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ABSTRACT 
 

Introduction: High fat diet (HFD) intake initiate variety of metabolic disorders as insulin resistance and type 2 diabetes. Adipose tissue 

secretes adiopocytokines, which cause lipid peroxidation in cell membrane of vital organs like kidneys. Nigella sativa (NS) is a famous 

condiment; it is a medicinal herb, which contains number of active contents and has no toxic effects. Methods: We applied 8 weeks HFD 

feeding protocol to induce metabolic disorders in rats which were divided randomly into three groups; control group, HFD group and 

NS group. Kidney function parameters (urea, uric acid and creatinine), Lipid peroxidation marker (Malondialdehyde MDA) and 

oxidative stress biomarkers (glutathione GSH – superoxide dismutase SOD) were measured. Paraffin sections were stained with different 

stains to examine histological architecture and collagen contents in renal tissues. Results: HFD feeding protocol resulted in disturbances 

in kidney function tests; there were rise in urea, uric acid and creatinine values; increased values of lipid peroxidation marker MDA and 

decreased values of oxidative stress markers GSH and SOD were observed. Histologically, there was batches of affected renal areas 

showing glomerulomegally, shortened epithelium of proximal convoluted tubules, dilatation of blood vessels (glomerular capillaries and 

rete mirabile). In NS group, kidney function tests were normal and plasma levels of biochemical markers MDA, GSH and SOD were 

around its normal values. NS preserved normal renal architecture. Conclusion: Administration of Nigella sativa with HFD ameliorated 

the adverse effects of HFD on kidneys through a mechanism utilizing NS antioxidant activity. 
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Introduction   

High fat diet (HFD) consumption induces obesity in both humans 

and animals [1, 2]; it results in elevation of plasma level of free fatty 

acids and production of adipocytokines and reactive oxygen 

species (ROS) which adversely affect non adipose tissues [3, 4]; 

excess free fatty acids interfere with the mechanism by which 

insulin prevent output of hepatic glucose [5]. Obesity is 

accompanied by low grade inflammation that finally leads to 

hepatic, renal, and cardiovascular disorders, in addition to type 

2 diabetes [4, 6 7]. Previous studies showed that sustained HFD 

intake causes a pre-diabetic state leading to renal dysfunction in 

lab model animals [8]; it was found that, consumption of HFD for 

4, 8 and 16 weeks resulted in insulin resistance at 4 weeks, renal 

steatosis at 8 weeks and renal injury at 16 weeks in mice [9]. HFD 

induced obesity and its subsequent metabolic syndrome come 

with a cluster of metabolic disorders (including type 2 diabetes) 

which increase the possibility of various renal problems [10]; 

moreover, recent studies proved that renal dysfunction is 

intimately related to uncontrolled diabetes [11]. Twelve weeks of 

HFD feeding of female rats were enough to make them obese and 

show abnormal renal changes [12]. Previous studies stated that, 

diet induced obesity is considered as a risk factor of development 
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of renal carcinoma [13, 14]. HFD long term feeding protocols cause 

a variety of renal histological changes like dilatation of glomerular 

capillaries, shortened tubular epithelium, infiltration of 

inflammatory cells, thickening of glomerular basement 

membrane (GBM) and fibrosis [12, 15, 16]; however, short-term 

HFD feeding protocol showed neither histological nor 

biochemical renal changes [17]. Biochemically, HFD long time 

intake induces inflammatory cytokines production specially 

interleukin 6 (IL-6) and tumor necrosis factor–alpha (TNFα) 

which point to renal dysfunction [18, 19]. 

Nowadays, herbal medicine is a growing science and there is 

great interest in plants that have therapeutic effects [20]. Nigella 

sativa (black seed) is a known plant that has valuable general 

health boosting effects [21], its oil contains more than 100 

components like trace elements, aromatic oils and vitamins [22]. 

Many studies showed that N. sativa has divergent therapeutic 

effects such as antibacterial [23], antidiabetic [24], estrogenic [25], 

diuretic, hypotensive [26], anti-tumor [27], anti-inflammatory [28], 

antioxidant [29] and hepatic tissue protection [30, 31] effects. Several 

studies showed that administration of various doses of N. sativa 

has no toxic effects, and revealed that N. sativa has wide safety 

margin [32, 33]; in addition, normal plasma levels of urea and 

creatinine beside normal renal architecture confirm that N. sativa 

do not affect kidney function and structure [34].  

In the current study, we induced obesity and metabolic 

syndrome in rats by using HFD feeding protocol (8 weeks); N. 

sativa powder was orally administrated in a daily dose-dependent 

manner; then kidney functions and structure were examined to 

elucidate the therapeutic and protective effect of Nigella sativa 

on metabolically affected kidneys.  

Materials and Methods 

Animals  
For this study, eighteen adult Albino wester rats, aged 8 weeks, 

and weighing 160-200 g were purchased from King Fahd Medical 

Research Center, Jeddah, Saudi Arabia. The animals were 

accommodated at 25 °C with a 12 h light/12 h dark cycle, 55 ± 

10% humidity. This study was conducted according to the 

guidelines of dealing with experimental animals that are followed 

in the KFMRC. The study ethical approval number (222-19) was 

obtained from the Medical Research Ethics Committee, Faculty 

of Medicine, King Abdulaziz University, Jeddah, KSA  

Materials: 
The black cumin (Nigella sativa -NS) seeds were purchased from 

the local market, Jeddah. KSA. NS powder was dissolved daily 

in distilled water and given to rats by oral gavage into the 

stomach. High fat diet composed of 20% saturated fat (butter; 

purchased from local markets in Jeddah), 2% cholesterol and 

0.5% bile acid salts.  

Experimental design  
Rats were divided randomly into three groups including 6 rats 

each. Group 1: control rats which fed with standard diet for eight 

weeks, group 2: fed with high fat diet (HFD) at a dose of 6 

ml/day for 8 weeks, group 3: fed high HFD for 4 weeks then 

added Nigella sativa seed powder at a dose of 300 mg/kg/day for 

4 weeks.  

After 8 weeks, blood samples were obtained from the tail tip, 

and glucose levels were determined by the glucometer method 

(Accutrend Alpha; Boehringer, Mannheim, Germany). The 

animals were anesthetized and samples of blood were collected 

from the rats by cardiac puncture; blood samples were 

centrifuged to obtain serum for the assessment of oxidative 

biomarkers and kidney function tests.  

Serum insulin level:  
Serum insulin was assayed by ELISA (Millipore, Billerica, MA, 

USA) kit that uses a coated plate with anti-rat insulin monoclonal 

antibodies and an ELISA reader. 

Kidney function tests: 
Urea was measured according to the method of Berthelot reagent 

as described by [35]. Creatinine was measured as described by [36]. 

Uric acid was measured according to the method of Enzyme 

Colorimetric as described by [37]. 

Serum concentration of tumor necrosis factor 

– alpha (TNF-α):  
TNF-α serum concentration was determined using ELISA Kit 

(R&D), catalog number (RTA00). Instructions of the 

manufacturer were followed using ELISA reader to quantify the 

reaction. 

Determination of Lipid Peroxide (MDA) 
Malondaldehyde (MDA) was determined in serum 

spectrophotometrically as thiobarbituric acid reactive substances 

(TBARS) [38]. 

Determination of Glutathione (GSH)  
GSH level was determined in serum as described by Ellman [39]. 

Serum Superoxide Dismutase (SOD) activity  
SOD activity was estimated according to the method adopted by 

Marklund [40]. 

Statistical analysis 
The results were represented as mean ± standard deviation (SD) 

and were analyzed by the Statistical Package of Social Sciences 

(SPSS) program version 16. We used one-way analysis of 

variance (ANOVA). ANOVA was followed by Bonferroni’s 

multiple comparison test to compare different groups [41]. 

P<0.05 was considered significant. 

Histological Techniques  
Samples from kidneys fixed in 10% formalin were routinely 

processed and impregnated in paraffin for sectioning [42]. 5 μm 

thick paraffin sections were obtained for staining. We used 

hematoxylin and eosin (H&E) stain to examine histological 

architecture; Masson’s trichrome stain (MT) and periodic acid 

Schiff (PAS) technique were used to detect collagen and 

proteoglycan in glomeruli and interstitial renal tissue [42]. It is 

known that glomerular basement membrane (GBM) of the 

glomerular epithelial tuft is formed of three laminae namely 

lamina densa (collagen), laminae rara interna and externa 

(proteoglycan rich in heparan sulfate) of epithelial origin [42]. It is 

also known that, collagen stained blue with Masson’s trichrome 

while proteoglycans (heparan sulfate) stained magenta with PAS 

staining technique [42].  
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 Stained sections were mounted and examined under light 

microscope. Diameter of renal corpuscle (between vascular pole 

and urinary pole) and epithelial height of proximal convoluted 

tubules were measured by using image analyzer software (Leica 

Qwin 500). 

Results 
 

Effect of NS on serum insulin level 
Serum insulin level was significantly elevated in rats on HFD but 

animals given HFD and NS showed nearly normal insulin level as 

shown in table (1). 

Effect of NS on kidney function 
Urea, creatinine and uric acid serum levels were elevated 

significantly in rats fed on HFD. Adding NS to the HFD alleviated 

the deterioration in the kidney function produced by HFD 

significantly. 

Effect of NS on serum concentration of TNF-

α 
TNF-α serum concertation was elevated significantly in rats fed 

on HFD. On the other hand, rats fed on HFD showed significant 

decrease in TNF-α concentration in serum as shown in Table (1).   

Effect of NS on MDA 
A significant increase in MDA levels was shown in serum of HFD-

treated group compared to the group fed on normal diet, while 

administration of NS significantly reduced MDA level compared 

to the group fed on HFD (Table 1).  

Effect of NS on Glutathione (GSH) 
Compared to the control group, HFD induced significant 

reduction in the GSH level. Oral NS treated group combined 

with HFD resulted in a significant increase of GSH level when 

compared to the HFD-treated group (Table 1).  

Effect of NS on Superoxide Dismutase (SOD)  
As shown in table 1, HFD resulted in increased SOD serum level 

when compared to control group, while NS increased the SOD 

level significantly in comparison with the HFD group. 
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Figure 1: Comparison of serum levels of kidney function tests 

in the different studied groups. Values are expressed as mean 

±SD. *compared to control (*P <0.05; ** P <0.001); 

##compared to HFD (P <0.001). 
 

Table 1: Comparison of serum level of glucose, Insulin, 

GSH, SOD, MDA and TNF-α in the different studied 

groups. 

 Control HFD HFD + NS 

Glucose (mg/dl) 101.2 ± 12.4 201.0 ± 8.8* 111.1 ± 18.6# 

Insulin (µIU/ml) 3.97 ± 0.20 1.29 ± 0.17* 3.92 ± 0.46# 

GSH (mol/l) 7.25 ± 0.36 1.32 ± 0.36* 9.76 ± 1.09# 

SOD (u/ml) 167.67 ± 10.67 98.83 ± 5.41* 178.67 ± 16.02# 

MDA (nmol/l) 0.755 ± 0.11 2.07 ± 0.35* 0.700 ± 0.15# 

TNF-α (pg/ml) 10.7 ± 0.7 28.2 ± 3.1* 17.3 ± 0.9# 

Values are represented as mean±SD, 𝑛 = 6. ∗compared to control group (P 

<0.05).  #compared to HFD group (P <0.05). 

 

Table 2: Comparison of renal corpuscle diameter and 

proximal convoluted tubules (P.C.T.) epithelial height in 

the different studied groups. 

 Control HFD HFD + NS 

Renal corpuscle 

diameter 
32.94 ± 1.46 40.66 ± 1.21* 31.20 ± 1.19# 

P.C.T. epithelial 

height 
5.98 ± 0.62 2.56 ± 0.44* 4.37 ± 0.24# 

Values are represented as mean±SD, 𝑛 = 6. ∗compared to control group (𝑃 

< 0.05).  # compared to HFD group (𝑃 < 0.05). 

 

Histological findings 
After eight weeks of high fat diet feeding of experimental rats 

(HFD group), several histopathological changes were recorded 

in renal tissues when compared with that in control rats.  

In sections stained with H&E: 

Affected areas of renal tissues in HFD group were batches in 

outline; in the cortex, marked abnormal changes occurred in 

glomeruli and proximal convoluted tubules; marked increase in 

glomerular size was recorded (fig 2D), glomerular capillaries 

appeared thin walled with wider lumens (fig 2D) than that of 

control group (fig 2B). proximal convoluted tubules in HFD 

group showed marked luminal dilatation (fig 2C, D) due to 

decreased epithelial height (fig 2D). In cortico-medullary and 

outer medullary zones, in HFD group, renal tubules showed 

marked luminal dilatation and thinning of their walls (fig 3 C, D) 

when compared with control rats (fig 3 A, B); In addition, rete 

mirabile in HFD group showed marked vasodilatation (Fig 3 E, 

F); this was not the same in control ones (Fig 3 A). In N. sativa 

treated group (NS group–group3), the histological findings were 

nearly similar to that in control group (Fig 2 E, F). 

In Masson’s trichrome and PAS stained sections: 

In the renal cortex, due to presence of collagen and proteoglycan 

in glomerular basement membrane (GBM), glomeruli stained 

blue with Masson’s trichrome stain and magenta with PAS 

staining technique.    

In Masson’s trichrome stained sections, glomeruli of control 

group stained blue (Fig 4 A, B) while these of HFD group were 

faint blue (Fig 4C, D); on the other hand, in NS group, the 

glomeruli were nearly similar to control ones (Fig 4 E, F). 

In PAS stained sections, glomeruli of both control (Fig 5A) and 

NS (Fig 5C) groups were magenta in color while glomeruli of 

HFD group (Fig 5B) attained light magenta color. In proximal 
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convoluted tubules, the brush border of their epithelial cells 

stained magenta in control (Fig 5 A) and NS groups (Fig 5C) but 

in HFD group, the magenta color of the epithelial brush border 

was markedly diminished (Fig 5 B). Distal convoluted tubules 

were PAS negative in all groups (Fig 5 A, B, C).  

Taken together, In HFD group, abnormal renal tissue 

architecture was observed in many glomeruli and its related 

tubules but treatment with N. sativa protects kidneys against 

HFD adverse effects in NS group.    

 

 

 

 

 

 
Figure 2: Photomicrographs of hematoxylin and eosin (H&E) 

stained renal cortex. A, B: lower and higher magnifications of 

renal cortex of control group (Co-group) revealed normal 

tissue architecture. C, D: lower and higher magnifications of 

renal cortex of HFD group (group 2) showed large number of 

dilated tubules (C, arrows), enlarged glomeruli (D - stars), 

Shortened epithelial cell in proximal convoluted tubules with 

lost nuclei (D- arrowheads) and thin walled dilated glomerular 

capillaries (D- arrows). E, F: lower and higher magnifications of 

renal cortex of NS group (group-3), tissue architecture is nearly 

normal. Bars = 40 µm. 
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Figure 3: Photomicrographs of hematoxylin and eosin (H&E) 

stained renal medulla and cortico - medullary junction. A, B: 

lower and higher magnifications of control group showing 

normal tubules (B-arrows) and ducts (B- stars). C, D: lower 

and higher magnifications of HFD group showing dilated thin 

walled tubules and ducts (C, D arrows). E, F: lower and higher 

magnifications of cortico-medullary junction showing dilated 

blood vessels of rete mirabile HFD group (E, F arrows), notice 

normal sized rete mirabile in control group (A-arrows). Bars = 

40 µm. 
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Figure 4: Photomicrographs of Masson’s trichrome (MT) 

stained sections of renal cortex detecting collagen content. A, 

B: lower and higher magnifications of renal cortex of control 

group, glomeruli stained blue (arrows) due to its normal 

collagen content in its basement membranes. C, D: lower and 

higher magnifications of HFD group showing glomeruli 

(arrows) stained faint blue due to decreased collagen content. 

E, F: lower and higher magnifications of NS group showing 

nearly normal collagen content in glomeruli (arrows) as in 

control group. Bars = 40 µm. 

 

 

 

 
Figure 5: Photomicrographs of Periodic acid Schiff (PAS) 

stained sections of renal cortex detecting proteoglycan content 

in glomeruli. A: normal proteoglycan content stained magenta 

color in glomeruli of control group (arrows). B: glomeruli 

stained faint magenta color in HFD group indicating decreased 

proteoglycan content (stars). C: NS group showed normal 

magenta color of glomeruli (arrows). In HFD group, luminal 

epithelium of proximal convoluted tubules showed sloughed 

brush borders and lost nuclei (B – arrows). Bars = 40 µm. 

Discussion  

In the current study, N. sativa oral administration ameliorated the 

adverse effects of HFD on the rat kidney. Biochemically, urea 

and creatinine are biochemical byproducts that mostly excreted 

through kidneys [43], they are commonly used in kidney function 

tests [44, 45]; in the current study, there was increase in plasma urea 

and creatinine levels in HFD treated group which returned back 

to its normal values after addition of N. sativa to the feeding 

protocol in NS group (group 3). TNF-α (tumor necrosis factor – 

alpha) is a pro-inflammatory cytokine produced by macrophages 

and adipocytes [46]; it induces lipolysis and generates ROS 

(reactive oxygen species) which might cause damage of glomeruli 

and tubules [47, 48]. TNF-α plasma level was markedly increased in 

HFD group and preserved its normal level in group 3 (NS group). 

Malondialdehyde (MDA) is a lipid peroxidation end product [49], 

it is used to detect oxidative stress and lipid peroxidation; its 

plasma level was elevated in HFD group indicating occurrence of 

lipid peroxidation process while in group 3 where N. sativa was 

co- administrated with HFD, it preserved its normal values. 

Oxidative stress biomarkers, glutathione (GSH) and superoxide 

dismutase (SOD) plasma levels were markedly decreased in HFD 

group, and similar results were obtained in a biochemical study 

on rats [50]; while in group 3, N. sativa maintained GSH and SOD 

plasma levels indicating its powerful antioxidant effect. Previous 

studies confirmed the antioxidant activity of NS [51, 52], and it is 

thought that NS performs its protective antioxidant effect 

through its thymoquinone basic component [51, 53].  

Persistent HFD intake affects the body in time-dependent 

manner. It was found that short term HFD intake in rats 

produced neither marked metabolic disorders nor renal 

dysfunction [17]. On the other hand, long time HFD intake in rats 

produced cluster of metabolic and histologic disorders [54]. 

Glomerulomegaly, dilated glomerular capillaries, shortened 
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tubular epithelium are marked abnormal morphological renal 

changes observed in HFD prone animal models [15 15, 55]; similar 

abnormal histological findings were recorded in our study (8 

weeks), in addition to dilated renal blood vessels (rete mirabile) 

in the corticomedullary zone. Severe morphological renal lesions 

like glomerulosclerosis, inflammatory cells infiltration, fibrosis, 

thickening of glomerular basement membrane (GBM) and 

nephron degradation were recorded in long term (11 months) 

HFD administration protocol [54] but not in our study. It is worthy 

to state that, severe pathological changes due to obesity create 

microenvironment encourage carcinogenesis in affected tissues 
[13, 14]. 

In the current study, Masson,s trichrome and PAS stains revealed 

no thickening of GBM in which its basal lamina is formed of 

collagen and proteoglycan. In contrast, the faint color of the 

glomeruli of HFD group indicated marked decrease in collagen 

and proteoglycan content. Comparable results were obtained in 

earlier study where high fat diet prevented GBM thickening in 

diabetic rats and reduced its thickening in control ones [54]. In our 

study, daily oral administration of N. sativa with HFD prevented 

the decrease of collagen and proteoglycan content of the GBM. 

Proximal convoluted tubules in HFD treated group showed 

reduced epithelial cells heights due to sloughing of its brush 

borders. Shortened tubular epithelium is a constant abnormality 

in HFD treated rats [12, 15]. However, addition of NS to HFD 

feeding protocol ameliorated its effect on tubular epithelium in 

the examined rats.  

In conclusion, N. sativa (NS) protects kidneys against the adverse 

effects of high fat diet (HFD) through its powerful antioxidant 

components. our study revealed direct protective effect of NS on 

kidneys. We recommend its use as food additive due to its safety 

and curative properties. Further studies are necessary to 

elucidate the effect of N. sativa on kidneys suffering from long 

term HFD complications and renal cell carcinoma.  
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