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Abstract 
 

The present study was designed to determine the histological changes induced by Cytarabine drug on the structure of 
rabbits kidneys and the protective effects of vitamin E on these histological changes. The treated group with daily 
intraperitoneal dose of (50 mg/kg body weight) of Cytarabine alone, showed a massive histological changes represented by 
renal tubular necrosis, glomerular atrophy and enlarged urinary spaces (widening of Bowman’s spaces), infiltration of 
lymphocytes and macrophages within interstitium of the cortex, formation of hyaline cast in some of the tubular lumens as 
well as fibrosis and hemorrhage in the cortex were also observed. While the group that received a protective (800 IU of 
vitamin E) prior to each Cytarabine injection showed a significant improvement that represented by focal regions in the cortex 
with a normal renal tubules except for a cloudy cell swelling which is a reversible injury, also neither cortical hemorrhage nor 
hyaline cast formation were seen, in addition to presence of focal areas of normal glomeruli. The present study suggests that 
vitamin E is an effective chemo-protective agent against nephrotoxicity when used prior to each Cytarabine administration. 
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  الأرانبكلى  على أنسجة يتارابينالتغييرات النسيجية التي يحدثها عقار الس
  (مع وبدون إعطاء فيتامين هـ) 

  
  و اياد السراج       سيف الجماس

  
  كلية طب الاسنان، جامعة الموصل، الموصل، العراق

 
  الخلاصة

 
 ٥٠بتركيز  بسبب استخدام عقار السيتارابين الأرانبالنسيجية الحاصلة في نسيج كلى  تغييراتلبيان ال الحالية صممت الدراسة

العقار. حيث  هذاضد الأضرار النسيجية الحاصلة في نسيج الكلية بسبب  ـالدفاعية لفيتامين ه التأثيراتمعرفة  إلى الإضافةب كغم،/ملغم
وتوسفها بشكل  واسع لنخر الخلايا الطلائية للنبيبات الكلوية تمثلت بانتشار الأرانبهذه الدراسة حصول تغييرات نسيجية في كلى  أوضحت

 مع ارتشاح خلايا التهابية في النسيج الخلالي ن ترسب مواد بروتينية وخلايا طلائية ميتة داخل تجاويف هذه النبيباتع فضلاً  أنقاض خلوية
في  واضح تليفو حدوث نزف في منطقة القشرة إلى بالإضافةحصول ضمور في الكبيبات الكلوية وتوسع الفراغ الكلوي لهذه الكبيبات، و

، فقد أدى كغم/ملغم ٥٠بتركيز  مع عقار السيتارابين وحدة دولية ٨٠٠بتركيز  ـمجموعة المعاملة مع فيتامين ها بالنسبة للأم النسيج الخلالي.
نخر الخلايا الطلائية للنبيبات بالرغم من استمرار  استخدام هذا الفيتامين إلى التقليل من حدة التغييرات النسيجية التي يسببها هذا العقار، إذ

هذه المجموعة تظهر بشكل واضح توقف النزيف الحاصل في منطقة القشرة  أن إلايا التهابية في النسيج الخلالي الكلوية مع ارتشاح خلا
لفراغ الكلوي لهذه الكبيبات في المجموعة لوتوسع  واضحشكلها الطبيعي بعد حصول ضمور  إلىية ووعودة عدد كبير من الكبيبات الكل

ذو أهمية علاجية في التقليل من حدة التسمم الكلوي الحاصل  يعتبر ـهلفيتامين  سبقإن الاستخدام المفقد أظهرت هذه الدراسة  أخيراً  .السابقة
  .ـمثل فيتامين ه الأكسدةتكون قابلة للتقليل باستخدام مضادات ، وان هذه السمية يتارابينبسبب عقار الس
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Introduction 
 

Chemotherapy is a routine and successful treatment for 
many types of malignances (1). Cancer treatment was 
subjected to an important progress in last few years, when 
the oncology approaches had improved significantly for 
numerous patients. These patients whom suffered 
previously from chemotherapeutic drugs failures are now 
getting an important result with the reduced progression of 
cancer as well as increasing the rate of survival (2). 
Regardless of this significant progression in chemotherapy 
drugs for many malignant diseases, the nephrotoxicity stays 
the chief side effect and sometimes become a life 
threatening problem (3,4). Cytarabine, known as Ara-C, is a 
chemotherapy drug (antimetabolite) used mainly in 
treatment of cancers of white blood cells like Non-Hodgkin 
lymphoma and acute Myeloid Leukemia. It causes cancer 
cells death by inhibition of DNA polymerase via 
competition with deoxycytidine triphosphate. Cytarabine is 
called cytosine arabinose because it joins an arabinose 
sugar with cytosine base (5). Cytosine is normally 
combining with a (deoxyribose sugar) to form 
deoxycytidine, which is a DNA component. Cytosine 
arabinoside is nearly similar to the cytosine deoxyribose 
(deoxycytidine) of the human to be incorporated inside 
human DNA but sufficiently different to terminate 
malignant cells, finally cancer cells would be killed by this 
mechanism (6). Acute renal injury (nephrotoxicity) is the 
most popular forms of renal diseases that may occur as 
consequences of cytotoxic treatment (7). The purpose of 
this study is to illustrate the histological changes induced by 
Cytarabine on the structure of rabbit's kidneys and the 
protective effects of vitamin E on these histological 
changes. 
 
Materials and methods 
 
Laboratory animals 

The study is carried out on rabbits weighing 1.5-2.0 kg, 
obtained from Pharmaceutical Control Department 
(Ministry of Health and Environment), aged three months, 
The rabbits were permitted to adapt to laboratory 
circumstance 5 days before starting the experiment, and 
caged in a temperature controlled chamber (24± 4°C) with a 
12 hrs., light/dark cycle. They were permitted to drink tap 
water freely and daily fed by food pellet consisting of 20% 
protein and under good laboratory circumstances. 
 
Experimental design 

The rabbits were separated into three experimental 
groups (n=6) and each one was given the following 
treatment; Group A: given 1 ml of intraperitoneal injection 
of normal saline alone once a day for 1 week and served as 
a control group. Group B: given a daily intraperitoneal dose 

of (50 mg/kg body weight) Cytarabine only for 1 week. 
Group C: given a daily oral dose of (800 IU of vitamin E) 5 
hours before it receives the daily intraperitoneal dose of (50 
mg/kg body weight) Cytarabine for 1 week. The 
Intraperitoneal injections were given in the lower lateral 
part of the abdomen. The rabbits of all three groups were 
scarified after seven days under light ether anesthesia. 
 
Tissue preparation for histological study 

Kidneys of each rabbit were prepared for histological 
study by placing them in solution of 10% formalin for a 
period of 24 hours for fixation, after that the tissues were 
dehydrated using a gradual concatenations of alcohol 
solution (30%-100%) for (5 min.) each. Then the tissue 
samples were cleared in 2 separated xylene changes prior to 
placing them in paraffin wax for final sectioning. Later the 
samples were cross sectioned at 5 μm thickness, then it 
stained by hematoxylin and eosin (HE) stain to study the 
histological changes and compared to the control group 
using light microscope. 
 
Results 
 

Histological structure of the kidney sections in group A 
(control group) appeared to be absolutely normal as we 
could see normal structure of renal constitution (Figure 1). 
The kidney sections of group B (cytarabine treated group) 
showed renal tubular necrosis represented by sloughing and 
desquamation of the epithelial cells lining the renal tubules 
in the form of cellular debris (Figure 2). The glomeruli 
showed atrophy of the glomerular tuft and enlarged urinary 
spaces (Figure 3), interstitial nephritis is also represented by 
infiltration of inflammatory cells within interstitial tissue 
(Figure 4), infiltration of lymphocytes and macrophages 
within interstitium of the cortex (Figure 5), fibrosis in 
interstitial tissue is also seen (Figure 5) formation of 
hyaline cast in some of the tubular lumens (Figure 6) as 
well as hemorrhage in cortex was also observed (Figure 7). 
The kidney sections of group C (cytarabine treated group 
with vitamin E protection) showed no hemorrhage in 
cortex, no hyaline cast formation in tubular lumens and 
presence of focal areas of normal glomeruli (Figure 8), 
cloudy cell swelling of the tubular cells (Figure 8), it also 
showed a continuous destruction of renal tubules with 
sloughing and desquamation of the epithelial cells lining 
the renal tubules (Figure 9) infiltration of lymphocytes and 
macrophages within interstitium of the cortex is still 
observed (Figure 10). 
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Figure 1: Histological section of rabbit's kidney tissue of 
the group A (control group) showed normal structure of 
renal constitution. HE, 400x. 
 

 
 
Figure 2: Histological section of rabbit's kidney tissue of 
the group B showed renal tubular necrosis represented by 
sloughing and desquamation of the epithelial cells lining 
the renal tubules as cellular debris (arrows). HE, 400x. 
 

 
 
Figure 3: Histological section of rabbit's kidney tissue of 
the group B showed atrophy of the glomerular tuft (black 
arrows) and widening of the urinary space (yellow arrows). 
HE, 400x. 

 
 
Figure 4: Histological section of rabbit's kidney tissue of 
the group B showed interstitial nephritis represented by 
infiltration of inflammatory cells within interstitium (black 
arrows) and necrosis of renal tubules (red arrows). HE, 
100x. 
 

 
 
Figure 5: Histological section of rabbit's kidney tissue of 
the group B showed infiltration of lymphocytes within 
interstitium of the cortex (yellow arrows), macrophages less 
dominant (arrow heads), fibrosis in interstitial tissue (black 
arrow) due to hyperplasia of fibrocytes (red arrow). HE, 
400x. 
 

 
 
Figure 6: Histological section of rabbit's kidney tissue of 
the group B showed necrosis of renal tubules (black arrow), 
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infiltration of mononuclear inflammatory cells (arrow 
head), fibrosis of interstitial tissue (yellow arrow) and 
formation of hyaline cast in some of the tubular lumens (red 
arrow). HE, 400x. 
 

 
 
Figure 7: Histological section of rabbit's kidney tissue from 
group B, showed necrosis of renal tubules (black arrows), 
infiltration of lymphocytes (yellow arrows), fibrosis (arrow 
heads), in addition to focal area of hemorrhage (red arrow). 
HE, 400x. 
 

 
 
Figure 8: Histological section of rabbit's kidney from group 
C, showed normal structure of glomerular tuft (arrow), with 
tubular cloudy cell swelling (arrow heads). HE, 400x. 
 
Discussion  
 

Most of the cytotoxic drugs that used for treatment of 
malignant tumors can cause a different histological change 
in the kidneys due to the role of the kidneys in metabolism 
and excretion of those toxic substances. These drugs can 
affect renal tubular cells, glomerulus or interstitium, with 
clinical manifestations that may range from elevation of 
serum creatinine to acute kidney injury (8). 

This work regarded as the first experimental study 
focuses on the renal histological changes induced by 
Cytarabine and the protective effects of vitamin E against 
Cytarabine induced nephrotoxicity as most of the previous 

researches carried out on human patients, found a strong 
relation between high doses of cytarabine and renal 
insufficiency or renal failure (8), but these studies were 
focusing on clinical manifestations and parameters not 
histological changes, as well as no antioxidants like vitamin 
E, were used in these experiments as a protective agent. 
 

 
 
Figure 9: Histological section of rabbit's kidney from group 
C, showed a continuous destruction of renal tubules with 
sloughing and desquamation of the epithelial cells lining 
the renal tubules as cellular debris (arrows). HE, 400x. 
 

 
 
Figure 10: Histological section of rabbit's kidney from 
group C, showed a continuous infiltration of lymphocytes 
(arrow head) and macrophages (black arrows). HE, 400x. 
 

The nephrotoxicity observed in (group B) is represented 
by many histological changes, like renal tubular necrosis 
that represented by sloughing and desquamation of the 
epithelial cells lining the renal tubules, the glomeruli 
showed atrophy of the glomerular tuft and enlarged urinary 
spaces, interstitial nephritis represented by infiltration of 
inflammatory cells within interstitial tissue, formation of 
hyaline cast in some of the tubular lumens in addition to the 
fibrosis and hemorrhage which were also well observed. 

Renal excretion of many anticancer agents needs 
transport by peritubular capillaries to permit entrance to 
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basolateral surface of the epithelial cells of renal 
tubules. Then when these drugs reach basolateral 
membrane, they are transported via organic cation and 
anion transporters into the cells, then excreted by efflux 
transporters on the apical membrane into tubular lumens. 
Any inhibition or dysfunction of the kidney efflux 
transporters can lead to accumulation of the drug inside the 
cells of renal tubules which in turn leads to drug-induced 
nephrotoxicity represented by renal tubular necrosis and 
sloughing of the epithelial cells lining the renal tubules 
(9,10).  

The kidney is a metabolic organ that oxidizes drugs into 
different metabolites through a specific enzymatic system 
situated inside the renal parenchyma . Kidney tissues could 
be damaged by a number of these metabolites via different 
mechanisms like reactive oxygen species formation and 
generation of oxidative stress (11). These reactive oxygen 
species (ROS) generated by Cytarabine cause a chronic 
inflammatory reaction within the renal tissue that leads to 
infiltration of mononuclear cells into the interstitium and 
production of profibrotic mediators that are released from 
the mononuclear cells such as macrophages, these 
macrophages play an important role in renal interstitial 
fibrosis through production of fibro-genic factors that 
mediate the induction of myofibroblast cells to produce 
extracellular matrices (12,13).  

Oxidative Stress on the other hand may alter renal 
hemodynamics, as it impairs renal blood flow or increase 
vascular resistance which results in elevation of the blood 
pressure that is difficult to control leading to rapture of 
renal capillaries and hemorrhage (14,15). 

The glomerular atrophy and enlarged urinary spaces are 
formed because the concentration of drug in blood is 
influenced with capillary constriction resulting in reduction 
of the glomerular filtration of the drug that diminishes its 
adverse effects and protects the tubular cells. This in turn 
can finally leads to glomerular tuft atrophy and the 
widening of the urinary spaces (16). 

Hyaline cast may be formed due to the reduced tubular 
reabsorption of protein, causing the accumulation of these 
proteins within the tubular lumens. This casts then cause an 
increased intratubular pressure and a reduction in the 
glomerular filtration rate (17). 

Regarding (group C) which is treated with an 
antioxidant (vitamin E) prior to each Cytarabine injection, 
the histological changes observed in this group showed less 
severity than that of Group B, as despite of the continuous 
destruction of renal tubules in many cortical regions, but we 
can still note another regions in the cortex with a nearly 
normal renal tubules except for a cloudy cell swelling 
which is a reversible injury of the tubular cells 
characterized by cellular swelling that occur due to injury 
of their cellular membranes affecting ionic transfer causing 
the cytoplasm to become cloudy and fluid to accumulate 

between cells resulting in swelling of these tissues (18). 
Also, these sections showed no hemorrhage within cortex, 
no hyaline cast formation in tubular lumens, in addition to 
presence of focal areas of normal glomeruli. 

Many clinical researches stated that administration of 
antioxidants like vitamin E with chemotherapeutic drugs 
reduces the adverse effects of these drugs and protect 
normal tissue without decreasing tumor control ability (19). 
The present study results were in agreement with those 
studies, as it concluded that vitamin E administration would 
be effective in protecting against cytarabine-induced tissue 
damage in rabbit's kidney and this protection could be 
attributed to the reason of; the toxic effects of cytarabine is 
reduced by a compensatory mechanism involving vitamin E 
by the induction of (antioxidant-enzyme) activity that 
follows the cytarabine injection (20). Also, administration 
of vitamin E, as an antioxidant can inhibit the chain 
reactions of free radicals created by cytarabine or may 
scavenged the free radicals prior it reached their targets to 
alter the glomerular renal functions, thus preventing cellular 
damage to the renal tissue caused by Cytarabine (21,22).  

From the mentioned results, this study concluded that 
vitamin E is an effective chemo-protective agent against 
nephrotoxicity and renal tubular dysfunction induced by 
cytarabine without affecting the antineoplastic activity of 
Cytarabine. However, Further studies are required to see 
the degree of protection provided by Vitamin E at different 
doses and at different times prior to each Cytarabine 
administration. 
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