatment: cortical regeneration with the presence of minimal inflammation and 

congestion. (d) After 8 weeks of curcumin treatment, rat sections showing nearly normal morphology of kidney cortex. (H 

&E bar = 50 µm). 
Figure 2: (a) Control rat kidney section showing moderate catalase activity as dark brown granules distributed in the 

cytoplasm. (b) Weak catalase activity. (c) Marked activity of catalase was shown. (d) Marked activity in most cortical cells 

was noticed in this group (DAB method, bar=50 µm). 
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Table 2: Comparison between the different studied groups according to catalase activity.  

 Group I 

(n = 5) 

Group II 

(n = 5) 

Group III 

(n = 5) 

Group IV 

(n = 5) 
F p 

       

Min. – Max. 
128.4 – 150.55 92.52 – 98.73 98.84 – 120.03  105.42 – 152.65 

15.524
*
 <0.001

*
 

Mean ± SD. 141.0 ± 9.09 96.08 ± 2.74  104.90 ± 8.84 124.55 ± 18.82 

Median  142.91 96.61 101.36 124.66 

p1  <0.001
*
 <0.001

*
 0.037

*
   

p2   0.246 0.001
*
   

F: F test (ANOVA) 

p1: p value for Post Hoc Test (LSD) for comparing between Group I with each other groups  

p2: p value for Post Hoc Test (LSD) for comparing between Group II with each other groups 

*: Statistically significant at p ≤ 0.05 

 

 

 

 

Figure 3: Comparison between the different studied groups according to catalase activity. 
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Figure 4: (a) Control section of rat kidney cortex showing moderate expression of NF –kB as cytoplasmic brown 

staining cells. (b) We noticed weak expression of NF – kB in comparison with control group. (c) NF – kB expression 

was increased in the cytoplasm due to interaction with cytoplasmic NF – kB inhibitors. (d) Curcumin dose caused 

expression of NF – kB in cortical nuclei. (IHC staining bar=50 µm). 

Figure 5: (a) Moderate expression of eNOS in rat kidney cortex was seen. (b) Weak expression of eNOS was seen in 

this group. (c) Increased expression of eNOS in this group.(d) Returned  back  normal  expression of eNOS. (IHC 

staining bar=50 µm ). 

4a 4b 

4c 4d 

5a 5b 

5c 5d 
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Figure 6: (inset) control section of rat kidney cortex showed moderate expression of iNOS. (a) HFD group showed 

weak expression of iNOS. (b) Expression of iNOS was increased.(c) Moderate expression of iNOS was seen but still 

not as control group (IHC stains bar =50 µm ). 

 

 

 

4.3 Immunohistochemical Result: 

 

4.3.1 NF – kB 

Group I: NF – kB expression was detected as 

cytoplasmic brown staining cells of various 

intensities (Fig. 4a). 

Group II: In this group decreased 

expressions of NF – kB were noticed in 

comparison with control group (Fig.4b) 

Group III: NF –kB dimmers are 

predominantly inactive (Fig. 4c). 

Group IV: curcumin dose dependently 

blocked activated NF – kB (Fig. 4d). 

NF – kB expression in kidney cortex was 

decreased significantly (P<0.001) in HFD group 

compared to control group and each other groups 

(Table 3). 

 

4.3.2  eNOS & iNOS 

Group1:  Moderate expression of both eNOS 

and iNOS in kidney cortex (figs. 5a&6 inset).  

Group II: H.F.D group showing decreased 

expression of both eNOS and iNOS (figs. 5b&6a). 

Group III:  In this group we noticed an 

increased expression of both eNOS and iNOS 

(figs. 5c&6b). 

Group IV:   This group showed the recovery 

to near normal expression of both eNOS and iNOS 

but still not exact as control group (Figs. 5d&6c). 

We noticed that HFD significantly lowered (P< 

0.001) renal NO levels in comparison with control 

while treatment with curcumin significantly 

elevated NO   level of the rat consuming HFD 

(Tables 4&5). 
 

 

 

 

 

6a 

6b 6c 
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Table 3: Comparison between the different studied groups according to NF-kB expression.  

 
Group I 

(n = 5) 

Group II 

(n = 5) 

Group III 

(n = 5) 

Group IV 

(n = 5) 
F p 

       

Min. – Max. 
136.82 – 151.78 118.02 – 130.78 146.35 – 167.06 129.18 – 145.36 

24.206
*
 <0.001

*
 

Mean ± SD. 145.35 ± 6.18 122.82 ± 5.44 158.30 ± 8.80 135.69 ± 6.39 

Median  146.98 120.97 157.71 134.41 

p1  <0.001
*
 0.008

*
 0.040

*
   

p2   <0.001
*
 0.009

*
   

F: F test (ANOVA) 

p1: p value for Post Hoc Test (LSD) for comparing between Group I with each other groups  

p2: p value for Post Hoc Test (LSD) for comparing between Group II with each other groups 

*: Statistically significant at p ≤ 0.05 

 

 

 

 

Figure 7: Comparison between the different studied groups according to NF-kB expression.  
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Table 4: Comparison between the different studied groups according to eNOS expression. 

 Group I 

(n = 5) 

Group II 

(n = 5) 

Group III 

(n = 5) 

Group IV 

(n = 5) 
F p 

       

Min. – Max. 
156.85 – 171.06 125.65 – 132.10 148.13 – 158.17 150.34 – 162.48 

64.259
*
 <0.001

*
 

Mean ± SD. 164.55 ± 5.40 128.23 ± 2.37 153.27 ± 4.11 156.23 ± 4.94 

Median  165.54 127.71 153.46 157.43 

p1  <0.001
*
 0.001

*
 0.008

*
   

p2   <0.001
*
 <0.001

*
   

F: F test (ANOVA) 

p1: p value for Post Hoc Test (LSD) for comparing between Group I with each other groups  

p2: p value for Post Hoc Test (LSD) for comparing between Group II with each other groups 

*: Statistically significant at p ≤ 0.05 
 

 

 

 

            Figure 8: Comparison between the different studied groups according to eNOS expression.  

 

 

 

M
ea

n
 o

f 
eN

O
S

 e
x
p

r
es

si
o
n

 



 

Am. J. Biomed. Sci. 2016, 8(1), 24-37; doi: 10.5099/aj160100024    © 2016 by NWPII. All rights reserved                                   33 

 

 
Table 5: Comparison between the different studied groups according to iNOS expression.  

 Group I 

(n = 5) 

Group II 

(n = 5) 

Group III 

(n = 5) 

Group IV 

(n = 5) 
F p 

       

Min. – Max. 94.64 – 113.83 69.42 – 83.59 74.86 – 95.68 91.30 – 102.13 

16.729
*
 <0.001

*
 Mean ± SD. 104.60 ± 7.25 75.97 ± 6.29 85.51 ± 8.54 95.39 ± 4.21 

Median  105.18 74.65 89.14 95.45 

p1  <0.001
*
 <0.001

*
 0.047

*
   

p2   0.044
*
 <0.001

*
   

F: F test (ANOVA) 

p1: p value for Post Hoc Test (LSD) for comparing between Group I with each other groups  

p2: p value for Post Hoc Test (LSD) for comparing between Group II with each other groups 

*: Statistically significant at p ≤ 0.05 

 

 

 

 

 

           Figure (9): Comparison between the different studied groups according to iNOS expression.  
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5. Discussion  

 

The urgency to develop renoprotective 

strategies sets the eyes in compounds as cur 

cumin, which has been used in the traditional 

medicine, especially because its protective effects 

against renal damage [16]. 

Hall (2003) [17] has shown that an increase in 

blood pressure (BP) and development of central 

obesity are followed by renal disorders, such as 

vasodilatation, glomerular hyper filtration and 

inflammation. Similarly, Palanisamy et al (2008) 

[18] showed also various renal impairments, such 

as hypertrophy, arteriolopathy, cortical 

vasoconstriction, and hypertension and glomerular 

hyper filtration due to increased blood glucose. 

Our findings showed that  renal structures of rats 

fed a high fat diet for 12 weeks showed a 

dilatation in blood vessels and Bowman's space, 

mono nuclear cell infiltration, degeneration in 

nephrons, including glomerular sclerosis and 

tubular defects, while  rats treated with curcumin 

had nearly normal morphology of the kidney. 

Adult high fructose diet (FRU) rats had renal 

alterations such as accumulation of fat cells, 

increase in kidney weight, glomerular sclerosis 

and inflammatory infiltrates, along with elevated 

blood-glucose levels, reinforce the idea that 

glycosylation of proteins, the increased release of 

proinflammatory cytokines, oxidative stress, and 

the accumulation of lipid peroxidation products 

may be the cause of kidney damage [19]. 

Our findings were coincided with the clinical 

and experimental studies that have demonstrated 

the characteristic features of obesity-induced 

kidney injury include glomerular hypertrophy, 

thickening of the glomerular basement membrane, 

meningeal matrix expansion, and increased renal 

inflammation [20]. These alterations likely 

contribute to albuminuria, a progressive decline in 

renal function and ultimately glomerulosclerosis 

and tubulointerstitial fibrosis [20]. Moreover, 

Attunkaynak et al (2008) [21] concluded that a 

fatty diet is responsible for rats' obesity and may 

lead to renal deformities as a result of 

histopathological changes such as dilatation, 

tubular defects, inflammation and connective 

tissue enlargement of the kidney. Glomerular 

necrosis and atrophy, and basal membrane 

thickening were also noticed. 

It is clear that curcumin protects the kidneys 

against ischemia/reperfusion I/R injury via its 

antioxidant effects. On histological examination, 

rats treated with curcumin showed nearly normal 

morphology of the kidney [22]. Sankar et al 

(2012) [23] showed that cur cumin preserved the 

normal histological architecture of the liver, 

kidney and brain. Our present results were 

coincided with these findings where curcumin 

treated group recorded the restoring of nearly 

normal kidney features. 

Regarding catalase reactions, Zargari et al 

(2013) [24] illustrated that curcumin ameliorated 

the toxicity of acetaminophen where it caused 

significant increase in the activity of CAT, SOD 

and TAC. Curcumin in another [cypermethrin 

model] caused significant and repair in the 

deterioration outcomes either of blood 

biochemical markers and liquid per oxidation or of 

antioxidant activity [23]. 

In support to this literature, our findings 

revealed that the curcumin treated group revealed 

a significant high catalase activity as compared 

with group II. These results were coincided with 

those of  Megahed et al (2015) [25] where they 

found that histochemical results of catalase in 

livers
,
 rats which fed on HFD revealed weak 

catalase activity compared to control group. 

Curcumin treatment showed marked catalase 

activity compared with DMSO group at the same 

period. 

With respect to NF – kB, our present results 

showed that curcumin prevented the degradation 

of inhibitor of NF-kB (IkB) and hence NF-kB 

activation which caused by using HFD according 

to its anti-inflammatory and antioxidant 

properties. This may be due to the block of 

inhibitor kappa B Kinas (IKK)- mediated 

phosphorylation and degradation of IKB , thus 

NF – kB remain bound to the inhibitor IKB  in 

the cytoplasm and is not able to enter the nucleus 

[26]. This is, in turn, may explain the detection of 

cytoplasmic NF-kB in our findings and its absence 

in the nucleus 

Our findings are coincided with Megahed et 

al (2015) [25] who revealed that the number of 

NF-kB positive cells in the curcumin group was 
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significantly lower than that of the NAFL and 

DMSO groups and with many recent studies in 

various cell models which demonstrated that cur 

cumin targets the NF-κB signaling pathway [27]. 

With respect to NOS, it plays an important 

role in the regulation of renal blood flow to the 

renal medulla and in the tubular regulation of 

sodium excretion. Rats fed HFD, resulted in 

decrease in serum and renal NOS production  

indicating that obese  rats are more liable to 

develop hypertension.  

In case of eNOS, our present results recorded 

a decrease in the enzyme in group II but there was 

an increase in group III & group IV as compared 

with normal counterparts. 

The decrement in group II may be due to 

increased fatty tissue that impaired the endothelial 

dependent dilatation and thus decrease NOS 

mediating NO product. The increment of eNOS in 

group IV could be due to improve NO levels via 

decreasing oxidative stress. 

High levels of iNOS produce larger amounts 

of NO, which allows NO to react with superoxide 

forming peroxynitrite and thus leads to cell 

toxicity or death [8]. 

Our findings supported a lot of literature 

which confirmed that these changes improved by 

Garcinia that decreased the oxidative stress 

biomarkers and increased NO level [28]. 

Rise of oxidative stress and reduction in NO 

generation in micro vessels endothelial cells [29], 

suggesting that NO deficiency may contribute to 

renal vascular congestion and the renal 

dysfunction progression.  

Furthermore, HFD -induced defects in NO 

production may promote the salt-sensitivity of 

blood pressure, which appears to require more NO 

to maintain blood pressure during a salt challenge 

[30]. 

Ramaswami et al (2004) [31] found that cur 

cumin could effectively block  homocysteine 

(HC)-induced impairment of endothelium-

dependent vasorelaxation, inhibit the HC-induced 

epithelial nitric oxide synthase (NOS) expression, 

and block the effect of  HC on superoxide anion 

production. 

Curcumin derivatives have also been proved in 

ameliorating renal macrophage infiltration, and 

expression of the profibrotic cytokine TGF-B, 

iNOS in diabetic rats nephropathy [32,33]. 

Additional studies in microglia cells (brain 

macrophage analogs) demonstrated reduced NO 

generation and protection of neural cells from 

oxidative stress following curcumin treatment, 

thus the spice may be useful in reducing the 

neuroinflammation associated with degenerative 

conditions such as Alzheimer's disease [34]. In 

conclusion, curcumin attenuates high fat diet 

induced kidney cortex derangement. 
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