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ABSTRACT
Background: Penconazole  is widely used triazole fungicide. It is used in agriculture, in human and veterinary medicine. 
High doses of penconazole  causing nephrotoxicity and renal damage. Nigella sativa (black seed) is one of the native plants. 
It has anti-inflammatory, antidiabetic and anti-cancerous properties.
Aim: This work aimed to  evaluate the effect of Nigella sativa oil on Penconazole induced renal toxicity in a rat model.
Material and Methods: Sixty  male adult albino rats were used . They were divided into equal four groups. Group I (control): 
rats were received distilled water Group II (N. sativa): rats were  given orally 0.2ml N. sativa oil /100 g b. wt.  three days/
week for four weeks.
Group III(PEN –treated):  the animals were received intraperitoneally 67 mg penconazole /kg b. wt. three days/week 
for four weeks. Group IV(PEN+ N.sativa): rats were given penconazole (67 mg/kg b.w) and N. sativa oil (0.2ml/100 g)  
simultaneously three days weekly for four weeks. At the end of the experiment, kidney tissues were prepared for biochemical, 
immunohistochemical, light and electron microscopic studies.
Results: Histological examination of penconazole treated group revealed glomerular atrophy, widening of the subcapsular 
space and hypercellularity of the glomerular cells. Detachment of podocytes and disruption of their processes resulted in 
impairment of the blood renal barrier. Tubular degeneration and necrosis were confirmed by significant decrease in Bcl2 
immune marker. An increase in activity of intercalated cells of cortical collecting tubules was an indication of metabolic 
acidosis. Renal fibrosis was confirmed by an significant increase in α SMA and collagen fibers. Biochemical study revealed 
an increase in MDA level, decrease in both superoxide dismutase (SOD) and catalase (CAT).These changes were reserved by 
concomitant administration of Nigella sativa oil.
Conclusion: The antioxidant properties of Nigella sativa could be attributed in ameliorating penconazole-induced 
nephrotoxicity in rats.
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INTRODUCTION                                                                            

Penconazole [1-(2-(2,4-dichlorophenyl)- pentyl)-1H-
1,2,4-triazole], a systemic triazole fungicide is a widely 
used fungicide with effective preventive and curative 
applications especially for powdery mildew disease 
in  crops. It belongs to conazoles, a class of azole-based 
fungicides which widely used in agriculture as well as 
in human and veterinary medicine applications for the 
treatment of local and systemic fungal diseases[1].

The World Health Organization (WHO) recorded that 
there are 3 million cases of pesticides poisoning in each 
year and up to 220,000 deaths[2] Moreover, previous 
epidemiological studies have reported a causal connection 
between human exposure to pesticides and a number of 
health outcomes including endocrine disturbing effects[2], 
mutagenicity[3], neurotoxicity[4] and carcinogenicity[5].

In a previous study, penconazole (PEN) has been 
shown to be toxic to the male reproductive system of  
rats[6] In addition, further studies recently demonstrated 
that penconazole is a potent hepatotoxic and cardiotoxic 
fungicide in rats[7,8]. Toxicological studies have shown 
that penconazole has a great oral absorption, a wide body 
distribution and its excretion is mainly via the urine. Since 
the kidney is the major organ for xenobiotics excretion, 
renal cells are thus exposed to high doses of metabolites, 
causing nephro-toxicity and renal damage[9].

Nigella sativa (N. sativa) is an annual herb belongs 
to Family Ranunculaceae. It grows in Mediterranean 
countries and it is one of the native plants which are widely 
distributed in Egypt[10]. Black seeds are ascribed to have 
many medicinal properties in traditional medicine. It is 
effective in relieving many disease symptoms as it possess 
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antimicrobial[11] anti-diabetic[12] anti-inflammatory[13] anti-
malarial[14] and anti-cancerous effects[15]

MATERIALS AND METHODS                                                   

A total of 60-  adult male albino rats weighting               
251 ± 3 g were used in this study. They were purchased 
from the breeding center of experimental animals at 
Helwan University, Helwan, Egypt. The animals were kept 
in the laboratory under constant temperature (24±2 °C) 
throughout the experimental work. They were maintained 
on a standard rodent pellets and water was available 
ad libitum. Maintenance of animals and experimental 
procedures was approved by the animal ethical committee 
in accordance with the guide for care and use of laboratory 
animals of Menoufia University, Egypt.

Chemicals
Penconazole is a triazole fungicide (C13H15Cl2N3). 

The commercial formulation studied in this work was 
Topas VR, which contained 100 g/L of penconazole, the 
active ingredient, and was produced by Syngenta Company 
(Bale, Suisse). The fungicide was obtained from Segma 
Chemical Company, Cairo, Egypt.

N. sativa oil was obtained from Cairo Pharmaceutical 
and Chemical Industries Company, Egypt , in containers 
of 20 ml.

Experimental design
Animals were randomly divided into equal four groups 

of 15 each as follows: 

Group I (control): rats were received distilled water.

Group II(N. sativa): rats were orally given  N. sativa 
oil at a dose of 0.2ml/100 g body weight , once per day for 
three days/week for four weeks[16]

Group III(PEN –treated): the animals were received 
penconazole intraperitoneally at a dose of 67 mg/kg body 
weight (1/30 LD50) , once per day  for three days/week for 
four weeks[17].

Group IV(PEN+ N. sativa): rats were given 
penconazole (67 mg/kg b.w) and N. sativa oil                            
(0.2ml/100 g)simultaneously three days weekly for four 
weeks.

All over the experiment, the animals were noticed 
for food habits and physical activities.  At the end of the 
experiment and after four weeks of treatment, animals 
from treated and control groups weighted and sacrificed 
by cervical dislocation. Blood samples were collected into 
heparin coated tubes and centrifuged at 2200 g for 10 min. 
Plasma samples were stored at – 20 c until analysis. Kidney 
tissues were dissected out, weighted and specimens were 
prepared for biochemical, light and electron  microscopic 
studies.

Biochemical study:

1-Urea and creatinine
Concentrations of urea and creatinine in plasma were 

estimated spectro- photometrically using commercial kits 
(Bio Merieux, Marcy-l’Etoile, France)

2-Renal oxidative stress markers
For determination of antioxidant enzymes, kidney 

tissues were removed and homogenized in potassium 
phosphate buffer solution (50 mM, pH 7.5) using a Potter-
Elvehiem homogenizer to give a 10% homogenate. 
Homogenates were centrifuged at 1500 g for 10 min at 4°C; 
supernatant was recovered, placed on ice, and immediately 
used for the determination of superoxide dismutase 
(SOD), catalase (CAT) and Malondialdehyde (MDA). 
The activity of SOD was determined according to the 
method of Nishikimi et al.[18]. The principal of this method 
depends on the ability of SOD to inhibit the power of 
phenazine methosulphate-mediated to reduce the nitroblue 
tetrazolium. CAT activity was assayed according to the 
method of Aebi[19]. Catalase activity was determined from 
the rate of decomposition of H2O2. MDA, as a marker for 
lipid peroxidation was measured colorimetrically in kidney 
homogenate according to the method of Ohkawa[20].

Light microscopic study:
Specimens for light microscopic examination were 

fixed in 10% neutral formal saline for 24 h, dehydrated 
in ascending grades of alcohol, cleared and embedded in 
paraffin. Sections (5 μm thick) were cut with a microtome 
and subjected to H&E staining and Masson’s trichrome for 
detection of collagen fibers[21]. For immuno-histochemical 
localization of Bcl-2 (marker ofapoptosis) and alpha 
smooth muscle actin, α- SMA (marker of mesenchymal 
cells), fixed wax sections were stained using the avidin-
biotin peroxidase method. Formalin-fixed paraffin-
embedded tissue sections were deparaffinized, endogenous 
peroxidase activity was blocked with H2O2 in methanol 
and the sections were heated in 0.01 mol/l citrate buffer 
in a microwave pressure cooker for 20 minutes. The 
slides were allowed to cool to room temperature, and 
nonspecific binding was blocked with normal horse serum 
for 20 minutes at room temperature. Anti-Bcl-2 and anti- 
alpha smooth muscle actin monoclonal antibodies were 
used for detection of Bcl-2 and α- SMA respectively. 
Counterstaining was performed using Mayer's hematoxylin 
(Cat. No. 94585, BioGenex, Menarini Diagnostics, Antony, 
France)[22]. For evaluation of each marker, morphometric 
analysis of optical density of   BCL-2 and α-smooth muscle 
actin  were performed on rat kidney.

Transmission electron microscope:
For transmission electron microscope (TEM) 

examination, kidney specimens (1mm3) were cut and   
fixed in 3% glutaraldehyde for 24 h with 0.1 mol/l PBS at 
4°C. The sections were dehydrated in a series of ethanol 
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rinses, cleared with propylene oxide, and embedded 
in epon. Semi-thin sections were cut and stained with 
toluidine blue. Ultrathin sections were cut and stained with 
uranyl acetate and lead citrate. The ultra-structure of the 
tissues was examined under a Jeol electron microscope[23].
TEM processing and examination were carried out at the 
Electron Microscopy Unit, Faculty of Science, Menoufia 
University.

Statistical analysis:
The results were expressed as mean ± SD of different 

groups. The differences between the mean values were 
evaluated by ANOVA followed by Student’s t- test using 
Minitab 12 computer program (Minitab Inc., State Collage, 
P.A, USA ).

RESULTS                                                                                     

Change in body and kidney weights
At the start of the experiment, all animals showed 

normal physical activity and normal food intake. All over 
the period of the experiment, the animals of the control and 
Nigella sativa oil (Group I & II) showed no change in their 
physical activity or food intake. Animals of penconazole 
-treated group (Group III) showed marked decrease in 
their physical activity and became lethargic and rapidly 
deteriorating till the end of the study. While animals in the 
protected group (Group IV) showed nearly normal physical 
activity with average food consumption.

Exposure of albino rats to penconazole led to a significant 
decrease in the body weight of animals compared to the 
control (P<0.05). A significant increase in body weight was 
observed in animals treated with penconazole +Nigella 
sativa compared to PEN group (P<0.05). Animals given 
Nigella sativa alone did not show significant differences 
in body weight when compared to the control (Table 1) 
(Histogram 1a). Regarding kidney weight, there were no 
significant differences in kidney weights between N. sativa 
and treated rats (Table 1, Histogram 1b).

Biochemical parameters (kidney function tests)
Concerning the plasma urea concentration, 

control group and the corresponding N. sativa group                                                                                                             
(group I & II) showed no statistically significant difference 
(p>0.05). Compared to control group, animals of 
penconazole treated group (Group III) showed a significant 
increase (p<0.001) in their plasma urea concentration 
at the end of the study. Compared to the treated group 
(Group III), animals of N. sativa group (Group IV) 
showed a significant decrease in plasma urea concentration                                            
(p<0.001) (Table 2). Concerning the plasma creatinine 
concentration, control and N. sativa groups (group I & 
II) showed no statistically significant difference (p>0.05). 
animals of penconazole treated  group (Group III) showed 
a highly significant increase (p<0.001) in their plasma 
creatinine concentration when compared to the control 

group. Compared to the treated group (Group III), animals 
of the protected group (Group IV) showed a significant 
decrease in plasma creatinine concentration (p <0.001) 
(Table 2, Histograms 2a and 2b respectively).

Histological results:

H& E and Toluidine blue stained sections:
Examination of the renal cortex of control and N. 

sativa groups (group I, II) revealed renal corpuscles  with 
glomerular tuft of capillaries and subcapsular space. 
Proximal convoluted tubules (PCTs ) with a narrow lumen, 
basal nuclei and deeply acidophilic cytoplasm were seen. 
Distal convoluted tubules(DCTs) with a wide lumen, apical 
nuclei and less acidophilic cytoplasm appeared (Figs.1, 2).

Semithin sections of the renal cortex revealed  renal 
corpuscle, formed of a lobulated capillary tuft ( glomerulus)  
inside the Bowman's capsule. The Bowman's capsule 
is formed of outer parietal layer with simple squamous 
epithelium and inner visceral layer lined with podocytes. 
Bowman's spaceis seen in –between the parietal layer and 
the visceral layer. The glomerular capillary is lined by 
endothelial cells and separated by mesangial cells and an 
amorphousmatrix (Fig. 3).PCT  cells with large vesicular 
nuclei and well developed brush border was seen. Cortical 
collecting  tubules  lined by pale principal cells and darkly 
stained intercalated cells with apical cytoplasmic bleb were 
also present (Fig.4).

Compared with the control group, examination of 
the renal cortex ofPenconazole treated group  (group III) 
showed many forms of tubular and glomerular  damage. 
Renal corpuscle with glomerular atrophy, widening of 
the subcapsular space and extraglomerular aggregation of 
darkly stained cells were seen in some renal corpuscles . 
Some tubules showed  vacuolation of its epithelial cells,  
whereas other tubules revealed  necroting epithelium 
(pyknosis and karyolysis) and acidophilic cast in their 
lumen (Fig.5).The interstitium of the renal cortex revealed 
hemorrhage (Fig.5) and hypercellularity (Fig.6). 

Penconazole – treated group showed thin epithelial 
lining of some renal tubular cells with flattening of its 
nuclei whereas, epithelium of other tubules was  denuded. 
Obliterated glomerular capillaries were also present (Fig.7).
The renal cortex from Penconazole - treated group showed 
cortical collecting tubule that have many intercalated cells, 
some of these cellshad apical cytoplasmic blebbing and 
others were binucleated (Fig.8).

Semithin sections of the renal cortex of Penconazole – 
treated group revealedatrophied glomerulus with widening 
of Bowman's space  and presence of degenerated podocytes 
inside the subcapsular space (Fig.9). In addition, the renal 
cortex of this group showed hypercellularity of glomerular 
cells with obliteration of the subcapsular space.Some 
tubular cells lack the nuclei and others with deeply stained 
nuclei were also observed (Fig.10).
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On the other side, examination  of PEN + N. sativa group 
(group IV) revealed a positive correlation between Nigella 
Sativa oil and Penconazole with marked reduction of the 
toxic effect on the kidney. Normal glomeruli were seen. Some 
tubules were lined with epithelial cells, having dark nuclei and 
deeply acidophilic cytoplasm . However, epithelial cells lining 
other tubules had vesicular nuclei and pale cytoplasm.Some 
tubules lack lumen were also present (Fig.11).

In semithin sections of the renal cortex of PEN + 
N. sativa group, normal appearance of the glomerular 
capillaries and subcapsular space were observed (Fig.12). 
PCT cells with less developed brush border and collecting 
tubule with intercalated cells  were also seen (Fig.13).

Masson Trichrome stain
Masson Trichrome stained kidney sections of control 

and N. sativa (group I, II) showed presence of minimal 
amountof collagen fibers (appeared as tinge of blue colored 
strips) in the interstitium and in between the  glomerular 
capillaries. The  basal lamina was positively stained 
(Fig.14) (Table 6).

In PEN- treated (group III), collagen fibers were 
increased in  the interstitium and in between the the 
glomerular capillaries (Fig.15, Table 6). However, collagen 
fibers were decreased, when N. sativa was given to rats in 
PEN +N. sativa (group IV ) (Fig.16) (Table 6).

Immunohistochemicalstudy 
Table(3) shows the expression of Bcl-2 and α – SMA in 

the kidneys of the different experimental groups. Regarding 
Bcl-2 immune-marker expression, kidney tissue obtained 
from Penconazole-treated rats showed negative expression 
of Bcl-2 in the basal portion of tubules and inside the 
glomeruli in comparison with the control group. However, 
treatment of animals with PEN+ N. sativa up-regulated 
the expression of Bcl-2. The expression was detected in 
most of the basal portion of  the renal tubules and inside 
the glomeruli (Fig.1) (graph3). Regarding α – smooth 
muscle actin immune-marker expression,  kidney sections 
of control and N. sativa groups showed moderate positive 
reaction in the blood vessels and in the glomeruli of the renal 
corpuscles. In PEN treated group, α – smooth muscle actin 
immune-marker expression was strong and significantly 
increased in interstitial fibroblasts ,  in the wall of blood 
vessels and in the renal glomeruli. However, alpha SMA 
immunereaction became significantly recovered (moderate 
expression) in PEN+N. sativa group in comparison with 
PEN-treated group (Fig.18) (Histogram3).

Transmission Electron Microscopic study
Ultra-thin sections of kidney of control and N. sativa 

groups, revealed Podocyte with euchromatic nucleus 
and having  primary and secondary processes, wrapped 
the glomerular capillaries. The glomerular basement 
membrane is intact and uniform. The capillary endothelial 
cells showed euchromatic nucleus (Fig.19). PCT cell had 

euchromatic nucleus, apical microvilli,electron dense 
lysosomes and basally located numerous longitudinally 
arranged mitochondria (Fig.20).

Moreover, cortical collecting tubule showed principal 
cells with electron lucent cytoplasm , small mitochondria 
and basal infoldings and intercalated cell with electron 
dense cytoplasm , scattered mitochondria , apical microvilli 
and numerous apical vesicles. Presence of tight junction 
between  the principal cell and the intercalated cell and 
blood capillaries within the interstitium were also present 
(Fig.21).

Ultra-thin sections of kidney of Penconazole- treated 
group showed disruption of  the wall of blood capillaries 
and detachment of podocytes with disruption of  its 
processes (Fig.22). Whereas, PCT cell with destruction of 
its microvilli, few mitochondria and numerous lysosomes 
were noticed (Fig.23).However, normally appearing DCT 
cells were seen (Fig.24). Hypercellularity of the interstitium 
was also observed (Fig.24).In addition, collecting tubule 
with numerous electron dense intercalated cells and 
increase in apical organelle – free cytoplasmic blebbing  
was also observed (Fig.25).

In PEN+ N. sativa group, ultra-thin sections of kidney 
showed intact vesicular nucleus of podocyte and nearly 
intact glomerular basement membrane (Fig.26). While 
PCT cell with disrupted basement membrane and basal 
membrane infoldings was present (Fig.27).

Lipid peroxidation and antioxidant enzymes 
Data in table (4) showed that penconazole treatment 

exhibited a significant increase in the level of MDA 
(the marker of lipid peroxidation) Significant decrease 
in the activities of the antioxidant enzymes, superoxide 
dismutase (SOD) and catalase (CAT), were observed 
in  rats treated with penconazole. On the other hand, rats 
treated with PEN and  N. sativa showed a decrease in 
MDA and an increase in the antioxidant status (SOD, CA).                             
(Histograms 4a and 4b).

Morphometric results 

Renal corpuscle measurements:
Control and the corresponding N. sativa                                                                                

groups (I & II) showed no statistically significant difference 
(p>0.05) regarding renal corpuscle and Bowman’s 
space diameters. Comparing with the control group, 
penconazole treated group (group III) showed a significant 
decrease (p<0.05) in the diameter of the renal corpuscle                                                                                                         
(p ˂ 0.001). However, Bowman’s space showed a significant 
increase in diameter (p˂0.001). N. sativa administration 
greatly improved the morphometric results concerning 
the diameter of the renal corpuscle and diameter of the 
Bowman’s space. 

So PEN+ N. sativa  group (group IV), showed a non-
significant difference (p>0.05) when compared to the 
control group (Table 5) (Histogram 5) 
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Percentage of surface area of collagen fiber 
deposition

Control and the corresponding N. sativa groups (I & 
II) showed no statistically significant difference (p >0.05) 
concerning the percentage of the surface area of collagen 
fiber deposition. Penconazole treated group 

showed excessive deposition of collagen fiber, resulted 
in a highly significant increase (p ˂0.001) in its surface 
area. Comparing with the treated group (group III), 
there was a significant decrease (p ˂0.001) of collagen 
fiber deposition in the PEN+ N. sativa group(Group IV)               
(Table 6, Histogram 6).

Fig . 1 : A photomicrograph of a section of renal cortex from the control 
group showing  normal renal corpuscles (arrows)  formed of glomerular 
tuft of capillaries (G) and subcapsular space (S). PCT (P) shows narrow 
lumen and its lining cells have basal nuclei and deeply acidophilic 
cytoplasm. DCT (D) shows wide lumen and its lining cells have apical 
nuclei and less acidophilic cytoplasm. Notice: the presence of collecting 
tubules (CT).                                                                          (H&E x200)

Fig. 2: A photomicrograph of a section of  renal cortex from the control 
group showing renal corpuscles with glomerular capillaries (G), proximal 
convoluted tubules (P) and distal convoluted tubule with macula densa 
(D).                                                                                          (H&E x400)

Fig 3: A photomicrograph of a semi thin section of control group showing 
renal corpuscle formed of a lobulated capillary tuft ( glomerulus)  inside 
the Bowman's capsule . The latter is formed of outer parietal layer with 
simple squamous epithelium (thin arrow) and inner visceral layer lined 
with podocytes (thick arrow). Bowman's space (S) is seen in –between 
the parietal layer and visceral layer. The glomerular capillary is lined by 
endothelial cells ( arrow head) and separated by mesangial cells and an 
amorphousmatrix(star).                                         (Toluidine blue x1000)

Fig 4: A photomicrograph of a  semi thin section of control group showing 
PCT  cells with large vesicular nuclei and well developed brush border. 
Notice: Presence of two cortical collecting  tubules (CT) lined mainly 
by pale principal cells (arrow head) and darkly stained intercalated cells 
with apical cytoplasmic bleb ( arrow).                    (Toluidine blue x1000)
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Fig .5 : A photomicrograph of a section of renal cortex from Penconazole 
– treated group showing renal corpuscle with glomerular atrophy (G) and 
widening of the subcapsular space (S). Extraglomerular aggregation of 
darkly stained cells in some renal corpuscles (thick  arrow) can be seen. 
Some tubules show  vacuolation (V) of its epithelial cells, other tubules 
show  necroting epithelium (pyknosis and karyolysis) ( thin arrow) and 
acidophilic cast (C)  in their lumen.  Notice:  presence of  hemorrhage 
(H) in the interstitium.                                                            (H&E x400)

Fig. 6: A photomicrograph of a section of renal cortex from Penconazole 
– treated group showing  hypercellularity of the interstituim of the renal 
cortex (arrow).                                                                         (H&E x400)

Fig.7: A photomicrograph of a section of renal cortex from Penconazole 
– treated group showing thin epithelial lining of some renal tubular 
cells with flattening of its nuclei (arrow). Epithelium of other tubules is 
denuded (arrow head). Congested glomerular capillaries (G) are present.                                                                                                                                         
                                                                                              (H&E x200) 

Fig .8: A photomicrograph of a section of renal cortex from Penconazole 
treated group showing cortical collecting tubule  (CT) lined with  many 
darkly stained intercalated cells , some of these cells showing apical 
cytoplasmic blebbing (arrow head) and others are binucleated (arrow).                                                                                                                                         
                                                                                               (H&E x200) 
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Fig .9: A photomicrograph of a  semi thin section of  Penconazole – 
treated group showing renal corpuscle with  atrophic glomerulus with 
widening of Bowman's space (S). Notice: Presence of degenerated 
podocytes inside the subcapsular space (arrow).
                                                                              (Toluidine blue x1000)

Fig. 10: A photomicrograph of a semithin section of  Penconazole – 
treated group showing hypercellularity of glomerular cells (G) and 
obliteration of the subcapsular space (S). Note some tubular cells lack the 
nuclei (arrow head) , others show deeply stained nuclei (arrow). 
                                                                                 (Toluidine blue x1000)

Fig .11: A photomicrograph of a section of renal cortex from Penconazole 
and Nigella sativa group showing normal glomeruli (G).Some tubules are 
lined with epithelial cells, having dark nuclei with deeply acidophilic 
cytoplasm (P,D). Other tubules show epithelial cells with   vesicular 
nuclei  and pale cytoplasm (arrow head) .  Note some tubules lack lumen 
(arrows).                                                                                 (H&E x200)

Fig .12: A photomicrograph of a  semi thin section of Penconazole and  
Nigella sativagroup showing normal glomerular capillaries (G) and 
subcapsular space (S).
                                                                              (Toluidine blue x1000)
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Fig .13: A photomicrograph of a  semi thin section of Penconazole and  
Nigella sativa group showing PCT  with less developed brush border. 
Notice  presence of part of collecting tubule (CT) with intercalated cells 
(arrow).                                                                  (Toluidine blue x1000)

Fig.14: A photomicrograph of a section in renal cortex from control group 
showing minimal amount of collagen fibers in  the renal interstitium and 
in between  glomerular capillaries(arrows). Notice that basal lamina is 
positively stained.                                          (Masson Trichrome x 400) 

Fig.15: A photomicrograph of a section in renal cortex from PEN 
– treated  group showing an increase of the collagen fibers  in  
the interstitium and in between glomerular capillaries (arrows).                                                                                                                                        
                                                                          (Masson Trichrome x 400)

Fig.16: A photomicrograph of a section in renal cortex from PEN +N. 
sativa group showing minimal amount of collagen fibers  around renal 
tubules and inside of the glomeruli (arrows). 
                                                                         (Masson Trichrome x 400)
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Fig 17 : Representative sections in rat renal cortex showing :
(a) Strong positive immunoreaction for Bcl-2  in renal tubules of control 
group (arrow) 
(b) Negative immunoreaction for Bcl-2  in the basal portion of tubules 
and inside the glomeruli o fpenconazole – treated group (arrow) 
(c) Moderate positive immunoreaction for  Bcl-2 in penconazole and 
Nigella sative treated group ( arrow).
                                                                    (Bcl-2 x200 immunostaining)

Fig 18 : Representative sections in rat renal cortex showing :
(a) Moderate positive immune-reaction of α SMA in the blood vessels 
and in the glomeruli of the renal corpuscles of control rat (arrow)
(b) Strong positive immune reaction of α SMA in interstitial fibroblasts, 
the wall of blood vessels and in the renal glomeruli of penconazole – 
treated group (arrows).
(c) Moderate positive immune reaction of α SMA in the blood vessels 
(arrow) and negative reaction in renal glomeruli (head arrow).
                                                                   (α SMA x200 immunostaining)
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Fig 19: Electron micrograph of the renal cortex of control group showing 
Podocyte with euchromatic nucleus , having primary and secondary 
processes (PO), wrapped the glomerular capillaries. The glomerular 
basement membrane is intact and uniform (arrow), the capillary 
endothelial cells showing  euchromatic nucleus (N). 
                                                                                                  (TEM x 5000)

Fig.20: Electron micrograph of the renal cortex of control group showing 
Part of PCT cell showing euchromatic nucleus (N), apical microvilli 
(MV), electron dense lysosomes (L) and basally located numerous 
longitudinally arranged mitochondria(M).
                                                                                               (TEM x 5000)

Fig.21: Electron micrograph  of  the renal cortex of control group 
showing part of cortical collecting duct showing two principal cells 
with electron lucent cytoplasm (thin arrow) , small mitochondria (M) 
and basal infoldings (F). One intercalated cell with electron dense 
cytoplasm, scattered mitochondria , apical microvilli and numerous apical 
vesicles (thick arrow).Tight junction between  the principal cell and  the 
intercalated cell (head arrow) can be seen. Note blood capillaries (R) in 
the interstitium.                                                                   (TEM x 5000)

Fig.22: Electron micrographof the renal cortex of Penconazole 
treated rat showing disruption of  the wall of blood capillaries (arrow) 
and detachment of podocytes with disruption of its processes (PO)                                                                                                                                             
                                                                                            (TEM x 5000)
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Fig.23: Electron micrograph of the renal cortex of Penconazole treated 
rat showing PCT cell with destruction of its microvilli (MV), few 
mitochondria (M) and numerous lysosomes (L).
                                                                                                        (TEM x 5000)

Fig.24: Electron micrograph of the renal cortex of Penconazole treated rat 
showing part of normally appearing DCT cells . Note:  hypercellularity of 
the interstitium (arrow). 
                                                                                              (TEM x 5000)

Fig.25: Electron micrograph of the renal cortex of Penconazole treated 
rat showing part of collecting duct cell having numerous electron dense 
intercalated cells with increase in apical organelle – free cytoplasmic 
blebbing (arrow).                                                                    (TEM x 5000)

Fig.26: Electron micrograph of the renal cortex of Penconazole and 
Nigella sativa treated group showing intact vesicular nucleus of podocyte 
(PO) and nearly intact glomerular basement membrane (arrow).                                                                                                                                         
                                                                                              (TEM x 5000)
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Fig.27: Electron micrographof the renal cortex of Penconazole and 
Nigella sativa treated group showing  PCT cell with normally appearing 
microvilli (M) and mitochondria (M). some areas of  disrupted basement 
membrane and basal membrane infoldings are also seen (arrow).
                                                                                            (TEM x 5000)

Group Body weight xˉ±SD Kidney weight 
xˉ±SD

Control 261.00 ± 6.81 1.68+-0.10

Nigella sativa 267.67 ± 9.18 1.67±0.17

PEN 248.67 ± 8.48* 1.66 ± 0.15

PEN + N. sativa 256.43 ± 4.66♦ 1.64±0.06

F 14.434 0.57

P value 0.001 0.633

(*) Significant at P<0.05 compared with control group

(♦) Significant from the treated group (p˂0.05)

xˉ= The mean value. SD= the standard deviation

Histogram (1a):Change in the body weight in grams in different animal 
groups.

Histogram (1b): Change in kidney weight in grams in different animal 
groups.

Table (1): Change in body and kidney weight in grams in 
different animal groups
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Group
Plasma urea 
(mmol/L)

xˉ±SD

Plasma creatinine (μmol/L)
xˉ±SD

Control 29.80 ± 6.05 0.4590 ± 0.1363

N. sativa 31.10 ± 4.28 0.5150 ± 0.1112

PEN 64.30**±12.98 1.3960**± 0.5091

PEN +N.sativa 38.00♦♦± 3.74 0.7380♦♦ ± 0.2011

Table (2): Meanplasma urea & creatinine concentrations in all groups (mmol/ L &μmol/L respectively)

xˉ= the mean value. SD= the standard deviation. Mmol/L= millimoles/Liter. 
μmol/ L= micromoles/Liter. 
** Significant from the control group (p˂0.001). 
♦♦ Significant from the treated group (IV) (p˂0.001).

*Significant at P<0.05

Histogram (2a): Mean plasma urea concentrations in all groups (mmol/ L) 

Histogram (2b): Mean plasma creatinine concentrations in all group(μmol/L)  
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Table (3): Morphometric analysis of optical density of   Bcl-2 and α-smooth muscle actin performed on rat kidney  . Data are presented as 
mean± SEM on 10 animals per group.

Group Bcl 2 α-SMA

Control 107.11 ± 0.32 66.11 ± 0.31

PEN 79.37 ± 0.3* 97.0 ± 0. 40*

PEN +N.sativa 92.32 ± 0.44 76.280 ± .06

*Significant at P<0.05

Histogram (3): Morphometric analysis of optical density of   BCL2 and α-smooth muscle actin performed on rat kidney.

Group MDA(nmol/mg 
protein) xˉ±SD SOD(U/mg protein) xˉ±SD CAT(U/mg protein) xˉ±SD

Control 15.5±1.5 220±18.6 530±20.4

N. sativa 16.3±1.8 222±20.5 541±19.5

PEN 29.4±2.2* 165±10.6* 258±21.5*

PEN +N.sativa 20.8±1.3 200±12.5 410±16.5

(*) Significant at P<0.05 compared with control group 

xˉ= the mean value. SD= the standard deviation.

Table 4: Effect of different treatments on MDA, SOD and CAT in renal tissue of  all groups of rats
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Histogram 4a: Effect of different treatments on MDA level in renal tissue of all groups

Histogram 4b: Effect of different treatments on SOD and CAT levels in renal tissue of all groups

Table 5: Renal corpuscle measurements (in μm)

Group Diameter of the renal corpuscle (μm) 
xˉ±SD 

Diameter of the Bowman’s space (μm) 
xˉ±SD

Control 123.060±14.176 28.8±0.667

N. sativa 124.660±14.970 29.7±0.941

PEN 90.140*±12.034 50.38**±0.719

PEN +N.sativa 107.520±16.648 21.86±0.581

xˉ= the mean value. SD= the standard deviation. 

μm= micrometer. 

*, **Significant from the control group (p˂0.05 & ˂0.001 respectively)
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Histogram 5: Renal corpuscle measurements (in μm) in all groups

Table 6: Mean surface area percentage of collagen fiber deposition

Group Collagen surface area % xˉ±SD 

Control 10.374±1.3682

N.sativa 10.4060±1.7260

PEN 27.1120**±5.9670

PEN + N. sativa 14.8140±4.9415♦♦

xˉ= the mean value. SD= the standard deviation. 

%= percentage. 

** Significant increase from the control group (p˂0.001). 

♦♦ Significant from (group III) (p <0.001)

Histogram 6: Mean surface area percentage of collagen fiber deposition in all groups
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DISCUSSION                                                                             

In this current study, penconazole administration 
resulted in nephrotoxicity, affecting the glomeruli, 
kidney tubules and the interstitium. In our present work, 
penconazole had significant decrease on body weight. 
Similar results were detected by[24] who observed similar 
toxicological effects of propiconazole on mice. Also,[25]

declared that penconazole toxicity led to loss of appetite. 
This was in accordance with[26] who attributed loss of 
appetite to the circulating uremic toxins produced by 
penconazole toxicity.

Light microscopic study of penconazole treated animals 
in group III revealed atrophied glomeruli with widening 
of the subcapsular space. Hypercelluarity of glomerular 
cells and congested glomerular capillaries in some renal 
corpuscles were also detected. These findings were 
matched with the previous results of[27] in Diazinon treated 
rats. This was also coincident with[28] who observed that 
in metiram- induced nephrotoxicity, the glomeruli were 
atrophied and shrunken with subsequent widening of the 
Bowman's space. In addition,[29] recorded that penconazole 
toxicity led to glomerular injury and subsequent renal 
impairment.Prolonged exposure to fungicides led to 
rapidly progressive glomerulonephritis and compensatory 
proliferation of glomerular cells[30].

Electron microscopic study of penconazole treated 
group (group III) revealed disruption of the blood renal 
barrier, effacement of foot processes of podocytes and their 
detachment from the glomerular basement membrane. 
Similar results were detected by[31].In addition,[32] declared 
that structural changes of podocytes were associated with 
proteinuria. Moreover,[33] stated that depletion of podocytes 
was associated with glomerulosclerosis in an experimental 
model of nephrosis in rat. Podocytes maintain homeostasis 
but excessive stress leads to their maladaptation, 
degeneration and detachment from glomerular basement 
membrane[34].

[35]stated that loss of podocytes was associated with an 
increase in the number and volume of glomerular cells. 
However,[36] declared that glomerular hypertrophy occurred 
in altered podocyte structure to achieve an increase of 
glomerular flow and filteration. Moreover,[37] found that the 
increase in glomerular volume expansion led to podocyte 
stretching as a dynamic adaptation to glomerular volume 
enlargement.This high mechanical load led to angiotensin 
II synthesis and triggered apoptosis through TGF- β 
production.

Microscopic study of cortical renal tubules of 
penconazole treated group of the present study revealed 
vacuolar degeneration and focal necrosis which were 
confirmed by a significant  decrease of Bcl- 2 immune-
marker. The intra-luminal acidophilic protein casts noticed 
in this study could be due to combination of the sloughed 

tubular cells with Tamm-Horsfall protein present in the 
lumen of tubules. Similar results were detected by[17].

The lining epithelium of cortical collecting tubules was 
formed of principal (clear cells) that formed the majority 
of cells, the other less predominant cell type was dark 
(mitochondria rich) intercalated cells that were responsible 
for control of acid –base balance[38].

In penconazole treated group of the present study, there 
was an apparent increase in the number of intercalated 
cells with an apical organelle-free cytoplasmic blebbing. 
This was in agreement with[39]. The extension in the apical 
membrane area of the intercalated cells was attributed 
to the fusion of the intracellular tubulovesicles with  the 
apical membrane to increase the active proton pump in 
case of metabolic acidosis, which occurred due to the toxic 
effect of penconazole on the lung structure and function[40]

In addition,[41] declared that intercalated cells underwent 
proliferation in response to acute acidosis load. They  also 
added that  the epithelial lining of the cortical collecting 
tubules contained mitochondria- rich undifferentiated cells.

Renal fibrosis in penconazole treated group was 
detected in our study. This was confirmed by significant 
increase in both α SMA (the marker of mesenchymal cells) 
and the highly significant increase (p ˂ 0.001) in percentage 
of the surface area of collagen.[42] recorded that about 30% 
of fibroblasts were derived from tubular epithelium cells by 
a process called epithelial mesenchymal transition (EMT). 
They added that 35% of fibroblasts were derived from 
endothelial cells by a similar process called endothelial 
mesenchymal transition (EndMT). Moreover,[43] stated 
that profibrotic growth factors  as TGF-β and chemokines 
derived from activated epithelial and endothelial cells were 
involved in renal fibrosis.

In our result, we also noticed presence of flattened cells 
with flattened nuclei, lining some renal tubules.This might 
be a regenerated tubular cells that not fully differentiated. 

In penconazole treated group, presence of 
extraglomerular cellular proliferation beneath the 
parietal layer of Bowman's capsule and hypercelluarity 
of the interstitium were detected. This was in agreement 
with[44] who reported that the  parietal layer of the renal 
capsule may function as a novel stem cell harboring for 
mesenchymal stem cell (MSC), capable of participating 
in the repair of renal injury. In addition, Barker et al.[45] 
stated that the renal capsule acts as a potential stem cell 
niche. It serves as a reservoir for MSC (universal repair 
cells in adult tissues), which are quiescent under normal 
conditions but become recruited to the renal parenchyma 
after ischemia and injury. However, other reports have 
suggested that the renal tubules and renal capsule are the 
site of stem cells. They observed that the renal capsule 
contains stain – retaining cells which exhibited markers for 
mesenchymal stem cells[46]. Some investigators attributed 
this to the activation of several stem cell niches present in 
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the kidney under oxidative stress caused by penconazole 
treatment[30].

The biochemical findings obtained in the present study 
were substantiated with the histopathological changes 
in the kidney. A significant increase of plasma levels 
of urea and creatinine in penconazole treated rats was 
observed, indicating renal dysfunction and reduction in the 
glomerular filtration rate. This finding was in accordance 
with the previous study of El- Demerdash et al.[47] who 
found  increased plasma urea level in the kidney of rats 
exposed to methomyl, a carbamate pesticide. This also was 
in agreement with Badgujar et al.[48] who demonstrated 
increased plasma creatinine and blood urea nitrogen levels 
in rats exposed to fipronil, a phenyl pyrazole insecticide. 
They also added that kidney function impairment as 
evident by the increase in plasma urea and creatinine 
concentrations could be attributed to oxidative damage and 
generation of reactive oxygen species (ROS) caused by 
penconazole toxicity.

In the current study, penconazole induced lipid 
peroxidation in the kidney of rats of group III as revealed 
by the significant increase in malondialdehyde (MDA) 
level, a LPO product. This was in accordance with the 
previous results of Sakr[49] who have shown that mancozeb 
fungicide, induced oxidative stress in  the liver of  albino 
rats. The increased MDA level in animals of group III 
could be due to the excessive production of ROS caused 
by penconazole.

In this present study, there were  asignificant 
decrease in the level of  catalase (CAT) and superoxide 
dismutase(SOD) enzymes in penconazole treated group. 
Marked decrease in the level of the antioxidant enzymes, 
following acephate toxicity, a pesticide was recorded by 
Poovala et al.[50]. The inhibition activity of penconazole on 
CAT and SOD and enhancement of lipid peroxidation was 
based on production of oxygen free radicals[51].

Overall, our results suggested that the main mechanism 
underlying penconazole nephrotoxicity involves the 
production of ROS, resulting in subsequent formation of 
oxidative stress in the renal tissue. Increased production 
of ROS led to tissue damage as necrosis, apoptosis and 
fibrosis.

Concomitant administration of Nigella sativa oil with 
penconazole in group IV of the present study revealed an 
improvement in the structure of the glomeruli, renal tubules 
and the interstitium. This was in accordance with Abdel –
Moneim .[10] who reported that Nigella sativa oil decreased 
the tubular necrosis score and prevented the degenerative 
changes in the kidney tissues through blocking the 
oxidative stress pathways. Also, other researchers reported 
the nephroprotective effect of Nigella sativa oil against 
gentamycin – induced renal toxicity in rabbits Saleem                  
et al.[52]. 

Nigella sativa showed anti-apoptotic action through 
significant decrease of Bcl-2 immune marker. Rastogi 
et al.[53] assumed the probable anti-apoptogenic effect 

of Nigella might be through its antioxidant, immune 
modulatory and geno-protective mechanisms.

Significant decrease in collagen fibers of the renal 
interstitium was observed  with administration of Nigella 
sativa oil in group IV. This came with Turkdogan et al.[54]

who reported that Nigella sativa hindered fibrosis-related 
coagulation necrosis, occurred in carbon tetrachloride- 
induced liver damage through its immune modulator 
activity. The anti-fibrotic effect of Nigella sativa is through 
the action of Thymoquinone (TQ), the major active 
ingredient of Nigella sativa[55،56].

Significant decrease in the serum urea and creatinine 
levels were observed with administration of Nigella in 
group IV. This go with Saleem et al.[53] who stated that 
Nigella sativa oil lowered the values of serum creatinine 
and blood urea nitrogen in gentamycin associated 
nephrotoxicity in rabbits through blocking oxidative stress.

Interestingly, treatment with Nigella sativa oil improved 
oxidative stress marker and  enzymatic antioxidant status 
of rats exposed to penconazole, indicating that this plant 
extract participated in the reduction of penconazole 
toxicity by decreasing oxidative stress through the ability 
of its antioxidant compounds to scavenge free radicals.  

From all the mentioned data and from the results of our 
study, it is concluded that administration of Nigella sativa 
oil improved the oxidative damage and nephrotoxicity 
caused by penconazole. Further investigations will be done 
to elucidate the potential usefulness of this plant as a source 
of protective agents against drug toxicity in clinical trials.   
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الملخص العربى

التأثيرالوقائى لزيت حبة البركة علي السمية الكلوية المستحثة بالبنكونازول في الجرذان 
البيضاء البالغة : دراسة هستولوجية وهستوكميائية مناعية وكيميائية حيوية

نادية سعيد خير1 ونرمين محمد نور الدين2

1قسم الهستولوجي وبيولوجيا الخلية –2قسم التشريح – كلية الطب البشرى – جامعة المنوفية 

المقدمة: يستخدم المبيد الفطري البنكونازول التابع لمجموعة الترايازول علي نطاق واسع , فهو يستخدم في الزراعة 

والطب البشري والطب البيطري. الجرعات العالية من البنكونازول تسبب السمية الكلوية والضرر الكلوي. فحبة البركة 

(الحبة السوداء) هي احدي النباتات المحلية .كما أن  لها خصائص مضادة لاللتهابات  و مضادة لمرض السكري ومضادة 

للسرطان. 

الناجمة عن  الفئران  الكلوية في  السمية  البركة علي   تأثير زيت حبة  تقييم  الي   العمل  يهدف هذا  العمل:  الهدف من 

التعرض لمبيد البنكونازول.

المواد و الطرق : تم استخدام ستون من ذكور الجرذان البيضاء البالغة حيث تم تقسيمهم الى أربع مجموعات متساوية: 

المجموعة األولى(الضابطة): تلقت فيها الفئران الماء المقطر, المجموعة الثانية:( حبة البركة) حيث تم اعطاؤها بالفم 

0.2 مللي من زيت حبة البركة لكل 100 جم من وزن الفأر مرة واحدة في اليوم ولمدة ثالث أيام في األسبوع لمدة أربع 

أسابيع , المجموعة الثالثة (المعالجة بالبنكونازول) : تم حقنهم في الغشاء البريتوني 67مللي جرام من البنكونازول لكل 

كيلوجرام من وزن الفأر , مرة واحدة في اليوم ولمدة ثالث أيام في األسبوع لمدة أربع أسابيع , المجموعة الرابعة:(المعطاة 

البنكونازول وزيت حبة البركة): أعطيت الفئران بنكونازول (67مللي جراملكل كيلوجرام) وزيت حبة البركة (0.2 

لكل 100 جم) في وقت واحد ثالثة أيام أسبوعيا لمدة أربع أسابيع. في نهاية التجربة ,تم اعداد أنسجة الكلي لتحضيرها 

للدراسات الكيميائية الحيوية والدراسات المجهرية الضوئية والمجهرية الدقيق.

النتائج : كشف الفحص النسيجي لفئران مجموعة البنكونازول عن وجود ضمور في  الكبيبات ، واتساع الفضاء تحت 

المحفظة وفرط خلوية الخاليا الكبيبية. أدي انفصال الخاليا الوعائية واضطراب زوائدها الي ضعف الحاجز الكلوي 

الدموي. تم تأكيد االنحالل األنبوبي والنخر بانخفاض ملحوظ في عالمة المناعة  بي سي ال 2-. زيادة الخاليا المقسمة 

ألنابيب التجميع القشرية، كانت مؤشرا علي الحماض األيضي. كما تم تأكيد التليف الكلوي بزيادة ملحوظة في  ألفا أكتين 

العضالت الملساء وألياف الكوالجين. وقد كشفت الدراسة البيوكيميائية عن زيادة في مستوي المالوندالدهيد ، وانخفاض  

ف تركيزات كل من انزيم ديسموتاز الفائق وانزيم الكاتالز. . أدي العالج المتزامن بزيت حبة البركة الي تحسن وحجز 

التغيرات  الناجمة عن  مبيد البنكونازول.

االستنتاج: يمكن أن تعزي الخصائص المضادة لألكسدة لحبة البركة في التخفيف من حدة السمية الكلوية التي يسببها 

مبيد البنكونازول  في الفئران.


