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Abstract: Cyclophosphamide (CPA) is a nitrogen mustard alkylating agent from the oxazaphosphorine group. It is 

used as an anticancer, anti-neoplastic agents and immunosuppressive agent widely used in chemotherapy. Fennel oil  

is traditionally used as a treatment for different diseases. The present work studied the effect of Fennel oil on CPA-

induced nephrotoxicity in albino rats. Male albino rats were divided into 4 groups; gp1; control, gp2: Each rat was 

orally given  Fennel oil (1 ml/kg body weight once a week for six weeks), gp3: animals were each orally treated 

with CPA at a dose of 15mg/kg body weight once a week for six weeks, gp4: CPA plus Fennel oil treated group. 

The obtained results showed that CPA induced histopathological alterations in the kidney including intertubular 

leucocytic infiltrations,congestion of blood vessels, degeneration of renal tubules and atrophy of glomeruli. 

Immunohistochemical observations revealed increase in expression of PCNA,  caspase-3 and α -SMA. In addition, 

creatinine and urea levels increased in sera of treated rats. Treating rats with CPA and fennel oil caused an 

improvement in the histological structure of the kidney and decreased PCNA, caspase-3 and α-SMA. Moreover, 
creatinine and urea values were decreased. In conclusion, fennel oil showed ameliorative effect against 

nephrotoxicity of CPA due to its antioxidant activity. 

 

Keywords: Cyclophosphamide, Fennel Oil, Kidney, Histology, ,PCNA, α-SMA , Rats 

 

Introduction 

Recent studies on therapy of diseases have focused 

on the ideal drug being ineffective or minimally 

effective for normal cells. At this point, the usage of 

natural sources is thought to have a great value for 

treating diseases. Moreover, there is a growing trend 
for herbal drugs because of low toxicity and high 

medical effectiveness. Fennel is a medicinal plant 

belongs to the family Apiaceae (Umbelliferae) [1]. 

This herb is traditionally used as treatment for colic, 

wind, irritable bowel, kidneys, spleen, liver, lungs, 

suppressing appetite, breast enlargement, promoting 

menstruation, improving digestive system, milk flow 

and increasing urine flow  [2]. The chief component 

of fennel, anethole, had anticarcinogenic and anti-

inflammatory effects through modulation tumor 

necrosis factor–induced cellular processes  [3]. 
Essential oils of fennel have hepatoprotective effects 

[4] , antifungal effects [5],antimicrobial prosperities 

[6]  as well as anti-inflammatory, and antioxidant 

activities  [7]. 

 

Cyclophosphamide is a nitrogen mustard alkylating 

agent from the oxazaphosphorine group. It is used as 

an anticancer, anti-neoplastic agents and 

immunosuppressive agent widely used in cytotoxic 

chemotherapy, which disturbs DNA synthesis and 

cell division [8]. Cyclophosphamide is rapidly 

absorbed and then converted by mixed-function 

oxidase enzymes (cytochrome P450 system) in the 
liver to active metabolites [9]. The main active 

metabolite is 4-hydroxycyclophosphamide, which 

exists in equilibrium with its tautomer, 

aldophosphamide. Most of the aldophosphamide is 

then oxidised by the enzyme aldehyde dehydrogenase 

(ALDH) to make carboxycyclophosphamide. A small 

proportion of aldophosphamide freely diffuses into 

cells, where it is decomposed into two compounds, 

phosphoramide mustard and acrolein [10]. However, 

acrolein is a highly reactive aldehyde that covalently 

binds to cellular macromolecules and subsequently 
disrupts the function and causes organ toxicity [11]. 

Cyclophosphamide is carcinogenic and may increase 

the risk of developing lymphomas, leukemia, skin 

cancer, transitional cell carcinoma of the bladder or 

other malignancies [12]. Cardiotoxicity is a major 

problem with people treated with higher dose 

regimens [13]. In addition, toxicity of 
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cyclophosphamide was report in liver  [14]. kidney  

[15] and testis [16]. The present work investigated 

the effect of fennel oil on nephrotoxicity of CPA in 

male albino rats. 
 

Materials and methods 

i.Animals and treatments: 

Adult male albino rats (Rattus norvigicus), three 

months age weighting 150±10 g were purchased from 

experimental rat house localized in Helwan. Animals 

were kept in plastic cages (each contained six 
animals) in the animal house for two weeks before 

the experimental work. Animals were kept at 25 ± 2 
  ْ C with relative humidity of 50-60% and on 12h 

light/ 12h dark cycle. They received a standard diet 

composed of 50% barley, 20% yellow corn, 20% dry 

milk, 10% different vegetables and tap water. The 

study and all procedures were approved by the 

Animal Care and Bioethics Committee, Menoufia   

University, Egypt (Approval No. MNSH174).  

Animals were divided into four groups  

 
Group 1 (Control group):  Animals of this group 

(10 rats) were served as control group and were given 

standard diet and tap water.  

Group 2 (Fennel oil group):  Animals of this group 

(12 rats) were orally given fennel oil at a dose level 

of 1 ml/kg body weight once a week for six weeks 

[17]. Fennel essential oil was purchased from a local 

market at shebin El-Kom , Menufyia , (El Masry 

Everline company). 

Group 3 (CPA group):Animals of this group (12 

rats) were orally treated with endoxan at a dose of 

15mg/kg body weight once a week for six weeks [18. 
Endoxan was obtained as tablets from Baxter 

Oncology Halle, Germany. It was dissolved in 

distilled water and orally given by gastric tube.   

Group 4 (CPA+Fennel oil group): Animals were 

given endoxan and then they were given fennel oil, 

with the same doses of group 2 and 3.  

 

ii.Histological studies:  

For histological study, kidneys were immediately 

removed after 6 weeks,  and fixed in 10% formalin 

for 24 hours. Specimens were dehydrated in 
ascending series of ethyl alcohol, cleared in two 

changes of xylene, infiltrated in three changes of 

molten paraffin (melting point 58-60 °C) and then 

embedded in molten paraffin blocks. Paraffin 

sections (5 micron thickness) were sectioned using a 

rotary microtome and mounted on clean glass slides. 

Sections were stained with Ehrlich’s hematoxylin and 

counter stained with eosin for histological 

examination.  

 

E) Immunohistochemical studies: 
Immunohistochemical reaction was performed by 

using an avidin biotin complex immune peroxidase 

technique. For Immunostaining of PCNA, Caspase 3 

and α–SMA, formalin-fixed slides were 

deparaffinized in xylene and rehydrated in a series of 

graded alcohol concentrations. Then rinsed in 

phosphate-buffered saline (PBS) containing 0.1% 

tween-20. Antigen retrival was performed by placing 

slides in sodium citrate solution (PH 6.0) at 90°C. 

Avidin (0.001% in PBS) and biotin (0.001% in PBS) 

were blocked in each section by using Avidin/biotin 

blocking solutions, where sections were incubated 

and rinsed with PBS between steps. Sections were 

incubated with monoclonal primary rat antibodies 
(Neo Markers, Cat.#Ms-113-P, Fremont, CA,USA), 

at appropriate dilution (1:200) in antibody diluent, 

directed against rat PCNA, Caspase 3 and α-SMA 

(each antibody was used separately to react on 

different slides) at room temperature. Slides were 

washed in PBS-Tween 20. Sections were incubated 

in peroxidase blocking solution (3%H2O2 in PBS) at 

room temperature. Slides were washed in PBS-

Tween 20. Sections were incubated in biotinylated 

secondary antibody in PBS at room temperature. 

Slides were washed in PBS-Tween 20. Sections were 
incubated in horse radish peroxidase (HRP)-

streptavidin solution at room temperature. Slides 

were washed in PBS-Tween 20. Sections were 

incubated in peroxidase substrate solution “3,3-

diaminobenzidine tetrahydrochloride (DAP)” until 

adequate color was developed. Slides were washed in 

PBS-Tween 20. Sections were counterstained with 

hematoxylin, dehydrated through garded alcohol 

series, clear in xylene and mounted with DPX [19].  

 

Image analysis  
Digital images were analyzed by a semiquantitative 
scoring system (Image J software, Java based 

application for analyzing images). The positive- 

stained immunohistochemical expressions of PCNA, 

Caspase 3 and α-SMA in cells were measured by 

counting the number of positively- stained cells in 

five high power fields selected randomly at 

magnification X400.  

 

F- Biochemical analysis: 

For biochemical analysis, blood samples were 

collected in clean centrifuge tubes.  Blood samples 
left to clot in room temperature and then serum 

separated by centrifugation at 3000 rpm for 20 

minutes. The collected serum stored at -18 -20 °C 

until analysis. Creatinine and urea were estimated 

using the methods described by Henry [20] and 

Patton and Crouch [21] respectively. 

 

G- Statistical Analysis 

Data were expressed as mean ± standard deviation 

(SD). The significance of differences means was 

evaluated by using independent sample t test. All 
statistical analysis was performed using SPSS 

statistical version 16 software package.  
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Results 

Histological results 

Microscopic examination of kidney of control rat 

showed normal structure of the renal cortex, which 

comprised renal corpuscles and proximal and distal 

convoluted tubules (Fig.1A). No histological 

alterations were observed in rats given fennel oil 

(Fig.1B). On the other hand, kidney sections of 

animals treated with CPA revealed different 

histological changes. The renal veins were enlarged 

and congested (Fig.1C) and leucocytic infiltrations 

were abundant in the interstitum (Fig.1D). The renal 

tubules were degenerated and their lumens were 

filled with proteinaceous casts (Figs.2A). The renal 

tubules were degenerated and their epithelial cells 

appeared with cytoplasmic vacuolation (Fiig.2 B). 

The glomeruli were atrophied with dilatation in the 

subcapsular space (Fig.2C). Animals treated with 

CPA and fennel oil showed an improvement in the 

structural elements of the kidney and most of the 

renal tubules and the glomeruli  appeared normal 

(Fig.2D).
 

 
Fig.1: 

A. Section in Kidney cortex of a control rat showing normal-structured renal tubules (RT) and glomeruli (G) 

(X400). 

B. Kidney cortex of fennel oil -treated rat showing normal structure, (X400). 

C. Section in kidney cortex of a rat treated with CPA showing enlarged and congested renal vein (v) (X400). 

D. Interstitial leucocytic infiltrations (L), (X100) 
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Fig.2:  

A. Kidney cortex of CPA-treated rat showing degenerated tubules with with lumen filled with proteinous casts (P), 

(X400). 

B. Highly degenerated tubules with cytoplasmic vacuolation of epithelial cells,   (X400). 

C. Fragmented glomeruli (F), (X400). 

D. Kidney cortex of a rat treated with CPA+fennel oil showing an improvement in the structure of the tubules and 

glomeruli, (X400). 

 

Immunohistochemical observations 

 

PCNA: 

Examination of kidney of control rats and those given 

fennel oil showed few expression of PCNA in the 

nuclei (Fig.3.A,B). A strong expression of PCNA 

was recorded in renal tubules of animals treated with 

CPA(Fig.3C). Treating rats with CPA and fennel oil 

led to a decrease of expression of PCNA (Fig.3D). 

Image analysis of PCNA immunoreactivity in CPA-

treated  animals resulted in a significant increase (P≤ 

0.05) as compared to that of controls. However, 

fennel oil lowered PCNA expression as compared to 

that of CPA alone (Fig.4). 

 

 
Fig.3.  
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A. Section of kidney cortex of a control rat showing expression of PCNA in the nuclei of few cells of renal tubules 

(*) (PCNA immunohistochemical stain, X400) 

B. Section of kidney of fennel oil treated rat showing  expression of PCNA in the epithelia of few renal tubules (*) 

(PCNA immunohistochemical stain, X400) 

C. Kidney cortex of a rat treated with CPA showing strong expression of PCNA  in the epithelia of renal tubules 

(PCNA immunohistochemical stain, X400). 

D. Section of kidney of a rat treated with CPA and fennel oil showing weak expression of PCNA in the epithelia of 

renal tubules (*) (PCNA immunohistochemical stain, X400). 

 

 
Fig.4. Percentage area of PCNA expression in different animal groups. 

 

Caspase 3:  

Kidney sections of control rats showed weak brown 

staining of Caspase 3 expression in the cytoplasm of 

renal epithelia (Fig.5A). Similarly, renal tubules of 

rats given fennel oil showed weak expression of 

Caspase 3 (Fig. 5B). Strong immunoreactions was 

encountered in cytoplasm of large number of 
epithelial cells of renal tubules of animals treated 

with CPA (Fig.5C). Animals treated with CPA and 

fennel oil showed a decrease in expression of 

caspase-3 (Fig.5D). By image analysis, the reaction 

of Caspase 3 in kidney recorded a significant 

elevation in CPA-treated animals .A decrease in 

expression of Caspase 3 was observed in rats treated 

with CPA and fennel oil (Fig.6). 

α-SMA: 

 

Examination of kidney cortex of control animals and 

animals given fennel oil showed that α-SMA was 

expressed in the smooth muscle cells of renal 

arterioles (Fig. 7A,B).  Rats treated with CPA 

showed an increase in the expression of α-SMA (Fig. 
7C). Animals treated with CPA and fennel oil 

showed reduction in expression of α-SMA compared 

to treatment with CPA alone (Fig. 7D). Image 

analysis of α-SMA expression in renal tissue showed 

that the percentage of α-SMA-positive staining area 

significantly (P < 0.05) decreased in the CPA and 

fennel oil group compared with CPA group (Fig. 8). 
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Fig.5.  

A.Section of kidney of a control rat showing expression of caspase-3 in the epithelia of few renal tubules (arrow) 
(caspase-3 immunohistochemical stain, X400) 

B. Section of kidney of fennel oil treated rat showing positive expression of caspase-3 in the epithelia of few renal 

tubules (arrow) (caspase-3 immunohistochemical stain, X400) 

C. Kidney cortex of a rat treated with CPA showing strong expression of caspase-3 in the epithelia of renal tubules 

(caspase-3 immunohistochemical stain, X400). 

D. Section of kidney of a rat treated with CPA and fennel oil showing weak expression of caspase-3 in the epithelia 

of renal tubules (caspase-3 immunohistochemical stain, X400). 

 

 
Fig.6. Percentage area of caspase-3 expression in different animal groups. 
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Fig. 7.  

A. Section in kidney  cortex of a control rat showing α-SMA immune- staining in smooth muscle of renal arterioles 

(arrow head) (X400). 

B. Section in kidney  cortex of a rat treated with fennel oil showing expression of α-SMA in smooth muscle of renal 

arterioles (arrow head) (X400). 
C. Section of kidney cortex of CPA treated rat showing an increase in expression of α-SMA in renal tubules (Arrow 

head) (X400).  

D. Section of kidney cortex of CPA+fennel oil treated rat showing decrease in expression of α-SMA positive 

fibroblastic renal cells (X400).  

 

 

 
Fig.8. Percentage area of α-SMA expression in different animal groups. 
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Biochemical results: 

Treating animals with CPA caused significant increase (P < 0.05)  in serum level of creatinine and urea nitrogen 

compared with controls and those given fennel oil (Fig.9&10). On the other hand rats treated with CPA and funnel 

oil recorded a decrease in the level of creatinine and urea compared with CPA group. 

 

 
Fig.9. Effect of different treatments on creatinine 

 

 
Fig.10. Effect of different treatments on urea nitrogen 

 

Discussion 

Cyclophosphamide is an anticancer drug used in 

treatment of many neoplastic diseases. On the other 

hand, the use of CPA was accompanied with different  

deleterious effects. Results obtained in the present 

work revealed that CPA induced histopathological 

alterations in the kidney of rats. In addition, it caused 

elevation in levels of creatinine and 
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urea.Similarly,Sakr and abdel-samei [15] reported 

that CPA administration induced many histological 

alterations in the kidney including congestion of renal 

blood vessels, leucocytic infiltrations and 

degeneration of renal tubules as well as atrophy of 

glomeruli. An elevation in creatinine and urea was 

also recorded. They added that Ginko biloba extract 

improved these deleterious effects. Estakhri et al. 

[22] observed a significant increase in creatinine and 

blood urea nitrogen levels and histopathologic 

change in renal tissue upon CPA treatment. Abraham 
and Rabi [23] reported reduction of glomerular 

filtration rate along with tubular dysfunction, 

glomerular nephritis, interstitial edema and cortical 

tubular vacuolization in rats treated with CPA. 

 

Immunohistochemical results revealed that rats 

treated with CPA showed an increase in the 

expression of PCNA, caspase3 and α-SMA. PCNA is 

an auxiliary protein of DNA polymerase delta and is 

involved in a wide range of functions in the nucleus 

such as control of DNA replication, cell-cycle 
progression, transcription as well as DNA damage 

repair [24]. Urothelium of rats treated with CPA was 

found to have elevated expression of PCNA [25]. 

Apoptosis plays a complementary and opposing role 

to cell proliferation in regulating the number of cells 

in tissues  [26]. Caspase-3 is a marker of the early 

phase of apoptosis and is essential for certain 

processes associated with the formation of apoptotic 

bodies [27]. In agreement of our results, CPA treated 

rats showed significant increase in expression of the 

apoptotic marker casepase-3 in liver [28].  An 

increase in α-SMA expression in kidney of CPA-
treated rats was recorded in the present work. Similar 

result was obtained by Sakr and Abdel-samei [15]. 

The increase in expression of α-SMA was suggested 

to an evidence for activation of fibrogenesis during 

glomerulonephritis [29].  

 

Phosphoramide mustard and acrolein are the two 

active metabolites of cyclophosphamide[30]. 

Cyclophosphamide’s antineoplastic effects are 

associated with the phosphoramide mustard, while 

acrolein is linked with its toxic effects [31].  Acrolein 
interferes with the tissue antioxidant defense system, 

produces highly reactive oxygen free radicals and is 

mutagenic to mammalian cells [32]. It was reported 

that treatment with CPA caused oxidative stress in 

different organs including brain [33], liver [34] and 

kidney [15]. Thus, the nephrotoxicity recorded in the 

current study may be attributed to oxidative stress 

induced by CPA. 

 

Treating rats with fennel oil protects the kidney from 

the toxicity of CPA. Combined administration with 
fennel oil and CPA improved the histological and 

immunohistochemical alterations, and restored the 

values of creatinine and urea. In agreement with this 

result, Al-masri and Ali [35] reported that fennel 

powder and oil ameliorated gentamicin-induced 

nephrotoxicity in rats and reduced the elevation in 

urea and creatinine. Al-amoudi [36] showed that 

treating with fennel oil prevent the histopathological 

alterations in liver and kidney, and decreased levels 

of  urea and creatinine caused by sod valporate in 

rats. Fennel oil  administration led to a decrease in 

expression of PCNA and Caspase-3 in te kidney of 

rats treated with CPA. These results indicated the 

antiproliferative and antiapoptotic effects of fennel 
oil. Similarly, Ibrahim [37] reported that fennel oil 

decreased apoptosis in testes of rats exposed to 

tobacco smoke.  In addition, α-SMA expression was 

reduced in the kidney which means the antifibrotic 

effect of fennel oil. 

 

Fennel oil contains different compounds including 

trans-anethole (1-methoxy-4-(1- propenyl) benzene 

or para-propenylanisole), fenchone and estragole.It 

has physiologic antioxidant activities including the 

radical scavenging effect, inhibition of hydrogen 
peroxides H2O2 and Fe chelating activities where it 

can minimize free radical which initiate the chain 

reactions of lipid peroxidation [38].   Sheweita et al. 

[39] found that fennel oil  restored changes in 

activities of antioxidant enzymes SOD, CAT, GR, 

GST, and GPx caused by CPA to their normal levels 

compared to control mice. Sakr et al. [40] reported 

that treating rats with CPA and fennel oil caused an 

improvement in the histological structure of the liver, 

decreased ALT, AST, MDA and increased SOD and 

CAT. It is concluded from this work that fennel oil 

ameliorates nephrotoxicity of CPA by its antioxidant 
activity. 
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